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Summary. — The relationship between plasma membrane recep­
t o r  organization and  cell susceptibility in vitro was investigated 
in mammalian, avian, fish, and  arthropod cell lines infected with 
fixed rabies virus. IMR32, HeLa,  CER, a n d  E P C  cells were widely 
susceptible t o  infection with CVS virus, whereas a lower level of 
specific viral antigens was detectable i n  A. albopictus cells. I n  
spite_ of these differences, t he  amount  of infectious virus particles 
bound t o  t he  various cell surfaces was similar. Competition ex­
periments carried out  with plasma membranes extracted f rom 
all t he  cell types and their  lipidic fractions demonstrated t he  
ability of these components t o  bind t he  virus a n d  t o  prevent in­
fection. The different cellular permissiveness t o  rabies infection 
described here did n o t  correlate with significant differences in  
number  or in chemical structure of t he  receptor binding sites, 
b u t  more likely with events following virus adsorption. 
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Introduction 

I t  is well known t h a t  in t he  early stages of natural  infection rabies virus 
replicates only in t h e  striated muscle and  successively i t  migrates through 
nerve endings and  synaptic junctions t o  t he  central nervous system (Iwasaki 
et al., 1985; Tsiang, 1985). 

Although rabies virus seems t o  be strictly neuropathogenic in vivo, i t  is 
able t o  infect a wide range of host cells in vitro (Wunner and Reagan, 1986). 
High t i tres of fixed virus can be obtained in t he  cell lines BHK21,  NIL/2,  
CER, and  in neuroblastoma cell lines of murine and  human  origin (Clark, 
1972). The propagation of rabies virus has  also been demonstrated in  cells 
of poikilothermic vertebrates such as Tokai gecko, side necked tur t le  (Clark, 
1981), lizard (Atanasiu et al., 1973), snakes of the  families of Crotalidae and  Vi-
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peridae (Clark, 1981) and from fathead minnow (Solis a n d  Mora, 1970). 
Moreover Reagan a n d  Wunner  (1985) were able to  detect rabies virus specific 
antigens in Singh's  Aides albopictus clone C6/36 cells although the yield of 
infectious virus was extremely low. 

Whether rabies v irus  uses a common receptor-mediated p a t h w a y  for viral 
entry both  in vivo and  in vitro or recognizes more than one t y p e  of receptor 
on host cells is not  known.  It has been suggested that  acetylcholine recep­
tors may serve as cellular specific binding sites for rabies virus on differ­
entiated myotubes in vitro and at neuromuscular junctions in vivo to facili­
tate uptake and transfer of virus to  the CNS (Lentz et al.. J982). However, 
not all cells susceptible to  rabies virus infection in vitro express acetylcholine 
receptors (Reagan and Wunner, 1985), suggesting that different host cell 
receptors can bind rabies virus in vitro and in vivo. 

T h e  host cell p lasma membrane  exhibits a wide range of molecular struc­
tures  which can be fu r the r  rabies virus receptor candidates.  T h e  pre-eminent 
role of phospholipids a n d  glycol i pids is demonstrated b y  t h e  following ex­
perimental d a t a :  i) human  serum lipoproteins are inhibitors of viral haemag-
glutination (Halonen  et al., 1974; Suzuki  et al., 1977) a n d  infectivity (Se-
gant i  et al., 1983), ii) cellular L-alpha-phosphatidylserine a n d  some highly 
sialilated gan^liosides are involved in t h e  binding of virus  t o  plasma mem­
branes (Superti  et al., l984/>; 1986), iii) pho.spholipase A2 or neuraminidase 
t r e a tmen t  prevents  t h e  infection of C E R  cells b y  rabies virus (Superti  et al., 
1984/;; I984«). 

