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_ - _ABSTRACT |
A random selection pr0cedure uas used to’isolate-a
'temperature-sensitive mutant of human adenovirus type 4 from
nitrous acid mutagenized virus stock. The mutant displayed "'}|
nestricted growth at’ the non- permissive temperature (39°C), .. ';_,-'j
with a 32°C:39°C infectiv¥i ratio of 104:10'. ’
“ "Analysis of the mutént, grown at 39°C, by (\;
two-dimensiopal immunoelectrophoresis, showed the mutant to S
be defective in- penton base and fiber. The mutant was, -
however, capable of synthesizing imnunologically reactive
hexon components. Temperature-shift experiments revealed
detectable’fiber and penton bate to be present following
shift-down from 39 C to 32°C. Time sequence analysis of
£~ shift- down experiments suggested a possible defect in the
) processing of the components, as indicated by a significant
‘increase of immunologically detectable'penton base.
) Heat inactivation studies showed the mutant to exhibit
an estimated 25- fold increase in thermolability at 50° C
compared to wild type HAd4 virions. The virion particles 1
were stable in CsCl. . | | |
4 Analysis of viral DNA synthesis by velocity’
sedimentation in alkaline sucrose gradtents, revealed no

difference in either the extent or rate of synthesis at both

"the permissive and non-permissive tegperatures.
The ability of the mutant to assemble virus particles
at 39°C was confirmed by electron microscopy and equilibrium .
fﬁcentrifugation Though the virion particles produced




4

-

appeared mature, the crystalline arrays were generally of a
smaller size than observed at 32°C. An overall view of the_
infected nuclei showed reduced viral activity, as éuggested'

by the absence of viral inclusion bodies.
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'Believe nothing'q§cause a so-calleg wise mén sggd it.

Believe nothing because a belief is generally held.

o

Believe nothing because it-is written in ancient books.
BeTieve nothing bebause it is said to be of divine origin.
- | Believe nothing because someone else believes it.’ ~
Believe only what.you yourself judge to be_true.‘

’ L ’ .Buddha
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"idenovirus was first discovered in 1953 {Rowe,-Huebner,

1. INTRODUCTION
Gillmore,'Parroft, and Ward) as a passehger virus in cell
cultures of adenoids used for the isolation-oﬂ,respiratoryj

viruses. In the following year, Hilleman and Werner (1954)

.reported the presence of similar agents in respiratory

secretions obtained during an'epideM1c of an inf luenza- 1ike

disease. These new agents were named adenovirus by Enders

and coworkers to designate their original i;blation from

" adenoid tissue (Enders, Be11;'Diﬁgle, Francis, Hilleman,

Huebner, and Payne, 1956). - Y
The adenovirus is a non-enveloped virion with an outer
diameter of 65-80 nm. Its general structure is that of an

icpsahedron consisting of twenty friangular'faéets and

| twelve vertices. The outer capsid of the virion is composed .
'Qf 252 capsomeres, 240 of which are hexons. The hexons are

defined .as those capsomeres surrounded by six neighbours

(Ginsberg, Pereira, Valentine, and Wilcox, 1966). The

remaining 12 capsomeres, thé pentons, are located at the

vertices of the icosahedgon (Valentine and Pereira, 1965;.

Ginsberg et al., 1966). The penton is compésed of both a

penton bése,(vertex‘capsomere)‘and a fiber. The base is

Jﬁcated,within the capsid and the fiber, a rod-1like

. projection, extends from it (Petterson and Hoglund, 1969).0Q ‘

The penton is surrounded byyfive‘neighbouring capSomebes.

referred to as the peripentonal hexons.




"~ The inner core of the vir1on is rlch in profe1n and has

J

~ an inner diameter of 40-45 nm. The DNA_molecule«IS present

i

as a linear, duplex structure and corresponds to. o o ?\\~'

i
i

approximately 13% of the total virion weight (Green , Pina,

Kimes, Wensink, MacHattie, and Thomas, 1976b; Van der Ed,

Kestern, and van Bruggen, 1969. 7 Twenty  percent of the
viral protein is contained within this core. The coding . g\\\\,
potential of the DNA molecule is presently thought to be —

between 40-50 polypept1des of an average mo]ecular weight
of 25 000. _

The human adenoviruses (HAds) are pregéntly classified
according to two classification schemes, one dependent on
the apjlity to nemagglutinate erythrocytes and one dependent
on oncogenic potential. The formerrclass1f1catwon system was
proposed by Rosen (1960) and d1v1des the adenov1ruses into
three subgroups. Subgroup I viruses can aggliutinate rhesus
monkey erythrocytes; subgroup 11 viruses can completely
agglutinate rat erythrocytes and subgroup II1 viruses can
partta]ly agglut1nate rat erythrocytes. The latter
c]ass1f1catlon system,. that dependent<on-oncogEnic
potent1a1 ‘was proposed by Huebner %ﬁbﬁ?) and is thought to
'be related to the G+C content of the virus genome. This
correlat1on of G+C content to oncogenicupotent1al was based
~on the finding that whereas highly oncoq‘i#c human -
adenov1ruses possessed a low G+C content, *58 49 per cent,
| weakKly oncogenic HAds possessed a higher G+C content of

49-52 per cent and non-oncogenic HAds, a G+C conment,of
. . ' £ :




A

57-59 per cent (Pina and Green, 1965; Green, 1970). This

: relatfonship; however, did not apply- to éilrthe
adenoviruses. Analysis of the simian adenovi}us. SA7, showed
it to be highly oncogenic:even though it possessed a G+C
content of 60 per cent TPih; and Green, 1968; Goodheart,
1971). Huebner’s classification scheme divides the
adenoviruses into four subgﬁoups. Subgroup A viruses are

. highly oncogenic and induce tumors in most animals within
weeks to months. Subgroup B viruses are.weakly oncogenic and
induce tumors only in a small fraction of animals within
months fd‘years. Subgroup C and\D viruses are non-oncogenic
- (unable to induce tﬁmors) but ::h transform rat embryo cells
“in vitro“ These two groups, C and D, are d1fferent1ated by
their serologica]ly distinct T- antngens (McA111ster | |
Nicolson, Reeg, Kern, Gilden, and Huebner, 1969). Recently,
both classification systems have been questioned on the
Qrounds that they rely on 6% or less of the viral genome
(Green, Mackey, Wold, and Rigden, 1979; wadell, 1979).
Certain discrepancies between the iwd classification systems
have also been noted. Sefotypes 20, 25 aﬁd 28 have beén
grouped in subgroup 1 (Rosen’s classification) but have been -
, ;hown to share a common T ant1genhy1th serotypes belongwng
to subgroup lI=(McA111ster et al., 1969). Similarly, ¢
serdtypes 4, 12, 18 andf31 have been classified in subgroup
111 (Schmidt, Kjﬁg, and Lennette, 1965; Norrby and Ankerst, .
1969; Wadell, 1963) but whereas HAd4 shares a common
T—;ntigen wifh members of subgroup I, HAd12, 18 and 31 share



a common T-antigen among themselves (Green, 1970). In view
»

of these discrepancieg. classification on therbasis of_DNA

homology and/or polypeptide prof%le analysis has been |
proposed.\[he results of both methods show good correlation
with Huebner’'s classification of oncogenicity. According to

Huebner’s classification system, HAd4 has been assigned to

'subgroup C on the basis of its non- oncogenic potentlal and

high G+C cententE.However. the T-antigen of HAd4 shows
immunological reactivi'ty with that of subgroup B: The

“classification of HAd4 in relation to the other HAds has

consequent ly posed some problems. In the studies by Green et
al. (1979) and Wadell (1979), HAd4 was found to show no
significant DNA homology with any of the other huQan '
serotypes and in addifien was found te produce a ubique
polypeptide pattern (Marusyk and Cummingé,'1978; WadelT,
1979)K§9n the basis ef these results, alseparate,subgroup
with HAd4 as sole member has been proposed.

Studies on adenovirus infection have shown the
rep]icationgcycle.to consist of both an'eerly'and late‘
phase. The early phase is defined as that p?eceding DNA
replication. Approximately.40% of the viral geﬁome is
expressed at this time (Fujinega and Green;A1970; Tibbetts,
Pettersson, Johansson and thlipson, 1974). During the'early
phase, host- cell mech§n1sms are widely used and ear]y gene
expression is thought to 1nvolve at least three functions:

the coding for viral DNA replication; ;he switch-over to the

late phase; and possibly the switch-off of host-cell




'

functions (Wold, Green, and Buttner, 1978).

During the late phase of'infection. host DNA synthesisr
is sﬁut-down ahdka harked increas? in the production of late
viral protein occurs. Most of the protein synthesis is
directed towards' the production of the structural proteins,
the hexoﬁs. pentons and fibers (Bello and Ginsberg, 1967;
“Russell aﬁd Skehel, 1972b). The production of gene products
for reﬁulatory functions is.also thought to occur at this
time (Wold et al., 1978) ; A characieri§tic of the
adenovirus'infection is the excess production of structural
proteins. Approximately 1-5% of the fibers.and pentonF
produced and 20-30% of the hexons produced are assembﬁed
into the mq'('vkeA»f\rion' (White, Scharff, and Maizel, 1969;
Everitt, Suhdqujst. and Philipson, 19?1).

-During replication, the viral gehé products are
prqduced in the'cytoplqsm of, the host cell. As%gmbly occurs
in the nucleus (Velicer and Ginsberg, 1968, 1970) and is'
thought to consist pfﬁa two-step process, that Qf‘%apsid
assembly followed by DNA inSertion_(Sundquist} Everitt.
Philipsoh, and Hogluhd.-1973; Ishibashi and Maizel, 1974).
The functional-and regulatory roles of the gene.products.are‘
not known. | ;. . | | 'ﬂ" o

In the attempt to understand the mechani sms of.
~adenovirus DNA replicatioﬁ/and mRNA transcription,

procgssing and translation, studies have been done on the

isolation and characterization oflcohditiOnal-]ethal

mutants. In general, most work %'done with
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temperature-sensitﬁve (ts) mutants, i.e. those that can
replicate at Tow temperatures but not at: ‘high temperatures.
. he general procedure used by most workers has consisted of
mutagenizat1on step followed by a screening procedure The
mutagenic agents which have been used are: hydroxylam1ne,
~aitrous acid; ultrav1olet radlatjon:t5—bromodeoxyuridiﬁe;
and N’ -N’ -nitrosoguanidine. Comparisons on the frequency of
mutant isolation from authoruto author has been found to .
vary cons1derably This is thought- to be due to the problem
of screen1ng, which is primarily one of random select10n
. The first attempt to isolate a ts mutant of adenov1rus
was in 1970 by Ishibashi. Ts mutants of the av1an k
adenovirus, CELO, were isolated. In 1971, W1ll1ams and
coworkers reported the 1solat1on of ts mutants of the human
,adenov1rus type 5 (HAdS) and on the basis of coﬁplementat1on
exper1ments d1v1ded the mutants into four different
complementat1on groups (Williams, Gharpure, Ustacelebi, and
. McDonald, 1971). The complementation test is designed to @
group together mutants expressing simllar defects, i.e.
,mutat1oqs in the same gene(s). Since then, ts mutants of a
number of human adenov1ruses have been reported (Williams et
‘al , 1971; Ensinger and Ginsberg, 1972; Suzuk1 Shimojo, and
Morttsugu, 1972 Weber, Begin, and Kh1ttoo 1975) and .
partial characterizat1on of these mutants has shown a trend
in the type of mutatlons expressed. Consequently, 1t has

.been poss1ble to group the mutants as being either early or .

late.




_/ those defective in some aspect of assembly

Two complementation groups with ts defects in early,
‘e ) :
genes have been identified (Ensinger and Ginsberg, 1972;

Ginsberg, Ensinger, Kauffman, Mayer, and Lundholm, 1974;
Williams, Young and Austin, 1974). These early mutants are
'unable to synthesize viral DNA and exhibit little or no
synthesis of late RNA transcripts at thepnon .rmissive
temperature (NPT). These results confirm a aﬁivious report
by Bello and Ginsberg (1969) that late transcription can
occur only'aftef initiation of DNA replication. Efperiments
~ by Carter and Ginsberg (1976)~further indicate that
concom1tant DNA rep]1cat1on is not requ1red for cont1nued
late transcription. SﬁRce the two complementat1on groups are ;

able to switch-off host-cell DNA synthesis, it is suspected ~

that an early gene(s) functions in blocking host DNA
replicationk | -

Fifteen complementat1on groups of late mutants ete o
”presently kn0wn and all synthesize viral DNA and shut-off

host,DNA synthesis at NPT (Ensingéer and Ginsberg, 1972{'

Wilkie, Ustacelebi; and Williams, 1973)7 These mutants can

be divided“into two basic grouns, those‘that are defective

in the product1on of any or all of the capsid proteins and .

~ o
Stud1es on hexon defective mutants suggest that a

number of gene functions may be 1nvolved in hexon assembly,
synthes1s and transport Williams et. al., (1974) reported

the isolation of two groups of hexon defect1veﬁmutants and

characterization studies have shown that the mutants can

o



produce hexon monomer polypeptldes but are unable to react
w1th aﬁ!ibody directed against the hexon capsomere antigen
(LeibOWItZ and Horwitz,—1975}. Analys1s of the monomer -
polypeptide showed it to be 1dentical to wild type in size
and on the basis of trypsin and chymotrypsin digest maps.
Both groups were able to assemble hexon monomers at the
psrmissive temperatUrs (PT). A defect in the assembly of the
monomer subunlts into the trimer capsomapes is suspected
Mutants defect1ve in hexon tranSport have also been isolated
and four complementation groups.are known.,Partial
characterization has shown the mutants to produce both
‘normal hexon monomer polypeptides and mature tﬁime}
capsomeres (Russell, Newman, and Wi]liams, 1972a; Russell,
“Skehel and Williams, 1974). The hexon, however, is not
transported into the nucleus and accumulates in. the
cytoﬁﬁasm of the host cell. All other'capsid’profeins are
synthesized~and transported noﬁhally. Complementation and
- recombination studies on one of these muiantsh#HAdS ts147,
have 1ocated the defecty s being at least one cistron away
from that - of the hexon finus mutants (Kauffman and G1nsberg,
1976)

o Mutants defect1ve in the product1on of fiber and/or
penton have also been isolated. In 1972, Russell et al.
| demonstratedsthe presence of.thrée conplemehtafion groups of
mutants defective in‘f}ber antigen production (Russell et
al., 1872a). This suggests that three genes are essentlal

for the productlon of a functional. f1ber rather than two

L I S
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(Dorsett and Ginsbery, 1975). Studies with fiber or penton

defective mutants have #1so shown that neither of these ‘°

components is essential for viral assembly. An examjnation L

of the morphogenesis of HAd2 mutant-viriohs by electron
microscopy showed that both penton ano fiber defective
mutants were able to assemble their capsids at NPT (Weber
et.al., 1975; Martin, Warocquier, Cousin, D'Halluin, and
Boulanger, 1978). Fiber defective mutants of HAo5cwere also
found to assemble cap, ids at NPT (Edvarosson.‘Ustaoelebi,
Williams, and Phil‘lpén,° 1978). These fihdings support the
previous experiments of Prage and coworkers (1970) which
reporteg pentonless virions to be stable in CsC1 gradvents,
(Prage. Petterssor Hoglund Lonberg- Ho1m, and Ph111pson.
1870).

