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REVIEWS -- 

M ost plant viruses de- 
pend on one of a 
variety of organism; 

acting as vertors for trans- 
mission between plant hosts, 
but most plan? viruses do not 
replicate in their vectors. Inseds. 
particularly homopterans with 
piercing-sucking mocthparts, 
are by far the most n..merous 
and important vectors, alrhough 
other arthropods, nematodes 
and fungi are also imporranr 
vectors of plant viruses’. The 
biological relationships betwetn 
viruses and their specific vectors __ 
are known for most economically important viruses, and 
the invc’verncnt of virus-encodtd proteins in trans- 
miss;-~ nasben demonstrare&-l’. Although the precise 
interactions between : irus and ‘rector I< main elusive, 
data on transmission-associated ‘-iral proteins have re- 
vealed common features arn0r.g divere virus- vector 
combinations. This review considers the requirement 
for virus-encoded proteins in transmission and the 
mechanisms by which these proteins might mediate 
virus-vector intcractio8is. 

Plant virus proteins involved in 
natural vector transmission 

Stewart M. Gray 

Plant viruses transmitted by invertebrate 
vectors either reversibly bind to vector 
mouthparts or are internalized by the 

vector and later secreted. Viral proteins 
mediate the binding of plant viruses 

to vector mouthparts and the transport 
of virus acres, vector-cell membranes. 

Both mec+misn~s probably involve 
confcnmati,mal changes of virus proteins 
during their association with the vector. 

- 

The terminology used to describe plant virus trans- 
mission is biased towards aphid vectors, and does not 
accurately reflect the transmission processes of other 
vector taxa”. In this review, I divide plant viruses into 
two broad cazgories with different transmission pro- 
cesses: circulative and noncirculative. Circulative viruses 
are usually defined as moving from the abmentary canal 
of an insect vector into its hemocoel (its open circu- 
latory system) and back out +hrougb the salivary se- 
cretory system. However, in this review, I expand the 
definition of circulative transmissioal to include any 
plant virus that must be actively transported across vec- 
tor membranes and survive inside the vector to be 
transmitted. Noncirculative viruses associate with the 
cuticular lining of the insect mouthpam or foregut and 
are released as the insect expels digestive secretions into 
the plant when it begins to feed. These viruses are not 
actively transported across vector-cell membranes, nor 
are they carried internally. The cxrernal cuticular lining 
of insects (and nematodes) exrecds well ir?to the mouth- 
parts and foregut, but is shed when the animal molts. 

The circulative viruses are divided into two groups: 
propagativeand nonpropagative. Circulative propagat- 
ive viruses replicate both in their vectors and in their 

plant hosts, and include rhe 
tospoviruses. I’hytoreoviridea, 
plant Rhabdoviritiea. tcpui- 
virusc; and marqhviruses. These 
viruses encode gcner that are 
JiffercntiaZj r.rpres& iII inxct 
and plant hosrs” 14. Although 
their transmission mechanisms 
are currentlv beinn smdird”.‘* . 
tLere is little new”information 
on this group not covered in 
previous reviews’-‘. 

The circulative nonpropagar- 
ive viruses do nor replicate in 
their vector. The vector pri- 
marily facilitates virus move- 

ment between piant hosts; however, these viruses have 
evolved very specific mechanisms that allow rhem to 
exploit the physiologic:I svstems of the ‘rector. 1 hese 
vi- include the luteoviruur, geminiviruses and pea 
enation mosaic virus (PEMV). The fimgally transmitted 
trtvnvirusesand bymov iruses are also included. as these 
are internalized by the f&i’-.‘“. The beetle.ransmitted 
tpnoviruses, comoviruses, bromoviruses and sobemo- 
viruses could also be included. as these viruses are tram- 
ported across gut membranes into the hemolymph of 
the insect”; however, this mipht not be an e-xntial 
requirement for transmis\Inn”. 

