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ABSTRACT

•

This thesis describes studies designed to develop and utilize

human adenovirus type 5 (AdS) as a cloning and expression vector in

mammalian .cells. The experimental approach taken in this work·was

\

, .

first to determine the limits on the amount of DNA which could be

packaged into virion' capsid. To this end I have used mutants of AdS

derived f~om insertion of a bacterial transposable element (TnS) into
......

the left end (the transforming· region) of the viral genome. Attempts

to rescue various sized derivatives of 'these' In5 insertion mutants

into full length infectious AdS DNA indicated that not more than abo~

2 kb of ~nsert DNA' could' be rescued in this way;. To extend ~is

limit, 'a helper-independent AdS cloning vector has been conatructed in

which' most .of early. region" 3 (E3) , from map co-ordinates 7~.S to , ,c.

84"7, . anil ·.easentially all of early region 1 (El), from 1.0 - "10 .. 6,-

have been deleted. E3 is non-essential for adenov1.rus repli,cation in

·293 cells. which constitutively express .. tl)~ . P. g~ne.product~.. The

resulting new virus, dlEl,3'was:lbout .s,;'S kb'.sb6rter than "it. AdS'and

tf"irefo'rI;,ahould' be" 'able
.,' ," . ,.Q

toacc,epf, up' to. 7.• 5, kb' in ,foreign DNA •. To
" -

tes.t . the _usefulness. 'cif, ,!>his vector •. the' Herpes: .Simpiex VirUs tyjlel

.' (HS~ •.l) thymidine' ~inase 'gene (~k'; along with ~ts 'ref!Ul~tor}:sequ~~ces'
was' -inserted" .irito

"
78.5164'.7).: The'

t'he, un'ique. X\>ai' site'<lf',dIE1,3 (at map 'positl.on
~...

resulti~g' recombinant virus; Adtk. exi>res~!,dthe HS,V:. . '.' .' . . ~.

tk at a lo.w level (as, compared 'to, levels induced by HSV.l') in·ihfect.ed.- '. . .. .

-iii.-



cells; however, tk expression was markedly enhanced when Adtk infected

cells were super-infected with a tk mutant of HSV. Furthermore,

the Adtk vlrus efficiently transformed tk- mouse cells (line K4,
and its pro~enitor the LTA) to the tk+ phenotype. At a low i'

'have be~n established as permanent lines.

Lastly,

efficiency,

tk+ transformants o[ both mouse and human origin

" I
!

\
""-.

\

Ie/)

human cells'transform tktopossible

construct,~on of dlEl ,3, we isolated a varian't,

also

during

was

anti

it

143) ,(line

dlEI,3-1, which had a direct repeat of viral DNA terminal sequences

attached- to
i ro"~. .)

restriction

the left end of' the genome. 'Analysis of this variant w;J&-'

enzymes and by hybridization: of' Southern blots with

, ..
specific probes indicated that' the, extr~ termtnal segment contained

'"the left 2.6X'i92D bp) of AdS j~ined to 352 bp of pBR322 which in turn

I

was linked

replication

to the left end (minus 21 bp) \ ofdlEI ,3.
" , ,-

of dlEI,3-I' the ;ex'tra" terminal(;;~gment' was

During

found to

t,imsfer to ~he right, end "of the l(~n(;me resulting, in a second vari~nt,

dlEi, 3-2,~ haVing duplIcated,' te,t1Ili,nal seq~en~es at both enda of the
, ,,' I ' ' ,

viral genome. ,D1EI,3.,.2 was. shown to revert back to dlEl ,3-1, at high,

',. ~requ~ncY ...' Ai thoiigh' eVidence: ,was obtili neg' ihdlcati-ng that' the~lctta.t
.' "

/ segment: 'could be' l!'st fro~' the left' end at low fre,quency,' sPQn,tan~ous,

'mutants: which' had, lost, 'direct. rep"ats
.~ , .

,iSolated.

"

, ,repeat, of

:'It: ~as,

:,' .~.

dIEI,3- 1

from .. both ends were never. '

~ow~ver', 'possibl~ to ,'remove the.ext.ra .terminal...
. .'

by ,c.le.aiage. wi.th, a' rest·riction enzyme,and to",

.isolate dlEi,3 cQntaini/lgwt, t·ermini. The rearrilnl("ments. occurring.

d1:EI,3-1. aI\ddlEI ,3-2, may. be. .' ..' the consequ~nces

'of the mo'de of replication of AdS' DNA.

