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Purification and Characterization of a-Glucosidases
from Spinach Seeds.

Manabu SucIMOTO, Satoshi Furul, and Yukio SUZUKI

Four molecular forms of a-glucosidase were isolated from spinach
seeds by several kinds of chromatography. The molecular masses of
a-glucosidases 1, II, IIl, and IV were 78, 78, 82, and 82kDa by SDS-PAGE,
and 62, 62, 190, and 70kDa by gel filtration, respectively. a-Glucosidases I
and II showed similar enzymatic properties. The Km for soluble starch
was about 10 times lower than that for maltose, and they had higher
activity not only towards malto-oligosaccharides but also towards «-
glucans. The optimum pH was 4.5-5.5 and about 50% of the activity
remained after incubation at 70°C for 20 min. On the other hand, a-
glucosidases III and IV showed similar enzymatic properties. The Km for
maltose was 3-4 times lower than that for soluble starch, and they had high
activity toward malto-oligosaccharides but faint activity towards a-
glucans. The optimum pH was 4.5-5.0 and no activity was found after
incubation at 70°C for 20 min. However, anti-a-glucosidase III serum

precipitated specifically with a-glucosidase III.
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RIL Y I TEDa- TNV VDR Y FOWH

B a-7 3L VEREDR 2 MY 28R TH DA, kY, WY, BRI oL T
WO, AEEROEERNLIR, FORBICIVFELTHL, TEUL, a7 V2 F—YE
K 3FESUCOIT B 2 L 2EEL 72, (1) AREFERS, 2 72— A7 & 9 % “heterogene-
ous” e HHE A AKGHT R, (1) AKEMERKRS, Z70—ATR%wW, <L b4 )T
o k5 7 “homogeneous” 7 B % MKSET b BEF27202, B Lo () =V b4 T
Va7 Th  a-TNH > B UMK RS BEER TH 300010072829 g T a2 =D
S HRIN RS IR AT L 2 X3, BE®, T AR, A A, A X
S oS BRMED, I VNFD, BT HIEBOICBWTHREEI N TS, [H—
DOHRED L DA b BBER 172 25 DEERIE, A THEREEMET Y 7 OGS & ok
BboTWBDd, $7, BRIEGOEEE ¥ <7 EtkE & MBIk L2I2T 5 k
TRWIFRMR & 7 5. _

RriZB{EFE I a2 7574 =2k RTIL Y IRETRLADODER -7 2L T —
PR 7. AFERTIE, b a- 7L Y —rOREElYE, ZOWHIZOWTHRET
5.

ME s LU HE

1. RERMH & EER

R L 72 kL > Y KT (Spinacia oleracea L. cv. Dash) 13, wWilldh (KFIRER
&H) ThH, wNb—2R, TIiv—2, BLETNLT 2 3REAEBCERFER, <L h b
Wt —2, 2N FTFIA—R, R IF—R, BLIOT) A= REFATATA
7, WEMT Y 71k Merck, T 3 o7 F 23 EFEIBEHRA S, BEIOTXALT Y
i, HGHSE TEBRASH, DFNFNBGETHS, f-) v b TFXAMIVE, 7T
KA FFEFTL 7> (BH65E) &4 4 LX B-7 37—+ (Boehringer Mannheim Co.)
WAL L THs L 2R TH 2, F 72, DEAE-Toyopearl 650 M, Toyopearl HW-55S,
TSKe, G3000SWy, 3 & 1f Ultracent-30i3, wY — RO MTH B,

2. PWHFE

B EMDOBE ; 0.2ml 00.5%HE, 0.1ml OEER#ES & 0°0.2 ml 050 mM FkER % ik
(pH5.3) 5 7% 2 FUBHE (4-80.5ml) #37°C TA > ¥ 2X— b L7z, BULHE, BOGHBIZ
1ml® 2 M Tris-HCl (pH7.0) #%m¥ 3 2 &z kD RG#EEL 72, #8EL 27 v a—
2813, 73— AR-1I test (HIYGAE T8RS 2V Y RA-7La—2F X &
S re— A XL T — BRI E NHIEL 2. CHLDEHETIC BT I ARICE"E Y 5 1
umole D/ Na— 2L WHET bEBEFHEL 1 2=y LT

