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were added to hosts at a multiplicity of 0.01 at 37 C
in the medium of choice. For measurements in rich
(EH) medium, adsorption occurred for 10 min in
the presence of 5 X 10-3 M KCN. After adsorption,
T4 antiserum was added to the phage-host mixture
for 5 min to reduce unadsorbed phage to a level 0.1 %,
of their original value. Infected cells were diluted at
least 103-fold into aerated growth medium and, after
45 min of phage growth at 37 C, the cultures were
shaken with chloroform and the progeny were plated
on the appropriate indicator strain. For measurements
in minimal (M9) medium, KCN and T4 antiserum
were not used. After 10 min of adsorption, infected
cells were diluted 103-fold into the growth medium,
and phage growth was allowed to occur for 60 min
without aeration. At this time, a sample of the infected
culture was shaken with an equal portion of twice
concentrated EH broth containing chloroform; this
mixture was used instead of chloroform alone to mini-
mize surface inactivation of the phage.

Plhage crosses. Genetic crosses were performed by a
procedure identical with that described above for
burst-size measurements, except that each of the two
mutants to be crossed was added at a multiplicity
of 5 to the strain carrying the suppressor (PB112) at
37 C in EH broth. Control infections with each pa-
rental phage alone were routinely performed.

Spot tests. Spot tests were performed by adding one
drop (--0.01 ml) of phage stock (at 5 X 107 particles/
ml) from a capillary tube to a plate preseeded with
108 cells of the appropriate bacterial strain. Complete
clearing of the area covered by the drop indicated
phage growth; no clearing indicated no phage growth.

Complementation spot tests. The complementation
spot test, originally described by Benzer (2), was per-
formed as follows. A 0.5-ml amount of one phage
mutant (108 particles/ml) was plated with approxi-
mately 108 cells of strain S/6 on an EH plate. Phage
mutants to be tested for complementation with the
phage mutant in the bacterial lawn were spotted on
the lawn as described for spot tests (see above).
Since none of the phage mutants used in these tests
was able to grow alone on the indicator strain, clearing
of the area covered by a spot indicated that comple-
mentation had occurred, and the mutations of the
phage mutant in the spot and the mutant in the lawn
were in different complementation groups. No
clearing indicated that the mutations of the two
mutants were in the same complementation group.
Complementation spots were always compared to
control spots on lawns containing no phage. All the
phage mutants tested for complementation were
used both as phage added with the indicator strain
in the lawn and as spots on other bacterial lawns
containing phage. In the results reported here, phage
mutants gave the same complementation pattern
whether they were present in the lawn or were tested
as spots against other lawns.

RESULTS

Isolation of phage mutants. Phage mutants
were isolated by a modification of the mixed
indicator technique of Delbruck (9). Strain

PB112a (trpA36 Sir26 glySH) or strain PB64
(trpA36 SU-26 glySL) was plated as one layer on
an EH plate. This layer was then overlaid with a
second layer containing mutagenized phage and
the suppressor-containing strain PB112 (trpA36
SUi 36 glySH) or strain PB59 (trpA36 su 36 glySL),
respectively. Wild-type T4 phage grew on either
strain and thus produced clear plaques, whereas
mutants unable to grow on one of the strains
(layers) made cloudy plaques. Cloudy plaques
were picked, purified, and spot-tested to detect
suppressible phage. Approximately 2 X 105
plaques were screened. Among these, 1 plaque in
10' proved to be a suppressible mutant (mutant
s3) when strains PB64 (SU/36 glySL) and PB59
(SU 36 glY'SL) were used as the screening layers
for the mutant isolation. In contrast, when
strains PB112a (SU,j6 glySH) and PB112 (su+3
glySH) were used, 1 in 104 plaques yielded sup-
pressible phage mutants. As discussed below,
this is probably due to the approximately four-
to fivefold higher efficiency of suppression in
PB112 compared to PB59. Table 1 shows the
parental phage and mutagen used for each phage
mutant isolated.

