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Cloning and function analyses of HDS gene from Artemisia annua
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Abstract: Objective To obtain the indispensable key enzyme—hydroxide methyl enylamino 4-cyclodiphosphate synthase (HDS)
gene involved in the MEP pathway cloned from Artemisia annua and conduct bioinformatic and functional complementation analysis.
Methods To perform multiple sequence alignment for the nucleotide acid sequence of the other reported seed plants’ HDS gene, to
select conservative areas for designing degenerate primers, and to gain the aim gene from A. annua through homologous expanding and
cDNA bottom speedily expanding technique. To perform sequence alignment using BLAST, to identify open reading frame (ORF)
using ORF Finder, and to construct phylogenetic tree using neighbor joining (NJ) ways in MEGA3.0. Results The obtained HDS
c¢DNA sequence was 2 324 bp containing a 1 854 bp ORF and encoding a 617-amino acid protein. Bioinformatic analysis showed that
AaHDS was homologous with HDS derived from other seed plant species. Functional complementation analysis indicated that AaHDS
could make up the short HDS function of mutant Escherichia coli MG1655 ara<<>HDS. It could make the mutant get back to
upgrowth, which showed 4aHDS had typical HDS gene function. Conclusion The cloning HDS gene from 4. annua for the first time
provides a good basis for further study on the metabolization project of artemisinin.

Key words: Artemisia annua L.; HDS; gene cloning; bioinformatic analysis; artemisinin

H R WAEH Artemisia annua LW 77, 5 H 3004702 1 AN BEW AL [H B i 2 1 5
—RRITIER IR A2 N, IR TOE R I SR PRGN T AU H AT AR
HE R A RBANE P d s PURRE PTG A REE R, AR R A
S ML FAERY. MRRAEEE T EE  ERE AR B R SRR, H AT
FRARMG 0.01%~0.6%) B, KORPRGI T @Ak FRIE ARG AR B8 i i,

¥ BEHA: 2011-03-31

EEWME: ERTHAZARFIEERAZIIHHE (kj071204)

TEFEI: KRS (1966—), 95, BPILIHFEA, BRI Bim#dz, KIS M2 SR TR, I8P MO0 I 253 .
Tel: 13658304114 E-mail: 412587791 (@qq.com



tEd

Chinese Traditional and Herbal Drugs 35 43% 513§ 201241 A

<149

AR, BE T B RN A R i A
yale, JEB TR ST - E AR T
20 OB E SRR A R TR, DR
h T AU TR A5 e S RN VE B AL, AHHF
FUR M RACE HARM M HAE S h i B 3545 1351 %
AR IERAE A I — AN SRR R —— R I | 4 -4~
WEIR & DY (HDS), 53047 T MR A A5 1A
20y M R I RE S AIE o
1 #R5HEE
1.1 ##

TG AR R AL TV 1 K2 A i B2 2 B (1)
PRI FHARHF 2 ek, 0 % G 5-70 CARAF
%M. KK Escherichia coli T. Escherich B
DHS5 1 M15. Jithi pQE30. A5 # 4k E. coli MG1655
ara<<>>HDS LA S ARSI RS B i S = B AR
AT, MR AR B AR 5K
T RE S0 = AR A AR
1.2 7%

