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Characterization and Pharmacological Effect of Mung Bean Trypsin Inhibitor

Sung-Eun Moon and Young-Hee Shin*
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Abstract

A trypsin inhibitor was isolated and purified from Mung bean (Vigna radiata L. wilczek) which has been used as a
galenic and traditional food. In addition, we evaluated the pharmacological effect of the mung bean trypsin inhibitor
(MBTI) using septic shock induced guinea pig model. Purification was carried out by Sephadex G-50 gel filtration,
DEAE-cellulose ion exchange chromatography, and trypsin affinity column. The molecular weight of MBTI was
estimated to be about 8,000 Da by 20% SDS-PAGE under reducing condition. The chemically determined partial amino
acid sequences of the purified MBTI perfectly coincide with those of previously reported MBTI which is BBI type
trypsin inhibitor (Bowman-birk inhibitor type). These results suggest that the purified MBTI is authentic. Hypotension
shock was prevented by the pretreatment of the MBTI (10 mg/kg of the body weight) on the septic shock guinea pig
model caused by psedomonal elastase.

Key words — Mung bean trypsin inhibitor (MBTI), BBI-type, pseudomonal elastase, pharmacological effect, septic
shock model.
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g0l ALg3) %5(Vigna radiata L. wilczek)v TJF
F3(clFsEAT) NN THSIALH, Aeke2= N-benzoyl-
dl-arginine p-nitroanilide (BAPNA), trypsin (from porcine
pancreas), trypsin inhibitor (from soybean, BBI type), p-
nitroanilide, elastase, chymotrysin, plasmin, thrombin, N-
Benzoyl-L-arginine-4-methyl-coumarine-7-amide
(Bz-Arg-MCA)2 Sigma Chem. Co (MO, USA)ell A, Suc-

Leu-Leu-Var-Tyr-MCA, Suc-Ala-Pro-Ala-MCA, Boc-Val-Leu-
Lys-MCA, Boc-Val-Pro-Arg-MCA+  Peptide Institutide
(Osaka, Japan), DEAE-cellulose, Sephadex G-50-% Pharmacia
(Uppsala, Sweden)oll ) 24z} 748t AHE-3tSAt}. Pseu-
domonal elastase™ Nagase Biochemical Co. (Kobe, Japan)
238 J)zwel ASAGOH, 1 9 AFe SFARE
AHgslanh A8 ALRF 7| FEE UV-VIS spectropho-
tometer (Shimazu UV-1601), spectrofluorometer (Jasco
FP-750), blood pressure transducer (TP-400T, Nihon
Koden, Japan), ultrafiltration system (Amicon 8200) $&
AHE-3k o
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Crude extract®] =]
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Rt 1200 ml9] 10 mM 4+ &5 (pH 6.0, 25 mM
NaCl, 0.1 mM thiourea E£3HE #H7}ste] 37°CollA 5A 7
WEk F&3k3 ojF JMAE oFg & 1O odo HCAS
AHEEle] pHE 4012 2F 3t} 4T A 14000 rppmo 2
2087 dAEstd AAES AAst, F5HE FHst
Amicon ultrafiltration cell (membrane cut off 3,000)2 A}

&3t FFHU

MBTI2} FA|
Step I : Sephadex G-50 gel filtration chromatography
Crude extract® 01 M9 NaCl& ¥¢Hél= 10 mM €
pagEdon HYPAZ Sephadex G-50(3.5X80 cm)oi|
7hgt ¥ 20 mi/hrd] £E2 YT SF5RS AR &
#1]7]31 BAPNAE 7| A2 A& trypsin 7hpE3] 9] A
ANGGINA typsin A Bl e BYBE ®o
Amicon ultrafiltration cell (membrane cut off 3,000)& A}

£t FF3AT
Step II : DEAE celiulose Ion-exchange chromatography
Sephadex G-50 chromatographyoll 4] trypsin 3 &4
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50 mM Q14 4FH(pH 74)2 vl B
(2550 cm)ol 7}3}
ALg-3te] 40 mi/hre] £52 DEAE
cellulose columnd] A A ¥ EZAL £33 A
sz, Agso) I 2L FY SEo4 0~1 M9 &%
% linear gradient2 £%A)71 3 BAPNAE 7|AE A&
@ trypsin A3 &4 AlgAA EAo] Y& EAS 2ot
Amicon ultrafiltration cell (membrane cut off 3,0000& A}
gajo 38 ¥ sAnzAAT

