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B1E Fil
H1H  o-glucosidase DA

o-Glucosidase (EC 3.2.1.20) ido-glucoside #& % b DEE DO IEBITHED 5 MK S MIC L
> Ta-glicose MY 5 LF Y BOBRTH S, FERELEEABARELOES
BRITEERH EN TS oligo-1,6-glucosidase (EC 3.2.1.10) R sucrase-isomaltase (EC 3.2.1.48/EC
3.2.1.10) Ho-glucosidase ICEHEND, [ U< BBEOIBITHRIEN S glucose %M 3 EEsE
i glucoamylase (EC 3.2.1.3) WEF5NB. ERMAB-glucose TH 1 a-glucosidase & i
HECKRE NS,

o-Glucosidase 1 ZNKTHEY). Y. B ERLREYD S HEERIN TS,
TOREERRENS 351 TRH/EEINTWS D Type [ 13 heteroside 2 & < K ET 5.
T720B maltose KD H aryl a-glucoside % sucrose % & < IAKAMET 5, Type 1 {3 aryl
a-glucoside £ D maltose D&k 572 holoside % & < KA ET %, Type I i Type 11 DEZ
ReRAMEITINA T starch ® glycogen D& SBENFOEBICH U THERT S, L UEBR
BAEDIR D DIV T B Bo-glucosidase 2 HER B THET B ORRETH 5, HlZ T
Y INF BHHEDa-glucosidase 13 heteroside T3 5 sucrose & holoside T % maltose % & 17 &
<KGES B 22,

—HTHE. BEFI O—2 2 Jic X 0 #E < Da-glucosidase D—REEEME 5 Mz X
2o —KIEEDBIEETZDDT 7 2 —, a-glucosidase family 1, a-glucosidase family II {1243
IoNB I ENASMIIZoTNS Y,

a-Glucosidase family 113V W) 3 o-amylase family BESREEDYH DA D DREEEE 2 HONZ
N5 L7 3 BEFIOHBEMETRV, a-amylase family & 137 OREE DELIE. AL EREYE
DHBUREZ S EIRBEINLBEERTH S V. a-amylase family OEHRIILUFOLS I
XEDHENTNS, 1) o-glucoside FEEFITEAT S, 2) a7 /=D N T—Z2H BNk
WA U JMEEERTS, bLLIIIEERKISICED Fiz72a-glucoside #EAEHERT 5.
3) —REE LI ETNTNOBRICIBED 4 DOREBRBENFET 5, 2L T2 OEEES
PRI DGR T E EBRES AL OS < NEET 5.4) B E LT Taka-amylase A
(TAA)D Asp-206. Glu-230, Asp-297 IZ33/59 % Asp. Glu. Asp BE% HD, a-glucosidase
DIBEINEDEHRE BT TBERIL Saccharomyces carlsbergensis ®, Bacillus cereus 7.
Saccharomyces cerevisiae®. Candida albicans®. Escherichia coli'®, I )NF 1V, yellow-fever
mosquito VR D B DR EITA LN D, o-Glucosidase family I TV Bacillus cereus oligo
1,6-glucosidase IZEBNT 3D BENHLEMCINTNS Y,

a-Glucosidase family Il ida-amylase family BESEEBER#R. a-glucoside FE&ICEAL. o7 /)
R=O7)NA—REERL. BEEBRIGICE D FH=/ta-glucoside ¥R EBRT 2. —%k
BELCZNTNOBRICHED 4 DOEEERZ B, — K& & % o-glucosidase



family I B L THE<HREMEERI RV, I Do-glucosidase family 11 12 {2 FLIERK D
o-glucosidase (B MUYV YV —A', 5y b sucrase-isomaltase complex (Sl-complex)'?, 4
Sk-complex'”. t b Sl-complex'”). ¥4 (k& '® 1, F244 29, KLy, YN
) Hska-glucosidase. SRIRBE (Uspergillus niger™>. Aspergillus oryzae®™. Mucor javanicus®®)
Hi3Ro-glucosidase. BERF Schwanniomyces occidentalis glucoamylase®”. Candida tsukubaensis
). Candida albicans glucoamylase (accession number; SWISS-PROT, O74254)
REBEEND. S occidentalis glucoamylase & glucoamylase & L TEREIN TV B A
o-glucosidase THBH I LEZERYOT /I —HMEHRBLTWS P, zhETid
o-glucosidase family Il WEBKEMITO AR DM o> TW DR, BiE TIE Bacillus
thermoamyloliquefaciens™, Alicyclobacillus acidocaloarius®, Sulfolobus solfataricus™ &\ 7=
MECHEENS B RDMN> TS,

B. Henrissat I glycoside hydrolases 22 D7 X ./ BEFI QRN 5 83 family 248 LT
W3 B, ZONETIE family ZE TEERL, RISEERREEINTWS, glycoside
hydrolases D SR —BREEEMBERIETH B E SNTVRBD, ZORGIZERYO C1
REDT /)X —BEFHETBRR (retaining; a—a, B—PB) ERET S K (inverting; a—p,
B—a) IZTF5NB. INA Henrissat DTS family TEITEEINTED. Hlzid
glycoside hydrolase family 1 (GH family 1) 1Z13B-glucosidase (EC 3.2.1.21); B-galactosidase (EC
3.2.1.23); 6-phospho-B-galactosidase (EC 3.2.1.85); 6-phospho-B-glucosidase (EC 3.2.1.86);
lactase-phlorizin hydrolase (EC 3.2.1.62), (EC 3.2.1.108); B-mannosidase (EC 3.2.1.25); myrosinase
(EC 323.DAEENDD, RIGHEHT retaining TH V., MBBREIISZDOOIINY I &
T&E: (Agrobacterium B-glucosidase THYETEH: & HE XN/ Glu-170, Glu-357) THBE 3N
T3 * ™, g-glucosidase family I, 11 132124 GH family 13, GH family 31 IZ& £ 5,

GH family 13 iZ{da-glucosidase D ffliZo-amylase (EC 3.2.1.1). pullulanase (EC 3.2.1.41),
cyclomaltodextrin glucanotransferase (EC 2.4.1.19) . cyclomaltodextrinase (EC 3.2.1.54)

a-glucosidase®

trehalose-6-phosphate hydrolase (EC 3.2.1.93). maltogenic amylase (EC 3.2.1.133). neopullulanase
(EC 3.2.1.135), maltotetraose-forming a-amylase (EC 3.2.1.60), isoamylase (EC 3.2.1.68).
glucodextranase (EC 3.2.1.70), maltohexaose-forming o-amylase (EC 3.2.1.98). branching enzyme
(EC 2.4.1.18). trehalose synthase (EC 5.4.99.16). 4-o-glucanotransferase (EC 2.4.1.25).
maltopentaose-forming a-amylase (EC 3.2.1.1). amylosucrase (EC 2.4.1.4), sucrose phosphorylase
(EC 241N ENEENS,

GH family 31 [Zda-glucosidase (EC 3.2.1.20)DIEA. a-xylosidase. a-glucan lyase (EC
42213 FEND. TN ba-glucoside S ITIERT % Dla-xylosidase (3EE DIEBTTHK
it 8 xylose . o-glucan lyase 1 AR D glucose TR U7 —FRIEIZ X 3
1,5-anhydrofructose TH 3 (Fig. 1-1) *9,

o-glucoside ¥EEZIMAKDETBHEERICIZZOENC. FRICARINERYRTF RO
N-#EEHEHED B U 2 > V%479 glucosidase I, 11 SR DM > T3 9, glucosidase 1 13/NE



BCRETIHY >N IBTH S, FMEN~ N BB mannose 7 FESHDIEBITTRIED
o-1,2-glucoside FEEITIEAT 5. WEHE Y. S cerevisiae i SERMINTHEY., —HEER
MARLENTWVNS, T8 8395 kDa, Bl pH6.7-68. EBEBRMITEE M
Glez-Mans-GleNAce, Da-1,2 glucoside #5 & IZFER T % %8 Gle,-Mane-GleNAc, 1212 FER L7st),
EFREREID DNA R/ D0—ZFaNTVBHR, —RkEBERLEOWTHO
a-glucosidase DFMICH U TR ESLN Y, BIFTIE lglucosidase | DERMIO T J < —
PBTHB) EVIRENH D, Z OBEHEiTa-glucosidase TIZ7z < glucoamylase B DEEFZ T
BB LMo,

glucosidase 111 104 kDa & 58 kDa D 2 DDH T bo-. B-HT Loy b Sz 288
FINRIETHZ 0, N RREABEHOIERITREN 5 2. 3 BEHDa-1,3 glucoside FEA 12 /E
9 %, &ii pH 13 6.0-7.5 THEEREMEIT DOV TIda-1,3, o-1,4 glucoside &I LTIt
WREEZR TR0 1,1- a-1,2- a-1,6-glucoside. glycogen IZ#F U TIZBEREMEN S, =
Teo- 7 Ay MCHIREMIM 2SS, 73 BESIA 5 GH family 31 K& EN 3,

B2 Glycosidase O fihfi fi

o-glucosidase ZE® glycosylase D RICHHEIIRIETE DBHNE < F DRI EH—HIICH
HATELEHENRETFT VIR SN TV RN Z 2T CTCTHEHBREA 1172 2 DORISHAE,
AFVHINNRZT LA F >R RISHERE & SR - BB SISOV TANDS., £/
7/ X —retaining BEFE (a—a, p—B) ICDNTOALFEEITS,

WINOHEBSEDOAINRFVIVE (COO E-COOH) MRRIZED > TS,

AFV VKDY LA F > HER RSS2 EBIC 31T 2 (Fig 12). Ilan3
glucoside #EE DEERFETFIC T D b 2B FINE N, JEBITHIEE glucose DT J A1) w &7 sk
D5 H-O-R WEBEL . T D glucose 134 F YV IR AL F 2 B AERT 2, ZhicRigiE
TH5OHDPHEL T (ZORKBEREISIL Sy KIETH3) MKSEIKRTT2E NS E
DTH5, ,

—75, REZEBRESHETIZTY / AU v 7 RBISREE (CO0) BKEL. EBRIR
BOFFVANRZT LA T AR THERST S, Thbb /NI -BEERRN
FEEZERT B RITKDTO OHBRERBELTT /A v I REEZREL. HIKSME
BISOHE TS %, ZDEZOREBBRRRITL S2 KIETH 2. HKSMRSKTT 2 ETICT
VT o RigEEok 2 BOBRRGABES (Fig. 1-3),

TROE, INSSEDDORIGHEEDENIZ Y I )V hEIGIBEE S REESEES
DINENTH 5,

FFVANRZT LA T P RHERISHEE 2 T 2R3, kDT 0 OH ORE K G
S\l TETLTWSZ EERTo-E2 REFFRMAEZ R A a-glucosidase THREI N &



TH% ), K7 Bacillus subtilis a-amylase (GH family 13)DMEZRELTEBESE E208Q O
maltopentaose & DB S A DHEFHEE > TIIBE P L O-COOITHET 3 Asp-176 &7 J A1)
Y U IRBRDEMN 3 A THORERSITEN LN & ZRLTW3,

—7, RE_EBRRIGHEZXHTOREEE LTI, TAA CRDBREZR Ty
BEfio-amylase I2B W TRIEH IS NMR TEIRIL 7= 72 EREIToNEN, BRTIIEE
TIOTERND LTIV -BEESKREED X SNTRDZELERTBZENT
D, INBWERT /Ay I RBICKVBEBEE TS 7 VREREL, iz 2 05 Ml
BRBEEORENT vy REEBETE LT, BRI E—AE<hs o & ZFAL.
RIBREERY b BENE BV FRGEAEES 2 E2FELTRS, Bl 2 ia-amylase family
- BERBED VLD TH B Bacillus circulans 251 FIED cyclodextrin glycosyltransferase (CGTase;
GH family 13) TI3EE & LT 4-deoxymaltotriosyl o-fluoride % 12 & + Asp-229 (TAA
Asp-206 IZHIE) BT ) A v U RFEHEREERRT 5 EPEBIATNS 9, §
cerevisiae o-glucosidase (GH family 13)DsRiEFE: Asp-214 D 5-fluoro-a-D-glucosyl fluoride
% 5-fluoro-B-L-idosyl fluoride D& & bRk — BB SHM 2 X T B ERO—DTH S 7,
Bacillus circulans xylanase (GH family 11)TI3[8-*C]T Glu £5~JL L. BC-NMR &I T
xylanase 2 pH L T3 ), ZO#E, sRIZBE Glu-78. BEEMBEER Glu-172 O Pk,
BTN TN 46. 67 ThHh M. BB 7 + 0 7 2’ 4°-dinitrophenyl
2-deoxy-2-fluoro-B-xylobioside % s & ¥ 2 L HE N — 71 Glu-172 DA TE L. SREEE
Glu-78 I3 glycoside #&& 2T 5725 pH OLALICL DL 7 FOBBILE T S50 &
WOIHREOH D, FEFMIC, BET 07 3RE U RE TS EEMEREE Glu-172 O
PRLIEDKI 25 WA L. Glu-172 MR E LTHEL & EARENTHY, pk, DIKBEITET
DREXIDEDSNTNS Z EMRANTNS,

EELAERELES) 3V -BEESHRIIEE 7O TERWEEZIZEDLENTA
DDTH>T, HAZTDHDELEROERRERRIN TV LD TIIAN,

FIeRIE, £EEELET) V) -BEES RS K UTXBENT LI E WS BENH
D, INORE_EBRIICHEEZZRTIREABETHS ¥, Ll (42 76 Vs BL W
RETRER-ENEEL DS E WS BEH S T, BORBHERSHEEARTH D
CSHEWINRW, RIEFREICEL TR, 558 E2RWHRETIZND] &0
2EZFBHY P, BEETTRRAIC BB S I RISHBIZRYT - 257105
ELRWRETH S,

%3 8 a-Glucosidase DL DN T

P RIS T BS 0 2 R 2 DOAIVRF VIVE, BERA I EFS L— R (-coo) &
HIVEF 2 )VE (-COOH) HMEH->TNB I EE£< Da-glucosidase TRINL TS, £+



LT Ol RGBS —BEIE AR TH B 3T 3,

o-glucosidase “Tid, Conduritol B epoxide (CBE) % 5-fluoro glycosy! fluoride % FAUCiE
WWBERT X/ BBRED D B RERENFAEINTWS,

BREETHS CBE i Fig. 14 OX S BEBEXTEEBERENIVRFL— MRS L
seyllo-inositol TXFIVEHRL TNE ELINTWD, BEOEMEIC L ZEBRIETIE
D-chillo-inositol BRI NS Z LD 5 I ORBIBRERBHERKTH D EINTNS 9, Fl
HOALIZA > T& /= CBE 3B EMBERREIC L D 20 T RF VBOBERTFLTO 240
RIS, RETKEELZ > CBE © 2 MORERFIEEE AL AEFL L — Mok DK
BINAEREEEVBRRIEETEEVWSIBOTH S, §72b5 CBE IcL D EfiaNS
FRRERL T VR F 2 VBRI RIS IC BT B RBETH D L AN TWS, CBE LS LE
RTF R3S 8. BTSN THBY. CBE KLDEBHSNBNILREIIVENT Z/SSE
BRERREDOBDTH D Z EHHSEHNITI NIz, a-glucosidase family 1 TiZ 3 Y N\Fa-glucosidase
[T Asp ERFEB SN TS ¥, 20D Asp ido-amylase family BEREED region 2 IZHZ BT
SREFI NI Asp (TAA T Asp-206 IZH%) THS. o-glucosidase family 11 Tid w7t/
sucrase-isomaltase complex™ *?® Asp-505 (isomaltase), Asp-1394 (sucrase). £ k1 — A
a-glucosidase D Asp-518°", 5>+ o-glucosidase D Asp-46968)\Aspergillus niger o-glucosidase
P2 Y712y b® Asp-224°T CBE IC &k 2 BIRIESR B LS L= RTF K OBEENFD
NTNWD, MATE bYYY —Llo-glucosidase TI& CBE EF5ET 2 Asp-518 % ER s BLAY
ZERIZED Asn, Glu, Gly NOBHEET, WTFNbLEBEEERIGDNS - LRI
TN 9,

CBE LAt T i a-glucosidase family | I© & £ 3 S cerevisiae a-glucosidase T
5-fluoro-a-D-glucosy! fluoride % 5-fluoro-B-L-idosyl fluoride % HAEAEHE & L THW., MERK G
DOREFEZREL TS 7. KISIL Scheme | THHESNTEY, HERBZ20DIEk &
DB ka DFVNENZDITEI NEET 5420 THBEINTWS, BT EROEEE. I-F
13 5-fluoro-glycosyl fluoride, 1 134 % RT3 . 5-fluoro glycosyl fluoride 12 & © REMAL X
7za-glucosidase DT F RWir 2 EBOWEHTRIE L E ZAHFEMN 181 ZiF Sk
FRPERL THD ZENRDEN, Asp214 BMESIIN TV ERIEINE, OB
B U7z CBE TEAHI 15 3 Y N\ Fa-glucosidase I (a-glucosidase family I) @ Asp I3t
%, BEIORIGER, Fo-amylase family BEEBICB T region 2 IKEHFEINERETH
B LMD, S cerevisiae o-glucosidase D Asp-214 BRSO REERETH D EFESN
TW %, 5-fluoro-glycosyl fluoride [ZFHZEH & L TH A T & Y a-galactosidase™ .
o-mannosidase’”. B-mannnosidase’ 72 & T Z 1% AW TAEREBENEN SN TIN5,



Scheme 1 k;

F kcat
E+1F <= ELF Zp Bl 77 E+1
H;0

E, free enzyme; I-F 5-fluoro-glycosyl fluoride; I, product released

TOM, BRIEEMERR & OMBEREIC DN T, a-glucosidase family T Ido-amylase
family BERBE & — KIS RICHE L2 4 DOSEE (Region 1-4) OHRICEENZ EaNTH
%, FlAda-glucosidase family 1 ICHEND Bacillus sp. SAM1606 a-glucosidase DA,
Asp-209 7° TAA O Asp-206 IR U Glu-271 2N EEHEEMURTRE (TAA, Glu-230). Asp-345

(TAA, Asp-297) W3 BEOBEELNS L1225 ™, a-amylase family BEEREICITRE X 72
BERDE ENDDMEREIIE L b0 EE X 5NTED %, Taka-amylase A % i1 3
AR 2R T L T NTNOREOBREIUTOL D125, [HENMERITEBAT
BEINETTO 22N UTHE LT Glu-230 & Asp-297 DA JLRFE LIV EHN 5 70
k> DSBEN glucoside #A DEERN T EWIET 5 Z & T, glucoside S aND, &L
TZHIVRZ T LA 7 R % Asp-206 DEEERN VAR F D IVENE 2 B8 Ceil
SED. RICAD TERKRDFIEAGU-230 N5 70O > 2BHONTER OHBNH IR A
AAHEEDT /) A v I RBERBELURBKRT TS, EHBINTNS,

—75. a-amylase family B¥3E 8 & 132 < 272 Ba-glucosidase family 11 Tid Bt B AR
PETDMDBERT X BEREIRFD SN THARN,

b h#MEa-glucosidase TIA-Z DBIRIIRIBA glycogen-storage disease fype Il (GSDII. #E
WIE) ZE[ERITIEEHEIASHSNTBED, £ OLERBETH GSDI EHEN 5
Bk BTSN TW5, GSDIl 251 ZFRITERE in vitro TERRNITEA L7~ cDNA
EomERREIE. TOEEBER (73 BER KRI2BRBEHCHENGRS. BE
BREEOZMI DV TOREIMTONTWS, ZN5OEEE Mo glucosidase 135 <
DG, BREEEEZZEE2COLFTZFOEFEAEEE SN, RRNFRBE AN &
BEOX DD RIBIC L B b DR, BERILSEMNCNEMEEE R £ 72 DT DN ER
SNTARN,

PR TR E & 13BN K2 high-pl a-glucosidase TR B A IC L D BEE-LBHEERE 2 H~
T3, BBREBORE L RIVF—AAG Z 14 73 deoxy 4K maltose 7° 5 5HE L maltose
LEEROREG % Fig 15 DL S ITRLTWS,



B glycosidase TOfEEEDRIE

glycosidase D% X STDODHNRFIIVEIZ L 5 —BREBEEMERIGTH B = L 3
BRTVD, THHDINVRFUNVERRMET DEMET I ) BBE Asp < Glu OFIEIZH
HTRAT2 L S RAREEEAVEEMERC L 200, $REESNAET I ) BAE~
DA RAEROEAIC L BIFEHOLELR E TGN TS, EE L EAEEHRL
TEBERD X BERANT CT I BRE - EEOEMER 2 U bbb o T\ 5 ThH
AHIT I BERERHE UM SENE R EA LEEOE(LER TV A LD LS B,

E 7o i Tida-amylase family BESREED Pseudomonas stutzeri G4-7 X 5—¥ (GH family
13) TIEMBRED 5 BOEREKE VIV T 54— ADEA RO EMRITIC L v fil
BREOBRZANTB/E S H D 9, o-amylase family BEREE TII region 4 17 B3 2 TAA
T Asp-297 (G4 7 X5 —E TliL Asp-294) 133 BEDOMEREL LTHRbRAR, = 0%
FNCOWTRHANLN TS, ZHUTE B & Asp204 BT ARG EUVBOEETHE &, V7
YA M- 1ALOERENEAZHEES L > THRITEA LTV ONERI S5, Asn-294
REETRELN LN T, I1EE regular-chair W OEEES L B2 L, $7- Asn-294 LR L
DEEETIE, VT b IA—ADOREEBBL B0 TVB I L2 FRTIRENELL
el b 3 BB OMERE Asp294 OBENE, -1 LD 02, 03 T AERKAT
ST LItk BERENERD, »OoMASBRGESETELICELLELX B L
THDHEHRELTND,

B-glycosidase TIIREZFREREHIEEMBARL DR EE azide R formate & Vo 7= Sk
REEZHNDZ L TTo> TS, TROLRERES L IBEEMEBEOLEREC
Kol TN END Brénsted HEDEEIZ azide = formate D X 5 RREREI(THEERS
HEISELLWVI DT, FIANVLAZ2—LIRETNERHETHD, ZOBRE, BEIC
i< 2,4-dinitrophenyl B-D-glucoside 72 & KV BBEREZ b o BB R FEH 2 & TRISH{EE ¥
DIEPMETHD, ZhbDRIGHERILFig. 1-6 DX 5 IRENhD, FxIIREBEOE
REERE R LIS, SRS LT NaN, 2669 &, REBEORD Y 1T NaN, 28
CLICREEKE L, £722 0L SEERAMEAEN glucoside fEADBERETFIC 7o kAN
LRSS EITT D, ERDITT / ~— D K& L 7= a-glucosyl azide T 5, Beta Stz 5
REEROGE TIE, REEREN Cl 2 KB L%, EE D 2,4-dinitrophenol 1 &\ VBHEEE 72
DT (pK,3.96) 71 bUEEEUEL LRAWTHEREL, AR LEAF Y ILE= N
> PRI NaN; AR L LT Cl ZREFKE L B-glucosyl azide % 4K+ 5,

LD IHNLRF 2L ) BT O & 5 72p-glycosidase THUBEARE Sh TV 5,
Celluomonus fumi exoglucanase/xylanase (Cex; GH family 10) DRIZEBEIT Glu-233, BREE
AR BT Glu-127), Sulfolobus solfataricus B-glycosidase (SsB-gly; GH family 1) ORIz
#13 Glu-3877, Bacillus circulans xylanase (GH family 11)(>EAHEEAMIESE 2% Glu-172",
Agrobacterz‘um Jaecalis B-glucosidase (GH family 1)DEEIEEAREEEIT Glul70™., Bacillus



licheniformis 1,3-1,4-B-glucanase (GH family 16) TIIREZFEEIT Glu-134. EEHEELAMETEELIT
Glu-13872 & Th 3,

%58 Schizosaccharomyces pombe a-glucosidase 12 B89 3 B5E & ARF5E D4 EE

Schizosaccharomyces pombe a-glucosidase 13 1965 £E12, BN L D EMBRIIN. 20
B BERAE BEBRISC OV THRRSNTNS 8, BT 3 L 8 pH FEE A (pH
4.0-4.4) T, HERRMEI maltopentaose F TD maltooligosaccharide 12 &V G RIEZE T L.
phenyl a-glucoside IZHf U TIZREMEDME . F 7= maltose 7 5 OBEER K ISEYIT isomaltose
WEREYITHE®D panose, isomaltotriose. nigerose. kojibiose., maltotriose EE I NS,
NS OMEIIRUEBR TS S Saccharomyces [Ba-glucosidase &13E2 2 BDT, KR
TOBOEFELL T B 8,

T 0%, WIS Ba-glucosidase BRHERENTWD, KBHMMSEHE, BEE, BERLFRY
HH, BERENE YT 91 MEESEARSNTBOUTICEE D5 2,

AR/ e

RFFCOVTRARSN TN B, REED glucose, maltose DEEIT VR I a-glucosidase
(IS Y, maltotriose. -tetraose. -pentaose DEFAI/MMIND, EHEEELE DO
SR maltopentaose THRA & 725,

BRI E

1) 23F813 219,000 (SDS-PAGE)

2) @ pH 45

3) pH &ERIT 3-8 (4 C, 24 h YLEE)

4) ¥85 >RV B TH Y mannose % IEHERE - U phenol-FifeiElc & 0 T8% D25 T), L2
ICRHEERELZS > /N7 HD 5 T8I SDS-PAGE T 114,000 TdH 5,

5) BERAVCHEHZREL-BERIT pH BL OB ELERICIBERRNATOF T —Fie
NUTRZEEET,

EEBEAEBIOY T Y1 M igE

maltopentaose & T maltooligosaccharide 1Z3%F U T VW B 255320, isomaltose. phenyl
a-glucoside, soluble starch {2549 % R EAEIIIKYY (k / Kin: 56 sec” » mM! for maltose, 5.9 sec”! -
mM! for isomaltose, 5.9 sec™ * mM™ for phenyl a-glucoside. 1.95 sec™ » mM™ for soluble starch) .
Y791 MEBIZDWTIEY 751 MR 4548 00 ZNLUBIZADEERL. FSHER.L
WO TYAL R 2, 3XDTETWREHRIZNS,

ABHGEIL S. pombe a-glucosidase DREIE & HEREDOBIE RSN ICT B2 LA B E L 7=,
IRINTOMBIE IR ERT XV BREERAND I EEEEAME L, 20ADICETE 2
T S. pombe o-glucosidase cDNA D7 O—=2 FIc X D ZDT I ) BB A HE LT, 7=



/7297 DNA OZO—=2 7 %F0, BT ERESESIOREOD—NS S pombe
a-glucosidase DFEBRFIHAZHRE L/, 553 HETIIHE S EEOBIRE Y /N0 B T 20Tk
CEDHASNCT2DDOE—BEE LT, B5N7 cDNA DEBEERRETo7=, %
LTHRA4ET, INETHRMED S % a-glucosidase TRES NEBET I ) BRI TS
RHCEREBATD & CRIERICUER T I ) BBEOHE 2T o /.5 5 &0,
AR TR RRENET X ) BREORBICN BT 2 HERT I BICE RS EA LEHA
REREOERERAN-,



d Nu
; | |
S ¢
OH o A oH £y
o ! HO 2 o 9
S
HO T
S
[s) OH !
\\c/ 0. 9,0
l Nu 8 l3-1 Nu
A L v
OH d "o OH AN oH C\\
Q 9, P e° o o Yo
HO 5 HO 8 / 14 HO
HO ——e HO. N\ ~—  HO \
HO OH \ O/ ‘3
«-D-Glucose OH CH /O\
4 e H
. 0 OH 0. @ ,0 0y 9,0
\ N \?/ \?,/
/L 8 Nu B8

\
OH oM \OH
o) OH O e 0O
1,2-Enol 1,5AnFru ) 2
\IC/ \.?/
A 8

Fig. 1-1. Prediction of reaction mechanisms of a-glucosidase (upper) and

a-1,4-glucan lyase (lower). [Adapted from Shukun Yu et al., Biochim. Biophys.
Acta, 1443, 1-15 (1999).]
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OH [ — 1%
HO [ OH . ._ [
0 -0 o HO r 8

HO 8 "0
‘_) HO- VA
OH — Y4
0. 55
] “R OH ?\R
H

HO

HO
Fig. 1-2. Carbenium ion intermediate mechanism. Fig. 1-3. Nucleophilic double displacement mechanism.
[Adapted from Seiya. Chiba, Biosci. Biotechnol. [Adapted from John D. McCarter and Stephen G. Withers, J. Biol.

Biochem., 61 1233-1239 (1997).] Chem., 271 6889-6894, (1996).]



HO : 0“e¥q

HO- »,

Fig. 1-4. Inactivation of an a-glucosidase with codurito] B epoxide.
[Adapted from Torben P. Frandsen and Birte Svensson, Plant Mol. Biol., 37,
1-13 (1998).]

Cha.rged

Charged <€——— KO
Neutral €——— H
HO

Neutral
Neuual

Fig. 1-5. Schematic representation of proposed charge or
neutral hydrogen bonds from maltose to high-pl

a-glucosidase. [Torben P. Frandsen et al., Plant Physiol.,
123, 275-286 (2000).]
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HO 0
oH HO. 3
OH
. 'O\C//O -
NaN,
.OH - OH
o] Hi .
Hao ] .OH HO.
OH . ’ OH o
a-glucosyl azide ' il

Fig. 1-6. Restoration of nucleophile (a) or acid/base catalyst (b) mutant activity by sodium azide.
[Adapted from (a) Marco Moracci et al., Biochemistry, 37, 17262-17270 (1998) and (b) Alasdair M. MacLeod et al., Biochemistry, 33,
6371-6276 (1994).]



FH2E Schizosaccharomyces pombe a-glucosidase cDNA BLUNY ) I v
JDNADIO—Z0F EFDRH

16 &

Tt

a-glucosidase D7 X J BEEZFIIZ DN T

INETE < Da-glucosidase D—KEENZDBEEFOI/O—= 2 A2k DERLNT
W%, Aspergillus niger o-glucosidase i3% D F THE— LM (Edman 2ME) 1<k D~
5T 3 ), o-glucosidase IZFIRDED . —KBENBRELBDFTODOT —F

a-glucosidase family I I 38 TE 5 . ABF5E Tl S. pombe a-glucosidase D— K’F%l_ % cDNA
DIO—Z 2T X 0H#EET B,

a-glucosidase &/ ABEGTFIZDNT

HEAEYICS bVCa-glucosidase T LBERFOIO—-Z 2 OISR N, @%E%T
V. Schwanniomyces occidentalis™®. Candida tsukubaensis®® 39, Aspergillus nzger ) Aspergillus
oryzae  TFHON TN S, Saccharomyces cerevisiae Tldo-glucosidase 21— K323 MAL62 B
BT DEDIT permease & 245 DBMETF D activator 55725 MAL loci & U THERINTWL
% %), a-glucosidase & permease M FH I maltose |2 & D IEHAL SN glucose IZL D HIHIZ
BT EBRDRSTNDS . C tsukubaensis o-glucosidase TIXHE D FOE—& —78 S
cerevisiae THE< T &, glucose DHEENHRBRICHEEEAR NI LE2TNTNS ), —%
TS. occidentalis a-glucosidase DR S. cerevisiae THHD T TIE—& — 3B, 4
oryzae a-glucosidase TV R—F —BEFICLD TOT—F —BFNTHONTBED maltose
CRDFE, BN NVORBUTMEAR T TE—~F —EF (Region 11, tegggceatttatcggg) D
T 21T > TV 5B, %7z glucose Ik D REDHBI I NG Z & bBERTN S,

ABFETldo-glucosidase DY ) LBEFOI/O—Z T2 FS2ET 5 LEBROTOE
— & —RRECHID O RB G 2 RS 5. £/2HHET glucose 12 & B BETFRE OS]
NG,

14



2 ERMEIB LU L

(1) &Kk
Schizosaccharomyces pombe (AHU3179)ZAb¥EE K5 B0 A WS RE L 22 R 06 Pl B 2 5l
FVBESNIBOER N 70— 0 F O DICHA L KB EICIL IMI109 [recdl
endA1 gyr496 thi-1 hsdR17 supE44 relA1 A(lac-proAB) | F’[traD36 proAB" lacl® lacZAM1511%
Wz KBE 3> ¥5 > bE)b#E Hanahan OFEICHENERLEZ, F5R3 Ryo—=3
JN\27 8 —IZi3 pBluescript 11 KS (STRATAGENE) & L7z, 7523 K DNA Oz 7
JV731)/SDS ¥ & PEG/NaCl IL 2 M AEH B HHEIC L DT 7=,

13

(2) HE
HIFRBER, S8R, SUPERSCRIPT™ Lambda System for cDNA Synthesis and ) Cloning,
SUPERSCRIPT Preamplification System !d LIFETECHNOLOGIES #& M % 0 % F 7=,
Gigapack Gold III Packaging Extract (STRATAGENE). DNA Ligation Kit Ver. 2, BcaBEST
Labeling Kit (£ ZZNTNHROBOZHANE, ZOMBICHILAVREIZONT
HHROBDOEFEH L=,

(3) B

S. pombe a-glucosidase ZBERD L NCHENER LTz, 7205, S. pombe % 31 D MSE2
BRI TR L e B LB EEN L, T4 ) —)LIE. DEAE-Sepharose CL-6B 12 & 5[
TH 2RI O NI 57 14—, Sepharose 6B I LB )IVERI O N7 5T 4 —EBHEBE
DRLTFIKITEY SDS-PAGE TH—IT 5 X TREZToAbDEERER S UCHEAL
7z

(@) 73 BRSO

@®-1.S-EU ) ZF )V

BRIEKITx U T U 72 BER VAR (2 nmol) %38 0 BME L7248, & 2 /X 7 B % 10 mM EDTA.
8M urea Z & 0.2 M Tris-HCI (pH 9.0) 100 pl IZIEML 72, 2 pl @ 2-mercaptoethanol 2l %,
EREH UK, ZRTI6HEUEREB U, Z0%3 pl @ d-vinylpyridine 2%, ¥
LERBRRE. BRTRE LRSS Wiz, 4 BEES, KEEEMZ pH 2 4 LFiC L, 20 mM
sodium acetate buffer (pH 4.5) i3 UTHENT L7z, Z D% 20 mM Tris-HCI (pH9.0) 123 LT
B L, BB TR EEE IR,

(4)-2. lysyl endopeptidase {41

SEVUDPNIFIMELERB LY >N BT urea ZHBE SM T3 L SI2H%. 02M
Tris-HCI (pH 9.0)ICYEME L 72,37 “CiZ 2 BERAEREF L 7248, 0.2 M Tris-HCI (pH 9.0) 2 £ B0 % .
urea MIREDS 4 M E7x3 KDL, UV BICHL 11100 (EIVHE) OBET Lysyl
Endopeptidase (FOJEHIZE) ZMNA. 37°CT 24 BRREL L 7=,

(4)-3. ## HPLC

15



TRFT—EHELERTF ROSEE. ERE, #MH HPLC Kk Dok, 715 AlH
Cosmosil 5Cs-AR-300 Packed Column (4.6mm x 150mm. Nacalai tesque) & W /=, FiE
800ul/min. 77 7 AREE 50C TITo 7z, ¥ % 0.1% TFA-CH3CN IR TH Y. R TF RO
Bt % 216nm 12 B 5 RAEERIE LT 72,

B4 73 BEHTIDOHRE

Edman RISIZE ST X/ BEEFID5M7%. ABI 477A protein sequencer/120A PTH analyzer
system ZHWTITD /2. HPLC THEEL 2R 7F R &5 0B TEE L 100% TFA 30 ul
KERL S —T 0 —icft L, UF70 R a—Licitnsti 25 - 7ze

(5) FUITXZVAF ROER

reverse transcription-PCR (RT-PCR)YD T 51— LT, BoNET I ) BEFES &0
P34 (sense; 5’-CAGTATATIGAGTTIACIACIAATATGGT-3’) & P32 (antisense;
5’-AAGTCIGGGAAIGCIGIGAAICCIGGCCA-3")M inosine &4 TX 7 L FF R Z RS
L72. N5 OERRITIE ABI 380B DNA Synthesizer %/ L7z, &6 % OPC 1 = I(ABD)
REOTHRREL., FRZRICI VRN ZEBRS BABICREKTHERELT, 20 mM AEE
LVTRELZ, BBFVITX 7L AF ROBEL. 20 260 nm TOBRNEN 1 DL E 33
ng/ul L{REL TEHEL =,

(6) S.pombe & RNA DEEE, mRNA OFES L8 cDNA DERK
S. pombe % MSE2 5 #1C 600 nm DWRIEEE 1.2 & TH;% L. Hot phenol # *0% A2 T4 RNA
ZHEH L7z, £ RNA 200 pg & U Oligotex dT-30 Super (F{E) # T poly(A)" RNA %
BELE, B850 poly(A)' RNA & SUPERSCRIPT Preamplification System % {& LT—
A DNA 25U, ZOMEERISKED 0.1 ul 288 & LT, RT-PCR ok, K
S DB OIR BEHIFNTIE Perkin Elmer ££0) GeneAmp System 2400 2§ L 7=

(7) 8. pombe cDNA 51 75 1) —Dyesl
(6) DHFEITHEN S. pombe I 52 RNA ZHHE L. poly(A)" RNA ZHE8I L /=, = D% cDNA
Z1 75 ) —DEE% SUPERSCRIPT™ Lambda System for cDNA Synthesis and A Cloning %
HWT, 0o ha—NicisTiHo 7=,
invitro /v or— 2 > 7 % Gigapack Il Gold pakaging Extract & B W TLTF DL S o7z,
"BHENZDNA S TS5 —5u % Gigapack III Gold pakaging Extract iZ50Z 22 °C. 90 435
BREEL invitro /Sy or—2 > 7 U5 %47 5 72 500 pl SM (50 mM Tris-HCI, pH 7.5. 0.1 M NaCl.
7mM MgSO,. 0.01% gelatin) ZMA S ZEICE D KSEBLEL, 2512200 0F OORL
ZHRMU. ERAKETL CTHRELE,
ﬁfié URMBALT 7 —PORBEANDBREELUTOL S 125 7=, EIEEKRBE
Y1090(r") [ 4lacU169 prod™ hsdR17(ti-my.) Alon araD139 strA supF(trpC22::Tnl0) | FREL L 7=,
0.2% maltose. 10 mM MgCl, Z&¢> LB #3531 (1% Bacto tryptone. 0.5% Bacto yeast extract, 0.5%
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NaCl) T ODgoo 78 0.7-0.8 iT78. % X T L, SEE15 10 mM MgCl, % ODggy 28 0.5 10725 &
DIMARKE L Tee Z0 Y1090( ) 600 pl %51 75 U —¥&i (100 pl) EESL 370
T IS AMRI L, 77 — V2 ABECERS L, 557 CHBRL 55 CIofEL T
% top LB 5531 (1% Bacto tryptone. 0.5% Bacto yeast extract, 0.5% NaCl. 0.7% Bacto agar)
9ml & ZHUTHA. LB ¥ (1% Bacto tryptone. 0.5% Bacto yeast extract, 0.5% NaCl. 1.4%
Bacto agar) RICEBL. —BR37CTT I~V 2B H/-,

(8) S. pombe cDNA 54 75 )—DAZ ) —=2

@®rl. 75— 7k

fEEL7=7 L — b »5F 1 0 B (Hybond N+, Amersham) NDLT 77— DNA DizE %
UFROLS ok, BBIKDTL— s 2 MOF1 OV BOFEL &R LT,

FAOE 13emx9em) 27 L— kLK 1 58 Q4% EOBIZEY 5 HR) .
B Z RIC TR L TER S S, FUEMEE FICLTTILY Y EfE (05 N
_NKHJSMN&D‘ﬁhf*ﬂ%@mwﬂmmm@kuLHWMQ)%%h%h%&ﬁ
FTEEM LT 7 2R 5N 3 AETOKRE L, 3 SEOTHNEE b S —EfTo /1%
i, BRE2x8SC (03MNaCL30mM 7 ZBF U ™wA) TH. B ETEMA LR,
BXHRIT DNA M 2 3 HESEIEIRE T3 2 & TDNA 2 BICEE X 27,

(8)2. TO—TDEH

7547~m¢Pﬂ%ﬁhT‘m$mmmdmAé?>7v-FkRHTR%ﬁw‘%
@%ﬁ%ﬁ%@m@mmmwmmmmm(QMEMémmfﬁﬂbtam%mmww@
Kn%mmt5y§A754E>7&t;oT:@DMA%%GM%%%%%ﬁotc%ng
? DNA B2 LT 1.85 MBq O[a-"PldCTP A L. B0 70 b a—Lic - Tims
Ris&1To 7, :

®)3. TS—IUNATUF1E—2a>, Bl UkiE

4 DT O BT L 10 ml D Rapid-hyb buffer (Amersham)Z FiW2 T, 65CT 90 A&~
VA%TU&%?—VaV%ﬁDK%K‘ﬁ%%%btfﬂ—jﬁﬁéé%:hkwi‘
65tf-%ﬂ47U§4€~>a>%ﬁoko%ﬂfﬂ—j@%@éZX%Om%ﬂxJ
x 8SC/0.1% SDS. 0.1 x SSC/0.1% SDS ¥ T 65 C. 20 /. ZNEN2[E. 2|, BL
U6Eﬁ9to%@%\Xﬁ?%»A@i—%?V?7574—%ﬁ“\ﬁ%ﬂtlﬂﬁb
@ﬁbtﬁ9%479ﬁfw75~aéﬁmbSM¢K77—9%%méﬁtJmRbt7
7VRBUOBEL. RV U-Z Y EToREDS, 16 HOESF 4T rO—20
2B BEIZDWTHUWRY T T 75— B L,

BONEHBEIZ O — >0 insert DNA D5 E R ZAgtll 75 A < — (forward
(GGTGGCGACGACTCCTGGAGCCCGLrammeGWGACACCAGACCAACTGGTAAKE»%ﬁi
WTPG{KiDﬁ?EO7V—F#5EWLE%77-973~7%K20mﬁﬁﬁéﬁ‘
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2R T 30 S HIMEB L2512 90 C. 10 HREIOBMNE AT INEF > T L — k& L. PCR
% 94°C, 1 min/55°C, 2 min/ 72°C, 3 min, 25 ¥ 7)1/'("‘6‘9 7=

(9) OA7 77— DNA DA%

—ROMBABTOESKROAR T L — M7 7y — P22 EEEICR LS5 I0EEL(
KB7=0 50,000 75 —27), DT L— FHiZ 10 ml DArdiluent (10 mM Tris-HCI, pH 7.5,
10 mM MgSOy) Z X iR T 3 R0 iR L 7. A-diluent % EIX L . QIAGEN Lambda
Midi Kit (QIAGEN) ZRIWTIRM D70 b I —)LIcfN T 7 — 2 DNA 288 Ui, 1 >4
—h DNA ZAgt22A DT ¥ 75— Sall. Nofl HIFREEZS 1 FTHDHL, HIRIZREN
Bluescript 1 iC8 77 0—=> 7Lk,

(10) HEEEF| O
BEBFIOREE DTAFIEIC LT 2, Ba DEIREZNE % Bluescript II D}V
FOU—Z2THA NI T/ 0—2 07U, B5NET48 DNA % HERFITRE D75
DHFWE L, =% 2 ZRJ5% Thermo Sequenase (Amersham) % HWCIRAD T khO—
VR NTToTee 754 T — BB SN MI3 21 725 MI3 U )S—2 F5 1 <
— (ABI, Perkin Elmer) %)=, fBH7i2iZ ABI373A DNA Sequencer (ABI, Perkin Elmer)
ZEMALE,

(11) S. pombe 4= DNA O Big

YPD (1% Bacto yeast extract, 2% polypeptone. 2% glucose) T—REkz3& L 7= S, pombe Bk
5 Moreno, 8.5 DK% VEBEITITo /2, $7bbE L4 (3,800xg. 5min, 4 C) I
K DRDZZEHRE 5x 107 cell/500 pl 12725 & 512V )V E b —ILEEH (1 M sorbitol. 100 mM
EDTA (7.5) IZBEL. 20 ul @ 50 mg/ml Zymolyase 20-T (A{L2TE) %415 37 TT 4
RERIGREF UTeo 0508 (1,500 x g0 30 sec. 4°C) CEAZEEINL Tris ¥ (50 mM Tris /
HCl ,pH 7.5, 20 mM EDTA) 500 ul IZf# L /=%, 10% SDS % 50 ul ZMZ B<ESL 65°C
I 30 SPRMRIF U0 KIS S M BEERST U™ A 200wl IR 7245, KBz 1 SRIIKE L 7=, 38
DAEE (12,000 xg. Smin. 4C) TEEEERLA Y7 0/% ) —ILIEEIZ & O DNA % I
L7z, €D ribonuclease A IZ& D RNA 24EL. 7=/ —)W/r OO PEDIZN 2 sl P )]
5 2N EOREEFT, DNA OBEET oz, BIIIC 5x 107 cell 72 5 7.2 pg D% DNA
ZRHETEIENTE,

BTN TUF A F—2 g .

