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Summary

The maturation process of Japanese encephalitis (JE) virus in C6/36

cells in vitro and in mouse brain cells in vivo was studied by electron micros-
copy. In the C6/36 cell infection, 500 to 2250 virions per cell were released
into the medium during the period of study: yet, no virus budding process
was observed at the host cell membranes. JE virions at various maturation
stages appeared within the cisternae of rough endoplasmic reticulum (RER)
of infected cells at 24 hours p.i.; and, although C6/36 cells did not show a
well-developed Golgi apparatus. the virions appeared to l)e carried to the
cell surface within host-cell secretory vesicles for extracellular release as
early as 24 hours p.i. The occurrence of a secretory-type intracellular
transport of maturing JE virus particles was well recognizable in brain cells
of infected mice, in which JE virus particles were found almost exclusively in
the cisternae of RER, in the Golgi apparatus. and in various vesicles, includ-
ing coated vesicles, in the vicinity of the Golgi apparatus. Our previous study
of dengue-2 virus morphogenesis and our present, study of'JE virus morpho-
genesis differed substantially at various stages of maturation. Possible
mechanisms which explain these differences were (liscussed.

Introduction

Numerous report:; have appeared concerning the developmental pattern
of the flaviviruses: yet, so far, no single pattern of rnorj)hogenesis has
energed. An area of inconsistency involves the site of' nucleocalpsi(l
assemlbly. Several studies have (lemonstrated flavivirus nueleocapsids in the
cytosol (7. 9, 1). while others have demonstrated them in the cisternae of
rough endoplasmic reticulum (RER) (4. 8, 10, 12). Recently, we have shown
that. during infection of C6/36 mosquito cells with (lengue-2 (I)EN-2) virus.
nucleoeal)sids assemble themselves in the cytosol an( subsequently niature



by budlding throutglh host plasma or evt() l l ic tntiiihrari ac(1 tiirig viral
nleflliafle envelopes ill the procetss (7). In contrast. Leary and Blair (8X)
hav'e re1)Ored that, in Vero) cells iflectedl with I Japanese enlcephlalitis (.1 )
virus. virions occur withinl the cisternlac of, RE RA. pas through the ( olgi
apparatus. alfld alwar ext r'tieelltNrY Ify seeretory-tyle ('Xoeytosis. These
two reports theref'ore Suggest the presence of' t least two:different ruratirra-

So thtthe rflorp)hogenecsis of*JE virus and)EN-2 viu(oudb lirectl ,v
compllaredl. the present study eXanminedl the infection ofC(i/36 lilosqito cells
with .JE Amus under onduitins; simnilar to those usedl previously for a I)EN-2
virus studyl (7). In addition, we studiledl the niorphogenesis oI'JE virtis ill the
lbrainl Cells of, adult m1ice nt racereltratly inoctilatv, l with this virus.

Materials and methods

I 7,a.

JI' virus. strin SA,,. mus Wliiflil Irin Dr. Yui o m hNWaina liititit flow the
C'ontrol of' lPhaitnacenticaI and Biological lProiliits. Bijing. (China). Tllhe vi. prep'Iar'a-

tions used inl this study was passedil\o wit lis intiaceichlially in sticklinig inuie anil once in
A' d~ s (1lbopir) C (6/36 cellIs. Virins ha rve'st f1id(s w(r ci' ificd byi cen re iiittigio hit a

6500)X g ('or 10 mninutes. andi hviruis parlticles were pell('tedlat (h3.(4(( x , I' 2 liiar'.hei
jiellt't was reslisp('Ill('i to I./100 original vulilii( inl 0.0[ 1 ITis-!11. pl I 7.8. 'onutainiing
(0.15 mr Na('l and 0.0045 if ElYIA. Three fill olf the suspaensionu \ere luuvei'd on at 27 nill
gradient o45-25 per'icent ("w/v) sucrose andl centriigei lofwi 2.5 Iiiiirsat 65.000( X gr in it
swinging tiii(k(t roitori. One( fil t'ractions were~ coillectedl andi s('i'e d ia'.l ivi iaggluiit at nu
01A) activity. The fractions \Nithi the highest I IA activity weepooled. aliquoted. and
stouredl f'rizen ait -740,C iuntil I se..

