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BIKEN JouRiNAL 6,165-179 (1963)

Infectivity of the Ribonucleic Acid Fraction from
Mouse Brain I rifected with lapanese Encephalitis Virus

AKiRA TCARASHi, HIDETAKE KITANo, To SHIHiKO FUKUNAGA AND KONosuKE FUKAi

An initctive ribonuclcic acicl (RNA) Tractioi, was obtainccl from Ihc microsoiiTal ITaciioiT of
adult mouse brain infected willt Ihc Nakayama SITaiil o11apanesc cnccphalitis virus (IEV). The
infectivity, \vltich was assayccl on primary cultures or chick embryo cell monolayers, Lising I M A{g
So, as a dilucni, differsin many respects from that o11niactJEV. Themfociivity of the RNA itac-
lion sediments as a single IJcak and raster than the bulk or non-Infociioits RNA in a sucrose density
gradient coinmil and is more slablc than JE\' in a in DC1erately Iligh tempciaiure rangc. Establi-
sitetl cell lines, which arc I'Dt suitable as indicators rot citltcr JE\! or the RNr\ Traction Linder ai,
Dininai'y agar ovcrlayiiicclium. coulcl be used as primary IlOSIs to Ibrnt Infoctioiis centcrs by incubation
willI 11tc I{N/\ fraction in suspcndcd ccll sysicms

Delayi, ,1,111 of P, 'eue, !flue A{edjcj"e, Tile ReJe"rc/, 1,131jj!!Ie Joy
Julti, bid! DiJease. ,, 0$"A" Uru'"errt'ty, Orak"

(Re"ired/or pi^b!^^"flow, Sty^e"Iber 5, 1963)

The recognition of thc central role I, layed IJy RNA in the process of tal)acco
mosaic virus infection (Gierer and Schramm, 1956a, I); Fraenkel-Conrat, 1956)
has led many investigators to isolate "infectious RNA" from a number of animal
viruses also (Colta. 21 a!., 1957a, Ii; Wecke^ and Sch6. fer, 1957; Alexande^ at al. ,
1958a; Chen0 1958; HUPpert and Sanders, 1958; Brown 81 a!., 1958 V\'ecker,
1959a, b; Ada and Anderson, 1959; Sprunt at a!., 1959, Franklin at at. , 1959;
Nakamura, 1961) IJy the phenol method. Studies on molecular aspects of these
biologically active RNAs depend Lipon accurate, simple and reproducible assay
procedures and these were achieved by PIaque titration in tissue culture systems,
using environments different from those for intact viruses (Alexandu. at a1. , 1958a
b; Holland at a!., 1960; Ellem and Colter, 1960a, b; Koch at a1. , 1960; Mayer
and Sok01, 1961; Nakamura and Uen0, 1963). As a first step in the physico-
chemical study on the RNA of JEV as a 1,1010gically active macromolecules, this
paper reports on the extraction of an infectious RNA fraction from the microsomal
fraction of infected mouse brain, a simple and reproducible PIaque assay system
for measuring its infectivity and some basic characters of this infectious component.

SUMM:\1<Y
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I. Plyus

The Nakayama strain orJapanese encephalitis virus (JEV) was grown in brains of adult mice
and infected brains were stored at - 70'0 and used as virus stock

IGARASHl, KITANO, EUKUNAGA AND FUKAl

2. Pr, pare!ion of microJoin!fraction

Infected brains were homogenized in a Waring blendor with 9. volumes of 0.25 M sucrose in
0.02 v phosphate buffer, pH 7.4, and then centrifuged at 700 x g for 10 min. and 8,500 x g for 15 min
to remove nuclear. and mitochondrial fractions. The pH was adjusted to 7.8 with NaHCO3
and the supernatant was centrifuged at 90,000 x g for 90 min. The supernatant of this high speed
centrifugation was removed and the pellet was yesuspended in 0.14 M NaCl in 0.02 M phosphate
buffer (PBS), pH 7.4, and recentrifuged at 2,000xg for 15 min. This supernatant containingJEV
was regarded as the microsomal fraction