crrcf4larif ‘C rransrrrcssion in i#se?cr rvcrors 
Luteoviruses and PEMV are the best studied of the cir- 
culative nonpropagative viruses, ard thcv share many 
fundamental katures and mechanisms related to their 
transmisGon by aphids’l’. Afiet uptake into the alimen- 
tary canal, virus particles attach to and are transported 
across the hindgut, and occasionally the midgut, epi- 
tbelium into the hcmc~ ccl via a receptor-mediated & 
cytotic pathway’s2’. The hindgut can act as a barrier 
to ttrteovirus movement into the hemocoel, but it does 
nor appear to inhibit the uptake of most luteovirus 
isolates=*. Virus parricles are carried by the hemo- 
lymph From the abdomen to the head, where they can 
associatewiththea ccessory salivary glared (MC). Here, 
virus is actively transported across two distinct barriers 
to transmi~ion, the ASC, basal lamina and the -4% 
plasmalemma, and then released into the salivary canal. 
Virus is then injected into a plant as the aphid feeds” 
(Figs l-3). 

The .4SG b-1 lamina is a fibrous network con- 
sisting primarily of collagen, which provides support 
snd may also act as a filtee. Lutcovirus isolates dif- 
ferentially bind the ASG basal lamina and selectively 
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Hemocoel 

F& l. lnt& structures of w aphid mvohfed In the transmission of c~twlative (route de- 
pkted by arms) and noncirculatrve nruses. Ingested nrus movesmroughtheailrnerraly 
CaMT and is actively !raw;A:;.’ anto the hemocoel across the hindgut epithellal cells tsee 
Fs 2 for rlptals). Vlr’ses musi assocrate wth the accessory salivary gland (ASG). be ac 
lively trmspcmed scmss !WIJ cellular bamers (see Rg. 3 for det&!s) and be released unto 
the salivary canal. T!we 1s m tdwwx that fk pnnapal salivary gland PSG) 1s uwolved. 
~oocirmlatii muses wouk be retawd UI the food canat and l %e foregut (see Fe. 4 for de 
Wls). The interrl organization ?: other insect vectors wth pierung-sucking mouthparts is 
srmti. but not 8deR’u.l. 
_ _ ._ _- _---. -.-.-__---.-------.- -. - 

move across the basal lamina matrix. Luteoviruses do 
not interact with rhe basal lamina of other rissues, in- 
cluding the principal salivary gland”“‘-. The trans- 
port of luteoviruses across the ASG plasma!emma, 
which is also selective for specific isolates, appears to 

Hindgut lumen 

Hindgut epithelhl cell 

Hemocoel 

m or protruding capsid-protein domains bind to receptors on the 
pical @asm&mrna of the hindgut epithelial cells. The process of virus 
lptpks or the environment within Me cytopdasmk transport wsicfes might 
2rip off the raceptwbinding domain. The vesicle mernbrwrs fuses with 
he ep%Wlid cell basal plesrnaleinma, and virus is r&eased into the hem+ 
ml. The environment of the hemocoel possibly afters the conformation of 
he CapoM pmtelns end exposes domains required for interactions at the 
coessory saltvary &nds (sea Fe. 3). 

occur by receptor-mediated endocytosis”. 
The hindgut, ASG basal lamina and ASG 
plasmalemma have various effects on the 
transmission efficiency of different corn- 
hinations of aphid species and virus iso- 
late’-.“.‘-, suggesting that the moIecular 
mechanisms involved in virus movement 
across these three harriers are likely to 
involve different viral proteins or protein 
domains. 

The capsid of luteoviruses and PEMV 
contains two proteins, a predominant coat 
prc,tc#u and R srcondary protein that is 
present in small amounts and isrranslated 
via .cadrhrough of the coat protein stop 
codon-.“x-r’. Heterologous encapsidation 
IS common between barley yellow dwarf 
luteoviruses when multiple isolates infect 
the same plant”-“. If complete or partial 
exchange of capsid proteins occurs, the 
vector-specific transmission phenotype 
of one or both isolates is altered”.“. The 
readthrough protein, although not re- 
quired ior particle assembly or plant in- 
fection’ ‘-.4. is required for aphid trans- 
mission-*-“. Although luteovirus particles 

lacking the readthrough protein are acquired by aphids 
and can cross the hindgut harrier to accumulate in he 
hemocoel, no transmission to plants occurs”*“. These 
observations suggest that rhe readthrough protein is 
required for viruses to move across transmiscicm 5arriers 
in the ASG., and that the coat protein is probably there- 
fore responsible for virus movement across the hindgut. 

