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Summary

Soybean f -amylase [ -1.4-glucan maltohydrolase EC 3.2.1.2] has been
purified from defatted soybean meal by fractional precipitation with
ammonium sulfate, ion exchange chromatography on CM-Toyoperal 650M,
affinity chromatography on a -CD-sepharose column, and some physico-
chemical properties of the enzyme were investigated.

The purified enzyme showed 50.5 folds of purification, 1,136 unit/mg
protein of specific activity and 36 % of yield, respectively, compared
to the crude extract.

The enzyme showed a single band on Sodium dodecyl sulfate polyacryla-
mide gel electrophoresis, and its molecular was estimated to be 58, 000
daltons by SDS-PAGE,

The purified enzyme was identified as homogenous by HPLC analysis and
maltose activity assay.

The optius pH and temperature was 5.6 and 55 °C, respectively.

The enzyme was stable below 60 °C, but was very labile over 65 °C.

The enzyme was most stable at pH 5.0 - 6.0, and was more stable in
the acidic region than in neutral region.

From the Hanes-¥Woolf plot, the Km value for soluble starch was calcu-

lated as 0.05 % and Vmax value was 1.3 x 102 umol maltose. min-!. mg-!.



L E @

B -Amylase[ @ -1, 4-glucan maltohydrolase EC 3.2.1.2]& #®E2 B-1.4
-glucang FERTE KMolM AclE mAKSFM3td  B-anomeric maltose
& A3l exoenzyme© 2 Kuhn(1925)2} Ohlsson(1930)ol 2]3} A3 -amylase
2 B MX2M 9, npaltosed] H|Zo] o] &EHE K& MKOITHTh-
oma et al.,1971).

a-anylase7} &% Fol de] EE3h=d v]3fA B-anmylase: HS HHR
of ¥l e Aoz A sich. 22yt 19743 Higashihara®} Okada

+ Bacillus megateriumo] [ -amylaseg #Wsl= AL wWAsIGon 1 o]
¥ BacillusMg, Psudomonas@, StreptomycesB2| [3-amylase & E®o] A%
M Buxo] A o]fo] FH UA = 2lrh(Higashihara and Okada, 19
74: Shinke et al.,1974, 1975). 2L} €z} olF E& Nz 5o BEM
¥2| [-anylase§ o] 83l S WA 719 B-anylases] u]ste] it #
o] 7}3t7] wigelrh

B-anylase M2 S4& AFY FHPo2 o FH MyasKkez ¢
B o] BEXS] MMt o] FolA @ah7tx] KX (Certler and Birk, 1965: Mo-
rita et al.,1976), W(Tkachuk and Tipples, 1966), ¥$(Morita, 1974),
% (Mastsui et al.,1977), X 2](Shinke and Mugibayasgi, 1971), <-24=(Bo-
tes et al.,1967)5% MEMRE 4 F&ol 50,000 - 60,000 daltons F=
o} WA R (nonomeric enzymes)o|L} 3o} B-amylase(Balls et al.,
1946: Englard and Singer, 1950)%= 4 Fi&o°| 50,000 daltones®] subunit7}
4 712 749 4 REM X (tetrameric enzymes)o|t}, F92] B-amylase:
o] cits] RRESNo], Rel, ¥ § B-amylase® A MIEEA A
AEEL 2 ERE ¥4 %cl



2y tlFe B-amylase= Mt pH HelolM via3 Ao UIEE
e ZA vladle ke RAes A Ak

A Z71A] maltoset B2 X4 (maltose §ar & 40 x) 024 g2 &
IR, BRITE ol&d B olvel BB MEMLEOS naltose @
Fol e AP M2 7bedtA Ho 2 £t F43) F71sta r
H$7l 32 MEZ &2 naltosed HZ3be Wio) 7/iygso BRATR
of slojM 2 Z7t28] XEw FA} thalo] maltose FALA(MEE 99 %, wal-
tose 10 - 30 x)2] Algo] Fri3lE2H 1 840 EE &olA 7tz ol
2, 53| paltose HMZol UFHA AALE [-anylased] 8+ 713l
it

