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Table 1. Enzymes Hydrolyzing a-1,4- or a-l,6-Glucosidic Linkages

Enzymes Hydrolyzing a-1,4-Glucosidic Linkages

EC 3.2.1.1 a-Amylase

EC 3.2.1.2 f-Amylase

EC 3.2.1.3 Exo—1,4-a—D—glucoéidase (Glucoamylase)

EC 3.2.1.20 a-D-Glucosidase (Maltase)

EC 3.2.1.54 Cyclomaltodextrinase

EC 3.2.1.57  Isopullulanase

EC 3.2.1.60 Exo-maltotetraochydrolase

EC 3.2.1.61 Mycodextranase

EC 3.2.1.98 Exo-maltohexaochydrolase

[EC 2.4.1.19 Cyclomaltodextrin glucanotransferase ( Bacillus

macerans amylase]

Enzymes Hydrolyzing a~1,6-Glucosidic Linkages

EC 3.2.1.10° Oligo-1,6-glucosidase (Isomaltase)

EC 3.2.1.11 Dextranase

EC 3.2.1.33 Amylo-1,6-glucosidase .

EC 3.2.1.41 Pullulanase (R~enzyme, Debranching enzyme)
EC 3.2.1.68 Isomaltase (Debranching enzyme)

EC 3.2.1.70 Ex0-1,6-a-D-glucosidase (Glucodextranase)
EC 3.2.1.94 Exo-isomaltohydrolase (Isomalto-dextranase)
EC 3.2.1.95 Exo~isomaltotriohydrolase
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Table 2. Classification and Nomenclature c¢f Glucoamylase and a-Glucosidase

Basis for

T Recommended . classification
Number name Reaction Other names (Systematic Comments
name)
3.2.1.3 Exo-1,4-a-D-  Hvdrolysis of terminal Glucoamvlase, 1. 4-a-D-Glucan Most forms of the
glucosidase 1, 4-linked a-D-glucose Ampyloglucosi- glucohydrolase enzvme are able
residues successively dase, y-Amvlase, also rapidly to
from non-reducing ends Lysosomal hvdrolvse 1.6-a-D-
of the chains with a-glucosidase, glucosidic bonds
release of 5-D-glucose Acid maltase when the next bond
in sequence is. 1,4,
and some prepara-
tions of this enzvme
hvdrolvse 1,6- and
1, 3-a-D-glucosidic
bonds in other
polvsaccharides,
This entrv covers
all such enzvmes
acting on polvsac-
charides more
rapidly than on
oligosaccharides.
3.2.1.20 a-D-Glucosi- Hydrolvsis of terminal, Maltase, a-D-Glucoside  This single entry
dase non-reducing 1. 4-linked Glucoinvertase, glucohvdrolase covers a group of
a-D-glucose residues Glucosidosucrase enzymes whose

with release of
a-glucose

From "Enzyme Nomenclat

specificity is directed
mainiv towards the
exohvdrolysis of

1. 4-a-glucosidic
linkages, and that
hvdrolvse oligosac-
charides rapidiy,
relative to polvsac-
charides. which
are hydrolysed
relatively slowly,
or not at all.

ure (1978)".
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HREXEEREY O-glucodidase 71X, Yo RHlo ) 9}uwam)'/ewe %
Ly, 30 HALEMTER TS, TR YA B
TR EPRL v KR nI v ERE s B s X ﬁ]@ﬁi&%l. o133
VY. Lol, BEEadd19 BAKET o 2o VRASHEAE o 20 13
Bk onkdyi, ¥YMrR«FEepy, Tk, SEEM TR
I BOBRBEZA A REotB1) , Yo THZoANM opd s
e B, WX EE, hpe3 FiL-7va BBty
T» B2 W-glucosidade K7n 2, ’f@%‘gﬁrgﬁ FROILRE 3 I
DR IEEY < THEL,  mafhpae 1o Ty AE L FBIE a-
7o SEEKEHPL 2x Bl-2Hd00\, B33 /AR B THS
o B HFH o BT R W EEM R RII T3 I L LE.
TPERI R w213, Yo 0-glucasidace © EEERLY B 542
KEFRRTRT 7571 B trghsosidase ,  HBHT Yol KA muitin
N IR BRAE Orglucosidace T BE, R LK . SEAYDIL I
RE L2 13 VT B RE TR o 2005 T 1887 o WEHE o%glucosidase
RonZEIRT U NE 2355, VATV E 1 TE0R « BER V1721,
FEIANF DG 290 e Yy R o) R L, 180 LK.
Bi<, 5% a DAL glucosidaae V1 TR RS vom, Thir
BIFRIEY, 20 SEAEEBIL RS X TiomonB s o, IR
PATRIIIE CLE X3 FEd 2 . Srno4dBs BER 2 wEHE
pHy~5 = IRARBERL, WHND > B B v RT BFR (b
| Oglucosidade ) Lo EHlaky , D2t O glucoaidase YEFIIT M D .



14

BRI BET BARLR (D) ms AL, YRR PHEM T 2]~
LYot chEB-m BRI TSN, 2L, 2 ito
73 S5 i R R ,‘ W RS E s KT BAE x B3, T5olb
I57J3§§f’ﬁ‘?/’/‘lj BRTI &) ﬁ]%?ﬁ@n HERE SIS =13 1> R ax,
Ll i et BRI R Lo Re Gy BRI L3 vB5,
%2ﬁ AL %Fﬁ 3217 L 78 0 BN OFglucosidage P FEBIE | — Wby
BIRRIT By B I BB > e TR LE. ATk
4}35,, IRAERipH, pH&BE e RERRTIERAE t ]~ , IR,
nWiho ﬁ%b 2Ny 3258 6 ANRE 2N EE o s 7,
B3 0 6 7 3= e SR R IR AL IES v T AR L
NS R TIIRA T PERY R BH S R LR,

HlErne23 ToTiBe 4B o AR EFEBILE >0 7 | SHARER
(malfoae ¥ aoluble <tanch , #3313 maltoce v ,ahel}}/:oh gnge/v RS
REBPTIERII BN, ITR-BEXBETR R BOT P>
L EN) o BB R 020 FHETRLE.  ToBr7 37 45EaB)
%w 3R, IX BN &gjuw,oidaael Row2E RITE 0L R
NWlkoBiEre T3 FE e S3E KBRS 3 13- 2R3 H)BOME .

F ¥ Beat O-glucooidage o BT T BRI 03 R0,
Ik, BRoiRmiiilrs 1074 v 598 o KEHBIL o0fl- M THE
RoBvr by eLy, ABE. R L RETITR. %o
Do BBIREITIR LI JEEISRESR Ry, ToUA, }IUR, PINT
WBi, UTEEIR LI I (D) o AT o BRI O-glucodidade 3 ALK
$on TR B - oo v -CooH) 7% IPBBFERE 253 S v % ¥
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LTz, SofsRaEB o TFes-tr, PHBer-2 AL
B3y, BEs BV s AT 3 3B0% 2 KBE 13 ek
PBreonk. BN 0-glucasidase vo ttBR Ry R, 3TBoF
ok O-glucodidade K707 E AR TSR > SEMBERE S LR 3,
7y AT HE, »y1m5F BL o ESUBAR @) 0 W TR BER 22 ks
n/§ (~=c00™) ¥ ER4T v a3 7"‘)"—)L7§f\ (_[g;‘—ﬁ) % SR W %
IIIvax ¥y,  BEME O-glucosidase. 2 WAL 0 glucagidade o = %
%%w’& %2‘%9%7: .
F8E R 213 mathoe 208 &0 REAE o —F s 20l T¥E,
LI SRR FXBRIRA T T T A *-glucosidase. o SEAE B
FEET AN ROIARITL, YRR LR, Puns,
TV, A7, 2y RTHE & Lo Uy B Ao BBER (-glucooidade
» VY T HBR W T3 FESX-F- (K, o BEve kol km) TH
2, AN o ?}uwz}e Tl 138 v KB REE TR
ALE. SHSERW? Fond %/?/\"7)?"7"‘@}2?%@)1 %%%ﬁmm
TERE-BLR, P67, nTHaBRRLBMEB Y VNI RS
LytovRlETLR. S5, Jod ST ERME 0-glucadidade o 7TA
o , ftoBono Oi-g)uwoidade LI g)uwam)!/cwe o VA4
FO7Y EXLrIA v+ HBIRITLE.
WMo BB 121 FBonk LT A5A8% RARL ST RE
FiE)vLE.
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%2% TV ABEME 0-Glucosidase &
B ThRE

CAR

u—glucw‘daaa 13 B8, RERD B BREW) = bR - RGNS
Hirmx B mz vy, AL, XEWTE—;%N-QMW‘dme =i g,
Me/;;n;”m FF Jiaotaoe TBE 1< mallse R TIIRA 0 &3 L EELE

43, 43) 43)

Lo, B EII2d WER, D a8t Sax AIaX
7737\/»&:63) vz\‘,w ?-t“,w 4 X‘;w I‘/P“’zf i’ j)?a‘) LI )FE o
T (Lucunbitaceae)’ o BHFTET % 235" Bt 955
& 5}:5-’?--*\-‘»%“5/‘,6) vw:m," ? HO 7S -‘/6,8) :/“,,77\~4_Ef’) 7")76,7) T4 i”
Avzhny,” 9na” Ko7 B oo S5 33w oZE R¥at i ax
ZasnRkax, W“WInt maltase aphTIBorIIIST, FrIR
IoZ BRI FAL W3H? W,

y 7&‘35—, Duncon ¥ Mannenq 73))3 5@& 1< maddpse. s 2N :1#%
TANT BENMRTIes . T, 905513 Nigam v Grini oy B
F a9V ESBAN B L, TR TR I)-IL0E 21

Sy IR TR € moboe KARES T, Quase IR FLR malZoliear.
malletinasde 73v-o BBEETH RPN E LD ILE TR S, FRY ﬁﬁ%@w
UL =20 MMM& RTEF R E T3 ERLE.

| B.B.Jgrgeraen & O\B.J;B/L?en,oenﬂ)l;t 194331 Larmallnae %
TAEvL7, BREF o pHSb Imh , BRI (P55, g 5
‘%;\Eb, TRXLEL (prE1D oL b7 ) BRAE <&y O-glucasidase



17

(iawmalinee ¥ 1L2) EFIRF I 5.957% K FoLE. w1y, o-
LI p- WW&"Gx%a 1w SolBo I3, maltsae ¥ ponsae TKEE
CERA "k BE]s xS R. TR, Mannewd ‘77%8’!:1 PLopcTe e R
SReax -maltace % nigse womallese , Wwd W T o 7
W EBEITKER T3, TLwTr Wk RRFEEER), =2 OR)
v ) ) AR TEPIFE 2R T m,‘?mweyka%%d%?ﬁtv JL7JLNE BE)
Sl , BT O?—Wdade T TEEFRAE T T T Lok STk
s ISk V> E.

Fa e Sk Ot-glucosidase V. L2 2% ?}%ﬁ‘)‘?%%éﬂh?‘md = c:=A)
TPF? <3 VN & O-plucosidaae &%, ONFHFTEF R BR)
CM-celludsas SUFE , FRSE), N ERons oL AER ) EE
DILIVANL CH-Sephadex o B PRI — Iy, FEELBIR Br
X5 u'— (1943). Yok, }'5‘27?:-3?*): IR mm‘f‘" yshI->
(/97&) ))3’7%'7%%/ (/779) T Riyy-p3-> (/92/)’”@9%5&»:@37::
B33 FrrR BB by Bty BREIESn o e mnk. TS
YERTEo mallose KERR L3 RAERE pHd voN o), T2
(I, 4.0 L, 40), 7)>21->(3.8), NIVNIEPL (X,80; I-1,50;
T2, 50), X%-hImnb) e, nTnb BB BHE
Oglucosidase v 133 A CEBpHTET. BARN), ghio-
aidase o 118 p-puctoqunoncsidate 213 ph4$aiFs®, ph3.015
FRHEEERT Lo VAR Bo0, 2 3R, SyBEIER
Efp1 2o 0-galactraidase PHERS MK v
e St BEB3 R WAL s BB pH £ 35> BER o T3 20 FE

(\‘?Zum‘a/awe
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M B33 ):,87) o ¥BBdy s LIFFRIFE L5, BEAAR]RIT
MEEETRTr0 13 Btk BRIk, ERME O-glucodidase
RUEIS ST I L.

BRI R IR mallice, Rejibiae, mipprase., ioomalisee
Weeo P91 Z8B3E,  paltobiisse ¥ malthenasas Vo TR AR 4
Ly, ;aiwn71 0’—7&4@4421& * ]?W K-maddpgide 1o -'x“:\;%’ﬁ,
aabutdle atarch ¥ ?_ﬂyw?m 74 Yo &%?)ﬂﬂ%‘}ﬂ‘k%%?n%o %‘7;:;\
> FFRIEE 217 $rsRE R TIBRE NI2-5- (Km, V1ie) P ER2 7
woax, BI-RoaBERBITIKEEL 0or 2B EIH L0 a2 D
TLTiue B2 maltose XL aolubde starch w?k%i%}%
13 JIXU(I) 2 20.6% w-17%5*757)%'}75’;)}1b XY 11.0% (9‘17%)\4:&)
DIINIEPS (1) 2 MY 0.3%) ) NIPNETY (M1 2= J2I% .39,
NI9MIEPL (B-7) 3 147 % (o 9%)”@?&%:047»,5, adSIERT
B4 TR o Héo BhE mov 2t o ndox , BE AT
FEBRTINET S0 P Mo BB P BEE N2 [ 3bs Km, VIxE3)
Tuns, KboREUEErYz3v ARESHISL, Bh s
Yo XA RFHFANGEE T3 (B 1B, IS, H<a d-gluco-
idase » ISR Michaedi-Menten Bo RIS )< PES BAR k350213,
Yo RIBE v 11 ORAT 2 RFEsN b,

v= LA @-1)
NEVIBREEE, Kmid Michaelia B8y, « 3 BEEREEHT.
Woz, REA,Bo EE T Yoz B1T3 Km LIe VE Kma,
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Kme, &la, Vs ?“%(493).’., U4 = VAx/(KmA+ ) , V8 =Vb-A/(Kms +4)
vy, mke )ﬂﬁ’ﬁ/ﬁz 2o g&tﬁﬁ,

Un Ve = Va/Kma+4) : B/ (kmB+4) (3 -2)

ey, REERx BEESITTI Kndnr PR CIEA, Inh
> Kma, Kns o K SRS T38F171T, YaZBREHR VeSLo
EEr FARL, =3, FEEE o BE RT3 Knd 0 PECIES
NG, <& Kna, Kmb a0 E BRI r3 By, BT V/kim 5L
H EERFTIRTS.  Thso WiDaJBE R Bu21d, Vi Vikm Yo
tho BB ETRIT T WA, Zorsic, —BEER RS EEREEs S
HEEEE L3 or 1<, BRE RT3 Km, Vo FEEASA-Y=5 KL
7, TRRS A BB 73 sk B LevEiomny,  Sor A3
ERFUABEE s Hv 213 Vs o (D384 malsedar actany ) TE
(V/eo = k) TRIREY, A3 1A8% 1) o BRE L1523 BARREAI S0 3245
3, MIEXIPEEEERDEE (B3 e ok TREV 5 5.

FE 13 TR ETEFL) BEAE o glucosiclase TRBEIHT L1 vk
Finy BRA Sy s B B L, Yo - By D EDRRM
T XIS TABIVLE. W2 Blan, By SRKERHM
TH o TR a5 L EEHSHR LK,

ol EERIVR LR

| EEiES T T4 (Beta Mg@ﬂ_fib c.v. Tenken No.l)
B33 I EETERIS LB ESHE, EEFTAT EUE
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(7°¢) 7 RTEY LK.

2. BE  maltse, aokitle dorch, prenyl oglucssidt,
Duwsnose . atiellfedh glycogen., am?/ode, am‘ylofoecjzk, . MrERIYS
LIy X BB (FHALTF),  aucrue mettuyl a-gjumidé,
p-niuphenyd G-glucoadde. ,  phengd O-maltoside , Thia FoXFEFO),
mallodextin GR ¥ 6 (—H3K a3 2l ¥ o 9lucase BAE 1%
m@ﬁ SYERT),  pullidan, GPEECFZTE) RAIPERBIFR S,
FRBIRES RS, malloce 13 BFEFEFRVIRL S, gslutds
ety 13 FANSE VR PR BBILTE.  panase 1TTBR AN R
WEPETE L) B35 M. koyibicoe ¥ nigencac 13 N BEIE
N-?lacom‘dawe w%m’}ﬂ?m#?ﬁ))ﬂ L7 mallose J 1)‘2‘7%]%’ LT:i” <Lk
I8 T E?amzéwe 3 am)dme%%* B4y 3EB LR 7 AVl
3R dextron o BESPXBBIIL)EMINRLE.  posok
TFAN 2T Meyer Lo S’&w;: PE, KB ,B-amy,lzwe, % conn »
omylopectin 1x AR T2 TR LR

3. BAROBMBIEE BT 0% maltae .30l
0.1 M BRBEIRBTR (phod) 6.3ml, BAER obml w5093 SHASH T
37°¢ ¥ 10~ 30MR ML, IFRET3 glucose & FRR & Glucoatal
(WonthingZon. Biochemical ) tH n\T:- Thia —?lacaae ovidaae - petoxidase
EP 00, maltsae omioy)s 089 oluble stanch TR 0 ) K
A 17 RN R T Somogys™p B 1570 T o s
SRVELRBE.  BER 1B )5 ) pmel o mallsee F poK
I BREvER LR,
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4. 7r)-LoEE phenyl 4-maltoside &) BEREA3 27— 13
Robentaon. & Walvonaon o 2,4~dibnomo guinone - chloroimide 357 1<
MR LE.

5. BbEHoxE SRBER >0 BonTe e at 290mm
=34 > BPRIVERIVY, DX SHy i RPELK.

6. BERICABT  Spinco Model ERUBFELAFTBEE M
Wi, 21MNaltd § L o.okp BREZIETETR (ph DY, 52,700 kpm
17T,

7. TURIBSKEY TNTIMIT W BAXE 13 Reiafeld
503V ELIIT- . 25 RYZINILTIN ER L, B-alanine -
BRESAEBTRR (pHi5) T, 75a0bxVem) 18%) 3mA s FEB T,
35 IR0 AT T2, AREE1T )% Amide Black 0B+ 4, v% DR
By e iR, LEPRTRLE.

SDS=RNFINLT IR WEBR XY 1T Weben ¥ Oabonn o 33E ™
. 0.)% SDS - 2B FNTFH '})L‘}’s}"é #Jw/ 2.)%SDbS -
o I SIBEE TSR (PHAR) 2, BmA ) Zube (0.4 10 om) o EFE , #¥
S¥IITsR.  EBEDT Coomassie Bulbiont Blue B-340 ¢ LBLE.

8. FETKRFEABE  WIRsoE T RPEST
Smith A TR T, BRI, FEBLER LTS gly-
cenod ¥SRNEL?, TG ToE o DLERTRE LK. ATE - 5%
B) % Vomg)ma) SERE R ETS IFBLFUR ghucoae (1w, 163 . T3)
2RI IRT o B *P>F.  aobuble atanch (1.43mm)
omylopechin (213 mm),  p-dimiZ dexBrin (R35mm) ,  ahedlyih
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?ijyen (4.00mm), Oypalen glycogen (£:4)mn), bbbt Liven
glycogen (4obmm) . FEFT R | FRY oy rI80E 12
xoluble atanch ¥ 43.5,  amylopechn » 9.0, p-limit dextnin &
34, Abel/}o‘a?; gi}'w?en. *0.3,  oyden gz«;wgm N0, Noabbit
hven glycogen 2+ )0.3 ¥ Bromk,

B35 EERISE nro 5%
I

| . bt ¥IRET S ARRS 2 K % 0.1 BRERAEETR: (pH 5.0)
SLWE, SERR, BRa VLR,  Celite 535 s BMLTCRERBEL,
5440 8K 1FR (FRIRR).

2. FLEZAME EFARE 3.7 Kp XA PRE SR L,
90%AEFov L.  EUREEEBRLSBERI)EY, SWik*BAFL
o.0Tr ERESERIETSR (phiod K ¥TL7 —ML AL, BRESBYp e
BERIVEREL, LE 008mNaCl AT 2:0) nBREEFEBTR (5D
R3FL?, Y IHLE.

3. CM-cellulpae N5A7OT M5 74~ X3 FRWTE AR
BOR ¢ 4 BELE CM-cellulose 7754 (baxbDem) RBL, Nadd ABRER
BEER L) UEERBRESRLR.  Fp2eTRSS R, AHEEE
T SERBFEB R S eont,  HAVe I3 BEER Nact KR NEL « IR IF
RLE.  SEVEEAD FaNo.Bb~No.m3E 78I E QT Smd 32
SEAELE.

4. Bio-Gel P-150 775470 M1"T 74~ SENBIARIR G
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0.8 14 Z=40.8
£ S
> —_
o ~ =
Q0.6 43 >40.6 ~
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S E <
S 0.4 42 S40.4
= o o
2 o
5 £ S
g 0.2 11 S0.2 £
frw} S
0
40 80 120 160 200 240 280
Fraction No. (20 ml/frac.)
Fig. 2. Chromatography of Sugar Beet Acid a~Glucosidase on CM-cellulose
Column. Enzyme soln., 700 ml; column size, 5.2 x 50 cm; equilibration

and elution, with 0.01M sodium acetate buffer(pH 5.4) containing 0.05M
NaCl and with the same buffer under a 1ineér gradient of NaCl, respec-
tively; flow rate, 150 ml/hr. —&— , absorbance at 280 nm; —_—O—
maltase activity; eee—w- , concentration of NaCl.

o T T ooy DRBERMETR oy 23
 AELE Bomgel Poibo 754 695 ocm)
fo S TR i SESRILTE
© " Brr BBk, B

20 40 60 80 . .
Fraction No. (5 ml/frac.) o?gﬂ [ %IL}&E (] )%2\/ \°37'-‘/'$?

Fig. 3. Gel Filtration of Sugar Beet Acid a-

Glucosidase on Bio-Gel P-150 Column (2nd). ﬁ:LE‘ . ;};,}?&A o Frackon

Enzyme soln., 5 ml; column size, 3.2 x 70 cm;

equilibration and elution, with 0.05M sodium EWE%

acetate buffer; flow rate, 30 ml/hr. —— , NO- ua"‘N0-é<?I N J%l)kc
absorbance at 280 nm; —O—, enzyme activity. y s;
O ARS

Table 3. Summary of Purification Procedure for Sugar Beet Acid a-Glucosidase

Tota% Toﬁql Speglflc Purification Recovery
Procedure protein activity activity (-fold) (%) g\~}%
(mg) (units) (units/mg) S ’ /Z’
Crude extract 108,000a) 1,200 0.011 1 100 .
(NIy) 250, (90% satn.)  8,300%) 740 0.089 8.1 61.7 LI tIat
CM-cellulose 101 620 6.1 555 51.7
Bio-Gel P-150 (lst)- 25 410 16 1455 34.2 TT&I’)?\?'_
S
Bio-Gel P-150 (2nd) 18 360 20 1818 30.0

a X .
) These values were calculated with the assumption that £

i%cmat 280 nm ,7-\\1,7-:0

was 10, and the others were calculated on the basis of the result

1% -
that E] ' at 280 nm was 13.6. m% )d,
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FE¥d B 3% 1) /8/8‘7‘%1\, 30% o JRF 2 FER S UK.
5. KFREER nzLE KEREERE o) Nact - o.0én BREEIE
BT (pH &) 13 FHr

LR, &3,/00+pm

32 niin in B
7'%5&/1—‘79“2” LEL Fig. 4. Sedimentation Pattern of Sugar Beet Acid w-

Glucosidase. Protein concentration was 0.87% in 0.05M

i . . .
~ . . jaCl.
\\ ; , &é/ﬁg 7~ 7} sodium acetate buffer (pH 4.1) containing 0.1M NaC

Photographs were taken at. indicated time after reaching

56,100 rpm. Temperature was 20°C.

587, o042, 047 %
» T o TER B
- -8 L, E-RIFESMWE L BY
SoALI> R Fg 4l Ya-BITRT .
ASEEER 20 £272 7081 055, Schachman
Hd ,S‘Vedbely 4 Pedfuorv ” Z/ilxﬁ*')“ d

I STPEREX (s200) FRBE 3 575 & Fig. 5.

Gel Electrophoresis of Purified
J% 7: o Sugar Beet Acid a-Glucosidase.

Fg.5 =R LEISIT, APiEary-
T TR BENESE IS RS SME. I5IT, SDS-BESK
B 2z \ﬁ— P H3 I X /‘b‘E?%‘O‘M K.

/03

I. 3B ieEpas | |
HIE SDS-FNFIILTS K BRKB KT I B L

k. JEEBRE LY r-globul/‘n, (M.Wy 160,000) ,  bovine a&hum albu-

min (r1.w, 83,000),  ovalbumin (nwy yn000) ,  chymodypainogen (n.-w,

¥&000) LI cytochnome ¢ (nw, I000) o TR AR 5. 475,



TN BEME O- glucosidaar
> D3B1T 91,000 VH RS
ME. Ik BBk
1k 3013 RE AR E va FEEE
73, REFE 1 R ERE
*HRTICIBELE.

2. BEBpH Lo
pH B
BIO aoduvle atonch &

maltoge

TOKAEE R BT T pHo R T SR .
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n
[}

S

N

Molecular weight X 1074
o

L I
02 04 C;G C£8
Relative mobility to BPB
Fig. 6. Estimation of Molecular Weight of Sugar
Beet Acid o-Glucosidase by SDS-Gel Electrophoresis.
l,v-globulin(M.W., 16 x 10%); 2, sugar beet acid o-
glucosidase; 3, BSA(M.W., 6.8 x 10%); 4, ovalbumin

(M.W., 4.7 x 10*); 5, chymotrypsinogen(M.W., 2.5 x
10*); 6, cytochrome c(1.2 x 10%).

F;"?ltﬁfLEJ‘ﬁR, ng"

WEBRL LR it BlpH 1T 4.4 T ¢85 K (oglucosidase B

'ia, &?E:kﬁ#}"f e
i, ?Iawamylaxlﬁ
DB DEIN),
R e Ts
BFBopH &, IC, 00

Relalive ocilvity (%)

100
r | IOO”- ---o--0-
: A
| &
J . Pa
' g !
5 EN A
b > .
L : z i o
0 4 g sok / \
" o !
“ Z B
W 2
o = | / ¢
! ¢ *'
3 ‘ v
° ' . : s FALY
i o
2 4 GPH & 0@ 2640 60 80

Temperature (*C)

Fiu. 7. pH-activity and -stability Curves of Sugar

Bect a-Glucosidase.

Fio. 8. Temperature-activity and -stabilits Curves of
Sugur Beet u-Glucosidase.

WO N Es, mal-
lowe ¥ golublde gia-
neh o KBFREIT3
FRTIBAL EBR LT,
pHR XT3 BRIET
T~ K.
HSM K.

pH-activity curve: reaction mixture of 0.8 ml of 0.5°,
substrate solution (maltose or soluble starch), 0.8 ml
of 0.1 M Mclivaine buffer and 0.4 m! of enzyme
solution (0.026 unit) was incubated at various pH
for 10 min at 37°C.

