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Multiple arrows indicate multiple steps between intermediates: TSB:f-subunir of tryptoophan synthasc: TDC; tryproophan decarboxylase,
DXS; 1-deoxy- D-xylulose-5-phosphate synthase; DXR: 1-deoxy-D-xylulose-5-phosphate reductoisomerase; MECS, 2-C-methyl-D-ery-
thrizol-2, 4-cyclodiphosphate-synthase; G10H: geraniol-10-hydroxylase; SCS: secologanin synthase; SSS. strictosidine synthase; 10-
HGO: 10-hydroxy geraniol oxidoreductase.
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Fig. 1 Biosynthetic pathway of camptothecin
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Table 1 Cloned gene associated with camptothecin biosynthetic pathway
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MBI S £ REERANERKERDRANEWE™
EEILWEYRUERRABERERNFTE.

Lorence 2@ ATCCI5834 F R-1000 4+ B §s 1L B
WFSH. TEMMENSEBATERNERE, B P H
ATCC15834 #{L T RMB AN EBRBESHER 4 T8,
BRERERPSRSHEEMNEAREZER K EFHEMRKT
-BEEMB(ERTERSAM 10 mg BAMHA 0. 15 mg
BREEWE BR-HENENANRNERBEREL.

4 BR

#A 2] MLk BEC AT ALERMN—KEA.
FEERBEARORE. RENTEANESH . KEHYE.
BFEaa. B EUBEES DAE VAT, FH
HERESDAELTT. EWBEHTEMERTRRMINE
R FHERBEEMEYENEEEET PR R MA
HAE R—REFAFRAINIESY. MEERR
AR RHENAREA FHAREYERLERR
HIEBAENAEEHBEYEARRE . BERENE™
B.EF A EMpENS, BiiES—HRILHRE
ERXFTERAEEHFARET—ERR. RAEEMMER
WM AFFEFENENRE L AX ST AKS KA
RO A RERKERBTHRUT TS PRERE,

References;

[17 Lorence A, Nessler C L. Camptothecin, over four decades of
surprising findings [17. Phytochemisiry, 2004, 5. 2733-
2749,

[2] Han R. Aaticancer Drug Research and Experimental Techno-
logy (BB 5LBEAR) (M. Beijing: Peijing Medical
University and Chinese Union Medical University  Unite
Press, 1997.

[3] Zhang X Q, Tang ] G, Yi Y. @ al. Camptotheca acurninale
respurces and persistence  exploitation countermeasure of
China LI % J Guizhou Norm Unive Nat Sci CRMIBTE K ES
1. BRI, 2004, 2, 36-39.

[4] Li B, Ma ], Fu L. Synthesis of 10-hydroxycamptothecin.
[J]. J Beijing Univ Chem Technol (b & T HESHy,
2004, 31(1): 71-T4.

5] ChenY. Cac F L, LiS X, er al- Adventitious bud induction
and plantlet regeneration of Camprotheca acuminate [ 1. Pluns
Physiol Commun (FPIAEBEEH) . 2004, 10: 579-583,

6] Yumazaki Y. Urano A, Sudo H. e al. Metabolite profiling of
alkaloids and strictosidine synthase activity in camptothecin
producing plants [J]. Phviechemisiry, 2003, 62: 461-470.

[7] ZuY G, Tang ZH, Yu]H, & alf. Camptothecin and 10-hy-
droxycamptothecin accumulate differcntially under specific
developmental control in Campiotheca acuminata [J]. Acta
Bot Siny 2003, 45047 494-499.

[8] 1o’ pez-Meyer M. Nessler O I, McKnight T D. Sites of ac-
cumulation of the antitumor alkaloid camptotheein in Camp-
totheca acuminata [J]. Planta Med, 1984, 60: A58-580.

(81 Zhang D Y, Zhao X Q, Yu F, et al. Callus induction of

Cumptotheca acumiznta and camptethecin production [1].

Northeast Norm Univ: Nar Sef (R HRFB: BB S

K&) . 2002, 34,(1).: 45-48.

Liu W Z. Secretory structures and their relationship to accu-

mulation of camptathecin in Camptotheca acuminata ( Nys-

saceae) [J]. Actw Bot Sin, 2004, 46€10): 1242-1248.

f10]

[11]
[121

rss

[14]
[15]

[161

(173

L18]

[19]

[20]

2]

Lez]

(e3]

242

261

-7l

28]

2z9]

30]

31]

