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Advances in the microbial synthesis of active ingredients in
cosmetics

ZHAO Man, CHI Zhuoyu, LAI Donglian, LIU Kerui, LIU Zhiqiang*, ZHENG Yuguo

College of Biotechnology and Bioengineering, Zhejiang University of Technology, Hangzhou 310014, Zhejiang, China

Abstract: With the rapid development of the medical beauty industry, functional skin care
products become increasingly popular. The functions of cosmetics mainly depend on the active
ingredients, which are mainly proteins, peptides, polysaccharides, phenolic acids, terpenes,
vitamins, and amino acids. These active ingredients endow cosmetics with skin repairing,
moistening, whitening, UV protecting, and anti-aging effects. They are mainly obtained through
biological extraction and chemical synthesis. In recent years, with the development of
biomanufacturing, microbial synthesis of active ingredients in cosmetics has been widely
studied and applied. This article reviews the research progresses in the production of natural
products including collagens, peptides, hyaluronic acid, polyphenols, terpenes, and vitamins by
microbial synthetic biotechnology. Moreover, this article highlighted the synthetic pathways,
metabolic regulation, and prospects of the natural products, providing a reference for
subsequent microbial synthesis of active ingredients in cosmetics.

Keywords: cosmetics; active ingredients; biomanufacturing; synthetic biotechnology
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Figure 1 Types and functions of active ingredients in cosmetics.
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F1 AXPISRHEEEREZEFERS
Table 1

The main active ingredients in medical beauty in this paper

Types Functions

Collagen
L-carnosine

Carcinine

Maintaining tissue structure and regulating the cellular physiological environment
Antioxidant, anti-glycation, free radical scavenging, anti-immune, neuroprotective

Antioxidant, anti-glycosylation, free radical scavenging, metal ion chelation, anti-tumor, prevention of

retinopathy, improvement of learning deficits

Hyaluronic acid
Salidroside
Arbutin

Ferulic acid Antioxidant, anti-immune

Salicylic acid

antibacterial
Squalene Antioxidant, anti-aging and anti-wrinkle
Retinol
Astaxanthin Antioxidant

D-pantothenic acid

Ascorbic acid

Moisturizing, plasticity, permeability, biocompatibility
Protects against UV radiation, hinders melanin synthesis, eliminates free radicals

Inhibits melanin production, antioxidant, anti-inflammatory, whitening

Exfoliates dead skin cells, reduces clogged pores, promotes skin regeneration, anti-inflammatory,

Regulates skin metabolism, promotes collagen synthesis, antioxidant, anti-free radicals, repair, whitening

Involved in energy metabolism, signaling, and epigenetic processes in organisms

Whitening, antioxidant, promotes collagen synthesis
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Figure 2  Structure of collagen.
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W i 4 U AE K W AF 1 (Escherichia coli)
BL21 53 ik & 4 28 AT i R 2 1
(pET28a-rhC), #:45 520 mg/L 4 ¥4 40 kDa
PEHEN . RERERAEAANHLZTEER I3
JiE 25 4, (H G Rk R R A8 ON R IR
(diphenyliodonium hexafluorophosphate, DPPH) H
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DAAE SR 4 JR st 8 im0 iy FH At it A ol A Sy
1A RHE FE 5 1 @G T BRI (R,
E. coli ik Rk = i 52 1 — IR e s i fa e
W R SLACEE, H AR 2 B BB A 0 I IR 2 11 1)
To (8K, FETF I, Liu 2R 00 0k 2] 1 2 3k
AT 1K 63.6% 4 7% JH AT (Bacillus anthracis)
A9 il 2 IR -4- 2 {L T (prolyl 4-hydroxylase, P4H)
5 F L NTE E. coli p3EEIE, ZESL K
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AR 1, R VAR R 2 Ak 1 e it 2 1 L
BRI, -2 R, B
DALY %) SR P AT TR TR e S P HLA
R RGP, 150 BH ) AT B B 53l i Rk 1a
¥, 1997 4E, Vuorela Z5!SI7EEEJR £ (Pichia
pastoris)t Rk TR A 2 ikiE S P4AH, 45
R I 1 2 R EE ) RIX A F T P4H 1Y
ok, HA =R IR G 58 & s is
15 mg/L, ZWF5E A P. pastoris 4= 7= i 5 45 F14T
TF 1B R 2017 48, 2242503t P. pastoris
FIk 11 B 588 W B R Bk A 7 2604 78
22 L REERES B R, rrimik®) 4.71 g/L,
2019 4F, RS IR H P. pastoris & BEA
NIBUR R Gly-X-Y, 45 Rk ai i K+
95% . FiEEFEIE 4.50 /L iy 4 A\ DY iE IR R
F1, F 58 2 B B 2 e R i e R B Z I

&: 010-64807509

PRI I 26 11 R T HLAA 2 AL EF 4R AR S5 48 S
R A AR 251, Bk — 20 i At A &
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Table 2 Active peptides in cosmetics

Bioactive peptide  Type

Function

L-carnosine, carcinine,

Signal peptide Trifluoroacetyltripeptide-2, palmitoyl
tripeptide-3/5
. . GHK-Cu glycine histolysin, manganese
Carrier peptide . .
tripeptide complex-1 GHK-Mn
Neurotransmitter ~ Acetyl hexapeptide 3/8, dipeptide
inhibitory peptide diaminobutylbenzylamide diacetate

Enzyme inhibitory Soybean amino acids, rice peptides, silkworm

peptide silk protein

Stimulate collagen and elastin synthesis, stimulate
keratinocytes, and stimulate epidermal cell
proliferation

Provide trace elements to stimulate collagen synthesis
for wound healing and enzyme reaction processes
Promote collagen and ealstin synthesis and inhibit
melanin synthesis

Provide moisturizing effects to reduce the breakdown
of collagen and elastin

1.2.1  L-ABKBIEE K

L-}JLAK (L-carnosine) /& FH B-N 2 IR Fl L-2H &
R RBMEE R, BT ESKRE, 25
LYk 2R A TIRe, RAPUE . ikl .
R H R AEEDIRE, TN T . 250
RS s nsr U0 BEr, Tolk EWUK 3222
KEEA G, HIZBEEIHFER . Bl £ .
WIS Y, DR R sk A R AR W
W A AR R s RY AR DT Il . H R ILRR B A Pk
A FZEDEE N, HEgBis TR Kk
227 Heyland 280 B-IN A BENE 5 L-2H4&
TR MY, LA 4 B-Z K1Y E. coli Ak,
HEAL G B L-WUBK, Pk 3.7 g/L. {HJE B-IN
AR AR, R T LUK A AR 7 B
A%, BRI S POV e 3 TR 45 90 SR AT Al TG VD 7R 1
(Serratia marcescens) & i 1 — ik 7K & B
(dipeptidase, SmPepD) H # b B- N 2 & Al
L-ZH 2 B2 A B L- UK , Jee e 7 2 62.5 mmol/L,
IfiE—2P X SmPepD 47 A8 ] AL A4S 5 T 1
FZAE A& SmPepDM13, 535 LATZ G AR IS i
1t L-WURKG B, ZKAH =™ 5 AT 3K 89 mmol/L.
Liu PG UTRLY) 22 3 A b 32 88—
ZANKHE, AIDMEGE L-UUBKEY -G, A ik
WARFFIAER G310A, WAL A2 10 mmol/L £
L-WUK . filt, A BFFETE E. coli R & E R R
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TR E R TR, M H H# SmPepD 28454
T168S/G148D, [RIE MR L-1 2 B2 S HEHE [ yeasS,
IRAAE 5 LR TEREP I AR N 5.6 mol/L B-TH 22
#10.27 mol/L L-ZH 2R , PI SBAE AL L-IUIKRY
A 133.2 mmol/L, i 2 H AT I8 ) fe i 7 i o
1.2.2 BRI EYE K

