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Sedimentation Characteristics of lapanese
Encephalitis Virus Ribonucleic Acid

AKiRA IGARASHi, To SHIHiKO FUKUNAGA AND KONosuKE FUKAi

Dellar!men, of Preue, ,!fag I\ladici"e, 7/18 Rese"rc/I mr!if"!e 10r ,\titreb^^! DiJe"$eJ, Of aka Uni, erri4y, OJakrr
(Receiue, / 10r publica!ion, hugi, J! 17, 1961)

The sedimentation coemcient or the infective ribonucleic acicl (RNA) of Japanese encephalitis
virtis (JEV) \\, as determinecl by assaying its biological activity. In a cesium sulfote density gradient
JEV-RNA showed the same buoyant density as polioviius (PV) RNA. Howevei JEV-RNA had
a larger sedimentation coemcient (46S) than PV-RNA. No components other than mature JEV
pailicles could be demonstiatccl to yield infective RNA by the cold phenol method.

Littleis known anout the RNA of arthropod-borne viruses suclT asJEV, coinpar.
ed with the information o1t those of small ether. resistant clathroviruses such as PV.

Using ail assay method for the infective RNA fraction of JEV-infected mouse brain
(Igarashi at a!., 1963a, b), the basic I, lophysical characters of JEV-RNA have
been studied, especially in comparison with those of PV-RNA, usintr chick cells
and HeLa cells as specific 1,1010gical indicators of JEV-RNA and PV-RNA res-
pectively.

Sui\{itIARY

INTRODUCTION

The Nakayama SII ain or Japanese encephalitis virus (IE\:) grown in adult nTousc brain, and
the iVIEF-I strain or type U polioviius (PV) grown in HeLa S3 cells were used. The latter was
kindly suppliecl by Di'. I\I. Takahashi or tills Institute

2. Preyiara!1011 of ,iruJ J""1/1e,

,) IE,
Infected brains stored at -70 'C were Ilomogenized in a \\'aring blendor with 9 volumes or 0.02

xi Ti'is-HCl, pH 7.6, containing 100 11gjml of cystine and 0.14 xi NaCl (TCS), and then spun down at
8,500 x g for. 15 n, in. The super natant (S, ) was centrifugec! at 90,000 x " for 90 min. in the presence
or 0.25 M sucrose. The pellet o11his high speed centrifugation was resuspended in TCS containing 2
inglml or bovine plasma albumin (TCS-BPA), and recentriruged at 8,500 x g for 15 min. This
cycle ordifferentialcentiifugation \\, as repeated once mole and the 11nal supernatani (U:) was used
as the source for RNA exti action

by FF
HeLa S3 cells originally supplied by Dr. S. Funahashi of this laboratory, were grown as monola-

yets in Iai'ge culture bottles with 15 per cent bovine sertim in YLH medium (0.5 per cent Iacialbumin
hydrolyzate and 0.1 per ccnt yeast extract in Hanks' balanced salt solution). Cells were detached by

Ply!,, e"
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trypsin digestion and washed twice with YLH by centrifugation. The sedimented cells were resus-
pended in the P\I sample at an input multiplicity or 10 FFUjcell and incubated at 37 C for. 15 min.
for viius adsorption. Then infected cells were collected by centrifugation and resuspended in YLH
at a concentration of 10' cellsjml. Alter 6 horns' incubation at 37 'C with shaking (20 strokesjinin. ),
the infected cells were collected and \Ised for. RNA extraction

112

3. Ex!,"61io" of RNA

The cold phenol extraction procedure of Gierer and Schramm (1956 a, by was used, followed by
two successive precipitations will\ two \, o1umes or cold ethanol and one precipitation with I M NaCl
at O 'C. RNA precipitates were dissolved in O. I M NaCl, contiaining 10 inkt ethylenediamine telra-
acetate (EDTA), pH 6.8, and stored at -70'0.

