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SUNNARY: The primary structure of ~-bungarotoxin isolated 
from the venom of Bun6arus multicinctus was determined. It 
composes of 74 amino acid residues including ten half-cystines. 
Comparing the sequence with those of cobras and sea snake 
species, striking similarities cam be foumd especially between 
~-bungarotoxin and Naja nivea m-toxin, indicating 50 % sequence 
homology. 

Polypeptides are the toxic principles of snake venoms of 

the families Hydrophiidae (sea snakes) and Elapidae (cobras, 

Kraits, etc.). Some of the so-called neurotoxins showing 

curare-like action were isolated mainly from venoms of cobras 

(Naja and Hemachatus) and sea snakes (Laticauda) and their 

amino acid sequences have been elucidated (I-6). Zoreover a 

pharmacologically well characterized toxin deriving from the 

venom of the Elapidae-snake Bun@arus multicinctus, called 

"~-bungarotoxin" producing a neuromuscular block by combining 

irreversibly with the cholinergic recepto r at the motor endplate 

(7,8) has been obtained in chemically homogeneous state recently 

In this preliminary report the amino acid sequence is presented. 

To whom requests should be addressed. 
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MATERIALS AND METHODS 

The venom of Bun~arus multicinctus either obtained from 

Niami Serpentarium Laboratories, Niami, USA, or freshly collected 

in the laboratory of one (Lee) of us was used in this study. 

The toxin (~-bungarotoxin) was isolated by chromatography and 

rechromatography on a column of CM-Sephadex C-25 using a linear 

buffer gradient of ammonium acetate 0.05 M, pH 5.8 to 0.5 N, pH 

7.0. It proved homogeneous in polyacrylamide gel electrophore- 

sis, sedimentation velocity, amino acid and end group analyses. 

Reduced and aminoethylated (RAE-) ~-bungarotoxin was 

prepared according to the method of RAFTERY and COLE (9). 

Cleavage of the methionyl linkage by cyanogen bromide was carried 

out in 70 per cent formic acid for 24 hr at 25°C. The two large 

fragments were separated by chromatography on a CM-Sephadex C-25 

column (Fig. I) and digested with ~-chymotrypsin (enzyme: 

substrate ratio 1:20, 6 hr, 37°C, 0.2 M NH4HCO 3 buffer pH 8.0), 

thermolysin (1:50, 6 hr, 40°C, pH 8.0) or trypsin (1:50, 4 hr, 

37°C, pH 8.0). After separation of these chymotryptic, tryptic 

and thermolytic peptides by column chromatography on Sephadex 

G-15 (fine grade), Dowex 50-X2 and by paper chromatography or 

electrophoresis, their sequences were fully or partially 

determined by the direct Edman degradation (cf. 10) and by 

digestion with carboxypeptidases A and B. 

RESULTS AND DISCUSSION 

The molecular weight of ~-bungarotoxin was estimated to be 

8,000 by sedimentation equilibrium method and to be about 7,800 

by thin-layer gel chromatography on Sephadex G-50 (superfine), 

respectively. It consists of 74 amino acid residues: Lys 6, 

His 2, Arg 3, Trp I, Asp 4, Thr 7, Set 6, Glu 5, Pro 8, GIy 4, Ala 5, 
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Cys10 , Vals, Metl, lle2, Leu2, Tyr2, and Phe I. 

Edman degradation of the RAE-toxin could be followed up to 

the 14th residue (Fig. 2). The C-terminal determination with 

carboxypeptidases A and B was unsuccessful and only hydrazinoly- 

sis yielded glycine as the C-terminus. 

Treatment of the RAE-toxin with cyanogen bromide yielded 

two peptide fragments (CB-I and CB-II), which are separable 

on a CM-Sephadex C-25 column (Fig. I , and their amino acid 
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Fig. I. Separation of the CNBr-cleaved peptides from RAE-~- 
bungarotoxin on a CN-Sephadex C-25 column. The material (50 
mg) was applied to the column (1.5 x 9 cm), which had been 
equilibrated with 0.1N ammonium acetate buffer, pH 5.8. Linear 
gradient elution was performed with 200 ml of the equilibration 
buffer in the mixing vessel and 200 ml of 0.5 N ammonium acetate 
buffer, pH 7.0, in the reservoir. At the point indicated by 
the arrow, the elution was continued with a linear gradient of 
ammonium acetate 0.5 M to 1.0 N, pH 7.0. The flow rate was 60 
ml per hr and 6 ml fractions were collected. 

