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HRACBOLESBUEFET I N4 ATATHIER
BRRREeVO—AE, Lb7NVa—ARY) v —#H
»oi D, HANREITRINOAREEEEL, K
ERBOREHEEFRL Tws, BROBRRIGI
WHMOA RV P THBY, EBMIENET 25 —¥
BURRELO— AL T —V¥itX B Ihok
REBEHOSRRER-ERMRIETH 5120, £0
BRI OLTOARRED TZ L, A, 20 F4
CARRETCERL L EREESMREORR LA
HRSBAIOT T L2 REL LT (Hayashida ef al,
1975, 1982), Zh & EREESEEEOSERE
L, FARCE T TRENEREET 76D TH S,

I &BHIEET7I5—¥

1, EBE/ L7 I5—F0SHHE

Full, HERED ZEEOMECERI TS
T RNEBE Aspergillus awamori var. kawachi 13, B
—EKRIC & o> TEREM RS, $BRSHERVEE
REWHEFRCTIZEEO/ VT 5% (GA) %
BEHE U7 (Hayashida et al. 1976), ZD%HE% GA
OXEEFHET 270, HBEENTFEIC LY intact &
GARFOEER»ER L THEREE®T>7: (Haya-
shida, 1975), # 1R L7 & 5 &, Culture A T3,
F 8 90,000 D, HULBIHTNL Y A 7 A OSfEH
BERL, SBRBABEERREREETSGA LR
{305, 24—30 BRI & > 5 HHBE A O BBE TRIRAY I LB

&7z, Culture B Tit, ¥4 7 B OKRBEEBEHHE
Hi#g 2 = L& RO R URIRE 2 REL, TE
HOETFLZGA D (HF8 73,000 25, S5«
Culture C T, 74 7 C OEMHRERLERR S
BERUVRAREEEZREL, BOTTARERERGAL
(HFE 57,0000 08, BEREOHERIL>TERE
BRI EES N, 20 Culture A, BRUC %
B SERROBERY» S, in vivo TEREHEED
B, BEEEERE LCEEShZ o7 —¥E, TV
P2y —¥, N-TEFALINAYFI=F—EEDTY
aYF—¥IZLY, 7 bFAL 7D GADKYRTF
KR U R BRE MR S h, B0 &
SuHEREET 5 EHRESTOGCANLERT

LB EIRED, GADSEMSERETEILERLY

LRESEL 72 (Yoshino et al. 1978).

2. AT I S5S—HENSHMRIFEE & BRI

GA OEBEREEHCEL Tid, ERO in vive
TOBFREO AT AV VAR LB 7 Bv v
OB L ZRER Y, Boel ef al. (1984) 1, Aspergillus
niger GA%2I3—F¥T2 mRMADAT A7 D
BHEIZE 5 RNA VRV TOSKREFRFERIRE T &
£\ 7, FHIK, A. awamori var. kawachi 5%
mRNA OEE2T- 721k, % OEMIREIREY %
¥ GA Hifs THiE i 2 ¥ SDS-PAGE i THIIREY
BRAUTESER, SF R 69,000 DEEFHO WL GA T
WF ZHE—D ¥ 87 BNy ¥ 2D Tz (Hayashida
et al. 1988a), 2% D, Sk GABORKIL, E—
ODNADEMELTDGA 1 THY, GA 1 DEH

— 73—
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Table 1. Mechanism for the occurence of multiplicity of glucoamylase

Classification of glucoamylase Type A Type B Type C
Degree of maximum Glycogen 100% 80% 0%
hydrolysis Gelatinized starch 90% W% 60%
Aspergillus awamori var. kawachi A il i var. kawachi
Protease and glycosidase less "~ GAMU-H p:ﬁ;{ stu';ia:lwamon var. Kawec
mutant F-2035 Culture A Mw; 110,000 :
""" GAMU-L i :
Culture B Culture C
\J Y

GP-1 (Mw; 13,000)

Protease

Protease
Aspergillus awamori var. kawachi <--::-=-=**=+3 GATI' W GA Il
Parent strain Culture A Mw; 50,000 (Mw; 73.000) ”\ A€ (Mw; 57,000)

