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RALIEE & 2 v/ HEOHEERNZ v 27 HD
EWA b &R XL BI5NThE (Ory and
Angelo, 1975; Gardner, 1979; 52, 1980).

BRI E L Bk & OMERRIC & 2 BERTEHEIEEIC
BELC Bernheim er al. (1952) i3, HSREHL
72y 7 LA F s choline oxidase, succinate
dehydrogenase % RET A LERNHIL, I b3
YEYTODA vEax—vayvhiickids TBA D
TR BIBEROEEDS, BERMICESEE
BLTWE. £0%, B(LEER EBER IIA2#H
BRLEFSFCOIIBRICOVTRILEE CL 58
RIEHHESHE SN TS (Roubal and Tappel,
1966 ; Chio and Tappel, 1969; Matsushita, 1975;
i1 S, 1981). fla, #A L LT pepsin icxdd 3
EMEED B4 X1 T3 (Matsushita and Ko-
bayashi, 1970).

Zh o DOEWEEREICONTIRSS L bRHES
TN, RERILE, BIEEOEZERDAL LT
BMLEE L R L ORIBRBORBRHNRETIBROD
{LZHMEE S KIC KD THHERERREO>TNS &
SThH5.

protease {3 H/LEEE & LCORBAE I T, B
R OTEMRAL, LEEERT 24 FOBEELES
LOEABREMELTNS. 25D protease O
5 B serine protease T 3 trypsin(EC3. 4. 4. 4
IKOWTI (L2, MEEEE b Ko BEE R
EWREBEh, F VN BEA v e =Ko TR
M, BADBERITFIVEEZ KON THIHR

EhTs. Lrl, BEfEEICE? trypsin fHE
feMicB L Tix Matsushita (1975) 0BT
R 5780,

AR TIIBLIEE S8R & OMEMER I X 2B
EOWEDIBIC, BMZEHETHERILSELY /
VVEBRA F R Y VT trypsin ERFRETT
RIS & | T trypsin OEHRELEH~:.

K B T OB

1. V/LVEBAFLOBEIRL & BibigE

Yo LvvBAFr R TE8) #% 28 % 50
ml Z=H7 52 adh, 40C THEEL LMK SERT4
BRI SEUEE L TORNESKIE, BLY
JVvvBAFG 40°C T4 OMEERLS Y
VYBAFATHD). BILIEELE LT POV (BAH
L, 197D, KBV v B30 b b Elfnzsm

(A, 1974) BXo TBA i1 (B)IIS, 1975) %
WE L .
2. BV /L vBAFILO Bio-Beads S-X3 #
SAL207MECLEZHE

WAL 7 L YBRA F R 350mg B R v ¥ VR
Hi# & L, Bio-Beads S-X3 #1354 (1.6x124cm)
o< METHEL .

3. trypsin HEQOHIE

B¢ %E7EH 1T a-N-benzoyl-DL-arginine-p-nitroani-
lide - HCl (BAPNA, Sigma ##l) % R E&LLT
FRAEL, BBERIGUTHEAS v (X T
8, &) 2RO

BAPNA Z2HE L UEES: #3048 DY VT
g trypsin (2 B, Sigma #H#)) & 0.1M
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Tris-HC1 (pH 8.0) i@ 2ml Bty / L v
AFAESLT & —AEK 0. 1ml ZEmML, 41~
Fa~x—pELTRIGE YR, Dietz er al. (1967)
OFHEIE LT BFEBRIEHEZNE L. 45,
Z 0 BxEk 1 ml % 1 mM BAPNA-0, 1 MTris-HCI
(pH 8.0) #2&¥%-0.02M CaCl, Sm! c&inL, 37°
C T 10 SHER & &2ctk, 30 FeE | mi TRERME
RZEfE kLT 400nm QEEEEREL /2. 8Ly /
VURA FUBRIBOREEEA, BREBREED
FEREEABLE LU TA—-B/AXI00 CTHER 2§
WL 7.

