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The structural constituents of the frog virus 3 particle were solubilized by
treatment with a nonionic detergent followed by the addition of a high salt
concentration. This soluble viral extract (SVE) inhibits host nucleic acid
synthesis. Its activity on RNA synthesis was studied in KB cells and found to be
dependent on the presence of DEAE dextran. Inactivation of the inhibitory
properties of SVE were obtained by trypsin digestion, treatment with urea, or

heat denaturation. Neutralization of the activity of SVE was obtained by
anti-frog virus 3 serum but not by anti-BHK serum. In vitro a complex may be
formed between polynucleotides and the inhibitor indicating a possible mecha-
nism for vivo inhibition.

Infection of cell cultures with frog virus 3
(FV3) is rapidly followed by an important
decrease in the synthesis of host nucleic acids.
This inhibition occurs at permissive and non-
permissive temperatures for viral multiplication
(1, 3, 7, 14, 15). In vivo inoculation of live or
inactivated FV3 into mice lead to an acute toxic
degenerative hepatitis which killed the animals
within 18 to 36 h (2, 10). RNA synthesis in the
liver of the mice was rapidly blocked, and a 50%
decrease in the activities ofRNA polymerases A
and B were noticed as early as 3 h after
inoculation (M. Elharrar and C. Hirth, submit-
ted for publication). Reduction of DNA and
RNA synthesis in the presence of cycloheximide
and actinomycin D (7) indicated that the virus-
directed inhibition was not dependent on de
novo synthesis of macromolecules. Therefore, a
viral component should be responsible for this
inhibition. In an attempt to isolate the active
molecules, we tried to solubilize the constitu-
ents of FV3 particles. In the present paper the
properties of the soluble viral extract (SVE) and
the conditions of its activity on cellular RNA
synthesis are described.

MATERIALS AND METHODS
Cells. Monolayers of BHK-21 cells were grown in

Stocker medium (Eurobio, Paris) supplemented with
5% calf serum. KB cells were cultivated in lactal-
bumin yeast extract Earle salt plus 5% calf serum.

Virus production and purification. FV3 was
kindly provided by Dr. A. Granoff. The virus was
propagated in BHK-21 cells. BHK monolayers grown

in 2-liter roller bottles were infected with a multiplic-
ity of 0.5 PFU/cell. After adsorption for 1 h, medium
supplemented with 5% calf serum was added, and the
cells were incubated at 26 C for 3 days. The cells were
then collected, subjected to ultrasonic treatment (3 x
1 min, MSE disintegrator) to release cell-associated
virus, and centrifuged at 1,500 x g for 15 min to
remove cellular debris. The virus was pelleted by
centrifugation at 45,000 x g for 45 min. The pellet was
suspended in 0.001 M Tris-hydrochloride buffer (pH
9), subjected to a brief ultrasonic treatment, layered
on a 10-ml sucrose cushion (43%, w/w), and cen-
trifuged in a SW27 rotor at 120,000 x g for 4 h. The
virus pellet was resuspended in Tris-hydrochloride,
and layered onto preformed gradients of 10 to 40%
(w/w) sucrose in Tris buffer. After centrifugation at
35,000 x g for 45 min, the virus band was collected,
diluted in Tris-hydrochloride, and sedimented at
30,000 x g for 45 min. The resulting pellet was
homogenized in 0.001 M triethanolamine (TEA), pH
9, and sonically treated for 1 min. In some cases, CsCl
gradients (20 to 40% [w/w], 4 h, 200,000 x g) were
made to obtain purified virus preparations exempt of
cellular exonucleases (17) and ATPase (21). After
dilution of virus particles to a concentration of 10'
PFU/ml, the preparation was checked by electron
microscopy after negative staining.