The circulative transmrssion of geminiviruses through 
their whitefly or leafhopper vectors has not been stud- 
ied in detail, but is thought to be similar to that of luteo- 
viruses in aphids. Unlike the Iuteovituses, only the coat 
protein is required for transmission, and the coar pro- 
rein appears to regulate the specificity of transmission 
by both whirefiies and leafhoppers’“*‘-. The whitefly- 
transmitted gemirliviruses have a highly conserved 
amino acid sequence in their coat proteins, and are all 
transmitted efficiently by one whitefly species, Bemisia 
tahci. Convetxly. the leafhopper-transmit gemini- 
viruses each have distincr coar proteins, and are trans- 
mitted by different principal tector species’x. 

Circrrlatiue transmission in fungal vectors 
Furoviruses and bymoviruses are carried mremally by 
their fungal vectors; the mechanisms involved arc not 
well understood, but there are some similarities with 
insect-transmitted, circulative nonpropagative viruses. 
One of the furovirus coat proteins is translated by 
readttirough39-40; this protein is required for efficient 
transmission’. Bymoviruses express a nonstructural pro- 
tein (P2), which has sequence similarities with the furo- 
virus readthrough protein4’. Repeated passage of virus 
through host plants by mechanicai rather than fungal 
inoculation often generates transmissiondefictent mu- 
tantss*41*4z. The loss of fungal transmission is always 
correlated with deletions in the genes encoding the furo- 
virus readthrough protein and bymovirus P2 protein. 
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Interestingly, within the mcchanica!!y 
moculatec’ plants, the nontransmi\siblc 
isolates predominate, but vrctor-trans- 
missible isolates can be recovered-“J,4’. 
These observations could suggest that 
viruses can jettison unnecessary portions 
of their genome when they are no: re- 
qulred. For example, the root-infecting 
fungnl vectors are not found in aerial par- 
tions t~f the plant, yet virus is translocated 
throughout the plant. Transmission- 
associated proreins would only be required 
in plant tissues where tbc tuagl and virus 
can associate. In this context it is inter- 
esting that viruses with mammalian and 
Insect hosts often cause a persistent in. 
fection in only one type of host. In several 
cases, the viral RNAs isolated from the 
persistent infcctiors have undergone 
substantial deletion. or rearrangements. 
Could infection of the aerial port’ ,n of 
a plant be analogous :o a persistent or 
latent infection. while ihat of the root 
tissue represents an acute infection? The 
differemial expression of g:=nes between 
hosts is common in viruseh that infect 
different types of host, and may also occur 
withi? different tissue-. of a sirr~le host. 

r __-----.--_ _ __ ___ 

The majority of plant viruses are ,lot internalized b? 
their vectors. Successful transmissic #n depends on the 
ability of the virus to assoctatc with .-utrcular linings 
of the mouthparts or foregut of the vector and subse- 
quen:ly- t(: be released. Current models of nonpersistent 
transmission result primarily from work on the aphid- 
borne potyviruses, caulimoviruses and cucumoviruses, 
but the nematode-transmitted nepoviruses and tobra- 
viruses have many common features with the aphid- 
borne viruses. 

Noncirculatille virus t*ansntission by apitids 
Two viral proteins, the coat protein and the nonstruc- 
tural helper component (HC), are required for aphid 
transmission of potyviruses. Their molecular charac- 
teristics are reviewed in Ret. 3 (see also Refs 9,10,44). 
A conserved amino acid sequence ( Asp-Ala-Gly) in the 
amino terminus UC the coat protein is essential for aphid 
transmission. Proteolytic treatment of virions, which 
removes the amino terminus of the coar-protein sub- 
units, prevents the particles from being transmitted 
by aphids, although they remain infectious when me- 
chanically inoculated into plantsas. 

