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SUIU},IARY

The in uitv,o transcription pattern of a prophage can

be considered the equivalent of the in uiuo transcription

pattern immediately after infectj-on before phage protein

synthesis. That is, the in uitro pattern should be

indicative of the early transcripts. This thesis describes

the establishment of an ín uity,o transcription system for 186

and the characterisation of the transcripts.

186 DNA was transcribed with E. coLi RNA polymerase and

four major transcripts were observed on polyacrylamíde gels:

Band 1 1540 ]oases

Band 2 -* 1450 bases

Band3 - 590bases

Band 4 "- 290 bases

The direction of transcription was determined and pre-

liminary mapping of these transcripts was accomplished by

hybridizinq each transcript to restriction digests of 186

DNA Southern blotted on to nitrocellulose. Then plasmid

clones containing appropriate 186 restriction fragments were

transcribed in uítro which identified promoter containing

fragments and supported the hybridization data. Run-off

transcripts were analysed, whích achieved a more precise

knowledge of the location of the 5'-ends of the trahscripts.

Vühen the DNA sequence became available the 5'-ends of the

transcripts were precisely mapped and their accompanying

control features identified on the DNA sequence.

Bands 1 and 3 share a promoter, P95, which has been

mapped to the far right hand end of the 186 chromosome
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at g5Z. Their function is speculative and is discussed in

the context of features found in the DNA near the promoter'

The Sr-end of Band 2 was sequenced and found to

represent transcription from a promoter, PR, which maps

within the first of three computer predicted operators

which are presumably involved in the lysis/Iysogeny decision

by binding repressor.

Band 4 was identified as the B gene transcript. The B

gene product is required for late gene expression' A

transcript, the same size as the B gene transcriptn \^Ias

id.entified among the P2 ín urLtyo transcripts and proved

to be L]rle ogr gene transcript, the functional equivalent

of the 186 B gene.

The in uitTo transcription pattern, represented the

early transcripts of 186 " The transcripts are discussed

in relation to the DNA sequence and the biology of the

regions from which they oriqinate.
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GENERAL INTRODUCTION
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l. Phaqe 186

phage 186 is a temperate bacteriophaqe of E. eoLi \'üith

a double-stranded, non-permuted DNA molecule of molecular

weight Lg.7 x 106 daltons (Wang, L967). The DNA possesses

complementary cohesive ends, nineteen nucleotides long.

A Ij:near genetic map of 186 has been constructed on

the basis of two- and three-factor crosses (Figure I.I)

(Hocking and Egan , I982a) . Twenty-t\^/o genes essential for

lytic arowth have been identified, as well as a number of

non-essential genes, such as cI and cII which are involved

in the establishment and maintenance of lysogeny, and int

which is required for lysogenisation of the host. 186 also

has a function, defined by a gene dhr', which depresses host

DNA synthesís upon infection (H. Richardson, pers. commun.).

Genes with related functions are clustered on the 186

map. To the left of iuhe atú site is the late control gene'

B. The left most end of the chromosome contains seven

genes involved in head morphogenesis, which are separated

from a group of eleven genes involved in formation of the

phage tail, by genes O and P. Gene P is the lysis gene

and the function of O is not clear. Sixteen of these genes

are organized into four transcription units based on the polar

effects of various amber mutants: groups D to G, H to J' K

to M and Q to V. The remaining six essential genes, A, B, N,

O, P and W do not belong to polarity groups (Hocking and

Egan, 19B2b) .

Replication of 186 DNA requires the cis-acting product

of the A gene (Hocking and Egan, 1982c) . A.V. Sivaprasad in

our laboratory, has shown by sequence analysis that the A



FTGURE I. I

GENETIC MÃPS OF 186 AND P2

The relative location of the known genes of 186 and

P2 are shown in'the figure. The gene functions are listed

below the map.
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gene region codes for two proteins designated LA (left) and

RA (right), both defined by amber mutations thought previously

to belong to separate alleles of the A gene. Preliminary

studies reveal that RA is needed directly for replication

whilst LA is required for the efficient translation of R-4,'

i.e., has an indirect rofe in replication.

A cII g'ene has been defined by an amber mutation which

is complemented by mutants in the cI repressor gene. The

map location of cfI is not known, although it has been

shown to lie to the righL of att (Hocking and Egan, I982c) .

2. Comparison of P2 and 186

P2 is perhaps the best studied of the non-inducibl-e

phage. P2 and 186 show many similarities both in their

molecular biology and the morphology of the phage particles.

P2 and 186 have cohesive ends which differ in only two

of nineteen residues (Padmanabhan and Wu, I972i Murray and

Murray, L973) . Electron microscope heteroduplex studies

have shown that the two phages share homologous sequences,

particularly in that part of the genome coding for phage

structural components (Skalka and Hanson, I972; Younghusband

and Inman, 1974) . The control sequences located on the right

third of the genome show no homology under the electron

microscope. For comparison of gene function and map

location, the genetic maps of 186 and P2 are presented in

Figure 1.1.

Replication of P2 DNA requires the products of the

early genes A and B (Lindahl, I97L) . The A gene of 186

and the A gene of P2 are likely to be site-specific endo-

nucleases which cause a single-strand nick at the origin
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of replication (Chattoraj and Inman, I973¡ Geisselsoder, I976) .

The B gene of P2 is involved in lagging strand synthesis

(FunneII and Inman, L9B3) . There is no evidence in 186

for a gene with analog'ous f unction to that of the P2 B gene.

There is no evidence in P2 for a eÍ.I gene' nor is there

a counterpart Lo dhz. as P2 does not interfere with host DNA

synthesis (Hooper et aL., 1981).

À is unable to plate on a P2 lysogen and this inter-

ference is abolished by a mutation in the P2 oLd gene

(Lindahl et aL. , 1970) . 186 does not have a qene equivalent

to P2 oLd as À forms plaques on 186 lysogens.

The most striking difference between P2 and 186 is

inducibility of the prophage. 186 shares the induction

properties of À, i.e., UV irradiation, mitomycin C and

nal-idixic acid all cause induction of the 186 prophage

(Woods and Egan, L974) . P2 ís non-inducible and non-excisable

(C" Bertani, 1968) under these conditions.

The non-inducibility of P2 has been attributed to two

factors; firstly, P2 repressor is not inactivated by UV

irradiation (C. Bertani, 1968) and second' even when

repressJ-on is lifted by subjecting a prophage with a temp-

erature sensitj-ve repressor to non-permissive temperatures'

the prophage fails to excise (L.s. Bertani, L968) .

To explain the non-excisability of P2, the "spIit-

operon" model was proposed by L.E. Bertani (1970). This

model relied on P2 int transcription being from left to

right relative to the genetic mâp, such that upon integration

into the host chromosome, Lhe int gene is physically separated

from it's promoter which is siLuated on the opposite side of

¡
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Ltre atú site, hence no int protein can be m€fde by the pro-

phage (see Figure L.2) . However, L jungquist (pers . conìmun. )

sequenced an inú amber mutant showing LhaL í'nt transcription
is from right to left which is not compatabl-e with the

split-operon theory.

Our laboratory is ultimately interested in the further

description of prophage induction and excision. A comparison

of 186 with it's non-inducible relative P2 should provide an

insight into the reason for this difference in excisability.

It should afso provide a greater understanding of the control

of phage integration and excision, a process that has an

analogy in eukaryotic cells with the integration and/or

excision of RNA tumor viruses.

3. Interaction of phage P4 with P2 and 186

Satellite phage P4 has a linear' non-permuted, double-

stranded DNA molecule (6.8 x 106 daltons), which terminates

in single-stranded complementary ends 19 nucleotides long.

These complementary ends are identical to those of P2.

Phage P4 is able to replícate it's own DNA and lysogenise

a host E. coLi bacterium in the absence of a helper phage,

(Lindquist and Six, L97L) ¡ or it may maintain itself as a

plasmid (Shore et dL., I97B; Goldstein ¿t aL., 1982).

For lytic development, P4 requires all the known head,

tail and lysis genes of a helper phage such as P2 (Six'

1975). P4 can utilise the genes of a co-infecting helper

phage or can stimulate expression of late genes from a pro-

phage helper (Six and K1ug, L973) . P4 is able to derepress

a helper P2 prophage (Six and Lindquist, 1978) and thereby

utilise late qenes. This derepression results in ín situ

¡
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FIGURE L.2

THE SPLIT-OPERON MODEL

A. The arrangement of the int operon in the vegetative

phage is shown. pí represents the promoter for the int
gene" The model relies on L}:e att site being located

between pi and int and also rightward transcription of

ínt indicated by the arrow.

B. The arrangement of L};re inú operon upon integration
into the host chromosome is shown. The left (t' att) and

right (p. att) arms of Lh.e att site are shown. Thre int

gene is separated from its promoter.
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unidirectional replication of the integrated helper without

excision (Geisselsoder et aL. , 1981) . A P4 mutant exists

which is defective in derepression and can not gro\^/ on a P2

lysogen; therefore it is likely that P4 requires a repressed

P2 function (Geisselsod'er et aL-, 19Bt) .

During lytic co-infection by P4 and P2, P4 interferes

with morphogenesis of P2 by directing the assembly of sma1l

capsids capable of packaging P4 but unable to package the

larger genome of the P2 helper phage (oiana et aL., L97B;

Geisselsoder et qL., L97B; Shore et aL., L97B) '

As well as causing expression of P2 late genes under

theír normal mode of control, P4 activates expression of

P2 late genes by "t\a.nsQ,etiuatíon" (Souza et aL', L9771 ,

which is defined by the ability of P4 to turn on P2 late

gene expression in the absence of two early P2 genes, A

and B. These genes are normally needed for P2 late gene

transcription and f.or P2 DNA replication (Six, I975¡ Harris

and calendar, I}TB) . The transactiuation gene of P4 is

called 6.

Like P2, 186 can act as a helper phage during a P4/LB6

mixed infection. P4 is able to tv'ansactiuate 186 late gene

expression in the absence of 186 A and B genes.

Derepression of a 186 prophage (e.9., by temperature

induction) is a prerequisite for a P4 lytic infectíon

(sauer et aL., I9B2). It seems that P4 requires a 186

function which is under the negative control of the cI

repressor protein, but in contrast to P2' P4 cannot derepress

a 186 prophage.
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4. Comparison between 186-8 gene, P2-oqr gene and P4-ô

qene.

The 186 B, P2 ogv, and P4 ô genes are functionally

similar; they all turn on l-ate gene expression. Th,e ogr

gene of P2 is also sj-milar to the 186 B gene in it's

relative position on the genetic map (rigure I.I). Hocking

and Egan (1982d) have shown that L86/P2 hybrid phages which

lack the P2 ogr gene rely on the 186 B gene for expression

of P2 morphogenic genes. Thus the 186 B gene is able to

replace the requirement for ogt, to turn on P2 late gene

expression.

Both 186 B- and P2 ogv, phages can support a P4 5+

infection, implying that P4 ô gene substítues for B and

ogr in late turn on (Sauer et aL. , Lg82) . However , P4 ô-

mutants are unable to tv,ansaetiuate 186 A- and P2 A- phage.

Sauer et aL. (1982) explain this phenomenon by considering

the fol-l-owing observations. By complementation Sauer et aL .

(L982) concluded that the P2 ogr gene can only be expressed

when the A gene is functional. Finnegran and Egan (198I)

concluded that 186 B qene transcription is dependent upon

A gene function. Thus in 186 A- and P2 A mutants, B and

ogr genes are not expressed¡ hence, there can be no late

gene expression.

5. Transcription Controls

À and the P2/Ig6 family are the best studied of the

temperate coliphages. À is the paradigm for phage trans-

criptional control. Some aspects of P2 transcriptional

control- have been studied and these differ in some respects
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from the control of À.

À infection results in a sequential expression of phage

genes that is determined by the sequential synthesis of

regulatory proteins. Immediately after injection of ).

DNA into a celln host RNA polymerase binds at three promoters

(pR,, pR, and pL) to produce three transcripts (Figure f.3).

The pR' initiated transcript is extended by the antiterminator

protein Q at ¿R' to enable transcription of late genes

(Grayhack and Roberts , Lg82) . ÀN protein is encoded by the

pL transcript and Cro is encoded by pR.

N protein, a positive regulator, acts as an antiterm-

inator to allow expression of late genes past the terminators

tL, ¿Rl and tF.2 (Friedman et aL., I976a; Adh¡ya et aL., 1974¡

Franklin, :-g74) . In order for N protein to promote anti-

termination of transcription, transcription must pass through

a region containing a N utilization (nut) site (Salstrom and

szybalski, 1978) . A number of host functions, nusA, nl,LsB,

nusC and nusD are required for ÀN activity (GreenblalL et aL',

1980; Friedman and Baron, L974¡ Friedman ¿f aL., I976b; Simon

et aL., 1979; FriedmaÍ1 et aL., I9Bf).

Croo the protein encoded by the pR transcript is a

negative regulator which binds to oR to block premature

synthesis of eI. Cro represses early gene transcription

from pR and pL midway through infection (Takeda, 1979;

Echols et aL., Lg73; Reichardtr lgT5). Xcro- mutants are

unable to grow tytically (Folkmanis et aL., L977). Hence'

depression of early protein synthesis is necessary for success-

ful lytic growth.

Negative control of the genes required for the lytic



FIGURE 1.3

THE TRANSCRIPTTON I{AP OF À

The transcripts essential to lytic development are

depicted above the map whích shows the control qenes and

the sites at which they act.

Ear1y transcripts (1) of À cover the qenes N antd cro

and terminate at the úL and úR1 respectively. The N

protein allows elongation of both leftward and rightward

early transcripts (2) to cover zIII, the recombination

and integration genes to the left of N, and cTT, the

replication genes and Q which are transcribed rightward.

The late gene transcripts (3) are antiterminated by Q at

úRr.

eII and cIII act together to stimulate transcripts
required to establish lysogeny (4) which are depicted below

the map. The major transcript made in the prophage state
(5) covers the cI gene and is maintained by the eI protein

itself.
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cycle is mediated by cI, the phage repressor. The repressor

binding sites oL and oR each contain three adjacent repressor

binding sites (Figure I.4), and although these six sites have

similar nucleotj-de sequences' the affinities of cI for these

sites differs (Maniatis et aL-, L975; Ptashne et aL', 1976) '

The site with the highest affinity for cI is oRl, then oR2

and oR3 (Johnson et aL. , L979) ¡ likewise aL oL, the sequence

of binding is oLL, oL2 and oL3. The relative affinities of

cro at oR are opposite that of cTi oR3 > oR2 = oRl (Johnson

et aL. , 1978) .

oR also controls transcription initiation from another

promoLer prm (the promoter for repressor maintenance).

Because of the different binding affinities of Cro and cI to

the operator sites their effects on transcription from pR and

pTm are quite different (see HerskowiLz and Hagen for review,

also Gussin et aL. , 1983) . These effects have been studied

in uitro by monitoring transcription from pR and pnm after

addition of varying amounts of purified cI (Meyer et aL. ,

L975; Wal-z et aL., 1976) or Cro (Johnson ¿ú qL., 1978; Takada,

L979). The binding of cI to oRI and oR2 activates trans-

cription from pTm whj-l-e repressinq transcription from pR.

prm is repressed when cI is bound to oRI, oR2 and oR3 (Mauer

et aL., 1980). fn uíty,o transcription from pnm (thelow level

seen in the absence of cI) is repressed by low concentrations

of Croo which correspond to occupancy of oR3. At higher

concentrations, Cro represses transcription from pR by

filling oR2 and oR3.

P2 is the best known phage from another major group'

the non-inducible phages. Transcription studies on P2 have



FfGURE T.4

The region of the I
schematically drav.¡n with

repressor-binding sites,

promoters, pRM and pR.

THE STRUCTURE OF À OR REGION

genome between cI and ero

the relative positions of

oRI, oR2 and oR3, and the

l-s

the



ot-U

I



9

been confined to in uiuo studies whereby early transcription

is found to originate exclusively from the right half of the

phage DNA molecule. Later in infection, transcription of

genes situated on the left half of the molecule is progress-

ively induced (Geisselsoder et aL. , I973) . Geissel-soder et

aL. (1973) also found that P2 genes A and B are both necessary

to activate late gene transcription, since mutants in both

fail to produce significant amounts of left half specific

RNA.

The P2 specific immunity repressor' encoded by the C

gene, regulates expression of the P2 early operon. The

early operon, including the gene eosjt is focated to the

right of the repressor gene (Figure f.1).

so far, there is no evidence in P2 for qenes comparable

to the À genes N, elI, aT-IT- or cro.

An investigation of the control mechanisms of l-86 '
which is classed as a member of the P2 family by morphology

and yet shares the induction properties of the l-ambdoid

phages, will contribute to the understanding of the related-

ness of phage and perhaps shed some light on their evolution.

Tf 186 differs from À in it's transcriptional control, then

a contribution will be made to the field of control of gene

expression which is relevant to both prokaryotes and

eukaryotes.

6. Transcrip tion studies

Transcription studies are important in the begínning of

any gene controf study and RNA aSSayS are the most direct

means for studying regulation of gene expression.
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coliphage have three definite stages of lytic develop-

ment:

1) early

2) middle

3) late

The separation of early and middle stages can be inferred

from measurement of RNA synthesis under conditions in

whích protein synthesis is inhibited, or ín uitv'o.

For example, in À, initial- evidence for the role of the

antiterminatorn N, came from direct studies of transcripts

in uiuo and in uity.o. The initial transcripts are delimited

in uity,o if the termination factor rho is added (Roberts,

L97O) or in uiuo in the absence of N protein (Echols, L97I;

Kourilsky et aL. , 197I) . Transcription is extended rather

than reinitiated in tl¡e presence of N or absence of rho

(Portier et aL. , 1972) . Thus N protein acts in uiuo to

prevent termination.

Of immediate interest in our laboratory is the character-

isation of 186 initial early transcription. Essentially, this

is transcription in the absence of any phage protein synthesis.

To accomplish this characterisation two approaches may be

taken;

I) studies in uiuo in the presence of chloramphenicol

2) studies in uitro in the absence of any translation

machinery.

Finnegan and Egan (1981) followed the first approach and

hybridized the RNA made upon induction of a 186 prophage in

chloramphenicol treated E. eoLi to cloned 186 restriction

fragments. The only detectable transcription was a Iow leve1
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hybrídizing to pECI6 and a higher level which hybridized

to pEC35 (Figure 1.5). Since pEC35 was considered to

be diagnostic for B gene transcription, and Finnegan and

Egan had concluded from transcription analysis after

induction of an Aam prophage, that B gene transcription

was dependent upon a functional A gene, the B gene was not

expected to loe active in chloramphenicol treated cells.

Thus, it was presumed that the transcriptional activity

of pEC35 originated from the interval to the right of L2

(74.2% to 77.32). Finnegan and Egan (I9Br) therefore, post-

ulated. the existence of a primary control gene X to map in

the region around 762 on the chromosome, whose protein pro-

duct is necessary for any further phage transcription.

To obtain maximum information from RNA aSSayS' specific

RNA molecules must be studied, and. thus transcriptional units

and their individual regulation may be defj-ned. The follow-

ing are some of the methods used in this thesis to study

RNAr s.

a) Hybridization

DNA/RNA hybridization is a powerful technique for the

analysis of phage-directed RNA transcripts. With the advent

of restriction endonucleases, radiol-abelled RNA can be

hybridized to DNA restriction fragments which have been

separated by ge1 electrophoresis, denatured and transferred

onto nitrocellul-ose (Southern, I975) . Vüith a restriction

map of defined genetic content, a great deal of information

may be gained about the origin of individual RNA species.

b) Transcriptio n of cloned restriction fragments

Once RNA's have been assigned to regions on the chromo-
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A schematic representation of the position and function

of gene X is shown. Gene X is transcribed and its product

acts to extend rightward transcription through the

replication genes.

The position of the A2 deletion ín pEC35 is indicated,

by a box.
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some by hybridization, then these regions may be cloned

into plasmid vectors and used as templates in an in uity,o

transcription reaction. This technique allows the

assignment of promoters as only DNA fragments with
residing promoters will be transcriptionally active.

"Run-off" transcription, whereby cloned fragments are

digested with a restrictíon enzyme having an internal site,
and then used as templates for in uityo transcription, can

determine the direction of transcription, and also from the

size of the run-of f RNA, predict the l-ocation of promoters.

c) s encr-ng

The most definitive approach to RNA analysi-s lies in
the determination of the nucleotide sequence. The more

recent developments in RNA sequencing methods have focused

on the use of in uitz,o t32pl end-Iabetling of RNA (Silberk-

Lang et aL., 1979) . RNA's may be labelled at their S'-term-

ini by the incorporation into an in uity,o transcription
reaction of an initiating triphosphate 1abe1led at the

y position with t32pl. Alternatively , T4 polynucleotide

kj-nase along with l.r-3'nlnrp may be used, following the

removal of any pre-existing 5'-terminal phosphates (Chaconas,

1980). Once the RNA's are labelled, they may be sequenced

by the enzymatic cleavage method of Donis-Ke1ler (Ig77).

Another method of obtaining an RNA sequence is by

extending a labelled DNA primer, which is hybridized to an

internal region of the RNA, with reverse transcriptase in
the presence of dideoxynucleoside triphosphates.

