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Abstract: Objective To isolate and characterize a sucrose transporter (SUT) gene DoSUT1 in a rare endangered medicinal
orchid species Dendrobium officinale. Methods RT-PCR and RACE technologies were used to isolate the full length cDNA of
DoSUT1. Characteristics of physiochemical properties, conserved domains, and subcellular localization of the deduced DoSUT1
protein were determined using a series of bioinformatics tools. The analyses of multiple alignment and phylogenetic tree were
performed using DNASTAR 6.0 and MEGA 4.0 softwares, respectively. Real time quantitative PCR was used for gene
expression analysis. Results The full length cDNA of DoSUT1 was 1 920 bp in length and encoded a 538-aa protein with
molecular weight of 57 400 and isoelectric point of 9.61; The deduced DoSUT1 protein, with 12 transmembrane regions,
contained the sucrose/H" symporter (SUC/SUT) and the major facilitator superfamily, (MFS) conserved domains (60-524 and
63-531). DoSUT]1 had high identities with SUTs proteins from various plants; DoSUT1 belonged to the 1b subgroup of SUT
evolutionary tree, and was closely related to the monocot maize and barley SUT4. DoSUT1 was differentially expressed in the
three included organs. The transcripts were the most abundant in the leaves with 2.783 folds over that in the roots, followed by
that in the stems with 2.150 fold. Conclusion Molecular characterization of DoSUT1 will be useful for further functional
determination of the gene involving in the regulation of sugar metabolism of D. officinale.
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R T REVED T A S BT e 3R . 4T 4
FOMIRB S & M) A0 O B 1) - 224 ) BRI &
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e HBFE e —0, J& T Ph B HuB K (major
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JEDN 2 BRIE T T LA R YA SRIAN, AT, Bl
P AR KR E . Y S EY
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B 2 A fft Dendrobium officinale Kimura et
Migo A =~%l (Orchidaceae) f1fftJ& Dendrobium
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W A0S, DUAPUIR . PraE A, A
FERNE B AR, DRI O A RS 2 6 T e
ffE g brgE 2 0 R, ARSI R SSH
B & 2 oA AR TC R AR G Bk B A AR ) 22 e 3R IR
R, B35 — 4% 379 bp 9 EST, BLASTx
Iy M B 7R H 5 SUT( GenBank ¥ i 5 AAD55269)
—HUE R (81%). T SUTs e b AL 2 b
(AR, 1% 22 R 3L D8 AT BB AE A Mt 2 AR
VAP AR o AR RACE BRIk
B ARk B B AN EERE S E R ) DoSUT1 (1)
4K cDNA, AT A YE B 5 R R IB B 4T,
h E— 4 s HAE A 2 B IS A A AT I
S5 7 IR AR 2 A B0 Al
1 ##l

FERCR B = T RURAN, L2885 NI Ak
1§t Dendrobium officinale Kimura et Migo, B R
25, HAZREN, ARG 80 CIRA74
2 FE
2.1 RNA $2ElFA cDNA &5

% EASYspin FE#) RNA R if$2 B 5 £
(Aidlab) #1F 35 A 51 45 2 4F i 5 RNA, NanoDrop ™
2000 73 Y66 SE 3 (Thermo Fisher) 734 RNA Jfi &
AiRE, B NERE R H VA I s R . I M-MLV
Reverse Transcriptase kit (Promega, USA) #:fE i
B, 4 cDNA B 14, —20 CELAF#H.
2.2 3-RACE &7

