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(uridine diphosphate-glucose, UDPG)#) /B3R . AT MBEIBIRMEAR R AT S 4RAL, £ 35°C, pH
# 8.0, IGW:AtSuSyl Ba7& b 3:4, —F KX T A (dimethyl sulfoxide, DMSOMKRAR L 5%, Jk3 —FFER
(uridine diphosphate, UDP);K & 0.10 mmol/L, FE#%EKE 0.6 mol/L #9454 F, 1 h A 2 mmol/L & #
F B0 EST X 80.6%, JEALF 69 54 & BT 3£ 90%A £, ABF 518 1S BB ERIK 2 2 HL T UDPG
WIEIRE A, %4 T R, FIIER T o dibe Rk, £—435 BB N T 24 h EAF %
TiLZ] 6.28 g/L. AR AL E &5 34| & RALFRAET 3709 F k-,
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Efficient synthesis of polydatin by a two-enzyme coupled with one-pot
method

DAI Jingli'?, YAN Zixu'?, ZHAO Kexue'?, LI Xiaoli'?, ZANG Yongjun?, XU Qilin?, ZHU Fucheng®’

1 School of Pharmacy, Anhui University of Chinese Medicine, Hefei 230012, Anhui, China
2 School of Biological and Pharmaceutical Engineering, West Anhui University, Lu’an 237012, Anhui, China

Abstract: Traditional Chinese medicine of Polygonum cuspidatum has been utilized in China
for thousands of years. Its primary active compound, polydatin, exhibits a variety of
pharmacological effects including the regulation of glucose and lipid metabolism, suppression
of cough and asthma, as well as antibacterial and anti-inflammatory properties. However,
conventional methods for polydatin production are inadequate to satisfy the market demand.
This study aims to explore the green and efficient preparation of polydatin. With resveratrol as
the substrate, we efficiently synthesized polydatin by using the triple mutant IGW
(Y141/162G/M315W) of the glycosyltransferase UGTss based on a strategy of two-enzyme
coupled with one-pot and realized the recycling of uridine diphosphate-glucose (UDPG). The
conditions of the two-enzyme reaction were optimized. Under the conditions of 35 °C, pH 8.0,
IGW:AtSuSy1 activity ratio of 3:4, dimethyl sulfoxide (DMSO) volume fraction of 5%, uridine
diphosphate (UDP) concentration of 0.10 mmol/L, and sucrose concentration of 0.6 mol/L, the
conversion of 2 mmol/L resveratrol reached 80.6% within 1 h, and the proportion of polydatin
was over 90%. This study achieved the recycling of UDPG via a two-enzyme coupling system
and shortened the reaction time. At the same time, the fed-batch strategy was adopted, and the
yield of polydatin reached 6.28 g/L after 24 h in the one-pot coupling reaction, which provided a
new strategy for green and efficient preparation of polydatin.

Keywords: glycosyltransferase; polydatin; one-pot coupling reaction; uridine diphosphate-glucose
regeneration; fed-batch strategy
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o B BAETE BRI M R 2 B % 7 2 (yeast
extract peptone dextrose medium, YEPD)H' % %
144 h )5, AL k% 6.88 ¢/L.