Determination of cellular RNA synthesis. After
infection with FV3 or treatment with SVE or the
control preparation, KB cell monolayers were in-
cubated for different times in minimal essential
medium (MEM) plus 5% dialyzed calf serum at 37 C.
At 0.5 h before the end of each period, the cells were
pulse-labeled with 'H-uridine at a final concentration
of 0.5 uCi/ml (specific activity 20 Ci/mM). After
trypsinization, labeled cells were collected by centrif-
ugation at 1,000 x g for 5 min and washed twice with
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cold phosphate-buffered saline. Cells were suspended
in 5% trichloroacetic acid; nucleic acids were precipi-
tated for 30 min at 0 C, and the acid-precipitable ma-
terial was collected by centrifugation. The pellets
were washed three times with cold 5% trichloroacetic
acid. Finally, the precipitates were dissolved in 0.5
ml of digestin and diluted with 2 ml of ethanol and
10 ml of toluene scintillator fluid (PPO, 4 g, and
POPOP, 0.4 g, per liter of toluene). The radioactivity
of the solutions was determined in a Beckman scintil-
lation counter LS 250.

Nucleotide phosphohydrolase assay. The reac-
tion mixture contained the following, in a final
volume of 250 Aliters: 80 mM Tris-hydrochloride
(pH 8.0), 6 mM MgCl2, 0.2 mM ATP, 5 plCi of
3H-ATP (specific activity 500 mCi/mM), 100 pliters
of virus or soluble viral extract, both containing 50 g
of proteins. At the end of 30 min of incubation time
at 37 C, 50-pliter samples were applied to DEAE
cellulose paper (Whatman DE81). The chromato-
grams were developed by the procedure of Morrison
(16), with 0.6 M ammonium formate (pH 3.1) for 5 to
6 h. The paper was dried ovemight, and the chromat-
ogram was cut into rectangles (4 by 2 cm), immersed
in 12 ml of scintillator, and counted.

Endodeoxyribonuclease assay. 3H-DNA of KB
cells (specific activity 25 x 103 counts per min per pg
of DNA) was used to measure the hydrolysis into
shorter fragments. The reaction mixture contained 18
Ag of DNA, 1 mM MgCl2, 100 mM Tris-hydrochloride
(pH 7.6), 25 pg of virus or SVE protein in 200 liters.
In the assay with virus, NP4, was added at a concen-
tration of 0.2%. After incubation (1 h at 30 C), the
reaction was stopped by adding 0.2% sodium dodecyl
sulfate (SDS), and the products were analyzed by
centrifugation in alkaline sucrose gradient (5 to 20%
[w/v] sucrose in 0.9 M NaCl, 0.01 M EDTA, 0.1 M
NaOH) for 3.5 h at 20 C and 40,000 rpm in an SW41
rotor (20 C). Radioactivity of the fractions was
counted in a toluene Triton x 100 scintillator.

Protein kinase assay. The reaction mixture con-
sisted of 50 mM Tris-hydrochloride (pH 8.5), 6.6 mM
MgCl2, 6 mM dithiothreitol, 50 pg of virus protein,
or soluble viral extract protein, 0.1 AM ATP, 5 pCi
[y32P] of ATP (specific activity 1,320 mCi/mmol) or
5 pCi [a32P] of ATP (specific activity 1,380 mCi/
mmol) in a total volume of 300 pliters.
NP4. was added to the virus assay at a final

concentration of 0.5%. After incubation for the
indicated intervals, the mixture was diluted with an
equal volume of 10% trichloroacetic acid. After 20 min
of storage in an ice bath, the precipitate was collected
by filtration on a Whatman fiberglass filter (GF/C),
washed, and dried, and the radioactivity was meas-
ured by liquid scintillation spectroscopy.
Assay ofRNase. Escherichia coli 16s 1'P-RNA was

used as substrate to measure the RNase activity. The
reaction mixture contained RNA (0.5 pg) and virus or
SVE added to Tris-magnesium chloride buffer (10
mM Tris, pH 7.5, 1 mM MgCl2) in a final volume of
0.1 ml. Disruption of virus particles was obtained by
adding NP4, to the assay at a concentration of 0.2%.
After an incubation at 37 C for 1 h, the reaction was
stopped by the addition of 0.5% SDS after the

addition of cold RNA (20 gg). The samples were
layered onto 15 to 30% sucrose gradients (in 10-2 M
Tris [pH 7.5], 0.5% SDS, 0.1 M LiCl, 10- M EDTA)
and centrifuged in a SW50 rotor at 30,000 rpm for 18
h. The radioactivity of the fractions was determined.

