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Saccharomycopsis 52} Saccharomyces 52| &EEFSHN FF0iM
HL8= o-amylaseS| F
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YA o] Y S o]8-8l Ao HERe 5ol I A 23 ¢ TFE /PisA} 8151, Saccharomycopsis
fiburigera KCTC 73933} Saccharomyces cerevisiae KCTC 70499) 4] & 228 F o7 S| s
cerevisiage®] Rt E AGAH FAFEMN-160E FA sl AL H350] V18 FFL AE3idc. A X wjofjez
ZHA fAE UEY ammonium sulfate 3, DEAE-Sephacel column chromatography, Sephacryl $-200
column chromatographys2] AL T3 9.7%°] 35§= oF 10.60) FAlE XAE dL& 4 U AAL
B4 SDS-PAGE H7|45¢ £ 2 bandE Vo 3¢.20, SDS-PAGES} Sephacryl $-200 column chro-
matographyS $3{A 53 kDa22 vepgot. A HA] A A4 2+ 40°Ce) L, AL 40-45°CE Jepye.
A B4 pHE 5.501%1, pH 5.0-7.0 A =o)A pH A o] 80%A = FA =S} 7184 Al <4 ¥ Km 2
2.5 mg/miel e}, £}, AA| HAe] F& o] 28] AFZ Ca, Co¥', EDTA, Mg, Mn?', Zn™* H71A] §4do] 341
HA, Ca*e A¥ /M L bl Cu¥, Fe¥', Ni¥'9] A= 23] @A) A=A
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Amylase® ¥ 182} Sr3E-g Falshs dl B3t
T 248 s sl vigoly vhEbEe] met o
amylase(EC 3.2.1.1) B-amylase(EC 3.2.1.2), glucoamylase(EC
32.1.3) o-glucosidase(EC 3.2.1.20), pllulanase(EC 3.2.1.41),
isoamylase(EC 3.2.1.68) 522 HHEI(8)21), 71 EHol
Al B33 48 A5y 542 ol 7|R dith2s). 53,
o-amylasex= AEo|} ZYFAY FAHES  amylasedt
amylopectin®] «-1, 4 glycoside A F-AH oz Rz
endo® 9] VIE BARA o7 7] FHo AFHE 23
= AR A3tE 4o maltose YAEL 50%FE°1TH3). 9]
A3 o-amylase= A wel M3 thermostable o-
amylase ©} 938}3 thermostable o-amylaseZ TH& 4= it}
fFEE AME Hxo d3¥  gamylase™  Bacillus
amyloliquefacienso| 2] AHE Aollor ©& & dAAe] &
2 Bacillus licheniformis7} 2}FA 22 =JAHATHIS). B33
o-amylase®] 542 Atz AH8E 4 g T Foll 7
8}A] 23+ v thermostable o-amylaseollA] ¥& 4 gl= A
B HFAES AME £ JoEE FE IFEY
maltose A AZEoPAA o] 8-ETH2). Amylaser= 2H8-7]%}0]
TheFE gk olye} 11 g4o] wile Tkt SEA, HE

A, BEA SoIA B A AT ARE Eafs)
= AEE FoIA AR F2 = 10094302 ¢RI 3
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H, 5652 A7} 28] ATEATH20). A7 F3e] A
BT =, o-amylase, glucoamylase®} debranching E4E
F A e AREFS ko-
nonenkoae(22), Lipomyces starkey(23) 1213l Schwanniomyces
occidentailis(5) 5°] Qa1 719] HE E35o] Hold Cundida
sp.(7), Torulopsis sp.(19), Trichosporon sp.%} Pichia sp.(5) &
£ & F Uk Hddle Tid FEoldhs AL 7lee B
22 HEsl 71 e AAE B4 A AgEE Bolw
T Sl AAE o REE AEH] Hujart didEEe Ao
AT Amylasedl] e FHL FEA, AEA, v[AEAS
2 BRel] 83 4908 AFHR|R e, 53] &
59| amylase™= tHEAY B AHA9] fo]d ool Bo] A+
HolA1 91 FPHe L © FHHEsHA o8 5 I
amylase AAFTE Helshs Zo] B TAR tiFF 1 Ut