O—0, maltase activity; @—e, glucoamylase activity.
pH-stability curve: after mixture of 0.1 ml of enzyme
solution (0.022 unit) and 0.4 ml of Briton-Robinson
buffer!® at various pH consisting of phosphoric acid,
acetic acid, boric acid and sodium hydroxide was kept
at 7°C for 20 hr, 1 ml of 0.5%; substrate solution and
1ml of 0.5m sodium acetate buffer (pH 4.5) were
added, and the reaction mixture was incubated at
37°C for. 10 min.

C—-0, maltase activity: @---@, glucoamylase activity.

Y

Temperature activity curve: reaction mixture of 0.5 ml
of 0.5, substrate solution (maltose or soluble starch),
0.8 mi of 0.1 s acetate buffer (pH 4.5 and 0.4 mil of
enzyme solution (0.012 unity was incubated at various
temperature for 10min. C—C, maltase activity:
@@, glucoaumylase activity,

Temperature-stability curve: after mixiure of 0.4 ml
of enzyme solution (0.022 unit) and 0.8 mi of 0.1 n
sodium acetate buffer (pH 4.5) was kept at. various
degrec of temperawure for 10 min, 0.8 ml of 0.5°,
substrate solution was added and the reaction mixture
was incubated at 37 C for 10 min.

-2, maltase activity: @---@, glucoamsylase activity.

Yo iR, BBIRI pH3.0~8.0 2 BEBR 253 T Lok 3D
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3. EREE L »HEEE BFENBE 7 mallose 12
I 0 aolutle atanch 13T TEXKBAVERE TFH~T=LIE, BWERICLES
s50 7 PRABRKEELT:.

FERBTR s )08, BTRBR2ETR, Y90 mallice I
o aolubde atanch o KBRS B3 FAEMTRIELR. Fig.8 &)
FERFIWBISIT, 450373 BE2hoFay, ¥MIAEAEE 20 %
BB o R ax s n TR,

I EEaRe

| . maltose v aoluble dtonch 1=714 % YRA AIE
SIERFS RIS, ABFRIT maltose d»135 7 3B o olutle ata-
nch BLUDKAERTD . $2, WARXIRIRANE YTEBER
—RoFRBTF T INE.  Fy.93 BRRXEF B3 FaEEICER
LELoTHD.  BEPFR I3, aoluble otonch XBESEIE o 5%
X3RO BBBUR) 297 By e

0.20
D
2
€ 0.5F
~
80 £
b3 -
z g 0.10
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3 o
3 a0 2
= ¥ 0.05
5 3
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g
[=] 1 Il L 1 | -
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Reaction time (hr} t/5,tmg /mij!

FiG.10 Lineweaver-Burk Plots for Hydrolyses of

FiG. 9. Time Courses of Hydrolyses of Malitose and .
Maltose and Soluble Starch by Sugar Beet a-Gluco-

Soluble Starch by Sugar Beet a-Glucosidase,

Reaction mixtures containing 4.8 ml of 0.5 3 substrate
solution, 4.8 ml of 0.1 M sodium acetate buffer (pH 4.5)
and 2.4 ml of enzyme solution (0.42 unit) were incu-
bated at 37°C. Two ml of the reaction mixture was
pipetted out for determining the degree of hydrolysis.
OO, maltase activity; @—@, glucoamylase activity.

sidase.

Reaction mixture consisting of 0.5 ml of substrate
solution at various concentrations, 0.4 ml of 0.1 M
sodium acetate buffer (pH 4.5) and 0.1 mi of enzyme
solution (0.019 unit) containing 0.05°; Triton X-100

‘was incubated at 37°C.

C—<C, malase activity: @—@, glucoamylase activity.
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Fig. 11.
oligosaccharides by Sugar Beet Acid a-Glucosidase.

Progresses of Hydrolytic Actions on Malto-

Reaction mixture containing 0.4 ml of 0.5% substrate,
0.4 ml of 0.1M sodium acetate buffer(pH 4.5) and 0.2 ml
At the indi-

cated time intervals, 0.1 ml of the reaction mixture

of enzyme(2 ng) was incubated at 37°C.

was pipetted out for determining the liberated glucose.

——, G2; —0—, G3; —@—s Guy; —O—, Gs; -=A~-, Gg;
--0--, G;; --R--, Gg; —x—,soluble starch.

03 03] ¢
A f>]
o2¢ 0.2
B
o 0.1
o . s o
o5 Lo s 10

I7v, Lug of glucose/ml/min)~!

/s, (mm)!

FiG.12, Lineweaver-Burk Plots for Hydrolysis of
Malto-oligosaccharides.

Reaction mixture containing 0.5 ml of substrate solu-
tion at various concentration, 0.4 ml of 0.1 M sodium
acetate buffer(pH 4.5) and 0.1 ml of enzyme(0.001 mg)
solution was incubated at 37°C.

A, G3; B, G4; C. G5; D, G6; E, GT: F, G8; G, GI3:
H. GT17.
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IFEF+55.  GolAba TV IEE 217 matade o FIEDPE FC KBRS M Y.
3. SAERXIT B R wolutleatarch. , amylopectin,
amylode,  ahebllfiok glgwgen ,  plimit dexthin ,  pullatan &
dextnon RATIIRBETD K.  Fg./3r, o.0% 3R ER ~LT%
KEFo FRPFRAIVE T LR oduble atalch » 1I0IS, 0%
Y-glucan REARAIL , FF1F R 20 gluose BREFIREIT aobible
«tanch > amylopeckins > ‘am)zZer 2 glycogen > p-limid dextrin
> pullulan > dextron o WE2F5K. REEE B SHBXBHIRA
FRIems, REEEPRITIZIRAE WRITLE2R, Jax Liw
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. W, tmgsmnt
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Fi1G.14 Lineweaver-Burk Plots for Hydrolysis of

FiG. 13. Progresses of Hydrolytic Actions on Various
Some «-Glucans.

a-Glucans by Sugar Beet a-Glucosidase.

Experiments were carried out under the same con- Experiments were carried out under the same con-

ditions as given in the legend for Fig.1l,except that ditions as shown in Fig.12.

0.2 ml of enzyme solution was 0.0175 mg of protein. A, soluble starch; B, f-limit dextrin: C, glycogen;
®—@, maltose; ©—0, soluble starch; A—aA, amy- D. amylopectin.

lopectin; @—e®, amylose; O—LJ, glycogen; £—a,

B-limit dextrin; m—m, pullulan; x—x, dextran.
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Aoluble atonch vo tEBRFRIF . BRI T3 Kmid %3 mm
(BT R glucaae R | PAF1 , p-Limit dextrn) | s.omm (
aheldjioh gij?en) ,  olmpy camylopedin) &Y, IR, Vit
malteae o )00 RFXTL 9.4 (p-dimit dexbin ), 34.3 (abetd gty gly-
cogen), 3.4 (amylopectin) +H>F. Th$)3 Table L1k LT,

4. 20fEno-7ILT S NEEAEHT HEH X T 2R
%o/ busae Nigensae ,  iaomalloce, _ucroge W‘%(”
panode.,  phengl d-glucsside ,  p-nilupheny! o-glucsaside.,
methyl o-glucoside B8 v phenyl d-maltsalde |<¥TT3IRE 3
%, Fg 05 S RSN RESIR,  O=) 434 o malloae panI sy
0 3 Ao nigenste , O~ IFER o kojilisde FIn 044 fEAS
ddomallige T o Y ZHERE v

[ e
FEp o 2(@% Lk <57, ponoge g
(é-d-?lucaay/l-malﬁwz,), Zwea - ;

Nnaqge- (&-o/—glacaa«yxl—/g —]Mcf'a4e) o2 3 2
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FiG.15.  Progresses of Hydrolytic Actions on Various
_\5 be j a_ m ﬂ/ zﬁ A : -n . ’/—z . Substrates by Sugar Beet a-Glucosidase.
P ? 4 P / Reaction mixture containing 0.4 m! of 0.5% substrate
solution, 0.4 ml of 0.1 M sodium acetate buffer {pH 4.5)
. and 0.2m! of enzyme (for (a), 0.01mg; for (b), 0.004mg)
7}7 8)77-/ a - ?.&(M d é 2, P)’e)?yl O’ - solution was incubated at 37°C. At the indicated time
intervals, 0.1 ml of the reaction mixture was pipetted
out for determining the liberated glucose.,
N NS AFS;% ~ ?:’ L'z (2): C—C, nigerose; T—d, maltose; . —, panose;
?ldww 7d 2 A’b A l\ ®—@, kojibiose; o—a, isomaltose; C—0J, turanose;
E—M, sucrose.
~ (b): 2—2, maltose; >—C, phenyl a-maltoside:
[ AY '
y/ ; VAN 1/7: 3 L U L ®—@, p-nitrophenyl a-glucoside; A—a, pheny! a-
’
glucoside; A—a, methy! a-glucoside.

ucreae B meth )J o —?luwm‘a/&



ISITITRAL ARRALY PSR,

31
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FiG.16. Liberation of Glucose and Phenol from
Phenyl-a-maltoside by Sugar Beet «-Glucosidase.
Reaction mixture containing 0.4 m! of 0.5¢; phenyl
a-maltoside solution, 0.4 m! of 0.1 M sodium acetate
buffer (pH4.5) and 0.2ml of enzyme (0.004 mg)
solution was incubated at 37°C.

O/—glacaa‘daae LEzke

aide ¥ IBT L, JXo, HLUE phenyt
X-glucoside ¥ XBF T3 v Rp2L7
W, VBRI St TV AFT R BT
5 PRIOTE P97y~ K52 E AR TR
73’ 3r L Tak Sy, S8
Qucoge % O B apdIvE BHLHVRS
S Y€ -3, ZBEEIT exor
IRAL, O-gucooe 5573 Bebyn

RIS BN L IBhY kB T3 ks, ZIBBWK TR
FBRITI3 K BeVERSE.  Fg. )7 R Bidd 7ons) %, F
K, TBShE $nSno BB Table L, L1 ZHEEN
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Fig. 17. Lineweaver-Burk Plots for Hydrolyses of Various
Substrates. Experimental conditions were the same as in
Fig. 12. A, maltose; B, isomaltose; C, nigerose; D,
kojibiose; E, panose; F, phenyl a-maltoside; G, turancse:

¥, phenyl a-glucoside.

R T3IRARETERIIL, V2817 (hewsz)l) nigernade (131) >
Talige (100) > toomallode (304D ) Feojiliase (s0.7) -, /KM
P13 Tojibease VbR > nigercal (43) > mallaae (100) y Laomal-
Loae (4).3) a2 B3y 2% ¥)>F. L3 ZHBIow st o -
malteae I T EEBRL? XEFSWER . S v i BASH B 52X, mal-
Lowe KEEo Té~4)3% ~FEBL Y | I FFRouR JEELR
Vglucosidase AW ERATRLEIn . LI, YN EIT 20% (mad-
Tove aVULEBR L7 ) ~ 6.3% (maltose o VK zttéz}u?)ljb RP2f-p -2
20T 0.7~ N) %34:) TNRI~2 213 )0~ )3 %Mf) JIX(A) )3 2.8%
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(0.7 % BBIER 20 maktoae Vo ti'ﬁz?)f:b )39k ¥Py I 293 0%,
T7 293 35% , T-2 213 $.3% (WML 0.9%TEETEE 20 EEEE)® 20
»%. SA &SI, Mo IR a-glucasidase v EEBRLT,  saomal-
Zase 12 L2 B oKBRRAETISLAN , FE R YPRXEFHE
-t EFI M

Jaomalloae < B ARB T3S m s , womalilobicase (153 )
raomildlolerocse (164), iswmallopentosee (IG¢) Ki®

Table 4. Kinetic Parameters of Sugar Beet Acid a-Glucosidase

on Varicus Substrates

Substrate Kma) Vb) koc) ko/Kmd)

Maltose 20 (6.8) 17.7 (100 ) 149 7.5( 100 )
Maltotriose 3.7 16.1 ( 91.0) 136 36.8( 491 )
Maltotetraose 2.3 16.1 ( 91.0) 136 59.1( 788 )
Maltopentaose 0.64 16.1 ( 91.0) 136 213 (2840 )
Maltohexaose 0.42 16.1 ( 91.0) 136 324 (4320 )
Maltoheptaose 0.32 14.2 ( 80.2) 120 375 (5000 )
Maltooctaose 0.23 10.1 ( 57.1) 85.1 370 (4930 )
Maltodextrin (Gr3) 0.36 13.3 ( 75.1) 112 311 (4150 )
Maltodextrin (Gi3) 0.26 12.9 ( 72.9) 109 419 (5590 )
Kojibiose 1.3 1.9 ( 10.7) 16.0 12.3( 164 )
Nigerose 17 23.1 (131 ) 195 11.5( 153 )
Isomaltose 11 4.0 ( 22.6) 33.7 3.1( 41.3)
Isomaltotriose 12 2.0 ( 11.3) 16.9 1.4( 18.7)
Isomaltotetraose 12 2.6 (14.5) 21.9  1.8( 24.0)
Isomaltopentaose 10 1.8 ( 10.2) 15.2 1.5( 20.0)
Isomaltohexaose 10 1.7 ( 9.6) 14.3 1.4( 18.7)
Turanose 10 0.61( 3.4) 5.1 0.5¢ 6.7)
Panose 8.0 9.7 ( 54.8) 81.7 10.2( 136 )
Phenyl a-glucoside 1.7 0.64( 3.6) 5.4 3.2( 42.7)
Phenyl a-maltoside 4.1 9.9 ( 55.9) 83.4 20.3( 271 )
Soluble starch 0.27( 1.9) 21.3 (120 ) 179 663 (8840 )
Shellfish glycogen 6.0 (10 ) 6.4 ( 36.2) 53.9 9.0( 120 )
Amylopectin 0.21( 1.0) 2.4 (13.6) 20.0 96.2(1883 )
B-Limit dextrin 7.3 (10 ) 1.7 ( 9.6) 14.3 2.0( 26.7)

a) mM and mg/ml in parentheses.

b) mg of glucose liberated from non-reducing terminal/mg of protein
/min. The values in parentheses indicate the relative V.

c} sec

d) sec_l~mM—l. The relative values were indicated in parentheses.
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FiG.19. Lineweaver-Burk Plots for Hydrotysis of
Isomalto-oligosaccharides.

Fic. 18. Progresses of Hydrolytic Actions on lso-

malto-oligosaccharides by Sugar Beet u-Glucosidase. Experiments were carried out under the same con-

Experiments were carried out under the same con ditions as shown in Fig. 12
per ‘ A, IG2: B, 1G3: C, IG4: D, 1G5: E. 1G6.

ditions as given in the legend for Fig. 12. ) . § - "
a3, G2; A—on 1G2 — 1G3: e—e, 1G4: % pg of glucose from non-reducing terminal
-2, 1G5; o—e, 1G6.
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Fig. 20. Chromatography of Concord Pole Acid a-Glucosidase Fraction number (8 mi/frac.)
on CM-cellulose Column (1st). Enzyme solution, 3230 ml;

Fig. 21. Gel Filtration of Concord Pole Acid
a~Glucosidase on Bio-Gel P-150 Column (1st).
Enzyme solution, 15 ml; column size, 3.6 x 80 cm;
equilibration and elution, 0.01 M sodium acetate
buffer (pH 5.6); flow rate, 20 ml/hr. —o—,
absorbance at 280 nm; —e— , maltase activity.,

column size, 4.6 x 69 cm; equilibration and elution, 0.01M
sodium acetate buffer (pH 5.6); flow rate, 100 ml/hr.

—o— , absorbance at 280 nm; —e— , maltase activity; -..-.,
concentration of NaCl.
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v Hl
35‘ Cm ) -DB% &)2 Na ('[ t Fig. 22, Chromatography of Concord Pole Acid a-Glucosidase
on CM-cellulose Column (2nd). Enzyme solution, 100 ml:;
N column size, 2.7 x 34 cm; equilibration and elution, 0.0l M
\\? }%‘ﬁ LE (P?- 9\7 ) ° sodium acetate buffer (pH 5.6);' flow rate, 50 ml/hr. —o—,
absorbance at 280 nm; —e—, maltase activity; ----- , concent-

IFSMESEMED nbme U
(Jraction. No.30~No. 113) & IDS TSN ) EFInT, {9 4ms 37,5%:
HELE.

6. FAEATNTIMLT F BRKEY TI54 (1% )0 em)
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Maltase activity (U/m1)

Absorbance at 280 nm

Fig. 23, Gel Filtration of Concord Pole Acid

" > AY P/ e piiy -G i - -
/) lT"L ﬁlg)t 1T > 7"\ o a-Glucosidase on Bio-Gel P-150 Column (2nd).

Enzyme solution, 0.1 ml; column size, 0.8 x
12 cm; equilibration and elution, 0.1 M sodium

Fa a3 i 54 (HIRHR LT e s
5B ) 1 5AWY o

activity.
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Table 5. Summary of Purification Procedure for Concord Pole
Acid a-Glucosidase

Total Total Specific s es .
Procerure protein activity activity Purification Recovery

(mg) (units) (units/mg) (-fold) (%)
Crude extract 590,000a) 4,150 0.007 1 100
(NH,) 280, (70% satn.) 435,000a) 3,800  0.01 1.4 91.6
CM-cellulose (1lst) 500 2,300 4.6 657 55.4
Bio-Gel P-150 (lst) 124 1,600 12.9 1843 38.6
CM-cellulose (2nd) 34 1,000 29.4 4200 24.1
Preparative disc gel _ _ _

electrophoresis 600 14.5

Bio-Gel P-150 (2nd) 10.4 570 54.8 7829 13.7

1%
lem
280 nm was 10, and the others were calculated on the basis of

the result that El%
1lcm

a) These values were calculated with the assumption that & at

at 280 nm was 14.7.

WEBE R P HonERBIRIR.  SBREAHI BRERELY )2,
Wiy RERR LR,

BIFREE R w3 DREE, AT, i, FHRE bl
T Tobled RTRLE.  GBEERA FERD) E 23005, B.9% alR
R B nK, |

8. YRR3R o FLB =+
TRVRIE e Ry, pHLo g < Start
RINIT3 RN T 2L pe N BR SK -
BrE g7 RFLE. Fyay
RRLESSK, B-novsan
Lo 355 1T, HEjEary-
Aox LIEZHE.  FK, SPS-  ris 2. rolyacrylamide Disc Gel
BE kB Sh < 17t AFRN ole 20a1 oClaceeianme,
ﬁ?ﬁ)‘m Bk,
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Fig. 25. Estimation of Molecular Weight of Concord

4\ % d‘ ?ﬂ(w‘da‘de 7] /%“;-% )j Pole Acid a-Glucosidase. 1, bovine serum albumin

dimer (M.W., 13.6 x 10*); 2, phosphorylase b monomer
(M.W., 9.6 x 10%); 3, this enzyme (M.W., 8.8 x 10%);

33,000 VBRI MTC. Il e e e s
SEBE P35 N2 Bra B
etE s, FEEENBEMA 233 v R LE.

2. BfipH o pHEK T8 pH o MeIbvaine {BIET
Ry T EE: 37, SHIE,
mallose <IRMITK . Fyg.2

Molecular weight x 107

100 (]

IRORLR ISR, phikd 3 IR
BAREFLR. -3, BEESR
¥ A7R pHa Brilton - Kebingon
RRETRY | Yec o 00850 # IO

Fig. 26. pH~activity and -stability Curves of Concord

T 7 Pole Acid a-Glucosidase. PH-activity curve
LR He8, 39°%C

. J P 2 ; (—e—); reaction mixture containing 0.4 ml of 0.025%

maltose, 0.5 ml of MacIlvaine buffer and 0.1 ml enzyme

Y (0.2 ug) was incubated at various pHs, 37°C for S min.
%\)E) mﬂjbtoc ’\ J‘P}ﬂ‘? Zt y) & pH-stability curve (—o—); after the mixture of 0.02
ml of enzyme (0.6 pg) and 0.1 ml of Britton-Robinson
< ~ buffer at various pHs had been kept at 4°C for 20 hr,
)T}?Z/}% E 75')% L ? ‘?ﬁdi; 0.2 ml of 0.5% maltose and 0.18 ml of 0.4M sodium acetate
‘ buffer(pH 4.8) were added, and the reaction mixture was
> . incubated at 37°C for S min.
Bx k. F9.24I), F
BA513 pr3d mnlL 900 %E

M e B3y 2% BAS 2  1L Te

Relative activity (%)
"
(=]
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pH43 o BREZIBET T W 2- i
30 TInL 90°C o BB 2, 14
b, BREMBBLES
FEE & WEFOR % TR 1<,
Ve x EDM malfose APAL il ©
Jr, FEBAMERE LK. e the e o e 03 3

and 0.2 ml of 0.4M sodium acetate buffer (pH 4.8)
was kept at various temperateures for 15 min,

7;‘3_ J7 r\' /-7: Lk J5 ): p) 50°C . 0.2 ml of 0.5% maltose was added, and the reaction

FraBEed), 97 213 |
BAKSEAL S &Sy ‘53‘2‘%7:.

g
T

Residual activity (%)

I EEsEE

[. RILMNT YT KB T TE4RR b, 63, G4 ,6¢, &3,
G7. 63 HIV &3 o BTRILNT)IIB A TIIRRA T I/~
Yeo BFRFRZ v TRRIT LT , 3T, —RARVER Rtto.ea)
FAFF =, KiF o fF05Y 0% w

f=.

= s

BIktoon 59 98 ¢85, : -
§ '

Sod S IIBEFIF RN ? a

3, BAE AT FE 3 P e

1 2 3 6 24

. Reaction time (hr)
% ? A '\- 7)( E#} ‘}4 6 }t@m 7"‘ Fig. 28, Progresses of Hydrolytic Actions on Malto-

oligosaccharides by Concord Pole Acid a-Glucosidase. .

~ Reaction mixture containing 0.5 ml ofi 0.4%
ngr‘) Shlk, L»L, RY substrate | 0.4 ml of 0.4M sodium acetate buffer
(pH 4.8) and 0.1 ml of enzyme (0.9 pg) was incubated
S ~ at 37°C. At the indicated time intervals, 0.1 ml of
2 )%g y o4 )‘( “% Fd % > 7 & ) N the reaction mixture was pipetted out for determining

the liberated glucose. ©,G:; @+, Gs; O, Go 3 a4,
Gs:; A4, Ge; m, G1; o, Ges @, Gp.

ALSKK %% 31T my)mewm
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{mg.glu.liberated from non-
reducing terminal/mg-pro./min)?

/v,

(]
0.5 1.0 1.5 2.0 0 0.5 1.0 1.5 2.0

Ve, ()"
Fig. 29. Lineweaver-Burk Plots for Hydrolyses of Maltooligosaccharides
by Concord Pole Acid a-Glucosidase. Reaction mixture conta-

ining 0.5 ml of substrate at various concentrations, 0.4 ml of 0.4M
sodium acetate buffer (pH 4.8) and 0.1 ml of enzyme(for G2 and G,, 0.09
ng; for the others, 0.19 pg) was incubated at 37°C.

EERT IS 113, BE» IRAT3¥p BB 238, MWE oy
BT & 0 PLISFEA o P LTI cy s, BYY HEBE
vt BY 27 v, BARTREBEn 3 FER S2-y—5 0T 3¥
BI3emE 3L,

Fg. 717 7 W EE v EER B E roo s, Bk
TIREX T3 FRAS-7-FBELE. Kmit & (0hgmm), &
(o-bomm),  Gu(o.33mm), &&(/./émn), Ed (r8mr) , G( 13N
mr), &3 (r8Jmm) HIV GE(238mrm) T+BI), mwM 13 2N
7, R W ERLR. =3, Vi maltese 7 13.4mg of
?Laaoe Litenated prom non-Neducing terminad /mg op paotein /min 2
B, SalBrooov )k BIIFE IV IBER Go19), 649,
G 3y, G4n9), Gyn4), §8Gas) HIw GBOuY) IFH>FK. %;2)
BRBER 20 FB1 molfooe Iyt GeIAE a T3l o X3, Bx,
IERARE < %v?i? boJkm o tBe oo s FEBRINB ISR 63 2FRAYIY),
Ko 64, Ga, 6,64, 69,63, 67 ~WBIRKEFINI TynX ¥)-E.
SIRIFINE BEEANTS-, TbE, Km IV, VInhiB
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2 5By v Tabled kITELLE.

2. %¥BXE %145 /RM aoluble stsrch.,  amylose ,
amydopectin,  p-dimit dextnn, hellfich glyeogen, pultutin %
I o dextran o BTk - glucan RITIBHEME IR, BEE
B amghmt (0.9%) , ph48, 37°C adkl$ T2 BAEEIRAITE BooX
BHFOHUAE Fg00 KR LR, makboe RBEVIZ Hulk.
AFAF R B0, qoluble atarch wx O-glucan o ¥ 23 TRLE A
BFInk %, maltose

-
Q
o

. eMaltose

VXY Yo HREEH .

13 KRB Yy 2 ig L 'r°s°‘“"" stareh
bR VB G| R
13 g0 KAEER A ——

Reaction time (hr)
Fig. 30. Progresses of Hydrolytic Actions on Various a-Glucans

Ao }uw da )7 Pl h > A m/. by Concord Pole Acid a~-gLucosidase. Experiments were
carried out under the same conditions as shown in Fig. 28, except
that 0.1 ml of enzyme contained 4.5 pg of protein.

dose > B-limit dext-

Jnn D> am)j/opedv‘n >

O X
gl«/w?en & i) H1), 8%
§ § Soluble
: E 0.2 starch
pulladon v dexinan i< i3
2
)T 130 Lp JRAE RS R i
B[~ 7T
7J v\ > 7.: ° é ) 0 L
0.1 . 0.2
Ve, (mg/ml)”
Ao-wﬁ/ € ,d,l‘él/ch) rig. 31. Lineweaver-Burk Plots for Hydrolysis of Soluble

starch by Concord Pole Acid a-Glucosidase.
Experiments were carried out under the same conditions as

O) 0"’ 7“”—: 2/)\“ )%%/%17} shown in Fig. 29, except that 0.1 ml of enzyme was contained

ﬁfr‘%}f‘; z ﬁb? 1<
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T1°genode , Feojitiase,

phengl o- malloscide _
Teord EEBeby KA 2
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M % <, pancge, ®
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phenyd a-?éxwm‘de )
Reaction time (hr) )
Fig. 32, Progresses of Hydrolytic Actions on Various
ﬁ&mﬂmﬂ e ) M' Substrates by Concord Pole acid a-Glucosidase..
Experimental conditions were the same as in Fig. 28.
—o0—, maltose; —e-—, nigerose; —a— , phenyl a-
0ae- IX }?73 J?)ﬁ ':’ maltoside; —e—, kojibiose; —0—, panose; --e--,

phenyl a-glucoside; --e--, isomaltose; --o0--, turanose;
-—x—, sucrose.