J R LK (carcinine) & —FP HLR R IE I , F
W 7E H 76 25 sl W i — e i 2L 3 o0 P ik
B, BRI A B . PubsE e
FrA A, @RS FESSEE, WHAEGH
Jigg L IS A DX PR A | T A T R A 2 FE
YER, R Re et L JLAEfE R 2 . R
FAUL TR R RIREHKBEREY, e
22 % P, AE 5 (Drosophila melanogaster )1 Py ,
I 3 LI AT F I A% B 142 K & B% B (nonribosomal
peptide synthetase, NRPS) Ebony 7 i i It 5
L %L B2 Wi (phosphopantetheinyl transferase, sfp)
ML T A B2, BRTSEFAE LA = IR L
IRAGHGE RIS 5, AR5 % s Ebony I
L ZESAT FE (Bacillus subtilis)F 114 sfp F GSG %
¥, WE TS EN sfp-GSG-ebony (SGE), Jf
TERIGFTF R ik, mEATELL B-TN & B A
L-AH N R IR R T, 36 h NAT LG K
R IUBK 7.34 o/L, AL N 0.204 g/(L-h),
X H R A A R
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2 HRRERE A K

W Fi R (hyaluronic acid, HA)Z—Fh D-#j
EFERERR A N-Z Bt g A piEd p-1,3 Ml
B-1,4 BT B A A 14 0 WL 1) R SR L MR e SR
B, 2B RG] ST . HA R m 5+
it (HMW-HA, >100 kDa). fik7>F 5 (LMW-HA,
10-100 kDa)F1%5E 5K % B Fi 2 (0-HA, <10 kDa)
=K, HAYNEHERGRE T8, HEEA
FERPRIRTE . TN . BEERE AT,
FEBEZY At iR B S AR vz 1w Y,

HA ZEEEKTA N E 2, F2h A4
I C HAEBRTA A7, UNTRBRBEER 7 (Sreptococcus
pyogenes) . & ¥ #f Bk B (Sreptococcus
zooepidemicus) . L FEHEEK IR (Sreptococcus equi
subsp. zooepidemicus)%:*, HA WAYI& AL E
2 HAS BTS2 8L, b ety 3 g o
9 2 3% B S R 5 A (hyaluronan synthase A,
HasA) . UDP-] %3 ¥ i & B (uridine  diphosphate
glucose dehydrogenase, UDPG dehydrogenase,
HasB)Fl UDP-#ij %) Wi £E W5 B2 fL. il (UDP glucose
pyrophosphorylase, HasC), HA {45 i ] %5
Wi -6-WE R T 1R, Zeadk 225 49 I 1) R A BR R
UDP- % % #¥% ¥ F2 (UDP-glucuronic acid, UDP-
GlcUA) #ll UDP-N- Z, it % F& ] % #¥ (UDP-N-
acetylglucosamine, UDP-GIcNAc), 2 UDP-GlcUA
Fl UDP-GleNAc 7 hasA FOHEILAE I FIEK
B, Bz R MEAME R HAP HA A] DL it 3
Wy 20 25 RN A ) e e 5 vk 3R As, Herb gl
Yy 52 SRR R SR U5 L A ] R T AR B A
W&, caBdmuE kL mER. B
R CAE W) & A . HA &8 2 WFoe,
S zooepidemicus & HA [ KRG B #R, 427~
1) HA AEWIAHAESE | o0 T, SR 2,
{HU AR AR AR 008 | 35 57 3 43 AT i A
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PRBUAER i S BB IR 205 © 40 i
BRI RIS SR 55T S zooepidemicus
7 HA P BT TR, FE R
WF: Amado ZPR AL IEYINE AL HA, T
N 3.71x10° kDa, j=hEiAF] 4.02 g/L, HXTHR
(3.19 g/L)MH B F R FA; 1A, Amado DY
FIFHF RN F R E A, e walik
3.48 g/L (X118 3.60 g/L), 4Ttk 3.8x10°kDa,
B ERARAE P AR s Zhang 5P SRR CRE A 4
WEVEMBRIR, e nl 3k 6.7 g/L; Duffeck 214
FRTEPE DA PR EpE 2 R A AW T R T, R
IHA my- i i 2 0.71 g/L (W 0.47 g/L).
bR T35 IR LY, — 2L TSN | BE SR AR A0 pHL.
WEE . WA BEEE . IR L2 HA
B, SR LA R LA T A R R Y
AR,

AN, BEER TR, SREYE AR A
J&, E. coli. &% ¥ MRATH (Corynebacterium
glutamicum) . At L 25 0 41 1 (Bacillus subtilis) 1
P. pastoris &R & HI T HA B4, F 8
PN HAL 7E E. coli Hr, 3 3235006
LFMERI &R, F L RIK hasA BLH, I
I 6-BilR S I4 1 (6-phosphofructokinase 1, PfkA)
N 6-1E IR ] %5 B i & B (glucose-6-phosphate
dehydrogenase, Zwf) G 3 B PR U F i 45
BRI R, & HA 7= Eh 29.98 mg/LEY,
1 7L 1R FLER 14 (Lactococcus lactis)H, W58 A
iRk hasA B[N, A A% 2 #Y NICE &
SIS IMFLREEEK G R (nisin)ffi HA 177 &1k 3|
6.09 g/ FIH] C. glutamicum 4k 7= HA KA
W%, PR E. 2016 45, Cheng ZE
C. glutamicum H i ik ssehasA F1 hasB JE[A,
FEA T REESMAL, HA Iy~ EikE] 8.3 gL,
SR 1.3x10° kDa, #F—2 il 11 %k hasAB
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H M B 7L 2 Mo &t 3 [H] (lactate dehydrogenase,
Idh), $:45 T#4k # ¥k C. glutamicunvAidh-ABC,
T 3k 2 0 o e R R A B, d KT R ATk
21.6 g/L, JERFAERIGRMER 3 54, Du %5
mlER 10l R DR B i A MR I WIS, 3 Rk O AR
4 M BL A (cardiolipin synthase, pgsAl/pgsA2/cls)
AL O BEAE G R, E R KRR EVEE
(Mtreoscilla) £ &, $#&HLE Z 09 ATP FH3 00
NAD'/NADH I3, DK 8 75 43 2 It i 8 4
m HA SREN, JFmas aBth, mAsk
P 60 h P HA H7= ik 32 g/L. Wang 2510 5
WP ALY HA & spHasA, o Rk b
AR R, AR R ER Y HA G
iR UDP-GlcA 1 UDP-GlcNAc, i cg0420
Fl cg0424 LIjsi/b N IEPE AR Z 0 A 6 ik
Wit HA GBI, ffo 7e & I R P b se A b
7K W% 375 BH 51 R Jif (hyaluronidase, LHAase)fifi T. 7%
AR A REATIE HA PP ik 74.1 g/L, 77450+
N 53 kDa,

