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Purification of a-Amylase Inhibitor from White
Kidney Bean(Phaseolus vulgaris)
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White kidney bean, Phaseolus vulgaris, contains proteinaceous inhibitors of a-amylase. Two inhibitors have been
purified by conventional protein fractionation methods such as ethanol precipitation, ammonium sulfate fraction-
ation, DEAE-Sephadex ion exchange chromatography and Sephadex G-100 gel chromatography. The inhibitors
were purified as I-1 and I-2 based on their elution order from the DEAE-Sephadex column. The overall purifi-
cation ratio were about 15.0 and 14.8 for I-1 and I-2, respectively. The molecular weights of purified o-amylase
inhibitors were 50,000 and 45,000 determined by Sephadex G-100 gel filtration and SDS-polyacrylamide gel elec-
trophoresis. They contain 17.6~17% of carbohydrate, 70~80% of protein. The carbohydrates were composed of
glucose : xylose : mannose : N-acetylglucosamine (5:3: 50 : 42).
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Phaseolus vulgriss 7AEA1740A 7Y8tA ol EFS A|A
BlaL AMS-EH e, BE gel filtration?} ion-exchange resin
Pharmacia Fine ChemicalAlo| 4], -electrophoresis reagent™
Bio-RadA} AEFE& AME3lH 2™, gel filration columno]t}:
polyacrylamide gel& ©|-8-3F ¥A&FSgol Mg Tz 3l
3,5-dinitrosalicylic acid®} schifl’s reagent= Sigma Chemical
A AFE AR

a-Amylase &4 X H{EN &H

o-Amylase 4 &34 : Standard buffer= 0.05M NaCl%}
0.001M CaCLE &3t pH 699 0.05M potassium phos-
phate bufferg AR&3A T o-Amylase 4 =3 S Bem-
feld®e] WhHol F3te] F4 3Tt

1% starch 894 0.5mLE 0.05M potassium phosphate
bufferoll 8-81A1Z1 porcine parncreatic o-amylase(3 units) 0.5
mLell FH7Fetal 30°C, 3027 ¥HeAIZl ¥ dinitrosalicylic
acid reagent(DNS) 1mLE H7/FIX #Be F2oA 1087+
7Fdeted WSS FAAT F top waterZ WSl SRS
10mLE H7iste SAAZTE o] W FHEE 540
el A SN oH, EAE HUsH] ¥ T e A
PAIZl AL blankE A3 Y. o-Amylase 1 unite 9 b
&7 NA 5EFF 1 umol®] maltoseE AJbsh= G419
o2 33t

o-Amylase A3 Ae] B4 234 : o-Amylase AeA L &
42 o-amylase AS|A2F 0.05M NaClk 0.001 M CaClLE
Z3s pH 6.99] 0.05M potassium phosphate bufferol] -3l
1Z] porcine parncreatic o-amylase(3 units) 0.5 mLoll 3 7}3}
30°C, 307} preincubation A|Z T}, Preincubation A]7] &
o 1% starch €9 0.5 mLE F7}sk 30°C, 30%7F vt
7l ¥ DNS 1 mLE A7y BE 2404 1027 7}
W8-S SR £ top water2 W2 FF 10

A7vste] SMAIH T o] ¥EEHE 540 mmolAM FFE
ZAsct Al AL vl gt ALteA
™, o-amylase AsA] A2l 1units ¥HE 2AS A a-
amylase®] 24 1% Aslste AsiA ] Foz st
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[A(inhibition) — A(control)]
[A(enzyme) — A(blank)]

Inhibition (%)= 1- x 100

a-Amylase Xslixe] =& ¥ HA|

7NN FUATE Phaseolus vulgris 3kgS 7R3 &
2 AR ke BollA 197 A-AIZ] & homogenizer
& o83t 100 rpmellA 187 B StTh 4°C §AgarolA]
A7 RIS AlSE J1EE A ASISL, 8,000Xg, 2087
daEst] FAEES AASNL doil A5HE crude
inhibitor 2-4©.2 A}2-3l91c}. Crude inhibitor €% 100 mL
o ethanol2 10-90% E3I=7[R] GAIHOZ =3]HA A

