2013

* Vol.15 No.3

1- -D-
HsDXR1

] * %
/ 100193
570100
430065
1- -D- -5-
1 —deoxy—D—xylulose—5—-phosphate reductoisomerase DXR
1 440 bp DXR HsDXR1 479
RT-PCR HsDXR1 HsDXR1
HsDXR1 51.496 1 kDa 6.44
DXR
PCR HsDXR1
HsDXR1 HsDXR1
1- -D- 5-
doi: 10.11842/wst.2013.03.002 R282 A
Terpene pene, C10 Sesquiterpene, C15
I[soprene Diterpene, (€20 Triterpene, C30
CsHg n Tetaterpene, C40 Polyterpene, C>40 (1
Monoter— Mevalonate
pathway, MVA  / DXP
2013-05-24
2013-06-04
* 30900113 ESTs HAS
IRT1150
* %

342  (World Science and Technology/Modernization of Traditional Chinese Medicine and Materia Medica)



Isopenteny pyrophosphate, IPP

-3- Pyruvate/glycer—
aldehydes—3—phosphate pathway ™ Pyru-
vate Glyceraldehydes—3—phosphate

1- -5- 1-deoxy—
D —xylulous—5 —phosphate synthase, DXPS

1- -5-

1-deoxy—D—xylulous—5-phosphate, DXP  DXP

1- -5- 1-deoxy-D-
xylulous -5 —phosphate reductoisomerase, DXR 2 -

-4 2C —methylerythritol -

4-phosphate cytidyltransferase, MCT ~ 4— -2-

[4- cytidine 5 "~diphospho -2C-

methylerythyritol kinase, CMK] 2- -

2,4- 2C —methylerythritol -2,4 —cy-

clodiphosphate synthase, MECPTS

2- -4 2C-methylerythritol -4 -
phosphate, MET
IppP DXR
DXP
DXR N 73~80

3]

[Huperzia serrata (Thunb. ex Murray)]

[4]

Serratane
[5]

HsCAS 1

HeCASI (1o
HsSQSI
HcFPSI
HsSE1

DXP

HsDXRI

PCR
HsDXR1

Huperzia serrata

1 320 m 109°10"'E 19°7’

-80C DH5«a

RNA
PrimeSecript
pMD19-T vector SYBR®Premix Ex TaqTM
Pyrobest TaKaRa

PCR

PCR ABI
9600 PCR ABI7500, USA
Gilson
Nanodrop 2000
-80°C

Thermo

DYY-8C

Sanyo

Scotsman  Sigma-—1-14
Sigma
2.
1 RNA 8
2 HsDXRI
cDNA PCR
cDNA 2.0 pL. Pyrobest 0.2
pL 10 pmol F gaattcATGGCAGCACT -
CACTCTCCACT R ctegagTTAAACTGTAACAGGTGCT-
GATG 0.6 pL 10 mmol -L™" dNTP 0.6 pL 10x

Pyrobest Buffer 3.0 pL ddH,0

(World Science and Technology/Modernization of Traditional Chinese Medicine and Materia Medica) 343



2013 * Vol.15 No.3

30.0 nL 94C 5 min
30 94°C 30 s 57°C 30 s 72°C 2 min
72°C 7 min 10C PCR 1. HsDXRI
1% [1L.12]
1- -5-
pMD19-T DH5a
LB Open reading frame ORF
PCR
RNA c¢DNA PCR
3 HsDXRI 1 440 bp
HsDXR1 HsDXR1
DH5a
1 PCR
4 PCR Real -time PCR GenBank
HsDXR1 KC847064
HsDXR1 / 2. HsDXRI
PCR HsDXR1 ExPASy Proteomics Server
Protparam  HsDXRI
PCR 2 xSYBR ® Premixkx HsDXR1
TaqTM 10 pL rF ACAGCCACTCC-  CososHi60Ne230685513 479
CTCTCTCAA rR AGAAGCCGAGGAaCAAGACA 51.496 1 kDa pl 6.44 Arg
0.2 pmol-L™" ¢cDNA 1 pL + Lys 51 Asp + Glu 54
25 pL 3 PCR the instability index 39.79
: 95°C 30 s 40 HsDXR1 Aliphatic index
95C 5 s 60°C 34 s PCR 93.97 Grand average of hydropathicity
GAPDH GRAVY  -0.047
F TGAGGTCGTCGTTTTGAATG R 3. HsDXRI
AGCTCCAGCTTGAATGTGCT
ABI7500 PCR InterProScan
HsDXR1 3 1- -5-
1 HsDXR1

ExPASy Proteomics Server
NCBI

SWISS-MODEL
SignalP3.0Server

WOLF PSORT

TMHMM Server

http://www.expasy.ch/tools/protparam.html
http://www.ncbinlm.nih.gov/Structure/cdd/wrpsb.cgi
http://swissmodel.expasy.org/
http://www.cbs.dtu.dk/services/SignalP/
http://wolfpsort.org/

http://www.cbs.dtu.dk/servicess/TMHMM/

344 [World Science and Technology/Modernization of Traditional Chinese Medicine and Materia Medica)



