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Cloning and preliminary expression analysis on HDS gene in Dendrobium officinale

WANG Xiang, WU Lin-song, WU Qiu-ju, LIN Yi, CAI Yong-ping, FAN Hong-hong
School of Life Sciences, Anhui Agricultural University, Hefei 230036, China

Abstract: Objective To clone the 4-hydroxy- 3-methylbut-2-en-1-yl diphosphate synthase (HDS) gene from Dendrobium officinale,
induce fusion protein in Escherichia coli, and explore the regular pattern about HDS gene in different tissues of D. officinale.
Methods RT-PCR and RACE technologies were used to clone the full-length cDNA of DoHDS. Using relevant softwares and
online sites to analyze bioinformatics. Then the expression patterns of DoHDS were studied by real-time PCR. Constructing
prokaryotic expression vector pET-28a (+)-DoHDS to induce the expression protein in E. coli BL21 (DE3). Results The DoHDS
gene was successfully obtained (GenBank accession number KJ161312), the full-length cDNA was 2 666 bp and ORF was 2 238
bp, coding the protein containing 745 amino acids. Relative real-time PCR analysis indicated that DoHDS showed the higher
transcript abundance in the stems, 5 fold higher than protocorm-like bodies. The SDS-PAGE results showed that a relative molecular
weight of 82 700 recombinant protein was produced. Conclusion The cDNA encoding HDS from D. officinale is cloned. The
prokaryotic expression vector and different tissues expression patterns of DoHDS are constructed. It is helpful for the future research
on the mechanism of terpenoid biosynthesis in medicinal plants D. officinale.
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KA R APREZ . PUME . BRI R S
SEPEIM™. 1 JLAER, [ A A 6 ik R A ik
SR AT T REME,  RIVER R A A
ZFE, WA, 20, B2 BN Al
RAEAFS, L R 2 2 B A 2E e,
XL oy 2 3 T NI R ok, RAIRE
B A . AR A R I A R 2
J& T g A T, A R T 2 4%
WAL, FEELIRIR AT (MR AT AIRE 2Kk (MVA,
MEP &%),

4-¥2 5L 3- AL 2-B- T 0 B -1- FE IR A A T
(4-hydroxy-3-methylbut-2-en-1-yl diphosphate synthase,
HDS) £ 5 MEP e EIECE 2 N R, ik
2-C-F L SR 2, A- IR AR IR A2 I 4-F2 J-3- F -
2-E- | i dt-4-#2, HDS J& T gepE H BRI,
MR . HiT HDS RO NEREE. Bk
B RO AR KRR R T
Y viRE R, EAER B A R S REATIR WARE .
HFEN, BETT HDS JEREE A
B SR MG P U RSzt DL e ik o
K}, K RT-PCR F1 RACE %5 572 e Bk K2 A4 it HDS
(DoHDS) ¢DNA 2, FEHFA T A5 B
ST JERERIE ST AN R L2 Real-Time PCR 4}
Mty iP5 MEP 3@&A24E L & HDS 7EmiE
WA DrE s AR A B AR .

1 RS
11 #8t

R B A FRHA B VI B RO R A A R o
B, HH 22 BRI K 2 B K N IR M 7 Tk Bk B A
Dendrobium officinale Kimura et Migo.
12 FZiLH

& RNA $#EHGAF& RNAprep Pure Plant Kit.
FastQuant RT Kit J1§ [1 ]t 5¢ Tiangen Aw]; RACE il
£\ pMDI8-T # &£, SYBR® Premix Ex Taq ™ 1I
) H TaKaRa /A +]; EasyTaq Buffer. EasyTaq DNA
Polymerase~ dNTPs Il 1L 404 A7 .
2 7
2.1 5 RNA BYIRERS e