Step III : Trypsin affinity chromatography

n)g) 50 mM Tris-HCI (pH 74)2 JEAA < trypsin
affinity column (1.5%30 cm)o]] DEAE cellulose ion-exchange
chromatographyol 4} @& E2& 713 & 22 g54o
columnol] A¥slz) ke A& §&39 AAS L 280nm
AN FFT7t 001037t HEE ALt AHE & 50
mM citrate buffer (pH 3.0)2 columne] ZAFE Y&
trypsin inhibitorg 2 A7tk §&4& Ro} Tris-HC buffer
Z pHE 70 22 243 % Amicon ultrafiltration cell (3,000
cut membrane)S A3l FEEGH o8 FHEANZE
F 20Cel H#Aste] thgo 43 ARE AMSHTH

A7 4%

SDS-PAGEE Laemmli] Wi[13]o] w} 4% stacking
gel#} 20% separating gel2 483t & Coomassie brilliant
blue R-2500.8 G314t SDS-PAGEE 93 sample 10
0ol 2X loading buffer 10 wf 9} 2-mercaptoethanol 2 pf
£ AN F 90TAA 587 E42std AMgstAth

MBTIS) olvl:4t 49274

2|3 Ag MBTIE Fullers o] (6] whet $AHE
3 S-pyridyl3} W3-& 89t} Spyridylated MBTIZ trypsin
02 7R3 o2 Cl8-reverse phase HPLC column ©.2
Zzke] Hetol=5S RS ol #d 2oM SDS-
PAGEd]| #-83tf dojzl
membrane (PVDF membrane, Millipore)o blotting &}
A% ofuet HARAT)Z ofelxt HEE AASHET
[14]. &2 32 Lowry 59 #[15]e] me} A5

= Z [e]
1 FYE SFAs

=
LLAS=2

Polyvinylidene difluoride

MBTI2| XMajgd &3
Inhibition concentration 50% (ICs0)&] 74
Trypsin affinity columng 5#3 sample®] trypsin
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inhibition activityE Z743}7] 138l N a-benzoyl-L-arginine-
7-amido-4-methylcoumarin (Bz-Arg-MCA) 713& A&
st whg A Yehlle ¥39 AJE FAS A
t}. Sample& 50 wt HFE W HF =71 44 1, 06,
02, 0.1, 0.05 pgo] H=Z 3| 43ske] Ztzho] trypsin (25 pg/
m) 40 wE FH7}stn 37ColA 1023t incubation A}7]
¥, 71Adeg WAL EAfeze] &8F 5 mM Bz-
ArgMCA 10 @2 #7l8m oAl 37TolN 1087
incubation A|Z1th ¥FE AXE 93 17% acetic acidg
1ml #7}3e}k. YA H 7-amino-4-methyl coumarine (AMC)
$ o7)9% 380 nm, FH3HF 460 nmol A HFAH7|E S
st EFGAY A& 50% JAse FE(IC)E T3t
Ak

MBTI¢] trypsinel] ek Asjd 27
MBTI7} trypsino] tjate] o® Feje] A3 whe& o
0714 Lolry] H3td 712 BAPNAY F& H%

inhibitore] ¥ =& HIAAH FTio AL =AU
WA trypsin®] BAPNAS] g 7h¢28) ¥e&EE 54

3%tk %, BAPNAY ¥5& ofe7tA2 WA As)
4 48 3 F 1 HEEE(10E T W38
A4 E p-nitroaniline®] mmole )& &3 Lineweaver-
Birkdpg 02 w238l trypsing] BAPNA©] t] g Vmax$}
Km3te 243Ak. MBTI) As¥E 2437 st
A MBTT A FE Ao 2 whg-gfo] 3| H7tisied
I we) MEEEE Z4T F o A7 W2 Vmaxst
Kmgig 73t 2Astinh
Z}Z proteaseo] W3t MBTI9] A= F74

Serine protease?l chymotrypsin, elastase9} plasmin,
thrombino] tha] MBTIS] A =S F43}7] Asto 7]
A2 Bz-Arg-MCA, Suc-Leu-Leu-Var-Tyr-MCA, Suc-Ala-
Pro-Ala-MCA, Boc-Val-Leu-Lys-MCA, Boc-Val-Pro-Arg-
MCAS 77 AHg3te] A@stgrk 50 mM Tris-HC
(containing 20 mM CaClz) 400 u¢el] chymotrypsin, elastase,
plasmin, thrombin 242} 50 49k MBTI 40 W2 7}k 3
7CH A 1057} incubationA] 71t} o 7]0] Z4zbe] 7] &
10 uf 7}stn THA] 37°CoA 1087 incubationr]?) ¥
30% acetic acid® ¥H3-& FAAZIth. AA3H 7-amino-

4-methyl coumarine$ o7}5}3 380 nm, 3} 460
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MBTI2| pharmacological effect &3

Septic shock caused by pseudomonal elastase in
guinea pig|2,10,11]

AENZig YEFS BTA00 mg/kgdtel o
& guinea pig?] A4HWE FEFYL H3le] PESO FH
2 Afdo]4sla, MABP (Mean Arterial Blood Pressure)
23¢& 98 AsHE AwdolAstd blood pressure

(A)

Fraction No.

