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5T\ %, Miller 529 %577 & Ifil il # trans-a—
glucosidase %5, maltose D4 7t & 3 soluble starch
X° glycogen % & IE#% glucose % £ T 56 2 & &3
L2z IFLDELT WABHYWEIKED a-
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5 220,
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3. BREMHOATES L UBROE

BESR OGRS, Bl L 0 W BE T 2 glucose %,
Glucose-AR 5 aH] (FIGHISE T2 o4) 2 H
WY CHllE L 72, BB & L C maltose % A
VW 72FE % maltase i6E & L, maltase 1 unit & i3,
LUF o B FOB 412 3T 147 IS 1 gmole @
maltose Z KBS BB m & D72, o B, ik
WDFRIZ S > 7' E 1mg H721) D unit B THEL
72,

FEHE B, 0.5%maltose 200 g1, B ARE 100
ul, 0.1 M ) > ) v 288 (pH 6.7) 200 p1 0
500 ul & L, 2% 37CTHHMRIGS 2, B
{1k 13, 2 M Tris-HCl &2 (pH7.0) 1ml %
w7z, fgn THrE DRI (0.2%7 =/ —,
0.08% 4-T7I/T7>FEN)>r2&L0.1M Tris-
HCl #f# (pH 7.0)) 12 0.24%12 7% % & 5 127
L 72 Glucose-AR II Z& 431 200 x1 Z M2 37C T 1
BRHISE & 72D 5 505 nm DG EZHE L, 2
# it & bEEE glucose # B & L 72,

pK, MEHIENFEE TIZ, maltose #IH & L 723
A, FEE KW E168 M & L 4 pH @ Britton-
Robinson #2485 (40 mM ) > &, 40 mM BEER, 40
mM R 7E—0.2 M NaOH) < 5 4 KIG S,
100°C T 3 M L, MG 245k 70, SHilicR
L7 %, 1.25 mM MgCl,, 375 xM ATP, 37.5 xM
NADP, 0.625 mM DTT % &%r 62.5mM Tris-HCl
B A 2ml Nz, D1k, 5 ughexokinase, 0.1
U glucose-6-phosphate dehydrogenase % & r F#
FRVEWE 20 w1 %Iz C NADPH Bt % Bith L,
40 FIRICHOE L ROE % 5Eh S 7, L 72
NADPH (Z, JiliE¥ £ % 340 nm & L C, 460 nm I
B pafs SWE L, el & i HE glucose
=& HE L 72,

Soluble starch %8 & L 7245413, U2 3 2
SIRPBV I & 5 TIERITRGG 7L 3 — 2 WIE &
ELTRLNZE, Thbb1%w/v)bizh) 1.42
mM & L CEEKBE % 100MIiCc %L C
maltose & [ERRICHIE L 72,

4, FNOEBENAE
BRSO W TR, IR (B 2 15.9
E LT 280 nm DR L ) Ked7z, FMFELERE
T3, Wilatesi s 10 & EL TR L2, 72721,
Sephadex G-200 77 7 & ¥ H 4312 > W T (%
Lowry ™I &0, A MiFET VT I > 2 H#E S > ox
JHEL T HameKdiz,

5. T1 AU BRAEE

RYT 7)N0NT 2 FrVEREKE) T Reisfeld &
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RC, 7720.5¢X7cm) 1AH72) 3mA DE
I TIT-> 720 7 IVIEEEIX 5.0% & L, 3k 50~100
ul(10~50 ug > 7%278) % 7°) o —)L 100 xl &
RAEL, =—7%—& L T BPB % _LJgouks) A%
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Tht L 72,

