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Abstract:
pharmaceuticals fields, whereas their applications are limited by the low water solubility. Glycosylation

Genistein and its monoglucoside derivatives play important roles in food and
is regarded as one of the effective approaches to improve water solubility. In this paper, the
glycosylation of sophoricoside (genistein monoglucoside) was investigated using a cyclodextrin
glucosyltransferase from Penibacillus macerans (PmCGTase). Saturation mutagenesis of D182 from
PmCGTase was carried out. Compared with the wild-type (WT), the variant D182C showed a 13.42%
higher conversion ratio. Moreover, the main products sophoricoside monoglucoside, sophoricoside
diglucoside, and sophoricoside triglucoside of the variant D182C increased by 39.35%, 56.05% and
64.81% compared with that of the WT, respectively. Enzymatic characterization showed that the enzyme
activities (cyclization, hydrolysis, disproportionation) of the variant D182C were higher than that of the
WT, and the optimal pH and temperature of the variant D182C were 6 and 40 °C, respectively. Kinetics
analysis showed the variant D182C has a lower K,,, value and a higher k.,/K,, value than that of the WT,
indicating the variant D182C has enhanced affinity to substrate. Structure modeling and docking
analysis demonstrated that the improved glycosylation efficiency of the variant D182C may be attributed

to the increased interactions between residues and substrate.

Keywords: genistein; sophoricoside; cyclodextrin glucosyltransferase; water solubility; site-specific
saturation mutagenesis; glycosylation
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P DX SR B o AR TR 2 B 3 o o B
X} PmCGTase FISCHEN & (U A156, A166 Al
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AT 5 P T By S W R 2 AR RO SRR, T X
PmCGTase JHE A &4 D182 FEATHu FIZR AR, M
P R R

T

1.1 BT F
1.1.1 R FAE PR
4 JFki pET-20b(+)/PmCGTase (GenBank

#F 1 CGTase ETRG| Y&t

Accession No. JX412224) JEA U fif 9 #) 4
FEARG A . 15 £ E. coli BL21(DE3) T
TaKaRa A H] .
1.1.2 EHxEE

LB }ifi 5t (g/L): SR 10, BEEHERWY)
5, AALEN 10, RS FRIEET M 2% 0 3ERE R -
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1.1.3 g

Taq T . PRGN YIRS (BamH 1 | Xho 1 |
Dpn DU K ERE PCR 48 KOD T
TaKaRa 2\ ) .
1.1.4 X7

BRI 1 2 4R Bk R A R A ]
ARSI B AL PR A R A . 51 &
BN DNA W7 B K R A= YR A BR A ¥l 58 A .
1.2 PCR 3|¥89igit

PmCGTase 182 v 5 %€ SIS A5 5] 9yl
F 1w,
1.3 RTERBIIRE

KA B KOD X D182 v s k732 A5
MAZEAS . AT : 98 C 5 min; 98 C
30s, 60 C 30s, 72 °C 1 min, fEH 30 I%;
72 °C 10 min, PCR J*¥J7E43d Dpn 11H4E 1 h
J& . BAL B R IAATE E. coli BL21(DE3) &% 75
. PRIE R TS = 96 fLtk P, LA 300 uL
B LB B3 100 pg/mL MRS HER,
37 °C. 200 r/min } 3% 8 h J7, #54% 100 puL K
ZHEFLEA 900 pL Ay TB 553535 100 pg/mL
AN ER R 96 fLikrh, 25 CHiFR 48 h )5

Table 1  Primer sequences used to amplify the mutated CGTase

Primer name D182 Size (bp)
Forward primer (5'—3") AACGGCGGTACGNNKTTTAGTAC 23
Reverse primer (5'—3) ACTAAAMMNCGTACCGCCGTTGT 23

