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Isolation of Glucoamylase Producing Yeasts and its Enzymatic Characteristics

So Young Park, Soon Young Choi and Kyung Hee Min*

Department of Biology, Research Center for Environmental Sciences, Sookmyung Women's University, Seoul 140-742, Korea

ABSTRACT: Ethanol is considered as one of the most suitable substitutes for the petroleum, since it offers
attractive functional features at an economical cost. Glucoamylase producing yeasts were isolated and
characterized. Based on the morphological character, carbon fermentations, assimilation of carbon and nitrate,
growth on vitamine-free medicine, and urease activity, five isolates of Saccharomyces diastaticus, two isolates of
Saccharomycopsis fibuligera, and two of Schwanniomyces occidentalis, and each isolate of Ambrosiozyma
monospora and Lipomyces kononenkoae were identified. Among 12 isolates, one of the S. diastaticus, E3 showed
the highest activity of glucoamylase and identified as Saccharomyces diastaticus. The hydrolysis of starch by the E
3 strain showed the release of considerable amount of reducing sugar, along with the reduction in iodine staining
capacity. The product of action of glucoamylase, glucose was determined by thin-layer chromatography. The
enzyme activity was found to be stable in broad pH range of 5.0~7.0 with optimal activity at pH 5.0~6.0. The
enzyme showed optimal antivity at 50°C~60°C. Soluble starch and glucose were better carbon sources for the
enzyme production than xylose and glycerol, Na* and Mg™ increased the glucoamylase activity, however Hg”* and
Ag"” inhibited the activity. Soluble starch was the best substrate for the enzyme activity.
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E dar|ae] Adde] 53] Feste] AlAtE, AEAR
2x, avja AESo] F83% 7|AER FI) 3 rh(Faust et
al., 1983). o5 AledztE-2 98] vepel 212 2oiR|v)el|
AE A=A odar, AledRtEe A oek-E-S AJakshs s

B -1

g2l e) SRRAA AAE ook & FA Sl et o]}

£ gel, AEe 22, 5wl AgERA, 72 Aokl
WA b, wEG O Re) Al A%

glo] 71Fof| d8S
Afrazel vl& AR goldfrhs S 7 A gl

AR ZRE d854 oEhE-s A4bshs TS a-amy-
laseol| 23 A1 4#-2] 3}, glucoamylaseol] 2]3F s}l A+
o] 73}, |y BEhe 7)de] ZRdl 23 o'k A
Ab5-¢] 35| A& AFCHKim et al, 1988). o= 54
o2 oghg Wl AMEE ARIL HE 2ol giv]

Fld], A& H3fo] H23l o-amylase2} glucoamylase
So) faw g3 0 TANE AA oS Aale] Ao
H2-8 AR S ek AR D3 v]4-S AEp|
18] amylolytic yeastE-2- ¥-2]5As 1 o] & /L3l g
tH(Park et al, 1983; Searle and Tubb, 1981a; Takahashi,
1966). o5 Bl -2o] |skgel Aol okt el W]
o] ofepud, 30 zR WES} Hel, osbg bl A
ghslA] gt} a ¥ 3% givH(De Mot and Verachtert, 1985).

o]¢}= =tz] amylolytic yeastol] <+l Saccharomyces
diastaticus(Calleja et al., 1987)y= of|€k2-¢] tfgt WjAdo] 1]
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A F2Hol, WAL wr} whE o] ¢Jri(De Mot and
Verachtert, 1985; Laluce and Mattoon, 1984). o[22 Saccharo-
myces diastaticus= &b a2 34l S & ksl 2
gozye A dad] o8 RS AT S ol AE
-3l §491 glucoamylase(E. C. 3. 2. 1. 3} B3k AAo)
gltH(Ashikari et al., 1986; Mattoon and Kim, 1987; McCann
and Bamett, 1986; Searle and Tubb, 1981b). Glucoamylase2)
AFge Aol FelwAlsh 2o chel vl eo
He] odgx]o 2 ulgslo] glicoseS A}, S. diastaticus
2] 739 amylopectin®] or1. 6 linkageZ +-3)]3}= debranch-
ing enzyme-$- AJAHgIrl sz 4# A QJrH(Aurandha et al, 1990).
Glucoamylase®] A A9} &438H8] EAX o] A3t QA= Rhizo-
pus sp.(Takahashi er al., 1978} S. diastaticus(Tucker et
al., 1984, Yamashita and Fukui, 1984; Yoshizumi, 1986;
Yamashita et al.,, 1984), Mucor rouzianus(Yamashita et al.,
1977), Aspergillus awamori(Yamazaki et al., 1977), 18]3
Lentinus edodes(Yamashita and Suzuki, 1978y thAlo &
ato] A7} Y=g

