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ABS'rR1\CT

Huma n JC virus (JCV) is the etiologic agent of

prog r e s s i ve multifocel leukoencephalopathy (PML), a fa ta l

demye linating d isorder of t he central nervous system . Al though

J CV is a wide ly -distributed polyomavirus and i s oncogenic i n

a nima ls, i ts strict dependence for viral growth and expre s s i on

of JCV on human fetal glial cells has hindered deta iled

studies of the regulation of JCV early and l a t e gene

e xpr e s s i on . Previous reports have s hown that gene e xpression

of JCV is regula ted by v iral T antigen and cellular

t r an s a ct i va t i ng f actor s , such as NFL To da te, several

cellu lar f actor s r egu l at i ng JCV early and late gene expression

h ave been identif ied and isolated, and t heir binding site

sequences or mot ifs in JCV DNA have been characterized .

The AGGGMGGG1I. pcntanucleotide (pe n ta) repea t motif o f

t he J CV control region ha s been suggested to positively

(stimulate)and negatively (inhibit) r eg ulate JCV early and

l a t e g ene e xpr e s s i on . A similar seque nce t hat neg atively

r equ r at.es t he expression of c - myc was also ide ntified i n t he

upstream r eg i on o f t he c -myc gene. Severa l pr o t e ins ranging

from 25 to 60 kDa have been identified which s peci f i cally

interact wi t h t h i s p enta repeat mot if . Among the m, a 56 kDa



protein ha s been s ugg ested t o ac t as a re p ressor f o r the J CV

l a te gene ex pres s i on a nd a 70 to 80 kDa pr otei n has be en shown

to be requ ired f or the ea r ly gene exp ression . Thus , there are

several pr ot e ins inter a ct ing with t h i s pent a r e pe at mot if an d

different i ally r egUla t ing t he JCV ea r l y a nd l ate ge ne

expression . Theref ore , i t woul d be v ery he lpful t o i s olate

and ch aracte r i ze such pen t a r epea t mot i f binding proteins .

To s tudy the z-equ Lat.Lon by the pen t a r epeat motif f o r JCV

e xpression , I c loned J CV p romoter-enhancer f ragm e nts

cont a ining mut a ted penta repeat motif i nt o a CAT r ep orter

p l asmid and t r a ns f e ct ed the plasmid i nto Pl9 cells

differentiat ed by retinaic acid int o glial cells a nd U87MG

human g lioblastoma cells . CAT as s ays shovea tha t t he

pentanucleotide r epeat mot i f within the JCV pr omoter- en h a nc e r

reg ion up r eg ul ated JCV ret.e e xp res s i on an d do wnregu l ated J CV

early ex pression . Mobility shi f t assays r e vealed t wo prote i n

complex es specif i call y bound t o the wild t yp e pe nta r epeat

motif in bo t h glial and nong 11al cell extracts. Two pro t eins

o f approx i mate l y 60 and 45 k Oa were detect ed by UV

c r os s l i nking . The pen t a repeat mot if waa then us ed to isolate

a penta repeat motif bl n d ing f ac t or by scree n i ng a c DNA

expression library from r et .Ino j,c a c i d-different i at ed PI9 g lia l

cells . One positive cDNA clone (RPI) was f ound to

sp ecifically bind t o the pe nea r e pe at mot if . To ch a racteri ze

RPI , Sou thwes tern blots with a B-ga lac"tosi dase ( J3 -gal) fu sion
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prote i n indicated that t his RPI cDNA encoded the protein that

specifically b i nds to the pen ta sequence. Consistent with my

mut ation results, preliminary in rl.Y..g results showed t h a t t he

p r ote i n e ncoded by th i s cDNA co uld negat i vely regu l a te JCV

ear l y ge ne expression. The sequence o f RPI cDNA was found t o

conta i n sequences t ha t were predicted to code for a protein

containing seven putative zinc f inger motifs in the carboxyl

t e rminus two- th irds of the protein . Based on my da ta a nd the

results of others, I proposed a model for the interaction of

RPl wi t h JCV penta r epea t motif as a complex in glia l and

nong11 a l cells, suggesting that t h i s interaction co ntributes

t o t he g lia l ce ll specificity of JCV. This model would

i nvo lve RPI -penta acting in concert with other sites a nd

factors i n the JCV promoter-enhancer to prevent JCV qene

ex pression i n nonglial ce lls.

ii i



~CItNOWLEDGEMENTS

First, I wish t o sincerely t ha nk my s upe rv i s ors Drs . Ma ry

M. Pater a nd Al an Pater. for t he i r unfai l ing su pport and

gu i da nce d uring the entire t he s i s program . My ap pr eciation is

also extended to Dr s . Ga ry Paterno and John Robinson f or

their he lpfu l sug gestion s and encouragement as Illy s upe rvi s ory

c ommittee members . I a pp r-ec Lat. e the financial s up po rt

provided by the Of f ice of Gr adu ate Stud i es, Faculty o f

Medic i ne, Memorial University of Newf oundla nd.

I am gratetul to Dr . Kotlo U. Kuma r for hi s he lp a t the

beginning of my program. I apprec i ate my co lleagues , Or . Ql

Sun , Mr. Xlaol ong Ya ng and Mr. O. V. Redd y , for the ir

f ri e nds hip a nd va luable d i s cus s i on .

I wish to thank Ma s uma Rahimtula and Ge J in for t h e i r

t echnica l assis tance . Thanks to all my colleagues and friends

fo r their mor a l suppor t and encouragement .

Last, but not l e ast . I wish t o ex press my sinc e r e t h a nks

t o my parents fo r th e ir b lessing and a ffe c t i o n . I e s pe c ia lly

tha nk my wife. J i ngyu Oiao , for h e r c on f i de nce , support a nd

understanding tha t made this t hes i s pc es rbfe .

iv



TABLE OF CONTENTS

Page

ABSTRACT • • ••

ACKNOWLEIXiEH:ENTS

TABLE OF CONTENTS .

LI ST OF FIGURES . •

LIST OF AB8REVI ATIONS .

CHAPI' ER 1 I NTRODUCTI ON.

1 .1 Mechani sm of transcription •• • • ••

1 .1 . 1 Pr omo t e r s a nd enhancers • • • •

i v

xii

1 .1. 2 RNA po lymerase II • • • . • • •

1 .1. J Gen eral t ranscription f actors and

transcr i pt i on i nitiatio n ceeprex. • . .... 4

1. 1. 4 Sequence s peci f i c t ranscrip tion f a ctors

• • • 7

1. 1. 5 Coact i vators a nd o the r ecce saar-y

prot e ins • •• • • • • ••• •• 11

1. 2 JC V h uma n papovavi rus. • • • • • • • • • • 13

1 . 2 . 1 Ge ne r al features of JCV • • • 1 3

1. 2 . 2 Ge nome o f J CV • • • • • • • • 1 6

1 .2. 2 . 1 Early an d late cod i ng

r e g i on o f JC V. • • . • • • • • • • • • 1 6

1.2 . 2 .2 Regulato r y r e g i on for

J CV gene express ion.

