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Abstract

Bowman-Birk type protease inhibitors of soybeans were purified with gel filtration on
Sephadex G-75. Significant differences were found in the content and in the electrophoretic

patterns of the purified protease inhibitors. Ten among fourteen electrophoretic bands appe-
ared as protease inhibitors. The chymotrypsin and trypsin inhibiting activities in soybeans
showed three and four fold variation respectively. And the cultivars with higher chymotry-
psin inhibiting activities seemed to have higher cysteine contents.
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Table 1. Chymotrypsin and trypsin inhibiting activities of soybean cultivars
Tie Tib % CLA 9, T.LA*xx % C.ILA.
g seed g seed 9% T.I.A.
LC 7712* 0 52,200 164, 700 0.316
LC 7607 0 45,900 154, 200 0.298
LC 7603 0 45,750 147,900 0. 309
LC 7616 0 44,700 131,100 0. 341
LC 7822 0 0 43,350 159, 900 0.271
LC 7614 0 39,975 102, 300 0. 391
LC 7703 0 36,675 116,400 0.315
LC 7876 0 34,425 109, 200 0.315
1.C 7701 0 34,425 107, 100 0. 321
LC 7758 0 33,075 90, 300 0. 366
LC 8101 0 30,525 105,000 0.291
Hwanggeum 0 29,475 70,800 0.416
LC 7863 0’ 26, 700 79,200 0.337
LC 7801 0 24,975 74, 400 0.336
1.C 7865 0 0 24,975 73,500 0. 340
LC 7857 0 24,675 93, 300 0. 264
LC 7821 0 24,675 112, 800 0.213
LC 7609 0 23,925 67, 350 0.310
Backwhadaeyujin 0 23,925 77,100 0.310
Baegun 0 22,425 86, 100 0. 260
LC 7859 0 22,200 77,700 0. 286
Paldal 0 21,900 75, 600 0. 290
LC 7815 0 21,675 80,700 0. 269
LC 7825 0 21,675 91, 800 0.236
LC 7812 0 18,300 77,700 0.236
1LC 7828 0 15,525 77,100 0. 201
Geumdn 15, 225 37,500 0. 406
Geumsanjong 0 0 28, 885 79,200 0. 365

*LC : Local culture

**(C.1LA. : Chymotrypsin inhibiting activities
*#**T T.A. : Trypsin inhibiting activities
Ti?, Tit : Kunitz type isoinhibitors
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Table 2, Protein content and protease inhibiting activities of 8 soybean cultivars

H [+}
Soybeans cogfé’,ﬁf{‘;:) gﬁ p%% ;%) p}(‘)'tle.g. 2/2 SI:‘IIAA
LC 7712 32.90 158, 662 500, 608 0.316
LC 7607 37.07 123,820 415, 969 0.298
LC 7758 35.72 92,595 252,799 0. 366
LC 7101 36.37 83,929 288, 699 0. 291
LC 7812 34.37 52, 480 222,827 0.236
LC 7828 38.78 40,033 198,913 0.201
Geumdu 31.16 48,882 120,347 0. 406
Geumsanjong 34.84 82,908 227,324 0. 365

# Nitrogen to protein conversion factor : 5.63
Nitrogen contents were determined by Kjeldahl method

Table 3. Content of crude Bowman-Birk type protease inhibitors in 8 soybean cultivars
£/30g seed

LC 7712 LC 7607 LC 7758  LC 8101 LC 7812 LC 7828 Geumdu Geumsanjong

2.01 2.04 1.99 1.85 1.64 2.08 1.77 1.70

Table 4. Chymotrypsin and trypsin inhibiting activities of crude Bowman-Birk type protease

inhibitors
% C.LA. % T.LA. % C.LA.
mg sample mg sample 9% T.LA.
LC 7712 57.02 243.12 0.235
LC 7607 71.28 278.44 0. 256
LC 7758 48.72 ‘ 215. 68 0.226
LC 8110 83. 50 278. 44 0. 300
LC 7812 85.03 341.16 0. 249
1C 7828 62.59 152. 96 0. 409
Geumdu 82.48 274.52 0. 300
Geumsanjong 86.74 333.32 0. 260