"':iv
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CHAPTER I: INTRODUCTION

1.1 Discovery and Epideaiology of Adenoviruses

Adenoviruses were~ discovered over three decades ago by Ro~e et
~'.,

al. '(1953), and the first prototypes were isolated shortly afterwards'

from human adenoid tissues (Enders et.al.', 195'~), fr'om wli1ch··their

name was derived. T~ey are ubiquitous a~en~St and one or mor~

serotypes will have 'in~ected most individuals by the age of. IS;

Ciinically, they appear to cause mild respiratory snd gastrointestinal

.
infections, occasional.epidemics of acute . respiratory' disease in

military rec.ruits, and outbreaks of bronchiolitis among,.childre,:,;'
'.

certain' serotypes have also been shown to cause· kerato'conjimctivitis .
, . .

(Table 1.1; reviewed by Straus, 1984).' The adenoviruses gained.'much

attention when Trentin et al. (1962) reported tumor formation after

injection of ? newborn hamster with one member of.these sgents. Work

on adenoviruses in subsequent years led to major advances in the field

of ~irologY\4 molecular biolol';y and mammalian cell transformation; .

recently, they are being u~ed as gene transfer vectors in mammalian

cells. This chapter will summarize our current.. knowledge of-the·.

molecular' biology of adenovin~ses and viral vectors, and their'

possible. use in mammalian cells as a prelude to.a i:Iescriptio~' of my: :

studies
. . I - . •

aimed at developing human adenovirus type 5 'into a'cloning and

1

\
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IIUf~1I AUENOV JnU,S I~LO(a CLASSES

-----------.-- -,---

Chss
Representative

Se rotypes

•lIemag·
glultnl­

tlon
Grpup •

~ UlIA
1I0DD logy t

Oncogenl city'. . .
X Gte tn. Rode~ts hrge.t Tissue .,Ep,I de..1ol ogy
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Infection .
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lItent thro.t . :
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51%
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58%
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tract' .

f, EA nil g" tro Intes tl n,1
.t rae t

ent!! rt tt S -6SS0C fated
ent'~rtc Infecttop

I. Complete agglutination of Ill)nkey erytllrocytes; II. Conpleteag91pttnatfpn or r:al et'hryucYt,~si III, Partial
agglutination of rat erlhrocytes; IV. Hf~tnlo!ll agglutfna,tton respons~. "'-. .. IIono109Y of nell'bers of sa~lE!grouPi ,IJ •. fhlllillogy of lOe'lllbers 9f dIfferent- groups; c. ,UNA s~quence
hOllOI:ogy of MieriJers of different gr6~p5 (O~4.5 lIldP. un'~s an(j 15-17 map units).,

. Reprinted fro= S..vrook tl!J.. (.1901) ,
•
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expression vector In mqmmalinn ~ellR. and at developin~ efficient

methods for insertion of. genes lotD adenovirus DNA.

1.2 Adenovi ruae,s

1.2.1 ClaaBificatipn
•.' :1-".-

The adenovirus family comprise"s ove~ 80 serotypes, ,of which 39

are human isolates and the rest are of animal o:-igin. Based on at

least four different criteria, the human serotypes have been

claBsHied into six different groups ,(Table 1:1). 'The most widely

used subgroup'ing scheme is based on ,the ability of specific: s~rotypes,

to, partially or completely 'hemagglutinate rhesus or rat erythrocytes

,(Rosen, '1960). Other classification sch~mes have been ,based on

oncogenicity' (Green,

Green ,. 19(5), genome

'1970). 'percentage. of G and C content

homology, (Green et' al ..... 1979),

('Pina and..
morphology

(Norrby, .'1969)' and on 'restriction "endon~'clea~e 'cleavage patterns

(W~~ell et al ••, 1980-)., Of' the, 39 human serotypes, adenovi rus type 2

and type)5 (Ad2 and AdS) are' the most intensively studied, and

therefore the remainder of this section ~ill focus on'them,

to :if; kb. ,Figure 1.1 shows the

'.

