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AT, FREZMITTER W, FHWIERAE, ThoD220EH%2 R
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(#%1z A. niger)¥ RhizopusE@T % B, KerrH<z k% Aspergillus nigerdf#

#_ Philips& Caldwell’|z & 3 Rhizopus delemarDEFFEDMTLUR. £ D
BOYNWAT7I53—tHHEINRTERRLLILDL6T. WEEIZKBEEOF
FAOHEMICOWTHSITHEBINR TR W, 2 IE. A nigerOBEIZKY
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DHFETHMEL . F24) VERIZ. B4 60% 8RB TENIKILE B
B URMELTHMELE, 7Va—R6 -1 VEglk, Hizukuribs DK ETY
NaA—R6 - UBBKEARRETERL Z. BETOT7 LI -AKED 6]
CEALRY VBB, ®A 4 0.8 MEMT 100°C, AMIOML 2. 7O
—26 -V UBELTHEL. MKkIBICIBEEREMEL L,

EBRRBEFIAIZAGBIZEID TV tu—LEERTEIOT. Zhi7Y
tu—n¥xr—t, Vyku—nN3 - UEMBRKEBEELIHWTERBL 24,
VUBLLEEERRERERZ. AIAOBRT AL AVEI T » Y-t 2ERHE
. ELAET)VEu— LB LTERLE?, EARKESZDOFIES
B DR 2HBLESTREABIDEHL

BIIEH HRLEFE

1 Aspergillus niger®d 7 N a7 3I5—tOHHY
FHROVNA7 IS —VYEA KL-120)+HBEERE LA, KGPIZE. 7
NaAa7z5—¥RUAIZa-TI5—F, a’hZ?TﬂV—t’%tlbﬁ—f&E@?ﬁﬁ

BROENE, 3. AR 62Ty /— 6 nlAMXTHEL 2o AT
—CEED B5% I LI, YT I I— VAR TN TARIZERS RE,
A% nlOKIZEM L, ThIZ 0.5%IREBB X 5IEBE2KBEMAT

40°C, 2HREIREBLa-7I 57—t A2 RFEIVE, KLEABREBEL DB TR X,
LiE% 200M b Y ZIEEEEBEE (pH 8.0) I L —-BEHRL . WICERTANEAL
BEBRTYEILL 7~ DEAE-ENU—R AT L0k, B9 LAEEBERT K
. BIiLF P LOBESRBEEDE (0~0.5 HIZTHEHLE (Fig. 1-D, &
BAIOWTENRLBOBRBAMELAER. Va7 5-viEh e &HE
Az OFHHBRIT—BL, FX Ty ¥y —EiERHIEZAEIN D LERTEHL
720 Pazurd Ando3_ Lineback® ‘. Smileyh*°jck B &. A. niger®d 7)1
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Fig. 1-1. Chromatography of glucoamylase from A.  niger on
DEAE-cellulose. The column size was 2.6 x 20 cm and fractions of 10 ml
were collected at 33 ml/h.
Key: - ---- , protein (Azsos); —@—, glucoamylase; ----4&--, phosphatase;

--------- , Nacl concentration.



73:5—td DEAE-E N O —AATLAFT Uy RMI/UT IS5 T 4 —TTHT
X3 NATII— Y IBLIVIND2ODEFHEET Y. ARETHWE
A2k, Fig. IFUCRLEEAIRCIRDIDATH 2. « 2D LI, PH
5.28 10128175 DEAE-E VO —RAS L7 0T b IS T74—2EDBEPDS
hr, KBUHZICHOIMICHE- R a-TIF5—-EiEHIR. #dhdsboFy
ot b Eua v EBIcL s aRERBHELZRAWTAIEL. Fr. 46~51
REETHIZIEEZRWELE,

TNATIIF—YDEES (Fr. 32~38)4 £, 73 BALEE PH-
10TB#EL. 20 oMo' ¥ VIEEEEER (o 3. DICH L TERL 2. WEAER
CEERTEAILLAERAREIO - BT Aok, BT A%5HE HiL
FRUDLBEFBRREOIEZABERTEHELE, 7 Va7 35 —HiEHR
B+ R D LRE 0.05 NT, FAT7y ¥ —EiEfEIX 0.5 NTHEH S, @E
ERBICDE TN TEE (Fig. 1-2), Fr. 22~29%4HDTHEEL. HY
INATIT—EERKELE, FRXT 7Y —VYEHISIZE IS HBEDa-7 35—
TiEEPBREINEY, Va7 5—-YRRKIZGE-> A BREEIRED - 5,
PLED¥EA Table 1-1I2EHL =,

2 Rhizopus delemard 7/ Va7 X 57—t DHEH

FROBEHIN A7 5 —CHA 6 gk 100 nlicEM L. FTEWEEL
THLUTERWE, EFO pH%E 1 MEMT 2.51CRB L. 4£CIZ48FRIREL T
a-7IF—EEREIEE, ZOBRECEIDABSD -T2 5~ IERITA
M, TNaAT7I5—ELEELE, BRO ek 5.81CFBE. AEMAEELS
BLTRWA, LEAKKBTHDPLRZYS, FOH-200ClzHLAES Y T
EA7Na—-N%E O0BICRBEDIcRrlcmArz, LUEAELAED, 20 nM
FFMEEEE (PH 5.8)ICEDMLE, ZOBER%Z. MUEEHRTER{L L~ DEAE
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Fig. 1-2. Chromatography of glucoamylase from A.  niger on
phosphocellulose. The column size was 1.6 x 35 cm and 5 ml fractions
were collected at 33 ml/h.
Key: ----- protein; —@—, glucoamylase; —--4-+ phosphatase.

_10_



TABLE 1-1.

Summary of glucoamylase purification from Aspergillus niger

Step Protein Glucoamylase? Phosphatase Glucoamylase
spec. act.
(mg) (u) () (U/mg)
Crude enzyme 896 19600 ndb 21.9
Ethanol 877 20200 nd 23.0
precipitation
HgCl: treatment 463 11400 254 24.6
DEAE-cellulose 324 10400 193 32.1
chromatography
Phosphocellulose 152 5830 0 38.4
chromatography

a Determined by method A.

b Not determined.

Ty Fw R AS0HT L (3.1 x 2l ezt E, TOASLRILAT
TS CERBEF. a-TIT—t. hRTrI—HEBROKBAEEA L.
CheA2BRETHIDRERICED TOH 2, BEZOAZL%2BL HEBERKE
B, HIROFETAVTOECATLI-NLEMATELZRKREED, 20
nld> 20 nNEFEE#E &R (pH 4.5) ISR L 7. ZOBMARBEERTEHELL -
(M-t 7 70 —ACL-6BA S 4 (3.1 x 30.5 co)izilF, WELAZOHE%IE(L
FRUTLOBERBEDERE (0~0.3 THEHLE Va7 5—vidELKS
R LEBED 0.1~0.15 MOESFIZEHEL., XKBISOF AT 7y -t EER
0.25 Ml EOBEDICEFELE, FiEA7 I VEASBE PH-10% > TiEKd
L%,
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SR AT ¢ 7 Bk EITT e 4 SEOBABNY K (Fig.
N EE L. LWERIT LT AT I I —EENARRD 6 hE, BRKE A
DEWEOMAHIEIZGT. Gll. GUlE&TIHE, 25, ZOESPIZEHAE
Da-7T25—kEehz2779—ton@oeh, Zholdtl-£7yua—2 CL-
GBI L BB /UT T ITIL o TLRETAZI LN TERDPDE, ZIT.
TN TIT—tDL Y-k LTHIGRTWS fa-f70FF ALY
> % Sundberg& Porath® HiE " Tt 7 70— A BRIZ(E S X B AHEARFB L.
CHAEBHWET 74274709 757 4—TH8aR AT,

Fig. 1-3. Disc gel electrophoresis of R. delemar glucoamylase after
1st CM-Sepharose CL-6B column chromatography. The protein was

electrophoresed at pH 4.3 on a 5% polyacrylamide gel.
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CH-t 7 70— X CL-6BH 7 L 6D % 20 nNEFMMEE R T¥BILL 27
TAZTFAAI LN HIL2AEERTEABOEH AL LD
FTHFR RESLABAESL 0.5%a-H 1 70FF RN VA BUHEERT
BHHLUE (Fig. 1-0), 7NV a7 35— viEthld. SERICLEBEL a-Y o1
PUFFAMY VICEIBERBEFI AP THERLRE, T4 RAVEREHITL
D, BZHE - (GIDTHIVHEBER2KRA(G I, GIDHDREWMTH S
zenBEHohE, $E (Fr. 183~190)4EHaavF Ny 7 L TERET S
CERICETERLE, ThE2HBEI Va7 5—tEGIERELE,

MERBETEZT A RVBERKITHAREZLZ A, W¥EGIHRTHE#
2RRGIRIVBEWIENBDohAED, Fr. 52~82L Fr. 83~160ich
FTRDE, F$20 Fr. 83~160%4BMEL CN-ET7y0— 2 CL-6BH T AL
NI r, RELZEHES 20 NOFFME - BFERF YUY Alc k5 pH 5.2~7.4
OBRBTHEH LS (Fig. 1-5, pH 5.78~5.85fFlilc K&~ 0F 6 N,
MIZWLDODDPE—TIB/EREN, TheDTRTIZINIATIIS—EiE
RO FE, TARAIVBEREKHTHAREZLZ A, GIUHEDIE Fr. 70~76

(pH 5.63~5.70, Fig. 1-50 — #f) o, 2 BDOG I MFIE Fr. 90~96
(pH 6.30~6.57, Fig. 1-50 ----- ) IR, EhEhzRO%E, a-Yo

JAFFARY AT LADEDL S —FOET Fr. 52~82bREMICUBL = &
A BBOBHBBAE 22D, Gl IZHYST A — 20K ThHo ke £
Fhax#d, HUGIHES. GUETSE LA, UEOEES Table 1-2I2EH
L %o

3 HEI79Lar7zSsS—tvtoHE

Jn

A. niger7’ Va2 73IF7—+¥EBLU R delemar7 N a735—+¥G1, Gl

GIliZz., F4+ RVEBERKIBICEhENY—~TH-~ (Fig. 1-6), F7#. #AF
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Fig. 1-4. Chromatography of glucoamylase from R. delemar on
a~-cyclodextrin-Sepharose 6B. The column size was 1.8 x 40 cm, and 5.6
ml fractions were collected at a flow rate of 33.5 ml/h. The patterns

on disc-gel electrophoresis of some fractions are also shown.
Fractions indicated by +————— were pooled separately.

Key: ————, protein (Azgo); ---- — , activity ; Vo, void volume.
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Fig. 1-5. Chromatography of glucoamylase from R. delemar on
CM-Sepharose CL-6B. The column size was 0.9 x 27 cm, and 5 ml
fractions were collected at a flow rate of 19 ml/h. Fractions

indicated by +——— were pooled.

Key: , protein (Azso); -—--— , activity; <.~ , pH.
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Table 1-2.

Summary of glucoamylase purification from Rhizopus delemar

Step Protein Glucoamylase? Phosphatase ¢-amylase
Total Specific  Recovery Total Total
activity activity activity activity

(mg) (U) (U/mg) (%) (mU) (%)

Crude enzyme 3610 131000 36 100 436000 100

Acid treatment 3520 82900 24 63 13700 5.6x10-2

Isopropanol 2330 72600 31 55 12500 3.1x10-2

precipitation

DEAE-Sephadex 1860 74100 40 57 337 2.7x10-3

A-50 column (1)
DEAE-Sephadex 1730 68600 40 52 51.5 9.1x10-35
A-50 column (2)

CM-Sepharose CL-6B 1010 56700 56 43 2.7 2.0x10-6

column

a-CDe-Sepharose  I¢ 116 8120 70 6 0 0

6B column IIe 243 16700 69 13 0 0

GIII 474 24100 51 18 0 0

CM-Sepharose GI 52 3650 70 3 0 0
CL~-6B column  GII 100 6760 68 5 0 0

a2 Determined by Method B.

b Determined after dialysis.
¢ o-cyclodextrin.

d Fractions 52-82.