3| 2o EEAHTIT ¥ (protein engineering)oll 2jgt thF B -amylased] j¢d
42 Eto] 2 MR U FEPLEAEL olukit BYE S A1)
#3td o2 FHY ool BAMRPK (vutants)F XA 812, ABE
Ao BHol @) Xasla glt(Fukazawa et al.,1989: Kim et al.,1991),
o2yt B¢ ABEHA BREMo] Wol I3 28 Ea|sl: MR o9
712 SEEEE AX BASe T FEol I8 M3} AL MeRo] v
Stolz] Al "t wetd AF7hae FHANYE A ZAAAF AXA g
TR o] BHMESZ FHY ¢ Ade A2 WHUHE 2318 Act

X BRANE ol ZHEL A7 #1380 a-CD(cyclodextrin)-sep-
harose affinity chromatographyol &]8) MRIEATE XE| 485M90] BPUEE
U B-anylased MMIA oo, MMY MR 5450 iy Ap3id
tt.
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1. # H

& XRol AIEY ATE 1990 d 12 o HMABRE HERBIA WKY
“§1" &M(Clycine max)& Alg3ldct. epoxy-activated Sepharose 6 B
Pharmacia Fine Chemicals(Sweden), CM-Toyopearl 650 M(44 - 88 um)&
Tosoh it(Japan)oll A g3ttt 3 & KMol A8y AEES 2F B
£{LBEXBAE ALE 3T

2, R AEHe] AN

AT 200 g& K] 12 A% F LW(5 °C)A1 A th& 10 oM acetate
buffer(pH 5.4) 89 & tu3te] mixerolAd 1 - 2 22 vjAY ¥ 7t4& 4 3
o2 3l MiBdladct. o] WiBHol acetone ME 7} 60 %71 =& sl
1 A3 S ;P F BOLHKEIIACH EW|Pol ThA] 100 % acetoned Iud}
3 23t chA] WAdEelsidch. R A Eol diethylether& ¥t F auh,
fdaedle] UHEZ desiccatero A M ¥ MEMEN HHE AL&3}
adct.

3. B-amylase?| WH
ZAY REATHOS Y RE MNARELS 4 oColM AAstden A

AR ARy RE BEE®olE= 3.5 oM mercaptoethanol, 1 mM EDTA,
0.02 % sodium azide§ LREMZ M7}siddc).



1) B #iiH
Ao F2t 10 g& 50 uM acetate buffer(pH 5.4) 100 mlej] MRRWMA|7| 2,
O BB 2 AL T RAAEAD F, RO K(10,000 rpm, 5 °C,10 min)
sl 45dg ddr. |

2) MRE
B i@ ol 3.5 oM mercaptoethanol, 1 mM EDTA, 0.02 % sodium azide&
Hmg ¥, 60 oCc HEAMAM AN 20 X FAeste] FEA
F mEEEaRE dudelsto MAsACH

3) Ammonium sulfate 4}

MEE Bol ammonium sulfated A2 EM3lo] 25 x2 MFA|Y F 1
A1t et aubdte] QAalEe] AjZich 3 A5 T} 60 %7t HEH amn-
onium sulfate® E A7 1 A2 F¢ 2 F A2 3te] YAEZ 10
oM acetate buffer(pH 5.0)ol Z#13}of 4 oCollA 10 oM acetate buffer(pH
5.0)82& 3 Alztuict 283t 24 AJt o]} WHTIIATEH

4) CM-Toyopearl 650 chromatography
EHRES 4823 O A5 % 10 oM acetate buffer(pH 5.0)2 %
Al ZI CM-Toyopear! 650 column (2.6 x 35 cm, bed vol. 100 ml)of] WA
T S ¢35 8oz FE3 MANEM AL BRARFE HU3Ach
YN3] FY AAE 0.5 M NaCl& EHE 10 oM acetate buffer(pH 5.0)

£e908 gradient 3l HHY 2z S Huict TR SH3A B4 4HS
zoket.