Rohmer M. A mevalonate-independent route to isopentenyl
diphosphate [[]. Comprek Nat Prod Chem, 1959, 2. 43-67.
Yamazaki Y, Kitajima M, Arita M, & al. Biosynthesis of
camptothecin in silico and ¢z véive tracer study from [1-1%1C]-
glucose. [1]. Plant Physiel, 2004, 134; 161-170.
Eisenreich W, Rohdich F, Bacher A, & al. A deoxyxylulose
phosphate pathway to terpenoids [J]. Trends Planmt Sci.
2001, 6; 78 84.
Sheriha G M. Rapoport H. Biesynthesis of Campeotheca
acuminata elkaloids [J]. Phyfochemistry, 1976, 19 505-508.
Kitajima M, ¥Yoshida 5, Yamagata K, et al. Camptothecin-
related alkaloids from hairy roots of Ophicrrhize pumila []].
Tetrahedrow, 2002, 58. $163-9178.
Whitmer 8, Canel C, Hallard D, et «l. influence of precursar
availability on alkaloid accumulation by rransgenic cell line of
Cantharanthus roseus [I]. Plant Physiol, 1998, 116: 853-
8s57.
Collu G, Unver N, Peltenburg-Looman A, et al. Geranio}
10-hydroxylase, a cytochrome P450 enzyme involved in ter-
penoid indole alkaloid biesynthesis. [J-. FEBS Let. 2001,
08(2); 215-220,
Canto-Canche B B, Meijer A H, Collu G, et al. Characteriza-
tion of a polyelonal antiserum agains1 the monoterpene mono-
oxygenase, geranial 10-hydroxylase from Cantharanthus
roseus (11 Plant Physiol, 2005, 162(4); 393-402.
Silvestrini A, Pasqua (. Botta B, er «f. Effects of alkaloid
precursor feeding on a Camptotheca vcuminate cell line. [J].
Flant Physiol Biaclhem, 2002, 40, 749-753.
Lua H, McKnight T D. Tissue-specic expression of the 8-
subunit of tryptophan synthase in Camptotheca acuminata, an
indole elkaloid-producing plant [J]. Plant Physiol, 1999, 20.
43-51-
Lo " pez Mever M, Nessler C L. Tryptophan decarboxylase 15
encoded by two autonomously regulated genes in Cemptotheca
acuminate which are deferentially expressed during develop-
ment and stress [J]. Plant JJ. 1997, i1 167-175.
Burnett R J. Maldonado-Mendoza 1 E, McKnight ) D, et wf.
Expression ol a 3-hydroxy-3 methylglutaryl coenzyme A re-
ductase gene from Cumptotheca acuminata is deferentislly reg-
ulated by wounding and methy! jasmonate _J]. Plant Physiol,
1993, 103: 1-48.
Maldonado-Mendeza I E. Vincent R M. Nessler C L. Molec-
ular characterization of three deferentially expressed members
of the Camptotheca acuminata 3-hydroxy-3-methylglutaryl
CoA reductase (HMGR) gene (amily [J]. Plant Molec Biol,
1997, 34: 781-790.
Burfat V, Oudin A, Courtois M. er @l. Co-expression of
three MEP pathway genes and geraniol 10-hydroxylase in in-
ternal phloem purenchyma of Cantharanthus roseus implicates
multicellular translocation of intermediates during the biosyn-
thesis of monoterpene indole alkaloids and isoprenoid derived
primary metabolites. [JJ. Plan: J, 2004, 38, 131-141.
Liu W Z, Zhang A X, Reinscheid U M. Effect of camp-
tothecin on growth of fungal endophytes from Campiotheca
acuminata [1). Acta Bot Boreal-Occident Sic (TG At 8 8%
), 2003, 23(7); 1275 1278,
Wicdenfeld H, Furmanowa M, Roeder E, & &/ Camp-
tothecin and 10-hydroxycamptothecin in callus and plantlets of
‘amptotheca acuminata, [J]. Plant Cell Tissue Organ Cult,
1957, 49: 213-218.
e Luca, Pierre S. The cell and developmental biology of
alkaloid biosynthesis ~J]. Trends Plant Sci. 2000, 5. 168-
173.
Fulzele D Py Ramesh K S, Untransformed root cultures of
Nothapodytes foetida and production of camptothecin. [J].
Plani Cetl Tissue Ovgan Cule, 2002, 69, 285-288.
Saite K, Sudo H, Yamazaki M, ef ai. Feasible production af
camptothecin by hairy raot culture of Ophiorrhiza pumila [J].
Piant Cell Rep, 2001, 20, 267-271.
Sudo H, Yamakawa T, Yamazaki M, er @l. Rioreactor pro-
duction of camptothecin by heiry root cultures af Ophiorriiiza
pumila [1]. Bintechnol Lett, 2002, 24 359-363.
Lorence Ay Medina-Bolivar F, Nessler C L. Camptothecin
and 10-hydrexycamprothecin  from Camptotheca acwminata
hairy roots ()] Piant Cell Rep, 2004, 22; 437-441.





