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The amino-acid sequences around the six half-cystine residues of pepsin were determined. These 
results complete the information on the cystine sequences and provide sequential overlaps use
ful for the arrangement of the tryptic fragments of aminoethylated pepsin. 

The disulfide bonds were the subject of one of our earliest papers1 on the structure 
of hog pepsin. It was found that two of the cystines form short loops, whereas the 
third disulfide bond links two half~cystine residues farther apart in the chain of pepsin. 
A more recent study on the same subject by Tang and Hartley2 corroborated these 
results and furthermore revealed the amino-acid sequences of the cystine peptides. 
However, the N-terminal extensions of the two short loops N-terminated by half
cystine residues, were not discovered. Since the half-cystine residues could function 
as potential sites of tryptic cleavage after their conversion to S-(~-aminoethyl)
-cysteine3·4, the amino acid sequences in their vicinity provide information neces
sary for the arrangement of such tryptic fragments in the chain. In the preceding 
paper5

, theN-terminal sequence of pepsin H 2N-Ile-Gly-Asp-Glu-Pro-Leu-Glu-Asn-
to 20 

-Tyr-Leu-Asp-Thr-Giu-Tyr-Phe-Gly-Thr-Ile-Gly-Ile-Gly-Thr-Pro-Ala-Gln-Asp-Phe-
30 40 r----

-Thr-Val-Ile-Phe-Asp-Thr-Gly-Ser-Ser-Asn-Leu-Trp-Val-Pro-Ser-Val-Tyr-Cys-Ser-
50 

-Ser-Leu-Ala-Cys-Ser-Asp-His-Asn-Gln.. was determined. It contains two half-
-cystine residues (positions 45 and 50), forming a disulfide loop, and because it is 
assigned to the N-terminus of pepsin, it will be named cystine sequence A. The cystine 
sequence A provides the missing N-terminal extension of one of the loops. The se
quence, published by Pugacheva and coworkers6

, beginning at residue 45, also can be 
assigned to the region of this loop. However, theN-terminal link of half-cystine(45) 
is missing. 

In this paper, theN-terminal extension of the other short disulfide loop is presented, 
as well as sequential information on the remaining third disulfide. To obtain this 
information, peptides from the thermolysin digest of S-sulfopepsin 7 or peptides 
from various enzymic digests of fraction CB5 obtained by cyanogen bromide cleavage 
of pepsin8

, were used. 
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EXPERIMENTAL 

The disulfide peptides isolated in the previous paper1 are marked by symbol "SS" (Fig. 1 and 
Fig. 2). Their N-terminal groups were determined by the dansylation technique9 (as the 1-di
methylaminonaphthalene-5-sulfonyl derivatives), their C-terminal amino acids were also de
termined by dansylation of the amino acids liberated by hydrazinolysis10

. The amino-acid com
position of peptides presented in this paper is included in Table I. Peptides marked by the symbol 
"Th" were isolated from the thermo lysin digest of S-sulfopepsin 7 . All other digests were pre
pared by cleavage of fraction CBS of the cyanogen bromide hydrolysate of S-sulfopepsin, isolat
ed in our previous study8

. Characterization of fraction CBS has revealed that it contains one major 
component, designated fragment CBS, and characterized by theN-terminal sequence Val-IIe-Ser. .. 
{extended in more recent experiments with Edman degradation 11 of oxidized material to Val
-lle-Ser-Cys ... (ref. 12

)). In addition to fragment CBS it contains a smaller amount of another 
component, characterized by the N-terminal sequence Asp-Giy-Giu-Thr and designated frag
ment CB6 (ref. 8

) . Peptides isolated from the chymotryptic digest of the aminoethylated3 •4 

fraction CBS are marked by symbol FCBS-RAE-C. Peptides from digests of the same material 
by t rypsin or thermo lysin are marked by symbols, ending in a - T, or Th, respectively. The short 
symbol "U" was used for peptides from the thermolysin digest of the original fraction CBS, 
in which the half-cystine residues were present in the S-sulfonated form. The two remaining 
·digests, marked by FCBS-C(ox) and FCBS-RAE-T(b), were produced for the specific isolation 
of some half-cystine-containing peptides, based on the charges, due to the presence of the residues 
of cysteic acid, or S-(13-aminoethyl)cysteine. The chymotryptic digest of fraction FCBS was oxidized 
by the performic acid oxidation mixture (1 volume of 30% hydrogen peroxide and 9 volumes 
of 99% formic acid) and peptides, bearing a negative charge on paper electrophoresis (pH 1·9), 
were isolated. These peptides were marked by the symbol FCBS-C(ox) . Peptides from the tryptic 
digest of the aminoethylated fraction CBS, which were positively charged on paper electrophoresis 
at pH 5·6, were marked by the symbol FCBS-RAE-T(b). The preparation of all digests mentioned 
above, as well as their fractionation will be described in papers on the sequence of fragment 
CBS (ref. 12

). or on fragment CB6 (ref. 13) . Methods for the purification and characterization 
of the peptides have been described in our previous papers8

· 14 . Homoserine was assigned as 
·C-terminal in peptides containing this amino acid. The residue of S-(13-aminoethyl)cysteine was as
signed to the C-terminus when present in peptides resulting from cleavage by trypsin. The N-ter
minal amino acids were determined by the dansylation technique9 using the procedure by No
votny and Franek1 5 . The N-terminal sequences were determined by Edman degradation 11 as 
described in a previous paper14 . 

