AD-768 831

A STUDY OF THE COMPLEXING OF VIRAL
RNA WITH CELL PROTEINS

L. B, Uryvaev, et al
Army Medical tesearch Institute of Infectious
Diseases

Frederick, Maryland

15 April 1972

DISTRIBUTED BY:

National Technical iaformation Sesvice

U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road, Springfield Va. 22151




- T AD

A STUDY OF THE COMPLEXING OF VIRAL RNA WITH CELL PROTEINS
$ Vop. Virusologii 17:6:670-676, 1972
¥l L. B, Uryvayev, T, M, Sekeleva, F, I, Yershev and V, M, Zhdanev
A?T D, I, Ivanevsiiy Institute of Virelegy of the USSR [:) [:) (:: -
: Academy of Medical Sciences QT} HCREALITMY
NOY 9 1973

Received April 15, 1972 {I{h}ﬁ“ﬁi[;ﬂjijntgﬂ
B

Data hizve been ebtained regarding certain physical and chemical preperties
of chick fibreblast preteins which ferm in vitre coemplexes with the RNA of
Venezuelan equine encephalitis virus, Seluble cell preteins which are net
sedimented by centrifugatien at 105,000 g were shewn te ferm cemplexes with
viral RNA, These preteins firmly adserb en DEAE cellulose at pH 6,8 an& are
eluted enly in 0,3 M NaCl, Sedimentatien analysis revealed threa classes of
preteins ferming complexes with RNA, It was datermined that the process ef
cenplexing of viral RNA with cell preteins preczeds mest effectively in selutiens
with lew an?. medium ien strength (0,01 and C,1 M NaCl), The fact that pretein-
RNA cemplexi.g is inhibited by high salt cencentratiens (0,5 and 1 M NaCl)
suggests that electrestatic ferces play a rele, A relatienship was feund
batween the sedimentatien rate of the resulting ribenuclespretein cewmplexes

and the ameunt ef prstein cemplexing with RNA,

Twe tables, Three illustratiens, Eighteen bibliepraphic entries,
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I has been shewn that cyteplasmic extract eof animal cells centains prateins
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of high melecular weight which ferm ir vitre cemplexes with varieus specles

of RN4 and in particular with messenger RNA [3, 4, 6, 11, 12, 17], The
resulting ribenucleoprotein structures are similar in their physiéal and chemical
prcpé%ties te the infermesenes iselated frem animal cell henmegenates [1]. The
lattermappear te play a substantial rele in preserving and transmitting genetic
infermatien [7, 8, 14, 15] and may participate in the brocess of initiating

transiatien [13, 16].

The pheneaenen of the cenplexing of viral RNA with cell preteins is of
special interest, Viral RNA belongs te the spacial group ef témplate RNAs
and differs frem cellular RNA in a variety eof biolegical, physical and chemical
preperties, We shewed e..l%aw *hat, when infectious RNA eof Véﬁezuclan equine
encephalitis (VEE) virus is intreduced inte chick fibreblast hemegenate, and
alse vhen the micresemal-mitochendrial fractien extracted frem VEE-infected
cells is incubated, hybrid ribenucieepratein cemplexes censisting eof viral
RNA and cell praoteins are ferned [2-4]. The hybrid ribenucleepreteins (RNP)
have an infectieus preperty which is net neutralized by virus-specific serunm,
At the same time, the different techniques empleyed to identify the infectieusness
of RNP cemplexes and of virai RNA pernits these structures te be easily

differentiated [17].

Little study has been devetad te the physical and chemical properties
of cell preteins ferming hybrid RNP cemplexes, or te the nature eof their inter-
action with viral RNA, Some data an these questiens are centained in the

literature [9, 11] and are presented in the present study,
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MATERIALS. AND METHODS

Viruses and cells, All experimeats were cenducted with VEE virus (SPF

~

strain) and chick enbrye fibreblasts (CEF), Culture and purificatien metheds

have been described earlier [10, 18],

In erder te ebtain virus labelled with 3H~- and l4C-uridine, the virus
was cultured in a depleted culture medium (mediun Neo, 199 diluted three timos
with Hanks® saline) centaining radicactive precursers in a cencentratien of