IRCHT 0 1R Bk B2 A R ZH RS 1 0.1 g, KR K
Ve L BRIR B R R dk, JF M EARR T, % I
WEBE Ry K, 4R 544 RNAprep Pure Plant Kit
(Tiangen) ¥t 10347 RNA $2H. A H R 4
JEEBE TR RNA RS8N i o I DA O B AR 4%
I FastQuant RT Kit 160 15 3EAT RNA J # % ik
cDNA.
2.2 51Kt

5 GenBank | V& 5k 1) HDS 2R 741,
WU B R BOOR, WA KE
1£55, A DNAMAN #ff Lotz SR R, $k
e P B B DR ST X BUFP A1 B (R T 5 14 (R 1D

F1 SIMBREFT

Table 1 Names and seqences of primers

5140 3 S TR /N GIL/EA S S (5°-37)
Bl JrBE (41850bp)  HDS-S GATGGYTCTGTWCYMATGTC
HDS-R GGTCCATTBACAATRCADCCC
3'RACE (£ 700bp)  HDS-3-OUT  GTTGGCAGGGTTCATTCTTC
HDS-3-IN GTGGATGGTTTTGGCGATGG
5'RACE (£ 1600bp) HDS-5-OUT  CTGACAAGGGAACCAAAATG
HDS-5-IN CATCAGCATCATCGACAGGA
cDNA 4K (£412600bp) HDS-CDS-S ~ GCCGGGATCCATGATGGTAGCTGGAACTATTTCAACC (FXI%:°4 BamH I
Iz 250
HDS-CDS-R  AATAGCGGCCGCCTACTCTTCTGCAGGCGGATCGACCCAA (T XIZ M Not 1
[LEAPIENASY)
qRT-PCR (#]200bp)  HDS-RTS CGGGGACGAACGATATGAGG
HDS-RTR TGAACCCTGCCAACCTTCTC
B-actin-RTS ~ GGTATTGTGTTGGATTCCG

B-actin-RTR

TGAGTAGCCCCTCTCTGTGAG
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2.3 DoHDS fR=F[X | Bz B9 18

T USRS A ) cDNA y#biti, FIH 5149
HDS-S Al HDS-R #£1T PCR #"#4. PCR R WAk %K: |
UG P95 1.5 uL, 54 cDNA 2 pL, 10 X PCR Buffer
2.5uL, dNTP (10 mmol/L) 2 uL, Taq#§ (5 U/uL)
0.25 pL, /e H ddH,O #hAE A B ARH 25 pls iR
J¥: 94 C i 5 min, 94 ‘CAE 45, 60 ‘CiE/k 45s,
72 ‘CHEMH 1 min, 35 MEF, 72 CFHAZEM 10 min.
PCR W% 1%BENER B Rk IS, A3 DNA
JlrERFIE (R WM E B, R EE
Bz i A pMDI18-T, # A4 KT % DHSo &2 454
M, SRR IR RS, PRUR R
% PCR %556 JG 24T L2k TABRA R A TIT.
2.4 DoHDS HJ RACE # 1 & £ ¢DNA F5#Y
x5

%I TaKaRa 3’-Full RACE Kit #1 5°-Full RACE
Kit Ui B 150 2k 5 S RNA 2 il J 7 i
cDNA; 4%/ TaKaRa 3’RACE 1 5’RACE 7 & it
WA, LA A R0 B BOF A, R Primer
Premier 5.0 %11 3’RACE 1 5’RACE & % T 7 ) 52
X51%): HDS-3-OUT. HDS-3-IN. HDS-5-OUT.
HDS-5-IN (£ 1); 43 5% DoHDS [ 3° % Fl 5o i0f
ITHIL PCR ¥4, PCR =)D, TA vl 5
FP 78I “2.37 T, ff DoHDS HIZ0 B, 3°
Ui F1 5750 741 R Fl DNAMAN #Fdk rPts, k45
AR 4K cDNA 741, IRIEPHES 22K )T
B, 4y WIAE 50 u R 3 W AR R Sl
HDS-CDS-S. HDS-CDS-R (¥ 1), #4T PCR ¥4
33 H BB, PCR F=fnli. TA wfe 5y
J7iEYIE b
2.5 DoHDS £#E2FENH

