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Evidence has been presented in the preceding communication (1) indicating
that cellular ribonucleic acid (RNA) plays an important role in the reproduc-
tion of deoxyribonucleic acid (DNA)—containing animal viruses. It was shown
that 5,6-dichloro-1-8-p-ribofuranosylbenzimidazole (DRB)! inhibits uptake
of labeled adenosine into RNA of cells when present in concentrations inhibi-
tory for vaccinia or adenovirus multiplication.

The results of the present study with ribonuclease (RNase) and vaccinia and
herpes simplex viruses have corroborated and expanded the results obtained
with DRB.

Le Clerc (2) was the first to show that RNase inhibits the multiplication of an
animal virus. Influenza A virus multiplication in the chorioallantoic membrane of
embryonated chicken eggs was inhibited by crystalline bovine pancreatic RNase both
in vitro and in vivo. RNase had no direct inactivating effect on influenza virus parti-
cles, and membrane tissue, the capacity of which to produce influenza virus had been
markedly reduced by RNase, recovered this capacity after washing and incubation
at 37°C. RNase inhibited influenza virus multiplication only when given within 2 hours
after virus inoculation. It was also shown that RNase was capable of inhibiting
adenine-C" incorporation into membranes. The original observation (2) that RNase
inhibits influenza virus multiplication in the chorioallantoic membrane has been

confirmed (3).

The combined inhibitory effect of RNase and DRB on influenza B virus
multiplication will be described. Inhibition by RNase of vaccinia virus multi-
plication in the chorioallantoic membrane i vitro and of pock formation in
vivo will be reported. The relationship between time of administration of RNase

* Aided by a grant from The National Foundation.

1 Taken in part from a dissertation submitted by Rostom Bablanian to the Graduate
Faculty of New York University in partial fulfillment of the requirements for the degree of
Master of Science.

1DRB, 5,6-dichloro-1-B3-p-ribofuranosylbenzimidazole, obtained through the kindness of
Dr. Karl Folkers and Dr. Clifford H. Shunk of the Merck Sharp and Dohme Research Labora-
tories, Rahway, New Jersey.
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and inhibition of vaccinia and influenza virus multiplication will be described.
Inhibition of herpes virus pock formation ixn vivo by RNase will also be re-
ported. It will be shown that RNase has no direct inactivating effect on the
infectivity of vaccinia and herpes-viruses and that its effect on pock size is
slight.

Materials and Methods

Culiure Medium.—The buffered glucosol medium employed for cultures of chorioallantoic
membrane was described in the preceding communication (1). This medium was also used as
the diluent for RNase in both in vitro and in vive experiments.

Buffered Saline.—The composition was given in the preceding communication (1).

Viruses.—The vaccinia virus strain used was obtained as a calf lymph preparation from
the New York City Department of Health. The material employed in the present study
represents the fifth chorioallantoic membrane passage of the calf lymph stock. Two seed virus
stocks were prepared and stored in a manner described previously (4). The stocks contained,
respectively, 3.4 X 10? and 1.9 X 10° pock-forming units (PFU) per ml. of chorioallantoic
membrane.

The herpes simplex virus used was an egg-adapted variant of the HF strain of herpes virus
obtained from Dr. Thomas F. McNair Scott. The chorioallantoic membrane of 12-day-old
embryonated eggs was inoculated ectodermally with 31 PFU of herpes virus per egg. The virus
inoculum was contained in 0.2 ml. After 48 hours’ incubation at 35°C. the infected portions of
the chorioallantoic membrane were collected and a 10 per cent suspension by weight was
prepared in buffered saline containing 5 mg. of gelatin per ml. This suspension was homoge-
nized in a modified Waring blendor at 4°C. and centrifuged at 400 g for 5 minutes. The
supernatant was collected, distributed in nitrocellulose tubes, frozen, and stored at —55°C.
until used. The seed virus used in the present studies contained 2.9 X 10° PFU per ml. of
chorioallantoic membrane.

Preparation of Embryonated Eggs for Experiments or Infectivity Titrations on the Ectodermal
Surface of the Chorioallantoic Membrane.—The ectodermal surface of the chorioallantoic
membrane of embryonated eggs was prepared for inoculation according to the technique of
Nadeje et al. (5).

