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I

Mu 's 1aws.

If anythlng can go wrong tt wtl-l.

Corollarl-es:

2.

Nothing Ls as easy as it l_ooks.

Everythlng takes longer than you think.

If there l-s a posstbtl-tty of several- thtngs gofng r{rong, the one that

w111 cause the most damage wtll be the one to go wïong.

If you perceLve that there are four posslble ways 1n whl-ch a procedure

can go wrong and clrcunvent these, then a fifth way will promptly

develop.

Left to themselves, thlngs tend to go from bad to rüorse.

whenever you set out to do sonethlng, someÈhl-ng else must be done

flrst.

Every solutlon breeds new problems.

3.

4

5

6.

7

Extensions of 's laws:

l. rnslde every large problem l-s a smal-1- problen struggl_ing to get out.

2, The solutfon to a problen changes the nature of the problem.

3. Everything put together fal1s apart sooner or later.
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SU}II,IARY

-ITFIIIIXG THE EARLY LYTIC REGION OF COLIPEAGE 186 AI{D l.HE C¡NTROL OF I'IIDDI,E

GBNB BANSG.IPIION.

This thesls descrlbes work carrled out to provLde an understanding of

the expressl-on of the early l-ytlc and middle genes of the temperate

coltphage 186. The speciflc aLms of this stutly were to ldentlfy the 186

early lytlc genes, and to investigate the nechanism of control of ntdclle

gene transcriptlon-

The DNA sequence of the early lytic regl-on was completed. Conputer-

asslsted analysis of the DNA sequence l-ed to the pre<lfctlon thaÈ the early

lytic transcript encoded four gefles i CP75, CP76, CP77 and CP78. This

transcrlpt was predicted to ternLnate after the CP78 gene at a potentf-al

rho-inttependent terninator structure, ÈRl. The gener CP79, following the

terml-nator !Rl, was predicted to be the flrst gene Ln the mid<lle regLon.

These predl-cted genes lrere cloned f-nto a plasnld expression vector and

thelr proteln products ldere ldentlfied by SDS-polyacrylamide gel

electrophoresis .

The functLons of the CP75 and. CP76 genes have been determlned by other

nernbers of the laboratofy and are lnvolved in the lysis-lysogeny decision.

Thus, the assignment of functLons to CP77 arrd CP78 lÍas required. Two

functlons have been previously descrlbed that are likely to be encoded by

CP77 a¡1d. CP78; Dhr, which resulÈs ln an inhibltlon of E. coll DNA

repl-ication, and Ton, whlch vtas postulated to be an essential functLon

requi.red for 186 nlddle gene transcrlptl-on. The l-nvestLgatlon of the Dhr

function revealed that lt was encoded by CP78. CP78 ts a non-essentl-al

gene but appears to be lnportant ln 186 lyttc developnent. It was expected

that the V g"o" would encode the Ton functLon, however this study al-so

revealed tlnat CP77 Ls a non-essentLal gene, the expressLon of which resuJ-ts

in an l-nhtbitlon of E. coll- ce].L dlvlslon. CP77 was named the fil gene.



Thus, lt appeared that the predLcted Tom functlon lvas not encoded Ln the

early l-ytlc reglon.

Prevfous studles carried out l-n thls traboratory, 1ed to the predlction

that ntdclle gene transcrlptLon occurs el-ther by antiternlnatlon of the

early lyttc transcrlpt or by pronoter actlvatlon of a new transcrlpt. As a

ftrst step towards understanding the control of nlddle gene transcrlptLon'

Northern analysis was used to ldentl-fy, sLze and deternlne the approxlnate

5r-ends and 3'-ends of the Ln vivo transcrLpts from the 186 early lytic and

nlddle reglons. The transcriptlon pattern of the earLy 1-ytic and niddle

reglons was consistent wlth a mechanl-sm for ntddle gete transcrlption

involvlng antltermlnatLon and RNaseIII processing.

Studies were carried out to determLne whether an antlternlnatlon

mechanl-sn for niddle gene transcrl-ptLon was 1-tke1y. This study dfd not

provl-de evLdence for the exlstence of a control mechanlsm for 186 middle

gene transcrlption, and lt is 1ikely that middle gene transcrl-ptLon occurs

slnply by transcrlptLon passing through the re1-atLve1y weak early

termlnators. However, these studles tevealed that translaÈion was l-nportant

for transcriptlon of the 186 early lytic and rnldd.le regions and it was

postulateil that an attenuatl-on-type nechanl-sm .may be involved ln the

control of ntddle gene transcription. The work presented ln thls thesis

provides the basls for further studl-es concernlng 186 middle gene

expression.
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ABBREYIATIONS (contd.) ---

Trls

EDTA

gE

rplr

g

TCA
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moa

tlv

cpn

u

Pfu

cfu

rbs

orf

aa

gp

rf

Tris (hydroxynethyl) anLnonethane

ethylenedlamine tetra acetate

gram

revolutlons per minute

gravl-tatl-onal force

trl-chloro acetl-c acLd

w1ld-type
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plaque-formlng units

colony-formlng unl-ts

rlbosome-blnding slte

open readl-ng-frame

anl-no aclds

gene-product

replicatlve'form

Other abbrevl-atLons are descrlbed Ln Chapter 2.
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INTRODUCTION.
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CEAPIER 1. INI'R.ODUGTION.

l.l coLrPEAcE 186.

Collphage 186 ls a tenPerate phage of the P2-related group of phage

(Bertanl and Bertanl, l97l). Thls group lncludes phages P2, 186, P4, 299,

18 and I'I and ls distlnct from the lambclold group of phages (\' 434' 424'

0 80, Ö 2L, p22) Lt norphology and genetlc organlzatLon (Bertanl and

Bertanl, L}TL; Hocklng and Egan, I9B2a; Syzbalsky and syzbalsky, 1979),

186 has a double-stranded, non-pernuted DNA genome of approximately

30 kb 1n length and a molecular weight of 19.7 x 106 daltons (Wang, L967;

I{ang and SchwarÈz , Lg67; Chattoraj et a1. , 1973; Younghusband et a1',

Lg75). The DNA possesses eomplementary cohesl-ve ends, 19 bases l-n length

(naldwtn et a1., 1966; I{ang et al., 1973; Murray and Murray, 1973).

A lLnear genetic map of 186 has been constructed on Èhe basls of two

and three facror crosses (Hocking and Egan, 1982a) and the physical mapplng

of lnsertlon mutarits (Younghusband et al., 1975). A physlcal map has been

constructed (Satnt and Egan, 1979) and aligned wtth the genetlc nap by

analysls of the gene content of cloned DNA restrictLon fragments (Finnegan

and Egan, 1979).

L.2 GENETIC ORGAITIZATION OF THB 186 GENOHE.

I.2.L Genes and Predicted Genes.

The genetlc nap of 186 deterrnl-ned by Hocking and Egan (1982a) antt

younghusband et al-. (f975) is shown ln Flgure f.f(a). Twenty two genes

essentlal for lyttc development have been identtfled, and 2L of these genes

are located wlthin the 07"-677" reglon of the 186 genone. These genes

include the tail genes (U to D), head genes (W to Q) and the lysLs gene P

(Hocklng and Egan, 1982c). The functlon of the O gene Ls not known. The
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! gene encodes a functLon requl-red for 1-ate gene transcrLptlon (Flnnegan

and Egan, 1981; KaLl-onls et al., 1986b).

The reglon f¡om 67%-L00% encodes the essential repll-catJ-on gene å

(Hocktng and Egan, 1982b) as well as a nt¡mber of other getes, whlðh lnclude

gI, lnt and cII. The 9I, tnt and cII genes are non-essentlal genest

lnvolved ln the naintenance or establishment of lysogeny. cI encodes a

repressor, which Ls requLred for the mal-ntenance of lysogeny (galdwln

er a1., 1966). The E! gene Ls requlred for the lntegratlon of 186 DNA

into the bacterlal chromosome during the establ-ishnent of lysogeny and al-so

.for excLsion of the 186 prophage from the bacterlal chronosone

durlng lysogeaic l-nduction (Bradley et a1. ' I975i J.B. Egan, personal

communfcatlon). The posiÈion of the lnt and cI genes was indicated by the

phystcal napplng of two insertion nutants ins3 at 70.37" and insl at 73.57"

(Younghusband et a1., 1975), which show the Int and cI phenotypes,

respectlvely (Bradl-ey et al., 1975). The 9II Sene encodes a protel-n

required for the establ-1sh¡nent of lysogeny (Huddleston, L970i Carter,

f985). The cII gene has been mapped between the att site and the A gene by

Hocktng (tgll ) and was further located to the XhgI-IglIf (67.6"Á'79.6i¿)

regLon by Ln vltro recombinatl-on (I. Lanont, personal communLcation;

Carter, 1985).

The DNA sequences of the PstI-PstI (65.5%-77.47") f.xagment (Kallonls

er al., 1986a) and the B8III-BanHT Q9.6%-96.0%) fragroent (Sivaprasad,

l9B4) have been determined. The analysis of the PstI (65,57"-77.42) DNA

sequence from the wild-type and mutants enabl-ed the tdentlficatlon of the

cI, Lnt, B and ! genes (Kalionts et al., 1986a). Computer-assisted analysis

of thts region l-ed to the predJ.ctLon of three further genes. These

potentlal genes were named CP69, CP75 anil CP76 (Kaltonls et a1., l986a;

Flgure 1.lb), CP standlng for computer protel-n, follor¡ed by the chromosomal

coordinate approxinatl-ng the tnltiatlon codon of the potential
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FLgure l. l Genetlc rnap of colLphage 186.

d. A dLagra 'r'atl-c representatlon of the posltlon of 186 genes on the 186

genome. Map posltlons of genes are glven by Hocklng and Bgan (1982a).

The rnap positlon of cII is not known accurately. The functlons of the

genes are listed above the naP.

Relevant restrlctLon sites are shown. The DNA sequence of the

Pstr (65.57"-77.4%) reglon and the Bglrr-Banlll Q9'6i¿-96'0iÁ) regLon have

been determined (Kalionts et aL., l986a; Sivaprasad, 1984).

A diagranmatlc representatlon of the genes and predicted genes, which

are encoded fn the sequenced reglons fron 65.57" to 93.27". Genes and

potentlal genes are represented by Èhe boxed regLons. D, 934r and

CP79 axe only partiall-y represented in the sequenced reglonsr âs

indl-cated by the jagged-edged boxes. TranscrLPtion signals and

transcripts are indicated by the horlzontal arrows.

Sequence nunberlng Ls fron the PstI (65.5%) slte. The sequence

coordinates of the restrictlon sltes Ls of the fl-rst base of the slte

on the l-strand.

c. A diagrannatic representatÍon of the operator reglon. The position of

the operator slte is shown relatLve to the gR and 3L pronoters and the

cI and 13Q genes. (These genes are not fully shown on thls illagram.)

The convergent overlapplng arrangement of transcrLption from the pL and

3R pronoters ls shown-
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gene. ProteLn products have been identlfled for the B, CP69, l-nt and cI

genes (4. Puspurs, personal communLcaÈfon).

The analysis of the DNA sequence of the BelII-BanHI (79.67"-96.0i()

region fron the wlld-type and nutants has revealed that the replf-catl-on

gene A is actually two genes, LA and RA (Stvaprasad, l9B4). Furthermore,

this analysls led Èo the predlction of several other potentlal- genes CP79,

CP80, CPSI and CP83 (Figure l.lb). Protef.n products of nolecular weLghts

commensurate wLth that predlcted fron the DNA sequence have been ldentifted

for CP80, CPBI, CP83, LA antl RA. (4. Puspurs, personal conmunicatton).

These genes are arranged such that the fnttiatl-on codon of each gene

overlaps the stop codon of the prevlous gene, and. thus, are 11kely to be

translationall-y coupled genes (Sivaprasad, 1984; Normark et al., 1983).

Thls arrangement has been shown to be particularly inportant in the

expression of the RA gene, whJ-ch lacks a rl-bosome-binding slte, and depends

upon the translatlon of LA for expression (Stvaprasad, 1984).

Tli.e 677"-1007" regl-on of the 186 genome also íncludes the attachment

(att) slte and the orLgl-n of repllcation (orl). The att site was located by

recombinatfon rnapplng to between the B and cI genes (Hocktng and Egan,

1982a) and by hybrtdLzatLor studLes to between the PstI (65.5%) and the

XhoI- (67,67") sites (D. Dodd, f983). The att site Ls therefore expected to

be located after the B gene (67,3%) arrd before the XhoI (67.67") site

(D. Dodd, l9B3; Kallonls et a1., 1986a). The 186 ort has been napped at

92.9% + L.87. by Chattoral and Innan (1973).

L.2.2 TranscrLption Pronoters.

The computer-asslsted analysis of the DNA sequence of the PstI (65.5%-

77.4%) regl-on for posstble promoters 1ed to the prediction of a leftward

pronoter pL (at 2817 bp from the PstI sLte at 65.57.), and two rlghtward

pronoters pB and pR (at 263 bp and 2740 bp fron the PstI site at 65.57",

respectLvely) (XaUonls et al., 1986a). lranscrlpttonal studl-es have
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provlded evLdence that the gL promoter f.s actLve ln vLvo and that Lt glves

rlse to a leftward transcrlpt, the sLze of which is consistent with

terrnl-natl-on at a Rho-l-ndependent terml-nator (U,) after the CP69 gene

(Kallonls, 1985). This transcrLpt Ls therefore predf.cted to encode cI, Lnt

and CP69 (Ibltonis, 1985; KalLonts et a1, 1986a; Flgure 1.1b). Evidence

has been provlded that the gB pronoter gives rlse ln vl-tro and in Êo to

a transcript that encodes the X gene and terml-nates at a Rho-lndependent

terninator (tB) after the ! Bene (Prltchard and Egan, f9B5; Kall-onls

et al-., 1986b; FLgure 1.1b). Evidence has also been provided that the pR

promoter is active Ln vitro and l-n vivo and thaÈ transcrl-ption LnLtiates

fron pR at positLort 2747 (74.7%) fron the PstI slte at 65.5% (Pritchard and

Egan, 1985; Kallonls, t9B5; Flgure 1.1b). The gR pronoter l-s predlcted to

be the early lytic pronoter (the first pronoter to be expressed tn 186

lytic developnenÈ). Tþ" pR and pL transcripts initially converge, then

overlap and diverge; an arrangement termed convergent overlapplng (see

Fi-gure l. tc).

DNA sequenclng of 186 virulent muÈants (whtch are resistant to the cI

repressor) has located the operator site (the cI repressor blnding slte) to

a region, which overlaps the 2R promoter (I(altonls, l9B5; I. Lanont,

personal communicatl-on; Figure 1.Ic). The binding of the cI repressor to

the operator slte is expected to occlude the access of RNA polyrnerase to

the pR pronoter and prevent the expression of the 186 lytic genes.

I.3 186 LYTIC GENE I.RANSCR.IPTION.

As discussed above, the pR pronoter Ls expected to be the flrst

promoter expressed durLng 186 lytic deveJ-opment. This predictlon ls

supported by the transcrlptlon studies of Flnnegan and Egan (l9BI) and

PrLtchard and Egan (1985). Furthermore, these studles have enabl-ed the
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classlflcatlon of 186 lyttc gene expresslon Ínto three dlstlnct stages;

(1) early

(2) rntddl-e

(3) 1ate.

Early lytic transcrlptlon occurs innedlately after heat-lnductl-on of a

186 prophage. I'liddle transcrlptlon includes transcrl-pÈlon of the

repllcation genes LA and RA. Late transcrlptlon, nedf.ated by the late

control gene B (Hocklng and Egan, L982a; Flnnegan and Egan, l9BI; Ibllonls

et a]-., 1986b), includes transcrlption of the 186 norphological genes and

lysls gene ln the region 0%-65.57", The definltlon of 186 lytic

transcrlptLon lnto these three stages has

transcriptlon studies.

come from 1n vl-vo and fn vLtro

1.3.1 186 Late Gene Transcription.

Finnegan and Egan (1981) hybrldizetl pulse-label-leil RNA, prepared at

dlfferent tLnes afÈer the heat-l-nduction of 186 w11d-type or mutant

lysogens, to cloned DNA restrictlon fragments. These results revealed that

fron 0 to 27 min after heat-l-nduction, transcripÈlon fron 186 wild-type DNA

occurred nainly fron the 65.5%-1007" regLon. After thls tlne, transcriptlon

of thls reglon decreased sltghtly. Transcrlption of the 0%-65.5% reglon

was d.etected at 25-27 mLn after heat-inductlon and lncreased until cell

1ysLs.

A 186 Ban mutant, whJ-ch has a nutatLon Ln the l-ate control gene B, had

two effects on trarscrLptlon. Flrstly, trariscrLptlon of the 01¿-65.5i(

reglon dl-d not occur. Secondly, transcription of the 65.57"-100% regLon was

at a hlgher level at 35-37 nin after heat-LnductLon than that of the wlld-

type. From these results lt was concluded that the reglon from 0%-65.5'Á

represents the late regJ.on of 186 (Figure 1.2a) antl Èhe B gene Ls requlred

for Èhe transcrlptLon of thLs regLon. The htgher level of transcrlptlon of



Figure 1.2 Definltlon of the 186 earl-y IytLc reglon.

a. This map shows the 186 early l-yttc and nlddle regl-ons as deflned by

Finnegan and Egan (1981). The location and genetl-c content of the

plasnLd-clones used as hybrtdizatlon probes to detect 186 RNA (Flnnegan

and Egan, f9Bl) ts shown. The plasml-d-clones are derlved fron pBR322

(Fl-nnegan and Egan, 1979).

pEC35 contaLns rhe Psrr (6s.sr"-77.4%) fuagment from 186 del_l (5),

which contaLns a deletl-on (lndtcated by the shaded box) from 67.97" to

74.0"Á (Chapter 2.2.L).

pECl7.2 contalns the PstI (77.47"-84.6%) fragnenr

pECl5 contains the PstI (84.67"-87.5%) fragment

pECl6 contains the PstI (87 "57"-94.0%) fragment

The locatl-on of the early lytlc and mtddle regJ-ons, as determined

by the ln vivo hybrtdtzatlon studles of Flnnegan and Egan (1981) uslng

the probes descrl-bed above, are lndLcated. The early 1-yttc regLon was

defLned to be fron -74.07" to -77.4%. From the knowledge of the DNA

sequence of the mlddl-e regj.on (Slvaprasad, l9B4), mlddle transcrlptÍon

was predicted to termlnate soon after the RA gene at 93.2y.. The

predicted posl-tl-on of the mlddle control gene tom (X), ts also shown.

!. Thls nap shows the 186 early lytlc and mlddle regl-ons as defined by

Pritchard and Egan (1985). The locatlon of the 1.45 kb in vLtro

transcrl-pÈ l-s shown. The early l-yttc reglon ts defLned by thts 1,45 kb

ln vltro transcrl pt to be fxom 74.7% to -79.57., as lndlcated on the

maPo The tom (X) gene l-s predlcted to be encoded by thts transcript.

The location of the mlddle reglon (-1g.5%--93.27"), Ls also indl_cared"
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the 65.|["-LOO]¿ reglon fron 186 Bam conpared with the wild-type led to the

predl-ctLon that the B gene ls dJ-rectly or i-ndlrectly responslble for

decreaslng transcrlption of thls reglon.

A 186 Aam mutant, whlch contalns a nutatLon ln the 186 repltcatÍon

gene 84, resulted ln several changes ln the transcriptÍon patterû.

Flrstly, transcrlptlon of the 65.5%-100% reglon \fas sltghtly reduced

compared with the wi1-d-type. This was predicted to be due to the decreased

tenplate nt¡nber as a result of the nutatlon ln the replicatfon gene.

Furthernore, late gene transcrlptl-on lras absent, and fina11y, RNA

hybridtzing to pEC35 (l'tgure L2a), whlch was consldered to be di.agnostlc

for B gene transcriptlon, \ras dranatical-ly decreased. These results letl to

the concluslon that the A gene-product l-s requlred for I gene

transcrlption, and that actlvation of the late genes is either dlrectly or

indlrectly dependent on the 4, gene-product.

I.3.2 186 Early LYtic and Mtddle Gene Transcrlptlon.

The resolutlon of the early and the middle stages of 186 lytlc

ln vivo transcriptlon studies where proteindevelopnent was based on

synthesis was tnhibtted by chloranphenl-col (Fl-nnegan and Egan, 1981) and

proteln syntheslsln vltro transcrlptfon studles 1n the absence of any

(PrLtchard and Egan, 1985).

1.3.2(a) In Vlvo Transcriptlon Studles.

I,Ihen protel-n synthesis was inhlbited by chloranphenlcol the only

reglon showlng hlgh transeriptLonal actlvlty rúas contained wLthLn pEC35

(Flgure L.2a), which had a 1eve1 of transcriptlon sf-nl-1ar to that obÈained

wLthout ch1-oramphenicol. pEC35 contalns the PstI (65.57"-77.4%) fragnent

from 186 <1e11 (5) (Chapter 2.2.L) a¡d encodes the B gene. FLnnegan and

Egan (1981) had prevlously concluded¡ from transcrl-Ptlonal analysls after

Lnductl-on of an Aam prophage, thaÈ B gene transcrLptlon was dependent on
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the A gene-product. Thus, the B gene was not expected to be transcrlbed in

chloramphenlcol-treated cells. It was therefore expected thaü the

transcriptl-onal activl-ty of pEC35 was nalnl-y from the lntervaL 74.0"/,-77.47"

(from the rlght stde of the de1l deletlon to the PstI stte). This result

all-owed the distlnctlon between the early and mlddle stages of 186 lyttc

development. Early lyttc transcrlptlon was deflned as that occurrl-ng

lmnedl-ate1y after the heat-Lnductlon of a 186 prophage and requirlng no 186

protel-n products. For the reasons descrlbed above, the region from -74.07.

to -77.4% was asslgned as the early lyËtc region. 186 midtlle gene

transcri-ptl-on was then deflned as that occurrLng ln the regLon fxom -77.47.

to -93.2% (t;¡e 3r-end of the repll-catfon gene RA) and requiring 186 protein

synthesis. Flnnegan and Egan (1981) postulated that the requl-rement for

186 protetn synthesls for further rightward transcrlptlon was due to the

need for a speciflc 186 functf-on, x. The x functlon was postulated to

posl-tlvely control transcriptton of Èhe ntcldle regLon and is now referred

to by the more descrlptive name Ton (turn-on of mtddle transcriptLon).

This functlon was predl-cted to be an esseritial functlon and to be located

at approxlmately 76% ort the 186 genome (Flnnegan and Egan, 198I).

1.3.2(b) In Vitro TranscrfPtl-on Studies.

The Ln vLtro transcrlptlon studies of Pritchard and Egan (f985)

provlded further evldence for the resolutl-on of 186 l-yttc gene exPresslon

fnto the earl-y and nl-ddle stages. In these studies 186 transcripts, which

were lnltiaÈed by unnodifled RNA polynerase Ln the absence of proteln

synthesls, rìrere ldentl-fied. Four naJor traoscrlpts were detected, one of

whLch was a I.45 kb transcrLpt (band 2), that rnapped ln the 74.7%-77.47.

reglon (ttre early lytic reglon). This transcrl-pt rras used to nore

speci.fically deftne the early lyttc regJ-on. The 5r-end of this transcrlpt

was located at posl-tl-on 2747 (fxon the P"tI slte at 65.57") and ltas

consistent with inl-tiatLon of transcrlption at the pR proooter. This
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1.45 kb transcrlpt was shown to terml-nate after Èhe PstI (77.47") site sLnce

Ln vLtro transcrlptLon of Pstl-digesterl 186 DNA resulted ln the

dlsappearance of the 1.45 kb transcrLpt and the aPPearance of a new

transcrlpt, sized at 860 b. The size of the 1.45 kb transcrlpt and the

positlon of l-ts 5 r-end (at 74.77") l-eit to the predLction that this

transcrlpt termLnates at approxlnately 79.5i¿, which 1s to the left of the

BgIII (79.6i¿) slte. This more specifi-ca1ly cleflnes the early lytic region

as belng fxom -74.77( to -79.5% (Figure l.2b). The middle regf.on 1s

therefore deflned as the regl-on fron -79.57" to -93.27" (F1-gure 1.2). The

ntd.dle control functJ.on Ton, whLch was postulatetl to be requlred for the

positive control of mtddle gene expression (Ftnnegan and'Egan, 19Bf), Iùas

therefore predicted to be encoded ln the region -74.77" to -79.5i( (the earLy

lyttc reglon).

I.4 POSITIVE CONTROL OT GBNE TRANSCR.IETION.

Posttive control of gene transcriptLon has been wel-l documented

(Englesberg and W1lcox, 1974; Ratbaud and Schwartz, 1984; Busby, 1986;

Gal1oway and. Plattr 1985; Platt, 1986; von Hippel et al-., 1984).

Mechanisns of posLtive control- falL l-nto two classes :

(1) PosiÈive control exerted at the level of transcrlptl-on Lnl-tl-atfon

(pronoter actLvatLon) .

(2) Positlve control exerted at the level- of transcrlption

terminatl-on ( antltermLnatlon) .

one of the ains of thl-s thesLs ls to characterl-ze the conÈrol of tB6

middle gene expresslon (see Chapter 1.5). 186 nlddle gene expression has

been postuLated to be posl-tively regulated by the 186 Tom functlon. The

Ton functLon was predicted to most likely act by actl-vatlon of a Pronoter

for nLddl-e gene expression or by antlternlnatlon of the early lyttc

transcrJ-pt (Ftgure 1.3). For thts reason, lt Ls relevant to dlscuss the



The dtfference between antiternlnatlon and Promoter actl-vationFigure 1.3

control mechanisns 1n 186 ntddl-e sene transcrlptlon.

The early lytlc genes are expressed from a transcrlpt, whlch l-nl-tlates

at the gR pronoter and termLnates at the tRl terninator'

Antlternlnatlon : The nlddle genes are expressed by the extensl-on of

the earlY lYtic transcriPt'

promoter Actlvation : The niddle genes are expressed by the actLvatl-on of

traoscriPtionfromane}rpromoterlocatedbeforethe

nlddle genes.
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respectlve characteristlcs of the two known mechanl-sne of posltlve control

of transcrlptlon; promoter actlvatlon and antLtermlnatlon.

f .4. I Promoter ActLvatf-on.

promoter actLvatlon is a mechanl-sm used to control gene exPresslon ln

several bacterl-aL and bacterlophage systems (Ratbaud and Schwartz, L9B4;

Busby, 1986). An actlvated promoter ls deftned as a promoter, whlch

requl-res for l-ts functlon the partLclpatLon of a protein factor (the

"actLvator"), that l-s el-ther not always present or not always actl-ve'

I .4. 1(a) ActLvator ProteLns.

Actl-vator protelns so far characterLzed can be catagoxLzed l-nto three

d.l-stlnct classes :

(1) An actlvator may be an accessory factor, whl-ch alters the

promoter speclfl-c|Èy of RNA polymerase. Thls group of actl-vators makes up

the large naJorlty of the characterlzed actLvator protelns' Exanples of

this group l-nclude the E. coll cycllc-AMP receptor protel-n, Crp, and the

arabinose-operon control protel-n, AraC (tte Crombrugghe et a1' t 1984;

Englesberg and \{llcox , Ig74), the À cI and cII protetns (Gussin et aL.,

l9B3; Hochschil-d, et al., 1983; l,lulff and Rosenberg, 1983; Ho et al., l9B3'

1986) antl the T4 nlddle control protel-n, Mot (Uzan et a1"., 1983; Rabussay,

1983; Brody et a1., 1983; Pulltzer et a1., l9B5). The late conÈrol

prore]-ns of 186 (B), P2 (oer) and P4 (ô) are also l-lkely to be accessory

factors (Ka1lonls et al., 1986b; SunshLneandlsauer, L975;8. Sauer et al.,

l9B2; Souza et al., 1977).

(Z) The activator may be a new sLgma factor, which replaces the

normal RNA polynerase sl-gma factor, and thereby changes the promoter

spectflcLty. New sLgma factors are observed fo l. subtllls sporulatlon'

durlng the E. coll heat shock response (lttpR), nl-trogen assimll-atlon (ntrl)
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and in bacrerlophage T4 (gp55) anct Bacl-llus phage sP01 1-ytlc developnent

(revlewed by Reznl-koff et al', 1985; Doi and' Wang' 1986)'

(3) Alternativel-y, the actlvator nay be a new RNA potynerase. Nevf

RNÀ polyrnerases are lnvolved ln the expression of bacterlophage T7 (and T3)

lategenesandinbacterl-ophageN4earlyandntddlegeneexpresslon

(Chanberll-n and Ryan, |982; Haynes and Rothnan-Denes, 1985; Zehring et al.,

1983¡ Zehrlng and Rothnan-Denes' 1983)'

I .4. 1(b) Activated Promoters.

PromotersrecognlzeduyE.collRNApolymerasehaveawellconserve.d

DNAsequence,lnparÈlcu1-aratposltl-ons-l0and-35fromthetranscription

start polnt (Figure 1.4; Rosenberg anrd court, l97g; Hawley and Mcclure'

1983a). Posltively controlled promoters are not fully functlonal or are

cornpletely!-nactlvelnthepresenceofg.coliRNApolynerasealone.The

DNAsequencesofposl-tivelycontrolledpronotershavebeenobservedto

devl-ate signiflcantly fron the E. co11 promoter consensus sequence (Figure

r.4).Activatedpromoters,whlchrequirenove]-RNApol.ynerasesorane}I

signafactor,bearveryllttleresenblancetotheE.collpromoter

consensus sequence (reviewed by chanberll-n and Ryan' 19823 Reznlkoff

etal.,1985;Kustuetal.'1986;GrossmanandI.oslck,tg86).Promoters,

whlch requlre RNA polynetase accessory protelns for their function' have a

DNAsequence,whicht.s¡noreslnl]-artotheE.co].lProBoterconsensus

sequence,neverthe]-ess,theydtfferrnarkedlyl-nthe.35regionfronthe

canonlcal E. col1 pronoter sequence (Ralbautl and Schl¿artz' I9B4; Busby'

1986).Inmostcasessofarstudl-ed,evl-dencehasbeenobtalnedthatthe

accessoryprotelnsblncltodistl.nctbincltngsitesonÈheDNÀ].ocatedclose

to or overlapplng the -35 reglon of the promoter (Busby' 1986; Ralbaud

etal.r1985;Gusslnetal',1983;Hoetal"1986;Brodyetal"

1983). These bindlng sites rnay show a hyphenated lnverted lepetl-tlve

structure (e.g. the À cI repressor binding sl-te; Gussin et al" l9B3)' a



Figure 1.4 Actl-vated Pronoters.

This Flgure preserits examples of each of the three types of actlvated

promoters :

ActLvated promoters lnvolvl-ng novel RNA pol¡nneraaes z T7 encodes a

novelRNApolynerase,whl-chdlrectstranscrlptlonfrontheTTlate

promoters (chanberltn and Ryan, r9B2)- The T7 late Promoter consensus

sequenceasgtvenbyOakl-eyandColeman(o}TT)andDunnandStudlet

The polnt of transcriptl-on l-nltlatlon ls indicated by

a

(1983) is shown.

+1.

! Activatedpromoterinvolvlngnovelsigmafactors:TheT4gp55tsa

slgna factor, whl-ch dlrects transcrLptLon from the T4 late promoters

(Kassavetls and Gelduschek, 1984; Reznlkoff et al.' 1985). The T4 ].ate

promoterconsensussequenceasglvenbyChrlstensenandYoung(19s3)

and Elltott and Geiduschek (1984), ls shown' The polnt of

transcrlption lnltl-atlon ls lndlcated by +1.

ActivatedpronotersinvolvtngRNApolymeraseaccessoryfactors:The

ÀcllprotelnlsaRNApolymeraseaccessoryfactor,whfchactl.vates

transcrlption from the À lRE, pr and !.aQ promoters (wutrr and

Rosenberg, l9B3; Echols and Guarneros' 1983; Ho et al" 1986)" The DNA

sequence of the À ¡RE promoter (Schmelssner et a1., 1980) l-s presented'

The -10 anrl -35 regLons are underlined. The point of transcrlption

lnltiation ls tndlcated by +1. The reglons Ln bold type lndlcate the

dlrect repeat sequence, whlch has been shown to be the cII proteln

bindfng-stte (Ho et 41., 1983; 1986)'

The E. coli promoter consensus sequence (Rosenberg and Court ' 1979i

Hawley and Mcclure, l983a), ís shown for comparlson' The -10,'-35 and *1

regionsr are indlcated.

c



(a) Novel .RNA PolYnerase

T7 Late Promoter
Consensus Sequence

(b) Novel Slgna factor

T4 Late Pronotet
Consensus Sequence

CGACTCACTATAGGGAGA
+1

(c) nNA Polynerase
AccessorY Factor

À gpcll Actl-vated
Promoter (pRE)

E. col-L Promoter
Consensus Sequence

TATAAATActatt-----
+l

Ï¡GCGTTTGTÏIGC.ACGAAC CATATGTAAGTATTT C CTTAG

-F ã0- +1

TTcÀcA----- ( I 5- I 9 ) -----TATAAT-----cat
-35- -T0- +l
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dl-rect repeat separated by a few base palrs (e.g. the blndlng sltes for the

À cII and E. coli pho B actlvator protelns; Ho et a1., 1986; Surin et a1-',

1984) or be apparently unsÈructured (e'g'

btndlng sl-te; BrodY et al., 1983)'

the T4 Mot actLvator Proteln

The Mechanl-sn of Promoter ActLvatl-on by RNA Polyrnerase Accessory1.4.1(c)

Factors.

The nolecular nechanl-sm of actLvatl-on of a pronoter by an actlvatÍon

proteln has only been LnvestLgated thoroughly ln the cases of tr cI, cII and

E.collCrp.Theefflci-encyofapromoterisdependentuponthe

reeognitlon of the pronoter by RNA polyrnerase and the efficlency at whlch

bound RNA polymerase achieves a transcrtptlonall-y conpetent state (the open

compl-ex) (Rosenberg and Court, LgTg; von Hippel et al., 1984; McClure,

1985). Promoters requf-rtng actLvatlon by Ëhe À cI' cII or E' coli Crp

proteins appear to be defectlve in the binding of RNA polynerase and/or 1n

the l-somexlzatLo¡ of RNA polynerase to the open coßplex (Shth and Gussin'

1984; Hawley and McClure, l9B2; Malan et al.r 1984). In all- three cases'

dlrect actfvator-RNA polymerase l-nteractions have been shown or are

expected to be lmportant l-n the actlvatlon nechanlsm (Hochschiltl et al.,

1gg3; Hawley and Mcclure, 1983b; Ho et al., 1986i BLazy et a1., 1980;

spassky et al., l9B4; Shanblatt and Revzin, 1983). Furthernore, the

blniling of the À cII anit E. coll- crp actl-vator Protelns to the acÈl-vator

bindtng sltes causes a conformatlonal change ln the DNA, whlch ls also

expected to be LmporÈant in activatlon (Ho et al., 1986; Kolb et a1', 1983;

Gronenborn et al., 1984; Wu and crothers, 1984;I'Ieber and steltz, L9B4)'

However, the exact nechanlsm by which these LnteractLons and DNA structuraL

changes lncrease the biniltng of RNA polynerase andlox open conplex

formatlon aÈ the actlvated plonoter, is not known'
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I.4.2 AntLternlnatlon.

Transcrlptlon ternl-natlon occurs at termlnatlon sl-tes, which are

generally characterlzed by a region of hyphenated dyad symnetry'Ln the DNA,

that can forn a sten-loop structure l-n the RNA (Adhya aod Gottesrnan, 1978;

Rosenberg and Court, IgTg; Gal1-oway and Platt, 1985)' Ternlnation at these

sl-tes requLres the release of the RNA transcript and the dissocl-atlon of

the transcrlptLon conplex, and may or nay not require the terml-natfon

factor Rho, which aids ln the release of the RNA transcrlpt fron the DNA

(von Htppel et al., 1984; Ga1-loway and Platt, 1985)'

AntLternination ls a mechanisn of posl-Èl-ve control whereby a trans-

actlng factor acts to prevent transcrlptlon termlnatlon. AnÈlterminatlon

rnechanlsms are used by bacteriophage À and other lanbctoid phages to control

the expression of the delayed-early and late genes (Herskowitz and Hagen'

1980; Frledman and GottesÍran, 1983; Rybchln, 1984; FranklLn 19B5arb; Tanaka

and Matsushiro, 1985). AnÈlterminatl-on sirnilar to À antitermlnation has

also been observed ln the E. coll- rRNA operons (revLewed by Morgan, 1986),

and the bacteriophage P4 encodes a function, Psu, whlch antltermlnates

transcrlption l-n P4, P2 and E. coll- genes, by a mechanism whfch is expected

to be dlfferent to À antltermination (Sunshlne et a1., 1976', Sauer et al.,

1981; Lagos et 41., 1986).

AntLternlnatLon nay theoretical-ly occur by the nodlfl-catl-on of the

ternlnatlon slgnal so that lt ls no longer recognised as such, or by

nodifl_catlon of the transcrl-blng RNA polynerase to a terninatl-on-reslstant

form. In the case of À, antiternlnaton occurs by the nodlficatlon of RNA

polynerase to a ternination-reslstant foïn. Slnce the bacterlophage À

antitermlnatlon mechanlsms are the best characterlzed, the essential

features of thls posittve conÈrol system wtIl be discussed.
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L.4.2(a) The Role of Antlternl-natlon tn À Lytfc Development.

Imnedlately followtng À lnfectl.on or prophage Lnductl.on, transcrlptlon

Uy E. coll RNA pol-ymerase occurs fron the pL, pR and pR' pronoters to glve

three maJor lnmedLate-early transcripts (Frledman and Gottesnan, 1983;

Figure I.5). TranscrLption fron the pL promoter ternLnates at several

ternlnators, which are l-ocated between -1.0 kb to 1.7 kb from pL, namel-y

!Lla, !Llb, tL2aI and tL2aIII (Lozeron et al., 1977, 1983; Hynan and

Honlgman, 1986; Flgure 1.5). Transcrlption fron pR ternlnates at the Rho-

dependent ternlnator tRl at five posltions between -290 bp to 450 bp fron

pR (Rosenberg et al., 1978; Lau et al., 19821 1983; Morgan et al., l983arb;

Lau and Roberts, t9B5). Terrninatlon at tRl J-s only -507" efflcLent and

transcription conÈinues rightward and termLnates nostly at the Rho-

independent terminator tR2 (Court et a1., 1980a; Kroger and Hobon, l9B21,

Couturler et al., 1973¡ Szybalski et al., 1970, 1983; Figure 1.5). pR'

transcrlpts terrnlnate at tRlr and tR2r (Szybalski et al., 1983; Figure

1.s).

Anong the functLons encoded by the Lnnediate-early transcrlpts, Ls the

À N gene-product (the flrst gene encoded on the pL transcript), whieh acts

to antl-terrnLnate gL and lR tlanscrlpts aÈ several terminators (both

Rho-dependenÈ and Rho-lndependent) located downstrean of the pR and lt

promoters (Roberts, 1969; Lozeron et al. , 1977, 1983; Gottesman 9! l!.,
1980; Greenblatt and Li, I9B2i Szybalski et al-., 1983; FLgure 1.5).

Transcriptlon fron À pt, which has been nod,lfted by gpN, continues past the

!L2, !L3, !I and tJ' terrnlnators, but finally termlnates at gpN-

unresponsive terml-nators located on the nonsense strand ln the J to I
regl-on (Gottesnan et al., 1980; Honlgman, f98l; Luk and Szybalskl, 1983;

Szybalskt et a1., 1983; FLgure 1.5). Transcrfption fron À lR by À gpN-

nodtfled RNA polynerase al-l-ows effictent expressLon of the À replLcatLon

genes 0 and !, the l-ate control gene !r and also contrlbutes to À late gene

expresslon (Danbly and Couturler, 1970). The a gene-product acts to



tRl (Court et a1., 1980; Rosenberg

et al., 1983; SzYbalski, 1983)-

tR2 (Kroger and Hobom, 1982)

lll, !L2a, lLzb, lLZc, !L2d' tL3

(Szybalskl, f983).

tl,l has been resolved

Honignan, 1986).

tl2a has been resolved

(Hyman and Honlgman,

tI (SchneLssner et al- t

1978; Danbly-Chaudiereet al.

!J trJl, t'tJ2, trJ3, ttJ4

into two and tÏ,lb (Hynan antl

into two ternlnation sites tL2aI and tL2alf

1986).

1984a, Szybalskl, 1983).

ternl-nators tI,la

Rho-dependent termlnators are lndicated by the * sign-

À gpN-modtfled RNA polymerase ls able to transcribe past all of these

terninators, wl-th the exception of tJ. tJ appears to be one of the, as

yet poorly characterlzed, gpN-unresponsive terminators in the J-T

region.



Figure 1.5 The Genetic and transcriptional rnap of e À.

a. A dLagramnat!-c representatLon of the À genone showJ-ng the najor genes

and transcrJ.pts, (l¡ot all genes or transcrlpts are shown') The map is

not drawn to scale. The functLons of the genesr are lndlcated above

the nap.

À lytic Sene expression inltlates fron the pronoters pL, gR and

pRr, and terminates (tn the absence of À gpN) at several terminators

located downstream from these pronoters' The first of these

terminators are shown in each case. Transcription, which is partially

or conpletel-y dependent on the À gpN antltermlnatLon functlon, is shown

by the dashed lines.

Transcription fron the pRE and pI promoters requires the À gpcll

acrivation protein (Wuttt et al., l9B0; Schneissner et al', 1980, 19Bl;

shimatake and Rosenberg, 1981). Transcriptl-on fron pRM is dependent

upon the À gPcI protel-n (Gussln et a1', 1983)'

An expansion of the À l-mmediate-early and delayed-early regLons showing

genes (represented by the boxed reglons), PromoÈers, termlnators' nut

sites and traûscrLpts. The nap is drarvn approxinately to scale.' The

1-eft region represents -18 kb and the right region represents -B'5 kb'

The region Èo the left of !I is not shown in fu11. // tntlicates

the region (8.6 kb), whlch 1s not shown'

The boxes narked orf, are potentlal genes (Sanger et al., 1983).

FuncÈlons or protein products have been ldenttfted for the other genes

shown on the nap (Sanger et 41., 1983).

Transcrlptlon, which can occur ln the absence of À gpN, is shown

by the full arrows, whereas transcrlptlon dependent on À gpN, ls shown

by the dashed arrolrs.

The telmlnatl-on efflclency of the terEinatlon sl-tes are indl-cated

below the terninators. The effLcLency of ternination at these sLtes ls

fron the fol1-owing sources :

b
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anÈitsernlnate transcrlptLon lnl-tiated at PRf and aLlow efflclent expression

of the À late (Roberts t lg75; Forbes and HerskowLtz' l9B2; Grayhack

gpQ-antttermlnated rlghtward transcrl-ptlon eventually

reglon (Bouvre and Szybalskl, 1969¡ BurÈ and Brarnmar'
and Roberts,

termlnates ln

I9B2; Figure

genes

1982).

the b

1.s).

1.4.2(b) The uirenen ts of À gPN and CPQ ANtltermlnation.

The nodiflcatl-on of RNA polymerase by À gpN to a termlnatLon-resl-stant

form requlres in atldttlon to gpN' several E' 9!! ptotel-ns known as Nus (N

utillzatlon substance) antl sLtes of the À genone known as nut (I

utl-llzatton) sites.

TheroleofE.collprotelns(Nus)l-nÀepNantiterninatlonlüas

revealedbyÈhelsolatl-onofE.collmutants,whlchhavereducedabll.ltyto

support}gpN-ne<liatedantlterminatlon.Ftvedtfferentnusmutantshave

been l-solated, namely 4, nusB, nusc (rpoB), nusD (rho) and nusE (rplJ)

(revlewedbyFriedmanetal.,lg84).Asl-ndlcated,threeofthesenus

mutants map ln prevl-ously deflned genes; nusC mutatlons nap ln the gene

encodlng the o-subunlt of RNA po1-ynerase ' g! muÈatlons map fn the gene

encoding the termlnatLon factor Rho and nusE nutations map Ln the gene

encodlng the rlbosomal protein sl0 (Friedman et al.' 1981' 1983' 1985;

Frl-edman and Gottesman, r9B3). The lsolatlon of these mutatlons lnpllcates

thelnvolvementofRho,RNApolyneraseandtherlbosomelntermlnation

and/or gpN-rne<ltated antLternLnatlon' nusA and nusB mutants map ln

prevlouslyundeflnedgenesrwhlchappeartoplayroLeslnbothterminaÈl-on

and antltermination ln E. coLt (Frtedman et al-', 1984' 1985; Hauser et al"

1985;Plunbridgeetal'r1985;Peacocketal"l9B5;Garneretal"l9B5;

sharrock et al., 1985). Thus, the study of À gpN has allowed the

ldentiflcatlon of novel B. coll- genes lnvolved ln terml-natlon, whlch nay

further the understandtng of the mechanism of transcrlptl-on ternlnatlon'
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The À nut sltes are Located downsÈream of the pR and gL promoters

(n6n ts -250 bp downstrean of 9R and nutl, 1s -50 bp downstrearn from pL) 
'

and are essentlal for the action of gpN (Salstron and szybalskf' 1978;

Rosenberg et al. , IITB; de crombrugghe et al-., 1979¡ Danbly-chaudlere

et a1., 1983; 01-son et a1., t9B2). The À nut sl-tes consist of three

conserved sequence elements box A, box B and box c. Box B (AGCCCTCAA

RAAGGGCA; R=A or G) is a region of hyphenated dyad symmetry' 17 bp ln

length that can form a stem-loop structure ln the RNA and ls likely to be

the site of actlon of gpN (Rosenberg et al. ' 1978; Friednan and Gottesman'

1gB3). Box A (CGCTCTTA) ls lnportant ln the acEion of the NusÀ protefn

(Friednan and olson, 1983; FrLednan et al., 1985). A role for box c

(GGTGTRTG; R=A or G) has noË yet been found'

ÀgpQ-antl.termlnationrequl.restheNusAprotelnandaDNAsequence

terrned the qut sl-te located close to the À PR' pronoter (Daniels and

Blattner, 1982; Sornasekhar and Syzbalskl, 1983; Grayhack and Roberts, 1982;

Grayhack et a1., 1985). The I qut site contains a region of hyphenated

dyad symnetry (which differs fron the box B sequence at the nut sltes) and

a box A sequence (Frl-ednan and O1son, 1983; Danlels and BlaÈtner' 1982)'

1.4.2(c) fhe Mechanl-srn of À spN Antlterninatl-on.

Genetlc and bloche¡nlcal studles have established that À gpN

antLterninatLon occurs by Èhe nodLficatlon of RNA polymerase (to a

termlnatl-on-reslstant form) at the nut sLtes by À gpN l-n conJunctlon with

Nus factors (I'Iard and Gottesnan, lg}2; Frl-ednan and Gottesnan' 1983;

Friednan et â1., 1983, 1984; Greenblatt, 1984). This rnodiflcatlon of RNA

pollmerase occurs , ât least parÈfalty ' ât the RNA 1evel sl-nce the

translatlon of the nut reglon prevents gpN actlon (Olson et al" l9B2'

1984; Warren and Das, 1984). The exact mechanl-sn by whtch RNA polynerase

ls nodlfled to a ternlnatlon-reslstant forn by gPN, ls not known, nor ls

the exact role of the NusA, NusB and NusE protel-ns ln gpN antlternl-natlon'
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However, recenÈ studles have shown that the NusA, NusB and NusE protelns

are directly lnvolved ln gpN antlterninatlon (Coda and Greenblatt' l9B5;

Das er a1., 1985; Das and l{olska, 1984; Ghosh and Das, 1984)' The NusA

protein is known to interact wl-th RNA polynerase and with À gpN (Greenblatt

and, LI, t98la,b; Frl-ednan et 41., 1981, 1984, r9B5). Since box A has been

shown to be irûporÈant for the actlon of the NusA proteln (Frledman ancl

olson, 1983; Frl-ednan et al., 1985) lt has been proposed that the NusA

protel-n binds to RNA polymerase at box A, enabllng the subsequent bintllng

of gpN to the NusA proteLn at the nut sLte. The lnteractlon of the NusB

andNusEprotelnswithRNApol.ymerase,withgpN,orwitheachotherisless

wel-l defined. However, recent studles have led to the predlctl-on thaÈ the

NusE protetn (rlbosomal protel-n S10) nay functlon in gpN antlternlnation

while in the rlbosome (Das and l^Iol-ska, 1984; Das et al" 1985; Frlednan

et al., 1985). However, translatlon has been shown not to be lnvolved ln

À gpN antitermlnation, therefore tf rl-bosones are involved they f0ust

functlon ln a way, whieh does not lnvolve translatlon (Goda and Greenblatt'

1985; I,Iarren and Das, 1984; Olson et al', 1984)'

Insurnmary,RNApolymeraseisnodlftedattheÀnutsltesbygpNantl

theNusfactorsbyamechanisn,whl-chl-snotyetwelldeflneil.RNA

polymerase modlfied by gpN ls able to transcrLbe through both Rho-dependent

and Rho-lndependent termlnaÈlon signals to all-ow expresslon of the I

delayed.-early genes. The nechanlsrn by which gpN prevents transcrlptlon

termLnatlon at rnost (buÈ not all ternlnators), l-s not knowlt'

1.4.3 Comparison of Pro¡noter Actlvation and Antitermlnatlon Control

MechanLsms.

Promoter actlvatlon and antltermlnatlon mechanlsms of control can be

dlstlngutshed by transcrlptlon studles. Posltl-ve coûtrol mechanisns

l-nvolving pronoter activatlon should resulÈ ln the appearance of a new
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transcrlpt, whereas those involvl-ng antlternlnatl-on should result ln the

extenslon of a smaller transcrlpt (Ftgure 1'3)'

In order to determlne whether gene expressJ-on Ls positlvely controlled

and the nechanfsm by whlch positlve control occurs' l-t Ls essentlal to

cartyouttranscrl-ptlonalandgenetl.cstudles.AknowledgeoftheDNA

sequence, in conJunction wlth transcrlptl-on and genetl-c studles, should

aLlow the detectlon of transcrlptlonal signals and control sltes that are

lnportant ln the control of gene expression'

r.5 AI].TS AND APPROACH.

The alns of this work were as follows :

(l) To identlfy the functions of 186 genes encoded ln the earLy lytlc

reglon (77 .47"-79.5%) in order to determine whether the postulated mtclclle

conÈrol- functlon, Tom, l-s encoded in this reglon'

(2) To charactexlze the transcrlpÈion pattern of the 186 early lyttc

an<l niddle regl-ons in vlvo'

The purpose of this work l,Ias to provlde a further understandlng of 186

early lyttc ancl nictdle gene expresslon. In parÈlcular, the emphasls \'Ías on

lnvestl-gatfng the postuLated requirenent of a 186 protel-n (Ton) for ml-ddl-e

gene Èranscfiptlon, and ln deternf-nlng whether ntcldle gene transcription

occurs by promoter actLvatlon or by antl-ternlnatlon' The broader

s1-gntflcance of thts study l-s that it Bay reveal a flew type of promoter

actlvation or antl-ternlnatlon mechanl-sm, and thus, may contrlbute to the

understand.lng of transcription lnl-tlatl-on or termlnatl-on it 9' coll-'

An essential prerequLsl-te to thls work Iüas to conplete the DNA

sequence of the 186 early lytlc reglon. The DNA sequence is known to the

left of rhe psrl (77.4y") stre and to the rtght of the Bglrr Q9.67") site'

The approach was then to determine the DNA sequence of the PstI-BglII

(77 .4'/"-7g.6%) regton. Potentlal genes and transcrlptlonal control slgnals

encoded in the DNA sequence of thts regLon can be predlcted by analysis of
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the sequence with the atct of computer programs (ChaPter 2'38)' Analysls of

the protefn-products encoded l-n the early l-ytlc regLon can be used to

conflrn the existence of potentlal genes'

The functl-on of the early lytic genes can be investlgated by the

lsoLatlon of rnutants ln these genes, and the characterl-zatlon of the effect

of these mutatlons on 186. The deterrnlnatlon of the functlons of these

genes ls luportanÈ ln unrrlerstanrllng 186 phage development, and ls expected

to reveal the l-d.enttty of the postulated nlddle conÈrol gene Ton'

The studl-es of Flnnegan and Egan (198r) providetl an elenentary

transcrlptlon pattern of the 186 early lyttc antl nldrlle reglon' However'

the approach used by Fl-nnegan and Egan (l98r) did not a1low the slze,

number and positlon of the RNA transcripts on Èhe DNA sequence to be

determlned, and was also constrained by the lack of knowledge of the exact

gene conteût of the cloned fragnents used as hybrldlzation probes (chapter

1.3.2a). The characterlza tlon of the in vivo RNA transcrlpts of the 186

early lytlc and midtlle region with respect to their slze, nunber and

locatlon on the DNA sequence ls lnportant l-n Lnvestlgatlng the mechanlsm of

mldtlle gene transcrl-Ptlon. The technÍque of Northern analysls uslng

speciffc probes (possible fron Èhe knowledge of the DNA sequence of the

reglon of tnterest) enables the characterlzatlon of RNA transcrLpElon wlth

respect to the parameters listed above (Thonas, t9B0)'

The results are presented ln three sections. The fl-rst sectlon is

concerned wlth d.eflnlng the earl-y lytlc reglon. The second sectlon

lnvestlgates the functlons of the earLy lytlc genes. The thlrd section

deals wl_th the characterlzatl-on of the transcription pattern of the early

lytl-c and mlddle regl-ons, and ln lnvestlgattng the control of nlddle gene

transcrlptlon.
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CHAEIER 2. }ßJTTRIAIS AITD I{ETHOIIS.

2.T BAGTERIAL SIRÀINS.

The bacterlal- stralns used in this study are descrtbed 1n Table 2'1'

Bacterlal stral-ns constructed tn thls work were obtained uslng the nethods

descrlbed in ChaPtex 2.L5'

2.2 BÀ TERIOPHAGE slTÀ[NS.

2.2.L 186 Stralns.

Derl-vatlves of the phage 186 usect ln this study are descrtbed below'

phage 186 straLfis constructed tn thls work were obÈalned uslng the nethods

descrl-bed in ChaPtex 2,32'

Thenumbersprecedl-ngthephagestralnsdescribedbelowareusedin

the text l-n assoclatlon with the phage straln (e'g' 186 del-l (5)) to aid in

locatl-ng the descrl-ptlon of a particular phage'

(r) 186 cIþP :Aheat-induciblenutanÈwlthatemPerature-sensitlve

repressor (naldwin et al., 1966; I'Ioods and Egan' 1974)'

(2) 186 cI10 : A clear p]-aque mutant, which has a defectlve cI gene

(Huddleston' 1970)'

(3) 186 vtrl : A 186 mutant able

spontafieous mutant

(I'Ioods , L972) '

(4) 136 Aanllvirt : A repllcatton-defectLve

(Hocking, L977 ) that contains

gene (SLvaPrasad, 1984)'

to grow on a 186 lysogen, lsolated as a

ln a stock of the Phage 1$S cran53

mutant

an amber

of 186 vlrl (3)

mutatlon ln the LA

A deletlon mutarit lsolated as a heat-stable phage ustng the

procedure of parklnson and Huskey (1971) (Dharnaralah, L9753

(5) 186 del-l :
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Saint , LgTg; Flnnegan and Egan, lgBI; R' 0r Connor'

unpubltshett). 186 dell contalns a deletlon of 1'84 kb fron

67 .gi¿-l4.0% (sequence coordlnates 716-2551), removlng the

cI, CP69 and lnt genes (Kaltonts et aI', 1986a)' Thls phage

glves super-cIear plaques (large very clear plaques at 30oc)

due to a nutation, whlch naPs outslde the 67.6i[-79.6% reglon

(data not shown).

(6) 186 de12 A vlrulent nutant isolated by the saBe procedure as

descrtbed for 186 dell (5) (Oharanarajah, 1975)' 186 de12

contal-nsadeletlonofl.84kbfron67.9"/"-74.0%andan

lnsertion of 0.6 kb between the PstI sites at 77 '47" an:d

84.6"/" (Satnt , IgTgi R' O 
I Connor, unpublished) ' This

insertlon has been shown to be a tanden duplication of the

region 79.o%-BI.O% (sequence coordinaÈes 404L'464I), whlch

spans the BgIII slte at 79'67" so thaË the phage has two

BglIIsites(thlswork).Thisphageglvessuper-cl-ear

plaques(see186dell(5))asaresultofanutatlon,which

maps outstde the 67.6it-7g'6îÅ regLon (data not shown)'

(7) 186 cltsptns3 : An lnsertLon mutant, which contal-ns an IS3 elenent

(1.4kb)at7o.3%ÍntheE!g.nesothaÈthephagehasan

Intphenotype(Brad].eyetù.,L975iYounghusbandetal.,

1975', Sal-nt ' lgTg; I(allonis et al" 1986a)'

(S) fS6 cltspAanll : A replicatl-on-defective

(Hockl-ng, 1977; Ilocki'ng È 4"

(9) 186 dellDhrl : A 186 Dhr mutant created

anber mutatlon Ln the LA gene (Sl-vaprasad, 1984)'

that contains aÊ

by reconblnatlon of

fragnenÈ from the

mutant

1982b)

of (t)186 cltsP

the

1.78 kb Xh"I-PgUr G7.6%-79'671) Dhr
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plasnld pEC40I inro 186 sltsp (1) DNA at the unique xhol

(67 .6%) and BgIII (79.670 sl-tes (ttrts work) '

(10) 186 dellXB : A 186 del-I phage created by recomblnatl-on of .the l'78 kb

xhol-Bgll:I |67.6'/"-79.6%) fragment fron the plasmid pEC400

tnto 186 eltsP (r) DNA at the unique xhol (67 '6%) an:d BgIII

(79.6%)sltes(thtswork).Thlsphagedoesnotcontainthe

super-clearnutatlonlncontrastto136tlell(5).

(r1) 186 dellAanllDhrl : A 186 Dhr mutant created by reconbinatl-on of the

I .78 kb xhol-Bgll r- 67 .61¿-79 .6%) fragment f ton the Dhr-

plasrnid *at ,nto 186 cltspAarnll (8) DNA at the unique

XhoI(67.67")arrð'Bg1IIQg.6Ðsltes(ttrtswork).

( 12) 186 dellAanll : A 186 dell nutant created by reconblnation of the

1.7g kb xhol-Bglll G7,67"-79.6%) fragment from the plasmld

pEC400 inro 186 clrspAanll (B) DNA at the unlque xhol

(67 .67) anct Bgl-II Q9.6"Ð sltes (this work) '

(13) 186 clrspAanllDhrl : A 186 Dhr nutant created' by recomblnation of the

2.93 kb XhoI-P"tI (67.6"/"-77.4%) fron 186 cltsp (l) and the

0.69 kb psrl-Bgtl T Q7 .4"/"-7g .6%) fragnent f rom the Dhr

plasmtrl pEC401 lnto 186 cltspAanlr (8) DNA at the unique

XhoI (67 ,6%) arrd BgIII Q9.6"/") sl-tes (ttrts work)'

(14) 186 cltspAanllDhr2 : A 186 Dhr nutant created by reconblnatlon of the

2.93 kb XhoI-P"tI (67.67.'77.47") fron 186 sltsp and the

0.69 kb PstI-Bg]-I I Q7 .47t-7g .6%) fragrnent fron the Dhr

t̂ rlasrnld *Ol ,'to 186 cltspAanll (8) DNA at Èhe unlque

XhoI(67.6%)arrð'Bg1IIQg.6"/")sltes(thlswork).

(f5) 186 grþnrns3Aa¡nll : A 186 tnt mutant created by reconblnatlon of

the 5.02 kb XhoI-BglIT G7 .67"-79.6%> fragnent from
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186 clrsptns3 (Z) tnto 186 cltspAgcll (8) DNA at the unl<1ue

XhoI (67.67") a¡ð' BgIII (79.67") sLtes (thts work)'

(16) 186 cltsplns3Dhrt : A 186 Dhr Int mutant created by reconblnatLon of

rhe 4.19 kb XhoI-BssHII (67 .6%-76.97") f.xon 186 cltsplns3 (7)

and rhe 0.8; t-rtr-rr¡, f (76.9î¿-79.67") fxagrnent fron the

Dhr plasmld pEC401 into 186 clþl (r) DNA at the unLque

XhoI(67.6%)andBg1II(79,6"/")sl.tes(ttrtswork).

(r7) f86 cltspins3AanllDhrl : A 186 Dhr Int mutant created bY

the 4.19 kb XhoI-BssHII (67.61ç76.97") fxon

186 elrsplns3 (7) an¿ the 0.83 kb BSSHII-B8IIT Q6.9"/"-79,67')

fragnenr fron 186 cltspAanllDhrl (13) into 186 cltsp

Aanll(B)DNAattheunlqueXhoI(67.67")antlBglIIQ9.6i¿)

sltes (this work).

(1S) 186 gfþeþ!3 : A 186 muÈant conteinl-ng a deletlon of the 0'25 kb

HaeIII-Hl-ncII (77.87"-78'77") fragment (sequence coordl-nates

3703-3950), created by recomblnatl-on of the 2'93 kb XhoI-

PstI (67 .67"-77.4%) fragment with the 0'15 kb PstI-HaeIII

(77 .4i¿-77 .8%) and the 0.3 kb HincII-BglII (7S '7"/"-79 ',61¿)

fragnent fron 186 cltsp (t) tnto 186 clþn (f ) DNA at the

unique xhol (67 .67.) artd BgIII (79.67") sites (ttrts work) '

This deletton renoves the 3'-end of the we"o" (54 anino

actds), and the 5f-end of the CP78 gene (33 amino aclds).

The 5'-end of the CP77 gene (22 amlno acids) is fused to a

' non-coding frame from the CP78 regton (13 amLno acLds)'

(19) 186 cltspþ!4 : A 186 ßutant contal-nLng a deletion of the 0'53 kb

sauIIIA-BglIL Q7.9"/"-79.61¿) fragrnent (sequence coordinates

37L2-4248), created by recombLnatLon of the 3'08 kb XhoI-

SauIIIA G7.6%-77.g"/") fragment from 186 cltsp (l) into

recombl-natlon of
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1g6 clrsp (1) DNA at the unlque xhol (67.67") and BgIII

(79.67") sites (thls work). This deletton renoves the CP78

gene, the 5'-end of the cP79 gene (43 amLno acttls) and the

3'-end of the Cp77 gene (49 anino aclds). The 5'-end of the

w g"o" (26 arntno act<ls) ls fused to a non-cod1-ng frane

fron the CP79 regton (9 amino aclds)'

(20) 186 cItspCPTTan : An amber mutant in the gene cP77 created by

oligonucleotl-de mutagenesls of the Ml3rnp8-clone nEC401,

followecl by recomblnation of the 0.69 kb PstI-BglII (77 '47"-

79.6'/") fragnent fron the mutated DNA with the 2.93 kb XhoI-

PstI (67 ,6%'77.47") fragment fron 186 cltsp (l) l-nto 186

,I!ep (1) DNA at the unique xhol (67.67") attd rgllI Q9,6iÁ)

sltes (thts work)'

(21) 186 cItspCPTBan : An amber mutant ln the gene CPTB created by

ollgonucleoÈlde mutagenesls of the Ml3np8-clone nEC401 '

followed by recombination of the 0.69 kb PstI-BglIL Q7 '47"-

79.67") fragnent fron the nutated DNA with the 2.93 kb XhoI-

P"tI (67,6'/"-77.47") fragnent from 186 cltsp (l) l-nto

186 clrsp (1) DNA at the unlque xhol 67 .6"/") and BgIII

(79.6%) sltes (thls work)'

(2Ð 186 clrsptteltRl : A 186 mutant, which contains a deletlon of 29 bp

spannlngthepotentlaltranscrl-pti-ontermlnaÈor,lRl'

createdbyol.lgonucleotidenutageneslsoftheMl3np9-clone

nEC400, followed by recombinatlon of the 0.66 kb PstI-BglII

(77.47"-79,6%) ftagp'ent from the nutated DNA r¡ith the 2'93 kb

XhoI-P"tI (67 ,6"/"-77.47") fragment from 186 cltsp (1) into

186 clrsp (1) OH¿, at the unl-que xhol (67.6%) and BgIII

Qg.67") sltes (this ¡vork)'
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(23) 1S6 clrspDup : A 186 cltsp (l) recomblnant phage conÈalnlng the

dupll-catlon fron 186 de12 (6) and constructed by

reconblnatl-on of the 0.6 kb Bg1II-Bg1II fragnent fron the

phage 186 de12 (6) l-nto the BgIII Q9'6%) sl-te of

136cltsp(l),lnther.orlentatl.on(ttrtswork).

(24) 186 gfþnfns3Dup : A 186 cltsptns3 (7) recomblnant phage cootalning

thedupll.catlonfron136del2(6)andconstructedby

recomblnaÈl-on of the 0'6 kb BgilI-BClII fragnent fron

186 de12 (6) lnto the Bglrl Q9'67") .site of 186 cltsp

fns3 (7), J-n the r-orlentatlon (this work) '

(25) f86 cIl0DuP : A 186 cllO (2)

duPl-lcatJ-on f rom

recomblnation of the 0.6 kb

recombl-nant

1s6 de12 (6)

conËalnf-ng

consÈructed

fragment

phage

and

the

by

fronBgIII-Bg1II

186 de12 (6) into the Bgl-II Qg.6"A) slte of 186 cI10 (2), tn

the r-orlentatlon (thls work) '

(26) 136 dellDup : A fB6 defl (5) reconblnant phage containfng the

duplicatlonfrom136del2(6)andconstructedby

recomblnationofthe0.6kbBglIl-BeLIlfragnentfron

186de12(6)tntotheBglIIQg.6Ðsl-teof186cle1l(5)'tn

.n" f*renrarron (*rrlo.t).

(27) 186 del-2XB : A recomblnant phage contalning the 1'78 kb XtroI-BglII

(67.6i[-7g.61")fxagmentfron186tlel2(6),whichcontainsthe

deletlon fron 67.9% to 74.0%. Thf-s fragnent was recomblned

tnto 186 cltsp (l) DNA at the unlqu" &9I (67.671) ancl BgIII

(7g.67") sltes (thts work)'
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BAGTER,IÄL SIRÀINS.

stock
number

straln genotyPe coilnents otl-gLt
or reference

E25l I.I33s0

F,252 I^I3350
( tB6)

E29B cc4540

E5OB c600

E536 I^r3350

E53B s26

E539 s26

8540 s26

8541 s26

c600
(r86)

F galK galT
str-4748-

E25T
(186

tonA supE44
Fnr tiltnr
8594 srrA594r-@
h-59 (526ÀrÀ
cured of the-
À 

-|vsoegn) 
F

BaL atr

,*, ãu 
^r^cured of the -

À lysogen) T2'
HfrC phoA re1
tonA supD

h-59 (326ÀrÀ
cured of the-
À lysogeg) F .
supE gal' str"

h-59 (s26ÀrÀ
cured of the

)F-s
str

)

This lab.. Made bY

transductlon of
strA all,ele fron
õffi4214 tnto
ü1335 0.

J. Fl-nnegan (1979).

From D. Hogness.
Garen et 41.
(re6s);- -

From D. Hogness.

From D. Hognees.

From D. Hogness.

(1))Itspc

Su

A Su 186
1-ysogen

Used to nake Fron S. Gottesman.
transduclng D'Art and Hulsnan
srocks for (1983).
transduclng sflA
lnto 8536(pl(õ7f
and EIll1(pEc400)

Su2* AppleYard (1954).

Canpbell (1965),
I,teigle (1966).

À lysoge4
supF gal'

Su

Su

Sul
+

Su2
+

Su3
+

J.
À Su' 186
lysogen

8573 E50B (186 cI+ Thl-e lab. .



8574

ETBO

c600
( 186)

I^I335 0
( 186)

I{3350
( rB6)

I.I3350
( 186)

I.699

8767 I{3350 E251 thyA

8777 w33s0 E25r
thyA thyR

E605 JMlOl

E660 CSR603 recAl uvrA6

@@4

Host for Ml3
f.nfectLon

A Su* naxicell
straln for
the labe1llng
of protelns

A Su 186
1-ysogen

Su

Su
used Ln
pre-1abe1-1tng
studles

Host for
pPLc236
plasnld-clones

Straln used for
the analysls of
promoters and
termLnators

E5OB
(186 cltsp(1))

E536 (186 cr+)

I'777
(186 cltsp
nanll(8TI

8251
(186 cltsp
¿.aml1(BÐ-

galK 1ac thrq"up¡4r

BASITRIAL STRÀINÍ¡.

-l-
A Su' 186
lysogen
Source of
186 DNA.

Thl-s lab. .
Descrlbed by
Bal-dwln et al.
( 1966 )

Messlng (1979).

Sancar and Rupertt
(1978) and Sancar
et al. 0979).

J.B. Egan, thls
l-ab. .

This work.
constructed as
described ln
Chapter 2.L5.2.

This work.
constructed as
descrlbed ln
Chapter 2.L5.2.

Fron E. Remaut.
Castel-lazzL et aL.
(1972) and Birnã-r<l
et al. Q979).

From K. McKenney.
Shulnan et al-.
(L976). - -

ASu 186A
lysogen
used ln
pre-1abe111ng
studLes

Thls work.

A Su 186 A- Thl-s work.
lysogen
used l-n pulse-
1-abe1-L1ng studLes

ETBB

EB32 M72

EB62 Nr00
-l- J-

galK sup' l-ac'
rec'A- l;õ

Straln used for
the analysls of
pronoters and
terminators

Fron K. McKenney.
Shulnan et al.
(1976). - -

EB63 c600



EIOll

El111

EzT2I

EZLB4

82188

F2L95

î,2268

E536
( 186
Aanll

cltsp
(8I)-

E2131

E2161 s37

Source of
pKCT DNA

Source of
pK01 DNA

Source of
peIB57 DNA

Source of
pK02 DNA

Source of
pMC93I DNA

Source of
pKI600 DNA

Source of
pPLc236 DNA

Contal-ns the
plasnid PGP1 'whlch encodes
the Mu kl-l- gene

Used. for the
analysis of
186 early
functl-ons

Used as a
control tn the
analysl-s of
186 functlons

c600
( 186)

t^I3350
( 186)

Nl00
(pKc7 )

Nl00
(pK01)

Nl00
(pKo2)

MCl06l
(pMc931 )

Nl00
(pKI600)

t472
(pPLc236)

I.I3350
( 186)
(pBc400)

8508
(186 cltsp
¡.antr(8Ð-

BAGTTRIÀL SNÀINS.
'--

J-

A Su' 186 A
Lysogen
Source of
186 A- DNA

ASu 186A
lysogen

S. Hocklng,
thLs lab..

S. Hocking,
thls lab..

Rao and Rogers
(1979).

McKenney et al.
(1981).

From E. Remaut
Renaut et al.
(1983) .- -

From K. McKenneY
de Boer et al.
(1984) . - -
Fron P. Reeves.
Casadaban et al.
(1980) . - -

ThÍs work.

A. Puspurs,
this Lab..

Fron N. Goosen.
Gtphart4assler
and van de Putte
(1979).

Thl-s work.

recA gal
ã-rryGg

+
sup

r,2T96

82267 PPt00

C600 carrYlng
plasmld PcI857

EB62
carrylng
plasnld
pKI600

EB32
carrying
plasmld
pPLeZ36

-LF' tht galK
carilytnã-
plasmld PGPI

81111
carrying
plasmld
pEC400

ara galUK
ttrA-tþ11-acx74
carryl-ng
plasnld PMC931

w3350
( 186)
(pKc7)

Elr11
carrylng
plasrnltl
pKCT

E,2269
ThLs work.
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82270

82271

82272

F2273

F2274

E,227 5

F,2276

84064

84065

I^I3350
(pKc7)

I^I3350
(186)
(pEc400 )

n3350
(pKc7)

I^t3350
( tB6)
( pEc400 )

I^13350
( 186)
(pEc400)

113350
(pKC7)

w3350
(pKC7)

pp442
( rB6)

pp442
( 186)

I^t335 0
( 186)

84063 pp442 t*.frj- galK hek

E536
carrylng
plasnld
pKCT

F2268
sfl-A: :Tn5

F2270
sfl-A::Tn5

+
82268 recA
sr1300Ïffi10

82268 recA56
srl-300TFn10

I

82270 recA'
srt300ffi10

F,2270 recA56
srl-300îffi10

E4063 (186 cltsP
Aanlr( B) )

Used as a
control fn the
analysl-s of
186 functLons

SfTA.

SftA

r
RecA'

RecÀ

I

RecA'

RecA

Hek
(resistanÈ to
Mu Kt1)

A IB6 lysogen
of the Hek
straln

Thls work.

Thls work. Made bY

transdtlctton (usl-ng
Plkc) of sf l-A::Tn5
fron E2gBEEo
82268.

Thl-s work. Made bY

transductLon (uslng
Plkc) of sfiA::Tn5
fron E2gBETo
82270.

This work. Made bY
transductlon (uslng
Plkc) fron the
strafn JC1024l
(recA+sr1300: :Tnl0)
(Fonkã-ancl ClarÇ
r9B0).

Thls work. Made bY

transductl-on (uslng
Plkc) frorn the
strain JC10240
(recA56sr1300: :

TãTõ)-(csonka and
Clã-rk, l9B0 ) .

This work. See
82273.

This rvork. See
Ê,2274.

From N. Goosen.
Goosen and
van de Putte
( 1984) .

Thls work.

This work.84063 (186 cltsp
AanllDhrl ( 13)f

/
8777 (186 cltsp
Lns3Aanll(Ï5Ð-

A 186 Dhr
lysogen of
the Hek- stral-n

À Su LB6 Int A
lysogen used
for pre-1abeL1lng
studles

84066 Thl-s work.



F.4067 r{3350
( 186)

E4O6B I.I3350
( 186)

84069 w3350
( 186)

F'4070 !i3350
( lB6)

84089 N4903

84090 N4903

E4I2I I^13350
( 186)

84I22 I^I3350
( 186)

F,4t23 c600
( 186)

I'4124 c600
( 186)

84T25 I^I3350
( 186)

r'4127 Nl00
( 186)

841 28 N100
( 186)

N4903
( 186)

E25f (1B6 cltsp
lns3Aamll(Ï5t-

BÀGTER.IAL STRAINS.

-

A Su 186 Int A
lysogen

A Su- 186 A-Dhr-
1-ysogen used
for pulse-1abe1-1-lng
studl-es

Thls work.

ThLs work.

S. Willl-ams,
thl-s lab. .

S. W1lllans,
thl-s lab. .

Fron D. Court.
Apl-rlon and
I,latson (I974).

From D. Court.
Klndler et al.
(1e73); Iþrillon
and Watsot (I974).

This work.

This ¡vork.

This work.

This work.

This work.

This ¡york.

This work.

Ezsr (186
AanllDhrl

cltsp
(T3t-

E25L (186 cltsp
Lns3AanlloErÏ-
@)),

A Su 186 Int A
Dhr lysogen

Ezsr (186
tns3Dhrl ( I

A Su 186 InÈ
Dhr lysogen

RNaSeIII+

RNaSeIII

A 1-ysogen
of a 186
de1etlon mutant.

A lysogen
of a 186
del-etlon nutant.

I

A Su'
fBO ¿.-¡frr-
lysogen.
Source of
186 A-Dhr DNA

I

A Su'
186 A-Dhr
lysogen

cltsp
6')r

pgl del8 hl-s ,Tli -Er -ñc'
elt::ffi
E4089 rnclO5

8251 (186 cltsp
de13(ls)) - -

E25I (186 cltsp
de14(19)) - -

E50B (186 cltsp
AamllDhrl(Ï3t'

E50B (186 cltsp
AamllDhr2(14D-

E25L (186 cltsp
AamllDhr2(Ï4D-

EB62 (186 cltsp
lns3Dhrl ( 16')f

EB62 (186 cltsp
tns3Aanl I (Ï5II

E40B9

ASU
tBO A-Ohr
lysogen

A GalK Su
186 Int-Dhr
lysogen

A GalK Su
186 Int-A-
lysogen

I

RNaseIII'F'4L29
(186 cltsp(1))

This work.



BACT]ER.IJAL SllAMf¡.

RNaseIIIE4r30

84134

E4T3B

E4170

F'4T76

N4903
( 186)

113350
( 186)

I{3350
( 186)

I^t3350
( 186)

w3350
( 186)

I.{3350
( 186)

E4135

84L37 l^¡3350 E536 Dhrt

84090
(186 cltsp(1))

E25f (186 cltsp
CP77an(20)) -
8251 (186 cltsp
del-tRt(22)) -

R

E25f (fB6 cltsP
CP78an(21))-

E251 (186 cltsp
tns3(7)) - -
8536 DhrlR
(18o cttsp
¿,aurITSII

A Su- L86 CP77
lysogen

A Su-
186 deltRl
lysoF

A mutant
resistant to
the 186 Dhr
functl-on

A Su 186 CPTB

lysogen

A Su naxlcell
Straln
for protel-n
labe1llng

A Su 186 Int
1-ysogen

Thls work.

This work.

Thls work.

This work.

This work.

A. Puspurs, this
lab.. Made by PIkc
transductlon of
recA56 fron the
ffitn Jc1o24o
(recA56 srl-::Tnl0)
(6-nka ãi[ ctaE,
f980) into 159 uvrA
(obtained from frl-
Pearson).

This work.

Thf-s work.

84168 r59

A 186 lysogçn
of the Dhrl"
mutafit
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2.2.2 Other Bac e StraLns.

Plkc Thls phage was used as a transducing vector for bacterlal

strain constructlons.

2.3 PIASI.ÍID-VBCTORS AIID PI,ASUTHIONES.

2.3.r Plasrnid-Vectors.

The plasmids used in thts study are descrl-bed below'

pKCT Aderl.vaÈl.veoftheplasntdpBR322,inwhichtheHindlll-

SanIII fragnent ls replaced wlth the HindIII-BanHI fragment

fron the transposon Tn5 (nao and Rogers ' 1979i

Auerswald eÈ al., 19BI; Mazodler et al', l9B5)' pKCT is

shown dLagralomatlcally in Flgure 2'1(a)' pKCT encodes the

genes for anptcll-ltn and kanamycin reslstance' The plasmid

has unlque Bgl-II and XhoI sl-tes '

pMC931 AplasnldderlvedfronpACYC1TT,whJ.chl-sconpatl-blewith

pBR322-derlved plasml-ds (Casadaban et al' ¡ 1980) ' pMC931 ts

shown dlagrammatlcally in Flgure 2'1(b)' This plasnld

encodesthegenesforamplctl-ltnandkananycinresistance.

pPLc236 A plasmld contalning the bacterlophage )' Pronoter pL for the

clonl.ngandcontrolledexpressionofgenesinhostsencodl.ng

the À cI857 gene (Renaut et a1', 19Bl) ' pPLc236 l-s shown

dlagranrnattcal-ly in Flgure 2.1(c)' This plasmid encodes the

gene for anPlcll1-tn reslstance'

AplasnldderivedfronpMCg3lrwhl-chencodesthelambda

cI857 gene (Renaut et a1., 1983). This plasmld encodes the

gene for kananYcln reslstance'

pcIB57 :



pKCTa

Flgure 2-1 Cl-rcular maps of clonlng and expressiofi vectors.

b. pMC93r

pBR322-derLved cloning vector. The area shaded represents

the reglon derived fron Tn5.

pACYCl77-derLved cloning vector. The area shaded Ls the

regJ-on eneodLng the E. colI lacZYA genes'

c. pPLc236 : The I pl-expression vector. The position of the tr pL

promoter' ls shown.

The positLons and direction of transcription of genes for kanamycln

resistance (¡eg) and/or anplclllln reslstance (Csg) carried by these

plasmlds, are l-ndl-cated on the maps.
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Pr(L600
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A plasnld for the cloning and quantltatloa of Pronoter

actl-vl-ty (McKenney et al' , 1981) ' pKOl l-s shown

dLagrammattcally Ln Flgure 2'2(a)' Thls plasnt<l enco'des the

gene for anPictlltn reslstance'

pKOlcontaintngtheÀtotern.inatorl-nsertedafterthegalK

gene(M.Rosenberg,personalcommunl-catlon).Thisplasmid

encod.es the gene for anpictllln resistance'

A plasmld for the clonlng and quantitatlon of promoter

actl-vl-ty(deBoer'1984).pKO2l.sshowndlagrannatlcall-yln

Ftgure 2.2(b). Thf-s plasnid encodes the gene for anpictLltn

resistance.pKO2contalnsagreaternr:nberofclonlngsites

than PKOI.

A plasnld for the clonlng and quantltation of terminator

actl-vl-ty containing the p],ac promoter ln an orientatlon such

that lt allows the expression of 4}s' pIC'600 ls derived

from pKOB (pKOl wtth a SaII l-inker 1n place of the E"oRI

sl-te; Flgure 2.2a) by insertl-on of the PvuII fragment fron

M13np10, which l-ncludes the gI,ac promoter and multlple

clonlng sltes. The E"oRI site derived fron Ml3np10 has been

encl-ftlled to create stop codons ln aL1 three

reading-frames. Thls plasnld was obtal-ned fron K' McKenney

(personal communicatlon). pKL600 is shown dlagranrnatlcally

l-n Flgure 2.2(c). Thls plasnLd encodes the gene for

anptcllltn resistance'



of McKenneY promot er-analysls and terml-nator-
Fl-gure 2. 2 Clrcular naps

sis vectors-

a. pK01 : Pronoter-analysls vector'

b. pKO2 : Promoter-analysls vector'

pIA,600 : Ternlnator-analysLs vector'

Promoterr ls shown'

The posl-tlon of the P.Lacc.

The pos!.tlon and dlrectlon of transcriptlon of the arnplc!-llln

reslstance gene ca'Ð carrl-ed by these plasnids, !.s lndLcated on the ûaPs'



pKo 1

3 ' 0kb

orl

a
Þ

(a)

(b)

(c)

EcoRf
I

3'9/O

2.O

2.O

Hlnd llf
Sma I

P¡t I

3.O

l.o

EcoRl

3.7tO

3.O

Psl I

t.o

Sat f
1'3to 8nr f/pvu lr

4.0
Pvu IJlgma I

pK o2 o
Þ

¡3.7kb

orl

aô

orl

pKL6OO

4.3kb

3.0

2.O

t'o



27

2,3.2 Plasnl-d-C1ones.

plasmtd-crones used ln this study are descrlbed below. Plasmld-clones

constructedtnthl-sworkwereobtalnedusl-ngthenethodsdescrl-bedln

Chapter 2.31,

pEC400 Contalns the l.7B kb xhol-lglllr G7 '6%-79'6%) fra+nent from

186 dell (5) clone<l lnto the XhoI and BgIII slree of pKCT

(H. ntchardson, fg8l)' Thls clone encodes the 186 early

1-ytic genes tncludlng a l-ethal functLon under 186 cI

repressor control- and is therefore only stable Ln a 186

lysogen.

pEc401 pEC400 contalning mutatlons (Dhrl) ' whl-ch al-low cell

survival ln a non-lysogen (H' Rl-chardson' 1981)'

pEC402 pEC400 contaLnlng mutatlons (Dhr2) ' whl-ch allow cell

survlval Ín a non-lysogen (H' Rlchardson' 19Bl)'

pEC403 pEC400 conËalnlng a mutatlon (Dhr3) ' whl-ch allows ce1l

survlval l-n a non-lysogen (thts work)'

pEC404 pPLc236 contatning the 0'4 kb PstI-HtncII (77 '47'-78'77")

fragment fron 186 cltsp (1) l-n the orlentatl-on such that

rightward genes are expressed from À pL (r-orlentatl-on)' The

clone was obtatned by replaclng the 1'58 kb BamHI-PvuII

fragment from pPLc236 wlth the 0'4 kb P$I (ln the clonLng

site of pPLc236 DNA) to HtncII (tn the

fragnent fron pEC503 (this work)' Thls

CP77 gene.

186 cloned DNA)

clone encodes the

pMCg3tcontal-ningthe2.24kbNrul.SauIIIAQo.47"-77.67")

fragnent fron 186 elt"p (1), whtch encodes the cI' CP75' and

CPT6genes.Theclonewasobtal.nedbysubclonlngfronpEC4lO

pEC405
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theSauIIIA(inpKCTDNA,6bpfronthebegl.nnlngofthe186

cloned DNA) to SauIIIA Q7 '6%) fragnent lnto the unJ'que

BgIII sl-te of pMC93l (ttrls work)'

pEC406 Contains the 0.69 kb Þg-lgllT Q7'41¿-79'6%) fra+nent fron

186 dellDhrl (9) entt-fllled and cloned into the SnaI sLte of

pKollotheorl-entatlonsuchthatrl-ghtwardtranscriptlon

wouldreadlntothegalKgene(r-orl-entatton)(thtswork).

pEc407 Contalns the 0.4 kb P"g-Hf""ff (77 '47"-78'77") ftagnent from

186 dellDhrl (9). This clone was obtaLned by subclonlng fron

pEC406theHlndIII(rnprotDNA)toHlncII0.4lkbfragment

into the HtndIII and. SnaI sites of pKOl (thts work) '

pEC4lo : contalns the 2.77 kb Nt"I-Bg$I (70 '4%'79'67') fxagnent fron

lg6 crþn (t), which encodes the crtsp, w, cP76' CP77 and

CP78 genes, clone'iÌ lnto pKCT by replacenett of the t'0 kb

BgIII-SnaI fragment (ttrts work) '

pEC411 Contalnsthe0.3kbHtncII-BslII(78.77"-79.6%)ftagmentfrom

186cltsp(1)clonedtntotheSnalanclBanHlsl-tesofpIG600

such that pronotl-on f rom gI,ac results in rl-ghtward

transcriptlon of 186 DNA (r-orlentatlon) (ttrts work) '

pEC412 Containsthe0.2TkbHtncII-BglIIQ8.7i¿-79.6%)fragnent

fron del-tRl DNA (l-solated fron the f!$.l derivatlve of

nEC400) cloned lnto the SnaI and ryI sltes of pKL600 such

thatpronotlonfrompI,acresultslnrlghtwardtranscrlption

of 186 DNA (r-orlentatloÊ) (tnfs work) '

Contalns rhe 2.71 kb NruI-AhaIII (70.41F79.4%) fragnent

encoding the cltsp, W, W, q and cPß' genes from

lB6cltspþgllDhrl(13)clonedlntotheSnalslteofpK02

pEC415
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such that transcrlptlon from 186 pR reads into the 4}{ gto"

(r-orl-entatlon) (thls work).

contalns the 2.7I kb NruI-AhaIII (70,4i¿-79 .47") fragnent

encodlng the cltsp, æfr' CP76t CP77 antl CP78 genes from

186 clþn (l) clonect lnto the SnaI sl-te of pKO2 such that

transcrl-ptlon from 186 pR reads into the galK gene (5

orlentaÈion) (thls work)'

pPLc236containl-ngthe0.53kbSauIIIA-BgHI(77.9"/"-79.6%)

fragnent from CPTBan DNA ln the orlentatlon such that

rlghtward genes are exPressed from À pL (r-orientatlon)' The

clone was obtalned (as descrlbed fox pEC421) fron th" @

derlvatl-ve of nEC4Ol (ttrts work)' Thl-s clone encodes the

CPTBan gene.

pPLc236containfngthe0.53kbSauIIIA-BslIÍQ7.9iL-79.61¿)

fragment derlved from wild-type 186 ln the orLentatlon such

thaÈ rightward genes are expressed fron À pL (5

orlentation). The clone r'¡as obtalned by lsolatl-ng the

SauIIIA-BelII fragnent from nEC401 after dl-gestlon with

SauIIIA, and J-igattng thts fragment lnto the BanHI site of

pPLc236 (thfs work)¡ This clone encodes the CPTB gene'

PstI-HtncII (77 .4i¿-78,7%)

a

pEC417

pEC420

pEC42l

pEC422 pPLc236

fragnent

containing the

fron CP77an

0.4 kb

DNA tn the orientatl-on such that

rl-ghtward genes are exPressed from À pL (r'orLentatl-on)' The

clone was obtained by replaclng the 0'6 kb HtndIII-NruI

fragnent fron pPLc236 with the 0'4 kb HtndIII-HlncII

fragment fron th" !P77* derlvatLve of rnEc401 (thls work) '

(ftre tttndlll sLte ls l-n the clonlng sLte of M13) ' Thls clone

encodes the CP77am gene.



pEC424

PEC426

pEC427

PEC503
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pPLc236 contalnl-ng the 0'69 kb P"tI-!gl.If Q7 '47"'79 '6"/')

fragment derlved from w1ld-type 186 tn the orLentatLon such

that rtghtward genes are expressed fron À PL (5

orlentatlon). The clone was obtaf'ned by replaclng the 0'6 kb

HtndIII-NruIfragmentfronpPLc236wlththe0.TkbHlndIII-

SnaIfragmentfrommEC4Ol(thtswork).(BoththeHlndIIIancl

SnaI sttes are Ln the cloning slte of M13') Thts clone

encodes t,Jne CP77 and CPTB genes'

pKo2contatnlngthe4.44kbNruI.XmnIQ0,4%-85.2%)fxagme¡t

encodlng the cltsp, CP75, CP76, æfr, CPTB' CP79' CP80' CPBI

and cp83 genes fron 186 cltsp (1) such that transcrlptlon

fron 186 ?R reads lnto the 4 g"ll" (r-orientatlon)' The

clone \¡ras obtalne,rl by Llgatlng the 2'77 kb NruI-BglII

(70.4%-79.6%)fragmentwl.ththel.66kbBglII-XnnI(79.67"-

85.27") fragrnent, and then recomblnl-ng the resultLng Nt"I-

XnnI fragnent lnto the SnaI slte of pKO2 (ttrts work) ' [The

Nt.fl-Xtol (70.4%'85.2%) fragment could not be Lsolated

dLrectly since there ls another XmnI sl-te at 74'4%'f

pKI600 conÈaining the 0.23 kb HtncII-AhaIII (78.77"-79'4%)

fragmentfron186cltsp(r)lnanorlentatlonsuchthat

rtghtward 186 genes are expressed from pÏ,ac' This clone ltas

obtal-ned by subclonlng the EtncII-AhaIII fragment fron

pEC410 l-nto the SnaI slte of pKL600'

contal_ns the 0.69 kb PstI-BglIÍ Q7 .47"-79 .6"/.) fragnent

Lsolated f ron pEC400, end-f ll-led an<l cloned l-nto the end-

filled HtndIII slte of pPLc236 ln the orlentatlon such that

rLghtward genes are expressed fron À pt (r-orientatlon)

(À. Puepursr thls laboratory)' Thts clone encodes the CP77

and CPTB genes.
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pEC601 Contalns the L.28 kb HaeIII (7L'2%-75'5%) fragment from

186 clþn (l) cloned lnto the Srnal sl-te of pKOl-T such that

ÈranscrlptLon from 186 pR reads Lnto galK (5

orlentatlon) (f. lo¿a, thls l-aboratory)' Thts clone encodes

the cltsp gene and the pR ancl gL promoters'

pEC602 Contalns the 1.28 kb HaeIII QI'2"/"-75'57") fragment fron

186 cltsp (1) cloned l-nto the Srnal slte of pKOl-T such that

transcrlptlon from 186 pL reads lnto galK (1-

orlentatlon) (I. oodd, thls laboratory)' Thls clone encodes

the cltsp gene and the pR and gL promoters'

pEc604 Contalns the I .28 kb HaeIII QL '2"Á-7 5 '5i¿) fragnent f ron

186 cltsp (1) cloned lnto the smal sl-te of, pKO2 such that

transcrlptton fron 186 pR reads into galK (5

orlentation) (t. lodd, thls laboratory)' Thls clone encodes

the cltsp gene and the pR and gL promoters'

pEC606 ConÈalns the 2.0 kb M"tI (69 '4î¿-76 '17"), f ragment f ron

186 cltsp (1) cloned lnto the SnaI slte of pKO2 such that

transcrlptlon from 186 pR reads into gal-K (r-orLentatton)

(I. Dodd, thLs laboratory). Thts cLone encodes the cltsp and

CP75 genes and the pR and'-pT, pfomoters'

pGPI pMBg contalnlng the Mu "t", o"t, !, B, gþ and !+ geoes

(Gtphart-Gassler and van de Putte , 1979) '

2.4 HI3-VECTORS Æ{D I{13{IONES.

2.4.I Ml3-Vectors..

