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Summary. - Electron microscopy of HEp-2 cells infected with respiratory syncytial virus (RSV) strain 
Long revealed the maturation of RSV on an ultrastructural level. The results showed that the virus maturated 
by two different pathways. In one of them, the virus assembled and matured before reaching the plasma 
membrane on the internal vesicle membrane within cytoplasm. The mature virus was delivered to the plasma 
membrane and to the extracellular space most likely by the transport vesicles and exocytosis. In the other 
pathway, the virus matured on the plasma membrane as described with other members of the family Paramyx-
oviridae. Using monoclonal antibodies (MoAbs), we localized viral nucleoprotein (NP) and envelope proteins 
in cytoplasm by immunoelectron microscopy (IEM). 
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Introduction 

RSV (family  Paramyxoviridae, subfamily Pneumoviri-
dae, genus  Pneumovirus) is the major  cause of a lower res­
piratory tract disease in infants and children all over the 
world. The mechanism of  acquiring immunity to RSV in­
fection is unknown and no  effective vaccine is at present 
available (Belshe et al., 1982; Kim  et al., 1969). RSV is 
a membrane-bound p leomorphic  par t ic le  wi th  closely 
spaced short projections. The bilayered membrane enclos­
es RNA nucleocapsid containing a non-segmented nega­
tive strand RNA genome (Huang and Wertz, 1982). The 
projections on  spikes consist of two different glycoproteins, 
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Abbreviations: IEM = immunoelectron microscopy; MoAb = 
monoclonal antibody; NP = nucleoprotein; PLP = periodate-lysine-
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G and F, which are the most  important proteins in the pro­
cess of infection and immunity (Olmsted  et al., 1986). Re­
cent molecular biological and biochemical studies on R S V  
revealed the detailed chemical composition and functions 
of these envelope proteins (Ball et al., 1986; Collins, 1990; 
Collins, 1991; Fernieeŕa/., 1985; Gruber and Levine, 1985); 
however, the complete assembly of  RSV in host cells has 
not been clarified. Most of previous morphogenetic studies 
have disclosed that RSV matures by  budding through the 
plasma membrane (Armstrong et al., 1962; Berthiaume et 
al., 1974; Kalicae/ al., 1973), although Norrby et al. (1970) 
have reported that maturation of  RSV in Vero cells is likely 
to take place on the internal vesicles membrane within cy­
toplasm. In the course o f  our recent IEM study aimed to 
f ind the virus-host cell interaction for  new vaccination strat­
egy, we observed many complete virus particles inside the 
RSV-infectcd HEp-2 cells. 

In this report, we present two different pathways o f  mat­
uration of RSV in HEp-2 cells and also the distribution of 
viral N P  and envelope proteins F and G in the cytoplasm as 
observed by IEM using MoAbs. 
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Fig.  2 b  
Magni f icat ion  o f  Fig.  2a  

A n  arrow shows a virus particle in a vesicle. Glutaraldehyde fixation. 
Bar = 2 0 0  nm. 

diameter, was prepared as described earlier (Clot and Gen-
zl, 1981;Tanaka etui, 1984) and used for detection of  de­
posited MoAbs. 

IEM. Two pre-embedding methods with different f ixa­
tives were used. (1) The surface-labelling method: RSV-
infectcd HEp-2 cells were collected by low-speed centrifu-
gation and fixed with 1% glutaraldehyde in 0.1 mol/1 caco-
dilate buffer at 4°C for 1 hr. The cells were washed in the 
same buffer, followed by 0.1 mol/1 glycine p H  7.2 to block 
the excessive aldehyde residues (Hunger  al, 1987). (2) The 
penetrating-labelling method: the infected cells were fixed 
with periodate-lysine-paraformaldehyde (PLP) Bohn, 1978; 
McLean and Nakane, 1974) and treated with 0.03% sapo-
nine.The fixed cells were incubated with each MoAb dilut­
ed 10 times in 1% bovine serum albumin at 37°C for 1 hr. 
After extensive washing, the cells were incubated overnight 
in the protein A-colloidal gold complex at 4°C. To elimi­
nate the unadsorbed colloidal gold, repeated washing with 
phosphate-buffered saline was done by low-speed centrifu-
gation. The pelleted cells were fixed in 1% osmium-tetrox-
ide and embedded in Epon 812. Ultrathin sections were 
stained with uranyl acetate and then with lead citrate. 
Hitachi H7000 electron microscope was used. The speci­
ficity of the labelling was proved using uninfected cells treat­
ed with MoAbs and colloidal gold (Fig. 1). 