''llhe (6/ : cl I Iilne of, A~~ a ~lbopb'a.s wer ic e It fireid ii Ilcin cap sul Itca ns w it hf Ea gle' s
Ininimnil essentiaul meldiumn ((Gibct. Cat. no. 41500,4 Gr~iand Island.i NY) ('ontaitiling

104 pe(rcenit fe-tal hovine serutli anid simjuplceicutei w\ith 100( L' tpenicillin aind 100( [±g of'
streutiuta vin per fiul. airligto fte iuuethoil of' Asafb6-Adjei vt ual. (I). The' C6 36 (elk
were inl'eteil with irifld JE M is at a virushowst cel ratio ut AM4 . \'ei ilsoi'ft iom lot.
I hotir uit 3a nailttenanlci' miumli containing 2 puercen of utuil liovine serui andi anti-

iotics was added toi the' cellIs. Th 'itie ei' intuinei in it hiiiiditii'i atinloslierc of

5 p-renit C'0. in aiir at 28H C fOr 24. 48. and 72 hiatts. For tOw virus growti curv stunky.
-('6;/:i36 cells weegrown itn 25 ciii-tissne ctiltiiie flasks. akid ituhced uu itli %viros at a1 viis-

host ('(II ratio oh 8(4. stipetait cnltiure f1luids were sanipleil at 24. 48. uutd 72 hours 1ost'

iniciiluutioti (i.). and infections virtus liters dIctcrnitedb lit stuiidalrii'l 1 aiei assay (2).

TIhree voiung ailuilt onice (l('l{ st raitn. 4 weeks old) \\('re lightly uutist lictizeul li placing
ihucitlil it dry-ice chambler' amid itjic.(t(il it\'cr'lril'withi ((.4(3 11l ( 117 llT (&' I
vittils Threle ('(litroil muice' wlei' injectedi lit ia cceri'allv \Nit h t he silii viduutti' (& thi'

iuediini. since a puriliminuary stifily had inudicated that at muajority oif' ituitiul tiiie dlit' onI
the fil'fh day pi.. in this stuihy the infected and contl iltiici' were sacr'ifii'i'i onI thu' Ibirtli
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(lt .)i. The animnals %ere a nest het izedI at,! perl ise with 20 m inIof jhosp h ,tc buI ter((

satline ( 1113), followed bNy I0 111t of 4 percent jphosph ate-lw ffered arbhmIve d.b
injecting the perfusing fluids tromt the left ventricle tinder a ijld pressure and (traininig
them fromi a cut in the right atriumn. Tlhe perfused mice were placed in at refrigerator ait 4' C
for 30o minutes. 'rhe brain was exciset and cut at the coronal plane passing through tin
pituitar 'y stalk. Small tissue pieces For the electron microscopic studlY were taken front the(
cerebral cortex and the hasal ganglia ait the cut surface and fixedt in 112 strength
Karnovskvy fixat ive Cor I hour at room temperature or ait 4 'C overnight.

Efi(trot, m icros~copyl

Trhe Cwm/3(.ell inonolav' ers grown in IBevn captsule caps and infe~cted with .JE virtis
wxere processedl for electron 11icroscopy as descrihed elsewhere (1). The brain tissue pieces
fixed in 1/2 strength Karnovsky fixative wvere washedl in (0.1 Mi cacod 'vlate biuffer (pll1 7.4).

postrflxed in I l)(rceet cacodt late-llered osiuim tet roxide, (dehydratedf. and embhedded
in Poly/Be113d 812 (lPol Nscience. ic.. WNarrington. PA). Thin sectionis were cuit on, a LKI3
Ultrotoine. Nova. p~lacedl on uncoated gri(fs., stainedt with oran 'vl acetate andt lead cit rate.
and examinedt with a Hitachi 11-500 electron microscop~e at 50 and 75 kV.