1.2 . 3 J CV proteins

17

• • • • • • • • • 23



1. 2 .3 .1 Early proteins . . • • • . . . 23

1. 2 . 3 . 2 Late pro t e i ns . . . • . • . 25

1 . 3 Tr a ns c r i ption factors that r e gu l ate JCV

e xpres s i on . • • • • • . . • • . 27

1. 4 Cells used i n t h i s stUdy . 35

1. 5 Objec t ive o f t hi s s t udy . • . • . • • • • 36

CHAPTER 2 MATER I ALS AND METHODS • 38

2 .1 Material s a nd reagents . JS

2 .2 Cell c ul ture and transfec tion . . . . • . • 39

2 . 2. 1 Cel l c ul t u r e of PI9 a nd U87 cel ls a nd

t he d if f e r e n t i at ion of °'19 cells by RA or DMSO

• • • • • • • • • • • • . • • • • • • • • • 39

2.2 .2 ThQ met.hod of er-ens re ce Icn 40

2 . 3 site di r ected mutagenesis an d p lasmid

construct i on• • • • • . . • .. • . . . . .. . • 41

2. 4 Chl oramphen i c ol acety l t ransferase (CAT) assays

42

2 . 4 . 1 Harvesting ce l ls • • • • •.•. • • • 42

2. 4 . 2 Chlo ramphenicol acetyl t ransferase assays

• • . • • . .. • • ... . . • , . •. 43

2 .5 prepa ra tion o f nuc lea r and Whole ce l l extra c t s

2 . 6

2 . 5 .1 preparation of nuc l e ar ext rac t. . •

2.5. 2 Pr ep aration of wh ole cell ex t r ac t •

DNA b i nd ing a nalysi s

vi

44

44

46

46



2.6 .1 Preparation of t h e DNA probe.. . . . 46

2 .6 .2 Mobility shift assays . • • . . . . . 47

2 .7 UV crosslinking assays .. • •.. 48

2 .8 screening c OUll. expression library 49

2 .8.1 pre pa r ation of DNA probe . . . . . . 49

2 .8.2 Sc reeni ng eDNA 1 ibrary . • . . . . . 50

2 .9 Characterization of RPl eDNA clone. . . . 5 1

2.9 .1 preparation of RP1- I'-galactosidase

fusion protein. • . . . . . . . . . . • . 5 1

2 .9 .2 Sou th....estern-blot assays • . . .. S2

2 .9 .3 Total RNA preparation and Nor thern-

b lot assays .

Total RNA preparation.. .

• 54

54

2 .9 . 3.2 "garose gel e lectrophoresis of

RNA.. . . . . . . . ..•.• . . . •. 55

2 . 9 .3 .3 Transfer of RNA to nitrocellulose

membrane 55

2 .9 .3.4 Pr'ehybz Ld i z at. Lcn and

hybridization. . . • . . • . . 56

2 . 9 . 4 cONA sequence an a lysis . . . . .• 57

CHAPTER 3 RESULTS . . . . • . . . . • . . . . .. 58

3. 1 Effec t of pentanucleotide (pe nta) repeat

sequence on JCV promoter-enhancer activity . . • 58

3 . 2 DNA-protein interaction i n mobility shift

a s s a y s . . . • . .

