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Purification and Properties of Glucoamylase from
Schwanniomyces castellii
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ABSTRACT: The glucoamylase of Schwanniomyces castellii was purified to homogeneity from the
culture filtrate. The purified enzyme was a glycoprotein with a molecular mass of about 145 KDa,
which was monomeric protein with an isoelectric point of 4.3. The pH and temperature optima
were 5.5 and 40T, respectively. The enzyme was fairly stable up to 50T and at acid pH range
(pH 4.5-6.0). The apparent Km of the enzyme toward soluble starch, isomaltose and pullulan
were 3.84, 0.51 and 13.7 mg/ml, respectively. The analysis of amino acid composition on this
enzyme was found to be acidic protein like other fungal glucoamylase. The amino acid sequence
of N-terminal peptide consisted of Ala-Pro-Ala-Asp-Gly-Ile-Gly-Asp-X-Ala-X-Ala.
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Schwanniomyces castellii~= Saccharomyces cerevi-
sige®}t & Abgstire] %3lni (Phaffe} Miller, 19
84). A& AA LA - e A ey o)

(Ingledew, 1987). Sch. castellii?} ¥8)3}= gluco-
amylasex= A+-2] kst =<l debranch-

ing=Ad-& 7k L 9l

a-1.6 A3He Hajgt

A-elu} pullulan®] a-1.4-2}
odck. Lelv} Sch. castellii 2
FE A & TARES] =7, subunite] F,
EHpshE-ghekso| A 25 (Oteng-Gyangs.
1981; Sills% 1984 Deibels. 1988; Dowhanick%-
1987: 1990) ZFell zte]7} glodizdl] o] t-& Aol &
Aol Al 9t sbazk Sch cseellii®]  gluco-
amylase-+%1 25 cloningdl v} QJch(Parks. 1990).
2 Ao A= Sch. castellii glucoamylase 8% =12
TE2E Wl 71224 glucoamylaseZ 5-2] A A5}
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“}T:
3}
o]

A~
- B
ol
AR

=1
=

e

M=

2F U Al

Aol AMH-¥ S8 FF= Schwanniomyces cas-
tellii. CBS 2863(ATCC 26077)°]%lch #F HES
YEPD(1% yeast extract, 2% Bacto-peptone. 2%

A
=

104

glucose, 2% Bacto agar)®} 2% soluble starch& &
&k 222002 (0.67% Yeast nitrogen base [YNBJ, 2
% Bacto agar) ol 4] A7} 844" wj7h#] 30T A 3
A7k wjoFR F 4Tl A Rtstel o 45mic) Ay
woFsldh, A7) kAol 40% glycerol(—20T) ol
A Bkt i x]o AF8-¥1 A2k Difco Labora-
tories(Detroit, Michigan, US.A.)e|A F&}elar
chil Al FelgA] opn| itz 2 Rl 2 g3
AleFe Sigma Chemical Co. (St. Louis. Mo..
USA)A%-& AHE-shsiv) 716 2 Aok
T, AHS-Ekd
gao MAtY Ee

Sch. castelliiZ 2% soluble starch g+ YNBwY %]
ol 4] 30C 2 571 d5=7]7h=] whFgh vhg- 10,000 X g2
304 w9l AAlEYste FAlE AAY ATAS
ultrafiltration(10,000 molecular weight cut off,
Vision Scientific Co.. Korea) 2.2 ¥&3}3 0.04M
sodium acetate 8N (pH 55)o= 23 FAg

- °F 90wl FEFatdc)

o
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A e e FAE ARl A
913l glucoamylase#@ A2 soluble starch® 71H =&
sle] FA)EkT FAE a4 S8 kA A
A el Sephacryl S-200 gel filtration column(2.6X 60
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cm, total volume, 270m/; -+ 0.13 m/min)*l| 4
-3 3}l9it) Sephacryl S-200 $-%9-& %o} ultrafil-
tration- ©]%, 0.04 M sodium acetate ¥4 (pH
6.5) 2.2 FAsta g5ate] ST SN0 A
71 DEAE-Sephadex A-50 column (1.6X 35 cm; total
volume, 70 m/; %, 0.2 m//min) o] £4& &F32H)7]
% 0.5 M NaCl& &#3 200 m/ U3 5895
NaClE #f3hxgL £ 200 m/2}9] linear
gradientZ $%& AlA3tdtl. SDS-PAGE®)] 2s)
<571 #el¥ glucoamylase®-38-2 o} ultrafil-
tration BPH o 2 =237 0.04 M sodium acetate <t
249 (pH 552 23 F43ledch
HoldE

