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Stability of Soybean Lectin during Food Processing and in Digestive Tract
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ABSTRACT

Soybean lectin (agglutinin, SBA) is a N-acetylgalactosamine binding protein which can
interact with different types of cell and exert various biological activities. This study
demonstrated the extent of survival of SBA during food processing and in digestive tract to
explore its applicability as a physiological modulator originated from foods. The lectin kept a
significant activity even after 2 h at 80°C, and the heat-resistancy improved in the presence of
other food components as in soy milk. SBA was stable at neutral or acidic pH, however, its
activity was abolished at alkaline pH due to the aggregation. Proteolytic digestion with
pancreatin, trypsin and chymotrypsin did not affect on the lectin activity, whereas peptic
digestion gradually inactivated SBA to produce the lectin fragments of Mr ~4000. ELISA assay
of circulating blood in mice which were given SBA by stomach-tube showed that variable but
significant amounts of the SBA fragments could across the intestinal barrier.  The
immunoreactivity level became to be maximal 4 to 6 h after administration of SBA. Gel
filtration HPLC analysis of the sera from mice which were orally administered FITC-SBA
showed the SBA fragments of Mr ~4000 penetrated the intestinal wall and circulated in blood.
Furthermore, FITC-SBA and its fragments still remained on the small intestinal mucosa 8 h
after administration. Soy Protein Research, Japan 2, 59-64, 1999.
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BhEEFHTAILFENELT, L7 F oM,
pH B L UL BER T T2 REUTHD L &
biz, vy AROKESE LEKEL 7 F > OE{LEE
BT BEEE BE DO ORI L R,

ps] &

ABL T F L QBB

BRERE (I VY Fo2) 5 EED 015 MNaCl
&t 10mM ) VB M) v LR (pH 7.2) (PBS)
iz, 4C T Lo, Mo pH % 45
LT, £ LARBL OO THRV ., RiEE 80%
B EBRIC L C-ARE RS 2 WL, T
SEOPBSICER LY 700 ) X TEEBL
TT=HLrIVIINA, PBS TY V% gk, WEL
L FrEO2M A S 2 b — A /10mM PBS T H
L, &BICAA v 5Hira< 757 4 — (DEAE-
Cellulofine A-500) T/ 8 L THRKE L 7 5~ (SBA)
7z, 100 g OBREREZH 2 54 60mg @ SBA % B
BEL 7 (EMENCE 4 30%). HBEEL7:-SBA &, K
Ty UNT I FIVERIKE) (PAGE) TH—/NY F%
5.z, 5FE300000% 72y M4 BEEFAEL
Twiz.

L7 F 2 mEDRIE

UK R~y A 728145 —7L— MIER L7
W (50 uL) o 2 fEFHFCRINC, 4% 7 FRM KBS
W (50 ul) %M Z TR, =EiRIZ 30 5HKE LT
BEFMLABE L. MEROEESNIRCHRIETE L
bOEGEL LT, ZORKHFIEFELHBOL 7 F
SIEMEE LY.

FITC {Z& % SBA D#EIX T NIL{E

SBA20mg & 7NVt Lt A A4 VFF T A= b
(FITC) 16mg % 8mL @ 0.1 M REEF U 7 A HRHEH
(pH9.0) 2L, FiRTIMMEEE 7. b,
10 mM PBS T4l L 7= Sephadex G-25 # 5 4 (25 cm
X 28cm) FRVISNVERI O ST T 4 —TH
e FITC % 53 BB 2 L 72, FITC-SBA (X ZE A3 L
THENTR, HEEEEME LT 17 mg @ FITC-SBA % 147:.
ENVESEEE D S B L 22 BH551, 0.7 mol FITC/
mol SBA T&H - 7.

