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and its application in the synthesis of a-arbutin

LIU Jiaqi'?, TAN Ming®", DONG Jun'?, LIU Yiyin?, LIU Shanna'’, WU Qiaqing’

1 College of Food Science and Bioengineering, Tianjin Agricultural University, Tianjin 300392, China
2 Tianjin Institute of Industrial Biology, Chinese Academy of Sciences, Tianjin 300308, China

Abstract: o-arbutin has important applications in cosmetics and medicine. However, the
extraction yield from plant tissues is relatively low, which restricts its application value. In this
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study, we investigated the synthesis of a-arbutin using maltodextrin as the donor and
hydroquinone as the acceptor, using a cyclodextrin glucosyltransferase (CGTase) from
Anaerobranca gottschalkii. We performed site-saturated and site-directed mutagenesis on
AgCGTase. The activity of the variant AQCGTase-F235G-N166H was 3.48 times higher than
that of the wild type. Moreover, we achieved a conversion rate of 63% by optimizing the
reaction pH, temperature, and hydroquinone addition amount. Overall, this study successfully
constructed a strain with improved conversion rate for the synthetic production of a-arbutin and
hydroquinone. These findings have significant implications for reducing the industrial
production cost of a-arbutin and enhancing the conversion rate of the product.

Keywords: cyclodextrin glucosyltransferase; a-arbutin; site-directed mutagenesis; maltodextrin;

hydroquinone
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A o-RESRFF RN 15.4 g/L, XPE LR
EE 63%.



NER Z | AHMEEEEEEBENS THEREESH o-BREPHEA 1847

1A

1.1 EFERF

MERRRY . R SRR . 22 SEIRG [
B (dextrose equivalent, DE) 13—-17, &
(degree of polymerization, DP) 6.5-8.5], XJ & .
By, oM G250, LBE. AL A
MRS A 1 253 i iR R 25 FRA ¥l . Tag
DNA %4 . Phanta Max Super-Fidelity DNA
& T One Step Cloning Kit 37 & [ 74 5 i ME
eI AT BR /A ] . PCR Clean Up 15 £ Al
BLNERF & H Axygen (F1E)AH]. T4 DNA
HEFEHENE H Thermo (1)l o FRIME DI BEAN
Dpn 14 H New England Biolabs (_|7)/A ] .
1.2 EHE AL

OWIOKS # ) b L A CGTase i [N
(GenBank %55 WP_091349751.1)FH #5H 4fE
BEEYRHECA IR Wl AT B RS A S G R,
FIBFORLEAR N pET-28a(+), FCRENLE N Neo ]
I Xho I, ¥4 JFk: pET-28a(+)-AgCGTase
%4k % K I #F #i (Escherichia coli) BL21(DE3)
th o I ST ) TR AR A A AE 80 CCRYPKAR H o
1.3 RETCEREE

DLV 2 ffiki pET-28a(+)-AgCGTase A il &k
ok, %F 141, 235, 300, 301, 302, 327 FI
330 for AT SRR A, X 166, 522, 529,
385 F1 700 A7 MRS, K4k PCR JF
WA AR, ¥ PCR Y] Dpn LAFTRIHR
ok UIBR,, SRJE A% E. coli BL21(DE3)/
TR, VK 30 min, 42 °C/KIA TG
90 s, VKA 2 min, AIA 600 pL B9 LB 35575,
£ 37°C. 200 r/min ¥ERFEFE 1 hy AT
A 50 pg/mL RABEE R HLMER LB -4, 37 °CF
B . PRI TR PE A 3] LB WA IR A
H, 8535 8 h, RN EMER AR A RA
AT o
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1.4 CGTase AR K RT{KHIFRIX

BEARAF) CGTase B A 7 7 8 AR R $ A 2
5mL %A 50 pg/mL -RAFE R PUMER LB iR 4 5E
FeHe, 37°C, 200 r/min 5535 12 h, L 1% (K
TR EORER R A 2 100 mL A 50 pg/mL
A RBHEPEN LB Wik FREF, 37 °C.
200 r/min 3% 2 #H K ODggo 15 0.6-0.8, Jill AL
WA 0.1 mmol/L /Y IPTG, 25 °C. 200 r/min
Ri#: 16 hJ5, 4°C. 8 000 r/min &.0> 20 min,
FE W], WERKDRE, F 20 mmol/L B
MR £ 2% WP (pH 6.5)PE 7 2 K, Bl k15 & CGTase
B A AU B AR R A, R AR ] 25 mL
100 mmol/L BERREELE 1 (pH 6.5)iF 1T H &,
FEVKAR AW LB R S min, #8755 RS :
TR 200 W, WEHE 1s, B8 2s, ARAGFHLERR
1.5 CGTase ¥4 8 B R R HIERIH N E