3 ZBmAMECUNENE R

MY &M RRE DB, A%
ek R IR AR, B REDRIP B IR S 32 58 0h 2k . A
G EY, ZmAAEY R —RTE
s TEAE Y, EAED TE P EZ R
S5 ERILM AL S, WHRIANEZH A h
B, AAMRERAHTEE Y, R, R
RH L PIBLR . ARSI A 2T
fedlcith b, ARG YA RO AR T AR
AR

RGN AEY S R Z RT3 5
R AR I R R BT A TR AR . % W IR A
Hi oo AR R 42 B D- R R OB -4- B R
(4-phosphate erythritol, E4P)FMi g Js B =X N il
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2 (phosphoenolpyruvate, PEP)4E &, 4 3-li %-5-
BA] F7 471 BE PE WA B -7- B% R & B (3-deoxy-D-

arabino-heptulosonate 7-phosphate synthase, DAHP
synthase)fitfb, REEAR 5L DAHP, #5E %

6 AL A MY SR, o R i
2 N T B R R A . 2 e
A S B EESE AL, SCZ RS
Pt & (& 3).

30 AZXEHEYMEK

21 55 K (salidroside) & £1 5 K A 25
Wiz —, HAMPUEII LIRS . HSERaR
AL THER HHEEREN, A B RIS
Ay HETLLSORTT F 2ok B THYHEE, (|
T 205 R AR K IR B A R R I A PR A AE ) ¢
P, aob BE R 2 X A A A T R R
itk , EAERIR Z 05 2801 T YD
A RLLERAR, U R KRB,

2 5t KiFH UDP-#ZH# (UDP glucose,
UDPG)Fl s B M 7K 4 A P12 B IEAE A )
WINE 3 FA Bk . S — KRR IS E IR
i3 95 F G M (aromatic aldehyde synthase,
AAS) B IR AL A 4-B LTI IR, J5 3 Bl e
A i (alcoholdehydrogenase, ADH)iA Ji Ay i i
ik Pt 2 el W SR A S AR IET SR AT, IR TE
IR, HAEHEYP AR, SR
28 S A7 AE T TR P BF b 9 3% B Ay (Ehrlich)i&
T, IR AR 2 I 2R ) BT 4- 558 DR PN i
P2 (4-hydroxyphenylpyruvate, 4HPP), TE7 N[
I i 32 i (phenylpyruvate decarboxylase, Arol0)
LT 4HPP BHIZH LN 4-RIEK LM
(4-hydroxyphenylacetaldehyde, 4-HPAA). 4-HPAA
PRI S A AL R, IS E P R R
PEALTT AR L SR AT (B 3)0 58 =il AR SR g2l
FRTE IR MAE AL T A= I 24, J5 2 9l e Ak g A
ey 4-HPAA, BfiJ (£ Bt SR T A
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pykE \H\ ppsA PRE uaGT
SHIK
PYR aroC
aroA
arol. ICS . 2L
e —— ———> Isochorismate —> salicylic acid
TCA CyClE ubiC

UDPG __ UDP

pHBA —> HQ _\A B-Arbutin

VMINXT

B3 EXHHISHMEUSYHNEDSHRE

Figure 3 The biosynthetic pathways of polyphenolic compounds in cosmetics. PTS: Glucose transport
pathway; G6P: 6-phosphoglucose; G1P: 1-Glucose phosphate; UDPG: UDP-glucose; F6P: 6-phosphofructose;
GAP: Glyceraldehyde-3-phosphate ester; BPG: Diphosphoglycerate; PEP: Phosphoenolpyruvate; PYR:
Pyruvate; RuSP: S5-phosphoribose; R5P: 5-phosphoribose; X5P: 5-phosphoxylulose; S7P: 7-phosphodoheptanose;
E4P: 4-phosphate erythritol; DAHP: 3-deoxy-D-arabinogenose-7-phosphate; SHIK: Shikimic acid; CHA:
chorismic acid; TYR: Tyrosine; 4HPA: 4-hydroxyphenylacetic acid; 4HPP: 4-hydroxyphenylpyruvate;
4HPAA: Hydroxyphenylacetaldehyde; PCA: p-coumaric acid; PHBA: p-hydroxybenzoic acid; HQ:
Hydroquinone; L-Dopa: Levodopa; PGM: Phosphoglucose mutase; GalU: Glucose-1-phosphate
uridyltransferase; PykF: Pyruvate kinase; TktA: Transketolase I; AroG™: 3-deoxy-7-phosphate heptanate
synthase; AroL: Mangiferate kinase II; AroE: Mangiferate dehydrogenase; AroA: 3-Phosphate shikimate
1-carboxyethyltransferase; AroC: Chorionic synthase; UbiC: Chorionic lyase; MNXI1: 4-hydroxybenzoate
I-hydroxylase; AS: Arbutin synthase; UGT: Uridine diphosphate glucuronic acid transferase; AdhE: A
bifunctional enzyme (aldehyde dehydrogenase and ethanol dehydrogenase); Arol0: Phenylpyruvate
decarboxylase; ICS: Isobranched acid synthase; IPL: Isobranched pyruvate lyase; TyrA: Tyrosinase; TyrB:
Tyrosine synthetase B; HpaBC: Hydroxyphenylpyruvate synthase; FeaB: Phenylacetaldehyde dehydrogenase;
Atcomt: Caffeic acid O-methyltransferase; Rgtal: Tyrosine ammonia lyase.