Table 5. Content of purified Bowman-Birk type protease inhibitors in 8 soybean cultivars
g/100g protein

ILC 7712 LC 7607 LC 7758 LC 8101 LC 7812 LC 7828 Geumdu Geumsanjong

I 0.52 0.35 1.06 0.60 - 2.53 0.75 0.06 0.23
o* 9.36 8.07 7.78 7.86 6.67 7.7 7.35 7.69
I 10. 49 9.93 9.69 8.47 6. 69 9.41 11.55 8.32

Total 20,37 18.35 18.53 16. 93 15. 89 17.87 18.96 16.24

* 1 Purified Bowman-Birk type protease inhibitors(fraction I on Sephadex G-75)
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Fig. 1. Sephadex G-75 gel filtration of crude Bowman-irk type protease inhibitors from Geum-du

Table 6. Chymotrypsin and trypsin inhibiting activities of purified Bowman-Birk type protease

inhibitors
% C.LA. 9 T.IA. _% C.LA.
Soybean mg sample mg sample 9% T.IA
LC 7712 1629 3294 0.495
1L.C 7607 1726 2850 0. 606
1.C 7758 1364 1819 0.750
LC 8101 ‘ 1393 3710 0.375
LC 7812 1054 986 1. 069
LC 7828 1425 2642 0. 539
Geumdu 1184 1610 0.735
Geumsanjong 1319 2588 0.510
Eg Ao LC 7828 FFoz 5% bands} gz
Zael R —Birks inhibi-
Z=8 HHSE Bowman-Birkd protease inhibi WA 4Ws 59 band Aoje] FE EZdL g
torQ| M7|E S w

8 Z%9 AAH Bowman-Birk3d protease inhi-
bitore] A7} FF4e] g AFe Fig. 20 1
Bt A9 EAS 8FFAA & UAY o
&t 7} & bandst YEhyer 1~8¥7A 8
major band= LC 7828 E%& A3 7 FFA

Za= X

da Aesk 9 Aoz dHgt 8FFF S

bandrs} &A) e o (4”) minor bande] #-$-
1V band:= F4-%, LC 7712, LC 7607, LC 7758,
LC 7812¢) 4], 2’ bande 4%, LC 7758, LC
7828, LC 8101, EF-¢ljA, 4 bands= F4%F,
LC 7712, LC 7828, FFojAut veyz, 7
band= §¥F EFA B43te 5 F57d 4

(<)
ABFdel Aol gge nelFa gk
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Fig. 2. Polyacrylamide gel electrophoregram
of fraction II on Sephadex G-75

S : Standard Kunitz trypsin inhibitor
B : LC 7607

A:LC 7712
C :LC 7758
E :LC 7828

GD : Geumdu

D : LC 8101
F :LC 7812
G S : Geumsanjong

7|9 E bandQ| protease ASHEMHE HA

8 F%9 74 bandZFol4 o]® bandr} chymotr-
ypsin 2 trypsin A FAEE B{3}=A 47
AN A A7 FEZE gels 2mmA AE g A
< &3 o] &9 protease AHTHEES =H
3 A Table 74 Vel givk % 1470 ¢ band
% 1,2,2,27,3,4,4,5,6,79 107] band7} pro-
tease AHBAEZE sz Yo o] &L isoinhibi-
torz ostg e yrA 1,4,7,8& AAEA
=7t 94k 10719 isoinhibitor & LC 7712+
band 2,3,4,5,6,7%, LC 7607-& 1,2,2”,3,4,5,6,
2, LC 7758 4 LC 81012 1,2,3,4,5,6,7%, LC
7812%= 2,4,5,6, 7, LC 78282 1,2,2,3,4,4, 6,
78, FFE 2,3,4,67F TAEL 1,2,2,34,
5,6, 78 2H3E T F570 BE HolE uy
=}, 10719 isoinhibitor & chymotrypsin A 3] &
AE7 I AL 2,2,3,47,6,799 2 band 7
9 A% ;& bande] u]& chymotrypsin & &
Ax7 44 F7] #@Fol o] bandd] Fako] fF
Z239 AA chymotrypsin A 3| Az} 4 FE