S. diastaticus & ©]-4-3}o] AEE A g d o 7}A; &
A7V e AL S. diastaticus®) 5323 T30 glucoamy-
lase @A o] k= Aol &, 2710 A7bd A39] 30%
=7t E o 2ApA o] el A] ek %ﬂ LA Aot
wehd] 9HA 3ol o AR EERE A AR
7} 423 =] gl o m(Sakai er al, 1986; Seu et al., 1986) glu-
coamylase®] A& Z71A1717) 918te] glucoamylase -§-
A Frdsle] A3 A7 BAE ol EuAshe AT}
R3Sl 9lel(Ashikari et al., 1986).

& A7l AR “43‘2}01] 223 54 v)E A7,

A, 5, o Vlaa | Sl AR-& A Hag
T AR, = glucoamylase—i— wo| AAs= ERAF
< A3k $lste] ofe] AazRE AEE s £
2% 55 A3 WA= glucoamylase?] §3HA
SAE ekt sl

E“J*} Jﬂ-r"ﬂ/ﬂ o
¥ SolA AEE A
2]9-= )-8 Table 19|

o7 Gols Fo) FHs) Ay e
stk A=) AH o) A%
A W F uh} gy,

Mg Aol A 5%, A7) NGl SEeF, FEE
AdellA 15, ehgmela 12, 28 Aydzdd 2zt
1EeF, 8o ARgae] M W AFE RubeA
257 B2 o] £33 647119 glucoamylase A T2
7 welasr.

Sh] .1_4

AlSfF ¢ B

Table 1. Yeast isolates used in this experiment

Isolate Sampling site
Al-1, Al1-2, Al1-3, Al4, Al1-5 Seoul

B1, B2, C1, C2, D1 Kyunggi-do
El, E2, E3, E4, E5, E6, E7, E8, E9, E10 Kangwon-do
E11, E12, E13-1, E13-2, E13-3

F1-1, F1-2, F1-3, F2-1, F2-2, F2-3, F3-1
F3-2, F3-3, F4-1, F4-2, F4-3

Gl Chungbook-do
H1 Kyungsangnam-do
J1, J2-1, J2-2, 13, 14, 15, J6, J7, 18, J9  Cheju-do

J10, J11, J12, J13, J14, J15, J16, J17, J18

J19, J20, 121, J22, J23, J24

Chunlanam-do

Bacto-peptone, Bacto-tryptone, Casamino acid, agar, Yeast
extract, Yeast Nitrogen Base W/O amino acid, Yeast Carbon
Base 5-&- Difcool| 4] Tttt

arol wioked] dubdo® AMgEE dAuiA s YPS
(Yeast extract; 1.0%, Bacto peptone; 2.0%, soluble starch;
2.0%)% o83}y 77, glucoamylase S HH|sh= B8 H2]
3}7] $13F viA]2Z= YPS I(Yeast extract; 1.0%, Bacto pe-
ptone; 2.0%, soluble starch; 2.0%, propionic acid; 1.19%,
Rose Bengal; 0.003%)2} YNBS(Yeast Nitrogen Base W/O
amino acid; 0.67%, soluble starch; 2.0%)2- A3} Tl

Glucoamylase 2H| 52 MY 4H

A ASE Al Aol siakel 45
1 34 bl 2] of Xd 53 F 30°Coll A 547F R
ZzJE /K«]Bﬂ{g],oﬂr;], 22} A 1xfollA] Al
=222 YNBS Fulx]e] H2se] 30°Col 132
okl t}-8- T dl(clear zone)e] HFAIF FZUE A4
o}, olu] HFAE= FHI 4°ColA] 1-297F w819
o) 1% e e,

