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Tbe synthesis of virus-specific RNA in cells infected by arboviruses has heen
studied by a number of authors (Friedman, 1968a; Yin and Lockart; Sreevalson et al.,
1968; Trent et al.; V. M. Zhdanov et al., 1969a); the same has been done for proteins
(Friedman, 1968b; Scheele and Pfefferkorn; Strauss et al., 1969; V. M. Zhdanov et al.,
1969b). It has been shown that replication of viral RNA and polymerase activity are
associated with the mitochondrial-microsome (M4) fraction of the infected cells (Mare
tin ard Sonnabend; Grimley et al.; Sreevalsan and Yin, 1969). Protein synthesis was
also discovered in this fraction (V. M. Zhdanov et al., 1969a).

Since the M¥ fraction of cells infected by the Venezuelan eguine encephaibmyeli-
tis (VEE) virus provides for the synthesis of RNA and proteins, it was of interest to
study the products of the synthesis. _In this article it is proved that synthesis of
virus-specific ritonucleoproteias (RNP), possessing infectious properties, takes place
in the MM fraction isolated from cells infected by the VEE virus.

Virus and cells. The experiments were set up with strain SPF of the VEE virus

in spinner cultures of chick-embryo fibroblasts (V. M. Zhdanov et al., 1969a). Usually

0.5+10°

- l'lO8 cells, suspended in medium No. 199, were infected by the virus with s
plurality of 50-100 CBU {conventionai biological units) per ecell. Tha procedure of
labeling the virus with radiocactive isotopes, purification and characterization of the

RNP icolated from the virions, including its infectious properties, are descrited in
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"another of owr works (L. V. Uryvayev et al.).
Fractionation of the cells. The infected and uninfected cells vere rinsed in a
tris-buffer (tris HC1 0.01 M, pH 7.2, NaCl 0.1 M, EDTA (ethylened1aminetetraacetate)

0.001 M), then were suspended in 5 ml of a homogenate buffer (tris HCL 0.05 M, pH

7.6, KC1 0.025 M, MgCl, 0.005 M, 2-mercaptoethenol 0.006 M, saccharose 0.25 M, maca-
loid 0.05%), and were left to swell for 15-20 minutes, after which they were destroyed
by 15-20 tractions of a Dé&ééﬂhaﬁééeﬁizer under microscope control. The nuclei and

cell fragments were removed by centrifuging at 1000 g for 10 minutes. The MM frac-

tion was precipitated at 15,000 g for 20 minutes. It was used for subsequent exper-
iments. All the procedures were conducted at 0-2°.
Infectious titration. Dilutions of the material were applied on the surface of
single-layer cultures, and adsorption was caused to take place at 4° for 1 hour.
Then the cultures were flooded by a Porterfield (1959) covering and were incubated
in a thermostat with 5% carbonic acid at 37° for 48 hours. The plagues were counted,
and the infectious titers were computed in terms of plaque-forming units per q;.
Determination of polymerase activity. Two systems were used for determination
of the polymerase activity, namely nucleoside triphosphates and medium No. 19§.'
Materials and methods. The first incubation mixture contained, per ml: tris
HC1, 100 micromoles, pH 7.8; KC1, 50 micromoles; MgCle, 5 micromoles; 2-mercapto-
ethanol, 3 micromoles; actinomycin D, 2 micrograms; adinosine triphosphate (ATP),
guanosene triphosphate (GIP), and cytidine triphosphate (CTP), 1 micromole each; Phos=-
phoenol piruvate, 10 micromoles; piruvate kinase, 50 micrograms, and H3-Uridine tri-
phrosphate, 10 microcuries. The MM fraction in the amourt of 1-2 was suspended in the
incubation mixture at 35° for different pericds of time; samples of 0.2 ml each were
taken. The reaction was stopped by the addition of 1 ml 10% trichioracetlc acid (TCA)

in 0.1 mole of pyrophosvhate, then 0.1% casein was added, the residue was rinsed by
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5% TCA on millipore filters, was dried by alcohol, and vas placed in flasks.with a .
toluoi'(PPO 4 POPOP) scintillator for counting the radicactivity in a Packard Tricarb
liquid scintillation counter.

The seconé incubation medigm contained medium No. 199 with 5 ndcrceuries/ml
H3-uridine, in which 1-2 mg of the MM fraction were incubated for various periods of
time. The reaction was stopped by the addition of 10% TCA, and the residue was pro-
cessed in thé manner described above,

For extracting the RNA, the volume of the polymerase system was increased to
3-5 ml, the redction was stopped by quick cobling, and the RNA was Immediately ex-
tracted by vhenol.