Sodium dodecyl sulphate polyacrylamide gel
7193%& Laemmli (1970)2] ¥bHol| w2} vertical
slab gel apparatus (2001 vertical system: Ge 2/4,
LKB, Sweden)2 2 AAEGTE geldH-e 0.25%
Coomassie blue R-2502.2 3}gic) =3 AAE &
22 5242 Giulian% (1984) 2] ubyle] 93] pH
3.5-9.0 '3 $12] ampholitesE ©]£-}o slab gel Aol A
A3l o)
Gel filtration
Native glucoamylase #x}#- p-amylase (200
KDa), alchol dehydrogenase (150 KDa), bovine
serum albumin (66 KDa), carbonic anhydrase (29
KDa)E Z&Echiaz 3le] 004 M sodium acetate
k2o (pH 5.5) 2.2 #H¥ A7 Sephacryl S-300 gel
filtration column (1.6X60cm; total volume, 120
m/; %% 0.25 m/min)°| A glucoamylase &-EH|E
FAstg e ZEAdol} #HF AHAE gluco-
amylase® 2z} @2 columnel] Ax A7) b4
o2 4247 2mi4 £33l
ErslE g 58

Dubois% (1956) 2] wro oe} A S a4 s
2l 100 pgo] FH¥ A& 250 well phenol 250 plS
3 F B4 125 miE Al1%3] 7)sha 5E2F WA
o2 490 nmol| A hexoseFS SA3IG L v3HE
Feke %2 TAE)
| A9| iodinationz} endoglycosidase H &{2|

Yamashita5-(1984) 2] uvbol] oz}, A= 1.0 ug
2ol 10 uCi Na P13} 20 pg chloramine TE 25C
o] 4] 1387k uk-$-4A)7] % 0.14 M 2-mercaptoethanol
WS-8 AR A|7] 2 4Tl 4] 0.17 M Na-phosphate <+
44(pH 7.2) 2.2 sy £ A ek P12 345
F 4ol 0.5 U/ml endoglycosidase HE 37Tl 4] 34]
7+ Aot g R 91E Al A3 o5 SDS-PAGE
(10% acrylamide) & AAISIAL geld ARAZ] &
autoradiography 3t}
AN W ol =H
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Glucoamylase9] #Ae &489 10 WE 05%
soluble starch7} 3% 50 mM citrate phosphate$t
Z2N(pH 5.5) 990 Well 7}ske] 40T A 3087 vk
SATIAL B EellA 587 MEste] ukg-S AR
71 & QA TE3] oFS glucose oxidase reagent
5 m/E #H7}sled 450 nmollA &AslE . Gluco-
amylase?] &4 <] (unit) ¥ % 1 pmole?] T
35 BAEE E4cko 2 AAsiginh AirhiA]
ok bovine serum albumin(BSA)& ZEFchuAdg
stod Lowrys (1951)¢] wyo 2 A3y F3=
(280 nm) < ¥ sk
N pHSe} otdY

a0 &4 e pHE d&-& x4 a4l
50 mM citrate-phosphate 24 (pH 3.0-7.0) 2}
0.1 M sodium-phosphate £t&4- (pH 5.0-8.0)%
Algstod HAN S 71 A& 40Tl A 308-7F 24171
¥ glucoamylase 45 $43l3.o9 7z pHollA &
2 A9 S 2] Y, 9 S48 |
m/oll 1 unit®] A4S 2e]star 30T A 2447k A=
A7l F AEshe A4S Ak
x5 2xe oYy

a4o B 3 259 ke 2ALE] 915k
50 mM citrate-phosphate £+ (pH 5.5) ] &
o} 7148 H7hshe] 20-80C Afe]o] 7 2& oA 30
7 WAl F EAae] S Ao AAA
29 4 S SAE] 8 HgRe 2=
o] 4] 50 mM citrate-phosphate $+%4-9(pH 5.5) 1
m/ell 1 unit®] 45 FH7FE &4E 3082 At
SAFIEA S8 Ao g 7 2ol MY A4 AHESR
A& A3k
7|FE0ld ¥ Kmgle| £H

Glucoamylase 7]#<4] soluble starch (0.5-6 mg/
ml), isomaltose (0.5-6 mg/m/) p-nitrophenyl-a-D-
glucopyranoside(PNPG, 0.05-1.0 mg/m/), dextrin
(0.5-10mg/m) =z8lx pullulan(5-20 mg/m/) 5<
FEEZ 84} 40T 3087 WA F 7 F
oA YAE L5332 PNP o2 54348
228} Lineweaver-Burk 9F34] (1934) 0] 2J3}e]
Michaelis-Menten 4<(Km) ¢} HAHHEHE (Vi)
£ Attt
olojm{e] =AM W N-goh Helo] MY