EREBOBE . Y VHRE, FMETNT I 2RI VT HT T F 71—
FEEC L D ERDHZY,

SIBOBE KR 2EEOSTEE, SDS-PAGE &7 Li@ikic & - ToE L 729,
SDS-PAGE 1310% 07 7 VLT I FilsEE L, §>x7BiE/7~>—=7U YT > P 70—
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R-2501c L Dt L 72, #LiEdiE, 0.2M it + U 7 4 22¢0.05 M EEESEEEW (pH
5.3) 12k - THEHAL L 72 TSKge: G3000SWy, (0.78%x30cm) %2 w72 HPLCiz & 4T
72, WHIZ0.5ml/min & L, 280 nm DIENEL =9 — 7.

& pH, pH 2EHRUBBREMOBIE | 58 pH & pH Z2Ets, pH2.0959.0F T
FL7 BEpHEEMROKIGHIL, 0.2mlN0.5% <Lt —Z, 0.1mlDEEFEE 6
mU), 0.2 ml o Britton-Robinson &% & L 72. pH ZEMZ, 0.02ml »EHR#E (5mU)
&0.08 ml ¢ Britton-Robinson 28 5 % 2 /UG %, 4°C T24ReRfR - 721%, 0.2 ml
0.5%</F—2+0.2ml ?N0.1 M EeE&EE®R (pH5.0) 2&mL, 37°C TLOHMMRERL T
WE L 72, BEEMHIR, 302 575°C £ TOIRBENTRIEL 7., 0.1ml nEHEE (GmU) &
0.2ml 0.1 M BEEREMEH (pH5.0) » 5% 5 MUGH % 2050 MR 5, JKivtk, 0.2ml 70.5
%N b —ZA 22 T37°C, 105HRIEL 72,

a-INAL T —EMNT 2HNEORK KR a-7 V22V —FIE2EFL0.5ml D
0.05 M BEER &R (PH 5.0)12, 0.5ml 704> F DFELET ¥ asN> F #EAL 2IULHE
AAZOTYXICETFHESL, L2, 2805, 0.2mg O8RS0 1 ml DI E 7
FXICES L 22, MBI, FoRSRREg EREICERRL 2, i, 37°CIc B VT304
8L, 4°C T—H/HEL 7. 0%, 10,000X g T ME.OGT 5 2 Lic & Y LiF & mf
POBEL, BiE%56°C TI0MMRIEL 72, M 1gG i3, 40%HEET > =7 2fflc & 1) MiF
P LAEEL, 0.15M it F ) A X0.1%nEbF F ) 7 A FEEL0.02M b ) X-IERE
e (pH7.4) o3t CEMTL 2.

FTOLYVYIBEFHED a-I NI T —EDRE
HRRROBY HROT7LV > Y B2, KEKTHREL, KELHET TR &1
(50g) #7—F I (74 7A7—F 30 HL2053%, 74 Y v 7 2%8) 2HWT20
KRR L 72, B L 72 1kg DT %, 5 £0.05 MEfLT + ) 7242 &80.056 M BrEREE
M (pH 5.3) BB L 7>, BB % 4°CIcT SRR L 248, 4°CIlc T3 HIiIc—RE
L7z, BB Y I XY —(FaFLVERI XY —, BRTESHE) %L, 71 No.
535% M2 CURE | L 72, WK BB T > =7 4 285% 81 E Tz 72, U2
Wid B OB L D £, 0.05M 0tElbF F ) 7 A% &10.05 M EEERRER (pH5.3) 2
B, FEMROBERICHL T4°C, —BEMLL. BB EELTEC L NKRE,
Z0 FER T MBERMHAE L L.
CM-EAO—RASL202bI57 44— BHEMEEZ, 0.06MOELFT ) 7428E
$20.05 M BrERiEfE (pH5.3) Ik N F#EbE Nz CM-kva—2 277 4 (6X15cm) (2
L7z, 7 7 ald, EMBROBETRIC THIFE, BEL2 s 37 BekibT b ) v ARE
0.05%°5 1 M OEGEBENRI L DiEH L2 (Fig 1), BEEMRIE, 0.05 M ok b
)7 4% E10.05 M BERRAEEIRIC & 2 EMES 0.5 M olElbS M) 7 A% E&10.05 M B
FRARAEIIC L A UAMESICED L. 2 ODOBRES TN TNED, UK-504> 71>
(7 F N> T v 7EERRASHR) L 0iE&EL, 0.025M o + ) 2-taEeEE® (pH7.0)
Zx L GENTL 72,
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Fig. 1. CM-cellulose column chromatography of a-glucosidase from spinach seeds. The
enzyme extract was put on a CM-cellulose column equilibrated with 0.01 M acetate
buffer (pH 5.3) containing 0.05 M NaCl. Elution was carried out with a linear
gradient of NaCl in the same buffer. Fractions (20 ml) were collected at a flow rate
of 30 ml/h. O, absorbance at 280 nm ; @, maltose-hydrolyzing activity ; A, soluble
starch-hydrolyzing activity ; ---, NaCl concentration.