Determination of the extracellular conjunction of RNA synthesis and protein
8

synthesis. The MM fraction, isoclated from 0.5'108 - 1410° infected or uninfected
cells, was suspended in 5-10 ml of medium No. 199 and was placed in an agltator at
35°, B3-uridine (5 microcuries/ml) and C1* emino-acid mixture (2 microcuries/ml)
were added after 20 minutes at different intervals (sic), the reaction was'stqpped
by quick cooling. Then to a suspension of each sample of 0,2 ml of the superprecipi-
tate liquid and the precipitate (the latter vas resuspended in the initial voiume of
tris-buffer), 0.1% casein and 10% TCA were added,.and the suspension was rprocessed
for determination of the radioactivity, in the manner described above. The remaining
material was used for further study.

Centrifuzing in saccharose gradients. Linear gradients of saccharose density:
5-20% for RNA analysis, 17-40 and 15-60% for RNP analysis were prepared on the basis
of a homogenato buffer. Ce-~trifuging was conducted in a 3 x 20 bucket rotor of thre
MSE “Superspeed-50" ultracentrifuge. The gradients were fractionated by pressing out

from the test-tube bottom in an apparatus consisting of an LKB collector, a "Uvikard"

(A/subscript 11legible/) spectrophotometer and a registering device. The ac?i-
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indissoluble material was precipitated by TCA and was processed for a radiosctivity
count:

Centrifuging in cesium chioride gradients. Preformed linear density gradients
of cesium chloride ( F’= 1.2 - 1.6 g/ml) were prepared on the basis of a 0.01 M
phosphate buffer, pH 7.2 with 0.0015 M Mg012 and 8% formaldehyde. If the gradient
fraction was used for infectious titration, the formalin was replaced by 0.32 mg beef
serum albumin per'ml. After centrifuging at 35,000 rpm for 15 hours in a 3 x 5 bucket
rotor of the "superspeed-50" centrifuge, the gradients were fractiouated by piercing
the test-tube bottom, the density was determined in a refractometer, and the absorn-
tion (A/subscript illegible/) was determined in a spectrophotometer. The acid~
indissoluble material was precipitated by TCA for a radiation count. For infectious
titration, samples of 0.05 ml were selected from various fractions of the gradient.

Centrifuging in density gradients of cesium sulfate was conducted for separating
RNA with different floating densities. The RNA samples were dissolved in a tris-
butfer (tris HC1 0.1 m, pH 7.2), were placed in an 87% solution of cesium sulfate,
and were centrifuged at 30,000 rpm for 4O hours in a SW-50 rotor of the "Spinco-I2"
ultracentrifuge. Fractionation was accomplished in the manner described for éesium
chloride gradients.

RNA was extracted by phenol, in a manner described earlier (V. M. Zhdanov et al,,
1969a). Its sedimentation propgrties were studied in terms of saccharose density
gradients, and its density characteristics were studied in terms of cesium sulfate
density gradieqts.

Virus-specific sera vere obtained after intravenous immunization of rabbits by
purified virus 6 times at one-week intervals. The serum titer comprised 2-10h hemag-
glutination-neutralizing units.

Reagents: Actinomycin D (Merck, Sharpe and Dohm, USA), puromycin (Serva, Hole

land), pancreatic ribonuclease (Worthington, USA), H3-uridine triphosphate {Radio-
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isotope center, Amersham, England), H3-uridine, Clh-adenin, and Clh-hydrolizate of
chiorella (Radioisotcpe center, Leningrad), remaining reagents and chemicals, domes-
tically prodiced.

Infectious tltration of extracellular products of the mm fractioq. Chick-embryo
fibroblasts (CEF), processed by actinnmycin D (2 micrograms/ﬁl) vere infected by the
VEE virus (50-100 CBU/cell)'and were incubated at 37° for'e% hours. Then the cul-
tures were rapidly cooled, the medium was rinsed off, and the cells were fractionated.
The MM fraction was isolated from cells and was incubated in medium No. 199 at 35°.
Samples were taken at various intervals. The MM fraction was removed from them by

centrifuging at 15,000 g for 20 minutes, and the superprecipitate liquid was titrated

for infectiousness.

S

-

)

-

O e o f -

29 s3l/W2

ot By T
W, uk

B,
. : '@ lu,lulluuw

oy |

ced from
‘\(::g: ox?ya‘u\ab\o copy.

Figure 1. Kinetics of accumulaticn of infectlous titers in the MM fraction, isolated
from infected cells and extraceﬁ?u:uriy incubated in medium No. 19G. Results of three
experiments. .

Key to Figure 1: a) +ime (in hours); b) total extracellular ; ¢) lg CBJ/ml

In Figure 1 are shown the results of thres experiments, from which it can be seen

that infectious titers accumulate in the medium when the MM fraction was incubated at
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Figure 2. Kinetics of infectious titers in the MM fraction, isolated from infected

cells and incubated extracellularly, and in infected cells. The MM fraction was iso-
lated from infected cells and was incubated in medium No. 199 at 0° (1) and 37° (2),
part of the cells was preserved and was incubated in medium No. 199 at 37° (3).