HAE B8 84 F oamylase 2] AT7AES o) £,
A= on] 1 FAdo] W7l vt rke). ojn] EuE o-
amylase®] A= o8 QAIE AH FPH <
Schwanniomyces alluwvius ¥ 33, ion-exchange chromatogra-
phy 223 gel filration®] Al GAE 3 BAstAL, BAg
o-amylase?] HZ 3|¢=E3 HA A= 242 17%9) 10.846)
Aty SFATH24). C antarchticaZ ¥ 53 gel filtration,
DEAE-Sephadex chromatography, 221 hydroxyapatite chro-
matography 39AIE 53 A8, o] HA o] A pHE
4208 HALTE 500CHEQT, 19 B EDTAY <3
AIHJATT BIOSATHIT). S occidentalis 2 5-E]

o He lo

S. fiburigera(12), Lipomyces

e
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superose 12-FPLC Z12]3l Mono Q FPLCE MTAE F&l A
AR o™, c-amylase HE 3|FE 4%HT A ==
288 2 1 13} THE).

whetA B A= Saccharomycopsis fiburigera KCTC
7393014 & B3t § JLoT EQRHIFTRI S, cerevisiae
KCTC7049% HolA7 A", A&l sc] S7Hd A5
MN-16914] extracellular amylaseZS ammonium sulfate fraction-
ation, DEAE-Sephacel ion chromatography, Sephacryl S-200
gel permeation chromatography = =33te] Agtir A
ARl Eel BAES ZASHZ] 918 SDS-PAGE, gel
permeation chromatographyoll 213+ 213 24 9 HH2x9}
ex o Halol] wE QA 12]1 A pHe} pH #isto] whE
A FAFElaL A mIRE FEoled] I 71d

ol whe Jo] A dig Km 32 Feklch
Nz W Yy

AgRF

B AgoM AMge g5 oy dFEXM Saccharo-
mycopsis fiburigera KCTC 73933 AL8 74 SHWHOF
Saccharomyces cerevisiae KCTC 7049 (tyr, wa )= A 38
Aa AR Lol Hopuo} ALGEEAT W] WS
ol g3t S fiburigera®l 3& HElEte] S cerevisiveZ TEA
A FEMN-16yS Aol Aol AHSIHATHI6).

Mz =52 goo| M= 9 Bz £F

el FARSA Y AFEE 1.0X 107 celis/mio] =
A AAufAe) HE3kd vig7] D7k Azl & FAE
AR 2 85l 2% 718 HER JF 2 Ee] A7t
Aol AFsle] 30°CoAl A 48413 w ksl AR
(5,000 g, 15 min)a}e] G2 FFAE AL £EA BAYoR
AHEEATE. a-amylased] &4 FAEE 233 93 7|AR
= 1% 7HEA AES AFESlS amylase helixol| F3¢E T
iodined AMES= W (9)2 o83ttt

= 7142l 1% 7FEA HAE 1mist 05M citric acid buffer
(pH 5.0) 1 mi& EFF F 40°ColA 1087 WA oL 64
Sd 1 miE SSAIE T ISt 3087t WHEAIFIAL IN
HCl 1mi& 2] ¥-¢-& FAANAD ¥SF 0.1 miE 02%
iodine-0.4% KI TN 1 mi} T/ 2mis 9ol & T¢HE
AL 158G BAEA%. 1 £HE spectrophoto-
meter(Kontron Co.)& ARSI 33 570 molA4 ER=E 5
el 1units HAZHANA 125 /M4 dECZRE
glucose 1.0 mge A= 49 oz AY3iHoy Tl
AL hovine serum albumin(BSA)E HF AZE AME-3A
Lowry (1422 53874}

o e

]

!