These findings so far failed to demonstrate a true biological receptor 
specificity in vitro so that a nonspecific rabies virus adherence to  cell surfaces 
has also been hypothesized (Wunner and Reagan, 1986). Moreover no data 
are available on the chemical components of receptors which allow the bind­
ing of rabies virus to less susceptible homeothermic cells and to poikilo-
thermic cells. In this report additional information is provided on the early 
interaction between rabies virus and different phylogenetically unrelated 
host cells. For this purpose a comparative study has been carried out on the 
susceptibility of cell lines of mammalian (IMR32) (HeLa), avian (CER), 
fish (EPC), and arthropod (A. albopictus) origin to fixed rabies virus infec­
tion. This study has been performed following different approaches, i.e. by  
evaluating viral antigen synthesis and virus yield, by measuring the rate of 
attachment of the virus to the cells and by  analysing the chemical com­
ponents involved in the binding. 

Materials and Methods 

Virus. Tlio CVS (Challenge Virus Strain) f ixed rabies virus w a s  propagated in B H K 2 1  colls. 
Monolayers were infected w i t h  5P.FU/cell for 72 hr a t  37 °C in Eagle 's  MEM containing 0 . 2 %  
B S A  (Bovine Serum Albumin),  2 mmol/1 g lutamine,  penicillin (100 U.I . /ml) ,  a n d  .streptomycin 
(100 (xg/ml). Af ter  infection supernatants  were collected, centrifuged (5 000 rev /min for 10 min)  
t o  remove cellular debris and stored a t  — 70 "C. 

Cellu. IMKII2 ( h u m a n  n e u r o b l a s t o m a  cells), H e L a  S3 (epithol iod c a r c i n o m a  o f  h u m a n  cerv ix ) ,  
a n d  C E R  (Chicken E m b r y o  R e l a t e d )  colls wore  g r o w n  a s  m o n o l a y e r s  a t  37 °C in Eagle 's  MEM 
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containing 1.2 g of NaHCO:; per  l i t re  and supplemented w i t h  2 mmol/1 glutamine a n d  1 0 %  
foet a l  calf serum f o r  human cells or newborn calf  serum f o r  a v i a n  cells. E P C  (Epithelioma Papil­
losum Cyprini) cells were  grown a t  26  CC in  Eagle ' s  M E M  conta in ing  1.2 g of N a H C 0 3  p e r  l i t r e  
a n d  supplemented  w i t h  2 0 %  foe ta l  calf s e r u m  a n d  2 mmol/1 g lu tamine .  Aedes albopictus (mos­
quito larvae) cells were  p r o p a g a t e d  a t  26 °C in  Mitsuhashi-Maramorosch m e d i u m  supplemented  
w i t h  2 0 %  foeta l  calf se rum.  

Monolayer infection. Monolayers were  i ncuba ted  w i t h  rabies  v i r u s  (1.5 P F U / c e l l  o r  15 P F U /  
cell) a t  33  °C o r  37 CC a n d  var ious  p a r a m e t e r s  of t h e  infect ion of t h e  d i f ferent  cell lines were  
moni to red  f o r  72 h r .  T h e  percentage  of infected cells w a s  measu red  b y  direct  immunofluorescence 
a n d  t h e  product ion  of infectious v i rus  w a s  de te rmined  b y  p laque  a s say  t i t r a t i o n  of s u p e r n a t a n t s  
f r o m  t h e  infected cells. P l a q u e  fo rming  uni t s /ml  were t e s t ed  5 d a y s  a f t e r  infect ion in C E R  cells 
a n d  s ta ined  w i t h  n e u t r a l  red  1 : 5000. 

