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19 AHSTHRACT

The viral RNA species synthesized in a porcine kidney cell lin e, PS(Y-15), b
Japanese encephalitis virus (JEV) are described. Virus titers on these cells ranged
between 106 to 107 p.f.u/ml at the end of 2 to 3 days incubation at 35% C. Actino-
mycin D9AD) mycin D(RD) could not be used to unmask JEV RNA syntehsis since it
inhibited virus replication at concentrations necessary to substantially reduce

host cell RNA synthesis. Treatment of cells with ljig AD/ml and removal prior to
infection permitted good JEV replication, and at the same time strongly suppressed
synthesis of 28 S and 18 S cellular ribosomal RNA. The problem of separatin g

viral RNA from non-ribosomal RNA that was still being synthesized by AD pretreat-
ment cells was rasolved by the isolation o{ the cytoplasmic membrane fraction of

analyzed for sedimentation characteristics on sucrose gradients has four RNA

spaecies not found in uninfected cellz. They are: (1) 45 S. single stranged RNA
believed to be the infectious RNA found in the viron; (2) a 27 S RNA single stranded
RNA (3), a 20 S ribonuclease resistant RNA believed to be double stranded and

(4) and 8 S RNA species. The RNA species found in JEV infected cells, except for
the 8 S form, have been found in group A arboviruses. The procedure described
utilizing AD pretreatment of host cells and the separation of the cellular cyto-
plasmic fraction may well have value for cells and the separatién of the cellular
cyto-plasmic fraction may well have value for the study of the biosynthetic events

involved in the replication of other animal viruses that are inhibited by AaD.
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NATIONAL TECHNICAL
INFORMATION SERVICE

infected cells. RNA extracted from the membranes of infected Ad pretreated cells and
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Japanese-Encephalitis Virus Replication:
A Procedure for the Selective Isolation
and Characterization of Viral RNA Speeies!

By

B. Zesovirz, J, K. L. Ledxa?, and 8, C. Dovanny.
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Summary

The viral RNA species synthesized in a poreine kidney cell line, PS(Y-15), by
Japaw ae encephalitis virus (JEV) are described. Virus titers on these cells ranged
betwern (00 to 107 p.fafml at the end of 2 to 3 days incubation at 35 € Actino.
myein'D (AD) could not be used to unmask JEYV RNA synthesis since it inhibited
virus replication at concentrations necessary o gubstantinlly reduce host cell
RNA gynthesis, Treatment of colls with 1 pg AD/ml and removal prior to infection
permitted good JEV replieation, and at thesame time strongly suppressed synthesis
of 28§ and 18§ cellular r{hosomal RNA, The problem of soparating viral RNA
from non-ribosomal RNA that was still being synthesized by AD pretreated cells
was resolved by the isolation of the eytoplasmic membrane fraction of infeoted
cells, RNA extracted from the membranes of infeoted AD pretreated cells and
analyzed for sedimentation characteristies on sucrose gradients has four RNA
species not found in uninfected cells.Theyare: (1) 45 Ssingle stranded RNA believed
to be the infections RNA found in the virion; (2) a 27 8 RNA single stranded
RNA: (3) a 20 § vibounelease resistant. RNA believed to be double stranded and
(4) an 8 S RNA species, The RNA species found in JEV infected cells, except. for
the 88 form, have heen found: in groap A arbovirnses. The proceduro deseribed
utilizing AD pretreatment of host cells and the sepavation of the cellular eyto-
phsmic fraction may well have value for the study of the biosynthetio ovents in-
volved in the replieation of other nnimal viruses that are inhibited by AD.

