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Studies on the Proteolytic Enzymes of the Salmon Pyloric Caeca
II. Purification and some properties of trypsin-like enzymes

Hiroshi UsHrvama

Abstract

Two proteolytic enzymes hydrolyzing benzoyl-L-arginineamide (BAA) to
benzoyl-L-arginine and ammonia were obtained from the pyloric caeca of the
salmon, Oncorhynchus ketz, by following procedure: (1) extraction at pH 5.0, (2)
autocatalytic activation at pH 8.0~8.5, (3) fractionation with ammonium
sulphate, (4) decolorization with Duolite A-2 and (5) chromatography on DEAE-
cellulose. These enzymes were designated as salmon trypsin-like enzyme 1 and
2 (ST, and ST,), and purified about 25 and 16 fold respectively.

With the electrophoresis on cellulose acetate strips (Separax), ST, migrated
at pH 8.6 toward the cathode at a slower rate than bovine e-chymotrypsin and
trypsin.

Both enzymes were unstable below pH 5.5 at 35°C. ST, and ST, exhibited
maximum activity at pH 8.2 and 8.5, and were unstable at a temperature above 40
and 30°C. Michaelis constant was 1.57 and 1.45 mM for BAA. Both enzymes
were slightly activated by Mn2+, Ca?+, Mg*+, Ba** and some reducing agents, but
strongly inhibited by Cu?*, Ag+ and Hg?+, and practically uneffected by EDTA
and PCMB.

In experiments with the natural trypsin inhibitors, soybean trypsin inhibitor
(12 ug/ml) inhibited ST, and ST, to the extent of 95 and 77%,, and ovomucoid
(8ug/ml), 97 and 779, respectively. From these results, it was concluded that the
enzymes were a proteinase of the trypsin type.
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B, Prahl 6P i A A BB FKEMTH 3V 7 F A DX 4T  BHLBERFET 5 TTD Zymogen
VBEET L E2HEL T3,

KIS OEEAED X A B WPFEOER /2 Y rBML T3 cwic, OHEOHEIIMOFRE
Sk b HYEBNR T3, 453 THREFASUMECEOOMERERIIZORE pH 5 9 MhHAY wd 5
Db VP o BHERREN FELTNAEZALN TV, IFREOW 32 aRVAY I
BFEED & H AEOB S RBER 2 RERC O T 2 L LT RYL BT h S OBEROEREIL 2T
BEEINTVIEV, Biff, Crostone 5101 (3w 2/ 25 HAEOEBHMBHEROMELITIVE
BEFEERCT, MIFLoRUFELNYV SO UERPETIBEOHFEL Zho00 L 5 » DR
EOVTHEL T3, L, BEAEUMECESDL ) L EAMEERVETH, ok 5 2
BEETAPROVTRBEREINTVISN, 2L TEFRICALOANDIDIRY vy & lifE
2RV, FETIBASEERY SEEMNLUIER SV 7o L SERORAICARL S 28
DY FU U ELIBERE PEEL IO TIORERPRET 5,
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FESUBHE 1963 £ 6 B PEST B 5 TIEE KRS HRIL B HEL 12> v P9 (R
eSS, UTRIL) 2EAL. BEREDCEATEEL, SERERITIVERZECHLRE
h, —20°C DLFD7 Y —+F ~ Pl TERiCHEL . KEF Y FrrAree 2 —IBRERE
@kl b Kuniz OFEW iwkh, T2 AH A4 FFMIBIFL Y Lineweaver OHFHE™ itk
hENFNLUHETHMLI-bDRFEAL .

BEE L ThoOTREEERL 1
B4 --acc. to Hammarstem (FnygpiZE KK), BAA (Nutritional Biochem, Corp) % U° ATEE

(Sigma Chem., Co.)

FILROTIROF A 4 WEBERES 2 BRES E UTHERAL .
FYFYY B a-% %+ Y S (Worthington Biochem, Corp.), # AV F F v RFFE—¥ A

(Sigma Chem., Co.)