DEAE-&LA—ZRASLZAT 557 4—  CM-vnuo—2h 7 2%2F%E) L BRI
i, 0.025 M o b ) 2 —¥aEEER I (pH 7.0) TF#HLE iz DEAE-+m— 27 7 4 (3X
10cm)icgkL72, 7T 4%, 0.1M b+ ) 724 %25¢0.025M b Y 2-EEREE R (PH
7.0) CHERE, WAL YoV EE, 01205 1 MotE{bF b Y 7 A& FURMKORE
W kA EG AR L) B L 2, BEREN0.2 ML M) T A2 ST HES
LI, BEEES R ED, BEL, 0.01 M EEEER (pH5.3) oL GEMTL 2.
)iz, CM-t)Lo—2 74 7 ks, 0.5ME{bF F Y 74%2&10.01 M RFERIEME L T
toMEE, 0.025 M b 2 YRR (pH 7.0) (CX L TENTL 2EERHEE0.025M U 2
ViR (pH7.0) TEMILS 1172 DEAE-©w Lo — 2% 7 Azl 72, BERIGMEI,
0.1M¥EfkF b Y 72 %&80.025M b U 2 SEREER (pH7.0) EHETICED LN,
BERES & o CEHL, 0.2 ML Y 7 A% 280.05 M BEEREEEE (DH 5.3) iIcXL
TEHL 72,

DEAE-} 3/8—J 650M #5407 557 4— DEAE-RIL v —2% T AICKAL
EEFEMEIE, 0.01 M BERREEMEE (pH 5.3) TFE#{LS 7172 DEAE- } 2/%—/L 650 M (3X
Tem) 2Bl 72, # T A%0.1MEEALF b ) 742 EORMBOEER TRk, WAL
9B, 0550.5 M ofaftt b Y 7 A% ST EMBEOSERIC L 5 ERREIE
CE DML (Fig. 2). BERIEM, BRWOBEE (a7 a3y —+1) £0.2M DI
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Fig. 2. DEAE-Toyopearl column chromatography of a-glucosidase from spinach seeds. The
enzyme solution passed through the CM-cellulose column was put on a DEAE-
cellulose column equilibrated with 0.01 M acetate buffer (pH 5.3). Elution was carried
out with a linear gradient of NaCl in the same buffer. Fractions (4 ml) were collected
at a flow rate of 30 ml/h. O, absorbance at 280 nm; @, maltose-hydrolyzing
activity ; A, soluble starch- hydrolyzing activity ; ---, NaCl concentration.

itFr b )oa (-7 nasF—vIV) Ik - TAERINIESGICRO LN, 2 O0DBERK
i3, FAFNENRL, BAE&EIcL ) BHEL 2.