¥ 3k 43 1Y) DoHDS 4 15 ¥ &4 5 1% )% 1) 7
GenBank ¥4l & 1 it 4T Blast L X4 #1, FIH
DNAMAN A6 £ & 3K 1 HARE 4 1) HDS 9w 1)
RIER T AT R b, i MEGAG6.0 K
1 f#) Neighbor-Joining V44 i R GE AL o 726
ST, TR AR XS 43 e 2 S HL A Chttp:/web.
expasy.org/protparam/), AT HLKYES3 1 Chttp://web.
expasy.org/protscale/), P5IRZEH 31T Chttp://www.
cbs.dtu.dk/servicess TMHMM/ ) , Tl Wl {5 5 Ak
Chttp://www.cbs.dtu.dk/services/SignalP ), V.4 i &
RIS http:/Awww.cbs.dtu.dk/services/ (TargetP-1.1/ output.
php), R 505041 (https:/npsa-prabi. ibep.

fi/cgi-bin/npsa_ automat.pl?page=npsa_sopma. html).
2.6 DoHDS YA FMERIED I

X H RNAprep Pure Plant Kit i 71 &% 43 51 $2 B
[l — A AR B A it I ek 2 L R 25 e
RNA, FHEGE GG TR RNA I B FT
B of FIR B RNA 4218 1 pg (%98 1] PrimeScript™
RT reagent Kit (TaKaRa) ¥ 3% cDNA. LL¥F
x K B-actin!  C | #) B-actin-RTS FlI
B-actin-RTR, £ 1) AN Z; i DoHDS K4k
cDNA F%13%F Primer Premier 5.0 %t SK 586
€& PCR 5|4): HDS-RTS Al HDS-RTR (% 1),
SV AAZ: 10 puL SYBR® Premix Ex Taq™ II, 2 uL
cDNA, 0.8 uL HDS-RTS #1 HDS-RTR, 0.4 pL
ROX, I ddH,0 #M% 20 pL: JRPiFEF: 95 C.
30s, 95°C. 55, 60 °C. 34s, 40 MEIH. 925
HEAT 3 RE A 45 HRH] 2744 ok 5 DoHDS
TEAN [T AL AR N Rk =
2.7 DoHDS HIR#ZFTIEDH
271 AR RIAEARM M R H R
DoHDS (W% & 741 % vt 7 BamH 1 #1 Not 1 il
YL A1) 514) HDS-CDS-S #1 HDS-CDS-R ([ 4: K
514, # 1) Ky 8 DoHDS [ cDNA 4x K. PCR
PRI IEM . TA wkESEITVEA IR “2.37 T, Wl
J¥ 56 30F 1 B )5 32 B pMD18-T-DoHDS i i, i
BamH I fI Not I fif# HDS-pMD18-T JFt ki fll A% 2
LBk pET-28a (+) JURLAr mIBEAT XA, IR IH]ie
Ja T4 G T =R AO0E:, HAKImAE
DHS5a AR5, HREBH I 5 b V45 EAT R PCR %5
SE NG, FRIUTORL R HEATREVIIRAE, SRR RIA R
4 pET-28a (+)-DoHDS.
272 JEREAMNES BRI R R
pET-28a(+)-DoHDS ¥t 2|7 iA Btk BL21 (DE3) 1,
TE5 47 50 mg/L -RAREZ M) LB Pl Eidddhisin,
PREUH MR 2] S mL &7 50 mg/L R4 %1 LB
RiFRderh 37 CRadtigs, R —BUNRE R Aso
I 0.6~0.8, #4T PCR %52, FHINA 0.2 mmol/L
SREERACEIR PTG) FSEAKIEL, K1
h U1 mL B 8000k pET-28a (+) AN
IPTG 53 DoHDS £ A AR [F] Lo K BiRificsR
(R 12 000X g 2900 5 min Ji7 [} 5X Loading Buffer
R, SRF 100 ‘CA&IH S min, 12000X g S0 2
min, W FEW. B 10 pL BiEWRIHE T SDS-PAGE
HIgk, o, Mo,