Results 

Localization of mature RSV particles within HEp-2 cells 

Ultrathin sections of a portion near the surface of HEp-2 
cells revealed the release o f  a high number o f  virus parti­
cles outside the cells suggesting that this is a phenomenon 

Fig. 1 

IEM o f  uninfected IIEp-2 cells 
P L P  fixation and saponin permeabilization. Anti-G M o A b  and immuno-
gold used. N = nucleus,  M = mitochondria. Bar  = 1000 nm. 

Fig. 2a 
Ultrathin section through the surface of  HEp-2 cell 3 days after 

infection with RSV 
Many mature  virus particles released into the extracellular space seen, 

s u g g e s t i n g  n o  b u d d i n g  o f  R S V  t h r o u g h  t h e  p l a s m a  m e m b r a n e .  

Bar  = 1000 n m .  

Materials and Methods 

Virus and cells. The long strain (type A) of RSV was 
grown in IIHp-2 cells. Eagle's Minimal Essential Medium 
(Gibco) containing 7 %  foetal calf scrum was used for cell 
propagation. The same medium with 2 %  scrum was used 
for  virus growth. Cells were infected at multiplicity o f  0.05. 
The infected HEp-2 cells were subjected to IEM 3 days af­
ter virus inoculation. 

MoAbs and colloidal gold. MoAbs against RSV proteins 
F and G and NP were used in IEM (Tsutsumi et al., 1987; 
Tsutsumi  et al., 1988). A protein A-gold complex, 5 nm in 
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Fig.  3 
R S V  b u d d i n g  t h r o u g h  t h e  p l a s m a  m e m b r a n e  a n d  the  m e m b r a n e  o f  

s m a l l  vesicle close to t h e  p l a s m a  m e m b r a n e  o f  HEp-2 cell 
Glutaraldchydc fixation. Bar = 300  nm. 

caused by the lysis of the cells or by the burst of mature 
virus particles from the cells (Fig. 2a). A more enlarged 
picture (Fig. 2b) shows that the virus particles are mature 
complete virions with spikes on the surface and moreover, 
nucleocapsids are observed inside the bilayered membranes. 
Their size is approximately 100 - 300 nm and they are ar­
ranged in one direction like looking for the exit through the 
channels. On the other hand, one complete virus particle is 
seen in a vesicle (arrow). This phenomenon suggests an­
other pathway for maturation of RSV besides budding from 
the plasma membrane, as reported for paramyxoviruses 
(Fig. 3) (Armstrong et al., 1962; Ball et al., 1986; Berthi-
aum e era/.,  1974; Kalicaeŕa/., 1973). On the basis of these 
observations we attempted to study the maturation process 
of RSV by IEM. In the merotomied samples of infected 
HEp-2 cells, mature virions were found in cytoplasmic ves­
icles. These particles were of filamentous shape, approxi­
mately 500 - 1000 nm in length and their cross-sections 
were round, 100 nm in diameter, containing a bilayered 
envelope with fully developed spikes (Fig. 4). Many single 
particles with diameters corresponding to those of the par­
ticles with spikes were seen in the intracytoplasmic vesi­
cles. 