The Ml3-vectors used in thts stucly were Ml3np8, np9 (Messlng and

Vlelra, l9B2; MessLng, 1983), and mp19 (Norrand'er et al" 1983)'
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2.4.2 Ml3-Clones.

The Ml3-clones used ln thfs study ate descrlbed below' Ml3-cl-ones

constructed tn thls work were obtal-ned uslng the nethods descrlbed 1n

chapter 2.31. The sequence coordinates of the restrlction sites refer to

the first base of the site on the l-strand'

nEC400 : Ml3np9 contal-ning the l-strand of the 0'69 kb PstI-BglII

fragBent (77.47"'79.6%i sequence coordlnates 3556-4244) fron

186 cltsp (1) cloned into the P"tI-B"tHI sltes of Ml3mp9

( this work).

nEC401 MI3rnpB containlng the r-strand of the 0.69 kb PstI-BglII

fragnent Q7.47"-79.67"., sequence coordlnates 3556'4244) lxon

tB6 de1l (5) cloned into the I"tI-B"tHI siÈes of t'll3mp8

(thls work).

nEC404 M13np9 containl-ng the l-strand of the 142 bp HpaII fragment

(t0.77".17.22;sequencecoordinates336T-3509)fron186

dellAamllDhrt (lf) DNA (ttrts work)'

mEC4O5 : M13rnP9 contalol-ng Èhe l-strand of the 177 bp HpaII fragment

(77 .27"-77 .8%; sequence coorill-nates 3509-3687) frorn 186

sllep (I) ou¡. (ttrts work).

nEC406 : M13rnP9 contalnl-ng the l-strand of the 398 bp HpaII fragnent

(77.B%-79.I7"; sequence coordLnates 3687-4085) from 186

eltsp (f) DNA (ttrts work).

M13np9 contalnfng Èhe r-sttand of the 398 bp HpaII fragnent

(77 .B%-79,I%; sequence coordlnates 3687-4085) fron 186

eltsp (f) DNA (ttrts work).

nEC407



nEc408 :

nEC500 :

nEC501 :

mEC700 :

mEC701
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M13rnp9 contaLnlng the l-strand of the 393 bp HpaII fragment

(tg.t%-oo.4zi sequence coordl-nates 4085-4478) from 186

cltsp (1) DNA (thts work).

Ml3np8contal.nl.ngthel-strandofthe2.lSkbPstlfragnent

(77.47"-84,6%; seguence coordlnates 3556-5733) cloned lnto

the pstl sire of Ml3np8 (D. Marttn, thls laboratory). Thls

fragment was obtal-ned fron pEC17.2, which contal-ns the PstI

(77.47"'54.6%) fragrnent from 186 cltsp (1) tnserted l-nto the

PstI sLte of pBR322. The phenotype of pECl7 '2 ls consistent

wlth an orLentatLon such that 186 genes are not expressed

from the pBR322 pArnp pronoter (FLnnegant 1979) '

Ml3mp8 contalnlng the r-strand of the 2.18 kb PstI fragment

(77.4%-84,6%; sequen'ce coordlnates 3556-5733) and l.las

constructed as descrlbed for nEC500 (D' Martln, thls

laboratory ) .

Ml3np9 contal-ning the

(86.I%-86.9%i sequence

elrsp (1) encl-ftlled and cl-oned l-nto the snal slte of M13mp9

(Sivaprasad, 1984).

M13mp9 contalnlng the

(87 .3%-88.37"; sequence

186 cltsp (1) cloned

(Slvaprasadr lgB4).

ljstrand of the

l-strand of

coordinates

coordlnates

lnto the SnaI

Èhe HptII fragment

6L74-6417 ) fron 186

FnUDII fragnent

6530-6842) from

sLte of M13rnP9

M13mp7 contalnlng Èhe l--strand of the 1.72 kb PstI fragment

(65,57".-77.4%; sequence coordLnates 1-3556) from 186 dell (5)

cloned lnto the PstI sl-te of Ml3np7. The fragnent was

obtalnedfrontheplaemld-clonepEC35,whl-chcontalnsthe

PstI (65,57"'77.47") fragnent lfron 186 clell (5)] cloned lnto

nECBOO :
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site of pBR322 (Kallonls, 1985; Flnnegan and Egan'the PstI

r97e).

nEC801

nECB02

Ml3npTcontalnl-ngther-strandofthet.T2kbPstlfragment

(65.5%-77.4%i seqnence coordl-nates 1-3556) fron 186 <1e11 (5)

cloned lnto the PstI site of M13np7 ' The fragment was

obtalned from the plasmid-clone pEC35 (see EEC800; I(allonls'

1985¡ Finnegan and Egan, 1979)'

Ml3npgcontalningthel-strandoflu]ne446bpHpallfragnent

(73.8%-75.3%1 sequence

cIþP (l) cloned lnto the

1985).

coordlnates

AccI slte

2487-2933)

of M13np9

from 186

(Ibllonts,

2.5 OLIGONTICÍ.EOTIDBS

The oltgonucleotl-des used durlng the course of this work for speclfic

mutagenesls and DNA sequenclng wefe coûstructed by BRESA and are descrlbed

below.

CP77 anber : (l-strand) 17-ner 5'-CGCCGAAATAGTCAGGT-3' (sequence

coordlnates 37gg-3805). lAG repl-aces TGG. supD suppressing

strains (e.g. 8539) repLace the a'mber codon wlth the

correct amlno acld, ser.

CP78 anber (l-strand) 17-mer 5'-GAATTGTTTAGGGTGCC-3r (sequence

coordlnates 3871-3887). TAG replaces TTG' The amber mutatl-on

ls not replaced wlth Èhe correct amLno acid' 1eu' ln any

of the supPressor strains avallable'

tRl' ternlnator ,cleletton (deltRf ) : (r-strand') 30-ner (sequence coordinates

4TT4-4Ogg I 4069-4056) 5 ' -CCTCCTGTTTTTTGGC\TAATTACGTTIAAT-3 
I

(thepolntofthede].etlontslndicatedbv\).Thede].etl-on
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removes 29 bp spannl-ng the potentlal

(renovl-ng the reglon of hyphenated dyad

followlng 9 bases contalning 6 T-restdues)

terminator

symnetry and

rRl

the

Theposl-ÈlonschosenfortheconstrucÈl-onofthea¡nbermutatlonswere'

where possible, ln the nttldle of the gene to ensure the gene was

lnactl-vated and to enable ld'enttfl-catLoa of the a'mber fragnent on a protel-n

gel.Inaddltton,thepositlonchosenfortheanbermutatlonwassuchthat

theambercodoncou]-dbereplacedbythecorrectaml.noacidlnoneofthe

three suppresslng stralns available (supD, supE and suPF)' However' it was

notposslbletoslnplycleateanambermutatlonintheCPTSgenewtththe

propertlesdescrlbedabove.TheCPTBanoligonucleotldethaÈwaschosendoes

ûotallowÈheorl-glnalamlnoacidtobereplacedineltherofthethree

suppresslngstraifisaval].able,andlspositionedattheS|-endofthegene

l-nordertoensurelnactivatlonofthegene(slncepossiblealternative

positions were too close to the 3t-end)'

2.6 ENZTUES

Restrlctlon endonucleases New England Blolabs or Bethesda Research Labs"

E. coll DNA pol¡perase I (Klenow fragment) : Blotechnology Research

Enterprlses of South Australl-a (BRESA) '

T4 DNA l-tgase : Boehrl-nger Mannhel-m and BRXSA'

Cal-f intestl-nal phosphatase : BRESA'

Avl-an nyeloblastosls vl-rus (AI'IV) reverse transcrlptase : Llfe Scl-ence Inc.'

Fl-orlda.

E. coll- RNA polynerase (holoenzyme) : Boehrf-nger Mannhelm'
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Lysozyne : Sigma ChemLcal Co"

ProteLnase K : Boehrlnger Mannhelm'

RNAse A : Slgma Chenical Co" Stock solutlons ÌÍere

20 nln to lnactlvate DNAses'

heated at B0oc for

E. coli DNAse I : Boehrl-nger Mannhelm'

T4 Polynucleotlde Klnase : Boehrl-nger Mannheim'

T4 DNA Pol-ynerase :'PL Blochem' Inc"

A1-1 enzynes were stored accordLng to the manufacturersf dlrectlons'

2.7 RADIOCEEI,IICAI,S.

Radf-ochemtcals ¿[a-32p]crp and ¿[o-32p]arP of speclfic actlvlty

I700 CilmnoL, dlY-32pllfp of speclfic activlty 2000 Ctlnmo1 and r[o-32p]erp

of specffLc activlty 1000 Ci/nmol (anct all having radioactLve

coricentratLons of 5 rnCt/m1) were purchased from BRESA' [nethyl-3H]-thynlne

of speclfic actl-vLty 30-60 Ci/n¡nol- (and radloacÈive concentratlon of

I mCt/nl), [nerhyt-3t] - thynldtne of specific actlvlty 22-44 Ctlnmol (ancl

radloactlve concentratLon of I nCi/nl), o-tf-14c]-galactose of speciflc

actl-vity of 58 rnCl/nnol (and radloactlve concentlatlon' of 200 uct/nl) and

r,-[35S]-nethf-onlne of speclflc actl-vity 1320 Cl/nnol- (ancl radloactlve

conceî.tration of 14.4 ut1L/nl) were obtalned from Anersham'

2.8 CEEIIÍCALS.

A1l- chenlcals were of analytlcal grade or of the hlghest purlty

aval-lable.

Acrldlne orange : Sl-grna Chemlcal Co"
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Acrylamld'e : Stgna Chenl-cal Co"

Agarose : Sigrna Chenical Co"

A¡nlne A : HunPko Sheffleld, U'S'A"

Anpictlltn (Sodlum salt) : Signa Chenlcal Co"

Amnonl-un persulphate (Aps) : May and Baker. stock solutlons at 257" (w/v)

water, were kept at 4oC for no more than two weeks'

1n

Bacto-tryPtone, yeast extract and Bacto-agax Dlfco Labs. ¡ U.S.A..

Bovine aerum albunln (¡Sl) : Sl-gna Chenical Co" Acetylated before use to

remove nucleases accordlng to the procedure of GonzaLez

et al. Qg77) and kept as a l'5 ng/nl solution in vrater at

-20oc. (Gtft fron M. Prltchard, thls laboratory')

5-brono-4-chloro-3-tnclolyl- B -D-galactopyranoside (BCIG) : Slgna Chenical

Co..Stocksolutl.onsat20ng/n1lntÌtmethylforrnanlde'

were kePt at -20oC'

BrtJ 58 (polyoxyethylene 20 ceÈyl ether) Slgna ChenLcal Co..

calf thymus DNA : slgna chenical Co.. sonicated, heat denatured and stored

asal0rng/nlsolutlonlnI0nMTrls-HCl,pH8.0,0.lmM

EDTA at -20oC. (Cftt fron D. Dodd, this laboratory)'

Chloranphenlcol Slgna Chernlcal Co..

Cycloserine : Slgna Chenl-cal Co"

Coumernycl-n A : Stgma Chemlcal Co"

CsCl : Bethesda Research T'abs"
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Deoxyrl-bonucleosLde trlphosphates (dNTP) : Slgma Chemfcal- Co''

solutions at 20 nM (Prepared ln 5 mM Trls-HC1'

0.1 mM EDTA) were kePt at -20oC'

Stock

pH 8.0,

Dideoxyribonucleoside trlphosphates (ddNTP) : Slgna Chemical Co" Stock

solutlons at 20 nM (prepared in 5 mM Trts-HCl, pH 8.0,

, 0.1 mM EDTA) were kePt at -20oc'

Diethyl-pyrocarbonate : Signa Chemlcal Co.'

Dlthlothreltol : Sl-gna Chenical Co.. Stored as a 1 M solutlon 1n water, ln

the dark at -20oC.

E coll tRNA : slgna chenlcal co.. Extracted three tfnes wlth phenoLllB

before use and kept as a I0 ng/nl solution in TE, at -20oC.

Ethanol Redtsttlled before use and stored at -20oC. RNAse-free ethanol

was obtalned by sterlllslng the dlstillatl-on apparatus and

collectlon bottles tn a 110oC oven overnlght before use.

Ethtdlun bromide : Signa Chemlcal Co.. Stored as a 10 ng/m1 solutlon ln

nater , at 4oc 1n the dark.

Ethylenedianinetetraacetlc actd (EDTA) : Dtsodl-un salt. SlgBa Chemlcal Co..

Ftcoll- 400 : Phamacla Flne Chem..

Formamide B.D.H. Labs. Aust.. De-ionlsed (chapter 2.29.3d) and stored ln

the dark at -2OoC,

Glyoxal : Technical grade glyoxal, was obtalned fron B.D.H. Labs' Aust"

De-ionised (Chapter 2,29.3d) and stored in the dark at -80oC

for long term storager otherwlse stored at -20oC'

Isopropyl-ß -D-thloga1-actopyranoside (IPTG) : SlgOa Cheml-cal Co" Stock

solutLons were at 24 ng/nL l-n water, and kept at -20oC.
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Kananycin (sulptrate) : S1gna Chenlcal Co"

Low-geltlng-temPerature agarose (tGT) : Bethesda Research Labs"

Mtxed bed resln (50S-x8(D)) : Bl-o-Rad Labs"

ß-Mercaptoethanol : Sl-grna Chenlcal Co"

Methl-onlne assay medla (MAM) : Dlfco Labs'¡ U'S'A"

N-nethyl--Nr-n1Ero-N-nltrosoguanldine : Aklrl-ch Chem' Co''

N, N'-nethylene-bis-acrylanlde (bfs) : Stgrna ChemLcal Co"

N, N, N', N'-tetramethylethylenedLamlne (TEMED) : Eastern Kodak Co"

Nonldet P40 : B'D'H' Labs' Engl"

Phenol- : AR grade, was redistllled and stored ln the dark at -20oC' B'D'H'

Labs. Aust..

Polyethylene g1Yco1 (PEG) 8000 : for phage preParaÈlons and general use nas

Chenical Co.. M13 phage preparatl-ons for

were prepared using PEG 8000 from B'D'II' Labs'
from Slgma

sequenclng

AusÈ. .

Polyvtnyl- pyrrolidone : May and Baker Ltd"

Rlbonucleoside trlphosphates (NTP) : slgma chenLcal Co" stock solutlons at

20 xûì'f (PreParecl

kept at -20oc.

in 5 ¡nll Trls-HCl, pH B'0, 0'1 nll EDTA) were

sequenclng prlner : (17-ner; 5',-GTAAAACGACGGCCAGT-3') was purchased fron

New England Biolabs and BRESA'

Sodiun azLde: AJax Chenical-s Ltd"

Sodlun dodecyl- sulphate : Signa Cheml-cal Co ' '
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TetracyclLne : Uplohn Pty' Ltd', a kind glft'

Tetranethylamnonium chlorl-de : Aldrlch Chenlcal Co"

Toluene iclnttllatlon Fluld contalned 0.35% (w/v) PPO (2,5-dlphenyl

oxazole) and 0.035% (w/v) PoPoP (1'4-bts [2-(S-phenyl-

oxazolylphenyl.)]benzeneintoluene.BothPPOandP0P0Pwere

obtal-nedfronSigmaChentcalCo..Toluen.eglasobÈainedfron

MaY and Baker Ltd"

Trl-methoprlm : Burrough lfellcorne and Co"

TtLzma base and Trls 7-9 : Slgma Chenical Co"

Thymlne : Sl-gna Chemical Co"

Thymtdlne : Signa Chemical Co"

Urea : Slgma Chenical Co"

2.9 I{EDÏj'.

2.9.L Liquid Medl-a.

AL1 nedta and buffers were prepared tn glass dlsttlleil Ìrater and v¡ere

sterl-lLsed by autoclaving fox 25 mln at 1200 C and 120 kPa'

t (Lurta) broth z L% Bacto-tyPtone t 0.57" yeast extract, 1% NaCl, pH 7'0'

2x yr broth z L.6% Bacto-typtone, 1% yeast extract , o.5i¿ Nacl, pH 7.0.

M13 rnlninal medlun z 1.057" K2HP04'

Narcltrate.2H2O and

autoclaved, cooled

tr) zso +, o. o5z

separately prePared sterlle solutlons; 10 rnl of 207" glucose'

0.8 n1 of I M MgSO4r 0.5 nL of L% thlanl-ne-HC1'

0.457" trJl

water to

to 45oc

zPO4' 0.r% (tttt

1000 nl. This

and the foLlowlng

solutlon was

added fron



TPG-CAA :

M63

M9

4T

0.5% NaCl, 8.0% KCI' 1'12 NH4C1, L7" KJL2PO4' 12'17" lxlzna

base, 0.8% sodfu:m pyruvate and rÙater a<lded to 90 ¡nl and the

pH adJustecl to 7.4. After autoclavlng and coolfng to room

temperature 'the fo1-lowing separately prepared sterlle

solutlons were added to the ftna]. concenÈratlons speclfleil;

0.16 nM NarSOO, I nM MgClr' I nM CaCLr, 0'1 ug/nl FeCl3r

0.27. glueose, and 1% vttanin-free casamlno aclds'

0.1 M KH2P04' 0.015 M (NH4)2s04' 0'002 n}'f Fes0*'7Hr0 ln

rüater adJusted to PH 7.0 with KCl'

0,557" NarHPO4r 0.3% KH2PO4' O'057" NaCl, 0'1% NH4CI' After

autoclavlng sterlle solutions of CaCL, ancl MgCl, were added

to 0.1 M and I mM' resPectivelY'

Additlons to gronth nedla were 1.0% vlÈarnin-free casaml-no acids, 0'21Á

glucose, 5 ug/rnl thlanl-ne-HC1, 2-5 luglnL thymlne' I ug/nl

biotin, and 50 ug/m1 of incltvidual arnino acids. AntlbioElcs

¡vere added to rl-ch nedla at the f ollowLng concentratl-ots;

anplclllin at 50 ug/ml, kanamycin at 50 ue/nl and

tetracycllne aÈ 20 ug/nl' For nlninal nedla half the above

listed concen'tratlons were used'

2.9.2 Solid Medla.

Z plates 1% Anlne A, 1.27" Bacto-agar , O'5"/" NaCl, pH 7 '2'

YGC plates : L7. Amlne A, 0.5% Yeast extract' Ii¿ NaCl, |.5% Baeto-agar

thenglucoseaddedto0'17"a¡ð'CaClraclcledto2'4nl't'

Mg mLnlnal plares z 1.57" Agar, 0.55% NarHPO4r 0.3% 1U2PO4, 0.05% Nacl , 0'l'/"

NHoCl.andpHadjustedtoT.0.Afterautoclavl-ngandcoollng

to 45oC the followlng sterlle solutlons were added to the

firral concentratl.ons lndlcated; 0.1 mM CaCl,' l fûM MgSo4r
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I ug/nl thianlne-HCl. If glucose or other sugars and amLno

acids were requLred they were added at the concentratLons

speclfled above (chapter 2.g.L, addltioûs to growth merlla)

and the plates Poured.

Ml3 nLntnal Plates 1.5% Bacto-agar was added to Ml3 mfnimal medla'

Macconkey-galactose plates z 47" MacConkey agar base, autoclaved, then lz

galactose was added and the plates poured'

EMB plates 17" Bacto-tryPtone , O.l% Yeast extract , 0'5% NaCl, 0'27"

K2HPO4 , I.21Á Agar, autoclaved then 10 nl of EMB dye Gi¿

eosLn Y, 0,657" methylene blue) was added and the plates

poured.

AntLblotlc plates : YGC p1-ates were supplenented wlth antLblotLcs at the

followlngconcentratlons;teEracycltneat20ng/ml,

anpiclllin at 50 ng/nl and kananycln at 50 mg/nl. Plates

were poured fron 30 nl of the appropr!-ate nedl-un, drled

overnight at 37oc and stored at 4oc'

soft agar overlay z I% Bacto-tryptone, 0.7% Bacto-aga{, 0.5% NaCl, pH 7.0'

YT sofÈ agar overlay : 0.8% Bacto-tryPtone, 0.5% yeasL extract, 0'57" NaClt

0.7% Bacto-agar, PH 7'0'

2.IO BIIFFßRS.

20x SSC : 3.0 M NaCl, 0.3 M Na, citrate, pH 7'4'

10x TBE : 0.89 M TrLs-HCl, 0.89 M boric ac1d, 2.7 ûþl EDTA, pH 8.3.

10x TAE : 0.4 M Trls-acetate , 0.2 M Na acetaÈe, l0 nM EDTA, pH 8.2.

10x TE : 0.1 M Trls-HCl, pH 8.0, I nM EDTA'
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10x TM : 0.1 M Trls-HCl, PH B'0' 0'l M MBCIt'

TMusedforpreparatlonandstorageofphage(Chapter2.l3,2.L6,

2.26.1) was 10 nM Trls-HCl, pH 7'1' l0 nM MgClr'

l00x Denhardts solutlon z 2% Etcoll 400, 2i[ BSL, 2% Polyvlnyl pyrrolLdone'

6x Glycerol loadlng buffer z 307" glycerol, 0.25% Bxomophenol B1ue, 0.257"

XYlene CYanol' 1 mM EDTA'

Fornamlde 1-oadlng buffer z 95% Forrnarnlde , o,|% Bronophenol Blue, 0,L%

XYlene CYanol' 10 nM EDTA'

Sodlum PhosphaÈe buffer : Il'f NarHPO4/NaH2PO4' 10 mM EDTA' pH 6'5'

2.LI }IOLECTIIÄR I{ETGI{T }IARKER.S.

2.11.1 DNA Molecula r Welgh t Markers.

g1=+dl.gestofpBR325DNAaÈI00ng/ul:MadebyHtnfldlgestlonofpBR325

DNAfollowedbyphenol-extractl.onandethanol.-preclpltation.

HpaII digest of pUCl9 DNA at 500 ng/ul : Obtalned fron BRESA'

HtntlIII dt-gesr of phage lanbda DNA at 400 ng/ul : obtalned from Bl-olabs and

frorn BRBSA.

EcoRI digest of phage SPP-I DNA at 500 ng/ul : Obtained fron BRESA'

Sizes were accurateLy determlned fron the publ-tshetl sequences arrdlor

restrlctlon maps of pBR325 (Bollvar , lgTB¡ Prentkf et al.' 1981)' pUCl9

(yanl-sch-perron et al-., 1985), lanbda (sanger et al' ' l9B2; Danlels et a1.'

1983), sPP-l (natclttt et al',

Figures.

1979) and are marked on the approprlate
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2.11.2 RNA Molecular I{el-ght Markers.

Cucunber mosaic

as gi-ven In Rezaian

3035 b; RNA 3, 2L93 b;

Ribosomal RNA markers lrere :

f541 b (Broslus et al. ' I97B;

vlrus (c"¡ry) RNA was a gift from C. Davles' The sLzes

et al. (f985)' are as follows : RNA I, 3387 b; RNA 2,

and RNA 4, 1027 b.

E. coll 23S RNA'

Broslus g! 3!.,

2904 b; anrl !. colt 163

1980).RNA,

2.L2 I,IISCETTANEOIIS HATERIÀI,S.

Fuji Rx medical X-ray ftln : Fujt Photo Film Co"

Posttive/negatlve Land Pack filn : Pol-aroid'

Nitrocel-lulose : Schl-etcher and Schuell BAB5 (0.45 u)'

ultrafll-tratlon nembrane filters : Ml1-l-tpore (0.45 u).

Glass rnlcrofilters 2.5 cm : I'fhatman Ltd"

DEBI 2.3 cn filters : I'IhaËman Ltd"

Dlalysts menbrane (ogl32) : Unlon Carblde'

Centrtfuge lotors : Beckman.

2.L3 STORAGB OF BACTERIA AITD BACTTRIOPEAGE.

Bacterl-al stocks for short term storage lúere maintained on YGC plates

at 4oC, except JMlOl, whLch was malntalned oa M13 mLnlmal plates' Long term

storage of bacterl-al cultures Iras by freezlng at -8OoC after addLtl-on of an

equal volume of 807" glYcerol.

Low-tLtre stocks of M13 reconblnant

broth at -20oC. Low-tLtre f86 phage

phage were mal-ntalned fn 2x YT

stocks rìrere passed' through
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0.45 u I'fllllpore membrane fl-Lters and stored at 4oC' Hlgh-tttre 186 phage

stocks prepared by CsCl block gradlent centrlfugatlon (Chapter 2'26'1) rrere

dlalysed Èhree tl-mes agalnst one ll-tre of TM and stored at 4oC'

2.I4 GROTITE OF BACTT8IAL C[ILT['RES.

Statlonaryphasebacterl-alcultureslferePreParedbylnoculatingbroth

wl-th a slngle colony of bacteria from a plate stock (or for

loopfulofcellsfromthelnoculurnreglon)oraloopfulof

directlyfrorntheglyeerolstockrandl-ncubatLngovernightincappedflasks

at the approprlate temperature (usually 30oC or 37oC) in a New Brunswick

gyrotary water bath'

Logphaseculturesandind'icatorbacterlawerepreparedbydllutinga

fresh statlonary culture one hundred-fold lnto sterile broth and incubatlng

wlth aerat'on l_n a gyrotary \üater bath at the approprlate temperature,

untl-l the required ce1-l densLty was reached (usual-1"y 2x108 cfu/ml' whlch

occurs at 4600= 0'B tn L broth or AUOO= 0'2 ln TPG-CAA)' Cell denslty was

measuredbyobservlngAooousl-ngaGilford300T-lspectrophotoneter.

rndicator bacterl_a were chilled and kept on ice until- requlred.

2.L5 CONSIRTICTION OF BÀGTERÍAL STRÄINS.

2.t5.r 186 Lysogens.

Thephagewerestreakedforslnglepl.aquesonalawnofthebacterlal

straln to be lysogenlzed and the plates were lncubated at 30oC overnlght'

The centre of a turbid plaque was streaked for slngle colonies on a YGC

plate and the plate was lncubated overntght at 30oC' Slngle colonles were

tested,alongwiththeapproprl-atecontrolsofalysogenandanon-lysogen,

for lnnunl-ty to 186 by closs-streaking agalnst 186 cI10 (2) and

186 vtrt (3). A colony, whlch was capable of growth over 186 9I-' but not

lg6 vlr was consldered to be lysogentc. This colony was purl-fled two tlmes

JMl0l, a

bacteria
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by streaklng for eLng1e colonl-es on YGC p1-ates at 30oC and testlng several

of these colonles for lmnunlty to 186 as descrlbed above'

To make lB6 anber ysogens of su- stral-ns, t07-109 phage were spotted

onto ari Su- lawn and the plate was lncubated overnlght aÈ 30oC' The centre

of the spot was then streaked for slngle colonles on YGC plates antl these

were tested for Lysogeny and purl-fl-ed as descrlbed above'

To cofistruct 186 lnt lysogens Lt l{as necessary to co-lnfect cells

r,rith a helper rr,t+ pt"ge that was l-ncapable of lysogeniztng by ltself' For

this purpose 186 cI10 (2) was used. Equal nurnbers (fO7-fO9 pfu) of the

186lnt-antlls6cllOphagewerespottedontothe]-awnofthebacterlal

straln to be lysogenized and the plate was l-ncubated overnight at 30oC' The

centre of the spot was then streaked for slngl-e colonles and these were

testedforlmnunityandpurtfledasdescrl-bedabove.Thel.ysogens

constructed in thls way were tested to ascertaLn that they were pure lnt-
I

lysogens and were not double lysogens of 196 tltsPlfl!- and 186 lnt'cl '

Thl_s was done by tesÈlng cultures, whlch were growll. at 30oc or for three

hours after heat-induction at 40oC, for the level of background phage' The

levelofbackgroundphagewasdetermlnedbyrenovlngthebacterlalcellsby

centrLfugatlon (91000 rpn, 5 min, roon temperaturet JA20 rotor) and

spottlngdllutionsofthesupernatantontoalawnofE50B.Infact'many

lysogens constructed in this way lüere found to be double lysogens of these

two phage and gave a higher background level of phage at 30oC (ctue to

spontaneous tnductLon) than a sl-ngle 186 crtsp lysogen (108 as compared'

wlth 106 pfu/nl).

2.15.2 Stral-ns.

Thyrnlne-requlrtng stralns (tnye) requlrÍng 50 ug/nl thymlne for

growth were constructed by trtnethoPrim selectl-on (of spontaneous nutants)

as rlescrlbed by Mlll-er og72). The straln was then purlfie<l two tlmes by

streaklng on YGC plates contaf.nlng thymtne (50 ug/ml)' Low thymLne-
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requtrlng srral-ûs (thyA thyR; Okada' 1966) requirlng 2 uglmL thymi-ne for

growth were selected fron the hlgh thymfne-requLring straln after spreadl-ng

the cel-ls on M9 plates contaLnl-ng thymlne (2 ug/nl). Such straLns were then

purlfl-ed two tlmes through sj-ngle colony isolatlons by 'streaklng on YGC

plates supplenented with thymine (2 ug/ml)'

2. 15.3 PI Transductlon.

Pl transduclng stocks : The donor

containl-n g CaCL, (5 rnM) to AUOO= 0'B (2x108

added to 0.2 nl of celLs ln a glass tube at a multtplictty of additl-on

'l
(noa) of 10' pfu/nl. The tube was lncubated at 37oC for 30 ntn to allow

adsorptLon of the phage. The mixture was then spread on to YGC plates uslng

3 ml of 1-ayer agar to which CaCL, (5 nM) had been added' The plates were

lncubaÈed until lysis was evidenÈ, usually for 6-8 hours at 37oC or

overnLght at 30oC. ¡. control plate was lncluded where cells rüere not

lnfected wlth Plkc, to aid in the detectlon of cell- lysis' The phage were

harvested by addtng 3 rol of L broth containlng cacL, to the plate and

leavtng 1È for 20 rnln aÈ 4oC. The top l-ayer agar and L broth were scraped

off lnto a 50 m1- Oakrldge centlfuge tube, a fe¡'r drops of chloroform were

addecl, and the tube llas vortexed for l0 nln then centrifuged (10,000 rpm'

l0 nin, 4oC, in a JA20 rotor). The supernatant lüas flltered through a

0.45 u Milllpore membrane, assayed for phage (as descrlbed in chapter

2.16.I, except that YGC p1-ates ¡rere used lostead of z pLates), and stored

aÈ 4oC. This Plkc stock was used to Lnfect the donor straln agaln as

described above and thls second stock was used to transduce the reciplent

strain was grolln l-n L broth

cfu/nl) and then Plkc Phage was

cells vrere grown in L broth supplemented

straln.

Transductfon : The reclPlent

0.1 nl

0.2 nL

wlth CaClZ G nM) unttl 4600= 1.0 and then 1nl of bacteria was ml-xed with

of plkc phage in a glass tube. After lncubatlon at 37oC for 30 nln

of I M Na, cl-rrate (pH 7.0) was adde<l and the cells were collected
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by centrl-fugation (91000 rpn, 10 nln, 4oC, JA20 rotor) and then resuspended

ln I nl- of 0.1 M Na cLtrate (pH 7.0) to prevent further Plkc lnfectLon. The

cells were then dilured (fO-f, 10-2 an¿ t0-3), and 0.1 nl of the dlluted

and undLluted cells were spread onto selecÈÍve plates supplenented wlth

0.2 nl of I M Narcttrate (pH 7.0), to preveût tnfectlon by Plkc of cells on

the pLate, and lncubated at the approprlate temperature. As a control to

assess the background reslstant frequency, the bacterlal reciplent culture

not lnfected wtth Plkc was pl-ated onto the selecÈive plates. A1so, to

conflrm the absence of donor bacterla ln the phage lysate' 0.1 ml of the

plkc stock was spread onto the selective plates. Transductants obtained

were subJected to two single colony purificatLons.

2.L5.4 Transformation wlth Plasml-ds.

plasnlds were transformed f-nto bacterlal stralns using the procedure

described in Chapter 2.31.3(b) and the sËrain was purifled two tlmes by

streakl-ng for single colonles oû YGC plates supplemented wtth the

approprlate antlbl-ot l-c.

2.L6 PEAGE AI{D BAGTERIAL ASSÀYS.

2.16.1 Phage Assays.

Phage lysates were assayed for phage by ni-xLng 0.1 n1 of the phage

dtluted ln TM buffer, 0.2 nl of Lo9 phase lndlcator bacterla (Chapter 2.I4)

and 3 n1 nelted (0.7%) soft agar overlay and' pourLng the mLxture otto

Z pl-ates. The agar was al-lowed to soll-dlfy and the plates rÍere Ínverted and

incubaÈed overnlght at the approprlate tenperature (usuall-y 30oC or ¡ZoC).

plaques were counted and scored as plaque-fo::mlng unlts per n1- (pfu/m1-).
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2.16.2 Bacterial Assays.

Bacterial vtabl-e counts were measured by dfluting a culture of cell-s in TM

and spreadlng the approprlate dllutlon onto YGC plates supplenented vrLth

anttbLotics or thymlne when necessary. The plates were lncubated at the

appropriate Èenperature overnight, or longer l-f necessary, and the colonles

Ïrere counted and scored as colony-forning units per ml (cfu/ml).

2.T7 186 BT]RSÎ AI{ALYSIS.

186 phage burst analysls was perforned el-ther by lnfectLon of cells with

the phage (for phage strains for which lysogens could not be made, 1.e' 9I

stralns), or by heat-inductl-on of a cTtsp l-ysogen of the phage. The phage

burst size was deterntned by calculating the dlfference between the nunber

of lnfectlous centres before the phage burst and the hlghest nunber of

pfu/ml produced after the phage burst'

2.17.1 Infection.

Ce1ls were grown generaLly at 37oC or 39oC in L broth to AUOO= 0.8 or

tn TpG-CAA ro AUOO= 0.2 (2x108 ctu/nl). Phage were added at a noa between

I and 20 and incubatLon was contlnued Ln a gyratory water bath. InfectÍon

was allowed to proceed for 5 - 10 nin and then unadsorbed phage were

inactlvated by the addLÈlon of 186-specLflc antlsera at K= 1.5. After

10 nln of antl-sera treatment, the lnfected culture was dtl-uted 1:100 lnto

pre-warmed broth and lncubation was contLnued. Sanples !¡ere taken at

Lntervals and assayed for phage (Chapter 2.16.1). A vlable count r'ras

generally taken before lnfectlon (Chapter 2,L6.2).
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2.I7.2 Heat-Induction of 186 LYsogens.

The 186 cltsp lysogentc cultures were gror{n at 30oC l-n L broth to

Auoo= 0.Br or TpG-CM ro Auoo= 0.2 (2xl08 cfu/ml) and then the flask was

transferred to 40oC or 41.5oC and incubation $Ias contlnue<l. Phage

productlon rüas assayed at appropriate l-ntervals (Chapter 2.L6'1)' A vtable

count was generally taken before heat-lnductl-on (chapter 2.16'2)'

2.18 DNA IÄBFJ.T.ING SITIDIEIS.

To srudy the effect of 186 on host DNA repltcatlon, total cel-l-ul'ar DNA

was labelled durl-ng 186 infectlon or heat-Lnductl-on, by pulse-labe]-ltng

wtth 3g-thynldine or'continuous labe11-ing of tþ- ce1ls wiÈh 3H-thymlne.

The ratlonales for these procedures are descrl-bed by OrDonovan (1977)'

3
2. lB. I Pulse-LabeLling with H-ThynLdlne.

Cells were grown overnlght at the approprlate temperature tn TPG-CAA

(contalnlng the approprlate antl-blotlcs arrd/ot nutrl-tLonal requlrernents)

and were then dLluted lnto the same media and grown wl-th aeratlon to

A600= 0.2. The culrures were either lnfected wtth 186 (wlth CsCl-gradient

purtfted phage; Chaptex 2.26.1) at 39oC, at a moa of 20, to ensure a htgh

1evel of lnfectl-on, or a 186 cltsp lysogen was heat-l-nduced (ChaPter -2.17).

Sarnples (200 u1) were removed at l-ntervals and added to pre-warmerl 50 ul
â

all-quors of Jtt-thymtdl-ne ln TPG-CA-A (ftnal- concentratlon of 20 uCt/ml-) in

an Eppendorf tube and lncubated wl-thout aeratLon for 2 mln. The

incorporation of labelled thymidine into DNA has been shown to be linear

wlthin thls pulse-tlme lnterval (Hockl-ng, 1977)'

Measurement of incorporatlon of 3H-thymldtne into DNA was done

essenrl-ally as described by Bo1lun (f966). The pulse was termLnated by

renoving a 100 ul sample, spottl-ng it onto a Ïlhatnan GF/A ftlter, and then

Lmnerslng the fllter lnto lce-cold 10% trtchloroacetLc acid (TcA). The

fil-ters were batch-washed 4 times ln 102" TCA antt twl-ce l-n ethanol and were
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then drled overnlght at 65oC. The TCA-preclptatable counts were determl-ned'

after the addl-tlon of toluene sclntlllatlon fl-utd to the samples' 1n a

Packard ot Beckman ltquld scl-nt1l-latlon spectrometer'

2.18.2 Pre-Labelline r,rith
3H-Tt yrirr..

Low-thymine-requiring cel1-s were grown overnl-ght at the approprl-ate

temperature in TPG-CAA contaf-nlng thymlne (2ue/nl) and appropriate

nutrítional requirements a',.d/ox antlbiotl-cs' The overnlght culture was

rllluted into the sane medlum, to which 3tt-thytirr'e (final concentratLon of

4uCt/nl)ha<lbeenadde<lrandlncubatl-onwascontlnued'(Adtluttonof

l:200 - l:500 of the overnlght culture rüas generally carrled out to allow

three generations of grolrth ln the labell-ing rnedi-a' Thls was to ensure that

theDNAwasuniformlllylabelledbeforethecommencementofthe

experiment.) $rhen the cul-tures had reached 4600= 0'2 the cell-s were elther

lnfected with phage, or a 186 "It"p lysogen was heat-Lnduced (as descrl-bed

l-n Chapter 2. 18. 1) .

samples (100 ul) taken at tLme l-ntervals before and after infection or

inductLon, were spotted onto a llhatman GF/A ftlter and the f1lter wês

lmmersed lnto lce-cold lo7. TCA. The fl-l-ters were batch-washed and

TCA-preclpttatable counts were determined, âs descrl-bed above (chapter

2. 18. 1) .

2.I9 GAI,ACÍOKII.IASE ASSAYS.

Gal-actokin¿ss (galK) asaays were

of galK exPression from clones l-n

terml-nator-ana1-ysl-s vectors (pKO2 or

analysl-s or terml-nator-analysl-s vectors

promoter or termlnator (McKenney et a1

carrl-ed out to quantl-tate the 1evel

the McKenney promoter-analysis or

pKr,6oo), rt g"m-fI* cel1s (n862 or

correl-ates with the strength of a

, 1981 ¡ Rosenbelrg et aI' , l9B3) '

EB63). The 1evel of BalK expresslon fron clones ln the McKenney pronoter-

Crude estimatl-ons of the level of galK expresslon from a partf-cular elone'
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rfere obtal-ned from the colour of colontes contalnlng thts clone on

Macconkey-galactose plates. Gall(- stralns gi-ve white colonfes and GalKt

strai-ns glve red colonles on Macconkey-galactose plates (McKenney g gl"

198r ) .

lhegalactokinaseassayprocedurelfasadaptedfromthenethod

descrt-bed by wllson and Hogness (1966) and AiÌhya and Mtller (1979) wtth

nodlfl-catlons recommended by I' podd (thts laboratory)'

Cultures contal-nl-ng the pKO2 or plc600-clones of lnterest (Chapter

2.3)weregrownovernightattheapproprlatetemPeratureinM63medíun

conta1nlng I nM MsSOo, 0.1 nM CaClr, !% glucose and 25 ug/nl anplclllin

(supp1-enented wtth the appropriate amino acids and vltanins) ' The overnight

culture was dfl-uted one hundred-fold into the same medium and grown aÈ the

appropriatetemperaturetoAU'O=O'2-0'6'loallowexpressionofacloned

promoter, whl-ch is controlled by a temperature-sensitl-ve repressor' the

cultures were grown at 30oC then transferred to 41oC (heat-induction) for

the appropriate tl-me (as lndicated in the text)'

Altquots (l ml) were taken fron the culture and placed into Eppendorf

tubes.(Ifaweakpromoterwastobeassayedthecel]-swereconcentrated

four to flve-fol-d before the lysts procedure') The ce1ls were lysed by the

addttlon of 40 ul of lysls buffer (r00 nl',t dlthiothrel.tol, 100 nM EDTA'

50 nÌ,f Trts-HCl, pH 8.0) and 3 drops of toluene, followed by vortexing for

30 seconds and lncubatlon at room temperature untll the toluene had forned

a single <lrop at the surface of the tube. The aqueous phase vras removed

into another tube and placed on lce. rf a strofig promoter lras to be

assayed, a tl5 to t/tO ¿ffution of the lysett cells (tttluted in the growth

nedia wlth the approprlate amount of lysts buffer added) was carrled out

and allquots were taken fron this dtluted lysate to be assayed for

gal-actokinase .

Toassayforgalactokinaseactlvl-ty,20ulofthelysatewasaddedto
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80ul-ofthereactlonsolutlont2nMrATP,5rnMMgCl,ll25nl'rTris-HCl,

pH 7.gr 1.25 !ûM cllthlothrel-tol' 4 rnM NaF and 200 nl',f l4c-galactost (g -

12uCi)].Themlxturewaslncubatedat32ocandal.lquots(6x15u1),were

taken aÈ intervals fron 0 - 50 mln, and spotted onto dry DE81 2'3 crn

fLlters. After all the sanples had beån taken, fllters lrere batch-washed

twice l_n I lltre of water, except for 3 - 6 ftlters, whLch were not washed

so that the total anount of radloactrvl-ty add.ed to each fllter (average of

the 3 - 6 unwashed fllters) could be deÈernl-ned' Filters were drl-ed for

2 hours to overnlght at 65oC, scl-ntlllaLion flutcl was add'ed and

radloactlvity present on each fllter was measured Ln a Packard or Becknan

llquid scl-nttllatl-on specÈrometel'

The bound cpn (washed fllters) were plotted against tine and the slope

of the line ( A cpn/ min) l,las calculated' Galactoklnase enzyme unl-ts

(nno1 galactose phosphoryLated/ nin/ nl of cell-s/ 4650)

using the fol-lowlng formula :

UnLts = A cpn/mln x l/total cpm x l/Auro x 10'400'

Thecopynumberofplasnid-cloneslntheMeKenneyvectorwas

determlned using the techntque of ProJan et al' (1983)' except for the use

oflysozymelnstea.iloflysostaphlntolysethece]-]-sandofRNAseAlnstead

rlbonuclease to remove RNA. Any slgnlflcant df-fferences

were calculated

the copy nr¡mber of the plasnJ-d-clones ' were noted and the galK
of pancreatf-c

observed ln

uniÈs were ar:lJusted accordingly'

2.20 }flIIAGENESIS OF PI,A,Sì,ÍIDS AI{D CEI,LS.

2.20.I Nl-tros Mu enesls of Cells.

The strain to be mutated was dlluted tnto L broth fron an overnlght

Two nl of the culture Tlere removed andto 4600= 1.0.

tube, to which 50 ul- of nltrosoguanldLne (2'5 ng/nl' ln

95% ethanol) was added, and the tube was incubated at 30oC for 30 nin'

Cells were collecÈed by centrlfugatl-on (91000 rpu, 10 nln' 4oC' JA21 rotor)

culture and grorün

placed ln a glass
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and the Pellet was resusPended

collected bY centrlfugatlon

ln M63 nedlum. The cells .trere agaln

(91000 rpn, 10 nf-n, 4oc, JA21 rotor) I

resuspended in t0 nl of L broth antt grown to statlonary phase' Mutants were

LsolaÈed by spreadi-ng the cells onto selectLve plates'

2.20.2 Nltros Mutagenes l-s of Plasrnitl DNA.

Plasrnltl DNA was mutated with nitrosoguanldlne in vl-vo, as described

for nltrosoguanldlne mutagenesl-s of cell's (Chapter 2'20'1)' Plasmid DNA vras

thenpreparedfronthemutatedcellsaftertheyhadgrowntostatl-onary

phase (chapter 2.24.1). Mutated plasnids were selected by transformatl-on of

the DNA into a selectlve strairi'

2.2L CURING CET,LS OF PI,ASI{IDS.

CellswerecuredofpBR322-derivedplasnidsbyseveralpassagesof

growth in nintmal nedla (ug + gl-ucose). cells were then spread onto YGC

plates,wlthorwlthouttheselectl-veanttblotlc.Ifnorethanhalfofthe

cellpopulatlonwassensltl-vetotheantibiotic,theslnglecolonl-esoûthe
yGc p]-ate trere tested by spotttng suspensl-ons of the cel1s (rn TM) onto YGC

plates,withorwlthoutantiblotlcs.Stngl-ecôlonles,whJ-chwerenot

reslstant to the antl-blotic, were assumed to be cured of the plasni-d and

purtfled though single colony isolatlons'

Iftheaboveproceduredtdnotglverlsetocellscuredofthe

plasnld,coune::mycinAlanl-nhibitorofDNAgyrase;Danllevskayaand

Gragerov (1980)l was added (at I - 5 ug/nl) to the M9 + glucose nedla and

cells,whlchgrewunderthl-streatmenÈ,weretestedforlossofthe

plasmid, as descrlbed above'
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2.22 PRBPARATION OF PHAGB STOCKS.

2.22.1 Low-Tltre Phage Stocks.

Low-Èitre stocks (ro9 - tolo pru/nl) of 186 stralns rrere PrePared bY

described bY Hocklng and Egan
heat-inductlon or

( 1982a) .

ltquid l-nfectlon, as

2.22.2 -TLtre Phage Stocks bY Heat-InductLon.

The 186 lysogenlc culture was grown overnlght at 30oc and Ëhen cliluted

one hundred-fold lnto 2x 500 rnl L broth and'lncubated at 30oC with aeratlon

toAuoo=0.B.Theculturewastransferredtoa40ocbathandshakenfor

three to four hours until- lysis was complete'

Chl-oroforn (2 n1) was then added and Èhe culture was left at 4oc for

l0ntntolyseanyrenainl-ngcells.Bacterialdebrlswasrenovedby

centrlfugation (91000 rpm, 4oC, 20 min, JAlo rotor) and the supernatant was

decanted. Nacl and PEG 8000 were atlded to a final concentratlon of 0'5 M

arñ. l01% (w/v) ' respectlvely, and preclpltatlon l'Ias allowed to proceed

overnlght at 4oC. The precipltate was collected by centrlfugation

(gr000 rprn, 4oC, 20 nln, JAlg rotor), resuspended in 8 nl- of TM and then

purtfl-edbyCsClblockgradlentcentrlfugatl.on(Chapter2.26.I).

2.22.3 High-Tltre Phage Stocks by Ltqutd Infection.

A fresh overnlght culture of 8508 was dil-uted one hundred-fold lnto

2x 500 nl of L broth (pre-warned to 37oC) and then l-ncubated wlth aeratLon

to AUOO= 0.2. The culture was lnfected (moa= 0'1) wtth phage from a low-

titre stock (Chapter 2.L3)' Incubatlon was contlnued at 37oC until lysls

was complete, or for 4 hours after l.nfectlon lf lysts did not occur.

chloroform was then added, the culture was treated (as descrtbed l-n chapter

2.22,2) arrd. the phage were purlfied by cscl denstty gradlent centrlfugatlon

(chapter 2.26.L).
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2.23 PHAIGE D¡IA PREPARAIION.

Phage DNA was prepared elther by phenol extractlon (Chapter 2'27 '2) of

CsCl-purtftetl htgh-titre phage.stocks (Chapter 2.22.2, 2.22'3, 2'26'l), or

by using the method descrlbed below'

A50mlcultureofE50BwaslnfectedatA600=0.2withphageatanoa

of 0.1 and incubated at 37oC untl-l ]-ysls occurred, or for 4 hours lf lysis

did not occur. Chloroforn was then added and the cul-ture was left at 4oC

for 10 nln. Cell debrl-s was removed by centrifugatton (101000 rpn' l0 nln'

4oC, JA20 rotor) and then DNAse I (50 ug) ancl RNAse A (100 ug) were adcled

anct the mfxture l-ncubated for I hour at 4oC. The lysate was agaLn

cenErifuge¿l (101000 rpmr 10 min, 4oC, JA20 rotor) to remove any renainlng

cel-1 debris. The phage particles were then pelleted by centrifugation

(201000 rpn, 3 hours, 4oC, JA20 rotor) and the pellet was resuspended

overnight ln 400 ul of TE. Forty ul of lox protel-nase K buffer (100 nM

Trls-HCl, pH 8.0, 100 nM NaCl, 100 nl"f EDTA, 5.02 SDS) anil a few crystals of

protelnase K were then added, and the dlgestLon was allo¡¡ed to proceed for

L - 2 hours at 37oC, The phage DNA was then extracted twice wf'th phenol

(Chapter 2.27.3) and the DNA ethanol--preclpitated using Na acetate (final-

concentratlon of 0.3 M) arrð' 2.5 vol-umes of ethanol, washed with 70% ethanol

(v/v in TE), drled and resuspended ln I00 ul- TE (Chaptet 2'27 '3) '

2.24 Pf,,ASI,IID DI{A PRSPARATION.

2.24.1 Analyttcal Preparatlon.

The followlng procedure based on the nethod of Blrnbolm and Doly

(1979) gave sufflcLent plasmid DNA for several restrictlon analyses fron

5 nl of a statlonary phase, plasnld-containlng culture.

Bacterla grown. ln L broth contalnLng the appropriate antLbl-otlc were

pelleted. by centrl,fugation (91000 rpm, 10 ntn, 4oC) in a 10 ml- Oakridge

tubeandthepelletwasresuspendedln250uloflysl-sbuffer
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(25 nì,f Tris-HCl, pH 8.0, 10 nM EDTA, 50 nl,f glucose). A volume of 250 ul of

freshly prepared lysozyme (8 ng/nl) ln lysls buffer Yras added' to the

resuspendedcellsandthesolutlonnixedgently.After15minatroom

tenperature, I nl of 0.2'N NaOH, 1% SDS was added and the tube left on ice

for 10 nin. 0.75 ml of 3 M Na acetate (pH 4.6) was then added and the tube

was vortexed and placed on lce again for 15 - 30 nin' The nixture 'ffas

centrlfuged twLce (18r000 rpn, 10 ml-n' 4oc' JA2l rotor) to remove

chromosomal- DNA and the plasniil DNA ln the supernatant was precipitated by

addition of 2.5 volunes of ethanol (Chapter 2'27'3)' The pel1-et was washed

tn 70% ethanol (v/v in TE), dried and redissolved l-n 20 ul- TE (Chapter

2.27.3). RNAse A (final concentratlon of 50 ug/ul) was aclded' and the

solutlon was lncubated for 30 mtn at 37oC. The DNA was then phenol-

extracted, and ethanol-precipitated uslng 0.1 M Na acetate (pH 4'6) and

2.5 volumes of ethanol (Chapter 2'27'3)' The pe1-1et was washed with

70%ethanol(v/vinTE),drledandresuspendedin20u]-TE(chaPter2.27,3)

and restrictl-on analysis (Chapter 2'28) was carrie'il out'

2.24.2 Large-Scale PreParation.

Preparatlve amoufits of plasniit DNA were obtained using elther of the

two procedures descrtbed below'

2.24.2(a) Preparative Modlfied' Birnboim and Doly Method.

A 50 m1 overnlght culture of Èhe straln carryl-ng the plasmld grown ln

L broth containlng the approprl-ate antlbiotl-c was used to prepare DNA by

thLs nethod. The procedure used, was essentally as descrlbed in chapter

2.24.1, except the volumes of solutions added were scaled-up by a factor

of 10. The only changes to the procedure lÍere as follows : K acetate was

used instead of Na acetate to preclpitate chromosonal DNA and proteln'

Àfter thts step the plasmid DNA was preclpitated uslng 0'6 volumes of

lsopropanol and washed with 707" eÈhanol (v/v Ln TE)' After RNAse A
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dtgestt-on, 40 ul of 10x protelnase K buffer (f00 nlf Trts-HCl, pH 8'0,

100 nM Nacl, 100 nM EDTA, 5.0% SDS) and a few crystals of protefnase K were

added and the tube was l-ncubated at 37oC for I ' 2 hours' The DNA was

phenol extracted and ethanol-preci-pitatedr âs descrtbed above (Chapter

2.24.1), and finally resuspended' ln 200 ul of TE'

2.24.2(b) CsCl Gradl-ent Method.

A p1-asnld-contaf-ning cell- culture llas 8ro\üì. overnlght in L broth

containing the appropriate antiblotl-c and then used to lnoculate 2x 500 nI

of L broth. The cul-ture was grown with aeratLon to Auoo= 1.0 and then

100 rng of chloranphenl-col (in 95% ethanol) was added to each flask and

ampllficatton of the plasmld was allowed to proceed at 37oC overnight'

Cells were removed by cen¡rifugatlon (91000 rpn, l0 mln, 4oC, JAt0 rotor),

resuspended {n 7.5 n1 of 25% sucrose, 50 rnM Tris-HCl (pH 8'0) tn a 50 ml

Oakridge tube, and then 2.0 ml of a freshly preparecl l0 ng/ml solutlon of

lysozlme was added. The tube was placed on ice for 30 min and 3 nl of

0.25 M EDTA, pH 8.0, added. After gentle nixlng, the tube was agaln placed

on ice for 5 mln. Detergent solutLon (12 ml of l% Brll 58 (w/v) and'

0.4% Na deoxycholate (w/v) in 50 nì,t Trls-HC1, pH 8.0, 25 nM EDTA) was added

to the tube, nlxed gently, and the tube was left on lce for a further

10 min. After centrlfugatlon (l3r000 rpn, 30 nin, 4oc, JA20 rotor)' the

supernatant rüas removed and the plasnid DNA was purlfled by cscl

equilj-brlun gradient centrlfugatLon (Chapter 2.26'2)'

2.25 t{13 REPLIC¿ffTVE.TOR}T (RT) PREPARATION.

Ml3 RF DNA was prepared uslng either of the two methods descrlbed

below.
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2.25.1 Preparative Modlffed Blrnbo i-n and Dol-v Method.

AnovernightcultureofJMl0llnMl3nlnlnalmediunwasusedto

nl of 2x YT broth. The culture \úas grown at 37oC to AUOO= 0'1

wlththerequlredMl3stngle-stlafidedDNAphage,eitherwith

of slngle-stranded DNA phage stock (Chapter 2'31'5a) or a

l-noculate 50

and lnfected

50 - 200 ut

sl.ngleplaqueobtalnedbystreaklngthephagestockonalawnofJMl0l.The

culturewasgrownforsixtoetghthoursandthecellscollectedby

centrtfugation (91000 rprn, l0 nf.n, 4oC, JA20 rotor) and the RF DNA prepared

fron the cells (as descrlbed in Chapter 2'24'2a)'

2.25.2 CsCl- Gradient MeÈhod.

AnovernlghtcultureofJMl0l'glownl-nMl3mininalmedium'was

subcultured into 20 ml of 2x YT broth and grown to 4600= 0'1' then 50 -

200 ul of the required Ì,113 slngle-stranded DNA phage stock (chapter

2.3L,5a), or a slngle plaque derlved fron this stock' \üas added. The MI3-

infected culture rüas gro\ün at 37oC to Auoo= 0.5 an<l was then diluted lnto

2x 500 ml of. Z.YT broth and grown for six to elghÈ hours at 37oC' Cell-s

were collected by centrlfugatlon (91000 rpn, l0 nln, 4oC, JAIO rotor) and

the M13 RF DNA isolated by the plasmld preparatl-on procedure described

previously (Chaptex 2,24.2b), followed by cscl equtllbrtun density gradlent

centrtfugatlon (chapter 2,26.2) to further purtfy the RF DNA.

2.26 GsC]- DBNSIIY GRADIEIIT CENIRIFI'GATION.

2.26.1 CsCl Block Densi Gradient for tion of -Titre

Stocks.

cscl block density gradlent centrlfugatÍon was used to prepare htgh-

tltre 186 phage stocks for use l-n lnfectLon experiments and to obtain DNA

by phenol extractlon (ChaPter 2'27 '2) '
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Two CsCl solutions of denstty 1.6 gm/nl and 1.35 gn/ml were prepared

ln sterl-Le TM and were used to form a block gra'ilient by adtltng 4 nl of the

1.35 gn/nl solutlon and underlaylng tt wlth 1.0 nl of the 1'6 gn/nl

solutlon ln a l0 nl polycarbonate oakrLdge tube' The htgh-titre phage

suspensi-on in tM (Chaptet 2.22.2' 2.22.3), was carefull-y layered on top of

the gradlent and the tube centrlfuged for 90 min at 451000 rpn, 8oc ln a

Becknan T150 rotor.

The opaque phage band was collected by pterclng the botton of the tube

and dlalysed (uslng sterile dialysis tublng; chapter 2'I2, 2'30'lb) three

times agalnst one lltre of rM and stored at 4oC. A tl-tre of t012 - 1013'

pfu/ml were usually obtatned by thl-s nethod'

2.26.2 CsCl Equll-l-brlun Density Gradient for Plasrnid Purl-f ication.

cscl equllibriun density gradLent cenErlfugatlon was used to Prepare

plasnid aad M13 RF DNA. Plasmld DNA was purifted by adding 0'95 gm of cscl

and 200 ul of 10 ng/nl solutlon of EtBr per nl of plasmid DNA sol-utlon

(chapter 2.24.2b, 2.25.2), loadlng the soluÈlon lnto a 10 ml polycarbonate

tube and cenErlfugl-ng the tubes to equiltbriun (42 hours, 45'000 rpn' 20oC'

Becknan TL50 rotor). The bands were vlsuallsed under subdued fluorescent

light and the lower of the two bands, containing the p1-asrnld DNA, nas

co1-lected by piercLng the tube from the botton. (the uPPer band contaios

chromosomal DNA and nicked plasnid DNA.) EtBr was removed by three

extractlons wlth isopropanol- equtllbrated wtth 5 M NaCl, I0 nM TrLs-HCl'

pH 8.0, I nM EDTA. The DNA solutLon was then dlluted by a factor of three

wlth TE and ethanol--precipttated uslng 2 volumes of ethanol (Chapter

2.27.3). The peller was washed wtth 70% ethaool/Tp (v/v), dried,

resuspended in TE and stored' at 406 (Chapter 2.27 ,3) '

The concentratlon and purlty of the DNA was deternl-ned by obtainl-ng

the spectra of absorbance over the range 230-340 nttr on a varlan

Superscan 3 ultra-vl-o1et/vLstble spectroPhotometer (A2OO= l'0 represents a
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concenrrarlon of 50 ug/ul). 
^2601280 

and A260/230 ratÍos were greater than

1.8 for all DNA used, lndl-catlng low protefn contamlnatLon.

2.27 PEßI{OL ETT.RACTION OF DIIÀ.

2.27.1 Phenol Equllibra tlon and Storage.

Buffer equLlLbratlon of phenol ÌIas carried out by nlxl-ng 50 n1

redistlll-ed phenol- wlth 50 n1 of I M Trts-HCl (pH 8.0) and 5 mg of

B-hydroxy-qulnoline at room temperature. The phases were allov¡ed to

separate and the phenol phase was taken and nlxed wLth 50 nl of TE and

all-owed to stand untll the phases separated. The aqueous phase was again

removed and the phenol phase was equllibrated once more wLth TE. Phenol

equllibrated. r¡ith TE in thls manner was stored under TE and kept frozen in

50 nl- allquots at -20oC untl1 requlred.

2.27.2 Phenol Extractl-on of Bacterl-ophage DNA.

t2
A htgh-tltre phage stock (10 pfu/ml; Chapter 2.26.I) was dLluted to

0.9 nl- in TE, and then 0.1 nl of 100 nM Trfs-HCl, pH 8.0, 100 nM NaCl,

100 nM EDTA, 5.0% SDS r¡as added, followed by 0.1 ng of proteinase K. After

incubatlon at 37oC for 60 min, the solutlon was agaLn tliluted. (to 5 nl)

wtth TE, and an equal volune of TE-equll-ibratecl phenol (Chapter 2.27.L)

added. The nLxture was gently shaken for 5 nln and the phases !üere

separated by centr|fugatLon (7r000 rpm, 5 nln, 4oC, JA20 rotor). The

aqueous phase was collected and re-extracted at least twice wLth an equal

volume of TE-equl1-lbrated phenol. The phenol phases were washed with an

equal volume of TE and Na acetate (pH 4.6) was added to the pooled aqueous

phases to a flnal concentratLon of 0.3 M, followed by 2.5 volunes of

ethanol. DNA was left to preclpltate overnlght at -20oC and was collected

by centrLfugaÈÍon (181000 rpn, 20 nln, 4oC, JA20 rotor). The pellet was

washed ln 70% ethanot/tn (v/v), drled then finally dl-ssolved l-n TE and

stored at 4oC (as descrlbed tn Chapter 2.27.3).
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The concentratlon and purl-ty of the DNA was determl-ned, as descrlbed

in Chaptex 2.26.2.

2.27.3 Phenol Extraction and Ethanol-PrecipLtatl-on of DNA SolutLons.

DNA solutlons were mf.xed wlth one volume of TE-equlllbrated phenol 1n

Eppendorf tubes (or 1n 10 nl or 50 nl Oakrldge tubes for larger volumes),

vortexed, kept at roon temperature for 5 mln, vortexed agaln and

centrifuged (101000 B, 3 ml-n, room tenperature). The aqueous phase was

removed, and the process repeated untLl no material was vlsible at the

lnterface of the aqueous and phenol phases. The phenol phases were washed

wlth an equal volume of TE. The aqueous phases were pooled and Na acetate

(pH 4.6) was added to 0.3 M followed by 2.5 volunes of ethanol. DNA was

ethanol-precLpLtated overnLght at -zOoC, or at -8OoC for 30 mln and the DNA

collected by centrlfugatLon (101000 g, 20 min, 4oC). The pellet vras washed

Lt 707" ethanol/Tn (v/v) (by addtne 70% ethanol to the pellet followed by

centrlfugation at 10r000 g, 5 m1n,

dissolved in TE and stored at 4oC.

4oC), drieil ln vacuo for l0 nln,

2.28 RXSTRTCTION ÄNALYSIS OF DI{À.

Analytlcal digestlon of DNA wlth restrLctlon endonucleases was carried

out for two to twelve hours at 37oC (or at 65oC for TaqI digestlons) with a

two to five-fold excess of enzyne (2 to 5 unLts per ug of DNA) l-n a volume

of l0 - 20 ul. Dlgestlon buffers were those specifled by the nanufacturersf

catalogues and were stored at -15oC as lOx stocks. For double dLgestLons,

the enzyue wlth the lowest NaCl concentration was used flrst and the

conceritratLon of NaCl was then ralsed to the approprlate amount and the

second enzJme was added. PreparatLve dLgests of 20 - 50 ug of DNA were ln

50 - 200 u1 reactLon volumes and vrere lncubated overnlght at 37oC,

Reactions were terml-nated by heatlng to 70oC for 10 ntn anil DNA was tested
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for conpl-ete dlgestJ.on by agarose gel electrophoresls on nlnlgels (Chapter

2.29.L).

2.29 g¡¡ SÍ.EGTRoPüORESIS.

2.29.I Agarose Gel Electrophoresls of DNA.

Agarose gel solutton ( I% or 27" wlv agarose ln TAE) was stored at 65oC.

AnalytLcal work was carrLed out uslng horlzontal nLnlgels prepared by

pourlng 9 nl of ge1 solutLon onto a 7.5 cm x 5.0 cn gl-ass nlcroscope sl-lde

or lB rnl of ge1 solutlon onto a 7.5 cm x I0.0 cn glass mlcroscope sl1de,

wtth the appropriate conb set ln place. Glycerol- Loadf.ng buffer was added

to the samples to a flnal concentratlon of 57" gLycexol, 0.04% bronophenol

blue, 0.02% xylene cyanol, I.7 mM EDTA (from a 6x stock; Chapter 2.10) and

electrophoresis was carrled out tn TAE buffer at 100 - 200 mA.

DNA was visuall-sed by staining gels rüith EtBr (0.00042 w/v ln TAE).

Gels rüere photographed under short wavelength W-llght. ApproxLmate

concentratLons of DNA solutions were determLned by conparing the intenslty

of the EtBr-stafned bands wlth that of known concentraÈlons of DNA

molecular weight narkers (Chapter 2.11.1).

Preparatlve gels were poured on glass slides, as described above, or

1n a perspex tray (14 x 11 x 0.3 cn) and. run horlzontall-y, subnerged ln

TAE. Low-ge1-1ing-temperature (r,Ct) agarose gel solutton (1.07. ot 2.07" wlv

l-n TAE) rvas cooled to 37oC before pouring (Chapter 2,2g.1) and

electrophoresls was carried out at 100 mA at 4oC. DNA was vlsuallzed, as

descrl-bed ln Chapter 2.30.1(a).

2.29.2 Ãgarose Gel ElectrophoresLs of RNA.

Agarose gels for RNA fractLonatfon were I.ïi¿, I.5% ox 2.07" agarose

(w/v tn 10 mM Na phosphate, 0.1 mM EDTA, pH 6.5) and were poured into a

perspex tray (t4 x 11 x 0.3 cn) and run hor1zontally, subnerged Ln



64

10 nM Na phosphate, 0.1 nM EDTA, pH 6.5. The buffer was recirculated every

15 nln by hand or contlnuousl-y by perlstaltLc pump. Glycerol loadlng buffer

was added to the sanples to a flnal concentratlon of 57" glycerol, 0.04"Å

bronophenol blue, 0.027" xylene cyanol, 1.7 mM EDTA from a 6x stock (Chapter

2.10) antl electrophoresis was carrled out at 30 mA - 50 mA. RNA was

vfsualfzed, as descrLbed in Chapter 2.36.3(a).

2.29.3 Polyaerylanid e Gel Electrophoresis.

2.29.3(a) Non-Denaturing Gels.

L 30% gel stock (acrylanide:bis, 30:0.8) was prepared by d,issolving

146.1 gn acrylanlde and 3.9 gn bLs-acrylamlde ln 500 n1 of glass distllled

wateï. The solutlon ¡vas de-lonlsed (Chapter 2.29.3d) and then de-gassed for

30 min using a vacuum punp. A,5% polyacrylanide ge1 Íras prepared by mixlng

l0 nl of the 307 geL stock, 6 rnl of lOx TBE, 44 ml water, 300 ul- of freshly

ptepaxed 257" (w/v) APS and B0 ul TEMED. Twenty percent polyacrylanLde gels

were prepared by nLxLng 40 nl of the 307. geJ- stock, 6 nl lOx TBE, 14 nl of

water, 300 uL 257" APS (w/v) and 80 u1 TEMED. Gels were poured at roon

tenperature. Pollmerlzation of a sanple of the gel solution in a beaker

usually occurred wlthl-n 5 - f0 min. The gel was allowed to slt for 60 min

on the bench after polymerLzation of the sample had occurred to ensure

polymerizatLon was complete. Gel dlnensLons were 20 x 40 x 0.05 cm or

17 x 26 x 0.05 cn. Pre-electrophoresis was at 20 nA for 20 mLn. Formaml-de

loadLng buffer (Chapter 2.10) was added to the samples (one volume of

formanlde loadl-ng buffer to one volune of sample) ancl electrophoresis was

at 25 nA unless otherwlse stated. End-labelled (Chapter 2.3L,2a)

pBR325 HLnfI or pUCl9 HpaII DNA fragnents (Chapter 2.11.1) were used as

molecular weJ-ght markers.
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2.29.3(b) Denaturlns (sequenclng) Ge1s.

Stock gel solutl-on (6% poLyacrylanide; acrylanlde:bis, 19:1; 8 M urea

tn TBE) was prepared by dlssolvlng 17 gt acrylaml-de' 3 8m bts-acrylanlde

and 480.5 gm urea tn 400 nl glass-cllsttlled water at room temperature' The

solutlon was made to g00 nl wtth glass-distiLl-etl nater and IÙas then

de-lonlsetl (ChaPter 2'29 '3d') ' One hundred nl of 10x TBE was added and the

solution was de-gassed, as described in Chapter 2'29'3(a)'

polymerl-satlon was carrled ont by adcttng 400 uL of freshly prepared

ZSi^ GlÐ APS and 100 ul of TEMED' to 80 nl- of gel stock solutlon' Gel

dimensl.onslüereeither20x40x0.025cnor40x40x0.025cn.

Polynerl-satl.onwasallowedtooccutfor60minatroomtemperature.

Pre-electrophoresiswasinTBEfor30minatB00vwlththecombfn

placetopreventwelldistortton.Thecombwasremovedlmmediatelyprlorto

loadingandthewel].swereflushedlvlthlBEtoremoveureaandany

unpolymerisednaterial.Electrophoresl-s$lasat1200v-1500vunless

otherwise stated.

Banddistortlonduetolocall-sedheatlngnearthecentreofthegel

waselinlnatedbysandwlchlngaplastlcbag,ofthesamedimensionsasthe

gel,betweentheouÈslrlegelplateandanotherglassplatewlÈhtheaidof

0.2cmperspexsPacersandclamps.Theplastl-cbagwasfllledwl.thTBE.The

temperaturellasnonitoredwiththealdofapl-atethermometerandwasnot

allowed to exceed 45oc'

2.29.3(c) Denaturing ( ) Gels to Resolve Band ComPreqslons.

Sequencing geLs contalnln g 257" ox 401- fo:manide (v/v) \üere prepared by

lncludlng the approprl-ate amount of de-tonlzed forrnanlde (chapter 2 '29'3d)

l-n the ge1 stock solutlon (Chapter 2,29'3b)' PolynerlsatLon required the

addLrlon of 600 ul freshly pxepared 251( APS (w/v ln water) and 140 u1 of

TEMED to 80 rnl of gel stock solutLon' Pre-electrophoresls was for
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2 to 3 hours at 500 v. Electrophoresls condltl-ons were as descrlbed fn

Chapter 2.29.3(b).

2.29.3(d) De-Ioniza tl-on of SoLutl-ons.

soluttons were de-Lontzed by addtng 10% (w/v) of nixed bed resln

(chapter 2.8) and gently sttrrlng the solution at room tenperature for

30 nl-n. Mlxed bed resln rltas removed by flltratLon'

2.29.4 Autoradl-ogra Þhv.

FuJl Rx medlcal x-ray fl1-n was used for autoradlography' In general'

gels were wrappecl in plastf-c (VttaffU) and exposed at room temperature

for up to 48 hours, oE for longer perlods at -B0oc with Tungstate

intensLfyl-ng screens. All- sequenclng gels were exposed overnlght at roon

temperature unless otherwise Lndicated. speciflc condttl-ons for

autoradl-ography of gels are gl-ven l-n the Flgure legends'

2.30 ISOI,A:TION OF DI{A FR.ACI'ÍENTS FROI'I GE[,S.

2.30. I Extraction of DNA fron Agarose Gel Sl1ces.

DNA to be extracted from agarose for the purpose of clonlng }Ías

detected by stalnlng the gel with acrldine orange (0'001% w/v ln TAX) for

10 nl-n and then de-stalnlng Irtth TAE for at least 15 nin' the bands were

vlsuall-zed under fluorescent ltght. If the amount of DNA in the band to be

isol-ated was less than I ug, the gel was stained with ntnr (0 'O004it w/v ln

TAE)ratherthanacrldlneorange,for5nlnandthende-stainedfor5nln.

The gel- was kept 1n the dark after the additl-on of EtBr and the bands were

vlsuallzedbybrtefexposuretolongwavelengthW-light.

Agarose contalnlng the deslred DNA fragnent was excLsed fron the ge1

wlth a sterlle scal-pel blade and the DNA was removed fron the agalose sllce

by elther one of the trüo nethods descrlbed below'



67

Extractlon of DNA from Low4elllng -Temperature (LGT ) Agarose Gel
2.30. I (a)

Sl1ces.

TheLGTagarosegelsllcecontalnl.ngthedesl-redDNAfragnentwas

nelted at 65oC for 30 rnin ln an Eppenttorf tube and then one volume of NET

(1 M NaCl, 50 rnM Trl-s-HCl, pH 8.0, 5 mM EDTA) was added. If the anount of

DNÀ was less than I ug, | - 2 ul of E. coli carrier tRNA (Chaptex 2'8) at

10 ug/ul was added to the tube. The solutl-on was vortex-nlxed and kept at

65oC for a further 15 min. The tubes were then transferred to a 37oC

heatf-ng block for 15 ml-n and the mlxture was extlacted once with phenol

(pre-heated to 65oc in NET), as descrlbed l-n chaptex 2.27.3, except that

the tubes were kept at 37oC durlng the extractlon and the phenol phase was

washed once wiÈh NET. The DNA soluÈlon was Èhen dtluted to 0'3 M NaCl with

TE and the DNA was ethanol-precipltate<l (as descrtbed fn Chapter 2'27'3)'

AbetteryleldofDNAfromLGTagarosewasobtalnedlfsone

rnodifl-catLons were nade to the above nethod. TE was used ln place of NET'

Ice-cold phenol (equtlibrated wlth TE) was added to the DNA sol-utl-on at

37oC and the trrbes were immedlately vottex-mixed and placed on lce for

5 nin. The tubes were then placed aÈ room temperature for I mln before

centrlfugatlon (101000 g, 3 rnin, roon tenPerature)' After phenol extractlon

Na acetate (pH 4.6) was added to 0.3 M and the DNA was preclpitated wlth

eÈhanol (as descrlbed' in Chapter 2'27 '3) '

2.30.r(b) El-ectro-El-ution f rom Agaros e Gel Sll-ces.

Dialysts tublng (chapter 2.L2) was soaked ln sterlle water for 15 min'

and knots were tied f-n one end. The tublng was bollett for 5 ml-n ln the

buffer to be used and thoroughly washed wlth the same buffer at roon

temperature before use. A1l dtalysls tublng was prepared and used on the

sane day.

The

lnto the

agarosegel-sllcecontalnlngthedeslredDNAfragnentlúasplaced

dl_alysts rublng (tted at one end) wlth 400 u1 of TE, and the tube
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was rletl at the other end. The dl-alysl-s tublng contalnlng the gel sllce was

placed perpendlcularly to the electrlc fteld fn a horlzontaL gel apparatus'

ande]-ectrophoresedinTAEetl0onAforl0.20nl.n.Thecurrentwas

reversed for one nln, the buffer surroundlng the slice was lemoved fron the

tublng and a portlon of this buffer, together wLth 40 ul of 3 M Na acetate

(pH 4.6) was used to rinse out the dlalysis bag to remove any DNA stlcking

to the tubl-ng. The DNA was precl-pitated wl-th ethanol (Chaptex 2'27'3) after

additton of t0 - 20 ug of E. coll tRNA (Chapter 2.8) as carrl-er'

2.30.2 RecoverY of DNA fron PolYacrylarnide Gel Sllces.

Theradl.oactivefragmentsofl.nterestlÙerelocatedafter

autoradl-ography (chapter 2.2g.4) by comparlson of thelr sizes to

radloactive DNA markers (Chapter 2'I1'1)' The autoradiograph was allgned

with radioactlve Lnk narks, which had been p1-aced on the edges of the ge1

prf-ortoautoradlography,andwasusedasatemPlatetolocatethebandsof

interest. The band.s were excised from the gel using a sterile scalpel

blade. The DNA was elu¡ed from gel slices by aildtng 500 ul of ge1 elutfon

buffer (500 nM anmonium acetate, I nl"t EDTA' 0'1% sDs' pH 7'6) to each

individual slice in an Eppendorf tube and incubatlng the tubes overnlght at

37oC with constant ag1tatlon (Maxan and Gtlbert, 1980). The eluate 'nas

careful-ly col-lected and 2.5 vol-urnes of ethanol added, after whlch DNA was

ethanol-precl-pltated (as described in Chapter 2'27'3), dissolved in TE and

stored at 4oC.

2.31 PÍ,ASIÍID AITD I'II3 GT¡NING.

2.31. 1 tlon of Vector DNA for Clonl

plasnl_d and Ml3 clonlng vectors rrere prepared by cllgesting the RF DNA

wl-rh the approprlate restrlctLon enzyne(s) (Chapter 2.24'2, 2'25, 2'28)'

Foreachl0ulofDNA,thevolumewasadJustedto60ulandwasmadeto
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0.1 M Trts-HCl, pH B.0, 0.172 SDs. Calf lntestlnal phosphatase (0.5 -

2.0 U) was added and the nlxture was lncubated for two hours at 37oC' The

phosphaÈase rÍas lnactl-vated by heatl-ng to 70oc for 20 nln and the nl-xture

was extracted. wtth phenol and DNA was ethanol-preclpLtated (chapter

2.27.3). Vector DNA was purlfted fron any undf-gested DNA by fractlonation

on an agarose gel foll-owecl by recovery of the vector DNA from a gel slLce'

as descrlbed 1n chapter 2.30.1. vector DNAwas flnally dlssol-ved l-n TE at a

concentration of 20 rrglt-L and stored at 4oC'

2.3I.2 End-Lab and End-F

End-Label-ltng and End-Fi1l-tng uslng the Large Fragnent of DNA
2.31.2(a)

Polynerase r (Klenow).

DNA restrlctlon fragments to be used as radloactlve size markers' or

for analysls of restrLctlon patterns on polyacraml-de gels, lfere 3t-end-

labell-ed with 32p tr, a reactl-on mlx contalning 50 nM NaCl, 6 mM Tris-HCl'

pH 7.5, 5 nM MgCl,, 1 unl-t of E. co]-i DNA polynerase I l.arge fragment

(Klenow) and z - 4 uM d[o-32p]crp or d[s-32p]¿.rp. Afrer r-ncubarlon at 37oc

for 15 nln the reactl-on was terninated by the additlon of fornamitle l-oading

buffer (chapter 2.10) and the samples were loaded onto the gel or stoted at

4oC untLl requlred.

one tenth of any solutlon contaLnlng DNA restrlctlon fragments to be

fracÈlonated on pol-yacryl-anide gels (Chapter 2.29'3a) and then cloned

(chapter 2.31.3), was end-labelle<l to allow detection of the fragnents by

autoradlograPhY.

End-fil1-tng to create blunt-ended DNA restrlctLon fragments for

clonlng was carrLed out uslng the Klenow fragpent or by uslng T4 DNA

pol-ymerase (chaptex 2.3r.2b). The entl-ftll-tng reactlon using the Klenow

fragnent was carrled out ln the same way as end-labelltng (as descrlbed

above) except that the labelled nucleottde \üas repl-aced wtth 0'05 m'l"f of

dNTP solutlon (added fron a stock contalnlng 0'25 ml'l of each of the four
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dNTPs ln 5 ml'l lrts-Hcl, PH B'0,

heatlng at TOoC for 5 ml-n'

I nM EDTA). The reactlon was termloated by

2.31 .2(b) End-Fllltng usl-ng T4 DNA Polymerase.

T4DNApolymerasellasusedforblunt-endl-nglnpreferencetothe

Klenow fragment of E. coll DNA polynerase when the restrlctlon site to be

enrl-f1lled contalned a 3',-overhang (e.g. PstI) since T4 DNA polymerase has

a more effLcLent 3t- 5', exo-nuclease act!-vi-ty than the Klenow fragnent

(Huang and Lehman, 1972; Manlatls et aL" 1982)' The nethod used' vras

essentlally as clescribed by Maniatis et al. (1982), and was adapted fron

the nethod of Or Farrell (1981). The reacÈl-on was carried out at 37oC

for 15 nln ln 0.033 M Tris-acetate' pH 7'9' 0'066 M K acetate' 0'01 M

Mg acetate, 0.5 mM dithiothreitol, 0.1rng/n1 BSA, 0.1 nM dNTPs and 2 - 4

unlts of T4 DNA PolYmerase'

for 5 mln.

The reaction was termlnated by heating at 70oC

Transformatlon (Transfection) wlth Plasnld or M13-2.31.3 Ltga tl-on and

Vectors.

2.31 .3(a) Lfgatlon with Plasrnid-Vectors.

Twentyngofplasmid-vectorrwhichhadbeencutwiththeapproprlate

restriction enzyme(s) ' treated wl-th calf l-ntestlnal phosphatase and

purlfled (Chapter 2.3L.1), was ntxed wlth the DNA fragnent to be cloned in

a 3:l molar ratio of insert:vector. The llgatJ-on was caEied ouÈ l-n a

volume of r0 - 20 ul containlng 5 mM Trts-Hcl-, pH 7.8, l nl't ltlzcLr, 2 il

dithtothreitol, 0.1 nM rÀTP, antl T4 DNA 1-tgase (0'2 unlts for staggered-end

llgatlons or I.0 units for blunt-encl llgatlons). The nl-xture was incubated

overnlght at 15oC and. then transforned Lnto bacterlal ce1ls (Chapter

2.31 .3b) .
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2.3I.3(b) lransfo rmatlon wlth PLasmid-Vectors.

competent cells were prepared by l-noculatlng L broth wl-th a hundred-

fold dl-l-utlon of a statlonary phase culture of the bacterlal straln to be

transformed and growlng the ce1ls wlth aeratlon to Auoo= 0'3' After

chilllng on ice for 10 nin, the ce1ls were placed ln a 50 nl oakrldge

centrl-fuge tube and col-lected by centrlfugatlon (71000 rpm, 10 nln' 4oC'

JA20 rotor)r resuspended to f/50 tfr the orlglnal volume, ln l-ce-cold

100 n},f cacl, ancl l-eft on lce for at least two hours. conpetent cells were

always prepared and used on the same day'

An allquot O/4 - ll2 volune) of the ligatton nix was add'ed to 0'1 nl

competent cells in chllled, sterf-le glass tubes and kept on ice for l0 mln'

The cells were then heat-shocked by lncubatfon at 37oC for 5 nln and left

on lce for a further I0 rnin. One nl of L broth was then added to each tube

and the tubes were Lncubated in a gyratory water bath at the appropriate

temperature for I - 2 hours to al1ow the expression of the entlblotic

reslstance gene(s) present on the pl-asrnid. An aliquot (0'2 n1) fron each

tube was plate<l on YGC or Macconkey-gal-actose plates supplenented wlth the

approprtate antlbiotlc and the plates \üere incubated overnight or longer at

the approPrlate tenperature'

The following controls (which lacked the l-nsert DNA) were included for

each bacterlal straln to be transformed ; (1) dlgested and phosphatased

vector at 5 ag/plate (to test for uncut vector DNA), (2) dlgested'

phosphatased and reLLgated vector at 5 ng/plate (to test that the

phosphataslng reaction had been successful), (3) uncut vector at I ng/plate

Ito test the transformatlon effLclency of the coEPeteflt cells (a

transformatLon effl-clency of 106 - 107 transformants/ug was achleved for

most stralns used)1, (4) Untransforned cel-ls (to test for spontaneous

antLblottc resLstance or contaml-nants in the conpeÈent cells).
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2.31 .3(c) Ll-gatLon wlth Ml3-Vectors.

LlgatlonandtransfectlonuslngMl3.vectors}Tascarrl-edout

essentlally as descrlbed by MessLng (1983 and personal communlcatLoo)'

l'fl3-vector DNA, whl.ch had been <ltgested wlth the approprlate

restrl-ctlon enzyme(s), treated wlth calf lntestinal phosphatase and

purJ-fled (Chapter 2.3L.1), was kept at a constant 20 ng per ligatlon' The

DNA fragment to be cloned was mlxed with Mt3-vector ln a lnsert to vector

molar ratio of 3:1. The required ratlo was achieved by adding 10 ng/kb of

tnsert DNA"

Llgationwascarriedoutlnatotalvolumeof20ulcontainingl0ml,f

MgCl,, 0.1 n0l,l rATP, 2 nM diÈhlothrelÈol, 50 nM Trl-s-HCl, pH 7.5 an<l T4 DNA

f-igase (at 0.2 unlEs for staggered-en¡l llgations or 1'0 unlEs for bluat-end

1-lgatlons). Tubes were incubaÈed overnight at 15oc and the 1-igatton mix was

then used to transfect competeot cells'

2.31.3(d) Transfectlon wlth Ml3-Vectors.

ComPetent cells rvere

hundred-folit dlluÈton of a

prepared by lnoculating 2x YT broth wlth a

statlonary phase culture of JM101 ' whlch had

been grown overnlght ln M13 rnininal nedlun at 37oC. The cells were Srol¡n at

37oC with aeratlon to Auoo= 1.0. The culture was left on lce for l0 nln'

and the cells colLected by centrlfugatlon (71000 rprn' 10 nin' 4oC' JA20

rotor).Thecellswereresuspendedl-n1/l0ththeorl-glnalvoltrmel-nlce-

cold 100 ml,l cacl, and l-eft on lce for at least two hours. conpetent ceLls

were always prePated and used on the sarne day'

Anatl.quot(1.5u].)ofthell-gatlonmlxwas.addedto0.2nlof

competentce]-lslnchllled,sterileglasstubesandthenlxturewaskepton

f-ce for 40 rnln. The cells \üere then heat-shocked by LncubatLon at 45oC for

2 nln and 3 nl of molren yr sofr agar conta!-nlng 20 ul of rPTG (24 ng/nl)'

20 uL of Bcrc (20 ng/n1-) and 0.2 mL of Lo9 phase (4000= 1'0) JM101 were

added.ThemlxturewaspouredontoanMl3mlnlnalplateandtheplateswere
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Lncubated overnlght at 37oC unless oÈherwlse stated' M13 recombLnants

(clones) appeared as whtte plaques whereas parental M13 phage plaques were

blue.
. The foLlowing controls (whlch lacked the lnsert DNA) were lncluded

wtth each transfectLon ; (1) digested and phosphatased vector at 5 ng/plate

(to test for contaninatLon by uncuÈ vector) , (2) digested, phosphatased and

rell-gated vector at 5 ng/plate (to test that the vector DNA alone was n'oÈ

giving rlse to white plaques), (3) uricut vector at I ng/plate (to test the

transfection efff-clency of the competent cell-s), (4) untransfected cells

(to test for M13 contanl-nation)'

2.3I.4 Identl-fl-cation of Plasnid Recomblnants.

plasmid recomblnants were identlfted by thelr characteristfc

phenotype,asdescrlbedintherelevantChapters[e.e.thecolourof

colonl-es on MacConkey-ga1-actose plates; sensltf-vl-ty to antibiotlcs (if the

fragment had been cloned into an antlbiotlc reslstance gene); tenperature

sensiÈLvlty o1 l-nnuntËy to 186]. Plasmid recombLnants, whlch dld not show a

characterl-stic phenotype, were tested for inserted DNA by colony

hybrirltzatlon, as described below. clones were tested to deterrnlne the

orlentation of the insert by preparlng plasnld DNA, as described ln Chapter

2.24.1, and then carrylng out restrl-ctfon endonuclease analysts (Chapter

2.28).

colony hybrLdlzatlon : This procedure was carried out essentlalLy as

described by Maniatls et {. (f982) and was based on the procedure of

Grunsteln and Hogness (tgZS). Colonies to be tested lÙeÎe spotted onto a YGC

plate contalnlng the approprlate antlbtotLc. controls contafnlng the

plasnid-vector and a clone contaLnl-ng a fragnent overlapptng the regLon of

lnterest were spotted onto the same plate. After overnlght lncubatlon at

the approprtate temperature the plate was then chtlled to 4oC for I hour' a

dry nltrocellulose ftlter was placed on toP of the agar plate and the
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fl-lter and underlyl-ng agaT were marked wlth a needle (to a1low later

a1-tgnrnent). I{hen the ftlter was completely wetted, lt was removed and the

agar plate rüas again pLaced l-n the oven at the approprl-ate tenPerature for

overnight Lncubatlon, to allow the colony spots to regenerate. The

nitrocellulose filter was placed colony-side up, for 5 mln, on Whatnan 3MM

fllter papers, whLch were pre-soaked in each of the followlng solutlons :

5Z SDS; DenaÈuring solutlon (0.5 M NaOH, 1.5 M NaCl)¡ NeutralLzltg solutl'on

(1.5 M NaCl, 0.5 M Trls-HCl, pH 8.0); and 2x ssPE (0.36 M NaC1, 20 nM

NaHrpOO , pH 7.4, 2 mI4 EDTA). The nltrocellulose fllter was then tlried

colony-slde up on Whatnan 3MM fllter PaPer for 30 mln at room temperature

and baked fot 2 hours at 80oC ln a vacuum oven. The bakecl fll-ter !ùas

floated on the surface of a solutlon of 6x SSC tn a beaker for 1 mfn and

then was submerged for 5 min to thoroughly wet the fllter. The filter was

then washed ln a solutLon of 50 nM Tris-HC1, pH 8.0, I M NaCl, I nM EDTA,

0.1% SDS at 42oC f.or 2 hours to remove any a}ax fragments or loose

bacterial debrls. The fll-ter was placed |n a plastlc bag and

pre-hybridization and hybrldlzation were carrled out (as descrlbed in

Chapter 2-36.3b), usi.ng an appropriate radf-oactive probe, whLch \'Ías

prepared as descrLbed ln Chapter 2.34. After hybrtdtzatlon, the fll-ter stas

washed 3 - 4 tines for 5 - 10 nln ln 2x SSCr 0.I% SDS at room temperature

followecl by 2 washes for I hour each Ln lx SSC, 0.1% SDS at 65oC' The

filter was then placed on l{hatman 3MM paper, assymetrical marks were made

around it wlth radloactlve ink and the fllter Iüas then wrapped ln plastlc

(Vttattj-n). rhe ftlter lras autoradLographed r âs descrlbed ln Chapter

2.29.4. The autorad.Lograph was allgned with the agar plate and colonles,

whlch hybrldl-zect wtth the probe, vlere tooth-picked from the Plate and

purlfted. by streaking for stngle colonies. Plasnld DNA was prepared, as

descrLbed in Chapter 2.24.1, and tested for lnsert sLze and orientatlon by

restrlctl-on analysLs (chapter 2.28).
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2.3L.5 Identl-f lcatlon of M13 Recomblnants.

