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Poly(l)" poly(C) molecules were trapped with reconstituted Sendai virus envelopes when added to the 
reeonstitution system. A quantitative estimation indicated that about 10% of the added poly(l)- poly(C) 
remained associated with the fusogenic viral envelopes. About 50% of the associated poly(l)- poly(C) were 
found to be RNAase A resistant, enclosed within the viral envelopes. Incubation of loaded viral envelopes 
with HeLa or L-cells resulted in strong inhibition of protein synthesis, indicating fusion-mediated microin- 
jeetion of the enclosed poly(1), poly(C). Introduction of poly(l), poly(C) into cultured cells by the use of 
reconstituted Sendai virus envelopes was as efficient as the introduction of these polynucleotides using the 
calcium phosphate coprecipitation technique. The inhibition of protein synthesis in L-ceils but not in HeLa 
cells was dependent upon pretreatment with interferon. Incubation of poly(1) • poly(C)-loaded viral envelopes 
with interferon-treated variant cells of the NIH 3T3 line, which possess a very low amount of RNAase L, 
resulted in only 25% inhibition of protein synthesis, compared to 85% inhibition observed in L-cells 

Introduction 

Several proteins are reduced m cell culture fol- 
lowing interferon treatment Noteworthy among 
them are two enzymes wtuch reqmre double- 
stranded (ds) RNA as a cofactor for their actwa- 
tlon 0) the (2' ,5 ')ohgoadenylate synthetase [(2'- 
5 ' )A synthetase] whach catalyzes the synthes~s of 
ohgonucleot~des w~th the general structure 
pppA(2 'p5 'A) . ,  these ohgonucleoUdes brad to and 
actwate a latent nbonuclease (RNAase L) [1,2], 
and (n) a protein kanase whtch phosphorylates 
predonunantly two cellular proteins, elF z and p67, 
m interferon-treated cells [3,4] Some RNA wruses 

* Author to whom correspondence should be addressed 
Abbrevtatlons poly(I) poly(C), polymosmtc-polycytldyhc 
acid, PMSF, phenylmethylsulfonyl fluoride 

produce dsRNA during their rephcatlon, It is con- 
cewable, therefore, that activation of the (2'-5')A 
synthetase observed m wral-mfected, interferon- 
treated cells ~s mediated by the viral dsRNA [5] 
Indeed, several hnes of evidence have ~mphcated 
intubmon of RNA viruses such as encephalo- 
myocardms and reo v~ruses m interferon-treated 
cells, with the actwaUon of the (2 '-5 ')A syn- 
thetase-RNAase L pathway [5-7] 

As a model system, synthetic dsRNA was intro- 
duced into interferon-treated cells, either by 
copreclp~taUon w~th calcmm phosphate or w~th 
DEAE-dextran. m order to study the acUvat~on of 
the above enzymatic pathways independently of 
virus repllcauon [8.9] Introduction of poly(I) 
poly(C) into interferon-treated cells was shown to 
acuvate the (2 '-5 ')A synthetase and to inhibit 
protein synthesis However, poly(I) poly(C) tntro- 
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duced into cells by the above techmque did not 
block specifically virus replication but caused m- 
h ibmon of cell protein synthesis 

It is reasonable to assume that dsRNA intro- 
duced into cells during virus infection reaches a 
different intracellular compartment  [5] than poly- 
nucleotldes introduced via calcmm phosphate [8] 
or DEAE-dextran techniques [9] In the present 
work, we have studied the posslbdlty of using 
reconstituted Sendm virus envelopes (RSVE) as a 
vehacle to introduce poly(I) poly(C) into cultured 
cells It ~s likely that such a system would resem- 
ble the process of virus infection more than the 
introduction of poly(I) poly(C) wa calcmm phos- 
phate or DEAE-dextran 

Reconstituted Sendm v~rus envelopes are fuso- 
gemc vesicles consisting of the viral envelope 
phosphohplds and their glycoprotems, but devoid 
of the wral genomlc RNA [10] Fusion of loaded 
reconstituted Sendal virus envelopes with cells m 
culture leads to the introduction of the enclosed 
macromolecules into the reczpient cell cytoplasm 
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Materials and Methods 

chemwals [3H]Leucme was purchased from the 
Nuclear Research Center, Negev Israel Poly(I) 
poly(C) was obtained from Sigma Chemical Co 
Purified mouse mterferon-a, fl (1 108 interna- 
tional u m t s / m g )  was induced m L-cells, and 
purified on antibody affimty columns as prew- 
ously described [13] Purified human lnterferon-a 
(3 6 106 u m t s / m g )  was a generous gift from Drs 
T Blno and H Rosenberg of the Biological In- 
stitute, Nes Zlona, Israel 

