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By the analyses of chymotryptic, tryptic, and thermolytic peptides the amino acid sequence 
was determined of cyanogen bromide fragment CB4 representing the region of the pepsin chain 
between the N-terminus and methonine-residue I: lle-Gly-Asp-Glu-Pro-Leu-Glu-Asn-Tyr-Leu
-Asp-Thr- G1u-Tyr-Phe-Gly-Thr-Ile-Gly-llc-Gly-Thr-Pro-Ala-Gln-Asp-l'he-Thr-Val-Ile-l'he-Asp-
-Thr-Gly-Ser-Ser-Asn-Leu-Trp-Val-Pro-Ser -Val-Tyr-Cys-Ser-Ser-Leu-Ala-Cys-Ser-Asp-His -Asn-

+ 
-G In-Phe-Asn-Pro-As p-As p-Ser-Ser -Thr -Phe-G I u -Ala-Th r-Ser-G In-G I u -Leu-Ser -lIe-Thr -Tyr-G Iy-

+ 
-Thr-Gly-Ser-Met. The serine residue (Ser) in position 68 of pepsin is phosphorylated, By se-
quential analysis of chymotryptic, tryptic, and thermolytic peptides the amino acid sequence 
was determined of cyanogen bromide fragment CB6 representing the region between methionine 
residues II and III in the pepsin chain: Asp-Gly-Glu-Thr-Ile-Ala-Cys-Ser-Gly-Gly-Cys-Gln-Ala-

+ 
-lle-Val-Asp-Thr-Gly-Thr-Scr-Leu - Leu -Thr-Gly- Pro -Thr-Ser-Ala-Ile-Ala-Asn-Ile-Gln-Ser-Asp-

+ 
-Ile-Gly-Ala-Ser-Glu-Asn-Ser-Asp-Gly-Glu-Met. The aspartic acid residue (Asp) in position 16 
of this fragment is identical with the residue reacting with diazo inhibitors which forms a part 
of the active centcr of thc enzyme, Both half-cystine residues of fragment CB4 and fragment CB6 
are linked to one another by a disulfide bond in native pepsin. 

In the course of studies on the covalent structure of hog pepsin in this Laboratory the 
cyanogen bromide digest 1 of the S-sulfo derivative of the protein was prepared. 
Fractions FCBl to FCn5 (ref. 2

) containing fragments CBI to CB6 were obtained 
by gel filtration of lhe drgest. Sequential analysis of the cyanogen bromide fragments 
afforded basic information permitting the complete primary structure of the protease, 
which has been published earlier, to be defined 3

• This paper reports on experimental 
data of the sequential determination of fragments CB4 and CB6. The investigation 
of N-terminal fragment CB4 extends the N-terminal 55-residue sequence of pepsin 
determined earlier4

• Fragment CB6 represents the second component of fraction 
FCB5 of the cyanogen bromide digest in addition to fragment CB5 reported earlier 5

• 

EXPERIMENTAL 

Material ' 

Pepsin was a twice crystallized preparation of Worthington Biochemical Corporation, Freehold, 
N .J ., U.S.A. The preparation of S-sulfo-pepsin, its cyanogen bromide cleavage, and the separa-
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Amino Acid Sequence of Cyanogen Bromide 627 

tion of the cyanogen bromide fragments by gel filtration have been described earJier2. The com
ponents of fraction FCBS have b~cn resolved in the preceding studys . Fragment C06 emerged 
in peak "A" during ion exchange chromatography in urea-containing solutions. In an alternative 
separation in solutions not containing urea fragment CB6 was found in peak "IVa". This prepara
tion was rechromatographed on DEAE-Sephadex under conditions identical with those employed 
for the original scparationS

