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1. Introduction 

The amino acid sequence of hog pepsin or of some 
parts of its polypeptide chain has been studied in a 
number of laboratories. The most recent summary of 
the results obtained is presented in the 1972 issue of 
the Atlas of Protein Sequence and Structure [ 11. Our 
aim has been to determine the complete covalent 
structure of this enzyme and thus to provide, together 
with the complete structures of bovine trypsinogen 
[2] and chymotrypsinogen [3] elucidated in this la- 
boratory earlier, complete and independent sequence 
information on the fundamental proteolytic enzymes 
of the digestive tract. 

The determination of the complete structure of 
the whole molecule was based on the results of se- 
quential studies on large fragments designated CB [4] 
obtained by cyanogen bromide cleavage of pepsin 
at its four methionine residues [5] (fig. 1). The stu- 
dies on the individual cyanogen bromide fragments 
were begun after the determination of the disultide 
bonds of the 6 half-cystine residues of pepsin [6]. 
The complete amino acid sequence of fragment CBl 
[7], representing the 37-residue C-terminal part of 
the molecule, was determined. Later, the 55residue 
N-terminal amino acid sequence of pepsin [8,9] was 

n I II 

established by sequential analysis of fragments result- 
ing from tryptic digestion of aminoethylated frag- 
ment CB2 [lo] . The information on the disulfide 
bonds [6] was extended by the determination of 
longer amino acid sequences around the half-cystine 
residues [ 1 l] . The amino acid sequence of fragment 
CB5 was determined next [I 21. Simultaneously the 
order of all cyanogen bromide fragments in the ter- 
minal sequences of these fragments [4] and of the 
sequence around the methionine residues [ 13 1. The 
methionine sequences were not reconcilable com- 
pletely with the earlier data of other authors { 141. 
In addition to the main line of approach - the study 
of cyanogen bromide fragments large tryptic frag- 
ments of aminoethylated pepsin [ 151 and the ther- 
molysin [ 161 and chymotryptic [ 171 peptides deriv- 
ed from the whole S-sulfo-pepsin were investigated. 

The sequential information on pepsin and other, 
unpublished, data was summarized in the form of a 
tentative structure, involving 324 amino acid residues, 
which appeared in September 1973 [ 181. This struc- 
ture comprised the 113-residue N-terminal amino 
acid sequence and the 96-residue C-terminal sequence. 
These regions account for complete amino acid 
sequences of fragments CB4, CBS and CB 1, and for a 
part of fragment CB3. (Compared to the amino acid 

I * III I N 
ILe 
1 

C$-CCys-Se+-Met-f- Met -C$.-Cis-Aip- Met-Ch- c+-Met- Ala 
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Fig. 1. Location of certain important amino acid residues and arrangement of cyanogen bromide fragments (marked CB) [4 ] in 
pepsin chain. Serine residue No. 68 was found to be phosphorylated [ 291. Aspartic acid residue No. 215 (marked by a cross) 
in sequence. . Be-Val-Asp-Thr-Gly-Thr-Ser . . is a part of the active site of pepsin [ 301. 
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sequence of fragment CB5 submitted to the ‘Atlas’ 

[ 121, a serine residue was placed to position No. 76 
[18]. Likewise, residue No. 64, originally reported 

to be aspartic acid [ 121, was found to be an aspara- 
gine). The tentative amino acid sequence of fragment 
CB6 [ 191 was presented in the form of three sec- 
tions of noninterchangeable order. The completion of 
the amino acid sequence of hog pepsin required there- 
fore the arrangement of shorter sequences within frag- 
ment CB3 and the determination of the two missing 

links of fragment CB6. 
Important progress in the sequential studies of hog 

pepsin has been made also by Tang and coworkers 

who, in July 1973, proposed a 355-residue structure 
[20] . This structure was based on the amino acid se- 
quences of the first four cyanogen bromide fragments 
from the N-terminus, as determined by the authors 

[20], and on the amino acid sequence of the remain- 
ing cyanogen bromide fragment CB 1 (fig. 1). This 
37-residue sequence was elucidated completely in 
our laboratory [7] and partly also by other authors 
[21-231. The assumed number of 355 residues 
in the pepsin chain was considerably higher than 
would be expected having regard to the amino acid 
composition [5] and molecular weight [24] of hog 
pepsin, In December 1973, Tang and coworkers re- 

ported another amino acid sequence of hog pepsin 
comprising 327 residues [25] ; this sequence, similar- 

ly to that, published earlier [20], uses data of other 
authors on the C-terminal region [7,21-231. 

