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CONTROL MECHANISMS OF HIGHER. EUKARYOTIC GENE TRANSCRIPÎION

- DIVERGENT HISTONE GENES

Thle laboratory hae lsolated the entlre gene complement of the hletone

multlgene famlly from the chlcken genome. The lsolated chl-cken H2A and H2B

proteln encodl-ng genes have been studled ln detall ln. thls theels. Slx

dlvergent Hzl./HZA gene palrs have been orLented and thetr l_ntergene

promoter reglone sequenced. ConparatLve analysie has ldenttfled potentlal

regulatory elemente and a conaerved spatlal arrangenent of the genes.

Codlng reglons of the divergent genes are aLl approxlmately 350 baees

apart. TATA boxes are Beparated by 180 bases that contal-n four CCAAT boxes

and a 13 base mottf that ls also found near l-mmunoglobulln gene promoter

elements.

FunctLonal testlng of the Lntergene promoter regl-on has been carrled.

out by þ vitro mutagenesls uelng pAT plasmld or M13 phage vectors and by

Sene transfer experlments Ln the nucleus of Xenopus oocytes. A 420 base-

palr fragmenE contal-nlng the l-ntergene reglon ls sufflclent to correctly

promote and lnltlaÈe the dLvergent transcrl-pts. Mapplng of the promoter

regLon l-ndlcates that the two genes have overlapplng promoter elenents. The

slgnlflcance of this gene arrangement ln the contol of hletone proteln

expressl-on ls dlecussed.
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CHÀPTER I: THESIS PERSPECTIVE - I,IOLECUIAR LEVELS OF GENE CONTROL

l-1 Introductlon

The theme of thls thesls concerns the molecul-ar mechanLsms lnvolved in
cellul-ar transcrlptlon of eukaryotl-c DNA. In partlcular, the control and

co-ordlnatl-on of a nu1t1-gene faml-ly wt1l be the focus of the experl-mental

work presented ln the main text of the thesis. Steps Ln the pathway from

DNr\ to proteln nyntlresls tlrnt mny be lnvol,verl 1n re¿rr1.nh1on ln errknryotan

w111 be examl-ned. An account of the hlstone gene aystems of eukaryotlc

organl-sms and varlous technlques used to analyse DNA transcrl-ptÍon wt1l

also be presented as a background to the experlmental work of the chlcken

hl-stone multÍgene famtly l-nvestlgated here.

1-2 Levels l-n the Control of Gene Expresslon

The 1-lvlng bl-ologl-cal cel1 l-s a marvellous nachl-ne (Alberts et a1.,

1983). Cell-s of htgher metazoans are of nany types wlth strtkl-ngly dl-stlnct

norphology and functLon. Dlfferentlal gene expresslon underl-fes many of the

dlfferences between cell types. Gene expression l-n turn l-s controlled at

a number of l-evels. Ce11 types can develop differences by controll-ing:

(l) how or when a g1-ven gene Ls transcrl_bed
(2) how the lnltl-al transcrlpt l-s processed
(3) selectlng whl-ch mRNAs ln the ce1l nucleus are exported. to the

cytoplasm
(4) selectlng whl-ch mRNAs ln the cytoplasm are translated by rlbosomes(5) selectl-vely stablltzlng certaln nRNA molecules l-n the cytoplasm(6) once protel-n has been produced from the mRNA it can be

post-translatl-onally modffled to lnpart dtfferent actl-vltles,
propertles or stabllltles.

DNA transcrlptlon is especlally subJect to cell-ular regulatLon and a

very lmportant part of the control processea occurs at the fLrst sÈep, the

synthesls of the prlmary RNA transcrl-pt (Derman et al., 19Bl). There are

tvro general processes whfch need to be understood Ln the transcrlptl_on of

eukaryotlc genes; flrstly thè nature of the DNA signals and molecular

componenÈs requf-red for the actlvatLon of any gene, and secondly how

I



transcrl-ptlon ls regulated throughout development. That ls, what determLnes

whether a partlcular gene is transcrlbed at a speclfl-c ttme and ln a

specl-flc cell.

1-3 Actlve Chromatin

The DNA of all eukaryot-tc organl-sms 1e c1-osely assocLated wlth a wfrle

varl-ety of DNA-btndlng protel-ns of two general clagsee: the hLstones and

the non-hl-stone chromosomal- proteLns. The l-ocalLsed structure of the

chromosome lnfluences gene regulatl-on sl-nce genes present ln

heterochromatLn are not expressed (Wetsbrod, 1982). 0n the other hand those

genes whfch are belng expressed ln a tissue specÍfLc fashlon exLst ln an

actl-ve chromatl-n conf ormatl-on whlch l-s dLf ferent from that of the

equLvalent chromosome reglons l-n tlssues where the gene ls l-nactl-ve

(Welsbrod, 1982). ActLve genes are readlly accesstble to reagents such as

DNase I.

Irrespectlve of Ëhe characterLstLcs of actLve genes descrl-bed below,

transcrlptlonal- actl-vatlon requlres an l-nitLal un-ravelltng step of a

domaLn of the chromosome contalnfng the gene to be transcrlbed. The prlmary

events lnvol-ved ln decondensatlon/condensatl-on of chronatl-n domaLns are

fundamental to the questLons of gene control and dlfferentl-atLon but very

llttle ls known ln thls area. Thus, the secondary conponents dlrectly

Lnvolved ln the act of transcriptlon wtll be the maJor polnts of

dl-scussl-on.

l-3-1 The Nucleosome and Hlstone Protelns

The basl-c unlt of chronatin fs the nucleosome. Thls consl-sts of 146 to

240 base palrs of DNA wound twice around a hlstone protein core. The core

proteJ-ns are made up of four types H2A, HZB, H3 and H4 present Ln equal

amounts ln the form of an octamer. A flfth hlstone type, Hl and varl-ants
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such as Hl (cjerset et al-., 1982) and H5 (Aviles et a1., l97B), ls

assoclated wlth the nucleosome as a llnker between core partlcles. MaJor

and mfnor subtypes of all the hlstone proteln types except H4 have been

found (Isenberg,1979; Von Hol-t et al., 1979; Z¡veLdler, l9B0). The maJorlty

of these variants dfffer fron the most connon forns by only a few amLno

aclds, however the varlant resfrlues could cause potentlal"ly lmportant

conformatfonal differences between the subtypes.

Hl-stone variants appearlng ln only one specl-aLIzed tl-ssue are found l-n

Eperm of several- specl-es (Zweldler, 1980). A htstone whlch appears to be

specffl-e to erythrold cells of flsh, amphlblans, reptl-les and btrds ls the
0

Hl varfant U5 (Avlles et a1., 1978). Hl , e mammal-l-an hLetone closely

related to H5 l-s found Ln a relatively wlde range of terminally

dlfferentiated cells (GJerset et al., 1982) and ll_ke H5 accumulates post-

ml-totlcall-y. Developmentally controll-ed varlants also occur l-n a more

general sense ln some specles. For exanple, 1-n the sea urchln the forms of

HzA, H2B and Hl whl-ch are expressed ln the blastula are replaced by the

l-ate subtypes ßr y and 6 by the gastrula stage (Newrock et al.r 1978).

The hl-stones can exlst Ln dtfferent forms by post-translatl-onal

modl-fLcatfons. These modl-ficaÈl-ons l-nclude acetylatlon, phosphorylatl-on,

ADP-rlbosylatl-on, methyl-at1-on and ublqulttnatlon (Isenberg, 1979). HÍstones

l-n el-ther thelr modlfled or unmodl-fled forms have been assoclated wlth

various staÈes of actlvLty of chronatLn (Hal-l-eck and Gurley, 1982.,

PrentLce et al., 1982). Phosphorylatlon of H2A for example has been found

to be greater ln the euchromatln fractlon and a ublquitlnated form of the

H2A protel-n has been shown to have a sel-ectlve arrangement ln the

Drosophl-la genome (Levl-nger and Varshavsky, l9B2). I.Ihether these

modlfl-catLons are the cause or èffect of changes l-n chronatl-n states l-s not

known.
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A histone varlant whlch dlffers substantl-ally from its naJor subtype

l-s HZA.Z. Thts protel-n was l-nl-tla1-ly lsolated from mouse nucleosomes but

has subsequentl-y been found ln all tissues and specl-es studl-ed (tlest and

Bonner, 1980). I{hether H2A.Zrs sequence dlfferences are related to Lts

d.istrlbutl-on l-n chronatln ls yet to be determl-ned. One hl-stone varl-ant

whl-ch appears to be strongly assocl-ated wtth actl-ve chrornatl-n is an Hzl.

varlant from Tetrahymena thernophila, known as hv-l. rt Ls found

exclusively l-n the transcrl-ptlonally actlve macronucleus and not at all tn

the transcrlpÈl-onally lnactive nLcronucleus (Allts et a1., 1982).

As well as being llnked wl-th developnental stages, varlous hl-stones

are expressed dlfferently durlng the cel-1 cycle. ApproxLmately 907" of

hl-stone synthesis ls coupled to DNA synthesls but 10% proceeds throughout

the cell- cycle anrl f-s known as basal synthesls. Thls 10% lnclu<les the

ongol-ng aynthesls of the varlante H2A.X, H2^.2, H3.3 and II2B variants (I,lu

and Bonner, fg8l).

The presence of these hl-stone varfants, thel-r cross specl-es

conservatlon and developmental regulatlon suggests that they could welt

play a role l-n dl-fferentlatlon and sel-ectl-ve gene expressl_on.

A specl-al type of nucleosomal subunlt located on transcrl-bed DNA

reglons wlth propertles that facl-lttate transcrlption has been postulated

(Prlor et al., 1983) and terrned the "lexosome". Applted to rDNA r-n

partl-cular, tt Ls a speculatLve gene actLvatlon ¡no<le1 l-nvolvfng a

nucl-eosome - lexosone transl-tÍon. The lexosome forrnatlon l-nvolves a

symmetrical unfoldlng of the hlstone core and the btndtng of proteLns ln

addl-tlon to the core histones. A loosenlng of DNA - hlstone l-nteractlons

could lead to a transl-ent dlsplacement of hl-stones durlng the passage of

RNA polymerase molecul-es (see below).
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l-3-2 Nucleosome Phastng and DNase Hypersensttl-ve Sttes

As mentloned, actlvely transcrl-bed genes exhiblt a structure dlfferent

from that of non-transcribed regions when pancreatl-c DNase I ls used to

probe lts accesstbtllty. A senstttvity Èo DNase I of actlvely transcrlbed

genes seems to be a general phenomenon (I.lelsbrod, l992i Elgl-n, 1984) but

only lndlcates a potentJ.al for gene transcrLptlon rather than transcriptl-on

ltse1f. The appearance of DNase I hypersensLtl-ve sl-tes precedes the

l-nl-tlaËlon of transcrl-ptl-on and l-s apparent only l-n tlssues that are

conmltted to expressi-ng a gene.

Studies of the nlnl-chromosome of SV40 and the chlck B - globtn gene

l-ndlcate that hypersensl-tl-ve sl-tes correspotì.d to regtons of DNÀ that are

poeelbly nucleoe<¡me free (JakobovtLln et al., l9B0; Saragosl-l et al., l9B0;

McGhee et al., l98l). lata from rearranged SV40 genomes and fron Drosophlla

mutants at the Sgs-4 locus Lndicate that sequences adJacent to genes can be

crltlcal, for the formatfon of DNase I hypersensl-tl-ve sltes (Jongstra et

a1., l9B4' Shermoen and Beckendorf, I9B2). It l-s posslble that nuclease

seneltive sltes are generated by the Lnteractl-on of non-hlstone protelns

wlth DNA by binding to the reglon ltsel-f. The Drosophlla hsp70 gene once

l-nduced by heat shock blnds a trans-acttng factor (I{u, 1984a), however a

DNase I sensl-tl-ve chromatln structure l-s present at thls 5r terml-nus of the

codl-ng sequence before actl-vatl-on (Wu, f 9B0).

The question of how nucleosomes are arranged on actlve and Lnactlve

DNA has three simpllstl-c ansl{ers. They could be arranged randomly on the

DNA, they may be l-ocated l-n unLque posLtlons that are ldentfcal |n a

homogeneous populatl-on of ce11sr or they nay occupy a smal1 number of

dlstlnct positlone. The l-atter Ewo of Ehese arrangements are referred to aa

nucleosome "phasl-ng". Phasl-ng does exlst for certaln posl-tlons ln the

genome, however the extent of the nucleosome preference, lts structural
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reasons and lts functlon ls far fron bel-ng understood (Zachau and lgo-

Kemenes, 19Bl; Kornberg, 19Bl).

The functl-onal stgnlfl-cance of regular nucleosome arrangements on

satelllte DNA may be that, by modulattng chronatl-n superstructure they

affect chronosoue recognltl.on ancl palrlng. The DNase I hypereensltlve

regl-ons of proteln cocll-ng genes, postulated to be nucleosome-freer may

precl-sely posltl-on nucleosomea at thefu borders or lnfluence the chromatLn

structure at the regLon of transcrlptLon and lnpose a short range order.

However for genulne phaslng of nucl-eosones to exlst, lt would mean that the

loss or ad,ll-tl-on of Just a slngle base pal-r could have deleterious effects.

A loosely preferred dlstrlbutl-on of nucleosomes at speclfic sLtes would

accommodate the genonic varl-atlons of lndlvl-duals of a specles that are

found l-n nature (Jeffreys , 1979 ¡ Brown, 1982). At present research on

nucleosome phaslng ls only at the leve1 of nuclease dlgestl-on and bl-ot

hybridlzatl-on.

f-3-3 Non-Histone Protel-ns Associated wlth Chronatl-n

The proEel-n fractl-on most ofEen assocfated wtth active nucleosomes l-s

the htgh mobllity group protelns (HUC). They are snall htghly conserved

proteLns and are present tn l0% - 207" of nucleosomes. Two HMGs in

parElcular have been assoclated wlth actlve chromatin, HMGe 14 and 17. These

protelns can be eluted from chl-ck erythrocyte chromatl-n r^rtth 0.35M NaC1,

wlthout any detectabl-e change in the gross structure of l-ndlvldual

nucleosones. However wlth thls depleted chromatln the globln gene ls no

longer hypersensltlve to DNase I (I{elsbrod and l,lelntraub , 1979).

Reconstitutl-on of the depleted chromatl-n wlth purtfled HMGs at a ratlo of I

mole HMG: 10 mole of nucleosomea successfully restores the DNase I

sensitivl-ty of the globln gene.
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There ls no tl-ssue specLflcl-ty assoclated with HMGs. HMGs 14 and 17

from braln nuclel are capable of restorl-ng the hypersensltl-vity of the

globln gene fron salt depleted erythrocyte chromatin. The speclfl-cLty of

HMG blndlng resides ln the reclpLent depleted chromatln; HMGs 14 and L7

fron red blood cell chromatln fall- to l-nduce DNase I hypersensltlvlty to

the globtn gene of HMG - depleted chromatln from braLn. the pos1tl-onl-ng of

HMGs l-n actlve nucleosomes has been l-nvestlgated and Lnd.lcates a dlrect

correspondence between chromosomal regLons whlch are capable of interacting

wlth HMGs and the regl-ons whl-ch are htghly sensJ-tlve to DNase I dtgestlon.

The general concluslon l-s that HMGs 14 and 17 occupy two bl-ndlng sl-tes at

each end of the nucleosome core and lnteract wtth or cover the

internucleosomal, histone - free DNA of the hypersensl-tlve sl-te (Welsbrod,

1982).

Much less is known about other non-hl-stone protelns assoclated wl-th

active chromatln. Increaslng attentlon l-s bel-ng pal-d to sequence specl-f1c

DNA blndlng protel-ns. It has been suggested that specl-fl-c regulatory

protelns may blnd to a Sene promoter site l-ndependently of RNA polymerase.

the polymerase could then blnd <lLrectly to the promoter-recognl-tl-on proteln

complex (Travers, l9B3). General pronoter recognlzing protelns have l_ndeed

been purifled and thetr role l-n transcrlption suggests that a pre-

l-nl-tiatl-on complex ls formed fndependently of the RNA polynerase (Davlson

et al., 1983; Gldont et al-., l9B4).

The Lsolatlon and characterl-zatlon of gene-speclflc regulatory

proteLns ls Just begtnnlng. A 55 RNA gene transcrlptlon factor known as

TFIIIA l-s requl-red for the accurate lnl-tLatlon ln vl-tro of Xenopus 55 genes

(Korn, I9B2; Brown, f9S4). thts factor l-nteracts wl-th resldues 50-83 of

the transcrl-bed reglon and thus btnds to an lntragenl-c promoter. The large

T - antJ.gen of SV40 and polyona acts aa a posl-tl-ve regulator of vlrus

7



repllcatlon/late transcrlptlon and a negative regulator of l-ts own early

gene transcrl-ptLon by blndlng to three operator sites near f-ts orfgln of

repll-cation (Schaffhausen, f9B2). The ElA gene product of Adenovfrus acts

aa a trans-actlng transcrlpÈl-onal enhancer of the human g - globln gene

transfected lnto Hel-a cells (Green, f983b). Moreover a 36 base pal_r reglon

of the 3- globln promoter contalnLng the TATA box l-s sufflcLent for such

an l-nteractlon. I{hether there l-s a dlrect contact between the EIA protein

and the promoter has not been dLrectly shown but 1t Ls a dLstlnct

posslbtltty.

PoslËlve control has also been shown by the aequence-specl-flc btndtng

of the glucocorticold receptor complex to cloned fragnents of murine

mammary tumour vl-rue DNA (Chandler et a1-., f9B3). Thts btndtng medlates

hormone responsiveness vla the promoter. A parttally purtfled fractLon of

chlcken erythrocyte nuclel- can confer hypersensl-tlvfty to the chlck ß -
globln gene 5r flanklng regl-on l-n vLËro, when allowed to form chromatin

wlth purtfled hlstone protel-ns. One or more protelns may l-nteract

specl-ftcally wlth the sequence of the hypersensitlve reglon (Emerson and

Felsenfeld, 1984). Dlrect lnvestlgatLon of the blndtng of a heat shock

actlvator protein to a speclflc DNA sequence, termed a heat-shock box, 5r

to the Drosophl-la hsp 70 and hsp 82 genes has been done by napptng DNA

exonuclease resLstance sLtes ln chronatin (I,Iu, I984a and b).

I-3-4 Hlgher order Structures

The nucleosome ls only the ftrst level of DNA packaglng l-nside the

ce1l. A hLerarchy of superstructures compact the nucleosomal DNA chal-n
0

cul-ni-natlng ln the most condensed form of metaphase chrornatl-n. A 100 A

flbre ls generated by foldlng of the Lnternucl-eosomal ltnker DNA; thls
0

ftbre ls then coiled l-nto a 300 A flbre probably by the crossl-lnklng of

B



nucleosomes by Hl proteln (Igo-Kemenes et a1., f9B2).
0

In both 1-nterphase and metaphase chromosomes the 300 A chromatl-n

fibre appears to be folded lnto loops or domal-ns. Stretches of 35-85

kl-lobases of DNA are thought to be anchored to a supportlng structure of

the nucleus termed the natrlx or scaffold. The dLstrlbutlon of DNA

sequences and the location of protelns wlthin chromatin domal-ns are no\ù

belng studied. The ldentlflcatlon of a sequence-specl-fic chromatin-1oop

organl-zatlon for the tandemly repeated hlstone gene cluster of Drosophlla

has been reported (one loop for each repeate<l unlt; Mlrkovl-tch et a1.,

1984).

DNA endonucleases have been used to LnvestLgate hlgher order

organLzatlon of actLve chromatln. ActLve genea have an overal-l DNase I

sensl-tlvlty i-nternedÍate between that of the hypersensLtlve sl-tes of actLve

genes and a totally l-nactl-ve gene (Welsbrod, 1982). Dlfferent genes are

preferenttall-y degraded ln dlfferent cell- types correspondl-ng to the

pattern of RNAs that the cel1s make. As stated above (f-3-2) DNase I

sensl-tl-vity only lndicates the potentl-al for transcrl-ptlon of a gene and

not Èranscrl-pÈ1-on ltself, therefore eukaryotlc gene actlvatlon probably

occura l-n two stages. In the flrst atage a local reglon of chromatln,

probabLy a donain, ie modlfled to decondense tt ln preparatlon for

transcrl-ptl-on. Secondly, DNA transcrlptl-on l-s actlvated l-n selecÈed gene

reglons of decondensed loops by regulatory protelns blndlng to speclflc

sLtes on the altered chromatin (f-3-3).

Domal-ns or loops are essentl-al elenents of higher order chronatln

structure and are related to unl-ts of transcrl-ptl-on. Thelr structure,

rearrangement, and tl-me course of actl-vatlon may control- developnental

regulatl-on.

l-3-5 Role of Matrl-x
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The nucl-ear matrl-x consl-sts of a perlpheral lamina, nuclear pore

structures, a resl-dual nucl-eolus, and an l-ntranuclear matrl-x. It has an

Lmportant role Ln the structural orgenizatfon of DNA end 1e compoeed of

three naJor polypepttdes (Berezîey, 1979). The DNA l-oops of 1-nterphase

nuclei are anchored to the natrlx posslbly at speclfLc sl-tes along the

chromosome. The preferentlal location of speclfl-c gene locl at speclflc

sites has been examlned fn DrosophlJ-a polyÈene nuclel (Agard and Sedat,

1983). The topographlcal- analysls reported was sufftclent to determine an

overal-l foldlng patËern, but could not alLgn the genetl-c map wlth the

topologlcal arrangement.

The nuclear matrlx ls the sl-te of DNA repltcatl-on (Pardoll et al.,
1980), possl-bly the sLte of nuclear RNA processlng (Long er al_., 1979) and

has been shown to blnd hormones Ln a specl-fic manner. Isolated nuclear

natrl-x has been found to preferentf-ally contaln actively expressed genes

(Ctejet et a1., 19S3) intll-catLng that the nuclear matrix l_s the slte of

nuclear transcrlptl-on. The attachment of the hormone sensltLve chleken

ovalbuml-n gene is reverslble when the hornone l-s withdrawn. Thus another

level of control for gene expresslon nay exist l-n the nucleus.

1-3-6 DNA Modtflcatlon and Structure

In mosÈ hlgher organlsms, DNA l-s modlfled by the converslon of a snall_

percentage of cytosine resl-dues to S-methyl-cytosine. The naJor slte of

nethylatl-on ls at CpG sequences and the nethylatlon pattern l-s tnherlted

automatically followfng DNA repllcatlon due to the spectflclty of

eukaryotlc meEhylases recognlzlng hemlmethylated CpG dlnucleotldee. The

control of gene actlvity by DNA methyl-aElon has been recognlzed as a

logtcal-1-y attractlve possJ.blllty. A regl-on of DNA l-mportant for gene

actl-vatl-on could be stably malntal-ned through repeated cell dlvlsl-ons tn
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el-ther a nethylated or unmethylated form because of the lnherltance of

methylatlon patterns.

Methylatl-on of DNA can supress transcrlptlon of some genes, however

the actlvity of others are unaffected (¡frd, t9B4). In vltro slte dfrected

methylatlon of globin genes has shown that the methylatlon of speclflc CpG

sequences bet.ween 760 base palrs upstream and 100 base pal-rs downstream of

the 5r end of the hu¡nan y - globln gene can prevenE transcrl-pÈ1on;

nethylatlon of CpG sequences elsewhere l-n the gene appear to be unlnportant

to transcriptlon of the gene (Busslinger et al., 1983). In evaluatl-ng the

effect of DNA nethyLatlon on gene expressl-on Lt ts signtflcant that the

levels of CpG methylatlon varles conslderably between vertebrates and

l-nvertebrates. No 5-methyl,-cytosine resldues have been detected l-n

Drosophl-1-a at al-l and no methyl-ated gene as such has been detected ln other

lnvertebrates. It is therefore not clear at the moment what part DNA

methylatl-on plays in eukaryotLc gene expressl-on.

The structure and functfon of a DNA molecule can boÈh be affected by

the DNA sequence ltself, torsl-onal stress, base modlfl-catlon and the

interactl-on of specifLc proteins wl-th the DNA. Altered DNA conformations

are ltkely to play an l-mportant part ln DNA packagl-ng l-nto nucleosomes and

ln the sequence-specl-fl-c recognl-tlon of DNA by protelns (Wu and Crothers,

1984). DNA ls a dynaml-c molecule and alteratlons ln lts flne structure

possl-bly play a role l-n controlllng genes.

Conventl-onal DNA ls a rlght-handed double helLx (the n-heltx; B-DNA)

but a range of right-handed structural- hellx fanl-1Les can exlst (Cantor,

19Bl). One left-handed DNA structural varl-ant hae been descrl-bed and ls

known as Z-DNA. Z-he1lx f ormatlon Ls f avoured Ln al-ternatJ-ng

purlne/pyrlmldlne stretches and ls stabtl-l-zed by the lnclusl-on of the 5-

nethyl-cytoslne base.
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Supercolled DNA is torslonally stressed an<l ln response to thl-s stress

the molecul-e twl-sts, bends or deforms to minlmlze lts free energy. Changlng

a section of B-DNA to Z-DNA, rtght to l-eft, untwlsts the supercoil, and

thus supercolllng of DNÀ also favours Z-DNA formatLon. Another posslble

response of DNA to torsional stress ls the formatLon of cruclforms, which

requires the presence of lnverted sequence repeats. thls relieves some of

the stress by denaturl-ng several base pal-rs in the cruciforn duplex

Junctfons and loop outs at the end of the crucl_form.

Dl-rect evldence for Z-DNA formatl-on ln vLvo comes from the blndlng of

aîtI-Z antibodLes to Drosophlla polytene chronosomes. Thls btndtng has been

shown to depend on the chromatln flxatlon techniques used and tt l-s

therefore not certatn l-f Z-DNA does exlst ln vlvo (nfff and Stollar, f9S3).

Many reglons that have the potentlal to form Z-DNA are often l-ocatecl at

l-mportant sltes. Several eukaryotl-c enhancer elements contal-n potentla¡ Z-

DNA regions (Nordhelm and R1-ch, 19S3).

Under relaxerl condltl-ons the structural conformatl-on of normal right-
handed DNA changes fron place to place along the length of a DNA nolecule

dependlng on the base sequence. Spectflc sequence Lnduced varlatlon Ln the

structure of l^Iatson-Crlck DNA may be of inportance for protel-ns that btnd

to a consensus sequence. The recognltlon of the essentl-a1 bases in the

consensus may be Lnfluenced by the f1-anklng sequences and lnfluence prote1n

blndlng afftnlty (Drew and Travers, 1984). Thus there may be a consensus of

structure as well as sequence.

1-4 RNA Transcrlptlon and Transcrlptlonal control

Transcrlptlonal control, the rate of synthesl-s of nuclear RNA, is
certalnly of paremount lmportance ln eukaryotlc cells (Darnell, l9B2).

DlfferenÈlal stabtllty of cytoplasmlc mRNAs and RNA processlng represenÈ
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important and as yet not fu1-1y fnvestigated levels of control. The

nechanl-cal steps of nRNA formatfon are conslderably more complex ln

eukaryotes than prokaryotes; the mRNA requLres the addltlon of a 7-nethyl-

guanoslne cap at Ehe 5r end of prl-mary transcrLpts, the addl-tLon of a 3r

polyadenoslne segment and the renoval of lntrons/llgaton of exons (Nevj-ns,

1983). All of these steps are llkely to be subJected to regulatlon.

1-4-1 RNA Polynerases

The fl-rst leve1 of transcrlptJ-onal control in cells ts ln the choice

of RNA polymerase. Three dlfferent RNA polymeraaea make RNA ln eukaryotes.

Po1-ymerase II transcrlbes genes that encode proteLns; polymerase I makes

the large rl-bosomal RNAs lBS, 28S and 5.BS tn a contiguous clstron; RNA

po1-ymerase III transcrlbes a variety of snall RNAs tncludlng the tRNAs, 53

rl-bosomal RNA and some repetltl-ve DNA sequences. The different polynerasea

can be ldentl-fted by theLr sensltivl-ty to the fungal toxln o - ananLtln.

RNA polynerase r l-s unaffected by a - amanitin, pollrmerase rrr is

moderately sensltLve and polymerase II ls very sensl-tlve. All three classes

are nultl-subunlt structures of sl-x to ten polypepttdes and wlthln each

class heterogeneJ-ty of subunlt composl-tlon has been observed. The three

enz)rmes recognize differenE start and stop stgnals on the DNA.

I-4-2 Polymerase II Promoter Elements

A prlmary nRNA transcrl-pt J-s generated from a transcrtptlonal unlt of

the genone contalnlng approprl-ate stgnals for lnltl-atf-on and ternLnatl-on. A

considerable body of l-nformatlon has been coll-ected concernlng the

structure of eukaryotLc promoters but as yet there Ls no data for a general

deflnltlve terml-natlon elte for polynerase II transcrlptl-on. The deffnltion

of gene promoters has relled on sequence comparl-sons to look for
homologLes, foll-owed by surrogate genetlcs to probe the functÍon of the

sequence honologies as no one consensus promoter sequence, as such, exl-sts
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for eukaryotlc genes. However a number of dlstlnct, transcrl-ptl-onal control

elements can be ldentlfled. thLs, Ln itsel,fr ûay allow modulatLon of

transcrl-ption of dtfferent genea by usLng dLfferent combl-nations of these

elements. These elements are conmon to nost genes, but are not a1-1- present

ln all cases; tt appears that only a combl-natlon of them ls requlred.

Sequences essentlal for the transcription of polymerase II genes can be

dlvtded l-nto those that act l-mmedl-ately 5r to the cap sl-te of nRNA or those

that can act ln a cl-s fashlon far upstream/downstream from the start of

transcrf-ptlon. Sequences speclflc to l-nclfvldual genes or Èo a group of

genes have been dl-scovered and may be recognlzed l-n a tLssue speclflc or

lnduclble maffì.er.

(t) Immedtate 5r Elements

The regl-on of lnltl-ation of an nRNA Ëranscript usua11-y consLsts of an

A resl-due surrounded by pyrtmirllne residues (Breathnach and Chambon, f9B1).

Rather than havlng a single site of RNA inlttatlon on the DNA sequence

there may be heterogeneJ-ty l-n the start slte of transcrlptton (McKnlght et

41., 1981; I,Ilgley et al., 1985; work presented ln thts thests). It ls

assumed that the cap sLte of the mature mRNA ls the transcrlptl-on start

sf-te as well (Nevins, 1983).

An À-T rlch region centered about 25-30 bases upstream from the nRNA

start sl-tes ls founrl ln nost genes and l-s knovrn as the Goldberg - Hogness

or TATA box (Col-dberg , 1979). It l-s l-denttfted by a consensus sequence

TATA(A/T)A(A/T) (Corden et al., 1980) but the most lmportant part of the

box ls an ATA stretch (Grosschedl et a1., fg8f). Vlrtually every gene

analyzed to date, except the E2 and IVa2 genes of adenovirus and the late

genes of SV40 and polyoma, have some forn of the TATA sequence. The

functlon of thls sequence appears to be involved 1n the accurate
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posltLonlng of the start of transcrlptl-on (Grosschedl and Blrnstlel,

1980a).

A second regLon of homology, the CCAAT box, ls positl-oned 70-90 bases

upstream from the cap slte of some genes. It has the canonLcal sequence GG

PyCAATCT (Benol-st et al., 1980). The generallty of thls box and the exact

sequence (because of the heterogenelty of nost CCAAT boxes ldentlfled ln

the lLterature) for lts functLon are yet to be fu1-1-y LnvestLgated. I{ork

presented ln thLs thesl-s shows that multlple CCAAT boxes are found l-n the

promoter reglon of the dlvergent HZA,|H2.B hLstone gene palrs of the chi.cken.

It has been determl-ned that thts sequence ls functlonally l-mportant

for the maxl-mal expressl-on of the rabblt ß -globtn gene (Dierks et al.,

1983), but deletlon of the CCAAT-11ke sequences of other genes has elther

had no effect (Sv40; Benolst and Chambon, lg8l) or 1e<1 to a sltght

stlmulatlon of transcrtptlon (HZe,; Grosschedl and Blrnstlel, l980a). No

functlonal-ly signlfl-cant sequence with honology to the CCAAT box 1s found

tn rhe HSV TK gene (McKnlght et a1., fg8l).

A thtrd regl-on, the -100 reglon, approxlnately 100 bases from the cap

slte of the rabbtt ß -globtn gene has been ldentlfled as an upstream

promoter element (nlerks eÈ al., l9B3). The Lmportant component of this

region seems to be (T/A)CACCC whlch ls present l-n almost all the B -l-tke

globin genes so far sEudled. Mapplng of the promoter regf-ons of HSV TK and

the SV40 early genes suggest that they contaln elements that are

structurally and functlonally related to the -100 reglon of the globln

genes. The sequence CCGCCC l-s part of the recognLtl-on sl-te of the second

dtstal- pronoter of the TK gene (t'tcxntght et al-. , l9B4) and ls located

approxlmately 100 bases from the TK cap sl-te. However the reverse of thls

aequence GGGCGG ls found ln the flrsf dleEal promoter reglon of the TK gene

and ls preeent J-n mulEtple coplee ln the SV40 and a relaÈed monkey promoter
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(Gldont et al., 1984). These elements have varlously been referred to as G-

C rlch elements (box). The SV40 early promoter contalns slx repeats of the

CCGCCC box and the productl-on of T antlgen l-s proportl-ona1 to the number of

repeats present (Fromm and Berg, I9B2; Everett et al., 1983).

