[DGR7E=(

Acta Microbiologica Sinica

2016, 56(3): 516-529
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20150416

Review

B & A\ T & R R AR B4R R SR F=40)
T4, SER, kE

rhER R T AR AR T, RiE: 300308

WE: YIRS I a4 A & T 2N . BT, AR IR = e £ X U
FEY) AR, HILE GG 2 8, SETA A2 RS, QIR N T A T Rl = ra s
RIR T — P B IR R GRS . A SO MAE TR R ER 7= W0 25 ) A s SR s g b R &5, A BEEAE
TR A IRE, oS YA Z NI IR MR bR, DL TR S AR i

4T7 T R N T A A A P R DR AR = AR L
KEa: MPIRKRRY, WHR, SaEYE, NTEWMA, B

FE U5 R SR 7= ) — P A A AR 2B 6 B Tk
BRI, fEAEYRN FE LGS E S
fREE . BH LR T AR AR SR, 5 IE TR
mF, B TFHEAEB AR o™ BT P
BV AR AT, BT BN T
JEARMERE SR 4400 . n— P 2y W L A
FRHFHW ", R Bra b [
B AR IRE R,

M JAE ) H A O B A A A T R AR
YR EE T e FEE AR SRR A T A
AR BB (SR 290.02% T 5)!"; 7ERIE K
AL PR ICK FB s (& £40.0003% TE)" 5 A
A NS BHFRRIEL S HERKT0.001% "5 HE

KRERAE FARER 5 50.025% 1, X80 ) g #5¢
ZINEL, RS EIRMEZESR K, YA KE
WK, g, xRS BEIE U R B A AEY)
TR ™ RS . HEE TR K H a5 1Y
K, BWELARTPHAS, =L, AZHEMEYY
Cife, HETMREIEEES T 2xMEL hdk, KT
KIRPWEEME SR, BARZHTHE G, FIH
2 G U 2 2 I O TE L A R . XEL
STE e AR, I A G B R,
RAL, REFER, FTHADLER G sy, o
ST DA I |4 v N 1 K7 2R A R i e
YRR 2% A= G . B A ity B HRE
FHT = BB ™ &b B9 £ 7 (40 5% [ Phyton Biotech

EEWB: FHZK“863111I(2012AA02A704); S [ IAFI#5E4(81202864); HERIA B H FRIFE#F 23(2015138)
*BREEE. K5l Tel/Fax: +86-22-84861983; E-mail: zhang xl@tib.cas.cn; #fFi, Tel/Fax: +86-22-84861946; E-mail:

dai_zb@tib.cas.cn

WFsHER: 2015-09-14; {EEIHER: 2015-12-04; MILEHEREHA: 2015-12-23


http://dx.doi.org/10.13343/j.cnki.wsxb.20150416

TASE | AR, 2016, 56(3)

517

A A LG AR AR R R R .
P, MY R R A R TR R SR
Yy B A A R A, A 2 I A EUREE I Y BR
Wil R R — 5 T e s , &
Gy LTI A7

BT A BAEY M, B RGE A
TR R A I LB 7 AR SR 77 0 1) T vk R A R il
MR ECRMIE S, R ORI HAR TR 3, A
MG P DR A Tl Rl ™
Pr b A g w0 RS AR W A T2 TR O TR I RE
(Saccharomyces cerevisiae) I KT (Esherichia
coli) o TR P Bl 57—~ Bl 42 Bk DR A 0 e A S =X
HEAY), MILTRIBHE, BAMRRIeE.
(1) J&TF— A INE 4K (generally recognized as
safe, GRAS)HMK, (2) &AHWNEM . ZeRifk, W
WA AN RS, VAR AR B 0 LA IR T S
fefit T, (3) AATREAYDNA EAKE, Bt
—RMEFIAIL kb FE L Hkb FYFMEIER,
AR, FEE & RUEY P R R, TR e b
B A YRR IR IR A WIS 2, 7 Rl AE
GRARBETH I AEARSO R FRAT T AR TR AR
P ZSRVE R SR T R, RERESS S
2B Ok A s R PR IR, B
Je . AW 22 NIRRT 7 TR 0 BF & 3 R LA
LA SR SH AR A 5 T AR N LA
SRR A P AR IR AR P 0L

1 R RR P YA 25 A8 SR 4T
B R R

EERATOMN O EST | PREEFISE AT K,
R EE R AL R R T AR R BRI . PEtt
FHoe B 2585 K B (P E 25 i i (2012) )
FR, o E 24 5 T 352011 24F SR 926 142.7T
FTE2120204F, v E 25 0 T LR A 302.3 07
126" HPIIR KR = —EHAE 2, P idsh

