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Cloning and Expression Analysis of DoSMT2 Gene in Dendrobium officinale

LIN Jiang-bo, WANG Wei-ying, ZOU Hui, DAI Yi-min”

(Fujian Academy of Agricultural Sciences, Subtropical Agriculture Research Institute, Zhangzhou 363005, Fujian, China)

Abstract: In order to understand the function of SMT2 gene in sterol metabolism of Dendrobium officinale,
DoSMT2 gene was cloned by RACE. The results showed that the full length of DoSMT2 gene was 1 446 bp with
an ORF of 1 089 bp, encoding a protein of 362 amino acids. The DoSMT2 had relative molecular weight of
40.345 kD, and the theoretical isoelectric of 8.13, showing a stable hydrophilic protein. Retrieved by BLAST P,
the DoSMT?2 protein belonged to the AdoMet-MTases superfamily, containing four S-adenosylmethionine binding
sites, one methyltransferase domain and one sterol methyltransferase C-terminal domain. The DoSMT2 was
closely homologous to the SMT2 of Apostasia shenzhenica (PKA61629.1) by phylogenetic analysis, belonging to
SMT2 family. The DoSMT2 gene was expressed in both stems and leaves by using gRT-PCR. The expression of
DoSMT2 gene in October was the highest, and that in leaf was significantly higher than that in stem, it was
suggested that sterol metabolism in leaves was more active than that in stems. The prokaryotic expression vector
pet-29a-DoSMT2 was constructed and transformed into Escherichia coli BL21 (DE3). The recombinant protein
was expressed after IPTG induction. Therefore, these would provide the foundation for studies on the methylation
mechanism of DoSMT2 and sterol metabolism of D. officinale.

Key words: Dendrobium officinale; Sterol-C-24-methyl transferase; Prokaryotic expression; gRT-PCR

TP S B e DR b 2 SEEAL 4 DN T B FEZ R DhEeR S, 8wl ) kR 4 i 2R K
AN 3-SR EMADY, MUHEABEMR R, ORESES, FeHRET, R A

e B #3: 2020-04-17 ¥:5% Hi#l: 2020-05-06

ZETH: WEH B AFA A 115 H (2018J01119) %t B

This work was supported by the Natural Science Foundation of Fujian Province (Grant No. 2018J01119).
R MIL976~), 5, Bid:, EIWFIEH, AFERWAEVH ARG, E-mail: 345953257@qg.com
* J@ {5154 Corresponding author. E-mail: dymttcn@163.com



592 P AT ) 22 4R

08 4%

iR G 58 L2 AR FHALA, X6 22 ol Jieofeg 1 i A= A
R BTG AEITERET, R AR R R
s R RE D TEE A o

Bk Fz 47 ffH(Dendrobium  officinale) /& 4 5t 4% 4t
Egrt, B BARE. BIER JUES. S
BT UM SERCRE, RIS A
AR Ry 2 —, & R R A kT 1o 25 Hp A
PG R, 22,23- AT K. B HEE. - S
FIIHISE S B SR A S I, AN [ 7 M 0 2% R A ek S
T EAFE 2 R0,

TP S B ) B AR & s e 5 =i RS
YI—3 2 A0 1 10k e R AR IR 7 1 ) & Bl (squaa-
lene synthase, SQS). %} ¥4 % /i (squalene epoxidase,
SE) AL T A B 2,3- Ak B M, PR R Th i il
(cycloartenol synthase, CAS)fEAY, 2,341 & I A= ik
AR e, AT S [ 28], AR R EE C-24
Br b e A TorEA) S B v] 4y o e ik Sl . H
SRR O R S 3 2. (I C-24 WL EEF4 1 (sterol
C-24-methyltransferase, SMT) &4 £ Bl 55 C-24 {7,
R HIhRET A 2 DS SMTL Il SMT2. SMT1
1A RS- E R 2 BRI 7 B B R ) C-
24 i b, JERL C-24 WREAAB il , BE R C-24
FHEE S, SMT2 fH 4k 24-F FHSEJH S IR BEA 1K 24-
WL S, 7= AR 4 S 24- Bk S g e-18],
SMT2 & LH S MG RElE, Hil, 22 NEL
J# (Tripterygium wilfordii)'7), K5 (Glycine max)[8l,
Fifi b ¥ (Gossypium  hirsuturm)i91 2% &g 4 oh 50 [ T
SMT2 [, (HARBE A i SMT2 FEEIH 7T it
A WARIE -

