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The first stage in the investigation of the primary structure of pepsin is the splitting of its molecule into compara- 
tively large polypeptide fragments. This can be effected by various methods; however, as a practical determination of 
the sequence of aminoacides in proteins has shown, it is most convenient to use trypsin hydrolysis for this purpose. 
Trypsin, a proteolytic enzyme with a clearly expressed specificity, selectively hydrolyzes peptide bonds formed with 
the participation of the carboxyl groups of the basic aminoacids arginine and lysine. In infringement of this rule, the 
non-specific splitting of  other peptide bonds by trypsin is sometimes found, most frequently those which are readily split 
by chymotrypsin. The cause of this may be the presence in trypsin of a small amount of chymotrypsin difficult to sep- 
arate or else an inerent capacity of trypsin itself for hydrolyzing peptide bonds of aromatic aminoacids [1]. The existence 
of "cross" specificity with trypsin and chymotrypsin has been shown repeatedly on synthetic substrates. 

We have investigated the action of trypsin on pig pepsin with the object of obtaining fragments of the pepsin mole-  
cule suitable for further investigation of its primary structure. As a substrate for the action of trypsin, pepsin possesses 
some special features. 

In the first place, it differs from the majority of proteins by an exceptionally low content of arginine and lysine. 
According to Brand's data [2], the pepsin molecule contains only two lysine residues and two arginine residues. A deter- 
mination of the aminoacid composition of crystalline pepsin with the aid of an automatic aminoacid analyzer [33 has 
shown the presence in pepsin of one lysine residue and two arginine residues (out of a total number of 841). Thus, it fol- 
lows from the literature data that three or four bonds in pig pepsin can be split by trypsin. 

In the second place, pepsin readily undergoes denaturation in a weakly alkaline medium, while observations indi-  
cate that alkaline denaturation is accompanied by a splitting of the pepsin molecule [4, 8, 6]. Since the range of activity 
of trypsin is in the alkaline region, it is necessary to prevent non-specific splitting of the peptide chain of pepsin through 
denaturation. It has been shown in our laboratory that it is possible to use the prior inactivation of the pepsin by means of 
dissolution in phenol for this purpose [6]. The presence in pepsin of  three disulfide bonds might adversely affect trypsin 
hydrolysis. It might prove that the disulfide bonds couple to one another peptide fragments formed in the splitting of the 
pepsin and thereby prevent their separation. In order to avoid these complications, we used pepsin reduced by thiogly- 
colate, the sulfhydryl groups of which were blocked by iodoacetic acid [7]. 

The reduced carboxymethylated pepsin was split by trypsin at pH 8.0 and 88 °. In order to select the optimum time 
of hydrolysis and to evaluate the nature and number of the peptide bonds undergoing hydrolysis, the content of N-termi-  
nal aminoacids in the hydrolyzate was determined after the trypsin had acted for 2, 4, 8, and 24 hours, This was achieved 
by the dinitrophenylation of  the reaction mixture with subsequent acid hydrolysis and chromatographic identification of 

the DNP-aminoacids. 

In considering the results obtained, which are given in the Table, it is necessary to bear in mind that on prolonged 
acid hydrolysis of DNP-peptides, the splitting out of DNP-aminoacids occurs, the extent of this being particularly great 
for DNP-glycine. The introduction of corrections for the loss of DNP-aminoacids on hydrolysis and chromatography pre-  
sents considerable difficulties, but in our case corrections were unnecessary since it was not the absolute values of the 
measured magnitudes but their change with time that was of primary interest. It can be seen from the data in the Table 
that hydrolysis takes place to a considerable extent even in the first two hours; however, subsequently, a slower increase 

in the content of N-terminal  aminoacids is always found. 

During the reaction, a pH of 8.0 was maintained by means of a pH-stat fitted with a recording device. The split- 
ting of peptide bonds at pH 8.0 leads to the appearance of hydrogen ions and a displacement of the pH to the acid region. 
The latter was automatical ly compensated by the addition of alkali. Thus, the curve of the consumption of alkali permits 
an evaluation of the course of  the hydrolysis. In our experiments, the consumption of alkali slowed down after 2, hours' 
hydrolysis, fell sharply after 8 hr and prac t ica l lyceased  after 12 hr. In preliminary experiments on the splitting of 
pepsin, we increased the time of hydrolysis to 19 hr; in order to compensate for the inactivation of the trypsin during the 
hydrolysis, small amounts of enzyme were added four and eight hours after the beginning of incubation. 