5) Cyclodextrin®] [%E{t W a-CD-Sepharose affinity chromatography

(1) cyclodextrin®] BHE{t

Epoxy-activated Sepharose 6 B 4 g& MREKo] B3l 1 A F¢ K
R332, glass filtero]A] MBY geld 0.1 M NaOH £ Jof] HERt I 4]
o 2} ¥t} o] geld 300 mg cyclodextrino] 3o} 1= 0.1 M NaOH 12 mloj
45 °C, 16 At & ALY+ oA WEAZT o] WEAE glass fi-
lterol A ZFR/4, glucose (25 mg/ml, H0) 8o 2 2tz 30 £ My X
ThA) 3 H 42 30 B3 MA3 50 oM acetate buffer(pH 4.8) 8 2 AJ 3
M3l column(1.6 x 35 cm)ol] 2|& F 50 mM acetate buffer(pH 5.4)&
B B Al 2t

(2) a-CD-Sepharose affinity chromatography
oleaYPOoT ol kAYT B-amylase FHHE 1 ol % 0.15 g2 ammonium
sulfate§ M7}l A3 LMAN £ B-cyclodextrin® @ F2H -
CD-Sepharose affinity column(1.6 x 35 cm, bed vol. 20 ml)oll A7 2
50 wM acetate buffer(pH 5.4) 1 ml % 0.15 g &350} U= YF LYo
283 MAY ¥, 50 oM acetate buffer(pH 5.4)2 BHAA 2 & 4H
8 FEHE &3 FHoHE Zodrh

4. XS FHE e Q) RAaE ek
1) X mE B
B -amylase £ 0.02 % BSAZ} #-5-5]o] 2= 50 oM acetate buffer(pH
5.4)0] XS MMl 0.25 x TTHE BREBE XHEE 40 oCollA BH3
20 2 FEAIA AA4™ BTME Somogyi-Nelson ¥:(Hedge, 1962)08 %
&3todch



&, REE#(1 ol)oll 1 nl Somogyi AL Yol & BAAY ¥ HEw
o 4 20 &3 7tdstd TaEe Fo BZAIZ ¥ Nelson A¥E 1 0l § g
¥ 3 10 olg Hdte] 20 B3 Ao WAL F 520 nwoll A BXHE
& &3 maltosed] BEMMiARA] o3l LRMEE 31t

1 2 Scto] 1 umol?] maltosed A= R XL 1 unitE 3} ch.

2) &R &
<) 2.2 Bio-Rad Mte] RS A}R3}e Bradford BL(1976)C. 2 tiwl
g ER3AC EMEAHEE A= bovine gamma globuling Al&4r},

5. RE&ERWS i

50 oM acetate buffero] 0.25 x& RMMY ITHYE MBS EHE FAY ¥
RE(110 ug/wl)E 40 oCollA 24 A FF wb-AIZ ¥ Waters iite] HPLC
a5 AHE3t REAERHE HHstadct. HPLCS] 22 u-Bondapak Cig re-
verse-phase colunng o] & 3%}lo] MU acetonitrile - water (80 : 20)&

H 1.0 nl/minoll A &3} RI detectorofl A 4 MAERM-E M3 Ac]

6. MEXD

2} MRER wtE AT B-awmylased] MES WM AT [-anylased %4
FRE 53317 #13td Laemmli®] WY (Laemnli et al, 1970)of w}z} SDS
-polyacylamide gel MEXB S AAl3lodrl. 10 % separation gel} 3 %
stacking geloll A A A& loading ¥ THS 20 mAl] BHE A LolA
5 -6 A7t Y ¥ coomassie brilliant blue RE R ¥ 7 x acetic
acid2 R A Zich



olu] SDS-PAGER Ez}arg F3}7] #]8} A8 ¥ wolecular markerZ¥& Sig-
ma it Kitg Alg3tdeon MMEARES Triosephosphate Isomerase(26
,000), Lactic Dehydrogenase(36,500), Fumarase(48,500), Pyruvate Kinase
(58,000), Fructose-6-phosphate Kinase(84,000), A -Galactosidase(116,00
0)8 g3t OolFE(Rf 2)8} ExLY BAR ¥E EAZE Wt

