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Efficient synthesis of salidroside from tyrosol based on UDPG
recycling system

WEI Chenyu, HUANG Zhuying, SHEN Zhixing, ZHANG Xian, RAO Zhiming,
HU Xiaoqing*, XU Meijuan”

Key Laboratory of Industrial Biotechnology of Ministry of Education, School of Biotechnology, Jiangnan University,
Wuxi 214122, Jiangsu, China

Abstract: Salidroside is a functional ingredient with wide applications in food and pharmaceutical
fields. It is conventionally produced by extraction from plants, the application of which is limited
by the scarcity of raw materials and cumbersome process. This study achieved the efficient
production of salidroside by biosynthesis with tyrosol as the substrate. While utilizing
glycosyltransferases for tyrosol glycosylation, we introduced sucrose synthase to construct the
uridine diphosphate glucose (UDPG) recycling system. The glycosyltransferase UGT33 and sucrose
synthase AtSUS were screened out by comparison, and the recombinant strain Escherichia coli
BL21/pETDuet-AtSUS-UGT33 was constructed. The copy number of the gene was optimized and
the optimal copy number ratio of glycosyltransferase to sucrose synthase was determined to be 3:1.
The whole-cell transformation conditions (temperature, pH, inoculum amount, substrate
concentration, and concentrations of metal ions) of the recombinant strain were optimized, and the
highest yield of salidroside reached 8.17 g/L after fermentation under the optimal conditions in a
5 L fermenter for 24 h. This study provides a reference for the efficient production of salidroside by
microorganisms.

Keywords: salidroside; glycosyltransferases; sucrose synthase; uridine diphosphate glucose
recycling; whole-cell catalysis

L5 R A e FE TG TS e i DX A 22 7 e
AKEY), W SASA, HATRIER 2 R 58,
BRIEZTT | B SO0 | PRI i A K e
RAHURAT SRR LSRN e b B
PR AL AT IZ B B S REVE LAY, H AT
R R

L5 RAT I F i R IOER | G
LS A G RIS, R G2 3
JECRA R 55 AR P SR AN 5 5 R BRI 19
BIR T o Al 25 B BR AR S AT 1 S 2R
JEORLEATHEAL , (HSAS g . AR AR, AT T

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

b AE KA A= 77 o A2 )5 ks 2 2 ) Tl A
A A A TR AT 5 B, AH L T
BOL R A5 Mk, A6 Bk BA K . 2L
R HFEE AL, DR A A W R SRR
LU KA HAT BRI

215 R I A 5 2 A2 K T DU A SR
SR v T e I A
(UDP-glucosyltransferases, UGTs)f¥#fL T %52
>k B PR H — B BR 4 % B¥ (uridine diphosphate
glucose, UDPG)Y 1 43 FHiiz s st , KA pHEE
P B S A AL S R B R ) PR R



BRE & | ETRE-_HRIDEETIBERES YR UBRESRARXRYT 3129
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The strategy for production of salidroside using whole-cell biocatalyst of Escherichia coli. UGT:

Figure 1
UDP-glucosyltransferases. SUS: Sucrose synthase.
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PRSP HEAT T D04k, 5 i 4 2 AR 0 2 A A o
K, AT TR SRR LR 1.
1.1.2  EgFRNILF

PR EC PCR i, ] 95 2 it e R 3R] 6 2
W A e S MR A IR A BR A 7 5 BORi R
B . Bile e DNA [RIGRAT & . A0
B DA 20 4 B & 24 B R AR A AR (b 50)
AR A A 5Nk -p-D- i A2 FLOBE T
(isopropyl-B-D-thiogalactoside, IPTG), RHAFEE % .
ANEHERYE AL TAEY TRCEE) RHA

* 1 APARERFRRER

Table 1 Plasmids and strains used in this study

MR Bl 205 K bRidEs: . UDP A
IR A R FRA F] s HoAthR 40
AR AR A BR A F

1.1.3 EHHE

Luria-Bertani (LB) 15 # %& (g/L) . M &
10.0, BELEREY 5.0, NaCl 10.0.

