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Fig. 1

Induced expression of fusion protein UPL-BBTI (a), purification of UPL-BBTI with Ni column affinity chromatograph (b)

and separation and purification of rBBTI and UPL with DEAE-FF anion-exchange (c)

#£ 1 BBTIALECR
Table 1 rBBTI Purification efficiency
Purification steps ~ Volume/mL  Total protein mass/ mg Total protein activity/EPU Specific activity/(EPU mg ") Yield of activity/%
Before purification 30 30 7.5 0.24 100
After purification 18 13 4.5 0.36 60
Dialysis 18 13 6.0 0.46 130
EPU—Active unit
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Fig.2 Optimal temperature of rBBTI (a) and BBTI (b) inhibiting trypsin and chymotrypsin
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Fig.4 Optimal pH of rBBTI (a) and rBBTI (b) inhibiting trypsin and chymotrypsin
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Fig. 6 Inhibition curves of rBBTI inhabiting trypsin activity (a), rBBTI inhabiting chymotrypsin activity (b), BBTI inhabiting trypsin activity

(c) and BBTI inhabiting chymotrypsin activity (d)
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% 2, E (M MM BAEE [ B I, K K H 2 (K,) N
4.9x107° mol/L, Fie KW (V) N 60 pmol/min, 24
HIABBTI J5,K,, 4 2.0x10 mol/L, ¥, *4 28 pmol/min,

K8 N 47x102 mol/L, 24 /it A BBTIH} , K, K
1.0x10° mol/L, V, & 20 umol/min, K; {H & 7.8x107
mol/L. Xf It BBTI I rBBTI 1 K i LA J% 1Cs, 18, &
L eBBTI AT LA R0 ) i 2 11 g, JHC 91 o) 208 3 ¢ il
{&F BBTI,

DL BE #E (B A1 ATEE b K 90 ) B 1Y K, M
2.6x10™ mol/L, V. A 265 umol/min, fil A rBBTI J5,
K, o} 2.5%10 mol/L, V& 122 pmol/min, K, {H N
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Table 2 Kinetic parameters of rBBTI and BBTI to inhibit trypsin
and chymotrypsin

Proteases and inhibitors K./(mol'L™) ¥, /(nmol'min™) Ky/(mol-L™)

Trypsin 4.9x107° 60
Trypsin+rBBTI 2.0x107° 28 4.7x1072
Trypsin+BBTI 1.0x107 20 7.8x107

Chymotrypsin 2.6x107 265
ChymotrypsintrBBTI 2.5%x107* 122 1.7x10™"
Chymotrypsin+BBTI  2.3x10°* 63 5.0x10°

1.7x107" mol/L; 24/ A BBTI i}, K, A 2.3x107* mol/L,
Viax N 63 pumol/min, K; {H°4 5.0x10 mol/L. #4j& BBTI
1 rBBTI 10 i[5 2 (1 il 1 BE 28 1 i 1) 30 ) 7 AR 2
B, e BV A S0 M A 1 R — S e g v
il 7501, 400 o B R P A — el T e e e R e
T3 BBTI Fil tBBTI 1)1 il 20 % 25 5 1) 2 22 s 1A W] fig
J& BBTI {940 H rBBTI AY 4L & .

—

40 45

m— Chymotrypsin
0.07F & Chymotrypsin + rBBTI
4a— Chymotrypsin + BBTI

0 5 1‘0 1.5 Zb
é/(mmol'L’l)
(b)
7  Lineweaver-Burk XUk 4341 tBBTI Al BBTI 10 il [ 2 11 6 (a) 118 26 11 6 (b) (1 811 3 2%
Fig. 7 Lineweaver-Burk plots analysis of the kinetics of rBBTI and BBTI inhibiting trypsin (a) and chymotrypsin (b)
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SER—-195) i 13 H1, 1% 3 X Ji§ 9 45 4E FH, 24 BBTI
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Fig. 8 Hydrogen bond interaction of BBTI with trypsin (a) and hydrophobic interaction of BBTI with chymotrypsin (b)
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Properties and Inhibition Kinetics of Recombinant
Bowman-Birk Trypsin Inhibitor

LIU Li', YANG Fan', LI Suxia', GUO Ao', LIU Xiao’, WANG Zhike’
(1. State Key Laboratory of Bioreactor Engineering, East China University of Science and Technology, Shanghai
200237, China; 2. Shanghai Yaxin Biotechnology Co. Ltd, Shanghai 200231, China)