5 MCi/ml,

RNA iselatien, Cu}tured and purified virus was used te iselate viral
RNA, and CEF cell® te iselate ribesemal RNA, Extractien was carried eut three
times with phenel in the presence of 0,5% sediunm dedecyl sulfate at 65° [5],
RNA was precipitated with ethanel, cesled in an acetone-dry ice mixture and
stered at -20®, Befere use RNA samples ware reprecipitated with alcehsl,

The abserptien specturm ef thc¢ ex*-acted RNA was found te be S5F-16,

Preparation eof cell preteins, Trypsinized CEF celis were sedimented by

centrifugatisn at 2,000 R fer 15 minutes, The sediment was washed with a

large velume of 0,1 M phesphate-sedium buffer (P3) (pH 7.2), and the cells

were reprecipitated in the same manner, The precipitate was hemegenized in
20~3- m1 eof 0,01 M PB at pH 7,2, The cell debris was centrifuged at 15,000 IIPM
fer 20-30 minutes, The supernatant was centrifuged at 105,000 g fer ens heur

in an angle reoter, The resulting supernatant (S-105 fractien) was drawn eff

by pipette from the bettem «f the test tube te aveid admixture of the upper layer

of 1ipids, The preteins thus ebtained were stered at -20%, A psrtien of them
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were used fer further fractienatien in a celumn centaining fibreus DEAE
cellulere, Regeneratioen of the exchangeant was carried eut by the usual
mathed, Elutien was perfermad by the methed described in [11]. Twenty nl
of the S-105 fraction (pratein cencentratien = 27 mg/ml) was intreduced

inte a2 celumn measuring 1,5 x 18 cm which had been previeusly neutralized with
0,02 M PB at pH 7,4, The excess ef uncembined pretein was eliminated by
passing 5-6 velumes of 0,02 M PB at pH 6,8 threugh the celumn, (Yesting

for abserptien was cenducted at 260 and 230 nm,) The preteins were eluted
with a steowise NaCl salt gradient (0,3 and 1 M) prepared on the same buffer,
The fractiens were cellected in 7 ml test tubes and abserptien was determined
at 260 and 280 nm, Te ebCain higher cencentratiens the preteins wece salted
eut with 70% (ef saturatien) (NH;)250; at 4® fer 24 hours and centrifuged

at 5,000 RPM fer ten minutes, The precipitate was suspended in 0,01 M P3

at pH 7,2 and dialyzed fer 48 heurs against 1,000 velumes of PB in a magnetic

mixer, The preteins thus ebtained were stered at -20°,

Preparation ef complex+s of viral RNA with cell preteins, The $-105

fractisn and preteins urified in the celumn were added te the RNA iselated

frem cultured and purified virus,

Cemplexing was carried eut fer 1C mivutes at 0® in a 1 ml velume, The

ansunt ef RNA and preteins varied accerding te the purpese of the experiment,

Adserptisn of ribenuclespreotein cemplexes en Millipsre filters, In eider

te adserd cemplexes of labelled viral RNA with cell preteins, HVFS membrane
filters (Czechesievak SSR) with pere size of 0,3-0,5 micrens were used, The

filters were first seaked in a Belutien ef ye=ast RNA with a cencentratien
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of 1 mg/ml in order to reduce the adsorption of free viral RNA [11], The RNP ;
complexes ware precipitated in a membrane filter without adding trichloroacetic
acid (TCA) and casein to the sample, The filters were washed with 10 ml of
_Tris buffer (0,1 M Tris, 0,01 M NaCl) or 0,01 M PL at pH 7,2, In these
conditions the adsorption of free viral RNA on the filters did not exceed 5%

aof the quantity introduced, The filters were dried atlroom temperature, thenA
placed in flasks containing touleme scintillator (PPO + PGPOP) and thé radio~
activity of the samples was vounted in a Packard-Tricarb liquid scintillator

counter (USA),

Centrifugation of proteias in sucrcse density gradient, The $~105 fraction

and proteins purified in the column were layered over a 3-20Z (by weight) linear
sucrose gradient prepared in 0,1 M NaCl 0,01 M P3 pH 7,2, Hemoglobin with a
sedimentation constant of 4,5 S was used as a marker [6], Centrifugation was
carried out in a 3 X 32 ml bucket rotor of a Superspeed-50 ultracentrifuge

(MSE, England) at 23,000 RPM for 16% hours, The fractions were collected from
‘“he bottom of the test tube by extrusion using a system consisting of a
compressor, an LKB collector, a recording Uvicord spectrophotometer (A = 254 nm),
Specimens were taken from each sample to measure absorption at 260, 280 and