=

7. XY RERE

1) B
A TAe] BABES 2317 #isted 0.02 x BSA7E EHH 50 oM
sodium acetate buffer(pH 5.4) 450 ul §ojoll H Ao 50 ulet 0.5 % T
B BB 500 419 TYE( o) MY ¥ MR RE BES 5 °C 33
©2 40 - 80 oC 7}x] 10 3 1A A MREHS S ANEHRSS
A3tk

2) MRER
AP HAe] METHS A gt 1AL AT WYY 24
& 25 Myisto] 35 - 80 oC 7}x] 5 oC NHALE 15 ¥ F Ay A&
o] (26g) 500 wlol 0.5 % 7184 HE 500 ulg 7I3td BF3l= AL E
HNEgEe S EABSCH

3) && pH
AAAAL BA pHE RESY) S8t 50 ul TaA3} 0.5 % 7183 A
X500 18 0.02 % BSA7} E¢¥ 50 oM acetate buffer(pH 3.6 - 5.6),
50 mM Phosphate buffer(pH 6.0 - 8.0), 50 mM sodium carbonate buffer(pH



9.0 - 10.0) 842 F pH 3.60lA pH 10.0 7}x] ZAY THEA(1 ol)F
40 oCollA] 10 ¥ wIgA|# MREHS FFY HAF@LEZ EA3NA
t}.

4) pH REHE
AAY AL pH KEHS HLLY(26 ug/ml)F 0.02 % BSA7} EHE
50 mM acetate buffer(pH 3.6 - 5.6), 50 oM Phosphate buffer(pH 6.0 -
8.0), 50 oM sodium carbonate buffer(pH 9.0 - 10.0)2 pHE ZXAY Y
ool pH 0.5 TBZHOZ 40 oColld 1 Aj ¥kg3l] 0.5 % 7183 VEL A
74813 40 oColq 15 B2 g F UEIE AALF Foi¥d o= FA3A

ch.

8. #E Kn W Vmaxe] Zk

AAY kT B-amylased] HHol thdt Bfnh& ZAst7] ¢lsted 50 oM
sodium acetate buffer(pH 5.4)olM 712 & MBEEFI(0.05 0.1, 0.15, 0.25
%) 2 BEM3lo] dAY WME(26 ul/ml)e] TAH} 40 oColM 20 £ g
A7 EHEE &A3tod Lineaver-Burk HFEAE MY Banes-Woolf plot
ol Ko Zt2} Vmax& F3taich



Defatted soybean meal
Suspended in 50 mM acetate buffer, pH 5.4.

Stirred for 2 hr, and then centrifuged

[

Ppt Supernatant
Heated at 60 °C for 20 min, then chilled
Centrifuged

Supernatant Ppt
25 - 60 % saturated with ammonium sulfate

Stirred for 1 hr, and then centrifuged

Supernatant Ppt
Dissolved in 10 M acetate buffer(pH 5.0)
Dialyzed

|

Supernatant Ppt
Subjected to CM-Toyoperal 650M column,

Performed by increasing NaCl concentration linearly.
Fractions

Subjected to a -CD-Sepharose affinity column,
Performed with 50 mM acetate buffer(pH 5.4)

Fractions(purified Soybean 3 -amylase)

Fig.1l. Scheme for the Purification of Soybean A3 -amylase

- 10 -
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1. X& PB-amylase?] HBH