Key to Figure 2: a) time (in hours); b) total intracellular; (c) lg CBU/ml

In Figure 2 are shown the results of another experimént, in vhich the intensity
of extracellular formation of the infectious material was compared with synthesis of
the virus in cells. CEF, nrocessed by actinomycin D and infected by the virus, were
incubated for 2} hours. Then the culture was cooled, washed out of the medium and
divided into three equal parts. One part was incubated in medium No. 199, samples
were taken at various intervals, the cells were removed by centrifuging, and the in-
fectlious titers in the med.um were determined.

The other part of the cells was fractionated, the MM fraction was isolated and
wvas incubated in medium No. 199: the samples were selected at the same ihtervals,

the MM fraction was removed by centrifuging, and the superprecipitate liquid was
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titrated for infectiousness. The third part of the cells was also fractionated, the
MM frgction was isolated; it was preserved in medium No. 199 at 0°, samples for ine
fectious titration were taken at the beginning and at the end of the observation period.
From this experiment it can be concluded that infectious titers accumu}ate during 4
hours of inéubation of the MY fraction at 37°, after which progressing inactivation
of the infectious material sets in. Incubation of the MM fraction at O° is not accom-
panied by accumulation of the infectious titers. During incubation of the infected
cells, the infectious titers continue to accumulate during 24 hours of observation.

A series of experiments was set up to ascertain whether the accumulation of in-
fectious titers in the medium is a result of 1;beratioﬁ of the residual virus adsorbed
“on the structures of the MM fraction. Chick-embryo fibroblasts, processed by actino-
mycin,. were divided into three equal parts. One part was infected by the virus and
was incubated for 2} hours, then the MM fraction was isolated and was incubated in
medium No. 199. Samples were taken at various ;ntervals, the MM fraction vas preci-
pitated, and the infectious titers were determined in the supernatants and in the
precipitates. The second part of the cells was not infected; from these cells the
MM fraction was'isolated, was mixed with the virus and was incubated in mediug No. 199.
Samples were selected at the same intervals, and the infectious titers were also de-
termined in the supernstants and precipitates of the MM fraction. The third part of
the uninfected cells was procesged in the same manner, but RNA, extracted from the

virus, was added instead of the virus..
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Figure 3. Kinetics of increase or decrease of the infectious titers in super=~

natants (1) and precipitateS (2) of the MM fraction incubated extracellularly in
mediun No. 199 at 37°. .

A - MM fraction isolated from infected cells; B - same,from uninfected cells and

mixed with the virus; C - same, from uninfected cells and mixed with viral RNA.
" Key to Figure 3; a) time (in hours); b) lg CBU/ml

The results of this experiment are shown in Figure 3. It can be seen that during
the incubation of the MM fraction isolated fror infected cells, extracellularly in
medium No. 199, accumulation of infectious titers takes place in the supernatant for
the duration of 3 hours, whereas the titers in the precipitates remain constant all
£his time; then the titers in the supernatants and precipitafes‘of the MM fraction
begin to decrease progressively. In contrast to this, addition of the virus or of
viral RNA to the MM fraction, isolated from unfected cells, is accompanied by a grad-

ual decrease of the titers in the medium and in the precipitates in comparison to
the initial ones. o .
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Figure 4. Kinetlcs of increase or decrease of the infectious titers in supernatants
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(1) and precipitates (2) of the MM fraction, isolated from infected cells ani incu-

bated in medium No. 199 (a),tris-buffer (B), and medium No. 199 with puromycin (C).
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Key to Figvre 4: a) time (in bours); b} 1g CBU/ml

Figure 4 shows the results of another experiment. In

embryo fibroblasts, treated by actinomycin D, were infected

incubated for 2% hours. The MM fraction vas

parts. One part was incubated in medium No. 199, a second

dium No. 199 with puromyeci.. (200 mé/ml), and the third par
buffer. Samples were taken at various intervals, and the
termined in supernatants and precipitates of the MY fracti
can be seen that incubation of the MM fraction in a buffer
puromycin was not accompanied by an increase of the infect
as in the preceding experiments, accumulation of the infe
during incubgtion of the MM fraction in medium No. 199.
Characterization of RNA, synthesized in the MM fracti
mycin D were infected, were incubated for 3 hours, and the

fraction wvas isolated and was resuspended in a nucleoside-

this experiment chick-

by the virus and wvere

isolated and was divided ;nto three equal

paert was incubated in me-
t was incubated in a tris-
inféctious titers were de-
on. From these data, it

or in medivm No. 199 with
lous titers, whereas, Jjust
ctious titers took place

on. Cells treated by actino-
The MM

n were fractionated.

triphosphate mixture with

H-uridine triphosphate (10 microcuries/ml), and the mixture was incubated during

various intervals. In parallel experiments, the MM fracti

No. 199 with H3-uridine (5 microcuries/ml). Samples were ta

and a rediocactivity count was made of the material precipita

of one of the experirents are shown 1n Figure S.