Intracellular membranes (Fig. 5, arrow 1) as well as plas­
ma membrane (Fig. 6a) were partially occupied by visible 
spikes, being morphologically the same as those seen on 
the surface of the complete virus particle (Fig. 5, arrow 2). 
Ribonucleoprotein units were accumulated in the vicinity 
of the spiked membranes (Fig. 5, arrow 3). 

Concerning the localization of mature virus particles 
within cytoplasmic vesicles, we assume that after the ar­
rangement of glycoprotein spikes on the intracytoplasmic 
membrane, ribonucleoprotein-like viral structural unit ac-

Fig. 4 
Localization of  mature R S V  particles in the cytoplasm close to the 

nucleus (N) o f  HEp-2  cell 
Glutaraldchydc fixation. Bar  = 1000 n m .  

Fig. 5 
T h e  assembly o f  R S V  within cytoplasm of HEP-2  cell 

A n  intracytoplasmic membrane  with  visible spikes (arrow 1). T h e  same 

spikes seen on the surface of  R S V  particles within a n  intracytoplasmic 

vesicle (arrow 2). N P  accumulated in the  vicinity o f  intracytoplasmic 

membrane carrying spikes (arrow 3). Virus particlcs having spikes released 

through the intracytoplasmic vcsiclc membrane  by  budding (arrow 4 ) .  

Mature virus particlcs in small vcsiclc near the surface o f  the cell (arrow 5). 

Glutaraldchydc fixation. Bar  = 300  n m .  

cumulated underneath the modified membrane (Fig. 5, ar­
row 4). Then mature virions were released into the intracy­
toplasmic vesicles by a budding process different from that 
shown in Fig. 3, in which mature virions were budding from 
the plasma membrane. Our observations suggest also that 
mature virions are transported outside of the infected cell 
by transport vesicles. 

- ô *  
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i "e- 6 
Loca l i za t ion  o f  F prote in  in t h e  e n v e l o p e  o f  R S V  

( a )  G l u t a r a l d c h y d c  f i x a t i o n ,  R S V  b u d d i n g  t h r o u g h  the  p l a s m a  
membrane o f  HEp-2 ccl l .  P lasma membrane partially m o d i f i e d  by  
spikes  (arrow). The  sample  labelled with anti-F MoAb.  Only a f e w  
gold particles revealed the F protein on the outer side o f  the envelope 
o f  m a t u r e  RSV.  B a r  = 3 0 0  n m .  ( b )  P L P - f i x a t i o n  and s a p o n i n  
pcrmcabilization. Extracellular free and budding RSV virions labelled 
with anti-F M o A b .  Bar  = 3 0 0  nm. 

F i g .  7 
Loca l i zat ion  o f  G p r o t e i n  o n  t h e  e n v e l o p e  o f  K S V  

(a) Glutaraldchydc f ixation localized Ci protein on the outer s ide o f  
the envelope o f  v irus  particles, Bar  » 3 0 0  nm. (b) PLP-fixation and 
saponin permeabilization. G protein detected on the outer side o f  the 
v i rus  enve lope.  B a r  ™ 3 0 0  n m .  

F i g .  8 
Distribution o f  R S V  F protein along the  membranes  o f  

intracel lular  vacuo les  
Gold  particles deposi ted o n  the  ou te r  and  inner  su r faces  o f  vesicles.  

PLP- f ixa t i on  a n d  saponin  pe rmeab i l i za t ion .  B a r  = 1000 n m .  

Fig- 9 
Distribution o f  R S V  G protein a long the  membranes  o f  

intracel lular  e m p t y  vacuo les  
Gold  particles deposi ted on the ou te r  and inner  sur faces  o f  vesicles.  

N P  inclusions observed in a close contact with the  labelled membranes.  

PLP- f ixa t ion  and  saponin  permeabi l i za t ion .  B a r  = 3 0 0  n m .  