2. BABEORE -

BERWCESED 10% Y 2o —uEEREMA, £UER% 0.IN NaOH ic¥%#L T Lowry 5
DFE® ENTHEL . BEEAK: LT $mE7 +7 ¢ > FrV (Armour Lab.) 2{ERL
120

3. EEEIRMORE

B AMEBESRIEIE I AR R IEL L. MY F o stk BAA BB L T=ve k)Y
#® TREL T, BB 0.05M BAA (pH 8.0) 0.3ml & HEORERMEY S BE&HKE 35°C TR
/LY, 20001, 20355 0.2ml 2iH, ERLIT E=YR = e F Y CETRHEL 152
fiz lpmole DEER BT SREOBEREMRS 1B L1, 327, MY FUUERIT ImM
ATEE %% & L Schwert 5 DHFED KENTRIEL 2.

4, DEAE-%¥NVu—RZuvb& 57 4—

DEAE-+&.,Vu — 2 4 3 o 5#atkid kE Brown #fl%2 EAL 72, Wb T % bR\ 7242 0.5M NaOH+

FRECBVTRROBFESEAT %,
ST,, Salmon trypsin-like enzyme 1
ST,, Salmon trypein-like enzyme 2
BAA, benzoyl-L-arginine amide
ATEE, a-N-acetyl-L-tyrosine ethyl ester
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0.25M NaCl DE#, &, 0.1M HCl, KK 0.5M NaOH+0.25M NaCl B DNEic Hills U TE#%
B9iz 0.00IM CaCly, %2&r 0.005M Tris-HCl #2787 (pH 8.8) TE@i{L TERiChL 1z,

5 wu—27 k7 — FMEBKRKE

DL w — X7 &5 — b (Separax-- - BEEEZ KK ) 2FERL, MIOFED T
0.07M Veronal 2% (pH 8.6) 2L, 0.5mA/cm, 60 5>¥E%4TLu 2 v~ 3R T zfT
Lotis

£ B & #®

L by EREERORER

BED OV & MPIE (lkg) 2SS CEML, 31 @ 0.001M CaCl, iZBEL, B2 MAEL 1P
5 5N-H,SO, 2@ FL T pH5.0 i, —KAZBCHBREBL 2. WHk%Z 5N NaOH T pH
8.0~8.5 LA L THERDEMAL R 177 5 & 3B L 1ol 2 ML 72, Wik RE THITL, WK
A 35~609 AIFIIRRIK A 2 EDHES i HE L Duolite A-2 7 5 A %2iEif & ¥ BARKML .
e R OB AR D E LT BRaic B % 0.00IM CaCly iZ¥AEL, 0.001M CaCla 28
s 0.005M Tris-HC 28 (pH 8.8) it EHT L 12, HITW b TR ORE R CH&ELL /- DEAE-
®ba—RA 5 b (p2X45cm) EHE S RI. FRERMMHML 12DB, Fig. 1R &5 7z NaCl
Tt A REDRECRERHOENZITZ o100

BB 1T 1 SEOFPESDEE MBSV L, 2o ¥ ISV OERTHS
ATEE 2B L1IZ0 R VP Vv ORECH B BAA BRIBAESBL 2D o1z, —HEERS» S
Fig.1 it#7 X 5iz BAA SRIER%ZHET S 2 20 Fraction MEHINI, 2L TLhb I Ty
UiEMR AT Fraction ©5 B BT sWRE v 7 1 ) 7 v HLIEESE 1(STY RUBCHEH
T 5EEER STy EMALI

Table 1 iXEREBYEECDORIGIE L 2 R Lo CORT HMiHH?E pH 8.0~8.5 IKFRHIL T
BOSEBERDEMACE 1T/ - DRI A ¥ 4 2 M IERERIZH 2 5 LR L TV 5%, BAA SRR

0.8

]
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PU/mI ~==s-=-
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BAA  units/ml remeem.
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o
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Fraction number  (10mi/ fraction)
Fig. 1. Chromatography on DEAE-cellulose of crude proteolytic enzyme
preparation from salmon pyloric caeca

The crude proteolytic enzymes (754.9 mg protein) prepared from salmon pyleric cacea
(one kg) were applied to the column (¢ 2x45 cm) equilibrated with 0.005M Tris-HCl buffer
(pH 8.8) containing 0.001 M CaCl,. A logarithmic gradient from 0.02 to 0.35M NaCl was
applied for elution of the protein. Fractions within the horizontal arrow were combined,
rechromatographed on DEAE-cellulose and used throughout the following experiments.
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Table 1. Summary of the purification process of the trypsin-like
enzymes from salmon pyloric caeca