Preparation of cell membranes. Cell membranes  were p r e p a r e d  accord ing  t o  a modified p ro ­
cedure of K r a h  a n d  Crowell (1982). Cells were  pellet-ted (900 g X 15 min)  a n d  washed  t h r e e  
t imes  w i t h  0.02 mol/1 phospha te  buf fe r  con ta in ing  0.14 mol/ l  NaCl ,  p H  7.0 (PBS) .  T h e  pellet-
w a s  suspended in  hypotonic  buf fe r  (0.02 mol/1 phospha te  p H  7.0) a t  a concent ra t ion  of 4 x  107 

cells/ml a n d  allowed t o  swell fo r  15 min .  Cells were d i s rup ted  w i t h  30 s t rokes  in a 15 m l  glass 
Dounce homogenizer equipped w i t h  a t igh t - f i t t ing  " B "  pes t le .  Cell b reakage  w a s  moni to red  
microscopically. T h e  homogenate  w a s  cent r i fuged (900 g X 5 min)  t o  r emove  nuclei  a n d  re­
maining  cells. T h e  s u p e r n a t a n t  fluid w a s  cen t r i fuged  a t  70 000 g fo r  60 m i n  i n  a B s c k m a n  u l t r a -
centrifuge (L2-65B) equipped w i t h  a SW40 ro tor .  T h e  pal lot ted membranes  were washed  i n  
PBS,  resuspended in P B S  a t  a final cMicsntra t ion of 109 (Zg/mt lipids a n d  s to red  a t  —50 °C. 

Extraction of protein and lipid components from thz call membrane preparations. P r o t e i n  com-
poiients were ob ta ined  f r o m  membranes  b y  ex t rac t ion  w i t h  organic solvents  according t o  t h e  
m e t h o d  proposed b y  Shore a n d  Shore (1967). Pro te ins  o b t a i n e d  were  dissolved i n  P B S  a t  a final 
concentra t ion of 50 [ig/ml. Lipids were ex t r ac t ed  w i t h  a m i x t u r e  of ch loroform a n d  m e t h a n o l  
1 : 1 (v/v) according t o  t h e  technique of Spe r ry  a n d  B r a n d  (1955) a n d  suspended  in  P B S  a t  
a final concent ra t ion  of 50 (jig/ml. 

Isolation of membrane total lipids, phospholipids, and glycolipids. O t h e r  expe r imen t s  were  
performed b y  ex t r ac t i ng  t o t a l  l ipids f r o m  all membranes  w i t h  chloroform a n d  m e t h a n o l  1 : 1.5 
(v/v): according t o  t h e  procedure  proposed b y  Folch  et al. (1957). E x t r a c t e d  l ipids were  d r i ed  
under  l iquid n i t rogen  a n d  t o  o b t a i n  phospholipids a n d  glycolipids t h e  d r i ed  residues were  dis­
solved in  chloroform a n d  me thano l  2 : 1 (v/v) a n d  pa r t i t i oned  b y  a d d i n g  0.2 vol  dis t i l led w a t e r .  
Phospholipids (lower phase)  a n d  glycolipids (upper  phase) were solubilized i n  P B S  b y  sonicat ion.  

Competition for rabies virus binding between CER cells and membranes or membrane com­
ponents. C E R  cells g rown i n  microtissue chamber/s l ide f o r  24 h r  a t  37 °C i n  5 %  C 0 2  were  in­
fected w i t h  mix tures  of inhibi tors  a n d  rabies  v i rus .  T h e  vi rus- inhibi tor  m i x t u r e s  were  e i t h e r  
applied t o  cell monolayers  immedia te ly  of a f t e r  2 h r  incuba t ion  a t  25  °C. A f t e r  1 h r  a t  37 °C, 
t he  inoóúla were removed and the cells were  washed 3 t imes  in Eagle ' s  MEM. The infected 
cultures were incubated a t  37 °C in  5 %  CO2 fo r  24 h r  a n d  t h o  pe rcen tage  of infec ted  cells w a s  
determined b y  direct  immunofluorescence. 