Morphological identification of viral surface glycopro­
teins and N ľ by I EM with MoAhs 

To confirm the maturation of virions in intracytoplasmic 
vaculocs, the distribution of viral glycoproteins F and G 
and NP in infected cells was studied.The infected cells were 
treated with MoAbs and colloidal gold A-complex and fixed 
with glutaraldchydc or PLP. 

MoAbs against proteins F and G revealed a small amount 
of gold attached to the surface of released virions in the 
glutaraldehyd-fixed cells (Figs. 6a,7a), however, F protein 
was seen densely arranged around budding particles in PLP-
fixed cells (Fig. 6b). Although proteins G and F were dis­
tributed in the plasma membrane (Figs. 6b, 7b), both were 
accumulated in the membranes of intracytoplasmic vacu­
oles. Many vesicles having different size were distributed 
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widely in the cytoplasm and most of them contained colloi­
dal gold associated with MoAbs against protein F and G on 
t h e  ou te r  a n d  inne r  s u r f a c e s  o f  t h e  P L P - f i x e d  cel ls  
(Figs. 8,9); however, no  colloidal gold was detected around 
N P  (Fig. 9). N P  inclusions were observed in the cytosol in 
a close contact with the labelled membranes, suggesting the 
site of RSV assembly (Fig. 9). 

On the other hand, in the samples f ixed with PLP, infect­
ed cells labelled with MoAbs against N P  exhibited deposi­
tion of colloidal gold particles on the surface of inclusions 
within the cytoplasmic matrix (Fig. 10). However, the Mo­
Abs  and gold particles could not penetrate the intact plas­
m a  membrane in the glutaraldehyde-fixed cells; it thus ap­
pears that N P  inclusions remained mostly unlabelled (data 
not shown). 

Discussion 

In this study, IEM was performed with MoAbs against 
RSV glycoproteins G and F, and N P  with colloidal gold as 
a marker to confi rm the maturation of RSV virions in the 
intracellular vesicles not  only by  the  budding  process 
through the plasma membranes. 

Using the surface-labelling (glutaraldehyde fixation) and 

the penetrating-labelling (PLP fixation) methods, IEM ex­

hibited a certain level of colloidal gold targeting. A rigid 

preservation of  cell ultrastructure by  glutaraldehyde fixa­

tion did not allow the intracellular localization of envelope 

proteins G and F or  NP. 
O n  the contrary, a poor preservation of cell ultrastruc­

ture by  PLP  fixation showed granular N P  inclusions in cy­
toplasm. It is likely that an efficient labelling of intracellu­
lar mature virions by either fixation method could not b e  
achieved without severe destruction of cell ultrastructure. 

In this investigation, IEM with MoAbs and colloidal gold 
bound to protein A indicated that RSV N P  is synthesized 
in the cytoplasmic matrix, and envelope proteins F and G 
along the intracellular membranes in RSV-infected HEp-2 
cells. The  proliferated intracellular lumen-side-labelled 
membranes and the presence of  mature RSV particles with­
in intracytoplasmic vesicles suggested that the assembly and 
maturation of  RSV might occur by budding of N P  through 
the intracytoplasmic vesicles. 

It is widely accepted that the maturation of a RSV virion 
resembles that of other paramyxoviruses (Dubois-Dalq et 

al., 1984). According to this theory, RSV virions assemble 
in the plasma membranes o f  infected cells and mature by 
budding through the plasma membrane. 

Our results show clearly that the assembly and matura­
tion of RSV in HEp-2 cells occurred not only on  the plasma 
membrane but  also on the inner cytoplasmic vesicle mem-

F i g .  10  
Localization of  the  intracytoplasmic granular  t y p e  N P  o f  R S V  

in H E p - 2  cell (arrows) 

PLP- f ixa t i on  a n d  saponin  permeabi l iza t ion .  Labe l l ing  w i t h  an t i -NP 
M o A b .  N = nuc leus ,  M = mi tochondr ia .  B a r  = 3 0 0  n m  

branes, most  likely proliferated from trans-Golgi compart­
ment. Norrby  et al. (1970) have already reported f rom their 
morphogenetic study of  RSV in Vero cells that the matura­
tion of RSV was likely to take place on  the internal vesicle 
membrane within cytoplasm. However, the possibility that 
this intracytoplasmic structure represented the invagination 
of  the plasma membrane cannot b e  excluded. 