The embryonated eggs whose chorioallantoic membrane had been “dropped” were used
for experiments on pock formation by vaccinia and herpes viruses and for determination of
concentration of these viruses by the pock-counting technique. For these purposes virus-
containing materials were placed on the ectodermal surface of the “dropped’ chorioallantoic
membrane. The volume inoculated was 0.2 ml. unless otherwise specified. The needle used to
introduce the inoculum was moved from side to side to distribute the inoculum over the
exposed ectodermal surface of the chorioallantoic membrane. In most experiments the inocu-
lated eggs were incubated at 35°C. for 48 hours; in some experiments a longer incubation
period was employed. At the end of the incubation period, the eggs were cut along their
ellipsoidal axis, the infected portion of the choriorallantoic membrane was collected and
pocks formed on the ectoderm were examined and counted.

Cultures of Chorioallantoic Membrane.—The procedure of preparation was described earlier
(6). These suspension cultures of surviving tissue were used for experiments on multiplication
of influenza and vaccinia viruses. With influenza virus the yield was measured in the medium
whereas with vaccinia virus it was determined in the membrane extract. This was done be-
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cause influenza virus is almost completely liberated from the chorioallantoic membrane into
the medium (7) whereas vaccinia virus is not released from the membrane to a significant
extent (4).

Hemagglutination Titrations.—Concentration of influenza virus was determined by hemag-
glutination titrations. The technique used was described previously (6). The yield was
expressed in hemagglutinating units per milliliter. In chorioallantoic membrane cultures
3.8 cm.? of membrane was present per ml.

Infectivity Titrations.—Concentration of vaccinia virus was determined by enumeration of
pocks on the ectodermal surface of the dropped chorioallantoic membrane. The method used
was described previously (4). The yield was expressed in pock-forming units per milliliter. In
chorioallantoic membrane cultures the amount of membrane per ml. was 3.8 cm.2

EXPERIMENTAL

Inhibition of Lee Virus Multiplication by RNase—The inhibitory activity
of three preparations of pancreatic RNase on Lee virus multiplication was
determined in the chorioallantoic membrane in vitro. Two preparations were
commercial samples. A sample of Armour and Co. RNase was supplied by Dr.
Le Clerc. The second was secured from General Biochemicals, Inc. {(GBI).
The third was a chromatographically pure sample of ribonuclease prepared
and supplied by Dr. C. H. W. Hirs.

Cultures of chorioallantoic membrane from 10 to 11 day embryonated chick eggs were set
up in 40 x 200 mm. tubes. Each tube contained 23 cm.? of chorioallantoic membrane sus-
pended in 6.0 ml. of buffered glucosol with or without RNase. Concentration of RNase was
varied over a wide range. The inoculum consisted of 1.3 X 108 EIDy, of Lee virus per ml.
The tubes were stoppered tightly and incubated at 35°C. for 41 hours with horizontal
shaking. Yield of virus was determined in the medium by the hemagglutination technique.

The results of experiments recorded in Table I show that the three prepara-
tions of RNase possessed similar activity in inhibiting Lee virus multiplication.
At a concentration of 12.5 ug. per ml. RNase caused 52 per cent reduction in
yield of virus. At 50 and 200 ug. per ml. the reduction was 66 and 92 per cent
respectively. The relationship between concentration of RNase and virus
yield is illustrated in Fig. 1. Although inhibition of virus multiplication was
obtained at low concentrations of RNase, inhibition was not complete at high
concentrations. These findings are somewhat at variance with those reported
earlier (2). Le Clerc used several hundred micrograms of RNase in both i
vitro and in vivo experiments, and obtained more than 99 per cent inhibition of
PRS virus multiplication in both. According to Dr. Le Clerc (8) the prepara-
tion of GBI RNase which was used in her experiments was more active than
the Armour preparation employed in the present study.

Inhibition of PR Virus Multiplication by RNase.~—The inhibitory activity
of RNase on Lee and PR8 virus multiplication was compared.



TABLE I
Inlibition of Lee Virus Multiplication by Ribonuclease (RNase) in the Chorioallantoic
Membrane (CAM) in Vitro

Yield of virus, hemagglutinating uniis per 3.8 em3 of CAM
Experiment 13 ;fe rztsi:n RNase, ug./ml.
None 12.5 50 200
A Armour 32 10 6.3 3.0
B Armour 76 12
« 78 16
C Armour 79 18
D GBI 158 71 50 25
E Armour 126 63
F Hirs 100 7
G Hirs 100 25
« 133 30
GBI 100 20
“ 133 38
Armour 100 21
«“ 133 34
H Hirs 119 79
Armour 89 40
Mean............. 99 48 34 18
Inhibition, per cent. 0 52 66 82
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FiG. 1. Relationship between concentration of RNase and yield of influenza virus in the
chorioallantoic membrane in vitro. Each point represents the mean of 6 or more determina-

tions.
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Cultures of choricallantoic membrane were prepared and used in a manner described
above and the inoculum was 1.3 X 108 EIDs, of Lee or PR8 virus per ml.

