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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/m/, 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-
siae?} & Aol 4to] (Phaffe}l Miller, 19
84), AE-& Ay WAL £ e AR oA g
(Ingledew, 1987). Sch. castellii7} ¥-9)31= gluco-
amylasex= HE9] HHG3}e] D429l debranch-
ingg4E& 71A 2 9lo] AEol} pullulang o-1.4-2F
a-16 A3k AT 4 ok 2@y Sch castellii 2.
T FeAAE Zae) Raleke) =7 subunite] 4,
wrshE gl 9leld RS (Oteng-Gyang%.,
1981; Sills5, 1984; Deibel%, 1988: Dowhanick%-,
1987: 1990) Zkell zbo]7} qlsded] o122 o] F H
AAppElAl +9 8wk Sch cstellii®)  gluco-
amylase+ 5215 cloningd} v} Itk Parks. 1990).
& Aellrs Sch. castellii glucoamylase 84442
TE2E 93l 71224 glucoamylaseZ 2-2) A A5}
er] o] 549 54, ojv|iilzA 9 oju] -tk
H-919] o) st d g FAbabeic),

ey

Mz

ARZ 23 U AlY
<+ A¥el AR A RFFE= Schwanniomyces cas-
tellii CBS 2863(ATCC 26077)°1%it}. #5F 2EL
YEPD(1% yeast extract, 2% Bacto-peptone, 2%

104

glucose, 2% Bacto agar) 2} 2% soluble starch2
&t # 2w 21 (0.67% Yeast nitrogen base [YNB], 2
% Bacto agar) |4l 7} |AE w7}z] 30T 4] 3
A7E wiFgt ¥ 4TelA ®Aaledom 430l Ay
wekslsiet. A7) B aA el 40% glycerol(—20T) ol
A Bastgich vl Aol A42-%) Aok Difco Labora-
tories(Detroit, Michigan, US.A)d|4A] Felsleln
i el A A, obwliibzA) 3l R Ae "ggt
Alef& Sigma Chemical Co. (St. Louis. Mo..
USA)AEFE AHg3lsie). 718} 3 A|ope JdFES
T, AHE-sksv)
FAao| Mgl 2e

Sch. castellit-g 2% soluble starch 3§ YNBul =]
ol 41 30T % F7] 7] 74A] vl kg c}-g- 10,000 X g2
0% Bk dARelEte FAZ AN AEde
ultrafiltration( 10,000 molecular weight cut off,
Vision Scientific Co. Korea) 2 & ¥Z3}3 004 M
sodium acetate 38N (pH 5522 23 FAg

= °F 90v FEsgich
gao EHA|
AR 4T FR"D AL A A
33 glucoamylase@4-2 soluble starchd 7]z
stod FAlEbdrh A 2R £o8 FHuhA A
A4l Sephacryl $-200 gel filtration column(2.6X 60

7=
5T



Vol 28 No. 2

cm, total volume, 270m/; <% 0.13 m//min)ei] 4]
8394 ch Sephacryl S-200 £2 48 %o} yltrafil-
tration-& ©]-§, 0.04 M sodium acetate 3-89 (pH
65) 22 FA5ly FHale] TURS L0 B Haa)
%1 DEAE-Sephadex A-50 column (1.6 X 35 cm: total
volume, 70 m/; $-4, 0.2 m//min) ol A4S F3A|7
F 05 M NaClE 3 200 m/ U3 gzt
NaClE IR0 44 200mi2le] linear
gradient® £-&$ AAJ8¢ich SDS-PAGE¢)] 2)+)
=7t &9 glucoamylase®8-& Zo} ultrafil-
tration W22 F33}32 004 M sodium acetate 2t
Z8Y(pH 55)0.8 w3 FAslqc)
HolHE