AR R ZH 388 1 A s N 5 Ak e AR A 5
W (1) A2 P 6 BGOSR AR FHAH O JE DRV R AT 43 17 20, A
SRAAEE ThIRAT 1% 5K I R Bk B A i B BE C-
24 WIIEHE RS B3 K (DoSMT2) Bt ASHIF 788 e 37
RACE AR 5 B FE [H 4= K cDNA J3 41, % H 2wt i)
EEHHATEDE R KA MEZRE ST,
B HPOER PCR 7 iz 2k RIFE A R 4H 2L 3Rk
B, v — B0k A fit DoSMT2 :PH D e,
IR ML) S B AL S A i A 2 R B35 Rl

1 PRI ¥

1.1
%k Bz 47 fisl (Dendrobium  officinale) % [ i@ 3 111

B, FPRE T8 8 AR 2 B S A ROV BT 5 B
JEIM . 2018 4E 8. 10. 12 AHCHFAEZEFI A
WRE G, BT-10CUKsETRA%, FT DoSMT2
B v BRI AR R o b 1A B IR .
K W i (Escherichia coli)@# #k DH5a. BL21
(DE3) M k% ik H Ak pET-29a H A 5256 SR 1. 70,
B4 4A pMD19-T. T4 DNA EH:H;. RNAiso Plus.
PrimeScript™ Reverse Transcriptase Al TaKaRa TB
Green™ Premix Ex Tag™ Il (TIiRNaseH Plus)it 5 =
W TRECRIE) A FR A F - DNA B EIGAF & Dia
Spin A UBTKL DNA /Nl #1077 & F SanTaq PCR
Mix W H _FifgAE TAY TREARSHRAA.

1.2 J3& RNA $2EUF cDNA 3 1 A/

HH RNAiso Plus $2HUk 5 £ fift i) = RNA, H
R 2L AT WOt 3 )6 B TH(ND-1000) 40 #1 RNA
B TR, AR5 3% 8 PrimeScript™ Reverse
Transcriptase UiPA+S, FHBEHLE 902317 cDNA 25 | 55
(6 o HX 10 pl ZEF0I ] cDNA JBA, I T- DoSMT2
F K 4K cDNA Fl ORF fI5ikE, 4 F cDNA HT
DOSMT2 2[RI Rk /3T

1.3 DoSMT2 R ) 7i R

PR 5% S 4 I 5 3R 45 1) DoSMT2 2K Hr BUF 51
{5 B it 3'RACE 514 3SMT1 Al 3SMT2 Je 43k 5]
¥) dT-adaptor 1 adaptor (& 1). F 514 3SMT1 #il
dT-adaptor #4725 —%¢ PCR, 5|4 3SMT2 F1 adaptor
HHTH % PCR. % —% PCR LAJRE 1) cDNA N
B, 55 %0 PCR LUSE—%8 PCR ¥k 10 fi 4
R o F AR 2R SR FH 25 L. £035 Sterilized ddH,0
8.5 uL, 2xSanTaq PCR Mix 12.5 uL, 31#%1% 1 ul,
BB 2 ulo. PCR AR A 94°C AL 5 min, 24
J& 94°C7AZ1: 30 5,52°CiR K 30's, 72°C 4EfH 1 min, 30
AMEIR, fJa 72°C4EfH 10 min. 28 % PCR 7=#)
28 1. 2935 HE B B8 o LRSI, B[RS H 0 B, 4
HE R BS pMD19-T #ifkide i, R =Wk
JeFF B DH5a B2, 5 R EBIRTES
100 mg/L Z R HFH RN LB PR I, 37 CHIEBERFF
R PRECRRT, Befh T8 100 mg/L Z FEH R
A LB stk rbid 3%, R 514 3SMT2 i
adaptor AT #V& PCR, F=¥)&e kA, FHME SEf%
& R TAEY) TRERARRS AR AR . H#K
- DNAMAN V 6.0 XHilll jy> 25 S AT PRz AL