ToldenttfyMl3recomblnants,whlteplaquesweretooth-ptckedfronthe

approprlate plates (chapter 2.31.3d) and single-stfanded DNA phage stocks

were prepared (chapter 2.3L.5a). The phage were analysed for lnserted DNA

bylyslngthephagethensl-zlngtheslngle.strandedDNAbyagarosegel

electrophoresis (chapter 2.3I.5c). Stngle-stranded DNA was then prepared

(chapter 2.31.5b) fron M13 phage contalnl-ng inserts ldentlfted ln thls way'

and lf necessary the DNA was subJected to a comPLenentarlty test (chaPter

2.3I.5d)todetermlnetheorlenËatl-onofthelnsert.TheDNAsequencesof

the clones were then detetmlned (chapter 2'33)'

2.31 .5(a) Prepara tlon of Ml3 Slngle-Stranded DNA e Stocks.

Afreshovernlghtstatlonary-phaseculÈureofJ}llolgrowninMl3

mlnimalmediun,wasdlluted,onehundred.foldinto2xYTbroth.Twonl

all-quotsofthe<lllutedculturewetedlspensedintol0nlserew-capped

polycarbonatetubes.Ml3whiteplaquesl.Ieretooth-plckedlntothecultures'

whichwere then lncubated at37oC with constant agl-tatlon for 5 - 7 hours'

The cultures were then centrlfuged (61000 rpn, I0 nin, roon temPerature' l-n

a bench centrlfuge) anct the supernatants, contalnlng the M13 slngle-

stranded DNA phage, I,Iere carefull-y transf erred l-nto a Eppendorf tube and

centrifuged for a further 10 nln ln an Eppendorf centrlfuge' one nl of

supernatantwastransferredlntoanotherEppendorftubeand2T0uLofPEG

solutlon (20% PEG w/v, 2'5 M NaCl-) was added' Phage particles were allowed

to preclpltate for 15 mln at loom temperatule' The phage pellets were

collected by centrlfugation (101000 g, 5 nin, room temperature' in an

Eppendorf centrlfuge) and the supernatants wlthdrawn by aspirat1on' Tubes

were centrl-fuged agaln fox 2 seconds and any ttaces of the supernatant were

removed. The phage pellets were resuspended overnight aÈ 4oc tn 200 ul
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of TE. Phage stocks prepared ln thts maffì,er were kept at 4oC for up to one

week, or for longer perlods at -20oc.

2.3I.5(b) Prepara tl-on of M13 Slngle-Stranded DNA-

phage stocks (Chapter 2.3I.5a) were phenol extracted wlth one half

volume TE-satrrrated phenol (Chapter 2.27.1) at roon temperature and the

phases trere separated by centrlfugatlon (101000 g, 3 nLn, roon

tenperature). One hundred and ftfty ul of the aqueous phase was carefully

wl-th,ilrawn, avoLdLng the lnterface of the two phases, and placed lnto an

Eppendorf tube. The DNA was ethanol-precipitated, after the addltlon of

15 ul of 3 M Na acetare (pH 4.6) and 400 ul of ethanoL (as described 1n

Chapter 2.27.3), and then washed \^rtth 1ml of 95% ethanol, dried Ln vacuo

and flnaLly dlssolved in 24 uL of TE.

2.31.5(c) sizing of Ml3 Slngle-Stranded DNA by Agarose Gel

Electrophoresis.

potentlal recombinant phage rüere tested for the presence of the cloned

DNA by taktng I0 ul of single-stranded DNA phage stock (Chapter 2.31.5a),

adding 2 u.L of SDS-lysls buffer (0.1% bromophenol blue, 3 nM EDTA, pH 8.0,

300 nMNaCl, 287" glyceroL, 2% SDS)' heatlng the nlxture at 65oC for one

hour and then plactng tt on Lce for 5 mln. DNA llberated from the phage in

this manner was electrophoresed on nl-nlgels (Chapter 2.29.I). Recombinant

Ml3 DNA had a lower nobtllty on these gels than a control wLth no lnserted

DNA.

2.31 . s(d) ConDlementarlty Test for M13 Stngle-Stranded DNA Clones.

To deternlne the orlentaÈlon of the cloned DNAr conplenentatl-on tests

were performed,, as descrl-bed below. Two ul of M13 single-stranded DNA

tenplate DNA (Chapter 2.3L.5b) to be tested was added to 2 ul of reference



77

DNA (a M13 stngle-stranðed DNA clone of known orlentatlon and spannlng the

regLon, from whl-ch the test clone was derlved) in an Eppendorf tube' whleh

contal-ned B ul 0f 0.25 M NaC1. The nl-xture was incubated at 600c for one

hour and then placed on lce for 5 nl-n. Glycerol loacllng buffer was added to

the sanples and DNA was electrophoresed on minlgels (chapter 2'29'1) at

50 - 100 mA. DNA was vlsuallsed by EtBr stainlng (0'0004% EtBr tn TAE)' If

the test DNA was not conplenentaly to the reference clone a sl-ngle band was

observed, whereas clones contalnlng DNA sequences conplenentary to the

reference clone were able to hybrtdlze Ltt thl-s reglon' Èhereby increasing

thel-r nolecular welght and retardl-ng thelr nobtllÈy on the gel' The

folLowlng conËrols were perforned : (1) Reference DNA plus M13 slngle-

stranded DNA wiÈhout an l.nsert was treated, as descrlbed above, and was

shown not to produce any hybrld banrils. (2) As a positive control Èhe

reference DNA was hybrið.Lzeð, as described above, to a Ml3 slngle-stranded

DNA clone of opposite orientation-

2.32 RECONSTRIICTION OF 186 FROU DIIÀ TRAGDTENTS BY RECOl,lBrl{arroN Il{ @,-

Thlsprocedurewasusedtophyslcallyrnapmutatlonsonthe186genone

and to transfer mutatlons presenÈ on plasnid-clones, or Ml3-clones' Ínto

the phage. This procedure relLed on the exlstence of the unlque xhol

(67 .67.) arLð. BgIII Qg.67) sites present on 186 and Èhe existence of uni-que

P*I, SauIIIÀ, BssHII and SnaBI sites wlthLn the smaLl XhoI-BglIf G7 '67"-

79.67") fragBent. Thus, DNA fragnents from plasnid-clones, Ml3-clones' or a

dtfferent 186 straln, could be reconbined

compl-ete 186 DNA molecules'

r^rtth 186 DNA in vl-tro to form

2.32.1 Llga tl-on and Transfectlon.

The fragments to be ligated l-nto 1B6 were nixed wlth the 186 large

26.4 Kb XhoI-BglII fragnent ln a l:1 molar ratlo, using 40 - 60 ng of the
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large 186

buffer, as

fragnent. The llgatlon reacËion was performed l-n 10 - 20 u1 of

descrLbed t-n chaptex 2.3I.3(a). Transfectlon of the llgated DNÀ

into bacterla was perfo:med, as descrlbed for transfornatLon of plasmid

DNA, except that after the competent cel1s were heat-shocked and incubated

for 15 nl-n on ice, 0.2 n1 of log.phase bacterla (4600= 0.8) and 3 nl of

0.77" agax wexe addect to the transforned cells' The mixture was poured onto

Z plates and lncubated at the approprlate tenperature overnlght' The straln

E50g was used for nost transfecÈl-ons exeept for the constructlon of 186

anber mutants when the approprl-ate suPpressing straln was used (see Chapter

2.5). The foltowlng conÈrols were performed with each transfecttgn ; (1)

llgated l-arge 186 fragnent, (2) unugated large 186 fragment, (3) uncut 186

DNA at 5 ng/transfectl-on (fO6 - fO7 Èransfectants/ug of DNA were obtaine<l

for most bacterlal straLns usecl), (4) non-transfected conpetent cells' If

three-factor or four-factor ligatíons (llgations involving the Joining of

rwo or rhree fragments wlth the large 26'4 kb XhoI-gglII fragnent) were

perforrned, additiorral controls, ln which only one of the snall fragnents

was added ro the 26.4 kb XhoI-9g$I 186 fragment' were carrled out' This

was to test for any contanlnatlon of the snall fragnents wlth the uncut

XhoI-Bgl-II fragnent G7.67"-79.6%) or with other sna1l fragments'

2.32.2 Identl-fication of Recombinants'

lB6 phage recombl-nants were distlngutshed fron parental phage by thetr

phenotype (e.g. clear plaques when non-recomblnant phage Save turbi-tl

plaques, or více versa). Recombinants were purtfled and checked for the

correct size fragments by restrl-ctlon analysis' To l-tlentLfy reconblnants

where the phenotyPe was unknown, the transfectants were spotted onto a lawn

of bacterLa wLth the approprlate controls and grown at the appropriate

temperature overnlght. Recomblnants were then ldentffleil by plaque

hybridizatl-on, as descrlbed' below'
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Plaque hybrldl-zatlon : This procedure was essenttally as descrlbed by

Manlatl-s et al. (1982), and was based' on the nethod of Benton and Davls

(Lg77). The agar plate, on whlch the phage to be screened had been spotterl'

was chl-lled at 4oC for I hour and then the phage sPots vrere transferred to

anltrocelluloseftlterbyplactngthefllteronthesurfaceoftheagar

plate for 5 mln. The fllter and the surface of the agar plate were narked

with a needle to (allow Later all-gnnent) ' ttre filter was removed from the

agarplateandimmersedrDNAstdeuPrlnashallowtraycontalnlng

denaturLng solutlon (1.5 M NaCl, 0'5 M NaOH) fox 2 m1n' The f1lter was then

transferred to a tray contaLnlng neutralLzLng soluÈion (r's u Nacl' 0'5 M

Trls-HCl, pH 8.0) for 5 nln and rlnsed in 2x SSPE (0'36 M NaCl' 20 nÛl'{

NaHrPOo , pH 7.4, 2 nl'l EDTA) for 5 nln. After drylng at room temperature for

30 nLn, the fllter was baked at 80oc under vacuum for 2 hours. After

baklng, rhe fl-l-ter was washed l-n l0 nM Trts-HCl (pH B'0) by floatlng the

filter'DNAsideup,onthesurfaceofthesolutlonforlmlnthen

subnergl-ng tt for 5 nin. The fiLter was pre-hybridized and hybrtdl-zed' as

descrlbed ln chapter 2.35.4(b), usLng the approprlate radioactive probe

(Chapter 2.34.2), then was washed and auÈoradlographed (Chapter 2'35'4c)'

plaques, which hybrl-dized with the probe under strlngent wash condltlons'

were purLfl-ed, as described tn Chapter 2'35'4(c)'

2.33 DNA SEQIIENCTNG.

The ilideoxynucleotlde chaln termlnation sequencing technlque (sanger

et al. , L977a, 1980; Schreler and cortese , |979) was used wlth the

nodl-fl-catlons recomnended by A'V' Slvaprasad (1984)'

2.33.L Anneallng

The DNA to be sequenced was annealeil by mlxlng 1 ul (2'5 ng) of Ml3

universal prÍner (17-ner; 5|-4TAAAACGACGGCCAGT-3'), B ul of tenplate DNA
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(chapter 2.31.5b) and I ul 10x TM tn an Eppendorf tube then pLaclng the

tube l-nto a 65oC oven for one hour. The tubes were then all'owed to cool to

loom temPerature for 30 nln.

2.33.2 The Extensl-on Reaction.

The annealed DNA (Chapter 2.33'1) was added to aû Eppenrlorf tube

conrainl-ng 2 ul (10 uCi) of ¿[o-32p]CTP Q.8 uM), which had been drl-ed

l_n vacuo and redissolved in 2 ul- of label supplenent (16 uM dcTP ln 5 mM

Trls-HCl, pH 8.0, 0.1 Bl'f EDTA) and thoroughly nlxed. Reactlon mlxes were

prepared in four Eppendorf tubes by nlxl-ng equal volunes of ddNTPs and

dNTPs ancl dispenslng 2 ul- l-nto each of the four tubes' (ddNTP and dNTP

stock solutlons were prepared in 5 n'l'l Trls-HCl, pH 8'0, 0'1 nM EDTA)' The

DNA/label soluÈlon (2 ul-) was ad'ded to each tube and rnixed wtth the

ddNTps/NTPs solution. Final-ly, 2 ul of Klenow enzyme solution (5 units of

Kl-enow enzyme dlluted to 0.05 unlts/ul in Trr{ Just before use) was dlspensed

onto the slde wall- of the reaction tubes. Flnal concentratl0ns of ddNTPs

and dNTPs were as follows :

A:4uMdATPr35uMdGTP,35uMdTTP,B0uMddATP

C:25uMdATP,25uMdGTPr25uMdTTP,15uMddCTP

G:35uMdATP'5uMdGTPr35uMdTTP,50uMddGTP

1: 35 uM dATP, 35 uM dGTP' 5 uM dTTP, 130 uM dttTTP

If the sequenclng reactlon was required for deternlning the sequence a

long distance fron the prl-ner (>250 bases), the amount of label and label

supplement was doubLed and the fl-nal- conceûtfatton of ddNTPs and dNTPs was

al-tered as follows :

A: 5.3 uM dATP, 46.7 lyl dGTP, 46.7 uM dTTP' 53.3 uM ddATP

c: 33.3 uM dAlP, 33.3 uM dGTP, 33.3 uM dTTP' 22.5 lyl ddcTP

Gz 46.7 uM dATP, 6.7 uI'{ dGTP, 46.7 uM dTTP, 33.3 uM ildGTP

1z 46.7 uM dATP, 46.7 ul'l dGTP, 6.7 uM dTTP, 86.7 uM ddTTP
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sequenclng reactLons were conmenced by a 2 second centrlfugatlon to

mlx the enzlme solutlon wlth the reactlon mlx and were Lncubated at 37oC

for 15 ml_n. ReacÈions were "chased" by addlng 2 ul of dMP-enzyme solution

(0.25 fûI,f of each (INTP and 0.025 unLts/ul of Klenow enzyne solutlon l-n TE'

preparecl l-nnedlately before use) to each tube and l-ncubatlng for a further

15 mln at 37oc. The reactLon was ternlnated by addtng 4 ul of formamide

loadlng buffer 05% de-tonlsed fornanl-de t o.L% bromophenol blue'

0.1% xylene cyanol, l0 nM EDTA, 0.01 M NaOH) and the tubes were heated to

l00oç for 3 rnln. Sanples (0.5 ul) were Loaded onto 6% denaturing acrylamide

gels and electrophoresed (Chapter 2'29'3b'c)'

After electrophoresls, olle of the glass plates lías renoved and the gel

fixed by washlng tt wtth tlro litres of 10% acetlc acld, 20% et]nattol (v/v tn

water). The ailditlon of ethanol prevented the gel fron slfelll-ng and

wrinkltng during the flxlng Process. The gel was ttrted 1n a 110oC oven for

15-45minandthenautoradlographed(Chapter2.29.4).

2.34 PRBPAR¡ITION OF RADIOACTTVE DI{A PROBES -

tl-on of Radl-oactLve DNA Probes by Prl-ner Extenslon on M132.34.1 Prepara

Slngle -Stranded DNA Clones.

The preparatlon of 32p-oH¡, probes fron M13 single-stranded DNA clones

was adapted from the procedure or Bruenlng et al' (f982)' M13 single-

stranded DNA clones wlth lnserts of the sane polarlty as the RNA to be

detected, were used to prepare 32p-otl¡ ptobes where only the strand

complementary to the RNA was rnade radloactlve'

M13 t7-ner (2.5 ng) unl-versal prl-ner (5'-GTAAAACGACGGCCAGT-3') was

annealed ro B ul- of Ml3-c1one DNA (Chapter 2.31.5b) tn l0 nM Trls-HCl'

pH 8.0, 10 ¡ûM Mecl, at 60oc for one hour and the mlxture was allowed to

cool to room temperature for 30 nl-n. The extenslon reactl-on was performed

ustng 5 U of Klenow 1n TM, 50 uCl (2.8 uM) each of ¿[a-32p]efP, d[a-32p]Cfp
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other two unlabeLled dNTPs (each at 36 uM)' for 15 nfn at 37oC'

5nl-n..chase,'grlth2ulofallunlabelleddNIPs(eachat0.25n}l),

the Klenow en'zJme was lnactlvatetl by heatlng at 70oc for 10 nin. The

was tltgested with the appropriate restrlctlon enzyne(s)'

and the

After a

extended Product

as descrlbed ln

(Chapter 2.28)

the text and Figure

and the resultlng

electrophoresls ott a 5% polyacrylanlde gel (Chanter 2'29'3ù'

TheradloactiveDNAfragoenttobeusedasaprobelvaslocated,

isolated and extracted fron the gel, as described ln chapter 2'30'2' then

concentrated by ethanol-preclpitatlon (Chaptex 2'27'3)'

legends, for 4 - f0 hours at 37oC

f ragnents rùere f ractl-onated bY

requl-redr removal of the

: The double-stranded DNA

M13-c1one (10 ug), whieh

lf a slngle-stranded DNA probe rilas

non-radloacÈlve strand was achleved as follows

probe was mixed wlth an excess amount of an

fragnent. The

slice (ChaPter

2.27 .3).

containedasequenceconplementaÏytothenon-radl-oactlvestrand,ln50ul

ofTM.Therntxturewasboileilfor5ninandhybridizationwasallowedto

occur at 65oC for I hour, foll-owed by s]-ow coollng to room tenperature' The

slngle-stranded radl-oactl-ve DNA fragnent was purlfted by electrophoresl-s at

10 nA on a 5% polyacryarnlde ge1- (ChaPter 2'2g '3a) ' Autoradiography (Chapter

2.29.4)revealedthepresenceof2bands;thelowerbandcorrespondlngto

the double-stranded DNA fragmenr and the upper band the single-stranded DNA

upper band was lsolated and eluted from the acrylarnl-de gel

2.30.2) then concentrated by ethanol-preci-pltatlon (Chapter

2.34.2 PxeParatton of Radloac tlve DNA Probes by Kinaslng Ollgonucleotldes.

RadloactlveDNAprobesforuselndetecttngmutantscreatedby

oll-gonucl-eotide site-dlrected muÈagenests (Chapter 2'3Ð' were nade by

labelling the 5,-end of the ol-lgonucleotlde uslng polynucleotlde kinase'

Flftyngoftheollgonucl.eotl-del-n7ulH2o,lul10xTM(r00nl"fÎrls-HCl'

pH7.5'100nMMgcl,)andlull0nl'ldithtothrietolwasaddedto50uClof
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,IV-32p ]mp (f inal concentration 2.5 uM) , whl-ch had been tlrte¿ down

l-n vacuo. After thorough mlxlng, I ul of polynucleotlde klnase (2 U/ul) was

adde<l. Incubatlon was at 37oC for I hour, and Èhen formanlde Loading buffer

added antl the solutlon .was bolled for 5 nin. The sanple was(5 ul) was

loaded onto a 207" pol_yacrylanltle gel (chantet 2.29.3ù and electrophoresls

\üas carrled ouÈ, as descrLbed ln chapter 2.29.3(a)' The gel was

autorad.lographed (chapter 2.29.4) ar|rd Èhe radloactl-ve ollgonucleotide was

tsolared fron the ge1- (chapter 2.30.2) and eluted fron the gel sllce by

lncubation at 65oC for 2 - 10 hours in TE'

2.35 OLIGONTICI,EOTIDB S ITE-DTRECTED }ITITAGENEf¡IS .

The nethorl used for ollgonucleotlde site-directed nutagenesis of Ml3-

cloned DNA was derlved frorn the procedures of Zo11er and Sntth (t982'

1984). The oligonucleotldes used ln thls work are describerl in chapter 2'5'

Before use tn the mutagenesis reaction, the oligonucleotides (wtth the

excepÈlon of the ollgonucleotlde prepared to delete the tRl terminator)

Írere tested Èo hybrtdize speclflcally to the reglon of interest by using

the olÍ-gonucleotlde as a prl-mer ln a sequenelng reactlon (Chapter 2'35'4d)'

2.35.1 Kinasing the Oligonucleotl-de.

The synthetlc ol-lgonucleoÈldes did. not contain a 5'-P0o so Lt was

necessary to add a phosphaÈe onto the 5'-end using polynucleotlde klnase'

Flfty ng of the oligonucleotlde was mixed wfth 1ul of 10 nl'{ rATP, 1u1 of

t0 nM dlrhlorhrletol, I ul of 10x Tl'f (100 mM Trl-s-HCl, pH 7'5, 100 nM

MeClr) and 1 ul of pol-ynucleotlde kinase (2 U/ul) ln a flnal volune of

10 u1. Incubatl-on was at 37oC for I hour' The reactlon vras stopped by the

ad.df-tl-on of 10 nl,f EDTA (pH 8.0) ancl heat l-nactl-vatlon of the enzyfne at 70oC

for l0 nl-n.
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2.35.2 Extension-Ll-ga tlon Reactlon.

M13 single-stranded DNA (200 ng) to be nutagenlsed was mlxed with

l0ngoftheol-igonucleotldecontalnlngtheapproprl-atenutatl.on,and2ng

of the Ml3 unlversal sequenclng prlmer in a volume of 15 ul contalnLng 5 ul

of TM (100 nM Trls-HC]-, pH 7'5, 100 nM MgClr) antl 5 ul 200 nM NaCl' The

mixture rúas heated to 65oC for 5 nl-n then cooled s1ow1y to roon

teûperature. It was for:nd that better annealLng occurred ff the nlxture I'Ias

placed at 4oC for 15 mln, after cool-l-ng to room temperature'

After the anneal-lng steP, 5 ul of dNTP solutLon (contal-ntng 0'5 nM of

each d.NTP), 5 ul of rATP (f0 nl'l), 17 ul HzO' 2 U of Klenow fragment and 1U

of T4 DNA ltgase l¡ere added to the annealed DNA and the extenslon/llgatlon

reactlonwasallowedtoproceedatroomtemperaturefor4hours.

2.35.3 Transfection.

JMlOt conpetent cell-s rùere prepared and 2 - 20 tL of the

extended-Llgated DNA lüas trafisfected lnto cel1-s, as described in chapter

2.31.3(d),butwithouttheatldltl-onofIPTGorBCIGtotheagarbefore

platlng.Theplateswerel-ncubatedattheapproprlatetemperature

overnlght. The fol1-owlng controls were carried out ; (l) 0'2 ul of Èhe

untreated single-stranded DNA, (2) un-transfected cells'

TestLng P laques for the Presence of the Mutated DNA.2.35.4

Plaques obtalned after the

and non-mutated control Plaques,

wtth a lawn of JM101 and the

transfectLon of the extended-llgated DNA'

were spotted onto another plate seeded

plate llas lncubated overnlght at the

approprlate temperature. The phage were then tested for the presence of the

nutatlon,encodedbytheollgonucleotide,byplaquehybrtdlzatlonuslngthe

relevant oll-gonucleotlde as a probe' as descrlbed bel-ow'

The solvent TMAC1 (tetranethyl¿mmonl-um chlorlde) was used for the

strlngent washlng of flltets sl-nce TMAC1 ellnlnates the preferentLal
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neltl-ng of AT versus GC base palrs (t'telchlor and von Hlppel, L973; orosz

and wetmur, lg77), and thus, the tempelature for strlngent washing (tn

3M TMACI) 1s based solely oÊ the length of the probe (ultrtctr et a1., 1984;

Ïlood et al. , 1985).

2.3s.4(a) Transfer of Plaques to Nl-trocellulose.

A nitrocellulose filter was placed on the agar plate contaLnLng the

plaques to be tested and left for 5 - 15 nln. The fllter and the agar plate

were marked wlth assymetrlc doÈs uslng a needl-e (to atd l-n the allgnnent of

the fl-l-ter and the plate for the l<lentlflcatlon of nutanÈs)' The fil-ter was

then removed and allowed to dry, DNA-slde up, at room temperature for

30 n1-n, after which it was baked at 80oC under vacuum for 2 hours' The

fll_rer was rhen washed l-n l0 nt't Trts-HCl (pH 8.0) by placlng the filter on

the surface of the solutlon for I nin and Èhen submerglng Lt for 5 nin'

Thls procedure helped to reduce non-specLftc (background) hybrldizatlon'

2.3s.4(b) tion.

pre,hybrldizatl-on was performed l-n plastlc bags at 37oC overnlght in

4 ml of the f otlowlng solutlon : 6x NET (0.9 M NaCl, 90 rnM Trl-s-HCL'

pH 7.6, 6 nI'{ EDTA); 5x Dentnrdts solutlon; 0.5% (v/v) NonLdet P40; and

100 ug/nl of sonlcated and denatured caLf thyuus DNA' (The calf thynus DNA

was boLLed for 5 nln and then snap-chtl-led before addltlon to the rest of

the solutlon.) After pre-hybrl'dlzatlon, the solutlon was renoved and 4 ml

of the same solutlon contalnlng the approprlate 32p labell-eil

oLlgonucleotide (chapter 2.34.2) was atlded. Hybrtdlzatlon was at 37oC

overnLght.

2.35.4(c) l,lashl-ng.

After hybrtdizatlon, the fllter was removed fron the pLastlc bag and

washed twlce, non-strl-ngent1y, ln 100 rnl of 6x ssc for l0 nln at room
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tenperature. The fl-lters were then rlnsed ln TllACl wash solutton (3M TMACI'

2 ntt EDTA, 0.05 M Trts-HCl, pH 8.0, 1% SDS) at room temperature and placed

on a pLece of l{hatnan 3MM paPer' on whlch assynetrlcal narks had beea

placed uslng radloactl-ve ink (to allow the orlentatlon of the

autoradlograph wlth the filter). The paper and filter were wrapped ln

plastic (Vttafthn) and autoradiographed overnlght. After autoradlography,

all plaques lncludlng the unnutated controls showed hybrtdtzation to the

probe. To identtfy mutant phage, the fllters were washed in Tì'fACl wash

soluÈlon for I hour at the temPerature spectfled by the slze of the

oligonucleotlde, as calculated by l{ood et al. (1985)' The fl-lter was then

autoradlographed wlth radloacÈl-ve markers' as described above' After the

strlngent wash, l"/" - 507" of the plaques hybridtzed with the probe' Plaques,

whlch hybridlzed wtth the radl-oacÈl-ve oll-gonucleotlde under these strLngent

wash condiÈlons, were then tooth-picked fron the agar p1-ate and purifted by

streaklng for singl-e plaques' To confirm that

conÈal-ned the mutatlon' the hybrld'izaÈlon

o1-igonucLeotide, was repeate<l '

these

with

purlflecl plaques

Ehe approPrlate

2.3s.4(d) Confirnatl-on of the Mutatlon bY DNA Sequenclng.

To conflrn that the phage ldentlfied by plaque hybridizatlon contained

the correct nutatlon, M13 single-stranded DNA was prepared (as descttbed ln

chapter 2.3L.5arb), and the DNA sequence was deternLned (chapter 2'33)

uslng elther the M13 unLversal sequencing primer or another

ollgonucleotide, which would anneal to the Ml3-clone at a posltlon upstrean

fron the mutatlon. If the prlmer to be used 1n the sequeocLng reactlon had

a misnatch wtth the DNA sequence, to whlch l-t was to be anneal-ed, the

hybridlzatlon was carrled out at 65oC, cooled slowly to room temperature

and was then placed at 4oC for 15 nln, to obtain better annealf'ng'
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2.36 Rl{À AI{ALYSTS.

All procedures for analysls of RNA requlred care to be taken l-n

avotdlng rlbonucleases. Gloves were lloln at all tfmes and a1l glassware was

sterllised in a 110oC oven overntght. All other equlpment !Ías autoclaved or

i nersed in I M KOH for 15 nLn and rlnsed thoroughl-y with sterile glass-

dtstll1ed water.

2.36.1 RNA Preparatl-on.

This nethod was adapted fron a procedure by Court et al. (1980) and a

protocol suppll-ed by G. Christie (personal communication) with

nodl-fl-cations recomnended by B. Kal-lonl-s (personal communicatlon) "

A fresh statl-onary phase bacterial culture of a 186 eIt"P lysogen was

dLluted one hundred-fold l-nto L broth, lncubated wlth aeraÈion at 30oC to

AUOO= 0.g (2xf08 cfu/ml) and heat-induced by transfer Eo a 40oC water bath

(Chapter 2.17.2). For lnfectLon wtth 186, cel1-s were grown at 37oC and

infecred at AUOO= 0.8 at an noa of l0 (Chaptet 2.f7.f). AlJ.cluots of l0 nl

were taken at the tlmes l-ndlcatetl ln the text and Flgure legends, placed

lnto 50 ml polypropylene tubes and were transferred lmrnedlately f-nto lce.

NaN, was addetl to a flnal- concentratLon of 0.02 M to stop celL metabollsn,

and the allquots were kept chilled on lce until all tLrne sanples Iüere

col-l-ected. Cel-ls were collected by centrifugation (91000 rpn, l0 nLn, 4oC,

JA20 rotor) and resuspended in 2 nL of freshly prepared lysis buffer (10 nM

Tris-HCl, pH 7.5, I mM EDTA, 10 nM NaN3' 4 ng/nl lysozyne). Lysis lüas

accomplLshed by freezlng the samples ln a d.ry l-ce/ethanol bath and then

pl-acing the tubes tnnedlately l-nto a 20oC water bath and allowl-ng the

lysate to thaw for 10 ml-n. The freeze/thaw cycle was carrl-ed out twl-ce and

sDS was then added to a flnal concenËratlon of 0.2% to ensure complete

lysts and to lnhtblt the actl-on of RNAses. The tubes were Lncubated at 45oC

for 3 nln.
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Sanples were extracted t¡vlce wlÈh equal volunes of phenol- equlLlbrated

wtth RNA buffer (20 nl"l Na acetate, PH 5.2, 20 nM KCI' 10 nM MgClr) and the

phenol phases \rere washed once with RNA buffer. Nuclelc aclds were

prectpltated by addttton of one-tenth volune of 3 M Na acetate (pH 4'6) and

2.5 volunes RNAse-free ethanol. Tubes were placed at -80oC for 30 ml-n and

nuclelc acids were coLlected by centrlfugat!.on (181000 rpm, 20 nln, 4oC,

JA20 rotor). The pellets were rinsed wlth RNAse-free ethanol, clried

in vacuo and flnally redissol-ved ln 4.5 n1 of 0.1 nM EDTA (pH 8.0)"

2.36.2 Renoval of DNA fron RNA PreParatlons.

A stmple nethod to remove contaml-natlng DNA (and resldual proteln) was

based on the procedure of Glisln et al. (1974) an¿t relles on the htgh

buoyant density of RNA, which allows lt to pelleÈ l-n CsCl solutions whereas

both DNA and protel-n have l-ower buoyant densltl-es and renain !n solution'

The RNA sampte (rn +.5 nl- of 0-l nM EDTA, pH 8.0) (crrapter 2.36.1) was

nixed with 4.5 ml- of. 7.5 M CsCl. The soluÈlon was carefully overlayed onto

a 2.5 ml pad of 5.2 l4 CsCl l-n a 10 rnl- po1ya1-1omer tube. After

centrlfugatlon (301000 rpm, 20oC, 16 hours' SI{41 rotor), the suPernataût

(10 m1) was carefully removed by aspl-ratlon and the tubes I'Iere cut below

the 1evel of the cscl pad wLth a sterile scalpel blade. The rernainlng

supernatant lvas renoved and the gelaEinous pellet was dissolved Ln 0'l nM

EDTA (pH 8.0). The RNA was ethanol-preclpLtated twice (wlth RNAse-free

ethanol) and final-ly resuspende'il tn 0.1 nM EDTA (pH 8'0)'

RNA concentratlons \,Íere determined uslng the Varf.an suPerscan

spectrophotometer by neasurl-ng the absorbance over the range f90 - 340 nn

(4200= 1.0 represents a concentratLon of 40 ug/ml). RNA was stored at -B0oC

until requlred. Yl-elcls of DNA-free RNA after ceÊtrtfugatLon through the

CsCl pad ¡ùere generalLy I - 6 ne/tg n1 al1quot of cell culÈure.
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2.36.3 Northern Transfer and l-dlzatLon.

The methods used for analYsl-s of ln vLvo RNA were adaPted fron the

procedures of Thomas (1980) and McMaster and carnl-chaeI G977)'

2.36.3(a) Glyoxylatlon and Transfer from e Gels.

Nuclelc actd samples were denatured with I M de-lonl-secl gLyoxal

(chapter 2.29.3Ð tn 10 - 20 ul of 10 mM Na phosphate, PH 6'5, 0-1 mM EDTA

ar 50oC for 30 - 45 nln. D¡nerhylsulphoxlde (OUSO) was omttted fron the

glyoxylatlon procedure of McMaster and carmtchael (L977) ' because of

excessive breakdown of RNA even when redlstllLe<l DMSO was used (K' Gordon'

personal communlcatlon). This did not affect the denaturation process' as

judged,byÈheabsenceofanychangelnthemobtlltyofmo]-ecularweight

markers (¡. fattonl-s, personal communicatlon)'

SamplesÌlereeleetrophoresedon|.8%agalosegelsl-n10mM

Na phosphate (pH 6"5), at 30 nA (ChaPter 2.29.2). Non-radioactLve RNA

markers (chapter 2.II.2) were detected by stalning wlth Bt¡r (0.00047" ug/ml

ln 10 nM Na phosphate, pH 6"5) and photographed under short wavelength

UV-1-tght. Radioactlve nucl-eLc acld narkers (f86 ln vltro transcrlpts;

chapter 2.36.5) were either transferred to nltrocellulose, or the track was

gel and lmmedl-ately autoradlographed' GeL trackg

transferred to riitrocel-lulose were exposed to long
cut from the agarose

contal-nl-nC RNA to be

wavelength W-ltght for 5 nl-n to fragment the RNA'

RNA was transferred unf-dlrectlonally to nitrocellulose (Schletcher and

Schuell-, BAB5, 0.45 u) by blottlng, as descrlbed by Thornas (1980)' usl-ng

20x ssc as the transfer buffer. Bldlrectlonal transfers were carrled out

by the blottlng procedure of Snith and Sumrners (1980), using 20x SSC as

the transfer buffer. After transfer, the ftlters were al-r-<lried for 30 mln'

RNA side up, baked at B0oc under vacuum for two hours and then placed into

400 nl- of l0 nM Trts-HCl, pH 8.0, at 100oC . The fllter was agiÈated slowly

untll the buffer reached room temperature. Thts procedure was recommended
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for removal_ of all resl-dual gLyoxa1, whlch nay lnterfere wlth the

hybrtdlzatlon reaction (Thonas, 1983)'

2.36.3(b) tl-on and

pre-hybrldl-zatlon, and hybrtdlzatl-on condltions of 32p-ol¡A probes to

nltrocellulose-bound RNA, rüere as descrl-bed by Thomas (1980)' Pre-

hybridizatlon was aE 42oC overnight 1n p1-astlc bags ln 60% fornanl-de'

6x ssc, 6x Denhardts solutlon, 0.06 M Na phosphate, PH 6.5 and 0'1 ng/rnl

sonicated and denatured calf thynus DNA. (the calf thymus DNA had been

bol]-edfor5ninthensnap-chtlled'beforea<lrlitlontothepre-chl-lledpre-

hybrldtzatlon mlx.) Hybrrdizatlon was aE 42oC overnlght 1n a solution of

60% formamide, 6x SSC, lx Denhardts solutlon, 0'025 M Na phosphate and

0.1 ng/ml sonl-cated and denatured calf thymus DNA, which contained the

radloactlve probe (1x106 - 3xt07 cpm)' Probes were heatdenatured at 10006

for 5 mln, snap-chlll-ed and. dll-uted lnto pre-chllled hybrtclizatton buffer'

After hybridlzatLon, the hybrtdl-zatlon buffer was removed and the fl-lters

were washed. four tl-mes for 5 nl-n at room temperature ln 250 nl 2x SSC'

0.1% SDS antl then twice at 60oC 1n 250 ml 0.1x SSC' 0'1% SDS' Fl-lters were

covered wlrh plastLc fil' (Vttaftln) antt autoradlographed at -80oC (Chapter

2.29.4).

2.36.4 RNA Dot Blots.

RNA dot blots were perforrned uslng the procedure of Thomas (1983)' RNA

was denatured usl-ng glyoxal (Chapter 2.36.3a) and then dlluted to a volume

of 50 ul ln 6x SSC (tn tO mtl Na phosphate, pH 6.5' 0'1 nl'l EDTA)' RNA was

loaded otrto nltrocellulose (whtch had been soaked ln 20x SSC for 30 nln) by

suctloo usl_ng the schlelcher and schuell Mintfold r or rr apparatus' Each

loadLng posltlon was Pre-lüashed uslng 20x ssc and after the RNA soluÈlon

was loaded, was washed through twlce Y¡lth 20x ssc. The ftlter was then

dried for 30 mln at room temperature, RNA-slde up, and baked at 80oc under
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vacuum fot Zhours. To renove the glyoxal' 10 rnM Trls-HCl- (pH 8'0) at 100oC

was added to the fllters and they were agLtated slowly unttl the buffer

reached room temperature. To reduce non-speclflc hybrldlzatlon, the fll-ters

werefloated,RNA-sldeup,tn6xSsCforlminandthensubnergedfor

5ntn.Pre-hybrl-dizatl-onandhybr!-dlzatlonwereasdescrlbedinChapter

2.36.3(b). The filter was autoradlographect' âs described 1n Chapter

2.36.3(b). The lntensity of the dots slere quantltated using a ZeLnch

scannl-nglaserdensltoneter.Thelntensityofthedotscorrespondstothe

amountofRNAspannlngthereglonoftheprobe-Thespeciflcacttvityof

each probe was nornaLized by hybrirlLzatLot to known conceûtratl-ons of DNA

(denatured, loaded onto the nitrocellulose ftl-ter and probed' as desctlbed

above), to allow comparlson of the anoun'E of RNA hybrictiztn8 to one probe

relative to another'

2.36.5 In Vitro Trans criptlon of 186 DNA.

Phage 186 invl-troRNAtranscrlpts\,ferepreparedusingE'coliRNA

polynerase, by rhe nethod of Prltchard and Egan (1985)' Phage 186 DNA to be

used in the r_n vltro transcrlptLon reactron, was purtfted by cscl

equillbrlum denslty gradlent centrlfugaÈl-on (chapter 2'26'L) and phenol

extractlon (Chapter 2'27 '2) ' fB6 restrlctlon fragments to be used in the

l-n vltro transcrlption reactlon were lsolated from an agarose gel and

phenol extracted and ethanol--prec!-pltated several- tl-nes (chapter 2'30'l'

2.27 .3).

If the 186 tn vltro transcrlpts (preparett as descrlbed by Prltcharcl

and Egan, 1985) were to be analysed on a denaturlng polyacylanide ge1'

formantdel'oadlngbuffer(Chapter2.10)wasaddedtothesamples.The

sarnples were then heated at 65oc for 5 mln, snap-chllled on lce' and loaileil

onto a 67" denaturlng polyaerylanlde gel (Chapter 2'29'3b)' After

e1-ectrophoresls,thegelwasffxed,asdescrlbedlnChapter2.33.2,and

autoradiographed (chapter 2.2g.Ð. If the 186 in vltro RNA transcrlpts were
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to be used for molecular wetght markers ot L% - 2% agatose gels, then the

samples were glyoxylated, as descrf-bed in chapter 2'36'3(a)' before

electrophoresl-s (Chapter 2 '29 '2) '

2.36.6 Determinatlon of 5 r-Ends of RNÀ Transcrl ts P¡iner ExtensLon.

This procedure was based on the nethod described by Mclbight 9! gl'

(198f) wlth nodtflcations recommended by R' Sturn (person'a1 communicatloo)'

Radioactive DNA restrlctlon fragmetts to be used as Prlmers !ìIere prepared'

as descrl-bed in ChaPter 2'34'l'

The radioactlve DNA primer, and 10 ug of RNA produced Ln vl-vo (Chapter

2.36.1)wereprecipltatedwithethanol(chapter2.27.3),redlssolvedin

10 ul of 200 nM NaCl, 10 nM Trls-HCl (pH 8.3), and then heated at l00oc for

3 mln. After annealLng at 60oC for 3 hours, the tubes were allowed to cool

to room temperature and 24 tL of reactlon nlx Ílas adclecl to gl-ve a

flnal concentratlon of 10 nM Tris-HCl (pH B'3)' 10 nM MeCLr' 10 nM

dtthlothreltol, 500 uM of each of the four d,NTPs, and 60 nM NaCl-' one ul

(15 unlts) of Aì,f\I reverse transcrlptase I'Ias added to the reactlon ml-x and

the tubes were incubated aE 42oC for one hour' Nucleic aclds were

preclpltated wlth RNAse-free ethanol (as described l-n chapter 2'27'3), and

redl-ssolved ln 2 ttL of 0.I nM EDTA. An equal volume of fornamlde l-oadlng

buffer was added to the sanples and the sanples were heated to 100oC for

3 ml-n, and electrophoresed on a 6% d'erlaturl-ng polyacylanide gel (Chapter

2.2g.3b). The gel was flxed, âs descrlbed 1n Chapter 2'33'2' and

autoradlographed (Chapter 2'29'4)'

2.37 PROTEIN ANALYSIS.

Theanalyslsofprotelnspresentedinthisworklfasdoneln

collaboratl-on wlth A. PusPurs'

To label protel-ns encoded by a p1-asmld-clone, the naxlcell systen of

Sancar et a1. $97Ð \Ías used, and proteins were labell-ed wlth
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3ss-nethlonlne as descri.bed by Gtlphart4assler et al. (198f). Maxicell

stralns contaLn two mutatlons, recA and uvrA, which al-lows the conplete

degradatlon of host DNA and RNA after W-lrradl-ation, thus, allowlng the

synthesl-s of protelns speclftcally from the plasnid DNA present in these

stralns. Two naxlcell strains were used ln thls work, ar, Su* straln (8660)

andansu-stral-n(84168)'Fortheanalystsofplasnid-clonesinthe

expresslon vector pPLc236 (which encodes the À pL pronoter) it was

necessary transform these clones into derLvaÈives of these naxicel-l

stralns, which contalned. the plasmld, pcl857 (encodlng a temperature

sensitlve À cI repressor; Chapter 2.3.1). This allowed the genes cloned

downstream of the À pL promoter tn pPLc236 to be repressed at 30oC and to

be expressed at 42oc-

The maxlcell stralns containLng the plasnld-clones to be analysed were

grown overnighr ar 30oc 1n cAA nedia (0.1 M KH2Po4 pH 7.0, 0.015 M

(NH4) 
ZSO4, 

I mM MgSO 4, 0.1 mM CaC12, 5 u}/nl FeCl-r, 4% gLucose, 1% casamino

acltts) wtth the addl-tion of the appropriate antlbLoElcs and 5 ug/nl

thl-anine for the Suf naxlcell straln (E660)' The overnight cultures were

subcultured lnto the sarne neriia and grorùn aÈ 30oC to AUOO= 0.4. The

cultures were Lrradl-ated for 5 sec wlth W-1-tght tn 12 cn sterlle glass

petri rllshes. [The W-lrradiatlon was carrf-ed out at a dfstance of 50 cn

fron rhe w-1ight (a 15 t{att Oliphant GemLcldal lanp) and at a fluence

raEe of t.S l/n2lsecond.] The cultures were then transferred lnto foll-

wrapped 200 nl flasks and Lncubated for 2 hours ln a gyratory water bath at

30oC. Cycloserlne was added to the cultures to Prevent growth of ce1ls and

lncubation was contlnued overnl-ght. cells were collected by centrl-fugation

(10 nln, 6000 rpn, at 4oC, JA20 rotor), washed 3x ln M9 nedla, resuspended

ln 0.5 nl of nethLonlne assay buffer [0.f ]f KH2P04 pH 7.0, 0.015 M

(HttO)rSOO, 5 uglnl FeCJ-r, 1 nM MgSO4r 0.1 ul"f CaCLr, 4% glucose, l% MAM

(nethiontne assay nedta), 200 ug/nl cycloserl-nel. FLve ng/ml thLanlne, and

50 ug/nl of the anLno aclds threonl-ne, leuci-ne, prollne, and arglnlne were
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ad.de<l to the resuspended cel-ls of the Su* naxlcell straln (8660) ' Cel1s

were lefE at 4oc untlL required'

To]-abelprotel-nsexpressedlnthenaxlcel]-stralns,0'2nlofËhe

cells,whlchwerepreparedasdescrlbedabove'werelncubatedatthe

requlred temperature for 5 nin. Ten u1 of r,-[35s]-nethlonine at 132 Cl/mnol

tn},IAMwasthenaddedandlncubatlonwasconLlnuedforlhour.Tostop

lncorporation of 35s-nethtonLne, unlabellecl methlonf'ne was added to a final

concentratlon of 6 nl"l. Ce1ls rvere collected by centrlfugatl-on (10'000 g'

3 mln, room temperature, ln an Eppendorf centrl.fuge) and resuspendecl ln

50 u]- of sample buffer (0.063 M Trl.s-HC1, pH 6"8, 3% SDS, 10% glycerol'

0"75Mp-nercaptoethanol,0.04%bronophenolblue).Tolysethece]'ls,the

solutlon was heated to 1000c for 3 ntn and vortexed thoroughl-y' The

Lncorporatlon of labe1 was determlnetl by TCA-preclpltatlon (as descrtbed ln

Chapter 2.18-1). Sa¡nples r{ere stored at -20oc unttl required'

Thesampleswereanal.ysedbySDS-polyacrylamldegelelectrophoresls

(LaemnLt , IgTo) uslng el-ther 12.57" or L5% poLyacrylanlde' In order to

resol-ve smal-l proteins, a 6 M urea/I57" pobyacrylamtde-SDS ge1 was used

(SwankandMunkres'I97|;Ley,1984).Asmolecularwetghtmarkers'

nethyl-_l4C labell-ed protelns (purchased fron New England Nuclear, Bostott,

Mass. U.S.A.) were mlxed wlth lysed naxlcells and electrophoresed along

wlÈh the other sanples. The slzes (tn daLtons) of these protelns ate as

f o]-lows : BSA, 69000; ovalbtrmen, 46000; carbonlc anhydrase, 30000;

lactoglobullnA,1836T¡cyÈochromeC,12300;andlnsulln,5766.Thegels

were flxed and fluorographed as descrlbed by Reeve and shaw G979) unless

staEed otherwl-se.

2.38 COI.IPTITER-ASS ISTED AI{ALYSIS.

The database management system of staden (1980) was used' for the

storagermanagementandgeneralanalyslsofDNAsequeirces'Theprogran

HypLoT, whlch was used to calculate the nunber and posltion of aci-dic'
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basl-c and hydrophoblc anl-no aclds' Iüas wrltten by R'I{il-llans and modl-fled

by I. Dodd (personal communlcatlon). The progfam MI{CAIC (Staden; 1980) was

used to deternlne the nolecular welghts of protet-ns.

Pre<ltctfng proteln eodlng frames (GENE) : The nethod of assesslng DNA

sequences for thelr Protel-n codlng potenÈlal based on codon usage (Staden

and Mclachlan, r9B2), fras used for analysis of DNA sequence data' The

program GENE (KaLionls et +., 1986a) was used Ëo analyse the proteln

cotling potentlal in phage 186 anil enployed the codon usage of E' colt (Chen

et a1., 1982) or the bacterlophage À early and delayed-early genes intt

xis, exo, þ!r Eanr Nr 9Ir 3r 9II, O, P and Q (Daniels et a1" 1982) as

standards. [These partleular À genes ]tere used as they are the best

characterLzed of the early and deLayed early À genes.] codon rrsage of a1l-

possible readl-ng-frames was compared (ln wlndow 1-engths of 25 - 40 codons)

to the codon usage of the stanrclard. Any frane, which had a siml-lar codon

usage pattern to that of the standardr \üas predicted to be a proteln codlng

frame. The program GENEPLOT was used to glve a graphic dtsplay of the codon

usage of a partlcular sequence (4.V. Sivaprasad, personal communicatl-on)'

searchlng for sl-gnals (SCAII) : The Progran scAN (IGlionls et al.,

1986a)wasusedtopredlctthelocatlonofpotential.pronotersequencegfor

transcriptl.on, and ribosone.binding sltes. This Progran uses a wel-ght

natrlx to evaluate each sectLon of the DNA sequence by the same prlnctpal

used ln the program of Staden (f984a) '

Pronoters were predlcted usLng a weJ-ght matrlx composed of the

frequencyofeachbaseateachposl-tlonofthel1-2E.collPromoters

compt-led by Hawley and McClure (1983a), wlth variable spaclngs (f5 - 21 bp)

between the -10 and -35 posltions. The followlng threshol-d scores were used

for varlous spac!.ngs between the -10 and -35 regions : 66'0 (f7 bp); 66'8

(16 and 13 bp); 67.8 (15 ancl 19 bp); 68.3 (20 bp); and 68'8 (2r bp)

(I(al-ionts et a1., 1986a). [A spaclng of 17 between the -35 and -10 reglons

has been shoçn to be the optLnal for pronoter actlvl-ty (Aoyana et a1',
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19S3)"1 Using a nethod slnllar to the nethod used l-n this study Mulllgan

et al. (f984) showed that the degree of homology of a pronoter to known

pronoters was related to the strength of that promoter ln vftro.

potentlal rlbosone-btndlng sltes were predl-cted usLng a weight rûatrlx

based on the rules of Stormo et al-. (1982). These rules (rule I - 7) are

based on the degree of honology to the Shlne-Dalgarno sequence (Shtne and

Dalgarno, 1974), ru1-e 7 belng the nost strlngeûÈ rule'

Searchlng for secondary atnrctrrre : Dlrect and inverted repeats were

searched for uslng dot natrix analysl-s (Malzel antl Lenk, 1981; Staden

1gB2), potentlal sten-loop structures 'were searched for uslng the program

CgMSTR (1.V. Slvaprasad, personal- communl-catton). COMSÎR had advantages

over dot matrlx analysis for the detectlon of lnverted repeat structures

(sten-loops) because 1t dlsplayed the structule Ln a 2-D for¡n and

calculaterl an approxlmate A G value for the stabillty of the structure

uslng the rules of Tlnoco et al. (tgZ3) as modifled by Steger et al.

(1984). Dot matrl-x analysis was al-so used for the detectl-on of Lnverted

repeat structures since coMSTR does not detect secondary structures, which

have assymetrfcal bulges Ln the stem (4.V. Slvaprasad, personal

communlcatlon).

protefn conparl-son : The comparlson of the anino acld sequence of

prote1.ns was performed usLng dot natrlx analysl-s (Malzel and Lenk, 1981;

Staden 1982). Matches were analysed for statlstlcal signl-f1-cance uslng the

program ALIGNSIG, whLch was nodl-fled from the progran of Doollttle (Jue

er al., l9B0; Doollftle, 19BI) by I. Dodd (thts laboratory). The NIH

program SEQDP (Needlenan and Wunsch, l97O; Dayhoff, 1978; Kanehira, 1982)

was used to allgn two proteLns according to the presence of amlno acids

wLth sLtril-ar physl-cal properties (Dayhoff et al., 1978) and to determlne

the sl-gnifLcance of thls a1-l-gnment.
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GENE anct scAlil prograns nere wrLtten by r. Dodd (thtg laboratory) antl

coMSTR was wrltreo by A.V. slvaprasad (thle laboratory)' All computer

analysl.swasperfornedonaDEcPDP-llmlnlcomPute]îoravN(11-785

comPuter.
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Æ{ALYSIS OF lTB 186 ßARLY LTTIC REGION.
cHÀPTm. 3. DNÀ SEQITENCE

3.1

A detall_ed knowle<lge of the gene cofitent of a speclfic regl-on and the

assoclated transcrtptional control sl-gnals is an essential prerequlsite to

understancling the conÈrol of gene expresslon of that reglon- The most

dl-rect approach to obtaln thls tnfornaÈlon ls to determl-ne the DNA sequence

of the reglon of f-nterest. conpuÈer-assisted analysis of this DNA sequence

can be used to predl-ct the gene content and the Presence of transcrlptional

control sites (such as promoters and termlnators)'

The186earlylyttcregioniscleflnedbythel.45kbfnvitro

rranscrlpt (PrlÈcharcl and Egan, 19S5) to be from-74'7% to -79'5% (Chapter

1.3.2b; Flgure 3;1a). The DNA sequence of the 186 early lyÈlc region

(Figure 3.1a) is known to the left of the PstI site at 77'47" (Kalionls

et al., 1986a). As detalled in chapter 1.2.2, t:ne analysis of the DNA

sequence of the early lyttc region 5t Èo the PstI (77 '4%) stte' led to the

predlction of the presence of a proEoter (pR) at 74'77" (Kaltonls et al"

1986a). The 5 r-ends of the ln vlvo and in vitro transerlPts have been

deternined and are consistent wtth lnitl-aÈion at thls Pronoter (I(allonist

1g85; pritchard and Egan, 1985), lwo early lyttc genes' cP75 and CP76 are

predlcred to start before the PstI Q7 .4Ð site (Kalloni-s et al" 1986a) '

The 186 nlddle reglon 1s deflned as the reglon fxom -79'57" to -93'2

(chapter I.3.2; Flgure 3.la). The DNA sequence of the niddle reglon from

the Bgl-II slÈe at 79.6i( to the BanIII slte at 96'07" has been deternlned

(sLvaprasad, 1984). Flve genes, cP8or cP8t, cP83' LA and RA are encoded

between -80% arrd, 93.27" (Slvaprasad, 1984; Chapter 1'2'l)' Preceding this

reglon Ls the 3r-end of another potentlal gene, Eß, whl-ch is expected to

srarr before rhe Bglrr (79.67.) slrte (sivaprasad, 1984; chapter 1'2'1)'

Computer-asslsted analysis faLled to reveal- the presence of any potential
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promoters between 79.67"-93.27" on the 186 genome (Sivaprasad, 1984)'

therefore, Èhese genes are expected to be transcrlbed by extenslon of the

early tytic transcrlpt, or by new promotlon withln the PstI-BglTf (77.47"-

79.6iÐ reglon. The PStI-BÞ1II regl-on fs therefore expected to encode

transcrlptlonal sLgnals, whl-ch will be lnportant ln the control of 186

early lytlc to mldclle gene expressLon.

This Chapter descrl-bes the DNA sequenclng of the ÞII-BgIII (77 '47"-

7g.6iÐ reglon. The sequence across the PstI (77.4%) artd Bg$I Q9'67") sltes

was also determLned to show that the sequence is contLguous wl-th the

nelghbourlng regl-ons .

3.2 RßSIILÎS AI{I) DISCIßSION.

3.2.L Sequencing Strategy.

The srraregy ehosen for sequenclng the PstI-BglIf Q7.4%-79.6%) reglon

\üas to clone the PstI-BelII fragment fron 186 cltsp (1) DNA' and' smaller

DNA fragments spannlng this regLon, into the vector, M13np9, followed by

determlnation of the DNA seguence using the noctifled Sanger dideoxy chain

ternlnatLon nethod (Chapter 2.4.1' 2.3It 2'33)' Flgure 3.I shows the

regLon of 186, whfch was sequenced and the sequenclng strate8y.

An Ml3npg-clone (mEC501) containl-ng the r-strand of the PstI (77.4"/"-

84.67") fragment was avallable (Chapter 2.4.2), and was used to obtaln the

DNA sequence rlghtward from the PstI (77.4%) stte (Chapter 2.33).

1o obtaln a clone contafnlng the l-strand of the P"tI-Ig.$T Q7 '4"/"-

79.67") fragnent, so that the DNA sequence could be deternl-ned leftward from

rhe BgIII slre, 186 clrsp DNA was d.igested with XhoI and BgIII (which have

unique stres on 186 DNA) ancl the 3.6 kb XhoI-Bgl-IT (ó7.67"-79.6%) fragment

was tsolated from an agarose gel" (ctrptut 2.;, 2.30.r). The XhoI-BelII

fragment was then df.gested wlth PstI Q7 .47"), which resulted in two

fragmenrs of 2.9 kb (xnor-pstl) ancl 0.7 kb (pstr-nslIr). The 0.7 kb



sequencLng strategy of the PstI-BgUI ( 77 .4i¿-79.6iZ) reeton from

a

Flgure 3.I

186 cltsp.

The genetlc nap of 186 fs shown. The posLtions of genes are given'by

HockLng and Egan (1982a). The functl-ons of the genes are listed above

the map, The aÎrolùs underneath the map represent the reglons of the

186 genone, which have been sequenced : 3t!I 65.5%-77.47") (I(alionis

et a1-., lgg6a) and BgIII-BamHI Q9.6î¿-96.07") (Slvaprasad, r9B4).

b. The 74.5i[-80.47" region Ls expanded to show the sequencing strategy of

the PsrI-BglII Q7.4%-79.6%) region. The predicted genes in the

adjacent sequenced regi.ons are shown. The 3r-end of cP76 and the

S'-end of CP79 overlap lnto the P"tI-Ig$I reglon. The CP80 gene ls

only partlal-ly represerted on this dlagram, as l-ndicated by the Jagged-

edged box.

The relevant restrl-ction sites, as determined fron the sequencing

data of Kallonis et al. (1986a), Sivaprasad (1984) and from this work'

are shown. The sequence coordinates of the restrlctlon sltes refer to

the flrst base of the sl-te on the l-strand'

The arrows above and below the nap rePresent gel readlngs used to

generate the DNA sequence of the PstI-BS1II reglon and the DNA sequence

over the PstI and BgIII sites. The arrolüs above the nap represent ge1

readlngs fron Ml3-clones of the PstI-BS]II fragment, and those bel-ow

the map represent gel readings from Ml3-clones of the HpaII fragnents'

The sfzes of these HPaII fragnents' are Lndlcated' Rightward arrows

represent gel readlngs used to generate the l-strand sequence, whereas

leftward arrosls represent gel readlngs used to generate the r-strand

sequence -
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fragmentwaslsolatedfronanagarosegelandwasclonedlntoanMl3np9-

vector, whlch had been dlgested wtth PstI and BanHIt to generate the cLone

mEC400 (Chapter 2.30'1, 2'31)' nEC400 was used to determl-ne the sequence

ofthel-strandfrontheBglIIQg.6T)site(chapter2.33).

DNAsequencedataobtal.nedusl-ngtheclonesdescrl-bedabove,allowed

the sequence of the entl-re P"tI-BgUf Q7 '47"'79'6%) region to be derl-ved'

As shown in Flgure 3.1(b), the sequeûce was determlned' only from one strand

exceptforanoverlapof'220bplnthecentralregl-on-Todetermlnethe

sequence of boÈh strands and to obtal-n sequence data over the PstI Q7 '47')

andBglII(79.6Ðsl.tes'l.tIüasnecessarytoobtainfurtherclones.The

prellnlnaryDNAsequenceobtal-nedbysequencl-ngtheclonescontalnlngthe

p"rl-Bg$ r (77 .47"-79.67) regl-on, reveal-ed that HpaII would cut the Þg-

BgIII regl-on at two sites Q7 .87" antl 79 .lÐ. Furthermore, the knowledge of

ÈheDNAsequenceoftheadJacentreglonswasusedtopredlctthatHpall

would glve

3.1).

small fragments, which spanned the PstI and BgIII sites (Flgure

To obtain HpaII clones across the PstI Q7 '47) sl-te and subclones of

Èhe psrl-Bgllr Q7.4"Á-79.6%) reslon, the 3.6 kb XhoI-IglII (67 '67"'79'6%)

fragment was dlgested with BssHII Q6.g7), which generated two fragnents of

-BssHII) and 0.84 kb (BssHII-Bg[I)' The 0'84 kb fragnent was

an agarose gel and further digested with HpaII (Chapter

Restrictlonfragnentsobtalnedfrornthtsdlgestwereend-
32p and analysed by polyacrylarnlde ge1 eLectrophoresl-s

(chapter 2.gI.2, 2.29.3ù. The restfictlon pattern was consistent wtth that

the prellmlnary sequence (results not shown) " These DNA

2.78 kb (Xfror

lsolated from

2.30 .r , 2.28) .

l-abelled with

predicted fron

fragments were

To obtal-n clones sPannlng the

dlgested wlth P*Ir and the

l-solated after agarose gel ele

2.18 kb fragnent was dlgested

"shot-gun" cloned. lnto a M13np9 AccI vector (Chapter 2'31)'

BgIII Qg.67.) slte, 186 cltsp DNA was

2.18 kb Þg Q7 .47"-84'6'/') fragrnent was

ctrophorests (ChaPluer 2.30'1)' The purlfled

wlth HpaII and the digestlon products were
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end-labelled and fractlonated by polyacrylanide ge1 e

(Chapter 2.3I.2r 2.29.3a) (results not shown). A double band contalnlng the

393 bp HpaII Q9.L7"-80.4%) fragment (which spans the BgIII slte) and the

398 bp HpaII (77.87"-79.L7") fraement, was lsolated from the gel and the

fragnents were cl-oned lnto the AccI stte of M13np9 (Chapter 2.30.2, 2.3L).

Clones ln both orlentatl-ons, which spanned the BgIII Q9.67") site, were

identified by DNA sequencine (Chapter 2.33).

the DNA sequences of the HpaII clones descrlbed above were deternl-ned

(Chapter 2.33) as shown ln Fl-gure 3.1(b). This allowed the eompletLon of

rhe DNA seqtlence of the P"$-lglff Q7 .47"-79.6%) reglon in both directl-ons

and provided sequence data over the PstI (77.4%) arrd, BgIII (79.67.) sites.

DNA sequence compressLons, whLch occurrecl Ln the sequenclng gels, rlere

resolved by the addition of 257" or 40% (v/v) de-fonised fornamlde to the

sequencing gel ntx (Chaptex 2.29.3c,c1).

The DNA sequence of the PstI-BgLlI (77.47"-79.6%) region is presented

in Flgure 3.2(a), together with the results of the conputer-assisted

analysis showing potentl-al genes and transcrlptlonal control signals. ALso

Lncluded are the nelghbourl-ng sequences extendfng out to the early lytlc

promoter, pR (Ik11onts et a1., I986a) anrt to the 3'-end of the potentlal

gene (Cp79) overlapptng the BgIII Q9.6i¿) sLte. The sequence nruñbering ls

from the P"tI (65.57") slte (Kaltonls et al., 1986a). All relevant

restrlctLon sites are also shown'

3.2.2 Analysl s of the DNA Sequence.

3.2.2(a) Gene Content.

One approach for predl-ctl-ng the gene content of a reglon l-s to locate

open reading-frames of at least 40 anlno aclds, whlch are associated wlth a

potentJ-a1- LnlríatLon codon (ATG or GTG) and a rlbosome-bíndlng stte (Shtne

and Dalgarno, 1974; Stormo et al., I9B2). Thl-s approach 1s termed "gene

search by slgnal". Another approach Ls "gene search by content", where
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F e 3.2 DNA s uence of the PstI lII ( 77 .4%-79.67") t and

adJacent regions f rom 186 cltsP.

This Figure presents the DNA sequence of the l-strand fron pR promoter

to the 3r-end of cp79, fron 186 cltsp. The DNA sequence to the left of

the PstI Q7 .4f) site was determl-ned by l(allonis et al' (f 9B6a) and to

rhe rlghr of the BgFI Qg.67) site lüas deternined by slvaprasad

(1984).ThenrrmberingofthesequenceisfronthePstl(J5.5iL)slte.

Transcrlptlon and translaÈlon ls fron left to rlght. Potential

genesarelndl.catedontherlghtoftheFigure..Theamlnoacid

sequences (ln three letter code) of the potential Senest are shown'

(*** lndicates a ternination codon.) ALl relevant restrlction sites are

narked beneath the DNA sequence'

The-35and-l0reglonsofthepRpronoterareboxedandthe

startPointoftranscliPtionfronthepRpronoterlslndl.catedbythe

horizontal arrol¡- Ribosone-btnding sites (RBS) are boxed- Potential

transcrlption terminators, shown in FJ-gure 3-4' are indlcated by the

convergent arrovrs and are numbered #L-/ls'

Adiagra,f'atl-crePresentatlonofthepredictedcodlngregl-onslnthe

reglonpR-cPTg.Thecodtngreglonsarerepresentedbytheboxed

regf-ons. The r.45 kb in vltro transcrlpt (whlch deflnes the early

lytic regfon) l-s also shown. This transcrl-pt ls predLcted to ternlnate

at the tRl termlnator (sÈructure llÐ' The tRl termlnator is

represented by the halrpin structure (whl-ch l-s not drawn to scale)'

!



(a)

-35 -10

ÀÀGTGTlGGCÀÀÀCÀGÀGTCÀÀÀTCÀÀlTGCÀÀÀCTTTGGCTÀÀTÀ
2776 2786 2796 2806

TCTCTCÀÀ11GGGÀ6À
2726

LEU ÀLÀ LYS ÀSP LYs LEU GLN SER TYR VÀL

pR

lTGGCTÀAÀCCCÀCGCÀÀTTGÀTCCC
2746 2756 2766

fclc c Àl
2816

ÀTCÀTGCÀÀT
2826

RBS

LEU

RBS

HET ÀLÀ sER GLU ILB ÀLÀ ILE ILE LYS VÀL PRO ÀLÀ PRO ILE VÀL lHR LEU GLN GLN PHE

ÀTGGCTTCTGÀÀÀTCGCÀÀTCÀTCÀÀÀGTGCClGCÀCCTÀTCGTlÀCTCTGCÀÀCÀÀTTC
2836 2A46 2856 2866 2876 2886

ÀLÀ GLU LEU GLU GLY VÀL SER GLU ÀRG TIM ÀLÀ TYR ÀRG TRP lHR THR GLY ÀSP ÀSN PRO

GCÀGÀGCTTGÀGGGTGTTTCTGAÀCGCACCGCClÀCCGCTGGÀCÀÀCCGGCGÀCÀÀCCCT
2896 2906 2916 2926 2936 2946

ÀCCTÀ

LEIJ
cTc

cÀTGCÀC

GLY

n
t-
o-o

CYS VÀL PRO ILE GLU PRO ÀRG THR ¡LE ÀRG LYS CLY CYs LYS LYS ÀLÀ GLY GLY PRO ILE
TGTGTÀCCÀÀTCGÀÀCCCCGCÀCÀÀ TCCGlÀÀÀGGCTGCÀÀGÀÀÀGCÀGGTGGCCCGÀTT

29s6 2966 2976 2986 2996 3006

ÀRG ILB TYR TYR ÀLÀ ÀRG TRP LYs GLU GLU GLN LEU ÀRG LYS ÀLÀ LEU GLY HIS SER ÀRG

CGCÀTTTÀTTÀCGCÀCGCTGGÀÀÀGÀÀGÀGCÀGTlGCGTÀÀGGCGTTGGGÀCÀTlCCCGl
3016 3026 3036 3046 3056 3066

PIIE GLN LEU VÀL ILE GLY ÀLÀ I*T
TTTCÀÀCTCGTCÀTCGGTGCTTÀÀTTCÀCTTTÀTGTGÀÀTTG

3076 3086 3096 3106

HET PHE
GCÀÀCÀTGTTT

16 3126

ÀSP PHE GLN VÀL SER LYS HIS PRO HIS lYR ÀSP GLU ÀLÀ CYS ÀRG ÀLÀ PHE ÀLA GLN ÀRG

GÀTTTTCÀGGTTTCCÀÀÀCÀTCCCCÀCTÀlGACGÀÀGCGTGCCGGGCTTTTGCGCÀGCGT
3136 3746 3156 3166 3176 3186

HIS ÀSN }IEÎ ÀLÀ LYS LEU ÀLÀ GLU ÀRG ÀLÀ GLY HET ÀSN VÀL GLN

CÀCÀÀCÀTGGCGÀÀGCTGGCCGÀGCGTGCGGGTÀTGÀÀTGTlCÀÀÀ
3196 3206 32t6 3226

T}IR LEU ÀRG ÀSN LYS
CGTTÀCGTÀACÀÀG

3236 3246

ÀSN PRO GLU
ÀÀcccÀGÀÀ

3256

GLN PRO HIS GLN PHE THR
cÀGccTcÀccÀGTTcÀcGc

3266 3276

PRO PRO GLU LEU
CGCClGÀÀTTG

3286

LEU
GCT

3296

TRP
TGG

THR

ÀcT
LEU

clG
3306

CT G

ÀSP
GÀC

Î}IR GLU ÀSP SER TTIR LEU VÀL ÀSP GLY PHE LEU ÀLÀ GLN ILE HIS CYs LEU PRO CYS VÀL
À C C G À À G À C T C À À C C C T C G T T G À T G G T T T T C T G G C G C À G À T 1 C À T 1 G T C T G C C I\ T G C G T G

3316 3326 3336 3346 3356 3366

PRO VÀL ÀSN

CCGGîTÀÀTG
3376

(o
t.-
fr
o

GLU
À

LEU
T

LEU GLY GLU
CTCGGTGÀÀC

3436

ÀLÀ SER GLY
GGCGÀGCGGl

3446

G C T G.G C T À À À
3386

GÀTÀÀÀ TTGCÀGTCTTÀCGTC
3396 3406

HET SER GLU

ÀTGÀGTGÀA
3426

ÀLÀ VÀL SER ÀSP GLU ÀRG LEU
GCGGlÀTCTGÀTGÀGCGTCT

3456 3466

THR
Àcc Àc

ÀLÀ ÀRG LYS HIg
TGCCCGTÀÀGCÀC
3476 3{86

G

ÀSN MET ILE GLU SER VÀL ÀSN SER GLY ILE ÀRG HET LEU SER LEU SER ÀLÀ LEU ÀLÀ LEU
ÀÀCÀTGÀT1GÀÀÀGCGlTÀÀClCCGGCÀTTCGCÀTGTTGTCÀTTGlCGGCTCTGGCGCTG

3496 3sO6 Hp, I 3516 3526 3536 3s46

THR

TTIR

(# 1)
HIS ÀLÀ ÀRG L8U GLN THR SER SER VÀL VÀL

TCGÀGCGlGGTC
3586

À5P
GIT tcc

},IET

À1G
3596

ÀG
GLY ILE

CGGTÀTT
3606

ÀsN
ÀÀT

3566

ç7,2%)
PRO ÀLÀ

cccGcT
HET

ÀTG
3576

Grq_g_g_¡_GÀc1
3ss6 p"1l

(77.4%)

GGCGCÀTCGTlTGGTClGÀT11
3616 3626

r[Í
fffiãlr c

3686 Hpal[ (77.8%J6e6

ÀLÀ SER PHE GLY LEU ILE HET LEU
CGTAlGCTG

3636

LY5
ÀÀÀÀ

3646

SER GLU PRO SER PHE ÀLÀ SER

GTGÀÀCCGlCÀTTTGCGlC
3656 3666

RBS

LEU LEU VÀL LYS GLN SER PRO GLY HEl HIs TYR GLY H¡S GLY TRP ILE ÀLÀ GLY LYS ÀSP
lCTGCTCGTTÀÀGCÀÀÀGCCCCGGlÀ1GCÀT1ÀCGGCCÀCGGCTGGÀTCGCÀGG1ÀÀGGÀ

3676 3706 3776 3726



GLY LYS ÀRG TRP HIS PRO CYS ARG SER GLN SER GLU LEU LEU LYS GLY LEU LYS THR LYS

ccccÀÀcccclcccÀcccclcccccTcÀc^GlcccÀÀT1À1T^^ÀÀGGGCTGÀÀÀÀCÀÀÀ
3736 3?46 3756 3766 3776 3786

HIS LEU LEU GLU SER LEU PIIE LYS GLU ÀLÀ LYS LYS

t.-
È-Ào

(#1a)
sER pRo Lys sER sER GLy pHE LEU ILE IúE ÀRc ¡LE vÀL HIs PllE vÀL ILE LYS---giJ-,-y¡tL

G T C G C C G À À À T C G T C À G G T T T T T T À À 1 T À T T C G T À T T G T C C À C T i T G T À À T T I IIÏ,TÎ'Í'FIT
3796 3806 3816 3826 3836 ggg 38a6

3856

"**trt"ntttoä,ätt'(79'1olo) , 1p-4)

LYS HIS VAL THR

HET SER ÀRG

GÀÀÀCÀTGTCÀCG

PRO SER GLI ÀLÀ GLY
CGÀGlGGTGCTCG

4156

ÀRG

GCÀ

(#5)
LYS ÀSP

<-
ÀRG ÀLÀ LEU

ÀRG xÍ*
À5P GLU LEU ÀRG ¡LE VÀL LEU GLY ÀLÀ HET ILE PRO ÀSN HET

CGÀTGÀÀTTÀÀCÀÀTTGTTllGGGTGCCÀTGÀTTCCÀÀÀTÀTGG
3866 3876 3886 3896

GLU
ÀGG

3906

+cGcc
4086

GLU GLY PHE GLU ILE LYS THR ÀRG ÀSP GLY ÀLÀ ILE LEU ÀFG VÀL ÀSP PRO GLU TRP GLU

ÀÀGGTTTTGÀÀÀ11ÀÀÀÀCCCGCGÀCGGCGCÀÀTÀCTTCGCGTTGÀCCCTGÀGlGGGÀGT
3916 3926 3936 3946 3956 3966

CYS CYS LYs GLU PHE LYS ÀSP GLY LEU I.YS ÀLÀ GLU ILE TLE LYS GLN LEU LYS SER LYS

GCTGCÀÀÀGÀÀT1TÀÀGGÀTGGÀTTÀÀÀAGCCGÀÀÀTCÀTCÀÀGCÀGTTÀÀÀÀÀGCÀÀÀC
3976 3986 3996 4006 4016 4026

co
t.-À()

pRo ÀLÀ vÀL vÀL pHE cLy ryR sER trr ----------¡' tR 1 (#2)
CTGClGTTGTÀTTTGGÀTÀTÀGTTÀÀTTÀÀTTÀÀÀCG1ÀÀTTÀCTlGGCGTÀÀACC

4036 1046 't056 4066 4076

(#3) 
HET SER ÀRG THR ILE TYR LEU

c c À À À r r r cfl-l?ï-õlc À r À r À r c À c r c c À À c r À r r r À 1 r r À r
4106 - pgs atte 4126 4136

SER THR
cÀÀcGc

4L46

GLU GLU

ÀÄGÀGC
4206

^sPCGÀCCÀCTTGClGGÀGTCTlTGTTTÀÀÀGÀÀGCCÀÀÀÀÀÀG
4166 4176 4186 4796

ÀÀGÀCCGCG
4216

CTCTC
ÀLÀ VÀL SER ILS ÀNG

GCCGTTTCÀÀTCCGT
4226 4236

LEU
clc

GLU ÀSP LEU ÀLÀ VÀL IIIS ILE THR

GÀÀGÀTCTGGCCGTTCÀCÀTTÀCCÀ.-l-ff6-egltr A2s6 4266

(7e.6%)

tR1

o,
h.-
À
O

À5N sER ÀSP HET THR GLY LYs GLU ÀLÀ ÀLÀ GLU LEU LEU ÀRG ÀRG GLU ÀLÀ THR ÀRG PHE

ÀTTCÀGÀTÀTGÀCÀGGCÀÀÀGÀAGCGGCCGÀGCTÀCTGCGCCGCGÀÀGCCÀClCGClTTG
4276 4286 4296 4306 4316 4326

cLU ÀSN GLU SER GLN GLU LEU lll5 I I x u^ ^alÀcÀÀccÀÀTcÀcÀccÀccrrcÀcrÀÀ---- -----rrPq
4336 4346 G47 8)

(80.4%)

(b)

cP78 cP7 I
pR cP75 cP76 cP77

1.45 kb in vltro transcrlPt

250bP
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d.lfferences between genes and "ron-genes" can be used to tllstl-ngulsh codlng

from non-codlng regl-ons (Shepher<l, IgBt; Fl-cketÈ, 1982; Staden, 1984c;

MclachLan et al., 1984). Methods of "gene search by content", which are

based on codon usage are parËlcularly useful (Staden and Mclachlan, 1982;

Gribskov et al-., 1984). A combinatlon of the two approaches descrlbed above

results ln a very powerful, nethod for the pretllctlon of genes (Staden,

1984b; Kolaskar & ReddY, 1985).

In thls work, possible ribosome-bintling sites lùere searched for using

the conputer program SCAN (Chapter 2.38), employlng the rl-bosome-binding

site rules of Stormo et al. (1982)" Codtng potential was analysed using the

computer progran GENE (Chapter 2.38), whlch determines the coding potentlal-

of a region, based on the nethod of Staden and McI.achlan (1982) and by

using the codon frequency standards of E. col1 genes (Chen et aI., l9B2)

and of À immediate-early and delayed-early genes (Daniels et al., 19827

Chapter 2.38).

The analysls of the 399-Bgllf (77 .47.-79.67") sequence (sequence

coorcllnat es 3556-4249) detected f our rJ-ghtward open reading-franes (On¡'s)

conprtstng bases 3556-3630, 3638-3865, 3852-4052 and 4119-4249 (Flgure

3.2a). No signlflcant leftnard ORFs were detected. Three ribosome-btndtng

sites were detected and were associated with three of the four rlghtward

ORFs descrlbed above. The slte at base 3629 satisfled rule 6 whereas the

sires aÈ bases 3841 ancl 4109 satl-sfled rul-e 7 (Storno et a1. , l9B2). The

flrst and fourth ORFs were not conpletely conÈained withl-n the PstI-BglII

(77.4î¿-79.6%) reglon and represent the 3'-end of CP76 (sequence coordlnates

3556-3630; Flgure 3.2a) and the 5'-end of CP79 (sequence coordinates 4119-

4249; Ft-gure 3.2a). CP76 (sequence coordLnates 3121-3630) and CP79

(sequence coordinates 4IL9-4352) are predicted to encode protel-ns of 169

am1no aclds arrd 77 amino aclds, respectLvely. The two other ORFs have been

named CP77 and CP78 (Figure 3.2a) and are pred.Lcted to encode protelns of

75 amino aci<ls and 66 amlno acl-ds, respectJ-vely" The rl-bosone-blndlng sites
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of the three potentlal genes lnitLating wlthin the PstI-BglII (77.47"'79.6%)

reglon, as well as those of the CP75 and CP76 genes (Kaltonls et a1.,

1986a), are shown tn Table 3.1.

ALl four oRFs (Cp76, CP77, CPTB and CP79) showed codon usage

frequencies slmill-ar to those of both E. coll- genes, and À inmedLate-early

and delayed-early genes (Chapter 2.38). The codon usage plot employlng

E. coli codon usage frequenci-es (CnUnpLOT; Chaptex 2.38) is shown ln Flgure

3.3, and lncludes the CP75 gene (Ì(altonls et a1., 1986a) for Èhe sake of

comparl-son. Since æß, CP77, CP78 antt CP79 have sl-mllar codon usage to

E. coli genes and are preceded by potentlal rfbosome-bLndÍng sites, l-t is

f-ikely that they represent genes. The results described in Chapter 4

provlde evidence that these ORFs are genes by showlng that they encode

protel-ns of sizes, whlch are consistent with those predicted fron the DNA

sequence (tab1e 3.2).

The arrangement of CP77 and CP78 is unusual because an overlap of

f4 bp occurs between the 3'-end of CP77 arrd the 5r-end. of CP78. Several

examples of genes, which overlap have been reported in E. coli (Platt and

Yanofsky, Lg75; Ntchols and Yanofsky, 1979; Christl-e and Platt, 1980;

McKenney et a1., 1981; Barnes and Tuley, 1983; Cole et a1., 1983; Yamanoto

et al., 1982; A.C. Robinson et a1., 1984, 1986), l-n the single-stranded DNA

phages 0X174 and G4 (Barrel et al., 1976; Sanger et al., L977b; Godson

et a1., 1978), in phage T7 (Dunn et a1., 1981; Dunn and Studler, 1981t

1983), tn phage T4 (Sptcer and KonJ.gsberg, 1983; TroJanowska et al., 1984;

Macdonald and MosLg, l9B4; Gran and Ruger' 1985; Valerie et a1., 1986; Hahn

et a1., 1986), ln phage À (Kroger and Hoborn, l9B2; Sanger et a1. ' L9B2;

Daniels et a1., 1982) and ln phage 186 lthe Lnt and gI genes (fa]-tonls

et a1., 1986a); and several genes ln the middle regl-on (Sivaprasad, 1984)1.

Studles wlth overlapping genes have shown that the 5 | gerì.e nay have elther

a posltLve or negatlve effect upon the translation of the 3t gene,

dependlng on the degree of overl-ap. Gene arrangements where the 5r gene



Table 3.1 Ribosome binding sites.

Predicted
Prcitein

Ribosome Binding
Site (RBS)(a)

Stormo
RuIe( b )

Sequence
Position(c )

CP75

CP76

CP77

CP78

CP79

GGGÀ_ 10 -ÀTG

ÀÀGGÀ- 6 -ÀTG

GÀGG- 5 -ÀTG

ÀGGÀG- 6 _ÀTG

AGGÀG- 5 -ATG

- (d)

7

6

7

7

2827

3t2t

3638

3852

41t9

Notes to Table 3.1

a. The numbers between the proposed ribosome binding site and the ínitiation
cod.on refer to the number of intervening bases

b. Stormo et aI . Q982)
c. Sequenclp-ositi,on corresponding to the À residue of the ÀTG initiation

codon.
d. Sequence r^tas not detected by the Stormo rules but shows homology to the

Shíne-Dalgarno seguence (Shine and Dalgarno, 7974),



Flgure 3.3 Codon usage plots for the DNA sequence of the pR-CP79 reglon

fron 186 cltsp-

The codon usage plots for all three reading-frames on the l-strand of

the pR - CP79 regl-on, are shown. The X-axls glves the sequence positlon

and the Y-axis glves the score.

The DNA sequence of the pR-CP79 regLon lras analysed Ln sections

(window lengths) of 25 codons (Chapter 2.38), uslng the codon usage

standards of E. col1 genes (Chen et a1., 1982). The score ltoe (p/l-P),

with a cut-off range fron -10 to +10; Staden and Mclaughlan, L982i Chapter

2,38)] is shown on Èhe Y-axLs. The score lndicates the degree to which the

codon usage of a sectlon of the DNA sequence ls related to that of the

standard (the codon usage of E, coli genes), A posltive score for a region

lndlcates that the reglon shows sl-mllar codon usage to the standard,

whereas a negative score indlcates that the frame has a poorer fit to the

codon usage of the standard.

The positions of Èermlnatl-on codons ln each of the three reading-

frames are Lndicated by the * signs. Beneath each plot potentLal start

codons are lndlcated as follows : ATG start codons by the large vertical

lines, GTG start codons by the mediun-sLzed vertlcal llnes and TTG start

codons by the s¡nal1 vertLcal 1lnes. The positJ.ons of the predicted genes,

are lndicated beneath the appropriate codon usage plot.
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overlaps the 3' gene by only a few bases (-4 Up) result 1n an enhancement

of expression (posltl-ve coupl-ing) of the dlstal gene (Oppenhelm and

Yanofsky, 1980; Yates and Nomura, 1981; Schunperlf et a1. ' 1982; Baughnan

and Nomura, l9B3; Das and Yanofskyr'1984; Aksoy et al-.' 1984; Trojanowska

et a1., l9B4) and thl-s ls thought to be lmportant ln ensuring correct nolar

productlon of the protelns (Nornark et al., 1983). Gene arrangements where

a greater overlap (-30 tp, or greater) occurs between two geûes, resulÈ in

a decrease l-n the expression of the dlstal gene (negative coupllng). This

occurs wlth the ÀC and Nu3 genes (Shaw and Murlaldo, 1980), with

bacterlophage MS2 lysis and repll-case genes (Berkhout et al., 1985), and

with gene overlaps constructed ln vitro (Das and. Yanofsky, f9B4; Schottel

et al-., l9B4). The overlapplng arrangement of CP77 antl CP78 suggests that

the translation of CP77 nay have Lnportant regulatory consequences on the

expression of CP78.

3.2.2(b) Proper ties of the Predicted Proteins.

Infornatl-on can be obtal-ned about some of the possible physlcal

propertles and functlons of a proteLn as well as its expression, by the

analysls of l-ts anlno acid sequence and codon usage' Properties such as the

degree of basLcity, or polarlty, glve an Lndlcatfon as to whether the

proteln is llkely to Lnteract with DNA or the cel1 nembrane (Danlels

et a1., Ig82; Capaldt and Vanderkooi, 1972). The codon usage of the gene

caa predLct whether the proteLn wtll be highly or poorly expressed

(GrosJean and Fl-ers , I9B2; Mclachl-an et al., 1984). The properties of the

predlcted protelns, together with the anino acld composition of each gene-

product are tabulated ln Table 3.2. The rnolecular weight of each predicted

proteln was deternlned from the DNA sequence usLng the MI,ICAIC proglan

(Chapter 2.38). The properties of the Ep.otet (fal-tonls et a1., 1986a)

are lncluded in Tabl-e 3.2 to enable the conparl-son of the characteristlcs

of the predlcted genes encoded l-n the PR-ç!Z| Q4.7%-80.0%) regfon'
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Basic proteins have the potentlal for Lnteracting wlth the negatlvely-

charged backbone of DNA and thus, are 1lke1y to be control protel-ns' For

f-nstance, the À DNA-blndtng control protelns cro and cII and the À

recombinaÈlon protelns Int and Xls show a hlgh level of basl-c resldues

(J6.7%, 17.5"/., L6.67" a¡ð,257., respecttvely) (Roberts et al., 1977; Danlels

et a1., 1983) compared wl-th the average distrtbutlon of baslc aml-no aclds

(tt%) for most protel-ns (Doollttle, fgSl). The percentage of baslc (lys'

arg), acl-dlc (glu, asp) and hydrophoblc (al-a, val, leu, ile, Phe, trp)

amtno acf.d resldues ln the 186 proteLns encoded ln the PR-9!22 (74'77"-

80.02) reglon, were calculated uslng the progran IÍYPLOT (Chapter 2.38) and

are shown ln Table 3.2.