Antigen-antibody precipitation. Rabbit anti-FV3
serum was prepared as described by Kim et al. (11).
To obtain anti-BHK serum, rabbits were immunized
by BHK cells (1.2 x 107) supplemented with complete
Freund adjuvant once a week for four consecutive
weeks. They were then killed 10 days after a booster
inoculation.
The virus-soluble extract and the control prepara-

tion were diluted with the same volume of different
dilutions of either anti-FV3 serum or anti-BHK serum
(dilutions made in 0.10 M NaCl). These solutions
were incubated for 30 min at 37 C, and the precipi-
tates formed were sedimented at 1,500 x g for 30 min.
These supernatant fluids were assayed for their in-
hibitory activity on KB RNA synthesis.
Enzymes and chemicals. DNase I was obtained

from Worthington Biochemical Corp. and trypsin
from Sigma Chemical Co. Iniprol was a gift from
Laboratoire Choay (Paris); nonionic detergent P40
(NP40) was purchased from B.D.H. (England); and
digestin (C1,H37NO) was a product from Merck.

Polydeoxyadenylate-thymidylate (poly dAT), poly-
deoxyguanylate-polydeoxycytidylate (poly dG, dC),
and poly-L-ornithine were purchased from Miles Lab-
oratories. DEAE dextran was a product from Phar-
macia-Uppsala. 3H-ATP (specific activity 500 mCi/
mmole), a32P-ATP (specific activity 1,380 mCi/
mmol) and y32P (specific activity 1,320 mCi/mmol)
were obtained from the Radiochemical Center Amer-
sham, and 3H-uridine (specific activity 20 Ci/mmol)
was from the Commissariat a l'Energie Atomique
(Saclay, France).

RESULTS
Preparation of the virus-soluble extract. A

purified virus suspension (approximately 1 mg
of protein/ml) was treated with NP4, (final
concentration 0.5%) for 30 min at room temper-
ature. The mixture was then cooled at 0 C, and
solid LiCl was added to attain 20% (w/w). To
avoid an increase in temperature, the adjunc-
tion of salt was made progressively. After 5 to 6
h, the incompletely disrupted particles were
eliminated by centrifugation at 200,000 x g for 1
h. The supernatant fluid was dialyzed for 36 h
against 10-3 M TEA, pH 9, and then cen-
trifuged at 1,000 x g for 15 min to remove the
precipitated proteins. The supernatant fluid,
called SVE, had a protein content of approxi-
mately 0.5 mg/ml. Since the results reported
here showed that a viral protein was responsible
for the inhibition, a control preparation was
prepared by incubation of bovine serum al-
bumin (1 mg/ml) with NP4o and LiCl in the
same conditions as these described for the virus.
The concentration of protein recovered after the
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treatment was about 0.4 to 0.6 mg/ml. This
solution was used instead of SVE in the control
test.
Penetration of SVE into the cells by means

of basic polymers. To facilitate the penetration
of SVE into the cells, basic polymers were
added to the extracts. With poly-L-ornithine, no
inhibition of incorporation of 3H-uridine could
be demonstrated, whereas with DEAE dextran
the incorporation of the radioactivity into RNA
was greatly reduced (Table 1). This indicates
that DEAE dextran is necessary for inhibition
to occur. Inhibition is observed if SVE and
DEAE dextran are incubated together with the
cells. Addition of SVE followed by its removal
and the simultaneous adjunction of DEAE
dextran does not result in an inhibition of RNA
synthesis. It should be noted that the adjunc-
tion of DEAE dextran to the adsorption me-
dium also enhanced the inhibitory effect of the
virus particles on cellular RNA synthesis. The
optimal concentrations of DEAE dextran have
been studied. With 50 ,ug of DEAE dextran per
ml, no effect on the metabolism of uninfected
cells was observed, whereas the inhibitory ca-
pacity of SVE was greatly enhanced (Fig. 1).
Therefore, the concentration of 50 jg of DEAE
Adextran per ml was routinely used in the follow-
ing experiments. In these conditions, when SVE
(50 /lg of proteins) prepared with protein-
labeled virus was incubated with 5.106 cells, 3%
of the radioactivity became cell associated
within 1 h.