1 This work was supported by the Burcan of Medicine and Surgesy, Department of
tho Navy, Projeet MR 041.05.01-0000 B3 GJ,

T'he epinions or nssertions contained lierein nre the private ones of the authoms and
are not to bo conatrued as official or refleeting the views of the Navy Depuetment. or
the Naval Servico at largoe

2 Postdoctoral Research Associate, National Researeh Couneil. supported by the
Bureau of Medicine and Surgery, Departinent of tho Navy,
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Several ribonucleio.acid-{(RNA) species synthesized in vertebrate:cells infected
with-yarious group A-arboviruses have'been isolated and.characterized (6, 8, 15,
28).:Four species of yiral RNA have peen-separated-and classified oii the basis of
their biologieal proertics, scdimentatioit propertics in sucrose gradients and
clcctrophou,hc nmbxlmca in acrylunide gels: a) a 45 S single stranded RNA which
is infeetious and is foum;-m the mature virion, b) a 27.8 single stranded. lk‘\‘A of
unknown, function, and two vibonuclease resistant doublo stmndu’ﬂ Soiims,. u) Y
rcphcntl\'o intermediate and d).a replicative form. The pregize sequence of syetdio-
gis of these RNA products is still unknown. )

Similar tudies concerned with the varinus RNA spevics induced. in coli
infected witt group B arboviruses have been pcrformc(l but to a:lesser exteit,
TrENT of al. {28) reported that Saint Louis éncephalitis virus inducés'the syntiesis
in Vero_cells of & 43 § infectious R\'.\ 2 268, and’20 S forms as deseribed gor
group A arboviruses. The'26 S RNA, however, was found to.he reintively resistant
to ribonuclease, Two viral RNA species, the 45 S andi20 S types. were detected
in:BHK-21/13-cells-infeoted=witli=type=2-dengue virus-(22): Tn-this caso-the 26°S
RNA was present only in trace amount if at all.

The replication of-arboviruses is. generally considered fo be resistant to the
action of actinomyein D (A])) In our studies howaver, we found Japanese emcph-
alitis vivus (JEV), a group B arbovirug, to be strongly inhibited by this drug,
Standard metheds for studying viral RNA synthesis utilizing AD to inhibit host
cell RNA synthesis could not be used with JEV,

This report. deseribes a procedure for inhibiting host cell ribosomal RNA
synthesis by pretreatment of cells prior to infection with AD and.the selective
separation of viral RNA from cellular nen-ribosomal RNA by the isolation of the
cytoplasmic membrane fraction,

2, Materinls andd -Methods

2.1, .Cell
A poreine kidnoy stablo eell line designated as 'S (Y-15) was xeleeted beeanso it is
particularly well suited for pluquo formation by JEV (13). Cells were grown on Eagle's
minimal essentinl medivm (MEM) mnpplonwnlo(l with 109, call sermn and 0,69
lactalbumin hydrolysate on 60 mun twuu culture plates for 3 to 4 duys at 37" Cinan
atmosphere of 597, carhon dioxide in air,

2.2, Virus

JEV strain Yachida of unknown pussago history was obtained from Dr. Willinm
Allen. Virus seeds consisted of 109 brain suspensions of suckling mive infeeted intra
cerebrally,

2,8 Virus Titrations

Confluent mmmln\'om of PS(Y.15) cells were inocudated with 0.0 ml volumes of
virus diluted in ])ll()ﬂpllll((\-l)llff(‘l(.‘(l anline (I’BS) pH 7.4 containing 0,759, bovime
serim albumin, Dilutions were kept in an ice bath until wsed, Virus was adsorbed to
colls for 1 to 2 hours nt 35° C and overlnyed with 5 ml of a medivm composed of MIEM
containing 1,09, calf serum and 0.8%, agarose, Cultures wero incubuted for 4 doys ot
36°C in an incubator supplicd with 59, carbon dioxids in air, A second overlng
consisting of 5 ml of 1;10,000 dilution of neutyal red 1,09, Nobias sgar was added.
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Japineso Engophalitid me RNASynthesin 321
The plates were fetitnoed to the 35° ()Tmunlmtor and Ahv virnlplagues counted thoe
{oilowing day.
Zido Infoction and AR Protregtmant
Growth iedwin wagromoved from tie I’S(\' 15) mionolayers and each daituro was
rouu-(l for 60.minples with 3 ml of 1 (xglml AD in PBS, The drug was removed by
aspiration and the el \\'nxhql twico with PBS. The eultvtes were infeeted-at a multi-
plicity.of 1 plige fmnumx unit (p. £ per cell, Tho virus was allowed to adsorh for
1-% s, Tho cultuz. were the overlayed with. 5 nl Hanks Jaetalbumin hydrolysato
médium (HLH), pn\‘olmhccl fiom Grand Island Biological Co., Hupplmncntvd wlth 104
ealf sorum and lll(.lll)h edat 356° C wivh 6%, earbion dioxide in air. Growth mcdunn wis
sremoved on-the sceora: (ln\' and roplaced.awith 3 milfplito HLH withéit. calf serum
containing & pCi IH.5. urulmo/ml Cultures were reincubnted at 36° C for 2-hours,, The*
cells wero hurvesied by seraping into the medium with a rubber policeman and sedi-
mented by eeatrifugation. Tho coll pollit was washedsoneo with PBS. The subsequent
procodurzs-vero performad in an ice bath,