; the resulting preparation was marked "rIVa". Chymotrypsin was 
prepared by the activation of its zymogen obtained by five crystallizations of a commercial 
product of LCciva, Prague. TPCK-trypsin6 (trypsin treated with l-chloro-4-phenyl-3-tosyl
amino-2-butanone) was from Worthington. Thermolysin was a B-grade product of Calbiochem, 
San Diego, U.S.A. Soyb~an trypsin inhibitor, ethylene imine, and 2-amino-2-methyl-l ,3-pro
panediol were from Koch-Light Laboratories Ltd. (London, England). Cyanogen bromide, 
2-mercaptoe(hanol, and Dowex I -X2, 200-300 mesh were from Fluka, Buchs, Switzerland. 
S ~phadex G-100, G-25 fine, and DEAE-Sephadex A-25 were products of Pharmacia, Uppsala, 
Sweden. Silurol, silica gel layer sheets for thin-layer chromatography, was a product of Kavalier, 
Sazava, Czechoslovakia. All the remaining chemicals were of analytical purity. 

Methods 

The preparation and separation of the thermolytic, and tryptic digest of aminoethylated fraction 
FCB5 (ref. s) and of the thermolytic digest of fraction CB2 (ref.4) were described before. The final 
purification of the peptides was carried cut by paper chromatography in the system I-butanol
- pyridine-acetic acid- water (I5 : 10: 3 : 12, v/v) and by two electrophoretic procedures on What
man No 3 or 3MM paper. The sepa ration at pH 1·9 in the system formic acid- acetic acid- water 
(50: 150: 800, v/v) at 70 V/cm was carried out in the horizontal arrangement in the apparatus 
developed by Prusik and coworkers 7 . The separation at pH 5·6 in the system pyridinc-·acetic 
acid- water (5 : 1 : 494, v/v) was carried out at 25 V /cm in the vertical arrangement in the ap
paratus designed by Mikeil8 • The two-dimensional pcptide maps of the chymotryptic digest 
of samples of high molecular weight material were prepared by a combination of electrophoresis 
at pH 1'9 (first di rcction) and papcr chromatography in the system described above (second 
direction). The methods of the detection of peptides, amino acid analysis of the investigated 
material, and determinat ion or amino acid sequences were described earlier as wcll as the methods 
of selective isolation of some half-cystinc pcplides from fraction FCBS (ref. 5

). 

Preparatioll of chymo/ryptic digest of /ragmellt CB4: fraction FCB4 of the cyanogen bromide 
digest contains one ma in component only, fragment CB4 (ref?). The lyophilized material (l00 mg) 
was dissolved to a 2% solution in water made alkaline by the addition of 0 IM-NH4 HC0 3 (red 
colur of phenol red used as an indicator) and digested by two portions of chymotrypsin (final 
molar enzyme to substrate ratio 1 : 50) 4 h at 3TC. The digest was subsequently fractionated 
by gel filtration on a column of Sephadex G-15 (65 x 5 cm), equilibrated with 0·05M-NH4HCOJ . 

The fractions (20 ml /15 min) were evaluated by paper chromatography of aliquots (0'2 mI). 
The !lnal purification of the pcptidcs was effected by paper chromatography and by the two 
electrophoretic procedures described above. 

Preparatioll of chymotryptic digest of fraction CB6: The material in S-sulfo form was digested 
with chymotrypsin at a molar enzyme to substrate ratio of 1: 50, 4 h at 3TC, in a solution 
made alkaline by 0'IM-NH4HC03 (red. color of phenol red used as 3n indicator). Portions 
(2 mg) of the chymotryptic digest were subjected to t wo-dimensional separation by electrophoresis 
(pH 1'9) and paper chromatography. The spots of peptides stained with ninhydrin were cut out, 
eluted by water, and their amino acid composition determined. The map of the chymotryptic 
digest of fragment CB6 is shown in Fig. L The amino acid composition of the peptides derived 
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628 Moravek: 

from the region of fragment CB4 is shown in Table I and of peptides derived from fragment 
CB6 in Table II. 

Purificatioll of fragmellt CB4 and of other fragments of pepsill by iOIl-exchall.qe chromatography: 
Selected fract ions of the cyanogen bromide digest, obtained by gel filtration, were purified by ion
-exchange chromatography on DEAE-Sephadex A-25. The course of the separation is shown 
in Fig. 2. Fragment CB4 was obtained in this case from pooled fractions FCB3 and FCB4 after 
separation by gel filtration without recycling. Fragment CBl was a preparation purified by re
cycling2. Fragment CB2-RAE-Tllb was obtained in a study on tryptic fragments from the 
N-terminal reg ion of pepsin? 