22 A8 224YE YPS AARA o] AE]F vh 30°C

oA 3~4d7} ehufokste] 1 wiekl& 15,000 rpmollA]
ISP VAR T, 42AE EAELRSR ek
o] &AW 50 ull 2% 84 AE2} 0.1 M Na-acetate
buffer(pH 5.0)5 Zt7F 200 pl, 50 uld) Y31, ZH4Z 200
ul A7Fsle] vkhgel 0.5 miS BHE ok, 504 1A 7S
o} wepsel 584 S 2SIl

Glucoamylase EM X

0.1 M sodium acetate buffer(pH 5.0) 50 ulel] 71224
2% 7444 AR 200 ug A7RSEL o7lel] AT (erude
enzyme) 50 plS- 713 v S5 200 plE 9 & whg
AL 0.5 miZ et o] EAHMEAS 50°CollM 1A]7E 5
oF HE-E-AJZ1 3 100°Col| A 5~10827F Hod Wh-3-& AR A7
t}, o] ukg-elS dinitrosalicylic acid(DNS) method(Miller,
1959)el] 2]3}e] Yo} (reducing sugar)=kS- AA 515t
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T B I9e 7HA AR 7R ARt A
b B4 1mi% 1 uge) D-glucoseE HAAA 4 sle
oF= 1 unit® AFslgc)

N

BRI RREHMK]

Glucoamylaseol] 23+ £ E-a))A] iodine blue colour B}
-$-3} 34 x| (reducing value)?| AAAA S FAFsFgc). 3
Q3= DNS wig oledle =4sder AYd
glucose?] Fx 2 FAstgrh. 2.92=9 X (iodine
staining value)g ZAFs}7] $13te] 99} b2 HhH o 2 uls-
g FE e YHT A AL A% w3l At
o] 01N HC 2m/& A7}t o8& Al Sml iodine
solution(iodine 0.05 g+KI 0.5 g/))& A7}3le] FF=(660
nm)E SYalgch. 8= JAAE Polgle Hue) Fx
2 #A31c)

TLCO]| 2|8l glucose| HE

F 4 Hhgolg silica gel 60F254(Merck)?] TLC plates]
4 (spotting)d}e] Al 71 (ascending method)el] 2} 3]
Agslgc). o]u] £u)i= n-butyl alcohol, pyridines} water
E 6:4:3vV)E 3] ARESIga, AFAZ oS silver
nitrate dip Hhel] o]s) A% glucoseE F =3 THCho
and Han, 1970).

e Ha
Bovine serum albumin® %5 whuzl 2 x}-8-3}¢] Lowry
o (Lowry et al., 1951)2] B}l ule} A=F3slac).

g A o

Glucoamylase AjAM §2RO| My

Ao ZHE] 2 oghE Eol 3 glucoamy-
lase A ERE XWH3}7] f)3le] Aol AT 54
oA 64712] X755 AF 3ttt Glucoamylase A E RS
F&]57] Sisle] Al 1x49} A 23} AHolA 3757]2] T+
gto] P F21] F 7P 2 clear zoneo] FAH T2
2 AEs)schFig. 1)

Al 33 AW 3A-E glucoamylase F4 FA] ZA] o) ojst
B © 2 glucoamylasedl] 2]3te] AAE = Ewsle] 2
T A E YPS HAul=]ellA uljfaidct. o] nijokl
< DNS 3-8 x}-8-3lo] glucoamylase B3-S 2413 d =}
£ Table 204 & 4= gl wle} o). aw¥ie]s E3e
480 units¥] 7} & E4AFAE HolFg o 120 400
units-2 Yefigl ©m F3-23= 357 units, Al-5= 340 units-&
HogF9lc}.