RNase (Armour) at a concentration of 50 ug. per ml. caused 79 per cent
inhibition of multiplication of Lee virus and 84 per cent inhibition of that of
PR8 virus. Thus, the activity of RNase was similar with both viruses.

TABLE II

Combined Effect of Ribonuclease (RNase) and 5,6-Dichloro-1-B-D-ribofuranosylbenzimidazole
(DRB) on Lee Virus Multiplication in the Chorioallantoic Membrane in Viiro

Yield of virus

DRB RNase DRB + RNase
Experiment Control
40 px 12.5 pg./ml. 40 uM + 12.5 pg./ml.
HAU* Inhibition | HAU* | Inhibition | HAU* Inhibition | HAU* | Inhibition
per ceni per cent per cent per cent
A 79 0 7.9 90 18 77 2.5 97
B 126 0 32 75 63 50 12 90
Mean. ... 0 83 64 94
27 pM 8.3 pg./ml. 27 pM 4~ 8.3 pg./mi.
C 188 0 119 37 63 66 32 83

* Hemagglutinating units.

Combined Effect of RNase and DRB on Lee Virus Multiplication.—On the
basis that both RNase and DRB are capable of disturbing RNA metabolism
it would be expected that their combined inhibitory effect would exceed the
inhibitory effect of either alone. This possibility was examined experimen-
tally.

Cultures of chorioallantoic membrane were prepared and used in a manner described
above. The inoculum of Lee virus was 1.3 X 10¢ EIDso per ml

Results of three experiments are summarized in Table II. In experiments A
and B the final concentration of DRB was 40 uM and that of RNase (Armour)
was 12.5 pg. per ml. The mean of these two experiments indicates that DRB
alone caused 83 per cent, RNase alone 64 per cent, and DRB plus RNase
94 per cent inhibition. Experiment C, in which lower concentrations of DRB
and RNase were employed, gave a similar result.
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Inhibition of Vaccinia Virus Multiplication by RNase in the Chorioallantoic
Membrane in Vitro—The effect of RNase on the multiplication of vaccinia
virus in the chorioallantoic membrane i vitro was determined.

Chorioallantoic membrane was obtained from 10-day embryonated eggs. Each culture
tube contained 23 cm.? of chorioallantoic membrane suspended in 6.0 ml. of buffered glucosol
medium. The inoculum consisted of 7.7 X 10¢ PFU of vaccinia virus per ml. Virus and RNase
were introduced simultaneously. The concentration of RNase was 12.5, 50, or 200 ug. per
ml.; control cultures received virus but no RNase. The cultures were incubated for 3 hours
at 35°C. with shaking at 80 oscillations per minute. The membranes were then washed twice
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Fi6. 2. Relationship between concentration of RNase and yield of vaccinia virus in the
chorioallantoic membrane in vifro. Each point represents the mean of two determinations.

in 15 ml. of medium, suspended in 5 ml. of fresh medium or RNase solution, and reincubated
for a total of 48 hours. The membranes were then homogenized in glass grinders with 12 ml.
of fresh medium. The homogenates were centrifuged at 400 ¢ for 5 minutes and the super-
natants were collected and stored at — 55°C. The yield of virus was determined by enumera-
tion of pocks on the dropped CAM of embryonated chicken eggs and expressed in PFU per
3.8 cm.? of CAM.

Results obtained in two such experiments are summarized in Table III.
As can be seen, RNase (GBI) at a concentration of 12.5 ug. per ml. caused 81
per cent reduction in yield of vaccinia virus. At 50 and 200 ug. per ml. the
reduction was 84 and 94 per cent respectively. The relationship between
concentration of RNase and virus yield is graphically illustrated in Fig. 2. It is
evident that inhibition of virus multiplication was obtained at low concen-
trations of RNase. However, complete inhibition was not obtained at the
highest concentration used, which was 27 times greater than the 50 per cent
inhibitory concentration. These findings are closely similar to the results
obtained with influenza virus.
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Inhibition of Vaccinia and Influenza Virus Mulliplication in the Chorioallan-
toic Membrane Relative to Time of Addition of RNase—~To determine whether
RNase would inhibit vaccinia virus multiplication after infection had occurred,
the enzyme was given at different times after inoculation of virus. A similar
experiment was carried out with influenza virus.