2.5. Preparation-of Cytoplasmiec Mombrane Contuining Fraction

Tho PBS washed cells wera suspended in rotieulocyte standard buffer (RSB) (0,01 M
Trie.HCL; 0,01 s KCl; 1.5 % 10-3 3 ) \l&Ch, pH 7.4}, aid allowed to swell for 10 minutes.
Tho colls were ruptured with 25 strokss :n o closely fitting Dounce homy pgehizer, Lorgo
cell debrig wero pelleted at 800 % g for & ninutes and disenrded. Thio turbid supernatant
was_contrifuged-(Modol-L.Spineo) .t AGI000 % .g-for 10- minutes, The-resultant=pelict:
consisted largely of cell membranes,-bui pr()lml)l\' included mitochondrin and somo
ritiosoines, This material will ho designated as the eytoplasinie membrano wnmnung
(CMC) fraction. Approximately 1.5 X107 to 3,0 X 107 cells were used in‘the preparation
of the CMC' fraction.

2.6, Extraction of RNA from CMC Fraction

Tmmedintely after its isolation, the CMC ‘fraction was resuspended in 20 ml of
0.02 & phmplmm buffer confaimng 10-3  ED'TA pH 7.4 (5). and extracted twico with
20ml of cold watorsaturated redistilled phenol containing 0,59 sodium dodeeyl
sulfate, To preeipitato the RNA, tho nqueous phase obtained after the Hl.‘('()ll(l pllcnol
oxtraction was.ndded to 3.5 volumes of“cold 039 othanol contuining 0.3 0:, potassium
acotate anel held at ~20° ¢ for n migimum of 2 hours, 'The sediiment. wag collected by
centrifugation, dissolved in 10 ml'i38, precipitated again and stored at. =20° ¢,

2,7, Sueroso Dongity Gradient Analysis

RNA derived aa nbove from CMC fraction and pcllo(c(l from aleohol by centr ifugu-
tion was digsolved i 2 1l -PBS, layered on top of a 28 ml sueroso gm(hvm (15 to 369,
sueroso in RSB contnining 0.16 M NaCl) and centrifuged in a SW 28,1 rotor at 23,000
rpom. in a Model L Spinco for 18 hours, Chick cell RNA was ndded fo tho CMC RNA
th,provido 28 S und 18 S ribosomal RNA species as sedimentation markers, Gradient
tubes were picreed at the bottom with an 18 gaugo needle; 10 drop fractions wero
colleeted and diluted to 1.0 ml volumes with PBS. The absorbance at. 260 nm of each
fraction was determined to loealizo the position of the ekick coll ribosomal RNA peaks.

Acid insoluble radioactivity was measured by preeipitating the fractions in the
presonco of 500 pg yeast, RNA ag earrier with 109, triohloroncativ acid (I'CA). To
determine tho position of the ribonueleaso resistant doublo stranded viral RNA, each
fraction was divided into two 0.5 ml aliquots, Ono aliquot. was trented with 1 pg
puncreatie ribonuclenso for 30 minutes at 37° €, and the neid insoluble RNA precipi-
tated ag deseribed above, The second aliquot was processed without ribonueleaso
treatment.