Cells Human HeLa  cells, mouse L929 cells and 
mouse N I H  3T3 cells clone 1 [14] were maintained 
m RPMI 1640 medmm containing 10% calf serum 

Introduction of polv(1) poly(C) into cultured cells 
by coprecipltatton with calcium phosphate Poly(I) 
poly(C) molecules were introduced into cultured 
cells by the calcmm phosphate copreopitat lon 
technique, essentmlly as described before [8] 
Briefly. cells (1 105) were seeded m 16 mm wells 
with 0 5 ml RPMI  1640 medium containing 10% 
calf serum When needed, interferon was added 24 
h after plating, and the cells were incubated for an 
addmonal  24 h Transfection buffer (20 mM Hepes 
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buffer (pH 7 09), 136 mM NaC1, 5 mM KC1, 0 6 
mM N a 2 H P O  4, 10 mM NH4C1 and 9 mM glu- 
cose), containing 5 #g poly(I) poly(C), was freshly 
prepared before each experiment, as described 
earher [8] CaC12 was added to each ddutlon to a 
final concentration of 114 mM, and 0 25 ml of this 
suspension was applied to the cells After removal 
of the calcium phosphate suspension, growth 
medium was added for an addmonal  2 h of m- 
cubatlon, then the medmm was removed and 0 5 
ml of mammal essential medium (MEM), lacking 
leucme but containing 4/~C1 of [3H]leucme, was 
added After 30 mm at 37°C, the rate of protein 
synthesis was deternuned by the amount of 
[3H]leucme incorporated into tnchloroacetlc 
aod-msoluble  material [8] Maxamum incorpora- 
tion (100%) was the amount of [3H]leucme in- 
corporated into cells incubated m the absence of 
poly(I) poly(C) 

Enclosure of poly(I) poly(C) in reconstttuted 
Sendal virus envelopes Reconstituted Sendal virus 
envelopes were obtained after solubdlzatton of 
intact Sendm virus particles by Triton X-100, es- 
sentmlly as described elsewhere [10,11] Briefly, a 
pellet of Sendm virus particles (l 5 mg protein) 
was dissolved m 30 /~1 of a solution contmnlng 
10% Triton X-100, 100 mM NaC1, 50 mM Tns-HCI  
(pH 74) and 0 1 mM PMSF (Triton X-100 pro- 
tern ratio, 2 1, w /w)  To the clear supernatant 
obtained after centrffugatlon, poly(I) poly(C) dis- 
solved m solution A (160 mM NaC1, 20 mM 
Tns-HC1, (pH 7 4)) was added to give a final 
concentration of 5-20 m g / m l  and a final volume 
of 150 /~1 Triton X-100 was removed from the 
supernatant by &rect addmon of 40 mg of SM-2 
Blo-Beads, as described before [12] The turbid 
suspension obtained (containing reconstituted 
Sendal virus envelopes) was centrifuged at 100 000 
× g for 1 h The pellet, containing about 10% of 
the original viral protein, was then suspended m 
solution A to give a final protein concentration of 
25 /~g/ml  

Fusion-mediated mtcromjection of poly(1) 
poly(C) into cultured cells A suspension of viral 
envelopes (5 /~g/200 #1), loaded with 2 5 /~g of 
poly(I) poly(C) (ff not otherwise stated), was ad- 
ded to cultured cells (2 105 cells m 16 mm wells) 
The cultures were then incubated for 10 mm at 
4°C and 25 nun at 37°C, after which the cells 
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were washed with MEM containing 5% serum, 
followed by 4 h of incubation at 37°C Medium 
was removed, cells were washed twice with MEM 
without amino acids, and MEM lacking leuclne 
but containing 4 ~C1/ml of [3H]leuclne was ad- 
ded Deterrmnatlon of protein synthesis was as 
described above 