Neuraminidase treatment of cell monolayers. T h e  diff3rent  cells, g rown  in  microt issue c h a m b e r /  
slide (Miles Labora tory)  f o r  24 h r  a t  37 °C o r  26 °C were t r e a t e d  w i t h  neuramin idase  f r o m  C. per-
fringens (20 U/ml)  (Sigma Chem. Co.) fo r  69 m i n  a t  37 °C. A f t e r  incuba t ion ,  s u p e r n a t a n t s  were  
collected f o r  t h e  de te rmina t ion  of sialic ac id  con ten t  a n d  cell monolayers  were  washed  3 t imes  
wi th  Eagle ' s  M E M  t o  remove  t r aces  of t h e  enzyme.  Cells were  t h e n  infec ted  w i t h  CVS (1.5 P F U /  
cell a n d  15 PFU/cel l )  fo r  1 h r  a t  37 °C. T h e  percentage  of infected cells w a s  de te rmined  by im­
munofluorescence 24 h r  post- infect ion (p.i.) f o r  homeothermic  cells a n d  72 h r  p . i .  f o r  poikilo-
thermic cells. 

Chemical determinations. P r o t e i n  concent ra t ion  w a s  de te rmined  b y  t h e  m e t h o d  of L o w r y  et 
al. (1951) us ing se rum a lbumin  a s  s t a n d a r d .  Lipid  concen t ra t ion  was  de te rmined  b y  t h e  phospho-
vanillin procedure  described b y  Fr ings  et al. (1974) us ing  olive oil a s  s t a n d a r d .  Sialic ac id  
was de te rmined  b y  t h e  m e t h o d  of Svennerholm  et al. (1980) us ing  n -ace ty l  neuramin ic  a c i d  a s  
s t andard .  

Immunofluorescence. R a b i e s  v i rus  infected cells, d r ied  i n  ace tone ,  were s t a i n e d  w i t h  fluor-
escein-isothiocyanate-conjugated r a b b i t  an t i rab ies  nucleocapsid I g G  ( I n s t i t u t  P a s t e u r  P roduc­
tion). T h e  resul ts  were examined  th rough  a fluorescence microscope a n d  expressed a s  t h e  per­
centage of infec ted  cells (Supert i  et al., 1984a). 
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Tulile 1. Comparison of rallies virus grown  i n  IMH32, HeLa, CEH, EPC, 
and A .  Albopictus (A.a.) cells 

IMR32 H e L a  CER EPC A . a .  

24 hr  33  °C 5 5  80 90 5 10 
37 °C 55  85  90 35  10 

Fluorescent  4 8  h r  3 3  °C 40 30  90 5 10 
cells ( % )  37 °C 30 80 90 30  3 0  

72 h r  33  °C 10 15 40 0 0 
37 °C 10 3 0  50 30  30  

24 h r  33  "C 1 .0X  103 1.0 x 103  4.1  X 10" 1 .5X  10 0 
37 °C 5.0  x 103 4.1  x 103 9.5  X 10" 1.0 X 102 0 

Virus  yield 48 h r  3 3  °C 1.0 x 10" 9.5  x 10 s  1.5  X 105 1 . 5 x  10 0 
( P F U / m l )  37 °C 1 . 0 x 1 0 "  9.5 x 103  1.5 x 105  1.5 x 10 0 

72 h r  3 3  °C 5.0  X 10" 4.1 x 10" 1.4 X 105 l . O x  102 0 
37 °C 5.0 X 10" 4.1 x 10" 1.5  X l O 5  1 . 5 x  10 0 

Results 

Multiplication of rabies virus in home other mic and poilcilothermic cell lines 

T h e  compara t ive  s t u d y  of rabies virus multiplication was  performed i n  
HeLa ,  C E R ,  E P C ,  a n d  A. albopictus cells which were chosen fo r  the i r  m a m ­
malian,  b i rd ,  fish, a n d  a r th ropod  origin, respectively, a n d  i n  h u m a n  neuro­
b las toma cells (IMR32) fo r  the i r  neuronal  origin. 