Specificity of the phage mutants for the A36
suppressor. The ability of phage mutants to grow
on sut+6 and su-26 hosts was tested by spot tests
(Fig. 2A) and burst-size measurements (Table
2A). Results of these tests showed that all of
the phage mutants grow on su+t6 hosts but fail
to grow on the sU-36 hosts. This is in contrast to
the parental T4 phage which is able to grow on
both hosts. The reduction in burst size for the
mutants on the sU-36 compared to the su+36
hosts is approximately 10-fold for s103, but is
30- to 100-fold with each of the others.
The agreement between the burst-size measure-

ments and the spot-test results permitted use of
spot tests to determine the specificity of su+t6
for suppressing the different phage mutants.
Each phage mutant was tested in strains of differ-
ent genetic backgrounds to determine whether,
in each instance, the trpA36 suppressor was
needed for growth and whether other known
missense and nonsense suppressors could sub-
stitute for su+36 in permitting phage growth
(Table 1). It was found that each of the phage
mutants fails to grow in any of the genetic back-
grounds tested if the host lacks the SU+U6 allele.
The mutants also fail to respond to the presence
of either of two other missense suppressors
(su+,8, lines 14 and 15; su+78, lines 16 and 17 in
Table 1) or to the amber, ochre, or UGA sup-
pressors tested (lines 18 to 25 in Table 1). These
tests, though not exhaustive, indicate that the
mutations in the phage, like the trpA36 mutation
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TABLE 1. Spot tests ofphage mutants on various hosts at 37 C onz EH platesr

Bacterial hostsh

Laboratory
no.

PB127
PBI12
PB181
PB105

PB1 25
PB102
PB103

PB126
PBI 12a
PB180
PB44

PB124
PB108

Strain

trpA36 /
W31 10
W31 10
W31 10(X)
Hfr R-tr tli-

W31 10
W1485
Ymel

W31 10
W3110
W31 10(X)
Hfr R-tri, thi-

W3110
Ymel

Other misseuise
PB60 W3110
PB57 W3110

PB61 W3110
PB55 W31 10

Nouisenise sujl

W3110
W3110
W31 10

W31 10
W31 10
W3110
W3110

CaJ70 Hfr H

Genotype

losts
SU+3 6 glySn

Isi+3 6 glYSL

SU-36 glySII

SIC3 glYSL

slppressor hosts
trpA58 su-58

Sit .,s

trpA 78 SUl+78
SU 78

ppressor hosts
trpA-E del
Ochre su+A

su+ B
SU+ C

Amber sui+ 1

su+ 2
SU+ 3

su-

trp+
UGA SI+U(;A

Parental phage, mutagenc, and phage mutant

T4D
T4B r48
2AP' 2AP
s3 s5

+

++

+

T4B
NG
s21

+

T4B
NG
s22

T4B T4B
NG NG
slOl10 s102

+ +
+ +
+ +-
+ ±

T4D
r48
2AP
s103

+
+
+

+4

+4

+4

±4

+4

-4-

a The procedure for spot tests has been described in Materials and Methods; + = clearing of spot;
- = no clearing of spot; + = marginal clearing.

b Spot tests with PB159 (trpA36 su+,q59), which does not grow on rich plates, were performed on medium
E plates supplemented with Casamino Acids and tryptophan (Hill et al., unpuiblished data) and gave the
same results as the suI+36 glYSH strains shown. The following pairs of line numbers represent strains
which are isogenic except for the suppressor allele: 1, 8; 2, 9; 3, 10; 4, 11; 5, 12; 7, 13; 14, 15; 16, 17.
Strains on lines 18 to 23 are isogenic with the strain on line 24 except for the suppressor allele indicated.

c NG = N-methyl-N-nitro-N-nitrosoguanidine; 2AP = 2-aminopurine.

itself, are suppressible only by su+te. We suggest
that the mutant codon in each case is most
likely AGA.

Response of the phage mutants to different
levels of suppression. The efficiency of suppression
of trpA36 in wild-type strains of E. coli K-12
can be correlated with two different alleles for

glycyl-tRNA synthase (P. Pouwels, P. Berg, and
C. Yanofsky, unpublished data). One allele
(glySL) is associated with the production of an
enzyme with a low specific activity (in extracts)
and a high Km for glycine (2 X 10-3 M); strains
carrying the other allele (glySH) have an enzyme
with a high specific activity and a low Km (7.5 X

Line

1
2
3
4

5
6
7

8
9
10
11

12
13

14
15

16
17

18
19
20

21
22
23
24

25
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FIG. 2. Spot tests ofthe phage mutants and T4. (A) Spot tests on rich (EH) plates. Phage spots as labeled on
one plate are the same on the other plate. Bacterial lawns: left, PB127 trpA36 SU+36 ; right, PB126 trpA36 SU-36 -

(B) Spot tests olt minimal (M9) plates containing tryptophian. Phage spots for all the plates are as labeled on the
upper left plate. Bacterial lawns: upper left, PB127 trpA36 SU+36 glySH; upper right, PB126 trpA36 SU-36 glySH;
lower left, PB125 trpA36 SU+36 glySi,; lower right, PB124 trpA36 su-36 glySL .