The concentration of poly(I) poly(C) (enclosed 
within or absorbed by the viral envelopes) was 
determined from optical absorption at 260 nm, 
after solubihzation of the loaded viral envelopes 
with SDS (1%, w/v )  As a standard, a solution of 
poly(I) poly(C) in 0 5 ml of solution A was used, 
with or w~thout solubihzed viral envelopes The 
contribution of the solubdlzed membrane proteins 
and phosphohplds to the optical absorption of 
poly(I) poly(C) at 260 nm did not exceed 10% 
Protein concentration was determined according 
to the method of Lowry et al [15], using bovine 
serum albumin as a standard Each of the expert- 
ments described in the present work was repeated 
independently at least three times However, the 
results given in the tables and figures represent 
data obtained from a single specific experiment 
Quantitation differences between the various ex- 
periments never exceeded _+ 5-7% 

Results 

When Sendal virus envelopes were recon- 
stttuted m the presence of poly(I) poly(C), about 
10% of the added nucleotides were found to be 
associated with the viral vesicles (RSVE) formed 
after removal of the detergent (not shown) Ap- 
proximately half of the viral vesicle-associated 
poly(I) poly(C) was removed by digestion with 
high levels of RNAase A Thus, about 5% of the 
total added nucleotldes (300/~g poly(I) poly(C)/  
600 /~g viral proteins) were trapped within the 
viral envelopes and protected from RNAase A 
digestion 

Fig 1 shows that Incubation of loaded, recon- 
stituted envelopes with cultured HeLa cells causes 
strong inhibition of protein synthesis Empty 
vesicles, namely, envelopes whach were recon- 
stituted m the absence of poly(I) poly(C), did not 
inhibit protein synthesis unless added at con- 
centrations higher than 5 /~g/2  105 cells In sub- 
sequent experiments, 5/xg of reconstituted Sendai 
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Fig 1 Inhibit,on of protein synthesis m HeLa cells by recon- 
sututed Sendal virus envelopes (RSVE) loaded with poly(1) 
poly(C) Effect of increasing concentraUons of viral envelopes 
Sendal virus envelopes were reconstituted in the presence (O) 
or absence (O)  of poly(I) poly(C), and then incubated with 
HeLa cells as described m Materials and Methods Incorpora- 
tion of [3H]leucme m the absence of vesicles (100%) was 
170000 cpm Although the data given represent the results 
obtained from a single experiment, essentially the same result~ 
were obtained from two additional experiments 
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Fig 2 Inlubltlon of protein synthesis m HeLa ceils after fusion 
mediated mlcromjectlon of poly(I) poly(C) into reconstituted 
Sendal virus envelopes or by poly(I) poly(C) copreclpltated 
with calcmm phosphate  (A) Reconstituted Sendal ~lrus en- 
velopes containing increasing amounts  of poly(I) poly(C) were 
obtained by addmon of increasing amounts  of poly(1) poly(C) 
to a constant amount  (900 /~g) of detergent-solubd~zed viral 
glycoprotelns All other condmons  were as described m 
Materials and Methods Loaded reconstituted Sendal virus 
envelopes (5 #g), contalmng the indicated amounts  of poly(1) 
poly(C), were incubated with HeLa cells untreated (O)  or 
interferon treated (100 u m t s / m l  (O) (B) Increasing amounts  of 
poly(l) poly(C) were copreclpltated with a constant amount  of 
ca lc ium phospha t e  and  added to unt rea ted  (13) or 
interferon-treated (100 u m t s / m l )  (11) HeLa cells Extent of 
protein synthesis was deterrmned after 4 h of incubation, as 
described m Materials and Methods Incorporation of 
[3Hlleucme m control cells (100%) was 70000 cpm 



virus envelopes were used per 2 105 cells, a con- 
centration at which cell protein synthesis was not 
significantly affected by empty vesicles (Fig 1) 

The inlubition of protein synthesis was depen- 
dent upon the amount of poly(I) poly(C) en- 
trapped wItlun the viral envelopes (Fig 2A) In- 
cubatmn of viral envelopes (5/zg) containing 1 25 
/~g of poly(I) poly(C) with HeLa cells, led to 70% 
inhibition of protein synthesis It seems that the 
efficiency of the reconstituted Sendat virus en- 
velopes as a vehicle for introducing poly(I) 
poly(C) into HeLa cells is comparable to that of 
the complex calcium phosphate-poly(I) poly(C) 
(compare Fig 2A with 2B) 