ERA0 =H
22]¥ glucoamylase ¥4] T RE £X3)7] $)sted NCYC
(National Collection for Yeast Cultures)ol] 2|3t & efdk4],

Fig. 1. Screening of glucoamylase producing yeast isolates. a-e:
Glucoamylase secreting yeast isolates; (a) E3, (b) 120, ()
F3-2, (d) A1-5, (e) I8, (f) S. cerevisiae IFO 2044, and (g)
Rhodotorula rubra TFO 0907.

Table 2. Comparison of glycoamylase activities from several
yeast isolates

Isolate Enzyme activity (unit)
Al-2 173
Al-5m 340
c2 116
D1 223
E3 480
E13-1 150
F3-2 357
Gl 115
I8 235
113 166
118 113
120 400

AstelA, Aeled 5AL vln 32338 ck(Cha et al,
1988; Heard & Fleet, 1990; Jeffrey & Ingledew, 1982).
yel T 12F5E 245 Y3k PelHal 545
1531 8- HbE (Table 3), ©H3}E ©]-8-5(Table 4), 24k
2] o]2-3} vitamine-free mediumel|A] AYRke] X urease acti-
vity(Table 5)°] A3-E 98 4 it
9] Az} )sle] Al-5, D1, E3, G1, J20& Saccharomy-
ces diastaticus=2. A =gl o, J133} F3-2= Schwannio-
myces occidentalis, 12|31 C29} A1-2= Saccharomycopsis
fibuligera, E13-1-2 Ambrosiozyma monospora, J18& Lipo-
myces kononenkoae® FERE|Qc}. 8. diastaticus 552
glucoamylase & #n]3le] 21 AFLZHE ofehES A
Abshs 5Ho] 9lom 2 AlgdA o2 f-881A 83l 9
t}(Ashikari et al., 1986 and Mattoon and Kim, 1987). o] #F
F o]9]o)| e} ARATES AQA L E Egalrlele of
2] R8sk 7l o 2 ] v}(Searle and Tubb, 1981a).
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Table 3. Morphology and carbohydrate fermentation of yeast isolates
Fermentation
Isolate Cell morphology
Glucose Galactose Sucrose Maltose Lactose
Al-2 oval +w - +s +s -
Al-5m globose + - + - -
C2 oval +s - +w +s -
D1 subglobose + + + _ _
E3 subglobose + + + - -
E13-1 spherical +w - +w - —
F3-2 ovoidal + +s + -
Gl globose + + + + -
J8 globose + + + + +
13 globose + +8 + +s -
J18 globose - - - -
120 globose + — - _
+: Strong, with gas filling the insert tube within 1~3 days.
—: Absent.
+w: Weak, with the insert tube only partially filled.
+s: Slowly delayed, but with gas filling the insert tube.
Table 4. Assimilation of carbon compounds by yeast isolates
Isolate
Carbon
compound A-12 Al-5 C2 D1 E3 E13-1 F3-2 Gl I8 J13 J18 J20
Galactose - - - - — + + + + + -
Sucrose + + + + + + + + + + + -
Maltose + + + + + + + + + + +
Cellobiose + - + - + - - + ¥ +5 _
Trehalose - - + — — + + + + + + —
Lactose - - - - - - + - - —
Raffinose + + + - + - + + + + + +
Soluble strach + + + + + - + + + + + -
D-Xylose - - - - + + - + + +w -
L-Arabinose - - - - - +w - + W _ _
D-Ribose - - - - + — . + - - -
L-Rhamnose - - - - — + - - + - _ -
D-Mannitol - + - - + +s - + + +
Succinate +s + - - + — - + - - +s
Citrate +W - +W - - + - - + - W
Inositol - - — - - - _ + - _
+: rapid
+w: weak
+s: slow
—: no utilization
LI EHAMR nhgo] WmlElghe & 5 lvh(Fig. 2). vt 1209 Al-
‘glﬂ]—ﬂi’i glucoamylaseol| 23] A== sHLcHyAl =k 5 = skdEo] 70~80% o) AFelw v] o)Al I Bl
3l 3913 (reducing power)d} & A%hE-Fd) ‘40}&’)% AFH o] ZtaH e 7o 2 FAH.