¢ Factions 83-160.
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GI GI GII

Fig. 1-6. Disc-gel electrophoresis of (A) Aspergillus niger and (B)

Rhizopus delemar glucoamylases. The enzymes (10~16 pug) were

electrophoresed at (A) pH 9.5 on 5% gel and (B) at pH 4.3 on 5% gels.

The proteins were stained with Coomassie brilliant blue R-250.
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BOMFEAINI—-A6 - VEBIZERASETORE) VMERELZWI L
EN. INa—R6-Y VBT RT Y- EiEREEE RV ERRDOENE,
-T2 —tOERMIUTOHFETHREL 7, HEodick FoFrTaol
fkxhArYEOIYHH Spglc. YLa735—+ 25 U% 50 nMEFBE#R&
i (pH 4.5) 2 mlth T 40CTRIEX Y e —FRMILICKIBRIEARD H L,
FONMELERDE, a-TI5—-vA2EURRTIR. WL IBRELRIZ
BoFW, a-TII—CEEERVLOR-FOAMELTLE, Thid. &
Foxy 7ot h2REORSTREMBEFELEL. 7275 —-EDH
TREAXSFONBETETLEWI LK B, XX, A niger/ a7
TT—FTOHBIIBIFABLE2 KBUEEOBFERES TIX. 09T 53%. 7
BT 66% ML=, 72, DEAEENU—ZAATL 70V M5 T7OBRT
X, THEEIT 36%. 4FFMITIE %O TMEERLEZELD. ThHDER
hliciZa-7XI9—tWRETAZLVWRD6IE, —H, BB La7325—
YESTE IHET BUOIBEIZEL, URMREL-ETH-E, B,
CORBBICEBOBELZBMLTLES AL ARIETLE» - 2, ThHiZ
B Bacillus subtilisiFftM a-73I 55—+ (I Na735—t 1 UlzxL
5x10°° ZE MR BEEHICTEEN LA L, SRMIC 10%ABEL ERL %,
ChenZ e, bRusy7oifbbhyEToasyBPIcBREES 2 ER
IR, FOFGBMORFEZRBOIZEIRENa-TIIF5—YDFEREABRETE, B
BCSIL 7~ A. niger. R. delemar® 7 A3 73I5—F 2k, wFhizcd a-
TIT—EENVBRHETEZWZEPRDONE, UEDa-7 25—t BRERE

ELTROARELEEHZ EIZLE,

S mghb FuFy 7ot by Euay BB 4HEE I/ La7I5 -+ 25
Z&¢r 50 nMEEAL SRR (pH 4.5) 1.9 mlic®EB L. 40CTRIGX B 5, B
FO3B%ITELAFORMZ) 100 loRKBRBEMA., —EBFBIILICR

-18-



BRI N II—ZBATER L. ERINVI—-—ZRBOMMOVEETa-7 32T
— Y OEBATFM L. COFETREINIATIS—EEFEHD X100 Da-7
ST —VERIBRHUTEEHTEETH- =,

4 INaA7z5—-tY0EH

A. niger¥ R. delemar (GI. GIli, GII) DM I LaAT7I5—t4sI ¥
HAERTZ7IUNRTFIERZIED L. RROBR'CLRRD, IXRTALTHK
E GBI TRIENELELE (Fig. 1-1, XS5 ICABDI VAT IS — ¥ %iF
MUTHRBIZE->ESETET. —EOTHEEATRL Z, R. delenard®
ROV TI., ThE3RAOREMARAIETILIORBEEIELS B,
2% o T, IYXHNAETIORIFUERRBIIHBRLABZWI LIF. #HR
BRERIXTREBOKETH S, —H. TFRBHCOYIFFBIYV -7y
ZHEHELIIE, TXRTOEEN B~ITBOIBBELZRL £, iz, TOFR
TESRIBFELICEEOBEICRET 2,

BiROE Sz, BHPTV - UICBINA—-ZABREDOB I B Wik 3N
WHELE) VHBMIATNNEET S, €2T. COV VBIATANT LI
TEIF7—YDERAZMLETZILRFRINZDOT. YVHBIATILEBOR
BHZBEERINATIFI~VLAERIET. SBBELY VHMEBOMEREH
N7 (Table 1-3), 2R, VU HEBEOEWHEEEFLEWIRELRLE,
F7. A. nigereR. delemard 7' Va7 35—t HICOMRBEOEN W &

r»EDeNE, MEOZ & &Y, A. niger. R. delemarowWwdFhor a7y 3
S—YEAY., BEROY VBMIATNEZEINBITFOhAZ L REINE,
ERE7Io—-RiE B UVBEBERIPODLHT. Y-S Ui nKE
WoREEZE R, 7Iu—RiRd HAK 4,8500bINICEHAF>FFT
HD®E, ZOYUVBERBMLTIO-IXPSFFRRIFFOY VEBI AT AN
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Fig. 1-7. Hydrolysis of rabbit liver glycogen, potato amylopectin, and
pullulan by purified glucoamylases of (A) A.niger and (B) R. delemar.
The reaction mixture contained 0.25% substrate, 50 mM sodium acetate

buffer (pH 4.5), and 5 U of glucoamylase in a final volume of 2 ml and

was incubated at 40°C.

Key: @ , glycogen; A , amylopectin; © , pullulan; (B) solid line,

"GIII; broken line, both GI and GII.



Table 1-3
Extent of hydrolysis of starches and components

with varied phosphorus contents with purified

glucoamylase
Substrate Hydrolysis Organic phosphorus
(%) (ppm)
Potato starch 1 83 915
11 86 642
ITT 88 359
Waxy rice starch 96 16
Amylopectin from 81 1067
potato starch I
Amylose from 89 8

potato starch I

GETHLHEINS, FFTEHHEROSFTHLI27ED. VTUBMIATIICLDS
BEEROFLEIZ. BHICOBLAETYVI-Y L3R LN, IBEIZKELR
YEAER 3, YVUBIATFVE., BETA D FOREPHICNET S EEX
N, oMEFEZSHENICERTLIZLVTE S,
FROISEAREIZELTRWTNOBRLALTH->2H. G TEE
g AERICIEEhERAEHXRWEIRE, $% bbb, Fig. 1-HZARLE
iz, UHFHRY -7 iU T R delemarGIIRL 4 IZ 1IRFRILIAIC
FBEFEFTHMT 54 R. delemar GI1. GIITIX 6BFMH. A. nigerOBFETIZX
UM AEBE LR, FA. A7 VIEHLTIEWThOBFED URBHMTREIES S
ML 2, GIRSVELEPLIZHML, GI. GI, A. nigerD#¥
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FREFFAEALTH>AE, Thofizr OBEOFRABEMLIZOVWTE., KETH

NDe

5 IBRICLIBRBOTELIROER

WThOHBEERLY v I ERPE2ERTRSOMTEZOT. ZORA
ZOWTHETL %,

D oBMEE 915 pPoDY v EHRM A A nigerOHEB I LT IT -t L
g2 kA EORBEEZOEhENR 5 ITHBL AL EDORTF % Fig.
1-812R" T, MBI NATIF57—YDBEIE 05T 0% DITMRITEL 2%,
SRAEEIZEDRHICRD, BiS 12BET 3% OSMEEICEL A, ZOMY
Wa—ZA6 -V VEBLER) VBOBEIZDOSN B - k.

—FH. a-TI5—ERRATy ¥—EtMNBELTWABREOMEERTII.
IMMIT IB% LU L oI h Y. CoOMICESL AEEY U BB, RBBic
BETBY VBIATILODLOTY WBTH-%. COERDTLOTHREOHM
(12%) e HICHEB) D BOBEITAMICHA L. 24FM%IC 53%ICEL &,
BUBBICHESE L7 35—+ 5 Uk Bacillus subtilisffbt® a-73 55—
v 0.03 UXERICER IV EBE. UBMRICOMEIZ 89%I2EL. bk
LOMBEICELAEPOLIZR A, a-7I5—¥EB% 0.3 0L LERRI.
EPNZ BUEFTHRINE, ChH0BEIIT. EBRY VBOBBIIRD S
hz»ro iz,

UEDEBREREID, JNa735—tYoRBICHT ERRIRDOL SI2
DVBIATFVITENBITFohs), HERERELPIRETIPBDa-735
—EHRZOY VBIATAEY VB THEE L TIRDBRE, KicZoY»
MIAFAUBHRATr Y —HizdNMKIBIHA, BRBOIIEL2IRICESZ
EWNTMEANS, RETA2a-TIS— 0 HRBOBAIR. B2 BBFDY
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100-1_/ : :i 4- 1100

150

Hydrolysis (%)

Liberation of Pi (%)

Fig. 1-8. Hydrolysis of potato starch with purified and adulterated
glucoamylase from A. niger. The reaction mixture contained 0.25%

substrate, 50 mM sodium acetate buffer (pH 4.5), and 5 U of glucoamylase

in a final volume of 2 ml, and was incubated at 40°C.

Key: , liberation of glucose; ----—, 1liberation of inorganic
phosphate; m , enzyme of HgCl:-treatment step; @ , purified enzyme;

A , purified enzyme + 0.03 U of B. gubtilis &-amylase.



VI AFUAEBICESICERLPEFWEDIZOBPIREICZELTWVWE LS
Rz, HELLTNATIS—EtPHBTHEIPDOLDICHERIE SEESEDY
hrtEZH6N 5,

6 YUEt7Iuo—RizNdEER
Elz@REEDIIZ. TN A7I5-CIEIBBE2ZL2ICIIBTERZRNW &N
6B R SO VBB TEIET 52 L #HBT 52D,
VYHAETIORIFUNSHE 2 OFETHEBEDY) VML7I0—- 2%
FARL., Chor Va7 I5—BATF A MY 2 OFETRRELFHOBE
T DT

Ve HAETIURIFUEAVTIS—ETHYIDL, V)V VBELET S
HBHEAED, BV UBIt7Io—2%48BF, COLDIZEETHN. &
BEIZ . 19FI 1I9FDY VBT AF LV EHLE (Table 1-4), Y VBT
ATFNDSH, 8% TN IA-ABEDENMIZ. EHIE I ITHEELT WA,
SOV UME7TIOo—R 1 meHD 1 U0 A, nigerOHB I N7 It
RUEHXE. BROICOBELFAXE (Fig. 1-9), dRFHERISHRICOBEILS0
%IZFEL., LIt 10RFMRIZELEP -2, ¥/ FEBOBELIHIZEML
THDHBEREDORWZ L 2P, 0FEMHEICEBL TRIE%Z LD, DEAE
EI77 T IR A-SOEHWTERBATF AN VA28EDE, ZOBRTFTHFANY
OB, THEAEY I 19FI 18FOY UBMIAFLEAEL, 20
B7%IXIEBRRMOI NI —RBED6 fII2HEEL = (Table 1-4), ZhH6D
WRIE oY UyBIE7I0—- X FHPOEMICKEELAEY VEBIATILO
BO%HAT*Z M U ORBRABECFET I LERT. CORRT®
AMYVEBEEILIT7IS—CRBLTLZASDOEBEREDS DS
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Table 1-4
Properties of phosphorylated amylose (PA)

and its glucoamylase-limit dextrin (g-LD)

Properties ’ PA g-1D
Degree of polymerization 37 17

Organic phosphate (Po) 1.02 1.04
content (mole/mole)

Phosphate positioned 0.84 0.83
at C-6/Po

Non-reducing, terminal 0 0.67

residue phosphorylated
at C-6 (mole/mole)

_sof
o=
=60}
‘G; —- ® -- ]
240+
O
-
O
S 20
I

() 1 1 1 1 1
0 2 4 6 8 10
Time(h)
Fig. 1-9. Hydrolysis of phosphorylated amylose with purified

glucoamylase from A. niger. Conditions, see Fig. 1-8.
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Fig. 1-10. Action of glucoamylase on phosphorylated substrates.

P-6
Key: @ |, hydrolyzed glucosyl residue; 6 s 6-phosphorylglucosyl
residue; ? » 3~-phosphorylglucosyl residue; o , reducing end.

