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Specific c leavage  with cyanogen b romide  is the mos t  convenient method for  obtaining the peptide f ragments  
neces sa ry  to de t e rmine  the p r i m a r y  s t ruc tu re  of pepsin. The action of cyanogen bromide  on pepsin gives,  in pa r t i cu la r ,  
the peptide B-1 consis t ing  of 46 amino acid res idues  and represen t ing  the C- t e rm ina l  sect ion of the polypeptide chain 
of pepsin [1] (Scheme). In the C - t e r m i n a l  par t  of the polypeptide chains a re  concentra ted  all the lysine and arginine  
res idues  of the pepsin at which the specif ic  hydrolysis  with t rypsin takes p lace  [2]. This has pe rmi t t ed  th ree  grouPs of 
inves t iga tors ,  .working independently, to explain the sequence of the 27 amino acid res idues  in the C - t e r m i n a l  sect ion 
of pepsin [2-4].  

Scheme of the Ar rangemen t  of the Peptide F ragmen t s  of Pepsin  Fo rmed  Under the Action of Trypsin  
and Cyanogen Bromide  
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Thus, the C - t e r m i n a l  par t  of the peptide B - l ,  consis t ing of sl ightly m o r e  than half i ts length, has been deciphered 
at the p re sen t  t ime. The analysis  of the N- t e rmina l  par t  of this peptide is considerably  m o r e  difficult.  In view of this,  
it appears  of in t e res t  to develop a method of obtaining the corresponding peptide f r agmen t  not f rom the peptide B - l ,  
the isolat ion of which is compara t ive ly  complex,  but d i rec t ly  f rom pepsin. As can be seen f rom the Scheme, this 
p rob lem can be solved by a combination of t rypsin  hydrolys is  and cyanogen b romide  cleavage.  Under the action of 
t rypsin  on pepsin,  the peptide bonds local ized in the immedia te  vicinity of the earboxyl  end of the molecu le  a re  
c leaved,  as a r e su l t  of which the compara t ive ly  short  peptides T-2,  T-3,  and T-4,  and the h igh-molecu la r -we igh t  
peptide T-1 cor responding  to a lmost  the whole of the polypeptide chain of the pepsin f rom the N - t e rm ina l  i so leuc ine  
to the arginine res idue  fur thes t  f rom the carboxyl  end of the res idue  one fo rmed  [2]. The specif ic  c leavage of this 
peptide with cyanogen bromide  must  f o r m - -  in addition to the peptides B-2, B-3,  B-4,  and B-5- - the  peptide TB which 
cor responds  to the f r agmen t  of the polypeptide chain of pepsin of the g rea tes t  in te res t  to us. 

In o r d e r  to isolate  the peptide TB by the proposed scheme,  the homogeneity of the m a c r o m o l e c u i a r  peptide T-1 
fo rmed  by the act ion of t rypsin  on pepsin is of dec is ive  importance.  It has been shown prev ious ly  that in the hydrolys is  
of pepsin with t rypsin  a nonspecif ic  c leavage of the peptide bonds f requent ly  takes p lace  which compl ica tes  the 
isolat ion of the individual pept ides  f rom the hydroiysate.  This deviation of the t rypsin hydrolys is  f r o m  the normal  
p roce s s  is due to two fac tors .  In the f i r s t  place,  denatured pepsin p o s s e s s e s  to some extent  a stable spat ial  
s t ruc tu re  and this makes  the peptide bonds corresponding  to the specif ic i ty  of t rypsin difficult ly access ib l e  to the 
attack of the pro te inase .  It has been found that this difficulty can be c i rcumvented  by pe r fo rming  the hydrolys is  with 
t rypsin  in 40% ethanol which apparently ensures  a m o r e  comple te  extension of the globule. In the second place,  the 
r e su l t  of hydrolys is  depends l a rge ly  on the quality of the trypsin,  especia l ly  on the p r e s e n c e  in it of t r a c e s  of 
ehymotrypsin .  The bes t  r esu l t s  were  obtained in our l abora tory  by using porc ine  t rypsin  of the Danish f i rm  "Novo". 
This is due not only to the absence  of apprec iable  amounts of chymotrypsin  in this p repara t ion  but also,  possibly,  to 
the fact that pe rc ine  t rypsin,  in cont ras t  to the bovine t rypsin usually used, exhibits a "secondary"  speci f ic i ty  of the 
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chymotrypsin  type to a s m a l l e r  extent. A sample  of bovine t rypsin  produced by the Leningrad fac tory  fo r  medic ina l  
p repara t ions  that we had available exhibited an apprec iable  act ivi ty with r e spec t  to the specif ic  subs t ra te  of 
ehymotrypsin.  Its action on pepsin led to an ex t r eme ly  intensive c leavage  of peptide bonds not cor responding  to the 
specif ic i ty  of trypsin.  We followed the hydrolysis  p roces s  by de termining  the N- t e rmina l  groups in the hydrolysate  