3. Extrac!full and prec!/nano" of RN,

Cold phenol extraction of RNA from the microsomal fraction was carried out according to
the method of Gierer and Schramm ( 1956a, b). After four extractions willI water-saturated phenol
containing I inM ethylenediamine telraacetate (EDTA), the water phase was extracted five limes
with ethyleiher 10 remove phenol. RNA \\. as theI, precipitated by adding 2 volumes of cold ethanol
The precipitate was collected by centrifugation ai, d dissolved in PBS, pH 7.4, containing I inM
EDTA and Further precipitated I\\, ice with ethanol and once more with I M NaCl at O'C. A1iquots
were stored at -70'C for several weeks without significant loss Grinfectiviiy

A, IATERIALS A1\D METHODS

4. Fieldra!ion @11EV

Infectccl brains were homogenized with 9 volumes or 0.14 M NaClin 0.05 M iris buffer (TBS),
pH 7.6, containing 100 14g of cystine per in I (Nojima, 1962), and the hornogenaie was centrifuged
at 2,000 x g Tm. 30 min. The supernamat was tieatcd will, protamine sulfate at a final concentration
of I n. g per in I at O'C for 30 min. to reino\, e celltilar components and freed from precipitates by
centrifugation (2,000xg for 15 min. ). Sucrose and bovine plasma albumin (BPA) were added at
final concentrations of 10 aild 0.2 per cent respectively and then the supernatant was centrifuged at
90,000 x " for 90 min. on a cushioil of 40 per cent sucrose solution (0.5 inI per tube in a Spinco No
40 rotor). Tlle supernatant was removed and the precipitate was resuspended willT TBS, pH 7.6,
containing 100 11g of cystine and 2 ing or BPA per in I, and centrifuged at 2,000 x g for 30 min. This
cycle of differential centrifugation was repeated once more and the super natani of the final low speed
centrifugation was regarded as the partially purified IEV sample, and Lised as a virus control for the
RNA fraction

All the procedures in me Ihods 2.3 and 4 were performed in the cold

5. T'stte cull", e

I ) PI'jintity cull"re of chitk embryo ce!A

Chick cells were prepared by the methocl or Porterfield (1959,1960) and cultivated according
to the method of Trioue at a/. (1961) adding O. I per cent yeast extract to their growth medium. Cell
sheets were used after 24 to 36 hours' incubation at 37'0

2) Es!@611thed cell$

Established lines of HeLa S 3, KB aiTd AfS cells were kindly supplied by Dr. S. Funahashi
of this laboratory and grown as monola^ers in large prescription bottles in the same medium as used
for chick cells, except that tile 10 per ceilI calf setuin was replaced by 15 per cent bovine serum



6. Skinii, !ed Innk

Twenty g or Lieih. tiecl skimmcd milk (Yukijirushi Brand, Japait) was dissolved lit 180 inI or
distillecl\\, ater and ccnirirtigcd at 2,000x " for 30 min. The supernatant was regarded as 100 or
cent skimmed n, ilk and 510rccl at -20'C, after 51ei'11izaiioii by at110claving at +0.5 aim. for 15 min

7. Pinqt, e lily"!10n

Primaly CLIlturcs or chick cmbiyo ccll in o11o1ayci's \\. CTe uscd as indicatois or the initctivities
of the JE\I and the RNA Traction. The grownT medium \\. as removecl and the cell sheets were
washed twice \\, illi 5 inI or PBS. pH 7.4, antl tllen cxcess nLiicl was reinovccl

I) Ti!,"!ion @11E,

Tile \, irus samplc was diltiiecl serial Iy by ICn Told steps with 10 PCr cci, I skintmed milk in PBS,
pH 8, ant10.2 n. I sanTplc or each dilution \VCrc in octilaiecl onto and spread over rewashed cell
sheets. A1 least two bottles \VCrc used for cacll sample. r\tier Iw0 110urs adsorption at 37'C, the
cell shccts \\, eie co\. CTCcl with agar overlay mudium