Results

.JE rirw- replication kinctics

In order to establish that, C6/36 cells were being optimally infected. with
a resultant release of JE virus over the time period studiedl by electron
microscopy, C6/36 cell cultures were inoculatedl with JE virus at a virus-
host cell ratio of 80. and supernant culture fluids sampled at 24. 48. andl 72
hours 1).i. Plaque titers of extracellular virus were 500. 1500. and 2250 PFU//
cell for the 24, 48. and 72 hour samp~les. These amounts of'extraceilular virus
indicated that an active replication cycle was established. anld the observa-
tion times of 24, 48, and 72 hours were oJptimial for maturation studies.

Electron inicro.scopic ob.s'rratioti of JE rirus-infrctd ('6136 c' us

Normal C6/36 cells contained abundant ribosomies in their relativelyv
voluminous cytoplasm. The insect cells generally possessed thinner and
less-clearly staining cell membranes than miammnalian cells, consetquentI.
the structural delineation of C6/36 cells tended to be le -; sharp in electron
micrographs than that of mammnalian cells. This was par-ticularly' true in the

profiles of RER whose membrane was often dlifficult, to recognize. The smiall
Golgi apparatus was occasionally found in the perinticlt'ar region or in the
peripheral cytoplasm ofC(6/36 cells. The cytoplasm also contained varying
nummbers of' vesicles andl vacuioles.

In the p~reparations obtained 24 hours 1 .. , virus particles measuring 40
to 50 n in (diameter were flound in a imajority'N of inflected cells within the
dlilatedl. ttubular or sintisoidal cisternae of' RERI (Fig. 1). Compared to the
DEN-2 virus infection in which multiple viral nucleocapsids occulrredl in the
cytosol (7). theJE virus infection revealedl flo recognizable nutcleocalpsidls of
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Fi.2.t viu patcles in th pi(jeripiheralI cytoplasm n i t he sourface ofT63 cells,
24 h ours p. i A One( viih n each (large arrowheads) are SeenI onl fill, cell soitafice and( in the
hInmen f 'a v-ac ie (V9. One viitn (simaill arro)whea( I is rvengnialIe wit hi it vesicle ill thle
perijieral v cytoplasm. The rest of' virus p~articles are seen within cisternae in the cv' to-
pdasin . Bari. I01 (II in. B Viris paril es (a rrowheadIs) withIini vesicles bieneat h the pl a sina
memibranev (VIt). B~ar. l10) nin. C A virus p~article (arrowhead) on the (e(-It scirtae. Noe the
(Ii al sepaji1rat ion betWet i t hv viral en velopen aindI the p1 asnia ineinbra ne. Bar I0 Itt nn

a corresponding size in the cytosol; nonetheless, the virus paticles within
the RER cisternae were covered with membrane envelopes (Fig. 1, insets).
Trhe RER cisternae also contained multiple vesicles that were nmphologi-
callY identical to the "smooth memb~rane structures (SMSs)- described bY



LearyN and Blair (8) in .JE virtus-inl'ected V ero eells ( Fig. 1). The SN Ss
mealisuret'l 100 lnt inl (diameter oil the average and Sh~o~ecl anl internal sti e-
ture with a hilamientouis net work; somec showed c ent ral. eletron-denise
eofllenskit ions. In thle viruis inifect il the HER eisternlae seelnied to beeolic
dlatedl through accumuitlation of' milly elect rol-ulense 1Ioteinaceouis
material, inl which rows and groups ol' maturing viruis particles were
emtbeddecd (Fig. 2 A). Virus pariicls were also seell in thle p~erip~heral c , to-
jplasifl. where they were enclosedl in vesicles probably of* RE H originl sil~l\
or in groups (Pig. 2 A. 13). 'I1w( fplasflla andI cy tojlasmuic N-acuiolar Inmenranles
were clean: 1)o or fewx virus particles were fou1nd ill the( vacuiolar. ulmenis
(Figs. 1. 2 A. 13. C). Viruis particles that were found occasionallY oil the( cell
surfalev showed their membr1ane envelopes ('leanlY sep~arated fr-oml thle
p~lasma membrane (Fig. 2 C).

