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proteolytic enzyme of fish differs in crystal structure, substrate specificiay, 
optimum pH and other properties from the crystalline pepsins of warm-blooded 
animals. Although the crystal from of swine and cattle pepsin is hexagonal 

bipyramidal, that of fish pepsin is needle-like. Salmon pepsin does not attack 
synthetic peptide carbobenzoxy-L-glutamyl-L-tyrosine which is hydrolysed by 
mammalian pepsin. The optimum pH of swine pepsin in hemoglobin digestion 
is 1.8, whereas salmon pepsin is active over a wide pH range (pH 1.8-3.0). The 
activity of salmon pepsin is enhanced in the presence of salt, and is less respon­
sive to changes in temperature than swine pepsin. Salmon pepsin contains, 
compared with swine pepsin, about twice the percentage of cystine, half as much 
tryptophan, and about seven-tenths as much tyrosine. Also it has been pointed 
out that the solubilities of swine pepsin and bovine pepsin are additive which 
shows that the proteins are chemically different, although very closely related. 

With regard to the protease of whales, previous publications (pancreatic 
trypsin13,14), liver and kidney cathepsin'15), stomach pepsin16-19») indicate that 
the enzyme activity of whale is not very powerful; this is at variance with the 
author's observation. 

As reported in previous papers18,19), the author has pointed out that the 

activity of whale pepsin compares favorably with that of swine pepsin. The 
present author was able to obtain a sufficient quantity of crystalline whale pepsin 
by a relatively simple procedure, and so undertook to investigate the chemical, 

physical and enzymological properties of this enzyme preparation. Species 
specificity between swine and whale pepsin has been found by studying these 
properties. 

Pepsin can be prepared in crystal form by Northrop's original procedure 
or by the modification suggested by PhiIpot20), Norris and Elam10), but whale 
pepsin21 ) has been crystallized in hexagonal plate or prism in other ways than 
these methods, acetone extracts of stomach mucosa being used as starting ma­
terial. The yield was about 0.02-0.035% of fresh materials. The specific 

activity [PUJ:P •N • was 0.20-0.23 similar to swine pepsin. Crystalline pepsins 
of marine mammals which have been prepared up to the present are those of 
blue whale (Balaenoptera musculus L.), fin whale (Balaenoptera physalus L.), 
sei whale (Balaenoptera borearis Lesson), little finner (Balaenoptera acuto­
rostrata Lac.), sperm whale (Physeter catodon L.) and seal (Phoca richardii 
Pribilofensis Allen). As no great differences in various properties were 
observed among them, crystalline pepsin of sei whale was mainly employed in 
this study. 

As stated above, the pepsins of land mammals (swine and cattle) and cold 
blooded animals (salmon and tuna) have been studied in respect to their various 
properties by several workers. In order to investigate the species specificity 
of pepsin from the standpoint of comparative biochemistry, it seemed worth 
while to begin comparative studies on pepsin from sources other than these 
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Fig. I -a. The first (left side , white parts) and second (right side, dark parts) chamber 
of blue whale stomach . 

Fig. I - b. The third chamber of blue whale stomach. 
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Fig. I - c. The first (left side , white parts) and second (right side, dark parts) chamber 
of sperm whale stomach. There are many undigested remains of squid bills . 

Fig . I -d . The third (left side) and fourth (right side) chamber of sperm whale 
stomach. 
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of a standardized suspension of substrate protein. To the reaction mixture is 
added protein reagent such as sodium chloride29), magnesium sulfate30), sulfo­
salicylic acid31 ), trichloroacetic acid'32), etc. and the turbidity of the resulting 
suspension due to undigested substrate is measured in the presence of Gummi 
arabicum solution by means of a photoelectric colorimeter. The readings, after 
subtraction of the blank, are converted from the concentration curves to per­
centages of undigested substrates. When substrates were acted upon by pepsin, 
the turbidity decreases with action of pepsin. This decrease in turbidity 
represents digestion in per cent. The method of using trichloroacetic acid was 
carried out essentially according to the procedures of Buchs32) (1953) and 
Kleinmann31) (1930) as follows. 

