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Acceleration of Pepsin Activity by Autoxidized Methyl Linolenate

Hideo Hatate, Tarouichi Iribe*?, and Masayuki Kochi

The accelerating effect of oxidized lipid on enzymatic activity was investigated using
methyl linolenate (MLn) and porcine pepsin. Pepsin was preincubated under various conditions
with MLn autoxidized at 40°C, and then the proteolytic activity of the pepsin was measured us-
ing casein as a substrate. The accelerating effect of autoxidized methyl linolenate (oxd MLn) on
pepsin activity changed with the extent of oxidation of oxd MLn, but did not correlate to the
magnitude of peroxide value of oxd MLn. This fact indicates that MLn hydroperoxides were not
the main accelerating substance. The accelerating effect also varied with the preincubation con-
ditions employed. The proteolytic activity of pepsin increased about twice that of the intact
pepsin when the pepsin had been preincubated with oxd MLn at pH 5.0, 37°C for 2 hours. On
the other hand, no significant change was observed in the pepsin activity towards oxd MLn
pre-treated casein as a substrate. This indicates that the accelerating effect of oxd MLn was
caused by the reaction of oxd MLn with pepsin but not with the substrate. Among the fractions
obtained by chromatography of oxd MLn on a Sephadex LH-20 column, degradation products of
oxd MLn strongly stimulated the proteolytic activity of pepsin, while the other fractions could
also enhance the activity to some extent. Carbonyl and/or hydroxyl groups in the degradation
products were found to be responsible for the occurrence of the accelerating effect, by means of
chemical modification of these functional groups.

37(2-3) 113—119 (1989)

a”o;mxaamﬂmwum&Wﬁmwm%uowT

1. #
ESHR ORI & & ORI B IREL L, ﬁ&WMﬂL

il

MU TFTHRIESY,

B LHEMAR L THEE 8852 BEUE S ICRAL O AT LR kA

WEEE R B, RTIED YT yVRY
—%@Mﬁ?@mﬂa%%éﬂ%:t%%%ﬂfm%o
Matsushita H &Y 7 — VEEORE LA kM & ~ 7L & il
V) — VR Fusybd &3 FP
ChRR

EWd Db,

REALIE s, MR EBUB L CREES T2 mIL LAY
BESTHEOYBII L DEA R E R R S, B
WM FREST L EPHADOBREIIO>VWTHNLATY

S NSRS S el LTwh, L L

S OB RN SR I SR (R B ET
U= LR Faud$d Fies sl ae Tl
ENFLDTHY, U~ LEOTAERR SR &

® 1 OKIERSAIIE R #1199, 19894E 1 A 231 &1L

Contribution from Shimonoseki University of Fisheries, No.1199. Received Jan.23,1989.

*2 (B sl



114 WEF - A - P

EBFEENTOLWHREN TV, —J, BILBEORE
~OER I, FoEREOMBERO S &, BHBL
ERPDFTFH A XL > TREDBY,

KIFge ¢, By 7 L r@BAF N (oxd MLn) %4+
fﬁ41¢ﬂ0wT}WL,éﬁﬁﬁ«izzmﬁkh
ETREERNA, S5IRMREEROERIME T
TR DV TR H/?to

2. EBAE

2 -1 MLn O BEBERL &BRLIEIR

# 2 gOMLn (HELR) ®40°C, MR TR L&A
5B L 8¢/, oxd MLn ORI 38R m®
T oD B L UTBAEY TR L.

22 wIFFv I ALH-20ICEB0xd MLn D
S E

#1400mgDoxd MLn # 7 b 2 BHAE LTET »
F oy ALH-20% 9 & (128X 2.2em) THE L7z, &0
SOBERDEIGIRE T CHEERE Lok, mRillEc
LYk,

2+ 3 oxdMLn EXRT L EDRE

oxd MLn &R 2 (7 BRHBERTY v, 2 rvit
W) L %0.02M V) BRI (pH 5.0) D%y S —
VSR T, 37C, 1ML A v Fa~x—F LTEIE
S/, MBEIBREEE MO CHROBEEEEE L
A

2 - 4 BEEEEMNE

RTL FEEB OIS EA  (FIRMETRER) %
WHEL, LEECTRMET V7 3y (LML
FA, e oYy GRMETRE Fu
A 1K L N— Acetylphenylalanyl—i—diiodotyrosine (APD,
e BRI LCHE L. RCHIZBVTC, ¥
RLTwRyEEENES 20 E UCHEGE N
ELRTH D,

YA EER LSS D RREBRA0. Sl (1
RS5pugDRTLrEEL) ¥, 2%VEAL %25
0.02N HCI B 2 ml 1SN R, 37°C T3040 MG &€ /2,
BB TH, 5% by cOVEERRESI 5 ml B ANA CEE
BUG 281k &4, AIIZ-DT280nm O &l L
AT

TUVTIrBLONEZOE v 20 E LG -
BN HICEE U TSRS T IE L,

APD 23 & Lo8a | EREEIGRAH0.5m (B
125ug DRFL 2 2EE) % 1mM APD 2 & E0.0IN
NaOH 0.25m! & 0.05N HCl 0.25m/ & D{RAHIZM A,
37°C T 1HEMBUG S 7o, BUBI T, i 3 h /v g —
FFadrdor FY @ ea L, 570nm OWIGHE
il LY,

