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Purification, Characterization of a Trypsin Inhibitor from Black Soybean [ Gly-
cine max (L. ) merr. | and Effect of High Temperature on Its Digestion
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Abstract; Trypsin inhibitor (TI) has significant research value in food science and biotechnology. In order to investigate the
properties of black soybean trypsin inhibitor ( BSTI) and the digestive properties of gastrointestinal fluids, BSTI was purified
from black soybeans by degreasing, heat treatment, ammonium sulfate salting out and anion column chromatography. SDS-
PAGE showed a single band of BSTI with a relative molecular mass of approximately 21 kDa. BSTI was stable below 60°C and
in the range of pH2-11. When the molar ratio of BSTI to trypsin reached 1, the activity of trypsin was suppressed to 15% or
less. Inhibition kinetics indicated that the inhibition of trypsin by BSTI was non-competitive type, and its inhibition constant
K, =0.24 nmol-L™". The results of circular dichroism analysis showed that the secondary structure of BSTI at room tempera-
ture was B-sheet 43.4% , random coil 29.0% , B-turn 21.2% , a-helix 8.1% and its denaturation temperature was 61 +
0.9°C. BSTI was resistant to simulated gastrointestinal fluid digestion. However, after heat treatment at 121°C for 30 min, the
anti-enzymatic action of BSTI was significantly reduced, and was easily hydrolyzed by major digestive enzymes such as pepsin,
trypsin and chymotrypsin.
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BOX, B[ Syngene 2% 7 ; 5 41730 )6 B it Lambda
35, 3 [# Perkin Elmer 2 &) ; 9643 Y66 31 FP-
6200, H 7K Jasco 2N 7l 5 B — 1%, 3% Chirascan , 2
Applied Photophysics 2\ F] o
L3 R@igit
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BSTI, 7 pH8. O il i HAm il 7 4
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B 100 nm-min ', YEREMIFE 1 nm, KW EFE] 2 s DA
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(2) PR EE R E  7E 30 ~ 100°CHE A, LA
B o 3% A 44 0. 24 mg - mL™' iy BSTI %5 K,
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()Ml sh IS H M E  Ph Boe-Gln-Arg-
Arg-MCA J BT 3h 124250 e . 7ER
Al BE R, AR MR BE (10 ~40 pimol -L7")
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(1) B E WL FELE W (simulated
gastric fluid, SGF) 2§ 3¢ [ 25 Sy vkl & ', il
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HATR], FVERG B AL A BSTL 43 A 3R Jin#A A 121C
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(3) LS I GE LA IR L E I
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Ve T3k, 25 SDS-PAGE 4347 i 401, BSTI & P — 4%
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a; Column chromatography purification of BSTI (3 mL per

tube) ; b:SDS-PAGE of purified BSTI; M ; Protein marker.
El 1 BSTI #i{L E47TE 5 SDS-PAGE 534
Fig. 1 Column chromatography and SDS-PAGE of BSTI
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Fig. 3 Stability of BSTI at different pH

HoE a-1BHE(ELD),
AN BE X BSTL — 4% 25 44 4 52 Wi 40 ] 4a ip
7R, AT LA 4 BSTI 7E 60°C DL R = = 2 45 ¥ % A
B AR Ak, (H 24 05 B HE 5 60°C )5, H g gk i &
A B A . BSTI B AR PR A 61,0 0. 9C (&
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a:The secondary structure of BSTI at different temperatures; b:The denaturation temperature of BSTL
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Fig. 4 The effect of temperature on the secondary structure of BSTI
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Table 1 Secondary structure proportions of BSTI at different temperatures (%)
L o — 1B LR &) RER) B-1& TR 4 B
Temperature/°C a-Helix Anti-parallel Parallel Beta-Turn Rndm. Coil Total
30 8. 10 40. 10 3.30 21.20 29.00 101. 70
40 8. 10 40. 60 3.30 20. 10 29.10 101. 20
50 8. 00 40. 60 3.30 20. 10 30. 00 100. 90
60 7.80 41. 60 3.40 19. 90 30. 00 102. 70
70 6. 80 43.30 3. 60 19. 40 30. 40 103. 50
80 6.20 43.90 3.60 19.20 30.50 103. 40
90 6.10 44. 40 3.80 19.20 30. 80 104. 30
100 6. 00 44.70 3.90 19. 20 30.90 104.70
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BSTI 5 e 2 1 Bl A9 BE /R LU iR 21 1:2 i, R AR (B
PTG T10 50% 5 I 24k 238 K BSTI 9 78 il i %
FEJR LG 11, W) JA, 1 il ) PRl A i 22 15% et
Lineweaver-Burk XUEEAE R 7w, b BSTI ¥ i 14
R, T e R B 7 SV, B W DR/ , ALK TG
K, BEACRNZZ 5200, X B, 1 il ) 410 1 26 28 R 2y
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=
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H B SR 4G 1 ie I (K 5b) o 3@ it 4 B s
I BSTL J5 d5e R B2 B BV, B AR fE a3, al SR 15
BSTI i Ji & [ g A4 90 ) 4 4 K. =0. 24 nmol -L ™", 3%
BB /N T AR -5 IS 40 By oK B (K, =
4.19 wmol - L") , W BSTI i 2K 11 i3 (14 332 1 ) iz
=TI, SDS-PAGE 45 R 3, BSTI g% 55 e ik
HEgSS G T ide e s - I F 2 S5 (& 6) .
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a: AN[FIBEIR L (BSTI [JAE ) T BSTI XS JBEEE 4 BEIG PE A R20 ;b - BSTI X IR (B 3 3 127
a; Inhibitory effect of BSTI on trypsin at different molar ratios ( BSTI; Trypsin) ; b:Inhibitory dynamics of BSTI on trypsin.