W, PRI R AL S R LT AR RERARERAE 1 S ] DAHP £ i (aroG™)
o ARRTEMEDTHEMOCEBAT TR FIEEZRRE (tyrosinase, tyrA™), RFRTEFHRER
R, AU 8 o O TGS RIBFFR, N TR M R G R 4 A 7 SR A o ATt

&: 010-64807509 B<: cjb@im.ac.cn
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PR TR 5 7K AL ) BE i (chorismate mutase/prephenate
dehydratase, pheA) fl B R W B2 £ B¥ 4% &%
(anthranilate phosphoribosyltransferase, trpD), 14
IMEGAGEN, I3 ASNESEN PCAAS, ArolO FIf
% BE L ¥ #% 1§ L [A (UDP-glycosyltransferase
85A1, UGT85AL), fZ47E 5 L kMg, S8l
LRI =& 2.2 g/L, BEEE & 7.18 g/LP,
Liu SECOBEA # T — Pl SR S 8% F5 A P 0
REBITE, Hd—A TR R 24 R e 7
AOOHR T T L TR BK (aglycone, AG), LIAHHE K 5k
AT A BRI, D5 —A 2 LU 205 0y sk v i
SR BB B BT 1R P (glycoside, GD), I TH K
UDPG, K MR KT R IL SR, & AG Witk
F1 GD TR PR 5 5 AAKE R 2 R ok, e [E 4
WAL S RTY, srtabe R IR ™ 58 6.03 g/L.
UEAh, Liu Z50P77E FRIE A i 2o i w10 4 1
MR F R O B Arod™P | 4y AR A il
(chorismate mutase, Aroh)Fll Aro7"'S {5z 4
i, SFRIA riid At JED, BEETIALLN, [F]
Ao R R o AP AR ) pha2 A1 pded, ik s e b %
A ML S i (gly cosyltransferase, RrUSGT33),
IATEAMRTE 5 L KRR b A 7 R BEAZ LS R Y
PR 0 (9.90+0.06) g/L F1(26.55+0.43) g/L,
X H AT A T R i B K .
3.2 REREFHEVEN

AE S (arbutin) & — Fh X 2K — 1 ) 25 4
EY, sihlRaRMANR, BAEVEL.
PLRME A FADEN, RIAE R Al bt
G T . BT A o A1 B PRI AL,
thoo- SRR Y SE RO B-AEIR T 10 f5LA
o B-REIRAT AT LU AL fbE A i . RARAED)
PR | AEY) 2 M 8 55 s A ) R I il A
L&, - AR IR — i U REIE o T A ) R
B AL T 25 PP RE SRR REASBY o-TE KD T
FEVHBEIR (LGN o7 2 0 1 il S AL 5 A, H

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

JE I R AR . 2012 A — FhE K 0 B
(amylosucrase, DGAS)#{ izl , AT LAH A B4R F
ABRA AR, T HAESR MR AFTER BT,
AL IR 90%, SR TE G = R M ER IAE LT
FEAL AT 1.3%7, 2018 4F, —Fli AL 2F 4t 5
% (Cellulomonas carboniz)H 1Y T26 3E#; HE A
fit:(CCAS)B A&, JRWHE Ny 20 mmol/L 1
BEFI 5 mmol/L & Mit, 7F pH 7.0, WA 40 °C5%
W, ANEIMPLIRIMAR, 2 h o] S0P T & R
(1) 40%—44.7%01) a-AE ST R IR B AL R0, A
w, BRI A PR AT AR, T i —
AR AR R A= i, Shen ZE'LE A sRALN
IR ZE R IR IR AR, AL TR X 2 5L H R 1) &
B, ISR 4R R IR EE 1-52 1k i
(4-hydroxybenzoate 1-hydroxylase, MNX1), AE
H 4 W (arbutin synthase, AS)4: il B-RERH,
=Rk E] 4.19 g/L, ST KRBT B-RE
H KA A 3). An S5 11 145 PEP I
UDPG PIAETARIMALN, JFiEs O-Z M
B, ZBREI-Y, AR 43.79 g/L 1y p-fiE
o [FIE, Zhou S IFE A AT 1T Hb i o i o3k 1
Bl 6- M AL AL B2 i (levansucrase, SacB). ZHfiE4h
¥7 15 lif# (extracellular levanase, SacC). N Y] fiff
(endolevanase, LevB) Fll i B 6 % ik /K i i
(sucrose-6-phosphate hydrolase, SacA), JF&k T
— PRI S E IR RS Lon protease il
6- T iR L B 38 i (6-phosphofructokinase, PfkA)
FITE M, E I A B 22 B B -0- B IR B Ak Ry
- 1R, R Ao R 1 250 W -6- W IR S 4
fiff (glucose-6-phosphate isomerase, Pgi)Fl g
] % M A2 {37 i (phosphoglucomutase, PgcA), f#
o-AE SR A Pk 120 g/L, HEHERE LR ILE)
60.4% (mol/mol).
3.3 MERERRIEME L

P ZR 2 (ferulic acid)j& — 28] Z A 7E THA
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Yrh RIS eG Y, BA RSP AL bt
BRI AR F71°04 AT AR R o B A DA R /K S I K i Ak
AR RS0 . TR . Zeot . AL K
BRESE ) PR PR I, /N FIOKOBIE 2 7 oMb BT 2 1R 1)
FERYE, H X Lo R T A B 5 O
SRR AT A BRI S FR, a
AR, HAETA A RBTEEIR 3 2AF E. coli HhitkfT
(K] 3), & 7E S 24 TR 25 TS 24 2 Y 24 1% 14 (tyrosine
ammonia lyase, TAL) . 4-7 & & -3- 7% 1k filf
(p-coumarate 3-hydroxylase, Sam5)FIIHERR O-H
HEAEFL Bl (caffeic acid-O-methyltransferase, COMT)
FIVE R R & ), Choi 251 kol F BH 2214
(Saccharothrix espanaensis)f) TAL . S-f#iF i
% % (S-adenosyl-L-methionine, SAM)FI2K H I/
J¥(Arabidopsis thaliana)f) COMT, BiZRER 1) /= &
J9(7.1£1.3) mg/L. Lv 2758 114 %35 tal . samb
1 comt FER A HT B H A S BT BR R S U5 B A
Ik Kk awf o 6- BE IR A A B R i A
(6-phosphogluconate dehydrogenase, gnd) . S# 71
P2 i &l (isocitrate dehydrogenase, icd)fl%% &
fif (transhydrogenase, pNtAB)% X bk i i 15204 —
% F R B BR (nicotinamide adenine dinucleotide
phosphate, NADPH) A= 1§ LA M A B SAM 1Y
FH 7 2 'R i #% ¥ (methionine adenosyltransferase,
MetK), fZFIELER 1)) 7 (207.3+2.9) mg/L.
Hedf 2022 4F, Zhou S5y i BT BRR S5 U545 LA
MR, IFRRAK S & R FE L i (tyrosine hydroxylase,
HpaBO)MIE M, RlG RN E R B RE, fEiFid
J5 A B OB IE M T 8% Y R (flavine adenine
dinucleotide, FADH,)JFFAE, 2A0idh I8 2 1R &
AT FA LN tyr A BRI X R R AR
AL i (phosphoenolpyruvate carboxylase, ppsA)Ji
. & [l B i (transketolase 1, tktA) 3 [K Al
aroG™ , MR 2 A7 i 9% 15 6 4 75 55 X (pyruvate
kinase, pykA and pykF)#l pheA, & & RiiAY) K