Wil R o TR A J M e e S Ay
St e s . BdERLE L TR SRR TR AR
FR A HRAAT, 2 A B Ry
BNIB A, BFSE 45 SRl o 22 1 ) FHAE R AR
YT R, RGP A DL i SRt T
B o R U 3 AR SR AE PR AL AR R AR
o, BRI S AR SR AL SO R B kA
VEREPELY . DXIRIE kA R 2 €0 R s A L
P, BN T HRERREZ — . LI/ T
P EEAE MY, PR B % %5 B (uridine
diphosphate-glucose, UDPG){F Jy bl Btk F|
FEVA 55 35 A b S 02 B A i B4 AR 77 R
BAF =L, {H UDPG A& Mg sk & ve HH
AR, WS GLIE O RERE A B F A UDPG
() AR I v ke 173X — [m) R, Hedn Ly S
PSR T s A ZF FRUFT BT AL 52 % 1 BIYjiC 4
HARAFHY 2 ANSRAR R M6 Ml M2'5 K ERIE )
Jif ¥ A5 [ (sucrose synthase from Glycine max,
GmSuSy ) 1 LA A I 0 A 3K Sy, 7 die
RIS T R4S T IXBEEBEAE R T 99% M40 5
KA FIEEFEFERH D2, HARILAE AL 5 K AT
JEC 0 T Pt 1 B JR A A 32 KT 99% 5 Han S50ILL
2 mmol/L AER (cinnamyl alcohol, CAE M
Y, 2R I7 ok UE ) FENE S BE 1 (sucrose
synthase 1 from Arabidopsis thaliana, AtSuSy1)#/l
UGT73C5 IR, Z82R I 4i5 %] 100%; Dai
SFUHERRFOB S Bs-YjiC HEALIRYIFEA
2 [ (protopanaxdiol, PPD)4: il A 2 BT,
B Bs-YjiC 8 Bk #F B 5 [ (sucrose synthase,
SuSy)iEA T —Hik I N, B ZeRRAS TR )
ANZRBAFF12 (3.98 g/L)FI Rh2 (0.20 g/L) . {H ),
XSk A K — 0 2 DR B iy 458k 5 24 S 3™ W e

Z&: 010-64807509

I, BT DATE A T S 00 B X S SR AR A T
oA 3w 1 2

ACBIF 5 1) FH S 56 2 i I 48 Al AR AR A Lk
RATK IGW (Y141/162G/M315W)5j AtSuSy!1 i
P AHHEEE . A FZE e . UDP FIEEREE N IS
Y, EXER R VE R T A T UDP A4 A F FH
UDPG (W FARZR, FFXT AR K S A4 2
Tractidl, 7 sbIEnb b 3m o WU 56 S N 43
HERMEL SR MG — S A R AL, kR T TR L
R Z NS B 5t UDPG, ARALA s
il g5 R BEE T LA (A 1),

i R

1.1 Bk 1IERERENR

PR . ARSI = R A I K AT 14 (Escherichia
coli) BL21(DE3),

KIGHFE LB i3 (50 mL): R Ak
0.5 g, EFEERY 0.25 g, NaCl 0.5 g, pH N HR
fB, 121 °C’KT# 20 min,

KIHFF I Terrific-Broth (TB)E5 72 5£(50 mL):
FEEERY 0.59 g, AR 1% 1.18 g, Ko,HPO, 0.47 g,
KH2PO4 0.11 g, FFUSHN 80%H ¥ 0.25 mL, pH
ASRAE, 121 °CrH KA 20 min,

PBS ZZ M : 50 mmol/L WlR & FN-E iR
A4, Y pH & 6.5-7.5,

Tris-HCl ZZ 4 : 50 mmol/L Tris F HCI
PHIT pH & 7.5-8.5,

1.2 FERFIRILEE

FEGH : AR SRR AL B 2
e A AR R A R ], T W
VK (dimethyl sulfoxide, DMSO)H i A ;
PR — B R (uridine diphosphate, UDP), JRFf
W% R % %5 B¥ (uridine diphosphate-glucose,
UDPG). 5 N HE-B-D-i A ZL B (isopropyl-
B-D-thiogalactoside, IPTG). 3,5- _fili 3 /K%L

>: cjb@im.ac.cn
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Figure 1

(3,5-dinitrosalicylic acid, DNS). FEH#FEEF4
4 A Sigma-Aldrich 237,

FEALIR LR . B ROR A U [ AR K
AL BRI REIRIE B R B A 0
AIRA ;s R VRO ALIE A TR TS A
WA PR A K I B B0 T )
ABRAF ; UVI100 406 B b a3
Brid AR A BR ST A H
1.3 75
1.3.1 WEHIRIA

SRR R IGW BRI+ 5L 50 5 Fi I
AT =R AR IGW 7E E. coli BL21(DE3)
W] LR SR IE, 76 50 mg/L RIRE K 1Y LB
Rrge gk, 37 °CHEIR Y35 & pET28a-1GW (1)
E. coli BL21(DE3), >4 ODsooi5 %) 0.6-0.8 i,
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Sucrose

IGW/AtSuSyl two-enzyme cascade reaction route to synthesize polydatin.