4. 14jbc!iru!y rural10n$

Infectivities orJEV and JEV-RNA were assayed on primary cultures of chick embryo cellmono-
layers (GE cells) as described previously (Igarashie! at. , 1963a, by. Those orPV and PV-RNA were
determined on HeLa S3 cellmonolayers by the method of Holland at a!., (1960) with the slight inodi-
fication of omititing preculture in the presence or human setm. In hyper tonic MgSO4 diluent, JEV-
RNA forms PIaques on GE cells but not on HeLa cells and PV-RNA forms piaques on He Lacells but
not on GE cells, so tllat GE and HeLa cellsheets act as specific indicators for JE\I-RNA and PV-RNA,
respectively. Titers are expressed here as PIaque forming tinits (FFU) per inI.

5. S"670$8 derui!y gradient ce"!741'"galio"

Scurose columns o15.8 inIvolume were overlayed with 0.2 in101sample and centrifuged in a SW-
39 rotor of a Spinco model L Liltracentrifuge with refrigeration. For U, and SI fractions, a sucrose
gradient or 5-23 per cent in TCS-BPA, and one hour's centrifugation at 30,000 rpm were used. For
RNA fractions a 5-20 per cent suciose gradientin 2 inM EDTA, pH 6.8, containing various concentra-
tion ofNaC1 (0-0.2 M), and 2.5 hours' centrifugation at 37,000 rpm were used. Fractions were collected
by the droplet method.

6. Ce$i"in July'ale eqt, in byi"in density grndien! ce"!rifle"now

This procedure \\, as performed according to the method or Doi and Spiegelman (1963), with
slight modifications. Cesium sulfate of 99.5 per cent purity was obtained from kitsuwa Chemical
Co. Osaka, Japan. A concentracted aqueous solution or this material was treated with activated
charcoal to remove impurities. The optical density at 260 inn (E?EU) or this stock solution (p-1.9)
was about 0.1. The densities (0) were determined by the refractive indices (n*) observed for the
NaD line at 25 'C \ismg a Hitachi Abbe type refractometer, type PRA-B, and applying the following
formula orHeaist ancl Vinograd (1961), without correction for the temperature during centrifugation.

n"-0,0730 pi' + 1,2646

Three in101RNr\ solution in CS, So, at an initial density of 1.64 containing 10 inM EDTA, pH 6.8,
was overlayed with 2 inI o11iquid paramn and centrifuged at 33,000 rpm for 241Tours in a SW-39 rotor
or a Spinco model L ultracentrifuge with refrigeration. About 0.15 in I of each fraction was collected
by the droplet method and analyzed for FFU, nj' and E2, "

7. Dele, "jinatio" of Ihe fedime"!"!ion coefct'e"I by men$"reinen! of 6th!rigic"! ac!laity.
The sedimentation coemcient (5) for. JE\I-RNA was determined by the procedure of Yphantis

and Waugh (1956b) LISing FFU as a marker o11he biological activity. A sample or about 0.6 inI of
IE\;-RNAin a solution or 0.1 M NaClcontaining 10 nthiEDTA at pH 6.8, was centrifugedin a inov-
able partition cell at a maxim\Im rotor speed or 33,450 rpm or 37,020 rpm using an AN-A rotor or a
Spinco model E 111ti. acentiifLige. The rotor speed \\, as checked every minute 10 evalLiate the angulai'
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velocity (in) at time I. The final aveiage supernatant FFU above the partition plate (CT) and the
initial FFU of the sample before centrifugation (Co) were determined by piaqLie titration. The \, alue
or $ \\, as calculated according to Cheng's ntodiiication (1961) or Yphantis and \\'allgh's formula
(1956")

\\'heI'e FD antlr, are the distanccs from the center or rotation to the ritei, siCtis and the resting position or
the separation I, late, which were estimated front tite photographic plates taken dtiring centrifugation
at maximum speed and at 2,000 rpm after Ihe return or the separation plate

8. Hemagg!1111""!ing acli, itr (Hr1) @11EP

This was determined by tl, e method orclarke antl Gasals (1958)

9. Unra"io!e! abJoi:Allo"

Ultraviolet (UV) absorption at 260 in/4 (E:, u) was determined with a Carl Zeiss specirophoiomc-
tel', type M4q 111, Lising a cuvett or 10 n, in jiglTt path