vii

• 65



3 .3 Ana lys is fo r interac t i on of penta r epeat

mot if b inding p r ot e i n with T an tigen . •.. . . . 66

3 . 4 Identification of t he pe nta sequence binding

facto r by UV crosslinking . . . . . . . . . • . • 7 6

3 .5 I s o l at i on a nd characterization fo r RPI eDNA,

pen t a e lement binding f ac t o r • • • . • . • 7 6

3.5 . 1 screen i ng of cDNA axp r-as s Lc n lib r a r y . 77

3 .5 .2 Cel l specificity and Norther n-blot

assays. . . . . . . . . . . • . . • . . . 78

3 .5 .3 DNA binding analysis . • • • . • • 8 1

3.5.4 DNA sequence analysis of RP I cDNA

t o characterize the protein . . . . . . . . 88

3 .5. 5 .In Y.1Y..a. assays o f repression by RP1

eDNA of J CV ea r ly gene expression . . . . . 89

CHAPTER 4 DI S CUS S I ON AND FUTURE DIRECTIONS . • • 9 6

4 . 1 Effect of penta repeat mot i f s on JCV

promot er-enhancer 1n Y.iY.Q ac tivity . • . • • . • 96

4 . 2 .In Y.i.tz:g b i nding activity of penta r epe a t

motif . . . . . . . . . . . . . . . . . . . . . . . 100

4 .3 RP I protein repression o f JCV ea r ly expression

and comp a r ison with other penta repeat mot if-binding

factors .. . . . . . . . . • • • • • . . • . • .104

4 . 4 Significance of RP 1 putat ive zinc finger mot ifs

••• •• . • • •••• • • • • • •• •• •• 108

4 . 5 Me ch an i s m o f r-equ Lat.Lon of JCV ge ne exp ression

vii i



by RPl and pe nta repeat motif

EFER ENCES • . • • • • . . • • . • •

ix

110

11 7



LIST OF FI GURES

Pag e

Figure 1. Genome o f J CV MadI s train . . . . . . • • . 19

Figure 2 . Diagram of wild t ype a nd mut ated JCV sequences

in expre ssion pla s mids . . . . . . . • . . 6 0

Figure 3. Ef f e ct o f mutations on in Y..iY..c: activi t y of JCV

penta nuc leotide r e pea t moti f in gl ial cells . 62

Figure 4 . In Y.i.t.r.a b in ding of PI9 RA g lial c ell facto r s

with pentanucle ot i de repea t motif o f J CV . 68

Figure 5. In iliJ:.a. b indi n g of U8 7 g lia l cell a nd

DMSO-differentiated PI9 cell factors wi t h

pe nt a nuc l e otide r e pea t mot if of J CV. . • . 70

Figure 6 . In Y.i.t.r.a b i nding o f RA P I9 g lia l cell a n d

UD P I9 cell pr ote in s wi th penta r epeat motif

o f J CV • • . . . . . • . • . . . . . . . . 72

F ig ure 7. In .Y..i.t.l:Q b i ndi ng of PI 9 RA c e ll factor s wi th

penti , - nuc1t~otide r e pe a t moti f of JCV i n

presence of T ant i gen • . . . . . • . • . • 74

Figure 8 . UV c ro s s:t i nking t o identify and determi n e

size of the prot eins b inding to pen ta r epeat

mot i f of JCV . • . • . • • . . . . . . • . . 79

F i gu r e 9 . s pecific binding of RPI r ec omb inant clon e t o

penta z-e p e-a t; motif . . . . . . . . . . • . 82

Figure 10 . Northern blot a na l ysis of RPI express i on i n



glia l and nonglia l cells . . . . .•. . .• 84

Figure 11. DNA. binding ac tivit y of RP1 . . . . . . . . 86

Fi gu re 12 . RP1 eDNA sequence and predicted RPl protein

sequence . . . . . . . . . . . . . . . . . . 9 1

Figure 13 . Effect of RP1 on J CV gene expression .in

~ • • • • •• ••• • • • ••• • •• • • 9 4

Figu re 14 . Proposed mec hani sm of penta repeat motif-RP1

interaction for r egulation o f JCV early gene

e xpress ion . . . . . . . . . . . • • . . . 112

xi



LIST OF ABBREVIATIONS

a -HEM '" Alpha modification of Eagle's medium

AIDS .. Acquired immunodeficiency syndrome

API "" Activator protein I

ATF Adenosine triphosphate

BBS .. BES(N,N-bis{ 2 -hydroxyethyll -2 -amino-

ethane-sulfonic acid) buffered saline

BKV BK virus

bp '" Base pairs

BRL .. Bethesda Research Laboratories

CAT "" Chloramphenicol acetyl transferase

cDNA Complementary deoxyr ibonucleic acid

CMV Cytomegalovirus

cpm '" Counts pcr minute

CTC .. carboxyl terminal domain

CTF .. CAAT transcription f actor

DAB DNA-TFIIA-T FIIB complex

DMEM .. Dulbecco's modified Eagle medium

DMSO DimethylsUlfoxide

DNA '" Deoxyribonucleic acid

DNas e I necxyr ibonccteese I

OTT .. Dithiothreitol

EC Embryonal carcinoma

EDTA .. Ethylenediaminetetraacet ic acid

EGTA Ethylene glycol - bis -(,[l -aminoethyl ether) N, N'-

xii



tetraacetic acid

PCS .. Fetal ca lf serum

p- g a l (3- galac t osida s e

GTF '" General transcription factor

GRE .. Glucocort ic oid respo nse element

HER Human embryonic ki d ne y cells

Hep es '" H-( 2~hydroxyethy l )-1. -piperzinuthanesulfonic acid

HIV '" Hu man immunode f iciency virus

IIJ"C Hamster feta l g lial cell s

HLH '" a - He lix - loop-a- hel i x moti f

HTH '" a - Helix - t urn-a- he l ix motif

Ig Immunog lobulin

IgH '" I mmunog l o bulin Heav y chain gene

I PTG .. Isopropyl-l ~thio~p-D-galactopyranoside

JCV JC virus

JCV r. J C vi r us early pr omoter -enhancer

J CVL - J C v irus l ate p r omo t e r- enh a ncer

kDa Ki lodal tons

MOPS 3- (N-mOrpholino) pr o pa nes u l f oni c acid

mRNA '" Mes senger ribonucleic acid

NFl. Nuc lear fact or I

NP-40 Nonidet P -4 0

nt Nucleotide

ORF Ope n reading f ram e

PAGE .. Po lyacrylamide gel e l ect r o p hor es i s

xiii



PBS ... Phosphate b uffered s a line

peR Polymer ase chai n reaction

Penta "" Pentanucleotide AGGGA sequence

PHFG primary human fetal glial cells

PML "'" Progressive multifoca l l euk o e nceph a l opa t h y

PMSF Phe nylmethylsulfonyl fluoride

Pol Pol ymerase

pRb Ret inoblas toma gene p rotein

RA Retinoic acid

Rb Ret i noblastoma gene

RNA ... Ribonucleic acid

RPI Repressor protein 1

rpm "" Revolutions per mi nut e

RSV Rous sarcoma vi rus

SD Standard deviation

SDS ... sodium dod ecyl sulfate

Spl Specifi city pro tein 1

sse Sod ium ch lor id and sodium cit rate buffe r

SV40 simian virus 40

t an t igen = Smal l tumour an t igen

T ant igen = Large tumo u r an t igen

TAF ... TBP assoc iated factor

TBP TATA box bindi ng protein

TBS Tris buffered s aline

TFII '"" Tra nscript ion f a c t or for Pol II

dv



TLC = Thin laye r chr o matog raphy

UD .. Undif f e r e ntiated

USA Ups tream fac to r stimu lator a cti vity

UTR z:: Unt r anslated region

UV = Ul t raviol et

'i B- 1 v-aee bindi ng prote i n 1

Y'l l .. 'i':'ng-yang 1 t r ans cript i on f a ct or



CHAPTER 1

INTRODUCTI ON

JC virus (JCV) , the etiologic agent of progressive

multi focal l eukoe n cephalo pat hy (PML). is one of the human

v I rusee tha t can cause tumours in o ther a nimals . Recently.

PML has bee n frequently ider,tified as a complication of AIDS.

Howeve r , the studies of JCV have been hindered by the

difficUlty of growing t he virus in cUlture and i n animals, due

t o its strict restrict ion to g11al cells of brain o rigin .

studies by the research group of Kha lili have shown that the

strict glial specHic:ity of JCV is regulated at the

t r ansc riptio n a l level. SUbsequent s tudies h ave focused main ly

o n the transcriptional r e gUlat i on of JCV t hat conferred the

cell specificity of JCV.

1.1 Mechanism o't transcription

Knowledge of prote in-encoding gene transcription i n

e u karyotes by RNI\. p o l ymer a s e II (RNAPII) ha s bee n intensively

incr ea s ed in the laf;t decade . especial ly in the a rea of

t r anscription i ni tiation . Transcr iption init iation is a

mUlti-step p r oces s i nvolving severa l basal transcription

f actors . T h ese f actors assemble t o form a mUlti-pr otein

comp l ex on the promoter-enhancer reg ion, t he central part of



t r a nscr i p tion al regulation . Because i ts na ture i s comp l ex ,

the intricate protein-p rotein interactions of t his machinQry

provide a fi ne-tuning system suc h that gene e x pression can be

e laborately r e gulate d . T hr ough t h i s mac h i ner y , sequence

specific t rans c r ipt i o n tac t o r s can sel e c t genes to t u r n o n or

t urn of f at t he start si t e of transcr iption . In t he following

sections , I wil l briefly s ummarize t his transcription ays tem.

1. 1 . 1 Pr o mot.e rs and enhance r s

Promo t ers have been defined as DNA s eque n c es abou t 15 to

35 bp up fr om the i n itiat i o n s i te . These sequences functi on

as t rans c ript ion sig na l s t o whic h basa l t ranscriptio n fa c tors

and RNA PII can bind and i nit iate mRNA synthes i s (Zawel an d

Rei nberg , 1993) . Two ki nds of promote rs have been identified .

One has t he TATA box \l ith o r without the i ni t i a to r (Inr) a nd

the other has only t he rnr , one o r bot h ele ments a re present

in all prote in coding ge nes and form min i mal promoters .

Ei t h er of t he m can f orm tran sc r i ption i ni t i a t i on compl exes

(bas ic t r anscr i ption machinery) with RNAPII and t he genera l

t.r a nscription factors (GTFs ) to start ba s al transcript ion . I n

contrast , enha ncers a re element.s with different sequences at

va r iable d ista nces :from the in1 tiation site and t hey are

r e cogni z ed by sequence spec ific DNA binding p r ot ei n s. I t i s

t h rough i nte ractions with these enhancer ele ments that

t ranscrip tion act ivators or r epres s ors r e gUlate transcript ion



act i v i ty . The c ombina tion of promote rs a n d enhancers provide s

the specif i c cha racteris t ic s of gen e exp re ssio n con t rol .

1. 1 ~2 Rll'A polymerase II

RNAPII t r ans c ribes t he class I I ge nes of t he eUka ryot ic

sys t em and is ' mul ti - subuni t c ompl e x . I n MeLa cells, RNAP I I

conta ins 1 0 subu n i ts with mo l ec ul a r we i g hts r anging froll 240

to 10 kDa. The l a rqes t subun i t ot eukaryotic RNAPII cont a ins

a unique carboxy l t ermi na l do main (CTD) that is not pre s ent i n

prokaryotic RNAP and e u ka rv o e Ie RNAPI a n d RNAP UI. Th i s e -re

cont a i ns mUl t iple cons e nsus s e quenc e rep eat s that are r i ch in

ser i n e a n d threonine r e s id ue s lin d ca n be hig h l y

phos p ho ry ldted. The CTD of RNAPU c a n b i n d to DNA by

inte r calat i ng into DNA non specl f i c ally t o s t ren g t h en the

bi nd i ng of RNAPI I and the s t a b ility of t he ini t i a tion c Ollpl e x .