Terrific-Broth (TB)#% 3% % (g/L) : & A ik
12.00, BEEHEHY) 24.00, H3h 4.00 mL/L,
KH,PO, 231, K,HPO,-3H,0 16.42,

ZYM HiESRFE3(eg/L): EAMK 10.0, B
FEZE 5.00, Na,HPO, 3.56, KH,PO, 3.50,
NH,CI 2.68, Na,SO4 0.72, MgSO, 0.24, HiHi
5.00 mL/L, %tk 0.50, FLB¥ 2.00,

Strains or plasmids

Illustration

Sources

Escherichia coli BL21(DE3)

Cloning and expression of host

Laboratory stock

E. coli BL21/pET28a BL21 harboring pET28a Laboratory stock
E. coli BL21/pETDuet-1 BL21 harboring pETDuet-1 Laboratory stock
E. coli BL21/pET28a-UGT85A1 BL21 harboring pET28a-UGT85A1 This work
E. coli BL21/pET28a-UGT73C5 BL21 harboring pET28a-UGT73C5 This work
E. coli BL21/pET28a-UGT73B6 BL21 harboring pET28a-UGT73B6 This work
E. coli BL21/pET28a-UGT33 BL21 harboring pET28a-UGT33 This work
E. coli BL21/pET28a-NeSUS BL21 harboring pET28a-NeSUS This work
E. coli BL21/pET28a-GmSUS BL21 harboring pET28a-GmSUS This work
E. coli BL21/pET28a-MbSUS BL21 harboring pET28a-MbSUS This work
E. coli BL21/pET28a-AtSUS BL21 harboring pET28a-AtSUS This work
E. coli BL21/pET28a-AcSUS BL21 harboring pET28a-AcSUS This work
E. coli S1 BL21 harboring pET28a-AtSUS- UGT33 This work
E. coli S2 BL21 harboring pET28a-UGT33-AtSUS This work
E. coli S3 BL21 harboring pETDuet-AtSUS-UGT33 This work
E. coli S4 BL21 harboring pETDuet-UGT33-AtSUS This work
E. coli S5 BL21 harboring pETDuet-AtSUS- AtSUS- UGT33 This work
E. coli S6 BL21 harboring pETDuet-AtSUS-AtSUS-AtSUS-UGT33 This work
E. coli S7 BL21 harboring pETDuet-AtSUS-AtSUS-AtSUS-AtSUS-UGT33 This work
E. coli S8 BL21 harboring pETDuet-AtSUS-UGT33-UGT33 This work
E. coli S9 BL21 harboring pETDuet-AtSUS-UGT33-UGT33-UGT33 This work
E. coli S10 BL21 harboring pETDuet-AtSUS-UGT33-UGT33-UGT33-UGT33 This work
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1.2 73
1.2.1 S|4IH9 it

Fie BN w5 R R T A B IT 6 B
HEMAHA RIIEE WS, 75 N SEn His br
ZHTREAifh, FARSE B0 2,
1.2.2 EHEEHKIEE

W5 3 i 4H Ok pET28a-UGT85A1
pET28a-UGT73C5, pET28a-UGT7386,pET28a-UGT33,
pET28a-NeSUS, pET28a-GmSUS, pET28a-MbSUS,
pET28a-AtSUS. pET28a-AcUS /3 illiE1k % E. coli
BL21(DE3)!§§#§?‘.§2&IE@ W, FE X R P PE F p
s E S UR 3 ﬁ%?@?%ﬁ PCR J& ik #ERHM:

ONEIDN T, AP IR A, RO 2R A A kA
B

Ui 3 ik R B A L pET28a-
AtSUSUGT33 Jyffil, FIMH51¥) pET28a-AtSUS-
UGT33-F1, pET28a-AtSUS-UGT33-F2 Jx [/ 1
JkL pET28a-AtSUS, ¥ #4595 Dpn I [
37 °Ci44k 1 h, R 514 pET28a-AtSUSUGT33-F ,
pET28a-AtSUS-UGT33-R #" 1§ UGT33, fii JL:[H -
BORZ A A ™ Lk [R5V R B, 45236 e R
HBGE T S B S kb gk,
A 4H ok pET28a-AtSUS-UGT33. KM E 47 1)
EA PR AL 2 KGR BL21I(DE3)4ifEH, 7