35¢, aucrose <13

JFYL e FRIFE T IN

W\ > 7'= o é:go.a » 8
g: Isomaltose
a0.6 6 |
ARG TRy 3
§~Eo.4 ‘4 Pheny? a-glucoside
REPTR® IS, =M 23
e §§ o2 Phenyl a-maltosid 2 Panose
SBRE oz EE.  H
= 0 1 1 0 ! 1
3 1 2 3 4 0.5 1.0
SR-=y= % 7)23’57-? . Vs, (m)°!
Fig. 33. Lineweaver-Burk Plots for Hydrolyses of Various Substrates by

Concord Pole Acid a-Glucosidase Experiments were carried

L] -— . -
F?' 33 ’\ Lnewea Ve,. out under the same conditions as shown in Fig. 29, except that 0.1 ml of
enzyme contained 0.19 ng for kojibiose, phenyl a-maltoside and panose,

Bunte o 7oy NE oL 1% for nascone, 0.90 g tox sromasone, and 0.6 o for pnys o
K. Zh ¥ o

Km, Vit Table 6 < Fep k. 23 ZKEFI <R LT, vV
(&3 )7 k») o Bt B g 7igerroge (109) > mallooe (100) >
&ojyitiooe (3)7) > Lsomalloge (3.9) » WBIR, FF, Po)Km
A ttB oo maltooe oo) > 71igenvoe (827]) > Foyibiiar
($28) > ssomalloae 0.8) & WEIR KB 3433y mX BHSH» R TI>
K. pancee I malloae o 8.7~ 370 %, /—Dben),l o-
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Table 6. Kinetic Parameters of Concord Pole Acid

a-Glucosidase on Various Substrates

Substrate Kma) Vb) koc) ko/Kmd)

Maltose 0.72(0.25) 12.6(100 ) 103 143 (100 )
Maltotriose 0.60 15.0(119 ) 122 203 (142 )
Maltotetraose 0.83 15.0(119 ) 122 147 (103 )
Maltopentaose 1.12 15.6(124 ) 127 113 ( 79.0)
Maltohexaose 1.28 15.0(119 ) 122 95.3( 66.6)
Maltoheptaose 1.33 14.3(114 ) 177 88.0( 61.5)
Maltooctaose 1.67 15.1(220 ) 128 73.7( 51.5)
Maltodextrin (Gun) 2.38 16.0(127 ) 130 54.6( 38.2)
Kojibiose 0.46 4.0( 31.7) 32.6 70.9( 49.6)
Nigerose 1.25 13.7(109 ) 112 89.6( 62.7)
Isomaltose 4.26 0.4( 3.2) 3.3 0.8( 0.6)
Panose 2.90 3.4( 27.0) 27.7 9.6( 6.7)
Phenyl a~glucoside 3.]3 1.0¢( 7.9) 8.1 2.6( 1.8)
Phenyl a-maltoside 0.76 11.9( 94.4) 97.0 128 ( 89.5)
Soluble starch 1.18(8.3 ) 12.1( 96.0) 98.6 83.6( 58.5)

a) mM, (mg/ml).
b) mg of glucose liberated from non-reducing terminal/mg of

protein/min. (Relative value).
) secl.
-1 -1

d) sec "emM . (Relative value).

glucaside 13 13~09% ,  phenyl o matfnaide B 304~944 % o Br
BIRe KEFIRAEZ T3 ek ¥ LE.

FEERIRA BRI, pheny) 0-maltoaide =50 BT ST
T3sundyMRE 233, BaERY ., »2902br3 - 1L ~h),
IRFIRART? | 0glucose ¥ phenyd o-glucoside s FRIIBE
T35 FEEFZOMEK. -7, exo ™ IRAT3 T Lok FEE%
3%, AP e}, maltotricoe 2B v vR Bkt BB

éiig’;? U/! ;& o

BoB B i
I. VW ox BG83 (aBXTE s~3 BETER) &) BEEHE), M-
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madoae % 0.bn3¥% o BB EKEFIMI v T BBV <

BHSARLE.
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B FEBE YRR LIEK, SoFXtEtFRr. RN
IMZng, A I %@l:$-777§§n»&’}‘§%w?n5wij, DS
LAY 31 u%z)'?” P T u%é)'f'" S M AT ue')o'f” /7707,'”)
98)"),  BYRRTIE o) E) Fo T MY 7 -
(/774',’7) /77&’,’8) /?77'”)), E }%‘lzﬁx (/73:)/”) 7L o @Zfi *H5,
NI m o BEVE o-glucosidade i EBIF, BB o 91):/,0?.911
RIRFI LIZ3TveBorx , Fero BB 873, 1%L HBH
HRITIITITHINTI v, |

RE 213, BITRCEBER va btER cBv 72, 3R, TS
ng}é@]wr: 33 Hype-3 o(—?juwm‘dada o ?Juwam//awe o BB] oL
*y, DE B4 BEAE O-glucosidade o IRESSEAE L BB Kk 73
Sveard Kn):je‘--fe%s Lo u%i, 5 BTN I ?f‘@’ji"iéﬁ# EN
Bavv LR, Fi7ad3135, Bomakiskrs BRIIFE
SHIdex |, RE e SR IIIS R, SERER Yo BBAL TN
LHEMT SHI IP? TP,
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%ot RERIVH Bav ¥k
| RSV R RoraROT B LK CTRIBALL
NREALR.  BR1e, BsriBA L ATEER Y, EHB I K
RLTs, | |

2. BV majfbpcnfaue , dexwn,  ethylenediamine-
Thaacelic acid -Naz (EDTA) , pben;//ﬂefﬁ):/,w/]m)! Jluonide (PHSF)
BV polyettylene ghycot CFHILE) ,  maltotriose TR,
mallolibraade , mollohexaase IsI v molloheptnose (BERE),
Y~ methylumbelifenyl -glucoside (Sigma) 1387 TEkEn 5% .
Yolto HRENI F2B 2378 v A5 5,

3. BREIEMERIEE BARIEN T 089 maltoae (F
L3 AEeIJ],JA?; ngen) o.9ml, o)nTRBRFETET T (phib) Fte
1T 0 )0 OEERRIETR (p1de3) o.9ml , WERSR 0.)md w57 SEA
k¥, 90 2 INIOANE R 1 | ii%&'?i»?juwae ¥ Gducoae
AR-Teat (X MEB) EFWTE Thia-glucoge oxidase - penoxidage S 9%
1< &) SR LR T )ABR ) pmod & malivse & oG F3 B
maltage ) BEy , )AIE< glycogen 73 ) umol o g/aoade THEET
3By ;luwo\m)//aoe Shita ) Biu v %% LK. R BY E
IR, gducoamylase 13 O/-gjuca/u‘a’zwe )2 )i/?']j@a Ez%?'}s 29X,
Y~glucoaidade o SBREY¥ P03-ro Qra SEKERRH I3, B,
"glucoamylase AR TeRFITN,  ¥aSEAEIT "glucoamylade ot
LERIM T2,

4. BEH0EE  HBRBEs o2 Bonr BER,
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B at 280 = 9, ERN? PAB YR R LK.

5. ThRVBL KE TENPINILP N BRLIKED 13 Opnctein
w%‘iﬁ‘m’ I< 5—#1)‘ T=. 282 RNT I ILTEN L (0.5« Tem 754
AN, Tnia-glycine FRBTIRFR (P13.3) T, 3mh)tute o B F,
e K7 I0ATRee B BT Loomadsie Brjiont Blee
G-28p EHwIT- Ko

B TV TIIT N B KE 13 BABY 17 Reiageld S o3
JB” Bk, REDTOTIVLTER ol o TIA UxSem) 1F
9, Fveotho ryey ¥Rt BF (0.8me, BEEFISmg) ¥
7\53@ L, %%%'?a ’&E (lange Scale Divc Gelt E}echa/pha/mow p
%ﬂﬁ?ﬁé\) THW?, B-olanine - BRERFE BT 57 (pHY$) VP,
)3 mA Jtube » FEBSTE ,  oe 0 3BIE] 1T K.

HIEBRE o R 2 SDS - FOPINLT FBESKBH 1T Weben v
Qaborn o 53875 PEoE. o )% SDS = 28U KN T INILPENITIL
0.)% SDS 5. ) N EETMDARRETR (pn22)F, I (okx 10em)
$98md o BT -, 7¢, $BIBT-R. BENLN 13 Loomassie
Brdiant Blue &-obp +FBLE.

6. IFET K2MITE A RIE %282 32 Lx 3k
31, aoluble starch ahelljiah gbycogen ,  amylopectin JQ’ 23
p-iimit dextrin o BIFBAKM glicose SEBE, somyme ER
KR T J4Imm,  £99mn,  @3mm Bdoe Tkmn LR LE.
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T30 RBRAERLroRE
I. ¥R

. I &) TIRTFAB LK S FEIEL, ZnnEDTA B o6
o.9mm PMSF ¥ ST ETZBYRIBK 2 19 R mIRILE1S, amh
EDTA ¥ 0. dmr PHSFAE 0.0 )0 )y BE$BIET SR (pHb8) 1541
Polytnon (Kinematica) EHWw? REFHAZ LR, 83 (9oc) 2 —~BE.
IREI., INHL v+ pH4 ) v L, FiAHEE (3,500x9, 15H) RIY)
EBEIFR.  INNaOH @ pHa3 SRR L, FEI BB v L7
1o BEE <KL,

2. WngsE R 85K < WFVARGER DL, 33~
30 % B2 Byhr o SURE Y BLABR 1) BE.  sobn Nad 28T
0.0 217 NIERRETETSR (phb3) 15 EFTE, NRER L, 245
MEM LK.  ZURTRETBUARRZREIR,  popettylene
olycol SAVURFELR. EMETV S BAE LIEAEER
YL, ZHMEMLE.
| 3. DEAE~Sephawoae 71549087715 78 — 35:317‘%'5\/
FIE VARRETR  FETICLE DEAE-Sephancae o 752 (2.6 x
gbeam) R BLE. VRIRETETSRe o TAr 75 A RIE, BRAELE
BB ¥ Nact BXRIER QB7ss KN SBRLE. $roNvy-%
Fg. 341K NLE.  JFPRRFPISIT pHys & B SBALE TR T
maltase %, BRFEED 1S3 pHAS = By SEAE BT B E o BIAMX
Besulk.  —F, gluccamylage SN (glyeogen TR L,
glucose EABET3 SBI) 12 IFIBEEP < ¢ FLds M.
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IS

Enzyme activity ‘el

~

Absorbance at 280 nm

Concn. of Nafl (M

Fraction No. '20ml/fraction)

Fi6.34.  Chromatography of Pig Liver x-Glucosiduases on a DEAE-Sepharose Columa

The enzyme solution (600 ml. 22.3 ¢ of protein) was applied to a column (2.6 x 25cm) of DEAE-Sepharose
equilibrated with 0.02 M sodium phosphate buffer containing 0.05m NaCl (pH 6.8). After removal of the non-
adsorptive components, clution was carried out with u linear gradient of NaCl in the same buffer at a flow rate

of 40ml. hr.
- --. absorbance at 280nm; - O—. maltase activity (pH 4.5): ---A---. maltase activity (pH 6.8). ~ @
glucoamylase activity (pH 4.5); --- & <. glucoamylase activity (pH 6.8): - -- - - . concn. of NaCl.

Absorbance ot 280 nm

Fnzyme activity (tt/m]y

S0 100 150 200 250

Fraction No. (20 mi/fraction)

Fi16.35. Gel Filtration of Pig Liver Acid x-Glucosidase on a Sephadex G-100 Column.

The enzyme sofution (200 ml. 30.2g of protein) was applied to a column (4.6 x 68 cm) of Sephadex G-100
equilibrated with 0.002 M sodium phosphate butfer (pH 6.8). and elution was carried out with the same buffer
at a flow rate of 20 mi/hr.

——. absorbance at 280nm: -- O—. maltase activity (pH 4.5); —@—. glucoamylase activity (pH 4.5).

JEORELED T BEAE O-glucosidase o By, TRIGEDE A% V-glucosidrse.
E)Av FIRTLE. |
4. Sephadex &-100 77467703+ 95 74— BEA o-

glucosidase B2 ( Fg. 3% o Praction No.b~No.48) ¥ 200md 323K
FEL, Sephadex §-100 o 79 (44558 om) v, SO IS~
395K, IBRIRRI 00020 )2 B%FERTR (pns.3) FIRAL
. F‘?,skltfle,ﬁj‘v 1<, ElBYo Eﬁ%é'gm AN AVEY)
By Bronr.  HANBRRRIT, 735618 q 148 Ko
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PEEFDBYELE. Sppkiik. BN O-glucosidase - a3
Shdh Toflo FIE fi&m’ /90) I, FHMvvEEEvaEioN <
35 v Bopgnd, SBAL E)A) | frachn No.90 ~ No.330) 13 2omt 38
L.

TR BB S ks glycencl v SRALE IS B
KB 1B, LI 0. 2 BREBARIBTR (phed) 288 L: 4-
mettylumbetljenl O-glucoside BEWE.  O-glucosidase 13
So B R IRHL, Wit a L-methylumbeldiJerone & TR T3 %A
UV-5>7% (3850 4) BB BT &) %o B BEILTITvo% 235, 3F
AMERTE N0 UL E IR, FB1R, oookm ) BEFRBTR
(pHIDRIFTTHR L, BIEREIb A )BYRLE.

6. DEAE-Sephanoae 7154707 M7'574— WhEEE:
s.005 1 NERFRATR (P 2D ”IIL BT, ALRESR 2 315t
TR DEAL-Sepharcoe ¥ Hn T, BE, T RIE 2L 157- 84551
PR% BAE)T 2~ 0020 Nacs *BELE.  moalace v Glucoamylase. o
RIEEMIT 2Rk S LIL 35, 7%,
1E0 ) e E DA 1 ),

7. Bio-Gel P-150 75 690

20

at 280 nm

0.5

o

Enzyme activity {(U/ml)

Absorbance

YA 74 - 0.0)1 1)>BAFE
o |
— Ibe— .
?ET?& (PHA\Z) Z' %@TJZ {ttk B’ﬂ- fraction No. {1 ml/frac.)
F1G.36. Gel Filtration of Pig Liver Acid 2-Glucosidase
) . 2= n a Bio-Gel P-150 Column (2nd).
&'ﬁ.ﬂ P’/‘é—ﬁ E }ﬂ n 7 b-‘ )L /&& E fT 2 'c;'he en:;me solution (1 ml. 4mg of protein) was applied 1o

a column (1 x 78cm) of Bio-Gel P-150 equilibrated with
0.0! M sodium phosphate buffer (pH 6.8). and elution was

Reo NIRRT EpRLT QEAT it e s i 4B i of i
>k, ZEB a%#{byu /hi\

4.5).  @—. glucoamylase activity (pH 4.5).
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TasLE 7. SUMMARY OF PURIFICATION PROCEDURE FOR PIG LIVER ACID 2-GLUCOSIDASE

Total Total activity (units) Specific activity (units/mg)
Procedure protein
(mg) Maltase  Glucoamylase Maltase  Glucoamylase

Maltase;
Glucoamylase

Crude extract £9,000° 4.400 1.190 0.05 0.01 37

Ammonium sulfate
(33~80°; satn.) 67,0007 3.800 890 0.06 0.0i 43
DEAE-Sepharose (1st) 30.200° 2,600 520 0.09 0.02 5.0
Sephadex G-100 390" 2,340 490 6.0 1.3 48
Preparative disc s 1.740 440 152 38 40
electrophoresis
DEAE-Sepharose (2nd) 59° 1,250 320 21.2 5.4 3.9
Bio-Gel P-150 (Ist) 38 956 245 252 6.4 3.9
Bio-Gel P-150 (2nd) 21.9% 777 200 35.5 9.1 39

¢ These values were calculated with the assumption that £1% at 280 am was 10.
* These values were calculated on the basis of the fact that £1%_ at 280 nm was 14.9.

)¥y->E F.38 RRLE. NS HE SEM B II KRB e LT
M0 EER < IBHLE,

BIFRBTE s Ls B, DTN, MM LIt malbaey
glycogen KB o SEAELL ¥ Table V1 LR, 7y AFHEERAE
O-glucosidlase 13 LIS KR 78 Vo dh, 129% 2 3F (1nFmi
matace SoAE S THE) T RFBINR. makoe KBRY glycogen
XEFoBSErt 13 SFR - PP ERPE 1) —FEV I3 suns, BAB
KEGITHNT ) o BR Ry v IBESWE.

8. Y FHRIEFnsLE FEREEET F9 g7 RTLE
I35, FurHI L BE KB EY
<, &‘ 7d :@3?7%50 H#3 I % | (=)
PEZZ ST, )RR FEER,
AYEBER 0 SDS-FNTI9ILT
SNBRIKBI L b7 2 BETROM

» € Start

(+)
E > ‘ 16,37 Polvacrylamide Dise Gel Electrophoresis of
Purified Pig Liver Acid 2-Glucosidase
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. A3E SDS- XNy
wps© B ﬁi*@’]ﬁwn IJI-VRPE LK.
BEEAT vz, A3BEDa Y
PR RALR.  Fig.38 %35
I, REAE a3 BE Jo0,000 VIR
ELE.  Bio-Gel P10 5§ E Y
BB o BrinErs, FEER
NEBB BRI Lo HELE .
NEFSUR IR SRR s
102,000"" S, ) HFI o Y ,ooo,’”)
EMAFHB o 95, 000" 110,000757
ENBREE & 97, 000" 1< 3T 1B 7 B
>ke

2. ERpH Ha 1 pH BB
RBEE o mallose v ?A/co gen » 70
RAOEF R B 5137 pHoR B 1 3R]
F9.37 1k EVLREEIF T
o BIRA R XFT3 BBPHR, T
ML wbeB-k, =3 k%
BB pH o RERTRY 2, 5°C, 20

'k

Wk AR5 IR, FESEALTRVELY REALE SHI~ T,
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Molecular wetont x 10°°

6.7 0.5 8.6 0.8 1.0
Relative mobility to BPB

FiG.38, Estimation of Molecular Weight of Pig Liver
Acid z-Glucosidase by SDS-Electrophoresis.

I. y-globulin (M.W.. 16x10°). 2, BSA dimer (M.W.,
13.6 x 10%); 3, pig liver acid 2-glucosidase; 4. phospho-
rylase b (M.W., 9.6 x 10°); 5. BSA monomer (M.W.. 6.8 x
10*); 6. ovatbumin (M.W.. 4.7 x 16*); 7. myoglobin (M.W..
1.76 x 16*); 8. cytochrome ¢ (M. W.. 1.2 x 10%).

100
80
&0

ug

Relative acttvity (2)

20

¢

oH

F1G.39. bH-Activity and -Stability Curves of Pig Liver
Acid a-Glucosidase.

pH-Activity curve: The reaction mixture containing 200 ul
of 0.5%; maltose (or glycogen), 200 ul of 0.1 M citrate~0.2 M
sodium phosphate buffer and 100 4l of enzyme (for mal-
tase. 1.1 x 10”3 mg; for glucoamylase, 6.8 x 10™*mg) so-
fution was incubated at 37'C for 3 min.

—Q—, maltase activity; —@—, glucoamylase activity.
pH-Stability curve: After the mixture containing 10 a4l of
enzyme (1.1x10"2mg) solution and 90ul of Briton-
Robinson buffer had been kept at 5°C for 20 hr, 200 gl of
0.5% maltose (or glycogen) and 200 of 0.5 sodium
acetate buffer (pH 4.5) were added, and the reaction
mixture was incubated at 37°C for 3 min (maltase) or 10
min (glucoamylase).

-~O—-, maltase activity; - -@- —, glucoamylase activity.

Yops

R, phéoneLsoaZme B2 B3 e SR TToT o
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3. BUZEME pHé. 0
o Britton - Robinoon 3L ETRWY | ey
30 03 PbCo bR 7, A B T
e mIEL, FOEFEINE ol '
VLI AT BT SRIE L. 20

7'-7‘?. L0 < :_\ L= J"?):/ ﬁﬂ‘/\z/}% ¥ Temperature (°)

FiG. 40, Temperature-stability Curves of Pig Liver Acid

Residuol activity (1)

2-Glucosidase.

t ': G.D’c 3 ?“ ?ﬁ/}‘; ”\‘( ﬁ;% ;‘ M, After the mixture containing 10ul of enzyme (2.3x

10"2mg) solution and 90l of Briton-Robinson buffer
(pH 6.0) had been kept at various temperatures for 15 min,

~
N X LR ‘i‘ % 200 pl of 0.5% maltose (or glycogen) and 2004 of 0.5Mm
A bc 'Lx 't ? )3' y A’ z /7 /} E kd sodium acetate buffer (pH 4.5) were added. and the
reaction mixture was incubated at 25°C for 3 min (mal-

tase) or 10 min (glucoamylase).

T: ° rJ lg , ]77A )/DA e l/ ?ywyfn —(O—. maltase activity; —@—, glucoamylase activity.
o XEBFIRH T, B3I
&b 9 M 7 J >7‘ 4 T S o

100

80 |- Maltose

L. EESEM

| . moltvse ¢

60

40 Glycogen

Degree of hydrolysis (%)

20

Ahell]jafv gl):co?en 1< ¥
Z 5 1?% #}Ia ﬁ‘l; 0 1 2 37

Reaction time (hr)

Fig. 41. Progresses of Hydrolytic Actions on Maltose

N e - . : . .
Eg E&\* \J’l b J7 13 , 1@2‘% and Shellfish Glycogen by Pig Liver Acid a-Glucosidase.

The reaction mixture containing 0.4 ml of 0.5% substrate,
0.4 ml of 0.1M sodium acetate buffer(pH 4.5) and 0.2 ml

13 maltoge m#12S T R T ) et T e

» glycogen £t 7oK EF

I3. BErWIIIOF

%, TBYIRREER o SBOXERFAT N ve, 3T, Ao
EEDE < 1T F o K, F‘g.#l 13 BT 2 mynt
YL, phid, 970 » BYESIRF O TR IBA FREE RIE B,

pipetted out for determining the liberated glucose.
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0.6 |-
7.5 F
0 b

0.3 + ¥altose
0.2 -
0.1

o b i L 1

0.1 0.2 03 0.4 0.1 02 03 0.
i, ! s, (mosmpy”!

103/..-

FIG. 42, Lineweaver-Burk Plots for Hydrolyses of Maltose and Glycogen.

The reaction mixture containing 400 ! of substrate at various concentrations. 50 #l of 0.4 M sodium acetate
buffer (pH 4.5) and 50 il of enzyme (0.4 x 10~ mg) solution was incubated at 37°C.
v*: pg of glucose from non-reducing terminal/mg of protein/min.

AT 213 matbae 13 &88mn,  ahedfidh glyeogen o JFREAF XD
glucase 13 13 mm 3, B5E o IRM G35 2 Fd17 maltose o Fax
BYLIERI e SadSN R ghiogen)i maltose o fy Yoo B
2KEFSN, BBz ER90 % o0 AFFEELE.

BORE kRT3 B o moMDERRE Y EIHBTIRMS Fa.43 1)
Xm, VERIELE.  makoge RITTIKnid 47 mm (2.3 mgjmd)
wheljioh alycogen |8 XALIIT 4.0 mm o IFBAFYR glucase (s0mpIns) 7
oK. Vi1 maltoae < BLe 0.2 mg of glucase ror mn-ﬂedaa‘a;
tesminal /iy op prefein/min ,  abeljish glycoger KB LR 1T 8.7 mg of
glucose ) mg of protein Jmin 2F1),  $aIBXTIB 100 V)3 2F5F,
sS40 BB Je BB 173 Loy KBS R Table 5 e Fry 23EH
LR, VIV HIB 00, cooE R B HISENE Bo 13 113 gec
(malfooe) ¥ 80.8 aec™ (glycogen) v M),  Eo)Kim )3 maltoge 7
78\] aec™ i, Abe//](:db glycogen 2 /34 aec™ - mi7 FBI TG,
;E%’Q}%’(E (VB33 ko a ItB) k38017, glhycogen 13 malfpoe o
V3% aBE 2, BRI (ol o R 217 998 %
BE2,  YaleaBHBEE s 3023, 79~79.99 2 BB 0 KB
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YEAERr3I vk BAS S W > K.

2. TIMFYIME I HIIBVREA FEro ol ¥
WILZ, Lineweaver - Burk o 7°Bwk os Km, VERS ,  %ps ~¥G3IRA
¥ R LE, Fig 3 &) BANFIRBET I3 Kt BRLIEY S g5
(malfpse) & 4Tmm R XEL,  Guoxilimm,  Gurx 59mm,  &GEax
Wmtt, Géax g.omm, &ork 6dmm , &5 »% R)my TH>Fe =3,
V 722w L1t ko 13 mallage a8 tpovl, WA FITEANNIE 2EHTY
Go (100) , 63 (BX.8), &4 (34.9), &4(84.3), G4(90.9), &»
(99.8) HL V673 (34 +d>Te. W3, BT IE < EER
Fdox , DIBEY I &7 maltoge v )3)3"):?]77‘5/3 Vdp3vig boatt v
Bo)Km o ztos}f/ﬂ)@) R KEFEZRIZ Cuox B WK,

3. ABIR < TIRA shellgiah ghycogen R9ror %
Ped8 r 312t Yoy RAE TEINE.,  EEv L?,  amylopectin,
doluble atanch , p-demit dextrin, am)/laxm , dexDion Iy
pulluton E AT, malfoae Ik 0 glycogen EXIFR L LT,

10%/u, ug of alucose/ma/min)”'x10%

0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4

Ve, (w0} s, (!

FiG. 43, Lincweaver- Burk Plots for Hydrolyses of Maltooligosaccharides and Phenyl a-Maltoside.

A reaction mixture containing 400 ul of substrate at various concentrations, 50 4l of 0.4 M sodium acetate
buffer (pH 4.5) and 50 4l of enzyme (0.6 x 10~2 mg) solution was incubated at 37°C.

(A): - - - -.G,: —@- . phenyl x-maltoside: —O—. G;: —O—. G,. (B —0— . G;: —O—. G,: - @—. G-
—0—.Gnp. :
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Reaction time (hr)

FiG.44. Progress of Hydrolytic Actions on Maltose and -

Various a-Glucans of Pig Liver Acid a-Glucosidase.

The reaction mixture containing 0.4 m! of 0.5% substrate,
0.4 mi of 0.1 M sodium acetate buffer (pH 4.5) and 0.2 m! of
enzyme (0.023 mg) solution was incubated at 37°C. At the
indicated times, 0.1 ml of the reaction mixture was pipet-
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10%/¢, (va of alucose/ma/min)” " x10°

0.1 0.2 0.3 0.4 0.5

Ve, tmg/mi)”!
F1G.45, Lineweaver-Burk Plots for Hydrolyses of
Soluble Starch, Amylopectin and -Limit dextrin.
Experimental conditions were the same as those given in

the legend to Fig.43.
----, glycogen; —Q—, soluble starch: —O—. amylo-

ted out for determining the lib gl
—@—, maltose; —A—, soluble starch; —Q—, amylo-

pectin; —@—, f-limit dextrin.

pectin, —Q-—, glycogen; —A—, B-limit dextrin;
~-@--, amylose; ——O--, dextran; ——A——, pullulan.

