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Abstract: Plant Metabolic engineering is the practice of optimizing genetic and regulatory processes
within cells to enhance the production of known target metabolites or to reduce the accumulation of harmful
metabolites, by combining the molecular biology, biochemistry, functional genomics, proteomics and
metabolomics approach to clarify the complexity of plant metabolic pathways and molecular mechanism of
metabolic networks. In this paper, the recent advances in plant metabolic engineering, including genetic
engineering of key enzymes for secondary metabolism, transcription factors or regulate genes, and the
applications of systematic biology to plant metabolic engineering were reviewed.

Keywords: Plant; Metabolite engineering; Secondary metabolites; Systematic biology

[1-3]O (

2009- 12- 26 2010-01-20
(1982-)

E- mail linxiufeng8581@163.com ©

E- mail ruimaa@yahoo.com



14 35
100 ®, o
o HMGR
ta, TDC
(] TDC STR
N ( (21
RNA
RNA
(STS) ,
STS
[13-14]
2.1.2
51,
t6
2 o
(secondary metabolites)
0s
7 2.2
18]
9] o
2.1

2.1.1



4 15
nel
s 5-
o o Allen 23
(codeinone reductase, COR)
Myb bHLH R. [(S)- reticuline]
B.C1 P, AN11.TTG1.PAP1 o RNAI
ORCA3( AP2 ) o
R C1
3
1 ORCA3
3.1
e, 3.1.1
° . Park ©4
2.3 RNA (RNA interference, N o
RNAI) Whitmer STR
DNA RNA ¢DNA ,
N DNA RNA , (TDC)
o TDC  STR  ¢DNA  CaMV35s
TDC STR 2~6
o LeDI-2 3.1.2
2o}
o 13
Frick [
o 0-
RNAI RNA
RNA
21 2] DNA N
RNA 3.1.3



16 35
.Dudoisia o
o Muir B2 (CHI)
(Hyoscyamine) o
(scopolamine)(
). Jouhikainen @7 H6Hd
100
o Zhang  P(2004) o N
PMT H6H o Jung B3I
P450 -
9 -
3.2 o
G )
( ) o4,
23 4 3.4
o N E
(TIPP) Savidge!®!
(DMAPP) . LIS 2 5-
E 2
9] R 92_ —6— v
VTE3 VTE4
o o—
8 E 5
- Wang 3.5
130]
P450
em-—
bratriene—ol 19 o P450
o Chen BY (UDPG)-
(farnesyl diphosphate synthase Bl
FDS)

3.3



B7-39]
[40-44] 1
FHTS 07 L3P I K e ) B 0 40 2 W
[ERER] |
_ L
F GC-MS  LC-MS NMR %5 Jy i v A PR s 2102 Dy 4 2 0 20 Sk R I
=T A T (eDNA-AFLP. SAGE. Micro-arrays)

| R I 1 0 B 0165 |

|
) v
fi e PR A =4 7 it

B 1 R R A S SRR AR R R A

cDNA
o 2 591
58% o
1] o o
Rischer ©¢ o

417



18

35

[1] Li RZ, Li CX, Gao LF, et al. Studies on the biochemical mecha—
nism of Cotton resistance to aphids.In:wanglZ Dai JR (eds).
Proceedings of National CroP Breeding SymPosium.Beijing:

Tech Press (1998a) 286-290.

[2] Li RZ, Mao X, Li CX, et al. The relationshiP between activities

China Agricultural Sci

of Secondarymetabolism related enzymes and induced re—
sistance to aphids in cotton plants [J]. J Shanxi Agr Univ
1998b 18(2):165-168 .

[3] Mao X Li CX, Li RZ, et al. Temporaland spatial Charaeteristic
of induced defense to Aphis gossyypii feeding suppression in
cotton Plants.In:China Association of Agricultural Science
Soeieties (ed). Research Progress in plant Protection&Plant
Nutrition. Beijing:China Agriculture press, 1999 232-235.

(4

[}

Harborne]B;Twenty —five years of chemical ecology.Nat Prod
ReP,18:361-379 .

Forkmann G,Martens S. Metabolic engineering and Applica—
tions of flavonoids[J].Curr Opin Biotechnol,2001,12:155-160 .
FaeehiniPJ.Alkaloid biosynthesis in Plants:bioehemistry,cell

[5

[t}

6

—_

biology,molecular regulation,and metabolie engineering appli—
cations[J]. Annu Rev Plant Mol BIOL,2001,52:29-66 .
[7

—

Sato F, Hashimoto T, Hachiya A, et al . Metabolic engineering of
plant alkaloid biosynt hesis[J] . Proc Natl Acad Sci USA, 2001,
98:367-372.

