
Amino Acid Sequence Similarity Between Rabies Virus 
Glycoprotein and Snake Venom Curaremimetic Neurotoxins 

Abstract. Evidence was presented earlier that a host-cell receptor for the highly 
neurotropic rabies virus might be the acetylcholine receptor. The amino acid 
sequence of the glycoprotein of rabies virus was compared by computer analysis with 
that of snake venom curaremimetic neurotoxins, potent ligands of the acetylcholine 
receptor. A statistically significant sequence relation was found between a segment 
of the rabies glycoprotein and the entire sequence of long neurotoxins. The greatest 
identity occurs with residues considered most important in neurotoxicity, including 
those interacting with the acetylcholine binding site of the acetylcholine receptor. 
Because of the similarity between the glycoprotein and the receptor-binding region 
of the neurotoxins, this region of the viral glycoprotein may function as a recognition 
site for the acetylcholine receptor. Direct binding o f t he  rabies virus glycoprotein to 
the acetylcholine receptor could contribute to the neurotropism of this virus. 

Rabies virus (RV) is an enveloped, 
negative-strand RNA virus belonging to 
the rhabdovirus family, Lyssavirus ge- 
nus. The glycoprotein comprising the 
surface spikes of enveloped viruses at- 
taches to the cell surface ( I )  by binding 
to normal cellular constituents, which 
act as viral receptors (2). The amino acid 
sequence of the glycoprotein from two 
strains of RV has been deduced from the 
nucleotide sequence of cloned complea 
mentary DNA (3,4) .  The glycoprotein is 
composed of 505 amino acids, with three 
carbohydrate attachment sites on the ec- 
todomain. After replicating in muscle 
cells, RV gains access through peripher- 
al nerves to the central nervous system 

(5) where it selectively infects certain 
neuronal populations (2). We showed 
earlier that RV was localized in regions 
containing a high density of acetylcho- 
line receptors (AChR) on mouse dia- 
phragms and cultured chick myotubes 
(6). Also, a-bungarotoxin, a snake ven- 
om neurotoxin, and d-tubocurarine 
greatly reduced the titer of RV strain 
1820-B necessary to infect myotubes, 
and a-bungarotoxin reduced attachment 
of [3H]uridine-labeled standard chal- 
lenge virus strain (CVS) to myotubes. 
On the basis of these observations, we  
propose that a host-cell receptor for RV 
might be  the AChR. 
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the families Elapidae (cobras, kraits, 
mambas, and others) and Hydrophidae 
(sea snakes) are polypeptides that bind 
with high affinity to the nicotinic AChR 
and, like curare, competitively block the 
depolarizing action of acetylcholine 
(ACh) (7,8).  The snake venom neurotox- 
ins (molecular weights, 7000 to 8000) are 
of two distinct size groups: short neuro- 
toxins containing 60 to 62 amino acids, 
and long neurotoxins containing 71 to 74 
residues (8). More than 60 of these neu- 
rotoxins have been sequenced (8, 9) and 
have been aligned and enumerated by 
Karlsson (8) to  characterize their maxi- 
mum homology. Comparative sequence 
data, chemical modification, and deter- 
mination of the three-dimensional struc- 
ture of the neurotoxins has provided 
considerable information on structure- 
function relations. Several amino acids 
that are highly conserved or invariant 
among all the neurotoxins are considered 
to be important in the binding of the 
toxin to  the ACh binding site on the 
AChR (8, 10-14). These residues are  
located at  the end of loop 2 (the "toxic" 
loop), a long central loop protruding 
from the toxin molecule (10-15) (see Fig. 
3). The guanidinium group of ~ r g ~ ~  is the 
only cationic group common to all the 
neurotoxins and may be the counterpart 
of the quaternary ammonium group of 
ACh (8, 10, 11). A hydrogen-bonded ion 

Fig. 1. Comparison of amino acid sequences of rabies virus 
glycoprotein (RV Gp) (residues 189 to 214) with (A) long 
and short neurotoxins (n); (B) amino acids highly conserved 
or invariant among n (based on all sequenced n); and (C) a 
nonneurotoxic venom protein and vesicular stomatitis virus 
glycoprotein (VSV Gp). Rabies virus is aligned with the 
Karlsson homology alignment positions 30 to 56 for n and 
venom proteins (8) and with VSV as described (20). Amino 
acid identities between RV Gp and other sequences are 
enclosed in boxes. A possible site of N-linked glycosylation 
in rabies glycoprotein (CVS strain) is indicated by an 
asterisk. (1) RV Gp (CVS strain) (4); (2) RV Gp (ERA 
strain) (3); (3) Ophiophagus hannah (king cobra), toxin b; 
(4) Naja melanoleuca (forest cobra), toxin b; (5) Naja naja 
naja (Indian cobra), toxin 4 (toxin b); (6) Bungarus multi- 
cinctus (Formosan banded krait), a-bungarotoxin; (7) As- 
trotia stokesii (Stoke's sea snake), toxin b; (8) Laticauda 
colubrina (yellow-lipped sea krait), toxin b; (9) Naja naja 
atra (Formosan cobra), cobratoxin; (10) Laticauda semifas- 
ciata (broad-banded blue sea snake), erabutoxin; (1 1) Den- 
droaspis angusticeps (eastern green mamba), toxin C9S3; 
(12) VSV Gp (22). Toxin sequences from (8, 9). 
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Fig. 2. Alignment of long neurotoxin (n) sequences with a segment (residues 151 to 238) of rabies virus glycoprotein (RV Gp) by means of the 
computer program ALIGN. The mutational data matrix for 250 PAM'S (point accepted mutations) (17) was used. The above alignments were 
produced by means of a matrix bias of t 3  and a gap penalty of 6. Alignment scores were derived from standard deviations obtained with 
alignments made with at least 100 scrambled sequences having the same lengths and compositions as the RV Gp and n. (A) Alignment of RV Gp 
(CVS strain) with long toxin b of Naja melanoleuca; (B) alignment of RV Gp with long toxin a of Ophiophagus hannah. 



pair between the guanidinium group of given in Fig. 2 would place an insertion tion of antibodies to the idiotypes, which 
Arg3' and the side-chain carboxylate of of ten residues in the glycoprotein (Fig. would react with the cellular structures 
Asp3' stereochemically resembles ACh 3, boxed region) between ~ r p ~ ~  and the (21). Finally, identification of the viral 
(11). adjacent cys3' of loop 2 in the long domains that act in binding to cells 

Because of the possibility that both neurotoxins. Such a structure appears should be important in the treatment of 
RV and the neurotoxins bind at the ACh plausible because the insertion includes viral diseases. These regions could be 
binding site of the AChR, we performed four prolines capable of producing a ran- used as immunogenic agents in the de- 
a comparison of the amino acid se- dom-coil loop. Furthermore, this region velopment of safe and specific subunit 
quences of the RV glycoprotein with the of the glycoprotein is probably exposed vaccines or as the targets of chemical 
sequences of the neurotoxins. The amino because a site for N-linked glycosylation agents that might prove effective in in- 
acid sequence of RV glycoprotein was is present at position 204 of the CVS hibiting viral binding. 
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