It can be seen that in the

on was resuspended in medium

ken at different intervals,

ted by TCA. The results

nucleogide-~

triphosphate mixture, RNA synthesis obtains a plateau éfter 30-45 minutes, whereas in

medium No. 199 1t continues for 3 hours.
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Figure 5. Kinetics of RNA synthesis in a MM fraction)isolated from infected cells and
incubated in 3 .

" a nucleoside-triphosphate mixture with H°.uridine triphosphate (A) and in medium
No. 199 with H3-uridine (B). Conditions of the experiment are given in the text.

Key to Figure 5¢ a) time (in minutes); b) pulse/min per 1 mg protein; c) pulse/
m'Ln-'J.O”3 per 1 mg protein

The sedimentation and density properties of RNA synthesi~ed in the MM fraction
were studied in a series of experiments. Uninfected and infected cells, treated by
actinomycin D, were incubated for 3 hours and were then fractionated. The MM fraction
vas resuspended in medium No. 199 with #3-uridtne (5 microcuries, nl), and was incu-

bated f v various intervals of time, the RNA was extracted and was studied in terms

of the density gradients of saccharose and cesium sulfate.
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Figure 6. Distribution of the H3-zadicactivity of RNA isolated from uninfected

cells (A) and from infected cells (B) and incubated in medium No. 199, in fractions
of the density gradient of saccharose 5-20% after centrifuging at 20,000 rpm for 16
hours.

H3.uridine vas added (5 microcuries/ml) for 1 hour. 1/5 of each fraction was

selected for a count of the total radlocactivity (1) end 4/5 were treated by 2 micro-

grams of ribonuclease per 1L ml (2). The position of the ribosome markers REA 28 and

v




188/poorly legible/ is shown by arrows, the bottom of the gradients is here and fur-
ther left.
Key to Figure 6: a) fractions; b) pulses/min
In Figure 6 are presented the results of an experiment in which RNA, isolated
from uninfected and infzcted structures, was investigated in terms of the (=nsity
gradients of saccharose. It can bé seen that the RNA synthesized in the M. fraction
| isolated from infected cells is heterogeneous, with sedimentation constantc from 9

to 40 S, whereas RNA synthesized in the MM fraction from uninfected cells has sedi-

mentation constants from 9 to 22 S. Treatment of the gradient fractions by ribonuclcese

. (2 micrograms/ml) reveals an RNA that is partially enzyme-resistant, with a sedimen-

_tation constant of 26 S in the infected structures; this is absent in uninfected struc-

tures.

umnf e 1 *

Figure 7. Distribution of H3-radioactivity of RNA synthesized in the M fraction
isolated from infected cells and incubated in a nucleoside-triphosphate mixture (A)
and in medium No. 199 (B), in fractions of the density gradilent of saccharose 5-20%
after centrifuging at 20,000 rpm for 16 hours.

1/5 of each fraction was selected for a count of the total redicactivity (1)

and 4/5 was treated by ribonuclease (2).
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Key to Figure T: a) fractions; b) pulses/min‘lo'e(?)

Shown in Figure 7 are the results of an experiment in which RNA synthesized in
a nucleoside-triphosphate mixture was compared with RNA synthesized in medium No.
199 . From the presented data, it can be seen that in both systems, two kinds
of RNA are synthesized: one of tnem is precipitated at 26 S and is partially resis-

fént to ribonuclease, the other is precipitated at 40 S and 15 sensitive to the en-

B g Zyme » the quantity of it being relatively greater in the gecond System. .
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Figure 8. Distribution of the H3-radioactivity-of RNA extracted from the MM fraction,
isolated from uninfected cells (A) and from infected cells (B) and incubated in medium
No. 199 with H3-uridine (5 microcuries/ml) for one hour, in fractions of the density

gradients of cesium sulfate after centrifuging at 30,000 rpm for 40 hours.

N & Key to Figure 8. a) fractions; b) pulses/min:10-2
R |
"%Qé Presented jin Figure 8 are the results of an experiment in which RNA, extracted

froﬁ uninfected and infected structures, wes centrifuged in density gradients of

cesium sulfate. ¥From Figure 8 it can be seen that the RNA synthesized in infected

structurec is divided into two kinds, with densities of 1.66 and 1.60 g/cm3, whereas

RNA from uninfected cells forms only one peak with a density of 1.66 g/cm3.