%3, oxd MLn Z RN FICEBICRE L o7y v
BHOMEREEE100% £ L, oxd MLn 2L BR7
W OPRAER & 3 L7,

2.5 BBRERMOANEZILEBLCE ROx
L ILEDIEM

AL RERY O I VR VB L e Fo$ o it
% NEN Johnson HOFHE O TV AF ML KT Y
(DMH) 1L# X T Freedman HOHEV TR Y 2513
Ynr—Fo (TMS) fbL 7,

3. BRBIUEE

3«1 MLnOBEEMEE oxd MLn ik B3 ~T S
iEMEOEAL

40°C CHMM L 847 MLn ORLREE GBI,
g P g, TBAH) & AFEME{LEEMS O oxd MLa i
EBHRT Y VHEHOELERig. HIRE, 7Y ik
DIEMEH L 3 H M B BRI 327 MLn TR ER L,
%huhﬂﬂ&W§tLMmkiofmﬁ&kﬁTL
7, MERLM, % fts XU TBA i

wfhélﬁmmﬁﬁméttMmfwﬁm%%L
BRALIRHE & MR & OIS HIB RS S Rk o
Foo Ei, BBALHMATRSMER LA 1 B ABRL
B ML 2 X 2RERIR KRR h b
oxd ML {2 & B =74 2 itk oL id gl — 4mh
WMTHLE FaOLVAFI FIZLB5DTEL, BB
oxd MLn OB RAEKWIC L B DEHZ T2,

P o gBRcld, vy VoSBT L
7240°C T 3 H M B Wh#{L 8 ¢ CH 72 oxd MLn 2 W C
Mt L7,



Acceleration (%)

! { | !

i

REALAR R0 & 2 Bk GOt 115

= |l (e
o o <
o i Ramn
X |X |X
44 4
o
=1
& 10
5, B
43 243 4 g
> g =
b & >
E| B =«
s LE| B
—Zm-ng
E—S
o
&)
-1 =11
H |

1 2 3 4

5

Oxidation time (day)

Fig. 1.

Acceleration of pepsin activity by MLn autoxidized at 40°C for various days.

oxd MLn (1.0mg) was allowed to react with 12.5 zg of pepsin in 0.5 m! of the mixture of etha-
nol and 0.02 M phosphate buffer, pH 5.0 (1/9,vol/vol)at 37°C for | h, and then pepsin activity
was measured by using 2% casein as the substrate. Pepsin activity measured without adding oxd
MLn was taken as 100%. This expression is to be applied for all figures and table.

O: Acceleration rate of pepsin activity @ : POV 4 : Conjugated diene amount

value

oxd MLn & EAL L EDRISELUTL A
L HEAN—D g DEGEIRT Y EEICR
F¥es

oxd MLn & 358 & DRIEH AT Y itk Rz gy
RSN T DD, oxd MLn & ¥ v xHohl

32

B TBA

DA Fa N~ PEELLDEFWRTE LCRT Y D
iR WME LA (Table 1),

Table 112754 & 5 12, oxd MLa ¥k L o
FlAd v Fan—a VIEROEEICE s TLRTL >
WHREBLAEE L hols TOFENS, oxd
MLn IR Clade ¢, RT T P IB L OBt %

Table 1. Effect of preincubation between oxd MLn and casein on
acceleration of pepsin activity
Added amount of oxd Preincubation Acceleration
MLn to 2mi of 2% time
casein
(pu8) (min) (%)
100 0 106
100 15 106
100 30 94
100 60 97
1000 0 103
1000 15 103
1000 30 100
1000 60 103
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Fig. 2. Effect of preincubation time, pH, and temperature on acceleration of pepsin activity. {oxd MLn
1.0 mg, Pepsin 12.5 ug)
b: Reaction media were prepared with 0.02 N HCI (pH 2.0), 0.02 M acetate buffer (pH 3.0, 4.0),
and 0.02 M phosphate buffer (pH 5.0, 6.0).
Q' Acceleration rate of pepsin activity
@' Pepsin activity measured with adding oxd MLn
A Pepsin activity measured without adding oxd MLn
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Fig. 3. Separation of oxd MLn by chromatography on Sephadex LH-20, and acceleration of pepsin activ-

ity by fractions obtained.

Chromatographic conditions: column size, 123 X 2.2cm; eluent, acetone; flow rate, 1.6 m!/min;

sample, 400mg.

M -+ DP: mixtures of monomers and degradation products
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Fig. 4. Acceleration of pepsm activity by increasing
amounts of fractions ™ obtained from oxd MLn.

g’epsm 12.5 ug)
Refer to Fig. 3.
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Fig. 5. Effect of modification of functional groups in dfzg-
radation products on acceleration of pepsin activ-
ity. (Pepsin 12.5 ug)
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Fig. 6. Change of pepsin activity towards some sub-
strates. {Pepsin 12.5 p g)
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