The RNA sequences of amber mutants may be obtained by

transcribing a DNA carrying the mutation. This not only
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allows confirmation of the gene content of an RNA species,

but also the elucidation of the reading frame of the

translation product along with the identification of the

protein initiation and terminatíon signals.

7. Aim of this work

A sound knowledge of the molecular biology of 186 is

a prerequisite for any experiments on the control of it's

gene expression.

A genetic map of 186 was constructed by Hocking (f982a)

and a physical map by Finnegan and Egan (L979) . Finnegan & Egan,

(198I) investigated the temporal appearance of 186 messenger

RNA by hybridizing RNA from 186 infected ce1ls to 186 DNA

restriction fragments. My aim was to provide a detailed

immediate early transcription map of 186 by in uítro trans-

cription studies employing the methods of RNA analysis

just alluded to.
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A. MATERIALS

AI1 bacterial and bacteriophage strains used in this

work are described below.

1. Bacterial strains
The bacterial strains used in this study are described

in Tab1e 2.L.

2. Bacteriophage strains

The bacteriophage used in this study are described

below.

a) Phage 186 strains

IS6cIts: a heat inducible mutant of 186 (Baldwin ¿ú qL.,

.Ll

I

1966)

IS6cTtsBamLT: has

allele 17 (Hocking and

I86cIúsBam57: has

aI1e1e 57 (Hocking and

18641: phage with

phenotypically int' cf-

b) Phage P2 strains

an amber mutation in the B gene,

Egan, I9821r_)

an amber mutation in the B gene,

Egan, I9B2b) .

a deletion from 67.9? to 74.22,

(Dharmarajah, I975)

f
fiì

fl

P2z wild-type from C1055 (P2) (Ceisselsoder et aL.,

1970)

P2uir22ogn52z uír22 has a 5.03 deletion from 72.2? to

77 .2% and a 0.5U insertion, ogr52 is a mutation in t.he ogz,

gene permitting growth on an E. coLi gï,o mutant (e. Sauer,

pers" commun).

c) Other phage strains
Hy5: a P2/LB6 hybrid isolated in this laboratory

(Bradley et aL., 1975)



TABLE 2.L

Collection
number

E. eoLi RI2

8536

8508

857 4

E1017

E10 57

E.402

8210 6

E2LO7

E2L2L

BACTERIAL STRAINS

Strain

vü3350

c6 00

c600

8508 (I86cTt sBamLT )

E50 I (L86cLt sBam57 )

CGSC 5L22 F
(Hy s)

+ th¿ tha uurA

Genotype

Su F gaLX gaLt strR
J.su- F- thr Leu th¿ LaeY

tonA suPE

(I86eTts)

carrying pBR322

his thr Leu Bl dem

N100 reeA gaL Su
carrying piCT

Origin or reference

Campbell (1965)

Appleyard (1954)

This laboratory, from LSícItsp described
by Baldwi,n et aL., (f966)

This laboratory, from L9íeftsp after uv
mutagenesis by ttocl-'inq and Egan (I982b)

This laboratory, after NNG mutage19919-.
of LSicftsp by- Hocking and Esan, (1982b)

Rupp eú aL. (1971)

E536

GM31
(pBR325 )

SRTI

Bolivar et aL'.

Bolivar et aL.

(L977 )

(Le17)

Ra
o

É
and Rogers (I979)

ì.:":: -æal



E2234

E06 05

E.224t

E, coL¿ C

E814

8273

E536

JMlOl

E.699
(186cI

carrying pEC35

L,Lae pno suPE thi F+
traD36 proLB LaeLq 2^¡{15

carrying PEC400

Finnegan and Egan, (1979)

Messing ef, aL, (198Ia)

This laboratorY, H. Richardson
+

cL7g2 F arg his trp suIII strR sunshine eú aL. (197I)

C2L2L eia sá:rR gnolÙ9 Sunshine ¿ú aL. (197I)

c+:¿-- : æ+- 7--'-?;
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M13mp9: cloning vector with unique sites HindTTI-Pstf-

SaLI-BamHI-SmaI-EcoRT^ (Messing, 198tb)

3. Plasmids

186 restriction fragments were cloned into pBR322 or

pBR325 and pKC7, derivatives of pBR322.

pEC35: tB6 PstI fragment from 65.5-77.32 with a del-etion

from 67.9-74.22 cloned into pBR322 (Finnegan and Egan, 1981) .

pEC400: 186 XhoT--BgLll fragment from 67 -5-79-62 with

a deletion from 67"9-74.22 (AI) cloned into pKC7.

pEC200: This thesis, IB6 EcoRT fragment from 92.0-2.32

cloned into pBR325.

These plasmids are represented diagrammatically in Figure

5.6.

4. Chemicals

Unless otherwise stated chemicals were analytical grade.

CsCl: Bethesda Research Laboratories

Urea: Sigma Chemical Co.

pEG6000; for phage preparation, from sigma chemical co.

PEG6OO0: for sequencingr, from BDH Chemicals Aust. Pty.

Limited.

Phenol (Analar AR grade) was redistilled and stored

in the dark at -15"C.

Bacto-Tryptone, Bacto-Agar and Yeast Extract were

obtained from Difco Laboratories, U.S.A.

Amine A \^Ias obtained from Humpko Sheffield, U.S.A.

Brij58: Sigma Chemical Co.

Acrylamide: Sigma Chemical Co.

N,N'-Methylene-bis-Acrylamide: Sigma Chemical Co.

Diethyl-pryocarbonate: Sigma Chemical Co-

II
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I

¡
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t
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i

I
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Agarose: Sigma Chemical Co.

L.G.T. agarose: Bethesda Research Laboratories-

IPTG: Sigma Chemical Co.

BCTG: Sigma Chemical Co.

ampicillin: Sigma Chemical Co.

tetracycline: gift from Upjohn Pty. Limited

chloramphenicol: Sigma Chemical Co.

ribonucleoside triphosphates: Sigma Chemical Co.

deoxynucleoside triphosphates: Sigma Chemical Co.

dideoxynucleoside triphosphates: Sigma Chemical Co.

Isotopes.

lo-32p1 -dcrP and lo-32p1 -darP at specific activities of

1OO0 Cirlmmol, and lr-t'nl-ATP at a specific activity of 2000

cilmmol, and [o-32p]-ctp at a specific activity of 1000

Cirlmmol \^rere prepared by Dr. R.H. Symons or more recently

by Biochemical Research Enterprises of South Australia.

6. Enzymes

RNA polymerase: gift from W. Zillig at a concentration

of 37 mg/mL.

Klenow fragment of E. eoLi DNA polymerase \^Ias obtained

from Boehringer

Restrictj-on endonucleases were obtained from New England

Biolabs and used under the recommended conditions of the

manufacturer.

T4 polynucleotide kinase: Boehringer

T4 DNA ligase: Boehringer

calf-intestional alkaline phosphatase: Sigma Chemical-

Co.

I
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Avian myeloblastosis virus reverse transcriptase:

Life Science Inc. , Florida

RNases A, T1 and U2 hlere obtained from the Sigma

Chemical Co.

Phy M RNase and B. cereus RNase rlrtere gifts from J-

Haseloff

Iysozyme: Sigma Chemj-cal Co.

7. Liquid media and buffers

AII media and solutions of chemicals were prepared in

glass-distilled water and v.rere steril-ised by autoclaving

for 25 min at I20oC and 15 p.s.i.

L broth: 13 Bacto-tryptone' 0.5% yeast extract, LZ

NaCl, pH 7.0

LGC broth: L broth supplemented with 0.1% glucose and

0.0024 M CaCl-, (tfre glucose was made separately as a 202

sterile solution, the CaC12 was prepared as a 0.4 M solution

and added to sterile broth).

YT broth: B g/I Bacto-tryptone, 5 g/I yeast extract

5 g/I NaCl- (prepared as a 2 x solution) .

M13 minimal- media: 10.5 g/I KrHPon, 4.5 g/I KH2Po4t

I.0 g/I (NH4) ZSO+, 0.5 grl1 Na, citrate.2H2o, this was

autocl-aved then the following was added from separately

prepared sterj-Ie solutions; 0.8 ml of I M MgSOnr l0 mI of

20% glucose, 0.5 mI IZ thiamine HCl.

Antibiotics were added to Iíquid media at the following

concentrations; ampicillin 50 vg/ml-, tetracycline 20 Ug/ml.

TM: 0.01 M Tris-HCI, PH 7.L, 0.01 M MgSOn

TE: 0.01 M Tris-HCl, pH 8.0, 0.001 M EDTA

TEO.'r 0 .01 M Tris -+ICI' pH B .0 ' 0.I mM EDTA
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TBE: 0.089 M Tris-HCl-, 0.089 M boric acid, 2-7 mM EDTA

prepared as a 10 x sol-utíon and pH to 8 .3.

TAE: 0.04 M Tris-acetate, 0.02 M Na acetate' 1 mM EDTA

prepared as a 10 x sol-ution and pH to 8.2.

8. Solid Media

Soft agar: I? Bacto-tryptone, 0.5% NaCI, 0.7 % Bacto-

agar

YT soft agar: YT broth + 0.72 Bacto-agar

Z plates: 1? Amine A, 0.5% NaCl, I.2? Bacto-agar

YGC plates; 1% Amine A, 0.53 yeast extract, LZ NaC1,

1.5U Bacto-agar then add 5 m1 202 glucose and 6 m1 0.4 M

CaCL, to one litre.

¡[]-3 cloning plates: add 1.5? Bacto-agar to M13 minimal

media

Antibiotic plates: antiobiotics \^rere added to YGC plates

at the following concentrations; ampicillin 50 Vg/mI,

tetracycline 20 ug/mL, chloramphenicol 30 ug/mL.

Pl-ates \^rere prepared from 30 mI of the relevant

mixture, dried with lids on at 37oC overnight and stored

at 4oC until required.

9. Miscellaneous

Nitrocellulose: Schleicher and Schuell (po::e size 0.45 U)

BSA; Sigma Chemical- Co. To remove nucleases the BSA

\^Ias acetylated according to the method of Gonzalez et aL.

(re77).

I-RNA: Sigma Chemical Co. A soluiton was prepared

and phenol extracted three times before use.

Ml3 specific 17-mer primer (GTA4CGACG2C2AGT) was obtained
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Fuji Rx medical X-raY film:

Positive/Negative Land Pack

Ethanolr redistilled under

stored -20oC.
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Photo Film Co. Ltd.

Polaroid

free conditions and.

Fuj i

FiIm:

RNase

B. METHODS

1. Sto e of bacteria and bacterioPhage

Long term storage of bacterial cultures was in 402

glycerol frozen at -B0oC. Bacterial stocks stored for

limited periods \^/ere maintained at 4"C on either Z or YGC

plates r ot in the case of JM101, on MI3 minimal media plates.

Low titre P2 phage stocks \¡lere maintained in LGC broth

at 4"C after milliporing. High titre phage stocks were

prepared by cscl density centrifugation and the cscl was

removed by dialysis against 3 x I litre changes of TM and

then stored at AoC.

2. Growth of Bacterial Cultures

A stationary phase bacterial culture \^Ias prepared by

inoculating broth with a loopful of bacteria from a plate

stock and incubating overnight in capped flasks at 30"C or

37"C in a New Brunswick gyrotory water bath-

Log phase cul-tures were prepared by diluting a freshly

grown stationary phase culture 50 fold into sterile broth,

and incubating at 30oC or 37oC until the required cell density

!úas reached. Cetl density was measured by fol1owin9 OD6OO

using a Gilford 300 T-I Spectrophotometer.

-3. Titration of phase stocks

Phaqe were diluted into TM buffer and a 0. t

was added to O "2 mI log phase indicator bacteria

ml sample

(1og phase
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culture). Three ml of soft agar (melted and maintained at

45"C) was added and the contents of the tube poured over

an agar plate. when the agar had solidified the plates

\^rere inverted and incubated overnight at 37"C. Plaques

were scored the following day.

For assays of IBÇ bacteria hlere grown in L broth and

Z plates \^rere used. Indicator bacteria were grown in LGC

broth and YGC plates \^7ere used for assays of P2 and Hy5.

4. Preparation of Phage stocks

High titre stocks

of obtaining Phage

186 phase

of all phage \^rere prepared with the

al-m DNA.

a)

]}'cfts as well as LS6eItsBamT-7 and Lg6cltsBan5T were

prepared by heat induction of log phage cultures'

stationary phase cultures grown at 30"c were diluted

fitty-tota into 500 mI L broth and incubated at 30"C with

aerationtoanoDuoo=0.B.Cultureswerethentransferred
to a 45"C water bath and shaken by hand for fifteen minutes'

They were then returned to 37oC and shaken until lysis was

complete. 19 g/1 NaCl was added and allowed to dissolve.

The lysates \¡/ere centrifuged (9,000 r.p.m., Aoc, 20 minutes)

to remove bacterial debris and then 100 q/L PEG 6000 was

added to the supernatant. The solution was stored at 4oC

overnight and the precipitate was collected by centrifugation

(9,000 r.p.m., AoC, 20 minutes) and resuspended in a small

volume of TM and then purified by centrifugation in CsCl.

b) P2 phage

High titre stocks of P2 arld P2uir,22ogr52 were prepared

by infection of a large scale cufture with a low titre P2
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stock.
p2 was raised on EBI4 anð. P2uír22ogr,52 was raised on

8273. Low titre P2 stocks were prepared as follows. To

l_5 ml LGC broth 0.6 mI log phase bacteria were added and

the culture grown at 37"C to an ODUOO = 0.8- P2 phage

Ieached from a single plaque into 1 ml LGC broth was

added to the culture and the optical density followed.

At the beginning of lysis 0.1 M EDTA, PH 8.0 was added to a

final- concentration of 6 mM and incubation continued t'ill

Iysis was complete. Bacterial debris was removed by cent-

rifugation and the supernatant millipored and stored at AoC.

For high titre P2 stocks stationary phase bacteria

\^rere diluted a hundred-fold into 500 ml- LGC broth. The

culturewasqro\^lntooDu00=0'2andtheninfected(moi=0'2)
with P2 phage from a low titre stock. fncubation was

continued at 37"C and 0.1 M EDTA, PH 8.0 added to a concent-

ration of 6 mM at the onset of lysis. The phage \^lere

prepared for CsCl purification at the completion of lysis

as in Section 2.8.4(a) except that NaCI was added to the

lysate at 25 g/L instead of 19 g/I.

c) Hy 5 phage

Stocks \^rere prepared by heat induction of a Hy5

lysogen by the method described for 186 in Section 2.yt-4(a)

except that L broth was supplemented with 10 mM MgSOn and

20 vg/mL thymine.

d) Block grad ient centrifuqation

Two solutions of CsCI were prepared in TM of densities

1.6 g/ml and 1.35 q/mL. The block gradient was prepared by

adding 3 mI of CsCl density 1.35 into a 10 mI polycarbonate
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oak ridge tube and underlaying it with l.5 mI of cscl

density I.6. The phage suspension in TM was layered over

the block gradient and the tube centrifuged (45,000 f.P.il.,

8oC, 60 minutes) in a Beckman Ti-50 rotor.

The phage \^/ere recovered by piercing the bottom of

the tube and collecting the opaque phage band. The phage

\¡rere then further purified by reverse block centrífugation.

An equal volume of saturated cscl was added to the phage

suspension and this was underlayed beneath I.5 mI 1.6 density

and 2.5 mL I.35 density. The tube was topped with paraffin

oil and centrifuged (45r 000 f .p.ß., Boc, 90 minutes) in a

Ti-50 rotor.
5 Extraction of bacteriophaqe DNA

An equal volume of TE was added to redistilled phenol,

shaken and the phases allowed to separate. TE saturated

phenol was taken from the lower phase.

A sample of a high titre phage stock (generally 0 -2 or

0.3 mI) was diluted to 5.0 ml in TE and an equal volume of

TE saturated phenol added. The mixture was shaken and the

phases separated by centrifugation in Corex 30 mI glass tubes

at 7 1500 r.p.m. , AoC, 5 minutes. The aqueous phase was

withdrawn and re-extracted twice with an equal volume of TE

saturated phenol. The phenol layer was washed with an equal

volume of TE. The aqueous phases were pooled and 3 x ether

washed. 4 M NaCl was added to the aqueous phase to a final

concentration of 0.2 M along with 2.5 volumes of ethanol.

The DNA was allowed to precipitate at - 20"C overnight before

being pelleted by centrifugation (10' 000 r.P-fr. , AoC, 15

minutes) in a Beckman JA-20 rotor. The DNA pellet was dried
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6. Plasmid DNA Preparation

Two techniques were employed depending on the subsequent

use of the DNA. For transcripLíon in uitz'o, plasmid DNA was

prepared by a gentle lysis procedure. For analysis of

plasmids by restriction endonuclease digestion, the alkaLíne/

SDS procedure of Birmboim and DoIy (L979) was used. These

techniques are descril:ed bel-ow.

a) Gentle 1 sis procedure

10 mI plasmid containing cells \^Iere grown in L broth

+ antibiotic at 37"C overnight. This was subcultured into

800 mI of L broth and grown with aerationto an ODUOO = 1.0.

The cells \^rere amplified by adding chloramphenicol 160 mg/800

mI (for pBR325, amplification was omitted) and continuing

incubation at 37"C overnight. The cells \^rere collected by

centrifugation and resuspended in 7.5 ml 252 sucrose' 50 mM

Tris, pH 8.0. 2.0 mI of a l0 mg/ml freshly prepared lyso-

zyme solution was added and the tube left on ice 5 mínutes.

Then 3 ml 0.25 M EDTA, PH 8.0, \^7as added, mixed gently and

kept on ice for 5 minutes. I2.0 ml of detergent solution

(12 Brij 58, O.4z Na deoxycholate, 50 mM Tris, 25 mM EDTA)

\^ras added and the solution kept on ice a further I0 minutes.

The solution was then centrifuged (18'000 r.P.ñ., 4oC, 30

minutes) and 0.95 g CsCl and 20 pI of a 10 mg,/ml solution of

ethidium bromide added per ml of the supernatant. This
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mixture was centrifuged (45,000 rp.m., 20oc, 36 hours) in

a Tl-50 rotor" The plasmid band was recovered by piercing

the bottom of the polycarbonate tube and recentrifuged

after adding 6 m1 of a 0.95 g/mL solution of cscl (45'000

r.p.rn., 20"C, 24 hours) .

The ethidium bromide was removed by at least three

extractj-ons with propan-2'oL. The DNA was ethanol precip-

itated, washed with 70? ethanol, dried in Dd,cuo and. resus-

pended in TE.

b) Alkaline,/SDS procedure

I ml of a stationary phase plasmid containing culture

vlas centrifuged in an eppendorf centrifuge for 2 minutes

and. the cells resuspended in 100 uI, 25 mM Tris, PH 8.0, 10

mM EDTA, 15? sucrose, to which 5 mg/ml lysozyme had been

freshly added. After 40 minutes on ice, 200 uI 0.2 N NaOH,

13 SDS was added and the mixture left on ice 10 minutes.

150 uI 3 M Na acetate, PH 4.6 was added, the tubes kept

on ice for 40 minutes and then centrifuged for l-0 minutes.

The supernatant was ethanol precipitated, washed with 702

ethanol, dried and redissolved in 39 uI water. I ¡-tI of a

5 mg/ml RNase A solution, which had been heated at Booc

I0 minutes to inactivate DNases, \^tas added and the solution

incubated for 20 minutes at 37"C. Restriction endonuclease

digestion was carried out directly.

7. Pr ration of the rep l-icative form of M13mP9

A 50 mI stationary culture of JMI01 grown in M13 mini-

mal media \^Ias subcultured into 800 mI 2X YT broth and grown

at 37"C to an OD6O0 of 0.8. At the same time a 5 ml culture

of JM1OI was grown to ut OD600 of 0.6 and 200 pl of a single-
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strancl MI3mp9 phage supernatant added (see Section 2.8.17 (a) '

Incubation hlas continued at 37"c for I hour. This 5 mI culture

was then added to the 800 ml culture and grown overnight at

37oc. The gentle lysis procedure (Section 2-8.6 (a) )

including cscl purification was then employed for the

isolation of replicative form MI3mp9.

B, Cloninq of 186 restriction fraqmen ts into plasmids

a) Lisation

Donor and veetor DNA digested rvith the appropriate

restriction endonucleases \^Iere ethanol precipitated and

resuspended in TE. The insertion of specific fragments

into plasmid vectors was optimised by adjusting the concent-

ration of both insert and vector DNA according to the math-

ematical treatment of Dugaiczuk et aL. (f975) . Ligation

\¡ras carried out in 10 mM. MgCL2, 10 mM DTT' 1mM ATP with 0.2

units of T4 DNA ligase. The reaction mix was incubated at

I4oC for 16 hours.

b) Transformation

Stationary phase 8536 bacteria \^lere d.iluted ínto L broth

to a starting OD600 = 0.0I, and qrown at 37"C with shaking to

an ODUOO = 0.3. The culture $ras chilled on ice for l-0 minutes

and then the cel-ls were washed once in one half volume of cold

0.1 M CaCL, and left on ice for 20 minutes. The cel1s \^lere

f inally resuspended in one-tenth original volume of col-d 0.1 14

CaCI2 and left on ice for at least two hours. Aliquots of

ligation mix were added to 0.1 m1 competent celIs. This

mixture was chilted for I0 minutes then placed at 37"C for 5

minutes before 2 mI L broth was added. The cells vlere shaken

at 37oc for 2 hours and then 0.1 mI aliquots plated onto

YGC + antibiotic plates.
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plates \^rere incubated at 37"C overnight and then

recombinants \^Iere selected by screening f'ot sensitivity

to the second antibiotic (i.e., the determinant destroyed

by insertion of the donor fragment) '

9. Transfer of DNA from a ge I to nitrocellulose

urea/sucrose Ioading buffer (+ M urea' 50% sucrose'

50 mM EDTA, 0.1Í3 bromophenol blue) \^¡as added to restriction

endonuclease digests of phage DNA and the fragments separated

on I? agarose gels containing TAE buffer. The method used

for transferring the DNA from the agarose gel to nitro-

cellulose was essentially that described by southern (1975)

and modified by VüahI et aL- (1979) .