3.6 ug DEDNA ZR4 OBIREEER (Sall. BamHI. Xhol., EcoRl, Pstl, Sacl, Apall (%
i) TEEWLL 7, 0.5 x TBE $EE¥ (0.5 x TBE; 0.045 M Tris-borate. 0.001 M EDTA)
T 0.8%F HO—R (SeaKem GTG Agarose; BMA ) FNVBREE (I X 10x11
cm) % 50 VEBETT- 2. BERIKENEIZII Mupid2 (T BN A4 2H 0=, KB
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RTH BERICREWTF A OB (Hybond N+) 12 DNA 2EE L, FO—Ti2idAE )
TR U7z cDNA O PCR SEIBETH 34-32CP 2 fiW iz, TO—TD5A)b. N1 TY ¥ A H—
>3 . BRIHITIZ AlkPhos Direct Geneimages™ (Amersham) % HWERA® 70 k I— Uiz
WoTITDlee NATUFAE—2 a2 % 65 CTHo%. EHREOBORIEES I
- CDP-Star detection reagent (Amersham) % W=,

(13) Inverse PCR D58 (D51

S. pombe 7/ /s DNA 0.5 ug % HIRREER (5 RAMEBRIERICIE EcoRl, 3 RAEBIBIEI
(& Bglll) TREEITHEL LY J —)LILE%. DNA % 10 pl OKICHEMES ¥, DNA Ligation
Kit Ver. 2 Z 10 pl I 16 CTT30 HEEN T 515~ 3 > KIEEF 572,70 CIZ 10 4}
RETEIETRIBZREILEI RIS 7 —)VILBE. ZDEF Inverse PCR DEFRE L=,

14 JYINATIF1 -2 3>

AHi (6) DFIEITHEN S pombe 7542 RNA ZHIH U7, £ RNA 20 pg % 0.66 M 1K)l
LTNTE REFD 1.2%7 H 00— %)L % FI\C MOPS &2 (20 mM MOPS. 5 mM B
B hUTA 1TmMEDTA) HCTELHELF 1 028 (Hybond N. Amersham) 127 00 w
TAZT L. 70T 4 P UROTNORNEE L TOL S ICfFo . KEKTROY
JVEKPEL. 50 mM NaOH T 45 53, 0.1 M Tris-HCI (pH7.4) T 45 4. 20 x SSC (3M NaCl,
03M Z I B TIRRE S LABICEEICLENWT Oy F 4 >V 5o, 00—
TWIEAE (8) T/RL 7 cDNA O PCR HIBHIH 34-32CP 2\, 7O—T D5 ~Yb. N
17U 51 ¥~ 3 >, BHIZIZ AlkPhos Direct Geneimages™ % FIWERMA O 70 k I— LIz
WWiTolee NI TVFLI¥—232% 50 CTH- . KR OBORENEEICIT
CDP-Star detection reagent % f\ /=,

(15) {EHEDORIE B L UV BEE B,
a-Glucosidase {ETEHIE % ELT D 500 Wl DRIEHR & Lz,
200 pl of 0.1 M sodium acetate buffer (pH4.5)
100 pl of enzyme solution
200 pl of 0.5% maltose
KBEPITHAL TBVHBRE ICRER S BRREMA, 35CT 3 HEHEELAS. &
HRINC KD RIS EBRAL 7. BEROFRITIZ 0.05% Triton X-100 228 50 mM sodium
acetate buffer (pH4.5) Tk DT>/, —EMRERKEI W2% 1 ml © 2M Tris-HCI (pH7.0)%
A D Z LT LD RIS & IE U7z, 8 U 7z glucose B % Tris-glucose oxidase-peroxidase j% (77
VIA—Z AR-II, FEMEETE) TV EBLE. Thbb, BERGEEL I RER
iT Glucostat i %K% 200 Wl MDA, 1 B¢, 35C CTRIEFLERI VK. 505 nm DRI % H
EUREBREMRTEZEREDERLE,
BESREATIZ 1 2T 1 umol DHBE MK DEERIEME 1 unit & UCEEL -,
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BE3H EBRRER

S8138 Schizosaccharomyces pombe o-glucosidase cDNA D27 01— =3 4
1. 8. pombe a-glucosidase D7 I J BEERHI D fEAT

a-glucosidase DY X / R & € D Lysyl Endopeptidase (kX 7F R % ¥4 HPLC Ik D
SrHE BURUZeRTF ROT 2/ BEFIOMES Table 2-1 IR U7 (SP29, SP32. SP34,
SPN). ZN5DRTF ROT 2/ BEEFida-glucosidase family I1. glucoside hydrolases family
3NICES BB EMEMEZR L. 4. niger a-glucosidase & 8533 & . SP29 I3 P2 subunit
D 125-145 BEE DT X / BB, SP32 13 P2 subunit D 176-199 BE D7 3 ) BE 5. SP34
1L P1 subunit D 157-176 BE D7 I / BEFIEHRTH - 7=,

2. To—T O

T0—7 OFREE PCRIZIZE VITo /e, TNE TR —KEBENEE L TW Ba-glucosidase
& OMRPED LN 5 Lysyl endopeptidase (b 7'F | SP34, SP32 DA EBRIGE % FHIL.
CO7I/BEFINSFITXT LAF R P34, P32 ZERL, RT-PCR 2557, 8z
VXEEHR D MSE2 SRR HI TR U7z S. pombe 70 5 FHE L 7= cDNA 2B Wr, 751 v —P34.
P32 ZHNT 94°C,30 8 /55C,30 % /72°C, 30 % 25 B 7 )VfF oz, FDHEE. 800
bp O DNA Wik (34-32C) AMEIEL 7. PCR EY% pBluescript Il I2H 77 0—=24 L

(34-32C/KS) . HEFEF) &M@ L 7.

34-32C OFHEEFINSHEE INB T I J BB Lysyl endopeptidase LR TF R D7
X BESE T B £ A niger. T2HA, E MUY Y — A a-glucosidase 'R EDT I B
BiSI EHREZ IR Uiz, 2D &h 5 2D PCR HIENTH1Z S, pombe a-glucosidase D cDNA
DO—EFTHBELHWL., T2 3432CP 7O0—TEMAL cDNA S TSY—DZ 7 —
ZYTRRRBALRE,

3. a-glucosidase cDNA D BiEE

S. pombe K DEB L 7z cDNA 51751 —#) 12,000 pfu %, P TF X)L L7z 34-32CP 7
O—7TAZY—Z22 Tz, —RAZ)—Z 7 ORE 16 BOBEIN—2 5Bk, &
NBRXDVWTZRAV Y =2 T &fTo R, U 70— BBt TH -7,

[ONIBMEI O—2CDNWTA 29—k DNA O$EEERHRT 2010l 7517
—ZMWTPCR 21707, ZO#R. #4,000 bp. 3,500 bp. 2,500 bp O DNA [ H1E
UZze 1 28— DNA 239 2,500 bp D7 0= iC DWW TIIABREO A~ T2 Y —F 0 25
7 L —2X (ORF) %39 3,000 bp TH 3 Z & &FDHRNEDN S FRTETNEDOT SHEEH
R#EL TV HO LHWT L 7. 49 4,000 bp, 3,500 bp D PCR EEHIC DT 575585 55 1,000
bp & 3R 5%9300 bp D —4 > X &EfFo 7 (Fig 2-1). ZOFER, Z02/70—-20
HEDHEILS UTR DREZDENTH D Z ENDAMD, ZOMOEFIIZONTIZEET
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BETENONOT=DOTHI4,000bp DZ O—2ITDNTT 7—V DNA BFE L=, Z08E
AT ZAgt22A O Sall FAL & Nod THLZFF U Bluescriptll 12877 0—=> 7 U4, 45
HHCF % Fig. 2-3 OFEITE> TRITL .

4. a-glucosidase cDNA D¥&iE

SEEBSI OB OFER. cDNA I32E 4,176 bp TH o7 (Fig. 2-3). BT K2 ATG B
5 ORF 732910 bp #EL. 969 7 /BZEI—RLTWE, ZOT7 3 JBEFIDSHEES
NDHTRIL108,6483 THo . BIREERD GC 2RIZ41.9%. IR D3 EBEDGC S
B3 37.7%TH ol 20 LFITIX 5-UTR #1,037 bp ZFEL. T 157 bp @ 3°-UTR &
72bp @ poly A MBI TV, 5-UTR I2 ORF BRI SN o7, poly A Bt 2 )L

(AAUAAA) % poly A BRZAR LD BFE 17, 21, 46 bp ICR DWW B Z &N TERE, F/2 2
V=2 TN 34-32CP 10— T D EEFNIS. pombe a-glucosidase cDNA & 524 10—
&L,

ORF P SHEEINSDT 3/ BREIFIICITFEEBERE O N KB X 8 Lysylendo peptidase /(L
R7F R OT 2 JBEFNEENT W, BREED N KE7 3 ) BRI Met
KD 25 BEBD An DEMESTNEIENS 24 73V BRFNVES 7 FIVEFITH S T
ELEFHETER, Tz NEREEEHEAMEF~7 (NX-T/S) 127 il otz 73/
RRECSUD 5 RIS o e 0T8I 106,139.04 7 FIVEFIZ S E/2) THEHN, EREEE
D53 T8I SDS-PAGE THJ 219kDa TH B DT, BRBOEHOMAME FRETE=,

HESINDY I/ BElS| % Fasta RFET 5 &, a-glucosidase family 11 128 EN 2 ELE L4
2R L7 (Table 2-2). 72N THRIRE. BEEEEDo-glucosidase & V3 VW FIEIHE 257
L. dspregillus nidulans o-glucosidase & 47.6%. A. niger o-glucosidase & 46.6%. S, occidentalis
o-glucosidase (glucoamylase) & 45.1%. A. oryzae a-glucosidase & 44.7%DI RN % 77 L.
YRR & QMR Arabidopsis thaliana o-glucosidase (36.6%). K% (igri) high pl
a-glucosidase (35.9%) W@ <., EMTIXE YUY Y — ha-glucosidase & 34.7%. Contarnix
Japonica(Z7 >0 X5 BE R IV —E & 35.4%, Pacific white shrimp o-glucosidase & 33%D
MR %R U Tz, o-glucosidase DIEMNIC ® Arabidopsis thaliana. Tropaeplum majus o-xylosidase
ETNTIN33.4%. 34.5%DMRMEER Uz, Ei=/INEHICRIES S5O glucose U 3 >
JBEFRTH D glucosidase I a-subunit (BEEEIE) &5 27%DMHFEEER LA,
Gracilariopsis lemaneiformis o-1,4-glucan lyase &3 23%DMERMEZRLUE, DLEOZEM D
S. pombe a-glucosidase 7" glucoside hydrolases family 31 iZ& £ 5 Z &, Fa-glucosidase
family I IZ/E@9 5 Z &b o7z,

58218 Schizosaccharomyces pombe o-glucosidase SBIZFD 7 O— =2 7B L R

LTI INATIFAE~2 3>
S. pombe o-glucosidase SBInT DB 53> T, FIETEEEL /- S pombe o-glucosidase
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cDNA ITHIST BBIET DFEOHER. MNCTEF DI —ROWEE T LEITCLD. &7
o7, '

34-32CP % 71— 7IT AW, AlkPhos Direct Geneimages™ 12 & V) 65°CT/NA T & A ¥ —
vaYETolk. TORR, TRTOHRBRTH—LNY RERBINA (Fig 24), %
72 Z DR, S. pombe 22 DNA 3.6 pg H (— K% ) LA X% 14Mb £ 33) 12583 800 bp
DHEFEFIR (205pg) ZEHLI> MO—)LEE (S. pombe o-glucosidase cDNA £E %5 A
7Z Bluescript ILKS, 1.8 ng) Z#ICEBKKEL, BONEFT— RS DFT I ATONY ROE
WELB Lz, ZORR, 20> bO—VaE & IFhD4L DNA TRIE XA/ N
EiFEiE—%L =,

UEDZENS, a-glucosidase BIRF R~ —THEELTVWS Z L2 FHTE~,

X7z o-glucosidase 1 — REEEED O HIFRBER MR % Fig. 24 DL S ICERL 7,

2. a-glucosidase & 1= T D BiEk

o-glucosidase JB=T DHBEE PCR IKICE DITo % (Fig. 2-5). £ DNA 20— RLT
WA EED 5 ENUCHEL 5 EFRB I3 THARMBEROBIEE inverse PCR 312 & V175 7=,
RIT inverse PCR EYIDORIFOBFIRE 21TV, TN ENOREEFIN S Gi7r T 51 < —
ZEHRL. &'/ L DNA ZHRE LU TEED PCR 217572,

2-1) Inverse PCR

inverse PCR RIEZLLF DX S I2f7 o 7=, :

5’ EFARABIHMOHIBIZIEY /) L DNA % EcoRl THLL. I TS5~ 3> Ui
DZFHFEIT Wz, cDNA OIEEEFZ B &I/ 7= p355 (5°-gtaatcaatattagaccaaaaggtitc-3’;
Nos. 2085-2111 nt, antisense). p676 (5’-ggtattcccatggtaggagctaatgttigte-3°; Nos. 2042-2072 nt,
sense)& 75 1 ;\7—&:\ 50 pl DRI T 94°C 30 sec. 50°C 2 sec, 74°C 3 min 2 30 ¥ 2
T Tz, TH#E DNA R R 5—FIcid KOD Dash (TOYOBO)Z& fit =, 7 H DO — X7
BRIKE TRISEYEHRELZE 25, $3,900 bp &# 1,000 bp KN RBESNE, 2
CTCZORISEHD 1/10 ul 2R E LT, 7517 —I2iZA L < cDNA O % 71l
U 7% p711  (5-atttaccagatcteacaacageectac-3’;  Nos.  3159-3185  nt, sense) . p218
(5°-ggggotagcticattattageccaaaagg-3’; Nos. 1675-1703 nt, antisense) % F YT nested PCR 2175 7=,
50 Wl DRJHHET 94°C 30 sec. 55°C 2 sec. 74°C 3 min % 25 ¥4 Z )T -> 7. fitdedt DNA
RYU A5 —FITIF KOD Dash &AWz, 7 H O— X5 N BLKHKE CRISENOE S 2 AL
& THFRINDK 3,400 bp DEYIE SN, T % Bluescript Il SK 124727 —=
> U URIGDEFUWEN 4T 0 TeAE R RISEYIEEAMERD EcoRl T HICRMEBH G
Tz, BFIRNT OREREBITRABRD S'RKENS 28 mer DAY IX T LAF R TS5 4
X — (5’ - gaattctittcettgeatatictectet — 3°) EAERL ZHE agdf ML L.

P THCRABEOIGIRICIZS / 1 DNA % Belll TWEL, BV TS5 =232k
DEFHERITA Wz, cDNA OEEEF|% b EIZER L pCLA (5° — taatcgatctegettcaccegat —
3°; Nos. 3945-3967 nt, sense), p355 &7 T4 < —IZ, 50 Wl OREIET 94 C 30sec. 50 C 2
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sec, 74°C 3 min 2 25 Y1 7 )UfT > 7. it #dk DNA R A 5 —+ 1213 KOD Dash % v 7,
RSENORRET HAO— AT NBRIXG TIToHEET B, N2 RREEBRNE 5.,
nested PCR 2175 Z &iZ Uiz, RISEMD 1/10 pl 28R E LT, 751 3 —Iicid pCLA.
p218 & V372050 pl D IHIK T 98°C 15 sec. 55C 2 sec. 74°C 3 min % 25 B 27 JL4F> =
i #4%E DNA R U X 5—1IZ1d KOD DNA polymerase (TOYOBO)Z FW /=, 7 H O— 2 %))
BRI TRIGENOHEEHRLZE ZATHRINDE 3,000 bp DEMHESND T,
Z%& pBluescript 11 SK 12077 01— 7 UK ORI 217 o 562, BEEERO
Bglll EFRITRABEBEATEN Tz, RABIRD 3°5KHEN5 28 mer DT > F 2 ADFY o
XTVAFRTI4<— (5 - tetagcatttetettaaggtcagatasa — 3°) AL ZH%E agdr & R4
L7z,
2-2) Long PCR :

12T/ L DNA 200 ng 2§58 & LT, agdf. agdr 2751 <—& L THWT. PCR
21707z, 50 ul DFUSHT 94 °C 30sec. 70 C Tmin % 25 91 7T o7, [t DNA
R A F—HIZIZ KOD Dash % iV 7z, 7 H O — A7)V BRIKE TRISEMOK X = 253D
L& ZBFRENDH 7,000 bp DEMDESNE. T TIORISEWE Nhel, Xhol T
HELF 537 3 DD DNA BiH 22 1EN Bluescriptll SK 197 70—/ Uiz, 7+
Nhel, Xnol HIFREERY 1 P& BV ETNTNOEREY T/ 0—22 732 DIC KNEY
% Bglll & Sspl. Pvull & EcoRI TENZHIHIL LB 5 N/=Wi B % Bluescriptll SK I8 7 7 1
—Z2T LTz, TNEOEERFIZE Fig. 2-6 DHEKITHES THRIF L,

3. a-glucosidase 1= F & = E DNA Wi O

BHESI QBT ORER. PCR RISEMOEEIZ 7,431 bp THo = (Fig. 2-7). ZDHIZ
o-glucosidase BT AVE EN TV /2, Z DEFIIE cDNA OEEEF| L Ic—FK L TWE T
EME, KBEFII 2 FOCEFEALTHRN,

ABET 3 TROEEESID BLAST BEOlastx) 2175 &, S, pombe brefeldin A resistance
protein. Emericella nidulans azole fungicides resistance protein, S. cerevisiae Snq2 &3 7=
ATP-binding cassette (ABC) superfamily transport proteins EHREEDH 2% >/ B4 21— K
THEFIO—E (ORF2) #RDIFBZENTEE, LALIhOTOE—F —BEAIE
DNSRDP DTz, T35 D ABC superfamily transport proteins & ORF2 D7 54 > A > k&4
#L 7= (Fig.2-8). ORF2 IZIZ ATP A7 > NI EDNBEEELTWS T 3 ) BEFIEF
— 7 Walker A & Walker VIR D 5 72,

KiZo-glucosidase BT 5 Ll BT 270 Y —OHEZHEMEN ST 2, &
BETOEERARIRFAETHBDT, T Tid cDNA OREEEE+ &L, BEiKEY
RNA Polymerase Il 7OE—4 —EFEDREQAS—NSAT7 FTOE—F— 2 FHGT 2 &,
-50 70 5-42 ITHEHEY % 5-TTATAAAAG-3"EL5U7% TATA box LiEE TE =, /605 11T
TS % 5-TTATTCA-3' 1 =2 L5 —Kg5l (Inr; YYANWYY) EH#ERETE 7, CAAT Bl
6 AFADM o7z, TNSLBLTIE-360 5 5-355 12 GC-box #:EIF (CCGGGG) HED
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Mo 72e GC-box V& 4. nidulans. A. niger TVX CreA & > /N7 BRERTIL . S cerevisiae T
i Migl & > 7 BREEERIL D THY, ZNED0F PRV EEIH—H B I ESA R FL
va Wiy N IBRELTHASNT NS, Micid 4. oryze amyB™, glad™, agdd®#in
TIBWTH L N)LRBIZBIS LTS Region 1 ELIEIFI5-876 7 5-869 (TCACCGCT)
i, XEBEREFICES LTV Region I FEEEFIA-193 7 5-186 (GGCGGAAT) VAT
LTz, N5 OBETFITNENo-amylase. glucoamylase, o-glucosidase & Z3ZFN
—RLUTHD glucose HHE F CIRBETRERINAN I EXHLDICINTNS, £oT
INSDERTOE—F—~T LA MEERFIOEIEICED S, pombe o-glucosidase FBRF D
FH glucose ICX VIHIINTWB Z L2 FRTE-,

4. glucose {2 K B a-glucosidase 0D F&E il

C ZETTS. pombe a-glucosidase EE T glucose Ic kL D RESMB I NTVWB Z & 52
D5 EFBOFEOD—NEFHTER, £ THEMF O glucose JBEE & a-glucosidase DFE
BHOBRERS Z &2 Uz, S. pombe % glucose HERD IKEEIT U 7z B&iZa~glucosidase V355 &
SNBOM. Tizo-glucosidase E 3L TV BIREED S. pombe 17 glucose %1% 7= BT 2 D
RENEILET 200, 288LE,

X9 8. pombe % glucose PFUERDIREEIT L = & & Da-glucosidase DREEE LT O L S IZER
L7z, 9% glucose Z (R 3&IR & L 7= EMM2 S/INEHE 100 ml T S. pombe % ODgyo=1 ¥ CHS =
Tz, ZORE LEICIE maltase B ERETE ah o7z, Uh UEHEEIRIZIT 008 U /
ODego 7 maltase {EMEZ RN TE =, FBODEE (3,800x g, Smin, 4 C) 12k VEBL. 0.1%
glucose &N A 7z EMM2 B 853 (0.1% glucose / EMM2) 100 ml THifk% e U745, HHL
¥ 0.1% glucose / EMM2 100 ml IZH A MW /2, 23U LD glucose HARIREEE/ED 75 L, 1
# EE maltase [E M2 RIIICER L= ED Fig. 2-9 TH 5, SIERENCEER 1 mi BB
S3HE (3,800x g, Smin, 4 C) UiE#E L5 maltase fEHE 2 HIE Ui, 0 BEREICIE 0 U/l 52
I > 7z maltase EHEIE 10 BERRBEIC 0.22 Uil 553808, 24 FSRIHICIE 0.53 U/ml Bk
TLAUKZ. S5IIKIREE glucose IZH L7z 0 BFREHE. 10 BAREMEDBfEL D4 RNA % BBk
U/ TN ET ok (Fig 2-9). 34-32CP 2 70— FI2AW, S0CTNA T ¥4 ¥—3
3 >~ Z&fTW, AlkPhos Direct IZk DBRHI L7z, 2 DFER, a-glucosidase mRNA 13 0 BRS¢l
B SN o 7eA KIBE glucose £HEELTHS 10 BEIO BOICRKEEZED 5.
C DRERIT glucose BIRE DI N S KIBE DEMAEEKER L2, ThbS5 S pombe
% glucose HERRABIC U7z & FiCa-glucosidase DNEEE L R THEINS = & 557,

KiZa-glucosidase %153 EIEIC/HML TWD S. pombe HE3EWIZ glucose ZMA 7= & E DL
WORLZELUTOXS ICEE U, 3% glycerol ZREEE L7z EMM2 90 ml T S, pombe %
HEUJz. JORHT S pombe 1da-glucosidase ZXIEIIT/HMT 5. ODgo=1 D& =, 3k
T TN TNHIBEEDY 0%, 3%, 6%. 9%IT723 & D IZZNEN 10 [ZRED glucose % 10 ml
A Tz. TO&EDERE EE maltase L 0.9 Uml K TH > 7= ZOROEZIETO
EEB7ZDD (ODsy 720 D) maltase FEIEZ BB L EFERA Fig. 2-10 TH3. WTho
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BETD glucose ZMAZEBNSEESZ 0D maltase EHENEBAOLE, T2bs
a-glucosidase DFERDINH S 7z, £ 7 glucose FRINHE 10 BERIDOBAL 02 RNA 2 BEEL
S Y UIENEST o 72 (Fig. 2-10), 34-32CP % 70— 712, SOCTNAA 7Y F{¥—3
~&{T\), AlkPhos Direct IC& DIRHI L7z, ZDER, HEELE LT glucose & fNZ /=15
R DB Tido-glucosidase mRNA I3t & Nisd - 7= 25, glucose Z AR WESICIIFE
BRDH LNz, TORERN S S pombe a-glucosidase DFEETHE M 12 glucose ZHMI 5 Z
ERBELEE LNV TZOREASIFHING Z & 0bho 7,

LA E D#ERD 5 a-glucosidase 1353 H D glucose DEREIZ LD TORBENFHEIN TN
5T ENbhotz,

C N BER

58 1138 Schizosaccharomyces pombe o-glucosidase cDNA M7 [0— =3 7

1554172 4,176 bp Dao-glucosidase cDNA 1213 1,037 bp 22 572 3B 1. 5-UTR 258 T HTW
Izo /U URITOBRIT (Fig. 2-10) rRNA (25, 18S) DEKIKEHEREA 5 BEE -7 S pombe
o-glucosidase mRNA DY 1 AW 4.2 kb 7572 Z LA 5, ZDKE W 5-UTR & 4,176 bp
D cDNA {IREW/2 < mRNA HIRIZES X3, S, cerevisiae TIET I J e REETDOE
DFRBHEETET TH S GCN4 O mRNA A EFICEW SEFRERESD (& 600 bp)
"%, 5 FEBRMEBRITIZ4 DDE WV ORF A5 D, 215 OB & D BIRL LT GONY
PREFAINTNE EEZENTNSE Y, £ I BETEEEYORBRY — 5 —&
BREANTECVBEZ2 L VB<BRNEEINZ EH/EINTVS, L L a-glucosidase
¢DNA 5* UTR IZIZ ORF B EENTHE ST, A REE TR ET- 0 Ei 8o
BERBoI. ZORE SIEBRERNED LS ML B ONIRHTHBHNEL S -
ENTEDDE mMRNA ORERICEE L 2N X 2BRL VL OHETH 2.

970 21 K 20 ORF I3 ATG % 2 D AJE ATGATG THAE > TS, BIERBaLAES
NIT ATG MEEH D HE. BEALHIES SRID ATG HSERIEBEINLER §
cerevisige THNLNTBD », S pombe THHRIIBZ 5 < BYID ATG D 5IEE> TN D
THASEFETES, 970 ARV EZD 3 BEHD GC SRIT (FNTR 41.9%. 37.7%).
CNXTHS>TND S, pombe HHEIFID 562 CDS (2652176 2 RND GC S8 (39.8%. 3
BHDI R 33.15%) CHBLTESNTHE ZERbM5, S pombe a-glucosidase D N
RIRT 2 /BTN 25 BED Asn D SIEESTBY, B Met 25 24 BEHD Gly £Tit
AEROVTFNRTIF RCHB. £e7 3 ) BEFIFICE. 27 DO NESSSEANS 7
FIVEFI(NXT/S) NEENT WD, RERIL 18%DEEEATNDE ZEE2bRoTnNG,
7D 5. BRIV BEE TdH B o-glucosidase 13 FTERK S CINDEIN T FNRTF RIZL DN
Rt EIEN N BRSNS LA OBEREMI. 3 FINRTF ROBRER TN,
WPBITEEINRICERZEOMITON, HEEBE cHEINTLE ETETE
5,
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SCRHIHERIE DR 17 B Do-glucosidase family I (dspergillus niger.  Aspergillus oryzae.
Schwanniomyces occidentalis.  Candida tsukubaensis, Mucor javanicus, K% (Morex). 5
AV TL 2 T RO Za-glucosidase, b MM a-glucosidase, v | isomaltase.
Zw b sucrase. UHF isomaltase, 7Y F sucrase. b I isomaltase. & I sucrase) &EF|
g UTfER (Fig. 2-11). HREORITE WEIRIL S, pombe o-glucosidase D7 I ) AL
T312-368. 476488, 599-705. 732741 OEETH o7z, N KA 54 150 BE. C Fsh
5 90 BEIIAHBEIME. F-8EW (DY, B sk Da-glucosidase 8 DEZF A
S. pombe a-glucosidase T 489-567 IZTF1E L 7. ###). WHFLIEEIE Do-glucosidase 121375 L T
STHB, ZORFINEALS EEDRSYCH—BIDLIREDTHD., BEEYA
DEMCDOBETRES N EFETES, 4 niger glucoamylase TIE 2 DD K A1 2B (il
BRAC . FUTUBERACY) 20k SA—ERUES7 Ser. Thr DEERE
FIHH D ZN 5% O-glycosylation SHTWNB Z ERHHNTNS "1, ARz |- BT o
DEHBRE Ser. Thr, Pro AENETN 13, 5, 6 BELFEHND 30%% 50, FEFALL 0
IR % 5D A. niger a-glucosidase TV & DB O EE 7 Ser. Thr A% O-glycosylation & F1 T4
BIEPDROTNS P, ZOZERFZOY P H—HEFINRAA SEEDRSY 2h—
DEIBHDTHS Z LOFEEMLZFD TS, % L To-glucosidase family 1 75 N s |
AT CHRIFRR AT D OMRENTNBDOTIAENHENS 2 L2 FEIE S,

glucosyl hydrolase family 31 IZIZBAIREE Sulfolobus solfataricus o-glucosidase D& EN S,
pombe o-glucosidase L1 22.7% DRI ER L7z, ZOBEDT I JBEFIMSEHEINS
S FE80.5kDa (693 73X /) 1dZNE To-glucosidase family [ THE TN TS HDD
BPTHD>EBNINEDTH S, S solfataricus a-glucosidase & ABEZE % Clustal W 12 D
BFILET B & (Fig. 2-12). ABERDT I/ BEIFIT 172270, 501-555, 853-887 IZHHY S
SEABRESREL T D, T OEBIIMEIEEICRBERRNE NS Z &Itk s, B
O M) I TIZB8HD glucosidase 11 a-subunit EFEEMEER U (Fig. 2-13). N BiBEgs
mannose 17 ¥ESHDIERITRIKD 2, 3 HBED glucose Da-1,3-glucoside (A IIEHT 3,
glucosidase II @ mannose 1 7 ¥E8HIZ 11 mannose ZZEAEHDPNL THE D, ZHIT glucose
P2 BEREE L bDTH U LBAENKE ., glucosidase 11 13l a-glucosidase family 11
DERLVEERLNENZ L2FETES, 274, B b, Y9 2d%kD glucosidase 11
FlOY X/ BEEFIOMHREML 90% 2 A 5. Ziuda-1,3-glucoside A ICIERT 2B NEYE
FrRf 2 EOBRE THIS S BB TE S, BR Bacillus thermoamyloliquefaciens 7 % B T
(FIEL U T glucoside hydrolase family 31 IZ/&3 % a-glucosidase ASRE X N/= 30, = DIPLET
& glucoside hydrolase family 31 Da-glucosidase I&-Z D = S TR S 3 D DI (Region N,
Region A, Region C) IZHEIEN 5 EWMEZIN TS, Region N 13 14 B-strands 71 5. Region
A 1 8 a-helices. 4 B-strands. Region C Id 14 B-strands 72 SR I ND LHH I N TN D, 2
Z T 8. pombe o-glucosidase T REEDFRIZIT o= (Fig. 2-14), BELF LU LD Ic=
BEDOBEDS 3 WASEITE 2, N RFM (1268, 7 3 J BeFRE; Region N) 78 16
B-strands & 1 a-helix 22 5. 7 X ./ BRFREE 269-742 DHiF (Region A) 13 9 a-helices, 5 B-strands
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M5, CRUGR (743-945, 7 3 ) BeFRE; Region C) 13 14 B-sheets 2 &5 EFHISNE, £
I E W BT achelix, B-strand AES LKA B S TV Region A TH V., 2 5DH
IR 2 B DD TH S S,

Arabidpsis thaliana. Tropaeplum majus o-xylosidase & LIS VMR 2R LE (Fhe
41 33.4%. 34.5%) B%, T DIZMNT Sulfolobus solfataricus a-xylosidase 7% 18%DAAFIE & 54,
a-xylosidase IZB§ T 2 |EELH E VX ER NN DODBEY, HEWIC 2 DEEENEE
TEHILEHMOSNTBOEARRMENS 371 FIIpEEIRTNS 1010,

Type A p-nitrophenyl a-xylopyranoside (pNPX), isopremeverose, xyloglucan oligosaccharide
EIKIETE S,

Type B pNPX. isopremeverose Z /K73 TEJ, xyloglucan oligosaccharide 04 % Hilyk
RTE S,

TypeC  pNPX Z /K7 ML . isopremeverose % 4> L MI/K% M9 % A% xyloglucan
oligosaccharide Z /KR T E /2,

ABEREBAMHFEMERTF LN (Tropacolum majus L) RERTF Hi 3 a-xylosidase
13 Type B OEBEREERRT ', 972bB pNPX E‘ﬁﬂﬂ(f]\ﬁ@'@%f& W, —HT 4. niger
o-glucosidase 14 pNPX Z K3 TE, isoprimeverose % BB WK ISR THMETE 2
ZEBHSNTNS ', FLa-glucosidase family 11 iZ/ET S S, pombe. J JNa-glucosidase
V& pNPX ZIIKIMBETERV, £z S, solfataricus o-xylosidase 1. o-xylosidase {E I X,
"C maltose 7% & maltooligosaccharide Z KT E % ', L La-glucosidase Do-xylosidase
TEE, EEZ0FBARCNTVAVDOREFEALAETHES. COEFNICDH
maltooligosaccharide % fil7K 73 #% T & % a-xylosidase %, pNPX. isopremeverose. xyloglucan
oligosaccharide % K73 A% T & Ba-glucosidase WEET S I L2 FHTES, ZOREKE
HEZFHND T LT K D o-xylosidase % & /- a-glucosidase family 1I. T72H 5 glucoside
hydrolase family 31 N TOZ )N — T FOBRBENTEZ S TH 3, TLTINL ZERS
T B T LIIABEDIERITTHRIA glucose FHEDERE. I 6 MREDRBOBIE 242 Fhh
DITIRBTHAI,

ABER % BT glucoside hydrolase family 31 1713 2& & U T OMRIMEIME VA B FTEIZ 48
FItE 2R IRIEE. BB HRDo-1,4-glucan lyase VS £13 ¥, o-1,4-glucan lyase 135> 7>
RIU =T OIBITKEN S T —EREITED 1,5-anhydro-D-fructose % RS 2 B
RTH%. o-glucosidase family II [H] T B < R S N7 S a-1,4-glucan lyase THEEI N
TBY. Qs NI BEE. MERSEEE S5 ZERERIINTRS (Fig 1-1) 9,
T/abHBa-14-glucan lyase OFSHEHIZEEEMEREIERL L UTH< E XKML LT
1378 < EBET B glucose BRED 2 MIRFENS 7O P EBIEHK BOEZZLNTNS, L
D UBBEERICE AT NI TV IR AL F it U TR A i 5 - &
D70 R LS N OHDSRIZEEE L TH< ONEEE LTEL 05, Thbs BRRN
IRODBEERISIEDNEZEZ DHBRETHS 5, EVRINIE, OHD | BREISRKK
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BT NUTMAKIEEIS (a-glucosidase) THB L., 2 BREHS 70 b > 2B TEE
RIS (0-1,4-glucan lyase) EWHEZHTH B (Scheme 1), TS IGIEMWIR OBRBDE N
TREZDTHA I, flxido-glucosidase 72 53 F V) B IVERZ ™ A1 > hEklE OH S 1
BRRITREBELPTWE S KRB SNBSS, o-1,4-glucan lyase 72 5 " EHES
MEEATBEDBBENEETBDESS, I N7 BT HERFHEI L D a-glucosidase
Da-1,4-glucan lyase NOEBANARETH 25 EE X 51, B L ZNBRITTNiFa-glucosidase
B XL Wa-1,4 glucan lyase DI ISHE 2 M2 L TEERMBE R THS S,

Scheme 1 _’_
' 1) hydrolysis
€00 OO’ yhroly
o 0 o-glucosidase
7 \ C —_—> -~ \C1 1) Acts as nucleophile
i -
-— OH
— C,—H —— Cy—H 2) Acts as base L.
Oxocarbenium ion OH O-H Oxocarbenium ion OH 2) elimination
“H a-1,4-glucan lyase
COO COOH ’
1

B 1812 o-glucosidase family I & family [ IZ DWTZEM., Zhd DEERITZNZN glycoside
hydrolase family 13. family 31 IZEEN5, TRHET I/ BEINIEHEREZRSI M0,
MAREIEIZ DWW Tldoglucosidase family 11 T 722 DREEIEIT I N TRV O TH BT
TERWV, RIBIZEL Tida-glucosidase family I, 11 & b iZo~-glucoside 54 % %DEEO)?]E
RITRIAD 5o-glucose ZERET DBERTH 24, HERBREICEL TIE family | OBEEIZ
heteroside IZRWRREZFFDHOPE L (Type 1), family 1l OEEZEIL holoside ICVEFHT 2
F4 7 (Typellor ) 3%\, F7zZNFE TOHE TIE D-glucal Z/KFITE 2 DIL family I
DOBERIEINDTHS 'Y, RISEBIIEE & bREEE & B A A8 < — ISR
BUETH 20, EEBMORECEEORSREOBVIEEEREOHEIC KA NS
EEZEND,

%8 2 T8 Schizosaccharomyces pombe a-glucosidase BT OB - U5 E

1. a~glucosidase B1inF D&

YU OBENS, FBETFHE— OV —CHEETEIEER LA, L UEER
FIDF — & X— R Schizosaccharomyces pombe B D putative glucoside hydrolase family
31 protein WHHFSNTBO 7 I ) 8L NIV TEMZEa-glucosidase & 62 %DAHREINE %77,
Y I LD ZOBETFIRB I NN 20 70— 7 OEEEFIN 68 %& HEsH
FEOD—PMENTEE NI TVI (I E—2 3 D OREER 65 CEEDIIREL=RDE
Bbins,

PCR {AIZ & D a-glucosidase BT %5804/ L\ DNA WiF 2 BB L 7=, PCR IEDES. it
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#4ME DNA polymerase 29 272 0T OEBSEENEBER S, U LA CIZEE O
cDNA #73 E &L T—DOERBHNAZN 5 fzo A TRV KOD Dash o sk -
Pol | BUEER DR S L 7= LB OIRAE & 135% 1) KOD DNA polymerase O ¥i—ZAEBEE D 7
B, BIEMR, ERENEDRERALEZbDEEbDNS,

o-glucosidase JBET 1% cDNA DEEEFIEERIC—H L= ENBAL Y MOV ESER
Wi, o-glucosidase family II TR DODF J ABEFN I/ O—= 23N TV B R
Schwanniomyces occidentalis B3 ¥, Candida tsukubaensis fi3k 2897 & OEEFHEDEET
I > b O RFENTWRW, U UM S dspergillus oryzae®. A. niger® o-glucosidase
BT T3 WA > MO 2EE. Arabidopsis thaliana o-glucosidase BETFIL 6 TFY >
S5AXbnyhs ™, v M#fo-glucosidase 1 20 TFY D 19 4 2 h OV SEREINT
W3 "9, 55 To-glucosidasee family I TI3EEBE TOHA > kO COBEBREINTHE
WZERDDD, INEDT PO OMBEELEBELTHSE A oryzae BETOE1 1>
hO, 8212 b0 EENENE FEo-glucosidase BIRTFDE 4, BT koL &
F UKD BABICHFET B, —F Arabidopsis a-glucosidase SBEETFDOE 1. &2, &3, &5
12 bOYRENTNFEU < & b#ka-glucosidase BEFOE 2. %6, &8, H171 >k
DY ERUKXSRABICHERET 5. UEDZ L3I EDA > OCEBAINTHS
el e ws,

ABIRTF 3 FHICIE ATP-binding cassette (ABC) superfamily transport proteins & AHFEIED &
55 N0 BEI-RTBEFIO—EEEDFS - LN TEE, ABC superfamily transport
protein D% <13 1,500 7 X /BREETHZ0OT "N 20—HTHdEELZ LN, LhLE
O 5SERICTOE—F —HKEFZRDOTE ZEIITERN o7, ZOBETEARELTH
DIEEWERT DI/ TR ENBLETH S, L maltooligosaccharide {LHIEEERE
I— F9 2BE T Da-glucosidase D3 < IZFEFET %72 51F ABC superfamily transport proteins
AREDEIRITEED > TS FEEMN B 5. MIE TIX maltose DEFEIC ATP {EEEHEDBEE
MalFGK2 B85 9 %, L L7sdS S BERFTOBE D W%l S, cerevisiae T Hxt ¥ 2 N7 BTk
DIELHMAPESAMENT NS, THUL MFS (major facilitator superfamily) %k UTH
SNEHDOTHD. MEISWABEE TE BHEORREICES LTS, S pombe TH
HxtRIUY > /NI B TH B Ght 5 > N7 BAMEETEIC X DEOHEETo TV EE X5
NTN3 ", LALEAS IO MFS, ABC b 52 AR—F —BNEEic 2 h2hORE %
J2PA-NLTHRERENIHESHD ", AEEFTHTEDH -7 ABC superfamily
transport proteins 2VBEEIERICBED > TWB Z L2 FHETE 3,

2. Glucose X S a-glucosidase D FEIR HlfH
- a-glucosidase IR T 5 LIRBICH VT B AR OBRIEN 5-360 7 5-355 12 GC-box KEELH
(CCGGGG) BRDM o7z, GC-box & 4. nidulans. A. niger TiZ CreA 7 > )\ 7 BEES TN
), 8. cerevisiae TWd Migl & > /X7 ERERTML D THY, 25D CreA. Migl l&H—% >

29



HEIRZA M) T Ly a Rfig >NV BEELTHASNTVNS, EoTIDeis TL A
NMRECFI D & D a-glucosidase SBET DRI glucose I LD MFXINTNS Z & 2 FHETE
T2z DB D glucose IBEE & o-glucosidase DFEBDOBIEE iz, ZOE, Bl glucose
B o (KB glucose B~ & Bk % B3 & a-glucosidase DRENHMT 2 = & .
a-glucosidase ZFEE U TS ERIT glucose ZIMA 2 EZOREBITE L. o h
5DRIFEF LIV THEEINTNS Z & 28 5 M Lk, 37255 o-glucosidase DRHE
BAZRSA MU T Ly a itk DI NThSE 2 ERnbho =,

S. pombe DIFR, glucose IZM U TIHNVET 2@ ETFOFIEICIE 2 BEOHENE 2 5T
W%, fructose-1,6-bisphosphatase & 1 — K93 fhpl BIEF 73 &1 glucose DELEIC L D 2D
BE. RENTRBILTELH/ESNTNS "1, gpl TIZZ OFEH cAMP 2 F
IVEERRIC L D BEICHE I N TV "9, —F invertase # 31— RE 2 imI"BIETV. 5
BN cAMP IR TH S 2 & BETF 5 LIRICIE GC-box BEIET 5 T E BRI N T
% ', FJz GC-box #EY /NI BETHY glucose MEIICEHBETF & LT Aspergillus %
Saccharomyces TRE STV % CREA ® Migl SAMHRIMOH 25 > /7 E%2 01— R 258
BF sor"MRAEEINTBY. T imI" 2 HIET 22 pl 2 HE Lisn 2 & dthio T
W2 ' §bt i BETIE CAMP 3 7 FIVREEE & BRI T GC-box &5 > /%%
HENLT glucose IKHUBEL TWBEMRINTNS, ZLTIOHBE glucose &R
DRHTS invertase ZHWHFRBICHRTES 'Y, ABROBPE. BEOHEES TS
EFETES, T72b5 cAMP KELORE 2T 3BT L I3E N, EOM glucose 4
ESTTNBETFETESD., B glucose BBEICE 5 XN T BB Tha-glucosidase 15
PR E T, 0.08 U/ ODgop D maltase FEHARIBTEZ DS Z DD THS S, a-glucosidase
% invertase [ZHARLAHY maltose % sucrose ZF| T3 EICEVWEBRETENSIZ/ER L. glucose
* fructose ZAERY DR TH 5, S. cerevisiae T3 galactose. sucrose. maltose DAMEIZ B
D% GAL. SUC, MAL BEFRULZHEE S5 Z EHHMENTED "D, S pombe THE
#RIZa-glucosidase & invertase ZIF UHIfHIZ S TWB Z L2 FHETES, S FEAZEE T
WS N B a-glucosidase % invertase I3 S. cerevisiae invertase D37 5 T3H 3 & > 1< ML R
RAD—DTHBIEHTETES ), ThbbBRNAREEBLEROND LIRN,
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558 E3

1. §. pombe a-glucosidase O cDNA 2 ZDTA TSI —MNEAT Y~ F Uiz, A7 U —
ZYTRET IV BEIDSBRLIEF VIR Y LAF RTS54<—T0D RT-PCR W%
iz,

2. cDNA 1325 4,176 bp. 970 I K> ® ORF & A TW/=, 5 UTR 7% 1,037 bp ERED
D7, ORFIE 969 7 X /A3 — RINTWiz, 2 DEFido-glucosidase family I B%58 & 8
FEDH2HDES 7=,

3. §. pombe a-glucosidase BInT % PCRICK D HEEL /=, BETFICIEA > FO2 S EN
18N D7z 3 FHEICIZ ABC superfamily transporter 8547 > /N 7 BN I — RS hTWE, |

4. 8. pombe a-glucosidase B TIZIFHH D glucose DIBE THEEHMINT W, Thab
5 glucose MIREE TRIUIMH S NIZM, B2 5 < ZOHMEIT cAMP KRG TH S = & &
ERLE,
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Table 2-1.  Partial Amino Acid Sequences of SPGase.