3] st 4°colA 12417 FAAIA 8,000Xg, 2087 €
AEE sHTh
Ethanol ¥3}% 70~80%= FAXA e FdEe 005M
K-Na phosphate buffer(pH 6.5) &3[A|7]32 ammonium
sulfateS 20~80% L7t GAF o R EI|HA AT
S8AT T aeCellA 1247 FAA F8,000X g, 2087
ARz P4 EEE 2O DEAE-Sephadex column
chromatographyS 359tk Ammonium sulfate A 35 ol 4]
Ao GBS columnd] FFA1ZI F 0.05M K-Na phosphate
buffer(pH 6.5)%} NaCl £9& AM8-3l] 0~0.4 M7FA] gradient
2 18mLhre] §4502 823U wbed 3mly 3}
o Old FL9 gramylase A& SA3AY. AHE
A& Hol BES wo3 7+ FEE Sephadex G-100 col-
umn(3.0X35cm)el] FFA]Z1 F 005M K-Na phosphate
butfer(pH 6.5)8 AME3le] 18 mLmre] 402 &8I
tubed 3mL¥ E83te] TF Fel o-amylase A3)E
248 F duld peakel AEA peak’t LATE &

Polyacrylamide gel electrophoresis

d#e] F4e F3kd FAE o-amylase A &+ F
A 8R187) sl Davis @l w2} polyacrylamide gel
electrophoresis® 33l Th Standard gel 7.5%% ¥HE°] 20
mAZ 1647+ B¢ A719F AlZl F coomassie blue €40
Z A FT 2L methanol, acetic acid, TFFT(2.5:1:
6.5 vIVyE ET £48 ARt Tt

=AE &4

AAE o-amylase A A Q] AL Andrews TP W
WHol wi} gel filtration 2 SDS-polyacrylamide gel electro-
phoresisE 33t 2731t} Gel filration> 0.05M K-Na
phosphate buffer(pH 6.5)2 HEA|Z] ¥ Sephadex G-100&
columnd] #z15te] TF AR x| &4 did g
columnd] F7FSF & Y buffer® 18 mL/hre] §& £&=9)
A 3mLiube® BTt EE DA ZE Lysozyme(M.W.
14,300), Egg albumin(M.W. 45,000), Bovine albumin mono-
mer(MM.W. 66,000), Bovine albumin dimerMM.W. 132,000)Z
AREET) A E e BAE AR B2 dE EAE
57T void volumed] Wit £& ko] W|(Ve/Vo)EA E
F AaAg Pl o] BFE HA Yste] A8 EAFES
AA AT} L8 SDS-polyacrylamide gel electrophoresisi=
Laemmli®®¢] dbHe] wat 12.5% acrylamide gelS ZA)3}
A3ttt E5 hlEE = hemoglobin, cross-linked bovine
(M.W. 200,000~14,400y& AH8-3t3.28 0.01 M Tris-glycine
HZgAofx] 20mAR 1687 TU% HA71¥FAZ F coo-
massie blue Sd oz FMAFHTE AL methanol, acetic
acid @ FFF(25:1:65 vw)2] EF 492 ALE3to 3
ok BAE e BF wds gAmse] A olF
TE 243t EAEHE Ptk

CHEo| Mt
BB AS AME] Lowry ¢ "ol ulg} bovine
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serum albumin(Sigma Chemical Co.yS ZTFTHAZZ AR5}
o] 750 nmel|N FHEE &g3le] BEFAOZRE AeA
o gl ke skt

BlrsStEC| ME
o-Amylase As|Ao] HFE B3 THS phenol sul-
furic acid¥ @02 B]A A 2ksle]
5% phenol §-< 1 mLe} &3t R
o WS EE 3087 ALoA A & 490 nmoll Al &%
oFO

gl ol .