el 8 @ =95 (iodine staining capacity} wha] gt

o} 2= olth(Fig. 2). = E3, J20, 18] 7 A1-59] S. diasta-
ticus TFEZHE] A= glucoamylasedl] 2]3te] QA=
BUE Z7Re Wk iyl /)0 S Pashe
AFe HolFolrh. A AANEANE BLtEo] FE
454 S. diasticus E32] 739~ 8.9 =] (lodine stain-
ing value)?] 747} 2h x| (reducing value)®] Z7}e} &4

pil
o
=1

_Q_

sS4 MM CHek Bk

S. diastaticus E3 0%

JJ—P AARIO| A

2 YNBS mediac) 58-A=iAl
o7 7HA] NS 5% Xdﬂﬂﬂ 30°CollA] 447t Al=dal
oFsle] FAGAS ZAWRE A= Table 63 it S
diastaticus E32] 7d-9- 444 =2, glucose, saccharose %+
2ol A= B2 k9] glucoamylaseZ AAJ 3} ot

yu
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Table 5. Assimilation of nitrate, growth on vitamin-free medium
and vrease activity of yeast isolates

Table 6. Effect of various carbon sources on the glucoamylase
production by S. diastaticus E3

Nitrate U
Isolate . .a . € rt:aa.se Identified as
assimilation . activity
medium
Al2 - - —  Saccharomycopsis fibuligera
Al-5m — - — S fibuligera
C2 - + - Saccharomyces diastaticus
D1 - + — 8. diastaticus
E3 - - — 8. diastaticus
E13-1 - + — 8. diastaticus
F3-2 - - — 8. diastaticus
G1 - - —  Ambrosiozyma monospora
18 - - - Schwanniomyces occidentalis
n3 - - - 8. occidentalis
J18 + + - Unknown
100
"~
o} \
g
S
%" 70 b
@
g
'E 60 O
L Py
50 F O——-—7o——-:0
0T T s W ®m w1

Reducing value (% glucose)

Fig. 2. Reducing value and iodine staining value curves for glu-
coamylase by S. diastaticus E3 (0-0), 120 (A-A) and
Al-5 (O-0).

glycerolo]i} xylosesl| 4= &Ado] #Ae] ehlx] ergict.
o]Z23ZHE] glucoamylase] PAJL 484 =utz) ke
2] o8 g 4 gl o 5 stk

FHa Al gk Axde J3ke A Sl &
Al ® A= TE 2% 713 YNBS mediadl] o3 7}
A AadE 02% B7V8k3 S. diastaticus B3& A Z3)o]
30°CellA] 4d7E Aledulokst ohe 54 ARSS vwg 2
= Table 73} 2t} 2 A AT} yeast extracte} peptone
H7PA ol Eae] o] Eghon}, (NHL).HPOL} cascin 3
7l e B AAde] AA A FHastelc).

Glucoamylase2| Ai5|51% EM
HHEZ|ZH0H }E SA0| AJM. YNBS mediaol] % &3}

Carbon source Enzyme activity Carbon source Enzyme activity

(5%) ' (unit/ml) (5%) (unit/ml)
Glucose 400 Raffinose 40
Saccharose 400 Arabinose 37
Fructose 310 Sorbitol 24
Maltose 338 Na-acetate 15
Lactose 30 Na-citrate 87
Dextrin 11 Xylose 13
Soluble starch 500 Glycerol 9

Table 7. Effect of various nitrogen sources on the glucoamy-
lase production by S. diastaticus E3

Inorganic ni- Enzyme Organic ni- Enzyme
trogen (0.2%) activity trogen (0.2%) activity
(NH,),SO, 35 Casein 49
NH,NO, 122 Peptone 453
(NH,)HPO, 25 Casamino acid 262
NaNO, 53 Yeast extract 128

NH,C] 450

Fig. 3. Detection of glucose produced by glucoamylase activity
on thin-layer chromatography. (a) Glucose, (b) Maltose,
(c) A1-5, (d) D1, (e) E3, and (f) J20.

o ujofdgel W T AAE 30°CNA S. diastaticus E
3, 120, A1-55 Z=galoFsldA glucoamylases A& &3
sldct. o A3 wiek 46l 4 QAo F=3lgort o
F A7) AvhaA G4 AAko] o] o)A} ZulslA] ek
th(Fig. 4). e} FF71e] Ao & 1dsto] ¥ E3 #5
7t R200]v} Al-5 FFEcl Aoz Fu)EE glucoamy-
lase o2 A hefytcl.