:......



TABLE 2. Burst-size measureme,ntsa

A B
Avg burst size in EH medium at 37 C Avg burst size in M9 medium + tryptophan at 37 C

Phage PB125 trpA36 su%35 glySL PB127 trpA36 sut+3s glYSH
PB127 su4t+ PB126 Sic,___________________36__________ _________

(expt 1) (expt 1)
Expt 2 Expt 3 Expt 2 Expt 3

T4+ 100 (190) 100 (160) 100 (36) 100 (42) 100 (22) 100 (24)
s3 81 <0.001 17 23 64 67
s5 74 0.1 6.1 12.4 110 133
s21 7.2 0.2 1.1 2.1 3.2 2.7
s22 9.7 0.1 2.0 2.4 5.4 3.6
slOl 67 0.3 9.7 5.2 107 62
s102 63 0.3 5.6 5.7 67 56
s103 38 3.4 8.9 8.1 86 89

a Burst sizes were calculated using input phage after subtracting unadsorbed phage. All burst sizes
were normalized to the burst size of T4B, taken as 100 for each host. The uncorrected burst size of T4B
on each host is indicated in parentheses. Experiment numbers indicate that measurements were made
in the same experiment.

10-5M) for glycine (4; P. Berg, M. Dieckmann,
and J. Kriss, unpublished data). As a consequence
of the difference in activity of the two enzymes,
the ratio of gly-tRNA to tRNAgly found in
cells in exponential growth is greater than 0.65
for cells carrying the glYSH allele and is approx-
imately 0.2 for cells carrying the glySL allele (4;
Pouwels et al., unpublished data). In trpA36
su+36 glySH strains, the efficiency of suppression
[A/CRM-A(6)] is high (0.2 to 0.3), whereas
comparable strains with the glySL allele sup-
press trpA36 with a lower efficiency (0.03 to
0.05). The difference in the efficiency of sup-
pression probably results from the difference in
the rate of esterification of glycine to the sup-
pressor tRNA.

Table 1 shows that some of the mutants can
be distinguished by their growth on strains having
a high efficiency of suppression. For example,
mutant slOl, s102, and s103 do not grow on
hosts carrying su+s6 if they are glySL (Table 1,
lines 5, 6, and 7). The appearance of the phage
spots in these tests showed that, although all
of the phage mutants except the three mentioned
grew on the glySL strains, their growth was usually
poorer than on glySH strains. The burst-size
measurements in Table 2B give a quantitative
measure of the effect of the glyS allele; with slOl,
s102, s103, and s5, there was approximately a
10-fold higher yield on the su+36 glySH strain
than on the su+36 glySL strain. With s21 and s22,
the effect was only twofold, and with s3, about
threefold.

Genetic characterization. By performing com-
plementation spot tests between the mutants, it
was possible to place all seven phage mutants
into six complementation groups. Additional

TABLE 3. Pareiit phage, mutageni uised, aiid genie
assignmenits for the derived phage muttantts

Phage Phage mutants As- Pouto
mutant which fail to signed Productofgcomplement" gene asge ee

s3 s3, x4b, L91 43 T4 DNA polym-
erase (10)

sS s5, x4b, x4c, 41 ? (DNA negative
A14 on Su-) (14)

s21 s21, x4a, B256 5 Tail plate pre-
cursor (12)

s22 s22, x4a, B16 7 Tail plate pre-
cursor (12)

slOl slOl, s102 -

s102 slOl, s102 _
s103 s103 _

a Mutant x4a has amber mutations in genes
5, 6, 7, and 8; x4b has amber mutations in genes
41, 42, 43, and 44; x4c has amber mutations in
genes 41, 44, 46, and 47. B256 has an amber muta-
tion in gene 5; B16, an amber mutation in gene 7.
L91 and A14 have temperature-sensitive muta-
tions in genes 43 and 41, respectively. Spot tests on
the temperature-sensitive mutants L91 and A14 were
performed at 42 C by the procedure described in
Materials and Methods. Phage which would be
predicted to complement from this table were
found in all cases to complement each other.
bProducts of the assigned genes were taken from

the references shown in parentheses.