BE BHUPE 4 oCollM AA3tAden] Fig. 18 FA gAlol ujel +%
3l

B ohhiH U M RE : RIEY XTHol 50 oM acetate buffer(pH 5.4)2
B3t 2 WaEe] At o] A5 AZ 60 oCollM 20 £ AY S =
ol M mEsl] M BMUEEAERS YA EIAA AAsAcH
o] o} B-amylase®] HE#-S 22.9 U/ng protein o]t}

ammonium sulfate 25 - 60 ¥ 4+ N %W : o] AANE ammonium sul-
fate(25 - 60 ¥ ¥2})S P3|, 10 oM acetate buffer(pH 5.0)0fl 4 24 A3t
ol H#, HWAHELINA MRXEARE oo WiE#HS 67 U/wg
protein®. 2 MYELE= ¢ 3 uj2 F7}A] i},

CM-Toyopear]l 650 M chromatography : WAl 2|3l 34y HAAG
10 =M acetate buffer(pH 5.0) 2 ©]2] FH{LA]Z] CM-Toyopearl 650 column
of FAAY vl Y2 GF LA FE3] MAANAM HL] T2} of
& HA3Arh 8A3 FAY ALE0-0.5MNaCl 384 YMdow
gradient A]F|HA tube T 7.7 ml ¥ WA SH o EHE ML 280
nool M BEEZ 3T A2} 4L 2 peako]d B-amylase IEMS Fig. 2
s} ol M 64 - 74 tubedl MY UEelton, o] FHSHE Rol ¥ 2P
HY A4 At

- 11 -



wpebd Rojxl FE# MO HIE#H-S 315 units/ng protein® WBEE &
14 ¥ ZF7tAlZict

a -CD-Sepharose affinity chromatography : o] 2802 g A4
1 1 F ammonium sulfate 0.15 g S| & Mrisids @A £3) Y o 7}
Z] 2wt 18| epoxy-activated sepharqse 6 Boll «-cyclodextrin
22 F39 affinity coluono] FEHHME F2A thd, 50 oM acetate
buffer (pH 5.4) 1 ml % ammonium sulfate 0.15 go] 23|¥ Y3 LYoz
TE MAAA LA FAY A& 50 oM acetate buffer(pH 5.4)2 %
HAIA tube T 3.3 nl 4 SE3tsc) o]YA B 7 Oy HME 280
nooll N EFEE FYY A I peaks] MEEH S ZHY B
Fig. 30lM B vie} o] BAY O3 peako} TAYMELS Ao chaly
Y peak& UEID](Fig. 3), 1F3J 22 A7} 50 wjE SDS-PACE Az
T B-amylaseZ FAH HYZ L Halslgc)
Z BAAFAM Aol HH MR MUK KRS S Table 12} Zon
HEFHOE FAY MREAEC! HIE#HS 1,136 units/mg protein® @ M
M HELRE HE o 50 vie] FAEF Ak ey olayt Azpe
Morita(1975)F 2l o} 40 vie] FA T B9} vlasted & AP Aay
ol 23l A B-anylases &434 FA HALE Hd23D 9t}
KRS 36 x2 e dFAH(Morita et al.,1975) &2 ZH}e} wjzslod
A tepstct,

- 12 -



Absorbance at 280 nm

0.8

0.6

0.4

0.2

412
NacCl
06 M
i 48
14
0
k socecboscecescatf H becooe 0
0 20 40 60 80 100 120

Tube Number(7.7 ml)

Fig. 2. Elution profile of soybean (3 -amylase by CM-Toyopearl 650 chr-

omatography.
—e— asorbance at 280 nm : —}— activity of B -amylase :
—— concentration of NaCl in the elution buffer.
The column(2.6 x 35 cm) was equilibrated with 10 oM acetate
buffer, pH 5.0, containing 3.5 oM mercaptoethanol, 1 mM EDTA
and 0.02 % sodium azide. After the enzyme solution was put on-
to the column, the c=lumn was washed with 500 ml of the buffer
and elution was performed by increasing the NaCl concentration
linearly from 0 to 0.5 M in the same buffer. The fraction peak
as shown by a horizontal bar were collected.