FEFV MR, JR4h EST MIgmidikBte s N K
Uiy 89 MR, DRI HFFiET 3°-RACE R .o #i7E
ARG R 2 46 3-RACE 514):
SUTI-F1 4 5°-GAATCTGCTGTGATCTTCATCTC
CCGC-3’; SUTI-F2 4 5°-TGTGATCTTCATCTCCCG
CCCG-3 CFRIZA 2 A5 ESFHD, %R
SMARTer'™ RACE ¢DNA Amplification Kit
(Clotech, HA HiWI45, 40l 5ikH& h 4L
3°-CDS 541 (FEWEsEIl 3°- K 3#) AAHHT 2
KL 3°-RACE. 4 3874 RI1EL 55 58 1 1) 2 Bt X AT
3’-polyA B, Joi 4T RT-PCR KKk,
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2 X RACE-PCR WA FIHN 25 pL, AHE 10X
Advantage® 2 PCR buffer 2.5 pL, dNTPs (10
mmol/L) 0.5 uL, SUTI1-F1 8¢ SUT1-F2 (10 pmol/L)
% 0.5uL, 10XNUPO0.5 pL, 5’-RACE ready cDNA
(5 1 ¥ PCR B0 5055 1 7k PCR 74 (5 2 X
PCR ##0) % 1.0 uL, 50 X Advatange” 2 Polymerase
Mix (5U/L) 0.5 puL, ddH,0 19.5 uL. PCR F&/3N
95 “C. 3min, 95 ‘C. 30s, 68 ‘C. 2min32 M§E
;72 'C. Tmin, 4 CR. PCR “YIE 1.5%558
JEBEEE R YK, TianGen R[FICAF & (TianGen,
China) 2lifb HW 4k, &8 % pMDIS-T vector
(Takara, "D, AL KW E (Escherichia coli)
IM109 284000, BENLPkE 3 A~ v b Jfik R T
PR L) BT R "I
23 FIISH

I — R B 2% £E 2 T HIEAT DoSUTI1 FEP %
12 e gt 2 )2 E A 22 P81 3. FIR] NCBI
f\] BLASTx Chttp://www.ncbi.nlm.nih.gov/blast/) FI
ORF Finder Chttp://www.ncbi.nlh.nih.gov/gorf/gorf.
html) %341 ¢cDNA J7%1/; H} ExPASy Proteomics Server
] InterProScan Chttp://www.ebi.ac.uk/cgi-bin/iprscan/)
F1 PROSITE SCAN (http://npsa-pbil.ibep.fr/cgi-bin/
npsa_automat.pl?page=/NPSA/npsa_proscan.html) 4}
Hr DoSUT1 & [ it ) 45 # s F1 KL J6 ;. Protparam
(http://web.expasy.org/protparam/) il SOPMA Chttp://
npsa-pbil.ibep. fr/cgi-bin/secpred sopma.pl) 734745 [
BTG PR TR — 2 45K . SR SWISS-MODEL
(http://swissmodel.expasy.org/) BE4T & i — 4 f A5
M7 SignalP 4.0 Chttp://www.cbs.dtu. dk/services/
SignalP/) FI TMHMM Chttp://www.cbs.dtu.dk/serv-
ices/ TMHMM-2.0/) F5l & (1 A5 5 AR5 [ X
PSORT (http://psort.ims.u-tokyo.ac.jp/form.html) 1
AT A T4 E A2 70 4. ] DNASTAR 6.0 BE4T
TIERT IR s £ ) MEGA 4.0 #8 RGELM .
2.4 SEFEE PCR ##7

A 2 pg Ry 2L HFERLR RNA SO sk
J% cDNA, EFla 1E 4 WS KT, qPCR 73 #7
DoSUT!1 AP MZH 2L H . gPCR 514 SUT1-S
5’-GGGTAGTGTTCTGGGCTATGCT-3’ fl SUT1-AS
5-TCCAATCAGTGTCAAAGAGGGT-3" [ ¥ 1§ 1=
YK 350 bp. J] ABI PRISM 7500 52 I 3¢ ) 52 £ PCR
1% C(Applied Biosystems, £[E) #4T qPCR. KM
1A% 25 pL 335 2 X SYBR® Premix Ex Tag™™ Master

Mix ( Takara, #1[E ) 12.5 uL, iF 2 1547 (10 pmol/L)
0.5uL, ROX 0.5 uL, ¢cDNA2 puL, ddH,0 9 pL.
NN 3K, ARSI, S ES
3 . PCR FEf¥: 95°C. 30s, 95°C. 105, 60 C.
45 s, 40 MIEH, VS5 R Ha R 2k . iR ABI
PRISM 7500 SDS #f} (Applied Biosystems, USA)
ERAEFRBIME (Cycle threshold, Ct), H] 2744
DT EP T I R R A R
3 #BR5%H
3.1 DoSUT1 EFEEKTE