Monolayers of homeothermic  cell lines (IMR32,  H e L a ,  C E R )  a n d  of poi-
ki lothermic cell lines (EPC a n d  A. albopictus) were infected wi th  CVS fixed 
rabies  virus a t  a mult ipl ici ty  of infection of 1.5 PFU/ce l l  a n d  15 PFU/cel l ,  
respectively. In fec ted  monolayers were incubated in dupl icate  a t  33 °C a n d  
a t  37 °C. A t  different  t imes  p.i. (24 hr ,  48 hr ,  72 hr )  cells were s ta ined t o  
assess viral ant igen synthesis  b y  immunofluorescence assay a n d  al iquots  of  
supe rna t an t s  were wi thdrawn in order  t o  ver i fy  virus yield b y  plaque coun t  
assay.  Resu l t s  reported in Table  1 show t h a t  all cells tes ted  were susceptible 
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Fiji. I 
Rabies  virus  a t t a c h m e n t  t o  H e L a  (1), 
C E K  (2), E P C  (3), and  -4. albopictus 
cells (4) b y  evaluat ion  of unadsorbed  
v i rus  a f t e r  Í hr  a t  0 °C. 
Abscissa: rabies  v i r u s  added  (PFU/ml ) .  
Ord ina te :  unadsorbed  rabies  v i rus  ( P F U /  

ml) .  
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T a b l e  2.  Inhib i t ion  of rabies  v i r u s  a t tachment  t o  CER cells b y  m e m b r a n e s  a n d  m e m b r a n e  
components  extracted Í r o m  HeLa,  CER,  EPC, a n d  A e d e s  albopictus cells 

Cell origin Components  Concentration Fluorescence 
((i.g/ml) inhibit ion 

Prote ins  Lip ids  % 

W h o l e  m e m b r a n e s  
H e L a  Membrane  prote ins  

Membrane  l ip ids  

W h o l e  m e m b r a n e s  
C E R  Membrane  prote ins  

Membrane  l ip ids  

W h o l e  m e m b r a n e s  
E P C  Membrane  prote ins  

Membrane  l ip ids  

W h o l e  m e m b r a n e s  
Aedes  Membrane  prote ins  

Membrane  l ipids  

9 5  
100 

105  
100 

150 
150 

150 
150 

5 0  4 0  
— 0 
5 0  4 5  

5 0  70 
- 0 

5 0  60 

5 0  8 0  
— 0 
5 0  70 

5 0  75 
- 0 

5 0  8 0  

to rabies v i rus  infection, b u t  v iral  antigen synthesis and v i rus  yield were  
significantly different. A m o n g  homeothermic cells, CER were t h e  most  sus­
ceptible t o  v i rus  infect ion a n d  t h e  highest  p roduc t ion  of v i rus  was  ob ta ined  
72 h r  p.i .  A s  t o  poikilothermic cells, w h e n  infect ion w a s  per formed a t  37 °C 
i t  was  possible t o  observe a 3 5 %  of infected cells i n  fish cell l ine a f t e r  24 h r  
and  a 3 0 %  of fluorescent cells i n  A. albopictus cells a f t e r  48 h r .  A s  t o  v i ra l  
yield f r o m  these  l a t t e r  cells, w e  were unab le  t o  de tec t  infect ing v i rus  p a r ­
ticles in  superna tan ts ,  while i n  supe rna t an t s  of infected fish cells infect ious 
virus was  de tec ted  a t  b o t h  incubat ion  t empera tu res  f r o m  t h e  24th  hour .  

Babies virus adsorption to cell monolayers 

Virus binding was  eva lua ted  b y  measur ing  t h e  r a t e  of a t t a c h m e n t  t o  t h e  
cells a t  0 °C. Exper imen t s  were  per formed i n  which  rabies  vi rus  (1.5 PFU/ce l l  
or 15 PFU/cel l )  was  added  t o  H e L a ,  C E R ,  E P C ,  a n d  A. albopictus cells 

3 
2 r - f l  

F i g .  2 
Inh ib i t ion  of  r ab i e s  v i r u s  a t t a c h m e n t  t o  
C E R  cells b y  l ip id  (1), phos pho l i p id  
(2), a n d  glycol ipids  (3) c o m p o n e n t s  
(50 |j.g/ml) e x t r a c t e d  f r o m  H e L a ,  E P C ,  
a n d  A. albopictus cell  m e m b r a n e s .  

