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Establishment of Immunoassay for Soybean Trypsin Inhibitor (KSTI) Based on
Its Inhibitory Activity and Its Application for the Detection of KSTI
Absorbed in Portal Vein
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ABSTRACT

The absorption of soybean trypsin inhibitor (KSTI) from digestive tract to portal
vein was investigated. To detect KSTI retaining its trypsin inhibitory activity two
assay methods based on the specific binding of KSTTI to trypsin were developed. An
ELISA-plate was coated with bovine trypsin and incubated with KSTI added to
mouse serum at varied concentrations. KSTI bound to the trypsin on the plate was
detected by ELISA using anti-KSTI and POD-labeled secondary antibodies. The
KSTT in serum was successfully detected at a level of 10 ng/mL, though mouse serum
competitively interfered the KSTI-binding to trypsin probably due to its endogenous
trypsin inhibitors. As an alternative assay method an affinity precipitation method
using trypsin-coupled Sepharose was applied to precipitate KSTI from serum. The
precipitate was subjected to SDS-PAGE and immunoblot using the anti-KSTI and
POD-labeled secondary antibodies. KSTI was also detected by this method, and the
detection limit was about a level of 50 ng/mL serum. These assay methods were
applied for the detection of KSTI absorbed from intestine into portal vein. KSTI was
injected into duodenum of anesthetized mice, and blood was collected from the portal
vein 10-30 min later. In the serum of portal vein, KSTI retaining its trypsin
inhibitory activity was detected at a level of 100-300 ng/mL. The anti-KSTI
antibody detected a band with a molecular mass of about 20 kDa, corresponding to
the intact protein. Soy Protein Research, Japan 4, 52-57, 2001.

Key words : protein absorption, soybean trypsin inhibitor (KSTI), immunoassay,
portal vein

*T 464-8601 AT E T FHRERXAER

52 XE/-ABEHE Vol 4(2001)



INFETORFEIZLY, KE
(KSTI) %< AERICHEET 2L, NEHICKRDE
DREETHREB S, NBER M) TV VEEOARAL S
T, FEN) SV UERBLO LIRS - VERLEH
FICHESNLZ EFBHLMIL Y, S HITKSTI
WO 7= ATE BIT VT I yRdRaa4 F) 1l
NTHEN TOMMBEREIE, BOKSH— TR
BRNERSHOT T, HOVIERBHKELZXRTTFF
ELTMBEREMNCRET AHEABEL TWwA, KT
7 TIE, KSTIIZMLEN S S MIRIM A CRATT 5 2
BhaW LT 572010, KSTIOED M) 7>
L DEETEE L A RO L EM X FIH L7 KSTI O
BEREESHRYITAI LA E I OAKE L. Th
l2&h b Ty v EGM % R L 72 KSTI ol A3
WEEE Y, G ERELZA v 8 7 R KSTI O
HANOEY AR T A M BTS2 b. &
512, TOEBRERIEEHVT, EBIZY T ADTHE
LEMNIZIRS L 72 KSTI @ PR IR~ D BAT DT &
L AN

VTS —

pil &

KRR #

TYM)TUYBIOREN) T EES -
(KSTI) 1 SIGMA £ 0, <7 A (ddY) & AZASLC
LOBALL., M) T UERNEROGRERE L
T M W 72 a-N-benzoyl-L-arginine p-nitroanilide
(BAPA) 37 F FWIFFT L DV EEA L 7.
¥ KA v F ELISA KL K 2 MEFD KSTI DR

vy ) 7Y (10 pg/mL D 50 mM Tris-HCI,
pH 8.0/20 mM CaCls) % f\CTELISA 7L — } % 4T
T—Wra—5 1 ¥ 7 L7zf%, 1% BSA (7 VILiET v
73 ) /PBST (0.05% Tween 20 % & PBS) T7
Ty ¥ U7, KSTI & #EREAT 10 ~ 1,000 ng/mL
LA Loy AMEICEmL, EXRA LR,
PBS T 10 AR L7z, &APEME well 721 100
al oMz, 37C T1RBRIE S, KSTI % b
TR S, hiER, v FR-KSTI M,
T 2 K3k & LT POD (peroxidase) - #Z k1~
FIgC OHRBEE L &7 2. T — MR L
7- POD B #1514 % o phenylenediamine = HZ & L
THWT, 492 nm OPOLEOZILIZ L Dl L7,
kU3 > -Sepharose (C & 2EFMERE L RET O
v b