2) Ti!J"!jolt of RA, I I'dc!!'DJ! ^11 1110"old, er ,, J!e"IJ

Thc cmcicncy or plating (CDP) or the infectiviiy in Ihc RNA fraction was inuclt improved when
11ypcrionic salt dilucnts \\, erc used. To avoid possible aggregatioi, orRNA at higlt salt concentration,
the RNA fraction was first dilutccl willT TBS, pH 7.6 ,containing I n, A1 EDTA, and then, 'us I nor
to in DCulaiioii, ITtixcd willt 11ypcrionic salt soluiions to givc Ihc ticsirerl final conccntraiion of the
salts. Samples or 0.2 in I or titis mixture \\, etc Inaculaicd onto and quickly spread ovci prewarhcd ccll
sheets. I\nut a givcn purlod or adsorpiioil at runiTt tempciaiurc (20 to 25'C), ccllshccis \\, crc wash-
ccl Iwicc \\. jin 5 in I or PHS, pF17.4 anti irumccliaicly UVcrlaycd \\, jilt agar' incdiuni. Although Na-
kamura anti Ucn0 (1963) rcporiccl that Ihc best solution 111r IEV-RNA I, Iaquc formatioit \\, as
I xi NaCl, wiih 1.5 xi AlgS04 itcxt, Dr. 111ninary cxpcriincnis sho\\, un Ihai 111c I, Limbcr or PIa UCS form-
cd I, y a givci, salnplc \, ariccl Triorc \\. ITcn NaCl was usccl as tillueitt than \\. Ilci, MgSO was used.
Thcrcfure MgSO4 \\, as adopiccl as Ihc nilucnt for' RXI\ in 111use expct'jinciiis. ,\ 111 Ilei conccntra-
lion o11he sail gave a I, Igllei CDP as \VCIl as a 111ghcr "ICgrcc or ccllular clamagc Tm' a givcn conccnira-
lion or RNr\ ancl a givcii Iimc or adsorj, tinit. BCCatisc results werc TCProducible, Ihc scnsiiivit
or Inc titration systen, was rcducccl I, y employing a lower conccnltatioil or it'IgS04111ail lital giving
Ihc ITigltcst CDP. Tl, c optimal concentration of litc salt was not nlarkcdly affected by the RNA

The pH or Ihc cliluent clid rini ha\, e so inucl, CRCci as Ihc salt concentraiion. \\'hen
A{gSO, solutions at final concentrations or 1.0 10 1.5 xi \\, CTC used, the number of in UCS formed
incl'eased tluring a 15 IninuLe adsorpiion period and then gradually approachecl a plateau. Thcn
damage to ccll sheeis bccame manifcst. Titus A1gS04 as Ihc inoculation medium at a final con-
centralion or I xi un 0.05 M iris buffci, pi-17.6, using a 20 minuLc atISOrpiioi, period airoonT tempera-
lure was adopted as the standard conditions for. the infectivity Iirtaiioi, or the RNA fraction in chick
cell monolayers. The eop o11E\' in Ihis condition is aboui 10 per cent or that in the SIaiTdard virus
titration inclhocl. Tile infocii\, ity or 11, e RNr\ fraction assayed by this method is abour 0.1 per cent
or 11, at or Ihc starting matcrial lieforc phenol cxiiaciioil assayed by standar"I virLis titration method,
as described previously (Igarashi at a!., 1963)

3) SIIy, ended cell Iyrl, "I/Or the RA. 1/7"r!ion

Thc metltoc1 115cd \\. as essentially that of Ellcm and Colicr (1960 a. b). Titc chicf difference
was that in these experiments chick cells \\. CTe Lised as indicators DTPlaqLies, while three established
cell lines were testerI for. their capacity as primary IlOSIs to form infective centers by incubation with
the RNA fraction. Nionolayer cells were delacllecl by incubation with 0.25 er cent I s'
PBS, antl washccl twice willT Hanks' balancecl salt solution b centriru allon and resus eiis'o
(300xg for 5 min. ). \Telltods or infecting these cells willT 111e RNA ITaciioii and titration or in-
fociivc centers were Ihc sanTc as thusc Lisccl by Ellem anti Coltcr, except that the diluting medium or
infective centers was chick ccll growth medium (0.5 PCr ccnt Iacialbumin 11ydrolysatc and 0.1 er