- 13 -
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Activity(x 100 U)

0.3
0.25r 142
£
o 0.2
o
o~
s 18
o 0.15— i
o
=
o
o
S 0.1
< 14
0.05 n
0 b sos b ooy ' — 0
4] 10 20 30 40 50

Tube Number(3.3 ml)

Fig. 3. Elution profiles of soybean f3-amylase by « -CD-Sepharose aff-
inity chromatography.
—e— absorbance at 280 nm : —}— activity of [ -amylase.
The column{1.6 x 35 cm) was equilibrated with 50 mM acetate
buffer(pH 5.4) containing 0.15 g/ml ammonium sulfate, 3.5 mM
mercaptoethanol, 1 mM EDTA, and 0.02 % sodium azide. After the
enzyme solution was put onto the column, the column was washed
with 300 ml of the buffer, and elution was performed by 50 mM
acetate buffer, pH 5.4,

- 14 -
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2. MXERE &R Kk

Hao] EM SH X71 Bito] 2 XS EAo dojuxn E#e A3ty
€ o] 7] & wercaptoethanol?} A ’IME Yol A2 A
BIRBE Ee o] 32310, T TYs) e k] BemolLo
ci3l EDTAG FEAA HA22] percaptaide?] 4 & Yto ol (Kamogawa
et al., 1974, Morita et al.,1975), #M&EH 2E2& Wx|3}7] ¢3) sodi-
up azide® A§3och oY AHEHE REE €580 RENME ¥l
3t YA X KAl 223 AAEAHE FHY de AFHo
E NS BLRAL AR} ol &3 o] MR dHls YHo &
Aol upZch {3 Morita $(1975)2 HAL YL YT MM(I0 ug prote-
in/ml o|3})3ld ®io] At B2 3jtdct. olyY BEMEF a5}y
H3l & AYAME 2712 RMXBRE T3lo] Table 29} Yo] Y38
of 0.02 x =]A BSAE H/PEZH ERE PXHEC] BT Jeie) ¥4
f2 g 4 ddch

Table 2. Activity of soybean B -amylase in the presence of BSA

Activity (units/al)

Enzyme Conc. 55 ug/ml 5.5 ug/ml
BSA* 123 126
BSA- 107 48
* BSA* : 0.02 % BSA, BSA- : without BSA

_16-



3. SDS - Polyacrylamide Gel Electrophoresis

Y T MES YA $13te] of2] MY BMIZ  SDS-polyacr-
ylamide gel electrophoresis§ 483}gt}t. A A A SDS-PAGE %Eléi
Fig. 42} o] M— band2 Jeh} HEN EAKRS §& B-amylase’} ¢
T3A BA HASE ¥A3tACh
MY AT B-avylased] HTFHE &H317] $1sted  Ex13 26,000 - 11
6,0002] Fx}8& marker® 3¥to] SDS-PAGEE AAI% A2} Fig. 59 T
th. UElt marker protein2} Y XA e] bande] Rf 2| F A A "}
2132 ¢} 58,000 daltons I =2 2 MY}

ol 2] ¢t =2} Morita(1976)F o] SDS-PAGEo] o]3) & A& 2 2}2} Mikami(198
8)&ol DNA HIXRFIZ ZABY Ext32} # 423tz dgr}

-17 -



116 -~
84 -
58 -

48 .5~

36.5-

26.6-

M 1 2 3 4 5

Fig. 4. SDS-PAGE analysis of [ -amylase samples at different stages of
the purification.
Lane M, molecular weight markers: Lane 1, acid extract: Lane
2, heat treatment: Lane 3, (NH¢)2S04 25 - 60 % satn.: lane 4,
CM-Toyopear] 650 M chromatography: lane 5, «a -CD-sepharose af-
finity chromatography. The numbers on the left denote molecu-

lar weights of marker.