7](&3-@3:%2?%2632 * %QE@Z‘Q 7;‘3. YW 2rdsd, gﬁ/(ﬂjen oW 7353"

| «oluble alarch , amylopectin , ﬁ-jz'm;t dexin oamylode 1Lt a

HYBE L KER T3 L% Do < 7)., Lo L, pu/julan ¥ dextran
RXTLUIT IFLAL ARAE Ry > .

oluble otarnch, amylopectin,  p-Aimik dexBrin < XT3 XEFE
B EEBY R B I3 Reo, Fguboy) BEooSr-5-% kor.
Km 17 ahelljial 9lycogen o b.omp (IFEAF L Qucase SBE) 3L,
odudle AZ"MC/'J‘ *3 NmM,  omylopectn i3 A&my,  p-dmid
dexyin 13 .4mp 1), HIHE g&w?en FVNTWIBE T LE,
—%, V (33093 ko) 1T makpse o IBE joovGiv glycogena T3
RITL,  aoluble atanch 13 43.),  amylopechn 713 34,9, A"
Uimit dextrin 13 39.8 2B5Tee VIR Bo o tEB s BE
BEERIET 217 maltoae croo) > glycogen (113) > woluble

wlanch (43.0 > am)}opea’;‘n (34:9) > B-)imi.t dextmn (32.3) o
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Bz,  BEEE 217 Befkm o et aoduble stwrch
(383> > amylopectin (304) > mallvae (voo) > B-demit dexrin (941) >
Qlycogen (79.3) o WEl 2 KBEIM3ceon ¥)BHLE.,  ZBSEN
SH¥2FEE o B3 otgluvsidnae v JREI SSERIERFET B3 cuax
FEIEIHE,

4. Enfeoo-rLI kiRt B I3 EH T 51FR
7913 Z3E8R o koyibioae , migenadr, iswmalloee , ABEE » p/}ezyl o-
?.lawa‘de, Phenyd o/-méumca/e ki 333 pancae IS X373t P~
K. BN FHBorsa ERoesry-it, rud BB R R03 Fkd
80, pheny) (- matpaide K WLz 13 Fa. b3 &), pheny) a—?/amc‘de %
ponose R BILUT Fg. 740 ¥n¥da Xm, VER®, BiEn Tbe8r
B LE. > 9 RFAB: BEAg Ohglucoside 13 913 D4R r B, BR
HEME IR malnde (o0 > nigenoae (W4 > isomaltvse
(93.0) > Foycbioae 118.0) & WRIRIRAL, —F, IRERER 32

1.6 s 16
g
1.2 —12 A
[ =4
(] I3
~
g
3 o8l s 3
< ° g
-t =
- s
s
0.4 4 4 2
\l ..;
1 t i =1
e 0
01 02 03 04 0.05 0.1 0.5 0.2
-1
s, () Ver !

FiG. 46. Lineweaver-Burk Plots for Hydrolyses of  Fig. 47. Lineweaver-Burk Plots for Hydrolyses of Phenyl

" Kojibiose, Nigerose and Isomaltose. «-Glucoside and Panose.
Experimental conditions were the same as those given in Experimental conditions were the same as those given in
the legend to Fig. 43. the Iegcrid to Fig. 43.
— O~ kojibiose;: —Q—-, nigerose: —@—, isomaltose. —O—. phenyl x-glucoside; — @—. panose.

r* ug of glucose from non-reducing terminal/mg of
protein/min. :
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FRELRISK,  mafotriose 72err3 ;>hény1 malfooe &) (rglucose
»xA§3e, IR, Plreny) o majioaide msa KRR 5% Oglucose
Y pheny) o-glucoaide *H3Tums , IBFREEIR o BRI 0 glecasiddace
LIABFR , OTERIRHIL , Orgliase BT3B BiR ¢33 LEARBLE,

Table 8. Kinetic Parameters of Pig Liver Acid a-~Glucosidase

on Various Substrates

Substrate Kma) Vb) koc) ku/Kmd)
Maltose 6.7( 2.3) 12.2(100 ) 113 16.9(100 )
Maltotriose 4.4 10.1( 82.8) 93.5 21.3(126 )
Maltotetraose 5.9 10.6( 86.9) 98.1 16.6( 98.2)
Maltopentaose 11 10.6( 86.9) 98.1 8.9( 52.7)
Maltohexaose 4.0 ‘11.0( 90.2) 102 25.5(151 )
Maltoheptaose 5.6 11.3( 92.6) 105 18.8(111 )
Maltodextrin (Gp) 7.1 10.5( 86.1) 97.2 13.7( 81.1)
Kojibiose 5.0 2.2( 18.0) 20.4 4.1( 24.3)
Nigerose 20 9.2( 75.4) 85.2 4.3( 25.4)
Isomaltose 100 2.8( 23.0) 25.9 0.3( 1.8)
Panose 27 5.6( 45.9) 51.9 1.9( 11.2)
Phenyl a-glucoside 8.6 1.8( 14.8) 16.7 1.9( 11.2)
Phenyl a-maltoside 4.0 8.2( 67.2) 75.9 19.0(112 )
Soluble starch 1.1( 8.0) 7.7( 63.1) 71.3 64.8(383 )
Shellfish glycogen 6.0(10 ) 8.7( 71.3) 80.6 13.4( 79.3)
Amylopectin 1.2( 5.7) 4.5( 36.9) 41.7 34.8(206 )
B—Limit_dextin 2.4( 3.3) 4.0( 32.8) 37.0 15.4( 91.1)

a) mM, (mg/ml).
b) mg of glucose liberated from non-reducing terminal/mg of

protein/min. (Relative value).
c) sec™t,
-1 -1

d) sec T-mM ", (Relative value).
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Fig. 49. Chromatography of Rabbit Muscle Acid a-Glucosidase
on a CM-TOYOPEARL Column. The enzyme solution (37 ml, 25 mg
- :
(F)?. &7) P DB% E%%m of protein) was applied to a column (1.5 x 13.5 cm) of CM-

TOYOPEARL equilibrated with 0.0lM sodium acetate buffer (pH 5.0).

‘ Aft removal of the non-adsorptiv components, elution was
NA c! N Eﬁ: (i%/E )27@?}\ I~ ) car:‘i'ed out with a lin:ar gza:‘:enteof NZZI r:‘tnsth: sau:: bu:fer‘
at a flow rate of 20 ml/hr. —o— » absorbance at 280 nm; —_——
%i\ o } - 70 maltase activity at pH 4.5; -~--=, concentration of NaCl.
SN AFRLK ., S ATy
)j CM'TD)’DPEARI.E)ﬂ " 7 0.6F Jis
' =
FAE s BERHBE LK 370 % ol i Jol
217 3 2
0B HoK. oz~
0.3 1 Nactd 3B 2B 18 me [ Y 1 VR
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(}‘-/l- ”p' AR’\* Nﬁ- 70) ; }‘%/)’i';E L Fraction number (1 m)/frac.)

Fig. 50. Gel Filtration of Rabbit Muscle Acid a-
. Glucosidase on a TOYOPEARL HW~55 Column. The enzyme
'Z) D zmj 1)_ L E- . solution (0.2 ml, 1.2 mg of protein) was applied to a
column (1 x 38 cm) of TOYOPEARL HW-55 equilibrated
with 0.02M sodium phosphate buffer {pH 6.8), and
6 . TDYDPEARL HW— elution was carried out with the same buffer at a flow
rate of 8 ml/hr. —o0—, absorbance at 280 nm;--g--.,
maltase activity at pH 4.5.

55 774980F 7571 — |
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Table 9. Summary of Purification Procedure for Rabbit Muscle Acid
a-Glucosidase

Total Total Specific s e .
Procedure protein activity activity Purification Recovery
(mg) (units) (U/mg) (-fold) (%)

Crude extract 680,000a) 330 0.0005 1 100

Ammonium sulfate a)

(33-60% satn.) 93,000 230 0.002 4 69.7
Sephadex G-100 291a) 159 0.55 - 1100 48.2
Ammonium sulfate a)

(35-50% satn.) 25 47.2 1.9 3800 14.3
CM-TOYOPEARL 1.2 34.1 28.4 56800 10.3
TOYOPEARL HW-55 0.7 25.1 35.9 71800 7.6

a) These values were calculated with the assumption that Ei%cm at 280 nm

was 10, and the others were calculated on the basis of the fact

1%
that El cmat 280 nm was 11.3.

TOYDPEARL HW-58 754 (1x38 em) ¥ v L IBIBEIT-R.  75n0%
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Fg. $oR FLEke ST BRSHE SERBA (grackion Ne.pp~No. 1% FHH
BiEEEovLy | dAf%s BBR RiR LK.
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0RF ¢ Tmble 9 RLR.  KEBEERIdESRI) 74% a0 %2, w800
W r KBk, Fadmen s 3B 7a I35, Boget Patp, pEAL-
Sepharoae Bl ~celluloae,  cH-sephancae &iv: -cellulose 7
VEFERF LRSS, SEAE(ESR) o WYXR3 0 %IXFN), AEE
FoFER T R 3 F. TSR 30T TOWPEARL v %o 35
HiF o BT, FE BBz LEv 3305,

7. FFHBRAFE RBOEE17-A2 8 KonpmL
VAR 7"‘377@55_}7(?7}'522' B~ T<. Fg.é‘?a/fr}%v\é, £ -
IR0 ¢3S 3RS E . 0AFRW 5 ET, Sos - BEKE
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Fig. §1. Polyacrylamide Disc Gel
Electrophoresis of Purified Rabbit
Muscle Acid a-Glucosidase.
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Fig. S52. Estimation of Molecular Weight of Rabbit Muscle
Acid a-Glucosidase by SDS-Electrophoresis. 1, bovine
sexrum albumin dimer (M.W., 13.6 x 10%); 2, acid a-gluco-
sidase; 3, phosphorylase b (M.W., 9.6 x 10%); 4, bovine
serum albumin monomer (M.W., 6.8 x 10%); S, ovalbumin
(M.W., 4.7 x 10%); 6, trypsin (M.W., 2.3 x 10%); 7, myo-
globin (M.W., 1.76 x 10%).
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Fig. 53. pH-activity and -stability Curves of Rabbit
Muscle Acid a=-Glucosidase. PH-activity curve : The
reaction mixture containing 100 pl of enzyme (0.32 ng),
200 pl of Britton-Robinson buffer and 200 pl of 0.5%
maltose (or glycogen) was f bated at 37°C for 5 min.
‘O, maltose; —e—, glycogen. pH-stability curve :
After the mixture containing 20 pl of enzyme (0.32 pé
for purified enzywe, 25 pg for partially purified enzyme)
and 80 pl of Britton-Robinson buffer had been kept at 5°C
for 20 hr, 200 pl of 0.5M sodium acetate buffer (pH 4.5)
and 200 pl of 0.5% maltose were added, and the reaction
mixture was incubated at 37°C for S5 min. --A--, purified
ENnZYyme; ——d-~, paxtiall_y purified enzyme.
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T R BRI i v thiy, THESAE Lo BRI 2 RS
FAL 0B Dbok B s I, S hSapHIN 2TRR T3 protease o
BB oK. 3 BsuEkRBER | Blmer ox
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W7 IRk BEAE BT mﬁ§ow) VIR B BRPLLI R,
TBr3 %o TBEo o FFE 2 B1), Bl BEE 2237 E R~ s
2%, YoE@h ko213 SRL7 NI, f/JOf'cMc K&E3 orgluco-
aidaas & NEFISEY, ERIE, SEMaBEpMEov By ni.,
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Fig. sq4. Temperature-stability Curves of Rabbit Muscle
Acid a-Glucosidase. After the mixture containing 100
nl of enzyme (0.32 »9) and 200 ul of 0.1M sodium acetate
buffer (pH 4.5) had been kept at various temperature for
15 min, 200 ul of 0.5% maltose (or glycogen) were added,
and the reaction mixture was incubated at 37°C for 5 min.
—O~, maltose; —g._, glycogen.
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Fig. S5. Progresses of Hydrolytic Actions on Maltose and
Shellfish Glycogen of Rabbit Muscle Acid a-Glucosidase.
The reaction mixture containing 0.4 ml of 0.5% substrate,
0.4 ml of 0.1M sodium acetate buffer (pH 4.5) and 0.2 ml
of enzyme (0.0l mg) was incubated at 37°C. At the indicated
times, 0.1 ml of the reaction mixture was pipetted out for
determing the liberated glucose.
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E < Egtt px‘ -ﬁ) Z‘aﬁ Fig. 56. Double Reciplocal Plots for Hydrolyses of Maltose

and Sellfish Glycogen by Rabbit Muscle Acid a~Glucosidase.
t —_ %g‘ The reaction mixture containing 100 Bl of enzyme (0.13 png),
t E 71 g’; ) ~ 100 pl of 0.2M sodium acetate buffer (pH 4.5) and 300 pl of
/ B

substrate was incubated at 37°C.
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Fig. 57. Lineweaver-Burk Plots for Hydrolyses of Maltooligosaccharides
by Rabbit Muscle Acid a-Glucosidase. The experimental conditions were
the same as in Fig. 56.
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Fig. 58, Progresses of Hydrolytic Actions on Various a~Glucans
by Rabbit Muscle Acid .a-Glucosidase. The experimental condi~
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Fig. S9. Linewever-Burk Plots for Hydrolyses of Soluble starch,
Amylopectin and g-Limit dextrin by Rabbit Muscle Acid a-Gluco-
sidase. The experimental conditions were the same as in Fig. 56.
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Fig. 60. Linewever-Burk Plots for Hydrolyses of Rabbit liver

and Oyster Gycogen by Rabbit Muscle Acid a-Glucosidase.
The experimental conditions were the same as in Fig. s5¢.
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Fig. 61.
and Isomaltose by Rabbit Muscle Acid a-Glucosidase.
experimental conditions were the same as in Fig. 56.
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Linewever-Burk Plots for Hydrolyses of Kojibiose

The

Linewever-Burk Plots for Hydrolyses of Nigerose,

Phenyl a-maltoside and Maltotriitol by Rabbit Muscle Acid

a-Glucosidase. The experimental conditions were the

as in Fig. 56.
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Fig. 63. Linewever-Burk Plots for Hydrolyses of
Phenyl a-glucoside and Panose by Rabbit Muscle Acid
a-Glucosidase. The experimental conditions were

the same as in Fig. 56.
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Table 10. Kinetic Parameters of Rabbit Muscle Acid
a-Glucosidase on Various Substrates

Substrate Kma) Vb) koc) ko, xmd)

Maltose 6.3( 2.2) 19.0(100 ) 179 28.4 (100 )
Maltotriose 2.6 14.3( 75.3) 135 51.9(183 )
Maltotetraose 5.9 17.0( 89.5) 161 27.3( 96.1)
Maltopentaose 3.0 8.3( 43.7) 78.4 26.1( 91.9)
Maltohexaose © 5.9 8.3( 43.7) 78.4 13.3( 46.8)
Maltoheptaocse 5.9 8.3( 43.7) 78.4 13.3( 46.8)
Maltooctaose 5.9 8.3( 43.7) 78.4 13.3( 46.8)
Maltodextrin (Gy) 7.7 8.6( 45.3) 81.2 10.5( 37.0)
Maltodextrin (Gri3) 5.6 8.6( 45.3) 81.2 9.1( 32.0)
Kojibiose ' 5.0 2.7( 14.2) 25.5 5.1( 18.0)
Nigerose 16 19.0(100 ) 179 11.2¢( 39.4)
Isomaltose 48 0.5( 2.6) 4.7 0.1( 0.4)
Panose 20 3.2( 16.8) 30.2 1.5( 5.3)
Maltotriitol 3.3 14.3( 75.3) 135 40.9(144 )
Phenyl a-glucoside 11 1.1( 5.8) 10.4 0.9( 3.2)
Phenyl a-maltoside 2.5 12.8( 67.4) 121 48.4 (170 )
Soluble starch 1.1( 7.7) 10.3( 54.2) 97.3 8§:5(312 )

Shellfish glycogen 12 (20 ) 12.7( 66.8) 120 10.0( 35.2)
Rabbit liver glycogenl3 (21 ) 1.0( 5.3) 9.4 0.7( 2.5)

Oyster glycogen 2.8( 5.0) 2.9( 15.3) 27.4 9.8( 34.5)
Amylopectin 2.7(13 ) 6.0( 31.6) 56.7 21.0( 73.9)
B-Limit dextrin 6.7( 9.1) 10.3( 54.2) 14.5( 51.1)

a) mM, (mg/ml).
b) mg of glucose liberated from non-reducing terminal/mg of
protein/min. (Relative value).

c) sec .

d) sec lomm™l, (Relative value).
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codice W2~ 8%, phemyd 0 malliside 5% 474 170 % o BEA 25} BE

IHIF3 svox ¥
Tadde 1015 | IR EadSK LI 1T ME FBeaTRE 1 K] J2FB 050 -5-1
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Table 11. Kinetic Features of Single Center- and Two Center Mechanisms
Possibility Linearity
of of Behavior
Classification competition 1/val/s of
between (8/vav) Vv with f
substrates* plot
1) Single center ? f Yes Yes Continuously changes
from V, to V..
/@\ No maximum between
f=0and f=1.
Function of f.
2) Two center
l-a Non- i\ ? No No V="V + Va.
crossing
independent M Independent of f..
l1-b Non- ? li Yes No Vv could be larger
crossing M than any of ¥, and V3.
interactive T Independent of f.
2-a Crossing A\x_'li Yes No V could be larger
independent an any o 1 and V2.
ind d th £V d
Could have a maximum
between f = 0 and
f=1. Function of
f.
2-b Crossing ?\x—% Yes No Same as in the case of
interactive M 2-a.

* p <y + v,y

(AR TITXEE)
(BrATIFAER)
(%’E’ a/%7\%,/7§>

(Ao SERHF)

Vi = %B+7[E#)

Vz P+2 [Et]

(4) + (B

)
(A) - (8]

<

}.

Hozs™ 0 BRI, Yo BENE T L, BHEK
o/ B, FEWEIBEEBFL, Tavbl 115FTL5 Snsnm
TBEILE. 17, Doal-a tINIEDE RN ITHSN,
v o BEE o3 1)k 203 BFINST, IR, o
RIEEIFCVIT 2)7-0, 1-2 EJRS S m 520y B 3
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Fig. 64. Plots of 1/v versus 1/8 for the Mixed Substrates by Sugar Beet
Acid a-Glucosidase. The reaction mixture containing 0.4 ml of the inixed
substrates, 0.4 ml of 0.1M sodium acetate buffer(pH 4.5) and 0.2 ml of
enzyme (0.47 pg) was incubated at 37°C for 5 min. f = maltose/(maltose +
soluble starch).
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18T BB LB w3 s ok FFEF IS, S o BT
‘msz e d 1’ wpdulle Atazz‘cz o 2RKIEE % FoBl o SBAEFDAU T
Fhns ¥ ISEFEIH J320 85,

Wk, SEBARBRERR s Mg BRECERYBPE +EB T LR (
ma)md F3v1 Ao maltac 13 5a I ENFR >, aoluble
atwrch ¥ 188 a RERR&IEHI LR dbelljiah glyeogen 157213,
IHsa —‘)F%x‘.}%‘%};j«wa T SERE v EAL :)« SE K] E
FaL9F FE ALY @l B o 7B hn3 cuE AEIR 1203,
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a. (mgrat)”!

FiG.66- Inhibition of Sugar Beet a-Glucosidase on Hydrolyses of Maltose (A) and Soluble Starch (B) by Tris.
The reaction mixture ining 0.4 m! of sub lution at various ion, 0.4mi of 0.1  sodium
acetate buffer (pH 4.5), 6.1 m! of Tris solution and 0.1 m! of enzyme (4.7 x 10~ mg) solution was incubated at
37°C for Smin.

©. Omm Tris; O, 2mm Tris; O. 8mm Tris.

2. maltose B& v aolutle atonch o KB 1 H&1T3 FAE
Flo¥ % BHERI L7 T, enythnitol,  methyl o-glu-
coacde , ?Juwno - Lactone, Depoabose Lo NaF ¥R LK.

Fig. 4613 Tnia o maltoae LI aolutle slwich maxH8F 1< I
NFTEVDE g~ Vr 7Dl R EA2ED. 2wk, Smm o
Thia 73/751:7: 213 BHs o KEFER ox 5T LK. malivae oX BF 1<
2L, aoluble atoich o KEFERFOIL Tnia T TF 20 BeA % 17 B
SRTG (Omm Tria) o BHBVFIL B3 Teas , FRERI T F5HT
VILESHE. Thi o JAEMIERIT, ki, 173 EEIEE, i<
I3 FERT o Michaelia BEL, Ka, dd e BIFoD a 1%L ATEE, kin,
vo ¥753),

Ka = Km (1 +3/Ki) (3,-8)
S KB3 IV T I, altpae XEEIRIF (maltage ThAE) 13T

LT 25mn,  aoluble atanch XBEIRW (glucoamylase SHHE)
):#TL?).J Z‘Z mM ?\‘é"r_\.o
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TasLe 12. TyPE OF INHIBITION AND Ki FOR MALTASE AND GLUCOAMYLASE ACTIVITIES
OF SUGAR BEET 2-GLUCOSIDASE

Ki (mm)
Inhibitor Type of inhibition

Maltase Glucoamylase

activity activity
Tris ' competitive 2.5 2.2
Erythritol competitive 10.2 8.0
Methy! a-glucoside competitive 4.7 9.9
Glucono-é-lactone competitive 0.43 0.48

Tria @ 8RS LT eaytinibol methyl 0-glucoside ,  glucono -J-
lactine 1 ILre TAEW v Bl s a3 Kt kB,  SHsofd
By Table )1 Lk.  NFUE moltnse B30 aolulle atanch »k
BB TB T, BsEAt 3t 1330 c AR R LE.
=%, trebaloae v NaF 13 BISEAE K K300 PAERIR T TR0 o0 T
YAE o #5583 BEE ox 2] - 2 SEREBIL 2 KEFE S 3 s E IR T
ardd.

T r L3 ZF8 5L 20 SBR B ORNIB R, BErvEed
N3 AP o maltrae Liv goduble atanch XEE < k3 SBIEAREE
Eo a3 voptBrEonz, Sou) B K-glutcoaidras o
PIBRE v IR o O KANEREED I 13951- ¢ B3V FIBT LT,

L. »572B%/ O/‘y[t/co,aidada o mallose v dobulde
satanch 70KANEFERIIL |
572 BEME O-glucosidaqe o KB v BFBKBFEPIL 1 L2135
AEE RS BEHII L ¢ BRNTLE.  SBARE s4nl,
o )y BRERFEETR (pr14:8) o dmt Led v BERSR (0. 3.9 BT E)
0. )ml E IVC )R ST . maltsde YV goluble ofn-
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nch »BBIRALE t.
(maltvas | maltoae + ool
uble atanchy), 13 1, o8,

.33, 0.2, 0], 207, 0

/v, (mg-glu.l1berated/mg-pro./mn)']

LR,  1=717 malipge

1 ]
0.5 1.0

o>, } =20d Aojuztje a- Vs, (ma/m1)”!

Fig. 67. Plots of 1/v versus 1/s for the Mixed Subsatrates

by Concord Pole Acid a-Glucosidase. The reaction

AL
,)ZCZ [~ M%%@ % E %\/‘}7 mixture containing 0.4 ml of the mixed substrates, 0.5 ml of

0.1M sodium acetate buffer(pH 4.8) and 0.1 ml of enzyme
(0.3 pg) was incubated at 37°C for 10 min. f = maltose/

d. (me1tose + soluble stavch).
Ba. 87 1: BB 5%

EE g, v KIRE v

FPE7DNETLE, Ny :

Mo SEALE IR o7, B

0 0.5 1
Ad s }. 13 HF LAY E %?/}.'i’y £, mitose/(maltose + soluble starch
v S BN EoR
Fig. 68. Dependence of Vv and Xm on f for Concord
Pole Acid a-Glucosidase. Vie):

TR IR, BRIRE S, 1 oo st of i, )
I ﬁ%@%@??&fé‘a F
S, ZHER &« I NFAsnk. Ik, SEARER
o> BAEE 1V 13 Fo PEoo s By, FERRENE v3cvra¢ B3Nk 1Ea L.
SHS 3 WTUL “amale centen” o FEIFEYIHB T - B,
59885 v WB 7o Km Lior Va RIFEFLE.  tBriy
T4, 740 K3 aingle conter” o BB FE IR Km, Vo lBY
?’%“fé?-v‘ﬁbko &7 13 J<E4§\L7u3:1/n&f‘?ﬁ%z‘56,
SHS a3 malloae v aplublde starch px TR o SIS
FIRRER73 cvE X803, TR, RBAFNF 73350, B

values.



99

BEXBE s So2 B BBER R A - 233 BETR e 7, M5
BZ 12 O(-?Zamza’me > WHEIE v 55883 o 7o K FR-ERIL I )3 - 25
JvPBhLE.

M. 7557 BB B4 O’-fluéo,ada,dé > mallose v gﬂy -
cogern. WTKANIFEDAL
| . maltose, f[waen SRARE 5 o BFAT mallaae
Y ahedlfuoh glngen o SBAEE (mallose Jimaltaee + abe))Liok
gyeogen)) F13 1, o4, 02, ook, 0 VLK.  }=] It -0
17 ¥ maltvge Bdve glycogen o BRBEREELT,
TER o FEBE o SERARE 0. 4mt,  sur BEBIREFTR (prand) 2.0k
md 1w BERR (0.4 ug BEE) o.0éuml 5 SB9p L, 970 % RITE 175E.
SRAREREEE, o, e WFE v, o BFE o001 ¥ Fg.49
STLE.  WIHo SEALER &L, 7oy M3 BAs» 7y BERAE
YTLR. IR, BKIFE B BEEE o 318 E K 1) 2
3¢ ZHRBE o ¥ ox BEIZ IV, S8k, SEARE

3
€ o3 e-e 10 ¢ E
E el
fal, 6 - -
§ 0.2 - 0.4 £
e : 2 L
= f 1 1 1 A 1
% :
o 0.1 25 B r—J)
: 2 | 1
~ S
"g 0 1 1 1 15 1
0.2 0.4 0.6 0.8 1.0 10 h
. . 5 1 L 2 L 1 A v—
Ve, tmvaly”! 0 0.1 0.2 0.3 0.4 0.5 1.0
FiG. 69, Plots of 1/¢ wersus |/s for Maltose-Glycogen
Mixed Substrases. f. waltose/(maltose + glycogen)
A i i ining 400 ut of the mixed sub- FiG. 70. Dependence of ¥ and Km on f for Pig Liver
stratc at varous coocentrations, 504 of 0.4m sodium Acid e-Glucossdase.
acctate buffer (pH 4.5) and 50 ud of enzyme (0.4 x 10> mg) ¥: mg of gh o dmeg of protein/min. Km: mg/ml.
solution was cubated st 37°C. . . theoreucal curve; O, experimental value,

J=mahosc/(makose + glycogen), weight fraction.
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P TBREE |/ 13 2o Yoo 4%, FRR- FENE V3 3Iv7y¢ B3 s PR
F3TveE Il so . SHSIT nPmE "aingle itz o FR by
FrfRey S —BLE.

BSRAREE RT3 Km, Vv § o IRE Fg Vo LR
LEBv L, B WaI-4 Bdr BT e By 13 ”A.‘ngle centen
o BPIIE Km, VERR v LR, FERIE)T Sox IBAL
Tnd v FREFI M, SoSvid maltoae v ahelliih gby-
cogen KB o SEAERDIL - IRA E R 13 AFFE 253 2o 2095
5.