IMAZHE 1 mmol/L IPTG, 28 °C. 200 r/min
W RIL 24 he

FEREG S AtSuSyl BYFik . RS RS
(GenBank % 3% 5 . NM 001036838) i A %I
pET-32a(+)Z%ik 25417 Nco I F1 Xho I B 1)
P, HH C Ui A Hisx6 FERBRES, Hy# R
# pET32a-AtSuSyl, 4 pET32a-AtSuSyl 1k %]
E. coli BL21(DE3)Hif {731k, £ 4 100 mg/L
ANHERM TB Y, 37 CRIRFEHR S
A pET32a-AtSuSyl ) E. coli BL21(DE3), 3
ODeoo iX F 0.6-0.8 B, I AZHKSE 0.05 mmol/L
IPTG, 18°C. 200 r/min %5571k 24 h,
1.3.2 NWEgRYZE1L

KEEWT 4 °C. 5000 r/min 5.0 30 min Y
AU TE . EALifbid g, B JehcH lysis
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buffer (50 mmol/L Tris-HCI buffer, 150 mmol/L
NaCl, 20 mmol/L Bk®, pH 8.0). wash buffer
(50 mmol/L Tris-HCI buffer, 150 mmol/L NaCl,
20 mmol/L B, pH 8.0) &2 elution buffer
(50 mmol/L Tris-HCI buffer, 150 mmol/L NaCl,
250 mmol/L Bk, pH 8.0), lysis buffer £ 7% 4
O S0 i O R g L SR IR A (T
4 °C. 5000 r/min Z5.0> 30 min, Y& iR
0.45 um JEME, B R A = L REFE(NI-NTA)HE T
FIE kA, BB FAKEWRME T A wash
buffer FRihye 1 R, EIFWRES BRI, OCH]
i), —F /RS 30 min, FTIFRRI)E IS
MW . A wash buffer JEBi 2% 1, T
F Coomassie G250 F: i 4% & & 75 P 14t ,
JIAGE 5 elution buffer Yeli H A& M, FRIFEH
Coomassie G250 #;il H i) 85 H & B PEM 52 4,
AR VRIS B B 1, 3 Elalife s el
1.3.3 Z=BERTRIGW BUBEEAE KN
HPLC #&3

HPLC iy g 26 F . /] C18 A fn
T4 (Eclipse Plus C18 A4, 4.6 mmx150 mm,
5 pm), SEZKFNH EEVE RIS AR, P aizk iR
SAE A, HEECRFSIAE B, AR 5
30 °C#H 0.5 mL/min, UV Kl 35 #oh 275 nm.,
FERE R LT A 0-4 min NWEIAH B (SN
20%, 4-15 min WHLsAH B 5 Hoh 20%-50%,
15-18 min YR 8IAH B (i LA 50%, 18-26 min
NI EIH B &5 e 50%-100%, 26-31 min [N
TEhAH B (5 LM 100%, 31-33 min N34 B
di R 100%-20%, 33-35 min RSN B & bt
H20%17,
1.3.4 BEg7EMENE

SERRASAR IGW Bl TS I A2 - 200 pL [ i A4
FHEAH 2 mmol/L 122/ ,4 mmol/L UDPG,
50 mmol/L Tris-HCI (pH 8.0)#1 40 uL 0.5 mg/mL

Z&: 010-64807509

4 IGW 4 SN R G ITE 30 °CTF 2 0.5 h,
B 50 uL REG A 200 pL F s rh 22 F [ . il
B RES L) 12 000 r/min 250> 10 min, 3#53 0.22 pm
Je ek gL, i HPLC 2 #rgh R . IGW
fitg 16 2 S : B min BEIAL 1 pmol FIZE P BEIT 7
(A oA 1A PR