The rranslatl-on products of cP75' CP77, CPTB and CP79 show a hlgh

percentage of basl-c aml-no acids (J6.l%, lB.6%, L6'6% and 16'87.'

respectl-vely). fhe CP76 gene-product l-s only 8.9% bastc, but most of these

basl-c residues are concentrated at the aml-no-terml-na1 end of the proteln

(16"77" I¡ the flrst 42 amjrrro aclds of the 169 amtno acld proteln). Thls

may lndlcate that al-l f Lve protel-ns lnteract wtth DNA. Five

sequence-speciflc DNA btnding protelns ( À cI, Cro, E. coLl CAP, the trP

repressor and 434 repressor) have been shown to l-nteract wtth the DNA by a

o hell-x-turri-'o heltx structural motlf (pabo and Sauer, L9B4; Schevltz

et al., 1985; Anderson et al., 1985). The hell-x-turn-he1tx reglons of

these protel-ns have aml-no actd sequence honology, and many other known DNA-

btnding proteins share thls homology (Matthews et 41., l992i R.T" Sauer

et al., IgB2i Pabo and Sauer, 1984). Dodd'and Egan (1987)derlvecl a wel-ght

matrl-x for the DN6-btndtng region of À Cro-type DNA-bindlng protelns, which

can be used successfully to predlct protelns that are 1-tke1y to be

sequence-speciflc DNA-bindtng protelns. ustng thls wel-ght matrl-x ln a

nodtfted verston of the SCAN program (Chapter 2.38), Dodd and Egan (1987)

showed that the CP75 and CP76 gene-products each contain ail amino acld

sequence, whlch scores stgnlficantly above the threshold value' Thus, the
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CP75 and CP76 predLcted gene-products are ltkely to be sequence-speelflc

DNA-btniting protelns. The CP77r CP78 and CP79 predlcted gene-products dld

not contaln any anlno acld sequences, whl-ch scored sLgnlfLcantly above the

threshold value usLng thls analysl-s. Although thLs result lntlicates that

the CP77, CPTB and CP79 proteins are unJ.Lkely to be sequence-speclflc DNA-

blnding protelns of the À Cro-type, they may st11-1 lnteract wlth DNA in a

non-speclflc manner, as predlcted for the E. coli Hu fanily of protelns

(Gel<ler and. Hoffnann-Berllng, 1981; PetttJohn, L9B2), or by a dlfferent

btnding mechanlsm. The sequence-speciflc DNA-btnding protelns À Int and

Xls, E. colt IHF (ume., HtnD), phage SP01 TFl, and phage P22 Lrc and Mnt do

noË show honology to the conserved amLno acld sequence of the g hellx-turn-

o hellx nottf and thus, probabaly lnteract wlth DNA in a different nanner

Èo the À Cro-type DNA-bindlng protel-ns (Ross and Landy, L982, l9B3; Better

et a1., 1983; Yin et al., l9B5¡ Cralg and Nash, 1984; Greene and

GeLduschek, l9B5; Sauer et al-., 1983; Dodd and Egan, 1987). A further

posslblity is that Èhey nay interact wtth RNA. The phage antiter¡nination

funcrLons À Nr À Qr 080 N, P22 N, and 021 N, the P4 polarlty suppressor

Psu, the T4 transl-atl-onal repressor RegÀ and the E. coll termLnatl-on

function Rho, are known or prestrmed to Lnteract wl-th the RNA (frlednan and

Gottesman, 1983; Lagos et al., 1986; Trojanowska et a1., L984; Richardson,

1982) and show a hJ.gh level of basl-c amino acids (2L.L1¿, L3.5i¿, LB.4i¿,

19.87"r 26.37", L7.0"Á, 17.27", arið. I3.8Á, respectivel-y) (Daaiels et a1., l9B3;

Tanaka and Matsushiro, 1985; Franklf-n, 19B5a,b; Dal-e et al., l986;

TroJanowska et a1., t9B4; Plnkhan and Platt, 1983).

The degree of polarlty of a proteln (the polarlty lndex) can be

calculated by addtng together the nole fraction of polar amlno acLds (asp,

asn, glu, gln, lys¡ s€t t a;rrt thr, his) withLn a proteln (Capaldf and

Varrderkool, L972). A pol-arlty index of less than 40iL hdlcates that the

protefn has a low polarLty and Ls l1ke1-y to lnteract wlth the cel1

nembrane. The polarLty index of the predicted gene-products of CP75, CP76,
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cys TGC
TGT

GIn cÀÀ
cÀG

Glu GÀÀ
GÀG

clv

His CÀC
cÀT

Leu

Ile ÀTÀ *
ÀTC
ÀTT

Pro CCÀ
ccc
ccG
ccT

Ser

Ter TÀÀ
(stop) TÀG

TGÀ

Thr ÀcÀ
Àcc
ÀcG
ÀcT

Trp TGG

Tyr TÀC
TÄT

Val GTÀ
GTC
GTG
GTT

HOL. Í¡T

ÀGÀ X
ÀGG *
CGÀ II

cGc
CGG I+

CGT

ÀGC

ÀGT
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3

7A
76.1

TOTÂL
ÀHINO ÀCIDS

BASIC 
A

BÀSIC (¡)

ÀCIDIC A

ÀCIDIC (r)

}IYDROPHOBICA
TIYDROPHOBIC(I)

POLÂRITY b
INDEX, I

HODULÀTINGC
CODONS *
HODULÀTING
coDoNs l( (r)

*

18
2 1,t.6

1

I
2
3
1

I
2

10

c

0

5

I
9.

46
52.

41

24

063

38
50

47

85
50

47

9

3

Lys ÀÀ.4
ÀÀG

Notes to Table 3.2

7.7 0.6 4.0 6.0 2.6

9770 78671 8399 7522 8877

a. BåsÍc (Lys+Àrg), acldiò (Glu+Àsp) and hydrophobfc (ÀIa+Val+Leu+Ile+Phe+Trp)

þ, Proteins below a polarity lrdex of 40t are consldered IIkeIy candidates for
membrane-assoclated proteins ( capaldl and Varderkoot, t'972, .

6. Proteins that ere strongly expressed have a 1or.l percentage (0.6¡) and,
- weally expressed proteins have a higher percentage (>5.2t) of nodulating

codons (¡rl, eGA, ÀGG, CGA, cGG, GGÀ, GGG, cTÀ ) as descrlbed by GrosJean and
Fiers (1982).
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CP77, CPTB and CP79 are shown l-n Table 3.2. None of these predlcted

proteLns show a polarity l-ndex of less than 40% a¡d they are therefore

unllkely to represent cell membrane-assoclated proteLns.

The codon usage of a gene can gLve an l-ndlcatLon as to whether the

proteln w111- be expressed at low or high levels. The percentage of

nodulatLng codons (rare codons, correspondlng to ml-nor tRNAs) ln genes have

been shown to correlate rülth how well a gene l-s expressed (Ikenura,

lgglarb; Grosjean and Fiers, 1982). Strongly expressed genes have a low

percentage (0.6%) of nodulating codons, whereas weakly expressed genes have

a hlgher percentage é.2%) of nodulatLng codons. Several workers have

postulated (Grosjean and Flers, 1982; Gouy and Gautier, I9B2; Konlgsberg

and Godson, 1983) that rare codons nlght be translated nore slowly. Indeed

evidence has been presented that rare codons slow Èhe translatlon rate of

Sene s both in vivo and in vitro (Pedersen 1984arb; M. Robinsoo et al.,

l9B4; Bonekanp et al., 1985), and may even cause translatlonal pausl-ng

(Varenne et a1., 1984). The percentage of nodulatlng codons (ltl" AGA, AGG,

CGA, CGG, GGA, GGc, CTA) in CP75, CP76, CP77, CP78 and CP79 are shown in

Table 3.2.

Cp77, CpTB and CP79 have a hlgh level of nodulatLng codots (47", 611 and

2.6%), whereas CP76 (0.6%) and CP75 G.I%) have a low level of rnodulating

codons. Therefore, tt is expected tinat CP77, CPTB and CP79 will be poorly

expressed whll-e CP76, CP75 should be htghly expressed genes.

3.2.2(c) Transcript l-onal Control Signals.

Gene transcrJ-ptlon ls controlled by specl-f1-c sLgnals encoded l-n the

DNA (revlewetl by Prlbnow, L979. Rosenberg and Court, 1979). Inl-tiatlon

sltes for RNA synthesis are assocl-ated wtth a well conserved DNA sequence,

the promoter, which contains htghly conserved sequences ln the -35 ancl -10

posltl-ons (Siebenll-st et al. ' 1980; Hawley and McClure, 1983a¡ Galas

et al., 1985; McClure et al., 1985). The degree of honology of a pronoter
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to known pronoters has been shown to be related to the strength of that

promoter ln vLtro (ltulltgan et al., 1984).

In thls study, a wel-ght matrlx, whlch was derfved from the occurrence

of each base at each poslÈion of the promoter using the 112 pronoters

conpLletl by Hawley and McClure (f983a) (I(allonls et a1., 1986a; Chapter

2.38), was used to scan the P"F-lg.lIf (77.4%'79.6%) sequence and adJacent

regl-ons for posslble pronoters and to predlct their strength, using the

conputer program SCAN (Chapter 2.38).

This analysLs led to the prediction of two low scoring (conpared with

¡ pL¡ Hawley and McClure, 1983a) rightward promoters at positions 3873 and

3911, anct two relattvely high scorl-ng leftward pronoters at positions 3821

antl 3830. [The posttlon refers to the flrst base of the -10 regfon

(Rosenberg and Court, f979).] These promoters were naned pR7B4, pR785,

pL782 arrd pL7B3 for the sake of reference. (R and L, signify transcription

direction whlle the ntrmbers approxinate the chromosornal locatlon to the

flrst decinal place. ) ttre sequences of the four presr:mptlve promoters are

recorded in Tabl-e 3.3. Although the honology scores of the pL7B3 and pL782

potentl-al leftward pronoters were relativel-y high, lt is pertinent to note

that pL7B3 lacks the hlghly conserved T-resl-due at the flrst posltlon of

the -10 region and pL782 shows poor homol-ogy to the -10 region. Since the

-10 regLon is inportant for promoter functLon (Hawley and McClure, 1983a),

the homology scores obÈained for these promoters nay not reflect the

strength of these promoters (t.e. they nay be relatlvely weak pronoters).

The terrninatlon of RNA synthesl-s occurs at specific termlnatfon sftes,

whLch belong to two maJor classes, the Rho-lndependent and the Rho-

dependent termLnators (Adhya and Gottesnan, L978; Galloway and Platt, 1985¡

Platt , 1986 ) . Rtro-fndependent ternl-nators are capabl-e of functlonLng

ln vl-tro wLthout the need for any addLtl-onal protelns other than RNA

polymerase, and are characterl-zed by a region of GC-rich hyphenated dyad

symmetry (that can form a stem-loop structure ln the RNA) followed by a



TABLE 3.3 Possible promoters encoded in the PstI-BølII sequence.

b
SEQUENCE SCORE

C

OCCURENCE BY
CHÀNCE

PROMOTER a
(POSITION )

pR784
ï3873 )

pR785
T3911 )

pL782
T3821 )

pL783
T3830 )

GTGÀAÀCATGTCÀCGCGATGAATTAÀGÀA

GTGCCATGATTCCÀAÀTATGGAGGAÀGGT

TTCACTCCTTTÀ.ATTÀCÀÀAGTGGACAAT

GTGACÀTGTTTCÀCTCCTTTÀÀTTÀCÀÀÀ

66.1 1/3 KB

66 .4 7/6 KB

66.6 1/10 KB

67.3 t/36 KB

E. coli
CONSENSUS

TTGÀCÀ

-35

TATAAT

-10

Notes to Table 3.3

a. The position refers to the sequence position of the first base

Ín the -10 region on the l-strand.
b. The score was obtained usTng the promoter matrix of Kalionis et a].

(1986a). This matrix is derived from the occurence of each base at
each position of the promoter, using the 112 promoters compiled by

Hawley and McCIure (t-gg:a). The score was calculated as described in
Chapter 2.38.

c. Showg the frequency of this sequence occuring by chance in a randomised
seguence.

usinã-ine promoter matrix of Kalionis g! gl. (1986a), other promoters

="o.ãd as follows: 186 pR 67.2,186 pL-C67 (Kalionis et gI:, 1986a),

ñ pR 67.6, À pL 67.2, a-nd \ pRM 65.4-(Hawley and McClure, 1983a).
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strtng of consecutLve T-resldues (Holnes et al., 1983; Galloway and Platt'

1985; PLatt, 1986). TermLnatl-on of transcrlptLon generally occurs at one of

these T-resldues. Rho-dependent ternlnators need the transcrlption factor

nho (Roberts, 1969)' for te:mlnatlon to occur and are less'well defLned than

Rho-lnclependent terml-nators. TranscrlptLon stop points, which are Rho-

dependent are general-ly, but not always, characterized by a reglon of

GC-rl-ch hyphenated dyad symnetry and associated with a reglon of )70 bases

of untranslated, unstructured RNA, promoter-proxfunal to the terninatlon

sl-te (Lowery and Richardson, L977; Adhya et al. ' 1979; Morgan et al.,

l983arb, 1985; von Hfppel- et al-, 1984; Lau and Roberts, l9B5; Galloway and

Pl-att, 1985). The regLon of untranslated, unstructured RNA has been shown

to be required for the lnteractlon of Rho with the RNA (Rlchardson and

Macy, 19Bl; RLchardson, 19821 Sharp and Platt, I9B4i Cexuzzt et al.' 1985;

Chen et al., 1986). Analysis of the region 5r to Rho-dependent termination

sltes has not revealed any striking sequence homologies (l'forgan et al.,

f9B5), but tlid tletecÈ an abundance of C-residues (Rlchardson and Macy,

fg8l) and a low G-resldue content (CeruzzL et aL., 1985).

In this study, potential transcrlptÍon termlnators (sÈen-1oop

structures) were searched for using dot natrix analysis and the conputer

program COMSTR (Chapter 2.38). COMSTR searches for sten-loop strucÈures and.

calculates the AG values of these structures using the rules of Tlnoco

et al. (1973) as nodlfLed by Steger et al. (1984).

The anal-ysts of the PstI-BglIT- Q7 .4"A-79.6%) reglon for possible

termlnator structures t.v.]-r* 1.."f sten-loop structures ' the most

stable of which are shown ln Flgure 3.4. Four of the structures [//f (3586-

3609) , llla (3805-3844), ll4 (4147-4169) and ll5 (4202-4222) I are locared

wirhin porenrial genes, whJ-le the other two lll2 (4070-4089) ancl /13 (4091-

4f16)l are located between CP78 and CP79 (Ftgure 3.2). Structure llZ ts

consistent wl-th a Rho-lndependent termLnator, wlth a GC-rLch stem

Lmmed.l-ately followed by a T-rf-ch (619) tall (Ftgure 3.4). structures //1,



Flgure 3.4 Potentl-al- termlnator structures |n the PstI-BglII Q7 .47"-79.67")

region from 186 cltsP.

This Fl-gure shows the most stable sten-loop structures encoded wl-thln

the PstI-BglII Q7.47"-79.6%) regton. A threshold value of AG= -8.0 was

arbltrarfly chosen. These stern-loop sÈructures rüere predicted usLng the

compurer program COMSTR and by dot matrLx analysl-s (Chapter 2.38). The

free energy (AG) values were calculated using the rules of Steger et a1.

(1984), and are Listed beneath each stlucture. The DNA sequence

coordinates are llsted beneath each structure.



(#1 )

(#3 )

AÀÀÀ
cÀcÀ

G=C
T-À
T:G
T:G
T-À
C=G
T:G
T-À
À-T

TTGGCGTÀÀÀCCCGCCGGGC ÀTÀTGÀGTCGÀACTATTTÀT
4080 4090 4123 4133

ac = -8.4 Kcal/mol

(#4 )
G

GÀ
TGÀc

C=G

C=G

A-T
T-À
À-T
G:T
C=G

T:G
G=C

ÀTCCCGCTÀTGTCGÀGCGTG
3575 3585

GCAÎCGTTTGGTCTGÀTTTG
3616 3626

^G 
= -10,5 Kcal/mol

(#1a)

GT'T c
TCÀÀ

TC
GT
CT

TT
T:G
À-T
T-À
T-À
À-T
À-T
T-À
T-À
T-À
T:G
T]G
T-À

ÀÀGTCGCCGÀÀATCGTCÀGG GTGAÀÀCÀTGTCÀCGCGÀTG

3794 3804 3851 3861

Äc = -10.8 Kcal/mol

(+2)
ÀA

À

(tR1 )

TG
c

ÀÀCTÀTTTÂTTTÀTCAÀCGC
4136 4146

c

CTGGÀGTCTTTGTTTÀÀAGÀ
4776 4186

G G

T-À
G=C

G=C
T-À
G=C
À-T
G:T
C=G

aG = -9.0 Kcal/mol

(#5)

c

G

ÀAÀcÀc
C=G

G=C

C=G

G=C
À_T
G=C

À-T
1TÀÀÀGÀÀGCCAÀÀÀÀÀGÀ CGCCGTTTCÀÀTCCGTCTCG

4197 4207 4229 4?39

T c
G=C

C=G
c=C
G=C
T:G
T:G
C=G

TÀATTAATTÀÀACGTÀÀTTA
4059 4069

cÀTTCTTTTGCCÀÀÀÀÀÀCÀ
4096 {106

aG = -10.2 Kcal/mol AG = -10.2 Kcal/mol
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lfta, ll3, ll4, and //5 are not lmnediately followed by a T-rlch reglon and are

therefore unJ-tkel-y to be Rho-independent termlnators. These structures also

do not fal1 lnto the general- descrlptl-on of Rho-dependent terml-nators slnce

they are located ln poÈentlally translated regions or thêy are not preceded

by )70 bases of untranslated RNA. However, Rho-dependent ter:mlnators have

been observed in translated reglons of the I genome (e.g. tLIIc and tLIId;

Ftgure I .5) (Szybalski et al. , 1983; Chapter L .4.2ù. For thts reasoû

structures lll, llta, ll3, ll4 arrd /15 were consldered to be potenttal Rho-

dependent terminators.

It is pertl-nent to note that, structures //1a and ll3 overlap the

presumptive rlbosone-btnding sLtes of CP78 and CP79, respectlvely (Flgure

3.2). Local- secondary structure tn the RNA, spannLng the rlbosome-blndlng

slte of a gene, has been reported to decrease the efficl-ency of translatlon

inl_tiation (ttal-l et aL.,Ig82; Kasteleln et a1., r9B3; Woods et a1., 1984;

Schottel et al., l9B4; Bue1l et aI., t9B5; Stanssens et al., 1985; Colenan

et aL., l9B5; Loonan et al., 1986). thus, structures //1a an¿l /13 may result

ln a decrease ln the expresslon of CP78 and CP79'

As dlscussed l-n Chapters 1.3.2(b) and 3.1, the early lytic transcript

(ttre t.45 kb in vitro transcrlpt) was expected to terminate close to the

BgIII Qg.67) site (Pritchard and Egan, 19B5). Thus, the stem-loop

structures lly, ll3, ll4 anct /15, whÍch are encoded close to the BgIII site

(sequence coordlnate 4244), are L1ke1y candidates for the transcrLption

terrnlnatlon slgnal of the early lyttc transcript. Since structure ll2 was

the only potenÈlal Rtro-Lndependent terninator detected and therefore, the

only terminator expected to functlon in vltro (without the addl-tlon of

Rho), thts structure was considered to be the nost l-ikely transcrlptlon

ternlnation signal- for the early lytic transcrLpt. This potentlal

terrnlnator (structuxe ll2) was named tRl. TerninatLon of the early lyttc pR

transcript at the presunptl-ve tRl terml-nator wouLd result ln a transcrlpt

of approxl-mately 1360 bases ln length, whlch ls consl-stent (wlthtn 7%) with



Pritchard and Egan, 1985).

terml-nates the earlY lYtic

therefore predicted to be
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the slze esÈl-mated for the Ln vftro pR transcript, band 2 (1450 bases;

Thus, tRl was consldered to be the slgnal that

CP75, CP76, CP77 and CP78 are

genes (genes encoded on the earlY

lyttc transcrlpt) and CP79 ts predicÈed to be the flrst ntddle gene'

The analysls of the DNA sequence of the early lytic reglon for

potentlal promoters and terninators has 1ed to two Lnportant observatlons.

Firstly, the posf.tion of the predicted rlghtward promoters pR784 ancl pR785'

|s such that these tï¡o pronoters are located approxtmately 200 bases to the

l_eft of the potentlal terrnl-nator tRl (Figure 3.2a). Should these Promoters

be funcÈional and be of lmportance Ln the transcrl-ptlon of the nlddle

reglon, a control mechanlsn musÈ exl-st to enable efflclent transcrlption to

proceed past tRl. Secondly, the two leftward promoters PL782 and pL783,

may play a role in the establlshment phase of cI transcriptLon ln the

lysts-1-ysogeny decision. For Lnstance, they nay act in an analagous way to

À pRE (Wuttt and Rosenberg, f9B3). Therefore, it is inportant to deternine

whether or not these Promoters

investigated tn ChaPters 7 an<l B.

are functtonal ln vLvo. This will be

3.3 SI,ìî,ÍARY.

The sequence of rhe P"F-Igl.If Q7 .4i¿-79.6%) fragnent has conpleted

the sequence of the 186 early lyttc reglon and the analysls of the sequence

(sr¡mmarlzed ln Fl-gure 3.2b) has revealed two Ímportant flndings that nay

have relevance to the control of Lytlc gene exPressl-on.

(l) Transcrlption tnitl-atlng fron the early lytic pronoter gR

(Ibltonts, 1985; Kallonls et al., 1986a; Prltchard and Egan, 1985) is

likely to encode f our gene", E, æft, CP77 arrd CP78 antl to ternLnate at

a puÈatlve Rho-i_ndependent terminator tRl located ln the CPTB-CP79

J.ntergeni.c reglon. CÙ5, æft, CP77 arrd CP78 are deflned as early lyttc

genes and cP79 as the flrst gene ln the rnltldle reglon,

transcrLpt.

early lytlc
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(2) The CP75 and CP76 gene-products are ltkely to be control proteLns

slnce they contal-n an amlno acid sequence, which has slgnlfLcant homology

to the DNA-bfnding reglon of À Cro-type DNA-btndfng protel-ns (Oodd and

Egan, 1987; I<al.Lonls et a1., 1986a), and they may be candidates for

functions fnvolved ln the lysts/lysogeny decl-slon and/or candidates for the

postuLated ntddle control gene (tom), which was dlscussed ln Chapter L.3.2.
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CHAPTER. 4. GEL AIIALYSIS OF TEB Tß.OTEIN PRODUGIS ENCODED IN THß 186 FÂRT.Y

LTTIC REGION.

4.L INIT.ODUCTION.

As detalleil ln Chapter 3, the sequencl-ng and analysis of the PstI-

Bgl-II (77.47"-79.67") reglon, together with the adJacent regl-ons (I(allonts

et a1., 1986a; Sivaprasad, 1984) has 1ed to the predictlon that four genes

CP75, W, CP77 arrd CP78 are encoded on the early lytlc transcrlpt, with

CP79 the first gene of the ntddle regLon. This Chapter deals wlth the gel

anal-ysis of the proteLns produced from the early lyttc regf.on.

Evidence can be obtal-ned for the exLstence of genes by determlning

whether the protein products expressed fron a plasmld-clone of thls region

are of a nolecular wel-ght approximaÈLng that predJ.cted fron the translated

sequence- Alternatively, fusf-on-proteins produced fron the fuslon of

potentlal genes with an oRF on the plasnLd, or truncated proteLns produced

from amber mutations, can be used to obtain evldence that genes encode

proteLns and that the reading-frame ls correct.

In thls T,rork, early lytlc proteins were expressed from plasmid-clones

Ln maxicel-l-s and analysed by SDS-polyacrylamide gel electrophoresls (Sancar

et al., L979¡ Chapter 2.37). A1-l- clones used were constructed during the

course of thls work (Chapter 2.3.2), unless stated otherwf.se. The analysis

of protelns Ln aLl the experlments described below was carrled out in

collaboration with A. Puspurs. Spectflc reference to the work carrfed out

by A. Puspurs ls detatled in the Flgure legends.
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4.2 RESI'LTS AI{D DISCUSSION.

4.2.I Ïhe 186 Early Lytle Gene-Products.

The xhol-Bglll G7 .6i4-79.67") DNA fragment ' f ron 186 dell (5)

(containlng a de1-etl-on, whlch removes the 3'-end of gI gene' and the

couplete Lnt and CP69 genes) Lncludes the early lytic reglon of 186, but

does not contal-n the lrrel-evant lysogenLc genes (l'tgure 4. la) . thls

fragment was cloned Loto the plasmtit pKCT (ChapÈer 2.3.1) to give the

c1one, pEC400 (Ctrapter 2.3.2). pEC400 encodes a lethal gene (Chapter

5.2.2) t;¡at 1s not expressed in a strain, which l-s lysogenic for 186. The

Su* naxlcel-l stral-n (E660) is lnfected poorly by 186 and l-s therefore

dtfficult to lysogenf-ze. For this reason a rnutated derLvatlve of pEC400,

namely pEC OI (that contains pol-nt nutations Ln the CP77, CPTB and CP79

genes), whlch is capable of survival ln a non-lysogenLc host (Chaptel

5.2.2; Figure 4.1a) was used to transforn the Suf maxicell stral-n (E660).

protelns produced from pEC401 and 1abelled wtth 35s-^"thionine in the

naxicel-l strain were analysed¡ âs descrlbed in chapter 2.37. The

fluorograph ts shown in Ftgure 4-2. CandidaÈe protelns \ùere observed,

which were consLstent wLth the predlcted molecul-ar wel-ghts (see Table 3.2,

Figure 4-1) for CP76, and the fuslon-proteLns of CP79 antl cI, but there

were only poorly deftnetl ban<ls Ln the reglons expeeted for CP75, CP77, and

cP78.

The appearance of a proteLn product fron pEC401, eonsistent in size

wlth that expected for the CP76 protein, lncreases the llkelLhood that the

computer-predlcted gene CP76 is a real gene. Furthernorer the apPearance

of a protein producÈ fron pEC401, consistent wlth the slze expeeted for the

Cp79-fusion-proteln (proteln expected fron the fuslon of CP79 with a

plasmid ORF), conflrns the readlng-frame for CP79 and provldes supporting

evidence that CP79 ts a real gene. the poor representatlon of the CP75,

CP77 and CP78 gene-products may be explained by the expected Poor



Fl-gure 4.1 Gene content of the pl-asmid-clones used to analyse the proteJ.n

products of the 186 early lytic region.

a. A dl-agrannatic representatLon of the gene content of the XhoI-Bg1II

(67.67"-79.6%) reglon from 186. Genes are represented by the boxed

regJ-ons and promoters are represented by the arrorüs. Relevant

restrLction sltes are shown. The sequence coordlnates of the

restrl-ctl-on sLtes refer to the fLrst base of the slte on the l-strand.

PlasnLd-clones used l-n thls study for the analysis of proteln

products of the early lytfc genes are shown. The construction of these

plasmid-clones fs descrlbed in Chapter 2.3.2. The restriction sl-tes

used to construct these clones are Lndicated (Chapter 2.3,2)"

The genes present on these clones are shown. The sl-zes of the

expected Protein products ln the number of amino acids (aa) ancl by

molecular weight (kd), are sho¡vn. For plasmld-clones ln the expression

vector pPLc236 the À pL promoter-proxLmal fusion-protein ls not

expected to be produced, and therefore Ls not l-ndicated on the diagram.

The positLon of the galK gene carrled by clones in the vector, pKOl-T,

l-s lndicated.

Genes that are only partlall-y represented on the plasrnld-cLones

are l-ndLcated by the jagged-edged boxes. The sl-zes of the fusÍon-

proteins expected for these genes are indicated,

The de1l deLetLon (67.9"/"-74.07") caxxied by pEC401, is represented

by the shaded box.

!. The DNA sequence and amino aci.d sequence (Ln one letter code) of all

three readl-ng-frames of the fusLon genes expected from these plasnld-

clones. (* lndLcates a terminatLon codon.) The sizes of the predlcted

fusÍ-on-products are shown ln the number of anino acLds (aa) ancl by

mol-ecular weight (kd). The restrl_ctLon sLte-fusLons are also

Lndl-cated.
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b.
(a) CP79-lus¡on wlth plssm¡d DNA ln pEC4o1

H s R 1 I Y L s T P s G À G D H L'L..8 s L F K E À K.:K-.E. B R K D R À L À v s l R

* v B L F I y Q *ln-v'u L 
^ 

T 1 c u-s L c L K K P K K-K s À K T À L s P F Q s

E s N Y L F I N À E n c rt R P !--1--9. v-¡ v-* R S Q K R R À o R Þ R S R R F N P

À1cÀcrccÀÀcrÀlTrlrrr¡rc*.0àc.i"räcrðcrc"cc¡*ccn.rr.cr."o.icrircirreelcuèccÂ¡umcuclecccl¡¡crccccGcrcTcGcccrrTcÀÀTcccT7180 7190 72OO 7210 7220 'iàá0"-'- lilo 7250 ?260 7270 7280 7290

L E D L D P L R H Q ¡ L G G K_ Q F T L Q G F P-T-L. P E G À P À G N S G S L

v s K I L I p c r I'n-s L À À R K P,=-"''L-L c R A s Q'-P' Y 0 R À P Q L À I P v R

S R R S * S P À P S D P H R O E 9--II.-I V Y F À G L P N L T R G R P S IJ Q F R F À

cTccÀÀgÀjlglrcÀrccccrccccclräcirccrrcccôccÀÀcÀÀÀcccrrcclcirricrircCrccccrrccce¡ccTrÀccÀGÀGGGcGccccÀGcÎæcÀÀTTcccGrTcGcrr
73oo Bsl lI/Bsl tr

À V H K T À Q 5 s Y R H V S P L 0.-À.1 C F L F À L À F-S L V O I À Q * 114a4

LLS I KPPSLÀ I ÀH} ÀHCKLP ÀFSLRLRFPLSR*P S

ccp* N R P v r L s P CK P T I !--I L Ls L c À cv F P CPD S P v

cclcrccÀTÀÀÀÀCCCaaatarcr^"ailrðcctrrcrrlcccclcrccl¡ccr¡cciccirrõrcirrccccrrGcGTTlTCCCTTGTCCÀGÀTÀGCCCÀGTÀG 
12'4 kd

(b) CP78-f uslon wlth plasmld DNA ln pEc4o4

},I S R D E L R I V L G À M I P N T'f E E.G F E I K T R D G À I L R V L P R À F R T

CHÀHN*ELFWVP*FQ
v r R * r K N c o'.'.'H D s K Y q 9-.R'F"'"Nn"N'l !-l--l N T s R s À s R v s v

ÀTGTcÀccccÀTGÀÀTTÀÀcÀÀTTGTTTTGäcrãcc'lrclrrðcu¡rlrcc¡ccllêcrirrcmirrluicccccclccccicurlcrrcGcGTTcrGccrcGcGcGTTTcGGTGÀ
3861 3s71 ¡aäi""'-'-äôõï-'-- 

-ìgor 3e11 3921 3e31 3e41 
Hinc IIrPvu II

.* R { K P L T H À À P G D G H S L S V S G C R E Q T 5 P- S G R V S G C !I R V S G

D G E N L * H I'I Q L P E T V T À C L T À D À G S R Q À R O G À 5 À G V G G C R G

T,I T V K T S D T C 5 S R R R S Q L V C K R H P G À D K P V R À R Q R V L À G V G

TcÀ.GGTGÀÀÀÀccrcrclcncar""^"crðccôclc¡cdcrè¡c¡ccrrcrcrcruocäclïcccccð¡cclclcucccccrcÀGGGcGcGrcÀGcGGGTGTTGGCGGGTGTCGGGG

R5H
ÀÀl'l

À0Pr
CGCÀGCCÀTGÀ

39 aa

4.5 kd

(c) CP78-fuslon wlth plasmld DNA ln pEC422

RcvÀvhGÀGPPRP
VÀSRCHEPGHLDL

ÀLRRGÀfISRÀTST*
CGTTGCGTCGCGGTGCÀTGGÀGCCGGGCCÀCCTCGÀCCTGÀ

II S R D E L R T V L G À H I P N H E E G F E I K T R D G A I L R V R R E À G I.l P

C H À H N T E L F N V P } F Q I TI R K V L K L K P À T À Q Y F À F D À R L D G L

V T R ï I K N c F G c H D s K Y G G R F * N * N P R R R N 1 5 R S T R G !4¡ H À

ÀTGTCÀCGCGÀTGMTTÀÀGÀÀTTGTTTTGGGÎGCCÀTGÀTTCCÀÀITITCCXCC¡¡êCTiTTCN¡JTTUUCCCICiG 
ICGGCTCÀATÀCTTCGCGTTCGÀCGCGÀGGCTGGÀTGGCCT

3861 3871 ¡s8i 3891 3901 3911 3921 3931 3941 
Hlnc l'Nru I

5P
PH

FP
TCCCCÀ

LXFFSLPÀÀSGCPRCRPCCPGR*HTT I RDSFKDRSRLL
YDsSRFRRHRDÀRvÀGHÀvQÀGR*R_P-.s-G,TÀsRIÀRGsY

I H I L L À s G G I G H P À L Q À H L S R Q v D P-P--tt--g-^G O L Q G S L À À L

TTÀTcATTcrrcrcccrrccccccccÀTccðclïccðccdcriccicccc¡rccrcrðc¡öcciccrlcltclcclcclrciccclclcctrcÀÀGGÀTcccrcGcGGcrcrrÀ

PÀ+LRS LDR}SSRRFHPPRRÀHGlGIIHG LTÀPPYTLSÀSP

Q P N F D H l{ T À D R H G D L C R L G E H }I E R V G M D C R R R P I P C L P P R

T S L T S I T G P L I V 1 À I Y À À S À 5 T I{ N G L À N I V G À À L Y L V C L P

ccÀcccrÀÀcrrccÀTcÀcrccÀccccrcÀiccic¡ðccCc¡irretccccccrcccäc¡ãclðlrccl¡ccccrrcccÀTGGÀTTGTÀGGcGccccccrÀTÀccrrGTcrGccrccccG

43 aa

4.9 kd



(d) CP79-fusion wlth pla6mld DNA In pEC42o 
^nd 

pÉc421

HSRTIYLSTPSGÀGDHLL EERKDRÀLÀVSIR
TVELFIYQRRVVLÀTTCW KSÀKTÀLSPFOSV
ESNYLFINÀETICÍ'IRPL¡ RRÀQRPRSRRFNP

ÀTGÀGTCGÀÀcTÀTTTÀTTTATCÀÀCCCcG;crðcrãcreccc¡ccxctrccrc 
GÀÀGÀGCGCÀÀÀGÀCCGCGCICTCGCCGIîTCÀÀTCCGT

A128 4138 4148 4158 4168 4208 4278 4228 4238

L E D P L R R T H R G R H H R R H R C G C fI R L Y R R H H R I¡ G R S G S P L R À

SKT LYÀGR I VÀG I TGÀTGÀVÀGÀY I ÀD I TDGEDRÀRHFGL
SRRSSlPDÀSWPÀSPÀPQVRLLÀP I SPTSPMGKI GLÀTSG
crccÀ¡gÀrçqrcrÀccccccÀcGcÀricröccbccôlrc¡ccccccccrciccrccäcriccicc-Ccc-crlirrcccccÀcÀrcÀcccÀTGGGGÀÀGÀrcGGGcrcc'ccÀcrrcGGGcr

4248 ss¡ IVaam HI

HERLFRRGYGGRPVÀGGLLGÀ I SLHÀPFLIÂÀVLNGLNLL
H S À C F G V G II V À G P W P G D C II À..P S P C I{ H H.S L R R R C S T À S T Y Y

5 ï À L V S À I'I V TI }I Q À R G R C 1I,G R H L L À C T I P C G G G À Q R P Q P T

cÀTcÀccccrrcrrrcccccrcccrrrócräcciccðccCrccccccccc¡crcrrcccccccÀTcrccrrGcÀTccÀccÀTTccrrGcGGcmccGTGcrcÀÀcccccrcMccrÀcrÀ

L G C F L H Q E S H K G E R R P }'I P L R À F N P V S S F R T À R G H T ¡ V À À L

I{ À ,À S * C R S R I R E S V D R C P } E P S T Q S À P S G G R G À * L S S P H L

T G L L p N À G V À r G R À s 1 ?--ì--!,E S L Q P S Q L L P V G À G H D Y R R R T

crccccrccrrccrÀÀrccrcc¡crccölrp,dc¡êlcõcróclccclrccccrrcic¡õccirci¡ccclctcÀccrccrrcccGTGGGcGCGGGGcÀrGÀcrÀTcGTccccGcÀcrr

II T V F F I }I Q L V G Q V P À À_L-I'I.V 1 F G E D R F R ll S À T H 1 G L S L À V F

+ L s s L s c N s'*-D-R c R Q R s G s F s À R T À F À G À R R t s À c R L R Y s

Y D C L L.Y H À T R R 1 G À G S À L G H F R R G P L S L E R D D D R P V À C G I

ÀrcÀcrGTcrrcrrrÀrcrrccucr"ärrêc¡ð¡cðrcCccccrccccrcrcccrcïrrircCccd¡cárccccrrrcccrc6ÀcccccÀccÀTGÀlccGccrGTcGcrrGcGGTÀTTc

GI LHÀLÀQÀFVlGPÀTKRFGEKQÀ ¡ I ÀGHÀÀDÀLGYVLLÀ
E 5 C T P S L K P S S L V P P P N V S À R S R P L S P À !I R P T R T À T S C !¡ R

RNLÀRPRSSLRHÍSRHOTFRREÀGHYRRHGGRRÀGLRLÀG
ccÀÀTCTTccÀcccccrcccrcucccircCrclcrccrccccccrccn¡ccrrrccccclGÀÀGcÀccccÀTÎÀTcGccGGcÀTGGcGGccGÀcGcccrGGGcrÀcGTcrrGctGGcG

F À T R G I.I H À F P I H I L L À S G G I G I'f P À L Q À H L S R Q V D D D H Q G Q

sRREÀGt¡PsPL{FFsLPAÀsGcPRcRPccPGR+},fTTIRDs
VRDÀR LDGLPHYDSSRF RRHRDÀRVÀGHÀVQÀGR*RPSGT
TTccccÀccccÀcccrcclrccccrrccccmrlrclrrcrrcrcccrrcccccccc'lrcCccntcccccccrtccxccccÀTGcrcrccÀcccÀccrÀcÀTGÀcGÀccÀTcÀGGGÀcÀG

S L À À LT S LTS I T GP L I V T À I Y À À S À STT'I N G L ÀI¡ I V G À

R S R L L P À * LR 5 L D R T S S RR FI'f P P R R ÀHG T G llHG L * ÀP

I À R G SY QPN FD HI'I T À DRH GD L CR L G E H H E R V GHD CR R

TCGCTCcCGGCTCTT¡CCeCCCrÀÀCrrccÁrclcrGc¡ccccrctrccrc¡ccccc-lrrilrccccccrccccc¡GcÀcÀTGGÀÀCGGGTTGGCÀTGGÀTTGTÀGGCGCC

ÀLYLVCLPÀ LRRGÀWSR ÀTST *

PYTLSÀSPRCVÀVHGÀGPPRP
RPIPCLPPRVÀSRCHEPGHLDL
êcc'ctrilcôrrcrcrcccrcccccccrrcccTcccccrccÀTccÀccccGGccÀccrcGÀccrGÀ

LQG
FKD

ÀsR
CTTCÀÀGGÀ

341 aa

37.3 kd

},IÀ SE I À I I KV P À P I VTLQOFÀ EL E GV 5 ERTÀYRfìTT GDNP
WLLKSOSSKCLHLSLLCNN SQSLRVFLNÀPPTÀGQPÀTT
GFTNRNHQsÀCTYRYSÀT I RRÀT GCF *THRLPLDNRRQP

ÀTcccrrcrcÀÀÀTccclerclrcu-rctcdcrccÀccrÀTccrrÀcrcrcc¡,lcerircecÀcÀccrrGÀccclcrrrcrcÀÀcccÀccccclÀccccrGGÀcÀÀccGGcGÀcÀÀcccr
2836 2846 2856 2866 28?6 ãggs 2896 2906 2916 2926 2936 2946

CVP I EPRT I RKGCKKÀGGGNKGClRTF IRLCCÀPPPYVNL
LVYQSNPÀQ5VKÀÀRKOVGÀ IRÀÀRÀLLSÀSÀÀLRHRT* I

L C T N R 1 P H N P * R L Q E S R II G Q * G L H À H F I P P L L R S À T V R K F

TcrcrÀccl;tTcGÀrccccccÀcÀÀTcccrÀÀÀcccrccÀÀGÀ¡eccecctccccccÂ¡rÀÀcGGcrccÀcccccÀcrrrrÀTcccccrcrccrccccrcccccÀcccrÀcGTÀÀÀTTTÀ
2gs6 2966 2976 2986 2996

Hae III/Sma I

93 ea

10.3 kd

(e) CP75-fuslon wlth plasmld DNA In pEC60l

YGt{L*NÀGRDPÀRP
I{VGYEHLÀElORDL
TGGTTGGTTÀTGÀÀÀTGCTGGCÀGÀGÀCCCÀGCGÀGÀCCTGÀ

(f) cP76-luslon wlth plasmld DNA ln pEc602

HLV}|KCrlQRPSET*

XÀSEIÀ
t{LLKSQ
GFTNR

PÀPIVTLQ
L H L S L L C.N SLRVFLNÀ

ÀÌGCF*TH

ÀY
PPT
RLP

I I KV
SSKC

NHQS
ÀGQPÀTT

RI,ITlGDNPQFÀELEGVSERT

ÀTGGCTlCTGÀÀÀTCGCÀÀTCÀTCÀÀÀGlGCCTGCÀCCTÀTCGTTÀCTCTGCÀÀCÀÀTTCGCÀGÀGClTGÀGGGlGTTTCTGÀÀCGCÀCCGCCTÀCCGCTGGÀCÀÀCCGGCGÀCÀÀCCCT
2836 2846 28s6 2866 2876 2886 2896 2906 2916 2926 2936 2946

CVPIEPR
LVYQsNPÀ
LCTNRTP
TGTGTÀCCÀÀTCGÀÀCCCCGCÀCfu\TCCGTÀÀ.ÀGGClGCÀÀGÀÀÀGCÀGGTGGGGGGÀTGGGGÀGTÀÀGCTTGGCCGGGCTCÀGCÀCGTTÀCCGGÀCCÀGÀÀGTTGTCClGGCÀTGCCCÀ

2956 2966 2976 2986 2996 Ha6 llySma I
À E Q H T H V À V V T S V T F T H Q À D I V S P P S K I R F S G + I'I C D S L H H

O R N S T H },I S R t¡ L R P S R S R I R R I S L À H P À K F G F L À D G À I V F 1

S G T À H T C R G G Y V R H V H À S G G Y R + P T Q Q N S V F TJ L H V R * S 5 P

GCGGÀÀCÀGCÀCÀCÀCÀTGTCGCGGTGGTTÀCGTCCGTCÀCGTTCÀCGCÀTCÀGGCGGÀTÀTCGTlÀGCCCÀCCCÀGCÀÀÀÀTTCGGTTTTCTGGCTGÀTGGlGCGATÀGTCTTCÀCCÀT

V K H P L C G G Q V F C C P P L À G À L 112 aa
HSNIHSÀÀVRSSÀVPHLLÀL*
C Q T S T L R R 5 G L L L S P 1 C I.I R S
GTCÀÀÀCÀTCCÀCÎCTGCGGCGGTCÀGGTCTÎCÎGCTGTCCCCCÀCTTGCÎGGCGCTCTGÀ I 1. 9 K d

NS0
ÀCTYRYSÀlIRR LDNRRQP

T I RKGCKKÀGGGHGSKLGRÀQHVTGPEVVLÀC
O S V K À À R K Q V G G l{ G V 5 L À G L 5 ? L P D Q K L S l'l HÀ

H N P T R L Q E S R tl G D G E * À lIP G S ÀR Y R T R S CP GII

P

P



(o) !¡f fuslon wlth plaemld DNA ln pEC601

ll r v R K N P À G G t{ I c F'0"'Knt^t*0"'ooo'uto
T p S v K I R L À v G F v I R Y * R R G s G-v * 

^D R P * K S GI'I R LD L iTCöCTiCTN¡¡CCCGÀGGCTCTGGCGTTTGÀGCÀG
¡rrc-¡rccärcccrn¡reÀÀTcccccrcccccrrccÀTTÎcr 

- 
lôll 7083 7093 7103

' --'--6993 7003 7013 702

Y T V Q N P !I Q E E K E D R R T L K E L V D'5 I'I Y S À H G I 1 L K D G L K R Q L

S T P F K T R G R K K.R_K_T C À-.R-.T..K.S II L I H G I.-À-L-H À L H * K M V * N À S

v H R s K P v À G R K G"R Q À H V I--f-À"G-', F H V * !--!' tl H Y T E R H F E I P v

rÀcÀcccrrcÀÀÀÀc...r...nc.onän¡ïìðË¡*ärciccëcclccrr¡ru¡àr'cêrcärrc¡ricrïcci¡r¡,ccôcrcrröcc¡trrrclótcnucnrccrtrGMÀcGccÀGrrA7t13 7723 ii¡¡ 7113 7Ls3 -;ì¿ï"-"titâ--"""itst ""-i'ig1"-"-- zzot 7213 7223

À H H H À F F D À O H F S'R- K R L K G E Y À R S N R V

r p c r H L L t s H R"R"c'¡ P À T E-K"N G * K v 5 H P v Q T E

s H À P C F F R C À D V F'P L | !--{ T V K R n v c P F K Q s

cccÀTccÀccÀTccrrrr r"ttlräc''Èn"îrcirrìcctcciecceacllulðccrr¡'¡tuccrcÀG1ÀTcccccrrcÀÀÀcÀGÀGTc
723372273o"ï;äi^'''^'i;;:""'"ïä0T""":tãit732373337343

K E V S P R T L N L E L G G !'I G.V..S.L À G L S T L P_D-O K L S'W H À Q R N S T H

* K R Y R L À R,- t''-'r¡ c D

E R G I À s H À *,S-*-À G G II G !-!(.-L"N,R"^ Q H V T.-q.: E V V L À C P À E Q H T

ÀÀÀcÀGGTÀTccccTcccÀcccTTÀÀTcTTGÀccTgqçqqcÀlcc.anar^oa.ir.äaaäccörcicc'¡tccrrlõccclccec¡¡crrcTccTGGcÀTGcccÀGcGGÀÀcÀGcÀcÀc^c
7353 7363 7373 

Hae III/Sma I

il S R r¡Ù L R P S R 5 R I R R I S-L..À-H P À K F G F-L-'À'D G À I V F 1H s N I H 5

T c R G G y v R " 
u-H"o s G G Y-R..*-P T Q Q N s v-F-Ít-L"ú v R * s s P c Q r s T

H v À v v r s v r F r H Q À D',I-t---t'p's'x I R l-l--9--l'1l c D s L H H v K H P L

ÀrGTcccccrccrrÀccrcccrcÀcçTicÀðccrtcicccccnr¡rcGTTÀccclÀctcÀãcl'¡r¡¡ircêcrirrcrcccrc¡récrccc¡1ÀcTcrrcÀccÀTGTcÀÀÀcÀ1ccÀcrcr

ÀÀVRSSÀVPHLLÀL*
LRRSGLLLSPlCllRS
CGGQVFCCPPLÀGÀL
ðccðcccrciccrcrrcrccrcrcccccÀcrrccrcccccrcrGÀ

214 aa

24.4 kd

(h) lnt-fusion wlth plasmld DNA In ÞEC6o2

H T V R K N P À G G l¡ T C E L Y P N-G À K C K R I R K K.-F À T K G E À L À F E Q

{ P S V K I R L À V G F V N S T O l V O K À N V.S-E-.R-N S L L K À R L I¡ R L 5

D R p { K s c H R L D L r r L P l( ! c-r'ì"0 1 Y g [--!--I R v r R R G s G v n À

ÀrcÀcccrcccrÀÀÀ^,nrcccccrGGcccriccirricrcurircracccr¡rcccrðcr'i¡¡räcciuòcrlrcÂcuecu¡rrcccrÀc1ÀÀÀGGcGÀGGcrcTGccGTrrGÀGcÀc69e3 7003 7013 ?023 7033 ió¡t 70s3 7063 7073 7083 70e3 7103

Y T V Q N P I{ Q E E K E D'R R T L K B L V D S I,| Y S À H G I 1 L K D G L K R Q L

S T P F K T R G R K K R K T G À R T K S I{ L ¡ H G ¡ À L H À L H + K }'I V X N À S

V H R S K P V À G R K G R Q À }I V K R À G X F ÌI V } R S I'I H Y T E R H F E T P V

TÀcÀcccrrcÀÀÀÀccccrccc¡,ccr¡ðlniìceuô¡cicccccrccrruar,ilcðreðrrcrricliccrlraccccrcÀTGGcÀTTÀcÀcrGÀÀÀGÀTGGTTTGÀÀÀccccÀGTTÀ
7113 7123 7133 7113 71s3 "'ll¿1-"-'- |lh- 7T83 7193 7203 7213 7223

ÀHHHÀFEcIIGEPLÀRDFDÀQHFsR,YR.E--KRLKGEYÀRsNRv
* P C T H L L S V t.t À N H 5 H À I S H-R R C F P À 1E K N G II K V S }'f P V Q 1E

SHÀPCFIVYGRTlRTRFRCÀDVFPLPRKTVKR*VCPFKQS
cccÀTGcÀccÀTccrrrrc¡rcrcurcðccêx¡ðc¡ôrcCclccccrrrrcc¡rðccércitcttticcccct¡cccÀcÀÀÀÀÀcccrlÀ^ÀÀGGTGÀGTÀTGccccTTcÀ-ÀÀcÀGÀGTG

7233 7243 7253 7263 7273 -iZdá"-- lzsl 7303 7313 7323 7333 73{3

K E v s.p R T L N L E L c À I R r r n i L L 5 I s À À L R H R T l{ I Y G f{ L ll N

*KRYRLÀRLILstIGQ*.-G_L.H'^HFyPPLLR.sÀTvRKFHvGYE
ERGIÀsHÀrstÀGGNKGcIRIFIRLccÀPPPYvNL!lLvHK
ÀÀÀcÀGGTÀTccccrcccÀcccrrÀÀTcrrGÀccrgqçggcÀÀTllccccrcc¡rêccäcrérrirricccccrcrccrccccrcccccÀccclÀccrÀ¡ÀTTTÀTGcTTGGTTÀ1GÀåÀÎ

73s3 7363 7373
Hae III/Sma I

ÀGRDPÀRP
¡,fLÀElQRDL
CI,IQRPSETT
GCTGGCÀGÀGÀCCCÀGCGÀGÀCCTGÀ

162 .iei

17.6 kd
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expressl-on of these genes, predtcted on the basis of the number of

nodu1atlng codons Present Ln these genes (GrosJean and Flers, l9B2; Chapter

3.2.2b) and/or they nay be unstable protelns'

To further examlne the exlstence of the presunPtl-ve CP75, CP77 ancl

CPTB genes, the strategy used, was to express, l-n the maxlcelL systen,

plasnid-clones encodlng lndlvidual genes from the wiLd-type, and amber

muËants or fuslons of these genes, and to analyse the protelns produced by

SDS-polyacrylanide gel electrophoresis. The appearance of proteln bands of

the expected size for the fuslon-product (protetn expected for the fusion

of genes with plasnid.oRFs) or the disappearance of a specLflc proteln band

(and the appearance of a truncated protein) when the gene contains an anber

nutatton will provide evidence that the predicted readl-ng-frame l-s correct

and that the conputer-predicted gene encodes a proteLn'

4.2.2 Evidence that CP75 Encodes a Protein.

To confirm that CP75 encodes a protein, clones that produced CP75-

fuslon-proteins were analysed after label-ltng the protelns wlth 35S-

nethlonlne ln naxicells (Straln E660), fol1-owed by electrophoresl-s on an

SDS-polyacrylantde gel (Chapter 2.37). The clones used were pEC601 and

pEC602, whieh contal-n the HaeIII (71 .2î¿-75.57") f.ragment fron 186 cltsp (1)

cloned into the SnaI slte of pKOl-T l-n eLther orlenÈatlon (I. Oodd,

personal communication; chapter 2.3.2; Flgure 4.la). Thts fragnent encodes

the cltsp gene and creates fusion-protelns for CP75 and Int (see Figure

4.larb). The 1abelLtng was done at eLther 30oC (cI ls expected to repress

expresslon of the CP75-fuston gene fron pR), or at 37oC (when transcription

fron pR can occur and the CP75-fuston gene expressed). Figure 4-3 shows

that protein bands were obtained aË 37oC of nolecul-ar weights (11.4 kd for

pEC6Ol and 12"4 kd for pEC602), whlch 'rrere consistent with the predl-cted

sLzes of the Cp7s-fuslon-proteLns (10.3 kd for pEC601 and 11.9 kd for

pEC602; Flgure 4.1b). Proteins of a sLze conslstent lrlth the cI protein



Flgure 4.2 Ïhe protein products of the 186 early lytlc reglon.

Thls Flgure shows proteln products prepared fron the plasnld-elone

contaLnlng the 186 early lytlc regLon (pEC401¡ Chaptet 2.3.2). The gene

content of pEC401 is shown in Figure 4.1.

Maxlcells vrere prepared from E660 (pEC4Ot) or n660 (pKC7) antt proteins

were labelled *tth 35S-methionlne at 37oC (Chapter 2.37). SampJ-es (at

approxlmatel-y 30r000 cpm) were fractlonated o¡ a L57" polyacrylamltle-SDS gel

overnight at 95 V. Fluorography was as descrLbed by Reeve and Shaw (1979).

The fluorograph was developed after 2 days exposure at -80oC.

Gel Tracks 1. Protein products l-n naxlcells carrying the plasnLd-vector

PKC7.

2. Protel-n products fn maxlcel-1s carrytng pEC401.

3. Molecular weJ-ght markers (Chapter 2.37).

The sizes of the proteLn mol-ecular weight markers are lndl-cated on the

rtghE of the Flgure. The sl-zes of the protel-n products fron pEC401, as

determLned by thetr mlgratlon relatl-ve to the molecular wel-ght markers, are

lndlcated on the left of the Flgure. The 11kely ldentlty of these.proteln

bands Ls lndlcated. The mol-ecular welghts ln brackets are the slzes of the

protel-ns determined from the translated DNA sequence.

8660 (pKC7) gave rlse to several protein products that were not

present in the sample prepared from ¡060 (pEC4Of). Thls 1s presumably due

to the replacement Ln pEC401, of the XhoI-Bg1II fragnent from the vector

(contalnlng the kananycin gene) wlth the 1.78 kb XhgI-BglII fragnent from

186 (Chapter 2.3"2). The fntense band beneaÈh the ampicll-11n protel-n fs

nost like1-y the kanamycin gene-product (29.0 kd). The ldentfty of the other

proteLn bands observed ln sample from 8660 (pKC7) ls not known.

35s-methtonl-ne labelled-sarnples from E660 (not carrylng any ptasmtds) dld

not glve rLse to any proteln bands (data not shown).

The preparatl-on of naxlcells, labe1-1-lng of protelns, Be1

electrophoresls and the flxtng of the gel were carrl-ed out by A. Puspurs.
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Flgure 4.3 The CP75-fusl-on Proteln.

Maxfcell-s were prepared from 8660 carrylng efther pEC601, pEC602 or

the parent vector, pKOl-T (Chapter 2.37). Proteins were labell-ed wlth

35s-r.thtonl-ne at 30oC or 37oC. Sarnpl-es (at approximately 101000 epm) were

fractlonated on a 12.57" polyacrylanlde-SDS gel, overntght at 100 V' The

gel was ftxed and fluorographed, as descrlbed by Reeve and Shaw (f979).

The gel was fluorographed for I week at -B0oC'

Gel Tracks 1. Molecular wetght narkers (Chapter 2.37).

Proteln products ln naxlcells carrytng pKOl-T at 30oC

and 37ocr respectLvely.

Proteln products ln maxLcells carrylng pEC601 at 30oC

and 37oC, respectlvelY'

Proteln products l-n maxl-cells carrytng pEC602 at 30oC

and 37oC, respectlvely.

2 and 3.

4 and 5.

6and 7

The gene content of pEC601 and pEC602 ts shown 1-n Flgure 4'l' The

clones lvere constructed by I. Dodd, as descrlbed tn Chapter 2.3.2.

The sizes of the molecular welght markers are lndlcated on the left of

the Ftgure. The sl-zes of the maJor protefn products fron pEC601 and

pEC602, as determlned by thel-r nLgratf-on relatl,ve to the nolecular weLght

markers, are Lndlcated to the rtght of the Flgure. The ltkely ldentfty of

these proteln bands l-s indlcated. The molecul-ar wel-ghts ln brackets are

the slzes of the proteLns determlned fron the translated DNA sequence

(Figure 4.1)'

The preparatlon of maxlcelLs, protef-n labelllngr Bel electrophoresis

an¡l flxLng of the gel were carrl-ed out by A. Puspurs.
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(2I.2 kd) were fatntly detected, however, candidates for the Int-fusfon-

proteLns were not visible (Ftgure 4.1, 4.3). The lnabll-tty to detect the

Int-fuslon-protel-ns may reflect poor expression due to the large number of

modulatlng codons (GrosJean and Flers, 1982; Chapter 3.2.2b) present ln

these fusLon genes (77" a¡d 5.3% fox the Int-fuslon fron pEC601 and pEC602,

respectivel-y) and/or LnsÈablltty of these proteLns'

These resul-ts provide evidence that the predlcted readlng-frane for

CP75 ts correct and that CP75 encodes a proteLn.

4.2.3 Evidence that CP77 and CPTB Encode Proteins.

The strategy used to obtaln evidence for the exlstence of CP77 and

CPTB was to clone the genes lndivirlually l-nto an expresslon vector

(pPLc236) and to analyze the protelns produced. Furthernore, clones of

CP77am and CP78an mutants tn pPLc236 were constructed in order to compere

the proteins obtalned fron these mutants with those obtaf-ned fron clones of

CP77 and CP78 fron the wild-type. The CP77am and CP78an nutatl-ons r¡ere

created by oligonucleotide site-dlrected rnutagenesis (Chapter 2.35) of the

M13-c1one, nEC4Ol, which encodes the ÞF-Bg$f. Q7 .41¿-79.611) fragnent

(Chapter 2.4.2). The ollgonucleotides used to create the CP77an and CP78an

mutatlons are shown in Chapter 2.5 and thelr positl-ons on the DNA sequence

are shown in Fl-gure 4.4. The nutatlons were confirned by deternlning the

DNÀ sequence of the CP77 arrð, CP78 region, uslng as prLmers, the M13

unl-versal prl-mer, the CP77am and CP78an oligonucleotldes (Chapter 2.33,

2.35.4d, 2.5; d,ata not shorm).

Clones of DNA fragments fron the CP77an and CPTBan mutants and of the

correspontltng DNA fragEents from the wlld-type were obtaLnecl l-n the

expressi-on vector, pPLc236 (Chapter 2.3; 2.3f). pPLc236 contalns the À pL

pronoter and thus, the expresslon of genes cloned 3r to this Promoter can

be control-led by Èhe presence of the À cI857 repressor, whlch is expressed

from a conpatl-ble plasnld-clone (pcIB57) (Chapter 2.3.1). At zBoC the



Ftgure 4.4 Sequence posi tlons of the CP77am and CPTBam ollgonucleotldes.

Thfs Ftgure shows the DNA sequence of the l-strand fron the lR

promoter to the 3r-end of CP79 from 186 cltsp (see Flgure 3.2). Potentfal

genes are lndlcated on the rfght of the Flgure. Ribosone-blndlng sLtes

(Chapter 3.2.2a) are boxed. The pR promoter l-s l-ndlcated. The tRl

termlnator (structuxe ll2) is indlcated by the convergent arrotrs.

the positLons on the DNA sequence of the CP77am and CP78am

oJ-lgonucleotides, whl-ch were used to create amber mutants I¡ CP77 and CP7B,

(chapter 2.5), are shown. The base changes created by these

ollgonucleotl-des (whtch glve rise to amber stop codons, TAG) are l-ndicated,

Relevant restrl-ctLon sl-tes used ln the constructLon of plasnJ-d-clones

are also lndlcated.

I



ÀccT
-35

PHE GLN VÀL sER
TTTCÀGGTlTCC
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3256

ÀsP
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46 3156 31

pRr*
AÀÀ CCCÀCGCÀÀTTGÀTGGC

2756 2766

TCÀTGCÀÀT
2826

RBS

CYS ÀRC ÀLÀ PHE ÀLÀ GLN ÀRG
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31e6 3206 litt 3i26 3236 3246

HIs GLN PHE
cÀccÀGTTC

3266

THR PRO

ÀcGccG
3276

PRO GLU LEU

CCTGÀÀ1TG
3286

THRGLUÀsPSERT}lRLEUvÀLÀsPGLYPHELEuÀLÀGLNILEHIscYSLEUPRocYSvÀL
ÀccGÀÀGÀcTcÀÀcccTcGTTGÀTGGTTTTcTGGcGcÀGÀTTcÀlTGTcTGccÀTGcGTG

3316 3326 3336 3346 3356 3366

PRovÀLÀsNGLULEUÀLÀLYsÀsPLYsLEUGLNsERTYRvÀLHETIRGÀLÀl.tETssRGLU
ccGGTTÀÀTGÀGcTc,GcTÀÀÀGÀTÀÀÀTTGcÀGTcTTÀcGlcÀTGcGcGcÀÀTGÀGTGÀÀ

3376 3386 ¡àgã 
- '- 3406 3416 3426

LEU GLY GLU LEU ÀLÀ SER GLY ÀLÀ VÀL SER ÀSP GLU ÀRG LEU ÎTIR THR ÀLÀ ÀRG LYS HIS

cTcGGTGÀÀclGGcGÀGcGGTGcGGIÀ1c1GÀTGÀGcGTcTGÀccÀcTGcccGTÀÀGcÀc
3436 3446 ¡lsÀ - 3466 3476 3486

À5N HET ILE GLU SER VÀL ÀSN SER GLY ILE ÀRG HET LEU SER LEU SER ÀLÀ LEU ÀLÀ LEU

ÀÀCÀTGÀTTGAÀÀGCGTlÀÀClCCGGCÀ11CGCÀTGTTGlCATTGTCGGCTCTGGCGCTG
3496 3506 3516 3526 3s36 3s46

HIS ÀLÀ ÀRG LEU GLN T}IR ÀSN PRO ÀLÀ HET SER

c À T G C À C G Tçl-s-!ÀgÀ c r À À T C C C G C T À 1 G T C G

' :ssÇf,J- 3s66 3s76

( 77.4%,
cLy ÀLÀ SER pHE GLy LEU tLE itt , HET LEU LYS

cc cecÀTcc lTr c c rcrcÀ 1T llS-¡-qET G-cGT ÀTGclGÀ^À
3616 3626 - RBS 3636 3615

LEU LEU VÀL LYS GLN SER PRO GLY HEl HIS TYR GLY HIS

r c-i-c c-i'c G T T À À c c À À À c c c c c c c r À T c c 
^ 

1 1 À c c c c c À c
3676 3686 3696 3706

TRP LEU LEU THR ÀSP LSU

TGGClGCTGÀC1GÀCCTG
3296 3306

SER VAL VÀL À5P Î}IR HET SER GLY ILE
ÀGCGTGGTCGÀ1ÀCCÀTGÀGCGGTÀTT

3586 3596 3606

@
N
À
o

ì-
F.
o-
o



GLYLYsÀRGTRPHISPRocYsÀRGsERGLNsERGLuLEULEuLYsGLYLEULYSTHRLYS
C G G C À À G C G C T G G C A C C C G 1 G C C C C T C À.C À G T C C G À A 1 T.À 1 T À À À À G G G C T G À À A À C À A À

3736 3746 ús'à - ' titø 3776 3786

¡LE ÀRG ¡LE VÀL HIS PHE VÀL ILE LYs -GLY VÀL

À r r c c r À r r c r c c À c ri-r c r À À 1r À rflT-õElr
¡ôtÀ 

- - 3826 3836 RBS 3s46
SER

GLU GLY PHE GLU
ÀÀGGlTTTGÀÀ

3916

A CP77am ollgonucleollde
fHh ÀRc rÍt

PHE LTU ILE
TTTlTÀÀTT

ILE LYs lHR ÀRG ÀSP

ÀTTÀÀÀÀCCCGCGÀC
3926

LYS HIS VÀL
HET SER ÀRG ÀSP GLU LEU

GÀÀÀCÀTGTCÀCGCGÀTGÀÀTTÀÀ
3856 3866

Y ILE PRO ÀSN HET GLU

GÀTTCCÀÀÀ1ÀTGGÀGG
3896 3906

A CP78am ollgonuclêotlde

CYS CYS LYS GLU PHE LYs À5P GLY LEU

GCTGCÀÀÀGÀÀTTTÀÀCGÀTGGÀT1À

cLy ÀLÀ tLa 

-LEU 

ÀRc vÀL ÀsP PRo cLU TRP GLIJ

c c c c c À À 1À C 1T C G C U-LS-N-C C T G À G T G G G À G 1- -sis6 - 3e46 [l[l- rrso 3e66

(78.7%)
LYS ÀLÀ GLU ILE ILE LYS GLN LEU LYS SER LYS

ÀÀÀGCCGÀAÀTCÀ1CÀÀGCÀGTTÀÀÀÀÀGCÀÀÀC-- "gggã - 4006 4016 4026

ø
F
o-
o

3976

PRO SER GLY ÀLÀ GLY

CGÀGTGGTGCTGG

3986

tlor.olor.uîtr.ult^rtltr"tåtortflrotåorr*i*^rr.^-^rrÀÀÀccr.l,lrr¡,Fîc-õãÈtti'Jititte"'
4036 4046 lôsã 

- - 4066 1076 4086

HET SER ÀRG THR ILE lYR LEU sER TIÌR

õ-fficlTrcrrrTGcCÀÀÀÀÀrclÏ-õT-i-õlcÀ1^rÀrGÀGTCGÀÀcTÀT.rT.À^r1TÀ1cÀÀcGc
4oe6 4106 -Ç!!- lïrã 4726 4136 4í46

GÀCCGCGCTCTCGCCGTTlCÀÀTCC clcrcGÀLg_À_l_gl
4246 gr¡ A

LYS LYs GLU GLU

ÀÀÀÀÀGÀAGÀCC
4796 4206

GGCCGTTCÀCÀTTÀCCÀ
4256 4266

ÀSP HIS LEU LEU GLU SER LEU PIIE LYS GLU ÀLÀ

CGÀCCÀCTTGCTGGÀGlCTTlGTTTÀÀÀGÀAGCCÀ
4156

ÀRG LYS ÀSP ÀRG ÀLÀ LEU

ccÀÀÀ
4216 4226

ÀSN SER ÀSP HET THR GLY LYS

ÀTTCÀGÀTÀ1GÀCÀGGCÀÀÀG
1276 4286

GLU

ÀÀ

GLU ÀSN GLU SER GLN GLU LEU IIIS I T Í
ÀGÀÀCGÀÀTCÀCÀGGÀGClTCÀC1ÀÀ

{336 4346

4 166

ÀLÀ VÀL

4176 4186

SER TLE ÀRG LEU GLU ÀSP LEU ÀLÀ VÀL HIs ILE THR

â236

ø
N
À
o

ÀLÀ ÀLÀ
GCGGCC

GLU LEU LEU
GÀGC1ÀCTG

(7 e'6%)
ÀRG ÀRG GLU ÀLÀ

CGCCGCGÀÀGCCÀ
4306 4316

ÀRG

cGc
PHS

TTTG
4326

THR

CT
4296



tr7

cI857 repressor ls actlve and transcrlptLon fron À pL ls repressed, whereas

at 42oC, the cI857 repressor is l-nactive and transcrlptlon of the cl-oned

genes in pPLc236 occurs fron À pL. pEC422 contaÍns the Pstl-HLncll (77.4'Á-

78.9%) fragnent fron CP77am, and pEC404 contalns the correspondf.ng fragment

from CP77* (Chapter 2.3.2). pEC420 contalns the SauIIIÀ-Be1II (77.g1¿-

79.67") fragnent fron CPTBan and pEC421 contains the correspondLng fragment

fron Cp78t (Chapter 2.3.2). These clones and the sl-zes of the proteln

products expected to be expressed fron then are shown ln Figure 4.1.

The cloned genes rüere expressed l-n the Su maxicell- stral-n (84168)

carrying the plasnld pcl857 (which encodes the À cI857 repressor; Chapter

2.2.I), at 42oC arrd. protel-ns were labelle<l with 35S-nethtonlne. Label-led

protelns were analysed by urea/SDs-polyacrylanlde ge1 electrophoresis Ln

order to resol-ve the l-ow molecular weight protelns (Chapter 2.37; Figure

4.1). Protein samples l-abelled at 2BoC (the temperature at whtch the

cloned genes are riot expressed) were also analysed. The fLuorograph 1s

presented ln Ftgure 4.5-

The CP77+ clone (pEC404) at 42oC resulted Ln an intense, but broad,

band slzed at approxlmately 8.9 kd (Fl-gure 4:5, lane 2). The CPTB+ cl-one

(pEC421) at 42oC also gave rlse to an lnÈense band sized at 8.9 kd (Flgure

4.5, lane 6). The sizes of these proteLn bands (8.9 kd) ate greater than

the slzes expected for the CP77 G.4 ktl) ancl CP78 (7.5 kd) proteLns (Flgure

4.1). Thls ts probabl-y due to the snal1 size anrl htghly baslc nature

expected for the CP77 and CP78 proteLns (Chapter 3.2.2b). Srnall- basic

proteLns are often dlfflcu]-t to slze accurately because thelr gel nlgratl-on

l-s retarded and they are resolved poorl-y on SDS-polyacrylarni-de gels

(Blrkeland and Llndqvist, 1986; Christle et al., f9B6). Since CP77 and

CPTB proteins are expected to be sma1l baslc proteíns and thus, to nigrate

abberantly on SDS-polyacrylamlde gels l-t is therefore ltkely that the

8.9 kd proÈeLn band observed for the ú clone and the atTq* clone are

the respectlve proteLn products of the CP77 arlð. CP78 genes.
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The analysts of the proteln products obtaLned fron the clones of the

amber mutants provided some evidence to support the asslgnneit of the

8.9 kd proteln bands as the products of the CP77 ao.d CP78 genes. The

CP77am antl CPTBan Eutants were expected to lead to the d.isappearance of the

8.9 kd bands. Furthermore, the CP77am mutant was predicted to gJ-ve rise to

an amber proteÍn-fragment of 5.9 kd. A CPTB anber proteln-fragment was not

expected to be vlsualLzed due to lts snall slze (1.1 kd).

The CP77an cl-one QEc422) and the CP78a¡n clone (pEC420) at 42oc

(Flgure 4.5, lane 4 and 8) resulted in 8.9 kd bands of a slgnlficantly

reduced l-ntenslty conpared wíth the 8.9 kd bands obtained for the clones of

the w11d-type genes (pigure 4.5, lane 2 and 6).

These results provf-de some support for the assignment of the 8.9 kd

protel-ns fron the CP77 clone (pEC404) and the CP78 clone (pEC42L) as the

respectlve CP77 antt CP78 gene-products. However, thls nust be stated with

reservatlon, as there were some apparent lnconslstencles. Flrstly, the

8.9 kd bands lüere not completely absent ln the protein sanples prepared

fron the W "od CP78an clones. This suggests that the anber mutents

are l-eaky and that Ëranslatlon ls not te::nlnated at the amber stop codons

rüith 1002 efflcfency. Several cases of rnis-reading of translatlonal stop

codons have been reported (Ryoji et a1. ' 1983; Yates et al. , 1977;

Engleberg-Kulka et al., L979; Mtl1er and Albertl-nl, 1982i Bossl, 1983;

I{elner and l{eber, L97L). Secondly, candfdates for fusi.on-proteins or for

the CP77 anber protein-fragment were not observed. This may be due to

degradatLon of these abnormal protelns. There are nany exanples where

abnornal protelns, such as fusion-protelns, proteins contalning mlssense

mutatfons or those due to prenature termlnation at noûsense codons, show

poor stabtltty (Gol-dschnldt, 1970; Platt et al., 1970; Lln and ZabLn, L972;

Bukharf and ZLpser, 1973; Gottesnan and Zipser, I97B; Kowl-t and Goldberg,

1977; Pakula et al., 1986).



the slzes of the proteins determl-ned from the translated DNA sequence

(l'tgure 4.1).
35s-nethlonine labe1led-samples fron E4168 (not carrylng any plasmlds)

dld not glve rlse to any proteLn bands (data not sho¡vn).

The geL electrophoresLs and flxlng of the ge1 was carrLed out by

A. Puspurs.
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4.3 $'HMARY

The results descrfbed above have provtded evtdence thaÈ æft, CP77 anLd.

CP78 encode proteLns and CP75 and CP79 encode fusLon-protel-ns of sizes

approxlnatlng the predlcted sl-zes (Flgure 4.1). Although there are sone

reservatlons, these results provfde supporË that these computer-predlcted

genes are real genes and that the readf.ng-fÌanes are correct. Thus, CP75,

CP76, CP77, CP78 and CP79 wtll henceforth be referred to as real

genes. Definlte conflrnatLon thaÈ the readlng-frames of these genes are

correct can be achl-eved by deternlning the amlno acid sequence of the

proteins encoded by these genes usLng standard technlques (Walsh et a1.,

1981 ) .



RESUTTS: SECTION II.



CHAPTER 5.

THE 186 EARLY LYTIC GENES dhr AND fil.
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CHAPTER 5. THB 186 EARLY LEIC GENES ilhr Al{D ftl-.

5.1 INTRODUCTION.

The analysl-s of the DNA sequence of the earl-y lytlc reglon (Chapter 3)

and the tdentlficatLon of the protelns encode<l. l-n thls reglon (Chapter 4)

led to the conclusion that there are four early lytlc genes; CP75, CP76,

Cp77 arrð. CP78. The next step was to charactetLze the functLons of these

genes.

Recent studl-es carried out ín this laboratory have enabled the

assignment of functlons to the CP75 and ![ Benes. I. Dodd has descrlbed

a functLon cpl, that controls the expressi-on of the 1-ysogenlc genes fron

the 186 gL pronoter (conparable to the À Cro functlon; Gussin et al.,

1983) ¡ and has shown that thls functfon Ls encoded by CP75. The cII

functLon, which ls necessary for the establl-sbment of lysogeny (Chapter

I.Z.I), is encoded by CP76 (Carter, I9B5). Both cpl and cII are unlikely

to be essentlal for 186 lyttc development sLnce deletion and/or amber

nutatLons have been obtained l-n these genes (tl . Rtctrardson, results not

shown; I. Dodd, persolìal conmunLcatlon)'

Thus, two earl-y lyttc genes CP77 and CP78 have yet to be assigned

functions. There are two functJ.ons, whlch have been previously described

that could be encoded tn the early lyttc reglon. The fLrst of these

functLons fs Dho, that acts to inhibit E. colL DNA repllcat1on, early after

tB6 prophage lnductlon (Hoektng and Egan, 1982b). Thls function has been

renaned Dhr (for depression of hosÈ repl-icatlon) and the effect Lt has on

E. coli DNA repltcatlon has been terned the Dhr Effect. The second of these

functlons Ls the Ton functlon (previously X), whlch rvas postul-ated by

Finnegan and Egan (1981) to be requlred for 186 ntddle gene transcrLPtl-on

(chapter f.3.2).
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Thls Chapter concerns the characterlzatlon of the Dhr functlon and the

ldentlftcatlon of the dhr gene. The results obtained, a1low the

ldentlflcatlon of CP78 as the dhr gene. The results presented ln thls

Chapter al-so reveal that CP77 encodes a gene (ffl), whlch causes cell

fllamentatLon.

5.2 RXSI'LTS A}TD DISCÛSSION.

5.2.I The Dhr Effect.

The experLnent of Hocking and Egan (f982b), which demonstrated the

Dhr Effect, r,ras repeated and the results are shown ln Figure 5.1. After

heaÈ-lnductlon of a 186 slt"p (1) lysogen, the rate of DNA repltcatlon, as

monitored by pu1-se-labell1ng with 3H-thyntdtne (Ch¿pter 2.18.1) was

reduced. The depression of DNA replicatlon began at approxlmately 5 nln

after the tenperature shift and the rate contl-nued to fa11 to a level of

about 60% of the lnlttal value at 25 mln, before rlslng again to a maxfmum

at 35 nin due to 186 DNA synthesis (Hooper and Egan, 1981; Hocklng and

Egan, 1982b). The same depression ln the rate of DNA synthesis was seen

after the heat-l-nductl-on of a culture lysogenlc for the repl-lcatlon mutant

186 cltspAamfl (8), and the rate renalned depressed untll- 45 ntn when lt

graduall-y lncreased (Flgure 5.1). This reduction Ln the rate of host DNA

replfcati.on ls the Dhr Effect. The increase in the rate of DNA synthesls,

which occurred 45 nln after heat-inductÍon of the A mutant corresponded to

the appearance in the culture of non-l-ysogenLc cells (tlata noË shown) that

presunably arose by segregatlon after exclsion of a prophage that could not

repLlcate.

These results conflrm those of Hockl-ng and Egan (1982b), which suggest

that Dhr acts early in 1-ytic devel-opment and therefore is llkely to be an

early lytlc functlon- The next stage was to obtal-n evidence that the Dhr

functlon ls an early lytlc gene, by Lsolatlng Dhr- mutants and napplng the

posltlon of the mutatLons on the 186 genone.



Ftgure 5.I The rate of DNA repl-ícation after heat-lnduction of

186 cltsp lysogens : The Dhr Effect.

Culrures of r,252 [su- (186 crtsp (1))], ETBB tsu 1196 crtsp

Aanll (B))l and E25I [Su-], whJ-ch were gror'rn overnl-ght at 30oC tn TPG-CAA

mediun, were dlluled into the same mediun and lncubated wlth aeratlon at

30oc to 4600= 0.2 (2xIOB cfu/nl)" Cultures were transferred to 40oC at

0 min and incubatl-on ¡vl-th aeratlon was contl-nued. Samples (200 u1) rsere

taken every 5 min and the rate of DNA repllcatl-on was determlned by pulse-
I

labelllng with 'H-thymidlne, as descrlbed ln Chapter 2.18.1.

Symbols : t= 8252 [825I (186 crrspl+ {t))l
o= ETBB IE251 q196 crrspAamlt (B))]

| = E25L (non-lysogen)

Bacterlal- and bacterLophage straLns are descrl-bed Ln Chaptets 2.1 and

2"2.t.

The Dhr Effect l-s the <lepressLon ln DNA repllcatl-on observed ¡vhen 186

l-ysogens are heat-induced.
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5.2.2 Isolatl-on of Dhr Mutants.

Some of the results presented in thls sectLon (spectftcally, the

lsolatlon of pEC400, pEC401 and pEC402) have been descrlbed prevlously

(n. ntctrardson, 19Bl). These results have relevance to subsequent studles

and thus, lt ls lmportant to describe them agaln here.

A possible approach for the lsolatlon of a Dhr mutant cane fron the

clonLng studles of Flnnegan (f979). It was found that a plasnl-d-cl-one

pEC32 (Flgure 5.2) containing the HlndIII-Bgl-II (6L.3%-79.6%) fxagnent from

fB6 dell (5) (which ts cI-), could only be obtained in lysogenlc strains

and was lethal when used to transform a non-lysogen. These results

suggested that pEC32 contained a lethal gene under cI repressor control.

Further eloning studles carrl-ed out by Finnegan (1979) suggested that Èhls

gene rìras encoded wlthin the PstI-BglII (77.47"-79.6%) reglon (ttre early

lytfc regLon). Since the Dhr functlon, as an tnhibitor of E. col1 DNA

replLcatlon, may be expected to be lethal when overexpressed fron a

plasnLd-clone and since the tinlng of the Dhr Effect suggested that the

gene Ínvolved r{as an early lytlc gene, lt was predicted that the lethal

gene described by Finnegan (1979) was the dhr gene. Therefore, the

approach chosen to l-solate a dhr nutant, trIas to lsolate a non-1ethal mutant

of a clone exptessing the early lytlc genes.

To obtaLn a clone of the earl-y lytic regLon, the XhoI-BglfI (67.67"-

79.67") fragrnent fron the phage f86 de1l (5) (whtch conÈains a deletion

renoving Lnt and part of gI¡ Figure 5.2) was llgated Lnto the plasmtd-

vector, pKC7, at the unique XhoI antl BgIII sites. It lúas necessary to

obtal-n this clone fron 186 dell, since cl-ones ln pBR322-derlved vectors

containlng the 186 tmnunlty regLon are htghly unstable (even l-n a lysogen)

presurnably as a result of the expressLon of the 186 lnt gene (Finnegan,

L979). To obtal-n this clone, the llgaterl DNA was transformed Lnto a

+
186 cI' lysogenic straln (E699) to prevent the expression of the lethal



Flgure 5,2 Gene content of pEC32 and pEC400.

A dl-agranmati-c representatl-on of the gene content of the HtndIII-Bg[I

($I.3i¿-79,6%) reglon from 186. Genes, whJ-ch have been sequenced, are

represented by the boxed regfons and promoters are represented by the

arrovrs. Relevant restrl-ctlon sl-tes are shown. The sequence coordinates of

the restrLction sltes refer to the fl-rst base of the sl-te on the l-strand"

The gene content of pEC32 and pEC400 are shown. the constructl-on of

pEC32 is descrLbed by Flnnegan (L979>. The construction of pEC400 ls

descrl-bed ln Chapter 2.3.2. The restrlctl-on sltee used to construct these

plasmld-cl-ones are l-ndlcated- Genes that are only parttally represented on

the pLasmld-clones are l-ndLcated by the Jagged-edged boxes.

These plasnld-clones contain the de1l deletion (67.9%-74.0"Å), whlch ls

represented by the shaded boxes.
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gene. The resultlng clone was named pEC400 (Chapter 2.3.2). The locatlon

of the fragnent used to construct pEC400 l-s shown ln Flgure 5.2.

Consistent wlth the preillctl-on of Flnnegan (1979), pEC400 was shown to

contaLn a lethal gene, as l-t was unable to transform a non-lysogenlc

reciplent [(10 transformants/ug DNA for the non-lysogenlc reclpLent (E536)

compared wtth 7x105 tr"o"fornants/ug for the lysogenic reciplent (8699)].

To provlde evl-dence that the earl-y lytic region encodes the dhr gene 
'

the followlng experlnent was carrLed out. pEc400 was used to transforn e

Su- 186 cltspAamfl (B) lysogen at 30oC (a tenperature at which the

expressi-on of dhr ls repressed by the cI repressor). This straln was then

heat-lnduced and the effect of the expresslon of the cloned Senes on

E. coli DNA repllcatlon was deterrnlned by using pulse-labelling (Chapter

2.l$.l). As shown in Figure 5.3, the expression of early lyttc genes from

pEC400 results l-n a more enhanced and prolongecl Dhr EffecÈ (Chapter 5.2.i)

than observed l-n the same stratn carrying the parent plasmid pKCT instead

of pEC400. This ls presunably due to a gene dosage effect and suggests

that the tht g"tt" ls encoded in pEC400.

To lsolate pEC400 Let (non-lethal) mutants, nitrosoguanldine

mutagenesis (Chapter 2.20.2) was used. Mutagenized pEC400 DNA was used to

transform a non-lysogen (n536), which gave rlse to rare transformants anong

the reclpLent cell-s, l-n<licatl-ve of potential mutatlons in the lethal gene.

Two of Ëhese transfornants, Letl and Let2, were purifled through two single

colony isolations and were shown to carry plasnlds (pEC401 and pEC402'

respect!.ve1y). These plasmtds were conflrmed to contaln the XhoI-BglII

fragnent by restrl-ctLon analysis (Chapter 2.28), and to dtspl-ay a non-

lethal phenotype as judged by thelr abtl-tty to transform both non-lysogenlc

and lysogenlc cells at equal efflclency (7x105 tr"nsfornants/u8 DNA).

The next step rüas to test the Let mutants for the Dhr- phenotype. The

Dhr phenotype of the Letl mutant was inltially lnvesttgated. The XhoI-BelII

(1.78 kb) fragment was recovered from pEC401 (l,etl) and f-igated lnto



Fl-gure 5.3 The rate of DNA repllcatlon after heat-Lnductlon of a 186

lysogen carrying pEC400.

Culrures of 82268 [su- (fB6 cltspAanll (B)) (pEc400)1, 82269 [Su

(186 cltspAanll (B) (pKC7)J anð.82270 (Su- (pKC7)1, gro¡vn overnlght at

3QoC ln TPG-CAA r"ái,m (contalning the approprlate antJ.blotLcs), were

d.l-luted into the sane broth ancL lncubated wl-th aeratLon at 30oC to

4600= 0.2 (2xI0B cfu/nl). Cultures were transferred to 40oC at 0 nin and

lncubation with aeratlon continued. Sanples (200 ul) were taken aÈ the

lndl-cated tines and the rate of DNA replicatlon deternlned by pulse-
?

labelltng wlth -H-thynidine, as described in Chapter 2.18.1.

Synbols : r= 82268 [E536 (186 cltspAanll (B)) (pEC400)J

L= 82269 [E536 1196 crrspAanlt (B)) (pKc7)l

.= 82270 [E536 (pKC7)]

Bacterial and bacterlophage stralns are descrlbed Ln Chapters 2.1 and

2.2.I. Plasmid and plasmid-clones are descrlbed tn Chapter 2.3.
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186 cltspAesll (8) DNA at the unlque XhoI and BgIII sLtes to yLe1d the non-

1erha1 (Let-) reconbLnant phage, 186 dellAanllletl (ll) (Chapter 2.32). As

a control, the same restrictlon fragnent fron pEC400 vras llgated into

Xhol/ngltl dlgested 186 cltspAanll (8) DNA to give the approprf-ate Leti

phage (tgO ¿ettAanllI,et* (12)). These phage were tested for thelr abtltty

Èo displ-ay the Dhr Effect (Chapter 2.18.1, 5.2.1). The results shown in

Flgure 5.4, reveal that the rate of DNA synthesLs ln the Let* infected

culture, compared with that of the unlnfected culture, dropped soon after

LnfectLon and renalned constant until 45 nln (the Dhr Effect), after which

it l-ncreased at a rate that paralleled that of the unl-nfected cul-ture. In

contrast, the rate of DNA synthesls after lnfectlon by the Letl phage

increased at a rate that essentlally fol-lowed that of the uninfected

cul-ture (f.e. showed no Dhr Effect)- It was therefore concluded that the

Letl nutant was indeed a Dhr mutant. This result supports the predictlon

of Flnnegan (tgZg) that the let gene is the dhr gene, although, further

genetlc analysis is necessary to confirn this assLgnnent. For convenience

the Let nutants will henceforth be referred to as Dhr mutants.

Having determl-ned that pEC401 contains a mutatlon 1n the dhr gene it

was then lnportant to deternlne the approximate locatLon of thls gene. To

deternl-ne whether the dhr gene napped to the left or the right of the PstI

(77.47) sLre, the PstI-Bg1-II Q7.41¿-79.6%) fragment r.las recovered fron

pEC4Of (Dhrl) and pEC402 (Dht2), reconblned in vLtro wlth the XhoI-IglI

(øl.O%-71 .4%) tuagøent from a Ohr+ phage (186 eIlep (l)), ana the XhoI-

BgIII (67.67"-79.67") fragment formed was Ll-gated into 186 Aanllcltsp (8) Ot'l¡'

by these unlque restrlctLon sLtes (Chapter 2.32) to give the phage

186 cltspAanllDhrl (13) and 186 cltspAanllDhr2 (14), respectlvely. The

resulttng recomblnant phage dtd not dlsplay the !þr Effect as shown by

pulse-labe1llng studLes after heat-Lnduction of the corresponding lysogens

(Figure 5.5). These results show that the dhr gene maps between the

PsrI (77.4%) a¡ið. BgIII (79.67") sites on the 186 genome, and suggest that



Flgure 5.4 The rate of DNA repLlcatlon after lnfectLon of E251 wlth

186 Aanl,et* or l86Aarnletl.

A culture of E25l (Su ), whj-ch was grown overnight at 39oC tn TPG-CM

medl-un, was diluted into the same broth and lncubated with aeratLon at 39oC

to AUOO= 0.2 (2*f0B cfu/ml). Cultures were lnfected wlth phage [186 dell

Aanlllet* (12) or 
.186 

tlellAanllletl (lf)l at a moa of 20 (as descrtbed ln

Chapter 2.18.1) at 0 ml-n. Samples (200 ul) were taken at the lndicated

times and the rate of DNA repll-catlon r,ras determLned by pulse-label1-lng

?
wl-th "H-thynldlne, as descrlbed in Chapter 2.18.1.

Synbols : I = E251 tnfected wlth 186 dellAanttr.et+ (tZ)

A= 8251 lnfected wtth 186 dellAanllletl (11)

o = E25l unlnfected.

Bacterlal and bacterlophage stralns are descrlbed l-n Chapters 2.1 and

2.2.t"
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Figure 5.5 The rate of DNA rePlJ.catLon af ter the heat-lnductl-on of

186 cltspDhrl and 186 cltspDhr2 1Ysogen6.

Cultures of 84068 t slJ: (186 crrspAanllDhrl (13))1, 84L25 [Su

(t8o cttspaanllDhr2 (14))1, ETBB ISu (186 cltspAamll (B))1, and E25I

[Su-J, which were grown overnight at 30oC in TPG-CM medl-um, were dtluted

into the sane broth an<l lncubated wLth aeratlon at 30oC to AUOO= 0'2

(2xI0B cfu/nl)" Cul-tures lrere transferred to 40oC at 0 nin and Lncubation

with aeratlon was conti-nued. samples (200 ul) were taken at the lndlcated

tlmes and the rate of DNA repltcatlon was determlned by pulse-labellfng
a.

wlth rH-thymidine, as descrtbed ln Chapter 2'lB'1'

syrnbols : I = 84068 [8251 (186 cltspAamll Dhrl (13))]

E = 84L25 [E251 (186 cltspAanll Dhr2 (14))]

Ä = ETBB [E251 (186 cltspAamll (B))]

o = E25L (non-lysogen)

Bacterial and bacterl-ophage stralns are descrtbed ln chapters 2'I' and

2.2.1"
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dhr ts el-ther an early lytlc gene (Cp77 or CP78) or the ftrst nlddle gene

(cP79).

s.2.3 The Effect of the Dhr Mutatl-ons on the Phage.