A o-amylase A A 2mgell 2M TFA(trifluro acetic
acid) 1 mLE H7FSI3 120°CoA 60 B 7riad &
7HrEal &g alditol acetate F-=AE T3 TLC(thin
layer chromatography) #2415 ste] AT T/HE FA
HAEI 2™ ethylacetate : pyridine : HLOQ2:2: 1, vv)E A7)
|2 AR SRAT. e pAdFe] H @RS Clamp
e we] F3te] Gas chromatogragphyS 38813iTh o]
@} Hewlett-Packard model 5880A series gas chromatogra-
phyE AME-3led 30m SE-54 glass capillary columnd ARE3}
%t} Port temperaturet 300°C$12™, column temperaturet=
150°Coll A £ 2°C A=sles Z2adsigon ¥
F3EL  fructose, glucose, galactose, mannose, N-acethyl-
glucosamine™} xyloseE ARE-&}S3T),

R
Ethanol &X % ammonium sulfate ZH&H

Phaseolus vulgaris 3kgS H33ta AE-E8le] dof
FeHORHE] ethanol®] X3 E WAHOR Fo|HA
AAA gt AT ethanol 70% 2 80% EHZo|A W)
&9 =7} 23.89 units/mg protein % 21.63 units/mg protein>-
2 Eokom 60% olste] Edpw 2 90%9] TslmoME
WA HARE wWtov vBAAEI} Wi HHdEe] &9
A gokrh 3 70% 2 80% Eshmolx HAH T
S BAEE0 2 o] ammonium sulfate A|ZHL 33 A
60% Es}TollA] B]&AJ-8 50.18 units/mg protein® E 7} =

ko olwe] A= 3248 F71E JERAITHTable 1).
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Fig. 1. Elution profile of o-amylase inhibitor on the DEAE-
Sephadex ion exchange chromatography
Symbols: -A -; activity, - @ -; absorbance, -***-; NaCl

DEAE-Sephadex ion exchange chromatography
Ammonium sulfate® A FAsle] E-F g FAPFEY A3
| 84< 0.05M K-Na phosphate buffer(pH 6.5)Z HHA]|
71 DEAE-Sephadex column(3.0X40cm)ell §2|Z) ¥ NaCl
o o]8-5 0~-04M7HA gradiem® ©|27F =5 FUHAFIH
A &3t 3mL/ube? -3t

Fraction number 109~1333 146~18091141 Z}7} &A1& v}t
Ehlo] oramylase AAIE Hoj= 278 FE o) o] Ex)
ol 2AEQen, EA8 B9l fractions 13 [-28
319 thFig. 1).

AL KOl 1 fraction®] & ThlAS 2584 me/l, &
A 4498 univ/L, ¥4 174.07 unit/mg protein®] 3L A
AE= 1124809 HTable 1). %3 [-2 fraction®] = Tl
Fo 46.66 mg/L, F FAL 6189.6 univL, P& 132.65
A= 8.5 SV tH(Table 1).

Y

l

unit/mg protein®]| 3.2

Sephadex G-100 gel?| chromatography

DEAE-Sephadex ion exchange chromatographyoir] €742
1l fractionES 13 122 Wro] FUS bufferz HEHA

- L

71 Sephadex G-100 column(13.0X40cm)el]l Ztz} 718l 5
3l buffer® 252414 3mLiube?] EH3¥T 2 A -1-f
¥ Fig. 20149} 70] 50~70 fractionolA] &4-& UERHSITH

B9 £ & awddEe 20mg/l, & &4 2784
univ/L, H]EA-& 232 unit‘mgo]$1eW HA=E 14998 S}
SHZ &L 5.56%°)GTHTable 1). E3F I2-f= Fig. 31

Table 1. Summary of purification in a-amylase inhibitor I-1-f and I-2-f

Purification step Tozf}n?fsg“y TO‘(ﬁlgﬁt)em ggﬁg}gﬁgﬁéﬁ% Y(I;OI? Purification fold

Crude inhibitor solution 5,000.00 3,230.00 15.48 100.00 1.00
7080% ethanol precipitation 21,600.00 743.53 29.09 43.20 1.88
60% (NH,),SO, fractionation 13,968.16 278.35 50.18 27.94 3.24
DEAE-Sephadex chromatography

I-1 4,498.00 25.84 174.07 8.99 11.24
I-2 6,189.60 46.66 132.65 12.37 8.57
Sephadex G-100 chromatography