To 2.5 ml of 0.2-0.4% protein solution 5 ml hydrochloric acid-citrate buffer 
of Sorensen was added to adjust pH and then, after equilibration at 35°C, 

0.1-0.5 ml of the diluted stock solution of pepsin. After 60 minutes' digestion 
at 35°C, 4 ml of trichloroacetic acid (6 and 10% in a final concentration) and 
2 ml of 0.5% Gummi arabicum solution were added to 2.0 ml of the reaction 

mixture, and turbidity of the resulting suspension was measured photoelectrically 
by the aforementioned methods. 

In the case of coagulated egg white, suspension of the homogenized materials 
was hydrolyzed by the method of the Japanese Pharmacopoeial Assay before 
analysis of the turbidometry. 

b) Folin color method of Anson33 ) (determination of the amount of split 
products not precipitable with trichloroacetic acid) 

In principle, enzyme-substrate digestion mixtures are deproteinized with 
trichloroacetic acid. The digestion products in trichloroacetic acid filtrates are 
analyzed by the colorimetric procedure with Folin's phenol reagent. Optical 
density of the produced blue colour is measured in the photoelectric colorimeter 
(660 mil' filter) against control. Conversion of the colour value to units of 
pepsin is readily made from the standard curve. 

In typical analysis, to 5 ml of substrate (containing 2% hemoglobin or 
other protein in 0.06 N hydrochloric acid was added 1 ml of the diluted stock 
solution of pepsin. After 10 minutes' digestion at 35°C, 10 ml of 0.3 M trichloro­

acetic acid were added and the precipitated protein removed by filtration after 
standing for 10 minutes at 35°C. To 5 ml of the clear filtrate were added 10 ml 
of 0.5 N sodium hydroxide and 3 ml of diluted (1 :3) Folin's reagent. The 
resulting blue colour was read after 10 minutes in the photoelectric colorimeter 
at 660 mI". For the blank test, the protein reagent was added to the enzyme 
solution before the addition of substrate. 

The peptic unit [P UJ!!P.N. is defined as the amount which digests hemo­
globin per mg of protein nitrogen of pepsin under the described conditions at 
initial rate such that there is liberated per minute an amount of split products 
not precipitated by trichloroacetic acid which gives the same colour with the 
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Fig. 2-a. Crystals of pepsin from stomach mucosa of sperm whale . Crystallized 
from alcohol solution, pH 3.6. Magnification ca . 150 X 

. . 

Fig. 2- b. Crystals of pepsin from stomach mucosa of fin whale. Crystallized 
from alcohol solution, pH 3.6. Magnification ca. 150 X 
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Fig. 2-c ,. Crystals of pepsin from stomach mucosa of sei whale (I). Crystallized 

from alcohol solution , pH 3.6. Relatively slow crystallization in a low enzyme 
concentration and at high temperature. Magnification ca. · 150 X 

Fig. 2-c,. Crystals of pepsin from stomach mucosa of sei whale (II). Crystallized 
from alcohol solution, pH 3.6. Relatively rapid crystallization in a high enzyme 

concentration and at low temperature. Magnification ca. 150 X 
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Fig. 2- C3. Crystals of pepsin from stomach mucosa of sei whale (III). 
Crystallized from alcohol solution, pH 5.0. Magnification ca. 150 x 

Fig. 2-d,. Crystals of pepsin from stomach mucosa of little finner (I). 
Crystallized from alcohol solution, pH 3.6. Slow crystallization 

in a relatively lower enzyme concentration and at relatively 
higher temperature. Magnification ca. 300 X 
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a. Extracts from stomach mucosa 

h. Fractionation with (NH.)eSO. 
(0.5 saturation) 

c. Fractionation with acetone 

d. Crude crystals 

e. Recrystallized preparation 

0 .. ,+ • 
? 

Asc. 

[VIII, 1 

• ''7 ,e, 

""" Des. 