Our results indicate that RSV maturation proceeds by an 
alternative pathway on an intracytoplasmic membrane be­
cause the existence of many mature viral particles inside 
the cell cannot be  explained by mere invanigation of  the 
plasma membrane. Moreover, the numeorus small vesicles 
found on the surface o f  the infected HEp-2 cells might b e  
transport vesicles that have not been described before on an 
ultrastructural level in any RSV-infected cells. One of  the 
known hypotheses maintains that the transport vesicles are 
incorporated into the plasma membrane and that the RSV 
particles budding through the plasma membrane is jus t  the 
final step of the exocytosis process. On the other hand, many 
investigators stress the importance o f  matrix (M) protein as 
a mediator of association between N P  and envelope pro­
teins in other paramyxoviruses (Brown et al., 1987; Kris-
tensson and Orvell, 1983; Portuer and Murti, 1986; Yoshi-
da et al., 1976). A n  interesting suggestion has been made 
by Yoshida et al. (1976) that M protein could have a role in 
N P  folding after synthesis in cytoplasm (Yoshida et al. 1976). 
In our opinion, the preparation of a MoAb against protein 
M of RSV is a prerequisite for  the localization of  M protein 
in RSV-infected cells and for  understanding its potential role 
in RSV assembly. 



214 ARSLAŇAGIC, E. et al.: MATURATION OF RSV IN HEP-2 CELLS 
i 

Acknowledgements. We thank Mrs J.Y. Zhow, Institute ofVi-
rology, Chinese Academy ofPreventivc Mcdicine, Beijing, PR. of 
China for providing protein A-colloidal gold complex. 

References 

Armstrong JA, Pcreira HG, Valentine RC (1962): Morphology and 
development of respiratory syncytial virus in ccll cul­
tures. Nature 196, I 179-1 181. 

Ball AL, Young KKY, Anderson K, Collins PL, Wertz GW (1986): 
Expression of the major glycoprotein G of human respira­
tory syncytial virus from recombinant vaccinia virus vectors. 
Proc. Natl. Acad. Sci. USA Biuchem. 83,246-250. 

Bclshe RB, Van Voris LP, Mufson MA (1982): Parenteral adminis­
tration of live respiratory syncytial virus vaccine: results 
of field trial. J. Infect. Dis. 145,31 1-319. 

Berthiaume J, Joncas J, Pavilanis V (1974): Comparative struc­
ture, morphogenesis and biological characteristic of the 
respiratory syncytial (RS) virus and the pneumonia vi­
rus of mice (PMV). Arch. Ges. Virusforsch. 45, 39-51. 

Bohn W (1978): A fixation method for improved antibody pene­
tration in electron microscopical immunoperoxidase stud­
ies. ./ Histochem. Cytochem. 26, 293-297. 

Brown HR, Golier N, Tormar H, Norrby E (1987): Fuzzy material 
surrounding measles virus nuclcocapsides identified as 
matrix protein. Arch. Virol. 94, 163-168. 

Clot JW, Gcnzl HJ (1981): Sizing of protein A-colloidal gold probes 
for immunoclectron microscopy../ Cell. Biol. 90,533-536. 

Collins PL (1990): O glycosylation of glycoprotein G is specified 
within the divergent cctodomain. J. Virol. 64,4007-4012. 

Collins PL (1991): The molecular biology of human respiratory 
syncytial virus (RSV) of the genus Pneumovirus. In 
Kingsbury DW (Ed.): The Paramyxoviruses. Plenum 
Press, New York, p. 105. 