I\FECTi\'E Rx, \ FRACTio\ RELATED To JE\'

conccilITation
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cent yeast extract in Hanks' solutioit supplemented \\. 1111 10 I, cr cent calf serum).
The overlay medium orHashimoto and Prince (1963) was used for allexperimcnis Lising PIaque

nitation, willT the modification of omitting serum and supplementing the mixLure willI5 per cent
skimmed milk. F1aques were counted from Ihc third to the seventlt day anCT incubaiion at 37 C
Titers were expressed as PIaque forming LiiTits (FFU) per inI

8. Hem"gg!1111"aji0" @11EV

Hemaggluiinaiion aciivity (HA) ofJE\; \\, as cleterminecl by Clarke anrl Gasals' meniod (1958)

9. Unr"aio!e! abJoi?!ion

The ultraviolet (UV) absorption SPCcirunT \vas recorded by a Shimadzti automatic recording
spectrophotometer, type RS-27, using 10 InIl, cuvettes

10. SIIcro$e dell$iO, gradie"! cell!ringa!ion

A sucrose density gradient ranging IJ'Din 1.02 to 110 gjml was constructecl in a lusteroid Iubc
by overlayering 0.5 inI of 23.2 per cent sucrose \\, illT 1.0 inI volumes or 18.8,14.3,9.7 and 4-. 9 per
cent (wjw) sucrose dissolved in TBS, pH 7.6, contaiiting 0.01 M sodium citrate. After standing
for 2 to 41tours in a Terngcrator, the resulting gradient column was loadcd with 0.2 n. I of sample
and centrifuged in a S\\I-39 rotor or a Spinco n. odel E or model L ultracentrifugc with Terngera-

The rotor was decelcrated without braking. Samples were collectcd by droplet Fraction a-
tion from a pinhole pierced at the bottom or Ihc tube. The linearity or Ihe gradient was checked
by measuring the refractive index ora parloreachlractioit Lising a HitachiAbbe type refractometei,
type PRA-B. U\/ absorbai, cy ancl FFU or RNf\ samples aitrl HA and PFU or JEV samples were
cleterminecl aller appropriatc dilurioil or each fraciioit

11. E, icy, "e$

Crysiallinc ribun uclcase (RNase) and Lieoxyriboiiuclcasc (DNase) \\, crc proc!Licts or Sigma
Chemical Co. U. S. A. Sevci, limes recr\. stallized salt free trypbin was kindly *tipplicd Ly Prof. K.
Narita of Tllc Instiiute for. ProtCiiT Research, Osaka University. RNase acti\, 11y was assaycd by
the meth. cl of Kamitsky at "/. (1959)

IGARASHl, KITANO, FUKUNAGA AND FUKAl

lion

12. an!!$e)I'm

Hyperimmune rabbit scTunT agaii151 Ihc Nakayama siraiii ur Japancsc cncephaliiis virus was
kindly suppliecl by Dr. A. AJ. Prince, Ihe Former itcacl or the \;Irus Section or Ihc 406 A. ledical
General Laboratory or the Far East U. S. AmTy at Sagamiliara, .Japan

I. Un abJointion of the RAf, I I'd 61ion

When diluted with PBS, pH 7.4, the RNA fraction showed the characteristic
absorption curve of nucleic acids (Fig. I). An absorption maximum at 258 in/4
and a minimum at 230 to 232 in/, were observed. 'The ratio of E260 to E2ao was
2.05 (1.96 to 2.10) and that of Em"* to Emu War 1.95 (1.90 to 2.08). Fomibl.
contamination of this fraction witlt protein cannot be ruled out from the results
because of the inuclT higher extinctioiT coemcient of nucleic acids than of proteins.

2. Validity of 11nque 11/1'altoii of Ihe R, \Ir11,6110n on chick cell mono!ayeiT

The RNA fraction extracted from a crude hontogenate or the microsomal frac-

RESULTS
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INFECTivE RNA FRACTION REL, \TED To IE\'
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1/200