Prel1minary characterization studies on late assembly
mutants have been reported (Weber, 1976 Weber’ Begin,. and
Carstens, 1977; Edvardsson et al., 1978), however the

, .- .
interpretation of the defects in relation to viral

jbiosynthes1s is not clear. Weber-(1976) reported the finding

ofnan assembly mutant defective in the processang of viral-
polypeptides The mutant exhibited an accumulat1on of . the-
precursor polypept1des pVvl, pVII and pVIII at NPT
concom1tant with the absence of cleavage products This

| finding correlates well.with the~receptly proposed pathway
for adenovirus’assembly put forward hy“Philipsop and
coworkers (Ph1l1pson, Mathisen, Persson and Pettersson

1978) . In th1s pathway, Phllipson proposes that adenov1rus

o)

-

-
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occurs. Protein analysis Qf the assembly'intermediates at .
thts stage, stage II,.ShOWS that most of the strthural

proteins are present. No processing of the precbnsor

. .polypeptides, pVI, pVIl and pVIII, has, however, 6ccurred,

Stage 11T in the assembly pathway is marked by the
accumulation of young virions in the nucleus of the host
cell (Ishibashi and Maizel 1874) . Thesel§oung virions

exhibit all the phys1ca1 and chem1ca1 characteristics of the - _

mature v1rf6n w1th the except1on that The precursor - s
'polypept1des are not processed. In the last stage of' ‘ : o

~ assembly, Stage IV, the precursorlpoiypeptjdes are cleaved,

résu]ting iii the conversion of the 90ung vifions into mature
viriors. A d1agrammat1c representat1on of ‘the pathway is
given in Table 1. _ S

As prev1ousJy'stated the assembly mutaﬁt repor ted by
Weber (1976), HAd2 ts1,—~is defective in the process1ng of
the piecursor po]ypep ides, pVI pVII and pVIII.

. Temperature-shift experiments w1th,this mutant have shown

that the proceséing of the precursor polypepttdes‘is

temperature sens1t1ve at NPT but normal at PT. In addition,

~

if sufficient. time is al]otted for process1ng. 1nfectious

':v1r1ons can be recovered at NPT, Although‘the’nature'of the

défect;is not Known, Weber has proposed that the HAd2 ts1

;=
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. Table 4t

1. Modified

from Philipson
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9 IX
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young vfrions could not be determined. D.

“the regulation

gene may code for an endoprotease which is responsible for
the last step of virus maturation,ithe.oonversion“of young

virions into mature virions through a series of maturation

cleavages.

In a study by Edvardsson et al: (1978), mutants of HAdS

- from four different complementation groups were found to

"accumulate'assembly intermediates with little to no young

virions produced at NPT, This‘finding.presented the
possibility of ‘investigating two different‘stageS'in the

assembiy process, Stage II and III. Shift-down experiments;

however have shown that the intermediates are thermolabile

and that only a fraction of the intermediates accumulated at
NPT are utilized in ViriLn assembly at PT. As a result of
this finding. the relationship'of the intermediates to the
, : C , ‘ &

In 1977, an assembly mutant exhibiting a variety of
aberrant properties in late protein syntheSis was reported
(Weber et.al.). This mutant exhibited alterations in the

-

production of a number of polypeptides and an inability to

iprocess others. A defect in the role of someiregulatory

event Iinking these aberrationsis suspectéq. Its:

‘relationship in'the assembty process is ndt.known

The use of ts mutants of adenov1ruses has permitted
some inSight into the structure and pOSSible functional role
of.certain of the viral gene products, however, much more-

needs to be known before the role‘of the viral proteins in.

r
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f viral biosYnthesis iS’understood{ in'this




study attempts were made to isolate and partially
characterize a ts mutant of HAd4 HAd4 presents itse]f as an
interesting candidate for investigation since it has been
shown to share a number of charabteristics thought to be.
specific for different sUbgroups These findings have
consequent ly posed interesting problems in both its
classification and relationship to the other HAdYS .
Originally HAd4 was clasSified in subgroup I11 (Rosen s
classification) on the basis of its ability to‘partially
'agglutinate rat erythrocytes‘ Since it was found to be
nononcogenic and possessed a high G+C content, it was,also
classified in subgroup C according to Huebner s
'classification system. The immunological reactivity of the
| AHAd4‘T=antigen andicapsid subunits, however , showed it to
express a close reiationShip with the members.of subgroup,B.}‘
This.re]ationship With/subgroup B'wasfalso-demonstratngwithv'
HAd4 pathogenicity, the type of CPE expressed by HAd4 and’
the kinetics of HAd4 mu]tiplication and neutralization In
addition HAd4 has been shown to induce dodecon syntheSis, a
characteristic of subgroups B and D. Despite these .
simiiarities of HAd4 with the different subgroups, By C, and
~D, DNA homology studies have shown that the DNA of HAd4 is
distinct from the DNAs of any of the other HAds (Gréen,
1978). In addition, polypeptide characteriZation of HAd4 has
x_ shown it to produce a uniQUe'polypeptide profile (Marusyk
and'Cummings, 1978}_wade]1}_1979)i In yiew of these

di fferences, the isolation and'characterization of'ts

v
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mutants of HAd4 should offer interesting comparisons with
that of other NAd ts mutants.,
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11. METHODS AND MATERIALS

A. CELL CULTURES - o

HEp-2 (human oral 'carcinoma) and. Hela (human
‘cervical carcinoma) cells were obtained cemmercially (Flo&
Laboratorles, Inc., Inglewood, Ca.). The cells were'grown in
glass, cu]ture vessels (Blake bottles) and when 90-100% cell
confluency.was reached, the medium'was removed and the cells
Washed‘with 2 mL of 0.25% (w/v) trypsin (Difco). A further 2
mL of trypsin (same concentration) was added and the‘eel]s
incubated at 37°C until they ditached from the glass
surface. The ce115'were'then’d?1uted in medium and dispensed
into‘Blake boffies where they were either maintained until n

re- passage or 1nfected with virus when the monolayer reached

75% confluency

B. CELL CULTURE. MEDIUM . i

M1n1mum essent1al med1um (MEM Eagle’ s Modified
Auto Pow, Flow Laboratories, Inc. . Inglewood Ca.) was
dissolved in d1stalled water and autoclaved fdr 15 min at 15
psi, 120°C. Prior to use, the med1um was'supplemented with a
final concentratlon of 3% sterile calf serum, 0.002 M

glutamine and 0.1% (w/v) sodium b1carbonate Penicillin-G

(100 units/mL, final concentrat1on) and streptomyc1n sulfateA |

(260 ug/mL f1na1 concentrat1on) were also added With the
,oexcept1on of the calf serum, al] supplements were filter

.ster111zed~pr1or<to use._v

15 L
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C. VIRUS
| " Human adenovirus serotype 4 was the Kind
gift of Dr. G. Wadell, Dept. of Virology, Karolinska

Institute, Stockholm, Sweden.

D. VIRUS PROPAGATION

Ten to twenty Blake bottles of HEp-2 cells were
routinely used for virus propagation. Prior to infection,
the tissue culture mediuﬁ‘was‘discarded and the cells
infected with 10 mL of purified virus suspensibn (5
 ffu/ce11,'see section F) for 30-60 min at 37°C. Following
adsorpt1on. 100 mL of tis$ue culture nedtum was added and
the cells 1ncubated at 37°C until complete cytopath1c effect
(4+ CPE, 72- 96 h) was observed. The medium containIng the
infected cells was pooled and centr1fuged at 800 g for 15
min; The resulting: pellet was- re- suspended in PBS and stored

at7-20 C until further use. ' |

E. VIRUS PURIFICATION |

:' Virus was pur1f1ed by a three step process.  The —
process cons1sted of a fluorocarbon extract1on procedure
followed by centrifugat1on in CsCl gradients. The
virus- 1nfected cel] pellet was suspended in’ a mixture of 1
- part Freon 113 (tr1chlorotr1fluoroethane Dupont, Ma1tland
Ontario) to 2 parts PBS and homogenized in a Sorvall

. Omni-Mixer (Dupont Instruments, Wilmington, Delaware) for a



period of 4 mln with ail min cooling period between each
min of m1x1ng The resulting suspens1on was centrifuged at
- 800 g for 15 min and the supernatant pooled and layered on
the top of a step-gradient of CsCl consisting of 5 mL of
each of the following buoyant densities: 1.40 gm/mL, 1.32‘
gm/mL and 1.20 gm/mL. Centrifugation was carried out at '
55,000 g for 90 min in a SW27 rotor. Following T
centrifugation, the region above the opaLg&cent virus band
was collected as "soluble compongnts" {SC) and stored at
-20°C. The virus band was then removed and further purified
by equilibrium centrifugation in CsCl, buoyant density 1. 339I
gm/mL . Centr1fugat1on was carr1ed out at 150, 000 g for 24 48
h using a swso rotor The resulting virus band was then
- collected, dialyzed overnight against Tris-saline buffer
(0.02 M Tris-HC1, 0.05 M NaCl, pH 7.4) and either stored at
4°C or mixed w1th glycerol (50% final concemtrat1on) and
stored at —20 C until further use. Al) centr1fugat1ons were
done us1ng a Beckman L5 75 preparative ultracentr1fuge
F. VIRUS ASSAY
‘ Viral 1nfect1v1ty was determ1ned by three methods
\_ fluorescent focus assay, TCIDs° (50% tissue culture
r1nfect1ous dose) assay and plaque- form1ng assay
a) Fluorescent Focus Assay

The fluorescent focus assay used ‘was a mod1f1cat1on of
the technlque descr1bed byJThIel and Smith (1967). Hela
cells were seeded at a concentrat1on of 1.5 x- 106 cells/nL,"

I N
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into disposable tissue culture plates (60 mm diameter,
Corning Glass Works, Corning, N.Y.) and maintained in medium
at 37°C in a 5% carbon dioxide atmosphere until 90-100%
confluent 124-36‘h). The cells were then washed twice with
5-8 mL of PBS and inoculated with 0.1 mL of a 10-fold serial
dilution series of the virus sample. All diluttonS'were done
in duplicate and two uninoculated ¢ultures were used as
, neoetive controls. The.virus was allowed .to adsorb.for 1-2 h
(1 h at 37 and 39°C, 2 h at 32°C) during which time the
plates were gently rotated eveny 15-30-minf Following' '
adsorption, 10 mL of maintenance medium was added to, each of
the plates and the cells incubated for either 48 h at 37 and
39°C or 72 h at 32 é. The medium was then discarded and the
cells f1xed wnth 5 mL of cold methanol for 30-60 min at
~-20°C. The plates were air dried<and either stained
immediately by the inmunofluoresence‘staining procedure (see
section G) orvstored‘at'-20'é . The number of-ftoorescent
ijCOS units per nL’was calculated as described by Thiel and
Smitht(1967f. A single fluorescent focus unit isidefined as
\ representtng one infected celt.

b) TCIDS® | ‘.
.Tissue,colture tubes were. inoculated with 2 mL of Hela
cells in MEM at a COncentration_of 5 x 108 celis/mL. The
cells were incubated at 37°C until 75-80% confluent (24 h)t
The medium was then discarded and the cells infected with

0. 1 mL of a 10- fold d1lut1on ser1es of the virus sample Al

.d1lut10ns in the series were done using a sample size of 2
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tissue culture tubes per diiutibn. The virus was allowed to
adsorb for 1-2' h (f h at 37 and 39°C, 2 hvat'32'C) with
—occasiohﬁi fotafién, followed by theraddition of 3'6L of
medium. The cells were incubated at the appropriate |
‘temperature with the medium routjnély chaﬁbed every 3-5 days
for the length of the assay. The assay period“vhried
depending on the incubation temperatube used. A 10 day assay
period was used for cellsvinéubated‘at 37 and 39°C versus-a.
14 day assay period for ceflé'incubated at 32°C. Virus’

sitres were calculated on the:finél day. of incubation by the

'Reed and Muench method for deterﬁination'offthe 50% endpo%n;

(Reed and Muench, 1938).
¢) Plague-Forming Units (PFU)

~~ Disposable tissue culture plates (60 mm diameter,

Corning Glass Works, Corning, N.Y.) weré seeded with 3 x 106
Hela cells and maintained in medium at'37'C in a 5% carbon

- dioxide atﬁosphere unti1‘95f1qo%”¢oqfluént. The cell

monolayers were then waShed.twicg'with 5imL‘PBS and ’
indculgtedIWith”0.1 mL of the virus sémple appropriately’
diiuted in PBS. The plates were rotated gently at 30 min
intervals throughout an édsorption period Qf,120 hiﬁ at
32°C. Folléwihgdthe adsorpfion per%od,'thg cell mqﬁolayers:
were overlaid with ah initial volume ofls mL of agar medium
prepahed as follows: , | |
A= 1.3% Noble_Agér (bifgo) iq_distfl1éd water, Kept at

43°c, | N o
B = ox MEM, without phenol red, containing 2X

<

: @
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concentration of medlum additives plus 0. 4 mM arginine:

- and 3% calf serum, Kept at 37 C. Occas1onally, the agar
medium.was also supplemented with 25 mM magnesium .
chloride (Williams. 1976; Raskas, Prage, and Schlesihger,

- .1872; Rouse and Schlesinger, 1972). |
Theioverlay consisted of 1 part A plus 1 part B hedium. Once
' thevagar solidlfied; the plates were invertéd and incubated
at 32°C in a 5% carbon dioxidefatﬁosphere‘ Three days
postinfection, 5 m. of the same overlay was added and the
plates incubated until plaques‘couldlbe observed undep the
light microscope (10-14 days). The plaques were then either
picked with a pasteur pipette and etored in 0.5 mL medium at

-35°C, or an additional 5 mL of the same overlay containing

1:10,000 neutral red was added to the: monolayer and the
plates examined for the development of plaques 24~ 48 h
later o L.
G. IMMUNOFLUORESCENCE STAINING PROCEDURE

InfeCted cells fixed with cold methanol'(~20:C) and
air dried Qere’washed with 5 mL PBS and‘incubajed with 0.1
- mL of HAd4 ahtiseﬁum.(l:ZOO dilution in PBS) for 60 hin af
37?C.'Thevcelle’Were washed three times with PBS. to remove
excess anfisera and re-incubated for another 60 min at 37°C
~with 0.1 mL fluorescean conJugated sheep ant1 rabb1t \
"1mmunoglobul1n (1/40 d1Lut1on in PBS; Cappel Laboratories,
;;Cochranv1lle, P. Agx U.S.A.). The cells were washed twice

.7with PBS followed by a .final wash with d1st1lled water to

b em s faaae -
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remove excess salt and then micresc0pically examined for the
presence of fluorescent-foci. A]f‘micrescop{b egaminations
were done using a Zeiss Epi-fluorescence microscope. -

H. PREPARATION OF HYPERIMMUNE SERUM .

| Pur{fied wild tybe HAd4 was prepared by thPCsCI
-equilibrium centrifugatighs. The virus samp1e}was dialyzed
overnight against distilled water (4°C) after which 0.5 mL
of the virUs-was emulsified with an eQUalevo1ume of cqomplete
Freund adjuvant. The mixture was injeeted intramuscularly
into rabbits. One month following the first injectien; a one
mL.booster\ofkpurified HAd4 (101'% ffu/mL) was injected
intravenoust..The rabbits were.exsanguinated ten days later

and the sepa collected and stored at -20°C.

