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Two isolates of cucumber mosaic virus (CMV)-associated satellite RNA, dlfferlng in their biologl- 
cal propertles, have been reverse transcribed. One was able to induce the tomato necrotic syndrome 
whereas the other one attenuated fernleaf symptoms on tomato plants after co-inoculation with the helper 
virus. cDNAs representing partial or full-length copies have been cloned in the plasmid pAT 153 and se- 
quenced. The two RN& showed a very limited number of variations (2 to 5 substttutlons dependlng on the 
clones and a one base deletion). Full-length cDNA copies possessed the same biological properties that 
characterized the parent satellite RNA. Efficiency of the cDNA depended upon Its form in the lnoculum 
(circular or linear plasmid or excised cDNA) and upon the form of the helper virus (viral RNAs or vl- 
rlons) with which it seamed to compete for Installation and/or expresston. 0 1988 Academic Press, Inc. 

In addition to the four usual RNA species (designated l-4 in order of decreasing length) some CMV 
strains contain a fifth component of low molecular weight (-335b). This RNA has almost no sequence ho- 

mology with CMV ( l-3) but depends upon CMV for replication and encapsidotion and is therefore conside- 

red to be satellite RNA. 

The presence of satellite RNA results in a great reduction in virus yleld (4-7) and in most host 

plants results In an attenuation of the severity of CMV-induced symptoms (5, 7-9). For the tomato at 

least two groups of satellite RNA can be discriminated, according to their ablllty to provoke either an at- 

tenuation of the CMV-induced fernleaf symptoms or the development of lethal necrosis ( lo- 12). Satellfte 

RNAs belonging to both groups have been sequenced ( 13- 17) and share a hlgh degree of homology except 

for a japanese isolate which differs in its central region ( 18). From these data, it appears that no simple 

relationship can be established between the nucleotide sequence of satellite RN4s and their biological 

function. As a prelude to a more detailed study of this relationship, we have cloned and sequenced the cDNAs 
of 2 satellite RNA isolates. We report In this paper that some of these cDNAs were “infectious”, i.e. they 

produced after co-inoculation with the helper genome an RNA capable of replication and possessing the 
biological properties of the native satellite RNA. 

MATERIAL AND HETHODS 

1. Virus strains. CMV l17F strain lacks satellite RNA and induces Severe fernleaf symptoms on tomato. 
CMV Il7N straln contains a “necrotic” satellite RNA while CMV R has a “nonnecrotic” one. Purtficatlons of 
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v&ions, viral RNAs, satellite RNA and electrophoresis on 2,4W polyacrylamide gels were as previously 
described ( 10). 

2. cONA synthesis. Polyadenylation of satellite RNA was carried out in a 100 u1 reaction volume con- 
taining 50 mM Tris-HC1 (pH 7,9), 10 mM MgC12, 250 mM NaCl, 2,5 mM MnC12, 0,25 mM ATP, 40 
units of RNasin, 45 pmoles of RNA, 1,5 units of E. coli poly(A) polymerase for IO min at 37°C. Synthe- 
sis of first strand cDNA was performed by the method of Gubler and Hoffman ( 19). The second strand syn- 
thesis was carried out according to the method of Okgcama and Berg (20) with only slight mcdifications. 
The 50 ul reaction mixture contatned 20 mM iris-HCl (pH 7,5), 5 mM MgCl2, 10 mM NH4-acetate, 
100 mM KCl, 40 mM of each dNTP, all of the aforesaid RNA-DNA preparation, 9 units of RNase H/ml, 240 
units of E. co11 DNA polymerase I/ml and was incubated successively at 12% and 22°C for 1 hr each. 
Poly&nylation, synthesis of the first and the second strands were stopped by addition of EDTA to 20 mM 
and nucleic acids were extracted with phenol, twice with phenol-chloroform and precipitated in 2 M NH4- 
acetate with ethanol. 