The isolatlon of vlable 186 Dhr- phage suggested that the dhr gene 1s

unllkely to be an essentLal gene. However, it was notlced that both Dhr-

phage (Ofrrt ancl Dhr2) gave rlse to snall-er plaques than the Dhr+ conÈrol,

particularly at higher temperatures () 37oC). InfectLon paraneters (ln the

srrain E50B) were determLned for a Dhrl phage, (f80 ¿ettDhrl (9); which was

constructed, as described in Chapter 2.2). Thts phage showed a reduced

burst slze Q07), and. an extended latent perlod and rise tlne (both by

5 ntn) compared with the Dhr* control I186 dellxB (10)' constructed as

described in Chapter 2.2.1] (rlata not shown). Further¡nore, the burst size

of the Dhr2 phage was determined by heat-induction of a Su*

186 cltspAanllDhr2 (14) lysogen (84124). The Dhr2 phage also showed a

reduced burst sLze (51%) conpared with the control 186 cltspAa¡nll (8)

(straln ElOtl) (data not shown)'

These resul-ts suggest that the Dhr functLon, although not essential to

186, j-s advantageous to the phage. For thLs reason it was of lnterest to

further characterl-ze the effect of Dhr on the host, with Èhe purpose of

gaining a better understandLng of the function of Dhr ln 186 developnent'

s.2.4 The Effect of Dhr on the Host.

5.2.4G) The Effect of Dhr on E. col-t DNA Repl-Lcation.

Pulse-labelltng studies have shown that Dhr results ln a depresslon of

E. colt DNA repltcatlon (Chapter 5.2.L, 5.2.2) ' However, the Dhr Effect

(as revealed by pulse-1-abelling studl-es) may not be a true depresslon of

host DNA rep1LcatLon, but raËher reflect some restrLction ln entry of the

1abe1led thynldlne lnto the lntracellular pool-. Such a restrl-ction ln entry
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of l-abelled thynldlne tnto the cell has been reported to occur uPon the

expressLon of another phage functl-on, the À Hln+ functlon (Court et a1.,

f9g0b). To resr thJ.s possiblllty, pre-labelltng studies (Chapter 2.18.2)

srere pursued. Wlth pre-1abet1-tng, the radioactLve thynine ls added several

generations before lnfectfon so thet the host DNA and the precursor pool

will effectively naintaln a constant specifl-c actl-vity regardless of

perturbatl-ons to the cel1. After pre-1-abelling thy cells wlth 3H-thyntne

for three generations, the cultures were lnfected with the Dhr* phage

(186 deltAanl1 (tZ)) or the Dhr phage (186 dellAa¡nllDhrt (11)) and DNA

synÈhesis was nonLtored (Chapter 2.18.2). Ff-gure 5.6(a) shows that the

rate of DNA synthesl-s Ln Dhr- infected cells Iüas approxirnately the same as

the unlnfected control- whereas the rate ln Dhr* lnfected ce1ls was reduced.

ThLs result is conslstent with the suggesElon that Dhr interferes with

E. coli DNA synthesLs.

In the experiment descrlbed above, the effect of Dhr on host DNA

repLication could on1-y be exanlned for 45 nin after lnfectlon sl-nce after

this tl-ne DNA replicatl-on ln non-lnfected cel-ls lwhich presunably resulted

from segregation away fron the repltcatlon-defective 186 tenplate (ChaPter

5.2.1)], began to contrlbute to TCA-preclpitable counts (Chapter 2.18.2;

dara noÈ shown). For this reason an Int phage (t8O cltsptns3Aanll (15))

that could not excise from the bacterial- chromosome after heat-l-nducÈ1on,

was constructed (as descrtbed in Chaptet 2.2.I>. A Thy lysogen of this

phage was constructed, as descrtbed in Chapter 2.L5.1, and the effect of

the expression of 186 genes on host DNA replf-catl-on Îlas analysed by pre-

1abe1Ltng studies (chaPter 2.18.2).

The results presented Ln FLgure 5.6(b), show that the rate of E. coli

DNA repltcatlon l-n the presence of Dhr was subsÈantJ-ally depressed compared

wlth the non-lysogenic control and that this depressl-on rf,as nal-ntained for

the duratlon of the experi-ment (300 nln). These resul-ts can ûot be



Fl-gure 5.6 DNA repl-Lcation, measured by Pre-labelllng studles, after

l-nf ectlon wl-th 186 or heat-LnductLon of a 186 cltsplnt

AarnllDhr* lysogen.

+
FLgure 5.6(a) Infectlon of cells lrtth 186 Dhr or 186 Dhr .

A culture of 8777 [Su thyA thyR], which \{as grown overnlght at 39oC

tn TpG-CAA * rhynt-ne (2 ug/nl-), rvas dlluted (400-fold) lnto the same medl-um

contaLning 3H-thyrioe (4 ucl/nl). The cultures were grown at 39oc to

AUOO= 0.2 (2x108 cfu/nl), and then (at 0 mtn) Lnfected with phage

[186 dellAarnllDhrf (12) or 186 dellAamllDhrl (11)] at a moe of 20 (as

descrfbed in Chapter 2.18.1), Sampl-es (100 u1) were taken at the indicated

tl-mes and the lncorporatLon of 3H-thymlne lnto DNA was deternlne<l, as

descrlbed in Chaptex 2.L8.2.

Symbols : a = F,777 Lnfected ¡slth 186 dellAarnflDhr+ (12)

r= r.777 lnfected wtth 186 dellAamllDhrl (11)

o = 8777 unlnfected.

Bacterlal and bacterlophage stral-ns are descrlbed 1n Chapters 2.1. and

2.2.t.
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Flgure 5.6(b) Heat-Lnductlon of a 186 cltsPAanlllnt Dhr+ lysogen.

Culrures of 84066 [Su- thyA thyR (186 cltspAanlltns3 (15))) aú' F-777

[Su- rhyA thyR], whfch were grown overnlght at 30oC tn TPG-CM + thymfne

(2 ug/ml), rÍere dlluted Lnto the s¿lme medlun contaLnLng 3H-thytl""

(4 uCi/nl) ancl lncubated with aeratLon at 30oC to 4600= 0.2 (2xl08 ctu/nl)'

Cultures were transferred to 40oC at 0 min and l-ncubatlon wLth aeratlon ¡¡as

contf-nued. Samples (100 u1) were taken at the lndlcated tLmes and the

incorporatlon of 3H-thymlrre lnto DNA r.las determlned, ea descrtbed in

chapter 2.L8.2. At 105 nfn (l-ndlcated by the arrow) after heat-lnductlon

the cultures were dll-uted ten-fold l-nto pre-!Íarmed medium and lncubatlon

contlnued. Sanples lÍere taken from thts dtluted culture from 105 ml-n to

300 mtn after heat-lnductl-on.

Synbols 3 A= E4066 [E251 thyA thyR (186 cltspAanlltns3 (15))]

. = 8777 [E251 rhyA rhyR]

Bacterlal and bacterlophage straLns are described tn chapters 2'l and

2.2.r.
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explalned by varlatlons fn the precursor pool conposl-tf.on and lead to the

conclusLon that Dhr acts to depress host DNA repllcatlon.

s. 2. 4 (b) The Effect of Dhr on Cell- Vlabilltv.

The effect of Dhr expresslon on cell vlabtllty was tnttfal-1y

investlgated usLng a heat-l-nduced 186 cltsplnt-A-Ohr* (fS) lysogen and

determlnl-ng the nunber of vl-able cells wlth tf-ne. Figure 5.7(a) shows that

for at least 180 min after heat-lnductLon the optlcal denslty of the

culture lncreased with tlne at only a sltghtly reduced rate compared with

the non-lysogenLc control. Howevet, the colony forning abiltty showed an

Ímnediate reductLon ln the rate of increase, but wLthout evLdence of ce1l

death (¡'igure 5.7b). However, cell death was apparent after overnlght

incubatlon of the 186 cltsplnt A-nnr+ lysogen on YGC pl-ates et 4l'5oC'

This lysogen gave a survlval- of l% (compared wlth the viable count at

gOoC), whereas the control (a 136 cTtsplnt-A-Ohrl (f7) lysogen; constructed

as descrlbed in Chapter 2.2.I, 2.L, 2.15.1) showed 100% survival (Table

5.1).

The effect of excess Dhr on cel-l viability was lnvestlgated by heat-

induclng a Su- lysogen of 186 cltspþnllDhr* (B) carrylng the Dhr+ pl-asmi<t

pEC400, and deternl-ning the nr¡mber of viabl-e cells wlth tLme. The vLable

courit initiall-y lncreased with tlme, but at a reduced rate compared with

the controls (the Su- lysogen carrying pKC7, and the Su non-lysogen

carrylng pKCT) (Figure 5.Ba). However, after 30 min the vlable count

decreased rapidly and by 240 nln was reduced to 0,03% of the number of

viable cells present at tLme zero. Iû contrast, the optl-cal densLty of the

cul-ture contlnued to lncrease at the sane rate as the control cultures, at

least untl-l- 180 ntn after heat-lnductl-on when 1t decreased s1lghtly,

suggestlng the posstbtllty of cel1 lysts (FLgure 5.8b).

These results have demonstrated that the onset of death from the

expressi.on of dhr from pEC400 ts at -30 min after heat-lnductl-on. Slnce



Relatl-ve cell mass and vLable count after heat-f.nductlon of aFlgure 5.7

186 cltspAamlllnt
J-

Dhr' en.

re 5.7(a) Relative cell mass after heat-l-nductl-on of a 186 cltsPFlgu
-t

Aarnfllnt Dhr' lYsogen.

Culrures of 84067 [Su- (186 cltspAanlllns3 (15))] and E25I [Su ]'

whLch were grolrn overnl-ght at 30oC ln L broth, were dtluted lnto the same

nedlun and grown wfth aeratLon at 30oc to Auoo= 0.8 (2x108 cfu/nl)'

Cultures were transferred to 41.5oC at 0 nLn and l-ncubation was contlnued.

At 60 ntn after heat-lnductl0n the cultures lúere tllluted one hundred-fold

J.nto pre-warmed L broth and lncubatlon Ìüas contlnued' Sanplea were taken

fron the dtluted culture from the tl¡ne lndlcated by the arrow'

The opttcal densLty (at 600 nn) was followed for 180 min before heat-

Lnductl0n and for 360 mtn afterwards at the tlmes l-ndl-cated.

Synbols 3 A= 84067 [8251 (186 cltspAanlltns3 (15))]

o = E25l (non-lysogen).

Bacterlal and bacterlophage stralns are descrlbed l-n Chaptexs 2.1 and

2.2.r "
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Relatfve vLable count after heat-Lnductl-on of a 186 cltapFlsure 5.7(b)

Aanlllnt ohr+ lysogen.

Growth condltl.ons were as descrLbed f.n Flgure 5.7(a). The vlable

counts (as cfu/nl),of the cultures lüere deternlnett at the tLmes lndLcated

(as descrfbed l-n Chapter 2.16.2).

synbols 3 a= r:4067 [8251 (186 cltspAanlllns3 (15)) ]

. = E25L (non-lysogen).
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Ft e 5.8 Rel-atlve vlable count and cell mass after heat-Lnductlon of a

186 lysogen carryl-ng pEC400.

e 5.8(a) Relatl-ve vLable count after heat-Lnduc tLon of a 186 lysogenFigur

carryLng pEC400.

Cul-rures of EZZ6B IS,r (186 cltspAanll (B)) (pEc400)1, 82269 [Su

(tB6 clrspAanll (8)) (pKC7)l an<l 82270 tsu: (pKc7)1, whlch were grown

overnlght at jgo6 in L broth (contalnlng the approprLate antlbLotlcs), Iüere

dlluted lnto Èhe same medlum and grown wl-th aeratLon at 30oc to Auoo= 0'8

o
(2x108 cfu/nl). Cul-tures $Iere transferred to '4l.5oQ at 0 ¡nln and

Lncubatlon rras continued. At 60 nln after heat-f-nductLon the cultures Ìrere

dil-uted one hundred-fol-d into pre-warmed L broth and lncubatLon vras

contlnued. Sanpl-es were taken from the dlluted culture from the tlne

fndlcated by the arrow.

The vl_able count (as cfu/nl) of the cultures !ùere determl-ned at the

tLmes Lndlcated (as descrlbed ln Chapter 2'L6'2)'

symbols : I = 82268 [8536 (186 cltspAanll (B)) (pEC400)l

c = 82269 [8536 (186 cltspAanll (B)) (pKc7)]

L = 82270 [8536 (pKc7)J

Bacterial and bacterlophage strains are descrlbed ln Chaptets 2.1 and

2.2.1. Plasmlds and p1-asnl-d-cl-ones are descrlbed ln chapter 2.3"
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Fl-gure 5.8(b) Relatlve ce1l mass after heat-lnductlon of a 186 lvsogen

carryLng pBC400.

Growth conditlons were as descrlbed l-n Flgure 5.8(a). The optícal

denslty (at 600 run) was followed for 180 mln before heat-lnductlon and for

360 mtn afterwards, at the tLmes lndLcated" Cultures were dtl-uted

one hundred-fold at 60 min after heat-LnductLon and samples were taken from

the dtluted cultures fron the tl-me lndlcated by the flrst arrow. 82268 was

agal-n dlluted one hundred-fold at IB0 mln after heat-fnductlon and samples

were taken fron thls <lll-uted culture from the tl-me lndlcated by the second

arrow.

Symbol-s : r= 82268

A= 82269

o = 82270

1E536 (186 crtspAanll (8)) (pEc400)J

1E536 (186 crtspAanll (8)) (pKc7)l

lEs36 (pKc7)l
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the Dhr Effecr beglns at -5 nLn after heat-LnductLon of pEC400 (ftgure 5.3)

it ls posslble that the tnhtbLtlon of g. coll DNA repllcatÍon by Dhr

ultlnately results in the observed lethallty'

Excess Dhr also appeared to be the nain cause of lethall-ty when Dhr

was expressed ftom an Int 1-ysogen that could repllcate. The 186 cltsp

Int-A*Dhr* (Z) J-ysogen (constructed as descrlbed ln Chapter 2.15.1) showetl

a survlval of 0.O00fU after overnlghÈ l-ncubatlon at 4l.5oC (compared with

the vlabl-e count of gOoC) while rhe 186 cltsplnt-A*Dhrl (16) lysogen

(constructed as descrLbed in Chaptex 2.2.1r 2.Ir 2.L5.1) gave a survl-val- of

100% (Table 5.1).

5.2.4(c) The Effect of Dhr on Cell- Divisl-on.

The results shown in Figures 5.7 and 5.8 revealed that the vlable

count of the culture lras more sensl-tive to Dhr Èhan was the optical density

(t.e. the oPtlcal- densl-ty l-ncreased with tlme

renained the same for the Int Dhr* lysogen,

expresslng Dhr fron pEC400). This suggests that ceLl divislon is l-nhibited,

but cell- growth is contlnuf-ng. To determl-ne the effect of Dhr on cell

norphology the lysogen carryl-ng pEC400 was heat-Lnduced for 4 hours at

42oC, and the cells were viewed under a nlcroscope usLng phase contrast

optlcs. The control culture (the lntluced non-lysogen carrying pKCT) showed

only nornal cells (Flgure 5.9a) and the unl-nd'uced lysogen carrylng pEC400

also gave mostly normal cells wl-th a few elongated cel1s (Flgure 5.9b). In

contrast, the lnduced lysogen carrylng pEC400 resulted ln elongated cel1s

(ftlanentous cells) of 20-50x nornal cell- length (Flgure 5'9c)' Às an

addltlonal control a nock heat-LnductLon was carrLed out on non-lysogenlc

cel_ls carrylng the Dhrl pl-asmld pEC401 and thls gave a slnilar result to

the unlnduced strain carrylng pEC400 (clata not shown).

Cel1 fllanentatlon was also apparent after the heat-l-nducÈ1on of a

186 clrsptnr-¡,-ohr* (rs) lysogen (straln 84067; Chapter 2.1) for 4 hours at

whtle the viable

or decreased for

count

cells
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TABI,B 5.1

SuryÍva]. of 186 Int lysogena at 4l.5oG.e

Phenotype SurvLval Zc

F,4067

I E25r ( l86crrspins3Aanl I ( I 5 ) ) ]

84069
I E25f ( l86cltsptns3Aanl lDhrl ( I 7 ) ) ]

E4I7O
I E25r ( lBocttsprns3(7 ) ) ]

F.4070
[ 8251 ( l86cttsptns3Dhrl ( 16 ) ) ]

Int A Dhr
+

Int A Dhr

-rtInt A'Dhr'

-IInt A'Dhr

17"

r00i¿

0.0001%

r007"

Notes to Table 5.1

a Cultures were grown
taken and dilutlons
were l-ncubated at 3
determineil (Chapter

Ln L broth at 30oC to Aoôn= 0.8. Sanples lrere
ef the culture were spreað"ön YGC plates. Plates

OoC or 4l.5oC overnight and the viable counts were
2.16.2) .

b. The construction of the 186 stralns and the bacterial strains are
described in Chapters 2.2.I and 2,I.

c. The survival percentage refers to the viable count at 4I.5oC relative
to that obtaLned at 30'C.
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4ZoC. This lysogen gave fllanents of 2-10x greater length than nornal

cells (data not shown).

These resulÈs have shown that the expressl-on of Dhr fron a plasmld-

clone, or from a prophage, also results 1n the tnhibttlon of E' coll cell

dlvLsion and result ln the appearance of long ffLarnentous cells' It is

pertlnent to note that there lüere no obvious septa observed in the

fllanentous cells (Flgure 5-9c). Thts suggests that the stage of cell

dlvislon, which is tnhibited ls an early event l-n the celL ilivlsion cycle

involvlng Èhe fornation of septa (Slater and Schaechter, 1974; Mendelson'

I9B2; Donachie et al., 1984).

5.2.5 Investigation of the Mechanism of Action of Dhr.

5.2.5(a) Ttre Rol-e of the S0S ResPons e in the Dhr Effect.

The results presented above provide evidence to suggest thet Dhr acts

ro lnhibir E. coli DNA repllcatlon and cel-l- divlsion. It was consldered

posslble that Èhe inhlbttlon of cell dlvl-sion could be due to the lnduction

of the SOS response (I^ILtkLn, 1976; Walker, 1984, l9B5). The S0S pathway 1s

conËrolled by the RecA Ptotease and can be Lnduced by perturbatlons to DNA

repllcatlon (..g. thymine starvation, W-l-rradlatlon or growth of

tenperature-sensltLve mutants ln dnaE, dnaB or polA at the non-permissive

temperature) (Wltktn, 1976; Blanco and Pomes , 1977) ' One of the effects of

the S0S response ls an lnhtbitlon of cell dl-vl-sion, which 1s nedl-atetl by

Ëhe sfiA gene-product (HuLsnan and DrArlr 1981; Mizusawa 9! "1., 1983;

Hul-srnan et al. , 1983, 1984) .

To lnvesti.gate the posslbil-ity that the inhtbltlon of ce1l dlvfston by

Dhr may be due to the expresslon of the sflA gene ' a sflA::Tn5 lysogen

carrylng pEC400 (strain 82271) was constructed (Chaptex 2'I, 2'15'3)' As a

control a "ffA- non-lysogen carrying pKCT (straln 82272) was also

consrructed (Chapter 2.1, 2.15.3). These two straLns and their q414*



Fleure 5.9 Cell norphology of the 186 lysogen carryLng the Dhr+ plasmld-

clone, pEC400 at 42oC.

Cultures of 8536 carrylng pKCT (straln 82270> ' or the 8536

(186 gfþnmnllOhr+ (B)) lysogen carrylng pEC400 (straln 82268), were Srowïl

ln L broth at 30oC to

media and lüere grown

Auoo= 0.2. The cultures were dtl-uted 1/10 tnto fresh

photographed at 400x

contrast optics.

for four hours at elther 30oc or 42oc. Cel-l-s were

magnlflcatlon under the mLcroscope uslng phase

(a) usgo (pKC7) at 42oc.

(b) 8536 (186 crtspAanllDhr+ (B)) (pEc400) at 30oc.

(c) nsgo (tgo crtspl,anlrDhr+ (B)) (pEc400) at 42oc.

B536 (pKC7) grown for four hours at 30oC gave normal cells (data not

shov¡n).

The gene content of pEC400 ls shown ln Flgure 5.2.
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equivalents (sËralns 82268 ar:rð'

for 4 hours and the effect

ftlamentaÈl-on was then exanLned

ustng phase contrast oPtics.

nutatlon dltt not notlceablY

expresslon of genes from pEC400 (data not shown) '

These resul-ts suggest that the sflA gene-product was not lnvolved ln

the ftla.rnentation caused by the expresslon of the early lyttc genes fron

pEC400. However, it was possible that another sos gene lras involved'

sflA-tndependent recA-dependent fila¡oentatlon has been reported (Hulsrnan

et a1., 1980; Burton and Hol-l-and, l9B3; D'Arl and Huisnan, 1983; Maguln

et al., 1986). Therefore, to test thls possibtltty, a tt"A- (recA56)

lysogen carrytng pEC400 (strain 82274) and as a conÈrol " I9.A- non-lysogen

carrylng pKCT (strain 82276) were constructed (chapter 2.I' 2'15"3)' As

conÈrols, the equlvalena .""4* lysogen carrying pEC400 (strain 82273) and

the r""O* non-lysogen carrying pKCT (straln F,2275) lfere constructed

(chapter 2.1, 2.15.3). These strains were tested for f11a¡nentatLon, as

descrlbed above. The presence of the recA- nutatlon did not reduce the

fl_lanentatlon caused by the expresslon of early lytlc genes fron pEC400

(data not shown).

These results have shown that filamentatLon caused by Èhe expression

of dhr fron the plasnl-d-clone pEC400 is not due to the lnductlon of the S0S

response.

5.2.5(b) Isolatlon of Dhr-Resl-stant Host Mutants.

As an lnl-tlal step towards understandlng the nechanisrn by which Dhr

depresses E. coll DNA repltcation, host mutants reslstant to the l-ethal

effect of Dhr were Lsol-ated and characterized. such mutants Iúere expected

among the survlvlng colonles when the 1![ g.o. was over-expressed fron the

cl-one, pEC400 (tigure 5.8a). f.lhen cells of the 186 cltspAanlf (B) lysogen

I;2270; Chapter 2.1) were Lncubated at 42oC

of the sftA mutatl-on on Dhr-lnduced

by vtewlng the ceLls under a mlcroscope

This investlgatf-on revealed that the sfiA

reduce the fil-amentatlon caused by the
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carrylng PEC400

anplctlltnr and

(straln 82268) 'Iûas spread onto YGC plates contalnlng

Lncubated at 4I.5oC overnLght, survl-ving colonles appeared

at a frequerì.cy of 3xl0-5, al-though only 1/100 of these vras truly tetpR"tpR'

The remalnlng "otoot"" 
would not grow when restreaked on amplcillln plates

at 41.5oC. Surprlsingly, none of the survivfng colonles tested were found

to be host nutants. These survivi-ng colonles lnstead were found to be due

to eLther of the following mutatlons; Let+ to Let mutatlons on the plasnld

(as tndlcated by the fact that the plasmld isolated from these colonl-es ltas

able to transforn non-lysogenic cells at a hlgh frequency), or cltsp to cI*

reversLons on the prophage (as revealed by the fact that the survlvlng

colonles were lmmune to 186 cI10 (2) infectlon at 4L5oC)' One of the Let

plasnid mutants (pEC403 or Dhr3) was retafned for later investLgatlon'

To lncrease the likelihood of tsolatlng host nutants reslstant Èo Dhr,

nltrosoguanidlne mutagenesl-s was used (chapter 2.20'I) ' After

nltrosoguanidlne rnutagenesls, the cell survival frequency l-ncreased to

lx10-4 and lethal--reslstant (f,etR) host mutants r'rere obËained, as fndicated

by the findtng that the plasmids l-solated fron these nutants were unable to

lransform non-1-ysogenl-c cells (suggesting that the plasmld was sttll Let*)'

and these mutants lrere sensl-tlve to f86 cIIO (2) infectLon at 41'SoC

(suggestl-ng that a cltsp to cI* mutation on the prophage had not occurred)'

some of these LetR host mutants showed cold-senslttvity as thelr growth at

30oC was narkedly reduced conpared with thaÈ of the parent stralû (82268).

One of these LetR mutants (f,etRt) was then cured of the plasmfd pEC400

(Chapter 2.2Ð and characterLzatLon' of this mrrtant was carrl-ed out' This

muÈant was found to be sensl-tLve to 186 cI10 at 30oc, Lndlcatlng that it no

longer carries the 186 cltspAanll prophage. However, the 186 plaques

forned on LetRl were snal-ler than normal-. Thts ls conslstent wlth the

snal-ler 186 plaques obtaLned with the 186 Dhr nutants (chapter 5.2.3). It

was arso noted thaÈ the cold-sensl-tl-vfÈy of thls nutant (cured of pEC400)

was reduced conslderably conpared wlth that obtaLned Ln the presence of
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pEC400 (table 5.2). ThLs result l-ûdlcates that tt is the presence of

pEC400 that ls largely responsi-ble for the cold-sensl-tivLty and suggests

that thts nutant Ls only reststanÈ to the lethal effect of pEC400 at htgh

temperatures (1.e. is a tenperature-sensltlve nutatl-on).

The LetRl mutaÉt was conflrmed to be trul-y Let-reslstant by lts

abl1-tty to be retransforned with the plasrnld pEC400 at the sane efflciency

as the parent p1-asntd (1x106 transformants/ug of DNA). The LttRl mutant

was then tested for Dhr-reslstance. A 186 cltspAanll lysogen of this

straln was heat-l-nduced at 40oC antl the rate of 9. coli DNA repllcatLon

monltored by pulse-labelllng (chapter 2.18.1). The results presetrted ln

Figure 5.10 shows that the LetRl lysogen dld not show the Dhr Effect. This

conflrms that the LetRl nutant ls tlhr-reslstant. The LetRl mutant will

henceforth be referred to as the ohrRl mutant'

The OhrRl mutant was tested to deterrnine whether the mutatlon

prevented the filanenÈation, which occurs when early lyttc genes are

expressed from pEC400. lhrRl carrylng pEC400 or cured of the plasmid was

grown at elther 30oC or 4l.506 for 4 hours and cells were examlned under

the mlcroscope uslng phase contrast optl-cs (rabl-e 5.2). At 41'5oC, the

otrrRl stral-n carryl-ng pEC400 and. DhrRl cured of Èhe plasmtd gave nornal

cells, whereas the control of the Parent stlain carrying pEC400 (stratn

EZZ61) gave filamenrous cells (data not shown). Thls result Lndlcates that

the ¡hrRl nuÈant is resistant to pEC400-tnduced fllanentatl-on at 41.5oC'

¡,t 30oc the control- strain (82268) and DhrRl gave rlse to nostly norrnal

cells, however, DhrRl carrying pEC400 gave rlse to long fil-anentous cells

(10-50x greater l-n length than normal cells) (data not shown; Table 5.2)'

This result suggests that the DhrRI nutant ls only resistant to pEC400'

lnduced fllamentatlon at htgh temPeratures. Thts ls conslstent with the
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characterjlzatkon of the L€tlR (DbrrR) Eutant.

(a) cnowrH

Straln Temperature
300 4t.5occ

F,2268
tEs36( 186 cltspAanll( 8)) (pEc400) J

n4r37(pEc400)
1E536 Letl^(pEC400) l

#

F.4L37
[8536 LetlR +

#

#

(b) CELL MORPHOLOGY

StraLn
41.5oc

F.2268
lEs36( rS6clþpAan11( 8) ) (pEca00) I

normal
(few small-
f ll-a.ments)

fl-l-arnented
( r 0-50x)

normal

fllanented
( 10-50x)

normal
(few small
fllanents)

nornal

F.4L37 (pEc400
1E536 LerlÑ(

)
pEc400) 1

F,4L37
18536 LetlR l

Notes to Tabl-e 5.2

(a) EZZ6B rvas sror,ün at 30oC, whereas 84137 and 84137(pEC400) were grown at
ãrliÕc i" t broth (contaÍnLng anpf-cl-llln tf requtred) to an A.nn= 0.8.
A loopful- of cel-l-s from each culture were streaked for sl-ng1-e-ðólonies

on VCC plates Ior YGC plates supplenented wlth ampicll-lin for
¡4137(pEC400)1. The plates were Lncubated ãv.rnfgtt at 3öoC or 4l.5oC
and thã gro*ih of the bacterl-al colonles was compared. .¡-¡-t- l-ndLcates
good growih, * Lndl-cates some growth, and - lndLcates no growth or
poor growth.

(b) EZZ6B nas srown at 30oC, whereas 84L37 and 84137(pEC400) were growr at
¿f,SoC tn L broth (coniatntng anplcll,l-in lf requlred) to-AUOO=^0.8.

Cultures were then halved and grown for four hours at elthei-JU"C or
4l.506. Samples fron the cultures were removed and vl-ewed under the
mlcroscope uslng phase contrast optlcs (at 400x rnagnlfl-catLon). The

norphology of the cells was recorded.

The bacterLaL and bacterl-ophage stralns are descrlbed in chapters 2'l
and 2.2.L. pEC400 ls descrlbed in chapter 2.3.2 and Figure 5.2.



Flgure 5.10 The rate of DNA repll-catlon after the heat-lnductlon of a

Rlysogen of the Letl straln.

cut-rures of 84L76 [Su- r.ett* (rgo crrspAamll (B) )1, 84137 [Sul r,ettR],

Ellll [Su- (186 clrspAamll (B))] and 8536 [Su-], which were grown overnf-ght

at 30oC tn TPG-CAA medlum, were dlluted lnto the same broth and incubated

wlth aeratlon at 30oC to AUOO= 0.2 (2x108 cfu/nl). Cultures were

transferred to 40oC at 0 nl-n and lncubation wLth aeratlon was contlnued.

Samples (200 ul) were taken at the indlcated tlnes and the rate of DNA

repllcation was determlned by pulse-labellfng wlth 3H-thymldfne, as

descrlbed in Chapter 2.18.1.

Synbols : E = Is4176 [E536 LetlR (186 cltspAanll (8))]

. = 84L37 t8536 LetlRl (non-lysogen)

a = Ellll [8536 (186 cltspAanll (B))1

I = E536 (non-lysogen)

Bacterlal and bacteriophage stralns are descrlbed l-n Chapters 2.1 and

2.2"1.
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prevlous results, whlch suggested

sensltlve rnutatl-on, preventLng the

that trrrRr

40oc, buÈ not at 30oc.

The results presented above have established that DhrRl ls a host

mutant, whj-ch ls reslstant to Dhr at htgh temPeratules' Studf-es are

currently underway by S. I{11-11ams of thls laboratory to determLne the

preclse locatl-on of the lhrRl mutatlon on the E. coli chronosome. The nap

posltlon of the DhrRl l-ocus on the bacterial chromosone may enable the

tdenttfLcatlon of the host functlon lnvolved tn the lnhibltlon of E. coli

DNA repl-tcatLon and cell dl-vlslon by Dhr and rnay provide lnslghts lnto the

function of Dhr 1n 186 lytlc development'

5.2.6 The Identl-ffcation of the dhr Gene.

The results presented. in chapters 5.2.I to 5.2.5, have estabLished

rhar dhr ls a 186 gene encoded within the P"F-Ig1,IL (77.47.'79.6%) reglon,

and have characterized the effect of Dhr on 186 and on the host' The next

step was to ldentlfy which of the genes encoded within the PstI-BglII

(77.47"-79.67") xegton, Ls the dhr gene. The ftrst approach used to ldenttfy

the dhr gene was to deternLne the DNA sequences of the two chatacterlzed

Dhr mutants (Dhrl and Dhr2).

5.2.6(a) DNA Sequenclng of Dhr Mutants.

The strategy to idenÈtfy the dhr gene was to determlne the DNA

sequence of the pstl-Bsllf Q7.47"-79.6%) regton from the Dhrl (pEC401) anct

Dhr2 (pEC402) mutanËs and compare thl-s sequence wLth the DNA sequence

obtained fron the PstI-BglII reglon fron the parent cLone, pEC400 (chapter

2.3.2, 5.2.2).

The psrl-Bgllf Q7 .4%-79.67") fxaements vrere l-solated fron pEC4Ol,

pEC402 and pEC400 and cloned fnto the PstI and BanIII sftes of M13rnp8 or mp9

to create clones of the r-strand and l-strand (Chapter 2'30'1, 2'31)' In

acÈl-on of

contaLns a tenperature-

Dhr at temperatures above
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addf.rLon, rhe p"rl-lgl,Il fragnent from these plasnlds were digested with

HpaII or TaqI and the resultlng fragments were "shot-gun" cloned lnto the

AccI site of Ml3np9 (Chapter 2.30.2, 2"31).

The sequenclng strategy used to determlne the sequence of the PstI-

B'III Q7.47"-79.67") reg!.on of pEC400, pEC4Ol and pEC402 Ls shown in Flgure

5.fl(a)r(b)r(c). The DNA sequence was deternlned uslng the modlfled Sanger

dideoxy chaln termlnatl-on nethotl. (Chapter 2.33). The DNA sequence of the

p"rl-Ig$f Q7.4%-79.6î0 reglon of pEC400 was the same as that deternined

for 186 cltsp (1) (Chaprer 3.2.I). The PstI-BglII region of the Dhrl

mutant (pEC401) was found to dlffer from the wild-type sequence at three

posltlons, each lnvolving a C to T base change, namely at base 367L In CP77

to gl-ve a nissense mutation of leuclne to phenylalanine, at base 3954 tn

9Zi to create another missense muÈatLon of prol-ine to serine and at base

4225 ln gI79 to gLve a third ml-ssense nutatf-on of alanlne Èo vall-ne. The

p"rl-Ig.$f- (77 .4%-79.67) region of the Dhr2 mutant (pEC402) contaLned

nuÈations 1n CP77 (a G to A base change at base 3739 resulÈlng ln a

tryptophan to an opal nonsense mutatLon) and in CPTB (a G to A base change

at posltlon 3910 resultf.ng ln a glyctne to asparaglne amlno acid

change). Fl-gures 5,12 and 5.13 present photographs of the autoradlographs

of sequencLng gels showLng these nutations and Flgure 5.15 shows the

posltJ.on of these mutatLons Ln the DNA sequence of the PstI-B8lIf Q7 .4i¿'

79.67") reglon. The results obtaLned fron the DNA sequenclng of the PsF-

BgIII reglon of the DhrI and Dhr2 rnutant has shown that CP76 and CP79 are

not the ¡þ gette, however, they tlid not allow the lrlentlfl-catlon of the dhr

gene sl-nce both CP77 and CP78 contalned mutations.

These resulÈs have revealed that eLther CP77 or CPTB nay be the dhr

gene. The nultlple mutatlons possessed by the Dhrl and Dhr2 nutants rnay be

a consequence of uslng nitrosoguanldlne as Èhe mutagen, whLch has been

reported fn sone cases to cause nultiple muÈatlons (Guerola 9t al., 1971).



5.11 The sequencl-ng stra of the PstI-BgLII (77 .47"-79.6%)Figure

reglons from the wlld-tyPe (PEC400), Dhrl (pEC40 l), Dhr2

(pEc40 2) and ohr3 (pEC403).

A restrLctlon nap of the PstI-BelII- Q7.4%'79.67") regton Ls shown, for

each pJ-asnld-c1one. The narks on the maps of pEC400, pEC4Ol and pEC402

represent 100 bp, and on the map of pBC403 represent 200 bp. Relevant

restrLctl-on sltes are lndlcated. The sequence coordlnates of the

restrictlon sltes refer to the fl-rst base of the slte on the 1-strand'

The arrov¡s below the map represent gel readlngs used to generate the

DNA sequence. Rtghtward arrows represent gel readlngs of the 1-stran<l,

whereas leftwartl arrolús represent gel readl-ngs of the r-strand sequence"

The posltLon of the ISl elenent ln pEC403, Ls lndlcated.
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DNA sequence of the PstI-BglII ( 77.47"-79.6%) regton from theFlgure 5.12

186 Dhrl nutant.

Thts Figure shows the DNA sequence of the nutatLons Ln Dhrl (pEC401)

compared wlth the DNA sequence of the wlld-type (pEC400). The DNA sequence

of Èhe Cp77 nutatlon Ls from the l-strand, whereas the DNÀ sequence of the

cpTB ancl CpTg mutatl-ons are from the r-stran<l. The posLtions of the base

pair changes, are lndlcated on the autoradlograph by the arrolús, and are

summarl.zed ln Figure 5.15.

The DNA sequenclng tras carried out as descrlbed ln chapter 2.33.

Electrophoresl-s and autoradlography condltlons were as descrlbed ln Chapter

2.29.3(c) and 2.29.4.
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Figure 5.13 DNA sequence of the PstI-BglII Q7.4%-79.6it) ion fron the

186 Dhr2 mutant.

This F1-gure shows the DNA sequence of the nutatlons in Dhr2 (pEC402)

compared wlÈh the DNA sequence of the wll-d-type (pEC400). The DNA sequence

of the CP77 nutatlon ls fron the l-strand, whereas the DNA sequence of the

cP78 nutation ls fron the r-strand, The posltLons of the base palr

changes¡ €trê lndlcated on the autoradlograph by the arrows, and are

sunmerized tn Flgure 5.15.

The DNA sequencLng rdas carrLed out as descrlbed ln Chapter 2.33.

Electrophoresis and autoradlography condltlons were as descrlbed tn Chapter

2"29 "3(c) and 2.29 .4.
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Sl-nce the DNA sequencLng of the Dhrl antt Dhr2 nutants did not allow

the ldentfflcaËLon of the jE g.o" because of the presence of nultlple

nutatLons, it was declded to determine the DNA sequence of the PstI-BglII

regj-on of the Dhr muÈant, Dhr3, which had been lsolated as a spontaneous

mutarit (Chapter 5.2.5b) .

The plasnld DNA (pEC403) from the Dhr3 mutant was lsolated and

analysed by restrlctlon analysis (Chapter 2.24.2, 2.28). The plasmLd-clone

pEC403, was found to have an lnsertlon of -800 bp wtthln the PstI-BglII

(77.47"-79.6%) regl-on (dara not shown). Thts Lnsertion contal-ned a 3g!I

sLte, and pstl digestl-on of the XhoI-BelIf rcl .67"-79.67.) fragrnent f rom

pEC403 gave rhree fragnents, namely L.2 kb (xhol-Pstl), 0.86 kb (PstI-PstI)

and 0.6 kb (pstI-Bgl-II) (ilara not shown). The 0.86 kb and 0.6 kb fragnents

were cloned tnto Ml3mp8 and np9 to glve clones Ln both orientatlons and

these clones were sequenced using the nodl-fied Sanger dldeoxy method

(Chapter 2.3Ð. The sequenclng strategy ls shown in Figure 5.lf (d). The

analysLs of the sequencfng data showed that Dhr3 contained an ISI lnsertlon

elenenr (Johnsrud, 1979) at posttion 3831 J:n. CP77, whlch resulted ln the

dupltcaÈlon of 9 bp of 186 DNA at the posltion of the lnserÈLon (t.e. thts

9 bp sequence was found. at the 5'-end and 3'-end of the ISI elenent).

Flgure 5.14 presents a photograph of the autoradlographs of sequenclng gel-s

revealing the junctl-ons of the ISI Lnsertion element wl-th 186 DNA. Figure

5.15 shows the positl-on of thls lnsertlon element ln the DNA sequence of

the PstI-Bgl-IT- Q7 .47"-79.6%) regton.

slnce ISl tn elther orlentatlon has polar effects on the expressLon of

geûes, whlch are located promoter-dtstal to the posltlon of the lnsertlon

(Besemer, Lg77; Das et a1. , Lg77 ), the dLlenma remalned as to whether CP77

or qq was the g!3 g.tt.. This result wtth Dhr3 and the double nutations

I¡ Cp77 and CPTB obtained for the Dhrl and Dhr2 mutants, ral-sed the

posstbillty that mutatlons ln both CP77 and CPTB nay be requtred for the

Let- (lethal-) phenotype lthe phenotype used to select these clones



of the PstI-BgLIT Q7.47"'79.67") reclon from theFtgure 5.14 DNA sequence

186 Dhr3 mutarit.

This Flgure

Junctions in Dhr3

shows the DNA sequence of the 186 DNA-ISI l-nsertion

(pEC403) compared wl-th the DNA sequence of the wil-d-type

(pEC400)" The DNA sequence is fron the l-strand. The flrst and last

positions of the ISI sequence, are lndlcated by arrows' The 9 bp reglon'

l¡hich ls d.upltcated ln Dhr3, l-s indlcated" The results are summarLzed 1n

Flgure 5.15.

The DNA sequenclng was carrl-ed out as descrLbed in chapter 2'33'

E1-ectrophoresls and autoradlography condltlons were as descrl-bed l-n Chapter

2"29 .3(c) and 2.29 -4.
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Figure 5.15 Loca tlon of the Dhrl. Dhr2, and Dhr3 mutatlons.

The DNA sequence of the l-strand of the ÞF-BglIT Q7 .47"-79.67")

region Ls presented, and the nutatLons detected in the Dhrl, Dhr2 and Dhr3

mutants are lndl-cated" The posltlon of the ISI lnsertion ln Dhr3, ls

l-ndlcated by the arro$r and the 9 bp region, whl-ch ts dupllcated in Dhr3, is

boxed.

The posf-tions of the genes, are lndlcated on the rtght of the Flgure.

Ribosone-binding sltes are boxed. The tRl termLriator l-s indicate<l by the

convergent arrotrs. All relevant restrlctLon sltes are shown.

The positions of the CP77an and CP78am ollgonucleottdes on the DNA

sequence, are also shown.
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(Chapter 5.2.5b)1. Should mutatlons ln both CP77 antt CP78 be necessary for

the Let phenotype then the sequenclng of further Dhr mutants tsolated by

the selectLon for the Let phenotype would not allow the ldentlflcatlon of

the dhr gene. For this reason another approach was used to deternLne

whether CP77 ot glzq encoded the dhr gene. The approach used was to

analyse the effect on the host of the expresslon of cP77 or CP78 fron

plasnl-d-clones .

5.2.6(b) Analysis of Clones of, CP77 and CP7B.

Plasnid-clones in the expresslon vectorr pPLc236 (which contalns the

À pL pronoter upstream of the clonlng stte), of the Ø g"o" (pEC404) ancÌ

the CP78 gene (pEC421) were obtal-ned, as descrl-bed in Chapters 4'2'3 aú'

2.3,2. These cl-ones are shown dlagramnatl-cally in Figure 5.16 . The

expressl-on of cP77 or CP78 fron these clones lfas controLled l-n a sËrain

(8832), which carrl-es a defective À prophage encod'tng the cI repressor gene

contal-nlng a temperature-sensitlve routaÈlon (cI857) ' The clones rlere

tested for thelr l-ethal-tty to the host cells, and thelr abtllty to

demonstrate the Dhr Effect tlPon heat-induction at 4l.5oC (the expressfon

temperature).

Cells rüere grown overnlght at 4I.5oC on YGC pl-ates containing

anplcillln, and the vLable counts were deternl-ned. The straLn carrylng the

pplc236 vector, showed 100% survlval at 41.5oC conpared with that obtalned

at 30oc. The clone of the cP77 gene (pEC404) showed a sll-ght reductlon ln

viable couût (50-7Oi¿ survival-), whereas the CPTB clone (pEC421) showed a

slgntflcant reductlon ln vlable count (0.13%-3.3% survl-val) conPared wl-th

that obtatûed at 30oC. This result suggests that CP78 encodes the lethal

gene descrlbed by Flnnegan (1979). HoweveT, w also results in a s¡0a11¡

but slgnlficant, decrease tn cell survlval at 4L.5oC' The observatLoû that

the expression of both cP77 arrð, CPTB decreases the survlval of the host may



Gene content of PEC42I, pEC4 04, 98C424' 10, pEC60 6 andFlgure 5.16

pEC405.

A diagrammatlc rePresentatlon of the gene content of the XhoI-BCIII

(67.67.-79.6%) xegLon fron 186. Genes are represented by the boxed reglons,

and promoters are represented by the horizontal arrolÙs- Relevant

restrictlon sites are shown. The sequence coordLnates of the restrl-ction

sites refer to the ftrst base of the sl-te on the l-strand.

The gene conrent of.pq}42l, pEC404, pEC424, pEC410, pEC606 and pEC405

are shown. The constructLon of these plasrnl-d-clones !s descrlbed ln

Chapter 2.3.2. The restrl-ctlon sltes used to construct these clones are

indicated.

The gene content of these clones is lndlcated. For pl-asnid-clones ln

the vector, pPLc236, the À pL promoter-proxl-mal fusion-gene Ls not expected

to be expressed, and therefore l-s not shown oû the diagran. Genes that are

only partially rePresented on the plasmld-cl-ones are indicated by the

Jagged-eclged boxes.
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expla1n the presence òf mutatlons affecting both CP78 and CP77 in the Dhrl '

Dhr2 and Dhr3 rnutants, whl-ch were lsolated as non-lethal rnutants.

The survlval of cells carrylng the clone of CPTB (pEc421) was slmil-ar

to that obtalned for a clone encodlng both the CP77 and CP78 genes (pEC424)

and a clone encodlng the entlre early lyttc reglon (pEc4ro)' [pEC424 and

pEC4lO were constructed, as descrlbed ln chaptet 2'3'2 (Ftgure 5"16; Table

5.3).]Thisresultl.ndicatesthatCPTSlsthegenelargelyresponslblefor

the lethalJ-ty, whlch occurs when the early 1-ytlc genes are expressed' from a

plasnl-d,-c1one. In further support of this conclusion, Èhe expression of

genes from clones of cP75 (pEC6O6), antl CP75 and CP76 (pEC405) ' constructed

as descrlbed ln chaptex 2.3.2 (Flgure 5.16), dld not show a reductl-on in

cell- survtval (Tabl-e 5.3).

To derernine wheth et cP77 or CP78 encoded the dhr gene, pEC4ZL (CP7B) 
'

pEC404 rcP77) and pEC424 (CP7B, CPTD and the parent vector, pPLc236' were

tested for thetr abil-ltY to show the Dhr Effect, after heat-lnductl-on at

4t.5oC (Ftgure 5.1D. The expression of genes from pEC424 resulÈed in the

depresslon of E. coli DNA replicatlon (the Dhr Effect) as expected' The

expressl-on of CPTB (fron pEC42I) also resulted' l-n the Dhr Effect' whereas

pEC404 ancl PPLe236 dttl not cause the Dhr Effect. This result shows that

CP78 is the gene responsl-ble for the Dhr E"t and thus, encodes the dhr

gene.

As dlscussed in chapter 5.2.4G), cell dLvlslon tnhlbttlon was also

assoclated wtth the Dhr Effect. Therefore, lt was of lnterest to observe

the effect of the expresslon of CP78 (the dhr gene) on celL norphology'

cells carrylng the cP78 plasmid-cJ-one (pEC421) or the parent vectol'

pplc236, rrere grown at 42oC f.or 4 hours, then vlewed under the mlcroscope

uslng phase contrast optl-cs. The cell rnorphology of ce]-ls carrylng pPLc236

were normal at. 42oC (rtgure 5.1Ba)' Surprlslngly' the expresslon of CPTB

fron pEC421 also gave normal ce1ls (Ftgure 5.18b)' This result suggests

gene ls not resPonslble for the cell fllanentation'that the CPTB (dhr)
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Survlval. at 41.5oC of EB32 carryfng cl.ones of the 186 earlY lytfc g"o"t."

Survl-va1 7"dPlasmld-clones
(Plasmlds)

186 genes
encoded

pPLe236

pEC421b

pEc404b

pilc424b

CPTB

cP77

t00%

0.132-3.37"e

s07"-707"

1.87"-3.67.ecP77 ,CP78

pKCT

pEC410c cltsp 
'CPT 

5 rCP7 6 rCP77,CP7B

100%

2%-4r,e

pKO2

pEC606c

LOO1L

r001¿cltsp, CP75

pMC931

pEC405c

r007"

t001[cltsp, cP7 5 ,CP76

Notes to Table 5.3

a.

b.

Co

d.

Cultures of E832 carrylng plasnid-clones (or pl-asmtd¡) were grown ln
L broth (contalntng the approprl-ate antLblotl-c) at 30"C to +OOO- 

0'8'
Sampl-es were taken and dll-uEtons of the culture lüere sPread"öñto YGC

plates contal-4í-ng the approprl-ate antLblotl-c. Pl-ates were Lncubated at
ägoC or 4l.SoC -overntlht and the vlable counts l{ere determlned
(chapter 2.16.2). The results presented here were obtalned from
several experf.ments.
The plasmlá-clones pEC42I, pEC404 ancl pEC424 have the 1B6 genea cloned
downstream from the À pL pronoter (chaptet 2.3.2). The expresslon of
the cloned genes from îft"-l gL pronoter ls controlLeil by the À cIB57

repressor, *ht"h is expressed Eron the defectfve À prophage present ln
EBlz, Thus, at 3QoC the cloned genes are not expressed, but they are
expressed at 4l.5oc.
Thã expression of 186 early lytlc genes from pEC4lO, pEC606 and pEC405

l-s controlled by the 186 cltsp rePressor, whlch is encoded on the
plasmld-clone (chapter 2.3.2)A Thus' at 30"c 186 early lyttc genes are
not expressed wherò"s at 41.5"C these genes are expre""9d._.,_
The suivival percentage lefers to the vlabl-e count at 41.5"C relatlve
ro rhar obralned at 30oc. EB32 contalnfng pEC42I, pEC404, pEC424 arld

pEC410 gave variable levels of survl-val, as lndlcated.
ft fs pertLnent to note that there is a straln dlfference fn the
survl-val frequency obtalned for the clones encodlng CPTB' between the
strains EB32 and 8536 (Chapter 5.2.2; data not shouñF For example,
when ce11s carrying pEC410 ^ are grown overnlght on YGC plates
contal-nlng ampictlifo- "t 41.5oC (ttre expression tenperature) the
survl-val percentage of EB32 ls 100-1000-fol-d greater than that
obtalned fãr 8536 (data not shown). This resul-t suggèsts that E832

contal-ns mutatlons that alLow partlal reslstance to the lethal effect
of the expresslon of early ]-yttc genes from a plasnld-clone.

êo
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whl_ch ls observed when early lyttc geûes are expressed from pEC400 (chapter

5.2.4c). However, the conclusion that the dhr gene resulted 1n

ff.lamentatlon was based on the assunptlor that the Dhrl antl Dhr2 nutants

contalned single muËatlons (Chapter 5.2.2) and the results presented here

have shown that these mtltants contal-n mutatl-oûs jln' cP77 as well as gq'

It was therefore posslble that cP77 lfas responsible for the fila'nentatlon

observed when early lytlc Senes are expressed from pEC400 (Chapter 5'2'4c)'

TodetermlnewheÈhertheexpressionofCPTTresultedinantnhibitlon

ofg.collcelldivision,cellscarryingpEC404weregrowllfox4hoursat

42oC and then vlewed under the nlcroscope uslng phase conttast optLcs' The

heat-l-nductlonofpEC404resultedlnfila'nefitouscells(-10-20xlargerthan

normal cells at.42oC; Figure 5.18c). This result shows that the expression

of cP77 leads to an tnhibitton ln cell dl-vision' However' thls inhlbltion

in cell- divislon caused by cP77 cafi not be complete and most cell-s nust

eventually dlvicle slnce the cp77 clone (pEC404) only results in a srnall

decrease l-n vlable count '

Theanalysl-softheclonesencodingCPTTalð'CP78hasal].owedthe

identlftcatlonofCPTBasthedhrgene,ageneresponslbleforthe

Dhr Effect and largely responsLble for the lethaltty observed when 186

early lyt1c genes are exPressed fron a plasnld-clone ' cP77 was ldenttfteil

asbelngresponsibleforcel].fllamentatl-on,andthus,vlasnamedthefil

gene. Havlng asstgned functLons to fl aú' CP78 the next step was to

dete::mine whether these genes are Lmportant to 186 lytlc developnent'



The rate of DNA repllcatlon after the heat-LnductLon ofFigure 5.17

stralns carry pEC42L, pEC404 or pEC424.

Cultures of n832 (pcIB57) carrylng either pEC421' pEC404' pEC424 or

the parent vector 
,pPLc236, 

whl-ch were grollrl' overnl-ght at 30oC tn TPG-CAA

nedlun (contal-nl-ng the approprl-ate growth suppl-ements and antl.blotlcs),

were dLl-uted tnto the same broth and tncubated wLth aeratlon at 300c to

p
4600= 0.2 (2x108 cfu/ml-). Cultures Ïrere transferred to 41'5oc at 0 nln and

lncubatlon wLth aeratlon was contlnued. Sampl-es (200 ul) were taken at the

lndlcated tl_mes and the rate of DNA repllcatfon was determlned by pulse-

I
l_abel,llng wlth JH-thymldlne, as descrlbed 1n Chapter 2.18.1.

Symbols : O= PE142L (cP78)

r = pEC404 (CP77)

o = pEC424 (CP77' CPTB)

A = pplc236

BacterLal and bacterlophage stralns are descrlbed ln Chapters 2'l and

2.2.1. Plasmlds and plasnid-clones are described Ln chapter 2.3 and

Flgure 5"16,
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Ftgure 5.18 Cel1 norphol-ogy of EB32 carryi-ng clones of CP78 (pEC42f) or of

cP77 (pEC404) at 42oc.

Cultures of E832 carrytng pPLc236, pEC42L or pEC404 were. grorùn Ln

L broth at 30oC to AUOO= 0.2. the cultures were dlluted 1/10 tnto fresh

nedla and were groT.rn for four hours at either 30oC or 42oC. Cel-l-s were

photographed at 400x nagnlficatf-on under the nicroscope uslng phase

contrast optlcs.

(a) E832 carrying pPLc236 at 42oc.

(b) E832 carrylng the CPTB clone (pEC42l) at 42oC.

(c) EB32 carrylng the CP77 cLone (pEC404) at 42oc.

These straf.ns gave normal cells when grown for four hours at 30oC

(data not shown).

The gene content of. pEC42l and pEC404 Ls shown ln FLgure 5.16.
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5.2.7 Investlgatl-on as to wherher fil rcp77> and dhr (cP78) are Essentl-al

to 186.

5.2.7(a) Anber Mu renrs Ln CP77 and CP78.

The 186

dhr (cP78).

Dhrl and Dhr2 nutants have nutatlons Ín both ftL rcP77) antl

These nutants gLve a red.uced burst stze Lndicatlng that elther

CP77 ox CP78 are lmportant to 186 Lytic <leve1-opment (Chapter 5.2.3) '

mutaûts are not conPletelY Dhr and
However, Lt was possible that these

FlI , so thaÈ the posslbility renained that dhr antl/or ftl nay be essentlal

for 186.

To assess rhe Lmportance of ft1 rcP77) and dhr (cP7B) to 186, anber

mutants ln these genes were created. As dtscussed in Chapter 4'2'3' CP77^

and CpTBan mutants were obtalned. in the I'fl3-clone, nEC401 (chapter 2'4'2)

uslng oligonucleoÈlde site-directed nutagenesLs and were conflrned by DNA

sequenclng (chaptel 2.3Ð. To create 186 CPTTarn and 186 CPTBan mutants'

rhe I"rI-lgl,II Q7 .47"-79.6"/") fragments fron the cP77am and cP78am

derlvatlves of rnEC4ol were recombined wtth the XhoI-P"F 67 '67"-77 '47')

fragnenr fron 186 cltsp (I), and each resulting XhoI-l4.II fragnent IÙas

llgated into 186 cltsp us!.ng these unlque sltes (Chapter 2'30'1, Z'32) to

form 186 grt"pCpzz* (20) ancl 186 cltsp@ (21). These phage were shown

to carry the cp77am and cp78an mutatlons, respectlvely, by plaque

hybridlzatl-on with the o1-igonucleoÈldes used for thelr creatlon' as probes

(chapter 2.5, 2.32.2; Fj-gure 5.15; data not shom). on non-suPpresslng

srralns (n538, E251) the 186 CPTTarn mutant gave p1-aques lndlstlngutshable

fron wll-d-type plaques ln theLr size and apPearance. The cP78an mutant gave

very snal-l plaques, partlcularly at htgh temPeratures (37oC-41'5oC) (data

notshown).Theseresultssuggestthatttl-stheCP78(dhr)nutatlonln

the 186 Dhrl antl Dhr2 nutants that ls responslbLe for the decreased burst

slze of these mutants. In fact, the plaque sl-ze of the CP78an muÈant vfas

even smal-ler than that of the plaques obtalned for the 186 Dhrl and Dhr2
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mutants (ttata not shown). Thts result lndl-cates that Dhrl aad Dhr2 nay not

result in a conpl-etely defectlve dhr gene, or that the ft1 rcP77) mutatlons

present l-n these mutants naY

mutatlons in the dhr gene.

partla]-ly suppress the effects of the

The mutant phenotype of the CPTSarn nutant ltas not supplessable f-n any

of the three avaLlable suppressing stra!-ns Sul (8539), Su2 (E540) or Su3

(E54f). This nay be explalned by the fact that these supPresslng stral-ns

do not replace the arnber stop sl-gnal with the correct amlno acLd' leucLne

(Chapter 2.5; Figure 5.f5), and. indicates the l-mportance of the leuclne

resldue at thls posl-tl-on. The degree to which the 186 CPTSarn and CP77am

muÈatLons affect Ig6 developnent was lnvestlgated, by detern!-ning the burst

sLze after the heat-tnduction of the corresponding lysogens (E4l3B'

E4r34).rs6CPTTamshowedasltghtlyreducedburstslzeß07"-90%)whereas

186 CPTBam gave a slgnlftcantly reduced burst slze (257") comparetl wlth the

wild-type lysogen G252) (data not shoun) '

These results suggest that dhr (CP78) l-s Lnportant to the phage whil-e

fLL (CP77) ts not Lmportant. However, although these results suggest that

both f1l and dhr are not essentlal to 186, thls cannot be stated wlth

convl-ction slnce 1È ts posslble that these amber mutants nay be s1-lghtly

leaky, as was observed when these mutant genes lfere expressed fron a

plasnI-d-clone (Cbapter 4.2.3), and thus, the phages nay not be conpletely

defectlve l-n these genes.

5.2.7$) Deletions of CP77 and CP78-

To deternine whether cP77 and cP78 were essenÈlal to 186 an attenpt

was made to lsolate two deletlon mutants wlthin lL]n" cPn-cPn reglon' by

exploltt-ng sulrable restrlctl-on sltes wlthtn the PstI-BglIf Q7 '47"-79 '6iL)

reglon. The two deletl-ons that lüere attenpted were from HaeIII-HtncII

(77.9%-78.9%), sequence coordlnates 3703-3950 (de13) and fron SauIIIA-BCII

(77 .gî¿-7g.671), sequence coordlnates 3712-4258 (de14) (tr'tgure 5'19'



Figure 5.19 Location of the de13 and de14 deletlons.

A dl-agrammatic representatlon of the gene content of the XhoI-CPBO

(67.67"-80.3%) regton from 186. Genes are represented by the boxed reglons

and promoters are represented by the arrorüs. Relevant restrlctlon sltes

are shown. The sequence coordinates of the restrLctLon sLtes refer to the

flrst base of the site on the l-strand.

The gene content of thls regLon fron 186 d"l3 (lB) and 186 del-4 (19),

is shown. These 186 deletlon trutants rüere constructed as descrlbed ln

Chapter 2"2.L. The deletLons are represented by the shaded boxes, The

restrLctl-on sl-tes used to construct these deletl-ons are l-ndl-cated. Genes,

whJ.ch are not expected to be expressed (due to the removal of thelr

rÍbosome-bindlng sltes by the deletl-ons), are not shown on these dLagrans.
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5.15). Both of rhese phage deletlons (186 cltspdel3 (rB) and

186 cltsp$g!4 (t9)) were l-solated. The constructlon of these deletlons ls

descrLbed 1n Chapter 2.2.I. Both deletLon phage gave small plaques

conpared wfth the wild-type. The de13 deletton renoves the 3'-end of the

f.LL rcp77) gene $4175 amtno acids) and the Sr-end of the dhr (CP78) gene

(33/66 amino aclds), whereas the del-4 deletl-on renoves the 3'-end of the

f.tL rcp77) gene (49175 amlno actds), the conplete ¿lhr (CP7B) gene and the

5'-end of the CP79 gene Q6177 amino acids). The vtability of these phages

provldes evidence to suggesr that the ftl rcP77), and the dhr (cp78) gene

are not essential to 186- Furthernore, these results show that the flrst

mtddl-e gene, æß, 1-s probabl-y also a non-essentfal gene'

The burst sizes of the 186 de13 anit de14 phage were deterrnl-ned by

heat-l-nductlon of the correspondLng lysogens (n4121 and 84122; Chapter 2.1)

and both phage gave a burst size of -307. of the wild-type (clata not shown).

Thls burst slze ls simll-ar to that obtained for the 186 Dhr- Plrage,

186 cltslCpT8arn (21). The stnllarity in burst sLze of the two deletlon

phage (which are expected to be Dhr and Fll--) to that of the Dhr- phage

(186 clrspCpTSan) provtdes further evLdence to suggest that fil (CP77) is

not fmportant to 186 lytlc devel-opment.

5.3 SU}TMARY.

The results presented l-n thts Chapter have shown that CP78 encodes the

g'hl g"o", a gene responsible for the depression of host DNA repLtcatlon

(the Dhr Effect) and t:nat CP77 encodes the ftl gene' which results ln the

tnhlbttlon of E. col-i cell divLsion. The dhr (cP78) gene was also shown to

be largely responsibl-e for the lethal-lty observed when 186 early lytlc

genes are expressed from a plasnid-clone, although ftl rcP77) also resulted

in a sna1l decrease Ln cel-l survival.

essentlal to 186, although dhr appears

The ftl and dhr genes are n.ot

to 186 lyticto be lmportant
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developnent. The possible functlon of Dhr and Fll tn 186 developmenÈ wtll

be considered f-n ChaPter 10.2.

The Ton functlon (postul-ated to be requLred for 186 nlcldl-e gene.

transcrl-ptlon) was expected to be an early lytlc gene (Fl-nnegan and Egan,

1981; Chapter 1.3, 5.1). However, all- early lyttc genes (CP75' CP76' CP77

anct cp78) have now been asslgned functl-ons. To accommodate the $ Eene ln

the early Lytlc reglon one of the early lytic geûes must eûcode nore than

one functLon. Since Cp75 (cpl) antt CP76 (cII) have defined roles ln 186

developnent, !-t was consldered unlikely that elther of these geûes encodes

the Tom funcÈlon. It ls therefore posslble that ton is encoded by dhr

(cp78) or fll rcP77), which have as yet undeflned roles to 186 developnent.

However, Tom was postulated to be an essential functl-on and therefore

mutants ln this gene should be lethaL to the phage. Since dhr or f1l are

not essential to 186, thls raises the posslblllÈy that Tom nay be encoded

1n another region (for exanple the 186 niitdle reglon) or that l-f Ton 1s

encoded in the early lytl-c reglon (by dhr or ft1) 1t is noÈ an essentlal

gefte. I,lhether dhr or fLl encode the Ton functlon Ls a subject lnvestlgated

later ln thls studY (ChaPter 8)'

The results presented ln chapters 3, 4 and 5 were concerned wlth the

deflnltlon of the early lyttc regJ-on and determinlng the functl-ons encoded

by the early lyttc genes. The next Chapters are concerned wlth the

transcrlptlon of the 186 early lytlc anct ntddle reglons and the control of

nlddle gene expressloo.
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CEAPIER 6. THB AI{ALYSIS OF THE IN VTTIO RIG}N'WARD BI{A TRANSMIPÎS OF

186 EARLY LYÎIC AIID I,ÍIDIIIJ RECIONS.

6.1 INTRODUGTION

Aknowledgeofthel.nvivotranscrl.ptlonpatternofaspecl.fl-creglon

of DNA ls inportant in understandlng the control of gene exptesslon of that

regl-on-Asdl-scussedlnChapterl.3,Þvivoandinvl.trotranscriptlon

studles have establlshed thaÈ rlghtward transcrlptlon occurs fron the pR

pronoter and results in a 1.45 kb transcrlpt in vitro (Finnegan and Egan'

lggt; Kal-lonls, 1985; Pritchard and Egan, 1985). This chapter ls concerned

with determj-ning the slzes and approximate 5f-ends and 3'-ends of the

in vivo RNA transcrlpts from the 186 early lyÈtc and nldcll-" rtgiå"s'

To deternine the trarscrl-ptlon pattern of Èhe early lytic and middle

regions of 186, Northern anal-ysls (Chapter 2.36'3) was used' In Northern

analysLs, RNA fractionated on an agarose gel is transferred to a

nltrocellulose fllter ancl RNA specles are then detected by hybridf'zatlon

wlth radtoactfve probes. The technique of Northern analysis enables the

detectl-on and slzLng of RNA transcripÈs, which are encoded in a specl-flc

regf-on. The availablllty of a llbrary of Ml3-clones spann!-ng the 186 early

lytlc and nfuldle reglons (sequenclng clones: ÈhLs work; Chapter 2'4'2;

KaLionls et a1., 1986a; Sivaprasad, 1984) all-owed the con'structlon of

speclfic hybrtdLzaÈ1on probes for the detection of rightward RNA (Chapter

2.34.Ð. These probes were used to ldenttfy and nap the approxlmate

S'-ends anct 3r-ends of the earl-y lyttc antt niddl-e traûscripts'

Northern analysls has two najor dl-sadvantages. Firstl-y, this

technlque detects accumulated RNA speci-es and thus, the products of RNA

degradatton are also detected. This problem can be nlnlmized' by taktng RNA

sanples as soon as practl-cable after the heat-inducÈlon of a 186 lysogen'
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secondly, Northern analysis has the dfsadvantage of oot belng quantltatLve

due to the poor transfer of snall and large RNAs from the agarose gel to

the nltrocellulose fll-ter (Ihonas, 1983)' Thus, to quantltate the anount

of transcrtptlon occuring across a certaln reglon, RNA dot blot analysis

was used (Ihonas, 1983; Chapter 2'36'4)'

6.2 RESIILTS Æü)

6.2.L The Quantltatlon of RNA Produced fro¡n the EarlY Lytlc and Middle

Regl-ons durLng 186 Lyttc Development.

As an lntÈl-al- steP Ln characterizlng the transcriptfon of the early

lytl-c and rntddle reglons, it was lnportant to deterrnlne the level-s of BNA

produced f ron the early lytlc and midtll-e regions durlng 186 l"yttc

developnent" this would provl-de conflrmatLon of the Èime course studies of

Flnnegan and Egan (1981) (Chapter 1.3) and enable the selection of an

approprf.ate time, at which to take sarnples for Northern analysl-s.

RNA was prepared at dLfferent tftnes after the heaË-lnductlon of a

186 clrsp lysogen (Chapter 2.36.I, 2.36.2) and the amount of RNA produced

from the early lyttc and niddle reglons \üas quafitltated uslng RNA dot blot

analysl-s (chapter 2.36.Ð, using probes specl-flc to the early lyttc region

or the ntddle reglon (constructed as descrlbed in Chapter 2'34'l) '

Table 6'.1 shows the results obtaLned. At 5 nin after heat-lnductLon'

transcrlptlon of the early lyttc and niddle reglons was bareLy detectable'

however, thls transcrlptlon had lncreased dranatlcally by 15 nin and

contlnued to lncrease to reach a pl-ateau at 35 nln. Comparlng the amounts

of early lytlc RNA relatlve to ntddLe RNA, revealed Èhat earl-y lyttc

transcrLptl-on was -I0-fol-d greater than ntddle transcrlptlon at 5 nln after

heat-lnducÈlon, but by 15 nln rnlddle transcrLptl-on was -1.7-fold greatel

than early lytlc tränscrJ.ptl-on. Thts apparent delay ln the onset of ¡ntdtlle



TABI,E 6.I

Quantftatlon of Rl{A fron the 186 early lytLc and nLdd.l.e regl-one slth tf.ne

after heat lnductl-on of a 186 cltJp lysogen. d

Source of RNA Level of hybrtdl-zatLon

Early Probe b Mlddle probec

d d

non-lysogen

186 cltsp lysogen

0 min

5 min

15 nl-n

25 ml-n

35 nin

TL7 5

1764

5465

t22856

191510

179703

-zeTo

0

370L

r2t092

189746

t77939

407

444

825

215002

230214

298672

-2eT0

0

381

214558

229770

298228

Notes to Table 6.1

e. RNA hybrldtzlng to the 186 early and the mlddle regl-ons rÍas
quantltated by RNA dot b1-ot analysls (Chapter 2.36.4), Sanples were
taken with tlme (0 nln to 35 ml-n, as lndlcated l-n the Table) after the
heat-lnductlon of the 186 cltsp (l) J.ysogen (8252) and RNA rùas
prepared (chapter 2.36.I, 2.36,2t. RNA fron the non-lysogen (nZSt) was
prepared 35 nl-n after a mock heat-lnduction. Two ug of each sanple of
RNA was l-oaded onto the nitrocellulose filters as descrl-bed ln Chapter
2.36 .4. Radioactl-ve probes were prepared as described l-n Chapter
2.34,1 and Flgure 6. I . Hybrldlzati-on and autoradlography r'Iere as
descrlbed l-n Chapter 2.36.3(b). The 1eve1 of hybridLzatlon of the
probe to RNA was quantl-tated by scannl-ng the autoradlograph uslng a
Zel-nch scannl-ng laser densl-tometer. The speciflc actlvity of the
probes was normal-lzed by the quantl-tatlon of the anount of probe
hybridlztng to known concentratlons of DNA. The RNA dot bl-ot
lntensitl-es presented here are normallzed.

b. The Early probe (1) was the HtnfI-HpaII (28L9-2935) DNA fragnent
prepared from nECBO2 (Flgure 6.T)l ry-

c. The Mlddle probe was the BgIII-HpafI (4249-4480) DNA fragment prepared
from mEC4OB (Ftgure 6.1).- \i

d. The amount of RNA hybrldlzing wlth the probes at zero nl-nutes after
heat-lnductl-on was deducted frorn the dot blot intensLties obtal-ned at
l-ater times, for the purpose of comparl-son.
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transcriptl-on is consLstent wlth the requtrement of a l86-encoded protein

for nlddle gene exPression.

These results were ln general agreement with the results of Finnegan

and Egan (r98l), whl-ch were obtafned by the hybrictizatlon of labellerl RNA

to plasmld DNA probes. However, Èhe dlfference obtalned in the ratlo of

early lyttc to ntddle RNA at 5 nLn compared with 15 mln was not obtalned by

Flnnegan and fgan (1981). This difference may be explalned by the poor

speclflclÈy of the probe (pEC35; Chapter 1.3.2) used by Finnegan and Egan

(198f) to detect early lyttc RNA (see Chapter 10'4'1a)'

The quanEltatlon of RNA fron the early lytlc and niddle regLons has

shown that the level of RNA increases dra 'natically fron 0 nLn to 15 nin

after heat-induction, buÈ does not sholr a marked lncrease from 15 min to

35 nln. Therefore, the sampl-ing tlme of 20 mln after heat-l-nduction was

chosen to prepare RNA for all- analysis described in chapters 6, 7 and 8,

unless oÈherwlse stated.

6.2.2 Detection of the 186 Ear1y lyttc and Mtddle TranscrfPts.

RNA prepared 20 min after Èhe heat-tnductl-on of a 186 elt"p lysogen

wasglyoxylated,fractlonedona2"Áagarosegelandtransferred

bidtrectlonally to niÈrocellulose fll-ters (ChaPiuer 2'36'1 ' 2'36'2, 2'29'2'

2.36.3). Radl-oactive probes (prepared as descrtbed in chapter 2'34'l)'

speclfl-c for the early lytic regi.on (HtnfI-HPaII' sequence coordlnates

2BL9-2935) ox rhe nl-ddl-e reglon (¡gtil-utntr, sequence coordlnetes 4249-

4335) (tr'lgure 6.1), were hybridlzed to the filters. The results obtalned

are presented l-n Flgure 6.2.

The early probe detected a transcrlpt (n2) correspondlng Ln size to

the 1.45 kb in vl-tro transcript, which Lnitl-ates fron pR (Flgure 6'2'

l-ane 1). Slnce the Ln vitro 1.45 kb transcrlPt most ltkely termlnates at

tRl (Chaprer 3.2.2c; Ftgure 6.2), thts result suggests that tRl is

functlonal ln vLvo. However, thts 1.45 kb transcript ldas not the onJ-y



IIhaI (3734-3934) probe : obtalned from nEC406 by cltgestlon of the DNA

with HhaI.

I""DII-!haI (3360-3934) probe : obtained from mEC406 by dlgestLon of

the DNA wlth FnuDII/HhaI.

HtnfI-HtncII (3894-3950) probe : obtal-ned fron mEC406 by dtgestLon of

the DNA wlth HtnfI/HtncII.

HlncII-HpaII (395f-4087) probe : obtalned fron mEC406 by dlgestlon of

the DNA wl-th HincII and BanHI (fn the M13 clontng slte).

IIh"I-gp",II (3935-4087) probe : obtained fron nEC406 by dlgestlon of

the DNA wtth HhaI and BamIII (ln the Ml3 cl-oning slte).

HtncII-HpaII (3951-4087) probe : obtained fron nEC400 by dlgestlon of

the DNA with HlncII/HpaII.

HpaII-BglII (4088-4248) probe : obtalned fron mEC400 by dJ.gestJ-on of

the DNA with HpaII. (lhere ls a HpaII sLte ln the clonlng slte of M13.)

Hi"+ GL25-4L76) probe : obtafned from nEC400 by dtgestlon of the DNA

wtth Htnfl.

BgIII-Htnff G249-4335) probe : obtalned fron nEC408 by dLgestlon of

the DNA wtth BgIII/HtnfI.

BgIII-HpafL (4249-4480) probe : obtalned fron nEC4OB by dlgestlon of

the DNA wtth BgIII and BarnHI (fn the Ml3 cl-onlng stte).

Hlnfl (5513-5606) probe : obtalned from mEC500 by cligestLon of the DNA

wtth Htnfl.

!egII-!p".II (6268-64L9) probe : obtal-ned from mEC706 by digestion of

Ëhe DNA wlth SacII and X"oRI (tn the M13 cl-ontng slte).

FnuDII-PsrI (6533-6605) probe : obtal-ned fron mEC701 by dlgestJ-on wlth

PstI. (There ls a PstI sLte in the clonlng sLte of M13.)

PsrI-FnuDII (6606-6840) probe : obtalned fron ìnEC7Of by dlgestLon wlth PstI

and EcoRI (ln the M13 cloning sl-te).



Figure 6.1 Locatlon of probes used for Northern analysls and RNA dot blot

analysl-s.

The DNA sequence of the l-strand fron 2706-7005 from lB6 sltsp showlng

restrictlon sites used for the constructlon of probes. The DNA sequence

f.xon 4626-5401 Ls not l-ncluded Ln thts Flgure (lndlcated by --/l--). The

pR promoter and the tRl termlnator are shown. À11- relevant restrlctLon

sites are shown. The arrows above the sequence represent the slte of

cleavage on the r-strand.

The probes used l-n this study for Northern analysl-s and RNA dot blot

analysLs were constructed as descrlbed ln Chapter 2.34. I and were purifled

by electrophoresis on a polyacrylanide gel (Chapter 2.29.3a, 2.30.2). The

Ml3-clones and restrictLon sites used to construct these probes are

descrl-bed below" The Ml3-clones ere descrLbed ln Chapter 2"4.2. These

probes are speclfl-c for rlghtward RNA. The sequence coordinates ll-sted

below lndlcate the reglon of 186 DNA contal-ned in the probe.

HinfI-HpaII (28f9-2935) probe : obtalned from mECB}2 by df-gestlon of

the DNA with Hinfl and BamHI (tn the Ml3 clonlng slte).

HpaII (3370-3511) probe : obtained from mEC404 by digestion of the DNA

with Pstl/¡angf (tn the M13 clonlng slte).

PstI-HpaII (3557-3689) probe : obtalned fron mEC405 by dlgestion of

the DNA wlth PstI and BamHI (ln the M13 cloning slte).

HpaII (35f2-3689) probe : obtal-ned from mEC405 by dtgestlon of the DNA

with PstI/nanHf (tn the M13 clontng stte).

HpaII-HaeII (3690-3732) probe : obtained fron mEC406 by dl-gestion of

the DNA with PstI (1n the M13 clonlng stte) and HaeII.

HpaII-HhaI (3690-3733) probe : obtalned from mEC406 by dlgestlon of

the DNA with PstI (1n the M13 cloning stte) and HhaI.

HpeII-FnuDII (3690-3859) probe : obtal-ned from mEC406 by dlgestlon of

the DNA with PstI (ln the Ml3 clontng stte) and FnuDII.



pR

27 45 2755 2?65 2'175 2785 27e5 2805 2815 2825

-10 Hlnl I-35
283s 284s 28ss 286s 287s 2885 28s5 2eos 2915 2?21 - ??1-+-----.?111

TÀTGGCTTCTGÀÀÀTCCCN{TCÀTCÀÀÀGTCCCTGCÀCCTÀTCGTTÀCTCTGCAÀCÀÀTTCGCÀGÀGCTTGÀGGGTGTTlCTGÀÀCGCÀCCGCCTÀCCGCTGGÀCÀÀCCGGCGÀCÀÀCCC
Hpa II

2955 2963 2975 29s5 2995 3005 3015 3025 3035 30't5 3055 3065

TTGTGTÀCCÀÀTCGÀÀCCCCGCÀCÀÀTCCGlÀÀÀGGCTGCÀÀGÀÀÀGCÀGGlGGCCCGÀTTCGCÀTTTÀTTÀCGCÀCGCTGGÀÀÀGÀÀGÀGCÀGTTGCGTÀÀGGCGTTGGGÀCÀîTCCCC

3075 3085 309s 3105 3115 3125 31i5 3145 3155 3165 3175 3185

TTTTc^ÀcrccrcÀTcccrccrrÀÀTTcÀcrrrÀrcièrlrrcr*cc¡rccÀÀcÀTcrrrcÀTTTTcÀGcrrrccÀÀÀcÀTccccÀcrÀTGÀccÀÀGcGTGccGGGcrrrrGcGcÀGcG

3195 3205 321s 3225 3235 3245 3255 3265 3275 3285 3295 3305

1CÀCÀÀCÀTGGCGÀÀGCTGGCCGÀGCGTGCGGGTÀ,TGÀÀTGlTCÀÀÀCGTTÀCGTÀÀCÀÀGCTCÀÀCCCÀGÀÀCÀGCCTCÀCCÀGTTCÀCGCCGCCÎCÀÀTTGTGGCTGCTGÀCTGÀCCT

331s 332s 333s 334s 33ss 336s + 337s ?9c! , - 1921-. 340s 341s 3425

cÀcccÀÀcAcrcÀÀcccrccrrcÀTccrrrrcrccccilèlrrclrrcrcrccc¡teccrcccc'ctturcÀccrccclÀÀÀcÀTÀÀÀTTccÀcrcÎÎÀccrcÀTGcGcGcÀÀTGÀGTGÀ
Hpa If

3i35 344s 34ss 3465 3475 348s 3495 350s {,?s11 3s2s 3535 3s4s

ÀCTCGGTGÀÀCTGGCGÀGCGGTGCGGTÀTCTGÀTGÀGCGTCTGÀCCÀCTGCCCGTÀÀGCÀCÀÀCÀlGATTCEIICCCTTEÀCTgg¡qCÀlTCGCÀTGlTGTCÀÎTGTCGGCTCTGGCGCT
HPa II

3555.ü3s653575358535953605361536253635364536553665
GCÀTGCÀCGTCTGCÀGÀCÎÀÀTCCCGCTÀTGTCGÀGCGTGGICGÀ1ÀCCÀTGÀGCGGTÀTTGCCGCÀlCGTTÎGGTCÎGÀTTTGÀGGTGCGTÀTGClGÀÀÀÀG1GÀÀCCGlCÀTllGCGT

PstI 77.4% tù
3675 3685 I 369s 3705 371s 3725 iZiS 3745 3755 3765 37?S 3785

ClCTGCTCGlTN\GCÀÀÀGCCCCGGTATGCÀ1TÀCGGCCÀCGGClGGÀTCGC¡GGTÀÀGGÀCGGCÀÀGCGClGGCÀCCCGÎGCCGCTCÀCÀGlCCGÀÀTTÀT1ÀÀÀÀGGGCTGÀÀÀÀCÀÀ

Hpa 1I Hae II- Hha I t
379s 380s 381s 382s 383s 384s 385s + !C!! -- -:92:- 

388s 38es 390s

ÀcrcccccÀÀ^TccrcÀccrrrrrrÀÀTTÀTTccrÀTTGTccÀcrrrcrÀÀTTÀÀÀccÀcrcl\ÀÀcÀTerclç{qltcurrucÀÀTÍcrrITGccrcccÀTGÀTlccÀÀÀ1ÀTGGÀG
FnuD lf Hlnl I

+
3915 3925 I 393s

GÀIGGTTTTGÀÀlTTÀÀÀÀCCCGCGÀCGGCGCÀÀ

FnuD ]T Hhs T

¡035 4045 4055

HPE ]f Hlnf I
415541654175+41854195420s42154223^2354245+4255_-.-.-4265

CCGÀGTGGlGCTGGCGÀCC¡CTTCCTCENCT'CTTTGTTTÀÀÀGÀÀGCCÀÀÀÀÀÀGÀÀGÀGCGCÀÀÀGÀCCGCGCTCTCGCCGTTICÀÀTCCGTCÍCGÀÀGÀTCTGGCCGTTCÀCÀTTÀCC

Hlnll ¿ Bslff79.6%
4275 t2ss 4295 4305 4315 4325 1335' 1345 {355 4365 1375 4385

ÂÀTTcÀGÀTÀTGÀcÀGGcÀÀÀGÀÀGcGGccGAGcTÀcIGCGCCGCGÀÀGCCÀClCGCTTTGÀGÀÀCGÀÀTCÀC,IGGÀGCTTCÀC1ÀÀTGGCCGÀCGCÀÀTGGÀTTTÀGCÀCÀÀCTGCGCG

Hlnf I
43es 440s 441s 4425 443s 144s 11ss 446s 447s rlfq! -11?l------119:

ÀGCÀGGÀÀGÀCCGCGÀÀCGCCÀCÀTÀÀGCMCGCGCGCÀGCCGTCGCCÀÎGÀGGTTTClGCÀ1TTÀÎCÎGTGÀGGÀ.ITGCCIÎGCÀCCTÀTCCCGGÀÀGCGCGCCGCCGAGCCÀTÀCCGG
Hpa ff

45154525453545154555456545?515854595460546154625
GCGTGCÀGTGCTGCGTlÀCCTGlCÀGGÀÄÀ1CÎTÀGÀGClGÀÀÀÀG1ÀÀÀCÀITÀTÀÀCGGAGGÎGCTTTÀTGÀGCÀTTÀCCÀÀTGCÀÀCTÀTTÀGCCÀGCGÎGCÀÀÀÀÀÀÀTGGCTTGÀ

5405 5415 5125 5{35 54{5 54s5 5'65
__------- / / ------ -----TGÀÀG¡ÀGCÀ1TTÀÀGGCGGITÀÀÀÀÀÀTGÀTTGÀTTCCCGCTGCTTTGCTGÀÀÀGCÀCÀÀTÀÀ

FnuD ff
6915 6925 693s 6945 6955 6965 6975 6985 6995 7005

TGÀTGÀCÀCCGGÀTT1ÀGCGÀÀCTCÀÀÀÀCGCTGTÀCÀC1TGGÎÀCÀlGCGCGCCGGTTllÀlllCCCTGCÀÀTÎCÀÀCGTTÀCÀCCGCCGÀÀÀTGGGÀG

+
54735485549555055'5155525553555455555556555755585

ÀTÀTTGTTTCTGTTTcTGcTGcÀÀ^ccI\cÀcccTTccTCÀÀTcGÀlTCTTGcccTÀcÀcÀÀcc^CGTÀCCGCGCÀCCÀCTGlllTTGcÀGÀTÀCCGGGCÀTGÀGCÀTTccCÀÀÀCÀÀTGG

Hlnl I
5595s605+5615562s56355645565556655675568556955705

ÀGTÀTCTGGÀTTÀTCTTGÀÀÎCCÀGÀCTCGGCCCGGTlÀTTCGÀGÎGÀÀÀGCCGÀlTTTÀCTCGGCGGÀTÎGÀÀGGCÀÀÀCGGÀÀÀTTCÀÎ1GCTGÀÀÀÀÀTGGCCIGTCTCÎCTCGlTG

Hinl f
571557255735574s5755576ss?7557855795580558155825

ÀÀGÀÀTGCGGÀÀTCTClCÀTGÀGCÀGGCTGCÀGÀÀCGÀÀTCGCÀÀÀGGCÀCTGGÀÀÀTCCTTÀÀGCCÀÀCCGGTÀÀTCCGTTTClCGÀTTlGlGCÀTGTGGÀÀÀGGÀCGGTTCCCGÀGCÀ

5835 5845 58ss 5865 5875 5885 5895 5905 591 5 5925 5935 5945

CGÀÀÀGCÀÀGGlTTTGTTCÀCTGG^l{CTGÀÂÀCÀTGÀCTCÀGTÀCGGGÀCÀÀGÀTTCTÀCTCCCÀGCGCTGGÀGÀÀÀTÀTGÀCGÀÀGTÀÀTlCTÀTGGCÀGGGTGlTCGTGCTCÀGGÀGT

59555965597559855995600560156025603560{560556065
CÀCCÀGCCCGCGCTGCGTTÀCCTÀTGTGGGÀGCÀGGÀTGCÀGÀTÀÀTÀCCCCCGGTllGCÀTGTGTÀTCGCCCÀ.IÎTCÎTÀÀClGGÀCÀCÀTGÀÀGÀCGTÀTlTGCCTTÀGCTÀÀÀCGÀC

607s 608s 609s 610s 611s 6125 6135 6145 6155 616s 61?s 6185

ÀCGGÀÀTTÀÀÀCCGAÀCCCÀClCTÀTCÀGCÀÀGGTTGTÀGCÀGÀGllGGCTGCÀTGCCÀ1GTÀ1TCÀTGCÀÀGÀÀÀÀlCTGÀGCTGGCÀGÀGÀTTTlTGCTCGCTGGCCGGÀGGAGÀTÎG

619562056275622s623s624s62556265+62756285629s6305
CGCGCGTTGCÀGÀGTGGGÀÀCGTCTTGTTGCTGCCTGlTCÀCGTCGGGGÀÀ-IClCÀÀCATTlTlCCCTTCGÀCTGÀCGÀCCCGCGGCGÀGCÀGÀÀÀÀÀCGTÀTTGÀÀGlTGTTÀCCGTÀG

Sac lf
631s 6325 633s 634s 63ss 636s 637s 638s 63es 640s q111----+--91?:

ÀÀGÀÀTÀTGGGÀTÀGCTTCÀ1ÀlCGTGÀCTGGGCGÀÎGÀCTÀCGCGlGGCGGTTCTCÀG1ÀCGÀTTTGCTCGClGC,TÀCÀÀÀCGÀCÀÀÀÀCTGlGlGCÀGTÀGCGTTTÀTGCCGGTCTÀT

, HPa lf
643s 6445 64ss 6465 6475 6¡85 6495 6505 6515 6525 

't,s 
654

GlGÀÀTGÀCGGGTGlCGTTTÀCGCGTTTCCGTGGÀÀTGCCCCACGGlCGGCÀÀ1ÀGCCÂGCTCÀ1ÀTCTTÀCCTÀfGÀCCÀÀCÀGCÀTCGCCGCGÀCCGTÀTGTTCGCGGCTTTGCTGCÀ 
]

FnuD Ï
6sss 6s6s 6s75 6s8s 6ses 660+ 661s 6623 q!1! 664s 66ss 666s

TGccÀcÀÀÀccrccrrrrrcrccÀGccÀcÀÀTGTctccccrrrcÀccrrrÀTcccÀccGú6cÀcrrcrccÀccÀlÀÀTcÀccccÀcrcÀÀccÀcccÀÀTcccrrrllÀÀTcÀGcrrcrG
Pst I

6675 6685 6695 6705 6775 6?25 6735 6745 6755 6763 6775 6785

cl¡¡alccêlrrlcc¡õciðrrcucrecrcccÀÀÀÀÀÂÀTÀcGÀcrccrcccccÀTcÀÀcÀccMlcrÀTcÀGccccÌcrrrrccÀTcGTcÀTTTTGÀ1ÀcccÀccrrÀ1ccÀÀTÀTcr

6795 680s 6815 682s 6835 I 6S45 6855 6865 6875 688s 689s 6905

GcccrcÀcccÀTGGTcÀÀTÀTccrccccÀcÀTTTÀÀcccccrcccccÀTÀTcrccccccccGÀ1Àtrc^ccrGcrccccccccÀTATCGcrÀÀlTtrÀlTcGcGcrGÀÀcrcGcccÀcÀ1



The maJor RNA transcrlpts are lndlcated by the arrows" Non-

radloactLve CMV RNA and rRNA nol-ecular welght narkets (Chapter 2.II.2) ate

lndLcated on the Figure.

RNA prepared frorn the non-lysogen (n251) after a mock heat-Lnduction

showed no hybrLdlzatlon with elther the early or nl-ddle probes (data not

shown).



Flgure 6.2 186 early lytlc and nlddle transcrl-pts after fractlonatLon of

RNA on a 2% agarose gel.

This F1-gure shows the transcrlptLon pattern of the 186 early lytl-c and

mtddle reglons after fractLonatlon of RNA on a 27" agarose ge1. The

positl-ons on the DNA sequence of the probes used to detect 186 earl-y lytic

and mlddle RNA, are shown dlagramnatlcally. Genes are represented by the

boxed regLons. The pR promoter, tRl terminator and the 1.45 kb in vltro

transcript are also shown. The tRl termlnator, represented by the hairpln

structure, l-s not drawn to scal-e. The probes used are as follows :

Early probe (E) : Hinfl-tlp".Il (2819-2935)

Middle probe (M) : BgIII-H1"!I (4249-4335)

The constructLon of these probes is described ln detatl in the legend

to Flgure 6.1.