P-3
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H1lmsb 2  IOBZELAHVWTIRAEFTORLE, KIEE2EBL TILD,
BEFRHEIRIZH L TEIR LTV a— A xlwnwiEE, 2% /- LV THRETF X b
Do A2KREE R, RISHEPICITERY VB L a— 26 - Y VDRI
Boohd., BEPOY CBIATVIEBERTF AN CHRICIZFERMICE
Raht, BRAFFAMNICOY V&8I 4440 ppo (VU Y 13 FHEND TN
—Z 43FR) . THHEER 16, 1V 77— UoRIzEDERL ZH8AHEIE
T 1LEOTEESG LA NI - AR EHTIZ LV RWEEhE,

ERBTERBIN I —ABRED 21% (HI5FEEIC1 D) POz VML XTI
AHb. BRFFAMY bSO Y VG, £V 8% THh-7%., Thb
DZehoH, £2Y VO 56%, BHIZESLEY VIZOoWTIE 8% MERAT
FAMN)UOEBTHRBREICFELTWE I Vb E, A nigerDifH
ARWTHBEHLAZBRRTFA M ULEUHEAETH >R, €-> T, R. delemar
DINATIFT—LDEHMO) VBT AT NIIHTEERIE. A

nigerOfEHR
YEILTHAEERTE D, R delemar®d 7' 735 -t GllA 32-2Kk X0k

WSV ETF IS —RICERIBEREZA, 1 FOT V- A %508 L 7,
f€->T. R. delemar®d 7 N a73I5—tD3MDY VL RATF LIz T 5EM
X A nigerdHOEFEULT. 3OV VHMEED 1 BFFHORETRIEMVFIL
T BT ENIEBEINTE,

MEBRNERRATFAM) VOFHERE IV aT7I5—EOEREID. #
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WHA707FFA M) VEBEHIZERL. 2hiZVaT7I 5942 FRE
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HB,

-27-



aemeeee=O

‘..

L o
b 4 P
5 %
Fig. 1-11. A  model for glucoamylase-limit dextrin of potato
amylopectin.
Key:

, 40 glucosyl residues; o---0, removed glucosyl residues;
glucosyl residue; P, phosphate.

®
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~PES—YEHRAT Y-t ERE-ALEFRVWEBEES TR, LD XS
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BEAFT OB IOV T I T4 =T T4 T 47U IS5 T7 41— %A
EhETHE»S 1 KD, BEVSIRSOHEHUINAT ISV %875,
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FRAT 7 —=ENZhoDFY) TP VBT ATV 2B L. Bz
WaAT7I5-FILENIBEIhL7-0THILHEBRINL D,

_30_



B 2% Rhizopus delemar7 a7 3IS5—tYOEROHE & BEE

$1H H#3
MAMOEETZI VA7 IS—ENE . SHTHET S LAMGN

Twhb, FlxIE. A. niger’*TIX 2 A%, A. oryzae*®%°Rhizopus sp.*’TiE 3
MADITNATIT—ENFEET 2, ThHoORTETIZ. FFES. #hH¥
MER., THEGIRBENEPERDRER R EVWOPORTERSLZ L
PH|EXNT WD, Yoshinor Hayashida*4d A. awamori var.kawachi®DE¥® T,

Takahashi® “*l% Rhizopus sp. OBR T, HEBERR+DIIEEFIhLT 0T 7 —
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Table 1-5
Amino acid and carbohydrate compositions of

Rhizopus delemar glucoamylases

GI GI1 GIII

Amino acid
Residues per molecule (Nearest integer)

Asx 59 62 75
Thr 53 62 62
Ser 54 62 74
Glx 26 26 30
Pro 23 27 28
Gly 43 45 49
Ala 49 54 59
Cys 3 3 3
Val 29 32 36
Met 3 4 3
Ile 22 23 30
Leu 42 42 40
Tyr 24 23 36
Phe 24 26 26
Lys 24 27 32
His 5 5 5
Arg 15 15 14
Trp 12 12 15
Mannose 30 63 64
Glucosamine T 7 7
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EEICHTIEREEYALGRE, Tbb, BEHOEAEN 26 410 AT
A&, Knffild 17100284 L. Vmaxfld 10fZIc LR L 7=, XHICEAEMHEYT

L. KnfEid A USO8 T 505 VnaxflltiZ L AL B LA 2, CREDOK
% Hiromi6DH 744 NEBIZHTIRD. FT7H 1 FORET ELTERK
FOEXDYTHA MBI SRMNEHBL %, KR Fig. 1132w LE
k512, ThEOBEMTY 7Y 1 MR KERERABNED S Fy
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Fig. 1-12. Disc-gel electrophoresis of the crude enzyme of R. delemar
before and after heat treatment. Gels were stained with Coomassie

brilliant blue R-250 and scanned with a ASUKA model 0Z-802 densitometer

at 610 nm.

(A) Crude enzyme and (B) the same after incubation at 40°C for 12 h.
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Table 1-6.

Kinetic constants of Rhizopus delemar and Aspergillus niger glucoamylases

Substrate R. delemar A. niger
Gl GII GIII

Ka?  Vaax?® Km Vmax Km Vaax Kn Vmax
Maltose 1.9 0.67 1.9 0.84 2.0 0.61 0.91 0.37
Maltotriose 0.59 2.6 0.57 3.0 0.64 2.6 0.30 1.6
Maltotetraose 0.23 6.3 0.21 7.5 0.26 5.8 0.14 2.7
Maltopentaose 0.16 6.5 0.14 7.2 0.17 5.7 0.12 2.7
Maltohexaose 0.12 7.1 0.11 8.8 0.16 6.0 0.10 2.6
Maltoheptaose 0.11 6.6 0.10 8.1 0.15 5.5 0.09 2.7
Isomaltose 47  0.078 47 0.11 40 0.070 42  0.059
Panose 14 0.43 13 0.46 14 0.45 13 0.40
a mM,

b U/nmole of enzyme.
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Fig. 1-13. Histograms of the subsite affinities of glucoamylases.
{ay, GI; (B), GII; (C), GIII of R. delemar; (D), glucoamylase from A.

niger. The arrow shows the position of the catalytic site.
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£ YT R =R =Rz T 3 Kng Voaxfild, 3 NTOBEMTIEL
ACBULBELZTRLEZEEIND, 420BEESDa-(1-0)-7 1> FEERD
AR S SR R (N

(b) BoFHEBIHT 2 HFEHNE

giETkERAELDIZ, SRAOTVa-rY o OaBRARICITHEHEMALRE,
T bbb, R, delemardBRA7 VY VICEHIE AR, GIITIE 1EH
PIRIZRREICEL 2D, GI, GITIX A EL Z, A nigertOBER T
ABMEELE, T EHLTLGNOANEDHIZDRL = (Fig. 1-78
o 7. GI. G~ GIIXERHAMNDSEDTHNC ENRNE
xht (Fig. 1-14), MEdRZZERIZ, GUMAGI. GUEDZhsOREE
R LUTHRADIERT L2 RET 5, CORMAHBEICT 32010, &5
TREIIATI2HNFOEREIEL 2, Fig. 1-151F. Y» WA E7I0RT
FUoABEBLLTR delemarZ NV a739—vY3RDOREREXRERLTRL
EFHDTH B, GIIZERED7 IURIF Y (1 uMEBBTLRBEE. # Sue
/D) TCTEZEHOLTEN, BeriGL, GUEDEEETEERALRL, 2
OEBEIZH L THEWRIELZE > LRI =, Table 1-7/2. A. nigerd
R. delemar® 3 DI N a7 I5—~YOEFFREIZHTI2E8NENEREF
LD, BE. TIT-LOESTFHEE H T SKnfEiZ. BEOERIEE (£~
ExiE %, mg/ml) THEEXh3, LHL. ZOKMBTREEOHMBELEFROM
VTR, MOBLEBRTZI LW ARAERTH 2, £IT. EEILT
Na725—+YOFALAERICFMT XK D2, Knfl 2 BEEOIEE T KRB
BIZEOWTHET A2 I LA, AL T, GULUND 3EFE
IR ENENE L. BITXALATETE 2. THho0ERED. UTOZ 28
BT o B,
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Fig. 1-14. Hydrolysis of raw corn starch by purified glucoamylases GI,
GII, and GIII. The reaction mixture contained 250 mg (dry weight) of
corn starch, 5 ml of 50 mM sodium acetate buffer (pH 4.5), and 25 U of
enzyme.

Key: ® , GI, O , GII, A , GIII.
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Fig. 1-15. Effect of amylopectin concentration on activities of
glucoamylases of R. delemar.

Key: ® , GI; O , GII, A ,GIII.
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Table 1-7

Kinetic constants of Rhizopus delemar and Aspergillus niger glucoamylases

R. delemar A. niger

Substrate {ECL)? Gl GII GIII

Kn? Vmax® Knm Vmax Kn Vmax Kn Vmax

Amylopectin (15) 6.1 4.8 7.4 5.2 0.3 4.8 59 1.6
Glycogen (10) 240 4.2 300 4.8 0.8 3.9 820 2.1
{Rabbit liver)

Glycogen (7.3) 210 4.0 250 5.0 1.8 4.1 1100 2.8
(Oyster)

Pullulan >100¢ — >100 - 18 0.42 >100 -

a, Average external chain length.
b uM of non-reducing, terminal residues.
<, U/nmole of enzyme.

d’ rng/rn-l‘

(1) £ COBEHO Vnaxfll. Table 1-6lICRLEIYNEF I IF A6
AT IF—RIZHTHEID DT,

() GlioEaFREEICH TS KnfEid. MODBDODELDIZEDITNE 0,
(3) R. delemarG I, GIUPB LU A. nigerBERTIE. 7IuRIFiIINT
5 KnfXESE 5~T0F Y ITEIIHTREEI D hZnicdrrbosd. 7Y
a4 d b KnfEidKE W,

(4) TRTCO R. delemarOBRFERKIE A nigerO IO I N HEFFEHIIHL
TRERBMNOEET %,

(DiZ2oWwTiE. Hironi 6 OFERZERUTHN. WO TY A P EED
Fig. 1-16I1CRL 2 & D28 AK (overhedge type) W THRZ L TW 3,
DEeE@IFINaAT7I5— VL REELOESICHTIHNANRTH 2, Thod
BIZDOWTXHIZHELLS BRI T B 2dIc. Table 1-70 Kne Vmaxfii%# Hiromi

GO T4 FHEIMLOEER (X# 520K [20] ) 2HWTKREEICNT 5
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—

Fig. 1-16. A model for an overhedge-type complex.

Keys: O , glucosyl residue; A , catalytic site.

glfnhskd, Zhod@rs Fig, -3 7 H 4 MR HhOBNAEL
FIWTESFREOAICHRTAHM N 2KD 7~ (Table 1-8),
R. delemarG 1. GII. A. nigerOMEFETIE. 7z oRIF iz d 5 Lk

DY TH4 CHOBINHIE 0~1.6 kcal/mol, 'Y a—4 iz L T —-0.7~
—1.5kcal/mIDETH >~ VY- R7IuxIF oD EHNREER
DBREDENWEZDRTBESCLIAREESREZL 260, COERBROD
TYA=F VN THIRONPETT20TIRE2WIEEZILNSE, —FH. R
delemarGMOFEF FEE~OREMNIE. 7I0XIF T 3.8 kcal/mol, 2/
Ya-—4»2 il Tid 2.6~3.0 kcal/mol 2 JEHICKE W, ThHoDZT & LD,
GMIZRHEWRRM L IZRER - 2BFIC. ChoESFRERMWINELZET
LHRMPFETILYRBINE, FERIZOHMEY TRIBPKESHERIL, &
fFid 72, WERERRTIE. VA=Y RX 7205307 ya-4y
ARERICAROBAVFEET A LI RINTWS, GII(FFET8,000)
mH. GLGFR 70,000~0OERIIT TR 8,0000ETA2ES5H,. Zo0HS
DRIV BRMECRMLAERID. DAV AELBEAZT I bDLERH
N3,

Table 1-512R UL A7 I VEICEOW T, GII. GIOMKRDEHNZ DR
MITHRIZELRELAZLEORMESGHRMNOT = /B %A Table 1-9i35R
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Table 1-8.
The affinity values (kcal/mol) of glucoamylases

for polysaccharides

GI GIT GIII A. niger
Amylopectin 1.6 1.3 3.8 0
Glycogen -0.8 -1.0 3.0 -1.5
{Rabbit liver)
Glycogen -0.7 -0.9 2.6 -1.5
{Oyster)
Table 1-9.