Fig. 3. Electrophoretic patterns of each preparation of whale pepsin in various 
steps of purification. 

lished for the crystalline pepsin isolated from swine. According to this method 
have been crystallized various pepsins of blue whale, fin whale, sei whale, little 
finner, sperm whale and seal. Specific activities and crystalline forms of these 
preparations and other crystalline pepsins are shown in Table 6. It will be 
noted that the specific activity of whale pepsin is similar to that of swine pepsin 
or brovine pepsin. 

The form of crystals of whale pepsin is hexagonal plates or prisms and 
differs from that of swine pepsin, which shows hexagonal bipyramids from 
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from the results of this examination, whale pepsin is different from crystalline 
pepsin of swine or fish. 

According to Northrop, the swine pepsin apparently consists entirely of the 
usual amino acids, and has not been shown to possess any distinctive prosthetic 
group other than an atom of phosphorus, which is probably present as a sub­
stituted phosphoric acid. And so uniquely, swine pepsin migrates as a negatively 
charged ion at least at far as pH 1.0. 

The author's attention is drawn to the higher sulfur content of whale pepsin 
and the lower phosphorus content compared to swine pepsin. It is supposed that 
the lower phosphorus content of whale pepsin has relation to the normal electro­
phoretic behavior as described below, and the higher sulfur content suggests 
the existence of sulfur-containing amino acids in larger quantities than in 
swine pepsin. 
2. N- and C-terminal Residues 

The first step in the study of the chemical structure of proteins is to charac­
terize and determine the N- and C-terminal groups. The present work deals 
with the determination of both terminal residues of whale pepsin, and the 
estimation of its minimum molecular weight. The C-terminal amino acid has 
been identified as alanine identical with swine pepsin401) and the N-terminal 
amino acid is threonine instead of leucine42 ) (or isoleucine43,4i4») in swine pepsin. 
The minimum molecular weight was calculated as about 34000 from the 

determined values of the N-terminal residue. 

EXPERIMENTAL 

The same preparation of sei whale pepsin as employed in amino acid 
analysis was used for the experiment. 

a) C-terminal amino acid of whale pepsin 
C-terminal residue was investigated by the hydraziolysis method45), and 

found to be alanine. 
Crystalline sei whale pepsin (50 mg) was dissolved in 1 g anhydrous 

hydrazine, heated to 125°C for 10 hours, and after cooling the excess hydrazine 
was evaporated in vacuo over sulfuric acid. The residue was taken up in water, 

an excess of benzaldehyde was added in small portions, and the precipitates thus 
formed were filtered off. The mother liquor was concentrated in vacuo and free 
amino acid in it was identified by usual paper chromatography. Alanine was 
detected on chromatograms and consequently it may be stated that both swine 
and whale pepsin have the same C-terminal residue. Although the result was 
not determined quantitatively, the intensity of the color and the area of the 
spots indicated that alanine existed in both proteins in equal portions. 

b) N-terminal amino acid of whale pepsin 
The method46) of labeling the terminal free amino groups of protein with 
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conjugation with 2,4-dinitrofluorobenzene (DNFB) has been applied to the 
whale pepsin. 

Dinitrophenyl-whale pepsin (DNP-whale pepsin)-Five-tenths gram of 
crystalline sei whale pepsin and 0.5 g of sodium bicarbonate were dissolved in 
5 ml water; 10 ml of ethanol and 0.5 ml of DNFB were then added and the 
mixture kept shaking in the dark. After 3 hours, the DNP-pepsin precipitated 
by acidification with 6 N hydrochloric acid (below pH 3.0) was centrifuged and 
washed successively with water, ethanol and ether until the solvents retained 
no yellow color, and dried in vacuo. The amount of original protein in the DNP­
derivative was established by determining the amide content of the DNP-protein. 

Identification of N-terminal amino acid-The purified DNP-pepsin (50 mg) 
was hydrolyzed completely by heating in a sealed tube at 100° for 8-15 hours 
with 5 ml of 6 N hydrochloric acid. The hydrolysate was diluted with 10 ml of 
water and extracted three times with 10, 7, and 5 ml of ether, respectively. The 
combined extracts were washed three times with small volumes of water, and 
ether was expelled. The preliminary identification of the ether-extractable 
constituents of hydrolyzed DNP-pepsin was made by paper chromatographic 
method. Three solvent systems were applied: a) n-butanol, acetic acid, H20 
(7:1:5 v/v), b) phenol, H20 (4:1 v/v), c) n-butanol saturated with H20. The 
DNP-derivatives of the amino acids for control were prepared by the method 
of Sanger46,47) or that of Levy48). The Rf value of DNP-amino acid in the 
ether extracts was found to be identical with DNp-threonine in these solvent 
systems. 

