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Based on amino-acid sequence similarity, glycosylases are classified into about
130 glycosyl hydrolase families (GHs). There are three honeybee (Apis mellifera) GH
13 a-glucosidase isozymes (HBG-1, HBG-II and HBG-III), each of which is different in
enzymatic property, substrate specificity, and regioselectivity of transglucosylation,
amino-acid sequence, and localization and physiological function. In order to clarify
the amino acid(s) responsible for the specific enzymatic properties of HBG-I, HBG-II
and HBG-III, this study focused on the residues in the region II of catalytic site by
replacing the amino acids near catalytic residues with the equivalent ones found in the
other isozymes. Some mutants enhanced catalytic ability, and altered substrate
specificity and transglucosylation specificity, by which function of mutated residue is
revealed.

1. Asn226 and His227 in region II of HBG-II:

o-Glucosidases catalyze hydrolytic reaction in the low substrate concentration.
In HBG-II, two amino acid residues at catalytic site region Il (Asn226 and His227) were
mutated to generate N226P, H227Y, and N226P/H227Y, and glucose-releasing velocity
from substrate was estimated. All derivatives and recombinant enzymes were
heterologously produced with Pichia pastoris-system. N226P or H227Y displayed about
2-time or 3-time higher specific activity (using 5.8 mM maltose), respectively, than
wild-type HBG-II did. The k../Km value of N226P increased about 4-time, due to both
increases of k. and 1/K;, values. H227Y decreased the k../K, value by 0.5-time,
because of a large decrease of 1/K, value. However, the k../Kp, values for sucrose
were enhanced about 5-time (N226P) and 1.5-time (H227Y). Interestingly, H227
exhibited almost no substrate-inhibition at the high substrate concentration, while wild-
type HBG-II or H227Y showed a strong substrate-inhibition (maltose: 10 to 150 mM;
sucrose: 30 to 150 mM for H227Y and 100 to 150 mM for wild-type HBG-II). A
double mutant (N226P/H227Y), exhibiting the highest activity at the high substrate
concentration of four enzymes, also did not accept any substrate-inhibition, although it
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displayed the moderate enhancement of kc./Kin values at those two substrates. P226N
and P226N-Y227H catalyzed both of a-1,4- and «-1,6-transglucosylations (forming
maltotriose and panose from maltose; erlose and theanderose from sucrose). P226N-
Y227H accumulated the a-1,6-transglucosylation-products more than that of o-1,4-
transglucosylation.

2. Leu225, Pro226, Tyr227, 1e228, and Cys229 in region II of HBG-III:

Mutation at 5 residues (Leu225, Pro226, Tyr227, 11e228, and Cys229) in the
conserved region I of HBG-III has generated 11 mutants: 7 single mutants (L2251/V,
P226N, Y227H, 12281/M, and C229F), 4 double-mutants (L225I/P226N,
P226N/Y227H, Y227H/1228L/M).

The ke K value of Y227H for maltose was increased by about 15-time, which
was the largest in single-mutants, while its kc/Kn value for sucrose was similar to that
for wild-type HBG-III. This property implied that the double-mutation containing
Y227H could enhance more maltose-specific activity. Both of Y227H/I228L and
Y227H/1228M showed larger k../Kn value than Y227H at maltotriose. At maltose,
those double mutants had almost the same value to Y227H. Y227H, Y227H/I228L
and Y227H/1228M exhibited the strong substrate-inhibition at high maltose
concentration of 10 to 150 mM, while wild-type HBG-III did not perform this inhibition.

For maltose, P226N showed such low k.a/Kiy value as about 10% of the wild type
enzyme, while values for sucrose was not altered, implying that more sucrose-specific
mutation was possible at P226N-containing double-mutation. L225I/P226N and
P226N/Y227H were produced, and their activities at sucrose and maltose were
compared. L225I/P226N maintained its activity at sucrose, while the k../Kp, value for
maltose was decreased by 0.1-time. P226N-Y227H catalyzed a-1,6-transglucosylation
from the both substrates. Its rate of a-1,6-transglucosylation on maltose was higher
than that of a-1,4-transglucosylation.

3. Conclusion:

Amino-acid sequence alignment work on catalytic region II of HBGs indicates that
Asn226-His227 of HBG-II corresponded into Pro226-Tyr227 of HBG-IIL Findings
above-mentioned strongly indicated that both of Asn226-His227 (HBG-II) and Pro226-
Tyr227 (HBG-III) regulate the substrate specificity and the regioselectivity of
transglucosylation of GH 13 o-glucosidases. In particular, HBG-III is a honey-
producing enzyme. Its quite high k. and K values at sucrose (meaning the high
activity and low affinity against highly concentrated sucrose in nectar) contribute to the
honey-formation without any substrate inhibition, meaning that honeybees acquired
extremely honey-producing a-glucosidase by mutating its catalytic region II, i.e.
Pro226-Tyr227 of HBG-III.
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ARRTITFEL 171 H, K62, K48, 6 EH2 D, BERIT 1 MBI TH
B.
EEMKSEERII - REBEER L UOME T 5 SICESWT 130 D77 I Y —
ICHEINTWD. I VIRF Apis mellifera 1Zi%, 77 IV —GHI3 IZBT D a-7
NavF—XoOT A V¥4 L) 3FEMBG-I, HBG-II, LW HBG-IIH Y, #hE
NEEREN, GERISICBTAMEBERIRME R PR IBRENEE S RT. AHF
321X HBG-1, HBG-II £ L U'HBG-III &« 0RO EZ2HARICTI L L big, Zh
W BET A7 I ) BEEOBELITY, HICERI 02 73/ BFEE (HBG-I
? Asn226-His227, HBG-IIT @ Pro226-Tyr227, HBG-1 ® Pro233-His234 1Z3% X423 & B
ROBMREBRERTFL L TRIBEETHIZLEZALNIILZHDOTHSD.