% 6 1 PRYLIRZE: kA fit DoSMT2 3[Rl i va e 5 3k 7 i 593
# 1PCR 314
Table 1 PCR primers
514 Primer F¥%1 Sequence (5'~3") 514 Primer %1 Sequence (5'~3')
3SMT1 GGTGAAGGGAAAACGAGCAGTA SMT-R CCGCTCGAGCTCGCCTCCATACTATGAGC
3SMT2 TTGGCATCACCATCAACGAGTA SMT2-F TCAACGAGTACCAGGTCAGC
dT-adaptor ~ CTGATCTAGAGGTACCGGATCCTTTTTTTTTTTTTTTTT SMT2-R TAGCCTCGATTGAGTAAGCC
adaptor CTGATCTAGAGGTACCGGATCC DoACT-F AGGAAGGCGGCTTTGAATC
SMT-F CCGGAATTCATGGATACGGCTGCGCTGCT DoACT-R CCATGCCAACCATGACACC
1.4 DoSMT2 %[ ORF 5[ AL RNFEFE N 95°C 30s; 95°C 10s, 60°C 20,

R IR )4 K cDNA 51145 Bt 51 4
SMT-F (i EcoR | B i) A1 SMT-R (4 Xho | ff§
PIRL ), A 2 ul VB4 cDNA NEHR, F 514 SMT-F
H1 SMT-R #T PCR ¥4, PCR JxMFEF N: 94°C
TiAE 14 5 min, 48 f5 94°CA £ 30 s,58°CiEk 305, 2°C
ZEfH 2 min, 30 MBI, &S5 72°CLEH 10 min. PCR
PR R, 5 pMD19-T sk, ik, Wik
PCR SIE Ji& » BH M 5 % 220 7 . F 4/ DNAMAN
V 6.0 Xl 7 45 B HEAT U 40 H7 « 4 DiaSpin #:2U5
Fir DNA /)N $ 1771 6 1t BH S BN 7 45 SR 46 L vt
TE T 1 B 2 5 B 5ok pMD19-T-DoSMT2, —20°C
RIEo

1.5 DOSMT2 A5 B 25T

H ProtParam (https://web.expasy.org/protparam/)
FEL 73T DOSMT2 & H it (O BEAL L 5T A HIAEZL T
H. SSPro (http://scratch.proteomics.ics.uci.edu/) 1
SWISS-MODEL (https:/mww.swissmodel.expasy.org/)
Tl DoSMT2 & H i — i =2 45#. R NCBI
') BLAST P 4% DoSMT2 ][R5 2 F1 5 51 R R <
g3, F MEGA 6.0 (neighbor joining tree, boot-
strap 1 000) K& R 4t & B HEAL T,

1.6 K&

FR 5 DoSMT2 J: [ 4K cDNA 75115 B 31t 9¢
JtE & PCR 514 SMT2-F il SMT2-R., #8542 i 1 it
Actin Z: AN 25, 51479 DoACT-F #1l DOACT-R,
7 8. 10, 12 H 4 RE S B A B 22 5 RNA
WL A BT cDNA, WK € 74 200 nglul. 7%
Jt %€ & PCR {X_~ Roche LightCycler 96, #{E{##
TaKaRa TB Green™ Premix Ex Tag™ II (TliRNaseH
Plus) Bt B30T . [OBIAR R EAFR 20 ul: ALFE
TB Green™ Premix Ex Tag™ II (Tli-RNaseH Plus)
10 ul, b FIESI94% 1 ul, cONA AR 2 ul, ddH,0

45 M TR B 3 B EE R 24401
ERAF A Rk, J7 2 B K F DPS ¥ b
PRERAT, 2 B SR F B M 227 (Duncan’s %), il
P{ FH Excel #14.

1.7 BEREREMMERLESRE

JFi KL pMD19-T-DoSMT2 Fl#k fA& pET-29a(+) &
EcoR H | #1 Xho | XY, BEVIF=448 1.2%5 bkt
Ji eLEKAS i5 , Jie [ET0C DoSMT2 3k (K] H 11 A BE AT
PET-29a(+) M4 v Bt i T4 DNA & HERFI%H: DoSMT2
SN H () Fr BORT pET-29a(+) #ih i B, &St
KIGFF IR DHSo B2 AS AL, PREE o i R BE 7%,
WI7% PCR B8 FJa ik 25 7o B BH P S B R ok,
AT H A JF 2RI AR pET-29a-DOSMT2.