The data in the table make it possible to estimate the N-terminal aminoacids of the peptides formed in the trypsin 
hydrolysis of the pepsin. In all cases, 20 mg of pepsin or the mixture ofpeptides obtained by the hydrolysis of 20 mg of pepsin 
was subjected to dinitrophenylation. As eanbe  seen from the Table, the eluate of the DNP-isoleucine spot obtained from 20 mg 
of pepsin had anopt ical  density of 0. 985. It is known that the molecule of pig pepsin contains one N-terminal  isoleucine 
residue [8]. Thus, under the given conditions an optical density of 0. 988 corresponds to approximately one amino group 
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per mole of pepsin. Comparing this magnitude with the optical densities of the eluates of the DNP-aminoacids obtained 
by the dinitrophenylation of the 4-24 hour pepsin hydrolyzates, it may be concluded that the trypsin hydrolyzate con- 
tains three peptides with N-terminal leucine (or isoleucine, since these DNP-aminoacids are not separated on chroma- 
tography), one peptide with N-terminal valine, one with N-terminal alanine, and  two with N-terminal threonine. The 
presence of a peptide the N-terminal  aminoacid of which is aspartic or glutamic acid (or either of the corresponding 
amides) is likely. The appearance of DNP-serine in an amount of approximately 0.5 mole per mole of protein is appar- 
ently due to the non-specific hydrolysis of a peptide bond. It is more difficult to explain the presence of DNP-glycine. 

Optical densities of eluates of DNP-amin0acids 
obtained by the dinitr9phenylation of a trypsin 
hydrolyzate of reduced carboxymethylated pig 

DNP-Am inoacids 

DNP-leucine (isoleucine) 
DNP-valine 
DNP-alanine 
DNP-threonine 
DNP-glycine 
DNP-serine 
DNP-aspartic (DNP-glutamic) acid 

pepsin (at 360 m/l). 

Tim e 
0 

0. 985 
0. 015 
0. 190 
O. i05 

0.0 

O. 025 

O. 085 

of__  
2 

2.80 

O. 94 

0.94 

i. 50 

O. 20 

0.37 

O. 84 

4 

3. 250 

O. 945 

i. 150 

1.980 

O. 270 

O. 495 

i' 250 

~ ho ur s 

2_2_4 
2.83 

0.94 I 0.94 
1.24 I 1.10 
2.00 I 1.92 
0.54 I 0.23 
0.56 I 0.42 
1.30 ] 1.27 

This DNP-aminoacid is very strongly decomposed on acid hydrolysis [9]; consequently, in spite of the fact that the DNP- 
glycine is found in small and, moreover, variable, amounts, it is not excluded that the trypsin hydrolyzate contains a 
peptide with N-terminal glycine. 

Thus, it may  be assumed that in the trypsin hydrolysis of reduced carboxyrnethylated pepsin 8 or 9 peptides are 

formed, i .e .  7 or 8 peptide bonds are split. Unfortunately, the published data on the content of arginine and lysine in 
pepsin and hence on the probable number of products of  trypsin hydrolysis are contradictory and relate to pepsin not sub- 
jected to chromatographic purification. If one starts from Brand's data (2 arginine and 2 lysine residues), one should 
expect the formation of five peptides as a result of the trypsin hydrolysis of pepsin. According to Blumenfeld and Perl- 
mann's data (two arginine residues and one lysine residue), there should be four such peptides. The number of pepsin 
fragments that we have observed is considerably greater. It is quite probable that some of them owe their appearance to 
the splitting of bonds formed by aromatic aminoacids. It is not excluded that the low content of bonds corresponding to 
the specificity of trypsin in pepsin favors the attack by the enzyme of bonds that are not usually hydrolyzed by it. In 
addition, il: must be emphasized that information on the content of arginine and lysine in pepsin requires careful check- 
ing on a chromatographically pure preparation. 

Since the number of bonds capable of being split is small, the trypsin hydrolysis of pepsin must form comparatively 
large peptide fragments. If seven or eight bonds are ruptured, the mean molecular weight of the hydrolysis products of 
pepsin will be approximately 4000-4500, which corresponds to 40-45 aminoacid residues. It is obvious that there is no 
basis for assuming a uniform distribution of the arginine and lysine residues in pepsin; the dimensions of the peptides will 
differ considerably from the figure given. However, there is no doubt that the hydrolyzate will contain very large pep- 
tides, approximating proteins in length. 

Considering the difficulty of chromatographing macropeptides on ion-exchange resins, we decided to use fraction- 
ation with respect to moleculary weight by means of "Sephadex" molecular sieves as the first step in the separation of 
the products of tryptic hydrolysis. The best results were obtained with "Sephadex" G-50. 

In the chromatography of the macropeptides on "Sephadex", we encountered serious difficulties due to the repeat-  
edly observed tendency of peptides to undergo association. To suppress the association of  the peptides, it proved to be 
necessary to carry out the chromatography in a 4 M solution of urea. Furthermore, it was necessary to take care that the 
concentration of the peptides was not too high. 

The results of the fraction of a tryptic hydrolyzate of pepsin on "Sephadex" G-50 are shown in the Figure. Re- 
chromatography of fraction A on "Sephadex" G-100 permitted its separation into two components. Rechromatography of 
fraction B on "Sephadex" G-100 gave one well-defined peak. It was possible to purify fraction D by rechromatography on 
"Sephadex" G-50. 