The results presented in Fig 2 also show that 
inIubItion of protein synthesis in HeLa cells by 
poly(I) poly(C) was independent of interferon 
treatment When poly(I) poly(C) was introduced 
into a different cell line such as mouse L-cells, Its 
effect was found to be interferon dependent in a 
dose-response manner (not shown) SIrmlarly to 
the results with HeLa cells, those obtained with 
L-cells demonstrate that the two systems, 1 e ,  re- 
constituted Sendai virus envelopes and calcium- 
phosphate coprecipltation, are equally effective in 
the introduction of poly(I) poly(C) 
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Fig 3 Inhibition of protein synthesis in L-cells treated with 
interferon I¢onetlc study Untreated (C),[2) or interferon- 
treated (200 u m t s / m l )  (O, II) were incubated with either calcmm 
phosphate-poly(I) poly(C) complex ([3, II) or with recon- 
stituted Sendai virus envelopes loaded with poly(1) poly(C) 
( (9 , e ) ,  as described m Materials and Methods [3H]Leuclne 
incorporation was estimated at vanous  times after the addiuon 
of the loaded reconstituted Sendm virus envelopes or the 
calcium phosphate-poly(I) poly(C) complexes Control plates 
treated with either calcium phosphate  or viral envelopes without 
poly(I) poly(C), were assayed in parallel at each time point 
and taken as 100% 
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Kinetic studies showed that the inhibition of 
protein synthesis by poly(I) poly(C), introduced 
into L-cells by etther of the two above methods, 
was progressive and reached about 50% inhibition 
after 3 h of Incubation (Fig 3) It ts noteworthy 
that at long incubation periods there was no re- 

TABLE I 

F U S I O N - M E D I A T E D  I N T R O D U C T I O N  OF poly(1) 
poly(C) INTO L-CELLS R E Q U I R E M E N T  FOR ACTIVE 
F U S O G E N I C  VIRAL ENVELOPES 

Sendai virus envelopes were loaded with poly(I) poly(C) and 
treated with trypsin, PMSF or dlthlothreltol (DTT), as de- 
scribed in Materials and Methods and in a previous work [16] 
For digestion with RNAase  A, loaded reconstituted Sendal 
virus envelopes (about 100/,tg of  viral protein) were suspended 
in 10 mM Trls-HC1 buffer (pH 8 7) and then incubated with 6 
#g  RNAase  A (Sigma Chermcal Co) ,  in a w / w  ratio of  1 8 
RNAase  A poly(I) poly(C) After 60 m m  incubation at 30°C, 
the viral envelopes were collected by centnfugatlon and resus- 
pended in Solution A to give 1 mg viral p r o t e m / m l  Con- 
centrations of poly(I) poly(C) were determined as described in 
Materials and Methods The loaded envelopes as well as 
poly(1) poly(C)-calctum phosphate complexes were incubated 
with L-cells pretreated with interferon (200 umts/ml), as de- 
scribed in Materials and Methods Before coprecipltation with 
calcium phosphate, the poly(I)poly(C) was treated with 
RNAase  A as follows 25 #g RNAase  A were added to 200 #g 
of poly(I) poly(C) in 1 ml of 100 mM Tns-HC1 (pH 8 7) The 
reacUon mixture was incubated for 60 nun at 30°C, at the end 
of which 25 mM EDTA were added and the mixture was then 
incubated for 5 nun at 90°C After centnfugatlon (10000× g, 5 
mm),  the poly(1) poly(C) m the supernatant  was copreopl-  
rated with ca loum phosphate, as des~.nbed in Materials and 
Methods 

System Protein 
synthesis 
(%) 

Reconstituted envelopes 100 
Reconstituted envelopes + external 

poly(1) poly(C) 99 
Loaded reconstituted envelopes 55 
Loaded reconstituted envelopes 

treated with RNAase  A 52 
Loaded reconstituted envelopes, 

trypsin-treated 94 
Loaded reconstituted envelopes, 

DTT-treated 92 
Loaded reconstituted envelopes, 

PMSF-treated 88 
Calcium phosphate 100 
Calcium phosphate-poly(1) poly(C) 14 
Calcium phosphate with RNAase  