3. Cloning. The vector pAT 153 was cut to completion with EcoRV. DNA was phenol extracted and sedi- 
mented through a 5-253 sucrose gradient in order to ensure a very low amount of uncut plasmid DNA in 
the further recombinant DNA preparation (2 1). Tailing of the plasmid with dcTP was carried out in a 100 
ul reaction volume containing 28 mM cacob/1ic acid - 120 mM Tris base adjusted to pH 7,6 with KOH, 5 
mg/ml of BSA, 1 mM DTT, 1 mM CcC12,0,1 mM cCTP, 60 fig/ml of DNA, 60 units of terminal dsoxynu- 
cleotidyl transferase/ml for 10 min at 22% The reaction was stopped by addltion of EDTA to 5 mM. A 
mean of 20 nucleotides was added under these conditions. Tailing of the cDNA with dGTP occurred in a simi- 
lar manner in the presence of 1 mM dGTP and 540 units of enzyme/ml for 1 hr at 37%. Vector and cDNA 
were hybridized without further purification under the ccnditions of Gubler and Hoffman ( 19). Competent 
cells of E. coli strain RR 1 were prepared and transformed by the procedure of Hanahan (22). Recombi- 
nant clones were selected for ampicillin resistance and tetracyclin sensitivity. Insertion of cDNA into the 
EcoRV site of pAT 153 by G:C homopolymeric tailing creatti a new BarnHI she at this position ( 19). Diges- 
tion of the recombinant plasmid with BarnHI generated a fragment which contained the cDNA plus 190 bp 
from the plasmid DNA and which was at least 600 bp long if the cDNA were a complete copy of the RNA. 

4. Sequencing. The sequence of cDNA deduced from the published RNA sequences shows a common and 
unique Seal site at position 15 I. Both cDNA-containing fragments obtained by digestion of the recombinant 
plasmid with BamHl and Seal were cloned in BamHl/EcoRV-cut RF of M 13 tg13 1 (23) and sequenced by 
the Sangsr dideoxy chain termination method (24). 

5. Biologiwl tests. 10 young tomato plants, L~s~&scn=u/&&? cv, Monalbo, ( l4- 16 rkr/s old) 
were mechanically inoculated with a mixture containing either 40 ug/ml of purified viral RNAs (RNA- l- 
4) or 100 ug/ml of virions of the CMV 17F strain, and DNA. The nature of DNA (uncut or linearized plas- 
mid, excised cDNA) and its concentration are specified for each experiment, The presence of a necrotic 
satellite RNA was revealed by the development of necrosis by the tomato 10 to 15 dsys after infection. That 
of a nonnecrotic one was based upon the capacity of this satellite RNA to protect the plant against a further 
infection by a necrosis-inducing isolate (25). The 10 plants were superinfected with a preparation of 
I17N total RNA (40 ug/ml) 2 weeks after the first inoculation ; non protected plants died with necrosis 
within the next 2 weeks. Results are expressed as percents of necrosed plants ( %NP) or protected plants 
( WPP), respectively. 

RESULTS 

I. Sequences of satellite cONAs. The sequences of I l7N and R satellite cDNAs are shown in Fig. 1 in 

comparison with the known sequence of the D isolate ( 13) as a reference. Depending on the clones, 5 or 6 

substitutions were observed between the cDNAs of the 2 “necrotic” R&Is (I 17N and D) (positions 2 18, 

224, 229, 326, 327 and 314). 3 of these positions also underwent change in the “nonnecrotic” R RNA 

(positions 2 18, 229 and 327). Moreover, this RNA exhibited additionnal differences : 3 substitutions 

(posttions 44, 126 or 225 for clones 2 and 1 respectively, 295) and a deletion of one base (position 

326). Whereas the partial copy of this RNA had the same 7 last residues at the 3’-end as the cDN& of 

cDNAs of I17N, the full-length one presented a modified 3’-end ; the ACCC end of the D reference sequence 

was absent and 3 T substituted to the bases 329 to 331 contiguous to the ACCC sequence. In order to deter- 
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150 160 '79 ‘8Q 
CTCTCAGTACTACACTCTCATTTGAGCCCCCGCTCAGTTTGcT~~~GAACCC~~CATGGT~~~cc~T* 

22Q 230 240 25Q 260 270 280 
CCATGGAATTTC(irL4AGA44CACTCTGTTAGGTGGTATGAGTCATG4CGCACG~AOGGAGAGG~TMGGCTT 

-C 

-1-l-T 
294 300 310 320 
ATGCTATGCTdTCTCCGTtiTGTCTATCA~TCCTCC&&ACCC 

A 
C 

C -TTT 
C 

T13___ 

AT- FI . 1 . Comparison of the sequence of 117N. R and D satellite cDNAs. 
u -length cDNA copies of l17N satellite RNA have been xzquenced ; among them 3 were represented by 

i17N f 1) sequence and one by I t7N (2) sequence. R ( 1) and (2) corresponded to 2 different copies of R 
satellite RNA. R ( I) was a partial copv stretching from residue 28 to the 3’-end. R (3) was a recombinant 
clone constructed from clones ( 1) and (2) digested by Seal (the posltlon of this site within the sequence is 
undarllned) and carrisd the 3’-end of the cDNA of clone ( 1) and the 5’-end of the cDNA of clone (2). D se- 
quence, deduced from the known sequence of the RNA ( 13) is used as reference. A horizontal line means no 
change while an interrupted line indicates a deletion. Base substitutlons are indicated by the corresponding 
letters. 

