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Abstract: Salidroside, a natural product known for its anti-hypoxia, anti-oxidation, anti-inflammatory, anti-aging,
and anti-tumor properties, is extensively utilized in the food, cosmetics and pharmaceutical industries. Traditionally,
salidroside has been obtained through the extraction from the rhizomes and tubers of Rhodiola species, including water
extraction, two-phase aqueous extraction, supercritical CO, extraction and microwave assisted extraction. However, its
low natural abundance (with the salidroside content in rhizomes and tubers of Rhodiola species ranging from 0.5% to

0.8%), coupled with escalating demand, has led to a progressive depletion of these plant resources. Given the broad

Wi HEA: 2024-10-18 {&[EIHHA: 2025-03-09

HE2ME: EREARNEES (32471492); MEACLIESHISEULIRE (24HHWCSS00006); I HREERMAITL (2020B0303070002)

SIFRAY: B|KE, Bif, DR . EVERASKENHRBREII]. e, 2025, 6(2): 391-407

Citation: HUANG Shuhan, MA He, LUO Yunzi. Research progress in the biosynthesis of salidroside[J]. Synthetic Biology Journal, 2025, 6(2): 391-407




392 BRENE H6B

application potential of salidroside, the rapid growth of market demand, and the increasing scarcity of natural
resources, there is an urgent need to develop innovative synthetic approaches for this valuable compound. Chemical
synthesis of salidroside is characterized by its efficiency and rapid processing time. However, the use of strong acids,
bases, and catalysts with heavy metal ions in the synthesis process poses challenges for the separation of salidroside
with environmental risks. In recent years, with the advancements in synthetic biology, the construction of microbial cell
factories for the biosynthesis of salidroside has become a viable strategy for addressing the current supply-demand
imbalance and resource scarcity associated with the natural biosynthetic pathway of salidroside. To enhance the
production of salidroside biosynthesis, two major strategies can be employed. First, metabolic engineering approaches
can be used to overexpress key genes in the synthesis pathways while knocking out or downregulating the expression
of genes related to the bypass routes, thereby increasing precursor accumulation and enhancing the metabolic flux.
Second, enzyme engineering can be applied to improve the catalytic efficiency and regioselectivity of natural
glycosyltransferases, which often exhibit low activity and poor selectivity. Sequence alignment techniques can be used
to identify and screen potential glycosyltransferases from various biological genomes. Additionally, protein engineering

combined with computational approaches can be utilized to optimize these enzymes to meet specific requirements,
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ultimately improving the production of salidroside. In this comprehensive review, we systematically assess the

pharmacological activities of salidroside, the plant biosynthetic pathway, the mining and screening of the enzymes, and

the biosynthetic advancements in Escherichia coli and Saccharomyces cerevisiae. Additionally, we discuss the

separation and purification methods of salidroside and its application potential as a synthetic intermediate in the

preparation of other compounds, such as hydroxysalidroside, verbascoside and echinacoside. This review aims to

enhance the understanding of the biosynthetic pathway of salidroside, thereby promoting a greener and more efficient

biosynthetic approach to salidroside production.

Keywords: salidroside; microbial synthesis; synthetic biology; metabolic engineering; cosmetics
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Fig. 1 Biosynthetic pathways of salidroside in plants

(PEP—phosphoenolpyruvate; E4P—erythrose-4-phosphate; DAHP—3-deoxy-D-arabino-heptulosonate-7-phosphate; DHQ—3-dehydroquinate; DHS
—3-dehydroshikimate; EPSP—5-enolpyruvylshikimate-3-phosphate; 4-HPAA—4-hydroxyphenylacetaldehyde; DAHPS—3-deoxy-D-arabino-
heptulosonate-7-phosphate synthase; DHQS—3-dehydroquinate synthase; DHD—3-dehydroquinate dehydratase; SDH—shikimate dehydrogenase;
SK—shikimate kinase; EPSPS—S5-enolpyruvylshikimate-3-phosphate synthase; CS—chorismate synthase; CM—chorismate mutase; PPA-AT—
prephenate aminotransferase; ArDH—arogenate dehydrogenase; TDC—tyrosine decarboxylase; TY O—tyramine oxidase; AAS—aromatic aldehyde
synthase; ADH—alcohol dehydrogenase; UGT—uridine diphosphate glycosyltransferase)
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Table 1 Names and sources of enzymes related to salidroside synthesis
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W NA—AREH
Note: NA—Not applicable.
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Fig. 2 Biosynthetic pathways of salidroside in Escherichia coli