410 nm (maximum absorption of hemoglobin) and to determine the complex-forming
activity of the fractions, For this purpose all fractionz of the cucrose

gradient were dialyzed for 24 hours at 4© against 0,1 M NaCi 0,01 ¥ PB at pH 7,2,

LR AR

Then 100~200 pg of labelled viral RNA (1,000-2,000 CPM) isclated from the culture

virus were added to the samples, and the smaples were precipitated in membrane

a5

filters having a pore diameter of 0,2-0,5 microns, as described above, The

filters were dried and the radicactivity in them was counted,
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Centrifugation of viral RNA and ribonucleovrotein complexes in sucrose

density gradient, The material was layered onto a 10-30X (by weight) sucrose

gradient prepared on Tris buffer (0,01 M ‘ris, 0,1 M NaCl, 10~% M EDTA).
Centrifugation was carried out in a 3 x 23 ml bhucket rotor of a Superspeed-50
ultracentrifuge (MSE, England) at 18,000 RPM for 13% hours, The fractions

were collected froa the bottom of the test tube by the system descrihed above,
Casein and TCA were added to the fractions to a concentration of 57, The
samples were precipitated in membrane filters, washed with 5% TCA and 957

etnanol, driea, and the radloactivity in them was counted,

Determination of infectiousness of ribonucleoprotein complexes, The

infectiousnese of the RNP complexes was determined by titration using the
plaque method, Dilutions of the material were prepared in 0,1 ¥ PB at pH 7,2
and 0,2 ml of the dilution was placed on a CEF monolayer, After 40 minutes

of adsorption at 20% the infected cells were covered with a layer of agar
medium prepared with neutral red (1:10,300) in accordance with Meinik's formula
and incubated in a thermostat at 37°, Results of the titration were assayed

after 48 hours,

Reagents., 3K~ and l4C-uridine (specific activity = 0,3 Ci/mmol) were
obtained at the Radioisotope Center (Leningrad), HMembrane filters with a
pore diameter of 0,3-0,5 p were obtained from the Synpor firm (Prague),
Hemoglobin (from horsc bilcod) was obtained from the Reanal firm (Hungary),
DEAE cellujose in the form of cotton wonl was produced by the Donetsk Chamical

Reagent Factory,
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Purification of cell proteins which form complexes with viral RNA on

DEAE cellulose, It has been shown that cell proteins forning complexes with -

viral RWA are not precipitated by centrifugatic: at 105,000 g [17], These
data were confirmed in the present work., With a view to further purifying

the S-105 fraction, chromatography of the proteins in a column comtainiag
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Fig, 1, Protein elution profiles in a column containing DEAE cellulose.
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Elution was carried out with a stepwise salt gradient: A ~- 0,3 M NaCl, B ~-
1 M NaCl, The elution profiles were determined by photospectrometry, 1 ==

absorption at 26G nmy 2 -~ absorption at 280 nmy 3 -~ CFA of fractioas. CFA
was computed as the ratio of adsorption of RNP complexes on membrane filters

{(in CPM) to the adsorption of free viral RNA (in CPM),

DEAE cellulose was ~arried out, Figure 1 shows the elution profiles of the
5-105 fraction, As may be seun, the material eluted from the column by
0.3 M JaCl (Fig, tA) contains basically proteins (Ezgg/E260 ~ 1.3), while

that eluted by 1 M “aCl (Fig, 1B) contains basically RNA (Ezg0/Ezgo~ 2).
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The complex~-forming activity (CFA) of the fractions was determined by their
capacity tc retain labelled viral RNA in the membrase filters, For this

purpose labelled viral RNA was added to the fractions from the column and

3
the samples were precipitated in the filters under the conditions in which j
RNP complexes were adsorbed on them (see M-terials and Methods), Figure 1
shows that the proteins eluted from the columm with 0,3 M NaCl formed complexes
with viral RNA, while the material eluted with 1'M NaCl was only slightly
active in this regard,
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Fig., 2, Distribution of protein in a 3-20% sucrose density gradient,
Centrifugation was carried out in a 3 x 23 ml bucket rotor of a Superspeed=-50
ultracentrifuge (MSE, England) fcr 16 hours at 23,000 RPM, Distilbution curves
were determined at 260 nm (1) aad 280 nm (2), Complex~forming activity of the