The DNA was first denatured by bathing the gel twice

for 15 minutes in 0.25 N HCl. The gel was then rinsed

in water then shaken in 0.5 N NaOH, I M NaCl for a further

two 15 minute periods. It was rinsed once again then

neutralized in 0.5 M Tris, PH 7.4,3 M NaCl twice for 15

minutes. Finally, the ge1 was bathed in I M NH4 acetate,

20 mM NaOH for 30 minutes. The nitrocellulose was wetted

then bathed for 30 minutes in 1 M NH4 acetate, 20 mM NaOH

before being layed over the gel. A wad of paper towels

Ì^rere placed on top of the nitrocellulose and held in place

by a light. weight. The following morning the nitrocellulose

rnras air dried and baked in uaeuo for three hours to immobilize

the DNA.

10. br idization to transferred DNA

The nitrocellulose \^las cut into strips 1 cm wide and

sealed in a plastic bag along with the radioactive probe in

2 x SSC (0.3 l't NaCI, 0.03 M Na, citrate, PH 7 '4) , 0'1% SDS'
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The bags \^Iere immersed in water to prevent drying and

incubated at 60oC for 24 hours.

Upon removal, the nitrocellulose strips \¡Iere

washed extensively as follows; twice for 5 minutes in

2 x SSC at room temperature followed by three 5 minute

washes at room temperature in 2 x SSC, 0.I? SDS' Then

twice for 15 minutes in 0.1 x ssc, 0.I? sDS at 50oc and

finally two 45 minute washes in 0.0I x ssc' 0.13 sDS at

50 0c.

The nitrocellulose strips were air dried then auto-

radiographed.

1r. Extraction of DNA from L.G.T. agarose

Some of the methods to follow involve the manipulation

of isolated restriction fragments. Vühen fragments were to

be isolated the DNA was electrophoresed in low qellíng temp-

erature agarose.

The ge1 was stained with acridine orange (100 ug/ml)

and the DNA bands, visualised by êYe, excised. The gel

slice (of volume I00 pl when melted) was incubated at 65oC

for 5 minutes and 200 pl O.2untpr. (0.2 M NaCl ,/na EDTA'

10 mM Tris, pH 7.4,10 rnM MgClr) was added. The tube was

removed from 65oC and an equal volume of TE saturated phenol

added. The solution was mixed and the phases separated by

centrifugation. The aqueous phase was removed and the phenol

phase washed with a further 100 uI O.2uerlt. The aqueous

phases vrere pooled, ethanol precipítated, washed with 702

ETOH, dried in ua,cuo and resuspended in TEn.t. The DNA thus

prepared was suitable for further digestion by restriction

endonucleases and for cloning.
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L2. Bindinq sinqle-stranded DNA to nitrocellulose

single-stranded 186 DNA was prepared by B. Kalionis

using the method of Szybalski et aL. (1971) and the single-

strands bound to nitrocell-ulose essentially as described

by Kafatos (1980). Nitrocellulose was pre-soaked in

water and placed on top of a wad of dry paper towels and

a moist nitrocellul-ose strip. An equal volume of 2 M ammonium

acetate was added to the DNA and this was then spotted onto

nitrocellulose using a drawn out capillary. The DNA spot

was washed through with drops of I M ammonium acetate, then

the filters \^Iere aír dried and baked fot 2 hours in ua'euo

at B0oC.

Hybridization, washinq of filters and autoradiography

\^ras exactly as described in Section 2. B - I0 .

13. In uítro transcriPtion

The optimal conditions for 186 in uítro transcription

\^rere determined as described in Chapter Three, therefore I

wiII only record the optimal conditions here, âñY variation

is given in the figure legends.

2.5 pg DNA (phage or plasmid) \^¡as added to a reaction

mix containing 25 mM Tris-HCl, PH 8.0, 0.15 M KCI, L-6 mM

Nt2EDTA'r-0mMDTT(Addedfreshly),0'2rnMeachofATP,

CTP, UTP and O.O2 mM GTP in a final reaction volume of 24 UI.

This mix was added to 2 uci of [o-32p] -crp which had been

dried in ua,cuo, then 4.6 ug of RNA polymerase was added.

The reaction was incubated at 37"C 5 minutes to al1ow pre-

binding of RNA polymerase to promoters, then the reaction

rltras ínitiated by the addition of MgCl2 to a final concent-

ration of t0 mM. RNA synthesis was allowed to proceed for
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I0 minutes then the reactions were stopped by the addition

of 2.5 volumes ethanol . 20 Ug IRNA was added as carrier

and the precipitated RNA washed in 702 ethanol, dríed in

Dacuo and resuspended in water. An equal volume of form-

amide loading buffer (95% deionized formamide' 10 mM Na,

EDTA , O.O2>" (w/v) bromophenol blue | 0 .022 (w/v) xylene

cyanol FF) \/\ras added' and the tubes heated at 65oC for 5

minutes and snap cooled on ice before electrophoresis. The

samples were loaded onto either 20 x 40 x 0.025 cm or 16 x

16 x 0.05 cm 53 polyacrylamide gels containing TBE and B M

urea. For el-ectrophoresis of transcription reactions, the

acrylamide:N,N' -methylene-bis-ac¡ylamide ratio was 30:0. B.

After electrophoresis the gel was autoradiographed-

a) Preparative RNA synthesis

For preparative RNA synthesis the transcription

reactions vlere scaled up to 100 UI, the reactions pooled

and loaded onto a preparative track of a polyacrylamide

gel. rf unrabelled RNA was required the [o-32p]'-GTP was

omitted and replaced bY 0.2 mM GTP.

b) tv-32p1-aTP Iabellinq of transcripts

In D¿tro transcription reactions were prepared on a

preparative scale as described above except that the radío-

l-abelled species was lr-t'nl -efp and the other three nucleo-

tide triphosphates \^lere at 0.2 mM. Unlabel-led ATP was

omj-tted but after the addition of MgC1, followed by l-0

minutes at 37"C, the reaction was "chased" by the addition

of 0.2 mM ATP and incubation continued for a further t0

minutes.
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14. Extraction of DNA/RNA from polyacrylamíde gels

Whenever nucleic acids v/ere to be excised, gels of

0.05 cm thickness \^/ere run. After autoradiography at

room temperature for 20-90 minutes, the resultant auto-

radiograph was used as a template to locate and excise the
32p-1abel1ed fragments. Excised bands \^Iere eluted by soaking

overnight (at room temperature for RNA or at 37"C for DNA)

in 500 pI of 0.5 M ammonium acetate, l mM Na, EDTA, 0.IZ

sDS, which contained 60 ug E, coLi IRNA as carrier if the

RNA band.s were to be sequenced using the partial enzymatic

cleavage technique. After soaking, the elution buffer was

removed and the fragments precipitated by the addition of I

ml of ethanol. After centrifugation at 10'000 q for l-0

minutes at 4oC, the petleted fragments were washed with

7OZ ethanol, dried in ua.euo and resuspended in water.

15. 5'-32p*labellins of RNA

a) Removaf of 5'-pho sphates

RNA fragments were suspended in 50 pl water and 6 uI I M

Tris, pH 9.0 added along with 2 vI 5z sDS and 0.3 units calf

intestinal alkatine phosphatase. The reaction was incubated

at 37oC for 30 minutes, heated at 65oC for 10 minutes and

then extracted with 50 UI TE saturated phenol. The aqueous

phase was removed and sodium acetate added to 0.3 M. The

RNA was then precipitated with 150 UI ethanol, washed with

7 0Z ethanol, dried in ua,cuo.

This method was also employed to remove the 5'-phosphates

from pBR325 prior to cloning.

b) Kinasiqg_gl_BNå

The precipitatedn dried RNA was resuspended in 20 Ut
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water and 5 U1 of 5 x polynucleotide kinase buffer (125 mM

Tris-HCI, pH 9.0, 50 mM MgCIr, 50 mM DTT) added. This mj-x

was transferred to a tube in which t0 uci lr-t',1 -ATP

had been dried and 5.0 units of polynucleotide kinase

\^ras added. The reaction was incubated at 37"C for 30 minutes

then ammonium acetate added to 0.3 M followed by sodium

acetate to 0.3 M. The RNA was ethanol precipitated, washed

with 70? ethanol, dried and resuspended in 5 u1 water plus

5 ul formamide loading buffer (95å deionized formamide,

10 mM EDTA, O.O2ià xylene cyanol FF, 0.02% bromophenol blue).

The tubes were heated at 65oC for 5 minutes then loaded onto

a 20 x 40 x 0.05 cm 58 polyacrylamide ge1 containing TBE and

I M urea. After electrophoresis and autoradiography the

labelled RNA was excised and eluted from the ge1 slice as

described in Section 2.8.L4.

16. Sequence determination of RNA using the partial

enzymatic cleavage technique

The procedure is essentially that of Donis-Keller et

aL. (Ig77). 5'-32p-1"b"11ed RNA with 60 'rg E. eoL¿ IRNA,

was resuspended in 30 pl water and six aliquots of 5 ul

dispensed. The RNA was dried in uacuo and then resuspended

in the appropriate buffer as follows:

Tube N 6 UI 20 mM Na citrate, PH 5'0

(No enzyme) I mM Na2 EDTA

7 M urea

Tube T 6 ul 20 mM Na citrate, PH 5.0

(RNase T1) 1 mM Na, EDTA

7 M urea
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Tube U 6 Ul 20 mM Na citrate, PH 3'5

(RNase U2) I mM Na2 EDTA

7 M urea

Tube L 5 uI 50 mM Na2co3/NaHCo'

(a1kali ladder) PH 9.0

Tube P 6 Ul 20 mM Na cítrate, PH 5'0

(nNase Phy M) I mM Na, EDTA

7 M urea

Tube B 5 Ul 20 mM Na citrate, PH 5'0

(BacilLus cereus RNase) I mM Na, EDTA

Tubes N, T, U, P, and B vüere heated at Booc fOr l minute,

snap cooled on ice, and the ribonucleases added'

Tube N

Tube T 0.5 uI 10,000 units/ml RNase TI; 5 units

Tube U 2 VL 200 units,/mt RNase U2; 0 .4 units

Tube L

Tube P I UI RNase Phy M extract

Tube B 2.5 UI B. cereus RNase extract

Tube L was heated at I00"C for 90 seconds while the remaining

tubes were incubated at 5OoC for 20 minutes. At completion

of the sequencing reactions formamj-de loading buffer (9SZ

deionized formamide, I0 mM EDTA, 0.022 xylene cyanol FF,

O.O2% bromophenol blue) was added to the samples to a final

volume of 9 Ul. Samples were heated at BO.C for l mi-nute

and snap cooled on ice before being loaded onto a 20 x 40 x

0.05 cm 20? or 6Z polyacrylamide gel (ratio acrylamide to

N-N' -methylene-bis-acrylamide \^¡as 19: I) containing TBE and

8 M urea. The bands hlere visualised by autoradiography at

-80oC, using calcium tungstate intensifying screens.
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17. Seguence determination of RNA using cloned DNA primers

The DNA primers used in this work were fragments

transcribed using recombinant phage M13 single-strand DNA

as a template. The recombinant M13 containing 186 sequences

of the Same polarity as the RNA Sequence \^las transcribed

using an MI3 specific oligonucleotide primer and the Klenow

fragment of E. coLi DNA polymerase I with Io-32p]-¿CTP

essentially as described by BruenLng et aL. (1982). The

partially double-stranded DNA molecules \^Iere subjected to

restriction enzyme digestion, and the labelled fragments

fractionated by polyacrylamide gel electrophoresis. The

primer band was excised and eluted from the gel slice as

described in Section 2-8.L4-

a) RNA-DNA hybridization

RNA-DNA hybrids were prepared as folIows. The purified

primer and the appropriate RNA molecule were resuspended

in 25 pl water and. 25 p1 of 2 x hybridization buffer (0.36 M

NaCl , 20 mM Tris-HCI, pH 7.0, 2 mM EDTA, 0.IZ SDS) \^7as added.

The tube was heated at 10OoC for l% minutes, then incubated

at 60oc for L-2 hours. The RNA-DNA hybrids \¡lere ethanol

precipitated, \^rashed 1vith 7 0Z ethanol and dried in ua'euo.

b) Reverse transcri t-on

The RNA-DNA hybrids were resuspended in 10 p1 of water

and 2 vI d.ispensed into each of four tubes, A' Ct G' T

containing 2 VI of the following triphosphate mixes in 1 x

reverse transcriptase buffer (50 mM Tris-HCl, PH 8.3' 50 mM

KCI, l0 mM MgCI2, 10 mM DTT).

A: 0,02 mM dATP, 0.2 mM dCTP, dGTP' dTTP, 0.01 mM ddATP

C; O.O2 mM dCTP, 0.2 mM, dATP, dGTP, dTTP, 0.002 mM ddCTP
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G: 0.02 mI{ dGTP, 0.2 mM dATP, dCTP' dTTP' 0.002 mM ddGTP

T: 0.02 mM dTTP, 0.2 mM dATP' dCTP, dGTP, 0.01 mM ddTTP.

To this mix 2 units of avian myeloblastosis virus reverse

transcriptase in 50 mM Tris-HCl, pH 8.3' 50 mM KCl, 10 mM

MgC12, 10 mM DTT was added to give a final volume of 5 UI.

The tubes \^rere incubated at 37"C for 30 minutes then 5 UI

formamj-de loading buffer (952 deionized formamide, t0 mM

EDTA, 0.022 xylene cyanol FF, 0.02? bromophenol blue) was

added to each reaction and the tubes heated at 100oC for

3 minutes before electrophoresis on 20 x 40 x 0.025 cm 5%

polyacrylamide gels, (acrylamide to N-N'-methylene-bis-

acrylamide was 19:1'ratio) containing TBE and B M urea.

The gels were fixed. by washing in 202 ethanol, 10? acetic

acid and dried at t20oC before autoradiography.

18. Seguence determination of DNA usins the dideoxynucleotide

l

,{

È

technique

a) Cloning of DNA into M13mp9

To obtain a DNA sequence using the dideoxynucleotide

technique of Sanger et aL. (1977 ) phage DNA \^ras f irstly

recombined into the replicative form of M13mp9.

Preparative amounts of the DNA fragment to be sequenced

\^rere isolated from a Iow gelling temperature agarose gel

(Section 2.B.LI) and mixed in a donor to vector ratio of

10 ng/kb donor to 20 ng mp9 vector digested with the

appropriate restriction enzymes. The ligation reaction was

carried out in a total volume of 10 uI containing 10 mM MgCI2,

1 mM ATP, I0 mM DTT, and 0.2 units of T4 DNA ligase at L4oC

overnight.

Competent JM101 were prepared by inoculating 2 x YT
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broth with a stationary phase JM101 gro\^tn overnight in l't13

minimal media at 3'7"C. Ce1ls \^rere grown to ODUOO of 0.6-0.8

and the culture chilled for l-0 minutes on ice. The cells

were resuspended after centrifugation at 5'000 r.p.m.

at AoC in one fifth the original volume of cold 0. I M

CaCI2 and kept on ice for at least 2 hours.

200 uI competent JMI-01- were transfected with 1-5u1

of the ligation mix and left on ice for 40 minutes. The

cel-Is were heat shocked at 45oC for 2 minutes and added to

a tube containing 3 ml- YT soft agar | 200 pl log phase JMI01,

20 p1 IPTG (24 mg/ml-) and 20 ul BcIc Q0 mg/mL) . This tube

\^ras poured onto a M13 cloning plate, allowed to set and

incubated at 37oC overnight.

Colourless M13 plaques \^/ere toothpicked into 2 mI 2 x YT

broth inoculated with a stationary phase JM10I, and grown

at 37 "C with shaking for 6 hours. The DNA \^ras prepared f rom

the supernatant as follows. The ce1ls urere pelleted and

270 p1 202 PEG, 0.25 M NaCl added to 1 ml of the supernatant.

This was left at room temperature for 15 minutes then

centrifuged 10,000 g for 5 minutes. The resultant pellet

\^ras resuspended in 200 p1 TEn.rand extracted with 100 Ul

TE saturated phenol. The aqueous phase was ethanol pre-

cipitated after adding 6 UI 3 M ammonium acetate, pH 4.6.

The DNA pellet was washed with 952 ethanol, dried in Da.cuo

and resuspended in 18 pl water. DNA thus prepared was

stored at -20oC.

b) Sequence determination

¡

Þ-

In a final volume of 10 Ul, 1 ul of the M13 specific



36.

17-mer was mixed with 6 pI of the recombinant DNA prepared

above and 1 UI of 10 x Tl4. This mixture was incubated at

60oC for 60 minutes, then at room temperature for 10 minutes.

This annealed DNA was added into a tube in which 3.2 pM

') .)

lo-t"Pl-dCTP and 2 pI of 15.75 uM dCTP had been dried,

and then 2 pl of this DNA-tabel dispensed into four tubes

containing the remaining deoxynucleotides and a single

dideoxynucleotide species at the foJ-Iowing final concent-

rations;

A: 2.8 UM dATP , 43.5 pM dGTP' dTTP, 100 UM ddA

C: 30 pM dATP' dGTP' dTTP, 20 PM ddC

G: 43 UM dATP, dTTP, 3.2 PM dGTP, 60 PM ddG

T: 43 UM dATP, dGTP, 3.2 UM dTTP, 160 UM ddT

0.25 units Klenow was added to each tube and the reactions

incubated at 37"c for 15 minutes. After synthesis the

reactions v/ere "chased" with 2 pI of a solution containing

all four deoxynucleotides at 0.25 mM each for 15 minutes at

37oC. 4 Ul of formamide loading buffer (95>" deionized

formamide, 10 mM EDTA, 0.02å bromophenol bl-ue, 0.022 xylene

cyanol FF) \^ras added and the tubes heated at 100"c for 3

minutes before being loaded onto 20 x 40 x 0 -025 cm 5?

polyacrylamide gels (acrylamide to N-N'-methylene-bis-

acrylamide was 19:I) containing TBE and B M urea. After

electrophoresis the gels were fixed in 202 ethanol and 10å

acetic acid before autoradiography at room temperature.
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The work described in this thesis is divided into

three sections. The first section, Chapter 3, describes

the estabtishment of an in uitz.o transcription system for

186 DNA. The second section, Chapters 4 to '7, are concerned

with the characterisation of the transcripts. The final

section describes the characterisation of the P2 ogr gene

transcript with the aim of comparing it to the 186 B gene.

I

t



CHAPTER 3

ESTABLISHMENT OF 186 TN VTTRO TRANSCRIPTION
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A. INTRODUCTION

This chapter comprises section one, it describes the

establ_ishment of a 186 in uít?o transcription system.

A prerequisite for faithful, specific transcription

is RNA polymerase holoenzyme. The sigma subunit confers

specificity on the enzyme by recognising promoter sequences

on the DNA template. Core polymerase is capable of initiating

synthesis at biologically incorrect sites on a template'

for example at single-strand nicks. W. Zi-Il-i-g (Max-Planck-

Institute for Biochemistry, Munich, Germany) sent RNA poly-

merase holoenzyme which was used in all Llne ín uitz'o trans-

cription experiments.

Technical difficulties \^Iere encountered before a

system was established which enabled visualísation of 186

ín uítro transcripts. obtaininq transcription of 186

DNA was not a problem as was indicated by the incorporation

of labelled precursor into nuclei c acid which was retained

by TCA precipítation on GE/A filters. The problems \^Iere

encountered in the treatment of the RNA prior to gel electro-

phoresis and in the choice of gel system.

B. RESULTS AND DISCUSSION

1. Technical Difficulties

Initially, 186 DNA \^Ias transcribed using the conditions

described by Dunn and Studier (L973) for analysis of T7 ín

uity,o transcripts. The reaction mix contained 20 mM Tris-

HCI, pH 7.9, l-0 mM MgCI2, 50 mM KCI, 0.1 mM EDTA, 0.1 mM

DTT, 0.I VS/VI BSA which had been acetylated to remove

nucleases, 0.185 Vq/VI RNA polymerase, 0.1 Vg/uL 186 DNA
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and 0.2 mM each of ATP, CTP, UTP and 0.02 mM GTP plus
? ,)-.-2 uCi lol-'z'-pl-erp. The reaction mixes hrere prepared at ooC

and a 2 VI sample removed and spotted onto a GE/A filter.