A-treated poly(I) poly(C) 79 
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covery from the poly(I) poly(C) treatment, and 
by 24 h most of the treated cells in the culture 
were not viable In the absence of interferon treat- 
ment no tninbmon of protein synthesis was ob- 
served in L-cells during 6 h of mcubahon (Fig 3) 

To analyze whether introduction of poly(I) 
poly(C) via loaded reconstituted Sendai vtrus en- 
velopes mto cultured cells was medmted by a 
v~rus-cell fusion process, the reconstituted Sendal 
v~rus envelopes were pretreated with agents known 
to mhibtt fusogenic acttvtty The results in Table I 
show that loaded reconstituted Sendal virus en- 
velopes treated with either trypsin or PMSF caused 
very little, if any, mhlbltlOn of protein synthesis m 
interferon-treated L-cells Trypsin and PMSF have 
been shown previously to specifically ininblt the 
fusogenic activity of sendal virus particles, without 
affecting thetr bmdmg ablhty [16] In addition. 
loaded reconstituted Sendat vtrus envelopes which 
were reduced with dlthtothreltol, lost their minbl- 
tory effect in interferon-treated L-cells (Table I) 
Dltinothreltol-reduced reconstituted Sendal vtrus 
envelopes are unable to attach to cell plasma 
membranes due to inactivation of the viral bind- 
ing protein (HN glycoprotein) [17] 

The view that poly(I) poly(C) is enclosed 
within the reconstituted Sendai virus envelopes is 
further supported by the results presented m Ta- 
ble I While digestion of free poly(I) poly(C) wtth 
RNAase abolished its mhiintory effect after 
copreclpltation with calcium phosphate. RNAase 

TABLE II 

THE EFFECT OF L O A D E D  VIRUS ENVELOPES (RSVE) 
A N D  C A L C I U M  P H O S P H A T E - p o l y ( I ) p o l y ( C )  C OM -  
PLEXES ON PROTEIN SYNTHESIS IN NIH 3T3 C L ONE  1 
CELLS 

All experimental condlhons were as described m Materials and 
Methods L-cells or NIH 3T3 cells were pretreated with 200 
u m t s / m l  of interferon The incorporation of [3H]leucme m 
control cells (100%) was 57000 cpm for NIH 3T3 clone 1 and 
130000 cpm for L-cells 

System Protein synthes~s (%) 

NIH 3T3 clone 1 L-cells 

RSVE 100 100 
Loaded RSVE 75 14 
Calcmm phosphate 100 100 
Calcmm phosphate-poly(1) poly(C) 80 38 

A had no effect on the poly(I) poly(C) enclosed 
within the virus envelopes 

The inhibition of protein synthesis which fol- 
lows the introduction of poly(I) poly(C) mto L- 
cells, could he attributed either to an activation of 
the (2'-5 ')A synthetase-RNAase L pathway or to 
activation of the protein kmase To dlfferenttate 
between these two posslbdmes, poly(I) poly(C) 
was introduced into the N I H  3T3 clone 1 cell hne 
Prohferatmg N I H  3T3 clone 1 cells possess very 
little, if any. RNAase L actlvtty [18.19], thus. if 
protein synthesis inhibition is mediated by the 
(2 '-5 ')A synthetase-RNAase L pathway, these cells 
are expected to be resistant to the inhibitory effect 
of poly(I) poly(C) From the results m Table II, tt 
is evident that poly(I) poly(C) enclosed within 
reconstituted Sendal virus envelopes or copreclpl- 
tated with calcium phosphate had only a small 
minbitory effect on protein synthesis in prohferat- 
lng N I H  3T3 clone 1 cells As can be seen. the 
minbltory effect of the loaded reconstituted Sendal 
virus envelopes on protein synthesis m N I H  3T3 
clone 1 cells was much smaller than that observed 
with L-cells The low level (25%) of mhlbmon 
observed in N I H  3T3 clone 1 cells by loaded vtral 
envelopes appears to be slgmflcant, since treat- 
ment of the viral envelopes wtth PMSF blocked 
this minbitlon (data not shown) 