100 2 2 

7 5  N 1 
= 

= =  = 

5 0  I 

2 5 - I — i = 

n • Y/s 
— 1  = 

Hela EPC A.albopictus 
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grown in microtissue chamber/slides. A f t e r  1 hr  a t  0 °C t h e  s u p e r n a t a n t s  
were  collected t o  e v a l u a t e  u n b o u n d  v i rus  b y  in fec t ing  C E R  cell monolayers .  
A f t e r  r e m o v a l  of t h e  u n a d s o r b e d  v i ru s  t h e  d i f fe ren t  cells were  washed  w i t h  
cold m e d i u m  a n d  successively f r e sh  m e d i u m  con ta in ing  2 %  n e w b o r n  calf 
s e rum was  a d d e d .  A f t e r  24 h r  incuba t ion  a t  37 °C specific vira l  an t igen  
syn thes i s  w a s  measured  in t h e  infected cu l tu res  (Fig .  1). I t  c a n  b e  seen t h a t  
in sp i t e  of t h e  m a r k e d  differences in t h e  permissiveness  observed,  t h e  r a t e  
of  a t t a c h m e n t  of r ab ie s  v i r u s  t o  t h e  d i f fe ren t  cells w a s  ve ry  similar .  

Competition for robinu virus binding between CER cells and cell membranes 
or membrane components 

A d i f fe ren t  expe r imen ta l  a p p r o a c h  w a s  followed b y  isolat ion of p l a sma  
m e m b r a n e s  f r o m  t h e  d i f fe ren t  cells a n d  b y  e x t r a c t i o n  of t h e i r  re la t ive  l ipid 
a n d  p ro te in  componen t s .  C E R  cells were in fec ted  wi th  m i x t u r e s  of v i rus  
a n d  m e m b r a n e s  o r  m e m b r a n e  c o m p o n e n t s  in o rde r  t o  t e s t  t h e  ab i l i t y  of 
t h e s e  f r a c t i o n s  t o  b i n d  t h e  v i ru s  a n d  t o  impede  t h e  infec t ion .  Resu l t s  in 
T a b l e  2 t h a t  all  m e m b r a n e  p r e pa ra t i ons  caused  fluorescence inhibi t ion .  A s  
t o  t h e  e f fec t  of isolated componen t s ,  p ro te in  molecules d i d  n o t  s h o w  a n y  
a c t i v i t y  whe rea s  l ipid moiet ies  a l w a y s  inh ib i t ed  rab ies  v i r u s  infect ion.  T h e  
highes t  va lues  of fluorescence inhibi t ion were  o b t a i n e d  w i t h  l ipids e x t r a c t e d  
f r o m  A. albopictus cell m e m b r a n e s .  

F u r t h e r  e x p e r i m e n t s  were  p e r f o r m e d  in o rde r  t o  i d e n t i f y  a m o n g  p l a sma  
m e m b r a n e  lipid c o m p o n e n t s  t h o s e  capab le  of i n t e r ac t i ng  w i t h  rab ies  v i rus .  
Since m a n y  d a t a  previous ly  r epo r t ed  o n  C E R  cell su r face  l ipids involved  in 
r ab i e s  v i r u s  in te rac t ion  unequivocal ly  d e m o n s t r a t e d  t h e  pa r t i c ipa t ion  of 
b o t h  phosphol ip ids  a n d  glycolipids (Super t i  et al., 19846; 1986). t hese  com­
p o n e n t s  w e r e  e x t r a c t e d  f r o m  t h e  m e m b r a n e  1 i j > i d s of  H e L a ,  E P C ,  a n d  .4. 
albopictus cells. 