AAE &40 olmjil 2L AxHE AEE 6N
HCIZ 10T A 244171 A2jste] 7RpaiAl 7]
Phenylisothiocyanate(PITC) f=A4 z2|34-2& 713
%  HPLC(Waters)ol] Pico-Tag column(3.9X 150
mm)& o]&3te] EAEch A cysteinedt
cystine® A7 fleix Ax2H A 5E 7
717] Aol A&l performic oxidation reagentZS |
2]3te] HClofl kA3t cysteic acidz2 WHEA|ZH o™
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Table 1. Summary of purification of glucoamylase from Sch. castellii .

Purification Volume Total Total Specific Purification  Yield
step (m/) protein activity activity (fold) (%)
(mg) 19)) (U/mg protein)

Culture filtfate 950 87.4 750.5 8.5 1.0 100
Ultrafiltration 10 579 650.0 112 1.3 87
Sephacryl S-200 gel 37 18.0 2420 13.4 1.6 32

filtration
DEAE-Sephadex 25 13.1 214.0 16.3 1.9 29
A-50 ion-exchange

Chromatography

One unit of glucoamylase was defined as the amount of enzyme required to release 1 ymole glucose/min from

soluble starch.
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Fig. 1. SDS-PAGE of glucoamylase from Sch. castellii.

An acrylamide concentration of 10% was used
and gel was stained with 0.25% Coomassie
blue R-250.
Lanes: 1. culture fitrates. (30 ug protein); 2.
after DEAE-Sephadex A-50 chromatography
(30 ug protein); 3, after DEAE-Sephadex A-50
chromatography(50 pg protein); S, standard
proteins.

tryptophan®] 7% HClol| <} 8l 2 methan-
sulfonic acid(MSA) & 7z A 5ol 2g)ste] 7443
s sholeh 22w N-hed 3918 AedRale ofui
Ak Sequencer(Milligen Biosearch Prosequen-
cer 6600) ol 4 A A]ksi e

Ao Y o

Fao| FA|
Sch. castellii voF A5 E2] glucoamylaseZ ul-

205

116
97 |

66

45

29

Fig. 2. Endoglycosidase H treatment of glucoamylase
from Sch. castellii;
¥I-labeled enzyme was digested with
endoglycosidase H and was analyzed by 10%
acrylamide gel electrophoresis in the presence
of SDS. Lane S. standard protein.

trafiltration, gel filtration ZZ2]3. anion exchange
chromatography®] 394l %3t AHAslgdw
(Table 1. Fig. D, o] v #F Az ds)pa3
HAE= 7h2 29%, 1.9 o] glv}. Wilson} Ingledew
(1982)&  Schwanniomyces®] ©hE strainsg]l Sch.
alluvius®] glucoamylase A Aol B & 49} 7+ A
AdAE T3l 2HF oA g0 HAxr)
2 17%, 64volsdeta Mgk v} glch o9} zte)
Sch. alluvius glucoamylase 4] 43} vl 2 of 3
o] ¥e uhd AT} Fe& ol Sch. castellii
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Fig. 3. Analytical isoelectric focusing of glucoamylase
from Sch. castellii.
pl markers used were: lane 1, amylo-
glucosidase (pl. 3.6); 2, glucose oxidase (pl, 4.
2); 3, trypsin inhibitor (pl, 4.6); 4, myoglobin
(pL. 6.8 and 7.2); S, lactic dehydrogenase (pl,
8.3, 84 and 8.6); 6, B-glucosidase (pl, 4.8): 7,
glucoamylase.

ol oF G- ol] EA s DA % glucoamylases} 7]
o & AAskL YT a-amylase 5] vl Ao
o AeF EAEtar 97 wEoln (Fig. 1) o] <l
AADAE AHE HA x| 2717} @A431%) £t
=X 53

SDS-PAGE®} Sephacryl S-300 gel filtration
columnellA] A Lo Fajzks 2 Az
SDS-PAGE<l| 4 &4 #2}32 oF 145 KDa °]¢}
I(Fig. 1) gel filtrationol] o]3}e] 2= Eajepe)
7= °F 130 KDal 2 mhekse)s o 4 glgich
°]3-& A= Deibels (1988)¢] Sch. occidentalis
UCT7410(ATCC 26076)°.2 2§ A& glu-
coamylase®] ZAzte} w]szslgic) o]Ee  SDS-
PAGEZ ZA3 ¥Algko] 143+2 KDaolydx gel
filtrationel] 93ted F4g) F-ajafe. 122428 KDao|
AT B3 uh glrk o)9h= @e] Oteng-Gyangs-
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Fig. 4. Effects of pH on activity (O—C) and stability
(B—W) of glucoamylase from Sch. castellii. The
enzyme activity and stability was measured
under conditions described in the matericals
and methods.
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Fig. 5. Effects of temperature on activity of glu-
coamylase from Sch. castellii The enzyme
activity was measured under conditions
described in the Materials and Methods.

