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Biochemical Studies on proteolytic Enzymes in Pyloric Caeca of Fish-1
Fundamental study on the properties of proteolytic enzymes
in chum salmon pyloric caeca.

Naoyuki Ucnipa

Abstract

Fundamental studies were made on the properties of proteolytic enzymes
in salmon (Onchorhyncus keta) pyloric caeca.

It was found that the crude proteolytic enzymes were effectively extracted
with distilled water as well as 1 mM CaCl, solution and these proteolytic enzymes
were unstable under acidic condition, particularly below pH 5 and included some
amount of BTEE-hydrolytic enzyme which was rapidly destroyed over 40°C.

Active enzymes for each substrate (casein, TAME, BTEE, and CBZ-Gly-Phe.)
were precipitated by slightly changing the concentration of ammonium sulfate at
pH 8.5 without loss of their activity.

From these results, it was assumed that the properties of the proteolytic
enzymes in chum salmon pyloric caeca were considerably different from those
of enzymes found in bovine and whale pancreas, and that the extracts contained
active enzymes in the digestive juices and the zymogens from pancreatic cells
which are unaboidably activated in the mixture.
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1) 2Bl 196844 A TH ETRBHCHEL 12> v ¥ (Oncorhynchus keta) OWME (B Z
BULUTRU) % —20°C SUTFRBREL TEEEBRICMEL 12,

2) HE. H¥ 4 (ace. to Hammarstem : TGS T ¥K,K,), Tosyl-L-Arginine Methyl Ester-
HCI: TAME (Nutritional Biochem. Corp. ), N-Benzoyl-L-Tyrosine Ethyl Ester:BTEE (Nutritional
Biochem. Corp. ), N-Carbobenzoxy-Glycyl-L-Phenylalanine : CBZ-Gly-Phe (Miles Yeda LTD) % {
Rl

BEORSRERORE

BRI B EHORIEED 0.1 ~ 0.6 ORIFAMNIC L2 L 51z 0.2 M HEEEIE (H 8.7) THRL
BRI () B A4 O 29% WK (0.2M WRREHR) 2EEE L, 30°C, 10 5 FOBERNUS
24720 Anson RO FHik W BN THIEL 2. BERHALZ 1 A AR 3 SHLERRTTAY
OEMBF oY Img YRICHYT ZBBOEMES 1 F o VEMNMOBAKRMEESR (PU) L L1,
HEMREAE lmgdlrhOFo s DBANTEL .

IRFS—HERORAE

TAME # Jf BTEE % 0.04M Y 2 —SEHBMEM (pH8.4) i€ 1.04 x 10 M B LF 0.06M +
Y 2 —IEEAEEIR (pPHB8.1) 25 x 10*Mit23 k5 ENFNEREL,. - ZhZFhoEEL LT
TAME # X BTEE AMEBERIEM% 30°C T Hummel OFHEW O IEL 12, BEREALEER
b 15BN b ERE R LN 8 AIEHE % 1 BLOBEREEE Uiz,

CBZ-Gly-Phe S#R{ERORE '

0.02M Y X — KRBT (pH 8.0) iT CBZ-Gly-Phe # 0.04 MiT/r 5 & 5 it BEREL, REERL
L, #® 0.1cc &®ERIK 0.1 cc % 30°C T 20 HERR 2 ¥iE#E T % phenylalanine 2 = > & ¥ Y Vik
War khEELUIn. BEERMIIET L 148 2 biclE#E T 5 phenylalanine 3% 1 mg €% T 315
HE% 1 BALOBERIEME L U1z,

EaWREOHE

B EEREOREI Lowry BOKEE W K30 Tz -7z, BEEARL L TRFMFT VT ¢
~FrV (Armour Lab.) 2{ERL 12,

BRE LU ER

PH 2¥#

ML 2P ES 3RO Im M CaCle I T w & U 4 XL THICHMHIE 2 N NaOH T pH
8.0 ~ 8.5 ICTWHIL, 20 K5, 5°CTIEHALL 12, N NaOH & N HCl THE® pH iz f@ffiL, 5°C
RKEBL 2. BET3EARSRIENE & RUBERE & OB % Fig 1 WRL I, COMHRIIHRED 3
WIBT OV E ) TREETH - 12. UL, FEORBEOAMEER L B2 ) E#pH HETHE
WEETH 17, T T Croston, I Y > TRNHENTW 3 X i, BEAMMTED 5 zymogen
DA EHUHT 2 i3, HALSHORBTRAIN TV 3 X5 2 FETREETHZ L, B
FECTRAINTN S L5 BERET oM, pH8~9 TOBRARENT, REIPIAERE
Th5Elie, BROCTEIBERNBTH 3 E2EAEDR S, HEABMENLBROWFRLITL
Srit, BEMEAL TV 3KEIIE 1m M Ca Cly Ofiic X > THRIICEMILIN 3 Zymogen
PELEMLBER PR ETAC NI VAN THELTA L,

