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Physical and biological pfoPérties‘of ; low oncogenic
putant (cyt mutant) of highly oncogenic human adenovirus type 12 _
were studied. The highly oncogeﬁié parenial strain contains much
higher proportion of fimctionally defective particles than the cyt
mutant. The role of defective virions was discussed in relation
to oncogenicity of the viruses. .Correlation of defectivity and
viral DNA structure, as ;tudied by elsctron microscopy, was made.
Bome defective virions have a aﬁecifiq deletion in their DNA.

Also molecular mechanism for the reduction of virus yield by the
cyt mutant was examined and it was found that the viral DNA

synthesis was a limiting factor.
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INTRODUCTION

v
F

Virhées were éefined;ﬁy'Liérf and'Lﬁria ;ﬁé.ﬁuhﬁicfﬁscéﬁic:l.
entities those genoeg is an element of nucleic acid. either DHA or -
RNA. Viruses reproduce -ithin liv1ng cells (Luria 1967, Lloff 1957).
'\Viruses themselves are devoid of an energy producing ‘system and their'
growth is strictly depeqdeﬁt on living cells. Different vifuses hav;
..diffEregt host ;ange,'iﬁdicating'that the virus-host relationship.is-
specific. Viruses, consisting of geﬁeti§ material enclosed in a
protective coating, are the simplest entitieé of self-replicating
-units. The ability to maintain genetic continuity: with the p;ssi-
bility for mutation, is the only basis for considering viruses to be
alive.

Up to the present time, about 600 animal viruses of various
sizes and degreeé of complexity are known, containing from five to
geveral hundred genes and multiplying at different sites within the
cell. The great variety in chemdca} composition, structure and site
of viral replication, presumably reflecting differences in replicative
patterns and induced cellulsr modifications, endows animal viruses
with a unique role in dissecting cellular functions in molecular terms.
In other words,, these animal viruses provide important systems for

elucidating the synthesis, fimrtion and regulation of macromolecules

in mammalian celle. Since the mammalian cells contain as many as 10?



lgenes, -ith thousands of different proteins being synthesized at
nny one time (Green- 1966), it is difﬁcult to analyze the indivi-
", dual hioaynthetic process of these macromolecules. ﬁnd their p
..regulation at the molecular level.‘ In contrast viruses contain
: only a 1imited number of genes. Thus,. it is technicaily possible
| to analyze in detail, the transcription and translation of. virus
specitic macrogolecules andrthe intracellulgr qontrold of these:

processes.

Virus-ébll.interacfion

Infection of susceptible host qéll by & virug results
in two differeﬁt'types'of response; productive infection and
abortive infectibn. In productive infection which is referred- -
to as ﬁermissive system, th;lViru; can replicate and produce new
infectious progeny. An invariant consequéhce of producéive -
infection is structural and‘{unctionnl alterations in the hosf.
Living cultures of infected cells often become rounded and
develop an increased refractility. This cytopathic effect (CPE)
is used as an index of the state of infection of a culture. One
kind of morphological change occurring in inféctpd-cells is the
formation of inclusion bodies. For example, roxviruses produce
eytoplasmic inclusions, called factories, in infected cell. These
are the gite of viral DNA gynthesis and of viral anligen Accurmi—

lation (Cajirns 1960).

The alterations in cellular metabolism are variable



";'depending on’ ths virus-host cell system. For exampls, herpesvirus

'infection causes a complete cessation of host DNA synthesis, .
- protein s:nthesis and a drastic modification of host BRA sffffslism
.On the othsr hand, the synthesis of. cellular DNA is stimulated after
rinfsction by papovaviruses (reviswed by Tooze 1973)., Induction of
several enzymes involved in DNA synthesis (e.g., thymidine kinase
dCMP deaminase, 'DNA polymerase) is Iidely described for the detec—
tion 'of virus-induced biochemical modifications (Green 1966)-
a total cell populstion, such svents may end up with the death of
ths~popu1ation or it may lead to an eqpilibrinm of cell growth and
- cell death in the‘cﬁss'of limited response (Beliavin 1963). o
However, there is an exception of this type of response. iﬂ typicsl
‘example is the situation with RNA tnmor viruses. The replicatio;
of BNA tumor viruses need not kill the host cell. The maturation
of virus particiss by buddlng from the plasma membrane does not
usually cause CPE. Therefors cells infected with RNA tumor viruses

can proliferate while producing viral progeny (Tooze 1973).

Productive infection

In general with DNA-contajining viruses, replication
proceeds in sequential fashion: adsorption to a specific receptor
site on the plasma membrane, penetration, uscoating of the nucleic
acid, synthesis of viral mRNA, translation of mRNA to early protein,
replication of the viral DNA, synthesis of late protein, maturwtion

of virus by self-assembly and release of infectious virus particles
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-'.(reviewed by Knight 19?4). While the overall replication pattern

r may be. similar, the individual bioaynthetic steps may ‘vary depending_ -

on the virus typea, host cell types and their physiological ‘atate.

Aa a consequence, yields of mature virus particles are variable.

Adenovirus multiplication o IERS
Tha replication of the adenovirusea hasg been extenaively
studied, mainly using adenovirus type- 2-(Ad 2) in KB cells in
cnlture by Greeh and his collaborators (Green 1962, 1966, 1970a).
Upon entry into the nucleus, adenovirus DNA is transcribed into
' heterogeneous nuclear RNA of high molecular weight by host RNA
_ Polymerase (Chardonnet 1972, Ledinko 1971, Price 1972, Roeder 1970,
XX//’Iallace 1972). The synthesis of viral specific mRNA can be detected
by hybri@ization of pulse-labeled RiA with viral DNA (Bello 1969,
Rooe.1965, Thomas 1969). The poly-A sequence of 150 to 250
nucleotide long is post-transcriptionally added to high molecular
welight RNA (Philipson 1971). Then the 7iral RNA is cleaved and
transported to the cytoﬁlasm and traoslated. During early infec-
tious cycle (prior to the onset of viral DNA synthesis), only a
portion of the adenovirus genome is transcribed (about 8 to 20 %)
and translated (Fujinaga 1970). T-antigen is the most prominent
early protein (Feldman 1966b, Gilead 1965).
Synthesin of viral DNA in KB cells infected with Ad 2 or

Ad 5 begine in the nucleus at 6 to 7 hr after infection. The

maximum rate of synthesis is reached about 13 hr poat infection.



‘ Lt this time the rate of host cell DNA synthesis ia greatly
inhibited 80 that more than 90 % of the netly synthesized DNA.
- is viral (Ginsberg igé?. Pattersaon 19?3&) The replication of
‘highly oncogenic group (e.g., Ad 12) is Blo'er than that of :
'other human adenoviruses (Mak 1968, Pina 1969). K |

. ‘After the onset of viral DNA replication,.thn traﬁs- “
crip;ional péttern is.alferéd from'that in-egrly times. For
examﬁle._(l) 80 to 100 %'of theiviral genore is transcribed
(Fujinaga 1968), (2) most of the RNA associated with the poly- |
some is virus specific (Raskas 1971). Iate proteins including
the viral structural proteins, the synthesis of which is

" strictly dependent on viral Dﬂﬂ synthesis, can béedetected ’
about 11 hr post infection with Ad 5. At about 13 to 14 hr
after infection, maturation of progeny virus begins. This

| occurs in the nucleus where large quantities of viral protein
accumulate late after infection.r Arginine is an essential
amino acid in this assembly procees of mature virion (Rouse

1967, Russell 1968, Winters 1971).

Abortive infection

Abortive infection, in which the cell is nonpermi—
ssive for wvirus replication, is the other type of cellular
response. Although virus can attach and penetrate into the
host cell. Several virus-coded molecules are produced in

varying degrees. Nonpermissive system has been known in



“:sa_'
. . _ : :

o adenovirus infection- for example, A2, Ad 7 and Ad 12 in African
- green monkey kidnay (AGMK) cells In AGHK cells. adenovirus can )
s:penetrate the cells and T—antigen, 11ra1 DHA ‘and viral mRNA are
synthesizedcﬁaum 1968, Feldnan 19663, rriedmig?o, Rapp 1966,

_ 196?). Bo'ever, the synthesis of several viral proteins is not
‘dpﬁected. .Thgs the translation of some late.mRHA seems to be
biocked in this s&btem. Hature 1nfectious virus perticles are
not produced unless they are co-infected with helper SV 40
(Feldman 1966a, Friedman 19705, with simian adenoviruses
(Altstein 1968, Naegele 1967, Schlesingerl969), with Adeno-

SV 40O hybrid viruses (Rowe11965), or with the unidentified

agent MAC (Qonkey cell-adapting cohponent; Butel 1967). These
stﬁdies are of special interest since they may furnish clues to
the identification of genetic determinants which diatinguiéh‘
permissiveness from nonpermissiveness.

The Ad 12-hamster (BHK) cell system is a more restricted
example of abortive infection. Although T-antigen is induced and
at least part of the early genes are transcribed (Raska 1972,
Strohl 1967), the viral DNA is unable to replicate {(Doerfler 1969,
1970c). Consequently no viral structural proteins are detected
and no virions are produced. Subsequently a small portion of

RAK cells becomes transformed (Strohl 1970).



'_Cellular transformation by viruaes |
- A apecial consequence of abortiVe infection is cell trans-;

k‘formation. Transrbrmation is dofined as a heritable change in the

e ;properties of a cell, which is manifested by the loss of regulatory

‘ -restraints of its gro-tﬁ/potentia1 (Black 1968). The coll transfor- '
H mation is most frequently recognized hy changes in cell morphology,
by a losa of contact inhibition, by agglutinability by plant lectins,
by reduced requirement ot serum for grqwth,'and by ability to grow
in agar suspension (revictec by Tooze 1973). Thus a producfice
infection and cell transformation by DNA viruses are mutually
exclusive.

Not onl& do tumor viruses affect host cell function and
induce neoplastic transformation in vitro, but also they have been
shown to produce tumore in vivo. The injection of fhe vlrﬁs-trana-
formed cells into the homologpus-oolmal also causes tumors.

The presence and co;tinued expression of the complete viral
genome or part of it in the virus-transformed cells are shown by;
the appearance of new virus-induced antigens (for SV 40 (Black 1966,
Diamandopouls 1968), for polyoma (Habel 1965), for adenOVlrus
(Gilead 1965, Huebner 1964b)), the presence of virus-specific mBNA
(for SY 40 (Aloni 1968, Martin 1969a, Oda 1968, Sauer 1968, Tonegawa
1970), for polyoma (Benjamin 1966, Martin 1969b), for adenavirus
{Fujinaga 1966, 1967, 1969, 1970}) and some direct evidence for the

presence of viral DHA (for SV 4O (Gelb 1971, Khoury 1974, Levine

1970, Ozanne 1973, Sambrook 1968, Westphal 1968), for polyome



‘(lestpha1.1968) for adenovirus (Doerfler 1968. 1970&. Green 19?0a

,-'b. Pettersson 1973b, Sambrook 19714)).‘ In the specia.l ca.ée of sv ko
. and polyoma tranSformed cells infectious virus can be induced by
| fusion with permissive cells (;oprowski 1967, Watidns 1967) or by
.physical and chemical agents (Burns 1969, Fogel 1969, . 1970. Gerber
1966),-stroqgly-indicatzng the persistence o: an entire viral genome
in transformed celis. In fact, using-reassoqiation kinetics‘of .
defined_aegmentS'of SV 40 DNA, Sambrook et al demonstrated that-cells
transformed by SV 40 contain complete setslof“;iral genes Qith
different regions Q? the viral genome at différent frequencies
(Sambrock 1974). |

Cell trhnsformation‘iith adenoviruseé'requires a large
number of infectious units of virus and the freguency of transfor-
mation is low. Cells transformed by adenoviruses have a characteri-
stic morphology (Strohl 1967). No infectious virus has been induced
elther by qell fusion technlique with permissive cells dr by treating
the transformed cells with physical or chemical agents.

Cells transformed by Ad 2 contain viral DNA sequences
integrated into the host chromoscme (Pettersson 1973b). Pettersson
and Sambrook, using DNA reassociation kinetics studies, showed that
only a portion of the Ad 2 genome was present in transformed cells.
Using specific Ad 2 DNA fragments generated by restriction endonuc-
leases EcoRI and Hpa I, Sambrook et al showed that several Ad 2-
transformed cell lines contain only 1% % of the total Ad 2 genome,

which is mapped at the extreme left-hand end of the Ad 2 geno

4

-
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.(Sambrook 19?4). Tbus. it can be concluded that only a partial set

of ¥iral . DHA sequences are requlred to maintain cellula;;transfor- _c

mation. Recently Graham et al’ have succeeded in transforming rat
\ -cells in ¥itro with DNA fragment. :i.ndicating that integrity of the
- whole viral genome is’ not required even for initiation of transfor—

tion (Graham 1974). They also mapped the isolated transforming
segment of Kd.5-at the extreme left-hand end of the genome.

Viral transformation is governed to a great extent by two
independent variables, heterogeneity in cells and viruses. The
 former is especially relevant to a population of primary cells.

The latter is of increasing importance, since nucerous recent
studies have demonstrated the presence of defective particles in
viral inocula. It has been shown that the defective hybrid virus
SV 40-Ad 7 (PARA) can transform cells and induce tumors in vivo
(Buebner 1964a, Rapp 1964, Rowe 1964). The technique of clonal
analysls 1s one means by which the effects of cellular and viral
heterogeneity can be analyzed. For example, the clonal analysis
to detect heterogeneity of a transforming viral inoculum is based
on the observation that hamster tumors induced by SV Lo-Ad 7
hybrid virus may show either SV 40, adenovirus or mixed type

morphology (Huebner 196ha).

Oncogenic human adenoviruses
It is not known at present time what properties oncogenic

viruses must possess. Human adenoviruses consist of 31 serotypes,
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‘ﬁomﬁ are: oncogenic in rodents and others are not.. ﬁumén adeﬁbviruééq i
are of particular interest aince they are the first human viruses
.sho'n to possess oncogenic properties in nerborn rats and hamsters ’
(Huebner 1962. Trentin 1962), and adenovirus infections are very

_ common in human ﬁBﬁuiationB as shown by the presence of antibodies
directed against one or .more of these viruses (Rowe 1953). Human
adenoviruses. have been dlvided into three groups ‘on the basis of
oncogenicity (Green 1970a). These are the highly oncogenic adeno-
viruses (Group A, types 12, 18 & 31), the weakly oncogenic adeno—
viruses (Group B, types 3, 7, 11, 14, 16 & 21) ard the nononéogenié
adenoviruses which transform rat embryo cells in vitro (Group C,
types 1, a, 5 & 6, Freeman 1967)

It has been noted that the DHA of each group of human.r
adenoviruses has a characteristic GC content. There is a correlation
between oncogenicity nnd the GC content of the DNA: 4849 ¥ GC for
the highly oncogenic group A; 49-52 % for the weakly oncogenic group
B; 57-59 % for the nononcogenic group C (Pina 1965). It is of
interest to note that the GC content of highly oncogenic papovavirﬁses
is 41-49 %. However, the correlation between low GC content of human
adenovirus DNA and viral oncogenicity does not extend t; fimian adeno-

viruses; for example, the highly oncogenic aimian adenovirua SA 7 has

58-60 ¥ GC, while nononcogenic SV 15 has 56 % GC (Pina 1968).
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Low oncogenic cyt untant of adenovirus type 12 )

' Vlruses of ‘the same’ serotype haring difrerent oncogenic
potentials should be useful fbr understanding the mechanism of viral 
 oncogenesis._ Hbtever, the lack of- Bubstantial homology in the viral
DHA sequences belonging to different groups makes it difficult to
determine the viral gene functions essential for oncogenesis. By
contrst, geqptic aspects of the virus—cell interactions using viral.
mitants eqﬁ;éially with respect to tumorigenicity should help to
élucidh;é/the viral géﬁe functions involved in viral oncogenesis.
By faf/the.most popular class of viral mutants for the genetic
ana}égis and physiological studies of the gene functions is the
conditional lethal mutané, i.e., temperature-sensitive mutants.
Ideally, genetic studies of thése viruses can jdentify the product
of each of the viral gene necessary for transformation.