In both experiments the membrane cultures were incubated at 35°C. for 48 hours. In the
experiment with vaccinia virus the inoculum consisted of 7.7 X 10¢ PFU of virus per ml. and
the membranes were washed at 3 hours. RNase was added to a final concentration of 12.5

TABLE III

Inkibition of Vaccinia Virus Multiplication by Ribonuclease (RNase) in the
Chorioallantoic Membrane (CAM) in Vitro

Yield of virus, PFU/3.8 cm3 of CAM X 10%*
Experimeat Part | RNase, ug./ml.
None
12.5 50 200
A 1 7.3 0.42
2 3.6 0.24
Mean. .. .........oiiiiiiiaiiaiia 5.5 0.33
B 1 15 3.0 2.5
2 14 2.5 2.3
Mean.......cooiiiiiiinnianaaaaen 15 2.8 2.4
Inhibition, percent................. 0 81 84 94

* Means of two titrations.

ug. per ml. at the time of virus inoculation or 10 or 24 hours later. Membranes were collected
48 hours after virus inoculation, homogenized, and the virus was measured by pock counts
on the dropped chorioallantoic membrane of embryonated chicken eggs.

In the experiment with influenza virus 1.3 X 108 EIDs of virus was inoculated per ml.
and RNase was added to a final concentration of 50 ug. per ml. at the time of virus inocula-
tion or 3, 10, or 24 hours later. Culture medium was collected 48 hours after virus inoculation
and the amount of virus present was determined by hemagglutination titrations.

In both experiments, control groups were included which received a volume of culture
medium equal to that of RNase solution which was added to experimental groups. The yield
of virus in the several control groups employed with each virus showed no systematic varia-
tion as a function of addition of 0.6 ml. of control medium at various intervals after virus
inoculation and therefore the mean yield in controls was used in computing per cent inhibition
in treated cultures.

The resuits of these experiments are summarized in Table IV. As can be
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TABLE IV

Inhibition of Vaccinia and Influensa Virus Multiplication in the Chorioallantoic
Membrane (CAM) in Viiro Relative to Time of Addition of Ribonuclease (RNase)

Addition of RNase Virus yield at 48 hrs.
Virus in culated
Concentration Time cﬁg":?ggﬁ Inhibition
pg./mi. hrs. PFU* X 105 per cent
Vaccinia None — — 39 0
RNage 12.5 0 8.6 78
“ 12.5 10 8.0 79
“ 12.5 24 14 64
HAUY
Influenza : None — — 34 0
RNase 50 0 4.0 88
“ 50 3 4.2 88
¢ 50 10 10 71
“« 50 24 25 26

* Pock-forming units.
{ Hemagglutinating units.
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Fi16. 3. Relationship between time of addition of RNase and yield of vaccinia or influenza
virus in the chorioallantoic membrane in vitro. Concentration of RNase was 12.5 ug./ml.
with vaccinia virus and 50 pg./ml. with influenza virus. Yield was measured at constant
time; 4.e., 48 hours after virus inoculation.

seen, RNase (GBI) caused marked inhibition of multiplication of both viruses
when given 10 hours after inoculation.

The characteristic features of the relationship between time of introduction
of RNase and extent of virus inhibition are readily seen in Fig. 3 in which virus
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yield is plotted against the interval, in hours, between introduction of virus
and RNase. When virus and RNase were given simultaneously the yield of
vaccinia virus was reduced by 78 per cent whereas that of influenza was re-
duced by 88 per cent. This small difference was probably due to the fact that
concentration of RNase was 4 times higher with influenza than with vaccinia
virus. As was pointed out earlier, the inhibitory effect of RNase on both vac-
cinia and influenza virus multiplication increased only slightly when concen-
trations higher than 10 ug. per ml. were used.

With vaccinia virus considerable inhibition was obtained even when ad-
ministration of enzyme was delayed for 24 hours. In contrast, with influenza
virus, little inhibition was obtained when RNase was given 24 hours after
virus inoculation.

These results indicate that RNase was inhibitory when given a considerable
time after adsorption of the inoculated virus had taken place. However, the
results do not provide information as to when RNase acts during a single
multiplication cycle because the experiments were of the multiple cycle type.
The difference in the inhibitory effect of RNase on vaccinia and influenza virus
multiplication, which was observed when the enzyme was given at 24 hours
after virus inoculation, was probably due to two factors: (¢) The amount of
virus taken up by cells under the conditions of these experiments was much
greater with influenza (7) than vaccinia (4) virus; consequently the number of
cycles of multiplication was probably greater with influenza than with vaccinia
virus. (#) The latent period of vaccinia virus multiplication is 2 to 3 times
longer than that of influenza virus multiplication. Both of these factors would
tend to prolong the interval during which vaccinia multiplication may be ex-
pected to be susceptible to inhibition by an agent such as RNase.