Recip!. ocals of diluiioi\

Fig. 2. Relationship between Relative
Concentration of RNA and

Number of F1aques Formed

tion of normal I)rains of mice (normal RNA) did not produce any PIaques on chick
cell sheets, while infective agents could I)e recovered from pia ues formed b the
RNA fractions from infected brains (infected RNA). These aryents cause the
same symptoms as JEV in mice, produce PIaques on chick cell sheets iridistinauish-
able from those of JEV and their PIaque producing capacity is neutralized by
incubation with anti-Nakayama serum. Therefore, the PIa ues formed b infect-
ed RNA were not due to some non-specific Iytic substances, but were rod c d I
a specific infective component contained in the infected RNA fraction related to
JEV. There is a linear relationship between the reciprocals of the dilution factor
of the infected RNA inoculated and the average number of in ues for d
call sheer (Fig. 2). Wh, n 36 repli. at, pinto^ of chi. k colts were ino. urnted with
the same amount of RNA containing a mean of 1,069 piaques, no significant dif-
Ierence between the observed and the expected distributioiT of the theoret'c I
Poisson distribution \-vas noted, as tested by the chi-square test (for the calculated
valtie of 12 -2,854 with 2 degrees of freed o1n, the probability is bet\\, een 0.2 and
0.3, from the table of Fisher and Yates). Reproducibility of the titration s stem
was tested on seven different days using the same RNA sam re freshl th d
on the day of inoculation The distribution of the avera e number of in
each day had a mean of 87.3 with a standard error of 10.8 \\, itIT a ran. 'e of d' t 'b -
tion of 58 to 140.

o
220

Fig. I. Ultraviolet Absorption Spectrum
of the RNA Fraction
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3. DJeJ'en/milo?I of Ihe tirec/iai!y in Ihe RA"I'dciioi!fom that of/EF
To exclude the possibility that the infectivity in the RNA fraction inioht b

due to surviving residual virus particles, the followino' experiments were undertak
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I ) martiuation with enz}mes
The infectivity of the RNA fraction was completely destroyed I, y incubation

with RNase, while that of IEV was resistant to this enzyme (Table I ) . This
sensitivity to RNase is not due to interference on the cell sheets cause y resi ua
RNase carried into the inoculation medium, because even phenol and ether ex-
traction to remove this enzyme after the treatment also failed to pro tice any
PIaques, and the irffectivity of the RNA fraction decreased with time by incu atton
with very low levels of RNase (Fig. 3). The infectivity of the RNA fraction was
resistant to DNase, and was not affected IJy trypsin at the enzyme Ieve w it
can reduce the infectivity of IEV (Table I ) .

2) Prot@mine sutrate lyeatment
Protamine sulfate can be used during JEV pornication to remove CG u ar

components without precipitation of IEV. When the RNA fraction was incubated
with protamine sulfate at a final concentration of 0.5 ingjml at O or min.
and then centrifuged, no infectivity was detectable in the supernatant. ( a e ).

3) Ethanol and 8thei ife"!?ite, it
The infectivity of the RNA fraction was resistant to ether treatment ut was

recipitated by 2 volumes of cold ethanol without appreciable loss of in ectivity,
while IEV was largely Inactivated by these treatments (Tanle 2).

4) Reac!ion will! 31nmttn, fernm
normal rabbit serumOn incubation witlt an equal volume of immune or

diluted ten fold with PBS, pH 7.8, at 22'0 for 30 ruin. , the RNA fraction lost its
^Iaque forming capacity completely, while JEV was in activated on y by Immune
serum. The sensitivity of the infectivity In the RNA fraction to immune an
normal sera can be explained by the inactivation by RNase containe in t ese

Table I. Effect of Enzymes on the Infectivities of the RNA Fraction
and IEV

ICARASHl, KITANO, FUKUNAGA AND FUKAl

I Infectivity of the RNA fraction infectivity of IEV
Enzymes -^"" ~ ~~ ~ I

control treated control I treated
^

RNase I 4.6x104 I <1 I 60x104 65xlO
RNase 5.0x103 <1 1.8XIO I - X
DNase , 3.0x 102 3.6x102
DNase 17x103 1.6x103

Trypsin 1.2x104 I 1.4xlC4 1.5x104 I 0.13x
by"'" I ^,*, ro* I ^^,,^,* I ,,*, ro' ^ """'