FHRRZK pET-29a-DoSMT2 # A4 K AT
BL21 (DEJ)/& 2441, 7E7&H 100 mg/L K%
F 1 LB PR 5 B R R PRI v P B 7R,
B% PCR B J5 "L 100 1L 3 3 mL 5 100 mg/L &
AR LB ks 75, 37°CF 200 r/min $i: %
Ri9%, WA SERIEM SDS-PAGE HL ik S AT
T

2 SR

2.1 DoSMT2 % ] 3'RACE
CAREHL S| 4 1 S TR A cDNA AR, i H]
51 ¥4 4 3SMT1. dT-adaptor 1 3SMT2. adaptor i3
1THi% PCR ¥34, PCR F=¥14 1.2%I1 B iR b i
Hiyk, 7F 880 bp A4 4bf 1 4 (H 1: A), FIH
DNAMAN V 6.0 Xl 3> 45 SR F £ 2 35453 1) DoSMT2
B[R R BOEEAT 7 B B S ORF TR 43 #7 .« 25 R 3k
B, 3773 74K~ 1446 bp ) DoSMT2 3£ [X] cDNA
%1, ORF KN 1089 bp, #fid 362 N IR, 5
Ao AEE X 132 bp, 3" A A EEH X 225 bp (K 2).


https://web.expasy.org/protparam/

594 Py A I ) 2 R i 28 %
EAMD T8N 40.345 kD, PG5 N 8.13, it
— HAL A () FE TR IR FE A (Asp+ Glu) Ay 42, 1E HLfF AR
2000 bp FEIRIRFEH(Arg+Lys) N 44. AFaE REZ 31.28,
1000 bp el 2 %02 84.28, SM-FHJE/KMEZ-0.143, BT —

‘jf‘o’ :" 750 bp FRE KR .
ot 300bp SR SSPro 7EL T DoSMT2 2 1411~k
o - Fy, SERFYI(E 3), 4 136 NSRS NI
R NI, & 37.57%; 176 MAFEFRILIE LK o 1),
e 100bp 7 48.62%:; 50 AN FE IR TR L AL B 4T 5, 7 13.81%.
A B SWISS-MODEL fEZ: Tl DoSMT2 & 3D £t
B 1 PCR =43k, A: RACE; B: FFIIHAE; M: DNA marker. ZER LK 4, DL 5gml1.1A N EVR AR, 54—

Fig. 1 Electrophoresis of PCR products. A: 3’RACE; B: ORF; M: DNA marker. ﬁ[ﬁ?’\j 28.42%, ﬁ%‘i?@ T':E 63~248 1ﬁ§k%@§ﬁ£% o

i ] BLAST P £0% DoSMT2 /Ry 51 [F]

2.2 DosSMT2 2 ORF )5 f& PRPERR P EE M, 45938, DoSMT2 & ALM)T

PABENL S P S 3 35 (TR & cDNA g, H 51RYIHL. 2% (Apostasia shenzhenica, PKA61629.1)
5191 SMT-F 1 SMT-R #1T PCR, # 1§ DoSMT2 2  Jifif5(Elaeis guineensis, XP_010918151.1), %
ORF, MEI 1: B A I, £ 1089 bp Z£4i4 1 %5 (Phoenix dactylifera, XP_008785060.1)%% fi 4 (1)
#, KNSRI DoSMT2 ZE[K ORF —31. PCR  SMT2 ZJEEE 41 HALLEE 43 731y 85%. 84%411 85%,
FEM A ISR IE LT, SRKRAPIS T BT AdoMet-MTases K%, &H 4 1 SRt E
7 EcoR | A1 Xho I Bz 53 (1) DoSMT2 ZE K ORF. TIRLE AL : VGCGVGG. TI. GNF Al | (A 1),
FEHUPH P O B ) BTk pMD19-T-DoSMT2, flbjm4k 725 129~224 fify 1 NIRRT 4513, E