In order to confirm the identification, it was necessary to recover the parent 
amino acid. This was done by hydrolysis with Ba(OH)2 in a sealed tube at 
100°C. Threonine was recovered from its DNP-derivatives in this manner and 
identified chromatographically with ninhydrin. Furthermore, a preliminary 
estimation of the number of terminal threonine residues, in which was employed 
IRC-50 column and 'MEK' solvent system, has shown that apprxoimately one 

residue was recovered per mole of whale pepsin and the minimum molecular 
weight was calculated as 33300 or 35000 (average value of 34150) from these 
results. The amount of DNP-threonine peptides obtained in the experiment was 
so small that it could not be measured spectrophotometrically. These results 
suggests that whale pepsin contains, like swine pepsin, only one chain peptide. 

From these results it may be concluded, differently from the case of C­
terminal, that threonine, instead of leucine (or isoleucine) in the swine pepsin, 
occupies an N-terminal position in the whale pepsin molecule. 

In this connection it has been reported that N-terminal residue of myoglobin 
is valine for blue52 ) and sperm51 ) whale, in contrast to glycine for horse50) and 
seaI51). Furthermore, it has been shown that N-terminal residue of growth­

promoting hormone of humpback whale53 ) is 1 M phenylalanine per mole protein, 

while the residues of cattle54) are 1 M phenylalanine and 1 M alanine per mole 
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protein. 
9. Amino Acid Composition 

Recently, species specificity in amino acid composition of various biologically 
active proteins has been investigated. From the point of view of comparative 
biochemistry it would be interesting to compare the amino acid composition of 
whale pepsin with that of swine pepsin. As noted above, these enzyme proteins 
show significant differences in elementary composition, solubility, isoelectric 
point, stability in solution, crystal form, and the other enzymological properties. 
The complete analysis of swine pepsin has been reported by Brand40}, but for 
the other pepsins no detailed analytical data on the amino acid composition are 
available. The author was able to obtain a sufficient quantity of crystalline 
whale pepsin, and so performed the complete analysis of this enzyme protein 
by ion exchange chromatography according to the technique of Moore and 

Stein55}. 

The results of these experiments have shown that there is species difference 
in amino acid composition between swine and whale pepsin; that is, significant 
difference in the proportions of aspartic acid, basic amino acids and sulfur­
containing amino acids (cystine and methionine), and wide difference in the 
proportions of leucine and isoleucine. On the other hand, there are also elements 
of similarity in the composition of the two enzyme proteins, particularly in the 
high contents of acidic amino acids (aspartic acid and glutamic acid) and hydroxy 
amino acids (serine and threonine), and the low contents of basic amino acids, 
which differentiate them from the ordinary proteins. 

MATERIALS AND METHODS 

Materials-The whale pepsin was a sample of the material which was 
obtained by the acetone method as described above from the gastric mucosa of 
the sei whale (Balaenoptera borealis Less.), recrystallized 5 times from the 
aqueous alcohol solution, dialyzed against distilled water and then lyophylized. 

Hydrolysis-The hydrolysis of the protein (3.8-5 mg) was performed in 
sealed tubes in an oven at 110° for 24 and 70 hours with approximately 100 
volumes of 6 N hydrochloric acid. After the removal of humin by filtration and 
excess hydrochloric acid by evaporation under reduced pressure, the residue was 
washed into a volumetric flask and made up to desired volume with proper solvent 
used for analysis. The nitrogen content of the anhydrous ash-free protein was 
found to be 15.89 %. 