6. 5w b/\I3 a-glucosidase DF5HL

HHRERAE L TEBW2 T v bANG (60 IT5y) 20 528
Wailor 2800 L, ML TR 2L 72, 2o
A (100ml) # 4= 5mMEDTA 251 0.1
M ) > ) 7 LREER T TR D A4 XL, ml
e (15,000 X g, 1WefH) L Ciblz BIL 72, 5
LNz % 1 % Triton X-100 % & 200 ml PD[H
REARHCIT AL T, 0°CT 1R 20 12 Bidh
LS b aiE b 2475 72, 2 DOEALI % 8555
B (110,000X g, 1K) L5172 EiE% crude
extract (1,497 mg, 1,016 units) & L7z, 2f%&ED
WT eI L) g7 2SN LE
Loy (8,000% g, 20 43[) 2475 TF %7 %0l
IXL, P 0.1%Triton X-100 % & [RIARE WIS %
L 72, %01, Sephadex G-200 7 7 2, DEAE-
Sepharose CL-6B 7 7 4., Toyopearl HW-55F 7
Z X, Toyopearl HW-65F 77 7 2047 a=<= 75
74— & ) AREEE AL (Table 1), ®) 727
VT I FSVELAKEC L) H—2oNy FTHBE
R L 72,
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V/Kn?® pH M FVE > & Dixon plot 12 & » Tk
5115 7%, Michealis-Menten ¢ 53X

- Vs
K,+ts
13 Kn>s 5% Y SLOKE

o= )s
E b, - T, WET 5 pH T Ky>s PIHOLS
B —EDRIERETFICB WL, v i3 V/Ky Tk
Bl§ 2255 00 pHKGEMEL S pK, 23KD 5
T EDTE D, EEKIZIE, pKa (BN pKL) & pK.,
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Table 1.

Purification procedure for rat intestinal a-glucosidase.

Total Protein Total activity Spe.c1.f ' Purification Recovery

Procedure (mg) for maltose activity (-fold) %)

g (unit) (U/mg) °

Crude extract 1,497® 1,016 0.68 1 100
Sephadex G-200 260.79 725 2.8 4.1 71.4

DEAE-Sepharose 0

CL-6B 38.8 700 18.0 26.5 68.9
Toyopearl HW-55F 15.4% 563 34.8 51.2 55.4
Toyopear]l HW-65F 8.2 447 54.5 80.1 44.0

a) E1%, at 280 nm was 10, b) E1%, at 280 nm was 15.9.

(7w VMM pK,) D7Eh 3 pH HAZLL L34

WAEED 1/2 %74 pH # 2NN pK, BL U

pPKey EALTZENTE S,
2) frEEE (AH,) D&

WEEE D WSR2 BT B S o R B 2L S DK
DIRBEEALD 5 van't Hoff DY

dIn K, _—AH,
d1/T) R

Thbb
d(pK,
A&ZZ3R—%W%
EHWTKkOHLEN S, 22T RIZEMEER, T I3
FIHEE TH B, /- T, Bl 5% T pK, fH% N
FEL, WMEICHL TpK iz 7wy b LTSN
HEMOE E b R E BINTE 5,
(3) fRHEICHE D MIEAZE LD
YRR O p K, BIZEIEDFHEER D B L %
FAEYEDHD. T bbb NKRX I LED L IS,
fRHECBE L THi7ZICIEAD A £ > 24 L 2R TIE,
T3 DL ) ITHEOFTDZED I Iz R
T, BBEOFEROHELZT 5, KROFEERD
R T pK A INT 2 (REEDHIIS 1L2) 2k
PHHEE N B,
—COOH<—COO~+H* (0 «=+)
—NH,*~—NH,+H* (+<+)
B T, W AT A N 2 CEEER A EC L
72HAD K MO TN EWET 5 2 & Tl
FEDIRBEI A S WEDOZALD RIS HEE TE B,