by the dinitrophenyl method. 

It is known that in the specif ic  c leavage  of pepsin with t rypsin,  N- t e rmina l  res idues  of valine,  g lu tamic  acid, and 
alanine appear  in addition to the N- t e rmina l  r e s idue  of i soleucine  a l ready presen t  in pepsin [2]. Table 1 shows that 
the hydrolys is  of pepsin with the t rypsin of the Leningrad fac tory  for medic inal  p repara t ions  leads to the appearance of 
threonine,  glycine,  ser ine ,  and aspar t ic  acid, in addition to the N - t e r m i n a l  amino acids mentioned above. 

Table 1. Determinat ion  of the N - T e r m i n a l  
Amino Acids in Tryps in  Hydrolysa tes  of 
CM-Peps in  Re fe r r ed  to DNP-Isoleucine  

(The amount of which was taken as 1). 

DNP-amino 
acid A B C 

ne 1 1 1 
Glu 1 0 .64  1.00 
Ala 1 0 .79 0.88 
Val 1 0 . 6 5  0 . 9 0  
Ser 0 0.55 0.33 
Thr 0 1.10 Traces 
GIy 0 0.55 0,08 
Asp 0 0.35 Tracesl 

Note.  A) number of expected residues of the DNP-amino 
acids; B) number of DNP-amino acid residues obtained when 
using the trypsin of the Leningrad factory for medicinal prep- 
arations; C) number of residues of DNP-amino acids obtained 
when using the trypsin of the Leningrad factory for medicinal 
preparations after its incubation with the chymotrypsin 
inhibitor chloromethyl l-tosylamido-2-pheny| ketone. 

Since the isolat ion of the peptide T-1  f rom such a hydrolysa te  is difficult,  to inhibit the chymotrypsin  p resen t  
in the t rypsin we used t rea tment  of the l a t t e r  with chloromethyl  1- tosy lamido-2-phenyle thyl  ketone [7]. This  expedient 
enabled us to obtain considerably  be t t e r  resu l t s  in the t rea tment  of pepsin. It can be seen f rom Table 1 that the 
hydrolys is  of pepsin with t rypsin t rea ted  with the inhibitor  leads to the appearance of N - t e rm ina l  isoleucine,  alanine, 
val ine,  and glutamic acid in equivalent  propor t ions ,  as should be the case  in the c leavage of the peptide bonds 
corresponding  to the specif ic i ty  of trypsin.  Nonspecif ic  hydrolysis ,  which is shown by the appearance of smal l  amounts 
of N- t e rmina l  se r ine ,  is sl ight and does not in te r fe re  with the subsequent operat ions (see Table 1). 

Af ter  t:he p e r f o r m a n c e  of the t rypsin  hydrolys is  and the isolat ion of the h igh-molecu la r -we igh t  peptide T - I ,  this 
peptide was t rea ted  with an excess  of cyanogen b romide  in f o r m i c  acid under conditions analogous to the conditions fo r  
the c leavage of pepsin with cyanogen bromide.  