Conparlsons of gene sequences and the functional analysl-s of several

gene pronoters lndlcate thaË there l-s no dl-rect role for DNA sequences more

than f00-300 bases immedlately upstream of nRNA cap sl-tes. No evl-dence

exlsts linking any of these above elenents dlscussed to cell speclfl-c gene

expreesl-on, they may only represent the blndlng sltes for proLelns that

functlon in the mechanlcs of transcrlptlon. Upstream elements whlch have

been lmpllcated ln tlssue speclflc or fnduclble expresslon (see below)

could funetlon to nodul-ate the effl-cl-ency of recognition or exposure of

these immedlate "core promoter" elements to the transcrlptlonal apparatus.

(tt) transcrlptl-onal- Enhancers

Study of vlral transcrlptlon unLts has ldentlfled a class of control

elements, termed enhancers, that can actlvate transcrlption unLts

lndependent of their orlentatlon or preclse positlon relaÈlve to a

transcrl-ptl-on start slte (I{roury and Gruss, 1983). Enhancers are short

stretches of DNA contal-nlng a core of about B-11 bases, usually located 5r

to promoters; they can act over a dlstance of up to several kllobases to

l-ncrease transcrl-ptlon from pronoter sequences. Vlral enhancers operate 1n

a varl-ety of ce1l types, although not always wlth equal efftclency anrl. can

functlon not only when ltnked to thelr natural genes but also ln

assocLatlon wlth heterologous genes. They are often present l-n short tandem

repeats of 50 to 100 bases. Vl-ruses wlth a single copy of the sequence are

vlable so the purpose of Èhe dupll-cated elenent Ls unclear.

Several cellular genes have now been shown to possess thel-r own
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enhancer elements. Expressl-on of cloned immunoglobultn genes Lntroduced

l-nto myelona cell-s has shown the presence of an enhancer upstrean of the

lmmunoglobul-tn heavy - chal-n swltch reglon (Gtll-tes et al., 1983; BanerJt

et a1., 19B3; Queen and Baltlmore, 1983). Durl-ng the generatlon of antibody

dfversity the lmmunoglobulln molecule le assemble<l by the translocatton of

one of several hundred variable - reglon (V) gene segments to the slte of

the constant - reglon (C) gene segment. Each V - reglon segment has lts own

promoter buE ls transcrfpElonally l-nert unt11 ltnked to the constant reglon

whlch has lEs low consE.lÈuElve acElvity lncreased by the DNÀ rearrangement.

The sea urchl-n H2A gene nodulator regl-on located between -1ll and :165

upstream of the lnl-tlatl-on sl-te can act Ln both orlentatlons and has

exten¡led homology to several vlral enhancers (Grosschedl et al., 1983).

Upstream regulatory elements of the Lnsulin and chymot.rypsin genes may

l-ncrease transcrlptl-on ln a ce1-l type speclftc manner by a mechanl-sm

relate<l to those used by the vl-ral enhancer elements (Walker et al ., l9B3).

The htman adult B -gl-obln gene may contal-n a controlltng element

downstream of lts transcrlptlon start sl-te (Charnay et a1., 1984; I,lrJ_ght eE

41., 1984). In experlments to deflne the DNA sequences responsl-ble for the

differentl-al expressi-on of human o - and ß -globtn genes a hybrtd of the

htrman o -g1obl-n upstream pronoter regÍon and the ß -globtn structural gene

was produced. I,Ihen l-ntroduced lnto a mouse erythroleukenla ce1l llne the

chlnerl-c gene construct l-s lnduclble ln the same manner as the cornplete ß -
globln gene upon ternlnal dlfferentlaÈlon of the cel1 llne. Slmllar results

were obtalned wlth fuslons between the pronoter of eLther the non-Lnducl-ble

hunan fetal globln gene or a mouse hlstoconpatlblllty antl-gen gene and the

human adult ß -globln structural gene. It ls suggested that the g -globtn

gene, whl-ch has a ful-l complement of upstream promoter elements, also

harbours an element wLthln the structural gene that Le crucLal- for
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approprLate expresslon ln erythroLrl cells.

IIow enhancers work is unknown but several posstbllLttes have been

suggested. They may act as chromatln organlzers, bl-dlrectl-onal- entry sltes

for RNA polymerase, sl-tes of attachment to the nuclear matrLx or regulators

of local DNA supercolllng. The potentl-al of enhancer reglons of several DNA

vlruses and RNA retrovl-ruses to form Z-DNA suggesLs thaÈ sequence-specl-fl-c

Z-DNA btndlng protelns may be lnvolved ln transcrl-ptlonal enhancement

(Nordhetm and Rlch, f9B3).

(llf ) Tlssue-Specl-fLc and Inducl-ble Gene ExpressLon

The hypothesis that trans-actlvattng molecules lnteract ¡,rlth gene

speclfLc cis recognltion sequences of tissue specl-fLc or co-ordlnately

l-nduced genes 1s the currently accepted nodel of gene activatlon. Thus a

regulatory network of trans-actLvators could actl-vate or repress genes 1-n a

cascade mechanlsm durlng the development and dtfferentlatl-on pathways of

netazoans (Davl-dson et a-1., 1983). Regulatory sl-gnals of several hlgher

eukaryotl-c genes have now been analyzed by ln vltro mutagenesls and gene

transfer. As discussed above eukaryotic pronoters can extend over a large

reglon anrl be composed of dtfferent functlonal elements. The enhancer

elements are strong candldates for the cls ectl-ng sequences postulated for

selectlve gene expression.

Sequence analysls has re.vealed no extenslve homology between varlous

heterologous enhancers. It le noted that the functl-onal activttles of

dlfferent enhancers vary depending upon the host or the tlssue l-nto ¡vhlch

they are fntroduced. ThLs host/tl-ssue dependence of enhancer actlvl-ty has

been examlned ln a conpetltLve assay between several enhancer-contain!-ng

molecules for cellular components that nay interact wLth then (Scholer and

Gruss' 1984). Indeed, a host cell- preference of dlfferent enhancers was

1B



refl-ected ln these competl-tl-ve experl-ments and an lnteractl-on between

enhancer-contal-nl-ng DNA fragments and cellular components suggested.

Perhaps the best evLdence for the gene aetivatlon norlel eo far ls the

properties of the glucocortl-cold responslve regl-on ln mouse mammary tunour

vLrus (MMTV). Sterold hormones modulate the transcrlptlon from the MMTV

long terml-nal repeats by an l-nteractl-on between the sterol-d-receptor

complex and a speclflc DNA sequence resembltng an enhancer element (Parker,

1983). The glucocorEicold receptor has also been shown to l-nteract wlth the

human metallothtoneLn-Ila gene and the reglon of Lnteractlon l-s homologous

to the MMTV glucocortlcold responsl-ve regl-on (t<artn et al. , l9B4).

Therefore tt has been shown that t¡vo atructurally unrelated genes can be

lnduced by an l-nteractLon with the same trans-actl-ng molecule. Another

example l-s the co-ordl-nate Lnductlon of the Drosophtl.a heat-shock genes by

the heat shock activator proteln btndlng to the heat-shock box ($fu, 1984b).

Another facet of thts proposed regulatory network ls that one gene can

be expressed fron dlfferent promoters ln dtfferent tl-ssues l-f more than one

cÍs actlng element ls present near Èhe gene. The synthesl-s of dl-fferent

nRNAs from a sl-ngle gene by the use of alternatl-ve promoters has been found

l-n eukaryotes. The a-amylase gene of the mouse, the l-nvertase gene of

yeast, the Dlscoldln-la gene of Dlctyostellum and the Al-cohol- Dehydrogenase

gene of Drosophl-la are examples of such transcrl-ptional lnlttatlon

complexl-tv (BenyaJaÈL et a.l-., f 9B3).

1-4-3 Transcrl-ptl-on of Polymerase I Genes

RNA polymerase I acts exclusively on a single kfnd of transcrl-ption

unlt, the rLbosomal RNA cl-stron. comparl-ng rRNA genes from yeast,

Drosophl-1-a, Xenopus and mouse does not ldenttfy any common sequencea that

could potentl-ally act as promoters (Somnervl_lle, l9B4). However homologies

between more closely relaEed specl-es can be l<lentifled. From these short
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range comparatlve data an lmportant rol-e for sequences located lmnedlately

around the lnlttatl-on slte is suggested.

By using rRNA genes wlth various sequence del-etl-ons ln ln vf-tro

functlonal assays a wlder reglon of DNA ls fnpllcated. The first few

transcrtbed nucleotirles and a stretch of T resldues that may be analogous

to the RNA polymerase II TATA box may act together ln the lnttlatlon of

Èranscrlptlon. It has been found thaL sequences that 11-e furÈher upsEream

of the start sLte can enhance transcriptl-on of mouse rDNA. Xenopus rDNA

contains dupllcated promoters that extend several thousand base palrs

upstream of the start slte; the number of these repeated spacer elements ls

related to the productl-on of rRNA in oocyte fnJectlon studles (Reeder et

a1., 1983). In vltro transcrlptlon assays of rDNA tenplates l-s dependent

upon components suppll-ed from cel1 extracts. 0n1y tf the rDNA and

transcri-ptlon factors are fron the same specles ls correct l-nltlati-ofl seen.

Thus RNA polymerase I transcription factors and promoters appear to be

specLes specl-f l-c.

L-4-4 Transcrlptlon of Polynerase III Genes

In eukaryotlc cells, RNA polymerase IlI Ls responslble for the

transcrl-ptl-on of 55 RNA, tRNA, some sma1l cytoplasmlc and nuclear RNAs and

some vlrus assoclated RNAs. These genea are short compared wlth the average

length of the genes transcribed by polynerase I and II and the reglon of

DNA essentl-al for promotlon of transcriptlon l-s always contal-ned wlthln the

codlng sequence (Korn, 19823 Lassar et al., 1983). The termlnatlon of

transcrlptfon occurs at the flrst run of four or more T resl-dues followlng

lnl-tl-atlon.

For the 55 RNA genes a 34 base paLr segment has been napped as the

l-nternal- pronoter and l-nltLatlon of transerl-ptlon occurs 50 bases upstream
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of thls lnternal control reglon. The promoter of tRNA genes l-s spl-lt Lnto

trüo essentlal- regl-ons of about 10 bases (Box A and B), separated by 30-40

bases, and these are highly conaerved ln all tRNA genes. Ialtlatlon of

transcrlptlon occurs 11-lB bases upstream from box A. 0ther po1-ymerase III

transcrlbed genes appear to be very sLml-lar to tRNA genes containLng two

regLons of homology to boxes A and F and also lnltlatlng a short dl-stance

5r Èo the A box. The flrst 11 bases of the 55 RNA gene promoter have been

ehown to be sEructurally and functLonally related to the A box component of

the IRNA gene promoter (Cll-lberto et al., 1983)

Mul-ttpl-e ce1lu1ar factors are requl-red for RNA polymerase III

transcrl-ptlon. These form stable transcrlptlonal- complexes l-n assoclatlon

wlth the polynerase III genes and have been analyzed. by chromatographl-c

fractionatLon of crude cellu1ar extracts. Two factors, IIIB and IIIC are

necessary for transcrlptlon of the tRNA type genes where as 55 genes

requlre these same factors pl,us a thlr<l gene-specl-fl-c factor TFIIIA. TFIIIA

also l-nteracts r{tth 55 RNA ln oocytes apparently to stabtLlze the stored 55

RNA. Thls lnteractlon has l-ed to the suggestlon that l-n the ce1l 55 gene

transcrlptlon ln the presence of llmltlng amounte of thls factor mey be

subJect to auboregulatl-on. Pre-initlatl-on complexes between purlfted geneg

and the fractl-onated factors persf-st even after many rounds of

transcrlption or when challenged wlth a competlng ternplate. The

establlshment of stable complexes may represent a key step ln the

actl-vatlon of these genes and provide a means for the nal-ntenance and

propagatJ-on of a speclfLc set of activated pol-ynerase III genes.

L-4-5 Processl-ng and Stabtllty of RNA

The events that convert a prlmary RNA transcrlpt to a mature RNA

molecule are collectlvely known as RNA processl-ng. Changes l-n

transcrlptl-ona1 lnltl-atlon, termlnaÈlon and RNA spll-cLng have been shown to
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fluctuate l-n speclfl-c sltuatlons, l-n an apparently regulated fashlon. Even

after the formatl-on of an nRNA l-s conplete, changes l-n the stablllty of the

nRNA can alter the effectl-ve expresslon of the gene. Thus the complex

pathrrray of RNA blogenesls serves a regulatory role.

(i) Inftlatlon and Ternination
7

Almost l-nnedl-ately after l-nl-tlatLon of an RNA chaLn an m Gp resldue Ls
7

added to the flrst base of the RNA. The central phosphate of the m GpppN

cap ls derived from the pppN that starts the RNA chaln, whl-ch l-s evl-dence

for the RNA transcript lnltlatl-ng at the cap slte (Darnell, l9B2).

Precislon of nascent RNA synthesls termLnatl-on l-s not yet understood for

polymerase II transcrlptlon. In every case where it has been examlned,

transcrlptl-on does not terml-nate at the poly A addttlon sl-te of the nRNA

but at sone dlstance downstream. AJ-though termlnatlon can be mapped wlthln

a few hundred bases, a clearly deflned sl-te has yet to be shown.

(tt) 3' End Processlng and Poly A Addttton

The one cLear example of a class of nonpolyadenylated nRNAs, the

hlstone mRNAs, l-nl-t1-ally represented potentlal 3 t end generation by

termlnatlon (Blrchrne!-er et al., l9B2). However even l-n thls lnstance it has

been shown (using one of the chlcken H2B genes descrtbed ln thls thesfs),

that the 3r ternl-nus is generated by processi-ne (Krleg and Melton, l9B4). A

sequence with dyad synnetry present at the 3r end of hl-stone genes together

wlth sone imme<llate downstream elenents serves as a recognltlon slte for a

sma1l nuclear rlbonucleoproteln (snRNP) to process at thl-s polnt (Cal-l| et

al. , 1983).

The Poly A contaLnlng nRNAs possess an AAUAAA or related sequence

about 10-30 bases upstream from the poly A tal1. The rol-e of the AAUAAA

hexanucleotide has been shown to be that of a recognltion slgnal for the
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processiûg of the prlnary transcrfpt (FttzgexaLd and shenk, lg8l). An

endonucleol'ytlc cleavage ls thought to occur at the stte oi polyadenylatlon

to generate a substrate for a poly A polynerase to polymerase A resLdues

onto the 3r hyrlroxyl group (Montel-l et al., 1983). An intact AAUAAA

Eequence ls requLred for efflclent RNA cleavage, but not for

polyadenylatlon. It appears that the AAUAAA sequence only forms part of the

RNA cleavage sLgnal as lnternal AAUAAA aequences are observed dl-stant from

3r ends of nRNA. Other prfmary or secondary strucÈures nay be addltlonal

features of the RNA cleavage s!.gnal.

(111) spl-tclng

The prLnary transcrlpts of many eukaryotLc genes are l-nterrupted by

streÈches of non-codlng DNA cal-led l-ntrons. These sequences are

subsequently deleted by a cleavage-llgatlon procesa termed RNA splLclng to
generate the mature transcrlpt of collnear exons. IÈ appears there are

three general classes of RNA spl1-clng, one for tRNA, a second for nRNA and

a thlrd that lncludes rRNA and nltochondrl-al nRNA and rRNA (Cech, l9B3).

Nucl-ear mRNA sp1lce sLtes are deslgnated by short sequences at the intron-

exon Junctl-ons r tRNA spllcl-ng l-s dlrectly related to the structure of the

exons and mftochondrl-al spll-cl-ng Ls directed mal-nly by the atructure of the

intron. All three cl-asses of spllcl-ng systems have dlfferent chemlcal

mechanlsns for the cleavage and llgatlon of the phosphodlester bonds.

In nuclear mRNA precursors, the spllce sltes are always narked by

sequences resembllng 5' (À/C)AG/GTAGT. . . lntron. . . (f/C)n¡l(f/C)lC/C g' (Mounr,

1982). The flrst two 5r bases (GT) and the last two 3t bases (AG)

of an lntron (underll-ned) are etrictly conserved. Mutatlons that dlsrupt

one of these sequences lnterfere wlth spltclng whereas mutatl-ons that nake

a nonJunctl-on sequence a better match to the conaenaue can produce a new

spllce slte. This lndlcates that the conaensus sequence Ls the prlmary
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deternlnant of the splLce Junctlons. The small nuclear ribonucl-eoproteln

Ul RNP has been shown to be Lnvolved l-n the selectLon of sp1lce el-tee

(padgett et a1. , 1983). The l-ntrons are exclsed as larlat- ll-ke structures

rather than as l-l-near or clrcular RNA. The larlats are formed by attach-ment

of the 5r end of the Lntron to a sl-te close to the 3r end (I,Ielssmann,
7

f 9B4). The m Gp cap f s requl-red f or efflcl-ent l-n vltro spltcl-ng and 1t ls

thought that recognltlon of the cap structure may be an l-mporEant step fn

the fornatl-on of a epeclflc rl-bonucleoprotel-n complex required for spllcLng

(Konarska et al., 1984).

(1v) lftferentLal Process!-ng

There are several cases known ln ¡.¡hlch varLous poly A additton sltes

or spll-ce sltes can be chosen on the same prlnary transcrl-pt. Such

differentl-al processing can depend on the physlologlcal condLtion of the

ce11-' on the cell type or the type of transcrlptl-on unlt. A number of vlrus

transcrlptl-on unfts, such as ln adenovl-rus, SV40, polyorna and retrovLral

RNAs, contaln multi.ple spllclng arrangenents of thelr RNA precursors. These

vl-ral genomes on 1-ntegratlon lnto cell-ular DNA of a variety of cel1 types

can stlll produce multlple nRNAs. Thus, lt ls clearly posstble for DNA 1n

the cell genome to encode prlmary transcrl-pts that can be spliced in

alternatl-ve ways. Thls suggests some sort of scannLng nodel for the

ldentlflcatlon of spllce sl-tes of nRNA. If spllce sLte selectl-on were to be

disslmll-ar ln dtfferent tl-ssues, dlfferent gene products could be obtalned

fron the one gene. Tl-ssue-speclflc RNA processlng has been shown l-n the

productlon of the calcltonl-n protel-n and a calcl-tonl-n gene related peptlde

from the unl-que calcitonLn gene (Rosenfel<l et al. , l9B3).

A dlfferentlal chol-ce of poly A additton sl-tes has been found tn the

late adenovl-rus tranacrtpt and the lmnunoglobultn heavy chaln
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transcrLptl-onal unl-t. Durl-ng late adenovf rus lnfectLon a transcrl-pt

encompassl-ng fl-ve poly A sLtes occurs. The selectLon of a po1-y A sl-te

lnltlall-y occurs before the polymerase has conpleted the tranecrf.ptlon of

distal sequences 1.e. a poly A slte has already been chosen and a poly A

tal-l added before the downstream poly A sl-tes have become avall-able. As the

lnfectlon proceeds, sl-te selectl-on does not follow a random pattern.

Although one would expect a polar effect where the flrst sl-te was selected

most frequently, etrch ls not the case. A relatfve efficLency of l:223t222

progressl-ng down the transcri-ptlon unlt l-s seen (Nevlns and l.lLlson, fg$l).

These results indl-cate that poly A sLte utl-llzation ls controlled to alter
gene expressl-on.

Durl-ng B-lymphocyte development and 1-nmunoglobulln synthesls, the

heavy chaln ls fl-rst lnserted as an l-ntegral protel-n l-n the plasma

membrane. Later, a slml-lar chain ls found secreted as part of the

lnmunoglobulln molecule. The rnembrane-bound form of the proteln ls
generated by the transcrl-ption of all- the codlng sequences lnto nuclear

RNA, whlch has a hydrophoblc carboxyl proteln termlnus coded for at the end

of thfs long transcrlpt. Two poJ-y À sl-Èes occur tn thls transcrlptlon unlt,

the J-ong prlnary transcrl-pt coverl-ng both of them. Dependlng on the cholce

of poly A sl-te, two heavy chaln mRNAs \{lth dlfferent 3r sequences (due to

the presence of alternatlve exons) can be formed, one for the nembrane

protein ancl one for the secreted chal_n (Early et al., l9B0).

1-5 Cytoplasmlc Control of Gene Expresslon

l-5-1 Stabtltty of nRNA

The flnal concentratlon of functlonal mRNA aval-lable for translatl-on

l-nto protel-n depentls not only on the rate of gene transcrlptLon, but also

on the relatlve stabtll-ty of the nRNA once l-n the cytoplasm. Imnedlate

shutdown of expresslon of a gLven gene after cessatfon of transcrLptl-on can
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only be accompll-shed lf the rnRNA Ls also raptdl-y degraded.

Changes 1n the half-ltfe of speclftc mRNAs Ln response to the presence

of hormones have been docunented. Estrogen selecttvely stablllzes Xenopus

llver vl-tellogenln nRNA agalnst cytoplasnlc degradatl-on. The half-ltfe of

vltel-logenln nRNA ls 3 weeks l-n the presence of estrogen but only 16 hours

after estrogen l-s wlthdrawn (Brock and Shaptro, 1983). Ilpon exposure of

breast tlssue to prolactl-n, the stabl-llty of the caseLn nRNA lncreases 25

fol-d (Guyette et al., 1979). It has been proposed that there are

cytoplasmic hormone blndlng protelns that act to stablllze partl-cular nRNAs

by a dlrect and reverslble proteLn-nucleLc acl<l lnteraction.

Hl-stone gene expressl-on is closely co-ordlnated wlth cell-ular DNA

repllcation. In addltton to the temporal couplJ-ng of hl-stone transcrl-ptl-on,

tnhlbttlon of DNA replication results ln a rapld destablltzat1.ott of hlstone

mRNA (Nurse, 1983).

Several studles have suggested that the 3r poly A tal1 plays a

determl-nlng role tn rnRNA stabtltty (Nevlns, 1983). flowever there ls a body

of evl-dence whlch lmplles that the poly A does not regulate mRNA stabtltty

l-n certain cases but that lts prlmary functlon l-s l-n proteln synthesl-s

(Jacobson and Favreau, 1983; Palatnlk et al., 1984). It has been postulated

that the two phenomena are l-ndl-rectly related ln that nRNA stabtlfty ts ln
7

part a consequence of translatl-onal effl-cLency. The n Gp cap structure has

been shown to be crl-tlcal ln deternl-nlng the nuclear and cytoplasmlc

stabllltles of mRNA tn the Xenopus oocyte (Green et al., 1983a). Thus

blocklng of 5r and 3' ends of an nRNA transcrlpt may signl-ftcantly reduce

degradatl-on by RNA exonucleases.

I-5-2 Translatl-on

Translatlon of eukaryotlc nRNAs typfcally occura at the flrst AUG
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trl-plet from the 5r end of the nessage. Thls observatlon led to the

hypothesls, termed the "scannLng" mechanlsm of l-nttl-atlon, whereby the 40S

subunlÈ of eukaryotl-c rl-bosomes blnds to the 5r cap structure of a message

and subsequentl-y ml-grates along the RNA chaln searchlng for and stopping at

the flrst AUG codon. Subsequently a 605 subunlt Joins thls stal-led complex

and peptide bond fornatlon begi-ns (Kozak, 1980). Although it seems clear

that the posl-tlon of an AUG trlplet relatLve to the 5r end of the mRNA has

a maJor role ln identlfylng J-t as a functLonal lnltl-ator codon, l-nltlatlon

of translatlon at fnternal- AUG codone ts possible (Ltu et a1-, 1984).

The dlstrl-butlon of the bases flanklng functlonal- lnltlator codons has

been examl-ned and the aequence CC(A/G)CC AUG G has been tentatively

proposed as a consensus sequence for eukaryotl-c lnltl-atl-on sltes. To assess

tf the Èranslational machlnery Ls sensltlve to the sequences around AUG

l-nltlator codons, slngle nucl-eotlde changes have been l-ntroduced near the

Èranslatlonal start sfte of a clonecl pre-proinsulln gene (Kozak, l9B4).

Sequence changes around the lnltlator codon drastl-cally affect the yleld of

prolnsulln proteLn, wlth the presence of an A resl-due 3 bases upstrean from

the AUG belng requlred for the nost efflcLent utlllzatton of the l-nltlator

codon.

Dl-fferentl-al translatl-on of speclflc mRNA nolecules present 1n the

cell cytopl-asm ls recognl-zed as a level of control of gene expresslon. A

characterLstic of growlng oocytes of all anlmal specl-es Ls the storage of

maternal nRNAs whlch are destlned to be translated ln the early embryo. the

mechanlsm whfch regulates the translatl-on of thls mRNÀ ls unknown but

oocyte-speclflc protelns have been lmpllcated 1n the reversible represslon

of embryonlc etored maternal mRNAs (nichter and Smlth, l9B4). MaJor shlfts

ln translatLon of nRNA have also been analyzed. ln non-embryonlc cells.

Durlng heat trauma of nost eukaryotlc cell-s there Ls a decrease Ln total-
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proÈeln synthesis and enhancecl productLon of certaln rheat-shockr proteins

(hsp's). This l-ncrease ln the level of hsprs has both transcrlptlonal and

translatlonal components, but selectl-ve translatlon of speclfl-c nRNAs plays

a najor part 1n the heat-shock response (Blenz and Gurrlon, 1982; Balllnger

and Pardue, 1983).

1-5-3 Post-Translatl-on

Although all eukaryotlc mRNAs are monocl-stronl-c, l-n that only one

speeLes of polypeptlde can be translate<l per messenger molecule, dlfferent

l-ndlvldual functlonal- protel-ns can be encoded by the one nRNA species. In

thls case the nRNA ls translated Lnto a single, large "multlfunctl-ona1"

proÈeln. Thls polyproteln ls then cleaved by speclfl-c proteases to ylel-d

dlstinct protelns. Several hormonal- and. neural- peptldes are lnittall-y

syntheslzed as larger precursors, whlch are then converted to lndlvldual

peptl-des by post-translatlonal cleavage.

The precursot to adrenocortfcotropic hormone (ACTH) is also the

precursor to g-endorphl-n and melanocyte-stlmulatlng hormones (MSIIS) and ls

called pro-oplomeLanocortln (POMC). The precuraor to the enkephallns

contalns slx coples of Met-enkephal-ln and one copy of Leu-enkephal-ln

(Herbert and Uhler, 1982). The maJor domal-ns of the POMC molecule are

flanked each slde by palrs of basic amlno acld resldues and lt ls thought

that a trypsin-llke actlvlty separates the domains from one another. POMC

ls present tn both the anterlor and the lntermedlate lobes of the pitultary

and ín a number of sltes 1n the braln. POMC ls processed to dl-fferent

hormones in these tlssues and the synthesls and secretlon of ACTH/endorphln

peptides l-s regulated dlfferently l-n Èhese sites. Processlng studles have

l-ndl-cated that dlfferentlal tlssue expressl-on of POMC products can be

affected by dlfferent post-translatlonal processl-ng enzymes ln each tlssue.
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The h[o1.ogl.ca1 cl.¡r,nl.ftcance of mul tl--pepLtde precruisors mny be

ef Eect the e Imrr1-l-ancous prorlttct.l-on of mtrlLtp.l-e, actl-ve peptldes

perforrn co-ordinate functlons.

l-6 Histone Genes

Lo

tlrn t

The flrst eukaryotl-c polymerase II transcrlbed genes to be cloned and

studl-ed were the hlstone genes of sea urchl-ns and Drosophtla. Studles were

factl-l-tated by Ehe hlgh htstone gene copy number ln these specfes and the

extraordlnary DNA sequence conservatl-on of hlstone eubtypes betlreen specles

whlch has allowed subsequent lsolatlon and examlnatlon of the hlstone

mul-tlgene famtlLes from a w1-de range of organisms. Consequently, hlstone

genes are one of the best characterl-zed eukaryotlc gene systems so far

researched. Recent advances Ln the knowl-edge of hlstone gene organl-zatlons

and their expresslon has been the subJect of several extensive revlews

(Hentschel and BlrnsÈlel, l9B1; Maxson et al, 1983a and b; Steln et al.,

1984; Old and l.Ioodland, l9B4). Thus only a cursory revlew of hlstone gene

systems of a varlety of specfes wlll be glven and only those detalls that

are rllrecEly relevent to Ehie rhesls wtl-l be presente<l .

1-6-1 Tandemly Repeated Systens

The maJor class of hlstone genes of Lnvertebrates occur ln locl-

contal-nlng tens to hundreds of nearly ldentlcal repeatlng unlts. Such

tandemly repeated clusters are found ln Drosophlla and several specl-es of

sea urchin. The newt and posslbly Xenopus may also contaLn simllar repeats

(see Maxson et al., 1983). Several common features can be seen l-n thls type

of organl-zatlon, vi-z., the repeatlng unLts contaln the genes for all fl-ve

hLstones; these genes all- encode the "ear1y" hlstone proÈelns

(enbryonlcally expressed); repeated unl-ts of such clusters are extremely

homologous wlthln specles, but there nay be dlstLnct maJor and mlnor

repeats whLch dlffer conslderably. However, some organlzatlonal features of
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tandem repeats show sl-gnlflcant varlatlon, such as gene orders, polarlty of

transcrlption and the lengÈhs of the repeats.

I-6-2 Disorganlzed Clusters

The hlsLone genes of the hlgher eukaryotes (manmals and blr<ls) and the

lower eukaryotes (yeast and protl-sta) are present l-n much lower copy

numbers than those of the "tandemly repeattng" organlsns. There ls no

l-nnedl-ately apparent gene order or arrangement ln Èhese organlsms, except

that the hlstone genes are loosely clustered l-nto groups of several genes

separated by large spacer DNA regl-ons. The most detalled plcture of

vertebrate histone gene organl-satlon has come from recent studles ln the

chl-cken genome (D'Andrea et a1., 1985¡ see chapcer two). Genes for the

"late hlstone" subtypes of the sea urchln have recently been lsolated and

shown to have a sl-nl-lar dl-sordered structure. However, upon closer

exanlnatl-on of Èhe gene or8anlzatlon tables in Maxson et al. (1983a)

trends do become apparent, ln thaL there l-s a close aseoclatl-on of H2L

genes wlth H2B genes and to a lesser extenE an assocl-atl-on of H3 and lt4

genes. Ílork presented l-n thl-s thesl-s goes on to def ine the extent of the

H2/^(HZB associatl-on in the chtcken genome.

l-6-3 Gene Sequences

Gross examlnatlon of the hlstone gene archlÈecture from several genera

has not suggested any regulatory mechanlsn controlllng these genes. Ùfore

detalled structure-functlon relationshlps have come fron DNA sequence

analyses.

(f) nRNA Untranslated Regl-on and Cap Site

Characterlstically hlstone leader regl-ons are short and pyrimldtne

rLch but there ls little conservaÈLon of sequencea l-n the leader reglons of

any of the hlstone mRNA subtypes l-n general. there are, albtet short,
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conserved reglons between the mRNA leaders of adJacent chlcken hl-stone Hl

and HzB genes (Coles, l9B5). The 5r terml-nl of most hlstone mRNAs are

located wlthln a conaerved PyCATTCPu sequence.

(tt) Codlng Regl-ons and Spacers

Inttlal attempts to identl-fy conserved sequences l-n the cloned naJor

hl-stone repeat of P. nlllarls (clone h22) reveale<l that the co<ling reglons

were G-C rl-ch and lntronless. The spacers were A-T rlch, could not code for

protel-ns and contal-ned stretches of alternatl-ng copolymerl-c DNA. Slmple

alÈernatlng copol5rmers are also present l-n the spacers of Drosophlla but

ln a sonewhat shorter forn. Histone genes from a wl-de varLety of organl-sms

etudled subsequently have also been shown to lack lntrons. Exceptlons to

thls trend have been founct ln two chlcken genes, one an H3 subtype varl-ant

gene and the other an H2A protel-n varlant gene called H2AF (¡.. Roblns

personal communl-catton) .

(fit) Promoter Elements

The sequences 5r to hl-stone genes are thought to be more l-mportant ln

the control of hLstone gene transcriptLon than any gross organl-zatlon of

thls multlgene famlly (thts wlLl be further discuesed tn the main text). As

outllned In L-4-2 there are several l-ndependent promoter slgnals common to

most pol-ymerase II transcrlbed genes and these are present l-n the hl-stone

genes, though not present l-n all genes of the famtly. There also exl-st

several hl-stone-spectflc/hlstone-subtype speclflc seguences.

The TATA element (wtth varlatl-ons) ls present ln all hlstone genes

examl-ned. In the sea urchl-n, the sequence GÀTCC l-s present 11 bases

upstream of the TATA sequence of most genes. I,lork l-n thl-s laboratory has

shown that thls sequence ls not found cLose to the TATA box of any chLcken

hl-stone gene except H4. Moreover thls elemenÈ 1-s present only ln H4 genes

of several other hlgher eukaryotes. It l-s concluded that, at least for
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these cases, this elenent ls ln fact H4 gene-spectflc (I,Iang et al., l9B5).

Other eubtype specLflc notLfs have been descrlbed for Hl and H2B genes

of several specLes. The most sLgnl-flcant Hl notif ts an AAACACA, found

approxlmately 100 bases upstream from the cap s1-te (Coles and l.lel_ls, l9B5).