The 'T'CA insolublo precipitafes wore colleeted on mombrano filters of 3.0 pm pore
give, "Thoe amount of racdionetivily trapped on dried filters placed in 10ml of u liguid
seintillator solution [4 gm Omnifluor (Now England Nuelear) in one liter tolueno) was
dotermined with a Tseekman LS-250 liquid seintillation spectrometer,

Sedimentntion coefficients were ealeunlnted by the method of Manrtis and Ases (17)
using chick cell 288 and 18 S ribosomal RNA ax sedimentation murkors,
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322 E. Zznovirz, J, K, L, Lioxg, and’8:-C. Dovpiry:
3. Kesilts

3.1. The Effcot of AD on JEV Roplication

PQ(Y 15) cells support good growth:of JEV and titors ranging beis tc‘éx; 19%

and:107 p.f,u./ml ara reache no the endt of 2 to 3 days incubetion-&¢ 36° C.,

AD has*a pmnounccd‘mlnbxtory offcct upon-tho, replication of. JEV -{Fig.. 1),
Tho irhibition is dose- dependent and virts growth is inhibited:more than 9§09
i the presonco of 1.ug-AD/ml. Soveral JEV strains, availablo in- our laborabory

‘Nakayaia, Peking and a Taiwan strain 143 were also sensitivo to AD when grown.
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Flt, 1, Tho effect of AD upon JEV replleation on PS(Y+16) celis, § ml LM medium withont ealt serip; cobtaluing

tho dvalrml concentratlon of AD was sidded to each culture after lnfection, B&mplea of pooled medhra frots duplie:

eate culti & wero taken ut dally. Inlcr\nls and plaqie asays perforiacd re deseribed e Materlals and Methods,
0= 0 O pginl, [J=—=L} 0,1 pgiml; @ 1,0 p/in}

on PS(Y-15)-cells, Theso results indicate that. AD ean notbe used to unmask JEV
RNA synthesis sinco it.inhibits virns replication at lovely necessary to sufficiently
raduce host cell RNA synthesis. Another method is theréfore réquired to selectively
inhibit host cel.LRNA synthesis.

3.2, Frotreatmont of .Colls with AD

1t was shown that treatinent of normal cells with AD for a short piriod follow ed
by its removal resulted in n-markedly altored pattern of cellular RNA synthesis,
Ribosomal RNA synthesis iz particulazly sensitivo to AD and remaius inhibited
oven after tho drug is removerd (20}, Reduction of tho amount of ribosomal RNA
made in infeeted colls is cssentinl for the deteotion of viral RNA since the RNA
species made in infected cells havo sedimentation values very siwlir to the 288
and 18 S ribosomal RNA species,

To test the offeot of pretreatinent of PS(Y-15) cells with AD upon JEV replica.
tion and cellular ribosomal RNA synthesis, the cells were incubated with increasing
levels of AD for 60 minutes, the drug removed and infected with JEV, Viral
growth after pretreatment with several AD concentiations is shovan in Figure 2.
High concentrations of AD from 1 to 10 pg/ml did not adversely affect virus
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gro“‘tﬁ: and titeis obtained nt- 2'days cqualled that of the uitreated control
ctslbures.

The sedimentation characteristics of RNA obtamed from uninfected PS(Y-16)
cells treated with ‘1 pg/m! and 5 pg/mb AD in the manner deseribed above aud

!