TABLE 1. Requirement of basic polymers for the
expression of the inhibitory capacity of the soluble

viral extract (SVE) on RNA synthesis"

Uridine incorporation in
cellular RNA (counts per

Polymers min per 5 x 10 cells)

SVE Control cells

No 182,238 186,379 187,809

Poly-L-ornithine' 185,796 182,214 186,122

DEAE dextranc 59,691 107,048 116,789

a Monolayers of KB cells (5 x 106 cells per flask)
were incubated either with SVE or control (100
,gliters/flask) in a final volume of 0.5 ml of medium
containing basic polymers. After 1 h of adsorption at
37 C, the solutions were replaced by MEM plus 5%
dialyzed calf serum; 4 h later, cultures were labeled
for 45 min with 'H-uridine (0.5 uCi/ml), and the
radioactivity incorporated into RNA was measured.
The results reported correspond to the mean of two
determinations.

b Poly-L-ornithine concentration, 10 jg/ml.
c DEAE dextran concentration, 200 gg/ml.

The relationship between the inhibition and
the amount of protein was studied. Figure 2
shows that, with the concentration of DEAE
dextran determined above, the extent of inhibi-
tion increases with the amount of viral protein.
Time course ofRNA inhibition by SVE and

virus particles. To determine whether the
effect of SVE was similar to that of virus
particles, we compared their kinetics of inhibi-
tion of RNA synthesis. At 4 to 5 h after
adsorption, SVE produced the same inhibition
as virus particles when used at the same protein
concentration (Fig. 3). However, the action of
SVE was faster during the first hours of postin-
fection. This could be explained by the fact that
release of viral components from the particles
does not occur immediately after infection.

Effect of enzymes and denaturating agents
on the activity of SVE. Further experiments
were conducted to determine the nature of the
viral component producing the inhibition. The
effect of DNA could be ruled out because (i)
only 2% of 3H-DNA of the original virus was
recovered in SVE, and (ii) DNase treatment did
not reduce the inhibitory activity of SVE (Table
2).
We then studied the effect of trypsin diges-

tion on the inhibitory capacity of SVE. It is
clear that the treatment with trypsin greatly
reduced the inhibitory capacity of SVE (Table
2). Furthermore, the activity of SVE was par-
tially destroyed by heating at 56 C for 30 min
and completely lost when the temperature was
raised to 70 C (Table 3).
Denaturation by dialysis against 7 M urea

was not reversible in spite of a subsequent
dialysis against 10' M TEA (Table 3). These
results imply that one or several structural
proteins could be responsible for the inhibitory
effect of SVE.
Recovery of virus-associated enzyme

activities in SVE. Several virus-associated en-
zymes have been demonstrated in FV:3 particles
(6, 17, 18, 21). It was of interest to know if they
were still present in SVE and if they could
contribute or be responsible for the inhibition.
Therefore, we checked for the presence of ATP-
ase, DNase, RNase, and protein kinase in SVE.
With regard to ATP phosphohydrolase activ-