A class of mutants, cytocidal (cyt) mutants have Seen

isolated from highly oncogenic strain of Ad' 12 (Takemori 1968).
These mutants were spontanecusly recovered from the parental virus
stocks at a frequency of 0.001 ¥. Ultravioclet light irradiation
of the p'elrental stocks increaned the proportion of the cyt mutant
about five-fold. These mutanta show n numhar of blologieal prop;rti-n
Ai fférent from thore of the parental rtrain: (1} They produce "In‘rgn
clear plaquer on primary human embryonic kidney cells, in contraat
to the small fuzzy-edged plaques by the parental strain; (2) Cells
infected with the mutants show a different CPE. Parental Ad 12

produces Lhe "adenoviiue -type UPE" characterized by Glusberyg as



. . o . ‘- . : . ‘ f' . .. . . . -
marked rounding and aggregation of infected cells 'ithout cell lysis
(Ginsberg 1962). Rowever, the cells infected Aith these cyt mutants

""become-neither_munde-d—fﬂr_éssregated but display early and extensive

,cellular destruction' (3) They are low tumorigenic in newborn hamsters,

only 0-23 % of the animals injected with the cy't mutant—prpduced
tumors, while more-than 80 % of the animals injected with the parental
strain induced tumors; (4) They alsg laék the%ability to transform
newborn hamster kidney cells in vitro.

Similar class of mutants has been isolated by Yamamoto e$ﬁ?1
(Yamamoto 1972). Although some of the biological properties have
been compared, no studies on the physical properties of the virions
have been made.

This investigation was carried out to examine further the
bloclogical properties of the low oneogenic cyt mutant and to try
to correlate them with the physical nature of the purified vifion.‘
It was hoped that these comparative studies of differences in viral
functions between the cyt mutant and the parental Ad 12 would throw

roma light on the mechaniems invalved in viral Aemgenasin,
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I. Tissue.Culture Techniques

Media for cell cultures were purchased from Grand Island
%}ological Company, Grand Island, New York. .Hinimum Essential Medium
(ﬁEH) was used for monolayer cultures and MEM (Jokiik“modified) was
used for suspension cultures. Routinely the media were.prepared by
dissolving the powder;d media in glass-distilled water as directed and

sterilized by filtration through a Millipore filter with a pore size of

0.2? mierons.
B, "all Tineem

(V)Y wm ~pl

The calla ware ariginally Aerived from hnman epithalial rhasl
careinoma. The egtahlished lina, nbhtained from Dr. fOraen, St. Touise,
Missouri, was maintained either as monolayer cultures or as suspension
cultures. Monolayer cultured were grown in MEM supplemented with 10 %
fetal call cerum (PUS) plus O 5 A Fuuglawae (GLBCU) aud 0.5 % antitlo

Lleo wlatu. e (fﬂOU()U wnlla ‘wl of peudellilia plus 7.oh mg wl L alaieplu
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" mycin Buiﬁhate),—;ﬂ 32l6z prescrigéion écrew;cap bottles.  In some
experiments, Falcon plaé;igkbottles were used. The cells were kept in
1ogarithmic'g¥owth phase by subculturing when they had become confluent.
This s done by trypsinization (0.125 % trypsin in 1 % KC1 and 0.4 %
sodium citrate solution) and seeding about 2.5 x 106 cells in a fresh
bottle. The monolayer cuiture#' were incubated at 37°C in an atmosphere
of 95 % air and 5 % carbon dioxide. R

Suspension culturea were grown in MEM (Joklik modified) -
supplemented with 5 % horse serum plus 0.5 % Fungizone and 0.5‘. %
f;ntibiotics mixture in standafd chemical reagent bottles with a pouring
spout. The cells were kept at 37°C and constantly agitated by means
of a teflon magnetic bar over a magnetic stirrer.-\They were kept in
logarithmic growth phase at a cell density of about 2.5 - %/x*i05

cells/ml by daily dilutions using prewarmed fresh culture medium.

(2) HRp-2 cell

An agtablished cell line derived from ecarcinoma of the 1arynv,
human eridarmnid rell ("?p—? ~211) wngm rehared from Amoriecnn Type
Culture Collertion, Roclerille, MA. The ralle wore asrially preopageted
am pogolaver ~ultuves na dearrihed far KR rall and maintained in MEM

with 1n % ¥ag plua O.5 o Fingizone and 0.5 % antibiotice mixture.

{53) HEK cell
Frlame y L csmba sdulc hldue; \HER) Collu wwiw proen ks

PRV N SR

i . s dugleal Asucniules, Boelicoda, nd | oad hept wu vuvlagus on
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f,HEH supplemented with 10- % ch plns 0.5 % Fungizone and o. 5 % antihioticé'

',nixture as above.
I Virological Techniques

A. Ereparation or virun stocksﬂ

Purlfled viruses were. used throughout this study.

() ‘Human adenovirus type 12 parental strain

" Human adenovirus type 12 (Ad 12,.1131 straiﬁ, Pereira 1964) iaa
obtained from Dr. Stich, University of British Columbia, Canada.
KB cells gro-u in.suspenslon were infected with Ad 12 at an 1nput
multlpliclty of 300 particles Pef cell at a concentration of 1 x 10?
cells/ml. After 90 min adsorption at 37 C, the cells were diluted to
.3 concentr&tion of 5 x 105 cells/ml with pre;armed fresh MEM (Joklik
modified) supplemented with 5 % horse serum plus 0.5 ¥ Fugizone and
0.5 % antibiotics mixture. After 72 hr incubation, the cultures were
harvested by low speed centrifugation (400 x g}, and the cell pellets
were resuspended in 0.01 M Tris buffer (Tris-Hydroxymethyl-Aminomethane,
pH 8.1), and kept at - 20°C unti) purification. 3

Extraction and purification of the virus from the infected cells
were carried out by the methods of Green and Pina {Green 1963) with
slight modifications. Essentially, the virus was released from the
infected cells by sonication at an ice-cold temperature. Cellular

materials were further dissociated from the virus particies by three
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: succesaive homogenizations -ith ice-cold Freon 113 (Trlfluoro-trichloro— :
.ethane. Hatheson Chemncals). Separation of the aqueous layer containing'

the 11rua from the Freon and the cellular debrls was achieved by centri—

---.Iugation at 1,200 x e for 3 min at 5 °c. Then the virus was sedimented .
.;on a cesium chloride (CsCl) cushion haring a density of 1.43 g/bc in
‘o.o1 M Tria buffer (pﬂ 8 1) by centrirugation using a Beckman sw 27

| rotor at’ 20,000 rpm for 90 mln_at 10 C. Further purlficatipn of the

}viruﬂ.taa accomplished by two successive eéuiiibrium centrifugations

in CsCl. To do this, the virus solution was mixed with CsCl powder to

give a density of 1. 34 g/cc in 0.01 M Tris buffer (pH 8.1), and

centrifuged at 33,000 rpm using a Beckman type 65 fixed angle rotor at

| 5°C. After 20 hr centrifugation, the virus was concentrated'i; [}

parrow band and was collected. The vir;s stock solution was diluted-

7 to 8 fold with Tris-buffered saline (TBS, Winocour 1963) plus 20 %

glycerol and stored at - 20°C until used. St%?age under thée condi-

tions usually produdéd no significant loss in‘lnfectivity (Slonin 1969).

(2) Cyt mutant of Ad 12

Cytocidal mutants with low oncogenicity can be isolated from:
highly oncogenic Ad 12 (Takemorl 1968). Ome of the clones isolated by
Takemori et al was obtained from Dr. Stich (H 12 ¢yt 70). The propa-
gation of the mutant was eamsentially the same ab described for parental
Ad 12 except for rome modifications. KB cells were infected at an
input maltiplicity of 300 particlas per cell. After 90 min adeorption

at 37°C. the cells were incubated as monolayer cultures at a concentra-

i
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- -tion of 2 x 107 éens per 32 oz pulescriptioﬁ bottle in MEM plus 10 % -
FCS 0 5 % Fungizone and 0 5 % antlbiotics utixture. This monolayer '
'.culture minimized cellular destructlonland was found to be easential

-

'for the proPagation of this mutant virus The in!ected cells were

) harvested at QO hr after 1nfection and the virus was purified in the

same monner as described for Ad’ 12 parental virus.

(3) Defective virions of Ad 12
The defective lighter virions of Ad 12 (Huie strain) were
, separated by repeated equilibrium centrifugations in CsCl as

&escribed by Mak (Mak 1971).

(4) Radiocactively labeled viruses

To obtain radioactively labeled viruses, 140-thymidine (TdR)
vas added to tﬁé culture at 0.05 uCi/ml (specific activity, 60 mCi/m M)
at 10 hrfafter infection. To obtain 3H--labeled virus having high
specific activ1ty. labeling schedule is as foilows- 2.5 uCi/ml of
3H-TdR (specific activity, 20 Ci/m M) was added to the culture at
13 hr, followed by the addition of S uCi/ml at 17.5 hr and snother
2.5 uwCi/ml of 3H—TdR at 23 hr post infe;tién. The culture conditions
and purification proceduraa nf the viruses were sxactly the same ac

frnr wnlnbhaled virunak



(5) Bacteriophage ¢ 29 ;_ o f.'_'_.: l_ .f 'f'.':)-..l

Bacteriophage ¢ 29 and its host Bacillus subtilis Btrain 19 E

were obtained from Dr. Takahashi. In order to obtaln a pure clone of'f
¢ 29. a single plague” formed on B. subtilis 19 E plate was pickad. |
Pha‘e from this plaque was used to infect cells grown on agar plates
to produce phage # 29 in sufficient quantity for purification.

The purification of the vhage was modifi;d from that of Anderson
et a1 (Anderson 1966). The crude lysatés were clarified by centrifuga-
tion at 8,000 x_g for 30 min at 5°%. Then the phage 'as\fedimented
from the cleared supernatant by centrifugation using a'BQckm%n 19 rotor
at 1?;000 rpm for 150 min at 5°C. The phage pellets were resuspended
in PBS-Mg solution (phosphate-buffered saline plus 5 mM MgSO,, pH 7.5),
and centrifuged again at 8,000 x g for 30 min to remove debris. Solid
CsCl was added to the phage suspension to give a fiéal density of 1.44
g/cc, and the mixture was ceﬂtrifuged at 33,000 rpm for 18 hr at 5°%C in
a Beckman €5 rotor. The concentrated phage band was collected, and
was dialyzed against 0.0l M Tris buffer‘(;\:H 8.1) and was immediately
subjected to DNA extraction in a simjilar manner to that used for

adencvirus DNA (see later section).

R. Analymia af viral fimetiona

(1) Adrarption of virur to hort cel]
é >
1 x 10 KB or HEp-2 cells were infected with purified -

labeled viruses in 1 ml of infection medium (MEM (Joklik modified)
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contalning 1 % FCS plus 0.5 % antibiotics mixture) using a roller Iheel'
'(Ne: Brunswick acientlfic Instruments) After 90 min of incubation at
37°C the cells and the supernatant medium were separated by 1ow speed
‘centrifugation . (400 x g), and 0.2 ml samplea of the Bupernatant were
spotted onto nitrdcellulose filte:a.- For the cell'associated.fraction, .
the cell pellets were washed with PBS, resuspended into 0.5 ml fresh
infection medium and 0.2 ml samples were added to the nitrocellulose
filters. Each filter was dried at 80°C for 1 hr, and ‘the radicactivity

was counted by scintillation counter in 5 ml of toluene containing 0.02

=3

g of Omiflour (New England Nuclear).
(2) Nuclear inclusion body formation

Standard cytological technique was used for examiﬁation of
nuclear inclusion body formation in infected cell (Rainbow 1970). The
" cells were fixed with ethanol-acetic acid mixture (3 : 1) and stained

with orcein.

(3) Cloning of cells

The technique used was modified after that of Puck and Marcus
{Puck 1955). HEp-2 cells infected in suspension were seeded with
appropriate dilutions on to 60 mm Falcon plastic petri dishes contain-
ing WM rupplemanted with 16 ¥ FCS, 2 & vitamin’ solution (ATRCO 100 x),
5> & amine acid mixtura (GTRCO 100 x), 0.5 ¥ Fungizone and 0.5 % antibin-
tica mixture. In addition to these, 0.3 % antiserum against Ad 12

virions from immunized rabbits (see later section) was added to prevent



réinféqtibn by progeny viruses.. The plates wgfe‘incubated’at'3?°C'iﬁ a,_

‘moist chamber with 5% CO, and 95 5% aiF.' On the 7th or Bth day the

plates weré‘fixgd-with methanél for 15?min'at'room tenperature and

‘rinsed with distilled,water; The nuﬁber of;clonés was scored after

‘steining with Giemsa stain for 15 min. Under these conditions, the

plating efficiency of noninfected cells varied from 90 to 100 %.

/
(4) Virus yield analysis

Amount of 3H—thymidine incorporation into complete virions was
used as a measure of virus yield of an infected culture. KB, HEp-Z or
BEK cells were infected in suspension at an input multiplicity of 100
virus particles per cell, and incubated as monolayer cultures at 37°C.
At 12 hr after infection, 3H—TdR was added to the culture at a final
concentration of 10 uCi/ml (specific activity, 4.7 pCi/pg), and |
labeling was allowed to proceed continuou51§. This large amount of
3H-TdR used was to ensure the Yabeling of all virions and to minimize
differences in pool size of different cultures. At Lo or 72 hr after
infection, the cells were harvested, washed with PBS and lysed by 0.5 %
sodium deoxycholate (DOC) for 30 min at room temperature. The resulting
mixture was then extracted with an equal volume of ice-cold Freon 113.
The extract war analyzed for virus content using rate zonal ecentrifuga-
tion tagether with 1'f.1abalad Ad 2 wirion as a marker. 0.5 ml samples
wore loaded on top of a S - 30 % linear sucrose gradient in PRS, pH 7.35
and centrifuged in a Beckman rotor SW 27.1 at 24,000 rpm for 35 min at

5°C. After centrifugation the fractions were collected from the bottom
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i;° of the tube. To euch fractlon an equal volume of 1ce-cold 10 % tr;-
chloroacetlc acid" (”CA) was added and’ the precipitate was filtered.
'onto nltrocellulose fllters, and washed’ ulth TCA. After drylng the

‘filters, .the radioact1v1ty was determlned by llquid sczntillation
countlng Radloactlvlty sedlmented in the posltion of marker (lhc-

Ad 2 virion) was taken as an estimate of virus yield.

