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SUMMARY 

The amino acid composition and partial sequences of amino acids at 
the NH2- and COOH-termini of the rabies virus (strain ERA) glycoprotein 
were determined using less than 0.5 mg of the protein. The results provide 
identification of the reading frame on the cDNA sequence for this 
glycoprotein. 

INTRODUCTION 

The glycoprotein of rabies virus is located on the surface of the 

virus membrane (I), and is the only antigen of the rabies virus which 

reacts with and inducee production of anti-rabies virus antibodies. On 

vaccination of mice with the antigen, the animals become protected from a 

challenge with rabies virus. Glycoproteins of different viral strains 

exhibit considerable differences in the pattern of their tryptic peptides 

(2). The diversity of the rabies virus glycoprotein was also demonstrated 

in the reactivity of different virus strains toward a series of monoclonal 

antibodies directed against the glycoproteins (3). In order to understand 

the antigenic structure and antigenic variability of the rabies virus 

glycoprotein, a precise chemical analysis of this protein is necessary. 

Recently, the nucleotide sequence of the cloned cDNA from the rabies virus 

glycoprotein mRNA has been determined (4). Knowledge of the amino acid 

composition as well as of the NH2- and COOH-terminal sequences of the 

rabies virus glycoprotein has become imperative for the identification of 

the reading frame of the cDNA sequence. 
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In this paper we describe for the first time the amino acid 

composition and partial C-terminal and N-terminal amino acid sequence of 

the glycoprotein of rabies virus strain ERA. Less than 0.5 mg of the 

purified protein was used to obtain these results. 

METHODS 
Preparation of Virus - Culture conditions and purification 

techniques have been described (5). 
-Purification of Rabies Virus (ERA) Glycoprotein - Purification of 

glycoprotein was done principally as recently described (1). Ten mg 
purified rabies virus was suspended in 5 ml 1% (v/v) ampholine (QH 7-q). 
Triton Xl00 was added to the suspension to a final concentration of 2%. 
The mixture was kept at room temperature for 20 min and centrifuged in a 
Beckmann SW50.1 rotor at 45,000 rpm/min for 60 min at 4'C. The supernatant 
was layered on a 5-402 (w/v) sucrose gradient containing 12 ampholine (pH 
3.5-10) and 1% Trfton Xl00 and electrofocused for 72 hr in an LKB 110 ml 
column. Fractions containing the glycoprotein were pooled. After addition 
of 1 volume of, saturated (NH ) SO the mixture was centrifuged for 20 min 
at 20,000 rpm. Under these con ltions the glycoprotein floats to the top of "8 4 
the centrifuge tube forming a pellicle. The pellicle was removed and 
dissolved in a small volume of distilled water. After dialysis against 
0.05 M NH4HC0 the glycoprotein was lyophilized and extracted twice with n- 
butanol and t ice with ethanol to remove Triton X100. z The dried material 
was dissolved in 1 ml 1% SDS solution and stored frozen or lyophilized. 
Approximately 2 mg of the pure glycoprotein, as determined by the method of 
S. Bran&all et al.(6), was obtained from 10 mg of the virus. 

S-carboxymethylation (7) - The lyophilized sample of the 
glycoprotein (ERA-G) containing 3.2 mg protein and approximately 20 mg of 
SDS was dissolved in 1 ml of 0.3M TriS-HCl buffer, QH 8.5 containing 6M 
guanidine HCl, 15 mM EDTA and 10 mM DTT and incubated at room temperature 
for 4 hr. Twenty ul of 1 M iodoacetic acid was added and the incubation 
continued for 30 min. After addition of 1 drop of mercaptoethanol, the 
reaction mixture was dialyzed against 500 ml of 10 mM NH4HCG 
the cold room, and stored frozen. 

3, 3mM NaN3 in 

Amino acid analysis - This was performed either a with JEOL-6AH 
automatic amino acid analyzer (JEOL Inc.. Cranford, N.J.) or a single- 
column analyzer equipped with a fluorescamine detection system (8). The 
levels of sensitivity are 1 nmol with the former and 50 pmol with the 
latter instrument. 