CTD a lso has be en su gge s ted t o mediat e t ranscr ip tion

activation of t h e uplit r eall r e g ul at o ra ba s ed on Ga14-de le tion

Dut a n t s compl e me ntation expeetmenee , The redundant

hept a pept i d e r e peat motifs present I n CTD lIay a ct by

"int e r a cting with t he act iva t i o n doma i ns of some transcript ion

facto rs . In this way . RHAPII coul d be a ccurately pos i tion ed

in t he promoter r e gi on and start transcription f rom a de flnad

s ite by interacting wi th other GTf's .

1.1 .3 Gen e r al t ra nscription f ac t ors u d transcri ption



in i ti ation co mplex

For t h e transcription of e Ukaryotic protein coding genes,

about 20 p r o t eins need t o assemble at t he promoter region to

sta r t the transcription i ni t i a t i on i n add i tion t o RNAPII .

These prot e i ns are GTFs, including TFIID, l I B, I IA , tIE , IIF ,

IIH a nd the ir associated factors .

TF II D i s the only GTF tha t can specif ically bind to TATA

containing promoters of t he class II genes. Recent s tudies

have shown t hat T FII D i s composed of a TATA-bindi ng prot e in

(TBP) and TBP-associa ted factors (TAFs) (Gil l and Tj ian ,

1992) . TBP is a eukaryotic protein t hat i s high l y conse rved ,

espec i a lly i n th e c arboxyl - t ermi nal half o f th is prote i n that

b i nds to t he minor groove of the TATA el ement (Klug .e..t .al. ,

1993) . This bind i ng is t he fi rst step i n the form ation of the

initia t ion c omple x . The amino- t ermi na l doma in o f TBP, o n the

othe r h and, i s hi g hlY dd-verq ent; and forms the out e r sur face o f

t he prot ei n th at is access i b le for interaction with other

t ranscriptio n fac tors . In in Y.it.r.g expe riments , TBP c a n be

sepa rated f rom TAFs and supports basa l t r anscript ion , but not

ac tiv a ted tran scr i ption . However, the a dd i tion of pu rif ied

TAFs c a n fu l ly restor e the activation r esponse , suggesting

t hat T AFs may act a s co activators or adap tors .

The human TFI IB is a 34.8 k Da protein . This protein can

d i rectly bi nd t o the T BP-DNA comp lex or DNA- TFIIA - TFIIB

c omplex (DAB complex). TFIIB i s a lso require d to r e cru i t



RNAPII and TFII F and t o form t he OAB- RNAPII-TFIIF (OAB­

RNAPI IF) comp le x . TFI I B ha s t wo s truc tur al d oadns t hat

correspond t o its f unct i on : An amino -termi nal pu tative zinc­

finge r dOllai n with RNAPII r ecruiti ng activity and a ca r b oxy l ­

t e rminal doma i n t h at can bind to the TBP-DNA cOlllplex (Ha e.t.

.a.l., 19 93 : and 8uratowski at al . , 1994) . I n one case , TFIIB

an d RNA polymerase II a lone ca n d i re c t basa l t r a n s cript i on on

a supezoc i.Led template DNA in t he presence of Yin-Yang 1

transcription fac tor (Usheva and Shenk, 199 4 ) . Recent s tudies

ha ve suggeste d t hat TFIIB may play a n important r ol e i n t he

interaction betwe en the i nitiation complex and upstream

a ctivators .

TFIIF conta ins t wo s ubun:l.t s wit h molecular weights of 30

and 74 xne , al so known a s RAPJ O and RAP74. Thi s fa c t o r ca n

inter a c t wi t h RNAPI I in t he a b s ence of other factors or DNA ,

suggest ing tha t TFIIF is critical in r ec ruitment of RNAPII to

the assembling in i tiation comp l ex . Th e rec ruibnen t i s carried

out by i t s small subunit v ia an i nte r action wi th TFII B (Flores

.e.t iil ., 1991 ; and Ha c.t AJ.., 1993) . TFIIF al s o can aff ect

transcription elongation that requires both subun i t s of TFII F.

Stud i es have showed t ha t the ect t v dt -Les o f TFIID, TFIIB an d

TFIIF a re en o ugh to r ecruit RNAPII t o form a s t ab l e initiation

complex and t o s t a r t transcription . This s t ab l e in i tiation

c ompl e x was called minima l i ni t i ation co mpl ex or p r ein i t i a tion

co mpl ex . In the case or transcription or the immunogl obulin



heavy che tn (IgH) gene in ilil;:Q , Parvin and Sharp (1993) foun d

t hat T FUF was not re qu ired fQ r the I gH basal t r anscripti on,

p rovidIng that t h e DNA t emplate was negatively supe rcoiled .

TFIIE is a t etramer af two subu n i ts enc oded by two ge nes .

It enters the init iation complex a f t er the a s s ociation of

RNAPI I/TFIIF wit h t he DAB complex. The entr ance of TFI IE may

be mediat ed , in part, b y directly i nte ract ing with RNAPIr,

TBP, T FIIF a nd TFI I H. The entra nce o f TFI IE is ne ces s ary fo r

the s Ubsequen t i nc o rpor a t i on of TFIIH into t he complex ( Fl ore s

.e..t li. , 1991) .

TF IIH i s t he l ast ba s al tra nscript i on f act or in cor porated

i nto the pr e ini tiation complex t o form the c ompl e te i ni t iation

compl ex . It is a mu l ti-s u bunit pro tein and poeeeesea

helicas e , ATPa se a nd CTD kinase ac t ivities . Th erefore , t h e

b in ding of T FII H t o t he in i t iatio n comp lex will probably

p hosphorylate t he carb o x yl -terminal r epetitive sequ e nce o f

RNAPII. However , TFIIH i s not r equired in all r e consti t ut ed

ba sal transcrip t ion sys tems . Goodrich an d Tj i a n (199 4 ) use d

a n abortive i nitiat i on assay to s e pa r a te ea r ly and l ate

initia t ion a nd showed that TFIIB, TFI I F and RNAPI I can

i nitiate mRNA synt hes is . TFII E , TFI I H and ATP were r equired

t o produce longer t rans c r i pt s. This result su g ge st e d tha t

TFIIE and T FIIH may p lay a r ol e i n p romoter cl e a rance,

c onve r ting a n i ni t i atio n comp lex t o an e longation co mplex .

Inter e sti ngly, TF'I IH a lso ha s been shown to fun ction i n



nucleo tide excision repair of DNA and t h e refo r e, c ouples

t ranscription and replic<:ition (Drapkin II .a..,l ., 1994 ) .

1 . 1 . f Se que nce s pec ifio transcription :ractors

In addition to basa l transcript ion factors, there are

o t her transcription factors regu lating transcri ption . T hese

additiona l t r an scription fact ors c a n be cl a ssified as

act iva tors or r epr e s sors o f transcr iption . By interacting

with DN"A i n a eequence-epecfrfc mann er, t hose tactorsregulate

genA exp ression, and thus cell d i f fe re n t iat i o n andce ll growt h

(Pabo and Sauer, 19 9 2) . To exert the above funct ions, a

transcription factor usually containsaspecifi c DNA binding

doma i n, a mul timerization domain (either a homo- or he-cere­

domain) an d a t r ans c r i ptio n act i v ation domain .