&: 010-64807509

RIREN , Al ot Rl R IS, BB R Y
PR IR E] 5.09 g/L.
3.4 KFEREIEDE K

K2 (salicylic acid, SA)J&—Fh KIRFETE
TR G, 3F mIRIRAE T ilie ™ )70 SR
SRR BRI (8 3), #0Z H Tthh Al
H 255, AR S 37 R il B4 8 LA R BT ] D bk
FHL SR 250 ) w4,

Liu Z:UY%] R E. coli ATCC31884, {55
T T7 FEHi K SA A6 A PR & 2 R
geafk |-, i T pheA F tyr ATHER T RN
MR AR AR R, 1Y 9R aroG RBIFsmiL b
Wikt , FEREEIN pykA F1 pykF LL{ESE PEP,
B SA BB M (1560.6£50.2) mg/L. Zhang
UL E. coli MG1655-U7 MIRELFE, 1%k
>k A g F AU JCA R 1 (Amycol atopsi's methanolica)
B K R & A (salicylate synthase, AmS), SA
PR TR F (421.2442.1) mg/L . 25 AN S U2
E. coli Tyr002 Ay iti Zwitk, Kl st sp e
(Pseudomonas aeruginosa) i) 43 3z ik 4 figk il 1t
[Hl (isochorismate pyruvate lyase, pchB)%& & 7E K
AR A plf B A7, 1 KKK IR G L
[Hl (Isochorismate synthase, entC), &R 54 32 R
24 i Wl 2L [N (bifunctional isochorismate lyase,
EntB)fll TyrA, $#EJ & B SA 7= 4 1.05 g/L.

4 wERLESWEETE B

52814 W) (terpenes) & 38 il s & LB g1k
Ry, A TAY . TR e
SRS E i N o Y T 1 R €|
KA E G Y KT 70 000 Flr, H
BYUMIRE . AL DL R R i 455 2 R 2y B
ER, TN AFEZ ., 8. &FRfERAL
TARAURUY, o . R R R
AW &3] TS W R ST ST R AN T = N B

B<: cjb@im.ac.cn
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PAT R RIS | A R IR A B SR T RE, B2
BTt b o AR5 F, R 2E
I AEP R BUR AL 2 6 BURTS , (H R RIS
IHFER Z AW %R H BAn b6 Yo 25, itk
EARREB, Gr A, NILEEY A L
Je— P A B IR,

[ A7 NiOIECE Y/ e B Y EIRRZY /i & SN
AU H5 H ¥ %R (mevalonate, MVA)I& 12 Fl
2-C-H Bt -D- JF #5 Wi % -4 B FR (methylerythritol
4-phosphate, MEP)IZ1E M, 7EANTE . 540 1H
SMUEY R EELL MEP R AL, TERERE . B
P RS A AR R R LA MVA IR R
MVA &1 MEP 142 5 REME & B N0 Sk
%R (isopentenyl pyrophosphate, IPP)F1 . H 3L /a
NFEFEBENR (dimethylallyl pyrophosphate, DMAPP)
XM, £ MVA i&4&2H, 2 40 F LTt
i A FECBEC TR A B f# I (acetyl-CoA
acetyltransferase 1, ACAT1)PA N 375 H B & — ki
i A 4 [ (hydroxymethylglutaryl-CoA synthase,
HMGS)/E T AL AE B 3-72 5k -3- H k2 Tk Al
f§ A (3-Hydroxy-3-methylglutaryl-coenzyme A,
HMG-CoA), i )5 it 552 iy B il 3-8 0k-3-
HOJE I E4 i A 34 )5 i (3-hydroxy-3-methyl
glutaryl coenzyme A reductase, HMGR)AE il 5 £
B AR R R, R R AL . BRI
Jii 7K 4 B IPP., IPP Al DMAPP 75 53 M A i ik
5+ ¥M (isopente-nyl pyrophosphate isomerase, IDI)
AIVERT T A 40, $35 1PP il DMAPP 7E 71t
AW R & A ¥ (geranylpyrophosphate synthase,
GPPS)IMEAAE T T AR il - KR AR W IR (gerany ]
pyrophosphate, GPP), ¥k J& %t £ i 1R & 1l i
(farnesyl pyrophosphate synthase, FPPS) AJ it 1k,
GPP 5675 Jyi: Je FEFEBENR (farnesyl pyrophosphate,
FPP), A il S5 Y NIAE GPP Al FPP i) Bl

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

RS (E 4), BTG WA A B
PR NG F AR RS R4k . A
NADPH 45 il s U ilkag £ 1 3 AL 2 U7
41 AEHRBEMEK

1 & i (squalene) & HH 6 Fh 5 I8 — M 4 B 1)
AN =5 G, B 22 L H AN 1R R
g, Ak SPAtERE, AT Tl diE
ZMyraib e UM, 2014 4, MBS
Yt KE0 26.7 J1 t, TiiE ] 2023 417 i ML
23ikF] 2.419 /2300, HrbhFLEBARAANA
PR A S T LR, BT —
HEEMER AN EERE, RERMahmE
oA, (R EE X & 55 R 3R
LTS IAI = S NUIE S 54 c PRIV B 7L
HE it -t AT AR UM R (B R AN 5.69 me/g
DCW, HE®MK, T EE S, NidH KM
BA RO R IE b F A AR E 2T 2,
FREAR, AR TR R A, A A E
i O A BT TRR I, 3 24035 1 0 Qi
L S0 B DR KO B O B A

Tang 5P R T AL R LR A KF
PSR, L4 I e IR A7 1 IR 22 i i (AT P-citrate
lyase, ACL)FI & Wt i A & i/ (acyl coenzyme
A synthetase, ACS)fie i fi i i i [n] & Mt il
i A, mBRAT 5 R & i (citrate synthase 2, CIT2)
F1SE R AR & R (malate synthase 1, MLS1)J#
DTG A HEATEGIERR, W RBEE N
HMGR, HF3E s S Bt A 5IAME
WHAEY A L, Gtk T AbE, ek
FEEIAE) 10 mg/g DCW, JEHF AR 50 5.
AR, FEEE IR PO AR TR, 18 o AT IR
LM i e A H BB S TR AN LRSI AL H AR
PRI A AR AR RTAR P, B AR R T Ik
F] 731.18 mg/L,
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Glucose

Glucose

Acetyl-CoA

Acetoacetyl-CoA

CrtZ /

HEE CriE

|
MrBBS hsgs
a-bisabolol
PSPP

Adonirubin

HMG-CoA Canthaxanthin 3'-hydroxyechinenone Tt
Mevalonate Crie ‘Yf w

CriW CriZ

i - t thi
Mevalonate-5-phosphate s CrHW Beppiantin
¢ CriZ
DMAPP ‘I' PP
CrtB Crtl CrtY

GGPP —» Phytoene — Lycopene ——» B-carotene

% Astaxanthin w

Adonixanthin
ﬁ XrtW

CrtW

hsgs

—
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4 EMATEHEFERTHEMSRER

Figure 4 The biosynthetic pathways of some terpenes in cosmetics. HMG CoA: 3-hydroxy-3-methylglutarate
monoacyl CoA; IPP: Isoprene pyrophosphate; DMAPP: Dimethylallyl pyrophosphate; FPP: Farnesyl
pyrophosphate; GGPP: Geranylgeranyl pyrophosphate; MrBBS: a-Red myrrh alcohol synthase; Hsgs:
Squalene synthase; PSPP: Pre squalene diphosphate; Blh: B-Carotene 15,15'-oxidase; Ybbo: Retinol
reductase; CrtE: GGPP synthase; CrtB: Eight hydrogen lycopene synthase; Crtl: Octahydrolycopene
dehydrogenase; CrtY: Lycopene B-cyclizing enzyme; CrtZ: B-Carotene hydroxylase; CrtW: B-Carotene

ketolase.