mine if these modifications represented a variation of the R satellite RNA or a wrong initiattlon of reversa 

transcription, a recombinant between the 2 cDNA copies h&s been constructed. The new clone (3) contained 

a cDNA having the S-end of the former full-length copy and the 3’-end of the partial one. Finally, this 

cDtM differed from I l7N ( 1) cDNA by 3 substitutions (positions 44, 126 and 295) and the one base 

deletion (position 326). 

2. Biologlcal properties of satellite cDNAs. Satellite RNA has a very high biological activity. It is 

replicated under optimal condttlons when present at a concentration of 4,s pM in the inoculum and still 

provokes the development of necrosis (or attenuated fernleaf symptoms) by some of the infected plants 

when present at lower doses (7). For the validity of our biological tests, it was neces~y to be sure that 

the modified symptoms on infected tomatoes did not result from a contamination of the preparations of vi- 

ral RNAs or virions by a satellite RNA. In eixh experiment dealing with a cDNA of a “necrotic” RNA, 10 

plants were inoculated with one of these preparations alone and IO others with the same inoculum con- 
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Table 1 : Biological properties of the cDNA of I17N satellite RNA 

helper virus as : 

plasmid DNA 
US/ml 

RW 40 ug/ml virions 100 ug/ml 

Nb.Pa WIP” WNP8 Nb.Pa WlPa %NPa 

100 - - 100 57,l 

;: ;: 0 - 

;oo 

100 100 61.2 77,s 
10 30 s067 154 ii 100 67,5 
5 52 100’ 17:3 60 100 48,3 

8 : NRP : number of incrculatad plants ; WIP : percent of infected 
plants ; WNP : percent of necrais among the infected plants. 

taming 5 to 20 ug/ml of a purified preparation of PAT 153. None of the controls developed the symptoms 

characteristic of the presence of a satellfte RNA of either type. For the study of cDNA copies of the 

“nonnecrotic” RNA, a third set of control plants was first infected with I17F strain and then superinfected 

with the necrosis-inducing strain. All the plants died from necrosis, confirming that no “nonnecrotic” 

satellite RNA contaminated the viral preparations and indicating that the superinfection was achieved. 

The oo-inoculatfon of the helper virus and a full-length cDNA oopy of I17N satellite RNA could 

induce necrosis among the infected plants. The results of several tests are summarized in table 1. Data ob- 

tained with inocula containing either of the 2 full-length copies did not differ significantly and have been 

cumulated. One of the unusual features of DNA preparations was their capacity when at concentrations 

higher than 10 ug/ml to inhibft infection with viral RNAs. On the other hand, when CDNA was at lower 

mncentratlons, only a few plants developed the syndrome characteristic of the replication and the expres- 

sion of necrotic RNA. This problem could be overmme by using purified virions instead of viral RNAs. 

Under these conditions both infection of all the plants was ensured whatever the quantity of DNA and the 

biological activfty of the DNA was enhanced. Nevertheless, cDNA appeared 8,000 folds lass active than 

satelltte RNA itself if one considers that a similar percentage of necrotic plants occurred by inoculation of 

a solution containing satellite RNA at 0,45 pW (7) or 10 ug/ml of recombinant plasmid (approximately 
at 3,8 nW ds CD?&). The reduction of the proportions of necrosed plants when DNA was present at mncen- 

trations higher than 20 ug/ml constituted an unexpected result that remains to be explained. In any case, 

it did not seem possible to induce necrosis of all the plants in the conditions reported here. 

The orientation of the cDNA insert in the pAT 153 vector did not influence its expression (table 2). 