IIT. Tumor Induction

All operations were done as aseptically as possible. Purified
virus preparations to be analyzed for tumorigenicity were diélyzed
against PBS to remove CsCl.l 1lx 109 virus particles in O.i ml PBS
were injecte& subcutaneously into newborn hamste¥s using a 26-gauge
needle. The animals were usually éianined everyday up to seven months

for tumors.
IV. Immunological Techniques
A. Source of antisera

(1) Anti T antigerum

Antirerum against T-antigen was obtained from tumor bearing
hamsters. Tumors were induced by injection of purified virus prepara-
tions into newborn hamsters as described above. The tumor bearing

hamsters were-anesthcsized with ether and the blood was collected by
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N Punctur1ng the heart~11th a 21-gauge needle., After storins overnlght

]

at QOC the ‘serun was separated from the blood clot by centrifugatlon
’ and stored at = 20 C until used. ‘ _‘ ‘_. : “

(2)'_Anti V antiserum
Antiserum against ademovirus structural proteins (V-antigen)
was obtained by immunlzing rabbits with purified Ad 12. One part of

1.5 x 10ML

virus particles of Ad 12 (in PBS) was ‘mixed with one part

of adjuvant (Bacto Adjuvant, Complete Freund, Difco Lab.), and 1 ml of
"this virus suspéﬁsion was injected into & rabbit intraperitoneally and
another 1 ml was injected 1ntramuscularly at weekly intervals. )On the
Sth or 6th week, the animals were sacrlflced and the Serum was collected.
’ ”

B. Indirect immunofluorescence techniques

2 x 105 infected HEp-2 cells were grown on cover slips in
Leighton tubes as a monolayer. At different times after infection,
the cells were washed three times with PBS, air-dried and fixed with
carbon tetrachloride for 30 min at room temperature. Following three
more rinses in PBS, the cells were incubated with anti T mntigerum or
anti V antiserum for 1 hr at 3700 in 8 moist chamber. FExcess antisers
ware rinsed out with PBS. For the detection of T-antigen, the cells
were incubated at 37°C with fluorescein-conjugated anti hamster
globulin (rabbit origin, purchased from Robogz Surgical Instrument Co.

lnc., Washington D.C.). For Veoantigen, the cells were incubated with
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fluoresceln-congugated anti rabbit slobulin (sheep origin, purchasedj
;from Roboz Surglcal Instrument Co. Inc.). Follow1ng a one hr incuba=- -
tion at 3? c, the cells were rlnsed thoroughly wlth PBS and mounted with
7 buffered-glycerln (9 parts glycerin and 1 part PBS) The slides were
immediatgly/g;aminpd for fluorescence under a fluorescent microscope.

e

.V. Rate Zonal Sedimentation Techniques

Molecular size of viral DNA synthesized in infected cells was
analyzed by rate zonal céntrinxgation. 'Virus-infected KB cells were
labeled with “H-TdR at 20 pGi/ml (specific activity, 4.5 uCi/ug),
elther continuously from 135 to 40 hr after infectioﬁ or with a short
pulse for one hr at 23 hr post infection. After exposure to radio-
isotope, the cells were harvested by low speed centrifugation, followed
by ;ashing with PBS, resuspended in a small volume of PBS and were

subjected to sedimentation analysis as described below.
A. Alkaline sucrose gradient sedimentation

The =ize of mingle-stranded DNA molecule wea aagayed hy
Alkaline muarase gradient redimentatieon. To aveid shearing by pipetting
the infect.d cell sanples were lysed on top of a» gradient (described
below) wi‘- 9.5 % NaOH containing 10 mM EDTA, 0.1 M NaCl and 1 ¥ SDS,
together : tn purified ll"('J--l.Ell:n.-.-lerd Ad 2 virion as a marker, for 6 hr

al room tewperature. The lysate was centrifuged in a 5 to 20 % linear
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" alkaline sucrose gradient conta;ning 0.3 H NaOH 2 mH EZDTA, 0.1 H HaCl

.'and 0 1% SDS, at 2# ,0CO rpa for 13 hr at 20°C in a Beckman S 2? 1

rotor. About hO fractlons were collected from the bottom of the tube,':

and after neutralized -ith HCl, the- radioactlvlty was determlned in

" 10 ml of xylol—Trlton X-114 mlxture containing 0.05 g of Omniflour

as described by® Anderson et al (Anderson 1973). In some experiments
the radioactivity in each fraction was determined by cold TCA precipi~

tation and collection onto nitrocellulose filter.

- B. Neutral sucrose gradient sedimentation

(%)
In a similar way, the size of double-gtranded DHA‘molecule was

analyzed in a S to 20 % linear .8ucrose gradient containing 0.01 M T¥is
buffer, pH 7.1, 0.15 M NaCl, 2 wM EDTA and 0.1 % SDS. 1In order to
release the viral DNA from the infected cells, the cell suspension was
treated for 2 hr at room temperature with lysing solution consisting
of 1 x 85C (0.15 M NaCl plus 0.015 M sodiunm citrate), 5 mM ZDTA, 1.5 %
SBS and 200 ug of pronase (B grade, ibiochem, Los Angeles, Calif.,
self predigested for 3 hr at 37°¢). 1I!‘C--J\d 2 marker was also added st
the time of lyais. Centrifugation was at 23,000 rpm for 12.5 hr at

?ﬂnc in a Rerlrman SW 27.1 roter. Fractionation and detormination of

vadjnacrivify ware carriad Aut ar dasarihed for singla.ctranded DNA .
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- VI. Molecular Hfﬁriaization Techniques

e

A. Preparation of DNA

(1) Viral DNA | :

Viral DNA was extracted from purified preparaticns of Ad 12
according to the procedure of Green and Pina (Green l96&).. After the
purified virus stock was dialyzed against 0.01 M Tris buffer (oH 8.1)
to remove CsCl, the following were added to 2 ml of virus suspensiqn;
0.15 ml of 0.05 ¥ EDTA (pH 7.0), 0.15 ml of 1.0 M Nal_PO, (pH 6.0),
0.1 ml of 10 % SDS and 40 3l of pronase (20 mg/ml). The sample was
incubated at B?OC/for 1l hr, and the viral DNA was extracted tﬁree
tires with distilled phenol at QOC. The DNA solution was dialyzed

thoroughly against several changes of 0.1 x S5C at 4°¢.

(2) Cellular DNA

KB cells infected with either the parental strain or the ~vt
mutant of Ad 12 were labeled with 10 uCi/ml of 3H—TdR (specifie
activity, 4.7 uCifug) for ? hr at desired timer after infertion
After lahaling, thae ralls ware harvestad and whole ral]l DHA wan
sxtyacted hy the methnd damcribhed hy MHak {Mak 196Q). The rall pelleta
wore waghed with FRS| resuspended in extraction buffer (1 x SSC,
0.1 M Tris buffer, pH 8.0, 0.3 M sodium trichlorcacetate and 5 mM
EUTA) and lysed by 0.5 % SDS for 10 min at 57°C. The lysate was thon

[+]
dlgosted with Lo pafml of pawvoasoce wbl DY U fur 1 L1t saud catiacled
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three times -ith.pﬁenol. The aqueous layer was removed and.precipitated

by the addition of two volume of cold ethanol. The précipitate was
collected by c;ntrifugaﬁion aq£8;000 x g for 15 nin at 5°C. The sample
was subsequently treated with pancreatic RNase (Worthington Biochem.
Corp., 3> x cryst., preheated to 80°C for 10 min) at a concentration of
50 ug/ml for 30 mir at 37°C, and was deproteinized by phenol extraction
es before. The adﬁﬁbus layer was further extracted with ether and the
DNA solution thus obtained was dialyzed against 0.1 x SSC at koq/'ith

several changea.
B. DNA-DNA hybridization

The hybridization procedure was essentially based on the method
described by Warnaar and Cohen (Warnaar 1966)}. Adenovirus DNA was
denatured by heating at 100°C for 10 min in 0.1 x SSC and quickly
chilled in an ice bath. The DNA solution was then adjusted to 2 x 53C

and Aliqunts were filtered onto nitrocellulore filters (pnre size of

14
0 hg ) A wan immabilized +ta tha filtere hy halking ~t an” e Fory

The irntapicnlly tnhelad THA aamplen te bha snalyzod foy wival
PHA wera dAiluted in 0.1 x S8C oand fragmented hy enniecation. The DNA
war guhsequantly denatured by boiling, followed by a rapid cooling in
an ice bath. The denatured DNA solution was immediately adjusted to
2 a B3U cualalnlng 0.1 % 5US, and a 1 ml of sample was placed in a

viluwl wealalulayg LA lwsotlllacvd wa a (1ltas The LyLildleallvu ~ao
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allowed for 20 hr by incubating at 65°C. The radiocactivity bound to the

filter was measured after exhaustife uashing'the filter with 0.1 x SSC -

containing 3 mM Tris buffer {pH 9.4) and drying at 80°C for 1 hr. The

extent of DNA-DNA hybridization was determined by the radicactivity

bound on the filter divided by the input radicactivity.
VII. Visualization of DNA Molecule by Blectron Hiéroécopy

Electron microscoﬁy of DNA molecule was carried out according
to the methods of Davis et al (Davis 1971b).

*

A, Mounting DIA by formamide technique

Tn the formamide technique, the DNA is mounted at a formamide
and salt concentration such that double-stranded DNA is stable and
cingle -stranded DNA appears as a stretched form which can be distin-
guishad fram domble-strandead DHA. 0 1 nf DNA sampla was mixed with
10 41 At .08 % aybarhrama o (Harre Haavt, Type TIT, Sigma), WO 0wl ~f
formamidn (Matheaeron, Coloman 2 Rall) -ud 10 ¢) f 1N v Tris FOTA (1 M
Trie huffay plue &V H BYPA - o7 R %) O pl Af thin aproading anlutinam
wna alewly applied Arrasg a alide glase vyamp in & 90 mm Aaquave plasti~o

|
petri dish containing 50 ml of hypophase solution consisting of 10 %
formamide in .1 x Tris-BEDTA. After the solution ran duwn the slide

wid the [1luw wpread wu the Liypopl, sulullon, Lthe (110 waoe allumcd L.

wha, d [« 20U tu O Lew wdo Thie Lid .. woaa tlhoa pAdwhed wy wees Lhe

L
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slide-solution boﬁhdary by touching a copper grid (300 mesh) freshly
coated with 0.5 % (w/v) Parlodion (Ladd Research Industry Inc., Vermont)-7
The grid with.the film was dipped into 1 x 10’“ M uranyl acetate (in
95 % ethanol) and stained for 30 scconds, then rinsed for 10 secounds in
isopentane.
p

To increase the_contrast of the final image, the rotary shadow-
ing technigue with heavy metal was applied. The specimen was rotated
at a rat; of 60 rpm with an angle of 5° at a distance of 4 cm from the
heavy metal to be evaporated. 3 cm of Pt-Pd wire (Platianum(80 ¥)-
Palladium(20 %), 0.2 mm diameter, Ernest F. Fullam Iqﬁfz N.Y.) was
supported by precleaned tungsten wire (0.5 mm diametér. Electron

Microscopy Science, Fort Washington, Pa.), and evaporation was achieved

under vacuum of 10-5 torr in an Efwerds veayu'wn evaporator.

R ™MIA Yangth measur ament

"he rhadawed gpeciman was observed upder 'hae "™Milip~ FH 200
elertyon mi-raqecaps uring 20 y ohjertive aprarturs and AN FY ne olarnting
volbtoaga, at crtep b magnifiaatinn {ralihr—tad ag §_ 72 timea on thae fil1m=}
Hirragraphe ware taken n Kodale FH filmn {# "WhRoY, Far mangureamant nf
the contour length of DNA molecule, the electron micrograph negatives
were enlarged about 16 times by projecting on s screen using a Beseler
ollde prv]ecvlor, and Lhe wolucule wao Liawved va bravlug paper . louglh

oo weaABuled il o bealitel wad Boaoo, 04 OMn waep weaous e



- C. 'Heteraduplex formation

| For the fbrmatlon of heteroduplex molecules, phenolyextracted
viral DNA was used. 14 p) each of two dlfferent adenovirus DHA. (5 wg/ -
ml) was mlxed with 10 gl of 1 H Tr;s buffer (pH 8 o) and 4 pl of 0. 25 H.
.EDTA. . To thlS DNA solutlon, L of ) N haOH was added and the
.denatﬁratlon proceeded for 10 - at room‘temperature. The resulting
solution was neutralized wlth 4 pl of 3 N BHC1. SO rl of fo?mamide was
added to a final concentratxon of 50 %, and the DNA was renatured at

37 °c for 15 hr. Examlnatlon of heteroduplex molecules was carried out

‘according to the method described in the previous sections A and B.
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. RESULTS

el

I. Comparative Study of CJt-Hutaht

A. Growth

It is genérally necessary to use a purified virus preparation -
to study the pfoperties and fun;tions of the virus. Some biological
functions have been studied by Takemori et al using crude virus stocks,
i.e., lysates'from cells infected.tith cyt mutants (Takemqfi 1968).
However, such crude 1ysates contain componénts other than virus
pafticles which may give nonspecific biological effects such as
cytopathic effect (CPE). In this investigation, the physical and
blological functions of the cyt mutant were studied using highly
purified virus preparations.

Attempts to obtain highly purified virus stock of the cyt':
mutant using KB cell; in suspension culture were oot successful due
to early cell lysias. Cell number in a culéure infected with the cjt'
nutant began to decrease at about 24 hr after infection, leadiﬂé to
tomplete cell lysis by 72 hr. This early and remarkable cellular
destruction confirms the cytocidal nature of this mutant a=s reported
by Tekemori et al (Takemori 1968).

It is possible that vigorous mechanical agitation in suspen-

sion culture coupled with fragility of the infected cells led to cell

- 30 -
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13515. But thlscpould be av01ded by infectlng the cells in suspension..
and aubsequently 1ncubat1ng them as monoleyer cultures to minimlzn
'.mechanlcal forces. The cyt mutant virus stock could then be obtained
in highly purifled form by repeated isopycnlc gradient centrifugat{;n

~ in cesium chloride (CcsC1) as descrlbed in Materlals and Hethods.

B. Yield of the virus

Amount of virus particles produced in KB cells infected with
either adenovirus type 12 (Ad 12) parental strain or the cyt mutant -
was compared. The number of virus particles was determined by the
absorption measurement at 260 nm. Table 1 summarizes the yields of
sevéral purified virus preparations. At a relatively low multiplicity
of infection (m.o.i.), i.e., 200 or 300 virus particles per cell, KB
cells infected with the cyt mutant produced only 10 to 18 % of that
produced by parental virus infection. At m.o.i. of 3,000 particles
per cell, however, cells infected with Ad 12 pareégezfg¥?aiu~p:pduced
reduced virions; about 1/5 of that produced at low m.oc.i.. This low
Yield at high m.o.di. is probably due to interference by defective
particles present in the virus preparation. Neverthelegs, the yield
of the mutant does not seem to be significantly affected by input
multiplicity, and it can be concluded that the yleld of the eyt mutant
virion is lowsr than that of the parental strain.

The low yleld of the cyt mutant may be due to a poor recovery

in the purification procedure, or due to the production of fewer virions



TABLE 1l

o Amount of Vzrions Produced by KB Cells after Infection '1th
' A4 12 Parentnl Straln and Cyt Hutant -

res
-
' M.0.I. Virions produced per 10? cells &
Virus _ particles
per cell Passage 1 Passage 2 b
200 | - 8.0 x 10%°
Parental 300 6.0 x 10%° 9.0 x 101°
3,000 - | 1.8 x 10%°
200 - 1.2 x 20%°
Cyt -
10 9
mitant 300 1.1 x 10 9.0 x 10
1,500 - 8.4 x 10°

a. Determined by optical density at 260 nm
10D = 3.5 x 101 virions/m (Makx 1971)

k. Passage 2 resulted from cells infected with purified virions

from paansge 1

2
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by the cells infected with the- cyt. mutant. To distlnguish these
'alternatives. the followlng method of estlmatlng the total amount of

. vzrions from infected cells w1thout purlficatlon was employed- The
intracellular vlrus was labeled with 3H-thyniﬂlnn(¥dR) and quantztated
by_rate ‘zonal se@imentation after the virus. was dissocieted’from the
infected cells. -Sufficient -H-TdR (2 rg/ml) waeladded'torensu;e its
continued eﬁailability and to minimize ﬁhe possible differences in
precursor pools in different infected culturea.' The amount of radio-
activity sedimented in the'position of eomplete virions in a sucrose

gradient should give an estimate of the quantity of virions produced.

Figure 1 shows typical profiles of 3H—activity associated with virions

from KB cells infected with the parental and the mutant viruses.

3H-ectivity in parental virus infected cells gave a sharp band corres—/

(qu-Ad 2); however, the radio-

)

activity co-sedimenting with marker virus was much reduced after cyt

ponding to complete marker virions

mutant infections (Figure 1b). Thus these data are consistent with
the results shown in Table l;'hen total purified virions were deter-
mined by the absorption measu}ement.

S

C. Different methods of releasing virus from infected cells

Tt is still possible, howevar, that the mutant virions are
more aagily disrupted by sonication and fluerocarbon treatment during
extraction procedures. Thereafore, various methods of releasing the

virus from infected cells were compared. Sodium deoxycholate has been
\

Ve



FIGURE 1

Sedimentation Profile of Lysates from KB Cells Infected with Ad 12

Parental Strain and Cyt Hu?ant in a 5 to 30 % Sucrose Gradient

Sedimentation is from fight to left.

(a) KB cells infected with Ad 12 parental strain (O)

1l{'C-Ad.E virions as marker (._)

(b) KB cells infected with cyt mutant (O)

J;I*C—Ad 2 virions as marker (@)

- b
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'"repdrieﬁ-tO'ﬁe_ahgodd reagent fof féleasing.fhe }ifus-iitgour‘inacti;
vatlng the infectlvity of the virus and it has been used instead of
sonic&tion for puriflcatlon of adenov1rus type 5 by Lawrence and
':Glnsherg (La'rence 1967) Infécted cells were labeled with 3H-TdR
bat:een 12 and 40 hr after infectidn. The amount of radicactivity
from the cell lyéates sedimenting-aéncomplete vi;ions in suérose
gradients using différent rele;sing methods -is shown in Table 2.