The filter was not TCA precipitated and so represented total

counts in the reaction mix. The tubes were transferred to

37oC for 15 minutes and an equal vol-ume of 50 mM EDTA was

added to stop the reaction. A 5 UI aliquot was spotted onto

GE/A filters which hrere immediately plunged into ice-col-d

10% TCA + 22 NaH2PO4 + 22 Na4P2O7. The filters were washed

four times and finally washed in ether/acetone (v:v; 1:1),

then dried and Cherenkov counted" A control reaction was

incl-uded which contained no RNA polymerase. A representative

comparison of TCA precipitable counts obtained with 186 DNA

in the presence and absence of RNA polymerase is presented

in Table 3.I. It was evident from the counts retained above

the control that the system was capable of 186 ín uitv'o

transcription.
For ge1 electrophoresis L!;re in uítro transcription

reactions were ethanol precipitated, the samples d'ried in

uq.cuo and resuspended in sample buffer (I x TBE, 30? glycerol'

Lz SDs, 0. l-% bromophenol blue) . They v/ere then heated for

2 minutes in a boiling water bath according to Dunn and

Studier (I973) prior to electrophoresis on 2z polyacrylamide/

0.5U agarose composite gels containing TBE and 0.I3 SDS as

described by Golomb and Chamberlin (1-97 4) . The gel is shown

in Figure 3.1(a). A smear, with no visible 186 transcripts

resulted.

Later experiments involved electrophoresis of 186

transcription reactions prepared according to Dunn and Studier



TABLE 3.I
186 TCA PRECIPITABLE COUNTS

(Control )

Minus RNA poly-
merase

plus RNA polymerase

Total c.p.m. 269,990 3r0,880

TCA precipitable
c.p.m. 1,050 20,246

The counts are calculated per 10 pI aliquot of |ul:re in uitro

transcription reaction.
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(L973) on 1.5% agarose gels containing 2.2 M formaldehyde

(Lehrach et aL., L977) " RNA samples were heated in 2.2 M

formaldehyde, 503 formamide, 0.018 M Na2HPO4 - 0.002 M

NaH2PO4, for 5 minutes at 60oC. The gel is presented in

Figure 3.f(b). Visible above a background smear are three

ilf defined 186 transcripts. Although RNA breakdown was

still apparent, this combinatj-on of sample preparation and

gel system did permit the visualisatj-on of IB6 transcripts.

A literature survey reveal-ed numerous in uitro trans-

cription reaction mixes, all containing similar components

but the concentrations of these components varied. A

reaction mix was devised and successfully employed for the

in uitz,o transcription of 186 DNA. This method is detailed

in the Materials and Methods section in Chapter 2, except

that transcription was terminated by the addition of 6 Ul of

stop buffer (1 x TBE, 22.5 mM EDTA, 0.1U SDS' I M urea, I%

bromophenol blue, LZ xylene cyanol FF) . The samples were

loaded directly onto a 16 x 16 x 0.2 cm 5Z polyacrylamide

gel containing TBE and B M urea after heating at 65oC for

5 minutes. The result is shown in Figure 3.1(c). Three

discrete transcripts were evident.

Resolution of the transcripts was improved by ethanol

precipitation of the RNA prior to electrophoresis and then

resuspending the transcripts in formamide loading buffer.

Gels of 0.05 or 0.025 cm thickness also improved band

resolut.ion.

This procedure was followed for al1 subsequent in uitv'o

transcription reactions and is recorded in the Materials and



FIGURE 3. I

TECHN] CAL DIFFICULTIES

a) 2Z acylamide/0.52 agarose composite gel

TBE and 0.1% SDS. Samples \^Iere boiled for 2

before electrophoresis.

containing

minutes

b) I.5? agarose containing 2.2 M formaldehyde. The

3 186 transcripts are indicated by arro\^Is.

The transcription reactions \^/ere as described by

Dunn and Studier (1973).

c) 5Z polyacrylamide qel containing TBE and B M urea.

(f6 x 16 x 0.2 cm) . The transcription reaction was as

descrj-bed in the Materials and Methods except stop buffer

was added instead of formamide loading buffer before

electrophoresis .

The three transcripts are designated.
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Methods secûion.

In summary then, before 186 in uitTo transcripts

could be visualised, three technical difficulties were

surmounted. Most importantly, hras theabolition of boiling

the RNA prior to electrophoresis as boiling of samples

resul-ted in breakdown of the RNA manifested by a smear on

the gel. Heating at 65oc for 5 minutes in a denaturant

such as formamide is sufficient for disrupting RNA aggregaÈes

and RNA secondary structures. The choice of gel system was

also an important aspect to considerr âs resolution of the

transcripts on agarose/formaldehyde or acrylamide/SDS gels

(even without boiling the samples) was inferior to that of

polyacrylamide/urea gels. The choice of toading buffer also

contributed to the resolution of the transcripts. Superior

resolution I^taS obtained with formamide aS the denaturant

rather than urea.

2. Optimal conditions for 186 transcription

Conditions had been established for 186 in uitv'o trans-

cription. The following section is concerned with the

optimisation of these conditions.

From a l-iterature survey, the two components influencing

the specificity of transcription initiation were the concen-

tration of RNA polymerase and the ionic strength.

It had Joeen found empirically that dilution of RNA

polymerase into a storage buffer before addition to a

reaction mix caused. a loss of enzyme activity, so the

smallest practicable amount (0.125 UI) of RNA polymerase

\,vas added from the original 37 V7/VL stock to |uhe in uitro



4L.

reaction mix attaining a final enzyme concentration of 0.185

VS/VL, which fortuitously produced discrete 186 transcripts.

The amount of RNA polymerase hras varied to see the effect'

if any¿ oo the 186 in uitv'o transcription pattern to

empirically determine the optimal concentration of RNA

polymerase for 186 transcription. 2.5 pg of 186 DNA \^Ias

transcribed at 100 mM KCI whilst varying the amount of RNA

polymerase from 0.185 US/VI to 1.48 Vg/ttl (the volume varied

from 0.125 U1 to 1 UI) . Figure 3.2 shows the result of such

an expériment. As the RNA polymerase concentration increased

from 0.I85 vg/ul to 1.48 vg/vl the level of transcription

decreased. This is difficult to explain as, above an

optimum RNA polymerase concentration, I would have expected

to see an increase in non-specifíc transcription due to

initiation from minor promoters, which only exhibit

initiation when RNA polymerase is added in excess of that

needed to saturate the stronger early promoters (Stahl and

Chamberlin, L977), and non-specific initiation. This total

decrease in the level of transcription was baffling but was

not pursued further. Future transcription reactions used

0"185 Vg/pI RNA polymerase.

To determine the optimal salt conditions for 186 trans-

cription, 186 DNA was transcribed, keeping other reaction

components constant, but varying the KCI concentration.

Figure 3.3 shows an autoradiogram of 186 transcription

reactions at KCI concentrations ranging from 50 to 200 mM.

As the KCl concentration increased so the background of

non-specific transcription decreased. There is a marked



FIGURE 3.2

VARYING THE .RNA 
POLYMERA.SE CONCENTRATTON

2.5 Ug 186 DNA was transcribed at a KCI concentration

of 100 mM and various RNA polymerase concentrations as

indicated above the autoradiogram. The transcripts were

electrophoresed on a 16 x 16 x 0.05 cm 5å polyacrylamide

gel containing I M urea and TBE.
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FIGURE 3.3

VARYING TIÌE CONCENTRATION OF KC1

2.5 Ug 186 DNA was transcribed with 0.185 Vg/Ul RNA

polymerase whilst varying the concentration of KCI as

indicated above the autoradiogram. The transcripts were

separated on a 16 x 16 x 0.05 cm 5å acrylamidelS M urea

gel containing TBE.
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decrease in the intensity of the four major 186 transcripts

and an increase in the background.transcription 1eve1 at

a KC1 concentration of 50 mM compared with I50 mM. AI1

future transcriptions contained 150 mM KCI.

Figure 3.4 shows 186 ín uit?o transcripts generated

under optimal RNA polymerase and KCI concentrations.

Resolution of the bands is maximized by loading the RNA in

formamide loading buffer onto a 20 x 40 x 0.025 cm sequencing

geI. There are four major transcripts, designated Bands

I, 2, 3 and 4.

3. Sizins of 186 in u ì,tt,o transcripts

The four major 186 in uitTo transcripts were sized on

methyt mercury/agarose gels (Bailey and Davidson, L976) .

Under the complete denaturation conditions of methyl mercury'

it was possible to use DNA as size markers as RNA size markers

\^rere unavailable. The DNA used was a HaeIlT digest of þXL7 4

and a HindIll digest of À. A Plot of mo c r weagt

versus 1og mobility (Lehrach et qL " , L977 ) was prepared

for the DNA size markers and a line of best fit drawn by

eye as shown in Figure 3.5. The sizes of the 186 transcripts

were calculated from this line and as such are only approxi-

mate. The sizes are as follows:

Band t L,540 bases

Band 2 L,450 bases

Band 3 590 bases

Band 4 290 bases.

4. Mo1ar ratio of the transcripts

Once the sizes of the transcriPts

molar ratios could be determined. 186

\^rere known their

DNA was transcribed



FIGURE 3.4

186 -AT. 
'VTTRO TRANSCRTPTS

2,5 pg 186 DNA was transcribed in uitro at a KCI

concentration of 150 mM and 0.185 US,/UI RNA polymerase.

The transcripts r,trere electrophoresed on a 20 x 40 x 0.025

cm 5å polyacrylamide gel containing TBE and I M urea.

The xylene cyanol (xC) r^ras run to the bottom.



rr-ffl$l -i?t8

Band 3 - 590

ì.- Band|'290



FIGURE 3T.5

STANDARD CURVE FOR THE STZE DETERMINATION OF

186 TRANSCRIPTS

186 in uity,o transcripts were electrophoresed along

with a HaeTII digest of 0x174 DNA and a HindItT digest

of À DNA on methyl mercury qels. A plot of

mo ecu af I^7e g versus 1og mobility is shown. The

molecular weight is divided by 2 because DNA was used as

standard size markers. A line of best fit was drawn by

eye and the sizes of the 186 i,n uitt,o transcripts estimated.

The sizes of the DNA markers are indicated in kb.

The sizes of the 0X174 and À markers in base pairs are;

þxI74t, 1f 353 | l-t078t 872, 603; À: 2t322t 2t028, 564.
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under optimal conditions and the transcripts separated

by electrophoresis. The bands \^/ere excised and the gel sl-ices

Cherenkov counted in a Packard scintillation spectro-

meter. From the counts the molar ratios were calcul-ated.

band 432I

.1

,t

Þ"

¡

It

.,

i
I

I

I

igel slice c.p.m.

RNA size (base pairs)

molar ratio

4,398

L ,540

1

1B,089

L,450

4.4

6,364

590

3.8

L2,339

290

L4.9

Band. 4, the smatlest of the transcripts was the most actively

transcribed, being 3.4 times more abundant than Band 2 and

almost 15 times more abundant than Band 1.
fi
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This is the first in a series of Chapters (4 7)

which comprise the second section of this thesis, i.e.,

the characterisation of the four 186 in uitt'o transcripts.

These chapters record the sequence of experiments which

initially permitted the approximate assignment of the

transcripts to regions on the 186 genome, and later prog-

ressively focused on the precise location of the 5'-ends

of the transcripts.

A. INTRODUCTION

To determine the direction of transcription, 186 ín

uítno transcripts were hybridized to separated strands of

186 DNA.

Kalionis and Egan (1981) oriented the strands of 186

DNA. By convention the 186 genetic map is drawn with head

and tail genes to the left and earl-y genes to the right.

Þ-.

¡

I

1l

I
I

I

I

I

J.

$i

Head
genes

Tail
genes

Replication
genes

3¡ ?

5r I

The 1 strand is the template for left message.

B. RESULTS AND DISCUSSION

The 1 and r strands of 186 DNA were bound to nitro-

cellu1ose and probed with Io-32p]-GTP labelled Bands 1, 2

3 and 4 which had been isolated from polyacrylamide,/urea

gels. The hybridization results are shown in Figure 4-1--



FIGURE 4.L

DIRECTTON OF TRANSCRIPTION

2 Vg each of 186 left and right strands were dot-

blotted onto nitrocellulose. 2 100 VL in uitro trans-

cription reactions were electrophoresed on 20 x 40 x 0.05

cm 5Z polyacrylamide gels and Bands L, 2, 3 and 4 excised

and eluted. The transcripts were hybridized to the

nitrocellulose str ips te-& ar,'h "a*oV 4*a-

I

l'
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I
I
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All the transcripts were synthesised from left to right

relative to the 186 genetic map.

transcription

5t 3r

3'

5r ?r
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Chapter 5 is divided into two parts. Part 1 descriþes

the preliminary mapping of Ll;re in ui'tv'o transcripts by

hybridization to 186 restríction fragments. Part 2 describes

the transcriptional anall¡sis of cloned restriction fragments.

Based on the hybridization data, plasmid clones \^rere chosen

which contained the DNA regions to which the transcripts

hybridized, and these were transcribed in uitz,o. In addition'

to confirming the hybridization data, specific regions of 186

DNA could be sLudied in isolation and the fragments containing

promoters identified by virtue of their ability to initiate

in uitro transcription. It was envisaged that this approach

would assign an entire transcript to a restriction fragment

and then by choosing restriction sites within the coding

sequences, "run-off" transcription would position the 5'-ends

of the transcripts.

PART 1. HYBRIDIZATION OF 186 TN VTTRO TRANSCRIPTS TO 186

AND HY5 DNA DIGESTED WTTH RESTRICTION ENDONUCLEASES

A. TNTRODUCTION

186 early in uiuo transcripts originate to the right of

642 (Finnegan and Egan, tgBI) and it was the expectation that

in uitz,o transcripts would also originate from within this

region. The fraqments generated upon a BamHI digestion of

186 DNA would readily indicate the validity of this expect-

ation as most of the 186 early region resides on one fragment

of IL.2 kb (58.4-95.7%) . The early region can be partitioned

into well defined fragments using a PstI digestion which

would be useful for locating the transcripts more precisely.
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However, the late region of 186 possesses numerous PstT

recognition sites which are not separated on agarose gels

from the early fragments and would thus make the assignment

of a transcript to a particular fraqment impossible. To

circumvent this problem, Hy5 , a P2/LBG hybrid, containing

the early genes of 186 and the morphogenic genes of P2, lrras

used since a PsúI digest of Hy5 generates fragments readily

separated by agarose qel electrophoresis.

A physical map of 186 showing the Hy5 crossover point

is presented in Figure 5.1. The positions of BamHL and PsúI

restriction sites are indicated.

B. RESULTS AND DISCUSSIOI$

Digested 186 and Hy5 DNA was separated by agarose ge1

electrophoresis and transferred onto nitrocellulose. The

filters were then probed with [o-32p] -crp l-abelred 186

transcrípts which had been isolated from preparative gels.

1. Location of Band 3

The hybridization pattern of Band 3 to BamHI digested

186 DNA is presented in Figure 5.2. Band 3 hybridized pre-

dominently to the LI.2 kb fragment (58.4-95.7e") and also to
the adjacent 4.2 kb fragment (f86 cohesj-ve endsì 95.7-I0.0?).

Thus Band 3 traversed th,e BamHI site at 95.72. The length

of Band 3 is 590 bases and its direction of transcription is

rightward, so it must originate to the left of 95.7? and is
precluded by its size from traversing the cohesive ends.

Band 3 hybridízed, to the 6.3 kb annealed 186/P2 ends

fragment of a PstT digest of Hy5 (Figure 5.3). This result

confirmed the location of this band to the righthand end of



FIGURE 5.1

PHYSICAL MAP OF 186

This map shows the positions of 186

crossover position of Hy5 in relation to
PstI restriction sites.

The sizes of the fragments generated

above the lines.

genes and

Lh.e BamHT
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are qr-ven
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FIGURE 5.2

HYBRIDIZATION OF BANDS 3 AND 4 TO BamHT

DIGESTED 186

5 Ug 186 DNA was digested with BamHT, the fragments

separated by lå agarose gel electrophoresis and transferred

onto nitrocellulose. Before transfer the geI was stained

with 2 pg/ml ethidium bromide and photographed. 2 100 UI

in uitz,o transcription reactions were loaded onto a

preparative 53 polyacrylamide ge1 containing TBE and B M

urea. The relevant bands Ì,tlere excised, eluted and hybrid-

ized to the nitrocellulose strips. The sizes of the

restriction fragments are given next to the photograph

of the geI. The size of the annealed ends fragment is in

brackets.
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the genome.

2. Location of Band 4

Band 4 was hybridized to a BamHI digest of 186 (pigure

5.2) . This transcript originated within the IL-2 kb frag-

ment (58.4-95.72) encoding the early genes.

The hybridization pattern of Band 4 to PstT digested

Hy5 is shown in Figure 5.3. Band 4 hybridizeð, to the 3.5 kb

fragment spanning 65.5? to 77.3% of the 186 genomer so

reducing the size of the region within which the transcript

originated from IL.2 kb to 3.5 kb.

It was anticipated that Bands 1 and 2 would also

originate from the early regionr So these transcripts were

hybrid.ized to a PstI digest of Hy5 DNA directly, bypassing

the hybridization to BamHI digested 186.

3. Location of Band 1

Band I annealed to the same PstI fragment as Band 3,

i.e., the I.9 kb rightmost fragment (Figure 5.4). Since

Band l- is synthesised in a rightward direction it must

originate within this rightmost fragment with transcription

towards the cohesive ends. It may be encoded entirely on

this fragment or it may traverse the cohesive ends.

4. Location of Band 2

Figure 5.4 shows the hybridization of Band 2 Lo a PstI

digest of Hy5 DNA.

Band 2 hybridized to the adjacent 3.5 kb (65.5-77.32)

and 2.3 kb (77.3-84.62) fragments indicating that this

transcript originated within the 3.5 kb fragment and was

synthesised in a rightward direction across the PsúI site

at 77.3? into the 2.3 kb fragment. Band 2 also hybridized



FIGURE 5.3

HYBRIDIZATION OF BANDS 3 AND 4 TO PstI

DIGESTED HY5

5 pg Hy5 DNA was digested with PstI, the fragments

separated on a 13 agarose qeI and transferred onto nitro-

cellulose. The DNA probed by Band 4 underwent end

denaturation by heating at BO.C for 7 minutes prior to

electrophoresis. The sizes of the end fragments are

underlined and the size of the annealed ends is in

brackets. The DNA probed by Band 3 was not end denatured.

Experimental details are given in the legend to Figure

5.2.



kb

15.5

(6.3)

4.4

3.5

2.3
2.1
1.9

1.0

15.5

Band 4

-

Band 3

2.3
2.1

\



FIGURE 5.4

HYBRIDIZATION OF BANDS I AND 2 IO Pstl

DIGESTED HY5

Experimental details are exactly as described in

the legend to Figure 5.3. Hy5 DNA was not end denatured

before electrophoresis.
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to a Iesser extent to the annealed ends. This observation

is difficult to explain as the regions to which hybridization

occurred are separated by more than 5 kb. There are two

possible explanations for the observed hybridization to the

rightmost Pstf fragment. Band 2 may be composed of two RNA

species of similar síze, which are not resolved on the gel

system used, one originating from the rightmost end, the

other originating in the 3.5 kb PsÚI fragment. Alternatively,

and probably most likely, the hybridization to the rightmost

end results from contamination of Band 2 by the Band I trans-

cript. These RNAs differ in size by less than 100 bases and

remain in the log region of a 5Z polyacrylamide/B M urea 9e1'

hence they are difficult to excise without cross-contamination.

This is supported by the observed hybridization of Band 1 to

the 3.5 kb and the 2.3 kb fragments after a long period of

autoradiography .

A summary of the gross location of the four major

transcripts is presented in Figure 5.5-

PART 2. IN VITRO TRANSCRIPTION OF CLONED IB6 RESTRICTION

FRÄ,GMENTS

A. INTRODUCTION

Bands 2 and 4 hybridLzed to the 3.5 kb PsÚI fragment

(65.5-77 .3e") . Plasmid clones hrere available which contained

sequences from this region, but the entire Sequence \^7as not

represented as these clones \^lere derived from 186 deletion

phage.

Earlier attempts to clone the 3.5 kb fraqment as well as
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FIGURE 5.5

LOCATION BY HYBRTDIZATION OF THE 186 TN VTTRO

TRANSCRIPfS

The 186 ín uitz,o transcripts located by hybridization
are shown below the 186 physical map. The map is drawn

from 603 across the cohesive ends to 10?.

The diagram is drawn to scale and the transcripts
are within the fragment,s to which they hybridized.

The dashed lines represent the 5'- or 3'-extremeties

of the transcripts.
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an attempt d.uring this work to clone L]ne XhoI'BgLIT frag-

ment (67 .6-79 .6eo) into plasmids \^Iere unsuccessful. unstable

plasmids \^rere produced, probably due to the presence of the

int gene on these fragments whose product would mediate

recombination. An apparent enigma exists because the 3.5 kb

PstI fragment can be cloned stably into Ml3mp7 (S. Kalionis,

pers. commun. ) .

