LEBREBALS R AT
4 %% 0 CNALY4-01
+ 334 2:% & Bowman-Birk F-v -RfEpE & drd| 2
C ERLRIRELY £ N
R LS B A
HEAHPF 942077 01l p394&12" 31p

¥ 2
< Bena A A 0 de 39 oK fEE% % #74] % (Bowman-Birk protease inhibitor,
BB) A% % e 2 2 {frR3 A3 O LEF FAMA TR EREDEL S

Z_ —E_/,}-HE:T;Z

o AP EER MU SHFP VR LEEE L E RIS HRAE - B2 EZR L
EN2BBLEF LR A B A UFERSA S £HBE PR B BHBBIE £ B o

FLe%lr  ~E2BBIg 2 ¢ XD &2 fiEE o En 2k o 3 b8 T 18R
et & Fze7 5 HBBIZ £ 7 F(p<0.05) st b i & ELHR RF LG P A

ST FEMA S > 2 E2BBIZERTER LI BADREEY P NG

EronE-RB2edBBIZ 2y oA P BB EF LA A ARt
EHAO e o RraEr e Rl R s A E EAEML B A SR
f F PP

Mers @ 3o kfEpEZ4r4]% - <~ 2 ~SDS-PAGE -~ v = £ &
qW ’P‘
o @b~ 2 B F 5 e 3(World Trade Organization, WTO){s B¥ay o).
4L F(WTOR 474 ¢ o > 2002) o 5e/frs 185 Bl 4o~ € TR £33 3 thife

§’£?4ﬁﬁr*§7ﬁwmﬁ&%ij’uﬁM%aﬁwﬁi+? T o b
TSR PR EHY 0BG R fEAhi B PRENE b KA RERRE N B

feen+ & (GlycinemaxL.)» 7+ & » 444 5 H & 5 3 B i cnE BEiF4H (3 & < > 2005) -

Jl'L ok ‘E’ ‘5/\,3_‘?'4—,':1—'}; LL"i‘ © i I‘Lm %\E\'A\ s ¥ ¢ _PE‘H@FM:;"‘P %&m15—|L14 ;;rg—r"

wht

EoBLEigE KA E A REE (NI E 5 1998, @ E L > 1999) ¥ - 2§ o

‘o

Er R AARER A TR A0 B 2RAFFEF T BB % B G K Uk
£k (i e X - 2004) -

LB el R KA ARHE AT A R SRR EM R ORR
SRR 2 HT G FRd BN > B X U G0 KRR £ Prd] F (protease



inhibitors) 2 £ & fit (isoflavone) . & ~ RIL P o BEA R &4~ 8 BBl (s 547 7 (%

S VIEEPET B2 WA E 0§ M BB RIS o F FATERF

‘/ﬂ ’F‘]’ EREA SRR m{é}-%‘rmlﬁ.i 3 % 4% i eu% % (Lang et al., 2003) » 7]
pUd JE e s B A & B hEfE T Lol R e R = e %l%m‘g‘-r”y‘fiﬁi°j‘
B LM AEAC B(LE S B)HEE 4 0 BHFA B & S BBI 2B A

'77?: ’Iﬁ’:@‘?”‘:‘?z_’kl‘ﬁ’iﬁjiéﬂ o ¥ =3 G > d N7 H—:‘%é*ﬁ'-&lﬁ ’JfE' /erng}m
BR7F 72 F ’%ﬂlfﬁ_f@% ”fé_—ﬁﬁghFI%‘\ Fp\ﬂbﬁgbf“}gk/n\h’!gﬂ o F]pt 7 FEvrﬂfé

&~ RHBBlZ EORF - 7L AR HDFHL w2 - o

LZ I - B
bR LA AFE THEEFLFEY o R B RA

posi]
/4

<ok
M

AFETRYd L

i
-
A-
o
’
)

Jeyt
’
Yo

Jeyt

e

4y

2 b B B3GR U E PR - m 4 AR 28T v LB
BBw i BHRACRR Y -

(=) ~ EBBIZSDS-PAGE% & = % 2% & ~ 47 !