1. SEROLOGICAL ASSAYS . | .
fhe folloWing serologieal assays were perfermed as -
described by Norrby and Skarret -(1967a).
~a) HEMAGGLUTINATION (HA) ASSAY
~_'Serial twotfqld dilutions of virus or soluble components
~ were prepared in PBS using a microtitration éYstem (Cooke
| Engineering Company, Alexandria, Va., U.5.A.). To each 25 uL
"»of diluted ant1gen 25 ul of 1% rat erythrocytes, prepared o
'1n PBS, was added. The mrxture.was 1ncubated at 37°C for 60
" min and the titre readeas the highest diiution‘broducfng
complete agglutination of erythrocytesf |
b) HEMAGGLUTINATION-INHIBITION (HI) ASSAY
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Serial twb-fold dilutions of HAd4 antiserum, against whole,
. disrupted virions were brepared in PBS using the
| microtitration system described above. To each dilution of
‘antiserum, 4 HA units of‘antigen‘in_25 ul wds added. The
mixture was incubated for 1 h at‘é7'c. Following incubation,
50 uL of 1% rat erythrocytes prepdred in PBS wereﬂsdded per
well and the mixture incubated as before. The HI iitre was
read as the highest dilution of antiserum causing combléte‘
inhibition of agglutination. " ‘
c) HEMAGGLUTINATION-INHIQITION ANTIBODY CONSUMPTION

(HIC) ASSAY |

§efial two-fold dilutions of the samples to be analyzed
were prepared in PBS‘aé described in the HI assay. To each
dilution, 25 ul of 2 HI units of HAd4 antiserum was added.
After incubation for 30-60 min at 37 C, 25 uL of 2 HA units
in the form of stock SC material was added per well.. The
mixture was incubated as above, followed by the addition per

well of 50 uL of a 1% rat erythrocyte suspension prepared in

PBS. The cells were thén allowed to settle for 30-60 min at”’

. 37°C. The highest dilution of the samplie adsorbing the added
HI antibodies, i.e. exhibiting ‘maximal or clear cut partial
aggiutination was read as containing one HIC unit.
d) HEMAGGLUTINATION ENHANCEMENT (HE) ASSAY
Serial ;two-fold diiutions of vrrus of soluble
_‘components were p;epared in PBS.us1ng the microtjiration _
,system mentioned above. To each 25.ulL of diiuted antigen, 25

~ulL of HAd6 antiserpm was added and the mixture incubated at

~

o,
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. o
37'C for 30-60 min. Fifty ulL of 1% rat erythrocytes (#n PBS)

was "then added to each well and the mixture 1ncubated as : \
/.

R P

before The HE titre was read as tge highest d1lut1on
.produc1ng complete agglut1natlon of erythrocytes
e) HEMAGGLUTINATION ENHANCEMENT ANTIBODY CONSUMPTION

(HEQ) ASSAY - - -

The technical procedure followed for the HEC assay was \
similar to that fér the HIC assay. lo serial two-fold
dilutions of test samples, 2? uL of 2 HE unitsVof
anti-adenoyirus type 6 serum'was added The mixture was’
incubated for 30-60 min at 37° C followed by the dddition,
‘per well, of 25 ul of 2 bnits of 1ncomplete HAdS
hemagglut1nin.:After a 30-60 min incubation period at 37°C,
50 uL of‘1% rat erythrocytes prepared in PBS was added to
© each well. The cells were then lncubated as before for 30-6@
min. The HEC titre was read as the highest dilution ¥
exhibjting a pattern of non-agglutinated red blood cells

Performance of this test required that all test samples
dld not contain complete HA. Consequently. pr1or to
perform1ng the HEC assay,"all samples were screened for the
absence of HA act1vity '

0
~ .

J. COMPLEMENT FIXATION (CF) TEST =~ ° e
Complement .fixation tests were performed according i

to the m1crot1trat1on technique descr1bed by Bradstreet and

Taylor (1962). Complement and haemoly51n were obtained

'commerc1ally from Behr1ng Diagnost1cs (Montreal Ouebec) and

N
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fM.A. Bioproducts_(Wa]kerville,yMaryland), respectively, and
their appropriate titres determined by means of a

checﬁerboard titration in which both comp1enent and

s

haemolysinlconcentrations were varied. HAd6 antiserum
prepared in rabbits against whole disrupted virions was useg
.as the stock ant1serum at.a standard concentration of 2
un1ts Prier to u;e, the serum was-1nact1vated for 30 min at
56°C and tested‘forvanticomplementarity..Serial‘two-fonb
dilutions of the‘test samples were then prepared. To each
‘dilution,n2 ynits_of}HAdS»antiserum was added followed by
the addition of 4 6H53TUnits of complement The mixture was
covered and 1ncubated at 4°C. Fol]ow1ng 1ncubathon thelf
samples were kept at 37° C for 30 min. A 2% suspens1on of L
sheep red blood cells (Armand Frap1er, Laval Quebec)

' sens1t1zed w@ih haemolys1n (1/100 dilution) was then added
to each weﬂl The mixture was 1nCUbated at 37°C for 50 min
p'w1th ‘intermittent sh;i1ng every 15-20 min.* The cells were

) “hen/allpwed to settle at # “C* for 30 miny Complement

f1xatnon t1tres were read as the h1ghest d11ut1on of test

Sl

e,;t-..

sample causlng“SO% lysis of P;

red blood ce]ls Appropr1ate
' contro]s.were incubated ‘with every test-.

_K s§owru CHARACTERISTICS

"

'HeLa cell monolayers were infected with wild type HAd4 .

aat a mu1t1pl1c1ty of infection (MOI) of 5 ffu/cell After
adsorpt10n at 37°C for 1 h, the monolayers were washed w1th

PBS and ma1ntenance méd1a added Dup11cate tube§ were




25
incubated at 32, -37, and 38°C. The cell .cultures were
harvested at various 1ntervals“post1nfect1on at wh1ch time
‘the, cells were pelleted and resuspended in 1 mL of -
ma1ntenance,med1a Following three cycles of freeze thaw1ng.
virus yields‘were determ1ned by assaying the resultmng
lysete for the preSence‘of fluorescentlfoci forming
activity. The assay procedure followed was as .described in .

Methods and Materigls.

L. NEUTRALI;ATION’ASSAY'
’ ‘A;modificatioh'of the neutralization assay as described
by Rovozzo and Burke (1973)_wds used:_Purlfied HAd4 wes
appropriately. diluted in PBS to'yield 30-50 ffu/field as
,determ1ned in confluent cell m@nolayers of HeLa cells
prepared 1n d1sposable tissue culture plates The d1luted
virus ‘'sample was then m1xed with an equal volume of serial
two-fold dilutions ofiHAd4 ant1serum‘d ected agalnst wholet
virions and.1ncubated at room temperafuze for 2 h. The
virus-antiserum mixtures were then titred at 32°C accordTng
to the'fluorescent focus assay outlined prev1ously..The h
‘neutralizat1on t1tre wag read as the highest antiserum o
| dilution completely 1nh1b1t1ng the product1on of ffu
fM SCREENING AND MUTAGENIZATION PROCEDURES _

The screen1ng and mutagenization procedures followed in

the course of the study were as descr1bed by w1ll1ams et al.

(1971) Wild type HAd4 which had beenpplaque purified twice
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was mutagenized by treatment with‘elthér nitrous acid or:
-hydroxylamine.'ln>both'cases~the scre‘ning'procedure' a
consis}ed of randomly picking plaques ahd testing for growth
at both the permissive and‘non-permissive temperatures, 32

- and 39°C, respective#yT“ﬁlcked plaques were dispensed in 0.5
mL maintenance media and freeze-thawed three times after' |
which the plaque-associated virus was either tested‘directly
for growth at both temperatures or first allowed to grow at
32°C 1n order to increase t1tre, followed by test1ng for

growth at 39°C. A1l testing was done using 25 cm?- Falcon

flasks (Corning Glass. Works, Corning, N.Y.) seeded with Hela

cells at 80 90% confluency.
' a) N1trous Acid Mutagenization
To prepare a stock of~mutagenized vlrus'by.nitrous
acid treatment, equal volumeslofl1.4 M sodium nitrite‘in 2 M

‘acetate buffgr, pH 4.6, and WT HAd5'l105410° ffu/mL) were

incubated for 5-7 mins at room temperature. The reaction was

stopped by the addition of 4 volumes of cold 1 M Tris-HCT,
pH 7.9. The stock was appropr1ately d1luted and immediately
assayed for the production of plaques at 32°C. A1V plaques
were located w1th an. 1nverted m1croscope marked p1cked -
with a pasteur plpette and screened accord1ng to the.
«protocol outl1ned above Th1s mutagenlzat1on procedure "
»‘resulted ina 2 Tog drop in titre. :
' b) Hydroxylam1ne Mutagen1zat1on I . 57 )
Preparat1on of a stock of " mutagen1zed virus by |

'hydroxylam1ne treatment cons1sted}of 1ncubat1ng equal

~

o




volumes. of WT virus (105-108 ffu/mL) and 2 M
hydroxylamine-HCl in PBS. The reaction mixture was incubated
at 37°C and samples removed at 1 h 1ntervals foraSh

per1od The samples were d1luted 1:5 in PBS and’ d1alyzed

' overn1ght agalnst the same buffer to remove any re51dual.

hydroxylam1ne Ser1al 10-fold d1lut1ons of the samples were
prepared, assayed for plaque development and later screened
as outlined above. Th1s procedure resulted in a 2 log drop
in titre. | R

N. HEAT INKCTIVATION o
Heat " 1nact1vat1on of the virus samples was determ1ned

according to the method outl1ned by Weber et al. (1975) . _

Crude virus samples grown at 32°C were dispensed in 0;2 mL

votumes into replicate tubes and immersed in a 50°C water

bath. At time intervals of 0, 8, and.16 min, duplicate

samples were removed and c led immediately on ice. The

1nfect1v1t1es of both heated and unheated v1rus samples were‘
determ1ned by the fluorescent focus assay

0. IMMUNOELECTRPHORESIS
| A mod1f1cat1on of the procedure descr1bed by Weeke
(1973) was used Strips of GelBond film (FMC Corporat1on,

_Rookland, Ma1ne.‘(10 cm?)) ‘were covered with 15 mL of ‘melted

1% (w/v) agarose (Bio-Rad Laboratories) in electrode buf fer

©(0.05 M Tris-HCl and’ 0:4 M glycine), pH 8.0. After

solidification, 3 or 4 mm sample'wells}were‘punched'into the'
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gel using a template guide and the approprlate punch. Ten to

-40 uL of. sample were. added to each well and the plate placed
in'a horizontal electrophores1s apparatus (Bio-Rad
Laboratorles, Model 1400 Electrophores1s Cell) w1th "Telfa"'

'w1cks for the buffer gel connect1on F1rst d1mens1on
electrophores1s ‘was carr1ed out at 15 V/em for 90 min with
water cooling.

Follcwing first dimensionlelectrophoresis,'the

~ agarose gel was dlvided into strips, each strip
corresponding tb.cne-well and containing the area of the
migrated antigen. The strlp was transferred to a:seccnd -

*plate and al1gned along one edge.. The rema1n1ng part of the

Aplate'was fllled with 10 mL of 1% agarose containing 25 ul

of ant1serum The plate was then electrophoresed in the

second d1mens1on (at right angles to the first d1mens10n) at

25 V/cm-for 3.5 h. At the end of the run the gel was pressed-

for 30 min under a layer of f1lter paper and a3 cm layer of
blott1ng paper The gel was then dr1ed w1th a hot air blower
and sta1ned for 15 m1ns with 0. 2% Coomass1e Brillant Blue R

dlssolved.wn a solution of 50% methanol 10% acet1c acid and
40% d1st1lled water The gel was desta1ned using the same

: >
-solut1on WIthOUt sta1n

(-

P PREPARATION OF SOLUBLE COMPONENTS FROM HAd4 AND TS MUTANT:'

.JSTOCKS FOR 2- D ANALYSIS 1 -
D1sposable t1ssue culture plates seeded with. HelLa cells

(90-100% confluent) were infected with WT Ad4 or the HAd4

PEE Ay
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tst mutant. After appropr1ate 1ncubat1on at 32 and/or 39°C,
the infected cells were scraped of f the plate and '

.+ - centrifuged-at 800 g for 10 -min.-The resulting cell pellet:
was washed once 'in PBS, re-centrifuged (800 g, 10 min) and
d1spensed into a final volume of 1 mL PBS. The cells were

~ then freeze thawed three times and freon extracted as

descr ibed prev1ously. The result1ng supernatant was e1ther‘
stored at -20°C or immediately assayed by two-dimensional

immuhoelectrophoresis and-for HA titre.

Q. LARGE-SCALE PREPARATION OF HAd4 SOLUBLE COMPONENT (SC)
_ Large scalﬁ preparation of SC was done according to the
method described by Boulanger and Puvion (1973) Soluble
components from 100 150 Blake bottles of HEp 2 cells
1nfected with, WT HAd4 were prepared as descrlbed previously
<The SC material was pooled and mixed with a saturated
solution of ammon1um sulphate at 4°C, to a final.
concentrat1on of 55% saturation. The mixture was left at 4 o}
'overnight and the result1ng preolp1tate centr1fuged at 500 g
_ ,fOV,2° min (4 C). The pellet was resuspended in 0.05 M '
odium.phosphate buffer, pH 6. 8, and d1alyzed for 48-72 h at
(4°C) agalnst the same ‘buffer. The. d1alyz1ng buffer was.
ohanged 3 5 times throughout this period. Follow1ng
'd1alys1s, the V1ral antigen was centr1fuged at 110 000 g for
-2 h in order to clear the solut1on of any poss1ble -

1ncomplete, low dens1ty v1rus part1cles "The final
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| supernatant was then concentrated to the appropr1ate volume

with polyethylene glycol 20,000, d1alyzed for 24 h agalnst

"~ 0.05 M sodium phOSphate»buffer. pH 6.8, and stored at -20 ‘C

for'further separation.