ABS

1 1121 31 41 5 61 71 81 91

Fraction No.

ABS

transducer (Nihon Koden, TP-400T)o) |23} ct. A=
d 428 Ayxetd 2Tz BHANEAF NEEA
gAAE MBIIZ A2 dsol &3fste] 10 mg/kg =
A=A 3 F, 1% 5 pseudomonal elastase (P.E., 0.3 mg/kg)
5 Sofslo] MABPY ¥31g wasAL
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21 %

&

MBTIe| 22| & HH|
=52 HE] MBTIS Sephadex G502 ©]-8-3F gel filtration

(B)

1 21 41 61 81
Fraction No.

(D)

«—

20.1 kDa
« 143 kDa
.« 65 kDa

Figl. (A) Elution pattern of trypsin inhibitors from sephadex G-50 (3.5x80 cm).

Elution was performed with the 10 mM phosphate buffer solution (pH 7.2, containing 0.1 M NaCl) at a flow rate 20 ml/hr.
Fractions showing inhibitory activity against trypsin were indicated by a solid bar and pooled. —, protein(absorance at 280
nm), - » -, protease activity (absorbance at 410nm). (B) Elution pattern of trypsin inhibitors from DEAE column (2.8X45 cm).
Elution was performed with the 5 mM phosphate buffer solution (pH 7.4, containing 1 M NaCl) at a flow rate 40 ml/hr. Fractions
showing inhibitory activity against trypsin were indicated by a solid bar and pooled. —, protein(absorbance at 280 nm), - - -,
protease activity ( absorbance at 410 nm). (C) Elution pattemn of trypsin inhibitors from trypsin affinity column (1.5X25 cm).
Elution was performed with the 50 mM tris buffer (pH 7.4) and 50 mM Citrate buffer (pH 3.0) at a flow rate 30 ml/hr. Fractions
showing inhibitory activity against trypsin were indicated by a solid bar and pooled. —, protein (absorbance at 280nm). (D)
Electrophoresis on a 20 % polyacrylamide gel. Lane a, prified MBTI and lane b, Maker protein.
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chromatography (Fig. 1A), DEAE-cellulose ion exchange
chromatography (Fig. 1B), trypsin affinity chromatography
(Fig. 10) 5¢ ke ez 22, AAsigen, 2719
% A7 shte] Wiert Jeh(Fig. 1D) €434 BAHY
5 ¢ F MU

MBTI 2| 2Xtg H ofol:ct ME 2

MBTI®] #x}#-& SDS-PAGE #7195 A% F 8,000
Da2] monomer ¥-& & = UUTh E§ MBTIS] F2 ofv]
A g9 BA3F Aite Cys-Arg-Cys-Leu-Asp-Thr-Asp-
Asp-Phe-Cys-Tyr-Lys-Pro ©.2 UEelgt}. o= Wilson ¥
Zhang Foll[24,25] ¢dte] Hyg MBTIY HE NEF
59-719) oju|x4t MEy Fdgoz 7] HuE MBTIS
722 E32l BBI type2] MBTIZS & & AN

MBTI® trypsin Mafig&4 U trypsinof CHE *oHE
&3
psino] js) MBTIY] $52 Z7}A)7]
WA A5 243 A Table 194 o] UrehgTh
Trypsin (1 pg/mL) 840 dis] 50% A5 vehl=
EEE 0154 gg/mlolt}. 3tH, MBTI] A3|EL ZAAJ]
7} $18 WA trypsin®] BAPNAC) gt 7h428
TE =743 uS Lineweaver - Birk graphE T4
(Fig. )% 2& 2% & 209
0.25 #M/mm°]‘ii‘4 A H?’é% £
71 98 MBTIE §H3-89do) 37 g & Wg&ES
4% ARE Fig 20 Ytk 2eA veld vis}
7.5‘0] Vmaxgt< 010 pM/min®.2 38 GA M Km %