- 18 -
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0.2 0.4 0.6 0.8
Re

Fig .5. Determination of molecular weight of soybean [3-amylase by SDS
-PAGE.
Standard Protein: 1. [B-Galactosidase(116,000), 2. Fructose-6-
phosphate Kinase(84,000), 3. Pyruvate Kinase(58,000), 4. Fuma-
rase(48,500), 5. Lactic Dehydrogenase(36,500), 6. Triosephosp-
hate Isomerase (26,600). — Purified soybean [ -amylase.

4, BX - BE REER®A S

AA Aol AEe) REARYS ¥A #l3td 7184 AE& 71

2 3o ulgAlZ ¥ HPLCE #HY HMERHS Fig. 634 Aol maltose
ulo] MAdslgict. weld B-amylaset: maltose ¥4l HREE ZUE L
24 AHolM HE £43A 220} a-anylaselt glucosidased] ¥ &
whx] ¢te Zog werHrh

- 19 -



28

41,63
(@]

V) A 13RRY

Standards Enzyme-Substrate

Fig. 6. Elution profiles of standards and production of purified enz-
yme-substrat reaction,

A: water. B: glucose. C: maltose. Enzyme concentration: 0.2 ng

/ml. Soluble starch concentration: 0.25 %. Reaction Time: 24

hr. Buffer: 50 mM acetate buffer(pH 5.4). Temperature: 40 °C.
HPLC: Waters, Mobile phase: acetonitrile-water(80:20), Column:

1 -Bodapak Cyg reverse-phase column, Flow rate: 1.0 ol/min,

Sensitivity: 8x, Detector: Ri detector.

- 20 -



4. XS RERE

1) BRERK
ANY AT B-amylased] BMABEE F3Y P Fig. 70§48t Yol 55
oCol A MATER S BPon] 50 oCollA 96 % o} ¢l H/d=} 65 oColM 97 %
o dE Heou I o4 EEAAL Wi WA Mesidch ¥
3] 75 oCol M RA YA WEE REg ¥ € 4 ddch

T

100

o

40

Relative Activity(%)

20

o 1 1 1 1 ! 1 1
35 40 45 50 55 60 65 70 75 80

Temperature(°C)

Fig .7 Effect of temperature on the activity of soybean [3-amylase,
The enzyme activity was measured at various temperature for 10

min at pH 5.4,

- 21 -



2) MERESR
ANY BAYE 2 25(35 - 80 oC)of A 15 ¥FU¢ MBEY ¥ BHFRE

#& ZAIQ W2t Fig. 8ol R uls} o] 35 - 60 °Collq REI;HALH
2 ojalldE EMELERD el ¥idol FH3 Haddch

100

T

80

60

Relative Activity(%)

T

20

é

0
30 35 40 45 50 55 60 65 70 75 80

Temperature( C)

Fig. 8. Effect of temperature on the stability of soybean [ -amylase,
incubated at various temperatures

Each enzyme(26 ug/ml) was
the residual activities was assayed

for 15 min at pH 5.4 and
at 40 °C,
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Fig .9. Effect of pH on activity of soybean f3-amylase.
The enzyme activity was measured at various pH's and 40 °C for
10 min. Buffer solution used: 50 mM acetate buffer —— |
50 oM Phosphate buffer —— , 50 oM sodium carbonate —k- .
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Fig. 10. Effect of pH on the stability of soybean [ -amylase,
Each enzyme solution(26ug/ml) was incubated at various pH® s
for 1 hr at 40 °C and the residual activity was measured in
the presence of 0.25 % soluble starch as substrate. Buffer
solution used: 50 mM acetate buffer —— , 50 mM phosphate
buffer —— , 50 oM sodium carbonate buffer —¥-
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olsjo]l k WHolA Y B-anylased] YA UL FEY A
= Morita £(1975, 1976)2) MY XT [-amylased] i3 Az} 3
A 3tedct.

Eq Table 33} o) AH B-amylase: B4YW B35 B-anylases} H]
2 P2} ME REM REMNGOo, M REHE 60 oC I=2 vy
73t ch(Murao et al.,1979).