FITC-SBA D5

6 BG D SICICR AMeE~ 7 2 % BIEEEC 1 BT
fER, 1HE3LE L TERICHV 12BBRER, &
B A K03ImL IZEE L7 2mg @ SBA (FITC-SBA
% 10% &) E BWICIRS Lo, BRI T KBk
SOFML, =8 L THZMEEIE £ N5 FITC-
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SBA % 77 V8 HPLC THMT L 72 808 20 ul % 50 mM
Tris-HCl (pH 8.0) /0.15 M NaCl T¥#{t L 7= Superdex
200 (10 mm X 300 mm) (Z¥EA L, 280 nm DR &
ot (B, 490nm ; #OEHEE, 520nm) THEH
Y—27 %#MH L7, $7:, FITC-SBA ##%5 L T 88
Bizlc=y 2A0+1680, 2B B X OllE o R
5 EULL 72 FITC-SBA (22T ¥ R I oHT L 72,
BEF R RIERICK B SBA DIRIAIE

AFAIEIK 03 mL IZAfE L72SBA1mg 577 AlC
BNHE L7z, BERNICREOBRE DRI L, MmiE
ALz HRUAMEERE (1004L) %, B
SBA v FHiMEEI—-F 4 LB RTA 7T
45 —=7L— MMz, 37C T2H@A ¥ Fax—}
%, 58— F F T ¥ — PHEHEHSBA v FHk L
F#EICA v Fax— L7z, FL— b Eikigs, 2Y
W (100 L) MR CHEESE0L, 2NHS0 T
o fEIE LCA — MY — & —% AT 492 nm DL
ExllE L.

BEREZE

LI FmdoseEd

BERINLB & CEEPFTOSBA DEEMRIZITT S
pH, &%, HLEEEOFE * -7z, SBA % pH3 (50
mM E:EEF M) v A&, pHS (M), pH7 (50
mM V) CEEF MU Y LR, pHO ([F) B,
50°C, 70°C, 90°C ThnFE L7z, 90C Tldwiho
pH T& L 7 F itk 83 L, 30 45 LIRSS
HEERMELD 6% LLTFI2% -7 (Fig 1). 70C T,
pH3 @ SBA I 1 IEfTHh L 720%, 2 DMTId 3R
DIMERT b FRMFED 12% OIEHZHEEF L Tz, 50T
T, pH3 & 7 TR ERERNC 1/2 I[TET L7295,
FNLLEOEEOETIE 3EMBRICOALN L o7,
DEo#ER LD, SBA # @R CAULETITERETL
YFURRIES D ENARETH LYY, BEOEH
EHEEATBCHARNTE VWEERE R B TWwh L v
5.

KENZ =K S TE- 72T 5% 80T (omsk L
e EDOL 7T VEEOEKTIE, SBA DADHEIT]
NT50% EL oz, 2T, SBA DEEEA ST
T rRMOBSICE o TEE LD EEZLNS,
SBA O pH RE1MH:

SBA # pH2 ~12124C T24BERE R, pH7 12
RELTCLZF EEEBE L. BESAFTTIE
SBA DIEHIEH T VKT ES, —F, TV IEHET
(&I pHI0 LA E) T3 L CIEMAET L7z (Fig 2).
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Fig. 1. Changes in hemagglutinating activity of SBA by
incubating at various pH and temperature. (a), 50
C; (b), 70C; (c),90C. O, pH 3.0; @, pH 5.0;
A, pH7.0; A, pH90.

TV H ) EfRITHE L 72 SBA % 47V a8 HPLC THHT
ToE, BYFEHICERY -7 ¥ AN (Fig 3).
SDS-PAGE iZ & 2 5 #iiERE2 6, YAV T4 FIEED
HBIZ L ) SBA DBENRI 57: L ZZLND.
SBA OH{EEERICX T 2 REM

SBA #RFL v, N)TLry, FEN]TT, B
LU LTFTRBLTL Y F UEROELE
T2, RTU U OPITIE0IM 7 L EERE R
(pH20) %M\, foBRITIZ0IM KBRKET > €
ZY LiREW (pH80) V. LTV EEED
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Fig. 2. Changes in hemagglutinating activity of SBA by
incubating at various pH at 37°C for 24 h.
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Fig 3. Gel filtration HPLC of SBA after incubating at
various pH at 37°C for 24 h. HPLC was performed
on Superdex 200 (1cm X 30 cm) eluted with 10
mM sodium phosphate (pH 7.2) /0.15 M NaCl at a
flow-rate of 0.5 mL/min.