Sodium dodecyl sulphate polyacrylamide gel 3
71995 Laemmli (1970)2] ¥hgo| we} vertical
slab gel apparatus (2001 vertical system: Ge 2/4,
LKB, Sweden)2.Z AlA3lgln geld e 0.25%
Coomassie blue R-2502.2 s}ojct =3t AA=E &
49 5442 Giulians (1984) 9] uhgel] o8 pH
3.5-9.0 99 ampholitesE ©]-8-3}] slab gel Aol 4]
ZAshedch
Gel filtration
Native glucoamylase ¥Aleke B-amylase (200
KDa), alchol dehydrogenase (150 KDa), bovine
serum albumin (66 KDa), carbonic anhydrase (29
KDa)& EZFhA2 3ted 004 M sodium acetate
%38 (pH 5.5) 2.2 3327 Sephacryl S-300 gel
filtration column (1.6X60cm; total volume, 120
m/; §% 025 mi/min) 9|4 glucoamylase &Zw)&
FAstden FEIWAolt HE AHAH gluco-
amylase® 2}7} @2 columnel] A2 A7) g
22 §EAA 2mi4 F8slgch
Ersl2 R &Y

Duboiss (1956) 9] upgell me} A8l &4 gl
A 100 ugo] ¥ A& 250 well phenol 250 WE
I F A 125 miE 4153 78k 537wk}

+ 490 nmell 4 hexose¥e A3l wh3hE
TS %2 BA) 8k
# 42| iodination2} endoglycosidase H x{2]

Yamashita5-(1984) 2] whyje] oel, AAEY 1.0 g
&4ofl 10 uCi Na 13} 20 g chloramine T2 25C
ol 4 197} ¥H-8-A171 ¥ 0.14 M 2-mercaptoethanol £
U8 AR A7) 4T A 017 M Na-phosphate 2}
84 (pH 72) 2.2 s-Fut £ 7k P12 3A "
A4l 0.5 U/md endoglycosidase HE 37Tl 4] 34]
7t A 2jste] &t 2 49 5 A A& oh& SDS-PAGE
(10% acrylamide) & AASIAL gele AZAIR ¥
autoradiography 3}4jc}.
S48 9 chEE &Y
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Glucoamylase®] #&42 &8 10 W 05%
soluble starch”} 3%l 50 mM citrate phosphate %t
F8°1(pH 5.5) 990 well 7}skod 40T <) A) 3087k W
SA7IA Fe BllA SET Aeste] ube-g A4
2 F B EEF) & glucose oxidase reagent
5 miE A718te] 450 nmell A 2A4Egdet Gluco-
amylase®] &4 &9 (uni)E= 2% 1 ymole?] £%
FE AAhs Axeke s AR BacAe
°F2 bovine serum albumin(BSA)< FFEgh A e
sto] Lowry s (1951)9] ¥hjo @ 24y 3%
(280 nm)-& Wi
&% pH2} obd A

o] el digk pHY e 2Alsl7) 9184
50 mM citrate-phosphate 4522 (pH 3.0-7.0) 3}
0.1 M sodium-phosphate $+&&4 (pH 5.0-8.0)<
ALg-ated Eaols} 71-¢ 40Tl 30871 wre A7)
¥ glucoamylase ¥4 Z4sldon 7t pHelA &
A A NS 2] 8, 9 e |
m/oll 1 unit®] A48 AHelsln 30l 4] 244)7F A=
A7 F AEdle A48A4S A5k
2 2ot ok

a0 Aol jF 259 o iFE xAlE)r) 9Ety
50 mM citrate-phosphate £+38H(pH 5.5)¢] &4
<} 714& H7hsted 20-80T Alo]g) 7+ 2 ollA] 305
b HRAIR & a4l 848 2Hslgon] HAlA
Ao 4 S 2] g Ao 2wy
ol 4] S0 mM citrate-phosphate $+%4-1(pH 5.5) 1
m/ 1 unit®] 45 H7}g $8L 3087 Fxul
SATIEA SE VAR 7} LR A4 EY
A& ZAs)y o
@501 % Kmgte| &X