R. SEPARATION OF SOLUBLE COMPONENTS BY ION-EXCHANGE

iCHROMATOGRAPHY

DEAEjSephadex'A-2$ (Pharmacia, Uppsala, Sweden) was

prepared as a 10% (w/v) suspension. The slurry was washed~}

 with several'volumes of 0. 05 M Tris- HC1, pH. 6. 8, and po»ked

by gravity in a 1 X 30 cm column A three mL -layer o’ a 5%
suspension of Sephadex G-25(Pharmacia, Uppsala, Sweden),
prepared as above was layered on the tcp of the column and
the column washed WIth 25 mL of equ1librat1ng buffer (0 05 M
Tris HCl pH 6 8) Samples of 2-4 mL of -stock HAd4 SC
material dialyzed against the eluting buffer, ‘were then
layered\on the . top of the. column and eluted with 125 mb of a
l1near grad1ent of elther 0-0.5, 0-0.4, or 0-0.3 M NaCl in
0 05 M Tris- HC1, pH 6.8. Conduct1v1ty of each fraction was

"determxned us1ng a conduct1v1ty salt bridge. apparatus (Mode1

f31 Yellow Springs Instruments, Yellow Springs Ohio).

‘Molar1ty was determ1ned by use of’ a computer generated

 'best- f1t' (least squares) stra1ght l1ne programme



S. SEPARATION OF SOLUBLE COMPONENTS BY RATE ZONAL
CENTRIFUGATION
vSeparatiOn“Of”the'solUble’componénts was achieved by a*d
series of zonal centrifugations using a Beckman L5-75
preparative ultracentrifuge and a SW@O rotor. Stock HAd4
soluble component material, prepared as previously
described, was'layered on the top of a linear 5220% sucrbse

gradient and centrifuged at 77,000 g for 16 h at 4°C, I

Fractions were collected dropwise from the bottom of‘the:
tube'and assayedkfor absorbance readings at 280 nm, using a
Gilford Spectrophotometer-250. Each fraction was screened
for HA activity. Those fractions exhibiting positive
hemagglutination were pooled concentrated with polyethylene
“glycol 20, 000 and dialyzed overnight against 0.05 M sodium N
phosphate buffer, pH 6. 8 This procedure was routinely o
followed for all pooling, concentrating, and dialyzing of
fractions Ftpal purification of the HA activ1ty was
"achieved by subJecting ‘the sample to a second S ,
centrifugation performed under 1dentical conditions as
outlined above The remaining fractions, ‘those exhibiting
'”'negative HA activ1ty. were concentrated and dialyzed N
'~accord1ng to routine proc.dure and recentrifuged on a. linear,
o 5- 20% sucrose gradient at 77, 000 g for 35 h. The gradient
was collected as before W1th individual populations of the _
.soluble components being 1dentif1ed serologically by HE, CF,
, HEC and/or HIC'assays. Final purification‘was-achievedvby_
| recentrifugation of the individual populations at~77,000‘g_':
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for §5 h.

" T. DNA ANALYSIS A T
A modification of the method descr1bed by Weber et al.
(1975) was used in this study. Confluent monolayers of Hela
‘cells dhdwn»in 75 cm? tissue'culture flasks (Corning Glass
Works, Corning;4New YorK) were inoculated with WT HAd4 and
 the HAd4 ts1 mutant at a multiplicity of infection of 10
ffu/cell. The cells were incubated at 32 and 39°C and
'labelled 20 and 40 h later, respectively, with 5 uCi/mL of
(3H)-thymidine. At 40 h postinfection, the cells were
scraped off with a rubber policeman and harvested by
) chntr1fugat1on at 800 g for 15 min The cells were then
“ resuspended 0. cald T Tr1s saline buffer, pH. 7.4 (0. 02 M
Tris-HC1, 0.05 M NaCl).,Cultuﬁesglncubatedwat 32°C were
harvested in a similar manner at 65 h oostinfeétlonf.lhe
_cells we:e then'layered on the top of a linear-5-20%‘
alkal1ne sucrose grad1ent 1n 0.3 M NaOH, 0 7 M NaCl and
~0.001 M Na EDTA. A lysing layer (0. 2 ml) cons1st1ng of 0.5 M-
" NaDH and 0 05 M Na EDTA was careFUlly appl4?d on top of the ‘
samples After standlng for 16 h at 4'C, the gradIents were
- “t‘31r1fuged,1n a Beckman L7 75 preparat1ve ultracentr1fuge |
;}V fnﬁ 5 h at 150,000 g using a SW40 rotor Fractions were |

‘ “'Wcollected dropw1se from the top of the grad1ent after which .

- 5 ul of ‘each fraction was collected on a f1lter (Whatman No
B 1) and assayed for rad1oact1v1ty The f1lters were washed

w1th a 10% cold TCA solution followed by methanol The -
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.filters yere-air dried and éounted in ; toluene based
scinfi1lation‘fluid cohta}ning l&iton X-100, "

-2, 5 dlphenyloxazole (PPO) .and_p-bisfo- Methylstyryl)benzene -
(b1s -MSB) . Counts were determined using a LKB 1215 Racheta )
Liquid Scintillation Counter (Wallac Oy,eTquu, Finland).

5]

U. VIRION STABILITY IN CESIUM CHLORIDE

Hela cell monolayers were infected with V{rus at a
multiplicity of infection of § ffu/cell. The cells were .
1ncubated at either 39 or 32° C and labelled at 20 and 40 h

g

post1nfection respectively, with 5 uCi/mL of

. (3H)-thymidine. The label was left on the cells unt1l the

-

cells were_harvested 1n‘PBS. 2 and 3 days after_labell1ng at
139 and 32°C. The ceils were then lysed and freon-extracted
‘as described pre¥1ously The Qifult1ng ma’ er1al was layered
on the top of a ces ium chloride solutlon (1.339 gm/mL) and
_centrifuged at 150 000 g for 24 h us1ng a SWSO rotor in a’
BecKMan L7 75 preparat1ve u]tracentr1fuge FollOW1ng

centr1fugat1on fractions were co]lected grOpw1se from the

'bottom of the grad1ent The dens1ty of the ces1um c¢hloride

was determ1ned by refractometry, us1ng an Abbe Refractometer

':(Erma 0pt1cal behs Ltd.- , Tokyo, dapan).'Rad1oact1v1ty was .

'determ1ned as 10% cold TCA_pbecipitable counts in toluene

" based scintillation fluid. Details of the procedure followed N
- for assay1ng radioact1v1ty are as descr1bed in the sect1on

‘_ for DNA synthe51s

“ o E
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V. SDS-POLYACRYLAMIDE GEL ELECTROPHORESIS

, SDS—polyacrylamide slab gels were prepared using a

Annd1f1cation of the method descr1bed by Maizel (1971) The
polyacoylam\de slab gels were prepared in a Bio-Rad Model

220 electrophoresis apparatus (150lx 100 x 1.5 mm) with a 3%

. stacking gel layered on the top of a 13% resolving gel

(acrylamide-bisacrylamide ratio of 30:0.8). Twenty mbL of the

"resolv1ng gel was added to the apparatus and aélowed to
- polymerize for 30~ 60 min. A slotted comb was then inserted

into the apparatus and 10 mL of the stacking gel addedl
Following polymerization of the gel, the comb was removed
nd the formed slots filled w1th electrode buffer.

Samples for analys1s were prepared as. outl1ned

be low. The}prote1n concentrat1on of each sample,was_

'determined'by,the'Blo Rad'protein assay system described by'

Bradford lf976) Fifty to 100 ug- of prote1n of each sample
was drop-dialyzed (Marusyk and Sergeant 1980) aga1nst 1%
ammonlum acetate at room temperature After d1alys1s, the
samples were collected and dissociation buffer added to a

flnal concentrat1on -of 0 05 M Tris-HC1, pH 7.6, 1% sodium

A dodecyl ‘sulphate, 0. 1% beta mercaptoethanol 10% Qlycerol,
and 0. 002% bromophenol blue. The sampies were heated at 98°C
J for 2 m1ns - and then layered onto the gel.. Electrophores1s '

'was carried. out at a constant current of 30 mA for 220 min.

At the end of the electrophore51s, the slab gel ‘was removed

and stained overn1ght in 0.2% Coomass1e Br1llant Blue R

solut1on and destalned as described above
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' The holecﬁlar weight of the polypeptides of each sample
was determined. by-comparison with the relative mobility of
semp]es of knpwn molecular weight, i.e. -HAd2 polypept1desr-—~
and/or standard polypeptide markers electrophoresed in the
same gel. In th1s sudy the commercially available standard ’
polypeptide markers used weﬁe Pphosphorylase B, bovine serum
album1n/ ovalbum1n carbonic anhydrase,’ soybean trypsin, and
alpha-lactalbumin (Pharmacia Fine Chemicals, Piscataway,

" N.g.}. The molecular weights of these standard polypept ides
are, 94,000, 67,006, 43,000, 30,000, 20;100, and 14,400,
respectivély 'Moleculap‘weighf calculations wereldone using
a computer generated "best - f1t"'(1east squares) straight
line programme. | =
W. VIRION ASSEMBLY - . |

_Hela cell monolayers'weré'infected with wild type HAdA4
and the HAd4 ts1 mutant at a mu1t1pl1c1ty of infect1on of 5
Ffu/cell. The 1nfected cells were incubated at 37 39 or
32°C for 16, 43, and 90 h, reépeot1vely.»Fol]ow1ng i
incubatfon, the‘haintenance'medium was rempved}and the celis

fixed w1th 3% cold glutaraldehyde in 0.1 M phosphate buffer,-
S0

'pH 7.2. After f1x1ng for 15 min, the cells wer{*,‘

scraped off the petr1 dish w1th a rubber policeman,
'vcentr1fuged in glass con1cal tubes for 20 min at 800 g and
‘postfixed in 1% osm1um tetrox1de for 2 h The samples were
chen dehydrated 1n an alcohol grad1ent of ‘50~ 100% ethano]
and embedded in Epon 812. Polymerization was done_at 60 C
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for 2 days. Thin sections were cut with a Porter-Blum

mi¢crotome and stalned with urany} acetate followed by lead

citrate. Secflons were. examme& a- S emens EL—MISKOP 102,

electron mloroscope.

X. VIROLOGICAL TECHNIOUES

St

AN standard virological ‘techniques used in the course
\—‘

- of the study were performed accord1ng to the methods

outl1ned by Rovozzo and Burke (1973)

Y. BUFFER son.uuous

_ Buffer solutions required for the course of this study
were prepared from tables listed by Gomor i (1955).

) This thesis was produced by ‘the Textform programme of
the M1chigan Terminal System, using a Xerox 9700 page

pr1nter_

>
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II1. RESULTS

_A. VIRUS ASSAY
Attempts were made to assay HAd4 by the plaque assay

method using both HeLa and HEp-2 cell lines. This assay,
however, proved to be unsatisfactory, since the piaques
produced,by éhe HAd4 virus stock were found to be of a
pin-point size which made visual location offthe plaques

%&difficult. Attempts to enhance plaque formation by either - .

| sumjecfing'the cells to longer incubation periods or by the ,
addition of magnesium chloride and/or arginine to the assay - ‘4\
~media were examined but were found to be ineffective As ai d ;
result. ali viral titers were determined by either the !
fluorescent -focus (ff) assay or by the TCIDS® assay.
Comparison of these two assays showed . a iinear relationship’

?

to eXist between them, as shown in Figure 1.

-

) Since the Vviral titers were to be determined at three
‘different temperatures, 32, 37, and 39 C, a standardization .
of the ff and TCIDSO " assays was necessary The minimum ‘
incubat$bn time required to yield’ similar titers .at_ each of
the hhree temperatures wasqsirst eXamined by comparing the - b
production. of ffu at different 1ncubation times The ° ;
resuits .as given in Table 2, showed that a 72 h incubation
period at 32°C yielded a similar titer to that of a 48 h - o
1ncubation period at 37 or 39° C In addition no significant B >
1ncrease in titer was. observed if the 1ncubation periods o

" were extended an . additional 24 h, R S g.ﬁ

b



, ] Figure 1. s
~ 'Relationship Between the Fluorescent Focus and TCIDSO
Assays - . . B
!':;"»' ' 'X o co \ -
, The respective assays were carmed odt as descr;,ibed in?
Methods and Matema]s. The results of two sepapate |
o studies age shown. | . o .
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. Table 2'

-

Standardization of the FF Assay at 32, 37, and 39°C

Fluorescent focus units were assayed as described in

“.f Methods and Materials The titers were recorded as the
. average count of 10 fields per tissue culture plate
] w1th 2 tissue culture plates being used per dilution
. The adsorption periods varied depending on the 5 ‘:
ptenperature of incubation ailh adsorption period was
. used for 37 and 39 C and a2h adsorption period for
a2re. |

1

 N.D. - not done
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~ Incubation Period
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'"With'thé”TCID5°“aSSay,”the"lengthfof‘incubatﬁon“:‘
reouired to yield similar titers was also found to be
dependent on the'temperature‘of incubation in general' |
us1ngra 10 day 1ncubat1on period at 37 C as the. standard,
‘equivalent t1ters at. 39 and 32 C. were obta1ned after 10 and

14 days, respect1ve1y

B PURIFICATION OF HAd4 SOLUBLE COMPONENTS
I. Separat1on of Components
HAd4 soluble components (SC) were prepared as

descr1bed in Methods and Mater1als Var1ous techn1ques have

' been descr1bed for the separation of adenov1rus soluble_

components (Norniy and Wadell 1967b; Wadell and Skaaret,

- 1967; W11cox and G1nsberg, 1961) In th1s study, both

ion exchange chromatography and rate zonal centr1fugat1on

< techn1ques were used

a) Ion- Exchange Chromatography |
Separat1on of the HAd4.soluble con'ponents by

. ion- exchange chromatography was not successful In1tial,f

tr1als using a linear NaCl salt grad1ent of 0 0 5 M
resulted in only 11m1ted separat1on of the soluble
components Shallower grad1ents of 0-0.3 M and 0 0.4- M were
examlned in an attempt to enhance separat1on but again

>

11m1ted separat1on resulted In each case, the soluble .

, components eluted in close prox1m1ty to each other, often,-
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"eluting*at overlapping salt concentrations The situation
~was further complicated by the presence of excess hexons in
" the stock material, resulting in contamination of the.other
soluble component populations. -

| The inability‘to sufficiently separate the soluble
~ components made the“ion-exChangevchromatography technique
_unsu1table for the purpose of isolating relatively pure
soluble c0mponent pbpulations Furthermore, the dilution .
effect 1ntroduced by the technique posed serious problems
‘.both in .the recovery and 1dentification of the minor .
o oomponent populations and at times resulted in a complete
4.1055 of these components ‘
| b) Rate Zonal Centrifugation" | . “a

As a result of the difficulttes w1th jon- exchange

' chromatography, separation of v1ral soluble components was y-'
attempted by rate zonal centrifugation This technique gave :
‘reproduc1ble results w1th minimal loss of material A-

“'schematic representation of the method used 1s glven in.

‘*'Figure 2, “”T."Tf SRR 1f“ )

| The HAd4 SC stock material prepared'as‘described in
-_Methods and Materials was layered onto a linear 5- 20%

",_‘sucrose gradient and centrifuged at 77,000 g for 16 h.