AtSuSy 1 i1 « AHF7E A FH DNS k0]
M E AtSuSy1 FIBEE , VAR ZH &7 0.5 mmol/L
UDP, 300 mmol/L J 4,50 mmol/L Tris-HCI1 (pH
7.5)F1 100 pg/mL Zlifb i) AtSuSyl, 5L i 78
40 °C'FJ2 v 0.5 h, BEFKIEAHEZE, A
DNS i #3373 10 min, vKIBA R E IR
JEAE 540 nm Kb I WG BE , MR A AR v it 2
THAA DA TRENE rhoRe %) SR B AT I 22 AtSuSy 1
WGP, AtSuSyl & S : A min fEILHENEE
% 1 pmol HMEFTHE BN 1 B
135 EEERENERNEREL

BT T 1 R AR PR A SR AR
RZ (1 mL): SRR 4L 50 mmol/L Tris-HCI
(pH 7.0), 2 mmol/L 12, 4 mmol/L UDPG,
100 mU/mL =BERAAK IGW, [V AE 1.5 mL fY
BLOE T, RINSRMFA 30 °CL 1000 r/min,
FLRHE] R 1 h, Z 5B 50 pL #£5IA 200 ul
R 2 b )y, 383 HPLC #EF 745 55007

LA E0C A A 10 20 7 o 2 PR AL T P AR
RWARZ(L mL): WVAKRZRFEE 50 mmol/L
Tris-HCI (pH 7.0), 0.5 mmol/L UDP, 0.4 mol/L
HEBE, 2 mmol/L [1ZE /4 EE, 100 mU/mL —HE%E
A IGW, 150 mU/mL AtSuSyl, [Zii&&1F
30°C. 1000 r/min, SWEFEISY 1he DAk 2
T, R FTAS R PR 2856 LA A S0 R 2 )

QRN TR N P R L AP 2
Ni-NTA 5 JJ k35 3R A5 4 ik J5 19 — 36 58 A8 {4
IGW Fl AtSuSyl, R T 1521 XU K Sy ) 45
RIRR, TR N A T . Ao %

>: cjb@im.ac.cn
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W T NI . pH. XUEFEES L) . DMSO
TRBLEL . UDP ¥ B R ERH VR FE 6 A4 DRI 28 5% L ity
IR R AT . 58, HEEL 25-45 °CYERIA
PRI X} S N AR R B2 5 SR A A R
pH, {#i 50 mmol/L PBS Z& ik (pH 6.5-7.5)F
50 mmol/L Tris-HC1 Z& #pi (pH 7.5-8.5)% 5% pH
Xof S SEAA R B S0 5 i E = BRR AR AR IGW I
AtSuSyl 1 B Ll G L], FERIE o 1:8
(50:400 mU/mL). 1:3 (100:300 mU/mL). 3:4
(150:200 mU/mL). 1:1 (200:200 mU/mL). 2:1
(200:100 mU/mL). 4:1 (200:50 mU/mL)H) &1
T I U T O T EL B s SR M S A R
' DMSO. UDP. HEMERARIGWRE, A5
HI%F 0%-20%M9 DMSO. 0.05-1.00 mmol/L [
UDP, 0.1-0.8 mol/L FEMEZEAFICAL . BFFTHTHA
XY B P Rk BEEAT T % 5%, MIRY 128
P B K 2 mmol/L B AL F AT 15 98%L |,
Bl 11 22 e B B i — D B I AL R 2R T
K, BT LATE AT XU B AR R SR AL AR B IS
P22 PR FE IR 240 2 mmol/L., S Wi 1 h 5 H
50 pL RESHINA 200 pL FEE AR 2 1 5 0, g
HPLC #7455 A, R AR X i Ak e e
o5 o B — RS FE B —k
153 ) B LA 1 Sl 1 i2E AT o