Abstract: Bowman-Birk soybean trypsin inhibitor (BBTI), extracted from soybean (Glycine max L.) seeds,
possesses insect resistance and anti-tumor properties. However, its specific mechanisms of action are still unknown. An
efficient method to produce recombinant BBTI (tBBTI) in E. coli was reported. Some biochemical properties of rBBTI
were revealed and the inhibition mechanism of BBTI was discussed. The rBBTI was successfully expressed with E. coli
(BL21) expression system, and was further purified by Ni affinity chromatography and DEAE-FF column efficiently.
The BBTI and rBBTI showed similar biochemical properties. The optimum conditions for inhibiting trypsin were pH 8
and 25 °C, and the optimum conditions for inhibiting chymotrypsin were pH 9 and 16 °C. BBTI and rBBTI were stable
below 37 °C. The inhibition kinetics assay of BBTI and rBBTI against trypsin as Lineweaver-Burk plots analysis
showed an increased Michaelis constant (K,,) and a decreased maximum reaction rate of enzyme (V) with N-benzoyl-
L-arginine ethyl ester(BAEE) as substrate. It suggested that BBTI and rBBTI were anti-competitive inhibitors interacted
with trypsin. Both the inhibition kinetics assay of BBTI and rBBTI against chymotrypsin as Lineweaver-Burk plots
analysis showed an unchanged K, and a decreased V,,,, with N-acetyl-L-tyrosine ethyl ester(ATEE) as substrate. It
suggested that BBTI and rBBTI were anti-competitive inhibitors interacted with chymotrypsin. Molecular modeling
showed that LYS-16 of BBTI (trypsin active site of BBTI) interacted with residues of trypsin, forming effective
hydrogen bonding interactions. However, there were hydrophobic residues at chymotrypsin activity domain of BBTI,
and forming hydrophobic interactions with residues of chymotrypsin. These provide a reference for understanding the
inhibition mechanism of BBTI, and the different inhibition rate of BBTI against trypsin or chymotrypsin.

Key words: Bowman-Birk soybean trypsin inhibitor; recombination expression; inhibition kinetics; enzymatic

properties


http://dx.doi.org/10.1016/0005-2744(81)90130-3
http://dx.doi.org/10.1111/j.1432-1033.1993.tb17692.x
http://dx.doi.org/10.1111/j.1432-1033.1993.tb17692.x
http://dx.doi.org/10.1006/jmbi.2000.3677
http://dx.doi.org/10.1016/0022-2836(92)90407-B
http://dx.doi.org/10.1016/S0969-2126(98)00044-6
http://dx.doi.org/10.1016/0005-2744(81)90130-3
http://dx.doi.org/10.1111/j.1432-1033.1993.tb17692.x
http://dx.doi.org/10.1111/j.1432-1033.1993.tb17692.x
http://dx.doi.org/10.1006/jmbi.2000.3677
http://dx.doi.org/10.1016/0022-2836(92)90407-B
http://dx.doi.org/10.1016/S0969-2126(98)00044-6
http://dx.doi.org/10.1016/0005-2744(81)90130-3
http://dx.doi.org/10.1111/j.1432-1033.1993.tb17692.x
http://dx.doi.org/10.1111/j.1432-1033.1993.tb17692.x
http://dx.doi.org/10.1006/jmbi.2000.3677
http://dx.doi.org/10.1016/0022-2836(92)90407-B
http://dx.doi.org/10.1016/S0969-2126(98)00044-6

	1 材料与方法
	1.1 实验材料
	1.2 实验方法
	1.2.1 rBBTI的诱导表达和亲和纯化
	1.2.2 抑制剂的抑制活性测定方法
	1.2.3 抑制剂最适温度及温度稳定性
	1.2.4 抑制剂最适 pH 及 pH 稳定性
	1.2.5 测定IC50值和抑制动力学参数


	2 结果和讨论
	2.1 融合蛋白UPL-BBTI的诱导表达和纯化
	2.2 最适温度和温度稳定性
	2.3 最适 pH和 pH 稳定性
	2.4 动力学参数测定
	2.4.1 IC50值
	2.4.2 抑制常数Ki值


	3 结　论