’?.l"lFigure 3. ?;-'

, Separation of the components was monitored by absorbancev'

readings at 280 nm The results obtained are shown inv

» "

Follow1ng the 1n1t1al centrifugaiion,-two distinct

A'-peaks exhibiting different sedimentation characteristics,

. . : ‘ .
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o HEC o= Hemagglutination Enhancement Ant1body

"HA :1‘:Hemagglutination.Assay

~ HE —AAHemagglutinatwon Enhancement Assay

AHiCﬁ ;iﬁ“e;hgglutination Inhib1tion Ant1body-y,

Figdre 2 : -

\

} Schematic Representation of Method Used to Separate
HAd4 Soluble Components , '

CF ’-m-ccmplement4fixation Assay

. Consumption Assay -
N

n_ﬁyConsumption Assay ‘
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SC

| - ‘
-1 1. Centrifuge: 77,000 xg,
| 16h, 4°C
2. Collect Fractions
3. Absorbance Profile: » .

‘280 nm o ; A\

.4, HA Screen o

—Poak | ey RN -
1. +HA I R 1-1. . Pool and Concentrate '

2. Cmtrlfuge 77000xg, : . { 2. Dialyze: 0.05M Sodium.
16h, 4°C - B I Phosphate Buffer pH 6.8

- 4. - CF, ch HEC Screen

N " . _ o 3. Centrifuge: '77‘000»xg, A
~p/umloanodocon -

35h, 4°C
\

1. +CF ] +HEC

2. - Centrifuge:: 77000xq, S e b 20 Camtrifuge: 77000xg.
16h 4°C. B 16h 4°C

T p'q'rlﬂ_bdﬂ_'"“’“: co APuri,ﬂdeou/i,tqn»Baéof

Y

B

i



Figure 3

\

'Separation of. HAd4 Soluble Components by Rate Zonal |
Centrifugatton as Determined by Serolog1cal Techn1ques and

Absorbance Prof1le at 280 nm

The SC material was separated as descr1bed 1n Methods and

'Materlals
N \ :
A - In1t1al centrtfugation, 77 000 g, 16 h 4 C.
'B - _Centrvfugatton of Peak EP 77 000 g, 35 h 4° C
h{HAU -:'Hemagglut1natlon units » |
HECU ’

: Hemagglutinat1on Enhancement Antlbody
;Consumptlon Units '

"f“HICUV' 'iHemagglut1nat1on Inh1b1t10n Antibody

| ‘}hConsumpt1on Units R
wdHEdﬁt‘~,‘Hemaggluttnatlon Enhancement Un1ts
.CtU'Q - Complement thatlon Unlts R R ’bitf | R _'
A280 - Absorbance at 260 nm el R |
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, wereldistinguished (Figure 3A). The faster sedimenting peak -

R .

was consistently recovered in the first 3-8 fractions,
whereas the slower sedimenting peak exh1b1ted a much w1der
profile extending from fractlons 12-15 onwards to the top of

the gradient. Hemagglut1natwon act1v1ty (HA) was detected

~only in th@ faster sedimenting peaK. S1nce the dodecon, a
1symmetr;cal aggregate of 12 p;~7{_ ik ‘:e-only HAd4 '

soluble component express1ng

f1nd1ng identified the peaK}asi populat1on The

:rsuggasted that a

complete separatlon of the dodecons from fhe rema1n1ng ,

lacK of HA in the s lower seﬂlméﬁt1:-

o soluble components had occurred

Further separat1on of the rema1ning soluble components

‘a%s'ach1eved by subJecting the slower sed1ment1ng peak to

recentrifugatlon The centrifugat1on t1me was extended’ from o

16 to 35 h to allow. for maximum separat1on F1gure 3B. shows
the presence<of two d1st1nct peaks, one following closely.

beh1nd’the other. The faster sed1ment1ng peak was recovered .

'v1n the m1ddle of the grad1ent and peak fract1ons were showhjh

;to conta1n hexon components by a CF assay, us1ng HAdG

‘Tgroup SpeC1fic ant1serum The slower sed1ment1ng peaK did .

t'not exhib1t a- s1gn1f1cant CF titre. The peak however. did

'yield a pos1tive hemagglut1natton enhancement consumption

| (HEC) reactnon with subgroup specific antiserum,.thus L

_conf1rm1ng the presence of pentoﬁ%base 1n—the peak

fract1ons

Free penton and free f1ber components;;rre not detected ;

L34
' ».‘-’
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in'any’ofvthe-eucrose gradients_examined, either by
ebsorbénce reedinQS“or_by;the,p(esencelof incomplete:

. -hemagglutinins as determined by'the
.»hemagglutinatibnﬁenhancementl(HE)"reaction usfngiHAdB

. anttéerum The inability to isolate Free‘penton suogested
that. the maJority of the penton components were present -in
the stock mater1a1 as dodecon and not as free pentons. The
inability to detect t‘% fibre component in any fract1on was
thought to be due to/?he presence of very low amounts of

'of1bre. amounts 1nsuffic1ent to be detected by the me thods

employed

l\

| c. IDENTIFICATION AND PURITY ESTIMATION OF ISOLATED SOLUBLE'
oouponems | | S
-a), Two~Dimensxonal Immunoelectrophores1s

| The pur1ty of the separated soluble, components as .
prepared by rate zonal centr1fugat1on was determ1ned by
“htwo d1mens1ona1 1mmunoelectrophores1s (2-D). This method -as
descr ibed by Axelsen,,Bock and Kroll (1973) allows for - the '
‘ 1dent1ficat1on of 1nd1v1dual components on the bas1s of
electrophoretlc mobility. Each isolated soluble component
was ana]yzed for its. 2 D proflle us1ng ant1serum prepared
Qaga1nst d1srupted whole HAd4 v1r1ons The resu]ts are shown’
1n Fxgure 4 A s1ngle peaK was observed for each structural

: gomponent Compar1sons of the electrophoret1c mob111ty of -

&

-




Figure 4

“Two-Dimensional ImmunoeIectrophoresis Profile of 2

Individual HAd4°So]uble Component's
Twenty to forty uL of' HAd4 SC stock materlal and
separated soluble components mbre applied to 4 mm

| dwameter wells at a protein concentratlon of 20-60

ug/mL. Flfty,uL-of ant1serum directed against whole'

o | - | o
disrupted virions (final concentration, 0.6 ul/cm?) was.

added to the. agarose gel in the second d1mens1on
Two d1menszonal 1mmunoelectrqphores1s was carried out

as descrIbed 1n Methods and’MaterIals.

.. HAd4 SC stock -
Hexon (peaK‘C)' |

A

®.

C. Penton Base (peak D)~
0 .

) Dodecon Qpeak A)

R R .
o T gy "
. - Y
= R ‘o% _ &
RR] g -
R .
. .. S
X ) .

o, M
‘e

..

e e L%,
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. A
the individual components showed each to be unique and
| thereby identified each sample as a dtst1nct and separate
component ‘The hexon populat1on exhtb}ted the h1ghest
MOb1l1fy and was followed closely by the pentOn base The . c-
dodecon p0pulat1on. i.e. pentons, m1grated the least from '
the orlg1n Each of the components wag found to exh1b1t a
. s1m1lar mobility. to one of the proposed-component peaks from
a the. HAd4 SC 2-D profile (refer to sabtion D).
b) -PAGE ANALYSIS S P
‘ inal 1dent1ficatlon of the 1solated soluble components>

«

’ was"determtned by. SDS-PAGE analysrs and'1s ‘shown in F1gug§
5. " The molecular weight of the 1nd1vrdual components was
L calculated as ‘described in Methods and Materials. The
E molecular weight (MW) of the, hexon and penton (dodecon)
components were calculated at 110 000 and 73,000, ”r!l
respecttyely (FWgure 5 tracts E and F)’ The calculated MW
| of these components were found to be 1n agreement with those ‘
reported by Marusyk and Cumm1ngs (1978) and Wadell (1979) N ) h;
e Epe presence Gf ‘a s1ngle polypept1de band L ﬂ%?f:

. 1n additig
T 1ndicated>*ﬁq, eé&exon and penton pr;parat1ons were L

WE .

*r»ﬁ'

relattvégyqupe In contnast to f-s finding, the isolated

".!'atfbn was found to be composed of a numher .‘ e

f of difﬁerent polypeptides (F1gure 5, tract‘D) Three‘maJor*

fiu»bands. wlth correspondtng molecular»we1ghts of 60 000
54 ooo and? 25,, ooo were observed “The latter two‘ polypeptides
weref1déntified as: the core prote1n polypept1de V. and the

., eg f'
hcxon assbc1atedaeore prdte1n polypeptlde VI of’the HAd4
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virion.

a 1]

‘The accepted MW of the penton base is estlmated to be
between 66,000~ 74 000 (Marusyk and Cumm1ng, 1978; Wadell
1879) . No polypeptlde barid correspond1ng to that MW was ‘
observed by PAGE analys1s The inability to correlate the
:._tﬁ;._;
NI

oo »former techn1que is much more sensitive than that of the
.4/

~ﬁﬁ1th that of PAGE analys1s, us1ng identical pehton base’

'.eparat1ons.'1s not clear It 1s pos#ible that since the

PAGE, the sample contalned an 1nsufflcient amount of the

penton base to be detected by PAGE analys1s
' ‘.?‘nor is the nature of the rema1n1ng polypept1de bands present

: may represent cellular contaminants B

- 3

D. TWO- DIMENSIONAL IMMUNOELECTROPHORESIS PROFILE OF HAd4
| ‘SOLUBLE COMPONENTS
a) Standard1zat10n o U | BRI
N Two- d1mens1onal 1mmunoelectrophores1s‘can be used ‘
.for the jdent1f1cat10n and quant1tatlon of 1nd1v1duaﬂ ;ﬁ?"
samples Previous stud1es have reported 1ts\use‘for the .

character1zat1on of adenov1rus soluble compoﬁents (Mart1n,,

1Uarocqu1er, and Boulanger, 1975) ‘With this techn1que, B

Jdent1f1catlon_and quant1tat10n,are*performed'in.terms_of»a '

.

eE

(..
|

.H55v

results of the two~d1mens1onal 1mmunoelectrophoresis ﬂrof1le

; The nature of the 60 000 polypeptide ‘band is not Known,

in F1gure 5, tract‘D’ It is thought that - these polypeptldes-

.

,'.
\'E
~

™\
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reference antigen.'i e. a sample of kn0wn'composition, and .

" by means of a reference ant1serUm Pos1t1ve 1dentity'of any o

two ant1gens is 1nd1cated by 1dent1cal electrophoret1c
v'mob111ty w1th1n a standardized system In add1tion, the
tquant1tat1on of the unknown antigen can. be determined by the‘l
_ change in peak area resu1t1ng from the addition of #he
“ﬁ.~f | unknown ant1gen to that of the reference antwg@ﬁﬁﬂkmelsen et
_} 1973) N . .
'ﬁﬁff;.flagﬁgi\ - In order to 1dent1fy the 1ndiv1dual components w1th1n

"E;d4 SC mater1a], attempts were made to develop and IR

“%““““**'“ﬁﬂﬁbxh1b1ted good peak he1ght with h1gh resolut1on and

separat1on of the v1ra1 soluble components By vary1ng the '
; ant1serum concentrations aﬂH electrophores1s t1mes, a
standard system was developed using Tr1s g]yc1ne buffer, pH ,
Gg 3. The procedure and cond1tions used are as descrlbed in
Methods and Mater1als . | | . |
Under these cond1t1ons—a spec1f1c pattern was observed

in the 2- D prof11e of the HAd4 SC mater1a1 Repeated trials

,.efh.
. us1ng d1fferent“SC preparat1ons.resu1ted in.similar ‘
o proflles Four pohegt{hl‘peaks, pgss1b1y represent1ng B
| 1nd1v1dual soluble coqﬁ'tents, R g.observed A fifth minor
prec1p1t1n l1ne wasﬁalgp é?served fﬁcwever, th1s lwne was
) x, W2 "‘\— -, ¢ .. »
often masked by thaf‘of the. others Th&:prqqgsea peaKs are /
shown in Figure 6 and haye been refernég1pb‘&s 1, 2, .3, 4, ;
L and 5. . g (0 ,,‘. e o |
% b) Ident1f1cat1on of HAd4 2-D Profile Peaks ,

Do
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HAd4 SC mater1al was analyzed for i s two d1mension 1
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- theHadditnon of purif1ed dodecon to the reference sample an

, !
in area over that of the standaﬁd The ext

e

" i Identification of the HAd4 2-D soluble component

“

_ profiie was-determined'by ‘the use of an enhancjng_technjquej_

as described by Axelsen et al. (1973) In this technique
positive 1dent1ty of precipit1n peaks is determ1ned on the.

basis of identicaliblectrophoret1c mob111ty of added ant1gen

to the reference antigen and incrqhsed peak area. The 2-D

. prof1le of a sfandard amount of HAd4 sC materIal was used as
:a reference sample to wh1ch all other prof11es were

"'compared Each pur1f1ed solubJe component was added ’.,' v{i)

separateiy to a standard amount of the reference sample

after-which the resultwng 2-D profile was compared aga1nst :

'that of the reference sampJe alone The add1t1on of pur1f1ed

hexon to the reference sample resulted in a greater than

two fqld 1ncrease in the area of peak 5 compared to that of

the reference prof1le No 1ncrease in any . of the other peaks

"ﬁlwas evident nor were any l1nes of 1dent1ty observed W1th . }j%ﬁ;

-
i

ﬁ 1ncrease in both peaks 1 and 2 resulted In comparison to

o~

the reference profile peak 1 exh1b1ted alﬂ 7- fold 1ncrease
of the

increase in peak 2 could not be determ1’ due to an

'1nsuff1c1ent amount of the ant1gen in the reference prof1le

.
However, the finding that. a ‘sufficient amount ‘was. present to

esttmate area fo]lowtng dodecon addition 1nd1cated a drrect

.-,relataonshlp between the two When a s1m11ar addit1on of

‘ purxfied,penton base to the reference sample was exam1ned

W

“;;fan tncrease 1n the area of peak 4 afohe was observed As was.
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A%!§A

fcomplete penton, the free penton ‘base and the hexon -

60

'the case pQ$v1ously with péak 2 the extent of this increase

could not be determ1ned due to the 1nsuff1c1ent amount of

’antlgen present in the reference profile An 1dent1ty

'react1on between peaK 1 and 4 was ev1dent

In add1t1on “to the enhancement of the penton base peak,

'_the 2-D prof11e perm1tted a more pronounced view of '

precip1t1n line 3 which was often masked by the other peaks

' An;1dent1ty'react10n between this peak and peak 2 was

ev1dent

The 2-D profiles of the above enhancement samples and

the1r_respect1ve references are shown in Figure 7 (AB and

_ C) A tabulationsOfvthe peak areas and the relattye.changes

“in area is also q1ven

As a result of -the- above enhancement stud1es and the

{‘ previous observatlon of the spec1f1c electrophoret1c
xmob111ty of d.}h 1ndiv1duaJ soluble component (F1gure 4)
;"1dent1f1cat1on of the proposed peaks in-the 2-D prof11e of

the HAd4 SC mater1al was pdsa{ble On the bas1s of these
results, peaks 1,: 2, 4, and % have been 1dent1f1ed as the

o 1 :
_fte penton base and f1ber structuraT components of the ©

3 ',."