LB6L2 isolated by Dharmarajah (1975) has a 1'B kb

deletion from 67"g% to 74.2? and a 0.4 kb insertion in the

PstI-BgLTI- fragment (77 .3-79.62) . 18641 also isolated by

Dharmarajah Q975) has been shown, within the accuracy of

heteroduplex mapping (n. O'Connor ' pers " cornmun. ) and rest-

riction analysis (e. Ka1ionis, pers. commun.) to have the

same deletion as LB6L2 which removed the att site, int and

cT genes.

Finnegan and Egan (198r) cloned the 2.7 kb PstI ftag-

ment from LB6L2 int.o pBR322 (the sizes have been modified since

Finnegan and Egan by sequence analysis). H.R. Richardson

(pers. commun.) cloned L]ne xhol-BgLTT fragment (67.6-79.62)

from 186AI into pKCT n thus both of these clones contained

sequences from the 3.5 kb PstI fragment to which Bands 2 and

4 hybridízed,.

Bands I and 3 hybridized. to the right of the PsúI site

at 87 .52. A plasmid clone containing this region was not

available so I cloned the rightmosL EcoRT fragment from 92.02

which extends across the cohesive ends to 2.32 and named

this clone pEC200.

The 186 fragments cloned into plasmids and used tn in

uítro transcription experiments are sbOwn in Figure 5.6.
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FIGURE 5.6

MAP-SHOWING THE 186 FRAGMENTS CLONED TO GIVE

pEC35, pEC400, pEC200

The position of the I.8 kb deletion has been deter-
mined by sequence analysis (e. Kalionis, pers. commun.)

and is represented by a box. The sites for PstI, EeoRT,

XhoT and BgLtt are shown to the right of 60Z, across the

cohesive ends to 2.32.

The fragments cloned to give the plasmids pEC35,

pEC400 and pEC200 are indicated below the map.
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B. RESULTS AND DISCUSSION

To avoid fusion transcriPts, the plasmids \^lere digested

to release the cloned fragment" This mixture of linearised

plasmid and tB6 restriction fragment was then transcribed

in Ð¿tv,o. The parent plasmid digested with the same

restriction enzymes \^Ias transcribed as a control to discern

plasmid transcripts from phage transcripts.

I. Bands 1 and 3

a) Cloninq of 92.0-2.32 (pEc200)

The cohesive ends of 186 were ligated prior to digestion

with EeoRT. The three EcoF-I fraqrments produced (2.3-I3.3% n

)..7%
3.3 kb¡ 13.3- 92.OZ , 23.6 kb; 92.\-LåZ , 3. r kb) \^Iere "shot-gun"

cl-oned into pBR325, which had been digested with EcoRf and

phosphatased to prevent recircularisation of the plasmid.

The 23.6 kb fragment was too large to be cloned into a

ptasmid. so the only recombinants would contain the 3.3 kb

or the 3.I kb inserts.

Detection of recombinants containing the 3.1 cohesive

end insert could be accomplished by screening for those clones

unable to rescue genes V and W which are encoded on the

3 . 3 kb f ragment. Recombinant cells \^rere grown in L broth

plus ampicillin to stationary phase and used to seed a plate

Iawn. 186 Wambey, and. Vamber, lysogens \^Iere spotted onto the

lawns, and those recombinants which showed no clearing in

the spots further tested for the 3.1 kb cohesíve ends ínsert.

Plasmids vTere prepared by the alkaline/sos method and

the size of the insert determined by digestion with EcoRI.

Figure 5.7(a) shows an EcoRI digestion of three of the

recombinant plasmids. AII three contained a plasmid band of

I

I



FIGURE 5.7

RESTRTCTT'ON ANALYSIS 'OF TITE COHESIVE ENDS INS'ER.T

a) EcoRI di of pEC200

The sizes of the 5.4 kb linearised plasmid and the

released insert are given next to the photograph.

b) EeoRf/BamHI double digestion of pEC200

The 3.I kb cohesive ends insert gave two fragments of

I.2 and 1.9 kb when digested with BamHT. The other 2 bands

are plasmid.

The sizes of t.he \, HóndIII markers are indicated

beside the À track. The separation was in 13 agarose

containing TAE.
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5.4 kb and a small-er insert. The smaller band ran between

the 2.32 and 4.37 kb x Hind,III markers compatible with the

expected size.

The 3. I kb cohesive ends fragment has a diagnostic

BamHI site. The fragment sizes produced upon BamHI digestion

are shown in Figure 5.7(b). These fragments confirmed that

the recombinants contained the cohesive ends insert. The

clone was named pEC200.

b) In uitv,o transcript ion of pEC200

pEC200 and pBR325 were digested with EeoRT. and transcribed

in uitz,o. The transcription pattern is presented in Figure

5 " B . Bands at the positions of 1 and 3 were visibl-e in the

pEC200 track but not in the pBR325 control track, indicating

that these transcripts were of phage origin, and supporting

the assignment of Bands I and 3 to the righthand end of the

genome by hybridizatj-on.

2. Bands 2 and 4

a) rn udtv,o transcription of 18641

186^I DNA was transcribed in uitro to determine the

suitability of plasmids pEC35 and pEC 00 for further char-

acterisation of Bands 2 and. 4. If promoter Sequences for

Bands 2 anð.4 were deleted then these plasmids would prove

unsuitabte. Fj-gure 5.9 shows an in uity,o transcription

pattern of 18641-. All four major transcripts were observed;

the deletion did not alter the transcription pattern.

Tt ís necessary to point out here that although all

four in uítz,o transcripts were observed, these bands \tlere

not further characterised. The deletion would have no

effect on Bands I and 3 as their sequences are remote to



FIGURE 5. B

IN VTTR) TRANSCRIPTION OF pEC200

2.5 Ug of EcoRf digested pEC200 and pBR325 were trans-

cribed in uitro in a total reaction volume of 25 UI.

2.5 Ug 186 was also transcribed. The transcripts rr.rere

separated on 20 x 40 x 0.025 cm 5% polyacrylamide gels

containing TBE and I M urea. The xylene cyanol (XC) hras

run to the bottom. The tracks are indicated above the

autoradiograph and the bands identified at the side.
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FIGURE 5.9

rN VTTRO TRANSCRIPTION OF 186AI

2.5 Ug 186AI DNA was transcribed, in uitro and the

transcripts electrophoresed as described in the legend

to Figure 5.8.
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the deleted DNA. However, the possibifity that Bands 2 and

4 were fortuitous products of 1864I transcription cannot be

discounted. For instance, the rearrangement of DNA around

the deleted region may have destroyed the Band 4 wild-type

sequences but created a promoter or a terminator which

fortuitously generates a transcript the Same size as Band

L

vühilst mindfut of this reservation, transcription of

pEC400 and pEC35 was initiated.

b) In u¿tro transcrip tion of pEC400

XhoI/BgLT.I digested pEC400 was

The resultant transcription pattern

A transcript the size of Band 2 was

encoded transcript.

transcribed in uítt'o.

is shown in Figure 5.10.

evident as a phage

c) In uitz,o transcript ion of pEC35

Figure 5.11 shows an in uítro transcription of pEC35

digested with PstI. There h/ere two prominent transcripts

which did not have corresponding bands in the pBR322 track.

One was at the position of Band 4. The larger band,

subsequently sized on methyl mercury ge1s, \^Ias approximately

860 bases in length. There was no transcript at the position

of Band 2. Since it had already been established that Band

2 traversed the PsúI site at 77.3å in a rightward direction,

this 860 base transcript was a candidate for a run-off

product of Band 2.

A transcript the size of Band 4 was not observed when

pEC400 was transcribed. Band 4 did appear upon transcription

of pEC35, therefore this transcript must originate to the

left of Llne XhoI site at 67.6% and is thus located entirely



- FTGURE 5. ]-O

rN VTTR) TRANSCRIPTION OF pEC400

2.5 pg pEC400 and pKCT were digested vrith XhoI and

BgLIf and then transcril¡ed. in uity,o. 186 DNA was also

transcribed. Electrophoresis was as described in the

legend to Figure 5.8.
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FIGURE 5.11

rN VTTRO TRANSCRIPTTON OF pEC35

2-5 ug pEc35 and pBR322 were digested with pstr. and

transcribed in uitt,o. 2.5 pg of 186 was also transcribed.
Electrophoresis was as described in the leqend to Figure
5.8.
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on the 710 base pair fragment, between the PsúI site at

65.5å and the left boundary of the deletion'

A diagram sunrmarising what has thus far been established

about the location of the 186 ín uitro transcripts is

presented in Figure 5.12-
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FTGURE 5.1"2

- ST]MI.,IÄRY OI' TRANSCRIPT LOCATION

The diagram represents a summary of the location of
the four 186 ín uity,o transcripts from the data thus far
attained.

The 860 base transcript is considered here as a run-
off product of Band 2t so the S'-end of Band 2 has been

drawn 860 bases to the left of the PsúI site at 77.32.

The positions of the 5'-ends of the other 3 transcripts
are unknor^rn as indicated by the dashed lines.
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A. INTRODUCTION

Restrj-ction fragments encoding each transcript in its

entirety had been identified, and now, experiments designed

to map the transcripts more precisely were initiated. Two

approaches were pursued. One involved hybridization of the

transcripts to subfragments of cloned 186 DNA' the other

analysed the run-off products generated upon transcriptíon

of 186 DNA fragments which had been cleaved by restriction

endonucleases within the transcript coding sequences. The

sizes of the run-off products would locate the 5'-ends of the

transcripts to a region within the accuracy of size estimation.

These techniques were applied to bands I, 2 and 3. DNA

sequence analysis of the region to which Band 4 had been

assigned was in progress, so it was decided to locate Band

4 directly by sequencinq as described in Chapter 7.

B. RESULTS AND DISCUSSION

1. Band 2

As discussed in the previous chapter, the transcription

data from pEC35 identified an 860 base transcript, which was

considered a candidate for the run-off transcription product

of Band 2. However, the transcription pattern of PstI

digested pBR322 (the parent plasmid of pEC35) had been

inexplicably variable throughout this work. Indeed, the

examples of pBR322 transcription in Figures 5-1I, and 6.2

are rather different, reqardless of being produced from the

same plasmid preparation, albeit a month apart. This

variation \^Ias not apparent with other plasmid templates

although some differences, particularly in the levels of
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background transcription \^rere evident depending on the

age of the template and of radioactive label'

Due to this variability in pBR322 transcriptíon,

hybridization of the 860 band to 186 sequences was performed

to verify that the band was of phage origin.

a) Hybridization o f the 860 base transcript to phage

derived DNA

The 3.5 kb PstI fragment (65.52-77.32) had been cloned

into the M13 vector mp7 by B. Kalionis (this laboratory).

This fragment was excised and separated from the replicative

form by Lz low gelling temperature agarose gel electro-

phoresis. The fragment was extracted and then digested with

SaLf (73.02) , SacI (70.22) , KpnT (69-Le") and XhoI (67 '62) '

Figure 6.1(a) shows a cl-eavage map of the 3.5 kb fragment.

The fragments were separated on a 2Z agarose ge1 and the

DNA transferred to nitrocellulose. The 860 band from pEC35

transcr-i-ption was hybridized to the f ilter. The result is

shown in Figure 6.I(b). The 860 base transcript was phage

derived and hybridized. to the right hand end L290 base pair

fragment, a location expected for a run-off product of Band

2"

b) Run-off transcription of Band 2

If the 860 base RNA was a Band 2 run-off transcript,

then 186 DNA digested with PstT should produce a similar

sized product.

To ascertain that 186 DNA digested with restriction

enzymes was a suitable template for in uitv'o transcription'

the DNA was f irstly digested with Hind.fII. Figure 6.2 shows

a HindIII cfeavage map of f86 DNA. The four major in uitt'o



FIGURE 6. I

HYBRIDIZATION OF THE 860 RUN-OFF TRA,NSCRIPT TO

THE 3.5 KB Ps¿I FRAGMENT (65.5 to 77.32)

a) The positions of Llne SacI, SaLt, Kpnf and XhoI

restriction sites are shown for the 3.5 kb PsúI fragment

from 65.5-77.32. The sizes of the fraqments generated

are indicated in base pairs.

b) 2 I00 ul in uitt,o transcription reactions of pEC35

rligested with PstI \^/ere electrophoresed on a preparative

53 polyacrylamide,/B M urea ge1. The 860 base band was

excised, eluted and hybridized to a nitrocellulose filter

on which the 3.5 kb PsúT fragment digested with SacI, SaLf,

KpnI and XhoI had been transferred.
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FIGURE 6.2

The

cleavage

PHYSICAL MAP O'F 186 SHOWING HindIII CLEAVAGE SITES

sj-zes in kb of the fragments generated upon Hinð,ITf

are índicated above the l-ine.
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transcripts were preserved when HindIlT. digested 186 was

transcribed as shown in Figure 6.3. A transcription pattern

of 186 DNA digested with Hindlff and PsÚI is also shown in

this figure. A prominent band at 860 bases was evident

along \,fith concomitant disappearance of Band 2. Thus Band

2 initiates approximately 860 base pairs to the left of the

PstI site at 77.3? and extends rightward, terminating about

590 base pairs to the right of 77.32. Its promoter lies to

the right of the aI cleletion. There are 1020 base pairs

from the right boundary of the deletion to the PslI site

at 77.3U (8. Kalionis, pers. conmun.), enough tO acc6m9date

a transcript of 860 bases and its accompanying promoter

sequences.

2. Bands I and 3

It was determined, by hybridization Lo BamHL digested

186 DNA, that Band 3 traversed the BamHI site at 95.7%. So

a BamHT- digestion of 186 DNA was the obvious choice for

analysing run-off transcription of Band 3. No such inform-

ation was avail-able for Band L, ít was known only to origínate

to the right of 94.02, within the 1.9 kb rightmost PstI

fragment. To facilitate the choice of an appropriate

restriction enzyme for generating a run-off product of Band

L, this transcript was more precisely mapped within pEC200 by

hybridization to subfragments of this clone. To confirm the

earl-ier hybridization data, Band 3 was also hybridized to the

subfragments of pEC200.

a) Hybridization of Bands I and 3 to pEC200 digested \^rith

EeoRI/PstI/BamHI

A nitrocellulose filter containing an EcoRl, PstT,



FIGURE 6.3

RI]N-OFF TRANSCRI?TION OF BAND 2

2,5 Ug of 186 DNA either digested with HíndfT.I or

with Hí,ndILI and PsúI were transcribed. ín uítro. 2.5 Ug

each of uncut 186 DNA and PstI digested pEC35 and pBR322

hrere transcribed and run in adjacent tracks for comparison.

Electrophoresis was on a 20 x 40 x 0.025 cm 5? polyacrylamide

gel containing TBE and B M urea.
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BamHT. triple digest of pEC200 was probed with 186 derived

Bands I and 3. The results are presented in Figure 6.4.

Bands I and 3 both hybridized to the adjacent 650 and

1390 base pair fragments. Thus, Bands 1 and 3 both traverse

tJne BamHI site at 95.7 I indicating that these transcripts

share Sequences. Howevero it is not known whether these

transcripts have the same 5'-ends.

Run-off transcription stiould locate the 5'-ends of

Bands t and 3 and in so doing, reveal the arrangiement of

shared sequences.

b) Run-off transcriPtion of Bands I and 3

To generate run-off transcripts for both Bands I and 3,

186 DNA was digested with BamHT and transcrlbed in uitv'o.

Figure 6.5 shows the result. The disappearance of Bands

I and 3 was concomitant with the appearance of a single

transcript approximately 390 bases in length. No other

new transcript was detected., so it was likely that Bands

I and 3 share a S'-initiation site.

Figure 6.6 summarises the data obtained thus fat,

on the location of the four 186 in uitTo transcripts.



FIGURE 6.4

HYBRIDIZATION OF BANDS 1 AND 3 TO PEC2OO

DTGESTED T^IITH EcoRT., PstI AND BanHI

The diagram above the gel indicates the fragment

sizes and positions of L!;re BamHI and PstI sites on the

EeoRl/EcoRI coehsive ends insert in pEC200.

2 J-00 U1 in uity,o transcription reactions of 186

\^Iere electrophoresed on a 20 x 40 x 0.05 cm preparative Seo

polyacrylamide/8 M urea gel and Bands I and 3 excised,

eluted and hybrídized to a nitrocellulose filter onto

which an EeoRI, BamHf, PstI digest of pEC200 had been

transferred.
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FIGURE 6.5

RUN-OFF TRANSCRIPTS OF BANDS I AND 3

2.5 Ug of 186 DNA, undigested or digested with

BamHI was transcribed in uitro. Electrophoresis was

as described in Figure 6.3. The tracks are indicated

above the geI, and the transcripts at the side.
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FIGURE 6.6

MAP SHOI/üING THE LOCATION OF 186 TN VITRO

TRANSCRIPTS

The map is drawn from603 to 2.32 of the 186 genome-

It shows a summary of the transcription data from

Chapters 3, + 5 and 6. The position of the AI deletion

is shown, indicated by a box in pEC35 and pEC400-

Band 4 is positioned within the 710 base pair frag-

ment bounded on the left by a PstI site and on the right

by the left boundary of the deletion. The location of

its 5'-end is unknown.

Bands I and 3 are drawn with the same 5'-end.
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CHAPTER 7

CHARACTERISATION OF TRANSCRIPTS :

SEOUENCE ANALYSIS OF T/I/ VTTRO TRANSCRIPTS
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A. INTRODUCTION

The most definitive approach to the characterisation of

RNA is by sequence analysis. The work presented in the

previous chapters was undertaken prior to the availability

of tB6 DNA sequence information. 9.0 kb of the 186 genome

has nov7 been sequenced by cloning 186 fragments into M13

and then using the dideoxynucleotide chain termination

technique of Sanger et aL. (1977) -

There is limited value in sequencing transcripts with-

out the existence of the corresponding DNA sequence. Infor-

mation about the control of transcription, fot example, the

location of promoters and repressor binding sites, is

contained within the DNA sequence. However, there are two

instarrces when the RNA Sequence is valuable regardless of

the existence of a DNA sequence with which to compare it.

Firstly, once a transcript has been assigned to a genomic

region by hybridization' DNA carrying nonsense mutations in

the genes within this region, can be transcribed, and the

mutant transcript sequenced. The identity of the gene

encoding the transcript and hence the identity of the RNA

would be determined by comparing the nucleotide sequence

of the mutant and wild-type RNA's. secondly, pertaining

to this work, the sequence determination of Bands I and 3

would immediately corroborate or otherwise the run-off

transcription data, indicatíng that Bands I and 3 have a

common 5t-terminus.

The techniques available for the sequence determination

of RNA rely on the presence of a fixed reference point with-

in the RNA, e.g., a unique site for primed synthesis of
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transcripts or a 5'- or 3'- radiolabelled terminus. The

approach first envisaged for sequencing 186 RNA vlas to label

the 5'-ends of the transcripts and then obtain their

sequence by the enzymatic cleavage technique of Donis-Kel1er

et aL. (L977) . The limiting factor in this approach was

the efficiency of the 5'- Iabelling. Bands 3 and 4 were

sequenced using this technique but the approach was unsuccess-

ful for Bands 1 and 2.

Having DNA sequence data availabl-e for the regions to

which Bands l- and 2 lnað, been assigned facititated the choice

of DNA fragments which were used as specific primers for

sequencing by the dideoxynucleotide chain termination

technique.

This chapter describes the sequencing of the 186 in

uity,o transcripts and the identification of Band 4 as the

186 B gene transcript.

B. RESULTS

32 32Pl-ribonucleotides may replace Icl- Pl -GTP as the

labelled species ln an in uity,o transcription reaction,

generating transcripts labell-ed at their 5'-terminii-
1a a)

ly-t"Pl-ATP and [y-"P]-GTP \^Iere generally available. D.

Eckerman (BRESA) synthesised lr-t'nl -urp and lr-t'nl -ctp

especially. The four 186 in uitv'o transcripts were aI1

visible when l,r-='nl -ATP was included in the transcription

reaction mj-x, signifying that they all initiated with an

ATP. However, only Bands 3 and 4 were labelled sufficiently

for sequencing.
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t. Band 4

a) Sequence bY enzyma tic cleavage

3 100 u1 in uitt,o transcription reactions l^Iere prepared

using Ly-32r1 -arp as the radiolabelled species. Band 4

\^/as excised, eluted and Sequenced by the enzymatic cleavage

technique. Examples of 2OZ and 5% sequencing gels of Band

4 are presented in Figure 7.I. Band 4 was sequenced

extensively with the view of comparinq its sequence to

Band 4 transcripts derived from Bambev' mutants (see belo\^/)'

The enzymatic sequence of Band 4 persistently gave an

ion front which obscured the initiating nucleotide. From

Ly-t"pl-ATp labelling it was ascertained that Band 4 initiated

with an ATP, therefore even though the first readable nucle-

otide was a G residue, the transcript must initiate with an

ATP.

b) Identification of Band 4

on comparison of the Band 4 RNA sequence with the 186

DNA sequence generated by B. Kal-ionis (pers. commun.), this

transcript was found to originate from the region, defined

from genetic studiesn to encode the 186 late turn on gene,

B.

computer analysis of the DNA sequence predicted an

open reading frame with an AUG initiation codon (see Chapter

9). Within this open reading frame, the positions of base

pair changes which would generate amber codons \^tere determined.