Glycosidase

Cp (Mw; 10,000

GP

GP

GAl-b
Mw; 84,000

[ ; Raw starch-adsorbable and - digestible glucoamylase

GP; Glycopeptide generated from the limited proteolysis of glucoamylase

13 Boel 5® mRNA A 75 1 v v /BB ERT
3OTIERL, BREDFuT AN Y ARERT 52
LRFEEEL, BETRHES b IAEERL T3,

EREGA 1D in vivo 7udA VAL D “bd
SR DORED, GA I'H2 VIR GALINLE#EEE,
R 4 RIS RERE R RN RET D e h 6, &
BMABEBCBD 5 I ORKREBOEBESEI TR S
n, TORBREDT:, GA i, IE7 AL ) Fu T
F—¥, $7F Y RMAT invitro 77X ) ¥
X % {To7- %58 (Hayashida et al. 1978: Fukuda ef
al. 1992b), GA 143, #FE 73,0000 GA 1°, S FE
13,200 -7 F ¥ (GP-1), T sFE& 10,000 O
Cp~EeZEHL 7z, GA 1’13, GA 1 L[EH, HILE
SREE R R U228, ARBRERE R URSHEL R
k%L, —5, GP- 13U Cp i3, BREN%
& olkh, LHICEBRDRERLFLTEY,
B, BEOHTEETH 2. 2% 0, GA 1 OFEH
BATIE GA [EBRICRE S N0, ERMTERRE T
N AT L GP- I I Cp BRI B W T
RT3 - e, MEEEEE b D GA 1'E4S0
i, THbLERMRECES TS GP- I RUCp
O E “ERSENEGT LATT, ERBIER
OB L, MRS E AR 2 IEMEAL &
DHFWERIZ & > TEITT 5 b D L EE LT,

3. ERBMEESRA L L To GP- 1 I Cp N

b

A. awamori var. kawachi GA 1:BGEFE2EEL,
ZOERLTIEITC L > TGA 1 D—VEE R HEE
L7 (Hayashida ef al. 1989c). A.niger GA & DRI
357/ BREOERY 1 REOREBED SN, K
BGA I 52FD2> b, GP-1ix Ala*s» 5 ValP'ic,
Cp X CHIHD Ala®sh 5 Arg® S iiBF 5 Z L 28
L7 B TRLALLIC,GP- 1 #HKT 5 45
7I/BBEEDS L, 30%EE Thr KU Ser 2% Y
EFOFUT I/ B THREN, BT I/ BE
iz 56l ) —ABRESTEY 2 HORETRHRS
T2EWIEBEBEYRWIS LT (Hayashida ef al.
1989a). —77, WOIEO7 3/ BEE» 5% 5 CKiR
~7F RO CpEBIE, N FoSy—=Tay bno,
3 D DB FIL #8FH L Twi (Fukuda ef al.

1992b).
4, ERMDIREEORINICUBLBFERM GP- | 3
UIZ Cp D¥sE

GA 113, a- SRV y-v27u7x¥A+ > (CD) &
HMRMICES TSI LICL - T, H{LBHMEEEIC I
BLrASEELEZ TwRvY, LEMBRERKUHE
DEELERIHREMCHE LS (K2, Fukuda et al
1992b)., &5, M3DEIZGA I, GA 1, GP-1 Rk
U Cp # a-CD-Sepharose 6B % 7 A~fit53 3 &,
GA I'BRUGP- T VCBREENTREI LD,
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ABSORBANCE AT 260 NM

ATLDSWL: vV ILNNIGAL v DSG
IVVASPSTDNPDYFYTYTRDSGLVIKTLVDLFRNG
DTDLLSTIEHYISSQAIIQGVSNPSGDLSSGAGL
GQPKFNVDETAYTGSWGRPQRDGPALRATAMIGF
GQVLLDNGYTSAATQIVWPLVRNDLSYVAQYWNQ
TGYDLWEEVNGSSFFTIAVQHRALVEGSAFATAV

PYESACTLQAETHPPLTWQRCSSGGTCTQQTGSVV
D NCYDGNTWSSTLCPDNETCA
KNCCLDGAAYASTYGVTTSADSLSIGFVTQSAQK
NVGARLYLMASDTTYQEFTLLGNEFSFDVOVSQL
PCGLNGALYFVSMDADGGVTKYPTNTAGAKYGTG

Exo I’