(1981)2 Sch. occidentalis W]FA5-oN o= Bajap
°] 90 KDa#} 45 KDa<l % 82| glucoamylase?} &
Aekr Bk v} oy E4F P12 Zx47] =
endoglycosidase HE ©]-4-3lo] elpsli H9E
71X2 Az} (Fig. 2). #3befo] oF 145 KDaollA] <}
130 KDa& ZFAaso] A4 eb31E ghako] oF 10%
olddE HIL £ ek o9 e Ane
Deibel 5 (1988)¢] H_w3}h 10-15(12) %2} ] 4=3}4d %]
3t Sch. castellii ATCC 26077¢] glucoamylasesl| =
Hp3hEo] A =] sl & Sillss (19
84)9] Avtel= dxskA eksich &# gluco-
amylase®] Sx14e] oF 4320 2 FA 5= (Fig. 3)
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Fig. 6. Thermal inactivation of glucoamylase from Sch.
castellii. The enzyme activity was assayed under
conditions described in the Materials and
Methods after incubation at various temperature
for O-30 min. in the absence of substrate.

Table 2. Km and V.. values of various substrates for
glucoamylase from Sch. castellii.

. Km Vi
Substrate (me/mi) (uM/mg/min)
Soluble starch 384 36.6
Isomaltose 0.51 904
PNPG 0.08 2.1
Pullulan 13.70 6.6
Dextrin 0.59 26.9

o]+ Deibels (1988) ] Sch. occidentalis ATCC 26
076 glucoamylase Z5-E] 2318 6.29= U *|3}A] &
Skt
g0 ciist pHe| HE

AAE 4 pH 55904 #are] 48 vehle
o (Fig. 4), pH 4.5-6.0 ¥ ]l 4 30C, 74/‘}” g =) g
5.9 A2 E AL R0%e] el dT) o] 9fzhe Az
¥+ glucoamylase & A AF8l= Schwanmomyces-/l &
strainsl Sch. alluvius (Wilson#} Ingledew, 1982) 2}
e} AR FEQ Lipomyces kononenkoae(Spencere}
van Uden, 1979), Candida tsukubaensis (De Mot-s-,
1985) el 41 #2% pH 3.0-5.07% Blwd&f = pH
W 7b bt kot A fAabeksith
E_-_Oﬂ it 2o HE

B kgl FHAex B 20-80C7FA o] HHolA =

AbgE Az B E A 40T A TP E2 84S e
Wk (Fig. 5). o)9} 728 ZAy= €} strains’l Sch
alluvius(Wilson¥} Ingledew. 1982) 2} e} A5 5l
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Table 3. Amino acid composition of native gluco-
amylase from Sch. castellii

Amino acid molar %
Aspartic acid 11.6
Glutamic acid 7.3
Serine 10.9
Glycine 13.7
Histidine 1.5
Arginine 1.7
Threonine 6.4
Alanine 94
Proline 6.6
Tyrosine 3.1
Valine 6.7
Methionine 1.1
Cysteic acid 0.5
Isoleucine 39
Leucine 6.7
Phenylalanine 39
Lysine 39
Tryptophan 1.4

L. kononenkoae(Spencer ¢t van Uden. 1979)¢} C.
tsukubaensis(De Mot%-, 1985) 2] glucoamylase # %
£59) 50-55C Wrp obz wbgbrh ghE, H4e] o
b AS = ARE A (Fig. 6) 40-50Tol A= 302 X
215kl e o AEFAdo] IHR FR|E o} 55T
e G438 22 Fado] ol 2m(5%). 60Tl A=
sEolle] BaAslEdEd C sukubaensis(De
Mot 1985) ol = of e} FAHgE A& Hof £k
li’i‘f} SillsE (1984)oll &8}4A Sch. castellii ATCC
260772] glucoamylases 60ToA 5% {23 &
HERGo] 40%2H Bagh 6h ek