S5 {EN 1.64 <1025, 7E 55 292~356 i 545 1 AN {58 i i 3
RS C RumfRr &5, E {HN 1.10 <1025, 4,
2.3 DOSMT?2 KI5 B %0 4T DoSMT2 it &4 3 NEMEE A4 A (K 1): YEWGW-

Protparam 7£ £ TR A3 #1455 %8, DoSMT2  GQSFHF. YSIEATCH 1 KPGGLYVSYEWR4, 4

1

121
1

241
37
361
77
481
117
601
157
721
197
841
237
961
277
1081
317
1201
357
1321
1441

AGAAGTCGCAGCCAGCGATTGGCGTCGACGGAACCTGCGAGAGTGATTCGAGCGCTGTGCCGACTCAACCTCTCCATTTCTTCTCTCGC TCGCTCOCCACT TCTCCATCTCCATTTCTTC
TGCATTCTGACGATGGATACGGCTGCGCTGCTTGCAACGGCGGCGGTATTCGCCGCCGGAGTTTTGTACTGGTTTATATGGGTCATGGGCTCCGCGGAGGTGAAGGGAAAACGAGCAGTA

MDTAALLATAAYVEFAANGYVLYWEFITWVYVMGSAEVESGEKTRAV
GATCTCAAGATGGGATCGATCACTAAAGACAAAGTCCAGGACAAATATAAACAGTACTGGTCCTTCTTCCGCCGGCCGAAGACACCGTTGAGTC TTCGGAANAGGTACCAGCCTTCGTG
DLKMGSITTKDZE KVQDEKYKQYWST FFRRPEKDTVESSTEZE KVYVYPATFYV
GACACGTTCTACAACCTCGTCACCGACATCTACGAATGGGGATGGGGCCANTCCTTCCACT TCTCCCCTTCCGTCCCAAACCGCTCCCATCGCGACGCCACTCGAATACACGAAGAACGC
l)‘l'[-“r’\l.\"'l’l)[|YIiW{}W(‘.QS\-‘III"SI‘S\"J‘.\RSHRIJ.’\‘I'RIIIIiER
GTCGTCGATCTCATTAAAGCAAGTCCCGGGCATCGCATCCTAGACGTTGGTTGCGGCGTCGGCGGCCCTATGCGGGCCATCGCCGCCCGTTCAGGATCCACCGTCOTTGGCATCACCATC
vvobpLIEKASPGDRTITLDVGCECGVGEGEPMREATI AARSGSTVV G T TI
AACGAGTACCAGGTCAGCCGCGCCOGTTCACACAACCGTAAGGCTGGTCTCGACGGCGCCTGCGAAGTTGTGTGCGGGAATTTTCT TGAGATGTCATTCGAGGATTGTAGT TTCGATGGG
NEYQVSRARSHODNREKEAMGLDGACEVYVCGNFLEMSFLEDT CSTFDG
GCTTACTCAATCGAGGCTACTTGTCACGUTCCGCGCCTGGAAGATGTGTATGCTGAGATCTACCGCGTGTTAAAGCCTGGGGGACTCTATGTTTCTTATGAATGGGTTACGACTGGGOTT
;'\l\’SlILA'I‘CH;\l’lil.[fIJVYf\IiIYR\:I,|KI’(;UI.Y\"SY[IW‘v"l"t‘(il,
ITTCGGGCCGATGACCCGAAGCATGTGGAAACGAT TCAGGGGATCGAGCGTGGGGACGCGCTACCGGGTCTTCGAGCTCAGGATCAGATAGCTGO TG TGGCGCGAAAGG TGGGGTTTGAG
FRADDPKHWVETTITQGIERGDALPGLERAMQDQTI AGVY ARKVGFE
GTTGTGGTGEAGAGAGATCTAGCACTGCCGLCGGCGGHGCCATCOTCGACCCGCCT TAAGATGGGGAGGTTAGC T TATTGGAGGAATCATGTACTGG TTTCAGTCATGACTTTGCTTCGC
vVVVERDLANLPPAGPWWTRILKMGRLAYWRNHVLYSVMTILILR
CTCGCTCCTAAAGGTGTGGTCCAGGTTCATCAGATGTTGCTACGAGACAGCGANGCATCTCACTAATGGTGGCGAGACTGGGATCTTTACCCCCATGCATATGATACTCTGCCGCAAGCCA
LAPKGVYVEVHEMLYETAKILTNGGETGIFTPMHEMILOCREKT/P
ATTGACAAAGCTAGCTCATAGTATGGAGGCGAGGTAGAAATCAAGTTCATGTTTTTTTATCGAATTCATTGTTAGT TACTTGCTGTG TTATGTGCTTTCCCTTCTTCGCATCCTTTCTGG
I DK AS S -
AAMAATTAGGGTTTTGGGGTTTTAATGATGAGAAAAAAAAAAAACATAATTCGGGGTAGGTTCTTGTGGTCT TTTTATGCGCGCATCTAATTTAT TG T TGAA TGACCAAAAAAAAAAAAA
AAAAAA