LOGyy, fLAQUE FORMING UL.TS/mi

2 1 : J
0. i 2 3
TIME {0AYS)

Pig, 2. 'The effeel of pretzeatment of PR(Y-151 cells with 31D sipon growth of EV, Colls wero treated with disered

cancontmtfon of'A1y ir 3 ml PR for 60 minntes, ‘Fhe meaium wak removed and cells washed twice with I8 beforo

fnfeotion, Plates were overlayed with 57l HLIE medinm with 10% call seramg Satples of pooled growth medlum

“From duphieate plites werg taken dully, Vicus titers \\‘(imldullormlm‘tl by plaque assay as deacribed Tn Materlals and
Methode,

Om—=0 0 gt AN/, @ L0y ADML, . Jrmeml} 10 Ut AD/i0)

incubated with radionetive uridine for 2 days are illustrated in Figure 3. The short

AD treatment with 1 pghml AD resulted in a partial inhibition of 28 S and 18 S
ribosomal RNA synthesis and an incrensoe in tho amount of RNA that sediments
in the 5 to 10 S region, Five pg ADjmnl almost completely inhibited ribosomal
RNA synthesis, but the umount of slowly sedimenting RNA was_not inercased
above that obtained with 1 pg AD, The presence of appreciablo amounts of non-
ribosomal RNA, however, required an additional procedure for separation of host
and viral RNA products,

3.3, Isolation of Viral RN A from CMC Fraetion

Vembranes of the endoplasmic reticulum of the host cell have been implicated
in RNA virus veplication (1, 8, 11). Viral protein, RNA, and RN 4, polymaraso
wore found to be associated with this ecll-fraction. JEV, like ather srbovivuses,
develops on the cytoplassiiec membranes (18), This associntion of viral RNA with
the eytoplasmic membranes seemed to offer the means of separating viral RNA
from the cellular RNA that is not inhibited by short treatment with AD,

RNA extracted from the CMC fraction of normal and infeeted cells contained
approximately 10 and 25°,, respectively, of the rutionctivity originally incorporat.
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od into tho intdet cells, These data indieste that the-procediie of isolating e
-OMC frection prior to RNA extraction remiovés a siabstantiashamount-of szllpar
RNA,

Sor 28s.

. x102
$

'

COUNTS /MIN
3

0 o 20 0 40

FRACTION
Fig. 3. The effect of pretteatmentof PS(Y16) cells with AD u{nm tihosnnal RNA wonihesls, Cells were Lresied
with AD for 60 minuten, Jzablial AD was removed be-swo washes with PUS, The cetds werw overlayed wiiie s vl
BELEU et withe ) ¢yl ainidine and Inenbated at 33 2 for 2 daye, Ithosomal RNA was extoueted frvn fugneg

cells with cold?phicw)! by the procediire describes for CMC fraction f Materlals aad Methinds,
O pinitECALNd cONPOL, @ - @ 30 pugfl, - v B0 pim

“T'ho sedimentation pattorns of RNA extracted from control and infeeted CMC
fraction from AD pretreated cells wero markedly difforent (Fig. 4 A), The RNA
i enoh case was derived from approximately-the same number of cells, yot the
radionetivity recovered from-the control cells was much less than that of infeeted
cells and no major penks were observed. The amount of host eell RNA of Jow
sediniontation -cocfficiont, shown in Figure 3, was greatly reduced by this
procedure,

Two major and two minor species of viral RNA aro found assoclated with the
CMC fraction. The most rupidly sedimenting apecies, 45 S, has approximately the
same sedimentation cocfficient as that: determined by Teakasur ef al, for the in.
fections RNA of JEV (12). The second major peak sediments at- 208 and is
resistant to vibonuvleaso (Fig, 4 B) and probably represents the double stranded
viral RNA species, The two small but distinet peaks consist of o 27 S RNA,
which corresponds to the one isolated in group A arboviruses in much larger
amounts, and an 8 S RNA which is possibly of viral origin but whose significance
in JEV replication is not-yet -krown,

The possibility that tho separation of the CMC fraction would be sufficient. to
soleetively isolate JEV RNA products from cellular RNA without first tresting
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‘the-cells with 4D wes tsfail.‘Sedimentation pattern of RNA extracted from tho. .