BEREN

AL L 1o EIRESRHE % 0.2 M TR @iE (pH 8.7) T 500 AR L, (h2HEETRIES R,

— 314 —



1970} M 3y MEe RS R

Remaining activity (%)

T T T

J
10 20 30 40 50 60 70
Treated time (hr)

Fig. 1. Effect of pH on stability of proteolytic enzymes in chum salmon pyloric
caeca at 5°C. Crude extract of pyloric caeca activated at pH 8.0-8.5 were adjusted to each
pH with N sodium hydroxide and N hydrochloric acid, and allowed to stand at 5°C.
Enzymatio activity was assayed for 2%, casein in 0.2 M borate buffer (pH 8.7) at 30°C.

RS & T B SMEAERR R - OBBR % Fig. 2 {RL 2. Chu g 40°C BLT TR »ih
Eﬁﬁﬁﬁmﬁ%m%otoT&DB,C@%%meu4ycuTTﬁcwﬁﬂﬁﬁﬁﬁﬁw#&b
ZEEBEbhir, 35Kk, 50 fHCHRL BRKE FRECKEL, B & RSO BRI
Fig. 3DC k{25120 30°C AT Tidid & A EKIEL mip o 7208, 50°C BLETR» X b B KIE
U1ze 40°C TidEB I RERIBR & BN ZE SBEDSREL THAFENRINT 5, LT
TAME, BTEE X7 CBZ-Gly-Phe SR{EF % OBESEH 40°C TED & 5 2 REREELR T
BRI Fig 4 10RT & 91c TAME £EEERIZ 40°C TH R Y EETH »1% LL, BTEE
35 10 CBZ-Gly-Phe SMERERIZ 60 4y BUE L 72N ICETEDE 5120 CDLEH S 40° CieB 5K
R AMEIEFORAE Tie b+ 4w 4MRIEH & BTEE MRER 2 ticHoBR (¥ MYV 7oV 8
LlEEE: Bbhs) BEELIID EBRBET 25, ¥ 60 HF TORARIREAOIBLBL D
EEE L TRAZRTERAL ZOThOER  HRLEL hOBRHEIMEROLRIEIC L S t O
% 7-, BTEE MERROBREMUMEA L = 257 5~ Y ERDBRELEEVRI 512DIES DD R
X R N RNSLEE Bbh 3, COBE, v oY rEFERARSBRRORISREE LT,
il 12 35°CORMRELRAL T A Ry, 351 REL30°C 2ALI3HPEATD
sEEbhs,

FOMOEET TOREY

+ i ABOMPIEE A E ARSI CaClit X W BELIN 3 L0 L EBALNTN5DTY
o 4 & WP EE SRR DR BRI S E s CaCly OEE% 0.5~ 10mM OHEFICHIZ>T
BRALUIEC A, BTSSR OH 8.7) & LIHA 1nM 211, b Y A—HEENRER (pHB.7)
Tz 5mM B b DEN D 5170 Zz, 0.2M FEBREE (HS8.7) BRI E RATENTL 124,
Figeic X 2HHT %4770 5 &, $E3K Croston MU 4R & B - T, BLHEIC X 5EHK TAME
51 7° BTEE SMRIEHDOREEFRA LS L EMNTEEL LB -T15
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20°C

Activity (PU/ml of enzyme solution)

T T T ™

T T T
240 360 480 600

Incubation time (min.)

Fig. 2. Effect of temperature on the autocatalytic activation of proteolytic enzymes
in chum salmon pyloric caeca. ‘

Activity unit (PU) is defined a8 a micromole tyrosine liberated per minute in 0.2 M borate
buffer. (pH 8.7).