Similar results have been obtained with cDNAs of STNV (Satellite Tobacco Necrosis Virus) (26) and of 

viroid (27,281. Thus, no particular sequence of the plasmid vector seemed to be involved in the infection 

process of these cDNAs. When cDNA was inoculated as linearized recombinant plasmid, the cutting site was 

of importance. Results presented in table 2 show that the linearization had to occur near the 3’-end of the 
( +) strand of the cDNA to keep the cDNA active. As satellite RNA probably replicates using the RNA-RNA 

pathway, its cDNA must serve in vivo as template for an host DNA-dependent RNA polymerase. Moreover, 
our results suggest that the RNA transcript has to be a ( +) stranded one. The cDNA-mntafning fragment 

generated by total dfgestfon with BamHt proved to be less active that the uncut plasmid (table 2). Although 

efficfency of the former could be increased, by reducing the concentration of virions (50 ug/ml) or by 
m-inoculating it with viral RNAs, no more than 20% of the plants developed necrosis (data not shown). 
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Table 2 : Effect of orientation of the cDNA insert and of linearization 
of the recombinant plasmid on the biological properties of 

the cDNA of I 17N satellite RNA. 

cDNAas.e: 
insert orientatione 

I n 

Nb.Pa WNPb WNPa %NPb 

uncut plasmid 20 ug/ml 120 68,3 30 53,3 
EwRI-cut plasmid 20 ug/ml 100 7,0 30 56,7 
Sphl-cut plasmid 20 &g/ml 60 66,7 
Ml-cut plasmid 20 ug/ml 100 55,0 3-6 - l3,3 
BamHl fragment 2 ug/ml 60 IO,0 - - 

virus was provided as purified virions ( 100 ug/ml). 

a: 
E ,Q” 

I 

0 

E : EcoRl, B : BarnHi, Sp : Sphl, S : Sal1 
B The arrow indicates the orientation of 

the DNA copv the transcription of which 
would yield a ( + 1 RNA strand 

SP 
S 

b : Nb.P : number of inoculated plants, WNP : percent of necrosed plants 
c:-:nottested 

The tests of the biological activity of the R satellite cDNA clone 2 were all negative. No RNA pos- 

sesslng 8lther of the two functions of satellite RN4 could be recoVered from the inoculated tomatoes. All of 

these plants developed severe fernleaf symptoms. Thls suggests that the modified 3’-end of thls cDNA copy 

ocurred presumably by reverse transcriptase miscopying. On the other hand, inoculation of tomato plants 

with an inoculum containing cDNA clone 3 allowed the complete protection of some of them against a fur- 

ther infection by the necrosis-inducing strain. This possibility 1s characteristic of the presence of a 

“nonn8crotic” satellite RNA in th8 protected plant (25). As shown in tab18 3, this cDNA of R satellite RNA 

Table 3 : Biological properties of the cDNA of R RNA : 
protection agatnst a superinfection with CMV 

plasmid DNA 
w/ml Nb.Pe zmb 

Virus was inoculated as purified virions ( 100 ug/ml). 
During each experiment, as a control of cDNA expression, 
IO plants were infected wtth an inoculum contatning 
20 ug/ml of I17N cDNA : a mean of 53,3$ of the plants 
developed necrosts. 
8 : NhP : number of inaMat&i plants, 
b : WPP : percent of protected plants after superinfectton 

wlth I17N strain. 
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if?t 

Ff . 2 . Analysis of produced RNA after fnfection with an I17N cDN&ctmtafning inoculum 
.V. electrophoregram of the RNA extracted from the recovered nucleoproteins and analyzed in a 2,4% 

polyacrylamide gel. 
6. Analysis of satellite RNA by oligo(dT)cellulose chromatography, The different RNA fractions were 
electrophoresed through a 5% polyacrylamids gel in 8 M urea lane 1 : total viral RNAs ; lane 2 : sucrose 
gradient purified fifth component ; lane 3 : pass-through fraction of the oligc(dT)cellulose chromatogra- 
phy ; lane 4 : native satellite RNA. 

presented a biological activity similar to that of the full-length cDNA copies of 117N satellite RNA. In 

particular, a maximum of efficiency was observed when the plasmid was provided at 20 pg/ml in the 

inoculum. 