At 48 hours p. i.. many ilnfected cells were enllarged mainly ats tlt(e result of'
promIfin~ent vactiolatiol) of' thleir cytop~lasm. The cytop)llasm) showedI varying
(degrees of'disorganization of* subeellular structtures. Particuilarly',v the memi-
brane of'HER became obscure extensively vwith accum)ulation of' an increas-
ing amouitnt of' the( int racisternalI material (Fig. :3 A). (ConlsequetltyI. the(
(lemfarcation) between HER and the( rest of' thle cy' tojplasill Could only be per-
ceivedl by the ari'angement of' rowvs of' i'ibosomles. Maturing( villions wer'e
(emb~edd~ed in rows anl( groupfs ill thle abundant m lt l'acisternIal material. In
some areas of' thle cvtoplaisni. segments of' HER transor'med into cystiL'
sAtictut'es inl which viruis particles and the SMSs weecontained (Fig. :3 13).
A r'ow of' ribosonies usuially linle ( ecyvtoplasmic Side( of' the( mnemlbrane that
e'nclosedl a cy stic structure, revealing its origin. Virus lpart i('1e that were
individually enclosed( in vesicles were also fouind amiong( the( ('vst i( structures
(Fig. :3 13). it appear'ed that fI'om the( cistei'nae and thle c ,vstic stIl'u(-tul'('s virus
par-ti('les werv( c'arriedl within vesicles to thle ('elI surf'ace to be released ext ma-
cellulai'ly. The' f'oal dilatations of' HEl w~hose cisterna(' wer'e filled with thle
lirot('itl'('ous mate'rial was prominent in infectedl (1W/t elils (Fig. 4 A):
however. the samne kind of'echanlge in a lesser' de(gree wvas obser'ved inl 'on~trol
C6(/36 (cells. Onl the( ot hem' hand. tite appearance of' mul tiple SNMSs toget her'
with vim'us particles within thle cisteu'nae was slpeific to inl~eeted ('elS. Inl
sonic ar'eas t he intrmacisternal mater'ial contained paralle Iml n m'banmouis

lailellac (Fig. 4 13). This mlight indicate accu Inilllat ion of' abunldant menl-

Fig. 3. .JE virus, particles in tile cy toplasin or C 6.'36 cells. 4S houirs p.i. lBar nln. A
Vi nIs parlIc't'l(' (( I'I' cadsM) t'nlh((l inI thl(. a ecIjit I IIation of' ~ htol' filaIIit(IIt I and( granII-
I I[a rI' I malei-ia L D I ) a eat ioI be'twm(enilRI'1 an11d II(li e st IolI th I II tojtlap II s IiI iIII( Wst 1
obscure i''s SMS. B Virus pail', andi SMIsS enc1(losed( withiiic ('\stiL' struc(tii'(5 ipt
arro'ws) ('reatl't by' dilatation andI segmntation of' HER'. N otv'Ow n'0M Is oW ribosollies Itill
aLttachted to the( (- 'vtoJplasie sidl( olthe livilihn'illes ol he e~slc IL 1tiu'tiii'. 'V lions i(Idi idl-

malix' enc~losed ill ves5ic'les arei also1 swell) 0i''1'(OI a). N N ucleuis
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bi'ane constituents in the intracisternal material with the eventual mi-
brane for-mat ion. These miemibranous lamellac formed characteristic stacks
of' membranous tubules in the f'ollowing periods as shown below.

At 72 hours p.i., many infected cells showved marked vacuiolatiln. Tile
cytoplasmi containedl relatively few remnants of virus-containing cisternae of'
RER. apparently indicating that a large portion of the dilated RER mnerged
with thle rest of, the cytoplasm. Numerous SMSs lpersisted in the cytoplasm.
but1 their exact location. either in the c vtosol or in the eisturnae. couldi not bte
dletermined b~ecause of' extensive obliteration of' cytop lasmnic membtrane
(Fig. 5). The cytoplasm also contained stacks of' memb~ranous tubular struc-
lures, which were apparently '(l erived from the membranous componlentts
that appleared in the intracisternal material in the preceding period: cross
sections of, the structure revealed conglomerations of memubranouts tubules
measuring approximately 35 nmn in diameter. In thle cy-toplasm. the miem-
branous tubular structtues interspersed with groups of'ribosomes and the
SMSs wvithout clear demarcation (Fig. -5)). Segments of, fairly normIlal- look ing
RER. possibly' representing regenerated ones, were seen, sometimes in
close apposition to stacks ol the membranous tubular structures (Fig. 5).
The la~sina and vacuiolar membranes of'infected cells remained free of virus
pakrticles.