F i g .  2 shows  t h e  inhib i t ion  of rab ies  v i r u s  a t t a c h m e n t  t o  C E R  cells b y  
who le  l ipids,  phosphol ip ids ,  a n d  glycolipids e x t r a c t e d  f r o m  H e L a .  E P C ,  a n d  
A. albopictus p l a s m a  m e m b r a n e s .  All f r a c t i o n s  t e s t ed  p r e v e n t e d  rabies  v i ru s  
in fec t ion  of C E R  cells. W h e r e a s  phosphol ip ids  e x t r a c t e d  f r o m  dif ferent  cells 
d id  n o t  s h o w  signif icant  differences,  t o t a l  l ipids a n d  glycolipids,  e x t r a c t e d  
f r o m  m o s q u i t o  a n d  fish cells, were  more  ac t i ve  a s  c o m p a r e d  t o  t hose  ex­
t r a c t e d  f r o m  h u m a n  cells. T o  ascer ta in  w h e t h e r  t h e  a c t i v i t y  of glycolipid 
f r a c t i o n s  e x t r a c t e d  f r o m  d i f fe ren t  cell m e m b r a n e s  h a d  t o  b e  re fe r red  t o  
s ia l i la ted componen t s ,  add i t iona l  e x p e r i m e n t s  w e r e  car r ied  o u t .  F o r  t h i s  
p u r p o s e  t h e  su r face  of d i f f e ren t  cell lines w a s  modif ied b y  t r e a t m e n t  w i t h  
C. perfringens neu ramin idase  (20 U/ml ) .  Sialic ac id  r e m o v a l  f r o m  p l a s m a  
m e m b r a n e s  caused  a d r a m a t i c  r educ t ion  in t h e  suscept ibi l i ty  t o  v i ru s  in­
fection of H e L a ,  C E R ,  a n d  E P C  cells ( 8 0 % ,  8 5 % .  a n d  9 5 %  fluorescence in­
hibi t ion,  respect ively)  b u t  n o t  in A. albopictus cells. 

Discussion 

Permissiveness  of m a m m a l i a n ,  av i an ,  fish, a n d  a r t h r o p o d  cells t o  rab ies  
v i r u s  infect ion w a s  d e m o n s t r a t e d  b y  specific viral  a n t i g e n  synthes is ,  a l though  
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with significant differences in v i rus  yield. Among the  tested lines, CER cells, 
used for  isolation and assay of rabies serogroup viruses (Smith et al., 1977), 
were the most efficient system for  CVS propagation. High titres of v i rus  
were produced 48 hr p.i. and the  replication w a s  poorly influenced b y  t h e  
incubation temperature in a range between 33 °C a n d  37 °C. 

Mammal ian  cells (IMR32 a n d  H e L a )  exhibi ted  a similar behaviour ,  b u t  
wi th  a m u c h  lower v i rus  yield. I t  m u s t  b e  not iced t h a t ,  i n  spi te  of t h e  neuro­
tropism of rabies  virus,  h u m a n  neuroblas toma cells were, among  homeo-
thermic  cells, t h e  least  susceptible t o  t h e  infection  (in vitro). Neuroblas toma 
cells, on  t h e  o ther  h a n d ,  h a v e  been repor ted  t o  b e  several-fold more  pe r ­
missive t o  t h e  infection t h a n  a n y  o the r  cells f r o m  nervous  t issue (Tsiang 
et al., 1983). I n  spi te  of t h e  neurotropism of rabies  virus,  h u m a n  neuro­
blas toma cells were, a m o n g  homeothermic  cells, t h e  least  susceptible t o  t h e  
infection  (in vitro). 

