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Purification and Characteristics of Soybean s-Amylase by Affinity Chromatography

Kang Soon-suon® Kim Chan-shick®, Lee Dong-eun**

Summary

Soybean fg-amylase [f-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-Toyopearl 650M, affinity chromatography on a-CD-sepharose column, and some physicochemical
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 yleld, respectively, compared to the crude extract.

The enzyme showed a single band on Sodium Dodecyl Sulfate polyacrylamide 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 optimum pH and temperature was 5.6 and 55C, respectively,

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

The enzyme was most stable at pH 50~6.0, and was more stable in the acidic region than in
neutral region,

From the Hanes-Woolf plot, the Km value for soluble starch was calculates as 0.05% and Vmax
value was 1.3X10* wgmol maltose. min"'. mg™.
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(2) a-CD-Sepharose affinity

chromatography

ojlgafo odojzl KT A-amylase WM 1
% 0.15¢92] ammonium sulfated Y73l &
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(pH 3.6~5.6) . 50mM Phosphate buffer (pH 6.0
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~10.002 pH# =3¢ E¥fo] pH 0.5 A2

€ 243171 #sld 50mM sodium acetate
buffer pH 5.4) 14 712& MEEFI(0.05, 0.1,
0.15, 0.25%) = %Mt YAH ME Q6p¢/m)
o HAfa} 40CoNA 2047 A A EEE &
A3ted Lineaver-Burk HEX & B Y Banes-
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HAY KE pamylases] XEH A Hfon

Defatted soybean meal
Suspended in 50mM acetate buffer, pH 5.4,
Stirred for 2 hr, and then centrifuged

| ]
Ppt Supernatant
Heated at 60C for 20min, then chilled
Centrifuged
| 1
Supernatant Ppt

25~60% saturated with ammonium sulfate
Stirred for 1hr, and then centrifuged

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

Su'pematant P1pt
Subjected to CM-Toyopearl 650M column.
Performed by increasing NaCl concentration linearly,
Fractions .

Subjected to a—CD-Sepharose affinity column.
Performed with S0mM acetate buffer (pH 5.4)
Fractions (purified Soybean g-amylase)

Fig. 1. Scheme for the Purification of Soybean g-amylase
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FEdch, o] ASFAE 60CAHA 208 AR+
oA MBI MEREEE €4EeAA A
A#gct. o] uf gamylased HiEMe 22.9U/
mg protein°]gict, ,

ammonium sulfate 25~60% 8 o FET: ol
AZo§ ammonium sulfate (25~60% Z3D) 2 I
#. 10mM acetate buffer (pH 5.0)ofA 24417}
ol &, WAL BEEAEE M+
oo jiEite 67U/mg proteincz MBS <
3z FrhAlzc

CM-Toyopearl 650M chromatography : ¥44l-¢
g3l 24§ ALAg 10mM acetate buffer
(H 5.00=2 vj2] ¥4l CM-Toyopearl 650
columnof F24)7) o}§ AL YFEAdez F¥

-3 NaCl
;o.s-
S 0.5 M 5
% R
go.o- *
s z
§ oa} 2
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<
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Fig.2. Elution profile of soybean g-amylase by
CM-Toyopeari 650 chromatography.

—— asorbance at 280nm : —+
activity of p-amylase :

—— concentration of NaCl in the
elution buffer, '
The column (2.6X35cx) was equilibrated
with 10mM acetate buffer, pH 5.0,
containing 3.5mM mercaptoethanol,
imM EDTA and 0.02% sodium azide.
After the enzyme solution was put onto
the column, the column was washed
with 500mf of the buffer and elution
was performed by increasing the NaCl
concentration linearly from 0 to 0.5M in
the same buffer. The fraction peak as
shown by a horizontal bar were
collected .

8 AAsd 4s FAodyE ARG U
A8 Fag ZLE 0~0.5M NaCl 8389%&
oz gradient 4A171HA tubed 7.7ni4 W
stgon o BAK ##E 280nmel4 BIEHF
&A% Az Qe 7 peakof4 g-amylase FHiEE
Fig.29} e 5 64~74 tubecliAgt velyte
o, o] FEMSNE Zol FEAMY HLAE
qck, weky oAl EdHH HiEEL 315U/
mg proteinc 2 MHEF o 14z FHIHAA.
a-CD-Spharose affinity chromatography : °]
& Yo g A4d lafd ammonium sul-
fate 0.15¢=1 =& bzt A ¢ w7t
aukatgic}. eli epoxy-activated
sepharose 6Bel a-cyclodextrine.z $2td
affinity columnel Et&5EHE FA of,
50mM acetate buffer (pH 5.4) Imf% ammonium

0.261
0.2
0.16
0.1}
0.08
% e s

|

o
Activity(x 100 U}

Absorbanae at 280 nm

»

o
o

50

Tube Number(3.3 ml)

Fig.3. Elution profiles of soybean s-amylase
by a-CD-Sepharose affinity
chromatography.