Separat ion of the cyanogen b romide  hydrolysate  of the peptide T-1 by gel f i l t ra t ion  on Sephadex G-50 gave us 
the peptide TB with a yield of 30%. It can be seen f rom the f igure  that the peptide TB is the f rac t ion  of lowest  
m o l e c u l a r  weight in the cyanogen-bromide  hydrolysate  of the peptide T-1.  

The peptide TB consis ts  of approximate ly  27 amino acids and contains among these one arginine r e s idue  and 
two tryptophan res idues .  

The amino acid composi t ion of the C- t e rmina l ,  B - I ,  f r a g m e n t  of pepsin can be i l lus t ra ted  as the sum of the 
peptide TB t:hat we have obtained and the peptides T-2,  T-3,  and T-4 (Table 2). 

As follows f rom Table  2, the amino acid composi t ion of the peptide B-1 is in fact  in good agreement  with the 
sum of the amino acids contained in the peptides TB, T-2,  T-3,  and T-4.  There  are  apprec iable  deviat ions only in 
the case  of alanine, valine,  and phenylalanine.  In the peptide TB, we detected only t r aces  of alanine. The content of 
va l ine  in the peptide B-1 is possibly lower because  of the stabil i ty of the peptides of val ine to hydrolysis .  In re la t ion  

' to phenylalanine,  we can make no final  conclusion,  and the quest ion of the number  of phenylalanine r e s idues  in the 
peptide TB will  be decided in the course  of the s t ruc tu ra l  work. 
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S e p a r a t i o n  of 0.25 g of the  c y a n o g e n -  
b r o m i d e  h y d r o l y s a t e  of the  pep t ide  
T - 1  on a co lumn (25 × 970 ram) of 
Sephadex G-50 in 4 M u r e a  and 1% 
sod ium b i c a r b o n a t e  (the n u m b e r  of 4 .8 -  
m l  f r a c t i o n s  is p lo t t ed  a long  the  axis  
of a b s c i s s a s  and the  op t ica l  dens i t y  at 
280 M in a r b i t r a r y  uni ts  a long the  axis  

of o rd ina t e s ) .  
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Lys 
Arg  
Asp  
Th r  
Set  
Glu  
Pro 
Gly  
Ala  
Val  
Ile 
Leu 
Ty r  
Phe 
T rp  

Table 2. Amino Acid Composit ion of the 
Pept ides  

N u m b e r  o f  r e s idues  o f  the  given a m i n o  ac id  in t he  pep t i de  

A m i n o  - -  S u m  o f  TB 
acid TB T - 2  T--3  T--4 T-2,  T-3,  B - I  

and  T-4 

- -  - - T -  - T - - - - T - _  T T 
I -- -- 2 2 
1 2 - -  6 6 

1 -- -- 3 3 
- -  - -  - -  3 8 

2 1 -- -- 3 3 
- -  - -  1 3 3 

3 - -  - -  1 4 4 

- -  I 2 3 4 
1 -- 2 6 6 
- -  - -  - 2 2 

3 - -  - -  1 4 4 
2 -- -- 2 2 

In the , te terminat ion of the N- t e rmina l  amino acid of the peptide TB, aspar t ic  acid was detected by Sanger ' s  
dinitropheny[ method [9] and by Grey and Har t l ey ' s  dansyl method [10]. 

The de terminat ion  of the N- t e rmina l  sequence of the peptide TB was ca r r i ed  out by the s tepwise spli t t ing off of 
methylthiohydantoins [11], and gave the following resu l t s  (the yield of the cor responding  methylthiohydantion is 
given in parentheses) :  Asp (32%)--Val (90%)-Pro (53%). This sequence coincides  with the N- te rmina l  sequence of the 
peptide B - 1  de te rmined  previously:  A s p - - V a l - - P r o - - T h r - - S e r  [1]. Consequently,  the peptide TB has the N - t e r m i n a l  
sequence A s p - - V a l - - P r o - - T h r - - S e r .  