— kYL, G 1 T RBETE 3 T
DMAPP #1373+ IPP (& 4) FE i B: Hh i 2 MVA
W 1 53§ IPP B0 DMAPP F % 2 43 F
NADPH {1 i® J 46 K5 . KLt , 58 &2 1Y) NADPH
LT 4 AR R A R B O E
Paramasivan 25 7E R EERE i ik HMGR
EHERE R G R, 1135 NADH #i(NADH
kinase, pos5)fit #f NADPH #i4:, &M% I
PR 26.5 £5 . Xu SFPER AR P %
KRG IDT ., 1- M A R W -5- 8 1R 5 ok
(1-deoxy-D-xylulose-5-phosphate synthase, DXS)HI

&: 010-64807509

FPP, Jf i & ik mlb iE 4% 17 R % & 1 (soluble
pyridine nucleotide transhydrogenase, UdhA) K
NADPH/NADP LA, [RISE A 2-fi-3-li 4-6-
P2 46 4R R 14 428 (2-keto-3-deoxy-6-phosphogluconate
pathway, EDP)FIBE IR 5HE 14545 (pentose phosphate
pathway, PPP)F U B i fi# (glycolytic pathway)iis
WS ISR IR RS, JF i KRB g Zwf
- IR ] 75 W R TN 6158 (6-phosphogluconolactonase,
pgl), &S )7 fe Al ik 28.5 mg/g DCW Fl
52.1 mg/L, ffi % Jd 76 20 A N R 8825 X0 4 Jfd 3
B A DRI DX 3 A 5 R B 1 R e

B<: cjb@im.ac.cn
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W5 PR B ) — AN RS . Liu 25 o 7 R T
B rh & 5 816 A BURTE . 51 HMG-CoA
I D T RN 4 A e s A AR R R TR ERGL S 31,
{7 0% 77 B 15 51 (321.08+18.78) mg/g DCW,
F: 45 Rk ALY B Ry R 0 5 i P
i #3877 R I &L (isocitrate dehydrogenase
2/3, idp2/idp3) Ml ¢ 1F M %% iz {& (adenine
nucleotide translocator 1, ANTI)%% NADPH #0
ATP {4, s OB A RihER, &5
W A LYy, mAMMEK T EIAT
1 312.82 mg/L, f 281k 240 o Jox Fn sk A AL ) ity
KRB E TR LR BE, M imn &b
FI 11.0 g/L; $45 , R URBZE A FH 40 Jfd o Fh 2 pr
TR TR A IR ms , /b2 R X3R4k MVA
I 5 R B A R, TR B v A e AR
TR, MBI RS, MEk
KF] 21.10 g/LBY, 2023 4F, Amyris 2 LA
FER S R B s =X Bk et , TRk T —Fh
T om0 R e I 11 G B 2, 38 3k X S AT
ZHIEAL, TG B T 4B 2 90% 1Y fl & M
i1 8 DR EL R S 1 0 B A v R A 9
SEIRAR M RE AR, 2 Rk B T A2
it T A o R B
4.2 MEBEHIEME K

L E 5 (retinol, A B%), EAEBM4EEZR A
FiE—1, BRI ks A
AR, PrEfe. BtAmEE. BE . EASURL,
EHTH AT ERESAPiEEN Tz —, ]
2T AR | Aol b RS 25403 0, 2020 4F,
SRR B EE T AR B 46 140T, 2026 Kk
# 634247C, HREAWKEN 4.5%, Hij, M
BEE R A T PR A B, L A
A2 it AN PN B R ) AT RRAL FK A, AR5 4
b RZui, AR T A R A A

P BEAE AR Wb & 2 LR B WA AE

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

RGO ETE  AL RO B IR . LB S Y B
R AL BRE, i - D ER-15,15- B ()
fin %A M [B-carotene-15,15'-mom(di)oxygenase,
BCM(D)OMiAk B-BAEE b &)™ A, PLETE AT LA
43 )38 1ok A s T AR A S A DA AU e T
WEER (K 4). B-81% MM 3 707 PP M
1 4>F DMAPP #HJ#,, Jang 2055 g 20 K
FFE 5 IASME MVA &2 1508 BCM(D)O, Jf:
TEREFR BRI ¢, 388 3 XURH & I de 23R
5 136 mg/L KM ERE, f45 67 mg/L MLEEREE |

54 mg/L LI 15 mg/L ZIRALEEE, N T 5
PRSI BERE, WFSEETE IR PRk SN A
fifg 5L [Hl (acetaldehyde dehydrogenase, eUtE) , y-7+ 4
Pk -y-2 2k T A U LRl (gamma-glutamyl-gamma-
aminobutyraldehyde dehydrogenase, puuC)#lif
Fik NADP(+)F 5 M: 8 18 )5 g 55 [N [NADP(+)-
dependent aldehyde reductase, ybbO]FlI5 55 £ Pt
4: 3 [Hl (chloramphenicol acetyltransferase, cat),

LA 76 me/L WLBTHE . R I RE A NI
P MVA A, A LB Y AR 20,

Sun S5OV FIAKEE N BRIR, K p-818 b EAY
G e M e S o S T R
(geranylgeranyl diphosphate synthase, crtE). # i
21 2 i = B (phytoene desaturase, crtl)Fl1ZEAh4l
ZEIMEEE (phytoene synthase, crtYB) FL[E DA K&
bemo HE A 51 A BRI IR bR, IR+ bk
G I A S PR BBGRIEA T SURR B A R B, e )™
AR A R 3 350 mg/L, A fudnil e
2 094 mg/L FIALEEEE 1 338 mg/L, Lee %P3k
BN 28K i +F T A8 S A i D B [ (retinol
dehydrogenase 10, rdh10)#l ybbO 5| A BRiE ),
DAIAKE Jmic i, & BUAL S Wi 7 i 1 (B 2 92 T
EATS AT DR A B I 7 A, T 24 51 AR rdhi12
FEDA RS, ML R E F] 97.09 me/L, JLF
BOA LB AN, (HLJE 4 N AR T K
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gty , 45] AFLRRFLER A (Lactococeus lactis)
NADH F /L (NADH oxidase, noxE)ff, f#de T
SAALIR I RAS , PUEE " s F) 123.1 mg/Lo H
THOERER AT OEE, HEE . SCRAIHT AL 55
SRS T LB B A A ™ . R IR
fi £ (Yarrowia lipolytica)&—Fh & it , 41
Migirh CBERERE A F5, ZAEWE sahiE
WA A 0 H TS TR e T
Y. lipolytica 4= B-# % b &R witk, JFAEHPHA
11445 DLk B 140 B 66A03 (Marinobacter
hydrocarbonoclasticus Blh, Mb.Blh)f) p 25 % |
K L% hin A B (beta-carotene  oxygenase, bco)Z
, WS IR R T A R AL K (Butylated
Hydroxytoluene, BHT)Jf 1 3¢ ik 4 Bt H K& ik
fiff 3% [X] (glutathione synthetase, gsh2), Ff45&
BHT 4b FEAIE: i 80 A4 IR, 7E 5 L K BEE P id
SRR B AR P 4.86 o/L ALEEEEFN 0.26 g/L
PREEE, X H R e e =
43 NEFERIEDER