Sequences established by Stepanov and coworkers 
were summarized by the author [26] and in the ‘At- 
las’ [l] and are subject of some more recent reports, 
cf., e.g. [27,28]. 

In this paper, the complete amino acid sequence 
of hog pepsin is presented, based entirely on the re- 
sults obtained in this laboratory. 

2. Results and discussion 

The information necessary for the completion of 
the amino acid sequence of hog pepsin was obtained 
by the analysis of peptides derived from the region 
of the chain between Met I and Met II (fig. l), prepa- 
red by digestion with subtilisin [ 151, thermolysin 
[19] , and N-bromosuccinimide [ 193 , and by the 
amino acid analysis of purified cyanogen bromide frag- 
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ments CB3 and CB6 [19] . Detailed data on sequen- 
tial analysis of the individual sections of the pepsin 

chain will be given in a series of experimental papers. 
The arrangement of the interchangeable shorter 

sequences falling into fragment CB3 [ 181 is shown 
in the scheme in fig. 2. Two alterations were made in 
the amino acid sequences of the individual regions 

[ 181. Thermolysin peptide (Phe, Asx, Gly, Ile, Leu) 
Gly was found to be C-terminated with glycine and 
therefore the sequence of a chymotryptic peptide 
(residues No. 118- 123, fig. 2) was reexamined and 
shown to be Asp-Gly-Ile-Leu-Gly-Leu. From 
these results the order of residues No. 121 and 122 

was changed to . . Leu-Gly . . The analysis of a chy- 

motryptic peptide derived from the sequential region 

originally reported as Leu-Ser-Ser--Asn-Asp-Gly- 
Val-Leu [ 181, permitted us to extend this region to 
Leu-Ser-Ser-Asn-Asp-Asp-Ser-Gly-Ser-Val- 

Val-Leu (fig. 2, residues No. 155-166). The complete 
amino acid sequence of pepsin resulted from the 
arrangement of the known, unlinked sequential regi- 
ons, separated in the tentative sequence [ 181 by ver- 
tical bars. 

The link between tyrosine residues No. 113 and 

114 provides the subtilisin peptide Leu-Tyr-Tyr- 
Ala-Pro-Phe-Asp-Gly (Ile, Leu, Gly). The next 
link follows from the 2-residue overlap in positions 

No. 122 and 123. By using the thermolysin peptide 
Phe-Ser and the subtilisin peptide Asp-Leu-Phe- 
Ser-Val-Tyr, an extension of the continuous sequ- 
ence at phenylalanine No. 15 1 is obtained. The order 
of the remaining two sections between Tyr No. 154 
and the C-terminal sequence Leu-Asp-Ser-Ile- 
Thr-Met (residues No. 194- 199) was established 
from the results of carboxypeptidase A cleavage of 
fragments CB2 and CB3. The links at positions No. 
154/l 55 and 166/l 67, and the overlap involving po- 
sitions No. 122-123 are derived from the agreement 
between the amino acid sequence proposed and the 
amino acid composition of purified fragment CB3 
[ 191. As supporting evidence serves the finding that 
the bond at the amino terminus of Leu No. 155 is 
susceptible to cleavage both by chymotrypsin and 
N-bromosuccinimide. The latter observation requires 
the presence of a tyrosine residue at the amino-termi- 
nal side of Leu No. 155, because the complete know- 
ledge of sequences around tryptophans excludes 
tryptophan as an alternative. Similarly, the suscepti- 
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110 i20 130 
Thr-Glu-Ro-Gly-Ser-Phe-Lw-Tyr-Tyr-Ala-Ro-Phe-Asp-Gly-Ile-Leu-Gly-lou-Ala-Tyr-Ro-5er-Ile-Ser-LUa- 
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Leu-Tyr-Tyr- Ala-Pro-Plw-Asp-Gly(Ile , Leu,G(y) 