The RNA sequences of Band 4 from amber mutants could then be

scanned for these base changes. Band 4 was identified' firstly

by confirming that it was the B gene transcript by sequencingt

the Band 4 RNA's generated upon transcription of 186 Bambev'
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FTGURE 7.I

SEOUENCE BY ENZYMATIC CLEAVAGE OF BAND 4

)a
[y-"P] -ATP labelled Band 4 was sequenced by the

enzymatic cleavage technique of Donís-Keller et aL.

(1977 ) and the fragments separated on 202 or 53 poly-

acrylamíde gels (20 x 40 x 0.05 cm or 20 x B0 x 0.05 cm)

containing TBE and 8 M urea. The figure shows an example

of each of these gels, the enzymes are written above the

tracks and portions of the Band 4 sequence are written

beside the sequence. Autoradiography was at -B0oC with

an intensifying screen.
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mutants, and secondly, because interpretation of the RNA

Sequences of Lf;e Bamb¿r mutants was uncertain, by sequencing

the DNA of Bamber mutants.

i) RNA seguence of BamLT and BamST

DNA from BamLT anð. Bam57 phage was transcribed in uitto
)a

with ly-ttpl -e1p and the Band 4 transcripts isolated and

sequenced enzYmaticaIlY.

The nucleotide changes corresponding to the amber

codons are indicated in Figure 7.2 next to the autoradio-

grams of the RNA sequencing gels. The amber codon for BamLT

could not be read as such due to over digestion of the RNA

by RNases U2 and B. ce?eus, but was recognized by the dis-

appearance of a G residue comparable with the change in the

BamLT DNA sequence (see below). Bam57 showed an amber codon

in phase with the computer predicted initiating AUG.

ii) DNA seguence of BanIT and, Bam57

Hocking and Eqan (1981a) established the map order of

186 ambär mutants. DNA from BamLT and Bam57 phage was

isolated and digested with PstT and the 3.5 kb fragment

(65.5%-77.32) excised and extracted from low gelling temp-

erature agarose. This fragment was further digested with

XhoI and the 630 base pair fragment isolated from 2Z low

gelling temperature agarose and cloned into MI3mp9 as

described in Chapter 2, which had been doubly digested with

Pstl and SaLt.

DNA from white plaque recombinants \^tas propogated and

sequenced as described in Materials and Methods. In Figure

7.3 is a sequencing ladder indicating the nucleotide changes

responsible for L:ne Bam!7 and Bam57 mutations. The 186 ar.nber



FIGURE 7 .2

RNA SEQUENCE OF BamIT AND Ban57

)'t
[y-"P]-ATP labelled transcrípts from BamLT anð, Bam57

DNA were sequenced enzymatically. The base change to give

Bam57 is indicated next to the gel. The tracks are

indicated above the gels. The gels were both 5? poly-

acrylamide containing TBE and B M urea. The dimensions

of the gel showing LlneBam5T mutation was 20 x 80 x 0.05

cm and Lh,e BamIT was 20 x 40 x 0.05 cm.

NOTE: Only the G residues are indicated on the BamLT gel.

The number of nucleotides (N) between the G residues are

shown as XN. Below the sequence obtained is aligned with

the wild type sequence to emphasise the missing G residue.

400 410 420 430

AGTTGTACGTTTATGAC A;\TGG A,¡U\CGATAGAGCG

G2uG3rrl G 5N G 5N GG ¿u GsN c c

I

BamLT
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FIGURE 7;3

DNA SEQUENCE OF BamLT AND Ban57

DNA sequencing ladders are shourn depicting the base

changes for Llne BamIT and Bam57 mutations. The reactions

were loaded onto 20 x 40 x 0.025 cm 5? polyacrylamide gels

containinq TBE and B M urea. The tracks are above the qel

and the sequence is shown at the side. The incorporation

of label in the C tracks was low, so the other tracks are

over exposed.

The seguence is leftward from Llne XhoI siteo hence

is complementary to the RNA so the nucleotide changes

which generate the amber codons in the RNA are seen here

in the sense strand,
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DNA was sequenced leftward

the PsúI site at 65.5% and

63.

XhoT site at 57.62 towards

to the wild-tYPe DNA

pers. commun.). Bam57
T
I transversion.

A

sequence
c

was a
G

2. Bands I

the B gene (e.

transition and

and 3

from the

compared

Kalionis,

BamIT \^Ias
Lr

al*
c

of
T

-+l
A

a) Sequence by enzYmat ic cleavage of Band 3

32
Band 3 was labelled at its 5'-end with ty- Pl -ATP in

an in uityo transcription reaction and then sequenced by the

enzymatj-c cleavage technique. The result is shown ín Figure

7.4. Due to underdigestion of the RNA by the RNase u2,

there is Some doubt in the assignment of A residues, however

the sequence \^ras sufficient to locate Band 3 precisely by

comparison with the DNA sequence to the left of t}re BamHT

site at 9 5.7e".

The 5o-sequence of Band 3 was also determinerl by priner

extension.

b) Seguence bv primer extension of Bands I and 3

The sequence of 186 DNA has been determined to

of tjne BamHI site at 95.7 ? (4.V. Sivaprasad, pers.

the left

commun. ) .

Data presented previously has shown that Bands I and 3 both

cross Line BamHI site at 95.7e". A DNA primer was chosen to

the feft of L:ne BamHI site as illustrated in Figure 7.5.

A single-stranded MI3 clone of the PsÚI Lo BamHT (87.52-95.72')

fragment of the same polarity as the RNA was supplied by

A"V. Sivapr

synthesised

asad. A radio-labelled copy of the fragment was
ìilr- ÞNê ou' oaþ^d. ,t 

'"1'l^ F-.rfè'¡ a4-1- Qa-'^-H, 4^d- l4,t*.

J.ZLel-{v þÈolrz..Ld. 0v 167*rq^,os¿
s (see Figure

7.5) . The I.2 kb EcoRI-BamHl (92.02'95-72) fragment was



FIGURE 7.4

SEQUENCE BY ENZYI,IATIC CLE'AVAGE OF BAND 3

32ty- Pl -ATP labelled Band 3 RNA was sequenced enzymat-

ically and electrophoresed on 208 polyacrylamíde gels

(20 x 40 x 0"05 cm) containing TBE and B M urea. The

tracks are marked as in Figure 7.I. Autoradiography was

at -80"C with an intensifying screen.

The U2 RNase track was under digested.
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excised from 1ow gelling temperature agarose, extracted,

redigested with Hinfl anð, HgiAI and then loaded onto a 5Z

polyacrylamide non-denaturing gel. The 84 base pair

primer was excised and eluted.

Unlabelled transcripts were synthesj-sed in three 100 Ul

transcription reaction mixes by substituting the [o-32p] -GTP

with unlabelled GTP. The unlabelled transcripts were

separated by electrophoresis. Bands I and 3 were excised

using radioactive 186 transcripts run in adjacent tracks as

markers. The RNA was eluted, then hybridized to the

d.enatured 84 base primer and sequenced by extension of the

primer. The sequencing ladders generated by Bands 1 and 3

are shown in Figure 7.5. Bands I and 3 have identical 5r-

sequences, i.e., have the same initiation site-

Band 1 resulted as a readthrough at the Band 3 terminator.

From the molar ratio of Bands 1 and 3, the termination effic-

iency was calculated to be 792.

3. Band 2

Band 2 lnas its 5'-end approximately 860 nucleotides to

the left of the PsúI site at 77.3e". The DNA sequence in

this region has been determined (e. Kalionis' pers. commun.)

An appropriate primer was chosen by scanning the DNA sequence

for restriction endonuclease recognition sites which would

qenerate a primer of the desired tength and position.

Figure 7.6 shows a cleavage map of the region from which

the primer was chosen. B. Kalj-onis supplied an M13mp7 HpaII

(73.72-75.2e") clone from which a radioactive copy l^las

synthesised. The 450 base pair Hpafl insert was excised

by digestion with EcoRI and isolated from a 2Z low gelling



FIGURE 7.5

SEOUENCE BY PRTMER EXTENSION OF BANDS ]- AND 3

A cleavage map of the cloned PstT./BamHI fragment

from which the 84 base pair primer was chosen is shown

above the sequencing geI. The gel was 5E polyacrylamide

(20 x 40 x 0.025 cm) containing TBE and 8 M urea. The

tracks are indicated. above the geI. The size of the

primer is indicated. Autoradiography was at room temp-

erature.

NOTE; The initiating nucleotide of Bands 1 and 3 is
obscured by an intense crossband which occurs as a

conseguence of the reverse transcriptase encountering

the end of its template. Studies with lr-32r1-arp
indicate that both transcripts initiate with an ATp,

therefore the crossband is interpreted as a T residue.
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temperature agiarose gel. This fragment was further digested

\^rith Hin1f to produce the fragment sizes illustrated in

Figure 7 .6. The 118 base pair primer was hybridized to

unlabelled Band 2 RNA and the primer extended using reverse

transcriptase along with deoxy- and dideoxynucleotides.

The sequence of the S'-end of Band 2 is shown in Figure 7.6.

C. DISCUSSION
32

The reason for the low level of tY- Pl -ATP incorporation

into Bands I and 2 cannot be completely explained by the 1ow

levels of these RNA's. The molar ratio of Band 2 is slightly

higher than Band 3 and yet sufficient label was incorporated

to enable the enzymatic sequencing of Band 3. Attempts to

5'-label Bands I and 2 by adding a labelled phosphate group

to their 5'-terminii using T4 polynucleotide kinase were

also unsuccessful, in that the specific activity of the RNArs

r^ras too low for any further manipulation -

I subsequently found that sequencing by extending a

primer was a superior method as the RNases were susceptible

to non-specific cleavage, particularly those of B. eereus

and Phy M. Uncertainty in the interpretation of a sequence

was dj-sadvantageous especially when searching for amber

codons.

In summary, all four of the 186 in uit?o transcripts

were located, only Band 4 was assigned to a particular gene.

Bands I, 2 and 3 originated from 186 regions of unknown

gene content.

The transcripts are related to the DNA sequence and



TTGURE 7.6

SEQUENCE BY PRTMER EXTENSI'ON 'O.F BAND 2

A cleavage map of the cloned HpaII fragment from

which the 118 base pair primer was derived is shown above

the sequencing gel.

The gel was as described in Figure 7.5. Compressed

regions are underlined and crossbanded nucleotides are in

brackets.

The note in Figure 7.5 also applies to the inter-

pretation of the Band 2 initiating nucleotide.
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A. INTRODUCTION

The introduction to this thesis described the relation-

ship between 186 and P2. The functional relationship of the

186 B gene and the P2 ogy gene \^ras also discussed. since

ogr and B proteins are functionally similar and are inter-

changeable for the turn on of P2 late gene expression, it

was the expectation that they would share amino acid homology'

E. Ljungquist (pers. commun.) had provided a preliminary

sequence of the P2 early operon. The Sequence \^las derived

from a p2 phage carrying a detetion known as deL6 which

removes, by our estimation about 500 base pairs including

the 3'-region of the P2 int gene. To the left of the

deletionwas a riqhtward ¡s¿fllng frame which stopped presumably

within the deleted sequences. This open reading frame

occupied the same relative map position as the 186 B gene,

and although not designated as such by Ljungquist, was

presumed to be the ogy gene. Figure 8.1 shows preliminaty P2

sequence to the Ieft of tlne deL6 deletion as determined by

Ljungquist. lfhen this sequence was examined a rho-'independ-

ent terminator was observed in the regíon 237 to 260, This

{
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terminator had a I

c
followedby6Tres

tem, and a 4 base loop

Iocated in the same relative

c
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G
u/as

cccIl
GGA
idues

CTlt
GA
and

position as the 186 B gene terminator.

If the AUG at position 6 of the sequence hTas assigned

as a protein initiation codoru the open reading frame continued

beyond the rho-independent terminator. If this terminator

was active, then this was somewhat of a dilemma. Since this

reg'ion presumably encoded the ogr gene, it was reasoned that

lil<e the 186 B gene it may be present as an in uitro trans-



FTGURE 8. I
LJUNGQUISTI S PRELTMTNARY P2' SEQUENCE

The preliminary P2 sequence to the left of the deL6

deletion, provided by E. ,Ljungquist is shown. The stem of

the rho-independent terminator is indicated by arrowed

lines and the T residues are overlined with dashes.

The aTG initiation codon assigned by B. Kalionis (this

laboratory) is boxed and the open reading frame, continuing

beyond the end of the sequence, is coloured.
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cript.

P2 DNA was transcribed. in Ut ty,o and a transcript the

Same slze aS the 186 B gene transcript was observed. Thís

transcript was sequenced and v¡as found to map within Ljungquist's

DNA sequence. The síze of Llne in uitt'o transcript placed its

3'-end in the vicinity of the termination signal. Since the

terminator \^Ias active , Llne P2 DNA sequence to the left of

Lhe d.eL6 deletion was checked with the aim of discovering an

error which would change the reading frame and al1ow the

protein to terminate before the end of the transcript.

B. RESULTS

1" In D¿tro transcriPtion of P2

P2 DNA was transcribed. in Uity,o and the transcripts

separated by electrophoresis. The result is shown in Figure

8.2 AP2 transcript the same size as 186 Band 4 was observed.

This transcript was designated as the 290 base band. Other

transcripts were evident but were not further characterised.

2. Sesuence of the 290 base P2 transcript by enzvmatic

,1,,

Þ-

I

I
1l

I
I

;

I

l

cleavage

In uitpo transcription reactions \^7ere prepared in the

absence of a radiolabel-led substrate and the transcripts

separated by electrophoresis. Radioactive markers \^Iere

loaded in adjacent tracks to facilitate excision of the

unl-abelled 290 base transcript. The transcript was eluted,

phosphatased and the 5'-terminii labelled using tr-"nl -arp

and T4 polynucleotide kinase. The 1abe1led transcrj-pt was

then subjected to enzymatic cleavage to generate a sequence.

The sequencing gel is shown in Fj-gure 8.3. The RNA sequence
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FIGURE 8.2

TN VTTRO TRANSCRIPTION OF P2

2.5 Vg P2 and 186 DNA were transcribed ín an ín oitro
transcription reaction. The transcripts were loaded onto

a 53 (20 x 40 x 0.025 cm) polyacrylamide gel containing TBE

and B M urea. The xylene cyanol was run to the bottom.

The tracks are indicated above the qel, the 290 base P2

transcript is indicated beside the band.
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FIGURE 8.3

SEQUENCE BY ENZYMATIC CLEA\¡AGE OF THE P2 290

BASE TR.A,NSCRIPT

Unlabelled 290 base transcript was 5'-end labelled

and subjected to enzymatic cleavage to qenerate a sequence.

The gel is 20 x 40 x 0.05 cm 5E polyacrylamide containing

TBE and 8 M urea. The tracks are indicated and the sequence

written loeside the ladder. RNase T1 and U2 were used to

distinguish G and A residues. The posítions of C or U are

indicated by an N.

NOTE: Varying concentrations of U2 and TI RNases h/ere used

as indicated.

Below is the RNA sequence obtained aligned with the

sequence of Ljungquist which begins 5 residues before the

AUG initiation codon.

I0 20 30

TCGCGATGTTTCATTGTCCTTTATGCCAGCATGCCGCA

AJ\N AJU\ ANNGGAAGAGGNGNNNGNGANGNNNNANNGNNNNNNANGNNAGNANGNNGNA

40 50

CATGCGCGTACAAG

NANGNGNGNNNNNG
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matches the DNA sequence of Ljungquist.

3. DNA seguence of a P2 o mutant

An ogr mutant was sequenced to establish the identity

of the gene to the left of deL6 and at the same time to

check the sequence of Ljungquist.

The DNA to be cloned into Ml3 and sequenced was derived

f rom a p2 uiy,22ogz,52 phage. The uir22 phenotype has a I. 5 kb

deletion, whose left boundary is believed to be the same

as d.eL6, and a 0.54 insertion, to the left of Lhre Bgltt site

at 77.22" The P2 uiz,22ogr,52 DNA was digested with Pstf and

BgLIf and the 3.0 kb (62.62-77.221 fragment extracted from

low gelling temperature agarose and ligated into M13mp9

digested with PstI anð. BamHI. This fragment was sequenced

in a leftward direction from Lhe Bamít/BgLtt site to approx-

imately 60 bases beyond the beginning of Ljungquists pre-

liminary sequence. The DNA sequence to the left of Ljungquist's

sequence \^ras conf irmed and extended by B. Kalionis (this

laboratory) using primed synthesis on the DNA of the PstT'BTLTI

mp9 c1one. Compared with Ljungquist's sequence two changes
A

were evident, one \^¡as a | ->

the other was a

shows an autorad

changes.

4. 5'-seguence

T
insertion a

of P2 290 transcript by primer extension

Once the 290 base transcript had been located within the

region to the teft of deL6 and the DNA of this region cloned'

an appropriate DNA fragment was chosen as a primer. A radio-

active copy of the Ps ïL^B7LT-I mp9 clone was synthesised and

the prímer, a 66 base pair HhaI fragment (see Figure 8.5)

transition at positíon 130,

positd-on IB2 . Figure B .4

grdm of a sequencing ge1 depicting these

G

I

c
t

c
I

G
I



FTGURE 8.4

DNA SEQUENCE OF P2uiv,22ogr'52

Sequencing ladders of the P2 ogï. gene are shown. The

sequence is read leftward from L}lre BgLtt site so is com-

plementary to the 290 base transcript. The T + C trans-

ition is indicated by an arrow. This creates the TAT -+ TGT

codon change in the 290 base transcript. The insertion is
also indicated by underlining the inserted G.

The gel is 5Z polyacrylamide (20 x 40 x 0.025 cm)

containing TBE and 8 M urea.
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was excised and used to primer extend the unlabelled P2

290 base transcript. The sequence is presented in Figure

8.5. As is evident from the autoradiogram, the S'-start

site is not definitive, there are two T residues followed

by a cross-band then an A and finally the characteristic

intense cross-banding which signifies the end of the

template. when the RNA sequence was matched to the DNA

sequence, the nucleotide at which the intense cross-banding

occurs is an adenine residue. This A has been designated

as the initiating nucleotide for the 290 base transcript.

C. DISCUSSION

A 290 base in uitro P2 transcript was observed which

when sequenced was found to originate from the P2 region

presumedn from genetic studies to encode L}:'e ogz'gene.

An apparent dilemma existed in that the transcript from

this region terminated some 82 bases before the left boundary

of Llne deL6 deletion, whereas the translation of this region

continued past Llne deL6 boundary and presumably terminated

within the region deleted by deL6. A classical prokaryotic

terminator with a stem-Ioop followed by a stretch of T

residues, ât position 237 to 26A of the P2 preliminary DNA

Sequence was found. The position of this terminator \^Ias

compatibte with the size of the 290 base transcript whose

5'-end had been located by primer extension (rigure 8.6) .

The reasons for sequencing the DNA of an ogT mutant hlere

two-fold. Firstly, to confirm the identity of the ogr geîe

and hence the identity of the 290 base transcript and

second.ly, to look for a sequencing error which would enable



FIGURE 8:5

RNA SEQUENCE By PRIMER EXTENSTON OF THE 290

BASE TRANSCRIPT

A radiolabelled 66 base pair HhaI fragment was

annealed to the 290 base transcript and primer extended.

The sequencing reactions were l-oaded onto a 5Z (20 x 40 x

0.025 cm) polyacrylamide ge1 containing TBE and 8 M urea.

The sequence is indicated alongside the ladder.

Areas difficult to interprete due to compressions are

underlíned.
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the ogr protein to encounter a stop codon before the end of

the transcript.
The revised sequence is presented in Figure 8.6. Two

changes to Ljungquist's sequence were found. one was a
AG

transition | * | which upon translation of the RNA would
TCc

substitute a cysteine for a tyrosine. The other was a I

G

insertion which changed the reading frame of the protein,

bringing the TAA stop codon at position 222 into phase,

permitting Ëhe protein to terminate before the transcription

termination signal.

since the wild type P2 sequence has not been rechecked
c

to support the existence of the I insertion, it is possible
G

that this insertion is responsible for Lhe ogr mutation by

causing the premature termination of the ogt,protein.

However, the discovery of a second chanqe in the sequence

of the ogn mwLant and the existence of the 290 base in uitt'o

transcript along with a termination signal compatible with

the size of the ín uitz,o RNA, make this highly unlikely.

Thus the 186 B gene and the P2 ogy gene, whose protein

products are functionally similar, encode the Same size

transcripts. Their translation products are also the same

size, 72 amino acids.

A comparison of the translation products of the 186 B

gene and the P2 ogv gene is presented in the Appendix.



FTGURE 8.6.

DNA SEQUENCE OF P2o qï'52

The DNA sequence of p2uiv.22ogr52 is shown, (this work
and B. Kalionis, pers. commun.). The two changes from
Ljungquistrs sequence are depicted, one is i',jhe ogz,52

mutation, the other is an insertion which changes the
translation reading frame. The -10 and -35 regj_ons of the
ogv gene prornoter are indicated. +1 represents the start
of t}.e ogn g'ene transcript. The ogr protein ribosome

binding site is underlined and the initiation and term-
ination codons are boxed. The open reading frame is
coloured. The stem of the terminator structure is
indicated by arrowed lines and the T residues are over-
lined with dashes. The Hhar fragment used as a primer is
also indicated.
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A. INTRODUCTION

The control of 186 gene expression is the ul-timaLe

interest of the group but before any controls can be

elucidated a knowl-edge of the basic molecular bioloqy of 186

is required. One facet of this study is to determine the

first transcripts made by 186 upon entry of its DNA into a

host cell-. An in uityo transcription system was chosen

because it contaj-ns no translation machinery and therefore,

only the first transcripts made independently of phage

protein synthesis would be generated. Thus an ín oitv'o

system should approximate the in uàuo situation prior to

phage protein synthesis.