It can be seen that longer sonication time increased the radicactivity
in the virion band and that a sonication time of greater than 90
seconds was sufficient to release maximum amount of virus from the
cells. This table also shaué that virus recovery from the infected
cells was similar 'hethef fhe cells were disrupted by sonication plué
fluorocarbon treatment, deoxycholate alone, or.deoxycﬁolate Plus
fluorocarbon treatmentf Therefore the reduced yield is not due to a
selective damage of the cyt mutant virions by the method using
sonication and extraction with fluorocarbon. ‘

Due to the cytocidal pature of the mutant, virions may be
released into the medium during prolonged incubation. In order to
examine this possibility, the amount of extracellular virus was
determined by 3H-TdR labeling of the infected cells, medimentation
of the extracellular virions onto a CsCl cushion, and subsequent CsCl
?ansity rquilibrium centrifugation of the virus fraction. The radio-
;ctivity in the virlon band was taken as an estimation of the amount
of virionc present in the medium. Table 3 shows that only a small

percentage of the total virions were found extracellularly both at



TABLE 2

Amount of Virus Recovered from KB Cells Infected with
Cyt Mutant by Different Methods of E;traction

Time of ’
. . Methods of . Total cpm in
sonication
extraction virion band
(seconds)
30 fluorocarbon 5,800
60 fluarocarbon 5,400
90 fluorocarbon 8,300
120 fluorocarbon 10,000
0 sodium-deoxycholate 3,000
sodium-deoxycholate
0 plus 10,200
fluorocarbon

a. Call lysate prepared by indicated method was centrifuged in

a 5 to 30 % linear sucrose gradient and the radiocactivity

sedimented in the position of complete virion was taken
(see Materials and Methods).
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'\ b0 and 72 hr'after‘infection_unaér theleipefimental éonditions.. For
the ﬁaréntAi strain less than 0.2 % of the virus was relbased into

the culture medium and for thé cyt mutant infection the culture medium
contained less than 7 ¥. Accordingly there is no serious loss of

virions due to leakage from the cells into the medium. This experiment

bl

also shows that the total virus yield ratio of the cyt mutant to the
parental strain does not change much from 40 to 72 hr post infection..
It can be concluded that KB cells infected with the cyt mutant actually

produce fewer virions than the cells infected with the parental strain.

D. Virus yield from different human cells

Since it has been reported that some-cyt mutants can not grow
in a subline of KB cell (KB~1, Takemori 1969), whether this reduced
yield was due to the lower degree of éermissiveness in our KB cell
was examined. Three diff;rent human cells were chosen to compare the
yield of the cyt mutant virion. KB, HEp-2 and HFX cells were infected
with either the cyt sutant t;rus or the parental strain and laheled
with 3HanP. and the amount of virions produced was datermined by
euernaas gradisnt centrifugation as before. Figuree 2 and 3 srhrw
madimantation profiles of the axtractas from infected HRp-? and HEK
cells respactively. Asr can he seen, gsedimentation profiles are very
similar to that of KB cells in both casea and the cyt mutant
infected cultures gave lower radicactivity in the virion peak. The

rolatlve vituo ylelds sie ahowa in Table L., UDifferant cell liues
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FIGURE 2
Sedimentation Profile of Lysates from HEp-2 Cells Infected v;ith. Ad 12

Parental Strain and Cyt Mutant in a 5 to 30 ¥ Sucrose Gradient
' rd

Sedimentation is from right to left.

(a) HEp-2 cells infected with Ad 12 parental strain (O)
lI*C—Ad 2 virions as marker (@)
(b) HEp-2 cells infected with cyt mutant (O)

th«Ad 2 virions as marker (@)
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~ FIGURE 3 %
e
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Sedimentation Precfile of Lysates from HEK Cells InfecteS/@ith Ad )2

.
Parental Strain snd Cyt Mutant in a 5 to 30 % Sucroée Gradient -

Sedimentation is from right to left.

(a) HEK cells infected with Ad 12 parental strain (O)

luC-Ad 2 virions as marker (©)

(b) HEX cells infected with cyt mutant (O

[}
We aq 2 virione ar markar (©)
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TABL.... 1}

'kmount of Vlrions Produced by szferent Human Cell Lines
. and HEK Cells after Infection tith Ad 12 Parental Strain
: ~ ’'and Cyt Mutant'

Total cpm in
A
virion band x 10~ 4
i o a Yield ratio
Cell per L'x 10° cblls - ,
' ¢yt mutant
types .
Parental- // cyt parental
Ad 12 mutant o
KB . 340 70 ' 6.21
HEp-2 50 13 0.26
HEK 897 /// 203 0.23

*

a. Radicactivity.in the virion band which cosedimented
with l'(L'--Ad 2 marker wirion by sucrose gradient
sedimentation (Figures 1, 2, & 3)



gave difterent quantities of radionctivity assoclated llth complete .fﬁ'

' virzons, probably reflecting a difference in production of the viriona.‘

\uptake of the radioisotope or a. oombxnat;on of the two among the cells.

However. it can be Been that there 18 a similar reduction 4n- v1rus~

Yield in eyt sutant infected culturee independent of cell typee uaed.

: Thus, it appears that the reduced production of complete virions in

¢yt mutant infection is probably a function of the virus.itself and

this is derived from "ecyt mutation.
E. Properties of virions

(1) Pnysical propertiee of virions

| Density of virus particles was compared in a CsCl density
gragient (Figure 4). Under the experimental conditions used, a
difference of 5 % in DNA to protein ratio could be detected; thus,
the ratio of DVA to protein in the virion is probably the same for
both parental strain and cyt mutant virions.

The sedimentation profile of cyt mutant viral DNA in an
alkaline sucrose gradient as well as in a neutral sucrose gradient
was identical to that of tee parental viral DNA (Figures 5 & 6),
indicating that the molecular size of viral DNA as both double-
stranded and single~stranded form im identical in the two viruses.
A difference of 10 ¥ in the DNA aize may ba detected by this technique.
However, a more sensitive technique of DNA length measurement using

an electron microscope showed that there was no difference in the size
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FIGURE &
Distri‘bution' of Purified BH-Ad 12 Virions in a Cesium Chlorida

Density Gradient

Density of the gradient increases from right to left.

(a) Parental virions (Q)

ll*C-Ad 2 virions as marker (A)

(b) Cyt mutsnt viriona (@)

11*0-:\:1 2 virions as marker (&)
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Sedimentation Profile of Viral DNA in a 5 to 20 %

Alkaline ‘Sucrose Grad_ient

Sedimentation is from right to left.

(a) Ad 12 parental atrain (O)

Wend 2 marker DA (@)

(b) Cyt mutanf: ©)

20 Ad 2 marker DNA (@)



x 10"'3

’H - cpm

10

Fraction

Number

1073

He _oom



45

FIGURE §

* Sedimentation Profile of Viral DA in a 5 to 20 ¥

Neutral Sucrose Gradient

Sedimentation is from right to left.
' (a) lAd 12 parental strain (O)
. . Ad 2 marker DiA (@)
(b) Cyt mutant (O

4C_Ad 2 marker DNA (@)
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of ‘the DMA molecules (see later section).

(2) 'Bi’ologicgl properties of virions
,

(1) Cytological studies §f‘infected cell

Cells iﬂfecte@ with adenovirus display varioﬁa degrees of
nuclear changerat various times after jnfection. For exanpie. nid
stage-infected cells are charactgrizqd by the appearance in the nuclei
of electron dense inclusion bodies or condensation of chromatin
materials. Later, the chromosomes are contracted and pulverized.
Ginsberg described that characteristic intranu¢lear changes occur
culminating in the formation of basophilic masses and development of
crystalline, Feulgen-staining structures™Waich are composed of virus
particles (Ginsberg 1962). ' !

In this study, KB cella infected with Ad 12 parental strain
and the ¢yt mutant were examined under a light microscope. Figure 7
demonstrates examples of orcein-stained cells. KB cells infected
with the parental strain produced "typical" nuclear inclusion bodies
characterized as dense condensation of chromosomal material centered
in tge aucleus of infected cells (Figure 7a,%). In contrast, cells
infected with the cyt mutant showed morphologically different nuclear
aggregation. Some of them were densely stained materials of which
slze was small and irregularly distributed in the nucleus (Figure 7c¢),
or some c¢nlls had regions of nuclear condensation dispsrsed along the

poriphery of nuclear membrane (Figure 7d). This morphological



47

FIGURE 7
'Photbgraphs of Nuclear Inclusicn Bodies in KB Cells Induced

by Infection with Ad 12 Parental Strain and Cyt Mutant

(a),(b) KB cells at 40 hr after infection with parental strain .

(¢),(d) KB cells at 40 hr after infoct}on with cyt.mutant
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difference in auclear Changglof.the infected cells seen at the light
microscopic level was more obviouspin the finl details révéaléd in
eléctron microscope observation of the ultra#hin section of the cells
(Figure‘S). In the nucleus of parental virus infected cell, a big |
chromosomal condensation ‘can be obsérved as an electroh dense nuclear
material (Figure 8a). An array of crystalline formation of matured
virions and empty capsids are demonstrated in thin gection specimen
{(Figure 8b). On the contrary, in cyt mutant infect;d KB cell, nuclear
alteration is different from that made by parental virus infection
(Figufe-Bc). So far, studies of ultrathin section specimens of the.
cells infected with the cyt mutant, have not revggled such a typlcal
crystalline array as observed in parental virus infected cella at

late infectious cycle.

(1i) Tumorigenicity

Tumorigenic potential of Ad 12 parental astrain and the cyt
mutant in purified preparation was tested in newborn hamsters. The
large tum~re induced by Ad 12 devoloped at the site of injection sas
dercriberd by Trentin et al (Trentin 1962). Table 5 mummarizes vesultsa
of tumnr inductinn hy Ad 12 parental atrein wnd the oyt eutant. Tt
aan he meen that 100 ¥ of the animalas injected with the parental
strain had tumor, while only 8 ¥ of the animals injected with the
cyt mutant produced tumor. This result confirms the high oncogenicity
of parental Ad 12 (Trentin 1962, 1968). The number of animals

lujouled witl the parental oirain was rather small in this experliaeat,
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(5)
(b)

(c)

e

FIGURE 8

Ultrathin Section of KB Cells Infected with

Ad 12 Parental Strain and Cyt Mutant

4 5 .
KB cells at 40 hr after infection with parental strain

Adenovirion crystals in nucleus of KB cella infected

with parental strain

KB cells at 40 hr after infection with cyt mutant

Arrowa indicate virus particles
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' TABLB 5

- TUmor Induction in Hevborn Hamatora by Injection or Ad 12

3

' Parental Strain and Cyt Hutant
Virua;. ‘ nge',:: Period of .‘iﬂof 9£~Fuﬁdpa/,7 .ﬁPoéitivd*
ihiected® - (particles | obvaervation ‘No. of hamaters (%)
o _ per animal) (months) " ingected L
o . L Q- &
. adr R e | | SR
. parental | 1 ¥ 107 - 15, 303 100
v Syt ‘; 2 . e
nutont ul x 107 - .7 2/25 8

BN

&+ 0.1 ml of purified virua preparation previoualy dialyned
againat PBS waa injected auboutaneously.




-
-'"X

o Ihoeever. throughout this work. tumora have beon induced in many mpore -

. hamstera by Ad 12 parental strain. On the qontrery. the cyt mutant

S . is nuch leau tumorigenic in newborn hamatora and thia ia not due to '

_delayed tumor development. contirming one or the chnrncteriutica ot

N this mutant reported by Tnkenori ot.al (Takeuori 1968)..

;(iii) Syntheeia ot T- ‘and V-(atructur&l) antigona

Indioetion of viral sene expreaaion is the induction of new
antigena in infeoted cella. A unique antigen. eelled tumor antigen
(T-entisen). believed to be virus-coded 13 preaent in viruu-induced
'f;tuﬁg;e and virua-trenetormed cella. It 1a also induoed in produe-
tively infeoted oella 1n hiuaue culture (Huebner 1962. 1963) and the
induotion 13 an early function of viral gene.

The time course of development of T—nntigen as well as virus
structural antigen (V-antigen) in inteoted EEp-2 cell i’e atudied by
indirect immnofluoreacence techniquae. Figure 9 demonatratea that
T-antigen was detected eboﬁt 3 to 4 hr after infection, whereas
V-antigen was not deteeted until about 15 hr after infection. Theae
reaults confirm the kinetica of synthesis of intracellular viral
antigens in KB cells infected with Ad 12 reported by Gilfwd and
Ginaberg (QGilead 1965). It‘oen also be‘aeen that the kinetics of the
produotion of the antigens waa aiuiler uhether the cells were infected: .
with sither the parental atrain or %he oyt mutant. Thus the oytocidal
affect on cells is prodbably not due to the accelerated development of

- the mutant compared with the pareatal virus.

5 -

L



- FIGURE 9

- '_I'ime' Courase’ bf T- aﬂd V-@.ntige_n Synthesina
40 Ad22 Infeoted HEp-2 Cells

Symbols: T-ontigen by . parental at_mn. (O)
| T-antigen by oyt mitant (@)
V—#ntiéoﬁ by parental aﬁmin N
- V-antigen by oyt mutant (A)
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| (1v) Functional heterogoneity of the virions ~

Tho rntio ot virua particle to its pluquo formins ability

' Ior nnimal viruaoa ia gonerally greater than unity. for example, the

partiele to infeet;vity ratio of Ad- 12 has beon roported to. bo 320

_ (Groon 196?a). Fnrthermore. within a virua proparntion, ooae virionu |
are defoctive in that they are cnpable of limitod viral. functiona
- (Blackatein 1959. Butol 1966 , Hua.ng 1970, Uchida 1968a, b, 1969). |
- By assaying aevornl viral tunctiona. auch as ooll killing ability.
 induct1on ot early and 1ato viral npocitic antigena; 1.0.. ?- and
'V-antigena. reapectivoly. in infeetod HEp~2 cella. the proportion ot
'ldefootivoa in the population of parental virua preparation could be

comparod with that in eyt nutant preparation._

To unauro that oella in the same phyaiologioal atnto and
undexr 1dentica1 conditiona of infection: ‘were used ror different
virel funotiona. all these viral functions Nare aaaayed with cells
from the same infeoted cultures. After HEp-a oella ware infected
with virus in suapension, a sarnple was takon and assayed for cell
survival by cloning (aee Materiala and Methods). The remaiqder of
the culture was amceded onto cover olipa in Leighton tubeas, incubated
for 48 hr and the cells wore prapared for immunofluorezcence. The
porcentage of cella capable of forming clones and producing T= and
V-antigens was determined for different input multiplicities
(Table 6). As can be seen, for the same input multiplicity, the
number of cells poaitive for T- and V-antigen formation was leas

than the number of oollé,killeq. Thia effect was much more pronounced

2



T&BLB 6

E Effecta .of Input Hultiplicity of Ad 12 Purental Strain and Cyt
- Mutant on the Induction of T— nnd V-antigenu and Inhibition of
Hoat Cell Clonins of HEp-a Cella S

. " Input T o | Percent
. Virus | miltiplicity .T_-:::icont ol Pe::en: ‘a | surviving
(Viriona/boll}_ . _.sen N B " clonsa
o 0. o, 4 200
5 - T T 3.0 65.8
Parental 2 o4 | osea | 198
stradn | 50 636 w0 | owss
100 92.7 89.7 | 0.086
500 - - 0017
0 0 0 100
5 6.4 19.8 90.8
Cyt 25 40.8 3h.8 n.5
zutant 50 70.? 66.1 - B.93
100 87.7 90.6 1.45
500 - - 0.2h

&. Assayed at 48 hr after infection




",:$$ _1'
~in cultﬁfea'1ﬁfec£§a-wifh‘ﬁhona£¢A£a1'atrnin thdﬁ with'ihe'cyi mu£ant. -
. :To quantitate the number of 1nput virua particlea necuesary for a _
'-particular function. tho data were plotted into a graph. uith the -
'rraction or cells aurvivins that pnrticular viral tuneﬂtpn against
'.input‘multiplioity (Figure 10). Survival for varioua tunctionu fbllo-a
aingle-hit kinatica for ralatively low m.o.i., as prodicted by the
‘Poisaon distribution (Marcua 1958) Tablo ? ahows the inpuh multipli--
city of parental and mutant virua to give 63 % poaitive responac for
the varioua tunctiona. "It can be seen that 1n both casea there are
" more viriona capable of killing cells ‘than of induoing T- and Veantigena.
However the ratio of antigon induction unit to coll killing unit ia
much, highar ia the parental atrnin. indiouting that the parontul,iirua
contains a much highor proportion of detootivo viriona oapable of cell
killing oaly.