W7 K (astaxanthin) & — Ff 45 21 6 19 25 41
& MR, BAMRRIPUEAEITEE, TR M.
BEy7 . bl 2SN Tz . HAYE
R AR A A BTG, St BEREAR IR TS . MVA
wie . BRlimRiEte, ERETIA B- RS MR, &
JEAE B-BHE D 2K B EE(B-carotene ketolase, CrtW)
Al B-HH & |~ &K 2 AL i (B-carotene hydroxylase,
CrtZ)FE T A U 2 (B 4)P2

Jia SR LT & KR (Phaffia rhodozyma)
AS2.1557, WEEN 0.5 mg/L #MNEKGRR, IF
1 Ik L 15 55 H (polyamine transport protein,
PT)JEIH, (EFHERT R A9 k3] 2.3 mg/L;
Pan 5 UYH| 21 & Ok I £ (Xanthophyllomyces
dendrorhous) UV3-721, ¥l 3 g/L MRS IR EN
1w RIXS HIFF RAEY G BGER D I RATER
fifi K& [H (isocitrate lyase, icl), hmgs, crtE. crtYB,

&: 010-64807509

crtl FIHF & K 4 B K& [H (astaxanthin synthase,
crtS), KT 77 24 h FPERF 775 22.5 mg/L,
1 5 L KBERE 7y EHEA T 0 & ¥, 120 h ™
Eik#] 442 mg/L; Liu Z0IL4r % J i i
CBS6938 M L Hitk, BN 500 mg/L FREEMR
(gibberellic acid, GA), GA i1 T Jgifz 2=
TG ABC $5ia 85 H AR 55, AT gt
IR R A, Hy7 ik 539.76 pg/g; Ma
2R Y. lipolytica 4R X AL 7 2k
PERE R, B, MRG0 PR R T
[X il 2K 7 (Paracoccus) ) CrtW  F1 R A= 21 3K i
(Haematococcus pluvialis)ff) CrtZ @ &%, If
W RA e IT S R AV & R R T A S 40H
X%, [APRZ S SRR DA . P95 R Bk
AALYIERIAR 3 A difdsr, Prat R ER N, £b
Ko & e =4 T 858 mg/L (IR E & .

5 D-REWAENE MK

D-7Z [iZ (D-pantothenic acid, D-PA), tH#FR
HAEE R BS Bl 2R, KA R,
Z 54k ae R (555 MR EE
Goife, HAEZEWAMAMTIRE, Oz
IO 1 L BRDRE L At R B S A R0
D-1Z BRI A W 7 1k EE AR A ik . b
Wl RO A ) R s, o, AR RN A )
M BT DIZ IRAS ™ I B . fbeE ik
H D-IZ RIS BCETIA D-IZ fE R N R 2 i) D-1Z
i T2 PN TR 7K i B PR M K B AR 2 DLL-IZ fR R N
BE Y D-1Z MR, & MNERILAERL, BTFH L1z
f IR R 2 A2 T e Ak D,L-1Z ff 2 P TG 28T
HEAPF A IERN, B G, B-IN AR S D-1Z R IR
N g 8 o R AL P B D-PA . U AL, X EE 75k
IR A H XA AT, A e e U A
] B HL A B A 0T S

D-1Z PR I A= ) e e 1 € 2 BUS T AR Ky ik

B<: cjb@im.ac.cn
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R HE LB Ak, Huser 55OV 1 BIBRAF
TR AR TR 1 75 2 R M 24 I 2 ] (threonine
deaminase, iIVA)RHWT =& R IA M, FFRKE
5 IIVBNCD B [N A h £ 1 2 2k 1R 45 N
(acetohydroxyacid synthase, AHAS) , Z it 2 R 5+
¥4 38 J5i T (acetohydroxyacid isomeroreductase,
AHAIR) 1 = %2 J& & Wi 7K B (dihydroxy acid
dehydratase, DHAD), 34/l panBC #:4\ -5 Il
B 22 3K T 72 i BR ¥4 W 3k §% 7% il (ketopantoate
hydroxymethyltransferase, panB)#liZ g & ¥
(pantothenate synthetase, panC), 5 i 55 /&R
N D-IZ BRI A, S8 bR A 8, 2% D-PA
(175155 8 mmol/L . Yocum %I UAN B ZEAAT
ORGSR, @ S TR R D-PA A7
PR, FFTEMCRPRI SR I, Dok gmh 22 2
MR ¥ H FEHE RS I (glycine hydroxymethyltransferase,
glyA) 2R IE K-, $i v 37 FF R DO & g 1) 4L
I3 2 MRS N B-TN 2R , fif D-PA 1)) T ik B
86 g/L. APRAIL X R A 7™ D-PA IS
W B TR IT 5 A WA RSB
fbo HARMHE: Zhang ZEUO7E K AT R i ad
CRISPR-Cas9 HEAEALHTIARMEN | 8055 52 Fr ik
FREEHmS, SEHL D-PA 177 i1k 28.45 g/L. Zou
SEUOIHE— 25 R g e H AR &R g X D-PA
1) K B2 AT ARAL , FFIMA R SE @RS 5 L &
WEHE , D-IZ BRI REIKF] 31.6 g/L. ZJ5 Qin
UG p-PA ) & EEL BRI T AL, S
pH S AMNEFFT B-PA 22 IR A6 B85 3 I 25 SR gk, 7E
5 LR & e 7™ D-IZ R 48.21 g/L, MR
ALK 0.33 g/g DCW,,

6 YLIFMLBR BY A M1 B K

HUIR LR (ascorbic acid, AsA) X H{HR A4k
HERC, HAEA., i8R EAE
WAL, FEAYIRNA 2 Ffy AL, LR p-AY,