Glucoamylase 7]&<l soluble starch (0.5-6 mg/
m/), isomaltose (0.5-6 mg/m/) p-nitrophenyl-a-D-
glucopyranoside(PNPG, 0.05-1.0 mg/m/), dextrin
(0.5-10mg/ml) 223 pullulan(5-20 mg/ml) &
SRR Fhel 40T 3087 HsAI F 7
oM A I e} T2 PNPO ofo g BL8AS
%43k Lineweaver-Burk WA4] (1934)¢] )3}
Michaelis-Menten 44-(Km) ¢} #djehe-&x (v,
£ AAstech
ofojiz4te] =4 3¢ N-giot 2eojo| M

A" 840 o)Al 24 e Hx AEE 6N
HCIZ 10Tl 242170 Hejsted 71mBajA]7)w
Phenylisothiocyanate(PITC) %4 A2)728 Az
¥ HPLC(Waters)ell Pico-Tag column(3.9X 150
mm)$&  o]43le] EAseich #H  cysteines}
cystineS AeFslr] siA HAzE A HE 7t
7171 Aell Al&el performic oxidation reagentg
2]&le] HClell 1A% cysteic acid® &A1z oo
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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) Uy (U/mg protein)
Culture filtfate 950 874 750.5 85 1.0 100
Ultrafiltration 10 579 650.0 11.2 1.3 87
Sephacryl S-200 gel 37 18.0 2420 134 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 pmole glucose/min from

soluble starch.

KDa |
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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 0.26% Coomassie
blue R-250.
Lanes: 1. culture fitrates. (30 pg protein); 2,
after DEAE-Sephadex A-50 chromatography
(30 ug protein); 3. after DEAE-Sephadex A-50
chromatography(50 ug protein); S, standard
proteins.

tryptophan®] 7-$% HCle| 935122 methan-
sulfonic acid(MSA) & Az Al gl Hzjsle] 752
3 shsdch 1) N-abel 3919 Ad2ae opny
4k Sequencer(Milligen Biosearch  Prosequen-

cer 6600) ol 4 Al x| 5}dc),
40 9 oF
EAo M|

Sch. castellii ¥}°F 3594 59 glucoamylaseE ul-

205

116
97

66

45

29

Fig. 2. Endoglycosidase H treatment of glucoamylase
from Sch. castellii:
“l-labeled enzyme was digested with
endoglycosidase H and was analyzed by 10%
acrylamide gel electrophoresis in the presence
of SDS. Lane 8, standard protein.

trafiltration, gel filtration 2% anion exchange
chromatography®l 39tA|l& %3l AHAlslgz
(Table 1, Fig. 1), o] w ¥ Aicaa 53
AAEE 77 29%, 1.9 wlo1sit). Wilson} Ingledew
(1982)+= Schwanniomyces®] tHE strainsd) Sch.
alluvius®] glucoamylase A Aol 4] B &40} 72 ]
AAE T FHF: A9 35ed YA}
72+ 17%, 6.4vfelgdri Rugh vl glck ole} 7o)
Sch. alluvius glucoamylase A A7} viwd o 3)
TE] ¥ W AA XS} R ol-f+= 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); 5. lactic dehydrogenase (pl.
8.3, 84 and 8.6); 6, B-glucosidase (pl. 4.8): 7.
glucoamylase.

v ofd-5- Mol EA 3= bl A F glucoamylase”} 7
o 52 AFABEAL QI a-amylase5-9] v Al
- A2F EART l7)wEe]v (Fig. 1) o2 <l
AAGAE AXE HAxe) 717} #A s 23k
=X 53

SDS-PAGE®} Sephacryl S-300 gel filtration
columnel ] HAFLAo Hajeks A A
SDS-PAGE-®l 4] &35 Hxajeke- oF 145 KDa °©]%]
2(Fig. 1) gel filtrationo] &l&}e] x5 F-z}ake)
A7 9F 130 KDao.2 chekxlg o 4 qlgir)
o] e Avte= Deibels (1988)¢) Sch. occidentalis
UCT410(ATCC 26076) .82 BE] A3 glu-
coamylase®] ZAx}e} wlsleiv) o]E&  SDS-
PAGEZ Z#%3} ¥-zleko] 14342 KDaolgi gel
filtrationel] #]ate] 4= Fajeke 122+28 KDao)

Aok Bk up gle} o]el= 2] Oteng-Gyangs
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Fig. 4. Effects of pH on acuvity (O—O) 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 conaditions
described ‘n the Materials and Methods.