—s— absorbance at 280nm :
activity of g-amylase :

The column({l.6X35m) was
equilibrated with 50mM acetate buffe
(pH 5.4 containing 0,15¢/=f ammo-
pium sulfate, 3.5mM mercaptoethanol,
1mM EDTA, and 0.02% sodium azide.
After the enzyme soluttion was put
onto the column, the column was
washed with 300m¢ of the buffer, and
elution was performed by 50mM ace-
tate buffer, pH 5.4.

_'_
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sulfate 0.15g0] &#l¥ SFgoloz F¥3 A
HAA A3 Fad ZLe S0mM acetate
buffer (pH 5.4) 2 HHA1A tubed 3.3 HH
shgich. ol3A ze # i H¥E 280nmel
A FF=F FAs & DU peakd] MR
fEt€ 4% AH Fig.3o14 deuish Fol K
¥ D99 peakel ELPAL AS A
peakg uebiin], AFHoz HAM=Erst 502
SDS-PAGE 23} 443 p-amylasez Ax 513l
£& Az,

Table 1. Purification of the soybean s-amylase

zt AASANA ol e B WS
RS Table 137 Fon] HFAeoz AAY B
EEARo) HiEME-S 1,136 units/mg proteine =
Bt Heez ¥u <k 5oule] AA=E A9
o, zehd elai® A3 Morita (1975) 5 oF
40u1e) AA=e] nust viasied ¥ AYWS AA
o] o3 AAY g-amylasexw T43A FA
=S8 BodFa gld,

KRe 36%=z chE o7 (Morita et al.,
1975) &2] A3} wimsted EA el

Total Activity Protein  Specific Total Yield Purificatin
St volume activity  activity fold
P (U/xr}%
{mf) (U/af) (mg/wf) protein) (U) (%)
Acid extract 82 144 6.4 22.5 11.808 100 1.0
Heat treatment 78 142 6.2 22.9 11,076 94 1.01
25~60% (NH,).SO, 58 134 2 67 7.772 66 2.9
CM-Toyopearl 650M 66 107 0.34 315 7.062 60 14.0
a-CD-Sepharose U 125 0.11 1,136 4,256 36 50.5

2. BRENE By ik

o M SHEZ Batol o BiNel HE
o] ojubz #Eite] A=l dol U7l dAEel
mercaptoethanols} g ETHE Yo fid
A BAOREE e Ze Fa3id, =
£l Y MEs HeéMolol dis] EDATE
F&A]#H ZAsote] mercaptaided] ¥4E Ute
o] (Kamogawa et al., 1974, Morita et al,,
1975), #twel 24& 4Ast7] H# sodium
azideg AM$33ich, oA AHgsle ZE 93
Sedo) REME H7lsled AT AL HAA
Zch, 28z AL P4 3AY e AFA=

& Hagodg A3y dEo] &4 AAA B
Balcials $Ao) £40] &}, §3 Moritas
(1975)¢ &Lg9e W5 HMWM(10pg protein/ml
ol3h) std FAol Astdctn Bz 3gict. <l
& FAE 457 A 2 AdelAE A
BMEBE S3lod Table 291 o] hF{old]

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

Activity (units/nf)

Enzyme Conc. S55ug/wl 5.5u9/nf
BSA* 123 126
BSA- 107 48

% BSA': 0.02% BSA, BSA™: without BSA

0.02% s=iA BSA® H7lsl=z4d ERN BXK
o] 4R A= AL #AY 4+ Al

3. SDS-Polyacrylamide Gel Electr~
ophoresis

AAY BLo] MEFE Wdsr] Hsld o2 #
81 FP59I1=  SDS-polyacrylamide gel electro-
phoresis& 4w#sigict. Aal #LL SDS-PAGE
el Fig.49 2ol B— band2 Jeh} HEM
EAEL €8 samyasert £43151 AaAsidE
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1

SDS-PAGE analysis of s-amylase
samples at different stages of the
purification.

Lane M, molecular weight markers;
Lane 1, acid extract: Lane 2, heat
treatment; Lane 3, (NH,),SO, 25~60%
satn.; lane 4, CM-Toyopear! B650M
chromatography : lane 5, a-CD-
sepharose atfinity chromatography.
The numbers on the left denote mo-
lecular weights of marker,

€ "Asgc,

AA¥Y XY p-amylased HFRE A
#Haled EAg 26,000~116,0002] Lxis§
marker® 3}od SDS-PAGER A4A1¥¢ Ade
Fig.5¢} Astct. vebd marker proteinzt =€
&9 bande] REXE ALY Fs Exge <
58,000 daltons A=z F3Pgc},

ol2]§ 3l Morita(1976) 5°] SDS-PAGEe]
% &3¢ A3t Mikami(1988) 5] DNA BEX%
EFlz ZAAd ¥ 2 dAda Y.