BTG SN AR R - 1 mL S AR &R Fp A d% 250 pl
1 60 g/L 22 2FRIHE , 250 L i 10 g/L X} ),
250 pL FRRHG #7600 e B8 A I v M2 250 pL
0.1 mmol/L B§H2 L 2% v (pH 6.5), 40 °CIL
2 h, &b RN, FE S EOHE BEEAT HPLC 208,

HPLC £ J7 % . 3%+ R H Innoval
ODS-2 C18 #:(4.6 mmx250 mm, 5 um), s
H AT EL A 15:85 (RF H ) A FF it AK VA TR AL A
JRHCA 1.0 mL/min, $4MGIE K R 287 nm, #
WK 25 °C, BERER N 10 uL. BORLEG R EfT2li1k
K Ni A — 2 25 A2 Mk o % A Bradford 32
e B e B, (A I 2 VR bR v S

— S B U E L 7E 40 °C, pH 6.5
S N EEAE R 1 umol 1 o- RE SR T T B
ity o PIMINE AWl B AL LU TS 2 SO mg
HEABEEE . RS A AW OFTR.

o BEE T

tb@ﬁﬁzm (1)

A ()P S (U/mg), MG 71(U/MmL),
U E (mg/mL).
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1.6 RIFRERS S FIHZ

18 1< 7E 2 T B % (protein data bank, PDB)
P TR, LORIET Evansdlla clarkii () CGTase
(PDB ID: 4JCM) 1 i 1A 45 ¥4 7 g b, i
SWISS-MODEL (https://swissmodel.expasy.org/)
AT RR AR, i Autodock HEATIEHY
CGTase 455 (/)X 452 . 4544 B | J'é 7= & Pymol,
1.7 REEFRBK

7 AQCGTase ¥ A= 1 Je 58 R 7EANR] pH
{EL(WERRENERZE I, pH 6.0-8.0) A ZE ik 7
TR K2R B R (40-70 °C) Je A [A) X 2K — 1 Y
AR P (R PRI R BT L 12:1,10:1,8:1,
6:1. 4D FR T a-REIRTT
1.8 R RMES R

N T IR ST PRI A 2 W T A il % 7 A
AFEPIRYTE S, LM G 8 2-O-a-D-Atk iR
2 0 36 -L- P IR 1L R (2-O-a-D-glucopyranosyl-L-
ascorbic acid, AA-2G) 5T HAn, WIEHETER
IBEREHEAR, AR C 2 IR LG L AA-2G.
1 mL 2 & 2 53 5L 48 250 L 19 50 g/L Al %
PEVERY, 250 uL 9 50 g/L 4 C, B
PRRIRS #0400 W e RS T RL I &% 0.1 mmol/L
Wi R Eh 22 wh (pH 6.0). 40 °CJ W 2 h, £ k)%
N, R ELO R REEDT HPLC 438, A i
@ 1.5,

2 EREG5M

2.1 CGTase BT A AYIEHE

B[R IR AR A5 /) CGTase HY iR #y 5
LN . NOR By AT, AR RN
WIRG X 2R I B A — S S B R 6 05, I E
1 GRS IE Y CGTase HLXT, HERR i — o fi <
KN RETE R IERR ST 0, , R FE 141, 235,
300, 301, 302, 327 Al 330 {5 b 47 22 A AN
ZEAs W 1 iR, [FEE, Gl PROSS SR
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Figure 1 Selection of mutation sites.

(http://PROSS.weizmann.ac.il), #iill i 15 B E
PRI E AR AR AR N166H | 15221, 1529V, G385A
1 Q700E, XJiX SEAv i 4728 iRAE
2.2 AgCGTase RT3 FF Ry ik

XF 141, 235, 300, 301, 302, 327 #1330
AT AR ZEAE , % N166H, 15221, 1529V,
G385A Fl Q700E #47 & M 7AE, WKl 2 FR,
3 3 XF I A P L AR O A N R AR
F235G. N166H [ J1 e, HOM BE i
B 43 M 1.69 mg/mL il 1.84 mg/mL, X i
H RS F140 5128 431.0 U/mg F1 204.0 U/mg,
A3 PR JE IR (175.9 U/mg) Y 2.45 151 1.16 £% .
Wi 3 R, midfr F235G. N166H gE—4Hb
AR, ARG 572 1A AgCGTase-F235G-
N166H HLEHRE 8 IR B 1.55 mg/mL, g
16 J1°8 612.1 U/mg, ZJ5UARTERYT 3.48 5.
23 REAEZEBMK
2.3.1 pH X/ K FR A 20