---- -- --^-^ -^---

Infectivities are expressed in PFUlml.
Enzyme treatments were carried out at a concentration of 10 14g of enzyme
per inI of PBS, pH 7.4, at 37'C for 15 min. in the cases of RNase and DNase
and for 30 min. in the case of trypsin. Controls: PBS only.
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Sui. vivai ",, of
I rifectiv;Iy
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Fig. 3. Inactivation of Infectivity in the RNA Fraction by Ribonuclease
Inactivation at 20'C in PBS, pH 7.4

sera, because all live samples of immune and normal sera exhibited a reciable
amount of RNase activity corresponding to I to 314gjml of standard RNase. To
remove the RNase activity, I in I of immune serum diluted four fold with PBS, H
5.8, \\, as fractionated by passing througlt Sephadex G 75 column (1.5 cm ox 50 cm)

Table 2. Effect of Various Treatments on Infectivities of the RNA
Fraction and J EV
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4

by I'~'~~~~.' ' '~' ' ~^^

anim, I 2.5*, 10, I <25 18, ,ion I 15, , my

Ether I 2.5x103 ; 2.6X103 I 5.2X10' I 25Ethanol ppt. : 2.5X 103 I 2.1x103 5.2x106 I <25
antiserum I 1.1X104 , 8.5x103 ^ 2.4xi03 ' 50, aniser", , , , I ,,,,, , , ,, I ,,,, ,,, ,,, I, ,, , ,,, ,

6

o

Infectivi:ies are expressed in PFUlml
Procamine sulfate treatment Super natant after incubation with 0.5 ingjml of

procamine sulfate in PBS at O'C for 15 min
Ether treatment Water phase after shaking with an equal volume of eth Ie-

ther at 00C

Ethanol ppt. : The precipitate formed on addition of 2 volumes of cold ethan I
was dissolved in PBS and its infectivity was titrated

Fraction ated antiseruin Incubated with an equal volume of antiserum frac-
tionated with Sephadex G 75 column, at 22'C for 30
min. then ticrated for infectivicy.
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log PFUjml

50

IEV

45
A. ,'

J' ~~*"

pH of incubation

Fig. 4. pH Stability Curves of Infectivity of JEV and the RNA Fraction
O^-O Infect"ty of IEV

G-----. Infectivity of the RNA fraction

equilibrated with this PBS. Three inI of each fraction was collected with a ow
rate of 6 in11hour and absorbancy at 280 in/4 was measured. The first Taction
that showed appreciable amount of E280 was incubated with IEV andloi the RNA
fraction after passing through Membrane filter and adjusting pH to 7.8. T e
result (Table 2) shows that the infectivity of the RNA fraction was not mactivated
so much as that of .IEV.

5) pH Juli!i4y
Samples of IE\I and the RNA fraction were diluted ten fold with 0.14 M NaCl,

001 M sodium citrate in 002 M of the following buffer solutions: Citrate for p
4 to 6, phosphate for pH 6 to 8, borate for pH 8 to 9 and bicarbonate for. p to
10. Diluted samples were incubated at 0'0 for 60 min. , then diluted with T ,
pH 7.6, and titrated for infectivities. The infectivity of JEV showed its maxima
st^hinty in th, "ang, of pH 8 to 9, us reported by DufTy and Stanley (1945). On
the other hand the infectivity of the RNA fraction had almost the same stabi ity
over all pH range of this experiment (Fig. 4) .

6) Heat stoolli4y
The RNA fraction and IEV were diluted with PBS. pH 7.6, containing 0.01

RNA F1'action

4.0

-,.

^~
~.

4 5 6 7 8 9 10
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M sodium citrate and heated in a water bath at various temperatures for 10 min.
Then they were rapidly cooled by dilution and assayed for infectivities. The
results (Fig. 5) show the greater stability of the infectivity in the RNA fraction
than that of JEV in a moderately high temperature ran. 'e.

7) Sedimentation in Jus?OSe gradient columns

The RNA fraction was sedimented in a sucrose gradient column at 30,000
rpm for 60 min. in parallel with JEV. Its infectivity moved much slower than the
infertivity and HA .f JEV (Fig. 6).

All these facts support the idea that the infectivity in the RNA fraction was
not due to the presence of intact JEV which had survived the extraction procedures.