, GSSCSWCDSQAPQILCYLQSFWTGSY ILANFDSR El_gtit
‘l?r‘ 1 ws. RSGRDTNTLLGSIRTFDPEAGCDDSTFEPCSPRA Catalytic YCDSQCPRDLEFINGQANVEGWEPSSNNANTGIG (PYE - )
(A'-V *®)  LANBKEVVDSFRSIYTLNDGLSDSEAVAVGRYPE gjte  CHOSCCSEMDINEANSISEALTPHPCTTVGQEIC

EGDSCGGTYSGDRYGGTCDPDGCDWNP YRLGNTS
FYGPGSSFTLDTTKRKLTVVTQFETSGAINRYYVQ
NGVTFQQPNAELGDYSGNSLDDDYCAAEEAEFGG
SSFSDKGGLTQFKKATSGGMVLVMSLWDDYYARM
LWLDSTYPTDETSSTPGAVRGSS STSSGVPAQLE
SNSPNARVVYSNIKFGPIGSTGNPSG

DSYYNGNPWPESTLAAAEQLYDALYQWDKQGSLE
ITDVSLDFFRKALYSGAATGTYSSSSSTYSSIVSA
VKTFADGFVSIVETHAASNGSLSEQFDLSGDELS
ARDLTWSYAALLTA VVPPSWGETSASSW
PGTCAATSASGTYSSVTVTSWPSIV

GP-1 ATGGTTTTATTTGSGGVTSTSKTTTTASKTSTTT
470 ., 514 GNPPGGNPPGTTTPRPATSTGSSPGPTQTHYGQC GPExo
(A" -V )SSTSCTTP‘I‘AV V.
Affinity GGIGYIGPTVCASGSTCQVLNPYYSQCL (G435 -L#%5)
AVTFDLTATTTYGENIYLVGSISQLGDWETSDGI site
515 ¢ 615 . ALSADKYTSSNPLWYVTVTLPAGESFEYKFIRVE
(A""R *™) §pDSVEWESDPNREYTVPQACGESTATVTDTHR
Aspergillus awamori var. Trichoderma viride
kawachi Glucoamylase I Exocellulase I

Fig.1. Deduced amino acid sequence of Aspergillus awamori var. kawachi
glucoamylase 1 and T¥ichoderma viride exocellulase 1.
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: m_i lyp = Fig.2. Effects of a-cyclodextrin(CD) on raw
= \ = starch-digestibility and raw starch-
= = adsorbability by GA 1.
o 20¢ 120 Symbols; Relative activity of raw
| corn-starch-digestibility(@)and rela-
\ o tive adsorbability of GA I on raw
5 10 15 200 corn-starch-adsorbability(O)in  the
CONCENTRATION OF CD  (mM) presence of a-CD.
A B c D t
.
1.2F 10F \ s
1 0.8
= =
E \ Ea2 = Zw
| & = g s
5F =0T ; 20l 5
1 ad ["ha ()
£ £ S s
1omM«CD 2 & 2 10mMeCD = 10mMaCD
1l g I\ E 1 & g
2 2 =
e aa
20 W0 20 0 20 0 20 ] 0 20
FRACTION NUMBER FRACTION NUMBER  FRACTION NUMBER FRACTION NUMBER FRACTION NUMBER

Fig.3. Affinity chromatography on «-CD-Sepharose 6B.
A,B,CD,and E show the elution patterns of GA 1,GA 1",GP-1Cp,
and B-galactosidase fusion protein including GP-1 and Cp regions,
respectively.
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GA I RU Cp iz¥ Mic®#E L, 10mM @ «-CD ##
T AR, &5, BRMATHS GP- I RUCp
ARUKBE YT by I —CMEY V7D,
a-CD 7V iz iU GA 1 RU Cp LEMROER &R L
7o, TR S, GA 1 & CD OREHAEER RN
HENO GP- [ Tz < Cp BRI BV TEET
32 e RHERLY:,

X SR 7— 5 05, ERBOTASATTIER
S ARER L, EEMOFEII CDOY ¥ IREE
CERT B ERESNTE D (Imberty ef al
1988), ft- CEBISKIE CD CRL, GA I B b
BEEE L TR b DL EELT, a-D-(1-4)- 7V VB,
SHALOERSRI N, HEVEBROCDDES

00 o

80+

RELATIVE ADSORBABILITY AND DIGESTIBILITY (%)

Aor \\
A
‘ T
;\>t:é—

0 2 3 ) 5 3 1 8 s

Fig.4. pH dependency on raw starch-
adsorption,raw starch-digestibility
and «-CD-Sepharose 6B-adsorbability
of GAI.