A 13 base H2B-speclflc sequence (Harvey et a1., I}BZ) is located 6_30 base

pairs upstream fron the TATA box and w111 be a maJor pol-nt of ¿lscusslon in
chapter 6 of this thesls. The sea urchln H2A gene promoter reglon has been

extensJ-vely mappetl and del-etlon of far-upstrean sequences can mod.ulate

transcrl-ption (I-4-2 (it)). This area contalns two well_ conserved reglons

(with homology to several vl-ral enhancers) between sea urchin specles whlch

are also present ln two chl_cken H2A genes (Ìlang et al. , f9g5), although

these two elements have been fused into one elemenÈ ln the chlcken.

(tv) Conserved 3r ElemenE.s

The 3r flanklng regl-ons of hlstone mRNAs are remarkable in that most

contaln a 23 base canonlcal_

s, McmîrrrcAc(c/A)cccAccl 3,

sequence whlch contains a 6 base hyphenated l-nverterl repeat; 3 t terml_nl of
hLstone mRNAs locallzed to date fall- wtthl-n the ACCA regl-on. This sequence

is responslble for the endonucleolytlc cleavage event that generates

the hl-stone 3r end (f-4-5 (fi)). Those hfstone genes that lack this
processÍng slte, such as 1n yeast, contal-n an MTAAÁ. sequence and are

correspondtngly polyadenylated.

l-6-4 Regulatlon of Hlstone Expresslon

HLstone proteins assoclate wlth DNA as a nucleosonal partl_cle

contal-nl-ng an l-nvarl-ant 1: I mol-ar ratl-o of the four core hlstones - H2A,

H2Bt H3 and ll4 - and about half equlmolar amourits of the Hl hlstone

subtype. Hl-stone gene famlll-es therefore are regulated by controls that

32



must ensure proper stolchl-onetrl-c relatl-onshlps of hlstone to hlstone and

total hl-stone to DNA. Clearl-y these controls must ensure that dlvldlng

cel1s syntheslze sufficlent hl-stones to organlze newly repll-cated DNA tnto

functf.onal chromatln. The demand for hl-sÈones uray be perl-odl-c and llght or

sustal-ned and heavy dependlng on the doubllng tLme of the cell-. For

example, cultured cells exhLblt a relatl-vely long cel1 cycle whereas

cleavlng embryos of some specl-es dlvlde extremely raptdly. Dlfferent

strategles for hlstone regulatl-on are obvlously called for ln these two

extreme cases.

A conslderable body of evl-dence exlsts to lndlcate that hl-stone

productl-on and DNA synthesls are tenporally co-ordlnated durl-ng the ce1L

cyc1e. For nost studl-es of expressl-on ln the ce1l cycle cultured manmallan

ce1ls have been employed. The tightness of the coupll-ng between DNA

synthesl-s and hl-stone expressl-on has been found to depend upon the cel1

type. Regulatlon of repllcatlon-dependent histone synthesls operates at two

levels, that of transcriptl-on of the genes and of destablltzatlon of the

hl-stone transcrl-pts at the end of S-phase. Knowledge of the mechanl-sns of

regulatl-on at both levels remal-ns at the hypothetlcal stage but Ls

currently an intenslve area of research.

The coupllng of hl-stone and DNA synthesLs of eukaryotes l-s not found

throughout thelr llfe cycles. A well documented example of uncorrpled

hlstone synthesls occurs rlurl-ng embryogenesl-s. Upon fertlllzatlon, the eggs

of many organl.sms undergo a perlod of rapld ce1l dlvisl-on ln the course of

whtch dl-stLnct cel1 llneages are establlshed. Large quantltles of hl-stones

are used l-n chromatl-n formatl-on and the developLng zygote can use pre-

exlsting stores of hLstone proteln and newly syntheslsed hlstone from nRNA

accumulated during oogenesl-s. These stores can be supplemented by de novo

transcription and translatLon durlng cleavage. The presence of many copi-es
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of hl-stone genes ln several organlsms nay permlt unusually rapid synthesls

of large quantitl-es of histone mRNA durl-ng cleavage compared to that seen

durlng aclul.t expresston.

The unf erllt l-zecl aea urchln egg contafns a slgnlf tcant Etore of

histone nRNA and proteln. Durlng the development of the sea urchln three

naJor classes of hfstone protel-ns appear. A successlon of swltches occurs

between these histone gene classes ¡ from the flrst cell cllvlslon cleavage

stage (cs) varlants are found ln chromatfn and their synthesis contlnues

untl-l the B-ce11 stage whereupon the cr varl-ants are synthesLzed and used

throughout early cleavage after whtch they are large1-y repl-ace<l by the v

class. The maternal stockplle of hl-stone contal-ns both e and cs varlants.

Hl-stone genes codlng for early embryonlc protel-n forms (o ) are the ones

that are organlzed l-n tan¡lem repeats. There l-s no evidence of any

developmental classes of hl-stone genes ln Drosophl-la or Xenopus whlch have

the tandemly repeated component of sea urchl-n organlzatlon, so maJor

hlstone class swl-tchl-ng nay be an echlnoderm speclaltty.

Thus hl-stone gene expresslon l-s regulated temporally, qual-ltatlvely

and quantltatlvely. Such regulatlon must also lnclude mechanlsms to ensure

that the approprlate stol-chlometry of all- five hlstone subtypes ls

malntal-ned ln newly synthesl-zed chronatin. One way of achlevlng thls would

be through the assembly of nucl-eosomes from approprl-ately slzed hlstone

protel-n pools. AlternatLvely, nucl-eosome hlstone stotchlonetry may result

from speclflc regulatory controls exerted durlng chromatln assenbly. It has

been observed that the sea urchl-n hlstone mRNAs are syntheslzed l-n amounts

that reflect the molar ratl-o of hl-stones ln chronatl-n. Conversely gene

dosage experLments wlth H2L/HZB genes l-n yeast apparently shows no

deleterLous effects when the cell only contalns one of lts normal tlro
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coples of these genes. Synthesis of stol-chlometrlc quantl-tles of the

varl-ous hl-stone mRNAs does not alone explain how chromatln aseembly f.s

achleved during embryogenesls; such large materrial stores of histones occur

that further mechanl-sms must exl-st to regulate thel-r accumul-atl-on and use.

How stoi-chiometry ls achl-eved l-n these two completely dlfferent blologlcal

cl-rcunstances (t.e. the stolchiometry of the large embryonic store of

hl-stone produced when hlstone synthesLs Ls uncoupled to DNA repllcat!-on

compared to that achleved when there ls ttght coupl-lng of histone synthesls

and DNA replicatlon that ls characterlstlc of non-embryonic cells) wll-1 be

further l-nvestl-gated ln the thesis dl-scussion.

l-7 Functlonal Testing of Eukaryotlc Genes

Gene sEructure and aequence analyses alone do not enable the

mechanl-sms l-nvolved ln the control of gene expressl-on ln hlgher organ!-sms

to be elucldated. For this to be achieved, gene functlon nust be studl-ed.

Classical geneÈl-c studles of hlgher organi-sms have been relatively

restrlcted for several reasons vtz., the mammalLan genome l-s approxlmately

1000-fol-d more complex than that of bacterl-a; most anl-mals and plants have

1-ong generatl-on tlmes so experlments take a l-ong time to complete; they are

usually dtplot<l, whl-ch hinders the isolatÍon of recessl-ve mutations. To

solve these problems a procedure of "reversed" genetlcs has been tleveloped.

In thls approach, alteratlons are flrst lntroduced lnto speclflc reglons of

DNA belleved to be lnvolved ln some aspect of gene regulatlon or

expresslon. Secondly, the "phenotype" conferred by these sequence

nanl-pulatlons l-s tested by assaying for gene functlon. A irimary

requlrement tn this assay ls that the unmutated gene ls expressed l-n the

system, fn vl-vo or ln vltro, ln as physlologlcal a manner as ls posslble.

Several experlmental systeme for the study of eukaryotlc gene

expressl-on have been developed. Bach has fts own advantages or specl-al uses
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and all the systems can be grouped l-nto three maln categorles. In vltro

assays are obviously llmtted by thetr nature and to the speclflc purpose

for whl-ch they were developed. Ilhole ceLl analysl-s can examlne each level

of a geners control- mechanl-sm. The productl-on of transgenlc organlsms can

lnvestl-gate the complete spectrum of a geners physl-ologlca1- sl-gni-fl-cance.

I-7-I In Vitro Transcrlptl-on

Transcrlptlonal systens that operate l-n vl-tro are avallable for the

anays[e of templatee for all three types of RNA polymernse genes (fJl.ckcrrs

and Laskey' l98l). The advantage of cell-free systens lles ln the

fractlonatl-on and ldentl-flcation of actl-ve componerits. When a soluble cell

-free system performs a functl-on efflclently 1t becomes posslble to

fractl-onate away that actlvity and to characterize the factors that restore

1t. l,Ihen purl-fl-ed eukaryoti-c RNA pol¡merases are Lncubated ¡rLth purlfled

DNA templates' transcrlptLon beglns at non-speclflc sites. When crude

cellular extracts are arlde<l l-t ts posstble to ldentify sequences and

fractlons that dl-recÈ accurate lnitlatl_on.

I-7-2 Transfectlon of DNA l_nto Cultured Cell"s

Genes can be l-ntroduced lnto eukaryotlc cells by the use of varl-ous

chenl-cals or electrl-cal gradlents whlch facllLtate DNA uptake. DEAE-

dextran, cal-cium phosphate preclpltatlon, glyceroUPEG shock, protoplast or

lJ-posone fuslon antl electroLntroduction have all been used to nedlate the

trasfectl-on of DNA l-nto tlssue culture cells. The partl-cular technl-que to

be utlllzed depentls on the ce11 type bej-ng used f or analysl_s, the

effLclency of uptake or survl-val rate requl-red and the sel-ectl-on procedure

being used. How the DNA actually enters the cell nucleus usl-ng these

technlques l-s not known.

There are two maLn experlnental- approachee ueed wLth tfeeue culture
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ce11s, el-ther cellular "transformatlon" (stable lnherltance of genes) can be

bestowed upon the transfected cell, or transl-ent expressLon of the

introduced gene can be obtalned.

If cellular "transformatlon" ls al-ned for, the efflclency of

transformatlon and thus transfecÈlon l-s not necessarl-ly f-mportant; a

selectable marker ls usually co-l-ntroduced; and a clonal or homogeneous

population of cells can be obtalned, but the tlme perLod requlred to do

thls can be long (weeks or months). Translent gene expresslon does not

requlre the producÈlon of a permanent ce-ll 1lne and the time course of the

experl-ment ls l-tnlted only by the survlval tÍme of the cells or the DNA

introduced into them (usually days). However a htgh transfectlon effLcleney

ls normally requlred, and a sensltlve assay (such as the productlon of a

marker protein) l-s commonly used to ana1-yze the expresslon from a gene

promoter.

The fate of the DNA once Lt has entered the cell nucleus depends upon

the form ln whfch Lt was lntroduced. Clrcular or llnear molecules are

usually used for transformation experiments, ancl wlll be lntegrated lnto

the cells t chronosomes ln varl-able ntrmbers anrl l-n a random nanner unless

tlte geue ls spec,lf tcally tranefectetl on a vector LhaE reslsts lntegraLlon;

thaE ls one that naEurally exl-sLs aa an eplsomal DNA molecule. An exampte

of thls type of vector l-s Bovlne Paplllorna Vlrus (Lusky and Botchan, 1984).

Retrovlral vectorb have been designed for transformatl-on experl-ments

because the copy number and fldeltty of Lntegratlon l-s controlled by the

vlrus (wll-l-tans et a-1., 1984).

Translent assays usually do not al1ow tLme for the DNA to be

integrated or 1f tt does the lntegrated coples do not contrl-bute

sl-gniflcantly to the detected expresslon. It l-s a great advantage to the

detectlon of expresslon l-f, once an f-ntroduced molecule has been dellvered

,
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repllcatlon (Struhl, 1983).

L-7-3 MicroinJectlon of DNA
T rans genl c O r ganÏ-sms-

to the cell nucleus, l-t can be replLcated or propagated to provide a number

of templates for transcrl-ptlon. A serf-es of SV4O-derlved vectors have been

developed for tlrls purpooe (Span<l1<los and l^ltl-kte, l9B4) maklng use of the

SV40 ortgln of repllcatl-on.

The appllcatlons of thl-s technol-ogy make almost every cellular

operatl-on anenable to study. There 1s no better exanple of the polrer of

thls ner{ genetLcs than the transfectlon of yeast cell-s. In thts lower

eukaryote lt ts posslble to replace precLsely speclfl-c genes that have been

cloned, wlth ln vitro nutagenl-zed coples and even to Lntroduce nevr

nl-nlchronosomes that exl-st at slngle copy number and segregate properly on

lnto Cel-l-s Constructl-on of

The on1-y practl-cal nethod for lntroducJ.ng genetLc materlal into the

nuclel of sone somatic ce1ls, oocytes and fertll-l-zed eggs of Xenopus and

the mouse, and l-nto DrosophÍla enbryos Ls by physl-cal meana. Dlrect

nlcrol-nJectl-on procedures have been developed for all these systems.

DNA can be lntrotluced lnto singl-e tl-ssue-culture cells wlthout the

help of chemical treatment (Capecchl, 1980). A hlgh proportlon of stable

transformants can be obtaine<l usl-ng these methods, posslbly because the DNA

l-s dl-rectly applied to the nucleus whereas other technl-ques only allow

lntttal DNA entry into the cel-l cytoplasm. The advantages of thls route of

entry are that the effl-ciency of transfectlon Ls so hlgh (approachl_ng

unlty) that a selectlon proce<lure need not be used, the fldellty of DNA

lntegratlon ls good and the copy number of lnsertl-on can be controlled by

controll-ing the number of DNA molecules lnJected per cel1-.

The expresslon of cloned genes ln Xenopus oocytes anrl eggs Ls a common

and rapl-d method for analysls (Gurdon and Melton, 1981; I{Lckens and Laskey,

and the
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19Bl; Gurdon and l{lckens, 1983; see methods sectlon). Its advantages are

that the lnJectlons are technlcal-ly easy, nearly all the steps in gene

expression take place ln l-nJected oocytes, and because the amphlblan ovum

Ls such an enormous ce11 very few cells have to be fnJected to obtain

enough materlal for analysls. The vast nolecular knowledge aval-lable on the

development of the frog egg and the control of lnJected DNA durlng

embryogenesis ls one of lts specLal advantages (Newport and Kirschner,

1982).

MicrolnJection of plasnl-d DNA Ínto ferÈlfzed rnouse ova has been shown

to be a convenl-ent and also rapid system for studyíng transcrlptional

regulatl-on (Brl-nster et al., f9B2). If the male pronucleus of a fertilized
mouse egg ls lnJected lt ls possl-ble to get retentl-on of the gene in every

cell- of the developing nouse (palmlter et al. , l9B2; Lacey et al., l9B3).

Such transgenlc anlmals often transnl-t the gene through the germ llne to

the next generation. Thts technÍque pronl-ses to be l-nvaluable l-n the

lnvestl-gatlon of Eissue speclflc gene expresslon.

Drosophll-a embryos can be made transgenic when l-nJected wlth genes

contal-ned ln P-element vectors. P-elements are transposons whl-ch are hlghly

moblle in the Drosophlla germ llne when ln non P-straLn genetic

backgrounds, and are responsLbl-e for the phenomenon of hybrld dysgenesLs.

The lnJected DNA speclffcally Lntegrates l-nto the germ llne cells of

embryos, thus the phenotype conveyed by the tnJected gene does not show up

untl-l the progeny of the J.nJecÈed fly 1s produced. UsJ-ng thfs system three

tl-ssue speclfl-c genes have been shown to be controlled correctly in the

Drosophfla chromosones (F1avell, l9B3). The added attractlons ln Drosophl_1_a

are the short generatl_on tlne (about 2 weeks) and the avallabtltty of

mutants.

I
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NOTE TO READER:

The ntrmber an¡l the names of hLstone gene contalnlng recombl-nant

clones dlscuseed ln the text can become overwhelming. Most of the work can

be followed in a loglcal progressl-on. l{henever a group of clones Ls

discussed (such aB the slx dlvergent H2A/H2B gene clonee) they ere always

presented ln the same order, whf-ch ls usually the order of theLr l-solatLon.

The posJ-tlon of a hl-stone clone wlthin the chicken hLstone gene locl- can

always be traced by reference to f1-gures 2-1, 2-2 anð,2-3.
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CHaPTER 2: ORGANrZATION oF THE cHrcKEN HrsroNE t{uLTrcENE Faurly
- DIVER.GENILY ORIENTATED H2AIH¿B GENES

2-1 IntroductLon

The entLre conplenent of core and Hl hlstone genes have been Lsolated

from the chl-cken genome (DtAndrea, 1985¡ coles, l9g5; DfAndrea et al.,
1985). Fourty-t!üo genes are located wlthln four as yet unllnked locl-. The

total reglon of the chl-cken genome covered ts 175 kilobases, encompassed fn

three genonal cosnld clones and ten l, clones (flgures l, z, and 3). The

nunber of each type of hfstone gene ls approxLnately equal f.e. Hl, 6¡ H2A,

10¡ H2B, B¡ H3, 10¡ H4, 8.

The overall pattern of hLstone gene organleatLon fron gro6g

restrlction nappLng and southern blottlng l-s one of dleorder, wLth no long

range repeat bel-ng evldent. Dlspersed clusters Ls the nost apt descrlptlon

of the distrlbutl-on of the genes. There are however preferred. assocLatLone,

Hl wlth H2A and H2B genes, and a couplLng of H3 and H4 genes. The extent of

the H2A/H2B assocLatLons wtl1 be exanlned l_n this chapter.

2-2 OxtettatLon of. HZI.|H2B Genes

The starÈl-ng polnte for Rl-chard DfAndrea and Leeanne Coles chromosome

walk through the chlcken hl-stone gene locL were ). CH-OI and ÀCH-02 (Harvey

et al. , 1981; figures 2-r and 2-2). There Ls therefore a tenporal

relatl-onshl-p between thelr isolatl-on of clones, and ny orientatLon of the

H2|/H2B gene palrb contaLned wlthln thern. The fnlttal etLnulus for lookj-ng

speclfl-cally at the coupllng of H2L(HZB genes was the orLentatLon of such a

pal-r Ln the rCH-01 clone and ny subsequent reall-zatLon that the pronoter

regLon of each gene lùas extrenely close togeÈher. Moreover l-t was obvLous

that the two genes could share common promoter elements.

(1) ÀcH-01

A 3.3 kll-obase-paLr (kb) fragment generated by an EcoRI dlgestion of
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Flgure 2-l: Structure of recombLnant clones aurroundLng ÀCH-01

the overall orgarrlzatlon of the reglon srrroundhg ICH-01 ts efiown.

The poeltlon and tllrectlon of hLstone genea are shown fn the top of the

dl-agran by the arrows and the clones derÍved from thLs regLon are

lndlcated. DetaLled resErLctlon naps of subclones dertved from the genonal

cl-ones are also shown wl,th the preclse locatl-on of genes Lll-ustrated

(flgure taken from DrAndrea et al., f985).
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Flgure 2-2: Structure of recombinant clones surroundlng ÀCH-02

The genes present l-n thla regl-on are shown above the overall-

restrlctlon map. Subclones pCH22.0B and pCH2.78 were constructed from

cosmld 6.lC and detaLled'restrl-ctLon maps of these are shown 1-ndlcatlng

preclse gene l-ocatlons (flgure taken from DfAndrea et al., 1985).
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Fl-gure 2-3: Structure of genonal clone f CHI-10

An overall restrl-ctLon map of thls hl-stone gene contai.ntng reglon ls

presenÈed. Terminal EcoRI cleavage sltes are derl-ved fron synthetic DNA

llnkers used durl-ng the coristruction of the clone. The sequencLng strategy

of the HL}'|H?B pair used to orlentate the two genes Ls shown below the

restrl-ctl-on map (data taken l-n part from DrAndrea et a-1., f9B5). The total

sequence of the EcoRI-HlndIII fragment ls presented ln ftgure 3-6.

E = EcoRI

P = PstI

B = BstEIf

H = HindIII
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rcH-01 contaLne the entl-re Hl, H2A and H2B codLng regLone. Thts 3.3 kb

fragnent has been Lnserted lnto the EcoRI sLte of pBR325 and ls known aa

pCH3.3E (ttrts fragnent w111 later be descrtbed tn a 7 kb genonal EcoRI

fragment from ÀCH-05, known as pTAT). A restrlction nap of lt 18 shown Ín

flgure 2-4. The conplete sequence of the 3.3 kb lneert has been determlned

tnlttally uel-ng Maxan and Gllbert technology, then Ml3 dldeoxy sequencl-ng

(DfAndrea et al., 19Bl; Harvey et al., r9B2; coles and r{ells, l9B5). The

H2A gene 1s contal-ned completely wlthln a 706 b.p. XhoI frag¡ent and the

H2B gene wlthLn a 533 b.p. XhoI-EcoRI fragment.

At thls stage the orLentatLon of the XhoI fragnent ln pCH3.3E had not

been determlned, and Ln fact had been assumed to be orLented such that the

H2^ gene was transcrl-bed tn the sane dl-rectl-on as the Hl and H2B genes.

From the sequence analysLs of the 3.3 kb l-nsert, three BstEII restrlctLon

sltes were predlcted. Al-1 were ln codlng regLons, one Ln the H2A and two ln

the H2B. The contiguous sequence of the H2B gene meant that there had to be

a 300 b.p. BstEII codlng fragment. Dependt-ng on the orLentatlon of the XhoI

fragment a 407 b.p. (co-dlrectlonal transcrl-ptlon) or 702 b.p. (divergent

transcrlptlon) BstErr band was predlcted. upon analysl-s of the DNA (flgure

2-4) a band of approxl-nately 700 b.p. wae found.

The dlscovery of the 702 b.p. BstEII band neant that the HII.IHZB geneg

of ÀCH-01 were dlvergently transcrLbed, and eequencLng fron the SnaI sl_te

of pCH3.3E through the XhoI slte 140 b.p. anay (ftgure 2-4) conflrmed thts.

Subsequently, sequenclng of a DNA fragnent contalnlng the lntergenLc XhoI

sl-te conffrmed the JunctLon of the H2A and H2B genes ( l. Roblns, thLs

laboratory).

(2) Coenld 6.lC

Havlng the sequence of the ICH-01 H2Ä'/H2B gene palr avat-l-able dld not
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Fl-gure 2-42 Organl-zatLon of. H2I^|H2B genes contaLned withln À CH-01

A schematlc representatlon of the genonal clone ÀCH-01 and the plasmfd

eubclone derlved from Lt pCH3.3E, lllustrates the poeltLon and orlentatlon

of the Hl gene, and the H2A/H2B dlvergent gene pal-r. The posttlon of BstEII

restrlcÈlon sltes used to orl-entate the genes of the dlvergent palr are

shown along wlth the unl-que SmaI and the two XhoI restrlctlon sl-tes.

B = BstEII

S = SmaI

X = XhoI

E = EcoRI
L

E = EcoRI ll-nker

The photograph of the polyacrylamide gel contalnlng the BstEII dlgest

of pCH3.3E and a pBR322 Hlnfl marker track l-s shown below the fLgure. The

700 base BstEII fragment lndlcates that the H2A and H2B genes must be

dLrected away from each other. The 350 base BstEII bantl results fron two

l-nternal H2B gene BstEII recognl-tlon sl-tes.
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conclusl-vely Ldentlfy the promoter elenents contaLned. wtthln the 1-ntergene

reglon although l-1kely TATA and CCAAT box elements (l-4-2(f)) were

suggested. By conparlson to a slngle Lndependent chlcken H2E gene contalned

wlthln rCH-02 (ftgure 2-2), and several H2B genea of other specl-es a so

call-ed "ubl-quLtous H2B-gene specifLc 5r element" was Ldentlfted ln front of

the H2B TATA box (Harvey et al., 1982).

Glven thls l-ack of readlly ldentiflable notLfs that could potentlally

be shared by the two genes lt was dectded to examlne other chl-cken H2LIHZB

gene palrs l-n order to deternlne theLr respectLve orÍentatLons and, |f

approprlater to do conparaÈive sequence analysLe. ExamlnatLon of the

restrLctlon map of cosml-d 6.lC (Lesnlkowski-, 1983¡ DrAndrea et al., 1985;

f!-gure 2-2) Identlfted a HZI¡|HZB gene system containl-ng a XhoI slte whlch

separated the two codl-ng regLons when southern blot analysls rÍas done.

Because a H2þ¡|H2B l-ntergenLc XhoI sl-te was found l-n rCH-01 (ftgure 2-4) It

seemed reasonable to investLgate, by aequence analysls, the nature of the

coeml-d 6.LC HL!.|H2B lntergen!.c regl-on.

A subclone from coenid 6.1C, named pCH22.0B (figute 2-2) was used ag

the source of DNA for thl-s Hà!.|HLB pal-r. À 5.0 kb EcoRI fragnent (ftgure 2-

5) was isolated preparatively from thLe clone and red!-gested wtth XhoI. A

1.0 kb XhoI-EcoRI H2B contal-nl-ng fragnent and a 2.3 kb parttally dlgested

XhoI-EcoRI fragnent were subcloned Lnto an M13np8 SalI-EcoRI dLrectlonal

eequenclng vector. Upon analyeLs of the 1.0 kb fragment, readLng from the

XhoI slte, the start of the H2B codlng reglon was readl-ly ldenttfted

(flgure 3-3) thus orLentatlng the gene toward the EcoRI sl-te. The presence

and poeltlon of the XhoI recognLtlon aequence vraa found to be co-

lncl-dental, Ln that tt rüaa not l-n the same posLtlon as the ÀcH-01

Lntergene XhoI slte (also I belelve l-t to be of no consequence when

comparatLve sequence analyeLs ls done; see chapter 3).
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FLgure 2-5: Analyels of the H2A/H2B gene palr of cosnl-d 6.1C

The dl-agram shows a gross restrlction nap of the 22.0 kb BanHI

subclone from cosnld 6.1C and Èhe 5 kb EcoRI restrLctl-on fragment used l-n

the analysl-s of the H2L/HZ.B gene pair. The strategy used l-n obtalnJ.ng the

partlal sequence of the two genes (ftgure 3-3) ts also outl-Lne<l.

. B = BamIII

E " [1coR l.

X = XhoI

S = SaUIIIA

R = REaI

H = HaeIII
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The 2.3 kb XhoI-EcoRI clone contalnlng both the H2A and H2B codlng

reglons !ûes reatricted wlth Sau3A ae a recognltlon et te for thie enz)¡ne wa6

dl-scovered close to the l-ntergenic XhoI slte. It was then run on an

acrylamlde gel next to a track of M13mp8 Sau3A dlgested DNA ln an attenpt

to ldentlfy banrle that were unfque to ühe 2,3 kb partfel XhoI-EeoRI l-nsert,

A band of approxi-nately 500 b.p. waa aeen to be unl-que to the 2.3 kb XhoI-

EcoRI clone, lt waa therefore excl-eed and cloned l-nto an M13mp8 BamHI

vector. Sequence analysls of one dl-rectlon of thl-s Sau3A band was found to

go through the lntergenlc XhoI slte and lnto the etart of the HzA, codlng

regLon. A second dl-vergently orLentated chl-cken H2A/H2B gene pal-r was thue

characterLzed as shown J-n flgure 2-5.

(3) rcH-07

A thtrd HàL|HLB gene pal-r was mapped on a clone overlapplng À CH-01,

terned ÀCH-07 (flgure 2-L). A 3.5 kb EcoRI fragnent contaLnl-ng thts palr

had been subcloned lnto pBR325 by Rl-chard DfAndrea to faclll-tate mapplng of

the chicken hLstone gene 1ocL. Flne restrl-ction napplng of thts pCH3.5E

clone however rùas not l-ntended to orLentate the gene palr.

Fron napplng data a SacI restrLctl-on sLte lvaa seen to separate the two

codlng regions (flgure 2'6). In addltton another SacI el-te was found ln the

HzL codl-ng regl-on. Thls unlque sacr band of approxlmately 550 b.p. was

purlfled through an acrylamlde gel and cl-oned by blurit endLng the fragment

wlth DNA polymerase I Kl-enow fragment and llgatlng lnto the SmaI site of

the Ml3np9 sequencl-ng vector. The complete sequence of thls fragment rùas

then obtal-ned. The H2A coding regl-on was Lndeed found but Ln ltself thls

fragnent dld not orlentate the H2À gene.

Utlllzlng the sequence generated from the cloned SacI band and wlth

the ltklthood that a dlvergent pal-r wae l-ndeed being studLed a PetI-BstEII
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Figure 2-6: Analysl-s of the HZA/H2B gene palr of rCH-07

The posl-tl-on of the 3.5 kb EcoRI restriction fragnent of À CH-07

contalnlng the HLL|HLB gene palr along, wlth the posftlon of the SacI

restrl-ction sltes used in the lnlÈlal sequenclng/orlentatlon of the gene

palr are shown. The strategy ueed to obtaln the eequence data presented Ln

flgure 3-4 ts outlfned below the reetrlcÈl-on naps.

E - EcoRI.L
E = EcoRI llnker

S = SacI

B = BSIEII

P = PstI
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fragment of approxLnately 470 b.p. generate<l upon dLgestl-on of pCH3.5E was

purlfled, blunt-ended anrl cloned. The codlng reglons of every Lso-codl-ng

chLcken hLstone gene, exceptlng Hl, fs very htghly conserved. From other

data tt seemed ltkely that there !,Ias a BstEII sl-te near the begtnnlng of

the H2B codlng regLon, and lt was known (from the SacI sequence) that a

PstI sLte was present near the start of the H2À coding regLon. A band of

about 470 b.p. was consLstent wlth the bellef that a dlvergent paLr l,ras

belng examl-ned. The sequenclng data provlded by thls l-nsert spanned the

lntergenl-c SacI sLte and entered the start of the H2B codlng reglon. The

hypothesls of dl-vergent gene orLentation was thus conflrmed (flgure 2-6).

(4) Cosmtd 6.3C

Two addl-tionaL HZLIHZB gene palrs were dl-ecovered ln the À CH-01

overlapplng cosnld 6.3C (ffgure 2-l). It was declded to restrl-ct pCHll.0E,

a eubclone fron cosmLd 6.3C (ffgure 2-1), wl-th EcoRI and SalI to separate

these two pal-rs from each other and so not confuse restrlctlon fragnents

generated from the¡n. To completely remove any doubt of ldenttflcatl-on, the

left-hand 4.5 kb EcoRI-SalI fragnent of pCH11.0E was cloned Lnto the SalI-

EcoRI sl-tes of Ml3np8. The rlght handed SalI-EcoRI fragment was obtal-ned ln

sufffcl-ent quantity and purlty so ae not to necessltate clonlng.

The left-handed and rlght-handed SalI-EcoRI l-solates of pCHl1.0E were

dlgested wlth Pstr-BstErr. Each generated a 470 b.p. fragment on an

acrylamlde gel. As dl-scussed above (and wtll become apparent from the data

dl-scussed ln chapter 3) the sl-ze of these PstI-BstEII bands ls consLstent

with dl-vergent HL!'|HLB genes and as such these eLze bands $rere good

candldates for sequenclng. These bands were l-solated separately, treated

wlth Klenor{ enzyme and llgated lnto the SmaI eite of M13mp9. Sequenctng of

each fragment ldentlfled both pal-rs as dl-vergent HLA,{H2B genes as shown in

flgure 2-7.
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FLgure 2-7: Analysls of the H2A/H2B gene paLre of cosnl-d 6.3C

An 11.0 EcoRI subcl-one from cosmid 6.3C (fteure 2-l) was used as the

source of DNA for the two paire of d!.vergent H2A/H2B genee of thle coemid

clone. The restrlctlon map of the left (4.5 kb) and right (5.5 kb) EcoRI-

SatI fragmenEs of pCHll.0t1 anil the posltion anrl orlentaElon of the gene

palrs ln Èhem ls preeented. ilhe restrlcÈlon sltes used for sequenclng of

Èhe two lntergene reglone (flgure 3-5) are ghown.

E = EcoRI

S = SalI

SI = SacI

P - PetI

B = BStEII
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(s) r cHl-10

The Iast H2Ã/H2B gene paLr lsolated l-s contalned wl-thln the cloneicHl-

l0 (ftgure 2-3). The genes ln thls clone form a Beparate cluster, wlth no

apparent llnkage to the ICH-01 or ÀCH-02 locl. An EcoRI-HtndIII fragment

from thls cl-one was l-nserted lnto the EcoRI-HlndIII sl-tes of Ml3mp8 and

Ml3np9 by Leeanne Coles. Sequencl-ng of these two clones readlly tdentlfted

the H2A codlng regLon readLng fron the EcoRI llnker slte and the H2B cod1ng

region readl-ng from the HindIII sLte. A d!-vergent gene orientatLon wae thus

determLned as shown ln flgure 2-3.

2-3 Dlscussfon

The hÍstone Senes present 1n the chlcken genome can be dlvlded, by

close assoclatLon, Lnto 11 clusters (flgures 2-1, 2-2 and 2-3). None of

these arbltrary reglons contal-n an entlre conplement of core and Hl geneg

and there l-s no evidence for a repeatlng unlt betrûeen the clusters. I{ithtn

5 of the clueters, however, there are closely assocl-ated and di-vergently

transcrlbed H2Ã|H2B gene paLrs. Thfs leaves four of the H2A and two of the

H2B gene conplement (of l0 H2A and B H2B) as separate entLtl_es.