TSKge; G3000SWy (=& 3 HPLC : DEAE-t /LT — 2% 5 4% %580 L -BERIL, 0.2M
DEEALT M) 7 L% EFT0.05 M BEEREREH (pH 5.3) THHT{L X 4172 TSKger G3000SWx, 12
& 5 HPLC 2 B\ TH#0.5 ml/min T4 8L 72 (Fig. 3). BEREMHR, VT3> 4L
165 (@~ 73 #—+l) $185 (a-7 N2 7 —¥IV) DEGTRD b7, BERES
i3, BzicEULL, Ultracent 30i2 & - T#E#HE L 72,

a-INaAL Y —E 1D DEAE-F 3 — 650 M 2380 L 72BEEMIE, 0.2M ik
b+ P )7 L% E0.01 M BEEREER (pH 5.3) IS8T L TERL, B EEHERICL - T
TG L 72 TSKge: G3000SWy 12 & 35 HPLC i2 B Ci#0.5 ml/min ToHBEL 72, BRI
iz ) T3 v 84 L1855 THEHE NS ESICEED L N7z, BERES S, B L, Ultracent
VL ->TEBEL, che2BTsH2EHN7u= 2175 72,

a-INAL Y —EINOES . DEAE-F 39— 1650 M Ik L 72 BRI, 0.05 M kAl
FF U7 A EEL0.05 M BEEERENE (DH 5.3) 12 & » TF#{b L 72 Toyopear]l HW-55S iz
fit |72, BERESIEIL, BAEBEZIT, 0.2M ol b+ ) 74 %2800.00 M B:EEE
EE (pH 5.3) oA L TBT L 72, BERWIZ, B L 28 ERIC X - CTFEEb L 72 TSKge
G3000SWx 12 & 3 HPLC |2 3> TH#E0.5 ml/min THBEL 72, BERIEHER) 723 3> 4
A L1875 T R LB ESMCRES b L7z, BERESE, BULL, Ultracent 3012 & - TERHE
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Fig. 3. HPLC on TSKg. G3000SWy, of a-glucosidase from spinach seeds.
The enzyme solution, which passed through the DEAE-cellulose col-
umn after bound to the CM-cellulose column, was subjected to HPLC
on the TSK e, G3000SWy,. The column was equilibrated with 0.05 M
acetate buffer (pH 5.3) containing 0.2 M NaCl at a flow rate of 0.5 ml/
min. The elution was monitored by absorption at 280 nm. The shaded
areas indicate the fractions that showed a-glucosidase activity.

L, ch gt 2FEBNn7u=t 2T 7.

a-INAL T —EMEIVOER . TSK,. G3000SWy. 12 & 5 HPLC CBWTHBEL 7z a-
I3 S—PIIEIVIE, R&EBCEN FRFRIERC2ER 7=t 77 42470, e
BT,

REBIUEE

MM

LMD a- 7 N3 F—EhRTLy Y IEFLNEEEIN, CM-t Ve —27% 7 A4
rsa= k7574 =2 BV 2 ODBEES VRO LN, FNLN—DI3h T LICEAEL K
WLDTHY, fn—2120.5M DElLF P 7 Az k> THEHENE LN TH-72.CM &
o — 2 JEREESHE, DEAE F 3 = hFn7u2h 777 4 =BT 2 ODMEEE
S la-ZNnayy—1 eI oo, BOESE, TSKe G3000SWyx iz & 2 HPLC
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BV 2 OOEEESICTBES L., BE@RE%L Table TISRY, a-7 V2 9—+1,
I, OB LIViE, 19.3, 25.0, 386, 152f5F TENFNEEI N, <)L b — 2K
PRI BT 7 Ik REE O iz F L EN0.54, 0.50, 16.1, 17.8ThH -» 7.
¥Hl 72EEEL, SDS-PAGE I L VH— "> FTH B Z Ep38D L7z (Fig. 4).

Table 1. Purification of a-glucosidases from spinach seeds.

Maltose-hydrolyzing activity  Soluble starch-hydrolyzing activity

Total Total Specific Purifi- Yield Total Specific Purifi- Yield

Step protein activity activity cation activity activity cation Ratio®*
(mg) (U)  (U/mg) (fold) (%) (U)  (U/mg) (fold) (%)
Ammonium sulfate 10,900° 4,790 0.44 1 100 5,180 0.48 1 100 0.92
CM-cellulose
a-Glucosidase I, II  2,840° 386 0.14 0.32 8.1 500 0.18 0.38 9.7 0.77
I, Iv. 1,050° 3,270 3.1 7.0 68.3 1,410 1.3¢ 2.7 27.2 2.32
DEAE-cellulose

a-Glucosidase I, Il 48.0 64.5 1.3 3.0 1.3 59.8 1.2 2.5 1.2 1.1
I, v 24.4 2,940 120 273 61.4 243 0.0 20.8 4.7 121