The HC is presumably acquired along with virus par- 
ticles as the aphid feeds on plant sap, hut the role of this 
protein in transmission is unknown. One hypothesis 
is that it mediates the binding of virus to sites within 
the aphid food canal, either directly, by iinking the virus 
to the aphid (Fig. 4A), or indirectly, by modifying viral 
attachment compounds in the aphid to allow virus 
binding (Fig. 48). Virus-like particles have been ob- 
served embedded in a matrix material assocaated with 

the stylers and foregut of aphids fed on a mlxrurc of 
Gus and HC. No bound particles were oherved when 
aphids were fed on virus alone*. In \ it-u+ mutants ccm- 
raining deletions or substitutions making either the 
coat protein or the HC incompetent for aphid trans- 
mission, theassocianon of virus-like particles with the 
cuticle did not occur (T.P. Pironc. pers. commun.). 
Transmission -ompete; 7 HL is required for virus as- 
sociation and retention in the aphid mouthpatts and 
must be present before the virus or simultaneously with 
it’; this suggests that HC is involved in me&ating bind- 
ing between the aphid cuticle and the virus. 

An alternative hypothesis is that I-K acts Indirectly 
to modify the coat protein and allows a direct inter- 
action between the virus partick md theaphid (Fig. 4C). 
When a recombinant protein containing the amino- 
terminal region: of; ;atyvirus coat protein was fed to 
aphids before feeding them virus lnd HC, transmission 
was abolished’-. Salomon and Bemardi interpret these 
data tosuggest that the recombinant protein saturated 
vircs-binding sites in the aphid and prevented subse- 
quenr virus binding. They hypothesize that the amino- 
terminal region of the coat protein, rather than the HC. 
attacha to sites on the aphid. They further suggest that 
the am&-terminal region of the coat-protein mono- 
mers assembled into virus particles is not normally 
available for interaction with the aphids, but that HC 
mediates a conformational change in the amino termi- 

of thecoat protein that allows binding of the virus 
;o the aphid (Fig. 4C). 

The transmission of khe caulimoviruses also requires 
a nonstructural HC (Ref. 48), and recent studies support 
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Food canal 

Egestion 

Food canal 

In contrast to the potyviruses and cau- 
limoviruses, nonstructural helper com- 
po~le~.ts are riot reouircd for the aphid 
transmission of cucumoviruses; their 

A tra; .mission is regulated mainly by the 
codt protein’“. Site-specific mutagenesis 
of cucumber mosaic virus (CuMV) has 
identified two regions of the coat pro- 
tein thar are involved in efficient trans- 
mission, and has pinpointed the amino 
acids needed<‘. The same regions of the 
coat protein, but not the same amino 

B acids, have been implicated in a second 
poorly transmissible CuMV strain. The 
rm Isu&don effiiency of CuMV has been 
attributed to properties of the coat pro- 
tein, but not to identifiable linear amino 
acid sequences. These observations big- 
gest that one or a few amino acid changes 
in the coat protein could alter the vector- 
transmission phenotype by pre\ enring 
direct interaction between the virus 
and the vector. Alternatively, rhe amino 

C acid changes couid influence the three- 
dimensional structure of the coat protein 
or capsid. and indirectly affect the abil- 
ity of the virus to interact with its vector. 

irr LEO, but cannot mediate transmission. 
If supplied along with functional HC and 
virus, the GST-HC fusion protein inhibits 
transmission’“. Schmidt eta/. suggest that 
the GST-HC protein outcompetes the 
native HC and saturates virus-binding 
sites. As the amino-terminal portion of 
the HC in the fusion is attached zo GST, it 
cannot interact with binding sites in the 
aphid, and so transmission is prevented. 

Noncrrculuti~~e rims fransmissiorr by 
nentamdes 
The noncirculative nematode-transmitted 
nepoviruses and tobraviruses also asso- 
ciate with the cuticular lining of the vec- 
tor food canal. Acquired virus particles 
bind to specific regions of the stylet sheath, 
pharynx or esophagus, and a carbo- 
hydrate-containing material of unknown 
origin is associated with bound virus 
particles. The involvement of nonstruc- 
tural virus proteins has not been estab- 
lished for the nepoviruses, but recent 
evidence suggests that a nonstructural 
protein might be required for transmission 