Inhibition of Formation of Vaccinia Virus Pocks by RNase on the Chorioallan-
toic Membrane in Vivo.—Because of the inhibitory effect of RNase on vaccinia
virus multiplication in the choricallantoic membrane in vitro, it was of interest
to determine whether this enzyme would inhibit formation of vaccinia virus
pocks on the ectodermal surface of the dropped chorioallantoic membrane i vivo.

Embryonated eggs were prepared as was described above and six eggs were used per vari-
able. The stock suspension of vaccinia virus was diluted 1.4 X 106 times and aliquots of the
diluted virus suspension were mixed with equal volumes of RNase solutions of varying con-
centration. The mixtures were inoculated on the ectodermal surface of the dropped chorio-
allantoic membrane. Each egg received 0.2 ml. Controls received virus, but no ribonuclease.
Eggs were incubated at 35°C. for 48 or 72 hours. The infected portions of chorioallantoic
membrane were then collected and the pocks formed were examined and counted.

The results of twelve such experiments with GBI RNase are summarized
in Table V. As can be seen, 1.56 ug. of RNase per egg caused 26 per cent re-
duction in the number of vaccinia virus pocks in eggs incubated for 48 hours
and a closely similar degree of inhibition in eggs incubated for 72 hours. With
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an amount 130 times greater, i.e. 200 ug. of RNase per egg, 92 and 82 per cent
inhibition was obtained in eggs incubated for 48 or 72 hours respectively. In
two experiments in which the eggs were incubated for 48 hours, 400 ug. of
RNase was used per egg and 93 per cent reduction in the pock count obtained.

TABLE V

Inhibition of Formation of Vaccinia Pocks by Ribonuclease (RNase) on the
Chorioallantoic Membrane in Vivo

No. of pocks*
Experiment Incubation RNase, pg./eg¢
None 1.56 3.13 6.25 12.5 50.0 100 200 400
hrs,
A 30 22 13
B 33 13 8.0
C 26 9.2
D 15 12
E 48 8.5 2.5
F 15 12 13 6.7 5.0 4.7 1.5 1.2
G 28 25 13
34 29 18
H 28 2.5| 4.5 1.3 1.1
27 4.5 5.4 3.3| 2.0
Mean ................. 24 17 14 7.4 71| 39| 3.8 1.9 1.6
Inhibition, per cent . . . .. 0 29 42 | 69 70 84 84 92 93
I 26 5.7
J 78 26 16 | 15 9.8
K 17 17 1 13 12
L 21 1 5.7 4.8 3.8
Mean................. 23 17 13 14 9.2 4.8 4.8
Inhibition, per cent . . . .. 0 26 43 | 39 60 79 79

* Mean of counts on 6 eggs.

The relationship between the amount of RNase and inhibition of pock forma-
tion is graphically illustrated in Fig. 4. In the dose range of RNase from 1.56
to 12.5 pg. per egg the inhibitory effect was markedly dependent on the amount
of enzyme. Further increase in the amount of RNase had little effect on the
degree of inhibition. Even with several hundred micrograms per egg inhibition
was incomplete.

The dose-effect relationship observed in these in vivo experiments is closely
similar to the relationship between RNase concentration and inhibition of
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vaccinia or influenza virus multiplication in the chorioallantoic membrane
in vilro.

In a series of three experiments the activity of several preparations of RNase
was compared. The degree of inhibition of pock formation induced by 12.5
ug. of RNase per egg was as follows: two preparations of GBI RNase, 64 and
56 per cent, respectively; Armour, 72 per cent; Sigma, 66 per cent; and Worth-
ington, 69 per cent. Thus the five preparations of RNase possessed similar
activity. The mean reduction in pock count was 65 per cent.

Inhibition of Formation of Herpes Virus Pocks by RNase on the Choriogllian-
toic Membrane in Vivo.—There is cytochemical evidence that the nucleic acid
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Fi16. 4. Relationship between concentration of RNase and number of vaccinia virus pocks
on the ectodermal surface of the chorioallantoic membrane é# #ivo. The mean number of pocks
per membrane in the absence of RNase, based on 10 determinations, was 24. Each point
representing the number of pocks in the presence of RNase is based on 2 to 7 determinations.

in herpes simplex virus is of the DNA type (9, 10). Furthermore, this virus
also forms pocks on the dropped chorioallantoic membrane of the embryonated
egg. Experiments were therefore undertaken to see whether RNase would in-
hibit pock formation by herpes virus.