F o r  fu r the r  investigation,  the peptide TB was subjected to par t ia l  acid hydrolysis .  As is well known, hydrolys is  
in a mix ture  of acids leads to the c leavage  of the peptide bonds formed by aspar t ic  acid, this being isolated in the 
fo rm of the f r e e  amino acid [13]. We have found the optimum conditions fo r  the acid c leavage of the peptide TB. 

The course  of the hydrolysis  was followed by quanti tat ively de termining the f r e e  amino acids in samples  of the 
hydrolysate .  After  hydrolys is  for  23 hr the following amino acids were  found in a sample  containing 0.25 #M of the 
peptide TB, which cor responds  to 0.75/~M of aspar t ic  acid: Asp 0.481; Thr  0.018; Ser 0.036; Gly 0.054. Hydrolys is  to 
aspar t i c  acid took p lace  to the extent of 64%, with the format ion  of ve ry  smal l  amounts of other  amino acids.  F r o m  
the hydrolysa te  was isolated the te t rapeps ide  V a l - I l e - P h e - A r g .  

The N- t e rmina l  sequence of the te t rapept ide  was de termined  by Edman ' s  method in combination with that of 
Grey and Har t ley  [12] as Va l -Phe - I l e .  Thus, the peptide has the s t ruc tu re  V a l - P h e - I l e - A r g ,  which agrees  with the 
resu l t s  obtained prev ious ly  [3]. 

Summar iz ing  what has been said above, the following scheme for  the peptide TB forming  par t  of the C - t e r m i n a l  
f r agment  of pepsin can be wri t ten A s p - V a l - P r o - T r e - S e r . . . - ( A s p 2 ,  Thr, Serz, Pro,  Glys, Val, Ile, Leu~, Gluz, TrP2 )- 
V a l - P h e - I l e - A r g .  

E X P E R I M E N T A L  

Pepsin° Po rc ine  pepsin pur i f ied by chromatography on DEAE-ce l lu lose  [5] and then reduced and ea rboxy-  
methyla ted by the method descr ibed  p rev ious ly  (CM-pepsin). 

Tryps im Tryps in  of the Leningrad fac tory  fo r  medicinal  p repara t ions  was used. It possessed  chymotrypsin  
activity.  

To e l imina te  the chymotrypsin  impuri ty ,  the t rypsin p repara t ion  was t rea ted  with the chymotrypsin  inhibi tor  
chloromethyl  1- tosy lamido-2-phenyle thyl  ketone [7]. 

To a solution of 0.240 g of t ryps in  in 80 ml  of 0.001 M calc ium chlor ide was added 7 mg of the inhibitor  in 1.8 ml  
of ethanol, the pH being kept at 7.2 (TTT-1 autot i t ra tor ,  "Rad iomete r , "  Denmark) with 0.5 N caust ic  soda. After  5 hr  
at room tempera tu re ,  the mix ture  could be used fo r  hydrolysis .  F o r  its s torage,  it was acidified with 1 N HC1 to pH 3, 
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f r o z e n ,  and l e f t  in the  cold ,  b e i n g  u s e d  as  r e q u i r e d  wi thou t  the  e x c e s s  of i n h i b i t o r  b e i n g  r e m o v e d .  