1g.
oj9lem Vmax &

Table 1. The inhibitory activity of purified MBTI and
commercial soybean trypsin inhibitor with various

concentrations.
Concentration of Inhibition(%)
inhibitor (yg/ml) MBTI BBI
0.05 84.56 83.78
01 70.94 60.1
0.2 39.92 385
0.6 3.97 325
1 346 285
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Fig. 2. Inhibition of p-nitroaniline formation by purified
MBTL
Key : - 0-; no inhibitor, - o -; with inhibitor, purified MBTI

g2#Z 58 MBTI= trypsin
Aoz ¥ + Ut
A28 3= inhibitor & z4

Wgle 2 4 4ok o 4

P

Z+E proteaseof CHst MBTI2 NMallz &8

o2 79| serine protease, & trypsin, chymotrypsin,

. elastase, plasmin ¥ thrombin o 3 MBTI9| A%<

zZAVeE7) 948kl 712 & N-Benz-Arg-MCA, Suc-Leu-Leu-
Var-Tyr-MCA, Suc-Ala-Pro-Ala-MCA, Boc-Val-Leu-Lys-MCA,
Boc-Val-Pro-Arg-MCAS 747t AMg-3lel A¥% Ade
Table 29} Zth MBTI= A& AM&3 serine proteases

Table 2. Inhibitory activity of MBTI against several
serine protease

Protease ICso(yzg/ml)
Substrate
(1 g/ mal) BBI | MBTI
Trypsin N-Benz-Arg-MCA 0.137 | 0.154
Chymotrypsin | Suc-Leu-Leu-Var-Tyr-MCA | 0944 -
Elastase Suc-Ala-Pro-Ala-MCA - -
Plasmin Boc-Val-Leu-Lys-MCA 131 | 555
Thrombin Boc-Val-Pro-Arg-MCA - -
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MBTI2 pharmacological effect 5%

MBTIS} %284 xnE B7H8H7] 913hed guinea pig
of] pseudomonal elastase induced septic shock®] e 7
48 A4stn MBTIE HAAte 2 E34& H7Hstg
o A#E Fig 3 o UYesich 28ejMAHE pseudo-
monal elastase (P.E)7HS AW FA}L 314 S o) Fag AE
sro] vehd=jst MBTI (10 mg/kg of body weight)E P.E.
o 18H0] AHEEM severe hypotensiono] A A

& 702 Jepdrh Trypsin iinhibitorg GE2 &-&3}
DASE 4FE o$ B9 JY8T Yo 2 gELe
2 Z2Hg1n g 2L kunitz typed soybean trypsin
inhibitoro]t}. o} kallikrein &} EAdo] ¥ zAEZZ
kinin cascadeol] 2+-838}¢] serine protease®] AW £
o 7i¢idlE #3 =, MOF (mult organ failure), septic
shock, DIC (disseminated intravascular coagulation) Zof
2 g3t nAdE AHelrh g BBI type] serine protease
inhibitore 2% X5 A4 FHeg go] HEHT

-
Q
G

]

ar
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Psuedomonal elastase

MBTI Psuedomonal elastase

[=}
L

Arterial blood pressure (mmtg)
g
1

[=]
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Figur 3. Tracings of the arterial blood pressure after the
pretreatment on the quinea pig with purified
MBTI (10 mg/kg) and then 1 min later iv.
injection of pseudomonal elastase (0.3 mg/ke).

ek B @M E BBI type ¢ MBTIE pseudomonal
elastases] 218 §2¥ = septic shockd) Wigt FEARE
Hriste Beron 2 A 10 mg/kgd FEA septic
shock-54F $E9] hypotensiond dAFS ¢ 5 At
Upo}7} BBI type trypsin inhibitore] septic shock 4] 24-&
of gt F&r7iE §& FHsnA ot

2 o

Seetol 440w Wzt SHARE d2] A
£57 9= EF(vigna radiata L. wilczek) EFE
trypsin inhibitor (Mung bean trypsin inhibitor, MBTI)}&
2 gAse 1 548 ARG 23 HHsERd
2, septic shock induced guinea pig modelg ©]-8-3}
MBTIS] 88 Z3h8 Hrhstich MBTIS ¥ o 4
A7} Sephadex G-50 chromatography, DEAE-cellulose
ion exchange chromatography % ftrypsin affinity column
S AP o &gt FAF MBTI= R71FF 2 ovl=
A qERA AR BAF oF 8000 Da 9f BBl-type (Bowman-
birk inhibitor type}g2 & F URon o9 455
249 FUsYch £33 pseudomonal elastase® FEE
septic shock guinea pig modelo] 4] MBTI 10 mg/kgE 3
%8 A5} hypotention shock fie} dAEE & &+ 4

i
UKol 2

2 d3e gIdsAw EF72dFEARE RO2-
2000-00174) 71 422 F¥Fen oo} FA=HHYT E
g opuedt A4E 2F 49E £ FA FAYER

o) 2§ myolA FH=HU,
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