microscope studies (/3) of dispersed
nucleoli. After dispersion, the nucleoli
formed a “beaded necklace” arrange-
ment, with a 30-A fiber connecting
the beadlike structure. Treatment with
deoxyribonuclease broke the fiber
whereas ribonuclease, trypsin, and pep-
sin caused a reduction in size but
left the circle intact. The possibility
arises that, in the unfertilized egg in
-which the nuclear membrane has
broken down and the chromosomes
are in the metaphase of the first mat-
uration division, extruded nucleoli
may be significant sources of DNA.

The foregoing results would indi-
cate that isolations of DNA from un-
fertilized eggs which yield quantities
of the order of 0.004 ug per egg
may represent only that DNA which
was in the germinal vesicle before
meiosis (that is, the chromosomal and
nucleolar DNA) and that, at this quan-
titative level, mitochondria may not be
significant sources of egg DNA. The
large amounts that have been meas-
ured by indirect methods, the so-called
cytoplasmic DNA, may also be pres-
ent but in complexes, localizations, or
with properties such that it is not ob-
tainable by conventional methods of
preparation.

Note added in proof: It has been re-
ported (I4) that the mitochondrial DNA
content of the frog egg is 0.002 pg.
These results and the values reported
above for the DNA content of germinal
vesicles would suggest that the total
DNA content of the fertilized frog egg
is at least 0.006 pg.

ALEX J. HAGGIS
Department of Biology,
Reed College, Portland, Oregon
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Replication of Adenovirus Type 7 in Monkey Cells:
A New Determinant and Its Transfer to Adenovirus Type 2

Abstract. A strain of human adenovirus type 7, adapted to replication in
green-monkey kidney cells, requires the interaction of two particles to initiate
plagque formation in the simian cells. One particle is a true adenovirion. The
second, apparently defective, consists of a genome carrying a monkey-adapting
component in an adenovirus capsid; this genome does not express known SV40
determinants. The addition of human adenovirus type 7 that is not adapted en-
hances the titer and changes conditions for plaque formation by the adapted
virus to a one-particle requirement. Addition of nonadapted human adenovirus
type 2 as helper virus results in the transfer of the monkey-adapting component
from adenovirus type 7 to adenovirus type 2. The population containing the
adenovirus 2 transcapsidant then has the ability to replicate in simian cells.

Most strains .of human adenovirus
are unable to replicate in simian cells
unless the cells are coinfected with
papovavirus SV40. The necessary
growth-potentiating information may
be provided by complete, autonomous-
ly replicating SV40 (I), by complete
SV40 genomes encased in adenovirus
capsids (2), or by defective SV40
(PARA) (particle aiding the replication
of adenoviruses). Like a true adeno-
virion, the PARA particle contains
an adenovirus capsid. PARA is un-
able to replicate in the absence of
helper adenovirus, but can be identi-
fied by the ability to induce synthesis
of SV40 tumor (T) antigen (3). Lewis
et al. (4) have reported that many
monkey-adapted strains of adenovirus
are contaminated with SV40, in that
they can induce synthesis of its T anti-
gen.

During an investigation of strains
of human adenoviruses able to repli-
cate in simian cells, we encountered
a human adenovirus type 7, adapted
to growth in monkey cells, which did
not induce the synthesis of detectable
amounts of SV40 T antigen. The his-
tory of this monkey-adapted adeno-
virus 7, called adeno 7 (M), is as fol-
lows. Wyeth Laboratories received a
sample of adenovirus type 7 that had
been isolated at the National Institutes
of Health and had been passed twice
in human kidney cells. The virus, desig-
nated No. 19690, was then passed
once in human embryonic kidney cells,
four times in green-monkey Kkidney
cells, and six times in baboon kidney
cells. All the cell lots were tested and
found free of SV40. The last passage
material from the baboon cells, MK10,
was negative when tested for PPLO
(pleuropneumonia-like organisms) and
negative when safety-tested for con-
taminating viruses in the presence of
type 7 antiserum in cells from rabbit
kidney, human amnion, and rhesus kid-

ney. Adeno-satellite virus (ASV) parti-
cles (5) were abundant. We received
a portion of the MKI10 passage of
adeno 7 (M) and passed it twice more
in green-monkey kidney cells. Our ex-
periments were performed with the
second passage stock, which was free
of detectable amounts of ASV parti-
cles. Adeno 7 (M) does not induce
SV40 T antigen in green-monkey kid-
ney cells detectable by either immuno-
fluorescence or complement fixation.