Symbols; raw corn-starch-
adsorption(Q),a-CD-Sepharose  6B-
adsorption(.),raw-starch-
digestibility(A).

Hydrolysis (%)

Time in days

Fig.5. Effect of GP-I on raw starch-
digestion by GA-1.
Symbols; GA I 0.72U/mg starch
and 0.05mg/mg starch of GP-1 (@),
GA 1(O),and GP-I(A).

7t 3RTHSE R OBE, WATEBY2{RADNH
@3, ¥R N OBUKE LS AW ERKT 2 OCHE
Li-BkBE L 2o Tw3, GA 1 &£ CDRIOBE X
pH FEkFEHTHD (K4, Fukuda ef al, 1992b),

CDHMIC L BEARY P VOEE»S GA 1 L 4R

WrOBRER, GA 1 RSN O Cp 8RO Trp &

BEn Yy, £RBSTFOSEAMEONTILE ORIE
RSB tEMEERT L cERT 2 L wI 5
FEBOA A=A LEERLT,
»~ﬁ,ﬁmﬁﬁ®—%fbécnlm,§$ﬁﬁ&
U CD ¥ VIEERE R £ {R&RZwa, GP-1 2GA 1
DEBMAMERCHEMT 2tV GALDER
B RREE % 25 fEwin& ¥7: (X5, Hayashida ef
al 1989b), ZHIWCEMIL:-ER%E, 7TV a7
I5—¥O MY Ty v ELYEED ST TR 20,000 O
RS F K THED Iz (Hayashida et al. 1991).
&5, A. awamori var. kawachi D727 7T — €
RU7Y a2y ¥ —ERIBERKF-2035 2HE L, Cul-
ture A OEERHH S, BB B3R LBKGA 1D 2
L 724> F & 110,000 O GA MU-H 28 L
7> (Fukuda ef al. 1992a). GA MU-H 0 7 & /B4R
LEOERET I /BIIGA IDEREREK—EL,
GA MU-H & GA 1 D4 FROMEDEESESHED

Hydrolysis (%)

0 i 1 S

Time in hours

Fig.6. Effects of partial removal of carbo-
hydrate from GA I and GA MU-H on
their ability to digest raw starch.

Symbols; GA 1(0)GA MU-H(@),
glycosidase-digested GA I[(A),
glycosidase-digested GA MU-H(A),
twice glycosidase-digested GA MU-
H(H),GA MU-L(X).
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HBCL2bDTHB Z L HBAFEL i 572, GA MU-
H OBER{EZME 2Lz & 25, GAMU-H 0%
LR IEER VLRSS, «-CDREIZGA LI LR
—Thotd, He6RLILd CERDIEEEZ
GA 1D 25fF Ly, £7:GAMU-HRYY 2

Table 2. Carbohydrate composition of parental and
mutant glucoamylases.

Carbohydrate GAl GAMUH GAMUL

Mannose 79 196 143

Glucose 2 2 54

Galactose 1 1 4

N-Acetyl-g-D- 1 1 1
glucosaminide

Xylose 2 2 2

VY—-PHMEZIDGA I LtR—DOHEERERE 12
GANELEHT 3 LR, SRMOBEELGA T &
Fv~ugETETFLE (6).

. —7#, F-2035 #kiz, Culture A 2 0.5% OBERF I + R
RUAH: ) BERML TR, GAMU-H %
TR, 73/ BERT U THESRER—T55, %
DREEHHETHISL /—ADSBHASD 1L BTN
I—ARE#ELI: GAMU-L 2EE£ L7 (%2). GA
MU-L i}, &&F#H0O—MBBRL-PTTHBITH
BH o3, 6 RLED GA MU-H & i3xiBagi
EBRAIMRENLINGA TIRELT, 2901 EET
L7z, COBER»S,GA 1 T L 2EBRNMMRIIB VT
RERHORR UM W<y /—R) BEETH
B LSREE R, & 512, GP- | &R HHREE
BER U GA MU-H TR o Ll £ IS REED IS 8
BRI R %B% 2 T, Hayashida et al