PTIBEEME F (R ) PR

B3 7 3 £ 39 11 #% (Tris-EDTA-Triton-X100-PMSF, pH7.0) » ¥ ¢ * 355 %
(McCulloch MD41010) % %2~ o 3-v & <& % %P Bradford (1976) > *# BSA (Bovine
serum albumin; Pierce 23209) % &% & > | #* pJE2 K7 LR &2 h-v %‘r ZE °
SDS-PAGE ## %8 % 7 B iz Laemmli (1970)¢57 % » 12 15%SDS-PAGE # % i {7 3-¢ &
Tk e & X AP 2 BBI(T9777, Sigma-Aldrich Corporation) 3-v 5 5.3 ug » — i
Tk FEZE ALY o AR RS B L Gel-Code (Pierce 24590) &
Coomassie brilliant blue G-250 % ¢ -BBI & * % 24 7 §_* Towbin transfer buffer #-3-
G i Er 5 A L4 5 (Towbin, 1979, 1984) o — S #2452+ B it % %1 % 4] 1 BBI
5 ¥Rt > - = Fuk8 Anti-Moust IgG AP coujugate PIPEp Promega (S372B) > 4 *
(Western Blue®, Promega S3841)% & # &8 c R A P @ dw t thi § &% 00 HF
# B (UMAX Astra 12008)# # = 8t > fie £ 9 & % ffba® 4 ¥(SigmaGel™ Gel
Analysis Software; Sigma Z36, 561-0, Jandel)i& = BBI Z_% -BBI 7 € e+ & = ;% (ug/mg
b g )

TF

A BE#('E Sigmagel # 5 ) x 3ug (BBl #-# &2 £)
2 2mh iU Sigmagel # £ ) x 0.015 mg (& B A4 74 2 39 T E)
(: ) N "L‘FJ-A’\ 17 -

BBI ; € =




AT T 2 %35 2% SPSS 10.0 (Jandel): %44 > @ * One Way ANOVA

(analysis of variance)% LSD (least significant difference)4 7 & i A~ 2. 2 F L B -
B % 2%

BBI £.4 70-80 ekt io s » S FZ 5§ -~ BHEAEE . ABT P P FR

TRz ndrFEFFR> }]%é‘c;‘ % 8kDa = %+ (Lajolo and Genovese, 2002) » *
Fyep anf i@ SDS-PAGEZ & » S22 T fRET AR AITHMRITEEF P D

BBI 2 & » FlA 9% &K+ 78 A N & BBl ¢ T /AL $7enif 2 > ¥ 52 2 BBI kv
FaBitltael AR tmeFT2rir - #FRHSERIE AT F 4550 15%2
20%SDS-PAGE # a*r\' 7 F#cE 2 BBIEFR A - ABl- v F k5T pbp Sigma
Chemicals (T-9777)¢0+ & BBl v £ % 5. > H 3 & s 2 o F £>65kDa’ @ =t & =
A ek 3§ PI>16 kDa(B) 1A) e i&— # 2 20%SDS-PAGE £ < A F £ 1810 39 A 4505
Ha2AAh2zAdEir81kDar =& XAehh3 ER I 4144 kDa 2+ (F 1B) -
I EXAL AL PR T ¥ frB kAR BBl ipde F 4
B EFAE(R 1B %Eﬁ)’ﬁ B (Ford et al., 1982; Birk, 2003) o F]p* » jZd-ig ik F e j2 >
AT ARAREPEFY o2~ 0 % SDS (Millar et al., 1969) ~ "% i< BBI Jk &
BRCHRA %f‘ﬁ o 1 JE 1B R I2 R ens $7 3% (B 1B) - BBI 3¢ ?ﬁr_’“/} ezl oo
FErd 25 B kR @ BBl % k488 » &2 15%SDS-PAGE 3¢ ’?? RS R A

!

S 2asdrod BlICfe Dy ¥ 222 SR AL {78 % » BBl 2 & = 4 h

e

i+ % 5 8kDa (Sessaand Wolf, 2001) > 2>t F e+ chB B & & 4 » F] 5 kg
FRERH F BEASMSE TR g > 7 L2 E 1 #3 735(F 1D) - o+ ¢ > 5222 BBI
BE AT 5 9~10 kDa ch=x & &£ 4 > 3t d > 2 8L 458 K B8543 5 (B 1D > 4
Bf)e e E o AT ATEORALD GBS o BHESL NS LR P
(-)>*2 & 52 BBl g £4 47

4 2002 #RITRAE L SMEBBl £ R kT 0 2 BBl £ 6 %
SRR A PR ) Y uL BB S8 BBIZ R OPERNHE U G
B irtelraE-3(FE) " BBl 7 85 Mmf e gaE L5 L b2
BBI 7 # %t 168.29~201.79 (ug/mg #& % 3= )2 B - #2002 # £ 2003 & # T+ & %
BBl T B 2% > BEAIVERE BRI S5 F LS Fare BEFA BN