Sequence analyses - The NH 2-terminal sequence was determined by 
Edman degradation of S-carboxymethyl ERA-G essentially as described by 
Tarr (9)* with the following modifications: The dialyzed sample (0.1 ml 
containing 120 ug S-carboxymethyl ERA-G) was mixed with 15 ul of 10 mg/ml 
polybrene and about 20 mg prewashed glass beads in a 1 ml Reacti-Vial 
(Pierce Chemical, Rockford, Ill.) and lyophilized. The dried material was 
suspended in 30 ul of the coupling buffer (1:l mixture of 25% trimethyl- 
amine-pyridine), lyophilized and then subjected to Edman degradation. The 
coupling and cleavage reactions were carried out at 50' for 20 min and 5 
min twice, respectively. The anilinothiazolinone-amino acid extracted at 
each step was hydrolyzed in 0.1 ml of 0.1% SnC12 in 5.7 N HCl at 150’ for 4 
h to regenerate the amino acid for identification with the amino acid 
analyzer (10). 
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The COOH-terminal sequence was analyzed by following the time- 
course release of amino acid from ERA-G after digestion with 
carboxypeptidaaea A and B (DFP-treated, Worthington Biochemical, Freehold, 
N.J.). 

The COOH-terminal residue was also determined by hydrazinolyaia of 
S-carboxymethyl ERA-G (11). The sample (60 ug) was heated with 0.1 ml 
anhydrous hydrazine (Eastman Organic Chemicals) in a evacuated tube for 5 
or 15 h at105'. After drying, it was dissolved in 0.1 ml H20, treated with 
10 ul iaovarylaldehyde for 1 h at room temperature, and the mixture 
extracted with 0.2 ml ether 3 times. The aqueous layer containing the 
freed COOH-terminal residue was then analyzed. 

RESULTS 

The purified ERA-G is soluble only in the presence of 1% SDS at an 

elevated temperature after boiling. Aliquota were withdrawn for analyses 

from a hot solution. On reduction and S-carboxymethylation, the material 

remained in solution after dialysis (See llMethodal*) but formed a 

precipitate during repeated freezing and thawing. 

Amino acid composition of ERA-G - The dry weight of the sample in 

the hydrolyzate was calculated from the weights of all amino acids except 

tryptophan as determined by the amino acid analysis. From this value, the 

number of moles of ERA-G was calculated based on Mr = 60,000 (I.). The amino 

acid composition of ERA-G (Table 1) is in excellent agreement with that 

deduced from the cDNA sequence after identification of the reading frame 

(4). 

The NH2-terminal sequence of ERA-G - the results of Edman 

degradation indicate that the sequence of 6 amino acid residues at the NH2- 

terminus of ERA-G is: 

(NH21 Lys-Phe-Pro-Ile-Tyr-Thr- (Table 2) 

The COOH-terminal sequence - The COOH-terminal residue was 

identified as leucine by the hydrazinolysis procedure: Leucine was 

recovered in 42.7% yield from 90 ug (1.5 nmol) of the protein after 5 h of 

hydrazinolysis at 105". Virtually no other amino acids were found. 

The result of carboxypeptidase digestion unequivocally established 

the penultimate amino acid as arginine (Table 3). 
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Table I Amino acid composition of ERA-C 

Residues per mole 

Amino acida Predicted from 
analyses cDNA sequence (4) 

Lysine 28 28 

Histidfne 18 18 

Arginine 28 28 

Aspartic Acid 51 46 

Threonine 31 34 

Serine 39 lr2 

Glutamic Acid 43 39 

Proline 30 28 

Glycine 39 38 
Alanine 21 20 

Half Cystine 13 16 

Valine 38 39 
Methionine 13 13 
Isoleucine 23 22 

Leucine 50 51 

Tyrosine 16 16 

Phenylalanine 19 18 

Tryptophan 9 

a) S-carboxymethyl ERA-G (40 ug) was hydrolyzed with 5.7 N HCl at 
110' for 22, 48 and 72 hr and the hydrolyzate analyzed with a Jeol 
6AH amino acid analyzer. The values shown are the average of the 
3 analyes, except for Ser and Cys where the values from the 22 
hr hydrolyzate are shown. Cysteine was determined as S-carboxymethyl 
cysteine. 