HEL vEEEELRES: # 100 2g @ trypsin
A4t 0.01M Uy B (pH 8.0) %K 0.9ml &
BiLY, LvBAFE G 22 — MK 0.1 ml
ERMUTCKIGS &%, #3: (Laskowski, 1955)
CROTEBEERREEENE L. FT70bb, ZOM
#¥ 0.5ml = 2% H¥4-0.1M y v B (pH
8.0) sk 2ml iwamL, 37C T30ARMEAS
€k, 5% TCA Sml TEREEHAZELL, 2K
@ 280nm DOESEERHEE L THEREHEEL .

g OBROK R

1. Bty /L BAFICLD trypsin BE
trypsin SEALY / L VB A FAEDRIGIKEDT
ZYAIEELEMLY /L VB A FADRINE EDBEF
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Fig. 1. Inhibition of trypsin by autoxidized

methyl linolenate (oxd MLn) and effect of
Caz* on inhibition. Trypsin (14.8 xg) was
allowed to react with oxd MLn in 0, 5ml
of 4.8% EtOH-0.1 M Tris-HCI buffer
(pH 8.0) at 37°C for 7 min. BAPNA was
used as substrate. —e— in the absence of
Caz*, —o— in the presence of Caz.
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Fig. 2. Effect of time, pH and temperature
on inhibition of trypsin by oxd MLn.
(trypsin 14,8 4g, oxd MLn 5 .g, BAPNA),
b) Reaction media were prepared with 0.1
M acetate buffer (pH 4-6) and 0.1 M Tris-
HCl buffer (pH 7-9). —e— inhibition,
—o— control activity (absorbance at
400nm), .

% Fig. | wRL 7z, Ca?* QEHLLISVRTIREML
VL YBAFAORMEEMNY 3 LHERI LA
L, BALY 7 v B F 028 wwypsin ZHET S C &
ZHOMIC U . B/ vUERAF L trypsin
EORGEMERM, pH 3 & 0 REICOWT &
L, Fig. 2 iTmL7e. BILY 2 v B4 5 VSR
T4 v+a~x~} Lk trypsin OfFHE R BRK
S OER, pH 310 BEOLERICLD ETL,
ZhIES>TBMLY 7 VVBRA Fvic & B trypsin
HERIEALE ThoOE, S, BILY /Ly
B Fod trypsin & ORISHREE Catt BENT
7438, pH 8.0, 37°C L L.

BALY 2 LB FOERIGES §/ trypsin DEME
%% BAPNA BLUAEA vARRELELTHANT
Fig. 3ic’RLCH%. BMLY / v v B » FARERE



LY /L YBAFricE B trypsin BLE 11

BHB0ORAIEA vEREELTSH trypsin [HERR
BRULT. BILV LUBAFAUEEBELD RIS A
trypsin [EE~RIFTEELHOhICT Z 2D, B
Ly, vvBxFrd 37°C TRISE & ¥ 72 1mM
BAPNA hH 2022 %H €4 v 2REL LT trypsin
TEMEERE L. Table | @RI XS, BYLY 7 v
VB A F L DRIGERE S ER LT SMEE THER
BEAEEDONT, 2%H ¥4 VICKBEORKRILY
I LVBAFAMERNLABEDS DM IEEER
LIzicd & pofe. LicdioT trypsin [BEICI3ER
Y7 LA F L EEBEEORIGEEELTHEL
EEZ T
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Fig. 3. Inhibition of trypsin estimated by
using BAPNA and casein as substrates.
Trypsin was allowed to react with oxd
MLn in 4.8% EtOH-0.01 M phosphate
buffer (pH 8.0, 8.5) at 37°C for 7 min.
Residual activity was determined using
I mM BAPNA and 2% casein as
substrates. The amounts of oxd MLn
added to reaction media were converted on
the basis of 15 g of trypsin. —e— BAPNA,
—o— casein.