pH 7Bk ] g5 B 43 2% 1 45 44 19 A8
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Figure 2  Site-saturation mutation (A—G) and site-directed mutation (H) results.
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b, dE S EE LR AR, B T HFR R
A5k AgCGTase-F235G-N166H 5% iE K2 v pH,
TEAN[A] pH {E(6.0-8.0)BE MR SN #h 2 bl , &
RAMKIIE S1, S50 ME 4 Fr/n, AgCGTase-
F235G-N166H i 190 pH 4 6.5, Bfizs pH )
THE AR, AgCGTase-F235G-N166H [ 1734
ERREESEY, FTLAE AgCGTase-F235G-N166H
FeiE RV pH M 6.5,
232 RENRMAZRFIN

WE TN A Y SO I BE (4070 °C), BT iR
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Figure 3 Comparison of the enzyme activity of
different mutants.
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Figure 4 Effect of pH on the AgCGTase-F235G-
N166H reaction.
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&%t AgCGTase-F235G-N166H 1% 15200, 4%
RaE 5 fias, AgCGTase-F235G-N166H Ffx
I SOV EE R 60 °C, YIRBEALT 60 °CH, %
ARG 12 WK, SR 50 °CH, AR
TRREIS J1Fh 60 °CHY 60% 447, Bl 6 (1 T
W, MU T 60 °CHY, AR IR IE 71312 1
ik, FEFERE BT, WY =S (B 4 ik 2l
PRGN, MR 70 °CHY, RAFIREEE 1185 A
60 °CHYJ 50% /547, Jf Bl Bt M 8o R —
Wy &AL, S RN R T o
233 MWERIEAHIRMEN R NIK RN
XFOR B SN R R SR Az A,
VS I SN A R B B OCH LR,
T I BN AR FR R el R AR S I, R
YIRS I BE AR R, S5 R & 6 Fron, B
EX R U i g m, B O 2 BT
P YRR T 5 2 IR EE R LR 6:1 I
BTG T e, SR AR S N K R T U,
Tt Ab 3 BT T B o AT BB SR X R R A R 2
Xof il P 65 48 7 A — g B R ), I T S ) R
7.

100 r
80
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sol

20

Relative enzyme activity (%)

0 [T S IR RN E T N B
40 45 50 55 60 65 70

Temperature (°C)

E5 BEXRTR AgCGTase-F235G-N166H & [
B9 52 M

Figure 5 Effect of temperature on the AQCGTase-
F235G-N166H reaction.
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2.4 AgCGTase B4 f S RITIRHIRD4F
S

H T KIER AR AR AgCGTase-F235G-N166H
XIARRIEI R fEACRE T, LIMELA R AA2G
R BEAR, LS50 g/L AIEPETER . 50 o/L 4iA:
R CHERIEY, 43 1L 234 pL 58738 (ACHH il i (1
FEHWE 1.55 mg/mL)A1 250 L J5 4A A
(B 26 I 1.45 mg/mL)E AL, 40 °C/z
N 2 h, Z5RWE 7 PR, RAEK AgCGTase-
F235G-N166H fiEfbA AL AA2G KT F1 2 B A Y
1y 2.1 %, 73K AgCGTase-F235G-N166H Xif

100 |

9

= I
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Figure 6 Effect of hydroquinone addition on the
AgCGTase-F235G-N166H reaction.
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Figure 7 Comparison of enzyme activity of AA2G.
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2.5 AQCGTase RETIKESK o-FEREF
A4 Kz FA

B4 7 AQCGTase FIZAF{A AGCGTase-F235G-
N166H [T Z By it AR 45 S niEl 8 P, 7E
60 °CF W 24 h, ZA5{A AgCGTase-F235G-
N166H j* a-AER T mikF] T 15.4 g/L, [A
i, M TE AR AgCGTase A 21%FH i
AL %, AgCGTase-F235G-N166H )i 1k %
5% 63%, 28754 AgCGTase-F235G-N166H fi
ROR A I A AT T 2
2.6 AQJCGTase RLIK5EIFFMIFE. WX
— BRI TR

] P AR 5 4 F X EE SR 9 R,
235 5L FIE AL TG B, 235 ALAUR TN
QIRRAE N H AR, MEEZS AN, Fi
FHE 0 5% 728 57 1 28 R IR 3% 5 1y el A8 55 23 R o B AT
K, RIS SR, R 2
K S AL T 4€ . N166H 28728057 s fiE Ak
R P ey I DR AT R R o 2 1 o I R R P
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Conversion rate (%)
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8 AgCGTase 1 AgCGTase-F235G-N166H &
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Figure 8 Conversion profile of AgCGTase and

AgCGTase-F235G-N166H catalyzed synthesis of
a-arbutin.