(v) Adsorption of virus to hoot cell -

It requi#ea four to asix times more ¢yt mutant virions than
pafental virionas to give 63 ¥ poaitive response for cell killing
(Table 7). This difference may be a reflection of differential
adsorption efficlency of the virus to host cell. Alternatively, the
virua can adasorb but insufficient viral genea are expresaed to cause
oell killing. By using purified radicactively labeled viruses,
adsorption efficiency of each virus to HEp-2 and KB cells was compared
(Table 8A, B). About 16 to 22 % of the input virions adsorbed to

HEp2 cells while about 50 to 60 ¥ of the input virions adsorbed to



X

" FIGURE 10 --

Erracta of Input Hultiplicity (viriona/cell) on Cell Killing
 and Induction of T- and V-antigons in HL‘p-a Cella

‘.'l'he ordina.te represents’ the parcent of ceﬁ not showing
_thnt rarticular viral mnction. '
'(n) Clone formation by parental atrain Q)
T-antigen induction by parental strain (O)
~ Veantigen iniduction by parental atrain (&)
(b) Clone formation by oyt mutant (M)
Twantigen indusction by ¢yt mutant (@)

V-antigen induction by oyt mutant ( A)
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* TABLE 7

| _5?11

Nﬁmber of Input Viriona pgr Cell Necessary to Induce
Positive Reaponse in 63 ¥ of the Cells in an Infocted

Culture of HEip-2 Cella

|

~ Ratio of
. Veantigen
Virus Cell T-agtigon V-antigen- induction
. killing induction induction ke .
coll killing
Expt. I
Parental 6 41 Lo 6.7
" strain
Cyt 23 by 4s 1.9
mutant
Expt. II
Parental 5 33 36 7.2
atrain
Cyt 30 46 1.6
matant
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' Cais,

KB cella. .Adsorption offidignay of the aame virus varies with

different host qella; yet, it can be mcen that there ias no differencd-.

-between the oyt mutant and-tho'parentgl atrain. ‘Thun. moat of the

viriona_frOm.thbﬂpq{qéﬁq; virus poﬁulltion oan ‘adasord and-express the
viral function of csll killing. On the.other hand, high proportion
of tholoyt mutant virions can not express sufficient viral funotion

to cmuse cell death, although they can adeorbd to host cella.
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b Opa of 1nput3H-DNA was @;;uma by oo:m 3 s m pma.-
p&tation for' each rcnotion. .

ov ‘After firat hybridization, the unhybridized libeled. DA
wag rcuovod. heat=denatured and Tehybridized to a- now tiltar _

. ontaind of viral DNA as-before. s
¥ go cpm column (A) -luolumn (B)) x ﬁ hyhrtdinutton 1a the 2nds ..
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R ":‘nhut oft atut:l.ns*m:m ak hr nftor :I.ntootion. In o:n nmtant in!‘octod

e ,:oonn. viral DNA nyntheail bosnn at about thc nmc tim and poreontaso

‘_ ot Jll-l)m hyhridiaod Nlohcd y platnu vuluo ot '-IO nt 24 hee Thuu. it-.-_

‘ -appam thlt‘. \r.l.nl DNA lyuthoaiu wu 1n1t:latcd l\t thc am tim

thcther the cells nu intocttd with thc pucntal ntmin er tho o.'rl;

‘e‘.'mg.ng. llo“vor. tho oy‘.‘. amtant M not uhnt ott hoat DNA mthnil T
T oontmmt to pa.rcntll virul infeetion under tho identioll. oxpcrimn- |

ff_m eonditionl.

~— ' Bs ‘Amcunt. of viral DNA in infected cells- - -
Thc totll lno\mt of vinl DNA mthound in\lin oonn at 340 hr

L - Auﬁor :Ln!‘oeuou with thc pnrontu atrnin lnd the ewﬁ a\m\nh uu eoupucd.. !

P

En “_It vas dotcﬂlmd by tho touovd.ng cquatiom B
| ' Totiad count u vmn. nm\ ‘
'Bpioiue aauuty or labe:l.‘cd viul D«‘i&f -

- _@oul munt o!‘ viul DNA. .

Rldloanuvtty incorpound inuo vinl DNA 'u ohtnimd b,y total epu

‘. '.h mtnettd cona uultiplud by the h'neuon ut BII-UNA hybridind to _

' vim DNA. m\. lp«iﬂ.c lnt&vtty of hbchd viral DNA wu dotoﬂimd .
', 'l__..by DRASDNA muuuoa \hymumm .:qm-mm. A amal) kaown anount _.' .
- of Ad 12 viral DNA (o.a ug) immobilized on a nnro«nulon filter van

h:brid.tnd uihh .tnernltng uountl of Jll-lJRA oxhumd from the :I.ntcetcd

. ‘ooul-. 'I'ho udtoutivtty At utuntion lhould h- cqual to tho munh ‘

" .of viral DNA immobilined on the filter. Tnerefore, the udmemm
at uturauon div.tdcd hw thn lnount of vtm DNA on the ﬂuor -m



o -. givo tho npeoifio activity ot onoh propamtion. Suoh u)utmtioa
' "_h:rbri.dintion our\n 1; nhown in Hsuro 12. ‘1‘1\0 Mdionctivity bound

L on the: ﬂltor inernnd vd.th inernaina muntu ot JH-DNA input. o |

o '-Bltmtion vtu lttainod at 5.300 md 3.600 OPN hvbridi“d\ siviog /

"lpoou'io aotivity ot 16.500 md 18 000 opmAxs for the parcntll viul-

o fmu\ and. tho eyt mtant DNA. Nlpcotivoly. : 'I‘otal un:ou.nt ot viul DNA'_' : g

hl

an lt ho hr pout. inrootion ia’ sivon in ‘kbh /10. Tho parontal atm.tn

| }V_Ap:'odu«d 2.3 to a3 vue ot v.tnl DHA per 106

RS ._KB «lll htoetod w:Lth tho eyt uutant produocd onl:r 0-3 to 1'0 \*8 °3 S

v p.r - 168

1nhetqd oeuo, uhcreu ,

0011;. L

o
SN e

C. Hohnulu- d.:_ig _otii:.\_tr‘_léhnﬁiﬁ;rﬂﬁ;‘m:. CL

m muc.d nn/o,unt of viral DA pmm o oyt mm intoehod
'cnh can Aecount. 1n put. tor tho nd\md ﬂ.old or thc o:n uutu\t
- ,viriou. Ronwr‘ thc ltudy uhovo dou not show tho natuu ot '.'.huo
T DRA uohuulu. 1n puucular. ‘the lin of t‘.ho nuly lynthuind vam.
\DHA. Th. ntxt !mriment wu oondunhd to nxan:l.m thc aize of um. |
DHA nohculu nade 1n :l.ntnctcd aells. KB ocul tnl‘teud with the
' viru lt n.e.i. of aoo pu-t.telu pn- «u were hbohd ulth 53-'1‘:.\3
_ from 13 to ho e nttcr\inhetien. and the :I.ynte was mnynd by rate
| lonu udimntntion in an m«nn. luorou gudionh. Hm 13 chou
‘ndi.uonution protilu o!‘ utu«nulu DNA 4n KB cells inrutod uth
the plrin‘hl!. viruu md thc oyt mﬂant. \ In tho pu-onul vuuu .‘mteehd
ecuu. nhout %0 % of the total ndionotiﬂty *w go=sedimented with



© FIGURE 12 .

Satumhion Hyhrtdina.tion Exporimnt ot‘ Imobil:l.ued Virnl DNA-A
7 with 31t-mm from KB Celln Intoatod with Ad N
Pmntal sr.mn and Oyt Hutmt o

’ v - Tl

Ry we or 1mob$.nnod A2 mu\ was hybridtaod
| vd.th 1norennina amountl of ’u—mm oxtucted
. from B oeua at 102 hr arter intootion- e
o :Bymboll 1 Pu‘ontal atfain (O) '
S Oyt mutm ()
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- FIGURE.L3

, Bedimontation Pro!‘ilo ot Intrnoellular DNA 1n KB Cona Infootod
. with Ad 1a Parenhl smu and Cyt Hutant inas to 20 x |
| f' i Amnnc 8uerou Gradhnt

Sedimentation ia mﬁ x-'xg‘nﬁ to deft, |
. upper pal'nol'-t Pu-cntnl vim infeutod eolln (O)
- | 1“0-&&1 2 marker DNA (&)
'l'onr.-ﬁ_a;ml 1 Gyt mutant infeoted cells (@
| lkc-a\d 2 warker DA (A) |

v
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the mnrkor viral mm (“c-m a) mmg produetion ot DA uoleoulou
‘ol eomplete aize. In oontrant to thtn. th! prorile ot the eyt mutant _
o ia very much difforant tmm that ot the parentad atmin- Tha mm- o
ecllulnr DNA uao nueh uoro hoterosonooun in lino. rnnsing trou .02 |
to 0.3% ot the. oouplcto gonoue aize of ldenoviruu DNA. a
| Tho ’R-labeled 1ntracollu}ar DNA wnn “aleo lnalyacd uaing
.‘ueutrnl sucrose gradiantn.: ?igur; 1£f5R;ua protilen or radioactivity.
" It can ve geen that uol.oulon owaller than a nompleto viral gonone
: “were aleo obacrwcd‘ indienting that amall’ DNA trasuontl oynhhunined
atter oyt uutunt intcotion wtr‘ douhln-atrnndcd.
To dettruint uhether theuo anall uolcoulca are ot vtrnl
ortgin. DNA-DNA hybridinahion exportmcnt Ill perforaed. Frncttonc .
wae pooled to {ive aize clacaes ao indicn;gd in F&gure<13(i.e..
fractiono A to B fcé_the parental virus infeoted cella and F to J
for ﬁhn oyt‘mutant‘iﬁtéetud cella). After n§utra1ination with
o1, tho'DHA wae precipitated by ethanol, -and hxbridtaed to an
excene amount of Ad 12 viral DA 1mmohillued on a nitracolluloac
filter. The total ameunt of viral DNA in each sine clann was
caloulated. lelcfll shows the aime distribution of intracellular
viral DiA. Aa cln;hc?clolrﬁulueen. tho sine dlatribution of viral
apacific DNA made &n infacted cells ta quite different betveen
the two virusea. In the parental strain, akout 70 ¥ of the totai'
viral DNA was found in the poaitton of eoupleto-genonn liuo class.
On the other hand, the viral specific DNA of the oyt mutant produood

in XB oene hasavery hetorogeneous eizes 1t was found bhnt the

1)
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Bodim ntahion Prortlo or Intuconulu DNA :l.n KB qonu Inhuted
: -:I.tr\ Ad 13 Pmntal Strain and Cyt Hut.nnt :Ln al%to20%

_' o Noutrnl Euorono Gudimu

o
-

aod.tmnhntion ih tron rtght to hﬁ:. ‘
~ (a) Parental vuua infeot.ec\ eolle QO)
goig 2 marker DA (8)
(b} Oyt mutant infected cella (O)
1"0-&:; 2 marker UNA o
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‘ _ o TABLB 11 | _
- Size and Distribution of Intracellular Viral DA

R \!ter Infection of KB Cells with Ad 12, Parental
" Strain nnd Cyt Putant '

(T | Yy . "-;_-(-III_) B0 I ¢ 1" IR BN .‘I\
e -' Hbiecu%ar_ , Totél‘z_" % . | Total - Amount o}&_
. Fraction | size . cpm hybridi- viral DA | _viral DNA™
o . . I s o zabTe®- ‘ (qpm‘)q b / o

 Parental
A - >1.37 | 223,000 1.6 | 32,700 7.4
1.26-0.73 | 355,000 |  88.9 316,000 o

Q.S m

0.66-0.26 | 66,000 | < 81.8 - | 53,600 - | . 12.1
0.22-0.04 25,000. |  L6.3 11,800 .2.'7\

H o

<0.02 | 74,000°| 37.8 28,300 6

Cyt

mutant
F >1.37 286,000 3.3 9,400 8.0
G 1.26-0.73 56,000 |, 37.8 21,00C" 17.9
H 0.66-0.26 /65,000 27.2 17,600 15.0
I 0.22-0.04 .1#3,0001 - 32.6 46,500 39.7

J < 0.02 72,000 31.7 22,700 19.4

Fl

a. As & fraction of complete viral genome.

b.  JH-DNA recovered from each fraction in the gradiant wan
hybridized with 1 pz of Ad 12 viral DlA.

e¢. Total wviral DNA = column (IT) x column (TTT)/ 100

4. Amount of viral DA in each fraction ia expressed ar

percent of total viral DHA in the gradient.
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magority of the viral DNA. 13 of‘Iess than half of the complete genome

:l size and that Only 18 % of the total newly made DVA ia of intact aize. -

Abo%an, about ‘ho % of the total viral mm 5.5 in fraction I, which

has average size of 0 07 of the vhole viral genome. The total amount 7?
_ of viral DWA in celIs infected with the parental strain was found to _.
be 2.k pg/bell (Table 10) Out of this, 71 % is of- complete genome

‘ size (Table 11). Thus, the amount of viral DHA having complete genome

size is 1 7 pg/cell. Similarly. the amount of the cyt ‘mutant viral

_ DHA. in infected KB cell was estimated to be O. 16 pg/eell. Therefore,

the reduction‘in virus yield.may be ‘accounted for by the reduced

_ amount of viral DNA haﬁing complete genome slze synthesized in.eella

infected with the cyt mutant.
D. Fragmentation of DNA

It was found that 75 % of the newly synthesized viral DWA in
cyt mutant infected cells is smaller than the intact mol:Eules present
in the virion. To investigate further a molecular mechanism of the
develOpmentrof these smaller fragments in the mutant infected cells,
two possibilities were considered. One posaibilit& is that these
éragﬁents were made due to the synthesis of incomplete viral DNA
molecules. The other possible explanation '13 that the cyt mutant
could Ryntheﬁr'l'r.c(.'intact molecules, but subsequently a large

propartion of thb\ wag degraded to amaller pleces. In order to

distinguish these possibilities, pulse-chage experiment of viral

£



'aynthesized during 1 hr pulse-labeling and its fate after a chaae

Dvx-ias"ﬁerforﬁea. ‘At 23 hr after infection, at hich time tha viral

&

\DNA synthesis reached to maximum level (Figure 11) tﬁe cultures were f°

 exposed to ?H-;dn ror-l hr and followed by a chase or3 and 6'hr in
| \

the presence'of excess nnnradioactive TdR. The size of the DNA

_Ias analyzed by rate zonal sedimentation in alkaline sucrose gradienta.
Figure 15 demonstrates the fate of the nele made DHA 1; both viruses.

In 1 hr pulse—labeling of the parental virus infected cells (Figure 153);

54 % of the total counts co-sedimented Iith the hC-Ad 2 marker DNA.

~

After a3 hr chase (Figure 15b) the radioactivity in major fraction

‘ increased to 7% % of the total counts, indicating a good production of

mature molecules. After-further chasing, Snr (Figure 15¢), the profile
is similar to that of a 3 hr chase and There is neither-an increase nor
a decrease in the connte in the complete genomé size fraction.

‘ On the other hand, in KB cells infected with the cyt mutant,
at 1 hr pulse—labeling; the'sedimentation.profi}e was exactly the same
es that of parental virus infected cells (Figure 15d). The same

v

proportion of the total radioactivity, i.e., 5% % of the total, was
found in the 1I*C-)’Ld 2 marker viral DNA region. .This cobservation
suggests that during 1 hr pulse-labeling, DNA made by the cyt mutant
is the same as that made by the parental strain both qualitatively and
quantitatively. However, when the infected cells were chased for
different times after pulre labeling, the large molecules were

eventually degraded into smaller fragments (Figure 15e,f). Quantita-

tively, after a 3 hr chase, 46 % of the total counts was found in the
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-Sédiﬁentatién Profilefof:Pﬁlﬁe;Labeied' Intracelluiar'DHA.in KB;Celléi

Infected with Ad 12 Parental Strain and Cyt Mutant in.a 5 to 20°%

Sediﬁentﬁtion ié frono right'td left.