Amino acid composition of the starch-binding

site of R. delemar glucoamylases GIII

Amino acid Residues Amino acid Residues
Asx 13 Val 5
Ser 14 Ile 7
Glx 3 Tyr 12
Gly 5 Lys 2
Ara 5 Trp 2
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T, Thbb, FOy v, YU TANRTFFUB(TANIX A8 &
WO RKEBEHBESEBRLDTWT I /BHELED 50% U LA H5DTWEZ W
HHE NS, GHFRELOBROAVKENI L L, LEOT S /BASNT
i, BBEARVEREELOHEMERIIKFERZEGICIDZZLERELTWS,
¥, G GUADEIZE LW, FYITHEADEHRICEKEZREED
BNWIZHPDDOETERBODBAVEBETTAZLID,. CORBEEGRMIE
KEMHOES TFEEOALROTKFABRORE (KB ~OFEAICHKREL
MELTwWa RSN B,

3 YAav7is—¥ GUORETHK

BN E Sz, R delemar/Va735—¥ G, MBEEPIRET ST
ODF7—tBLOTVaAVY—FiciDBBEERUAKR-TGIBIY G
WETBZ e REINE, ZCTCIORLAENIET A DI, G2 &HE
TuFT—tTAETLEILICLD. BROEAENER-EBRL ZORNUE
BURTFRERBZIELZH A FEZAHDOHEIZODWTHANE,

R. delemar GIIlz., ™HHEK® Rhizopus sp.. A. saitoi. A. oryzaefH¥ D
unF7—t. FEMIT>U FPUTTUEERAY, SSERABETTFE

DEAREZFARELZ S, FEMYTY U E A oryzaed7 QT 7 —E W EHHICIE
Ad52L%Mo75, BiBRT7IS—CERVBDSh 2o R BEICIE
EBFAELEED. LEBEOERICEFENI TV VEAWE,

R. delemarGIIiCZ# D I/5SEBOXFENYT I VEMRAT. ZOEMETF 4
A7 B LU SISERABTHEBL = (Fig. 1-17,18), F 4 R 7V BREX#H T,
GUIOHE-NY FEIRIBOETELDIINBHBEOKEWSF (G’ A
F5) BHERL., URFHBRICIEETR2KCG 2BLE, FE MY TV % MX
FTREGHMARBLTDH, ZOELBEZOohA2ho 2, SISERKBTIZ. &F
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Fig. 1-17. Changes in the disc-gel electrophoresis patterns: for

glucoamylase (GIII) during limited proteolysis. The reaction mixture
was electrophoresed in 5% polyacrylamide gels. The proteins were
stained with Coomassie brilliant blue R-250. A, B, C, D and E,

incubation for 0 h, 3 h, 6 h, 9 h and 24 h, respectively; F, incubation

for 24 h without addition of chymotrypsin.
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Fig. 1-18. Changes in the SDS-gel electrophoresis patterns for
glucoamylase (GIII) during limited proteolysis. The reaction mixture
was electrophoresed in 7.5% polyacrylamide gels. For symbols, see Fig.

1-17.
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B 78,0000 F2E L L. KBICSFR 12,00003 FAHKRT S LIHEAR
XhE, ThHeDERIE. GUPNFENIT Y VIREDBREIBRERIIT. 2F
B 72,0000G’ 2B TBILETRLTWS, 2B, ZTONEMHGD, oT&EH®
BHERNZEEOBEMEETIE. EHRCEE-> ACEMBDEZ D
% |
UBFMRIGXBAEAGUNEFENIT Y VORBIBBEENA T TNVAT LT
.G FERNITYUBLIUTISTRAY NOGHAETS 2, Fig. 1-190 7
o7 b ILTE. VNA7I5—-FeTaF7—vEHEEREN Fr. 19~
40 Fr. 50~80icRHh i, Fr. 19~402 DG’ BEHigelLi, THiEF 4 X
2B LU SISEREKBTH—-TH-o%R, WIhOE®RDIALNR R W Fr. 83~
1208 L 2757 A P LTHED, X6i2han—Ii W-404 5 L ToE
L% (Fig. 1-20, W DODDEHBOL -7 MBAGREN. 205 HERS
THNDPOBRILESTFROESD Fr. 15~93%28D, 757 A FHEIDE L
ZOEDIE Fig. 1-2007 V3@ 709 M T7DERLPHVWL 2D ORTF
FOREGEMTHBLELONS,

4 G’ OfE:EH

G’ OREREMIT 45°CET (pH 4.5, 050H) &, OGUEALT
bote G OXRMEEEIZHT S Kne VnaxfE%. Table 1-10i127RL A, G

FA ) THEICH L TIRGIEIZIEAL Knffik beMic K &% Vnaxflid R L%,
—FH. TV a-F iz LT 300 TIuRTFUIHLTE BEFOKE
ZEnfE &, 1.1~1.580 k&% Vnaxfi %R RL %A, G* OZh6DMEIRG I DME
BT B, UEDHREIR. FEMNIT Y VICKABESRIITY IHEICHT
SIERICIBRBLALEEAE AT, B FREICHT IO~ E KEL

BAOXEEIEAEERLTWS, BFIC. £EBICHIZEHIKRESERL
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Fig. 1-19. Chromatography of a reaction mixture after proteolysis on
Bio-Gel P-30. The column size was 2.6 x 95 cm and 5 ml fractions were

collected at a flow rate of 19 ml/h.

Keys: ----- , Glucoamylase; -- &-— , protease; —O— , protein (Azgo).
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Fraction No.

Fig. 1-20. Chromatography of the released peptide fraction on
Toyopearl HW-40S. The column size was 2.6 x 95 cm and 5 ml fractions

were collected at a flow rate of 19 ml/h.

_50_



Table 1-10
Kinetic constants of Rhizopus

delemar glucoamylase G’.

Substrate Kn? Vmax
{(mM) (U/nmol)

Maltose 1.8 0.69
Maltotriose 0.56 3.2
Maltotetraose 0.26 7.1
Maltopentaose 0.16 7.1
Maltohexaose 0.15 8.6
Maltoheptaose 0.14 8.0
Glycogen 0.24 4,5

Amylopectin 0.01 5.1

3 On the basis of the
non-reducing, terminal

residues.

%o ‘4‘&755\ Fig. 1-2LI2RT&H5IG° OERB~DOREHEFMBIEEN
FhGIHOHK 1/ %) 1/4lzEP L 7%=,

DEDERIZ., FTMITYVICIZMEIRICED GUIIE. MR IEHE
FAEZIFIC. GIRHUOKBRELZ VI KAERHOE S FEHIIH T OH
P ELS D LABHBRG KEALLAEZE2EKL, GIIRMES
BUPFAETHIILEIFTT 5,
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Fig. 1-21. Actions of the ( @ ) native and ( A ) and modified

glucoamylase on raw starch.

(A) Adsorption on raw starch: various amounts of raw wheat starch and 10
U of the enzymes in 2 ml of 50 mM sodium acetate buffer (pH 4.5) were
incubated at 4°C for 20 min. The adsorption (%) was calculated from
the residual activity in the supernatant.

(B) Hydrolysis of raw starch: the reaction mixtures, containing 250 mg
(dry weight basis) of starch and 25 U of the enzymes in 5 ml of 50 mM
sodium acetate buffer (pH 4.5), were incubated at 40°C under mild

stirring.



5 797 AL rESONE

757 Xy @4t R. delemarGUIDEBRB~DORBEAMHEL 2, HE X
I¥. R. delemarGMOZ VA7 IF—+ 10 ULHH 80 g 7213 200 ngDFf
EFlc. OSSP AV MNEFEMT AL, ZhEFh 41% X771 24% OB EM
Exn@bH N~ (Fig. 1-22(8), RARIZ7 I 7 X FEHSBESD 15% 00 200
pEDRBIRBELE, FH. 757 XA MEFIRGHNEG O7Ya—7o9
MAMEL 2, Fig. 1-22BVIZRT LDz, FBRIZTIST A MEMAD L.
SIS D S MEFGIORT 19%. G’ ORT 48%ETLA, GUIED G’
ODFMEODETHAZIWDIE. G’ PGV Ya—» vizxL THIM%
DENWZEVREATH S5, ULOKER» 5. R. delemar7 V73275 —¥G
MEizid, MgHEEeINoES FEE I T2MWROEL2 R IRBESH
fIMFEEL. GUAFEMNITY VTHREFBLTELET ST XY MEIED
—~HEaThreHEION S,

Hayashida %53, A. awamori var. kawachid o7 Va7 25 —¥ 234 BB
RO SRV EEL, YT7FVY VOERATHR» RS2 2BELT
w3, F7. SahadrUeda®®X>Takahashin®7ix. #hFHh A. niger. Rhizopus
sp.OHBBRERFAFLN VAT F FEBEHL. TRV NaATIF—V
DEBB~DERZHITBIZEA2RWELE, BEEVAMARTIHET I T ALY
FESBER. HODBARTFNE, AEINAEATLVIATIS—EHWRETS
TaF7 LI ENEERICHBESQ ABREGRUTH S D LHAML THi,
B, SvenssonH 58|t A. niger7 N A7 IS -+ OL—KEELH LML,
CEREDH 1R2EDOMOBAUNERBAORBICHETHZLAREL THY
b, COBBEARMNLES FREEOHEMERIZ, 40K SIMBATH 5,
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Fig. 1-22. Effect of the fragment(s) on the catalytic and adsorbing

actions of glucoamylases.

(A) Adsorption on raw starch: for conditions, see Fig. 1-21.

(B) Hydrolysis of glycogen: the reaction mixture contained 0.25% rabbit
liver glycogen and 0.05 U of enzyme with or without 200ug of the
large-molecular fragment(s) in 2 ml of 50 mM sodium acetate buffer (pH
4.5) at 40°C.

Key: @ , GIII; A , G’; O , GIII+fragment(s); A , G’ +fragment(s).
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Fam EY

Rhizopus delemar® 7 WA 7 I —tOERMPELZDIEZ. 73 /B ¥ES
BT+ R VEREKBOBR., EESAEGINIVTaF 7 -0 ay
Y-V IzENBESBETIC. GI1, GUAEKTEZZLDERTH 2 L4
L o

A. nigerD I N IAT 57—t 2E&EDRABOBR IO LW TEHENTELH
R7ELZHEFFREICHL TIZ A, nigerd Vnaxf@rithkdHOD 1/28ET
HoEZUNERERZERZRP S E, IXRTOBEBTHEMBUMECEEYT
5Y7H4 FOHMDICEZIZWZPRDONTE, £ a-(1-6)-FEEDMK
SREICLERI P, —H. S FREIIHLTIE. GIOANREIZK
W Kn xR LE, MEDZ 2 XD, R. delemarGIIIzid, /EMEHM L IZEL
SEEHAICES FEEICH T BN RS QR0 PEET S LS
TEL., Y744 RIS FEBICHLTHLHEATESRZLARLE, ¥
2. BB ARMNLEBOHEERAOABIKKEESTHAZILETREL X,
GUIr6GUADELICED RN, £RBICHTIIMEDLAREIETT S
L&D, BRHEABRMIBKRENS S FRELZ I TR KABHOERB L DM
BERICBBEELTWALE RS,

GIAFEMYTYUTRESBLTEALG . 2OHEELERAIGIOD
HLOLEPL, BELAXRTFREINIT7IFI—EOT) a0 38BDE

BBENORBLHAEL 2, ThoOHERIZ. R delemar’ Va7 5 -Gl

ERBEABUNEETIZLERL. COXRTFRIBRHESHULZDD
D, HBEVWRED-RTHHZL., EHOFHERITUTF7—YOMEIMIZL
5 L AEETIET B,
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B2 Ti9-tRIBLEBBODH

B1E LRV IBRBRLEFAORFLXZOBRONE

BLE #HE

BRHRIEHRINICHP2ERROBENFRELTED. RIBHKEIZZ LW, i
5T, BRREOBEXAKLHICMMAL THILT 3LEHSH 5. HFE. H1i
WFEF— (LT UL ADMBILOEDICEEBRILEVEH A TW S, £ &S
DL OB EWRFEORE L LT, Aspergillus awamori®®. Rhizopus
sp.°%z B 1} 5 Uedad BRI 2B IR, AL

cinnamomeus®'. A. niger®?,
Bacillus circulans®® Chalara paradoxa®'Z & OEZEFHEIRTWS, L
ML, FRAMLICEZSICEREBERORREILEEN 5,