DEAE-Toyopearl 650 M

a-Glucosidase | 3.2 5.6 1.8 4.1 0.12 10.5 3.3 6.9 0.20 0.53
I 37.0 12.8 0.35 0.80 0.27 22.2 0.60 1.3 0.43  0.58

Toyopear] HW-558

a-Glucosidase 11 31.1 12.1 0.39  0.89 0.25 20.2 0.65 1.4 0.39  0.60

TSKge: G3000SWy,.

a-Glucosidase I 0.06° 051 8.5 19.3 0.01 0.94 15.7 32.7 0.02  0.54
II 0.05° 0.55 11.0 25.0 0.01 1.1 220 45.8 0.02  0.50
I 7.1 1,210 170 386 25.3 75.0 10.6 22.1 1.4 16.1
v 1.2 80.3 66.9 152 1.7 4.5 3.8 7.9 0.09 17.8

2 Maltose-hydrolyzing activity/Soluble starch-hydrolyzing activity.
b Calculated by the metehod of Warburg and Christian.

SFEROMHE

SDS-PAGE & » Tkod b7z a-7 v s F—ro#ESTRIIZENEFN], UAHT78kDa
T, I, 1Vii82 kDa T& - 72 (Fig. 4). G3000SWy. iz & % SOVIEBIC & - TR b L HEE
STERFNFN a-7 Ny F—+ 1, [I462kDa T, 2190 kDa, IViz70kDa TH -
7> (Fig.5).

SDS-PAGE ¢ “LEBICBWT a-7 a2y ¥ —PHINHEEST TENE RO LR,
AEEF (L SDS-PAGE o B W TH—D > FERLEZ, ZOHRE a-7 12 F—RIIE B
FLANTORT T2y b L% BLNDTREVILEZTRBRTELDTH S,
pH C BEDRE

<)L b — 2RSS 5 pH %R E A~ (Fig. 6). @ pH 32 L1, a-
InaLy—¥1 E1»4.5-55TC, a-7 Va3 ¥—MEIVIL.5-5.0TH-72. §TXTD
BERIEpH2.0» 59.0F TRETH - 2. BEEEEEW (pH5.0) H1T70°C, 2057 MH L 72
B, a7 L3 ¥ —+ 1 & IS0 %DBERIER LR LD, a-7 3 F—UEIVIRE
ME k72 (Fig. 7).
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Fig. 4. SDS-polyacrylamide gel (109%) electrophoresis of the purified a-glucosidases from spin-
ach seeds. Protein was stained with Coomassie brilliant blue R-250. a, marker proteins
(top to bottom, phosphorylase b, bovine serum albumin, ovalubumin, carbonic anhydrase,
trypsin inhibitor, and a-lactalbumin) ; b, a-glucosidase I (1.8 ¢g); c, a-glucosidase II (1.8
1g); d, a-glucosidase II(2.5 ug) ; e, a-glucosidase IV (2.5 ug).

Molecular weight (x104)

'I | - 1] 1 1 1 1 i 1

15 20
Retention time (min)

Fig. 5. Estimation of molecular mass of the purified @-glucosidases from spinach seeds by HPLC
on the TSKge; G3000SWy,. 1, y-globulin (160 kDa) ; 2, bovine serum albumin (67 kDa) ; 3,
carbonic anhydrase (30 kDa); 4, cytochrome C (12.3kDa); a, a-glucosidase IIl; b, a-
glucosidase IV ; ¢, a-glucosidase 1 and II.
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Fig. 6. pH-Activity (@) and pH-stability (O) curves of the purified «-glucosidases from
spinach seeds. Reaction mixture for pH-activity consisted of 0.2 m! in 0.5% maltose,
0.1 m! of enzyme solution (5 mU), and 0.2 ml of Britton-Robinson buffer. The mixture
was incubated at 37°C and the liberated glucose was assayed. Reaction mixture for
pH-stability consisted of 0.02 ml of enzyme solution (5 mU) and 0.08 ml of Britton-
Robinson buffer. The mixture was kept at 4°C for 24 h. Then 0.2 ml of 0.5% maltose
and 0.2 ml of 1 M acetate buffer (pH 5.0) were added. The mixture was incubated at
37°C and the liberated glucose was assayed. a, a-glucosidase I ; b, a-glucosidase II ;
¢, a-glucosidase Il ; d, a-glucosidase IV.