Performic acid oxidation-Cystine and cystein were estimated as cysteic 
acid by the method of Schram, Moore and Bigwood56}. In the oxidation of 
cystine and cysteine, 50 mg of protein was dissolved in 4 ml of formic acid, to 
which was added 8 ml of performic acid solution, and then the mixture was kept 
in refrigerator for 4 hours to allow the reaction to proceed. 
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Chromatographic analysis of amino acids-The chromatography of the 
hydrolysates was performed by the procedure of Moore and Stein55) using 
Dowex-50 or Dowex-2 ion exchange resin columns selectively according to the 
group of amino acids as follows: 

A. Mono amino acid group: column 100 X 0.9 cm Dowex-50 
Solvent, pH 3.45 citrate buffer at 38°C 
Solvent, pH 4.27 citrate buffer at 50° and 65°C 

B. Basic amino acid group: column 15 X 0.9 cm Dowex-50 
Solvent, pH 5.00 citrate buffer 
Solvent, pH 6.78 phosphate buffer 
Solvent,. pH 6.51 citrate buffer 

C. Cysteic acid group: column 15 X 0.9 cm Dowex-2 
Solvent, 0.1 N chloroacetic acid. 

The effluents (1 ml) were collected on an automatic fraction collector. A 
3.8 mg portion of the protein was used for the chromatographic analysis. In 
preliminary experiment, each amino acid in synthetic mixture was sufficiently 
eluted. With the samples of resin available to the author it was found that the 
rate of emergence of the amino acids was faster on both the long and short 
column, although the order was identical with that given by Moore and Stein. 
Since separation of tyrosine and phenylalanine was not very good, these amino 
acids were estimated by means of the ultraviolet absorption method as described 
below. 

Determination of tyrosine and tryptophan-From the extinctions measured 
at pH 13 at 280 and 295 IIlJ.I. and from the known molar extinctions of tryptophan 
and tyrosine for these two wave-lengths, approximate values for the tryptophan 
and tyrosine concentrations in the given solution were calculated according to 
Goodwin and Morton's formula517 ). 

RESULTS 

The results of analyses of amino acids of sei whale pepsin are given in 
Figs. 5-a and 5-b, and summarized in Table 8. The analytical results account 
for 99% of the weight of pepsin and 97% of the total nitrogen. The nitrogen 
content (15.61 %) of the protein calculated from the amino acid composition is 
slightly lower than the total nitrogen (15.89%) determined by the micro­
Kjeldahl procedure. However, the differences fall within the limits of possible 
cumulative error in the summation of about twenty independently determined 
quantities. 

It is now recognized that some peptide bonds involving certain amino acids, 
e.g., isoleucine and valine58 ), are difficult to hydrolyze. As expected, the yields of 
the two amino acids increased on hydrolysis for 70 hours and the author has 

employed these values. It being assumed that each decomposition in hydrolysis 
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difficult because of minor base-line variations when the usual quantity of hydro­
lysate was used. The analyses of these amino acids on the short column were 

performed with relatively large amounts of hydrolysate to obtain as precise 
estimates as possible. 

Table 9 shows the number of residue of each amino acid calculated for the 
average molecular weight of 34000. The data of Brand40 ), who analyzed crystal­

line swine pepsin by the method of bioassay, are also given for comparison in 
the Table. The results of the author's estimation made for amino acid of whale 
pepsin indicate a fairly close resemblance of the amino acid components to swine 
pepsin except for the remarkable differences in leucine and isoleucine, and slight 
differences in aspartic acid, sulfur-containing amino acids and basic amino acids. 

Whale pepsin contains more sulfur-containing amino acids and basic amino acids, 
but less leucine, isoleucine and aspartic acid than swine pepsin. On the other 
hand, both pepsins have higher glutamic acid, aspartic acid and hydroxy amino 
acid contents and lower basic amino acid as compared with general globulin. It 
would be noted that whale pepsin contains approximately twice the amount of 
cystine and methionine as that found in swine pepsin, in response to the results 
of elementary analysis of whale pepsin. The most noteworthy features of whale 
pepsin, in comparison with swine pepsin, are the lower content of aspartic acid, 
leucine and isoleucine, and the relatively higher content of basic amino acids 
and sulfur-containing amino acids. 