TABLE I 

Amino Acid Composition of Peptides Derived from the Region of Fragment CB4 
The peptides are marked by the symbol of the enzyme used for the cleavage: "Th" and "C" 

denote the thermolyt ic and chymotryptie hydrolysate, respectively. (The unlisted peptides Thl 
through 13 and Cl through 10 belong to the N-terminal region of the fragment4 determined 
before.) The peptides werc analyzed after 20 h hydrolysis; the values are not corrected. None 
of the peptides contained lysine, arginine, or tryptophan. Peptides ThIS, Th16, C12 and CI3 
contain the phosphoscrinc residue reacting with the Hanes- Isherwood reagent! 1 

• 

Designa- Number of amino acid rcsiducs 
tion of 
peptide His Cys Asp Thr Set Glu Pro Gly Ala Val lie Leu Tyr Phe Hsen 

Th14 
ThiS 
Thl6 
Th17 
Th18 
Thl9 
Th20 
Th21 
Th22 
Th.23 
Th24 
Th25 
Cll 
C12 
C13 
CI4 
CIS 
C16 

3·1 1·0 1·9 0·8 
1'0 0·9 3·0 
1·0 1·8 2'7 

1·0 
2·8 1·2 
2·0 1' 1 
0'9 
1·0 
2'0 1·2 
1·0 

J. J 

2·8 
2·0 
1·0 

30 
1'1 

1'0 1·0 1·9 

1·0 
1·0 

1'0 1·7 5·1 1-1 4·6 1,1 1·0 1'1 
1·9 2·0 2·7 1·0 
1·1 1·1 2·8 1·0 
1'1 1·0 
2·0 1·0 
1·9 1·0 

1·9 
2'9 
3-6 

a Hse stands for homoserine; b determined as methionine (rcf. 1 0) .. 

0·9 

1·0 
0'9 0·5 
1'0 0·9 

1·0 0·6 

1·0 0·9 

0'9 
1·0 
0·9 
1'0 

0·9 2·2 
0·8 1·0 0·6 

1·0 

1·0 1·0 
1·0 1·0 0·5 

1·0 

0· 8 

0·8 
1·1 
1·2 
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RESULTS AND DISCUSSION 

Amino Acid Sequence of Fragment CB4 

It was shown2 in an earlier study of the cyanogen bromide digest of S-sulfo-pepsin 
that fragment CB4 represents the N-tcrminal region of pepsin. Because of incomplete 
cleavage at the site of the first methionine residue, a large fragment CB2 was isolated 
in which the N-terminal fragment CB4 is linked with another fragment, namely 
with fragment CB3. Fragment CB4 contains two half-cysteine residues and the only 
histidine residue of pepsin. In an earlier study9 of the N-terminal region of pepsin 

TABLE n 
Amino Acid Composition of Peptides Derived from the Region of Fragment CB6 

The peptides are marked by the symbol of the enzyme used for the cleavage: "T", "Th", and 
"C" denote the tryptic, thermolytic and chymotrypt ic digest, respectively. The peptides were 
analyzed after 20 h hydrolysis . None of the peptides contained lysine, histidine, arginine, or trypto-
phan. 

Designation 
Number of amino acid residues 

of peptide Cys Asp Thr Ser Glu Pro Gly Ala Val Ile Leu Tyr Phe Hsea 

Thl 1-0 0·9 1·0 1·0 
Th2 1·8 1·1 1·1 2·0 1·9 1·0 
Th3 0·9 1·9 1·2 1·2 0'8c 0'7c 

Th4 1-0 
Th5 1'9 1-1 0,9 1·0 1-0 1-0 
Th6 I-I 1-0 1,0 
Th7 1·1 1·0 1·0 0'9 
Th8 2'2 1-8 2' 1 1'9 1-0 0·9 1·0 
Th9 1·0 1-9 0·8 1-0 l'0e 0'8c 1,0 