(a)

(v)
(c)
(a)

(e)
(1)

Arrows indicate the position of

Alkaline Suérbse Gradient

3

Pulse-labeled for 1 hr at 23 hr after infection
with paren£al strain

Followed by a 3 hr chase

Followed by a 6 hr chase - St
Pulse-labeled for 1 hr'at 23 hr after infection
;ith cyt mutant

Followed by a 3 hr chase

Followed by a 6 hr chase

4c_\d 2 marker DNA



"‘ .

-4
-
-

[wiuornyg —s -

Number

Fraction



. . - - » - - o el h .
R
"l

'hotomgencous omall sizc claoc. lcdving 30 % cf thc totnl radioactivity

’ "..in thc frnction of complete viral gonono sizc Thic dcgrndation of Dﬂk

Ins mach” more enhanced after a. 6 hr chane. at vhich tinc cbout‘GO % of

- the total radioactivity wns in the region of smallcr noleculcc (lcso-'h‘

thnn 0. 35 of the completc gcnomo).- Only 20 % of the molccules romninod

- as a complcte gcnomc oizc- This profile of oizc distribution of tho

By newlx_ﬂgﬂa DNA ia quitc oimilar to- that of continuous labcling of tho

cyt mutant infected ce%&z (Figuros 13 & 1#). Thorcforc theco oxpcrimcntc

'clearly show that in eyt mntant infoction.' a viral DHA of complote

viral genome size is normally oynthesized at £irst 'but cubsequantly

a halr to 2/3 of theoe moleculos were. dcgradod to cmaller picccs.

-

_"—E.. Complementation by parental strain

It appears t functions associated with "cyt mutation"
include the degraflation of nociy synthesized DNA, it is of interest
to examine whether this function c¢an be suppressed by the parental

strain. . ' \

(V) Suppression of intracellular DNA degradation

Intracellular viral DNA in KB cells was continuously- labcled
witn 3B-TaR from 1k hr after mixed infection with the parental strain
and the cyt mutant at an input multiplicity of 100 virus particles of
each virus per cell. As a control, KB cells were also infected with

either the parental strain or the cyt mutant alone at m.o.i. of 100



"_"particles pev ce11. At 40 hr after infeftion. the cells uere harVeotede;"'

and analyzed for DNA by alkaline sucrose gradient sedimentation as. "‘ |
" before. It cen be eeen from-Figuro 16 that most of the DNA eyntheeizedQLEe
-.intraceilularly by a mixture of Ad 12 parental strain and the cyt’ A
mutant had complete viral genome size and that the proportion in this
fraction was quite similar to that observed in cells infected with
?the parental strain alone. ”hus an extensivo degradation of DA by
Lthe cyt mutant was almost complctely enopreseed by co-infection with .
the parental strain and the parental type character was dominant over

the cyt character in this manner.

(2) Total yield of the virions |

The same preparation of co-infection’ which wag labeled with
_3H-TdR. was used for virus yield enalysie'by sucrose ;radient as
described before, and the amount of complete virions produced was
compared with single nfection. Table 12 ‘shows a typical result.
Total radioactivi y recovered in the position. of complete virions
(1hC-Ad‘2 marker) was rmch lower in cyt mutant single infection in
agreement with the earlier result (Teblc 4). However, when the cells
were simultaneously infected with both types of viruas, the redioacci-
vity sedimented as complete virions was almost equal to that of
parental rirus single infection. Thus the reduced yield of the

virions by the cyt mutant was completely overcome by co-infection

with the parental strain.



* FIGURE 16
Sedimentation Profile of Intracellular ‘DNA in KB Cella Infected
with Ad 12 Parental Strain Cyt Hutant. .and a Hixture of Parental
Strain &nd Cyt Hutant in a 5 to 20 % Alkaline Sucrose Gradient
. .

Sedimentation is from right to left.

‘(a) Cells infeéted wlth_parental strain (O)
1'*c-nd°2 marker DNA (@) - |

.(b) Cells infected with cyt cutant (QO)
Y4c_pd 2 marker DNA (@)

(¢) Cells ?oiinfected with parental strain

and cyt mutant (O)
14

:8;
C-Ad 2 marker DHA (@)
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| TABLE. 12 j R | S

Amount of Virions Produced by KB Cells after Infection with‘////
Ad 12 Parental Sbrain. Cyt- Hutant, and a Mixture of Ad 12
Parental Strain and Cyt Mutant

-~

3
. - Total cpm in
Infection s virion band®
' ' {x.10™2)
Parental strain 64.6
Cyt mutant 4.8

Parental plus

66.0
cyt mutant

a. Radioactivity in the virion band which

* cosedimented with 1hC—Ad 2 marker wvirion

by sucrose gradient sedimentation
(see Matorials and Methods)
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(3) S@éer-infﬁction.by~pérehtal.virus '

| | It may be argued thnt this auppression of the cyt mutant
propertiea in- host cell by the parental strain is due to preferentinl'
exclusion of the eyt mutnnt virion by the parental virion at the time
of adaorption or penetration of the virus to host, cell. To test_this_
posgibility, a nuper-infect;on experiment by the parental strain was
Janucted. |

"KB cells were first infected with the cyt mutant virions

and after 60 min adsorption, followed by a super-infection with.Ad 12
1Y .

parental virus at the same input multiplicity (100 particles per cell).

At 14 hr ﬁbst.infecfion. 3H-TdR was added to the culture and the viral
DNA wags continuously labeled up to 40 nr after-infection. Intraéellu—
lar DA was analyz;& by rate zonal sedimentation in an alkaline
sucrose gradient. Figure 17 shows almost the same distribution of
intracellular DNA-moleculea, whether the cells were infected with the
cyt mutant. and the parental strain simultaneously, or first infected
with the cyt mutant, then super-infected with thé parental strain.
Therefore, the event of suppression by the parental strain must have
occurred after the cyt mutant viriona penetrated into KB cell rather

than that the suppreasion wna due teo galaertive inhihition of adany p.

tirn nnd penatyatian,

/
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- FIGURE 17.

Sedimentation Profile of Intracellular DNA in KB Cells Infected
with Cyt Mutant, then Super-infected with Paréntal Strain in a

5 to 20 ¥ Alkaline Sucrose Gradient

Sedinmentation is from right to left.

Symbols : Cells infected with cyt mutant, then

buper-infecped with parental strain (O) L]

8C_Ad 2 marker DA (®)
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o III.. Electron Microscopic Studies 6;2Adenqvirus DA

-

As shown in the prev1ous section I there 'ere no detectable,

'differencea in physlcal properties of the cyt mutant virlon from those

 '_of thc parental virion. However, the difference in DNA s1ze ‘of the

' viruses may "be below the level of detection by rate zopnal sedlmenta-
tion in sucrose gradients. In thls section, differences in the
adenovirus genoﬁe were examined in greater detail by an electron
microsdopié technique; heterogeneity. in ﬁNA sequence was also studied.
Undef the experimental conditions employed, the resolution could be

. obtained up to 35 to 100 base pairs long (Davis 197la), which is

about equal to 0.1 to 0.3 ¥ of the adenovirus genome.
A. Measurement of the length of native DNA molecules

The native molecules of adenovirus DNA extracted from
purified virions were examined under the electron microscope. The
principle of the technique used wns originally developed by
Kleinschmidt and Zahn (Kleinschmidt 1959), and modified by Davis et
al using a variation of the basic protein monolayer film-~formamide
tarhniqua (gaa Hatarinls and Methnds, Devis 1971b) .

A representative pict ro of intact DNA molecules nf Ad 12

fm rhown in Fipoera 1% Tn the farmamide tachnique smpleoyed, the 7R

81 -
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FIGURE 18

Electron Micrograph of Intact Ad 12 DNA Molecules






' ié Qoﬁnfe&fa; a3cbeEee£fatioﬁ of.fbrmeﬁide'and.seit-éuch-ehet ﬁhe‘
:;Bouble-stranded DHAQis'stahleuand ie single-etrended Dﬁh;ié preseht
;.it will appear as_a curved Iilament which can' be distingulshed from |
' the double-st*anded’nﬂh by its thickness (Davis 1971b)  As can-be
:'seen, Ad 12 DNA 18 in a continuons linear double-strand-d Iorm, no
c;rculer-forms were observed 1n-the whole‘g:1d5; It is also epparent
thet wit;fcereful—extraction of the DHA from the. purified virioms,
there is neither significant fragmentation of the molecule nor
nelting of the'double-stranded DNA infoc the single-stranded form.

To determlne the size of the native DNA molecules of Ad 12
parental straln gnd the ¢yt outant preparatlon. the distribution of
the total contour lengths of the DNA was examlned. Since the absolute
length of the molecules can vary from one ﬁreparation to another,
depending on the conditions of the spreading and mounting the DNA for
electron microscopy (Inman'1967), an internal calibration standard
was thought to be necessary. Such a standard must be clearly and
easily distinguishable.from the DNA being studied and it would be

preferable to use a linear double-stranded DilA.

DNA of bacteriophage ¥ 29 of Bacillus subtilis is a linear

double-gtranded form &nd is about 6 p in length (Figure 19, Anderson
196A, 10AR, Tto 1073}, which is about half the size of adenovirua
DHA, Therefers @ 20 DNA in anitahle for use ar a standard. Figure
20 chewn nAn slactreon micregraph nf a mixture of Ad 12 parental type
PHA and (F 20 DNA gpread tagether. As ran he seen in the picture,

the molecules sometimes tended to appear as highly looped configura-



FIGURE 19

Electron Micrograph of Bacteriophage ¥ 29 DNA Molecules






. FIGURE 20 -

Electron Hicrégx'aph of intact»-DNA Molecules of

Ad 12 and Bacteriophage & 29

Symbols : Ad 12 DNA (Ad)

@ 29 DNA as an intermal} standard (§)






4  tionB'of so-caildd'"flo'er-iiké.structurg";:uhiéh maké.ﬁeabﬁ;Qmént'of“

‘ B, R . "y
;the 1ength impoasiblo. In'orderntb get accurate measurement:of" the

A contour length,» only molecules that were fairly 'ell' stretched
and with no or a. few infolding were’ salected for meaaurement.
'Calculation oz the actual length of the molecule was given by the
following formila:

Héasured'léngth:aftef tracing (cm) x'lOu

Contour length (uj -
‘ 5,372 x,}5-85

where, 5,372 ig‘a.magnification factor under the electron microscope
and 15.85 is an enlargement factor of prdjection of thé electron
micrograph negatives onto a screen.

The length distribution of each preparation was plotted in
a histogram (Figure 21), and summarized in Table 13. As shown in.
Table 13, the mean length of Ad 12 DNA molecule was found to be
11.07 p. This value is ﬁot widely different from those have been
repo}ted by Green et al (11.0 u, 12.8 u; Green 1967b) and by Doerfler
and Kleinschmidt (10.7 p; Doerfler 1970b). The absolute lengths are
slightly different between the two preparations probably due to
variation in the spreading conditions. The ratios of the length of
adenovirus DNA to that of the standard # 29 DNA are 1.777 and 1.781
for the parental viral DNA and the cyt mut.:ant DNA, rempectively.
T-teat for difference in means hetween these preparations ravealaed
that thare was no difference in viral DNA mize at & % laeval of aignifi

cance. Therefore, it can be concludad that tha mean leangth of the DHA

molecule in the cyt mutant virion is exactly the same as that of the

'fﬁiasl:fr.
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: FIGURE 21

Histogram of Contour Lengths of DNA Molecules of
Adenovirus and @ 29

(a) Distribution of Ad 12 parental virus DNA moelcules

(b) Distribution of cyt mutant virus DHA molecules
-
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Standard errnr

%  TABIE 13
Contour Length of Native DNA Molecules of Ag 12 Parental
Virion, Cyt Mutant Virion and Bacteriophage ¢ 29
No. of molecules Mean Standard Ratio of
Viral DA measured length deviation Ad / & 29
() ()
Prep. I
Parental :
strain ™ w07 0.42
(0.05) 1.777
g 29 bal 6.23 0.13
(0.02)2
Prep. TT
Cyt
bk =R 10.83 0. 20
n
(v, 05) AN
o ~n "= 6.08 "o
(n, 0z)"




pa%eﬂtal Etrain. céhfirming‘the féﬁult §n qizé estimation by rate zonal
sedimentation (Figures 5 & 6). | |

Analysis of variance (F-test) shows that therée is no
difference between Ad 12 parental viral DNA and the cyt mutant DNA
populations, while there is a significant difference in variance
between aéenovirus DNA and bacteriophage ¢ 29 DNA p;pulations.
Adenovirus DNA appears to be more heterogeneous in size distributioﬁ
ihan @ 29 DHA, suggesting that this heterogeneity may probably
contribute to a'higher‘proportion of heierogeneity in biological
functions of Ad-12 as described in the previous sectiom.

| .
B. Visualization of reassociated DNA
5

The advent of visualization of DNA molecules under an
electron microscope allows one to study the sequence homology of
two related DNA preparations (Garon 1973). Under suitable conditions,
hemalogniis and heterologous regions of DHA moleculers can be phymicallv
mapped. T"} principle. if n mivture of twn identiral deuble-strande-
PNA, AA' 1m denatur~d nud vrona ured, tha relf-arner]ed praduet wii!
*ntlyely conaiat of the bamcdapl=v AL which {a recogrtsed an o
complets double abyandad farm hy alactyan mirrommnpy Hrweavery ., if n
mivture af ten A ffevent ™MAr having partinlly homaloapgaus Requanann,
AA* and RR" | ir allowed to anneal, the hybrids will consist of each
type of howoduplex, AA' and BB', and in addition to these, the

heloswduploacs, AB' aud A'DB willl La capewhbod LI thete 1o u pasblal
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:rsequencé heterogeneity between the twp moleculeé, auﬁh as delefidn or
agbstitution, such hete?oduplexes cén.be recognized asfdbuble-strgnded
molecule; having partial 3ingle;5£randeq Joops., |

Purified preparations of Ad 12 parental yirions éppea; to be
more heterogeneous than ?hose of the cyt mutant virions in biologicall
functions and ﬁo'cbntain a higher proportion of defective viridns |
Fapable of cell killing only (section I); It is af interest to study
fuhether the viral DNA molecules are hetefogeneous with respect to
‘their sequence. if small Qeletions and/or substitutions are present
in some of wviral DNA, it should 53 possible to detect them using a
heteroduplex analysis. The same technique can be used ﬁo analyze
any difference in viral DNA sequence between the parental strain ﬁnd

the ¢yt mutant.

(1) Self-annealing of Ad 12 parental DMA and cy£ mutant DNA
Renaturation of the NNA was performed in the presence of

50 % formamide tg aveid the dam~re of DHA due to prolangad ineubat{nn

rt rolatively high troparature In nrder tm rhoeclk the intnrtnema ¢

the PHA malecul-rm dAur'op "nnecting undar thia cnnditine . the a/i -

~

Alrkrihutine ~f A1 1D 14 witny fpenbabfian for By ot ™7 0 win
cvemine ! by an Ak ldne o cae gradtent medimentnt{on A cmer dee
meoann in F‘gnvo T, na fyagmentarion af the PHA malecrnlen ~anld ha

observed. This observation was further confirmed by measurement of
the reassuvclated muleCules undesr Lhe slectiun mivruscope (oco later

ouaub lun) ALt S0 ® ol e BHA buil dlen Line boon s <uoee et od Lo,



FIGURE 22

Sedimentation Profile of Reaesociated Ad 12 DNA

in a 5 to 20 ¥ Alkaline Sucrose Gradient

Sedimentation is from right to left.

(a) >H-Ad 12 native DNA (O)

14C_Ad 2 marker DNA (@)

(v) 3H-J\d- 12 reassociated DA (O)

14

Arrow indicates the position of ~ C-Ad 2

marker DHA
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.Lhétérodupléx fdrmatibn. ”he extent of DHA reassoczatlon was determlnéd.

by the percentage of the fract;pn which -as re51stant tp dlgestlon by

the 51ngle-stranded 8p&01flc nuclease S 1 (see Appendlx fbr det&ll of

reassoclatlon versus timeJ. .

7 Electron mlcrographs of each Belf—annealed DNA of the parental

strain and the cyt mutant are shqwﬁ-ln Figures 23 and 2h., It can be
seen that there are ‘several: configurations of reannealed:moleculgé;

(1) completely reannealed double-stranded forms, (2) aggregated '
configurations of both double-stranded and single-stranded DNA, and

(3) double strands having a partial single strand tail. All these
configurations except the first type make an interpretation difficult. -
However, in both preparations, there were essentially no double-
stranded molecules having single-stranded loops. Tﬁus. these results
suggest that sequence heterogeneityiin the viral DNA was not

detectable.