BrESPSIZ. HIEWLRa-7I5— A/ NERONICERAIE L. EEL
TIO—ZABI7 VREGHEAERL TWHARFGAGRI NI, ERMIC
KAZELERWELE, COBE-7I0-A0BEEGKIE. BLEBICa-7 3
Tt AEERIEILEBIRTBHRE (a- 75— VHBRIEERY, a-
RS)eLTHEOND, FTZC. a-RSAERBICABTEI2HF A2 #IRT I,
EHRD. BICBHEBB 2B NIRRT IBRLEETIOTRR2VWNEE X,
RETR. TOLIRLTIRBONEFHOBROEERLEREIIODWTRRS,

FB2H EBMELHE

a-RS DM

200 gD/NERM A 1,000 U Bacillus amyloligquefaciensa-7 35—+ %
w2 oMBEANL Y LT 80°CTRIL L BILZBIFICIT- 2. RIS %
55°CETHREIL. XHi2 1,000 UDa-7 XI5 —¥ & MR 55°C IR H
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Po HUERBHORBAED., KTEFITHFEFELBEL 2, WEIH S
%TH->rE, THDa-RSIk. FHESE MOBEHOT7IO—ReFELTY
VIEETH AU LY F U EOHEARTED. XBERICLD T RHBET
HBEZEHELOOLNTINSES,

B Dk

H A O A RITTR T,
a-RS 0.5%
HMEETY V' L 0.1%
JUB2KEFEAY YT L 0.14%
=R (s R N 0.05%
RV T A L 0.02%
BRIy 0.01%

pH 6.5

ZE. HEMOSHOZDHITIZ 0.005% 705 L7220 — )V EMR .
BEDHEZE»G RO TE2BEKICEEL, EiF% LCERIZMAI0
°C. 45°CB LU 60°CT 1 ~3HIEELA, X6z, ZOMHM1FEEHL LIEH
FEURBEICBL. BEAMELE, Therb 14 2%BXTED 2 LA
OIS L - FERRIEY., 1~3H#% AL72a0Z—-035ALHIZa-RS
DARIZEINDEL-ZHETOARERBOEPIEL. v P FXBRGHME
TH-I0Z—RE25FTHERSBEAEDEL . BROoNZFHBZTIL FIFR
g%%mmswv&ﬁLto

i &t ME A

FIHFEBLIETBERAAELBEAAWE, ZE L, AFLZBWTTENRK
BORKIBEIL 1%, Sonogyi kB L OMMBFMIE 3052 LA, T2 RIS
BEIZ. ME. RHRE. BROBRTEREH 60°C, 45°C, 40°CL L %,
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Z DO BUE B

S, ¥ 71 a-2A0ERIZTZENLENSonogyi-Nelsonjk!s-24-25 7
AT VERBEN. TN a-RFFy Y —EECPER W,

Re=N—=20OR bTTT7 4 —1HFEHHE No. 505 FHW, HK%Z 70% n-7'0
EAT7La—LAEBERAE LT 60°CT EMERFFHETIT- . HMRE. N7
I - HEBESTTHEEREL

BIH HRLEE

1 HD5E

AR DHETa-RSE2FBRITIEDTHA TV, BKEFE, D55 31
BRIZHIE. SHR2VGRIRE. 1K BEBRTH- A, HESRBICEFLEEL. E
1% 60°C. 2HM. RREIX 45°C. SHM. B&IX 30°C. 2HMHIEE L £, HE
. BLOBLCEBALEASBIIHIRT4NY— GF/FT2BL THERR
EL. T7I9—tEHEZHELE. WINOREOLBBRETISETLEN 7
ST —UEHEMELAER. EK - 28K, $REK-27HK BEBK-2
SHERY, LIROERICAWE, EBRBERBIUCEHENHROGER. K-
2 Bkl Bacillus/&. K — 2 7 #kl% Aspergillus/®. K — 2 8 #kid Hansenulal®

ThdrLHERZONE,

2 SREOHBRERONH
EHOEETZ7IS—VYOHEMAHET L DI, BRHOHBEER 2V
PHAET7I0—-RIEAXERE (Fig. -1 WTFhOBEES L, 28EWY
¥ 20%DORATIAYRRSHIHRL, /- URMBOSTHEIZ. K- 2HKT
32%. K-27¢K-28KT 100%TH-k. ZOZLIEK-2HKOBRI
TIo—ZRA5FHEAENSOTVIL MY IHEIC, K-27 K- 2 8Kniz
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w
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Fig. 2-1. Hydrolyses of potato amylose with the crude enzymes. The
reaction mixtures (2 ml) contained 0.25% substrate, 50 mM sodium acetate

buffer (pH 5.5) and 2 U of enzyme.

Key: R , K-2; @ , K-27; A , K-28 enzymes.
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FWFINA-R OB LEZEETRT, SORARICBIT39BEMERX—N
—HUT RS T 4 —THNBE, K- 2hOBRIZLZERMEIT N a2
DTN P—ABREDF) TETH - 2 (Fig. 2-2(A), aBUBICEY L b~
Z. YR RYF =R THERYIFT—R T bAFHF — 20 DR
Ltﬁ‘&%km7w:—x\7wb—x‘7waUi—x‘7wb&y¢
T —ADNEERMTH > e SAPTFEFIFT—REEILBTHL . 2OT7
so—209@#EKE. Robyte French®*»&EEL TWA B. subtilis®d a -7
-l Twd, —FH. K-2TH (F—y&M) L K- 2 8% (Fig.

2-2(B)) T}, RIEOILMEIcEP»BOF ) THALEL 2500, KIRIEY

Wa—ZDHEERL 2o

Fig. 2-2. Chromatograms of the amylose hydrolysates with the K-2

(left) and K-28 (right) enzymes. Conditions, see Fig. 2-1.
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HEOERE. K- 2BOBERIa-735—¥THH. K-27T¢K-28
BOLORERFIPINATIFI—YT, Zhiza-7I5—-tHBRELTWS
TEAETHELTWS, 2B, K-2T7TL K-28koBHRIZLINDELEZ L]
— 2. AYU—F—REAWT Y THAILABRLE, ->T. TN
GBERINIATIFI—ETHI. BROEOBILOBIIMBELRSa-71aVy
—tvizE&Ehiszunsr EFRTVWTLLETH S,

K-2, K-27, K-2 8KoOBFIE. pH 5.5, 05UHETIE, EhEh
60°C. 45°C. 40°CETRETH - o

3 MBRESOERYAREL

K-2. K-27. K-28%kkolHBHIx. ¥ 1lwmeghrn 0.1 UTELY
EUaVRBAERCHESE R, T OARMEEFig. -3, REMZ
TRNA—-ARELTODBREKIE. 2R Eh 4%, 100%, 100%ThH-%. DFED.,
FIin—ZLARIZ. LBBEK - 2ROBRIFHEAEIOVL A YT
Blc. K—27¢ K-28KDOBRIRLIZINVI—-RICHRLE, 2O2L
4. 7IO—A-EHAHLE AR TESBEEBERNEMELSD
Pk AT E BT L #TT, RBZBENT 3 & RTEMIHILT 5 R .
EOEFEONE. BEORRBLLTHWAICE. PARBREOBNOF
BABELT B, a-RSIMMBIED HAKHSHET 500 BHPIAVES
hEBRL. KFEEORRLR S EOBR) BOHNESZ T LOHETH 5.

— . RERBIH LRI ORERRIEL > FERATRL A, T2
hHh, K-27, K-28HKOBREBIEIYHIERBHAZFTIERICTHRLE
2. K- 2 BOBAL 0CTEXREoAFALED oK, SO . £ b
SEUAVENOL SR BARSTET S5 — RIS 5B 7 S0
2 - EEHEKTHED, SrHAERYTIRE >R BR 5 MANEETS
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100

Hydrolysis (°/s)

Fig. 2-3. Hydrolyses of raw corn starch granules by the crude enzymes
of K-2, K-27 and K-28. The reaction mixtures (5 ml), containing 25 mg
(dry basis) starch granules, 50 mM sodium acetate buffer and 2.5 U of
enzyme, were incubated at 60°C (K-2), 45°C (K-27), and 40°C (K-28) with
mild stirring that was just enough to prevent settling of the starch.

Key: B , K-2; @ , K-27; A , K-28 enzymes.

AT L ETRELTWA,
LItk BEOER. LEHOAPORK -2 THAEY. ZOBOBEEE.
HBEEoMEIz oW THERIIBRITL =
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4 K-27K)RICEZHFBLRE

BELEOLFDODORER. ZEFH. TOFI»ORSOKREMK. BE%L Fiw
B2 RRET L AR, Table 2-UTRIEMMAHWE Z iU A,

Aspergillus sp. K- 27 %#a-AFNL-U Ny FE2GUBMLEF 20
MAERWTEEL, SFMNICEbOBRREN. 288 H2MELZER%
Fig. 2-4I12R 3, WTIhOBSLEMb OEIX SHTHE XA, pHIZ 2HBEIZ
—~EETL, 20ORERALZ, BEOEREIT. BHPOHMIZLALHEIN,

Table 2-1.

Composition of the culture medium

Component %
wWheat starch 2
Ammonium nitrate 0.14
Potassium phosphate 0.14

monobasic
Corn steep-liquor 0.08

Magnesium sulfate 0.05

o]

Potassium chloride .05
Yeast extract 0.01
Iron (IT) sulfate 0.001
{¢-methyl-D-glucoside 0.2%)

pH 6.2
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Fig. 2-4. Production of the amylase of Aspergillus sp. K-27 in the

presence { ——) and absence {(----) of a-MG.
Key: @ , activity determined by method A; B , pH; A , residual
sugar.

P ERTAHEEINKEED SHETRKREIZEL 2, BROEERZ a-XF -
TN REMRZHER 12.5 U/nle, MAZWEE 5.5 U/nlD2{E0ERE
BETRLE, CORATHEBPFOMIFIFELIIHRLTVWEIEED, a-X
Fu-TAay FEELZIhTWEEEZGNE, a-XFA-T Ny FORD
NIZEBOITNIa—X, ZAF b=, PEBRBEMRI TLHEP L, a- A
FA-TNa>FOMRIFTREERINE, EXOT7 /v —BOB-XFN-7
Vay FERgiicmr 25 aIcid. BFRENRI 1.1 Unle RBIcEPLE 2
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oD ki, StreptomycesiZk B3 B8-F vy I F—EHEENS-AFN-FrOy

RTHERIN, a-AFL-F30Y FTHEZILSZ°ZLEELRETH 5,
L2PL. CheFyo—RFEEKITHZELIWEWEREXIR TV S,

5 HEBRORS

Aspergillus sp. K- 2 7 DHBRAEROEN2A. BRETHET 5 L.
Bl BHIZAEDMED 80%TH-oR, TOZ &, REERBELT LV
J— 2RI ) TEPERTEZIEERLT WS, HBEER % pH 3.5,
45°CTHRIBL. BRMICA. BEETHERAEL ZER% Fig. 2-5127° 7. #
HizimEicksEznwdIhd@gdb L. 2BHgEEOMIZ-RL 205, ZOff
BARICEIAZMODOMED T0% T, SREBIELL N>R, ThHDHERI,
MPHOFERED TN%IINATIS5—ETHD, FNVa7I5—-YRZIOREIC
HRETHDHILETRELTWS,

w O

®

Activity (U/ml)

O 1 2 3 4 5 6
Time(h)

o

Fig. 2-5. Effect of acid treatment on the activity of the crude enzyme
preparation. Conditions, see the text.

