MEAY TFEZ4E  China Biotechnology,2019,39( 11) : 123431

DOLI: 10. 13523 /j. ¢cb. 20191114

MEMRBEEHREYREWEDRENIER

\ Ju_l \ | \ = 1 Ly 2 ) 1 %%
TRE BT W F OREER OMIE
(1 REFERZHET 2R HE WA EYERER DG REEY TRAFHESLRE K 300350)
(2 REERAERHER Rig 300450)

HWE e A S ( plant isoquinoline alkaloids, PIAs) @L3& %=k 7] 4 B Ao 2 A 80R /) BE Ak,
FHRNEWF Y LR R ER T Yo WAL T RIBFEM AN, 28 TIREZ A ET &
RITy ik o ANMTTHEFT 50F) A A 51 TR B ax Fe L3 KR STvE bk 28 M B8, A 3R AT K A 19 24
R ERY T TR LB RERK, RS, A R ENFRERGRT #H 5K K
FHARIE A AT Fo S, SR E M FHAR AN ER A T S RAERED BT TH.
4R T PlAs AR iR 2 MRAT 0 AT, AR A 7 R A & PIAs 69 Rl T2 Kk, it £ 7 B 47

A0y AL R R0 R EAS B
KR ALY TR A YR
HESES Q946.88

FH W) S s 0k A= ) B ( plant isoquinoline alkaloids,
PIAs) HA G TN P Z R0, J2 R AR 7 1) ST 52 1
PRz —o MR B JREE A AR TR, PTAs 20 0 £ i B
Y58 ( Amaryllidaceae alkaloids) . it 42 A= 9 i ( ipecac
alkaloids) . *F & 5 W Wk A= 9 §i ( benzylisoquinoline
alkaloids) o A1 maRA= VoA 3 £ Mt A w155 1410 i) 5510 fin
A PR PR G AR B AN R AR R Y
MLEESE 3 268 AR A B A R 1 AR
R AR T B R e AR A B 4 I PR A
S 24 NS T R DR P R 9 2 /N SRR AR B 1k
L EN TR S

H T 25 ) PIAs 1% 3R O 202 A 4 312 M, (B A7 A
PIAs &A% ARBUE YIS YR58 A M . Bl
A U MR — A B R K e, PIAs 5 il A2
igp AT B G B AR W S DR A e e 2 R AR TR Y
2IFBUS T RS E S . AR T PIAs AR
TR A o A B WA W 5 U5 A T SR, %
AR (R A R K e S AT T 18

Wk H #3: 20190323 f& [l H ): 20190543
* K ERER 34 (31870077) WEBhI H
SR IEIRVEH , L FE4: grzhao@ tju. edu. cn

MAEDE R EREMF KRiHIA

KRB

1 PIAs GRUEEMEN

1.1 PIAs {y4iE

PIAs /4 52 i SR , th s = AT B W 5 o —
KT IRA T BT VR B SR 25 ), A AR 1 PIAs (&
1) o PSR 2 3 JL 2 Tt A 2 B B , 740 3ot i 2 IR
it ol s S R PR AL B A 2 R 2 T B B T 3, 4——
R P I R 2 A A A R AR 4 IR
HEAENE , HH 22 U Jie R 306 7 AR 1 3R G A U AR A )
Bl 9 R4 B 2L S N-deacetylisoipecoside , H 22 1 i T 4—
IR 2T TR A A B T S O A ) B ) R AR R
(S) = H 52558

s Bk B A A A T, DA i 3] ) i Ak 4
S L P AICIE A6 I A T D B B 28 DK ﬂJJ( Narcissus
pseudonarcissus L. ) H g % 7 0k, BV R IIHE 76 BE 5 1k
il A B 474 R R AICHE AEE 19 L 2K TR -0 -+ s
RO o A4 P R R PICHE 78 I 2 A T T 118 36 4 117 A
WA PR R R E YR B R, — A BEHEAL X 7
( para-para’) {HIEfY PA50 fff CYPO6T1 " Fil i sE 45 £
A2 T ) noroxomaritidine ¥ J5UE " B 43 5 % ok
T A AT A B 5

AR A 1 B A i 4% L Ndeacetylisoipecoside



124 i [E &4 T2 Z+E China Biotechnology

Vol. 39 No. 11 2019

BSeZt it 248 o A R AR B, R kAR A S £ T R%

RO AN — ARG 20 S |1 AF 56 o 3R A i A L

BEAM T -0-LW LR, Z 5 —L WAL ER R DR AR i e i
I AR 3 i 44 2 ﬁﬂafcﬁiﬂﬂﬁ%o AR Eﬁ i
CHO CO,CH, :
\ H : NH, Ho. N
| dae HO i & ' ° HO 1
 Temar R, NS P o P it Y
""""""""""""""""""""" > NBS
HyCO
HO COOH HO
H .-
O:CHs OH Ny 3 i HODVN\/\Q\ o Ga}::rénﬁl?ine
"""" L-Bt R FEpIHE T oH
1) L-tyrosine ;
ocie P

N-Deacetylisoipecoside

4-Hydr : Farhh

AR

@ (S)- PR A2 Bl
ik (S)-Reticuline

Morphine

............................. A ks

HO I

(S)-2 TS Z5H
(S)-Norcoclaurine
| 60MT "{ N

Lo E Berberine

Lycorine

v 4'0OMT

H,CO.
f,CH;
NCH; -
SO
H;CO

AR

Sanguinarine

1 PIAs B94R
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BBE: Berberine bridge enzyme; TNMT: Tetrahydroprotoberberine-eisV-methyltransferase; SOMT: ( S) -scoulerine 9-O-methyltransferase; CAS:

Canadine synthase; CYP82Y1: N-methylcanadine 1-hydroxylase; CYP82X2: 1-hydroxy-+V-methylcanadine-3-hydroxylase; ATI: 1,13-dihydroxy—

N-methylcandine 13-O-acetyltransferase; CYP82X1:

1-hydroxy-d3-O-acetyl N-methylcanadine 8-hydroxylase; MT2/MT3: narcotoline4"-0-

methyltransferase; CXEL: 3-O-acetylpapaveroxine carboxylesterase; SDR1: Short-chain dehydrogenase/reductase
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acetyltransferase; THS: Thebaine synthase; T6ODM: Thebaine 6-O-demethylase; COR: Codeinone reductase; CODM: Codeine 6-O-demethylase
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Table 1 Synthesis of benzylisoquinoline alkaloids in microbial hosts
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Advances in Production of Plant Isoquinoline Alkaloids

in Heterologous Microbes
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Abstract Plant isoquinoline alkaloids ( PIAs) include morphine, codeine, galantamine, berberine and
other pharmaceutically active products. Currently, most high-value PIAs are extracted from plants, which is
limited by low concentration in nature, seasonal production and extraction methods. Microbial biosynthesis
provides an alternative way to gain PIAs at low cost, however, the long and complex biosynthesis pathways of
PIAs bring it many challenges. With the development of synthetic biology and biotechnology, many progresses are
made in the pathway elucidations and enzyme identifications, which make it possible to achieve the biosynthesis
of PIAs in heterologous microbes. Recent advances in the PIAs pathway elucidations and metabolic engineering in
heterologous microbes are reviewed, and current challenges as well as future perspectives are discussed.
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