RESULTS AND DISCUSSION 

b the preceding paper5 the cystine sequence A, assigned to the N-terminal region 
·of pepsin was determined. The remaining four half-cystine residues are present in the 
·cystine sequences B and C. 

Cystine sequence B. The alignment of the peptides in sequence B is presented 
in Fig. 1. This sequence contains the two half-cystine residues of the disulfide peptide 
SS I (ref.l), which is comparable with the peptide Cys-Ser-Gly-Gly-Cys-Gln (ref. 2

). 

·Our peptide Thl provides the N-terminal and C-terminal extension of this peptide, 
and allows for the other peptides in Fig. 1 to be assigned to the region preceding the 

Collection czechos l ov. Chern. commun. (Vol. 39] (1974) 



2126 Moravek: 

third half-cystine residue of pepsin. The N-terminal sequence Asp-Gly-Glu-Thr 
is identical with the sequence ascribed to the N-terminus of our cyanogen bromide 
fragment CB6 (ref. 8

) and with theN-terminus of fragment B-5, described by Osto
slavskaja and coworkers.16 Results of our study on the cyanogen bromide fragme1;1tss 
and of our study on the methionine sequences of pepsin17 permit us to assig~ the 
cystine sequence B to the N-terminus of fragment CB6, occupying the region bet
ween methionine residues II and III. The preliminary results of the study of fragment 
CB6 (ref. 13

) have revealed that the cystine sequence B is followed in the chain by the 
sequence Ile-Val-Asp-Thr-Gly .. . , which involves the aspartic acid residue of the 
active site of pepsin18 • · 

Cystine sequence C. This sequence contammg two half-cystine residues farther 
apart in the chain, can 6e subdivided to sequence Cl (containing the fifth half-cystine) 
and sequence C2 (containing the sixth half-cystine residue of pepsin); As found 
in a study on the sequence of fragment CBS (ref.12

), both half-cystines ·are present 
in this fragment, between the methionine residues III and IV (ref. 8

•
17

). 

I 
(Cys,Ser,Gly,Gly,Cys,Gln) 

SS I 

Ile-Ala-Cys-Ser-Gly-Gly-Cys-Gln-Ala 

Thl 

Asp-Gly-Glu-Thr-Ile-Ala-Aec 

FCB5-RAE-C20-22 

(Ser,Gly,Gly}Aec 

FCB5-RAE-T4-41 

(Asx,Gly,Glx,Thr,Ile,Al a, Aec,Ser,Gly,Gly)Aec 

FCB5-RAE-T(b)31 

Fro. I 

(Asx,Gly,Glx,Thr,Ile,Ala,Cys,Ser,Gly,Gly,Cys,Glx) 

FCB5-C(ox}ll 

Asp-Gly-Glu-Thr. .. . 

fragment CB6 

Asp-Gly-Glu-Thr-Ile-Ala-Cys-Ser-Gly-Gly-Cys-Gln-Ala 

Cystine Sequence B 
The nomenclature of peptides is given .in the experimental section . Aec stands for S-(13-amino

ethyl)cysteine. 
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Sequence Cl. This sequence contains peptide SS II-a, described in our previous 
study 1

• It can be unambiguously included in the N-terminal sequence obtained 
byEdmari degradation of oxidized fragment CBS (refY, cf. Fig. 2). As will be dis
cussed in a paper on the sequence of fragment CBS (refY), the remaining part of the 
disulfide sequence Cys-Ser-Ser-Ile-Asp-Gln of Tang and Hartley2 was not cor
roborated in full. A sequence including the same half-cystine residue was published 
by Katrukha and Stepanov19 . 