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

Horpr LR —Fhew 0L KRB AR . PR
I FRTEAR P AT LA B, TAE AR LA S Sh ik N
P = G AsA R ——L- i i B N TR 28k
B LAASBE A B PL IR IR, L BE AP AL 07,
FIUHT AsA FoREBTERAE 1577 t L L, Bl
Fofh A A R 277 M AR, HBAELL 10%4
BRI o i T AR A R B AR E
PE, Tolk BRSO AY) BT 2-H 5 -L-t
FiR (2-keto-L-gulonic acid, 2-KLG), FARfk, 5C
B AsA [ RRIBA: 7= H T, KLG A ™
TS e R A Ok 2 R A D Tl A
P, P SRR R R AT TR LI B AL
W A0, me A b O A R R R T
(Ketogulonigenium vulgar)FlE K ZEHIFT i (Bacillus
megaterium) iR & & W 1 7 20K 1 B0 5 18
2-KLG" ™, M2 B 25 2,5~ 5 -D- 4 285 i 1
(2,5-diketo-D-gluconic acid, 2,5-DKG)& % 2-KLG,
SR AR C E AR RN, G, A
%) BE R ¥ T4 (Gluconobacter oxydans) ATCC9937
e s T L E A R 2-KLG, 1 H ¥ DKG
W5 (DKG reductase, DKGR). 2,5-DKG #%iz
RFHEA 2-KLG & BB tr, m&AES L
K EEHET 2-KLG Ay~ ik 30.5 g/L!,
TEREEE BN BES LPTIR IR , [HIEA]
PLG B—Fh -5 P00 i R 265 #4) F ) B 4 3l AH 3 Y
Y1 —D- AR EHUIR IR AR R A
AsA WRES), VFZWPEET Rt S A MR
FAEHARIG A AsA BIFEA . Sauer 61 P15 PHlid
FRARZEFH LA N T5E D-BalhiAFT iR R - 1,4- 4
i SEC A il A S5 R TR K H AR IT Y LR ZL R
AMGRES LA L2 FUBHEE L2 UhE-1,4-4
fig >~ i ) A= 7% L- 9t IR I BR (L-ascorbic  acid,
L-AA), 7% 100 mg/(L-OD). Branduardi 2" %3k
VT IIFIF (9B GDP-H 88 15-3,5-2% [0 S 4
fi (GDP-mannose-3',5"-epimerase, GME) [1¥ &
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gme. GDP-L-F| i ik 1k [ (GDP-L-galactose
phosphorylase, GGP)I¥ L[ vtc2 Fl L2 ZL0% 1-#%
%2 % FR Wi (L-galactose-1-phosphate phosphatase,
GPP) 5L ] vted TEFRIP fe bk rh R R0k, [A] i
WU TR IR A g 5 8 L-AA B SRJE PIAP I
o7 ik %) 5 PR S AL, RSO A R TG P B rh A
YA L-AA B2, B IRAFRIELL D4 &0
HIRYIE W L-AA BIBERER IR, 7K 45 g/l
Rosa ZEh ol IH TR IF 9 gme, vic2 Al vicd
FAFLR v ELEELE, (AR DRI NI
H:773k 30 mg/L (Y L-AA . 2-%-D-M I 2R 2 2 Ml
F -L-PT IR I fiR (2-O-D-glucopyranosyl-L-ascorbic
acid, AA-2G), & —FHiIR M4 Y, M
1 Bl 3L 5 7% [ (cyclodextrin  glucosetransferase,
CGTase)2 T & M. AA-2G WYl —. Zhang
ST YR E A K A B R R SR IR TR MR 2
JEAT i (Paenibacillus macerans)tl CGTase &,
AA-2G, FEXTEE RN SR TIAL,, AA-2G 7 i
KF) 13 g/L, FlJE, FHTESERR AN € J5 1) CGTase
A AA-2G, FEEIRF) 21 /L.

7 REERE

BEE AR TR KB, AT IXE SE A A
(AR S S TSN A SRR IN E S
T4 R 2 o) D8P ik o rb T S R A
TRk, RESERRIFARIE ., B2, XA,
PURE . SCHEAEAERT, TR A SR R B
F AT S 4 ORI Ak 245 B2 Gkl 2 254 A
ATIXE 7 iy B SRS o AR 06 AR (1R
TR RGEY Y. SREYHORMEA T
PR M TR BRI AR, N B SEiE ks A9
AR TR, I HAR Z b B A Tl
BRI REEA . B
MR, 2R . ZL5RH . M. AR
G R, JUHIEX A . B,

&: 010-64807509

R AMHREESRIBELRTE, 4R ZEIRE
Py Tl AL A P FE e R b o FERAE DA
MR, SRR, AR A
R ANAERE Al PASE B R 5 e el A A
FIEE P Jo T A AL R AR | T
FIZRENE, BERAEAL™ i B8 A2 7 O FI RIS AT LA
S R T 2 RS R G AEY)
o A TR REY) 255, TS TR >
g BT A R AR
LGS PRI AR, TRy 7 i R]
PASEBLR 5 e e, XSO T 18 S 16 1k 0 1 7
WA A = E BA BRI HESI R .
SV, 751X S PR 5 5 a3 A 5 R
PR A A AR — SE )R R o i e - (1) 15 A
IR L RS R S BRI A ) S I
Ro BUAEYE o= R i T AU
WRARPNEZ | BRI T TR FRE e 22 2 R
i, AEE WA R R AE AR Y R AR SR
PemAF . Hik, Ed A TERE. 297K
AR R SRS MU AR, F2 4 AOE R
M SRR . ST S R RE A L AT
5, MES AR R A S TR
(2) TP AL ) 0 R RIRG R P e 52 o 7 )
K UE W R 55 2 AL & W LA S AR D IR
HRIEY, WHAZGWBm M) T2 ERA
AR 22 5 1l EZ LIRS WL A1, L
A [r B — g 20 B2 3 7 i B AR W R R
2o RN, SZMARTEA FMB I, X kg
B T AN A . MRk s, B RA L
PRALTE VAR RE T, LA S G b PR
L B ST PR B Y B A T T 22—
(3) EME AT BB IATI A B T A o — T T AT LAJ:
WEPE . mil, R AFIR IR, 242
WYLy s WAk, b nl DU IR A &
I A g 30 7 1 S T R A R S v AR

B<: cjb@im.ac.cn
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AT E, RS AL S IRIRIE . (4) 1E
Jo3HE 7 o S Al T AR — IR A R 2 R i L
WAL EZ N R . el et , i
SEEL P R PR S B A4, SRR b R A
POLAE A SR S EHRE AR AE X 7 ) 0 1
e EEAS SRR B B R A T, BREOR 2R
AR T, (R S R A o) B
e R A, od Rt S P T My
A= Pl A R R B

BEE AR TR e R A, IR
S i 9 A P R A R SR TR M R PP AR
PR S B R LA oy B AR S5 T T SE IR RE—
ALSETE, S UblRImy,  BE 367 bl A= By il i A A
AL AR S IR . RUEARME, [l BUACER
&7 ity ELIE DA AT B Ak A S ok B 22 S o
RIEFE
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