The bold letters indicate the bases of the mutation sites. N: A, G, C, T; K: T, G; M: A, C.
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4 °C . 4000 r/min &[> 10 min Y5 F 5 & B .
WeH 50 pL KB, WA ZEFLSA 200 pL 2
MWW (W V=1 100, ¥ T 50 mmol/L
# PBS Z& i (pH 6.0) 1) A9 96 LA ,40 C
S 10 min Z J5 , 57 B IIA 250 uL # 1 mmol/L
B ER R LR RN, EMA 250 uL BET
50 mmol/L % PBS ZZ i (pH 6.0) 9 0.1 mmol/L
Y RS . E IR T & 20 min J57E 505 nm
?{WU%W%Q o #ﬁ“%tﬂ AOD:ss (AODSOSZ
ODsos(mutant)—ODsos(WT)), AODss FBUHE # K
RFZRATEAE T WT FBIE 1T
1.4 FEHNE

SR P SRR e e PR AR 7S 110 0.1 mL
B A 0.9 mL 4 22 200G % T
(W V=1:100, ¥%T 50 mmol/L Y PBS Z& mii
(pH 6.0) ), 40 CHFH 10 min ZJ5, ZEVIIA
1 mL 9 1 mmol/L WJELFRZCE N, HeE A
1 mL BT 50 mmol/L 4 PBS ZZ ¥ (pH 6.0)
[ 0.1 mol/L ¥ ZEAE T - & i T i 20 min
J& T 505 nm AR E WO RE o — il IS B E L
A4E 1 min 4 B 1 pumol a-FRRIAG BT T 25 1) il o

K DNS & a3k 52 K i id 5120, ¥
0.1 mL AR N A S 0.9 mL 4 ] %5 1 Tk V4
(W v=1:100, T 0.2 mol/L i ZFRENZE
W (pH 5.5) "), 50 CHFE 10 min 5, fIIA
3 mL DNS &, W7k H& 7 min J5 37 B HIKK
WEH, BAE 10 mL R4S, F 540 nm 4b 2
WOGRE o — AN ETE B E O EE 1 min 2B Y
1 pmol i JEOHE BT 75 2 19 il it

I ARTE J12Y. % 300 pL 9 4 mmol/L EPS
55300 puL /9 200 mmol/L Z ZFHHIR A 50 C Hi#k
10 min, /il 100 puL B S8 10 min J5 /i 50 uL
i 3 mol/L R KM, 5 min J5HIA 50 uL ¥
3 mol/L NaOH A5/ 100 pL o7 25 b
TE 60 ‘CF i 1 he ZJ5Hm 100 pL (¥ 1 mol/L
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200 pL 4fifkJ5 i) CGTase (50 U/mL) ¥ T PBS
G2 (pH 6.5). ARV WIR 5 7E 2 mL
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1.6 KM EIE (high performance liquid
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1.8 EE X &AM
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(20 C. 30 C. 40 C. 50 CH160 C) Fry%sik
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1.9 FMAOFESHENE
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1.00 g/L) FIRIEEMTER (0.6, 1.5, 3.0, 6.0,
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Glucose
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reaction
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|
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El1 PmCGTase HEE LRI TEERRESMAEGIEE

Figure 1

Schematic representation of the glycosylation reaction (disproportionation and hydrolysis)

catalyzed by PmCGTase (A) and the HPLC profile of the reaction and the structure of glycosidated
sophoroside. 1: sophoricoside triglucoside; 2: sophoricoside diglucoside; 3: sophoricoside monoglucoside; 4:

sophoricoside (B).

TR R, AR F 2" Y &t
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Figure 2 The crystal structure of CGTase (PDB: 4JCL) and the molecular docking results with genistein.
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Figure 3 Comparison of substrate conversion (A) and glycoside products (B) between the WT and the