7> A BB EEALF Sepharose (Affigel 10, Biorad)
PEMALL, MY Ty (25 mg/3mL, 0.1 M MOPS)

AE7-AAERE Vol 4(2001)

% Affigel 128 LT 34E& (v/v) Mz, 4C T,

LRSS b R E . VT 01M
7))y (pH80) W& higliks 7oy 7 L,
)7y Ny 77— (50 mM Tris-HCl, pH 8.0,
20 mM CaCly) Tk L, 4C TRE L.

KSTI % #9250 ~ 500 ng/mL & 7% % £ 9 IR L
e AMEEY M) ST RNy 77— T 10 I
L7, MY 7Y »-Sepharose %Mz 4C T—H,
Wod WA SH LA Ind /i, MY 7Tvr-
Sepharose # BIL L, ###, SDS-PAGE ¥ » 7V
Ny 77— w2 MAMBME L, ®OGHEEICE ) BiER
LT TFORETT Y bOF I E L.

SDS-PAGE {3 Laemmli @ 52, @E7 2 v M
Towbin b DHFEIIZH > T, AT O S 2B~ 7 FIE
TiFo7 1.
p)TY CHEEEORE

w3y b)Yy (20 ug/mL) L AREE (BAPA)
%AV CTKSTI & vy AMiEIC £ A BREROHEE
HsE L7z ¥, KSTIB RO RFIREZ 0 ~ 3.5 ug/mL
7 ADMEREGREZEH 100 ~ 1,000 F L %5 &
HHELL. BRIA7aTL— PEAVT, 37C
T 15 B E &2, 37C [ L7z & EE
(BAPA) ##EEH02mg/mL & %5 L)z,
<4 7 a7 L — F5HEEE SOFTmax PRO % /i
VT 37C TR L 2 A5 405 nm DOBOEE 2 e L7z,
BREOLEILE ) S viEE AL, KSTIH 5
VIRIME 2RI L R W v TV o fE & FRHELD L TR
il (%) TFEL.

KSTI @ trypsin ANDFEE KT 2 MEDR

KSTI (3ng/mL) IZ#BEEATS ~ 5000 fEHRE %
LIy AMBEMAZ, £OFDKSTL % LD
% F4 v F ELISA #EIC L Y ifllE L7z,

KSTI DN EAAOF:5 & FIARI O $REX

ddy v 2 (6 #ih, M, 55 %EERICEAHL .
7y =V (10mg/mL, ©7 A L{E#AEHZYH 200
~ 300 pL) % PRV RS L OB L CRAER, KSTI
7 (lmg/200 (L PBS) % T 38BN ~ES L 7.
#%#%%10{&%%@%%@#%%H%&ﬂ%ﬁ
ALTEFOFFREEL, BESNGER LR
> DB THMARIL E FRECL 72, W%mi;ﬁf%%
ARG, S5124C TMEB L, 0oL D EIY
Ltk%%ﬁmmm%kLt.u&@%%aﬁﬁié
$T—20C TRIEEL /2.