Remaining activity (%)

50°C

T T
240 360 480

Preincubation time (min.}

120 600 T 1200

Fig. 3 Effect of temperature on the activity of proteolytic enzymes in chum salmon
pyloric caeca.
Enzyme solution was preincubated in 0.2 M borate buffer (pH 8.7) at each temperature
for various time, and then the remaining activity was assayed for 2%, casein in 0.2 M

borate buffer (pH 8.7) at 30°C.
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Fig. 4 Stability of hydrolytic enzyme activity on various kinds of substrate in chum salmon
pyloric caeca. - .
Enzyme solution was preincubated for various time at 40°C, and then the activity was
assayed for 29, casein in 0.2 M borate buffer (pH 8.7), 1.04 x 10-* M TAME in 0.04 M
Tris-HCI (pH 8.4), 5 x 10-*M BTEE in 0.05 M Tris-HCI (pH 8.1), and 0.04 M CBZ-Gly.
-Phe. in 0.02 M Tris-HCl buffer (pH 8.0) &t 30°C

it oREt

RBMMER QRO FBER OB B O FEMEAIN TN 3, 22T, 205 b ORKN TR
HikE 2, 3 DRZ23 pH i L AR R L 120 BIEIL 720 vy S lifiE» 3 REDO ZNFHDE
BTHRES F AU 124, HhiH#E% N NaOH T pH 8.0 ~ 8.5 KL, 5°C T 20 BEIEMILL 12
#, 50,000 X g T 15 S¥E LM% 1T 20 ERIEOEMRREL 2. $12, WMAEOMER %N Na
OH 8L NHCI TZhFNpHS5 8B I 1LICREL, STV FAXUize REUR A M2 128
[ 5° CIt B L THM 21772 - 1248, 1O$HE & Fific pH 8.0 ~ 8.5 TiEMAL 24T v, g%
Bilze ZOREFRIT Table LitFd & L AKMHB X ImMCaCls DEA TR BN TV 3 C & 138
217,

WLEAHEIC & 3 B5ATME

AR D 5 TR U 2B % 1 M CaCla %510 0.2 M FEESE K (pH 8.7) 0BT L 1242,
Osborne #iz & ) FRZLHBE 21750, FMFERDWT #¥ 4>, TAME, BTEE % X{F CBZ-Gly-
Phe SSREMRRIEL, TOMMERMU Iz, Z ORI Fig 510RTC &, BAE LR
ERERTC X VP US0BR s MAEOHEI RCHIN 3D, 4R 2103 PHR L 352 bh
Ve CORERIZE T I GNREE O EMMBEREVSRENEIC L > TRTBED LA ULRLE 51, I
B COBRETOFEMEDREINE X 70 ~ 80 9% THIEMEIX 1.7 oL 17,

E 3]

v ou sy MEER VB RBEROEFHIIE R L ED 21t bhizh, Z0pH, BEBINFZOD
HMOFM T OLREM L CBREOREC T 2 BROTIER1T2 -2 ZORR, COBRIBETR
RETDY, FIBCHU TIHEIRALES BTEE HMREA 2 FIREOHEESBED 5N, 3bi,
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Table 1 Extraction of proteolytic enzymes from chum salmon pyloric caeca by various

solvents.
Solvent, Total activity
)
Water 4.8
pH5 0.4
pHS 1.8
pHI11 1.3
CaCly
1 mM 4.2
1 mM (pH 8.7) 2.0
5 mM 3.8
0.2 M Borate Buffer 3.5
in 1 mM CaCl; (pH 8.7)

Five grams of the pyloric caeca was homogenized in 15 ml of each solvent, and then
activation and assay for activity were made by the same method as Fig. 1.

2-} I CBZGly-Phe

0 -]

5 I BTEE :
0 -4

TAME

10

Activity (unit)

casein

0.2 0.4 0.6 0.8
Ammonium sulfate saturation

Fig. 5 Ammonium sulfate fractionation of crude proteolytic enzymes in chum salmon
pyloric caeca.
The figure shows the total activity in each fraction. Fractionation was made by
Osborne method. Activity was assayed at the same condition as Fig. 4.

AR Ok, %72131 mM CaCla HitH 2% 6 B Tz BRI X 3HETORER, 2, 3
OERKTHT 3 BRIERIIDL SORL 2BMECLSEICAVH N, ZOBROEHOHEKIBRAL
Aok oz, LN DHEDLABERRIEEALN TV 34B ICHESORBEOKIHERER L

HARTHRELZORZZCENEL LN, F 12 Croston BERL T3 X HiK, Zymogen D5}

BEHSATETH 3BWELE» O EAT, EH ¢ PRI EE(L% 5 1 5 Zymogen 281
LHBERITOVTIHRZED B ERINBER LB LI LT,

FRFFR2ATE DI B 1 b HHEM/L & O EEE % B b - 1A BB TRIR /1 & OV iCHT R —1
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