A ceries of experiments was conducted in order to study the contribution of the
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13.

cellular stage of RNA sypthesisfto extraéellular'synthesis in the MM fraction. It

was shown in preliminary experiments that virus<induced RNA are synthesized in the

presence of 0.5-1 mg 5-bromuridine (BUR) pér 1 ml. Cells treated by actinomycin D-

were infected and were divided into 4 equal parts; Clh-édénin (2 micropuries/ml) and

various concentrations of BUR were added +7 the cultures, the cultures were incubated

for 3 hours. The results of this experiment are presented In Table 1.

" Table 1.

Action of various concentrations of BUR -

on the synthesis of RNA of the VEE virus

Table 2.

Neutralization of products of the MM

fraction by a virus-specific serum

—
"BUR concentration | Radicactivity % Material lg plague-forming | lg of
(in mg/m1) of newly syn- | inhi- units per ml neutra=-
thesized RNA | bition lization
(in pu}ses/min without | with
per 10' cells) serum serum
Without BUR 14,192 - Precipitatd
0.5 13,549 5 of MM
0.75 12,708 11 fraction...| 7.6 5.7 1.9
1.0 11,345 20 Supernatany
.of MM e
fraction... 7.0 5.6 ; 1.4

As can be seen from Table 1, BUR in the tested conceﬁtgations only partially inhibits

the synthesis of viral RNA.

In the following series of exveriments, cells treated by actinomycin T were in-

fected by the virus and were incubated in the presence of

for 2 hours, then BUR (1 mg/ml) was added for 2 howrs more.
and was centrifuged in the density zradient of cesium sulfate.

experiment are presented in Figure 9a.

clk

-adenin (2 microcuries/ml)
The RNA was extracted
The results of this

It can be seen that RNA extracted from cells

forms two peaks with densities of 1.66 and 1.60 g/cm3, as well as 2 supplementary

peaks with densities of 1.68 and 1.62 g/cm3. These peaks can be explained as "heavy"

e SRR
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chains due to the inclusion of BUR in the virus-specific RNA, -
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Figure 9. Distribution of ot (1)- and B3 (2)- radicactivity of RNA extracted from
infected cells (A) and the MM fraction (B),-in fractions of the dénsity of cesium
sulfate after centrifuging at 30,000 rpm for LO hours. Conditions of the experiment
are given in the text.

Key to Figure 9: &) fraction; b) pulses/min'103

Similar experiments were conducted with the MM fraction. Cells, treated by actinc-
mycin D and infected, were incubated in medium No. 199 with Ha-uridine (5 microcuries/
ml) for 3 hours, then the MM fraction was isolated and was incubated in medium 199 with
BUR (1 mg/ml) and clu-adenin (2 microcuries/ml) for 2 hours. The RNA was extracted
and was centrifuged in the density gradient of cesium sulfate. The results of this
experiment are presented in Figure 9b. It can be seen from tha nresented data that
the RNA synthesized under these conditions contains both "iight" chains (density 1.66

and 1.60 g/cma) and "heavy" chains (density 1.68 and 1.62 g/cm3). It can also be secn
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that the contribution of the cellular phase of RNA synthesis to extracellular syn-

thesis is minimal or is absent, since only one of the two radiosctive isotopes

is included in each of the 4 kinds of RNA. l-:.,
Characterization of products synthesized in the MM fraction. Chigk-ehﬁiyo fibro-

blasts, treated by actinomycin D and infected by the VEE virus, were_incubated for

2%—3 hours, then the MM fraction was isolated and it was incubated in medium No. 199;

H3-wridine (5 microcuries/ml) and Clh-amino acid (2 microcuries/ml) were added for

20 minutes after various intervals (sic). The reaction was stopped by cooling, the

MM fraction was precipitated, and the supernatants were ipvestigated in terms of the

density gradients of saccharose and cesium sulfate.
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Figure 10. Distribution of H3 (1)- and clt (2)-radicactivity in fractions of the

density gradient of 17-4C% saccharose after centrifuging Mi-fraction products, synthe-
sized in medium No. 195, at 25,000 rpm for 2 hours.

B3.uridine (5 microcuries/ml) and Clu-amino acid (2 microcuries/ml) were added
from 2 hours 40 minutes to 3 hours, the MM fraction was »recipitated and the super-
natants were appiled in a layer on the saccharose gradlents. The position of the rito-
somal marker-peak 80S is gshown by arrows. A - witiout treatment; B - treatment of the

material by 0.02 M EDTA; C - treatment by 20 micrograms ribonuclease per 1 nml.
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Key to Figure 10: a) fractions; b) pulseé/min'lo‘a