2. malbae Hiuv glycogen rKEFIS HLITT AT > o
s 7% 4 Somm ¥, Natd, Kb 3300 Myl 372 T 2 maliooe
DT ahelljish glycogen i< BREVEASTR.  REF Smm 7
I B =/0mn Nax i poy $RTETSR %, 37°¢ 2 3DMWIT>R. By v) s
RIS, maltvae By glgcogen o 113U POKNETF B 15 don 7
Y, pHud &) BEME 2 FE o XL, Ya 2R, FBHpr3
b s o NERFHITLE. pH &0 3 dsir3 SEVE LB 2 B0

10 -
maltose glycogen
8
6
4 P -

2 | - n\\
llllll 1 N 1 1 1

0

v, (uo of liberated glucose/min}

oH
F16. 71 Effects of Salts on Velocities of Hydrolyses of Maltose and. Glycogen at Various pHs.
A reaction mixture containing 200l of 0.5% maltose (or glycogen), 100l of 5mM citrate-10mm Na,HPO,
buffer at various pHS, 100 1 of enzyme (for maltase, 0.67 x 10~ * mg: for glucoamylase, 4 x 10~3 mg) solution
and 100zl of various salts (final concn., 50 mm) was incubated at 37°C for 3 min.
—@—, none; —Q—, NaCl; —A—, KCi; —O—, MgCl,.
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FRE  Fmo KEER &7t Kl , Machz @3 195k, Nald 245
)23 eny, ZRERNrERIIBrsunns-F,  KULE KBr 33
T Xosou RE I, Xoov TR SEREEE 3 cuee |, PR
ITYRIISEM & TERe FIBOLTR.  SadSic, Nd, X7, 1% ol
T>BIRTF 2, moltnoe v glycogen o FIKEFIRRI A58t
XTI, Bk o o KNEREDIL o KB 2 B3y BRI 30 2P 3,

3. maltrge LI glycoyen o XBE 1z & 13F PLEH]) >
%5% Thua, Zunonose &I methyd O-glucoaide % EEH
LY IRAILE,

Tnio 3o % 13 35713 maltnas @ dhellpioh ghycogen TR o Vv
~Y% 7D k% Ba VIRTELE.  Tua, &, 10 BE0 20mm S0 LE By
HBAFE V3B TR VY —BF3s0s, JEERN 3 BHR
* H3TYox BTHFI0,

-8% 7 EEM RN |

0.4

10

0.2 »

Ki, ER#3v, maltase

n 2
2.1 02 0.3 0.4 0.5 0,05 0.1 0.15 0.2

> Ve, ten”! Ve, tmgmy!
SEAE RXTL213 2083 mm
Pig. 72. Inhibition of Pig Liver Acid a-Glucosidase on
§¥\ F i -~ h Hydrolyses of Maltose(A) and Shellfish Glycogen(B) by Tris.
g))’ ? e') * /\5/} '\ 1/ The reaction mixture containing 0.2 ml of substrate, 0.1 m}
of 0.2M sodium acetate buffer(pH 4.5), 0.1 ml of Tris and

0.1 ml of enzyme(0.6 pg) was incubated at 37°C.

213 /8. ) mre v 1B 133
RlviBe kK.

TaeLe 13. TYPE OF INHIBITION AND Ki FOR

)z\) %¥( = L ? , Z(/za/)w, MALTASE AND GLUCOAMYLASE ACTIVITIES
Ki (mm)
e Type of
meﬂi)/j O/' ?&(wdd‘d e R m L ? activity © ar:tivit‘yIasc
Tris Competitive 17.8 ‘ 18.1
\ - tf Turanose Competitive 1.04 0.93
?‘?)‘ S i ]:— ﬁ '%' ¥ %#‘ g M:l-l;lyt:cosidc Competitive 643 7

Jable )13 KIRLT<. NniHE
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I FENW JAEF) 2b1), =B

G-G (di-mer)
> W 97 twrancae 77‘&%‘{ p.o% 8& W Iﬂ G-G-G-G- G-G-G~— (n-ner)
¥ e T]
2, Subsi
%{?F] -E ;7—\ L E-’ )27 - )‘#7{7 'E 2 \’ FiG. 73, Schematic Rep:senmlion of Productive Binding

Mode of Di-mer or n-Mer Saccharides.
The triangle shows the position of the catalytic site. The

7 al b»d éa B L#f ?Z\. L y) a- T < 7 i.ly - non-reducing terminal of the substrate is on the left, and

the productive binding mode is the mode in which subsites
1 and 2 are necessarily occupied. G shows a glucose

cogen W EFEILGITV 2 S, FPEN  mmeoo s i e
e R -¥Pin o XEZIZ EavE
%xwlb, methyl (X-glucom‘a’e o Ki nx Ipaltaae SBAEIK AT L 213
.3mm TBY,  ghogen KEFSBMERXTL13 4 Tmm e ZFa RF¢
Busox | SoB7 %% 7 18 73 REEESEHBYL o vrv4)
TRET BB T3, FERIN T3 0o 233, Tupb, 59,
V3R, dimen (maltpae) ¥ n-men o —HBBHIREI o BEE v s T
IR0 AR EFLE LSS, glycogen 13 maltvae ) & LEP ) 3
i REEI3R,  maltoae 57793 2P 135} (71213, oub--
wle 3,4, -, m) RE methyl 0-ghuoaide 32 L, ¥a[3R, 24y
cogen o KEFIRM o« £) 38 IR 203 2 av BFI 13,

AL IR LR SEARE R A0k BREINY R ABBNT, B
TL L s JREF] o BRI, Sor, EyEad~s
FIREIKEF s S350 BRBRIE 0 )21-3% o 3 B5 f8A L7, FVET
AB B5AE ¥-glucosidase 13 Bl o SEAEFPIL 2 BT v KB -
K ANEEARH € BEEE 703 Lok R) BT LR,

W. 1 ¥R o ghucosidase o maltsse v Glyco-
gen 70 7K %\ﬁ#%‘j&{jl
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| . maltoae, alycogen SEATKER 0 BFAT SBEEY
olmb, oUnERBEFREBTR (phy.&) s.0bml Lo BEER (0,133
B oobml ¥ 39 EANBRTER.  maltas v dheypiah ghyeogen
o E‘%iﬁ-fé\tt ( maltoae | (mathae + ahellfeals glycogen) 13 7, o4, 0.2,
0.8, 0.), ook, v0z2, OVLE. }=lY j=onn 2h¥u moltoas,
gbycogen BN o THER T BT

FB2 o0 S ALE o BIRARIBER, o v IER 1 o BEBr 70s L B
Fa. WRFLF.  NFuaSEAEE < Iw 28 $n %Mo 7oy 13 BES 2
BEFFRETIR. Ik, 8% 19 B iR 3k o 50 )
LSS, SHREEHIAPEI IR, Ioz, SEARE.AE
E V3 Fo on ik ¥, FX . Re)t v T BNk, ok
So z%/g BB "ingle centen "o Lok B < BE7 L.

7:1‘3. 2815 rmalivoe o &%’9‘3—‘3—2 SBARE T3 BN T
Km B3 Va BHRETLR. HBoR,HR, Ehimy 2 STEBY L
aingle certer” o FRIRE), N4 B T-T s B N3 Kim, Vo

< 0.3
..E 40 —
S~
£ r 1
E} s
G 2 | L
2
- w0 E 1 1 I
E 0.1 20 44
£10 |
0 1 1 4. L v/
0.2 0.4 0.6 0.8 1.0 0 0.1 0.2 0.3 0.4 1
Vs, (ng/m)”! f
Fig. 74. Plots of 1/v versus 1/s for Maltose~Glycogen Fig. 75. Dependence of V and Xm on f for Rabbit
Mixed Substrates by Rabbit Muscle Acid a-Glucosidase. Muscle Acid a-Glucosidase. ¥: mg of glucose
The reaction mixture containing 0.4 ml of the mixed liberated/mg of protein/min. Km: mg/ml.
substrates, 0.05 ml of 0.4M sodium acetate buffer (pH theoretical curves; ® . experimental values,

4.5) and 0.05 ml of enzyme (0.13 ug) was incubated at
37°C for 5 min. f = maltose/(maltose + shellfish
glycogen).
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PEIB T B 2T LR, Jhow BRERIET EERIREEE S
—E T3 e AEIZTIMR.  Tolrid maltsae v glycogen wX
RBoSEATERIY 7 7KDBEI MBI LE 0B J3 20 2H b,

2. maltvse Lt jlngen o XKEFIT KIIFTBIT 0
7% 4 SO mr Nacl, ¥l
BT MgcLz 13711 T o rnat-
Joae &V ahellfioh g94y-
cogen XEFSEM E TrapH
T & SHELE. 7g. Y
D4R TFLELSIR, malivae IR

Fig. 76. Effects of Salts on Velocity of Hydrolyses of
Maltose(A) and Shellfish Glycogen(B) at Various pH's.

Y gzngen I7a} ﬁ;’)kﬁ#—&m" l-\- The reaction mixture containing 0.1 ml of enzyme (0.1l ng

for maltose; 0.34 pg for glycogen), 0.1 ml of 5 mM
citrate-10 mM Na;HPO, buffer at various pH's, 0.2 ml of

Jﬁ“ ? , PH §\$_ J:Tlr J‘]} m)}% 0.5% substrate and 0.1 ml of various salts(final concn.,
S0 mM) was incubated at 37°C for & min. e , none: o
1) 2 SEAE o« VER % TR 0% 5 41

K. pHUS 203 K& #9254 0 LG s oK. KB KBF 79+

10

- o ©

~

Liberated glucose (ug)

(=]

LiT KeSDy 3+ BFELYE , 1A BasBM EEmMIBosni s, B
Eo XS ¥eirs R B2 rsniz. )ABRK, prita,
Natlv Mgz 13 maltvae XBFIRAE oy fby 23R, glycw-
gen KEFEE T r3t%v 2L ¥ tEmovr. SHSBATY R
3 BB ISR o B F )3 ,  glycogen % malivac It PO TEHE
GHFaEML (F9.73 0 TAT4IR 3F BE) 12 Ma™ ¥ Hg‘"»‘«‘?ﬁ
e LI 7By B orE, Jubt,  PIRTFHR ERATE
w-glucoaidase IR T3 Mefﬁ)) A-glucoaide 1343 TR IBE & BF
Bry Rlodsic B3 asss, oo 213 BIE B R#?2
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BRI,

Patmer ™ 13 KK 0 B ANERAZE v 02 Nact o BV 5 31
EL, maltvee v gbycogen o KEFRA RT3 554 LR %0 5B o
é, B o B 193 ¥PiL 2 AR E 2T sva ARSI BRB v Ly N3 oX,
R, PATy o BB R o R o B S cis W3 RTEL LR,

5. maltse LI v glycogen o KEF 1z 14133 FLEF 2
% 4 BAEF) w17 T, tunancse dod 2o enyihritod &
nk.

Lunanoae J37t F 2o maltnae L& v- dhellfiah ghyogen 70k
B o Yy ~lfg ToDw )L E 5397 K SKLE . B3 o mathae 213
XEFRI v 120 < FBERFS RN 2’2, EBE13 Km, VERSS enx
232w, Tk, ?j)p

§":§ 1.5 zom -
' \ ef ( (a) 1.0 (8) 2.0m4
 cogen 0%5,%/735%)72 1J <g 1.0
2€ o o.zz i 0.5 it
= ~ 3%
iﬁ%?]’k m@?"%é. f 0 m
23 o8
gg

/v,

(=1

0

P2, nTHTEEL ‘ |
tt§§ 59 JEN 5&, 7% ZJQ‘ }ﬂ ]/‘.-'0(“0_]2-0 uf..zmg/-l)o'.“

Fig. 77. Inhibition of Rabbit Muscle Acid a-Glucosidase on

Hydrolyses of Maltose(A) and Shellfish Glycogen (B} by Tt
LK. Tnronoge o 0.8

The reaction mixture containing 0.2 ml of substrate, 0.2 ml of
0.1M sodium acetate buffer(pH 4:5), 0.05 ml of turanose and

N 0.5 ml of enzyme(0.11 ug) was incubated at 37°C.
No b ZOomm S onR
A ~
< L3 B REE 3 BR
’ Table 14. Type of Inhibition and Xki for Maltase and
WU %d V '.. E’ l/“?"}ﬂs - V Glucoamylase Activities
N ~

=0 Inhibitor inggztggn KE (o
»e, HEERENDTY g, i
Tris Competitive 16.4 30.0
Jss Y I@ﬁ# 3 \)/‘ 6 - IE Turanose Competitive 2.0 1.0
Erythritol Competitive 45.0 85.0

FERREE Kk K e
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L3, maltege XEF R &I 2.0mm, gdycogen o XBF R XTL213
romM TH>Re  Table 413 Tnie Bsd v enythritod 1833 FAEH
IV, ¥9r¥oa mallvoe Lo glycogen KEFa BSEIE e XT3 K vk
I FERr 53 Lk, NIna BER L BIE Y BB Ticuns
maltnae ¥ glycogen 17 RB aFpiL 2 KBS V3o THIEE 2252,

WL, PReFsyE Do FEE s B lhe, IR, REaEE
BOKAF = 5 73 sBMBEIR I 2 3]0t o BB 8BS R Hbby
e, T BRERAE 0-gluosidrae | Izt , DEBFER Y S IEE
13 Rl o SEREBIY 22K BT s 3 2o v AT 7. |

V. I3 (X—glucoa‘a’zwc L & mottose v dobubde

sdtonch, 71K AFFED 42

| . maltose , aobuble atonch SB-AEEHR o BFHT

madlsae v colible stwrch o BESEALL }, (malloae ) ( mai-
toge + asluble afanch), 11, o, 293, 2.2, 2.), 209, 0
LK. J=7 #I }=0 13 0¥ maltoae HIv golutde
wdarch o o TR RLT.,  FReofREE - BARE o éms,
0 ) BREZ IBBTR (ph 200) 8.9m0 15 0. )k o BAESR (a./i—,u/%b%) 2
w0, SVCHEEABELITE. SEAKEIGSEE 4, v IR,
v, o RIPE 5998 1 BB ops ) 2T LR, NFwa sEALESR
dnit , TeByMIVHe» I BERIEE T LR, IR, BREER
B BRI« B R ATor e Aoe,  SENEE o TG
X TR S, —~BEIRFIN A G F=25, a=5mg)ml
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0.15

o
p
o

o
o
v

1/v, (mg of glucose liberated/mg of proteh\/m'in)'1

0.5 1.0 1.5
Vs, (/)™
Fig. 78. Plots of 1/v versus l/s for the Mixed Substrates by Rice
Acid a-Glucosidase II. The reaction mixture containing 0.5 ml of

the mixed substrates, 0.4 ml of 0.1M sodium acetate buffer (pH 4.0}
and 0.1 ml of enzyme(0.15 Jg) was incubated at 37°C for Smin.
f = maltose/(maltose + soluble starch).

203 malfoae , wolulde atanch 1P 2. Emg/mt 2%1), ol
B 211 maltose (Km =084 myms, V=354 mg of glucose Libera-
Z4d ) mg of pnotein )min ) ¥ codulle alarch (Km= 5.0mg/mt,
V=18.2m3 op glucoas ) mg op protein lmin) , St BRIHE
55 o KVEE 1T 2Ro Bl ) 75,

=V

V' maltoae Ko 2.

Q& ux 2.8
086 +2.%5

= 4.3 (mgop gl / m‘yajf/za./mm)
V-
Km+A

/8.2 x2.5
$0r2%

Vooluble alarnch

= 4.7 (mga} ?,ld./ mg az./;/w./m,‘n)
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=%, SRARRR 20 BRIIIEE Vmix 13 25.9 my of glt. [ mg

of pro. Jmin TEZ30L,  Vmaltrae © Vaokidls atarch oFa, 924

(Fi%)2) o 79.8% 2B1), Umx < Unaltoae v Veolutde darch

AR FEEFFS WS, ok, SBARERBRAEEV I 1o 1%

7‘717 A¥W, KBEX FRJEYS TS &Ti\lﬂ ri¥ro L. AL , 350

FEIHBIB BT ndme 'tdz‘nfle centen " O 2o KAFILT: .,
BERASRE R RT3 Y

Y“WMoXKm, VE }m)%)ﬁ{‘?“ﬁ'sl/ j#_\b\‘%\ |
koo F9.7] *&%. By ) Z -

L?, ".4;0(?1e centen " o B2 3% :Z
iv) i‘/‘_z Jvﬁlb‘..iv‘-7d.') 57.(\3 ‘ ZOT'/,D/<7/¢—_m
Y Ry - 0 0.1 0.2 0.3 0.4 0.5
5 I? ﬁﬁ_ﬁ E g#ﬁ ?“ ,7-\ L E > 7, maltose/(maltose + soluble starch)

Fig. 79. Dependence of Vand Xm on f for Rice Acid
a-Glucosidase II V: mg of glucose liberated/mg

RERIB (o SRRBEANT il o "
R ImIEY —F173 sy ox ) BB '
LE.  JoBNFRIT maltoge L Iv goduble olanch o wokHiR
0% 2]~ o SEAEEDIL 2 1T M3 T E BB TRIR T3 20 03,

QX% BRI mallpas v moltodexiin (3rgBiE 13 Lot
)70 2FB) » '>‘EA§ REBLIE TN, BBy 5548 a 10243
v Bt o T3 FB 2 13- 0 SBALEBIL 2 KBRS MB Cv EWEL, B
RIRELETY M7, maltrar, mallodextrin Jstue S
o oolutle atarch o ) Tt 2 ox B oBpIL o KEFS M3 2al
Esns,
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2. mallose BEU" golutle atonch o KEF i< BLI1F T
%) mi%i"g’ ﬂﬂg%ﬁ RL2 Tmia, enthnlol 'meﬂryl o-
glucoacde , auchoas ,  gluconp-I- Lactone ERINEK.

glucono - I Lactope TR 200 maltsae B " gotuble stanch
DOKIEF & W~ 1a o0k £ Fg. 830k KL, N FHaBE oK
BHMRAL R R JREE B3 cvax BEF.  Kitd malinge o Xid
R¥&nw213 0.28mM,  soduble atanch o XB3 R3F1L217 683 mm 2d-F.

o THEF) < Bzt glucono -3- Lackone v Rz 7 FRERE
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Fig. 80. Inhibition of Rice Acid a-Glucosidase II on Hydrolyses of

Maltose(A) and Soluble Starch(B) by Glucono-&-lactone. The reaction

mixture containing 0.4 ml of substrate, 0.4 ml of 0.1M sodium acetate
buffer(pH 4.0), 0.1 ml of inhibitor or distilled water and 0.1 ml of

enzyme (0.15 ng) was incubated at 37°C.

Type of Inhibition and Ki for Maltase and Glucoamylase

Table 15.
Activities of Rice Acid a-Glucosidase II
Xt (mM)
Inhibitor Type of inhibition Maltase Glucoamylase
: activity activity

Tris Competitive 5.0 2.9
Erythritol Competitive 20 12
Methyl a~-glucoside Competitive 21 12
Sucrose Competitive 66 38
Glucono~§-lactone Competitive 0.25 0.53
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L. »y57HE B%AL a-glucoaidaqe JEIL219 NaT, KT Live Mg
VTR R BRAE o glucosidase < BL21T Ko BBATS 2%
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0-glucoaidaae o SB4% BRARE o 3 s T3 BRI %o,
0-glucosidage 15 702t WRBFERET R T30, J0 amplace
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o px 78 (SFERRETY v BERETY o 2 193 pHAB) B T ks,
IHY ,@Zﬁi%dt H31)7 i%,é/\%)?-?-m Xm , V(BvL13 ko) J.;J'v"‘V//On
(03 Rolkm) 1R BIITF pH 20F o R 5 2133V 1s d0) , SEH
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Table 16. Characteristic Values of Ionization
Constants and Heats of Ionization of Several
Ionizable Groups Found in Proteins
and Peptides

Ionizable group PK (at 25°C) AH (kcal/mol)
Carboxyl (a) 3.0~ 3.2 *1.¢
‘carboxyl (8,y) 3.0-4.7 +1.5
Amino (a) 7.6-8.4 10-13
Amino (g) 9.4-10.6 10-12
Sulfhydryl 7.5-10.3 6-7
Phenolic hydroxyl 9.8+-10.4 6
Imidazolium 5.6-7.0 6.9-7.5

Guanidinium l1.6-12.6 12-13
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Hydrolyses of Maltose and Soluble Starch by Sugar Beet
a-Glucosidase.
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FiG. 83. Effect of Methanol for Hydrolyses of Maltose (A) and Soluble Starch (B) by Sugar Beet a-

Glucosidase.
The reaction mixture containing 0.2mi of 0.25% sub fution, 0.4ml of Macllvaine buffer, 0.2mi of
methanol or water and 0.2ml of enzyine (1.9 x 10~> mg) solution was incubated at 37°C for Smin.

@, methanol 09; O, methanol 20% (v/v).

ATLERTIR 293, oZHodSK B o T8 o 212 a2 Y
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—COO0H = —¢o0~ + H (0-+) (-,

—NH; = —=NH; + H (+-1t) (R -1)
e A
_ﬂjﬁ%&)—l = _I]:A}C“* B (+ > +) (IV-12)

59.8315 29 )L SBI0R b & 0 BP0 F o ph-RRMIRET: LR,
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> —~— . ~
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Fig. 85. Lineweaver-Burk Plots for Hydrolyses of Maltose and
Soluble Starch by Native and WSC-modified Sugar Beet Acid a-
Glucosidase. The enzyme was modified at same conditions as
in Fig. 84, except that pH was 3.8S. The enzyme activity was
determined by adding substrate of various concentration.

—0—: native enzyme, maltose as a substrate; —e— : modified
enzyme, maltose as a substrate; --O--: native enzyme; soluble
starch as a substrate; --e--: modified enzyme, soluble starch
as a substrate.
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Table 17. Characterization of Essential Ionizable Groups of
Sugar Beet Acid a-Glucosidase

Ionizable group (1) Ionizable group (2)
Substrate pKey pKes) Al (kcal/mol) pKe; pKesz AH, (kcal/mol)
Maltose 3.9 - - : 6.35 6.35 0
Soluble starch 3.7 ~ - 6.5 6.5 0
ApXe (20% methanol) +0.25 C+0.1
nodification by WsC Yes -
~C00"~ ~COOH

Letranito metrone (X1 Ta)™ 23 BeAR KB LI70 Sva HEos
SRk,

WEaI-]~I-4 7+ FF5nFE B sEIFFBERE o B s Table 17
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SEA BFRER s BP0 —coo™ (5BAER o d. IMFA7IAL),
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tanch o BpKEF RN = s 7 Bl BFRER s By 33 < w1l | Bk
o RBo SHALHBIL 2 KEET N3 SVETIEGI 2o k3. 350
NEI-12RK BEASA-9= 0 phIRIIAE m s AREL IR IS5,
Flprit SHE BN PR BT EE <L B3, Db,
B ER oI G v 3~ v pH- BIE BB 13 pH-VEIMR R TR L,
IFER FBnFKE IR T v 3E~3 Y pH- ViKm i FpRT3,
v} ﬂ:rmm')‘f‘ ¥BHFER o VT T R o BEJE - gldcom'dzwe_
> B3 FEERE o mattroe v ghyogen THN, FAibrat13 iR
MTE ph s ZBox 3200513 Teavs, Y¥ o XEF R ox FINE
237913 :va¥l)&fr;}7fj¥£}ytﬁ:-3m‘k , DBYIEER LD,
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Fig. 86. Dependence of Xm, V and ¥/Xm on pH for
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{ Fig. 88. Effect of Methanol for Hydrolyses of Maltose(A) and
. ‘ ﬁf& Soluble Starch(B) by Concord Pole Acid a-Glucosidase.
J v‘ P K CZ ’ 7 k3 /4 x‘ ) The reaction mixture containing 0.2 ml of substrate(0.05% mal-
| tose or 0.4% soluble starch), 0.5 ml of Mcllvaine buffer, 0.2 ml
of methanol or water and 0.1 ml of enzyme (0.2 ug for maltose or

maltpae o TBE, v o v e i a2 o e
Y% o3k Bt o | a |
o 1S pHBIL ,  aoluble atanch SFRBRTIV | Yp¥W 03 Bd
> 0.2 pH B RS VIBE R LR, Yo7, BRBERPELI¥RR
EBa 1T 8 B T3 nWR$SIL ax 1 580 B HER 2 53 - v 9)BH
LT, |

MR EoFERE AAEY B L, NSVABEEM o-glucasidase
o SEM BFBR AT BSAL 18] »x ‘—caa‘ , TIT) % —cooH v
RELE.  Tns BHEFRERR o IAET Table 13k Fvovre. IR,
malipge v Qaluble otanch o TG < B2 3B 0SB B s nE

U1, ZHEBoXEEox BB oa¥bii o 53 TvETIE LT3,

Table 18. Characterization of Essential Ionizable Groups of
Concord Pole Acid a-Glucosidase

Ionizable group (1) Ionizable group (2)
Substrate pKe; pKeay AH; (kcal/mol) pKez pKes: AH; (kcal/mol) :
Maltose 3.85 - ~1.5 6.5 6.5 -1.2
Soluble starch 3.6 - -1.7 6.4 6.4 -0.9
ApKe (20% methanol)  40.340.35 +0.15~0.2

~C00~ -COOH




| 126
. 75 AT RE BEME - ?,luawcdaae 7 SEAE AR
|. FBE rd3 phe WE B E %o pHoMeIlvaine
SRR, 970 2 WSER oFT (BESER : maltrae | 0.2mg)mi ;
abedlfiah ghyogen , Img)me) K BFREIRA T10>, pi-FE WikRe
IRIWLE,  Sodsn EEINREZ Aol REF o SERBIR 1y,
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Fg.89 KFLE 29)0 B 0F 0 (2R, BANLR) 0 SBIAR
EER ) 0 malhoe IHE 0 BB pKer = 3.9, gLyeogen 2% B o
BRI pRer=3.4 *d>Fo =7, 7o) il o FEEERZ o pheziy
4.0 (maltnoe ) Jave 4.2 ( glycogentHB) vH>Tee  Tableld
;R TRLEk EREL, sl o FEEER S0t B o 3 BB pB v
> XLt e, FEERE ) muitvson e B r IRE shKk,
FEBRR z r Miem munssadh, 7ok, 2evventha nFo

v EISHE,
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Relative activity (%)
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Fig. 89. Effect of Methanol for Hydrolyses of Maltose(A) and
Shellfish Glycogen(B) by Pig Liver Acid a-Glucosidase. The
reaction mixture containing 0.2 ml of substrate (maltose, 1 mg/
ml; shellfish glycogen, 5 mg/ml), 0.4 ml of McIlvaine buffer,
0.2 ml of methanol or water and 0.2 ml of enzyme (1 pg) was
incubated at 37°C for 5 min.
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Fig. 90. Temperature Dependence of pXe.
o, maltose as a substrate; e, shellfish glycogen

BB RIS pKe BESRFE | oo e e

k. malfoae & 0" ghellfidk

glycogen ERBEVI2 B MTe phe) b pkez o BIEIRTHEE Fy.
901K LE. van't Hopj oIl (3U-9) T W7 4H TEH LR 3,
maltvge NAEaTHR 4H) = 0 Beal)mol, 2Hz = -2.4 EBcalmol,

<hellfuab glycogen B w13 aH = =12 kcallmol, dHz= -3.0kcat
}w y 24/~244)