2003 # 4 T BBl § BB (B 2) e ¥ - 5 > f §4F b icHs @ & 5f8 0 %



T B § T Hh 0 PIEL2002 & 4 (T BBL § £ B F B 2 2003 A E
(Z)~F R FHRA < 2 BBl 7 £2 B 5
Al pen2 e o H BBl R 2 L B EE ¥ (4 3)° 22 5% Z%BBI
£2001 4 FFB 0 G E 0 F 2 (gl ¥ 0§ 143.8 ficd(ug)eBBI -
52m3§ﬂﬁﬁ$’ﬁzw%py%’ﬁﬁiiélﬂge
()78 E28RA*E2 BBl £ &
ﬂﬁﬁ%%&%*é4’ﬂ%ﬁ~#ﬁyaﬁﬁgﬁq_,@H BBI § £ 1%
P4 (4L P L2 5hBBl F£F 7 &% 5 (p<0.001) - £ 12 2003 & F i¥
BB AR BB AT - R(F2) - £hEF LARA 2
A+eBBl 2 BB e -
(z)~% &% 452 & 5 BBI 2

PR A S BT

1“‘&

& 3T
WL EL AR - BRTEL L

AL o NI EART 7 A
Foawsl B, T, BA Rt 7R

K
BFFIH LA 5HF o j\ﬁz yas

H3 P2 EREBBI A4 A TS ETHER CRAT A By TR

)
N

= > 7 fr(Datanot shown.) e d ** 3= F 5 A Fl2 A4 > ¥ H
205 ehdy o B xBhdho FiEF LR Hutdadrv B2t 2 o f o
#HF A EBEXE TR

1R E 100 % 7

ARHRER U SHFI DR LIS L ERIFATHM TEYI B2 52 L
2. Bowman-Birk 3-v -kj#pAkdrdl (76 > 582 SDS-PAGE H+ F & 447 -

Jeyt

~ a3 2 EBBl G EME L EFNFI O RFAVAL PR BRF T M-
cRE-9(FE)NBBI 222254y 0 bt i&%,g’mw#&ﬁ-p/ﬁa”io

\3& £

k"!\

)
\“‘\ﬂ
lm%

B R AN B IR ﬁzk’ﬁBM%ﬂﬁﬁ“’&rmem

VEERWAMFE HD Lier 28 < B2 ks BBl g
Bensf+e - BBL ¢ &3 8 ° ool % o U LB FRH T
LA S EFREARET*FAELZ S 282 P URFLARELZPE A F
FRNRERREASIPTRALZIBA ST F BT T 2RI T AL

m o

R R R IR



,J~

®

CFRLE KL AR LiERG SRR

N =f

N ?gf
BB S8 A F ) APERTE OREFRFTEAE S5 H L E W
ERRFCAS A GHWEEFLE R CRERE A BES HRTR KRE e

g Bmedn o BAT T HE  BUR SR AR FRENS LT

i

1.

10.

1.

12.

13.

14.

15.

16.

RN = U S UECA T
54 v g
WA s A 20040 L B A Beanw BB Ak o AR E 21 11-140
http://www.tndais.gov.tw/Dryland/= & *F &' 3 F-am § 27 X K pdf

BAEEREEAE I RE2005F 2 EM IR LG FPRBEET
%ﬁﬁﬁggﬁaéﬁ%ﬂ%’NKMHH¢R%5%LY’9§%%%ﬁQ%O

G T RE SR I 1999 REATRBAR3ELT A o Sd R L
fﬁﬁﬁwf*iﬁ 35'm24o
ot SHAZE S IR X i 02005 ° * & Bowman-Birk 3-v -k f2f% % $r

%\aiﬁﬁpﬂoawﬁﬁ w 45-60 °

%4ﬂoW%o%EEﬁ%éﬁhlﬂﬁi“JEﬂ%miﬁ%oﬂWé“*ém
1w~ 134pp.

oA 01997 2B 5 Bdr2 g bk o ¥ Wit FRLAH2 > 110pp.

Bradford, M. M. (1976). A rapid sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Analytical
Biochemistry, 72:248-254.

Birk, Y. (2003). Plant protease inhibitors. Springer-Verlag, Berlin, Germany.

Eldridge, A.C. and W.F. Kwolek. 1983. Soybean isoflavones : effect of environment and
variety on composition. Journal Agricultural Food Chemistry, 31:394-396.

Ford, D. E., Gutay, P. A., Ladin, B., Beachy, R. N., and Larkins, B. A. (1982). In vitro
synthesis of the Bowman-Birk and related soybean proteinase inhibitor. Plant
Molecular Biology, 1:227-243.

Head KA (1998) Isoflavones and other soy constituents in human health and disease.
Alternative Medicine Review, 3: 433-450.