ity, for the same amount of protein, 63% of the
ATP was hydrolyzed by the virus whereas only
29% was hydrolyzed by SVE. The ratio of SVE
activity to virus activity is about 0.45. This ratio
is the highest value found; with some SVE
preparations, it was as low as 0.15. However,
SVE as well as virus produced a reduction in the
molecular size of single-stranded RNA (Fig. 4),
but acid-soluble products were never formed.
To detect the presence of protein kinase, we
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FIG. 1. Effect of different concentrations of DEAE dextran on the inhibition of cellular RNA synthesis by
SVE. RNA synthesis in KB cells treated with SVE or control in the presence ofDEAE dextran was followed by
the incorporation of 'H-uridine. For each DEAE dextran concentration, RNA synthesis in SVE-treated cells
was expressed as a percentage of inhibition against synthesis in control cells.
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FIG. 2. Relationship between the amount of SVE
and the extent of inhibition. RNA synthesis in KB
cells was measured after a 3-h, 30-min treatment.

measured the ability of y2P-ATP to give an
acid-precipitable product labeled with 32P. The
formation of an unspecific complex containing
ATP rather than a covalent link between the y

phosphate and a protein was excluded by the
absence of labeled precipitate when y 32P-ATP
was replaced by 32P-ATP a. There was no

conversion of y32P-ATP into an acid-insoluble
form catalyzed by SVE, whereas, with a corre-
sponding protein concentration of virus parti-
cle, an activity was obtained (600 pmol of
phosphate incorporated during 10 min/50 Ag of
protein). Thus no protein kinase activity is
present in SVE. It was also found that the
endodeoxyribonuclease activity was completely
absent in SVE.

.

1 2 4 5 HOURS

FIG. 3. Kinetics of RNA synthesis inhibition. KB
cells were incubated with an equivalent amount of
protein (45 &g/5 x 10' cells) of FV3 or SVE in the
presence of 50 jag ofDEAE dextran per ml. After 1 h of
adsorption, FV3 or SVE was replaced by culture
medium, and the cultures were incubated at 37 C. At
different times, the cultures were pulse-labeled for 0.5
h with 3H-uridine, and the incorporation was meas-
ured as described. Results are expressed as a percent-
age of inhibition produced by FV3 (0) or SVE (0).

Neutralization of the activity of SVE by
antiviral serum. SVE and the control prepara-
tion were incubated with antisera as described.
RNA synthesis in cells treated with the SVE
supernatant fluid was compared to the control
treated with the same serum dilution and ex-
pressed as a percentage of inhibition (Fig. 5). As
can be seen, neutralization of the inhibitory
activity is specifically obtained with antiviral
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TABLE 2. Effect of hydrolytic enzymes on the activity
of SVEa

Uridine incorpor-
ation (counts per

Enzymes min per 5 x 10' Percent
Enzymes cells) inhibition'

SVE Control

No 13,088 72,712 82

DNasec 11,150 74,336 85

Trypsin + iniprold 45,670 63,591 28

Iniprol + trypsine 16,266 71,201 77

aSVE or control were incubated with the enzymes
and then added to the KB cells in the conditions
described in Table 1, experiment a.

b 100 = SVE (counts/min)/control (counts/min) x
100.

c DNase used at a concentration of 25 Ag/ml in the
presence of 10-2 M MgCl2 was incubated with SVE or
control for 1 h at 37 C.

d SVE or control were preincubated at 37 C with
trypsin (600 mg/ml). For trypsin inactivation, iniprol
was added after 1 h (200 UIP of iniprol for 1 mg of
trypsin).

eTrypsin and iniprol were first mixed in the propor-
tion indicated in footnote d and then incubated with
SVE or control for 1 h.

TABLE 3. Effects of protein denaturating agents on
the inhibitory activity of SVE

Uridine incorpor-
ation (counts per

Treatment min per 5 x 101 Percentcells) inhibition

SVE Control

None (expt 1) 132,070 431,956 69

56 C 30 min (expt 1) 324,364 456,089 29

70 C 30 min (expt 1) 417,366 364,325 0

Dialysis against TEA 27,826 195,120 90
buffer only (expt 2)

Dialysis against 7 M urea 209,908 207,278 0
and TEA buffer (expt 2)

serum. Anti-BHK serum did not affect SVE
inhibitory properties.