B<: cjb@im.ac.cn



1852 ISSN 1000-3061 CN 11-1998/Q 4=4# T #2244k  Chin J Biotech

9 AgCGTase (A)F1 AgCGTase-F235G-N166H (B) 5 [E# 7 FXiE&E R R 2 E
Figure 9 Molecular docking results of substrates with AQCGTase (A) and AQCGTase-F235G-N166H (B).

s, FEE TSR A HRE(AG)E S R T A
FUEVER — bR, BERSIAR AG B/, 2
FETEBRE . X 166 AR TEAR 5 4TS H O REAY AR
AE[AAG=AG(N166H)-AG(WT)]=—1.46 #1745}
Br, R 166 5 N 5480 H B, AG 28/,
LTS E TG o .

3 WREER

AR, CGTase MiH T4 a-AE2R 1T,
TGRS . P54 . S F E 2R ARG
AR P TR AR, AT FE AR HL CGTase [ 1))7 471 1Y)
SEfih B AR TR E S CGTase Y E
HARIAF R, TR A] 45 2 B )
T E TSP CGTase il , [7] I A7 B T e fE AL fe
NPT o 2 5EAR A 2, Al S 45 3
AR R o 8 3 X R A ) R R R R
AR AR CGTase [, W EGFE5H S H 5 Y
A AVE AL R E — 250 5% B0 Ao 53— 45 48 1Y el
i LB O B RCR S R S . 3Rk AP0
1 54 PCR i ARF 96 FLAR I 2R 515 21 Ak
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AL PR 2 35 RN A1 il 5 1 B SR $2 55 1) CGTase
GASA, o ep-9 ZE AR (KA1 IS J2 K Y
2.18 8% . WL X KI5 T Bacillus cereus i) CGTase
) 43 PLEFERR A T MRS, Hirh HA3W RAE
VRS 7702 5 IR Y 2.38 % .

AT R P B w5 A A T 1 AR R S A
G RIS, SR SR AN S AR FIE R 98B 1Y )y
Xt Y5 T Anaerobranca gottschalkii ) CGTase
B T A BT ARG, TS RIS AR
PEFETF W R AZ & AgCGTase-F235G-N166H
WA NAR FR B 58 AR AR F il o I
5 60 °C, fixi& pH N 6.5, XK W& asin
HOE S IR R TR R 6:1 . 7E B [N
T, A o-RER AT /N 154 g/L, Xt
KWL R IKE 63%, X —45 R KW
AgCGTase-F235G-N166H 7£4& A o-AEFF 7 1]
HABE RN 1. B TRREAE R R B
F AR a-BER T AR, T2RR, &
BURCR A R | AR, &R A SR
EF ZW R LY, o ko SO A S
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ST AT R - BESR T 7 i SO R
A AL N2 25 @ ) CGTase MERAEIL A
B o-RERLTT , SE LA SR, o-BESR Y
HoN 317 gL, X TEEEALR R 7.77%, 5K3C
G PR g s R AR H R X AL gottschal kii
CGTase #1743 Fotih , 152 1 RAEIK Y2994,
FE S RN A5 R T 28 A8 A 1 % R — B e Ak
AE 40% . B 3 5PV BI ikt —Hk =77 SPase
MBI R SLLSM2, fERMLAMT, a-RERTA
R JREE AL 25k 44.09% . T HREDSR HI 40
AL A - BRI, TEIRE 25 °C, XJ2R
WeRE 30 mmol/L, FERERINGZE "By EE/R M 20:1,
W EFR] A 45 h, 5338 160 t/min, 4 E R
85 g/L, ZEMAWCN pH 8.0, 25 mmol/L f{H§IR
FP RSN, a-BERAT AL RIL 86.7%,
XA R SRR, Bk R, A&
PESAAR A S . WA PSR, R & R
KW, HERMARZAGT, o-RBRTH™ &
A[iA%] 30.6 g/L, EE/RFLALZIRT] 93.6%, J& Al
DL R B AE 7™ - RE AT 19 20 HL BRI i s
PO BRIk R A B R A TR AN, R
R TR FH A Mt A vk L R e A 22 By =k
— R o-RERAT AR bR, it
SEPLRAUEE Tolk Ak 7= a-RR SRR . A
WA itk A a-BERTT XK B
SEAL Ty LA — g 2y kG
A BB A E R CGTase MM a-REIRF
TolbfeA = iliAs, & YR A
IFEH
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