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Soybean trypsin inhibitor (STI, Molecular weight 21,500, Wu and Scheraga, 

1962) contains two disulfide bonds and no free sulfhydryl groups (Kunitz, 1947). The 

disulfide bonds can be reduced and then reoxidized to yield a protein with inhibitor 

activity (Steiner, 1965; Steiner et al. , 1965; Lerman, 1965). As a part of a study 

of the reduction and reoxidation of the disulfide bonds we determined the sequence 

of the amino acids around the disulfide bridges in this protein. This was accom- 

plished by digesting the inhibitor with pepsin, and identification of the cystine 

contain.@ peptides by the diagonal mapping technique of Brown and Hartley (1963, 

1966). 

Soybean trypsin inhibitor was puchased from Worthington Biochemical 

Corporation. Preparation lot 5490, which yielded on chromatographicanalysis 

according to Rackis et al. (1962) a single peak containing all activity and over 

95% of total protein, was used without further purification. The inhibitor was 

digested with pepsin in 5% formic acid for 19 hours at 37’C (enzyme to substrate 

ratio 1: 10). The digest was separated by paper electrophoresis at pH 6. 5 . 

$taining a narrow guide strip with cyanide-nitroprusside (Toennies and Kolb, 

1951) revealed two cystine containing zones (A and B Fig. 1). A second guide 

strip was exposed to performic acid vapour and subjected to electrophoresis 
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as described in legend for Fig. 1, whereupon the cysteic acid peptides moved 

off the diagonal line, containing all the other peptides. One cyst&c acid peptide 

was obtained from zone A and four cyst&c acid peptides were obtained from 

zone B (Fig. 1). The areas corresponding to zones A and B were cut out from 

, 

1. Fig. Diagonal finger print of peptic peptides of SIT. 
Peptides were separated by electrophoresis at pH 6. 5 . A narrow strip was cut 
off the paper, oxidized in performic acid vapour, stitched to another sheet of 
paper and subjected again to electrophoresis at an angle of 90’ to the first 
direction. Peptides appear now on a diagonal line; cysteic acid peptides only 
lie off the line. The barred strip at the bottom represents the location of 
cystine peptides after electrophoresis in the first direction (cyanide-nitroprusside 
stain, Toennies and Kolb, 1951). 

the main part of the paper, exposed to performic acid vapours and the cysteic 

acid peptides were then isolated by high voltage paper electrophoresis. 

The sequences of the peptides arising from zone B were determined 

by the procedures indicated in Fig. 2. It was found that B2, B3 and Bf; are 

related; peptides B3 and B4 arising from B2 by the partial cleavage of the Try-Leu 

and Leu-Cys bonds by pepsin. Of these three peptides, B3 was obtained in the 

562 



Vol. 23, No. 4, 1966 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COhVvtUNlCATlONS 

Peptide 81 -- W 

Glu- Arg-CyS03HiPro- Leu-Thr 

W- F’eptide isolated after cleavage by sodium in liquid ammonia (Wilchek et. , 19651 

Peptides B,,B,, B, 
P p pa 

(Try)iLeu~CyS03H-Val-GlyiIlu-Pro-T~r-Glu 
fl 2 1 

fbr I I I 
e e e a --r--- 

P- Peptldes isolated from zone B of the peptic digest of soybean trypsm inhibitor (see fig. 1) 

PO- Peptides isolated after cleavage of B3 with papain 
* The evidence for amino terminal tryptophan of pcptide 4 is based on the positive Erlich’s 

reacti,on of z~me,I3, the fluorescence of zone B and pcptide Br and on the clcctrophorctic 
mobility of Peptide Br 

Fig .2 Determination of the amino acid scqucnccs of the cystcic, acid Ix*ptidc,s 
isolated from zonk’ 13. 