I-1-f 2,784.00 12.00 232.00 5.56 14.99
[-2-f 3,210.00 14.00 229.28 6.40 14.81
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Fig. 2. Elution profile of a-amylase inhibitor I-1-f on the
Sephadex G-100 gel chromatography
Symbols: - O -; absorbance, - @ -; activity
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Fig. 3. Elution profile of o-amylase inhibitor I-2-f on the
Sephadex G-100 gel chromatography
Symbols: - O -; activity, - @ -; absorbance

A8} 7o) 33~50 fractiono|r] AL RPon, Ea® [2-
fo] & WAFLE 140myl, F 42 3210 units/L, H|E
/& 229.28 units/mg protein®]| ™, AA== 14.818] 7}t
SHARL ol &L 6.4%°) AT}

=X 2y

AA o-amylase AA|S] FAHFE FRIEt7] f3te] gel
filtrationd}x 4% R & +3 & A9 U4 354 void
volumeol| g §& F3o] ¥|E Z=AIS Ad= Fig. 49 72
on o|ZXRE 3 EAFE Life oF 50,000, I-2-fi= oF
45000 AEE = AT

o] A= Jane 5] B3 black beanS BH-E E2|gh
5 7HA A9 o-amylase AaHA Q] 49,000, 47,0003 -4}
3152, Power 5970 1% red bean?] a-amylase A3l
A9} Marshall 5°V0] 2.3} white bean o-amylase Z|3)A)]
o] EApFo] BT 49,0000]2ts Rt wf§- FAMSE A3t
E YERiATE 28y Andrew 5@ glycoproteing  gel
filration®]] &J3] EAFS AAE o @rslEe] 93] AA
BEAgRY & 38 Yepddr Rusi

%3 SDS-polyacrylamide gel electrophoresis(Fig. 5)ol 2]
3 B S g-amylase [1-£9} 1-2-f2] B2 50,0002
4500001928 o] A= gel filtrationo] &3 Aot T
stgem A -1 [2-f= 242 1709] subunit® 143
H Aow UG
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Fig. 4. Determination in molecular weight of the purified o-
amylase inhibitor I-1-f and I-2-f by Sephadex G-100 gel
filtration
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Fig. 5. SDS-polyacrylamide gel electrophoresis of the purified o-
amylase inhibitor I-1-f and I-2-f

ToHE g

AA o-amylase A3A] 1-1-f2} 1-2-f9] /3482 phenol
sulfuric acid®] WFHo.2 B<3E-2, Lowry 59 W
ols) Gl dFe FAY AH 717 oF 17.6-17%2] 7
I 79~80%2] ©HAR FHHO USS s £F
7RSS PGS alditol FEAIE AR 7|AL ethylacetate
- pyridine : HLOQ2 : 2:2, VIV)E 7Sl Alg3le] TLC &
Ag Pl FA 248 P A3} F2 mannose(R; 0.50)%}
N-acetylglucosamine(R; 0.45), glucose(R, 042), xylose (R;
04DE FAFHAUSS FA3ATE %3 standard mono-

Table 2. Composition of a-amylase inhibitor I-1-f and I-2-f

Content (%)
Content
I-1-f I-2-f
Total Sugar 17.6 17.0
Xylose 0.5 05
Glucose 1.0 1.0
Mannose 8.5 8.0
N-acetylglucosamine 7.6 7.5
Protein 79.0 . 800
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saccharide®} A3A| L1 2 12-f5 7}5285ke] monosac-
charideZ YFEL ©]Z gas chromatography 48 38§ 23
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3:50:428] RS 2a S IRIEHL
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< B2l fraction I-1-fo} 122 EF3lch o A3 Bald
-1-f9] & ©@MAZS 120mgL, & 42 2784 unit/l, H)
242 232 unit/mge| e FA == 15.080 SR
& 556719 5 12-12] & ©APS 140 mgl, F
/3-8 3210 units/L, B1EA-S 229.28 units/mg protein®] AL
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polyacrylamide gel electrophoresisE 3%+ 23} W2 band
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