Sequence

SP-29  XDMQTFFSDLVSNHQVYVPII
SP-32  XXNGSIYIGAVWPGFTAFPDFTNPD
SP-34  XVFEDQYIELTTNMVENYNL

SPN ° NVYQTLNVIGDR

SP-29, SP-32, and SP-34 are the inner sequences, and SP-N is
the N-terminal sequence analyzed in accordance with
Materials and Methods. Letter X indicates unidentified
residue.
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Table 2-2 Sequence Homology Analysis by FASTA program

length® overlap’  identities® accession”
A. oryzae 985 961 447 D45179-1
A. nidulans 992 946 47.6 AF208225-2
A. niger ‘ 985 935 46.6 D45356-1
Dictyostelium discoideum 943 682 30.4 U72236-1
M. javanicus 864 816 38 D67034-1
S. occidentalis 958 971 45.1 M60207-1
C. tsukubaensis 1070 1084 35 X56024-1
Barley (Igri) 879 910 359 AF118226-1
Barley (Morex) 877 910 35.6 U22450-1
Spinach 903 932 354 D86624-1
Sugar beet 913 947 335 D89615-1
Arabidopsis thaliana 902 858 36.6 AL163814-11
Solanum tuberosum 928 933 34.6 AJ277244-1
Mus musculus lysosomal 953 934 34.5 U49351-1
human lysosomal 952 930 34.7 X55079-1
Bos taurus 937 929 352 AF171665-1
Conturnix japonica 874 900 33.6 AB000967-1
Penaeus vannamei 920 901 33 AJ250828-1
Tetrahymena pyriformis lysosomal 923 700 32 000906
Alicyclobaciilus acidocaloarius 728 731 28 AJ252101-6
Tropaeolum majus (a-xylosidase) 935 934 345 AJ131520-1
Arabidopsis thaliana (0-xylosidase) 915 937 334 AF087483-1
Mus musculus (glucosidase IT) 966 835 . 273 U92793-1
Homo sapiens (glucosidase II) 943 836 27.6 AJ000332-1
Gracilariopsis lemaneiformis 1092 .6 13 23 Y18740
(a-1,4-glucan lyase Isozyme 4)
Gracilariopsis lemaneiformis 1091 877 22.5 Y18738
(a-1,4-glucan lyase Isozyme 2)
Morchella costata (0-1,4-glucan lyase) 1066 727 22.7 Y 18800
Sulfolobus solfataricus 693 713 227 AF042494

“ Length of aligned sequence. ° Number of residues aligned. ° Percentage of pairwise

sequence identity. ¢ Genbank, EMBL, or DDBJ accession number
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913
4.2 CCTCTTTAAACCGCCCTTCTATTGCCAAATTGCCTATTTGGTTAATCTTTTCCATTCTTT‘960
3.5 ~-cmmme e GCCCTTCTATTGCCAAATTGCCTATTTGGTTAATCTTTTCCATTCTTT 48

************************************************

4.2 TTCICTACGATTCTTTTTAGTIGGTACTT TGATTTTTCTTAAAACTTTTTGATCTCTTTT 1020
3.5 TTCTCTACGATTCTTTTTAGT TGGTACT T TGATTTTTCTTAAAACTTTTTGATCTCTTTT 108

************************************************************

4.2 TTGTTTTTTTTTTAACGATGATGATTTCTACTGCCTACCAATCTCTATTT TTAACTGOTC 1080
3.5 TTGTTTTTTTTTTAACGATGATGATTTCTACTGCCTACCAATCTCTATTTTTAACTGCTC 168

************************************************************“

4.2 TGTTTTCAGCAATCTCGATTGCTGTCGGTAACGTCTACCAAACTTTARATGTCATTGETE 1140
3.5 TGTTTTCAGCAATCTCGATTGCTGTCGGTAACGTCTACCAAACTTTAAATGTCATTGGTGE 228

************************************************************

4.2 ATCGCAATGTCACTATCCCTACCAATGGTATCCCTCAACGCTTATCCGTATATGACCCAT 1200
3.5 ATCGCAATGTCACTATCCCTACCAATGETATCCCTCAACGCTTATCCGTATATGACCCAT 288

************’k*******'IE***************************************

4.2 ATCGCGGTGTAAATTGTCAAGGATATC 1227. ... vuuruivennnn oo .. 3756 TA
3.5 ATCGCGGTGTAAATTGTCAAGGATATC  315. ..t ee e e . TA

khkhkkdhdkkhhkdhdhhhhhkhkhhrhdhhhan"

4.2 CGAAGTTAGCCAACCCTTGGCCAACGTAACGATCCTTGGTCTCACTGAATCCCCTAGTTC 3817
3.5 CGAAGTTAGCCAACCCTTGGCCAACGTAACGATCCTTGGTCTCACTGAATCCCCTAGTTC

******************-k*****************************************

4.2 AATCACCTTGAATGGACAAAACGTCTCCTCCTTCCAGTACTCTAACGATACTGAGGAATT 3877
3.5 AATCACCTTGAATGGACAAAACGTCTCCTCCTTCCAGTACTCTAACGATACTGAGGAATT

************************************************************

4.2 GCTAATTACCGGTCTACAGAACATTACTTCCTCTGGTGCATTTGCCAACAGCTGGAATCT 3937
3.5 GCTAATTACCGGTCTACAGAACATTACTTCCTCTGETGCATTTGCCAACACCTGGAATCT

************************************************************

4.2 TACTTTGTAGTCGCTCTCGCTTCACCCGATTTTTCACCGGCAATCCAGCAACCGAGCACT 3997
3.5 TACTTTGTAGTCGCTCTCGCTTCACCCGATTTTTCACCGGCAATC CAGGAACCGAGCACT

*********************************************************‘***

4.2 AATTAACAGTCTAGTTTGTTGCATCTAGCAACTCTCGAGATGCTTGTAGTATATCGAATA 4057
3.5 AATTAACAGTCTAGTTTGTTGCATCTAGCAACTCTCGAGATGCTTGTAGTATATGGAATA

************************************************************

AACTTACAGTCATTGTTAGTCAATTCAATAAATAAACTACTTTTTCTAAARAARAARAAA 4117
3.5 ARCTTACAGTCATTGTTAGTCAATTCAATARATARACTACTTTTTCTARARARAAARAAA

************************************************************

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 4176

S
N

W b
Ul

Fig. 2-1.  Partial sequences of DNAs amplified from two positive plaques.

Part of the DNA sequences amplified from positive plaques using PCR with Agtl1
primers were aligned. 4.2, approximately 4,000 bp DNA fragment; 3.5,
approximately 3,500 bp DNA fragment. Numbers are corresponding to those of the
cloned cDNA. Identical nucleotides were marked with asterisks *)
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Fig. 2-2. Sequence strategy of Schizosaccharomyces pombe o-glucosidase cDNA.
The direction and extent of each sequencing run is indicated by an arrow drawn below the diagrams
and positions of restriction enzyme site used in subcloning fragments for sequence are also shown.
The light- and dark-screens in the diagram are 5'- and 3' untranslated regions, respectively.
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YAFGSNGTVPFSGIWTDMNET PSS SFCVGESC G 494

ZKIH33EHB3AETE¥¥IFIAAA£KIHIKEX3¥X}]3TTEKﬂK133AAIT1KE¥¥KXE¥3IAJ1IKEﬂKIK3¥3¥¥1§XTTEAACEHTT(I¥¥¥R3D3

SAMIDLNPAEPLVYVGI SKQYSIPEGT EFHNT VS N V524

36



2610  ACTGAGTATAGTICTGCTIACAGTGCT TCACTTAGCAACTACTATGOCACTECAACATCATCGGTGTTCCAAATTCTTTCACCAACTGCT
TEYSSAYSASLSNTYYATATSS SVFOQOTIVSEPTA 554
2700  ACTCCATTAGGTTTGAAGCCAGAT TACAACATTAACTGRCCCC T TATGC AT TARCAR TCAACAACGAAATCATGATATTGOCARTCAC
TPLGLKPDYNINWPPYAINNEQGNHDIANH584
2790  ATTGTAAGCCCCAATGOGEACCACTCATCATGGAACCCAACGT TACGATAT T T TCAACATG TATGGT TATGE TGACACAAAGGTCTCATAC
IVSPNATTHDGTOQRYDTIFNMYGYGETE KV VS Y 614
2880  GCAGCTCTAACCCAAATTTCICCTAATGAACGACCCT T TATCTIGAGTCRT IO TACCTTCT TAGEATCTCAAGTC TATCGTCCACATTEG
AALTQIS'PNERPFILSRSTFLGSGVYGAHW644
2970  TICGGTGATAATCATTCTCTATEETCTAACATGTTCT T TCCA T TTC TGGAA TCAT G T T T T TAACATCATCRE TATTCCANTGETAGEA
LEDNHSLWSNMPFFSISGMIVFNMMGTITPMYVG 61
3060  GCIGATGTTIGTGGTTTC T Taa AT TCACATGAAGAACT TTCCTC TR T A TCGCTATGGTACT T T TCGC AT TCTATACARAT
ADVCGFLGDSDEETLCSRWMAMGATFSTPEFTYRN 704
3150 ‘

HNNIYQ,ISQEPYTWSSVAEASRRAMYIRYS734
3240 T AC I CCCT TACTGETATAC T ATCA TEGC TR A GG AT O A A TGECACACCTECCC TACE TGO T T e T TORT TEAATTCCOCAACGAT
LLPYWYTIMAKASQDGTPALRALFVEFPN:D764
3330 mmmmmmmm@mmmmm

PTLADVDRQFM‘VGDSLLVTPVLEPNVEYVQ794

3420 GETG T TTTCCCTGETEACAACAGCACTCTATGGTATGACTAETACAACCACACTCAAATTGT TCETCAATACAACCARAATGTTACTCTE
GVFPGDNSTVWYDWYNHTEIVRQYNENVTL824
3510 TG CCT T TGEAACACA TCAA TG T CTA T T TG TG TACG TG T TC T TCCCATGCAACAACC T TCRCTCACTACT TATGARAGTOET
YAPLEHINVAIRGGSVLPMQQPS‘LTTYESR854
3600 mmmmmmmmrmmcm@mmmmm
QNPFNLLVALDRDGSAT GETLTYZLDDOGYVS STTETI 884
3690  AACGCTACACTITCORT TAGCT TCACA T T T AGTEATCC TG I T T TEAG TGO TTCCAACTEECACCTACGAAGT TAGCCARCCCTTERECE
NATLSVSFTFSDGV‘LSAVPTGSYEVSQPLA914
3780  AACGTAACGATCCTIGGTCTCACTGAATCOCCTAGT TCAATCACCTTGAATGGACAAAACGTCTCCTCCTTOCAGTACTCTAACATACT
NVTILGLTESPSSITLNGQNVSSFQYSNDT944

3870 mmmmmccmmmmmmmmm

EELLITGLQNITSSGAFANSWNLTL* 969
3960 MTHWWMNWMG%MA@W

4050 mrm ( CAAD CAATAAATAANCTA [AADAAADNDARDDNNANDANNAAANANNDNADNAAAADDDAAD A
4140  ARAARAANAARAANANAANAARDAAANNANAANNAAND 4176

Fig. 2-3. Nucleotides and Amino Acids Sequences of S. pombe a-glucosidase.

Numbers on the right designate amino acids 1-969 in the ORF, and numbering of nucleotide
sequence is on the left with 1,037 representing the first base of the initial methionine. The signal
sequence and the polyadenylation signal AATAAA are wave- and double-underlined, respectively.
The N-terminal and inner sequences of native S. pombe a-glucosidase that were determined by Edman
degradation are bold-underlined. The amino acid sequences for making primer A and B indicate black |

background letters. The potential N-glycosylation sites (Asn-X-Thr, Ser) are underlined.
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Fig. 2-4.  Southern Blot Analysis of S. pombe Genomic DNA.

Upper; Approximately 3.6 ug of genomic DNA was digested with several
enzymes, separated on a 0.8% agarose gel, and transferred on
Hybond N+ membrane. Sall (S), BamHI (B), Sacl (Sc), Xhol (X), Apall
(A), EcoRI (E), Pstl (P), cDNA (C). The blot was hybridized with the 803
bp DNA probe (1575 to 2377 nt of cDNA, 34-32C) derived from PCR
fragment, which was labeled using AlkPhos direct gene image system
(Amersham).

Lower; The restriction map of DNA fragment containing a-glucosidase
gene. The location of the 34-32C is also shown in diagram.
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known sequence (¢cDNA S ) W
predicted intron site

EcoR 1 Bgl 11 p218 p35s5 EcoR 1 prm Bglll
ki £ - - ¥ i
e | ) SO
. s s ,
5" unknown sequence 673 p711 3" unknown sequence
lli'coR I digestion l Bgl 11 digestion
lSclf ligation 1 Self laigation

ptrm‘
p7l 1&& \\\ A p218
p673 N #‘)355
pC {13 PCR with p355 and p673 primers :1: PCR with p355 and ptrm primers
{2} Nested PCR with p218 and p711 primers PCR; Seminested with p218 and ptrm
primers
p711 p218 trin 218
¥ p ! P.
E ko
agd-f Sequence 5 terminus and Sequence 3 terminus and agd-r
/ synthsized agd-[ primer synthsized agd-r primer

EcoR 1 Bg{ ‘H Ecq{'R I Bgl 11

¥
—@ “Illlmilll!lI"!{I!lIlllililllII1III|!Il|HIHIIIIIIIlII[Il[]IIllIHIIl[III“

Using the agd-f and agd-r primers, and intact gemomic DNA, the long PCR was carried out.

(8

-7 kb

Fig. 2-5. Isolation of DNA fragment containing the gene for o
glucosidase of S. pombe.

(A) Schematic representation of inverse PCR and long PCR.

(B) Lane 1, DNA size marker. Lane 2, product of PCR using agd-f and
agd-r primer.
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Fig. 2-6. Structure and sequencing strategy of the DNA fragment containing gene for a-glucosidase of S. pombe.

The direction and extent of each sequencing run is indicated by arrow drown below the diagram, and the positions of restriction enzyme
sites used in subcloning fragments for sequencing are shown.



gaattcttttccttgcafattctgctcttgtcttgtccattctccatttcgcactccttc
gcacaccacattcga;cgétactgcctatagcacatatttgcttactactcgcaaaattc
cctacaacgaaaagaatggtccacgtaagtcacgcaagcgaccaaataatccgtttggac
cattagttaatgggtcaggagagcttacgttttttaaccaggcgaaaatggggtagacat
tatggcacctgatgtgcgcTCACCGCTacaaagtggtgtgtatgtgtgtattttattttg
Region I (-876)
ggcctttctttgttgaaaaaataaaacaaaaaaaaggagtcgaaaaagcacttttgcatg
atgagataatgtatctacatagttacatgaaéaaagaaactcgtaattgaacaaatgata
agaattaacttgttatacaacgtacatatggttttttattcgtcgtctatgccatctact
actacactatgaaacaagaaccgttctatttacttgcctcgacatatttttagcctgggt
‘atttttgttcgtttctttcttacagctcctctaattttaatattggggggcatccgtttc
catcgttatttttcatctttggggttcattacacagccgttattgctttgtgaaaagaag

ctttabctaccctgagaaatgcaaacaataataattgttgggctatctaaacctaaagca

cacttaaactccgaaatcccgaatcaattttttacggcgtaggaaagcgcaaagt

-1076
-1016
-956
-896
-836
-776
-716
-656
-596
-536
-476
~416

-356

GC-box (-360)

Ettcagatgétcaatgtttttggacgcttaaaatagccatgttagtggtggatgctaaag

gttaagatttgtctaagagttatcatatcatataaacatctgacacttgtttttcccttg
acactattcttccccacagtgtgaacttgcatcatttcggttGGCGGAATttgataaaac
. Region II (-193)
cgtaacggggggtatcgaatgatgggagattttgatctgacccgaatttcgctttcccca
cccttacgtcgaaaatgaqaacatgaagggtaagagtgatatttgtgaagagtgaaattt
tgtagTTATAAAAGaaagcgtEcgctcgcactttttttaatcgattcgtTTATTéZtaag
TATA-box (-50) initiator
tcaagtgaatacctcgcgcctttttggttctaagttttcatcaacttttttgatccgaaa
tcttccagtgtctgtactctatcggtaacacagttgggtataactcaatagttttcatac
tgttttctcctgtgattacaccactccctttattaaaaccaagcaatatctgttccacta
gaacagaagtgctctcaaaccttccacacctftaatttattttgttaagttttgattctt
tgctaettgtttttttgtcctccccccacatccgccttagtaagtctccccacattgcaa
aagaaadgagtcgattgattccatccccacgagaaaatcgatccattttccaacctatcg
ccctactttttttacaaaéaagttactaaacgttgggtttgattatctttttttttgctt
ttagattgattcgattcgacttggctttcaaaggctttadccatcaaatcaattaatcaa
ggcttttcgcttcctcctcgttctttgcaccttcaagcgaacatacacttcgttttgcaa
aaagtgctaagtaacacaagctacaaaagtttétcccccacttttataaggttcgcttag
ccgctcttaattacgtcgttttggacttgattggttaatcbtacctcttaccttttttté
ggtttcgctcctttttaaaacgcgcgtttaaacaaaccctttcaagcttttcgtgaaaga

gcttttcttteoctaacttactatatatatacatacacacacacatatatatatatataac

tttttatttatattgaaaaaaaaaacttggacaagaaagtctacaattctattgttgtag
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ttcttgcttaattttttgtctgtctcttaaaaccctccttttctttacgatttcgcctct
ttaaaccgcccttctattgccaaattgcctatttggttaatcttttccattctttttctc
tacgattctttttagttggtactttgatttttcttaaaactttttgatctcttttttgtt

ttttttttaacgatgatgatttctactgcctaccaatctctatttttaactgctctgttt
M M I 8§ T A Y Q 8 L F L T A L F
tcagcaatctcgattgctgtcggtaacgtctaccaaactttaaatgtcattggtgatcgc
s A I s I A V ¢ N V Y Q@ T L N VvV I G D R
aatgtcactatccctaccaatggtatccctcaacgcttatccgtatatgacccatatcgc
N v T I P T N G I P Q R L 8 V Y D P Y R
ggtgtaaattgtcaaggatatcaagctgttaacatatctgagtcacaaaatggcgttact
G v N C Q G Y Q A V N I 8 E 8§ Q N G v T
gcctatctcgcactactcggcgagccttgctatgcctatggtactgattacccattgttg
A Y L A L L GG E P C Y A Y G T D Y P L 1,
ttcctcaacgtcacatatgaggaagccgaccgagttcatatatcaatcaaagacgctaat
F L N V T Y E E A D R V H I &8 I XK D A N
aacactcaattccaatttaccagtaggaaagatctttgggatgctcccttatattcacct
N T Q F ¢ F T 8 R K D L W D A P L Y S8 p
tcttacaataacacaaaccttctgtacaacttttcgtacaatgccaatcctttcgaattt
S Y N N T N L L Y N F S8 Y N A N P F E F
tgggttacacgtaagagcgatggtgaagttttatttgatacacgcggacagaaattggtt
W v T R XK 8 D 6 E V L F D T R G Q XK L V
ttcgaagatcagtatattgagttaactactaatatggttgaaaattataatctttatggt
F E D Q Y I E L T T N MV E N Y N L Y G
ctcgctgaaaccatccatggtttacgtctgggaaataacttaacccgtaccttttgggct
L A E T I H 66 L R L ¢ N N Lhbh T R T ¥ W A
aatgatgaagctagccccgtggaccaaaacatgtacggaagtcatccatactatttagaa
N D E A 8 P V D Qg N M Y G 8 H P Y Y L E
caaagatacaaggcggatggtataaattcaactttgaacgaaaccacttatacttcttet
Q R Y XK A D ¢ I N 8§ T L N E T T Y T 8 8§
tctcatggtgttcttatgcttacagctaatggaatggatgttcttttgcgccaagattat
§ »m 6 V. L M » T A N G M D V L I R Q D Y
cttcagtatcgaatgatcggtggtgttatcgacctttttgtatacagtggtagcactgag
L ¢ Y R M I ¢ @ V I D L F V Y &8 G 8 T =
agtcccaaggagactgtcaagcaattcgttcaatccattggaaagcctgctatgcatcaa
S P K E T V XK Q F V Q 8 I ¢ X P A M H Q
tattggacattgggttaccactcatgtcgttggggttacacaaatatcacagaaatcatg
Y W T L 6 Y H 8 C R W ¢ Y T N I T BE I M
gacgttcgtcaaaattacattgatgcagacattccagtggaaaccttttggtctgatatt
D v R Q N Y I D A D I P \% B T F W S D I
gattacatggagaaatatagagattttaccgttgaccctgtttcttattcaaagtcagat
D Y M E K Y R D F T Vv D P VvV S Y S K S D
atgcaaacatttttcagtgatttggtaagcaatcatcagcattacgttccaatcattgat
M @ T F F 8 D L VvV 8 N H Q H Y Vv P I T D
gctgcgatttatgccgcaaacccctacaatcacactgacgactcttattatccatactat
A A I Y A A N P.Y N H T D D S Y Y P Y ¥
gcaggcgttgaaaaggacattttcttaaaaaatcctaatggaagtatctacattggtgcg
A G V E K D I F L K N P N G s I Y I G A
gtttggccaggattcactgctttccctgatttcaccaatcccgatgtggttgactattgg
v W P G F T A F P D F T N P D v v D Y W
aaagactgtcttatcaaccttacttatgcttttggatcgaatggtactgttccattcagt
K b ¢ L I N L T Y A F G 8 N G T V P F 8
ggaatttggactgatatgaacgaaccctcttcgttctgcgtgggctcttgtgggagtgct
G I W T D M N E P 8 8§ F C V G & ¢C¢C @& 8 »a
atgattgacttaaaccctgcagagcccttggtcggaatttcaaagcagtattccatccda
M I D L N P A E P L V 6 I 8 K Q Y 8§ T P
gaaggatttaacgtttccaatgtgactgagtatagttctgcttacagtgcttcacttagc
E 6 F N v 8 N V T E Y 8 8 A Y &8 A &8 1L &8
aactactatgccactgcaacatcatcggtgttccaaattgtttcaccaactgctactcca
N Y Y A T A T S S v F Q I v S P T A T 4
ttaggtttgaagccagattacaacattaactggcccccttatgctattaacaatgaacaa
L G L K P D Y N I N W P P Y A I N N E Q
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ggaaatcatgatattgccaatcaCattgtaagccccaatgcgaccactcatgatggaacc
G N H D I A N H I VvV 8 P N A T T H D G T
caacgttacgatattttcaacatgtatggttatggtgagacaaaggtctcatacgcagct
Q R ¥ D I F N M Y ¢ Y 6 E T K V S8 Y A A
ctaacccaaatttctcctaatgaacgaccctttatcttgagtcgttctaccttcttggga
L T ¢ I 8 P N E R P F I L 8 R & T F L @&
tctggagtctatggtgcacattggttgggtgataatcattctctatggtctaacatgttc
8§ 6 VvV Y 6 A H W L G D N H 8 L W & N M F
ttctccatttctggaatgatcgtttttaacatgatgggtattccaatggtaggagctgat
F 8 I 8 G M I V F N M M ¢ I P M V G A D
gtttgtggtttccttggtgattcagatgaagaactttgctctcgttggatggctatgggt
v ¢ ¢ F L 6 D 8 D E E L C S R W M A M &
gctttttcgccattctatagaaatcataacaacatttaccaaatctcacaagagccctac
A F 8§ P F Y R N H N N I Y Q I S Q E P ¥
acatggtcttctgttgctgaggcctcacgtcgtgctatgtacattcgttattctttactc
T w s 8 vV A E A S R R A M Y I R Y 8 L L
ccttactggtatactatcatggctaaggcatcccaagatggcacacctgccctacgtgct
P Y w ¥ T I M A XK A 8 Q D G T P »a L R A
ttgttcgttgaattccccaacgatcctactctagcagacgttgaccgtcaattcatggta
L F V E F P N D P T L A D V D R Q F M V
ggcgactctctattggtgacacctgtcttggagcctaatgttgaatacgttcaaggtgtt
¢ b s L L VvV T P V L E P N V E Y V Q G V
ttccctggtgacaacagcactgtatggtatgactggtacaaccacactgaaattgttcgt
F P G D N S T v W Y D W Y N H T E I v R
caatacaacgaaaatgttactctgtacgctcctttggaacacatcaatgtcgctattcgt
Q Y N E N V T L Y A P L E H I N V A I R
ggtggtagtgttcttcccatgcaacaaccttcgctcactactEatgaaagtcgtcaaaat
G 6 8 Vv L P M Q Q P 8§ L T T Y E 8 R Q N
ccattcaacctcctcgtcgctttggatagagatggttctgctactggtgagctttacctt
P F N L L VvV A L D R D @ 8 A T G E L Y 1L
gatgatggtgtttccattgagctaaacgctacactttccgttagcttcacatttagtgat
b b ¢ Vv 8 I E L N A T L 8 V 8 F T F 8§ D
ggtgttttgagtgccgttccaactggcagctacgaagttagccaacccttggccaacgta
¢ v L 8 A VvV P T G 8 Y E V 8 Q P L A N vV
acgatccttggtctcactgaatcccctagttcaatcaccttgaatggacaaaacgtctcc
T I .. 6 L T E S$ P 8 8 I T L N G Q N V. 8

tccttccagtactctaacgatactgaggaattgctaattaccggtctacagaacattact'

s F Q ¥ 8 N b T E E L L I T G L Q N I T
tcctctggtgcatttgccaacagctggaatcttactttgtagtcgctctcgcttcacccg
S s G A F A N S W N L T L *
atttttcaccggcaatccaggaaccgagcactaattaacagtctagtttgttgcatctag
caactctcgagatgcttgtagtatatggaataaacttacagtcattgttagtcaattcaa
taaataaactactttttctacacaacccatcagatagcaccgctgcataaagatggatgt
ttatgtatttaacgtaaaatttaccgttgatcpttcaaacgcattaaacaaatttacaca
tactattaaacctgcttcgtcgccgttaaatctgtatagcgataaaattttttgtcgtcc
gaattcgctaattatcttaaaagtagtatgatgtggtgcaaaccatatttactagcgaaa
gcttgaagatgtaaaagcaaaggtattaatcaggaatccttgaagtaaggtaaaactaaa
gtatcttcacaatttttcttgtaaacaaggaacttgcataatggattccttcagcttatc
caattatcgaatgcaagaaattgctgtattgatataaccaggtgacaaactacgatctac
gcaacaaatagtataagggcaaacccgagttagcaacgtcacgatcgattgtctttaaaa
aatttttgctttcttcatacfacttatggctaccattgaaggttgtaattagaaggattt

aaaggtttaacactcttttgaaacacatacaattgtttgcactgtggcacgagtgaacaa

gaaaaagggaaaggtgatttggatgatcctaacagcaaaaacaccaagtgtcctgataag
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tttgagcagaaagttgaagaatacttagaagtcctcaatgaactgcacttgacaggtcgg 4805

acatcaggattttgcatgcgaaatttcaccgtcgaaggtgcéttcaacccgaaatttcaa 4865

M R N F T vV E G A F N P K F @ 15
attcgatcattctttgcgcaattactacaccccatcaatattatatttcgaacgggtcct 4925
I R 8 F F A Q L L H P I N I I F R T @G P 35
aaacgcgacatcatccctttggttaaaggatttgatggttatctgecagecceggttcatea 4985
K R D I I P L VvV XK 66 F D ¢ Y L Q P G 8 8 55
ttactggtgttgggccatgaaggatccggtgggtccacactgctaaaggctttgtgtggt 5045
L L v . ¢ H E 6 8 @ 6 8§ T L L X A L ¢ & 75
attgtagaatcaaatgagaggttgaatggatcgcttcattacgacggtttagattacaaa 5105
I v E 8 N E R L N ¢ 8 L H Y D 66 L D Y K 85
atagcgcattctcaatttaaagctgacttgagttattgtggtgaaggtcattccaaagta 5165
I A H# 8 ¢ F K A D L 8§ Y ¢C G E G H S X V 105
gctactatcacggtccgacatttattagagtttgtttgctcctgtcgacttcctgcatca 5225
A T I T VvV R H L L E F VvV € 8 ¢ R L P A 8 125
aaatatgatcacccgagaagtcattatatccgtcgcatttgcgaaatcattcgcgatgca 5285
XK ¥ p H P R 8 H Y I R R I ¢ E I I R D A 185
tttgatttgggagacttttacaaccatcgaattcttcgcgtctttaactccggcgatcag 5345
F b L ¢ D F ¥ XN H R I L R V F N S8 @ D 0O 245
attaaggtcgatgttgctcagaccatgtgtgcacgacccctaatacaatgctgggataac 5405
I K v p vV A Q T M C A R P L I QQ C W D N 305
aacatgcgtgattttgactccatatccgttattgacatcctttcgcatatcaaagtgctt 5465
N Mm R b F D 8§ I 8 v I D I L 8 H I X V L 365
tcacataagctaggtactacactggtagccattgttagtcaagcttctgatagaattttt 5525
$ H K L' T T L VvV A I V 8 Q A S8 D R I F 385
catatgttcgacatggtcactttgatgtatgaaggtgaacaaatattctatgggcctacg 5585
H M F p Mm VvV T L M ¥ E G E QQ I F Y @ P T 405
agccgtttaaagccatatttcttggatcttggtttcattccagcaaaacatagcactact 5645
s R L X P Y F L D L ¢ P I P A K H & T T 425
gttgaatttgtcacctctttgacatacccagaaatgagtattataaataaaaagcatcag 5705
v E F v T 8 L T ¥ P E M S8 I I N X K H Q 485
ggatttattccttcgactcctgccgaatttagagaatgctggcttcgaagcgaagattat 5765
¢ ¥F I P 8§ T P A E F R E C¢C W L R 8 E D ¥ 505
gccaaactaatcaagtttatggatcgatatgaggaaaatcatagtgatatccacgccttt 5825
A K L I K F M D R Y E E N H S8 D I H A F 525
aaagatgccaaatttgatcaaacacgtttacaaaaattcttaagatggcttaattcecaat 5885
K b A X F D Q T R L Q K F L R W L N S N 585
ccatgccttattccctatagacttcaggtatttgctaccgctaaggtgactttttttcaa 5945
P ¢ L I P Y R L ©Q V F A T A K V T F F 0 605
taccttcatgattactcgtatattgctactttcgttttcacttatgtttttcaggcactt 6005
Y L. H D Y 8§ Y I A T F V F T Y V F Q A L 625
atgcttggctctcttttttataatttaagaaacgagtcaagtgaattgtactcacgcggc 6065
M L ¢ § L F ¥ N L R N E 8§ 8 E L Y 8 R ¢ 645
agtgtgttgtcgaatgctattgtttttgcagccattcagacaatgtctgaagtggacatc 6125
s v L §s N A I V F A . A I Q T M 8 E V D I 665
atttttttgaaaaaatcgctgtttaaggagcatcgtgtccaatctttatatcatccgtct 6185
I ¥ L XK K 8 L F XK E H R V Q 8 L Y H P 8 685
gcagcattgatgggttccaatctcgttgagtttcctatgcgtattgtggttgtcaccatg 6245
A A L M ¢ §$ N L V E F P M R I Vv V V T M 705
tacgacattattgtgtattttttatccgaccttaagagaaatgctagatct 6296
¥y p I I VvV Y F L 8 D L XK R N A R &8 722

Fig. 2-7.  Nucleotide sequence of DNA fragment containing the gene for a-glucosidase of S. pombe,
and deduced amino acid sequence.

Numbering is from the cDNA starting point. The six putative CAAT sequences, TATA-box, and
initiator are underlined. The putative GC-box is indicated by black-background. Bold and capital
letters show the elements, region I and region 1I, identified as associated with high expression (region I)

and basal expression (region II) of the amyB and the gla4 and the agd4 in Aspergillus oryzae.
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* 580 * 600 * 620 *
BFR1 S I@FCIILOSLS S I S. gAR . 618
ATRE LNRFSS LTLYS EINQOS Y H | : 604
SNQ2 YSLMG. S- -~ LOBEGIKGY SifNgs| \ : 597
ORF2 IVFAHIQTMS ITPPLKKSLFKERIRVQSINGIESH : 460

q li SRG vL fa 1 a el f rpi kh 1YHP A ‘

640 * 660 * 680 * 700
BFR1 T AT FIGATCMSAFRSLAGIMPNVESESAT.GGTI : 688
ATRE TIASTSRSLSQMLVPAAM : 674
SNQ2 - SISGI : 667
ORF2 : EINLVEFEMETVVVTMYDYTVEggRS DIMKEINRS - - — -~ - o ________ = ¢ 492

Fig. 2-8. Alignment of the ORF 2 and N-terminus of other fungal ABC superfamily protein.

The multiple alignments were done by clustal w. The black-background letters show residues
conserved among more than three sequences. Walker A and B motifs, shared by ATP binding proteins,
were underlined. Abbreviations: BFR 1, brefecerin A resistance protein from Schizosaccharomyces pombe
(ABO03671); ATRE, ABC transporter protein from Emericella nidulans (AJ276241); SNQ2, SNQ2 protein

from Saccharomyces cerevisiae (X66732); ORF2, open reading frame at downstream of a-glucosidase
from S. pombe (this work).
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Fig.2-9. Glucose Depletion Triggers Secretion of a-Glucosidase.
S. pombe were grown in minimum medium containing 9% glucose. When the culture
density reached an Aggq of 1.0, the culture cells were collected, washed and resuspend in

the medium containing 0.1% glucose. The inset shows the Northern blot analysis. Total
RNA was extracted from S. pombe by the hot phenol method. Approximately 20 ug of
total RNA, isolated from 0 h-cultured (lane 1), and 10 h-cultured (lane 2) cells from
transfer to low glucose medium, were separated on a formaldehyde-agarose gel. Panel I
was stained by ethidium bromide. Panel Il was northern blot analysis. RNA were blotted
onto Hybond-N membranes, and the blot was

developed by an alkaline phosphatase labeled cDNA probe (803 bp, at 1575 to 2377 nt of

cDNA, 34-32C) prepared using the AlkPhos direct gene image system. Hybridization was
done at 50 °C.
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Fig. 2-10. Secretion of a-Glucosidase was Inactivated by Addition of Glucose.

Cells were grown in minimum medium with 3% glycerol as a carbon source. After 24 h, the
indicated concentrations (final concentrations; O, 9%; @,6%; A, 3%; 4, 0%) of glucose were
added.

The inset shows northern blot analysis after 10 h from adding glucose. Experimental
conditions of northern analysis were the same as Fig. 3. Approximately 20 ug of total RNA
isolated from the cells cultivated with individual glucose concentration (lanes 1 and 5, 9%; lanes
2 and

6, 6%; lanes 3 and 7, 3%; lanes 4 and 8, 0%). Panel I was stained by ethidium bromide. Panel 11
was the result of northern blot analysis.
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SPG :

879
S0G : 871
CTG : 975
ANG 893
AOG 893
MJG : 800
GAA 862
RIM : 841
RSU : 805
RBI : 835
RBS : 798
HIM : 835
HSU : 798
BAG 764
SBG : 798
BWG : 787
SNG : 794

* 1140 * 1160 * 1180 *

SPG : VSIELNATLSVSFTFSDGVLSAVPT---—~r=-ccmea= GSYEVSQPLANVTILELTESPSSITLNGONVSS : 937
80G : ESLVVDSSLLVSFSVSDNTLSASPS-~=c-mmac-an GDYKADQPLANVTI GHKPKSVKFENANVDF : 929
CTG : MTPAPTPNSTLIVSAGNNSVNGSIEG-~---~mc==-n EYKAQONLTYVVVLDVKQKPTQVMMGGNKTEF : 1033
ANG : ESIYPNATLHVDFTASRSSLRSSAQ---~=--m===- GRWKERNPLANV KEPSAVTLNGQAVFP : 951
AQG : ESVYPEDTLSVDFLASRSTLRASAR-----=-=c-=o= GTWKEANPLANVTV. TEKPSSVTLNGETLSS : S51
MJG : ESLEVKSSSGYHFHLQEWSPQGFWQVWLQ--~~~~-~-- EGRKDWLHHHYWQARQQVAKGSRWQEDYQIDP : 861
GAA : ESLEVLERGAYTQVIFLARNNTIVNELVR—-1——-—VTSEGAGLQLQKVTV ATAPQQVLSNGVPVSN : 925
‘'RIM : ESKDSIEKKMYILYTFSVSNNELVLNCTHSS-~---~- YAEGTSLAFKTIKVL®-LREDVRSITVGENDQQ : 504
RSU : ESIDTYERGQYTSIQFNLNQTTLTSTVLANG-~- -~ YKNKQEMRLGSTHIWEKGTLRISNANLVYGGRK : 869
RBI : ETKDTVONDNYILYTFAVSNNNLNITCTHEL------ YSEGTTLAFQTIKILE-VTETVTQVTVAENNQS : 898
RBS : DTIDTYERDLYLSVQFNLNKTTLTSTLLKTG-~~--- YINKTEIRLG IGNTLINEVNLMYNEIN : 862
HIM : ETKDTIQNGNYILYTFSVSNNTLDIVCTHSS------ YQEGTTLAFQTVKILE-LTDSVTEVRVAENNQP : 898
HSU : ESIDTYERDLYLSVQFNLNQTTLTSTILKRG--~---- YINKSETRLGSLH KGTTPVNAVTLTYNGNK : 862

BAG : DSPEYGRRSDWSMVRFNYKIPNNKGAIXKVKSEVVHNSYAQSRTLVISKVVILM
SBG : IEMDIGGPGGKWTILVRFFAESGINN-LTISSEVVNRGYAMSQRWVMDKITIL
BWG : VDIEMGDDGGRWSLVTFSAGLVGNNKVTITSSVVNGRFALSQGWKISKVTIL

RSPAAPKKLTVHVNSA : 834
LKRRVKIKEYTVQKDAG : 867
LSRGSQVKGYTMLSIGR : 857

SNG : VEVIMGVNRGKWTFVKFIAASAKQT-CIITSDVVSGEFAVSQKWVIDKVTILELRKGTKINGYTVRTGAV : 863
g
1200 * 1220 *
SPG : FQYSN------~-- DTEELLITGLONITSSGAFANSWNLTL--- -~~~ 969
SOG : TYKKS-----~----~~ TVFVTGLDKYTKDGAFSKDFTITW-~~ -~ - 958
CTG : SWDQQK----=-e--- TLLNVTGLNADLNGSGRFRGLRLELSLLCED : 1070
ANG : GSVTYNS------- TSQVLFVGGLONLTKGGAWAENWVLEW- - - - = ~ 985
AOG : DSVKYNA------~ TSHVLHVGGLQKHTADGAWAKDWVLKW---- - - : 985
MJIG : WOE- - mmm o oo o : 864
GAA : FTYSP-----------nm=- DTKVLDICVSLLMGEQFLVSWC-- - - - : 952
RIM : MATHIN-------- FTFDSANKILSITALNFNLAGSFIVRWC-~- - - : 938
RSU : HQPPFT-------- QEEAKETLIFDLKNMNVTLDEPIQITWS----~ : 903
RBI : MSTHSN-------- FTYDPSNQVLLIENLNFNLGRNFRVQW- -~ - - - : 931
RBS : YPLIFN-------- QTQAQEILNIDLTAHEVTLDDPIEISWS -~ - - - : 896
HIM : MNAHSN----~--- FTYDASNQVLLIADLKLNLGRNFSVQW- -~ ~ - - : 931
HSU : NSLPFN---~----- EDTTNMILRIDLTTHNVTLEEPIEINWS----- . 896
BAG : EVEASSSAGTRYQNAGGLGGVAHIGGLSLVVGEEFELKVAMSY---- : 877
SBG : AIKVKGLGRRTSSHNQGGFFVSVISDLRQLVGQAFKLELEFEGATR- : 913
BWG : VVTTSAKGARKCSKGTGKFDVVEIPNLSLLVGRNFKLDIQITNC--- : 901
SNG : TRKGDKSKLKSTPDRKGEFIVAEISGLNLLLGREFKLVLH------- : 903

Fig. 2-11.  Multiple Sequence Alignments of o-Glucosidase Family Il Enzymes.