BWRBIUER
|. pK, FEDBIE
o (EHEDEERIC BT B IGIEMEER D pK) 1H

i ﬁ%f% 7% 72 BOGSRE T pH — i R
TR, BN 0.1 ml (maltose 1% L T

0.054 ug, soluble starchliz %f L < 0.053 ug),

Buritton-Robinson # i #" 0.2 ml, 0.42 mM

maltose & % \» (% 0.25 mM soluble starch 0.2 ml
Dt 0.5ml % 37C TS ¥ 72, Z DR % Fig. 1
1R, BRI O IG MR RESE 113, maltose 732
Wiy, pK.=4.52, soluble starch 7" D4
pK.=4.58 TH -7z, T ) IOREEEE 2 7 pK,
%, maltose 7" IE'E D4, pK..=8.19, soluble
starch 7"3EH DYtr, pKo,=7.92 Th - 72, M
HEH D pK 13, WREDIREE & B DHEA L 72 kEE &
TR EMLNTEBY, BEOE WL
BHEMEATTO pK (pKes) LEIAL B, LA L,
BEENEER D pK (Z B NI b b T —F
ThdZEVFPFESN, 4HDKR D maltose &
soluble starch TIXITE—DMEE % - 72, L& 5
oD, NXT7F FOREERLIC OV TS LS R
pK, E® (Table2) &l o, L1 ITIH 0L
AU (pK=3.0~4.7) P HEES N7z, MM
2z onTIE, T /(K =7.6~10.6), 135
V= (pK=5.6~7.0) /2l A7k F) Lk
(pK=7.5~10.3) OWFN»EHE2 b

2. BBEB RN

TAEEE 1 &R 2 2 X HICFEEICHET 2720
12, fREEEE S L 72, BRSE EER BT 20T,
25C, 30C, 40C, 45CHKIREIZ BT 5 pK, %
#%E L, maltose 8 & ¥ soluble starch ##& & L
TIF S N7z pK, OB EM A Fig. 2 123 L 72,
van't Hoff »® % Fv TiRER (AH,) #5HHL
728 Z 2, maltose ZIHE & L728A, HEEI 11X
AH,=—2.1kcal/mol, #8212 AH,=3.7 kcal/
mol T# - 72, soluble starch % 38 & L 72354, fif
BESL 113 AH,=—2.0 kcal/mol, f##8ER 2 12 AH,=
5.4kcal/mol TH -7z, KM nE®E AH D
ISR OFER EERIC—ET 5L DIFRWIER
NZdrotehy, 26 OFEME AH EIZT 3/ B
TOMETHY, Zr 7B PTIIELLBLZ LD

% DEEFR THER LT %, G DFERIZ DWW T
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Fig. 1. Effect of pH on hydrolyses of maltose (A) and soluble starch (B) by rat intestinal a—

glucosidase.

A reaction mixture containing 0.1 ml of enzyme solution (5.4X102xg of protein for
maltose, 5.3X1072ug of protein for soluble starch), 0.2ml of Britton Robinson buffer,
0.2ml of 0.42mM maltose or 0.25mM soluble starch was incubated at 37C.

Table 2. pK values and heat of ionization (AH) of some groups present in proteins.®

Group pK(25C) AH (kcal/mol)
Carboxyl 0 .0 a 3.0~ 3.2 .
—Cfi ;;E—C(ie +H® By 3.0~ 4.7 }—15
OH S0
. @ o~ @ a 7.6~ 8.4
-NH “NH, +H } -
Ammonium 3 <— 2 . 9 4~10.6 10~13
. O @
Sulfhydryl -SH<=—-S7 +H 7.5~10.3 6~7
Phenolic hydroxyl 4<Z:>ROH——>A(;E>7d3+H® 9.1~10.8 6
Imidazorium = ® 5.6~ 7.0  6.9~7.5
HN®NH == HN®N +H
¢ C
o SIS NH
Guanidinium _HN_C\¥\® —>_HN-C +H® 11.6~12.6 12~13
“NH, NH,

LR b o & L CERE LIZ 2 VR X o vk (B
# AH=—1.5~1.5kcal/mol), MR 21314 35
V=)L 3 (BE# AH =6.9~7.5 kcal/mol) F 7213 2
N7k P (BE# AH =6~7 kcal/mol) D3
nhreFE2Z o5,