Embryonated eggs were prepared as was described above, and 12 eggs were used per
variable, Aliquots of diluted virus suspension were mixed with RNase solutions of varying
concentration and the mixtures were inoculated on the ectodermal surface of the dropped
chorioallantoic membrane. Each egg received 0.2 ml. Controls received virus, but not RNase.
Eggs were incubated at 35°C. for 48 hours either in the usual horizontal position with the
false air sac facing upward or in the vertical position with the blunt end of the egg facing
upward. The inoculum is distributed over a larger area when the latter procedure is used
(11). The advantages of vertical incubation are considerable with herpes virus but they are
less significant with vaccinia. After incubation the infected portions of choricallantoic mem-
brane were collected and the pocks formed were examined and counted.
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As can be seen in Table VI RNase (GBI) caused marked inhibition of
formation of herpes virus pocks. The effect was more marked when the em-
bryonated eggs were incubated in the horizontal position. Under these condi-
tions the inoculum remained more localized and therefore the dose of RNase
per unit area of membrane was higher. It should be emphasized that at com-
parable virus dilutions confluent lesions were much more common when the
eggs were incubated in the horizontal position which made precise quantitation
difficult.

TABLE VI

Inhibition of Formation of Herpes Virus Pocks by Ribonuclease (RNase) on the
Chlorioallantoic Membrane in Vivo

. . Pocks
Experiment Posntu:uizlx1 :uf eagtfgndunng RNase
PFU/ml. X 107 Inhibition
ug./egg per cent
None 24* 0
12.5 4.2* 72
50 1.5 94
200 1.0 96
A Horizontal
None 12% 0
12.5 2.2t 82
50 1.5 87
200 1.1 91
None 4.8 0
. 12.5 2.3 52
B Vertical 50 1.7 65
200 1.1 77

* Confluent lesions considered to be equivalent to 100 pocks.
t Confluent lesions not counted.

The results of these experiments are graphically represented in Fig. 5.
As can be seen 12.5 ug. of RNase caused a considerable reduction in the num-
ber of pocks. However, 200 ug. failed to cause complete inhibition. These char-
acteristics of the dose-effect relationship were also observed with vaccinia and
influenza viruses.

In a series of three experiments the inhibitory activity of several preparations
of RNase on pock formation by herpes virus was compared. The eggs were in-
cubated in the vertical position. The degree of inhibition induced by 12.5
pg. of RNase per egg was as follows: two preparations of GBI RNase, 46 and
43 per cent, respectively; Armour, 24 per cent; Sigma, 41 per cent; and Worth-
ington, 23 per cent. In the fourth experiment 50 ug. of RNase was employed
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per egg and the following results were obtained: two preparations of GBI, 55
and 62 per cent inhibition, respectively; Armour, 61 per cent; Sigma, 71 per
cent; and Worthington, 55 per cent. Thus, the inhibitory activity of the five
preparations was similar. The mean reduction in pock count with 12.5 ug. of
RNase was 36 per cent and with 50 ug. it was 61 per cent.

Lack of Inactivating Effect of RNase on Infectivity of Vaccinia and Herpes
Simplex Viruses.—It has been shown that RNase does not cause inactivation
of the infectivity of influenza virus particles (2). Experiments were carried
out to determine whether RNase had an inactivating effect on vaccinia or
herpes virus particles.

a. 6~--5 Eqqgs incubated in vertical position

80Fy, b. Eqqs incubated in horizontal position

W —— (Confluent lesions counted as 100 pocks
" not counted .

Herpes virus pocks
per cent of control

i 1 L L ! 1
0 20 40 60 80 100 120 140 160 180

Y
] 11

200
Ribonuclease, wg. per egg

F1a. 5. Relationship between concentration of RNase and number of herpes simplex virus
pocks on the ectodermal surface of the chorioallantoic membrane ## vivo.

Vaccinia and herpes virus seeds, diluted 1072 in buffered glucosol were incubated at 35°C.
in the absence or presence of 125 pg. per ml. of RNase. With vaccinia virus the period of
incubation was 24 hours. Herpes virus was incubated for 3 hours because of its thermal
instability. After incubation the content of infective virus was determined by enumeration
of pocks on the dropped chorioallantoic membrane. In the preparation of inocula of suitable
concentration for pock counts, concentration of RNase was reduced by dilution below the
levels at which it has a detectable effect on pock formation by vaccinia or herpes virus.

Results of experiments summarized in Table VII show that RNase at high
concentration did not inactivate the infectivity of vaccinia or herpes virus
particles. In these experiments GBI RNase was employed. The effect of
Worthington RNase on infectivity of vaccinia virus was also investigated and
no inactivation of vaccinia virus infectivity was found.