a-7NaL F— 1 ENOMEET > 7 axd 258 pH SiREE, = F— 22T
BLNEFEVWERLNG D -2 (FT—FI3R&E L),
XA

Brata-7 a4 Ficxtd ks EEE e #A~N, w0 b—2 L EL 72 (Table
M. a-Znzayy—xIl =Lt bV d—2, @Vt T P 74— X, 2V X2 I F—
AWK BESATN = AL ) AECEEERRL, ZOP T ) A AUSKHT S
L5 L FALDTHo7, a-7nasyy—E1 LI, f V= —XR, 72 =)b-
a-7 WAV FB LR 7 a— 228 2MKGHEEREY <L P —ZADWBLUT TH - 72,
a- 7N F—rU &IV, 2L —22 T 2 EEIMMOEEL) Lo 2 &L, <Uh
FY A — 2ol b A — 2 F TN I — ADBELAEHIBEMT 5126 > CTEHEIXRES
LTz, AEET 7Yy, AV =2, 7x=)-a-7 VAV AL F, XF)-a-7 L3
A FBLrR7e— 22T 2 EEECNL F—ADLWWBLT TH - 72,

Keric a- 7 WA 2 B Ik EENE L F~<7z (TablellD). 3XCHOBERITTEHEET
UM LTELEWESEERRL, -V I v b TEAM) L THhOTIcEREER
L, 272, %2 5>, 77 L TEERRS Lh o2, a- 72y ¥ —+ 1 L1
Fin—2, TIiuXrFr, BLUTNLTIZHT 2EESTEET > 7> 0290 544%
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Fig. 7. Temperature stability curves of the purified «-glucosidases from spinach seeds. An
enzyme solution (5 mU) in 0.1 ml of 0.04 M acetate buffer (pH 5.0) was kept at various
temperatures for 20 min. After addition of 0.2 ml of 0.5% maltose and 0.2 ml of 0.1
M acetate buffer (pH 5.0), the mixture was incubated at 37°C and the liberated
glucose was assayed. a, a-glucosidase I ; b, a-glucosidase II ; ¢, a-glucosidase 1III ; d,
a-glucosidase IV.

ThHhotz, LeLLds, 7)) a—52ieNT 3 a-7vas y—LIEIVOFERIR, #1F
NAEET > 72D 9% E13%THY, TIvnXI7F 2T s a-7 03y 5—EINDFE
MO T > 7 DE1% TH - 72,

PR EWENT Y T DIMKRGRED T A —F—% T4 > T E— X=X —
vy MIENDFENZ et —2icxdT b - N F—F1, I, MIBL0IVD Km &
Vmax (mM, mg glucose/min/mg enzyme) i3, % #1 £ (21, 1.55), (21, 1.36),

(4.5, 8.19) 2L T (5.3, 3.01) Thorz, WHEKET > 7> ickd 2 Km & Vmax (3,
FnEn (2.2, 3.48), (1.9, 3.18), (1.9, 9.81) BL* (17, 3.16) TH Y, WiEHT >
TN T L -7 Nna =1 D Kmid, <L F =200 EWEEZRL. #1
Lit, N bAN TESETTCEST Ie—2, TIaXrFr, S)a—rr, BLUg-Y
Sy FTXAMN) DI T a- TN ELMAGHRT bEmEEs o Tne, Zhb
DFERIL, a~- 7N F—F T L UIPES TRALLETELOSBELZ a7 V22 85—+
ITN—7HNICBT 52 27 BL TS, —F, a7 NVasF—kMEIVo=)L b — 2zt
T5KmiZ, WEET 7T L0036 45 Kr -7, ZbiE, =)L bt ) ITHRCH
LTEWEEEZRTY, a- N R8Ka-7Nnad A Ficd L iz b TrhiEmlL
PRI U, INLDERP L, a7 Va2 F—FIEWVIE, 7NV—7IICET 3 & RER
nas,
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Table II. Substrate specificities of a-glucosidases from spinach seeds
for a-glucosides. The reaction mixture (0.5 ml), which con-
sisted of 0.29 substrate and enzyme (5mU as maltose-
hydrolyzing activity), was incubated 37°C for 10 min. Rela-
tive rates to maltose-hydrolyzing activity are shown.

