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Studies on Proteolytic Enzymes of Salmon Pyloric Caeca

I. Partial purification and some properties
Katsuji YosthmA, Takeshi SHIBATA and Hiroshi UsHIYAMA

Abstract

Studies were made of the partial purification and some properties of proteolytic
enzymes of salmon (Oncorhynchus keta) pyloric caeca.

(1) The proteolytic enzymes were purified about 26-fold by extraction at pH
4.8-5.0, autocatalytic activation at pH 8.0-8.5, decolorization with Duolite A-2
and fractionation with acetone (Table 2).

(2) The enzymes have an optimum pH of 8.7 and temperature of 44°C and
are stabilized with calcium and manganese ions. The enzymes possess a broader
specificity to casein hydrolysis than bovine trypsin.
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Fig. 1. Effect of pH in extraction on the activity of proteolytic
enzymes of salmon pyloric caeca

Frozen salmon pyloric caeca was ground with chopper and extracted with 3
times its weight of 0.001 M calcium chloride at various pH. The extracts were
adjusted to pH 8.0-8.5 with 2 N sodium hydroxide, and allowed to stand at 4°C.
At the times specified in the figure, enzymatie activity was assayed according to
the modified method of Hagihara™.

Substrate: 2% casein in 0.2 M borate buffer (pH 8.7), at 35°C, 10 min.
- A:pH3; O:pH4; @:pHS5; [1: pH 6.
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Fig. 2. Effect of pH on the autocatalytic activation of proteolytic
enzymes of salmon pyloric caeca at 4°C
Enzyme solutions extracted at pH 4.8-5.0 were adjusted to various pH with
2 N sodium hydroxide, and allowed to stand at 4°C. At the times specified i in
the figure, enzymatic activity was assayed as in Fig. 1.
a:pHT7; O:pHE, O: pHY9; @: pH 10
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Table 1. Decolorization of enzyme solution with ion exchanger
10 ml of enzyme solution which was prepared by salting out was applied on a
column (1.0x10.0 ¢m) bufferized at pH 7.5. After enzyme solution was passed,
10 ml of buffer solution was passed. The effluent was assayed. Initial enzyme
solution has 0.026 PU;s/ml, absorption of 13.1/ml at 280mx and 0.63/ml at 470
my. Values are expressed as the per cent to initial enzyme solution apphed to

the column.
‘ Recovery of | Rate of
Ton exchanger Type Buffer solution Recg;;ery(;f) enzymatic decoloriza-
protein {7 )lactivity (%) tion (%)
Duolite C-10 H+* 0.2 M phosphate 7.2 - 0.5 95.8 ’
Duolite C-10 H 0.2 M phosphate+ 6.0 0 98.6
M ammonium sulphate .
~ Duolite A-2 OH- 0.2 M phosphate 47.2 89.4 95.8
Duolite A-2 CH:COO-{ 0.2 M acetate-0.2 M 38.4 94.0 95.8
ammonia
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Duolite A-2 % Fi\ 7= HiEIT 0.2 M BEEE% (oH 7.5) T, 2&%@1 0.2M Eff8—7 v =%
sE (pH 7.5), 3L 0° 0.2 M 8B (oH 7.5) CIBELL Tr 5 2180, FUERKT
Fthotels, —EROBRERML, TORALBERLRL . JOBRIE-RTRIND,
Duolite A-2 O # 5 LTIkl F & %E%ﬁ&iiiﬁ/‘ﬂ LTHY B Xhi-s, Duolite C-10 O F 4T
RIEEERSCRE SR TIN5, BEERIS Al ots, TOL, ZOBRELEROEH
iZ 0.1 N ity -5 #REL L, ZORERLENEL TEHINIOTRELTHD, Tl
DI 5B, BHEOEBENR G EEROLANBREING I EAMEINRTVEDT®, MK
Faatr 0.2 M BEREEK (pH 7.5) 2 AV TARIAR Y SRNHh o700 T8 THEIZIL Duolite
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DM EF < OICEE—7 v T =Y BER LAV LT L.
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Tablg 2. Specific activity of each preparation of proteolytic enzymes of galthon
pyloric caeca in various stages of purification

Enzymatic activity .
Preparation Valxﬁg]e Yield Scm
PUsso/ml | PUsse/mg PN | Total PUsse .