Specific activity | Total units Yield (96)
Fraction Volume| Protein
(m) | (mg/mi) | units/mg| protoin| ;5eins| BAA®* | casein | BAA
10—
Crude extract at pH 5.0 x B
from one kg sample 3230 8.50 0.38 0.18 10.5 5,040 —_
Filtrate at pH 8.0 3220 1.62 3.86 0.41 20.1 2,126 100 100
Dialyzed solution 112 6.74 9.78 2.01 7.40 1,494 37 71
DEAE-cellulose (ST,) 160 0.46 7.26 4.56 0.54 340 2.7 16
. (ST,) ‘ 130 | - 0.47 7.30 | 2.91 | 0.45| 179| 22| 8.5

* A unit is defined as a micromole tyrosine liberated per minute at pH 8.7, 35°C.
** A unit is defined as a micromole BAA hydrolyzed per minute at pH 8.0, 35°C.

RBCEFLUTRBILTNB eI 2D, COFEELTIRY Y MY o L EEERB DT
A VB CRRFICEETHE2DT, 74— CERHTAHOMRETT V0 Y BBz X h L
RIDEEAIONG, o THERKTO BAA HBERICIR P Y 7o o BEIMNE: RBIOMENSE
BLTVADICELIT EBOEENTRINLEBALNIOT pH 8 CAE L I HMFREOE L%
ARERMOBOROHERE: L1,

Fig. 1D DEAE-+ 20 ~25 8= 25 ni BN TAREDOREITRL KN %8 TUTOER
CHL IS, ZhFNORMIMEEESREE (pH 8.0) PO Y 7o L ED ST, Tt 169% BT ST
Tid 8.5% DEMEHLIL, T, BEOBECE ST Y P2 Ei2 ST, Tit 2548, ST. C
216 Z N ENEEMSEML 12,

2. BROME

Fig.1 ® DEAE-tAr— 2202} 75 A OKEDRNORS 2ED HFEKEL T DEAE *.
VAR TAREIYBELIR ST T 4 — 2T > TUTOERICHEL 2,

BRXS

BRIy s M) 7Y UBPEER 1(ST) ROV T e —27 27 — MERKEEEE UTE
Bora=2 X574 —%T2020ER Fig. 2 2R, ST 2 OKB&ET CRIBIERICS
B, I3¥B—r band 2RL1TI. 2, BMERNBELTHOIEN VP 2 h 2L, &
ANVRIFURPFE~L AL a-FE VPV OPEO-ER R

pH OE%E

) AR IR R O TR EE 2 BV T STy U STs @ BAA HEEBRKIZT pH OEE% R
L, Z0O#ER% Fig. 3 WRL1, ST, Tid pH 8.2 ffEiz, %12 STs Tid pH 8.5 MEEDEK
TEMEDTRIN STy Tid pH 11 T I BHEMRERLIL. —FH ¥ AL 2EKE T 55811k pH
9.0~10.0 OBIRBAFEEMTINI, TRBICIT- pH iKHT 3 REROER TS pH, 35°C,
60 4} preincubation L1324, ST, i3 pH pH7.0~9.0 DT, 217 ST, i 7.0~9.5 OEITCE $
iﬁ??‘?tbg PH 5.5 LAT T E & b BT RIEL 12,

BEOKSE

WESR¥E (pH 8.8) % 10~70°C DEIREET 60 4> preincubation | THEET 3152 #EL Fig. 4
Rz, STy id 40°C FCLETH 55 STy i 30°C PLETRAICEEL, HMEEE & 50°C LL
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Salmon trypsin-like enzyme |

Bovine trypsin

Bovine x-chymofrypsin

Bovine carboxypeptidase A

Start
1

Fig. 2. Cellulose acetate electrophoretic pattern of salmon trypsin-like enzyme 1
Electrophoresis was carried out av pH 8.6, veronal buffer (#=0.07), 0.5 mA/em, for