ThlO 2-3 2-0 2-0 1·1 0,8 O'Sd 

Cl 1-9 2-0 2'9 2-0 2-1 4'3 2-2 0-8 1·7 2-0 
C2 1-0 1-8 1·0 H 1·0 2,0 1·1 
C3 3-2 2'7 2' 8 1·9 1·1 2'0 1-0 
C4 2,0 1·1 1'0 1'1 2·0 3·0 H 1,0 
C5 1'2 1·8 0,9 1·0 0,8 0·8 0·9 2·0 
Tl 1'2b 0'9 0·9 1,1 1-1 2·9 0·8 1·0 
T2 O·gb 1·0 0-9 1,0 1·0 1-0 1·0 
T3 l '0b O,g 2·1 

" Hse stands for hom05erine; b determined as aminoethylcysteine; C determined after 70 h hydro-
lysis; d determined as methionine 1 0. 
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630 Moravek: 

the large fragment eB2 was reduced and aminoethylated, cleaved with trypsin 
at the two aminoethylcysteine residues, and the resulting three fragments were 
isolated. The material obtained permitted the N-terminal 55-residue sequence 

r--; " '-···~~~~C~1~----+----i 

;1 

1,5 

0·5 

o 

A,~4~_ I T"~ _lOA 
02~:O';J 

o 100 

FIG. 1 

Positions of Peptides on Chymotl'yptic Pep~ 
tide Map of Fragment CB6 (in S-sulfo form) 

The chymotryptic digest of fragment 
CB6 was resolved by electrophoresis at pH 1'9 
in the first direction and by paper chromato
graphy in the second direction. Neutral 
red and E-DNP-Iysine, the markers for paper 
chromatography and electrophoresis, are de
noted by @ . A reference amino acid mixture 
was applied for each corresponding separa
tion run at sites marked x. The peptides 
are marked by symbols used in Table 1. 

FlO. 2 

Ion-Exchange Chromatography of Pepsin 
Fragments 

a Chromatography of fraction FCB!. 
The sample (100 mg) was applied to a column 
of DEAE-Sephadex A-25 (30 X 1· 5 em) equi
librated with 0'05M Tris-HCI (pH 6'0), contain
ing 8M urea. Elution: linear concentration 
gradient of Nael in the same burrel' (total vol
ume 500 m1). Fractions 6ml/15 min, /I fraction 
number. b Chromatography of pooled frac
tions FCB3 and FCB4. The material (1 '8 g) 
was separated on a column of DEAE
-Sephadex A-25 (100 X 2·5 em), equilibrated 
with O'IM Tris-HCI (pH 7'5) containing 
8M urea. Elution: linear concentration gradi
ent of NaCI in the same buffer (total volume 
3000 ml), Fractions 15 mlf20 min, /I frac
tion number. c Chromatography of fraction 
CB2-RAE-Tllb (TlIb for short, ref. 9 ). The 
sample (100 mg) was separated on a column 
ofDEAE-Sephadex A-25 (30 X 1·5 em) equi
librated with 0'05M Tris-HCl (pH 7'0) con
taining 8M urea. Elution: linear concentra
tion gradient of NaCI in the same buffer 
(total volume 600 ml). Fractions 6 mIllS min, 
n fraction number. 
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TABLE III 
Amino Acid Composition of Fragment CB4 

The sample was analyzed after 20 h hydrolysis; the values for threonine and serine were extra
polated to zero time of hydrolysis. Arginine and lysine were not detected in the sample. The 
results are expressed as the number of amino acid residues. 

Amino acids His Cys Asp Tllr Ser Glu Pro Gly Ala Val lIe Leu Tyr Pile Hse Trp 

CB4 0·7 1·7 11·0 8·5 10·8 7·7 3·8 7·3 3·1 3.20 5.00 5·2 3·8 4·6 0.9 +b 
In sequence 
of CB4 

11 11 4 

a Values after 70 h hydrolysis; b the presence of tryptophan was determined by the qualitative test 
only. 