Key: @ , activity determined by method A and @ , by method B.
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FUBOBEL LEOXHFTT SBHMUBLABRELAY Y HAETIO—X
EHXE AL A, RUBBRTEIOBEFEOEMIzH LABICI T RRIED
BALEY, QHELABRTCRIVERDBESRBICRD L, 98E 80%ick
WTHIAYERIBEBEELE» - (Fig. 2-6), ThHoOERE, HEEESR
dilz pH 3.5, 45°COUMBICKER I NAT I I LAKERa-T I T~
D TIIDERRTHEETAILZERLTWS, 28, CORRBREERE~ D
A-AFN-TNAYEFOEMOERICEST —ETH> R, 2T, a-XFN
IRV RRIVNATIS—HEa-TIF—YOEBEDEELZRAUL &L 52K
BTRETEZDIOLEZ OIS,

6 HEBEROLERDSBREA

ABRESOEBRM I TAEAORE pHid, 4.6~5.5TH o7 F X
pH 4.5~6.5DFEATHRETHD. P S.SD/BIBIKETH - %o

MBEEGEDO pig S.51CFB L. BRLAEDS AT CICHELREFREEZFAN
rezA, GAMBTIZEBER RN, HMLLRBIBIOETRELALRS
hamorkt, 2hid. HBERRPRT0F 7 —CEEPIZLACBE SR T,
w1 EE2 3T~ 7~ Rhizopus delemar® 7' N7 I 59—t DL SICIREDHR

PRISGZWEDTDH b,

rBEEL %L MV EOa Y RHBEIEIC pH 5.5, S5CTERSH AR
FERELOMEFOMBEBROICHNE (Fig. -0, &H 1 mgH7n 0.1 V&
lLUZAWAX A, 2heh SHHY TR TEIEZ2ICoB LA, 4BMT
EESRT LI, B 1nghld 0.05 IDBEBTREITH- %, &5
BOBFLAAWEEBEIZE. 9BEH SI%ITHEENIZHEML -, ZOERT
BRSSP HBIIESE D ITREBBEPICEETE AN, BBVEBRLZWERIC
FEABRHEABELEVWEICESHIIHBHBLTA> A, UL, BRIZEDER
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Fig. 2-6. Actions of crude ( O ) and purified ( @ ) glucoamylase
preparations on potato amylose. The reaction mixture containing 2 ml
of 1% potato amylose, 1.8 ml of 50 mM sodium acetate buffer, and 0.2 ml

of enzyme solution was incubated at 45°C.
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Hydrolysis (%)

Fig. 2-7. Hydrolysis of raw corn starch with the crude enzyme
preparation. Corn starch (250 mg, dry basis) was suspended in 5 ml of
50 mM acetate buffer (pH 5.5) containing various amounts of the crude
enzyme, followed by incubation at 55°C with gentle stirring. Glucose
released was measured by the glucose oxidase-peroxidase method.

Key: ® , 250U; Ao , 125U; M, 25U; O, 12,5U; A ,5U; O, 2.5

u.
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BRPBEATHAED. 5203 S5CIBLWTERBMMILTZZ L&D O®
EEPEINBTERLAHRT 22D, UTOXRA21T-> %,

FERIGERE (RY 250 ng, BFE 250U0) 2 45°CTHEL., LAY EFT
BRI IIcLEDrE, RIGEEIIPLETLAD, MFRMT 83%IML £, K
CRIGEE A 30°C, 35°CE L D5 250 UDEER!E 250 g i & 24BFMET
FhEh 83%. 86% DML, £ BRAMXTIC 55°C. URMKEL £
Bk, BAEAB T TEE2HABRYEEIL. BoB0IzdMELL T
WZeHERIhE, LEoZe D AV E0ay BB OED» 2T,
AEBRORARDIFHOBRTHLILERIDH LM TE B,

Fig. 2-8l%. 5% 4T v H A ER/BICK -2 THOHBEES 4 EREE L
*ONMBEARLEDDTHL, B 1eghin 0.1 0k 1 IOBFEETI
rheh UEME THETIELALTERICORLE, Y v L ERBOMH
BEBERZEMNYEQOSRBOZREIDEBEWED, BTN EE
R ASCIZBWTHIERSE A, SSCITEREEDETIIH 2100 24FH
FBICRPBVBERERICORLE. BERED, HERY. BV YT TBD
B7I9—FERAZ2TFIZSWIEPAISATWEY, ABRIZD vy T4 TR
BILHbEERTAZENRWEIRA, Table 2-213, ABEELKOZHEER
Bl dT20EELEBLADOTH 2, M7 ET0a v BBOSRNEEL
100338 YYPALE YA AETENRER 5, 2THD. BB OEH
P bo TN LIREREZRLE. CAAZHOOBRK ML L THERZ
BREEZOIEEIEZR» >, MIEBBEERBIBROMEEDOLIE.
TEUAVRBD 8.8BNT. YrHAERBD R2VBATSH -7, W~
DEBBHTRERTIE. PR YRBICHLT 10~BOEIEEI AT
57, ThoDE»S. FAEAOBECERN S IMEWI LHRDLN 2,
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Fig. 2-8. Hydrolysis of raw potato starch with the crude enzyme
preparation. For the conditions, see Fig. 2-7.

Key: @ , 250 U at 55°C; O , 25 U at 55°C; A , 25 U at 45°C.
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Table 2-2.
Digestibilities of various kinds of raw starches

with the crude enzyme preparation.

Source Initial velocity® Activity ratiob
(U/mg) (%)

Potato 0.867 (72¢) 8.2

Sweet potato 0.903 (76) 8.6

Wheat 1.01 (83) 9.5

Tapioca 1.10 (91) 10.4

Corn 1.21 (100) 11.4

a Substrate concentration, 1%.
b The ratio of the activity for raw starch to that
for the gelatinized starch.

¢ The relative value.
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HMItLADNERDAHEAREE «-7TI5— Y ToBLEERBONDIKAE
HOEE7Iu—~RA-EEHAK (a-RS) 42— ORFHL L. £ERHIHK
BEAEETLME K. RRE K. BE IKEGE. COSHHFERHERK
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ELE, K-2Hida-73I9—%, K-27THKE¢K-288%iIVa7325—
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BELSOMRLE, - T, a-RS&#MDIcoB T 2BRIE. £RBICLIE
HAT2ZehE»DANE, LPL, K-2KOBEEIMO2EDIOLER
N, AV HAEERIIHLTRESELIERHLR» &,

BEOLEN. SONERROLBROBNIOMI D 6 BHEMIZK -2 TH
80U, BEOEERGLIOBEOERDSBIITO>WTHMIZEEL 7=,
K-27THOBFOEESIE. Bilhiza-AFN-Lay FEmr3Z i
n2@BickRLE, ZOHBERERRICR. YVavIs—tYea-7I5—
EERLTH T30FETREL TWA, HBERESOE MY T OOV BB
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BLIEH MR

METRNZEREIHHOM Aspergillus sp. K -2 7 OHBEFRELN
STNATIS—Fla-TIF53—t4AHEL GEOHELER. 26UICE
B oRicaT ZBEIIOVWTHRATL &,

B2 EBHMREHE

B %

B TR N4 v, Aspergillus sp. K—2 7 % 45°C. SHMEEIE&E L.
BiKAN -t HESH No. 131, MOWTAHAITIRXRT 4 LY —GF/FTRWE A&
EHERBE L E

MBETRNEA BEiELAMAWE, A BNEOMBEORTICE. F1E
H2ETRANZEEED Park-JonsoniE S HEA L 72,

ERBEK IO TS5 T

HLC-803D (A ®:Z) 2w, UMTORFTHHL %

77 L TSK gel NH:-60, 4.6 x 300 mm

HER O 50% FRMZMYNL
#i#E . 0.8 ml/min
B REERG (HEHE RI-S)
RN 0.45 unD T 4 NY —THBE. FITICHEL %
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BE—IBa-$ 4 70FF A M) UAEGUREBGBRICEIBHESICRAZ, B
ETRAEIOE -7 I2IZA. BEETHESEIBREXIT, 2508 —-JIFAET
OAFEEPBREINE, - T, ZOEHS (Fr. 24~49)Fa-7X25—-¥YThH
D, 2O LEPHWEIREEOEDIL. KA FKY2—LED D LEBRT
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16NCBAF 2 ENLHE D DA, BEFEICLDZMEMY» -BLADT, 7o
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Fig. 2-9. Chromatography (5.6 ml fractions at 34 ml/h) of the crude

enzyme preparation of Aspergillus sp. K-27 on a columm (1.8 x 40 cm)

of ¢a-cyclodextrin-coupled Sepharose 6B.

Keys: ——— , protein (Azso); --O-- , activity determined by method A;
—— , activity determined by method B; «-verr- ’ cyclodextrin
concentration.
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FELTED., DUEOERICHWE, UEOWMER%E Table 2-3icF b F,
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166, Fig. 2-9) OBEHWREE S 10 s L2DH, 10 nMEFRLIEE % (pH 5.5)
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Fig. 2-10. Chromatography (5 ml fractions at 34 ml/h) of the ¢t-amylase
fraction on a column (0.9 x 27 cm) of DEAE-Toyopearl 650S.

Keys:

, protein (Azs0); --0O--, activity determined by method A;

«.-.«., NaCl concentration.
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Table 2-3

Purification of the &-amylase of Aspergillus sp. K-27

Protein Activitya2 Specific Recovery
activity
(mg) (v (U/mg) (%)
Culture filtrate 1570 24000 15.3 100
Ammonium sulfate 393 20100 51.1 83.8
precipitation
2-Propanol 251 18500 73.7 77.1
precipitation
a-CDb-Sepharose 6B 18.8 2780 149 11.6
column (100)¢
Sephadex G-100 15.4 2310 150 9.6
column (83.1)
DEAE-Toyopearl 5.2 855 163 3.6
6508 column (1) {30.8)
DEAE-Toyopearl 4.7 770 164 3.2
650S column (2) (27.7)

3 Determined by method A (see Experimental).
b a-Cyclodextrin.
¢ At this step, the enzyme preparation was free from glucoamylase,

therefore the recovery was taken as 100%.
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Fig. 2-11. Disc-gel electrophoresis of (A) purified ¢-amylase and (B)
glucoamylase in 7.5% polyacrylamide gels at pH 9.5. The proteins were

stained with Coomassie brilliant blue R-250.
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Fig. 2-12. Chromatography (5 ml fractions at 34 ml/h) of the glucoamylase

fraction on a column (0.9 x 25 cm) of DEAE-Toyopearl 650M.

Keys: ;, protein (Azgo); —@®—, activity determined by method B;

~, NaCl concentration.
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Table 2-4

Purification of the glucoamylase of Aspergillus sp. K-27

Protein Activitya Specific Recovery
activity
{mg) vy (U/mg) (%)

Culture filtrate 1570 16700 10.6 100
Ammonium sulfate 393 15500 39.4 92.8
precipitation

Isopropanol 251 14200 56.6 85.0
precipitation

a-CDb-Sepharose 6B 149 13300 89.3 79.6
column

DEAE-Toyopearl 112 10100 390.2 60.5
650M column

a Determined by method B.

b a-Cyclodextrin.