compositions are shown in Table I. Amino acid sequence analysis 

of ten residues from the N-terminal end of CB-I showed sequence 

identical with that in the parental RAE-toxin. CB-I was 

digested with ~-chymotrypsin and the resulting peptides were 

fractionated by gel filtration on a Sephadex G-15 column and 

further purified by paper electrophoresis. The major peptide 

(positions 5-22) was cleaved subsequently by thermolysin into 

two smaller peptides. All sequences were elucidated by the 

Edman degradation and three residues of the C-terminus by 

carboxypeptidases A and B treatment (Fig. 2). 
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Table I 

Amino Acid Composition of the CNBr-Cleaved Peptides from 

RAE-e-bungarotoxin 

CB-I CB-II 
Amino acid (N-terminal peptide) (C-terminal peptide) 

Residues/mole 

Aspartic acid 1.12 (I) 2.95 (3) 

Threonine 3.61 (4) 3.04 (3) 

Serine 1.98 (2) 3.45 (4) 

Homoserine +lactone 0.22 + (I) - 

Glutamic acid 1.27 (I) 4.04 (4) 

Proline 2.70 (3) 5.14 (5) 

Glycine I. 29 (I) 3.00 (3) 

Alanine 2.17 (2) 2.82 (3) 
Valine 1.82 (2) 2.72 (3) 

Isoleucine 1.73 (2) 0.22 (0) 

Leucine 1.10 (I) 1.05 (I) 

Tyrosine 0.87 (I) 1.04 (I) 

Phenylalanine -- 0.82 (I) 

Dysine 1.22 (1) 5.24 (5) 
Aminoethylcysteine 3.17 (3) 6.96 (7) 

Histidine 1.00 (I) 1.00 (I) 

Arginine 1.02 (I) 2.16 (2) 

Tryptophan -- + 

Total 27 47 

The amino acid analysis was performed with an amino acid 
analyzer, Beckman/Spinco, Model MS, and Model JLC-5AH, Japan 
Electron Optics Lab. Ltd., by the method of Spackman et al. 
(11). The values in parentheses indicate the most probable 
number of residues. 

CB-il, which contains tryptophan and C-terminal glycine, 

was digested with ~-chymotrypsin and the resulting peptides 

were separated by chromatography on a Dowex 50-X2 column and 

purified by paper chromatography. Overlapping peptides obtained 

after thermolysin digestion of the CB-II were fractionated 

electrophoretically. Tryptic peptides deriving from digestion 
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Fig. 2. Amino acid sequence of ~-bungarotoxin from Bun~arus 
multicinctus venom. Horizontal arrows above and below of amino 
acid residues denote, that the sequence was aualyzed using 
RAE-toxin or CNBr-fragments amd peptides of enzymatic digest, 
respectively. Right- and left-pointed arrows show that the 
sequence was determined, respectively, by the Edman degradation, 
carboxypeptidases A and B treatment and hydrazinolysis. The 
cleavage sites by cyanogen bromide (CNBr), ~-chymotrypsin (C), 
thermolysin (TL) a~d trypsin T, arrows from above: whole RAE- 
toxin was used) are indicated by vertical arrows. 

of the whole RAE-~-bungarotoxi~ gave further information for 

the peptide alignment and confirmed the primary structure as 

presented in Fig. 2. 

Comparing the sequence with those of cobra-neurotoxins (I, 

2,5,6) and of sea snake-toxins (3,4) strikimg similarities cam 

be found especially between Nasa mivea ~-toxim comsisting of 

71 residues and ~-bungarotoxin. If deletions of the two 

residues at the positions 14 and 15 and of the one residue at 

the position 22 in the primary structure of ~-bungarotoxim are 

comsidered, 37 residues includimg the location of the ten half- 

eystines are identical between Nasa mivea m-toxin amd ~-bungaro- 

toxin. Similar homologies among the other neurotoxins mentioned 

above (61-62 residues per molecule) and ~-bungarotoxin are also 
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observed: 24 to 27 residues are identical if deletions concerning 

the half-cystine residues are made. Moreover, in all neuro- 

toxins, especially the locations of tyrosine-24, lysine-26 and 

tryptophan-28 are exactly the same, which seem to be closely 

related to their biological activity and tertiary structure. 
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