DISCUSSION 

With availability of a high-sensitivity amino acid analyzer and the 

method for quantitative regeneration of amino acids from their AT- 

derivatives (lo), it has been possible to perform Edaan degradation with l- 

2 nmol (50-100 pg of the ERA strain glycoprotein) of proteins in this 
. 

laboratory'. The rabies virus glycoprotefn is practically insoluble in 

water in the absence of detergents. After S-carboxymethylation and 

extensive dialysis, the protein remained in solution but formed a 

membranous precipitate on storage at 3' C. Addition of glass beads and 

polybrene to the sample during Edman degradation was to insure a good 
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Table II Edman degradation of ERA-G 

Steps Amino acid found ($1’ 

1 Lys (171, Gly (10) 

2 Phe (50), Pro (17). Lys (8) 

3 Pro (92) aAB (4) 

4 Ile (60)‘, Tyr (71, aAB (4) 

5 Tyr (19). aAB (11)’ 

6 aAB (22). L8u (7) 

Residue identified 

Lysb 

Phe 

Pro 

118 

Tyr 

Thr 

-- 
NR2-terminal sequence: Lys-Phe-Pro-Ile-Tyr-Thr- 

a) Edman degradation was performed on 120 ug (2 nmole) of ERA-G. 
Amino acids found in each step are shown with % yield in parenthesis (10). 
Similar results Were obtained in another 8Xp8rim8nt with lower yields. 

b) Also identified as its PTH-derivative by reverse phase chromatography. 
c) The sum of alloisoleucine and isoleucine (10). 

aAB=a-amino-butyric acid 

dispersion of the glyooprotein particles at each step of the reaction. 

Despite the insolubility of the material, over 701 repetitive yield was 

obtained in the degradation steps indicating the high efficiency of the 

procedure. 

The complete nucleotide sequence of the cDNA complementary to mRNA 

of the ERA strain glycoprotein has recently been determined. One reading 

Table III Carboxypeptidase digestion of ERA-Ga 

Treatment at 23’ Amino acid found (~~i~~:-G) 

Exp. 1 CpA added at 0 min. At 15 mini L8U (0.46) 
2 hr; Leu (0.5) 

Exp. 2b CpA added, boiled after 15 min. L8U (0.91) 

CpB added to above, 

boiled after 15 min. Leu (1.01, Arg (0 79) 

a) 

b) 

A suspension of ERA-G (50 pg 0.8 nmol) in 0.05 M NH4HC0 containing 
1.2% SDS (3ug/ul) was diluted with 2 vol of H 0 and treated with 
carboxypeptidasa A (CpA)(1.6 ug) (CPA) or cargoxypeptidase B (CpB) 
(4 ug) as indicated. At indicated time an aliquot was removed, and 
analyzed for amino acid released. 
Same as Exp. 1 except ERA-G suspension was boiled before addition 
of CpA. Further addition of CpA resulted in the release of many 
amino acids in 3 min, making the time course analysis impossible. 
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frame starting uith the initiation codon ATG, located at nucleotides 8 - 10 

from the 5' end of cDNA, was found to code for a polypeptide of 524 residues 

without encountering a stop codon TGA (4). The search was also facilitated 

by the knowledge that the protein had Leu at the COOH-terminus. The NH2- 

terminal sequence of the ERA strain glycoprotein determined here, (NH2) 

Lys-Pre-Pro-Ile-Tyr-Thr (Table 2). was found to match residues 20 to 25 of 

the polypeptide predicted from the above cDNA sequence, and thus 

established it as the correct reading frame. The COOH-terminal sequence, - 

Arg-Leu (OH) (Table 3), was found to occur only at residues 523 - 524 of 

the deduced polypeptide, and the nucleotide sequence was followed by the 

stop codon TGA. Since the apparent molecular weight of ERA-G has been 

estimated experimentally as 60,000, this was in excellent agreement with 

the length of the polypeptide deduced from the cDNA sequence. Moreover, 

the amino acid composition of the predicted polypeptide from this reading 

frame agreed well with that determined in this report (Table 1). The 

discrepancies are within 10% which is the range of error expected from the 

amino acid analysis. 

The amino acid and terminal analyses of ERA-G in conjunction with 

determination of its cDNA sequence provides an example for a new and 

powerful approach to elucidation of the primary structure of a protein. 

Structural variations in the glycoproteins from different rabies virus 

strains may eventually be elucidated using a similar approach. 
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