S4 BAMO CiE pHS| Y&k YNBS mediad4] 30°C
oA 47t FAE wloksle] P& FAAL AREEle] glu-
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P ———

g 3

Enzyme Activity (Units)
]
<

100

L L L L 4

0 1 2 3 4 5 6 7
Culture Time (Day)

Fig. 4. Time courses of extracellular glucoamylase production
by S. diastaticus isolates. Cells were grown at 30°C for
various intervals. Glucoamylase activity of E3 (0-0), 120
(A-A) and Al-5 (O-00) was measured at 50°C for 1
hour in 0.1 M Na-acetate buffer (pH 5.0).

coamylase®] ¥k A pHE 7 €3)7] Yste] pH 2.0~5.0
2 0.1 M acetate bufferS, pH 5.0~8.02 0.1 M phosphate
bufferd 2183l A}

S. diastaticus E3v} 120, 18] Al1-5 §2ll¢] glucoamy-
lase] 2 48 pHE oHEA0 2 pH 5.0-6.004] o)
A& vehliglon, pH 4.0 ]38k} pH 7.0 oAl A= 4
3] BAAo) 2hAE 2 o & Aslk(Fig. 5). ©] AH
£ 7|& d+2 A7 AT (Tucker et al., 1984; Yamashita
et al., 1985a)} A=|g-& o 4= glgich. 21} amylolytic
yeastell 231 S. diastitatus®] 75 pHell 2l7}a}A] &4
& Yeils AeR B oA 223 rFEahe Ale]
gt At B ool ci(Calleja et al., 1987).

HISHN2E 9l §A9| HotAM. 8. diastaticus E3, ]
20, 18] 2. Al1-5 F5-2 YNBS ulj x| Abol| 4] 30°Col|A] 47+
Hjeksle] P& FEAMNOZ glucoamylase?] WS 2] &
52 A3 A7} 40~50°C kg 2xofa) shigk 54 &
Aol 7P sgert T0°C olae] xlME F3 A
o] ZkAE ). ofge] A4e I sHAE ZAR] #l8)
o] E37e] A4S ARE-Ete] 30°C~100°C 7} 2%ollA
3087 WhSE F 7)A G wheAA AkEde 34 2
=23t} 2 43 S diastaticus B3 -5-2|2) glucoamylase
o] AL 60°C7IA = LAdoll 2 H3tE HeolA] st
21} 70°C o) ellAl= G438 #Ae] 7HAslslti(Fig. 6).
o] 22 A g A YA F a5l 1204
Al-504 B3t A8k BT

S. diastaticus®] glucoamylase S H-2|As}o] FAEA 9]
B4 AAE A 2 749} w53 FA pHe} A

100 r

40 -

Relative Activity(%6)

20 =

0 " é 4 é é w7 8
pH
Fig. 5. Effect of pH on glucoamylase activities. The glucoamy-
lase activities of S. diastaticus E3 (0-0), J20 (A-A)
and Al-5 (O-0) were measured in 0.1 M Na-acetate
buffer (pH 5.0) and 0.1 M phosphate buffer (pH 5~8) at
50°C for 1 hour.

100 ¢ @7—97[]/

Relative Activity(%)

0 30 40 50 60 70 80 90 100

" ] 3 A

Temperature(T)

Fig. 6. Effect of thermal stability of glucoamylase activities. The
glucoamylase activities of S. diastaticus E3 (0-0), J20
(/- and Al-5 (O-0) were measured in the 0.1 M Na-
acetate buffer (pH 5.0) at 50 °C for 1 hour.

L2 uolF9) ©1}(Yamashita et al., 1984), Mucor rouzi-
anus®} Lentinul edodes®} glucoamylases &9 EAo|
B Asel= Aol A el (Yamashita ef al, 1977,
Yamashita and Suzuki, 1978).