To regulate transcription , the fi rst step i s t he bi n ding

of an ac tivator or r e p ress o r t o DNA in a specific way through

i ts DNA binding domain. Unti l now, edx families of DNA­

bindi ng prote ins h a ve b e en identi f ied according to t he

s t ructure of t heir DNA binding doma in . The first DNA binding

motif identified was c -hei Lx-tuen - o-het L x (HT H). In additi on

to t he mUltimerization and activation domains , the p r ot ei n s of

t his fami ly usually contain an a - h e lix, a t urn and a second a­

helix i n the carboxyl -terminal, such as seen in E . coli CAP

protein and e ro pr o tein . The h omeod o main is another DNA

binding motif ex i s t in g i n a large f amily of eukaryotic



regulatory proteins. Thls domain is usual ly a s t r etch of 60

am ino acids that also contains an HTH mot i f. However . the

homeodo :main can bi nd to DNA independe n t ly. 'NO examples are

Dr osophila Antp and oct-a t r anscri ption factors (Scott & .al.,

1 9 89) . The zinc finger is a major structura l Il',otif for

p rotein -DNA int er a c t ion first identified in transcription

factor I II A (TFII IA) tha t part icipates in the t ranscrip tion

initiation of class III genes . Later ~ it was found that the

zinc fi nger is wide ly dis t ributed i n t ranscription facto rs of

e u xeryceIc organisms . Zinc finger p roteins, such as GaU ,

TFIIIA, YY1, usually contain sequence of Cys-X;.~~Cys-X\;-His-Xr

~ -H is i n 30 res idue repeats in t andem . Later s tudies have

extended this definition to any sequence mot i f s wi th a set of

cysteine or hist id ine residues c l.ustered in a s hort

polypeptide chain. I n tll is polypeptide chain, two cysteines

and two h i stidines o r cysce Ines coordinate a central zi nc ion

to form a erne finger and b i nd t h e rna j or groove of DNA (Pabo

a nd Saue r. 1993 ; Rhodes and Klug . 1993) .

Leucine zippe r proteins belong to another family of

tra nscr ipt ion factors wI t h the characteristic of fo rming

d i mers , either homod i mers o r he terodi:mers. The DNA binding

do main i s composed of t wo dist inct subdomains in a short

peptide of 60 -80 residues : a l eucin e zipper region for

dirneri zat i on and a basic region for DNA b i nd i n g . The typical

example o f this fami ly is API pro te ins formed by a J un a n d a



res protein . Similar to leucine zipper proteins, the proteins

of the he lix-loop-he l i x (HLH) family also have a DNA b i nding

basic r eg i on and a d i me r formation region composed of an 0'­

helix, a l oop and a second a - hel i x . An example is HyoO

(Benezra .at al ., 1990; Pabo, 1992) . Both types of proteins

a re playi ng important roles during differentiat ion and

development . Furthermore , both types can function t hrough t he

format ion of he terodimers or homodime rs .

The a-sneet. or l3-ribbon is another DNA binding motif that

exists in some prokaryotic proteins, such as MetJ, Arc and Mnt

repressors . Through the formation of two anti-parallel (3­

sheets , these proteins can symmetrically match t he double­

he lic a l DNA and stably bind to a specific site (Kim , 1992) .

There are other DNA binding motifs in other DNA binding

proteins, l i ke t he rc u domain and ccac motif . Uowever , t heir

struc tures are not as c lear as the above domains and wil l not

be discussed he re.

In cont rast to t he DNA binding domain , the structure of

t he ac tivation domain i s poorly understood. Several types of

activation domains have been identified and are defined as

acidic , g lutamine rich and proline rich domains . Different

c lasses of activation domain do not interact with the same

target. For examp le, glutamine-rich and acidic r i c h

ac tivators a re functionally distinct. By mutagenesis

exper imen ts , Gill ~.ill. (1994) found that the most important
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amino acid r es i due responsible fo r activation i s not t h e

glu tamine or the acidic amino acid in those motifs . I n some

prot eins , hy drophobic r e s i du e s are important for activation ,

suggesting that those transcription factors activate

transcription through hydr oph ob i c forces . These kinds of weak

forces co uld a llow activators t o co ntact mUltiple t a r ge t s and

f orm more s table complexes . The i r a ct i v at i o n doma ins showed

no seconda ry struc ture when isolated . Thus, when act i va tors

i nteract specifically with other factors , they may undergo a

conformation change to form a specific t h r e e - d i mens i onal

s tructure ("induced fit " ) , providing flexibili ty in t he

protein-protein i nteraction .

To r-equ Lat.e t r a ns c r i pt i on , sequence-specific

t r an s c r i pt i on factor first binds to DNA and the n re gulates

transcription through protei n-protein interactions. Some

au xilia r y factors , a lso called accessory proteins, are

required in the function o f t he sequence speci fic

t r a ns c r i pt i on factors . These aUXilia ry factors might ac t

positively or negatively i n r eg Ul a t i ng basa l t r an s cr i pt i on ,

suggesting t hat t h e s e factors act in a muLt.Lpje protein­

prote in interact ion manner . Suc h interactions would affect

the f un ct i on of t he sequence specific fac tor t hat binds the

DNA.

The most obvious targets of t hese sequence-spec i fic

t r a ns cription factors a re basa l transcription f actors . In
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1990 , s t ringe r .c.t. li. fi rst identified s uc h an i n t e r a c tion

be tween the TBP end the acidic activation doma i n o f VP1 6 .

sinc e then , . a ny ot he r f a ctor s have been found to bind to TOP .

subsequent s tudies fo und t hat other ba sal t r a ns c r i pt i on

f actor s , s uch as TFIIA, TF I IB , Tr I l E , TF I I F a nd TFIIH, a lso

cou l d be t he t arg et s of ac tiv a t o r s. For ex ample, Li n a nd

Green ( 1991 ) found t hat VP1 6 c a n bind to TrUD.

1 . 1 .5 COllctiva tors and o t h e r fac tor s

I n 19 90, Pug h a nd Tjtan f ou nd that on l y part ially

pu rifi ed Tr U D, bu t not TBP. c ou ld su ppo r t activated

transcription . suggest i ng t h a t t he interact.ion be t we en

ac t i va t or s and basal t r a ns c ript i on f actors i s no t SUfficient .

Other f actors present i n the part i ally purified TFU D are also

requ i red for the activation . The find ing of t h at TFIID is

c omp os e d o f TBP and TAFs i ndic ates t h at the TAFs ma y a c t a s

coac t i v a t o rs linki ng the activation do main o f t he sequence ­

s peci f i c activator wi t h t he GTFs of the trans c r ipt i o n

init iat i on c omplex . These TAFs may also f uncti on to stabilize

t he b ind i ng o f TBP t o t he TATA box (Lewin, 1990 ) . Because

t he re are a t l ea s t e igh t human TAFs (2 50, 150, 11 0, 80 , 60,

40 , 30a , 30B ) , dii f erent TAFs ma y intera c t wi t h d lt f e r e nt

tra nscripti on act i va tors o r r e pr e s s or s . Suc h int e r act i ons

have be en sho....n by Hoey iU; ill. (1 99 3) a nd Gill e.t. .a,.l. ( 1992 ) .