The multiple alignment was done by Clustal W. The black-background letters show the residues conserved
among more than the 14 sequences.
Abbreviations: SPG, S. pombe a-glucosidase; SOG, S. occidentalis glucoamylase; CTG, C. tsukubaensis
a-glucosidase; ANG, A. niger a-glucosidase; AOG, A. oryzae a-glucosidase; MJG, M, Juvanicus a-glucosidase;
GAA, human lysosomal a-glucosidase; RIM, rat SI isomaltase domain; RSU, rat SI sucrase domain; RBI, rabbit
sucrase-isomaltase complex (SI) isomaltase domain; RBS, rabbit SI sucrase domain; HIM, human SI isomaltase
domain; HSU, human SI sucrase domain;
BAG, barley high pl a-glucosidase (Morex); SBG, sugar beet a-glucosidase; BWG, buckwheat a-glucosidase;
SNG, spinach a~glucosidase.
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SPG : PRYNINWPEYAINNEQGNH IVSPNAT GTQRYDIF GY TKVSYAALTQISPNER : 630
640 660 680 700
S8G GY. TPS DLKLQLQLVLGLSIS I RNFART LVKYY® : 469
SPG : WSTF SNMFFSTISGMIVFNMMETMYER NV CEaT & - - - - - - DEE CSRWMI : 694
720 740 760
SSG : LA DT FLPDYY KEIVEL\Y IMSLALE QD : 539
SPG : MG IYQHS YTWSS -V, RRAMY Tis TIMA : 763
780 820 840
S58G DMYRIEDE VSKEESRLVTLP -~ - -ERINYWNGETHN - - - - - GKSVVKSTHELPI : 600
SPG : IBPTLADVDRQ LEPNVEYVQGVFPEDNST QYNENVTLYAPLEHINV : 833
* 860 * 880 900 *
SSG : YLNEEST T)2lLEGDEIN ET] AEITSS : 634
SPG : AT QQPSIRT LVALDRI TGELYLDDGVSIELNATLS TFS VLSAVP : 903

920 * 940 * 960 *

SSG : SNEIKFSREIYVSKLTITSiH KIIVDDSKEIQVEKTMQONTYVAKI GKINLE---~-~~- : 693
SPG : TGSYE PLANVTILGLTISIHSEI TLNGONVSSFQYSNDTEELLITG TSSGAFANSWNLTL : 969

Fig. 2-12.  Alignment of Sulforobus solfataricus and S. pombe a-glucosidase.

The characters with black background are showing identical residues. The gaps over 10 amino acids are
indicated by wavy underline. ~Abbreviations: SSG, S. solfataricus a-glucosidase; SPG, S. pombe
a-glucosidase.
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HomoIlI
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SusII
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MusII
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SusII
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SusII
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SusII
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MusII
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SusII
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MusII
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SusII
HomoITI
MusII
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SusII
HomoIlI
MusII
SPG

SusiI
HomoII
MusII
SPG

SusII
HomolX
MusII
SPG

ETREE TR

e ee

80 * 300
EXDEPGAWRIET] SDSKPYGPTSVCGEDFSLPGME 1 S KVTEGGDPYRLYNLDVFQYELYNP GS
'EKDEPGAWRIET] SDSKPYGPMSVGIEDFSLPGME 1P KVTEGGEPYRLYNLDVFQYELYNPMALMGS
E SDSKPYGPTSVGIEDFSLPGME 1P S KVTEGGEPYRLYNLDVFQYELNNP) GS
L T1H
G E LRL

* 20 * 40 * 60 * 80

MAAVAAVAARRRRSWT GVCLGLTLAVDRSNFKTCEESSFCKRQRSHRPG LDSLOLIEPDTLTIHLIN

MAAVAAVAARRRRSWAS) GVCLGITLAVDRSNFKTCEESSFCKRQRSHMRPG! LDSLQLEPDST.TVHLIH

MAATAAVAARRRRSWLS| GVCLGITLAVDRSNFKTCDESSFCKRQRSHMRPG LDTLQLEPDAT, TVHLIH

-------- MMISTAYQS| TAMFSAISIAVGNVYQTLNVIGDRNVT I PTNGHPOR: PYRGVNCQOEYQAVNISESQ
LL L : I Sy ' G
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L L T P
* 180 * 200 * 220 * 240
LEDRSHELSVNARGLL QRAPRVSQ---~~=~-===----~~- - -.GSKDPAEGDGAQPEEAPGDGDKPEEIQGKA :
LEDRS#1.SVNARGLLEJ@HHORAPRVEQ -~~~ — === = m e e o e e GSKDPAEGDGAQPEETPRDGDKPEETQGKA
LEDRSHMI&L.SVNARGL QRAPRVPFSDKVSLALGSVWDKIKNLFSRQOESKDPAEGNGAQPEATPGDGDKPEETOEKA
YNNT FSYN- ANPIBFWVTRKSDG -~ ~ = = = = = = = = = = = = e o o o o e e e
LL FE '

* 260 * 2

* 320

________ GQOKLVFEDQYIEWTTNMVENYN
L

NNLTRTFWANDEAS PVDQNMYGSHPYNMLE
Y

Y

* 340 * 360. 380 * 400

*
VPVLLAHSPHRDLGIFWLNAAETWVDISSYTAGKTRFGKMLDYLOGSEETPOTDVRWMSESGIIEVERLLLE - - PBVFDVEF
VPVLLAHNPHRDLGIFWLNAAETWVDISSNTAGKT#FGKMMDYLOGSEETPQTDVRWMSETG IS VRLLLE - - PISDVE
VPVLLAHSFHRDLGIFWLNAAETWVDISSNTAGKTIFGKMLDMLQGSEETPQTDIRWMSESGIIMEVIT MLIE - - DEVFDVF
QRYKADGINSTLNETTYTSSSHGVLMLTARNGMDVLBRODYLOMRMIGE- ~ - - - == == == =~ SESTEFPKETV

N L Y @ IDF @& § -
* 420 * 440 * 460 * 480

YASLTETORLPPLFS QS| RDEADVLE FDIHNLISCDE T EHADGKIXYEMAWIBIESR FPQP -~ ~ — - - ~ -
ASLTET PPLFS S DEADVLE| GF LiIZCDVI EHADGKINYEMAWIIESR FPQP - - ~ - - ~ -
ASLTETORLPPLEFS 0S RDEADVLE GF' IHCDVIRLISMEHADG TRFPQP~~---~~ ‘

FVQSTEK HQYW SC TNITEIMD) Y IGVETFSIBMDYMEK SYSKSDMQTFFS

* 500 * 520

I
Q G A LGYH RW Y vV Q D P W DI FT DP
* 560
PDETNPSUIE MFR-
PDEFTNPERUISE MFS~

--RTMLEHLASKRRKLVATVDIZHT SSHMRVHEELQNILGL: TR
- ~-RTMLERLASKRRKLVAIVDIEHIKVIES VHEELRNLGL TR
--LNMLEHLASKRRKLVATIVDIZHT S VHEELRNHGL TR
YNHTRDS|
P D

2SR MR AWRSNMES -
PYYAGVEKDIF P DVVDYIYKDCLIN

Y K GS Y G WPG PDFTNP W

DLVSNHQHYVPIIDAATY.

* 660 * " 680 * 700 * 720

--------------------------------------- PEVTMLKDEOHYGEWEHRBILHN IIEF Y VEMATADGEVLREG
--------------------------------------- PEVTMLKDOHY GEWEHRIBVENTMET.Y VHMATADGBROREG
--------------------------------------- PEVTMLKDEVHY GEWEHRINT N TMEL, Y VHMATADGIITQREG

TQIFP
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SusII

752

HomoII 752
MusII : 774
SPG : 780

* 900 * 920 * 940 * 960
SusII : & ; DG VY SYQKYHG- - PQTL NEETTVIERWMRVRRS SDCMKD: : 829
HomoII : = QSYQKHHG- - PQTL, IVERWMRVRRSSECMKD : 829
MusII : [® = YW TOSYQKHHG- - PQTL RWMRVRRSSDCMKD! : 851
SPG . EVTISY 2e VWY D TEIVRQYNENV QOPSLTTYESRQN- : 859

P

* 980 * 1000 * 1020 * 1040
SusIIi : 3 MBEH TFNYQTGHEFIELRRIEASIFCGNTIRVS SSIWDS TPVWIE ITEACGKPATVVLOTKG : 909
HomoII : INRNeY TENYQTRQEFIRL, SIBSIGNTIBVS S SIADPE TPIWIERY AGKPAAVVLQTKG : 909
MusII TFNYQTRHEF)SL SIRIGS SSSIEDP LIITPIWIE I GKPAAVVLQTKG : 931
SPG H SIELN---ATMSVS GVIES - - ~-IVDPTESVIVSQP. JTILEI. TESPSSITLNGQ : 933

L F FS L A G E VIG

* 1060 *
SusII : SPESRLSFQHDPETSVLIMRKPGVN--VRsDEST : 944
HomoII : SPESRLSFQHDPTSVL KPGIN--VRSDIYST : 944
MusII : SPESRLSFQHDPIXTSVLIMRKPGVS--VISDIST : 966
SPG : NVSEFQYSNDTERLLITGEONITSSCGAFMNSRANLTE®- : 969

S E L A W L

Fig.2-13.  Alignment of glusosidase II localized in endoplasmic reticulum.
The characters with black background show identical residue. Abbreviations: Susll, Sus scrofa (pig) glucosidase II;

Homoll, Homo sapiens (human) glucosidase II; Mus I1, Mus musculus (house mouse) glucosidase I, SPG. S. pombe
o~-glucosidase.
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PHD
SUB

PHD
SUB
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SUB

PHD
SUB

PHD
SUB

PHD
SUB

. [ TR . U S - .6
NVYQTLNVIGDRNVTIPTNGIPQRLSVYDPYRGVNCQGYQAVNISESQNGVTAYLALLGE
EEE E E}:unm EEEEE
LLLLL..... LL. LLLLLLLLLLLLLLLLLLLLLL EEE ...LLL.EEEE. .LLL
- NB ‘ N[S NP1

R A I : T cees 90, 00100 11, .12
PCYAYGTDYPLLFLNVTYEEADRVHISIKDANNTQFQFTSRKDLWDAPLYSPSYNNTNLL
EEEEEEEEEE EEBEEER EEE
LLLL...... EEEREREE.. ... EEEEE..LLLL. .E. .LLLLLLLLLLLLLLLLLLI.I,.
NB2 Np2’

e . .13. .14, .. .. .15, ..16. L17. .18
YNFSYNANPFEFWVTRKSDGEVLFDTRGQKLVFEDQYIELTTNMVENYNLYGLAETIHGL
EEEEE EEEEEEE EREERE EEEEBEHHHHHH EEE E
EEEE..LLL.EEEEEE.LLL. .EEELLLL.EEEE. ........ LLLL...B.........
NB3 NB4 NB5 NB6 Not NB8

ey 19 L200..,....21. ve e 22000, 000.230..,....24
RLGNNLTRTFWANDEASPVDQNMYGSHPYYLEQRYKADGINSTLNETTYTSSSHGVLMLT
EEE EEBEEE EEEEEEEE
L., LLLLLLLLLL, ...L. . 5EEE. LLLLLLLLLLLLLLL. . . . . EEEEEE
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ieeeg 2500, .26, 27000 ,00002800 0, 0000290 0.,....30
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EXEE EEEEEE EREEEH HEHHHHHEHERNE
LLL.EZEEE.L. BEEEEELLL. | . EBEE JLLLLL. HHHHEHHEEH, . LLLLLL, .. . L. ..
NB12 NB13 NB14 Aal

. PG T .32.. ....33. .34, .35. .36

CRWGYTNITEIMDVRQNYIDADIPVETFWSDIDYMEKYRDFTVDPVSYSKSDMQTFFSDL

B HHHHEHHHEHHHHE BEEE HHHEHHHH HHHHHMEH

L, CHHHEHHHEHEHEELLLL. . . ... v e ot H..LLLLLLLLLLL. . HHHHHEH
Ao2 Ao3 Aoa3”’

[ I .38. .39. .40. Al..., . .42
VSNHQHYVPIIDAAIYAANPYNHTDDSYYPYYAGVEKDIFLKNPNGSIYIGAVWPGFTAF
HH EEEEER EEREE BEEEREE E
H..LL.EEEEX.L.LLLLLLLLLLLLLLL, . .LLL. . . REEELLLLLEEEERE. LLL. .

AB1 aB2 AB3

.43, 44...,....45. .46, 4700, ... .48
PDFTNPDVVDYWKDCLINLTYAFGSNGTVPFSGINTDMNEPSSFCVGSCASAMIDLNDAR
HHHHHHHHHHHEHEH E  EEEE EE
.LLLLL. . HHHHHHEHHHEEHE  LLLLL. . . L. . .E. .LLL. ... .. LLLLLLLLLLLLL
Aoc4 AB4
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EB E ERE . HHHHHHEHHHEHHHHH
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AqS5
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EBEEE HHEHHHBHHEHHHHEHHE E
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.. .73. Th) TS 76 e T, .78
AR |KASQDGTPALRALFVEFPNDD VDRQFMVGDSLLVTPVLEPNVEYVQGVFPGDNSTV
PHD |HHH E EE EEEEE EEEEEEE EEEEEEE  EE
SUB |HHH.LLL.......... LLLLILL. .. .EEE....EEEE. .LLLLL. ..EEEE.LLL. .E
cp1 cp2 cp3
.79...,....80... .81. .82. .83. .84
AR |WYDWYNHTEIVROYNENVILYAPLEHINVAIRGGSVLPMOOPSLITYESRONPFNLLVAL
PHD |EEEE EEE EEEEE EEEEE  EEEE EEEEEE
SUB |EEEE..L..... LLLL.EEEELLLLL.EEEE.LL. . ... LLLLLLLL. ...LL..EESEE
cpe  cp4’ cp5 cB6  CB7 CB8
/o...85...,....86. .87. .88. 89...,....90
AA |DRDGSATGELYLDDGVSIELNATLSVSFTFSDGVLEAVPTCSYEVSQPLANVTILGLTES
PHD EEEEEE E EEEEEEEEE  EEEEEE EE EZEEEEERE
SUB |.LLLL...EEEE.LL..... L.EEEEEEEEE.LL.EEEE.......... EEEEEEEE.LL
CBs Cp10 CcB11 cp12
.91. .92. .93. .94...,.
AA | PSSITLNGONVSSFQYSNDTEELLITGLONITSSGAFANSWNLTL
PHD EEEE FnFFE EEEEEEE E EEEEEEEE
SUB |L.EEEE..LL...EE..... EEEEE....... LLL...EEE...L
cp13 c513 r Cp13” Cp14

Fig. 2-14. Predicted secondary structure of S. pombe a-glucosidase.

The predicition of secondary structure was done by PHD, predicting one-dimensional protein
structure by profile based neural networks. (http:/cubic.bioc.columbia.edu/predictprotein) The
boundaries were Ser 268 at the C-end of Region N and Gly 269 at the N-end of Region A, and Thr
742 at the C-end of Region A and Leu 743 at the N-end of Region C.

Abbreviations, H=Helix, E=Extended (sheet), blank=rest (loop), L=loop, AA=amino acid sequence,
PHD=Proﬁle network prediction HeiDelberg, SUB=a subset of the prediction, for all residues with

an expected accuracy > 82%, "." means that no prediction is made for this residue.
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¥ 3E  Schizosaccharomyces pombe o-glucosidase D BFEE E TOHRH
EIH #E

AETIZAE TR cDNA ZRNT Schizosaccharomyces pombe o-glucosidase D FBFETE E
TOHERZIT DTz, S. pombe a-glucosidase DHERE & #iE OMBEREGRA 2 2DI3Y /N7 &
TRNRFENBREIRS, TOE—BEEE L TRAROBENLETSH S,

ZN X Ta-glucosidase family 11 IZ/ET D BB TIIN < DM DOBEE TRBE ERENTD

NTW5B, Schwanniomyces occidentalis a-glucosidase (glucoamylase)®™

+ Candida tsukubaensis
o~glucosidase %' Saccharomyces cerevisiae®™®", KFEo-glucosidase A% Pichia pastris’®"> T,
Mucor javanicus a-glucosidase®® N RKBE TREINTNS, £k Mo glucosidase 13
COS MifR-CHifEF M TO—BERBENTHON TS, S occidentalis a-ghucosidase
(glucoamylase)\IBIETF DI O —2 F%, GALI TOE—F —TFTS. cerevisiae TRBENT
HNTHY, ABBABRIERRPICHBINTNS, ZORBEO—EIRDSNTH
%8, BIRBOMEHEIC L BBEMDOBNHDS S. cerevisiae TORBHLZ BERDH DL TFEBIVN
IWIEMI S. occidentalis M HREHINZBREIZIZRCHEEERL TV,

C. tsukubaensis o-glucosidase TILBRF DI O—2 T % 8. cerevisiae DT EEIUL TIT
> TW5 ™, C tsukubaensis 7' ) 2 v 7 54 7T 51) —% 8. cerevisiae TYEBLL dextrin 5" >
T EECTESHEGREEZ RN -, TORBR. 55 N/- 86T Da-glucosidase TH 1,
¥7= C. tsukubaensis a-glucosidase D 71 E—% — S, cerevisiae TEIK ZEZbh> T3
M, ZOMABBABRDEREPICHWENSG,

KZa-glucosidase DFEERIL Pichia pastris DEBFR TITHON TN S, a-glucosidase family I
DEEFRE TERA)THE—D P. pastris TOFHBTH B 2", S. cerevisiae a-factor DLW TF R &
BEY NI EEED ZETHENAANODWITHRIL TS, $hiE®2T 522 TIEA
KT 7—AVF—%f5ZETHMEE BEETITHEMITTNS 2,

M. javanicus o-glucosidase D KIGHE TORBFIIZ DREENIEEIZEL . maltose. soluble
starch Z BB IZZNTH 0.014, 0.019 U/ mg K & IEF ICHBRER LM SN T
), |

t b fa-glucosidase TIEZ DBERHIRIBIETH S Glycogen storage disease 11 (GSDID
BFZRIC & D a-glucosidase family Il D72 TR BHFEDEATNEIRETH S, BENERK
KVEUEY I /BEERZERIC invitro TEU S COS M. MEFMEE b5V T—B
HORERZT> TS, TOREH, HMBENEGEREEZERTHLHABNOND S, B
LR BEIR DN 570,

S. cerevisiae 13T DBIZFEN, EHFNERVRAMOSNTBY BRES DNV EEEDHK
FFOBEED 1 DTH5, BEREREEZEY LFRROREZHA TS 5 X ITHIE & Rk
IEENES TH5. EEEYTH 3EBRIIMAICIBWINIIIED L SRy 287
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BOBRRBREMEITD &N TES, EABRBEGHOBGETEREOEMMEN L TWY
&, BETHEICHEISIHAEANBETHHIE, AMECIIEETHEENDTEBE
WY N BERCHRSNB LD OBRILER TS 3. | |

U U 8. cerevisice TORBEERBF OB, BEY N7 EREBRIDLEEDS Y O
SIEZE ST TUE D, P pasotris #TEEEL LIZBESY /N7 B, S. cerevisiae DENE M
NTBEDTY ALNWALEZF RN LR THS '™ 2, 8. cerevisiae DBES >IN0 B
XK R5NS NEESH TIEB K2 50-150 D mannose BEN S 2 EHEEEDOIZH LT,
P. pasotris DZTIUIWLE 8-14, £ THH 30 O mannose BEDOEHETH S, BIFTIL P
pasotris EFWEBEY DNV BOBRBEROBENKE L 55 1, Z DEORBIIREIR
BAY ) =NVIHIDBAB LAY ) — VBT 5RERVBRNICEEINZZETH S,
Fl A1 Alcohol oxidase (AOX) T OE—F —Z2RAWNS EMR AR EESY > /N BOHEBRREN
BEND, FEBEBERENTELI LB IORHORRBY DNV EORBICHRMET
H5,

S. pombe o-glucosidase D EBEEFRBLE S. cerevisiae. P. pasotris ZHNTITFD. E/-HHE
LI ABBIBEEREL. COBRMENEE. REBREICODVWTRETS,

H2fi  ERMBBIUEE

(1) HE
HIRREESR, EAEEERITIE LIFETECHNOLOGIES #3810 % D % /=, glucose, maltose,

p-nitrophenyl maltoside (5151 5 X %), maltotriose (FIX#EZK), nigerose. maltotetraose.
maltopentaose (HABGIIT). isomaltose. phenyl a-glucoside (Sigma) % ZFNENTHRD B
DE@EA Lz, maltose IKDWTRHREG (FHS1TRY) eBERREEKERVELED
D# R L7z, kojibiose 1213 /Na-glucosidase DEEELRE FEZFIH L TR L =5 D 2 H
Lz, BBEETITFRAREIIE 2 BIRLEZ. TOMBICHRZEORWS OIXHIR R % &
HAU7Z,

() i

YPD 1% yeast extract (Difco). 2% polypeptone ( H A< &3), 2% glucose

SC-ura 2% Raffinose. 0.67% Bacto yeast nitrogenbase (Difco). 0.002% adenine. 0.001% Met.
0.002% Arg. 0.002% His. 0.003% Tyr, 0.004% Lys. 0.004% Trp. 0.005% Thr. 0.006%
Ile. 0.006% Leu. 0.006% Phe

BMGY 1% yeast extract, 2% Bactopeptone (Difco), 100 mM potassium phosphate buffer (pH6.0).
1.34% Bacto yeast nitrogen base. 4 x 107°% biotin. 1% glycerol

BMMY 1% yeast extract, 2% Bactopeptone (Difco). 100 mM potassium phosphate buffer (pH6.0),
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1.34% Bacto yeast nitrogen base. 4 x 10°% biotin. 0.5% methanol

@) FVIX I VFF ROERKR
FVIAXIVFF ROGRENLBE AT LATA LA ELE, EELTHDH0
EREKTHEMRLUT, 20 MIBKELTHREL,

(4) S. cerevisiae TDFEIR
@-1. BHEA7 5 —0OHEE (Fig. 3-1)
S. cerevisiage TORBINT ¥ — DBEDHE% Fig. 3-1 IZ7RL7=. DNA #EICEL Tk
o7z, HE2ETHBSNE DNA O 5-UTR, 3-UTR O—#F (& 6. 84 bp) & ORF % &.
cerevisiae FEBI 27 5 —pYES2 (Invitrogen)?®D GALI promoter FHICHA L, £9° 5°-UTR L
iZ HindIIl B33 2 AT 3 72912 Hindll] FRBEFNEE A I AT v F 751 Y —MHdB3
(sense; 5’-TTTAAGCTTAACGATGATGATTTCTACT-3’, position from 1,024 to 1,051 nt in the
¢DNA) ZHWT PCR ZfTo/c. T oF AT T4 —ITI3%E 2 ETHWE P32
(5’-~AAGTCIGGGAAIGCIGIGAAICCIGGCCA-3’, position from 2,349 to 2,377 nt in the cDNA)
ZRWz. B5NHEIENTF % Hindlll, Bglll, TH#H{LL. Fragment1(386bp)& L7, Z®D
Fragment 1 D3 —7 2 A&7 ST DNA E[E—TH 2 Z & &ML 7. RIZ cDNA O Bglll
DS Xhol ETEYIDH U TN % Fragment 2 (2,616 bp)& L7z, Fragment 1 & Fragment 2 %
PYES2 DN F I O— YA h®D Hindlll & Xhol ORICEA L, ZORE TS5 3
K~ & —% SPG/pYES &£ T 7z,
(4)-2. 8. cerevisiae DIEEHEEHMR 5 2NV BOFHE
S. cerevisiae D EEHE ) F U Lk POEE P 0Tk, BREY S IVERE
KX 0fTolz. MABAT PNV ADOHEEEZUTOL DT>, SC-ura I T E R
e UIRBIEEZT o 2%, 600 nm OIIEEEN 1-1.5 IT/2 572 & Z 3T galactose &K
BE 2%ITRD X DITMA, HEAY >NV BEOFHBEET o=,
(4)-3. B DR
BRI OB A FA - X2 AW, BEEHA 3 BAROME FEER (pH 4.5;
50 mM sodium acetate buffer, pH4.5. 5 mM EDTA. 2 mM PMSF, 1 ug/ml pepstatine A, 1 pg/ml
leupeptine) IZHEER., FERBOH I AE—X (425-600 microns, Sigma) ZMAILIRENT
- vortex TFY—ZAVTHEU ERUZ, 1 2EBRE. 1 PKETHPTENSHIEZE 15-20
B DR U 21T o oo REEFFER. MIREERS & ORBKES 2 RO0 (15 000 x g.
20min. 4 C) IKKDERE, LEZHBHKE LR,

(5) P. pastris TOFRIH
(5)1 BERT ¥ —DHEE
BEOHMEZ Fig. 3-2 ITR L=,
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S. cerevisiae TOFRBICAWERE TS5 XX R SPGIpYES OFFE AW % Hind I, Xho 1 4
T HTIHEREI L, pPICZA @ EcoRl, Xhol B 2FIFL CHA LKL, £TRI5—%H
#LJz. XU 5 —pPICZA % EcoRI it U ARBUIEE Xhol (k. TH ) — VLB TH
HUTe. RITHWABFZH/E LI, SPGHYES % Hindlll THELLUFERMABEL 2 b0
Xnol THIELZZBDZETHO— AT N BRIKBICIDBHEL INEBANE & L2, T
RUGGILEIZI, E. coli DNA polymerase 1 large fragment (Klenow, LIFETECHNOLOGY) % F \\
Tz N7 5F—EHAWR 28R L 2% SPG/pPICZA LTz,

(5)-2. P. pastoris DEEBPEMBBA Y /N7 EOFHEE

P. pastoris DT BE¥R#L % Pichia Expression Kit (Invitrogen) O 70 ha—)LIc#ECTERZE
FLEEIC K DT o7z, BBRT ¥ —5520 pg # Sacl 12X DL LESRIC L CREiRICH
Wiz, BIRZHIEME Zeocin MEICL DFFo 72, . PCR ICL D BB OEREFTFHo 7, F
DIZDOFHFMDNA ZUTOLSWTHAB L2, /Ny FLOEAZEDBHNZED 200 pul OHIH
PR (10 mM Tris (pH 8), 1 mM EDTA. 100 mM NaCl. 0.1%SDS) IZBEBL 7=, Z80D
HIZXE—-ZX&MA 1 5 vortex IZEDMUERLE, 22ATx/—)l/7O07+)
Ly 200 pl AOA. 1230 vortex ICK D BIL KB LELLDBEC I D AKHEZREI L7, ZhE
BOZ7x/—=)Wrnu7x)VA0E, T8 ) —)WTBRLTINEHERELE, 5A0K 75
1 X — ( 5-gactggttccaattgacaage-3> ) & c¢DNA K 8 & ¥ 5 4 < —

(5’-ggggctagettcattattageccaaaagg-3’; Nos. 1675-1703 nt in the cDNA, antisense) 2T PCR

(94 C,30sec. 52 C,30sec, 72 °C, 1min; 25 cycle) % LT, HEIEHIH Z2REEL 7=,

HABZ Y NI BOFEIILTOXDIZfTo 7. BMGY BHICHBEGREEEEL.
30C TIRBHER TV, BIBED B OBEICEL 248, 380458 (1,500 x g. 25°C., 5 min)
KX DEFZEIX UM Z BMMY BB A TR 25T 2 S THAMA Y VNI ED
HEZ1T 5z, methanol % 24 BEE Z £ 12 0.5%I272 5 K S ICHEML 7=,

6 AoALAZORNTS5T 4 —
DEAE-Separose CL-6B.  Sepharose 6B (Pharmacia). Bio-Gel P-200 (BIO-RAD) % fEEIC
KVBEEL, FIEDOBRERICE D FELEfTo R BICER L.,

(7) TEMERIE B KU BER BN
a-Glucosidase F5FERITE 2 LT O 500 pl ORISHF & Lz,
200 pl of 0.1 M sodium acetate buffer (pH4.5)
100 pl of enzyme solution
200 ;il of 0.5% maltose
KBFITWHALTBWERBRE I CREHREBRKEMA. 35CT 3 SREELEE, £
BRI X0 RISEBB Uz, BEOFRITIZ 0.05% Triton X-100 2T 50 mM sodium
acetate buffer (pH4.5) Tk DfFo/z. —ERRBIRIEI B2 1 ml D 2M Tris-HCI (pH7.0)%
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MA S Z LKV RISZEIE L. ##8E L 7= glucose & # Tris-glucose oxidase-peroxidase % (&
VI—X AR-TI. FEHMEET ) ICXVERE L. Thbb, BERGEELELERGRIC
Glucostat FAZE % 200 pl foA., 1 B#R. BISCTHRFLABS TR, 505 nm ORFLEZHE
URBIREHBTEZ L ICKDERLE,

1 7T 1 pmol DEE ZHMIKAIET ZBEEZ 1 unit DB & LTz,

®) INIBDOER

F 2N\ BDOFER %, Bradford i% ¥ U <13 UV # T1F 5 7. Bradford Tl bovine serum
albumin 22 % 25— R EUEH U, UV KT 280 nm OIREE 2 H1E L gk £ 1%,
210 LRELVTREE L FREBERERIC OV TIRER MR E Z0EBERN 535RKD 7,

9)SDS-RU T 7 UV I K7 IV EZIKE)

SDS-RU T 7 UL T7 2 R )VEBRIKE) (SDS-PAGE) % Laemmli DF: i e G- 7=,
AABHT BB AR R (4 % SDS. 0.02 % BPB. 20 % glycerol. 10 % 2-mercaptoethanol, 125 mM
Tris-HCI, pH6.8) Z%EMAZ 95 CT 5 KENEL. ThEkEBRABE LE, k%
Mini-Protean II % U < I3 Mini-Protean IIl (BIO-RAD)Z 3T, )L 1 B0 15 mA (K
TV, 25mA (SEETIVH) OEBRTE IR0 7. WEHEDSY /%7 Yufa % Rapid CBB
KANTO (BSHE{L2) % AV TH. BEITIE 10% acetic acid, 15% methanol AW 2 F V7=,

(10) N R 7 X J BEECF DFRAT

S. cerevisiae fl AL X BESE D PVDF & (Problott; ABI, Perkin Elmer) D% > /S 7 B DIEE
ZUTOEDITo7. OITHEV SDS-PAGE BT BOT IV EBMAKT 5 SIS L.
#5/Ny 7 7 — (30 mM Tris. 17 mM boric acid. 0.055% SDS. 20% methanol) TEHE{LL 7=,
PVDF Ji% methanol TIEMAL S B, BENY 77 —TEE(L L. BEEEBIZITES
RIABMMS AT 0y T4 DFEE (RUVILE) AN, BEEIDSEENY 77—
IR L7 A# (chromatography paper 17chr; Whatman) 4 #{. %°)l. PVDF &, 3 4 k%5
12,25 mA/7 )L (40 em?) DT 90 43 BlEE L 7. 5B 4% O PVDF fE 7% B8 HE7K, 50 mM NaCl,
RBAI/K DJETH . CBB G-250 THA L. 50% methanol TR U . PVDF I I CHua X
NBRONS REGVHL, 50 mMNaCl T 1 H, BHAKT3 EfEs. Bl -,

P. pastris #l B4 % BEFIL ProSorb (PE-NA AV AF LX) ERWT. #2837 B % PVDF
RICKE S, BIEIRMFOTO s a—ILicits i,

S RABROBEGEYZERWE N RIEY 3 ) BES OMAT % ABI4TIA protein
sequenser/120A PHT analyzer system (PE-N1 AT A X)) Z2HEALTH-> /=,

(1) EHEBOHE
BEROEEE% phenol-BilEiE "I & D mannose ZHEHEREE L THIE L7z, RISIKROR
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~

Z14ml & U7z, 97205 200 ul OFEHEI (8-19 pg DF >NV BEEEE) 125 L 200 pl
@ 5% phenol ZMAREHE. 1 ml OREEEMAS ZETRESEE, BERKED LMD
DBEEAKITH U THMTBER L, BlEicEE L2,

(12) JivEssnE

1 mg OFES > /X7 EIZX L. Endoglycosidase F (N-glycosidase F-free, Boeringer Mannheim)
% 2 unit I, 50 mM sodium acetate buffer, pH 4.5 1T 37 CIZ—MfRRF U BBl 27 5
7z
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3 ERER
E11H Saccharomyces cerevisiae T®D S. pombe a-glucosidase D FEE]
1. 8. cerevisiae DICEEHL L A BEFR DFFE

" ¥ Fig. 3-1 OFIEIZ KD S. cerevisiae GALI 7 TE—F —FHIC S. pombe a-glucosidase
¢cDNA ORF Z#HALREH TSI X3 R SPGHYES ZEEM LI, CNEUFIAREICED S -
cerevisiae |ZEA L. uracil EXRMEIC X D EEREZRBINU . KRICHBLZ Y /N7 BOH
BE2To . ETHIEERIT> /2. 2% raffinose 2 REMEE L THWAE SC-ura ¥E# (SC-ura)
20 ml T—HBE 30 CTIRBEEZITV, INEAEEKE Uiz, KIZH LW SC-ura 100 ml T
$L ODgoo 28 0.2 2725 X DI Z DRIFRREWEAME, AEREZHEBLE, 30 CTIRSR
B AT, K6 BEREIZ ODeo AN 1 128272 & 2 3T galactose Z#&IBEE 2%I2725 X 5
ICERIL, D% 4830 CTRBEEREZHRII B I ETHBETo =, 48 BEMEDIL®%
¥ D ODepo 1 4.8 TH o7z, WLLSBEICLD (3,800 x g, 5 min, 4 C) Ik DEEET- 72,
KAKIZ KD itk E—EE-> 7281, HHABER (50 mM sodium acetate buffer, pH4.5, 5
mM EDTA. 2 mM PMSF, 1 pg/ml pepstatine A, 1 pg/ml leupeptine) IZEREB L, HSAE—X
KR OB OB ZTT o /2. HMERICIZILIEN 4.33 U/mg @ maltase IHZRIE L, =
DEEDT N7 EDFER% Bradford I5IC L D170 72, $53 EIEITIE maltase IR &
nzhojz. £FEH (SCrura) THE, WHET O ERRETISAIRE2bERN S
cerevisige SN & BT maltase IEME IR E Shihot. & 2T S. cerevisiae DA
¥LZ S. pombe o-glucosidase ZHIMTEZHLDEHMW L=, LHALIDEE FRKBETOR
ETIIEELBOpH N 2B ETERTLTW =, 2 2 CIRICHKE 2 BERM B H_F B2 I
ENTNTHERELTWAZENTFETE/,

KIT SC-ura IZ MES-NaOH (pH 6) Z#&IBFE 0.1 M A3 Z & T pH DIE T #B51E L=,
CORMTRER, HBABROFEET. maltase 25 HE, BEmEK. Bxo
BEREZEZAWTENTNRIE L2, Bk, SAMEREROLSICHIL A, BOOE

(3,800 x g. S5min. 4 C) [Tk VERH L AEEEKGKTHESE, Mt BEEHERICIREL .
INE 2 HH Uk, —HEBEBROES maltase BHERAEETV, CNEEKTOHOO
maltase FEHEE L2 D —F 2T I AE—X TR L. BT E Ul B58K D 0Dg=1
BTz D DAHE ;D maltase {EHE % Table 3-1 ICE & Dz, BEH EIEICIE pH OFBICHAND
59 (EEKTE, pHS) maltase FHEERBTERD 577, DT ED 5 maltase FEFEHES
CHPICRETERWOIE pH DETFIZEZHBOTIRARAWT &b o> =, —F. BEZDH
DIZ maltase {EHEZRHE L2 Z ENSHBABRIIEERBASWSIN TS Z E0%hho
Teo MAMHRD SDSPAGE 27757z, MMAM TIIATE 200 kDa fHEICIEDEN/NY K
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BEEN (Fig. 3-3). AEDZ EN 5 S. pombe a-glucosidase cDNA % S, cerevisiae Zf8E
LLABEERRTEL 0O ok, ERRALEEBIBEIRY 75 XA
SINTNBEFHETER,

2. 8. cerevisiae FlAHZ BEFZDREEL

S. pombe a-glucosidase M X BEFR & S. cerevisize WEEBEL DERIL -,

T REEEEIT 5 /2. SC-ura B 50 ml 1236 U T EGERA—ESE2MEE L 30 CT—
BRRBILE Uz, KIT SC-ura (pH 6) B 100 ml 236t UBTES3EME % 5 ml T ORE Rh X ALE
BERIELIz, ABEZ00ml (ROT5A3 x54) TiHFo/k, 128, 30C TRERE
BE2TO 88, galactose ZRRIBE 2%INA. 30C TIRBREEE T, MBABROFEET
D7z, S8RFEIRICHEEEKRT L, BOLDBE (3,800xg. Smin. 4 C) ICEDEELE, &
D & E D ODeyo 1 7.35 TH o Tz KIBKIT L U Bk % —EEve - /=512, HH AR E (50 mM
sodium acetate buffer, pH4.5, 5 mM EDTA. 2 mM PMSF, 1 pg/ml pepstatine A, 1 pg/ml
leupeptine) IZREL. T T TV AKX DEEREREL . T0%, BODEE (18,000 x
g 30min. 4 C) ITXVEFE30m ZERL, ZNaEMHE®EE L=,

RICRA T RMH S A0 M 5T 4 —%FF57, 50 mM sodium acetate buffer (pH
4.5) TYH{LL /= DEAE-Sepharose CL-6B 15 A (1.6 x 18 cm, 36ml) |7 EHHH k% i

SR, WHE, 0-1 MNaCl ERIBREAEIC L DT o7 (Fig 34), TEHES (Fraction
Nos. 137-146, 18 ml) Z[EIR L, 21127 >\ &7 % AT 50 mM NaCl Z& ¢ 50 mM sodium
acetate buffer (pH4.5) XL TEHZ L., # 1ml ETERKLZ.

Iz, H5H U 50 mM NaCl 2T 50 mM sodium acetate buffer (pH4.5) TEE{LL
7z Sepharose 6B 1 5 /n (6 1.8x36cm, 92ml) IZHELZIVBBY O NT 5T 4 — &7

(Fig. 3-5). ZOF7IVIEBICZ X D15 5N IEMES (Fraction Nos. 47-58. 14 ml) % [EIUX L.
ADTF Ny 72 ANT 0.2 M NaCl &% 10 mM sodium acetate buffer (pH 4.5) I3 L
THEFEL, ¥ 1ml ECRELE.