]‘Zn Figure 10 are presented the results of an experiment in which products of the
MM fraction (supernatant) were centrifuged in gradients of the density of 17-40% |
saccharose. It can be seen from the presented data fhat the peaks of coinciding 53
and cll" radicactivity have the sedimentation constants 160 and 120 S, and in addition,
there ié a peak with the sedimentation constant 220 S which is not detected in all of
the experiments. A considerable quantity of radicactive material is also to be found
in postribosomal fractions of the gradients. Processing of the material by EDTA (0.02
M) and ribonuclease (20 micrograms/ml) prior to centrifuging destroys the peak with
the sedimentation constant 220 S and does not destroy tne peaks with sedimentation
constants 160 and 120 S.These data permit the conclusion ic be made that the 160 and
120 S peaks are ribonucleoproteid complexes, whereas peak 220 S represents polyribo-

somes. . ‘ ) . ) ‘
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Figure 11. Distribution of B3 (1)~ and Clh (2)-radicactivity in fractions of the

density gradient of cesium chlorate after centrifuging MM-fraction products incu-
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bated in medium No. 109, at 35,000 rpm for 20 hours. ]

B3 -uridine (5 microcuries/ml) and Clh-amino acids (2 microcuries/ml) were added

from 1 hour 40 minutes to 2 hours. The MM fraction was precipitated, the supernatant

vas treated by 8% formaldehyde and was subjected to centrifuging in the gradient.
LA !
Key to Figure 11: a) fraction; b) pulses/min'lo'3

i AR S AR S T

In Figure 11 are presented the results of experiment with the centrifuging of

products (supernatants) of the MM fraction, isolated from infected cells and incuba-

ted in medium No. 199 with isotopes, in the density gradient of cesium chloride. Four ?

peaks of coinciding 83 ana clb radioactivity can be seen, with densities of 1.43, 1.38,
_1.33, and 1.30 g/cms.

Leosdi it

In a series of experiments, fractions of saccharose density gradients with differ-

ent sedimentation constants of the radiocactive material were collected, were fixed by

2
|
%
;

8% formaldehyde, and were centrifuged in density gradients of cesium chloride. The 3

results of these experiments were as follows. After centrifuging in a gradient of

et YD U G B L R 2 AT S
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cesium chloride, the material with a sedimentation constant of 160 S formed a peak

with a density of 1.43 g/cm3, peak 120S and postribosomal fractions of the saccharose

A i on A

gradients were resolved into 3 peaks with densities of 1.38, 1.35-1.34, and 1.32-1.30

e

g/cm3, and the polyribosomal material (220S) was divided into several peaks with a

density from 1.49 to 1.56 g/cm3, the main part of the radioactivity having a density

SN L - W EPSIPLCIEE AL

of 1.55-1.53 g/cma. These data permit the conclusion to be made that supernatants of 'ﬁ

the MM fraction, that was isolated from infected cells and was incubated in medium

No. 199, contain ribonucleoproteid complexes of several kinds, as well as polyribo- %

somes split off from MMM fractions.

Investigation of the infectlous nronerties of products of the MM fraction, and




ey RPN FREE T ST T
. R T T T SN AT
A R A

experiments with neutralization of these products by sera. In this series, & study
was made of the infectious properties of the products of an MM fraction isclated from

infected cells, that were incubated in medium No. 199 after centrifuging in density

gradients of saccharose and cesium chloride. Incubation took place in the presence

of B.uridine (5 microcuries/ml) and Clh—amino acids (2 microcuries/ml). The MM frac-
tion was then removed by precipitation at 15,000 g for 20 minutes, and the supernatants
were investigated in the gradients. Part of the maierial of the gradient fractions
vas selected for infectious titration, and part was retained for determination of the

radiocactivity of the precipitated TCA.

~

3
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Figure 12. Distribution of g3 (1)- and Clh(E)-radioactivity and infectious titers
(3) in fractions of the density gradient of 50-60% saccharose after centrifuging Mi-

fraction products, isolated from infected cells, and incubated in medium No. 199 (A),

at 22,500 rpm for 1 hour 40 rinutes, and after centrifuging a virus labeled by

e e RN
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H3.uridine and Clh-amino acids in a parallel gradient (B).

The MM fraction was isolated from cells treated by actinomycin D 24 hours after
infection, and was incubated in medium No. 199 for 3 hours. Hs-uridine (5 microcuries/
ml) and Clh-amino acids (2 microcuries/ml) were added from 2 hours 40 minutes to 3
hours . The MM fraction was removed by precipitation, and the supernatant was
investigated in the gradient. )

Key to Figure 12: a) fraction; b) pulses/m;m'g'].-0"2

Figure 124 presents the results of experiments with the centrifuging of products
iﬁ sucarose gradients. It can be 3een from the presented data that maximal infec-
tiousness is associated with peak 160S, zlihiough the infectiousness peak is not sherp,

-gnd infectious material is found in all fractions of the gradient. However, the pealk

is not linked to contamination of the fractions by the residual virus present in the

.