tests with multiple amber mutants of T4 and
with amber mutants in which only one gene is
affected made it possible to identify the gene
affected by the mutation in each of the isolated
phage mutants. Table 3 shows the results of
complementation tests, the genes assigned, and
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the products of the assigned genes for some of the
phage mutants. No gene assignments were made
for slOl, s102, or s103. These mutants (as will
be shown) grow on strain B of E. coli, but not
on K-12 strains unless they possess the su+,6
allele. As such, they are phenotypically equivalent
to azure mutants of T4 which grow on strain B
but not on K-12 strains; such mutants map in
one of two genes close to the rll locus on the T4
map (R. Huskey, personal communication).
Table 3 shows that the mutation of s103 is in a

gene different from the gene affected by the
mutations of slOl or s102. Genetic crosses es-

tablished that slOl and s102, although in the
same gene, are different mutations. Crosses also
showed that two representatives of s21 had been
isolated. Only one of these (called s21 here) was

characterized.
The results presented in Table 3 show that the

different mutations affect six different cistrons.
The mutation in phage s3 affects an enzymatic
function [T4 deoxyribonucleic acid (DNA) polym-
erase], and the mutation in s5 may also affect
an enzymatic function (DNA is not produced
in the nonpermissive host). The mutations in s21
and s22 have affected structural proteins, whereas
those in slOl, s102, and s103 have affected func-
tions required for growth on K-12 but not B
strains of E. coli. The fact that mutations af-
fecting different functions can be suppressed by
su+36 is consistent with the expectation that the
suppressible mutations should occur for many
phage functions.
Response of the phage mutants to different

temperatures. The phage mutants were tested
for their ability to grow at different temperatures
on su-36 hosts to see whether any of them were

temperature-sensitive, and on su+±6 hosts to detect
temperature sensitivity when suppressed. Table 4
shows the results of spot tests on EH plates at
various temperatures. As can be seen, phages

slOl, s102, and s103 grow on host S/6 (a strain
B derivative) at all temperatures and grow at
42 C on the K-12 SU-36 host. As mentioned earlier,
these mutants are phenotypically equivalent to
the azure mutants of R. Huskey which appear

to affect a gene required for growth on K-12
strains but not for growth on B strains. At 30
or 37 C, these mutants fail to grow on the K-12
strain if it does not carry su+ 6, but the mutations
are suppressible, as shown by their growth on
K-12 trpA36 SU+36. The growth of these three
mutants at 42 C on the K-12 trpA36 SU-36 strain
has not been examined further. Phage s22 has a

temperature-sensitive mutation, since it grows

on all hosts at 30 C but fails to grow at higher
temperatures except on the SU+36 strain. This
mutant is still slightly temperature-sensitive on

the su+36 strain, as indicated by a cloudy spot on
this host at 42 C. Phages s21 and s5, which fail
to grow at any temperature on su-36 strains,
grow at 30 and 37 C on the su+36 strain but do
not grow on the su+36 host at 42 C. An analysis
of 40 temperature-insensitive revertants picked
from a plating of phage s21 on the su+36 host at
42 C showed that they had all lost the sup-
pressible mutation. While not decisive, this find-
ing is consistent with the idea that it is the sup-
pression of the phage mutation which causes
temperature sensitivity. This implies that the
suppressor-induced substitution of glycine for
arginine in the mutant protein, although it
restores function at 30 and 37 C, does not result
in an active protein at 42 C. Moreover, since
wild-type T4 grows well on this host at 42 C,
it follows that the wild-type amino acid at the
mutant locus is probably not glycine.
Mature particles of each of the phage mutants

were also tested for their sensitivity to heat.
Each phage suspension was diluted 100-fold into
EH broth at 62 C. At various times thereafter,
surviving phage were assayed after diluting

TABLE 4. Spot tests of the phage mutants and wild-type T4 at three different temperaturesa

Phage mutants
Wild-typeT4

Phage s3 s5 s21 s22 slOl s102 s103

30C 37 C 42C 30C 37C 42C 30C 37C 42C 30 C 37C 42C 3OC137C 42C 30C 37C 42C 30C 37C 42C 30C 37C 42C

PB112 su+36 + + ++ - ++ ++ +-t ++ ++++ ++ ++ +

PBl12aSU 36

S/6 su36 -- - + + + + + t + + + +

a Phage were spot-tested on EH plates by the procedure described in Materials and Methods; + =
clearing of the area covered by the spot, - = no clearing, i = marginal clearing.
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samples 100-fold into EH broth at 0 C. It was
found that only particles of s21 and s103 were
significantly affected in comparison with wild-
type T4 particles (Fig. 3). The curve for s21
particles suggests a single heat-sensitive target.
The multihit curve for s103 particles may indi-
cate that a subunit structure of this phage has
been altered by the mutation.