(1981)& Sch. occidentalis vl o5 Mol = K2}
o] 90 KDa#} 45 KDas! 5 &9] glucoamylase7}
Aoty Wi vl gleh E4E FIR ZA)4|7)
endoglycosidase HE o] 83}o] eb3l8 H9l&
HAZ] 73} (Fig. 2). B2bgko] oF 145KDaell A ©
130 KDa® 7hase] &4 gb3tE ghafe) of 10%
olAelS& Hal¥ £ slgdrh ole} e Ay
Deibel % (1988) 0] ¥ 378} 10-15(12)%2} v)2=8}ed %)
gt Sch. castellii ATCC 260779] glucoamylaseoll =
EpglEe] W ghfEe] elxiedti & Sillst (19
gayel Aspel=  AdxsiAl skl @9 gluco-
amylase®] 51 %}o] eF 4322 FA =) =dl(Fig. 3)

Bv oL

M

20 2 o
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Fig. 6. Thermal inactivation of glucoamyiase 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.

Substrate Km Vinas .
(mg/ml) (uM/mg/min)
Soluble starch 3.84 36.6
Isomaltose 0.51 904
PNPG 0.08 2.1
Pullulan 13.70 6.6
Dextrin 0.59 269

o] Deibels- (1988)¢] Sch. occidentalis ATCC 26
076 glucoamylase 28] B 113} 6.291= o xs}x] o
Stk
E20] cHEl pHe| A

AAE A pH 55014 H3e] GAS by o
™ (Fig. 4), pH 4.5-6.0 el 4] 30T, 2447 A=)
Fo VEELYAL 80%o)Foldeh. o|ejzre A}
= glucoamylase & A AFshR= Schwanniomyces o) T2
strains®) Sch. alluvius(Wilson} Ingledew, 1982) 3t
B} AR #EQ) Lipomyces kononenkoae(Spencer2}
van Uden, 1979). Candida tsukubaensis (De Mot
1985) 914 #39 pH 3.0-5.03 wjZy-&u) 2 pH
HH7F bt Eokoy kAL fAlslah
i_’toﬂ Eﬂﬂ 2o g

HAnkg-o] i‘lz—']—q’—ie 20-80C7k7] o] W9l 4] =
*Pf& @4 B4 TN Mg w2 AL e}
Wek(Fig. 5). ]3} 22 A3 €} strainsgl Sch,
alluvius(Wilson3} Ingledew, 1982) 9} &} 12 FEq)
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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 109
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 14

L. kononenkoae(Spencer ¢} van Uden, 1979)2} C
tsukubaensis(De Mot 1985) 2] glucoamylase 3 2|
SE9l 50-55C Bk 7t vioich @9, &40 o
RS 22k 3 (Fig. 6) 40-50C ] = 308 3
2ellE o FEBA ] iz FH5 o} 55T
‘15 A8 AE o] HoJH o v (5%), 60T A=

oo BEAMIEYEY C  rsukubaensis(De
Mot%. 1985) el A o] 9} f-A}5F B8 Hof Fgic)
Ze} SillsE (1984) o) 23} Sch. castelli ATCC
260772] glucoamylase & 60T A 5% xj2]g2u)
A o) 40%ekar B gk vl 9ok
7132 50l 9 Kmg}

A" FA2 soluble starch, isomaltose 2]l
PNPGSl o3 Km#} V. 3t-& Table 29 vieh}
sk 2=AkE 21" E PNPGS Km3te] 0.08 mg/m/Z
7HE SR Vo isomaltose”} 90.4(uM/mg/min)
2 714 ¥k} Soluble starch& 7] A2 3 4% &2