1.2.2'" Geno.e Structure, ~nd Organization"

is a linea~' double~stranded DNA. ~he -genome of "adenoviruses'.
·'.mo,1'ecule rangtng inJ size from 30

...

princip~l tr~nscriptional, or~anization of the Ad2 genome, which is

. genen;l,ly very simi1'i..' for different, adeno serotypes. .It consists ,of,

several non-contiguous blocks of early genes (transc~ibed early in

~nfection) and one major late transcription un~t (expressed,late in

"



"

"

Figure [-[ A schematic drawing, showinf( the principal

transcriptional organiz8 tia,n of ,the Ad2 f(enome. The f(enome is

SUbdiVi)ed

/1
t railseri bed

into

into

100 map units '(mu). Th~ r-strand and I-strand are

RNA, right- and left~ard, respe~tively. Arrow'heads

show, the 3' p~lyadenylation sites while the p,romoters,are indicated by

brackets. ,Gaps in 'arrows" represent intervening 8equ~nce~ in the: RNA., ,

t~ansc.ripts; the 'early' RNA's are ind:1.c,ated as E1a, Eib, £2a, .E2b, E3

and ,E4, , whereas ,th'e late RNA's are designated bl' LI, L2, L3, L4, and

LS'. ProteilJ~ are designated by their mo~ecular weights i'n Kllodaltqns

(Kd) or by Roman numerals. Also shown are tne three seg~ents which are

spliced' to form tl:>e,tripart~te'leader (1,2,3) and th'e VA-RNA l' and ll.

mild if ied ,f r~m' Tooze (1981).

)

•

, ,
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6

All of the adenovirus scrotypea studied 60 far contain a

short ,.< 102 to 164 bp) inverted terminal repetition (ITR) (Garon ,et

al., 1972; Wolfson and Dressler, 1972; Van Ormondt et al., 1978;..--.......... .

.0

Steenbergh and Sussenbach .. 1979. Shinagawa and Padmanab,ham, 1980), In'-addition, a' 55 Kd protein is covalently attached to, each 5' end of the

adenovirus genome (Robinson et a1o, 1973; - Rekosh et a1o, 1'977;

Desiderio: and Kelly, 1981), Lastly, by convention" the, adenovirus

genome is divided into left and right halves based on its,GC~content,

and the strand transcribed to the ,right .is called the r-s..trandC whereas

the ,leftlJard-transcribed strand 'fs' d'esip:nated' as the'l-strand; t\le

genome has .been fu~ther d,iv~ded' into, 100 "map \Inits, (mu) f["om le'ft ;0

right as i nus t ra ted' in' F;lg 1·.1.
o • ~ ~." .'. •

"

The' .. vast ,: majori~y '. of," studies 0ll ' tlie: lytic.. cycle of
',adennviruses (reviewed by, 'Tooz~. 1981;' and' Sliar~, 1984) have' b~en

. . .' .
,c,\rried out. in Ad2 ot ~d5 ,ilifeeted human cell lines (KB or. HeLa) ,in

culture.

'DNA ""acl)es, the .,infected <:en' riucleu~;''approxima te'ly half SJl hour post
~

tHe - r ,,,nand), : apd E2a; E?b' and E4' (on. the I-strand.) cOIQID.ences'1,n a
"'~' , ," " "

'defined order' 'prior ',to the o~~ef ?( VIral DNt\ replicat101' :(Fil\' 1'.2)';
, ., .

',Tra~rip't,s, from E'la "(.pie.;.ea:rlY), ',a~d ',the 'prolll~~~r"p~oximal: s~~merit'

',(Li~ of the 'major, "lat,e: prOml>te~ . have:b~en' dete-cted as early as ~5,

miriutes ,pc;>st.infec,tion ('p,i), ,foll~;'~d by tho~e ,of 'earl.y ,r,egio~s Elb,: E2

(;io,;,'a pro\llOter loca'ted' a~ mapjlosi~0~,75')'f3' ~nd. E4 ,at' about '1.5 to,

"'2 'hr pi' (.]o,nes
, ,

arid' Shenk, 1979b; - Berk et al:., '197~; Nevins,- Ig81).
r •

:>
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HcMn after infeC1ton

. Figure 1-2'· Time course of adenovir,us-2 productive infection in, .

suspension' culture of KB cells.:( .•..) intracel~u18r virus me~;ured as

fiuorescent, focus-forming units/106 cell~;. ( '0 ) total

. vi;,:us-specit"ic' RNA
" .

of 'laQelled RNA to

'-

'adenovinis-2 . DNA; . ( A ) sy~tlies~s of 'viral: DNA (datil ,from 'Green "t.