One of these independent gene clusters without a dl-vergent HLI.|HLB

paLr retalns the Hl, H2A , HzB gene associatl_on (flgure 2-2). The renalnl_ng

H2B gene ls assocl-ated wl-th an H3 gene and two H4 genes ln an apparent

l-nverted dupllcatlon (flgure 2-L; tlang et a1., l9B5). The last H2A gene l-s

contal-ned withln a fourth hlstone gene locl- represented by a slngle cosmld

clone (not presented here) ln assoclatlon wfth a H3 gene.

A forn of a repeatl-ng unl-t has thus been d!.scovered wlthln the

apparently randomly organlzed chlcken hlstone nultl-gene fan|ly. It ls

1-nterestLng to conslder the gene assocl-atLons of other non-repeatlng

hLstone gene systems. Upon exanl-natLon of the gene organlzatlon tables ln
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Maxson et al. (1983a) l-t 18 clear that a dLvergent organísatlon of HL!.|HLB

palrs l-s present l-n a nunber of specfee such ae Yeast, sea urchln (late

transcrl-pts), Xenopus and Hunan. Thts arrangenent le also present Ln the

repeatLng systene of DrosophlLa and Newt. ThLs assocLatlon of H2A,|H2B genes

through evolutLon suggests a functlonal slgnlficance of thls arrangenent.
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CHAPTER 3: CoMPARATTVE SEQUENCE ANALYSTS 0F CHICKEN H¿ILIH2B GENE pArRS

3-l Introductlon

Concurrently wlth the orlentatlon of the six dívergent HL/.|H2B palrs

the sequence of the Lntergene reglons could be conpared. The sequence

conparJ.son for all sl-x paLrs was lnltlally lntended to analyze the pronoter

regLons of these genes, but 1n addttton several- of the protein codLng

regLons were extensl-vely sequenced durLng orientatLon, and therefore were

also avallabl-e for comparl-son. The complete sequence of pCH3;38 (flgure 2-

4) had been obtal-ned prevlously, but wlth the Lsolatlon of overlappl-ng

clones to fCH-01 lt became posslble to sequence the 3f end of the H2B gene,

whlch was not conËalned wlthl-n pCH3.3E, to conplete thfs gene Ln Lts

entLrety.

3-2 Sequence of sl-x chlcken HLI'IHZB gene palrs

(r) pcH3.3Blp7I{I

The constructLon of the chl-cken genonal À llbrary (screened by Rlchard

DrAndrea and Leeanne Coles) l-nvolved a partial HaeIII/AluI restrLcËLon

dl-gestLon of chlcken DNA, llgatlon of a 12 base EcoRI llnker onto the blunt

ternlnl- generated by these enzymes and clonl-ng l-nto the EcoRI elte of the

charon 4A vector. pCH3.3E has an EcoRI llnker Just after the end of the H2B

protel-n-codlng reglon. l,llth the Lsolatl-on of f CH-05 and the dlecovery that

l-t overlapped the rlght hand end of rCH-01 Lt became possLble to extend the

sequence of pCH3.3E and so flnd the 3r hl-stone termlnator of thl-s H2B gene.

À 7 kb genonal EcoRI fragnent generated fron lCH-05 contal-ned the

entl-re 3.3 kb EcoRI fragnent of ICH-01 and pCH3.3E (ftgure 3-l). Thl-s was

eubcloned lnto the EcoRI site of pBR325 by Rtchard DrAndrea for nappl-ng

purposes (flgure 2-l) and Lnto the EcoRI stte of pAT153 by myself to

facllltate the l-solation of' the H2B 3f entl (flgure 3-1) and the gene

expressLon work to be dl-scussed ln chapters 4 and 5. Fron napplng data a
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Flgure 3-1: IsolatLon of the 3r end of the pCH3.3E/p7AT H2B gene

The overlapplng chl-cken hLstone genomal clones ICH-01 and À CH-07 and a

gross reBtrLctLon nap of pTAT are presented. The BstEII-SacII restrlctl-on

fragment used to generate the sequence of the H2B 3t end ls shown.

L
E - EcoRI ll-nker

E = EcoRI

S = SmaI

X = XhoI

'E = BamHI

BII = BstEII

SII = SacII
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SacII slte was found 3r to the H2B gene. Sequence of the H2B gene predicted

a BstEII restrfctlon sl-te very close to the rlght-hand EcoRI llnker of À CH-

0f. A BstEII-SacII dlgestlon of p7ÀT allowed lsolatLon of the required

fragnent of about 700 b.p. whlch was purifLed through an acrylaml-de gel.

The termLnL were blunt ended wlth Klenow enzyme and the fragment llgated

lnto the HincII site of M13np7. SequencLng 1n from the BstEII sLte

generated the 3f end of the H2B gene dLscussed by Harvey et al. (1982).

The sequence of pTAT fron the unLque SnaI elte to the end of the H2B

gene Ls presented l-n fl-gure 3-2. Thts lncludes the complete sequence of

both the H2A and H2B nRNA transcrlptlon units.

(2) pcH22.0B

The sequencLng strategy for the H2A/H2B palr of cosnld 6.lC ts shown

ln f1-gure 2-5. 751 b.p. of contl-nuous DNA sequence l-s presented ln fLgure

3-3 whlch aPans the lntergenJ-c regLon of the genes and l-ncludes the flrst
63/72 N-termlnal arnl-no acl-ds of HL/^IHZB respectlvely.

(3) pcH3.5E

The sequenclng strategy for the H2A/H2B palr contal-ned 1n pCH3.5E ls

shown tn flgute 2-6. A contLnuous sequence of 1017 b.p. l-s presented ln

flgure 3-4. The flrst L02/I20 aml-no acl-ds of ÍLLÃIHZB are conralned. wlthln

thLs sequence.

(4) pcHlr.0E

The sequencing strategy for the left and rtght dlvergent pairs of

pCH11.0E l-s shown ln flgure 2-7. A non-contLguous 4BB b.p. for the left
HZA'|H2B and a complete 463 b.p. for the rlght H2L|HLB ie shown in ftgure 3-

5. In each palr 25120 N-termlnal amLno aclds of H2L/H2B are presented.

(s) ÀcHt-10

The complete sequence of the EcoRI llnker-Hlndlll H2/'IHZB contai.nLng
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Flgure 3-2: Sequence of the pCH3.3E/p7AT H2!^|H2B gene pal-r

The complete sequence of the H2A and H2B transcrlption unl-ts from pTAT

Ls shown (data taken from Harvey et al., f982). Codlng regLone have been

translated and the lntergene reglon Ls numbered on both strands startíng

from each ATG lnltlatlon co<lon. The restrLctlon enzJrme recognltlon sltes

for SmaI, XhoI, BstEII and the two HpaII sl-tes that encompass the lntergene

regl-on are l-ndlcated, as are the dyad synmetry elements responslble for

mRNÀ 3r end formatlon. the elements lrl.entlfted 1n Table 3-l are hlghltghted

ln colour (see legend to TabLe 3-1). The beginning and end of each nRNA ls

marked by verLlcal arrows.
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Flgure 3-3: Sequence of the pCH22.0B H2A/H2B gene pal_r

The partlal sequence of the H2A/H2B transcrlption unl_ts of pCH22.0B ts

shown. The proteLn codl-ng regl-ons are Lndlcated above or bel-ow the DNA

sequence. The SaUIIIA, RsaI, XhoI and HaeIII restrlctlon sltes used ln the

analysis of thls gene pair (ffgure 2-5) ate outllned ln the flgure. The two

aml-no acld dlfferences of the H2B proteln encoded by thls clone at

posltl-ons 3l and 33 are boxed. The Lntergene elements ldentl-fted ln Table

3-1 are htghltghted 1n colour (see legend to Table 3-l).
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Figure 3-4: Sequence of the pCH3.5E HàLIHZB gene palr

the partLally determlned anlno acl-d aequences and nucleotfde sequence

of the Íntergene reglon of the pCH3.5E HLL|HZB gene paÍr are presented.

BstEII, PstI, and SacI restrLctLon enzyme recognl-tl-on sl-tes used ln the

generatLon of Ml3 clones for sequencLng are outll-ned (ftgure 2-6). The

intergene elements fdentLflecl tn Tabl-e 3-1 are hlghltghted 1n col-our (see

legentl to lable 3-1).
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FLgure 3-5: Sequence of the pCHll.0E H2A/H2B gene palrs

the nucleotide and aml-no acld sequences of (a) the left HZ/'|H2B

gene pal-r anct (b) the rlght HLAIHZB gene pair of pCHll.OE. The sequence of

the left gene pair was obEalned by several sequenclng runs of a PstI-BstEII

restrlctlon fagnent cl-one orl-entated tn only one dLrectlon. The dashes ln

the sequence represent undeternlned bases. Both orientatl-ons of a Pst-

BstEIf lntergenic fragment of the rlght hand gene pal-r were used ln the

deterninatl-on of thfs sequence. The lntergene sequences ldentlfied tn Tabl-e

3-l are highltghted in colour (see legend to Table 3-1).
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Flgure 3-6: Sequence of the r CHI-10 HZAIH?B gene palr

The partlal sequence of the H2A gene and the complete sequence of the

H2B gene transcriptlon unlt and the lntergene reglon of r H1-10 are shown.

The two aml-no acLrl changes Ln the H2A codl-ng regl-on at posl-tl-ons ll and 52

are boxed. The positlon of the EcoRI, PstI, BsËEII and HlndIII restrlcÈl-on

sltes used to generate Ml3 clones for sequencLng are outlLned (ftgure 2-3).

The 3r dyad symnetry element of the H2B gene showl-ng the one base loopout

(base shown by astertsk) ls lndlcated by the arrows. The lntergene

sequences ldentlfled tn Table 3-l are hlghltghted l-n colour (see legend to

Table 3-f).
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fragment of ÀCHl-10 has been obtatned (etrategy presented 1n flgure 2-3).

The entLre H2B transcrl-ptlon unlt and the flrst 93 amlno aclds of the HzA

gene Ls shown l-n the 1113 b.p. of flgure 3-6.

3-3 Results

The first HZL/H2B dlvergent gene palr Lsolated and exanLned was that

from ÀCH-01. Because of thls lt was used as the "standard" dlvergent paLr

to whfch all- the others rùere compared 1n computer analysis and ny own

analysl-s by eye. The naterLal- dl-scussed below ls summarLzed ln Table 3-1.

(l) Proteln Codl-ng Reglons

One of the strlklng aspects of the "core" chlcken hlstone genes ls the

extraordlnary conaervetion of DNA sequence in co<llng domal-ns. Thtrd base

changes are usually rare. f'Ihen the codlng regLons of the dl-vergent palrs

are each compared to the complete codlng reglons of pCH3.3Ûlp7Afi, several

thtrd base and very few flrst and second base changes are seen. Most of

these base changes result ln ldentl-cal aml-no acld sequences

The protelns encoded by the H2B genes of pCH3.3nlp7Ã1, pCH3.5E and

ÀCH1-10 correspond to the H2B.1 varl-ant descrlbed by Urban et al. (1979).

Not enough DNA sequence was obtalned to claeslfy the pCHll.0E H2B encoded

protelns. Cosmid 6.1C H2B gene has two amlno acl-d changes (vl-2. 1ys to arg

at posLtlon 31, and ser to thr at posltl-on 33) as shown Ln the anl-no acl-d

sequence of ffgure 3-3 (boxed resldues). These amino acltl changes are

conservatlve and are probably of no functlonal stgnlftcance glven that the

N-termlnus of the histone H2B proteln Ls the most varLable part of the

protel-n when comparl-sons between specl-es are made (Isenberg , 1979). In

addltton N-termlnal resl-dues 14 to 31 of the yeast H2B protein can be

del-eted wlthout apparent adverse effect on the functlon of the protel-n

(Waltts et al., l9B3). These amino acLd changes do not eorrespond wl-th the

H28.2 subtype varLant sequence (Urban et a1., L979) and noreover an H2B
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Table 3-l: Conparatl-ve sequence analysls of chtcke¡ H2ì¡|H2B genes

' The si-x dLvergent chlcken H2A/H2B lntergene reglons have been compared

l-n an attempt to l-dentify common regulatory sequences. A consensus of

conserved regl-ons has been compl-led ln the Table wlth dlstances between

then lndicated. Two ln<lependent H2A genes and one separate H2B gene are

also presente<l ln the comparlson. The conserved regl-ons ldentlfted are

htghltghted ln col-our (see flgures 3-2 to 3-6), 1.e. TATA boxes ln green;

CATI, 2, 3 boxes ln red; CAT4 l-n orange¡ H2B box l-n yellow). The dlstance

between dl-vergent palr ATG lnltlatlon codons, the proteln subtype encoded

and the nurnber of aml-no aclds determlned fron the DNA sequence for each

gene palr are ll-steti ln the Table.
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proteln contalnlng these aml-no acl-d changes has not yet been reported ln

the ll-terature.

Both of the H2A subtype varlants reported ln the llterature can be

ldentifled fron the sequence of the dlvergent palr H2A genes. pCH3.3E/p7AT,

pCH22.0B, pCH3.5E and as far as the DNA sequence of pCHll.0E left and rlght

H2A genes extend, a1-1- correspond to the H24.1 subtype varl-ant (Urban et

al., 1979). The H2A protel-n of ÀCH1-10 has two aml-no acLd changes (vlz. a1a

to val at posl-tlon ll, and leu to met at pos!-tLon 52) as shoÌm ln flgure 3-

6. These are protel-n changes 1n the H2^.2 varlant ldentlfted by Urban et

al., (1979).

(2) Intergene Regl-on

Each of these lndependent chl-cken H2A/H2B gene palrs is extremely

ttghtly llnked. The codl-ng regl-ons are on average, 342 b.p. apart. Table 3-

I shows a comparatl-ve analysLs of the six lntergene regl-ons to l-llustrate

the posl-tl-on and spaclng of the conserved elements ldentlfled. The

organlzatlon of TATA boxes and hence predlcted nRNA leader sequence lengths

are slnllar for all the genes; an average of 180 b.p. separate the H2A and

H2B TATA boxes.

The most slgnl-flcant homologl-es Ldentffled between the gene palr

lntergene reglons are four CCAAT boxes (1-4-2(1f)). these are all regularly

spaced wlth three of then havl-ng the consensus "CCAATG" (CAT f, CAT 2 arrd

CAT 3 of Table 3-1) posltl-oned et approxlnately 4O, 90 and 110 b.p.

upstream of and dl-rected towards the H2B TATA boxes. Each Juxtaposed H2A

gene has a "GCCTATC" sequence (CAt 4 of Table 3-l) orl-entated towards tt

and about 135 b.p. from the H2B TATA boxes. Thte fourth CCAAT box ls an

average of. 28 b.p. upstream from the H2A ÎATA boxes.

The posLtlon of the pCH3.3Elp7NI H2A TÀ14 box deslgnated tn Tabl-e 3-1

I
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dlffers from that asslgned by DrAndrea et al. (198f). The only A rich

reglon to be found at a posttLon conslstent wlth the other dJ.vergent palrs

Ls a run of three A resldtres. Thls l-e an extremely poor match to the

consensus TATA box (1-4-2(i)) whereas the reglon ldentl-fted by DrAndrea ls

an extremely good match. However the nRNA cap slte of thls H2A gene has

been determl-ned (chapter 4) and ls consl-stent wlth ny asslgnment of the

TATA box. In addltton, no true TATA box consensus for elther the H2A or H2B

gene can be derived from the comparatlve sequence analysls. It ls possl-ble

that the full sequence of a TATA reglon ls not of over-ridlng Lmportance,

but an ATA strl-ng can usually be ldentffled tn most TATA boxes.

Two of the lntergene reglons have almost exactly the same nucleotide

sequence. pCH3.5E H2A,IHZB and the Left H2þ¡|H2B patr of pCHll.OE have only

seven b.p. differences between them. The sequence of the pCH3.3E H2A nRNA

leader sequence l-s alnost the same as that of the predlcted H2A nRNA leader

sequences of the pCH3.5E/pCH11.0E L H2A genes. All three of these palrs are

fn gene clusters that are adJacent on the chlcken chromosome (flgure 2-I).

This may be signifLcant l-n that gene converslon or gene dupllcatlon

processes nay have been lnvolvetl l-n generatlng these homologLes.

A ftfth regLon of honology wlth almost exact conservatlon for 13 b.p.,

present 6 b.p. upstream of H2B TATA boxes, has been descrlbed prevLously

(Harvey et al., l9B2) and ls known as the H2B box (table 3-f). Thts wtll be

dlscussed l-n length ln chapter 6.

The sequence of two separaÈe chlcken H2A genes (pCHB.4E L and R,

flgure 2-l) and one separaÈe chlcken H2B gene ( lCtl-O2, flgure 2-2) le

avallable for comparl-son (Table 3-1). These genes contain the same CCAAT

elements as those ldenttfled tn the dlvergent H2/^/H2B pairs. They are less

well- conserved l-n sequence but. the spaclng and orlentatÍon of CCAAT boxes

are st1ll htghl,y conserved. The Lndependent H2A genes of pCH8.4E contafn

!

¡
I
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al-most the same sequence up to about 250 b.p. 5r to thelr ATG lnLtLatlon

codons and l-t ls thought that thls is the result on a dupllcatl-on event

(llang et al. r 1985). Thel-r sequences dtverge almost l-mmedlately after the

most dlstal CCAAT box (CAt t) and no evldence of a H2B box can be found.

Thls suggests that the H2B box fs truely H2B-specLflc.

The slngle HzB gene of ¡, CH-02 contal-ns all the elements of the

dl-vergent palrs up to the end pol-nt of the aval-lable sequence data (table

3-l; Grandy et al., l9B2). The three CCAAT boxes orlentated toward the H2B

are present but lnsuffl-clent sequence data l-s avallable to deternine

whether the H2A CCAAT box (CAt 4) ts present. Thts leaves open the questl_on

as to whether CAT 4, orlented toward the H2A gene, l-e gene speclftc or not.

(3) 3f Gene Elements

0f the df-vergent paÍrs dlscussed here only the 3r end of the H2B genes

of pCH3.3Blp7Afi and ÀCHf-10 and the 3r end of the H2A gene of pCH3.3E have

been determl-ned. The total sequence of nany chlcken hl-stone genes wlthln

thl-s cluster has however been obtatned (I,Iang et a1., 1985; Coles and I'Iells,

1985; L. Coles and J. Powell personal communlcatlon). All of these genes

have been shown to contal-n the dyad symnetry requl-red for the processlng of

hl-stone mRNAs (f-6-3(fv)). An addtttonal chlcken specl-flc 3 base extensLon

to thl-s 3r element has been noted prevLously (Harvey et al_., 1982).

The 3r dyad synmetry of the rCHl-l0 H2B gene ls unusual 1n that the

base pal-rlng l-s not complete (flgure 3-6). How thLs loop out ln the

stem would affect the processlng of the 3r ternlnÍ of thl-s gene ls not

known, but the correct base palrl-ng of the stem has been shown to be

essential- for the formatlon of a sea urchln H2A gene 3r end in the Xenopus

oocyte (Btrchmeter et al., 1983).

The H2B gene descrlbed tn pCH3.3E/p7AT was gl-ven to Krieg and Melton
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(f984) to conduct experlments to determlne whether hlstone 3r termlnl are

generated by RNA polymerase termlnatLon or RNA processLng at the 3r

hyphenated symneÈry element. A XhoI fragnent of pTAT was cloned lnto an Sp6

l-n vitro RNA synthesls vector and extended RNA transcripts of the H2B gene

were obtalned. Upon l-nJectlon of thls RNA l-nto the nucl-eus of Xenopus

oocytes the correct 3r terml-nl r{as generated, lndlcatLng 3r proceseLng was

involved in the formatfon of hLstone 3r termlnL.

3-4 Dlscusslon

The l-lnkage of H21^|H1B genes l-n the chl-cken has been shown by sequence

comparlson to have a very strl-ct associatlon wlth respect to the dLstance

between protel-n codlng reglons. Four CCAAT-ltke sequencea have been

identlfled ln the Lntergene regl-ons that also have a strl-ct spatl-al

assoclatlon. Thts sequence has been shovln to be Lmportant for eukaryotLc

gene expression (1-4-2(1)), although lts exact role ls not known for

certaLn due to confl-Lctlng experlmental results. So far only one CCAAT box

has usually been emphaslsed l-n pronoter regl-ons of eukaryotic genes

posltloned 40-60 b.p. fron the TATA box (Breathnach and Chambon, 1981). The

nature of thls elenent (or possLbly a group of tndl-vldual elements) tenned

Èhe CCMT box must be rethought glven the number, orlentatlon and specifl-c

sequences of then found l-n the chLcken H2L/H?B genes. It nay be that the

CCA,AT box can functl-on ln both orlentatlons nuch llke the eukaryotlc

enhancer elements (Khoury and Gruss, 1983) and the hexanucleotl-de CCGCCC

elenent of the H.S.V. Thymirllne kLnase gene (McKnlght et a1., 1984).

Dlvergent, closely llnked HLLIHZB genes are relatlvely common ln

hl-stone gene fanllles. Exanlnatlon of the few that have been sequenced¡

Yeast, 600 b.p. l-ntergene regl-on (Wallts et al., 1980; Choe et al., t9B2);

Drosophlla, 200 b.p. l-ntergene regf-on (Goldberg, 1979); Xenopus, 300-400

b.p. lntergene reglon (Moorman et a1.,1982) and a human HLI^|HLB pair (Zhong
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et 41., l9B3) has fail-ed Èo tdentlfy the same promoter element arrangement.

Such large evolutlonary comparLsons wLth yeast and Drosophlla may be

llnlted Ln thelr usefulness J-n tryi-ng to ldentlfy controlllng elements

other than TATA boxes. Insufficl-ent sequencl-ng data was obtaLned for the

Xenopus dlvergent pal-r to make the comparlson but 1t Le potentlally

comparable. The ldentiflcatl-on of the hr¡nan dLvergent palr referred to

seems premature since no H2A codlng reglon was l-denttfted.

Because the pronoter reglons of these dlvergent palrs are so close lt

ls temptl-ng to make an analogy with prokaryotlc systems. Some prokaryotlc

genea have been found to be closl-y assoclated, a1-lowlng for co-ordl-nate

regulatlon by conmon regulatory moleeules. Two dLvergent gene pairs fn

E. coll- have been shown to be regulated by protel-ns btndlng to sl-tes

between the genes (Brandsma et al. , 1983). Gene promoter and operator

l-nteractlons connonly occur Ln prokaryotes. The À bacterlophage leftward

and rlghtward transcrJ-pts belng controllerl by three bindtng sites for the

CI repressor ls such an exanpl-e (Hendrlx et al., 1983).

The control of the yeast matlng type locus l-nvol-ves dtvergent

transcrlptLon from a central promoter regl-on (Slltctano and Tatchel_l,

1984). Moreover, deJ-etl-ons ln the l-ntergenlc reglon (263 b.p. separate the

ATG start codons) have napped a sfngle promoter regl-on essentLal for

transcrLptLon of each of the two genes of the locus. There Ls therefore a

precedent ln a eukaryotl-c organl-sm for the sharlng of a common regulatory

reglon(s).

The posslbll-lty of regulatory elements belng present ln the codlng

reglons of el-ther gene of the chlcken n2ÃlU2B palrs can be argued gf-ven the

close and conslstent dlstance between the codLng regl-ons of the two genes.

Thls comparative sequence analysis presented here does not allow a
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determinatfon of the functlonal role of the conserved. Lntergene elenents or

the co<ll-ng regLons. For this a high ftdellty transcrLptLonal assay has to

be used ln combÍnaton wtth fn vltro mutagenesis of the dlvergent palr

lntergene/promoter regLon.
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CHAPTER 4: ÀI{ALYSIS OF Hà!^|HLB TR.A}ISCRIPTS IN 5 DAY CHICK EUBRYO
AND EXPRESSION OF AII ISOI,ATED H¿AIH2B GENE PAIR IN
XENOPUS OOCYTE

RNA
THE

4-1 IntroductLon

Because of the unusually close apposftlon of the divergently

'transcrLbed H2À/H2B gene pairs, and wlth the alo of determlnlng the nature

of thte llnkage ln the control of the expresslon of these genes, r

lnltl-ated a study of transcrlptl-on from one of the cloned gene palrs.

Varlous eystens are avaLl-able for the analysLs of gene expressLon (1-7),

but a prerequlslte of usl-ng any surrogate genetlc system Ls that lntroduced

genes must be expressed wlth fldel-J-ty. Thl-s seens to be true for genes

nlcrol-nJected l-nto Xenopus oocyte nuclel- (Gurdon and. I,ILckens, f9B3) an¡l l-n

partfcular the wotk done by Bl-rnstlelrs group on expressLon of sea urchLn

hl-stone genes Ln Xenopus oocytes (Hentschel and BlrnstLel, 19Bl) suggested

that lt was a generally useful systen to study transcrlptlonal control of

chl-cken HLL(HZB dlvergent gene palrs.

Histone genes l-n the chl-cken exLst l-n clusters l-n relaÈlvely 1ow copy

nunber ln the genome. TheLr transcriptLon Ls usually coupled to S-phase Ln

dlvldlng cells (J. Coleman, personal communLcatlon). When cloned chlcken

hlstone genes are ml-crol-nJected l-nto frog oocytes, the genes are preaent ln

very hlgh copy number and as circular plasml-d nucleoproteln rather than low

copy number chronosomal structures. In addltlon ln the developlng oocyte

expression of hl-stone nRNA and protein Ls uncoupled fron ce1l df-vlsl-on , as

thls specLal-l-sed cell butlds a maternal store of hLstone to be used durLng

enbryonic development. For these reasons some cautl-on must be exercLsed Ln

extrapolating conclusl-ons from heterologous systems.

In conJunetlon wlth the functional testLng of a HZA|HZB palr, the

endogenous chLcken transcrlpts fron these genes (tn 5 day embryo extracts)

were also exanlned to determlne the firleltty and the relatlve level of each
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transcrlpt compared to that in nl-crol-nJected oocytes. The gene pa!-r chosen

for study was the one that was first l-solated and orl-entated, and for whlch

the complete gene sequences were avallable. Thls gene system was the one

from ÀCH-01. As dlscussed l-n chapter 3, the H2B 3' termlnl l-s misslng from

the 3.3 kb fragment generated by EcoRI digestlon of rCH-01. 
^7 

kb genonal

EcoRI fragnent overlapplng (and contal-nlng tn full) the 3.3 kb fragment was

obtal-ned fron ÀCH-05 (flgure 2-l and 3-1). thle was subcloned lnto the

EcoRI slte of pAT153 for propagatJ-on and ease of l-solatlon of the 7 kb

l-nsert. This clone was named pTAT and 1n addltlon to contal-nl-ng the

conplete dLvergent palr, an Hl gene l-s also contal-ned wl-thl-n the l-nsert.

4-2 Mapplng of 5' and 3? terml-nl of the Hl, H2A and H2B genes of pTAT in 5

day chtck embryo RNA

To examlne whether hl-stone gene transcrlpts obtal-ned Ln the oocyte

from l-nJected tenplates (see below) were the same as is seen l_n vlvo Sl

nuclease protectlon experlments and prl-mer extensfon assays for the H2A and

H2B gene transcipts of pTAT present tn 5 day chlck embryo RNA were carrLed

out. The DNA restrLctlon fragments used for Sl analysl-s and the posltLon of

synthetlc prlners used ln prl-mer extensLon analysls are shown ln flgure 4-

l. The Hl gene of pTAT was analyzed ln collaboratl-on wlth Leeanne Coles;

the 5' and 3r mappfng of thts gene ls presented by her l-n her Ph.D. thesl-s.

It wll-l suffice here to produce only the 5r terml-nl mapplng data wlth the

Hl synthetl-c prlmer (flgure 4-2).

Iso-codl-ng chlcken hl-stone genes are highly homologous Ln the cod1ng

regLon but often dlverge l-nnedlately ln flanklng sequences (compare the

leader sequences of the divergent pairs presented ln chapter 2; L. Col-es

and J. Powell, personal communlcatlon), lt was therefore expected that two

klnds of Sl resLstant DNA products would be observed for each type of gene
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Flgure 4-l: DNA restrlctl-on fraguents used for Sl analysLs and extensl-on of
synthetlc prlners for the H2/.|HIB genes of p7ÀT

The products of the H2A and H2B 26 base synthetlc DNA prl-ners after

hybrl-dlsatlon to nRNA and extenslon wl-th reverse transcrl-ptase are

l-ndlcated above the gene representatl-ons (see ¡naterlals and methods for

synthetic prlner sequences). Below the gene fJ-gures are the posLtlons and

lengths of restrLction fragments used Ln the Sl assays and the protected

fragnente after hybrlsatlon of them to RNA and dlgestl-on with Sl nuclease.

The restrl-ctlon fragments used were as foll-olils:

3r H2A = 205 bp XhoI-BstEII

5f H2A = 420 bp HpaII-HpaII

3r HZB = 650 bp BstEII-SacI

5r H2B = 202 bp XhoI-BstEII
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Flgure 4-2: Sequence of the 5r reglon of the pTAT Hl gene

The 5r nucleotlde sequence of the pTAT Hl gene sense strand ls

presented startlng at -200 from the ATG lnttlatlon codon (data taken fron

Coles and t{e1.ls, 1985). Bases ln bold type are Hl gene conserved elements

thought to be lnvolved ln the promotlon of the Hl transcrlpt whlch begins

at -37 ln the sequence (shown by the vertLcal arrow). The posl-tl-on of

btntltng of the Hl gene specl-flc 26 base prlner ls lndLcated below the gene.



- 200
TGGTGGCAGAAATTCCGAGGAÀÀATÀCACTTTTGTTAGTCCAAAG AAÀCACA AATCGÀGCACÀCCGAÀG

- 100
GGCTCCCCGGCCGTGCÀGCG GGGCGG GCTTAGCÀACGCÀ CCAÀÎ CÀCCGCGCGGCTCCTCTC TAÀÀ

l-I
AATÀ CGÀGCATCTGACCCGCGCCÀ GCCCA ATTGTGTTCGCCTGCTCCGCÀGAGGACTGCGCCGCG

+1 ser glu h,hr ala pro ala
ATG TCC GAG ACC GCl CCC GCC

Hl primer



tranecrLpt. One of these corresponds to the homologous hybrld, the other(s)

to hybrtds whlch are onJ-y homologous Ln the codlng regl_ons.

In addltlon, thl-s heterogenel-ty Ín 5r nRNA leader sequences makes lt

posslble to synthesl-se gene-speciflc prl-mers. Emplrl-cally tt was found that

26 base priners ln the 5r untranslated reglon or spannl-ng the 5r non-codlng

and the start of the codlng regl-on gave unanblguous extensLon products.

That ls, they generally permltted detectLon of specJ.fi-c transcrtpts fron

genes mi-crol-nJected lnto Xenopus oocytes, and ln total chlck embryo RNA

could be used to deflne transcripts from preclse genes. Ì,Iell after the

oocyte transcrlptl-on studLes were tnltlated, sequencing of other H2p.|H2B

gene pal-rs revealed that the leader of the H2A gene tn p7ÀT ls honologous

enough to the H2A leaders of pcH3.5E and pcH11.0E L (flgures 3-4 and 3-

5(a)) to allow cross-hybrldlzatlon of any synthetlc prLmer that could be

desl-gned. Thts was not reall-zed untll the sequence of these HzL genes

became avallable, and after the synthesl-s of the pTAT H2A synthetLc 26 base

prlner. Consequently the pTAT H2A prlmer al-so detecÈed transcripts from

other H2A genes 1n RNA from chl-ck enbryos.

(r) 3r Terml-nL

The results of Sl analysLs to determl-ne 3r ternlnl of H2A and H2B

transcripts ln chlck enbryo RNA are shown l-n flgure 4-3. As discussed

abover more than one seÈ of protected fragnents ls to be expected from a

heterologous mlxture of RNAs (multtp1e, closely ml-gratl-ng bands withln each

regLon are often encounted. l-n Sl analysls and are not the polnt of

heterogenelty Just referred to). For H2A (lane 2), the l4B b.p. protected

fragnent maps the 3r termlnus of the transcrlpt derl-ved from the gene

equlval-ent to the H2A tn p7AT. Other fragments l-nclude the undJ.gested probe

(205 b.p.), a 109 b.p. protected fragment fron a closely related but non-

honologous H2A gene 3r end and a 90 b.p. codLng-reglon protected fragnent.
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Flgure 4-3: Sl napplng and prl-ner extenslon analysl-s of pTAT geûe
traûscrlpts ln 5 day chlck eubryo RNA

5r and 3r Sl analysls of the endogenoue pTAT H2L|H?B gene paLr

transcrlpts Ln sl-ze fractLonated chlck embryo RNA ts shown l-n tracks l-4:

1=H2B3r

2 - Il2A 3'

3=H2B5r

4 = HZlx 5l

M = pBR322 HpaII markers

Prlner extenslon on sLze fractlonated chlck enbryo RNA usLng the 26

base synthetl-c DNA prlmers desl-gned for the genes of pTAT l-s sholùn Ln

tracks 5-7:

M = pBR322 Hpal'l markers

5 = H2A prLner

6 = H2B prLmer

7 - Hl prl-mer
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For H2B (lane 1), only one maJor band of 87 b.p. ls seen and thLs maps the

3r terminus at the expected posltlon. The predicted codlng reglon fragment

l-s not seen for H2B, but the hybrld would only be 26 bases long and

therefore unstable l-n the Sl digestlon condLtlons used (Grosschedl and

Bl-rnstLel, 1980b). Because the 3t dyad symmetry elenent 1s lnvolved l-n the

generatl-on of correct 3r termfnl-, the napplng of pTAT H2A and H2B 3'

terminl to the ACCCA adJacent to the stem of the hal-rpln loop (see ffgure

3-2) ts expected and conflrmed.

