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Fig.1 Biosynthesis of IPP via the mevalonate pathway
A and the DXP pathway B

The circled P denotes the phosphate moiety.

The large open arrow indicates several as yet unidentified steps.

Isopentenyl diphosphate isomerase EC 5.3.3.2
is abbreviated as IPPI

0.5mg/L 6BA 0.5mg/L 2 4-D 0.2mg/L

250 ml.
100g/L
15d 1
1.3 RNA

pH5.8

RNA

30 ¢/L
75mL

120 r/min 23°C

mRNA

9

S5¢g

1h 4°C 13 000r/min 25min
SmL SmL 2mlL /

10min 4°C 13 000r/min 30min
600pL. 2mol/L
NaAc pH4.0 -20C
30min  4°C 13 000r/min 20min 75%
2 DEPC
-70C mRNA
Promega
1.4 dxr
GenBank DXR
Artemisia annua  AF182287 Catharanthus  roseus
AF250235  Arabidopsis thaliana  AF148852  Syne-
chocystis sp. PCC 6803 Q55663  Mentha x piperita
AAD24768.1 ClustX 1.81
7
N- C- GSTGSIGTQTLDIV
VVTGIVGCAG  AGKDIALANKETLIAG ~ LPADSEH-

SAIFQC  IILTASGGAFRD KGLEVIEAHYLFG SV-
LAQLG WPDMRLP primer premier 5

| vl

PCR 1

Sense primer 5'GG A T G C ACT CAGAC AT G
C CTTATG C GA T C AT3" Antisense
primer 5’ ACG CAT ATC ATGC GG CCA ATGC CC
3/

1.5 RT-PCR
RT-PCR TaKaRa RT-PCR
cDNA 20pL mRNA

10ng  25mmol/L. MgCl, 4pl. 10 x RNA PCR buffer
2ul. dNTP Mixture 10mmol/L each 2pl. RNase Inhib-
itor 0.5uL. Reverse Transcriptase 1uL. Oliga dT-Adaptor

primer 1pL 45°C 30min 99°C Smin
c¢DNA 25mmol/
L MgCl, 6pL. 10 x RNA PCR buffer 8. TaKaRa Taq
0.5pL 25mmol/L 1L

d @0k =BER + s AT HDHiE2E heto dMirnals. im. ac. en



550 20
5 94°C 1min 40°C lmin 72°C 18S rRNA 2 RNA
1min 30 94°C 1min 45C
Imin 72°C 1min 72°C 10min
1.6 PCR o IR
PCR Kit Omega
55 IRNA
20pL. 10mmol/LL TE pH8.0 Tpl
pGEM-T Easy Vector Promega 4 C 16 h 2 RNA
E. coli DH5a Fig.2  Total RNA gel electrophoresis
10 200p.L
IPTG  X-gal  Amp 60mg/L LB 37°C bp
— 2000
=y
5 Amp 60 :?(5)8
mg/l. 1B kit Omega 3 dur
Fig.3 Analysis of the cloned dar gene by gel electrophoresis
0.7% 1 pGEM-T Easy 2 pGEM-T Easy + dxr
dwr 3 PCR product of pGEM-T Easy + dxr primer 1
RT-PCR 4 RT-PCR product of Taxus chinensis cells primer 1
5 PCR product of pGEM-T Easy + dar  primer 2
L8 6 RT-PCR product of Taxus chinensis cells primer 2
7 DI2000 DNA marker
dxr GenBank
Az
Blast P PROSITE Aso Ang 0.308 0.622 0.336 Ayy/Ax
Clustal X 2.02 Ayy/Asy  1.85  An/Asxg 1.7 2.0
1.81 DXR Ao Ao 2.0 RNA
Phylip Version 3.6 alpha RNA  RNA
19 2.5mg RNA
2.2 dxr
1.9 dxr RT-PCR mRNA
dxr primer premier 5 450bp
2 Sense primer 5’ PCR TA
TGG AGA AAC TGA AGG AGG TA3' Antisense primer pGEM T-easy
5'CTT ATT GAA CAG GGT GGC3'
mRNA RT-PCR 1.5
dxr PCR
RT-PCR
2 2 mRNA
2.1 RNA 149bp
RNA 2
2 3 1RNA 1 100%