¥ A 14l 5 5

*®2 AARERBSY

KL% I3 JH <5 ME R AR M REBCAT FR

Table 2 Primers used in this study

PR b BRI B PRI R v A T TR T R

Primers name Sequences (5'—3") Size (bp)
pET28a-UGT33-AtSUS-F ACTATAGGAAGGAGATATACCATGGCGAACGCCGAACGCAT 41
pET28a-UGT33-AtSUS-R CTCGAGTGCGGCCGCAAGCTTTTAATCATCTTGCGCCAGC 40
pET28a-UGT33-AtSUS-F1 CTCCTTCCTATAGTGAGTCGTATTATTAGCGAATATGTTTGGT 43
pET28a-UGT33-AtSUS-F2 AAGCTTGCGGCCGCACTCGAG 21
pET28a-AtSUS-UGT33-F ACTATAGGAAGGAGATATACCATGAGCCTGATTGAAAAA 39
pET28a-AtSUS-UGT33-R GAGTGCGGCCGCTTAGCGAATATGTTTGGTTTTGCT 36
pET28a-AtUS- UGT33-F1 CTCCTTCCTATAGTGAGTCGTATTAAAGCTTTTAATCAT 39
pET28a-AtSUS-UGT33-F2 GCGGCCGCACTCGAGTGAGATC 22
pETDuet-UGT33-F TCACCACAGCCAGATGAGCCTGATTG 26
pETDuet-UGT33-R CGAGCTCGAATTCGGATCTTAGCGAATATGTTTGG 35
pETDuet-UGT33-F1 CTGGCTGTGGTGATGATGG 19
pETDuet-UGT33-F2 GATCCGAATTCGAGCTCGGCG 21
pETDuet-UGT33-AtSUS-F GTATAAGAAGGAGATATACATAATGGCGAACGCCGAACGC 40
pETDuet-UGT33-AtSUS-R GATCTGCCATTAGTGGTGGTGGTGGTGGTGATCATCTTG 39
pETDuet-UGT33-AtSUS-F1 TATGTATATCTCCTTCTTATAC 22
pETDuet-UGT33-AtSUS-F2 TGGCAGATCTCAATTGGATATCG 23
pETDuet-AtSUS-F GATCTGCCATTAGTGGTGGTGGTGGTGGTGATCATCTTG 39
pETDuet-AtSUSR GAGCTCGAATTCGGATCTTAATCATCTTGCGCCA 34
pETDuet-AtSUSF1 CTGGCTGTGGTGATGATGGTGATGG 25
pETDuet-AtSUSF2 GATCCGAATTCGAGCTCGGCGCG 23
pETDuet-AtSUS-UGT33-F GAAGGAGATATACATAATGAGCCTGATTGAA 31
pETDuet-AtSUS-UGT33-R AATTGAGATCTGCCATTAGCGAATATGTTTGG 32
pETDuet-AtSUS- UGT33-F1 TATGTATATCTCCTTCTTATACTT 24

pETDuet-AtSUS-UGT33-F2

TGGCAGATCTCAATTGGATATC

22
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PCR F-4hi# Fohr i J5 M e AR R A R A
w0, DU TR A 2 TR AR A )
123 EMRIES4HK

Vg ) A o8 A ) R M T TR 5l R e T Ak
JE PRBCEA R 753 A S 10 mL LB AR RE 355 rp 3
IINPTAE R, 37 °CHEFE 12 h, % 1% MR EF;
BEREPUEEM 50 mL TB B b akiiie, 24
ODgoo 152! 0.6-0.8 JG LALLM 0.2 mmol/L [
IPTG, 16 °CfKiRi%ES 18 ho 4 °C. 8 000 r/min
B0 5 min FIEREIR, 1 PBS HEVEAREAK
2 R o o R P R SGHEA T AR IR R, 4 4
FERAE 4 °C. 12 000 r/min &5.0> 20 min, 75 I
TE TR R AR EVRRE & o FL RO 0.22 pm P8 L
UK, SR RS TR AR S T Al A RIS Al . 155
ALt A 0 5 B SR RR R AN - SR T A L
BEIRE L VK (sodium dodecy] sulfate-polyacrylamidegel
electrophoresis, SDS-PAGE)#:ill|, 7] Bradford
PP R R
1.2.4 BSENE