Effect of RNase on the Size of Vaccinia and Herpes Virus Pocks—In the
course of studies on the effects of RNase on the number of vaccinia and herpes
virus pocks, the impression was gained that the pocks which formed in the
presence of RNase were on the average somewhat smaller than those in un-
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treated controls. This observation was confirmed in experiments in which the
membranes bearing pocks were photographed and the pocks measured.

Embryonated eggs were prepared as was described above, and 6 eggs were used per vari-
able. Aliquots of diluted virus suspension with or without RNase were inoculated on the

TABLE VII

Lack of Direct Effect of Ribonuclease (RNase) on Infectivity of Vaccinia and Herpes
Simplex Viruses

Concentration of infective virus
Virus His. at 35°C. A
Control medium Med“;g; Elgt.ngtﬁ‘fase,
PRU/ml. PRU/ml.
Vaceinia. .. ...o.veiiiiiiiian.. 24 1.5 X 10° 1.4 X 10°
Herpes simplex. ................. 3 1.0 X 108 1.1 X 108
TABLE VIII

Effect of Ribonuclease (RNase) on the Number and Size of Vaccinia and Herpes Virus
Pocks on the Chorioallantoic Membrane in Vivo

Pocks
Dilu- .
. n Position of
" Experi- | tion of . .

\Y RN d

T ment | seed |EUOE | GEEEon | NPT i | DR | o
tion tion
[Control | RNase Control | RNase

- ne./egg per cent|| mm. mm. |per ceni
A 7.6 | 12.5 | Horizontal 6.3 4.5| 29 [11.99]1.62| 18.6
Vaccinia B 7.3 | 12.5 “ 16 7.7 52 [2.01]1.95| 3.0
cant C | 7.6 | 12.5 | Vertical 9.2 2.6| 72 | 1.87|1.84| 1.6
D 7.3 |50 “ 27 14 48 |11.87 | 1.71 | 8.6
Mean 8.0
A 6.3 | 12.5 | Horizontal {f 35 14 60 | 1.04|1.01| 2.9
B 6.6 | 12.5 | Vertical 13 7.8 40 |1 1.02 ] 0.87 | 14.7
Herpes C 6.3 | 12.5 “ 28 18 36 || 1.01 0.8 12.9
simplex D 6.3 | 50 « 36 12 67 |[1.10]0.93 | 15.5
Mean 11.5

ectodermal surface of the dropped chorioallantoic membrane. Each egg received 0.2 ml. Eggs
were incubated at 35°C. for 48 hours in the horizontal or vertical position. The infected por-
tions of the chorioallantoic membrane were then collected and photographed. Photographs
of vaccinia virus infected membranes were enlarged 1.73 times whereas those of herpes virus
infected membranes were enlarged 3.30 times. The longest and shortest diameters of each
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pock were measured, and a mean diameter computed. The mean diameter of all pocks on
each egg was then computed, and finally a grand mean for 6 eggs taken.

As can be seen in Table VIII vaccinia or herpes virus pocks formed in the
presence of RNase were on the average 10 per cent smaller than those formed
in untreated controls. The effect of RNase on the number of pocks was much
greater than the effect on pock size. This suggests that RNase had little direct
effect on the development of accumulations of leucocytes which form the
major pathological feature of pocks.

DISCUSSION

The concept that host RNA may play an important role in virus multiplica-
tion was advanced several years ago (12) on the basis of early observations on
stimulation of cellular RNA metabolism in certain virus infections and on the
basis of findings on virus inhibition obtained with 5,6-dichloro-1-3-p-ribo-
furanosylbenzimidazole (DRB).

That RNA synthesis is stimulated in cells infected with DNA-containing
vaccinia virus has been well established. Caspersson and Thorsson (13) found
that within a short time after infection of chorioallantoic membrane cells of
embryonated chicken eggs with vaccinia virus the nucleoli became enlarged
and the content of cytoplasmic nucleotides increased markedly. More recently
it was shown (14) that cytoplasmic RNA was considerably increased in HeLa
cells infected with vaccinia virus. These findings contribute greatly to knowl-
edge of metabolic alterations which occur in virus-infected cells; however,
they do not provide evidence as to whether RNA is necessary for synthesis of
vaccinia virus particles.