1-deoxy—-D—xylulose 5-phosphate reduc— Arabidopsis thaliana DXR NP_201085
toisomerase IPR003821 Salvia miltiorrhiza DXR ACKS57535 Oryza
IPRO13512 IPR0O13644 82— sativa Japonica Group DXR NP_001041780
470 85-213 227-310 Narcissus tazetta var. chinensis DXR ADD82536
2 Pinus taeda DXR ACJ67022
4. HsDXRI Taxus cuspidata DXR AAT47184 Ginkgo
SWISS -MODEL biloba DXR AAR95700 Solanum lycoper—
Zymomonas mobilis DXR sicum DXR NP_001234553 Coc—
PDB 1ROK HsDXR1 comyxa subellipsoidea C—169 DXR EIE23728
1 SignalP3.0Server” Haematococcus  pluvialis DXR
HsDXR1 WOLF AEY80027 Dunaliella salina DXR
PSORT** ACT21081 Oscillatoria acuminata
8.0 chlo: 8.0 PCC 6304 DXR YP_007084792 Neighbor—
1.0 extr: 3.0 1.0 joining 3 DXR
cyto: 1.0 1.0 mito: 1.0 DXR
HsDXR1 DXR
TMHMM Server v. 2.0*** HsDXR1 DXR 3
6. HsDXR1
5. HsDXRI PCR HsDXR1
HsDXR1 4
DXR At5g62790 DXR 0s01g0106900
2 HsDXR1I %Odel information: o1 10 471
o : bt et e B o
PPPAWPGR N Sequence Identity [%]: 4143
Evalue: 0.00e-1
NADPH GSTGSIG 2 ‘
LPADSEHSAIFQ ~ NKGLEVIEAHYLF e s =
HsDXR1
FEucommia ulmoides DXR AFU93070
Glycine max  DXR NP_001240062 L HsDXRI
2 Interpro Scan HsDXR1
IPR
— 1F ;I(Illfizi)yxy—D—xylulose 5—phosphate reductoisomerase, © 470 zzr;(lgfeoxy—D—xylulose 5—phosphate
IPRO13512 ;‘_‘:::X;ﬁ‘%ﬁiﬁ:‘ S-phosphate reductoisomerase, 85 — 213 DXP_reductoisom
IPRO13644 1-deoxy—D—xylulose 5—phosphate reductoisomerase, 227 - 310 DXP_redisom_C

C—terminal, Domain

*

http://www.chs.dtu.dk/services/Signal P/
**http://wolfpsort.org/
¥ hitp://www.cbs.dtu.dk/servicess/ TMHMM/

(World Science and Technology/Modernization of Traditional Chinese Medicine and Materia Medica) 345



2013 % Vol.15 No.3
HsDXR1 MARLTHHST .FTATESIRASNBCGCISFRCTICESERSQIVAR . IGRSRARVRCVSCESASH TiBCcEERET 78
At5g62790 .. .MIMNSL . SEAESKAISEITSRENEIFRMSCGESIRRRNCGREEGRCVRCSVRVCCLO(SSE P Har Dz . S 75
05010106900 . MAMRVVSFEGLIAAVSELIS SNRGCAFNQMEVDIEFQTIRER. . . . REVSLRRTCCSNMGQZpeey. VB R .S 72
HsDXR1 137
At5g62790 155
050120106900 131
HsDXR1 INCES BVCPC 217
At5g62790 B EST BILYE 235
0s01g0106900  EREsL EELPECEWKLEI;EE;E 211
HsDXR1 297
At5g62790 315
0s01g0106900 291
HsDXR1 ] i I 377
At5g62790 ! i v 395
05010106900 , IWDEEEHEE\MI@IE 371
HsDXRI SIT o ANERAVH @@Gﬁrﬁrﬁtlﬂﬁﬁcvm 457
At5g62790 SIT V¢ { Ijma i jfe ESTEET 475
05010106900 SIT CVLSAANERAVEMEMLCH i8: ESLEE 1] 451
HsDXR1 EE‘EKIEEAEEE@T 478
A15¢62790 T NVCLESSCGARIH 496
0s01g0106900 | iz Rla v 2 ARt un e = gl 472
2 HsDXRI DXR
38 —— NP001041780
27 | L ADD82536
26 NP 001234553
AF 7
37 U93070
NP 001240062
97
NP 201085
100 ACK57535
AAT47184
100
99 ACJ67022
36 AAR95700
HsDXR1
[11~14]
EIE23728
08 AEYS80027
99 ACT21081
YP 007084792
[15,16]
P
DXR EC:1.1.1.267 0.05
DXP 3 DXRs

346

(World Science and Technology/Modernization of Traditional Chinese Medicine and Materia Medica)



14

12 4

10 4

Relative expression level

Leaf

Root

4 HsDXRI

DXP

PCC6803

[19]