WL BB R IE 2 . 200 pL JOW AR FR A
£ 4% 50 mmol/L Tris-HCl 2% #f ¥k (pH 8.0) .
250 umol/L Figf% . 2 mmol/L UDPG Fli& & fiff ik ,
F 30 °C) i 1 h, KW ZSHIEIA 400 uL H
ZF R . 12 000 r/min B0 10 min, JZ P=4)
K FH = R0 AH 235 5 (high  performance  liquid
chromatography, HPLC)Z3#7. ¥ ik 4514 T 4
min 2B 1 pmol £1 5 K7 Frig e S 14
BTG 71 HL(U), 2l S M5 mg 8 ST
A5 BTG 0 7, ML S O B mL T £l
B RS 7 A

HEME A BEREE I EP) . 200 uL S WA & H
5 50 mmol/L Tris-HCI Z& % (pH 8.0), 10 mmol/L
UDP. 100 mmol/L FEMEFIE SR . RSV T
30 °C S 30 min J5 iIMA 3,5 SRR (3,5-
dinitrosalicylic acid, DNS)i{7l, 7 EIZ&# 10 min,
R EFIRIGTE 540 nm A0 IR G =4 57
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BEA) S i o B min BT 1 wmol HEMH T il i
€ SR 1A S B (U) , Sl H R B mg
BT WS 72007, R R RETS B mL
ARV T 25 P T 036 7 200

1.2.5 BEBEFMR

WEIEL R Bl | THEWH B B 1) R il S L 5
RN pH: AEAS [ B S5 AT 0 s, AGH
it 114 35 S 07 T o AEASTR) pHL ) s 0 A4 22 T il
SE RS, ARSI %) el S N pHL.

ik ) PR PEAG I 5 pHL ASE MRS - 23]
FEA R 554 P A, 3 h 5 e I3 4
PIBE , IRFTE R RFRE M. 2 7EAN ] pH Y
ST AEOEW, 3 h SRR ARG, 5
fiff A pH e -

1.2.6 LHpELREXSERL

KHH 1.2.3 (77 352 A SURL I KA AT
FFk, 8 000 r/min Z.0> 10 min J5IRAAML, F
PBS Ve NG e AN, STl 5
R AL I 5230 ¥ 7E 250 mL FE L HEA T,
SARTRH 50 mL, LR SO 4 T A
ODgoo. JE. pH., &JEE 1. JEYWE .
T AR P AEORE | FR S B0 S R Tl YA R,
FH R OB AR o i ik A AT £ s R 7 o

5L RBERERACSAT . LEW LR AT B T 1
30 mmol/L. f#H# 35 mmol/L. UDP 8 mmol/L A&
Z PPN 5 mmol/L Mn®, F AR ODg=30, J2
N 30 °C. pH 7.0 BT T 5 L R IEdE L
Ak o SNt AR b WEORE | v OB A s
AT LT RAT R =
1.2.7 SXRHE GG AN &

A FH o RO i e X 0 B R AT
A, RA C18 3% FE (250 mmx4.6 mm,
5 um), FaA A R 0.1%F RAKIER, b
HH B R 100% 1, i 1 mL/min, B PE 4
424 0-25 min 80%i ZNAH A Fll 20%im sl 4H B
26—40 min 80%if sIAH A LI 20%3 shAH B 12
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1L VE = 100% 3040 B; 41-45 min 100%7 241
B, Jii# 1 mL/min, MG K 224 nm, #
IR 35 °C, HERER 10 pL. oA R R LT 5
RATPRUESIRWL, FEAERUPRHERRZ, ArifE 2
R {11>0.999.,