Th ey found that t he g lutamine- rich d omai n of TAF II U O an d



12

activation doma i n o f SPl cou l d i nt e ract dire c tly. This

interaction directly corresponds to the t ranscription

activity. Mo r eov er, the acti va tion d omain o f VP16 was also

found to i nteract with TAFI I4 0 . Furthermore , the dis ruption

of this interaction ab olis he d act ivat ed transcription but not

ba sal transcription (Goodrich n al . • 1993 ) . These studies

strongly de monstrated that TAFs functioning

coa c t i vator s in the z-equLat Lon o f trans cription . By using a

temperature s ens i tive TAF mutant and ac tivators SPI and Ga14­

VP16 fus ion pr ot ein, Wang an d Tjian ( 1994 ) d emonstrat ed that

while the bas a l trans cription in i t iation complex ca n be s tabl y

r ec ons t i t u t ed a nd functioning without TAFs , TBP- TAFs complexes

are essential for activated t ranscr ipt ion . Th ey s ugg est e d

that these fa ctors , GTFs, TAFs and activators , may function at

different t imes du ring t he process of initiation a nd

transcription .

othe r protein- prot e in inte r act i ons a l so play an important

role in tOegulation of t r an scription , s uc h a s the interactions

between different sequ ence -spe c if i c transcription factors .

One example i s the interaction between the transcription

r egUl a tor YYl and o-nyc . YYl has been de monstrated t o be an

activator for transcription , a transcript iona l r epressor or a

transcriptiona l initiator , de pe nd in g on the context in

d ifferent promoters. Us i ng the ye as t two -hybrid system ,

Shrlvastava ~ .a.l . (1 993 ) fo und that YYl c ou l d i nt e r act
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d irec tly wit h c -myc , The associ a t io n of c -nyc wi th YO'l l c ould

inhibit both ac tivat i on a nd r e pre ssion f unc t i ons of '{flo I t

has be e n known that Y'l i r egulate s many tra ns cription factors ,

including c- myc , and c -nyo c ou l d negat iv e ly aut oregul ate c-uyc

gene transcript i on . There fo re , c -myc may regula te i t s own

trans cription by associat ing with 'Cit . In an othe r example ,

tran scri ption f a c t or ElA c ould relieve t he repression o f 'lYl

through direct interactio n , mcdu lating 'l'l l 's ac t i va t ion (Shi

at al.. 1991 ) .

1. 2 JCV human papovavirus

1 .2 .1 General features of JCV

J CV bel ongs t o t he polyomav i ruses sUbfamily of t he

papcwavir idae f amily. The papovavlridae family is composed of

tw o SUbf amil ies, the pap i llomav i r us es and t he po l yomav i r us e s .

I wil l d iscuss on ly t he polyomav irus e s , to which JCV belongs .

The na me of the poly omav i rus e s is derived f rom ea r ly s tudies

showing that t he se virus es can produce tumo urs at mUltiple

s ites (steward .e..t. .ill., 1957). Late r , studies on t h i s

s ubfami ly an d the i solati on of d ifferent po l yo mav i rus e s were

well documented (Mel n ick .e..t. li ., 1974). Po1yomaviruses

i nc l ude mouse polyoma v i rus , s dnd an virus 40 (SV40) an d hu man

BK and JC viruses (BKV a nd JCV). They no not caus e t umours i n

t heir origina l h osts . Howev e r , t he y c a n cause t umours in

ex peri menta l animals a nd induce tra ns f o rmat i on i n cel l
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cul ture . Among t he s e viruses , SV40 i s t he most ex tensively

investigated virus . I n 19 60 , it was d i s c ove r ed i n polio

vaccine s made from rhesus monkey kidney cell cu l ture . Afte r

i nfection , t his v i r us can cause t umour s in newborn hams te rs .

BKV and ;ICV are human v i r uses which were isolated i n 19 71 and

were found t o be rela ted t o SV40 . Both v i r us e s are widely

distributed in the popu lation a nd infect hu mans in childhood .

po j.ycmavd ruaea have a dou b le stranded , c ovalently closed

circul ar DN1\ genome of about S, 00 0 bp a nd e n icosahedral

caps id . Due to the sma ll s ize o f thoi r qenomes, they r e l y

absolutely on ce llul ar machinery fo r t he i r replication a nd

tra ns c r i pt i on . Thus, polyomaviruses pr ovide a powerful system

to s t Ud y the cel lular processes o f DNA repl ication a nd RNA

transcription .

J CV is o ne of the wide ly distributed po lyomaviruses

p revalent i n the human popu la tion (Padge t t n li . , 1973) .

This virus is high ly oncogenic and is one of the human viruses

causi ng so lid tumours in animals (padgett.e..t,al., 1977; London

.et .a..l., 1978) . JCV was first isolated f rom the bra i n tissue

o f a pat i e nt with progressive multifocal leUkoe ncepha lopathy

(PML), a r are fa tal demyelinating brain disease usually linked

wi t h immunodeficient individuals (Padgett tl ,al . , 1976 ). PML

is charac terized by t he presence o f a l ar g e a rea of

demyelination i n t he b rain induced by JCV infection, mostly i n

an area of ol igodendrocytes . nue t o its co nsistent
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association wi th PML, JCV is be lieved to be the etiolog i c

agent of PML d i s e as e (Dorries, 1984) . Recent ly, PML emerged

as a frequent complication in AIDS patients . The infection of

brain t i s s ue s by JCV and the ability of tat protein of HIV to

activate JCV expression may explain this high incidence (Tada ,

~ aL , 1990) . Recently, JC virus a lso ha s bee n detected in

many hu ma n brain t i s su e s f r om patients without PML, in human

u r i ne a nd k idney t i s s ues (Arthur rl .ill., 1989; Cheaters .e..t.

ill . I 19 8 3 ; Whi te .e.t AJ.• • 19 9 2 ; and Kitamura tl ai . , 19 9 0 ).

JCV is a strictly huma n virus . The host range

restriction of the po lyomaviruses is exaggerated in JC virus.

Although it has been shown t o be oncogenic in various animals ,

no other a nimals have been shown to be a JC V r e s e r vo i r

(Padgett rl .il.l.., 1977 ) . Prima r y human fetal glia l (PHFG)

cells, Which were used for the i nitial isolation of JC vi rus,

remain t he majo r cel l type used to grow this v i r us. However,

the d i f f icul t i e s of obtaining and cUltivating these cells and

t heir mixed cell popUlation of astrocytes an d spongioblasts,

t he p r e c ur s or of ollgodendrocytes , prevented their genera l

use . Thus , the unava ilabil i t y of a convenient cell system has

bloc ke d the s tudies of JCV. Al though JCV has been found t o

produc t i vely infect the myelin producing Schwann cells of the

periphera l nervous system , the yields are very low a nd t he

viruses produced are defective (Assouline il ill . , 199 1) . Good

y ields of J C virus have a lso been obtained in human embryonic
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kidney (HEK) cells. However , the dist inct vi ra l p laques

c on tain o nly defective, complementing species of viral DNA

(Yashiike .at ill ., 19 8 2 ) .

Considerable efforts have been directed t owards finding

a more s uitable cel l system to overcome the disadvantages of

PHFG a nd other brain ce lls . Most approaches have followed the

method used t o derive COS cells by t r a nsfor mi ng monkey kidney

cells wi th an orJgin defective mutant of SV40 (Gluzman, 1981).