EENIZS0:1BL0°100: 11025 L) IZREL, 37
C TR LEITo 72, _7 Y LT 8 BRI
Mo Ly FEEIET L, 24 EMZICIIRDO 6%
ICh ol MOBEZRTIE 24 BEBETL L7 F VIEEIC
bz bz o7 (Figd). R7 Y VHEbEE S
B L CHIVIES HPLC 1272 & 2 A, FREFIITHRE
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Fig. 4. Effect of enzymatic digestion on the hemagglutinat-
ing activity of SBA. @, Pepsin; O , trypsin; [ ],
chymotrypsin; A | pancreatin.

TESBA DY~ 2NBA L, 5 TEM 4000 DY — 27 A%
#int 7 (Fig 5).
SBA DIRITEIE

< A SBA * ENIRS L, BEY IS o SBA
B BEREANEE (v ¥4 v FELISA) THZEL
7:(Fig 6). AKETO01~10ng DSBA 2 EETHI L
DHRETH o 72, ZRFHEBOBEEMEIL6 ~ 8PLTHRD
7208, WREICKE EEREL AL N, K5H6 R
BBICIZIZRAMED 30 ng/ mL 12 L, 12208
LT® 10 ng/ mL @ SBA ASILEIZFETE L T e,
FITC-SBA DEHRE

FITC-SBA % 10% {4 L72SBA (1mg/[t) %<
AN G %, BEBEMICERM L THRE L -mE 4
Superdex 200 % T 4 % v 7247 )V i@ HPLC 12 21 72
(Fig. 7). FITC THEZ X 17- SBA B L I F D H % i
AR B TE= S — L7 25, SBA BT B O #OL
ZARERZL 6 EHBRICOT IR LIZDATH -
7. L L, GFEH4000 DERY — 713 1 BEH
MHMEAL, AMRBRICERIELZOLE LIRS
L7z, ZosEEGEINMA I, SBAZXRT Y UM
L7 JWBEEINZLDLIZIZRAL S OB E R
SEENbDEZZONB,

FITC-SBA D5 - 8 Brfi 212, ~ 7 A0+ 3885,
2B L RGO FY 2 B L, BENICBT
% FITC-SBA O ##35%5b % 77 )V 8 HPLC T L 72
(Fig. 8). + 1885 1213 R 1L D FITC-SBA #°% { i#
BLTBY, ZHBTIEOBTRYOERAA SN,
BT T84 4,000 DE LR R o H s e, &
NODIERDL, <7 21275 L 72 SBA iWBEHED
FREMBEHEER L 2B ow- ) EBEL, Y
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Fig. 5. Gel filtration HPLC of SBA after peptic digestion

for various periods. HPLC was performed as in

Fig. 3.
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Fig. 6. SBA like immunoreactivity levels in blood samples
from mice which were given SBA by stomach-tube
as measured by a sandwich-ELISA. Data are
means + SE (n =6 ~ 8).
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Fig. 7. Gel filtration HPLC of sera from mice which were given FITC-SBA by stomach-tube. HPLC was
performed on Superdex 200 (1 cm X 30 cm) eluted with 10 mM Tris-HCl (pH 8.0) /0.15 M NaCl
at a flow-rate of 0.5 mL/min. (A) Elution peaks were detected by fluorescence (Ex, 490 nm;

Em, 520 nm): (B) detected by absorbance at 280 nm.
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Fig 8. Gel filtration HPLC of the extracts of intestinal mucus from mice which were given FITC-SBA
by stomach-tube. HPLC was performed on Superdex 200 (1 cm X 30 cm) eluted with 10 mM
Tris-HCl (pH 8.0) / 0.15M NaCl at a flow-rate of 0.5 mi/min. Elution peaks were detected by
(A) fluorescence (Ex, 490 nm ; Em, 520 nm) or (B) UV absorption at 280 nm.
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