(rr) 5r Terminl

The H2B-speciflc prl-mer shows a maJor extension product of 68 bases,

consl-stent wfth a cap slte at -57 ln fl-gure 3-2 (ftgure 4-3, lane 6). This

Ls 28 b.p. downstream fron the H2B TATA box and therefore naps Ln the

expected posltl-on. Less abundant bands seen ln thls analysis may be due to

heterogeneous start sl-tes in vLvo or pause sLtes l-n reverse transcrlptlon

ln vLtro. Sl analysts (flgure 4-3, lane 3) al-so shows some heterogenelty,

but protectlon of fragnents of approxl-nately 115 b.p. conflrm the

desl-gnatlon of a naJor cap sLte at -57. The snaller bands (58 b.p.) are

codlng-regl-on protected fragnents.

The results for 5' napping of H2A genes ls al-so shown 1n flgure 4-3.

Both Sl mapplng and prlner-extenslon analysle clearly locate the cap slte

to -52 ln ftgure 3-2. That ls, the 420 b.p. HpaII fragnent (ftgure 4-1) fs

protected by enbryonlc RNA to yteld an 31 product of ll8 b.p. and the H2A

specl-flc prlmer yields an extenslon product of 49 bases (flgure 4-3, lanes

4 and 5 respecttvely). The 69 b.p. Sl protected fragment l-n lane 4 detects

the H2A codlng region. These independent assays therefore place a cap sl-te

for H2l. at -52. As dlscussed above, the prlmer extensl-on assay here

probably detects the H2A genes from pCH3.5E and pCHll.0E L ln addltl-on to
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that contalned wlthl-n p7AT. However the Sl experlment ls expected to be

compl-etely speclffc for the H2A gene of p7AT.

An extensl-on assay uslng the Hl-apeclfl-c primer detects a product of

5B bases (flgure 4-3, lane 7). Thts le conslstent wtth the Hl cap elte

belng at -37 ln flgure 4-2.

4-3 Characterlsatlon of hl-stone gene trascrlpts from pTAT mLcrolnJected

l-nto Xenopus oocyte nucleL

Inltlally, vector-free supercol-led 7 kb EcoRI l-nsert of pTAT rüas

lnJectecl l-nto the Xenopus oocyte as descrLbed for optlmal expressLon of the

sea urchl¡l:.22 repeat genes (Kressman et al-., 1977¡ Probst et a1., 1979).

However, sLde-by-slde experl-ments l-n whl-ch vector-contal-nl-ng and vector-

free DNA preparations lüere nLcrolnJected showed there was lLttle dlfference

ln expresslon of the chlcken hlstone genes as assayed by Sl nuclease

anal-ysl-s or primer extensLon (see below). The recombl-nant plasmld,

contalnlng pAT153 sequences, r{as therefore used routlnely.

The restrl-ctlon fragments outll-ne l-n figure 4-I and the synthetlc

prl-mers were used to anal-yse transcripts from each hlstone gene after

lnJectLon of pTAT lnto Xenopus oocyte nuclei. The naJor 3t terml-nl of ll2B

and H2A transcripts and the 5r termLnf of Hl from the l-nJected genes napped

to the same posl-tlon as found for transcrl-pts l-n chlck embryo RNA (ftgure

4-4, lanes 2r3 and 6).

The naJor H2A 5' Sl-protected fragment as well as the naJor H2A prl-mer

extensLon product al-ways napped at the slte seen for chtck enbryo H2A 5'

termlnl-, however, other dietlnct mlnor band.s are also seen. A doublet at

215 and 220 b.p. for Sl analysl-s (ftgure 4-4, lane l) and prl-mer extensl-on

to 135 and 140 bases (ftgure 4-4, lane 4) rnaps addltlonal H2A cap sl-tes to

A resldues four b.p. apart, at -l4B and -153 ln fl-gure 3-2. these sl-tes are

2I and 26 b.p. respectlvely downstream from a TATA sequence at -173.
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Flgure 4-42 Sl napplng and prLner extensLon analysis of pTAT gene
tranccrÍptg from nlcro-inJected Xenopus oocytes

5r and 3r 31 analysls of the H2A/H2B genes of pTAT expreesed Ín

Xenopue oocytes Le shown Ln tracks 1-3:

1=H2A5r

2=H2B3l

3=H2A3t

M = pBR322 HpaII markers

PrLmer extensl-on analysLs on RNA equfvalent to that of one ooeyte

J.nJected wlth pTAT uslng the 26 base synÈhetlc DNA prlners Le shown ln

tracks 4-6:

M = pBR322 HpaII markerg

4 = H2A, prLmer

5 = H2B prLner

6 = Hl prl-ner
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An addltl-onal rnl-nor extensl-on product to that seen f-n 5 day chtck

embryo RNA ls also seen wlth the I{28 gene-speclflc prlmer (flgure 4-4, lane

5). A band of approxl-mately 305 bases ls produced ln addftlon to the maJor

extenslon product of 68 bases. No potenÈl-al TATA element can be found

upstrean of thls spurl-ous H2B cap sLte.

4-4 QuantltatLon of pTAT transcrlpts ln chlck enbryo RNA and from lnJected

Xenopus oocytes

The three gene speclfLc eynthetlc prlmers can be used to assay the

expressl-on of all three genes ln the sane prl-ner extensLon reactlon due to

thelr (purposely destgned) dtfferent extensLon lengtha (H2A: 49 bases ¡ Hl:

58 bases ¡ H2B: 68 bases). I,lhen the prl-nera are used ln excess the aesay

becomes quantltative (McKntght et al., 19Bl) and the level of each genes

extenslon product can be dlrectly related to one another. The data l-n

flgure 4-5 shons dlrectly conparable (1.e. the same speclfl-c actlvi-ty of

lndtvldual gene-specl-flc prlmers used ln each extenslon) quantltatlve

extensl-on results on pTAT gene transcrlpts fron chl-ck enbryo RNA (lane 1),

RNA from oocytes inJected wtth pTAT (lane 2) and RNA from oocytes lnJected

wlth vector-free cl-osed clrcular 7 kb lnsert from pTAT (l-ane 3).

The relatlve abundance of each nessage differs betl.reen chlck enbryo

and pTAT oocyte transcrlpts. In the chlcken, the Hl and H2B transcrlpts are

about equally abundant and both are present at a h!.gher level than the H2A

transcrlpt (Hl = H2B > H2A). !'Ihen pTAT ts ml-crol-nJected Lnto the oocyte the

varlous levels of the three genes ls qulte dlfferent. The H2A mRNA ls norr

the most abundant followed by the H2B transcrlpt and the Hl gene l-s at a

much lower detectable 1evel (ttZ¡, > H2B >> Hl). Thls pattern of expresslon

l-s ldentl-cal ln oocyte RNA fron 7 kb EcoRI closed clrcles, however the

level- of H2B extenslon product ts sltghtly lncreased.
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Flgure 4-5: QuantÍtation of pTAT Hl, H2A and H2B gerie transcripts Ln chlck
enbryo RNA and fn nlcro-lnJected Xenopue oocytes

Quantltatlve prl-mer extensl-on analysLs ls shown uel-ng the three 26

base pTAT gene speclflc prlners on slze fractLonated 5 day chlck enbryo RNA

(track 1) and on RNA equl.valent to that fron one oocyte lnJected wlth pTAT

(track 2) or 7 kb EcoRI circularLsed insert of pTAT (track 3). A pBR322

HpaII narker lane l-s shown to LndLcate the dlfferent extensLon Lengths of

the three prlmers; H2À extends to a maJor band at 49 bases, Hl to 58 bases

and H2B to 68 bases.
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4-5 Dlscussl-on

Despl-te the productl-on of addltl-onal mlnor nRNA transcrl-pts from pTAT

DNA templates J-nJected l-nto the Xenopus oocyte, all- of the hLstone genes of

pTAT are transcl-bed efficlently and wlth flrleltty. Dl-fferences ln the

levels of each transcrlpt compared wtth that ln the chlck, however, can be

dlscerned. The Hl gene of p7ÀT l-s not expressed l-n the oocyte at anywhere

near the relatLve leve1 that lt ls ln chlcken enbryonLc RNA (approxlnately

10 f o1d relatl-ve rerluctlon). Thts l-s consLstent wtth the flnillng that the

sea urchl-n Hl gene l-s not expressed well ln Xenopus oocytes (Hentschel et

41., 1980). Perhaps thls poor level of expressfon of exogenous Hl genes ls

not surprl-sing conslderl_ng the Xenopus Hl protel_n (and therfore probably

the nRNA ) ttself ls made at a low rate during oogenesl-s and remaLns

relatLvely lo¡v even lnto the cleavage stage of embryogenesl-s (Flynn and

Woodland, 1980).

the difference l-n the relatl_ve level- of. HZ!'IHZB tranecrl_pts ln the

chlck embryo (approxlmately I : 10) and the oocyte (approxl_nately 3 : l)
RNA analysed ls surprl-elng and made even more so when l-t Ls reallsed thaÈ

transcrlpts from three H2A genes are actually betng analysed ln the chlck

RNA. Notwl-thstandlng the change ln relatl-ve levels of the chlcken hl-stone

transcrlpts of pTAT ln the Xenopus cell the fldellty of each transcrl-pt is
good. The use of ninor aberrant cap sl-tes constl-tutes only between I to 5 U

of detectable transcrl-pts ( t. e . compared to the correctly l-nltf ated

transcrlpts). These spuri-ous Lnttlatton sites may be due to the unusuall-y
9

large nrrmþg¡ of gene copLes 1-nJected l-nto the ooeyte (=10 gene coples),

allowLng some of the plasmJ-d molecules to be assemble<l l-nto a wrong

chromatl-n formation and thus dl-rect the inttlatLon of these artlfactual
transcrlpts.

The accurate and efflclent lnltLatLon of transcrlpts fron the pTAT

/

ti
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HL!^|HLB dl-vergent hLstone gene palr tn the Xenopus oocyte shows the

potentlal of thls system to nap the promoter elements contalned wlthln the

l-ntergene region. The expressl-on of the Hl gene should be unaffected by

any E vltro mutatl-on l-ntroduced lnto the dl-vergent gene region and should

act as an lnternal "expresslon level indlcator" of any modlfle<l pTAT

ternplates l-.e. Lt can be used to dlrectly conpare the levels of H2A,|HLB

transcrlpts fron modlfled pTAT tenplates (see next chapter). MantpulatLon

of the pTAT plasmftl and expressl-on of such tenpl-ates ln the oocyte system

Ls the next step ln determlnl-ng the role of the chlcken dlvergent HLI^|H?B

gene sÈructure tn the control of expresslon of theee genea.
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CHAPTER 5: MÀPPING OF A CHICKEN H2A/H2B DIVERGENT PAIR PROMOTER REGION

5-l Introduction

Mapplng DNA sequences responslble for the efflcfent and accurate

l-nitiatl-on of gene transcrlpti-on can be done ln several ways (1-7). All

lnvolve selectl-ve deletlon/l-nsertlon of sequences or single/mu]-ttple base

transltl-ons fol-lowed by functfonal testlng of the mutants Ln suitable

transcrl-ptlon assay systems. As shovm l-n chapter 4 the Xenopus oocyte l-s a

sultable ftrnctfonal testtng system for the chl-cken HLA|H2B gene palr

contaLned wlthln p7AT. In decldlng what mutatLonal approach

(deletton/l-nsertl-on/base nutatlon) should be taken ln rll-ssectlng the

pronoter of the dlvergent pal-r, three aspects were consldered,

(l) can the H2A/H2B genes be separated from each other and stt1l be

expreesed ?

(2) wtrat ts the mlnimunn amount of sequence requl-red for the expressl-on

of both genes at the optl-num leve1 ?

(3) fron conparatlve sequence analysls (chapter 3) l-t can be predlcted

that any of the four CCAAT elements of the lntergene reglon could

be pronoter elements. Are these shared by the two genes ?

In addl-tlon to these conslderatlons lt was important to determlne tf

there Ls co-ordlnate regulatlon of the two genes at the level- of

transcriptl-on. The nost precl-se mutatLonal analysl-s of the l-ntergene reglon

woul-d be one ln which síngle base changes were lntroduced Lnto the

conserved reglons ltlentlfled by the comparatlve sequence analysls, such as

the CCAAT boxes. Another all encompassl-ng approach wouLd be to ll-nker scan

the l-ntergene regJ-on (tUcfntght and Kl-ngsbury, 1982). The l-nsertlon of a

ll-nker through every part of the l-ntergene regl-on would be unnecessary

because of the ldentlflcatLon of the conserved sequence elements. A gross

approach, and one that Ls commonly used, would be to construct progressLve
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deletlons fr:om both enrln of the ll2A/|I2B lntergene regl.on.

For reasona of slmpllclty, a comblnatl-on of gro6s rleletlonal

nutagenesl-s and dLrectional mutagenesfs was used Ln the analysLs of the

HZ/'|HZB promoter reglon.

5-2 Expresslon of separated H2A,/H2B genes

The H2A and H2B genes of pTAT are each contal-ned entLrely on separate

XhoI restrLctlon fragnents (flgure 3-1). Moreover the lntergene reg!_on of

the two genes ls sp1lt by a XhoI recognltLon aequence (flgure 3-2) and the

Hl gene of pTAT l-s unaffected by XhoI dtgestLon. By lndependent removal of

each of the XhoI fragments of pTAT tt ls possLble to examlne the expresel-on

of each gene Ln the absence of the other.

pTAT DNA was partlally tligested. with XhoI restrÍctlon enzyne. Thts DNA

was then passed through a L7" Low rneltl-ng pol-nt agarose gel to purlfy the

8.9 kb (p7AT ml-nus the H2B gene) and 10.0 kb (p7Af ninus the Hzl' gene)

partlally dlgested fragments away from the l.B kb H2B XhoI band and 0.7 kb

H2A XhoI band. The resolutLon of htgh mol-ecular welght DNA ls poor in thls

type of agarose gel system, so no attenpt was made to get the sl-ngle gene

deletlon bands away fron lLnear pTAT (f0.7 kb) or the ful1y XhoI dlgesred

band (B.Z kb). Thts purlfled DNA was then llgated to reform cl-rcular

plasmld molecules and transforned lnto bacterlal ce1le for propagation. It
was expected that pTAT parental, pTAT-H2A (minus the H2A gene), pTAT-H2B

(nl-nus the H2B gene) and pTAT-(H2A, H2B) rnolecules would be obtalned. Upon

mlnLscreenl-ng of antlblotic resistant bacterl-al colonles obtained after

transfornatLon all of these types of nolecules were lndeed founrl (figure 5-

1). The two sfngle gene deletLon constructs leave one CCAAT box present ln

pTAT-H2A (contal-nlng Hl and H2B genes), and three tn pTAT-H2B (contaLni-ng

Hl and H2A genes).
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Flgure 5-1: MlnLscreenlng of potentlal- pTAT parttal XhoI fragnent deletlon
plasmLds

Plasmtd DNA extracted fron bacterla transforrned wlth a partlal XhoI

digestlon of pTAT rrere digested wtth XhoI and electrophoresed on a

horLzontaL l% agaxose gel. Four types of plasml-d nolecules were expected to

result fron the partlal dl-gestton and transformatlon of pTAT:

(l) no deletlon = PTAT

(2) deletLon of the 0.7 kb XhoI fragment = pTAT-H2A

(3) deletlon of the l.B5 kb XhoI fragnent = pTAT-H2B

(4) deletl-on of both XhoI fragments = pTAT-(H2A' H2B)

The photograph of the mLnl-screen gels show examples of all these types

of molecules along sL<le lambda EcoRI marker tracks:

pTAT = upper ge1 tracks 2 to 7

nlddle gel tracks l, 3, 4 and 5

lower gel tracks 3 and 7

pTKI-ll2A' = upper gel track I

mtddle ge1 track 2

lower gel track 2

pTAT-H2B = niddle gel- tracks 6 and 7

lower gel track 4

pTAT-(H2A' H2B) = lower ge1- tracks I and 5
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Quantitatlve prlmer extensLon analysis on RNA extracted fron Xenopus

oocytes lnJected wfth elther p7AT, pTAT-H2A or pTAT-H2B Ls shown ln flgure

5-2. The expressl-on of the HI gene Ln these conetructs Ls not affected by

the gross deletlons and acts as the Lnternal control Ln the expressLon

experlnents. The data ln flgure 5-2 shows that the level of the Hl priner

extensl-on product Ls approxlmately Èhe same for all constructs l-ndLcatl-ng a

consistent ml-croinJectlon technlque. Thus a dl-rect comparison between H2A

and H2B prlmer extensl-on bands can be made on thls gel. The H2A and H2B

genes are expressed. when separated at the Lntergenl-c XhoI sLte, but are

trascrl-bed at nuch lower levels as l-ndependent entltfes compared wl-th thelr

expressLon l-n a dl-vergent paLr conflguratlon.

The HzL gene decreases lts expressl-on by approxlmately three fold

whereas the H2B gene decreases lts transcrlptLon rate by about 10-fo1d when

the genes are l-solated fron one another. thls nay reflect the nunber of

CCAAT boxes present in each of the separated promoter reglons; three for

HZII and one for H2B. Thts experlnent demonstrates that Ln thls

transcrlptlon system, the two genes have overlapping promoter elenents.

5-3 Expressl-on from a HàI.IHZB intergenlc restrlctlon fragment

In an attempt to dell-neate the nl-nLmum seguence requl-rement for
pronotl-on of the dlvergent transcrLpts, and to exclude the possLbtltty of

the proteln codlng regl-ons (whtch are also well conserved, chapter 3)

effectLng transcrLptlon, I declded to take an l-ntergenlc testrLctlon

fragment from pTAT and clone lt l-nto the polyll-nker clonlng sltes of an Ml3

vector. The abtltty of the Lntergene regl-on, plus a small amount of codlng

regl-on, to dlrect transcriptlon coul-d then be tested ln the Xenopus oocyte.

A practJ-cal requl-rement of such a restrLctlon fragnent l-s that tt must

contal-n the prlnlng sltes conplementary to the 26 base gene speclflc

prlners for H2A and H2B to allow transcrlpttonal analysLe to be perforned..
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F!-gure 5-2¿ QuanEltatlve prlner extenelon analysls of eepirated HLL|H2R
gene conatructe of p7ÀT l_nJeeted into xenopus oocytee

The photogragh shows prlmer extensl-on on oocyte RNA ftom pTAT (track

1), pTAT-H2A (track 2) and p7A1-H2B (track 3) tnJected oocytes us!-ng all

three of the hlstone gene speclfLc prlmers. The tdenttty of each group of

prlner extensl-on products l-s l-ndtcated on the flgure. A pBR322 HpaIJ- narker

track Ls l_ncluded nexÈ to Ehe prLmer extenslon tracks.
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The lsolatl-on of the lntergene fragment Ln an Ml3 vector removes most of

the codl-ng re¡, l.onc ancl al-s<l the normal- 3t en<l of eRch Lrnnncrf.pt. It $¡¡ln

alrerrdy know¡t l-lrat l-he 3r nontranslaLed regl<¡n of hfsLone geneo Ln re<luirerl

for 3r end formatlon (f-6-3(tv)) but l-t was not known what effect the

removal of the 3r conserved symmetry element would have on the stablllty,

and therefore the level of hlstone transcrlpts ln the ooctye. Because the

lntergene regl-on was to be l-ntroduced l-nto a polyllnker clonl-ng stte l-t was

possl-ble to lntroduce other fragrnents on el-ther slde of tt easlly. If

necessary the hl-stone 3r dyad symmetry could be l-ntroduce<l eLther slde of

the Ml3-tntergene reglon clone. Ho'wever, thie wae found to be unneceasery.

As Judged by prlmer extenslon assays, hLstone transcrlpts without thelr 3r

end are found at levels comparable to transcrlpts of the entLre genes and

tt ls llkely thaÈ the truncated RNA ts stable ln the oocyte (see below;

f!.gure 5-3).

The restrlctlon fragnent spannlng the pTAT HZL|H?B l-ntergene reglon

chosen for analysls was a 420 b.p. HpaII fragment (flgure 3-2). Thts rùas

clone<l lnto the AccI slte of Ml3mp9 and sequenced to conflrm the l-nsert and

determl-ne the orlentatlon. Thls clone contal-ns 68 b.p. of the H2A codlng

regLon and 13 b.p. of the H2B codlng regl-on and the HpaII restrlctLon sLte

ln the H2B gene ls l-mmedl-ately adJacent to the H2B synthetlc prlner sl-te.

Ilhen this l-ntergene constuct ls fnJected lnto the Xenopus oocyte and

compared by quantitatl-ve prl-mer extensLon to transcrlpts from pTAT lnJected

oocytes the Hl gene cannot be used as the l-nternal expressl-on control. To

cLrcunvent this problen a control gene was colnJected 1n equal anounts wLth

each of the above constructs and the 1evel of thLs genes expresslon used as

an internal control. The expresslon of the H5 gene has been examined by

prLmer extensLon 1n the Xenopus oocyte (Wtgtey et al., 1985) and. glves an
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Fl-gure 5-3: Quantl-Èatlve prfmer extension analysl-s of pTAT/pH5 and M13

HpaII l-ntergene clone/pH5 constructs lnJected Lnto Xenopus
oocYtes

RNA extracted fon oocytes Ëhat had been co-LnJected wlth elther

pTAT/pH5 (track 1) or the 420 base HpaII H2LIHZB l-ntergene reglon M13

clone/pH5 (track 2) DNA templates were analysed by prlmer extenslon ln the

presence of excess Hl, HzA, H2B and H5 syntheÈlc prLners. The prl-mer

extensLon produets of each 26-ner ls lndlcated on the flgure and a pBR322

HpaII marker track is lncluded for slze determlnatl-on.
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extenslon of 111 bases using a gene specl-fic 26 base prl-mer. This H5 gene

was therefore used as the internal expresslon level l-ndLcator.

Prl-mer extenslon on RNA extracted fom oocytes lnJected wlth pTNIlpH5

and M13 HpaII lntergene clone/pH5 l-s ehown ln flgure 5-3. The extensl-ons

are almost quantltattvely l<lenttcal for the two lnJectl-on serl-es. Obvlously

the Hl gene l-s not detected l-n the M13 HpaII lntergene clone lnJected

oocytes. The 305 base spurious H2B prlner extenslon trariscrlpt (dtscussed

ln sectlon 4-3, see fLgure 4-4) ts also absent when the lntergene fragment

ls expressed ln l-solatl-on; somehow the aberrant promoter must be rendered

lnacÈl-ve ln thl-s fragment. Thts result indlcates that the maJorlty of the

H2L{H2B codl-ng reglons are not requlred for the promotlon of transcrlptl-on

of the HlL|HlB mRNArs ln the oocyte.

5-4 Effect of the removal of an lntergenlc CCMT element on expresslon of
@
The demonstratl-on that the lntergene reg!-on l-s the promoter of the

dlvergent HLL|HLB genes, and that separatl-on of the genes l-n the f-ntergene

regl-on effects both transcrl-pts, does not determlne whether the two genes

share any of Èhe conservecl elements of the lntergene reglon (chaPter 3). It

was decided to lnltlate a slte-dlrected mutagenesls study of the H2Ê^|H?B

lntergene regl-on to aee tf the genea not only overlap thelr promoter

elements but actually share them. The CATI box (Table 3-1) was chosen aa an

elenent to be removed from the lntergene reglon as lt was already known

that the gross XhoI deletLon construct pTAT-H2B, whLch lacked thls CCAAT

element, had a reduced H2A gene transcrlptl-on rate. It seemed llkely that

thl-s mutatlon would cauae a detectable phenotyplc change l-n HzA

transcrlptlon when remove<l. It was also possl-ble that the H2B gene

transcrlption efficlency would be affected tf there rÍas a common usage of

thi-s promoter element.
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Deletl-on of short segments of DNA l-s facllltated by the use of single

stranded M13 bacterlophage vectors (Adelman et a1., 1983; Chan and SnLth,

1984). The procedure Lnvolves hybritllsatlon of a short

ollgodeoxyrlbonucleotide to sequences that flank elther slde of the

speciflc sequence to be del-eted. The "deleÈl-on pr!-ner" l-s incorporated lnto

heteroduplex DNA by KLenow DNA polymerase synthesl-s on a suitable M13

sl-ngl-e stranded tenplate. The heteroduplex DNA, when transformed l-nto

bacterl-al cells, gl-ves rlse to mutant reconbl-nant phage by úttltzlng the

repalr mechanisms of the bacterl-al cell. Mutant bacterlophage are
32

ldenttfled by hybrldlzatlon of the deletl-on prlner P-

ollgodeoxyrlbonucleotide to rphage DNA bound to nl-trocellulose fllters.

Approprl-aEe cycles of washing at auccesslvely hlgher temperatures and

autoradlography, clearly ldentlflea mutant phage whl-ch contal-n l-nserÈs

colfnear wlth the deletl-on prl-ner sequence.

To commence the sl-te-dl-rected deletlon of the CAT I box sequence a 5

kb BamHI fragment of pTAT was exclsed and cloned lnto the BamHI slte of the

Ml3mp8 phage vector (see restrf-ctlon nap ln fl-gure 3-f). Thts fragment

lncludes the 375 b.p. BamHI-EcoRI fragment of the pAT153 vector sequence

and stll-l- contal-ns the complete transcrlption unl-ts of the Hl, H2A and H2B

genes. Both orlentatlons of the 5 kb lnsert !Íere obtalned l-n the Ml3mp8

vecÈor but the orlentatl-on contal-nlng the coding strand of H2B and Hl genes

was chosen for mutâgenesl-s. Thl-s c1one, named M135kb.B-parental was chosen

for nutagenesls as thls allowed the H2B and Hl (for tll mutagenesl-s \üork not

descrlbed ln thts thests) 26 base synthetlc prLners (ftgure 4-l and 4-2) to

be used as sequencl-ng prlmers to verl-fy potentlal del-etl-on mutants.

A 22 base synthetlc DNA deletlon prlmer homologous for 1l bases elther

sl-de of the CATI sequence "CCAATG" was used for the del-etLon mutagenesls.

The sequence of thls prLmer and the seqence of the expected CATI deletlon
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mutant M135kb.B^CATI Ls shown in fl-gure 5-4. The sequence of the M135kb.B-

parental- genome ls compared to that of Ml35kb.B¡CATI using the HzB

synthetf-c 26 base prl-mer as a sequenclng prl-mer ln flgure 5-5. The slngle

CATI deletlon ldenttfte<l l-s not a clean removal of the CCAATG sequence, but

includes an addl-tlonal base substltutl-on as shown f-n the actual <lel-etion

sequence of flgure 5-4. It i-s not fully understood how thls extra mutaÈlon

has occured but a sl-ml-l-ar base mutatlon has been seen ln other sl-te-

dlrected mutagenesLs work undertaken on the Hl gene of Ml35kb.B-parental

(8. Younghueband, personal commrrnicatfon). Thls additl-ona1 baae change was

thought to be lncLdental to the purpose of the experlnent and so M135kb.B

^CATI 
was used for subsequent expressl-on work.

Functl-onal testl-ng of M135kb.B-parental and Ml35kb.BACATI phage R.F.

DNA ln the Xenopus oocyte 1s shovrn in figure 5-6. Unexpectedly tt appears

as l-f the CATI deletlon has ¡nade essentl-ally no inpact on the expreselon of

elther the H2A or H2B genes (compare parental and ACATI 1n flgure 5-6; note

that the leve1 of Hl control Èranscrl-pts is vlrtual-ly ldentlcal l-n these

tracks). The mlnor H2A extension products from the pseudo TATA box at -173

(figure 3-2) and glvl-ng rlse to the 135-140 base prlmer extensLon products

are l-ncreased when CATI ts delete<l. The maJor H2À extenslon transcrlpt(s)

however remaln unaffecterl. The H2ß aberrant prlmer extensl-on transcrlpL of

305 bases (4-3) fs reduced to 299 bases ln the Ml3skb.B^CATI lnJectlons as

thls spurlous transcript encompasses the CATI element, and l-s therefore

reduced by 6 bases when CATI ts del-eted.

This absence of a phenotypl-c effect of the CATI box del-etLon l-s

unexpected and l-s made even nore so gl-ven the extaordlnary sequence

conservatl-on of the element 1n al-l sl-x of the H2A,{HLB dl-vergent pal-rs

(fable 3-1). One posslble answer to the anomaly between the expressl-on of
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Flgure 5-4: Deletl-on of the CATI box of the H2A/H2B l-ntergene regl-on

the sequence of the 22-base synthetlc ol-igonucleotlde deslgned to

delete the CAÎl box of the H2A/H2B l-ntergene regLon ls shown agalnst the

correspondlng sequence of the slngle stranded Ml35kb.B-parental- DNA used l-n

the mutagenesls proce<lure. The sequence l-s numbered according to that

presented ln flgure 3-2 f.ot the l-ntergene reglon. The prlner Ls homologous

for 11 bases elther sl-de of the sequence to be deleted. The sequence

expected to be obtal-ned after the del-etlon procedure and that actually

obtal-ned (ftgure 5-5) Ls also presented. NoÈe the addltlonal one base

transltlon between the parental sequence and the deletlon sequence

(shown wl-th asterlsk).
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Sequence surrounding the CAII box:

)(hoI
-150 -140 -130 -L20 -110

ErõcEër¡cccAccAÀTGAAAcAerc,cc,AAAGcAArc{T

3

Expected deletion sequencer

ÍÌICTCGAGEICCGA DELETED AAAC.AGTC{C,AAAE'GAATGET

AAGACCfCAAGCCI TTTErcACGCTTrcCTTACGA
3r

Actual deletion sequence:

TICTCGAGITCCGA DELETED W
AAGAC{TCAAGGSI

3r

i
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CATI deletlon
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strand read on
sequencing gel

strand read on
sequencing gel
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Flgure 5-5: Sequence analysl-s of the Ml35kb.BÀCATI box deletl-on

The H2B gene specLflc 26 base primer wae used to sequence across the

HLI\|HLB lntergene regl-on of the Ml3skb.B-parental genome an¡l the CATI box

deLeted genome. The aequences are lLsted beslde the gel to Lndl-cate the

deletl-on and the addltlonal one base transltlon of Ml3Skb.B^CATl box (shown

by the asteriek).
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Flgure 5-6: Quantitattve prLner extensLon analysl-s of RNA iron M135kb.B-
parental and Ml35kb.B CATI lnJected Xenopus oocyteg

The fLgure shows prlner extenslon on Mt35kb.B-parental (track 1) and

M135kb.B^CATI (track 2) tnJected oocyte RNA and a pBR322 HpaII marker lane.

The bende correspondlng to each gene of the lnJected tenpl-ates are

labelled.
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pTAT-H2B (three fold decrease l-n H2A expressl-on) and Ml35kb.BA CATI (no

effect on H2A or H2B expresslon) whlch both l-ack the CATI box ls that pTAT-

H2B also lacks the conserved 13 b.p. H2B box (table 3-1). Thl-s element and

lts possl-ble lnvolvement 1n the l-owerl-ng of H2A gene expresslon wtll be

dlscussed ln chapter 6.

Other feaslble but unllkely explanatlons for the lack of effect of the

CAT1 box mutatlon lncl-ude the possl-btl-tty that the resultant mutant

sequence may be able to substltute for a CCA.A,T element (new sequence

CCGAAA) and thus represent a null nutatlon. Also, there nay be synerglstlc

effects of the remalnlng CCAAT elements that compensate for the renoval of

the CATI box. A slmpl-lstic expl-anatlon for the normal expresslon of the

M135kb.B^ CATI recombLnant l-s that lt coultl be an artlfact of the oocyte

system.

5-5 Dlecussl-on

Mapptng the DNA sequence of the HzA,/HzB genes of pTAT responsl-ble for

Èhe correct !-nitlatlon of rnRNA transcrl-pts fron these two genes ln the

Xenopus oocyte transcription system, has shown that a fragment of 420 b.p.

l-s sufflclent for promotlon of transcrl-pts from both genes. Moreover

splttting the two genes wlÈhl-n thls 420 b.p. regl-on red.uces expression of

each transcrlpt demonstratlng that the dlvergent genes overlap promoter

elements. Thts promoter arrangement has an obvlous potentlal to co-ordl-nate

expressLon of the two genes at the transcrlptlonal level leadl-ng to

balanced productlon of each protein wlthln the cel1.