1.3.6 Z=BAZEITIKIGW 5 AtSuSyl BB &
R 53 bR

RSB R IGW 5 AtSuSy 1 B IE K2 1% 43
HEAM R, ROVAR R A RARIA R, N TERE ]
Popeas kAT, ROVZE RS, HCS0 pL AR
A 200 pL (4 EEHA K, 4 °C 12 000 r/min
B0 10 min Ji, @it 0.22 pm JE g id g A g
FIEW, ] HPLC 43 #r 455 R, 7E 1. 2. 4. 6,
8. 11, 14, 17, 20 h J& AP Hb ) )z b 1 A
PIAGE fE 1Y I P B, 76 6 h A1 10 h 43531
TIAH B B . R4 NADH 2548 1k it it 4l

http://journals.im.ac.cn/cjben

FHAE RPN R R AW 5E TR T UDPG “ff
HEEIAEL (regeneration cycles, RC), H:H' RC=
(ST Y HR I ) DV 400 S5 R JBE < Ve 0 i R A K
)/ I UDP #HE
1.3.7 FEYIESEN S B

AR 5 R PR JSE A T2 A 1k 0 RSk A8 B -4t
AR AT I SR AL AL A T o B Al Al . SR
FE 100 °C/K & B 10 min, 52 (AU H G
5000 r/min 0> 10 min ZBR . 2 Ji5 RO i 55
I OTR CBRAEI 3 W, #5153 i A O k47
FERHEZ M, YRR CH.Cl:MeOH AR HL %
By 10:1 2 5.1 SEATRERL DRI, R @k
(thin layer chromatography, TLC)K:#r 34 I
FHTRI S 4, B2 HPLC #A 4k i sRpL
7B

2 ERE54M

2.1 Z=BARTIKIGW M EFESTS AtSuSyl
B FRIK AL

i SDS-PAGE 7 AR B R /h e =
HRZEAFR IGW 1B IS 4> F 10 43.98 kDa,
AtSuSyl 4 92.99 kDa, MK 2 vJLLAEH, —Bk
RAGK IGW K ERE A AtSuSyl f£ E. coli
BL21 HWIREHE IE 5 K5, WM RIA X
L AR R 2 B A N S T 45 R
—
2.2 WESBER M FHIIRR
2.2.1 R E X XA BB L R R RO

ok T A AL HL A 2 s e PO, Oy TR
U BE X UL EY I S WA AL G SRR R 52
AMFFEERET 25, 30, 35, 40, 45 °CiX 5 M
. B 3A AT, FEIREE N 25-35 °CHf HZE
BEAIRT G AR 5 T EH TR R 35-45 °C
IF 22 P AR X A R T R, R I A
IR S AR R I B AR B R 35 °C
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Apa M 1 2 B kDa M 1 2
f3 200.0— e |
97.2*L‘h- B 116.0 — -
66.4 — w— 97.2— . —
2 66.4—
43— - —
- - 443 —
29.0 — o1
s
‘ - -
20.1 —%
14.3 — .
L=
-

2 =BERTIR IGW (A)FN AtSuSyl (B)FR ik 4
1t SDS-PAGE 734 M: #HEASMMEM; Lane 1:

Kalifbr®E M ; Lane 2: 4ifb/5HE M.

Figure 2 SDS-PAGE analysis of expression and
purification of the triple mutant IGW (A) and
AtSuSyl (B). M: Protein marker, Lane 1:
Unpurified protein; Lane 2: Purified protein.

2.2.2 pH X XWES B 1L R R HI S0
LAt L7 S MR RS, AE e L I R
35°C, pH N 6.5, 7.0, 7.5, 8.0, 8.5 &M4F,
PRFT pH XF IRV 520 o 1] 3B mI T, 24 pH
TE 6.5-8.5 JE N, 2L P BRI % A6 R 4 7E 80%
PLE, BIERTRLAE S pH X SN AR 5 A5 R
K, pH 7E 6.5-8.0 B FIZE P A X e fb 2 42 |
Fhita#s, 24 pH o 8.0 B, FAZE P WA 5 1k %
o=
2.2.3  WEGEL IS W ES BB 1L R B2 AV 220
ARG AR PRGT T WL EC X6 S5 I8 11 5 ]
TEWRE N 35°C, pH Ky 8.0, FEA KW A4 &R (R4
AARRRE BT, d & 3C a4 XU 0 S H
4 1:8 (50:400 mU/mL)As [ 22 7 B At A Xk i Ak o
Bl 24U Y RS oA 3:4(150:200 mU/mL)
B B R A X e b s, X Dai AP
TEFRTE Bs-YjiC-AtSuSy XUt I 5z vy i AL i 4
PPD 4: i NS B H AL R 160:200 mU/mL
FEARL, T LAOSURR B 1) % 1M A Ak 5 07 5 1) 7 e £