'LO 150 
Ser-Gly-Ab-Thr -Pro -Vd -R-e-Asp-Asn-Leu-Trp- Asp-Gin-Gdy- Leu-Vol- Ser- GLn- Aspku-FW- Ser-Vol- Ty- bu- 

- 
he-Ser 

Asp Leu - Phe - Ser-Val - Tyr 

:53 170 :@I 

Ser-Ser-Psn-Asp-Asp-Ser-Gly-Se-W -Val-Leu-Lw-Gly-Gty-lie- Asp-Ser-Ser-Ty-Tyr-Thr-Gly-Ser-Leu-Asn- 
___~ 

‘41 ‘99 
T~p-‘~ol-Pro-~ol-Ser-Va/ol-Glcl-Gly-Tyr-Trp-Gln-Ile-Thr-Leu-Asp-Ser-Ile-Thr-Met 
__-___ 

Fig. 2. Arrangement of interchangeable sequence regions [ 181 falling into cyanogen bromide fragment CB3. Individual regions 
are marked by lines. 

bility of the bond at the amino terminus of Leu No. 
167 to chymotrypsin is reconcilable with the propo- 
sed bond Leu (166)~Leu (167). 

The linkage of the three noninterchangeable 
regions corresponding to the part of the molecule be- 
tween Met II and Met III follows from the agreement 
of the total sum of amino acid residues in these three 
regions with the amino acid composition of purified 
fragment CB6 [ 191. The finding of the chymotryptic 
peptide (Ala, Be, Val, Asp, Thrz , Gly, Ser, Leu) Leu 
(res. No. 212-221) shows that the lencine residues in 
positions 220-221 do not overlap. The complete 
amino acid sequence of hog pepsin contains 326 resi- 
dues, i.e. 2 residues more than the tentative sequence 
[ 181; the extension of the latter by 4 residues at posi- 
tions No. 160- 166 was compensated partly by the 
residue overlap at positions No. 122- 123. 

When our amino acid sequence of pepsin is com- 
pared with that of the 4 cyanogen bromide fragments 
sequenced by Tang and coworkers [25], certain dif- 
ferences in this region of the pepsin chain emerge. 
These authors report that positions No. 60-61 are 

occupied by the sequence . . Ser-Asp . ., whereas the 
information obtained from two independent experi- 
ments in our laboratory shows the sequence . . Asp- 
Ser . . A comparison with the corresponding region 
[26] of calf chymosin (rennin, EC 3.4.4.3), a protein 
showing a high degree of sequential homology with 
hog pepsin, favors the version reported by us: 

pepsin (this paper) . . PRO-Asp-Asp-SER-SER. 
THR-PHE . . 

cymosin [26] . . PRO-Arg-Lys-SER-SER- 
THR-PHE . . 

pepsin [25] . . PRO-AspSer-Asp-SER- 
THR-PHE . . 

Tang and coworkers also report [25] that ‘the 
isoleucyl residue at position No. 230 is present in 
some molecules of pepsin and absent in others’. We 
analyzed 4 peptides derived from this region in this 
laboratory and did not find this isoleucine residue 
in any of the peptides. This observation leads us to 
conclude that this isoleucine residue cannot be includ- 
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Ile-GLy-Asp-Glu-Pro-Leu-Glu-Asn-Tyr-~~-Asp-Thr-Glu-Tyr-Phe-Gly-lhr-lle -Gly-Ill-Gly-Th-R-o-Ala-&- 

As@tw-TM-Val-$; -F?w-Asp-Thr-Gly-Ser-Ser-Asn-Leu-Trp-V$-Ro-Ser-Val -Tyr-Cys-Ser-Ser-ku-Ala-C+- 
50 