Despite Ehe fal-lure to demonstrate a transcrl-ptlonal effect from

deletl-on of the CATI box, 1t ls sttll probable that thls element has a

slgnlfLcant bl-ologlcal role in vl-vo glven the conserved nature of thls

aequence ln six dlvergent gene palrs and two l-solated H2À and one slngle

H2B gene. Sequence comparison data makes l-t most ltkely that at least some

72



of the three remal-nl-ng CCAAT elenents not Lnvestlgated ln thls study could

be used to promote both of the dlvergent transcrLptl-on unLts.
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CHAPTER 6: AI.IALYSIS OF THE 13 BASE H2B GENE-SPECIFIC ELE}ÍENT

6-1 Introductl-on

Sequence comparlson of two chlcken H2B genes by Harvey et al. (1982)

shovre<l a htghl-y conserved 13 b.p. sequence, termed the H2B-box, located ln

the 5t "promoter" regl-on of two chlcken H2B genes. It was also found to be

present in H2B genes from other organlsns. the sequence of seven chl-cken

HzB 5r reglons ls summarLzed ln Table 3-l and a consensus 13 b.p. H2B-box

sequence is presente<l. Thls element l-s extaordlnarl-ly well conserved ln

sequence and posl-tlon ln the chtcken H2B genes, always belng 6 b.p. from

the H2B TATA boxes. A summary of potenttally analogous sequences to the

chl-cken H2ll-box at elml-l-ar posltl-ons f-n tl2B genes of several rtlfferent

organlsms are presented l-n Table 6-1, and are compared to the chlcken H2B-

box consensus sequence.

Ubiqultous 5r hl-stone gene-speclflc sequences have also been observed

for the Hl gene (Coles and I'Iells, l9B5) and the H4 gene (Clerc et a1.,

f9B3). In the latter case the sequence was shown to be a functional

component for the effl-clent transcrl-ptlon of the H4 gene l-n the Xenopus

oocyte transcrlptlon Eystem. In the case of the Hl gene, the speciflc

elenent l-s about 70 b.p. from the genea TATA box (-149 to -155 of fl-gure 4-

2). The H4 gene-speclfl-c element ls approxtmately 20 b.p. upstrean from the

TATA box, and Ls therefore more like the H2B-box l-n havlng a close

assocl-ation wlth the TATA box.

The presence of the 13 b.p. H2B element Ln the dl-vergent gene palrs

gLves tt the potentl-al to act on the H2A genes that eccompany the H2B

genes. The 5r sequence of the l-solated H2A genes shown tn Table 3-l lack

thls element lndl-catlng that lt ls probably speclflc to the H2B genes of

the H2A/H2B paLrs. The close assocl-atl-on of the H2B-box wlth the TATA box

suggests that lt nay be an element l-nvolvetl l-n the blndlng of a trana-
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Table 6'1: H2B gene speclflc sequence elenent across specles and comparl-eon
' to the Drosophlla heat-shock box consensus

Sequences potentlally equlvalent to the chl-cken H2B-box ln a varlety

of specles are tabul-ated and compared to the Drosophtl-a heat-shock box

congensu6. Sequences have been allgned around the central trlple T bases

l-n an attempt to htghltght naxl-mal homology. The chlcken consensus \,{as

taken fron Table 3-1, the HSB coneensue from Pelhan (1982) and Davldaori et

al-. (1983), the Xenopus sequence fron Moorman et al. (1982), the mouse

sequence fron SLttnan et a1. (19S3), the human sequence from Zhong et al.

(1983), the Sea Urchin sequences from Sures et al. (f978) and Bussllnger et

al. (1980), the yeast sequence from l^IallLs et a1. (1982) and the Drosophlla

seguence from Goldberg (1979).



H2B box sequenceSpecies

CTTATSIC'CAIGG

CTTC.ACGITTC'CAGA

CTTATTIGCATAAG

ErcATtrrc.CATAC
CTCATIIC{ATAC

CTCAACATTTC'CATAC

crefflccc'cAT
TAATTHTGITTAl

EIC,AAT-TGACTG

CIGATTTC'CATAG/C

6 bp ... TATA box

24 bp ...
6 'bp ...

?
7

bp
bp

12 bp ...
6 bp ...

28 bp
31 bp
25 bp

Sea Urchin W/2
Hl9
H22

Chicken consensus

xenopus laevis

Mouse

Human

orosophila

Yeast H2B I
HzB 2

nrosophila HSB consensus érNceathqrrcßéA 10 bp ...



actlng factor capable of nodul-atLng H2B tranecrlptlon perhape Lndependently

of the H2A gene and lndeed all other hLstone genes. The rePort of H2B as a

heat-shock proteln ln Drosophtl-a (Sanders, lg8f) pronpted a close look at

the posslble relationshlp between the H2B box and the heat-shock box as

dl-scussed below.

The heat-shock response in eukaryotes ls characterlsed by the rapld

synthesl-s of a small number of speclflc protelns (heat-shock protelns:

hspt s) and a repressi-on of the synthesls of most other protelns

(Schlesl-nger et a1., 1982). The mechanfsm by whlch heat-ehock genee are

actlvated has been shown to have both transcrlptional and translatLonal

components (Ashburner and Bonner, 1979; Bfenz and Gurdon, l9B2; Dl Domenico

et al., t9B2; Balllnger and Pardue, 1983). Heat lnductLon of hsp genes at

the transcrlptlonal level has been best characterlsed uslng the Drosophila

hsp 70 and hsp 82 genes (Pel-han, 1982¡ I'tu, 1984a and b). Pel-han ldentlfled

an upstream element, termed. a heat-shock box (HSB), present 5r to hsp genes

that has been shown by I,Iu to btntt a heat-shock act!-vator protein (HAP)

which acts as a posltlve regulator of the genes.

In separate experlments, the H2B proteln was l<lentifled as an hsp ln

Drosophl-la (Sanders, tg8l). Further analysis suggested that there ls a

rapld transcrlptl-onal response nedlatl-ng the f-ncreased synthesl-s of H2B

rlurtng, hcat-shock (Tanguay et al., 1983) buE poet-translatlonal corrtrol hos

also been shown to be lmporÈant (Farrell-TowÈ and Sanders' l9B4).

Table 6-1 compares the H2B gene-speclflc sequence of dÍverse species

and the chlcken consensus H2B-box to a consensus HSB ftom Drosophl-la

(lelharn, L9B2; Davldson et al., 1983). There ls an honology between the two

conaensus sequences and also the same approxlmate poeltlon relatlve to the

TATA box. The H2B-spectftc box Ls well conserved between specl-es wl-th the
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exceptlon of yeast and Drosophtla H2B genes. The consensus HSB ls derlved

from I Drosophlla HSB sequences whLch ln themselves show conslderable

varl-atlon. The H2B-box sequence ls certal-nly more htghly conserved than the

HSB sequences l-lsted by Pelham but thls ls not surprlslng slnce dlfferent

genes with different heat-shock responses vrere consl-dered. Lookl-ng across

specles 1È is notable that the HSB consensus sequence from Drosophlla can

be allgne<l rllrecEly wlth a IISB tn the sltme molrl (Zuker et al. ¡ 1983)

lndlcatlng Ehat the Drosophtla HSB conseneue is funcElonally slgnlflcant.

The combl-natLon of three Lndependent pl-eces of informatÍon, nanely

that hl-stone H2B ts a heat-ehock proteLn l-n Drosophlla, that a consensus

sequence for the heat-shock promoter can be deflned and that H2B genes have

a htghly conserved element wl-th homology to the heat-shock promoter

sequence suggested that the chlcken 13 b.p. H2B-box nay be functlonal-ly

equlvalent to the HSB. Although lt Ls not known whether the H2B proteln l-n

the chlcken or any other specles besides Drosophtl-a Ls a heat-shock proteln

tt ls most ltkely to be given the conserved nature of the response to

thermal stress (Schleslnger et al. , 1982).

The reason that the Drosophlla H2B-box shown ln Table 6-1 ls not

homologous to the consensus Drosophl-la HSB could have two possible

explanatl-ons. First, the heat-shock genes used to compíle the Drosophfla

HSB consensus are those that glve rLse to the maJor hsprs of the ce11-,

whereas the stlmulatlon of H2B productfon by heat-shock ls only about t!ùo

fold (Camato et al., 1982). Dlfferent transcrlptlonal stlmulatl-on of hsp

genes could be medl-ated by dlfferent btndlng affinltles of the respectl-ve

HSB for the trans-acting HAP l-.e. the weaker the honology to the conaensus

the lower the btndtng efflclency and the less tanscrlptlonal stl-mulatlon.

Al-ternatfvely lt has been suggested that a dlfferent H2B gene fron the one

present ln the tandem hl-sÈone repeat that has been sequenced could be
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transcrlbed durlng heat shock (Farrell--Towt and Sanders, 1984).

ExperLments to test the abtllty of the H2B-box to functlon as a heat-

shock box were undertaken utLltzlng the Xenopus oocyte transcrlptLon systen

as lt had been shown to be a suttable system to analyse the heat-shock

phenomenon 1.e. the Drosophll-a hsp70 gene ls only transcrlbed durlng heat-

shock treatnent (Voellmy and Rungger, 1982).

6-2 Effect of heat-shock on transcri tlon of a chl-cken H2B gene ln the
lenopus oocyte

The tt2B gene utl-llzed ln thls study was the one whose expresslon had

already been establtshed i-n the Xenopus oocyte 1.e. the H2B gene of the

pTAT dtvergenÈ HLA,|H2B gene palr. !ülth the H2B-box sequence from thls gene

alone tt l-s possLble to al-lgn 12 out of 14 bases wfth the Drosophlla HSB

allowlng two del-etlons and two l-nsertlons:-

Drosophl-l-a HSB

pTAT H2B-box

Ttr{TTCTNGAA CTAGA

CTC-A-TTT C TAGA
GA

pTAT DNA was lnJected lnto thlrty Xenopus oocyte nuclel and l-ncubated
0

at 20 C for 6 hours to a1low nuclear proteLn assenbly on the lnJected DNA.
0

Ten such oocytes were tncubated for another 2 hours at 37 C (heat-shock),
0

another ten contlnued l-ncubatlon at 20 C for 2 hours and the thlrd set of
0

ten allowe<l to lncubate for a total of 24 hours at 20 C as l-n the norrnal

lnJectl-on procedure. RNA was extracted from the fLrst two pools of oocytes

at B hours and the flnal pool at 24 hours. The level of transcriptlon

l-nltlatl-on for Hl , HzL and H2B genea was esÈl-mated by quantLtatl-ve prlmer

extensl-on analysls usl-ng the 26-ner synthetic prlmers. Two expoaures of the

data are presented fn flgure 6-1. The shorter exposure shows the maJor cap

sltes of each gene after the usual 24 hour lncubatlon. In the longer

exposure, a comparlson of the two B hour lncubated oocyte tracks shows that
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Flgure 6-1: QuantttatLve prlmer extenslon on control and heat ehocked
oocytes tnJected wtth PTAT

Two exposure tlmes are shown of the one prlmer extenslon gel used to

analyse the RNA from oocytes used ln the heat-shock experLment. The

exposure on the left shows the normal 1evel of the hlstone gene prlmer

extenslon products after 24 hours at normal temperature (track 3) next to

pBR322 HpaII markers, the bands correspondlng to each gene of pTAT are

lndlcated on the flgure. A longer expoaure of this prl-ner extension

analysi-s Ls shown on the rlght panel to a1low the I hour lnJected oocyte

RNA samples to become vlsl-ble. Track I shows the effect of heat-shock on

the expressl-on of the H2B gene compared to that l-n track 2 whlch contalns

RNA fron control oocytes kept aÈ normal temPerature.
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Hl and H2A transcrlpts appear unaltered by the heat shock treatment. 0n the

other hand, there ls a cLear alteratLon ln cap slte usage for H2B

transcrlpts such that the lower band of the H2B prl-mer extensl-on doublet ls

markedly lncreased (thts effect is not due to the prLmer extenslon

protocol).

There l-s about a fl-ve-fold lncrease 1n the use of the cap sl-te glvi-ng

the lower band of the H2B prlmer extenslon doublet and although thts ls

smal1-, tt 1s consistent wlth the small (two-fold lncrease) tn H2B

expresslon durfng heat-shock treatment of DrosophJ-la Kc cel-ls (Camato et

41., l9B2). It appears that a heat-shock response for H2B genes lnJected

l-nto xenopus oocytes may be brought about by a change !-n cap slte usage.

I{hatever the mechanlsm, lt was thought l1kely that tt was medfated vl-a the

H2B-box glven lts slmllarlty to the Drosophl-la HSB. Alternatl-vely the data

of flgure (r-l corrld have becn a relatlvely non-epeclfl-c effecL of the tw6

hour heat Lrentmr¡nt on Xenoptrs oocyte ftrnct_tons.

6-3 Analysls of a H2B-box del-etion mutant

In conJunctlon wl-th the deletlon of the CATI box of the pTAT HLL|HLB

palr (5-4) the H2B box was also del-eted. The reasons for thls were two

fold; to see l-f the heat shock effect could be abollshed wlth the removal

of the H2B-box and Èhus establ-ish that thts sequence r'ras responslbl-e for

the phenomenon, and also to see tf thls element caused the decrease l-n H2A

gene expression ln the pTAT-H2B construct (see sectlon 5-2, flgure 5-Z).

The procedure for deletlng the 13 b.p. H2B gene-specl-fLc sequence was

identlcal- to that already outllne<l ln 5-4. The 22 base deletLon prLmer userl

to hybrldlze to the Ml35kb.B-parental stngle sËranded phage DNA ls outllned

ln fLgure 6-2. The resultant sequence after the removal of the H2B-box ls

also ehown l-n fi-gure 6-2, the deletLon belng named Ml35kb.BAH2B-box. Flgure
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Ftgure 6-2: Deletlon of the H2B-box contalned wl-thln the H2À/H2B lntergene
regLon

. The Bequence of the 26-baee synthettc oll-gonucleotLde deslgned to

delete the H2B-box of the HLA,|H?B intergene reglon le shown agaLnst the

correspondlng sequence of the stngle Btranded M135kb.B-parental DNA ueed ln

the nutagenesls procedure. The sequence ls numbered accordlng to that

presented in fl-gure 3-2 f.or the lntergene region. The prlmer ls homologous

for 13 bases elther slde of the sequence to be deleted. The sequence

expected to be obtaLned after the deletLon procedure ls aleo presented.



Sequence surrounding the H2B-box:

-130 -r20 -r10 -100 -90 -80
AAAE"AGIC,CEAAACiGAATC{TTErcÀTlI: IGCATAGAEGGGCTATAAATAAA

3
CIrICqTTACGAA

I

nxpected deletion seçluence:

3

AAAGACICCGAAAGGAATCtrT

TTItrTCACCCffrcCTTACGAA
I

CCCCT'ATAIITAT H2B-bOX
5t deletiôn Prlner

GGGC¿TATAAATAAA

CCCCGATATTTAETT strand read on
5r sequencing ge1

DELEEED



Flgure 6-3: Sequence analynle of the Ml35kb.BAH2B-box tleletlon

The fl2ß gcne speclflc 26 base prlmer was used to ncqrrence acroaa the

H2I^|HLB lntergene regl-on of the Ml3skb.B-parental genome and the H2B-box

deleted genome. The sequences are llsted beslde the gel to lndlcate the

deletl-on.
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6-3 compares the sequence of the M135kb.B-parental genome to that of

M135kb.B^H2B-box uslng the H2B 26-ner as a sequencLng prLmer.

The flrst experlment uelng the H2B-box deletLon construct was to

compare the expressl-on of the dlvergenÈ H1A./H2B genes to the that of the

parental genome under normal condltlons. As can be seen on the prlmer

extenslon assay presented 1n fLgure 6-4 the 305 base I{28 aberrant

transcrlpt, spannl-ng the dlvergent lntergene reglon, l-s reduced by 14 bases

due to the H2B-box del-etl-on bel-ng part of thls transcrlpt. Besl-des thls

obvl-ous change there ls no lmmedLately apparent effect on the level of

elther the H2A or H2B transcrlpt produced by the removal of the H2B-t¡ox.

There nay be a sll-ght relatLve reductl-on of the H2A gene transcrLpt but

nowhere near the extent seen ln the pTAT-H2B construct (5-4). It ls

possLble that the removal of both the CATI and H2B-box reglons together ln

the pTAT-H2B construct contrlbute synergl-stlcally to the poor expresslon of

the H2A gene. A poLnt not prevlously consl-dered ts that the H2B TATA box,

though not conserved ln sequence to the extenÈ that the CATI and H2B-box of

the lntergene reglon are, may affect the usage of the H2A transcrlptl-on

unlt by concentratLng polynerase molecules ln the lntergene regl-on or even

allowlng the entry of polymerase on to the DNA ln the opposiÈe dlrectl-on to

the H2B transcrLptlon unl-t.

The heat-shock protocol on lnJected oocytes dlscussed above was

repeated on the M135kb.B-parental and M135kb.B¡ H2B-box constucts. The

results of thls experiment are shown ln flgure 6-5. The prlmer extensLon

analysis of the Hl and H2A transcrlpts are vLrtually tdentlcaL tn both

l-nJectlon aertes lrrespecÈlve of the heat treaÈment. The HzB prlmer

extenslon product lndicates a change l-n cap slte usage lnduced by the

temperature shift of the oocyÈes regardless of the presence or absence of

the 13 b.p. H2B gene specLfLc sequence. The H2B gene resonse to thernal
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FLgure 6-42 Quantttatlve prl-mer exÈenslon ana1ysis of RNA fron M135kb.B-
patental and Ml35kb.B^H2B-box LnJected Xenopue oocytes

The flgure shows pr|mer extenslon on M135kb.B-parenta.l (track 2) and

MI35kb.BAH2B-box (traek 1) lnJected oocyte RNA and a pBR322 HpaII narker

lane. The bands correspondlng to each gene of the lnJected tenplaÈes are

label-letl.
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Flgure 6-5: QuantlÈatlve prlmer extenslon on control and heat ehocked
oocytes l-nJected wlth M135kb.B-parental and M135kb.B^H2B-box

Two exposures are shown of the prLmer extenslon gel used to analyse

RNA from oocytes lnjected wlth the parental hlstone consÈruct or the H2B-

box deletlon nutant. The exposure on the left shows a short exposure tlme

of hl-stone gene prl-ner extenslon products after I hours l-ncubatlon at
0

normal temperature (tracks I and 3) or 37 C (tracks 2 and 4) of Ml35kb.B-

parental and M135kb.BAH2B-box lnJected oocytes respectLveLy, next to pBR322

HpaII markers. Bands correepondlng to each gene are Lndlcated on the

flgure. Thts exposure allows the change Ln H2B cap slte usage to be seen

nost clearly.

A 1-onger exposure of thie prlmer extensl-on analysLs ls shown on the

rlght panel to al-l-ow the other gene prlmer extensl-on products to

become vl-sl-ble.
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stress may therefore be an artlfactual resul-t due to the thermal labtltty

of some factor(s) Lnvolved l-n the transcrlptl-on of the gene.

Glven the honology of the H2B-box to the HSB consensus of Drosophlla

but the negatlve result upon experinentatlon, shows that care nust be taken

ln extrapolatlng the functl-on of DNA sequences at 1ow honologies. Thts w111

be dLscussed ln detall below.

6-4 The H2B-box has honology to a conserved 5r l-nmunoglobulln gene sequence

The tlghtl-y conserved 13 b.p. Bequence, present ln the H2B genes of

al-l specl-es, tntttally had not been found l-n the 5r reglons of other

hlstone genes, nor any other genes transcrlbed by polymerase II. It was

therefore thought to be an element speclflc to H2B genes. LaÈer work has

shown it to be present Ln a mrmber of genes.

Falkner and Zachau (1984) Ln the course of thel-r work on

lmnunoglobulln genes deflned a decanucleotlde (dc) sequence, TNÀTTTGCATt

found upstream of all- hu¡nan and nouse l-mmunogl,obultn l(appa and l-anbda chaln

varl-able region genes, and wlthln the mouse heavy-chal-n enhancer. An

Lnverted form of the dc element, ATGCAAATNA, was found to occur upstream of

all lm¡nunoglobulln heavy-chal-n varlable reglon genes. Thelr computer search

of the El'fBL nuclel-c acl-d sequence 1-lbrary for related sequences at a 89"/"

homology 1evel found the dc elenent tn the 72-b.p. rePeat of SV40, the 5r

flanklng reglon of the chl-cken ovalbuml-n gene, fn the sea urchLn hlstone

gene cluster, the dLspersed repetl-tive R sequenceÉ¡, and. also upstrean of

the genes for mouse and human class II hlstocompatablllty antLgens.

Parslow et al. (f984) índependently tdenttfted the same sequence

elements when sturlylng a mouse lymphocytold pre-B cell 1l-ne 702/3

contalnLng a rearranged Lmmunoglobulln kappa ltght chaLn gene. The

octanucl-eotlde sequence, ATTTGCAT, was found to Ll-e approxLmately 70 b.p.

i
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upstream from the cap sLte Ln every ltght chain gene exemined; Ln the heavy

genes at the correspontLl-ng locatl-on the precl-se lnverse of the above

sequence, ATGCMAT, \ùas dl-scovered.

It was suggested by both groups of v¡orkers that the conserved.

Lmmunoglobulln sequence block may serve as a recognltl-on l-ocus for factors

regulatlng Lmmunoglobulln gene expresslon l-n a Èlssue speclfic fashion.

These equl-valent B-mer and 10-ner sequences are contal-ned wlthln the 13

base H2B-box (tab1e 6-2). At the tl_me of Falknerfs search of the EMBL data

base the sequence of the two chlcken H2B genes reported by Harvey et al.
(f982) to tdentl-fy the 13 b.p. H2B-box rüere not Lncluded, thus explalnlng

thelr fallure to ldentl-fy tt. Subsequent scLentlftc correapondence purporte

to havlng l<lentlfted the dc el-ement ln the homoetl-c gene ftz of Drosophil-a

(see below; TsonLs, 1984).

Table 6-2 Ls a conpl-latLon of sequences cl-ted by etther Falkner or

Parslow and by a computer search (lnltl-ated here but not comprehensl-ve) of

gene reglons with homology to the dc consensus sequence. The Table ltsts
the sequence wtth the ldentlflable homology and the relatlve position of

the sequence to the recognl-sed TATA box or one wl-th suLtable homology tf
thls has not been deternl-ne<l . In the case of the lmmunogl-obulln heavy chaln

genes where the element 1s lnverte<l wLÈh respect to the TATA box, the

inverse sequence ls presented to facll_itate compar!.aons.

The flrst polnts of note fron thls sequence conpllatLon ls that for
most of the regl-ons ldentlfl-ed (except for those l-lsted at the bottom of

the Table) the honology extends further than the 10 base dc conaensus

sequence and there ls a tlghÈ coupllng to a TATA box of the same order of

dlstance to that of the H2B-box and lts TATA box. Indeed the honology of

each box extenrls to sonethl-ng ltke the inter-specles homology between the

hl-stone H2B genes thenselves shown fn Table 6-1. However, the honol-ogy ts
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Table 6-2: Gene systems contaLnlng the U-box sequence

Upstream sequences of a number of gene systems contal-nfng the U-box

sequence' TTTGCAT are conpll-ed and theLr posltlon reletlve to a TATA box

lndlcated. The sequences are aligned around the central U-box homology to

shor,r the alnost invariant nature of thls element.

In the case of the heavy chafn lmmunoglobulln genes and one of the

Drosophl-la f.tz sequences, the reverse orl-entatl-on of the elemenE is
presented so the sequence tabulatl-on Ls consistent. The dÍstance from a

TATA box dl-vergent fron the real TATA box ls also presented for the heavy

chaLn l-nmunoglobulln genes.

References for the immunoglobulln data are in Falkner and Zachau

(f984) or Parsl-ow et 41. (1984). The U-box contalnlng sequences l-n the

chlcken feather keratln gene A, chlck H5 and Hl genes, the Herpes Slnplex

Vlrus Thymldine Klnase gene and the human B-globtn gene rrere found by

computer analysls. The Drosophlla ftz gene U-box sequences were from Tsonls

(1984), the human metallothioneln IIa gene from Karln and Rlchards (1982),

the consensus metaLlothloneln heavy metal blndtng sequences were fron

Stuart et a1. (1984) and Carter er al. (f9S4).
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Gene system distance from
TÀTÀ box

distance fromSequence

HLA-DR

Imnunoglobulín
heavy chain enhancer

Imnunoglobulin dc element

SV40 enhancer

Chicken H2B-box consensus

Hunan !1I IIa gene

ItrI consensus
shuart et al., 1984
carter et a1., 1984

mouse Kappa

human Iiappa

murine lambda

Inununoglobulin
light chain

702/3
K2
MI738
M41
M167
TI
T2
K2lC
MII

HKlOI
Vd
h101
hI22
h100

I and II

Imnunoglobulln
heavy cbain

MI41
101
l08A

HG3
167
1051 1I1, I04

28 bp

18 bp

bp
bprc cccccc(c/r)c

CIGAIITGCÀ.TÀT
CtcCTIT('CATÀG

GTAÀTTTC.CATT

CYT[I(.CRYYCG t5-1
14-1

TTGATTTGCATTT

7
7

CTTAÀTÀÀÏ[[CCÂ.TAC
CÀÀTGC,Ar TGCÀ,TÀÀ

CAÀII.ATTTT{Ã^TC,C
GTÀTGATIIGCATAÀ

t7 bp
10bp?
28 bp
26 bp

>10bp?
28 bp
34 bp
10 bp

>20bp

29 bp
?bp

31 bp
31 bp
?bp

14 bp
14 bp
15 bp
t7 bp
14 bp
15 bp

23 bp

tB bp
17 bp
2I bp
1I bp
8bp
?bp

14 bp

GrÀÀqrrccÀT

TNATTTGCAT

cÀTc,cfflc.cÀTÀc

C:rC,ATATGCATAG/C

erffiIccÀclc

CICÀTTTT,CÀTTE
CIC,CTTICCATIG
GTAÀ TTC,CÀTAT
GITÀTTTT,CATAIT
CIÀÀTTIC,CÀ1GT
GTGATTTGCATÀT

U-box consensus 10-30 bprltccÀ

Chick FK gene À
HSV ÎK gene
pTAT HI gene
Human B-globin
Chlck H5 gene
Drosophila ftz

AT€ATIIECAIG
ÀTATTrc{À.TG

TTAATTTC,CAÀIIC
TÀlgTC€ÀTÀ

CTTITTC{AGAA
GTATTTGCCT
ÀfqTTTC'cÀT

B0 bp
102 bp
284 bp
390 bp
600 bp

794 bp (to Àrc)
to ÀTç854
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not absolute and there ls always a "wobble" ln hornology around. an

absolutely conserved 6 base sequence, TTTGCA, that I have termed the U-box

(ublqultous-box). It looks as l-f there is a fanfly of elements (nuch llke

the fanlly of heat-shock boxes l-dentlfl-ed ln each Drosophlla hsp gene) that

blnd a common trans-actlng factor wLth different efficlencl-es dependlng on

the exact sequence of the box. It ls known that each Drosophlla HSB has a

dlfferent btndtng eff lclency to the HSAP tdentlfled by V'Iu (1984b),

preeunably depentllng on the precise nucleotl-de sequence.

The findlng of an lnverse U-box tn front of all heavy chaln

I-nmunoglobulln gene reglons suggests that the sequence maybe able to act

LrrespectLve of orlentatlon when llnked to a TATA box. I have lndl-cated the

dfstance between the l-nverse U-box and a TATA element Just downstream of lt

wfth respect to the normal orlentatl-on presente<l ln Table 6-2. Thus, the U-

box may not act lrrespectlve of orl-entatl-on but possfbly works on a

transcrl-ptlon unlt di.vergent from but very closely assocl-ated wlth the

heavy-chaln gene locus. ThLs l-s pure speculatlon and no data for a

dl-vergent transcrlption unlt ln the l-mmunoglobulln heavy-chaln locus has

been reported.

The expected occurance of any 6 base sequence Ln a sLngle strand of
6

DNA can be calculated statlstlcally to be once every 4096 bases (4 ).
Therefore the l-dentlflcatLon of the U-box ln an average length gene should

be relatlvely corlrmon, however the sErl-ct posl-tlonlng of the 6 base U-box

relatlve to other known promoter elements futher reflnes the deftnltlon of

a U-box. The U-box must be very tlghtly aseoclated wtth the TATA elenent of

a gene to be call-ed a U-box (ln my deflnttton) as the followlng examples

show.

Two genes wlth good U-boxes wlth respect to sequence and posltíon ln
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relatl-on to a TATA box l-s a HLA-DR gene and a human netallothlonel-n gene

(table 6-2). To tl-lustrate the need for sequence homology and posLtlon

assocl-atl-ons ln ldentlfytng a U-box, sequences wl-th homology to the U-box

ln the chlck feather keratln gene A, HSV-TK gene, the pTAT Hl gene, human

g-globln gener the chlck H5 gene and the Drosophl-la ftz gene are presented

l-n Table 6-2. The homology of these elements to the dc consensus is
sltghtly l-ess than any of the other genes presented ln Table 6-2 but thetr

d-tstances from known TATA boxes bears no resemblence to thel-r funcÈl-on as a

u:box, l-n the Bense of the other genes whose u-box l-s always ttghtly
assocfated wtth a TATA box. The sane may be true for the U-boxes tdentlfted

ln the mouse lmmunoglobulln enhancer and the SV40 enhancer identlfied by

Falkner and Zachau (f984).

The work of Parslolù et al. (f984) showed that the 70z,13 rearranged.

lmmunoglobull-n kappa ltght chain gene exhl-bits all the known propertles of

a functlonal-ly competent transcrl-ption unlt. However nRNA transcrfpts from

thls gene are on]-y detected after exposure (1.e. l-nductLon) of the cells

contal-nlng the gene to bacterlal llpopolysaccharide. The Lnductlon of thl_s

gene and also the presence of a potentlal U-box 1n the consensus DNA

sequence thought to be responsl-ble for heavy metal Lnductlon of the

netallothloneln genes (stuart et al., 1984; carter et a1., l9B4; Table 6-

2) t has l-ead me to the following speculatlve hypothests to the functton of

the U-box. I propose that the U-box may be the recognl-tLon sequence for a

trans-actl-ng factor lnduced by general stress of a eukaryotlc ce1l be it
heat-shock, heavy metals or a challenge rùLth bacterLal llpopol-ysaccharl-de.

Thts Ls despite ny fallure to demonstrate the l-nductlon of the pTAT HZB

gene by thermal stress l-n the oocyte belng caused by the H2B/U-box (6-3).

6-5 DlscussLon

The search for a blologlcal functlon of the chtcken H2B-box has not
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been successful-. It ls dlfftcult to lmagine that such an element, conserved.

l-n sequence and l-n lts posLtlon relatlve to the TATA box, does not have a

role Ln the expresslon of H2B genes. Perhaps the non-dl-vl-df-ng oocyte ls an

Lnapproprl-ate host cell to reveal- the functlon of this motif. The presence

of the tt2B/U-box l-n several other gene systems lead.s to the ldea of a

general sLress resPonse mechanism whereby lnductLon of genes contal-nlng the

U-box next to thelr TATA boxes occurs. It may also be that the role of such

a notlf w111 be more mundane and may be seen ln a multltude of dlverse

genea as a general promoter element, much llke the TATA box. I doubt this

w111 be the case.

Other roles of the U-box sequence besldes one l-nvolved dlrectl-y ln

transcrLptlonal control lnclude a posslble functlon as a speclfLc orj.gln of

DNA repltcatlon, whlch could subsequently actl-vate genes containlng tt. The

synthesls of hlstone tranacrlpts durlng the repltcatl-on of DNA (1-6-4) must

be consl-dered as evidence for Ehls hypothesls. One ftnal opElon to the

functlon of the U-box ts that,1 t may be a nrrclear matrlx blndlng Bequence,

and be lnvolved ln htgher order actl_ve chromatLn functl_ons (f-3-5). It has

been recently determl-ned that there are specl-fl-e DNA sequences that blnd to

the nucl-ear matrix (t'tlrkovltch et al. , t9B4).
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CHAPTER 7: FINAT DISCUSSION

7-1 Hlstone gene architecture

gne feature of a deslgned systen, 1n thle case the control of gene

expresslon of two genes of a mul-tlgene farnfLy, ls that lt ls 1tke1y to be

easl-er to control the system tf the component parts are together.

The apparently random organl-satlon of hl-stone genes ln the chlcken

genome (flgures 2-I, 2-2 and 2-3) belles the extraordinatlly slmll-ar

archltecture of two of the genes of the multLgene famtly. The coupllng of

H2A and H2B genes cannot be ¡nfstaken for a remnant of evolutlon of the gene

fanily l-n the chtcken. The DNA sequence of flve of the slx palrs shows that

some 5r reglons have been evolving independently, but forces have been

operatlng Èo keep the genes not only together but wlth a conslstent spaclng

between each other. Nor can the dlvergenÈ H2A/H2B gene archltecture be

vl-ewed as a pecullarl-ty of the chfcken hlstone gene system. As discussed ln

2-3 thts assocLatLon, though not spacl-ng or sequence honology, can be seen

in a nunber of dlverse specles.

The selectlon pressure keepl-ng these tlro genes together ls probably

the strlct stolchlometrlc requlrement of the protelns coded for by each

gene. The equlmolar appearance of H2A and H2B ln the nucleosome can be

achl-eved by assembl-y from the approprl-ately sl-zed poole or by some

regulatory control operatfng during nucleosome assembl-y. Glven the

dlvergent gene archltecture of H2A and H2B ln the chLcken lts seems more

than ltkely lt l-s a coupllng of mRNA productlon resultlng ln the

accumulaÈl-on of each proteln at an equal or an approprl-ate level so that

the nucleosome l-s assenbled from the correct stolchlonetrlc pool of each

proteln. The expression work undertaken ln thl-s thesl-s supports the ldea

that the genes are coupled for the purpose of coupllng the productlon of

each proteLn. l{hen the genes are separated the production of each
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transcrlpt woul<l be affecEed. Thfs does not preclu<le the idea of a flne

tunlng of nucleosome assembJ-y by mechanlsms that operate durl-ng nucleosome

formatlon. Indeed lt ls posslble thaÈ the levels of the other hl-stones

relatl-ve to H2A and H2B are controll-ed fn Just such a manner.

l^Ihy only two of the chlcken hl-stone genes have such a regular gene

arrangment and the oÈhers not !-s puzzl-Lng. So far research on H3 and H4

genes have shown no r1-glt{ assoclatLon of these two, however there l-s a

l-oose coupllng of these two genes l-n several spec!-es ( see gene

organl-satlonal tables ln Maxson et al., 1983a). À more comprehenslve

explanatl-on for the coupll-ng of onl-y the H2A and H2B histone genes may be

gal-ned wlth fuËher investlgatlon Lnto the blology of the hl-stone gene

system of the chlcken.