B 2 £k B4 DoSMT2 JEA cDNA 7 FIAME S M IERR 51 AR N SHRH R EIRES G 0L, BOTTHERS ) RIS &0 1

Fig. 2 cDNA sequence of DoSMT2 gene and deduced amino acid sequence from Dendrobium officinale. Shadows are S-adenosylmethionine binding sites;

Black boxes are substrate binding sites.
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P 3 BB A DOSMT2 H A I A5 TN . REFRE: &RRTFA, NS TEE 9854, ¢ TRNEH, h: o BBIE e: B 4T & .

Fig. 3 Predicted secondary structure of DoSMT2 from Dendrobium officinale. Capital letters: Amino acid sequence; Small letters: Secondary structure;

¢: Random coil; h: a-Helix; e: g-Sheet.

4 T DoSMT2 =44ty

Fig. 4 3D model prediction of DoSMT2

DoSMT2 & H 2 ZE IR 7 41| 5 HAR Rl ¥y SMT1
SMT2 RER T HIHAT RGuit b b, 45K R (K
5), SMT FEH A28 SMTL 1 SMT2 /K3, &R
F it DoSMT2 5 HARP R SMT2 IH MR —K, 5
YL (PKABL629.1) IS4 K R i, e g
T SMT2 F k.

2.4 DoSMT2 ERE R X T

DAL R f it Actin JEFDN N S5, R gRT-
PCR H A Kl DoSMT2 JE[K7E 8. 10 1 12 H 42
A RIA IO S5 SRR I (K] 6), ZERELRE
il 2 DoSMT2 J:[FI K15, DoSMT2 £ [K £ 25 Al
- Rk & A 10 H 4 5, 10 H 43 A DoSMT2
REEMERILES 8. 12 A ESEE, 8 12 A
W2 B2 AN, 25 DOoSMT2 JE (Al [ R ik B A7E 8.
10 1 12 H )32 22 s AHE A 4, * fr DoSMT2
REEMERIEEMEE ST,

UL Apostasia shenzhenica (PKA61629.1)

76
DoSMT2
84 i
s Elaeis guineensis (XP 010918151.1)
99

99 WAL Phoenix dactylifera (XP 008785060.1)

FAK Zea mays (NP 001149131.2)

SMT2

100 Liesin Sorghum bicolor (XP 002468556.1)
WAL Nicotiana tabacum (NP 001311779.1)

98 L_ 5[] Theobroma cacao (XP 007017914.1)
MU Nicotiana tabacum (AAC34951.1)

$334 Durio zibethinus (XP 022770100.1)

WIS 3T Arabidopsis thaliana (NP 001078579.1)
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Fig. 5 Phylogenetic tree of SMT1 and SMT2 from different species

20 Wi| Leaf O % Stem
£ 16
e b
0 g b
B e 12
&z .
= 2 08 d _
E 3
2 04 ¢
0
8 10 12
H Month

6 DOSMT2 BE[A 7E A R AR Rk & . i AR T RN ER &
#(P<0.05),
Fig. 6 Relative expression of DoSMT?2 in stems and leaves. Different letters

upon column indicate significant difference at 0.05 level.
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