2 ZERE54

2.1 XEIRFEEAITIE
4 ) ¥ g B FR 4H SOk pET28a-UGT85A1
pET28a-UGT73C5. pET28a-UGT73B6. pET28a-

bp
2 000

1 000
750
500

250
100

UGT33 . pET28a-NeUS . pET28a-Gm3US .
pET28a-MbSUS, pET28a-AtSUS, pET28a-AcSUS
P KGFF R EH K. W% PCR FUEL5 R I
K2

AT IL RS UGTS5A1, UGT73C5 .
UGT73B6.UGT33 FIREHE & i NeSUS . GmSUS .
MbSUS . AtSUS . AcSUS 1) 4fi i J , # FH
SDS-PAGE 4 Mg i A TH I , 45 SR e 3 fiow
Hrp UGT73B6 JL-FICrl iRk, MRS
fitt UGTS5A1, UGT73C5., UGT33 LA K BEHE 4 it

bp

5000

3000
2 000
1500
1000
750
500
250

2 REEEBEERAMEESEERE®B)ME. PCR HIE
Figure 2 PCR verification of UGT and SUS genes. A: PCR verification of UGT genes. M: DNA marker; 1:
UGT85A1; 2: UGT73CS5; 3: UGT73B6; 4: UGT33. B: PCR verification of SUS genes. M: DNA marker; 1:

GmSUS; 2: NeSUS; 3: MbSUS; 4: AtSUS; 5: AcSUS.

3 BEEEBEAEA)MEESIEAEE®B)L SDS-PAGE H1f

Figure 3 SDS-PAGE analysis of purified enzymes of UGT and SUS. A: Purified enzymes of UGT. M: Protein
marker; 1: UGT85A1; 2: UGT73B6; 3: UGT73CS5; 4: UGT33. B: Purified enzymes of SUS. M: Protein marker;
1: AcSUS; 2: AtSUS; 3: GmSUS; 4: NeSUS; 5: MbSUS.
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NeSUS. GmSUS. MbSUS. AtSUS. AcSUS 4
W1 254

B A5 2N A 1.2.4 197 B AG I L i
W, MRS E 3 Fron, HdoR R R
UGT33 G 1.36 Umg, BEREAS M
AtSUS RS B =4 10.13 U/mg,

FEAN (R BE S5 F T R A 5L A% I LU TS
SR E 4A Fros, BEIE T I A O R TR
25-30 °CzZ [a], HHr UGT73C5 fE#E 1 30 °CJn ke
fiti i & F R, UGT85A1 5 UGT33 1E 20—45 °C

A
100 L [ JUGTSS5A1
Il UGT73C5
I UGT73B6
— 80k [CJUGT33
S
2
£ 60p
2
(0]
Z 40t
S
[*]
=2
20 |
o U | | | | | | | | | |
20 75 20 25 an 45 an
100 -G;nMSVU“S
Y Fﬂ FIL ﬂ
=EEE al| A
3
o
; 40 |
RS
[0}
<2
20 H
0 iR

30 35 40 45 50 55 60
Temperature (°C)

*3 BEEEBESEESISILEE

Table 3 Specific activity of glycosyltransferases
and sucrose synthases
Enzymes Specific activity (U/mg)
UGTS85A1 0.96+0.03
UGT73C5 0.52+0.04
UGT73B6 0.12+0.02
UGT33 1.36+0.04
NeSUS 6.16+£0.03
GmSUS 9.88+0.05
MbSUS 4.13+0.04
AtSUS 10.13+0.02
AcSUS 2.65+0.03
B
100 -
[C_1UGTS85A1
Il UGT73C5
80 - I UGT73B6
e CJUGT33
2
z o0r
2
(0]
Z 40t
=
[}
1~
20
0 L || - - -

0N A 0 REY AN ViR KN

Il GnSUS

I MpSUS

[ 4rSUS
= [ 1A4cSUS

@8°Lﬁﬂfﬁﬂﬁaﬁ f

IS
S
T

Relative a

[\
(=)
T

30 35 40 45 50 55 60
Temperature (°C)

B4 HBEEBEREREAO)MARELEB)ULEESERIERECMARELD)

Figure 4 Optimal temperature (A), temperature stability (B) of glycosyltransferases and optimal temperature