Dubois-Dalq M, Holmes KV, Rentier B (1984): Assembly of 
paramyxoviridae. In Assembly of Enveloped RNA Virus­
es. Springer-Verlag, Vienna, pp. 44-65. 

Fcrnic BF, Dapolito G, Cote PJ Jr, Gcrin JL (1985): Kinetics of 
synthesis of respiratory syncytial virus glycoproteins. I 
Gen. Virol. 66, 1983-1990. 

Gruber C, Lcvinc S (1985): Respiratory syncytial virus polypep­
tides. IV The oligosaccharides of the glycoproteins. J. 
Gen. Virol. 66, 417-432. 

I lung T, Xia S, Choii Z, Song G, Yanagihara R (1987): Morphol­
ogy and morphogenesis of viruses of hemorrhagic fever 

with renal syndrome. II. Inclusion bodies-ultrastructural 
markers of hantavirus-infected cells. Intervirology 27,45-
52. 

HuangYT, Wertz GW (1982): The genome of respiratory syncytial 
virus is negative stranded RNA, that codes for at least 
seven RNA species. J. Virol. 43, 150-157. 

Kalica AR, Wright PF, Hetric FM, Chanock RM (1973): Electron 
microscopic studies of respiratory syncytial temperature 
sensitive mutants. Arch. Ges. Virusforsch. 41, 248-258. 

Kim HW, Canchola JG, Brandt OD, Pyles G, Chanock RM, Jensen 
K, Parrott RH (1969): Respiratory syncytial virus disease 
in infants despite prior administration of antigenic inactive 
vaccine. Am. J. Epidemiol. 89,422^434. 

Kristensson K, Orvell C (1983): Cellular localization of five struc­
tural proteins of Sendai virus studies with peroxidase 
labeled Fab fragments of monoclonal antibodies. J. Gen. 
Virol. 64, 1673-1678. 

McLean JW, Nakane PK (1974): Periodate-lysine paraformalde­
hyde fixative a new fixative for immunoelectron micros­
copy. J. Histochem. Cytochem. 22, 1077-1083. 

Norrby E, Marusyk H, Orvell C (1970): Morphogenesis of respi­
ratory syncytial virus in green monkey kidney cell line 
(Vero). J. Virol. 6, 237-242. 

Olmsted RA, Elango N, Prince GA, Murpy BR, Johnson PR, Moss 
B, Chanock RM, Collins PL (1986): Expression of the F 
glycoprotein of respiratory syncytial virus by a recombinant 
vaccinia virus: Comparison of the individual contributions 
of the F and G glycoproteins to host immunity. Proc. Natl. 
Acad. Sci. USA Med. Sci. 83, 7462-7466. 

Portner A, Murti KG (1986): Localization of P, NP and M pro­
teins on Sendai virus nucleocapsid using immunogold 
labelling. Virology 150, 469-478. 

Tanaka H, Haga S,Takatsuki K,Yamaguchi K (1984): Localization 
of adult T-cell leukemia associated antigens by the 
immunocolloidal gold method. Cancer Res. 44,3493-3504. 

Tsutsumi H, FlanaganTD, Ogra PL (1987): Monoclonal antibodies 
to the large glycoprotein of respiratory syncytial virus: 
possible evidence for several functional sites. J. Gen. Virol. 
68,2161-2167. 

Tsutsumi H, Onuma M, Suga K, Hojo T, Chiba Y, Chiba S, Ogra 
PL (1988): Occurrence of respiratory syncytial virus 
subgroupA and B strains in Japan, 1980 to 1987./Clin. 
Microbiol. 26, 1171-1174. 

Yoshida T, Nagai Y, Yoshii S, Macno K, Matsumoto T, Hoshino M 
(1976): Membrane (M) protein of HVJ (Sendai virus); 
Its role in virus assembly. Viivlogy 71, 143-161. 

i 