KA BRI, 0. mHE, FREE . KE
B . SAZRERNE R F AR E A E T
YR Z5Y); B RER. SRS EZMFRER
SR )RR R A R AE 7 JRURHY S AR 2 L A
T B 2 7 S BB 10% , AR 4 B 45 5 400
{550, Newman & 1R BT 4 5 W, 7
20004F 220104 M, KRR 1) 58 &/ N+
25111936.5%, 20104 X — LUl 2k 550%. 7E
19804201042 [], A 104FM T4 /N F 259
KIET RKERF=Y, ditdEdE AT 5 2590075%
RIRPYITEHTETA . PO 5 FIHUIRRAE 259 )y T
H A B (N 10.0% . 44.4%F141.5%), B
SR B A= 0 I AR R S ATy o5 e,
ERIRZGYIN LR E C 2Tk 2y, FER
PN OE7 ] T

SR, m R R, AL
RE.ASET. LHR. BN, Rk
S DR 1 B Ok, LT 2 RN H Sk A A 4
BT LA T W dig sl . LIRS,
i, o R e R 7 M e B A SR S T 4
WEIF I (2015) ) hEEH, 20124 2Bk R D 2
B i s A E 4k 5]68.9912 3578, 20134F
KRERBYIE LT EERG s HR TS 10, &
I, FN20184F, 4R KT HEEYIA HILT]
9214302 F, AEROMER S T 08 8 40K ik
F|2430235 7T,

2 FEERTRT LA

— R YUIE 257 1 & (artemisinin), 42 H201H:
2 7044 [ rh B} 2 e v 2 BT T W e A
(FR EITE A SRBF 2= G i 5 143 DUUR 2245 32) J i
WA AFE TR [ AL G v e 2 95 8 v R B — A%
MFRCIHEY . i R0 T o N AL
HE R IR, SRIM7E20134F, JD Keasling 42 7E
BHNEAEYIE S 07 TREBR K2 (BME

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



Dong Wang et al. | Acta Microbiologica Sinica, 2016, 56(3)

XVID) B2 HABRDIEF 104, SCBLT & R
FERERE P R B, PR IR25 /L, JFAfR R
fR2f R A R T PUE s s R i,
HAEARF]100 m’ & B4 RIAF 7 1 5 R Ak 21350,
AY T IR EULS T m Ak AR =i, % T AR
AR T A A0 M A 7= AR 8 K SR 7= ok
FEAR ) LR

WA 1o, BT AL TR IR R A IR
w2 B E Y TP A, (RZBR R E
TR, AR T e L R TR AR A W e A
mALERE, HAE R RS ATARALS w2
LAY R BB AR ng/LKFE,

20034, AT EGE S TRWFB, &
KA DXP 48 DAk i 2k & 9 =
o SRMEI7 2 A A W 7 A R 4R
L AT RE SR N TR A DXP 3R AR B AR 4
B o T, AT P K R R MV A 3R
BHIABIRBAFE T, IR B 5] A S —
WA BUEEADS, TR FERE T A 7724 mg/LAT 24
AR A S, T ADS By RS T A
K SA AT, TS TR AR A S0 — s =
HIAF 705 g/, 20094F, ZATST 44 TG i
FERIEIIHMG] Bk 4 8 (AR A THMGR,,
IR T BRI U TRRIA U B AR SR, B
N T KA ] & B 7727 .4 o/LESA 05"

RS AR KT R i B ik B
IR m AT, BRI & IR (5 — 9 1 8 1L )
b2t G R S R T IR B GO R &
Ao 20064F, AT B8 TES i ow [ Hh A0 i (5 2R
P450EALBFCYPT1AV 1 XAHDCHY L I {H AaCPR,
LTI ER, B TRETiE T, 2562
CLAINFPPALS: | T S R RhE . I
FIANADSHICELAAL Y, BTl 7E FR I e B
BT R

PRI B T R TR T A R S, % A
AT R AT B A A B B 7 8 R A = kA T

actamicro@im.ac.cn

PREE o B AR TR R AR R A 7 R (150
mg/L)EfE T RGFF#(27.4 g/L), [HERBFEA
HAME, A8 A REEZAYRIERP4S0
fity, A RERE ST SRR AT, 5 SLE 5
L, BAR KT RBERIACYPTIAVL, GhLl g/L
I ERR™Y, H20 °CHYMRIR & BE A E AR T Tlk
fho TR, AT TAEE O BB IR L
W LA R G R . 594k SRR R
IR, X RS R TR R AT A R
W, AR 2.5 oL, BEE, A
54 3 PO I A1 T W 85 N 11 A ]
TG AR & T B AT T4k, (A S
W ER B =k 3040 g/LP, 20134F, fibfi]
WAL TR B AR CYP71AV1 5 AaCPRAY L
B, JtZ AL Th R PRI S SRS
AR EE(CYB5. ALDH1. ADH1)5| A S| EE L)
Hfarh, HIRIEMAEY DR T R E SR A K
WR(E DA TAE. fEUCRR b, fbfi 1R
WA AE R B, AR AR B, i1
ERE RS T25 g/l e, MATEEITT
—EW R TN gL, HHEHEREN
A TR T EORERB . HATAmyris il
Sanofi-AventisIEZUBFF A4, FIFHEERE40 A4 7=
H e IRFATH SRR G UE ™ X—RIM L
VEALSEI T 5 8 R RIBL A B, TR 251k
BT B IRIR T SR A R TR S