RESULTS
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Fig. I. Distribution of JEV-HA, JEV-PFU and Phenol-extractable RNA-FFU in a
Sucrose Density Gradient Column.
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U2 was separated by sucrose density gradient centrifugation and each fraction
was assayed for IEV-PFU and HA. Then the fractions \\, ere extracted with
phenol and ether to assay RNA-PFU. It was found that tlTe component which
yielded infective RNA by phenol extraction sedimented as a single peak at the
s^me rote us the peat of JEV-FFU and HA (Fig. I). The"e w^^ 80 per cent
recovery of IEV-PFU and almost 100 per cent recovery of HA and phenol-extract-
alJle RNA-PFU. The phenol-extractable RNA-PFU was completely destroyed
by incubation with ribonuclease ( I 11glml, at 0'C for 15 min. ). The only coin-
ponent of SI which sedimented at the same rate as JEV-FFU was found to yield
infective JEV-RNA on treatment with cold phenol. These facts imply that almost
all the infectivity in the RNA fraction obtained from U2 or SI by the phenol method
was derived from mature, hemagglutinating IEV particles, although this does not
exclude the existence of free JEV-RNA which might be mactivated I>y tissue
nucleases during the preparation procedures.

2. Seatmenln/ion coaticieiit of IEF-RA!!I

The infective component in the RNA fraction from JEV-infected mouse brain
sediments as a sino'Ie peal< and faster thai\ the cellular RNA in a sucrose density
oradient (Igarashi 81 a/., 1963b). No\\, the sedimentation coemcient for. this in-
fective component extracted from U2 was determined by Yphantis and Waugh s
method, whicl\ can be used for impure materials even when they were at low
concentration. Nine successive experiments were performed in two days and the
results (Table I) gave a mean value for .,?D, of 46.28 S with a standard error of
3.43 S. This value is much 111gher than those of cellular ribosomal RNA and even
higher than that of PV-RNA. To exclude the possibility that there was mactiva-
tion during the sedimentation experiments which gave rise to a falsely large r
value, the following experiments were undertaken.

TCARASHl, FUKUNAGA AND FUKAl

Experimental
n uin be r

Table I. Sedimentation Coefficient of JEV. RNA

R-I I

R-12

R-13

R-14

R-15

R-16

R-17

R-18

R-19

I Maximal rotor CTjCo
, ,,, ed("P" I ',
33,450 I 0496

33,450 I 0416

Average
=E S. E

33,450

37,020

37,020

37,020

37,020

37,020

33,450

0238

0346

0291

0153

0031

0167

O. 147

S 20, w in S

42.3

46.6

62.6

31.9

418

45.3

37.5

46.2

62.4

46.28

,, 3.43



SEDl;\IENTATION OF JEV-RNA

3. Sim"!/aneon$ Jedimenin/ion of IEF-RAf, { and Fir-RA"

Infective JEV-RNA obtained from U2 was mixed with PV-RNA and an excess
of HeLa cell RNA was added as a UV marker. The mixture was centrifuged in a
sucrose density gradient column. Each fraction was assayed for its JEV-RNA-
PFU o1T GE cells, and for PV-RNA-PFU o1t HeLa cells as well as E Althou h
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the sedimentation velocity of JEV-RNA is strongly affected by the salt concentration
of th, in, dium (Fig. 2), IEV-RNA ,. dim. nt, d inu. h foster than 28 S and 16 S RNA
of HeLa cells and faster even than PV-RNA in every salt concentration tested.
The recovery of infective RNA was 70-90 per cent. By comparing with the peaks
of 28 S and 16 S "Ib. ^. inal RNA and PV-RNA (35 S), th, , valu, of JEV-RNA I^
estimated as 46.8 S from Fig. 2, which supports the value obtained in the preceding
experiment. When a sample of JEV-RNA prepared from SI without ethanol and
NaCl precipitation, or an extensively dialyzed RNA fraction from partially purified
JEV was sedimented in sucrose gradients in parallel with the mixed sample used
in the above experiment, the peaks of JEV-RNA in these samples were observed
in almost the same position on the sucrose column. Moreover the coexistence o
JEV-RNA and an excess of HeLa cell RNA was not shown to affect the sedimentation
behavior of PV-RNA in a sucrose density gradient column.