Extract from 1kg of salmon | 3200 0.0022 0.0032 6.80 —_— 1.0
pyloric caeca at pH 5
Activated solution . 3190 0.0049 - 0.020 15.47 100 | 6.2
(NH,):S0,, 0.35-0.60 satd. 750 | 0.0188 —_ 14.11 | 91.4 P —
Decolorized solution 415 0.0273 —_ 11.59 75.0 —
Acetone, 45-656% ppt. - 32 0.288 0.085 9.22 59.6 |  26.5

— 265 —



K Kk E % # [XIV, 4

B L 72 RICEHE kg AT, MEOHBEEC L - THABROMIHERE TR 7. 20
HROZRED Kk L EIIE R TRIND, ZOMBRE, ¥ o+ MFIBRES MR 26 &
B INRRIIW 59% Thoro, KREIFHMARBERIEBRRINEROBRL VBRI TV
ZENHBAL DT, ZEKOTEIRMTHETS2TETH S,

I. ¥oameL-BEEDOHR

LRI L BRI OWT, ZEZ0oWREPRE

1. =& pH

Sorensen DHRISEIE (pH 5.6~7.7), HE—H» ) —FHSHEK (pHS8.0~9.0), Mrp—KE
v — 7 iR (pH 9.4~11.0) # AV TEBEREMICEK L1 pH OREFRE L. TOBRIE
EMTREND, —DOXEVEE pH 1285 8.7 THY, w7 olfIRESBEEE D pH 7.6 &
VLY TN oTe —F, MY TYvOE 3 pH 1.5~9.5 12, ~N=94P BIPeR/ 50
FAREE S REETIE pH 9.0 IZR4ZEH pH NHETIZ L2 HEL T2, REFAERTHY
1BRINEOREM THHA, DHELAELAOBECOWTTE - EE THKRHE pH 9 AIRIC
E3# pH AFEET D Z &AL 2P,

o
o
T

o
n
T

o
N
T

Activity (0.D. at 660mp)

R 1 L L 1 1 1 13 1.
4 5 6 7 8 9 101 12
pH '
Fig. 3. Relation between pH and activity of partially purified
proteolytic enzymes of salmon pyloric caeca
Buffer: 0.1 M phosphate buffer (pH 5.5-7.7), 0.1 M phosphate-0.05 M borax
- (pH 8.0-9.0), 0.05 M borax-0.05 M carbonate (pH 9.4-11.0). .
Substrate: 2% casein, at 35°C, 20 min.
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Fig. 4. Relation between temperature and activity of partially purified
proteolytic enzymes of salmon pyloric caeca

Substrate: 2% casein in 0.2 M borate buffer (pH 8.7), for 10 min.

Table 8. Effect of metal ions on the activity of partially purified proteolytic
enzymes of salmon pyloric caeca
The enzymes were preincubated with various metal ions an hour at 35°C before
addition of substrate.

Enzymatic activity (PUsse/ml)
Added metal salts Cone. (M)
Initial After Remaining (%)

NaCl 1/500 1.48%107°% 0.47x1073 81.7
ZnCl; 1/1000 1.67 » 0.45 »n 26.9
CaCl. 1/1000 1.48 »n 0.91 n 63.6
KCl 1/500 1.68 » 0.55 » 32.7
MnCl, 1/1000 1.77 » 1.00 » 56.5
MgCl. 1/1000 1.74 »n 0.41 n 23.5
LiCl, 1/1000 1.51 » 0.62 r# 41.1
FeCl. 1/1000 1.33 » 0.15 » 11.3
No salt 0 1.71 » 0.54 381.5
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Fig. 5. Digestion at 35°C of casein by trypsin followed by partially purified
proteolytic enzymes of salmon pyloric caeca

O: Reaction mixture was the solution of 100 ml of 5% casein in
0.1 M phosphate buffer (pH 7.5) containing 45 mg bovine
trypsin and 5 ml of 99% ethanol.

A After 48 hours 18 mg partially purified proteolytic enzymes
of salmen pyloric caeca was further added to 40 ml of above
reaction mixture.
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