T r y p s i n  h y d r o l y s i s  [2]. A s o l u t i o n  of 8 g of C M - p e p s i n  in 245 m l  of 2% t r i e t h y l a m i n e  w as  kep t  at  37 ° C f o r  1 h r ,  
and t hen  t he  pH of t he  s o l u t i o n  was  b r o u g h t  to 8 wi th  50% a c e t i c  ac id  and  207 m l  of e t h an o l  w as  added  so  t h a t  i t s  f i n a l  
c o n c e n t r a t i o n  was  40%. To t h i s  s o l u t i o n  was  added 54 m l  (0.160 g) of the  t r y p s i n  s o l u t i o n  c o n t a i n i n g  the  i n h i b i t o r  in  
s u s p e n s i o n ,  t he  l a t t e r  d i s s o l v i n g  in  t he  40% e thano l .  The  c o n c e n t r a t i o n  of p e p s i n  in  the  s o l u t i o n  was  a p p r o x i m a t e l y  
1.5%. T h e  s o l u t i o n  was  i n c u b a t e d  at  37 ° C f o r  1 h r ,  and t h e n  a n o t h e r  27 m l  (0.080 g) of t r y p s i n  s o l u t i o n  w as  added  and  
i n c u b a t i o n  was  c o n t i n u e d  f o r  1 h r .  T h e  e n z y m e / s u b s t r a t e  r a t i o  was  1 : 33. 

The  s o l u t i o n  w a s  a c i d i f i e d  wi th  a c e t i c  a c id  to pH 2 - 3  and  t h e  p r e c i p i t a t e  f o r m e d  was  s e p a r a t e d  off on t he  
c e n t r i f u g e ,  w a s h e d  wi th  a c i d i f i e d  w a t e r ,  and  r e c e n t r i f u g e d .  Then  the  p r e c i p i t a t e  w as  d i s s o l v e d  at  pH 8 - 9 ,  p r e c i p i t a t e d  
by a c i d i f i c a t i o n ,  and  c e n t r i f u g e d .  T h e  m o i s t  r e s i d u e  was  u s e d  f o r  the  s u b s e q u e n t  c y a n o g e n  b r o m i d e  c l e a v a g e .  

C y a n o g e n  b r o m i d e  c l e a v a g e  [1]. The  m o i s t  p r e c i p i t a t e  of the  t w i e e - r e p r e c i p i t a t e d  p e p t i d e  was  t r a n s f e r r e d  to a 
f l a s k  wi th  a g r o u n d - i n  s t o p p e r  and  t r e a t e d  wi th  500 m l  of f o r m i c  ac id  which  had  b e e n  d i s t i l l e d  and  kep t  u n d e r  a r g o n .  
The  soled d i s s o l v e d  wel l ,  f o r m i n g  a s l i g h t l y  t u r b i d  so lu t ion .  To t h i s  was  added  12 g of c y a n o g e n  b r o m i d e  and  t he  
m i x t u r e  was  s t i r r e d  at  r o o m  t e m p e r a t u r e  f o r  12 h r .  

To e l i m i n a t e  the  f o r m i c  ac id  c o m p l e t e l y ,  the  s o l u t i o n  was  f r e e z e - d r i e d ,  w a t e r  w as  added ,  and  it  was  d r i e d  aga in ,  
and  t h i s  o p e r a t i o n  was  r e p e a t e d  once  m o r e .  

The  d r y  r e s i d u e  was  d i s s o l v e d  in 0.5 N t r i e t h y l a m m o n i u m  c a r b o n a t e  b u f f e r  wi th  pH 8.5, and  a f t e r  12 h r  1 g of 
s o d i u m  b i c a r b o n a t e  and  48 g of u r e a  w e r e  added  to t h e  so lu t ion .  The  t o t a l  v o l u m e  w as  100 ml .  

Gel  f i l t r a t i o n  on  S e p h a d e x  G-50 .  The  gel  f i l t r a t i o n  of 100 m l  of the  s o l u t i o n  o b t a i n e d  a f t e r  t h e  c y a n o g e n  b r o m i d e  
c l e a v a g e  was  c a r r i e d  out  on  a c o l u m n  (50 x i 100  m m )  of Sephadex  G-50  e q u i l i b r a t e d  wi th  a 4 M s o l u t i o n  of u r e a  in  1% 
b i c a r b o n a t e  (pH 9). The  r a t e  of  e l u t i o n  w a s  63 m l / h r .  T h e  p ep t i d e  T B  i s s u e d  in a v o l u m e  of 1280 m l .  