Examination of affected gene products. The
complementation tests (Table 3) show that the
mutation in phage s3 is in gene 43, the gene for
T4 DNA polymerase (10). Assays for DNA
polymerase activity were performed in crude
extracts of phage-infected su-36 (PB1 12a) and
su+36 (PB112) hosts. Either wild-type T4B or
the mutant phage s3 was added at a multiplicity
of five at 37 C in L broth, and extracts prepared
by sonic treatment were assayed as previously
described (10). The enzyme activity for phage s3
on the su-36 host is <1% of that for T4B on
the same host. In the cells carrying su+36, the
enzyme activity of phage s3 is approximately
10 to 15% of that for T4B (Table 5). Thus, the
presence of su+36 increases the production of
functional T4 DNA polymerase more than 20
times.

Phage s21 possesses a mutation in gene 5
(Table 3) which alters a base-plate precursor
protein so that noninfective phage are produced

1.0

9
L

o o

c)
c-a.
a)
a-
a

v.v

4 8 12
Minutes at 620C

FIG. 3. Heat inactivation of mature p
The experiment was performed as descril
Mature particles of the phage mutants (
and s103 shown above) exhibited imacti
similar to that showni for T4.

TABLE 5. T4 DNA polymerase activity ofphage s3
on su+36 and Sa-36a

Hosts

Phage PB112 sa*36 PB112a SU,36

Activity Normalized Activity Normalized

T4B 1.8 100 1. 7 94
s3 0.21 11.7 <0.02 <0.6

a T4 DNA polymerase was assayed by the
method of deWaard et al. (10). Enzyme activity is
presented both as actual units of enzyme activity
per milligram of protein measured (activity) and
as activities normalized to the activity for T4B
on the PB112 host taken as 100 (normalized). One
unit of enzyme activity has been defined (10) as
the amount of enzyme necessary for the incorpora-
tion of 10 nmoles of 31P-deoxyadenosine triphos-
phate into an acid-insoluble product in 20 min at
25 C.

in a nonpermissive host. If this mutation in the
phage is a missense mutation, as we presume, it
follows that noninfective phage are produced
from nonpermissive hosts because of the amino
acid substitution in the mutationally affected
protein. A lysate of this phage, from the non-
permissive host S/6, was examined in the electron
microscope to see whether the noninfective
phage were complete or incomplete particles.
Approximately 400 particles were examined.
Four of the particles seen were complete phage;
all of the other particles were empty heads. This
result is similar to the results obtained when an
amber mutant, with a mutation in gene 5, was
grown on a nonpermissive host (12). The simi-
larity of the results obtained with phage s21
and the results obtained when phage with amber
mutations in the same gene were used may indi-
cate that the mutationally affected base-plate
protein in phage s21 interferes with some process
in the assembly of phage tails.

DIscuSSION

The data presented here indicate that condi-
tional lethal mutants of bacteriophage T4 can be
isolated which are suppressible by a missense
suppressor in the bacterial host. As expected,

l this type of mutation can occur in different phage
16 20 genes. Therefore, SU+36 is not a suppressor for

only a single mutated gene; more likely, it sup-
hage particles, presses a particular mutant codon which can

bed in the text. arise in any gene and presumably from any of
(except for s21 several codons. Given the similarity of the sup-
vation kinetics pression pattern of the phage mutations to that

of the bacterial mutation trpA36, one would
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predict that the phage mutations are missense
mutations which give rise to AGA (or possibly
AGG) in the messenger RNA and, as a conse-
quence, produce complete but functionally de-
fective protein in nonpermissive hosts.
The wild-type codon which gives rise to the