60 minutes.
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Fig. 3. Activity-pH curves of slamon
trypsin-like enzymes
Enzyme activity was assayed for 0.025
M BAA in buffer as follows: phosphate
buffer, from pH 6.0 to 8.5; Borax-Na,CO,
buffer, from pH 9.5 to 11.0.
6y STy} a, ST,
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Fig. 4. Stability-temperature curves of
salmon trypsin-like enzymes
Enzyme was preincubated in 0.05M
horate buffer (pH 8.5) at various temperature
for 60 minutes, and then the remaining
activity was assayed for 0.05M BAA.
o, STy a, ST,

LT ARI ARG 1z, F RN 20 PGSR B EEIE 2 WA L 1R ST, T2 50°C, STa

T3 45°C TRRIEIEZRL 12,
OB YRR DRER

ST, MU STy itk 5 BAA MK EEHE T M3 ¢ HEBE O%)%2 % F§-~2 Lineweaver Burk plot
% {7720 Fig. 5 ’aRLo Km i3 STy % 1.57mM, STe #8 1.49mM Tdh 72,

TEEA R CHER DR

Vb Y S U RURRICIT SRR OB A T 2 KU 2 OMDIERERIR U ERDEE2 W~ 2
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Fig. 5. Effect of substrate concentration on BAA hyrolysis by salmon trypsin-like enzymes
o, ST, ; a, ST,

loREERZLEWE 35°C T 104y preincubation U720 LA T 2BEREN? BAA 2 AT
BELI,

&B4 X+ ODREIL Table 2 WRING L 51T Mn?, Ca?, Mg* KU Ba?* & & » TEHAEM:
{LIN2DLTELUOEIRIZED b sh - 7283, Fe¥, Cu®, Cut, Agh R Hg** ZEOEEE
AF ik o TRFELIEHEIN,

Table 2. Effect of metal ions on salmon trypsin-like enzymes

Relative activity (96)
Metal ion*
ST, ST,
no addition 100 100
Mg+ (MgS0,) 112 110
Ca2+ (CaCly) 121 106
Bar+ (BaCl,) 113 105
Mn2+ (MnCl,) 119 108
Fer+ (FeSO,) 83 57
Fedt (FeCly) 39 41
Co?+ (CoCly) 99 87
Niz+ (NiSO,) 94 59
Cut (Cu,Cly) 37 22
Cu?+ (CuCl,) 16 27
Agt (AgNOg) 22 21
Zn?*+ (ZnCly) 72 54
Hg+ (HgCl,) 3 2

* TFinal concentration was 10-3M.

Enzyme was preincubated with metal ion in 0.005 M Tris-HCl buffer (pH 8.8) at 35°C
for 10 minutes, and then the remaining activity was assayed for 0.05 M BAA.
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Table 3. Effect of activators and inhibitors on salmon trypsin-like enzymes

Relative activity (9)

Compound*

ST, ST,
no addition 100 100
L-Ascorbic acid 115 104
L-Cysteine 105 117
Glutathione 114 105
Potassium ferricyanide 95 93
EDTA 81 90
PCMB 83 72
Todoacetic acid 96 100

* TFinal concentration was 10-3M.
Enzymes was preincubated with activator or inhibitor. Other conditions were the

same a8 in Table 2.

Table 3 i % DMEMHI R UTREROSRZ R UL, EDTA 2k b @b iciEENRYL, Lhb
DOBRREEDZLFEDIIDIIIN b DEBA AL PYELBbh3, —F, SH BEROBEEH
Td3% PCMB ®% ./ 2 — FEFRRIC & » TELICIERLED T 503, BRH® SH LEHOFMT X
DELWVHENRELRLNCE, RET Vo7 {th VDL 5 zBbAick - T HEP UHIREL
N EMD, IR DERIX SHEBERDIV—FRIZBLZVWL EDBb 51,

KIERROM VS HEM T H 32 KEMY Y U HBERRIETH 234 KD ST, R ST i
RIZTEER W Fig. 5 R Fig. 6 iWRL 2. KEMEHDOHEEIIZ 12ug/ml DRET STy X

100

80|

Inhibition (%)
@
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&
(o]

20r

N i L L

° 5 io 15 20
Soybean trypsin inhibitor (ug/mi)

Fig. 6. Effect of soybean trypsin inhi-
bitor on salmon trypsin-like enzymes

Enzyme was preincubated with the
desired amount of soybean trypsin inhibi-
tor. Other conditions were the same as
in Table 2.

