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Effect of the Intestinal Protease Inactivation by Soybean Trypsin Inhibitor
on the Immune Response to Oral Protein Antigens
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ABSTRACT

The previous reports (Ninomiya et al., Soy Protein Research, 1, 75-80, 1998; 2, 70-75, 1999)
showed that the oral administration of Kunitz soybean trypsin inhibitor (KSTI) inhibited not
only trypsin activity but also chymotrypsin and elastase activities in the small intestine of
B10.A mice. In the present study, the effect of such decrease in intestinal protease activities on
digestibility and oral immunogenicity of proteins co-administered with the inhibitor was
investigated. The soybean trypsin inhibitor (KSTI) and chicken egg trypsin inhibitor
(ovomucoid) were used as protease inhibitors, and chicken egg lysozyme as a co-administered
protein. Both trypsin inhibitors, especially KSTI, were more resistant to the gastrointestinal
digestion than lysozyme. KSTI inhibited intestinal trypsin activity almost completely, whereas
ovomucoid did not. Western blot analysis using anti-lysozyme antibody demonstrated that
intact lysozyme remained in small intestine when lysozyme was co-administered with KSTI but
not when it was done with ovomucoid. The responses of serum IgGl and IgE antibodies
agaisnt the orally administered lysozyme were analyzed for B10.A mice by ELISA. The oral co-
administration of KSTI, or ovomucoid with lysozyme did not enhance the antibody response to
the lysozyme as an oral antigen. Some mice in the KSTI/lysozyme-administration group
showed rather lower response than those of the lysozyme administration. These results
suggested that inhibition of the intestinal protease activity did increase residual intact food
proteins in small intestine, but did not enhance the antibody response to the proteins. Soy
Protein Research, Japan 3, 73-78, 2000.

Key words : soybean trypsin inhibitor (KSTI), ovomucoid, digestibility, antibody response, food
allergy

*T 464-8601 AEEMTHEXAEN

KEABERE Vol 3(2000)



INFTTOMEICLY, KEM) TV Ayl
¥ — (KSTI) #<wABWICEET AL, ABERICEK
SERORECHRINS R, SNER N Y ERO R
59, FEM) SV UIEEBIOES A - EEKD
BEFICHESNAZ EEFW LT LY. SEER,
INBENTO ) 7y B Lo 7 e 77— Eig
MOREER, MRS Lz AHBOEAHE,
BLUF0OROES 72 ARBICHT B HRIGE I RIT
TEBIZOWTHEN Lz, 72, o ) 7oA
Y Ey—ThbITRLITAL FIZDWTH EIFRICHENT
LIEME L7z, S s OFZEIZ & 0, KSTI O B
309 L BOPUEICHT 2RI E £ R L v
L) FREICR LREENE LR,

5 -3

KRR

KE M) TP A4 ve¥y— (KSTD i3 SIGMA &
D, BIHY) VF - AIdEEFETELY, BILATT A
IZHASLC X WA LL. WAL RL I NIZHGH
EIOBALL., M) 7Y UEEAEHOARER L
L T B v 72 a-N-benzoyl-L-arginine p-nitroanilide
(BAPA) 13_7F FRFZERT L DHEA L 72,
-ABEOROKRSE L IMEATYORE

BI0.A =7 A (6~ &8s, M) 2MT, 248H
MEESELER TAHEY ) VEBBEHEEAIEK
(PBS) 2 LT (100 mg/mL), —BE3LE LTV
A1EH72H10mgD Y T4 s —(KSTI
HHEVIFAFRLIALR) L 10mgD) VF—L%xiRE
LTV FTHEAHRSG L., FAaBEERELTY Y
F—oBM (10mg) THRSG L7z, BT 30 71£1C
BHRL, 8, MNeeiEb L%, NMideht eEs
L, FoBErSIENERF1~6& Lz, BBk
CNGEENEY T EFhofliid7:) 1mL @
PBS Tyt - @YX L 7. BN S N7-¥E T % 14,000 rpm
TSRO, OB/ NEREDHEBRE L

TUTO 7T 77 —EBiFEDRE L FURDAT AT,

MUYV EMORIE

A EEE BAPA % M) AR (50 mM Tris-HCl, pH
80 /20 mM CaCla) IZV&f# L, 2 mg/mL & % FEEER
ELTHW. 96 R 7L — M M) ARER % 150 ul
nz, 37°C TH5AMMEL, € JICEEEESE LUV
BNEY L% FhEh 25 ul FommL, BEeEL.
%, 37°C TIRELZHS 15T & D 405 nm TORS
A 10 R Lz, BOEE ORI EICIZ < 1
a7 L — b A5 EREE SOFTmax PRO # AV TH

74

Bk L7, WAL 72 ) OWSEE ORI % BRI
e LTERRLE.

IERSYRICRET 2BARE-ABEDKREH
Rk L2 /NBREE T O 20 ul & T, NBA
T2 U F— A, KSTI, K434 F%SDS-
PAGE? 3 & UF Western blotting® 1 & ) 4347 L 7z. SDS-
PAGE CHBtL 77 ARE R r Vb bOkO—
ABEEL, £AABCH T 57 FHME L
I— ¥y Y — BT L 72— v 1gG Pk B
WTHRERE LY, NNERICEET 27-AREB LT
ZORFEERTF FERE L,
ABRENBEARESICL B MBERFGEDHFE & ME
HIEOHEIE