There are H2A and H2B genes that are not l-n a dl-vergent arrangement l-n

the chicken. There are three lndlvldual H2A genes and a single Il2B gene ln

addLtlon to the slx dlvergent H2A/H2B gene pal-rs. The effect of these

addltlonal non proportl-onal gene coples would be expecLed to lncrease the

l-evel of H2A protein relatLve to that produced by the fI2B genes due to the

higher gene copy number. However relatlve raÈes of mRNA transcrlptf-on and

translation must also be taken l-nto account before the eeffect of gene copy

ntrmber on protel-n productl-on can be consLdered. In addÍtl-on, some of Èhese

genes may be non-functlonal although aequence analysl-s of 27 of the 42 cote

plus Hl chlcken hl-stone genes has not yet levealed a pseudogene.

One of the best characterlsed hlstone gene systems, besl<les that of

the chlcken, contains the enbryonically-expressed sea urchl-n histone genes.

It Ls noteworEhy here that the H2A and H2B genes are not llnked but are

separated by an H3 gene in a tandem gene repeat of the 5 hl-stone gene types

(Hentschel and Bl-rnstlel, 19Bl). A possl-ble explanatlon for the uncoupll-ng
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of the H2A and H2B genes l-n thLs systen ls that there may be on1-y loose

transcrl-ptional control- exerclsed ln thls gene system. These htghly

relterated. genes of the sea urchin are used to produce the maternal histone

nRNA store durlng oogenesls and the newly synthesLsed hl-stone gene

transcripts produced durlng the early stages of cl-eavage of the zygote. It
may be better when deali.ng wl-th a maternal store of histone nRNA and

protein to control the translatlon and/or the nucleosomal assenbly of the

hl-stone protel-ns to achl-eve the stof chlemetrl-c requLrement of the

nucleosone. In contrast to these embryonic type hlstone genes, the lower

copy number late histone subtype genes ln sea urchl-n are nore l-lke the

chicken histone gene systen, wl-th a random gene archl-tecture and contal-n at

least one dlvergent H2A/H2B gene palr.

7-2 Divergent gene promoter sequences: nulttpl-e repeatl-ng sequence el-enentsãñ-ffio1eorffié +

The chlcken HzA'/HzB paLrs contal-n four CCAÀT aequences ln thelr
lntergene reglons. The presence of multlple CCAAT boxes nay not be uncommon

ln eukaryotic genes although to date Lt has only been custonary to ldentlfy

one CCAAT element l-n a genes promoter sequence. Indeed there ls a
A

dupl-lcatlon of the CCAAT element ln the human 1 -globln gene. Moreover a

slngle G to A substltutlon ln the more dlstal of the two CCAAT elements can

be correlated to the heredltary persistence of fetal haenoglobl-n ln some

Þthalassaenlcs (Gellnas et a1., 1985; col1-lns et a1., 1985). rt has been

speculated that thls CCAAT box regLon of the 1-globln gene ls the btnrltng

slte of a repressor that turns off the gene Ln the normal human arlult. The

G to A substl-tuÈlon worrld then fnhlblt the DNA-proteln l-nteractlon and

allow the l-napproprlate expression of the f etal gene ln the adult.

Alternatl-vely the y -gene nay depend on bl-ndLng of a posi.tl_ve Èrans-

actlvatlng factor normally present fn fetal cells, the slngle base change
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would then not affect thls blndtng but rnay change the speclflctËy of Èhe

CCAAT element so that another trans-actlvator can act upon the sequence ln

the adult. l^Ihatever the mechanlsm, lt has been proposed that the CCAAT box

l-s one of the elements whlch contribute to the developmental control of

y-globtn expressfon.

This suggested functl-on for the CCAAT element must be consldere<l to be

Its role ln only one speclflc case; the element ls by no means speclflc to

Ehe globtn genes ancl therefore nust act dlfferently fn other genes. The

CCAAT element ls ln all probablllby a famlly of protel-n/factor blnrltng

aequences, lts role changlng wlth sllght changes ln the CCAAT aequence

ltself and sequences surroundl-ng 1t. Thls exanple of a seml--conserved

sequence block ldentlfted ln front of dlverse genes l-s slmll-ar to the

ldenttflcatLon of the U-box 1n front of the several dLfferent type6 of

genes dlscusserl l-n chapter 6. Agal-n a defl-nltLve functlonal role for an

apparently consl-stent sequence block ls elusl-ve.

The appearance of nultlple repeatlng sequence blocks, ll-ke the CCA.{T

boxes of the H2I^/HZB pair, has also been seen l-n the intergene reglon of

the SV40 virus dlvergent gene pronoter regl-on. However Ln thl-s case l-t ls

the G-C box element (f-4-2(f)) that l-s repeated. A transcrl-ptlon factor

terned Spl, one of the few that have so far been examlned, has been shown

to l-nteract wlth thts G-C reglon (Gtdont et al., 1984). It has been found

that the factor blnds only to the DNA strand that contal-ns the sl-x GGCGGG

repeated sequences. There Ls evldence that the Spl depen<lent transcrl-ptLon

of the SV40 genone results Ln the lnitlatl-on of dlvergent transcrl-pts on

opposite DNA strands at locatlons approxlmately equld-tstant from the

btndlng regLon.

Gldont et al. have proposed t¡so models to explain how the blndtng of a

factor to an asymmetrJ-c sequence results 1n slrmmetrica1- actLvaElon of
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transcrlptl-on of the SV40 genome. Actl-vatlon could preceed vl-a proteln-

proteln contact. Thls would requlre the spl proteln to have recognl_tlon

sLtes at both ends of the asymnetrl-c nolecule whlch ls unllkely.

Alternatl-vely the actlvatLon of the SV40 dlvergent transcrfpts by Spt has

been suggested to proceed by a perturbatl-on of the DNA he1lx that

propagates ln both dlrectlons. I favour Èhl-s second hypothesl-s and lmaglne

the same thtng coul-cl happen l-n the H2/./H2B intergene reglon wlth the

multlple repeatlng CCAAT elements. In thls case the actlvatl-on must be nore

complex ln that a slngl-e CCAAT box Ls orl-entated toward one gene and three

toward the other.

No three dlmensLonel conformatlon for any eukaryot!-c gene pronoter hae

been descrlbed fn any detall, therefore what can be saicl about the

structure of the Pronoter regl.on of genes must be taken as speculatl-on. The

effect of the bfntltng of a regulatory prote!-n to a gene promoter sequence

may be nedlated through dlrect protel-n-proteln interactlons or through an

"actl-on at a dlstance" whereby the structure of the DNA hellx at some

dlsance from the actual proteln btndlng sLte undergoes a conformatlonal

change. IE ls possLble that both mechanLsns could be used at the same tl-me

by dlfferent DNA blndlng protelns that bfnd to the same promoter reglon.

The presence of nultlple asymmetrLcal sequence unLts ln both the dlvergent

Hzl^/rnB anrl SV40 transcrlption unlts suggests that the hypotheels of a

el¡;nnl belng pro¡ra¡1nted tltrougl-r the l)NÂ backhone l.e more l.tkely to be

correct.

7-3 Functlonal analysLs of a H2A./H2B divergent gene promoter reglon

The fallure to flnd effects of the CATI and H2B-box deletLons on the

expressLon of el-ther the H2A or the H2B gene (5-4; 6-3) in the oocyte

transcrl-ptlon system l-s paradoxlcal given the marked effect of separatlon
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of Èhe Ewo genes (5-2), the flndtng thaE the lntergene reglon wlth only

small amounÈs of the gene codlng reglon l-s sufflclent for promotlon of both

transcrlpts (5-3), and the conserved. sequence and spaÈlal artangement of

Èhese t$ro elemenus ln the lntergene regl-on (table 3-f ). Perhaps l-n the

separatlon of the genes at the l-ntergenlc XhoI slte there ls a loss of the

postulated "perturbatlon slgnal" transmftted through the he1lx (7-2) whlch

l-s not seen ln the sma11 slte dl-rected deletlons. Thls loss of control on

gene separaÈlon coul-d mean that the remalnlng CCAAT boxes would not be able

to act synerglstically to pronote tranacrlptlon.

The remarkable spatLal relatl-onshlp of the conserved l-ntergenlc

elements (table 3-f) suggests that spactng could be lmportant Ln the

LnteracÈlon of the CCAAT boxes proposed to be l-nvol,ved ln the prornotlon of

transcrl-ptLon. Future work on the analysl-s of the dlvergent gene promoter

could concentrate on the sl-gnlfl-cance of the spacLng of these elements.

Experl-ments would lnvolve the l-ntroducÈl-on of exogenous DNA of vatylng

lengths bet¡veen the conserve<l elements, followed by functlonal testl-ng.

Thls would be most eastly done by utllLsl-ng the unlque XhoI site between

the CATI and CAT2 boxes.

90



CHAPTER 8: MÀTERIALS AND METHODS

B-1 Abbrevl-atl-ons

Abbrevl-atLons were as descrLbed 1n "Instructfons to authors" (1978).

In addl-tl-on:

BCIG : 5-bromo-4-chloro-3-1ndo1-y1-ß -D-ga1-actoslde

blsacrylamlde : NrNr-methylene-bLsacrylamide

ddNTP : dldeoxynucleosl-<le trlphosphaÈe

DTT : <ltthlothreLtol

IPTG : lsopropyl- Ê-D-thto-galactopyrosl-ne

PIPES : pl-perazl-ne-NrN'-bts(2-ethnane-sulfonlc acld)

PEG : polyethylene glyco1

SDS : sodlum dodecyl- sulphate

TEMED : NrNrNr rNr -tetramethylethylenedlamlne

B-2 Materlals

8-2-I Chenl-cals and Reagents

All chenlcals srere of analytl-cal reagent grade r or the h1-ghest

aval-lab1e purl-ty. Most chemLcals and materl-als were obtal-ned from a range

of suppllers, the maJor source of the more lmportant chenlcals and reagents

are ll-sted below.

Acrylamlcle, agarose, ATP, ddNTPs, dNTPs, DTT and blsacrylaml-de - Slgma

Low nel-tLng polnt agarose - B.R.L.

Mlxed bed resln Ac 501-XB (o) - Blo-rad

TEMED and xylene cyanol - Tokyo Kasel-

Urea (ultra pure) - Merck

Chloramphenicol - glft from Parke-Davls

Bromo cresol purple, formaml-de and PEG 6000 - BDH
32 32 32

Ml3 unl-versal primer, y- P-ATP, a- P-dCTP anda- P-dATp

- Bl-otechnology Research EnterprLses of S.A. (¡nfSl)
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B-2-2 Enzymes

Enzymes were obtalned f rom the f oll-owl-ng sources:

AMV reverse transcriptase - Molecular Genetlc Resources

Cal-f lntestl-nal phosphatase and Rlbonuclease A - Slgna

E. colt DNA-polymerase I, Klenow fragnent - Boehrl-nger Mannhel-m

BRESA

Protel-nase K - Boehrlnger lfannheln

RestrlcEl-on endonucleases - Boehrlnger I'lannhel-m

New England Blol-abs

Sl nuclease - Boehrlnger Mannheim

T4 DNA llgase - New England Btolabs

BRESA

T4 polynucleotlde kl-nase - Boehrlnger Mannhel-m

B-2-3 Buffers and Medl-a

A1l- bacterla, except JM10l, were grorün Ln L-broth or on L-agar plates.

JMlOt rüas grown ln ml-nl-mal nedLun, 2 x YT broth and on mi-ninal plus glucose

plates.

L-broth '. l% (w/v) amlne A, 0.57" (wlv) yeast extract, l% (w/v) llacl,

pH 7.0

L-agar plates contal-ned L-broth wlth 1.5% (wlv) bacto-agar

Mlnlmal mediun 2, 2.17" (wlv) K Hpo , 0.97" G/v) KH po , 0.2i¿ (w/v)
2 4 24

(NH ) so , 0 .17" (wlv) trl-sodLun cl-trare
42 4

Minlma1 p1-us glucose plates contalnetl mlnl-mal medÍum, 0.47" (w/v)

glucose, 0.0001% (w/v) thlamine and 1.57" (w/v) bacto-agar

2 x YT broth z 1.6% (w/v) tryptone, lT" (w/v) yeast extract, 0.5'Á (w/v)

NaC1, pH 7.0.

Al-1 buffers and medla were prepared wLth dlstllled and rlel-onÍsed water

92



and sterlllsed by autoclavlng, except heat lablle reagents,

ftlter sterll-l-sed.

B-2-4 Bacterl-al stralns, clones and cl-onl-ng vehl-cles

Bacterlal stocks

whlch were

8392 - glft from Dr. J.B. Egan

MC106l - glft from Dr. R.P. Harvey

JMlOl - gtft from Dr. A. RobLns

Cloned DNA Sequences

pCH3.3E - gift fron Dr. R.P. Harvey

pCll?Z.0lÌ - g,lfL f'rom C. Lesnllcowskl

ÀCll-05, pCll3.5l1 an<l pCtllt.0E - gtft from R. DrÀnrlrea

ÀCHl-10 EcoRI-Hl-ndTff H11'|H2B fragnent - glft from L.S. Coles

Clonlng Vectors

pBR322 - gift from R. DrAndrea

pATl53 - glft from Dr. J.B. Egan

M13mp7, Ml3np8, M13np9, Ml3npl8, M13mpl9 - gtft from Dr. A. Robtns

B-3 Methods

8-3-f Isolatlon of plasmld DNA

(t) Growth and ampllflcatlon of plasmld DNA

A 1-oopful- of a glycerol stock of E. coll, contalning the plasmfd to be

grown, was streaked on an L-agar plate (usually supplemented wtth an

approprlate antlbl-otlc to nalntal-n sel-ectl-ve pressure for the retentl-on of
0

the plasntd; 30 ug/ml) and l-ncubated overnlght at 37 C. A slngle colony was

used to l-nfect 5 n1 of L-broth (supplemented wlth antlblotlc), which was
0

then grown overnlght at 37 C, wlth vlgorous shaking lf ampllflcatlon of the

plasml-d was intended. If anpltfl-catl-on was not requlred a 100 ml solutlon

of L-broth r{as lnfected wlth a sJ-ngle co1-ony and the broth l-ncubated

overnLght wl-th shaklng.
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To ampltfy plasmld l-n the 5 ml overntght culture l-t was dll-uted 100

fold lnto 500 ml of fresh broth (without antlbtotic) and grol'rn wl-th
0

aeratlon at 37 C to an A of 1.0, at whlch tl-me chloramphenl-col was added
600

to a flnal concentratLon of 150 ug/nl, and incubatlon contl-nued overnight

(Clewe1l, 1972).

(tl) Large scale Lsolatlon

The cells from the 100 m1 overnl-ght or the 500 ml anpltfted cul-ture

were harvested by centrlfugatlon (JA-f0 rotor, 6000 rpm for 10 ml-nutes).

The plasnld DNA was lsolated by a modlfled procedure of the alkall-ne

extractl-on procedure of Blrnbol-m and Doly (1979).

Cel-l pellets rrere resuspendecl ln 4 nl of I57" (w/v) aucrose , 25 nM

TrLs-HCl, pH 8.0, 10 mM EDTA, 2 mglmL lysozyme and Lncubated on lce for 20

minutes. B nl- of freshly nade 0.2 M NaOH, 17" (wlv) SDS was added and gently

nlxed untl1 the suspensl-on became alnost clear and sllghtly vl-scous. The

solutlon was then left on l-ce for a further l0 ml-nutes. 5 n1 of 3 M sodl-um

acetåte, pH 4.6, was added and gently m1-xed by l-nverslon for a few seconds.

The tube slas mal-ntaLned on lce for 30 nl-nutes to a1low proteLn, htgh

molecul-ar weight RNA and chromosonal- DNA to precl-pl-tate, then centrlfuged

for 25 mlnutes at 151000 rpn (.lA-20 rotor) to remove the clot. The

supernatant contalnlng supercolled plasmld DNA was carefully asplrated,

avofdl-ng lumps of the precl-pl-tate, treated wlth Rlbonuclease A (heat-
0

treated at B0 C for 20 ml-nutes to i-nactlvate deoxyrl-bonucleases;50 ul of a
0

l0ng/ml stock) for 20 ml-nutes at 37 C, phenol-chloroforn extracted, then

ethanol preclpltaterl (B-3-3).

After centrf.fugatl-on, the plasmld DNA pellet was redlsolved ln 1.6 n1

of water and 0.4 ml of 4 M NaCl, 2 nl of I37" PEG 6000 added and the

solutLon was then placed on lce for I hour (half of these volumes were used
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when the nucleic acld from a 100 ml bacterl-al culture was to be PEG

preclpi.tated). The plasmíd DNA was collected as a pellet after a l0 ml-nute

centrlfugatl-on ln an Eppendorf nicrofuge. The PEG supernatant was removed,

the pellet washe<l It 707" ethanol and then drled Ln vacuo. The pellet was

then resuspenderl, ethanol preclpltated, washed, drled and resuspended |n an

appropriate vol-ume of water.

The yleld of DNA, prepared by thls method, was approxlmately 300 to

600 ug per 500 ml ampltfled culture and 100 ug peï r00 ml culture, as

assayed by electrophoresLs (B-3-4).

(lri) Minl-screen procedure

Colonl-es !'rere grolJn overnlght ln 2 nl- of L-broth plus an appropriate
0

antiblotl-c at 37 C wlth contlnual- shaklng. The cel1s were then pelleted by

centrlfugatlon for 5 mlnutes in an Eppendorf mlcrofuge. Plasml-d DNA was

extracted by the same, but scaled down, procedure as descrlbed above except

that the PEG prectpltatlon procedure was onltted. The DNA prepared ln thls

nay v¡as pure enough to be cut wl_th restrl_ctl_on enzymes.

8-3-2 Isolatlon of M13 re pll-catl-ve form

A slngl-e plaque was toothpl-cked tnto 100 ml of 2 x YT broth contal-nlng

l0 nl of a fresh JMlOl overnl-ght culture, grown from a stngle colony plcked
0

from a mLnlmal plus glucose plate. This culture was lncubated at 37 C wtth

vlgorous aeratlon for 6 hours. The nethod of isolatl-on of Ml3 repltcatlve

form from thls culture was the same as that for the lsolatlon of plasmld

DNA (8-3-1). The yleld of DNA prepare ln thls way was approxlmatly 200 ug.

B-3-3 Resl-rlcLlon enrlonuclease rll-gestlons

All restrlctl-on endonuclease <llgesÈlons lvere performed uslng Ehe

condÍtl-ons for each enzyme descrlbed by Davls et al. (1980). ATp (50 uM)

Iùas also l-ncl-uderl lf the restrl-cted DNA was to be ltgated. A two-fold

excess of enzyme generally was used and the reactl-ons rüere run for an hour,
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although thls tlne was l-ncreased for preparaÈlve d!-gestions.

Reactlons were stopped by the addltlon of EDTA, pH 7.4 to 5 mM, and

proteln removed by phenoUchloroform extractl-on or by the addltlon of a

quarter volume of urea load buffer ( 4 M urea, 50% (wlv) sucrose, 50 mM

EDTA, pH 7.4, 0.I7" (w/v) bromo cresol purple). In phenol/chloroform

extractl-ons one half volume of phenol saturated wtth 100 mM Tris-HCl, pH

9.0, 5nM EDTA, 50 nM 2-mercaptoethanol, was added, ml-xed and a half volume

of chlorof orm added. Af ter vortex mlxlng and centl-frrgal-l-on (lìppenclort

mlcrofuge, I nlnuEe; JA-20 rotor 5 mlnutes at 7 1000 rpm) the upper aqueous

phase was recovered.

DNA was ethanol precl-pl-tated from the aqueous supernatant by adJustlng

the reactLon mlx to 0.2 M NaCl- or 0.3 M sodlum acetate, pH 5.5 and addttlon

of 2.5 volumes of nuclease-free ethanol, followed by freezlng ln an

ethanol/dry ice bath. After thawlng, the DNA was pelleted by centrl-fugatlon

for l0 nl-nutes ln an Eppendorf nlcrofuge ot a JÃ-20 rotor (101000 rpm). the

DNA pellet was washed wtth 70% nuclease-free ethanol and rlrl-ed ln vacuo

before bel-ng redlssolved l-n an approprlate volume of water.

B-3-4 Routlne ge1 electrophoresis

(t) Po1-yacryl-amlde gel electrophoresls

E1-ectrophoresis of DNA speci-es of less than about I kb l-n length r{as

carried out on vertl-cal 14 cm x 14 cm x 0.5 mm slab gels containlng 5-207"

acrylaml-de/blsacrylamlde (30:1), whlch had been delonlzed with mtxe<l bed

resl-n.

A 15 ml mlxture of acrylamlde and bisacrylanlde Ln TBE buffer (100 mM

Trls-borate, 2.5 nM EDTA) was prepared, 250 u1 of LO?" (w/v) ammont-um

persulphate and 12.5 ul of TEMED added, and the solutlon poured lnto a ge1

nould and allowed to polymerlse. Gel reservolr tanks contalned
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approxlmately 1 l-ltre of TBE buffer and gels were pre-electrophoresed at 50

nA for 20 nlnutes before loa<llng. Samples were dlssolved ln 10 ul of water

and a quarter volume of loadlng buffer (5O7" (wlv) sucrose, 50 mM Trls-HCl,

pH 7.4, 5 nM EDTA, 0.I% (wlv) bromo cresol purple and 0.17" (wlv) xylene

cyanol) and layered dlrectly lnto gel slots approxlmately 1 cm wlde. When

DNA samples of greater than l0 ug were el-ectrophorese<1, the DNA samples

were dlssolved ln a larger volume of water and loadl-ng buffer and layered

l-nto an appropriately sized gel s1ot.

AJ-l acrylanl-de gels were electrophoresed at 30 mA untll the dyes had

moved the deslred dl-stance. DNA was vlsuallsed under UV 1lght after

ethidlun bromide stalnlng or by autoradlography (B-3-5) lf the DNA
32

contaLned P.

(tl) Agarose gel electrophoresls

Agarose was dlssolved ln TEA (40mM Trls-acetate, 20 nM sodl-um-acetate,

I mM EDTA, pH 8.2) to 0.7-27" (w/v) and cast elther tn 14 cm x 14 cm x 0.3

cm vertlcal slab ge1 templates or on to 7.5 cn x 5 cm ml-croscope slL<les,

for horlzontal gels. Vertlcal gels were electrophoresed between reservoirs

each contalnlng 500 ml of TEA at 65 mA, usually for 3 trours. HorlzonEal

gels vtere subnerged ln 400 nl of TEA buffer and a current of 125 mA was

appl-ted for approxlmately 20 mlnutes.

DNA samples were dlssolved tn 10 ul of water a¡d 2.5 u1 of loadlng

buffer $07" (vlv) glycerol, 50 ml"f Trl-s-HCl, pH 7.4, 5 mM EDTA, 0.1% (w/v)

bromo cresol purple) and loaded dlrectly lnto gel slots for vertlcal gels.

Sampl-es of 5-B ul were loaded l-nto the horl-zontal ge1- slots.

The DNA was vlsuallsed wlth ethidlun bronlde as descrlbed above (8-3-

4(1) ) .

(f11) Low neltl-ng pol-nt agarose ge1- electr oresis

I{hen a DNA sanple was to be recovered from an agarose gel, low neltlng
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pol-nt agarose \üas used in place of normal agarose fn the gel systens

descrtbed above. To prevent crackLng due to shrlnkage, the ge1 was poured
0

after leavl-ng agarose and the gel mould to equlllbriate at 37 C. The gel
0

was then allowed to set at 4 C anrl electrophoresls was also carrled out
0

at 4 c.

Prior to loadlng the gel. vûa€¡ pre-electrophoresed for 10 minutes.

Electrophoresls was at slnllar voltages and Ior Lri.,,L.i-t.ri u.L,"r.;ij Lü LitaL lor

normal agarose gel electrophoresl-s. The bands were vl-suall-sed and then cut

from the ge1- for elutlon (B-3-7).

B-3-5 Autoradlography
32

P-labelled DNA, ¡rhich had been electrophoresed on polyacrylanl-de

gels was vlsuallsed by autoradlography. Gels were covered wlth a thln sheet

of plastl-c-wrap and a sheet of FuJt X-ray fllm was place<l over the gel

enclosed in an Il-ford autoradlography cassette and exposed at room

temperature for the requl-red amount of time. For detectlon of 1ow levels of

radloacËlvlty, autoradl-ography lras carrLed out Ln a cassette wlth a
0

tungsten lntenslfyfng screen, at -80 C. After exposure, the X-ray fllm was

developed, fl-xed, washed and drl-ed automatLcally.

I{hen DNA bands were to be eluted from a gel, one of the glass plates

of the gel mould r{as renoved and plastic wrap placed over the gel. Two

strl-ps of Èape were adhered to the plasttc wrap each sLde of the tracks

concerned and spotted with radloactlve l-nk (to act as markers). A sheet of

X-ray flln v¡as p1-aced on the ge1 and autoradl-ographed for the requlred

amount of time. After developlng and flxLng the fl-ln, the radtoactLve ink

spots lüere ll-ned up wlth the X-ray fl-lm and bands cut from the gel for

elutl-on (8-3-6).

8-3-6 Elutlon of DNA fron polyacrylanlde gels
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The gel sllce contalnl-ng the DNÀ to be eluted was placed tn an

Eppendorf tube and 400 ul of TE buffer (10 mM Trls-HCl, pH 7.4, I mM

0
EDTA) was added and lncubated overnlght at 37 C wtth shaklng. The buffer

tüas aspirated from the gel sllce and the DNA preclpltated wlth nuclease-

free ethanol.

B-3-7 Isolatl-on of DNA from 1ow nelttng polnt agaroae

The smallest sll-ce of agarose posslble, containl-ng the DNA fragnent,
0

was placed in an Eppendorf tube. The agarose riras nelted at 65 C, then 200

ul of 0.2 NET buffer (200 mt"t NaCl, 10 nM Trl-s-HCl, pH 7.4, I nM EDTA)

added. Thls ml-xture was phenol extracted twlce wLthout the addltl-on of

chl-oroform, then once wLth phenol/chloroform. The aqueous phase was then

ethanol preclpltated. Approxlnately 50-707" of. the fragment loaded onto the

ge1 was recovered ln thl-s way.

B-3-B Subclonlng of DNA fragnents Lnto plasnld

(t) End-ftl1-tng of DNA fragments and blunt-end

and Ml3 vectors

llgatlons

Vector DNA was llnearLsed with a suftable restrl-ction enzyme then

dephosphorylated wlth calf-l-ntestlnal phosphatase ln a 50 ul reactlon mlx

contalnLng 50 mM Tris-HCl, pH 9.0, 1 mM MgCl , 0.1 mM ZnSO and 0.lB units
204

of enz)rne. After a I hour l-ncubatl-on at 37 C the enz1me r,vas heat
0

lnactl-vated at 68 C for 15 minutes fn the presence of 0.5% SDS and the

protefn removed by phenoL/chloroform extractlon. The l-inearlsed

dephosphorylated vector was purl-fled from uncut vector by passaging the DNA

through a low neltl-ng pol-nt agarose gel.

Restrlctl-on fragments to be subcloned were preparatl-vely 1-solated from

efther agarose or polyacrylamlde ge1-s. When the DNA fragment had protrudlng

5r or 3t terml-nl-, 1t lsas treated with DNA polymerase I Klenow fragment to

end-fll-l or dlgest back the slngle-strand regl-ons to bl-unt-ends. Thl-s was

done, before purlfl-catton of the fragment by gel electrophoresls, ln a 20
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ul reactl-on ml-x contaLnlng l0 mM Tris-HCl, pH 7.4, 50 nM Nacl, l0 mM Mgcl,

I mM DTT, 30 uM of each dNTP and I unlt of Klenow fragment.

Llgatlon of Lnsert lnto vector lvas done l-n a 10 ul- volume contal-nlng

50 mM TrLs-HCl, pH 7.4, l0 nM Mgcl, I nM DTT, 0.5 nM darP and 0.5 unlrs of
0

T4 DNA ll-gase at 4 C for 16 hours. SuffLclent l-nsert to glve a three fold

nolar excess over vector was general-ly used, 50 ng of plasnld or 10 ng of

M13 vector was normall-y contal-ned f-n a l!-gatlon ml-x. Recombl-nant molecules

were transformed lnto bacteria as descrlbed below (B-3-9, 8-3-10).

(tf) Stfcky-end l1gat1-ons

These were performed as descrl-bed above except 0.1 unLts of llgase was
0

used. Ln the reactl-on and l-ncubatlon carrled out at 14 C for 4-16 hours.

B-3-9 Transformatlon procedure for plasmtd recomblnants

A sl-ngle colony of E. coll straln E392 or MCl06l was used to infect 5
0

nl of L-broth whl-ch was then grorùn overnlght at 37 C wlth aeratl-on. One ml

of the overnlght culture r{as dtluterl 50 fold tn 50 ml of L-broth anrl grown

wlth shakl-ng to an A of 0.8. The cells were then raptdly chllled on l-ce
600

for 30 mlnutes. The cells were pelleted by gentle centrlfugatlon (HB-4

rotor, 5000 rpm for 2 mi-nutes), washed 1n a half volume of l-ce cold 0.1 M

MgCl r then resuspended fn one twentieth volume of l-ce cold 0.1 M CaCl and
22

left on lce for at least I hour. 200 ul of this cell- suspenslon was m1xed

wtth 100 ul of llgatlon mlx dll-uted 1n 100 nM TrLs-HCl, pH 7.4 and lefr on

lce for 30 mLnutes wlth occasl-onal nlxLng. The transformatlon mlx was
0

heated to 42 C for 2 mlnutes then returned to l-ce for 30 nl-nutes. After

s1ow1y warmlng to room temperature, 0.5 ml of L-broth was added and the
0

cells incubated at 37 C for 30 nlnutes. After thl-s ttme 3 ml of L-broth

contal-nlng O.7% agar was added to the transformatl-on ml-x and poured onto an

L-agar plate conÈal-nlng an approprlate antlblotlc, <lependtng on the

I'
r
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reslstance carrl-ed
0

37 C.

by Èhe plasmld. The plate was incubated overntght at

8-3-10 Transformatl-on procedure for M13 recombfnants

A loopful of B. coll- strain JM10l, from a nl-nimal plus glucose plate,

was used to lnfect 5 ml of ml-nl-mal medlum whlch was then grown overnl-ght at
0

37 C wtth aeratlon. The overnlght culture was dtluterl 50 fold l-nto 50 ml

of. 2 x YT and grown wlth shaklng to an A of 0.4. The cells were pelleted
600

by gentle centrl-fugatl-on (gn-¿ rotor, 5000 rpm for 2 mlnutes), then

resuspended ln one-twentl-eth volune of lce cold 50 nM CaCl and left on lce
2

for at least I hour. 200 ul of thls cell suspenslon !üaa mlxed wl-th a sample

of the ll-gatlon mix and left on l-ce for 40 nlnutes. The transformatl-on mlx
0

was heated to 42 C for 2 minutes. 3 nl of L-broth contalntng 0.7% agar,20

ul of BCIG, 20 me/ml l-n dlnethyl-f ormaml-de, 20 ul of IPTG , 24 mg/rn1 l-n

Iüater, and 0.2 nl of a JMlOl overnlght culture dll-uted 1:5 tn 2 x YT broth

was then added and the mlxture plated dl-rectly onto a ntnlnal plus glucose
0

plate. Incubatlon was overnlght at 37 C.

B-3-lt Ml3 chaln termlnator sequenclng of DNA (nUnO sequencl-ng notes,

r9B0 )

(1) Preparation of template

M13 phage plaques were toothplcked fnto I nl of a l:40 dil-utl-on of â

fresh JMlOl overnJ-ght culture (grown l-n nlnl-mal nedtun) 1n 2 x YT broth.
0

After lncubatl-on at 37 C wtth vLgoroue shakl-ng for 5 hours, the culture was

centrlfuged f or 5 mlnutes l-n an Eppendorf ml-crofuge. The supernatanÈ \das

poured l-nto an Eppendorf tube contaLnlng 200 ul of 2.5 M NaCl, 20% PEG 6000

and left at room temperature for 15 ml-nutes. The slngle-stranded M13 phage

partl-cles were collected as a pe11-et after centrlfugation for 5 nl-nutes.

The supernatant was aspJ-rated and the pellet resuspended ln 100 ul of l0 nl'f

Trte-llCl, ptl 8.0, 0.I mM EDTA, phenol/chloroform extracted an<L the DNA

ll,i
þì
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recovered by the additlon of 10 ul of 3 M sodlum acetate, pH 5.5 and 250 ul

of nuclease-free ethanol (as for an ethanol preclpltatlon 8-3-3). The DNA

pellet was resuspended I¡ 25 ul of l0 mM Trls-HCl, pH 8.0, 0.1 mM EDTA and
0

stored f.rozer at -20 C.