4. Buoyant den$i!y in cariwni Jt!!Idle

To exclude the possibility that some heavy contaminants might cause IE\ -
IEV- RNA
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RNA to have a larde r value, the buoyant density in CS2S04 was deterrollTed. A
mixture of JEV-RNA from U2 and PV-RNA was separated by CS2S04 equilibrium
density gradient centrifugation, and eaclT fraction was assayed for its JEV-RNA-
PFU on GE cells and for PV-RNA-FFU on HeLa cells as \\, ell as for its it25 and

E260. The single peak of JEV-RNA was found in the same fraction as the peak of
PV-RNA and E260, and the density of that fractioit was estimated as 1,666-1,668
gl. in, (Fig. 3) . Th, ^^in plus .. nthining .nly JEV-RNA or only PV-RNA which
were run parallel with the mixed sample also gave the same buoyant density for
JEV-RNA and PV-RNA. Thus the I'dectiv, JEV-RNA component ha^ th,
same buoyant density as PV-RNA and cellular RNA, and very probably is itself
RNA of high molecular weight.

SEDll\IENTATION OF JEV-RNA

The infective RNA extracted with cold phenol from western equine encephalitis
virus (WEE) or eastern equine encephalitis virus (EEE) infected tissues is derived
from immature virus particles which sediment slower than tl\e mature virus (Wecker,
1960, Worker and Richter, 1962). This is not the cone for. JEV, where must of
the infective RNA seems to be derived from mature IEV particles, although the
existence of free JEV-RNA which could be mactivated I)y tissue nucleuses cannot
be denied. The facts that IEV-RNA has the same buoyant density in CS2S04 as
PV-RNA and that the sedimentation velocity of JEV-RNA varies with the salt
concentration of the medium, support the idea that the infective component in the
JEV-RNA preparation is itself RNA of high molecular weight. The value of 46
S for the $20. w of JEV-RNA estimated in this experiment is larder than the values
of 27.5 S for in. us, corephaliti^ vi"us RNA (H^user and S. hafer, 1962), 35 S for
PV-RNA (Darn. 11, 1962), 37 S for on. .phal. my. .arditi^ (EMC) virus RNA
(Burness at a!., 1963) and foot-and-mouth disease virus RNA (Strohmaier and
Mussgay, 1959a, b). It is rather similar to the value of 50 S estimated for WEE
or EEE vi"us RNA (Worker and Ri. hter, 1962), and 48 S of Mong. iru, RNA
(Tohey, 1964). If the empi"I, al fo"mum of Spinn (1961) I^ valid, the in. recular

M-1550 x $2. I

DISCUSSION

117

weight of JEV-RNA is calculated as 4.86 x 106. it might be
simplification to assian viral RNA a molecular weight of 2-3 x 106 irrespective of
the type of virus concerned. At present, it has not been possible to find a slow-
sedimenting ribonuclease-resistant infective component in the JEV-RNA prepara-
tion which would suggest a replicative form of viral RNA sucl} as was reported
in th. care of EMC virus RNA (Montagnier and Sanders, 1963) and PV-RNA
(Baitimore at a!., 1964). It may be that a replicative form accumulates at a special
phase of viral replication but this is hard to check because of the intracerebral growth
of IEV. Another possibility is that the replicativc form cannot reproduce in GE
cells as suggested for an RNA phage-E. coli system (Kaerner and Hoffmann-

an over-
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Baling, 1964) . A further possibility I^ that JEV-RNA has a quite different re-
PIicative process from PV or EMC virus RNA. These possibilities must be examin-
ed in a more refined study using a tissue culture-JEV system.

The authors express their thanks to Dr. M. Takahashi for. supplying PV strain and for Dr. S.
Funahashi for HeLa cell strain
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