Ammonium sulfate .8
AZY zEA AN camylaseE H7HA717] A8
ammonium sulfate 2} FEHE FFHA|A o-amylased] 84S
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228 AR 55~75%04 BlmE F& &ido) vehdo wEt
) o)Fe] AL 55~75% Atole] ammonium sulfate F3]S
olgf g} 2o HhHoz 53 AN WA 2as 49
£ 4°Col|lA ammonium sulfate® 55%7FA] AxX3] E3}A|F7IAL,
308 St wksk R JAE Ao BHES AAs] A5l
4°CelA 10,000 rpmS.E 2087 FAEE|A|1 7|1 FEA L st
Aot tha] AFEoo] ammonium sulfate® 75%7}%] E3}A]7]AL,
308 5oF WHHAIT) F 4°ColA] 10,000 rppm e E 2087 AR
#al 2 AE G- 2ol S0mM acetate buffer (pH 5.4)=
o thg Ao Ag-EkTh

Sephadex G-25 gel filtration

Ammonjum sulfate F8&0] S0l 9L AA7] Hstd
Sephadex G-25 gelS 10 ml syringe®l €3 50 mM acetate buf-
fer (pH 5.4)2 BFA1Z) 3 ammonium sulfate 55~75% £8 84
S AH3eE o 4°Coll A 5,000 pmOE SE3F A4EE s

DEAE-Sephacel column chromatography

DEAE-Sephacel®  column(1.6 cmx20 cm)ell 343 F
50 mM acetate buffer(pH 5.4 HBA|Z] thS Sephadex G-25
Z AEg a4 892 coumn®] FSIBII gelo] A &
2 wlAS A ASY] ¥8l 50 mM acetate buffer(pH 5.4)F Al
23 & 04M NaClo] 39 50 mM acetate buffer(pH 5.4)
50 mi9} S| 50 mM acetate buffer(pH 5.4y ARE-3le] 24
FE 71R71E MR £F S5 ARME 45miE S
225ml ¥ £33

Sephacryl S-200 column chromatography

Sephacryl $-2005 column(2 cmx100 cm)ol] ZA 3t 50 mM
acetate buffer(pH 5.4)2 %8 A|Z] v DEAE-Sephacel column
oA a-amylase®] A FAo] ¥ BT 2L OF FHA
A 300w SHNA AEE FH3FAI)L 50mM acetate buffer
(PH 542 SE3AZT. oWy 8% &&e AT 3miz 3
I 15ml A B3t

=XE WHE fIE MIdE

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE)E 10% polyacrylamideE ©]-83}32m(11), o|w)
stacking gelol A1 80V, separating geldlAl= 160 Vel dgtoz
3A1ZE 2k =33 ¥ 0.05% Coomassie brilliant blue R-2502
Z 108 32 F% TS methanol : glacial acetic acid : H,0
B 1:1:82 £ gdog aiAzn.

Gel permeation chromatography

Native £A9] BA%F FAHE A3kl Sephacryl S-2005
column(1.45x73 cm)ol] &A% % 50mM acetate buffer (pH
542 HPAZTE Molecular weight size markerZ+ blue
dextran(2,000 kDa), alcohol dehydrogenase (150kDa), BSA
(66 kDa), carbonic anhydrase (31 kDa)& 22 1mg¥ 50 mM
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acetate buffer(pH 5.4) 1 mlE&do] =9 F Sephacryl S-200
cloumn(2x100 cm)?l] #&}3}3L 50 mM ace-tate buffer(pH 5.4)
2 EE2ANFAY. o] W §&F &xv AT 3miE Al
1.5m 4 285 & @9g HFL spectro-photometerS A&
gled 93k 280 nmoll A FREE A3

B4 WY 0|R= 259 W#ka dctAY

o-Amylase®] £A4-& ZAEL7] Y3 DEAE-Sephacel column
oA AArgA o] & B8-S Ko} Centriconl 2 F AA%} &
& A7 & ARSI S40) S viAle 25 A%
ol y] st} 20000 70°C7HA] 242te] xolA 50 mM
sodium acetate ¥=ENpH 5.5 GAA7 7]2E HESA]HA
7} &5oA 3087 AXWEE A7l & gramylase AR S
ZAsIH o0, A g4 EXAANL 30-70°C 25 B A
50 mM acetate buffer(pH 5.5) 1 mioll lunit®] &4 718 &
NE 3087 A wkSATIEA R HF0E 7t &AM
A4 AEEAS S