; Activated water molecule

Raw starch

Iuin; Hydrogen bond

Fig.7. A hypothetical model for raw starch-digestion by GA I.
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(1989b) 12 GP- I SEIROBEE X BT B b D L LTk
DFI IR —HEOBEET L 2BRLUIZ,

D-v Y/ — A, KAFRILOES FHEL, p- 7V
2—Ri, BCENERELEEZ L0 MR LR
LT, GPlOBEEEZ< Y/ ¥ FHOSEL I2KEE
XL, BEUZ 7RI —BERL->TWETBFEL
TOKRFFEOHEERICL - T, BiElbahix>
FNE—ZBLHEITIREBOKIFUERL, FOE
HADFHBNA FRO KRS 2 BOR L TRE S
A (BE) MEf¥Eh3, GAMU-H £ GAMU-L
B AERBAREDR LY, TOET VL OER
ahs,

IDETNEEEMNET S, GAMU-H 2H
v, HORU H,0 £ 0 IR AREE (L ORER
7 AY—HEE) 2R T 5 D0 FTOREE L DIEA
EROKE £1T> 72, GA MU-H O#{EEIxt+ 5
Km{ER U Vmax fl, -CD DEEERUREER,
R UEREEREIL, D,O RV HOFT, Wi blE
—Tholeh, EBRIENOAMBDOFIIBWT
20%ET LIz, 2D, BEHHMRUBRIEHICL S
FREE R VEBRMBREREZ DO T TREESATY
LI Ens, ERBMEIOETY GP- 1 8RIC L
2 DO0RTD7 SRS —HEORBBREDHECE
BEabprEEL,

MEDHRZETEGA I ICX24EBMARA D
ZXLARETICE EDI, GA 1 T X 3ERBONR
R, BILEERUVAREL ol 30DBBREES,
27, Cp BE TIENCERG S T2 ERL, B
ROBAKMED 2 I FBET 2 /BBE (Trp, Tyr)
2, BUKRBIEICH DT ¢ U EEORILTEEHEARK
PRTZILICLD GA | BEBRRCERET S, &
ERICLERCT € o NIBKOBEELSEZD, &
VTE DEMAS T RERB S TFRARES P BRET
3, BERICEEEL - GP- 1 T, £BBOXRELHE
2> TV BRI FOFERMICH D BIGFFRIOKFESS
YIS h, BEbicEERserizkEsns, B9
AFO+H/CAR S Wi, BASGEoBRA
2ED LEBICHBEE 24> TH2GA I’ DR
ERNEEL, BHEBLOF 7Y A PZBRDAE R,
NI —ARERT B & 5 IIERTTEKIED & KELT
bhs,

5. BRBAICE I T I F—ENFHEROBE

R GA L[, o7 35— ¥ L EARHOER
IEDZKBIENE b D EHEL, REIERMIE
BEEELTLELE IR TV S RIRE, AERUES

D a-7 7 —LiOLTRNMBEERRE L 72,

Aspergillus ficum 4320 D707 7 —C{EELER
KRz ERD S REE, RBEREE L1253 F& 88,000 D
i a7 S S —E¥REEL, FuT T —YEEER
BHRZ, S 47 7 — ¥ L AROS TR 54,000 048
BEDR, EREE, FRBED o7 17 -V EEE
L7z (Hayashida et al. 1986a).

KOTHEOBEERUELERE «-7 3 7 —¥ic b
SRR BT 2BERR RV L7, B Bacl
lus subtilis 65 (LA -7 3 7 — ¥ 3 EBMHEREY
THBEDIT, BARED VA Y a BRI L TH
BHRIEEE R T HRELRER Th -7z (Teramoto
et al. 1989).

& 51z, Lipomyces starkeyi HN-606 3 FTH 2 £
BRSBTS —¥REELI,. GA 1 LR
i EBIRARERER, WThD a7 I 7—-¥TH 7o
F7 Yk > THRMCEEL, MILBRGIARIER
BN, 512, a-CDZ X > TEBRBERERERYS
AN HROICHE SR (Punpeng e al
1992). U EORERD» S, £ TH7 3 7 — ¥ HEMEHL
DEFICL>TZKRBIE NS LI REEEE:,