4. Homogeneity of the ingfecti, ity in the RNA fraction

0.2 inI of the RNA fraction, having 5 x 103 FFU. was centrifuged in a sucrose
gradient column at 37,020 rpm for 3 hours' Four drops of each fraction were col-
Iected and diluted with 3.3 inI of TBS. pH 76, containing 001 M sodium citrate
before their UV absorbancies and FFU were determined. The result (Fig. 7)
Indicates a unimodal distribution of infectivity which sediments faster than the
bulk of non-infectious UV-absorbing materials. Absence of infectivity in fractions

log PFUjml

7

6

5

4 ,_ _ _ _ _ _ - - 0 - - -0. - -

3

60 80 100

Temperature of heating ('C)

Fig. 5. Temperature Stability Curves of Infectivity of JEV and the RNA Fraction

Medium: 0141'I NaCl in 0.02 in phosphate buffer, pH 7.6
with 0011, I Sodium citrate

IEV

2

o

*~ RNA*~ ,

^~

t.

20

.

40

\
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' 'I

PFU, in I

7000

PFU

:

-19

HA

1000
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HAU!in I
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32

100

3:4 5. -678910 11 12
TopFraction NG

30000 rpm 60min

Fig. 6. Sedimentation of Infectivity and Hemagglutination Activity of JEV and UV
Absorption and Infectivity of the RNA Fraction in Sucrose Density Gradient
Columns

RNA Fraction
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having high UV absorption cannot be explained solely by the inhibiting action of
normal RNAs on the infective principle. Approximately three peaks of E260 were
also observed in the normal RNA fraction centrifuged in parallel with infected
RNA. These peaks probably corresponds to microsomal RNAs.

5. 141ec/iai!y of the RA!A faction in r"$18nded cell 4113/8m$

Infectivity of the RNA fraction is detectable in this system also. Primary

E. ,,
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infectrvity (PFUjml)
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Fig. 7. Distribution of Infectivity and UV Absorption of the RNA Fraction in Sucrose
Gradient Columns

infectivity (Flu!in I)O-----:>
,.----.. UV ab;0"pt^on ?. t 260 r/, (E260)

host cells detached from monolayers were suspended at a concentration of 106 cells
Irul in RNA solution dissolved in various concentration of NaCl in 0.02 M hos hate
buffer, pH 7.4. Cell-RNA mixtures werc incubated at 37'C for a iven time,
then diluted and titrated for infective centers on chick cell sheets. WheiT chick

cells \\, eye used as a primary host for RNA, infective center formation followed the
course represented in Fig. 8 ; a concentration of 0.64 M NaCl and 15 minutes' in-
teraction were the optimal conditions in this case. Thc three established cell lines
tested so far (HeLa S3, KB and Ms cells) \\, ere all able to serve as primary hosts
for. RNA, IJut the optimal conditions for cell-RNA interaction and Gincienc as a
h. st diff, red with th, type of coll (T^b1. 3).

There was no carry-over of infective centers of RNA to the monolayer indicator
of chick cells other than those which had been caught by interaction witlT rimar
host cells. This \\, as liecause, in diluted conditions no infective centers \\, ere form-
ed IJy cell-RNA mixtures and also because RNA diluted in the absence of rimar

host cells produced no PIaques. There is little, if any possibility that the infective
components which had simply been adsorbed on the surface of primary host cells
were transferred to chick cells to form PIaques after the attachment of the prilnary
host cells to the chick cells. This was because, when cell-RNA mixtures were

,..~,
~,,.

Bottom

E. ,,

U

175

5

0.2

10

Fraction No

0.0
O. I



176 ICARASHl, KITANO, FUKUNAGA AND FUKAl

PIaque Numbers formed by
~'. 5 r, I! of Ceil-RNA mixture

200

NaCl

1,1;;, ,._ ,,,, ,,'1 ,,',, \,
I, ,\,, I^." ^ \*

I ,' N, Cl '

I ,;,,,-, o, ~ ,,,,,
44'"

0641vj
NaCl

20155 10

Interact!on Time of Cell. RNA In Ixture

Fig. 8. Time Course of Infective Center Formation in Suspended Chick Cell-RNA
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diluted witlT mediunT containing 10 14g of RNase per inI and incubated at 20'0
for 30 min. then titrated for Infective centers, they formed appreciable amount of
PIaques coinparal)Ie to the controls without RNase treatment. Neither HeLa
S3, KB or Ms cells can serve as indicator monolayers for IEV and the RNA frac-
tion even under hyper tonic conditions.

o

I

Table 3.