Relative activity (%)

Substrate

I II 11 v
Maltose 100 100 100 100
Maltotriose 298 292 153 132
Maltotetraose 285 284 140 126
Maltopentaose 393 385 77 69
Soluble starch 204 214 5 4
Isomaltose 45 47 2 1
Pheny!-a-D-glucoside 21 22 7 5
Methyl-a-D-glucoside 6 6 1 1
Sucrose 2 6 2 1

I, a-glucosidase I ; II, a-glucosidase II ; Ill, a-glucosidase Il ;
1V, a-glucosidase 1V.

Table Ill. Substrate specificities of a-glucosidases from spinach seeds
for a-glucans. The reaction mixture (0.5 ml), which consist-
ed of 0.29 substrate and enzyme (5 mU of a-glucosidase I
and II, and 180 mU of a-glucosidase IIl and IV as maltose-
hydrolyzing activity, respectively), was incubated at 37°C for
24h. Relative rates to soluble starch-hydrolyzing activity

are shown.
Relative activity (%)
Substrate

I II 11 v
Soluble starch 100 100 100 100
Amylose 36 35 37 34
Amylopectin 44 33 24 61
Glycogen 29 32 9 13
B-Limit dextrin 2 3 3 7
Dextran 0 0 0 0
Pullulan 0 0 0 0

I, a-glucosidase 1 ; II, a-glucosidase II ; Ill, a-glucosidaselll;
IV, a-glucosidase V.

a-7 N3 Fy—+1 L1, BULaoFR, &EpH, pH%EW, L UREREE* D
D, INbiE, T —ARWEET 7 ik s KmE Vmax DMEICB T L BEELE
LAY YY (RAG /AR
REFRYE

AREZOGEFHLIER, A 7902 FTNT 4 72— 3 2 HEICE VT2, 31T
a-7na s —rlMEE a-7 12y F—FIIc i L TR TLRE 2 2R L 72, (Fig.
8). “NLDERIT a7 Ny F—YIEIVHFELREFEYE (T IorFr 2k,
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Fig. 8. Ouchterlony double diffusion of the purified a-glucosidases from
spinach seeds. The center well contained 30 x1 of anti-a-glucosidase
[lI-serum. The surrounding wells 1, 2, 3 and 4 contained 3.6 ug of
a-glucosidase I, II, I, and 1V, respectively.

i E -3

a- TN =D TERPERE I a2 777 4LV RTL Y IEFSLH
I, e-7nayy—x1, I, M, Vo1&, £ SDS-PAGE i Lk 1) 78,
78, 82, 82kDa, 7L iEMICL D62, 62, 190, 7T0kD TH 72, a-7 a5 —+1 &1
i3, AT 7R EE L LB KmfEd =L b —2 5 ) LHI0EELS, 2512, a7
AT TELL=N A THEICH L THECWEELZRT I e 5, BU L) wEBERINR
MEFOZ LARIN, Bl pH 124.50 55 5% L, BELEMRIRT0C, 205 LH T#50
GOBIIENE R L7, —H, a-7 Va2l F—YIMEIVE, oL =252 L LED Km
EABEET > 7> 504 3- 4B ECEEZRL, =LA ) TR L TRECEEZTRT
B, a- I NA L TR EAEHEERZ RIS LW &b, MU &) RN ELET
L5 EHRENT, B pH 134.5-5.0, £ L C70°C, 2057 TIEIHEFROH LN T H -
2. L Ladrs, fla- 7 nal y—xlER, a-7vas F—rIizi L ToOAEED
IR E O L 72,
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