Interaction of SVE with polynucleotides.
Preincubation of SVE with DNA resulted in the
formation of a complex when the reaction mix-
ture was made in a saline solution. This com-
plex was removed by centrifugation (1,000 x g,
30 min), and the supernatant fluid was tested
for remaining activity. The results expressed in

Table 4 (experiment a) indicate that, in the
presence of salt, the inhibitory component of
SVE interacted with calf thymus DNA and
could be partially eliminated with it. The re-
duction of the inhibitory activity is dependent
on the incubation medium, however, we ob-
served that the amount of labeled DNA binding
to the cells in the various conditions is un-
changed (unpublished data). This indicates
that the inhibition is not prevented by the
interaction of DNA to DEAE dextran. Similar
results were obtained with vaccinia or KB DNA.
RNA, however, seemed to be less active (Table
4). In the same manner, interaction of synthetic
polynucleotides with SVE lead to a decrease in
the supematant activity.

DISCUSSION
Infection of cells with viruses often results in

the switch-off of cellular functions. The inhibi-
tion of host macromolecular metabolism has
been studied with DNA viruses (8, 9, 13, 19) as
well as with RNA viruses (4, 5, 22). In the case
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FIG. 4. Endoribonuclease assay. Modification of
the molecular weight of 16S RNA after incubation
with FV3 (A) or SVE (0). Sedimentation of 16S
RNA alone (0).
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FIG. 5. Neutralization of the inhibitory activity ofSVE by preincubation with different dilutions of anti-FV3
serum (0). Controls were incubated with anti BHK serum (a).

of adenovirus, a structural protein, the fiber
antigen, has been shown to be involved in this
inhibition (12, 13). The present study describes
the solubilization of an inhibitory component
associated with the FV3 particle by treatment
of the virion with a detergent, followed by a high
increase in the ionic strength. The resulting
soluble extract produced an inhibition of cellu-
lar RNA synthesis similar to that obtained with
the intact virus. SVE blocked host cell DNA
synthesis as well as vaccinia DNA replication
(unpublished data). Inhibitory activity was ob-
served only when the assays were carried out in
the presence of DEAE dextran, thus indicating
that basic polymers must be necessary for SVE
to penetrate into the cells. Poly-L-ornithine,
which is frequently used at low concentrations
to facilitate the penetration of proteins into cells
(20), was not efficient. Since the activity of SVE
was destroyed by trypsin digestion as well as by
antibody treatment, one can assume that a

protein of the viral particle could be responsible
for the inhibitory effect. In contrast with the
results obtained with complete virus (7), the
inhibitory activity was lost when the soluble
extract was submitted to incubation at 56 C for
30 min. This difference may be due to the fact
that the virion structure stabilizes the inhibi-
tory protein. In regard to their inhibitory prop-
erties, the precipitated proteins eliminated dur-
ing the preparation of SVE were also tested but
were found to be inactive. This is not surprising,
since the results of heat or urea denaturation
showed that a particular conformation of the

protein is required for the inhibitory property to
be conserved. Since the inhibition could be
brought about by one of the enzymes associated
with the virion, we checked for the presence of
different enzymatic activities in SVE. En-
dodeoxyribonuclease activity is absent in SVE
and thus, cuts into host DNA do not seem to be
responsible for the inhibition of transcription
and replication. On the other hand, since no
protein kinase activity was recovered in SVE,
the inactivation of the enzymes involved in
RNA and DNA synthesis by phosphorylation of
the active sites could not account for the ob-
served effect. In a study published recently on
polyhedral cytoplasmic deoxyribovirus as-

sociated protein kinase, Gravell and Cromeans
(6) also came to the conclusion that this en-
zymatic activity is not responsible for the inhi-
bition of cellular macromolecule synthesis. The
absence of these two enzyme activities could be
due either to an inactivation or to an elimina-
tion in the course of SVE preparation.
ATP phosphohydrolase specific activity

found in SVE was lower than that found in the
intact virion. For the RNase activity, no differ-
ence was noticed between SVE and virus sus-

pensions. CellularRNA synthesis and its inhibi-
tion were measured by the level of acid-insolu-
ble material, whereas FV3 endonuclease did not
hydrolyze RNA into acid-soluble material.
Thus it is unlikely that the endonucleolytic
activity found in SVE produces the inhibitory
effect on RNA synthesis.
Our findings indicate, without question, that

a
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TABLE 4. Reduction of the inhibitory activity ofSVE
by preincubation with polynucleotides.