186 DNA was transcribed. in D¿tro by E. eoLi RNA poly-

merase and four major transcripts were observed on 5eo poly-

acrylamid,e/urea gels. Preliminary mapping of the transcripts

\^/as accomplished by hybridizing them to restriction digests

of 186 DNA Southern blotted onto nitrocellul-ose, and by

analysis of the run-off transcription products generated

upon in uity,o transcription of 186 DNA digested with approp-

riate restriction enzymes. Sequencing the transcripts

precisely located their 5'-ends.

Figure 9.1 presents a summary of the location of the

four transcripts. Depicted on the figure are promoterst

terminators and proteins associated with the in uitv'o trans-

cripts.
promoters, -10 and -35 regions \^7ere prediCted uSing a

computer program designed by I. Dodd (this l-aboratory)

simil-ar to that of Staden (1984) - Rho-independent terminators

\^rere identified by searching the DNA sequence for the char-



FIGURE 9.1

186 TN 'T/TTRO TRANSCRIPTION PATTERN

The map is drawn from 60å to 1003. The transcripts

are drawn below the map corresponding to the positions of

their promoters and terminators determined by sequencing

the DNA. The terminators for Bands 1 and 3 have not been

determined by sequence analysis and do not appear on the

map.

The positions of the known genes and predicted open

reading frames (computer proteins:CP) are shown.



p BtB

B

RtRp p9s
CP
95

+t

/" rca
cp cP CP

int cl 75 76 !, 78 LA RA

9060 70 80 t00

324+

IJ
Pst I BamHl

:æ-



73.

acteristics described by Rosenberg and Court (L979) | these

being a G-c rich stem-loop fotlowed by a stretch of T

residues. Open reading frames were designated as encoding

proteins by three criteria:

f) the presence of an initiation codon

2) the presence of a ribosome binding site using the

program of Stormo ¿t aL - (L982)

3) codon usage, based on the program of staden and

Ir{cI,achlan (f982)

The aim of this chapter is to relate the Is6 in uí-tv'o

transcripts to the DNA sequence and to other studies pre-

viously and concurrently undertaken in this laboratory.

The current studies referred to are those of B. Kalionis,

A.V. Sivaprasad and H. Richardson. A comparison wiII be

made withìhe relevant aspects of P2 transcriptional control.

In a later section, the in uítv'o transcription pattern of 186

will be compared with that of À.

I. Band 4

Band 4 was sized on methyl mercury gels at 290 bases.

The 5'"-end of this transcript was Seguenced and compared

with the DNA of the region between 65.5% and 67.6% (8.

Kalionis, pers; commun). Figure 9.2, shows the DNA sequence

of the region from which Band 4 originated. The transcript

initiates with an ATP and associated with the transcript is:
TfrrCAT

I) a promoter, with a :10 region, EA€'4*ilF and a -35
T-rCAcA

region, *r€A€Æ{F.
cccGc

2) a terminator with a I I I I I stem, a 5 base 1oop,
GGGCG

followed bY TTTTTTTAT.

From the DNA sequence Band 4 is 284 bases in length.
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FIGURE 9.2

THE DNA SEQUENCE ASSOCIATED TüITH BAND 4

The DNA sequence from PstI Lo XhoI (65.5? to 67.6e") is
shown (e. Kälionis, pers. commun.). The -35 and -10 region

of the Band 4 promoter is indicated. +1 signifies the

start of Band 4. The ribosome binding site is underlined

and the protein inítiation and terminatj-on codons are boxed.

The open reading frame is coloured. The stem of the

terminator is indicated by arrowed lines and the T residues

are overlined with dashes.

The nucleotide changes Lot BamLT and Bam57 are

indicated.
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Pstl
,'I

crccÀcccÀc cccrrGcccÀ crrrrc¡rÀTT ÀcccrcccGc rrccrÀcccc rcÀTTTÀTTc 60
GÀCGÏCGCTC CGC¡\ÀCGCCT CÀÀAÀGTTAÀ TGCGÀCCGCG AÀCCÀTCCCG ÀCTÀÀAÎÀÀGI

CCTGÀGÀCÀC CGGÎGCGCGT ÀTCIIGGCÎTT ÀÀGCGCGTCÀ TÀGÀTGAGCÀ GGCATGGÎTÀ
GGACTCTGTG GCCÀCGCGCÀ TÀGTCCGÀAÀ lTCGCGCÀGT ÀTCTÀCTCGT CCGTÀCCÀÀÎ

izo

It
I

I

I

ÀTCÀGÎÀÀGG TÀÀCTCACÀÀ TCTG¡\ÀTAAT ÀGCGGCÎTCÀ CGÀCGGGCTÎ ÀGÀGCTTGÀC
TÀGTCÀTTCC ÀTTGÀGÎGTT ÀGÀCTTÀT1À TCGCCGÀAGT GCÎGCCCGÀÀ ÎCTCGÀÀCÎC

GÀÀTCGG À1 G

CT TÀGCCTÀC

CGÀÀT1GÀGÀ
GCTTÀÀCTCT

ÀTGÀÀTAÀÀÀ
TÀCT TÀ1T 1T

RBS
ÀTÀ ÀÀGGGTG
rnrÌEöcnc

lBo

-36
rcrnîîEffi 24o
ÀcÀ1À^crcT

ccr{täþri '3oo

ccÀÀ1ÀcÀÀÀ

GTTÀA ACTCT
CÀATTT GÀGÀ

À ÀÀÀG T GÀÀ T
T 1 1 TCÀCTTÀ

CTGÀTGTGGTT GTÀCAÀCGCG
GÀCTÀCÀCCT CÀTGTTGCGC

- rd' +ì;------;i
TTÀTGÀTTAT CÀTTTÀTÎCÀ
ÀI\TÀCTÀÀTÀ GTÀÀATÀÀGT

cÀTTcrcccÀ ÀcrcccÀTcÀ TcccccÀc^T cccccÀÀcÀÀ cccccrlicr nncccnirÀnc 360
GTÀÀCÀGGCT TCÀCGGTÀGT ÀCGGCGTGTÀ CGCGCTTGTT CGGCGÀTÀGÀ ÎTGGCTlTTG

1 Bam67
I

ACGÀÀAGÀÀC GCTÀCCÀCCÀ GTGCCÀGÀÀC ÀTCÀÀCTGÎA GlÎGTÀCGTT TÀTGÀC¡NTC
TGCTTTCTTG CGÀTGGTGGT CÀCGGTCTTG TAGTTGÀCÀT CÀÀCÀTGCÀÀ ATÀCTGTTÀC

-Bam17I
I

GÀÀÀCGÀTÀG AGCGCÎTTÀÎ TGTTÀCTCCG GGAGCCATlG ÀCCCGGCÀCC GCCTCÀCCCG
CTTTGCTÀTC TCGCGAÀATA ÀCI\ATGÀGGC CCTCGGTÀÀC TGGGCCGTGG CGGÀGTGGGC

420

480

I
li',

fl I

ÀCTGTCGGTG GTCÀGCGGCC ÀTTGÎGGCTC
TGÀCAGCCÀC CÀGTCGCCGG TAÀCÀCCGÀG

ÀCTCGÀÀAAC GÀGGCÀÀCÀ
TGÀGCTTTTG CTCCGTTGT

rri ccccrÀÀÀrc ftldcc..1 sio
ÀÀÀ GGCGATTTÀC GGGCGGCGCÀ

600f-
GCGGGTTTTI' TTÀTGCÀCTC ÀGGÀÀÀGTGG CGGTÀÀÀÀÀÀ TCCACCGCCA TTCTÀlCGCC
CGCCCÀÀÀÀÀ ÀÀTÀCGTGAG TCCTTTCÀCC GCCATTTTTT ÀGGTGGCGGÎ ÀÀGÀTAGCGG

Xhol
¡

^ÀGGCÀCTCTTCCGTGAG
ÀÀ
T1
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Associated with the methionine initiation codon of the

open readincl frame is a ribosome binding site'

Genetic studies had located the B gene to this region

of the 186 genome (Hocking and Egan u I9B2a) . Band 4 RNA

obtained from transcribing Lwo Bamb¿r mutants was sequenced

as \^ras the DNA from the PstI-XhoI (65.5U -67.22) region of

the same Bambey, mutants, and Band 4 was identified as the B

gene transcript" The base pair changes responsible for the

BamLT and. Bam57 mutations are depicted on the sequence.

A translation of the B gene sequence is shown in Figure

9.3. The B gene transcript encodes a protein of 72 amino

acids. Amber codons substitute the GAG (glutamic acid)

at position 430 in BamLT and the CAG (glutamine) at position

37g in Bam57. These mutations exist in the map order pre-

dicted by marker rescue frequencies (Hockinq and Egan, L9B2a) '

The 186 B gene is not required until late in the

infection cycle of 186, when it acts to turn on expression

of the late genes (finnegan and Egan, 1981). Finnegan and

Egan (1981) had also concluded that the function of the 186

A gene was required, either directly or indirectly, for B

gene transcription" Therefore the ability of an unmodified

E. coLi RNA polymerase to transcribed the B gene in uitt'o

without the need of any phage encoded product was an unexpected

surprise. Nevertheless, that being the case, the same

capac-ì-ty was anticipated for the host RNA polymerase in uiuo

and, since there is no evidence of cI repressor control to

the left of Llne atú site, it was predicted that B promoter

would be active in a lysogen. B. Kalionis who is studying

the in uiuo transcription pattern of 186 has indeed

shown the presence of the B gene transcript

¡
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FTGURE 9.3

TR.ANSLATTON OF TITE B GENE

The figure shows the anti-sense strand sequence of

the B gene, from 221 nucleotides to the right of the PsúI

site at 65.5å to just past the B gene terminator, along

with the translation. The positions of i-.he BamLT and

Bam57 mutations are shown.
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TAê,AATGTATTCACA-¡VU\ AGTGAATTTATGATTATCATTTATTCACGAATTGAGAATAAA

met phe

GGGTGGGTT ATG TTT

cAs pro LAs

TGT CCG AAG

tL u Ð

CAT

cas
TGC CAT

his aLa

CAT GCC

aLa his
GCA CAT

aLa avg thr ser
GCG CGA ACA AGC

tAr Leu thr
TAT CTA ACC

arg
CGC

gLu asn thv. LAs gLu arg
GAA AAC ACG A;U\ GAA CGC

ta v'

TAC

hì-s gLn

CAC CAG

gLu thr iLe
GAA ACG ATA

cAs gLn a.sn iLe a,sn

TGC CAG AAC ATC A.A,C

+
T

Bam57

ser cAs thr phe

AGT TGT ACG TTT

met thy. met

ATG ACA ATG

cas
TGT

uaL

GTT

aLa

GCC

gLu dvg
GAG CGC
+
T
BamIT

phe iLe
TTT ATT

thr pro gLU

ACT CCG GGA

iLe dsp pro
ATT GAC CCG

aLa pro pro his pv,o thr
GCA CCG CCT CAC CCG ACT

uaL

GTC

gLa gLU gLn

GGT GGT CAG

arg pro Leu

CGG CCA TTG

tz'p Leu

TGG CTC

*** tr**

TGA TAA ATTTCCGCTA¡U\1'GSCCGCCGCGTGCGGGTTTTTTTAT
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in a lysogen. Furthermorq the B protein is autoregulatory

since it has been slnov¡n in uíuo that the level of the B

gene transcript is increased when the B protein carries an

amber mutation (Xalionis et aL., manuscript in preparation).

The B transcri-pt is present in a tysogen and yet does

not act to turn on late genes. Either the B protein is not

present t ot else the B protein cannot act to turn on late

gene expression. The latter is most like1y, since Hocking

and Egan (1982a) found that even if B protein is provided by

a super-infecting l86uiy, phager 1ro late functions can be

rescued from the prophage by complementation. We predict

that B protein requires a replicating template on which to

act. Such a predictionn together l^rith autogenous control'

is consistent with two other observations. Firstly'

Finnegan and Egan (198f) concluded that B gene transcription

was dependent upon a functional 186 A gene, since hybrid-

ization of 186 messenger RNA after thermal induction of a

IS;cTtsAam prophage to pEC35, a clone presumed to be

diagnostic for B gene transcription, showed very 1itt1e

transcriptional activity from this region. Secondly, Hocking

and Egan (l982a) found that B protein activity could be

rescued by complementation from a LBÇcIts prophage by a super-

infecting lTíBamuir phage. The super-infecting Bamuir phage

provides a replicating template. Based on the number of polarity

groups found by Hocking and Egan (1982b) r wê expect at least

four sites on each replicon to which B protein may bind to

activate late gene expression. This increase in the number

of B binding sites titrates the finite pool of B protein

originally present in the lysogen and thereby opens up B
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gene transcription. The A gene is not required for B gene

transcripþion per se as suggested by Finneqan and Egan

(1981) but A gene function is required for the increase

in B gene transcription required for late turn on.

2. P2 ogr

An in uitt,o transcript the same size as the tB6 B gene

transcript was observed upon transcription of P2. This

transcript was sequenced and located on the DNA sequence-

It was identified as Llne ogr gene transcript by sequencing

the appropriate region of the DNA from a P2ogz'52 mutant.

Sauer et -aL. (1982) concluded that ogv gene expression

depends on a functional A gene by coinfecting a lnost gro

mutant, which is unabl-e to support a P2ogr'+ infection, with

P2AamI2gognl and P2uiz,L. Since P2Aam mutants cannot be

complemented (l,indahl, l-970) , P2AamL29 will not replicate,

but if the mutanL ogr gene can be expressed from P2AamI29ogrI

to produce mutant ogr protein, it should complemenL P2uiv'Logn+

to produce a burst of progeny. No such complementation was

observed. However, Sauer et aL., did not directly determine

ogr gene transcription in their experiment and since, the

ogv gene is transcribed in uitv'o by an unmodified RNA poly-

merase, Iike the 186 B gene, wê predict Lh,e ogr gene transc-

ript will be present in a P2 lysoqen, ie., exist in the

absence of qene A function. Negative complementation

may explain the failure of Sauer and his colleagues to

detect ogrl complementation rather than the dependence of

ogy gtene transcription orr a functional A gene. The P2uiy'Logo+

phage woul-d replicate so the amount of ogr+ protein would be

much greater than the amount of mutant ogr protein

provicled by a non-replicating P2AamI29ogz'I phage.



77.

This excess of ogr+ protein, although defective ln a gro

host could result in a situation of negative complementation.

To resolve the apparent paradox, further experiments on the

in uiuo transcripts of P2 are required.

The 186 B and P2 ogr proteins are functionally inter-

changeable for late gene turn on but a difference does

exist between the two proteíns. The turn on of P2 late

genes by ogr is mediated through the cl-subunit of the host

RNA polymerase (Fujiki et aL., 1976). 186 is able to grow

on host gr"o mutants which carry a mutation in the cr-subunit

of the host RNA polymerase (Fukiki et aL., 1976¡ B. Egan,

pers. commun.), a mutation which prevents the growth of
l

P2ogr" .

3. Band 2

The S'-end of Band 2 was sequenced and was found to

initiate with an ATP 809 bases to the left of the PsúI site

at 77.32. The DNA sequence from which Band 2 originates is

shown in Figure 9.4. The sequence to the left of 77.3? is

from B. Kalionis (pers. commun.) and to the right of this

site is from H. Richardson (pers. commun.).

Scanning the DNA sequence in this region located three

related sequences, the putative operators which presumably

bind repressor. The promoter associated with Band 2 has a

-I0 region, TATATT and a -35 region' TTTACT. The -10 region

is located within 0I, which places this promoter under the

direct control of the eI repressor, which when bound to 01

woul-d block the initiation of Band 2 RNA. Band 2 has been

designated as the pR transcript, analogtous to the À right-

ward transcript.



FIGURE 9.4

THE DNA SEQUENCE ASSOCTATED VüITH BAND 2

The DNA sequence between the right boundary of the

L2 deletion and just past the presumptive Band 2 terminator

is shown (s. Kalionis, H. Richardson, pers' commun')' The

PstI site at 77.3% is indicated. The -35 and -10 regions

of the Band 2 promoter and the presumptive leftward promoter

are indicated. +I represents the start of Band 2. The

putatj-ve operators are boxed. The protein initiation and

termination codons for CP75, CP76, dhn and CPTB are boxed

and the open reading frames coloured. The stem of the

presumptive terminator is indicated by arrowed lines and

the T residues are overlined with dashes '



del2 2600

2660

lÀGÀTÀGCGCC TCGGGlGlÀC CÎGTTlGÀCÀ âTGÀGClGGÀ CGCGÀÎATCG ÀÀCÎGG11ÀC
TCTÀTCGCGG ÀGCCCÀCÀ1G GÀC¡rÀÀCrGl 1ÀCTCGÀCCT CCGCÎÀ1ÀGC TÎCÀCCÀÀ1C

cÎÀÀ1TG¡\ÀT ÎTÎCTGCGÀÀ ÀÀÎCÎGÎÀCG CCTCCCÀGÀT GCCGTCÀÀGÌ ÀCÀÎCCÀCCI
cÀT1ÀÀClrrr ÀÀÀGÀCGCTl 11ÀCÀCÀlGC GGÀGCGTCT^ CCCC^GTICÀ TCTÀGCICCÀ

-36t-r
ÎGCTCCÀÎCC IÀÀÀGÀÀTCT ìTTClCÀÎÎf CGÀTÀÀâàCC TÀTI1ÀC141
ÀCGAGGTACC ÀTITCTTAGÀ IÀÀGÀCÎÀÀÀ GCTÀTÎÎTGG À1ÀÀAÎCÀTA
ol -to_ .T

GGÀGÀTÀTÀ1 TÎTGGCT
cctclÀ1^1À ÀÀÀcccÀ

o

cccÀ
GGG

ÀcccÀÀrc ÀTccÀÀ¡fi,iãl cclrcrcÀÀÀ rcccrrrcr¡281Ú
Tcccrt¡gj¡gcrrrlFl ccÀ^clclrl ¡cccTlÀcrÀ_ro -96

lcÀÀTTGCÀÀ ÀCllrGGClÀ
AGlIÀÀCGIl 1GÀÀÀCCG¡\f

cP7õ

cÀ^Àclcccr ccrccr¡rrcð 1rÀcrcrccÀ lcrlrtccci cÀccrlcÀóó c¡c¡trctcl 2900

G111C^CGCÀ CGTGG^TÀGC À^lGÀCÀCCl rGTlÀÀCCGÎ CICCÀÀClCC CÀCÀÀÀCÀCT

ÀcccÀccccc rÀcccclccÀ cÀÀccccccÀ cÀÀcccrrcr cTÀccÀÀTcc À^aaaaaa^a 2960

TGCGlGGCGG AlGGCCÀCCÎ CIIGGCCCCÎ GlTGGGAÀCÀ CÀÎGCTIÀGC lÎGGGGCGIC

ÀccÀccrcc ccccÀTTccc ÀTT1À1¡Àcc crcccïGdlt 302dAÀrccclÀÀÀ GGCICCà¡rC
1T^cGCÀltT CCGÀCGllC

ÀÀ
T1 ICGfCCACC GGGCIÀÀCCG TÀÀATÀÀÎGC GTGCGÀCCÎ1

ÀGÀÀGÀGCÀG
1CÌ TCTCGTC

iþrcrcrrrr
TÀÀG1GÀÀÀT

ï lccGrÀÀGc
ÀÀcGcÀlTCC

1GÎGÀIIlGT
ÀCÀCTTÀÀCÀ

ccrTGccÀcà 1tcccc1111
GCÀÀCCCTGT lÀGGGCÀ^^^

ÀÀccÀrccÀÀ c[frrrrcrr
ITCCtÀCGTf GtÂCÀÀÀCÎÀ

,..ororfi toto
AGCCÀCGÀÀ1

aarr^r^rcc i1 l9
cclltGtÀcc

c¡rÀcTcGTcÀ
GTlGÀGCACl

11TCÀGCÍT1
Ir ÀÀCTCC^À^

ccÀcrÀTcÀc cÀÀcccrccc ccccrTTTcc ccÀcccrcÀc ÀÀcÀTccccÀ rccrcóiccr 3200

GGIGÀTÀCIG CTfCCCÀCGG CCCCÀÀAÀCG CCTCGCÀGfG TTGTÀCCGCÎ TCGÀCCGGCl

cccrcccccr ÀTcÀÀlcrrc ÀÀàccfrÀcc rrÀcÀÀccTc ÀÀcccÀc¡rÀc rcccrciccl3260
CGCÀCGCCCÀ T¡ICfTÀCAÀG llIGCÀÀTGC IlTClTCGÀG lÎGGGICTTG TCGGACÎGGI

crrcÀçcccc ccïcÀÀTTcr. cccrccrcÀc TcÀccrcÀcc cÀÀcàcrcÀÀ ccctcc¡rc^3320
CÀAGTGCCGC GCÀCIÎÀÀCÀ CCCACCÀCTG ÀCTGGÀCÌGG CITCTGÀGT1 CGGÀGCÀÀCT

lccrrTTctc cccclrcltr
cP76 ÀCC^ÀÀÀcÀC CGCCÌCÌÀÀ

cì
c1

iicrcrccc rrcccicccc ci¡¡r¡crôc r...rr^^o^ J380

l{io

3500

37{0

ÀÀcÀGÀccc 1¡ìcccÀccGc c^^t1Àctcc ¡tcccÀ1t1ct

1ÀÀÀTlGC¡rC TCtl^CCtC¡r TCCGCCCÀÀ1 CÀCtc¡tÀCTC CCfcÀÀC16C CcÀCCcclcC
trTTtÀÀcclc ¡rGÀÀTGcÀG1 ÀCcCGCcll¡r CIC^CtlcÀG CCÀCÎ1cÀCC GCTCGCCÀCG