TABLE IV 

Sequence of Peptides from the Region of Fragment CB4 

Designation 
of peptide 

Thl4 
ThIS 
Th16 
Th17 
Thl8 

Th19 
Th20 
Th21 
Th22 
Th23 
Th24 
Th25 

CII 
C12 
C13 
CI4 
CI5 
C16 

Amino acid sequence of peptide 

Phe-Asn-Pro-Asp-Asp-Ser-Ser-Thr 
Phe-Glu-Ala-Thr-Ser-Gln-Glx 
(Phe,Glx,Ala,Thr,Ser,Glx,Glx,Leu,Ser) 
Phe-Glu 
Leu-Ser 

lIe-Thr-Tyr-Gly(Thr,Gly,Ser,Hse,Thr,Gly) 
lIe-Thr-Tyr-Gly-Thr-Gly-Ser 
Met-Thr-Gly 
lIe-Thr-Tyr 
Gly-Thr-Gly-Ser-Hse-Thr-Gly 
lIe-Thr-Tyr-Gly 
Gly-Thr-Gly-Ser 

(His,Cys2,Asx5 ,Thr,Ser5 ,Glx,Pro,Ala ,Leu,Phe)Phe 
G lu-Ala-Thr-Ser-Gln-Glu-Leu-Ser(Ile, Thr)Tyr 
(Glx,Ala,Thr,Ser,Glx,Glx)Leu 
(Gly,Thr,Gly,Ser)Hse 
Gly(Thr,Gly,Ser,Hse,Thr,Gly,lIe)Leu 
Gly-Thr-Gly(Sor,Hse,Thr,Gly)(lIc,Leu,Gly)Tyr 
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632 Moravek: 

of pepsin4 covering a considerable part of fragment CB4, to be determined. For 
additional sequential studies fragment CB4 was purified by ion-exchange chromato
graphy; its amino acid composition is given in Table III. The required sequential 
information on thc C-tcrminal region of fragment CB4 afforded peptides from its 
chymotryptic digest and pep tides from the thermolytic digest of fragment CB2. 
The amino acid sequences of these peptides are given in Table IV, the manner 
in which the amino acid sequence of fragment CB4 was deduced is shown in Fig. 2. 
The entire region studied is covered by three main chymotryptic peptides, Cll, Cl2 
and C14, containing char~cteristic amino acid residues. With the latter, thermolytic 
peptides sequentially analyzed and obtained earher io (some of them in duplicate) 
could be aligned. Peptide Cll provides an overlap of the N-terminal sequence 
determined carlier at thc sitc of the two half-cystine residues and the histidine residue, 
thus linking together thermolytic peptides Th14 and Thl S - Th17. Peptide C12 is 
linked to peptide Cll, identical with peptide CB2 - RAE-Tllb-C21, in which the 
phosphoserine residue (Ser 68) was located9

•
12

• When this peptide was sequenced 
it was shown that the neighboring residue No 69, originally reported9 as a glutamic 
acid, is a glutamine. To peptide Cl2 is linked chymotryptic peptide C14 comprising 
homoserine residue No 80 which represents the carboxyl-terminus of fragment CB4. 
The neighborhood of this residue, originally a methionine, was studied in more 
detail since its bond .. Met-Thr .. was cleaved only partly by cyanogen bromide 
even though the methionine residue was converted into the homoserine residue. This 
is evidenced by peptides Th19, Th20, ClS, and C16, isolated from enzymatic digests 
of fragment CB2, in which the bond .. Hse-Thr .. was found uucleaved. The results 
of studies of the same region oblained by Soviet authors 13 are identical with ours, ex
cept for the order of residues 60- 61 which these authors determined as .. Ser-Asp .. , in 
accordance with Tang and coworkers14 who, however, revised this sequence later 15 