Elb(ctn micro~(oJic obwhSvatoli f J .1 virust.-ifvd mox ('UM (Ic(( (Ix

Gross examination of excised wvhole brains fr-ont the inf'ected mlice
indlicated somec degree of* swvelling. Light Ilieroscofpic examination of'
toluidine bdue-stainecl. semii-thin sections of' the brain samp~les wvere rather
unremarkable: neither perivascular ecuffing nor localized lesions Were
observed. Electron microscopic examination of'the cerebral cortex and the
basal ganglia revealed JE virus-inf'ected nerve cells and neuroglial cells. The
most frequently' and p~romfinently infected Cells were nerve cells. RER of the
Nissl body' in the cy' toplasm of infected nerve cells Nvere variablY disoriented.
andi multiple virus patrticles together with the SMSs were found within
dlilated RER cisternae (Fig. (6. 7). Rihosomes" that lined the cyNtolplasnie sidle
of' virus-containing RER applearedl to be relatively undlisturh-edl until thle

Fig. 4. Accumuilation11 ol'iot racistelnlal mlaterial ill ititeeteit C6/36: celk 48 hoots p. i. Mir.
100 nlint. A A c ,v sic dil atat io0 C(D) of a Scgri t (If' t he ei stern a. Iil 1e withI the fine oe v Ei to-
I1(11 t ((I and111 graii a r miiaterTil. An0atrro 1W o(ij t s to t he j 0 11(to h11 I11weenl t he c , Siic di tatia-
tiotnd1( the cisteimi. Arrowheads poinit to SMSS (,,;) that appear to b~e brlinling 1), im agboa-
tilof 4 the HER menuI ramfl. No vi Iios p articlte is svenl inl the ' itI c !1111 I thlI Iol 0.

B Noumerouos SM Ss amid memb1I rane tan it lae (MiL) t hat arc (11 een 00 arsnl ' dv inl t he i otra-i
cisternia I aterial. although RER is niostlY itmtetinahle. Arr-OwIlelols point to \itIls par-!

tides ntill ledddtell the titaterna I
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structure of'REI{ eventually broke down. Virus p~articles 'were also fouind
within the saccules of' the (lolgi applaratus and within vecsicles. incluoling
coated vesiclIes (Fig. 6 13, 7). In some infected cells the (Golgi app~aratus
showed what. appeared to be degenerative changes with partial dissolution
of its membrane and v'acuiolation of' its saceimles (Fig. 7). 1 n the vicinitY of'the

411

dot-

Fig. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ k 7.4plnoI i oao ln~on ~'t te

in Ii ott' I('it 'Inc enoOh r'n~~s onth ( igoapao'ot005(GJ, I~ I it ooo vso1 ts llei -

jog oatd ~sicls (o'oowhads), 4tI~s [. I.A! itclondrin Aoooleos. lon.1(1fno
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G<olgi apl)paratus, many cytoplasmic vesicles, both coatel and uncoated.
were found. Particularly, virus-containing coated vesicles occurred in close
topographic relationship to the Golgi apparatus. Oligodendroglial cells also
contained virus particles in the cisternae of their well-developed RER, in the
Golgi apparatus, and within vesicles including coated vesicles in the Golgi
area. Virus particles were also found in astrocytes, exhibiting essentially the
same distribution pattern as those found in infected nerve cells and oligo-
dendroglial cells. We failed to find virus particles in microglial cells, vascular
endothelial cells, and perivascular cells (data not shown).