x d subtractive Edman ; - Edman _ dansyl (Gray and llai?lc>~, l!hi:I) ; 
free amino acid aftcar ultimate Edman cltisavagc. ; 4 ~~arl)os\~I)c~I,ti~l~f~ ;\ ; 
hydrazinolysis. 

highest yield and was, therefore, used for detailed study (Fig. 2). Peptide Bi is 

different in composition and sequence from the other B peptides and is derived 

from the “mate” half cystine peptide. It seems that the group of peptides in zone B 

account. completely for the part of the ST1 molecule containing one of the disul’fide 

bonds. The sequence proposed for this part is: 

H2N - Glu - Arg - Cys - Pro - Leu - Thr - COOH 
I 

H2N -(Try)- Leu - Cys - Val - Gly - Ilu - Pro - Thr - Glu - COOH 

Peptide A, was found to contain sixteen amino acid residues of which two 

are cysteic acid. The procedures used for the determination of its sequence are 

shown in Fig. 3 . Peptide Ai is readily cleaved by pronase, subtilisin and the 

alkaline proteinase of Aspergillus orisi (Subramanian and Kalnitsky, 1964). A 
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major split observed with all three enzymes occurs a? the GlN-GlN bond. Pronase 

showed, in addition, a marked amino peptidase activity releasing valine from the 

original N-terminus and glutamine from the N-termmus of the split product (Fig. 3). 

Peptide A I 

‘;” 
Pr+s Fp s Pr Pr 

Val-Phe -CySO,H-Pro-GlN-GIN-A,a-Glu-Asp-A~p~~~~~~~S~-G,~-Asp(llu-Gly 

I 1 
ee e -- 7 I , I A 

e 

Pr- Peptides isolated after cleavage of A,with Pronase 

S - Peptides isolated after cleavage of A,with Subtilisin 

Fig .3 Determination of the amino acid sequence of the cysteic acid peptide 
isolated from zone A. 

Pr = peptides isolated after cleavage of A, with pronase. 
s = peptides isolated after cleavage of A, with subtilisin. 

& = subtractive Edman ; 1 = free amino acid after ultimate Edman cleavage, 

The occurrence of enzymatic cleavage between the two glutamine residues 

simplified considerably the location of the amides in the sequence. The first glutaminr 

became the C-terminal residue of a short peptide, from which it was released after 

the t.hird round of Edman degradation (Fig. 3). It was identified on the amino acid 

analyzer as a peak in the position of serine which disappeared on acid hydrolysis 

yielding glutamic acid. The position of the second glutamine was deduced from the 

examination of the products obtained on splitting peptide A, with pronase (Fig. 2). 

The assigned l.ocation for this glutamine was confirmed by allowing pronase to act 

on the purified peptide containing this glutamine which was obiained by subti’isin 

cleavage of A: (Fig. 3). One equivalent of glutamine, some alanine but no glutamic 

acid were released in this reaction. 

It is pertinent to mention here that the Lys-CysSOBH bond in the oxidized 

peptide Ai was resistant to cleavage by trypsin under the conditions where the 

Arg-CySqH bond of oxidized ribonuclease A is apprecia.bly hydrolyzed (Hirs 

et al. , 1956). This is probably due to the presence of the four dicarhoxylic acid 

residues near the lysyl residue. 
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Peptide A, is the only cysteic acid peptide found in zone A and its sequence 

is completely different from that of any peptide from zone B. Pept.ide A! must 

therefore be derived from that part of the STI molecule which contains the second 

disulfide bond. Since t,wo cysteic acid residues are found in this peptide if. is 

apparent tha.t. one of the disulfide bonds of STI is a part of a small cyclic or loop 

structure, which is maintained on cleavage of the molecule with pepsin. The 

sequence proposed for this loop is: 

H2N - Val - Phe - Cys - Pro - GIN - GlN - Ala. 
I I 

HOOC - Gly - Ilu - Asp - Gly - Cys - Lys - Asp - Asp - Glu 
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