To derive a permissive cell line for JCV propagation, PHFG

cells were trans formed by origin defective mutants of SV40 o r

JCV t o establish SVG, cPOS a nd POJ cell lines (Lynch .e..t .a..l••

1991; Major et .al ., 1985: and Mandl .e..t. al . , 19B7) . These

t hr e e cell lines are permissive for ncnde feot Ive JCV and

support ONA replication of JCV T antigen mutants and JCV

orig i n containing p La smfda , POJ cells a lso had i ncre a s e s i n

t he durat ion of lytic cycle and time of the peak virus

production. Although several such drawbacks s t ill existed ,

Lnc Lud.inq recombination between integrated genomes causing

complications and generating altered virus, t h e s e t hr e e l i n e s

a ll hav e great ly facilita ted the unde rstand ing of J CV a nd

offe r ed an impo r t ant a l ternative for the studies of JCV.

1 . 2 . 2 Genome of JC V

1 .2 .2 . 1 Early a nd late co ding region of J CV

The g enome o f po lyomaviruses contain DNA o f ap proximate ly
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5 ,000 bp , This DNA is a doub l e s t randed , covalently linked

circu l a r DNA mol e cul e . Because the v i r a l i nf ecti on cycle is

divid ed into early and lat e s t ages co rresponding to the

pa tte r n of g ene ex pre s s I on , the vi ral ge no me is al so divid ed

i nto the ea r ly a nd late r eq i on s .

In the early stage o f infection , po lyomav l ruses p r od uc e

p r ot e i ns called t umou r a ntige ns . The se prot eins e ncoded i n

t he early r e g i on are d iffe r ent in size and are named l a r g e T ,

mid d l e T a n d smal l t a nt i gens . Beca use t heir c oding r e g i on s

are over l ap p i ng , t hese proteIns are most probab l y p ro duc ed by

a l t e r na te s plic ing. Howev e r , o nl y l arge T a nd sma ll t

ant i g e ns hav e be e n i de ntif ied i n JCV .

In the l ate s tage o f infection , polyollav i r us es prod uc e

caps i d proteins frOID t he late region ot the J CV genome na med

VP1 , VP2 an d VP3 . Bec ause th e coding sequences o f VP2 and VP3

a re ov e rla pping , VPJ ha s been conside red a s a sUbset of VP2 .

SV40 a nd the related viruses, BKV an d JCV , en cod e anothe r

prot ein i n t he l e ader r egion of lat e mRNA. Si nc e t he funct ion

of this p r ot ein i s still unknown , i t h a s be e n named t he

agnop r otein (Eckh art, 1990 ) . JCV is one o f t he polyomaviruses

f a mily membe rs a n d i t s g enome (Fig . 1 ) is ve r y s i mila r to

other membe r s s uc h as SV40 and BKV ( Fr isqu e .et .al •• 19 84) .

1 .2.2 .2 Regulatory r egion tor J CV ge ne expression

Betwe en the ear l y and l a t e co ding regi ons, there is a n
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untranscrlbed 393 bp region spanning nuoae ct Ide positions (nt)

5112 -276 . This region contains t h e origin of replication

(core ori), r ep l i cat i on control elements and two c lasses of

t r a ns cri p t i onal e lements: promoters and e nhancers .

Tra nscription proceeds bidirectional ly from sites near control

elements (Fig . 1) . In contrast with papi llomaviruses, which

transcribes from a single strand in one direct ion ,

polyomavlruses transcribe f rom both strands of DNA in

different orientations: ea rly mRNA from one strand and late

mRNA from the other strand (Frisque itl. ill., 1984) .



rs

Fiq. 1. Geno ae of JCV Madl strain

The top open boxes a r e t he t wo 98 bp repeats of t he J CV

con t r ol reqion . Open boxes on the right s i de a re ope n r ead i ng

frames (ORFs) e ncoding t he late proteins : agn optoteln , VPl,

VP2 , and VP3 . On the left side, the op e n boxes shov ORrs

encodinq ea r ly p r ote i ns : l ar ge t umour and smal l tumour an tigen

(T and t , r e s pe c t i v e l y ). The dashed lined represent the

rellain ing early a nd late t ranscr i p ts . The numbers i nd i c at e

the nucleotide po s i t i on . The dra....i ng is modified f r om Frisque

e.t. 4l., 1984 .
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Compari n g the sequences of JCV, BKV a nd SV40 . it

found that t he replication origin {including T antigen binding

sitel was t h e most conserved (82 11 and the t ranscriptional

element sequences were the least c onserved (521). In SV40.

t he n e nc oding region contains six copIes of the GC r i ch

binding s ite for the tran sc ript i on facto r , SPI . and t ....o 72 bp

t a nd e m r '!peats . Unlike BKV a nd SV40 , the JCV TATA box is

dup licat ed i n t he t wo 98 bp t an dem repeats . These t wo 98 bp

repeats also co nta in mUlt i ple ce llular transcr i pt ion r e ce e r

binding sites . Moreover , the SPI site of BKV and SV40 is not

pz-ee arrt; I n the JC V Madl stra i n r e gu l ator y r eg i on .

Fur thermore , unlike fo r BKV and SV40. the propagation of JCV

I s s t r i c t l y r estri c t e d to glial cells . As the promoter­

enhancer region i s t he least con served region among t he se

three viruses, it has been suggested t ha t the regulatory

reg ion of ;ICY i s responsible fo r i ts cell and tissue

specificity (Kenney e..t 4.1. , 1 9 8 4 ) .

The in i t i a lly igo lat ed JCY c onta in ing duplicated TATA

sequences ha s been cal led the Had l p rototype strain which was

first isol ated I n Madison , WI. (Hartin Jlt Al . • 1985) . Later

s t ud i es had s hown t hat many JCV variant strains exist

(Grin ne ll at a,l •• 1983) . Diffe r ent variants were r e c overe d

f rom the brain 1GB/B ) and k id ney (GS/K) tissue o f a s In gle PML

pat i ent by Dor ries (Dorries, 1984 ). Res u l ts s h owed t ha t

although the vira l DNA isolated from one orga n was the same in
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s ize, the vi ra l DNA from the brain and kidney tissues d iffered

by abo ut 120 nucleotides . Detailed examination of vi ral DNA

sequence revea led on ly one minor difference in t he i r coding

region . All t he other variat ions were in the regulatory

regions (Loeber and Dorries , 1988) . The moat; significant

d i ffere nc e was t ha t the GS/R genome co ntains on ly one tandem

repeat containing the TATA box and the GS/B genome co ntains

two tandem repeats. In a not he r study, only one regu lato ry

r eg i on was found in the JCV DNA from urine of nor mal people.

This single r egul a t or y reg ion of J CV was identical to that of

GS/K (Yoga es .ill ., 199 0 ) . Thus , it was suggested that the JCV

of GS/K strain represents the archetype strain of JCV a nd t h e

prototype strain f rom t he brain, represented by Madl , might

have evolved through regulatory region recombination and

duplication of t he GS/K strain. This additional p r omot er­

enhancer element could explain t he higher propagation and

e xpression of JCV prototype strain Madl in brain cells

compa red with the low propagation of t he archetype strain of

JCV i n kidney cells . However, it is a lso possible t hat GS/K

s trains were derived from G5/B by the loss of one copy of

t an dem r epe at ('ioshiike tl Al. ., 19 8 2 ) . This discrepancy

awaits further investigation to determine Whether these

changes arc due to the adaptlon of JCV to propagate i n brain

cells.
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1.2.3 JCV proteins

1 .2.3 .1 Early prote ins

Polyolllavirus earl y gene exp ress ion produces three T

antigens t h rough splicing f ro m a single early mRNA molecule .