(Compounds and genes are represented by straight and italic letters, respectively. The black letters represent endogenous genes of Escherichia coli,

the orange letters represent genes from Saccharomyces cerevisiae, and the green letters represent genes from plants.)
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Table 3 Production of salidroside through microbial biosynthesis and strategies for optimizing associated pathways

@;? R RER Bt S i;
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2.40 g/L BT B R AROSPPN B B RRAN I B T AR B o [91]
YA 234mg/L PRI e T 347 Fh A AR, i 4345 KR B R Phialocephala fortinii Rac56, 3F7E B Al AR 4L [92]
AT TR A
VR B B R 3.80 g/L REMEE IR iR Y % B v L R 75 GmSUS A RrUGT33, K FF B vh 5 5 3808 A4S, @S 3L 8 Fo ik IR [93]
MR %A
6.03 g/L SLRIERE  LEPIVK KW AF T b2 B I8 KDC4 A UGTS5 A1 My IR I /L P B MR 5 40 5t R A 7 bk, [94]

S X P TR R 1 B A R AT DAL

UGTS85A1, F|FH K AT o 4= 4 fa e B SR A= 7= 41 50K
1F, P4 288.00 mg/L. FanZg ™ ¥ b4 2 kT
KIEIH UGT,, 1 N K si, did R 7745 2
T 1.04 gL 5 K H . BR 55 ™ R4 & UDP-
AR S &, ERMIT e T UDP-H £ HE
ARG, AR E 0 3L R ek
UGT33 543 31| (1) 2 25 B PR 1T v 50 e A T bl B A AR
FEASRT, 45 LRSI, AR RiEr-gn
15817 g/L. LiuZs ™ i@ i 8 in UGTSS541 F: N #4 I
B i KA o TR B AR, 765 LRI ™= =1
9.48 g/L. N T it — BRI F R 7 &, Zeng
A8 U7 g e R AR TR SR 8 A5 o Mk i K
W FF g, 3519 3.30 o/L BB, 78 ShItat kit %k
UDP- 4 %] ¥ & B 4% b 1 JE K] pgm R galU, ik
UDP-] 4 B (IS AS A2 (4l /8, 5 S 1) Y Tl L e
X bl L L B B UGTSSAL #E 47 ki, A RAL K
UGTS85A1"'° 1) 55 21 1 bk 28 02 0 A B A0 0 LA L A
I, A RH R IEH7.50 /L. 16.80 g/L, &
H A1 LUK B MR B A P 4 e R i &

3.2 EREBEBSHIRXE

PR PG P B A — PR R AR
HAW AR SN =1 JTER, AR G ) K 19
o B AR B AR 2, LN A AN B 4
& el B B ERE AR T AN RN, BT 2 gF
R VE 2 B R gm0, s R T
R BEAh, BRI REAE N AN % 4 (generally
recognized as safe, GRAS) Bk, LHNE R, H
RIEFWAT LT KER E 2o ™, ET
Hmmrhae 1. 5 3RIE BRI E A UL LR AL 5
b PR SE R R T, BRI R RE TR R A PR ALK T
MILREE (R2),

AL 5 R E 1) 50 48 A 38 B 8 TR S 19 B v 4
USRI E A, HAEYI& IR AR ah T4 S S 0 i) 46 %)
(B3, B, HEEERRR L N A
O- TR I, Bl S LR P K R AT 40 = AR AL
SR PR S AL AR AR SE 2 4k . 5 — kAR 5
BT H BB KL, o-BERR A &M E
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Fig.3 Biosynthetic pathways of salidroside in Saccharomyces cerevisiae

(The orange letters represent the endogenous genes of S. cerevisiae, and the green letters represent the plant-derived genes.)