121 BEEE R RNA [HHC =70 CUkAH{R
AR . ZRAMEL 0.1 g, H RNAplant ik
A& CRIAY), J650 $- I RNA, /47 T-70 C
UKAE 25 H o

1.2.2  E A #E HDS 3N (4aHDS) ¥l Fi B R34S
7 5 [ EH A H A Bt (NCBD M 1435
NERCHRIE Y HDS FE R A% A R )T 5 [ Wl A
Stevia rebaudiana (Bert.) Hemsl.. L 5% Arabidopsis
thaliana (L.) Heynh.. 40K ZEEKE Synechococcus
elongates Nag. %51, ffiH Vector NTI 8.0 #H17 % & )7
FULLT, 3 B (e Sy A% IR 7 e v fi 9 5 1,
E R 51408 dfAaHDS: 5’-TATGG(A/G)(A/C)G(A/G/-
T/C)GCAATGCG(C/A/T)ATTG-3" , [ Ia] 51 % Ny
drdaHDS: 5-CAATCTTTCC(A/G)GG(A/T)G(C/A)-
ACCACC-3’. cDNA #i—#5 & il fif ] TaKaRa RNA
PCR Kit(AMV), %X HI@EEF N5 cDNA
B, DL cDNA NBHEET PCR 14, SN 414N
94 CTIAEM: 4 min, 94 CAZME 455, 50~60 Ci
JEREIR K 45 s CREAMEIRBEAL 0.5 'C), 72 CHE
il 1 min, 3£ 30 MEH: &5 72 CEIEM 10 min.
PCR =4 alifl 4% FE b it 3% F i B DR A7 R A ]
1) PCR j~#yaifb il &t e, ROy S
pMDI8-T ¥E#z 5 At DHSa, HEATHE BT, Bk
HY A BEREAT B 7% PCR K, PHAE EfE 1L 2 iR
EEARA R A FW 7, W72 KT BLAST 4

WrLA3K43 AaHDS ¥ B

1.2.3  AaHDS %K cDNA 1315 4% AaHDS
¥ B 41 % i RACE 51 ) . AaHDS3-1:
5-TGCGGGTGCCAATACTGGTG-3"; AaHDS3-2:
5’-CTGCTACAAGGATGCAGGATG-3"; AaHDS5-1:
5-GAGCCATCACGGTGGAGTACACC-3’; AaHDS5-2:
5°-CCTCTTCACCCTCCTTCTGCAC-3’. RACE-PCR
P44 I SMART RACE ¢cDNA (Clontech, Z£[H)

P HAF G P EE T . RACE P4tk 7
B S “1.2.27 AHOCEEAEAIA . ¥ 3’RACE.
5’RACE %0 v BeadhAT Mo 1414 (Vector NTI Suite
8.0), FRTF4K cDNA J¥4, WAEPHEFHIwIH 4
Ky mMEg %, IEmyl¥ fidaHDS : 5-
TTCTGAAGGGAGTCCTCTGTT-3" ; 2 [f] 5|
ridaHDS: 5’-CCATCACCTTTAACTAGACGGT-3’,
B SRAEE 42K cDNA 741,

1.2.4  AaHDSJFHV53HT  JPHIEX 448 H Vector NTI
Suite 8.0 A FA1 BlastP2.2.3 Chttp: //www.ncbi. nlm. nih.
gov) AT/ FFIBPERTEAE Copen reading frame,
ORF) MAHFZ T ERIMFI AL hitp: / www. ncbi.
nlm.nih.gov M % ) ORF Finder | 5¢ i ; M
CLUXTALX™ T2 EF5 o, F MEGA3.0 Hif)
o7 AHIBRY: (neighbor-joining, NJ) Uk gtukib e,
FEECH 1000 s E I TEEATE IS IR
M http://www.expasy.org A RAHR AU
S MR T

1.2.5 A4aHDS SERMDIGes L K B R AR bk
MG1655 ara<<>HDS "', Wi HDS JEFRH—ARIIS
BRPUERERTEA, PO S a— A8 N
(K152 5] Ppap S50 T4 HDS FA1Sl, MEP #1%
TAET KA, HDS FERUE KR 8 A A7 BT
N, MG1655 5848 K L BE A8 & A3 Bl R Afop
(Ara) FIEFRIE FAEK, MANREAE S A %0 (Glo)
(s Rk LA KO O T IRAE AaHDS IIEALIE P,
16K S 1 538 4K MG 1655 1 3EAT HAMRE ).
AaHDS (V)95 DX 446 2 21 5% ik 244 pQE30 |,
AL Z KA IR 58k MG1655 W, 3k#3 AaHDS
ThRERIAM TRER,  [RIN LA 50 pQE30 44k K
FFR AR bE MG 1655 ara<<>>HDS J&Z#54E A I 1E
YRR, SRR R0 77 0% MG1655 ara<<>HDS
SR LB+Kan+0.2% Ara 5 LB+Kan-+
0.2%Glc “THR I, ¥4 pQE30-4aHDS Jiki Al 7 it
FLf MG1655 ara<<>HDS 3 5l#5h T LB+Kan+