Adenovirus plaque assays were per-
formed with human embryonic kidney
cells in 35-mm plastic petri dishes (6).
Assays were also performed in green-
monkey kidney cells growing in 60-mm
plastic petri dishes, sometimes in the
presence of high concentrations of non-
replicating helper human adenovirus (6).
The overlay for all assays contained
Eagle’s medium, 10 percent fetal bovine
serum, 0.23 percent sodium bicarbonate,
and 1 percent agar. A second overlay
was applied on day 8 and contained
neutral red diluted 1:20,000.

Plaque formation by adeno 7 (M)
was studied in human embryonic and
green-monkey kidney cells with two-
fold dilutions of the virus. The num-
ber of plaques developing in the cul-
tures of human cells closely followed
the dilution factor of the virus inocu-
lum, suggesting that infection by only
one particle was required to initiate a
plaque. This was found to be the case
(6) with PARA-adenovirus 7, a popu-
lation known to be carrying defective
SV40 genomes.

Plaque formation in green-monkey
kidney cells by adeno 7 (M), however,
was found to follow second-order ki-
netics. Five to eight replicate plates
were used for 0.1 ml of each two-
fold dilution of the virus. The results
of a representative experiment are
shown in Table 1. At a dilution of
1:800, an average of 50 =+ 3.9 plaques
were counted on each plate. This aver-

671



Table 1. Plaque formation in green-monkey
kidney cells by a monkey-adapted strain of
adenovirus type 7 (M) in the presence and
absence of helper adenovirus [adenovirus
type 7 (H)1.

Plaques per plate®

Dilution  gypected Expected )
(1 particle) (2 particles) OPserved
Adenovirus 7 (M)

1:800 50 = 3.9
1:1600 25 13 17 = 3.1
1:3200 13 3 31+09
1:6400 6 0 Q

Adenovirus 7 (M) - helper virus
1:1600 65 =22
1:3200 33 16 33 =47
1:6400 16 4 16 = 3.5
1:12800 8 1 6 =17
1:25600 4 0 3+ 14
1:51200 2 0 0.8 = 0.4

#* Numbers are averages of 5 to 8 replicate plates.

age dropped to 17 = 3.1 at a dilu-
tion of 1:1600, and another twofold
dilution yielded an average of 3 = 0.9.
On statistical analysis the values were
found not to differ significantly
(P = .55) from those expected if the
interaction of two particles was re-
quired for development of a plaque,
but were significantly different (P
= .0003) from the single-particle re-
quirement.

Addition of large amounts (5 to 10
particles per cell) of nonreplicating hu-
man adenovirus type 7, called adeno 7
(H), converted the Kkinetics of plaque
formation by adeno 7 (M) to a one-
particle requirement (Table 1). Thirty-
three plaques were expected at a dilu-
tion of 1:3200 if first-order kinetics
were operable and an average of
33 == 4.7 plaques were observed. A
twofold dilution yielded 16 = 3.5
plaques per plate, and another two-
fold dilution reduced the number of

Table 2. Identification of adenovirus 7 (M)

and adenovirus 2 (M) by plaque reduction -

tests with antiserums to adenovirus (H).
GMK, green-monkey kidney.
Plaques/GMK
Inoculum plate
. No
. Antiserum _ Helper
Virus to hglp cr virus*
virus
Adeno 7 (M) SV40 32 > 100
Adeno 7 (M) Adeno 7 (H) 0 0
Adeno 2 (M) + SV40 3 21
Adeno 2 (M) Adeno 7 (H) 2 14
Adeno 2 (M) Adeno 2 (H) 0 0

“* Adenovirus type 6 (H) which replicates in
human embryo but not in green-monkey kidney
cells. The helper virus is not neutralized by the
antiserums to type 7 or type 2 in the inocula.
1 Progeny from terminal plaque induced by adeno
7 (M) in presence of type 2 helper adenovirus.
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plaques obtained to an average of
6 = 1.7. A subsequent twofold dilution
reduced the number of observed
plaques by 50 percent. Chi-square
analysis of these results revealed that
the observed numbers of plaques were
not significantly different (P = .85)
from the number expected if first-
order Xkinetics were followed in the
presence of helper adenovirus, but were
now significantly different (P = .0001)
from the two-particle requirement.