5S rRNA 18S rRNA 28S rRNA 28S rRNA

© EPE]ﬂ-?}jﬁjfﬁ’i#m}'ﬁﬁ,ﬁ%‘ﬁ']ﬁﬁiﬁﬁw http://journals. im. ac. cn



2 DXR
PCR PCR dxr Chromobacterium viola-
Gen- ceum ATCC 12472 NP-901872.1  Nitrosomonas euro-
Bank Accession number AY445651 paea ATCC 19718  CAD85623.1  Escherichia coli
2.3 DXR 0157 H7 NP-308202.1  Pseudomonas putida KT2440
NP-743754 .1 Bacillus subtilis subsp.
Blast P subtilis str. 168 CAB13528.1  Clostridium perfringens
DXR Arabidopsis thaliana  Q9XFS9 NP-562610.1 Thermoanaerobacter  tengcongensis
Mentha x piperita  Q9XESO  Synechococcus elongatus AAM24624 .1
Q8DK30  Synechocystis sp. PCC 6803 (55663 G~ G*
Nostoc sp. PCC 7120  Q8YP49  Synechococcus leopo- DXR G* DXR
liensis  Q9RKT1 5% 94% DXR
80% T8% T8%  T3%
PROSITE http //us. expasy . org/ Nitrosomonas europaes ATCC19718
prosite/ DXR Pseudomonas putida Thermoanaesoacter o
KT 2440 tengeongensis | Plasmodium falcipanum
4 Clostridium perfningens
NI T meo ¥l ol F Chromobactenim
- i violaceum ATCC12472
703 Bacillus subliis
4 DXR prosite Lscherichia coli 0157:H7 subsp.subtiits str. 168

Leplospira interrogans
serovar lai str. 56601
1000

Fig.4  Analysis of DXR deduced protein by prosite
cAMP- and ¢GMP-dependent protein kinase phosphorylation site 107-
110 KkiT VII
Protein kinase C phosphorylation site 80-82 SfR V
Casein kinase II phosphorylation site 80-83 SfrD IV 149-152 SmvE

laxus chinensis

Artemisia annua

VI Catharanthus roseus
Ze
N-myristoylation site 1-6 GivgCA 1 7-12 GVkpTV 11  63-68 GlpeGA camay
il Arabidopsis thaliana
Amidation site  105-108 mGKK VI 1000 Oryza sativa Cistus incanus subsp.creticus
—— Forsythia xintrmedia
DXR
5 19 DXR
Clustal X 1.81 Fig.5 Phylogentic relationship among DXR proteins
DXR 6 DXR in 19 different species
DXR DXR Animal  Plasmodium  falciparum AADO3739.1  Plant  Arabidopsis
2.4 DXR thaliana NP-201085.1  Cistus incanus subsp. creticus AAP56260.1
Forsythia x intermedia  AAM53954.1  Oryza sativa AAL37560.1
GenBank 18 DXR Catharanthus roseus AAF65154.1  Zea mays CACO3581.1  Artemis-
ia annua AADS56391.2  Bacteria Chromobacterium violaceum ATCC
DXR 12472  NP-901872.1 Bacillus  subtilis subsp. subtilis str. 168
P
Phylip Version 3.6 al- CABI13528.1  Nitrosomonas europaea ATCC 19718 CAD85623.1
pha boostrap 1000 5 Clostridium perfringens ~ NP-562610.1  Pseudomonas putida KT2440
DXR NP-743754.1  Escherichia coli 0157 H7 NP-308202.1  Thermo-
anaerobacter tengcongensis AAM24624.1  Spirochaeta  Leptospira inter-
DXR rogans serovar lai str. 56601 AAN50490.1 Chlamydia Chlamydia mu-
DXR ridarum AAF39204.1 Streptomyces Streptomyces coelicolor A3 2 NP-
DXR 629822.1

© FERZERMEDARFATIKSHESL http://journals. im. ac. cn



552 20

Puter JW  Spurgeon SL Eds. ~ Wiley New York 1983 Vol. 1
3 pp-1-46

2 Eisenreich W Menhard B Hylands PJ et al. Studies on the biosyn-
thesis of taxol  the carbon skeleton is not of mevalonodi origin. Proc
Natl Acad Sci USA 1996 93 6431 — 6436

3 Sigrid G Stephanie BM' Hermanm S. Isolation of the dxr gene of
Zymomonas mobilis and characterization of the 1-deoxy-D-xylylose 5-
phosphate reductoidomerase. FEMS Microbiology Leiters 2000
191 131-137