suppressible codon has not been identified. It
could be GGA (or GGG), which corresponds to
glycine; in that case, suppression restores the
wild-type amino acid. The fact that, on su+36
hosts, the phage mutants s5 and s21 do not grow
at 42 C, whereas wild-type T4 does, indicates that
the suppressed proteins are temperature-sensitive
and, therefore, different from the corresponding
wild-type proteins. This could argue that in these
two cases the wild-type amino acid was not glycine
and that insertion of glycine, although it restores
function, makes the protein temperature-sensitive.
Alternatively, the wild-type amino acid is glycine.
In this case, temperature sensitivity is observed
because either (i) the mutant protein activity is
temperature-sensitive and is required for growth
in addition to the small fraction of suppressed
(wild type) activity, or (ii) the affected protein is
a subunit, and the combination of mutant and
suppressed (wild type) subunits, while active, is
temperature-sensitive.
The results of burst size measurements on two

different su+36 hosts (Table 2B) show that most
of the phage mutants grow better on strains which
are glySH than on glySL. This correlates with the
increased efficiency of suppression of trpA36
in glYSH strains compared to glYSL (Pouwels
et al., unpublished data).
The phage mutants described here were iso-

lated from mutagenized phage with a frequency
of 10-4 when the double layer used for detecting
mutants contained PB112 (su 36 glySH) and
PB112a (su-36 glySH), i.e., when the efficiency
of suppression in the permissive host was high.
The frequency of detecting mutants was approxi-
mately 10 times lower when the permissive host
in the double layer was su+36 glySL. It is very
likely that mutants which require considerable
suppression to grow would not have been seen
in the latter case. This suggests that this approach
to the isolation of missense mutants of phage
suppressible by weak suppressors (e.g., 1% or
less) would be laborious. With weak suppressors,
one might expect to find suppressible mutants
with the only genes affected being those which
code for functions needed in small amounts, e.g.,
enzyme, and not in genes which code for phage
structural proteins.
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The fate of hamster cells, abortively infected with adenovirus type 12, has been
studied by correlation of chromosomal aberrations with induction of T antigens
and cloning efficiency. The incidence of chromosomal changes paralleled to some

extent the T antigen formation, but was inversely related to the cloning efficiency of
the cells. At an input multiplicity of 100, within 24 hr after infection, nearly all of the
cells or metaphases revealed the presence of T antigens and chromosomal lesions,
respectively, but no clones of cells were obtained. Inhibition of cellular deoxyribo-
nucleic acid synthesis was not noted during this period. Increasing doses of ultra-
violet irradiation reduced, successively, the capacity of the virus to induce chromo-
somal aberrations and correspondingly improved cloning efficiency of the exposed
cells. It is concluded that most, if not all, cells revealing chromosomal lesions 24 hr
after infection fail to enter further mitoses.

Adenovirus type 12 induces chromosomal
aberrations in human and hamster cells (4, 7,
10, 12) which are referable to the viral genome
(12, 13). The virus replicates in human cells and
causes their destruction within a short period of
time. In hamster cells, replication of viral de-
oxyribonucleic acid (DNA) is not demonstrable,
as a rule, and thus no infectious progeny is
produced (3, 6, 11). A small fraction of the in-
fected hamster cells may become transformed
(6, 9). These transformed cells synthesize virus-
specific T antigens and produce tumors after
inoculation into hamsters. Depending upon the
viral input multiplicity, a considerable proportion
of the hamster cell population may show chro-
mosomal aberrations 24 to 48 hr after infection
(2, 12). It was of interest to determine the fate of
these altered cells and to provide an answer to
the question whether the gross chromosomal
abnormalities prevent cellular replication and
lead to the death of the cells. As an approach to
this question, the cloning efficiency of virus-
exposed cells was correlated with the incidence
of chromosomal aberrations 24 hr after infection.
The results indicate an inverse relation between
the frequency of chromosomal lesions and cloning
efficiency. Up to a viral input multiplicity of
100, viral capsid proteins do not inhibit hamster
cell DNA replication (1).

MATERIALS AND METHODS

Cells. The Nil-2 line of Syrian hamster cells was
used in all experiments. The maintenance and origin
of these cells has been described (13).

Virus. The origin and preparation of adenovirus
type 12 stock virus has been reported in detail (12).
The virus preparation used had a titer of 108.3 TCID5o/
ml as determined in primary human embryonic kid-
ney cells (12). Cells were infected in plastic petri
dishes (6-cm diameter; Falcon Plastics, Los Angeles,
Calif.) containing 2 X 105 cells. For adsorption, the
medium was removed and 0.2 ml of virus suspension
was added per dish. After 2 hr at 37 C, unadsorbed
virus was washed off and fresh medium was added.