3 AW WRFR TR B R
G &

3.1 PSR

BT 2 2 W el DA BB SE PP AR I B — 2R
jEJ"rﬂ%W‘%ﬁi%f}ﬁ(Benzylisoquinoline alkaloids,
BlAs), FEAFHEMME, ZAME, nIRFEAE, fE
AP A AR, 2 R R T R
LB/



TASE | AR, 2016, 56(3)

519

E-
E
=
<
2,
<
=

FPP

Amorphadiene

Artemisinic acid

Artemisinin

L ¥EREAHESE

Figure 1. Method of semi-synthesis artemisinin. Single
arrows represent the one-step conversion, while double
arrows represent multiple steps. ADS, amorphadiene
synthase; CYP71AV1, cytochrome P450 that convers
amorphadiene to artemisinic alcohol; CPRI1,
cytochrome P450 reductase 1; CYBS5, cytochrome b5;
ADH]1, artemisinic alcohol dehydrogenase; ALDHI,
artemisinic aldehyde dehydrogenase.
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Figure 2. Biosynthetic pathways of natural and semi-synthetic opioids. Single arrows represent the one-step
conversion, while double arrows represent multiple steps. CYP76AD1, tyrosine hydroxylase; DODC, DOPA
decarboxylase; NCS, norcoclaurine synthase; 60MT, 6-O-methyltransferase; CNMT, coclaurine N-methy-
Itransferase; NMCH, N-methylcoclaurine hydroxylase; 4°’0OMT, 4’-O-methyltransferase; DRS-DRR, which has a
cytochrome P450 oxidase 82Y1-like domain and a COR-like domain in a single open reading frame; SAS,
salutaridine synthase; CPR, cytochrome P450 reductase; SAR, salutaridinol reductase; SAT, salutaridinol acetyl-
transferase; T6ODM, thebaine 6-O-demethylase; COR, codeinone reductase; CODM, codeine-O-demethylase; morA,
NADP+-dependent morphine dehydrogenase; morB, NADH-dependent morphinone reductase.
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Figure 3. Synthesis of oleanolic acid, protopanaxadiol, compound K, Rh2 and Rg3 by engineered yeast. Single arrows
represent the one-step conversion, while double arrows represent multiple steps. ERG20, farnesy diphosphate (FPP)
synthase; ERGY, squalene synthase; ERGI, squalene cyclase; bAS, beta-amyrin synthase; OAS, oleanolic acid
synthase; PgDDS, dammaradiene-II synthase from Panax ginseng; CYP716A47, cytochrome P450 that converts
dammaradiene-II and 20S-O-B-(D-glucosyl)-dammarenediol-I1 (DMG) to protopanaxadiol and compound K,
respectively; UGTPgl, UDP-glucose transferase 1 from Panax ginseng; UGTPg45, UDP-glucose transferase 45 from
Panax ginseng; UGTPg29, UDP-gl ucose transferase 29 from Panax ginseng.
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Production of plant-derived natural products in yeast cells - A
review

Dong Wang, Zhubo Dai , Xueli Zhang’

Tianjin Institute of Industrial Biotechnology, Chinese Academy of Sciences, Tianjin 300308, China

Abstract: Plant-derived natural products (PNPs) have been widely used in pharmaceutical and nutritional fields. So
far, the main method to produce PNPs is extracting them from their original plants, however, there remains lots of
problems. With the concept of synthetic biology, construction of yeast cell factories for production of PNPs provides
an alternative way. In this review, we will focus on PNPs’ market and application, research progress for production of
artemisinin, research progress for production of terpenes, alkaloids and polyunsaturated fatty acid (PUFAs) and recent

technology development to give a brief introduction of construction of yeast cells for production of PNPs.

Keywords: plant-derived natural products, artemisinin, synthetic biology, artificial synthetic cells, yeast

(Aot %h: TKEBEM)

Supported by the National High Technology Research and Development Program of China (2012AA02A704), by the National
Natural Science Foundation of China (81202864) and by the Youth Innovation Promotion Accociation of CAS (2015138)

*Corresponding author. Xueli Zhang, Tel/Fax: +86-22-84861983; E-mail: zhang_xl@tib.cas.cn; Zhubo Dai, Tel/Fax: +86-22-
84861946; E-mail: dai_zb@tib.cas.cn

Received: 14 September 2015; Revised: 4 December 2015; Published online: 23 December 2015

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