o, ST, ; a, ST,
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Fig. 7. Effect of ovomucoid on salmon
trypsin-like enzymes
Enzyme was preincubated with the
desired amount of ovomucoid. Other
conditions were the same as in Table 2.
o, 8T, ; a, ST,
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9596, ST, 1 77% MEAIN, AHXLIAL FOF AT Sug/ml OWET ST, 13 97%, ST, it
77% HEANL Y P BIBEEDOHE 2RI,
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Vo PO 5 WML 7RI E DEAE-+ v o~ XinkE ¢, KMk 3 mEs
ERHER L O QB E LS, 2 MEON Y P VRLBER 2 BT 5 C & D3R, AWML
BHbY S RBEDEAE-¥ Vv u ~ ATIRIEEINTHEBORSREHINZ L Lo T 3D
DTLD DEAE- kN a~ZAom2 577 4 ~DEED»SY YD) P BEEESRII L) P
CERLZVEMEEAORREE TS LEE X 1B 4, Fig. 2 O Separax TOIKEMWERED 5 LN
THEELIPY LW FHEBEDEL, I aFELI LD EHURFILRPF L~
A® DIIZPEECSEN, Wb pH 7 BT SBERE T DL HEING, £V T
ZHODAMAOMAZD LV 7+ iz HEAY pH 10 ULOBEERBATH 3128 X319, 4
T ROV FAD P ERIBRED N ) S L WEET B L &I REREY S 5, Prahl 5D
WY/ FADXEYV TV 50 ADFTHRNTVS X 5 X bV Fvicd “primeral trypsin”
DTEL, ZThiRSHBUEERETD HELORTRBRCHEESEEAECELL TR0 b
have CThoDBERY Y MY S L LEERDT ¢ /BRI T 2 LI bbb &
2B3TH55,

DEAE-#u~R2u< 557 4 ~RBOTHF A= 9 JKSIRFEE LT ATEE 25T 3
FERISUIHRIN, IVHFURTFE—F A RERERSEBERSOFHICE HIN
MBI hs DRERRIRBETITETH 3,

BoNI2BOY 7 bV P CEERERIZAE N Y S LB Y BERKR CHERCREET, T
AIBEPCRERBTD 512 SBEER ISV 7oL X HEL KBEFPO®KEL T LI, BAA
T AEME pH BEL V0™ L hESiT7 v h ViR TU e U LERRDORY 70
BEAIC Y VEERABEINI LR EDL SRR M ) SO VIR CH B EBA 12,

ST; & STy ¢DHRIBFLUNERTED S/sh 57245 STy i3 STy ICHAREE SN W Ol
Py, BEEE L ELITED 5Tt KRNV P U HERICHT 2 EFTIE ST113 ST £ 5 %
EL{HEAIN,

PEom 1 WEOSHTP 2EED N Y S U BEET A E B LI, Ok nERL
REBEINTELZV. ZCTLOIL LB NIV FY /) —F o b OFERLPEETH 20, T2
RARHZ 2EEON VSV 7 — YU BBEETILEDRSBEOBETH 3,

= ¥

v o4 rlfEOARBERE (pH 5.0) # pH 8.0~8.5 HE L, i, Duolite A-2 itk 3
BEKRS DEAE-®#Vvu~2289 s 57 1 ~itk b 2BED MY P L EDRER 2 SHEREM U,
ERENY PP BRI 1(ST) ROF 2(ST) &ML, B 2hsh 5 8K0 16
ﬁ&‘iéilﬂbf:o

FMANI ST 12 pHB.6 DV n —~X7 &7 — MEBLKETEL Y oo Bl a2 b Y F
v kb & B BRI KEIL 1,

ST: RU STa i3 36°C T pH5.5 UTCRIEFRALETHY, il pH 2 ST; Tiz pHS.2,
STa Tit pH8.5 MBETH 5720 E 12 STy & 40°C LLET, STaid 30°C U LCRBETH o7,
TR E & Mo, Mg, Ca*, Ba* ROSERHICE b M 5 i LI hichs Cu®, Ag* RO®
Hg* it L b F L{EEINI, —F EDTA ® PCMB iE U RS TR o1,

RKEMI S HERARFAR L4 PR h RS E L EECBEES R,
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