I FReiro—ASEErLS—¥

1, BIBEnERICLD CRUCEHELF—H
DEX/E LS —EHFPBROBE

GA IOHIRZERX LT, £ KRB LrI—¥
KB FBRRE VO —ANMREOFEIX, &0
o7 AY) VAR X ARSI ORECERTS IR
BES i Uiz,

% 9°, Humicola grisea var. thermoidea YH-78 O
777 —EEEETRE No.140 3t Ui FEELEHK
No. 191 pHUE X h, Nold0#kr> Fens—+¥ (5
F&128,000) 13, RRLA T —ABUOMER LD
—ATH D7 ENVREERURAEREETR LD
L, Nol9lkx > K5 —¥ (9T & 63,000) i,
7 e VBRERE R U EBHEEEE R K& LT: (Hayashida
et al. 1986b).

Geotrichum candidum HM-11 7 €2 VIKE - BiE
HrrFers—¥ (5FE130,000) &, +7FYV v
VEIZ LD, SFESFOTEAFRE, FRE
MY R INAF—Y KL (Mo ef al. 1988).

& &2, Trichoderma viride 7077 —Y{EELE
ZEREHK- 5 7ELVEE «- HMEEZ S P LT —
¥ Endo I (578 61,000) ix, 7$/,3A YAEic L H 7
ELVIRESERUSBELI 2HENCETLL
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Table 3. Classification of fungal cellulases on the basis for the theory of affinity site.

1.C, type(Avicel-adsorbable, Avicel-hydrolyzing, Affinity site-carrying)

I .1 Endo-cellulase

I.1.a Reducing sugar non-forming

1.1.b Reducing sugar forming
I.1.b.1 More random endo-type

I.1.b.1 Less random endo-type

1.2 Exo-cellulase
I .2.a Strictly exo-type

(Cellobiohydrolase)

1.2.b Random exo-type
1 .3.8-glucosidase

(Humicola grisea)
(Geotrichum candidum)

(Geotrichum sp. ECLIII)
(Trichoderma viride Endo II1,IV)
(Geotrichum sp. EC 1)
(7.viride Endo I,1I)

(Aspergillus ficum CBH 1)

(7. viride Exo 1)
(A.ficum)

I1.Cx type(Avicel-unadsorbable, Avicel-non-hydrolyzing,Affinity site-deficient)

1I.1 Endo-cellulase
11.2 Exo-cellulase
II.3 B-glucosidase

(Humicola insolens, T.viride Endo III’)
(A.ficum CBH II,T.viride Exo 1)
(A.ficum)

Retention time
(min)

Fig.8.Hydrolysis patterns of celloligosac-
charides by Exo 1.

Endo III’ (3 F & 43,000) R U7 E VIRERE T 52 F
L 7:8§27F ¥, GPEndo (57 12,000) ic Z&#a L /=,
—%, TFV AT —FIDOWTIR, REERCH
—7% Aspergillus ficum IFO4034 © CBH 1 (F&
128,000 % U CBH Il (F&50,000) 2%, & bizt
ot ) TEEBBCEo A - AEATHEL DK
sfL, CBHIIiZ, CBH I CRE®»5h7 e VRE
ER VRIS ERE X B RAIC K& LT (Hayashida et
al. 1988b), & 52, T. vindeHK- 75D xFYV N7
— ¥ (Exo 1,5 T&65000) i&, S84 ik
Gly**.Gly*si 2T a 0T, KBEHEEE B
intact 2 Exo [ $@B—/8 — V2 RTB7EL VR
BHERUVREMEREEZHEREMNICRAE L Exo 17 (5F
8 56,000) W7 E v ARBRELS T EHRT 5 C-Kin
HOE~7FF K, GPExo (4F&9,000) ~ZHL 1z
(Goto et al. 1992),
D EDIERD &, ERMAFET 37— ¥ LFER,

$RE Humicola, Geotrichum, Aspergillus = T
Trichoderma XD KR L0 — A BB L > i
VRIF VLT —Hi, OFRbEEOEMESRA %
BOBRR AL YCMAT, #hdfiEokite L
U—ABBEEEE T RN A4 v 0Bl Eh
TEY, &R —2008iE, 735 —¥ L,
BIRERALIC & 2 RREES VT — A\ ORRITE
o THBEANE LD LEEL,