Z&: 010-64807509

2 3:4,
2.2.4 DMSO X WEGBEL 1L = M Y21
JIE 00 1 B 7 A K P A A AR A, LR
AW TFK, (HEHT—2AHLL57, DMSO
XFEE T RE S R R, T LY RO AR R
HOIAGE 59 DMSO A2 i Edl 1 i AR . A
W55 T DMSO KR 0%, 5%. 10%.
15% . 20%H:5 XAk 52 by i 52l o f 1] 3D AT,
24 DMSO MR i SO I EAR TR 5%HF, 1
B R R AR R AL AR B i 5 {H24 DMSO /Y
PRA 5 SR TR ARG 0%, P28 7 B () AH o
AL BT B, FTREM S5 B2 YA in A DMSO
BF, IR EEAE ROVAR R TPANBESE 2R, =
HAZE P FENRE S AL R . 24 DMSO
FIAR T L 10%—20% I 11 32 72 B 6 4 %o 4% 4k
R RS, £ DMSO WA 28
SN ROV EAT , X AT e S BT R DMSO
T S P Bl 4 5 T, e I Y AR X
bR
2.2.5 UDP X XWES BB 1L & S A 520
UDP /2 IGW/AtSuSy 1 X3 i {5 18 52 v/ 14 JEE 4
Z—, W THALE UDPG JE i i vh it g i pE )
X =R AR R IGW gy PE 4 I 4E ], UDP
W B 2ok v B R IR 2 R AR S 7 A — T R
M . ASBFZE &S 0.05. 0.10, 020, 0.50 .
1.00 mmol/L iX 5 4~ UDP ¥k 1557 . 11K 3E
A1, UDP Mtk 0.10 mmol/L, 4 UDP
WePEAE 0.05-0.10 mmol/L Ff, FAZE P B iR A X%
LR TS UDP #EEALE 0.10—1.00 mmol/L
I 22 P A S AL R R T R . TER K
WEE 1.00 mmol/L B 122 7 Bt (1) A X Ak AU
9 30%ZE A, 1% F B UDP (19 5 X AUt 1 Bk At
AT EE FNibE A
2.2.6 TEFEXWES BRI R M AIS 00
FEIRE A 35 °C,pH 4 8.0,IGW 5 AtSuSyl

>: cjb@im.ac.cn
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Ji#E HE o 3:4 (150:200 mU/mL), DMSO &R
A 5%, UDP ¥ JE 4 0.10 mmol/L A fe i 2514
T, AWML 0.1, 0.2, 0.4, 0.6, 0.8 mol/L
X5 Tl R v AR S RN X XU A A4 Ak S 1
F5% 0 o i (&1 3F AT, ERR MR EETE 0.1-0.6 mol/L
IF, Bl G REREVR B AR TR N, BRI A
XA Z 3N, FEREHR B K %] 0.6 mol/L
I, I R R AR X A Ak B i vy, Bl A
XA [ X AT RE T AE B R v FE R TRERE
ity 16 M2 B HI B R Y 2R AR, B
B 0.6 mol/L R LU E .

i bRk, WEESh 35 °C, pH i 8.0,
IGW:AtSuSy1 i t o~ 3:4 (150:200 mU/mL),
DMSO EFH K 5%, UDP ¥ J& >4 0.10 mmol/L,

%) >
%) W

Sl g B oM@ < oo H O 2™

HEWHAE 0.6 mol/L & IGW/AtSuSy 1 Xt
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Figure 5  One-pot synthesis of polydatin by
fed-batch reaction. 2 mmol/L resveratrol was added
to the reaction mixtures at 1, 2, 4, 6, 8, 11, 14, 17
and 20 h. Fresh enzymes (150 mU/mL IGW and
200 mU/mL AtSuSy1) were added at 6 h and 10 h.
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