T W% 78] %] W% 25 7 B¥ (phosphoglycerate mutase 1,
PGM1) #1 UDP-7i %] ¥ £5 4§ 12 L. 1§ (UDP-glucose
pyrophosphorylase 1, UGP1) 20 s I A= B bR —
T8 1% % % #% (uridine diphosphate glucose, UDPG).
VRN BESE AR, R 1ol 1 8 0 WK 7 S5 b SR
5SS G, WA SR ERE . 34BN
RETHEBMEN G, HAaH, 6 &)
W 22 07 T AR e A P R TR LR IR A2 A T B IR IR A2 1)
HE i {A B4P N1 PEP. [ifiJ5, — 7 {£ DAHP & i
(feedback-insensitive DAHP synthases, ARO3/4) .
TR 75 & (pentafunctional aromatic enzyme,
AROD) . 73 3 T2 5 1 i (chorismate synthase, ARO2)
4y 32 R A% {57 B (feedback-insensitive chorismate
mutase, ARO7) MM T AERTREE, WRKES
TR R I %\l (prephenate dehydrogenase, TYRI1)
TEAL A il 4-F2 L DR T R R, 3% v T ] e ok g 2
PR 345 1% 2B OIS B AT AR 4-F2 B2 K O, WA AE R TN

T R 5t R B R A T B AR i 4- R B R A . TS
1E L BEM B (alcohol dehydrogenase, ADH) i
W, 43R O ABERE . B2, REMFK
PR AR A 8 W R 52 T T 5 I A PR TR
HIEE, FEIRE B w R R R T
KA I B IR — AR R T, M
M & B H AR AL 5K

BT BRERAT, AT 43 i s A0 Ak A 1 )
AU I8 5 0 5L 5 7% g i) P AV M S B R
= BRI (3D RN A A s i 1) AX U E &
J7 T, Kallscheuer 28 ™ ¥ 58 48 & ARO4" il
ARO77 L BT REFE PR 40 Hp B ARZ LR N2 R R
AN F) LG HE R ARO3, JF il g %A TYRI
T AROI0 A8 A 188 B U0 1m) B it o b4, HH TR
fi% &} o1 & Ehrlich 12 1Y, Jiang 5§ "' ¥ SR EBR
T B R rp i 0k AROA™ R AROT7MS LA Je K iy ok
JE ) aroL VA S8 5 HY AR I S BR A R, 77 5 51 N BK
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F SRR PeAAS™, 3855 B R R 2 B RE M 4k . o
FLR W, HPEP E4P %540 & 11 DAHP /2 FE 5L IR
WAT P EBEHTAR, BRI E4P IS R T
PEP (1) & & Mo, Rk, ¥ E4P AR E
Guo %5 P 3@ i 5 98 ik Xfpk, XUk 1% A % E4P,
i3 R PDCI. PHA2 R TRP3 | 2% . 14
AR ORI A E R, B 51N PcdAS Al
EcTyrA"™ "> 3 a B I (0 7 & o A2 BL R0 BT 58 10 JE il
b, N B A BRI R, AR A ™ R
B Ak, T2 e s SOE BRIV B BE . — 7T, AR
1A E4P 5 PEP fi B AN 2 (1) i) @, i 33K Jk K] RKTT
L TKLI RARBERT R i@ R RN 55— 7,
I RIE ARO3 . ARO4“ 5 ARO7""S TRAF R K fift
B OCHEEE 0 R, s, dREABRER
ARO2 5 ARO10 FF i 5 B B 58 4+ B 42 v 1) 2k A
PDCI M PHA2 {2 A AU I M s i, DA 3R A9 1
T A AR I 8 7 B AT IA 702.30 mg/L. AR, iE—
78 K B DAHP 4 Bl -F ARO3 5878 IR 1E fiff Ik
L2 A SRR S T AT i B 5 R AN AR, AT 4 R o 76 P
&, Bk, &% AROZ™ A 2, AR 84
FRIL T ARO3 M) &R S50, IF 5 i) ) L- 28 4 2 1R
BEAT SR AN T3 53 M0, 3RAF AT A 280 bR L-2K T 2R
TR0 AR AR ARO3P™,  F¥ L84 31 R 99 1%
BETARW B, G50 R A % v I I AN 40 55 K
BRI TFE 1.30 g/L Ff12.40 g/L .