RNA was prepared 20 nln after the heat-fnductl-on of f,252 [E251

(186 cltsp (1))1, as descrlbed ln Chapter 2"36.1 and 2"36"2" Twenty ug of

RNA was denatured wl-th glyoxal and fractl-onated on a 27" agaxose ge1-

(Chapter 2"36.3a, 2"29"2), lB6 Ln vLtro transcrlpts (prepared as described

i-n Chaptex 2.36.5) and RNA nolecular weight standards (Chapter 2.11.2) were

also denatured wlth glyoxal and fractlonated 'on the 2% agarose gel. RNA

was then transferred bt-dlrectlonally to nltrocellul-ose and hybrldlzed wlth

the probe specLflc to the early lytlc region or to the mlddle reglon

(Chapter 2.36.3). The autoradlographs were exposed for 2 d.ays at -BOoc

wlth an intenslfylng screen.

1. 186 ln vLtro transcrlpts.

2. 8252 RNA hybrldtzed wtth the earl-y probe,

3. 8252 RNA hybrldlzed wtth the mtddle probe.

Gel Tracks :
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L46

transcrlpt, Presen't Ln vl-vo, nor lrûas tt the maJor transcrlpt present' A

lower molecular welght band (nl) was present at a much greater lntensl-ty

than E2 (Fi-gure 6.2, lane 2). The ntddl-e probe detected a very Lntense

band (M1), of a htgh no1-ecular welght (Ftgure 6.2, tane 3). Slnce the

early probe did not detect thls transcrLpt, the 5'-end of Ml RNA is at

least 178 bases to the right of gR. This sinple transcrlptlon pattern is

consLstent \rlth that expected lf niitdle traûscriPtl-ot l-s due to nevr

pronotion (Chapter 1.4).

To determlne the nolecular wetght of early lytlc and nttldle RNA

transcrl-pts, RNA from the derepressed 186 lysogen and RNA molecular weight

standards (Chapter 2.11.2) were fractionated on a lower Percentage agarose

gel (l%) to obtaln better resolutLon of the bands. Northern analysis,

uslng probes speclflc to the early lytic or rnlddle region, was used to

detect early lytl-c and niddle RNA. The transcrlption pattern obtained in

Figure 6.3, was more complex than the transcriptlon pattern shown ln Flgure

6,2. Ml RNA was resolved lnto two transcrlpts, whlch were sl-zed at 2.8 kb

and 3.1 kb (Ftgure 6.3, lane 3)" E2 RNA ïlas also resolved into two

transcripts, whtch were slzed at 1.4 kb and 1.5 kb (Figure 6'3r lane 2)'

El RNA was sized at l.l kb. These transcrlpts wl1l- henceforth be referred

to by thelr determined slzes. To further complicate the transcri-ptLon

pattern, a htgher nolecular welght RNA transcrlpt slzed at 4.0 kb, was

detected wfth the early probe (Flgure 6.3). This RNA transcript was also

vlsualized after longer exposure of fllters hybrtdized wfth the mtddle

probe in Ff-gure 6.3, or the early probe and rnldclLe probe ln Flgure 6.2

(data not shown). This 4.0 kb RNA transcrlpt l-s therefore probably due to

fnitfatl-on at gR and readthrough of the tRl ternlnator (Chaptex 3.2.2e;

Flgure 6.2, 6.3) .

Havlng detected the transcrlpts encoded l-n the earl-y lyttc and mLddle

regl-ons, J.t was lnportant to deternÍne the approxinate posltlons of the

S'-ends and 3'-ends of these transcrLpts. The 5r-end of all- transcripts



The maJor RNA transcrl-pts are l-ndl-cate<l by the arrows. The sLzes of

these transcrLpts were determlned uslng RNA nolecuLar welght standards

(Chapter 2.LL.2)

RNA prepared fron the non-lysogen (¡Z5l) after a nock heat-fnductlon

showed no hybrldlzatlon wlth el-ther the early or nlddle probes (data not

shown) "



Fteure 6.3 186 earl-y lytlc and nl-ddle transcrLpts after fractl-onatlon of

RNA on a I7" agarose ge1.

This Ftgure shows the transcrlptlon pattern of the 186 early lytic and

mtddle regLon after fractl-onatl-on of RNA on a 17" agarose ge1. The

positions on the DNA sequence of the probes used to detect 186 early lytic

and nlddle RNA, are shown dlagramnatlcally. Genes are rePresented by the

boxed reglons. The gR promoter, tRl termlnator and the early lytlc

transcript are shown. The tRl termlnator, represented by the halrpln

structure, ls not drawn to scal-e. The probes used are as follows :

Early probe (E) : HPaII (3512-3689)

Middle probe (M) : BgLII-þarl (4249-4480).

The constructlon of these probes ls described ln detatl- l-n the legend

to Flgure 6.1.

Twenty ug of RNA, which was prepared 20 nl-n after the heat-l-nductl-on

of.8252 lE25I (tBO cftsp (1))l (Chapter 2.36.I, 2.36.2), was denatufed with

glyoxal and fractlonated on a l% agarose gel- (Chapter 2.36.3a, 2.29.2).

186 tn vltro tranécrt-pts (prepared as descrlbed l-n Chaptex 2.36"5) and RNA

molecul-ar welght standards (Chapter 2.LI.2) were also denatured wlth

glyoxaL and fractl-onated on tne I% agarose gel. RNA was Èransferred bi-

dlrectl-ona1-ly to nltrocel-lu1ose and hybridlzed wlth the probes speclflc for

early lyrfc RNA or niddLe ru{A (Chaptex 2.36.3). The autoradlographs were

exposed for I week at -80oC with an lntensifyl-ng screen.

1. 186 fn vitro transcrl-pts

2. 8252 RNA probed wlth the earl-y probe

3" E252 RNA probed. vrlth the middl-e probe

Ge1 Tracks :
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r47

hybrtdlzlng with an early probe (ntntt-ttpatt, sequeûce coordinates 2819-

2935¡ the same probe as used l-n thls work to detecÈ the early lytlc

transcripts) were deterrnlned by lbllonls (1985) to be located at the pR

promoter (poslÈlon 2747). The work descrl-bed below ls concerned wlth

deternlnlngtheapproxlmate3|-endsofthel.lkb'1.4kband1.5kbearly

lytlc transcrlPts and the

ntddle transcrLPts.

5t-ends and 3'-ends of the 3'1 kb and 2'8 kb

6.2.3 Ma the 3'-Ends of the 1.5 kb' L.4 kb and I.1 kb Ea

TranscrlPts.

The approxlmate 3r-ends of the 1.5 kbr 1.4 kb and l'1 kb early lytic

transcrlpts were determlned by Northern analysls uslng the probes shown Ln

Figure 6.4. Four hybridizaÈlon patterns lÙere deteeted (Flgure 6'4)z

pattern /11, where the 1.I kb, 1.4 kb and 1.5 kb transcripts'wele detected;

pattexrt ll2, where the 1.4 kb and 1.5 kb transcrl-pts were detected; pattern

/i3, where only the 1-5 kb transcrlpt \ras detected; and patterrr ll4' where

none of the early lyÈtc transcrl-PÈs were detected' the transcrlption

patternsobtalneduslngtheprobessho¡.rnl.nFi.gure6.4,posltionedthe

3r-ends of the early lytlc transcripts, as descrlbed below. However, these

posltlons are only approximate, slnce a partl.al overlap of the 3l-end of a

transcrlpt wlth the probe nay not be detected due to poor hybrtd'lzatlon'

The 3r-end of the 1.1 kb transcript was shown to be withln the HPaII-HaeII

(3690-3732) reglon, since this transcrlPt lüas detected uslng the HpaII-

HaeII (J6go-373Ð probe, but not wl-th the IItraI ß734-3934) probe (Flgure

6.4). The 3'-end of the 1.4 kb transcrl-pt 'füas posltloned wtthln the

Hlrr.Il-flro$ QI5I-4L24) reglon since the HincII-HpaII (3951-4087) probe

hybridized to the 1.4 kb transcrlpt, but the IIr"g GL25-4I76) probe dttl

not detecÈ this transcrlpt (Ftgure 6.4) . The I .5 kb transcfLpt lras

derecred wlrh rhe HpaII-BcHI G088-4248) and wlth the II1"¡I GL25-4I76)

probes, bur not wlth the BgIII-HtnfI (J;24g-433Ð probe (Flgure 6'4)',
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Lndicating that the 3'-end of thl-s transcrlpt was between the HlnfI-BglII

(4125'4248) reglon.

The posltion obtalned for the 3'-end of the 1.4 kb and 1'5 kb

transcrlpts are consistent srith termlnatlon at the potentlal ternLnator

structures discussed prevlously Ln Chapter 3.2'2(c) (l'lgure 3'2a' 3'4)'

Structure #Z (tnl), (4070-4089) and structure ll3 G09I-4ff6) are wlthln the

reglon ßg5I-4L2Ð where the 3'-end of the 1.4 kb transcrlpt maps (Ftgure

6.ll). Therefore, lt ls possJ.ble that the 1.4 kb transcrlpt termi'nates at

one of these two structures. Sl-nce tRI is a potential Rho-independent

termlnator and ts the more stable of these Èwo structures (Chapter 3'2'2c)'

Lt Ls more 11keLy that the 1.4 kb transcrlpt tetmlnates at this terninator

structure. The 3'-end of the 1.5 kb transcrLpt al-so naps Ln a region

(4125-4248) where two potential terminators afe located, namely

sËrucrures ll4 GL47-4L6Ð and structure tls G2O2-4222), (Chapter 3'2'2ci

Flgure 6.11), and thls Eranscrlpt nay be due to terml-natl-on at either or

both of these structures. structures /i4 anct ll5 are potential Rho-dependent

termlnator structures since the sten-loops are not fol-lowed by consecutive

T-resldues (chapter 3.2.2c). Structures /14 anct /15 will henceforth be

referred to as tR2 and rR3 , respectlvely. The 3'-end of the 1'1 kb

transcrlpË ls located tn a reglon (3690-3732) where no potentlal ternlnator

structures lrere predlcted. This transcrlpt may result from terml-natlon at

a transcrlptton termlnator that was not deÈected in the sequence analysis

(Chapter 3.2.2c), or from RNA processing or degradatLon'

To lnvestfgate whether the 1.4 kb transcrlpÈ was due to termlnatLon at

lRI, a del-etton of this sten-loop structure and the followlng consecutLve

T-resldues was constructed by o1-Lgonucleotlde slte-dlrected rnutagenesis

us1-ng rhe d"ERl ollgonucleotl-de shown in chaPter 2.5. The g=llRl

o1-lgonucleotide was used to create a deletfon of this regLon (sequence

coordlnates 4070-4098) ln the Ml3-clone, nEC400, uslng the nethod descrlbed

!-n Chaptex 2.35 (Flgure 6.11). The del-etÍon nutant created by thts ¡nethod



probe A gave pattern //l; showtng all 3 early lytlc transcrLpts. Probe

B and C gave pattext ll2; showlng the 1.4 kb and the 1.5 kb transcrLpts.

probe D and E gave pattern //3; showtng the 1.5 kb transcrLpt. Probe F gave

pattern /14; showLng none of the early lyttc transcrlpts'

The 1.1 kb, 1.4 kb and 1.5 kb early lytlc transcrLpts are lndtcated by

the arrows. RNA inolecular welght markers (Chapter 2.11.2) axe lndlcated

next to each track.

RNA prepared from the non-lysogen (8251) after a nock heat-lnductlon

showed no hybridlzatlon wlth any of these probes (data not shown).



FJ.gure 6.4 Mapping the 3'-ends of the 186 earl-y lytlc transcripts.

A diagrannatlc representatlon of the probes used to establish the

3r-ends of the 1.1 kb, 1.4 kb and 1.5 kb early lytlc transcripts" The

posLtions of relevant restrLction sltes, are shown. the sequence

coordlnates of the restrlctl-on sLtes refers to the posltlon on the r-strand

to the right of the restrictlon cut (Figure 6.1). The posltLons of the

probes, are shown underneath the restrlctlon map. The construction of

these probes is descrfbed l-n the legend to Flgure 6.1. The probes are

gLven numbers accordlng to the transcrl-ption pattern they give, as

descrl-bed below and l-n the text.

RNA was prepared 20 mtn after the heat-LnducÈl-on of 8252 [8251

(186 cltsp (l))l (Chapter 2.36.I, 2"36.2). Twenty ug of RNA was denatured

wtth glyoxal and fractl-onated on a I.07. or 1.5% agaxose gel (Chapter

2.36.3a, 2.29"2). RNA was transferred bl-directlonall-y to nl-trocellulose

and hybrldtzed wlth the relevent probes (Chapter 2.36.3). The

autoradiographs were exposed for 2 d,ays to I week at -BOoC with an

lntenslfyl-ng screen.

The gel tracks represent E252 RNA hybrldtzed with the probes labelled

A-F (shown beneath the restrictton map). These probes contain the fo1-lowlng

regions fron 186 :

A. HpaII-HaeII (3690-3732)

. B. HhaI (3734-3934>

C. HtncII-HpaII (3951-4087)

D. Hfnfl (4125-4176)

E. HpaII-BglII (4088-4248)

F. BgLII-HtnfI- (4249-4335)
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Flgure 6.5 The early lvtLc transcrlPtlon pattern of 186 cltspdeltRl (22).

This FLgure shows the transcrlptlon patÈern of 186 cltspdel-tRl

compared with the wild-type (186 cltsp) obtal-ned using a probe specl-flc for

early lyrtc RNA [the HtnfI-HpaII QBL}-2935) probel. The construction of

thls probe ls descrl-bed tn the legend to Flgure 6.1. The posltl-on on the

DNA sequence of the probe specLflc for 186 early lyttc RNA, l-s shown

dlagramrnatlcally. Genes are represented by the boxed regLons. The pR

promoter and the tRl termlnator are shown. The posttl-on of the d"ftRl

deletl-on, ls shown. The arrow next to the pR promoter represents the

directl-on of transcrlption. The tRt termlnatol' represented by the halrpln

structure, ls not drawn to scale.

RNA was prepared 20 nl-n after Èhe heat-lnductlon of 84135 [E251

(186 crtspjgllRl Q2))) or E2s2 18251 (186 sllsp (l)) I (chapter 2'36'L'

2.36.2). Twenty ug of RNAwas denatured wlÈh glyoxal and fractlonated on a

L"57" agatose gel (Chapter 2.36.3a, 2"29.2). RNA was transferred bt-

dlrectionally to nltrocell-ulose and one fllter was hybridLzed wlth the

probe speeiftc to the early lyttc regi-on (Chapter 2.36.3). The

autoradLograph was exposed for 7 hours at -B0oC wlth an' LnÈensl-tying

screen.

The gel tracks represent RNA from the fo11owLng lysogens hybridlzed

wtth the early Probe.

- 1.. wil-d-type : RNA fxomE252 [E25] (186 crtsp (1)))

2. delrRl : RNA from E4135 [8251 (186 cltspdeltRL Q2))l

The rnaJor RNA transcrlpts are l-ndl-cated by the arrows. RNA molecular

welght narkers (Chapter 2.11.2) axe l-ndlcated on the Figure.
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was confl-rmed by DNA sequenclng uslng the Ml3 universal prLner, and then

recomb!.ned in vfrro lnto 186 to create the phage 186 cltspdeltRl (22), as

descrlbed in Chapter 2.2.I. (fS6 deltRl gave a burst size simtlar to the

wt1-d-type; data not shown.) A lysogen of 186 cfþnþ!!$l was heaÈ-induced

for 20 mln and RNA was prepared, glyoxylated, fractionated on a l'57"

agarose gel and transferred to a nltrocellulose fllter (Chapter 2'36'I'

2.36.2,2.36.3). Thls fl-lter was hybriiltzed wlth the HinfI-HpaII (2819-

2935) early probe, described in F1-gure 6.1, and the results obtalned are

presented in Flgure 6.5. RNA prepared fron the 186 gltspgell$I lysogen tlid

not give the 1.4 kb transcrLpt. Thts result ls conslsEent wtth the

predtction that the 1.4 kb transcrl-pt ter¡oinates at the tRl terml-nator.

In summary, these results have shown that the 3r-end of the 1'1 kb

transcrLpt naps within the region 3690-3732, and that the 3'-end, of the

1.5 kb transcr!.pt naps wlthtn the 4125-4248 region. The 1.4 kb transcrLpt

most likely termlnates withln the reglon 4070-4098, which encodes the tRl

terminatol, suggestlng that this potential termlnator is functLonal

ln vlvo. Ter¡nínatl-on at these posltions would result in Èranscrlpts of

0.94-0.99 kb, 1.32-1.35 kb and 1.38-1.5 kb, all of whlch are consistent

(wtthin I0%) with the sLzes deterrnined for the three naJor early lytlc

rranscrlpts (1.1 kb, 1.4 kb and r.5 kb) by Northern anal-ysis (chapter

6.2.2).

6.2.4 Mapping the Sr-Ends of the 2. B kb and 3.1 kb Mtdtlle Transcripts.

To deter:¡nLne the approxlnate 5r-ends of the 2.8 kb and 3'1 kb

transcrLpts, the Northern analysls napplng procedure descrlbed ln Chapter

6.2.3 was carrLed out, usLng the probes shown ln Figure 6.6. These probes

gave three different hybrldlzation patterns: patterû ill, showlng the early

lyttc transcrl-pts, but no nlddle transcrlpts; pattern ll2, showlng the

3.1 kb nlddle transcrl-pt; and pattern //3, showl-ng both the 2.8 kb and

3.1 kb ntddle transcrLpts (Flgure 6.6). The ÈranscrLptLon Patterns obtained
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usl-ng the probes thown 1n Ffgure 6.6, poslttoned the S'-ends of the nfddle

trafiscrlpts, as descrlbed below. The S'-end of the 3.1 kb transcrlpt was

located wiÈhin the IfhaI-FnuDII (3734-3859) regl-on, slnce the 3'1 kb

rranscrl-pr was detected uslng the uhar G734-3g34) probe and the Eú1----

FnuDII(3690-3859)probe,butnotwlththeHpall-IfEI(3690-3733)probe

(Flgure 6.1, 6.6). The S'-end of the 2.8 kb transcrlpt was located withln

rhe Hparl-nglrr GO}B-4248) reglon, sLnce the HpaIi-BguI GO$B-4248) probe

derecred the 2.8 kb transcrlpt, whereas the IIh"I-Hp.,If- G934-4087) probe

did not detect thls transcrlpt (Ftgure 6.1' 6.6). Furthernore, the 5'-end

of the 2.8 kb transcript is Predicted to lle in the 4070-4098 regLon, sLnce

lt was noted that the deletlon mutant 186 del-tRl (which contains a deletlon

of the reglon 4070-4098; Chapter 6.2.3) did not glve rise to the 2'8 kb

transcrl-pt (Ftgure 6.6, lane 7 compared wl-th lane 6) . This result

indicates that the 4070-4098 regton l-s lmportant for the productlon of the

2.g kb transcri.pt and it ls possible that the 5f-end of this transcript is

located in this reglon.

Havlng napped the S'-end of the 3.1 kb transcrl-pt to a snall- reglon by

the Northern napplng procedure, l-È was posslbl-e to further define Èhe

5f-end. by uslng the technlque of priner extension (Chapter 2.36.6). In

this nethod, a radLoactive priner l-s annealed to total cellular RNA antl

then extended with AlfV reverse transcrlptase l-n the presence of all four

unlabelled dNTPs. The prfmer wLl-l speclflcally hybridize to 186 RNA

transcrl-pts that contaln the complenentary sequence ancl wiLl be extended to

the 5r-end of the RNA. Thl-s generates a specific extenslon product(s) that

can be accurately sized by conparlng lts nobtltty to a DNA sequencLng

ladder ot a 5% denaturfng polyacryla.mtde get (chapter 2.29.3b).

The 4l b gi"gl-rfh"I (3894-3934) fragment (which l-s located 35 b-160 b

fron the predLcted 5r-end of the 3.1 kb transcrlpt) was used as a prlner in

an extenslon reactlon on RNA l-solated 20 nfn or 35 nln after heat-Lnductlon

of a 186 cltsp lysogen, or 35 mln after the rnock heat-l-nductlon of a non-



probe A gave pattern //1; showtng none of the nlddle transcripts.

probe B, C and D gave pattetr- ll2i showl-ng the 3.1 kb niddle transcrlpt.

Probe E gave pattern ll3; showl-ng both the 3.1 kb and 2.8 kb mtddle

transcrlpts.

probe F was hybrlð.lzeð. to RNA fron the wlld-type lysogen (8252) arld

fron the 186 deltnl lysogen (E4135), as f-ndf-cated on the Flgure.

The 2.8 kb and 3.1 kb nlddle transcrlpts are lndicated by the arrorís.

RNA nolecular welght markers (Chapter 2.II.2) are lndlcated next to each

track.

RNA prepared fron the non-lysogen (nZS2) after a nock heat-l-nductlon

showed no hybridization with any of these probes (data not shown).



Flgure 6.6 Ma the 5'-end of the 186 nlddle transcrl-pts.

A dlagrannatl-c representatton of the probes used to establ-lsh the

Sr-ends of the 2.8 kb and 3.1 kb middle transclipts. The posl-Èions of

relevant restrlctf-on sltes' ale shown. The sequence coordlnates of the

restrlctLon sltes refers to the positLon on the r-strand to the rlght of

the restrLctl-on cut (FLgure 6.1). The posl-tl-ons of the probes are shown

underneath the restrlctl-on map. The construcËLon of these probes ls

descrl-betl l-n the legend to Flgure 6. I The probes are glven numbers

aecordlng to the transcriptlon pattern they glve, as descrl-bed below and 1n

the text.

RNA was prepared 20 nln after the heat-l-nductlon of 8252 [8251

(tB6 crrsp (f))l or 84135 [E251 (186 cltspdeltRl (22))l (Chapter 2"36'I,

2.36.2). Twenty ug of RNAwas denatured grlth glyoxal and fractlonated on a

I.Ii( ox 1.57" agarose gel (Chapter 2.36.3a, 2.29.2). RNA was transferred

bt-directlonally to nitrocellulose and hybrl-dLzed wlth the relevant probes

(Chapter 2.36.3). The autoradl-ographs were exposed for 4 hours to I week

at -BOoC wiËh an lntenslfylng screen.

The ge1 tracks represent RNA hybrtd1rzeð. with the probes labe11ed A-F

(shown beneath the restrLctLon map). These probes contaln the followfng

regions from 186 :

A. HpaII-HaeII (3690-3732)

B. HhaI (3734-3934)

c" HpaII-FnuDII (3690-3859)

D. HhaI-HpaII (3935-4087)

E. HpaII-BglII (4088-4248)

F. BgIII-HparI (4249-4480)
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lysogen. slx major extenslon products were obtalned for RNA isolated fron

the heat-l-nduced lysogen, but not fron the non-lysogen (Flgure 6'7)' These

maJor extenslon producÈs are narked wLth arrows and thelr positLons.are

shown on the DNA sequence ln Flgure 6.8. The largest extenslon product was

a double-band, the 5'-ends of whlch corresponded to the posltl-ons 3768 ancl

3770 + 2 bases. The sane posltlon was obtaLned for the 5'-ends of the

l-argest extension products of other prlners (shown in Figure 6'8) used

(data not shown). the srnaller extensLon products may rePresent real

Sr-ends or nay result from pauslng of AÌ'fV reverse transcriptase at

secondary structures in the nNA (UcXntgtrt 9! "1., 
1981)' However, the

flrst possiblltty was considered unltkel-y sl-nce the snal-l-et extensfon

products obtalned uslng other prlmers did not glve the sa¡ne 5t-end's as

obtal-ned f or the 4l b prtner (daÈa not shown) '

In summary, these results have shown that the 5'-ends of the 3'1 kb

transcript ate locaterl at posltions 3768 and 3770 + 2 b and that the S'-end

of the 2.8 kb transcrLpt is located in the regLon 4088-4248. Furthermore'

the reglon 4070-4098 apPears to be lmportant for the productl-on of the

2-B kb transcript, sLnce the 2.8 kb transcrlpt is not detected' when thls

reglon is deleted (fn 1B6 deltRl). Since nel-ther of these Èranscrlpts begln

inmediately 3' to the Potentl-al rl-ghtward Promoters (pR784 at 3873 and

pR785 ar 3911) predl-cted tn chaptex 3.2.2(c), It ls unllkelv that these

pronoters are functLonal.

6.2.5 Mappl-ng the 3 r-Ends of the 2.8 kb and 3.1 kb Mtddle TranscrJ-Pts.

The 3'-ends of the 2.8 kb and 3.1 kb transcrlpts are predl-cted, on the

basl-s of thelr slze and the positlon of thel-r 5'-ends, to be located ln the

reglon -6600-6900 (aL1ow1ng a 10% error ln the size determlnatl-on results

obtal-ned fron an agarose ge1-; Chapter 6.2.Ð. To nap the posf-tl-on of the

3f-ends of these transcrLPts, Northern analysl-s was carrLed out uslng the

probes SacII-HpaII (6268-64f9) ancl PstI-FnuDII (6606-6840) (Ftgure 6.1)'



PrLner extensl-on of the 41 b Htnfl-Ifhal (3894-3934) prtner onFtgure 6.7

RNA fron the heat-Lnduced 186 lys en : The 5'-end of the

3.r kb niddle transcrlpt.

RNA was prepared 20 nln or 35 mln after the heat-Lnductlon of F,252

[8251 (1B6 cltsp (r))] or 35 mln after the nock heat-l-nductlon of the non-

lysogen E25t (chapter 2.36.r, 2.36.2). The 41 b glg+-Hhal (3894-3934)

priner was constructed as descrLbed Ln the legend to Flgure 6'8' Thts

prLmer was denatured, annealed to 10 ug of RNA and extended wlth AMV

reverse transcrLptase in the presence of all- four NTPs, as descrlbetl ln

chapter 2.36.6. El-ectrophoresls 'tdas as descrlbed Ln chapter 2'29"3(b)'

The autoradtograph was exposed fox 24 hours at -BooC wl-th an tntenslfylng

screen.

Ge1 Tracks l. Prf.rner extenslon of RNA prepared 20 nln after the heat-

Lnductlon of the 186 cltsp lysogen'

2.Prlnerextensl-onofRNAprepared35minaftertheheat-

lnductLon of the 186 cltsp lysogen'

3.Prl.merextensl-onofRNAprepared35mlnafterthemockheat.

lnduction of the non-LYsogen'

4. Identlcal to track I except that Al"fv leverse transerlptase

was omltted from the reactl-on mlx'''

5, Identl-cal- to track 2 except that Al'fV reverse transcrlptase

was omLtted from the reactLon mix'

6. IdentLcal- to track J except that Al"fV reverse transcrl-ptase

was omitted fron the reactLon mlx'

A sequenclng ladder was lncluded to provlde slze markers. The slze

fron the S'-end of the M13 unlversal prlner Ls glven on the l-eft' The

naJor extenslon products and the sLzes of these bands are marked on the

rlght.
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Fl-gure 6.8 Posl-tlons of prlner extensLon products on the DNA sequence.

The DNA sequence of the PstI-BelII (3556-4249) reglon fron 186 eltsp

is shown. The upper strand ls the l-strand. Relevant restrLctlon sites

are marked. The arrows above and bel-ow the restrlctlon sltes refer to the

poslttons of cleavage by the restrictlon enzymes. The regLon ffhal-FnuDll

(3734-3859), whl-ch was determLned to contain the Sr-end of the 3'f kb

transcrlpt by Northern anal-ysl-s (plgure 6"6), ls shaded. Prl-mers used to

determlne the locatl-on of the Sr-end of the 3.1 kb transcrl-Pt are shown

beneath Èhe sequence and are identtfied by thetr slze. These prLners are as

follows :

34 b FnuDII-HtnfI (3860-3893)

35 b HtnfI-FnuDII (3894-3928)

41 b Htnfl-tfhql (3894-3934)

18 b FnuDrI (3929-3946)

50 b HincII-FokI (3951-4000)

These prlmers were constructed from mEC406 by dtgestLon wlth the

approprlate resLrlctlon enzymes (Chapter 2.34.L).

The posltlons on the DNA sequence, of the extensl-on products obtafned

for Èhe 41 b HlnfI-Hh"I prlmer, exe Lndfcated by *. The posltlon of the

largest extenslon product obtal-ned wtth all 5 prLmers, ts lndlcated by the

l-arge vertLcal arlotr.
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The results

64L9) probe

presented ln Figure 6.9, reveal that the SacII-HpaII (6268-

derected the 2.8 kb and. 3.1 kb ntddle transcrlPts and the

4.0 kb rranscript (whtch begLns at pR), whereas the PstI-FnuDII (6606-6840)

probe dld not deÈect any of these trarscrlpts. This result Lndlcates that

the 2.g kb and 3.1 kb ntd.dle transerlpts and the 4.0 kb transcript

termlnate withln the reglon 6268-6605.

Although rhe ÞF-F""DII (6606-6840) probe dtd not detect the 2.8 kb'

3.1 kb or 4.0 kb transcrlpEs lt dtd weakl-y hybridtze to two transcrlpts

slzed at 2.1 kb and 1.8 kb. The 2.1 kb transcrlpt was also detected with

the SacII-Hp".II 6268-6419) probe, but was not detected wlth the Hinfl

(5513-5606) probe (Flgure 6.1, 6.9). These results l-ndlcate that the

5'-end of the 1.8 kb transcrl-pt ls located ¡vlthln the 6420-6840 region and

the 5'-end. of the 2.1 kb transcript ls located withln the 5607-64L9 reglon.

It was not withln the scope of this work to further lnvestlgate these

transcripts.

RNA dot blot analysis (Chapter 2.36.4) was used to quantltate the

amounr of RNA hybrldizing to the SacII-HpaII (6268-64f9) and the

p"rI-ryII (6606-6840) probes and to another probe FnuDII-PstI (6533-6605)

(Flgure 6.1). These resul-ts showed that the traú.scrlptfon of the PstI-

FnuDII (6606-6840) and the FnuDII-PstI (6533-6605) reglon Ls approxinately

I0:7 of the level of transcrlptLot of the SacII-HpaII (6268-6419) regton

(data not shoÍ¡n). These resuLts lndlcate that nost RNA transcriblng the

mlddle reglon terminates ln the regl-on 6268-6532" The RNA detected ln the

reglon pronoter-dlstal to the 6268-6532 reglon, by RNA dot blot analysis,

is probably largely represented by the 1.8 kb a¡d 2.1 kb transcrlpts, whLch

were detected wlth the PstI-FnuDII (6606-6840) probe'

Analysls of the DNA sequence of thls regl-on (6268-6605) - reveal-ed

several potentLal transcriptLon termlnatl-on structures (Chapter 2,38,

3.2.2ù. These structures are shown f-n Flgure 6.10. The nost stable of

these structures, tMl, was also noted by Stvaprasad (1984), and contalns a



Figure 6.9 Mapping the 3r-ends of the 186 ntddle transcrLPts.

Thl-s Figure shorùs the transcrLptlon pattern obtalned uslng probes

locateð in the regl-on predfcted to encode the 3'-ends of the 186 mlddle

transcrlpts. The posltlons on the DNA sequence of the probes used ln thLs

study, are shown dlagranmatlcally. The appropriate restrlcÈlon sfÈes are

shown. The sequence coordlnates of the restrlctlon sLtes refer to the

posltLon on the r-strand to the rlght of the restrlctton cut (l'tgure 6'1)'

Genes are represented by Èhe boxed reglons. The posl-tlon of the tMl

termlnator (descrtbe,rl l-n Fl-gure 6.10), Ls also shown. The tMl termlnaÈor,

represented by the hairpl-n structure, J-s not drawn to scale.

The probes used are as follows :

A. Htnfl (5513-5606)

B. SacII-HpaII (6268'6419)

C. P"F-F""DII (6606-6840)

The constructlon of Èhese probes Ls descrLbed l-n the legend to Flgure

6.1.

RNA was prepared 20 nln after the heat-lnductlon of 8252 [825r

(186 cltsp (1))l (Chapter 2.36.I, 2.36.Ð. Twenty ug of RNA was denatured

wlth glyoxal and fractlonated on a 1.5% agarose gel (Chapter 2.36'3a,

Z.Zg.Z). RNA was transferred b1-dl-rectl-ona11y to nitrocellulose and

fll-ters were hybrtdlzed wlth either of the three probes descrl-bed above

(chapter 2.36.3). The autoradl-ographs were exposed for I day to I week

(l day for probes A and B, I week for probe C) at -BgoC wlth an

l-ntenslfylng screen.

The gel tracks are 1abe1led A, B and C and correspond to RNA, whtch

has been hybrldized wlth each of the probes descrlbed above. The maJor RNA

transcrlpts are tndtcated by the arrows. RNA mol'ecular welght narkers

(Chapter 2.1I.2) axe lndlcated on the Flgure.

RNA prepared from the non-l-ysogen (n251) after a mock heat-lnductlon

did not hybridlze wfth any of these probes (data not shown).
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Ffeure 6.10 PotentLal- terninator structures ln the reglon 6268-6605.

Thls Flgure shows the most stable stem-loop structures encoded 1n the

6268-6605 reglon (the 3t-end of the 2.8 kb, 3.1 kb a¡ð. 4.0 kb transcrlpÈs).

A threshol-d value of AG = -8.0 was arbltrarl-1y chosen. The sten-loop

structures rüere predlcted uslng the conputer progran COMSTR and by dot

natrfx analysls (Chapter 2.38). The free energy (AG) values r,¡ere

calculated uslng the rules of Steger et al-. (1984), and are llsted beneath

each structure. The DNA sequence coordlnates of each structure, are

lndfcated" The most stable structure r{as named tMl and was consldered nost

likely to represent the termlnator for the 2.8 kb, 3.1 kb and 4.0 kb

transcrlpts.
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GC-rlch sten of 7 bp and a J-oop of 7 b l-nvolvlng bases 6515-6536. Thls

sÈructure l-s followed by 3 consecutlve T-resldues, and thus, ls a potentlal

Rho-lndependent ternLnator (ChaPter 3.2.2c). Transcrlptlon ternlnatlon of

thl-s structure would result Ln transcrl-pts of 2.8 kb arrð' 2.5 kb, which

compare favourably ln size (wtthin l0%) with the sizes of the niddle

Èranscrl-pts (3.1 kb anð, 2.8 kb) deternined by agarose gel fractionatLon

(cbapter 6.2.2).

6.3 OF THE ÎRAI{SCRIPTION PATTERN OF THB 186 EARLY LNIC Æ{D I,ÍTDDI,E

RBGIONS AND lHB RET,EVAI{CE TO TEß CONIT.OL OF I{[DDI,E RÆ{SCRIPTION.

The results obtalned for the positlons of the 5'-ends and 3r-ends of

the early lytlc and middl-e transcrlpts are summarized in Figure 6'11'

TranscrlptLon from gR glves rlse to four maJor transcripts; the 1'l kb'

1.4 kb, 1.5 kb and the 4.0 kb transcript. The 3r-end of the 1.5 kb

transcrlpt maPs within the CP79 gene and nay result fron terminatl-on at two

porenrtal Rho-dependent rermlnators, tR2 (/14) and tR3 (//5) (Ftgure 6.1I).

The 1.4 kb transcllpt probably results fron termlnatLon at the tRl

termLnator, located. in the intergenlc region between dhr and CP79 (Figure

6.11). The 3r-end of the 1.1 kb transcript maps wlthln the ftl gene at a

posltLon rshere no stable termlnator structures were predicted (Chapter

3.2.2c Flgure 6.11). The 1.1 kb transcript may therefore result fron

termlnatlori at a termlnator that was not detected ln the analysls (Chapter

3.2.2Ò, or from processing or degradatl-on of RNA'

Two transcrl-pts start withln the early-nldttle reglon; the 3.1 kb and

the 2.8 kb transcrLpt. The 5r-end of the 3.1 kb transcrl-Pt maps wl-thln the

fil gene and the 5f-end of the 2.8 kb transcrlpt ls nost llkely located in

the intergenLc reglon between dhr and CP79 (Ftgure 6.lf). The 3r-ends of

t:ne 2.8 kb and 3.1 kb ntcldle transcrlpts and the 4.0 kb transcript (which

inLtiates at pR) nap to a regl-on (at least between 6268-6605 and probably
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between 6268-6532; Flgure 6.11) contal-nf-ng a Potentlal Rho-lndependent

termlnator, !M1, at the beglnnlng of the replicatlon gene RA'

IteaklyhybrirtizlngtlanscrlPtsweredetectedusingaprobeafterthe

tMlterninator,a,'dw.reslzedatl.skband2.lkb.Thesetran'scripts

srarr berween 6420-6840 and 5607-6419, respectively (flgure 6'11b)' It 1s

possible fron the slzes of the 1.8 kb arrð' 2'l kb transcrlpts (allowlng a

LDT" sirzj|rtg error on agarose gels) and the approxinate posittons of thelr

5r-ends, Èhat these transcripts could encode the RA gene (tr'tgure 6'1lb)'

The leveLof transcrlptlon 3r to tMl is only -I07" of the 1eve1 of

transcrlption before tMl. This result l-s conslstent with the results of

Flnnegan and Egan (1981), where poor hybrldtzatlon of RNAwas obtained to a

plasnid-clone of this reglon (PstI-PstI, 87.5%-94'0%i Chapter I'3'2a;

Figure I.Za). slnce RA ls transcrlbed aü a rel-atlvel-y low level' it is

predlctedthatRAwi]-lbeapoorlyexpressedgene.Thispredictionis

consistent with the results obtained fron proteln gels' whlch have shown

that Èhe RA proteLn Ls presenÈ at 1oÏr levels compared with other proteins

encoded l-n the 186 mlddle regl-on (slvaprasad, 1984)'

Theexperlnentsdescrl-bedlothlsChapterwerecarrtedoutl-norderto

gal-n 1-nslght lnto the rnechanlsm of niddle gene expresslon' As dl-scusse'il ln

Chapterl.4,itwasexpectedthaÈnlddlegenesnaybeexpressedel-therby

the actlvatlon of a Promoter or by antl-termlnatlon of the early lytlc pR

transcrLpt (Figure 1.3). Promoter actlvaEl-on was expected to result in a

transcrlptLon pattern where a transcrlpt encodtng the nldctle genes' but not

theearlylyttcgen.es,flasdetected.Whereasantlternlnatlonwouldbe

expected to result ln a transcrlption pattern where a transcrlpt encodl-ng

both the early lytlc and niddLe regions was detected' The traflscllptl-on

pattern obtalned here for the 186 early lyttc antl niddle reglons' has

features of boÈh pronoter actl-vatl-on and anttternl-natLon mechanlsms' Two

fiew rranscrlpts arlse wlthln the ÞF-lgl,I Q7 '47"-79 '6i¿) reglon that

transcrlbe the nlddle genes, but a transcript of sufflcient slze to encode



The posltions of the 1.1 kb, 1.4 kb, 1.5 kb 2.8 kb, 3.1 kb and

4.0 kb transcrfpte, are lndicated by the arrows. The approxlmate

relatLve abundance of the transcrlpts are lndLcated by the thlckness

of the arrorùs. The 1.1 kb, 1.4 kb, 1.5 kb and 4.0 kb transcrlpts nost

ltkely Lnltiate from gR (I(altonis, l9B5; Chapter 6.2.2). The

bracketed regl-ons at the 3'-ends and 5'-ends of the transcripts

Lndl-cate the regLons to whlch these ends have been napped.

The posltions of the St-ends of the 2.1 kb and 1.8 kb transcripts

(Chapter 6.2.5), are also l-ndLcated. The 3'-endg of these transcrlpts

have not been napped, as lndLcated by ?.



Fl-gure 6. l1 Surnnary of the DNA sequence pos ltlons of the early lytlc and

(a)

mtddle transcrlpts.

The DNA sequence of the l-strand from the PstI sLte (at 3556) to 6960,

ls shown. Not all the sequence ls shown (-'l l'- lndlcates that the

sequence ls not contlguous fn thls regLon). Genes are lndicated on

the rlghE of the Ffgure. A1l- relevant restrLctfon sLtes are sho\'rn and

the arro¡v above the restrl-ctLon sLte represents the sl-te of cleavage

on the r-strand. The tRlr tR2r !R3 and tMl potentíal termlnator

structures ate LndLcated by the convergent arrows. The d.ltRl

deletion (4070-4098) l-s lndlcated by the dashed ll-ne beneaÈh the

sequence.

The 3r-ends of the 1.1 kb, 1.4 kb and 1.5 kb transcrl-pts are

indl-cated by the l-lnes above the DNA sequence.

The reglons encoding s'-ends of the 2.8 kb and 3.1 kb transcrLpts

are lndicated by the bracketed regf.ons on the left of the Flgure and

by the shaded region on the DNA sequence.

The regl_ons encodlng 3r-ends of the 2"8 kb, 3.1 kb and 4.0 kb

transcrl-pts are lndicated by the bracketed reglon to the left of the

Flgure and by the shaded reglon on the DNA sequence. The sequence

coordlnates of these regions are llsted. The dashed reglon refers to

the fact that the 3'-ends of these transc,ripts were napped to the

6268-6605 regl-on by Northern anaLysls mapplng, but from the results of

RNA dot blot analysis (Chapter 6.2.5), these transcrLpts most lfkely

termlnate Ln the vícl-nlty of the FnuDII 6532) sLte or 5' to thl-s

reglon.

(b) A dLagramnatl-c representatlon of the gene content of the 186 early

1-ytlc and nlddle reglons. Genes are reptesented by the boxed regi-ons.

The potentLal terml-nators tRlr !R2r tR3 and tMl are also lndlcated.

(The sten-loop structures are not drawn to scale.)
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the early lytlc and nlddle genes (the 4.0 kb transcrtpt) was detected uslng

an early or a mlddle probe. Consldertng these resul-tst t1ro nechanisns lfere

envlsaged for the expresslon of nlddle genes (¡'lgure 6.'12)'

The flrst mechanl-sn, Í-nvolves promoter actlvatlon (gtving ri'se to the

2.8 kb and 3.1 kb transcrlpts) as the najor way j-n whtch niddle getes are

expressed, although some exPression also occurs fron a low level of

readthrough past the early termlnators (to glve the apparently low

abundance 4.0 kb transcrlpt) (Flgure 6.1Ð. The second nechanlsm lnvolves

antltermlnatlon and processlng. The early lytic transcripts fnay be

antiterninated to glve rlse to the 4'0 kb transctipt, which ls partially

processed to glve rlse to the 3.1 kb and 2.8 kb mídtlle transcrlpts wlth

some of the 4.0 kb transcript renainlng unprocessed (Figure 6'12)' The

apparently greater abundance of the 2.8 kb and 3.1 kb niildle transcripts

relatLve to the early l-yttc transcripts may be due to degradatl-on of the

early lYtlc RNAs.

of the two mechanisms discussed above, the second mechanls¡n was

consldered to be the nost likely for the followlng reasons' Firstly' the

proxlmLty of the 3'-end of the 1.1 kb transcript to the 5r-end of the

3.1 kb transcrlpt and the 3'-end of the 1.4 kb transcript to the S'-end of

the 2.8 kb transcript (Flgure 6.11) is suggestf-ve of processing of a larger

transcrLpt at two alternatlve positlons (Flgure 6'12)' Secondly, should

the 3.1 kb a¡ð. 2.8 kb transcrlpts be due to the actlvatlon of promoters

(presunably by the same actlvator proteln) lt ts expected that the DNA

sequence sparmlng the 5r-ends of these transcrlpts (where the activated

pronoters should be located) should share some homology (Chapter 1'4'1)'

The analysLs of the DNA sequence sparurl-ng the 5 | -end of the 3 ' I kb

transcrlpt wlth the DNA sequencLng spannl-ng the 5r-end of the 2'B kb

transcrl-pt did not reveal any signifl-cant honology (<tata not shown) '

Thtrdly, Lf the 3.1 kb and 2.8 kb transcrLpts ale due to pronoter

actlvatl-on, the posl-tion of thel-r 5'-ends relatlve to the early termlnators



Flgure 6.12 The mechanlsm of 186 nlddle sene transcrLptLon : New

promotion, or antLtermLna tlon wl-th RNA processl-ng.

A dlagramnatlc representatlon of the two predicted mechanlsms for the

conÈrol of transcrlptl-on of the 186 rnlddl-e genes, that are conslstent wlth

the transcriptlon pattern (tr'tgure 6.11). Transcrlpts are rePresented by

the horizontal arrotrs. The approxlnate relatlve abundance of the

transcrlpts are lndlcated by the thl-ckness of the arrows. The earl-y

termlnators are represented by the hairpln structures.

New Promotlon.

Transcrl-ptlon fron the pR promoter glves rlse to four transcripts; the

1.1 kb, 1.4 kb, 1.5 kb and 4.0 kb transcripts. The 4.0 kb transcrLPt l8

due to a smal-l <legree of transcrlptLon proceedlng past the early

terminators l-nto the mtddle regLon. The 3.1 kb arrd 2.8 kb transerlpts

lnltlate wl-thf-n the early lyttc reglon fron the pMl and pM2 promoters,

respectlvely. Transcrf-ptlon from these mtddle promoters ls able to proceed

past the early termlnators and exPress the niddle genes.

Antltermlnatlon wLth processl-ng.

Transcrlptlon from the ¿R promoter glves rlse to the 1.5 kb

transcrLpt, whJ.ch termLnates at the tR2 or tR3 termlnators. The l'5 kb

transcrlpt ls antLtermlnated to glve rlse to the 4.0 kb transcrlpt. The

4.0 kb transcrlpt ls processed at two sLtes to glve rlse to the 1.1 kb and

3.1 kb transcrlpts, and the 1.4 kb and 2.8 kb transcrlpts. The 1.1 kb and

1.4 kb transcrlpts are then degraded, whfch leads to thelr lower abundance

relatlve to the 3.1 kb and 2.8 kb transcrlpts. A sna1l anount of the

4.0 kb transcrl-pt renalns unprocessed.
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(the Sr-ends of these transcrlpts are located to the left of the early

terminators; Figure 6.11), suggests that a slgnl-fl-cant percentage of

transcrlpts lnltlattng at the Presunptl-ve promoters. nay terminate at the

early termlûators. No such transcrlpts \üere detecËed (Ftgure 6'4, 6'6)'

Thus, for a Pronoter actlvatLon mechanLsns to be vLable Lt ls necessary to

also propose an antiterninatlon mechanlsm to a1low the nlddle transcrlpts

to read through the early termlnators. Lastly, 186 deletion mutants have

been l_solated (chapter 5.2.7b, 2.2.L) that contaln deletions spannlng the

S'-end of the 3.1 kb transcript (186 de13 (18)) or the 5'-ends of both the

2.8 kb anct 3.1 kb transcrlpts (186 de14 (19)). The viablllty of Èhese

mutants suggests that lt ls unlikely that the nl-ctdle transcrlpts are due to

promoter actlvatl-on, although lt !.s possible that these promoters are not

essentl-al for 186 lyttc developnent or the need for these Promoters ts by-

passed ln these mutants by Èhe del-etion of other control signals'

Experl-nents to deternLne wheÈher the 2.8 kb and 3.1 kb niddle

transcrlpts are due to Promoter actl-vatLon or arl-se by antiternlnatl-on of

early lytlc transcrlpts fol-lowed by RNA processlng are descrtbed ln the

next ChaPter.



CHAPTER 7.

INVESTIGATION OF THE MECHANISM

OF PRODUCTION OF THE 186

EARLY LYTIC AND MIDDLE TRANSCRIPTS.
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CHAPTEß.7. INVBSTIGATION OT lTB üECtsAI{IS}I OF PRODUCTION OF TEß 186 EARLY

LNIC AI{D }ÍIDDI,E TR.AI{SCRIPTS.

7.L INIT.ODUCTION.

The results preseûted l-n Chapter 6, revealed the transcrlptlon pattern

of the 186 early lyrtc and niddle regf.ons (¡'tgure 7.I). Thls transcrlpÈlon

pattern can be accounted. for elther by a mechanlsn lnvolvl-ng the actl-vation

of promoters, or by.antltermlnatl-on with RNA processl-ng (Chapter 6.3). The

af:n of this Chapter, is to determine which of these neehanlsms is lnvolved

in the productlon of the early lytlc and nitldle transcrlPts.

Two approaches were used to l-nvestigate whether the mfddle transcrlpts

arlse by transcrlptl-onal lnitiatlon from an actl-vated pronoter, nedl-atecl by

a l36-encoded activatlon proteln. The flrst approach is based on the fact

Èhat transcrlpts, whf-ch arlse by transcrlPEional initLatLon contal-n three

phosphates on their 5'-nucleotide. Such transcrlpts can be distlngulshed

from processed transcripts, which contal-n 'one or no phosphates oû the

5r-nucleotl-tle, by attemptlng to 1abel Èhe transcrlpts at the 5t-ends with
aa

[a-Jzp]-rCtp uslng the enzyne guanylyl transferase (Furluchl et al.,

Lg7Ð. Guanylyl transferase only labels transcrl-pts, whlch contaln a

S'-nucleotlde which has Èwo or three phosphates (1.e. transcripts, which

arl-se by transcrlptional tnlÈl-atton). Thus, lf the niddl-e transcrlpts are

due to transcrlptl-on Lnitlatlon, then lt should be possLble to labe1 these

transcrlpts uslng guanylyl transferase'

Another approach to test whether the ntddle transcrLpts arlse by

promoter actl-vaÈl-on, ls to attenpt to activate transcrlptl-on from a

plasnld-clone of the possLble pronoters by supplying f86 functlons In

Èraris. 186 functlons can be supplletl by the heat-Lnductlon of a 186

prophage. A p1-asml-d-cl-one of the pronoters can be obtained ln the McKenney
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promoter-analysls vector, pKOl. pKOl encodes the -8glI g"o", but lacks a

r!-
promoter for thLs gene. A galE'T'K strain carryl-ng pK01 normally forms

whLte colonies on MacConkey-galactose lndicator plates, as lt l-s unable to

fernent galactose. Clones tn pKOl, which contal-n promoters |n the correct

orlentatlon, result ln the expresslon of the galK gene and gf've rl-se to red

colonies on MacConkey-galactose plates (McKenney et al', 19Bl)' Thus,

actl-vated promoters can be detected by deternl-nlng whether there ls afl

lncrease ro g"lK expression fron a plasnld-clone containl-ng these plonoters

when 186 functlons are supplled from a 186 prophage'

Alternatively, if the ¡nlddle transcrlpts are due to antltermination

and RNA processlng of the 4.0 kb antltermlnated transcrlpt, then thls

nechanlsm oay be revealed by transcrlPtion studLes l-n E' col-l mutants

defectLve Ln RNA processlng. E. coll encodes four known endorlbo-

nucleolytlc proeessf-ng enzJmes : RNaseIII, RNaseE, RNaseP and RNaseF

(Robertson et a1., 1968; Dunn, 1976; Kole and Altrnan' l98t; Mlsra and

ApLrlon, 1979; Gurevitz et al-. , L9B2; I'Iatson and Apirl-on, 198f )' These

enzymes are lnvolved l-n the processlng of g. coll rRNA and tRNA, and ln the

processing of the tRNA of the T4 and related phage (Abelson, 1979i

GegenheLner and Apiri.on, l9B1; ApLrion, f 983). In addÍ-tion, RNaseIII has

been shown to process nRNAs of E. .colL and of bacterlophage T7 and À

(Gegenheimer and ApLrion, 1981; Dunn and studler, 1983; Lozeron et a1.,

1983; Hyman and Honigman, 1986), and to play a role |n the control of gene

expressl-on; for example, in the retroregulatlon of À lnt gene expression

(Gottesman et al-., lgï2; court et a1., 1983arb; Echols and Guarneros' 1983;

SchneLssner et aJ-., 1984b).

Slnce the E. coll endoribonuclease RNaseIII cleaves bacÈerlophage

nRNA, l-t was consldered possible that RNaseIII nay be lnvolved in the

producti-on of the 186 early lytic an<l nldclle transcrlpts. A RNaseIII

mutant (rnclg5) has been l-solated, whlch shows less than l% RNaseIII

actLvity compared with the wil-d-type (Ktndler et al., 1973; Aplrton and
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I,Iatson, Ig74). This nutatlon Ls ûot lethal to E. coll (although tt

Lncreases the generatLon ttme). TranscrLptton studies Ln the rnclO5 strain

wl1l determf-ne whether RNaseIII l-s lnvolved tn the production of 186 early

1-ytlc and rnlddle transcriPts.

7.2 RBSIILTS AI{D DISqISSION.

7.2.I Investigatl-on as to whether the 3.1 kb arrd 2.8 kb Mtddle Transcripts

are due to Inl-tiation from Actlvated Pronoters.

To determLne whether the rnldclle transcrlPÈs arl-se by actlvatlon of

pronoters, guanylyl transferase 5r-end-1abe11-tng of these transcrf.pts was

attenpted uslng a technlque based on that descrlbed by Haynes and Rothman-

Denes (1985). However, thLs technique did not allow sufflclent labelling
aa

with (a-J'p]-rctp of eLther 186 or E. coll RNAs to provide any conclusive

results (data not shown). Sl-nce the effLcLency of 5r-end-1abe111ng wlth

guanyl-yl transferase is often poor (J.8. Egan, personal communicatlon) this

approaeh was not Persisted wlth.

The next approach was to test whether 186 functlons could activate

traûscrlptlon frorn a plasnid-clone of the reglon spannlng the 5'-ends of

the niddle trariscripts (and thus, the possible actlvated pronoters). The

S'-end of the 3.1 kb transcrLpt ls located approxinately at posltì.on 3768

and the 5r-end of the 2.8 kb transcrlpt ls located ln the reglott 4088-4248

(Chapter 6.2.4; F1-gure 6. 11 , 7. f ).

Actlvated promoters so far characterLzed have not lncluded sequences

more than 100-200 bases upstream from the transcrlption lnitlatlon polnt

that are required for actLvatlon (Chapter 1.4.1; Ratbaud and Schwartz,

1984; Busby, 19S6). The P"g-lglll Q7.4-79.67") region (sequence

coordlnates 3556-4249) would therefore be expected to encode the

presumptl-ve promoters for the nlddle transcrlpts. IÈ ls Lnportant to note

that the PstI-BglII reglon also contalns the early terml-nators



Chapter 2,34.1. The probe was excised from the Ml3-vector by

digestlon wlrh PstI and BarnHI (tn the M13 clonlng slte), and purlfie<l

by electrophoresls on a polyacrylamlde ge1- (ChaPter 2.29.3a, 2.30.2).



Flgure 7.1 Sumrnary of the transcrlptl-on pattern of the 186 earlv lvtic and

nlddle reglons and the posltl-ons of probes used ln thls

Chapter.

(a) A diagranmatlc representatlon of the gene content of the 186

earJ-y lytl-c and mtddle reglons. Genes are represented by the boxed

regl-ons. The RA gene Ls only parttally represented on the dlagram, ag

indtcated by the Jagged-edged box. The posLtfon of the pR promoter is

lndlcated by the short horlzontal- arrow. The potentLal terml-nators

!Rl, !R2, tR3 and tMl are also Lndlcated. (The sten-l-oop structures

are not drawn to scale")

The positions of the RNA transcrlpts are l-ndlcated by the arrows

beneath the genetl-c nap. The approximate relatlve abundance of the

transcripts are indlcated by the thl-ckness of the arrorÍs- The

bracketed regions at the 3r-ends and 5t-ends of the transcrlpts

lndicate the reglons to whfch these ends have been napped (Figure

6. r1) .

(b) The reglon fron pR to the nlddle of CPBO ls expanded to show the

posl-tlons of the probes used for RNA anal-ysls Ln this Chapter. The

posl-tlons of relevant restrictlon sltes are' shown. The sequence

coordl-nates of the restrlctlon sltes refer to the posltJ-on on the

r-strand to the rlght of the restrfction cut (ftgure 6.1).

The transerlptlon map of thl-s reglon ls shown beneath the map.

The positlons of the probes, used ln thl-s Chapter, relative to these

transcrlpts are shown. Probes 1-4 are specl-fic for rlghtward RNA and

have been descrlbed prevlously in the legend to Flgure 6-1. Probe 5

ls speclflc for leftward RNA. Thts probe vra6 constructed frorn the

Ml3-c1one, mEC407 (Chapter 2.4.2), usLng the nethod descrlbed ln
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(Chapter 6.3), whLch nay mask promoters. For thls reason, Lt was lnportant

to also exanlne a reglon, which does not contaln the early termlnators. The

pstl-HtnclI Q7 .4"Å-78.77") reglon (sequence coordl-nates 3556-3948) does not

contaln the early terminators, but contalns the region upstregn of the

5r-end of the 3.1 kb transcrlpt. The strategy rúas to determlne whether 186

funcËions, supplled by heat-tnductlon of a 186 cltsplnt prophage (which

can not excl-se fron the host chromosone), could actl-vate transcrLptlon frorn

a clone of the PstI-BglII fragment or the ÞF-!1"9II fragnent, in the

McKenney promoter-analysis vector, pKOl (Chapter 2.3, 2.I9). The valtdlty

of the conclusl-ons derlved from the resulÈs of this experl-ment are based on

the assunptlon that the proposed actlvator functl-on ls produced fron the

Int prophage in sufficlent amounts to actfvate the presunptl-ve activated

promoters and that the proposed actl-vator can act in trans.

Plasnld-clones of the PstI-Bg1-II- (77 .47"-79.67") f.xagnent and the PstI-

HincII Q7.47"-78.7îÒ fragnent (derived fron the Dhrt phage) were obtained

l-n the McKenney Promotel-analysLs vector, pKOl, (pEC406 and pEC407'

respecti-ve1y; Chapter 2.3.2). [It was necessary to clone the PstI-Bg1II

and PstI-Hl-ncII fragments fron the Dhrl phage, slnce the expression of

genes from these fragrnents from the wild-type phage ls lethal to the host

and the Dhrl phage contaÍns muÈatlons (in the dhr and lll genes), which

prevent thl-s 1etha1lty (Chapter 5.2.2, 5-2-6a).1

Th. g.lK- srraln (E862) carrylng pEC406 or pEC407 gave whLte colonies

on MacConkey-galactose plates. this lndlcates that there are no rf.ghtward

promoters encoded wl-thin the PstI-BglII reglon that are recognLsed by

unnodifLed E. coll RNA polymerase. The next step $ras to test the effect of

the expression of 186 genes from a g.1K- 186 cltsplnt-A-Dhr* (fS) lysogen

(srraln E4f2B) and a grlK- 186 cltsplnt-AfDhr- (f6) lysogen (straln 84127)

on the expressLon of galK fron pEC406 or pßC407. [These l-ysogens were

used, slnce the Int-A+Dhr+ lysogen does not grow at 41oC (the expression

temperature), whereas these lysogens show elther some growth (A-Otrr*) ot
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good grorùth (l+¡tr-) "t 41oC (Chapter 5.2.4b). Also, these two lysogens

were used rather than a rj862 186 Int-À-Dhr- (17) lysogen sl-nce tt ls

possible that Dhr, Fll, CP79 (whtch ls also nutated l-n the Dhrl nutant;

chapter 5.2.6Ð or LA are lnvolved ln Promoter actLvatlon.]

lheexpressl.onof136genesfrontheselysogensdldnoteffectthe

expressLon of galK fron pEC406 or pEC407 (as Judgecl by colony colour on

MacConkey-galactose plates). These results suggest that the PstI-BglII or

p"tI-gi".II regions do not encode actlvated pronoters' Howevet' as

previously stated, lt Ls possible that not enough of the actlvatl-on proteln

is supplted fron the Int prophage to actLvate the presunPtlve pronoters'

or thaÈ the presumptive actlvator can only functlon when supplletl in cts'

Althoughpromoteractlvatlonhasnotbeenconpletelyruledoutbythis

experlnent, lt was consldered nore ll-kely that the 3'1 kb and 2'B kb nlddle

transcrlpts are due to antiterminatlon of the early lyttc transcrlpts

followed by RNA processing of the 4.0 kb antlternlnated transcrLpt' The

results described below are consLstent wtth this nodel'

7.2.2 186 Early LYtl-c and Middle Transcrl-Ption ln an RNaseIII Strain.

rn order to test the possibtLtty that 186 early lyttc and mlddle

Èranscrlpts arlse by RNaseIII processing, 186 cltsp lysogens of a straín
+

carrylng the RNaseIII mutaÈlon, rnc105, and the lsogenlc rnc' straln were

heat-lnduced for 20 ntn and RNA was prepared fron the cells (Chapter

2.36.L, 2.36.Ð. Northern analysls was carried out uslng probes specLfl-c

ro rhe 186 early 1-yttc or nlddle reglons (chapter 2.36'3; Figure 7'rb)' and

the resul-ts are shown 1n Figure 7'2'

RNA fron afr. .o"*c. straln that was hybridized wlth the earl'y probe

showed the 1.1 kb, 1.4 kb, 1.5 kb and 4.0 kb transcrl-pts' as expected

(chapter 6.2.2; Flguxe 7.2, lane 2). However, when RNA fron the rnc105

straLn rüas hybridlzed wtth the early probe the 1'l kb transcrlpt Tras onLy

faintly detected, whereas the lntenslty of the 4.0 kb transcrlpt lncreased
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narkedLy (Ff gure 7 .2, lane 3) . This result f-s conslstent wl-th the

suggestlon that the 1.1 kb transcrlpt results from RNaseIII processing of

rhe 4.0 kb rranscrlpt (Chapter 6.3). The 1.4 kb and 1.5 kb transcrlpts dtd

not show any notlcable reductlon (or lncrease) ln l-ntensl-ty l-n the

RNaserII strain compared wtth the RNaserII* strain' suggesting that

processlng Yras not l-nvolved ln theLr f ormatl-on and therefore, they are most

ltkely due to transcrlPtlon termlnatlon'

The conparf-son of RNA fron the .""* and rnc- straln that was

hybrldized wtth the nicldle probe (Flgure 7.2, Lanes 4 and 5), showed that

in the rnc- straln the 2.8.kb and 3.1 kb ÈranscrLpts \tere reduced narkedly

in intenstty, whlle the 4.0 kb transcrlpt was Lncreased Ín lntensity' Thls

result establlshes that the 2.8 kb and 3.1 kb transcripts result fron

RNAseIII processing of the 4.0 kb transcrfpt'

The results obtalned in thls study are summaxlzed in Figure 7 '3'

These results are conslstent wlth the notlon that the middle region j-s

transcrLbed fron the pR Promoter (presunably by antlternl-nation of the

1.4 kb and 1.5 kb early lyttc transcrl-pts) to gl-ve a tlanscrlpt of 4'0 kb'

This 4"0 kb transcrlpt is processed by RNaseIII at tlro sltes, the first

located withln the Cp77 gene and the second withtn the CP78-CP79 reglon

(chapter 6.3; Fl-gure 6.11), to generate the 3.1 kb and the 2'B kb nlddle

transcrlpts, respectlvely. cleavage of the 4.0 kb transcrlpt at the flrst

slte to gíve rlse to the 3.1 kb transcrl-pt Presr¡mably also gives rise to

the 1.1 kb early lytlc transcrlpÈ. stntlarly, cleavage of the 4.0 kb

transcript at the second slte to glve rlse to the 2'8 kb transcrLpt was

expected to also glve rlse to the 1.4 kb transcript. However, lf the

1.4 kb transcrlpt ts the product of RNaseIII cleavage l-t would be expected

that thl-s transcrlpt should show a signlflcant reductlon ln lntensl-ty ln

the RNaseIII straln. This expected reductlon was not obtaLned, which

suggested that the observed 1.4 kb RNA band l-s not due to RNaseIII

processLng, but to terninatl-on. However, it ls pertl-nent to note that the
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186 in vltro transcrLpts
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RNA from rhe RNaseIII 186 cltsp lysogen hybrldlzed wlth the
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RNA transcrlpts are lndl-catetl by the arrows. RNA nolecular

(Chapter 2.II.2) axe lndtcated on the Flgure.



186 early lyttc and ntddle transcrlPtlon l-n an RNaseIIIFlgure 7.2

straln.

This Ftgure shows the transcrf-ptl-on pattern of the 186 early lytic antl

mlddle reglons obtalned for RNA from a RNaseIII 186 cltsp lysogen conpared

wrth an RNaserrr* 186 crtsp 1-ysogen. The posLtlons on the DNA sequence of

the probes used to detect 186 early lyttc and mlddl-e RNA, are shown

dlagramnattcally. The approprlate restrl-ctLon sltes are shown' The

sequence coordl-nates of the restrlctlon sltes refers to thê posltton on the

r-strand to the rlght of the restrl-ctLon cut (Ftgure 6'1)' Genes are

represented by the boxed regf-ons. The poslÈlons of the gR pronoters and

the tRl, tR2 and tR3 termlnators, are also shown. The arrow next to pR

represents Èhe dl-rectlon of transcriptJ.on. The termlnators, rePresentetl by

the haf-rpln structures, are not drawn to scale. The probes used are as

foLlows :

Earl-y probe (E) : HlnfI-HpaII QBlg-2935)

Middle probe (M) : BgIII-HpaII G249-4480)

The constructlon of these probes ls descrlbed ln the legend to Flgure

6.1.

RNA was prepared 20 ml-n after the heat-lnductlon of the RNaseIII

tB6 cltsp (l) lysogen (E4130) and the m¡aselil+ 186 cltsp (1) lysogen

(8412Ð (Chapter 2"36.I,2.36.2). Twenty ug of RNA was denatured wlth

gLyoxal, fractlonated on a 1.5% agarose gel and transferred unl-

dlrectlonaLly to nf-trocellul-ose (Chapter 2.36.3a, 2'29'2)' Nftrocellulose-

bound RNA was hybrldlzed wlth the probe speclfl-e to the early lytlc reglon

or to the nlddle reglon (Chapter 2.36.3). The autoradtographs were exposed

for I week at -80oC wl-th an lntenslfyl-ng screen'
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Flgure 7.3 Ihe positions of RNaseIII cleav e ln the 186 earlY lytlc-

nlddle region.

A dLagranmatLc representatlon of the gene content of the 186 early

lyttc and mlddle reglons. Genes are represented by the boxed regLons' The

RA, gene l-s only partlall-y represented on the dl-agram, as lndicated by the

Jagged-edged box. The posltlon of the pR promoter ls lndl-cated by the

short horl-zontal arrow. The potential- termLnators tRlr !R2r !R3 and tMl

are also lndicated" (ttre stem-loop structures are not drawn to scale')

The positlons of the RNA transcrlpts are lndLcated by the arrows

beneath the genetLc nap. The approxi-mate rel-atlve abundance of the

transcrlpts are lndlcated by the thl-ckness of the arrows. The bracketed

regLons of the 3r-ends and 5'-ends of the transcrlptsr lndlcate the regl-ons

to which these end,s have been napped (Ftgure 6"11)'

The positions of the RNaseIII cleavage sLtes are shown. Cleavage at

site 1 glves rÍse to the 3.1 kb ntddle transcrlpt and the 1.1 kb early

transcrf-pt, whereas cleavage at sLte 2 gj-ves rlse to the 2.8 kb nlddle

transcrl-pt. The 1.4 kb and the 1.5 kb transcripts most 1tke1y arlse by

transcrlptlon termlnatlon.
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RNA specf-es detected by Northern analysls rePresent accunulated RNAs and

therefore the relatlve stablLttles of each RNA transcrl-pt becornes

lnportant. Two possible explanatlons of the apparent absence of the 1'4 kb

RNaseIII cleavage product are as follows (¡'18ure 7 '4) ' The followlng

explanatlons assume that there ate two lnitlal soulces for a 1"4 kb

transcrlpt; one

(1.4P).

due to ternl-natlon (1.4t) an¿ the other due to processLng

In the first posslbillty, the 1.4P t¡ transcript ls generated by

cleavage of the 4.0 kb transcrl-pt, but is then either rapidly degraded or

further processed so that tt ts not detected, whereas the t'4t tU

transcrlpr ls srable (Ftgure 7.4a). Thts l-s possible tf the t"4t t¡

transcrlpt has a dl-fferent 3'-end to that of the t'4P tt transcrlpt' The

3,-end of transcripÈs have been shown to be lmportant in the stabll-ity of

the RNA (Higglns and Sml.th, 1985; Panayotatos and Truong, 1985; Planann and

stauffer, 1985; Hayashi and Hayashi, 1985; I{ong and chang, 1986; Zwieb

et a1., 1986). Thus, if the t.4t tt transcript has a different 3t-end to

the 1.+P tU transcript, l-t may be less susceptJ-ble to degradation' In

addl-tlon, a different 3'-end nay affect the secondary structure of the RNA

molecule such that Lt ls no longer susceptfble to endonucleolytic cleavage'

In these circumstances, where the t.4t tU transcrLpt l-s stable and the

t.4P tt transcript unstable, the t.4t tU transcript would be largely

responsible for the observed 1.4 kb RNA band. Thus, ln the RNaseIII

strain, where the productlon of the t.4P tt transcript is prevented, there

would be no change ln the i.ntensLty of the observed 1.4 kb RNA band'

Secondly, rhe l.4t tt and 1.4P tU transcrl-pts may both be processed at

the first RNaseIII site to glve r1-se to the 1.1 kb transcrlpt and a 0'3 kb

transcript (which l-s either further processed or rapLdly degraded, sl-nce Lt

Ls not detected. by Northern analysl-s; Chaptet 6.2.3, 6.2.4; Flgure 6'4,

6.6). Thus, the observed 1.4 kb RNA band may conslst of both the t.4t tU

and Èhe t.¿P tt transcrlpts. In a RNaseIII stral-n the 1.4P tU tfanscript
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would ûot be produced. However, the effecÈfve decrease ln the observed

1.4 kb RNA band fron the absence of the l.4P t¡ band would be compensated

for by an l-ncrease ln the 1.4t tU transeript, which is no longer processed

at the flrst RNaseIII slte. Thus, overal-l the lntenstty of the observed

1.4 kb RNA band would not change slgnlfLcantly in the RNaseIII strain

conpared wlth the RNaseIIIf strain. Further studLes (clescrlbed in Chapter

I0.3.4) are required to distingulsh between these two possibilittes for the

appaïent absence of the 1.4 kb RNaseIII cleavage product.

In strmnary, these results have shown that the 3.1 kb and 2.8 kb mirldle

transcrlpts are generated by RNaseIII processLng of the 4.0 kb transerl-pt.

Thus, tÈ appears that the middle genes are expressed by antlterml-natlon of

the earLy lyttc transcrLpts to produce the 4.0 kb RNA, which l-s processed

by RNaseIII. The possible mechanlsm of the RNaseIII cleavage of 186 RNA

and its role ln 186 lytlc devel-opment w1ll now be considered.

7 .2.3 InvesÈígatl-on of the Mechanl-sm of RNaseIII Cleavage of the 4.0 kb

Transcript.

RNaseIII cleaves at reglons of double-strandecl RNA (Robertsot 9! 3!.,

1968; Robertson, I}BZ). It ts posslble that an RNaselll-sensltl-ve RNA

structure may be forned by a leftward transcrlpt hybrtdLzltg wlth the

rightward 4.0 kb transcript. Two leftward promoters bL782 at 3B2l anil

pL783 ar 3830) were predicted to be encoded l-n the PstI-BS1II reglon

(Chapter 3.2.2c). Thus, lt is posstble that RNaseIII cleavage of the

4.0 kb transcrlpt l-s a consequence of the formatl-on of double-stranded RNA

by hybridlzation of leftward RNA (transcribed from these leftward

promoters) with the rl-ghtward 4.0 kb transcrlpt.

To deternlne whether 186 encodes a leftward RNA ln the reglon encoding

the 5'-ends of the 3.1 kb arrd 2.8 kb transcrLpts, RNA dot blot analysis was

perforned uslng a slngle-stranded probe, whLch was speeLflc for leftward

RNA tthe HpaII (3700-4087) fragment, constructed as descrlbed Ln the legend



Flgure 7.4 Explanatlon for the apparent absence of the 1.4 kb RNaseIII

cleavage product.

A dLagrammatl-c representatl-on of the two proposed nechanlsns for the

productl-on of the 1.4 kb RNA. Both of these mechanl-sms are based on the

assumptíon that there are two sources for the 1.4 kb RNA band; one due to

termlnatl-on (1.4t) ana the other due to processlnc (1.4p).

(a) Transcriptlon fron the gR promoÈer gives rlse to the t.4t tt

transcripÈ, which is stable, and the 4.0 kb transcript. The 4.0 kb

transcrlpt ls processed by RNaseIII at the second RNaseIII site to

generate the 2.8 kb nlddle transcrJ-pt and the 1.4p tt transcrlpt" The

t.¿P t¡ transcrlpt Ls then degraded or processed further and therefore

does not signlflcantl-y contrlbute to the observed 1.4 kb RNA band.

t(b) Transcrlption from the pR promoter glves rLse to the 1.4 kb and the

4,0 kb transcrl-pts. The t.4t tU transcrlpt fs processed by RNaseIII

at the fl-rst RNaseIII slte to generate the l.l kb and the, 0.3 kb

transcrl-pts. The 0.3 kb transcrl-pt l-s degraded or processed further

and therefore ls not detected. The 4.0 kb transcrlpt ls processed by

RNaseIII at the second RNaseIII slte to generate the 2.8 kb niddle

transcrlpt and the 1.4P t¡ transcrlpt. The I.4P kb transcrlpt ls then

processed by RNaseIII at the flrst RNaseIII sl-te to generate . the

1.1 kb and the 0.3 kb transcrlpt. The 0.3 kb transcrlpt Ls degraded

or processed further and therefore ls not detected.
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to Flgure 7,fbl. thls probe, dLd not show any si.gnlfl-cant hybrldlzatlon to

RNA prepared 20 nln after heat-l-nductl-on of a f86 lysogen (either a

RNaseIII* or RNaseIII lysogen), yet was able to detect 0,025 fnoles of 186

DNA (data not shown). In conÈrast, a probe coverlng part of the same

reglon, but speci.ftc for rightward RNA Ithe HlncII-HpaII (3950-4085)

fragnent, constructed as described tn the legend to Flguxe 7.1b], that ¡vas

capable of detectJ-ng 0.1 fmoles of 186 DNA, showed strong hybrldizatlon

(data not shown). These results suggest that ft ls unlikel-y that leftward

transcrlptlon occurs ln thts region at a very high 1-evel and so lndicates

that the predicted leftward promoters (pL782 and pL783) are not functional,

at least not 20 nln after prophage lnductlon. Thus, 1È ls unllkel-y that

hybrtd.izatlon between a leftr¡ard RNA anrl the 4.0 kb rlghtward transcrl-pt is

responslbLe for the generatlon of the RNaseIII cleavage sites. Therefore,

it ls nore l-lkely that local secondary structure ln the RNA results in the

fornation of the two detected RNaseIII cleavage sltes located wlthln the

PstI-BglIl Q7 .47"-79.67") region. This will be consLdered further ln the

concLudlng dlscusston (Chapter 10 .3.2).

7.2.4 Investigatlon of the Role of RNaseIII ProcessLng Ln 186 Lytl-c

Developnent.

RNaseIII processlng i.s not essential to 186, sl-nce 186 forns plaques

on the rncl05 strel-n. Furthermore, the 186 deletlon nutants, descrtbed fn

Chapter 5.2.7(b), remove eLther one processLng slte (de13) or both

processing sLtes (de14), yet are vlable.

A possible effect of RNaseIII processlng f.n 1B6 lytlc developnent lras

revealed by the stgnlficantly l-ower Lntensltles (observed by Northern

analysl-s) of the 1.1 kb and 1.4 kb early lytlc transcrlpts compared with

the 2.8 kb and 3.1 kb olddle transcrl-pts (Chåpter 6.2.31 6.2.4; F1-gure 6.4,

6.6, 6.11). This result suggests that the early lytlc transcrlpts may be

raptdly degraded. To lnvestlgate thl-s posslbllLty, RNA dot blot anal-ysls

\l],..'-i.¡... .1,.oI \,-'u,l, ,i
\' I.
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(Chapter 2.36.4) was used to quantltate the amount of RNA transcrlbed from

the early lytic region conpared wl-th that transcrlbed from the nlddle

reglon. Tvro early l-ytlc reglon-specl-flc probes were used (one close to the

gR pronoter and the other 435 b downstrea¡n), and one nlddle region-specl-flc

probe[locatedaftertheBglIIQg.6l|)slte]wasused.TheamountoflS6

early lytl-c and niddle RNA obtalned ln the RNaseIII* strai.n was compared

wlth that obtaLned 1n the RNaseIII straln. In addttton, early lyttc and

mlddle RNA was also quantltated from a lysogen of the 186 de14 deletlon

mutant, whl-ch contains a deleElon reuovLng both processing sltes

(186 cltspþ!4 (f9); Chapter 5.2.7b), and compared with that obtaLned fron

a lysogen of 186 cltsp (1). The results are presented ln Table 7.1.

The early/mtddle RNA ratlo obtalned fron the RNaseIII* strain was

approxLnately 0.5 - 0.8, and this ratlo Lncreased by a factor of 1.5 - 3.0

for RNA prepared fron the RNaseIII straln, or from the lysogen of the

lB6 de14 deletion mutant ln the RNaseIII* sÈrain (rable 7.1). These

results suggest that RNA 5r to the processing sltes Ls degraded' resultlng

in a reduced Ieve1 of 186 early lyttc RNA conpared with nlildle RNA.

Degradatl-on of the RNaseIII cLeaved-early lytlc RNA nost likely occurs from

the 3'-end by RNaseII or polynucleotLde phosphorylase (Slnger and Tolbert,

1965; Gupta et a1. , 1977; Portler, 1975; Iümhi and Llttauet, 1968; Donovan

and Kgshner, 1986), slnce there does not appear to be a 5'-exorl-bonucLease

presenr fn E. co1l (Aplrion, 1973; Datta and Niyogi, 1976; Deutscher,

l9g5). It Ls possl-ble that RNaseIII processlng and the subsequent

degradatl-on of RNA 5' to the processlng sites may act to decrease the 1evel

of expression of the earl-y lytic genes (cp1, cII, fll antl dhr) relatLve to

mlddLe geD.es, whLch otherwlse rnay be tnhlbl-tory to a productive lytlc

lnfectl-on.

To test the proposal that a htgh level" of early lyttc genes nay be

inhtbttory to 186 developmerit and that RNaseIII processl-ng and degradatl-on

of early lytlc RNA may be lnporÈant Ln decreasing expresslon of early lytlc
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a
Quantl-tatLon of RI.IA frm the 186 early l.ytic and nl-ddle reglons.

Source of RNA Level of hybrldlzatl-on

Earlyb
probe I

EarLyc
probe 2

Mtddle
probe

d E(t)e
M

E(2)e
M

ni (
'I

E4L2
( rnc? lB6cltsp( I ) )

E4130
(rnc105, lB6crtsp( I ) )

F,252
(nzsr lBocrtsp(1))

F'4I22
(E2sl 1B6cl!sÉe14(19) )

111025 902L5 L4s0s4 0.8

r474r4 232708 131201 1.1

129234 77541 166933 0.8

L56Lr2 133146 92528 r.7

0.5

2,3x

1,4

2.9x

3.1 x

Notes to Table 7.1

â¡ RNA hybridtzlng to the 186 early and the middle reglons was
quantttated by RNA dot blot anal-ysl-s (Chapter 2.36.4) . RNA \úas
prepared 20 min after the heat-lnductl-on of the lysogens (Chapter
2.36,I, 2.36,2). Two ug of each sanple of RNA was loaded onto the
nl-trocellulose fllters as descrl-bed ln Chaptet 2.36,4, Radioactive
probes were prepared as descrlbed ln Chapter 2,34.1 and Flgure 6.1.
Hybrl<llzation and autoradiography !Íere as described ln Chapter
2,36.3(b). The leve1 of hybridization of the probe to RNA was
quantl-tated by scannlng the autoradiograph usl-ng a Zelnch scannlng
laser densltoneter. The specific actl-vity of the probes $ras normaltzed
by the quantitatlon of the amount of probe hybrtdiztng to known
concentratlons of DNA. The RNA dot blot lntenslties presented here are
norrnal-l-zed.

The Early probe (1) was the HinfI-HpaII (28L9-2935> DNA fragnent
prepared fron nECBO2 (Ftgure 7.T5I

The Early probe (2) was the HpaII (3370-3511) DNA fragment prepared
fron nEC404 (Ftgure 7.1b). 

-
The Middle probe was the BgIII-HpafI (4249-4480) DNA fragment prepared
from nEC4OB (Figure 7.lb)f

The ratto of RNA hybridtztng to the early probes to that.hybrldlzlng
to the mtd<lle probe.

b

c

d

e



I67

genes, the f ollowtng experlment \tas perf o:med. Cells carrylng a

p1asnid-clone encoding the 186 ellsp and cp1 genes (pEC606; Chapter 2.3.2;

Ftgure 7.5) were growû at 39oC (a temperature at whl-ch the cÉ gene ls

expressed) and the plating effl-cl-ency (eop) of 186 vtrl (3) on this strairi

v¡as determlned and conpared with the eop obtalned on Ëhe control stralns,

which carried el-ther the parent plasnld (pKOt) or a plasnld-clone encodlng

only the 186 cllep Bene (pEC604; Flgure 7.5). As shown ln Table 7'2'

186 virl gave an eop of 5l% on the strain carrylng the plasmid (pEC606)

expresslng cp1, and furthermore, resulted in very snall plaques. This

result shows that high expressi-on of cpl ls lnhlbltoty to 186 virl

l-nfectlon. To tesÈ wheÈher the high expression of cII further lnhibited

186 vtrl infectlon, 186 virl was plated on a straln expressing both cpl and

cII fron a plasmid-cl-one (pEC405; Chapter 2.3.2; FLgure 7.5). Contrary to

expectations, 186 vlrl gave an eop of 95% on this strain compared wiÈh the

control carrying the parent plasnld (pMC931). This result suggests that

cII nay antagonJ-ze to sone extent the tnhibition of 186 vlrl lnfectlon by

Cpl. It was noted. however, that 186 vtrl plaques renained small on the

stral-n expresslng cp1 and cII, l-ndicatlng that 186 vtrl lnfectlon was stll-l

lnhlbtted. To examlne the effect of RNaseIII processlng at RNaseIII sites

1 and 2 on cpl (and cII) gene expression, 186 virt was plated at 39oC on a

srraln carrylng the plasnld-clone pEC4l5 [conÈaLntng the NruI-AhaIII

(7O.Zy"-7g.47") f.ragment fron 186 cltsp¡hrl (f3); CtraPtex 2.3.2; Ffgure 7.51,

which 1n addltLon to encoding cpl and cII, encodes the reglon lnvolved in

RNaseIII processlng. 186 vtrl gave an eop of -L007- on thl-s straln compared

wl-th the control- (cel-ls carrying pKO2 or pEC604) ancl gave large plaques

(table 7 .2). This suggesrs rhat RNaseIII processlng followed by

degradatlon of early lyttc RNA, nay play a role ln decreasLng the 1evel of

cII and cpl expresslon (and presunably also ffl and dhr expresslon), which

nay otherwlse tnhlbtt 186 lyttc developnent'



Figure 7.5 The gene conterit of pEC604, pEC606, pEC405 and pEC415.

A diagramnatic representatLon of the gene content of the regl-on XhoI-

BgIII (67.6iF79.6%)" Genes are represented by the boxed regLons. The

positLons of the pR and pL promoters are l-ndl-cated by the short horl-zontal

arrorüs. (fne arrorùs represent the dlrectl-on of transcrlptfon.) ttre

posltlon of the tRl terminator l-s lndl-cated by the sten-loop structure.

(The stem-loop structure l-s not drawn to scal-e.) Relevant restrlctlon

sites are shown. The sequence coordinates of the restrictlon sites refer

to the flrst base of the slte on the l-strand.

The gene content of pEC604, pEC606, pEC405 and pEC415 l-s shown. The

constructlon of these plasmld-clones ls described ln Chapter 2.3.2" The

restrictlon sites used to construct these clones are lndl-cated. Genes that

are only partlally represented on the cl-ones are lndÍcated by the Jagged-

edged boxes. Promoters and ternlnators are l-ndLcated, as descrlbed above.

The posLtlons of the RNaseIII sl-tes are also shown. The posLtLon of the

4!K g"o" carrl-ed by clones in the vector, pKO2, l-s indJ.cated-
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TABI,E 7.2

PlatLng effLcl-encl-es of f86 É on E863 carrytng plasnLd-c1-"*."

b
Clones
(Plasntds )

186 genes
encoded

Efflciency ofc
platlng (eop)

Plaque
sLze

pKO2

pEC604 eltsp

pEC606 cltsp, cpl

pMC931

pEC405 glþn' gr,
cII

100%

L287"

5L7"

1002

9s7"

LI97"

large

large

very sna11

1-arge

sna1l

largepEC415 cltsp, cp1,
cII
Tcontains the
region encoding
RNaSeIII
processLng sttes)

Notes to labl.e 7.2

4. Cultures of 8863 carrytng plasnld-clones (or plasnids) were growr at
30oC ln L broth containlng the appropriate antlblotic to Aonn= 0.8.
Dl-lutlons of 186 vtrl (3) were plated wlth cel-ls (012 nl) Iñön each
strain (cfrapt.r 2-.L6,tj.-pt"tes were lncubated at 39oC overnl-ght and
the nunber of plaques were counted.

b. Plasrnids and pJ-asml-d-clones are descrlbed l-n Chapter 2.3 ancl Figure
7.5, pEC604, pEC606 and pEC4I5 are clones ln the vector pK02, and
pEC405 is a cloce ln the vector pMC931.

c. The efflcLency of platlng (eop) ts expressed as a percentage of the
number of 186 virl (3) plaques obtal-ned on strains carrylng the
plasnid-clones õ-npared to that obtalned on the stralns carryl-ng the
parent vector.
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7.3 SIII{I'IARY.

The results presented tn thts Chapter dld not provlde evidence for the

presence of activated pronoters in the 186 early lytlc-mitldle reglon, but

dtd show that the 3.1 kb an;ð.2.8 kb rntildle transcrlpts and the 1.1 kb early

lyttc transcrlpt arlse from RNaseIII processing of the 4.0 kb transcript

derlved from gR (summarlzed l-n Figure 7.3). The 1.4 kb and 1.5 kb

transcripts are nost lLkely due to transcrLptlon termlnatlon, a1-though the

1.4 kb transcript nay in parÈ be due to RNA processl-ng. The processlng of

the 4.0 kb transcrLpt possibly plays a role ln decreasLng the leve1 of

early lytlc RNA by the subsequent RNA degradatlon of the l.l kb (and

f.4 kb) processed transcripÈs fron the 3'-end. Thls would result 1n a

reductl-on ln the expression of the early lyttc genes, whÍch nay otherwise

be tnhibttory to 186 lytic development.

The aim of thls Chapter was to determlne whether mlddle transcrlptl-on

resul-ts fron promoter activatlon or antltermlnatlon wlth RNA processing.

These results have shown that the transcrlptLon pattern of the 186 early

lyttc and ml-ddle regl-ons Ls consisEent with a mechanlsm of mLddle gene

transcrlptlon lnvolvl-ng antlternLnatlon and RNaseIII processing. The

4.0 kb transcrlpt, whlch spans the early lyti-c and niddle regLons, ls

expected to arLse by antLtermlnatlon of the 1.4 kb and.1.5 kb early lytlc

transcrlpts, presumably nedLatetl by a 186-encoded antlterninatLon function.

Chapter 8 ts concerned with determlnlng whether mlddle Sene expression

lnvolves an antitermLnatlon mechanLsn, and wlth tdentlfylng the proposed

antitermlnatlon functlon.



CHAPTER 8.

INVESTIGATION OF THE CONTROL

OF 186 MIDDLE GENE TRANSCRIPTION.
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CBAPTER. 8. II{VXI¡IIGAIION OF THß COIIB,OL OF 186 TIIDDI,E GENB TRÄNSCRIPIION.

8.I ITITROIIUGTION.

The results obÈaLned in Chapters 6 and 7 (sunnarlzed l-n Figure B.la),

have shown that the transcrlptlon pattern of the 186 early lyttc and niddle

reglon ls conslstent wlth an antl-terml-natlon mechanl-sm of control of 186

niddle gene expresslon. Such a mechanlsm would be expected to act at the

terninators for the 1.4 kb transcrlpt (tRl) and the 1.5 kb transcrlpt (tR2

or tR3) to all-ow transcriptlon to proceed through these termLnators and to

glve rise to the 4.0 kb transcrlPt.

As dlscussed fn Chapter 1.3.2, the l-nvolvenent of a nlddle control

mechanlsm was predicted fron the in vivo transcrlptlon studLes of Fl-nnegan

and Egan (1981), whtch were carrfed out when protel-n synthesis Iüas

tnhibited by chloranphenlcol, and the ln vitro transcrlption studles of

prLtchard and Egan (1985). However, the studles of Finnegan and Egan

(198f) were ltntted by the use of probes of poorly deflned genetl-c content

(Chapter f.3.2). Thus, lt was lnportant to reinvestigate the results of

FLniegan and Egan (1981) using speciflc probes of known gene coûtent.

The studtes of Prltchard and Egan (f985) revealed a 1.45 kb transcrlpt

1n vl-tro, which was consistent wtth lnitLation of transcrlPtLon at pR and

ternlnatfon aÈ the Rho-lndependent termlnator tRl (Chapter 3.2.2e).

However, although transcrl-ptlon has been shown to ternl-nate efflc!-ently at

tRl tn vLtro (see Chapter 9.2.4), this termLnator may be lnefflcient

in vivo. It was therefore Lmportant to deternine the strength l-n vlvo of

the tRl terminator, and also of the tR2 and tR3 termlnators.