° -

‘cgmponent respect1vely Prec1p1t1n l1ne 3 has been

~ tentatively 1dent1f1ed as the ftber component The m1n1mum

amount of free f1ber presen1 1n the. SC mater1a1 did not

4perm1t further 1nvest1gat1on .into the nature of peak 3 A
' rev1sed two- d!mens1ona&, prof1le of the HAd4 SC mater1al is -

".'shown 1n F1gure 8

ats
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,tFigure 7A

“Ident1f1cat1on of Two Dimens1onal Immunoelectrophores1s
,HAd4 Soluble Component Profile Peaks as Determ1ned by

the Enhancement Technlque

7The two- d1mensiona] profile of a reference sample of

- HAd4 SC was compared to a similar sample to which a

'pur1fied soluble componez} had been added In each '
case, a standard concentrat1on of the ‘HAd4 SC- reference
sample was appl1ed to both wells. although the origin nal

"concentrat1ons varled dependlng on the soluble

"~‘component be1ng examwned Tabulation of the peak area

e I VR

Lee -

was calculated as the area enclosed 1n the precipitate ?f
‘and expressed as helght X (width at half he1ght) Those o

peaks marked. W1th an aster1sk represent the reference

'-peakc to which the standard proflle is 1dentica1

1 Enhancement of Hexon Component e }EE%-.‘

o i

~A1

A Reference Pnof1]e e )
Load app]ied to well 3 uL 3 prote1n
| concentrat1on, 0 62 ug/uL .
B “Hexon - Enhancement Profile '. » B
" Load applted to well 25 uL _prote1n
concentration, 0. 06 ug/uL plus 3 ul HAd4 SC as in ¢

o : ) VA.' .
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A

Pe%kl Area (mm?)

| Sample

¥

. *Pesk1 Peak 5

| wadasc . o
o X ~ HAd 4 SC + Hexon

Relative Ratio of Peaks

“Relative Change In Peak Am

432
- 432
© 0.0

SO E RN

. 1287

308.0 -
+179.3

R H 4




, Figwe7s - . . %

; LI.Ennén6ement of Cdmb]ete'?énton',"

A Reference Prof1le , ,
‘1 Load appl1ed to welT 15 uL protemn )
concentrat1on 0. 13 ug/uL ' |
B Complete Penton Enhancement Prof1le
Load applwed to well: 20 uL_,proteln
concentration, O 04 ug/uL plus 15 uL HAd4

k :?’,

SC;nas- : R

P
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’ et
: et
Sample | ~ Peak Area’(mm?)

| Peak1  Peak2 .  ‘Peak5
HAd4SC 247 =~ " 805
HAd 4 SC + Dodecon - 39.6 - 28 57.2
Relative Change in Peak Area +14.9 <+28 . -33
Relative Ratioof Peaks | 1117 T 117 1:085 °
’:;‘— .
Fal

»
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Figure 7. © N
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I11.”Enhancement of Penton Base '

A. ’Re_f_er‘encé Pr’-ofi’le: : L T
Load a;iplied to well:
concentration, 0. 13 ‘ug/ul

B. Pentoh Base Enhancement Profile

Load a;Plied to we'll 7 uL' 'protein

1nA

15 uL; prgiein

concentration, 0. 07 ug/uL plus~ ‘rS’\l!. HAd4 SC as.

'0
. ‘
i g‘l ’ o
T :
g
- b S
J . ‘
- .
) ¥
.‘ .
>,
~
R
- . L
- Cl -
P
B ) .
: ; - ,
~ _—
. = -
>
T : I;» n
.

J"\\‘




g

=
.
.
o .
.
., »
o -3‘351'
\ o
~.
.
-
.
e,
J °
N
«
Tt o~
J
N ~
-
.
-
~

s

S \ N o
- K 1 ~

e e v S

[ ;.'.,_....,.»\/\/'\/\l‘\/:‘/\,‘\/tﬂ\»,M.—\z«-m e
P . r Y

"

. N
. v -
;
'
w ‘ ke '
. (IR
/ .
N/
o
; ’
v ’ .
e -
“
i .
N ..
A L% s
A N »
N 3
B A
> Ay ”
- R4
g N
i .,
) [ &
A
M RN
’ ; f
s s -~
e ) .

. J v @
N :
A
a \:

ysatae -
MR ARE \ punon Ress
- AAYe Change in Pesk Area

M

(i

« . ~
< ~ -
-
PR . .
! S
: ' C A !
. \
. .
e v
.

1%/&' B

: Gé‘,'”’a :

“oyk A
Y

N

el

C U Pouk areg(mm) T

“Posk 5

80.5 -

' 85.0

~4.5
4:0.9

&

P TR L e

.
Al
ﬂ
“
¥ "‘4.
7
. "
<
.
h
. .
A
ko
Vi
:
.
& N
N 1
\



FRETY
: . "‘&‘ﬁ"
\‘ - . .

‘ : . Figure 8

~ o ) > ) ! * N . . : . ' i [N
i ' : ¥ Yap
l\ r

G Two- Dwmens1onal Immugoelectrophd¥héis,ppof11é of HAd ?f‘i

V9
!

Soluble COmponentss ;';9"_ﬁi VL ; |
. , C. AT N
L 1 ] . ot ‘ D . . ~.\:.

LN . ‘

: . e . o . . . . - .
s ! ! N .
On the basis of the enhancement studi%s and the ‘ER“

Fi as f911ows.w~- '_: tvbv‘~». X g ‘a

‘,;-,_‘;J ,1. Pe&tbn‘ba vsfructuraJ(pomponent ofacomp1€ie ) ‘ ;A$<'"
e : "f' ’ - w gt .. ‘ ¥ - . £ ]
r%nton e, LA SRR -

2 Fiber structuriﬂ?iz comp ' '*1‘ gy"
T ‘ . 3. ,,Free f'lber cL f-‘f:;'-‘ 3 .s‘* .

St 4. Free penton base S
5 Hexon . .
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R E GR@NTH CHARACTERISTICS OF WT HAd4 AT 32L,37 and 39 Cc

.
. f
«..; \
l

'“"‘K‘v‘ L b .
it i S The gr‘og‘t'h rate of WT HAQ4 was examined at 32 37. and

Y S

oo of v1rus to, be approxlmately the same at all thr',

; tenperatures An accelerated rqte of mult1pl1cation, o
- however, was observed at 37 *and 39 (o8 when- conpared to that :

o at 32°C. Ext,racellufar virus was’ detected at the former two

tenperatupes, *37 -and 39°C, by 15 h PI " with maximum .yield

' \), being reached by 24 h. At 32 Cy however, viﬂ.Is was not
o A
) " ;- detectable unt1l 24 h" PI- and maximum yield was reached at 48 ,
ot « AP,
£ PI (F'lgure 9). No sigmfl‘cant d1fference in the rﬁg &‘
T " :*_"; multiphcation between thal{“ at 3'} and 39 (o wa’s obsel"véd-*f )
: ‘ ’Virus to grow lp;—‘the perm"lsmve and nop permisswe ¢
i ; tearperatdres was obs%r dv. No restrf‘chon of growth at 39° C ;
» \l_. . TER :
was apparent DL e T
:5, mr'[,r' lsou\uou NS STU e e
2 A previously l.nd1catedu f'lve dtffergnt mutagens have‘,_
been enplpyeg in the attenpt to 1sol_ate_ ts mutants of ' L
W adenoviruses Htgher frequencies of mutant 1solat1en N |
following treatnﬁnt w1 th. nl trous aold and hydroxylamme, R |
: ,;however, have been reported (\hlhams et al 1971 Enslnger o
EOTE et al 1972 Begm and Weber, 1975) As a result of these S
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mth PBS to renbv,y,excess virus afte‘twhiclﬁaiﬁlenance n L
' i mediaAyas addea and fhe celfs incubated at the- Eﬁ ¢ ,g;{%?iif;i X
respec‘t'ive t%vatures Cell cu‘r'tures were harvested s '
at the time intervals 1nd1qpted and viral y1eld \ Asz;xf‘

determined by the fluorescent/focus assay

£

Cw R

A,

HeL§ celf mnolayers» m tissue cuﬁture tubes were ' e

--<°1nfected mth T HAd4 at a MOI of § ffu/ce 1, er
jyﬂ J‘,,Aft .
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findmgs mutagenization of stocks of HAd4 was restr1cted to
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o the use of these two mutagens Both nitrous acid ahd o
s _’l Whydroxwamme j[nactwa.ted the_. }j_iAdlt vtru.p stochwby single hit
A ;, kine‘lcs "as demonstrated by the ‘it-at‘e of HAd4 1nact1vation —
Q *“’ The results are shown' in Figures 19 and 11 Due to &the ¥y
g & . v plaquing ineff1c1pncy of the wi ld ~type v1m.|s>. tnut“gnt oo _
L ’ | (screening was modif-'i’ to mvolve microécop'lca"lly .élagcyatmg# 4 Y
}/@B ” : s " individual p‘}aques fol}sowed by scr%eenmg for ; t;-.-'; * :ﬂ .
3‘.;-1,_?;; ..,0 ) teuperature sensitwit%j‘é&.; described Jn Methqu ?and. j i . :é
" ' ; L Mater;%a]s }’OVer _5’%0 plaﬁues grown tfron.l‘. a«. v1ru§ ’_stock o ° ) ’t °1,
o ereyiausly B nitrous sotd uese gxamiped. in this.
- manngt: Ad Ctant,: vdes1ﬁated¥ Hﬂd4 r:tsd“; was isolated B .
el f':r‘o(ﬁ"ifth’ifivs,:'\"_ _at'1on and ita effici{eneyg,et prod’ucmg “
Se e infeqtioﬁs Yirus. examined at 3@ anq 39 CaA q40094&:1:5 _
: IS o greaterkapactty of the mutant to produce tr‘[iectioué' vi rus
- " at 32'C to that at 3’9 C was observed by'-‘the’ T(?iDW assay; -
the 32 C 39"C ratio be’iﬂg 10‘ 101 'fhexreversion frequency]v'}_,.}"":'.'."A:’vf"-?
e ,,,,pf the. u@ant wek riot. determined.:W11d type ‘Hagd Virus% S
, ;:',' ! _--;.'-:.exmbited@ 32 C 30 C 1nfect1i7§ ty rat1o of app%oxvmately o
‘ '1 G Conparisons of' the efficiency of the mut‘ant and WT
’ e f"-,ii'us to produce infectious \zimons ts giver\‘ 1n Table 3 PR
o Mutant g '.eotatvion followmg hydroxylamme treatment was. .._,.,




[ %
: ‘ j N 4
-. ! ] ’/ N . .;
v :VJ‘ e , . - ° -
Sor o Figure 10 L, o ol x o - o
P ) L R | - . Co -
; a Nitrous Acid Inactivation of HAd4 .

[ react1on was
,'stopped‘at various;intervals by the add{‘: of cold

’;f‘;fTE'TrIS HCI buffer. Viral%survtgal was calcuiaied by the T

~L[,,Q ;;'decrease 1n umber of fluorescent focus un1ts with time RS
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“Figure 11 B
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Hydroxylaﬁ'line mutagenizatmon yas per’fo

in Methods aand’ Materials. Inactivatlon

R YR




TR\

a4 ‘ &




.
L
’ K
N .
3 .
L] ¢ B R
. . .
‘ El
£ . . s . \ .
. .
.
’ il . ,- .
.
: . '
! ) .
.
!
. 1 ‘
T 3 X / ' ,
- B ., / ‘ ‘ .
. , . / L N .
. "4 . .o : e - .
: B

ficiency of HA4 tsi Vir

[ 4

.

o  ;é§é]Ndn+Permf§sive Temperatyres . . .

£ - S
o , . ) . .

jon Production at Permissive
n Production d _

-~

o . N L L. IO
. .




.
.
' " . F
T
N O
. .. . hd o
. ‘ . . '
. { , . {
ey ' ' .
N - - .
.’ -
.
.
.

. . N L
R A .
, . . R )
M t
. . ‘ . ‘
. . e N '.6 ’
’ . .
. or .. g ‘ .
e .

k<

, fectivity -

Ulnfectivity U

Rapa.-of"ml_b.; -
n

- (FCIDL/0AmY) . | (32°€/39°C)

| Wiid Type - S e

HM atey
oot R




e

it

o

.'.'l'_gq = irrespective of the adsorption tenperature enployegd

/

G. Two DIMENSIONAL CHARACTERIZATION OF HA&4 ‘ts1
. a) Two-Dimensional Profile of HAd4 ‘tst at 32 ’id 39° C
' The capacity of the HAd4 tsl mutant to. $hduce the |

NI A Y -+ I

exsined at both the permissive ‘and non- permissive |

": te(cgiperatur:s by two-dimensional imwnoelectrophoresis At
the - permissive ten'perature, normal production ‘bf the soluble
conponents b)/" the nutmt was evident ynd ‘the orelative |
amoimts of the soluble don'ponents produced were found to”be
similar to that produced by the wi id type virus. The results
., are s(bown‘gin Figure 12. A‘ signii’idqnt difference in ‘the 2 D
P&' prof“ile of. the mut»ant coupared@p the wi ld type, howe,ver.

¥

was observed at the non, permissive ten‘perature Three of the '

: structural oonponents, t‘he conplete penton penton base and
fiber were not detected The respectwé profiles arg:
illustraged in Figure 133 g’niy the hexoﬁ' conpou:jnt show&i

: normal production ar:d this production was found to, ocour

Dccassionaflly, ‘a slight shoulder ms observad on - the TR

trailing edge of the hexon peak Although

as Determined by Two-Dimnsional

i tenperature-,sﬁift on the P“”m o

»

def)in'l'te peaK ;- ’

T ';;y‘-'

')

esis of irm’unologically active soluble conponents was . ,; :
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Figure 12

Two-Dimedsional Immunoelectrophoresis Profile of HAd4

ts1 at 32°C

HeLa cells were infected with HAd4 ts1 at a MOI of 5

ffu/cell The cells were ‘incubated at 32 C for 72 p

Bter wh1‘ch the cells were harvested and virus »

extracted as described in Methods and Materials. The

.. resu1t1ng two- dimensional prof1le was then compared

aga1nst that of reference HAd4 also grown at 32°C.