'.' al... 197 I); C·... .> virion pro,tein (hexon antlge~ measured by complemen'~

fixation;· { •. ) 75K DNA binding protein • .<Reprl.nted 'frolD Tooze. '1981.).'. .;"'.. . , ..

. , ,

.. '.'
.'
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~ll the viral ~enes are transcribed by the cellular RNA polymerase II,
v

except for the virus-associated (VA) RNA I and VA-RNAII" which are.,
,transcribed, by RNA 'polymerase III. 'Each of these primary trans'cripts

~ives ris~ to a fsmily of mRNA species upon RNA splicing (Fig. 1.1), a

mechanism found in all higher eukaryo~es (Breathnack and Chambon;

-
1981) snd fi rs t de tec ted in the adenovi'rus sys tem (Chow et al., 1977:

Kitchingman et a1., 1977: Berget et al., 19\7). All of these earlYr
mRNAs are translated' to give 'ris~ to early' proteins (the' function of

the early products will be discussed subsequently), with 'the sole
, '

exception of the VA:-RNA a!,d the LI transcript'. Approximately 'six t~

eight hours post infection, with, the onset of, viral DNA repli,cation,

transcript'!on t'r,om all ,the early regions increases thr~e, to tenfold.,

'This increase is thought ,to' be .. dlie to the, augme,:,ta'tion in the numb!,r

of templ'.ltes (Shaw, and 2iff, 1,98~) ..

Viral "DNA

Kelly, 1984, and

seml-.con~e~vati..ve "

repl'ication'( r~viewed by Challberg arid Kelly, '1982,

described'in 'more de'tail in ch~pter.6) proceeds by 'a. . . ~. . .. , ",., .
stnilld-displacement 'mechanism, initiati';~' at, '~ither'

.' . '.

" ,

end of the genome, imd reaches il!:s' maXimum' rate, at ,!bout 19 hr, pi

" , ' 5 ~ ,
.(Fig. 1;2, and ,1'.3). By 24, hr" approximately, 10 -10 prP'gellY. . . . , . ..

Viral' gerio.,;e~m~d,e',' of w~ich onlyabouJ:, ~D% "are ,:,l~imately

packaged into viral particles (Green, 'et • al.'" 1970)., Viral ,DNA
. . '"

, ,

replication :'(Fi!':. ,1.3) req,:,ires 'thre~ 'l:-~trand'encoded ,early proteins.

These :are the '£2a encoded 72 Kilodaltpn ,(kd) DNA bin,ding protein' (DBP). ',' .. , ,

(Chow ,etaL, ,1979a: Lewis et 'al., -:1976.), 'the E2b ';';coded 87 'Kd

pre-te~inal proteins' <'pTP) , '(~till,man. et ,al." 1981; 'Alestrom' et aL,'.
'19,8,2: . <?ingeras'er al:, 1982;, Smart and Stiliman, ',198Z) a';d ',the 'E2l>-'

e,ncoded, vi ral .. DNA, ,polymer!,se. ([40 Kd) ,( Stillman et' al., 19!!2,a; ~i'chy

. / ... .'

, ,

"

",
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Figure 1-3- ~a) A. model of -synthesIs-of .adenoiriral DNA (DanIell,

1976) . in which' !'ynthesis' -of - a. new - strand' <!isplaces one parental

·-strand. : If the seqii~n'c~s 'of the inverted termin-ai, repetition. bas·e.,.psir
• .''. . " 1

.to -form .the - panh-a!'dle in'tetuiedia~e_'sho~, -the!' the double-stranded

. panhandle- has the same t~rmihai structure as parental viral DNA' and. .' . . . - . ....

Will. __presumably _be r';co~ni'zed by' the eri~yme c-ompl~x responSi1He for
. .'

initiation -of' vtral ~NA sY~~he,·s.ia. Altbougl!' not Sh~~ here~' r-st,ands

d1splacedduring 'the' fi'rst 'Step in' synth.e,s'i.s "couid·~b';:iouslY. f~rman'
c,

analogous -. panhalldle 'intermediate; '--with -'the- -' same . terminal-

_d'ouble'-straild~d - sequ~nce.(bj ,A sim~lar displace.me~t mechanism' in which

possible' 'role- -_of' the', S'-te.r",inal ,protein in '. iniUati,on of

.adenovi ral DNA 'synthesis is .illustr~ted, (reQ.r~wn from.Rekosh et~_ al'.~·-1977). (Reprinted from Too~e. -1980)'•
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