Fig. 4.

4 BN-ER RWER®E S

A ALsl AR RELRHE UL

20

10

Log (Mw x 10-¢)

1 1 1 1

0.6 0.8

0.2 0.4

Re

Fig.5. Determination of molecular weight of
soybean g-amylase by SDS-PAGe.
Standard Protein: 1. g-Galactosidase
(116,000), 2. Fructose-6-phosphate
Kinase(84,000), 3. Pyruvate Kinase
(58,000), 4 Fumarase(48,500), 5.
Lactic Dehydrogenase (36,500), 6.
Triosephosphate Isomerase (26,600) .
—Purified soybean g-amylase,

i)
3.1

4 63

-
-
-

\
|
|
| L
il At

Enzyme-Substrats

-

Standards

Fig.6. Elution profiles of standards and
production of purified enzyme-substrat
reaction.

A: water. B: glucose. C: maltose.
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Enzyme concentration: 0.2mg/me.

Soluble starch concentration : 0. 25%.
Reaction Time : 24hr. Buffer : 50mM
acetate buffer(pH 5.4).

Temperature : 40c. HPLC: Waters,

Mobile phase : acetonitrile-water (80 :
20), Column: Bodapak C,, reverse
~-phase column, Flow rate: 1,0mg/
min, Sensitivity : 8x, Detector: Ri
detector.

#aled 714 AEE 7122 Fo] wgAlZ £
HPLC: iy SMERHL Fig.63 2o
maltosegto] A4Q=lgict, oieli p-amylase:
maltose P4l HRMS 2+ Ad 24 KFoi4
8 &34 telsle] a-amylased gluco-
sidase®] d%g LA ¥ Aoz WAoo,

5. B¥¥S| REEHtE

D RBERE
AAY KE p-amylases] RBEREE ZAY
7= Fig 7ol A9} ol 55CoA JAENESE 29
oo 50Cell 4} 96% ol4be] A=} 65CoA 97%2]
24E 2ged, o o4e BECNE 4o
WA A=k, §3F 75CoAME Havh @
A5 Btslo] RiEE A & + UG

100

80

8o}

40

Relative Activity(%)

20}

[

35 40 45 50 65 60 65 70 76

Temperature(“C)

80

Fig.7. Effect of temperature on the activity of
soybean p-amylase. The enzyme
activity was measured at various
temperature for 10min at pH 5.4.

~33-

2) MEEM

AMY LLdg 7 L= (5~800)H4 158F
< MREY ¥ BEEEE 2AQ AR Fig 8ol
4 & ulsh o] 35~60CHA ZTEHGLH 1
oldeldE BEFLR cidel Y4ol TAN 2
£33,

L4
o
T

60

Relative Activity(%)
-~
o
T

20

0 L . L n L " n "
35 40 45 50 55 60 65 70 75 80

Temperature{°C)

Fig.8. Effect of temperature on the stability
of soybean A-amylase. Each enzyme
(26pg/mf) was incubated at various
temperatures for 15min at pH 5.4 and
the residual activities was assayed at
407,

80

60

40

Relative Activity(%)

20

oa 354455 556657758859 9.5610
pH
Fig. 9. Effect of pH on activity of soybean 4-
amylase.
The enzyme activity was measured at
varios pH's and 40T for 10min. Buffer
solution used: 50mM acetate buffer -=-
5mM Phosphate buffer ——,
50mM sodium carbonate —x—,
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3) A pH
A4y x4 g pH 3.6~10.074A 7|3z 2
$44 g4¢ $3¢ A3} Fig. 99 o] pHE
5602 Kt @ilelA vlmA MAse pH 7o
AolAe FAE 4o Fa=gic,

4) pH &£EHE
Z pHe| &g (pH 3.6~10.0)0] EL g
Yol 40Ce§A 141E<t WMREY ¥ w-g4A
$4€ =A¢ A3k Fig. 100049 3ol pH 5.0
~6.0014 EEHE JFetWod pHE oldolA:
I8 FEEstd §4o1 A3l =lgien pHE ol
dde 44 b=l edgbc,
o|2}zto] &k Kol Aalg s-amylases]
Bl 434 Fey¢ FAAE Morita F (1975,
1976) 2] AAY KG f-amylases] YurAA 4A
3 3 dA s,
=Y Table 35 o] KT Samylaset BEY
mkel g-amylases} vjz¥ 3 Mt WMENA
wEdden, M KEMRE 60C A== vay
23 (Murao et al,, 1979).