* 806 *

¢ %% Chinese Traditional and Herbal Drugs 38 47 % 25 5#] 2016 £ 3 A

3 ZER59H
3.1 DoHDS &Ry

DLEK J7 A ik cDNA g 5EAi, FH 18791514 HDS-S+
HDS-R(E DI 153 1 42 850 bp i PCR =4,
PR G st o (B D R4
2 TA SEERIF i 2% ) v B, K
3 821 bp, ¥f1% H BLAE NCBI %k 4 - 3T Blast
Eoxf o3, RIELZFA S HABREYIK) HDS #IRF
GIAMLEE Ry, HEMIIL 51124 DoHDS 4 Al 4%
H B

W C 4554511 DoHDS #%:U ¥4 %1 3’ RACE
FISRACE 5149 (& 1), 3H7HA PCR ¥4, 3R
HDS (1] 3°4i 699 bp (& 1) F1 5% 1572 bp (& 1),
Jil DNAMAN #4548 DoHDS ¢DNA 4=, Ffiit
2RGIW GE D, DU A cDNA iR, if
1T PCR I, ZlFf38]—B/NA 2 666 bp [F1)7
Be (B Do Bzh BeiFxdr NCBI 8 kAT
Blast 701, #E—PYUERTS5EH74124 DoHDS 1)

cDNA 5238751  Horp U SEAE CORFOKJE Ky 2 238
bp, 5-UTR 149 bp, 3-UTR 279 bp, Zfith 745 Mo it
1%, fir 4 A DoHDS, Jf242 42 NCBI ¥ 4 (GenBank
f@ﬁﬁ KJ161312).

1000 bp

750 bp 1000bp

750 bp

M-Marker 1-#/0H BG4 2-3'RACE /%) 3-5RACE F=#)
4-%4-K: cDNA ¥

M-Marker 1-core fragment product 2-3’RACE  product
3-5’'RACE product  4-full-length cDNA amplification

1 DoHDS ERF £ 14K ¢cDNA &

Fig.1 Clone of full-length ¢cDNA of DoHDS gene

3.2 DoHDS £¥IEEF N

FIHAEL M Chttp:/web.expasy.org/ protparam/)
Tt DoHDS 5 AT 4> Bk 82 700, 45 HL AT
581, th2 A CieaHss43N101501104S3 - A PBIL
LYON-GERLAND fi & X} DoHDS & (47513 T
R EERITIIN, 43 BT AT %1 DoHDS £ A i a-iR e B-
AR AP R BEFI ORI th 4L B 2 a-lR e DL 261
A, ERE AT 35.03%: Bﬁfﬁa 81 4, (H A
R 10.87%; HEEE 172 A, B &E E R
23.09%; LA 231 4, Eumra)ﬂ?:ﬁﬁ 31.01%
(B 2> I3tk 2tk 5 N 4 -3.056, {E5 210
211 ANEIEIRALE, BK P R 2.522,
TE5 680 NEIEMRALE, /M vl %1 DoHDS s

W A A S KM E R . TMHMM 5 5 45 4 23 4
KW, DoHDS & H #4514, 43 M43 %1 DoHDS

T AL T AL, SignalP 4.1 Server Tililll DoHDS
HELAE T Ik WAL E A3 Hrk W], DoHDS
FUE QL TSR RIHLA N 0.147, kiAol 0.026,
HA 240 Ha 2524 0.677.