ZHZ, 0.2 MNaCl ZE% 10 mM sodium acetate buffer (pH 4.5) TE&{L XN/~ Bio-Gel
P-200 51 5 2 ($1.5x 26 cm, 46 m) IZBE L2 VBB O R 757 4 — %5 7= (Fig. 3-6)
TS NTAEEE S (Fraction Nos. 28-38, 5.6 ml) ZEMX L. 30 PF >Ny 7 % A\T 20 mM
sodium acetate buffer (pH 4.5) <Xt L CTEWRZE L7,

KIT TN 20 mM sodium acetate buffer (pH 4.5) TE#{L XN J= DEAE-Sepharose CL-6B
AT L (GLax9em 14m) KRES T BAFHTLI O M5 T 4 — %57 (Fig,
3Me ZOTAR NI T T 4 —TOEEES EHD. KIT SDS-PAGE £f7o7 (Fig. 3-3).
%@%%\mﬁz@mawﬁﬂﬁim@wmmﬁyFéﬁit(ﬂg}3&mwno~ﬁ\
Z#1% Endoglycosidase F (Endo F) # TSI L 7= b D TIIATFEY 11 HAHFIZ
N RRDH 5N (Fig.3-3B,lane2). TORERNSHEBA Y SNV ENEY VNV BT
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BBHTEINTERTER, TDLZEndo FAUBITEDEN ROMIC, W—HT8 5 HHH5E
BN ROPHBE U7, Endo F A Z LAEWDDICIEB NN =N RO TN
BT NV IRDIMNEMERARD DN REILZ RO T OvF 4 2712k PVDF
BANEEL NKMOT I ) BESIEFITLE. ZORS. KSHONCRONKS®RTI
RECTIV M A BER O N Rifi VONVY.. THB I E b0 D, fASHOEEICED Endo F
MBERICERNE A LINZEHELE, NS OHEM SERNET Uk SR L.
DEAE-Sepharose CL-6B 75 A7 0OX 757 4 —{EMES (Fraction Nos. 54-60) % E/IX L
TUBOERBRICHW . 2072 U | MEBERIRS 5K 25 BIoBsa i, 2BRichiy
BEMREIL 20%TH o7z, LLEOBRBRIZDOWTESNEEES Table 3-2 I0E & D TR
U7z,

3 8. cerevisiae A Z BEFEDHEMEE
3-(1) FERYERREK '

F NI EZE milliQ KICHUTHIBH L8, BREBRLE, BESHREREZHEL
7z, 0.1 M sodium acetate buffer (pH 4.5) TEML 280 nm TOWEILEE 2 U e 58k
ERM Uz, RBOUREIL E Y =658 THo =,

3-2) BEEDORIE

MARABERVWES >NV BETHD I ENFRTERDT, BEEE% phenol-FEEEIC &
DHEE L. EDFER. mannose #1E T 55%DENES EN TV,

3-G)N KT I/ BEFI DT

XY Endo F 12K D BIMESILIR L /- k551855 % SDS-PAGE ICk DHBEL ZHEZILin 5
PVDF AT O T4 > 7L, NKMT I VBRI EEBF Lz, ZOES. cerevisize TD
MHHZ BERIL, S. pombe B FEX DB -BEE (Native B6E) X0 2 73 /JBEBEN
RWPTT O P TENTWE (Fig. 3-8). $785HB VGNVYQTLNVIGDRNVTIP 73R
Wanr,

3-(4) pH & Pl

pH i&tEi#R%Z, B4 D pH (pH2.5-7.5) TOBERFMEZRE LRDAE (Fig. 3-9) . JEIRE
BRI Mcllvaine BER % 1 /-, B8 pH 13 4.5 T, Native BBEE LRI ER L=,
3-(5) pH L&

pH €% Britton-Robinson &K (pH 2-12) ZRAVWTHENE. 9, BEERE 20 W
&% pH O Britton-Robinson &K 80 pl ZE&L 24 I, 4 CICHBLE. 0%, 1 M
sodium acetate buffer (pH 4.5) % 300 pl MZ.pH % 4.5 IR L FREFEEE R L (Fig 3-9),
TORER. pH 4-8 TOREMD R TE /2, Native BEEIIF U4MT pH 3-8 DHFE TEE
THD.

3-(6) BEZEN

BEZEHEZLTOL I ICHANE,
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9" 0.1 M sodium acetate buffer (pH 4.5) 280 pl % & 5 UHEAIRE (25, 30, 33, 34, 35.
37, 38, 42, 45, BXUS0C) TIHWRFEF Lz, THICBEREK 20 pl 2002, TOEE
15 DRIZTDRETHREF L, KEABL 30 HRKEL -, :
TOR. BEEEEZAELZEZA, 37 CETEETHD I ENDM 7= (Fig. 3-10). L
L OFERIE Native BER LRI TH B, UL UHBABEEN45C, 15 HRETEEIKELE
DITxF L Native BERIIFIFH T 40%DOREEEHEZE L TW S,
3-(7) BEREM

S. cerevisiae MM A BER D BEREIIMNT B K, VOREEREERAELE, TN2ThoH
BIZOWTEEREEZTL I BIHEEEZRME L. Ky VOREEREBE 1s-1h 70w bB
KWs -siv TOw MTEDRD=, maltose ICHTBHEE/NT A—F—%RDETOY b %
Fig, 3-11 IR, REEBEITHT S Ko k% Table 3-3 ICE D7, Zhh S8z XL
maltose 7% £ maltooligosaccharide {2kt U THEMNE W &b -7z, £i-a-1,2- a-1,3-,
o-L6-REEICH L THEAT 5., ZOEERKFREOBERMIT Native BBEEFIUTH S, LhL
Native BEE L D K, I3 KREWE, VIZNEIWEEZRLEDONEN,

E2IH Pichia pastris TP §. pombe a-glucosidase DFEIH
1. P. pastris DB E M AM A BEROFE

FHANLT F—IT pPICZA % HWT cDNA OFFRER T NTEHEA L (SPG/PPICZ). S,
cervisiae T Doa-glucosidase DHEBITHEA L ZFRE TS X I R, pYES/SPG O > — M4
ZRIA L7z, fBEIZIE P pastoris GS115 Z ANVBIZ T EAZERZAEICLDIFo 2, BE
DR 7 Y — 22 FI3IHEYE Zeocin it E W, MDH 7L — b RICERI L= 05
A Z ARSI 10 BB Uz, BELARED ODg 2B K% 8 & LT BMMY 2 ml Tit#%
RBFEITo . TDER. B (SPG/PPICZ 21 Ik B HD) T, K3 L1 0.76 Uml k2%
., BRI T 2.4U/ml 3K O maltase IEHE 2B Uz, KXIC 50 ml @ BMMY (200 ml
BEATSADEHEM) EMOBEEEETo 2. B8 72 BEEICBNT, maltase EHII
B FEB I UEABRBBRICTN TN 1 Unl BEEB XU 2.5 Unl BEK T, B
PRRREE D & MR D maltase FEHEIC DWW TN, FREICHYE 72 MIBOEE
B SELIBE (5,500xg, 4C. 5min) KX VEINLZEE (FEAKET-S0C THRE %
KIKIZ RO —EEfe, M ARERICBE Lz, Z0—H%EH 52 E—XICTHREL .
NEWEE S 2R 078 (15,000 x gv 20 min, 4 C) KEVBE, EMamEKEE LA B
RIRETR B L DM RS R O maltase G 2BIE L. BARIER 1 ml 572 D O maltase
HEEE, BRRERD L OEMREMHIE TENTN 42.8 Uml BB, 45.1 Uml IBBHK TH
D, BERBETH> 2, ZNERELEEARABENZEASHBEBE THLIN
TWBI EERT,
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iz, B iEB X UENR R 2 SDS-PAGE IZ & DEHT L 7= (Fig. 3-12) . T DR,
R L EB X CERBRHRNYTNICODEBABER L BEDNSK 180 kDa BEOHTES
RIEDLWN Y R E Nz,

PAEX D, S pombe o-glucosidase i P. pastoris ZfEEE L TREL., F0OK 30 %i3iEE
RICHWENBE Z Edohoiz,

2. P. pastris B HZ BER DR

S. pombe a-glucosidase ¥ #: 2 BER & P, pastris TR Bk (SPG/PPICZ 21) & LELD
BELZ,

ETEEEET ok, WEEEEAZE 2 ml © BMGY E#UICHEE L. 30CT. 20 BEEES
BELUZ. Zh%E, 200 pl 992200 ml @O BMGY KB L, BEIIRO TS A 0%
4 M1, Ft 800 ml @ BMGY $5H TIREE{T 5 /2. 30°C T 24 BrEEBEZ3E L, ODggo 7% 8.8
[ZiRo 72 ETATRLMBE (1,500 x g, 25C. 5min) ICK DERE L ZD—E% BMMY FH&
B L., MRABROFELZT- 7., ZOEZROT7 5205 KERW. 511 T
AT NV BOFHEETT o I BMMY FEREHICHE X # 2 72D ODgyo 13 3.5 TH o =0
24 BRR T &1T 0.5 %1272 5 & D BEHIT methanol ZHRIN U 7=, 102 BEREISICEER 2K T L, B
DHE (5,500x g, 4C, Smin) ICXDEBEEEZBRN U, ZOEXD 0Dy 1 15.8, 1
& LI D maltase {EHEIZ, 2FEME 00U, WiEE 118U/ mg THo 7, 2B, ¥ /7ED
£ B % Bradford i EIC L » Tfro /=,

BUX U353 BE (925 ml) 12, S5 UH-20TIZEHLTBWE 2 {Z80 ethanol 2
BUARRSRLITMA, T ) —)VILBET o /. ZDEREZ20C OERERE TF > 7,
LI 23205 BE (15,000 xg,30 min, 4°C ) ICEDER LA, B5N7=HEICH 100 ml OB
R FA #2187 (500 mM sodium acetate buffer, pH 4.5) Z 0%, —BeiEH UL A2 BB LAEDS.
O (15,000xg,30min, 4°C ) & D FEZRERUE. Z0O&ZOTBRIHERER
REIRK 30 ml MNA. HBRL., BOHEE (15,000x g,30 min, 4C ) 1ok D EEZEINL /=,
ZO/BSNEZ2DDIY ) — VILBERE % 221 20 mM sodium acetate buffer (pH 4.5)
I UTER L2 UDICEI L 72 IR MRIRIC 361 U, BEILE 25 U 7= VARIKIC 199 U,
& 560 U D maltase {EHEZEIRN Uz, ZDEED, HiEMIL 53.8 Umg Tholt. ¥ /87
BOEE% Bradford HEi1I2 L DT 72,

AT ZHBAS LI O NI T T 4 —%FT>72. 20 mM sodium acetate buffer (pH 4.5) T
Y1t U 7= DEAE-Sepharose CL-6B 7 5/ (#1.8x30cm, 76 ml) 2t L, BEI /=, 0-1 M
@ NaCl EfBENRICX VBEHETo7~ (Fig.3-13), ATFIRTOZ O N T5T 4 —
ETIRUVBICE D >NV B TR L. EMHES (Fraction No. 111-117, 21 ml ) Z[E
WL aaPF Ny 72> T 2mlZE TRHEEL .50 mM NaCl 2 &8 50 mM sodium acetate
buffer (pH 4.5 U TEW L 7=,

KT, FIVEBBH S LI O NI 57 4 —%T57%, 50 mM NaCl &% 50 mM sodium
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acetate buffer (pH 4.5) T¥#{k. U 7= Sepharose 6B 1 7 L\ (#1.6 x 102 cm, 204 ml) IZJBHE « 5
LU BRBEKREHE L (Fig 3-14). BoN/-HEEES (Fraction No.64-73, 20 ml) Z[EIX
L. 20 mM sodium acetate buffer (pH 4.5\ % U TBIF L 7=,

B B1ARBEATLIOINTI ST 40— QEE) 217>7%. BHLEERRES
20 mM sodium acetate buffer(pH 4.5) TE#{k. L 7= DEAE-Sepharose CL-6B 11 5 A (#31.4 x'9
cm, 14 ml) ITHAE S E/z, 0-0.6 M O NaCl HEBEAERIZ L DEHZT > 7= (Fig. 3-15).
IDEE, FUNIBOBEHNI—V3@E G L2220 -7 LTELNE, [ELES
1 ODOE-JITEEN, BYEOE—TIIFKMY /N7 2E8H T &% SDS-PAGE 2k D

RBUIz. BEDQE— T HROKMSY /7 2R =0, BEEES OESD S FEE T
PEZIRRICEIR U7z (Fraction Nos.98-103, 3 ml), Z OFERIBERE S OHIEMIZ 104 Umg
ThHor. HRHEBRBITDOWT Table 34 IZF &0/,

T O¥BIEEEES) % SDS-PAGE Icfit L7z (Fig. 3-16). BEIBEED N RN TR 1737
FHRICERE NN RELTRRBINSE, THESNCY 2N BN RIZEED SNiino
7. ¥EEIEEFE % Endoglycosidase F % i\ TRIBESIIE T 2 & | ATFERN 117 FSEITNY
ROHERE I Nz, ZOFTFROBDITEHEREBCELZBDEENIS, ZOZENLHEE
AEONIBINES NV BTHD I EMTFETES, £/22 2 TRENE SDS-PAGE 12
KBTI BNTHFENSS FERTINY R, S pombe 75 DERBEEEZERLB LN, S
cerevisiae TOREEZ BERBEUERICBNWTHERINT WS, S cerevisiae TOHP X BEE
T, ZOK 55 HRTF RO N K7 I JBERMTONTNS, 2 BEIFU N
RIGECS 27D EHER S . BiRESENE S OBER OB L L #RI X TV 3., P, pastoris
R EENS OXRBEERITBNTIE, Y /U B, BEOWALE ORI L
At FBEOBRICE D BES > /52 O BEEAES AL L S0 & MK L7z,
UEXD, AEHERIEIKENICE—~THD, Ih2BEERELTCUTOERICH
Wiz,

3. P. pastris tH¥A Z BER O F#ME
3-()N KW 7 2/ BECHIORAT |
PVDF EANDEEZ ProSorb (PE-NAF L AT AX) ZANWTITN, H#MABREO N K
WYX BRESEET L. TOKE,. Native BEEOD N KEHEFEFELT I BES
NVYQTLNVIGDRNVTIP @I Nz, 725 Native BEELRIUME (B 24 BE -2
25 BRER) T T FIVEFINREIN TS Z ENbho7z (Fig. 3-8),

3-(2) HIREiRE

Z 2NN B% milliQ KITHUTTOEN U728, BEERLE, BESREREREL
7z, 0.1 M sodium acetate buffer (pH 4.5) THEML 280 nm TORNE % HE L HLIRIHRE
ERHUZ. BRI £/ =246 THo Tz,
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3-(3) EEEOHIE

A BERVESY NNV BETHBZENTFETERDT, BEE% phenol-FRESEIC K
DREEL 7z, ZTORER. 18.7 pg DEERIT mannose ME T 13.8 pg DENSEN TV, A
MABROBEERII 1A% TH D ZENbho i,

3-(4) pH & HE#R

&4 O pH IZ BT % maltase 7E 1 ZBIE U7~ JLEBFEE K IZ 1L, Mcllvaine 2B % iV /=,
FOREFR. BREpH 1345 THo7= (Fig. 3-17). T3UZ Native BEE & S, cerevisiae KL % B
ROMBEE—HKT 3, |

3-(5) pH ZE
X BER O pH 1T 2 ZE M EFA, [LEREERICIZ, Britton-Robinson #Z&# (pH
2.5-12) ZRAWe, BRI (0.60 Uml, 0.05% Triton X-100 Z&EY) 20 ul &%& pH O
Britton-Robinson buffer 80 pl & &&ih & 4CITEHE L 72,24 BFfE#8.1 M sodium acetate buffer
(pH 4.5) 2200 Wl iIA. pH %45 ICRL, TNTNORGEEEZRELE (Fig. 3-17),
ZDRER. pH3.6-8 OHEFTEE ThH o /2. RIERDSA: T Native BEFRIS pH 3-8, S. cerevisiae
X BRI pHA8 TEETDH S,

3-(6) IRELTEM

BAORETLUETSI2T, HRABROREICHTIREREA L. TT. 20
DOBEREWR (0.60 U/ml) & 280 pl @ 0.1 M sodium acetate buffer (pH 4.5) ZRA& L. REE
IR L7z, 15 588, BBIOKEICBL 30 HRIBELE. 20k, BEEEERE LR,
T ORER, 3IICETERDOETNASNLN -7 (Fig. 3-18) . [FIREDSM:T Native BEE,
S. cerevisiae MM Z BERII 3TCETEETH B, 7272 L. 45CITBINT, Native EEZEIT 40 %.
S. cerevisiae HM A BERIIFZRITKIFEL = DITH b"C\ AERIT 18 %DOBREREEEZEF L,

3+(7) BERFEME

P pastris A BEROBRBEBITHNT 5 K, VOREREBZHEL-. FNFIOEE
KOWTERAREEZRMCI EEEZME LIz, Ko VOBREREZ 1s-1v 7O bB&
Ws-siv 70y MMIEDRDZ, maltose 12X BIHE/NT A—F—%RD7=7 0w b % Fig.
3-19 ITRT . BEEEITHT B K. ko % Table 3-3 ITE &7, THh S #A BEFIX maltose
75 £ D maltooligosaccharide I U THEENE W I E0%bho /2, £iza-1,2-, a-1,3-, o-1,6-
AN LU TOEAT 5. ZOEBEREEOHEMIL Native BEERIUTH 3,
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FEAR BR
$118 S. cerevisiae TOFRIE

cDNA 5 JEBIERIEERIC Hindlll HIREERY 1 M EHZITRT. & 3 IERERESO Xhol
HIRREBER Y N TREARI Y —pYES2 D7 O—=2 YA FABA LK, Hindlll 4 hO
HEAZPCREAWVWTITO RN, 751 v —2REHT DBRITIX ATG EifitAS GC rich 172 572
WEDIZEZ ATG & U Eifi-3 i % Kozak 3 >t 28 ZEFH O BUIRID Al XD
7o |

BELUEFRE T I A3 R pYES / SPGase T 8. cerevisiae ¢ BixH L. 53k, MMz EEE
DOFEEfTH> & I AMMBIETIC 433 U/ mg @ maltase SNBSS, THITEEEIK 1
ml 720 069U ICHET 5. S pombe THEERZITD LIEHEE 1 ml H7= D) 0.6 U DEEEN
BoNBDOTYS. cerevisice TORBATHEEKR 1 ml b7 0 CTRIFFAEORZENESN
HZEITIRB, ‘

AEEFRIL S, pombe TIIEEHIT W S ILD DS, cerevisiae TORBTIIRMAPIIISW I N
ok, TNTITHBRABRIEZRZRELTVWEOTH S I, BETIERFRICES
FRENTZNBE VNV B, E9/NaEEERBL. I TN BARaO7EMRNEBIN
5, HBABRON KEY 2 /BESIL VOGNVY.. T, S. pombe THWMINBEZELID D 2
BEAD 22 BHOD Ala & 23 FBHO Val DBWETT Oy 2 7INTWE (Fig. 3-8)
BREASTFIIWRTF RE2REBELHERBICHEHARZ Y OV BERETHNBEDTH 5.
EBENO LT FINRTF 5 — ¥ ORBBIP RISHEIG T QT ORTF R—Kilis, =
REEIEET D EINTNWS B2, Iz IE 7 FIRTF RYEAD S 5-6 A EFRIC
3B-F— BB LB I EN—H|S LW, TORTF ROEEBEBEEL ¥ 7/ FIIVAKRE
ENBEIRTFREEDZ 5L, —KkBSEIBEEZRETSEINTBD, HiX
EYOFE. T FINRTF RUMENS L3 M E-1 MIABEATHTED/NINWT 2
J B5RH: (Ala, Gly, Ser, Thr, Cys) &725. Z3UIS T FINRTFF—EREEZDD/AE N
R EREBTBEHEINTNS B, ZNEITFIRTFRO “S, -1) nle” &0,
Native BER DB H-3 L E-1 MITTNTN Ala & Gly BN T 3, HAMZBEEOBEI3
ALITHE Ser, -1 fLICIF Ala BT B Z &I 5. WTFNOEABNIWEABEOY I ) BE
BEMMIET D, I TFINRTFROVBHREEES -1 MO7 I ) BEEOBET
REDEINTNBE D, FIZIE-1MOT I ) BEEOEEICX > TIHEE O YR Ot
COIEFTIEA B 2 E B WESINT NS, Native BER S M BB ABE T 7/ FL Y AU
FENWRRD 5N EILS. cerevisiae DY T FINRTFF—EN-1MOT7 I ) BBRELLT
Gly &V Ala EEWHMMEEZRT I E2RBT 5, :

MEEREZBRLUY OB RINDERERBH LU THERBRREABITTS., 0B
B THREBABITT 545 >/ U E (invertase ® acid phosphatase) 13 50 LA D mannose &
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ED SR BRSNS NG, —HRBE~ABTT 25 >R B0 7EHEIT 9-13 &z
EDORESITUNRERN, o THA "ORBRTE. B > NI B MEN B8Ok S
S TEERORERDSDN 23T TH 5. SEIOMH X o-glucosidase DA, SDS-PAGE Dié
RS 7 BEHOIMUNZRIG—72 mannose BD Y 5 X7 —MHMENTNS = & VB S A
THD. IOTERBREPINDPEERBELTNDZEE2EHKT S, KiC N EAREED
YA ZXITONWTERT 3, WBICL DN ROSTEICId % 54 SDS-PAGE 5 B S -
FEBA RO TRBIIN 220kDa TH B, —F. 73/ BEFIDSEHETLEY /NG
BRI DT RIZ 10,6139.04 TH B 5 5 RIS O/ FRITK 114kDa i/ 5, 81 BEDSL
FEZ 162 +T 53 &%@E%%ﬁk?‘%ﬁd)’&m%} 700 fBIC/2 %, —MRENT N-27) )BT A
~OKI23137 ) VIV EBEREE TERWEDIZ NI Vs s E b 19,
ABERTRT X/ BEFIFITN-Z ) A2 IALEF— I 27 HFE DM o=, 13D 9 %
FHCESAMMU TNEE T3 E NESRIEN 1 DhZ 0 S EOEBEN 2o TWNS
RIRICIRS. ElebLIRTOMITA FRT N IIIUEL T E LT NS B |
DHZVHK 26 EOBERENSBRIN TN EHETES, 202 &M S Z BRI
MERBADWBENTWD EHPITED, &5 ICEHABREBIRIC maltase (S ERET 2 = &N
TES (Table3-1) Z&bMIMRBNEBABRNIMINTNEIE2ZETS, LML
IRINS S. occidentalis, C. tsukubaensis a-glucosidase Tl S, cerevisiae TOMBHZ Ml B
THEBEFHWING =, i LABERMBEBE TAHBIN TS Ic b
H5T, BHIZABINBVNORABEES 5D, STERAZVED EEZSNS, C
tsukubaensis a-glucosidase TITHAHA BER O TRIZOVWTOHREITR NS, occidentalis
a-glucosidase (glucoamylase)DIF A, 7 F&EIL 138-145 kDa TH 3 ¥, AHEICHBITS S
cerevisiae T AW X BERIL 200 kDa ZHEX 2K E X TH B, S, cerevisiae TIE invertase 8
FFRPREN (650kDa DA77 —) eDICHIEETE EES5 TIN5, FHRERNE
NI EBEMADMBLRWERICET NS, KRERRILGLL TOE—F—ck D &L
TRENZOBBIIRBEMH TEB L THS, TOE—F—HHISFERARDO
TN, ZEREMEANIEE LB TOHWINE I 2 TE 3,
MRABRERIAOSH, FVEBIOR NS 74— 2HNTEELEZED 2
SDS-PAGE THES > N7 HBHDBEWNY KRB 6B -t n s S THRANE,
SDS-PAGE TN\ FAMEIL <72% DX T TITIMA7= & S i3 7 EE O IMIlC A 03 2 R
—73 mannose 7 I A5 —$DDTH 5. ¥EEEHK % Endo F LB L SDS-PAGE 2175 & 2
A > DK 110kDa DN RIZIEET 5 1EMITH 50 kDa 12 BN RBENAE. 2O 50 kDa O
N RIENREGT 2 ) BERFIOKR, ks N7 Tldhn RN EDEN, e
Endo F JLERIT & 1) 50 kDa I K X BER O N RSBEISI 2 DN ROHHE Ui MR TS
5. KBABBONBEELEBNREE C, —B) T > ThERICBLII I > =D TE
PiT & B BB OB LTI, FREIC S, pombe 51 5 ¥581 U 7B % Endo F LB U7 84
KHAA N FOENICEBROES TN RBENS, protease DIRAZEZEL protease
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inhibitor Z /1A Endo F LB &7 > s RIIR L Th- = 2,

HPABROBEERITH TS Ky & Native BROZNEIZER U TH B, nigerose 73 &
WS<DOPOHEETK, I CENHBZORIREDENNSELZHDTHBEELTNS, KL
HEIAMABRY 2 FRERZD, OBV DRV BOERRSFRIEORE
BIITERY 2D TIZRNWES 54, Native BERE S A M X BB % BT 5 & I RS
RESED (Native BEFR 1.74 ; MAMABER 6.58), 7 3/ BEFID 5 TS 5 HRaK

2B = 18 THB Y, CIUCHERI I & OBIREESIC L D RIS 2 B S

NEVFERIIEED 50%%E8B 2 B HEMMABMMEND. EEBEICI > TESEOAD
DE. BEBITES, TOEIK > THEABREISEVWSHZDES S, E/-ABEEDS
TE% SDS-PAGE ICk D REH > T3, RE—/u s+ b OABEIZ 20N R
AMBIE Y B R 13HE 53 X BESE D SDS-PAGE TO/N > RIZHE 9 mm 12 BJEDS (X)L 6 em) .
CNTREEBRDTROBZIIRETH S . 78> THMICH I L BEFE & Native BEED 7,
ORI TELRNWEEZ S,

—IRAVEEIEE TIABER OB BT Native BESE & L8 U CEE NS - 7= (Native B2 78%
T U TR X BESRAY 55%) o« ZHUTRESH OREREE D& VORI —72 mannose 7 5 R 57—
DRESDEWIZEDBDTHS, S. cerevisiaee TI S. pombe LY, BESHIT galactose %
BERNDT phenol-FiBEEDRBRNRRL S, TOMD pH, meb:kggj—éﬁgbi Native
BEREHEL TRIZRA%ETH o7z (Table 3-5),

SRIORBERERAN, %%ﬁ%afc”if;a@%ab&%ﬁwﬁ@*ﬁﬁmﬁ%fa@éo

®WoIE P. pastris TOFRE

S. pombe a-glucosidase D S. cerevisiae TDRBRPME SN/ Z & T P. pastoris DRBIR
IZBNWTH S. pombe a-glucosidase HRHFTE S LG L. E/=Z OB, P pastoris 1253
BHRERT S. cerevisice TOMMABROMBESHEZMETEZ L2 HBLE. Thbb,
EARNMERERD N OBEROLS W, EEROEN, £ 3BEOBERSBOKTRETH S,
T OFER. maltase {EHEEF T HHEEHAZBL ZENTE, FEERICE-> T, BEF
BB XVEEREIC S. pombe a-glucosidase 51T 5 Z ENbMor=, 11 DEEKLD.
BARE TR 2,500 U, #925mg, #53 EIETH 1,000 U, 10 mg ORMZ & >/ 7 BHE
Sh. RERRETORREZZATY 1mg U LOMBABRIKE ml ORER, SES5IC
/BoNBLERTz, S cerevisiae MBMA BERIIIZHIK 1 ml 7z D OEMIHILIEL D 0.6 U
DEERMESND DITH UL P, pastoris ¥ Z BEFIIIEER | ml 72 0% LiEN S 1.0 U,
MR IR 5 2.5 U OBRME SN 5D B R E LB U T4 B L OERERS 5,
Xz, BREBICLEREBRO 30 WEEOEENRS B, o T, BELENDHDSNTE
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MIEHERN 5. WITNN S S S cerevisize LD HE < DHEMIBENMESNS, LML
DOBBEHOBRNI, HRABEOBHOBECBI AR IR EETLI-DE
BTHb. Tz, BRORERIIDVWTHHREINDGNH LIV, BEORERIZDN
TERT S, MBABRONKRT I/ BOEFIN S. pombe DREEHEN 5B S N - Bk
ERUEE (Gly-24 & Asn-25 Q) TTOky I > 7E3N5 T &0 5TV IEEE D
RIZO>TWBIETTH D, HEOBKRERE EMRMEENZEREEOERE2RLED
EDNSEFELTOBREHINBEBICH S EELTEN, UL UEEE FBICEEEI40
SINTNWEA, 553 BiE X D BARERICEZ < O maltase B EBRELE, LEOZ &R
MEREZ THW SN, MEECEEED, —BIRELEE THRING ZEARR A
nriz.

P. pasotris Z18E & UTHRE U za-glucosidase 13 maltase {E1EIZ & D 555 Fis & 0 Bk
MHIRIC 2 BLALZ< BB LRI NEN, BHOBRSI2EZE LT, BBAREE% P
pasotris WEEBEDORERE BN SBE Uz, T TR SNz S, pombe ELEMNSDE
BEbEil. BIA RTINS T74—, FIEBI/ ORI T 74—t kDS
EfTolz. HMBEOKR, it 26 Umg 25 X 2BERERSNE SNz, —RRIC P pastoris 1
EEFENOBREENLZHE. P pasorris HEDHWT 55 NI BEIZEE DN, @
WAL INDBUSOIGMS >IN DB, #53% LD SDS-PAGE 1 5 FHTE /=, L L,
KROBHBE TIRENEN 23%EENBDERo . —EHORA T > R BmORERN S,
Fraction Nos. 150-164 {12, 7754 Ly D7 BBICHRTBREID Ay 258D 5/
A, N5 OESTIEIEE 260 nm DIIAEED Asg D 1.6 FIFEH 572, RENTY J—))
MBREDTHEZE, BRI ORMBIIRBETHIEEHET. ThOMEBETHDZEMN
FRTE . INS OBEEEMIFEHRS THS Yeast extract RO HDTHBEEZ SN
BB ORFOBETH S S, ELIOKBEHEICKRL Z ENTENTBEEBRELE
ATRBIESD, ET T4 T4~ 00X NI ST 4 —bENTHB, TYIE
glucosidase II "THd N-5-carboxypentyl-1-deoxynojirimycein-AH-Sepharose =727 7 4 =5
A =70 BT 5T 4 —=HBTHN TS, X7z Sephacryl S-200 % Sephadex G-200 TD 7 7
AT A=A NT 774 —DHEDHD. SHRIORHERERANT X BREREMANTRE
ZIT55E. DBIVEIBRABRODMEFTOBENNEICRS, TOBICIRT 742
TA—=IOR T T T4 —NERNRFEERD, MATEREARICT DI, &2
BN NERFEORNPBETH S, BE FEORMYRDRL. RBREVGE TR
REBENTE S XS5, BRLGFERNTIVEND S, SHOBEICIIHEEES
100 FFRIBA LT o 735 B2 I VWED, FEEROBVERTEN L ZEE, &MY >
B, BELBORMBNVIZNNEENRS S, Fr. BREBICEEES>TWREED
NBRBABRICOVNTOREET N, BEOMEECHEOEE SR L% Liin 5
DERLNBTIRENRDZFESS,

FREEFRMIL SDS-PAGE « CBB RETBIEWAE—~DONY RELTRIBINAE, &
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DIBDIENINY R, S. pombe 553 EiE X D R SN/ BERIE G (Native BESE) | S. cerevisiae
HBRABRTHRDLENTNS, N RMOFLEZOBHEELFEEL. HTFEBE 173kDa
ERMBoT. T S cerevisiae HBABER L DD, BET30kDalZE/NI W, BB
8% Endo-F iIC X DB 2 2 L2k D, ZONY RiZ 117 kDa it X A > DN RiZ
PERUTze —MRIT, P pasotris ZIEEE UTHEY >NV E TR, S. cerevisiae DEEY >INV E
KOS 2 NEBEFHOREZ IDNI W, S cerevisiae DIEY > /N7 BIZHERNIZE 515

N BIBESHTIEB L E 50-150 D mannose FREN 5725 W Z ST "It U T, P pasotris
 DBIUIFHY 814, £<THE 30 O mannose BEOWETHS ™, 1. N AEHO
BEICBE U THRWRASN. S, cerevisize DEESY > /X7 ED 13-Man FEESEEHEODITKL
T, P. pasotris 1& 1,3-mannosyl-transferase I§ M2 /28, 1,3-Man ¥& 2 B0 40, jE
BEMUEITR O NS RO 7 b U# 56 kDa O£ ZBREEHOANTFRET 5 &, BB
1 3FOSTE 162 LT, 330 iEED hexose BWDONWTWBEBEII/RS, S pombe
o-glucosidase 121X 27 O N BEEM DA bAB V. ZOTRTITHEHES DV TS LT
BE, THEBED 1218, 3450 1 IEESDNTNSE LT, | Els~ED 36 BOEE
CEPSRoTNBEHRITES, ZHUd. S cerevisiae DY IS BRSO I D/ E
Vo INHSORRID, REBZBERIIHEY DNV ETHY, S cerevisize BB A BEE LD
DIRVEAMNMEZTOBRTH S EEAND, BE LM 2 BRIIHIENE 26 Umg T
B, Native B¥& 21 Umg EHANTIFIER U TH S, pH ZEM. BELEND Native B2
EEEND DR (Table 3-5). LT, HEHOMMALEN DIl RER, Migtes, &
HOBDHN S P. pasotris TOHHELZ S. pombe o-glucosidase 1345 > /N7 G TH~OFHIC &
DBL TS EHITES,
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1.

BsHi  BEK

Schizosaccharomyces pombe a-glucosidase % 8. cerevisicge THRIRI VB Z LTI L=,
BRE 1 ml H7= D EMBEMEENS 0.6 U DMAH A BREEE LN, HAHZ RS
HMREEEE TBIT L TWE Z L2 FRTEANBERP IS WS NAN - 7=,

S. cerevisiae #1HHi 2 B¥3E 1L DEAE-Sepharose CL-6B &1 A >Rlh S A7 kY
Z 7 4 —. Sepharose 6B T IVIEE Y 1Y N7 57 4 —I2 & D HIEHE 45 Uimg. 25 (5 £ T
WREEN. HHEIZ S, pombe 7 SEHENIBER (Native BaHK) L IZIER UMHEER
L. :

S. pombe a-glucosidase % P. pasris THEI VS I EITRN LIz, &K1 ml H7-0D
B BES S 10U, EHIIBHITHIRD 5 2.5 U OBERAME S Nz,

P. pasris #1541 X B¢5813 DEAE-Sepharose CL 6B &1 4 > ZMAS A O RT ST
A . Sepharose 6B 7 )VIE# 7 1Y ;2757 4 —I2 & D HIEYE 26 U/mg, 20 {5 TR
SNz HEIE Native BR S IZIERCHEEZR L. KEBWEHTFETH D . Native
B3R 210 kDa 1254 U C P, pasris #A54a X BERI13 173 kDa TH o /2. ZHUL P pastris TP
FEBIRILS. pombe. S. cerevisiae X0 LBEOEMNNZ ST RWEDICEEREEZS
ns,
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SPGase ¢DNA (4.2 kb)

MHd3
>

Bglll P32 Xhol
PCR with primers, MHd3 and P32
Digested with Hindlll and Bg/ll
HindIll
AAGCTTAACGATGATGATTTCT
M M I 8
HindlI1 Bgltl
Fragment 1

Ligation

Xho i

Snal |

Bl

Digest with Bgfil and Xhol

Bgilt Xhol

Fragment 2

S | e

SPG/pYES
8.8 kb

« Bl

N | BB

Apa

Fig. 3-1. Construction of SPG/ pYES expression plasmid.
An ORF containing 6 bp of 5' and 84 bp of 3' untranslated regions of S
pombe a-glucosidase cDNA was inserted into pYES2 for expression in S

cerevisiae.
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HindI Xhol

Sral3 |

SPG/pYES
8.8 kb

Mhe | Apal

Digest with HindIIl,

Generate blunt-ended DNA by Klenow faragment
of . coli DNA polymerase 1 (Klenow).

Digest with Xhol,

3 kb 8. pombe o-glucosidase

Ligation

blunt-end Xhol

Treated with (Klenow).
Byt 4

AGAATTAGCTTAACGATGATGATTTCT
M M I S

SPG/pPICZ

Fig. 3-2. Construction of SPG/pPICZA expression plasmid.

An ORF containing 6 bp of 5' and 84 bp of 3' untranslated regions of S
pombe o-glucosidase cDNA was inserted into pPICZA for expression in P.
pastris. Underline is 5' attachment site with vector.
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I8

Fig. 3-3. SDS-Polyacrylamide electrophoresis of recombinat a~glucosidase produced in S. cerevisiae.
(A), Crude extract of the S. cerevisiae transformants carrying pYES/SPGase (lane 1) and control without plasmid (lane 2 ).

(B), Purified recombinant a-glucosidase before (lane 1) and after (lane 2) treatment with Endo F.
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Fig. 3-4. DEAE-Sepharose CL-6B column chromatography of
recombinant a-glucosidase produced in S. cerevisiae.

Sample volume, 30 ml; column size, $3 x 30 cm ( 36 ml ); flow rate, 14
ml /h, 7 cm / hr; buffer A, 50 mM sodium acetate buffer (pH4.5);
buffer B, buffer A with 1 M NaCl; gradient, 0-100% of buffer B;
fraction volume, 2 ml; O, A, ; @, maltase activity (U/ml); [, NaCl
concentration (M).
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Fig. 3-5. Sepharose 6B column chromatography of

recombinant a-glucosidase produced in S. cerevisiae.

Sample volume, 1 ml; column size, $1.8 x 36 cm (92 ml ); flow rate, 8.1
ml /h, 2.3 cm / hr; buffer, 50 mM sodium acetate buffer containing 50
mM sodium chrolide (pH4.5); fraction volume, 1 mi; O, Aggos 0,

maltase activity (U/ml).

83



0.75

0.5

Aggp

0.25

Maltase activity (U /ml )

Fraction Nos.

Fig. 3-6. Bio-Gel P-200 column chromatography of recombinant
a-glucosidase produced in S. cerevisiae.

Sample volume, 1 ml; column size, $1.5 x 36 cm (46 ml ); flow rate, 5.3
ml /h, 3 cm / hr; buffer, 10 mM sodium acetate buffer containing 200
mM sodium chrolide (pH4.5); fraction volume, 0.5 ml; O, Aygy: @,
maltase activity (U/ml).
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Fig. 3-7. DEAE-Sepharose CL-6B column chromatography ( 2nd )
of recombinant a-glucosidase produced in S. cerevisiae.

Sample volume, 30 ml; column size, $1.4 x 9 cm ( 14 ml); flow rate, 7 ml /
h, 5.8 cm / hr; buffer A, 20 mM sodium acetate buffer (pH4.5); buffer B,
buffer A with 0.7 M NaCl; gradient, 0-100% of buffer B; fraction volume,
1ml; O, Ay, ; @, maltase activity (U/ml); I, NaCl concentration (M).
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98

1234 20 23 25

Pro-enzyme MMISTAY.....SIAVGNVYQTLNVIGDRNVTIP
Native (s. pombe from culture medium) | NVYQTLNVIGDRNVTIP
Recombinant (P. pastoris from culture medium) NVYQTLNVIGDRNVTIP
Recombinant (S. cervisiae from cell free extract) VGNVYQTLNVIGDRNVTIP

Fig. 3-8. N-terminal amino acid sequences of native and recombinant a-glucosidases.

The sequence of pro-enzyme is deduced from cDNA for a-glucosidase of S. pombe.
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Fig. 3-9. pH activity and stability curves of recombinant
S. pombe a-glucosidase.

pH activity curve: The reaction mixture containing 50 ul of

enzyme, 250 ul of Mcllvaine buffer and 200 ul of 0.5% maltose
was incubated at 35 C.

pH stability curve: After the mixture containing 20 ul of enzyme
and 80 pl of Britton-Robison buffer had been kept at 4 C for 24

hr, 200 pl of 1 M sodium acetate buffer (pH 4.5) and 200 ul of

0.5% maltose were added, and the reaction mixture was incubated
at 35 C.
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Fig. 3-10. Temperature stability curve of recombinant S,
pombe a-glucosidase.

After the mixture consisting of 20 pl of enzyme and 280 pl of 0. 1M
sodium acetate buffer (pH 4.5) had kept at various temperatures for

15 min, it was put on ice. To heat-treated enzyme, 200 pl of 0.5%
maltose was added, and the reaction mixture was incubated at 35 C
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1 —
0.75 I~
S 0s
) K ,=8.3mM
0.25 Vinax=19 mg glucose from non-reducing end
) side / mg protein / min
0 | | 1 | ]
0 0.25 05 0.75 | 1.25
/s
2 —
1.5 |
K =8.3mM
S 1

Vinax=19 mg glucose from non-reducing end

side / mg protein / min
0.5

Fig. 3-11. 1k - 1/v and 5 - s/v plots for hydrolysis of maltose by recombinant
S. pombe a.-glucosidase produced in S, cerevisiae.
The reaction mixture containing 50 pl of enzyme, 200 ul of 0.1 M sodium

acetate buffer (pH 4.5 ) and 250 pl substrate was incubated at 35 C.
s, mM; v, mg glucose from non-reducing end side / mg protein / min.
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“wih 4~ 200 kDa

@i < 116 kDa
ik < 97.4kDa

Fig. 3-12. SDS-polyacrylamide gel electrophoretic analysis of

recombinant o-glucosidase produced in P. pastirs.
SDS-polyacrylamide gel ( 7.5 % ) was stained with Rapid CBB KANTO.
M, molecular weight size markers.

a ) Lane 1, induced recombinant protein in culture medium of P. pastoris

transformed with SPG/pPICZ ; lane 2, culture medium of 2. pastoris
transformed with pPICZA ( control ).

b) Lane 1, induced recombinant protein in cell free extruct of P. pastoris

transformed with SPG/pPICZ ; lane 2, culture medium of P. pastoris
transformed with pPICZA ( control ).
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Absorbance at 280 nm

Maltase activity ( U/ ml)

0 50 100 150

Fraction number

Fig. 3-13. DEAE-sepharose CL 6B column chromatography of

recombinant a-glucosidase produced in P. pastris.

Sample volume, 270 ml; column size, $1.8 x 30 cm ( 76 ml ); flow
rate, 24 ml / h, 9.4 cm / hr; buffer A, 20 mM sodium acetate buffer
(pH4.5); buffer B, buffer A with 1 M NaCl; gradient, 0-100% of
buffer B; fraction volume, 3 ml; O, Ajgo: @, maltase activity (U/ml);
A, NaCl concentration (M).
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Fig. 3-14. Sepharose 6B column column chromatography

of recombinant a—glucosidase produced in P. pastris.

~Sample volume, 1 ml; column size, $1.6 x 102 cm (204
ml ); flow rate, 8.4 ml / h, 4.2 cm / hr; buffer, 50 mM
sodium acetate buffer containing 50 mM sodium
chrolide (pH4.5); fraction volume, 1 ml; O, A,g0; @
maltase activity (U/ml).
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Absorbance at 280 nm
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Fig. 3-15. DEAE-sepharose CL 6B column chromatography (2nd) of

recombinant a-glucosidase produced in P. pastris.

Sample volume, 22 ml; column size, $1.4 x 9 cm ( 14 ml ); flow rate, 8
ml /h, 4 cm / hr; buffer A, 20 mM sodium acetate buffer (pH4.5); buffer
B, buffer A with 0.6 M NaCl; gradient, 0-100% of buffer B; fraction

volume, 0.5 ml; O, Aygy; @, maltase activity (U/ml); -~NaCl
concentration (M).
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Fig. 3-16. SDS-polyacrylamide gel electrophoreisis analysis of recombinant a-glucosidase produced

in P. pastris.

a ) Lane 1; Purified recombinant o-glucosidase. Lane 2; Deglycosylated recombinant o-glucosidase. SDS-
polyacrylamide gel ( 7.5 % ) was stained with Rapid CBB KANTO.

b ) Estimation of molecular weight of recombinant a-glucosidase. Molecular weight of recombinant a-glucosidase
was estimated to be 173 kDa and that of deglycosylated protein was estimated to be 117 kDa. 1, myosin, 200 kDa; 2,
B-galactosidase, 116 kDa; 3, phosphorylase B, 97 kDa; 4, bovine serum albumin, 66 kDa; 5, ovalbumin, 45 kDa.
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Fig. 3-17. pH activity and stability curves of recombinant S. pombe
a-glucosidase produced in P. pastris.

pH activity curve: The reaction mixture containing 50 pl of enzyme diluted by 50 mM
sodium acetate buffer containing 0.05 % Triton X-100 (pH 4.5), 250 ul of Mcllvaine

buffer and 200 pl of 0.5 % maltose was incubated at 35 C.
pH stability curve: The mixture containing 20 pl of enzyme diluted by 20 mM sodium
acetate buffer containing 0.05 % Triton X-100 (pH 4.5) and 80 ul of Britton-Robinson

buffer had been kept at 4 ‘C. After 24 hour, added 1 M sodium acetate buffer (pH 4.5) and
200 pl of 0.5 % maltose, then the reaction mixture was incubated at 35 C.
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Fig. 3-12. Temperature stability curve of recombinant S.
pombe a-glucosidase produced in P. pastris.