Aspergillus sp. K—-270UNVa7 35—t DERSSIX. Fig. 2-9K DY
6k HIcFr. 147~163TH 2, Fr. 12~1371zchiF TR AL EDOHDO L
AT7I7—EHAVEET 3. BIBETRRELSI2. HERERPIZTOTFY
—iEHIRIEEALBEH IRV, 0O Fr. 122~13708k4% 5%, Rhizopus
delemard 7 Na7I5—+¥G1l, GIRRIZZTOTF7—ERr)ay¥ -z

LJOMESBIZLIDELELONE I DSRBONICTILEYD B,

2 a-7I5—tONELEH

HEHEBEROSISERKBEICL 29 FRIZ 65,000TH 7%, FEF4RXIE
RykEE. YL ABHEELESIZOWTIREBLAELZ A, @RIZLE1 Y NG
—H L. BEQETHZZLPREDLNIE,

AEHRBIcE T A ERBE pHIZ 5.5THD. HE 45°CE T (pH 5.5, 30
W), PH 5.5~6.5 (45°C. 0D MHE)OEETCEETH > %,
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a-7IF—tEGAREE lughbrh 0.1 0 1 IOBRBTYYyH1E7
o—RIZEAXERLXOSRBES Fig. 2-1312R ¥, 1 UV/ngDBTIZ 6
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oryzaea -7 I 7 —t (YH7IF—¥) "*Tik. 7IUu—R% 1KMET 40%
FTOML., LUIBRBRYIZOBIPETLRE. BEOSTREOHEDOREE 2 o0
T 372Dilz. BERBEIZOV NI 7RIV ERNIZERYESRL -
(Fig. 2-14); WIFhOBRIIBWTH, FBIHMOEXFTD 1 D2ETIL MY
F—RATHo>EN, K-2T7a-725—tTRRZIhE2INVIF—RETINT-R
OB TAEDILHL, YATIF—ETIIERMBEDIIZILALETBLE» - A,
HEEOFAOERLXGICHBICT 220, BrOEH IR T 3EE42H
~XF (Table 2-5), ZD R, LD b U F—Rizxtd 2ERALNIK
D2HEOHEEMEHIN B,
(D K-27a-735—ti& THEH#HERBL7I0XIFEIDBT7IO-X
PHLEWERERE RS, ~H YATIS R, ThH3EEBEIIHLT
BERUAEEAEATT,
(2) K-2T7Ta-725—Yik B-BLUY-¥17uFFArY izl T
ATII-YEDEHEMERETT,
O— R, BRP TIPSV S REETHEET S e @EHICR
STWA™, - T. Aspergillus sp. K- 27D a-73I5 -, S #%
PRAHMEOEGIIN T 2EMENTW I LXWRBT H 5,

~
1
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Fig. 2-13. Actions of &-amylases on potato amylose. Each reaction

mixture contained 5 mg of amylose and ( @ ) 5 Uor ( A ) 0.5 U of the

enzymes K-27, -=-—-- A. oryzae) in 2 ml of 50mM acetate

buffer (pH 5.5).
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Fig. 2-14. H.p.l.c. chromatograms of the products obtained by the
actions of (left) Aspergillus sp. K-27 and {(right) A. oryzae Q-amylases

on amylose. Conditions, see Fig. 2-13.



Table 2-5

sp. K-27 and Aspergillus oryzae on various substrates

Substrate (0.5%) K-27. A. oryzae
Maltose >0.01 >0.01
Maltotriose 6.5 0.3
a~-Cyclodextrin 1.9 1.9
B-Cyclodextrin 19 4.6
r-Cyclodextrin 72 65
Glycogen {oyster) 57 68
Amylopectin {potato) 101 95
Amylose (potato) 121 102
Soluble starch 100 100

3 JNATIT—COHELIER

B NLa7395— Y ESGOSSERKEICL 29 FRIE 76,0005,
Zacharius S O HEPIC LN, ABRLEERHETH AT LHHBAL &,

ABZEOTAMEBRB LERDICHN T 288 . 2hEh pH 4.5~7.1L
4.2~5.9THN. EBBIcH T 258 pHIZD LB 7 b3 520
Bk, OV NAFIT—Hid, pH 4.0~7.1 (35°C, WHUHE)THETH
o f. R, 55°C. ABMBEC 60°C. IHMOMETIEEhEN 100%. 0%
OEBEAFRBFLTED (Fig. 2-15), 7027 35—t d T3 LLBAIE it #4
HERLUR. UL, 65°C, IFFRIMLETIZ 80%HKRIEL e
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Fig. 2-15. Thermal inactivation of glucoamylase from Aspergillus sp
K-27. Purified enzyme was incubated at ( ® ) 50°C, ( O ) 55°C, ( A

60°C, and ( A ) 65°C in 50 mM sodium acetate buffer (pH 4.5).
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AfEEIL 5 mMo> AlPr. Ba**, Cu®', Fe’ . Mge*, Pb¥' Int'RR¥DEREA
TUTIRIFLAELEAT IR, Hg* T 15% KiGEL 2, He* I
DTNATIFS—ETIE 30~60%DEFELE. P % Cu i) OEIESSI
xECFILPHEANTWS, ZOLDIE ATV aT7IFT—HHIhE6ER
£F LT HBAMENENW EPFRO—-DTH 3,

HMUMERSAEE 1nebiz) | IOBREBTYYFFB Va4 ey
PHAETIARIF VICEREE S L (Fig 2-16), EDOMIZTHBL T 30497
TEZhEFh 8% L 81%DOMEBEICEL. LUERBOBEAMA TLIHE
BEbLEZDDFE, ChoDFBEZ. BIEB1ETRENS A nigers
Rhizopus delemar® 7 A7 IF—Y DAMRBELH—-TH>7%. #->T. K

YYBIATFLICE > TERBBITFONS, TN T Uik UBHT 0% 90K X
NED. ZOSRBEIZ R delenarGHOBESELHEEL TW 5B,

BOTREELTIPLIN—REZALIMMNIF -2 SFFREELTVYX
V- e eHAE7IaRIFVEREE LTHHEOEREK
&. Table 2-6icF & 7%, R. delemar&A. niger/ VA7 I 5 —YDEK (B
1 #8552 % Tables 1-5, 1-6) L HEL T. RO ELFP6NITH - %,

(1) B FREEICHTEEK-2770a3732I—t O Knflild. A. nigerDfEH
NDEBELIFFALC T, R. delemardWFRDBDED H/HhE 1, Vmaxflid, R.

elemarGIIOIL DO EIFIFE U TH 5,

(D) BHFICHT 2 KnfEXGNOMOKHEIT, GI. G, A nigerOBF

OBBIZHNR, 7307 FT1/1300~1/1400, 7)) a—4 > Tld1/1200~
17210000 W X 2 fETH 5, Umaxfiild. A.

EDDHITPICAKELGNEDI>DLINIPIIT N,

nigerdH OO 25T, G1., Gl

ChoDERED, Aspergillus spP.K—-27D7NLa7z95—+3. BoF
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Fig. 2-16. Hydrolyses of ( @ ) glycogen, ( A ) amylopectin, and ( O )

pullulan with the purified glucoamylase from Aspergillus sp. K-27.

Conditions, see Fig. 1-7.



Table 2-6

Kinetic constants of K-27 glucoamylase

Substrate Km Vmax
(«M)? (U/mmole)®

Maltose 1100 0.60
{1300)c (0.86)
Maltotriose 350 2.8

(440) (4.6)

Amylopectin 0.2 4.9
{Potato)

{0.2) (5.3}
Glycogen 0.3 1.3

{Rabbit liver)
(0.3) (6.8)

a (Concentration of non-reducing,
terminal residues.
b Reaction conditions; 40°C,
pH 4.5,
¢ The values in parentheses were

obtained at 45°C.

HELLES TRBLHLHENFTWIANNELZH D2y o0LTH S, 5.
B FEEIINT S KnfErEEIhE BT 5L5 KT Va79 -+
BERBADOER BN & LD, R. delemarG I L FRICHEMIES WL A
THZ LM REEN S,
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4 a-TIT—-tHE7Na7Is—torEHIcNT SER

A. niger. R. delemar ( GIIl) ¥ LT Aspergillus sp. K~2707 1107
TS~ FERBE loe bAH 0.1 VOBREBABHWT 55CTE MY ERav R
BICERAIV AL ORBOERE Fig. 2-1TICRLE. COFRGFETTIEK -
2TOBRIMOBLOINBERBSBRNZRL 20, METTLLHER
BROSBAEDEEZNIBNI e RBDHRE, —F. MBa-725—tD
EERIBEREIRBETH- £, -7, HBROMWERB BN IZHEFEE
OHEHDRICEZ230D, H2WEHBEREPICERIORT (FMXIERIDER)
DEETLITHEMEATRELTEN. Ches2RHTEE2DICUTOERAT-
7o

0 UDNINAT7I5S—FE 0.2~50Da-7IF—F4BEMKEIYE DD
VEBIZERXT AL EOSHRIES Fig. 2-1812F T, a-7 I 5 —¥ Dff #
HEEEL T, RIGK 45°CTITo ke a-735—t% 5 UMz ~2BE (HE
FLEEFALEEG) TIE. IFMT 2%, IFHT OISR ETHD. HEE
FREEFEZTONBMENEGONS, - T. AEOBRRICL 3N RLERD
SEERAIR. YNaATI5—Fea-TI5—VYOHRERATREZILEZ LN
HBPLE, SHI. VY NVa735—HiEHD I/I0BDa-7IF5—tE2MAT
EREE AL X2k, JINHIT 23%. IRMIT 2% O BEATLE, 2hb

DHEGIEBISHEEEREINEGNICT S Iz, Fig. 2-18% % &2 Fig.
2-19MD A FRRL 2o ABBRRTOEBRMIBROERBI I NVIATIS—ETHD,
a-7I7—YHEORBNIBHEIBwWIZOL2bGY, YNLa73I5—-¥1i2

LBEBHIBWAHRNICFDZ VL THE S, wWE. HEHE (F)

ERATRT L., EMYE0avBHE2EBELLALEDOF@EIF Table 2-70
(MR AEFIZFRAIERAL EOHEE]
[ZhEhEHMTHWELEOFREDOT ]

F =
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Fig. 2-17. Hydrolyses of raw corn starch with glucoamylases from ( O )
Aspergillus sp. K-27, ( ® ) R. delemar GIII and ( A ) A. niger. The
reaction mixture contained 250 mg of raw corn starch, 25 U of enzyme and
50 mM sodium acetate buffer (pH 4.5) in a final volume of 5 ml and was

incubated at 55°C under mild stirring.
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Fig. 2-18. Hydrolyses of raw corn starch with glucoamylase and

a-amylase of Aspergillus sp. K-27. The reaction mixture containing 250
mg of corn starch, 50 mM of sodium acetate buffer, 20 U of glucoamylase
and/or various amount of &-amylase in a final volume of 5 ml was
incubated at pH 5.5 and 45°C with mild stirring.

Key: V¥ , glucoamylase alone (20 U); @ , glucoamylase+-amylase (5 U);
A , glucoamylase+d-amylase (1 U); M , glucoamylase+t-amylase (0.2 U);

O, ¢-amylase {5 U); A , o-amylase (1 U); O , @-amylase (0.2 U).
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Fig. 2-19. Hydrolyses of (A) raw corn starch and (B) potato starch

with 20 U of Aspergillus sp. K-27 glucoamylase and (left) 0.2 U and/or
(right) 5 U of a—amylaée. The dotted and filled, and open bars show
hydrolysis with the individual actions of glucoamylase and ®-amylase and

the increment with the concomitant actions of the +two enzymes

(synergistic effect), respectively.

-33-



Table 2-7
Synergistic effect (F value) of

glucoamylase {20 U} and a-amylase

Incubation o-Amylase (U)
{h) 5 1 0.2
3 2.9 2.7 1.9
5 2.4 2.3 1.8
7 2.0 1.9 1.6
9 1.7 1.5 1.4

DEIITR B, BB UB)Da-7I5—ETXRINIAT7IS—EDER%EX
E<IRELTEN. a-7I7—¥ORARBINATIS—EOERBIMPIC
HForLF A G XA M ERHENSE, AFHO N7 I 5L a-T 25—
YRESYHAERBOFTBIBWTLBEELHEREA 2 RL A (Fig. 2-19
(B)o L2L%RDSE, SREAFEIENVE0IYRBOBEIND LN D LEN,

BIE TR AE & Sz, Aspergillus sp. K-27Da-7X5—-HI2id2o0
ROVBFEET S0, UEOEBREI—-FEZTE2BWE, 35120a-73I5—F
B (Fr. 60~70, Fig. 2-10) XMBDOLSICEEWMTH AN, I Na73x5
—CERICEBRBIZERAIEALZA BELAEa-TIS-FLEROHEED
RAERL 7,
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5 K—-27a-73F—t & RhizopusZ/ N7 I J5—~¥ DHREH

Ueda ¥ Kano®°!%. Rhizopus sp.DV NIaAT7 IS —YOLEBRESTRIERD A,
oryzaea -7 I 59—t I N{EEXINB L BEXTWE, FZITEXKEDa-732F
—tH, R. gg&_7}b:73“ — YDA ZRETI2NENEHANE, R
delemar/ Va7 29— RBEHEERUAFO>LDEHEZLLWIDONRH DD
T, HEFHLBBECHRNOERELOMEAHONCTZADIZGI LG
2D WTHRETL &,

20 U R. delemar G, GIIE. IEMTH FYEuayv BB s Zzheh
4.8%. NRBIWMLED, ZTHIZS5UIDK-2T7a-7I59—-tA2MR3& I
MiToBEzEh®Eh 21% e B%IZERLE, a-7TI7—YHBTIIALE
HTT 15%9RIT 20T, FEFIGIDES 1.0 GUIDOEBSE 1.6&2DH,. G
MTRK-277NVa7I5—trYAREZELHERDREV RN AN, GO TR
BXhihholk, COBEREZ K-27a-7I5—-F L HENWIERTZZD
. a7 i — Y RHESRNAR DLBYH LI L ETRT B, F
2. K=-2T7Ta-739—Eik. @OV a7I5—- YL HRERELRET
52T T,

6 K-2770a735—-tetEEDa-7I5—YDOHEEEH
a-TI5—XEINaAT7I5—vtOHERRTHKEWHEATSH 20 T.
Aspergillus sp. K-2 77N a7 —Fe@OMENERDa-735

OHEBDHRAWIT L E, a-73I 55—, A. oryzaed L 7F Bacillus
subtilisD LR B LI UHILEOBFEARAW -,
SEDa-7I5—F 50K -27T7Va73I5—+ 20 ULFEBICERS
BTEMVERaY BB A9 LAELE T3, Fig. 2-200& S IcwdFh b en
BHEHRERL 2, Table 2-8IZZh6DERADFEATRLEZ. ThoDER

_95..