3. XY/ —ILiRIDEE

e L 2l 2 IR § 2 720, 28 /— %
oL, pH—EE A i3 2 FEHRIC T o %
ATz, ROGHALRIZ, pK, MEDEAICHL, #
WEIRICHED L HIIC AT /=N EINZ T2,

maltose % & & L 72354, WEER 1 o pK MHIZT
W VRIANEAT L, fRBESR 2 0 pK, fililZ, #5 / —
VAR O 4 & Wl—Th - 72 (Fig. 3). F 72, sol-
uble starch T3 maltose DA & [EIBRIC REEIE 1
D pK AL, T V~ATL, MR 2 Tl
o BBl Ehr o2, ANTEFYNLIED L
ICRBEICAE I 72 IE, ADEM AL 284 (—
SH »—S +H*), #FEERNZIDOEELZITT
WS, A 2 FY =V L5 IS RBED RiTHE TREATD
ZAD e WE (o +) 12ld, FERENEIDF
BELZITICWZ b, BEL2 1314 25—
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Fig. 2. Temperature dependence of pK,, and pK,, on hydrolyses of maltose (A) and soluble starch (B) by

rat intestinal a-glucosidase.
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Fig. 3. Effect of methanol on hydrolyses of maltose (A) and soluble starch (B) by rat intestinal -

glucosidase.

A reaction mixture containing 0.05 ml of enzyme solution (1.4X10 *mg of protein for
maltose, 6.7 X107*mg of protein for soluble starch), 0.2 ml of Britton Robinson buffer, 0.1ml
of 0.85mM maltose or 0.5mM soluble starch and 0.15ml of methanol was incubated at 37°C.

O, methanol 09%; @, methanol 30%.

HThHdZEPHEES N, ZN5DFRE% Table
JiIcEFEDHTRL,

Lok & 9, maltose % \» I3 soluble
starch DWW 2 G & L CHMMER 11X, 7 vK
XV, REERL 2134 2 V=T H B LS
DT 72, 7 v+ a-glucosidase LA T3 i
I2ZE# pH 283 % a-glucosidase 12 3\ ClEED
TEEREEIE S 1029 ST Y, ABEE D I
7 i a-glucosidase D 1 D TH 5 Z & HHER
nirz.

= #

Z v b /ANBRE X D TritonX-100 12 X % WAk
BIUOEHEY Z L7702 7T 7 4 —HEIZLY
a-glucosidase Z /8 L, WHMEZRBLCEHEES T 5
TP 2 e L 72,

pK, it (B pK,, BT v VAl pK,,) 13 %
N Z N maltose ZHEF & LA, 4.528B LW
8.19 THh - 7z, F 72[HERIC soluble starch % 2H &
L72EAETIZA458 8 LNT7.92 Th -7z, i HE =
(AH, B LU AH,,) 13 Z N ZF N maltose #3H & L
72854 —2.1kcal/mol B & U 3.7 kcal/mol TH -
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Table 3. Characterization of essential ionizable groups of rat intestinal «—-glucosidase.

Tonizable group (1)

Tonizable group (2)

Substrate pK. AH (kcal/mol) pK., AH (kcal/mol)
maltose 4.52 —2.1 8.19 3.7
soluble starch 4.58 —2.0 7.92 5.4

ApK., (30% MeOH) +0.6 0

H

N >~
-COO~ @® > CH

N="

H

72, % 72 soluble starch # 3% & L 72354 Tl3—2.0
kcal/mol 8 & Uf5.4kcal/mol TH-7z, X5/ —
NVENZ & 1) maltose % 72 13 soluble starch ¢ \»
TNEEEE LGATHLREERE L O pK HIZT
WA VAN 7 b L7 fREER: 2 o pK, fHI2 221k
Loz, Y bo pK, fH, fREEE, *5 /—Nik
MO EBATNCHIRT L ¢, REEE LIZ VR X
OVE, MREERE 2 134 2 B TH B EHEEL
72,

ZE X #
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values for maltose or soluble starch as a substrate were as follows: 4.52 (pK,,, acidic side) and 8.19 (pK_,,

alkaline side) for maltose, and 4.58 (pK,,) and 7.92 (pK.,) for soluble starch, respectively. The values of heat

of ionization (A H,, kcal/mol) for maltose or soluble starch as a substrate were as follows: —2.1 (AH,,, acidic
side) and 3.7 (A H,,, alkaline side) for maltose, and —2.0 (AH,,) and 5.4 (AH,,) for soluble starch, respectively.
In either substrate used, the pK,, values were increased by adding methanol, although the pK,, values were

not affected. Consequently, essential ionizable groups were identified as the carboxyl group for the acidic
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side and the imidazolium group for the alkaline side.