(C), temperature stability (D) of sucrose synthases.
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TN FEERE IREERRTE 55%LL b $AARE 1k
2R WE 4B s, Hrh UGT33 7 20-40 °CiE
FINPRAE 3 h I HEERG RES 4E R TE 60%LA I,
Rt UGT33 $Ee e ot B Ay, HAT 547 Tl |
FAME . FEAS R I BE T A Fee AR 5 g LL T
ginE 4C Pron, BERE G B ROl R R
45-55 °Cz [a], H:ArfE 20-45 °Ciu Iy GmSUS
5 ASUS LU EETE Y RE4ERETE 50% L) o $ta e
‘r AR WE 4D s, HrP4amEIER AcSUS
e F, 60 °CLRAF 3 h J5 LS RE 08 4k +r
Ti 65%LA F, THEP R NeSUS. GmSUS.,
AtSUS £ 1L 40 °CH4M4F N4 3 h )5 LUl B

A

[ ] UGT85A1

100 - N UGT73C5
I UGT73B6
[ 1UGT33

N (o)) [}
(w] S S
T T

Relative activity (%)

[\e}
S
T

o
[

Relative acti
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Figure 5 Optimal pH (A), pH stability (B) of glycosyltransferases and optimal pH (C), pH stability (D) of

sucrose synthases.
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Figure 6 Maps of recombinant plasmids (A) and conversation rate of different strains (B).
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Figure 7 SDS-PAGE analysis of UGT33 and
AtSUS overexpressing recombinant strains. M:
Protein marker; 1: Expression of purified enzymes in
TB medium; 2: Expression of purified enzymes in
LB medium; 3: Expression of purified enzymes in
ZYM auto-induced medium.
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Figure 8 Influence of copy number and copy
ratio of glycosyltransferase and sucrose synthase
genes.
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UGT33 il AtSUS HLE§EES 73724 2.61 U/mL
8.26 U/mL, UiIA¥E DIE L I BILAL A R T
P 17 T AR SR A ) s D o %
24 EHEEXERASRENREFML
241 BEASXNEMMELERISRENTN
TESEBR Tl AR v, sl s it R v i T A
A BT R I RRARAS . IR Ay T e
10 mmol/L . HEHEF 10 mmol/L. UDP 10 mmol/L, JZ
MRLEE 30 °C, pH 8.0, 7E ODggo 23K 10, 20,
30, 40, 50 MYEMF T T Al MU fE Ak G e 5
KAF o a5 K 9A Fias, FEALIR R H ODgp=30
B, s R aism ol 1.29 gL, k%
h 41.58%,
242 pHWEHAMELERILTRENZN
P PR A A AT S AT R & 2 A
MRS, JF BRERE SRR SN RS pH %
YIMISE, b T8 0 Be 9% s AT, X s R
R pH ST T UL o B R
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10 mmol/L. UDP 10 mmol/L, JZ i iiJE 30 °C,
pH 2B HI7E 6.0, 6.5, 7.0, 7.5, 8.0, 8.5,
HEAT A A AL . Z5 AL An1E 9B BRI Nk
Z pH K 7.0 B, 20 KA = i de i b 1.30 g/L,
AN 43.30%.

x4 PEEERBESEESHEEIKLEHK
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Table 4 Specific activity of glycosyltransferase and
sucrose synthase before and after optimization of
copy number and copy ratio

Enzymes Specific activity (U/mL)
E. coli S3

UGT33 0.88+0.02

AtSUS 8.12+0.03
E. coli S9

UGT33 2.61+0.05

AtSUS 8.26+0.03
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Figure 9

Influence of biomass (A), pH (B), temperature (C) and metal ion (D) on the transformation of

salidroside using whole-cells of recombinant Escherichia coli S9.
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Figure 10 Effect of tyrosol concentration (A), sucrose concentration (B) and UDP concentration (C) on the
transformation of salidroside using whole-cells of recombinant Escherichia coli S9.
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Figure 11 Salidroside synthesis using whole-cells
of recombinant Escherichia coli S9 in a 5 L
fermenter.
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