fractions (3) was computed as described in Fig, 1,

Fractionation of cell proteins forming complexes with viral RNA in a

sucrose gradient, Data found in the literature [11] give reason to suppose

sere s

that a heterogeneocus class of soluble cell protein forms complexes with viral

RNA, It is therefore of interest to study the disctribution of proteimns in a
sucrose density gradient and to determine their capaclty to form complexes

with viral RNA, Figure 2 shows the sedimentation distribution of the oroteins
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of the S$~105 fraction and of the protein purified in the column, The complexes
with viral RNA are seen to form three basic classes of proteins: 12 S, 9 S and
6-4,5 S, the complex~forming activity of each class being different, Similar

classes were not found when the material eluted from the columm by 1 M NaCl was

studied in the sucrose density gradient,

Table 1
The wffect of NaCl concentratiom or the formation of RNP complexes

RNA retention on filters with NaCl concentrations of:

Material 0,01 M 0.1 M 0.5 M 1.0 M

cRM CRM cPM  * oy %

RNA 93 1 98 1 103 1 a3 1
RMA + fraction 2367 26 1773 18 235 2 265 3

RNA + column-purified
protein 1167 13 1380 14 367 4 317 4
Note, To 1 mg of proteins were added 100i»gv(2839 CPM) of 3H-Uridine-
marked viral RNA isolated from culture virus, The adsorption of free viral
RNA did not exceed 3,5%,
* Heré and in Table 2: the ratlo of the adsorptiom of RNP complexes

on Millipore filters (in CPM) to the adsorption of free viral RNA (iam CPM),

The influence of ion strength on the canplexing of viral RNA with celil

protein, The nature of RNA’s interaction with protein is unclear, but electro-
static forces may be assumed to play a role, It was of interest to study the
effect of ion strengti on the formation of RNA complexes, For this purpose
labelled viral RNA in solutions with various concentrations of WNaCl (0,01, 0,1,

0.5 and 1 M) was added to the S-105 fraction and protein purified in the colums,
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Four experiments were performed and yielded similaw data, Table 1 shows the

results of one of these experiments, As is seen, complexing of viral RWA with
cell proteins is observed in solutions with low and medium ion strength,
Increasing the salt concentration to 0,5 and 1 M significantly lowers the

adsorption of labelloed viral RNA on Millipore filters,

The effect of protein concentrations on the formation of RNP complexes,

The next series of exéeriments studied the effect of the concentratiom of
proteins forming complexes with viral RNA on the amount of RNA adsorption onm

membrane filters, For this purpose dilutions of protein purified im the

column were used., A constant amount of labeclled viral RNA was added to the proteins

and the samples were sedimented in Millipore filters under the conditions in
which RNP complexes were adsorbed, The results are shown in Table 2, As the
concentration of proteins added to viral RNA is decreased, the adsorption of
RN¥A on Millipore filters may be Seen to increase, A definlite rela .onship
may be cousidered to exist between the amouut of RNA adsorb.d on the filter

and the amount of protein which has complexed with it,

In studying the effect of protein conrentration on the sedimentation rate
of viral RMA in a sucrose density gradient it was possible to show a relationship
between RNA weight and the amount of protein complexing with RNA, For this
purpose various concentrations of protein were added to marked viral RNA and,
after complexing took place under optimal conditions, centrifugation in a
sucrose gradient was carried out, The results are shown in Fig, 3. In the
first case the RNA:protein weight ratio was 1:6 and in the second it was 1:1,5,
Distribution of viral RNA in the gradient served as control (Fig, 3B), As is

seen, the radloactivii ' peak of viral RNA was displaced in these cases toward
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the bottom of the gradient and sedimented in positions 85 S and 57 5 respectively;

i.e, the sedimentation rate of the RNA after complexing grew by 2,1 and 1,4 times,

The nosition of the radioactivity peak of the heavy viral RNA corresponded to

maximum infectivity, which was shown by titrating the material by the method used .

to titrate virus and constituted 4,0-4,2 PFP/ml in both cases,

Table 2
Adsorption of viral RNA on Millipore filters as a fumction of the amount of
protein complexing with the RNA

Experimeat Ro,

?rotein dilution 1 2 3
CM ¥ (93] 7 CmM 3
Undiluted 399 13 265 8 52 8
152 383 12 211 8 210 7
1:4 339 11 243 7 149 5
1:8 139 5 104 3 54 2
Control RNA 30 1 3 1 30 1