* 150« ¢ $ % Chinese Traditional and Herbal Drugs 35 43% 513§ 201241 A

Amp+0.5 mmol/L IPTG+0.2% Glc “FH _F, ks
Iela, MEE KNGO AaHDS HJD)fE -
2 HBREH
2.1 5 RNA RY3REL

DA AR 2K MRS HORE A PRL, 12 RNAplant
buffer XA G A BEVITRBOTIER B RNA, Kb

Bt, Il AaHDS. MR AT 1S A BOw S R R
SV T4 8 AaHDS ¥ ¢cDNA A, ik
3’-RACE 1 5°-RACE 7} 5|3k 43 602 bp HJ 3’-A iy
11045 bp 5°-Kiigo ¥ AaHDS FEH 3 /> F B Pt
BRI H ALK cDNA, &Y 83E Ly
AR, WS LW AaHDS HE 45K 2 324 bp

RNA H{ 5 uL BT HEJKAI, RNA BT 2 3 A5, (& 2),
ToR RIS, TCERAZYT, 28S iz (& 1, ¥ 2.3 EHE AaHDS BHIEMEEF 0

WIRAS T BRI RNA; ANk T e B
TEs Ango/Aaso [HILIAE 1.8~2.0, FKIWHFE RNA 4l
FEIE 3 T AH N 5256 R 2K o
2.2 E[E AaHDS BY52 %

WAL B RNA kA cDNA J5, L
df4aHDS F1 drAaHDS *h5|%), cDNA JHiRR 1T
PCR 14 o #3845 (9 19 445 12647 H 1) v BB,

V5 [ S R 26 SRR A% B K 1 420 bp. £ El1 HAEL RNA RiKE

BLAST ;M1 #)20 %52 N v AL & HDS 0
01

31
21
11
01
91
81
71
61
51
41
31
21
1
01
91
81
71
61
51
41
31
21
1

01
91

Coding and its deduced amino acid sequences are shown by capital letters, UTR is shown by lowercase letters; * indicates stop codon
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Fig.2 AaHDS cDNA full-length sequence and its deduced amino acid sequence

AaHDS () cDNA 4 2 324 bp, HL&H—EK

Fig. 1 Electrophoresis of total RNA from A. annua



tEd

Chinese Traditional and Herbal Drugs

B43% F1H 2012F18 o151 o

JE2h 1 854 bp ¥ ORF, B4 K%K 210 bp 1) 5°-
Ui B X Cuntranslated region, UTR) HI 260 bp
1) 3°-UTR, L% t474 TAG (Kl 2). AaHDS
iy 617 NMEIEMREIL I & O, HAX 47
T A 6.87X 10, SEHi ST Y 5.3. 7F Expasy
thiE B AaHDS 19 g M, BoRH
(IR L i 7 45.38%, a-B20E (5 40.19%, FEAH
dr 14.42% (K 3). ¥ AaHDS 5 K5 T H ALY
DL B2 4 1 HDS BEAT % 8% 51 LT

S 4 3RW, SRUE TR S K08 T BRI 4N

(1) HDS 7= 538K, JEHJETE N iy, #4h HDS [N
uiig LA B R R 2 HE— BOR A 80 AN AL R R AL
IR, KBTI A AR ST A, thaliana
R3] TIESEPY, 515 HDS SENL T AR
B ML, XS5 EMY+H MEP @425 47 15
PR B 8P R SRS HDS E N
Ui IR B R R PP 91 22 e BAEOR, E LR X4y e 411
SEARMEAL I, AL IR HDS ZIEIR 751 AR 5
Ry, AR —Bt Eik 80%~95%.