The mixture containing 20 ul of enzyme diluted by 50 mM sodium
acetate buffer containing 0.05 % Triton X-100 (pH 4.5) had kept at

various temprature for 15 min, and then put on ice immediately. The
reaction mixture containing the heat-treated enzyme and 200 ul of 0.5

% maltose was incubated at 35 C.

96



0.2

0.15

0.1

1N

0.05

0.8

0.6

0.4

sfv

02

K, =5.9mM

Vmax = 6.4 mg glucose from non-reducing
end side / mg protein / min

0 0.2 0.4 0.6 0.8

1/s

K,=62mM

Vmax = 6.6 mg glucose from non-reducing
end side / mg protein / min

Fig. 3-19. 1/s - 1/v and s - s/v plots for hydrolysis of maltose by
recombinant S. pombe a-glucosidase.

The reaction mixture containing 100 ul of enzyme, 200 ul of 0.1 M
sodium acetate buffer (pH 4.5) and 200 ul substrate was incubated at

35 C.
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Table 3-1 Maltase activity in S. cerevisiae transformants

Plasmid | Maltase (U / ODgpo=1) in
(SPGase / pYES) Cell surface* Cell free extract* medium
— N.D.** ‘ 0.0008 N.D.**
=+ 0.598 0.349 N.D.**

* For maltase assays, the cells were grown in SC media ( plasmid -,supplemented with
uracil; plasmid +, without uracil ) and washed with ice cold water.  After resuspension in
extraction buffer ( described in “Materials and Methods” ), the cell suspension was split into
two fractions of the same volume.  The maltase activify of one half was assayed directly
(cell surface), and the other half was disrupted by glass beads and the activity in the obtained
soluble fraction was assayed (cell free extract).

** Not detectable

Table 3-2  Summary of the purification of Schizosaccharomyces pombe
o~glucosidase produced in Saccharomyces cerevisiae

Total® Total Specific Purification = Recovery
protein (mg) activity (U) activity (U / mg) (-fold) (%)
Cell free extract 130 356 2.8 1 100
DEAE-Sepharose CL-6B 9.5 283 30 11 80
Sepharose 6B 5.1 246 48 18 69
Bio-Gel P-200 2.8 136 50 18 39
DEAE-Sepharose CL-6B 1.1 72 69 25 20

“Protein concentration was caluculated under the assumption that E{oﬁ’m at the 280 nm was 10.
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Table 3-3 Kinetic Parameters of Native and Recombinant a-Glucosidases for Hydrolysis of various substrates

S. cerevisiae P. pastris S. pombe

Substrate ky/ Ky ko/ K ko Kin

k(") Kn(mM) ¢! cmMY) . k(G - KamM) T emMY) k(G  Koa@M) (' emMY)
maltose 352 83 42 104 6.2 17 155 6.2 25
maltotriose 248 5.6 44 127 5.1 25 ‘ 165 6.6 25
maltotetraose 191 9.2 _ 21 125 7.2 17 137 7.3 19
maltopentaose 163 17 9.5 101 10 10 137 13 1
kojibiose 110 21 5.2 64 17 39 76 19 4.0
nigerose 132 25 5.3 80 25 32 174 64 27
isomaltose 56 13 43 24 15 : 1.6 38 14 2.7
phenyl a-glucoside - 24 12 2.0 8 9.9 0.81 26 9.7 2.7
phenyl a-maltoside N.D. N.D. : 101 4.8 21
p-nitrophenyl a-maltoside 284 32 89 136 35 39 N.D.
soluble starch 135 39 35 79 30 2.6 47 34 1.4

N.D., not detrmined.
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Table 3-4 Summary of purification for S. pombe a-glucosidase produced in P. pastoris

Procedure Total Total Specific Recovery Purification
protein activity activity
[mg] [U] [U/mg] [%] [-fold ]

Culture supernatant 76.0* 900 11.8 100 1
Ethanol precipitation 10.4* 560 53.8 | 62 4.6
DEAE-Sepharose CL-6B 30.5%* 488 16.0 54 1.4
Sepharose 6B 7.70%* 440 57.1 49 4.8
DEAE-Sepharose CL-6B 1.97%* 204 104 23 8.9

* Protein concentration was measured by Bradford method.
** Protein concentration was measured by UV method, calculated under the assumption that E 11 Cf,, 230 nm Was 10.0.,
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Table 3-5 Properties of Native and Recombinant a-Glucosidases

Recombinant in S. cerevisiae Recoombinant in P. pastris Native

Amount of expressed enzyme 0.7 U/ml culture 3.5 U/ml culture 0.6 U/ml culture
Specific activity 45 U/mg protein “ 26 U/mg protein® 21 U/mg protein ©
Optimum pH 4.5 4.5 4.5

pH stability = 4-8 3.6-8 3-8

Temperature stability =37C <37C =37C

Sugar content as mannose 55% 74% 78%

N-terminal sequence (23) “ VGNVYQTLNVI (25) NVYQTLNVI (25) “NVYQTLNVI

“ Protein concentration was calculated with the assumption that £ 11 cof; 280 nm WS 6.58.

? Protein concentration was calculated on the basis of result that E 11 :ﬁ’, 980 nm WS 1.74.

¢ Protein concentration was calculated with the assumption that £ 11 :2 280 nm WS 2.46.

“ The numbers show positions of the residues on the precursor protein.

Optimum pH was determined at 10 pH values (pH 2.5-7.5 in Mcllvain buffer). To examine pH stability, the enzyme was incubated at various pH
values (pH 2-12 in Britton-Robinson buffer) for 24 h at 5°C, and the remaining activities were assayed at pH 4.5. To examine the temperature stability, the
eﬁzyme was incubated at various temperatures (25-50°C) for 15 min, and immediately cooled, the remaining activities were assayed at 35°C.  The ranges

of pH or temperature stability were determined over 95% activity remaining. ~Sugar content was measured by phenol-sulfuric acid method.



% 4 3 Schizosaccharomyces pombe o-glucosidase DAETEEICEEEET 27 3
J BRREDORE

B #S

A BT Schizosaccharomyces pombe a-glucosidase DIEHE WWBEIRT 2 ) BRE TS
75. £9. REHEE®D pH DEBEHNEEMMEORE 21T, ZIN5T7 I ) BEE
DREETANSFE LB, BRUOYIVS I B EFE La-glucosidase family Il T4 12575
SNTNB NS OBREITBISRNEREEA L, LREERE S, cerevisice TRIEX® 3,
TOEROEN S, MRFREDOHT 2175, ¥/ CBE WX KB ALZRERR DR TE DR
FRITZITWV., MEEOREBE 2 HET 3, RCERCHARTY I BBEOLT RS
%S D-glucal ZKFITEZNBENEFENS,

W< DD glycosidase 1 glycal £KFIT 3 Z & AT 3 108 14D exo-a-glucanase 1 D-glucal
M5, 2-deoxy B-D-glucose & 4K L . E7zB-amylase 1% maltal ZKFIT 22 LN TES, *
7z sweet almond B-glucosidase & D-glucal 7 5 2-deoxy B-D-glucose & %KY %, a-glucosidase
Tl d.niger . N, T RXTAVFALI F2YA, TH i {Ea-glucosidase 1 b-glucal %
JKFIL ., 2-deoxy a-D-glucose 4 ERT 3, E—)VEBBa-glucosidase II. 3 Y /NFa-glucosidase
WIERZR R, a-glucosidase DKFIRISIE trans MTH2 I EnbhoTBD., £
MOT )R —HNBERRETOERYERLY ) — B2 - ENBBTHD, /-
glucal I Z DWENFFY IR I AL F 2T NS T ENS, MRS B
RET LA P PRERE TEIT L TN S 2 & ES N TN S,

D-glucal B34 F YV HIVIRZD LA 7 > RIEH USSR TN S Z &M o, Bt el
BREDSH THERRIGDED T &2k UTRRBERTOKRMRISE2RA . £ S pombe
a-glucosidase %% D-glucal ZKFITES Z & 2#RRB L=, KICIER WCARERREDLERRERT
D-glucal D7KFI % A A7z,

72 < DIvOB-glycosidase TlsRIZEELL, RIEEMEREOLRBER 7 O YW
LR EDREEEEZMA D Z & CEENEETE & BRIGNTWS, ZZT S pombe
o-glucosidase THT I AN L AFa—I2 kD, TNEOBEERETEL - & ZRIHL TR
B NaN;. HCOONa 2%, HEHEICHARBENERERICH L, B EE 12 & il
TEEINEIDERERS,

E2f ERMBEBXUHE
OF-= N: 173

Methanol (HPLC grade, B#{t2) . 2-deoxyglucose, grade III, diethylpyrocarbonate (Sigma) .
histidine, sodium azide. sodium formate. p-nitrophenyl o-D-glucopyranoside (357 5 52 7).
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Conduritol B epoxide (Biomol Reserch Laboratories) i2 DWW TIZZNZENTHHRD B D & F LA 7=,
Kunkel #T?D dUTPase &7 5 )V DNA /) O3 57— RIBEAISE (dut \ ung’) 171 CJ236.,
ung' murS RRIBFEICIZ BMH71-18 musS, W% D ung B R IBEEI2 13 MV1184 Z W=, 7
DHIEBEE. AEEE. SEEGT IRARELTNSORVAIIES 2 &2, &3 ST7h
N7zo ZOMAFICHRE LN SDIITHEO S D& FE,

(2 B
BEBBERITIIE 3 BTRELE S, cerevisice A Z BEEF W, ¥/ CBEIZk 5%
BB OB ERIERITIL S, pombe $% FIEL D BRLUEBEEZAVE,

Q@) FUIXRPLFFR
FVIXTVAF RERBES AT LAY L RACKBESRE 87, ZELTHDb0
ZRBKTHEBIE, 20 M IERE LCRELE,

4) BARRNZROEA

AR ENEROBEA % Kunkel i 2, megaprimer PCR™% L3 /5 1 v —ic3 2%
vFHEEEBALZBED PCR TfTo /e, (AFHAIRD., TREADEZOED DI IR
R Ry HIRBERBEZHIC X D ERBA RN D, EEVWTHOERBE
FIfEHTIC X Dli'?ﬁ%”u%ﬁp Zo BEIIEHICHNTO /2, BREARFERALETSTY—%
Table 4-1 {Z;R U /=,

(4)-1 Kunkel 3 "ic X 5B REA
~ Kunkel & " TD W 5 )L %4 ssDNA ORHEELUTOLEIIFo 7=,

TTEREADOHEE25 DNA WiF % Bluescript 11 1287 7 0—=> 7 L. KB CJ236
NEA LU, BHEEBREZE 2xYT/Amp 150 (1.6% Bacto trypton, 1% Bacto yeast extract, 0.5%
NaCl, ampicillin 150 pg / ml) THEEL ., MI3KO7 ZBH S W=, 37°C T 30 SRR EETEE.
kanamycin ZHIREE 70 ug/ ml A, ZDEE 37CTIRBIERET > 7. 20 K548, %lb\ﬁi
BET B 280D, WAL, PEG/NaCl ILBE, phenol HIHIZ X D ssDNA ZHEL 7.

Kunkel Hk TOBEEBREZUTOX S 1275 7, .

Kunke JRIZHEV IS A AL L 72 DNA #¥5 10 pl % KB35 BMH71-18 muS 1 > E5 > Mt
V100 pt ZIRE L. 0°CT 30 43, 42°CC 90 B, 0CT 2 BT B L 7. SOC B4 (29
Bacto trypton. 0.5% Bacto yeast extract, 0.05% NaCl, 2.5 mM KCl. 10 mM MgCly. 20 mM
glucose) 890 pl ZMNA. 37CT 1 BEHRE L. 30 pl ® MI13KO7 &%, 37°CT 30 7318
RE L7, Z OREEIEE 2xYT/Amp 150/Km 70 541 (2xYT, Amp 150 pg/ml, kanamycin 70
wg/mb 1 mliZ300 pl#EEL. 37°CT20 Bl RBEEERFo/, BONBICLD FEE
EIRL 4% 2xTY BHIT 108 BRUAZ DD 20 pl 2. 55U M9 BMTHELEXE
B MV1184 80 pl &YEAL 37 CTI0 B L. ZD3% 50 ul % LB/Ampl00 7L —
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MTBMUTCTHRELZBRLEZIDZ -5 EEICREN ST 23 RDNA &
V= ARG T, BREAEHKRB LUK,

(4)-2 megaprimer PCR'*)

megaprimer PCR IC X D RRMAF RNEROEA & B> Tiro> . Mit#H DNA
polymerase IZ}& KOD DNA polymerase (TOYOBO)% f\)/=, 1st PCR OIEHTE. 3 7bb
megaprimer D¥H% % QIAGEN PCR Purification Kit (QJAGEN) % i\ 7z, 7~ 2nd PCR Ti3&
RERYI OIER % VT 5 72128 % O megaprimer PCR DFTIC megaprimer D A% FWT T &
YA ZIT5P17IVPCR 21T Tz,

%

N

(5) B RNERBRRBERY ¥ — DR

D481G. D647G ZIR< ERBEEDRBI%E S. cerevisiae TITo 7=, DASIG, D647G ZREES
DFEBE P, pastris TFF-o 77,

(5>-1 D218N (Fig. 4-1)

BEEOPCRICKDVEREHALLEREZBALEZIAT Y F TSI —D218N & MHd3

(583 EBMW) EFWTS. pombe o-glucosidase cDNA %5812 PCR 217577, &S/
BT, T/b B ROEA I N DNA B % Bluescript I SK I8 7 7 0—=2 2 L,
ST DI 10— % Nhel & EcoRl THL L. & T\ cDNA 22 58]0 i U7z Nhel-EcoRI KB
ZFA L. #5N/=2 0— > O Hindlll-EcoRI Wik % SPG/pYES DZN&EANEZ =, =
Nz D2ISNRER ¥y —L L, '

(5)-2 D287N, D355N, D48IN, E484Q (Fig.4-2)

IN5 DEREAIZIL Kunkel 1% 11272, Kunkel $5DEEEZ1E cDNA @ EcoRV 705 Psil
O DNA Bifr % Bluescript IKS ICH 77 00— 7 LEb0EH N, RICEROBEAIN
72 DNA Wi ZBER BN 4 — OB AL EHHAT 5. TROEA XN/ DNA BN E
A ST S Bluescript 11 KS % Psfl & Xbal TH{LL. % 2 SPG/pYES 25 H U HL -
Pstl-Xbal Bifr 2 BA L 72 15 5N /e 7 01— > O Belll-Xhol Wil % SPG/pYES OFN & AU
ATze TN 5% D287N, D355N. D48IN, E484Q REINZ ¥ —& L=,

(5)-3 D647N., D676N, E714Q (Fig. 4-3)

N5 DEREAITIE Kunkel k% F 1)z, Kunkel IEDEEIIZIZ cDNA @ Psid 7 5 EcoRI
> DNA Wi/ % Bluescript I KS ICH T 70— L= b0EHWE, KICERDEA XN
72 DNA Wi ZBERBINY ¥ —~OFEAZEZHET 5. TROHEA I/ DNA B2
AZ$T % Bluescript 11 KS % Pstl & Smal TH{EL. % 2 SPG/pYES 25810 HL 7=
EcoRV-Pstl Bir 28 A LTz, /50D O— > O Bglll-EcoRl Wik % SPG/pYES DZNE A
NEZTz, N5 % D64TN, D676N. E714Q RERZ ¥ —E L=,

(5)-4.D877N (Fig. 4-4)

Megaprimer PCR IZK DR ZEA LTz HRUTIEL K cDNA % Sall & Nofl T Bluescript II
KSHALZ®D GE2ESHR) 2RV, It P)CR D751 T —IIENEROSENS
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D887N & b5 —Hicid E714Q ZHW/z, 2nd PCR O 7 F 4 < —IZid megaprimer & M13-20
AIN=PNT 51T —2HWE, HEIE DNA BiF % EcoRl & Xhol TIE{LL SPG/pYES O
TNEANEA ATz, INEDSIINREERIF—E LT,

(5)-4.D481A. DASIE, E484A. E484D, E484A. ES504V. H579S. D580N (Fig. 4-6)

IN5DOEREAITIN - T S. pombe a-glucosidase cDNA 12 BamHI SRERENr 28 A L7

(Fig. 4-5) o

ERBERRBENY F—BEOK, ZROEA XN/ DNA Wi % SPG/pYES NEAT 5%
ENRMTHS. T TINSOEEEBEICHED D720 S. pombe a-glucosidase cDNA D
244 BHOEEZ T T ZONEY N VIZEMT S I & T BamHI BB AR T2, 20
RRRT7 I/ BBROBISRWI L MER (469Ser TCGDTCC) Thbd, BREA
% megaprimer PCR IZ & 0155 72, 85841212 cDNA @ EcoRV 2 5 Psil  DNA Wi Fr % Bluescript
NKSIKY 70— LzbDERAWE, 1st PCR DT I 4 T —I2iZ Bam., M13 reverse
AIN—BINT 514 —EH . 2nd PCR DT 51 < —IZ13 megaprimer., M13 -20 L2\
=HPNT AT -0, BROBA INZHEIE DNA WiH % EcoRV & Psfl T Bluescript
I KSIZYT7rn—2>F Lk, REEREOEA SN DNA Wil 2BERERY ¥ —ic &
DEOIRHBALNEHHAT 5. FROHEA XN/ DNA WA DMEA TN TUY S Bluescript I
KS % Pstl & Xbal THILL. & Z -\ SPG/pYES M5 Y0 H LU= Psi-Xbal Wi 2B A LT,
Bo5NEI O— >0 Bglll-Xhol Wiy % SPGYES DZhEANEL. “% SPG
(G2444C)/pYES & LTz UMV M ERIZEDZREANDEEOL W L2 HHEIKD
maltase 75 THEFZ L (SPG/pYES BEER A 2.6 U/mg. SPG (G2444C)/pYES &= HUE 2.5
Umg). DBOERICZNERAWE, |

RIT DABIA. DASIE. E484A. E484D. E484A. E504V. H579S., DSSON DZSEMA iTD
WTEHHAT 2. N5 OEREA % megaprimer PCR 12 & V175 7z, £ 9" SPG (G2444C)/pYES
2 5 BamHI-EcoR1 Wi 2410 4 U Bluescript 1 iCH 7 70— 7 Uk, ZHAEBR & LT-,
Ist PCR D7 54 X —IIIBEHEREZED T 51— & MI13 reverse LoN—H) TS5 <
— &Mz, 2nd PCR D751 ¥ —IZid megaprimer & M13 20 LN—HINTF1 v —%
AWz BRSO HEIEN % BamHI & EcoRI TH{L L SPG (G2444C)/pYES @ BamHI-EcoRI
AL EANE ATz, NS ETNEI D481A. D4SIE, E484A. E484D. E484A. ES504V.
H579S. D580N HEHN7F—L Lz,

(5)-5. D647A., D647E (Fig. 4-7)

INS5DOREEEA%E megaprimer PCR IZ X V1T o /2. SPG (G2444C)pYES B 5
BamHI-EcoRI Wik 28D HH U Bluescript I1 12770~ LD REEE Ui, st
PCR DT 51X —ITIIEBNERZED T S514—& MI3 20 LoN—FNTS51<—%H
V3 /2. 2nd PCR @75 A ¥ —IZ1d megaprimer & M13 reverse L=\~ )L 7T 54 v —% Fn
2o BREZITHEIEWNA % BamHl & EcoRI TH{L L SPG (G2444C)/pYES @ BamHI-EcoRI
BoEANBAL, TNHEZNTND4TA, DEATE RERNI ¥ —E L=,
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(5)-6. H3838N (Fig. 4-8) .

NS5 DOEREAZ megaprimer PCR Xk D75 k. SPG (G2444C)pYES 7 5

EcoRV-BamHI Wi 28] H L Bluescript 1 iICY 7 70— LoD AERE Ui, st
PCR DT 54X —ICIBENEREZED 751 <X — & MI3 reverse Lo N—H )L TS5 v —%
Wiz, 2nd PCR O 7 ¥ —IZ1& megaprimer & M13 20 Zo/N—H )L T T 1 v — % AL
Koxﬂ%ﬁﬂ%%%%é&@h&%MﬂTﬁkaﬂB@%MQ@W%@Byﬂ&mmﬂB
DEANEBATz, ZHE H3N RERIy—E Uk,

(5)-7.D481G (Fig. 4-9)

D481G ZEEBER DRI % P. pastris TIF- 1=,

ZAEAZ megaprimer PCR TfT o 7z, #HICIE SPG (G2444C)/pYES % BamHI-EcoRI
T 290 H U Bluescript I1 K77 0—=> 7 L0 2R E, Ist PCR DT 51 T —
WIIEREREZED T 51— & MI13 reverse L2N—H)IL TS0 v — ZHAW/=. 2nd PCR '
DT Z A < —IZid megaprimer & M13 -20 L= /N—H )L TS5 1 v — & RN, RICEBRDHE
A S N7z DNA WiF & P pastris BEANR I =12 EQ &S ITHBA LN 23T 2, TR S
U%@%ﬁ%&mmtEme%mb.ifﬁﬂ«ﬁM%WWﬂ@&WMEwM%ﬁ&
ANBERTzo RITHESN/Y T— 2% Nhel & EcoRl THELL SPG/HPICZA (5 3 EHIR)
D Nhel N5 EcoRI B EANE ATz, T%E D481G RBEIRy ¥y —& L=,

(5)-8.D647G (Fig. 4-10) ‘

D647G ZRBER DRI E P pastris THF o 7=,

ZEEBA % megaprimer PCR TIF o7z, $AITIL SPG (G2444C)/pYES 75 BamHI-EcoRl
BR800 H U Blueseript 1l 77 0—=> 47 L= HDEHNE, Ist PCRDT 54 < —
K@%%%ﬁéﬁb754?~tMBauz:N~ﬁ»7547—%mv%@mumR®7
Sqv—iTid megaprimer & M13 reverse T /N—H)V 754 v — & FN i, RICEROE A
~ SNJz DNA Wi % P. pastris BEANR 7 ¥ —IC ED LS ICHBA LN EHHT S, TRESH
%@%ﬁ%&mmaEWMT%mb if@G@Mqumsw&mmﬂmu%ﬁ&l
NEA T, KITEBSN~ZY O— % Nhel & EcoRI TIH1L L SPG/pPICZA D Nhel 7 % EcoRI
W EANREZZ. % D48IG RENRI ¥ —& L=,

(6) TEBROREFE L ER ,
8. cerevisiae. P. pastris WTNOMBIE Y VNV BOESBREOHE, BEELES 3
BEOHFERBROZTNIE-> 2. (Fig 4-11)

(7). H{LBENEREE

EWHIE., ¥ >NV BOFER. SDS-PAGE /R ERICHE L WAL FNERTEIIE 3
BEOZTNELELL, FEERBEREOFEERABICH LTWB 0BT O RISHEE
E< L7
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(8) CD X% ML OFIE
CD AT ™ VORTE % Jasco spectropolarimeter J-720 (JASCO)Z i V3T 200-250 nm-0 &

TfT272. 10 mM sodium phosphate buffer (pH 5.8)F T4 > /X 7 BIBE % 32-160 pg/ml IZER5E
L. 25CTHIEL 2.

(9) D-glucal DFHHL

D-glucal DHBMEZEROFiE Wit WiForz. T72DB 5 mmol O 3, 4,
6-tri-O-acetyl-D-glucal (Aldrich Chemical Company Inc.) % 25mM FrU ™ AARFE IR (i
JEMEZE) D methanol IEK 40 ml IZIEMR U7, HIBT 6 BERIREB L 718, 3 g O Silicagel 60 (F
ATATAY) EMAREF TEBHEE ], ZNh# Silicagel 60 /15 A (¢ 2.1x36 cm) IZHEL
BB L. ASA7OXMNI ST 4 —OBEBIIE ethylacetate/ethanol 18 & &

(ethylacetate/ethanol=5/1) %\ /=, D-glucal Ei% & HEZ O 757 4 — (Merck Silica
gel 60 plate, JRBAVALE, 2-propanol : 1-propanol : water =12:3:4) [k DR L. ¥EHESL %
EIR UBUE T TR L 7z, IRFEIRIC ethanol % INABUE FICHKE L. KIT benzene ZMA
JE. BoffS 2 2 & TR D-glucal NBSNE, BoNikSiT Drierite®, 8 mesh (Aldrich)
CEBHETTI HERELE. 0%, EEEFEL, | MEKE LT methanol 118
D UERFF X T20CIRE Lz, BAEBICIE methanol 2R X W45, Bk TN L
Millex-GV® (0.22 um, Millipore) #5@L TEM L/,

(9) 2-deoxyglucose DEE

2-deoxyglucose DFEE % Tris-glucose oxidase-peroxidase % ()2 —Z AR-1I. FILHEET
2 KEDTok. §7abBRISHEIC Glucostat I % 200 wl i1, 2 FFI. ISCTTHREL
FAIVIHE, 505 nm OEREERE URBBE LTS 2 LIk DR LE,
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3T ERER

BUH  EHEMEEOHE

EEFHEOEREZFRE T 2 BN THRERGOBEEICNT S pH OREEFH/=,

Y pK.fEZRkDz, EHEITIZ 1.7 mM maltopentaose % AV =, & pH ICBIF3 VK, DI,
ZEERDBDEBEIRE S maltopentaose D K, D 1/10 iCRE L. JLREERICIT
Mcllvaine buffer % V272 35°C TD pK. fBIZEHEH pK./=3.9. pK.=5.6 TH - = (Fig. 4-12).,

RITEWREE ORBERE pK, DIREZED 5 van't Hoff ORIC L Dsked=, FTEBIC
1.7 mM maltopentaose Z 1>, &IREE (10, 15, 20, 25, 30C) TO pK, &Rz, Zh%
van’t Hoff DT ¥4 TIXOMREERVE SR 2. TNENAH, =3.6, AH,7=2.9 T - /= (Fig. 4-13).

RICAZ )= NVEMABDZECLDBFEREEL LEBETO pK. DZE{L%ER7=. Fig.
4-14 IZ 1.7 mM maltopentaose DI FM KIS DFXHEM:-pH BIERIZET 2 20% (vv) A&
—IVORERU Tz, BB 11T LT 0.1 pH BT, #BBEE: 2 IS LT 0.1 pH Bifg 2 h 2
NT7INAVPNCBEL TN D (Fig 4-14),

CNEDOFERD SREERE 1 BANRFUNETH ST EeHETE -, ML 2 1391
NFINEELETEBM. ZOpKHE. REEN 51 I 5V — L ETH DR S B - /-,
% Z T DEPC (diethylpyrocarbonate) CEBEZR & LB L. ZDREEES Z L2 L., 60 mM
sodium phoshate buffer (pH 6)7 T 0.24 uM S. pombe o-glucosidase ZHKIEEE O mM B L < 13 37
mM @ DEPC Z T 20C TR L7z, EEIRISBEEED 0. 3. 6. 9, 12, 15 DR
D—HR%E & D KIREE 86 mM IC725 & S 1< histidine 2125 2 & TEMRIGEEIF X W, B
77 maltase FEMEZHE Lz, ZTORERE, #IBE 37 mM @ DEPC T 15 DRHEM 217> T HIE
P 80%FRAE L TV e, £ 0 & ZPHEMET S B TESRSKTIC K, D 10 5T
H% 56 mM @ maltotriose Z A =B INETT > EAMESNHRING = L1370 7+

(Fig. 4-15)c LALDOMRD SEEEE 2 BANRFIINETH S S HE L7,
CNORERD SEERBEIIZDONIIVERF 2 )VE (COO0 &-COOH) TH 3 EHw Uiz,

F2H  MMURRNEREACKIERICHART IV BBEOHE

AR CIE AR 2 HOANRFIINETH B EMDh ok, T TINS ORFERE
BERTHY I/ BBEEHET BN TRMSRNERBR2ERL-,

1. a-glucosidase family Il TRESI N DN R F IIVEADERE A

o-glucosidase family Il TEEICREINLET ANTE B (Asp). FINY I LB (Gl)
BHEETANTFE Y (Asn), ZFIVF I (Gn) BRICBHRLENEZES bORELE,

& Toglucosidase family I TEREREINEANVRF L NEERRTLENT
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a-glucosidase family LI EH £N 5 17 BHFHDo-glucosidase (4. niger. A. oryzae. S. occidentalis.
C. tsukubaensis. M. javanicus. RE (Morex), T8, Y\, xIL V™, b EE
a-glucosidase. 7 b isomaltase. 5w b sucrase. ™7HF isomaltase. ™7 HF sucrase, b k
isomaltase, t b sucrase) DEFILLELZE clustal wiICE DIERIL 7=, ZDRE, a~-glucosidase
family I1 TVd 8 7T (Asp-218. Asp-287. Asp-355. Asp-481. Glu-484, Asp-647. Glu-714.
Asp-877) THINRFIINEMBEEINTVE, (Fig 2-11). ‘

RTINS § D Asp BE. Glu BEZEZNTNIAAERMNIC Asn BBE. Gln BiLic B
TRDROIEREBALLS. cerevisiae RELTTAI RN Z—%WERIL S, cerevisiae EBE
S LTz, uracil ERVEIC & 0 BIR Ui B E &R 2 2 N2 SC-ura T —HhE R U,
X ZORMBE UTEHAEREERE SCura BT, TIRI REEELEW S, cerevisiae
% SCtura HEMTHER L. KIBRE 2%T galactose #MA S Z &Ik DAL TREES

(D218N, D287N. D355N. D48IN. E484Q. D647N. E714Q. D877N) ZRE I @/, &
BASRMR. WEZENL, H52AC— X TR UMK Z B, 85N RTEEo
maltase {GEZRE L -FERZE Table 4-2 ICF &2, ZOBOY >N BEDOEE% Bradford
BT o 7z MM D maltase I DERBERE 3 DO/ N — T ET B 2 ENTE
7Zo

(1) ZHREVSIEEOBONE SN0 7250 D287N. E714Q

Q) RBITEEOBIVRRENZ A S NICEEERTHD  D2ISN, D355N. DTN

(3) BERLITERERS BO, TADEHBEAL. bL < IEhB T OBEE LR

1A42% 3Y0) D481N, E484Q. D647N

RCTN—=TRBTBHDEDNTERBROBEEFTVNZ D maltase TEHE % -

(Table 4-3). HEHOFMEESE 3 ETRULBFERBERO TN LN (Fig 4-11). %
DH% R D48IN, E484Q. D647N 13X EF 474 & ol U T maltase {EHE T2 1291 0.009 %. 0.001 %,
0.001 % & IFFFREITERER o/, ERID3DDOT I/ BEEE Ala BEICER LA
NIFRIVERBERE S. cerevisiae TRES®RBL (Fig. 4-11). 2O maltase FEHE ZHIEL
Jz. D481A. EA484A, D647A O maltase FEIEIZEFAERID 0.001 %, 0.002 %. 0.000 2%& 1FIF
FERIIERER 2. EEINSITDNT CD ARY MLEBIEL -, 200-250 nm OHEE
TEMEARZAEL L ZABARNBELIFIF—BLE, BEOZEXD 2hs 05
FFRAZR D481A. E4B4A. DOATA 10 » TAEARTREEDO AR E TVRNT &A%
binoi=,

TW—7 Q)& % D218N. D355N, D887N % FIAEIZHERI L maltase FEME 252 L= &
CA BERMEMBLTENTN0.06%. 0.1 %, 0.2%EKE < EMEITRDL TV 5
MTIBAEIITRF L T/ (Table 4-3). E7227 ) —F(Q)D70 T H maltase FEHE DR DK
Z 12 D218N {Z DT p-nitrophenyl a-glucopyranoside /MEIEME 27, 3.9 mM pNPG %
WEHENBRIEBRLZE A 0%OBREEEEZELTOE (FEMES: 3.57 umol
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p-nitorophenol/min/mg protein, D218N; 0.35 umol p-nitorophenol/min/mg protein) .

CNEDORBEDS D3I DDT I ) BFRE Asp-481. Glu-484, Asp-647 DEMITNEAETD
5 LB L7z,

RiZ, CCETTIERRCKHERTI BBETHS EHIBT L 7z Asp-481, Glu-484, Asp-647
KOWTENENANRF UINEEBRTERZEA L EXOEHOB(LERE. b
5 D481E. E484D, D647E BREERE S. cerevisice TR X2 OEHIHIED maltase 151
BNz, TDRERZ Table 4-2 IZ7RY . D481E. D64TE TIIEME % 5 5 H% E484D TiIB4E
TR LT 9 %D maltase {EMENREFE Lz, ZHUTK D AR RICBINT Glu-484 DATEIC
ANVKRF I NERBETHD Z ENbh o,

2. a-amylase family fREFFREFRELFI\DE HEA
o-amylase family TIIEHEFOE U TRERESINTY S 4 DOREESRLES O%F
FEEZAOSNTND, INSOEBENICIIRBHEARE (TAA; His-122, His-296), AR
(TAA; Asp-206. Glu-230, Asp-297) WEFET 5. S. pombe a-glucosidase 7 I ) BEERF|rh |z
IZZ Do-amylase REFEBREFNR DN o7, 7205 377-MQTFFSDLVSNH-388 7%
Region 1 {Z. 476-SGIWTDMNEP-485 %% Region 2 IZ. 504-EPLV-507 %% Region 3 IZ.
572-INNEQGNHD-580 71 Region 4 iZ$IL T2 (Table 4-4), FZ TIN5 OERF it
BFEEEEREICED TWD Y 2 /) B&RE & MR His-388 (TAA; His-122) . Glu-504 (TAA;
Glu-230). His-579 (TAA; His-296). Asp-580 (TAA;Asp-297) DOIiiGRMLTREEE % fEH
U, BHBOT I JEFRE% S. occidentalis a-glucosidase & ERFILEE U7 & ZIcAHY T2
7 X BBEEIC LUz, 3725 H388->N. E504->Y, H579-S, D580->N ZBREEE 2 /ERI L,
T DIEMEDOEEFAN, £z Asp-481 B TAA; Asp-206 ICHI S TRIBELSNIOT I /B
B ldo-glucosidase family Il TREFESNEZT 2/ BEBEBO T . a~glucosidase family I T
REINIZHANEFINVEANOEREA | TERBEELERL, BHOE(L2BicR~-,
EROL RS B DB AT 1T megaprimer PCR % W2 BREEA UT- S, cerevisiae RET 5
A RRY G —ZEEL S cerevisiae ZTBEHM L /-, uracil ERMEIC L 0B L 7-HEE
BRZTNTN SCoura FEHIT—BRIZE L /2. FRIBE 2%D galactose A5 2 &ick D
HHZ AR FLEEE H388N, ES04V, H579S., D58ON #HE X w7, i 48 BB, HiksE
P"U. HIRAE—XTHBRURMERZE2, S5NHEBEKRO maltase EEEERE
Table 4-5 ICE &7, BAERIBER S LB L TZNTN 69%. 182%. 12%. 167%DIEHENEE
FLlz. LER>TING OREMERITIIMBEATII RN Etbho 7z,

3. Asp-676 NDZERE A

Glycogen storage disease type Il (GSDINE&E E a-glucosidase DFFHT DRERD 5 Asp-645 A
EHECHATHH 7O RF—TH5ARENRENTVNS 9, 22T S. pombe
a-glucosidase T ZIUTKIRT D Asp-676 % Asn ICBHL U =B REER % S cerevisicze TRE X
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Wiz, BMNFRNOBEAIZIE Kunkel 2 AW, ZEEEA LT S, cerevisice RE S5 X
RART 5 —ZERL S. cerevisice ZWBEEH U7, uracil BRIz & DR L BT HE
ZTNTN SC-ura M T—HRIZE Uz, KIBEE 2%0D galactose ZIZ 5 2 & 12k DB
ALRBREFB L, FE 48 RE%, BEEZENL. H35 2 E— X TR UGS
Blc. /BONEMEKD maltase IEHEERE L ARER, BEMBERED 2%C5kE 3 0.004
Umg DIEHZEH L TWE (Table 4-2) o TTOBEN SO M RF—TIRWN T E3%h
Moz,

38378  Conduritol B epoxide (CBE)IT & % 41 DRSS

AEER D CBE 12 & 2 BB O KI5 O E ST 21T - /2.

1.34 uM D B3R % 40 mM sodium acetate buffer (pH4.5)H, 35°C T 0, 0.475. 0.95, 1.9, 3.8.
7.6 mM @ CBE & 20 MRS S Bz, EHFRIEDHEIEE 50mM sodium acetate buffer (pH 4.5,
0.05% Triton X-100 ZEE) T 50 fE5ICHRT 5 Z & THW, BHINABEOBEEREH
L7z, TNTNO CBE BET, BMEICHT 2BEEEOME Dy M EREGRERL
7z (Fig. 4-16)s TDT &M 5RIERISIIE—RICEATND ZEENL D, BROTO—
RESSEEFI (k) % (2) KDRDIE,

v=-de/dr=k,e )
kops=1/t 2.303 log (g/g) )]
(e, HEFT BIEME RS TWRNEERIBE, v, RIEHILHERE, o, BEOREE)

% CBE IRETORNIO—RKISEEEREZRD 70w M & Lz & 2 2 8ffignis 5
N7z (Fig. 4-16)e TDIEN S, BEFE & CBE MBELIEB LI OBERE EFEIC.
Michaelis-Menten Z{ D F A Z RS, RIELTWNS & A5,

KR k
E+CBE *— E*CBE — E-CBE

(E, B#5%; E-CBE, CBE DEfiIC & U RIEMALE 21} /- Ee%)

K72 Ukaos 3t 1/[CBE] 711 b (Fig. 4-16)iC. EREIE 3) MMESNZOBEBD 1k, G5
BEUHE X 5EBE%-CBE &1 (E*CBE) DMEEEH Ky & E*CBE B AEAREALD — &
EEH k 2k, |

1/kos=(Kr/K)1/[CBE]+1/k  (3)
Kr=4.4mM, k=4.9x10%s" ThH o7z,

KIT 10g kovs Z log[CBElIH L CF Oy & LEED HEME S AT OHEIL081 Tho

7z (Fig. 4-16). > TILZERMICEE 1 HTFICHL 1 A FOCBE MR TZZ &1k
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RELTWB I EDDM3 91,

KIZa-glucosidase DEFIHERTH S Tris I2 L BPHEN 21T 7=,

100 mM Tris DFET. UL IXIHEEHE T T 3.8 mM CBE KX B MR ETT - 7= (Fig.
4-16), 40 mM sodium acetate buffer (pH4.5)C 50 {12 B UTRISZ LD BEE D BRTZTE M 2
BUTz. 728, ZOBREEMOHEIL 2 mM Tris OBEF o, = DB HERE D5 R0
SHEGIER Tris OFHE T Tl CBE REBREDHBEINTHEZ Enbhs, Thbb
CBEICKDEMINDGT I/ BBREIIIEEPMBT 22 505,

RITERSMERG U 7= BER B85 L TR VWEER D maltose 125492 Ky VERDTE, BeE %
1.9mM @ CBE & 04}, 5 43, 10 43 15 £ D& B 35°C TRIS X 8. BEEHE 100%. 66.3%.
47.6%. 26.T%FTETNTNEHMEN U7z, ERIMELTEESE D maltose 123193 Linweaver-Burk
70y b0, BABRCED VIS U K, BERL TN EWHh - 7= (Fig.
417). ZORRP SBRORIED allornone 1 7O EDTH S 2 EHM 5.,

ELEORERD SBR 1 HFITHU 1 3F0 CBE MNEIKBEER T I J BBRICK AT S
ZERKDERFBELTOBZ ENbM S,

5543H  DA481A/G. D647A/G IZ#T 3 NaN3;. HCOONa D% 5

RITHET Asp-481. Asp-647 ZMBBEIHEELE, choD7 3 ) BRI DR BB
D481A. D481G. D647A, D647G 12495 NaN; b L < 1& HCOONa DZIEE 7=, F72b
B—REPREAIE TS % NaN; ®° HCOONa 2 B KIS DA sRIGEE - U TR & S ie,
NS DOERBROIEENEETEI0ENE B,

7 D481A £T NaN;. HCOONa OBEERINICE % 5 BB A B/, EERTE R E K
JHRIC NaN; & 0~2 M fill%. 7.4 mM p-nitrophenyl o-glucoside ZHBICHWIERET 3
p-nitrophenol DEZRE L. OB, BEKRITIL 280 mM sodium acetete buffer (pH 4.5)%
Wi, NaN; 22 MIIA B & pH 55 £TERLE, RiS%E 35CTiFo i, LihrLlnwshn
DRECENTHESOEHEIIR SNah o7, BRI DISIG IKkid 2 NaN;. HCOONa
DEBOHENCPEROEBIRR SN, EELZOES, FEABERENES 2M
NaN; bHEZ 5 1)7=.