Nucleoproteins purified from tomato plants that had developed necrosis after infection with an 

I17N CON&containing inoculum contained a fifth component migrating like satellite RNA during elec- 

trophoresis through a 2,4X polyacrylamide gel and representing 18% of the encapsidated RN4s (figure 

2A). This RNA was further purified by sucrose grtiient centrifugation and assayed for its ability to bind to 

oligo(dT)cellulose ; as it was not retained on the oligo(dT)cellulose presumably it did not carry the 

poly(A) tall ( 18 residues long) present at the 3’-end of the ( + 1 strand of the cDNA used in this casa Con- 

sequently the poly(8) tail lacated 3’ to the poly(A) would also presumably be absent. Furthermore, when 

electrophoresed through a 5% polyacrylamide gel under denaturing conditions which would allow a dif- 

ference of 20 to 45 bases (length of each tail) to be clearly observed, the RNA had the same elec- 

trophoretic mobility as natlve satellite RNA (figure 26). Moreover, it induced the same typical necrotic 

syndrome on tomatoes as native satellite RNA (data not shown). Analysis of viral progeny had also been 

carried out from tomatoes inoculated with a R cDNA-containing inoculum. In a first experiment 10 plants 

were analyzed for the presence of satellite RNA within the nucleoproteins while 10 others were superin- 

fected with the necrotic inoculum. A fifth component migrating like satellite RNA under denaturing condi- 

tions was observed in 8 preparations among 10 in the former case whereas 7 plants among IO were pro- 
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tected against the challenge infection in the latter one. In an independent experiment it was observed that 

all the protected plants exhibited the presence of satellite-like RNA within extracted virions. 

DISCUSSIDN 

13 isolates of CMV satellite RNA have been sequenced to date ( 13- 18, this paper). Except for the 

japanese Y strain, homologies among them extend from 84 to 99%. Detailed comparison of the observed 

changes does not make possible the correlation of structural and biological properties of these molecules 

( 17). Moreover, it appears that the french isolates share greater homology to each other than to any of the 

satellite RNAs isclated in other countries, independently of their respective biological characteristics. The 

minimal differences between a “necrotic” RNA (I 17N) and a “nonnecrotic” one (RI were 2 substitutions 

(residues 44 and 295) and a one base deletion (residue 326). The additional substitutions observed bet- 

ween 2 cDNAs clones of the same RNA could reflect a weak variability withln the RNA population but a 

miscopying by the reverse transcriptase cannot be ruled out as they appeared in only one of the clones. In 

thecase of I17N satellite RNA, the unique variation between 2 full-length cDNAs located at position 3 14 

did not modify the expression of the cDNA. 

Plant infection with cloned viral cDNAs has been successful in only a few cases, i.e. viroids (29) 

and satellites (26, 30). COLLMER and KAPER (31) have reported the biological activity of RNA trans- 

cripts of CMV satellite RNA, but the corresponding cDNAs failed to induce the expected symptoms when co- 

inoculated with the helper @name. The discrepancy between their results and ours can be explained by e 
recent observation of VAN EMMELO aaQal. (26). These authors have indeed shown that the presence of ho- 

mopolymeric dG/dC tails longer than 5 bp at the ends of a cDNA of the Satellite Tobacco Necrosis Virus are 

essential for its infectivity. Whereas homopolymeric tailing has also been used by us (typical dD/dC tails 

length of about 20 bp), another strategy was used by COLLMER and KAPER for cloning the cDNAs in the 

plasmid vector. 

The RNA progeny recovered from plants infected with a cDNA-containing lnoculum seemed similar 

to native satellite RNA in that it had the same length - as judged by its electrophoretic mobility - and the 

same biological function, Since we have not sequenced the ends of this RNA nor looked for a cap at its 5’- 

end, we cannot definitively confirm its identity with satellite RNA. Nevertheless, In vivo processing of 

the RW\ transcrtpt is thought to occur in all the models so far studied and the production of an RNA progeny 

similar to native RNA has been clearly demonstrated as well for viruses of higher plants (3 l-33) as for 

viruses of animal cells (34). 
Study of viral RNA genomes is now based on the use of recombinant DNA techniques. Work in our 

laboratories is taking advantage of the very limited number of changes between the sequences of our RNA 
isolates and of the feasibility of the direct bioassay of satellite cDNA reported in this paper to study the 

structure-function relationship of the CMV satellite RNA in the necrotic syndrome. 

ACKNDWLEDDEtlENTS 

This work was supported in part by grants from the “Centre National de la Recherche Scientifique” 
ATP 1387, from the “Fonddon pour la Recherche MBdicale”, from the “Minis&e do I’Educatlon Na- 
tionale” and from the “lnstitut National de 1aRechercheAgronomique”. 