B4 M0 ojxXl= pHe| YE 3 oHEA

FA0 Ao WA= pHY] FEFS dolr 7] f13t pH 30]
A pH 107hA] Z4Zhe] ¢% 8A4& ThEo] pHE 2ET ¥
40°col A G4d7 7148 9hEAIA a-amylase B4 S =
ettt 7} pHellA] Axg-d9] g ZARH] Hdted A
7] 88 1 mid) 1unitd] EAS A3k, 30°CoHA] 241]3F
FA A7 Fol| ZHEdhs 54848 £k pH 3.5~6.0
HEE 100 mM acetate buffer, pH 5.5~8.5 ®9lol= 100 mM
phosphate buffer 22|31 pH 8.5~100 ®H$ole 100 mM
glycine bufferE ARE-3HET

)

g0 o8}

A ARRAe] Fro W mE NeEEE 73 o
71 A3}E Lineweaver-Burk plot(13)S ©]-&3}s] 7]z o
Km 3-8 2330t

o o

2% Ol2e Y

B A vRle 345025 TS dolr ] 95k
Ca®*, Co®™, Cu®*, EDTA, Fe¥, Mg®, Mn*, Na*, Ni*, Zn*
59 7 I d3ES 10°MY] FEEZ 40°C, pH 549014 &
23 WA F BAEAY S wEle =43k

- -

H R0 oM AJAMEl o-amylaseot 4 317

MN-162. 258 A&

enzyme),

o-amylase™ culture medium(crude-
fractionation(55~75%  saturated)
DEAE-Sephacel column chromatography(flow rate: 4.5 mifhr, 2.25

ammonium  sulfate

miffraction), Sephacryl S-200 column chromatography(flow rate : 3
mipryel 227 FAZAT g g e 4oc olEe) ] SR
o g SN T 50mM acetate buffer (pH 5.4)8 AE-31%Y
.

o-amylase®| E2| 38X

Ammonium sulfate®] FE=HE HAAIZ] & g-amylase 84
TE FAS A 55~75% AlelollA Hiel HAES By
e}t 55~75% F=olA AHB PSS e 50mM
acetate bufferpH 542 =9 TR  Sephadex G-25 gel
filtration 3t AL AAZ A} specific activity= 50.1 units/
mg ©1th FE& AAF &4 898 DEAE-Sephacel column
of A3}313L 04 M NaClo] ¥ &8 50mM acetate buffer (pH
54) 50mi®t Tl 50 mM acetate buffer(pH 5.4)3 AR&-3}
Ad T 712712 852170 A7, a-amylase EAde] No. 50
~5574R19] BFelM wotvh weld B &4 FE anion
exchangeroll §&5= 2ol T4YS & 5 UYA ol &
o7 &4 -H FAEE 370.0 units/mgo) R 1 oS &
A Aol e B3 No. 50~555 o} Sephacryl S-200
columnol] A3}3}3L 50 mM acetate buffer(pH 5.4)5 82AIF
o 1 E3 a-amylase E4J0] No. 63~677HA] EZl|A vl
A g4 Aol A vERd T If FA TS 5302 unitsimg®] Y
o} A Za4A B 800mlE HE] 55~75% ammonium
sulfate %], DEAE-Sephace] column chromatography, Sephacryl
S-200 column chromatography 5] A4 A4S Fa) ol 2
Th= Table 19} Zom 284 §An Hlwdle] 97%9] 3|82
ok 10.68] HAE EAE A4S 4 AUk

M §a0 =5E W 22X

SDS-PAGEE- 433+ A= Fig. 19] Yehd ule} o] Tl
A bandE ARG - Aen B a4o] B2 marker
protein®} H]s] & A3} 53 kDal 2 FAH AT Sephacryl
$-200 gel permeation chromatographyoll 2J3}a] Ezl&E8- &3]
& 275 Fig. 20 Yo 24132 53 kDalE F4 5
Ak Wb B g4 53 kDadl @Y @A R o] fojzl &
298 ¢ F U o] A= SDS-PAGEC] el A
Aspergillus  foetidus(14)9]  EA1% 41 kDaRthes AT
Aspergillus sp. (1)2] B2 65 kDaXth= Al UeRd o, &

Table 1. Purification of o-amylase from cultured supernatant of yeast hybrid strain MN-16