Discussion 

The results presented in tins work clearly dem- 
onstrate that reconstituted Sendal virus envelopes 
can be used as an efficient vehicle for the lntro- 
ducUon of poly(I) poly(C) into cultured cells 
Poly(I) poly(C) was first added to a detergent 
solution of the viral envelope glycoprotems Re- 
moval of the detergent led to the formation of 
viral envelopes containing entrapped poly(I) 
poly(C) Incubation of loaded reconstituted Sendal 
virus envelopes with either L- or HeLa-cells, led to 
a strong degree of inhibition of protein synthesis, 
indicating that the entrapped poly(I) poly(C) was 
transferred Into the above cells, probably by fu- 
sion of the viral envelopes with the recipient cell 
membranes Support for the view that a mem- 
brane-fusion step mediated the introduction of the 
poly(I) poly(C) was obtained from experiments 
showing that non-fusogemc loaded viral envelopes 



obtained by treatment with trypsin, PMSF or 
dlthiothreltol caused very little or no mhabltlon of 
protein synthesis 

The observed mhibitton of protein synthesis 
may be due to actwatlon of the (2 '-5 ')A syn- 
thetase-RNAase L pathway and not to activation 
of the protein kinase In proliferating N I H  3T3 
clone 1 cells, the basal level of RNAase L activity 
is very low, while dsRNA-dependent  protein 
kinase activity is normal [18,20] When loaded 
reconstituted Sendal virus envelopes were in- 
cubated with these cells, significantly less inhibi- 
tion of protein synthesis was observed Further- 
more, the inhibition of protein synthesis was inter- 
feron-dependent in L-cells but not m HeLa cells 
The latter cells have been shown to possess high 
constitutive amounts of (2 '-5 ')A synthetase, and 
interferon-treatment induced synthesis of the en- 
zyme only to a low extent [21] In L-cells, on the 
other hand, the constitutive levels of tlus enzyme 
are very low [21] 

It should be emphasized, however, that more 
direct experiments are needed in order to claim 
that the effect of poly(I) poly(C) in the present 
work is due merely to activation of the (2'-5')A- 
synthase-RNAase-L pathway The posslbdlty that 
the decrease effectiveness of the poly(I) poly(C) 
(either trapped within reconstituted Sendal virus 
envelopes or coprecipltated with calcium phos- 
phate) in N I H  313 clone 1 cells may be due to 
either a low extent of reconstituted Sendal virus 
envelopes-cell fusion or low degree of uptake of 
the poly(I) poly(C)-caloum phosphate com- 
plexes, cannot be excluded 

From the results presented in this work, it 
appears that loaded viral envelopes are almost as 
efficient as the calcium-phosphate complexes for 
the introduction of poly(I) poly(C) into cultured 
L- and HeLa cells It should be emphasized that 
the viral envelopes transfer their content into the 
cell cytoplasm, using the same mechanism as m- 
tact, enveloped viruses such as Sendal virus use, 
for penetration [22] Therefore, introduction of 
poly(I) poly(C) via viral envelopes offers a better 
system for elucidating the detailed mechanism by 
which dsRNA inhibits protein synthesis in inter- 
feron-treated cells and, especially, its specific ef- 
fect on inhibition of virus replication Moreover, 
calcium phosphate appears to be toxic to many 
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cells, so that its use is limited to the few cell hnes 
that show high endocytlc activity [23] Since most 
of the cultured cells have receptors for Sendai 
Vlrlons and can be infected by them [24], it is 
expected that loaded reconstituted Sendal virus 
envelopes wdl be able to introduce poly(I) poly(C) 
into a wide spectrum of living cells 

It is tempting to speculate that eventually viral 
envelopes will be used, slrmlarly to phosphohpld 
hposomes [25], as a velucle for the introduction of 
macromolecules, especially of nucleic acids, into 
specific tissues of whole ammals Viral envelopes, 
with some modifications, loaded with poly(I) 
poly(C) or other molecules, may be potential anti- 
viral agents 

Acknowledgments 

This work was supported by grants from the 
Israel Council for Research and Development, 
Jerusalem, from D K G Z ,  F R G ,  from the 
Leukemia Research Foundation, Inc ,  Ctucago (to 
A P ), and from the National Council for Re- 
search and Development Israel, and the G S F ,  
Munich (to A L )  Gila Arad is a recipient of an 
1CRF fellowship 