i3 DNAMAN #AEXER B2 A1 /i DoHDS 2%
I ERT 5 /E NCBI 5 Z M it 47T = 5L R
ST Blast LX) (B 3), HIUMIIT Arabidopsis
thaliana (L.) Heynh. &R Populus trichocarpa
Torr. & Gray. f}Z Salvia miltiorrhiza Bge.. 4#
Camellia sinensis (L.) O. Ktze. % 3K Rauvolfia
verticillata (Lour.) Baill. 34 Ginkgo biloba L. Al
KA Catharanthus roseus (L.) G. Don 54 [F) 5
Pk 89%. W] HDS BRI RE P BN IR Y o
AR IER T LR RI, B5H 2 AR
T*ﬂ)’ﬁ%@&ﬁ‘cﬁ{ﬁ PEG s CFE 3D, aXSeyf A Ain]

% 5 (AR R el R v R S T R
ﬁH MEGA 6.0 {1 1#) Neighbor-Joining /7%, ¥
DoHDS 145 GenBank %3%[f) 11 Fiffi4)) HDS
HAME RGN, TR T, 4R R (K
4), DoHDS i H 5 [F] 4§15 KL Phoenix
dactylifera L. HDS & 1 K%K,

0 100 200 300

-a- B i
-a- helix I

- A

I1-Random cail

400 500 600 700
HHEH"[L i 3 -B-HEM
Extend strand & % B-turn

2 DoHDS EHH —RLEHTRM
Fig.2 Predicted second arystrueture of DoHDS protein in D. officinale
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595
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A -The conserved cysteine residues

B3 $SEARSHMBEY HDS SEBF 5 EIREME L

Fig. 3 Homologous comparison on HDS amino acid sequence in D. officinale and other plants
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YR ADX06907.1

—:&%WE AAO24774.1

1% AEZ55668.1
kA AHN 91473.1

{fﬁé XP 008807336.1
C*‘ﬂ‘% Q6K8J4.1
FEAETE XP 006647487.1

B XP 004953020.1
Tk ACG47448.1

—L AL XP 002454137.1

[ HIWNE XP 003575307.1
L% EMT15103.1

4 PEARSHAMMEY HDS SRR RGEH L
Fig. 4 Phylogenetic tree analysis of HDS in D. officinale and
other plants

3.3 DoHDS XK AR A RIHLAPHIRIES
DLER B2 A b JROER 2 L AR 25 o F AL,
BERRFF AR IEIN B-actin! Ul 2, FI TSI 96 6 5
PCR R R 41204 DoHDS [I#IAK . 4553
WORER R A A2% DoHDS #if5 &k, HE
AR 2>~ > Rk (8 5); He=
' DoHDS ik & 4 JREKZE (1) 5 £ o
3.4 DoHDS WE#ZFKIEN
3.4.1 DoHDS {1343 {#H & BamH I #1 Not I
BT 5 B 51409 14 DoHDS, 47 5E o, $RHE
pMDI18-T-DoHDS Jfifii, Jf{#iH] BamH I 1 Not I [F]
i HEA T XU D) pMD18-T-DoHDS JiiHifil pET28a (+)
JRL, SENEREEEIE vk 45 S an ] 6-A B, JERCH
— gkl G5 R =Y TiF, WAL,
Ui A DI o

6

AN R IL
S~ N W A WL

m B BN N

JEERZE (i = iy

5 DoHDS E R 7Lk A M AL RIEFTIAD T

Fig. 5 Tissue-specific expression of DoHDS in D. officinale
3.4.2 pET-28a (+)-DoHDS W4 Fkiff)%eE ¥ L
A EIBED] IR JE ] T4 SERERE R, 1521
TR KA IR DHS e, PRI P 5 5 %
ATV PCR BAIE, SR 5 PhiLH b — D EvE Tk
Begw, $RHUTORL, MEATEEVIRAE. A 6-B B

A M12 34 B M 56

3000 bp

2000 bp - 2000 bp

M-Marker 1. 2-PMDI8-T-DoHDS Jikifd] =4 3. 4-pET-28a
(+) SRR EEY) 4 5-pET-28a (+)-DoHDS Ji ¥ fig ¥ /= 4
6-pET-28a (+) FTkifEY) 4