Purification step Total(r\r/l(l))lume Total en(zu}g;:;: activity Tota&{)gr;) tein Sp i:lgf/ra;;wty Purification fold Yield (%)
Crude enzyme 800.0 4120.10 82.20 51.1 1.0 100.0
Ammonium sulfate 2.6 201121 10.00 201.1 4.0 40.8
DEAE-Sephacel 11.0 603.36 1.63 370.2 7.4 14.6
Sephacryt S-200 3.0 401.72 0.75 530.2 10.6 9.7
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i
X—-AMYLASE

Fig. 1. SDS-PAGE patterns of o-amylase at each purification step.
Lanes 1, Molecular weight marker; 2, Ammonium sulfate frac-
tionation; 3, DEAE-Sephacel column chromatography; 4, Sephacryl
S-200 column chromatography.
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Fig. 2. Molecular weight of a-amylase by gel permeation chromato-

graphy on Sephacryl S-200

alluviusZ=5 €} DEAE-cellulose ion-exchange chromatography,
Sephadex G-100 gel filtration chromatographyE %3l 52 kDa®]
A gamylaseS D2 A7)} KA
o- amylase?] SM: §4 EM0 DjXE 252 HE

aae) Aol MiAE 2= 9FE 47 20°CHE 10°C 3H
Ao g 10°C7HA Y] Lol A AadF 71AE WHEAIA o
amylase B4 84S S AHAE Fg. 30 YeRACE 20 °C
A ek 75% B8-S MR, 40°CelM TP = B
B W 50°C o) dellME F43] Adske AR Uikt
&, Gio] A ATE Fg 4o HERATE 40, 50, 60
2gjal 70°cel A 5-30% B WA At 60°CS 70°CelA
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Fig. 4. Thermal inactivation of o-amylase isolated from MN-16.

742k 1583 520l 3] 4L Ao, s0°Callxte 308
35% %= B/de] FASIYL, 40°CollxE 4ol Wbt sisich

E40| §M0f O|XlE pHe| ¥E ¥ oEY

FAo 8ol v|X= pHO VS S4317) S18te] pH 34
A pH 10743} Z}7te] $h3-g-oE vhEo] pHE 283 v &
4297 71Ag HEAIA YEE o-amylase B4 8448 $34
3laL 71 AFHE Fig. 59 YERAIT pH 3.0 SIAFE 6.0 744
+= 100 mM acetate buffer, pH 5.5 *|A3FE] 8.57FA1= 100 mM
phosphate buffer Z2]31 pH 8.5, 9.0, 10.02 100mM glycine buffer
2 AHEsl a4l 7)18S vhEAIA UERYE o-amylase &
4 8A4E A3 YutHOE g-amylases #H3 pHZL 5.0
~6.52 AHFPEHE) 24242 pHolM whedr e 7P w2
84S pH 552 vEsTh 39, pH 3.0-80 F A 30°C,
2447 BA® £, 1 JAE BHE ST BAAE Fig. 6ol
YehSlE=E pH 5.0-7.0 HHolA 80%olde] E4284S

1ooT

H -] o
=] [=] o
T T T

Relative activity (%)
o

N
(=]
T

) i s . I 1 " s N

3 4 5 6 7 8 9 10 11
pH
Fig. 5. Effect of pH on o-amylase activity. A, 100 mM acetate buffer;
B, 100 mM phosphate buffer; C, 100 mM glycine buffer.
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Fig. 6. Effect of pH on the stability of o-amylase secreted from MN-
16.
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o 93 €02 q-amylase2] Km #-& Fig. 7914 B ule}
7o) 2.5 mgmis VERITH

F& ol »E

o-amylase @400 PIX= F50]R9 e A3 98k
Zr 4 F3EE 10~-3MY FEE pH 54, 40°CHA T4
I WhEAIZL £ Ak dig BE SAT A= Table 29}
k. F F4 ol F Ca¥, Co¥, EDTA, Mg™, Mn¥, Zn**
H7HA vl 84o] A5 a3E eI cu®,
Fe™, Ni*371r] &480) Asis=e Zo2 vepgr) o] 5 ca**
A7) 7V =e 84 ﬁL Fe*& OhE F4 o]0 ]
3} As) A7t Ekod 05, 1.0, 2.0, 50, 10mM ZZe] =

30
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Fig. 7. Effect of substrate concentration by Lineweaver-Burk plot.