RIZ D647A. D647G TP NaN;, HCOONa DEEERGICE % 52 WA 57+, DIS1A |
FRIC SR IZ NaN3 ° HCOONa % 0~2 M Jii A . p-nitrophenyl o-glucoside 2 ELB 17 F V) ik
"% p-nitrophenol DEZEFFE L7z, LA LNTHOBEICBWTHERD EHEIE R S Nian
27,

LA ED#ER% Table 4-6 IZE & D7,
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CND5 DFERH 5B-glucanase, B-glycosidase THEDH 3 L 5 73 NaN; % HCOONa &1h5
EREARNBERSOREEE U CRGNEST 34 3 HIVVRAF 2 =8 8. pombe
o-glucosidase ZRBER TIIE UMW T EMb o 7=,

%5 D-Glucal 7KK

1. BpAERUEESR T D D-glucal D7kFN

S. pombe a-glucosidase DEFARIEER % {1 LT D-glucal DKFIR B % 1F- 7=, D-glucal &
EERLS EHEE2RE LTz, D-glucal BEEE FEEA T Oy L& & A SRR NS
SNTZo K VOBRERBE Us-1v 70y Mk DRD7 (Fig. 4-18). K,=82 mM. 7=100
Hg 2-deoxyglucose/min/mg protein TH > /2. H- T 8. pombe cx-glucosidasé % D-glucal 2 7KF0
TESZEMbhok,

2. D481A, D647A. EA484A ZEELEESE T D D-glucal D7KFN
- D481A % 1T D-glucal DARFIRIEDHHEEFTH/=, 40 mM sodium acetate buffer (pH 4.5)
HT 50 mM D-glucal & D481A 59 ug % 35C TRIG S ¥, Rk 2-deoxyglucose (D4R HEE
1 0.012 pg 2-deoxyglucose/min/mg protein T - 7=, CNERIR DT OB EREEE % A
W56 D 2-deoxyglucose EFREEE, 41 pg 2-deoxyglucose/min/mg protein O 0.03%D7KFI K
RETH 5,

[RIZA4H T D647A 48 pg % Fi T D-glucal 0)7.k25ﬂ Z17 72 & T3 2-deoxyglucose ARV
0.025 pg 2-deoxyglucose/min/mg protein T - /=, EFAERIEEZD 0. 06%DIETH 5,

N5 DFERD 5 D4SIA, D64TA S maltase FEME FIEE. D-glucal /KIS H K-> TW3B T
ENbng,

—h EHERLTH I —DBRARREIE RS LTINS Glu-484 DL RELE £484A 18 pg &
RAWT p-glucal DAKRFIRBZETFo/2EZ 3, 2 g 2-deoxyglucose/min/mg protein TdH - =, =
NILEFETBER D 4.9%DKFNEM TH % . maltase FEHE DB S 0.002%F TR LT
S0 &L T p-glucal /KFTEEDBRDRIZZ N T E4b M o7, £/ E484A O D-glucal
KMRIED Ky V OHEFRE % Lineweaver-Burk plot 12 & D sRd 7=, K =1 540 MM, V=429
ug 2-deoxyglucose/min/mg protein T& - /=,
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AR ER

1. 8. pombe a-glucosidase DIEMEFRBER DHEE

S. pombe a-glucosidase DIEHMEEEDRIEZ BN E L TRERIGOEEICH T 3 pH D
BERNTz, BE. BEROBRICBIIS pKE (K. pKe) % VK, D pH KM 53R D
SN ERERTEINOBEEERE UCHEES K, O 110 BEICRELZO PHIRTFHED 5 pKe.
PR B3ROz TORERDS 2 DOHNRF VIVENEMBEE TH 2 2 & 2RETE -,
REERDEN 57 VA ) OMBERNA I 5 — )V ETH S 2 L b FHETE/-2 DEPC T
BERZEML THIEROBOMIZEALERONAN S ENS, 13 F— VBN E M
D> TN EHHBALZ, a-glucosidase family I TR ZNETF 241 49, 4
19 o-glucosidase 7% & TZ OEHMBELSTA SN TN B RNTRS 2 DORINRF
NVETH B,

niger

" 2. Asp-48]1 ERME RIS OREBETH S LHEE L

Asp-481 IIARFUSIC BT B REZRETH 2 EFRTES, UFFHIIDNTERT 3,

AEER D CBE 1T & 5 %18 O HER WM OREN 513 EHERTALE S 5 il R i1z
RT3/ BREICCBE M HAT B I E THENKEL TS, $AEE 1 HTI0HL
13T O CBESHREET I ETRIEL TS Z&Mbho iz, BRLE CBE IMMER
KB REBREOIINAF LV INEICERNICHETI LI NTVS, T DRBFER SIS
i Fig. 14 OLIITEFTLTNB EEZBENTNS, §7/b5 CBE DT RF S BEOBERE
T La-glucoside #EDEHEBEL TIIIENICRIU L S M BICEH B /- DEMD.OICEA LR
CBE WBREEMERICL D SO U AmE2), MET3. 2Rtk ERLAEAEY =
LA VIIREBREDOKEEZT THATEEVIBDTH S, CHETNSOAD
a-glucosidase TCBEIC K DEMISND T X/ BEE. T bb RMBENREIh TV 5,
U Y F /NG sucrase-isomaltase complex D Asp-505 & Asp-1394%> O ¢ Ky vy — )
a-glucosidase Tid Asp-518*", T 5 a-glucosidase Tl Asp-469"®), 4. niger o-glucosidase
"Td P2 subunit @ Asp-235*%% CBE I BIRESE N5, o TINS5 D Asp BEIZ IO O
a-glucosidase DRBHEETH 2 L INTNB, T D Asp BEITT T Da-glucosidase family
I OBFFRTHRIFSNTB . S pombe o-glucosidase TIF Asp-481 ICHIL T2 (Table 4-7), 7
WIECERIALR R RBER D4SIN, D481A O maltase FEHEME AR & ik T2 NTh
0.009%. 0.001% X THEMZRS Z &htbhho Tz,

UEZHETER B LS. pombe a-glucosidase DEIFIL CBE 12 & D Asp-481 BMERFZ N5
CETEETHY, TUT Asp481 IHAERISOREBETH D EHE L.

3. il RINITBIT B Glu-484 DZRENZDONT
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Glu-484 1RIZFRE L HEE L 7 Asp-481 DEBBICH B BETH B, TD Gln, Ala TEES
E484Q. EASA IHFEME TN 0.001%. 0.002%F TIEHEEELS 2 &5 5 = ORE G
BB ATHS ZERBFENDL, LB USNVEF IV ESB LT REES E484D 132
DFEHZEF AR & B U T 9% T 3,

B2 & SHREME b U Y Y — ho-glucosidase THE SN TS ), Glu-484 1734553 2
Glu-521->Lys. Gln. Asp ZREEFREZ COS M TRE S B3 & E521Q MEMEEEEIC %0,
ES2IK TS > NI BOERT 5 TERNDOICH LT, E521D 135 10%ER 2 BT
2. ENSBOTHS. BHEDIERE ZDE MYV — ha-glucosidase DEER & fETE
A B &\ KRR BN TRAER DI Glu-484 DILETOHNREIINETH D 2 &M
DB, TAA TORELMBEERELTRBEON E H1T5 &, BEEMEELE Glu230 % Asp
CEATRS. BEERRIKS ", BEAMEREOES TN RV ILELERT
RETHO>THERERDI DI LT B, £/= E484A Tl D-glucal ZKHIRK S ORI LD
D481A. D647TA IZHEART/NE WA, D-glucal D7KFIR MBS E AR k- TEMLa N
72 OHR C-1 RBEBELUTRT T 5. T7abB Glu-484 13EEHE EAETE B TId 7 1 amx
5D TIIRNWES 30,

Glu-484 OfERIETORENIMTH S I ?UFTENITDNT F484A TREESE T
maltase JEE 2 IFIFKR D DITH L D-glucal ZKFITEZ L NI BEENSEZRL 1,

X —KEEITHFERE < RWDFE U < a-glucoside $ESITEMA L. Z D SR
ZHDTHBETREINDEER B o-amylase family D—DTdH % Pseudomonas stutzeri < )i =
ThIA—2AERa-7 27— (G4-725—F) &HcFn D, G473 5—¥ it
SREZFEE, BSREMRIRHEITRE 3 DN RFINETHD Asp294 (TAA TiX Asp297)
DEEZ THTHA b1 LIRS TS glucosyl BED 0-2, 03 1K AERAET D2 &1z
XD, EEMENERD, PONKIRRIEEHENTELOICBAEESAZ2ETHS,
TIROB fixer ELTHNTNS] EHHAL TS, BEREINEZSNEEEH THA
R-1 47 LD glucosyl BEIIENTHOEEE LD, 1 BRE (C) IHFEALE sp TR AR
IEWETIREZE 5, | ‘

D-glucal Id 1 TR (C1) & 2 /IR (C2) VP_BRETORMN > TWBEETCL I sp?
RERBETH . TbbEEORBICT TICEANEL S NEREERL TS S, —k
maltose |3FERITTRYG glucosyl FE: (gle-1) @ C1 I sp’ RSB TH B (FseD kMg s
Scheme 4-1 IZ7RT) . E484A 13 maltase 1% %% 5 7% D-glucal £/KFITE 5, TihbbEG

KEAVDNTIRBEZEITCTED I LT 5, E484A FEBICEAEE A2 2 ENTEA
KBOTWBEDT, TTREANEZSNTNBEE pglucal 125 KSR EFTE 2R
(Scheme 4-3), EH 25X B HEDH S maltose ZIKAET 2 2 L1278 5 (Scheme 4-2),

TRDE Glu-484 DEENIHBICELEEXB I L HBTE S,

Glu-484 % TREICOT 25X 5%E] 2#H>TW3 EKET 3 & a-glucosidase &

o-1,4-glucan lyase DRISDENZELTOLS BB TES, o-glucosidase & FFIMEE D
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o-1,4-glucan lyase I3 AP TERICHATH D ELEIDDOT I/ BBED S 5 Glu-484 &
REFEL TR Y, Glu-484 BEEIZVTAEEZXS E gle-l O CI I sp” IRFRBE IS
TREZELBZLITRBZESE S, Thbb 2 I TIHESAE 10928 75 120°12JEVF B 2 &
7 Glu-484 OREE LRELTWS, ZO T & THRIEEMERE - 70 k CEBDIUKSTF
MEERLIZ OHA CL KB LR T WIAEREIC > TS, LA L Glu-4s4 ZRELT
Wisl a-1,4-glucan lyase IZRBICT+HREAE SR SN NEDIZ Cl s’ BAFIREOE
LT, OH IIIAREDRED Cl1 EREEETE/LN, 208D C2 7570 ~ CEESR
BESGIZHEL OTIARWES 5,

e, 2<ED Glu-484 OBREE U T3 EMERE & KBS 2R U BE tH B b v
HPETEBELTHZEa2YE-F LTS, &In 2FZbHD. b bo-amylase
family BESRBEIZ BT 5 TAA D Asp-297 DIREN & FIRRICEBERE & Al B AT R 0 pK,
EHL LTS ERFELTWEENSEZTH S,

4. Asp-647 ZRRIBHMBERETH D LHFELE

Asp-647 ZRRBESR D64TN, D647A 1IEFEREERD 0.001%. 0.0002% & IFIE5 e 1o EH &
RDo EHITBATHD LKW L7 3 BED S5 Asp-481 DUREIEE. Glu-484 7 fixer L

TEHNTNWBETFETEE, Lo TIORENHIEEMBEBRRETH D L2 FETE 3,
ULZEREDTHIADRREAND 3 BEOBEDD 2RI RBEREUTOL S IcTELE
(Fig. 4-19) 0 XTEEVBRERFEEMMANEALTL 2, AL TEEED gle-1 1 Glu-484
CROVEDENENITHE LB, TNERFEIC Asp-647 ME & LTHE= glucoside #5& DEE
REFIITO N 2052 2 & CIKSREIEE S, glucoside #ESEXETENY 7Y 0
CINEREL . FVRZD A R EE U D, Asp-647 HHEE L LTEERM5 70k
CEBNELT OHDINVRZ T WA 4 > HED Cl 2R U RBARTT 5, = 2Th
IWWIRZD LA 7 RS Asp-48] & BT EBRTZH. b L IT Asp-481 2871 )R =

UL F HEEOREMIZOBFEL TR MNERER DN 2 TREELIC DS
BELTWBEELT, |
7z Asp-481 & Glu-484, Asp-647 & DFEN % a-glucosidase family I TY 514 A kL
TH7z (Table 4-7). Asp-481 & Glu-484 Z & 1MESZ Region A & L. Asp-647 ST EE %
RegionB & L7z, I35 DI E o-glucosidase family 1l Otz hE872 7 3 BEREESD
REFERELTRBLAEN., TNENOERIZETHES T ) BRTRENR G S N7

THBIENDNB. Asp-481. Glu-484, Asp-647 DIENIT, Gly-477. ‘Trp-479. Met-482,
Phe-488. Trp-644, Gly-646. Trp-652 NELITHREINT VW B, £/ M. javanicus H 3K (Ser->Ala)
ZFRE Ser-486. KX (Morex) HIE (His>Tyr) ZIRE His-643. b MUY —A 3k
(Asn>Val) ZBRE Asn-648 REFSNTND, EEEEET I/ BBENZ N, —ARE9IZ
EERECED2 7 ) BERCRISEBRY I/ BAEBShTW 2, EBERTHF
FRY IV BIBBEOBKEE XY v+ 2 FHERRICE D EERS I EP- TWA u]RedE
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NHB, ZNZDWTIIRETEZRT S,

—RRAV R ORI BAKIE T H D, RDSNIEADTFULABALTI N EE R
5ﬂ6°AmM7®@%KMN@ﬁ%ﬁm%?~7M&m&&oﬁﬁ&?éo%ﬁﬁmﬁ
BASFIRE ENTUB 4. niger a-glucosidase “Tld & 748 P2 subunit O 415-NYS-417 XY 5
. TO Asn ICEBEEARIIE TR E4ho TS ™, T7bs £ OBELE
%ﬁﬁ%bﬁm:&tib\%ﬁ¢bt£ﬁé%ﬁkiéﬁ%%§%@ﬁL\#Dﬁm%
REZHRLTOBZEEZRBLTVNS,

%&KZ@@%%@@%%Aw@U%MUb‘ﬁ&ﬁ%AwAM‘%3§EGM%4§§
%%ﬁﬁﬁ%ﬁt%ﬁ%%bﬁmwm?&mﬁzatsmf%ﬁﬁéd%ﬂiMpM7§£
BRICOVTER D, L THR U RISEHICREAIE, EHBAICEAL TS 2845
T Glu-484 ICX D EDENB LI L VRN R I INE— 2 NET 2o & 285, 97
BE%R (E+S) TOREBEREBOL RN E—RNEL REBDFTEEIEI RN E-DNELTH
FISAED & 512782, Lo THEERLOERBRTH > THERNRREL D Mk
NESETTEOTIRENEZ S Hn,

5. D-glucal DIKFIRR™TDNT

a-glucosidase {3 D-glucal % 7K1 L 2-deoxy glucose Z RT3 Z LIFH L A SMSNTNS,
maltase FETEE K 0 e EREER (D481A, E484A, D64TA) T D-glucal DR & S~ 7= &
C 5 BAB4A BEF LB DR S%KFIE R 257 L TWDITx LT D481A. D647A Id/KFIIE
HBKRo . TNSORERED 513 D-glucal DRFIS B OISR R & FREICES LT
SIEMFHTES, TROBEHIMICBALTER Dglucal ® 2 f7iCHHEEAEEL
Mp&7ﬁ7DF>%ﬁ5b‘DQMMMﬁWﬁﬁ???W%W%%&?%DMp%l@E
R THRENE L0, IVRIF4 > hEEORERICEELTWS I Ltk s, b1
:Eﬁ@&m&&ét6¢ﬁ¢t%ﬁ%@%%@?éo%@%7Dbyé%otAwm7
tfubyé@bhtmﬁ?®0Hﬁmﬁ%%&%bf}@m”mmw%émﬁémmm
mimbyEHM?ézk%m%%ﬁmT%:&%T%ﬁﬁt@*ﬂ&ﬁﬁﬁﬁbﬁﬁb\
DABIA IBRISHF B EREILT D Z ENTERNOTARMRIIIELRWDES S, —F
BAS4A BRIHI THER UL SICHENTFIRESLEEX D fixer DRETH BN S, TRE
BDEZ SN TNS D-glucal IZxf U CTEREEAMBIRE, SREBENERE L COIUIKES
ERTDTIERNES S0, |

5. TOMOBWMFRAZTRBERIIONT

WRF SN TV F VBT RIG BE R 2 BAT 5 & SRS I A B B LA T
&2 TH Asp-218, Asp-355. Asp-877 D Asn NDEREEMEREKIBIZL->TNS, =D
CLRINSOBREVEROBRECBVWTEERBZ 2L TNE I LE2RT, EBLOBE
CBNTREFINTBD., IN507 3/ BBEEIMERELSO BB EEEEL T
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SEREMEIIE V. BIATHERE. FABEEPOBIE O8RS EE2FHTED, ZTOFT
Asp-218 @ p-nitrophenyl o-glucoside S ETE % & maltose HMRIEE & % B L7z & 2. maltase
EEOBEDBRE N, TDT &1 Asp218 WH THA ~ 2 TO glucose R DRI BT 5
T ZE2FHITS,

6. o-amylase family BESRBER BRI FIC DN T

S. pombe a-glucosidase 7 X / BRELFIH 1T ido-amylase family BEEBE TR ICRE S N8
18 (Region 1-4) ERIF=EFIBRNE SNE (Table 4-4). TS OESIT tda-amylase family
BERBECIIAETREE Asp-206, Glu-230. Asp-297 (TAA TOT I JBBE, 2heh Region
2. Region 3, Region 4 ICALET %) MNEEND, £/ Region | & Region 4 & THEINT
V% His 52 (TAA His-122, His-296) WEB L AREGEN U CHERALTEY., B
KEBOREMICHFGLTNBEZELZLNTWS 5190, 72 - ZNSITHET B S pombe
o-glucosidase D X/ BRF%H: His-388, His-579. Glu-504. Asp-580 ANEMIZEIH > Tiziy
CEEHRT D DICEREBA U, Asp-206 ITHIM T 2RI S pombe a-glucosidase T
i Asp-481 THEMICBATH D ZEETTIRRL TS 5. b L S. pombe a-glucosidase 12331
Co-amylase family &RERKICMO 3 ERBEEPLERRL TWBR 51T, BB ST

(TAA His-122, His-296) 12043 % His-388. His-579 %, it 7 3 / BE7EE (TAA Glu-230.
Asp-297) IZHIET B Glu-504, Asp-580 ICHRAAE RVE R & B A Ui BEE IS 213195248
ICRIFTTHB. UL LEREER H388N. ES04Y. H579S, DSSON 17412 duidl i i
TEERBRD 69%. 182%. 12%. 167%DERER U, TRESE ES04Y. DSSON DIE
T 72 D3RS OWIPIRE 2 E QBB THEAME 5 > /N7 BOREBENSH
DREHEEAILND, LMo TERBZEOESENLEZZT S pombe a-glucosidase D
o-amylase family SRTZFHEBRRECFID 55, Region 1. 3, 4 13BE5—KEEOELTHD.
EEPOEBRTZ2HOTERNEERTE S,

a-glucosidase family I & family Il & O—JiiE EOMFEIZEY, Lh UKo glucoside
REICER L. a7 /X —DER. o-glucoside BRADHRICEL TR TS, BE5<
RISEEIIRE—TH 5 SHRAITES, LB TEREWTHS S, pombe IZo-amylase family
BERBEICIB ARSI R DM 5 /2 Z & Ta-glucosidase family I & family 1T 23 35@ 70t 5200 5
RELEBODHLNBNEVNIRE bHS I, LnL2nk Skt o bl
BREZSOREFESEFNBLINS SidE LI, 2 D &7z D Da-glucosidase family 1
R DEEDOSOVAECAUHEZ DL S IR ZINMELTSS 5, £ Candida
albicans Tido-glucosidase 233z DHE SN TH Y, T L Ha-glucosdiase family I, family 11
KBTI 2, INBNMELEBFLTZ2EETIIARNES Sh,

7. Asp-676 12D T
Asp-676 It b UV — Lo-glucosidase TIE Asp-645 ICHIMS T2, ERUY Y —
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o-glucosidase 13T OBIRHIRIBAERD glycogen storage disease type 11 (GSD II, Pompe %%)% 5] &
BT EMNS, a-glucosidase family 11 DN THHEDEA TN EERO—DTH 5B,
Pompe HWEREMNSHBLNZBERETFHSBLERBEMVBREON>TBY, EFELENLDOE
R % in vitro mutagenesis {2 & D #7212 cDNA (28 A U, COS IR0k F MR/ & TRE L,
ZOMBNERRR ENFARSNTNS (http/www.eur.nl/FGG/CH1/pompe/mutation.htm) .
Asp-645 DERIIZD—DTH D Asp-645->His, Glu. Asn NDBEM R DM TN B 154156
CNEOERZEH/-IT cDNA IZEA L COS M BA TS LiEHZIFIFTELICK->TLE
DIEERID Asp-645 BBDT X ) BBRENEE R RESNZER TH > &0
50 Asp-645 DAERIGO T O MY RF—ELTHEINE 9 LALEAHSEETIO
Asp-645 EHH[E T dH 5 S. pombe a-glucosidase D Asp-676->Asn L BEERITEL 2 B AR D 2%
ERELTOWEIENS NN SO RN RF—THB T EE2EFELE. EEERUYY—
L a-glucosidase D Asp-645 {IZBWTH Glu ZEEEFE % COS Mg Tld/s < el cHRE
L7=BEIE BERO B%OEREETEVWSHE v onsro s> R—7Tid
BNZ EBDND, Asp-645 DERITE S Pompe fRid. BEZEOMBENEE, U VB ED
BREEHNTERIRDEDITBIERIING, EVSONENTHS.

4Bl Asp-645 BEERKISDO T O R > RF—TidianZ ERbh o8, BREREZH
SNESRZELD ZEMBESHBEINTVEE MY Y'Y — Aa-glucosidase DEERIRIBIC
K57 3 ) BEEBHROT — ¥ 1da-glucosidase family I DEEE(L AR EZED D L TH
BETRDERD, INEFTHREINTVS Pompe FDOHIBLEY L OERIZEDTI )
BIREER, REOHDEE LD, (Table 4-8)

8. Asp-481, Asp-647 ZEEEFEDS NaN;. HCOONa IC X D EREZER LN EI2D0nT

W< DR DP-glycosidase TIEZ DRIZFREE, BIEEMBREICEREZEALFE 2L o7
BER O RIGIRIT NaN; 72 EDOREREZMA 5 Z & TENERER & L TRIGIEITTS 2
EDH|E SN TN B, Celluomonus fumi exoglucanase/xylanase (Cex) ™ 7, Sulfolobus solfataricus
B-glycosidase (Ssp-gly) . Agrobacterium faecalis B-glucosidase™. Bacillus licheniformis
1,3-1,4-B-glucanase’ 7z & THENRH BH, Hl21F Cex TIE 2 M NaN; 1% 2 &7 DEetE AL
PRIR AL RBER E127A 13K 200 5D ke ODEZRED XD/ B, £ T S pombe
a-glucosidase SRIZZEE RBER, MEEMBERELTEER ORBARICLAEROER. ¥
BROBTIANVVAF 2 —NRES ZL2HE LN, #RIZ NaN;, HCOONa DERNC &
LEROERIEIRSNGN o7z, TbBAAORKHAEE AW TREERE, BErEEmhg
BREERETDILIITERN . BRETFIHWNVAFa—RNRERN>ZONITDN
TERTS. 7. KEAEPFTEOME, HHE gle-1 O Cl DR RBATERNI L%
THETES, 77205 Asp-481 % Asp-647 BB E B LBNWNEICH D ENIEZ TH S,
S. pombe o-glucosidase TIINFEENRATH B0, HEBAMOEE gle-1 D C1 FhHE
DREEMS ZLETERY, €2 THUa-glucoside & ICIER T 5 B & B o-amylase
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family @ TAA ZHlIZT 5, ZNE Ta-amylase TEHERBETOTI ANV AF 1 —0HRE
13720, TAA DFE. REFRE Asp-206 13TEHES L 7 MOBREMBICMEL gle-1 LT
WBZENRHSNTNS, S pombe a-glucosidase IZBNTH ZHUTHT S Asp-481 MiiE
TADOEICMET 2EDITREAEDEAL TRV ERNEZEND, £/r Asp-647
KOWTIRBUKRBEICNET 5 Z &2 EICER Uz, TNAE LTI Asp-647 DB ET
REFENEAL TOITRWATEEED H D, TNETR-HERICHERT 2 BHE T3 BET
REBEETOTINNVAF 2 —OBENPEEZ H20ICH La-iEEICERT 5BETIEE
DO|EBRDMN SR, a-fESIEAT2ER. p-REAIERTIBRE TRIEEBIEND
BHBEAIM. BTOEKIGHEBIEENVWZIRWTHA D, —REEEMRICIDETL
TWwa, UL, a-glucoside id gle-1 7/ ¥ — kA D-OH EDY axial. B-glucoside 1 gle-1 7
J R —iRFD-0OH ED' equatorial IZHES L TW5B, THZNOD glycosidase Dla-fEE H L <1
B-HEICH L TENTNRFRELEZ DD DOREEOHAKRR L MEREOMEBRERICESD
DEEZ NS, TOMNEBBEFRSa-FEE EB-HEIERTIBRTED 2D, o EEITER
TOBBETILREREMNEDZI B> TVWBEDOTIRNZES I H,

F7245E, EEITH p-nitrophenyl a-glucoside Z{E 57z, Ssp-gly TOT IHIN LV AF a—
Tid, EEIZ 2-B L < 13 4-nitorophenyl B-glucoside % S X U % 2,4-dinitrophenyl B-glucoside
EESEIZDINE DIEHEOERMNKEN, 2,4-dinitrophenyl Fid 4-nitrophenyl 12 < 5Tk
BICEWHBERZOTRINIETLR TR TWEDTH S, E-EBEAMEREALR
BEROBAREENI D IVBREREZ > THARTNET I ANV AF 2 —13RAIETH
5,

¥ 7= sodium azide IZ L BERRIGOEENRKENWI EHERERS, HiZ1T Ssb-gly Tl
sodium azide IZ & DIZ & A EHEZZITRWN O, S pombe a-glucosidase B ETIBEZEIT 10%
UTETHEEZZT .
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BSE BN

1. BERRISO pH I X D EEN 5 S. pombe o-glucosidase DIEMMBEEIL 2 DD H L KE 3
WETHBZ Ebhor=,

2. a-glucosidase family II IZH XN % 17 BOBE CTRSITHEEI NIV EF V)L EIC I
RENEREZEAL, S cerevisice TRE IV E T 3 Asp-481. Glu-484. Asp-647 DMEHEIC
BETHB ENbMh-> T,

3. Asp-481 {3 S. pombe o-glucosidase ZSEFXEE CBE A% 1 %t 1 THEAT B I ETHRIETS 2
& K2 OHEEMEN SMERISOREBETHZ L 2THTE,

4. Glu-484 1L GIn, Ala NOEE T maltase IEHEZE LS DITH L, HIVBEF TN EEBTE
% E484D Tid maltase EHEZ B AR D 10%7E L BHEPLO ZOMBTOHINEES L
DRI RRISITUETH D Z EWDD 5 72, BASAA 13 maltose 2 MIAKIAMET 2 = & 13T
EADY KD BBRRBIGEVH#EE B D Dglucal Z/KMITED Z M5 Glu484 IZEBICE
AR BRENERZLTNWS EFHRLE,

5.3 DOILERTRIRED 5 555D Asp-647 I IEIE OB E M BEEOBRE HER THS =
ERFCHTHLEMNZEINT,
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Table 4-1 Oligonucleotides Used for Mutation in Amino Acid

Seqﬁence of oligonucleotides primer * ' Restriction site inserted or deleted
D218N 5’-GGGGCTAGCTTCATTATTAGCCCAAAAGG-3’
D287N 5’-GTATACAAAAAGATYTAATAACACCACCG-3’ Vspl inserted
D355N 5’-GTAATCAATYATTAGACCAAAAGGTTTC-3’ Sspl inserted
D355E 5’-CATGTAATYCGATTTCAGACCAAAAG-3’ Clal inserted
D481E S’-TTCGTTCATTTCAGTCCAAATTC-3’
D481IN 5’-GTTCATATTAGTCCAAATTC-3’
D481A 5’-TTCGTTCATAGCAGTCCAAAT-3’
E484Q 5’-AAGAGGGITGGTTCATATC-3’
E484D 5’-ACGAAGAGGGATCGTTCATATC-3’
E484A 5’-CGAAGAGGGTGCGTTCATATC-3’
D647N 5’-TATGGYTGCTCATTGGTTGGGTAATAATCATTC-3’ ApalLl deleted
D647E 5’-TGGTTGGGTGAAAATCATTCT-3’
D647A 5-TGGTTGGGTGCTAATCATTCT-3’
D676N 5’-GGTATTCCYCATGGTAGGAGCTAATGTTTGTG-3’ Ncol inserted
E714Q 5’-ATTTACCAYGATCTCACAACAGCCCTAC-3’ Bglll inserted
D877N 5’-CACCATCATTAAGGTAGAGCTYCACCAG-3’ Sacl inserted

“ The substituted nucleotides are indicated as bold letters. Mutant codons are underlined. The symbols (¥ and V)
show the restriction sites inserted and deleted, respectively.



Table 4-2 Maltase Activity of SPGase Mutant in the Cell-free Extract

Maltase activity
Position and type of mutation - (U/ mg protein) (%) ®
Willd-type 0.20 100
Control (S.cerevisiae) 0.00026 0.13
218 D—N 0.0012 0.60
287 D—N 0.14 70
355 D—N 0.00060 0.30
355 D—E 0.00060 - 0.30
481 D—N 0.00040 0.20
481 D—E 0.00020 0.10
481 D—A 0.00032 0.16
484 E—Q 0.00026 0.13
484 E—D 0.018 9.0
484 E—A 0.00040 0.20
647 D—N 0.00026 0.13
647 D—E 0.00020 0.10
647 D—A 0.00016 0.08
676 D—N 0.0040 2.0
714 E—Q 0.052 26
877 D—N 0.00080 0.40

“ The protein concentration was measured by the Bradford method.
® The activities were compared with the wild-type.
© 8. cerevisiae not carrying SPGase / pYES.
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Table 4-4 Conserved Amino Acid Sequences in a-Amylase, Related Enzymes, and a-Glucosidases Containing Regions Deduced as Catalytic Sites.

Enzyme® : Region 1 Region 2 Region 3 Region 4

a-amylase family '

Asperigillus oryzae AMY 117-DVVANH 202-GLRIDTVKH 230-EVLD 292 -FVENHD

Bacillus stearothermophilus NPL 242 -DAVFNH 324 -GWRLDVANH 357-EIWH 419-LLGSHD

Pseudomonas amyloderamosa IAM 291-DVVYNH 370-GFRFDLASV 454 -EWSV 502-FIDVHD

Klebsiella aerogenes PUL 600-DVVYNH 671 -GFRFDLMGY 704 -EGWD 827-YVSKHD

Bacillus stearothermophilus CGT 131-DFAPNH 221 -GIRMDAVKH 253 -EWFL 319-FIDNHD

Escherichia coli BE 335-DWVPNH 401-ALRVDAVAS 426 -EFGG 521-LPLSHD
a-glucosidase Family I

Sacchromyces cerevisiae AG 106 -DLVINH 210-GFRIDTAGL 276-EVAH 344 -YIENHD

Bacillus cereus AG 98-DVVVNH 195-GFRMDVINF 255-EMPG 324 -YWNNHD

Mosquito AG 114 -DFVPNH 215-GFRIDAVPY 290-EGYT 351-VLGNHD

a-glucosidase Family II
Schizosacchromyces pombe AG 383 -DLVSNH 477 -GIWTDMSEV 504 -EPLV 575 -EQGNHD

AMY, a-amylase; NPL, neopullulanase; 1AM, isoamylase; PUL, pullulanase; CGT, cyclomaltodextrin glucanotransferase; BE, 1,4-o-glucan branching

enzyme; AG, a-glucosidase.



Table 4-3 Maltase Activity of Purified SPGase Mutant

Maltase activity
Position of mutation (U / mg protein) (%)°
Wild-type 45 100

218 D—N 2.9x 1072 0.06
355 D—N 4.8x 107 0.1
877 D—N 7.0x 10 0.2
481 D—N 4.1x 107 0.009

D—A 44%x10* 0.001
484  E—Q 6.4x 10 0.001

E—A _ 82x10" 0.002
647 D—N 6.4x 10 0.001

D—A 7.3x 107 0.0002

1%
1em

“The protein concentration was calculated with assumption that E
was 6.58.

® The specific activities were compared with the wild-type.

at 280 nm

Table 4-5 Maltase activity of SPGase Mutant in the Cell-free Extract

Maltase activity
Position of mutation (U / mg protein)” (%)°
Wild type 0.51 100
H388N 0.35 69
E504Y 0.93 182
H579S 0.06 12
D580N 0.85 167

The protein concentration was measured by the Bradford method.
> The activities were compared with the wild-type.
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Table 4-6 Effects of Sodium Azide or Sodium Formate on the Specific Acitivity of Wild-type and Mutant S. pombe
o-glucosidase -

Concentration of external nucleophile (M)

Nucleophile Enzyme 2 1 0.5 0
NaN3 D481A 0.00038 0.00145 0.0029 0.0039
D481G 0.00002 0.00044 N.D. 0.00024
D647A 0.00048 N.D. N.D. 0.0010
D647G 0.00011 N.D. 0.00011 0.00029
Wild-type 0.032 0.098 0.12 1.4
HCOONa D481A 0.0014 0.0016 N.D. 0.0031
D481G 0.000059 ND. 0.00032 0.00024
D647A 0.00067 N.D. N.D. 0.0010
D647G 0.00034 N.D. 0.0004 0.0003
Wild-type 1.4 1.63 N.D. 1.4

Values are shown as umol p-nitrophenol librated per min per mg protein at 35°C from 7.4 mM p-nitrophenyl

o-glucoside. N.D. means ‘not determined’.
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Table 4-7 Multiple Alignments of Two Conservative Regions, Region A and B, Including Essential Residues of SPGase.

Origin Region A Region B

S. pombe 476 SGIWTDMNEPSSF 488 641 GAHWLGDNHSLW 652
A. niger (P2 subunit) 219 DGVWYDMSEVSSF 231 408 AGHWGGDNYSKW 419
A. oryzae 487 DGVWYDMAEVSSF 499 654 AGHWGGDNFSKW 665
C. tsukubaensis 521 SGIWLDMNEPSSF 533 724 TGHWLGDNYALW 735
M. javanicus 425 DGLWIDMNEPASF 437 561 VGHWTGDNHSFW 572
S. occidentalis 465 DGIWADMNEVSSF 477 632 TGHWGGDNTADW 643
Sugar beet 464 DGIWIDMNEASNF 476 562 TAHWTGDNAATW 573
Barley 432 DGLWIDMNEISNF 444 528 TAYWTGDNAATW 539
Spinach 460 DGLWIDMNEISNF 472 558 TAHWTGDNAATW 569
Human 513 DGMWIDMNEPSNF 525 610 AGHWTGDVWSSW 621
Rabbit (sucrase) 1389 DGLWIDMNEPSSF 1401 1494 AGHWLGDNYARW 1505
Rabbit (isomaltase) 500 DGLWIDMNEVSSF 512 598 AAHWLGDNTATW 609
Human (sucrase) 1389 DGLWIDMNEPSSFEF 1401 1494 GGHWLGDNYARW 1505
Human (isomaltase) 500 DGLWIDMNEVSSF 512 598 AAHWLGDNTASW 609
Rat (sucrase) 1394 DGLWIDMNEVSSF 1406 1506 GGHWLGDNYTTW 1517
Rat (isomaltase) 509 DGLWIDMNEVSSF 521 609 ANHWLGDNTASW 620
Consensus * dG WDM E s F hWw GDn W

“ Amino acid residues which are identical to all or the majority of the sequences are indicated by capitals and lower-case letters, respectively.

Asp identified to be labeled by CBE is underlined. Bold Asp and Glu are interpreted as critical residues for catalysis. The
N-glycosylated motif, NXS (or T), is double-underlined. The numbers are amino acid residues from the N-terminus of deduced
amino acid sequence for each protein except 4. niger a-glucosidase. In the case of 4. niger a-glucosidase, the number correspond to
the sequence of P2 subunit.



Table 4-8 Register of Mutations in Human Acid a-Glucosidase

GAA (AA-change) Effect Correspond to SPG
del Met 1->His 952 mild Met 1->His 109
Arg 199 His polymorfism Leu 128

His 223 Arg polymorfism Thr 159

Leu 299 Arg severe Leu 235

Gly 309 Arg severe Gly259

Met 318 Thr severe Met 268

Trp 402 Arg severe Trp 352

Gly 478 Arg severe Gly 435

Met 519 Val severe Met 482

Met 519 Thr severe

Glu 521 Lys severe Glu 484

Ser 529 Val mild Ala 542

Pro 545 Leu mild Ile 572

Ser 566 Pro severe His 593

Gly 576 Ser mild Gly 606

Gly 638 Trp unknown Gly 669

Gly 643 Arg severe Gly 674

Asp 645 His severe Asp 676

Asp 645 Asn severe

Asp 645 Glu severe

Cys 647 Trp severe Cys 678

Gly 648 Ser severe Gly 679

Arg 672 Trp less severe Arg 703

Arg 672 Gin less severe

Glu 689 Lys polymorfism Glu 714

Arg 725 Trp less severe Arg 755

del Glu 730> Cys 952 severe Glu 730->Leu 969
Trp 746 Termination severe Val 776

Trp 746 Cys polymorfism

Pro 768 Arg severe Pro 798

Ile 780 Val polymorfism Tyr 806

Val 816 Ile polymorfism Val 833

del Gly 828> Asn 882 severe Gln 845->Leu 884
Arg 854 Termination severe Thr 871

del Lys 903> Cys 952 severe Asn 915> Leu 969
Thr 927 Ile polymorfism Gln 939

Val 949 Asp severe Asn 963
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Muds SPGase ¢DNA (4.2 kb)
9

D218N  ppel SPGase ¢DNA (4.2 kb)

4

PCR with primers, MHd3 and D218N
for itroducing the site-direct mutation.

Subcloned into pBluescript II SK EcoRV Neel feoRI
restriction site, Digested with NMkel and EcoRL
EcoRI

Digested with Mhel and EcoRL

Hindill Nhel
pBluscript I SK \

Ligation

HindIIT Nhel
pBluscript 1T SK

l Digested with HindIll and FcoRI,

Hindlll FeoR1

SPG /pYES
digested with Hindll and EcoRI

Ligation

HindIll FeoR1

SPG (D218N) /pYES

Fig. 4-1. Construction of SPG (D218N) / pYES expression vecter.

D218N mutation was introduced by primer-template mismatch PCR. The
mutation was confirmed by DNA sequencing. The newly introduced mutation
was shown by X. '
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SPGase ¢DNA (4.2 kb)

EcoRV Bgill Psil

Digested with ficoRV and PsfL

Subcloned into pBluescript II KS GAL 1

Xhol
promotor “

Hindlll Pstt

EcoRV Bgllt
pBluscript II KS

SPG/pYES

Mutation was itroduced by
Kunkel method.

Digested with Ps/f and Xbal.
Digested with Ps/i and Xbal.

TN

EcoRV Bglll Ligation

pBluseript II KS

FicoRV Bglll

HindIIt pBluseript II KS

Xh(,i{ Digested with Bg/ll and Xhol
EcoRV BglL '
SPG /pYES
digested with Bg/ll and Xhol \

Ligation

promotor

SPG (D218N, D355N,
D481N, or E484Q) /
pYES

Fig. 4-2. Construction of SPG (D287N, D355N, D481N, or E484Q) /pYES ) /
pYES expression vecter.

These mutations were introduced by Kunkel method. The mutation was

confirmed by DNA sequencing. The newly generated mutation was shown by
X.
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SPGase ¢DNA (4.2 kb)

EcoRV Bgll Pstl EcoRIT

Digested with EcoRI and Psil.

Subcloned into pBluescript II KS. GAL | Boltl
o g/

Xhol
promotor “

HindIIl ficoRV Pstl

SPG/pYES

pBluscript II KS§

Mutation was itroduced by
Kunkel method.

Digested with Ps#I and FcoRI
Digested with Ps/i and Smal.

N

Smal LcoRI

Ligation

pBluseript IT KS

FcoRV Bgll)
pBluscript II KS

Xhol Digested with Bg/ll and FcoRl,
EcoRV Bglil
SPG /pYES
digested with Bglll and FcoRL \

promotor Ligation EeoRl

HindIll LcoRI

SPG (D647N, D676N, or

E714Q) /pYES

Fig. 4-3. Construction of SPG (D647N, D676N, or E714Q) /pYES ) / pYES
expression vecter,

These mutations were introduced by Kunkel method. The mutation was

confirmed by DNA sequencing. The newly generated mutation was shown by
X,
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SPGase ¢cDNA (4.2 kb) / pBluescript II KS
salt E714Q DST/N poo  Mi3-20

<—

Xhol

Pstl FcoRI

Mutation was introduced by
megapromer PCR.
Digested with EcoRI and Xhol.

Ligation
GAL 1 ¢

FeoRl
promolor “

Belty Xhot

SPG (D877N)/pYES

Fig. 4-4. Construction of SPG (D887N) / pYES expression vecter.
These mutations were introduced by megaprimer PCR method. The mutation

was confirmed by DNA sequencing. The newly generated mutation was shown
by X.

SPGase ¢DNA (4.2 kb)

" Pstl EcoR1
lDigested with EcoRV and Psfl
FcoRV

EcoRV

Subcloned into pBluscript 11 KS.

GAL 1
promotor
Psil e
pBluscript 1 KS %@@ﬁ .
FeoRV Psit
Mutation was itroduced by
i megaprimer PCR method. SPG/pYES

EcoRV

Ps
pBluscript II KS

Digested with Ps/l and Xbal.

Digested with Ps/l and Xbal,

Ligation

FEcoRY Pstl Xbal

Bgll
pBluscript II KS
HindIII

Digested with Bg/ll and Xhol.
Bl Xbal

SPG /pYES GAL 1

BamH}
digested with Bg/ll and Xbal promotor

Ligation —————p

LcoRV Bgitt Psil

SPG (G2444C) /pYES

Fig. 4-5. Construction of SPG (G2444C) / pYES expression vecter.
These mutations were introduced by megaprimer PCR method. The mutation
was confirmed by DNA sequencing. The newly generated mutation was shown
by X.
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GAL 1 BamHl
promotor

BamHI-EcoRI / pBluescript II SK

. Digested with BamHI and
mutagenesis EcoRl. FcoRV pofi1 Psft FEcoRl
M13 RV primer M13-20 Subcloned into pBluescript 1f

K.

SPG (G2444C) /pYES

BamHl EcoRl1
Mutation was introduced by

megapromer PCR.
Digested with EcoRI and BamHI. Digested with BamHI and EcoRI.

Ligation
‘f’/’iﬁ’ ijr ¢ BamHl  FcoRl

Bellt Xhol
SPG (D481A, D48IE,
E484A, E484D, E484A,
E504V, H579S, or D580N);
(G2444C) /pYES

Fig. 4-6. Construction of SPG (D481A, D481E, E484A, E484D, E484A, E504V,
H579S, or D580N) / pYES expression vecter.
These mutations were introduced by megaprimer PCR method. The mutation

was confirmed by DNA sequencing. The newly generated mutation was shown
by X.