A Kmate] 3.8 mg/mield] vkl SillsS (1984) o)
H2% Sch. castellii ATCC 26077 glucoamylase2)
Km3t2 103 mg/ml, Sch. alluvius(Wilson®} In-
gledew, 1982)o A4+ 127 mg/m! Z8]lx L ko-
nonenkoae{Spencer2t van Uden, 1979) ol A= 16.2
mg/m/o|gich Wl olE Eaol wlE B Fa:
soluble starchell tj¥F 232 o] 3-4u] Eghch o)
WF7r 2 AHER 713 soluble starch#]E7ke) 2}
ol 7]l & A %t} PNPG(P-nitrophenyl-a-D-
glucopyranoside) ®] Km  35& L. kononenkoae
(Spencers}t van Uden, 1979)] % 035 mg/m/E
& £2] PNPGel th3h #13}2o] 4u)o) A} &gk}
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ofoliriAt =4 U N L MHEN
A" Zxe] ol S FAY Ade
Table 3of vteb} glr}. & &As 4H4 2 IS4 ofn
2AHCysE dl9])o] £& vEE FAsdn g4
L2 AgA ol 4H(Ala, Pro. Val, Leud o|$)) &
F& Wit} wpepA] B B A A Y9l Saccharomyces
diastaticus (Yamashitas-, 1985)9] glucoamylaset}
ARdE-olQl Aspergillus niger, Rhizopus japonicus,
Endomyces (Manjunath%, 1983) %9 gluco-

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

Sch. occidentalis ATCC 26076

S. diastaticus

tio

Schwanniomyces % strainsZtoll & =& AEA-E Wl
FL} S diastaticus 2] glucoamylase 9= AHE-Al o)
dslek. ol 4ka} 7o) Sch. castellii CBS 2863(ATCC
26077) 2] glucoamylaset FAle3} ehadlE-Fheke)
gle} A Sch. occidentalis ATCC 260769 glucoam-
ylasest 72} zfo]7b §id 3 N-ght ofu]at 242
2} Sch. occidentalis ATCC 26076 glucoamylase
AR 7R B8 F4HY N-ddAdda 70%2)
AEEE 2o FAAN FAML 77 439 0.2%

off

7_51

Schwanniomyces castellii 2 €] glucoamylased A3} 1
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amylase®} & AMd whB Aol N- i

peptide®} ofr]eal 442
Ala-Pro-Ala-Asp-Gly-lle-Gly-Asp-X-Ala-X-Ala

o]l Sch. occidentalis ATCC 26076(Dohmen,
1990) 2} S. diastaticus(Yamashitas-, 1985) 2] gluco-
amylase F32 ¢71Md2RE FH" N-dqg

3} 1) 58 & o

a-X -Ala

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

zpol7t glede)l. & Sillss (1984)-2 Sch. castellii
ATCC 260774 glucoamylascs BHr3t8o] %3 &
frEle] 9l=] 2ot of b Adell qlej A EAE 60T o A
5E A2 e 40% A2 BAdo] Qlglriy ¥ gl v}
ot B Ao 22 strains®] &EAolx|qk e
F3HE ghefo] 10% o4 ol AL, 60T A 5E- o]
H34d3) 2 Aos Hol o]5e] Axfely: fo)7} gl

slek

8

B4¢ 2ABHL) o] £29 $x4ake oF 145KDas]

A2 gefAelgl 544 43 ol M pHet X+ 7h2} 559 40T 0190 50C7A| At AdE fRlsh
pH 4.5-6.0% 9]l A pH +AAS %2183k Soluble starch, isomaltose 2831 pullulane] &k Km z+& 77}t 3.84,
0.51 2812 13.7 mg/mieigleh ofm|al 2AFEA A} £ Adys AdchdAlelgleony N-Zat ofvjicil Hd2 Ala-

Pro-Ala-Asp-Gly-lle-Gly-Asp-X-Ala-X-Ala °]¢it}.

Al At

2 od7E 1989-1990W1 % w-§H kol Lz Adu)
2 Qel s P A7 dHRFo|n o] A} =
Yot
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