7

/mol *B>E.  AURIFILIERA TEE 4H)T b AL keat/mol
ORI 2003 baat)mot T 3R Ex423 0 jerven B i
8.9+ 0E Readimod Py FBE s 70 Sves , RBYE 0 B3B8
BBt 0 Tt mukessndh v B2ouns, |
3. 29~ LE I n B T-7 v RFER L, A9-L

Bvnk o pke 15t BIELE, F3. 89 e BEEFINISSK, pat-
Lose BB 2. /Dl(e/ =4 (ro2) , pkez=4.2 (302),  ghellfal
glyeogen ERE v LR BRI pher= 3.8 (1000, phez= 4l (ro)
231, RP)LBEORY EELY, SRS NITEINAR LR phE
Poo YEX ox FEIZSME. 3BEFHa T k83 s Fh
o BEBR TS v BRK s h3, |

WREa (2R f3AG3e, N Ra 2Fa FBEIRIR B24E



128

Table 19. Characterization of Essential Ionizable Groups of
Pig Liver Acid a-Glucosidase

Ionizable group (1) Ionizable group (2)
Substrate PKe) AH, (kcal/mol) pKez AH (kcal/mol)
Maltose 3.2 0 6.0 -2.4
Shellfish glycogen 3.4 -1.2 6.2 -3.0
ApKe (20% methanol) +0.2 +0.1~0.2
~Co0"~ -COOH

o-glucosidaae v )] ¥hos 7oy RTRB BBAE 0- glucosidade <IELTE
FER8ET SBAE R 2 | 9% —co0™ , Z % —cooH 33X ¥)HT
Lic.  Swhs BB BFBRIR 2 AT T Table 19 1k FYo 2T LE.
Tk, maltoge v <hellfiah glycogen & KEFrr 7032, )EFEa 5B
BB R o« 01573 B, ¥ Er Fr BkEBEpive Xt s
RexFITILATH 3,

V. 77 XEINEEM o-ghussidase o SEAEBFRER

| . FBE%1-J3 pHe B 0 3BIE maoltose LI v dhe-
L1iah glycogen o BESER T Y0¥ U ssdmr (maltoee K3
93 Km o 1)10) Bdv" 0.8mg)mt (abell fish gheogen K3TF3 Km o
vad)er,  FBropho McIlvaine FETFRF, 37°C 3 &A0 B
R EIT R B nE pH—i%EﬁIﬁ’«z 5. 7)/:77:L7‘=o
BilRay K 33 SEAAFRRIN» phe 1B 11, BRI R 2
prer =37 (maltoae BIB) 30w 3.4 (aheiish ghuogenRB) 23,
Tunn ) IR 2 & phez= 47 (marpac FB) Hive 4.8 (abelpidh
Mwyen}it’ﬁ) 2H>F. BEBRA ) 13 iuzﬁ"i'—;w/%v%/%i&'}s%s,
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3 4 5 6 7 3 4 s 6 7
. pH
Fig. 91. pH~-velocity Curves ‘on Hydrolyses of Maltose (A) and
Shellfish Glycogen (B) by Rabbit Muscle Acid a-Glucosidase.
The reaction mixture containing 0.4 ml of substrate (maltose,
0.4 mM; shellfish glycogen, 2.5mg/ml), 0.4 ml of McIlvaine buffer
and 0.2 ml of enzyme (1.2 pg) was incubated at 37°C for S min.
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Fig. 92. e tur ndence .. :
E m&% a- ?/HWAJ‘JM é E ©, maltose as :p:::s:x':t:peo, shelziil:: glycogen ‘

as a substrate.
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Table 20. Characterization of Essential Ionizable Groups cf
Rabbit Muscle Acid a~Glucosidase

Ionizable group (1) Ionizable group (2)
‘Substrate pKe, AH; (kcal/mol) pXe: Af; (kcal/mol)
Maltose 3.7 0 6.7 0
Shellfish glycogen 3.6 -0.6 6.8 ~1.7
-C00 -COOH

WEady Lz, UTTEAERE & gluwaidase o S5IE < 9B
BIEREy BRAE®] o) 17 -coo™, Tun)iRlaz it -cooH LI
X L. Table 201 BESAER A BT EAY LR, 3K,
malpoe ¥ AZéll}«ldb gpz—ogen A :J“M'EEJEY L?L )2l iR ¢
5233011, BEEox GBo SBAEEL ¢ KERIRAEE T3 a
RILridb.

V. JXAERME o glucoaidase » SBAE B
| . Km, V F& 0 V/Km o pH RIFVE ST, mal

Aoae ¥ maltodextrn G735 F BB L7 o nRk R on 7 K3,
BER %M1 37°C, pH 20 ~05 3B o McIlmine $ETESRYF, $ANB 17>
K. BroREEEc~>w?RRET BIEL, F5ArrI) BpH 2o
Km v VEIEBELE.  Fq. 93K dog l/Km (= pKm) , LogV
It Log ViKm o pHIRTGAEETRLE.  pkmi MABRRAL,
Fur ) ) kN3 PEv B er PEXL, | 5%y 3B o FFan o 18
- g3 SV TIPS . _\fmmé,:, la? V1T BRFE R 1 R3L,

pHEME 1M1t BB IR, TP RAREEK ¢RLE 7Y
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ia Z"';’,ﬁ 7J PH ﬁ'ﬁ% ?“}, 3}:\- Fig, 93. Dependence c;f Xm, p: and V/Kkm on pH for Hydrolyses

of Maltose and Maltodextrin Gi3 by Rice Acid a-Glucosidasell.
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Fig., 94. Temperature Dependence of pXez. O , maltose
as a substrate; @ ,maltodextrin Grjas a substrate.
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Fig. 95. Effect of Methanol for Hydrolyses of Maltose(A) and
Maltodextrin Gy (B) by Rice Acid a-Glucosidase II. The
reaction mixture containing 0.2 ml of 0.025% substrate ,

0.2 ml of Mcllvaine buffer, 0.05 ml of methanol or water and
0.05 ml of enzyme (0.5 ug) was incubated at 37°C for S min.

e, methanol 0%; o, methanol 20%(v/v).
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Fig. 96. Time Courses of Inactivation of Rice Acid
a-Glucosidase II by Water Soluble Carbodiimide and
Glycine Ethyl Ester. After 0.4 ml of enzyme(0.03 mg)
had been inactivated by 0.6 ml of 66.7 mM carbodiimide
and 270 mM glycine ethyl ester in 1.0 ml of 0.4M
sodium acetate buffer(pH 3.0) at 25°C, 0.1 ml of the
reaction mixture was pipetted out for determining the
residual activity with maltose (o) or soluble starch
(s) as a substrate.
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Fig. 97. Effect of pK on Inactivation of Rice Acid
a-Glucosidase I. After 0.1 ml of enzyme (0.0075 mg)
had been incubated with 0.15 ml of 33.3 mM carbodiimide
and 133 mM glycine ethyl ester in 0.25 ml of 0.4M

sodium acetate buffer at 25°C for 120 min, 0.1 ml of

the reaction mixture was pipetted out for determining
the residual activity with maltose (o) or soluble

starch (e) as a substrate.
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Pig. 98. Lineweaver-Burk Plots for Hydrolyses of Maltose (A)
and Soluble Starch(B) by Native and Modified Rice Acid a-
Glucosidasell. The enzyme (0.4 ml, 0.03 mg) was modified by
0.6 ml of 30 mM carbodiimide and 120 mM glycine ethyl ester
in 1 ml of 0.4M sodium acetate buffer(pH 3.0) at 37°C for 60
min. The enzyme reaction was carried out at 37°C, pH 4.Q,
o, native enzyme; e, modified enzyme,

Table 21. Characterization of Essential Ionizable Groups of
Rice Acid a~Glucosidase IT

Ionizable group (1) Ionizable group (2)
Substrate pKey pKes; ARy (kcal/mol) pKex pKes; AR, (kcal/mol)
Maltose 3.1 - - 6.1 6.1 -1.7
Maltodextrin Gr3 3.1 - - 6.15 6.15 -0.9
ApXe (20% methanol) +0.5 +0.4
Modification by WSC Yes -
-Coo~ ~COOH

LoD BRI IITSER. SaRIFE 213 maltvae XEF o X TEIT kR
0% ¢H>F . Fg. 98 RIFLE ISR, NFHEFRBYLESSARE V
2 BBy ITEBENT, Kmarx TBALE.  SocviIiB385EBm3
TR ST BB vo A RRCAL 703 BEEE ) 2a30 3
TS L.

WE o V-140 V-4 2 Fsuk 558 »s,  IXENE 0-glu-
cosidage I o SBAL BRERF 13 BIRRIN) e -coo™ »my), BEE
K 7 o ~cooH *H 3 IRE LK. Jable 2) I S FiSEiE BF
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BER B s Fes 2R LR,

FIR 2 BH s e W>FE L5135, maltose ¥ mallodextnin &5 oK
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SE T3 A SEEB Y » KBS Loy TR LT,

VI. 79 ¥R & 2y I0sH A &-glucosidase o )E'}i
25 8

|. Km, V I V/Kn o pH TRIFHE I, 17
LIt V-] ¢ BRELE FEREILL, Vo ATB B insE B2 &
M O-glucosidase o malloae k313 Xm, VE Fko pH KoK,
5g. 99 = BBE 5290 Dixon-Webb 7205} 7V TR LT, &%
1e¥ey ¥t o BiF o BIE” 233 BE 01 EEWEY IR
MR RLK. V/Km 1 n Fh o
BER ot pra 3G e BA YN ), B
M a-gluosidase LELERLT, WHE
B e BX 54t R T AR 253 syt
FEFsHd.  RAFarir34EH 17
NY pRIEE RBR sy, FHEiErt o

FiG. 99, Dependence of Km, V and ¥/Km on pH for
Hydrolysis of Maitose by Pig's Liver and Serum a-

e Glucosidases.
)\ m,}%}a)’ ﬁﬁﬁ%': Pke’ - §| 0 ’ 5?':/1':";[ glucose liberated (rom non-reducing side/
mg- pro/min.

Pked )= 3' 3 , 7,L7] ') 45)} A ﬁ%%g% @, pig liver a-glucosidase; O, pig serum a-glucosidase.

log(v/km)

1d pKez =777, pKez =5.2 &> K.
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Fi1G. 101, Effect of Methanol for Hydrolysis of Maltose by
Pig’s Liver (A) and Serum (B) a-Glucosidases.
The i i ining 0.4mt of mal (final
concn., 0.3mum), 0.8ml of Mclivaine buffer, 0.4m! of
methanol or water and 0.4ml of enzyme solution was
incubated at 37°C.
@, methanot 0%; O, methanol 209 (v/v).

FIB 285 » v - F PYETEE Lo 79 5E o B waE -
glucodidage o SH1E BFREE A Bt s Table 22 RESI LK.

Table 22. Characterization of Essential Ionizable Groups
of Pig Liver and Pig Serum Neutral a-Glucosidases

Ionizable group (1) Ionizable group (2)

pXe 5.0 7.7
pPKes 3.8 8.2
AH (kcal/mol) -1.7 5.5
ApXe +0.3 0.4 0
—coo~ -[E “cH
5

VI. E-)L LB H Wl - glucosidage I o SBHE BFERE
pH 8.5 Tt 2 IREIRA B § EVLEER Wit 0-glucasidase
I3 pHdio~80 »FEH] - B 233 2% , S oABIE &) FRIER] 34

S P 1B 213 Fvhis TBEAL B A

N\ ZA ) 3t
2. , nIFrr BN EE
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FR BT 1T LI pr B8 - R0 BT o SEM R 0 08 5%
L BRTHIon, REBAEadc, Hw phARIN - Lo\ BB TR
WeBAR R LI AR ED. SalSFEHns, PULBES BAE
O-glucasidase I 2 JE1L213,  JeRABAESE 4] BB A 3
¥z 175 %.

|, BIEBERINE IZEPE . BraTE A H
Fo 0BR8P T1T\\,  phenyl o-glucaside KEESENE R BIF
/28 Pk, Table 23 R TLRISIR, FEEER 4o v 7HE
K5It a B o - acetylimidagole, V70173 TR BB BEY
Koshland 35V,  T7)H BsB¥E a1 Z-methoxy-&-nitobiopone,
,SH% ¥Rt a E1 i N-efﬁ)/ma/f;m.'a'e ) Jodoacelvamide Fdir
&, &'~ djthiobin (2-nitwobenjoic acid) (DTNBLIE) )1 RLAL" 1%
AP I3 SEAE 0 16T 7% B2 8 M II N> T SHRYIL, ¥B%iE

Table 23. Effects of Various Reagents to Phenyl a~Glucosidasge
Activity of Brewer's Yeast a-Glucosidase IT

Molar excess Reaction Inhibition
Reagent of reagent / pH time (%)
_ enzyme {min)
N~Acetylimidazole 200 6.8 30 0
Koshland's reagent 200 6.8 30 20
N-Ethylmaleimide 200 6.8 30
Iodoacetoanide 200 6.8 30
2-Methoxy-5-nitrotropone 200 6.8 30
DTNB 200 6.8 30 8
Rose bengal (photooxidation) 2.7 6.8 20 80
Diethylpyrocarbonate 20 6.8 15 76
Water soluble carbodiimide 3.2x104 6.0 30 98

a-Glucosidase (5 uM) was incubated with various reagents in 0.1M
potassium phosphate buffer at 25°C. ‘The enzyme assay was carried
out with 0.1% phenyl a-glucoside in 0.05M potassium phosphate
buffer, pH 6.5, at 25°C for 5 min.
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trum of Brewer's Yeast z-Glucosidase II. FiG. }06- R " ¢ h P b Enzyme Activity and
An a-glucosidase (1 mk final concn., 7.8 ) was treated Modified Hl..sndyl Residues.
with dicthylpyrocacboaate (0.02ml; final conca., 392 30 An x-glucosidase (1 ml; final concn., 7.8 M) was treated
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d was
recorded. method of Ovidi er al'® The inset shows the profiles
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142

SHFE. 1B o £253 2 FRRom SEARBR AT HH>21
StovEioms,

4. Diethylpynocarbonate VERFEER o LFOFSIULTS v 1nd3 55
VEEIE  DEPC ) &0 1BAN3 EX45 TR ERDRIPS
z5D

RMEE L) BFETISVETS W73, 37295, F32AaRNAN
S Az, FEviv, BH )RR N,

NHJ OoH

—Qv c ~octactts 227

H

® + N4
H 0

7-79. 109713 3513583 40, 24 HF
) % ETTIRNEESR T 0.9

NHooH = RLER LR FF o 5B 18118
B Lo vBd.  bo LI 28%
» VORPBRE 213 )oAE) & SNER T
BARSEAE DB LE. L0I% W n & w

Ao BAT BEE (FP7358AE 20%B]  roin ney o Ay o sesmmnonse

modified a-Glucosidase II by Hydroxylamine.

g

F 3 o o
o o o

Enzymg activity (X)

n
o

Each modified x-glucosidase (0.1 ml; final concn.. 9.8 uv)

%) 23 90 % A )E ;,% L W\§Z“&§ 5\%7; hanngw(o).zs(o).orzl/(o)orxheonpumumy

was bated with by ylamine (0.3 ml; final concn..

0.75M) in 0.1 potassium phosphate buffer, pH 6.8.

FOIEBT ) RN LTEFTZ0ILALTES oo T
Skd,  SHEWG B« FEAE <
FEIL3,  Table J#a)ﬁ;‘%w;%




EINE, kb, dwm
WabER 22, FRE43)
% o P5RPEEF 8 ) A3Y)
2 8o SHEE A G v »s
DEPC 1< &> 213 W58 S s
SYABEEIWE. DU
v, SHEMHIE R FAE
) B o EX43> FHR (Y
‘}“—-)Lﬁ) 7 BS LT3 sl
FHS 7 280, So 3R
B9y 1 DEPc a PBEHEZ 173
LoV fEER s b,
O-2~n"L % KBRS
Flvik Y B3R RS E
SEXE B T3 S v T B S
A~k
BEBY o EX4S L by
R4Fz>, MyerTes FRAR
FEV SAF4> o SHEE%

SaFEIE-2,

PHEF NI Sy FESH 2
\6 270~293) %XH-E%%
'%B J%’ﬁ&@ﬁ%lt'ﬂ\?, N
HSa P8) B o DHTEIT

143

TaBLE 24, SULFHYDRYL CONTENTS OF NATIVE
AND DIETHYLPYROCARBONATE-MODIFIED
2-GLUCOSASE I

SH grou
Enzyme Enzyme SH group® enzymcp Average
: (umol)  (umol) - fimol)
. 1.6 254 2.19 .
Native 1.6 246 2.12 216
. 9.4 204 2.17
b
Modified 9.4 204 217 2.17

¢ Sulthydryl content was determined in the presence of
1%, sodium dodecyi sulfate in 0.1 M sodium phos-
phate buffer. pH 8.0, containing 2mmM EDTA, at
25°C by the method of Ellman.

¥ An x-glucosidase (16.9 um) was treated with 680 um
.diethylpyrocarbonate in a total volume of 2.05m!
for 15 min, and then passed through a Sephadex G-
25 column (I x 30cm). The residual activity was 1%
of the native enzyme activity.

TABLE 25. AMNO ACID COMPOSITIONS OF NATIVE
AND PHOTOOXID(ZED BREWER'S YEAST
2-GLUCOSIASE I1

Native Photooxidized
Amino acid cazyme enzyme®
mol/mol-enzyme
Histidine® 13.8 12.0
.Tyrosine® 26.0 26.5
Methionine® 7.9 7.6
Tryptophan® 16.8 17.3
Cysteine* 2.1 1.2

¢ An x-glucosidase (17.7 um) was photooxidized in the
presence of 65.2 uM rose bengal in a total volume of
4.0ml. The residual ‘activity was 9% of the native
enzyme activity. '

* These amino acids were determined by the method
with  p-toluene  sulfonic  acid  containing
tryptamine.'"’

¢ This amino acid was determined with 5.5°-dithio
bis(2-nitrobenzoic acid) in the presence of 1% so-
dium dodecyl sulfate by Eliman's method.
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*2 REERAIPRPI M SBT3 28, mRds ndk
(~coo™ ) ¥ ¥IHBTLE.

FE e BBILRISR, pHu-bRARAEEE > s B
M 0-glucosidase 213 -cop™ v -cooH % BEEHRE v piky
BEIERL703aR1XTL, pH6~T7 24RBABRE7T 3580 5
}E U-glucodidase 213 nJMdE -coo” v _ﬂ:gi,’—"’ e W38 B
%@%?“}spk o (X—glacoa'dade < );?) d33a 7?5’927772{ e 2
»2H5, O-glucoaidase NG 2 IRABEIRS TEE T3 L
AR EERB3ILa 112,

BLEN B 43

L. 7] 0842 o-glucosidase ,  V5v3 BRI Oglucosidase | F3
HTHER B242% o glucosidase , D77 oA BRAE O-glucosidage
LI IXBEAE 0 -glucosidlade I o SEAE B REE < L,
E3H63 T35 80 KRak pKIE LI v BERRR, IsHBER
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EHWE IZEIBARSE 71wk ), Ara BEM o-glucosidase
» BRI FRER I 3 sunssuh CBAEW® 7
—COo0” A AILRNXLL-}IFS), T B ERRERE 2
13 IEEFBER o s s IR (—coon) TH U IRELE.
. TN BEME O-glucosidase , V3R BEAE O-glucosidase,
> 9 AT B ERAE 0-ghucosidase , 0¥ FRBEIE o= ghu-
coaidade &1 TR EBIE O-gluccsidage IL o SHAt BFRER
13 maltoae Isd& V" aoluble alanch F3n13d ghedlfiah
g.éyoo? en 1o ERIE | FE malbodextun 13 bra n I
TRE v LR AR 13T ALAFIEERL, Fr¥rato
KABF IR Z 005 FFRRERE AR 2 B33 S, ThooXiR
B BAEEBIL 17 - B3 F)EF KR, Sacerd B
BEofdie 357320 ¢35,

. PIRTREYNE O-ghuasidase BIte 75 105% Wit 0-gluco-
sidaae o SEAEEFERERT FEEIMEIFSE < J) Kp T pKIB
Liv ERRERR AL R IS BEE AR R LY
3 ERRRIOH) 0 BEABEHTR &), TR, E-LEEB WIS
O glucoaidase T o SEMEEFRRIR = 12FIBRPSEA R T,
Yo BEAE ) SIAEEFRER ] 1 BBEEW o ks
W, —coo”, T ) SEitBREER 2  FABERTY o
AT - N ‘[,’/;}H/ vIBE LK. O-glucoaidaqe
RRITICoTRa BHE NI FNH 7 55,
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Fig. 108. Molecular Model of Interaction between Lysozyme
and N-Acetylglucosamine Hexamer (NAG)s2’® < , main chain
of lysozyme; ===, side chain of lysozyme; e , main chain
of substrate; == , side chain of substrate; = , hydrogen
bond; =, S-S bond.
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N FEon3 v, SoF 323 2,30 FMEIRS, Lyso-
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ﬂ‘ SHTTN3, J ST, Thomas 2" %13 Bacillue <ub-tidis aﬁ'k
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13 Rhizepua delemar » glucoamylase & FErws3-9- o RHBAE
It s rni L IRIME RMIL, THME a-amylaae T B-
amydage KoL BRL, BTrui i o DA R
oE Lk, |

N774r 38 §/@1:J3 EBNTR-7— o FRIR111T F‘ﬁ-/07 KR L
= B R BB o ARV S B4t ER o 205, Gkt



149
SEAEEBIL o BB EPIL T BB v 2 150

L. XEFERNH £ 173556 % " plod-
wetive'  RREEBILE BB 0xT) w2 S G
)‘ﬁ7?' &Wwy ;27J'\ }%7)4?2\-? lSnumher(

F16.109. A Schematic Model Showing the Active Site
of Glucoamylase and a-Glucosidase of Bound Maltose.

"nenpnoductive * NEEA vV, R
» B4L1 250 B s E > 17 Yo
IR BR ez, B, R produchve s $5ALEY
2 NI $h 0 EvFo REREE R (ST Bt v BHT) TR
o BAE < Rzt Br—-F 33V, =1, 333G (B
BE nv 33) > BBERRITI3HAIRT (FEARY Kn,j) 13, Yot
AN (3 2E5D) R W7, FBo rrasni5EaERTI BT Y
N $FOH (Ar, 11377 VILER) afa 2R IZEaV I 2o 2B,

Triangle indicates the catalytic site.

Kn,j = 0018 exp (;Ai/PT)n,j (ZV-14)

T3 RIATIBEER (1.98 cal Imod -deg), TI4PPEEE 233, M
13§28 0 FEF 2% productive *HE, nonphoduclive %> BN
T3tar d3. MRbalRERE T EE IR-y-FEEEK I3V,
Michaelia JE$x Xm 13,

K m = | 7 .
I\ 238F N 3368 Fr o0
- __7* ( N 5)
72 Ka, ] v~

vy, AISEM B (11BoBIEw —RokciF 2 g L B3 B Re
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BP0 EhoFa a»3. 31,

f;-—-Kn,j = %'.Kn,p + %Kn,g, (ZV-17)

83, IR, ko/Kmi3 5w D1k s,

Rint x(productive 73 $IREEL A FD
kint x %K"I,P (ZV-18)

ko/Km

Y1), produchve 10 IR BB ESL IS, P IFS M
V26 ~BN-18 11 FV1% = Kay B R4 M FRITH AL E AT
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I/Km = ;Kn,j
=0.018 ;exp (%vAi/RT)n,;‘ (3L -19)
Zexp (3 A/RT)p »
ko = kit =2 L '~ 20
° " %exp(?ﬁ Ai/.?T)n,}‘ (2v )

ko/Km =0.018 Rint - Zexp (;fyAi/kT)n,P (V- 21)

WFRoND, THMBaIVISLN, AN TarTiNFRION Ai 2 kit
HEosnz T, A0 R ok v ko M eI, s
Foro BAR n aRE T3 Km v ko m%’ffgm% Ai v kint &
BB S E I3 S ax HBE +h5.

RE T BB ESEr 0 SHRSE M FELSH, $ndo
RE RN 1 B S 7L 205Te T2 BERE O-glucosidade |, }57
X BRAE Ot glucosidase, 75 FTHBRBRAE O-glucosidade BT
S ¥ 52)R B ) O-glucosidaae 13 ML, %nsavrujrFEsE
¥ BN T3cvs HsIL, i EIo Al v Bao (Evka) K
BEIEH Bint 0 S4BT IT>FLatdbd. o, shnobhk
vottBoRais, $omo a-gluosdade v glucoamylage I3
Jw2 L NF M S 17575,

2B BIBEF B vS2-y-v Ui i g A
B30 Blo KEFRETEHR Rinta3HAD >
| . BRIEER o a-1, 45588735 2Lh 412 KB s394 3



152

BE N R-5- FLVA, MR, 7Y ETER Hroe U H e
AEEIE - Qlucosidase 1< BL213, BrEu L B55 - BF3TH 15
SIE BEASA-T- (Tableth, 4,8 B3 ) F AR, THSE Table
2 E LR, I X B O-glucoaidase I,’m E42R BRAE o-glu-
coacdage I zf'” b23v X G5 a—glucom‘da,ae,”g) Paecilomyceq
e Aapengilhs nigen BRAE 0-ghicoa-
dase,”™  Aopengillieq oryzae B3NS oglucosidase 17 Lot
£ BE B Wt o/-gjam‘dd,aellzmw b1 ¥E < 33 E
S52-9-13 BAEka BT HIv K.