100

8o}

60

40

Relative Activity(%)

20

S

ob— 1 L MV
3354455556657 7.5885899510
pH

Fig. 10. Effect of pH on the stability of soy-
bean S-amylase.
Each enzyme solution (26¢g/m¢) was
incubated at various pH’'s for 1 hr at
40c and the residual activity was
measured in the presence of 0.25%
soluble starch as substrate. Buffer
solution used; 50mM acetate buffer =-

50mM phosphate buffer ——,

50mM sodium carbonate buffer —a—.

Table 3. General Properties of Soybean S-amylase and Microbial s-amylase

Soybean B.polymyxa B.megaterium®” B, cereus var
I,1%*" mycoides®™

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. 55C 45¢C 50C
Thermal stability below 60C below 40T below 55C below 50C
Molecular weight 58,000 44,000 35,000+5,000
Enzymatic digest Maltose Maitose Maltose Maltose

6. M2 Km % Vmaxe| gt

2 Ba9 AAs) o BRNE 247 A

o M ERATAAA 7129 55 W] g
FRGEE 2] Wty zAsgich, o] ZAaF o83
of Lineweaver-Burk F#E:X€ #3g Hanes-

Woolf plot2 Michaelis-Menten ¥ (Km)<2} 8
KRR (Vmax) & $38 A3 Fig. 113 3o
2 H49 Km3te 0.05%%2 Vmaxe 1.3X10
*umol maltose. min™, mgol}ic},

XS p-amylase2| A+ Morita (1975) 59 &
Ho g acid extract,
precipitation,

ammonium sulfate

dialysis, heat treatment,



At 22cleaed o XY S-amylases] Ml I 45t 11

sIv 10"

2.0 4+

1.5 4

1.0 &

A

-0.05 0 0.05 0.1 0.15 0.2 0.25 s}
{s)

Fig. 11. Hanes-Woolf Plot of Starch Hydrolysis
by s-amylase.
The reactions were performed at 40cC
for 10min at various concentrations of
soluble starch in 50mM acetate buffer
(pH 5.4) with s-amylase.
ammonium sulfate fractionation, ion-exchange
DEAE-
sephadex chromatography), gel filtration 5
7ol zz}o| ¥atsln W Aol £258E WY
ojc},
t$7] Azl & 519Dl EEH IR
(protein engineering) ol l¥ WMES FAol
g B4 E APEstr] AT 1S 4937 94
site directed mutagenesiso] 2§ o{7tA §-
amylase mutants Fol4l EHPo] BRRAEKS] 22
WRERWE Morita (1975) 53 A& dHo2 N
MYUAEE AA BEXEEe] S8 AzbatAv
Weo] ol g dopalA Fch,
ueld SHRpye= AL FFNHA 2lsid
5 p-amylase® SRR =3o] A3
I HRitol Eol KXol A AAY + U+
affinity chromatographyef &j% Aalulye] &7

chromatography (CM-sephadex,

¥ 2

Ahn, J. H., J. B. Bwang, and S. H. Kim,
1990, Cyclodextrin Glucanotransferase from
Bacilhss stearothermophilus :  Purification by Affinity

sla .

w2 e Alie $e8] Aad
(Morita,, 1975)of ul#}e{ affinity
chromatography W& =324 dFdd s
amylase® ¢4 #a¥ 4 3Usid.

1 =

gt ascleagy§ olf3ld BRiEY XE
ez &E d% p-amylase (B-1.4-glucan
maltohydrolase EC 3.2.1.2)% #§lsla, 2 %
EiLa #HitE =A%,

AFHeor FMY KT samylaseo] HiE{Ee
1,136 units/mg protein & Ko = 49
oF 50 509 AFAMEs}l 6% KEE At

ERE A Aide] $4 A& A 9
tA ¥ 2 SDS-Polyacrylamide gel eletrophoresis
¥ $9% A3 9¢ band§ Jelde] HEM &
AEL EE pamylaserl 437 AAsGEE
Aelatedz, SDS-PAGEY] 9# subunity 4F
&2 58,000 daltonse=2 Zygct.

HPLCol 28 B¥-385 4% maltose
aho] WMEdE Asiich, o B BE pH
Brs 44 5.69 55Co|ict.

60C olstell4] =mi-# TEIIAAIT 65C ol oA
+ PREHAY.

a8lx pH 5.0~6.0004 713 REste] Bid#
moj4 wlaza EEIdd.

Lineweaver-Burk HFExX€ #H3¥¥ Hanes-
Woolf plot= %8 MNY BEX ATEERD
Sy Km g 0.05%0]= Vmax e 1.3X10%
mol maltose min™ mg™o|c},

v -
T+ d

Chromatography and Its Properties. Kor. J.
Appl. Microbiol, Biotech, Vol, 18, No.6.
585~590.
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