system, since the distribution o¢f infectious titers within the fractions of the paral-
“lel gradient is a different one, and the principal part of *he infectious material
is associated with lower fractions of the gradient (380S), which contain the precipi-

tating virus (Figure 12B). Here only an insignificant part of the virus is destroyed

spontaneously, and releases ribonucleoproteids with a sedimentation constant of 160S.
ta80kpmm .
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Figure 13. Distribution of E3(1)- and c14(2)-radicactivity, and infectious titers

(3) iﬁ fractions of the density gradienté of cesium chloride after centrifuging pro-
ducts of synthesis (supernatant) of the MM fraction isolated from infected cells and
incubated in medium No. 199, at 35,000 rpm for 12 hours. The conditions of the exper-
iment are the same as in Figure 11, but the formaldehyde was replaced by 0.33 mg beef-
serum albumin per 1 ml. |

Key to Figure 13: a) fraction; b) pulses/min-10"3

The distribution of infectious titers in the density gradient of cesium chloride
is shown in Figure 13, from which it can be seen that the peaks of the infectious
titers of the gradient fraction coincide with the peaks of B3. and Clh-radioactivity,
which have a density from 0.3 to 10.13O'g/cm3;

A series of experiments was conducted to study the nature of the proteins that
are associated with virus (infectious) RNA. Chick-embryo fibroblast was infected,
was treated by actinomyein D, was incubated for 2% hours; the MM fraction was isolated
gnd was incubated in medium No. 192 for 3 hours. The the MM fraction was precipitated
;n a centrifuge, and the infectious titers were determined in the presence of 103
neutralizing units of virus-specific serum, and without the serum. The resulég of one
experiment are vresented in Tablé 2.

It can be seen from Table 2 that the virus-specific serum only vartially neu-
tralizes the products formed du;ing incubation of the MM fraction from infected cells
in medium No. 199.

Experiments were conducted with a virus-specific serum which neutralizes pro-
ducts of synthesis of the MM fraction, which have different density during centri-
fuging in cesium-chloride gradients. The conditions of the experiments are similar
to those of the preceding ones, and after incubation in medium No. 199, supernatants

of the MM fraction were centrifuged in density gradlents of cesium chloride without
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their fixation by formaldehyde. The gradient fractions were collected, and the in-
fectious titers were determined in them in the sbsence and in the presence of the

virus-specific serum. The results of one of the experiments are presented in Table 3.

Table 3.
Neutralization of producps of the MM fraction

after their separation in the density graiient

of cesium chloride

Density of the ° 1g plague-forming 1g neutralization

products (in g/cm3) units in 1 ml
. without serum| with serum
1.30 5.6 5.3 0.3
1.33 6.3 6.1 ’ 0.2
) 1.37 ‘ 6.1 5.7 0.4
1.43 7.1 2.3 ; .8 '

It can be seen from these data that the virus-specific serum does not completely neu-
tralize all the 4 fractions of the infectious material, which have densities from 1.43
to 1.30 g/cm3. Most sensitive to neutralization is the material with the density of

1.43 g/cm3.

The aim of this work has been to study the synthetie potencies of subcellular
structures isolated from cells infected with the VEE virus. It has been shown earlier
that the replicative complex of arbovirus is associated with the MM fraction (the frac-

tion of large cells) of infected cells (Friedman and Berezesky, 1967; Martin and
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Sonnabend; V. M. Zhdanov et al., 1969c), and the recently described virus-specific
strucéures -- "factories"/"fabriki"/ (Bykovsky et al.) are also associated with this
cell fraction. In the present work it has been shown that the MM fraction isolated
from infected cells. possesses polymerase activity, and virus-specific antigens have
been discovered in it by the method of immunofluorescence (F. N. Yershov et al.).

It therefore appeared expedient to study, in this system, the extracellular
synthesis of RNA and proteins, and the formation of ribonucleoproteid complexes.
After several attempts at combining noncellular systems of protein and RNA synthesis,

we arrived at medium No. 199, which contains, in good balance, the predecessors of

both systems. Although the predecessors of RNA in this system are puridine and pyra-

ﬁidine bases, the presence of functionally active mitochondrias In the system provides

for their phosphorylization to nucleoside triphosphates.

Study of this system showed that the MM fraction, isclated from infected cells

and incubated in medium No. 199, provides for intensive synthesis of RNA and proteins

S
3
x
&
i
g
3
%

during 3-% hours incubation. Furthermdre, 2 kinds of RMA are synthesized in the MY

o TR

fraction: virus-cpecific RNA, and cellular RNA, apparently of mitochondrial origin,

since its sedimentation properties correspond to those of‘mitochondrial RNA (Comarosan

et al., 1968). Synthesis of the latter is relatively resistant to the action of ac-

tinomycin D (Dubin and Montenecourt). Thke virus-specific RNA synthesized in this

system is discovered in two forms: sensitive and resistent to ribonuclease. This

corresponds well to newly published data (Sreevalsan and Yin, 1969) end with cur
results, vhich showed that the products of polymerase reaction differ in relation to
the incubation time: with short-time incubation (10-15 minutes) the principal product
of the polymerase reaction is bifilar RNA, while a considersble quantity of monofilar