The  ge l  f i l t r a t i o n  on  S e p h a d e x  G-50  was  c a r r i e d  ou t  twice .  A f t e r  e a c h  e x p e r i m e n t  the  p e p t i d e  w as  d e s a l t e d  on  a 

c o l u m n  (46 × 360 m m )  of Sephadex  G-25  " m e d i u m "  e q u i l i b r a t e d  wi th  w a t e r .  

A m i n o  ac id  c o m p o s i t i o n  of the  p e p t i d e  TB.  The  to t a l  a m i n o  ac id  h y d r o l y s i s  of t h e  p e p t i d e  T B  w a s  c a r r i e d  ou t  
w i t h  5.7 N HC1 at 110 ° C f o r  48 h r  ( T a b l e  3). 

T a b l e  3. A m i n o  Ac id  C o m p o s i t i o n  of t h e  
H y d r o l y s a t e  of P e p t i d e  T B  

A m i n o  A B C A B C 
acid 

Arg 
Asp 
Th r  
Ser  
Glu  
Pro 
Gly 
Ala  
Val  
I1¢ 
Leu 
Ty r  
Phe 
T rp  

o,15o[ I 
0.493[ 3.3 
6.2601 1.7 
o.5051 3,4 
0.2591 1.7 
0.2~01 1.5 
0.4921 3.3 
0.034 0.0', 
0.407 2.7 
0 3371 2.3 
I} 4 4 t l  3,0 
0 .0511  0.0: 
0 .2151  1 . 5  
0 . 2 9 H  - -  

oA651 
O. 574 
0.284 

3 O. 568 
0.387 
0.317 

3 o. 557 
0.029 

3 O. 439 
0. 373 
0,445 
Trace~ 

1 - - 2  10 .209  

1 
• 5 3 

1.7 2 
3.4 3 
2.3 2 
1.9 2 
3.4 3 o.o21 ~- 
2.7 
2.3 
2.7 3 

~3 F 

Note .  A)  c o n t e n t  in pM;  B) c o n t e n t  in the  r e s i d u e s ; C )  
r o u n d e d - o f f  c o n t e n t  in the  res idues .  The  t r y p t o p h a n  was  

d e t e r m i n e d  by  a co to r ime t r i e  m e t h o d  [ 8] 

P a r t i a l  ac id  h y d r o l y s i s  of t h e  p e p t i d e  TB. A s o l u t i o n  of 8 m g  of t h e  f r e e z e - d r i e d  p e p t i d e  in 1.2 mI  of f o r m i c  ac id  
was  t r e a t e d  w i th  4.8 m l  of a c e t i c  ac id  and 12 m l  of w a t e r  and  was  kep t  a t  110 ° C. T h e  c o n d i t i o n s  f o r t h e  e l e c t r o p h o r e s i s  
of the  m i x t u r e  of p e p t i d e s  w e r e :  pH 5.6, 2 h r ,  1000 V, W h a t m a n  3 MM p a p e r ,  in a e h a m b e r f o r  v e r t i c a l  e l e c t r o p h o r e s i s .  
The  zone  r e v e a l e d  by  the  S a k a g u c h i  r e a g e n t  was  e l u t e d  wi th  w a t e r  and h y d r o l y z e d  wi th  5.7 N HC1 at  110 ° C f o r  23 h r .  
The  p e p t i d e  had  the  f o l l o w i n g  c o m p o s i t i o n :  Va l  0 .281,  I le  0 .331,  P h e  0 .256,  A r g  0.260.  
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C O N C  L U S I O N S  

1. The peptide TB has been isolated f rom the C- t e rmina l  f ragment  of pepsin. 

2. The amino acid composit ion of this region of pepsin has been refined. 

3. The sequence of nine amino acids in the peptide TB has been established. 
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