B4 12 AREO| M. Glucoamylase 4o] -2 dF
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Table 8. Starch digesting ability of the glucoamylase of S. di-
astaticus E3

Starches Relative activity (%)
Potato, soluble starch 100
Rice starch 3.1
Corn starch 2.5
Wheat starch 2.7

Table 9. Effect of metal ions on the glucoamylase activity

Metal ion  Relative activity Metal ion  Relative activity

(2x10” M) (%) (2x107 M) (%)
Control 100.0
CoCl, 96.0 MnSO, 89.8
CaCl, 98.7 FeSO, 73.8
HgCl, 20.6 ZnSO, 70.0
BaCl, 65.3 MgSO, 104.3
NiCl, 93.1 AgNO, 33.6
MnCl, 96.3 NaCl 103.1
CuSO, 105.6 KNO, 99.3

ZFol| A S. diastaticusZ ¥ F52] Al-5, D1, E3, 18]
I J205 A &3}e] thin-layer chromatographol] 2]3}e] 34
H 520 AHEE HAAskg

. A3 #HF AAEQ glucose7} BRIE|GI O E soluble
starch= oramylaset} S-amylase”} obd glucoamylaseol] 9]
3lodwt glucose & E3)]€-2 o 4 91t} (Fig. 3).

7|18 E0|M. S. diastitacus E32] glucoamylase2] 7|2 =&
o]A& HEs Tl AArN o2 uhgdE A3l 1X7E
Eok 50°CellA] vk-jt & F49] AL A A=
Table 804 WelF-3= wlel 7). o] A2 Ve S. diastati-
cus E3¢] glucoamylase: 7|2 24 732} 44 Fdo] 7}
2} A gsled o1} 2 Ee(rice starch), 2541 (com starch),
4 B (wheat starch) 52 S84 o] 3] A iehygt
2uv2 7|AZA A AgeS o Aot dekA
FUE AEIAE 7|AEA AgsA] 92 olfe 5
9] gHfaFe] AlololA] o= ALoZ FAH}.

SAEMO| OjX|= metal ion2| Y&k FLo)-Lol| W3
glucoamylase®] 434S A Edl7] ¢dle] 2EALNOE
2A2HE AR A g 2 A9 X5
(Table 9). CuSO,, MgSO. 12|37 NaClel| A= FAgA o]
tha Zrlslel o, He'sl Agholl e A8 FHaE e
A3E 4S F AT} o] Az gubH el 340 SA4
AR A BojFE

FO

ok

A NA] AR $13 ek aan g M) 913
of A= A GellA A, AEut & HE FA] FH Bof+
H4 5 A 22 HF sl glucoamylase-E E0]3}= E 27
641275 A9.oH o]F vHlwH F& activityE RAFE

32 Awsigd Le5E 548 23 AlS, DI, E3,
G135} J20& Saccharomyces diastaticusZ SA =] 2™ Sac-
charomycopsis fibuligera®} Schwanniomyces occidentalis~
Z¥z} % BelF, Ambrosiozyma monospora®} Lypomyces
kononenkoae 2. 27} @ #e1F4 EA=T 2 F FE
AP S HFE S diastaticus Al-5, 120} E3& A1
3lo] )= glucoamylased] UuFH Q] BAS ZALSHS
o}, wijekelule]l 42 AL =A% 2 glucosert sa-
ccharose, 18] 7 48h33} 3ebtR ) 842wl 2]3)e]
#2847 Z718150e}. Glucoamylase @43 9] whg- 34 &%
£ 50-60°CT, HA pHE 5~60191.00], ol Hshrle
60°C o) Atell A= Bk gt B4 BTt F5o]2
e 5ol YA Na, Mgl Slal ohk S7hskaon,
He*, Aol &3] dAlabA Zade dabe nelFgich
500 74 Sole SEANU] ARE, SR
Aol B)sed AASA B 71L& 4 slsleh

ZAlel 2

B AT 3}3tr)43 KISTEP oJxthst o 7|ak &3
A}41(99-N6-02-01-B-03)2] 3749 Aoz 4345 Ao
& olel] ZAt=gu .
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