RNA accumulates during prolonged incubation. Both kinds of virus-specific RVA separate

well in gradi-nts of saccharose and cesium sulfide. In experiments with the weighting

of RNA by BUR, it was alsu shown that virus-specific RNA is synthesized in the investi-

e AT
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gateq system extracellalarly. and 1s not a product of the completion of incomplete
chuins synthesized In the cell. ‘

We did not try to chgracterize in detail the protein types synthesized in this
system (this 1s an objecéjof'subsequent research); however, experiments with a serologic
neutralizer of the products of synthesis showed that at least pert of them are virus-
ébecific.

Our attention has been ébncentrated on study of the products formed in the system
urder investigatior. Their analysis in the density gradients of saccharose and cesium
sul®ate showed that the end products of synthesis of the MM fraction are ribonucleopro-
teld complexes, which differ umong themselves with respect to sedimentation properties

énd floating density. It has been shown earlier (L. V. Uryvayev et al.) that ribo-
| nucleoproteid isolated from VEE virions has a sedimentation constant of about 160S
and a floating density of 1.43 g/cma. Similar characteristics have been obtained
during study of the ribonucleoproteid of other arboviruses (Streevalsan and Allen,
1968; Dobos and Faulkner). A component with these properties was regularly being
discovered in our experiments with extracellular synthesis in the MM fraction;_how-
aver, ribonucleoproteid complexes with other sedimentgtioﬁ and density charscteristics
were also discovered.

During titration of products of the MM fraction, incrementation of infectious
titers in the incubation medium was established, and infectious properties of various
ribonucleoproteid complexes, divided in the density gradienté of saccharose and cesium
chloride, were discovered. The increase of infectioﬁs titers is not linked to clution
in the medium of the residual virus, adscrbed.on structures of the MM fraction, since,
in the first place, an increase of the infectious titers does not take place during
incubation of the MM fraction at 0°%; in the second place, during incubation of the 14

fraciion with the virus or with viral RNA zt 37° the infectious titers decreasc in the
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medium and on the structures; in the third place, decrease of the infectious -titers

takes‘place also during the incubation of the MM fraction from infected cells at 37°
in a tris-buffer or in medium No. 199 with puromycin. In all the cases, the cause of
the decrease is the thermal deactivation of infectious material, which'during incu-
bation of the iM fraction in medium No. 199 is compensated by a much more intensive
incrementation of the newly synthesized infectious ribonucleoproteid.

Infectiousness of the_gradientsof saccharose and cesium chlorate is also not
assoclated with contamination of the gradients by the residual virus, since in con-
trolled experiments with the centrifuging of VEE yirions, a different type of dis-
tribution of the infectious titers in the'gradients was obtained, than the type ob-
tained during the centrifuging of products of the MM fraction.

- Therefore both the general increase of infectious titers 3n.the medium after
extracellular incubation of the MM fraction, isolated from infected cells, and the
infectiousness of individual fractions of the gradient, corresponding to various kinds
of RNA, should be considered as being associated with extrécellular synthesis of the
infection material. .

The infectiousness properties of the total product, as well as those of its indi-
viduai components, were not completely neutralized by virus-specific sera. This testi-
fies to the fact that both virus-specifi:z and cellular proteins participate in the

formation of complexes with virion RNA.

4 e e A —
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EXTRACELLULAR SYNTHISIS OF INFECTIOUS RIBONUCLEQPROTEIN
ON SUBCELLULAR STRUCTURES

V. M. Zvdanwe, F. 1. Ersing, L V. Urgvaen : e
Summary

o At ¢t

™ The synthesis of the infeciious ribunucicopratein virus was effected in the muto
chandsisi-microsunal (MM raction iswlated from the chicken fibzublast cells iniccied
with the virus of the Venczuelan fotin of cquime encephatomyelitis (VFELE) 25, 3 hours

RV RS REPIRR Y

from the moment of inocuiation and then fucubated in the NI99 medium or in the
system for defining the polymersse actwaty. Following wcubation of the said system :
; : fur 3—4 hours the infection utre of the product ncreased 73 ~100old by comparson &
with the initial one. 1t is shown that such 3 tise of i nfectioustioss had beent cansed
not by clution of the resi‘ual virus with the sgheellular structures into the mediunn
i but by the synthesis of the nfectings maicria’ e novo, In ts system both the singio-
i and twe-band RN\ in sunthelized, being then associated with vitus-speciite and cellular
: pooteins and dorning + Sunuchoproten oamplexes. The latler possess infectious propere

H tics and are partiy neulalized with the virus-specific serum.
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