variants D182C, D182S, and D182G. Each value represents the mean of three independent measurements, and
the deviation from the mean is <5%.
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D182C FHEF = ¥I7E pH 5.0 B 7= 5 ik B e i o
4 pH 4.0 i}, WT F1 D182C {4 i i) A 1
P TR Y (GS>G.S>GiS), i
7624 pH 4 5.0, 6.0, 7.0, 8.0 B, Z5HHIH
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2.6 EEX WT K D182C iHEE i 7 B9 540
R T RS X T W B N i s e,
ETAFERET 20°C. 30°C, 40 C, 50 C.
60 ‘C) WT LUK R7AER[ D182C IS5 LR L K& &
BLEIAL Y (K 5). WT 5R45K D182C
WITE 40 CHA fem IRk 3 (| 50),
B EFS TR, R AR EAR,
WT 5 D182C £ Wi 7 W 7E 40 “C A ik 3| i iy )
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T ST [ B R IR IR AT (0.05 .
0.10, 0.20. 0.40, 1.00 g/L) LA K AS[R)¥e R m]
WPETERY (0.6, 1.5, 3.0, 6.0, 12.0 g/L) HIJiE
IR, SfokiS WT LUK RAS R D182C Y 5h
JIPEE R Mk 3 FiR, MET WT, =A%
DI182C FEMJI R T A . KA D182C 1y
ke (2R WT 19 2.22 45, 51X BE 36 32 A8 A7 1170
Ko FTRET 14.7%, XPHESLALARTAEMIER K
TFHET 20.7%. D182C HIMEALEIR kool Ko (H 53
A WT B 2.6 5 (BRFATY) F1 2.8 % (AT¥
TERY). NS D182C EM KT WT AT
W1 T, AIRE B EAL AR i S A

B 2500,

0G,S 8G,S 8G,S

\S]
[
(=]
S
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1 1
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Figure 4 Effect of pH on glycosylation of the WT and the variant D182C. Effect of pH on the yield of
products by the WT (A) and the variant D182C (B). (C) Effects of pH on conversion of sophoricoside by the
WT and the variant D182C. Each value represents the mean of three independent measurements, and the

deviation from the mean is <5%.
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Figure 5 Effect of temperature on glycosylation of the WT and the variant D182C. Effect of temperature on
the yield of products by the WT (A) and the variant D182C (B). (C) Effects of temperature on conversion of
sophoricoside by the WT and the variant D182C. Each value represents the mean of three independent
measurements, and the deviation from the mean is <5%.

&3 WI RELEE DIS2C HNFESH
Table 3 Determination of kinetic parameters of the WT and the variant D182C

Enzyme kear (min”) Kina (/L) keat/ Kina (L/(g'min)) Kimp(g/L) keat/ Kimp (L/(g-min))
WT 0.32+0.12 0.34+0.21 0.94 3.43+0.13 9.33x107°
D182C 0.71+0.15 0.29+0.11 2.44 2.7240.15 26.11x107

A: sophoricoside; B: soluble starch.

2.8 PmCGTase 1T fig D182C 54K
ZH D FTiE
B S AT WA SR AT o X, W 6

Kegdb ity D329, E258 5EW 2 al i A A
H . 7£ D182 5IR¥ zZ [ x4 1% (Kl 6B),
BIR/DT DI82 pyufite )y, (HJ2E A230 5KEY)

FIR, MRAAMRRE NIRRT, 5K
Z I VER J148 2 78 WT 53k A Xt e 4h
b (B 6A), fUH D182 5E#y 2 u] iyttt
71, F183 kW Z i) n-n T FEAHEAEH 1, VU
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F183

— — Pi-Pi T-shaped

Bl 6 WT(A) #1 D182C (B) S B AEMIFLR

— — Pi-Pi anion

F183

E258

A230

— — Conventional hydrogen bond

Figure 6 Docking results of the WT (A) and the variant D182C (B).
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138 HA 1 12828 D182C . D182S . D182G.,
F Al JE X AL R N AT T 5, R
RASHG D182C bR A WT & T 13% /447,
HEZEWEIRAL Y (GiS. G.S. G3S) F= Ay
BORART . T D182S. DI182G BHILAL MR A AL
F WT BfRR, BiEtE s R, AR
D182C MIMEIE J1 . AL TR J1 FUKff s J13594
Fr# e . WT 5 DI182C #idi 2 pH 43514 6.0
5.0, Feiil SOV IREE R 40 C. B J17E4 R
R, 5278 D182C X F iKY i 55 M4k
RORMET WT A T BT Fl)5 82 W5
AR AT, KPR 182 A RARIRE
AR TR Z 5, s T g M e i
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Mg 23 ) 2548, A230 Ao s 577 A T 8T i
YER 1. 3 HAE L0 D329 Al E258 S5RYIZ
W2t TS F-r HEAEM. B, ERI
$4 Z2 ] Rl R AR A 5% R T 4 v DA RO Ak
RS IR
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