4 Lange BM Wildung MR Mecaskill D et al. A family of transketo-
lases that directs isoprenoid biosynthesis via a mevalonate independent
pathway. Proc Natl Acad Sci USA 1998 95 2100 — 2104

5 Bouvier FA d’ Harlingue A Suire C et al. Didicated roles of plas-
tid tranketolase during the early onset of isoprenoid biogenes is in
pepper fruits. Plant Physiol 1998 117 1423 — 1431

6 Bertrand V. Martine C Audrey O et al. Cloning and expression of

1996 Eisenveich ¢DNAs encoding two enzymes of the MEP pathway in Catharanthus

13 C 13 C
- - roseus . Biochimica et Biophysica Acta 2000 1517 159 - 163
13 C 7 Schwender ] Muller C Zeidler J et al. Cloning and heterologous
- expression of a ¢cDNA encoding 1-deoxy-D-xylulose-5-phosphate re-
2 ductoisomerase of Arabidopsis thaliana . FEBS Letters 1999 455
140 - 144
dxr : . o
8 Miller B Heuser T Zimmer W. Functional involvement of a deoxy-

D-5-phosphate reductoisomerase gene harboring locus of Synechococ-

DXR cus leopoliensis in isoprenoid biosynthesis. FEBS Letters 2000 481
DXR 3 221-226
¢DNA 9 Chomezunski P Saxxhi N. Single-step method of RNA isolation by

acid guanidium thiocyanate-phenol-chloroform extraction. Anal Bio-
chem 1987 162 1 156 — 159

10 Inoue H Nojima H Okayama H. High efficiency transformation of
Escherichia coli with plasmids. Gene 1990 96 23 - 28

11 Lan WZ Yu LJ Cai YJ et al. Ad-

vance on molecular biology of isoprenoids non-mevalonate pathway.

REFERENCES Acta Bot Boreal-Qccident. Sin 2001 21 5 1039
- 1047

1 Spurgeon SL Purter JW. In Biosynthesis of Isopernoid Compounds

Cloning and Analysis of cDNA Encoding Key Enzyme Gene dxr

of the non-MVA Pathway in Taxus chinensis Cells

ZHENG Qing-Ping YU Long-Jiang” LIU Zhi LI Mo-Yi XIANG Fu YANG Qin
College of Life Science and Technology —Huazhong University of Science and Technology =~ Wuhan 430074 China

Abstract Two distinct routes  classical mevalonate pathway and a novel mevalonate-independent pathway are utilized by plants

for the biosynthesis of isopentenyl diphosphate the universal precursor of isoprenoids Fig. 1 . Present researches indicated that
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taxol was synthesized mainly via non-mevalonate pathway but not genetic evidence was showed. The second step in non-meva-
lonate pathway involves an intramolecular rearrangement and subsequent reduction of deoxyxylulose phosphate to yield 2-C-meth-
yl-D-erythritol-4-phosphate  and 1-Deoxy-D-xylulose-5-phosphate reductoisomerase DXR  with responsibility for this reaction
was considered as a key enzyme. As a tool for the isolation of genes in terpenoid biosynthesis in plants total RNA was prepared
from Taxus chinensis suspension cells a cell type highly specialized for diterpene taxol . A reverse transcription-PCR strategy
based on the design of degenerated oligonucleotides was developed for isolating the gene encoding a gymnosperm homolog of this
enzyme from Taxus chinensis . Through sequence analysis by Blast P online the resulting ¢cDNA showed highly homologous to 1-
deoxy-D-xylulose 5-phosphate reductoisomerases with 95% identification compared with Arabidopsis thaliana  Q9XFS9  94%
with Mentha x piperita Q9XESO  80% with Synechococcus elongatus  Q8DK30  78% with Synechocystis sp. PCC 6803

55663 and Nostoc sp. PCC 7120 Q8YP49  and 73% with Synechococcus leopoliensis  QIRKT1 . Deduced amino acid
sequences were also analyzed by PROSITE ClustalX 1.81 and Phylio 3.6 alpha  and data present evidence for the exis-
tence of this deoxyxyluose phosphate reductoisomerase in Taxus chinensis. This is the first report of the dxr gene cloned from

gymnosperm .

Key words  Taxus chinensis suspension cells non-movalonate terpenoid pathway 1-deoxy-D-xylulose 5-phosphate reductoi-
somerases DXR  RT-PCR
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