to .. Asp-Ser .. idemical with OLlr findi ngs3. Earlier data4 together with knowledge of 
the C-terminal region determined in this study, permit the complete amino acid se
quence of fragment CB4 to be formulated as follows: Ile-Gly-Asp-Glu-Pro-Leu-Glu
-Asn-Tyr- Lell- Asp-Thr-Glu-Tyr-Phe-Gly-Thr- Ile-Gly-Ile-Gly-Thr-Pro-Ala-Gln-Asp-
-Phe-Thr -Val-Jle-Phc-Asp-Thr-Gly-Ser-Ser-Asn-Leu-Trp-Val- Pro-Ser-Val-Tyr- Cys-
-Ser-Ser-Leu-Ala-Cys-Ser-Asp-His-Asn-Gln-Phe-Asn-Pro -Asp-Asp-Ser-Ser-Thr-Phe-
-GI u-Ala-Thr-Ser-Gln-Glu-Leu-Ser-Ile-Thr-Tyr-GJy-Thr-Gly-Ser-Met. 

Amino Acid Sequence of Fragment CB6 

When the cyanogen bromide digest of S-sulfo-pepsin was fractionated it was ob
served2 that fraction FCBS contains two components: Fragment CBS and fragment 
CB6. Both fragments were resolved during additional studies 5 on fraction FCBS. 
Tryptic, chymotryptic, and thermolytic peptides were isolated from the digests 
of aminoethylated fraction FCBS. Peptides belonging to fragment CBS were selected 
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Amino Acid Sequence of Cyanogen Bromide 633 

according to a comparison with peptides prepared from pure fragment CBS and its 
amino acid sequence was thus determined. The remaining peptides from the digests 
of fraction FCBS belong to fragment CB6 whose amino acid sequence is determined 
in this study. When fraction FCBS was subjected to additional fractionationS, frag
ment CB6 was found in peak "A", in another experiment in 'peak "TVa", designated 
"rIVa" after rechromatography. The amino acid composition of both these prepara
tions is shown in Table V. The absence of tryptophan in fragment CB6 was proved 
by thc qualitative tcst only. All five16 tryptophan residues of pepsin were detected 
in other regions of its chain17 • A characteristic feature of this fragment is the absence 
of aromatic amino acid residues. As can be seen in the chymotryptic peptide map 
of the fragment (Fig. 1) three chymotryptic peptides only are formed in a higher 
yield. The amino acid sequence of fragment CB6 was derived from the structures 
of peptides isolated from the tryptic, chymotryptic, and Thermolytic hydrolysate 
of aminoethylated fraction FCB5. Some of the peptides were isolated' in duplicate 
in earlier works,lo, are listed, however, once only. Peptides corresponding to the 
spots on the peptide map (Fig. 1) were isolated from the chymotryptic digest of pure 
fragment CB6 (Fig. 1). The amino acid composition of all peptides which belong 
to fragment CB6 is shown in Table 11. The sequential data on these peptidcs arc 
summarized in Table VI. Disulfide peptide "SS1" was obtained in earlier work l8. 

The data from which the sequence of fragment CB6 was derived are shown schema
tically in Fig. 3. The fragment is characterized by the N-terminal sequence Asp-Gly
-Glu-Thr-I1e-Ala .. and by the C-terminal homoseril1e residue. The N-terminal sequen
ce is contained in peptides Thl and Th2 determined in full; the continuation is pro-

T ABLE V 

Amino Acid Composition of Fragment CB6 
The samples were analyzed after 20 h hydrolysis, the values arc not corrected. None of the 

samples contained lysine, histidine, arginine, or tryptophan. The results are expressed as the 
number of amino acid residues. 