of to’uraviruses in addition to the coat proteitP. Virus 
release is thought to be mediated by a pH change re- 
sulting from salivary secretions flowing through the 
foocl canal when the nematode begins to feed on a 
plantA(l. Like the amino-terminal domain of rhe poty- 
virus capsid protein, the carboxy-terminal domain of 
the tobravirus coat protein can be cleaved from the 
virus particle by some proteases without adversely af- 
fecting the virus”. It is not known whether or not the 

lnge&ion 

the role of HC in mediating binding between the 
aphid cuticle and the virus. Biologically active HC, iso- 
lated from infected plants or a baculovirus expression 
system, binds coat protein in &ro48*49. Two of the car- 
boxy-terminal 31 amino acids of the HC are required 
for HC to bind coat protein, and loss of binding abol- 
ishes aphid transmission. HC expressed in E.scbtichia 
ccli as an amino-terminat glutathione-S-transferase- 
HC (GST-HC) fusion protein can bind coat protein 
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modified particles can hc transmitted by nematodes. 
Interestirgty, the aggregation state of coat-protcln 
monomers does rcrpond to chnngrs in pH. and the 
carboxyl terminus of the tobacco rattle tobravirus 
coat protein contains a segment that does not appear 
to he part of the struct!tral framework of the virus 
particlecl. Could this be a conformationally active rc- 
g)l,n of the coat protein that is exposed only in the 
nematode foregut and that acts as a cleavage site for 
virui release? 

In noncirculative transmission, the virus must as- 
sociate with the cuticular lining of the food canal of the 
vector. binding require5 \ iral protein sequences and 
perhaps specific vector substances. The binding rnl!rt 
be reversible. and release can involve specific proieo- 
lyric cleavage events or can be passive. The ends <Bithe 
coat-protein subunits of the virion are likely pomts of 
interaction with sites in the vector or with the viral 
helper component. Although there is no dcfi. iti1.e proof. 
many of these observations suggest that cor.fortnational 
changes in the capsid-protein sub *lits facilitate trans- 
mission. The conforr,lational change might ho -edi- 
ated by a helper comp~ment. the environment wtthln 
the food canal or binding of the virus tc) the vector, all 
resulting in the exposure >f cleavage sites on the coat 
proteins. Exposure of these sites to digestive uxre;ions 
during feeding would create a mechanism by which 
bou.~d \irt:s could bc released from rhr \‘cilor and in- 
irs-- -cl into a plant host (Fig. 4). 

Recently. rapid progress has been m; de in dis=+ng the 
relatively simple genomes of p!ant vuuses and identity- 
ing the proteins that are involved in their rransmission 
by k-actors. Changes in the linear sequence of trans- 
mission-associated proteins can alter the tratzsmission 
phenotype of a virus. but the three-dimensional struc- 
ture of protein subunits or viruscapsid is also likely to be 
involved in virus-vector interactions. Conformational 
changes in 3 virus protein could alter in response to 
environmental changes, and this could prevetrt virus 
transmission. However, most plant-Infecting viruses 
do not replicate in their vectors and do not appear it) 
undergo major morphological changes within the \~‘c- 
tar. The environment within titc dumentary system or 
hemolymph of a vector 1s probably significantly differ- 
ent from that within a plant cell or in Gtro. Possibly. 
viruses undergo more-subtle conformational changes 
within the veczor that are not readily detectable. It is 
well known that changes in pH or ionic strength can 
alter the conformarion of plant viruses”.“. Hence, the 
biochemical environment within a vector might alter 
the virion struc~~~re such that different protein domains 
are accessible for interaction with a vector. 1 discuss 
this hypothesis for noncirculative viruses, but it is also 
likely to apply to circulative viruses. 