A. WT HAd4 Profile | | -/
Load appiied to well: 15.uL,cei1dextr?ct

| ; -/

B. HAd4 'ts1 Profile .

‘Load applied to well: 25 uL cell extract

»
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) 3
D Relative Ratio
Sample Peak Area (mm?) of Peak Areas
‘Poak 1 Peak 5 |
HAd 4 ts 1 884 938 10
HAd4 2496 2227 LS TR

P
s
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Figure 13 — ‘ o
"yVTwo-DiMenéional Immunoelectrophoresis Profile of HAd4
A v R
- ts1 at 39°C ; ‘
The éxperfmehtal protocol followed in this study‘was‘as
”pgéviously described in Figure 12, with the except ion |
that 1ncu5atfonjwas qarriedkout,at-39'C. Th; réference
“profile used was of WT HAd4 grown at 39°C. | ,
o - Lo ~ 5
A.WT HAd4 Profile
Load\appliedﬁtb well: 20 uL of cell extract j
~ < B. HAd4 tst Profile -
7 . Load applied to well: 20 ul of cell extract
e
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the compTlete periton, penton base and fiber ﬁasfanaiyged‘byr
examination of the 2-D profile of mutaht- infected cell
extracts. Since production of these components occurred only
at the: permissive temperature, three questions were raised
(1). Can the: mutant grown at 39°C.re- establish normal '
production of immunoiogically active solubie components at
32 C 9 (2). Can the defect expressed at 39°C be overcome by
an initial 1ncubation at 32°C ?; (3) Is the defect in the

synthesis of the components or in the processing of the

©

components ? . .
| The 2-D profiies resulting from a‘;hiﬁt-down experiment
from 39 to 32°C for 48 h showed a reappearance of ,the .
missing components to occur as observed by the presence of
immunoiogicaliy active complete penton penton base and
fiber. Although the fiber peak was not distinct in the 2-D
profile, its re;estabiishment was assumed on the-basisﬁof
the presence of complete penton which 1s composed of both
: penton base and fiber (Figure 14). i o
~ The effect of shift-up to the non-permissiile'
temperature was also examined in order to determine whether
the defect couid*be overcome by an injtiai incubation at the
permissive temperatdre. One conplete-cycie of adenovirus
replication is Known to take approxiﬁ‘*eiy'16-24 h at 37°C
with synthesis of the structurai'éombonents occurring by 14
“h postinfection (Philipson, PetterssOn and“Lindberg, 1975)t
-An initial incubation of 48 h at 32°C would ensure that. the

'syntheSIs of the structural components as well as the,

o



Figdre 14
.
 Effect of Tempefature Shift-down on the Two-Diménsional
Immunoelectrophotesis Profile of HAd4 ts ‘
. | o | j

"Hela cells‘were.infeeted with'HAJ4 ts1 at a MOI of &
;ffu/cellﬂ-ﬁdsdhption of the hutant was carried out at

39°C. The eells'wereAincubated for 36 h at the
‘noh-permfssive teﬁperaturé fellowed by a,sh;ft—down to
the permissive temperature for a period of 72 h. The
cells were then harvested and virus extracted as
previously described. The result1ng two- d1mensional
profile was compared against that of ‘a mutant control
‘at 39°C and a WT control at 37°C
| . /
A HAd4 tsi Profile dfter shift-down

Load applied to well: 20 ul of cell extract o

, ®

B. WT HAd4 Profile - | ¥

Load applied to well: 15 ul of cell extract

C. HAd4 tsi Rrofile at 39°C
U Load applied to well: 20 uL of cell extract

‘5')_
o
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luproduction»quihs remainingvizzl p01§p¢pti9esebad occurred.
A full‘complement of the viral olypeptid s.necesSary for
Wreplication would therefore‘ be present No reappearance of
'_the components. following shift-up to 39]C, however. was
observed. This indicated, therefore, that the defect could
'not be overoome by an initial incubation at 32°C and that
the defect Las expressed at the nonperm ssive temperature.
THe, nature of the, defect was further examined by the

2-D profiles of mutant infected cell xtracts following a

able

. shift-down to the permissive temperatire- for var

—

periods (Figure 15) Immunologically active compl te penton
and penton base were observed within/8 h after shift down . A -
further increase in these componentskwas evident within 24 -
- h. THe reappearance of peak 4, that of the penton base. was

particularly significant in view of the amount normally§

produced by the mutant at 32°C. A 1.8-fold increase over &
that of the mutant control was observed. |
~ ’ O
- |
‘< B
o '

H. HEAT STABILITY - |

The structural ‘integrity of the mutant pompE/gg_to that
of the WT virus was examined by determining the relative"
heat stability of the two virus popu]ations at 39°C. Crude B
virus samples of both mutant stocks and WT virus were tested
together 1n order to maintain uniform conditions The
results are shown in Figure 16.

Coel
-~
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Time-Sequence Analysis eﬁ the Effect of Temperature

Shift-Down on the Two- Dimensional Immunoelectrophoresis M

Profile of HAd4 tst _— > %

. HeLa.cells were infected with HAd4 tsi at a MOl of 5 .
ffu/cell. Virus was adsorbed for 2 h at 32°C after
which maintenance media was added and the cells
incubated at the non-permissive temperature. At 24 h’ :
L1, the cells were shifted- down to 32°C for 8 and 24 h
' periods Following incubation, the cells were harvested
"and. virus extracted as- described in Methods and.
.Materials The two- dimensional profile of the resulting
cell extract was analyzed for the presence of complete
penton penton base and fiber HAd4 tsl controls at 32
and 39°C were included in the study In these -
"ingtances, the cells were harvested and virus extraced
at 72 and 3 h PI, respectively. .
A. HAd4 ts1 Profile at 32°C - . BN
Lodd applied to well: 30vuL cell'extracto o
B. HA4 tst Profilé at 39°C o
Load applied to well: 30 ul cell extract
C. HAd4 tsi Profile: 8-h post shift-down .
.7 “koad applied to well: 30 uL cell extract |
D. HAd4 tsi Profile: 24 h post shift- down

Load applied to well 30 uL cell extract

o : , . ‘ 4




‘ |

. - . - - \\ -
Sample Peak Area (mm?) Relative Ratio of
o T v Peak1  Peak3  Peaks | Peaks 1, 3Fand5

ts 1:39°C - - 60.2 -
. N ts 1:32°C 336 16.5 36.4 0.9:0.5:1.0
' ts 1:shift-down 8.0 2186 . 434 0.2:0.5:1.0
: o 8 hours : o
| ts 1:shift-down 18.0 532 624 10.3:0.9:1.0
: . ' 24 hours : Q_ g
. :




Figuﬁe 16 »

"
Heat Inactivation of Virions of HAd4 tsi

A

Duplicate samples of 0. 2 mL. of crude HAd4 tsf aqs w1

immersed in a water bath at 50°C. Samples were

d4 virus grown at 32 and 37°C, respectively, webe |

harvested at the indicated times and cooled rapidly in

.an ice bath. Viral titer was determined by the

Afluorescent focus assay
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Following~incubation at 50 C~~therinfectivity~eﬁ T ~w§;4
the HAd4 ts1 mutant was found to be inactivated more rapidly o
than that of the WT virus. only 10% of infect ious mutant

survived after 8 min. of heating at 50°C. A 16 min heating ” m

i:iod was required to reduce WT infectivity to a similar '."2?‘;
level o ' '
. ’L > U
1. DNA smmes:s“ : A

\

.....

The ability of the: HAd4 tsi mutant to synthesize DNA at

both the permiSSive and no? permissive tenperatures was-'--
examined by velocity sedimentation iq alkaline sucrose
‘ gradients of newly syntheSized (3H)- thymidine labeled DNk
: extracted from infected cell cultures The gethod used was
as described by Weber et al. (1975). Details of the“ )
procedure are outlined in Methods and Materials o . ' ' . ;ﬁ

o¥

z e ”Jn this ‘series of experiments, lqcation of the yiral o
DNA peak was determined by comparing ‘the sedimentation -
pattern from WT HAd4 infected cell cultures to that from

e
e

uninfected cell controls As shown in Figure 17, a peak

present in th le of;the gradient. was detected in,the

velocity sedimentdtion pattern*obtained from the infected

cell cultures. The absence of this peak in the uninfected

controls identified it as Qﬁral DNA o . ;' ,..~%- '/" .
" The velocity sed!hentati%? pattern obtained wi th the " '

HAd4 ts1 mutant was then compared at. the pemmissive and

i
L
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) sed1mentation was as described in Methods and

L
LA

Figure 17
" gﬂy ¢

Comparison of the Velocity Sedimentation Profile of

Viral and Whole Celt DNAObtained from HAd4 Infected

Cell Extracts and Uninfected Controls .«
- 4.

3

HeLa cells were labelled with (3H)-thymidine for 16 h
at 20 h PI. The protocol followed for veloc1ty
: 3-8

Materlals

-0 Veloc1ty sed1mentat1on prof1le of un1nfected

f_'controlS»

-~

. ha . '%L~ . +
v-v Veloc1ty sedlmentat1CW<§:m;£$lg;oF¥HAd4_infected

o =, “ R A
“cell eultures ' R ;\/A/) Z\
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- non- perm1sstve temperatures The resuTts ire shown in Figure
- 18. The presence of viral" DNA synthests was’ detected in

mutant 1nfected cell cultures at both the permiss1ve and K

restr1ct1ve temperatures ‘No 519n1ficant d1fference in the-s'"

level of DNA synthes1s induced by the mutant to that of the

s_WT was apparent

4 L4

. :
. G e

|

J. VIRUS STABILITY IN CESIUM CHLORIDE ‘: «g

The ab1l1ty of the HAd4 t51 mutant to assemble v1rus at
the. non- perm1ss1ve temperature was examined by analyzing for
the presence of nucle1c acld conta1n1ng v1r1on particles,
follow1ng equilxbr1um centr1fugation in ‘cesium chlor1de
V1ra1 assembly was observed ‘to occur at both the permissive :
and hon- permlssive temferatures. A 40%- reduct1on in the

ab1l1ty of the mutant to produce virus at, 39 C compared to

“that at 32°C was observed. The results are shown 1n Figure

19 - | e " B ,. (;

K. VIRUS ASSEMBLY

Virus~assembly was studied by ef%ctron microscopy,of7

' cel]s 1nfected with the HAd4 ts1 mutant at both the

‘ permnss1ve and non- permtss1ve temperatures, us1ng W11d type

HAd4.1nfected cells grown at 37°C, as~the controlr A blind

.
"



o

“Figure 18 = = o -'}J’ . ‘ / \

Velocity Sedimentation Profile of HAd4 tsi at 32 and
39° C ' '

HeLa cells were infected w1th HAd4 tsi at a MOI of 10
: ffu/cell The cells were incubated at 39 and 32° C and
| labeled with 5 uCi/mL of (3H) thymadine at 20 and 40 h
ébl, reSpectivelg Cells incubated at 39°C: were
harvested at 40 h PI while those incubated at 32° C _were
) w_harvested at 65 h-PI. The cells were analyzed for the
.iiproduction of viral DNA by alkaline sucrose .gradient.
velocity sedimentation Details of ‘the procedure are as;'
i outlined in Methods and Materials R / |

. j K
K [
. ] X

v4v'(sHiEthymidine’counts/min'incorpdrated at‘32‘C;

io:o,liH)-thymidine counts/min inconpOPated'at 39‘C

~
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1centr1fugation

Figure 19

Virion Stability in Cesium Chloride I

N

Hela cells were infected with HAd4-tst at a MOI of 5
fo/cell The cells were incubated at 39 C and 32°C and :

labelled ‘with (3H)- thymidine at 20 and 40 h PI, .

Jrespectlvelyl The cells were then harvested 2\and 3
days after labeling at which time virus was -
 freon- extracted The resulting material was. analyzed

_for the presence of complete virions by equilibrlum

- ! -~

-

°-@ (3H)-thymidine counts/min: incorporated at 32°C" N

D

fke'A>(5H)-thymldine counts/mih lnedrbdrated at 38°C
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study of the infected cells was carried out, with over 200
- cell sections ‘examined. Crystalline arrays of
adenovirus-1ike particles were observed in the HAd4 tsi
infected cells. at both the permissive and non-permissive "
temperatures. Examination of the mutant infected cells,
however, revealed 70-80% of the cells inpubated at 39°C to
exhibit an inefficiency in the production of large -
crystalline arrays at the restrictive temperature. In
general, significantly fewer crystaltf/e arrays were found
in the nucleus of those cells grown at 39 -C, compared to the
~amount present. in both WT and HAd4 tsls%nfected cells grown
at 32°C. '

The relative inefficiency of the HAd4 tst

| produce virion-1like particles at 39° C wads. furthér reflected
by an apparent decrease in the overall activity pr sent in
" the fMugleus. On examination of WT infected cells, eitensive

v1ral activity was present as indicated by the presenoe of

_* various types of v1ral 1nclusions. in: addition to the

hcrystalline ‘arrays of virus. Inclusions bodies Types I
through V, as described by Shahrabad1 Marusyk, and Crawford .
'(1977) were often seen in the nuclei of infected cells

These inclus1ons were also found in HAd4 tsi 1nfected cells o
',grown at 32 C. The presence of such 1nclus1ons however, was
rarely observed in those cells 1nfected W1th the HAd4 tsl

. mutant and grown at the restrictive temperature In mos t ’

'1nstances a complete lack of these 1nclusions was apparent

although occas1onally, Type 1. inclusions were observed
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(Figure 20). _
“No apparent difference in the size or structure of the

virus- like particles produced by the HAd4 tsi mutant at 39° C

compared to that of the wild type was ‘evident. In add1t1on,
‘all of the viral particles produced appeared to be mature as

suggested by the presence of densely stained cores (Figure
21). ' . -

o
: .
~ i B oy
.
. t , ) v )




Fjgure‘ZQ

ElectroA Micrographs of Thln Sections of Hela Cells ~
Infected with wT HAd4 and HAd4 ts1 : |
| ~

Hela cell-monolayers were 1nfected with HAd4 ts1 and WT

)

o HAd4 at a MOI of 5 ffu/cell The infected cells were
incubated at 37, 39 or 32°C.for 16, 4% and 90 h
respecttvely Follow1ng 1ncubation the .cells’ were
harvested and. prepared for thin sectionnlng as - ou#lined
A1n Methods and Materials ’

7

R

Magnification: X 10,000

B
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Figurg 21
. 'Ps -’

“Comparison of Virion Morphogensis in Cells Infected ~

r
I

with WT HAd4 and HAd4 tst

b ~ e -

.AProtoéol followed was as described in Figure 20. @ .

3

-a

‘Magnification: X 25,000
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o . JV DISCUSSION - o _—
B In recent years, the isolation of virus conditional lethalﬂ
temperature sensitive (ts) mutants has peen reported by a
number of authors (Ishibashi, 1970; Begin and Weber, 1975;
Veber et al., 1875; Ginsberg and Young,'1977; Martin‘et al.,
1978). The isolation of thesezts mutants has permitted
‘ further investigation into the mechanisms regulating viral
o/é>y//:epl;£ation as well a? those involyed in cellular function
In ition, the use ofsthese ts mutants has/éllowed for
- s insight into the structure and functional role of '

Sew
~.

certain &f ‘e viral gene products

As mentioned previously. HAd4 occupies a unique
position within the human adenovirus subgroup The isolation
~of ts. mutants of this subgroup is, therefore of particular a
" value in terms of elucidating the relationship of HAd4 to
othertmembens of the subgroup. The isolation of su¢h HAd4’ts
mutants, however, has not been previouslyhreported In th1s
’ study, a ts mutant of HAd4 was - isolated by.nitrous acid
mutagenIZation of wild type virus. The isolated mutant was -
1 de51gnated HAd4 ts1 and was partia]ly characterized by
’x two dimen51onal immunoelectrophore51s The- phenotypic F
character of this mutant was analyzed with particular
| reference -to the ts mutants of other adenov1ruses
Since it was the 1ntention of ‘this study to‘:nalyze the
HAd4 ts1 mutant by\two dimen51onal 1mmunoelectrophores1s, rt-
was first necessary to 1dent1fy the antigénic pattern of WT

. HAd4 soluble component:(SC)_materlal. The_two~d1mensional»—

L d
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base structural components of .the complete penton. A f1fth -
precmp1t1n l1ne that of the free fiber, was also |
‘tentat1vely identified. When compared against the
two- d1mens1onal immunoelectrophores1s prof1les-of both WT ’
)HAd2 and HAd5 SC mater1a1, no d1st1nct dlfference in the
antigen1c pattern of the HAd4 SC material was observed w1th
the exception of the proposed free fibér peak (Boudln
Moncany, D’Hal]u1n, and Boulanger, 1978; Tsang, 1978). In’
the former pnpfiles, free fiber was found to exhibit a\
s lower mlgrat1on rate than that of the other soluble '
components In contrast HAd4 free flber, as tentatlvely
tdentified in th1s study, was found to m1grate at .an.
1ntermed1ate rate. The reason for the difference in the ’
' °lectrophoret1c mob1l1t1es of’the f1bers is not Known.
vHowever, it is poss1ble that they may reflect d1fferences in-
am1no ac1d compos1t1on hence net “ifonic charge

The frequency of mutant 1solation is dependent on three
factors the mutagen used, the’ methodrof selectmon and the
' cr1ter1a used in def1n1ng a mutant “In this study, both °
'n1trous acid "and hydroxy]am1ne ‘treatment were found to be |
inefficient in the production of ts mutants A mutagen1c '
,}frequency of less than O 002% was observed follow1ng nitrous .