The addition of excess amounts of
adeno 7 (H) also enhanced, about
eightfold, the end-point titer of monkey-
adapted adenovirus in green-monkey
kidney cells (Table 1). Approximately
three plaques were obtained at a dilu-
tion of 1:3200 in the absence of
helper virus. In the presence of non-
adapted adeno 7 (H), however, about
three plaques were formed at a
1:25,600 dilution of adeno 7 (M)
These results suggest there is a second
particle present in the adeno 7 (M)
stock which must interact with an
adenovirion in order to initiate plaque
formation. Similar patterns of plaque
formation had been observed (6) with
PARA-adenovirus 7, a “hybrid” popu-
lation containing two types of particles,
complete adenovirions and defective
SV40 genomes in adenovirus capsids
(3).

Experiments were designed to deter-
mine whether the second particle pres-
ent in adeno 7 (M) could undergo
transcapsidation (7). Human adenovirus
type 2 was used as helper virus for
adeno 7 (M) in green-monkey kidney
cells. The titer of adeno 7 (M) was
enhanced, similar to the enhancement
provided by homotypic adeno 7 (H),
(Table 1). Terminal plaques were
picked, and the progeny was char-
acterized by neutralization tests in
green-monkey kidney cells (Table 2).
Plaque formation in these cells in the
presence or absence of helper adeno-
virus type 6 by the parent adeno 7
(M) was not inhibited by antiserum to
SV40 but was completely abolished af-
ter treatment with rabbit antiserum
prepared against a human strain of
adenovirus type 7, adeno 7 (H). Similar-
ly, the antiserum to SV40 did not
neutralize the progeny from the plaque
induced in the presence of helper
adenovirus type 2, the progeny being
designated adeno 2 (M). However, these
progeny were not neutralized by the
antiserum to adeno 7 which had in-
hibited plaque formation by the
parent adeno 7 (M). Antiserum against

Table 3. Ability of adenovirus type 2 to
replicate in GMK cells before and after the
addition of the monkey-adapting component.

PFU per culture

Virus Tnput Yield at

bu 72 hours

Adenovirus 2 (H) 3.5 X 108 2.0 x 10°
Adenovirus 2 (M) * 2.5 X 10° 1.0 X 10°

* Progeny from terminal plaque induced by adenc
7 (M) in presence of type 2 helper adenovirus;
the population now contains the monkey-adapt-
ing component.

the human strain of adenovirus type 2,
adeno 2 (H), which had served as help-
er virus, neutralized the progeny from
the enhanced plaque.

From the data in Table 2 we also
ruled out the possibility that an ex-
traneous agent was involved in plaque
formation in green-monkey kidney cells
by the adapted virus. Heterologous
adenovirus type 6 (5 to 10 particles per
green-monkey kidney cell) was used
as helper virus. This procedure in-
creased average plaque counts by non-
neutralized adeno 7 (M) from 32 to
more than 100 and enhanced the aver-
age plaque count of nonneutralized
adeno 2 (M) from 3 to about
20. Neither adenovirus (M) population
treated with the homologous antiserum
induced the formation of any plaques
in the presence of adeno 6 (H) helper
virus. This showed that the monkey-
adapting component which interacts
with helper adenovirus to cause plaque
formation in green-monkey Kkidney
cells is encased in an adenovirus cap-
sid, for it is also neutralized by
specific adenovirus antiserum. Other-
wise, plaques would have formed when
excess nonneutralized helper virus was
supplied. Thus, these results demon-
strated that transcapsidation had oc-
curred and that the determinant or
determinants of the monkey-adapting
component had become encased in an
adenovirus 2 capsid.

The progeny derived from the
plaque enhanced by adenovirus 2 were
able to replicate in green-monkey kid-
ney cells (Table 3). Human adenovirus
type 2 used as the helper virus initially
did not increase in titer during the 72-
hour observation period; 3.5 x 10°
plaque-forming units (PFU) were inocu-
lated and 2.0 X 10° PFU were re-
covered from the culture. The progeny
from an enhanced plaque, now carry-
ing monkey-adapting component, could
replicate in the green-monkey kidney
cells. The titer of adeno 2 (M) increased
from an inoculum of 2.5 X 10 PFU
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to 1.0 X 10% PFU per culture 72
hours later. The type 2 adenovirus had
acquired the ability to replicate in
green-monkey kidney cells after inter-
action in these cells with the monkey-
adapting component present in the
adeno 7 (M) stock. This growth capa-
bility was also demonstrated (Table 2)
by the fact that plaques formed in
green-monkey kidney cells after inocu-
lation of adeno 2 (M). Growth analyses
in monkey cells (8) have revealed that
the monkey-adapting component does
not replicate in the absence of helper
adenovirus, a situation similar to that
of the PARA (defective SV40) com-
ponent carried by other adenovirus
populations (6).