Table 7. Protease inhibiting activities of the electrophoretic bands of purified Bowman-Birk type

protease inhibitors in 8 soybean cultivars
1 1 2 2 27 3 4 & 4’ 5 6 7 7 8
1Cm2 ¢ O O @] o O O O O + H O O
T O O #H . O # # O H 1t 1 O O
LC 7607 C O O O . + + O O + i o O
T + O H# ~+ + H# H# it it O O
Lc7ms ¢ O O O O + O o + # O O
T # O # O + ’ H# it H o 0O
LC 8101 ¢ O O O + O @) + H# o O
T + #t O + # Hit N @ O
iIcni2¢c O O + . O O @) O + H# O O
T O O H# O o 1t H i @ @)
LC728 C O o O o O O +# + # O O
T H# H# H# # O Sl H# H O O
Geumdu C O + O O + O O o + # O O
T O + O O O H# O . it H# HH O O
Geims- C O O O + O + O O o + # O O
anjong T it O H# H O H# H# O # H# # O O

C : Chymotrypsin inhibiting activities

T : Trypsin inhibiting activities

O : Band is present, but no inhibiting activities were found

+ : Degree of inhibiting activities
-
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Table 8. Content of isoinhibitors in 8 soybean cultivars

g/100g protein

Soybean 1 2 2 2t 3 4 4 5 6 7  Total
LC 7712 - 0.505 - 0.532 0.571 < 1100 0.502 1.271 4.481
LC 7607 0.858 0.496 - 0.397 0.523 0.723 < 0.83 0.553 0.979 5.365
LC 7758 0.504 0.445 0.554 0.745 < 0.669 0.588 0.960 4.465
LC 8101 0.388 0.462 0.509 0.841 - 0.668 0.638 0.932 4.438
LC 7812 - 0.562 0.599 < 0.698 0.544 0.768 3.171
LC 7828 0.596 0.542 0.280 0.753 0.838 0.495 - 0.591 1.086 5.676
Geurndu - 0.446 0.417 0.568 © 0,623 0.459 0.732 3.245

Geumsanjong 0.649 0.399 0.208

0.614 0.525 + 0.720 0.537 0.838 4.490

11 Aoz +3

i,

o,

Isoinhibitore| &tat

9k4] chymotrypsin 9 trypsin 43| @4 %2 3
ol€l 107] isoinhibitore] ¥ gkg densitometer
FA%el A 10089 FHFeE AT AR
+ Table 8¢} vebi geh =t 100g% F7%F
] band 1-& (.388~0.858g, band 2= 0.399~
0.562g, band 32 0.509~0.753g, band 4= 0.525
~0.841g, band 5% 0.623~1.100g, band 6+
0.459~0.638g 0.2 FF 7] Aol E Molx Yo
v 9 g9 chymotrypsin A BA=dE A
THA L goirh dw chymotrypsin A F A=
7} &2 bhand 78 7% 9wl g3 chymotrypsin
ARBAZY] A% 2 AFE nged, 2
gekE 0.768~1.271g°1 k. &, A g3
chymotrypsin A& =7 7b4 & LC 7712
F&o] oA 100g% 1.271ge 2 A Bgx =
7 %L chymotrypsin A FAH =7} ol w}
g AR gaste] g g3 chymotrypsin A &)
A= e LC 7812 332 292 10089

O

O

0.768g°1 gl vk ol FAAA Y chymotrypsin A
HBAE 7} & FFo] o F isoinhibitor Fof A
chymotrypsin A& & A =7} =& isoinhibitorE
wol @43t chymotrypsin A A=Y} %
£ 22 chymotrypsin A3 24 X7} ¥ isoinhi-
bitor7} F e A& ondh