!
acid treatment and no mutants were lsolated after treatment

: W1th hydroxylamlne Th1s f1nd1ng is 1n dtrect contrast to.
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that reported by other 1nvest1gators Mutant'isplatipn at a-
-

frequency of 0. 01 to 10% has been reported from stocks of WwT

HAd2 and HAd5 and occas1onally a frequency of as h1gh as 23% :

has been reported fo]low1ng nitrous acid treatment (Williams

et al., 1971; Ensinger and Ginsberg, T972;,BeQin_and Weber,

1975). The discrepancy in isolating HAd4 ts mutants at a

much lower frequéncy re1atiye to that of other.adenoyiruses

»canppoesibly be attributed to the screening method employed

in mutant isolation. Difficulties encountéred in assaying

HAd4-by the plaque- assay method restricted the-setection

‘procedure to a random screening process which required

]ocatiqn pf infective foci within the cell monolayer by“use
of-an inverted microseope, A high'probability of oyerlooking“
infective foci wou]d; therefpre, be 7%pected by this'
technique.. : ‘; , '

The 1nab111ty of the HAd4 virus stock to ‘produce

d1st1nct plaques is not understood It is known that newly

. formed adenoviruses tend to adhere “to the host cell and’
"therehy restrict virai spread until late in the infectton
. _(Kjel]ent 1961) . This phenomen is not known to affect .

.p]aquing'ability, however,'other than.lengthening the 3

incubation period required for plaque formation. The

plaquing aSiltty of the adenoviruses has been found to be

: dependent.on the‘adenOVirus type as well as the assay

<

cqndftions It can only be assumed that for some reason, the:»

| cond1t1ons in the plaque assay system. used were 1nh1b1tory

to viral spread . _' e | )
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'Preliminary“identiftcation'oftthe HAd4 ts1 tsoiate as'a_‘
mutant was determined by measurlng the ability of the |
1solate to produce 1nfect1ous virus at both‘the permissive
(32 C) and non- perm1531ve temperaturesn(39'c); A 32°C/39°C
infectivity ratio of 103 was estimated'for'the HAd4 ts1
mutant. Viral cloneshekhibiting a three log difference in
the'ability,to produce infectious virus at the permissiveiw
and non-permissive temperature are.generaliy classified as;
- being stable (Martin et al. 1978) By def1n1t1on these ”
stable mutants have been found to exh1b1t low reversion
' frequenc1es, ranging between 10-3to 10-¢ (Ensinger and
Ginsberg. 1972 Beg1n and Weber.,  1975). This finding 1s 1n~.
direct contrast with that of other "DNA v1rusqs,£yhere a

re]at1vely h1gh degree of leaKiness or revers1on has been
observed in the ts mutants (Sambrook Padgett, and Tomk1ns
'21966 Eckhart, 1969; DiMayorca and Callender, 1970)
A]though'the reversion frequency of HAd4 tst was not
~determined, in view of the stab111ty of other adenov1ruses
1exh1b1t1ng a s1m1lar 32°C/39°C 1nfect1V1ty ratio, a - ‘
. relat1vely low revers1on frequency weudd be expected w1th
HAd4 ts1. In order to reduce the potentIal for - reversIOn,
-~however, all exper1ments were performed us1ng-HAd4 tst
stocks with. a passage!h1story not greater ‘than four.
'. The phenotyp1c character1zat1on of the HAd4 ts1 mutant
cohs1sted of an. a@alys1s of v1ra] rep11cat1on with reference
to the isolate s ability to produce so]uble capsid

components,.synthes1ze DNA and exh1b1t norma] viral
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-assembly'-ln'addition the heat stab1l1ty of the mutant was
exam1ned as was the mutant's stab1]1ty in CsCl

The capac1ty of ts mutants to “induce the synthes1s of
immunolog1cally active capsyd.ant1gens has aklowed for the
subdivision of ts‘mutants on the~basis ofﬂfheir respective
phenotype Three pr1nc1ple ‘types of two- d1mens1onal ' '
electrophores1s patterns have. since been 1dent1f1ed a)
those exh1b1t1ng a reduction or d1sappearance in one or;
~ several of the structural antlgens, b} those exh1b1t1ng a
general reduction in all of the viral antigens and c) those-
‘exhibiting an ant1gen1c prof1le s1m11ar to that of the w11d
type (Russel] et al., 1972a;. Martin et al. ., 1978). The
ability of the HAd4 tsi mutant to synthesize -
1mmunolog1cally react1vé ‘soluble components was’ exam1ned at
both the perm1551ve and/non permlss1ve temperatures Nhereas “
normal antigenic capsid product]on was evident at the
perm1ssive temperature a complete d1sappearance of three of . .';”
the structural components, the complete penton penton base .
and f1ber occurred at the non- perm1ss1ve temperature The
synthes1s of - the- hexon component appeared norma1 (Frgure .

13) ) | - P | .  ° .

o

The two- dlmen51onal 1mmunoe]ectrophores1s profile of .
HAd4 ts1 was rem1n1scent of that of- ts mutants ‘of HAd2 ‘and
HAd12 wh1ch were also found to. be defect1ve in both penton
base and fiber product1on/assembly (Sh1rok1, Ir1sawa, and
Sh1mogo 1972 Martln et al. , 1978) Although the nature of

the ts defect of . these mutants ‘was not reported h

\ .
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,phenotypi,c‘characterat»iOn 8F the defect suggested that the =
}defect was either in the genes respons:ble for caps1d
'product1on or in the genes regulat1ng their production.

Since the apparent productlon of the components of HAd4
ts1 was found to occur only at the perm1ss1ve temperature,
the effect of temperature-shift on the presence of the
components was analyzed Shlft -up experiments .to 39° C showed"
no, detectable components to be present in the cell extract.
This f1nd1ng 1nd1cated that the nature of the defect was .
‘temperature- sens1t1ve In contrast to thls.f1nd1ng, whenlthe
eéffect of temperature shift- down to 32°C was examined
1mmunologically react1ve components were detected within 8. h}
following sh1ft down. A further 1ncrease in the amount of
.components was observed w1th1n 24 h (F1gure 15).
previously stated, adenov1rus repllcatton is' Known to take
"approximately 16-24 h at 37°C, w1th synthes1s of the
structural components beg1nning by 14 h post1nfect1on
(Ph111pson et al., 1975), In addition, the growth curves of
WwT HAd4 1nd1cate that. a s lower rate of repllcation occurs at.;
.L32 C compared to that at 37°C. In view: of these facts,
‘synthe51s of the- structural components by HAd4 ts1 at 32°C
would be expected to occur 51gn1f1cantly later than 14 h

-_*post1nfect1on The re- establ1shment of component synthes1s

'f, (process1ng7) following 8-24 h of 1ncubatxon at the B

“permiss1ve temperature 1nd1cates that the ts defect ts not
in. the genes respon31ble for the synthesis of the components

T : , . . ) . - y



1mof;the'components: This finding»uae:further~supported by~the
1!8 fold increase in‘penton base over that of the mutant
control at 32°C. Thetimmunological detection of the
components at the permiesive temperature.Within 8-24 h
following shift-down.tmplies, therefore; that the nature of
the defect is in some aspect of the proceesing'of the
components and not in synthesis. i ) |

The ‘heat stab1l1ty of mutant v1rions have been examined

following exposure of virus to 50° C for var1able time

periods. In general increaSed thermolability'of ts ‘mutants \\

'-has been 1nterpreted as suggest1ng the defect1veness of a

fstructural component or a prote1n 1mpl1cated in- the
morphogensis .of the virion (Weber et-al.,v1975, Estes and_
Butel.'1977)t A'clu9tering ot mutants into three groups,

those indist'i;nguishabl'e from WT, those inactivated 10 to
'50-fold faster than WT and those inactiuated 1000-fold | ’
Afaster than WT has been reported (Weber 1975) On the bas1s
hof the thermolab1lity prof11e of these mutants, it has been
ﬁhé%ss1b1e to place mutants exh1b1ting sim11ar phenotyp1c -
defects into separate»complementat1on groups '(Weber et al.
“;1975) In this study , the heat lab111ty of HAd4 ts1 was
found ‘to. be 1noreased 25 fold over that of the WT virus’ |
(Figure 16) This observat1on supported the prev1ous finding
of a regulatory defect in the process1ng of the structural u
‘components Furthermore, the 1ncreased thermolab111ty of the e
| mutant and the apparent 1nstab111ty of the ‘ |

temperature sen51t1ve defect, 1rrespect1ve of its



113

;temperature of syntheSis, suggests that the ts lesion may 'Hh .
also result 'in an alteration in the maturation or assembly

of the capSid components into the complete virion. Although

the nature of the alteration was not determined the | C
',increased thermolability of the Virions produced attests to/

its presence | '

v Viral DNA replication has been shown to be a necessary
pre-requisite- for the synt//sis of viral capsid antigens
(Flanagan and Ginsberg. 1962). This finding has Since been
supported by the observation that mutants defective in a
late function,have been shown to bercapable of establishing
viral DNA.synthesjs at the non-permissive temperature '
(Ensinger and Ginsberg,j1972t Wilkie et al., 1973). N
fDifferences in_the rate_of yiral DNA replication. however;
has been repor ted with different conplemen'tatiori groups of
-ts mutants (Suzuki et al 1872). In view of the above ‘
findings, the ability of the HAd4 tst mutant to syntheSize
hexons (Figure 13) indicated that viral DNA’ replication
‘occurred at the nOn permis5ive temperature In order to j
determine whether any difference in the rate of DNA:
A'replication was apparent at the permiSSive and _ _(- :»b
. hon- permissive temperatures, analySis of DNA syntheSis was»r
‘_examined (Figure 18) No significant difference in the rate
of replication was apparent The HAd4 tsl mutant appeared to .
be equally capable of establishing Viral DNA replication at’
| :both temperatures o | _
| | The assembly of Virus by ts mutants defective in the
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, éroduéTTénofipehton or,pentonmbase haS'been;reported (Weber
‘et al., 1975; Martin et al., 1978). Both HAd2 ts11 and ts7
mutants were found to be capable of assembling virus at the -
'non perm1ss1ve temperature. Furthermore: the v1ral partlcles )
produced weré\iound to be stable in CsCl gradlents (Weber et
al. 1975) Analysis of the HAd4 ts1 mutant gave 51m1lar ‘
findingsv(F1gures 20 and 21). Initially, wvirus assembly was
vanalyzed~by electron microscopy'of.infected cells;‘
Crystall1ne arrays of adenov1rus 1like. particles were
observed at .both the perm1ss1ve and nonpermiss1ve
temperatures Further examtnatlon of the 1nfected cells.
however, revealed a reduced eff1ciency of the mutant to

: ‘produce virus part1cles at the nonperm1ssive temperature ln
add1t1on. a s1gn1f1cant reduct1on in the overall ractivity '

-]

present in 1nfected nucle1 was observed, as 1nd1cated by the

. . '

absence of . viral 1nclus1on bodles _
Further exam1nat1on into the nature of the assembled
viral pgrttcles at 39° C, showed them to be structurally
stable in CsCl (Flgure 19) The v1ral part1cles-were also'
found to conta1n/nucle1c acid. As expected on- ‘the basis of
the electron m1croscopy study, a 40% reduction in the :
assembly of v1r1ons was observed at the nonpermtss1ve ‘
temperature Th1s f1nd1ng 1s s1m1lar to that reported by
Weber et al. (1975) whereby ts mutants defect1ve in. the
‘synthes1s of . penton base were also found to exh1b1t reduced R
v1r1on assembly at the nonperm1ss1ve temperature | |
| The ab1l1ty of penton defecttve mutants to assemble andﬁ'

.,_ﬂ.

» L e
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be stable in CsCl gradients is not surprising‘in view of-the

}.experiments by Prage et al (i97blhlln”these studies,ffrage .

demonstrated that Virions lacking both pentons -and -
'peripentonal hexons| were’ stable in CsC1 gradients.

Fur thermore, these particles were capable of being
 visualized by means of electron microscopy

The HAd4 tsi mutant has been’ found to be defective in
\ the synthesis of immunologically reactive complete penton,

- penton base and fiber, production of the hexon component

being normal On the basis of temperature shift experaments,'

it has been pOSSible to associate the temperature senSitive
defect w1th processing of the structural components 'In
:addition, the increased thermolability of the: mutant |
suggests that the defect also results in an alteration in ..

the architecture of the complete Virion, rendering it- -more

*heat labile As With all late: mutants HAd4 tsl was capable'

.’of establishing DNA synthesis at the non permiSSive

"temperature In addition éxiral assembly was found to occur A g

No Significant difference in the characteristics of
"HAd4 ts1 was discerned With reference to properties of other
- ts.nutants belonging to s1milar phenotypic classes. Penton_
and fiber defective mutants have been isolated from w1ld
stocKs_of HAd2,vHAd5 and-HAd12.($hiroki et al., 1972;
Russell et al., 1972a; Weber ot al., 1975; Martin et al.,

‘ 1978)"Although'complementation~studies were'not done._theif'fw

a2’

h'Similar phenotypic characteristics of these mutants with

"that of HAd4 tsl suggests that in at least some cases,‘HAd4 ‘

*
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“ts1 would be found” defect1ve in s1m1]ar gene funct1ons

‘Further 1nformation 1nto the relatvonship of HAd4 ts1 to o
that of the other ts mutants requi ‘es that deta1led : ;_ﬂ%;
,1ntertyp1c complementat1on,stud1e! be done. Such studie§ lgﬁ.t}a“
wou 1d be essential in order tp Qain;a'furtHEP.Uhdérstandingk:é;

- of the unique characteristics of the HAd4 virion.
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