Table 3. General Properties of Soybean [ -amyalse

and Microbial [ -amylases

Soybean B.polymyxra B.megaterium2?) B.cereus var

I,1127) mycoides28)
Optimum pH 5.6 7.5 6.5 7.0
pH stability 5.0-6.0 4.0-9.0 5.0-7.5 6.0-9.0
Optimum temp. 550C 450C 500C

Thermal stability below 60°C below 40°C below 55°C  below 50°C
Molecular weight 58, 000 44,000 35, 00015, 000

Enzymatic digest Maltose Maltose Maltose Mal tose
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e % Yo o RKWHEES] HAF RAstAct o] AF ol §3ly
Lineweaver-Burk X & H ¥ & Hanes-Woolf plot® Michaelis-Menten ¢

R(Kn)2} BARBEE (Voax)& S A2} Fig. 112} Yo] & A A9 Kn
U2 0.05 %x g ooy Vomaxs= 1.3 x 102 umol maltose. min-!. mg-! o] ¢c}.
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Fig. 11, Hanes-Woolf Plot of Starch Hydrolysis by [ -amylase.
The reactions were performed at 40 °C for 10 min at various

concentrations of soluble starch in 50mM acetate buffer(pH
5.4) with 3 -amylase,
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*F B-amylase?] FAH = Morita(1975)5 ¢ WP L E acid extract, amm-
onium sulfate precipitation, dialysis, heat treatment, ammonium sulf-
ate fractionation, ion-exchange chromatography(CM-sephadex, DEAE-sep-
hadex chromatography), gel filtration $32} o] =Zi3to] ¥ 3la WL
Al gto]l 28 EE Welth

97 32 & 5(1991)o] EAR I #(protein engineering)ol &g
MM Yol #Y TAE MYstrl f1¢ JdE #Y3s] fIB) site-
directed mutagenesisoll 2]%} oj2]7}#x] [ -amylase mutants FolA WA
of BEEL WS BRPELE Morita(1975)5 % TS YHLE FMMUMN
fEg AXND BREES] I3 MslstAL o] vhf stolx|A Hch
uleld 49T HRY HM|AHol 23l lF B-amylased UMW
8§ st zato] WD KRl wol KXo wAH FAHY 5 A& af-
finity chromatographyol 2j3t HAlu¥o] 2353 olch

opebd &2 whde afefe] 2l A Y (Morita,,1975)0] H]3te] affini-
ty chromatography % & S£UstE2H tiFolA B-amylased A ¥
¥ 4+ Addch
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RIBYE AEHLE HE tlF S-anylaseqd WML, I HHELEEH K
& XAt

2202 AAY AT [-amylaseo] WiE#HS 1,136 units/og protein®
B MHAESE Hy ¢ 50.5 uje] AT} 36 %2 KEE dcl.
ERE A X492 ¥4 R2AE #120 BEEEA 0.02 x71 =|A BSAE
Motste] YA el P& KA AATL

A B2Ae] ¢5F HUss] #i3) A TGAME SDS-Polyacrylamide
gel eletrophoresis& 4%t Z 2} T band§ LiEhlo] HEE ERRS
EE& B-amylase’t €434 FARATE HA3MAL,  SDS-PAGES] 2|3}
subunit?] 4 F&L 58,000 daltons& 2 F AT

HPLCol 2j3] M¥X-BH KL% naltose Jio] M H& HAU3adch
o] X BM pHet MEE 22 5.6 2} 55 oC o] dlch

60 °C o] 3ol M ul§ KESAAIT 65 °oC o] ol M AERE3ACTE
323 pH 5.0 - 6.001M 71 RE3t] MEBMAA vy KEstsrh
Lineweaver-Burk X & 8§ Hanes-Woolf plot® HE] MY X
TEERBol cl Ko 2t 0.05 % o]o§ Vmax gt& 1.3 x 102 umol malt-

ose . min-!, mg-to|t}.
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