10 %) B 55 5% 72 W 119 4k 5 10, Kallscheuer
6 U3 3 6 = el 5 R B i 2 TH) RsUGT72B14-
RsUGT73B6 #1 OsUGTI1 3 AT i 1445 B 4 4b 175 PE 5L
R OsUGTI3, I8 H 51 NI BF TR J5 &4
TR 97155 640.00 mg/L (4L 5t K1 . Jiang %5 19
fifi %6 T RsUGT73B6. RsUGT74RI. AtUGT73C5 Fl
AtUGTS5A1 VY Fh JL e Fo M L IR, o 38 RS 1)
AtUGTS5A1 %5 B RE G ik B 40 5 R AR
PR, RIS LR BEGE o AN R R B A 41 5 R
5 W R & 5 48 & 732,50 mg/lL 5
1394.60 mg/L, 7y T A =28 7 B il . Guo
A6 0 T R A 11 R S T A PR S R R I AU R TR
TR PESL RSB L N UGTS541, %43 L R IHE R
3 5)8.48 g/L (IB&EE AN 1.82 g/L 4L HRIF. AR
RRZH ™ LA I T = AN [ SR U (00 i k% g
[Nl RsUGT72B14+ BsYjiC 5 RrUSGT33, 45 % % W

BE RrUSGT33 M LA AR T " Eikm, &
R IES 5 LRI oy AN B B, TR RN
LI RE B 5N 1575.45 mg/L. 26.55 g/L, #&
ERIECSENEAR /NS Ra s/ kgD AINEFa =TV 18

3.3 EftSAESHIRXE

TERRA SR T A G BOSER, TR
PRI B2 22 A T R BR T K i A B 5 TR % B
VAR, 2050 R R A I P AR T R T AR A
A BRE T I N SO ER T (R 3D . MK
2 DO PR ONR R K AR 41 5 K IR AR 350 13k 26 ) B2 U8
I, )53 B 9 45— AR URR 0 K AR B B IR B
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RN 7 B3R AR L& W (Phialocephala
Sortinii), ZIEREEFAFHIMAL, ST A SR
HEEER A, SRS IR 5 A3 2.34 mg/L
F12.00 mg/L.

B B — TR R R B R IR AN, AR R R IR B
B FRpk R vl IE R U R AR . T S A S AT B
KW RAER (%3). Zhous ) ¥ 27 K #T
R P YR R IR PeAAS K SR IS B AR PR B AR, 1T S R
2B AL L K GmSUS 5 RrUGT33 ¥4 3
WEEBE, JFRPR PR ds i) B B2 Xl HXT1-HXT7
I GAL2, HEE T — AN AR B 4 B 5 (4 44 4 UDP-
HWE PR RS, ¥ AWM EKRILR IR, Ed
AT R 5 A R LU 5 B 1 AR T I A RSk R
A REM&TE, @R MEFRASFRE BT
3.80 g/L. Liu%§ " 8 i 75 9 Bk K AT B rp 23 il 3%
1K B0 2 Wl 5 R KDC4 A1 B ik 46 7% Wi B2 Rl UGTS85A41
P R T W A P B R S AL S R AE TR, IR
o B AR ) B R R AT P4k, B AR SR8 3R U7
AP HANEL R B, 785 LR EERE T 40 5 R AT (07
HN6.03 g/L,

4 g =

LR AR NE Bt o 24 AR 24 21 557 R 1 32 2
PEETERSC Y, R PR PO PR E
RN, BTN T A RIEM . i
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