The readthrough protein of luteoviruses is required 
for efficient transmission of vtrus through the aphid 
ASG. The readthrough protein is thought to protrude 
from the particle surface, or at least to be part of the 
surface topography znJv.U. However, antibodies that 
specifically label the proteins in vitro do not iabel whole 
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I Quedtbns for future research 

1 *What are the commoneats of the vectors that interact with viruses’ 
*f-low do viruses avoid detectJon and destruction by insect immune 

systems? 
*Are viruses modified wIthIn the vector? 

j 
l How have viruses evolved to take advantage of new vectors or to 

become transmitted more efficiently by current vectors? 
I 

virlls’.“‘, suggesting that the prcltcln I, not acccksihle. 
Perhap condtticms w+hin the .lphid hcmcxocl alter 
the conformation of the Iurco\ crux p~rtlcle ro c\po\c 
difiercnt regions oi the rc.ldthrc,ugh pr~~rc~n on 111~ l ur- 
face oi thr virion and tl. .Gn\ lntcr.ictlc)ns H 1111 the 
aphid AS<;. 

Such spcculatic*:, ha\ )et to hc t~eniwd cupcrimcn- 
tally under condlttorl\ that mlmlc the cmircmmcnt 
withm the vector. Piant \~rux’s ha\c prc)h.\hl! c.voI\cd 
to USC’ existmg crrucxurc‘s and pathway\ u rrhln 1 ~-mm. 
It is unlikely that sL ** -h viruws alter norm.tI prcKc\\c\ 
in the vectors hrcauw thrre appear\ to hc nrkrhsr kn- 
efit nor harm derivecl from .ranspcwtrng cIruw\ bc- 
tween plants. A!though great 5trlJcBs h.lvc bwrt m.lA* 
in un&rstanJing the \ iru’r c:omponcnt~ c,itr.~ll,i7ll,~rc,n. 
the mechanisms hy \vhich a pl.lnt x Iru\ rcccq.y~~/cc or 
is recognized by its vector tnrgcly remain a m! .tcr!-. 

17 Jianping. C. ti ~1. ( I YY I ) Ilnn. App/. Bd. I IS. 6 1(-b’? 
18 Dub%, F., Sangwan. R.S. and Sangwan. S.B.S. I fVY41 Inl. 1. 

N.ZII~ Sri. 155.545-552 
19 Ck=rgcri&. R.C. and Scott. H.h. ( I99 1) in MI*JN~~ or I)&dw 

Vettor Rsemch (Harris, ILF.. cd.). pp. l-14. Springw\‘crLg 
20 Wang, R.Y. Gqetih. R.C. and Kim. KS. I IYYJI 

t%ylopatbokqy 82.946-950 



23 Garret. A.. Krrlan. C. and Thomas. D. ( I993! .Jrch. \‘rrrj/. 131. 41 Deswn$. J.T.. Sauren. bl. and llcycr, X1. (1995) ,&m/j. \‘I& 
377-392 140, SIC-33.3 

24 Gildow, F.E. CI .rl. ( 19941 Ph~opofl?o&~ X4, I 155-1 I $6 42 Chm. J.. .\lacfarlane* LA. and Wilson. T..\l.i\. I 19YS) 
2S Gitdow, F.E. and Gray, .%.\I. (19931 PI1~top~rhok~~8.3. Pl~foqh7fl7oh~fl IIS, 299~306 

1293-1302 43 Descns, J.T. and Xleycr, .\I. (IYYS) V~I/~~~~ 112. i83-!LJl 

26 Pedcrson. K.J. (1991)). Attu Zoo/. 72. 181-201 4 Atrqa.C.D. rtl (1991) \‘irtrLfl 191, 166-l II 
27 Petffer, ML. Gddow, F.E. and Gray, SM. (19931 45 Solomon. R. (1992) r\rch. \‘rro/. (Suppl.! F, 75-76 

Phyrop~rholc~ 83. 1403 (Abstr.) 46 Ammar. F.D.. Jarlfors. II. and Plrone. T.P. I IY%I 
28 Jolly, CA. and Mayo, M.A. (I 994) Vrro/ofl20 I, IS& 18.5 P/~rr~p~fhoh~ 84, 10.54-l 060 