I n  poikilothermic cell lines m a x i m u m  viral  ant igen synthesis  w a s  ob ta ined  
a t  37 °C whereas t h e  highest  v i rus  yield could be  observed in fish cells 24 h r  
p.i. a t  37 °C a n d  72 h r  p.i. a t  33 °C. O n  t h e  cont rary ,  n o  v i rus  was  detec table  
in mosqui to  cell supe rna tan t s  a t  b o t h  tempera tures .  T h e  response of A .  
albopictus cells t o  rabies vi rus  infection was  comparable  t o  t h a t  observed 
for vesicular s tomat i t i s  v i rus  infect ion (Seganti  et cd., 1986) a n d  i n  agree­
men t  wi th  Reagan  a n d  W u n n e r  (1985), w h o  suggested t h a t  Aedes albopictus 
(SAA) clone C6/36 could suppor t  a persis tent  infect ion b y  rabies  virus.  Be­
cause of t h e  different  behaviour  of infected cell lines, a different  r a t e  of 
virus a t t a c h m e n t  t o  cell surfaces migh t  b e  expected.  T h e  resul ts  obta ined,  
however, demons t ra ted  t h a t  t h e  a m o u n t  of rabies  vi rus  part icles absorbed 
a t  0 CC t o  t h e  binding sites of different  cell surfaces was  comparable.  

I t  is well known  t h a t  rabies v i rus  a t t a c h m e n t  t o  C E R  cells is media ted  
by  specific phospholipid (Supert i  et al., 1984&) a n d  glycolipid (Supert i  et al., 
1984a; 1986) receptors a n d  fo r  th i s  reason t h e  chemical n a t u r e  of b inding  
sites of H e L a ,  E P C ,  a n d  A. albopictus cells was  invest igated.  Pro te in  mol­
ecules ex t rac ted  f r o m  all cell membranes  d id  n o t  show a n y  inhibi t ion ac­
t ivity,  whereas lipid components  ob ta ined  w i t h  different  procedures a lways 
competed w i t h  C E R  cells f o r  rabies vi rus  binding.  T h e  highest  ac t iv i ty  was  
shown b y  t o t a l  lipids f r o m  E P C  a n d  Aedes cells. A s  t o  phospholipids,  n o  
noticeable differences were observed a n d ,  independent ly  f r o m  the i r  origin, 
these compounds prevented  rabies v i rus  infection. T h e  most  significant dif­
ference was  observed wi th  glycolipid f rac t ion  ex t rac ted  f r o m  mosqui to  cells 
which caused 9 5 %  fluorescence inhibit ion.  

The  results  w i t h  neuraminidase  t r e a t m e n t ,  in  agreement  t o  preceding re­
ports (Superti  et al., 1984a; 1986), indicate  t h e  presence of glycosphyngo-
lipids among  act ive components  of t h e  glycolipid f rac t ion  in  H e L a ,  C E R  a n d  
EPC cells a n d  demons t ra te  t h a t  i n  mosqui to  cell line rabies  vi rus  a t t a c h m e n t  
is independent  f r o m  sialic acid residues. A s  t o  Aedes albopictus cells, i t  h a s  
also been repor ted  t h a t  clones lacking sialic acid o n  the i r  p lasma  membranes  
are susceptible t o  rabies vi rus  infection (Reagan a n d  Wunne r ,  1985). These 
data  suggest t h a t  in  mosqui to  cells different  chemical components  can  a c t  
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a s  v i ra l  receptors;  a m o n g  these  molecules a central role i s  p r o b a b l y  p l a y e d  
b y  other  carbohydrates,  a s  previously  reported f o r  vesicular s tomati t i s  v i r u s  
infection of  ar thropod cells (Seganti  et al., 1986). 

I n  conclusion, t h e  di f ferent  permissiveness  of homeothermic and  poikilo-
thermic  cells t o  rabies  v i r u s  infection  in vitro does not  appear  t o  depend on 
q u a n t i t a t i v e  or qual i ta t ive  differences in receptorial structures,  b u t  on e v e n t s  
fol lowing v i r u s  a t tachment  t o  host  cells. 
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