2. H7 11838500 A v BoKERREESL Rint 0 B
iy SMS BB A RorF o TF:4B 17 XBK 285, 284, 29213
B, 12TV BT R o ABE T B3 880 2.

37, BEREERIZABmB e TV ETOS , b S, Ak Az
(Fg. 109388) M9ka D ITENFRFON o BHLSE TR N3, 7
» phoduchve 77 FEATRIN 213 B o BAR < 15 73¢, BEytdb

vajiot: BEAE - glucoidade,

Table 26. Kinetic Parameters of Various Acid a~Glucosidases on Maltooligosaccharides
Sugar beeta) Concord poleb) Pig liverC) Rabbit muscled)

Xm ko ko/Km Km ko ko/Km Km ko ko/Km Km ky ko/Km
G2 20 149 7.5 0.72 103 143 6.7 113 16.9 6.3 179 28.4
G3 3.7 136 36.8 0.60 122 203 4.4 93.5 21.3 2.6 135 51.9
Gy 2.3 136 59.1 0.80 122 147 5.9 98.1 16.6 5.9 161 27.3
Gs 0.64 136 213 1.12 127 113 11.0 98.1 8.9 3.0 78.4 26.1
Ge 0.42 136 324 1.28 122 95.3 4.0 102 25.5 5.9 78.4 13.3
Gy 0.32 120 375 1.33 177 88.0 5.6 105 18.8 5.9 78.4 13.3
Gg 0.23 85.1 370 1.67 123 73.7 5.9 78.4 13.3

a) M.W., 91,000; pH 4.5; 37°C. b) M.w., 88,000; pH 4.8; 37°C. c) M.W., 100,000; pH 4.5;

37°C.  d) M.W., 102,000; pH 4.5; 37°C. Km: mM. ko: sec L.
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o T o T ATIN] e D704 13 BB ML), PEs
7, Thia®r (4140 RRLBRARRBTH. —F,
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TR, N, UrVire 1@%xEm, BEEBEAET nuL,
n<mee 3J32, n-mer LI (ntl)-mea o BB ax ¥ ¥
productive T FEIVE YB3 T1T (n+1)-men 1T n-mesz 1= EEAY
ili@m HrTEr» B RIS 57;575:.2::7,16, 7€-2, &
BEEo Iy (Bo/Km) » B Yo 7 T4k o Ai 5 B51< Rap3 TV

WIS, A ERPIIEB — ARV RodSicFpTnd,

o Rakmdpss = JIn (Beo/Km)n

(F4i/RT)an,1 ~ ($4:/RT)a,;
Aa+1/RT

Y Ant1 = RT = [Jn(Re/Km)ner ~Jn (%o/Km)n)

(FV-22)
SRz, Al Az BED Bint o R Fir >0 7R E, Y, =2
» mallrse 11onTB2IHIL, KnolBrs IFopm3 IFEH%
FO7 B2 13 IR F R 2 RKAT A3, Ae, -, Am TN BBIR K=<
1302, mallpge o G0 FEAFREV 1T V- 14 TH 02 DN

?Kn,j = Kn,1 -+ Kn,z -f-KnJ + -+ Kn.m

= Kni1 + Kn.z (2V-23)

¥ BIEsd s uax 233, IS, maltode » 35603 94k
1.2 voadibdu, TrTINZ, 3o 5EAmIRRAR R BIOHS,
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AN ploductive T 356 2&1), 718K nonpnoductive 1 25
Brd5. SHE V201 IVATSE

Lo = Pint - Kz,1/ (Kz1 + Kz,2)
= Tt - (7 + Kuz/Kz2,1)" (3U-24)

©73.  maltpae » w5 ge n-men o FE i POzE, IV
INZ o Az TBATHINSIT, UIVIL] BI SN PFRFE
ALE FEIV % productive ,  T7U4L28 $hIAFFaYITIIL
2185 1< F5A LT BRIV 7% nonplwoductive o IGrAv-EhEp3ekis

Mizems, —HErE
(Bo)n = Fint- (1 + Kn,z/KnJ)—] (3\,) - 25)
TREFL LD, Sy, IVALI

Kn, 1
Kn. 2

(0.018) exp (A +Az+Azs - + An)[RT) (R -24)

(0.018) exp[(A2 +A3TAst- - - +AnlYRT) B\ -2%)

FRITY S, FV-28 IV R27 % V25 R ANRL £ LA

exp (An+i/RT) = [%int/(®o)n - 7] - exp (Ai/RT)
(IV-28)
e nd. 1>, MBaTE RIS A3, As, -, i ER)
aRoERNT ,  Vko)n RIFLT exp (Anr1/RT) E 720wk THIA”
B4R vy, FBEBHIEox ket B, REBHLAF % -exp (A/RT)
t5337er 13, BRERIB o 1/Kin 11 TV-23 RIELEISKR,
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TV-28 v 27 o FO R BLIR G S 233,

(1/Km)n Kn.1 + Kn,z

(0.018) exp[(Ai+ Az+ A3+ --- +An) /RT)
+ (0.018) exp((Az+AstAu+ -~ + Ann))/RT)
(IV-29)

PE-2, SoIV LEEFZ R A1, A3, . An BATAG3TLIRIY
Az ERedTuax v33 (BEs I3 IaF35%%), IR, %o/Km

1T productive TiTBas T B LT v s, RV,

(Bo/Km)n = Rint - Kn,1
= (0.0]8) %int - exp((A7+A2+A3+ .-- +An)/RT]
(2\V-30)
12 PBOMERTE, A1 A3, Ac - B Bt EIVAL, EERIER

284)

e ABIT3 Az ERe3 1L 232 (BoBaorI3Lads?)),
BRI, BhoaF S R FERT 533 85, Fre BR)
WA T3 IESY 533 AzvTib.

B3t EERAREREurrEE
1. ToMABRME o-glucasictase » 1711 B

0. 8 B b5 733 BERK <k 1) 238 < W73 BR w535
DERERBMY By o RELE.  PawS, BAE o DEmic ¥
W Km 17 SBNT3 (R0 0 TERE 1k 13 Y670 73) S rXFL, 23514
kRold N RARDBZTIIT~TEE B Ko ke)Km 3 Jitm v VR0
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pKm 330 Log (ko /kin)
» niRIAE s FEEE o 5B

for Sugar Beet Acid a-Glucosidase.

10

exp (An+1/RT)

Pl on 3B o TP WEY )W |

Stav IREL, BIr0iko FIop A dor Bo KEFEERER
bk EHH LK, Prpdr3 Iy TAVINE o HALIT H22k
TARISIT RT Un (Re/km)) 0 BINK &, A1 b3ve kit 17 Fg.
1R RLE 70y ) s R TR, A1 13 187 Beal)mol |, Eint
1T 754 qec? ¥ IF#BIHE. —F, Az17 TU-29 Ldo =30 o\
TUaFTE o st 299 keal)mod © B h k. SHoa BB E
Table 2715, ¥R, BN7r0ILHoa E By nakiLk. T
>4k 30507 13 Az wx TR 2H1), SRt A1, Asa B a-‘&»)‘:. |



Table 27. The Values of Subsite Affinities and
kint for Sugar Beet Acid a-Glucosidase

Subsite number 1 2 3 4 5 6 7
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8
Subsite affinity (4;) 4, Az Az Ay As Ag Aq As
Value of 4; (kcal/mol) 1.87 2.99 0.98 0.29 0.79 06.26 0.09 ~0.01
kint (sec™ ) 156
8 r
- 6 F
o
£
= 4 r
Q
S
= 51
o
<
0
2 L
12345678
Subsite number(z)
Fig. 112. Histogram Showing Subsite
Affinities of Sugar Beet Acid a-Glucosidase.
The arrow indicates the position of the
catalytic site.
Table 28. A Comparison between Observed and Calculated Rate Parameters
for Sugar Beet Acid a-Glucosidase
Km (mM) ko (sec™d) ko/km (sec™l.mv™ly
Substrate " Obsd. Caled. 0/C Obsd. Caled. 0/C Obsd. Calcd. O/C
Maltose 2 20 16.8 1.19 149 126 1.18 7.5 7.5 1.00
Maltotriose 3 3.7 3.94 0.94 136 145 0.94 36.8 36.8 1.00
Maltotetraose 4 2.3 2.26 l.01 136 133 1.02 59.1 58.9 1.00
Maltopentaose 5 0.64 0.68 0.94 136 145 0.94 213 213 1.00
Maltohexaose 6 0.42 0.46 0.92 136 148 0.92 324 324 1.00
Maltoheptaose 7 0.32 0.40 0.81 120 149 0.81 375 376 1.00

MESSSIRLIBSHE BA; LI bt T {ne, W74 3y
RE3BIEE vSx-y - o IOHIBE V), B0 v H-2) 5 RaE,

ShSa PEEE BERIBva L ® Tabk 285 FLEE .

mallvoctaodget
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LD, B-27 1w L1329 L IREFSWI LSS, maltonona-
o4e , 69, I )%’733‘%5_1#7] (= #2001, nic K103 Anvy o TAD4RHT
Fou) X SRESM? w70 ITIWIBT B L #3000, malrae
NS maloheptacae Fra FEB33-y- 13 KERIZEBE N,
BE ORI =B LR, T, UANINIRIE Vgluosidaoe
R BRLIB e BEL sk v AR, FEEE S HrviN
FEE s TRE o EY 793 Loy FIETIHE.

Fig 11313 721} BEAE o- glucasidage Lo tEBaR > I3,
Rhz0pieo de/em% ,28‘) Rhizopun. MZ”) & Faecilomyces
vaniot: ¥ Fiska ?Iuwam)r/me o TP TBEE T LR,
glucoomylase 213 Az mBRER S, T4 BRI oeglucasidase
IR B3N, ArvAs o BRIRIZ A< A 2HD, AR A
'%éﬁziva&ﬂwv\, L3 B,7B s Fioox P Es3, So>
ISR,  0-glucoaidade @ glucoamylage o T 77114 Y ERFo 0 74
L2, Az A THISvd FEBT30% , AreAsa XOHER0y

(a) 1 (B) i (€)

e b

L -2L 2t
1234567 1234567 1234567

Subsite number () Subsite number () Subsite number(i)

A (kcal/mol)
Ai{kcal/mol)
A% (keal/mol)

Fig. 113, Histograms Showing Subsite Affinities of Rhizopus delemar (A),
Rhizopus niveus (B) and Paecilomyces varioti (C) Glucoamylases. The arrow

indicates the position of the catalytic site.
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»3. J765, B230s BEHFIFEFINIISKR,

.iZ Knj (I 203563 E)

= Kn1 ( p/]oduch‘ve 70 32 FER)
* Kon.2 (nonproductive 10 $E6F5R)
| (BB -23)

Al <Az o YA k13, BEBAE xIBTE, nonpnoductive 73 $%
A o B1A 7% I%WD T3svilis. 47')2 1%, malfae 713 714}
Je Nrib 2 a ?‘E’iumt TR3 Ko7 o B3N L , DAvIrzY B
Vir 3 aF o < ﬁ?ﬁ 03 X2,z & nonproduchye % FE2o% % way
malfopentacse, &&, 13, VWIVIFI~Ea e vITIL 2
~ & aFFo < IR BEABRIT 33 Busan,  3BBriry,
Tva FEATRN 0>, productive 1 FEAFKIV E v3 Fldaz
G2 a ma)tose Tt $n B4, GLa T AT 3, -7, 7
Y70 FPDRRN 235, produchve 13 lo BLAE kot s BTk
Ro (BV-/455B8) 12 BAE o X3 FEFE, X5 1B RAE v3,
SHEIILZ, A1>As a 38 r1T, BAE s §v 70 B4
TR o produchve 10 FAR B3 ~JEv . P€-7, BBaF
AErox Borrt Bol3 RN EB 7 FeavvBiony, =3
IVv2a FEAHE T 0 BARE s Foa FI 283 Km (N-4HEE) 1L,
A B dso Rng KR, PAUIL3 M PEadFoy o E 2

HBINGIT K3 IAFCR, P> KmRANTCII3, R L,
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VAN ma FBTOr o B3 ns 13, m-lo BREBERL L
mo %/5\;;/%1&'0\ Kmi1d R¥<(733. MWtz , AvAs a X
o X8 Xm 103 RBESWT,  Rers AMIEIEy Law T,

F9. 070 R RLRISIR,  TIUABRME O-glucodidase o AE5Z
M ke 17 nRARTEZETIIF-FE BT —3, glucoamylade o
kol B Lw E/%\%fi\"i}/}%ﬁﬁja N2 TR VRN Sl 27w
Sodd10 HE T BEEER, v AviNTon 4 BB Jret,
D As a KXo BB ) BTH T3 Lav B3 box 253, 83
Ty, BEEE, b Bk vota BFRAE 0 FE s AFE LS
RILBAT32av 12, A vAs o JEE T B) B3 Seox 2033

N

Do

M. 77X BN X-glucosidase a7l MR

N7 R BEM o-glucosidade a o-,4 53R a B3 TN VR
73 BB -5-F Fp sy i TLR. B )d BAED < RFY
1313 2P F. Km 13 malblusee (n=3) 7‘~f§/)~ (I/L/rn%X-‘
FFr TX) v 93ion, IR n

» TEppever WIE LR . L .

Po)); (n) 2 TWh LT aoluble oa- % ? : e

neh (08 fEexB3RY , E ?0'0\%"";:" ©

PE R poly(n) 1373w ) a»g)g B ;n NN

NSR=5-13 nab At Soll  Emtmeiioheile e O
Km: mM. ko: sec™l. Ko/Km: sec™lomM™l,

2 zr_h\/z L 7 ‘k ')} ngi?]\% poly(n): soluble starch.
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8] 2 SRE 12 malfppentaose 3>
M3 maltohexaocae i< FEATS
tap RSN,

pKm o n WRAER FER% 2
13t B AV AN EAE L T HE

exp(Ans)/RT)

«— -5.50

e RIADL B, BAR b8 adk LTl et emiesm e o,
B 23 BAEv 2 R Ry (BaES

Fon) px BIcLERET L2ud. a7 UFFEERE)ETI R

EKrv&ion, nbwiBoEHortRLT2a2300. Lol
S35 F o3RI (BoFFons 3318 & B R . 54581278
FEHEE) T3 -Breni3s, Syt T4 BRI 0-glucosidage
CIAIR R L2, BAi Bl kit o HBEIT-Fe As ~ Az 13 5BE
N3y o FERIBY M7, A1 kave Rt 13 Byosan,  Aziz 302
BIw N30 F M B LE. hsa FBE Table 271 Fuss 2T LR,
Bint 13 38 gec™, A1, A2 BIW A1l Fh BN sod, 90 LI
0.22 keal)mod 231, FBIErRELIL, AzmBER B0, 4>
As o B #2335 e TRasmk.
ERVIBo BFR w5253 518 0 BIB v BX 2 V%4

Table 29. The Values of Subsite Affinities and kint
for Concord Pole Acid a~Glucosidase

Subsite number 1 2 3 4 5 6 7 8
Subsite affinity (47) 4 A2 As Ay As As Aq As
Value of 47 (kcal/mol) 1.05 5.70 0.22 -0.20 -0.16 -0.11 -0.05 =0.11

kint (sec_l) 138
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Table 30. A Comparison between Observed and Calculated Rate Parameters

for Concord Pole Acid a-~Glucosidase.

Km (mM) ko (sec”h) Ko/Km(sec” *.mM 1)
Substrate " oObsd. Calcd. O/C Obsd. Calcd. O/C  Obsd. Calcd. O/C
Maltose 2 0.72 0.77 0.94 103 110 0.94 143 143 1.00
Maltotriose 3 0.60 0.60 1.00 122 122 1.00 203 203 1.00
Maltotetraose 4 0.83 0.82 1.01 122 121 1.01 147 148 0.99
Maltopentaose 5 1.12 1.05 1.07 127 120 1.06 113" 114 0.99
Maltohexaose 6 1.28 1.24 1.03 122 118 1.03 95.3 95.2 1.00
Maltoheptaose 7 1.33 1.37 0.97 117 120 0.98 88.0 87.6 1.00
) Ul
FEne —E I3z
Y 8
U AEIL TUTR ( )
’ g
Table 30 ), 1’)?7?, = ¢
gl
~ - .
N7 R EEAE O glu- p
oy
U _2 L
wmda,dfa%‘]“:’")’ 12345678
Subsite number(<)
. . . - s
L & 77_7‘ 774 )‘ ﬁlb_/ Fig. 116. Histogram showing Subsite Affinities
of Concord Pole Acid o-Glucosidase.
S 7J3 iav ¥,) &‘ﬁ\\ The arrow indicates the position of the catalytic

site.

Mk, L»L, Ta

FEEE By néx 3o FPon ¢ F LRI, R0 B I
s LEEWBE a3 FER1 EAR e B2 d3v3ISE), &
L3 2iFB7 0 PRE T B 3 tav R SWE. FBERr iz
» Orglacoaidaae (Wice s F32a TV 1BEN} o gucosidacs)
REENT , Yo SBAEEBIZ 1T PRV 2o W FED) 5 3,

L. 7YHTNE BRAE -glucoaidade o> 11 77 4 Fhds
>y AT N BB AT O-glucasidade o» BER VLI THE 3t v
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= kol Km 0
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(1/%0)p
ak 0/0\0\0/‘)\0 (0) 0.008
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=2 1 1 1 1 1 1 ,,‘l 3k
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n
Fig. 117. Dependence of Kinetic Parameters (KP) of f— -4.99
Pig Liver Acid a-Glucosidase on the Degree of Poly-
merization {n) of Maltooligosaccharides. Km: mM, -6 -
-1 -1 -1 ;
ko: sec . ko/Km: sec ~.mM ". poly (n): Fig. 118.  Plot of exp(4p.}/RT) versus (L/ko)p
shellfish glycogen. for Pig Liver Acid a-Glucosidase.
Table 31. The Values of Subsite Affinities and kjnt
for Pig Liver Acid a-Glucosidase
Subsite number 1 2 3 4 5 6 7
Subsite affinity (4%) A, 4> As Ay 4s As Aq

Value of 4% (kcal/mol) 0.99 4.51 0.14 -0.15 -0.38 0.65 -0.19

1

kint {(sec™ ™) 125

helljiat gj?wgeb (Fo polym Zi3nvax , IEEFRE Hﬂﬁ3 EaRL? <
ISR BTELLE) K HTIZE vS52-y-13 F4. YR T IR B
AEWIMEE TR, I0p5, BAE n xR, S0
Rot I3 —RaMBERTarz L, pKm (=Logl/iin) 12 nnx 2
9T S TRIG, u,EvSFiNTion 4+ BretEnLc, Sacy
&), VAL T LI TATIEZ alFos T2 b 2 ttBrhy
X3 FonE RILarFH shs. alelgiah glycogen a R/E
IS R=5= 13 malioheptacae (n=9) a 1Bir TPLT W R,

BAi I 1w bt 13 H52c o) BEE s -9~ 0 EERIE Y F
WIEIHBLE (A1 kdtw kit 13 Fg. 08 a IRBSERIZ) ,  ¥h
FHE Table 3] FYHRORLR. 4, Az kdov Az LT,
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FREER Svt Az BB R (L.5] BealJmod) 2H1), A (099 eal/

284,293, 294)
wed ) > A3 (6. )4 Beal)melt) TF>T. g/uwam)dmc

20 A<As 25,  EEEE o 0REE ) BRIy AR 2 x3,

AL .88 keat)med 2H1), Az, A) 1 2Xn R3] EalB vH1),

FEESR-9- o hn IRT3AE 5 2 T8 oy BER7onE,
VAT FE IR INES 3 ERoeS -y 0 FEISIE v

BB tEBALE oox Table 32 233,  FEIHTE ~ EEIB

S o BRAFELIT A5 2 2850 +H30% , FEXIHox S oo

Bitn R e BB 007, SBRIvEEE
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vzzJdo.
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Fig. 119. Histogram Showing Subsité Affinities

" h of Pig Liver Acid a-Glucosidase. The arrow
7"’}'7')] ﬁ e -)ZE.E/ k L ?’I indicates the position of the catalytic site.
T2 IRAEFT 0 LIRS 13,

Table 32. A Comparison between Observed and Calculated Rate Parameters

for Pig Liver Acid a-Glucosidase

Km {mM) ko (sec™ 1) ko/Km(sec t.mu~1)
Substrate "  Obsd. Caled. O/c  Obsd. Calcd. O/C Obsd. cCaled. O/cC
Maltose 2 6.7 5.88 1.14 113 99.3 1.13 16.9 17.0 0.99
Maltotriose 3 4.4 5.07 0.87 93.5 108 0.87 21.3 21.3 1.00
Maltotetraose 4 5.9 6.75 0.87 98.1 113 0.87 16.6 16.7 0.99
Maltopentaose 5 11 8.80 1.25 98.1 79.3 1.24 8.9 9.0 0.99
M;ltohexaose 6 4.0 4.21 0.95 102 109 0.94 25.5 25.9 0.98
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Table 33.

for Rabbit Muscle Acid a~Glucosidase
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The Values of Subsite Affinities and kjipg

Subsite number 1 2 3 4 5 6 (7 ) (8 )

Subsite affinity (4%) A, A, As Ay 4s Ag (A7) (As)

Value of 47 (kcal/mol) 1.32 4.28 0.37 -0.40 -0.03 -0.42 (0) (0)

kint (sec™l) 182

Table 34. A Comparison between Observed and Calculated Rate Parameters
for Rabbit Muscle Acid a-Glucosidase
Km (mM) ko (sec™d) ko/Km(sec L. mm™1)
Substrate "  oObsd. Caled. O/C  Obsd.. Caled. O/C  Obsd. Calcd. O/C
Maltose 2 6.3 5.24 1.20 179 . 152 1.17 28.4 29.1 0.98
Maltotriose 3 2.6 3.29 0.79 135 174 0.77 51.9 53.0 0.98
Maltotetraose 4 5.9 6.01 0.98 161 166 3.97 27.3 27.7 0.98
Maltopentacse 5 3.0 6.62 0.45 78.4 175 0.45 26.1 26.4 0.99
Maltohexaose 6 5.9 12.4 0.48 78.4 166 0.47 13.3  13.3 1.00
Fo7 13 Az nIBR T 4028 Real)mod B FL, X0, A (A2 Ecal

Jmes), Ai (0.3 kcal)mol) a WE 2B>F.
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Fig. 123. Histogrames Showing Subsite Affinities of Various
a-Glucosidases. The arrow indicates the position of the
catalytic site.
(A): rice acid a-glucosidase I. (B): buckwheat acid
a~-glucosidase. (C): sweet corn acid oa-glucosidase. (D) :
waxy rice acid o-glucosidase I. (E): pinto bean acid a-
glucosidase. (F) : honey bee acid a-glucosidase I.

Swovd BEAE o-glucoacdade I : 53.0 aec™ (M.w, 98,000 ; pHS0,
294, 299) -
35¢), Paeclo ny e vaniot: LA W-glucoaidage 1 /80
289)
dec™ (W, 100,000 ; pH4.&, 37°C), ’ A,ogelzgfl/g:g n:gen
2)

- 29
B% 3% 0~glucosidase i 79.0 aec™ (H.w, £8,000 ; pH4.0, 37°C),

dﬁ'&ﬂﬁw enyzae B3 O/'yluco/u'dwe L :30.0 gec” tmow,



170

8 8 8
g g 2
~ 4 ~ 4 —~4F
© ‘o T
< < =
— 2 — 2 —2r
< < <
0 G 0
-2t 2t 2L
123456178 12345678 12 345617 8
Subsite number(z) Subsite nufnber(i) Subsite number(z)
°I
= (J7)
s 6
<
sar
>
" 2 L
Q
0
-2
4t
1234
Subsite number(z)
Fig. 123. (continued)
(G) : Paecilomyces varioti acid a-glucosidase. (H) : 4spergillus
niger acid a-glucosidase. (I): 4dspergillus oryzae acid a-
glucosidase I. (J) brewer's yeast neutral o-glucosidase II.
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Table 35. Kinetic Parameters of wa-Glucosidases and Glucoamylases on Maltose and Polysaccharide

Enzyme Substrate Km (mM) ko (sec™ 1)) ko/Km (sec-l-mM-l)b)
Sugar beet acid a-glucosidase®’ Solubie starch 20,27 179 f 1.2 ) 663 ( sd.a )
Rice acid a-glucosidase If! Soluble starch 6. 165 ( 1.03) 258" ( 3.480
Concord pole acid a-glucosidase®’ ’s‘iiﬁﬁi’i starch ?:Zﬁ lgg.e E %).96; lgg.s s 3.59;
Buckwheat acid a-glucosidase®) solubie starch 1 103 (o 35 ¢ s
Sweet corn acid u—glucosidaseg) giiﬁgiz starch %:2 igg 2 1.26; Zg:g E 3.26;
Pig liver acid a-glucosidaseh) gii;?;ish glycogen g:g 1%8.6 E %.71; ig:z E 3.79;
Rabbit muscle acid a-glucosidasei) ggigiiish glycogen 12.3 izg f é.67; ig:g § é.asg
Rat liver aciq a-glucosidasej) ggiigiish glycogen i:: 2 3.88; E ;.01;
Paecilomyoes varioti glucoamylase*’ Solubie starch 5.5011 05 5.86) 44600 ( 7400 |
Trichoderma viride glucoamylasel) ggisgi: starch 8:340) f 1-95; z 54; ;
Cladosporiun vesinae glucoamylase P" Solenie starch 55019 E %.82; 8500 )
Cladosporiun vesinae glucoamylase s™ Solubie starch 3,001 51%).0 ; (18000 ;
Aspergillus saitoi glucoamylase M;n) 2§i§gi: starch g:go) glé.o ; E 8% ;
Aspergillus saitoi glucoamylase Mzn) ggiﬁgi: starch i:;o) 522.0 ; E 4;.9 ;
a) the value iﬁ parenthesis indicates the relative k. b) the value in parenthesis indicates the relative k,/Xm.

c) pH 4.5, 37°C (this paper). d) pH 4.0, 37°C (this paper). e) pH 4.8, 37°C (this paper). £) pH 5.0, 37°C
(reference 105). g) pH3.8, 37°C (reference 84). h) pH 4.5, 37°C (this paper). i) pH 4.5, 37°C (this paper).
j) pH 4.1 for maltose, pH 4.2 for glycogen, 37°C (reference 211). k) pH 4.5, 37°C (reference 294). 1) pH 5.0,
30°C (reference 301). m) pH 4.3, 37°C (reference 302). n) pH 6.0, 37°C (reference 303). o) these values

were calculated on the basis that 1 mg/ml was 0.14 mM of non-reducing terminal glucose described in this paper.