SOREARHE»S, TOEBEBKEFRHTH- 2
Reese et al. (1950)0> C, R U C,BEFR I3, ZOHAEEL
o - ZEAMEOEECERT b0 THD, CER
»5, BRIEBH % I T 3 AL L 0 — ABERER U
B, SMEEERETAELT—¥ThHD, BHIMIE
REUTEARER > T2V 5 — ¥ CHBERTH
3z LR E R,

2. IVFRTIZIHVELS—EnENIO—IHE
R

CHIYFENT—Y¥id, AERBITREETH

BAAEEYAFAEAT—Z (CMC) % RB IR

BET2¥50, TEEAERRCRITEEERL 2
HISERY (H. grisea EG MU G. candidum EC 1)
t, JVa—REetuabit—2R ko 2 RITHE B0
+ 55388 (Geotrichum sp. EC 1 ~IVR U T. viride
Endo I~IV) icsEE N3 (F3).
—HrzFVers—¥izBL X, A. fieum CBH
I RV T. viride Exo 1 fiEEFR L, Wi h b RICFIHE
T7EEAEXOEL—R (G,) HITHEL, b
I CMC DiSEETHEDLTHL 2 Eh b, BAT
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BEECHLEE»S, T3 VRN THHET2 C R
*¥VENFT—ETH3LEEZNT: (Hayashida et
al. 1988b: Goto et al. 1992),

A. ficun CBH 14, £ahUA—2 (Gy) »5t
uAFyA—2R (G KEIEr A ) THEREC
GBI THEL, BTLu b VF—A%2 G EY LY}
—ViZ, D DIERTHRE» & BT GBI TR
L,

zherl, M8 IkmLizg 3>, Exo 113G s
Ghtut ) THEREC GEATHELIY, G
PRELLEBERGIEUITIERZL GbER L,
ZDREFRIX T, viride Endo 1 Dkt ) IHESFERN
§—TIEBIL T ds, HEEROFEE N X4 VHEic
BAZEMERERED ST, 7TEYVSREREK
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Summary

Aspergillus awamori var.kawachi produces three type of glucoamylase: raw starch-
adsorbable and -digesting GA 1 (MW,90,000; type A)raw starch-nonadsorbable and -
nondigesting GA 1’(MW,73,000; type B),and GA 11 (MW 57,000; type C). The multiplicity of
these glucoamylases and the specific conversion of the ability to digest raw starch were
brought by the stepwise degradation of original GA 1 by protease and glycosidases. A raw
starch-affinity site which is composed of GP- 1 (A*7-V34)and Cp(AS's-R*%)regions on the GA
1 molecule, was essential for raw starch-adsorption and raw starch-digestion. The GP- 1
region promoted to digest raw starch and thus concluded to have the ability to hydrate raw
starch. On the other hand, the Cp region has the ability to adsorb onto raw starch and
cyclodextrins which were analogous to raw starch in terms of three dimensional structure.
Adsorption onto raw starch of GA 1 mediated by Cp region occurred in the formation of
inclusion complex through the hydrophobic interaction. Therefore raw starch-digestion of GA
1 was initiated by adsorbing onto and hydration of raw starch through the raw starch-
affinity site. The well-hydrated part of starch molecule lost the affinity toward raw starch-
affinity site, and hence starch molecule was captured by the active site located in GAI’ region.
All raw starch-digesting amylases derived from other microorganism, bacteria, fungi, and
yeast had the raw starch-affinity site and thus all amylases could be classified into two types
whether the presence of raw starch-affinity site or not.

On the basis of the affinity site theory, fungal endo-, and exocellulases were also
classified into two types; C,(Avicel-adsorbable, Avicel-digesting, and Avicel-affinity site-
carrying) and Cx(Avicel-unadsorbable, Avicel-nondigesting and Avicel-affinity site-deficient).
Trichoderma viride Exo I(E*-L**¢ MW ,65,000) was limitedly proteolyzed into the two frag-
ments, Exo I'(E'-G*4MW,56,000) and GPExo(G**5-L**¢;MW,9,000). The GPExo designated as
Avicel-affinity site had intensive adsorbability onto Avicel but no catalytic activity toward
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cellulosic substrates. The Exo I’ showed identical activity to that of intact Exo I toward
cellooligosaccharides but was almost inert to Avicel in terms of digestibility and adsor-
bability. Thus domain structure and mode of digesting action of Exo I and glucoamylase were
surprisingly similar for these microcrystalline carbohydrate substrates.