2. U /L UYBAFLOBIEOETICNES tryp-
sin AR LT trypsin [HEZRTELEY /L
YEBAFLES

V) LVBAFE 40°C T HEIBIL sS85 &,

Fig. 4 it 7dLS5ic, POV, B vE B LU
TBA iz 1 HETHETH D, TOHRIZET L.
COBEEBLEERY ) LYyBAF MICK D trypsin
fEERZ, Fig. 5 IKRT LI, BILAKOEEK
EOTERL2, 4BB2BOEREIDLTHLTHD
fo. ®hWX, BLY ) LYEBRAF kB trypsin

Table 1. Effect of reaction between oxd
MLn and substrates on inhibition of
trypsin

(A) BAPNA (trypsin 14.3 ug)

Reaction Added amount of I
time  oxd MLn to Sml of lnh(‘;’élglon

(min) I mM BAPNA (xg)
7 15 0
15 15 1.9
7 50 1.3
15 50 1.9

(B) Casein (trypsin 53.1 ug)

Reaction Added amount of s
time oxd MLn to 2ml Inhél;glon
(min) of 2 % casein (ug) ©

0 15 0.5
15 15 3.4
30 15 -2.9
60 15 3.5

0 1000 —1.7
30 1000 5.4
60 1000 10,9

120 1000 13.5

BEEd AN Fo—d 44 Figk3 dOTRL, B
ILZRAERMICE S 6D EEZ, V) LYBRAFLOD
40°C KB 2 HEERILEEE 4 B & B 7.
Wity / L+ F % Bio-Beads S-X3 #35 4
ya= METEEE (A), 284 (B), BEHK (O),
sy (D) BLUBEEKEMRYOESY (D) i
SYE L /- (Fig. 6). ABFEOHA « Bk (1975) 3
BRESOEEITEREESELETRE L, ABESE
903, BHE43% 622, CHi5 % 298 LHEL T3S, T
NOOWSIC LS trypsin % BAPNA BX U
4 yREEELTRDE (Table2), £BETOS
BEGEEERL, HEEKESBMOBAYI TH 3
D’ EAihI»ricAENED >N, By, Ly
g # Fvic k3 phospholipase A FFICENT, £

Table 2 Inhibition of trypsin by
various fractions obtained from oxd MLn
(40°C, 4 days)

Inhibition (%)

Fraction
BAPNAD Casein?
A 40.6 70.
B 1.8 5.1
C 0 4,5
D 0 0.6
D’ 6.2 5.4

1) trypsin 14.8 ug, fraction 5 xg
2) trypsin 55.1 ¢g fraction 15 ug
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Fig. 4. Autoxidation of MLn at 40°C.
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Fig. 5. Inhibition of trypsin by oxd MLn

during autoxidation of MLn. (trypsin 1§
28, oxd MLn 10 g, BAPNA).

BOMBERERT MM E S (LD 5, 1981 i
trypsin L TIZ B &AL BEERAZ RS
7z,

ZRiKIc & 2 trypsin HEROEH S picd 2 70D
iz, Lineweaver-Burk o + 2 R4k, 4 b
t, BAPNA ZE & L, HEBRIED LIPS KIG
HE OB ZEE EKIBS Ei trypsin 8 X ORIG
EETHL trypsin (WD oW TRlkEL 72 (Fig.
7). %@ trypsin @ Michaelis 3 & 2Bk & Kk
7 trypsin DENEDHLL, MEOHAEEN
BROTNZ &b, SRAREEEHALTHEE
ERZERLIOTIEEL, BREER & B0
THEAT3HEHARIETH L LbpD k.

20 (

Lipid weight (mg)

D
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Tube No. (1.9m1/tube)
Fig. 6. Chromatograhpy of oxd MLn
(40°C, 4 days) on Bio-Beads S-X3.

Oxd MLn (356 mg) was chromatographed
on Bio-Beads S-X3 (1.6x124cm) using
benzene as eluent.

With A fraction

Without A fraction
(control)

Fig. 7. Reaction kinetics of trypsin in
the absence and presence of A fraction
(arbitary units). The Lineweaver-Burk
method of plotting was employed. V:
veloctiy S: substrate concentration. (trypsin
15 #g, A fraction 13 g, substrate concen-
tration 0.125, 0.25 0.5, 1.0, 1.5mM
BAPNA).
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By, vvlAF itk 3 trypsin fE 13

sk T o trypsin REICONTHAEL 2.

MALIREIC & % trypsin BiFICIL TR 37C T
T0 R HEE LS By 2 —vERE F 2 Matsu-
shita er al. (1970) 3 X ¢* Matsushita (1975) o
Bhids 3. K53, ribonuclease A ZHES 3
)/ — BN FosS—F 44 Fid trypsin ZHE
TP, BILTRERPSE L OEEERT EB~TH
3. BiL) /L vBAFARRNEATNRTOESTD
POV Z/RL 7 40°C, | H @ HBIER{L TRZEEM
AT L, BOEEREZ 4 0EO BRI TERL .
EBIKECED S7z (Table 2).