(lt) Sequencing reactLons

Four separate reactlons, each speci.flc for one of the bases l-n DNA,

were used l-n the sequence analysls of the lnsert of the M13 stngle-stranded

tenplate. In each of the sequencfng reactl-ons, the Ml3 unlversal prlmer or

one of the hl-stone gene speclflc prlmers (8-3-12; chapter 4) ¡vas extended

l-n the presence of a dlfferent ddNTP such that there was a partlal

lncorporatl-on of each, whlch resulted ln termlnatlon of synthesl-s.

The nethod described below ls for the sequenclng of one Ml3 cl-one but

is readlly expanded to all-ow the concurrent sequencLng of 8-16 clones.

(a) llytrt<l1zatlon

2.5 ng of unl-versal primer (17-mer) or 5 ng of one of the hlstone 26-

mers was annealed to 5 ul of Ml3 slngle-stranded template (prepared as

above) ln a l0 ul- volume contal-nlng 10 mM Trls-HCl, pH 8.0, 50 mM NaCl, 10
0

mM MgCl by heatlng the solutlon to 70 C for 3 mlnutes and then hybridlzlng
2

at roon tenperature for 45 ml-nutes.

(b) Po1-ymerl-satLon
32

I ul of o- P-dATP (approxi-mately 4 uCt) rüas 1-yophlllzed, rhe

hybridlzation mlx added, vortexed to dlssolve the labelled dATP and then I
0

ul of l0 mM DTT adrled. 1.5 ul of each of the approprlate zero mlxes (T for

ddTTP: 10 uM dTTP, 200 uM dCTP, 200 uM dcTP, 5 mM Trls-HCl, pH 8.0, 0.1 nM
0

EDTA; C for ddCTP: 200 uM dTTP, l0 uM dCTP, 200uM dcTP, 5 mM Trls-HCl, pH
0

8.0, 0.1 mM EDTA; G for ddGTP: 200 uM dTTP, 200 uM dCTP, 10 uM dGTP, 5 mM

0
Trle-HCl, pH 8.0, 0.1 nM EDTA; A for ddATP: 200 um of dTTP, dCTP and dcTP,

i

I

fi,'
iil
t'trt+
f,
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5 nM Trls-HCl, pH 8.0, 0.1 nM EDTA) and ddNTP solutl-ons (0.1 ml't for rldCTP

and ddATP, 0.5 mM for ddTTP and ddGTP, each Ln water) were added together.

2 u,L of the zeto - ddNTP mlxtures were added separately to four Eppendorf

"reaction tubes".

0.5 ul of DNA polymerase I, Klenow fragnent (1 unlt/u1) was added to

the hybridizatLon ml-xture - label - DTT solutlon. 2 ul of thts was then

added Ëo each of the four reactl-on tubes and the solutlons were mlxed by
0

centrl-fugatl-on for I mlnute. After l0 mlnutes lncubatlon at 37 C, I ul of

dATP chase (500 ul,I dATP 1n 5 nM Trls-HCl-, pH 8.0, 0.1 mM EDTA) was ad<led to

each of the four tubes, nlxed by a I mlnute cenErlfugation and tncubated
0

for a further 15 mlnutes at 37 C.

3 u1 of fornamlcle loadlng buffer (100% formaml-de, 0.I7" (w/v) bromo

cresol purpl-e, 0.I7" (w/v) xylene cyanol and EDTA to 20 nM) was added to

stop Èhe reactl-ons and mLxed by a short centrl-fugatlon. Sampl-es were boiled

for 3 nlnutes and then loaded onto a sequencJ-ng gel.

(lri) Sequenclng gel-s

Products of the dldeoxy-chaln terml-nator sequenclng reactlons were

separated by electrophoresl-s on polyacrylamide gels whLch lncluded 7 M urea

as a denaturant. The gels used were 40 cm x 40 cm x 0.35 nm. A 67" gel,

whlch waa normally run, was made ln the followl-ng way. A 85 nl nÍxture of

acrylamlde monomer (20:1, acrylaml-de to blsacrylamtde) ln TBE buffer

contal-nl-n9 7 l"l urea, was prepared, 800 ul of 10% (w/v) ammonl-um persulfate

an<l 65 ul of TEMED adde<l, the mixture poured lnto a gel mould anrl allowecl

to polymerise.

Reservolr tanks contalned about 4 l-ltres of TBE buffer and these gels

r,tere pre-electrophoresed for 45 mLnutes at 30 mA. Debrls and urea lrere

removed from sample wel-l-s prlor to loading by flushtng wlth buffer from a

syrlnge. All gels were run at 25-40 nA and kept at hlgh temperature durtng

ri
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electrophoresis to facilltate DNA denaturation.

Gels were flxed wtth 200 nl- of 107" (v/v) acetic aclrl and washed rrtrh 2

litres of 207" (v/v) aqueous ethanol. After drylng, the gels rÍere

autoradlographed overnlght at room temperature.

8-3-12 PreparatLon and klnaslng of synthetlc oligonucleotides

Synthetic DNA prl-ners lrere generously provl-ded by Dr. D. Skl-ngle and

S. Rogers. Oltgodeoxyrlbonucleotldes were synthesl-sed on a slllca gel

suPport uslng deoxynucleoslde morphollnophosphoramldl-te monomers (l,lcnrfule

and Caruthers, l9B3), and protectlng groups lrere removed as described by

Metterl_cl and caruthers (l98l). The trl_tylated DNA was purLfted by reverse-

phase HPLC and then de-trltylated (Metterl-cl and Caruthers, lg$l). The

products were provlded as trlethylammonLum DNA salts ln water and were both

single-strande<l and devol-d of 5 r phosphate groups maklng them l-deal

substrates for kl-naslng and sequenclng by chemlcal degradatl-on nethods of

Maxam and Gllbert (8-3-13).

The histone specfftc 26 base prirners prepared were as fol_l_ows:

H2A prlmer: (resl-dues -340 to -315, flgure 3-2, upper strand)

5I dAGCGACTGAACACTCAGAGAGCAAAC 3t

H2B prlner: (resldues -354 to -329, flgure 3-2, lower strand)

5I dGGCTCGGGCATAGTGGCACAACGCGC 3I

Hl primer: (residues complementary to 21 to -5, flgure 4-2)

5I dGGCGGGAGCGGTCTCGGACATCGCGG 3I
32

Prlmers were 5r end-label-1-ecl w.l.th T4 pol-ynucleoLl.de kl.nnse and y - p-

ATP. Normally 50-100 ng of synthetlc prlmer $ras klnased ln a l0 u1 reactlon

contalnl-ng 50 mM Trl_s-HCl, pH 7.4, t0 mM MgCl , 5 mM DTT, 7 u1 of
322

lyophillzed Y- P-ATP (approxl-mately 35 uCl) and I unlr of enzyme. The
0

reactl-on was incubated for 45 mlnutes at 37 C were upon 5 ul- of formamlde
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loadlng buffer was added (8-3-11(11)b) and the mlxture loaded onto a 20%

polyacrylaml-de gel for purlfl-catlon (B-3-4(f), 8-3-6).

B-3-13 Seqtrencl-ng of synEhetl.c ollgonucleotldes

lnl tl-al ly tlre ae(ltlencea ol: some of the synthetl-c otl.gontrcl-eot.:trleB were

verlfl-ed by a morll-fied Maxam-Gllbert procedure (Banaszuk et al., 1983). f00

ng (tn a volume of 50 u1) of radl-oactlvely labell-ed prlmer prepared as

descrl-bed above was subJected to the followlng reactlons.

Guanlne cleavage

-lz
5 u1 of P-primer containlng 4 ug of carrier tRNA and 200 ul of 50 nM

sodl-um cacodylate, pH 8.0, 10 rnM MgCl and 0.1 mM EDTA were comblne<1. and I
20

ul of Dfmethyl sulfate added and the mlxture l-ncubated at 37 C for 15

ml-nutes. The ml-xture was chll-l-ed on l-ee, and then 50 ul of "stop" solutlon

contaLnlng 3 M sodlum acetate, pH 5.5, 2.5 l4 2-mercaptoethanol, I mM EDTA

and 0.1 ug/u1- tRNA added. The DNA was precLpltated by rhe ad<lltlon of 750
0

ul of ethanol and chl-llí-ng at -80 C. The drl-ed pellet r{as re-ethanol
0

preclpltated then dl-ssolverl ln I M piperldl-ne and l-ncubated at 90 C for 30

mlnutes. After coollng the mixture was drled in vacuo then resuspende<l ln

100 ul of water anrl Èransferred to a new Eppendorf tube, aclJusted to 200 mM

NaCl and the sample preclpl-tated wl-th ethanol. The resldue was <llssolved ln

5 ul- of fornamlde loading buffer.

Adenlne and guanine cleavage

-

l0 ul of P-prl-mer containl-ng 4 ug of carrler DNA and 10 ul of 3%

dlphenylanlne, 1.5 nM EDTA tn 98% formtc acld were conblned and lncubated
0

at 37 C for 12 ml-nutes. The reactl-on was chllled on l-ce and 250 u1 of 0.3 M

sodlum acetate, pH 5.5, 0.1 mM EDTA anrl 0.025 ug/u1- tRNA then added. The

mlxture was then treated as descrl-bed for the guanlne cleavage above.

Cytosl-ne and thymlne cleavageT-
10 u1 of P-prtmer contaLnl-ng 4 ug of carrler tRNA was conblned wlth
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10 ul of vrater and 30 ul of of hy<lrazlne anrl Lncubated at 45 C for 1B

ml-nutes. The reactLon sras stopped by the addltl-on of 200 ul of 0.3 M sodlum

acetate, pH 5.5, 0.1 mM EDTA and 0.025 ug/ul tRNA. The DNÀ was precipl-tated

with ethanol and then treated wlth plperldlne as descrlbed for the guanlne

cleavage.

CyÈoslne cleavage
32

5 ul of P-prlmer contaLnl-ng 4 ug of carrier tRNA was combined wlth
0

15 ul of 5 M NaCl and 30 ul of hydrazlne and the reactlon lncubated at 45 C

for 18 minutes. The reactl-on was stopped by the addltLon of 200 ul of 0.1

m]'l EDTA, 0.025 ug/ul IRNA. The DNA was precl-pl-tated wfth ethanol- antl

treated wlth plperldlne as descrlbed for the guanlne cleavage.

ul-

Thymlne c1-eavage-T-
5 u1 of P-prl-ner contalnlng 4 ug of carrler tRNA was mlxed wl-th 20

0
of freshly prepared KMnO (20 ue/ul) and fncubated at 37 C for I hour.

4
reactlon was stoppecl by the addltion of 10 u1 of allyl alcohol thenThe

dried ln vacuo and treated wlth plperldine as descrlbecl for the guanl-ne

cleavage.

The cleavage samples were run on 207" sequenclng gels (B-3-lf(ftf))

whlch were frozen durlng autoradlography.

8-3-14 Isolation of chlck embryo RNA

5-day chtck embryo RNA was prepared by a guant<1tne-HCl- method (Brooker

et al., l9B0). Twenty 5-day chicken eggs were cracked open and the embryos

1lfted out and dropped into 25 ml of 6 M guanldl-ne-Hc1, 0.2 M sodium
0

acetate, pH 5.2, I nM 2-mercaptoethanol at 4 C and homogenlsed. The
2

homogenate was passed through a French pressure ce1l at 843.7 kg/cm and
0

4 C, and RNA was preclpl-tated wl-th 0.5 volume of ethanol (tt¡-+ rotor,

101000 rpm for 10 ml-nutes). The RNA pellet was resuspended ln 12.5 ml of 6
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M guanldlne-HCl, 0.2 M sodiun acetate, pH 5.2, 10 nM EDTA and

reprecipLtated wlth 7 nl of ethanol. After centrLfugatlon the pellet was

resuspended in 10 m1 of.7 Yl urea, 0.1 M Trl-s-HCl, pH 8.0, 0.1mM EDTA, 0.1%

SDS and phenol/chloroform extracted twlce followed by preclpl_tatLon with

2.5 volumes of ethanol. Total RNA lsolated by thls procedure was washed ln

5 ml of 2 14 LtCl' drled 1n vacuo and resuspended tn 2 nl of sterl-le water
0

and atore at -80 c. ApproxLnately 10 mg of RNA was ylelded by thls

procedure.

1 ml of the RNA was made to 10 rnM TrLs-IICl, pH 7.4, I mM EDTA, heated
0

to 65 C for 5 nlnutes, snap chtlled on lce and centrlfuged (Becknan SI,I-41
0

rotor at 371000 rpn for 16 hours at 4 C) on four l0-40i¿ (w/v) linear

sucrose gradlents ln 10 nM Trls-HCl-, pH7.4, I mM EDTA. Gradlents l{ere

fractLonated by upward dl-splacement wl-th a 50% (w/v) aucrose solutlon uslng

an ISCO Densl-ty Gradlent Fractlonator. The RNA fractLons containf-ng the

histone nRNA (about 9 S) were collected, adJusted to 200 mM NaCl and

ethanol preclpltated.

8-3-15 Injectlon of Xenopus oocytes

(t) Anlmal-s

Xenopus laevLs females were obtalned fron Dr. Ray Harris (South

Australlan Institute of Technol-ogy, Pharmacol-ogy Depart¡nent) or Dr. Ketth

DLxon (pllnders Unl-versity, Department of Blological ScLences). A breecllng

stock ls mal-ntalne<l at Fllnders UnLvers-tty whereas the Instl-tute colony of

50 females was broughL Erom Rlng shtpping Pty. Ltd., cape Town, south

AfrLca. For besE results, wll<l-type females were malntal-ned under

laboratory conditlons for at least sl-x months prlor to harvesting of

oocytes.

(tt) Frog dlssectLon

Frogs rüere anaestheÈl-sed and the ovary, or part thereof, eurgl_cally
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removed. Alternatl-vely the anl-mal was sacrlflced (by plthtng and

decapitatlon) and the whole ovary obtalned. A frog can be recycled up to

four tl-mes lf only a small portl-on of the ovary l-s removecl rlurlng surgery.

In preparatlon for dlssectlon the frog was placed ln a plastlc box

contal-nlng O.I7" Ethyl-m-aminobenzoate (an anaesthetlc) for approximately 20

mlnutes, removed uslng plastlc gloves, washed with tap water and placed on

Its back. Alternatively, the frog was equalI-y well- tmmoblllzed by l-nmersl-on

ln an lce Iùater slurry for 20 mlnutes, placed on l-ts back on an lce tray

and covered ln l-ce.

I{hen no reflexes $Iere evident Èhe frog was dlssected. The skln was

swabbed tn 0.5% HtbttanelT}% ethanol to remove sll-ne. Sfnce the ovary of a

mature femal-e l-s the largest organ ln the anl-mal, the ovarlan lobes are

easlly removed wLth forceps through a small l-ncislon eLther side of the

ventral nld-l1-ne. The requl-red ntrmber of lobes !,rere cut off with scissors

and the excl-sed lobes p1-aced innedl-ately tn Barthsr sallne. Once the

fnclsl-on had been suÈured post-operatl-ve care entalle<l placl-ng the animal

ln an angled dlsh, [Ls noge Just out of wnter, unttl tE rcv.tved.

(111) Ovary rllssecLl-on and evaluatlon of oocytes

The excl-sed ovary $¡as rlnsed ln fresh Barths' salLne then teased aparE

wlth (grade 5) watchmaker forceps. For long term storage the ovary must be

dlvlded lnto small clunps (less than 50 oocytes) and Ldeally lnto separate

oocytes, whlch ln any case are used for nuclear mlcrol-njectl-on.

A good ovary contains over 301000 large oocytes. They are at all

stages of developnent. The ldeal rnaterlal l-s stage 5 and 6 oocytes (Dumont,

L972) Ln whl-ch the anlmal (brown) and vegetal (yellow) poles are separatecl

by a whLte band and each ce-l1 Ls about I mn l-n dlameter. The separated

oocytes were kept Ln groups of 100 l-n 5 cn petrl-dishes Ln a temperature-
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0
controlled tncubator at l7-2I C; the medLum was changed every two days.

Oocytes were kept subnerged at aLl tLmes. Healthy oocytes are evenly

plgmented, not blotchy. Dlmpled or deformed oocytes were removed. In or<ler

to segregate out oocytes damaged durlng the lsolatlon procedure, oocytes

tüere commonly lnJected the day after they had been separated.

( lv) Constructl-on calLbrat f-on and handlfng e! mLcro-plpettes anrl

components of the inJectLon sysÈem

Ml-cro-lnJectl-on needles were made from 100 ul micro-caplllarl-es

(nmUnnAln, lntraMARK). Flgure B-l outllnes the procedure of constructlon

and gaugl-ng.

An Agla screw-controlled syrl-nge (Vle1l-come Auetralla Ltd. ) t{as

connected to the micro-pipette by plastlc tublng of I nn lnternal dlameter.

The needle was held and manoeuvered by means of a micromanipulator whlch

gives a 4-5 fold reductl-on Ln the movement of the hand 1n all dlrectlons

(¡llcro Techniques (Oxford) f,t¿.). The whole system l-s shown l-n flgure B-2.

The tublng and the nee<lle was fl-lled wtth nedlclnal paraffl-n coloured wl-th

Fast Red dye enabllng dl-scrLmlnatlon of the parafftn/aqueous l-nterface.

InJectlons lrere carrled out under a dlssectl-ng stereozoom ml-croscope

at a magntfl-catlon of abouÈ l5x. A co1-d ltght source for the mícroscope was

essentlal as oocytes are prone to dehydratlon under a dlrect ltght source.

A glass fl-bre optlcs system was sultable.

(v) t'ttcro-lnJecÈlon technl-que

(a) nlll.ln¡¡ ot m I cro-p tpe-. lte

Ueually I ul samples of lnJecÈlon solutlon were brought to t,he

nlcroscope stage on a pLece of Paraflfun. The tlp of the paraffl-n ftlled

needle was introduced below the surface of the droplet and the sanple <lrawn

lnto the plpette by screwl-ng out the syrlnge. The only constral-nt on the

amourit of sanple used to f111 the pl-pette Ls that both the sample menlscus
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FLgure 8-l: Micro-tnJectLon pipettes

(a) ¡. glass mi-cro-captllary ls drawn out by hand to an external dlameter of

approxl-mately 300 um.

(b) The second pull- ts rlone uslng a heated col1, the need.le belng drawn out

by attachnenË to a welghted pu1,1-y. A 20 um tll-ameter optlmlzes easy

del-lvery of fLuttl and mlnfmizes the damage to oocytes. Only one need.le

l-s obtalned fron each mlcro-caplllary.

(c) ttre tip of the needle ts broken off approxlmately 0.5-0.75 cn away fronn

the flrst pul1 at an acute angle with watchnaker forceps.

(d) Lengths and diameters of the flne and lnternediate sectlons of a

complete pLpette.

(e) The diameter of the expelled drop l-s measured by an eye plece

gratLcule. The needle ls then callbrated at 50 nl volumes on the

plpette shaft wlth a ftne (0.2 nm) texta drawlng pen.

(ftgure adapted fron Gurdon, 1974)



d¡an!lcl [¡tan¡l di¡nct¡l - 300 ln
l¡l

lbl

fG)

À

-Hrnd 

Pull-

mil

Wcisht

-----------=

frternal diam¿ter ,¡n [¡l¿rn¡l -20¡nfluid infecrion
prpeilr

>20nn <l mm

I

ldl

Pa¡¡llin oil Samph l¡lrl^fu¿zæzn&* E_. v ;
Galibr¡tion mark¡ ËÊ

b
õ
E

ol ¡-
sur¡d
rc ¡c¡h

0t

0l
Vo um: ol rphuc ln I

50



FLgure 8-2: Mlcro-l-nJectlon equl-pnent

A schemaÈlc representatlon of the ml-cro-l-nJectLon equÍpnent Ls shown.

(flgure adapted from Gurdon, 1977)
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and the needle tip have to remafn withln the same fteLd of vl-ew.

DurLng experlments the nee<lle oceaslonally blocked and tt was

lmportant not to put excesslve positl-ve or negatlve pressure on the sanple

aB thls would result tn a spffflleatlng dlsaster. If repeated attcmpte to

cl-ear the nee<lle fall-ed a llttle of the tlp of the needle was broken off

wtth flne forceps; often the ml-cro-plpette could be re-used. 0f course,

excessl-ve trlmmlng of a needle necessltated replacement.

(b) Preparatlon <¡f DNÀ and oocytce for lnJect l-on

As stated prevl-ously oocytes vrere usually used 24 hours after

coll-ectLon, DNA for inJectlon was prepared by a clear lysate method (B-3-

1), ethanol- precl-pttated several tl-mes (a11- phenol must be removed), and

resuspended ln a buffer conslstlng of BB mM NaCl, l0 mM Trls-HCl, pH 7.4.

DNA was lnJected l-nto the nucleus at a concentratLon of 200-400 ng/u1 tn a

volume of 25-50 nl.

Inltlally, clrculatlzed, vector free l-nsert ¡{as used for inJectlon but

later whole plasmid DNA was found to gfve l-dentLcal results and was

therefore routlnely used. Clrcularl-zatlon of lnsert DNA after purlfl-catlon

through a low neltl-ng poLnt agarose gel was done Ln a volume of I ml

contaLnLng 50 mM Trls-HCl, pH 7.4, l0 mM MgCl , 1 mM DTT wl-th the DNA at a
2

concentratl-on of 2 luglml and 2 units of T4 DNA 1-lgase. Thls mixture was
0

lncubated overnight at 14 C, ethanol preclpltated, phenol extracted and re-

ethanol- preclpltated before belng resuspended l-n lnJectlon buffer.

A batch of 30 oocytes was usually used per DNA template l-nJected.

After l-nJectlon the oocyÈes lrere generally lncubated for 24 hours ln
0

Barths' sallne at 20 C.

(c) Nuclear inJectlon

Because the oocyte Ls not transperent the nucl-eus cannot be seen. Thl-s
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Ls only a mlnor problen as the nucleus occuples a conslstent posLtlon ln

the oocyte and l-s readl-ly l-nJected wtth the followlng method.

Each oocyte was transferred from the petrL-dleh to a dry mLcroecope

sllde (3-6 per sl-tde) wl-th a wl-de-mouthed pasteur pipette. Excess fluLd was

renoved wlth the pasteur pipette as excesslvely wet oocytes were dlfftcult

to grasp with forceps. The s1lde was then transferred to the ml-croscope

stage.

Looklng through the mlcroscope the oocytes were tndtvidually

manoeuvred wlth forceps and the end of the needle so the anlnal henl-sphere

was orLentated towards the needle. The plpette was inserted at rlght angles

to the oocyte equator exactly over the apex of the anlmal pole. The plpette

was lnserted about a quarter the depth of the oocyte. At the same tlme the

oocyte was sEeadled wlth forceps. Once the needle had been posltloned the

eyrl-nge screw waa turned to dellver the requlred volume by focuselng on the

callbrated shaft and watchlng the paraffln/aqueous neniscus. The oocyte was

agaÍn grasped during needle withdrawal. The group of lnJected oocytes vras

then washed off the sllde l-nto another petrl- dlsh fllled wLth fresh Barthsr

buffer.

(vl) Barths' sallne

Solutl-on A: NaCl 206 gm

KCl 3.0 gn

NaHCO 8.1 gm
3

TrLzma base 73 gn

Made to one ll-tre and pH to 7.6 wtth concentrated HCl.

Solutlon B: MgSO .7H O 10.1 gn/500 nl
42

SoluLrlon C: ca(NO ) .4tt o 3.9 gn
32 2

CaCl.HO 3gn
22

made to 500 ml.
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SolutLon D: Penlcl-llln 10 ng/nl

Streptomycl-n 10 mg/ml
0

Solutl-ons ArB and C are stored at 4 C. Solutlon D l-s stored frozen at
0

-20 C. To make Barthsr sallne, ad<l 25 nl of A to 954 ml of water. Then adrl

l0 m1 of B and C and flnally I ml of D.

B-3-f6 IsolatLon of Xenopus oocyte RNA (Probst et al., 1979)

The oocytes lûere squashed ln a loose-f1-tttng glass homogenizer ln a

solutlon contalnlng 10 nM Trls-HCl, pH 7.4, 1.5 mM MgCl , 10 nl'l NaCl, li(
2

SDS and 0.5 ng/ml protelnase K (0.5 n1 of thls soluÈlon was used per batch

of oocytes). After lncubatlon at room temperature for 25 nlnutes, EDTA was

added to l0 mM and the mixture extracted three tfmes wlth

phenol/chloroform. The aqueous phase was made to 0.2 M NaCl and the oocyte

RNA preclpLÈated by the addltlon of 2.5 volumes of ethanol. Oocytes usually
0

ytelded 4-5 ug of total RNA each. They were stored dry at -80 lf the RNA

extractl-on was not carrl-ed out LmmedLately after l_ncubatl_on.

B-3-f7 Sl nuclease analysls of RNA

For 5r analysl-s, DNA restrlctl-on fragments were treaEed with calf-
32

lntestl-nal phosphatase (B-3-B(f)) then labelled wlth v- P-ATP usl-ng T4

polynucleot.[rle klnase (B-3-f2) . For 3r end analysLs, cohes-Lve 3r terml.nl

of the approprfate restrlctlon f ragnents rüere end-f tll-ed usl-ng DNA-
32

po1-ynerase r Klenow fragrnent ln the presence of o- P-dNTPs (B-3-B(r)).

For Sl anal-ysis boÈh double stranded and single standed probes \ùere

used, though Ehe sLngle stranded fragments proved to be better reagerits.

Double stranded resErLctlon enzyme fragments (flgure 4-I) were heat

denatured and anneal-ed wlth an excess of M13 slngle stranded DNA (Ml35kb.B-

parental genome and 1Ès reverse ori-entatlon; see 5-4) in a buffer

containine 100 nM Nacl , 20 nl"t rrls-HCl-, pH 7.4, o.l% sDS at 60 c to remove
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the unwante<l hybrtdlztng strand. ithe unhybrfullzed reagenL sl-ranril was then

purlflecl by electrophoresLs or a 6% non-<lenaturlng polyacrylamlde gel (g-

3-4(r)).

Hybrldlsatlon reactlons were carrled out Ln a volume of 30 ul. The

reactlon mlx contained 80% formamlde, 40 mM PIPES, pH 6.4, 1 mM EDTA' 400
00

mM NaCl and lncubatl-ons were at 50 C for double standed probes and'30 C for

sLngle stranded probes for t2-16 hours. Annealing reactlons were dll-uted

wlrh 300 ul of l-ce-cold Sl buffer (200 mM NaCl, 2 mM ZnSO , 50 nM sodlum
4

acetate, pH 4.6) and 1r000-21500 unl-ts of Sl nucl-ease added. Dl-gestl-ons
0

were at 37 C f.or I hour; the nLxture was then phenol/chloroform extracte<1,

nuclelc acl<ls preclpitated wlth ethanol, and dlssolved l-n formamlde loadlng

buffer and electrophoresed on 6% sequenclng gels (B-3-ff(ltf)) prlor to

exposure.

B-3-lB Prlmer extensl-on analysls of RNA (Ucfntght et al., 19Bl)

I ng of each prLmer, 5' end-labelled (B-3-12)r !Ías separately or

together added to the RNA equlvalent to that of one lnJected oocyte (4-5 ue

of total RNA) and ethanol precLpltaed. The pellet was resuspended ln l0 ul
0

of 200 mM NaCl, l0 nl"Í Trl-s-HCl, pH 8.3, heated to 70 for 3 mlnutes then
0

allowed to anneal at 42 C for l-3 hours. Followlng hybrldlzatlon, the
0

samples r{ere lncubated wlth reverse transcrlptase (1 hour, 42 C) ln a

volume of 34 ul contal-ntng 60 mM NaCl, 10 nM Tris-HCl, pH 8.3, 10 mM DTT,

500 uM dNTPs, l0 mM MgCl2 and 8 unlts of enzyme.

ExtensLon products were ethanol preclpttated, washed It 707" aqueous

ethanol and drlecl ln vacuo. After resuspenslon ln 5 u1 of formamlde loadlng

buffer the extended prlmers rdere electrophoresed on 6% sequencLng gels (g-

3-lf(tlf)) and detected by exposure to X-ray fllm.

8-3-19 Ml3 siÈe dLrected muÈagenesls (Adel-nan et al., 1983; Chan an<l

smtrhr l9B4)
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(t) formaElon, stablll-zatlon and enrl-chmenE of heteroduplex DNAs

For use as prlmers ln the muÈagenesl-s procedure, l0 pnol-es of the

CAT1 antl H2B-box delettng synthetlc ol-lgonucleotldes (fl-gures 5-4 and 6-2

respectively) $rere each phosphorylated tn the presence of 0.1 nM

nonradLoactLve-ATP (8-3-12). For hetetoduplex formatLon, 300 ng slngle-
0

stranded Ml35kb.B-parental- DNA (5-4) was heated to 70 for 3 ml-nutes and

placed at room temperature for l0 mlnutes ln a 20 ul volume contalnlng 10

mM TrÍ-s-HCl, pH 7.4, 0.1 nM EDTA, 50 mM NaCl and I pmole (1 ul-) of each

phosphorylated deletlon prlmer.

Prlmer extenslon !ùa6 started by the ad<lttlon of 30 ul of 50 mM Trls-

HCJ-, pH 8.0, 0.1 mM EDTA, 12 mM MgCl , 10 nM DTT, 0.7 nM ATP, 0.07 nM dATP,
2

O.2 ml,t each of dTTP, dCTP, dGTP and 2 units of DNA polymerase I Klenow

fragment. After 30 ml-nutes at room temperature, reactlon ml-xtures were
0

lncubaÈed for 4 hours aE 37 C, 2 unlts of T4 DNA llgase then acl<led and
0

lncubaÈed overnlght at 4 C. Heteroduplexes vrere recovered by

phenol/chloroform extractlon and ethanol precipl-tatf-on then resuspencled ln

20 ul of water. l0 ul aliquots of the heteroduplexes rüere treated wtth 1000

unlts of Sl nuclease (B-3-f7) for 5 ml-nutes to dlgest sl-ngle stranded

parental M13 DNA, carrler tRNA (4 ug) was added and nuclel-c acl-tl recovered

after phenol/chloroform treatnent by ethanol preclpltatl-on.

A l:200 dilution of the SI treated and non-Sl treated heteroduplexes

were transformed l-nto E. co1l straLn JM101 (8-3-10).

(tt) ptrage screenLng (Benton and Davls, 1977)

Screening for muÈant phage was done by ln sLtu plaque hybridl-zatlon
32

uslng 100 ng of each of the P-labelled deletl-on ol!.gonucleotldes (B-3-

12). 100 of the Sl resLstant recombinant M13 phage plaques obtalned after

bacterlal transformatlon were plcked ln dupll-cate onto freshly plated JM101
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0
on ml-nl-mal pl.us g1-ucose plates and grown overnlght at 37 C. An unwashed, 5

cm nl.trocel.luLose dlsc was l-ayetl onto orre of tlte dupllcal-e plates,

orlentatl-on narks nade wlth a needle, and when unlformly wet (t mlnute

later), peel-e<l off and pLace<1 on to fll-ter paper saturated wtth 0.5 M NaOH,

1.5 M NaCl f.ox 2 nlnutes. The ftlter was then sequentl-a1-ly transfered to

two fl-lter papers soaked ln 1.5 M NaC1, 0.5 M TrLe, pH 8.0 for 4 ml-nutes

each.
0

The filter was alr dried, baked at B0 C ln vacuo for 1.5 hours then

prehybridised 1n 4 m1 of 0.9 x NET, 0.5% NP40 and 0.05% Blotto (0.9 x NET =

0.9 1"1 NaCl, 0.09 M Trls-HCl, pH 8.0, 0.006 M EDTA¡ 1x Blotto = 57" (w/v)

non fat dry sklm nflk, 0.012 Antifoan A (Johnson et al., 1984)) tn a sealed
0

p1-astl-c bag at 65 C for 3 hours. Hybrtdizatl-on of the radloactively

labelled prl-mers to ldentlfy mutant phage was done ln 4 nl of fresh 0.9 x
0

NET, 0.52 NP40 and 0.05% Blotto at 42 C for 16 hours. I.Iashl-ng of the fllter

rùa6 done ln 6 x SSC (l x SSC = 0.15 M NaCl, 0.015 M trL-sodlum cl-trate)

twLce for 5 mlnutes at room temperature, then at successl-vely hlgher
0

temperatures (45-65 C) each for 5 ml-nutes following exposure to X-ray ftlm.

Pl-aques that stl1l hybridlzetl strongly, over negatl-ve Ml35kb. B-

parental controls lncluded on the fllterr âÈ the hlgh temperature washes

were picked from the dupltcate naster plate and sequenced (8-3-11) wtth the

HzB 26-mer to conflrm the mutant phenotype. A mutatlon frquency of

approximately 17" was observed uslng both the CATI and H2B-box deletlon

prlmers.

8-3-20 Contalnnent facfl-Ltles

All manlpulatlons lnvolvlng recombLnant DNA rùere carrled out ln

accordance with the regulatlons and approval of the Australl-an Academy of

Scl-ence Comml-ttee on Recombl-nant DNA and the Unl-verslty Counctl of the

Unlverslty of Adelaide.
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