Cloning efficiency. The techniques of MacPherson
and Montagnier (5) were used. Cells (5 X 104) were
seeded in 0.3% agarose (L'Industrie Biologique
Francaise S.A., Gennevilliers, France) The cloning
efficiency of uninfected Nil-2 cells ranged from 60 to
70%. These control values were taken as 100%. Virus-
infected cells were seeded either immediately after the
adsorption period or 24 hr later in agarose medium.
No significant differences were obtained at these two
time intervals. Colonies were scored 7 and again 14
days after seeding under an inverted Leitz microscope.
Ten fields each of duplicate petri dishes were counted
per given preparation at X35 magnification.

Autoradiography. At 4 hr after infection, tritiated
thymidine (specific activity, 6 c/mM; Schwartz Bio-
Research Inc., Orangeburg, N.Y.) was added to the
cultures to achieve a final concentration of 0.05 ,c/ml.
Cells were harvested 20 hr later and examined by
autoradiography as described (15). For determination
of DNA synthesis, 1,000 individual cells were exam-
ined per preparation for presence of silver grains.

Methods employed for immunofluorescence, meta-
phase preparations, and ultraviolet (UV) irradiation of
the virus have been recorded (12). Criteria for adeno-
virus type 12-induced chromosomal aberrations were
given previously (12, 13).
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RESULTS
Nil cells were infected at different input multi-

plicities with nonirradiated and UV-irradiated
adenovirus type 12. They were examined 24 hr
later for presence of T antigens and chromosomal
aberrations. At this time, cells were also plated
in agarose for determination of their cloning
efficiency. The results of a representative experi-
ment (Table 1) show that the capacity of the
virus to induce chromosomal aberrations is more
resistant to inactivation by UV than its ability
to induce T antigens.

Figure 1 demonstrates the dependence of T
antigen synthesis, chromosomal aberrations, and
cloning efficiency on the input multiplicity of the
virus. It is evident that there exists an inverse
relation between induction of T antigens and
chromosomal aberrations on the one side, and
the cloning efficiency on the other. After UV-
irradiation for 10 min, the virus reduces the
cloning efficiency of the cells only at high input
multiplicities and then merely to a minor extent.
Under these conditions, a slight increase in
chromosomal aberrations was also noted.

TABLE 1. Correlationz between mietaphases
containing chromosomal aberrations, cells
with T anttigenz synthesis, anzd cloniing
efficiency in abortively inzfected cells
(Nil-2) before and after irradiationi of

adeniovirus type 12

6060z

1050

a_40-
30

20-

I0

0 .1 10 100
INPUT MULTIPLICITY

FIG. 1. Relationi of adeniovirus type 12 inlput multi-
plicityon neoantigen synthesis, chromosomal aberrations
and cloninlg efficienicy ofNil cells. Symbols: A, platinzg
efficiency after inlfection with nionirradiated virus; *,
plating eficiency after infectiont with inactivated virus
(10 mim of UV irradiation); EO, neoantigen-producinig
cells after itfectionz with nonirradiated virus; *,
metaphases conitainzing chromosomal aberrationis (noni-
irradiated virus); and @, metaphases conitainiilg chro-
mosomal aberrations (inactivated viruts, 10 mill of UV
irradiation).
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cellular DNA synthesis by viral capsid antigens
might be responsible for the reduced cellular
growth, cells were exposed to 3H-thymidine 4 hr

loo after infection for a total of 20 hr. In contrast
to human cells (12), nearly 100%' of the hamster

/c cells revealed DNA replication during this period.
100 At input multiplicities of 0, 0.1, 1, 10, and 100,
95 the percentages of labeled nuclei were 97.3, 98.2.

98.4, 98.5, and 99.1, respectively. This indicated
0 that the virus, at the multiplicities used, did not

inhibit DNA synthesis in hamster cells.

96 DISCUSSION
89 These results demonstrated an inverse relation
0.25 between cloning efficiency and chromosomal
0 aberrations in adenovirus type 12-infected

hamster cells. Induction of T antigens paralleled
28 to some extent the occurrence of chromosomal
38 aberrations, although the first function of the

virus was more rapidly inactivated by UV irradi-
4 ation of the virus than the second. Since trans-

formed cells continue to produce T antigens (3,
<0. 1 8, 11), synthesis of these antigens apparently does

not inhibit mitosis. Indeed, early after infection,
many of the cells revealed T antigens yet under-

68 went division (14). Chromosomal aberrations
due to adenovirus type 12 disappear several
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