Huang, LJ (2003) Studies on the Genetic and Breeding Behaviors of Quality Characters
of the Soybean Varieties Released in Taiwan, p.73. MS Thesis, National Chiayi
University, Chiayi, Taiwan, ROC.

Lang, J. T, O Neill, K. M., and Hallman, W. K. (2003). Expertise, trust, and
communication about food biotechnology. AgBioForum, 6:185-190.

Laemmli, U. (1970). Cleavage of structural proteins during the assembly of the head of
bacteriophage T4. Nature, 227:680-685.

Lajolo, F. M., and Genovese, M. 1. (2002). Nutritional significance of lectins and
enzyme inhibitors from legumes. Journal Agricultural Food Chemistry, 50:
6592-6598.

Lee, S.J., K.A. Joung, H.K. Seung, T.K. Jung, J.H. Sang, Y.J. Mun and M.C. Ill. 2003.
Variation in isoflavone of soybean cultivars with location and storage duration.
Journal Agricultural Food Chemistry, 51:3382-3389.



17.

18.

19.

20.

21.

22.

23.

24.

Millar, D. B. S., Willick, G. E., Steiner, R. F., and Frattali, V. (1969). Soybean inhibitors.
IV. The reversible self-association of a soybean proteinase inhibitor. Journal
Biological Chemistry, 244:281-284.

Nakamura Y, A Kaihara, K Yoshii, Y Tsumura, S Ishimitsu, Y Tonogai (2001) Content
and composition of isoflavonoids in mature or immature beans and bean sprouts
consumed in Japan. Journal of Health Science, 47: 394-406.

Sessa, D. J. and Wolf, W. J. (2001). Bowman-Birk inhibitors in soybean seed coats.
Industrial Crops and Products, 14:77-83.

Towbin, H., Stachelin, T., and Gordon, J. (1979). Electrophoretic transfer of proteins
from polyacrylamide gels to nitrocellulose sheets: procedure and some applications.
Proceedings National Acadamic Science USA, 79:4350-4354.

Towbin, H., and Gordon, J. (1984). Immunoblotting and dot immunoblotting: current
status and outlook. Journal of Immunology Methods, 72:313-340.

Wan, X.S. T.C. Hamilton, J.H. Ware, J.J. Donahue, A.R. Kennedy. 1998. Growth
inhibition and cytotoxicity induced by Bowman-Birk inhibitor concentration in
cisplatin-resistant human ovarian cancer cells. Nutrition and Cancer, 31:8-17.

Wang, H. and P.A. Murphy. 1994a. Isoflavone content in commercial soybean foods.
Journal Agricultural Food Chemistry, 42:1666-1673.

Wang, H. and P.A. Murphy. 1994b. Isoflavone composition of American and Japanese
soybeans in Iowa: effect of variety, crop year, and location. Journal Agricultural
Food Chemistry, 42:1674-1677.



SDS-PAGE Analysis of Soybean (Glycine max L.) Bowman-Birk Protease
Inhibitor (BBI)

Lee-Ju Cheng and Jin-Jia Fan
Department of Applied Life Science and Health

Chia-Nan University of Pharmacy and Science, Tainan, Taiwan (ROC)
Abstract

Soybean functional ingredients, such as: protease inhibitors, lectin, phytic acid,
saponin and isoflavones all have been proved useful in human health and some
physiological functions. In these studies, we first analyzed and compared several domestic
and commercial soybeans with their Bowman-Birk protease inhibitor (BBI) content using
SDS-PAGE protein gel electrophoresis and western blot. Investigation of varieties,
cultivation year, and plant area effect to the BBI content for soybeans were performed.
Results indicated that the amount of BBI in soybean seed is determined by varieties and
planting year. The manifestation difference (p<0.05) of BBI content in vegetable soybean
Kaohsiung No. 5 that collected from Tainan and Kaohsiung was mainly due to their plant
area. In fact cultivation year and plant area are obviously correlated and interacted to each
others. In general, the BBI content in the black soybeans is higher than non-black
soybeans, however, the amount of BBI in vegetable soybean Tainan selected No. 1 is

comparable to the black soybeans.