The demonstration that DRB is inhibitory for vaccinia virus multiplication
at the same low concentrations which are inhibitory for multiplication of
influenza virus (15), combined with the evidence that DRB inhibits incorpora-
tion of precursors into RNA strongly suggested that RNA is, indeed, necessary
for vaccinia virus synthesis (1). The results of the present study with RNase
provide additional evidence in support of this conclusion. Furthermore, evi-
dence was obtained that herpes virus multiplication is also dependent on
RNA. There is cytochemical evidence that herpes virus contains DNA (9, 10).
In the preceding communication it was shown that multiplication of the DNA-
containing adenovirus in monkey kidney cells was as susceptible to inhibition
by DRB as that of influenza virus. Thus, it appears that RNA plays a definite
role in the multiplication of three DNA-containing animal viruses: vaccinia,
adenovirus, and herpes virus.

As was emphasized above, close similarity was observed in the relationships
between concentration of RNase and its inhibitory effects on influenza and
vaccinia virus multiplication and on pock formation by vaccinia and herpes
viruses. This suggests a common mechanism of action in all cases, and there-
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fore it appears likely that even with influenza virus, which contains RNA,
RNase may be inhibitory because of its effect on host cell RNA. Although Le
Clerc (2) showed that RNase markedly reduced the uptake of adenine-C*
into chorioallantoic membranes, her preferred hypothesis of the mechanism of
action of RNase was that the enzyme might act on free virus nucleic acid after
separation of infecting virus particles into ribonucleic acid and protein inside
host cells. That such may be the case is possible. Thus, RNase may inhibit
influenza virus multiplication through either or both of the two mechanisms
suggested.

It is of great interest that RNase had no effect on incorporation of C!-
phenylalanine (2), and that the inhibitory effect of DRB on uptake of C*-
1-alanine into proteins of the chorioallantoic membrane was slight (1). These
findings suggest that RNase and DRB inhibit the multiplication of DNA-
containing viruses not because of a secondary effect on the synthesis of host
cell enzymes which are of importance in keeping the host cell and the multiply-
ing virus supplied with energy and precursor materials. It appears, rather,
that the mechanism of the inhibitory effect on virus yield may be more direct
and may involve some function of cell RNA in the synthesis of virus proteins.
The possibility suggests itself that inhibition of virus multiplication may be
due to a disturbance in the function of soluble low molecular weight RNA as
carrier of activated amino acids. Hoagland e al. (16) found that transfer of
activated amino acids to soluble RNA was sensitive to RNase. The enzyme
acts on the phosphate bridge between terminal adenosine and adjacent cytidine
of soluble RNA and as a result terminal adenosine is split off. Such an altera-
tion in soluble RNA would interfere with the transport of activated amino
acids which are linked to terminal adenosine of soluble RNA and are carried
in this form through further steps in protein synthesis (17). Inhibition of
protein synthesis in living onion roots treated with RNase appears to be due
to partial breakdown of soluble RNA by the enzyme (18).

If it be true that RNase inhibits virus multiplication through interference
with the transport mechanism of activated amino acids to sites of synthesis
of virus proteins, it follows that host cell protein synthesis is less sensitive to
inhibition by this mechanism because RNase had no effect on uptake of C*-
phenylalanine into proteins of the chorioallantoic membrane (2). Indeed, it
appears that host protein synthesis in the chorioallantoic membrane is unusu-
ally insensitive to the action of both RNase and DRB, because both of these
agents do inhibit amino acid uptake into proteins in other systems (1, 19-23).

Certain other possibilities should also be considered to explain the mechanism
of inhibitory action of RNase on multiplication of DNA-containing viruses;
inhibition may be due to disturbance of the possible template function of high
molecular host cell RNA in synthesis of virus proteins. However, too little
is known about the template function of RNA in protein synthesis to permit a
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detailed consideration of this possibility. Finally, the possibility should be
considered that in cells infected with a DNA-virus new RNA is synthesized
which plays a specific role in the reproduction of the particular virus, and that
the effects of RNase and DRB are due to interference with this new RNA.

SUMMARY

Ribonuclease is a highly active inhibitor of vaccinia virus multiplication
in vitro in the chorioallantoic membrane removed from embryonated chicken
eggs. It is also a highly active inhibitor of pock formation by vaccinia and
herpes simplex viruses on the chorioallantoic membrane in vivo. Marked in-
hibitory effects were obtained with 12.5 ug. of RNase. However, complete
inhibition was not obtained with several hundred micrograms of the enzyme.

RNase caused no inactivation of the infectivity of vaccinia virus particles
but it had a marked inhibitory effect on multiplication of this virus when ad-
ministered many hours after infection of host cells had occurred. RNase also
failed to inactivate the infectivity of herpes simplex virus particles.

The results obtained indicate that ribonucleic acid is necessary for the mul-
tiplication of two DNA-containing viruses; i.e., vaccinia and herpes simplex.
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