BIOA Y A% HWT, ¥w7 A 1 Ld 7/ h PBS 200
UL BB L) V=24 (10mg), ) VT — 4 (10 mg)
& KSTI (10mg), HAWEYVF—24 (10mg) &+
RLIA4F 0mg) %, 1 H 1\, VYT TENEK
5 L7, SRS % 7 BRI, BRSO 7 BRI
Bk L DRI L7 (—XIB%). 20 3HEMRIC, FE
7 O BT % AT, 207 HERICRI L 72
(THISE) . FLHEC & YRS Lg% S HE L,
MEFABEROF > SV e Lz, BRES L)Y
F— 2R T A MiE R ORFREORBBIIE, 100 &
FR L 72= 7 AW 2o TR R EE: (ELISA)®
HWTHIRICHE > TRIE LY. ZXkHifFkE LT
N=FF T F—YEHRL 2P~ A 1gGl B LU~
Y AIgE (V71 v ) BRI,

BREEE

KSTl, # KA FOBRBEICLZIERN) TS
SEHOEE)

BI0A v ADBEWIZY) VF— LB, KSTI &)V
F—L, HEVWEFFRLIL FEYIF—0EEG L,
05 HONBAD ) T oEETHE L ERT
Fig. 1123 $. DV F =585 LABETRTZER
B L UCHBHICEBCEBEREESRIL S e, —7,
KSTI & U V' F — A & FEES Lc~v 7 AT, MNee
WIZBWTIEEAEN) 7Ty IEERBRE ST,
KSTIIZ X Y HEZZITTC0DH EEZ LN LI AP,
FRLAA R VF—LxERRS LYy ATE,
YT — A B SIS ICET 2NN N ) T R
MM RN KSTHIZA R a4 K& o bEEE
IR BT , ANBRICB VT BLEFRE R
BEELRETELBAT 5720, NN ) TV
EWANFE AEHEEL, —HFRLTL NI

AEABEHRE Vol 3(2000)



THREFEE L7270 ) T2 VEESHRE S -
bOLIEE SN
KSTI 5 LUF KR AT KD ZHILERTOMHIE
AN

BB LONEREYHFIRETA M) 74 vk
Yy — % ZREERPUEKE B 2 72 Western blotting 12 &
fEMT L7z, Fig 2 18§ & 5 ICE RS & 1/z KSTI i,
BERBLONBRICKRDED I ABE L LTEEIH
FEL —FH, #8234 FEEANTREEDRGE
DI AEEDEH S NDS, FRICOHRTR 3% R
Hah, &5/NERTIERETHSHH & LTk

HEhsz, 20X, KSTIEA XL a4 FEIDd S
WAL R A R T S L AL E o, SO
BERIE, ERROKSTIHZ X 2/NERTHO 705 7 —Xig
EDOHEDHERL X B LTWAS.
KSTI DRIEZRES U F— LOMEICRIFTEE
LABERELELTDY S F =22 ) T oA Y
by — (KSTIH B WA RO F) LY
VFETIUABAICES L, HILBENEYEREILL T
BAETA) ) F—2MBEESRTAIEILY, NG
PEEEER OB T 25 V' F — A OEALEIC RITT
BREERNR ) F—LEKSTIBIO) VF—Lak

LY LY+KSTI LY+OM

80 80 80

S
:‘; % 60 60 60 /
5 £
c E /\ /| a0 40 \» .
£ = 2
S2 7 \E%éf 20 / 20 >/ y /
- <

= 0 / ol

12 3 4 5 6 1.2 3 4 5 6 1 2 3 4 5 6

Sections of small intestine

o

Upper =%

 Lower

Fig. 1. Trypsin activity in the small intestine of mice after intrastomach administration of lysozyme
(LY), lysozyme plus Kunitz soybean trypsin inhibitor (LY+KSTI), and lysozyme plus
ovomucoid (LY+OM). The intestinal contents were recovered from 6 sections (the order is from
duodenum to ileum) 30 min after administration. The trypsin activity was measured by using
o -N-benzoyl-L-arginine p-nitroanilide (BAPA) as a substrate.
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S, stomach; KS, KSTI; OM, ovomucoid

Fig. 2. Detection of KSTI, ovomucoid and their fragments in the stomach and
small intestine of mice after the intrastomach administration. After the
intrastomach administration of lysozyme plus KSTI (LY+KSTI) or
lysozyme plus ovomucoid (LY+OM), the intestinal contents were
recovered and separated by SDS-PAGE, followed by blotting onto a

PVDF membrane.

The KSTI and ovomucoid were detected by

immunostaining with the specific antibodies. The arrowheads show the

positions of each protein.
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Fig. 3. Detection of lysozyme and its fragments in the small intestine of mice after the

intrastomach administration together with KSTI or ovomucoid.

After the

intrastomach administration of lysozyme plus KSTI (LY+ KSTI) or lysozyme plus
ovomucoid (LY +OM), the intestinal contents were recovered and separated by SDS-
PAGE and stained with CBB. Another sheet of the gel was subjected to Western
blotting. The lysozyme and its fragments blotted onto a PVDF membrane were
detected by immunostaining with the specific antibody (anti-LY).
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Fig. 4. The IgGl antibody response to lysozyme of the
mice after intrastomach administration of lyso-
zyme (LY), lysozyme plus KSTI (LY-+KSTI) or
lysozyme plus ovomucoid (LY+OM). The blood
was collected 7 days after each of the first 7 day-
administration (1st) and the second 7 day-
administration (2nd). The serum level of anti-
lysozyme IgGl was analyzed by ELISA for each
mouse (n=5 per group).
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The IgE antibody response to lysozyme of the mice
after intrastomach administration of lysozyme
(LY), lysozyme plus KSTI (LY+KSTI) or
lysozyme plus ovomucoid (LY +OM). The blood
was collected 7 days after each of the first 7 day-
administration (Ist) and the second 7 day-
administration (2nd). The serum level of anti-
lysozyme IgGl was analyzed by ELISA for each
mouse (n=>5 per group).
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