Discussion

In this study, the morphogenesis of JE virus in C6/36 cells was
investigated, so that the findings could be compared with those for DEN-2
virus morphogenesis in the same cells reported previously (7). In C6/36
cells infected with JE virus at a virus-host cell ratio roughly equivalent to
that used in the DEN-2 virus study, virus particles that were covered by
membrane envelopes were found in the RER cisternae as early as 24 hours
p.i., without nucleocapsids appearing in the cytosolic side of RER. The
present findings, therefore. differ significantly from those of DEN-2 virus
rmorphogenesis in the same cells over the same time interval, for, in the
latter, distinct nucleocapsids appeared in large numbers in the cytosol and
matured at the host plasma or cytoplasmic membrane. starting at 24 hours
p.i. (7). Therefore, whereas the maturation of DEN-2 virus from infected
C6/36 cells involved attachment to and budding at the host cell membrane
of virus particles, in this study neither nucleocapsids nor maturing virions
appeared at the host ceil membrane. Instead. JE virions were found
exclusively within the cisternae of RER and cytoplasmic vesicles. Although,
like many undifferentiated cells, C6/36 cells exhibited poorly differentiated
RER and the Golgi apparatus. and their secretory activity is difficult to
follow, the distribution pattern of virus particles in the cytoplasm of intected
cells suggests virus transport through a host cell secretory channel in that
virus particles assemble in the RER cisternae and are carried within cyto-
plasmic vesicles to the cell surface for release. The SMSs are iprobably
identical to "round membranous vesicles" and -c'ytopathic vesicles"
reported by various investigators studying replicating flaviviruses (10. 12).
The membranous lamellae and membranous tul)ular structures also
occurred in the cyto)lasm, probably originating from the intracisternal
material. Abundant proliferation of' cytoplasmic membranes has been
described by Murphy et al. (10) in brain nerve cells of' suckling mice infected
with St. Louis encephalitis virus. with the appearance of the round mem-
branous vesicles and convoluted membranous masses within the RER
'ist(rnae and in the cytoplasm respectively. Leary and Blair (8) thought



that tile SMSs were precur'sors of' virions: however, We couIld( not es tablish at
dlirect (leve-lo)ifl( ntal re(lationlship) between thle SS ail([ maturing virhmns.

'Ihe( intracellular transport of' JE viruis particles through the host
seCretory channel w~as more clearly, demonstrated inl inf~ected nerve cells of,
thle mouse lirainl. Inl these Cells, which possse clearly ' vefinable I{ER and a
wvell-(levelolped (Golgi apparatus. the cisternae of' RER. the Golgi apparat us.
tin([ various vesicles includling Coatedl vesicles in thle (Golgi area aill containled
viruis particles. The (list rilbut ion pattern of JE viruis in infected nerve cells.
theref'or~e, carl ' indicatedl that viruis particles were assembled ill the
cisternae of' HER, transported to thle (Golgi afpparatus. and carried within
secretor N vesicles to thle cell surface for. extracelluilar release. The involve'-
inent of, clathrinl and coatedl vesicles at thle trans faice of' thle ( olgi apparatuis
in the secretor'y pr~cess5 of'inammalian cells has been well documented (3. 5.
6. 13). JE viruis alplarently' utilized thle host secretorx' channel for its miatura-
tion within andl for its exit f'roni inlccte(1 nerve cells. Filshic anl(l Rehacek (4)

relported (list rilbutionl of' M uirra 'v Valley'N encephalitis and .JE viruses
exclusively, within the cisternae of' endlollasmlic ret iculuini of' infectedl

cuilturedl mnosquito) cells. The characteristi d'oistribution pattern of' flavi-
vir'uses in RER. thle (lolgi applar'atus. andl cytop)lasmnic vesicles of' the host
cell was r'ep~ortedl 1),v Mui'j , v et al. (10) in mouse br'ain neirve (cells infected

with St. Loulis encelphalitis virtus. andl( Leai'Y and B~lair' (8) in Ver'o cells
inif'cctecl wvith .JE virus. Leairy and Blairi (8) postulated that . E viruis parnt icles
in their' inf'ectious sYsteni wei'e released f'roml infected cells by it seci'etoi'-
tv*fye exocy, tosis. The priesent obseirvations of',J E virius-inf'ected C6i/36i cells

and mue lbiainl ner've c'ells. ther'efore, corrioboirate thle findings of' the above
invest igat(ors.