53



HREBE

MERIZFEME h /- KSTI OFRH © ELISA 3%
TR ERICL D, AP O KSTI (& ELISA
Tl — b EOBEMEL N T IERICKE A L, -
KSTI Jufk % i v 72 ELISA 12 & 1) SBE IR TS
HIEFHLPEL>T W, LA2L, COBEAS
Ly —HERERHL72T v 24 EREEY Y T,
BRI > TIICEAT A1, MmiIcE T s
DRSS, BRI o l- 7 F R ) 72k oTRY
7 v & KSTI OGS HATNIEE S A T RENED
Hbh. FIT, IYRMBEBRIHEML7zKSTL A, =
OEMIN) 7Y % HW/ELISA Bk > TED
BEBEREORETCELrEHANL. B20E80
KSTI 2§ L7z~ 7 A MLiE % 1045 H % 13 100 5 4
ML TEE L8R % Fig. 112k T. KSTI &t
& 100RARY 2 & 10REHER L7258 1T
BEPMRT 2000, 0EMMRTHETCEE, T
% b MEA A% 81245 5 iuid 100 ng/mL #2
FEECHRIETRETH A Z LATRENT.
MERICHEME N /= KSTI O | BN
ELISA &2 & ) g o KSTI OB E AT EETH
LI ENHELPE R ST, E6IZ0 ) 1 D0)EE
TOMRH %A, MY 7 % Sepharose bead |2 [#
MET s 8IcED, LYEEDKSTI #MFE+H25
ERT&2LEZ. B8O KSTI 2L~

KSTI in serum 0 10

0 05 25 §

50

——O0—— 10 times dilution
—@— 100 times dilution

ELISA VALUE (A492)

10000

1000
KSTI conc. in serum (ng/ml)

0
10 100

Fig. 1. Detection of KSTT added to mouse serum by
an ELISA-based method. Pure KSTI (10-
5000 ng) was added to 1 mL of mouse serum.
After being diluted 10 or 100 times with PBS,
each sample was added to the ELISA-plate
coated with trypsin. The plate-bound KSTT
was detected by using anti-KSTI and the
POD-labeled secondary antibody as de-
scribed in Materials and Methods.
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Fig. 2. Detection of KSTI added to mouse serum by affinity precipitation. Pure KSTI (10-500 ng) was added
to 1 mL of mouse serum. After being diluted with PBS, each sample was incubated with trypsin-
coupled Sepharose bead. KSTI bound to the Sepharose bead was precipitated, washed with PBS, and
subjected to SDS-PAGE/immunoblot using anti-KSTI antibody (top). For quantitative analyses
standard KSTT (0.5-25 ng) was also subjected to the SDS-PAGE/immunoblot analysis (bottom).
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Fig. 3. Effect of serum on the KSTI-binding to trypsin.

A : Varied volumes of mouse serum and varied amount of KSTI were incubated with trypsin (2
#g/mL), and then the trypsin activity was measured by using a synthetic substrate, BAPA. The
trypsin activity was expressed as a percent ratio of the initial enzyme-reaction velocity against the
sample without inhibitor.

B : Varied volumes of mouse serum were mixed with KSTI (3 ng/mL), and then the KSTI was
determined by the ELISA-based method. The presence of mouse serum reduced the detection
sensitivity for KSTI by the ELISA-based method.
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Fig. 4. Detection of KSTI in the serum from portal vein by an ELISA-based method.
Pure KSTI (1 mg) was injected into the duodenum of anesthetized mice. After
the injection (about 10-30 min), blood was collected from the portal vein of each
mouse. The serum was separated and subjected to the KSTI detection by the
ELISA-based method. The KSTI concentrations for some sera were estimated
to be about 10 ng/mL based on the standard curve (Fig. 1).
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Fig. 5. Detection of KSTI in portal vein by affinity precipitation. Pure KSTI (1 mg) was injected into the
duodenum of anesthetized mice. After the injection (about 10-30 min), blood was collected from the
portal vein of each mouse. The serum was separated and subjected to the KSTI detection
by the affinity precipitation/immunoblot method (left). The KSTI concentrations for some sera were
estimated to be 100-300 ng/mL based on the standard KSTI (right).
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