Amino acids Cys Asp Thr Ser Glu Pro Gly Ala Val IIe Leu Tyr Phe Hse 

Fraction A 1-6 6·0 4· 7 6'0 4'8 1·2 6·6 4'6 1'0" 4'8" 2'3 0'4 0'3 1·0 
(ref. 5 ) 

rIVa (ref. 5 ) 1·6 6·0 5·0 5·8 5·1 1·1 6· 7 4·9 0'9" 4'8" 2·2 0·3 0·2 1·0 

In sequence 0 
ofCB6 

--_ .. -- -----.------- -- •.•...•.. -._ - - -------_ .. - - ---

a Determined after 70 h hydrolysis. 
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vided by peptide Th2. This N-terminal region contains two half-cysteine residues 
in the sequence .. Cys-Ser-Gly-Gly-Cys-Gln ... Disulfide peptide SSI identical with 
this part of the sequence shows that both half-cystines of fragm ent CB6 form a di
sulfide loop in native pepsin. The arrangement of the sequence of fragment CB6 
facilitate the three main chymotryptic peptides Cl through C3 involving the region 
of the whole fragment. The sequential overlaps permitted LIS to arrange all peptides 
into two continuous segments (residues 1-31 and 32-46). The bond .. Asn-Ilc .. 
(res. 31 - 32) was cleaved both by thermolysin and by chymotrypsin. The large 
tryptic peptide (res. 12-46};'expected to arise from the cleavage of aminoethylated 
material , was not obtained. The link between residues 31 and 32 follows from the 
agreement between the total sum of residues in both continuous sequential segments 
and the amino acid composition offragment CB6; the latter is also in agreement with 
the sum of peptides of its peptide map, Cl to C3. This conclusion is also evidenced 

TABLE VI 

Sequence of Peptides from the Region of Fragment CB6 
Feptides ThlO and SSl were obtained in earlier work10 •18 . 

- ----------_. --_ ..... _- - - - ---

Designation 
of peptide 

Amino acid sequence of peptide 

Thl Asp-Gly-Glu-Thr 
Th2 Ile-Ala-Cys-Ser-Gly-Gly-Cys-Gln-Ala 
Th3 Ile-Val-Asp-Thr-Gly-Thr-Ser 
Th4 Leu 
Th5 Lcu-T hr-Gly-Pro-Thr-Ser-Ala 
Th6 Ile-Ala-Asn 
Th7 Ile-Gln-Ser-Asp 
Th8 I1e(Gly,Ala,Ser,G1X,AsX,Ser.Asx,Gly,Glx)Hse 
Th9 Ile-Val-Asp-Thr-Gly(Thr,Ser,Leu) 
ThlO Ala-Ser-Glu-Asn-Sel'-Asp-Gly-GI.u-Met 
Cl Asp(Cys2,Asx,Thr3 ,Ser2,Glx2,GIY4,Ala2 ,Val,Ile2,Leu)Leu 
C2 Thr-Gly-Pro-Thr-Ser-Ala-I1e(Ala,Asx) 
C3 I1e-Gln-Ser-Asp-JIe-Gly-Ala-Ser(Glx,Asx,Ser,Asx,Gly,Glx)Hse 
C4 Asp(GIY3,Glx2 ,Thr,Iie,Ala,Cys2 ,Ser) 
C5 Ala(I1e,Val ,Asx,Thr,Gly,Thr,Ser,Leu)Leu 
Tl Asp(Gly,Glx,Thr,Iie,Ala,Aec·,Scr,Gly,Gly)Aec 
T2 Asp-Gly-Glu-Thr-Ile-Ala-Aec 
T3 (Ser,Gly,Gly)Aec 
SS I (Cys,Ser,Gly,Gly,Cys,Gln) 

Q Aec denotes aminoethylcystcine. 
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by the amino acid composition of peptide RAEP-tA 422 from the tryptic digest 
of aminoethylated pepsin 19 which involves the region of residues 12- 46 of cyanogen 
bromide fragment CB6 in uncleaved form. 

Soviet authors reported the complete amino acid sequence of the corresponding 
cyanogen bromide fragment 20 which is in full agreement with our data3

• The Uni
versity of Oklahoma group reported on sequential heterogeneity in this segment 
of the pepsin chain. These authors insert after Ala(30) of our fragment CB6 (of frag
men t CB4 according to their nomenclature) another isoleucine residue present in some 
molecules; they did not determine, however, which one of the two variants is pre
vailing21

• Whcn analyzing their fragment they found 4'9(5) isoleucine residues22 

even though the variant with an extra isoleucine in position 31 would require the 