Sequence C2. This sequence represents the C-terminal part of fragment CBS 
(refY), including the methionine residue IV (ref. 17

). The alignment of peptides 
in sequence C2 is presented in Fig. 2. The sequence of the half-cystine peptide U4-ll 
was obtained by Edman degradation. However, the product obtained in the 8th 
degradation step was not identified. When peptide FCB5-RAE-Th14-34, containing 
S-(~-aminoethyl)cysteine, was subjected to tryptic cleavage, two fragments were liber
ated. Because of the specificity of trypsin, the S-(~-aminoethyl)cysteine residue present 
in peptide FCB5-RAE-Th14-34-T6 should be assigned to the C-terminal position. 
The amino-acid composition of this peptide when compared with theN-terminal part 

Ile(Ser,Cys)Ser .. . .. .. ..... ... . ........ Asp(Ser,Cys,Thr,Ser)Gly 

~~a ~~b 

Yal-IIe-Ser-Cys. 

fragment CBS 

(Val,IIe,Ser)Aec 

FCBS-RAE-T(b)21 

Ile-Leu-Gln-Asp-Asp-Asp-Ser(Cys)Thr-Ser-Gly-Phe 

U4-11 

(Ile,Leu,Glx,Asx,Asx,Asx,Ser)Aec 

PCBS-RAE-Th 14-34-T6 

Phe(Glx,Gly)Hse 

PCBS-RAE-Thll-22 

(Thr,Ser,Gly,Phe,Glx,Gly)Hse 

PCBS-RAE-Th14-34-T41 

Ile(Leu,Glx,Asx,Asx,Asx,Ser,Aec,Thr,Ser,Gly,Phe,Glx,Gly)Hse 

PCBS-RAE-Th14-34 

Glu-Gly-Hse 

PCB5-RAE-C23-11 

(Glx,Asx,Asx,Asx,Ser,Aec,Thr,Ser,Gly)Phe 

PCBS-RAE-C30-12 

Val-Ile-Ser-Cys-Ser . . . Ile-Leu-Gln-Asp-Asp-Asp-Ser-Cys-Thr-Ser-Gly-Phe-Glu-Gly-Met 

Sequence C 1 Sequence C2 

PIG.2 

Cystine Sequence C 
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TABLE I 

Amino-Acid Composition of Peptides 
The peptides were analyzed after 20 h hydrolysis; none of the samples contained lysine, his ti

dine, arginine, proline, methionine, tyrosine or tryptophan. 

Cys Asp Thr Ser Glu Gly Gly Ala Hseb lie Leu Phe 

Th1 1·8° 1-1 1·1 2·0 1·9 1·0 
FCB5-RAE-C20-22 0·8 1·0 0·9 1·0 1·0 1·0 1·0 
FCB5-RAE-C23-11 0·9 0·8 1·0 
FCB5-RAE-C30-12 0·6 3·1 1·0 1·9 1·2 1·2 0·8 
FCB5-RAE-T4-41 0·8 1·0 2·1 
FCB5-RAE-Th11-22 1·0 1·0 1·1 0 ·9 
FCB5-RAE-Th14-34 0·5 3·1 1·0 1·9 2·0 1·9 1·1 1·0 1·0 1·0 
FCB5-RAE-Th14-34-T41 0·8 1·0 1·0 2·0 1·0 0·8 
FCB5-RAE-Th14-34-T6 0·8 3·0 1·2 1·1 0·9 1·0 
FCB5-C( ox) 11 2·0° 1-1 1·0 1·1 2·0 3·0 1·1 1·0 
FCB5-RAE-T(b)21 0·9 1·0 0·7 0·7 
FCB5-RAE-T(b)31 1·2 0·9 0·9 1-1 1-1 2·9 0·8 1·0 
U4-ll 0·8° 3·0 1·0 1·9 1·2 1·2 0·9 0·9 0·9 

a Cys determined as cysteic acid; in all other peptides Cys was determined as S-(~-aminoethyl) 
cysteine. b Symbol Hse stands for homoserine. 

of peptide U4-ll places the half-cystine in position 8 of that peptide. The amino-acid 
composition of peptide FCB5-RAE-Th14- 34-T41, also liberated by tryptic cleavage, 
completed the total amino-acid composition of peptide FCB5-RAE-Th14-34. These 
results only partially corroborated the sequence of the cystine peptide S lb of Tang 
and Hartley2

• Our sequence C2 gives a greater degree of homology when compared 
with that ofchymosin (rennin)20

: 

pepsin Ile-Leu-GLN-ASP-Asp-Asp-Ser-CYS-THR-SER-GLY-PHE-Glu-Gly-Met 
chymosin Thr-Ser-GLN-ASP-Gln-Gly-Phe-CYS-THR-SER-GL Y-PHE 
than the other sequence Glu-Asx-Asx-Ser-Cys-Thr-Ser-Asp-Ser-Asp-Ser (ref. 2

). 

The here presented cystine sequences have been submitted to the Atlas of Protein 
Sequence and Structure in 1972 (ref. 21

) and are included in our tentative sequence 
of pepsin22

• The recently published N-terminal sequence of pepsin by Stepanov 
and coworkers23 is in complete agreement with our cystine sequence A. 

I wish to thank Mrs J. Vikovti for careful technical assistance. I am indebted to Mr K. Griiner and 
Mrs A . Cermakovti, who carried out skillfully the Edman degradation experiments, as well as to 
Mr J. Zbroiek, Miss V. Himrovti and Mrs E. Drskovtifor the amino acid analyses. 
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