Thus plaque formation in green-
monkey kidney cells by a monkey-
adapted strain of adenovirus 7 requires
the interaction of two particles, both
of which are neutralized by adenovirus
antiserum. Addition of nonadapted ad-
enovirus type 2 as the helper adenovirus
results in adenovirus 2 progeny, which
carry the determinant or determinants
of the monkey-adapting component and
are able to replicate in green-monkey
kidney cells. These results demonstrate
that not every monkey-adapted adeno-
virus carries information which codes
for the synthesis of SV40 T antigen,
for the adenovirus populations carry-
ing the monkey-adapting component do
not induce SV40 T antigen. However,
the monkey-adapting component aden-
ovirus being studied may be carrying
SV40 genetic information defective not
only for viral structural determinants,
but also for the tumor antigen marker.

Currently the origin of the informa-
tion in the monkey-adapting component
is unknown. The monkey-adapting com-
ponent is the second example of a
foreign determinant being carried by
adenoviruses, the first example being
known SV40 determinants. In both in-
stances, acquisition of the foreign
determinants enables the adenovirus to
replicate in green-monkey kidney cells.
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Epidemiology, Baylor University
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Enhances Induction by a Carcihogen

Abstract. A single injection of 100 micrograms of estradiol benzoate into
newborn rats was followed after weaning by dietary treatment with one of two
dosages of the carcinogen N-hydroxy-N-2-fluorenylacetamide. Autopsies 26 weeks
later showed a higher incidence of liver cancer in male and, particularly, female
rats injected with hormone than in controls. The weights of livers were greater but
gonads were smaller in size in the estradiol groups. Endocrine and possibly central-
nervous-system. factors may play roles in formation of liver tumors.

Injection of hormones into infant
rats has remarkable effects, expressed
later in the adults by altered behav-
ioral and physiological responses. The
mechanisms involved, especially in re-
gard to sexual activity, are apparently
mediated by the central nervous- sys-
tem (7). ’

This technique has now been used
to determine the role of hormones and
underlying pituitary-hypothalamic con-
trolling elements in the carcinogenic
process—for the study of tumor for-

mation in the liver (2). The liver of
male rats is generally more susceptible
to carcinogenic aromatic amine deriva-
tives such. as N-2-fluorenylacetamide
and its active metabolite N-hydroxy-
N-2-fluorenylacetamide (3), so induc-
tion of liver cancer was studied in male
and female rats given a single dose of
estrogen at birth.

Rats of the Fischer strain were in-
jected subcutaneously within 24 hours
of birth with 100 ug of estradiol ben-
zoate suspended in 0.03 ml of a 1-

Table 1. Effect of a single neonatal injection of estradiol benzoate on physiological parameters and
on formation of liver tumors. N-OH-FAA, N-hydroxy-N-2-fluorenylacetamide; upon weaning at 4
weeks of age the groups on 80 ppm received the carcinogenic diet for 20 weeks and then control diet
for 6 weeks; groups on 160 ppm carcinogen were so fed for 16 weeks and then placed on control
diets for 10 weeks. Lesions in livers were graded by the system of Reuber (6). Female rats in groups
receiving 80 ppm N-OH-FAA and no hormone had more foci of hyperplasia and fewer of the more
advanced hyperplastic nodules than the groups on 80 ppm treated with estrogen.

Conc. Weight* Liver (rats, No.)
N-OH- Estra- Rats
FAA diol (No.) Body Liver Gonad (g), Hyp'er- Cancer
(ppm) (2) (8/100 g) ovary (mg)  plasia
Males
0 Yes 10 284 =8 2.54 4 0.10 1.54 & 0.25 0 0
80 Yes 10 249 =9 5.82 4+ .40} 1.47 £ .19 2 8
80 No 10 254 6 4.76 £ .26% 2.54 &= .07 5 5
160 Yes 15 236 = 4 7.81 &+ .44 1.51 & .19 2 13
160 No 11 248 = 4 7.46 = 41 2.76 &= .03 1 10
) Females
0 Yes 12 211 =5 2.51 £ 0.06 262 3.2 0 0
80 Yes 13 206 =3 3.87 &= .14} 23118 13 0
80 No 8 178 £ 2 2.84 + .07t 51.6 2.5 8 0
160 Yes 22 185 £ 2 5.30 £ .20t 249 + 1.6 13 9
160 No 16 173 £ 3 3.58 £ .10t 54.0 & 1.6 16 0

* Mean and S.E.; the larger standard error in the liver weights in some groups reflects the more or

less extensive and advanced development of lesions.

P < .05, by Student’s t-test, between

appropriate groups shown (estradiol “yes” or “no’’ at each dosage).
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