S Z&% chymotrypsin Ko} &M=} Bow-
man-Birk3 protease inhibitor & cysteine &ttt

of

Chymotrypsin A& &4 52 FHolz v 3%
% d % ¢ Bowman-Birkd protease inhibitor g
%7 cysteine ko] wlgt AFHE Table 9¢] 1
] 9l oF. Bowman-Birk® protease inhibitor 3
2o LC 7712 $%o] 24 100g% 9.3652.% 7}
A wskm w3 cysteine FHE D84 g7 0. 1258
mmolesz4 743 &gtk LC 7828 ¥4 A4
Bowman-Birkd protease inhibitor F#& w4
A 100g% 7.71ge s A Agx cysteine
=g g9 g 0.0763mmoles2 A 7H4 gl

°] = chymotrypsin AHEAE ) =& ZZ o

Table 9. Cysteine content and protease inhibiting activities of 3 soybean cultivars

9% C.LAx 9% T.OJ.A** 9, C.LA. I wx cystein¥xrk

g protein g protein 9% T.LA. (g/100g protein) content
LC 7712 158, 662 500, 608 0.316 9.36 0.1258
LC 7758 92, 595 252,799 0. 366 7.78 0. 0859
LC 7828 40,033 198, 813 0.201 7.71 0.0763

* : Chymotrypsin inhibiting activities
*% : Trypsin inhibiting activities
FEE

#¥¥% » mmoles/g protein

: Purified Bowman-Birk type protease inhibitors(fraction § on Sephadex G-75)
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Bowman-Birk3 protease inhibitor % 3Fe] ¥
=3} cysteine gEkx ¥ om, chymotrypsin A 5}
2457 ¢ FF2 Bowman-Birk¥ protease
inhibitor 3 2% @ ¥ cysteine &z T2 Ao
e AL FAS dASE AHt Fh ¢
Ao Asz B o d% £E7 chymotrypsin A
HZ Y =9 cysteine FaFztol= Ao FHAAA
&€ ¢ F A¥x2 F2 & chymotrypsin A
F4x5t 22 $%52 chymotrypsin A A=
7} &£ isoinhibitorg o] FH-Fatz 2o @
gk #EAd £ d7dAE d4A ez AF
%7 chymotrypsin 4 ZA=E vagozs
cysteine §%#¢ 7AA oz AT & Y4 =
Hut oeigt ARWAE o B E39 chymot-
rypsin A FA =} 2 FF cysteine g
54, 2 22 AF4E Hagoezd o 9Ty
BEd 4 g Aeldh

2 <%

5238 $&, AJA T Bowman-Birkd pro-
tease inhibitor £ @} AJGF R4S vz
32 A A Q inhibitor) o] &4 8} 7 isoinhibitor
9 &g zASH ov F42W % chymotryp-
sin A3 B4 =9} cysteine FFAe] FA S o}
2tk 8E%9 W F=zHE Sephadex G-75%
o] 23le] 9.2 AA = Bowman-Birkd protease
inhibitor£¢} #¥3-2 B3 100g% 6.67~9.36g
o2 FF3 & o)t itk AAH Bow-
man-Birkd protease inhibitor&9 AJ|G%F &
AL FE B AolE Hgen 7 bandd
T e Aozt Ak 8FFS AAH inhibi-
tore] A el £ 147018 A7]19 5 band F 10
7N 9] bands} protease AFH TPz E HE3NPY =
2% chymotrypsin A &4 £ 7} =& A& band
7o) Rod 2 ¥ U 10029 0. 768~1. 271g
0.2 £F7d Ao]E o] FAY chymotrypsin
AR BAEA 5L F504 Tl gk A5
Xz chymotrypsin @ trypsin A (== 2
% F4 g% 52,200~15, 2258 164, 700~37,500.2.
2 F57e 39 F 4 g AojE EPz 2
A gFez 43 Y 158,662~40,033 F 500,
608~120,3472.4 FA g7 AHFAI=S} T
AgolRean] 39 ol Holg Y FF
4 cysteine ¥ dWA g2 0.1258~0,0763-

mmoles24 FF 7ol ol g dERAL olE
Av % chymotrypsin A ZA =t A FA2E
A7t ARk

N9

2 4FE (DAATAY ATFAL 93]
a5 ool ZA=Y Y

t o2 3
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