GGIÀlCrCÀT GÀCCc¡ClCtr CCÀCIGCCCC IÀÀCCÀCÀÀC ÀTCÀÎ1cÀÀ¡r cCcT¡ÀÀCtu
CCÀIÀCÀCTA CTCGCÀGÀC1 GGIGÀCGCGC ATlCGTCTTG lACTÀÀCTTI CGCÀÀT1GÀG

prt I
ccccÀTTccc ÀTcrrcrcrr rcrccccrcr cccccrccÀr ccÀccrcrcc *crcr¡,ircc 356d
cccGI^ÀGcG T^CÀÀCÀCÎÀ ÀCÀGCCGÀc^ CCGCGÀCGrÀ CcICCÀcÀCc lClcÀ1TÀcc

cccrÀTcrcc 
^cccrccrcc 

rrlcc¡¡cic ccclrïlccc ccàrccr¡rc oraro^rfiã J"o
cccÀrÀcÀcc rcccÀccÀcc 1Àlccl^crc cccÀTÀÀccc ccrÀccÀÀÀc crcrcrrrît

ft.traat@TcÀ^ÀÀcr cÀ^cccrcÀT rTcccrcrcl ccïccrrÀÀc c¡rrccccic 16s0

rccÀcccÀfÀ ccÀcltTrcÀ ctlcccÀcfÀ 
^AcccÀcÀcÀ 

ccÀccÀÀrTc clllcccccc

GTÀ1GCÀTTÀ CGCCCACCCC TGGATCGCÀG GI[ÀGGÀCGG
cÀTÀcGTÀ^r GCCGCfGCCC 

^CClAGCGTC 
CÀtlCCTcCC

cÀÀGccclcc cÀccccIGcc
GTTCGCC^CC GTCCGC^CCC

dhr
3t00

GCÎCÀCÀCTC CGÀÀ11^tÌÀ À¡tÀccCCTcÀ tÀÀCÀtÀcTC GcccÀtÀrcc TcÀccÎITÎ1
CGÀGÍG1CÀC GcrtÀ¡iÎÀÀ1 1ÎÎCCCG^CÎ ItÎCTTTCÀG CGGCÎÎÎÀGC ÀCICCÀ^ÀÀÀ

rÀÀTT^rrcc r^TTcrcc^c lïTcr,'ÀTrÀ ÀÀccÀcrcÀÀ ^tñh.^., .afiãl^
,r1TÀÀrÀÀcc ÀTÀÀc^ccrc 

^ÀÀcÀtlÀ^T 
rlcctcÀctl tcWrcrcc ccrïõfr

tli t860
À^1

ÀGÀÀ11cTI1 lcCclcCCÀT CÀltCCÀÀÀÎ âlcctccÀÀc cÎlÎTcàtÀ
ÎCÎlÀÀCÀÀÀ ÀCCC^CGGÍÀ CTÀÀCGtÎÎ^ 1ÀCCTCCITC C^ÀÀÀCÎtÎ

1r
ÀÀ

rllrccccc 3920
IlllGGGCG

cnza IÀccccccÀ^ rÀcrrccccl rcÀcccrcÀc ¡cccÀcrccr còrrrcrrrr tlrrarrbal 1980

TGCCGCCÎT ttcÀÀcCcCIt ÀCtccCÀCÎC ÀCCCÍCÀCG^ CcTTlCllÀÀ ÀttCClACCT

11ÀÀÀÀCCCG ÀÀÀfCÀÎCÀÀ CCÀGÎ1À[¡rÀ ÀCCÀÀÀCCÎC Clctlc¡¡tTT lccÀIÀÎÀcÎ
À^TTfICCGC TTrÀGrÀGl1 CG¡CÀIìTTTl rCclltGCÀC cÀCÀÀCÀÍÀ^ ÀCCTÀÎÀlCÀ

loto

þ¡¡rþrrrrrr Àìcc1ÀÀrrÀ crrccccrÀÀ Àccccccccc clíilrriic çç¡¡¡¡¡¡ç¡ I I 00

^lTÀÀllr^T 
TTGCÀÎÌÀÀt cÀttCCcCÀTT tccccccccc ctÀÀc^t^Àc ccltlTTlct

ÀT ICÀTCGCÀÀG lClÌCCCÀÀÀ
TÀ ÀCIÀCCGTTC ÀCÀACCGTTT
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The other interesting feature near the 5'-end of pR

is a computer predicted -I0 and -35 region of a leftward

promoter. This leftward transcript is most likley that of

the cI gene located to this region by heteroduplex studies

(Younghusband et aL. , 1975) . Studies are currently under-

way to confirm the in uiuo activity of this leftward

promoter. The location of the leftward promoter is to the

right of 03 so transcription from pR and pC may be over-

lapping divergent. Attempts to identify the cI transcript

í.n uitv,o \^rere negative. This is not unexpected, since if

the promoter for pR is strong compared with the leftward

promoter, pR may preferentially initiate transcription

in uitro, whereas environmental factors may contribute to

the rate of cI transcription in ui,uo. Thus the lysis/lysogeny

decision of 186 may be controlled by the modulation of over-

lapping divergent transcripts.

The cl/operaLor region has a similar arrangement in P2

(LjungquísL et aL., 1984, in press). The operator region

located by sequencing the DNA of virulent mutants, indicates

two possible repressor binding sites. The repressor gene C,

identified by sequencing the DNA of Camber mutants is trans-

cribed leftward from a putative promoter Iocated to the

right of 02. The first gene j-n the early operon, presumably

regulated by repressor, has its putative promoter overlapped

by 01. No transcription studies are available to confirm

the activity of these putative promoters but if they do

promote C and coæ transcription then, âs postulated for 186'

P2 transcription is overlapping divergent.

The size estimate for Band 2 from methyl mercury gels
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\^/as 1450 bases, but from the DNA sequence there is no

obvious terminator in this region. There is a rho-

independent terminator located L323 base pairs downstream

of the Band 2 initiation s
CT

terminator has a stem I I

GG

e Figure 9.4) . This
G

I with a 6 base looP,
c

followed by CATTCTTTT. Confirmation of the activity of this

terminator will come from the precise location of the 3'-end of

of Band 2.

Band 2t or the pR transcript, spans four open reading

frames. The first two, designated CP (computer protein) 75

and cp76 are as yet unidentífied genes. The third open

reading frame has been identified as that of Lhre dhrgene

(formerly dho) postulated by Finnegan and Egan (1981) , (tt.

Richardson, pers. commun.). The fourth open reading frame,

designated CP7B, is also unidentified.

Finnegan and Egan (1981) also postulated the existence

of a gene X, whose transcription was a prerequisite for any

further phage transcription (see Fig. I.5). Gene X was

postulated to explain the result obtained by hybridization

of 186 in uíuo transcripts after heat inductj-on of a prophage'

derived from chloramphenicol treated cells, to 186 restriction

fragments cloned into pBR322. pEC35 exhibited a high trans-

criptional activity in the presence of chloramphenicol. This

activity was presumed to originate from the A.4 kb fragment

(now known to be 1.0 kb) to the right of the L2 deletion,

since it was thought that in the absence of the A gene product,

the B gene was not transcribed. Given now that the B gene is

transcribed in a lysogen, some of this transcriptional

activity would have been contributed by the B gene transcript.

ite (se
TGGCtIl
GCCG
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Although Finnegan and Eqan did not consider this contribution,

their prediction that the high transcriptional activity

originated from the right of the L2 deletion remains valid

for the following reason. B gene transcription is under

autogenous control and if the B protein is stable under

chloramphenicol treatment, then B transcription should be

repressed and so not contribute appreciably to the transcript-

ional- activity of pEC35. This is supported by comparing

hybridization of RNA after thermal induction of a LE6eIts

prophaqe from chloramphenicol treated cells, with the RNA

after heat induction of an Aamber mutant. The hybridization

to pEC35 in both cases was the same (rinnegan and Egan,

19BI) consistent with the followíng explanation. In an

Aambey, mutant. B transcription would be negatively regulated

by the B protein. If the B protein was unstable, then upon

chloramphenicol treatment of a LBíeTts lysogenr âr increase

in the transcriptional activity of pEC35 should occur compared

with the I86Aam prophage due to the removal of B gene repression

and hence increased transcription of the B gene. No such

increase was evidenþ therefore B transcription is repressed

upon thermal- induction of a LB6cIts chloramphenicol treated

lysogen.

Given that Band 2 extends some 543 bases into the

adjacent PstI fragment (77.32-84.6"<) , the same fragment

studied by Finnegan and Egan (1981) as a pBR322 clone called

pECLT .2, the hybridization results rationalised by Finnegan

and Egan as ratios of c.p.m./kb can be refined as follows.

Finnectan and Egan found 292 c.p.m. associated with the 0.4 kb

fragment in pEC35 and 136 c.p.m. associated with the 2.3 kb
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fragment from pEC17.2 which generated a ratio of 730:59

c.p.m"/kb for the two intervals. Now, the 0.4 kb interval-

has been found to be 1.0 kb with 809 base pairs contributing

to the Band 2 transcript, and instead of considering the

entire 2.3 kb interval of. 9EC1-7.2, only 543 base pairs need

be considered. The ratio of c.p.m./kb now becomes 365.6:250.5.

Assuming Band 2 onl-y is contributing to the 250.5 c.p.m./kb

found associated with pE,CIT "2, then the transcription contrib-

uted by pEC35 to the right of L2 is 250.5 c.p.n./kb. There-

foreu the B gene is contributing 115.1 c.p.m.,/kb to the

transcriptional activity of pEC35, less than half the

amount contributed by Band 2. This result is consistent

with B gene repression being maintained in the presence of

chloramphenicol, âs in D¿tv,o the B gene transcript is 3.4

times more abundant than Band 2.

The postulate of a gene X, as a prerequisite for further

phage transcríption remains valid. I86 must somehow trans-

cribe its replication genes, so a mechanism must exist for

extending rightward transcription. There are two possible

mechanisms. Firstly, antitermj-nation of Band 2 Lo facilitate

further rightward transcription, or alternatively, reinitiation

at downstream promoters to extend transcription across the

replication genes. 186 may encode a product, analog,ous to

the À N gene product, which would act as an antiterminator.

Or a product may be encoded which would activate transcription

from downstream promoters. I{hatever, the mechanism. it is
probable that this antiterminator or activator protein will
be encoded by Band 2. CP76 and CPTB are candidates for
gene X. CP75 is most likely the counterpart of the P2 coæ
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gene product, aS when translated these proteins share some

amino acid homology (8. Kalionis, pers. commun.). There

is preliminary evidence to suggest that extension of right-

ward transcription is via reinitiation rather than anti-

termination (e. Kalionis, pers. commun.).

4. Bands I and 3

Bands 1 and 3 were positioned by run-off transcription

to initiate approximately 390 bases to the left of L}:e BamHI

site at 95.72. The S'-ends of Bands I and 3 were sequenced

and found to be identical, confirming that these trans-

cripts shared an initiation site. The sequence of Bands

1 and 3 were compared with the DNA sequence of the region

to the left of 95.7 ? provided by A.V. Sivaprasad (pers.

commun.). This DNA sequence is presented in Figure 9.5.

Bands I and 3 initiate with an ATP and are associated with

a promoter with a -10 region' TACTGT and a -35 regrion,

TTCACA. There is an open reading frame with a ribosome

binding site and a methionine initiation codon associated

with these transcripts but these features are located 161

bases from the S'-end of the transcriPts, which is rather

further downstream than the ribosome binding sites and protein

initiation codons associated with Bands 2 and 4 (78 bases and

24 bases respectively). This open reading frame extends

across tlne BamHI site at 95.7e". Sequence information beyond

95.7 ? is unavailable so nothinq is known about the 3':ends

of Bands I and 3 except that their size precludes them from

traversing the cohesive ends, and Band I is a readthrough

of Band 3. The termination efficiency of Band 3 is 792-

There are no known genes in the region of Bands I and 3 so



FIGURE 9.5

THE DNA SEQUENCE ASSOCIATED üIITH THE 5 I -ENDS

OF BANDS 1 AND 3

The DNA sequence from PstI to BamHI (94"0? to 95.72)

is shown (a.V. Sivaprasad). The -35 and -10 regions of
the promoter for Bands 1 and 3 are indicated. +I signifies
the common start of the Band 1 and Band 3 transcripts.
The sos box is boxed. The protein initiation codon for cp95

is boxed and the open reading frame which continues beyond

Lh,e BamHI site is colou::ed.
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their function is speculative, based upon the features in
the DNA sequence.

A pallindromic sequence exists around the promoter

for Bands l- and 3. If the DNA near this region is negatively
supercoiled, then cruciform structures are possible (Hsich

and lVang,I975i Benham, I9B2; Gellert et aL.,I9B3) and the

-10 region of the promoter may be sequestered into the stem

of a DNA stem*loop of theoretical AG=-13.75 kcaI,/mole, as

shown in Figure 9.6. The -10 region woul-d be rendered

unavailable for binding RNA polymerase, until- a nick occurred

in the DNA, say, ât the onset of replication. Hence the

control- of expression of Bands 1 and 3 may be at the level
of DNA structure. Linearised plasmid or l-86 phaqe DNA which

would not exist in uity,o in a supercoiled statef \^/ere used as

templates for in uítro transcription experiments, so Bands

1 and 3 woul-d always be present.

More recentlyr ërn interesting feature was discovered in
the DNA sequence in the region of the promoter for Bands I
and 3. By scanningr l-86 sequences, B. Kalionis (pers. commun¡)

located an SOS box spanning the -10 region of the promoter

(see Figure 9.5). LexA is a repressor for many .8. coLi SOS

functions. To effect repression, the LexA protein bínds to
a DNA sequence around the promoter reqions of the genes which

it control-s. This DNA sequence is known as the sos box and

has been found in the promoter-operator regions of. LeæA anð,

v,ecA (Little et aL., I9B2) and uuy,B (G.e. Sancar et aL.,
1982). The sos box also exists in À (sprichitsky and Kopylov,

1983). It has been found to span the promoter of the oop

transcript. These workers proposed that LexA would bind to



FIGURE 9.6

CRUCTFO.RM STRUCTURE NEAR p95

The possibre stem-loop structure near p9s, the promoter
for Bands I and 3, is shown. The -10 region is sequestered
into the stem of the cruciform. The aG = -r3.75 Rcar/mole.
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the SOS box and repress oop transcription. Upon irradiation

of a À prophage by ultra voilet Iight, the LexA protein

would be cleaved and the repression of oop transcription

Iifted. The ]-efbward, oop transcript would then compete

with Lhe pR transcript preventing the synthesis of eIf

protein and forcing ). to undergo lytic development rather

than remain in a potentially damaged ce11.

The role of the sos box in 186 has yet to be elucidated

but it is possible that it may have a role in controlling

the expression of some phage function required late in

infection, whose expression is opened up after replication

by titration of the LexA Protein.
Located to the right of 92eo on the P2 chromosome is a

constitutive function defined by a gene oLd (Bertani, L975) .

The oLd gene is active in a P2 lysogen as evidenced by the

interference of À by a P2 prophage. When the prophage has

a mutation in the oLd gene this interference of ). is

abolished (l,indafrl et dL., 1970) . Since the oLd gene is

expressed in a P2 lysogen, it is possible that L]ne oLd

transcript may be generated by an unmodified RNA polymerase

Ln an in uitro transcription system, and although this

expected oLd Lranscript originates from the region analogous

to Bands I and 3 of tB6, their functions are not analogous

as À forms plaques on a 186 lysogen.

5. Comparison of 186 and À

The genes controlling the sequentíal appearance of À

proteins and the transcripts made, are described in the

general introduction (Chapter 1) along with a diagramatic

representation (rigure 1.3) .
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Superficially À and 186 transcription follows a similar
pattern of sequential gene expression, with early g'enes

activating delayed middle transcription which in turn controls

DNA replication and late gene expression. lVithin this
framework the detail-s of control mechanisms differ. l-86 has

one repressor controlled promoter for essential genes, with
the operator mapping to the right of cIi in comparison À has

two essential promoters with the associated operators on either
side of the cI gene.

À oR binds repressor to rnod,ulate the transcription from two

promoters, pR and prmt whose sequences overlap the operators
(see Figure 1.4) and the transcription is divergent. The 186

operator may also modulate transcription from two promoters,

pC (presumptive cT transcript) and pR, but the transcri-ption

is overlapping divergent. In tr the repressor binding site
negatively controlling transcription from pR is closest to
the gene it regulates (ero) whilst ín l-86, the repressor

binding site controll-ing pR is furtherest from the gene it
controls.

The major deviation in 186 from the sequential-ía exhib-

ited by À lies in the control of the late turn on gene, B.

In 
^t 

transcription of the late turn on gene, Q, depends upon

antitermination of pR at tR2 by the ). N protein. The l-ate

turn on gene of L86, the B gene, ís transcribed independently

of phage protein synthesis. ).Q acts as an antiterminator

to extend transcription into the head and tail genes and its
activity is retained i.n uity,o (Grayhack and Roberts , 1982)

indicating that its action is not dependent upon a replicating
template. Al-1 evidence suggests that the B protein acts at
the late promoters as an activator of transcription and is

ìl;

ru
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only

6.

active on a replicating temPlate.

The future

In uity,o transcription studies have laid the ground-

work for numerous other Pursuits'

Band 4' the B gene transcript, is being studied in

uiuo to determine its control. It has been postulated that

its control is autoregulatory, but this needs to be tested

directly. Isolated B protein should inhibit transcription

of Band 4 when added to an in uitv'o transcription reaction'

once the St-end of the cf transcript has been l0cated'

expression of the overlapping transcripts can be studied

with regard to their influence on the lysis,/fysogeny

decision of 186. These studies have already been initiated.

Isolated repressor protein can be used' in uítv'o to directly

block pR transcription to confirm that its promoter is

negatively controlled by the cI qene product. The mechanism

whereby 186 extends transcription to the right of Band 2

must be determined.

some light may be shed upon the role of Bands I and 3

by firstly testing the theories suggested in section 9.4.

Negative supercoils may be introduced into a plasmid' for

example, pEC200, carrying the appropriate region of the

186 qenome, by DNA gyrase. If Cruciform structures are

formed rendering the promoter for Bands I and 3 unavailable'

then Bands 1 and 3 should not be generated upon in uítro

transcription of such a plasmid. Upon introducing a single-

strand nick into the DNA to release the supercoiling, Bands

I and 3 should reappear.

The presence of the sos box may be confirmed by trans-

cribing 186 DNA in uity,o in the presence of LexA protein.
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If LexA acts to repress initiation of Bands 1 and 3, the

transcripts should not be generated.

The information gained from the study of 186 in uítro

transcripts has increased. the knowledge of 186 molecular

biology and although much remains unknown, the realm of

th.e control of 186 qene expression has been opened up, there-

by justifying the study of the initial transcripts of coli-

phage 186.
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COMPARISON OF THE LATE CONTROL PROTETNS

oF coLfPHAGES P2, P4 AND 186

The product of the P2 gene ogr corrLrols late gene

transcription. The 186 B get:e and P2 ogr gene products

are functionally interchangeable as evidenced by the

existence of viabl-e P2/IB6 hybrids that possess p2 l-ate

genes and 186 gene B for their activation. The ô gene of
the satellite phage P4 can substitute for 186 B and P2 ogr

in late gene turn on. It was therefore expected that the

products of the P2 oØr, 186 B and P4 ô genes would exhibit
amino acid homology.

Fiqure A, I shows a translation of the 186 B gene DNA

sequence compared to translations of the P2 ogr gene

sequence gained from the preliminary sequence data of

Ljungquist and the P4 6 gene sequence qained from the

preliminary sequence of Lin. The ô protein is larger than

its 186 or P2 counterparts, containing 154 amino acids

compared to 72 amino acids for B and ogr. There is a

striking homology between B and ogr, with 32 of 39 amino

terminal residues identical. The homofogy is less with

ogr and ô, with 19 i-dentical amino acids amonq the 39 amino

terminal residues.



FIGURE A.1

The figure
products of the

qene. They are

TRÄNSLATION OF 186 B, P2 oqr AND P4 ô

shows the sequences and the translation
186 B gene, the P2 ogr gene and the p4 ô

compared with P2 ogÍ,.
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