Note, Fifty g of 3H-uridine~labelled viral RNA isolated from culture
virus were added to the protein dilutions, Protein concentrations in the

experiments equalled 0,23, 0,25 and 0.2&13/1 respectively,

DISCUSSION

In the present work the formation of complexes of viral RNA with cell
proteins was examined [1] in terms of thelr canacity to be precipitated on
membrare filters with a pore diameter of 0,4 [2], their sedimentation

constant [3], and the infectivity of tha complexes on trissue culture, determined
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Fig, 3, Sedimentation
rates of viral RNA in

10-30% (w/w) sucrose den-

c

sity gradient as a function

of the amount of protein
complexing with RNa,

A -- RNA:protein ratio =
= 33463 B -~ 1:1,5; C -~

viral RNA, Centrifugation

was carried out in a 3 x 23

ml bucket rotor of a Super-

spead-50 ultracentrifuge

for 13.hours at 18,000 RPM,

by tho metlod used to titrate virus, Some pre-

ference was glven to the first test, which is the
simplest to perform and assures a good quantitative
vorificatiorn of complex formation, Study of the
complex~forming activity of cell proteins showed
that soluhle CEF prcteins.of an appareantly noa-basic
character, which are not sedimemted by centrifugatioa
at 105,000 g and adsorb solidly on DEAE cellulose at
ph 6,8, {orm complexes with tha RNA of VEE virus,
Other authors [ 11] also obtained these data in
studying the interaction of poliomyelitis virus

with Hela cell proteins, Sedimentation analysis
revealed three classes of proteins -~ 12, 9 and
6~4,5 S -~ forming complexes with viral RNA,
According to the literature |6, 9] rat liver
proteins with a sedimentatiom constant of 9 S and
sometimes 6~7 S form complexes with ribosomal RNA,
This appears to reflact structural and functional
differences between viral and ribosomal RNA, The
conformation of RNA in solution is known to be
determined to a considerable extent by ior strength,
Our research indicates that the compiexing of viral
RNA with cell protelns occurs most effectively in
solutions with low and medium ion strengtl and is
inhibited in solutions with high ion strength, This

may be explained by changes in the conformation

of viral RNA, When the ion strength is decreased, the forces of electrostatic
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repulsion between phosphate groups of like charge in the RNA molecule increase,
which leads to unfolding of the chain, When the ion strength is increased, the
charges are screened and the macromolecule folds up into a compact coil,

inhibiting RNA-protein interaction,

The blological significance of the phenomenon of complexing of viral RNA
with cell proteins is not ultimately rlear, The possibllity, demonstrated iu
the preseat work, that hybrid RNP complexes may be formed in isotonic solutioas
implies the existeace of such structures in the infected cell, Study of the
relationship between the weight of the viral RNA in the sucrose demslty gradient
and the amount of protein conplexing with the R¥A permits the conclusion that
when there is insufficient protein it is distributed evenly among all RNA
molecules and an appreciabie increase in the sediment-~tion rate of RNA does

not occur,
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INVESTIGATION OF THE PHENOMENON OF COMPLEXING OF VIRAL RNA WiTt]
CELL PROTEINS [
L. V. Uryvace, T. M. Sokolova, F. 1. Ershov, V. M. Zndanov i

4
Information of some physicn-chemical properties of chick fibroblast proteins forming
in vitro complexes with Venczueian cquine encephalomyelitis virus RNA has been obtained.
Soluble cell proteins which are not sedimented by centrifugation at 105,000 ¢ have beer
st.own to form complexes with virai RNA, These proteins adsorb solidly on DEAL-cetlulose
at pH 6.8 and are eluted from it only with 0.3 M NaCl. The sedimentation analysis re-
. vealed tliree classes of proteins according to the sedimentation constant which form }
. complexes with RNA. It has been demonstrated that the process of comnplexing of virel
E RNA with cell proteins occurs most effectively in solutions of low and moderate ion
e 1 strength, {0.01 and 0.1 M NaCl):»The {act that RNA complexing with protein is inhibited |
& by high concentrations of salt-(0.5 and | M NaCl)}suggests participation in it oi eiect.
2 3 rostatic forces. The relationship befween the sedimentation rate of the resulting ribonuc-
Ieop;?te;ndcomplexes and the amount of protein complexing with RNA has been
. established.:
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