The aln of this Chapter is to investJ.gate whether an antlterninatLon

nechanl-sm actlng at the early terrnlnators is ltkely to be Lnvolved ln the

control of 186 niddle gene expressLon. Three approaches were used.
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Flrstly, the effect of lnhtblttng proteln synthesls on 186 early lytLc and

mld<tle transcription was lnvestigated, usLng the technLques of RNA dot blot

analysls and Northern analysis. Thts approach should teveal whether there

|s a speel-fl-c transcriptlon block at the early termlnatorsr'which would be

expected lf an antltermlnatlon mechanLsn fs lnvolved ln 186 niddle gene

expression. Secondly, the lntrlnsLc strengths of the early terml-nators

were lnvestlga ted l-n vivo. Should antlterninatlon be Lnvolved in the

control of the expresslon of the 186 niddle genes then it would be expected

that the early terml-nators would be intrl-nsl-cally efficient termlnators

in vivo. Thirdl-y, fB6 functlons were tesLed to deternine whether they

increased the expression of the niddle genes by usLng p1-asnid-clones fn the

McKenney pronoter-analysLs vector.

8.2 RESIILTS AI{D DISqISSION.

8.2.L InvestJ-gatlon of 186 Early Lytic and Middle Transcription after the

Inhibitton of Protein Synthesls.

To assess the effect of tnhibittng proteln synthesis on 186 early

Lytl-c and nld.dle transcrlpÈlon, the RNaseIII strain (E4090) was used to

decrease the conpllcatlons assocLated wtth RNaseIII cleavage and subsequent

degradatlon of early lytle RNA (see Chapter 7.2.4). RNA was prepared as

follows. The RNaseIII straLn lüas Srown to AUOO= 0.6 Ln L broth, and

proteln synÈhesls was lnhlblted by the additlon of chloranphenicol (as

descrlbed by Flnnegan and Egan, fg8f). Chloranphenicol was added at

400 ug/nl, a level- which was shown to inhlbl-t E. g9l! p"otei.n synthesls

(determtned by measurl-ng the optlcal- denslty of the culture; data not

shown). The concentratlon of chloramphenlcol used was twLce that used by

Finnegan and Egan (198f), ln order to compensate for the use of the rlcher

growth medlun (L broth compared with TPGCM), The chloranphenlcol-treated

culture was Lnfected wLth a 186 A- phage (tB6 ¡,anltvtrl (4)) 10 ntn after
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the additlon of chloramphenJ-col. A control- culture (not treated wlth

chloranphenlcol) was also l-nfected wlth the 186 Al phage. [Infectlon with

a f86 A- straLri was carrled out to nf.nLnLze the difference between the

ch1-orarnphenlcol--treated culture and the untreated culture. InfectLon was

used as opposed to heat-fnducÈlon since chl-oranphenLcol xnay tnhibit

exclsion of the prophage fron the host chromosone, and the 186 A

(repllcatlon defecttve) phage was used slnce chloramphenicol was expected

to prevent 186 replicatlon (due to the absence of proteln synthesis), both

of whtch nay effecË the level of early l-yti.c and ntddle transcrlptl-on.

Thus, the only rllfference between the control and the chloranphenlcol-

treated culture ts the absence of 186 proteln synthesis ln the latter. ]

RNA prepared 20 min after lnfectlon of the cultures (Chapter 2.36.I'

2.36.2), was analysed by RNA dot blot analysts (Chapter 2.36.4) using two

probes speciflc for early 1-ytic transcriptl-on t E(1) located near the pR

pronorer and E(2) located 435 b downstrea.ml and a probe speclfLc for niddl-e

transcription Ilocated afÈer the Bglrr Q9 '6iL) site] (Flgure B' lbrc) '

Should a 186 protef-n be required for middle gene expressLon, l-t would be

expected that the amount of RNA detected wl-th the early probe wtl1 be the

same wLth or wl-thout chloranphenicol, whereas nl-ddle gene traûsclcLptfon

wt1l be narkedly reduced by chJ-oranphenl-co1-'

As shown in Table B.l, transcriptfoc detected by the probe speclfLc

for middle transcrl-pt!-on was markedly reduced. by chloranphenlcol'

TranscrLptLon detected by the two early probes tE(l) and E(2); Table 8.11

also showed a dramatlc decrease wLth ch1-oranphenlcol.

These resulÈs show that when proteln synthesls 1s inhibtted by

chloranphenlcol, 186 early lytlc and ntddle transcriptLon are both

sl-gnlficantly decreased. Thts result l-s contrary to the results obtalned

by FLnnegan and Egan (f981), who found no sLgnf-ficant decrease ln early

lytic transcrlptlon wtth chloranphenLcol. the dtfference in these results

ls probably due to the tnablllty of the probe used by Flnnegan and



arrorrs. The posl-tion of the deltRl del-etton (sequence coordinates

4070-4098) fs lndtcated above the sequence. Al-1 rel-evant restrl-ctLon

sLtes are shown. The posltl-on of cleavage on the r-strand (tncllcated

by the vertical arrows) is shown for restrLctlon sites used for the

constructLon of probes.



Flgure 8,1 Summary of the transcrlptlon pattern of the 186 early lytlc and

nlddl-e reglons, and the positlons of probes and restrfctl-on

sl-tes used 1n thls Chapter.

(a) A dlagramrnatlc representation of the gene content of the 186 early

lytic and mlddle reglons. Genes are represented by the boxed reglons.

The RA gene ls only partlall-y represented on the dlagran, as l-ndl-cated

by the Jagged-edged box. The posltlon of the pR promoter ls l-ndl-cated

by the short horl-zontal arrow. The potentlal ternl-nators lRl, !.R2r !R3

and tMl are l-ndicated by the stem-loop structures. (fhe stem-loop

structures are not dralrn to scale.)

The positl-ons of the RNA transcripts are indlcated by the arrows

beneath the genetlc nap. The approxl-nate relatLve abundance of the

transcrlpts are fndicated by the thickness of the arrows. The

bracketed reglons at the 3r-ends and Sr-ends of the transcrfpts

l-ndl-cate the regions to which these ends have been napped (Flgure

6.fl). The RNaseIII cleavage positions are also shown.

(b) The reglon from pR to the mlcldle of CPBO ts expanded to show the

posltlons of the probes used for RNA anal-ysl-s l-n this Chapter. The

posltlons of relevant restrl-ction sl-tes are shown. The sequence

coordlnates of the restrlctl-on sltes refer to the posltl-ons on the

r-strand to the right of the restrl-ctl-on cut-(Figure B.lc).

The probes r{ere constructed as descrlbed Ln the legend to Flgure

6.1 .

(c) The DNA sequence of the l-strand from pR promoter to the nlddl-e of the

LA gene (sequence coordl-nates 2700-6059), l-s shown. Genes are

lndlcated to the rlght of the Flgure. The -35 and -10 reglons of the

pR promoter are boxed and the startpoint of transcrlptlon from the pR

pronoter Ls Lndlcated by the horlzontal arrow, The potentl-a1

termlnator structures tRl, tR2 and tR3 are l-ndl-cated by the convergent
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PRO GLY HET HIS lYR GLY HIS GLY TRP ILE ÀLÀ GLY

c c G G T À T G C À T T À C G G C C À C G G C T GS-¡-I-qG c À G

-ree\pa 

]I 3699 3709 sau IIIA 37te

77.ø% 77.9%

LYS ÀSP GLY LYS ÀRG TRP HIS PRO CYS ÀRG SER GLN SER GLU LEU LEU LYS GLY LEU LYS

GTÀÀGGÀCGGCÀÀGCGCTGGCÀCCCGTGCCGCTCÀCÀGTCCGÀÀ1TÀTTÀÀÀÀGGGCTGÀ
3129 3739 3749 3759 3769 3779

ÀÀ G



T¡IR LYS SER PRO LYS SER SER CLY PHE Lzu ILE ¡LE ARG ¡LE VÀL HIS
ÂÀÀCÀÀÀGlCGCCGÀÀÀTCGTCÀGGTTlTTT¡ÀTTÀTTCCTÀTTGlCCÀC

3789 3799 3809 3819 3829

}IET SER ÀRG ÀSP GLU LEU ÀRG ¡LE VÀL LEU GLY ÀLÀ HEl
LYS HIS VÀL TI]R ÀRG {**

PHE VÀL ILE LYS
TTTGTÀÀTTÀ

3839

ÀSN

GTTGÀCCCTGÀG¡çtlir"c-:f 3ese

7ø'7%
LYS GLN LEU LYS

ÀÀGCÀGTTÀÀÀÀ
¿009 ¡t01 9

GLY VÀL
rh-dFÃ-llr cÀrr

3849
ÀCÀTGlCÀCGCGÀTGÀÀTTÀÀGÀÀTlGTTTTCGGTGCCÀTGÀTTCCÀÀÀ1

38s9 3869 3879 3889 3899FBS

ILE PRO

I}IET GLU GLU GLY PHE GLU ILE Lys . THR ÀRc À5P GLY ÀLÀ TLE LEU ÀRG vÀL + ÀsP PRo GLII
À T G G À GG À À G GT T T 1G À À À1TÀÀ ÀÀ C CCG CG À C GGCG CÀA 1A C 11CG C

3909 3919 3929 3939
E
o

TRP GLU CYS CYS LYS GLU PHE LYs ÀSP GLY LEU LYS ÀLA GLU ILE ILE
lGGGÀGTGCTGCÀÀÀGAÀTTTÀÀCGÀ1GCÀTTÀÀÀÀGCC6ÀÀ'ITCÀTC

3969 3979 3989 3999

sER LYs pRo ÀLÀ vÀL vÀL pHE GLy ryR sER rrr - tR1
À c c À À À c c r c c r c r r c r À T T T G G 

^ 
T À T À c r r À À T T À À T T À À À c c r I r r r lEli-õ-õ-õTr r l

4029 4039 4049 4059 4069 4079

PHE LYS GLU ÀLÀ LYS LYS
ÀGCCÀÀÀÀÀÀ

ÀLÀ
GCG

ÀRC ÀRG ÀRG ÀLA ILE
cGccGcccÀcccÀ
4{89 4499

o
@
À()

79-1% rB2
sER THR PRO sER GLY' ÀLA GLY ÀSP HIs LEU LEU GLU

T CÀ À C G C C G À G T G G 1G C T G G C G À C C À C 11G C T G G A G
4149 4159 4169

SER LEU
lCTTTG

1179
1T1ÀÀÀcÀ-T;;l-418s

I

rt
À C CCGC C GGG CÀ T T C T T T

HPa f0B9

rR3
GLU GLU ÀRG LYS ÀSP ÀRG ÀLÀ LEU ÀLÀ VÀL SER ILE ÀRG LEU

G À À G ÀG C GC À A À GÀ C CG CG C TC 1C G C C G T T T C À À 1C C G TCT C
4209 4219 4229 4239

r G c c À À À À À À clï-l-õ-ï-ãlc r4099 41dt;;;
HET SER ÀRG THR ILE TYR LEU

TÀTÀTGÀGTCGÀÀCTÀTTTÀTT1À
4119 4129 4139

d6l tRl

RBS

7 5.4
GLU ÀSP

4199

HISÀLÀ VÀL
GCCGTl cÀc

4259

lLE THR ÀSN sER ÀSP HET TI]R GLY LYS GLU ÀLÀ ÀLÀ GLU LEU LEU ÀRG ÀRG GLU ALÀ THR
À1TÀCCÀÀTTCAGÀ1ÀTCÀCÀGCCÀÀÀGÀÀGCGGCCGÀGCTÀClGCGCCGCGÀÀGCCÀCT

4269 4279 4289 4299 4309 4319

I
LEU

o
ñ
Go

ÀRG PHE GLU ÀSN GLU SER CLN GLIJ

CGCT T T G À G À À CC À À 1CÀ C

GÀÀGÀTCTG
Bsl f¡Zì3-
7 9.6 96

LEU HIS rrr
HET ÀLÀ ÀSP ÀLÀ HET À5P LEU ÀLÀ GLN LEU

C11CÀCTÀÀTGGCCGÀCGCÀÀTGGÀTTTÀGCACÀÀC
4349 1359 4369 4379

4409 4429 4439

ÀRG GLU GLN GLU ÀSP ÀRG GLU ¡.RG HIS ILE SER ÀSN ÀLÀ ÀRG SER ÀRGT G C G C G À G CÀ G GÀÀ GÀ C CGC G Â À C G C C À C À T À À GCÀÀ C GC G CGCÀ GCCG T
ÀRG HIS GLU VÀL

CGCCÀTGÀGG

4329

TÀCCGGGCGT
4509

SER ÀLÀ PHE ILE CYS GLU GLU CYS ÀSP ÀLÀ PRO ¡LE
TTTClGCÀT1TÀTCTGTGÀGGÀÀTGCGÀ1GCÀCC1ÀTC

4449 4459 4469

4389 4399

PRO GLY VÀL GLN CYS CYS VÀL TIIR CYs GLN GLU ILE

4419

PRo I GLU
ccGcÀÀ

4{79 ¡0" g
80.4%

LEU GLU LEU LYs SER LYS HIS lYRGCÀGTGClGCGTTÀCCTGTCÀGGÀÀÀlCTTÀGÀGCTGÀÀÀÀGTÀÀÀCÀTT
4519 4529 4539 4549 4559

HET SER ILE THR À5N ÀLÀ TTM ILE SER GLN ÀRG ÀLÀ LYS LYS TRPÀSN GLY GLY ÀLÀ LEU IIT
I r ¡ I cldã-ã-TTIT c c r r r À r c À c c À r r À c c À À T c c À À c r I T T À c c c À c c c r c c À À À À À À À T c

g g g 4569 4579 4589 4599 4609 4619

LEU GLU ÀSP ÀSP ÀRG ILE PHE ILE ÀSP THR GLU THR Tl{R GLY LEU GLY ÀSP À5P ÀLÀ GLUGCTTGÀÀGÀTGÀCCGTÀTÀT11ÀT1GÀCÀCCGÀÀÀC1ÀCCCGTlTGGGTGÀTGÀTGCGGÀ
4629 4639 4649 4659 4669 4679

ILE VÀL GLU ILE CYs LEU ILE ÀSP SEN ÀLÀ GLY PHE ILE HET LEU ÀSN I1IR LEU VÀL LYsÀÀTÀGTÀGÀÀ ÀTClGTTlÀÀTÀGÀT ÀGCGCTGGTTlTÀTCÄTGClÀÀÀTÀCÀTTGGTTÀÀ
468e 4699 4?09 1719 4729 4739

PRO TI]R LYS PRO ILE PRO ÀLÀ GLU ÀLÀ THR ÀLÂ ILE HIS GLY ILE lHR ÀSP GLU HET VÀLÀCCÀÀCTÀÀ ÀCCÀÀTTCCÀGCÀGÀGGCTÀCGGCCÀTTCÀ1GGÀÀ1ÀÀCTGÀTGÀÀÀTGGl
474e 47s9 4769 1779 4789 4799

IjET TYR ¡ILÀ PRO lHR TRP LYS ÀSP ILE HIs GLY ÀLA VÀL ÀLÀ sER LÊU PHE PHE GLU TYR1ÀTGTÀlGCGCCÀÀCCTCGÀÀÀGÀTÀTTCÀCGGCGCÀG1ÀGCTTCTTlÀTTTTTTGÀC1À
480e 4819 4829 4839 4849 ¡ãsi

@
È
o



GLY PIIE VÀL ILE TYR ÀSN ÀLÀ ÀSP TYR ÀSP THR ÀRG LEU ILE TYR GLN lHR ÀLÀ LYS LEU
TGGClTTGTTÀTTTÀTÀÀCGCCGÀT1ÀCGÀCÀCÀÀGÀCT1À1ÀTÀ1CÀÀÀCTGCGÀÀÀTT

4869 4879 1889 4899 4909 4919

ÀLÀ À5P CYs ÀRG ¡IET THR LEU CLY ILE ILE ÀSP ÀLÀ LEU ÀLÀ
ÀGCÀGÀlTGCCGGÀTCÀClCTlGGCÀ11À1CGÀCGClTTGGCÀ

5109 5119 5729 5139

TYR GLY LEU GLU À5N ÀSP GLY PHE CYS TYR PHE LEU À5N GLU ÀRG SER ÀLÀ CYS ÀLÀ HEl
ÀTÀTGCGCTTGÀGÀÂ1GÀCGGCTTTTGTTÀTlTTTTÀÀÀTGÀGCGTTCGGCCTGCGCCÀ1

4929 4939 4949 4959 4969 4979

}lET LEU TYR ÀLÀ GLU TYR ÀRG GLY GLU PRO GLY ÀRG PHE LYS GLY TYR LYS TRP HIS LYS

GÀlGCTÀTÀ1GCÀGÀGTÀTCGCGGCGÀGCCÀGGGCGÀTTTÀÀÀGGTlÀTÀÀÀTGGCÀCÀÀ
49A9 4999 5009 5019 5029 5039

LEU VÀL ÀSP ÀLÀ ÀLÀ ÀLÀ H¡S GLU GLY VÀL SER VAL GLU GLY LYS ÀLÀ HIS ÀRG ÀLÀ LEU

ÀTTÀCTlCÀTGCCGCTGCÀCÀTGÀÀGGGGTTAGCGTlGÀÀCGÀÀÀGGCÀCÀCCGTGC¡'TT
5049 5059 - 5069 5079 5089 5099

HET

LYS CLY GLY ÀLÀ ÀLÀ T*X
ÀlÀÀG õlccGTGCÀGCÀTC
ll!--ius slse

@
Go

À
SER

G

LEU

ILE

ILE
TÀTC

ÀsN
GÀÀ1

GLY

ÀRG ILE GLU ILE GLY ÀSP ' LYS TRP VIL ILE TI.IR SER À5P GLN TYR GLN PHE ILE
CGTÀTCGÀÀÀTÀGGTGÀ1ÀÀÀTGGGTÀÀ1CÀCCÀGCGÀCCÀÀTÀTCÀÀTTCÀTC

5169 5179 s189 5199 5209 5219

GLU LYS LYS VÀL VÀL

GÀÀÀÀÀÂÀÀGTCGTT
s229 5239

ÀSN LYS ÀLÀ GLY CLU GLU TRP LEU ÀSP THR
ÀÀTÀÀÀGCTGCCGÀGGÀÀTGCCTCGÀCÀCC

5259 5269 5279

LYS TIM GLY

TYR TYR PRO LYS ILE ÀSN GLN LEU ILE sER GLY LEU VÀL HIS H¡S HIs ILE HIS

ÀÀGÀCCGGC
5249 c()

À 1C G G T T À T T À C C C G À À G À 1T À À T C À G C 1C À 11T C T G G T C 1G G T À CÀ 1q À C C À C À T T C

5289 5299 5309 5319 5329

TIÌR ÀLII ¡IET ILE ILE SER LEU SER ÀLÀ HET ÀLÀ GLU GLU ILE GLU LYs L8U SER PHE

ÀT
s339

ILE
ÀCGGCÀÀTGÀTTÀTlTCCCTlÀGTGCAÀTGGCÀGÀGGÀIÀTÀGÀGÀÀGT1ÀTCTTTTÀTC

s349 s3s9 5369 5379 5389 5399

CYS GLU GLU ÀLÀ PHE LYS ALÀ VÀL LYs LYS ITI

TGTGÀÀGÀÀGCÀTTT
5409

HET ILE ÀSP SER ÀFG CYS PHE ÀLÀ GLU SER

ñ]c c c r r À À À À À À T c À T T c À T T c c c c c r c c r r r c c r c À À À c c À

R B S 5419 5429 5439 5449 54s9

THR ILE ÀSN ILE VÀL SER VÀL sER GLY GLY LYS ÀSP SER LEU ÀLÀ CLN TRP ILE LEU ÀLÀ

CÀÀTÀÀÀ1ÀTTGlTTCTGTTTCTGGTGG¡ÀÀGGÀCÀGCCTTGCTCÀÀTGGÀTTCTTGCGG
5469 5479 5489 5499 5509 5519

vÀL
TÀG

GLU
À

ÀSN ÀSP VÀL PRO

ÀCGÀCGTÀCC
5529

G À
ÀRG THR lHR VÀL PHE ÀLÀ ÀSP TI¡R GLY HIS GLU HIS SER GLN

GCGCÀCCÀCTGllTTTGCÀGÀTÀCCGGGCÀTGÀGCÀTTCCCÀÀÀ
5539 5549 5559 5569 5579

THR HET GLU TYR LEU ÀSP lYR LEU GLU SER ÀRG LEU GLY PRO VÀL ILE ÀRG VÀL LlS ÀLÀ
CÀÀTGGÀGTÀTCTGGÀTTÀTClTGÀÀTCCÀGÀCTCGGCCCGCTTÀTTCGÀGTGÀÀÀGCCG

5s89 5s99 s609 5619 5629 s639

ÂSP PHE THR ÀRC ÀRC ILE GLU GLY LYS ÀRG LYS PHE ILE ÂLÀ GLU LYS TRP PRO VÀL SER

ÀTTTTÀCTCGGcccÀTTcÀÀcccÀÀÀcGG¡rÀÀ1TCÀTTGCTGÀÀÀÀÀTGGcCTGTcTCTC
s649 s6s9 5669 5679 5689 5699

LEU VÀL GLU GLU CYS GLY HET SER HIS GLU GLN ÀLÀ ÀLÀ GLU ÀRG ILE ÀLÀ LYs ÀLÀ LEU

TCGTlGÀÀGÀÀTGCGGÀÀTGTCTCÀTGÀGCÀGGClGCÀGÀÀCGÀÀTCGCÀÀÀGGCÀCTGG
5iû9 5719 5729 Pst I 5739 s749 5759

I 4.8 t6

GLU ILE LEU LYS PRO lTM GLY ÀSN PRO PHE LEU À5P LEU CYs HET TRP LYS GLY ÀRG PHE
ÀÀÀTCCTTÀÀGCCÀÀCCGGlÀÀlCCGTlTClCGÀTlTGTGCÀTGTGGÀÀÀGGÀCGGTlCC

5769 5779 5789 5799 5809 5819

J

PRO

c

ILE
1

GLN

SER THR
GÀGCÀC

VÀL LEU

TGTÀCT

GLU SER

LYS ÀLÀ ÀRG PHE

GÀÀÀGCÀÀGGTTT
s829 5839

GLU LEU LYS HIS ÀSP SER VÀL ÀRG ASP LYs
ÀÀCTGÀÀÀCÀTGÀCTCÀGTÀCGGGÀCÀÀGÀ

5859 5869 5879

PRO ÀLÀ LEU GLU LYS lYR
CCCÀGCCCTGGÀGÀÀÀTÀT
5889 5899

CYS SER LEU

PRO ÀLÀ ÀRG ÀLÀ ÀLÀ LEU

À5P GLU VÀL ILE LEU TRP GLN GLY VÀL ÀRG ÀLÀ
GÀCGÀÀG1ÀÀTTClÀTGGCÀGCGTGTlCGTGClC

5909 ¡¡¡ I 5919 5929 5939

I5.2*
PRO HET TRP GLU GLU ÀSP ÀLÀ ÀSP À5N THR PRO

CClÀTGTGGGÀGGÀGGÀTGCÀGÀ1ÀÀ1ÀCCCCCG
5969 5979 5989 5999

TGTTCÀCTGG
5849

ÀGGÀGTCÀCCÀGCCCGCG
5949

CTGCGTTÀ
5959

GLY LEU HIS VÀL TYR ARG PRO ILE LEU À5N TRP THR HIS GLU ÀSP VÀL PHE ÀLÀ LEU ÀLÀ
GTTTGCÀTGTGTÀTCGCCCÀÀ11CT1ÀÀClCGÀCÀCÀTGÀÀGÀCGTÀTTTGCCTTÀGCTÀ

6009 6019 6029 6039 60{9 6059
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TABI.E 8.I

QuantLtatLon of Rl{A fron the t86.ear1y lytf.c ¡nd nfd.lle regLons after
a

chloramphenf-col treatment.

Source of RNA

Earlyb

probe I

Level of hybrldLzatLon

Earlyc
probe 2

dMlddl-e
probe

E4090e infected with
186virl (3)

84090e infected wlth
1B6vtr1(3) and treated
witñ-chloranphenlcol

-".r/+""rf

47 5120

70777

432487

26636

l6

251265

7r49

357

Notes to Table 8.1

8. RNA hybrldtzing to the 186 early and the middle regions Iras
quanrl_rared by RNA dor blot analysl-s (chapter 2.36.4) . RNA 'was

prepared 20 nin after infection of the cultures with 186 virl (3)
(Cnãpter 2.36.I, 2.36.2) . The cultures were either untreãGd or
treated wÍth chloranphenicol (400 ug/nl) 10 mln prLor Èo Lnfection.
Two ug of each sarnpl-e of RNA was loaded orito the nitrocellulose
filters as described f-n Chapter 2,36.4. Radfoactive probes were
prepared as descrlbed Ín Chaptex 2.34.1 and Flgure 6.1. Hybridlzatl-on
and autoradiography \Íere as described i-n Chapter 2.36.3(b). The level
of hybridization of the probe to RNA was quantitated by scanning the
autoradiograph using a Zeinch seanning laser densitoneter. The
specific actLvlty of the probes r{as nornaLlzed by the quantitatlon of
the arnount of probe hybridlzing to known concentratlons of DNA. The
RNA dot blot lntensitles presented here are normal-Lzed.

b. The early probe (l) was the HtnfI-HpaII (28L9-2935) DNA fragment
prepared fro¡n nECBO2 (Flgure 8.TEf

c. The earl-y probe (2) was the HpaII (3370-3511) DNA fragment prepared
fron rnxC404 (¡'tgure 8.lb)

d.. The niddle probe was the BgIII-HpaIf (4249-4480) DNA fragnent prepared
fron nEC408 (Ftgure B.lb)f

êo E4090 ls an RNaseIII straln and was used in order to decrease RNA

degradation (see Table 7.I).

The ratl-o of RNA hybrldizlng to each probe from the untreated culture
compared with that frorn the. chloraluphenicol-treated culture.

I
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Egan (1981) ro derect on]-y 186 early lytic transcrlption (Chapter

1.3.2). However, consf.tent wl-th the requirenent of an antlternlnatlon

nechanism, whlch acts at the early termlnatorsr the results obtafned ln

thts Chapter, revealed that although early lytlc transcription was

decreased by ch1-oranphenicol, mlddle transcrl-ptJ.on was decreased to a

greater extent (a 16-fold decrease conpared with a 35-fo1-d decrease;

Table 8.1). Furthennore, ch1-oranphenicol resulted 1n a greater decrease l-n

RNA detected by the promoter-dLstal- early probe E(2) than by the pronoter-

proxinal early probe E(1) (a 16-fold decrease compared with a 7-fold

decrease; Table B. 1 ) . This result lndlcates that the preseûce of

chloranphenicol results ln ttanscriptlon termLnatlon at a signlftcant level

in the reglon 2936-35IL, which is 5' to the t]Rf, !R2 and tR3 ternl-natlon

sLgnals.

In order to determlne the number and sl-zes of transcripts, whl-ch are

produced when 186 proteln synthesls is prevented by chloranphenicol'

Northern anal-ysls of RNA prepared from the chloramphenlcol-treated or

untreated cultures was performed usLng probes specific to the early lytie

or rnLddle reglon (Ftgure S.1). Shoul-d an antLtermLnation control mechanisn

be requlred f or ntddle transcrl-ptf.on, it would be expected that

chloranphenlcol should result in a transcrLptl-on block at the early

ternlnators and lead to an lncrease 1n the 1.4 kb and 1.5 kb transcrÍpts

relatlve to the 4.0 kb transcrlpt. The results presented in Flgure 8.2

reveal that the 1.4 kb and 1.5 kb early lytlc transcrlpts and the 4.0 kb

transcrLpt (and also the l.l kb, 2.8 kb and 3.1 kb transcrlpts, presenË due

to restdual RNaseIII processLng Ln the RNaseIII strain) ¡vere present 1n

RNA prepared fron the chl-oramphenlcol-treated culture, but only ln very 1ow

amounts. The detectLon of the 4.0 kb transcript (although only faintly

vlsible on a 1-ong exposure) shows that transcriptlon occurs past the early

termlnators. These results also show that the I.4 kb and 1.5 kb

transcripts are present at a greater level than the 4'0 kb transcript;



1. RNA hybridLzed with the early probe.

2. RNA fron the chloranphenLcol-treated cul-ture hybrld.lzed with the

early probe

3. RNA hybrtdlzed wlth the nitldle probe.

4. RNA fron the chlora-nphenlcol-treated culture hybridized wlth the

nlddle probe.

The 1.1 kb, 1.4 kb, 1.5 kb, 2.8 kb, 3.1 kb and 4.0 kb RNA transcrlpts

are lndLcated by the arrows. RNA molecular welght narkers (Chaptex 2.1I.2)

are l-ndicated on the Flgure.

RNA prepared from the unl-nfected cell-s (84090) showed no hybrtdlzatlon

wlth elther of these probes (data not shown).



Flgure 8.2 186 early lyttc and mlddle transcrf-ptlon when translatlon ls

fnhtbtted by chloranpheni-col.

Thls Ftgure shows the transcrlptLon pattern of the 186 early lytic and

mtddle regions after the tnhlbltton of protein synthesls by

chloranphenlcol, the posltions on the DNA sequence of probes used to

detect 186 early 1-ytlc or mtddle RNA, are shown dLagrannatleally' The

approprlate restrictl-on sltes are shown. The sequence coordinates of the

restrlctl-on sltes refer to the posf-tlon on the r-strand to the rtght of the

restrlctfon cut (Flgure 6.1). Genes are represented by the boxed reglons.

The posltions of the pR pronoter anil tRl, tR2 and tR3 terminators, are

shown. The arrow next to the pR promoter represents the dlrectl-on of

transcription. The ternlnators, represented by the halrpin strctures, are

not drawn to scale. The probes used are as follows :

Early probe (E) : HinfI-HpaII (2819-2935)

. Mtddle probe (M) : HtncII-HpaII (3951-4087)

The constructlon of these probes Ls descrl-bed ln the legend to Flgure

6.1.

The RNaseIII straln (84090) was treated with chloramphenLcol

(400 ug/nl) for t0 mln and then lnfected wlth 186 Aamllvtrl (4). Cell-s

untreated wlth chloramphenl-col were also lnfected wlth 186 Aamllvtrl (4).

RNAwas prepared 20 min after lnfectlon, as descrlbed ln Chaptex 2.36.1 and

2.36.2" Twenty ug of RNA was clenatured wlth gLyoxal- and fractlonated on a

I"5% agaxose ge1- (Chapter 2.36.3). RNA was transferrecl bl-cltrectlonaJ-ly to

nl-trocellulose and filters were hybrldlzed with the probe speciflc to the

early lytfc reglon or to the ntddl-e regf.on (Chapter 2.36.3a, 2.29.2). The

autoradlographs were exposed for 2 d.ays at -BOoC wlth an lntensifying

screen.

The ge1- tracks represent RNA prepared fron the lnfected culture el-ther

treated (*) or untreated (-) wfth chloramphenlcol. The tracks are as

follows :
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E
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ho¡vever, there is not a speclflc accumulation of the 1.4 kb and 1.5 kb

transerl-pts. The nost abundant early lyttc transcript appears to be a

transcrLpt sl-zed at 0.7 kb (whlch would have been detected by both early

probes used. in the RNA dot blot analysis).

In summary, these results have shown that the lnhlbltion of fB6

proteln synthesls by chloranphenicol does .not result Ln a speelfic
ì r.,i¡- i'.,ì , 'ìjJ, ,..., . lï ,.1..' i 1,., l -,

transcrl-ptlon block at the early termLnators, but ln a general- decrease in

transcriptlon ln both the early lytic and nlddl-e reglons. This decrease Ln

transcrlptlon nay reflect the requlrement of an anÈltermlnation nechanLsm

at termlnation sLtes, which are promoter-proxirnal to the early terminators

tRl and tR2 or tR3, but was considered to be nore likely a result of

transcrLpt Lonal polarity.

Transcriptlonal polarity can occur when translation is prevenÈed

eJ-ther by a mutatlon ln a gene (¡.ahya and Gottesman, 1978), by a

translatlonal repressor (Stnger and Nomura, 1985; Cole and Nomura, 1986) or

by inhtbitors of protel-n synthesls, such as chloranphenlcol (Imanoto, L973;

Mackle and l.lLlson, 1972; Grahan et al., 1982; Nakanura et al. , 1979;

SchlessLnger et al., 1983) and ls due to the premature terminatlon of

transcription (Frankl-l-n and Yanofsky, I976; Adhya and Gottesnan, f978).

This prenature terminatlon Ls thought to be caused by the bindlng of the

Rtro ternlnation factor to sltes oD the RNA that would normally be

inaccessable due to translation (Adhya ancl Gottesman, L97B; Galloway and

Platt,1985).

Fron the resul-ts obtaLned wlth these chloranphenlcol studLes, it was

concluded that since transcriptlon proceeds past the early terminators 1n

the absence of proteln synthesls, there l-s no absolute requirement for an

antLterminatlon mechanlsm for niddl-e gene expressi.on. Howeverr ro

conclusLons could be made concernl-ng the exlstence of an antlternlnatlon

nechanl-sn that acts to increase the transcrlption of the mtddle genes,
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because of the possLbtLlty that transcriptlonal polarlty ltas occurrlng Ln

the absence of translatlon.

Sl-nce transcrLptLon proceeds past the early Èermlnators l-n the absence

of translation, the next step was to deternlne the lntrlnsLc strengths of

the early termlfiators.

8.2.2 lhe Strength of the 186 Early TernLnators In Vfvo.

To deternine the strength of the early ternLnators the McKenney

termlnaÈor-analysis vector, pI(L600, was used. pKI600 encodes the galK gene

downstrean from the p],ac promoter, and Lt was planned to lnduce expression

fron pl,ac with IPTG- However, the pI,ac pronoter was found to be actl-ve in

the absence of IPTG¡ âs Lndicated by the flndlng that cells containing

pIG600 form red colonles on MacConkey-galactose plates (data not shown),

posslbl-y due to titratl-on of the 1-ac repressor by the nultlple copies of

the lac operator encoded on the high copy number pl-asnld. Also, IPTG was

found to give only a small enhancement Ln galK expressLon fron pI{L600 as

deternlned by assaying for the galK gene-product, galactoklnase (Chapter

2.L9; data not shown), and therefore vras riot used. Clonl-ng of a ternlnator

between pI,ac and gal-K tn pIO,600 results in a reductl-on l-n the expresslon of

ga1K, which corresponds to the sÈrength of the terminator (McKenney et al.,

19Bl ) .

A clone contaLnlng the termLnators for the 1.4 kb transcrlpt (tRl) and

rhe 1.5 kb transcrlpt (tR2 or tR3) in pKL600, lras constructed (Chapter

2.31). This clone, pEC411 (Chapter 2.3.2), contains the 0.3 kb HtncII-

BgIII (78.97"-79.67") fxaement fron 186 (Fleure 8.3a, 8.1c). It 1s pertinent

to note that this fragment encodes the 3'-end of the E g"o. (99 bp)'

which ts not translated (since translation from the plasmld-encoded 1ac

gene l-s prevented from entering Lnto the cloned regLon by the presence of

stop codons l-n all three reading-frames; Chapter 2.3,1). Slnce premature

ternl-natlon may occur ln thts region due to trariscrl-ptlonal polarLty, the

T



Figure 8.3 Ihe gene content of plasnld-clones Ln the McKenney ternl-nator-

analysl-s and promo ter-analysl-s vectors.

(a) Plasml-d-clones l-n the McKenney terminator-analysf. s vector. pI(L600.

A dlagrannatlc representatlon of the gene content of the reglon fron

lR to the niddle of CPBO (See Flgure B.lc). Genes are represented by the

boxed reglons. The posl-tion of the pR promoter l-s lndlcated by the

horlzontal arrow. The posltl-ons of the tRl, !R2 and tR3 terml-nators are

lndlcated by the sten-loop structure. (ttre sten-loop structures are not

drawn to scale.) The posltlon of the d.ltRl deletlon 1s lndlcated.

Relevant restrl-ctf.on sltes are shown. The sequence coordLnates of the

restrlctl-on sl-tes refer to the flrst base of the sl-te on the l-strand.

The gene content of pEC411, pEC4l2 and pEC427 l-s shown. The

constructlon of these plasml-d-clones ls descrlbed ln Chapter 2.3.2- The

restrl-ctl-on sites used to constuct these clones are l-ndl-cated. The 3'-end

of the dhr gene Ls not shown slnce l-t is not expected to be expressed.

Genes that are onJ.y partl-a1-1y represented on the plasmid-clones are

tndlcated by the Jagged-edged boxes. The ternl-nators that are present on

these clones are indicated. The genes are expressed from the p],ac promoter

present on the vector- The positl-on of the galK gene encoded by the vector

l-s also shown,
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Ftgure 8.3(b) Pl-asnld-clones in the McKenney promoter-analysls vector,

pK02.

A dl-agrammatlc representatlon of the gene content from the XhoI site

to the rnicldle of the LA gene. Genes are represented by the boxed regl-ons.

The posltl-ons of the pR and pL promoters are shown and the dl-rectlon of

transcrlptl-on ls lndlcated by the horLzontal- arrows. The posLtLons of the

j.Rl, !.R2 and tR3 termlnators are lndlcated by the stem-loop structures.

(The sten-loop structures are not drawn to sca1e.) Relevant restrlction

sltes are shown. The sequence coordf.nates of the restrl-ctlon sites refer

to the flrst base of the slte on the l-strand.

The gene content of pEC415, pEC4I7 and pEC426 ls shov¡n. The

constructl-on of these plasmld-clones is descrlbed ln Chapter 2"3.2. The

restrictlon sltes used to construct these clones are Lndl-cated. Genes that

are only perttall-y represented on the pl-asmld-clones are lndlcated by the

jagged-edged boxes. The promoters and termlnators are also lndLcated. The

posLtlon of the galK gene carrl-ed by the vector is also shown.
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effLcl-ency of termlnatlon obtalned wlth thls clone nay be greater than that

obtaLned io the phage.

The leve1 of galK expressLon fron pEC411 was quantitated by assaying

for galactoklnase (Chapter 2.L9) and was conpared wlth that obtained fron

pKL600. The results presented ln Table 8.2(a), show that galK expression

ls reduced by 567" by the presence of the fragment encodtng tRI, tR2 and

tR3. This confLrms that thts reglon contaLns transcrlption terml-nators.

To determlne whether thLs ternination was due nostly to tRl, which ls

known to be active in vLtro (Chapter 8.1, 9.2.4), the HtncII-BSlIf (78.7i¿-

79.6%) fragment was cloned fron $!$'t into pI(L600 to give pEC412 (Chapter

2.3.21 2.31, 6.2.3; Figure 8.3a, 8.1c). Thls clone showed a 48% reductlon

in the level of galK expressLon compared with pIG600 (table B.la). As

shown in Ff-gure 8.4, thls resul-t suggests that lRl by ltself results only

in a 15% reducton tn galK expresslon and is therefore a relatLvely weak

termiriator ln vl.vo" Therefore, nost of the termlnatLon, which occurs

within the HincII-Bgl-II regLon, probably occurs at tR2 or tR3.

To determlne whether the tR3 ternlnator was likely to be responsible

for the 48% terntnation observe,il with pEC4I2, the HincII-AhaIlT (78.7%-

79.4%) fragnent containing lRI and tR2 (but not !R3) was cloned Lnto plt600

to form pEC427 (Chapter 2.3.2, 2.3L; Figure 8.3a, 8.1c). The 1evel of galK

expressfon ln this clone rdas quantitated and the results are presented in

Table 8,2(b). The results show that the presence of the Hl-ncII-AhaIII

(78.7"/"-79.4%) fragment reduced galK expressl-on by 537.. This ls

approxlnately the same leve1 of expressLon as obtalned wtth the clone

encoding tRl, tR2 and tR3 (pEC411). Thus, l-t appears that tR3 does not

functlon as a teminatLon slgnal. From the knowledge of the strength of

the tRl terml-nator (I5%), the apparent ternl-natfon efflciency at tR2 Ls 457"

(¡'lgure 8.4). These results indLcate that the 1.5 kb transcript (which was

predicted Ln Chapter 6.2.3 to terminate at tR2 or tR3) mostly 1tkely

terminates at tR2.



TABI,E 8.2

The expresslon of galK fron clones la rhe llcKenney ternl_nator-¡nalysls

yector (pIü,600) : The efffcLency of termlnatLon at the 186 earJ-y

termLnators.a

bPlasml-d-clone (Plasmid) GalK unl-t s 7" expressfonc % terminatl-ond

(A)

pKL600

pEC4l I
IHlncII-Bg1II
(76'i%-793Ðt

pEC412
IHtncII-BglII
(7çl%-793"Á)
fron 1B6de1tRl (22)l

8B+0

39+3

47+3

t00%

44z'

527"

07"

567"

4B%

(B)

pKI600

pEC4l I
IHtncII-Bg1II
(7ffiy"-79-67")l

pEc427
IHincII-AhaIII
('iffiv"-7T:4%) j

111+1

4B+4

52+L

r007"

437.

47%

07"

57%

s37"

l

¡

I

I

Notes to Tabl_e 8.2

a. Cultures of EB63 carrylng plasmld-cl-ones (or plasnlds) were grown at
37oc l-n M63 supplementeã med.fa (contatntng ampictl-1in) to
Anô¡,= 0.2 - 0.6. Galactoklnase unfts were determl-ned as descrtbed fn
Cñãþter 2.L9. The galactokl-nase unlts presented here are an average of
two measurements. (ftre standard deviatl_on f_s shown.)

Plasmlds and plasnid-clones are descrlbed ln detall ln Chapter 2.3 andin Figure 8.3(a). The reglon from 186 contalned tn the clones ls
11sted.

b.

c. The expressl-on of galK
obtained for pKJ,600;E

fron these
shown.

d. % terminatlon = 100 - % expressl_on.

plasmld-clones rel-atlve to that



Flgure 8.4 Ihe termlnatl-on effLcLency of the early termlnators.

the HtncII-Bgl-II (78.77"-79.6%) reglon Ls shown diagrannatLcall-y. The

posltions of the tRl, tR2 and tR3 terrulnators are l-ndl-cated by the sten-

loop structures. The posltlon of the AhaIII slte l-s shown. The sequence

coordinates refer to the flrst base of the slte on the l-strand (see Flgure

B.1c).

Transcrl-ptl-on fron the pÏ,ac promoter of the regLons from 186 encoded

tn pEC4tl, pEC4l2 and pEC427 l-s lndicated by the horizontal- arror{s.

Terminators present on these transcripts are shown and the poslÈion of the

g.ftRl deletlon ls indl-cated by the shaded box. The percentage of

transcrlptl-on obtalned for these clones relatLve to that obtalned for the

plasmld-vector, pKL600 (tabte 8.1), fs shown to the rlght of the dlagram.

The terninatLon efflcleney at tRl was deduced from the percentage of

transcrl-ptlon of pEC411 compared wtth pEC4l2 (which contains a deletlon of

tRl), as shown to the rlght of the Fl-gure.

The terminatl-on efflcLency of tR2 was deduced from the perceritage of

transcrLptlon of pEC427 and the knowledge of the ternl-natLon effLclency of

tRl, as shown at the botton of the Flgure.
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In strmmary, these results have shown that tRl Ls I57" efficfent,

ln vLvo. This result was unexpected slnce tRl appears to be an efflclent

ternlnator Ln vltro (Chapter 9.2.4). This difference will be discussed ln

Chapter 10.4.1(b). Secondly, the results have shown that the renoval of the

ALaIII-Bg1II regl-on (containLng tR3) does not signiftcantLy effect the

level of terminatlon, suggestl-ng that nosÈ termLnatl-on occurs at tR2.

However, as dlscussed previously, the clones used to determLne this

terminaÈion efficlency do not necessarlly reflect the nornal sLtuatlon

slnce the 3'-end of Ëhe dhr gene 1-s not transl-ated, and lt ls therefore

posslble that termLnatlon l-s occurring wLthin the 3'-end of the dhr gene.

Thlrdly, these results revealed that total lntrl-nsic strength of the early

terminators Ls ortLy 567", at the most (sl-nce the clones used to deterrnine

this termination efffclency do not necessarlly reflect the nornal sLtuatl-on

and Lt ls possible that this level of terminatlon is an over-estination),

Thus, at least 44Tl of. the transcriptlon passlng through this region 1s able

to proceed into the midill-e reglon without the need for an antiterml-natf.on

mechanf-sm. Although this hlgh Level- of readthrough nay argue against the

need for an antlterminatlon nechanLsm for niddle gene transcriptlon, lt

does not rul-e out the lnvol-vement of such a mechanisn, whl-ch may lncrease

the 1evel of readthrough Lnto the rniddle region fxom 44% to nearly 1007".

8.2.3 Investigation of the Involvement of 186 Early Lytic and Mtddle

Functlons 1n Mtddl-e Gene Transcrl-ption.

The result obtaf-ned in Chapter 8.2.2, reveal-ed that at l-east 447" of.

transcriptLon of the early Lytlc region passes lnto the nlddle region.

Since a sfgnlfl-canÈ level of nlddle gene expresslon occurs ln the absence

of 186 proteins, three pol-nts can be made concernlng the putatÍve middle

control (antltermination) protein, Tom (Chapter L.3.2). Flrstly, the

proposed Torn functl-on nay not exLst and mlddle genes nay be expressed due

to the ineffLcLency of termLnatl-on at the early termLnators. Secondly, the
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proposed Ton functlon may not be essentf-al to 186, but nerely requlred for

efftcient 186 l-yttc developnent" Thtrdly, the proposed Tom function nay

ltseLf be a niddle functLon.

the early lyttc genes have been studled (Chapter 5¡ I. Dodd and

D. Carter, personal comnunicatLon) and of these genes cp1 and cII have

deflned functions Ln the 186 l-lfe cycle and are therefore unllkely to also

be lnvolved in antLtermlnatlon. The ftl and dhr genes both affect the host

cel1, but pLay an undefl-ned role Ln 186 devel-opment (Chapter 5), and thus,

are candidates for the proposed Tom function. The rntdtlle genes æß, CPB0,

CPBI and CPB3 are nonessentlal genes (.f. ptttens, personal communication),

the functLons of which are not known, whereas the micldle genes LA and RA

are essentlal genes invoLved ln 186 repllcatlon (Hocktng and Egan, 1982b;

SLvaprasad, f984). Slnce deftnite functlons have not been asslgned to

CP79, CP80, CPBI and CP83, these genes are also candidates for the

presumptlve Tom functlon.

To deterrnlne lf an antlterml-nation mechanlsm was llkely to be lnvolved

tn 186 middle gene expresslon, the sErategy was to lnvestl-gate whether the

dhr, fil-, Cù9r CPBOr 939! ot CPB3 gene-products l-ncreased readthrough past

the earl-y termLnators.

At thls point J-t ts pertinent to consider the possible nechanisn of

actlon of the postulated antltermlnatLon functlon. Antiterminatlon

mechanl-sms Ln phage ). lnvolve the bind.ing of the antitermlnation proteln

(gpN or gpQ) to RNA polynerase at speci-fLc sl-tes in the RNA (nut or qut

sltes) (Chapter I.4.2b). This btndtng converts the RNA polymerase lnto a

ternl-natLon-resistant form such that transcrLptlon can proceed past

terninatLon sLgnal-s. The presunptLve 186 antlternlnatLon nechanLsm nay

also share features of the À antlterninatLon mechanism (Chapter 1.4.2b).

IÈ l-s posslble thaÈ the 186 antitermlnator (fom) functLons by btntllng to

RNA polynerase and Èhat thts binding occurs at specLfic sLtes ln the RNA.

These speclfLc sltes nay be located at the early termLnators, 5r to the
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earLy termlnators (as occurs 1n À antlterml-natlon nechanl-sms; Chapter

1.4.2b) or may even be locaÈed at the 186 pR promoter. It 1s therefore

Lnportant to examlne the effect of 186 early lyttc and mlddle functLons on

terml-natlon at the early termlnators, using the entlre pR-earJ,y terminator

regLon.

8.2.3(a) The Effect of Ftl and Dhr on Ternlnation at the 186 Early

Terminators.

To assess the effect of Ftl- and Dhr on terminatlon at the early

terml-nators (tnl and tR2), two clones were obtained in the MeKenney

pronoter-analysis vector, pKO2. The NruI-AhaIII Q0.4%-79.4%) fragnent,

contaLnLng the gR promoter, the clþp gene, all f our early l-ytlc genes and

the early terninators, was isolated fron the wild-type phage

( 186 cltsp ( 1) ) and cloned into pK02 l-n an orlentatl-on such that

transcriptlon from pR reads lnto the galK gene (Chapter 2.3I' 2.3.2; Figure

8.3b, 8.lc). A similar clone was obtalned from a !!l- dht- phage

(186 cltspAanllDhrl (13)). [Dhrl contains poLnt mutatlons Ln the ft]- and

¡!þ genes, which el-l-nlnate the phenotypes assocLated with these genes

(Chapter 5.2.6a). Thls mutant was chosen for use in this study rather than

fil- amber (CpZZan) or dhr amber (CpZBam) mutants, sinee these amber mutants

appear Èo be sl-lghtly leaky when present on a plasnid-clone (Chapter

4.2.3).1

These clones, pEC4l5 (fron th" f11- dht- phage) and pEC4I7 (fron

wtJ-d-type 1B6) (tr'lgure 8.3b), encode the cltsp gene' which rePresses pR at

30oC and aLl-ows the expresslon of early lytlc genes (and then gaLK) fron pR

at 41oC. The 1eve1 of galK expressl-on fron pEC4l5 can be conpared wlth

that obtatned fron pEC4L7 at 41oC (Ctrapxer 2.19), Ln order to determlne l-f

Fll or Dhr have an affect on terml-natlon at the early terml"nators.

To determLne the tLme of heat-inductlon at 41oC needed to reach a

steady state level of galK expressf-on from 186 pR, a tlme course experfinent
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rüas carrled. out after heat-lnductlon of galK cells carrylng pEC417.

Samples taken at different tlnes after heat-Lnductl-on were assayed for the

anounts of galactoki-nase present (Chapter 2.19). The results preseo.ted ln

Figure 8.5, show that after heat-l-nductl-on there is a very rapid. Lncrease

f-n galK expressi.on from pEC4I7 to reach a steady state level- of 286 unLts

at 60 min. Thus, for all clones encodlng pR and the cltsp gene, samples

were taken 60 nl-n after heat-l-nducÈLon at 41oC.

The 1eve1 of galK expressf.on from pEC4l5 anil pEC4l7 aftex 60 mln at

41oC ls shown tn Table 8.3. pEC415 anil pEC417 shorv very simil-ar leve1s of

galK expresslon. Should dhr or fil encode an antlternLnatl-on protein, lt

woul-d be expected that the leveI of galK expresslon fron the dhrt ftl+

clone (pEC417) would be greater than that obtal-ned for the dhr- I1l- ;

(pEC415). 0n the basls of the strength of the early terml-nators (whlch are

44i4 effLclent; Chapter 8,2.2) a 2.Z-foLd (L00144) dtfference nay have been

expected lf fll- or dhr encoded the putatlve antitermlnatLon function and

gave complete antlterminatfon. SLnce the dhr- fil- clone (pEC415) dtd not
l-r

show a lower l-evel of galK expressLon than the dhr' fil' clone (pEC4l7), tt

can be concluded that fi1 and dhr are not lfkely to encode an

antlterninatLon functlon.

8.2.3(b) The Effect of CP79, CPBO, CP81, and CPB3 on Termination at the

186 Early Ternl-nators.

A cl-one encodfng the cltsp gene, the pR promoter, the four early l-yttc

genes, the earl-y terminators and CP79, CP80, CP81 and CP83 was obtaLned ln

the McKenney promoter-analysls vector, pKO2, 1n an orLentaEion such that

transcrlptlon from pR reads into galK. The construction of thl-s c1one,

pEC426, whlch contalns the NruI-XnnI (70.47"-85.27") fragnent l-s descrlbed ln

Chapter 2"3.2 (Figure 8.3b, B.lc).

The 1evel of gal-K expressLon from pEC426 was deterrnined after heat-

inductlon of a galK straLn carrying thls clone at 41oC for 60 nln



Ftgure 8.5 ExpressLon of galK from pEC 417 with tLne after heat-Lnductl-on.

EB63 carrytng pEC4l7 was grown ln M63-supplenented medLa (descrlbe<l ln

Chapter 2.Ig) at 30oC to AU'O= 0.2. The zero tlme sample was then taken

and concentrated S-fol-d. The culture was heat-lnduced at 41oC and sanpl-es

were taken at the lndlcated tlmes. Lysates were prepared from all sampl-es

and aseayed .for galactoklnase, as descrlbed Ln Chaptex 2.19. Lysates of

the samples taken fron 20 mln to 70 nin were dfluted 5-fo1d (as descrl-bed

in Chaptex 2.I9) before assaylng for galactokLnase.
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TABI.E 8.3

fhe expressl-on of galK frm clones ln the llcKemey prmoter-nnelysls yector

(pKO2) 3 Test for the effect of Fl-l and Dhr on temlnatLon at the 186 early

termÍ¡ators.â

Plasmid-c1one (plasmtd) b Temperature GalK unLts

pKO2

pEC4I7 (cltsp, cp1,

4 toc

3ooc 2.r

7.2

0,2

150. 0+12

0.4

166.0+7

cII 3ooc'
II

fil'rdhr')

pEC415 (cltsp, cp1, cII,

f11-, dhr-)

4toc

3ooc

4toc

Notes to Table 8.3

8.c Cultures of EB63 carrying pLasmid-clones (or p1-asnids) were grown at
30oc l-n M63 supptãnenteã rnedia (contaiãing ampiclllin) to
A-^^= 0.2 - 0.4. The cultures were then heat-indueed for 60 mln
rB"4loc. ¿," controls dupll-cate cultures rüere grown at. 30oc for
60 nin. Galactokinase unlts were deternined as descrlbed in Chaptçr
2.19. The galactokinase unl-ts presented for pEC4L7 and pEC415 at 41uC
are an average of three measurements. (ttre standard devlation is
shown. )

b. Plasmids and plasnid-clones are described 1n detatl in Chapter 2.3 and
ln Figure 8.3(b). The 186 genes carrled by these plasnid-clones are
1l-sted.
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(Chapter 2.I9). As a control, the level of galK expresslon fron pEC417

(encodl-ng cltsp, gR, the early lytle genes and the early termlnators;

Chapter 2.3.2; Flgure 8.3b), was determlned and compared vrith that obtaLned

fot pEC426. It was expected, that Lf CP79, CP80, CPSI or CP83 encode the

Tom functlon, then the level of galK expresslon from pEC426 would be

greater (theoretLcally 2.2x) than that obtained for pEC4I7. pEC426 dLd not

result ln a greater 1evel of gal-K expressLon than pEC4L7 (table 8.4). This

suggests that æß, CP80, CP81 and CP83 do not encode the Torn functlon.

pEC426 tn fact gave a lower level of galK expressl-on than pEC4l7 (54%

lower). Thts resulÈ suggests that tn pEC426, addLtional termlnatlon fs

occurring ln the AhaIII-Xrd Q9.47.-85.27") reglon, and nost lfkely in the

BgIII-Xnnf Q9.6î¿-85.27") xeelon sfnce the AhaIII-BCilI (79.47"-79.6%) reglon

does not appear to result fn slgntflcant transcrlptl-on termlnation (chapter

8.2.2).

8.3 SI]UMARY

This Chapter was concerned with deterninlng wheÈher an antlterninatlon

¡nechanlsn was l-lkely to be lnvolved ln the control of 186 nfddl-e gene

expressLon. Three approaches were used to l-nvestlgate this, and all three

fatled to provlde evLdence for the existence of such a mechanism.

Transcrlptl-on studles uslng chloramphenlcol to tnhibit proteLn

synthesls were carried out to deternfne whether there was a speclfl-c

transcriptLon block at the early terminators. These studl-es showed that

early 1-yrlc and nlddle transcrlpÈion were both signlflcantly reduced by

chloranphenlcol. Middle transcrlptl-on was reduced more than early lyttc

transcrlptlon (approxi¡nately two-fold); however, these results could not be

used to supporÈ the exf-stence of an antiterminatlon mechanfsm because of

the probabllity that transcrLpÈl-onal polarity was resultlng l-n thls

decrease ln transcrLptl-on.



TABI.E 8.4

The expressl-on of gal-K. from clones Ln the l{cKemey promoter-en¡lysls vector

(pKo2) : lest for the effect of nl.dd^le frmctLons on terml¡atlon at the 186

early ternÍnators. a

Plasnid-clone (plasmtd) b Temperature Gal-K units

pKO2 3ooc

41oc

pEC417 (cltsp, cp1, cII, fl-l, dhr) 30oC

3ooc

2.5+0.2

8 3

0 2

3.0+0. I

103. 0+7 .0

0+0

3+0

186. 0+7 .04toc

pEC426 (cltsp, cpl,
c;plT, cP€õ;

cII, fl-1, dhr,
cÞBl, æ8'3)-

4loc

Notes to Table 8.4

â.o Cultures of 8863 carrying plasmld-clones (or plasmids) were grown at
30oc Ln M63 supplenenteã nedia (contalnLng amplctl-L1n) to
A,^^= 0.2 - 0.4. The cultures were then heat-l-nduced for 60 mln

"8"41oc. 
¡," controls dupllcate cultures were grown at 30oc for

60 mLn. Galactokinase unlts were deterrnined as described in Chapter
2.19. The galactoklnase units presented here are an average of two
measurements. (The standard devl-atlon is shown.)

b. Plasmlds and plasml-d-clones are descrlbed tn detaLl ln Chapter 2.3 and
ln Figure 8.3(b). The 186 genes carrLed by these plasnid-clones are
1l-sted.
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PlasmLd-clones l-n the McKenney temLnator-ana1-ysls vector were used to

deterrnlne the lntrlnslc strength of the early termlnators Ln vl-vo. The

early termlnators together were onJ-y 56% efflcl-ent. Hov¡ever, thls level of

ternl-natlon may be an over-estlnate since the clones used ln thls study

contal-n the 3r-end of the dhr gene, which is not translatetl. Às discussed

previously (Chapter 8.2.1), untranslated regLons may serve as binding sites

for the Rho termLnatlon factor and l-ead to transcrLptional- polarlty

effects. Thus, these clones nay not necessarlly reflect the normal

situatlon. These studl-es also revealed that the tRl termlnator (the

terml-nator l-n vivo for the 1.4 kb early lytlc transcrlpt) was only 15"Á

efflcLent ln termLnatLon antl the potentlal terml-natlon structurer tR3, !Ías

unllkely to play a role in termlnatlon. Thus, regfons other than tRl and

the AhaIII-Bg[I (79.47"-79.6%) region (encoding tR3) are involved in the

terninatlon occurring wlthin the HincII-BgLII (78.7"Á'79.6%) reglon. It is

possible that tR2 nay be responsible for thl-s terrnLnatlon, although the

Lnvolvement of other sequences (e.g. the untranslated 3'-end of the dhr

gene) can not be rul-ed out.

Slnce the early terminators are at nost only 567" effLcient, it was

concluded that an antltermLnation mechanism rnay not be lnvolved ln the

conÈrol of 186 ntddle gene transcrlptlon, or tf an antLternlnaÈLon

mechanLsrn does exist then tt ls probably not essentlal. Furthernore, lf the

putaÈi.ve antLterrninatlon protel-n, Tom, exists then 1È may be encoded by a

middle gene.

the 186 early 1-ytlc and nlddle functlons; FLl, Dhr, CP79, CP80, CP81

and CP83, were tested for their effect on LncreasJ.ng transcrLptlon past the

early terminators usLng clones ln the McKenney promoter-analysis vector.

These results showed that lt ls unJ.lkely that f11, dhr, CP79, CP80, CPSI or

CP83 encode the postulated nl-ddl-e control (antl-termLnatLon) funcÈlon, Tom.

In concluslon, these studles have not provlded evidence for an

antlterml-natLon nechanl-sm or for the Lnvolvement of an antltermlnatlon
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functlon ln 186 nlddle gene cootrol. However, the posslblllty that

antLterninatlon may play sone non-essettLal role tn 186 lytfc developnent

has not been e.xcluded. the guestion of whether a control mechanfsm for

mlddle gerre expression exlsts ls discussed fn Chapter 10.4.1.



CHAPTER 9.

CHARACTERIZATION OF A VIRULENT MUTANT

.WITH AN INSERTION IN THE 186 EARLY LYTIC REGION

AND IMPLICATIONS FOII, MIDDLE GENE TRANSCRIPTION.
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CHAPMR 9. CHARACTERIZATION OF A VIRIIT,EI{T IIT¡TA¡IT TIIIU AI{ INSBRTION IN 1Tß

186 ßARLY LYTIC REGION AI{D I}IPLICATIONS FOR I'fiDDIJ GENE

lR.AilSMIPTION

9.1 INN.ODUCTION

The results presented ln Chapter 8, have not provlded evfdence for the

existence of a control- nechanlsn for nlddle gene transcrlptJ.on, but nor

have they conpletel-y ruled out the existence of such a nechanlsn. Another

approach for the study of the presunptLve mfddle control mechanism would be

to Lnvestigate 186 nutants Ln which transcriptl-on of the nlddle reglon Ls

altered (for exanple, reduced relative to early l-ytlc transcrlption or

expressed constituÈ1vely). Such mutants may reveal control sites or genes,

vrhl-ch are important in niddle gene transeríptlon.

There exists a 186 mutant, 186 de12 (6), which is potentially of the

class of nutants, Ln whtch ¡ntddle genes are expressed constLtutively.

186 de12 was lsolated from the sane stock of phage as 186 dell (5), as a

survl-vLng phage after a serl-es of heaÈ challenges followed by infectlous

cycles (Dharmarajah, I975). However, unlLke 186 dell, 186 de12 is a

virulent phage (capable of growth ln the presence of the 186 cI repressor).

186 dell conÈal-ns a deletlon from 67"97" xo 74.0%, which removes the int, cI

and CP69 genes (Satnt, 1979; R" O'Connor, unpubl-lshed; Ibl1-onls et a1.,

1986a). 186 de12 also contaLns a deLetlon Ín the f"!-gf regl-on and thls

deletLon was expected to extend into the operator regLon (Chapte¡ L.2"2)

thereby preventlng repression of the pR promoter by the cI repressor.

However, restrlcÈfon napplng (Salnt, 1979) and heteroduplex nappl-ng under

the electron microscope (n- 0rConnor, unpubll-shed results) suggested that

the 186 del-2 deletlon was no l-arger than the deletLon ln 186 dell.

Furthernore, these studies showed that 186 de12 carrted an Lnsertion to the
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rtght of the PstI (77.47") slte (Ftgure 9.1). As rhe delerton of 186 de12

would need to be nuch larger (-f6O bp) than that of 186 dell to Lnclude rhe

operator sf-te (Kallonis et a1., 1986a; Chapter I.2.2) ir was llkely thar

the Ínsertlon was bestowlng the virulent phenotype. Thus, it appeared that

the essentLal replicatLon functLons encoded Ln the nfddle reglon were beLng

expressed when 186 de12 lnfected a lysogen even though transcrlptlon fron

pR would be blocked.

Sl-nce 186 de12 appeared to be a 186 nutant wlth altered nlddl-e gene

transcription, an Lnvestlgatlon of 186 de12 lras commenced with the

expectatlon that lt ntght provfde some novel approach to understanding the

putatlve control of nlddle gene transcrtptLon.

The approach lnitia11y used to characterlze 186 de12, was to determlne

the DNA sequence of the region of the l-nserËLon. The DNA sequence of the

186 de12 deletl-on and operator-pronoter reglon (Chapter I.2.2) was al_so

determl-ned to confl-rm that there were no nutatfons 1n thÍs reglon, which

were likely to confer vÍrulence.

The posltLons of all- restrictLon sLtes refemed to in thls Chapter are

that of wild-type 186. DNA fragnent sLzes are as deduced fron the DNA

sequence of wild-type 186 or 186 delr (5), (chapter 3; Kalionl-s er al.,

1986a; Sivaprasad, 1984), or sl-zed from an agarose ge1.

9.2 REISTILTS AI{D DISCUSSION.

9.2.I RestrLctÍon Anal-ysis of 186 de12.

Restrlctlon analysl-s was used to further lnvestigate the nature of the

186 de12 insertlon. The dlgestLon of 186 de12 DNA wtth BgIII resul-ted 1n

the productLon of a 0.6 kb fragnent (data not shown), l-ndl-catLng that the

insertl-on contal-ned a BgIII sl-te. This result, and the fact that the

insertLon was cl-ose to the BgIII (79.6%) sLte, suggested that this

LnsertLon may be a dupllcatl-on of the reg!.on spannLng the Bglrr sLte.

Indeed restrLctlon anal-ysLs of the 2.9 kb PstI (77.4%-84.67") fxagment fron



Flgure 9.1 Genetl-c nap of 186 de12.

Thls rnap shows the positlons of the deletlon and Lnsertfon Ln

186 de12 (6) relative to the 186 genes. The del-etlon and Lnsertlon are

lndlcated by the shaded boxes. The del-etl-on removes the Lnt gene and CP69

gene (not shown on the dlagran), and part of the cI gene (Chapter 2.2.1).

The Lnsertion occurs wÍthln the PstI (77.47"-84.6%) reglon.
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186 de12, usJ-ng 4 bp restrictlon end.onucleases, revealed that this was the

case. Flgure 9.2 shows the HpaII restrLctLon pattern obtaLned for the

2.9 kb PstI (77.47"-84.67.) fragnent fron 186 de12 conpared wtth that

obtaLned for the 2.1 kb PstI (77.47"-84.67") fragment fron 186 clþp. The

results obtained show that the HpaII restrlctlon pattern for 186 de12 ls

the same as that obtained for 186 cltsp except for the appearance of one

novel fragnent (stzed at 190 bp). Sinllar results were obtaLned for other

4 bp restrlctlon endonucl-eases used (data not shown). These results have

revealed that 186 de12 contalns a dupltcatlon wLthin the PstI (77.47"-84.6"/")

reglon. Furthermore, the appearance of only one novel fragment shows that

thls dupllcatLon ls a direct dupll-catlon, as opposed to an lnverted

dupltcatlon (Tigure 9.3). [An l-nverted dupll-catlon ls expected to result

ln two novel fragments (Flgure 9,3).1

The nature of the del-etion tn 186 de12 was also further LnvestLgated

uslng restrictLon analysis. The 1.8 kb XhoI-Bgl-If G7.67"-79.6%) fragnent

(sized from an agarose gel) fron 186 de12 was digested wlth TaqI and the

restrLctlon pattern obtalned was compared wlth that obtaLned fron the

digestion of the I.7B kb XhoI-Bg1If (67.67ç79.6i¿) fragnent fron

186 dell (5). Slnce 186 de12 was lsolated fron the same stock of phage as

186 dell (Dharmarajah, 1975; Chapter 9.1), it ls ltkely that they contaLn

the same deletion (fron 715 to 255L; IblfonLs et a1., 1986a). Indeed, the

TaqI restrlction pattern obtained for the XhoI-Bel-IL (67.67"-79.6%) fragnent

fron 186 de12 was the same as that obtal-ned for the )fttol-Bglll fragnent

from 186 dell (data not shown) lndicatlng that both phage al-most certalnly

contaÍn the sane deletion.

9.2.2 DNA Sequence Analysls of the 186 de12 DeletLon and the pR Promoter

Regíon.

To deternl-ne whether the 186 de12 deletl-on rüas exactly the same as the

186 dell deletlon (Kalfonis et al., 1986a) and to ensure that 186 de12 did



The Hparr restrictLon pattern from 186 crtsp ls shown below.

Pst¡I 77'8"/"
77't+"/'3687
3556

79.1"^
4085

80'5'/"
t+502

82'5"/"
5109

8l+'0"/.
5559

Pst I
8l+'6"/"
5733

2o/oI80'l+"/"
l+l+78

83'0"/r
52t+5 5618

-<>
200 bp

131 398 393 2t+ 607 136 31t+ 59115

fragment sf.zes l-n descendlng order :

607, 3gB, 393, 3L4, 136, t3I, 115, 59, 24

These DNA fragments are l-ndlcated on the left of the Ftgure. 186 del_2

gave rlse to a novel fragment, whlch was sl-zed at 190 b, as lndfcated.



Figure 9.2 Restrl-ction analysis of the PstI (77.47"-84.67") fragnent fron

186 de12.

186 de12 (6) and 186 cltsp DNA were digested with PstI (Chapter 2.28).

DNA was fractionated on a I% agarose ge1. The 2.7 kb PstI (77.4%-84"6%)

fragment fron lB6 de12 Pstl-dlgested DNA (contalnlng the lnsertlon), and

the 2.1 kb PstI (77.4%-84.6"/") flagnent fron 186 cltsp Pstl-digested DNA

were l-solated (Chapter 2.29.I, 2.30.lb).

The PstI (77.4%-84.6%) tuaements from 186 de12 and 186 clrsp srere

digested with HpaII (Chapter 2.28). The DNA was end-labelled (Chapter

2.3L.2a) and fractionated ln a non-denaturing 5% poLyacrylamide ge1 in TBE

buffer (Chapter 2.29.3a).

pBR325 Hinfl DNA fragnents were al-so end-labe1l-ed and fractionated on

the gel to serve as slze markers (Chapter 2.11.f).

Electrophoresis and autoradlography were as descrlbed l-n Chapters

2.29.3(a) and 2.29-4. The gel sras autoradiographed overnight at roon

temperature.

Gel Tracks :

I 186 crtsp 2.1 kb pstl (77.47"-84.6%), dtgesred wlth HpaII

186 de12 2.7 kb psrl (77.4y"-84.67"), digesred wtrh HpaII

pBR325 Hlnfl molecular wetght markers (Chapter 2.ll"l)

of the pBR325 Hlnfl fragnents are indLcated on the right of

2

3

The slzes

the FJ.gure.
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FLgure 9.3 The dtfference Ln restrl.ctl.on patteÍis between e dLrect and

LndLrect dupl-lcatl"on.

A dLagrannatlc repreaentatlon of the restrlctlon maps expected for a

dLrect dupllcatloû conpa¡ed wlth an LndLrect dupllcatlon.

The restrlctLon eites are Lndlcated by the vertical arrows.

dupLlcated regJ-on ls fndlcated by the horLzontal arrow.

The

A dlrect dupllcatlon results Ln one novel restrLctl-on fragnent,

whereas an LndLrect dupJ-LcatLon results Ln two novel restrlctLon fragnents,

as LndLcated on the dlagran.
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not contaLn a mutatLon ln the early lyttc promoter gR or operator sf-Èes,

the DNA sequence of these regLons was obtalned. Ml3-clones spannlng these

reglons were obtained. by digestlon of the 3.7 kb HfndIII-BglII (6L.37"-

79.6%) fragment with TaqI, and cI-oning the 132 bp, 102 bp ancl 288 bp TaqI

fragnents (lsolated after fractlonation on a 57" poLyaerylanide ge1) tnto

the AccI sLte of M13np19 (Chapter 2.29.3b' 2.30.2,2.3L3 Fl-gure 9.4). As a

control-, the sane fragnents were l-solated fron 186 dell and cl-oned into the

AccI site of M13mp19. The DNA sequence of these fragments was obtained as

shown ln Flgure 9.4 (Chapter 2.33).

The resul-Ès obtalned fron the analysl-s of the DNA sequence revealed

that the 186 de12 deletl-on is exactly the same as the 186 dell deletion

(tr'tgure 9.5), nanely a deleti.on of the regLon between the short direct-

repeats GAG at 7L3-7L5 a¡d,2549-2551 (I(allonls et al., 1986a). In addttion,

the 186 de12 DNA sequence spannLng the pR promoter was shown to be the same

as Èhat of wild-type 186, as was the 186 de1l DNA sequence in this region

(data not shown). Thus, the vLrulent phenotype of 186 de12 l-s not due to

Èhe 1.83 kb del-etion (from 715 to 255f), or to a pR promoter mutation or an

operator mutatlon, and ls most ltkely due to the presence of the

dupl-Lcatlon spannlng the BgIII Q9.6%) siÈe.

9.2.3 DNA Sequence Anal-ys ts of the 186 de12 Dupll-catLoo..

Ml3-clones of the regLon spannlng the duplLcatlon Iüere obtalned as

foll-ows. The 2.9 kb PstI (77.4%-84.67") fragnent fron 186 de12 was digested

wirh BgIII and the 0.69 kb P"tI-IglIf (77.4%-79.6%) fragment was cloned

lnto the PstI and BanHI sltes of Ml3np8 and np9, while the 0.6 kb BgIII

fragnent (the fraguent expected to span the novel junctJ.on of the

duplLcatlon; Chapter 9.2.L) was cloned into the B"tfII site of M13rnp8. In

additl-on, the 0.6 kb BgIII fragnent was d1-gested wlth HpaII and the

resultLng fragments were "shot-gun" cloned into the AccI site of M13np9.

To obtaLn the DNA sequence across the BgIII sLtes, the 398 bp HpaII



Flgure 9.4 The Strategy of the 186 de12 deletl-on, pR promoter

regLon and duplLcatlon.

(a) The genetic nap of 186 del-2 showLng the posltl-ons of the deletl-on and.

dupl-Lcatlon. The deletl-on and dupllcatlon are lndLcated by the shaded

boxes (see Flgure 9.1). Relevant restrl-ctLon sltes are shown. The

sequence coordlnates refer to the flrst base of the restrLction sl-te

on the l-strand.

(b) A restrlctl-on rnap of the regl-on spannLng the deletion anil dupl-lcatl-on

fron 186 de12. Relevant restrl-ctLon sl-tes are l-ndl-cated. The

sequence coordlnates of the restrLctLon sl-tes refer to the flrst base

of the site on the l-strand. The sequence coordl-nates of the regl-on

deleted and the reglon dupllcated are Lndl-cated. The horlzontal

arrorüs below the map represent ge1 readings used. to generate the

sequence. Rlghtward arrovls represent gel readings of the l-strand

sequence, whereas leftward arrows represent gel readl-ngs of the

r-strand sequence. The sLzes of the fragnents are Lndlcated. ?

l-ndLcates that l-t was noË known whlch of these regions was sequenced,

because of the fact that the fragment l-l-es ln the dupl-lcatlon regLon

and was lsolated fron the 2.7 kb pstl (77.4y":84.6%) fragment. Several

clones of both the l-strand and the r-strands \rere sequenced so it Ls

llkely thaË both regLons rrere sequenced.
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FLgure 9.5 The DNA Eequence spannLng the 186 tle12 deletlon.

This Flgure shows the DNA aequence of the reglon spannlng the 186 de12

del-etton. The DNA aequence of the equlvalent reglon fron 186 dell ls also

shown. The DNA sequence ls that of the r-strand. the 186 de12 del"etLon Ls

exactly the ""r" äs the 186 dell deletton and occur' between two short

dLrect repeats, GAG,aÈ post!-ons 7L3'7I5 ar¡d.2549'2551' as lndlcated on the

rlght of thl-s Fl-gure.

The DNA sequenclng nas carrled out as descrlbed l-n Chapter 2'33'

EJ-ecÈrophoresLs and autoradtography conttl-tLons ltere as descrlbed 1n Chapter

2.29.3(c) arrd 2.29.4.
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L87

fragment (whtch spans the BgIII sl-tes; Ftgure 9.4) was obtained from the

2.9 kb PstI Q7.4%-84.6%) fragment of 186 de12 and cloned Lnto the AccI

sLte of M13np9 (Chapter 2.30.2, 2.31). The DNA sequenclng strategy is

shown in Figure 9.4 (Chapter 2.33). The DNA sequence of the novel Junctlon

Ls shown ln Ffgure 9.6, and the posltLon of the dupllcatlon ln the DNA

sequence of the PstI (77.4"Á-84.6%) regton l-s presented in Flgure 9.7(a).

The analysl-s of the DNA sequence obtalned, showed that 186 de12

contaLns a dupllcatlon of the reglor 404L-4641. Thts regJ.on ls bounderl by

short dlrect-repeats, TATTT. The novel junction created by the 186 de12

duplicatlon occurs f.n the 5r-end of the CP81 gene (at the sequence

coordlnate 464L) and the 3'-end of dhr (at the sequence coordinate 4041).

This Junctlon results fn an in-frame fuslon of the CP81 and dhr genes and

results l-n a fuslon gene encodtng 25 amino aclds (Flgure 9.7a). Conputer-

assisted analysis of the DNA sequence of the dupltcated reglon enabled the

predictlon thaÈ a very strong pronoter (conpared to À Pf,; Hawley and

McClure, 1983a) was encoded at the novel juncti-on (tr'tgure 9.61 9.7a). Thls

predicted promoter gave a honology score of 69.0 (whtch occurs by chance

only once ln every 450 kb of random sequence), usl-ng the pronoter natrix of

Iblionls et al. (f986a) (Chapter 2.38), and thus, is expected to be

stronger than À gL (which has a honol-ogy score of.67.2; Ka1-lonls et a1.,

1986a). The dupllcaton of the 404I-4641 regLon creates thl.s potentLal

promoter by llnkage of a potentlal -10 reglon at the 3r-end of the dhr gene

to a potentLal -35 regJ-on at Èhe 5f-end of CP81 wLth an optLmal spaclng of

17 bp between these reglons (Flgure 9.6, 9.7a; sunnarlzed. fn FLgure 9.7b).

this predlcted pronoter created at the novel- Junctlon lras named

p.Dup. Should gDup be functlonal in 186 rle12, it provldes a neans by which

thls phage can by-pass the need for transcrlptlon frorn the early lytfc

pronoter pR, whl-ch f-s under cI repressor control , to gJ.ve transctlptlon of

the ntddle genes (Cplg, cP80, CPBI, CP83 and Ëhe essentLal repl-lcatlon



Flgure 9.6 the DNA sequence s the novel lunctlon of the 186 de12

dupllcatLon.

thfs Flgure shows the DNA sequence of the r-strand of the regl-on

spannlng the novel Junctlon of the 186 del-2 duplfcatLon. The DNA sequence

of the r-strand from the wlld-type (186 cltsp) ts also shown. The

dupl-LcatLon occurs at two short dl-rect repeats, TATTT, ât sequence

coordinates 4637-464I and 4036-4040, as indlcated on the rlght of the

Flgure. The dupl-lcatlon of the 404I-464L regLon creates a potenttal

pronoter by the fusion of a potenrLal -10 regloî GO44-4049) to a potentlal

-35 regíon (4622'4627) wtth an optl-mal spaclng of 17 bp between these

regJ-ona, as indicated on the FLgure.

DNA sequencing was carrled out as descrlbed ln Chapter 2.33.

Electrophoresl-s and autoradlography conditions were as descrLbed ln Chapter

2.29.3(c) and 2.29.4.
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Figure 9.7 The DNA sequence of the 186 de12 dupll-cation.

(a) The DNA sequence of the 1-strand fron the PstI (77.4it) slte to 857"

(sequence coordfnates 3556-5834) from 186 de12 (6), ls presented.

Genes and potentlal genes are lndlcated. Rlbosome-btndtng sites are

boxed. The tRl and tR2 termLnators are lndl-cated by the convergent

arrows. All relevant restrictlon sltes are shown.

The regLon dupllcated ln 186 de12 ls lndl-cated on the left of the

Figure. Copy I and copy 2 refer to the two coples of the dupllcated

reglon. The dupllcatLon occurs at the sequence TA11T, whlch l-s

underllned, and results l-n the formatLon of a promoterr !Dup, by

Jolntng together a -10 reglon (at the 3'-end of the dhr gene) wlth a

-35 region (at the 5'-end of CPBI). These -10 and -35 reglons are

boxed. Transcrlptl-on from pDup occurs at one of the two A resl-dues at

positf-on 4055 (Ffgure 9,6), as l-ndlcated l-n the Fl-gure.

(b) A diagrammatLc representatl-on of the posl-tl-on of the dupllcatlon ln

the pR to RA region from 186 deL2. The genes are represented by the

boxed regions. Promoters are represented by the arrows. The tRlr tR2

and tMl termlnators (represented by the hatrptn structure) are not

drawn to scale. The reglon duplieated is,fndtcated beneath the nap.

The sequence of the novel Junction, and at eLther end of the two

copl-es of the dupllcated reglon l-s shown, The TATTT sequence, at

which the dupl-lcatlon occurred, l-s underllned and the -10 and -35

regf.ons are boxed.



GLN

(a )

LEU ILE GLY ÀLÀ SER
CTGCÀG---EtT-

TTIR À5N PRO ÀLÀ HEl SER SER VAL VÀL ÀSP lHR HEl SER CLY
À C T I À T C C C G C 1 À T G T C G I G C C T C G T C G À T À C C'I T G À C C C C T

3565 3575 3585 3595
ÀlTGGCGCÀTCG

3605 3615
Ë

77 .4

PHE GLY LEU ILE {*r

TTTGGTCTGÀTT rldi-dãlr
HET LEU LYS SER GLU PRO SER PHE

G C G 1À T G C T G À I À À G TG ÀÀCCG I CÀ1T T G

ÀLÀ SER LEU LEU VÀL
CGTCTClGCTCGT
3665 3675

PHE GLY

I_¡_LI_I G e À

3625

TYR SER
lT-i-Î-Î-dllr
4045 _10

3635 3645 3655

1ÀÀCCÀÀÀGCCCCGCTÀTGCÀTTÀCCGCCÀCGCClGGÀTCGCAGGTÀÀGGÀCGGCÀÀGCE
368s Hpa lE 369s 370s 3715 3725 3735

77.Ay.

TRP HIS PRO CYS ÀRG SER GLN sER GLU LEU LEU LYS GLY LEU LYS TIIR LYS SER PRO LYS
CTGGCÀCCCGTGCCGCTCÀCÀGTCCGÀÀTTITTÀÀÀÀGGGCTGÀÀÀÀCÀÀÀGTCGCCGÀÀ

3743 3755 3765 3775 3785 3795

LYS GLN SER PRO HET HIS lYR CLY HIS GLY lRP ¡LE ÀLÀ GLY LYS À5P GLY LYS ÀRG

SER SER GLY PHE LEU ILE ILE ÀRG ILE VÀL HIS PHE VÀL ILE LYS GLY VÀL LYS HIS VÀL

RBS

GLY

xrr - tRl
À À T r À À r r À À À c c r À ¡r r r rõffii-dTr À À À c c

4055 4065 4075
CCÀTTCT

409s

ÀTCGlCÀGGTTTTTTÀÀT1ÀlTCGTÀTTGlCCÀCTTIGTÀÀT?À
3805 381s 3825 3835

HET SER
GÀÀÀCÀTGT

3855

ÀRG ÀSP GLU LEU ÀRG ILE VÀL LEU GLY ÀLÀ HET ILE PRO ÀSN HET GLU GLU GLY PHE GLU
CÀCGCGÀTGÀÀ11ÀÀGÀÀTTGTTllGGGTGCCÀ1GÀTlCCÀÀÀTÀTGGÀGGÀÀGGTTTlG

3865 3875 3885 3895 3905 3915

ILE LYs THR ÀRG ÀSP GLY ÀLÀ ILE LEU ÀRG VÀL ÀSP PRO GLU TRP GLI'I CYS CYs LYs GLU
ÂÀÀ1TÀÀÀÀCCCGCGÀCGGCGCÀÀTÀCTTCGCGTTGÀCCCTGÀGTGGGÀGlGCTCCÀÀÀG

3925 3935 39{5 3955 3965 3975

TTIR ÀRG ***

E
!

PHE LYS ÀSP GLY LEU LYs ÀLÀ GLU ILE ILE LYS GLN LEU LYS SER LYS PRO ÀLÀ VÀL

À À T T T À À G G À T G G À T T À À À I G C C G À À À T C À T C À À G C À G T 1 À À À À À,G O À À À C,C T G C T G T 1 G

3985 399s 4oo5 4o1s {o2s ' 4o¡s

vÀL

G q9-.8-S.
4085 ¡0" a

79.196

XET SER ÀNG lHR ILE TYR LEU SER THR

HIS LEU LEU GLU SER LEU PHE LYS GLU ÀLÀ LYS LYS GLU èLU ÀRG LYS ÀSP ÀRG

ÀLÀ LEU ÀLÀ VÀL sER ¡LE ÀRG LEU GLU ÀSP LEU ÀLÀ VÀL HIS ILE THR ÀSN SER ÀSP IIET

+PRO SER GLY ÀLÀ
T T T G c c À À À À l l clî-ddî-illc À T À T rr T G 

^ 
c r c c À À c r À T T T À T T T À T c À À c G c c G À c r c c r c

4105 ¡g5 4115 4l?5 4135 {145 4155

tB2
GLY

CTGGCGÀCCÀCTTGCTGGÀGTClTlGTlTÀÀÀGAÀGCCAÀÀÀÀÀGÀÀGÀGCGCÀÀÀGÀCC
4165 4175 4185 4195 420s 4275

o
N
Go

7 9.6 96

THR GLY LYs GLU ÀLÀ ÀLÀ GLU LEU LEU ÀRG ¡IRG GLU ÀLÀ THR ÀRG PIIE GLU ÀSN GLU SER
TGÀCÀGGCÀÀÀGÀÀGCGGCCGÀGCTÀCTGCGCCGCGÀÀGCCÀClCGCTTlGÀGÀÀCGÀÀT

4285 4295 4305 ¡1315 4325 4335

GCGCTCTCGCCGTlTCÀÀlCCGTCTCGÀ
4225 4235

ÀGÀTCT
421s sr¡a

ccccGTTcÀcÀ11ÀccÀÀT1cÀcÀTÀ
42ss 4265 427s

}IET ÀLÀ À5P ÀLÀ HET ¡5P LEU ÀLÀ GLN LEU ÀRG CLU GLN GLU ÀSP
GLN GLU LEU HIS ***

c I cll-t-l-Ï-ãlc r r c À c r À À r c c c c c À c c c À À T G c À T T T À c c À c À À c r c c c c c À c c À G G À À c À

RBS 4345 435s 4365 1375 4385 439s

o



ÀRG GLU ÀRG HIS ILE sER ÀSN ÀLÀ ÀRC SER ÀRG ÀRG H¡5 GLU VÀL sER ÀLÀ PHE ILE CYS
CCGCGÀÀCGCCÀCÀTÀÀGCÀÀCGCGCGCÀGCCGTCGCCÀ1GÀGGTTTCTGCÀTTTÀTCTG

4405 4415 4425 4435 ,1445 4455

GLU GLU CYS ÀSP ÀLÀ PRO ILE PRO GLU ÀLÀ ÀRG ÀRG ÀRG ÀLÀ ILE PRO GLY VÀL GLN CYS
TGÀGGÀÀTGCGÀTGCICCTÀTCCCGGÀAGCGCGCCGCCGÀGCCATÀCCGGGCGTGCÀGTC4465 447s Hp".T 148s 449s ¡rpJi7ffi 4s1s

8o'4% 8o'5%
CYs VÀL TIIR CYS GLN GLU ILE LEU GLU LEU LYs SER LYS HIS TYR ÀSN GLY GLY ÀLÀ LEU

c r G c c r r À c c r c r c À c c À À À T c r r À G À G c r c À À À À c r À À À c À T T À T À À cfcJ--õ-À:-õTlT c c r r r4525 4535 4545 a555 4565 RBS 4575

o
Go

e
o

MET SER ¡LE THR ÀSN ÀLÀ THR ILE SER GLN ÀRG ÀLÀ LYS LYS TRP LEU GLU ÀSP À5P ÀRG
rft

ÀTGÀGCÀTTÀCCÀÀTGCÀÀC1ÀTTÀGCCÀGCGTGCÀÀÀÀÀÀÀTGG
4s8s 4s95 460s 461s

TGÀCCGl
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4o'T -, 4054 ' 4054 | 4074 4084 Ïp" I 4094

7 9.1%

TTTTGCCÀÀÀÀÀÀ
' {104

cEtTT?lc
RBS 4114

ÌrEr sER ÀRc rHR rLE TyR LEu sER TnR pRõ---FER---E|ç)
ÀTÀ1ÀTGÀGlCGÀÀCTÀ1TTÀT1TÀTCÀÀCGCCGÀGTGGT

4124 i 413t 4144 4154
!