(2) Hybrids betwgen parental viral DNA and cyt mutant DNA

Absence of gross beterogeneity in DNA sequence of the
parental strain and the cyt mutant was shown by the examination of
self-annealed DNA molecules. However, it may be possible that
substitutions may be present in either one of these two virsl DNA
molecnles. This poassibility can be tested hy hetaroduplex analysin.
Vigure 25 showe an electron mieregraph of hybrid DHA molernlas hatwesan
tha parental TA and tha eyt mutant DHA.  Ho hetarnduplax maleculas

with single.ctranded lonps wera ahgarved, indicating that neithar
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3 | | ' FIGURE 23
Electron Micrographs of Self-Annealed

DNA-Molecules of Parental Strain’






FIGURE 2k

Electron Micrographs of Self-Annealed

DNA Molecules of Cyt Mutant
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FIGURE 25

Electron Micrograph of Hybrid DNA Molecules of -

E

Parental Strain and Cyt Mutant






substitutions nor deletidhs.¢6uld,be detectéd.
c. _Heteroduplei 6f/defec£ive‘kd 12 DNA °

A different strain of Ad 12‘(Euie) has been shown to have
functional heterogeneity (Rainbow 1970 }. In this strain, defective
virions with ligﬁter density than infectious one were detecteé
subsequently by Mak (Mak 1971). These defective particles can carry
out limited viral functions, such as inhibition of cell cloning and
T-antigen induction as efficiently as the nondefective virions.

Some of their properties, however,-differ from those of the nondefec-
tive virions; they show a reduced plaque forming ability or a
reduced formation of nuclear inclusion bodies in KB cells. Thus,
these defective particles could probably account for the functional
heterogeneity of the virions in Ad 12. It is of interest, therefore,
to study the sequence alteration in the genome of these defective
virions by an electron microscope heteroduplex technique.

In the first place, the size of the native DA molecule of
the defective virion was meamsured and the contour length of intact
DNA was calibrated using ¥ 29 THA as an intarnal standard. Figura
6 chowa a diatribution af DHA langthe fram defective virian
tagother with that of (f 20 A, Again the nhanluta lengthe f tha
mrlecnlan are samewhat diffavent hatwoeen tha praparatinne, howevar

the ratin of the length of the defective Ad 12 DHA tn that ~f ¢ 29

DNA is 1.658, which is significantly smaller than that of the
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FIGURE 26
Histogram of Contour Lengths of DNA Molecules of

Ad 12 Defective Virion mnd @ 29

(a) Distribution of nondefective Ad 12
DNA molecules

(b) Distribution of defective Ad 12
DNA molecules

Histograms with oblique lines are @ 29 DNA

or ~alihration ctandarde.
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nondefective DHA to @ 29'DNA (1.777). Statistical analysis for

~

différence iﬁ mean lengths of the DHA molecules revealed that there

was a significant difference between these two viral DNA sizes with

8 5 % level of significance. Therefore the defective adenovirus -

' appears to have undergone a deletion of approximately 7 to 8 ¥ of

its genome.
The location of the deleted region can be mapped by the

heteroduplex technique as illustrated in the following diagram:

-
)

11_/ (1l + 1B + 12) glves the.position of the deletion with respect
to one end of the genome and 1S is the deleted region. Also, l1 + 12
should be equal to the length of the defective viral DNA, while

1, * 1, + 1, should be equal to the length of the nondefective viral

;]
NHA
FEaual amounts of DHA from defective virions and nendoafortbive

virinne were drnatured ~nd reagrecisted. The renceaciated MIA

mnlae nlen war~ avaminel hy oleecksanp mierosenry. A typieal heteradn
Plav mal enln 30 ahrwen i Figowan =7, TF enn he masn ek on orinele
abtrnande? Tanap e Tarctad nensy ne oA onf Fhe malteenta A botal ¢
Thoaneh hateradipley malaculen with o eingle atranded delaebion Toanp

wnr analyzad te determine the axtaent and locstion »f the Aeletion.
The results are shown in Figure 28 with a thicker line representing

Llhie walenl and Jocallon ol Llic Jdelolb Lo Al dulelluvau wap ol alauat
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FIGURE 27

Electron Micrograph of Heteroduplex Molecule Produced

by Hondefective and Defective Viral DA of Ad 12

e

)
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FIGURE 28

Mapping of the Deletion of AQ 12 Defective Viral DiA

b ]

Thicker lines indicate the region deleted on

the adenoviral genome expressed as a fractional
contour length.
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Fractional Coanteygr Length




the same reglon, ranglng from 0.128 to O. 204 of the total length of the

"genome on the average. ' The fractlon of the delctlon (0.076) coincided
.',well uith 1ndependent measurement of the native defective DVA molecules
as shown above. Also the average length of 11 + 1 was. found to be
‘ 9 71 R, compared to 9. ?5 ¥ for the native defecthe DNA molecules.-
Total length qof 11 + l + l2 was calculated to be-lO 50 ¢ on the |
average, compared\to 10.45 u for the nondefectlve DNA molecules. Thus,
these heteroduplex moleculea are really composing‘of strands, one from
the nondefective DNA molecule and the other from tha. defective DIA'
molecule. The unique position of this deletion was alsoc confirmed by
the absencéd of such a heteroduplex molecule in a self-annealed

prreparation of defective viral DNA.

. 101",,' -



biscnssio_ﬁ

Regulatlon and control of hioaynfhetic process in mammalian
cells are very complicated. A given specialized cell does not gro-
at any site. Each haa only certaln cell types for ita neighbora and
‘each cell type has its own unique pattern of differantiation.
Hopever, any of change in this regulated proliferation and differen-
tiation can lead to abnormal growth which is collectively called cancer.
This uncontrolled gro-th leads to 1ocalized masses of single cell
types often referred to as tumors, and the resulting tumor often
quickly leads to disease symptons and culminates in the eventual
death of the afflictead oréanism. At the present time, the nature
of the changs or loss of regulatory control of normal cell growth
at the molecular level remains a total mystery. But there is general
agreement that cancer is a digease at.the cellular level, that
occurs when a hereditary chénga somehow transforms a single normal
cell into a cancer cell.

For the initiation of neoplastic proliferation, some event
wust trigger nonlethal changes in the cell that epable the expression
of new functions--- anzymes, antigens and growth control. HMany
external agents ralled earcinogens, ruch ag tumer viruaes, ionizing
radiation, ultreavialat light and varinums chemical compounds have

h.-;l shown tn {nerenae thae frequency nf the roncermsua tranafrnrmation.

- 102~
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'Houever. the mechanism of tumor induction by many of these agenta
is not kno'n. The trigger for thia cellular transfbrmation may |
‘aometimes be a spontaneous somatic mutation or an environmental
irritant.. Whatever.thg gtimulus. the mutgt;on mustfbe sta§le and
when the ne;ly'induced cancer céll divides.‘bothlﬁf its‘progeny"
carry thelcancer propefty.. Thus mqét carcinogené'seem to act
diroétly or indirectly by altering the génetic makeup of one or
more host chromosomes.

There is ev;dence that the interaction between carcinogen
‘and host cell may.be more specific for tumor viruses than for
chemieal or physica% agents. This apecificity is documented by
such features as common tumor-specific antigens and the persis-
tean of functional viral genetic material in virus-transformed
cells (reviewed by Black 1968, Green 1970a). The advent of animal
coll culture allows one to study the tumor virus-cell interaction
more precisely and quantitatively. The information thus obtained
can be utilized to understand the process of viral oncogenesis.

Ag discussed in the Introduction, the virus-cell system
is a useful tool for the study of cellular regulation. In general,
to effect theme complex changes in a mammalian cell & tumor wvirus
fhould ba capable of stable interactions with susceptible cells
resulting moat notably in latency and/or transformation. The virus
miat initiate rull tranaformation and stimulate cellular DNA
aynthesia but cannnt impair cell functions requisite for mitosis.

If virus genes are required to maintain transformation, as showm

A\



' _lith nutants of such oncoganic viruaes as polyoma (Benaamin 19?0, o

fEckhart 1971) and Rous Sarcoma Virus (Hartin 1970), the virus
gunoma must be associated Iith cellular DNA and replicated.
_-Accordingly, limited 71rus transcription and protein syntheals
might occur, and cellular t;ansfbrmation may partly be under the
'confrol ot viral-genea. Thus, atudy of virus-cell interaction is
an ideal sys;em for understanding of the molecular mechanism of
regulation.

Human adenoviruses are the first human viruses shown to
possess oncogenic ﬁotentials in newborn rodents. There is a wide
spactrum in oncogenicity among-difrereﬁt serotypes and their
oncogenicity has been correlated to some of physical prOpefties,
such ag GC content of the viral DNA and its genome size (Green
1970a). However, there is a limitation in the correlation between
low GC content of human adenovirus DNA and its oncogenlc potential.
This cénnot be extended to simian adenoviruseas. To voercome this
problem, other experimentsl approach such as genetic atudies are
necessary.

Genetic atudies using viral mutants would be a powerful
approach to elucidate the role of specific viral genes in a
productive infection as well as in a nonproductive infecéion. In
cells productively infe?ted with a mutant, the process of wiral
replication is interrupted 'at a specific point. Thim allows
examination of the events that have preceded the blocked step and

determination of what 1s required to continue the process of viral

S



 ¥rnp11cation. The same. approach using viral nutants -ith respect to
transfbrning ability can ba used to study 'hat viral function ia‘-
'necessary in the course of cell tranaformation (for polyoma and _
SV 40 reviewed by Eckhart 197&) It 15 now recognized that such
transfbrmation does not raquire expression of the full complament
'ot_the viral genome.- In fact, viruses unable to rgplicate are
often capablé of cell transfbrmatioq. ' Grahan and van dff Eb have
shown that not only intact Ad 5 DNA but also fragments ;} viral DNA
can transform rat cells in vitro (Graham 1973). These results,
therefore, indicate that integrity of the whole viral genome is not
' necessary even for the iﬁitiation of transformation. '

The compagative study of highly oncogenié human adenovirus
type 12 and its low oncogenic mutants is an ideal system for the
elucidation of viral functions and tumorigenicity. Viruses of the
sanme serotype having different oncogenic potentials are more advan-
tageous than those belonging to different groups for the study of
rhysical properties of the virions which have been studied by Green
and his coworkers (Green 197Ca). In this investigation, physical
and biological properties of a low oncogenic mutant {cyt mutant)
of Ad 12 were examined and biological functions were correlated
with the physical proparties of the purifled viriona.

There were no detectahle differences in the denaity of
virion or in viral DNA aiza ma shown by sedimentation studies.

Also using the more sensitive technique of electron microscopy, no

difference in molecular size of viral DNA could be observed. An



'electron microscOpic study of v1ral DNA sho'cd that no heteroduplex A

‘nolocules having singla strand loops were present in the preparatlon -

of either self*annealed DNA of the cyt wmutant or hybrid.DHA Ilth the
: parentai v1ral DNA, Therefbre, the cyt mutation probably doea aot
involve a gross change in the virus structure, deletion or substitu-
-tion. It must be a very smail aiteration which is below detection |
by the techniques uaed; This yoint is also supported by the genatic |
data by Takemori et al showing that some cyt mutants can spontaneou;l#
revert to wild type (Takemori 1969).

The cyt mutant can induce T-(tumor) antigen in permissive
cells with an equal efficiency as the parental strain (Figure 9).
It is known that Ad 12-induced tumors or cells transformed by Ad 12
express T-antigen, which may be required for the maintenance of Fumors
or transformed state (Huebner 1963, 1964b). Therefore the low oncoge-
nicity of the cyt mutant is not due to the lack of ability to induce
T-antigen in infected cells. However under the condition used, one
can not rdle out the possibility of & minor alteration in T-antigen.

Other biological activities of the purified viruses, such as
inhibition of cell cloning and induction of viral structural (V)-
antigen in HEp-? cells were determined. Tt was found that there are
wore virisnsg rapable of inhibkiting cell efloning than of inducing the
sntigen. Howaver, the ratic of particles required for the viral
apecific antigen induction to that for cal) Willing is highar in thae
parental strain than in the cyt outant (3.5 to 4.5 times, Table 7),

indicating that there is a greater degrea of heterogeneity in the

pareatal virus population than in the cyt mutant population. Thia
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functional difference of the vi:r.usjmw_presumabiy reflect the degree
of ;iralugeneiefoession in the infegféd éells. Similér results were
presented by Strohl in Ad 12-BHEK celi. nonp¢rmiésiversystem.(Strohl
1969). He concluded that an infected cell synthesizing T-antigen is
likely to be killed. The data presented in this thesis indicate théf
T-antigen synfhesis is not necessary to inhibit a cell from forming
a clone. Tﬂus the viral genes responsible for cell killing are not
identical to those for T-antigen induction. In coaclusion, there is
a greater proportion of defective particles capable of only cell
cloning inhibiticn in highly. oncogenic parental Ad 12 preparations

" than in low oncogenic cyt mutant preparations. The basis for the
formation of these defectives is not known. But'it is possible

that defective particles may plgy an important role in tumorigenesis.
The lower préportion of defective virions in cyt mutapt preparation
may account for its low oncogenicity. It is of interest to note that
nononcogenic Ad 2 also shows a low degree of heterogeneity compared
te Ad 12 highly oncogenic strain (Rainbow 1970).

A different strain of Ad 12 (Huie) was mlsn ahown *e produs-
dafastive particles hy high muléip1ivify of infectinrn in KB fall=e
(Hak 1771). Tn thic invartipatinan, an ele~tran mic:ns opic viauald
vatinn tarhnique was applied +a quantitata the ~ire nf DA mertanolae
Af thia Aafastiva vivian, nand {F vne chawn Phok bha dnfanti-a adanpe
vivue appears vn have undergene n Aeletien ~f appravimntely T ta R
of its genome. Hetercduplex formation by reassociation of a mixture

of the defective and nondefective viral DA clearly indicated the
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taingle stranded loop due to a deletion in one atrand (Figure 2?)
'Physical mapping of the position of this deletion showed that all deletlona'
map at almost the same region, ranging from 0.128 to 0.204 of the ;otal
fractional‘lehgth of the genome. Tﬁp unique'positioe of this deletion was-
-turther confirmed by the abséncéfdf such a heterocduplex molecule in self-
annealed preparations of the defective viral DNA. Thus; in the lytic ‘
aystem, development of this type of defective virion during high input
multiplicity of infection seems to be quite a selective process so that
only one particular type of deletion mutant is accumulated. This is in
contrast to the situation in SV 40, as shown by Brockman et al (1973),
Mertz et al (1974) and Yoshiike et al (1974).‘whera the heteroduplex
deletion map is random on the SV 40 éenome. At the present time, we do
not know precisely the gene product(s) of this deleted region. However,
the defective virus can induce T-antigen and inhibit cell cloning as
efficlently as the infectious wirus. It may be concluded that the
deleted region is not necessary for the expression of these viral func—
tions, but it is absolutely required for plaque formation (Mak 1971).

Tt is not knewn at which end of the adenovirsl DNA molecule this und que
deletion is. Further precise physical mepping of the genes caAn ba
mrhieved hy weing apecific DMA fragmente generat@d by rastriction and.
nuclearar nnd hatercdupler studfes. Preliminary rerults of siuch an
sxparimant ahnwed that thare woere nne hetercdupleax molaculas having

#ingle atrand leops in hybrid molecule between dafactive viral DNA and
fragment "A" of Eco RI digests of Ad 12 DNA (35.6 ¥ of the genome from

right hand and, Mulder 1974) . Therefore, these data osuggost Lhat the



deletion may beloc?teﬁ_betieen 12.8 % and 20.4 % of ?he ggnomé
from the left hand end. | |

Some functions of the geﬁone of tumor viruses are more
resistant to physical or chemical inactivation than the functiom of
replication. Defendi and Jensen demonstrated that SV 40 and polyoma
virus irradiated with ultraviolet light or by gamma rays, not on}y
retained their oncogenicity for newborn hamsters,_but actually
exhibited an enhanced tumorigenicity when comparea o that of the
nonirradiated viruses. However, the infectivity of the irradiated
samples had been inactivated (Defendi 1967). The authors postulated
that oncogenicity would be a property of defective virus particles.
In irradiated S;Eples, the function of viral replication is inacti-
vated, thus increasing the proportion of these hypothetical defec-
tive particles. These defective particles, in turm, would be
responsible for the observed enhancement in oncogenicity. They
speculated the molecular mechanism is that the fragments of wvirad
DNA reapnnaible for meogenaria pay be more sasily incorrorated
into the cell genome if tha intagrity nf tha whala virel DHA {,
ritarad by vadiation.