9Ll
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Table 36. ko Values of a-Glucosidases and Glucoamylases for Maltooligosaccharides (n=2-7)

Enzyme (ko) s/ (ko) 2 maximal (ko)n/(keo)2 minimal (ko)pn/(k 0)2
Sugar beet acid a-glucosidasea) 0.91 0.91 (G;3-Gg) 0.80 ( Gy )
Rice acid o-glucosidase IT &) 1.13 1.13 (G;,G4) 1.06 ( Gg )
Concord pole acid a-glucosidasea) 1.19 1.24 ( Gs ) 1.14 ( G7 )
Buckweat acid a—glucosidaseb) 1.10 1.31 ( Gg ) 1.06 ( G, )
Sweet corn acid a-glucosidase©) 1.04 1.07 ( Gg ) 0.86 ( G, )
Waxy rice acid a-glucosidase I2) 1.18 1.18 ( Gj3 ) 1.05 (Gg,Gj)
Waxy rice acid o-glucosidase I ) 1.21 1.63 ( Gs ) 1.21 ( G, )
Pinto bean acid a—glucosidasea) 1.33 1.81 ( G5 ) 1.31 ( G, )

Pig liver acid a-glucosidase?) 0.83 0.93 ( Gy ) 0.87 (Gy,Gs)
Rabbit muscle acid a-glucosidase?) 0.75 0.90 ( G, ) 0.44 (G5-G;)
Paectlomyces varioti glucoamylased) 3.80 6.06 ( Gy, ) 3.80 ( G; )
Rhizopus delemar glucoamylase®) 5.00 7.17 { Gy ) 5.00 ( Gjs )
Cladosporium resinae glucoamylase pf) 3.01 3.80 ( Gg ) 3.01 ( G, )
Cladosporium resinae glucoamylase sf) 7 4.70 10.0 ( Gg ) 4.70 ( Gj )
Aspergillus sattoi glucoamylase Mlg) 5.95 - ( - ) _h ( - )
Agpergillus saitoi glucoamylase Mzg) 5.95 - b ( - ) _h ( - )

a) this paper. b) reference 105. c) reference 84. d) reference 294).

e) reference 284. f) reference 302, g) reference 303. h) data were only obtained

on maltose and maltotriose.
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Fig. 124. k and ko/Xm Values of Some Acid a-Glucosidases and A Glucoamylase on Various Substrate. Gz : maltose (a-1,4)
K: kojibiose (a-1,2), N: nigerose (a-1,3), I: isomaltose (a-1,6), P: panose (a-1,6, a-1,4) $G: prenyl
a-glucoside, $M: phenyl o-maltoside, Gy : maltotriose, SS: soluble starch, 8G: shellfish glycogen.
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L2 voXBEETI.  casyr K L2, 2,30 VBT B4 B

A% O-glucosidage T3, BIFNE o X EAEDILXB173 2ov JHE
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FETMo0I, Sk FFIRESNE v-glucoaidase” e S
E’s'}% Ol-gluaom‘da‘ae (%}Aﬁ%ﬁc’;’a)”' = 213, malfpae v ?)y-

cogen o XEF ¥, FBAT> ¥ TAEI) r £3BF ax Yt w
IWEIY, Ik, BHEKZEZHoH B3 cv, wuews
SEAEFEU R 13 2av IEBIS 3. LoL, BEBR v ec
maltose ¥ glycogen o ZRIE ) » BT RS IR B R T e
BEshon3ox , <hoo EiEEEon Es g 808 43
BRI, FlEernv3gegskInTin, FiEi3H
BLELSI, IRBEM o-glucosidrae LE BrF T3 - B
3 0-glucoscdage 11, SEARE s Ank BERIITZ AB%
R, BATy v BAER r 3 EUP i MRITLREE, A7, B8
Fron? B v BEB o vDRABFHBIL KB 2D o TR
TIFE. 83, ’%7??-%&7}:]3447::5::, malfpgse ¥ god-
wble atarch ¥ ghellfioh glycogen o KEFR¥N7 3 RIFR (%
Yo RB) o SEALEFBER o RIS L703 s, FE, BB pH
> H13 S T ph BRI v BEGEAE 0 7, FHRE o KBFIRA
NI A B E R T W o i3y, EIfET B
VIHIE 253,  RIUFEIF I FE e, »ymFogp
¥E d-glucoaidage v VN BRIE O-glucosidade 218 50m70d,
SadSit O(-g)uw,ua/a,oé A SEAEERAL )T L7213 BE I3 B
THR I3 7930 , SEATIPIU wx 518 2 B3La IBB 1S3 L
U XA ISR RIEFITL N TS, ,

TEREE pHo KB < on? SHr3e, Fokshir BBovs
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RA=9= (K, ko B kolkm 5 o VoL FL) o pHIRTHE 0 IR g
FRAFIMILS I, Bph s 3 FEa REEE oy 2B
ol PR L, FZReL2, pH —3]?@??«13 PH‘ko/ﬁﬁ(l?;gﬁ%
LEEav 233, =3, 7k L3 INEER 20 52897 pH-Ro/km
MK~ TIALT Eav 133,  F9.87, F9.36 v Fg.99 10k LT
IO, kg ¥ 3 O~glucadidaae o pH=To (73 L1 pH-V) i385 //1
pHUE ~ 5.0 1) BEIE ] ? 1IF B~ BER v 730, WP EE
R%3E s THEN PRI T3 Ror s R BHINE 73¢ LK 252013
Fern, tL, BB cT3v pHIo Niﬂru BE4% 181) 213
BSERIS RN oSN B A« LS E313731), pHIO ~ pHidnau L
prbvo N BRMNEa TR T R3IL5: 703, P67, BAEEER
FRIFT s 2L Yo pH SEAE MER 12 BBIL 123 3TER 0 2EFY
i3y, HESEE L. v Bz EHpre Si3iaRens.
Fx, ERLBUERVEE 0 FEEERZ TR RN 0T, B
PHI Bo)Km o TEXTBERT ppe—BrL, BEBEIUITEBH
LTy R~ F-m3 TR 133, EHEr, FIL2RIR
2y 7% ?t;@/”’ 13 2. 2% FESER ¢ AR oY, pH = ke/Km
MR TR IBe b33 pryrtBysy,  Fov] BN a-glucoac-
dage o pHit (0. 2%FB LI 1T pH-R/Km 3 pHED,
r>v R AR 2 pHéL..B % pH5), IX (E)f@z%z‘/? pH Lo BX
prid ad k. Tkt BREEE B NITE bjimatk
XIB% $33 pHre &) BEAEIR) 0 BRIpHETFL SR 33
Tepiney 7711 So } BT W B3AE (-gluco.aidade o malivse
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RXITIFRHNIT 2mm 2, 37°¢, SoDMRIETER, —F, gheogen
RXTL213 Smn (IEBT FLH gucoae SEE) 2, 37°¢, 20 BRI
ST TR0 ph 20 FIEBETVELINEG.  Bap3B, malboe m3TL
713 pH3Y, glycogen IS XFL2IT pro4 EARARID 2 L2032, 3
ATERE A BE )T Yoo TEETIE ws ARSI NI LA 2BA,
IR BIE R 0 DT F B R B o glucosidase™ < B L
213, Emn maltvae v 2% glycogen (FHE T2 L3 V77 mm
FEAFI glucose SEB) BB pH mxFHINsM, In¥nwd
LI &) (WU Zmu N TRT) 2 IREm TR 3V ER S
HInde ST gheogen SBE AT By v sums, HL3 ko
FBRvr&Eaf3R 3. LoLlnuos, SoBhExo071758]
TS o KESERFR I 0L & L3 JBH LR BER o 388 1< IR 5%
B3 Binns,.  Fubt, Tawero ddi ZRBENEECTI (
maltoae KR, 304 5 glycogen KBRI209) 2, pr 4oIXF & FER
N BAR (B SBIE) 233Fa 1, EEVIT o BBph i3 Piny BN
nicw, LwL, F5ERIBURISK, cod>nAtER IR <
13 A e L FPEBAE 2 IRR T3 proteage a BRME IS W (F9. 8
RRLT Sephadex =00 %34 902k 95 % ~ ko pH- FREWWIFHEE),
pHELIRE 1T Sad > BT 73 photeaqe R ISIQ%D‘JN}S ')ﬁ%
Faox RO L, DEaSEMAIBT 1302, colir, B NE
1ol Ynso SER d ) BEE 0 PEIE RS B e, WeadF
W ove —FBY e Y ro Bl pH» vad>is 93057 PHEF3
cvox BEB 233, BIrir, catsn Bl pH o ERBoxA
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L7y, SHMESER¥PIL-XxE3ITva ¥:712‘f7ﬁ%’-“+u 335028
b3S, NTMELZ2E, SadS RNt ER ¥
B o BERIES x WA M1y 1S 1,

T 171 > JTREH] #x BEAE ¥-glucosidage o malfpoe v ShE
ook ABER B3 BB ss3cv 3% B iReonE.
TS o BEE o SEAEERAL 7 %Zﬁ?\‘ BRI S o) LTEL SIS A3k
FBE »sw3c e EZ/B"JS ¥, ¥a7¥'r§“2 BE IFEB- T3 Teax &
33, PBATLwIsSERLE ARy JRE RIS BB
I B3 BREY 03 RE 1Rt IEAE 2 L7 P sk F
Jiyms, %Y PRER) I3 EFEB - BIE T 35K )3,
FLE AR IST, 27 BEFIIEGvEAL T3 A
EFend)sens, Fg b iRLRISK, malbae v 583E
K IRREB IR RBLIBEBRTI WAL 220113 DAT4LZ
A WTM =%, B3wi1d ¥a By s BREF) ox ﬁ/ﬁ\v?s SY 3 BR 4o\
B3, AINT, VAV 20T FRX B3 Y DS, 2
nanoae 6 methy) O-glucoside N2 VEVIR 203 0 5—ZF}¢

B FEAL, ARy TTATIRS BBS 2av #EB)shd, oh
RITL, glucono ~ I~ Lactone 213 glucoamyldade > 1547 e ALK,

Productive Non-productive

“ Qoo =G= G- ~G=G~* G~G~=G~+--=G-G~- -G~G~ -
-6

VA 2

112]3]----Ji }-----[m] e2f3f---[il-- -] m]

Subsite Subsite

N7
[ 2 X )

Fig. 125. Shematic Representation of Binding Mode of Inhibitor and
Substrate. The triangle shows the position of the catalytic site.
®ZA , inhibitor; G-G, maltose; G-G-G-----G-G--G-G; polysaccharide.
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BEKEFES o 2R iR r B3 e s, Pamil s 322 J320
YIRRN M3, NT Mo IBRRINLE, maktse v 5B X EZ
RXTL23 FRES )AL TIMEs 53, 6.7, BmKEEIRH < 3773
BLES7 BRI, K 17080 1By 3. Lwl, TELL500 534
2 1IN A NTFT AN (Fg 136 aT77ibi) KL FAEF] 35
AT L B3, caldsr Bl ri TRE . 3Bt %
P ISIKEFEE T3cvox 233, IbL, malhae 2 5FEHE 2
EBRYNE B L IR nonproduchve 1 {58 o E) AN n),
TEXAEI R produchve 13 22 2% Sy <133 n\, IR 19 produckye
7d FERRIL maknae fo & &) IRCEEEN BE L RT3y
S, FEEviy, RUEELBEERINT I HBXBREE
a T $OBITFIcv e N3, TE-7, BIBKBFRIVTTIFUX
maltoee KEEIRR s XTF3d 02 Kink NTLI33.  Table 13
BRABVLE 2y ATHES B3A% O-glucosidaac k)R T 3 methy) o-ghicaside
(maltpoe XEF R IF L2113 44.3 mpy, gyw?en KE%E | YEL21F 4Tmty)
1T TaBIvBLIITLw 233, I, Tablel, Tablelty kdo
Table 15 N2 L 1P 1) BB ETR T 2A 0 F2B S M3 ouvid &
Ad5N FRIFo FUIEIFT T3 L02B2DS. Jous, Sad
SNEIFofBF)IvL7, TAirivoiElhm vrwi)l 1y
NP2 KR TIEa Lot ERIBRIS 8L 53 2% <19,
SYEI o KBRIRA R 1IITREETTA%, malboe o KEEIRAR
nenpnoductive TJ 22 B LB TIc e me , BRI OE: 3
Box YEX (1955 SZHE32) F3JREME v B3 v E /T35 LEL,
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Sy 13 FAEFHI o B34 i koo Ln\i%A L7aw IHA T A
T3¢ BB IBEF 3,

FHiTr I3 1%751%7713 < >v2:3 FRER] < I3RTE v Ak
RAIZSLIN 23,  ERLIAIBAIIII BALEEReL?
533808 0 TRER) 0 L (1ae, SEAIL) 2H5. Fubs,
SEARTEHI R &) B E AT AL x BBH TN, FFor s Fu
SEEB 253, SoBARE, HIBroXHEEITR & T I 3R
WEE s Fp3ces 7: ), malbse X% o T £y SEMEILT R
Bend. 2L, SEAENEIREI BB BARE x KB L BRT
SHATIL] B30 PATIMZ KRS M3, YR SEEE
o AT BRIE o0 KER 3T L2 L3, T YATHR ST o-
Qlucosidpae KROINI moltae v hellfiah glycogen KEBIRFIRXTLT Na,
K™ 3 d v Mg % (Fg.70), "774‘“5’%’5@*5&%0(—91uw44da4c KN K¢
(Fg.%8), BARHE HITERSBMIC LR, 3R, 18K EERRHIL7 Nate
Mg 13 malpae S0 i glycogen KEF < B SEAFILF s Rk, Ika
BB Yo EREIUIRTIceox 733, SoalAB o2 Ble Ll
SPKIEER T Ea0d3v% , malbsea XKBE 1T AN 2B L1av AN T L3
FRIM sy e AR . 3. TR ¢ AL ST S
] BEAE ol—g)uwm‘dadezlg) 7219 PB4y +TREN 13 BB s glyco
gon o KEEIRMaF o TOKICBII DS, maltoae a gheogen
ADKANEEPAL o B3 v TR sz n3ax, BYIcRMIME
HITLIF CHITTER T s DHS N 2D B PBAT> ¥ FAEH]
k13 B8 %? » ZBpH o B NESR )ﬁ#@ 2 VD)K%})%



191

¥ % B1AE] 2B v o R BEIF VIINN B3N, THERE
FAIIIFEIFITIIS T . SHsa @3%1? 18] L7213 maliroe
¥ glycogen 7% ?z"i/%\‘o‘s :z»&ﬁ"s"’.?sa«?%:), Lt 37 = l%m%‘ﬁ
TR I51 BEER o0, EERS L R v S8Rk ETFEpILAx
HL3)E-rEs TREAS ETRR LIS Lav TR S,

O-glucasidase o SEAEEPIL 1R RT3 o BAEDI VLT,
V5 NT HE A% O-glucodidase 12 MR IIERE B3, mallsge
L glycogen o ¥n¥ha A AN 1< ke 10 YA E T SHA T
AV ERAE L 2 ABELE v B3I, Fho. IR0
Y Be)enk; v Pmen}e)d A ‘2‘52/%) 713 Bz ﬁ?}' 2F10 S aAESD >
M2k, TRSid-? Avs R BERES i3 N vx 33 Lav 3538
SHE. FEravs3 B F BrdB s 7073 glucoamylage o ba¥ i p
Bkby2d) (IBBEE & "glucoamylase " v D$ERI N2 1032003, 47
213, e RS ST B R M T3S s W3S
i<, BRS7R dype -3g)m oz-ylucoa'dawe *33), FIHBYRNI
?Jucoam/yjade Y maltade o BV s 793 ¥ 35 Belenki v Braen-
Jeid o BRI By amEhe, A5a00 0880 BT ENBEN
P33 5. |

VEILB 37 & d oo FR LR 0 BB O-glucoacdase KAL?,
WEBSE v SR o KEEIDIu o Bl- 2R3 BIBT T 151
WERIKS 202, glucoamylase (EC 3.2.1.3) a BlBY LIRS
| h2n3 "L)wmoma! O-glucoaidage " v " Axd maltage Y (Table
ZRBE) T HFIRIVTF 23 5. FE, FIBX 22 1ELE 1%
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HALEA, S ofTEE O-glucosidase o Y FRXKBRIRA STHE
T glucoamylade achvity” v BFFRLI0E. SaRkBLE =
WsE 0o RELE »2-7B0E 3 2av i3 ey, Aeoid i
TPEE3 a3,

B%3E o- glucosidase v WA O-glucoaidase » 7mXEFIF7
A ISR T3 SEAT R BER L )ME G303, BRI o-glucosicase o
FRAEE 3 BERAY R BT Lo 12 BRI BB E
25 #d, BEAE 0-glucosidase o EFpH 13 Y~ b 0 BERo% 5 ¢,
WAL o-glucosidase 213 6~ FRITURNS,  FETh o B BFREEE
amﬁl?%v%)rjﬁiﬁ"«:’%%, % FE = %‘7%—7 BAS» 13- J
SR, TFIWE, VIR, »yFER, YTFPBER It IRA) 0 A7
o BEAE a’-ﬁjuoom'da,ae 1RAIT IFBoH LN S CHERY 13 7
IWR'S2L- T2 —coo™ v 7°BF 32 L % s -coon) ettt
FESW,  PONTHR, PymsE il v EoLEES () o B At o-
Glucagidase 213 77w7r\" SILER (mcoo™ mx STMETY) v RG>
R A ATE ¢ .[,\;F“) 7% /&/Elﬁ??i%&/% L FEET MR, TiL
‘bl}@]a}%%%ﬁﬁz » ~COOH ¥ _II:N"'H o> 73513 B Ly HEE] >
W 5% Oglucoaidade v }i)$¥< 7d ﬁ%m glucoamylag Pk
lc/oo;ymem 7 g ;woteaae Y e Bsnzis A%, ?Ediﬂ#%&ﬁwx
BB rH L ¥ uox BE TR AR vk E A 0. B
AF - glucoaidage » BFRRIRZ o 7SI 17 4o~ 4.3 o pKe (7L
73 pKea) 5RL, —HBapkiBIyt YalBrt maupn. Lol
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Table 37. Some Highly Perturbed pK Values

of Groups in Proteins

Enzyme Residue pK
Lysozyme Glu-35 6.5
Lysozyme—-glycolchitin complex Glu-35 ~8.2
a-Lytic protease Asp 6.7
Acetoacetate decarboxylase Lys (é—Nﬁz) 5.9
Chymotrypsin Ile~16 (o-NH,) 10.0
a-Lactoglobulin COOH 7.5

References, 309-316.

7
H
A Yoo
7o, HOCHe R
L= L0 §/§g; i
Gig = H-0-R ‘¥
+ 2 6’\0
H N &

0-A 050
H 75#7
Yo 0
~c#
T
Fig. 126. A Probable Mechanism of Reaction of
Acid a-~Glucosidase. R; glycosyl residue(s)

except non-reducing terminal, or aglycone.
H-OA, acceptor.

SoOFFFAx RoIBE s B3 0, Sodsn B8 A rEion,
RIR s Table 37 5 T LR &370 "B BEE Rk 8500 BEE .
I8 BEBRRE ¢ s g7 103 ]

YadS>SILZ BHS NS SHME O'-gluwmb’adz_‘ o R B R RS
FEMn?, BRI T B 73 cvax 75, Fg.r241=
Yo B REF L. B%it O-glucoacdaqe 13 BERBE] o0 ~coo™
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N EL3EE v A BOESLIIY, BEEBEz0 -cooH o
- 73Sl FEA o IR 1R SFE b7 0338 (BVE 2, —cop™ %
) 2] Qlucose TR BEE LSS, IBIK o Txvmwi=Yu T2
(33203 Ca AR =L 4TSI EVRB L, —cooH o 7onbke 4 BEE
gducoayd - oRIRHFIond TRV E IS ME. _éur: glucasyl -
Enygme WIBIRE BB RBFS s w2 2 G FE 132 an H > N3,
JAVE BIBAFR o Xo3B A 113 pokhBRE R 7B 1) (wokHEE 3k
Erg BFs2ibo -4 23 39%x, Ko B EmIEErAT 224
RITEE 2D F R VA2 03) , Yoo 3B o 2BRr 3 JEBFY
Zize 1) glucosyl - Engyme WPIEITE K -0 217 FRR 213 3
RLigvox /B‘?Alco/.u'dmeww 2 $aBiftox ZEBH SHh702 svos
O~glucosidase 7L AT IR ox 2375, WA o glucosidage
L7 L )3 ﬁwﬁwﬁm Eisn, EEA% Ol—glaoomdade » —cooH
%2 0F _ﬂ.",\/w % FE-71n3n3 ta FEETHI,

BEAE ST W o 1T Mo O-glucosidase L YHTEBIR o 7
)V-W i BRFFON, BB a-glucosidage v TR o BGEERE B
L, O-7R33LF32F TIBIT 33 glucoamylade 217 cinax BFLT3T
v13 BErEE L,y Ao PV - Waox BEFFIN3 N B < K]
L21T BT ) %0 = Box BRI nend.  Guabs, BB ookER
SHIEBNTI FR o 1 1R P73 RARBE R BT e BB T, SN2 R
T ) Yo REE» R ET o, TE0E 0 43E <23 B v, s
R v R KBE 7 oW e pR o EER 337 2522%, B

Fosprtdpin proe fa Hio 2SR L), Waka B3
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AIREINIRY, T Bo-Font 2T 387 252,
B, $oxs70 0 paB ¥R o amylase 1z 33 w3 I Bk
o T80 phenyl -makpaide 738 EBNT3 maltoas o 777-H % ]
BLR3ET), MEFHEEFERL, 1530 Ma B Wicr :
W03 W0 plucosidase v glucosmylase o BV
TIv-o THE 12 Ry R R aBEIE R L3 b0 203 73¢, BSBad
B3R —coo™ v -cooH o BB BT LB EES] s A0k SEAEERILA
IFIES A E R K3 Lav Bion3,

O-glucosidase o SEAERPIUFELE R >0era VAV EE R B
WL BFRTLE.  XEREFMT R L3Fs%2vidBny, coFgan
BER© Y0088 ¥Pih o X033 BS M E R Fo kv, Lot
BNE,Eu3 —Bo 2r T 1EB ¥ %o EE LI %’ﬁ?}%‘i)ﬂ-
o Xhiu 2 XEGF T3y wx BESH R 7J>7’:/§\, g,&xwam)llade L o Rt
VL2, O-glucosidase o SEATERILE AT EESSER2 ABIT T
3cv I BRI TRy Eson3,  FeEapRiRISR, Ao
O~gleccodidage > REF o B m{?&# X BRdbsM, 1E-3, ?&/
coamylage ¥ JAFF I B om0 TR L3 SEIEEBLTESE R Y
3IvaXFRESME.  —Fo aupEA TS 3 TLNTYTEE R
L, UPTANT &y Drv4h303 FIodE (EatB)ETL, DIacu e
Mo TrYIVE FILov PIHT LR, U EEAE oeglucosidase
T IR L LR L EadBEL T L(Table 27), ¥%a R332

Rhizopue delemar glucoomylode o BB FET3t0rB-F,
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ST S B Ee PIBIRKARRE e B AT 173 Pa R LIRS
3l +¥3. IR, HBINE BRI KO-glucesidase o
W3 FriEEER s ke o ttBREY B¢ KBE T3 20 (L) ¥ v o B
A% O-glucosidase <5122, TrU1}E Y1) Boro FGon 1313 LA v
EafB 30 (Fg./33), $9n7 0 Bty 588 KEFEE 13
TR ox 22 smTec. DEBXEFBES 1B\ LS 72 (Table 29) ¥
RVi=bI->, BNEFRRLER0 BEAE o-glucosidade (Fg. /30 213,
VPTG P BafE e TR, maliote tracae YA ko BLE
RiGcm 198 L B BN L BAR P AE O~glucosidase L 213,
74k o FFnn o JEEIR K318 alB (Fg.133) +H3sems,
sns BatBoBoE 3 BAE o 70O B R v B0 L3-S T
kKRR, IBEFER B30 BERRRA v I3REe I L0, B
¥pih o SRABYLIFFBE o R BRI Fr 2 ELT Lo RIBILE,
A-glucasidace K 7v2 BESNT TAVIR] 28 YATIR3 To0F

HRw A1, Az B30 As o BRI A2> A5 A3 ¥B),  glucoamyl-
ade o Az>A:54) v 1 BEIsM3. EEREa 4> As (O-glet coac-
dase ) v Ai < Ay (glucoamylade) o FZRiz, VAT 2B
Y73 BB s 2=y - o TNETBAEIRTIN 0 5B s ASE by < 32
BRI BRI torns. I, TnriBrizE
JEes -y af@'-?&g'fﬁ(ﬁfi? % B3 A-qlucosidage g.lacoam):-
dage o BPVILT X TAVEL3 0 FhTon o K10 2B nBRT320
&), Bk 2‘?&?%5/:%7““7: malivae ¥ mallptnioae
RAVBBREE o rtF o o0 BIEDEZ ARIBITSE 2333
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VEZEBETILA T, |

O—glucasidage o W7 TIVELID Bov b 2 T~ 348, WivEER
L 3BT P3c e, BEo -2 5% v 19250 73 7 BT
R BRTIIeE T8I0 3. Savuid, —B, Rufike
K2k "—coomaxErBBrvaREAR BB e FETILSRER
bhd. LWL, Table 381k TLRISIK, -co0™ (Aepbz) v
~COOH ( G35y mx IR ERRBAL )N I N3 Lpooyyme 07
KRR, XRRERHTFZR, 5¥o78) B 3%F o BB (VA6
v KE5E2% FEKFER2 ¢ THZ RIRAE L7 3Tunx BRS 2T SHE
N R Aop $R v Glusbl nx NIRRT B, Eadkax
ER o B IRR T 1T 7030 Bz onrnd, 67 BfEa

Table 38. Interaction of Lysozyme and (NAG)sand Subsite Affinities
Subsite Substrate Enzyme Interaction Subsite affinity(kcal/mol)
A NH Asp 101 O H 2.3

OgH Asp 101 O H
B N P ) 2.7
ring Try 62 ring B
73 Try 62 NH H
(e} Try 63 NH
Acetamide H2+B
c NH Ala 107 cO 4.6
co Ile 59 NH H
CHy {Try 108} B
Og Gln 57 NH; H
D or Glu 35 OH -2.9+-6.7
O Glu 35 OH H
-— (e—Asp 52) e
[+} Gln 57 NHa
Acetamide H2+B
NH Glu 35 CO H
E co Asn 44 NH, H 4.0
Cs val 109 C; and C: B
O¢ Phe 34 CO H
F Q¢ Asn 37 NH; H
1.7
Os Arg 114 NH; H
[0} Arg 114 NH; H

H: hydrogen bond; B: hydrophobic bond. {Reference 307).
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N c-3 H t :
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0

Fig. 127. Conformations of Maltose, Maltodextrin and Aﬁylose. {A): maltose,
(B): maltodextrin, (C): amylose (six residue helix), (D) : native amylose.

353 ARITIBEI Y3 Lo ARSI E ST FEI2 00,

O/-?Jacoa‘dade IKo2n2E %*Eaﬁ;%m%@r TEZ3RF L2 3¢a
Y FRER) 5 pd.

&-glucos/dase o RIR o B 33 maltose, maltodexinin
11 ERIT I, IS n= J0~30. P$uIAE aEAB
amylase v P%13°313) Jeda Am)'.ler 17 $p%a BAE - 1E-F
jl'f';?‘%&{‘ r3, Lo, )t?"M&E)?‘(gl«cwe) o TE3E
Yo BEE R RFCREE T3 bov B30 73,  SEEHPo
a-p~gducose aXBE L7, Fg. 37 }iRLE C1ERTEnx NMRIZ,
X 35 BFRTSE S 82 AEEE I M7 03T unS,  makvee 13 Fig.iz-
) o TBH s v3tar IEETWY ,»3,7) BIsddil 1B ER 5
), 13 PRI IR AFEZADE 2D, SaddSn Qlucose H3nid
malipase E TR L? TN FB EFB SO PF 3 px (F9.127(B)),
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HIFRBEAY 1 1330 v IR MBE T G uax BEEE T,
V-amyloae (ANTILPIO-R0FEER) 13 \NwIR—ErL? Glucose F%
BipisotomFehaeBronind (B izm-)y 41
o~glucosidade <13 maltotetracse AL » BAREE X1 T317HL L?,
S KAFFEMEX T30 (FIor nPEwD T3) | Goixr <AL
FFed v KEFFE B Br L o (FBFan FI9)Bebsman), e
R XEFBE BT T3 Lo (F2T0 2 2 SBU, 17345 KmoxPEX) & 3
B ERerax, Sws i3 FRE 233 Tn1ERa BB 14 s
NRITT3 BE§a 3FBE ¥ XBRY3 toa Bobon3. Yalt>wBok
P, FrNIBEAE 0-glucosidace 13 YaSBIERBIL o fOTTIR B
FvrtBr i, SReIREEY I 2a LRI 03,

HG ox B0+ 2 03-T"2 v 133 Yomsa 5517 3o 1B
v73s), BV FE SIS I AEIERS EEBAI I3 NINTIn,
BT am):,éo,de e Rba, ¥arFuar)y amylopectin #H3 I
SoFBEE RIS, IR, TNI-T2IT amylopechn o LIBIEIS DU

8
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Fig. 123. Structure of Amylopectin. {A) : Haworth's model,
(B) : Staudinger's model, {C): Meyer's model, {D): Manners
and Matheson's cluster model.
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Fig. 129. Binding Models of a-Glucosidase or Glucoamylase and Maltooligo-

saccharide. (A): type-1l a-glucosidase, (B): type-2 oa~glucosidase,

(C): type-3 a-glucosidase, (D) : glucoamylase.
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