1

sER LEU pne l,'¡-vs cLU ÀLÀ Lys Lys clt cLU ÀRG Lys . Àsp
GTCTTTÊ1T1ÀÀÀGÀÀGCCÀÀÀÀÀÀGÀÀGÀGCGCÀÀÀGÀC

4184 4194 4204 4214

tR2/
ÀLÀ GLY ÀSP HIS LEU LEU GLU

CCTGGCGÀCCÀCTTGCTGGÀ
4164 4174,

ÀRG ÀLÀ LEU ÀLÀ VÀL SER ILE ÀRG LEU GLU À5P LEU ÀLÀ VÀL HIS ILE lHR ÀSN SER À5P
CGCGCTCTCGCCGTTTCÀÀTCCGTClCGÀÀGÀTCTGGCCGTlCÀCÀTTÀCCÀÀTTCÀGÀT

4224 4234 a24a Bgl,,T 4254 4264 4274

79.896
HET THR GLY LYS GLU ÀLÀ ÀLÀ GLU LEU LEU ÀRG ÀRG GLU ÀLÀ TTIR ÀRG P}IE GLU ÀSN GLU

ÀTGÀCÀGGCÀÀÀGÀÀCCGGCCGÀGCTÀCTGCGCCGCGÀÀGCCÀCTCGCTTTGÀGÀÀCGÀÀ
4284 4294 4304 431 4 4324 4334
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TCÀC cTTCÀC1ÀÀ
HEl ÀLÀ ÀSP ÀLÀ HEl ÀSP LEU ÀLÀ GLN LEU ÀRG GLU GLN GLU ÀSP
TGGCCGÀCGCÀÀTGGÀTTTÀGCÀCÀÀCTGCGCGÀGCÀGGÀÀG

43s4 4364 4374 438{ ¿394

ï 451 {
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GTGÀGGÀÀTGCGÀTGCÀCC1ÀTCCCGGÀÀGCGCGCCGCCGÀGCCÀTÀ
4464 4,474 Hpal! 4484 4494

80.4 %
CYS VÀL lHR CYS GLN GLU ILE LEU GLU LSU LYS SER LYS HIS TYR ÀSN

GCTGCGTTÀCCTGTCÀGCÀÀÀTCTlÀGÀCCTGÀÀÀÀGTÀÀÀCÀTTI.1ÀÀ
4524 4534 45¡¿ 4Ss{

ÀRG GLU ÀRG HIs ILE SER À5N ÀLÀ ÀRG sER ÀRG ÀRG HIS GLU VÀL SER 
'ILÀ 

PHE ILE CYS
ÀCCGCGÀÀCGCCÀCÀTÀÀGCÀÀCGCGCGCÀGCCGTCGCCÀTGÀGGTTTCTGCÀTTTÀTCT

{404 4414 4424 4434 4444 4454

GLU GLU CYS ÀSP ÀLÀ qRO ILE PRO GLU ÀLÀ ÀRG ÀRG ÀRC ÀLÀ ILE PRO GLY VÀL GLN CYS o

HET sER ILE TTM ÀSN ÀLÀ lHR ILE SER GLN ÀRG ÀLÀ LYS LYS TRP LEU GLU ÀSP ÀSP ÀRG

{564 Rgs

ÀLA LEU
TGCTT

457 4

TGÀCCG
4634

PRO TYR
cÀÀT

4754

TÀ1GÀGCÀTTÀCCÀÀTCCÀÀCT^T1ÀcCCÀcCclccÀÀÀÀÀÀÀTcc
4s84 4594 4604 1614

ILE PHE ILE À5P T}fR GLU THR THR GLY LEU GLY ÀSP ÀSP ÀLÀ GLU ILE VÀL CLU ILE CYSTÀTÀTTTÀT1GÀCÀCCGÀÀÀCTÀCGGGTlTGGGTGÀTGÀTGCGGÀÀÀTÀGTÀGÀÀÀTCTG
4644 4654 4664 467 4 4684

LEU ILE ÀSP SER ÀLÀ GLY PIIE ILE HET LEU À5N THR LEU VÀL LYS PRO THR LYs
TTTÀÀTÀGÀ1ÀGCGClGGTTTTÀTCÀTGCTÀÀÀTÀCÀTTGGlTÀÀÀCCÀÀCTÀÀÀC

4704 1714 4721 4734 4744

4694

PRO ÀLÀ GLU ÀLÀ lHN ÀLÀ ILE HIS GLY ILE lHR ÀSP GLU IIET VÀL },fET TYR ÀLÀ PRO TI{R
TCCÀGCÀGÀGGClÀCGGCCÀT1CÀ1GGÀÀ1ÀÀC1GÀTGÀÀÀ1GG1TÀTGTÀTGCGCCAÀC

4764 4774 1784 4?94 4804 4814
Lo

TRP LYS ÀSP ILE HIS GLY ÀLÀ VÀL ÀLÀ SER LEU PHE PHE CLU TYR GLY PHE VÀL ILE TYR
GTGGÀÀÀCÀTÀTTCÀCGGCGCÀGTAGCTTCTTTÀTTTTlTGÀGTÀTGGCTTlGTTÀTTTÀ

4824 4834 484{ 4854 4861 4874



ÀSN ÀLÀ ÀSP
TÀÀCGCCGÀT

188 4

THR ÀRG LEU ILE TYR
CÀÀCÀCTTÀTÀTÀ
4894 4904

ÀLA LYS
GCGÀÀ

491 4

LEU TYR GLY LEU GLU ÀSN
À 1T ÀT À 1G C G C T T G À C À À

1924 4934

lYR ÀSP
1ÀCGÀCÀ

CLN ftR
1CÀÀÀC1

LYS LEU
ÀÀG?TÀT

ÀSP GLY PHE CYS TYR PHE LEU ÀSN CLU ÀRG SER ÀLÀ CYS ÀLÀ H8T }IET LEU TYR ÀLI\ GLU
T G À C G G CT 1T 1G 1T À T T T T T 1À À À T G À G C G 1T C G G C C T G C G C C À T G À T G C T À T À T G C À G À

4944 49s4 4964 4974 4984 4994 ùo

TYR ÀRG GLY GLU PRO GLY ÀRG PHE LYS GLY TYR LYS TRP HIS LYS LEU VÀL ÀSP ÀLÀ ÀLÀ
GTÀTCGCGGCGÀGCCÀGGGCGÀ1TTÀÀÀGGTTÀ1ÀÀÀlGGCÀCÀÀÀTTÀGTTGÀTGCCGC

5004 501 4 5024 5034 5044 5054

ÀLÀ HIS GLU GLY VÀL SER VÀL GLU GLY LYS ÀLÀ H¡S ÀRG ÀLÀ LEU ÀLÀ ÀSP CYS ÀRG },IET

TGCÀCÀTGÀÀGGGGTlAGCGTTGÀÀGGÀÀÀCGCÀCÀCCGTCCÀTTÀGCÀGÀTTGCCGGÀT
s064 507¡1 5084 5094 5104 Hpa ]t 5114

ø2-5%
I,ÍET SER ILE ÀRG ILE GLU

THR LEU GLY ILE ILE ÀSP ÀLÀ LEU ÀLÀ LYS GLY GLY ÀLÀ ÀLÀ *Ì[
c À c T c 1 r c c c À r T À T c c À c G c T 1 T G G c Â ÀrclC G G T c C À c C À T C À c T À 1 C C G T À T C G À r\

s124 s134 s144 qgs s154 5164 5174

ILE GLY ÀSP LYS TRP VÀL ILE THR SER À5P GLN TYR GLN PHB ILE LEU ÀSN GLU LYS LYS
ÀTÀGGTGÀTÀÀÀlGGGTÀÀTCÀCCÀGCGÀCCÀÀTÀ1CÀÀ11CÀTCCTGÀÀTGÀÀÀÀÀÀÀÀ

5184 5194 5204 5274 5224 5234

VÀL VÀL LYS THR GLY ÀSN LYS ÀLÀ GLY GLU GLU lRP LEU ÀSP THR ILE GLY TYR TYR PROGTCGTTÀÀGÀCCGGCÀÀTÀÀÀGClGGCGIGGÀÀlGGCTCGÀCÀCCÀTCGGTTÀTTÀCCCC
s244 ¡p¿ lf s2s4 s264 5274 s284 5294

I 3.0 vo

LYs ILE Â5N GLN LEU ¡LE SER GLY LEU VÀL HIS HIS HIS IL8 H¡3 lHR ÀLÀ }IET ILE ILE
ÀÀGÀTTÀÀTCÀGCTCÀlTlCTGGTCTCGTÀCÀTCÀCCÀCÀT1CÀ1ÀCGGCÀÀTGÀTTÀTT

5304 531 4 5324 5334 5344 5354

Èo

SER LEU SER ÀLÀ HEl ÀLÀ GLU GLU ILE GLU
1C CC T TÀG T G CÀ¡ T GGC ÀGÀ GG ÀÀÀ T À G À G

5364 s374 5384

SER PHE ILE CYS GLU GLU
ClTlTÀTCTGTGÀÀGÀ
5394 s404

ÀLÀ
ÀccÀ

PHE
TTT

5414

LYs ÀLÀ VÀL LYS LYS *T*

li-i.TãlcccrrÀ¡e¡¡r'ireotftr.^ìtrrtåt..^åt.rtåt.rIur.olor.tk'^^tåt.otlnotft^^oìnrotltr.ult*
RBS s424 5434 5444 5451 5464 54?4

sER VÀL SER GL
CTGTTTCTGG

5484

GLY HET SER HIS GLU GLN

GÀÀlGTCTCÀTGÀGCÀGG
5724

ÀLÀ ÀLÀ GLU ÀRG ILE
ClGCÀGÀÀCGÀÀTC

5734 ps¡ ¡ 5744

ÀLÀ LYS ÀLÀ LEU GLU ILE LEÚ LYS PRO
GCÀÀÀGGCÀCTGGÀÀÀTCCTTÀÀGCCÀÀ

5754 5764 5771

Y GLY LYs ÀSP SER LEU ÀLÀ GLN TRP ILE LEU ÀLÀ VÀL CLU ÀSN À5P VÀL
TGGÀÀÀGGÀCÀGCCTTGCTCÀÀTGCÀTTCTTGCGGTÀGÀGÀÀCGÀCG1ÀC

s494 5504 s514 5524 5534

PRO ÀRG THR THR VÀL PHE ÀLÀ À5P
CGCGCÀCCÀClGTTTTlGCÀGÀTÀ

s544 5554

THR GLY HIS GLU }IIS SER GLN TIIR HET GLU TYR LEU
g_ç_g_-ç_G C À T G À C C 

^ 
T T C C C À À À C À À 1 c c À c T À 1 c T G c

Hpalf s564 5574 5584 5594

I4.096
ÀSP TYR LEU GLU SER ÀRG LEU GLY PRO VAL ILE ÀRC VÀL LYs ÀLÀ ¡SP PHE THR ÀRG ÀRG
À T T À T C T T G À À 1c c À G À c 1C G c cC C G G 1 1^ T T C c À C 1c À tr À c C C c À T T T 1À C T c c c c c c Às604 s614 Ïpii- s¿Z¿ s634 s64,t s6s4

64.2%
ILE CLU GLY LYs ÀRG LYS PHE ILE ÀLÀ GLU LYS TRP PRO VÀL SER LEU VÀL GLU GLU CYSTTGÀÀGGCÀÀÀCGGÀÀÀT1CÀTTGCTGÀÀÀAÀTGGCClGTClClCTCGTTGÀÀGÀÀTGCC

5664 567 4 5684 5691 5704 577^

J

TIIR

c

84.6%
GLY ÀSN PRO PHE LEU À5P LEU CYS }IET TRP LYS GLY ÀRG PHE PRO sER T}IR LYS ÀLÂ

CGGTÀÀlCCGTTTClCGÀTTTGTGCÀTGTGGÀÀÀGGÀCGGTlCCCGÀGCÀCGAÀÀGCÀÀ
5784 5794 5804 5814 5821 s83{
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genes LA and RA), arrd thus, allowing Èhe growÈh of 186 de12 tn a 186

lysogen.

9.2.4 In VLtro Transcriptl-on Studl-es wlth pDup.

To deternlne whether the predicted gDup promoter was functlonal-, the

0.6 kb Bgl-II fragment contalnlng gDup was used ln an Ln vl-tro transcriptlon

reactLon (Chapter 2.36.5). As shown in Figure 9.8, thls fragnent gave rLse

to an l-ntense transcript, which was deternined to be I93 b when slzed

against a sequenci-ng ladder. Thts transerlpt \üas nost likely Èo be a run-

off transcrlpt, since undigested 186 de12 DNA did not give tise to a band

of this slze (FLgure 9.8, lane 3). Since computer-assLsted analysis did

not predfct the presence of any leftward pronoters in this reglon lt was

assumed that thls transcrlpt was a rJ.ghtward transcrlpt. Fron the size of

this run-off transcrlpt, the posltl-on of the 5'-end of this RNA corresponds

to one of Èhe two A residues at posltion 4055, 6 or 7 b fron the pDup

promoter (tr'lgure 9.7a). This result suggests that pDup is functional

in vl-tro.

The ln vLtro trariscrlptLon patËern of the 0.6 kb BgIII fragnent and of

undlgested 186 de12 DNA also resulted ln tour bands of lesser Lntenslty and

of lower molecul-ar weight than the 193 b transcript (Ftgure 9,8, lanes I

and 3). These bands were slzed at 44 b, 45 b, 48 b and 49 b, and fron the

knowledge of the posLtlon of the Sr-end of the 193 b transerLpt were

estlnated to be due to terminatlon of posltlons between 4198-4204 (Figure

9.9r 9.7a), whlch Ls Lmnedlately after the run of T-residues at the Rho-

J-ndependent tRl terminaÈor (Chapter 3.2.2c, 6.2.3). The 1evel of

trarscrlptlon terml-natlon at the tRl ternlnator was calculated to be 70%

(see the legend to FLgure 9.9), by determlnLng the l-evel of rarll-oactl-vity

l-n the 44 b, 45 b, 48 b and 49 b transcrlpts compared with that of the

193 b ruo-off transcrLpt (by scannLng the autoradiograph uslng a scannLng

laser densltoneter; Chapter 2.36.4) and taklng l-nto account the relatl-ve
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nunber of G-resldues ln these transcrlpts (sl-nce [s-

label the transcrlpts).

32P]-rGTP was used to

9.2.5 Investl-gation of 186 de12 Virulence.

The evidence presented so far Ls consistent wlth the ldea that the

dupllcation ln 186 de12 generates a promoter pDrp. Thfs promoter is

expected to a1low the transcrLptLon of 186 nlddle genes índependent of

transcrLptLon fron the pR promoter and thus, gf.ve 186 de12 a vfrulent

phenotype (the abllity to grorr on a tB6 lysogen l-n the presence of the

cI repressor). To conflrm this, the 0,6 kb Bgl-II fragment encodf-ng pDup

lras recombfned into the BgIII (79.6%) site of 186 clrsp (1) fn rhe I-
orientation to forn 186 cltspDup (23) (Chapter 2.2.1, 2.32), and rhis

recombinant phage, whLch forrned clear-p1aques, rùas tested for its abillty

to form plaques on a 186 cI* l-ysogen (8573) (fable 9.1). Surprt-singly,

thls phage dld not give plaques on the 186 l-ysogen at 30oC (clþn active)

or at 3B.5oc (srþn partlally inactlve). (tttgtrer tenperatures, where slt"p

l-s even less acti.ve, were not tested slnee 186 de12 does not form plaques

ai temperatures greater than 40oC.) Since the 0.6 kb BgIII fragment fron

186 de12 did not confer vLrulence in conJunction with the clþp nutation,

1È was possible thaÈ the XhoI-BglIL (67 .67"-79.6%) tuaemenÈ from 186 cle12

contaLned the vlrulenÈ nutation 1n a region, whLch had not been sequenced

(Flgure 9.4). To test this possibii-tty, thj.s fragment was recombined lnto

186 cltsp DNA to forn 186 del2XB (27 ) (as descrlbed ln Chapter 2.2.L).

This recombinant phage was tested for virulence and shown not to be

vfrulent (tatle 9"1). Thls resul-t shows that rhe XhoI-BglII (87.6%-79.6i¿)

reglon fron 186 de12, alone Ìvas not sufffcLent to cause virulence.

SLnce the 0.6 kb BgIII fragment alone was not suffl-cl-ent for

vl-ru1-ence, it was possJ.bl-e that the 1.83 kb deletton was required ln

conbination with the 0.6 kb BgIII fragment for vÍrul-ence. To test thls

possibli-lÈy the 0.6 kb BgIII fragment rÍas recomblned Lnto the BgIII (79.6i¿)



Flgure 9.8 In vl-tro transcrlptlon of the 0.6 kb BgIII frasnent from

186 de12.

186 del-2 (6) DNA was dlgested wtth BgIII and the DNA was fracrLonared.

on a l% agatose gel (chapter 2.28, 2.29.r). The 0.6 kb Bgl-rr fragmenr,

contaLnLng ¡1Dup, was electroeluted fron the agarose (chapter z.3o.1b) and

purfffed, as descrlbed ln Chaptex 2.36.5.

The 0.6 kb Bglrr fragment (2.5 ug) was used r-n ar Ín vitro
transcrl-ptfon reactlon (Chapter 2.36.5). Uncur fg6 de12 (6) DNA and

186 cltsp DNA (2.5 ug of each) were al-so used in an, in vltro transcrl_ptl_on

reactl-on.

The transcrlpts were separated on a sequencrng gel (chapter 2.29.3b).

The bronophenol blue was run to the botton of the gel. The gel- was fixed

and autoradlographed, as descrl-bed ln chapters 2.29.3(b) and 2.29.4. The

autoradLograph $tas exposed for 24 hours at room temperature.

Gel Tracks I 186 de12 (6) 0.6 kb BgIII fragmenr fn vltro transcrtprs.

186 cltsp DNA tn vl-tro transcrlpts.

186 de12 (6) DNA Ln vltro transcrl.pts"

2

3

A DNA sequencl-ng ladder was

slzes glven on the left of the F

unlversal primer. The ln vltro

lncluded to provLde sfze narkers. The

lgure are fron the Sr-end of the Ml3

transcrlpts fron the 186 de12 BgIII

fragment are lnillcated by the arrows. The sl-zes rrere determl-ned by

comparl-son wLth the DNA sequenclng 1-adder. The 193 b transcript l-s a run-

off transcrl-pt.

The htgh molecul-ar welght bands seen l_n tracks 2 arrd 3 (not marketl on

the Flgure) correspond to the 1540 b, 1450 b, 590 b and 290 b 186 tn vitro
transerlpts that were descrlbed by Pritchard and Egan (1985).
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r* Flgure 9.9 PosltLons of terml-nation at tRl.

The DNA sequence of the pDup pronoter and tRl terminator ls shown.

The positlons of the -35, -10 reglons and the novel Junctlon, are sholrn.

The transcrLption sÈart point (determl-ned fron the run-off in vltro

transcrLptlon studfes; Ftgure 9.8) l-s lndlcated by the horizontal- arrow.

The poslttons of the 3r-ends of the 44 b, 45 br 48 b and 49 b transcrl-pts

on the DNÀ sequence, are shown by the vertLcal arrolùs. The vertLcal arrol¡üs

at the top of the sequence lndLcate the posltlons of termlnatLon if the

pDup transcrlpt starts at the flrst A, whereas the vertLcal arro!Ís at the

bottom of the sequence tndLcate the posl-tione of termlnatl-on lf the pDup

ÈranscrLpts starts at the second A.

The amount of termLnatlon at tRl was determlned as fol1ows. The

intensity of the 193 b run-off transcrlpt, and the 44 b, 45 b, 48 b and

49 b transcripts rüere quantl-tated by scannlng the autoradl-ograph wLth a

scannl-ng laser densltoneter (Chapter 2.36.4). The transcripts were

l-abelLed wlth o32p-.Gfp, and thus, the relatf.ve G-resl-due conÈent of the

transcripts nust be taken l-nto account. The f93 b run-off transcrlpt

contal-ns 44 G-resldues, whereas the 44 b, 45 b, 48 b and 49 b transcripts

contal-n 9 G-resldues

Transcrlpt Intensl-ty relatlve 1evel

193 b

49b

48b

45b

44b

830406

90045

105072

2237 52

180422

555291

x 44/9

830406

2929867

307"

readthrough

707"

termlnation
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termination
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44 45
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slte of 186 dell (5) to forn 186 dellDup (26) (Chapter 2.2.Ir 2.32), Thts

phage (a reconstuctlon of 1B6 del-2) was vfnrlent (table 9.1). The dell

deletfon renoves the cI, Int and CP69 genes (tr'tgure 9.f) and lt ls

therefore ltkel-y that the expression of one of these genes fron the

186 cltspDup recomblnant phage was preventLng thls phage from growl.ng on a

186 cI+ lysogen. To test tf the expresslon of the cI or S genes fron the

recombl-nant phage lras responsible for preventLng vlrulence, pDrp

reconblnants of a cI phage (186 cllODup (25)) and an Int phage

(186 cltspfns3Dup (24)) were constructed (Chaptex 2.2.I, 2.32), and Eested

for vlrul-ence. The cI Dup recombinant phage was vlrulent, whereas the

Int Dup reconbinant phage was not vl-rulent (tabl-e 9.1). This result

suggests that lt is the productlon of the cI repressor from the cltsp Dup

recombl-nant phage that l-s preventing the growth of thls phage on a 186 cI*

lysogen.

To deternl-ne 1f the cl-sensltLvity of the pDup reconbl-nant phage lras a

cl-s-effect due to the presence of this gene on the phage, or Lf Lt was a

trans-effect possLbly due to htgher levels of cI repressor l-n the cel1,

186 de12 was used to lnfect a sttain carrylng a plasnld-clone of the sllsp

gene (pEC602) (Chapter 2.3.2; Figure 4.La). Sl-nce thls plasnid-clone Ls

present ln the cell- at a high copy nurnber (McKenney et a1., 19BI) the l-evel

of the cI protein produced fron thls plasmld-clone ls presunably greater

than that obtal-ned fron the expressLon from a 186 prophage (ln which there

Ls only one copy of the gI gene). Tabl-e 9.2 records the plating efflciency

of 186 de12 on thl-s strain at 30oC compared wl-th that at 30oC of the

vlrulent nutant 186 vlrl (3), which is virulent because of mutaÈions l-n the

operator (the bJ.ndlng site of the cI repressor; I(allonLs, 1985; I(allonls

et a1., 1986a; Chapter 1.2.2). The platlng efflcl-ency of these phage on a

non-lysogen and on a 186 cI+ lysogen are also shown ln Table 9.2. 186 de12

could not form plaques at 30oC on cel-ls carrying the cltsp plasmLd-clone,

whereas Lt could do so, at a relatively low efflcl-ency, on the 186 cI+



ÎADT.B 9.I

4The yLrul-ence of 186 de12 recombfnant phage.

Phage Stralnb Phenotype Vfrulencec

186de11 (5)

186de12 ( 6 )

lS6cItspDup( 23)

r86de12xB(27 )

l86de1lDup(26)

lB6cltspins3( 7 )

186clþprns3Dup( 24)

186cIr0( 2)

l86cIl0Dup( 25 )

cI Int

cI Int Dup

cI Int Dup

cI Int

cI Int Dup

+cI Int
I

cI'Int Dup

l-

cI Int'

cI Int I
'Dup

+

+

+

Notes to Table 9.1

Cul-tures of
L broth at 3
were plated
Plates were

é.

forn plaques on E573 noted. E50B served as a control.

b. Bactetl-ophage strains were constructed as descrLbed ln Chaptet 2.2.L.

c. f, refers to the abtllty of the phage to form plaques on n573 (the
186 cI' J-ysogen). -t Lndicates that the phage could not forn plaques
on f573. All phage strains forned plaques on 8508 (data not shown).



TABI,E 9.2

the pl-attng effl-cl-ency of 186 deL2 conpared yfth 186 g!¡l at 30oC.a

Bacterial StraLnb The efficJ.ency of platlng (eop)c

186de12 186vtrl

non-l-ysogen
(Es0B)

lB6cl+lysogen
(8s73)

non-lysogen (EBÇ3)
carrying pEC602'

r007"

t2%

<0.025%

r007"

827"

83%

Notes to TabLe 9.2

a

b. All bacterlal straLns used were derivatLves of C600 (see Chapter 2.1).

c. The efficlency of plattng (eop) ts expressed as a percentage of the
nunber of plaques obtaLned on the non-lysogen (nS0g).

d. pEC602 contaLns the HaeIII-HaeIII (7L2%-7 5.5"Á) fragment f ron
186 cltsp (l) an¿ carrlFthe -Ï6'O cltsp gene (Chapter 2.3.2; Fl-gure
4.1a).T863 carrying the parent vectõr-(pKOl) gave a platLng effleiency
of 100% for both 186 de12 and 186 virl (data not shown).

Cultures were grown ln L broth (containing anplcillin if required) at
30"C to A^.,,.,= 0.8. Dilutionb of 186 de12 (7) or 186 virl (3) were
pJ-ated wltË""the cel1s (0.2^n1) fron eactr strain (ctraÞEr 2,16.1).
Þ1ates were lncubated at 30oC overnJ-ght and the ntmber oi plaques llere
counted.
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186 vlrl was able to plate at a much greater efflcfency on both

lysogen and the straln carryLng the cltsp plasnld-clone at

The observatlon that 186 de12 could not form plaques on the strain

carrylng the gltsp plasmid-clone at 30oC (which ts expected to have a

hlgher level of the cI repressor than the 186 cI* lysogen), whereas ft

coul-d forrn pl-aques on the 186 cI+ ly"ogen at 30oc, suggests that 186 de12

l-s sensLtive to the level of cI repressor 1n the ce11. These results also

show that 186 de12 l-s sensLtive to the cI repressor when ft Ls supplferl in

trans (from the cltsp plasrnid-clone). Therefore, lt can be concluded that

186 de12 ls sensl-Èl-ve to the level- of cI repressor Ln the ce11-, when cI is

supplled 1n cls or Ln trans. Furthernore, sLnce the expressf.on of the cI

gene alone prevented 186 de12 fron forning plaques, f.t ls ltkely that the

inabllity of 186 de12 to grorí on a lysogen l-s solely caused by the

cI repressor wlthout Lnfluence fron other l-ysogen-encoded products (1.e.

Int and CP69).

9.3 SUI.IMARY Æ{D REEVANCE m TIIE REQUIRXUENTS OF 186 LYIIC DEVE[OP]fElilT.

The DNA sequence anal-ysl-s of 186 de12 has shown that thl-s phage

contaLns the same deletlon as 186 dell (t.e from 7I6-255L; FLgure 9.5), but

unLlke 186 dell Lt also conÈal-ns a tandem dupllcatton of the reglon 4041-

4641 (Ftgure 9.6, 9.7). Both of these reconblnatl-onal- events occurred at

snall- dlrect repeats, nanely 5i-GAG for the deletLon ancl 5|-TATTT for the

dup11catLon. Many exanples of deletions and dupllcatLons generated at

snall dLrecÈ-repeats are known (..g. Albertinf et al., 1982; McCorkle and

Altnan, L9B2i Jones et al., I9B2; Edlund and Normark, 1981; Nakano et a1.,

1984; Charl-ier er aL., 1979, l9B3).

The analysis of the DNA sequence of the reglon spannLng the 186 de12

dupl-lcatlon predLcted that the dupllcatlon results Ln the formaÈLon of a

strong promoter (lDup). Indeed, transcrlptl-on studles in vl-tro provi.ded
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evldence that the pDup promoter ls functLonal. A1-though interesting, the

formatLon of gDup by a duplLcatÍon ls by no means a novel eveût, sLnce

there have been several examples reported where DNA rearrangenents result

l-n the formation of ne!Í promoters (StUot¿ and ElmerLch, 1982; Bedouelle,

1983; Bltoun et aL., 1983; Charller et al., f9B3; Gragerov et a1., 1984).

InterestLngly, there is a vf.rulent mutant (vir37) of phage P2 (of the same

group of phage as 186), whLch has a tanden dupltcatlon f.n the early lytlc

reglon of the P2 genome (Bertani and Bertanl, 1974; Chattoraj and lrunan,

1974).

pDup ls posLtloned on the 186 genome so that 1t wil-l allow expresslon

of the nlddl-e genes. This provides a neans by whieh 186 de12 can by-pass

the need for ÈranscriptLon fron the gR promoter (which is under

cI repressor control), and grow on a 186 cI+ lysogen. However, blological

studies have shown that pDup by ltself is noÈ sufflclent to confer

vLrulence on a phage and that a cI nutatlon ls also needed for the phage

to be vlrulent. These studies have al-so shown that 186 de12 1s affectecl by

the level of cI repressor in the cel-1.

A posslble expl-anatlon for the apparent cI-seusitivity of 186 de12 is

that 186 de12 requlres a functlon, which is under the control of the

cI repressor. The pR pronoter ls the only known pronoter ln 186, whl-ch is

under cI control (FLnnegan and Egan, f981; KalLonl-s, 1985; L Lamont,

personal communlcatton), and therefore tt ls likeJ-y that thls functLon ls

under the control of the pR promoter, The pDup pronoter Ls posl-tloned so

that all nlddl-e genes (Cp79, CP80, CP8l, CPB3 and the essentlal repllcatlon

genes LA and. RA) are transcrLbed fron the pDup pronoter. Therefore, l-t ts

expected that when a pDup phage Lnfects a straLn where the level of

cI repressor ls hlgh, all nirldle genes are likely to be

expressed. However, the htgh l-evel of cI repressor ln the cell wtll be

expected to prevent transcrlptlon of the early lytic genes from the pR

pronoter. In sltuatlons where the level of cI repressor ln the cell- ls
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lower, a snal1 degree of transcrlptlon fron pR of the early lyttc region

nay be posstble. This transcrLption nay be necessary to a1low a phage

carrylng pDup to forn plaques on a 186 cI+ lysogen.

This requlrenent for transcrLptlon of the early lytic regLon nay be to

alLow the expressLon of the four eatly lytic genes (cPl, cII, fll and dhr),

that are not expressed fron pDup, one or more of whfch may be needed to

al-l-ow productlve lytLc deveLopment of thls Phage. However, the results

obtalned 1n Chapter 5, suggested that none of the early lyttc functLons are

essentlal for 186 lytlc developnent. Further studl-es are needed to resolve

thls apparent paradox (see Chapter 10.4.fd).

In summary, although the study of 186 de12 has not provided evidence

for a control mechanLsm for niddle gene transcrl-pt1on or lncreased our

knowledge of middle gene expression, l-t has revealed a possLble essentl-al

role for a 186 early lytic funcÈLon ln 186 lytlc development. This wtll be

discussed further ln Chapter 10.4.1(d).
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IO. CONGLIIDING DISqISSION.

10.1 rtfrÏ.oDucTroN.

As discussed in Chapter l, the najor alms of thls thesLs were to

ldentify the functions encoded l-n the 186 early lyttc reglon and to

characterize the ln vivo transcrlptl-on pattern of the 186 early lytlc ancl

rnlddl-e reglons- The purpose of these studles was to identlfy the proposed

!9I gene and to lnvestlgate the control of nlcldle gene transcriptlon.

The study of the early lyttc functions did not ldentify the proposed

Tom function, but did reveal the existence of the early lytlc functlons,

Dhr and Fil. The possible roles of these genes tn 186 lytic development

will be discussed and the genes will be compared with slnl-lar genes fn

oÈher phage. The characterÍza:cko¡ of the ln vlvo transcrlpts of the early

l,yttc and nlddle regions revealed a transcrLption pattern that was

consistent with an antlterminatl-on nechanlsm of control of níddle gene

transcriptLon with RNaseIII processl-ng. Further studies however, falled to

provide evidence for the Lnvolvement of an antl-termination mechanl-sm ln the

transcriptlon of the nidclle region- RNaseIII processing and the quesËlon

of the control of ntddle transcrlption will- be discussed.

IO.2 THE 186 EARLY LTTIC FTINCTIONS DHR Æ{D FIL.

10.2.1 The Mechanism of Action of Dhr and Fl-l and their RoIe l-n 186 Lytic

Development.

The exlstence of the dhr gene was revealed by the observatl-on that

E. colf DNA replfcatl-on rras lnhibtted upon the l-nduction of a 186 prophage

(Hocking and. Egan, 1982b), a phenomenon known as the Dhr Effect. The

investLgation of the Dhr Effect, presented in thLs thesls, suggested that

of E.J-ethality and an l-nhLbLtlon coli ce11 divlslon were also assocl-ated
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with the Dhr Effect (Chapter 5.2.4). However, further studLes revealed

that these effects were due to the expression of not one, but two, 186

early lytic genes; dhr and ftI (Chapter 5.2.6). The expression of dhr

resrilts ln the tnhtbltlon of E. coli DNA replicatlon and causes ce11 death,

whereas the expresslon of fL1 results in an l-nhibition of E. col-l cell-

dLvisLon and also causes a reductLon l-n ce11 survl-val .

The revelatLon that the expression of ftl also results in a reduction

ln cel1 survival suggests that the host nutant OhrRl (which at high

temperatures ls resistant to the lethallty that occurs upon expressLon of

the earl-y lytic genes fron pEC400, and does not show the Dhr Effect or show

ce1l flla.nentatfon; Chapter 5,2.5b)¡ mây ln fact contain nutations in two

E. coli genes; one involved Ln the actLon of Dhr and the other lnvolved in

the actLon of Ftl. The mapping studies presently being carried out (by

S. Williams of this laboratory) should reveal whether one or two E. coli

genes are mutated in the ohrRl mutant.

dhr is not an essential gene, but 1t appears to be inportant tn 186

lyttc developnent as 186 Dhr mutants show a signl-ficant reductlon in burst

size (Chapter 5.2.31 5.2.7). The role of Dhr in 186 lyttc developnent ls

not known, however, it ls possLble lt may p1-ay a role 1n 186 repllcatlon,

as detaLled be1ow. The imnedi-acy of onset of the tnhibttion of host DNA

repllcation by Dhr (5 nin after heat-lnductlon of a 186 prophage or of a

plasnLd-clone contaLning the dhr gene) suggests that Dhr nay act to lnhibtt

the elongatlon step of E. col-i DNA repltcatfon. Sl-nce 186 requires every

host repllcation functl-on that has been tested (Hooper, L979; Hooper and

Egan, 19BI), the Dhr functLon (by lnhtbitlng E. coli DNA repllcation) nay

lessen the conpetLtion from the host for some 1-imtttng components needed

for 186 repl-Lcation.

The fi1 gene l-s also not essentLal- and does not appear to be Í-mportant

tn 186 lyttc development. The mechanfsn of Fil-lnduced cel1 fll-amentatl-on

does not appear to l-nvolve the lnductlon of the S0S system (Chapter
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5.2.5a), therefore 1t is possible that thfs fl-lanentatLon (caused by F11)

Ls the resul-t of a direct Lnterference wl-th the process of E. coll ce1l

dLvLsLon. Several E. coll ce1l dlvislon genes have been described

(Mendelson, L9B2; Donachte et al., .1984), and it ts possl-ble that Fil may

tnhlblt the actLon or the expresslon of one of these genes. The expresslon

of Ftl results Ln filamentous cells, which show no obvious septa (Chapter

5.2.4e), suggesting that the stage of cell dLvlsLon tnhibtted 1s an early

event in the E. coli ceIl cycl-e (Slater and Schaechter, L974; Mendelson,

L982; Donachie et al., 1984). The role that Fil-induced filanentatlon

plays. in 186 lyttc developnent, may be to prevent segregation of an

unlnfected daughter cel1 fron the 186-tnfected cel1. Such uninfected cells

may compete wlth the 186-tnfected or lysogenf.sed cells for nutrLents or

could be infected by competl-ng 186 phage. Furthermore, a greater 186 burst

rnay be obtained from a 1-arge undivided cel-l than from a snaller newly-

divided cell. In this regard, it l-s pertinent to note that the lB6 fllam

mutarit gave a sltghtly reduced burst compared wl-th that obtalned for the

wlld-type (801Á-90%; Chapter 5.2.7a).

10.2.2 Conpa rison of dhr and ft1 Èo SlnLlar Genes Encoded by other Phage.

Host DNA repllcatlon and cel1 dfvtsion Ls tnhibtted during Lnfectlon

by a variety of coliphage. The phage À,0XI74 and T4 encode genes, which

act to lnhlbtt host DNA repltcatLon, and À , þX174 and P4 encode genes,

which act to cause fll-anentatLon. Genes, which are lethal to the host,

that act by an undefl-ned ¡nechanlsm, have also been reported l-n several

phage; ln P2, P4, À and Mu. These genes encoded by other phage wil-l be

conpared and contrasted Èo the 186 dhr and fil genes.

f0.2.2(a) P2 Functíons.

I,Ihether the 186-related phage, P2, encodes gece(s), which lnhl-bit host

DNA repl-tcation or result ln fLlaneutatLon of cells ls not known- However,
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when a P2 clts prophage (whlch Ís unable to excLse) ts heat-fnduced, cell

death results (Bettanl, 1968; Ntlsson and Bertani, L977). Thls ls sf-mllar

to the lethallty observed when a 186 Int lysogen 1s heat-fnduced and

suggests that P2 nay encode a gene, which is sinl-lar to dhr. In addltlon,

a P2 mutant, sLg5, has been obtalned, which no longer dlsplays this

lethall-ty (l,tndaht et al. , L97I), and i.t has been shown thaÈ the stg5

nutatlon ls due to the presence of an Lnsertl-on element ln the P2 earLy

lytlc regLon before the ! Sene (Chattoraj et al-., 1975). Furthermore,

plasnl-d-clones encodlng thl-s reglon have been reported to be 1etha1 to the

host, unless the expressl-on of these genes is repressed (Saha et al.,

1987 ) .

The DNA sequence of the P2 earl-y lyttc reglon has been determined

(Haggard-Ljungquist et al., l9B7), and a comparison of the translated

sequence of the genes encoded 1n this reglon wlth the amlno acid sequence

of the Fil and Dhr proteins (uslng the computer programs described ln

Chapter 2.38) did not reveal any slgniflcant honology.

10.2.2(b) P4 Functlons.

Phage P4 is a satellLte phage of the P2 fantly (Calendar et a1.,

1977). P4 has been reported to encode a gene, Ell, whÍch results in cell

death after Lnfectlon of cel-l-s that do not contaln a helper P2 or 186 phage

(Calendar et a1., 1981; Alano et al., 1986). The nap positLon of Èhls gene

1s not known. P4 has also been reported. to cause cell fllanentation ln its

lysogenlc plasnid rnode of propagatLon (Deho et al., l9B4)- Furthermore, e

mutant 1n the P4 [ e.o" has been reported to inhibit host nacromolecular

synthesLs and eventual-Ly kill the host (Gtbbs et a1., L973). The ß gene 1s

non-essentLal and. has not been sequenced. Further work ls neeessary to

elucldate these effects of P4 on the host and to deternine the P4 genes

responsibl-e for these effects.
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*
10.2.2(c) fhe óX174 A Function.

The vl-rulent single-stranded DNA phage 0X174 lnhibl-ts host DNA

replicatlon 10-15 nLn after l-nfection (Ltnqvtst and Sinshíener, L967). The

*
0X174 A protein, which binds to 0X174 RF and single-stranded DNA and has a

s1-ng1-e-stranded DNA-specific endonucleolytLc actLvlty (El-senberg and

AscarellL, 1981; Langeveld et a1., 19791 1981; van der Ende et a1., 1981,

l9B2; Dubeau and Denhardt, 1981), has been implicated to be involved ln

thls tnhtbl-tLon (Marttn and Godson, L975; Funk and Snover, 1976; ELsenberg

and AscarellL, 19Bl). It 1s not knorvn lf 0X174 A* i" an essential gene

slnce A* ," encoded wlthin the essentlal A ,"rr" ("roley and Hayashl , Ig74).

However, lt has been suggested that the A* proteln nay be lmportant ln the

0X174 llfe cycl-e, slnce lt nay play a role l-n the transitlon from the senl-

conservatLve RF DNA replication to vLral slngle-stranded DNA synthesls

(El-senberg and Ascarelli, 19Bl). Infection wtth 0X174 also results ln the

lnhibition of cell dlvision (Stone, 1970), which probably results fron the

tnhibltion of host DNA replicatlon by gpA* since l-t has recently been shown

that the expresslon of gpA* ftot a plasmicl-clone not only inhtblted host

DNA rep1lcatLon, but also caused cel-l dLvislon lnhibition and cell death

(Colasanti and Denhardt, 1985).

the comparlson of the anlno acl-d sequence from the A* gene, which

encodes a proteln of 37 kd (Sanger et al. , Ig77b), wLth tfr" ¡tr and Fll

amlno acld sequences (Chapter 2.38) did noÈ reveal any slgnlficant

homology.

10.2.2(d) The T4 Ndd Function.

The vLrulent phage T4 inhtbits host repll-eati.on 4 mln after lnfectlon,

due to the activl-ty of the ndd gene, which causes nuclear disruptlon by

novfng the host chromosome to a posltlon closely assocLated. wlth the ce11

membrane (Snustad and Conroy, L974; Snustad et a1., 1974, 1976, l9B3).

Host DNA ls then degraded 10 nln after lnfection to supply precursors for
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phage DNA synthesls (Koerner and Snustad, L979). The ndd gene ¡naps near

the rIIB gene on the T4 genome and the Ndd proteLn has been tentatively

ldentlffed as a basic protein of a molecular welght of -16 kd (Snustad

et a1., 1983). The DNA sequence of the ndit gene has not been determlned so

a conparLson of the amino acld sequences derlved from the ndd and dhr genes

could not be carried out.

10.2.2(e) À Functlons.

t'Ihether the temperate collphage À acts to lnhibit host replicatlon is

sttll- Ln doubt. Cohen and Chang (f970) concl-uded, fron pulse-labelllng and

DNA-DNA hybrldization studLes, that I depressed host DNA repli.cation (as

wel-1 as RNA and proteln synthesis), but Lndicated l-n their discussion the

dlvergent vlews on this polnt tn the literature. Cohen and. Chang (1970)

napped the functlon(s) l-nvolved ln this inhibttton to two regions, namely a

reglon encoding the exo gene and a reglon fron gan to ral (see Figure

1.5). Court et a1. (f9B0b) suggested that this inhibition of host

macromolecul-ar synthesis may be more apparent than real, due to the effect

Ln the pul-se-1abe11-1ng experlments of À Hin (host irùribition) functl-on,

encoded on the pL transcrlpt between 62.5i¿ to 66.3% (encodlng the gx9 gene

regl-on), that could restrict entry of exogenous precursor" ; the

lntracellu1-ar poo1. The Hin function naps to the sane reglon as one of the

functLons l-nvolved Ln the host lnhl-bltlon observed by Cohen and Chang

(f970), however, ln contrast to the results of Cohen and Chang (1970),

Court et al. (f980b) did not obtaln evl-dence for a functf.on encoded in the

gam to ral reglon. Court et a1. (f980b) polnt out however, that thelr

system Lnvolves LnductLon of an extensively deJ-eted prophage, whLle that of

.Cohen and Chang (1970) involves lnfectlon wLth conditlonal- l-ethal phage

mutants. As prophage lnductlon shows increased pL transcrlptLon compared

wlth infectLon (Votpf et al-., 1983), which would be further enhanced by the

absence of the Cro functLon due to the AHI deletfon, then the lnfluence of
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Hln would be maxl-mal in the system used by Court et al.

(f9B0b). Therefore, it was posslble that the inhfbltlon ln host

macromolecular synthesls observed by Cohen and Chang (f970) is due to the

expression of function(s) other than Htn. Evidence to support thls comes

from the work of Georgiou et al. Q979). These authors were studylng the

Tro phenotype, which Ls due to the over expresslon of À pL functLons after

l-nfectlon or heat-l-nductlon wl-th the Cro phage, À cl857cro22SamI7. The

Tro effect results in the tnhibitlon of host nacromolecular synthesls

(leadlng to cell- death) and the lnhibitlon of heterol-mnune phage growth

(Eisen et al. , L975; Folkmanl-s et a1., 1977). They showed that the

lnhlbltton of host macromolecular synthesis, as observed by pu1-se-1abe1-1-1ng

studl-es, represented a real inhLbition and ruas not due to a decrease in the

radloactivJ.ty of the lntracellular pool or the lnhibition in the uptake of

precursors. Georgiou et al. 0979) showed that the Tro phenotype was due

to two reglons, that of the Ea10 (ssb) gene, whl-ch encodes the single-

stranded DNA binding proteln (Hendrix, L97L; Szybalski and Szybalski, L979i

Court and Oppenhein, 1983), and the I gene, which is involved in

antltermLnation of the l-mnediate-early transeripts to allow delayed-early

gene expression (Chapter L.4.2a; Roberts, 1969; Friednan and Gottesroan,

1983).

The system used by Georgtou et al. (1979) to examine the Tro phenotype

Ls sl-nLlar to thaÈ used by Court et al. (1980b), it TÍas therefore

surprisl-ng that Court et al. (1980b) did not observe the Tro phenotype.

This nay be explained by the fact that the Âttl lysogen used by Court et al.

(1980b) rnay have contalned nutatÍons Ln the ssb gene due to the nethod used

to Lsolate thLs del-eted prophage (CasteLLazzl et al., L972). The AHI

deletlon waa lsolated as a the:mo-reslstant (42oC) survivor of a

À cl857Nan7Nan57 prophage (Castell-azzl et a]-., L972) and, since the Tro

phenotype (due to ssb) ls stll-l parttally observed with thls N- nutant

(Georgiou et al-. , 1979), lt ts ]-tkely that the AHI prophage may also have
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acquired a mutatlon ln the ssb gene to al1ow survival of the lysogen at

42oC. AlternatLvely, as suggested by Georglou et 41. Q979), ssb and N nay

not be expressed at htgh enough levels from the À AHI lysogen to cause the

Tro phenotype.

Conparlson of the amlno acLd sequence of ssb and N (which encode

protelns of 122 arrd 133 amlno acldsr respectlvely; Sanger et al., L982),

wtrh 186 Dhr and Fll did not reveal- any s1-gnlffcant homology (Chapter 2.38;

data not shown). Neither dtd Dhr and Fi1 show slgnificant homology with

the amlno acld sequence of the Àorf61, Ea22 or EaB-5 genes (Sanger et al.,

LgBz), which are candldates for the hln genes (Court and Oppenhelm, 1983)

(Chapter 2.38; data not shown).

Coltphage À also encodes a gene, kl-l, on the pL transcript (Greer,

L975a), the expresslon of whlch leads to ceLl death, apParently due to

damage of the host cell membrane (Greer, 1975b; Volpi et al., l9B3), with

inhtbttlon of E. coli DNA replication and fllamentation as de1-ayed

secondary effects. The systen used by Greer (f975a) to study the kil Sene'

lnvolved the heat-lnductlon of AHI lysogens. Thus, as dLscussed prevJ-ously,

the Tro effect was not expected to occur.

E. col_l_ kll-reslstant mutants have been isol-ated, and lt is

interestLng to note that some of these mutants are cold-sensl-tLve for

growth (Greer, 1975b; CourÈ and Oppenhelm, 1983) as are some DhrR mutants.

However, these kl-l-reslstant mutants have been napped l-n the nusB gene (a

gene requlred for L gpN-medlated antlternLnation; Court and Oppenhein'

1983; ChapÈer L.4.2) and thus, probably reflect lack of E{ g.o" expressLon

rather than tolerance to the KJ.l proteLn.

The À ktl gene is nost ll-kely encoded to the lmmedlate Left of the

cIII gene (Greer, I975a; Sanger et a1., L9B2; Ihlght and Eehols, 1983).

The conparlson of the amlno acl-d sequence derlved from À ktl (which encodes

a proreln of 47 aml-no acids) wlth that of 186 Fll and Dhr (Chapter 2.38)

dlcl not reveal- any sf-gnl-flcant honology (data not shown).
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I0.2.2(f.) Mu Functlons.

The temperate phage Mu also encodes a gene, !11, which causes cell

death (van de Putte et al., 1977). Ilhen Mu ktl 1s expressed fron a

nultLcopy plasrnl-d-clone (pGPf ) ft results ln cell death (Schr¡nann et al.,

1978; Gilphart4assler et al., L979; Gilphart-€assl-er and. van de Putte,

1979) wfth survival kl-netics simllar to that obtalned upon the expresslon

of 186 dhr fron the plasrnld-clone, pEC400 (Chapter 5.2.2). However, Mu kLl

appears to cause cell death by a different mechanl-sm to 186 @, slnce when

Mu genes are expressed from pGPl (ln the strain 82267; Chapter 2.1, 2.3.2)

there ls no effect on E. coli DNA repllcatLon as recorded by pulse-

l-abelllng studies (data not shown). Furthermore, a Mu kl-l-reslstant

E. coll mutant, hek (Goosen and van de Putte, 1984; straln 84063; Chapter

2.1), was nade lysogenic for 186 Dhr* (stratn E4064) or 186 Dhr (straln

E4065) and it was shown that the Dhr* lysogen gave a normal Dhr Effect

whlle the Dhr l-ysogen dld noÈ glve the Dhr Effect, as expected (data not

sho¡m),

The expresslon of Mu early genes has also been reported to cause cel1

filamentation (Boeckh et a1., 1986). Fllamentatlon was observed upon the

expression of Mu early genes from a À-c1one contaLning the sane fragrnent

fron Mu as the plasmld-clone, pGPl, used by Giphart4assler and

van de Putte (G97g), and encodlng the Mu glt", ner, A, B, cin, kil, and. gan

genes. FfLanentatf-on was attrl-buted to the Mu B gene or a gene downstream

fron lt (Boeckh et al-., 1986). However, fllamentatlon does not appear to

occur when the Mu early genes were expressed from pGPl (ln the strain

82267; Chapter 2.L) (data not shown). This dtfference nay be explaLned by

the possibtl-tty that the fllamentatlon observed wlth the À -clone of thls

reglon (Boeckh et al-., 1986) nay be dependent on a À gene.

The Mu kil gene maps beÈween the cin and gam genes and encodes a

proteln of -B kd (Ctlphart4assl-er et al., 1981), which Ls sl-nil-ar Ln sLze

to 186 Dhr. However, comparlson of the amlno acl-d sequence of Mu Kll



203

derlved fron the DNA sequence (D. I(anp, personal communlcaEton) wlth the

aml-no acid sequence of Dhr and F1l (Chapter 2.38) did not reveal any

slgntflcant homology (tlata not shown). The Mu cLm and !f! Eenes (D. Kanp,

personal communicatlon) also showed no slgnLftcant honology wtth 186 dhr or

fll at the amino acld level (Chaptex 2.38; data not shown).

10.2.2(e) General Comparlsons.

This comparlson of functl-ons that act to lnhlbit host DNA replicatlon,

cause filamentatlon or cel-l death frorn varl-ous phage wlth the 186 Dhr and

Fil functlons, has shown that 186 Dhr and F1l have nany sinilarlties to the

functl-ons encoded by other phage.

0f the phage functLons which have been well characterlzed, the
*

0XI74 A , À N and Ssb functlons show the greatest similarlty to 186 Dhr, fn

that they are both lethal to the host and tnhlbit E. col-l DNA repllcaÈion.

However, unlike the ÖXf Z4 ¿,* functl-on, fB6 Dhr does not cause cell

filamentation (Chapter 5.2.6b), and unlike À gpN and gpSsb, 186 Dhr does

not appear to lnhibit E. coli RNA synthesis (Flnnegan, 1979) or proteln

synthesis (sl-nce the optical density of plasnf.d-clones expressing 186 dhr

contlnues to Lncrease although E. coli DNA repl-1-catlon l-s lnhibitecl;

Chapter 5.2.4arb).

The 186 Fil- functlon shows sinilaritles to the two characterized phage

*
functlons, which lnhibtt E. col-i ce1l divLslon, þXL74 A and À Kil.

However, unllke these functlons, 186 Fll- does not appear to affect E. coll

DNA repl-lcatl-on (Chapter 5.2.6b) .

The preclse nechanlsm by which the phage functlons descrLbed above act

to tnhlbit E. coll DNA replLcatlon, cell dlvisl-on or cause cel1 death ls

not known. Also not known l-s the exact requLrenent of these functlons 1n

phage developnent (except for À N; Friednan and Gottesman, 1983; Chapter

L.4.2). Many of these functlons, lncludLng 186 Dhr and FLl, appear to be

non-essentlal for phage growth (Snustad and Conroy, L974; Court and
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OppenheJ.n, 1983; Goosen et a1. , l9B2; Chapter 5.2.7 ), the exceptlon beLng

À N (Frlednan and Gottesnan, 1983).

.In summary, although 186 Dhr and Fll show sinLlarLtles to functlons

encoded by other phage, they appear to be unLque in their effects on the

host. Furthermore, 186 Dhr and Fll show no signLflcant amlno acld sequence

homology to that of any slnilar functlons that have been sequenced. Future

studies on the effect of 186 Dhr anrl Fll on the host shoul-d contribute to

the understanding of the lnteraction of 186 wlth E. coll durlng 186 lytie

development, and may provf-de lnsJ-ghts lnto the mechanisns by whlch other

phage functlons lnteract with the host and the role they play in phage

development.

I0.2.3 Future Studies.

As prevJ.ously discussed (Chapter 5.2.5b), the nap posl-tion of the

OhrRl nutatlon(s) on the E- coll chromosome and the characterizatlon of

this gene(s) will provide a first step to deternining the nechanisn of

action of Dhr and Fil. To further elucl-date the E. coli genes that are

requlred for the actLon of Dhr or FJ.1, more host mutants that are resistant

to the lethal effects of Dhr or FLl can be lsolated, by using plasmicl-

cl-ones containing el-ther the dhr gene (pEC421; Chapter 2,3.2) or the fil

gene (pEC404; Chapter 2.3.2), and the chromosomal- nap posltfon of these

mutations can be determined, usLng standard technlques (Mi1ler, L972).

Thls approach may not only provide insights into the mechanism of actLon of

Dhr and FL1-, buË may leveal novel E. gglf genes Lnvolved ln DNA repllcat1-on

or cell dlvislon.

The possLble role of Dhr l-n 186 repllcatlon can be LnvestLgated by

determLning the amount of 186 DNA produced wlth tl-ne after the heat-

induction of a 186 Dhr- mutant eompared wlth a Dhr+ phage, using DNA-DNA

hybrldizatl-on studles (IGfaros er al., 1979).
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10.3 RNaseIII CLEAVAGE Or 186 EARLY LfiIC A}fD ÌltDDIJ ITÂNSCRIPTS.

f0"3.1 RNaseIII Cleavage Sl-tes.

RNaseIII cleaves at double-stranded RNA (Robertson gt a1.., 1968).

RNaseIII sites prevlously characterl-zed ln natural- systems have been sholùn

to occur át regtons of secondary structure l-n the RNA, whlch can be

classlfled lnto two maJor types (Robertson, L9B2); those whlch shovr

Lmperfect double-stranded RNA sten-loop structures, and those whlch show

perfect double-stranded regl-ons" RNaseIII eLtes, whLch show lmperfect

double-stranded RNA sten-loop structures (t.e. contaln two sma1l stems of

7-10 bp separated by a "bubble" of unpalred bases), result Ln a slngle

RNaseIII cleavage l-n the "bubble" reglon. I.lhereas, RNaseIII sltes, whJ.ch

sho¡v a more perfect double-stranded reglon of 20-25 bp ln 1-ength, result ln

two RNaseIII cleavages, on opposite sldes of the stem and staggered by

2 bp. Sequence honol-ogy between RNaseIII sl-tes l-s very llnl-ted, except for

the presence of the sequence 5'-AAG/3f-TTC, which occurs near most RNaseIII

cleavage sites (Gegenhelmer and Aplrlon, f98f; Szeberenyl- eÈ 41., l9B4;

Gurevltz and Apirl-on, 1985).

10"3.2 RNaseIII Cleavage Sltes in the 186 Ear1y Lytic-Middle Region.

As detai-led in Chapter 7, two RNaseIII cleavages occur 1n the 186

earl-y lytic-mtddle regl-on to give rise to the 3.1 kb arrd 2.8 kb mtddl-e

transcrl-pts and the 1"1 kb early lytte transcrl-pt. The S'-end of the

3.1 kb transcrlpt has been determined to be approxlmately at the sequence

coordl-nate 3768, whereas the S'-end of the 2.8 kb transcrl-pt l-s located l-n

the regLon 4088-4248 (Chapter 6.2.4). Furthermore, the regl-on 4070-4098

(del-eted ln 186 d"ltRl (22); Chapter 2.2.1r 6.2"4), appears to be lmportant

in the productlon of the 2.8 kb transcrl-pt. The 3'-end of the 1.1 kb

transcrlpt \das mapped to the regl-on 3690-3732 (Chapter 6.2.3)"
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Slnce 1t Ls posslble that these RNaseIII cleavages occur as a result

of the hybrldtzatlon of two RNA nolecules (Robertson et a1., 1968) and

because two potentLal leftward promoters are encoded wlthin the PstI-BglII

(77.4i¿-79.6%) region (Chapter 3.2"2c), RNA dot blot analysls was carried

out to deternine whether there are leftward transcrlpts ln thls regLon

(Chapter 7.2.3). Thls study fatled to provfde evLdence for the existence

of a leftward transcript, suggesting that these potentlal l-eftward

promoters are not active. Thus, RNaseIII cleavage withl-n the early lytic-

ntddle reglon ts likely to be a result of the formation of secondary

structures l-n the RNA.

The DNA sequences of the region spanning the 5r-ends of the 3.1 kb and

2.8 kb traûscrlpts were analysed for possible secondary structures uslng

dot natrlx analysis (Chapter 2.38). Several secondary struetures, that

resembled the RNaseIII structures described by Robertson (1982) (Chapter

f0.3.1) were predicted. The nost stable of these structures are shown in

Ftgures 10.1, I0.2, 10.3 and 10.4.

The structures shown ln Flgure 10.1 span the 5'-end of the 3.1 kb

transcrtpt. In additl-on, the structures shown ln Figures 10.1(b) and

10.1(c) also. span the regi-on contalnlng the 3'-end of the 1.1 kb

transcrlpt. RNaseIII cleavage of these structures (shown in FJ.gure 10.lbrc)

may occur at two positLons resulÈl-ng ln the generatlon of the l.l kb and

the 3.1 kb transcrl-pts. Should the structure shown l-n FLgure 10.1(a) be

cl-eaved by RNaseIII to generate the 3"1 kb transcript, a dl-fferent

secondary structure must be cleaved by RNaseIII to generate the 1.1 kb

transcript, sl-nce the reglon encodLng the 3r-end of the 1.1 kb transcrlpt

(3690-3732) is not lncluded Ln this structure.

The structures shown in Flgure 10.2 span the region 4070-4098, whtch

was shown to be important l-n the generatlon of the 2.8 kb Ëranscrlpt

(Chapter 6.2.4). Removal of the reglon 4070-4098 would be expected to



Flgure l0.l Potentl-al- RNaselIl-cleavage structures located Ln the regfon

encodJ.ng the S'-end of the 3.1 kb transcrfpt.

Structures rüere predl-cted usl-ng dot matrix analysLs (Chapter 2.38).

The free energy (AG) val-ueg were calculated usLng the rules of Steger

et al. (1984), and are lLsted next to the structures. The DNA sequence

coordinates are lndLcated. The posltLon of the Sr-end of the 3.I kb

transcrlpt, is shown by the arrow. Sequences resembllng the conserved

sequence (5'-AAG/3r-TTc) are boxed. Structures 10.1(b) and 10.1(c) also

contal-n the reglon encodf-ng the 3'-end of the 1.1 kb transcript, which is

lndl-cated on the structures by the dashed l-lne.
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Flgure 10.2 PotentLal RNaseIll-cleavage structurea ât the 5'-end of the

I

i

I

2.8 kb transcrlpt.

The structures were predlcted using tlot natrLx analysls (Chapter

2.38). The free ,energy (ÀG) values were caLculated usLng the rules of

Steger et al. (1984), and are llsted next to the structures. the DNA

sequence coordfnates are indicated. the positLon of the deltRl deletlon,

le lndicated on each sÈructure by the dashed llne. Sequences resembltng

the conserved sequence (5f-AAG/3r-TTC) are boxed.
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disrupt these potential RNaseIII structures and to prevent the productlon

of the 2.8 kb transcrlpt.

The structures, presented 1n Figures 10.1 and I0.2, show only partlal

double-strandedness and lt ls therefore expected that RNaseIII would cleave

at these potentLal sLtes on only one sl-de of the structure, and that thls

cleavage would occur ln a "bubble" reglon (see Chapter 10.3.f). However,

contrary to expectatl-ons, the posltl-on determl-ned for the 5'-end of the

3.1 kb transcrl-pt occurs 1n a region of double-strandedness in the

structures shown in FLgures 10.1(a) and 10.1(c). The structure shown ln

Figure 10.I(b) however, contains the reglon spannlng the 5'-end of the

3.f kb transcrlpt l-n a "bubble" region, and is thus more consLstent wlth

previously characterlzed RNaseIII cleavage sltes (Chapter f0.3.1).

As detalled f-n Chapter 10.3.1, the conserved sequence 5|-AAG/3I-TTC

has been observed ln nost RNaseIII structures. Of the potentlal RNaseIII

structures shown 1n Flgures 10.1 an<l I0.2, only Flgure 10.2(a) contalns the

conserved sequence. Ho¡rever, the structure shown in Figure f0.f(a) contains

the sequence 5t-AAG/3i-TTT, whlch is simllar to the conserved sequence, and

is l-ocated 2 bp 5' to the poslÈlon of the S'-end of the 3.1 kb transcript.

This sequence (5'-AAG/3'-TTT) has also been observed in the T4 ÈRNA

RNaseIII processlng sLte (Gurevltz and ApLrlon, 1985). The potentl-al

RNaseIII structures shown ln Fl-gures 10.1(b), f0.1(c), 10.2(b), 10.2(c) and

10.2(d) also contain sequences, which are simllar to the conserved sequence

(as l-nd.icated on the structures).

Two other potentLal RNaseIII structures l-ocated wl-thfn the PstI-BelII

Q7 -4%-79.6%) regton are shown Ln Flgures 10.3 and 10.4. The structure

shown ln Flgure 10.3 1s encoded between the flrst and second RNaseIII sites

(Chapter 7.2.2). The cleavage of thts potentLal structure by RNaseIII nay

posslbly explain why the -330 b RNA (expected fron the cleavage of RNA at

the first and second RNaseIII sl-tes) was not vlsuallzed when RNA !Ías
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hybridJ-zed wlth specLfic probes to thls reglon (Chapter 7.2.2). This

structure contalns the 5t-MG/3'-TTC conserved sequenceo

The structure shown Ln Flgure 10.4 ls a very large seeondary

structure, which Lncludes the regions important Ln the first and second

RNaseIII cleavages (Chapter 7.2.2). Thls structure places the first

RNaseIII cleavage slte ln a "bubbl-e" reglon, which is nore conslstent wlth

the RNaseIII cleavage sites reported in the lLterature. this structure

also includes part of the region Ln which the 3'-end of the 1.1 kb

transcript ls located. Sequences resembl-lng the conserved sequence are

narked on the structure. Should. this structure form, it may be expected

that removal of the regl-on 4070-4098 l-n the deletlon mutant 186 deltRl

would result Ln the destablllzation of the conplete structure, preventing

the generation of the 3.1 kb and 1.1 kb transcrLpts as well as the 2.8 kb

transcrLpt. However, 186 ggltRl only prevents the productlon of the 2.8 kb

transcrlpt (i.e. prevents the second RNaseIII cl-eavage). Further analysis

of the sequence of 186 d"ltRl revealed that an alternatlve 1ocal secondary

structure could form l-n the reglon of the structure disrupted by the 1þllRl
deletion (Flgure 10.4). Therefore, although removal of the regLon 4070-

4098 nay prevent the second RNaseIII cleavage, perhaps because the.

5r-AAG/3t-TTC sequence ls removed, the flrst RNaseIII cleavage (which

results in the generation of the 3.1 kb and the 1.1 kb transcripts) should

not be prevented-

This analysLs of the DNA sequence spanning the Sr-ends of the 3.1 kb

arrd 2.8 kb transcrJ-pts has revealed severaL possLbl-e secondary structures

that nay functl-on as RNaseIII sites. However, although these structures

can be drawn Lt does not lndLcate that they will fom ln 186 RNA or act as

RNaseIII sites. Further studf.es are needed. to deternlne the sequences

requi.red for RNaseIII cleavage in the early lyttc-niddle reglon.



Fígure 10.3 A potentl-al RNaselll-cleavage atructure located l-n the regl-or¡

between the Sr-ends of the 3.1 kb and 2.8 kb transcrfpts.

The structure was predicted usl-ng dot natrix analysLs (Chapter 2.38).

The free energy (AG) vatue was calculated using the rul-es of Steger et al.
(f984), and ls listed next to the structure. The DNA sequence coordinates,

are LndLcated. S.qrr.n""" resemblLng the coneerved sequence (5'-AAG/3r-TTC)

are boxed"
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Figure 10.4 A potentl-a1 RNaseIII-c1-eavage structure that Lncludes the

regl-ons encoding the 5f-ends of the 2.8 kb and 3.1 kb niddl-e

transcrJ-pts and the 3'-end of the 1.1 kb transcrfpt.

the structure was predlcted using dot matrix anal-ysis (Chapter 2.38).

The free energy (AG) value lras calculated uslng the rules of Steger et al.
(1984), and ls lLsted next to the structure. The DNA sequence coordl-nates,

are LndLcated" Sequences resenbl-l-ng the conserved sequence (5'-AAG/3r-TTC)

are boxed.. the posltlon of the S'-end of the 3.1 kb transcrlpt, is

lndlcated by the arrow. The posltlons of the deltRl deletlon and the

region contaf-nlng the 3r-end of the 1.1 kb transcrlpt, are lndLcated on the

structure by the <lashed llnes 
"

An alternatl-ve secondary structure spanning the region removed by the

deltRl deletl-on is shown.
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10.3.3 Posslble Involvement of RNaseIII Cleavage in the GeneratLon of the

1.8 kb and the 2.1 kb TranscrLpts that were Detected after tMl.

As discussed in Chapter 6.2.5, two transcripts slzed at 1"8 kb and

2.1 kb were detected l-n the region after tMl. The 5'-end of the 1.8 kb

transcript ls located ln the reglon 6420-6840, whereas the 5'-end of the

2.1 kb transcript Ls located in the reglon 5607-6419 (Flgure 6.1, 6.11b).

Computer-assisted analysl-s of thls reglon did not predLct any transcrlptlon

promoters (data not shown). Thus, lt ls possl-ble that these transcrlpts

are generated by RNaseIII cleavage. These regl-ons were anal-ysed using dot

natrl-x analysl-s for possible RNaseIII structures. The most stable of these

structures are shown in Figure 10.5. Sequences resembling the conserved

sequence (5'-AAG/3r-TTC) lrere found in all of these structures.

TranscrLptLon studtes 1n a RNaseIII straLn using probes to the regLon

pronotertistal to tMl are necessary to determlne whether the l.B kb and

2.1 kb transcrLpts arise by RNaseIII cleavage. In additl-on, further studies

are needed to establish whether these putative RNaseIII structures are

functlonal.

10.3.4 Future Studies.

Further studles are needed to establ-Lsh the regLons, which are

requlred for RNaseIII cleavage wl-thLn the early lyttc-niddle regLon, and

wLthin the ntttdle regl-on (should RNaseIII cleavage be Lnvol-ved fn the

generatlon of the 1.8 kb and 2.1 kb transcripts). Thls requlres more

specífl-c locatLon of the 5'-ends of the 2.8 kb, I.8 kb and 2.I kb

transcrlpts and the 3'-end of the 1.1 kb transcrl-pt usLng the technLques of

prlmer extensLon (Ucfntght et aI., tg8l) or Sl napptng (Berk and Sharp,

1977; Burke, l9B4). Mutatlon studles (the creation of smal1 deletlons and

polnt muÈatlons) can then be carrled out to determine the regJ.ons, which

are lnportant Ln the fomation of the RNaseIII structures.
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Fleure 10.5 PotentLal RNas elll-cl-eavage structures fn the regLon encodlng

the Sr-end of the 2.1 kb transcrLpt (5607-6419) and the 5'-end

of the 1.8 kb transcrlpt (6420-6840).

The structures were predlcted uslng dot natrLx analysLs (Chepter

2.38). The fr"" "o..gy 
(AG) value was calculated using the rules of Steger

et al. (1984) and are llsted next to the structures. The DNA sequence

coorcllnates, are Lndlcated. Sequences resembllng the conserved sequence

(5'-AAc/3r-TTc) are boxed.
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TÀATTTTATTCGCGCTGAÀC
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As <liscussed ln Chapter 7.2.2, tt fs not known whether the 4.0 kb

transcrlpt l-s the only transcrlpt that 1s processed by RNaseIII or lf the

1.5 kb and 1,4 kb transcrf-pts are also processed. To examf.ne RNaseIII

cleavage of the 4.0 kb, 1.5 kb and 1.4 kb RNAs, lt ls necessary to fsolate

these RNAs. This can be achleved by t'roo labelltng of ln vtvo 186 RNA tn

a RNaseIIIl stral-n, foll-owed by enrichment of these RNAs usLng the

technlque of hybrtdlzatlon-el-utlon wlth specf-ff.c probes (Saldttt-Georgleff

and Darnell, 1983; Bouvre and Szybalskl, l97I). RNaseIII cleavage of these

transcrLpts can then be examl-ned l-n vl-tro usi.ng condltlons, which favour

RNaseIII cleavage of double-stranded RNÀ (Robertson et al-. ' 1968; Sten

et al-., 1982), and the cleavage products can be analysed by agarose ge1

electrophoresis. Thts experlment should also el-ucldate whether the 1.4 kb

transcrlpt is generated (fn part) by RNaseIII cl-eavage at the second

RNaseIII sLte (as descrlbed l-n Chaptex 7.2.2)'

RNaseIII eleavage wl-thln the early lytte-nlddle reglon 1s ltkely to

lead to the degradatl-on of early lytlc RNA and result l-n decreased

expresslon of the early lytic genes (Chapter 7.2.4). To quantltate the

degree to whtch RNaseIII processl-ng and subsequent degradatlon of early

lyttc RNA decreases Èhe expresslon of early lyttc genes, the followlng

experlnent can be carrled out. A clone of the reglon encodl-ng the RNaseIII

processl-ng sites can be obtal-ned Ín the McKenney termLnator-anal-ysl-s vector

(pKL600), such that this reglon l-s correctl-y lnserted 3' to the galK gene.

The effect of this regl-on on galK expressLon from the p1-asmld-cl-one can

then be lnvestlgated l-n " galK- rnc+ stral-n and compared wlth that obtalned

1n a g"lK- rnc- straln. A slmllar experfment was used to lnvestlgate the

control of À lnt gene expressl-on by retroregul-atlon (Rosenberg and

Schmeissner, f9B2). Thts system can also be used to lnvestlgate the

regl-ons, whlch are Lmportant in RNaseIII cleavage.
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10.4 TEE COI{TROL OF 186 I,ÍIDDI,E GEI{E N,ANSCRIPTION.

10.4.1 Does a Control MechanLsm Extst for the TranscrLptLon of 186 Mttldl-e

Genes?

The transcrlptÍ-on studles of Fi negan and Egan (1981) and Prltchard

and Egan (1985) lerl to the predlctlon that a control nechanl-sm exists for

rhe rranscri-prlon of the 186 nlildle genes (Chapter 1.3.2). The aLm of the

Ln vivo transcrlption studles carrled out ln this thesLs was to further

f-nvestlgate the putative control mechanLsm for 186 mlddle gene

transcrlptlon. The transcription pattern determlned for the 186

early 1-yt1-c and ntd,ille regl-ons was consistent wlth a nechanism of control

for nlddle gene transcrlptlon involvlng antlterminatlon at the early

terminators. As dLscussed in Chapters B and' 9, fout approaches were used

to determlne whether antlterninatlon was lnvolved l-n the expressl-on of 186

nidtlle genes. These studies dlct not provlde evidence for e control

nechanism for ni.ddle gene transcription suggestlûg that such a control

mechanl-sm Bay not exist. This conclusion ls contrary to the conclusions of

Flnnegan and Egan (1981) and. Pritchard and Egan (f985). The results and

conclusions obtaLned fron the sÈudies presented Ln thls thesl-s wl11 now be

discussed and conpared with the results of Finnegan and Egan (1981) and

Prltchard and Egan (1985).

10.4. I (a) The In Vlvo TraoscriPtl on Pattern of the 186 Early Lytlc and

Middle Reglons l-n the Absenee of Transl-atLon.

As dLscussed J.n Chapter 8.2.I, the ln vivo transcrl-Ptlon Pettern

obtalned ln the absence of proteln synthests did not reveaL a speciflc

block at the early terminators, but rather a general decrease Ln fB6

early lytl-c and niddLe transcrlptlon. Although a greater decrease ln

transcrlptLon was obtalned at gR promotertistal regions conpared wlth

promoter-proxlmal regíons, thi.s lùas consl-dered to result f rom
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transcriptf-onal polartty (vrhtch occurs when translatlon ls inhiblted;

Galloway and Platt, 1985) rather than reflectlng a need for a 186-encoded

protel-n for ntddle gene transcrLptl-on.

The results obtained in thls study dtffer to those obtaLned by

Flnnegan and Egan (1981). Flnnegan and Egan (198f) deduced fro¡n Ëheir

in vivo transcrlptl-on results that, wheo 186 proteln synthesLs is tnhtbited

by chloranphenLcol, nlddle transcriptioû lras narkedly reduced, whereas

early ríghtward transcrlptLon was not signlfl-cantly reduced. This led to

theLr proposal that a 186 protein was required for 186 mlddle gene

transcriptfon. Contrary to the results of Fl-nnegan and Egan (l98l), the

resul-ts obtalned in this thesis (Chapter 8.2.1) showed that both 186

early lyttc and. mlddl-e transcription was slgnlficantl-y reduced when proteLn

synthesLs was inhibtted by ch1-oranphenicol. The difference between these

resulÈs can be explained by Èhe 1nabi1-tty of the hybridizatl-on probe for

early lytfc transcrlption, used by Fi-nnegan and Egan (1981), to

speeiffcally detect early lytlc transcriptlon. This probe, pEC35

lcontaining the PstI (65.5i1-77.4%) fragnent fron 186 dell (5); Chapter

1.3.2], also encodes the B gene, a gene whfch has since beea shown

to be autoregulated (1.e. I transcrl-ption 1s negatively controlled

either directly or lndirectly by the B proteLn) (Kal-ionts et al.,

f986b). Therefore, l-n the presence of an inhibitor of protein synthesis

(such as chloranphenlcol), B gene transcriptfon wtl-l be expected to

increase and nay signl-fLcantly contribute to the labelled-RNA hybrtdtztng

to pEC35. Thus, the results obtained by Flnnegan and Egan (1981) can not

be used as evidence for the exLstence of a conttol mechanl-sm for 186 niddle

gene expresslon.

f 0.4. 1(b) Ttre Strength of the Early TernLnators In VLvo.

The resul-ts presented

Lndependent ternLnator, tRl,

in Chapter 8.2.2, revealed that the Rho-

This result Lsls only 15% efficLent l-n vLvo.
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contrary to the results of Prltchard and Egan (f985), whlch suggesterl that

transcrlptLon termlnates in this reglon efftclently in vl-tro (Chapter

1.3.2b). Furthermore, the studl-es presented ln Chapter 9.2.4, revealed

that tRl rüas 707" efficient 1n vltro. ThÍs difference between the

ternlnatlon efflclency at tRl, 1n vlvo and in vltro, demonstrates thaÈ the

in vltro traûscription studf-es of Prltchard and Egan (1985) can not be used

to provide evidence for a control nechanLsm for nlddle gene transcrlptlont

and illustrates the lmportance of in vivo transcription studies.

These results also revealed that the total" level of terrnlnatlon at the

early ternLnators in vlvo, was only at the nost 567". Thus, the early

terminators are lnefff-cient terminators. This result, and the results

obtaLned fron the fn vivo transcriptional studl-es carried out in the

absence of translaÈlon (Chapter 8.2.2, 10.4.1a), suggest that there l-s no

absolute requi-rement for an antLtermlnation mechanism for 186 niddle gene

expresslon- However, lt does not rule out Ëhe possiblltty that

antLternl-natlon plays a non-essentJ-a1, but presunably Lnportant, role in

186 mtrtdl-e gene transcriptlon, by increaslng readthrough past the earl-y

terminators from 441l to nearly L007".

10.4. I ( c) The Invol-vement of 186 Early LytLc and Mtddle Functfons fn

Antlterninatlon at the Early Termlnators.

In order to Lnvesttgate whether an antLternination mechanism Ìùas

lnvolved ln 186 ntddle gene transcrLptl-on, 186 functLons were tested to

determlne lf they Lncreased transcrLptlon readthrough past the early

terrnLnators (Chapter 8.2.3). The early lytfc functLons Fl-l and Dhr were

considered the nost llkely candLdates for the postulated Tom (lurn en

ntddle) funcÈIon (Chapter 1.3.2), since although these fuctlons effect the

host, they have undeftned roles ln 186 lytic developnent. The early lyttc

functlons Cp1 and cII have deflned roles ln the 186 llfe cycle (Carter,

1985; I. Dodd, personal communlcation) and were therefore consl-dered
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unlLkely to encode the Tom funcÈLon. Fll and Dhr were tested for thelr

effect on termlnatlon at the early ternlnators. These studl-es showed that

Fll or Dhr are unlikely to be the postulated Tom functlon (Chapter 8.2.3a).

Since at least 447" of transcrlption reachlng the early terminators Ls

able to proceed into the niddle regLon (Chapter 8.2.2), lt was consldered

possible that a middle gene may encode the Tom functLon. The niddle

functl-ons, CP79, CP80, CP81 and CPB3, were tested for their abiltty to

increase ntddle gene transcrlption- These studies revealed thaÈ 1t ls

unlikel-y that these ntddle functions encode the Ton functlon (Chapter

9.2.3b) .

the niddle functlons, LA and RA, were not tested for theLr involvement

ln nidd.Le gene exptession slnce the work of SJ-vaprasad (1984) showed that

these functlons were l-nvolved in 186 replicatlon, and thus, Trere consl-dered

unllkely to also encode the Tom functl-on. However, recent studies

(Jarvlnen, 1986) suggest that LA rûay not be directly Lnvolved in

replLcation. Thus, in order to rule out the involvenent of a 186 mlddle

function ln 186 ntddLe gene transcrlptlon, LA should be tesEed for Lts

effect on transcriptlon terml-nation at the early termLnators. This ls a

subJect for future work.

Transcrlptlon studles revealed that termLnatl-on was occurrlng withLn

the AhaIII-XnnI (79.4%-85.27") xegj.or-. Slnce transcrlption termlnatlon was

shown not to occur l-n the AhaIII-BS1II (79.4%-79.6%) regLon (Chapter

9.2.2), this result suggests thaË there are addlttonal transcriptlon

terminators located in the Bgl-II-XmnI reglon (sequence coordlnates 4244-

5909). This regLon (Ftgure B.lc) was analysed for potential terml-nators

(stem-loop structures) usLng the conputer program COMSTR and dot natrlx

analysLs (Chapter 2.38). Several potenÈlal ternLnators were predfcted, and

the nost stable of Èhese are shorrn J-n Flgure 10.6. I{hether these potential

ternLnators are functLonal Ls a subJect for future studLes.



Flgure 10.6 PotentLal terrninator structures fn the region BgIII-XnnI

(4244-se09).

This Ftgure shows the most stable termlnator structures Ln the reglon

4244-SgO9. t50 bp to the left of the BgIII sl-te (at sequence coordlnate

4244) was also lncluded ln the analysls.l A threshold val-ue ofAG = -6.0

was arbLtrarlly chosen. The stem-loop structures were predicted uslng the

compurer program COMSTR and by dot matrlx analysis (Chapter 2.38). The

free energy (AG) values were calculated usLng the rules of Steger et al.

(f984), and are l-l-sted below each structure. The DNA sequence coordinates

of each atructure, are lndlcated.
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one of these structures sequesters the predl-cted rLbosone btndlng slte

of the Cp83 gene (Figure 8.lc), and lf this structure forms, l-t would be

expected to decrease translation of thls gene (Chapter 3.2.2e) '

Furthermore, a decrease ln the leve1 of translatlon of CP83 nay also

decrease Èhe transLatlon of the downstrean genes, LA and' RA slnce the 186

nl-ddle genes are expected to be transl-atlona1ly-coupl-ed genes (Slvaprasad,

f984; Chapter L.z.Lr 3.2.2a). Sl-nce the 3'-end of CPBI overlaps the Sr-end

of Cp83 (l'tgure $.fc), lt rnay be expected that ttanslatlon of CPBI nay be

requlred to destabtl-lze thls potentLal structure and allow translation

inltLatlon at the CP83 rbs. This may provlde a means to ensure that CP83

Ls not expressed unless CP81 has been tracslated. Further studies are

requlred to determlne whether thls structure fonns and whether lt ls

lmportant Ln controlltng translatl-on inltiation at the CP83 rbs.

f0.4.1(d) The AnalY sis of the Vlrulent Phage 186 de12.

As dlscussed in Chapter 9.1, the virulent phage 186 de12 potentlally

belonged to a class of mutants, whlch had constltutl-ve expressLon of the

nld.dle genes, but not of the early lytic genes. The analysls of thls

mutant rúas expected to reveal genes or sLtes lmportant ln the control of

transcrlptl-on of the nttldle reglon. However, the analysis of thl-s nutant

revealed that this phage nas vlrulent as a result of the generatf-on (by a

DNA duplicatl-on) of a pronoter for the middle geûes (Chapter 9.2.3r 9.2.4).

Although the study of thts phage dtd not provide evldence for a control

mechanlsn for 186 niddle gene transcrl-ption, tt did reveal- a posslble

essentlal role for a 186 early lytlc functLon, as dlscussed be1ow.

The analysi-s of 186 _-2, revealed that this phage was sensLtive to

the level of cI repressor (Chapter 9.2.5). Thls result was explalnecl by

suggestlng thaÈ high levels of cI repressor blocks transcrl-ptLon of an

essentl-al functlon fron pR. The studLes carrled out ln Chapter 5, and by

Carter (1985) and I. Dodd (personal conmunicatlon), have suggested that the
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early lytlc functl-ons are not essential to 186. However, although these

functlons are not essentlal to 186 durlng l-nfectlon of a non-lysogenr one

or more of them nay be essentfal durlng lnfection ln the presence of hlgh

levels of the cI lepressor. In thts regard iÈ is pertinent to note that

the early lytic functlon Cpl acts to decrease the expression of the gI gene

by blocking transcrLption fron pL (I. Dodd, personal comnunicatlon; ChapËer

I.2.2). Htgh levels of cI repressor nay inhibit 186 lytlc development

(..g. cI repressor may bind to 1ow afftntty operator sltes posLtl.oned at

pronoters for essential genes ln the late region of 186). Should thls

occur, the requl-renent of Cpl would simply be to decrease the expresslon of

cI, and thereby alLow 186 late gene expresslon.

Alternatlve explanatlons for the cl-sensltivl-ty of 186 de12 lnfection

are possible. For exa.mp1e, although mutatl-ons ln lndfvidual early lytic

genes are not lethal- to 186 (Chapter 5), preventl-ng the expressLon of al-l

four early 1-ytic genes may be lethal to the phage. Al-ternatlvely, the pDup

promoter may not be stroßg enough l-n vLvo to al1ow sufficlent expression of

the 186 nlddl-e genes, and some transcrLption fron the pR promoter may be

necessary to a1low a productLve lytlc infectl-on. An extensLon from this ls

thaÈ transcriptl-on fron pDup may ternlnate at a htgh efficiency at the tRl

ternl-nator, whJ-ch ls located 15 b tlownsÈream fron pDup and results in

effectlve termLnatLon Ln vl-tro (Chapter 9.2"4; Figure 9.9). Transcrlptlon

inirtation fron pR would aLlow the reglon 5' to tRl (the CPBl/dhr fusion-

gene) to be translated, and thl-s nay be required (perhaps the presence of

rLbosomes at the 3r-end of the CP8l/dhr fusLon-gene may prevent the

formatl-on of the tRl termfnator structure) to allow effl-cl-ent transcrlptlon

to read past tRl lnto the nlddle regLon. Thus, a productLve Lnfectlon by

186 de12 nay requlre some transcrf.ptlon fron PR, in addl-tion to

transcrlptl-on from pDup.

Further studies are necessary to deternLne the reason for the cI-

sensLtLvLty of 186 de12. To deternlne whether Cpl or another earl-y lytlc
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functlon is essentlal- for the lyttc developnent of 186 de12, 186 early

lytlc genes can be supplled In trans fron a plasnld-elone and tested for

thelr abtltty to al1ow 186 de12 to grow In the Presence of high levels of

the cI repressor. Thls experLment shoul-d also reveal whether the

preventlon of the expressl-on of all early lyttc genes Ls the reason for the

cl-sensitlvlty of 186 de12. In vlvo transcrlptional studies are necessary

to lnvestl-gate the posstbiltty that pDup may be a poor Promoter ln vivo or

that transcriptlon fron pDup ternlnates at tRl at a hlgh efflclency

in vlvo.

r0.4. I ( e) Concludlng Connent on the Control of f86 Midtlle Gene

TranscrL on.

The results dLscussed above, suggest that there ls possibly no

specl-fl-c rntddle control functlon encoded by 186, and that nlddl-e

transcrlptLon results sinply fron the inefficLency of the terminatlon

sLgnals ln the early lytic regLon. Further lndicatÍon that an

antltermlnatlon mechanisn of the À-type does not exlst ln 186 comes fron

the observatlon that 186 can form plaques on Nus mutants (.f.S. Egan,

personal conmunlcatton), which are defectlve l-n ). gpN-nedlated

antfternLnation (Chapter |.4.2). However, the dranatf-c decrease in

transcrlptlon, which occurs when Èranslation ls lnhtbtted by

chloranphenlcol, suggests thaÈ the coupllng of transcrlptLon rrith

translatlon l-s very lmportant Ln the transcrlptlon of the ntcldle genes.

Support for thls couplJ-ng of transcrlptl-on and translatLon comes fron a

phenonenon known as the StreP Effect.

Under certaln condLtlons 186 ls unable to Lnfect strains carryl.ng the

streptomycln-reslstant str594 al-lele (N. Cough, unpubllshetl data). This ls

known as the Strep Effect. The block ln 186 infectlon ln the Str594 straLn

occurs at the level of transcriptl-on and l-t has been shown that rtghtwaril

transcrlptlon fron the early lyttc promoter (¿n) of 186 Ls severely
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depressed (N. Gough, unpubl-ished data). StreptomycLn-resistant rLbosomes

are known to have sl-ow translatLon rates (Zengel et al., 1977; Galas and

Bransconb, L976), therefore Lt ts posslble that durl-ng the Strep Effect,

transcrlptLon and translatLon of the early Lyttc genes ls uncoupled and

thls leads to prenature transcription termination.

Thts apparent requi.renenÈ for the coupling of transcrLpÈlon and

translation may slmply be due to transcrlptional polarlty. However, it may

reflect the l-nvolvenenÈ Ln 186 early lyttc and nLddl-e tlanscrLptf.on' of an

attenuatLon-type mechanlsm of control (Yanofsky, 19BI; Kolter and Yanofsky,

l9B2; Bauer et aL., 1983). Thus, unless translatlon occurs past specific

sltes Ln the early lyttc region, transcripÈlon may nostly terninate at

ternLnators located pronoter-dl-stal- to this regl-on. This nechanLsn rnay

differ from the classic type of aÈtenuation of blosynthetic operons, in

that the regJ-on requlred to be translated may encode a gene (".g. CP75'

CP76, CP77 or CPTB).

PotentLal termlnator structures encoded f.n the PstI-Bg1-IL Q7 .4%-

79.67") region are described in Chapter 3.2.2(e) (tr'lgure 3.4, 3.2). To

conplete the analysis of the early lytlc reglon for possible terminator

strucÈures, whlch may act to terminate transcription should translatLoa be

inhibited, the gR-P"g (74.7i¿-77.4%) rcgLoû was analysed uslng the conputer

program COMSTR and by dot natrix analysis (Ctrapter 2.38). The nost stable

of the potentLal ternl-nator structures encoded l-n thls regíon are showrr l-n

Figure 10.7. The actl-vtty of these structures 1n transcrlpÈlon termLnatLon

when protel-n synthesLs is lnhibtted, J.s a subJect for further studLes.

f0.4.2 The Control of RA Gene ExpressLon.

The expressLon of the essentLal repllcatlon gene RA was not consl-dered

in detaLl- ln thls study. Nevertheless, from the results obtalned ln

Chapter 6.2.5, sone comment can be mad.e concernlng the expresslon of R.4,.



Flgure 10.7 PotentLal terminator structures ln the reglon from pR to PstI

(2747-3ss6).

This Flgure shows the most stable termlnator structures ln the reglon

2747-3556. t50 bp to the rtght of the PstI sLte (sequence coordlnate 3556)

was also Lncluded Ln the analysls.] A threshold value of AG = -6.0 was

arbitrarlly chosen. The sten-loop structures $Iere predlcted using the

compurer programme COMSTR and by dot matrlx analysLs (Chapter 2.38). The

free energy (ÂG) vaLues were calculated usLng the rules of Steger et a1.

(f984), and are l-fsted below each structure. The DNA sequence coordlnates

of each structure are Lndlcated'
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The results presented ln Chapter 6.2.5, revealed that nost

transcription ternLnated wl-thl-n the regLon encodLng the tMl terninator at

the begLnnlng of the !4 g"o.. Two weakly hybrldtztng transcrlpts sLzed at

1.8 kb and 2.1 kb were detected pronotertLstal to tMl. The 5'-end of the

1.8 kb transcri.pt was mapped to the reglon 6420-6532, whereas the 5r-end of

the 2.1 kb transcrlpt was located Ln the region 5605-6419 (Chapter 6.2,5).

As dl-scussed ln Chapter 6,3, it is likely thaË these transcri.pts encode the

RA gene; however, they do not encode the conplete LA gene (which beglns at

posltion 5429; Figure 6.1, 8.1c).

The study of SLvaprasad (1984) showed that the translation of the RA

gene, whlch has no recognisable ribosone-bLndlng sLte, is dependent upon

the prlor translatlon of the LA gene. Since the 2.1 kb and I.8 kb

transcrLpts do not lnclude the Sr-end of the LA gene (and thus, the LA gene

Ls not expected to be translated), lt 1s unlikely that the RA gene encoded

by these transcrlpts is expressed. The question then arises as to horr the

RA gene fs expressed. This ls a subJect for future studfes.

10.4.3 Future StudLes.

Future studies on 186 earLy lyttc and mlddle gene transcrLption w111

be dlrected towards understandiog the Strep Effect and the expression of

the RA gene. In vivo transcrl-ptlon studies can be used to LnvestLgate the

transcrlptlon patÈern obtal-ned. during the Strep Effect, Ln order to

determlne whether most transcription termLnates at a specf.fLc regl-on.

Northern analysLs uslng RNA probes of greater sensltlvity, whlch can be

obtaLned by uslng elther the SP6 or T7 polymerase systen (Mel-ton et a1.,

L9843 Tabor and Rlchardson, f9B5), can be used to detect and nap the

presurnptive low abundance transcrlpts that express the RA gene.
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