7|32 50jd ¥ Kmg}

A= &4 e) soluble starch. isomaltose L2]il
PNPGE-ell gt Km3} V%2 Table 20 vehd
gjck 2Atd 7]H3E PNPGY Km%kol 0.08 mg/mlZ
71 Bk Ve isomaltose7} 90.4(uM/mg/min)
2 7}4 &9t} Soluble starch® 7142 & A¢ &

= Km3zko] 3.8 mg/miald] uha] SillsE (1984) @]
R.38 Sch. castellii ATCC 26077 glucoamylase®]
Km3zke 103 mg/ml, Sch. alluvius(Wilson® In-
gledew, 1982l 127 mg/m/ 1213 L. ko-
nonenkoae(Spencer2} van Udcn 1979) ol 4= 16.2
mg/m/ojsdth Wb o]F Aol wd 2 Aie
soluble starchell g X 3}2jo] 3-4u) Esich ol
FE7F 52 83 714 soluble starchA|E7ke] 2}
olell 7]al ® 7 %} PNPG(P-nitrophenyl-a-D-
glucopyranoside)®] Km 3§+ L. kononenkoae
(Spencer$} van Uden, 1979)9] 2% 0.35 mg/m/E
B G40 PNPGol tfgh 213 o] 4ufo] 4} E3hch
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AHA" &ne olulial 2L BAMY Ax:
Table 3¢l vfeht Qi £ 48 A 2 F4 oln
EAHCys e o) o] w2 ng2 Exstdn 9714
gl Al olw|i4iH(Ala, Pro. Val, Leud «9]) 4
T2 Wolch w2k & &4 B9 Saccharomyces
diastaticus (Yamashita%s, 1985)¢] glucoamylaser}
APE3golQl Aspergillus niger, Rhizopus japonicus,
Endomyces (Manjunath%, 1983) 59 gluco-

Sch. castellii CBS 2863(ATCCC 26077) Ala- Pro- Ala- Asp- Gly-Ile- Gly- Asp- X-

Sch. occidentalis ATCC 26076

S. diastaticus

L

Schwanniomyces strains7toll & & 454 B
T2} S, diastaticus 2] glucoamylase 9= AFEAJ o]
SUSdct. o] 43 2Eo) Sch. castellii CBS 2863(ATCC
26077) 9] glucoamylaser 2A}ef3} €bp3)E-3 ko)
U1 Seh. occidentalis ATCC 260769] glucoam-
ylasest 712] zle]7b ¢lsia N-ghet ofv|ial 247
3} Sch. occidentalis ATCC 26076 glucoamylase &
Az A7IME R RE 248 N-2ada 70%9)
AERE Bol T FHEL 2 4337 622

.X4

Schwanniomyces castellii2 %¥ glucoamylase® A&} 2
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amylaset 22 AbY wlAolgicy. N- g

peptide] o}r|At A&
Ala-Pro-Ala-Asp-Gly-Ile-Gly-Asp-X-Ala-X-Ala

olsl=Hl Sch. occidentalis ATCC 26076(Dohmens,
1990) ¢} S. diastaticus(Yamashitas, 1985) 2] gluco-
amylase 47} G7] A2 e AP N-Ddgig
I u2g-S o

A[a- X -Ala

Ala- Pro- Ala- Ser- Ser- Tle- Gly- Ser- Ser- Ala- Ser- Ala
Leu-Gly- Phe-Pro- Thr- Ala- Leu-Val- Pro- Arg- Gly- Ser

Ztel7} slsdek. @4 SillsS (1984)2 Sch. castellii
ATCC 260779] glucoamylaset hp3l50] 3 &
FrEo] A 3 A Al el EAaE 60TAA
SE A e 40% HE Ao lsiria Bogh u}
lo} B Ao A 2L strains®) &Ao)xut &}
T3 o] 10% o4 0113z, 60Tl A 5 ool
B33l | og Hol 0|59 Aol Hfols} ¢)
At

2

SX4E Ak o] Aol ¥abake oF 145KDas) &

AR Aol n FHHL 43 o)oek HH pH} L2 72H7) 559} 40To| 00 50T DakHA-S SR 5T
pH 4.5-6.09 9114 pH 2t44-& #=18kaict Soluble starch, isomaltose 2.2 pullulane)] 43 Km ke 747} 3.84,
051 283 137 mg/mieiieh. opv) 4t 2AEAH Az 2 Gsl Aghiolg]on] N-2th obn|i it Hde Ala-

Pro-Ala-Asp-Gly-Ile-Gly-Asp-X-Ala-X-Ala o] it}

A A

2 ATE 19891990 weE gl TxAdn)
el s S AF9] ¥Rl o]o] 7hh =
Huiek
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