Primary hosts for RNA I
~ ~~~ I ~

Capacities of Established Cell Line as Primary Hosts for the
RNA Fraction to Form Infective Centers

Chicl< cells

He Ia S 3 cells

KB cells

Ms cells

Cell-RNA mixtures were incubated at 37'C for appropriate period and
titrated for infective centers

Cell concentration: I X IC6 cellsjml when suspended in RNA
Experiments with chick cells and HeLa S3 cells were done on the same day,
but those with KB and Ms cells were performed on the following day

Optimal conditions for
cell-RNA interaction

0.64 M NaC1,15 min

007 M NaC1,20 min

0.14 M NaC1,15 min

0.07 M NaC1, 10 min.

PIaque numbers formed

by 0.5 in I of cell-RNA

459

227

56

60



In the case of tobacco mosaic virus RNA, IJaiticipatio!I of \, iral protCin coin-
ponents in the process of RNA infection has almost licen rulecl out (Fraenkel-
Conrat at a!., 1961). But it is not yct the case \\, itIT IEV-RNA I>ecause a pure
preparation of IEV has not been obtained. The infectivity in the RNA fraction
reported here differs in many respects from that of intact IE\/ so that is not due
to residual intact viriis. The smaller. sediinentation coemcient of the infective

unit in the RNA fraction SUGgests that it is smaller than IE\I IJarticlc. The sensi-
tivity to RNase indicates that at least part of the \, ITal RNA is not protected from
the action of this enzyme. No critical points \\, hich had the same degree of trypsin
sensitivity as in IEV were demonstrated in 11\e infectivc PI inciple of the RNA frac-
tion. Resistance to ether and ethanol may be due to the absence of lipid coin-
ponents essential for the integrity of the intact IEV. The difference in pH stability
and heat stability from that of IEV Inight be caused by loss of ITeat and acid labile
pal'ts of IEV necessary for. its infectivity. Inactivation of the Irffectivity in the RNA
fraction by fraction ated immune serum is small when compared willI the large
Inactivation of JEV. It is still uncertain whether the infective coinponcnt in the
RNA fraction is hiu}T molecular wciulTt RNA itself or \vhcther it has some chemical

components besides RNA. The faster sedimentation of the 11Tfectious ancl RNase-
sensitive component than the bulk of cellular non-infectious RNAs observed in a
sucrose gradient coincides with the findinus in poliovirus RNA that the virus RNA
Is of a higher molecular weight than cellular RNAs (Holland at a!., 1960 ; Kul>Iriski
at a1. , 1962). However it is possible that a higher. sedimentat1011 rate Inay IJe due
to some heavy contaminating substance. Even so, the apparcnt unimodal distri-
bution of the infectivity in a sucrose gradient sug, 'ests the ttniformity of the con-
taminating substance, I. e. all the infectivc units in the RNA fraction \\, ould contain
the same amount of contaminants.

Nakamura and Uen0 (1963) reported that the infecLivity of RNA \\, as lnote
sensitive to ILeat at 50'C than intact JEV. This is not the case in the presence of
chelating agents as reported in this I, aper. This difference may imply the partici-
pation of heavy metal contamination in the process of RNA Inactivation, as has
been rugger red by C. her and Elkm (1961).

The emciency of plating (eop) of the RNA fractioil is a functioit of environ-
mental conditions as well as the conditions of the host cells. The standard method

used in these experiments Is by no means the most sensitive one, and a IJetter
system would raise the eop close to that of intact virus as in the case of tobacco
mosaic virus (Sarker, 1963).

Three established cell lines, \vhiclT are not suitable as indicators of PIaque
formation I)y JEV or its RNA under an ordinary agar overlay, were able to serve
as primary hosts for. the infected RNA fraction in suspended cell systems. This
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agrees witlt the results of Holland at a1. ( 1959a, by that cells which are naturally
not susceptible to poliovirus could be lirected with poliovirus RNA and produce
\, Irus indistinguishable from the orio'Inal poliovirus.
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