Uridine incorpora-
tion (counts per

Polynucleotides min per 5 x 106 Percent
cells) inhibition

SVE Control

Expt la

No DNA 17,343 189,753 91

DNA (H 20) 15,938 142,216 89

DNA (PBS) 102,466 149,703 32

DNA (MEM) 93,990 144,931 35

Expt 2
Nob 14,574 65,077 78

DNAb 39,724 59,954 34

RNAb 24,012 58,011 59

Expt 3
Noc 87,503 350,012 75

Poly dG, dCc 330,814 349,081 6

Poly d (AT)c 262,199 341,813 23

aSVE or control was mixed with an equal volume of
calf thymus DNA (1 mg/ml) dissolved in water, PBS,
or MEM. Interaction was allowed for 30 min at 37 C,
and the complex was eliminated by centrifugation at
2,000 x g for 30 min. The remaining activity of the
supernatant fluid was measured.

b DNA and RNA were present at a final concentra-
tion of 500 ,g/ml. Polynucleotides dissolved in 0.1 M
Tris-hydrochloride (pH 8), 10-2 M MgCl2 were mixed
with SVE or control as described in a.

c Poly d (AT) and poly dG, dC were used at a final
concentration of 4 OD 260/ml. Polynucleotides
treated as in b.

the inhibitory component can interact with
polynucleotides in vitro and can be removed by
elimination of the complex formed after incuba-
tion with DNA. This occurred with native and
with denatured DNA, whereas RNA was less
effective. It is likely that either the presence of
deoxyribonucleotide residues or specific se-
quences of nucleotides could be required for a
strong binding. Unfortunately, the results ob-
tained when polydeoxyribonucleotides were
used did not allow us to demonstrate any
preferential interaction with one type of base
pair.
The observed difference should not be em-

phasized, since it is difficult to control rigor-
ously the concentration of poly dG -poly dC

present in the assay, because this product
adheres tenaciously to glass surfaces. Further-
more, the secondary structure of poly dG -poly
dC molecules is known to be very complex, and
it cannot be excluded that the interaction of
SVE with polynucleotides is dependent on their
structure. It is interesting to compare the effect
of adeno-5 fiber antigen and SVE on the cells.
Fiber antigen binds very slowly to KB cells and
produces an inhibition of DNA and RNA syn-
thesis 20 to 30 h after it has been added to the
culture (12). At this time, the antigen can still
be removed, and the cells can recover their
ability to form viable colonies. The effect of
SVE is very different; after the adsorption
period (1 h), enough protein is associated with
the cells so that its removal does not reverse the
inhibition. The amount of pure adeno fiber
antigen bound per cell was about 2 to 3 pg (12),
which represents about 10 times more than
SVE. Based on the percentage of SVE protein
bound to DNA in vitro, the inhibitory protein
represents less than 10% of the mixture and,
assuming.that every protein of SVE may in-
teract with KB cells in the presence of DEAE
dextran, the inhibition of nucleic acids in one
KB cell would be produced by less than 3.10-8
Ag of inhibitor.

If interaction of the viral component occurs in
vivo with DNA and RNA, as it does in vitro, it is
not unlikely that transcription and DNA re-
plication can be modified. However, up to now
there is no definite proof that the inhibition
takes place by this mechanism.

Purification of the active molecule from SVE
should make possible its analysis and should
lead us to a better understanding of this inhibi-
tion.
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