F Clustalx A1 MEGA3.0 %1% AaHDS #4753

MOLADRGADTVET TYOGEREADNACFETENT LYQ RN HIFLYADTHF AP SV AT RYAECFOETRVHPGIOF ADEREAQFEQLEYTEDDYQQELE-
cececccechhhhbhecechhhhbhhhheccceccccccecesccccccchhhhhhhheccee cocccchhhhhhbhhhhhhecchhhhhhhe
HIEEVFTPLYERCEERY GEAMET GTHHGSLSDREIMS Y Y GDSPRGMYES AFEF ARTCRELDFHIF YFSMEASHE VINVOAY RLL Y AEMHVR
hhhbhhhehhhbhhhecoceeeeeececccccceeeeeeccccochhhhhbbhhbhhhhhecceccceeeecocochhhhhbhhhbhbhbhhhhecee:
WY PLHLGYTEAGEGEDGEMES AT GTGT LI DGLGOTIRYSLTEF PEEEI I CRELANLGMEASQLARGYAFPFEERHERYFIFQRRTGOL:
coeeeeeceecccccochhhhhhbhheeeaccccccceeeecccccecoecchhhhbhhecchhhbhbhbhhe cchhhbhhhhhhbhbhhhhecoee:
PYQEEGEEVDY RGYLHEDGEYIM SV T LD LK TFELF Y RS LAART VI GMEFEDLAT VI STILLEELFFATDEDART AT FRIIDYVSMGIITEL:
cococcececereeeccocceseeaeac cacchhhhhhbhhhhhbbhheeccecechbhbhhhhhhecoce chhhhhhhhhhhhhhecececees
SEQLTEFLFHATYLYHLHELSTGAHFL I FEGTRLYYSYRGIEFYEELDILETTOATMILHELF ¥ AEERT GEVHAAREILFEYTSENSLHFF-
cococccececceeeeecccccchhhheccecceseeeaccoccochhhbbbhehbbhbhhhbhhe chhbhhechhhhhhhbhbhhhececece et
VLHHIEFPEGIPEIDLYI S AGANAGAT LV IGLGDGTII I EAPDQNFEF IRRTSFHLLAGCEMENTETEY VECPECGRTLFDLAVISAETRE-
eaeaeccccccccechhhbhbhbhbhbhbhhhecococeeacccccchhhbbhehbbhbbhheccccccceeeeeccccccoccchhhhhhhbhhe
KTSHLPGYETATMGCTVHGEGEN ADADF GV GEAR GETOLY WEET VYO RGT AMEGAT DAL TO LT EDHGENVIFFVEE+
coococceeeeeeeeeeccccccceccceaaccoccceaeeecchhhhbhbhhhhhhbhbhbhhbhhhhhececcooccceacs
h-a-830E, e-%EANEE, c-BEEG M
h-alpha helix e-extended strand

B3 AaHDS 8 R LT
Fig.3 Secondary structure prediction of AaHDS

c-random coil

(M1 10 20 30 40 50 66
IR (1) MATEVLEAPVSGIRKIPDSRKVGEGRSMNLVRICDVRSLRSARR————— RVSVIRNSNQGSDLAELQE
KA B L R S S
@ik 1) -
WAL mf-—-————--———— e
L] (1) MATGARPTSFMSLRGRENGLEEARTSDEVREVSDLERRVRFHRT————— RIFVERNSKSGSDIREFRE
RAFIX MMa ¢ P LK LGF XS v R K VKS GE E P
(87) €7 x80 190 1100 ‘110 l120 132
VNPl (62) ASEGS PLLVPROKYCES LHKT VRRKIRIVMVGDVALGSEHPIRIQIMI TS DIKDI TGTVDEVMRIA
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K IRPREE 6") EIGCEIIVIMPSLA DRLYKIYKP HNGM---KIAEEVAKYV W Il
WAL (5) BR DI AT TMOGKR LVQEKNYNT IIIFAP- - --SVALRVAEC
Al (128) DR AT TMOGKR LVQEKNYNT IBIFAP----SVALRVAEC
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{EKU%I_‘ (120) NEADRRAQFEQLEYTDDDYQKELEHIEKVEVEPLVEKCKKYGRAMSKETI SDRIMSYYGDS - -
X

(19%) NFADRRAQFE LEYTDDDYQKELEHIE VFIPLVEKCKKYGRAMRIGINHGSLSDRIMSYYGDS
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Identical amino acid residues were shown in white with black background and conserved amino acid residues were shown in black with gray

background, other amino acid residues were shown in black with white background; % indicates position of conserved cysteine residues

4 RETREHME HDS SEBRF5IS H L3

Fig. 4 Multi-alignment of HDS amino acid sequences from various plant species
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Fig. 5 HDS phylogenetic tree constructed by NJ method
on MEGA 3.0
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Fig. 6 Functional demonstration of AaHDR gene
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