“GMO-fraction of untreaion snfected cells.consisted. primarily of the two cellular , ;
ribbsvinial RNA species. Viral wNA peaks were conipletel§ niacked Ly those of the-

¢ollular:RNA. AD treatment ol 4.~ cells prior-to infection is an essentigl sigfi-to- ) ot
‘suppress ribpsomal RNA synthesis. i '
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Flg. 4, Settenentation protile of RNA extrieted {rom CME haictlon dadved from PS{Y15) colls ttecled with Inv,

JEV Infected and eoutrol uninfeeted evlla prefrvaterd with Usggml AD wetn tasnbated 8t 35 ¢ o 2 days, {44k

werp Pulis labeled with 5 0l 31ksonrkdlne for 2 hosire, CB( fraction BNA Toletod Al nalyaed ss descitiod in
Matesiale amd Methinds,

A Yieal RNA (00—~ -0) nad ennteol coll RNA (8 - -0} B, lbahirlease rostedant vieal INA (o0 - ~6)

4 Disenssion

The RNA species synthesized in JEV infeeted PS(N-15) colls are siwilar to
those reported for group A arboviruses (6, 8, 18, 26), exeept that the smount of
278 RNA in relation to 45 8 and 20 8 RNA’s that are in tnis cawe aasocinteif with
the CMC fraction appearedd to be much smallee Tho low Jovel of 278 RNA '
recovored may be the reanlt of the proceduro used for-the isolntion of the eyto- (
plasmic membrancs. Destruztion of the 27 8 RNA by the nueleases present in the ;
cell extracts is possibly not the complete explanation, beeanse RNA retafned an
the cell membranes s belioved to be rewlstam to nuclease action 1843 Alsy the
45 8 RNA, o single stranded RNA, appears to be retained intaet. However, it ix
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326/ B Zrsovitz, J.K. L. Lroxa, and 8. C. DouGHTY:

i sibsIc ghint the 27 8 RNALs loosely bosind to the membrane and some is released

froiii it-auring the isolation procedurs. If this-is the case this RNA fraction would.

be-disearded- or-exposed to nuclease digestion.. Attempts to deteet this RNA in
the cell extract afier remov abof the menibrane fraction-hgve failed. Lxxlally, it is
possible that the lowitt ol of 37 8 RNAk property of JEV. A similar observation
wag made for type 2 dcnvu(, virus by.StoLimR e al. (22) who reported that 26 S
RNA was found in infeeted cells in very smail amounts or not at all.

Study of RNA synthesis by JEV was Lomplicntcd by the sensitivitg, of this virus
to AD, JEV is not unique in this fespect since n number of RNA viruges are known
to be inhibited. i*v AD perhaps for different reasons, Under cerlpin conditions the
growth of some swuain« of poliovirus (10, 19), reovirus ( 16),.munips virus (7), fowl
pln;,uc virug ("), lymphoeytic choriomeningitis virus (4), and- the KNA tumor
viruses (3, 24)-is inhibited by AD.

The effect of ATy has been tested with only a few members of group B arb.
viruses, Levels in the-range of 0.01 to 0.03 pg/ml AD have a slight stimulating
‘«ffeot-upon dengue (21) but inhibiv virus growth at concentrations in excess of
0.1 ggfml. An enhancement cffect by low AD concentrations has also been
reported for-JEV.(25). The-inereased-virus=yield-in-both-cases-was attribuicd to
the inhibition by Al¥ of interferon «ynthesis, St. Louis encephalitis virus is reported
to replicate normally ws BHIG21/13 cells in-the presence of AD at 0.5 pg/ml and
tho syntheats of viral RN&Y was studied under conditions in which cellular RNA
synthesis was inhibited (23). Iirour system J 12V was inhibited by AD at this con-
centration,

The mechanism of inhibition of JEV by AD is not known, The possiblity that
a subtle cellulny function or virus diteeted eetivity may be invelved is now being
investigated,

The procedure thasen!md for the selective isolation-of JEV RNA tilizing AD
pretreatment of host eelis and-ikic separation of the cellujar extoplasmice fraction
may well have value for the study of the biosynthetic events involved in the
replication of other animal vivuses ‘that are inhinited by AD.
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