BRILY 7 LB A F LRI E7 trypsin OEFE
BHENEE BAPNA 230 IhE4 v 2HEELT
JEL TS, trypsin FERICKEZRED ShihD
7- (Fig. 3). ¢ ® ¢ & i, Barrett and Starkey
(1973) % a,-=2 u2'a’ Yy @ proteinase [
THEE L TV 2B T LAH RS T2 W BRI
Didte b 7y FEIEL R B ZHET, BILY /LY
fs x Fhs trypsin ZREL T BT ERREL 72
Fh, BIEY v UBA FAERIBESERERERD
T trypsin {EEERIE LT OEMRIZIBE A EELLE
»DDT, BILY) /v vBA FAREHICTREL
trypsin i fEf] LTINE 2 &8 bipod. & B i,
Lineweaver-Burk o r2@ERAL LA, 2B
fic k3 trypsin HEMEMZ trypsin OFEHHLT
WATAEBADL v EMES Ve 2L RBENS
EHAEMTHy (Fig. 7), 53 F& 00 Pl Lofs s v
= A trypsin % [ 32 B X (Tamir and Al-
umot, 1969) EtEMTHD7-.

MLy, VB A F itk B trypsin BENKTH
DREUSSRME, X trypsin FEYELMET L 7R T
»HYv (Fig. 2), trypsin ® AOA@ENH T2 Cazt
DEFEAL TORHETREEN2LED M2
(Fig. ). ZThoDEREBRILY / L yER* Frick
% trypsin [ & trypsin o H MR & ORI RS
RL 7.

EESIIRRILY /L B4 F b trypsin ZHET
ZCERWOMICLEDT, VYV vvBxFADAE)
Bt & trypsin JASEE ORFHARFIEL 2o, BB IKRD
BOTH5B.

1. by LvvgaFricks trypsin B9 it
Ca?* DEFEELTORBNRTOA K Sh, TOHE
i trypsin O HIHRICE DT trypsin {HHESE

FTea&cEELE.

2. MLV /L vBAFALOMERAREEE TR
75 ¢ trypsin & ORFRICKEL Tz,

3. HBELEER) ./ LVERX FAICED tryp-
sin JE3, POV, ##rvx v BBk TBA fin
BEERL 40°C Tl HAS L E) /vy
MAFATR KT L, BILOETCHE>THEL
7o, TOT & trypsin AEER Y /L VBBA F s
A Fas—FFH A4 Fick 2 dDTH BRI TRAER
PHc k2 EpBHoMmELD.

4. ®LY ) L vE X F 1D Bio-Beads S-X3 #
5o/ uv MERIZHEESIONT, SBHEICKLS
FEMSEETH D,

5. ZEAOMEEMIZ Linewever-Burk oy
MECXDIEFESBTHIT EBHLMEE DT

X ik
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Summary

The authors found that autoxidized methyl linolenate (oxd MLn) inhibited
trypsin, so the relation between the autoxidation of MLn and the inhibition of
trypsin by oxd MLn was studied. The results obtained are summarized as follows.

1. The inhibition by oxd MLn was observed only in the absence of Ca’* and
the rate of inhibition increased under the condition that trypsin activity lowered
owing to the autolysis of trypsin.

2. The inhibitory action of oxd MLn depended on the reaction with trypsin
but not on the substrates used in the determination of trypsin activity.

3. Peroxide value, conjugated diene content and TBA value of oxd MLn were
the highest in one day, when oxidized at 40°C. The inhibition by oxd MLn was
not so serious at the early stage of oxidation and increased gradually with the
progress of oxidation. The fact indicated that the inhibition was not due to me-
thyl linolenate hydroperoxides but to the secondary products of oxd MLn.

4. The polymer inhibited trypsin definitely among the fractions obtained from
oxd MLn by chromatography on Bio-Beads S-X 3.

5. The inhibitory action of polymer on trypsin was found to be the non-
competitive type by employing the Lineweaver-Burk method of plotting.