Key words: Bowman-Birk protease inhibitor (BBI), SDS-PAGE, western blotting, soybean
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Table 1. Domestic and commercial soybeans used for BBI analysis

Variety Number Crop Use Crop year Source Remarks
Tainan selected #1 (TS85-21V) TNS1-2002 Green soybean 2002 TDARES* Brown seed
Tainan selected #1 TN1-2003 Green soybean 2003 TDARES Brown seed
Tainan #2 TN2-2002 Soybean 2002 AVRDC**

Tainan #3 TN3-1998 Black soybean 1998 TDARES

Tainan #3 TN3-1999 Black soybean 1999 TDARES

Tainan #3 TN3-2000 Black soybean 2000 TDARES

Tainan #3 TN3-2001 Black soybean 2001 TDARES

Tainan #3 TN3-2002 Black soybean 2002 TDARES

Tainan #3 TN3-2003 Black soybean 2003 TDARES

Tainan #4 TN4-2002 Soybean 2002 TDARES Yellow seed coat
Tainan #5 TN5-1998 Black soybean 1998 TDARES

Tainan #5 TN5-2002 Black soybean 2002 TDARES

Tainan #5 TN5-2003 Black soybean 2003 TDARES

Tainan #6 TN6-2002 Soybean 2002 TDARES Black seed coat
Tainan #6 TN6-2003 Soybean 2003 TDARES Black seed coat
Kaohsiung #5 KS5-2002-TN Green soybean 2002 TDARES

Kaohsiung #5 KS5-2002-KS Green soybean 2002 KSARES***

Kaohsiung #5 KS5-2003 Green soybean 2003 KSARES

Kaohsiung #6 KS6-2002 Green soybean 2002 KSARES

Kaohsiung #6 KS6-2003 Green soybean 2003 KSARES

Kaohsiung #7 KS7-2002 Green soybean 2002 KSARES Black seed coat
Kaohsiung #7 KS7-2003 Green soybean 2003 KSARES Black seed coat
Kaohsiung selected #10 KS10-2002 Soybean 2002 AVRDC

Five Leaf WYB Black soybean 2002 TDARES Taiwan native
Heng Chun HCB Black soybean 2002 TDARES Taiwan native
X Sun Foods RS Soybean Purchased in 2002 USA GMO

X-Mei Foods YS Soybean Purchased in 2002 Australia Non GMO

X Sun Foods RBS Black soybean Purchased in 2002 China Green seed coat
X Hong ZBS Black soybean Purchased in 2002 South East Asian Green seed coat
X Eagle MBS Black soybean Purchased in 2002 China Green seed coat
XX Cruz Organic Foods SOBS Black soybean Purchased in 2003 USA Organic soybean
Kaohsiung #8 KS8 Azuki bean 2002 KSARES

Phaseolus vulgaris PV - 2003 Local market

*TDARES: & % B ¥:2 15 **AVRDC: Ty 78 B¢

8

***KSARES: % 2% B ¥ 23



Table 2. Analysis of BBI content among domestic soybeans collected in 2002 and 2003
BBI 7 # ¥ (ug/mg 42 5 35 )

RE &
2002 & 2003 &
1 TNS1 217.65+7.12 251.32+5.52
2 TN2 188.66 + 8.88 ND
3 TN3 168.29 +7.99 246.92 + 1.84
4 TN4 201.79 £ 6.17 202.94 +5.45
5 TN5 173.41 + 6.58 244.06 + 7.41
6 TNG6 153.78 + 3.60" ND
7 KS5-TN 183.58 £2.10 ND
8 KS5-KS 169.99 + 3.32 170.08 + 2.46
9 KS6 284.16 + 8.05 175.87 + 8.00
10 KS7 248.24 + 6.41 178.22 +4.20
11 KS10 148.61 = 7.03 ND
12 WYB ND 151.09 +5.90
13 HCB ND 246.53 +5.98
F values® 115.64%%* 156.01%**
2 Data are means + S.D. for 3 trials
n=2

9 Levels of significance of ANOVA; *** significant at 0.1 %

L3~ PHICERLFERE S8 Z BBl 41
Table 3. The content of BBI on black soybean variety of Tainan 3 in different crop years
KT E 6 BBl 7 £(F# 2&)
~ *TE >
r‘f’ﬁ— ;b" ‘1( 7 (Hg/mg #EIT}E' )a)

1999 206.77 £9.94

2000 204.41 + 8.46
TN3 2001 143.80 £ 5.19

2002 168.29 + 7.99

2003 246.92 +1.84
F values” 88.62%**

% Data are means + S.D. for 3 trials
Y1 evels of significance of ANOVA; ***_significant at 0.1 %

BBI (ug) BBI (ng)
kDa M 5 10 15 kDa
175 - ,A
K — 20.4
£ — 16.9
4715 —
' 14.4
I 8.1
5 6.2
155 - - t ]
£ BBI2 5
[ o
poohea marka —
Bl 1~ = & BBIz SDS-PAGE /A FZ4 %2 & > 2 g4 47
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Fig 2. SDS-PAGE protein gel electrophoresis and western analysis of soybean BBI
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Fig 2. Comparison of the BBI content among domestic soybeans in two crop years
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