5 BSTI X [EE B BB M HI(E A
Fig. 5 Inhibitory effect of BSTI on trypsin
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kDa

116.0

BSTI-EE AR &4
BSTI-Trypsin complex

66.2

45.0

35.0

25.0

18.4
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M: AR AESE H 5 12 BSTL; 2 4K H 5 3: BSTI - JRAE H

M Protein marker; 1:BSTI; 2 Trypsin; 3:BSTI-trypsin com-
plex.

6 BSTI - [EEAEE & ¥H SDS-PAGE 1
Fig. 6 SDS-PAGE analysis of the BSTI-trypsin complex

2.5 BSTI BE4FIER R

2.5.1 BSTI #$% § &l o BSTI AL E W
THALRA TS5 S R I R & s iR AL #E Y BSTI LT
AN AR T A, RIS A s ] 224 3] 60 min,
BSTI s H 42 Gl fife (181 7a) o WA LR BSTI 58422k

a

%, R H 121°Cin#4 30 min X§ BSTI #E47 K i AbFE
T IR AL RS Y BSTI, 22 5 3 F B M AL 5 min £ H 3
Rk fige , LBt 25 T T s i) 074 JE -, HL A 0 S R
B i 41k 60 min J5 , BSTI iy 32454 K E bk B
B A B A F 5= (B 7h) o B6HA & T
AE il BSTL A1, 5 28 A 42 & AR O AE , 5 v
2 F il T e o

2.5.2 BSTI Bk il /o4 BSTI hy & (i
PRI, AS 25 40 R 2 11 1l 0 (161 8a) o BRI 48
121°C i i b 38 ), 198 26 11 il AR 08 8 4 B IE) N (5
min ) $ BSTI 3= 4545 K 4ok n i) 38 44 7 4k 58
2, MTH AL R GA 2] 180 min B, {UFE 16 ~ 18 kDa 4b
% BA /D RIS TR A (1R 8b) o A W) A 15 0
FERBEFL R U I TE AR R P g B, th T A
B e S5 H , R 2R B BSTI [R)BEAS Bl Jp e 7L
G (] 9a) (R REE 7L AR (1l X 1y IR A B 5
() BSTI ELA 4 e A TH AL =, A&l 9b FR , JgssE sl
BT BSTI (14 B i o 32 R 12 T IR 2R (1 it , (HL7E T
£k, 180 min J5{LAE 13 i1 18 kDa Ab5% B (%4> T 114
TR, b gt R, iR BSTI SRR by 2R 11 i
ARSI 57, (0 121°C B A B S BUN &R A
o A P el Lt S S 41 590 1 5 L B e W Y Ak
it FT 1 o

b

a: RN BSTL; b 121°C fin#4 30 min J5 (9 BSTL; M. AR iR 115 Curl: X B8 1 ~7 4350 i 4k 1,3,5,10,15,30 160 min,

a; BSTI without heat treatment; b:BSTI after heat treatment at 121°C for 30 min; M ; Protein marker; Ctrl; Control; 1-7 indicate

1,3,5,10,15,30 and 60 min digestion respectively.

7 R XS BSTI ;H4LAJ Tricine-SDS-PAGE 434
Fig. 7 Tricine-SDS-PAGE analysis of BSTI after simulated gastric fluid digestion
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b

a: A SNF BSTI; b 121°CHn#4 30 min J5 A9 BSTI; M ARriER H ; Cul X5 1 ~ 7 435w iH4k 5,15,30,60,90,120 1180

min, F[d],

a:BSTI without heat treatment; b:BSTI after heat treatment at 121°C for 30 min; M : protein marker; Ctrl:Control;1-7 indicate

5,15,30,60,90,120 and 180 min digestion respectively. The same below.
8 RHFiK(BEEABS) X BSTI i&{L# Tricine-SDS-PAGE 4> #f
Fig. 8 Tricine-SDS-PAGE analysis of BSTI after simulated intestinal fluid digestion ( trypsin)

a

b

9 B (REZEQES) XS BSTI j§{LA) Tricine-SDS-PAGE 434
Fig. 9 Tricine-SDS-PAGE analysis of BSTI after simulated intestinal fluid digestion ( chymotrypsin)

2.5.3 BSTI 4§ Wikik 25 o4 Y
SEBRIE AL R 2 T RORN W A 1R A 2
PRI, A 00 B i — 20 3 2ok DL S ' P W 231 Ak
R B0 BSTL () iH etk . 45 R R, KaEm
AL PRI BSTI 7 15 8 1B 4L 60 min, DK B
fifg 5 g vt L AR A AL (R T Ak 180 min J , H 2 4%
FEARBAAEA (K] 10a) , W] 5 17 W A0 i X R A8
PR BSTL A 43 R o % 121°C i ab B 5

i) BSTI, 28 & £ I A 60 min 5774 T 400
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