The results obtained show that chromatography on molecular sieves can be used successfully for the initial fraction- 
ation of mixtures of high-molecular-weight  peptides. 
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Separation of a trypsin hydrolyzate  of reduced carboxymethyla ted  
pepsin on "Sephadex" G-50 in 4 M urea.  The number of 5 -ml  
fractions of e luate  is plot ted along the abscissa and the opt ical  
density at 253 m~ (in arbitrary units) along the ordinate.  The 
boundaries of the fractions combined are shown by broken lines. 

Experimental  

Pepsin. The work was carried out with reduced carboxymethylated pig pepsin obtained from pepsin purified by 
chromatography* on DEAE-cellulose and inact iva ted  by dissolving in aqueous phenol  [7], 

Trypsin. 10 mg of a crystal l ine prec ip i ta t ion  from the "Spofa" firm (Czechoslovakia)  was dissolved in 2 m l  of 
0. 0001 N HC1, and water was added to 10 ml.  

Hydrolysis of the carboxymethyla ted pepsin with trypsin (ana ly t i ca l  experiment) .  With constant stirring, 100 mg of 
reduced carboxymethyla ted  pepsin was dissolved over I hour at 87 ° in 10 ml  of water (pH of the solution 6-7). A 2-ml  
sample of the solution was taken for dinitrophenylation (control experiment).  The remaining solution, containing 80 mg 
of pepsin, was brought to pH 8.0, and 1.2  mg of trypsin was added to i t .  Hydrolysis was carried out in a TTT-1  auto-  
mar ie  t i trator ("Radiometer,"  Denmark) worMng under pH-s ta t  conditions, a pH of 8.0 being mainta ined  by the addit ion 
0 .8  N caust ic  soda. The temperature was constant (87 ~) during the experiment .  Samples (2 ml each, containing 20 mg of 
protein), which were taken after 2, 4, and 8 hours, were subjected to dinkrophenylat ion.  The remaining  20 mg of pepsin 
was hydrolyzed for 24 hr, after which i t  was also dinitrophenylated.  

Determinat ion of the N- te rmina l  aminoacids in the trypsin hydrolyzate of pepsin. The samples of hydrotyzate ob-  
tained in the preceding exper iment  were dini trophenylated at  pH 9 .0  and 40% The mixture of DNP-peptides was hydro-  
lyzed for 40 hr with 5. 7 N HC1 at 105 °. Ether extract ion of the hydrolyzate  gave the DNP-aminoacids,  after which they 
were separated by paper  chromatography. The spots of the DNP-aminoacids were eluted with sodium bicarbonate and the 
op t ica l  densities of the eluates were determined in an SF-4 spectrophotometer at 860 my. The technique of the de t e rmi -  
nation of N- te rmina l  aminoacids  used in our laboratory has been described in de ta i l  previously [8]. 

Hydrolysis of carboxymethyla ted pepsin by trypsin (preparat ive experiment) .  At 37% 600 mg of the pepsin was 
dissolved in 60 ml  of water, and a lka l i  was added to pH 8.0. The solution was incubated at 37 ° with 4 mg of trypsin, 
the pH being main ta ined  at 8.0 by means of the au tomat ic  t i trator.  After 4 hr, 2. 5 mg of trypsin was added and after 

8 hr a further 2. 5 mg. After 19 hr incubation, the mixture was f reeze-dr ied .  

Separation of the trypric hydrolyzate  of pepsin. A solution of 800 mg of hydrolyzate in 15 ml  of 4 M urea was 
transferred to a 2. 5 X 180 cm column f i l led with "Sephadex" G-80 which had been swollen for several  days in a 4 M solu- 
t ion of urea. Elurion was carried out at room temperature with a 4 M solution of  urea, 8 -ml  fractions being col lected.  
The appearance of peptides in the eluates was followed by the ul t raviolet  absorption at 288 mtl (for this purpose, a f low- 
through UV photometer  of the firm LKB, Sweden, was used). The measurement  of the opt ica l  density of  the e luate  f rac-  

tions at 280 my in a SF-4 spectrophotometer  gives similar  results. 

Chromatography on "Sephadex" G-100 was carried out under s imilar  conditions. The only difference was the use of 

a weak borate buffer to main ta in  a pH of 8 during the separation. 

Summary 

1. The eondirions of the enzymat ic  hydrolysis of reduced carboxymethyla ted pepsin by trypsin have been ~tudied. 

2. The usefulness of chromatography on molecular  sieves (" Sephadex") as a method for the in i t ia l  f ract ionat ion of 

a mixture  of macropept ides  has been demonstrated. 

*The chromatographic purification of the pepsin was carried out by A. F. Lyubsteva. 
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