GAL 1 BamH]1
promolor

BamHBI-EcoRI / pBluescript 11 SK

Digested with BamHI and
mutagenesis
MI3 RV primer M13-20
- <

EcoRl.
Subcloned into pBluescript 11
K.

FcoRV Befll Psft EcoRi

SPG (G2444C) /pYES
BamHl FEeoRl
Mutation was introduced by

megapromer PCR.
Digested with LcoRI and BamHL Digested with BamHI and EcoRl.

Ligation

GAL 1

promotor i BamHL - EeoRl

g/l Xnot

SPG (D647A, D647E);
(G2444C) /pYES

Fig. 4-7. Construction of SPG (D647A, D647E) / pYES expression vecter.
These mutations were introduced by megaprimer PCR method. The mutation

was confirmed by DNA sequencing. The newly generated mutation was shown
by X.
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GAL 1
promotor

BamB1

BamHI-EcoRV / pBluescript II SK
Digested with BamHI and

ml'xtagenesis FcoRV FEcoRV gani Pstl FeoRl
MI13 RV primer M13-20 Subcloned into pBluescript I
> < K.

SPG (G2444C) /pYES

BamHi  BgniCORY

Mutation was introduced by
megapromer PCR.
Digested with BamHI and Bg/il. Digested with BawHI and Bg/il.

Ligation
GAL 1

promotor i BamBl  FeoRl

Xhot

Bgill

SPG (H388N); (G2444C)
/pYES

Fig. 4-8. Construction of SPG (H388N) / PYES expression vecter.

These mutations were introduced by megaprimer PCR method. The mutation
was confirmed by DNA sequencing. The newly generated mutation was shown
by X.

GAL ]
promotor

BomH1

BamHI-EcoRI / pBluescript I SK
Digested with BamHl and

ml',\tagenesis FeoRl FeoRV gay Pstt [coRl
MI13 RV primer M13-20 Subcloned into pBluescript 1) ’

—><— K.

1

Bk

SPG (G2444C) /pYES

BamH} EcoRI

Mutation was introduced by
megapromer PCR.
Digested with £coRI and BamHL Digested with BamHI and JicoRI.

Ligation

GAL 1 ]
promotor Nhel BamHI  FEcoRl J AOX ] Nhel Pstt
X pre OMoLor

Xhot

Bglll

Pt

SPG (D481G); (G24440)
/pYES

SPG/pPICZA
digested with Nhel
and Psi

Digested with
Nhel and Psit

AOX T Np Pt
promotor

SPG (D481G)/
pPICZA

Fig. 4-9. Construction of SPG (D481G) / pPICZA expression vecter.

These mutations were introduced by megaprimer PCR method. The mutation
was confirmed by DNA sequencing. The newly generated mutation was shown
by X.
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GAL 1

BamHI
promotor "

BamHI-EcoRI / pBluescript II SK

Digested with BamHI and
mutagenesis

v fzcoR1. FcoRY ot Psil
MI13 RV primer M13-20 Subcloned into pBluescript I ¢
> < K.

SPG (G2444C) /pYES

BamH1 FeoRT
Mutation was introduced by

megapromer PCR,
Digested with LcoRI and BamHL Digested with BamH1 and EcoRl.

Ligation
GAL 1

promoior Nhel  BanH1 - FeoRI 40X 1 Psit - JieoRT
promotor [ |

Bgili

Xhot

Pstl

SPG/pPICZA
SPG (D647G); (G2444C) digested with EcoRl
/pYES Digested with and Pstl

FeoRY and Psil

AOX 1

Psit FeoRI
[77'0'71()[()}‘

SPG (D647G)/
pPICZA

Fig. 4-10. Construction of SPG (D647G) / pPICZA expression vecter.
These mutations were introduced by megaprimer PCR method. The mutation

was confirmed by DNA sequencing. The newly generated mutation was shown
by X.
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Fig. 4-11. SDS-PAGE of S. pombe o-glucosidase mutants.

panel A: lane 1, deglycosylated D48IN; lane 2 D481N: lane 3, E484Q; lane 4,
deglycosylated E484Q; lane 5, D647N; lane 6 deglycosylated D647N.

panel B: lane 1, deglycosylated D647A; lane 2 D647N; lane 3, deglycosylated
E484A; lane 4, E484A; lane 5, D481A; lane 6 deglycosylated D481A

panel C, lane 1, D218N; lane 2, D355N; lane 3, D877N.

panel D, lane 1, deglycosylated D481G; lane 2, D481G.

panel E, lane 1, deglycosylated D647G, lane 2, D647G.
The lane M is size markers.
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Relative activity

Fig 4-12. pH activity curve of S. pombe o.-glucosidase.
The reaction mixture containing 100 pl of 8.5 mM
maltopentaose, 200 pl of McIlvaine buffer of various pHs

100 pl of ( 26 pg/ml) enzyme was incubated at 35°C for 5
min.

®
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Fig. 4-13. Temperature dependence of pKel and

pK,, values of a-glucosidase.
The AHe values assumed by the equation of van't

Hoff were -3.6 kcal/mol for acid (AHe]) and 2.9
kcal/mol for alkaline (4H _,) ionaizable group.
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Relative activity
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Fig 4-14. Effects of methanol on hydrolysis of
maltopentaose at various pHs.

The reaction mixture containing 0.1 ml of 8.5 mM GS,
0.2 ml of Mcllvain buffer, 100 ul of methanol or water
and 0.1 ml of 26 ng/ml enzy me solution was incubated
at 35°C. O, in 0% methanol; @, in 20% methanol
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Residual activity (%)
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Fig 4-15. Modification of S. pombe a-Glucosidase with DEPC.,
The enzyme (0.24 pM) was incubated with 0, 9, or 37 mM of
DEPC in 60 mM sodium phosphate buffer (pH 6) at 20°C. At
the indicated time, aliquot of reaction mixture was removed and
added to 86 mM histidine, and the residual activity for 0.2 %
maltose was measured in 40 mM sodium acetate buffer (pH 4.5)
at 35°C. M, 0mM DEPC; @, 3 mM DEPC; [1,37 mM
DEPC; O, 37 mM DEPC + 56 mM maltotriose.
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Residual activity (%)
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Fig. 4-16. Inactivation of S. pombe a-glucosidase by CBE.

A: 8. pombe a-glucosidase (134 nM) was incubated with various concentrations of
CBE at 35°C in 40 mM sodiumacetate buffer, pH4.5. At indicated time, an aliquot of
the mixture was taken, and then residual activity was measured using 0.2% maltose as
substrate at 35°C and pH 4.5. Curve 1, 0 mM CBE; 2, 0.475 mM CBE; 3, 0.95 mM
CBE; 4, 1.9 mM CBE; 5, 3.8 mM CBE; 6, 7.6 mM CBE. Tris of 100 mM was added to
mixture of S. pombe a-glucosidase and 3.8 mM CBE under the same conditions as A,
and residual actvity was shown by curvea. B, C, and D: The k. values were

caluculated from A and replotted with [CBE].
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Fig.4-17. Change in K., and V during inactivation by CBE.

The modification mixture consisting of 6x10-*mM enzyme and
1.9mM CBE in 40mM sodjum acetate buffer (pH4.5) was
incubated at 35 C. At Omin,5min,10min and 15min,100 pl of
the reaction mixture was taken out and diluted 30-fold with

ice-cold 50mM sodium acetate buffer containing 0.05% Triton
X-100 (pH4.5) to stop the reaction. The K., and Vvalue of

modified enzymes were determined by Lineweaver-Burk plots.
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Fig. 4-18. D-Glucal hydration. ,
A, Initial rate of D-glucal hydration catalyzed by S. pombe a-glucosidase, plotted as a function of substrate concentration. The
reaction mixture containing 40 mM sodium acetate buffer (pH 4.5), 16 pg of enzyme, and various concentration of substrate was
incubated at 35°C. B, Double reciprocal plots of determined A.



Scheme 4-1

Asp-481
N
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S
H /0
O\ _t/ Glu-484
Asp-647
Scheme 4-2
Asp—481
(distortion)
HO™
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H
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Scheme 4-3
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Fig. 4-19. Prediction of catalytic mechanism in S pombe a-glucosidase.
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% 5 B Schizosaccharomyces pombe o-glucosidase EEPLOFEEY I ) Bt
DEE

BIF RS

HIEETHERE U 7= il S B % 2 10 688, Region A BX U Region B iZiZa-glucosidase family 11
TUODDT 2/ BBAVMBEEINTNS, ZORMTHEEET I JBEBREMN 4 DfF
TFINTVD, Trp-479. Phe-488. Trp-644. Trp-652 THADPEETIZZ D35 Trp Bkl
FET3,

Trp BEEIH o1 > R— )V BOBUKEICES MEERICEKDY ORI EOE KR
BERFICERL T3 b0 2 5hTWn3, FleMEEREE LT O oE2IE
STBREBA SN TRV, EERESBMICH- T, EEEORBCEERBREEE
ZLTHS500H5, FlziE, BPEY Y F—A Trp-62"% ") 212U %, Pseudomonas
fluorescens xylanase A 135751 h-1 % 3{HO Trp BENWD BA. 2055 Trp-313 DBk
KEAT glucose 25y 7 LTINS ZEREDUAHEN SHEEMIINTLD 1O
a-glucosidase & [AltkICa-glucoside f& & & b DEE DIEBILAKIEM 5 MK MET 2 Aspergillus
awamori glucoamylase TIEHY 751 b 2, 4 K2 NZH Trp-178. Trp-120 NECE I NTH D,
TSN EARREA BB RBORERICED S TV B EZASNTHS 419 ks
FREESRLUSL T B maltodextrin-binding protein I3 4 D) Trp 7Y maltose, maltodextrin & }E#E4d 5
163)

—75. Phe BED 7 = S)VEOBUKE SR ER 1T > TV B BE < ONH5.
AW, exo-B-(1,3)-glucanase 13/35 L IVIZH AT 2 DD Phe BEDYT T YA B 1 D glucose %
BRUBE THSZRAATNS ZENZOINEHED SHEMIINTING 9. 4 o
cerevisiae @ glucose transporter Hx2 I Phe-431 % Tyr IC4#15 3 & glucose DA Tl 7R <
galactose DEET DL SIT/B ZEWREINTNS 9, F74b%5. Phe BRENEOIY<
—ZERBBEL T3S,

a-glucosidase family 11 Tl Schwanniomyces occidentalis glucoamylase (a-glucosidase) TiE It
LD Trp-468 D Ala NDOEHIZa-1,4 AL D bo-1,6 &I & DREBEBEAD MRS
NTNWB O, 2D Trp BHNT S, pombe o-glucosidase TH Trp-479 IZH% T 3,

AETIIAEERRL % S TMETFER Region A BL Region B IZRTEFE S N7z Trp BED Ala
REBREEHL, 20K, VE2RDD, ABRAEENHAS M TRV T, B4
BERED K, VORBMNSFHETES Trp DIRENZERT S,
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B2 EBRMEB XU
(1) #E. Bk
N-bromosuccinimide. tryptophan (FA T4 57X 7)) TIIHROb O 2R, R FEEE.
HEEER. SEEETIZAREIIE 28, £ 3 BTRNE, 2OMBIHILANLD
BHROBDZEH W,

@ FVIXZLFFR |
FUITXTLFF REIBES AT LAY T2 AICKRBEARI B, EELTH5H0
CREKTHEBIET, 20 MBKRELTHRELE,

(3) BRI RAERDE A

ALK ERHIZ RO A % megaprimer PCR TIF o /2, £/~ R A DRER D I AlhET:
BR U HIRRBERBRRMA 23T, HRBRRSEICLVEREAZRAD, TREA
HUIE7 543 —% Table 5-1 ITRLz. £EWTHOLERL I~ > AL D EREAD
WeB2fT o7z, DNA BB HEICH S TiIT 5 72

megaprimer PCR [T K BRI RE R OEA 2 FHEICHE> TH- =, fitEE DNA
polymerase {213 KOD DNA polymerase %\ /2, 1st PCR OHIEWIF. 7255 megaprimer
DFEE % QIAGEN PCR Purification Kit (QIAGEN)% V372, 7= 2nd PCR I3E#& A BRI D IX
R % LS % 7= DIZHEHE O megaprimer PCR DFIIZ megaprimer DA% FHNTT 2> A R D274
{2581 27V PCR 175 /=,

(4) B RNEREBRRENRY ¥ — DR

EREERDREB % S cerevisiae THF- /-,

(4)-1 WAT9A (Fig. 5-1)

ERHEAZ megaprimer PCR KK V1T o7z, £ SPG (G2444C)/pYES %5 BamHI-EcoRI
B 290U Bluescript I SK ICY 7 70—/ Uk, ZHAESBEE U, 1stPCR O
TAR—IIEENERZEFD T 51 —& MI3 reverse ZoN—HIL T I XY—Z R\,
2nd PCR D75 1 X —IZ1& megaprimer & M13 -20 L= /N—H )L 751 v —& =, R
ZZ OB A % BamHI & EcoRl THLL SPG (G2444C)/pYES @D BamHI-EcoRI ZRAr & A
NEATz, INE WATA BEARY ¥ —2 L,

(4)-2. W644A. W652A (Fig. 5-2)

ZFB A% megaprimer PCR IZ & D475 7z, SPG (G2444C)/pYES % 5 BamHI-EcoR1 B %
10 U Bluescript I1iTH 7/ 0—Z2 7 L= b D &R S Uz, 1st PCR DT 541 T —I2
REENERZFUT 51— EMI320 IoN—HI T 51 —% B/ 2n1d PCR DT 5
T X —IZ1d megaprimer & M13 reverse LZ)N—H)L T 51 v —% Wz, BRESTEIBE
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F % BamHl & EcoRI Tk L SPG (G2444C)/pYES D BamHI-EcoRI 4> & ANEZ =, =
NEZEETNTN W64A, W652A BERYZ & — & L=,

(6) REBEOREHE - Eil
S. cerevisiae. P pastris WS NODMBMA Y >N/ BOBESBREOBE, Bk E 3
BEOHLEUBROZNIIHS> =, (Fig 5-3)

(6) HLRSEia%k

Trp RRBR OO LBIREE ZNTNOERBER TR, 5> N7 B milliQ Kiz
HUTHIBI Lt HRER L. BREEREREFRL%, 0.1 MEREEE (oo
4.5) TYSMEL 280 nm TOUNKEZHE L LG 2B H U, HRSLRE0E WAT9A 78
EV =587, W644A I E=581, W652A 78 E*=590 Tho=,

(7) pH 1&g
WAT9A. W644A, W652A O pH {EEHIER % & pH T maltase FEME 2 HIE UsRd 7, K
B IZ1X Mcllvaine buffer % U /=,

(8) N-bromosuccinimide (NBS)IZ & % Trp BED AR TR

40 mM sodium acetate buffer (pH 4.5)F1 (D 2.92 pM & > /X 7 B 500 pl 29IV A
. 280 nm TOWNEZFRE L7/, 101l O 2mMNBS 2%, BEL. HET 1 HEIKE
#% 280 nm TOWNEZEFRE L /2. NBS IRIMOEEE 280 nm TOWMEINBD U< 25
TTHIT . B/NETRo 72 280 nm TOWMAEEEE L. /828 1 mol B7= D DEAL,
U777 >® mol ¥ n %

n=AA><1.31><MWxV

W x 5500 .
(W=5 2N ED mg. V=5 > /N7 BYEKER ml. A4=NBS B{LIZ > 280 nm TOWNE

DPDE. MV=5TF &)
Tk DRD=,

) ELFENERTE
EERIE, >NV BDOFER. SDS-PAGE TRERHTHE L WAL ERFEILE 3
BEOFNEZELW,
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B3 EBRBRBIUER
FBIUH BREPLCRESNEZN TN T r U BE SRR ES R

RIEE T THERE U 7z o-glucosidase family [T OIEMEMICRE SN TN S Trp-479, Trp-644.
Trp-652(NFNH S. pombe a-glucosidase DT 2/ BBEE) X DNTZD Ala TREES (W479A,
W644A. W652A) % S. cerevisiae TREISWHH U, RERRROBLEHE~S, B
ERBEOFEIE 3 EOFERBRDOZNICHKS -,

TNTNOERBROKBEBICNTS K, V ORERBERE L. SEHEITIT 40
mMsodium acetate buffer (pH 4.5)& iy, RKi#E 35C T 2. ZNENOEEICONTHE
BREZEMCSVIUEEEZRELE, Ko VORERERE 1/s- 1y 70 whBEWNs-siv 7
By MR ORDz, SEEECHTS Ky, V EEFER S HHET Table 5- 1,2, 3,4 12 E &
7z

WATIA, W644A, W652A L BIT b WREBAL TS, LOALWTNOLTREETY
SERITERE RS> 2B DI, ZTNE O Trp BEIT A1 BT AR W EE R 15E
ERELTWB LR DD ok, FIZIZINS Trp BEERBERIL K, OBENAE N &
D5 TIN5 DBRENEBRESICED TWE I L2 THATES, KiEEEbICEEL
MROBEAHEEERRED S BB RENEE 2 LS RTEREL TN - & bEX
5N%. TOLDIEBBRELZEDVICSVWERBRETIE bh NREBOILTNS, /8
BREORZEEADOEES HBETE S, Fi21 WAT9A OERIZ X 3 maltotriose (G3NTXT
2 EBREO B BTV F— DI DEAAG) = -RTIN[G/Kinmd( kol Ko)od D 5 2HEE 2 &
BPAERURESR & B LT 19 ki/mol HIMNT 5. ZNATBBREERRLIZS < 5o TS
&, BRREORLETHHI LEFHRTES,

WATIA D kov Kn BET k/Kn DHEEITHT BBADDEIEGH 5 Trp-479 135751 | 2
RBFLTH2DTIAWALEEZ 5N, kid maltose ZFR< —BkE S phenyl a-glucoside
GOITHTZEPBREN (1%KRi) o Ko ITTRTORBEIH U CHEREER S LT
HEML T35, 5512 25 maltose (G2)I2%F LT 11 £5. isomaltose JG)UTH LTS fEEKR
BV k/KpldV T R 1, 2 EHDDHEEEIG TZORDOERNAEL, ZORH
TH G2 LD B IG2. kojibiose. $G TORMPDEIRNKREZN., THUIHTH1 b 2 OB
L2 BBEIE5, £z nigerose 120 LTD K, DZLAV/NS WOREFERBERICBN TR
BRHARENEDEBbNS. —H., K. 1d G3 2 LT 46 {2, p-nitrophenyl o-maltoside
PNPGITH L T 6 FEDEMARENEDT, ¥ 791 L3 A OB THRTES, HAR
BERDBER pNPG2 IZHT 5 Knld G3 ICHT 2 ZNEDBAIWN, T &1 pNPG2 M3k
DY THAL R 3 EOBEBRRN EERLTEBD. L Trp-479 38791 b 3[BT
N5 DEREERIT G3 LV D pNPG2 KX LU TEDEMABINDKREL BT TH
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2o LML W479A T G3 & pNPG2 D K, ZHEET 5 & G3 OFVBAOEESN K Z, &
D EFTp-479WFTHA R3XDB LAY THA F2lcMBLTRBZEERLTNS,
W T Trp-479 IV THA P2 IMBLTWAS ETFHELAE, /25791 k2 OREE Okt
BIZTTH1 b3 TORBITHRIFEBLTNDZEERBLTVWS, £ K, ZHEKT S
& WAT9A 13 G2 kD % maltotetraose (G4). maltopentacse (G5)% B < YJid 2 & 5 Iz L
BUEDPEELTNBZENDR S, aglucosidase family 11 I2&EN 3 Schwanniomyces
occidentalis glucoamylase (a-glucosidase) T3 Trp-479 & HIEI/R Trp-468 DE i B ZS B EES
DHFEBTONTNS, £ DORERIE maltose & D b isomaltose I3 U TEENAZNE NS
BOTHB. WA TIE maltose N\DEEBLAEN SO TEIRERTHS, =L S
occidentalis glucoamylase T D maltase {EHERIE TORBBEDE N, LT EBE THE
BRI D W468A BRBRPEEHEEZ SR Ao E WS HBEE HS & maltose & D
BRACOEEERIFLTWA LS ICAZ S,

W644A D ko IIBFERBER E B U TTRTORBITH LT S%EAFICHEA Ui, B
BRILABLT K, O EFNRENBDIT IG2. G3. G4, pNPG2 K L TOBTH S, +
THA P32 EDBEBANEL . Lo TTrp-644135 751 F3ICBIE LTV S EFAELT,
BLESTHIUL IG2 DRAITIITTHA b 3 BEEL TN I EETHETES, phenyl
a-glucoside IZXF LTI 52% E T K, MDA L TW3B, ZHUIBHERBEETIEIY 791 31
B Tphenyl £ & Trp-644 ITHNWA Y w F > RN S 5 7= DI I EFEMRES A Z B DIz
KU, W644A I3ENDEND - DI EERREEIEA B0 TR NN ETHETE S, =S
B, BPAERIEESRIZY 7 b 3 & pnitrophenol A% 5% 3D pNPG2 MNEEZEE TH 5.,
Z AU p-nitrophenol 28 Trp-644 E DR Y v F* > TR L VRS ERTBDTH S S, £
72 G5 CMT D Ky WEEREFKRETEELTWS, ZHIHTHA1 5 iR bET %
HEZLBENRDZZE2TBT 5,

W652A D ko lIEFARBR E LB L TTRTOREZITH LT 2% FIcEA Ui, B4R
BER & LB LT IG2. kojibiose. G3. G4 IZx LT K, ® EHME BN 25887 - 1= L1k e
S5H7a0, F/z WATIA ® W6MA LRTHEREHE LEEEIG & pNPG2 12T 3 Kn
DEEBHLINIZNTENS Trp O R—)VBEEBORY v VHRIZ L BEEA I
BIG L T ATREMIE 0 b LIRW, —7 WAT9A, W644A, W652A O pH FEPEfE %
R B & WATIA, W644A DRl pH 13 4.5 THERBER LR LU TH B OICH LT W6524 1
pH4.8 T NVAVMIZS T b LTz (Fig. 5-4) TD I EMS Trp-652 DD Trp-644, Trp-497
KD DB EFEERLIGENENINBET S L2 FHETES, EEBLICEENAD A
AT B EFITRFIGECBKMEER CRE-LREEARERRL. 20&EDBEN
MEEROBLTTO MY RF—REMNS 70 b 2NN, MK ERIGHELT 2 &
BEAEND, BLTDEE Tip-652 BHKMEERICE > TZEO—HEH> b £2 35,
W652A TREELRBE-EEEERERRTE I ENTERLAZIRTTH S, 2532 L
TOobrERELDSL R D pH {EMEHIRB TN AU 7 M35 &b THETE 3,

150



Trp-652 I IEBRSITHED > TWBTH A D Trp-497. Tip-644 LITESBEZELTVRBND
Lz,

TOMITHEEEERETORERY 2/ BEALZFOLENEB) SEBEO T YT
REZREL TODTREMED S 2 L |ENH B 1%, 22T W497A, W644A, W652A 2
REERN glucose DLEY—ZNKDRTEBNE SN EFARE. TROBEBEOTET—
DREE NS D Trp REAMT > TWBZ & &M L. 2 mM p-nitrophenyl a-galactoside.
p-nitrophenyl a-mannoside % EEIZ V) p-nitrophenol DEMREER L. FEBRIIZH
ZN52 pg AV, KSR 35CTTo/k. UL e OB 2IKAMET 3 = &1d7aho
7zo T2 FBDEHT p-nitrophenyl B-glucoside 2 HE I W= DSIK SRS Nz o 7r. 1
DTINED Trp BREDAICIVEBOIEY—RORZE L TWESZ BN &0
Moz,

552 N-bromosuccinimide (NBS)Z & B (b2 (& 80

HIHE T TEERSICHEDS Trp BENY TH1 k2, 3IMBTE I L2FRETEE,
T T Trp DEMREETH S NBS ZHWTLREBMZTS 2 &ic Ui, fIETTH1 b
3THERGICED> TWS Tip BENH B LT 5, G3 HEFEIEGEE T T NBS D%
TolBa, REKENHE I E2HFB LTI .

EFAERURESR 146 pmol % 40 mM sodium acetate buffer (pH 4.5)%1C 0-2 mM @ NBS & 10CT
1 PRIRISE B, BEIRINEIEZ BRI tryptophan 2MA D2 & T -7, fF maltase
TEMEZRE L. NBS OBERITHT 2 mol [ (NBS/EESR) ict LT/ Oy R L7 (Fig. 5-5),
mol LAY 51 D & EEERITTRITRIEL TD, 2D EE NBS ITLBRTF REES DIL2ER
CIBTOEE TR T &% SDS-PAGE IZX DRER L 7z, F/= NBS TEALE 7= tryptophan
28 280 nm DEFNEMEAATZZ EEFAL T Trp BEBEEE L7, 280 nm O TIRHE % H
LT DR EN SHEfR EOBMIN Trp BEKZEHEL NBS OBEEICHTS mol H

(NBS/BER) ML T Oy bUT, SERITKET S & XITI1d Trp BED 6 BEMSNT
WBHIZERDPo Tz, RIEMRIRE 76 mM G3. G4 BEFTTo . ThbbEBEEE
TTEMICEBRIFEESZ ENTEBNEIDERZ. LML G3 BIUNG4 TEEHIC L
BRERPG I EIRTEY, BFERBREAUKOAEHBELEHNE (Fig 5-6). 32b5
Z DFERM SITIEEF LT DEBLUND Trp BEMEMINTHRELTVS Z E0NHH
%o Trp BHEIPEE o721 2 R=)VBICE DS MEERICE D ¥ /80 B OB KIE Sk
KRBML TS B0 EEX 5T, NBS i3 tryptophan 21k L oxytryptophan 2429
B, ZUL tryptophan IZHAR2 EENMTEKETH B, ZOBRICHENY > /7 BDOBHK
FREOEMLIEFIRENDODEFHETE, BABEIHBETERIRIEDICEEL2EIT
DTHAD,
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EERRE CTRABHCEERBEELTNBTHS S EFMUAE Tip479. Trp-644,
Trp-652 2INBS I K DEMEINKBFERIL TRRONESHBREIC R . AR NS
DFEHED G3. G4 1T K DM Z NN TN S DITIEE RSO Trp BEOEEIC L 5 55E
DEDITTNPBEETERNI LB FRTER, AR Trp-479, Trp-644‘ Trp-652 HNE
LSS, TSRO EENEEZTRWERICMEBL Y I/ BERIC & 5HEEEDOL(L
ERILTWAZEBTFRTER,

T I TRICEHERIBER & FERICE REER WAT9A, W644A, W652A % NBS TILZERE L
7z. PRAF maltase FEMEZHIE L. NBS OBERICHT 5 mol . (NBS/EER) iIcxfLTrOw
R UTZHER 2 Fig. 57 1R Y. WENOEREEE S NBS TOREHGIIFEMEED TN
R UHRZER#Z. Ko TINS5 D Trp-479. Trp-644. Trp-652 LISMCHERE S NB & 44E
DEED Tip BRENEET 52 TFHRTE R, EB. SOERT Tp B 6 MIMEMF N
TRIEZEZILTWADTREABIZIINS LN 3 BES 213 TH S,

BEZzEREDHD EMUFERAETEBER WAT9A. W644A. W652A DIEERMIMATOREE
M5 Trp-479, Trp-644, Trp-652 MNEWRBICBEERBEE2 L TWE I L2 THETER, 2
D55 Trp-479, Trp-644 REBHSITED > TVWADOTIEARNWD, EFHETE7, £/ NBS
IR BB DR RN 513 Trp-479, Trp-644, Trp-652 LISMCERERICEERBIX %2 L
TW5 Trp BEDEHEZ TRTE,
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HaE B

L R DEEICREI NS Trp BE. Trp-479. Trp-644. Trp-652 TNZFIND Ala &
ﬁ%ﬁ%@@b‘%@ﬁﬁggﬂﬁiéﬁgﬂﬁi—yféﬁbtk15‘TNT@
EREBRT b BWRBICEA LA, XoToihns DFRE D R IE M IS E T
BEETHDI Dbz,

2. Trp REEERD Ky DEALH 5. Trp-479 13HTHA b 2. Trp-644 55751 k 3 ic
BBMLTWBEERLE, £/ Tip652 137D Ala TEEST pH {EHERIERN 7 )L B
DRIZS 7 b L2 &M 5, 10D Trp-479, Trp-644 £ D BB 5 ETEEHROITIEWIE
THMEEEICERL TS T 28R L,

3. NBS [Z K HILEEMDKER, Trp-479, Trp-644. Trp-652 PISMT HIEMRE I B 53
2 Tip BENFET 2 Z EDNbM o, ZHUTERBLUANT Trp BEFFHDKREN
FERCIDHEMEACHEABEICERL TWABREEZR -,
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Table 5-1  Oligonucleotides Used for Mutation in Amino Acid

Sequence of oligonucleotide primer® Restriction site inserted
W479A 5°-tcatatcagtAGY CTattccactga-3’ Alul
W644A 5°-ggtgcacatGCA Yitgggtgat-3’ Nisil
W652A 5’-gataatcattcG Y ctaGCGtctaacatg-3’ Nhel

“ The substituted nucleotides are indicated as capital letters. Mutant codons are underlined.
The symbols (V) show the cleavage point in the inserted restriction sites.
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Table 5-2  Kinetic Parameters of Wild type o-Glucosidase for Hydrolysis of Various
Substrates

K,? yo relative ¥ ko © kK, @
maltose 83 19 100 352 42
maltotriose 5.6 13 177 249 44
maltotetraose 9.2 10 136 190 21
maltopentaose 17 8.7 116 162 9.6
isomaltose 13 3.0 40 56 - 4.3
kojibiose 21 5.9 78 110 5.1
nigerose 25 7.1 94 132 - 52
phenyl a~glucoside 12 0.50 7 9 0.8
p-nitrophenyl a-maltoside 3.2 15 203 284 89
9 mM.
®) mg glucose librated from non-reducing terminal / mg of protein / min.
9 sec™.- '
D sec’ mM.

Table 5-3  Kinetic Parameters of W479A a-Glucosidase for Hydrolysis of Various
Substrates

K9 & relative ¥V ko @ ky/K,, @
maltose 90 13 100 23 0.26
maltotriose 257 0.37 29. 6.9 0.03
maltotetraose 41 0.54 43 10 0.24
maltopentaose 58 1.2 90 21 0.37
isomaltose 66 0.025 2 0.47 0.01
kojibiose 83 0.053 4 0.98 0.01
nigerose 28 0.054 4 1.0 0.04
phenyl a-glucoside 32 0.005 0.3 0.09 0.003
p-nitrophenyl a-maltoside 20 0.91 72 17 0.84
Y mM.
® mg glucose librated from non-reducing terminal / mg of protein / min.
9 sec!.
b sec: mM.
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Table 5-4  Kinetic Parameters of W644A a-Glucosidase for Hydrolysis of Various
Substrates '

K,? & relative ¥ k9 ky/K, ?
maltose 8.9 0.57 100 11 1.2
maltotriose 21 0.68 119 13 0.59
maltotetraose 14 0.47 82 8.7 0.62
maltopentaose 16 041 7 7.5 0.49
isomaltose 20 0.01 1.7 0.18 0.009
kojibiose 16 0.081 14 1.5 0.092
nigerose 21 0.016 2.7 0.29 0.014
phenyl a-glucoside 6.4 0.005 091 0.097 0.015
p-nitrophenyl a-maltoside 5.4 0.66 115 12 23
D mM.
®) ing glucose librated from non-reducing terminal / mg of protein / min.
9 sec™.
Ysec’ mm

Table 5-5  Kinetic Parameters of W652A a-Glucosidase for Hydrolysis of Various
Substrates

K. v relative ¥’ k9 ky/Kn?
maltose 6.2 1.1 100 19 3.1
maltotriose 93 1.1 101 20 2.1
maltotetraose 14 1.2 111 22 1.6
maltopentaose 14 0.59 56 11 0.80
isomaltose 25 0.15 14 2.8 0.11
kojibiose 34 0.40 38 7.5 0.22
nigerose 24 0.21 18 3.9 0.16
phenyl a-glucoside 12 0.021 2 0.39 0.03
p-nitrophenyl a-maltoside 2.8 0.83 79 15 55
“ mM.
»mg glucose librated from non-reducing terminal / mg of protein / min.
9 secl.
9 sect mM™.
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GAL 1
promotor

BamH1
BamHI-EcoRI / pBluescript II SK

Digested with BamHl and
mutagenesis EcoR1.
MI3 RV primer Mi3-20
>

EcoRV Bglli Psit  FeoRY

Subcloned into pBluescript 11
K.

SPG (G2444C) /pYES

BamHl EeoRI
Mutation was introduced by

megapromer PCR.
Digested with EcoRI and BamHl. Digested with BamHI and FeoRL

Ligation

GAL 1

promolor ¢ BamHl  EcoRl

Bghl Xhol

SPG (W479A); (G2444C) /
pYES

Fig. 5-1. Construction of SPG (W479A) / pYES expression vecter.

These mutations were introduced by megaprimer PCR method. The mutation

was confirmed by DNA sequencing. The newly generated mutation was shown
by X.

GAL 1
promotor Xbal
b
BamHI-EcoRY / pBluescript 11 SK
. Digested with BamHI and !
mutagenesis EcoRl. EcoRV Beftt Pstl  EcoRI
MI13 RV primer M13-20 Subcloned into pBlueseript 11
> —> K.
_____ s - SPG (G2444C) /pYES
BamHi EcoRY v
Mutation was introduced by
megapromer PCR.
Digested with ficoRl and BamHL Digested with BamHi and JcoRL
Ligation
GAL 1 ¢ Bamil  FeoRl
promotor

Bgit Xhol

SPG (W644A, W652A);
(G2444C) /pYES

Fig. 5-2. Construction of SPG (W644A, W652A) / pYES expression vecter.
These mutations were introduced by megaprimer PCR method. The mutation

was confirmed by DNA sequencing. The newly generated mutation was shown
by X.
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kDa

1 M 2 M 3 M

L 200

97.4

68

43

Fig. 5-3.  W479A, W644A, and W652A mutants of S pombe
a-glucosidase purified from cell-free extract.

S. pombe oa-glucosidase mutants W479A, W644A, and W652A were
purified basically in the same way as the purification of wild-type enzyme.
lane 1, W479A; lane 2, W644A; lane 3, W652A. M, molecular size markers.
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Fig. 5-4. pH activity profile of wild-type and
Trp mutants of S. pombe a.-glucosidase.

The reaction mixture containing 50 ul of enzy me
250 pl of Mcllvaine buffer and 200 ul of 0.5%
maltose was incubated at 35°C. M, Wild type;
@, W479A; [, W6d4A; O, W652A.

]
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Number of modified tryptophan residue (O)

NBS/Enzyme (molar ratio)

Fig. 5-5.  Inactivation of S. pombe a-glucosidase by NBS.

The reaction mixture containing 2.9 uM enzyme and various concentration (0 — 2 mM) of
NBS was incubated at 10°C for 1 min in 40 mM sodium acetate buffer (pH 4.5). The
number of tryptophan residue modified by NBS (O) was caluculated from the decrease in

the absorption at 280 nm. The remaining activity of enzyme towards 0.2% maltose (@)
was shown.

t00
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Remaining activity (%)

0 40 80 120 160 200

NBS/Enzyme (molar ratio)

Fig. 5-6.  Inactivation of S. pombe a-glucosidase by NBS in the presence or absence of
substrate.

The reaction mixtures containing 2.9 uM enzyme and various concentration (0 — 2 mM) of
NBS in the presence of 76 mM maltotriose (@) or maltotetraose (A), or in the absence of
substrate (O) was incubated at 10°C for 1 min in 40 mM sodium acetate buffer (pH 4.5).
The remaining activity of enzyme towards 0.2% maltose was shown.
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Fig. 5-7.  Inactivation of Trp mutants and wild-type S. pombe o-glucosidase by NBS.
The reaction mixtures containing 2.9 uM enzyme and various concentration (0 —2 mM) of
NBS was incubated at 10°C for 1 min in 40 mM sodium acetate buffer (pH 4.5). The

remaining activity of W479A (H), W644A (@), W652A (A), and wild type (O) towards
0.2% maltose was shown.
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6= ATE

AL S. pombe a-glucosidase DHEHE HAEDBIREZH SN TR I E2BME LT
Dz, ETHEZHD/DITHE 2 ETIX (DNA OV O—Z 27 %FWN, Z0O—Rkiis%EH
S5MIT LTz, S. pombe a-glucosidase tFo-glucosidase family 11 IZf& 3 % Z & A%hir 5 #. family
IICIIWEFLEE. Y. b Y, BRB®ROD-glucosidase MEFNZ M, ZNENEER RIS
EOWETIRR S, FIZIET > Y1 BRa-glucosidase 75 £l maltose & 1 $ starch DES7a
ST ORBIERWREEZRTL 'Y YNBEFHEED-glucosidase 137 DR EEY) &
U Tkojibiose. nigerose Z & < £HET S NS HEERT ' TN D S. pombe a-glucosidase
KRBWEETH 2. FONRIBETENRFRELIDINSOBESE S pombe
a-glucosidase ICE AT 2 Z LIIn[EEE X 55,

7z DD family 1T/ TE S a-glucosidase D55 family | OEEEIT, ZOMIE T I ) BB
HEORBERAT I/ BRE N a-amylase family BREHICADREERICHEEI N TNBA,
family 11 TIIfEIREII H R EE CBE OLZEMIC L > TREIN TN B REBEDA T
Holze TITEBMATILS. pombe a-glucosidase % F VW THUETEIEICHNERT I ) BBEE
DRFET O, TOEDITIIMNGERNEROBANKLEL RS, £ITE 3 ETIRY
NTEITFNBTZERIITAS LS EEEEREROEBELIT /2. S cerevisiae.

P pastris EZEEICLUEBE L BIT, $RIHEAMA Y VNIV BERETD ZENTE,

S. cerevisiae TVZIEHWL 1 ml B 7z DMK 0.6 U, P, pastris TIIHEE 1 ml H7=08
#ERITIU, AfBEPIC25U OFEE2BONE, ZEL. WTNOBES S0%Elx
% glycosylation 2321F 5. USRS > /NI BT MR 2D T < £ TIIFRFIZs 48
TH D, Signal sequence ICEREZEATZZ ETOATEBEOBDY >IN EBOEEITRYIL
THWBHHHBN, 7N EZHBNICERT 2720, BROBKEZZ 2 ERHBET
B3, :

B4 ETRBONZRBERZEZAVTHMFENEROBAIC L D AEREDORE 2o
7z. 8. pombe a-glucosidase DIEMEARBER % K NHEE D pH FEN SH/HRB E5EDDHILE
FUNETHD EDM Tz, T 0 THMBBRECHAERBREOEERITICHZD. 17 B
Do-glucosidase family 1 IZE KNSR ZEFILE TS &, 8 HFIOHINRF )V E 4248
95 Asp. Glu F&E (Asp-218. Asp-287, Asp-355, Asp-481. Glu—484,v Asp-647, Glu-714,
Asp-877) DREVHERIN, INSEENETHIEELE. INS5%E Asn, Gln ITEH#
THEREZBEALURE IS Asp-481. Glu-484, Asp-647 DNEMICHERT I ) BBEETHS
ZEBbMhoTz, 4

Asp-481 {3 TNET family Il THAKEE CBE OEMICIDEEINTNS Asp B & 4
F/sFEHETH DI L&, S pombe a-glucosidase HE 7~ CBE & 1 %1 1 THAT B 2 & TLEE
TBHIEND. Asp-481 DERBORBRBFERETH D EH#E LTz,

Asp-481 DEFEICH B Glu-484 B Gin, Ala DERZEATE LERELRS & &0 SERR
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RITRBARBRRETH S, LMLHEF UIVEEZR LU EREEE B484D 137 OEHILE

ERERBLTI%ETEET S, HEL52BERE  YYY — La-glucosidase THiss X
NTHY, Glu-484 ITHIET D Glu-5219Lys, Gln, Asp ZEBEDES. E521D DBINE
EROK 10%EEE DD Y, ko TSR B W THRER DI Glu-d484 DB TO
ANRFINETHD I ENbM o, E/2BEIE LT B484A 12 D-glucal 7K1 s D 4>
WD DASIA. D6ATA IR TNS NI ENSHBERELEER B ETHDETALE,

TEHEICBATH D LB U2 3 BED S 5 Asp-481 ASREETEE. Glu-484 25 fixer & L T8
WTWS EFRTER, Asp-647 ZREER D64TN, D647A 2B EREEZD 0.001%. 0.0002%
ERIEELETERERD. o TIORENBEEMEBRE TE2 2 2FHALE, B 2
BT T REE T RO R TIX Asp-481 13B-sheet DK, Glu-484 %3B-sheet & B-sheet
DED loop, Asp-647 ida-helix A E 5 FID loop BT 3.

N5 D Asp-481, Glu-484, Asp-647 28173 ) BB S R do-glucosidase family 1I T
HERCISREI TS, BOTOHHBET I/ BRENEZTHD. Trp REN 3 DR
INTWE, TITING Trp-479, Trp-644. Trp-652 ICERE Ala 12 B L 7 BEsE % 8
L. TOEFREBEOLELH, 5 EZNTND Trp BEOBEZFELE, WTNOTERSZD
BED b OEPKREBEHILIZZEME, METEECB N THATIIR VWS EE 5 %
RUTWBZE2TRTER., EREBREEOELH, S Trp-479 DV THA b 2. Trp-644
WYTHA b3 ICBbo TWAZ TR,

BEINSD Asp. Glu, Trp BEDEREM THRBEGOTHEZ Fig. 6 IcE L, L
LINSENTNSEBRTH Y. EEEORIT 2 L THARTNIIHEHTER N, 1 K81%
NE/FENZER (HEME) et RUEBE) OBROMIEAHE T 7. Kty
HHE CREEOBEROBANKRETH S, THEEOREANEETH 5,
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Fig. 6. Schematic drawing of predicted active site of o-glucosidase
from S. pombe in complex with maltotoriose.

By the site direct mutagenesis, Asp-481, Glu-484, and Asp-647
residues were confirmed to be essential in the catalytic reaction. The
carboxylate group (-COO™) of the Asp-481 residue was assumed to be
the catalytic nucleophile by the chemical modification with conduritol
B epoxide, and the role of the Glu-484 residue was expected to
induce the ring distortion of substrate. The carboxyl group (-COOH)
of the Asp-647 residue was a candidate for the proton donor. Trp-
479, and Trp-644 were presumed to be located in subsite 2 and 3,
respectively.
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