394 



Vol. 151, No. 1, 1988 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

REFERENCES 

1 :DIAZ-RUIZ,J.R.andKAPER,J.M.(1977) Virology,80,204-213. 
2:LOT,H.,JONARD,G.andRICHARDS,K.(l977) fEBSLett.,80,395-399. 
3:GOULD,A.R.,PALUKAITIS,P.,SYMDNS,R.H.andMOSSGP,D.W. (1978)Virologj,84,443-445. 
4:KAPER,J.M.,TOUSIGNANT,M.E.andLOT,H.(l976)Blochem.Biophys. ResComm.,72, 1237-1243. 
S:MOSSOP,D.W.andFRANCKI,R.I.B.( 1979) Virolcgy,95,395-404. 
6:TAKANAMI,Y.(198l)Viroloqy,l09,l20-126. 
7:JACQUEMOND,M.andLEROUX,J.P.(l982)Agro~lrnie,2,55-62. 
8:KAPER,J.M.andTOUSIGNANT,M.E.(1977) Virolcgy,80, 186-195. 
9:WATERWORTH,H.E.,KAPER,J.M.andTOUSIGNANT,M.E.(l979)Sctence,204,845-847. 
l0:JACQUEMOND,M.andLOT,H.(l98l)Agronomie, 1,927-932. 
11 :KAPER,J.M.,TOUSIGNANT,M.E.andTHOMPSON,S.M.( 198l)Virology, 114,526-533. 
12: PALUKAITIS,P.andZAITLIN,M.(l984)Virology, 132,426-435. 
13:RICHARDS,K.,JONARD,G.,JACQUEMOND,M.andLOT,H. (1978)Virolcgy,89,395-408. 
l4:COLLMER,C.W.,TOUSIGNANT,M.E.andKAPER,J.M.(l983)Vlrology,l27,230-234. 
lS:GORDON, K.H.J.andSYM0NSR.H. (1983)NuclelcAcidsRes., 11,947-960. 
16:AVILA-RINCON,M.J.,COLLMER,C.W,andMPER,J.M.(1986)Virol~,l52, 446-454. 
T7:G4RClA-AREN4L,F.,ZAITLIN,M,andPALUKAITIS, P.(l987)Virolagy, 158,339-347. 
18:HIDAKA,S.,ISHIW\WA,K.,TAKANAMI,Y.,KUBO,S,andMIURA,K. (1984) FEBSLett., 174,38-42. 
19:GUBLER,U,andHOFFMAN,B.J.(l983)Gene,25,263-269. 
20:OKAYAMA,H.andBERG,P.(l982) Mol.Cell.B101.,2,161-170. 
21 :NORGARD,M.V.,TOCCI,M.J.andMONAHAN,J.J.(l980)J.Biol.Chem.,255,7665-7672. 
22:HANAtlAN,D.( 1983)J.Mo). Biol., 166,557-580. 
23:KIENY,M.P.,LATHE,R.andLECOCQ,J.P.(l983)Gene,26,91-99. 
24:SANGER,F.,NICKLEN,S.andCOULSON,A.R.(1977)Proc.Natl.Acad.Scl.USA,74,5463-5467. 
25:JACQUEMOND,M.(l982)C.R;A~.Sc.Paris,~rielll,294,99l-994. 
26:VAN EMMELO,J.,AMELDOT,P.andFIERS,W. (1987)Virolcgy, 157,480-487. 
~~:CRESS,D.E.,KIEFER,M.C,~K~~OWENS,R.A.(~~~~)N~~~~~~A~~~R~~., 11,6821-6835. 
28:TABLER,M,andSANGER,H.L.(1984)TheEMBOJournal,3,3055-3062. 
29:DIENER,T.O.(l986)Proc.Natl.Acad.Sci.USA,83,58-62. 
30:GERLACH,W.L.,BUZAYAN,J.M.,SCHNEIDER,I.R.andBRUENING,G.(1986)Viro1ogy,151,172-185 
31 :COLLMER,C.W,andKAPER,J.M.(l986)Biochem.Biophys.Res.Commun.,l35,290-296. 
32:ALQUHIST,P.,FRENCH,R.,JANDA,M.andLOESCH-FRIES,L.S.(l984)Proc.Natl.Acad. Scl.UsA, 

81,7066-7070. 
33: ROBERTSON,H.D.,ROSEN,D.L.andBRANCH,A.D. (1985)Virology, 142,441-447. 
34:OMATA,T.,KOWRA,M.,SAKAI,Y.,KAMEDA,A.,IMURA,N,andNOMOTO,A.(l984)Gene,32,l-l0. 

395 