TARLE VII 

Amin o Acid Composition of Other Fragments of Pepsin ' 
The samples were analyzed after 20 h hydrolysis. The results are expressed as the number 

of am ino acid residues. 
------- -

Fragment 
Amino acid --- ----

CDI CD2 CB3 TUb 
_. -----------

Lysine 0-8 
Histidine H 0-7 
Arginine 1·8 
Cysteic acid" 1·9 
Aspartic acid 5-0 25·0 14·0 18'7 
Threonine 2·0 17-0b 7·8b 12·l b 

Serine 2·4 28'l b 16'9b 22'4b 

Glutamic acid 2·2 16·0 8·2 12' 1 
Proline l·S 8·4 4·6 5'7 
Glycine 3·1 21 ·7 14·6 16'5 
Alanine 2·6 7·3 4·1 5·3 
Valine 4-6 12·9c 9'8c 9'0" 
Isoleucine 2·0 12'3c 7·9c 8'6c 

Leucine 3·0 18·0 12·7 14'3 
Tyrosine 2'1 11·4 N 8·5 
Phenylalanine 2·0 9'7 5·0 7·2 
Homoserine 1·8 0'8 1·9 
Tryptophand + + + 

~--------.-----~.,. 

" Oxhiized sample; b values extrapolated (0 zero time of hydrolysis; C values after 70 h hydrolysis; 
d the presence of tryptophan was determined by the qualitative test only. 
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presence of 6 isoleucines. The presence of this extra isoleucine is not indicated either 
by the composition of tryptic fragment RAEP-tA 422 (ref. 1 9

) or by the sequence 
published by the Soviet authors 20, supported in this region by automated sequential 
degradation of 38 amino acid residies23. In this study we also employed for the pre
paration of the enzymatic digests fraction FCBS purified by gel filtration which cannot 
be expected to separate the two variants; the peptides obtained were homogeneous, 
however. The corresponding site of the prochymosin sequence, published by Folt
mann and coworkers24 is highly homologous with our sequence: 

3 0 

CB6 .. Ser-Ala-~-Ala-Asn-~-Gln-Ser-Asp-~ . . 

275 

Prochymosin .. Ser-Asp-~-Leu-Asn-~-Gln-Gln-Ala-!!: . . 

Residue Asp(16) of fragment CB6 is a part of the sequence . . Ile-Val-Asp-Thr-Gly
-Thr-Ser-Leu . . (residues 14-24), characterizing the aspartic acid residue of pep
sin25

-
27 which reacts with diazo inactivators and forms a part of the active center 

of this enzyme. 

Amino Acid Composition of Other Fragments of Pepsin 

Table VII shows the amino acid composition of other fragments of pepsin, rechro
matographed mostly in this study (Fig. 2). 

Fragment CBl represetns the C-terminal region of pepsin showing a high asso
ciating tendency in solution2

• When chromatographed under the conditions described 
in Fig. 2 the fragment was not adsorbed to the resin in a weakly acidic medium and 
was eluted in the first peak. The retarded peak contained residual contaminants which 
could not be removed by the procedures employed before and (because of the pre
sence of arginine and lysine) also additional material derived from the region of frag
ment CB1. The amino acid composition of rechromatographed fragment CBl 
is in good agreement with the complete sequence of this fragment 28

• Fragment CB2 
was freed of contaminants by recycli zation on Sephadex G-IOO (ref. 2

). When the 
N-terminal region of pepsin was studied aminoethylated fragment CB2 was digested 
with trypsin9. The cleavage at two aminoethylcysteine residues gives rise to three 
peptides of which the first two (from the N-terminus) afforded the main bulk of in
formation for the determination of the 55-residue N-terminal sequence of pepsin4. 
The third of these peptides is fragment CB2-RAE-Tllb whose amino acid composi
tion was in the original paper9 calculated on the assumed presence of one homoserine 
residue only, In this study the fragment was rechromatographed and again analyzed. 
It comprises the C-terminal region of fragment CB4 and the region of fragment CB3 
extending to the second homoserine residue (residues 51 - 199) of pepsin3

• 
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