[8] Verpoorte R, Van der Heijden R, Van Gulik WM, et al . Biosyn—

thesis of terpene indole alkaloids in cat harant hus roseus
: Brossi A , ed. The Alkaloids. New York: Academic
press, 1991, 40: 2-187 .

cells.In

[9

—

Capell T, Christou P. Progress in plant metabolic engineering

[J].Current Opinion in Biotechnology, 2004, 15: 148-154 .

[10] Chappell J. Biochemistry and molecular biology of the iso—
prenoid biosynthetic pathway in plants [J].Annu Rev Plant
Physiol Plant Mol Biol,1995,46:521-547 .

[11] Goddijn OJM, Pennings EJ, van derHelm P, et al. Overexpres—
sion of a tryptophan decarboxylase ¢DNA in Catharanthus
roseus crown gall calluses results in increased tryptamine lev—
els but not in increased terpenoid indole alkaloid pro—duction
[J].Transgene Res,1995,4:315-323 .

[12] Canel C, Lopes—Cardoso MI, Whitmer S, et al. Effects of over—
expression of strictosidine synthase and tryptophan decar—
boxylase on alkaloid production by cell cultures of Catharan—
thus rosues[J].Plant, 1998, 205:414-419 .

[13] Hain R, Bleseler B, Kindl H, et al. Expression of a stilbene syn—
thase gene inNicotiana tabacumresults in synthesis of the phy -
toalexin resveratrol[J].Plant Mol Biol,1990,15:325-335 .

[14] Hain R, Reif HJ,Krause E, et al. Disease resis—tance results
from foreign phytoalexin expression in a novel plant[J].Nature,
1993,361:153-156.

[15] Baucher M, Monties B, Van Montagu M, et al. Biosynthesis and
genetic engineering of lignin [J].Crit Rev Plant Sci, 1998,17:
125-197.

[16] . [M] .

2002 1-25.

[17] Winkel-Shirley B. Flavonoids biosynthesis: a colorful model
for genet—ics, biochemistry. cell biology, and biotechnologylJ].
Plant Physiol,2001,126:485~493 .

[18] Leslie van der Fits, Johan M emelink. ORCA3, a jasmonate-re—
spon-sive transcriptional regulator of plant primary and sec—
ondary metabolism([]].Science, 2000,289:295-297 .

[19] Alan ML, Walbot V, Davis RW. Arabidopsis and Nicotiana an—
tho—cyanin production activated by maize regulator R and C1
[J].Science,1992,258:1773-1775 .

[20] Yazaki K, Matsuoka H, Shimomura K.et al. A novel dark—-In—
ducible protein, LeDI-2, and its involement in root —specific
secondary metabolism in Lithosp ermum erythrorhizon(J].Plant
Physiol, 2001, 125: 1831-1841 .

[21] Novian CD, Sharp PA. The RNAi revolution [J].Nature,2004,
430:161-164 .

[22] . 1.

1995 1(3) 168.

[23] Allen RS, Millgate AG, Chitty JA.et al. RNAi -mediated re—
placement of morphine with the nonnarcotic alkaloid reticu—
line in Opium poppy [J]-Nat Biotechnol, 2004, 22 (12):1559-
1566 .

[24] Park SU, Yu M.,Facchini PJ. Antisense RNA —-mediated sup—
pression of benzophenanthridine alkaloid biosynthesis in
teansgenic cell cultures of California poppy [J].Plant Phyusiol,
2002, 128: 696-706 .

[25] Whitmer S, Camilo C, Robert H, et al. Long—term instability of
alkaloid production by stably transformed cell lines of Catha—
ranthus roseus [J]. Plant Cell, Tissue and Organ Culture, 2003,
74:73-80.

[26] Friek S,Ounaroon A, Kutehan TM. Combinatorial Biochemistry
in Plants:the case of O
istry, 2001, 56:1-4 .

[27] Oksman —Caldentey, KM. Enhancement of scopolamine Pro-

methyltransferases [J].Phytochem—

duction in Hyoscyamu smutieusL.hairy root cultures by genet—
ice ngineering[J].Plant,1999,208:545-551 .

[28] Zhang L, Ding R, Chai Y, et al. Engineering tropane biosyn—
thetic pathway in Hyoscyamus niger hairy root cultures|J]. Proc
Nat Acad Sci USA,2004,101(17): 6786- 6791 .

[29] Teresa Capell, Paul Chtistou. Progress in plant metablic engi-
neeringJ].CurrentOpinioninBiotechnology2004,15:148- 154.