1) HBG-II ORI IZET 5 Asn226 33 X U His227 DOfENT
HBG-Il ®#%4 7 I ) BEOE REEFRWIN226P, H227Y, BX O _EX REER)% Pichia
pastoris ZTEEE UTHERK L, f#F L7z, EEHEBERRICBWT, BAREERIZ
maltose ZHRbLBWVWEE & L72MR 51, kojibiose, isomaltose, sucrose 2 B < 1EA
L7z, N226P iZFIZE V> maltose B EMEZ T L, ka/Kn T 5 EFIZHMLE. —F,
H227Y # &tr—E - “EE REEFR Tl kea/Kn 1 d maltose 125 LT 0.5 fFLAFITIET,
sucrose (Zxt L 2~4 f£IZHEM LT, sucrose (2% 3 AIEMEAS maltose /KABTEME & K &
 kE-7. HBG-II HFARIEHSRERRUIBO TEREAEREEETEZTRL
7238, H227Y BL O ZEXEEESR TI3MHE S, 8% D Michaelis Menten 25
7=. EFAR HBG-II iX maltose 33 & U sucrose W L2 EE & LT H KGRI X
THEBZ#ME LT, Eba-1,6-7 a2y FEEEZAMRLE (FHEFH panose:
Glc-a1,6-Gle-a1,4-Gle 3 L U theanderose: Gle-al1,6-Gle-al,f2-Fru). Z izt LT,
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N226P 8 L U N226P/H227Y 1a-1,6-7 Vv NVERBIZIN X T, a-1,4-7 /v ViR
Byt L, ZHIZX Y maltotriose 3 & W erlose (Gle-aul,4-Gle-aul,B2-Fru) & AR L
Ir. I _EERER I 1,6 mBLERD L ha- 1,4 BBERD E L ERLEH
L.

2) HBG-III DO I iZ &7 5 Leu225, Pro226, Tyr227 11e228 33 X TX Cys229 D&
¥r

HBG-II Ti, %47 I/ B(Pro226, 2N E & 57 I /ERBEICERE M A
L, T —EXRER, 4 _EXEER, 45 11 TREEFE 2 /B L THENT L 7=, maltose
B X U sucrose 1235 LT L225V BBV keat B X Ky 28T 72 ERFEB R S 7223,
HEDKREREMTIPRINBI O YRHER 2 SDERBRIIBWTEER N,
HBG-III i sucrose 2 &% b BWEHE &3 555, Y227H iX maltose (25X LT 2.51% (kb
BPAER) O kep BN E 585D Kn WA LY 145D D ke K fHHEIN % 7= L(sucrose
R L TIIW TR L AR L F%), maltose 2K b BWEE & L7-. HBG-II B4
BIRRIIEEHEFEER LTS 2A, Y227H 124518 maltose (o3t L TRV EEM
ERERX LR L. BB, FAE£E HBG-I Na-1,4 B0 L& fEEd 5 0
12Xt L, P226N 1 L UFIZ P226N/Y227TH —_EX BEER o 1,6 B4 B < g U7z,
F72 150 mM maltose IZX T 2EBE OKBEE L EBEEOSFHEICHN T 2585
HEDW) 1%, HFAERTB%THDDIZL, Y227H B X TV P226N/Y227H 2iFiE
100% & 720, BWEBIEZRLTZ.

HBG-I iZNTF I VERIZBEE T ATEREETHS. BELEFTOEREEY 3
PEKARITIT ke 72 D NTIBREEAE N R EN D . B X Y /SF Apis mellifera X,
FRIRIT D 2 R E Pro226-Tyr227 iIC L D, NFIVARBRLZBE LI EZONS.

LAk, ARBFFE Tt HBG-1, HBG-11 8 X ' HBG-III OEFIFEIR I A D T I / Bk
~DERBAIZL Y, EERENE, RCHEE, REASKER, BEBOMERR
B2 b NTHEERBRICKRERELEE X, TRbbING 2BEDHAESHLED,
HBG-I, HBG-II 38 X " HBG-IIl DEERBELIRET HSEERBERFTHIZ L 2R
L7z, ABFEERIL, BRI 25T 54EE2572 GHI3 BEE (o-T I 57— FH
EEER) L EATEIHEELEL, BEF7 /77— a v b NIEEBRIG
A LAY IBEEE~OFATEE LS.
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