References 

1 Hovanesslan, A G,  Brown, R E and Kerr, I M (1977) 
Nature 268, 537-540 

2 Baghonl, C Minks, MA and Maroney, PA (1978) Na- 
ture 273, 684-686 

3 Farrell, P J ,  Sen, G L, Dubls M F,  Ratner, L, Slattery, E 
and Lengyel, P (1978) Proc Natl Acad Scl USA 75 
5893-5897 

4 Kamclu, A,  Shulman, L, Schnudt, A,  C lernajovsky, Y, 
Fradln, A and Revel, M (1979)Proc Natl Acad Scl 
USA 76, 3208-3212 

5 Ndsen, T W, Maroney, P A and Baghom, C (1982) J 
Vlrol 42, 1039-1045 

6 Kmght, M,  Cayley, P J,  Sdverman, R A,  Werschner D H,  
Gilbert, C S, Brown, RE  and Kerr I M (1980) Nature 
288, 189-192 

7 Cayley, P J ,  Knight, M and Kerr, I M (1982) Blochem 
Blophys Res Commun 104, 376-832 

8 Panet, A (1983)Mol Cell Blochem 52, 153-160 
9 Hersh, C L Brown, R E ,  Roberts, W K Swyrad, E A ,  

Kerr, I M and Stark, G R (1984)J Blol Chem 259, 
1731-1737 

10 Loyter, A,  Valnstem, A, Graessmann M and Graess- 
mann, A (1983) Exp Cell Res 143, 415-425 

11 Vamsteln, A,  Razln, A,  Graessmann, A and Loyter, A 



94 

(1983) Methods Enzymol 101,492-512 
12 Vamstem, A,  Hershkovntz, M,  Israel, S Rabm, S and 

Loyter, A (1984) Blochlm Bnophys Acta 773, 181-188 
13 Paucker, K Berman, B J,  Golgher, R R and Staneck D 

(1970) J Vlrol 5, 145-152 
14 Czarnleckl, C W Sreevalsan, T,  Friedman, R M and 

Panet A (1981)J Vlrol 37, 827-831 
15 Lowrv O H,  Rosebrough, N J ,  Farr, A L and Randall 

RJ (1951)J Blol Chem 103, 265-275 
16 Nussbaum, O,  Zakal, N and Loyter, A (1984) V~rology 

138 185-197 
17 Chejanovsky, N,  Belgel, M and Loyter, A (1984) J Virol 

49, 1009-1013 
18 Panet, A, Czarmeckl, C W, Falk, H and Friedman, R M 

(1981) Virology 114, 567-572 
19 Sdverman, R H,  Krause, D,  Dlffenbach, C W Jacobsen, 

H Panet A Arad, G,  Yarden, A and Rubmstem, Y R 
(1984) m The B~ology of the Interferon System (IOrschner 
H and Schellekens H eds) pp 141-145, Elsevier/ 

North-Holland Biomedical Press, Amsterdam 
20 Epstein, D A Czarmeckl, C W, Jacobsen, H Friedman, 

R M and Panet, A (1981) Eur J Blochem 118, 9-15 
21 Sllverman, R H,  Cayley P J ,  Kmght, M,  Gdbert, C S and 

Kerr, I M (1982)Eur J Blochem 124, 131-138 
22 Poste, G and Pasternak, G A (1978) in Membrane Fusion, 

Cell Surface Reviews, vol 5 (Poste G and Nlcolson G L, 
eds), pp 305-317, Elsevner/North Holland Biome&cal 
Press Amsterdam 

23 Loyter, A,  Scangos, G A  and Ruddle F H  (1982) Proc 
Natl Acad SOl USA 79, 422-426 

24 Rott, R and Klenk, H O (1977) m Virus Infection and the 
Cell Surface, Cell Surface Revxews Vol 2 (Poste, G and 
Nlcolson, G L, eds), pp 47-87 Elsevier/North-Holland 
Btomedlcal Press Amsterdam 

25 Gregonadls, G (1980) m Transfer of Cell Constituents into 
Euc.aryot~c Cells (Cells, H E Graessmann, A and Lo~ter 
A eds ) pp 173-199, Plenum Press, New York 