[30] Wang E,WangR,DeParasis Jetal. suppressionof aP450 hydroxy -
lase gene in Plant triechome glands enhances natural -Product—
basedaPhidresistance[J|[NarBiotechnol2001,19:371-374.

[31] Chen DH,Ye HC,Li GF.Expression of a chimeric farnesyl diPhos
Phate synthase gene in Artemisia annua L. transgenic Plants via
Agrobacterium tumejhciens- Mediated transfoation [J].Plant
Sci,2000,155:179- 185 .

[32] Muir SR,Collins GJ,Robinson S, et al. OverexPression o fPetu-
nia chaleone isomerase in tomato results in fruits ontaining
inereased levels of flavonols [J].Nat Biotechnol,2001,19:
470-474.

[33]Jung W,Yu O, Lau S, et al. Identifieation and exPression of isofl
avonesynthase, the key enzyme forbiosynthesisofisoflavonesin

legumes[J].Nat Bioteehnol,2000,18:208-212 . ( 21 )



4 21
o 4.5
2.1m 2.3 m o
42 ¢ 5
10 cm, 99 o
2.6 m 5 o
[1] . .
. 1983 16(2) 1-8.
4.4 (2] : [ .
1991 6( ).
[3] . M] . 1986 .
[4] . 01. 1987 8
335 99 (1) 59-61.
[5] . 1.
1997 5(Q2) 5-8.
[6] AR. . M] .
o 24 112 2009 1989
[7] .
o N N 7. 2010(1) 31-32.

o]

114111111111 11111111111 1111111111111 1111111111111 1111111111411 1111111111111 1111111111111

( 18 )

[34] Yang ZR, Mao X, Yang ZF, et al. CytoechromeP450genes and
their plication in plant improvement[J] . Hereditas, 2003, 25(2):
237-240.

B5]

7. 2004 24() 26-29.

[36] Walker K, Croteau R. Toxol biosynthesis: Molecular cloning ofa
benzoyl- CoA: taxane 2a - O- benzoyltransferase ¢cDNA from
Taxus and functional expression in Escherichia coli[J]. Proc Nat
Acad Sci USA, 2000, 97(25): 13591- 13596 .

[37] Rontein D, Dieuaide- Noubhani M, Erick J.et al. The Metabolic
architecture of plant cells. Stability of central metabolism and
flexibility of anabolic pathways during the growth cycle of
tomato cells [J].Biol Chem, 2002, 277:43948- 43960 .

[38] Rontein D, Basset G, Hanson AD. Metabolic engineering of os-
moprotectant accumulation in plants[J].Metab Eng2002, 4 (1):
49-56.

[39] Lloyd JC, Zakhleniuk OV. Responses of primary and
sec- ondary metabolism to sugar accumulation revealed by mi-
croarray expression analysis of the Arabidopsis mutant,pho3.
[J].Exp Bot, 2004, 55(400): 1221- 1230.

[40] Walker K, Fujisaki S, LongR, et al. Molecular cloning and het-
erologous expression of the C- 13phenylpropanoid side

chain- CoA acyltransferase that functions in taxol[J].biosynthe-

sis. Proc Nat Acad Sci USA,2002,99(20):12715- 12720 .

[41] Van Der Fits L, Hilliou F, Memelink JT. DNA activation tagging
as a tool to isolate regulators of a metabolic pathway from a ge-
netically non- tractable plant species[J]. Transgeni Res,2001,10
(6):513-521.

[42] Grothe T, Lenz R, Kuchan TM Molecular characterization of the
salutaridinol 7- O- acetyltransferase involved in morphine bios
ynthesisin opium poppy Papaver somniferum[J] . J Bio Che
m,2001,276(33),30717- 30723 .

[43] Yazak K, Knihisa M, Fujisaki T,et al. Geranyl diphos-
phate:4- Hydroxybenzoate geranyltransferase from Lithos-
permum erythrorhizon.Cloning and characterization of a key
enzyme in shikonin biosynthesis[J].J Bio Chem.,2002,277(8):
6240- 6246 .

[44] Wallaart TE, Bouwmeester HJ, Hille J, et al. A mor-
pha-4,11- diene synthase:Cloning and expression of a key
enzyme in the biosynthetic pathway of the novel antimanarial
drug artemisinin[J].Plant, 2001, 212(3):460- 465 .

[45] Goosens A, et al. A functional genomics approach toward the
understanding of secondary metabolism in plant cells [J].
Proc Nat Acad Sci USA,2003,100:8595- 8600 .

[46] Rischer H, et al. Gene- to- metabolite networks for terpenoid
indole alkaloid biosynthesis in Catharanthus roseus cells[J].
Proc Nat Acad Sci USA, 2006,103: 5614-5619 .