~-A~-H~s-Awl-Gln-Phe-Asn-Pro-Asp-~p-Sw-Ser-Thr-Phe-G(u-Alo-Thr-Ser-Gln-~~-Leu-Ser-ILe-~-Tyr- 

c(y -Thr-G(y-S~F-b$t-Thr-GLy -1Le -Leu-Gly-Tyr-Asp-Thr-Val-$n-Val-GLy -Gly-Ile - Ser-Asg-Thr-Psn-Gin-lk - 
100 

~-(;ly-~-~-Glu-Thr-Glu-Pro-Gly-~~-Phe~eu-Tyr-Tyr-Ala-Ro-Phe-Asp-Gly-~~-Leu-G(y-Leu-Ab-Ty- 

Ro-W-ILe -Ser-~~-Ser-GLy-Ala-Thr-Pro-Val-Phe-Asp-Asn-~~-Trp-Asp-Gln-Gly-Leu-Val-Ser-GLn-A~-~- 

Phe-Ser-Val-Tyr-Leu-Ser-Ser-Asn-Asp-~~p-Ser-Gly-Sw-Val-Val-Leu-L~-G(y-Gly-!~-Asp-Ser-Ser-Ty-Ty- 

Thr-Gly-Ser-Leu-~-Trp-Val-Ro-Vol-Ser-Val-Glu-Gly-Tyr-~~-_n-Ile -Thr-Leu-Asp-Ser-Ile-Ttr-Met-*- 
180 

G(y-G(u-Thr-Ile-ALa-Cys-Ser-Gly-Gly-Cys-Gln-ALa-Ile-Val-Asp-Thr-Gly-Thr-~-~~-Leu-Thr-G(y-Ro-Thr- 
30 

~-Ab-Ile-Ala-~-Ile-Gln-~-Asp-Ile-Gly-Ala-~r-~lu-~~n-~-Asp-G~y-Glu-~t-Val-I~e-~-Cys-~- 

~-Ile-L\sp-Ser-Leu-Pro-Asp-Ile-Val-~~~-Thr-Ile-Asn-Gly-Vol-Gln-Tyr-ho-l.~-~-Ro-Ser-ALo-T~-Ile- 

Leu-Gln-Asp-Asp-Asp-Ser-Cys-Thr-Se-Gly-Phe-Glu-~y- Met-A$VaI-PTo-Thr-Se-Se-Gly-G(u-Leu-Trp-;;- 
230 

~-Gly-Asp-Val-Phe-Ile-Arg-Gln-Tyr-Tyr-Thr-Val-Phe-Asp-Arg-Ala-Asn-Asn-Lys-~~-Gly-Leu-Ala-Ro-Val- 
310 I 

Disulfde bonds. CysK5)-Cys(50), Cy~(206)-Cy~(210), CyS(%%) - CyS(282) 

Fig. 3. Amino acid sequence of hog pepsin. 

ed in the amino acid sequence of the major pepsin 
component. The last difference pertains to residue 
No. 263. This residue was found to be an aspartic 
acid [ 121 in sequential work on fragment CB5, in 
agreement with the data of Tang and coworkers [25 1. 
However, peptide Thr-Ile-Asn-Gly-Val-Gln-Tyr 

(Pro,Leu,Ser,Pro,Ser,Ala)Tyr was isolated later from 
the chymotryptic digest [ 171 of S-sulfo-pepsin and 
residue No. 263 was shown to be an asparagine from 

the determination of the net charge of the peptide 
and independently from sequential degradation ex- 
periments. 

The existence of Ala-pepsin [25], reported to con- 

stitute a minor component of hog pepsin, was con- 
firmed by the isolation of peptide Ala-Leu-Ile-Gly- 
Asp-Glu-Pro-Leu-Glu-Asn-Tyr (Leu,Asx,Thr, 
Glx,Tyr,Phe) from the chymotryptic digest [ 171 of 

S-sulfo-pepsin. 
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