T drradiation af apegapie vipucon waually veanlte i thae
mrre veptd dnnckivabion af the ahi)iby Af R virue bn vaplirate than
b tymnoform o csdla dn culkuras ffar patyema (Racilien 196 Ranf-mi..

‘0“:. Tntay jat ]0(17). frny QV hny (Anvnnnﬂn 10',’(\), fary ndannvivrun

(Casto 1968, Finklestein 1969, Yamamoto 1971)). In other words,

the cellular cytupathic affect of these UV-irradlated viruses lo

e '.7 . .‘ . o . o '109.
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generally reduced or remoied‘long before tbe‘oﬁqogenic.potential is
eliminated. ConséQuently; an inc;ease i; the transforming frequency
of the virus was observed after low dose of UV irradiation of the
virus. Similar result was obtained in herpes Bimpléx virus (HSV)
type 2 by UV-irradiation of the virus to demonstrate the possible
oncogenic activity of HSV (Du{f 1971a, b, Kutinova 1973).
The resultant hamster embryo fibroblast cell populations tranaformed
by UV-irradiated HSV contain HSV-gpecific antigens.

A defective SV 40 genome integrated into Ad 7 DNA {PARA-
Ad 7) has been described (Huebner 1964a, Rapp 1964, Rowe 1964).
PARA-AG 7 is defegtive in its biological functions, that is, it
cannot code for SV 40 coat proteins, but it produces SV 40 type
tumors in newborn hamsters, induces SV 40 T-antigen and tumor specific
transplantation antigen (TSTA). The discovery and subsequent
characterization of PARA-A4 7 provided convincing evidence that
1ate functions associated with the synthesis of capsid proteins »nd
ma'ur~tion of progeny virions are not veaqnived for tha indunttan of
TV RO Y antigan, TSTA ar oncoganiatty.

The PAPA Ad 7 pevticle 4a nle: natuvally dafantiva.
Al havgh 't - nan {nik{-tn evantm f {tn replirntiva fvela, bt §¢
te vnmbln b camplats i+ without o helper adanavivrue (Rutel 1064

Peapp 1047 Tt her haen rapaybad that tha inahility ~f TARA bn

complete its replicative cycle may be responsible for the relatively
high traneforming frequency. If a c¢ritical step is blucked, cither

Ly geuvawe luackivallua wa Jamelivatlen i a vedlulos funutllen, Llhe
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PARA-Ad 7 may exhibit increased éotential to transform the host cell
(Duff ig?a). -

Isolation of defective particles has been achieved by
phyﬁical methods. Uchida et al demonstrated that the defective f
particle of SV 40 was separated as virion with lighter denaity:than :
the normal nondefective standafd virion using CsCl density gradient
centrifugation (Uchida 1968a, b,51969). Defective virions are usually
produced by serial undiluted passages of the virus or by high multi-
plicity of infection of permissive hsét cell. These virions were
proved to be deletion mutants which contain shorter circular DNA
molecules of various lengths depending on their density (Yoshiike
1968). The antigen formers (T particles) whicﬁ.produce at least
T-antigen but not capsid (V)-antigen have much reduced infectivity.
These axist abundantly in the defective virien population (Uchida
1968a), and they can transform mouse IT3 calln with tha pome
“ffi-"anry ag plerqua formarn (Tehidn 1740,

Ar ravicwed gbnv .. ‘uneatinnal hetaerngeneity in = givan

virue popn]ntinn may have an impart - nt v ' la 'n vi: ) n engenacin

"Y i imetal Anten pye rronn’abtant wibth Flhe §Aman ) N 1. tt
S : my - ﬂ'znifin mtE it viyml A ngneain
The Ayt mub=pnb clhine o p pivmhey A f n{.1ng;n“| prrerpert Lo

Al ffavant fram thnra ~Af the parental atyain: d'{ffﬁronf Pypo nf TR

in permissive cells, low oncogenicity in newboéﬁxhamsters. inability

to tranoflviw hoawsler cwbiyu oollo du vltaio, aad Juducllon ol suiface

whaoupgoo Wi laulovtod wllao, Llicue whiwrwawlus.. L tha L73 I VTR S ST



'leet.upoh‘reiereion. In addition to theee cyt charactere. cytotoxiclty-; )

.l. of the . cyt mutant is prominent. Cells infected with the cyt mutant |
..become very fragile. Conaequently. exteneive cellular deetruction L
occura at late timea after 1nfection. At the molecular level. it was
found that intracellular DNA was exteneively degraded (section 11).
.This phenomenon may account for ‘the deatructlon of infected celll.
The degradation of DYA by the cy mutant could be due to (1) adeno-
virus penton associated endonucleaae. (2) yiruaéinduced nuclease which
is probably cyt mutant specific, or (3) participatidn of preexisting .
hoat cell ndcleage which is activated upon virus infection. However,
the first alternative, il.e., penten eeaociated enddnucléaae of Ad 12,
geems to be an unlikely explanation. Burlingham and Doerfler reported
that the deggadation.product by this enzyme is rather homogeneous,
having about 1/4 of the intact adenovirus DNA aize. Thus, it suggests
that the endonuclease may have aode site specificity on adenovirus DNA
(Burlingham 19?1.19?2). In contrast to this, the situation in eyt
mutant infection is raﬁher different: (1) The fragment sise is rather
heterogoneoua. aome of éhe molecules remain intact; (2) Degradation
is not apecific to adenovirus DNA but cellular DNA is also degraded;
(3) Co-iufectien with the parental virus suppreases the fraguantation
of DNA by the oyt mutant. Thorefore, it ia unlikely that the clegrav:ia-L
tion of DNA is due to the endonuclease associated with incoming adeno-
virions. Rather, a diffarent typs of nuclease may bs involved in DNA
degradation by the oyt mutant infection. At present, whethaer this im

dus to newly induced enryms by the cyt mutant infeotion or activation




- of;efpfeexiating cellﬁlar enzjme. cannet be distinguibhed.. But the

lf'nucleaee activity muat be cyt mutant apecific in either ‘case.

It was obeerved that virnl DNA wae also’ drastically degreded
by the cyt mutant. This leads to the ohserved low yield of the virun
' (aection 1. The reduction in virua yield of the cyt mutant can be
,entirely accounted for by the follouing observations: (1). the arerage
rcell infected with the cyt_mutant.producea about /3 the_amount of
the firal DNA produced by a eell infected with the .parental strain;
(2) only 18 % of the viral DNA is of the whole genome size in the

oyt mutent, while 71 ﬁfef the DNA is of viral genome size in the

\-‘

parental strain. ‘

It is of interest to note that eg-infection with the parentel
strain can prevent the degradation of DNA by the cyt mutant (Figure
16). It can also comelement the virus yield (Table 12). It has been
reported that co-infection prevents the cellular destruction (Takemori
1§68). Thea, it is possible that DNA degradation and cellulnr dest-
ruction by the cyt mutant may be linked. The result of the co=infec-
tien experiment indicates that the oyt character of the mutant is
receasive. However, the mechanism of suppression-of the cytotoxieity
acocompanying the cyt mutant infeotion by the parental virua is not
-known.

Whatever the mechaniam, the cellular deatruction represen-
ting the cytotoxicity of the cyt mutant may also play a role in
tumorigenocaia. It ia poasible to aﬁeoulnte that the low oncogenioc

oyt mutant can initiate tranaformation as efficiently as the parental
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".atrnin, but a certain cytotoxic effect may aubaequently'prevent the
-'establiahment of neoplasgic tranarormation. Although the cellular
' deatruction by the cyt mutnnt was teated 1n a permisaive ayatem, it

| " 18 possible that in & nonpermiaaive system (Ad la-hamstar cell) the 1

same cytotoxic effect may occur (Takemori 1968) Thorefore. the
cellular destruction rather than the inability to transform cella
in vitro may account fOr the low oncogenicity or ‘the cyt mutant.
Co-operation in tumor induction or the cyt mutant by a mixed
injection -ith low tumorigenic field strain of Ad 12, or weakly
oncogenic Ad ? or Ad 3 (Takemori 1968) may be explained by this
hypotheais as follows: The early event(s) of tranaformation may
be initiated by the cyt mutant and the subsequent destructive effect
may be prevented by the co-opernting adenoviruses. Conaaquently,
tumorigenic potential should be reatored to’ the similar level to
that of highly oncogenic adenovirpa when both viruses are used.
The hypothesis is compatible with other obsefvation that the sera
from hamsters bearing tumors induced by a mixture of the cyt mutant
and Ad ? contain antibodies againat Ad 12 as well as Ad 7 (Takemori
1968, unreported observation). Furthermore, cella from two tumora

thue induced contained Ad 12 Specific antigen (Takemori 1968).

YV




SUMMARY .

: Phyéic;l an& bioiogi@#l prbpér#iéé_pf highlyloqcogenid human
adenovirus type 12 and. its low oﬁcogenic mutant (cytvputant).;qpe
compared. As a g}oas character of the purified virian. thére wab
no difference in density of the virua particles and'in‘PNA glze, as
determined by sedimentation studies and electron microscopy.
However, the cyt mutant showed a number of biological properties
different fron éhoae of the parental strain; (1) early cell lyais
in KB cell suspension culture, (2) low tumor incidence in newborn
hamafera. and (3) reduced yield of the wvirions independent of host
cells.

The molecular mechanism of this reduced yield of the

complete virions by the cyt mutant was inveatigated to determine

if viral DNA synthesis was the limiting factor. Extensive degrada-
tion of intracellular viral DNA accounted for the observed low yield
of the oyt mutant viriona. The total amount of DNA aynthesized by
the cyt mutant having the viral genome sire was only some 1/10 to
112 of "that synthesized by the parental strain in XB cell. Thia
DNA degradation by the eyt mutant, which could be due to a virus-
induced endonuclease, was completely auppreassd by co-infection with
the parental virus and the amount of total virus produced was almoat

equal to that produced by the parental strain alone.
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". Defective virus particlea preaent in puriried virus atocka
. were demonatrated by asaaying aeveral viral functions, 1.0.3 T— :

'and V-antigen 1nduction'and inhibition of éell cloning. The reaulta

auggestad that thore was a fnnctional heterogenoity in virus popula- .

'tion. There was a higher,proportion of . defectiVQ particlea. capable
of only cell cloning inhibition, in the parental virus preparation
compar&d %o that in the cyt mutant preparation. This observation iﬁ
compatible with the idea that ‘the.defective particles may play an
important role in viral oncogenesis.

Viauéiizati§n of vi;al DNA molecules was achieved by
electro# microscopy. No sequence alteration in the viral genome
of the cyt mutant could be detected. However, the defective virus
of a different strain of Ad 12 could be separated from the nondefec-
tive paréicloa. The DNA molecule of this defactive virus was
examined by electron microscopy and it was shown that it had under-
gone a deletion of approximately ? to 8 % of its genome. The
deleted region of the viral genome was physically mapped by a
heteroduplex technique at a unique position, ranging from 0.128

to 0.204 of the fractional length of the wiral genome .




APPENDIX

-

Assay for DNA-DNA Reassociation in Formamide

The specificity of DNA-DNA reassociation and DNA-RNA hybri-
dization depends strongly on the difference between melting tempera-
' e
ture (Tm) and temperature of reassociation reaction. According to

Marmur and Doty, the maximum rate of renaturation reaction. of nucleic

acid occurs sone 2500 below its Tm (Marmur 1961).‘ Howe#er. the °

-

exposure of nucleic acid to such high temperature with prolonged

.incubation presents serious disadvantages such as strand scission

and depurination, and this is particularly unfavorable for hetero-
duplex study. To overcome this problem, formamide hsag been introduced
by Bonnaf et al to allow the use of lower temperatures for the
reaction (Bonner 1967). The correlation oflredction of thermal
stability of the hybrid to formamide c¢oncentration was determined by
two groups; (1} Tm is reduced by 0.72°C per each 1 ¥ formemide
(McConaughy 1969), or (2) 0.60°C per each 1 % formamide (Bluthmann
1673). Although there 1a a elight discrepancy between these two
mesguremanta, advantage of vaing formamide at low temperature was
confirmed. Therefore, in the couras of this investigation, formamide
was used in the experiment of heteroduplex formation at low tempera-

ture., The degraee of reassociation was determined by the fraction of
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.double-stranded fbrm vhlch is resistant to single atrand apeclfic

nuclease s1 digeation. ' ' ,
Followlng_isra typical example of DNA-DNA réassocid#iqﬁ

 u1xtufe. :

100 pl of 1 H Tris (pH 8.0)

40 1l of 0.25 M EDTA _

280 w1 of “H-DNA (23 wg/m1)

4O ul of 3 N NaOH' ...eievev.. denatured for 10 min at
\ ' room temperature

‘.0 ]J-l of 3 N BCI thassnsesas neutl‘alized_
S00 ul of forwamide

Total 1.0 ml
Reassociation wae carried out at 3?°C.l At various éimea
after incubation, 0.15 ml of sample was taken, 1.35 ml of 0.01 M
Tris (pH 8.0) was added to this, and the sample was dialyzed against
0.01 M Tris (pH 8.0) for 6 hr at an ice-cold temperature to remove

formamide. The mixture was then subjected to S ) nuclense digestion.

-

/

Following is a reaction mixture:

700 w1l of 3H-DNA reassociated mixture

100 wl of 0.3 M NaCl

150 ¥l of 0.2 M acetate buffer (pH 4.5) .
20 ¥l of 1 mg/ml heat-denatured calf thymus DNA
20 ul of 10 mM ZnCl2

10 ¥l of 1 mg/ml nuclease S 1

Total 1.0 ml
Following incubation at 3?°C for 1 hr, the aliquota were

precipitated by the addition of cold TCA and filtered through



; 19

"-nenbrane filter (pore size 0 20 F)- After drying thﬂ filter. the
}'rldioactivity remained on the filtor was counted by liquid acintilla- _
7

tion syaten. Thble 1% shous the rasult.' The extent of DNA reassocia-
tion increaaed with’ increasing inCUbation times. 90 % of the DNA
molecules was reassociated'afte: 3 hr incubation nnder ﬁhéae éipefi—
mental cond;tiona.". _ _ |

The Cot curve was drawn.thrbuéh these points using the
theoretical curve of second-order reaéfion determined by the equation:

c. Y

- ' (Britten 1968) ‘
Co l1+EKECot

where, Co : initial concentration of DNA in reaction mixturs
¢ : concentration of DNA remained in single strand
t t reassociation time
K :_Feaction constant
This formulahcan also be.expresﬂeﬁ as:
Co
w— a KCot +1
c
in which Co/C is a function of t, and Figure 29 showa such a Cot
curve. A= can be seen, reassociation of Ad 12 DNA under the experi-
nental conditions used, foll;aved second-order kinetics. Cot"valuo
at hnlf—reasaociation (Cotl/a) is 2.24 x 10°2 OD*hr. This is similar

to the value obtained under different conditions of reassociation

(Lee, personal communication).
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TABLE 14 R

DNA-DNA’ReaésociAiion_in 50 ¥ Formamide

Time of ‘ Cpn;romained"_
reassoci- Inp“; ' after % .
ation- cpa S1 digestion® reassociuted
(min) (A) - (B)
5. S\ 443 1,002  18.4
30 8,389 4,949 . 59.0
60 7,583 5,759 75.9
% 8,320 6,500 78.1 |
120 8,140 6,784 83.3 . ‘
180 8,273 7,452 904 g
$
]

a. Cpa of input ~H-DNA was determined by cold 5 %
© TCA precipitations

b. After reassociation, the sample was dialyzed
against 0.01 M Tris (pH 8.0) and was digested
with S ) nuclease. Cpm reaiatant to S )
nuclease waa determined by cold S ¥ TCA
precipitation.

¢. The extent of reassociation = cnlumm (RB) /
columm (A)
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FIGURE 29

Reassociation Kinetics of Ad 12 DNA

in S0 ¥ Formamide
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