M-Marker 1, 2-PMDI8-T-DoHDS plasmid by double enzymes
digestion 3, 4-result of pET28a (+) vector plasmid by double
5-pET-28a (+)-DoHDS plasmid by double
enzymes digestion 6-result of pET28a (+) vector plasmid by double

enzymes digestion

enzymes digestion

6 DoHDS £ [H Rz ik iAxHiE
Fig. 6 Construct DoHDS prokaryotic expression vector

pET-28a (+)-DoHDS 41 ik & W Y) 5 tHIL 2 4%
EwIEWI, H R SRA B8, 4%
55 pET-28a (+)—3(, i1 pET-28a (+)-DoHDS FE 4
kL QAP B .

3.4.3 DoHDS HEHMIFEFRIL G4 HANH
pET-28a (+)-DoHDS % . K/ #T B 15 £k BL21(DE3)
JaiAT IS RIS, LA pET-32a (+) M IPTG 54~
n IPTG My X, pET-28a (+)-DoHDS 41 ik ¥
IPTG #'F 1.2.3.4 h J5, 73 & & H T SDS-PAGE
Rl o &5 5w 7 Frow, 76 80 000~120 000 45 ANl
TR H &y, Bonid S — AN x5
TR (82 7000 SHBMHMFR AR, U
IS RIE T DoHDS I, HRIUAF 1)
P HRIA R A .

1 2 3 4 5 6 7 M

12 000
8000

| -
- T

M-Marker 1-pET-28a (+) AW IPTG %% 2-pET-28a (+) A
IPTG ' 3-pET-28a (+)-DoHDS ANl IPTG /5% 4~7-ET-28a
(+)-DoHDS JHA IPTG i5% 1. 2. 3. 4h

M-Marker 1-pET-28a (+) plasmid without IPTG 2-pET-28a (+)
plasmid with IPTG 3-pET-28a (+)-DoHDS plasmid without IPTG
4—7-SDS-PAGE of analysis for pET-28a (+)-DoHDS plasmid by
induced for 1, 2, 3, 4 h respectively

7 pET-28a (+)-DoHDS £ XfA+F & BL21 HHIIFSRIE
Fig.7 Expression of pET-28a (+)-DoHDS in E. coli BL21
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Bk R A i B B 2R T R AR
B, BAEZMAHME, HhAaympe e
BRIy 2 — o AHETONER B2 AT S B i R Ak &
YIHEYE B MEP i@t EEIECE 2 /ML R-DoHDS .
HDS #iA K 7E MEP 345 i 45 S8 () R 55 A QiR
A T, i L gk R A8 A S i B A
(7P e . AF5T % W], DoHDS cDNA 42K 2 666 bp,
GhST 745 ANEIEIR PG o a5 R R
DoHDS 5K# . WA A H7+4 HDS HATIRH
IR, PRAF &5 R BT 278 DoHDS #x A —
ZEIRE T, B gepE BRAFKRMK G, Sk
LR TR ST 1 DR R R SR T A SRS 5 A
AR s 1,

AL, (R A RHIARIZAIZH DoHDS
BHRIE, (A —EMRIL %S . DoHDS 112%.
MRS HRIEE I AR JRERZE) 1) 5.1, 1.69.
1.68 1%, fezErh ik, e AR e
1, HDS {EM F A A ) B m TR S HREE . it
BT R REA Y, BERFISEARN; 72
— AR LA T, FEFRZRIE RN A
T pET-28a (+)-DoHDS 41Tk, 76 Kk 1 BL21
&IN5 G DoHDS 2 [, AR o1 i S il —
2, AEA R SR R IA R A K

S22, W51 DoHDS 7EA[F 2% 5 H ISR
HHRFC DoHDS 2 54 it R4k S AR 4L T
FESKE; W90 DoHDS 76 KT 3 H (2R IA T 5
NG BB A D RRER A T — 2 B R SRR

SE R
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