Af t e r be i ng synthesized i n the cytop las m, these an tigens a re

d i s t r i but ed to d i ffere nt cel lula r po sitions . Among them,

l arg e T an t igen mainl y fu nctions in t he nu c leus t o part i c ipate

i n v i r a l DNA r ep lic a tion an d gene ex press ion. Ami no ac i d

sequ e n ce ana lys i s h a s f oun d t hi!llt SV40 T an t igen c onta ins a

nuc l ear l oc at i on s ignal . When a t tached to t he o t her prot e ins ,

th i s s I gnal can d i r e c t t hos e p r ote i ns t o the nuc l eu s .

Large T a ntigen of t he po lyomav i ruses is a mult i -function

prote i n . First , i t can activate cellular ge n e expression by

b i nd i ng t o t h e promoter-enhancer region of ce l l u l a r ge ne s and

d i r ectl y interacting wi t h mu l t i p l e f actors i n the

t r anscription complex (Lane ~ a.l . , 1985 : and Gruda .e..t al . •

1993) . The se ge nes usually e ncode prote ins regulating

cellular DNA r eplic a t i on a nd the cell cy cle . Thus , their

ex pression c ould fac ili ta te the r epl i cati on of vi r uses an d

vi ra l gene ex pres sion . Sec o nd , T antigen c a n sp ecifically

b i nd t o v i ra l DNA in t he v icin i t y of replication origin and

i ni t iat e r epl i cat i on . A s i ngle ami no acid cha n ge can di s r upt

t hi s f unc t i on (Man os II ill., 1 9 .;:; ) . Third , e xtensiv e s t udies

o f l arge T a ntigens o f pol yoma virus es a nd SV40 hav e s hown

t hat l arg e T antigens ha ve ATPltse activity . Four th, SV40
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large T antigen ha s helicase a ct i v i t y r equired f or vira l DNA

r eplic a tion (S tahl .et. ill . • 1986) . Fif th, s t ud i e s a lso showed

t ha t t h e alllino- terlllinal r eg i on of T antigen ca n a cti vate

cellul a r DNA an d rIbosomal RNA synthesIs. This fu ncti on I s

s epa r a ble f r om its function f o r vira l DNA r ep l i ca tion (Clark

.e.t al . • 1983) . In ad d ition, the large T antigen of SV40 and

po l yoma virus ca n immorta lize pr i ma ry cells in t i s s ue cu l t ur e .

Thi s is pro bably t h r ough T a n tigen 's i nteraction with the

tum our suppr e s so r gen e prote i n , p53, a nd r etlnot l a stoma

s usceptibility ge ne (Rb) pr oteins (pRb ) , Wh ich a re r eg Ul ators

of c e ll grolJth (Calbey a nd Shenk, 1982 ; DeCaprio et .a.l. , 1988 ;

a nd Sh ohat n Al • • 1987 ) .

St udi es ba s e d on i mmunof l u or esce nc e, i mmunoprecipitated

t ryp t i c peptides and sequence a n a lysis have de mons tra ted t ha t

t he s tructure of la rge T an tigen of JCV Is ereee ~ y rel a ted to

the T antigen pr otein of SV40. Thus, the T antigen o f JCV has

be en p redicted to ha ve many properties simi l a r t o those

ident if ied in SV40 T antigen ( Fr isque .lU. 41 . , 1980 ; Fr i s que

.e.t. a..l. , 1984; and S i mme r !: tt.-al. , 1978 ) . It has been

c onfirmed t h a t JCV T ant igen has trans f orming a nd

t r an s r eg u l ating ac t iv i tie s (Na ks hat r i n ar. , 1990 ) . JCV T

a nt i ge n also s timula tes J CV DNA replication. However, a ll t he

act i vit ies de monstr at ed by J CV T anti gen a re not as ef fect i v e

as those fo r t he SV40 T a ntigen . Compari ng JCV T a ntigen wi th

SV40 T a nt ige n, Dys on e.t a,l . ( 1990) and Bollag e.t al. (198 9)
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showed tha t JCV T antigen i s l e s s efficient. The binding of

J ev T antigen to DNA, p53 a nd pRb is not ve ry stable and is

l owe r t ha n that of SV40 T antigen . These differences ma y l e a d

to JCV's low t ransformi ng activity and its strict cell

specificity comparing with those of other polyomaviruses.

Smal l t a ntigens of polyomavlruses are produced by

alternative sp licing of early transcripts. Due to t he absence

of good antisera to t antigen , small t antigen of JCV was

identified only recently by irnmunoprecipitation . Therefore,

the small t ant igen of J CV has not been studied extensively.

It was found that the small t antigens of J ev and SV40 are

highly homologous in the region overlapping t he large T

antigen coding region, but only have 53% homology in the

carboxyl-terminal reqdon . By usi ng a JCV/SV40 hybrid genome ,

Haggerty .e..t..a.l . (1989) f ound t hat the sma ll t antigen of JCV

is not as effective as the SV40 counterpart in enhancing

transformation , most probably due to the poor expression of

l a r g e T a ntigen of JCV . FC'r SV40, its s mall t antigen can

bind specifIcallY to several cellular proteins and play a role

in viral DNA accumulation .

1 .2 . 3.2 Late proteins

The late r eg i ons of po lyomavlruses encode the vIral

proteins, VP1, VP2 a;l(~ VP3 and agnoprotein . VP1, VP2 a nd VPJ

can enter the nucleus through tihelr nuclea r l ocal i zat i o n
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s i gna l s . VPl is encod ed i n t h e J "< e nd of the late region in

a mRNA of 165 . It is the lIa j o r virus- e ncoded c a psid p r ote in

with both structur al and biol ogica l fu nctions In the virion

particle . After tran sla tion. pol y oma a nd SV40 VPl undergoe s

posttranslational modi fi cat i o n by the ho st ce l l ma c h iner y ,

resulting i n s ev e r a l VPl species v i t ti. distinct isoelectrlc

points (pI). Th is ha s bee n suggest ed as a common fea t ure of

t he papova v i ru se s (Bolen.et.a.l. ., 19 81) . VPIA, o ne of the VPl

s pe c i e s , is tigh tly a ssociated with vi rion chromat i n co r e.

compa ring with the re s u l ts of SV40 (Br ady e..t al. . 1981 ) . Bol en

e.t. Q..l . , (19811 s uggest e d that the function of VPIA i s to

maintain the vi r al Dl'lA i n a proper confonnat lon to increas e

the potential acces s ibil i t y to RNA p ol ymeras e . Ot he r spec i e s

s uch a s VPID , VPI E and VPl F can be p hosp h o rylated and a ct for

vira l attachlnent du ring cell i n fect i ons (Bolen .llt. 41.. , 1980 ) .

Al though t he r e i8 a s t rong cros sreactio n ceev e en the VP1

proteins o f J CV, BKV an d SV40 , modifications s i milar t o those

i n SV40 protei n h ave not been i de n t if i ed in JCV VP1 protein

(Shah .e..t A..l. , 1977 ).

VP2 and VP3 are Di no r caps id prot e in s that a re encoded i n

the 5 I -end ot the late r e g i on and a re t ra nslated from the s ame

18S to 195 mRNA . Thus . VP2 a nd VP3 ha ve commo n C- te rmi na l

amino acid s eque nces . The functions o f VP2/VPJ a re n o t very

clear. Studie s have show n t hat t he SV40 pr o t e i ns do no t

associate with viral DNA (Br a d y et ,il.l., 1980) . One poss i ble
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