1001

(o]
o
]

(o2}
@)
T

Hydrolysis (%)
.8
F

N
o
T

0 ] s e P P e ke
Tme3 9 3 9 3 9 39

M x 1 L s

Fig. 2-20. Synergistic actions with 20 U of Aspergillus sp. K-27
glucoamylase and 5 U of ¢-amylases of various origins on raw corn
starch. For details, see Fig. 2-18.

Keys: K, K-27 a~amylase; T, Taka-amylase; L, B. subtilis
liquefying-type; S, B. subtilis saccharifying-type; for the other

symbols see Fig. 2-19.
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Table 2-8
.Synergistic effects (¥ values) of k-27 glucoamylase and

ad-amylases of other origins on digestion of raw corn starch

Incubation A. oryzae B. subtilis B. subtilis
(h} {liquefying-type)} (saccharifying-type)
3 2.7 1.8 3.1
9 1.5 1.1 1.8

e, ) PNa7io—Yea-TEo53-tYOLEBHIRIIBIT2HEEDRIE
K-2THROBRIIHRENTELZ2EEN2BARTHE L. (D) a-TI5—
YEFEOEERIZHT AERMNIWEEXRERFEAFO 2L, 3) SO
WEHIZEXKELHEEDREZRIZEVRVWEEINTE,

HEDROFXEEZ., BB FRICEBIZ27I0xXIF T I0—- DT,
fmzEOMBEBECERCEELTWA L EbNI %, Uedak Kano®®jE, a-
FIZ3—HIZEDEHFOTIO0-XBBEILNBZZ LIZE D HOHEIL»REX
B EHBL Twa, Aspergillus sp.K—-271& 7Iu—A-fEEHEEGHK %
REBRELTOBLEEATHD. $L2Z20a-719—-HWE5 o KRBIUVERK
OREIZHIEAT S, ThbDZEPK-27TKDa-7I5—~EL&INLa7r
SST—VYOMEEPBILIERBIEATAIZLOEAD 1 DD AN,
BB OBEORMPVWELHALLICIATVWERWERE, ZOMHFED R OB
SPBETHR W, DBMHBHIIHEIREWILE., COREREHOZDODD1 D
OEPBHNZN, T K-2THKOBREIBRBROMBERITICED 2 FER
AR\ S erHFIR 5,
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FAm B

Aspergillus sp. K — 2 7THODu-7IF—-Y LI NAT7I5—-EDTEIZ.
-4 I7UFFRAL) Ty O - A ERAWET T4 ZT470X T TT 4
—DHECHENTEH- %,

A-TIFT—EF YATIFT—EININPIYT—-RDOGTRIERPEL,
FEHA70FFRARMNYURT7IO-ADEIB T R BRROEHEICHL
THRADIERLA, Y Na739—id, #MEOBEINDINDEEIF I
gLrEwmte, BoFRECEs FREIGVWHOMARLZ, 72, i
Hi B SMIER AR L. Rhizopus delemar7' L7 35—t Gl & AHREK
BEERUAFOZLPTHBINE,

TNa7i9—tla-T7I59—¥F ZThZThBEMTRIEBERICHT SEM
FHBRESEIDEA22 280> 20 @EARKICFEAIEEHEDRIEC
IHHBELIZIASOERATRLE, K-27T08%Ha-725—-t&. R
delemarGUIDEEN THAZ LHERMICREL 2. BRPESHRUAFEZVWG
Mz UTRERHRERSE, a-7I T -0 MREFALRET 520101,
T—tEOBRBEERN AR OVEXH L L TRHEINE, K-2

TIna7

Jil

TONAT 2T —+ 1k, A, oryzae, Bacillus subtilis@a-7 I 95—t &3
FREPSBICHEWRAERTOT. ZOHRIEENZRLDOTH S, ¥, «a
“TEI7—YHEHEKOERBBICHTAEAMWNIWEBRIEIL, FA0B0HIIEY
RKEGHEDRAERL &
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BHIZERRICBEICELEL, TRANF—HELLTEAITERENELTEE
HEAXATWAEELZEWERTH 5. by EORHOEEROHK 60% 138
LATHD. YNVaA—Z TV b—R KBEOEHLLTHWSATY 5,
BEATIREROLGERICKD> T, BEETEZEWREVER S L. &
N6V ) -NOEEFHRAMICEE IR T 5,

BHixa-1-O)-BELPBDa-(1-4,0)-EALAEINI—-RADANERE
REINA YT, ZOFFTRAFBUETHROEAEITITC W, 2D RD,
BB o#Eitiza-7I o —FeHizmL THILLBILAZRKFIZTV. 2WTZ
O (FVITHESW) 27 NVa735—-C42AWT IV a—-A BT
B5HENPEAINRTWS, #->T. BEPSINI—-RPLY /) —VOEER
INATPI5—VCRLEOBRL L TEHERMUE 5D T WS,

ARRXTIE. BILWEBLIET, 2ONa7i5—EHEEUTRENR
Aspergillus nigerd Rhizopus delemar%##¢'. Zhe6DINIaA7I5—E%
a-725—¥, FRAT7 7Y —EPE> LA BUETEZVWRBETICH{LL., @
ZORAOEZERZHUBBH LA, ChoOHUEBREESTY Y V1 ERB 25
BRIz, RROBTLELZD, WIFhOBRLEL2IRIIESTERNICED
TORAFFAMY 2B LE, CORRARBPTEIE2D. BETFFX MY >
DIEBTKBEMFEOHMBELTANERER. EBTXMI NI - XBRED6 fLic
JUBMBHEETAZIEERVWEL, SOV CHIATFANRZALGDT LT
TT—YOERA2MITFA2Z L 2HONIRLE, ChODER2H6, HRBEX
h7: RhizopusBO N A7 I 57—V ICLk2BMOEL M. BEELPIR
ET5a-7I9—¥YBIUFRAT 7Y L IZEBATZ2Z L2EMWL -

FIRBE2ETIE. METTAXAIVBRABEREIZEIDRWEL A, R
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delemar® 7 W7 27—~ D3WTOBRIZONWT, TRhENDODHRT I /84,
W2EBTZ2LIcEN. CholFEBEOSF (GID PHBRELDICEE

TE70757 X, YV —-CICLAREFBRATIT. HO2HS (G 1,
GU) BT B2 LA2RLE. ¥R BHFEOMBIT. LRE~OER OB
FEMNYT Y ICKBBESMICEIN. G EiFpEERe & NI, S9F
HEE R LEWBIN AR BUIEET LI LAREL. Thi TRHES

By eBfFT7, HBRESTPOT 0T 7—ERFE YT G 208
NARDBES DEFATIXRECHAEL, ZOEREMINARRISI FHE!C

HETBERHOAVKRELBATEZZLERWELE, ¥ FEMYTOOD

FREFBIZEND. BREEHRUZTOLOHIWEZO-REeELXLLNDZIRTF

R =

B2RBLETHE., BRHOBRILIEAEM T I LA HBE LT, £EBBIC

WHIZER T 27 Va7 29—V AXETIEEARELE, $0bb, HHE7T

SU—-A-BEHEGK(a-RS)2ME—-DOFRFHL LT, ABBLEHICHRY
HBFOLEEAOHL-. SELEEOSH, K-2K (M&). K-27

B OCRRE) BEAUK-28% (B8) OXETIHRIE. WFhasE v E

D> HEEBHDICOBLE, #->T. a-RSIEERHIBEIEHO-DDR
RFELLTHM TS -7, 730-R058BA26, K-2HKOBHEERIT
-7, O2FEOLORINATIFS—FEa-TITFT—EDREHR

THHIEMNHBHLE BEORBELEEMEICEBLT. K- 2 7#% (Asper-
gillusiB) 2 EMWIZERL, CORHOBROLERF LBEOAEIZOVT

MR L 2o AROBFOEEIIEBMIZa-AFN-T NIV FEMR B

LITEDEBL. BERPICINIATITI-—ELa-TII—FEH 130EK
THEELZ, COHBRERERST. BEEELCIBRINSWEY T I ER
BLEDHIDRITIENAEAMELTRLE. AERTOTF7 Y42 %0 72<,
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HAWRELAYEESY. BIETRVELAREIRIC & 5L RBH 90
DKk LADENEWED, BEHMORECORETSH > F. ZD& D2 KEE
FORERLMNOZERBIENIE. BROBKEHLY 27 L1255 1w
ThB. Bii. BESLTBAREETVYTAEO YT U Y OEEHBELIC
BT NI~ NREBIEAL. BEOBFRLEBRLTENTH LI LERDT
W3, FETAI—LEBOATE, BRHE»6OHEY OBRBEEIZLEA
TiRBEWILEHIFLTWS,

F 2B 2E Tk, Aspergillus sp. K- 2 7T HROMO B ERBIRD A7
SALEBELE, 37, ABHOLETIHBETO2RIOTII—E. ¥
WaA7359—tea-7I9— V42X HRELA 88 LEa-7T 35 —-HIL
S URBELOBROLEIZEWERERLE, —H. a7 35—
it HEBA 4 EHD. BOZORITERLENZERVIBNETY
Ze»6. R, delenarG Il & AR ICRIBRAEMABET 52 LARBEINE,
MEDEBBICHTEHRMERAL AR ABERIIZERPARO TR
BINATIS—FETHBEN, a-7I7—tFR3IOFBRIEFRAHEENIZRET
5ZrERWELEZ, COHEFEDRIE. HERFO/ VA7 I5—tLEFHa-7
S LWMEBEOa-TI5—CHTH R
S— ¥ ORBESHHIVPEEL TV S

25—, BLUKXKFHOI VT
I ZOMEEERIZEZILOTY
WM ATEEL 2,

AMEIZED. BRTH -V 7I5—tYORBABBEOREL. B
BHROYUMIATVICLIORENRAUTATHZLICINBRTZZIENT
&Fh, ZThid, BFA2BEICHILLAZLE, BRELERMOS FHEOHE
FHROMILEERTH S, BE. EREMFAZTRI7Z7I T EARRX
RTWwaY, B PLHLNRTVWEa-TIS—¥REAEDT. ThoD(EH
DOREMIZO VTR, BEOHELHEEL THEIIRIATLILPWEIN 2,

i

ny

ji1
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LBRBIBMHOMBIzonTH, ThENOBRORROERL L THET S
23, HECEM[IVWRETH LS, EEOMEIRX. LEDOBENS. 5HO7
T —tOMRBIIAT R LI DOEHEZRNTENTH S, ERBOSTRIZNT
BZINATEIS5—FLa-TI57—YOHRDRI. SROBILIRORELE
REBELOBBOMBBIINTIEELARTH 3, ¥ AMRTHLGMITX
NETLIATIS—VYOHELBEONRKZIE. BHBELHEOMEAEFRDOMR.

INATIF5—EZOLDOREERDEEFIENRRELRAVWSIIRIZNL
T. BKREWHRTH 5 S,
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AFREOBTIHED. FBRIBIHEETI 0T LA RS A% R%R
MEEREIECBH LY. 4. ARKOMISE. BBHITI0ELAR
KEEAE RS, @B TIVWELAARRSOBMICBLHEL LT T,
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