Fudo] koM AN g-amylase) EA 319

Table 2. Effect of divalent metal cations on o-amylase activity from

MN-16
Metal ions Relative activity (%)
None 100.0
Ca™ i12.4
Co' 107.6
Cu®” 79.1
EDTA 109.5
Fe?* 59.1
Mg* 105.7
Mn?* 107.0
Ni%* 78.1
Zn® 103.8
0.5
0.45 |
g 1
= 0.4
(@]
. 035}
2
> 03}
O
® 025}
()}
& o2f
< 0.15
8 0.1
0.05}
0 . .
it 2 3 4 5 8 7 8 9 10
Fe’* (mM)

Fig. 8. Effect of Fe’ on o-amylase activity.

THE Fet'o] A3 AE AR A Fig 8olA B nis}
#o] Fe™* 25mMolde] FxolMe & W3yt giile) ol
2 dIe Aspergillus sp.(10)) A E AI*, Ca¥, Co?, Co™,
Cu™, Fe™* 7] &4do] &359lom, He 5‘47}/\10115 a4
o] oq;(." HAtke B E vjws] E u thREE Ca?*, Mn¥o]
Z4E 2% A2 FABIAITE Fe? H71HA] %Hs‘ o] A=k
= AL B ELY BolHolmtar & £ 9tk w8
alluvius(17)2) 7% EDTA°ﬂ ola) Atz Hilee 2jo]
7F A} B G4 FFY ARFANAM c-amylase T4
Ca®*°] cofactor= Z}%ﬂ‘:}- Hi1(8)e} YRR 747 o)
% Ca™*2 84 FF Foll T¥so] glo] disulfide bridgeS 7%
gpstar AAAH] B TR IFHE FIMIE Hew o
#HA UHQ3).

HAlel 2

o] =& 1996d% ZMUstw wssle dA
o}l SR E AT ZAR=HuTh

] 79l
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ABSTRACT : Characterization of c-amylase Producing Hybrid Constructed between Saccharomycopsis
and Saccharomyces

Young-Ki Yang*, Myeng-Nim Moon, Chae-Young Lim, Young-Ha Rhee!, Jeong-Ho, Kim?,
and Glenn Chambliss?(Department of Biological Sciences, College of Natural Sciences, Cho-

sun University, Kwangju 501-759, 'Department of Microbiology, College of Natural Sciences,

Chungnam National University, Daejeon 305-764, Korea, ’Department of Bacteriology, Uni-
versity of Wisconsin-Madison, 1550 Linden Drive Madison Wisconsin 53706, U.S.A)

This study has been performed to develope a yeast strain having high o-amylase production ability using
nuclear transfer method. Hybrids formed between the strains of Saccharomyces fiburigera KCTC 7393 and
Saccharomyces cerevisiae KCTC 7049 (tyr-, ura-) were obtained by nuclear transfer technique. Nuclei iso-
lated from the wild type S. fiburigera strain were transfered into auxotrophic mutants S. cerevisize and
selected the hybrids showing an increased starch degrading capability were selected (MN-16). This trans-
formant grew best and produced maximal o-amylase activity on the medium containing 2% (V/V) soluble
starch. a-Amylase from MN-16 was purified electrophoretically homogenety and its properties were inves-
tigated. The enzyme was purified about 10.6 fold with an overall yield 9.7% from the culture medium by
ammonium sulfate fractionation. DEAE-Sephacel column chromatography, and Sephacryl S-200 column
chromatography. The purified enzyme showed a single band on SDS-polyacrylamide gel electrophoresis.
The molecular weight of the o-amylase was estimated to be 53,000 daltons by SDS-PAGE and by gel per-
meation chromatography on Sephacryl S-200. The purified enzyme showed the maximum activity at pH 5.5
and 40°C. The km value for soluble starch was 2.5 mg/ m/. The enzyme activity increased in the presence of
Ca® , Co®, EDTA, Mg*, Mn*, and Zn>, but inhibited by Cu?®", Fe*', and Ni*".