The average molecular weight calculated from the amounts of these amino 
acids is 33653. This is in good agreement with the value (about 34000) obtained 
by determination of amino-terminal residues. Furthermore, an average pro­
portion of 1 Mol of DNP-Ala was recovered per 34000 g of pepsin, which, within 
the experimental limits of the DNP-method, indicates also that whale pepsin 
consists of a single peptide chain with only one free a-amino group. 
Addendum 

Recently Blumenfeld and Perlmann63) (1959) also have determined the 
amino acid composition of swine pepsin by the method of chromato­
graphy on columns of Amberlite IR-120 resin. The analytical value in 
each amino acid is as follows: 

ASP44 Thr28 Ser44 Glu27 Pro15 GlY38 Ala18 CyS4 Val21 Met5 Ileu27 
Leu28 Tyr 18 Phe14 Try 6 HiS1 LYSl Arg2 (-CONH2) 36 

Their results agree well, for the most part, with those of Brand obtained 
largely by means of microbiological method with the exception of 
glycine, aspartic acid, serine and alanine. 

VI. PHYSICAL PROPERTIES OF CRYSTALLINE WHALE PEPSIN 

1. Solubility Curves 

It is necessary to ascertain by various methods for tests of purity of protein. 
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The question as to whether the enzyme preparations are pure is complicated by 
the difficulty of defining a pure protein. If homogeneiety in the centrifuge or 

electrophoresis cell is considered as a sufficient test of purity then many proteins, 
including several enzymes, have been obtained in pure form. If constant 
solubility be considered as the criterion of purity then only a small number of 
enzymes have been prepared in pure form. The earlier results with pepsin may 
be taken as an example. This protein was homogeneous in the ultracentrifuge 
(Philpot20 ) 1935) and in the electrophoresis cell (Tiselius et al.66 ) 1938; Herriott 
et al.67 ) 1940), but did not show constant solubility in certain solvents. Desreux 
and Herriott68 ) have shown that these results are probably due to the fact that 
crude pepsin preparations may contain more than one component which are not 
separable by the original method of purification and which differ in solubility. 
Later HerriottS9 ) has shown that pure pepsin with constant solubility may be 
obtained from some crude samples by fractionation with salt solutions . 

mg 

0.4 

Total prot.-N per ml 

Fig. 6. Solubility curve of crystalline whale pepsin in 0.2 saturated MgSO.-
0.08 M pH 4.8 acetate buffer at 22 C. 

7.3 mg 

The solubility curves for purified preparation of crystalline whale pepsin 
measured by the method of Northrop36) are shown in Fig. 6. The results show 

that the solubility is independent of the quantity of solid present. Thus, the 
material behaves in regard to these determinations as a pure substance and 
there is no evidence of mixture. 
2. Isoelectric Point 

Ringer70) (1915) found that most samples of pepsin, as obtained from 
gastric juice, migrated always to the anode, even in strongly acid solution. The 
addition of protein split products, however, caused the enzyme to migrate to the 
cathode on the acid side of about pH 3.0. Ringer concluded that the enzyme 
was an acid. This conclusion was confirmed also by Northrop71) from a study of 
the distribution of swine pepsin between egg albumin particles and the surround­
ing solution. He showed that pepsin was a negatively charged monovalent acid, 
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A 

B 

Fig. 10. Electrophoretic patterns of crystalline sei whale pepsin at pH 5.0 
(acetate buffer, t/ = 0.2), 5.5 volt/ cm. The picture was taken 5400 

seconds (A) and 3600 seconds (B) after start . 
A. Crystalline whale pepsin (l.0 70 protein concentration). 
B. Crystalline whale pepsin + crystalline swine pepsin (0.770 
protein concentration, respectively). Inside peaks: swine pepsin, 
outside peaks: whale pepsin. 

behavior similar to whale pepsin. 

[VIII, 

The pH mobility curve found is given in Fig. 11. It is seen that isoelectric 
point of whale pepsin lies near pH 3.3 in this figure. This observation is in 
accord with the results obtained, as described above, from minimum solubility 
measurement and detergent method. 
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