29 Filichkin. S.A. et 1 ( 1994) Virology 205.290-299 47 Salomnn. R. and Pemardl. F. I lYY.5) \‘rrobqy 2 I ;. (r-6-679 
30 Wang. J.Y. 41 of. (3995) Virology 206.954-962 48 Blanc. 5. el d ( i 9931 Vrro/r,i;; 191. 64.L650 
31 WCE, F. and listet. R.M. (1991) 1. Cen. Viral. 72. X17-2224 49 Schmidt, I. et JI. I I YY4I Pror. S,~rl A&. .Ki. LL$SA Y I, 
32 Creamer. R. and Falk, 3.W. 1199011. Grit. Viral. 71.21 l-218 8885-4X89 
33 Rochow, W.F. (1970) Screnic 16’. 875-1178 50 Chen. 8. and Fr.mlti. R.I.H. I 1991~1 /. (Lvr. \‘rrr,/. -1. u:~-Y+l 
34 Rcutmaucr, A. P? or/. (1993) Vtro/q,,, l95,692-6Y9 .<I I+. ILL.. rt ~1. (lYY4) \‘rrd~!c~gj~Lli;. SY .-FYF 

35 Chay. CA. ef ~1. Viroh~ rin press) 52 .\la<Farlanr. 5.A. and Brmvn, D.J.F. ! 1990 /. C;rv. \‘m,/. -6, 
36 Ehiddon. R.W. et al. I19901 Vrro/r~fl 177. 85-94 1249-130-1 

37 0u.m. 0. rf a!. [ 1994) Vnokqy 204,LP9-296 53 Robertson. \\‘.51. Jnd Hen?. LE. 119H6) r\nn. t\ppl. Rx)/. IOY. 
38 Buck, K.W. (19941 in Eqclopedw u/ Vnulw IWebster, RL. 199-ioh 

and Granoff, A.. &I. pp. 517-524. Academbc Presr 54 Slayo. Xl..\.. Brlrrlry. K.&l. Jnd (&dman. B.A. I 19931 
39 Shirako. Y. and W~rlcon. T.%I.A. (1993) Vtrrhgy 195. 16-32 fh hre -i. 639-644 
40 ti,,htw: ~2li~. \. el~l. L 199.5) \‘iro!~fl 206. :01-X6 55 Kapcr. J.11. 1 IY-0 brr,vt. Iho.‘. 39. l-485 

The murine coronavirus as a model 
of trafficking and assembly of viral 

proteins in neural tissue 
Klsfma Kalkhanan and Samuel Dales 

I nfections of the central 
nervous system (CNS) by 
neurotropic viruses result 

in highly variable diseases and 
pathologies, depending on the 
agent involved. The outcome 
of the infectious process may 
be the consequence of both the 
replication strategy of the virus 
and the host’s ability to control 
the infmion and the neural cells 
that are targeted. Information 
about the dissemination or traf- 
fickingofvirions and virus com- 
ponents within the neuronal, 
glial and other cells of the CNS 
is, therefore, essential for un- 
derstanding the disease process. 

The replication of JHM, a murine 
ammavints, provides a useful model of 
do WanMy and dissemination of viral 

companents in theurod ceils. lnvdvement 
ofmicmtubuksinvimstmffidc+isan 

impottant feature which may explain 
dimmbtion of the infection from 

primary cd targets at olfactory, 
hippocampaland 4xrebeb sites within 
the central nervous systm, resulting in 

severe ncuropadks. 
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virus (JHM), which is capable 
of inducing CNS disease in 
susceptible rodents and mon- 
keysI.2. This virus-host model 
has been the focus of our at- 
tention. A spectrum of patho- 
logical processes is observed 
after intracranial inoculation 
of JHM virus (JHMV) into 
preweanling rats, ranging from 
acute, fulminant encephalitis to 
delayed onset and chronic de- 
myelination 2’. Previous studies 
have shown the nature of the 
disease process that predomi- 
nates in rat pups inoculated 
intracranially to be a function 
of several host and viral deter- 

-mtJftheCenbalmusS~ 
minants including the strain of the animal used, post- 

Much attention has recently been focused on the patho- 
natal age at the time of inoculatitin, length of time 

genesis of virus-induced neurological diseases in rodent 
elapsing between inoculation and development of 

and primate model systems. Among the agents studied 
clinical signs, immunologic status of the has+ and 

is the neurotropic murine J. Howard Mueller corona- 
variance in the molecular phenotype of the virion’s 
major spike glycoprotein+s. 
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