DXR
DXR

DXR

[17]

Stem

DXR
50%""®
Synechosystis

HsDXR1I

DXR

HsDXR1I

DXR

DXP
PCR HsDXR1
CaDXR
CaDXR

[20]

HsDXR1I

HsDXR1

(World Science and Technology/Modernization of Traditional Chinese Medicine and Materia Medica)

NADPH

DXR

HsDXRI

10

11

12

13

14

15

16

,2004, 2(6):757~764.
Eisenreich W, Schwarz M, Cartayrade A, et al. The deoxyxylulose
phosphate pathway of terpenoid biosynthesis in plants and microor—
ganisms. Chem Biol, 1998, 5(9):221~233.
Carretero—Paulet L, Ahumada I, Cunillera N, et al. Expression and
molecular analysis of the Arabidopsis DXR gene encoding 1-deoxy—
D —xylulose 5 —phosphate reductoisomerase, the first committed en—
zyme of the 2-C—-methyl—-D—-erythritol 4 -phosphate pathway. Plan:
Physiol, 2002,129(4):1581~1591.
Guo B, Xu L L, Wei Y H, et al. Research advances of Huperzia
(Thunb.) Trev.. China J Chin Mater Med, 2009, 34 (16):
2018~2023.
s . NMR

, 2005,22 (1):35~41.

Zhang 7, Elsohly H N, Jacob M R, et al. Natural products inhibit—

serrata

ing candida albicans secreted aspartic proteases from Lycopodium
cernuum. J Nat Prod, 2002, 65(7):979~985.
Reiko T, Toshifumi M, Yohei I, et al. Cancer chemopreventive ac—
tivity of serratane —type triterpenoids on two-—stage mouse skin car—
cinogenesis. Cancer Lett, 2003, 196(2):121~126.
HsCASI
- , 2012,14(1):1159~1165.

(HeCASI)
,2012,37 (12):
1715~1719.

HsSQS1

,2012, 47(8):1079~1084.

’ ’ ’

s bl ’ . . ’

2010, 45(7):807~812.

’ ’ bl

, 2012, 47(8):1070~1078.

- , 2010, 12(3):316~324.
C, 2013, 43(5):1~10.
Luo H M, Sun C, Li Y, et al. Analysis of expressed sequence tags
from the Huperzia serrata leaf for gene discovery in the areas of
secondary metabolite biosynthesis
Physiol Plant, 2010, 139(1):1~12.
Luo H M, Li Y, Sun C, et al. Comparison of 454-ESTs from Hu-

and developmental regulation.

perzia serrata and Phlegmariurus carinatus reveals putative genes in—
volved in lycopodium alkaloid biosynthesis and developmental regu—
lation. BMC Plant Biol, 2010, 10:209.

Lichtenthaler H K. The 1-deoxy—D—xylulose—5-phosphate pathway
of isoprenoid biosynthesis in plants. Annu Rev Plant Physiol Plant
Mol Biol, 1999, 50:47~65.

347



2013 * Vol.15 No.3

18 Hasunuma T, Takeno S, Hayashi S, et al. Overexpression of 1-de- lose phosphate reductoisomerase and menthofuran synthase. Proc
oxy—D —xylulose =5 —phosphate reductoisomerase gene in chloroplast Nail Acad Sct USA, 2001, 98(15):8915~8920.
contributes to increment of isoprenoid production. J Biosci Bioeng, 20 Yao H, Gong Y, Zuo K, et al. Molecular cloning, expression profil—
2008, 105(5):518~526. ing and functional analysis of a DXR gene encoding 1-deoxy-D-
19 Mahmoud S S, Croteau R B. Metabolic engineering of essential oil xylulose -5 —phosphate reductoisomerase from Camptotheca acumina—
yield and composition in mint by altering expression of deoxyxylu— ta. J Plant Physiol, 2008, 165(2):203~213.

Cloning and Expression Analysis of HsDXRI in Huperzia serrata
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Abstract: The transcript encoding 1-deoxy —D —xylulose =5 —phosphate reductoisomerase (DXR) was discovered
from the transcriptome data of Huperzia serrata. The transcript contained an open reading frame with length of
1,440 bp and coded 479 amino acids. The full length of HsDXRI had been cloned using RT—PCR method. Ac-
cording the bioinformatic analysis, the molecular weight of HsDXRI protein was 51.4961 kDa and the pl was
6.44. No signal peptide and transmembrane site was discovered in HsDXRI, and the protein was most likely to
be located in chloroplast. HsDXRI had the same domain similar to the DXR protein of Arabidopsis and Oryza
sativa. The expression level of HsDXR1 was most abundantly in H. serrata stem, followed by root and leaf. This
study cloned and analyzed HsDXRI gene from H. serrata for the first time. The result will provide a foundation
for exploring the mechanism of terpene biosynthesis in H. serrata plants.

Keywords: 1-deoxy—D-xylulose—5—-phosphate reductoisomerase, Huperzia serrata, gene clone, expression analysis
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