Onl thle basis of' oui' pr'eviouis study' onl lEN-2 viirus (7) and of' otii priesent
studly onlJ vir'us. it is interiest ing to prop)lose two t 'lyes of' matuiration f6i'
flaviviruises as at working hy* pothesis fbi' f'uoie invest igat lonls, as illuistrated
in Fig. 8 with thle well-developc cl * Ivtolplasii secmetoi'Y systeml of,
miammialianl cells in mind. Inl tile mlo( Id of' I)EN-2 viris maturiat ion. teirmned

cis-t 'pe~ matuirat ion, the vir'al sti'u('ti umal p~roteins that ai'e synvit hesized onl

host iiosomecs ai'e, lpiesiiilied to be ireleased into the c(,vtosol: thle assembled
nueceocapsids iii the c i tosol then move to the host Cell ieibi'ane fbi'
budding. Onl the othei' hand, in the model of' JE viruis matur iat ion, t eri'ie(

trans-t ,yle inatuiration. the vir'al strmuctur'al lproteins that are synthesized onl
host i'ibosomeis are presumedl to applear' within the ('istei'nae of' IER fbi' vir'al

assembly, and[ the assembled vii'ions t hel pass through thle host seei'etom'v
channel including thle ( olgi appairatus. and ar'e eventually, cairried withinl
sectory vesicles to the cell 5i-il(e fbi', secretory-) vic exocvtosis. The
prioposed~ models i'aise interesting quoestions that needl to be ans\\e'en. For'
examplle. thle mechanism b) ,vWhich thle striuctuiral pr'oteins of' a givenl vius

ar'e p~laced' in at particullamr cytofplasmnic con) art mlent needls to he claifiedu : inl
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this respect. presence of. ablsenlce of' a signal 5e(tIeflee ill connection with thle
(C protein-coding gene miaY p~rovide Coti-anlslat ionctl vec toriatl mlovemlent for
newly ,;ynthesizedi viral strnttiral proteins. Secolyl v thle effects of fpassag-
of'*JE virus throuigh the (Golgi apparatuis need to be clarified. To ouir knowl-
edgre. this is thle fitrst stuldy ill whichl viruls is shown within coated vesicles at
thle Golgi alplaratlts: it miay suiggest that. (luiring thle translport thi-ough thle
Golgi apparattis. virions acqunire ligantls that b~indf specifieallY to host iiem-
firafle receptors. Thirdly' . JEf virions involved in t rans-tylpe matturat ion seemn
to he releasedl rapidly and( cleanly fromi infected cells, with thle host cell memn-
brane ofTering no barrier f'or their release. In contrast. budding l)EN-2
virions acum-tilated in large numibers on thle stirthee of host ce(lls, suigesting
that the virions had at long transit timei throulgh thle host Cell memlibranec inl
the buddl~ing process (7).

Most Case-s of, flavivirus 11-orJphog(-nesis 'so tiar treported s-el to fhall into
either (is-tylpe or trans-ty)( mnatniation. I lowever. one type tif m1-atulrationl
or- thle other (does not seeml to he( specifically' related to at giv(-n virllIs taxon.
For (-xaniple. lby inocuilating mnice intracrebrall ''v wit h a In)use-adlafpt-(
l)EN-2 viruis (the New Guinea -C"~ strain, 23rd stickling mntitse brain pas-
sage) - Sritiraii-atna et al. (12) demionstrated viruis particles excltisivel ,v in the
endloJlasmic r-fitk-lttm cistt-rna(- andl smlooth mnemlbranle vesicles (W nleurons.
stiggesting at trans-tyfpc mattiration ofoi the IN-2 vit-us inFetion. Likewise.
by inocuilating porcine kidney stable (118) c-ells w.'ith I JE viris (the Mukai
si rainl. passage historv unknown btit p~assed( sever-al timeis throih PS cells
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byv the investigator before use). Ota (11) demionstrated budding virions at
cytoplasmnic vacuolar meunbranes of ifectedI cells, suggesting at eis-t :yp('
miaturation for the JE virus infection. It. is possible. therefore, that a viruis
exhibits one or the other t 'ype of miatuiration based on passage historY and
adaptation to a host cell svstenm. Further studies are needed to clarifv this
point.
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