2t 2 IR 3°-RACE N, 437 A4 K JE 4y
>h2.000 bp [ H AR CEL 1D, TR TR 1920
bp MFH, HHEI TR T 4% 1 999 bp [1) cDNA.
BLASTx 7} #7 % ] H 55 GenBank /1 &V 1) £ Rk
) SUT AR m IAHLME (63%~71%). 1% cDNA
355 ) FF I SEAE - Copen reading frame, ORF)
£ 1671 bp, 5°-UTR K 110 bp, 3’-UTR : 273 bp,
HA LAY mRNA R[G5 “AATAA” LK
polyA B[, EIHED T HIEHIET ] GAAATGG
(Bl A/GNNATGG) 1, [Rt#s HisE 4 DoSUTI,
$24Z GenBank K431 /I 5 KF876839.
3.2 DoSUT1 £EREHmisE R BLEF DT

Protparam Y] DoSUT1 &K 2wt (1) 85 [ i i) 43
TN Coea1Ha175N6390703S 18, FL 75 538 AN HEFR T
e, MK TR 57400, 455 9.61; DoSUTI &
Fa7 I AR (Arg+Lys) hy 44, 3L (Asp+
Gluw) 429, ZEAMARE RECH 37.64, JIRN
RECH 109.87, SEIKYERECH 0.459. SOPMA 43 #t
XKW, DoSUT1 A &M T2 H o )¢ (alpha

1 M 2

2000 bp < 2000 bp
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1 000 bp
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1-1 X 3-RACE 7=#]  2-2 ik 3°-RACE /¥ M-Marker
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1 $kE A DoSUT1 EE 24K cDNA &
Fig. 1 Clone of full length cDNA of DoSUT1 gene in D.

officinale
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helix, 38.29%). il (random coil, 33.21%).
SEHEE (extended strand, 20.33%) FI/DE T B £
(beta turn, 8.17%) k.
3.3 DoSUT1 EHLEMIY. EMFAEERX ST

InterProscan 73 H7 45 H 2 7~, DoSUT1 &
2 R /H L 308 KR (sucrose/H'
symporter, SUC/SUT) FthBh¥ HUE X% (major
facilitator superfamily , MFS ) [ & 57 45 # 4§,
(60-524. 63-531), H & =5 Y RERE i R A 1
B 45 Ky SR 4E . PROSITE SCAN 7:#F % B,
DoSUTI! A& HEHAEFN R oT, W N-
BEILACAT 21 (187-190) BERZALAL 55 (129-132),
RGD 4l ffd B 35 47 25 (345-347) . 25 & R 8%
(365-386) FIfili2A MR & AL AL (44-45) % 14, 5
MEEB C BRI S (34-36. 122-124,
202-204. 276-278. 455-457), 7 ANW&E G 1T
WERRALAT . (26-29. 34-37. 202-205. 276-279.
287-290. 288-291. 332-335) Fl1 17 4~ N-5 5k
AT 5 (74-79.94-99., 157-162. 223-228.231-236.
357-362. 364-369. 389-394. 422-427. 427-432.
440-445. 462-467. 464-469. 466-471. 497-502.
505-510. 512-517)
3.4 DoSUT1 ZEHTIHMEL. 15 SRAFNEIR
o

PROSITE il DoSUT1 & [ & fir 76 M- 44k 2
PEARRE I T et il 85.4%, SEAL TN 60%,
SERL T R B AR ST () L 53 00 R 40% 41 30%
ChloroP 1.1 7 #r45i R E/R, DoSUTI 4 [ H A 4%
SN, # W] DoSUTIL ] R Je — M4k A .
SignalP 4.0 4> #T DoST & HATIE Tk, 2
TMHMM 230 #1 i 7x DoSUT1 EA 12 /M I 45 Ky 1
(64-86.99-121.134-156.171-190.211-233.258-277.
306-328. 356-378. 390-412. 427-449. 461-483.
498-520), X5 CHRIERHEY) SUT HASH (12
AN ) — 5,
3.5 DoSUTI1 51&%) SUTs & AR EELF 5 b3t
oI

iz/f] DNASTAR 6.0 H'[1] MegAlign 27, Xf
DoSUT! K gt £ 11 5 AR MR 7 A RERE
BEAMTZ A, K3 851 SR, BcA
DoSUT1 K115 % Sorghum bicolor (L.) Moench
SbSUT4 (ACX71839). #Fi I+ Arabidopsis thaliana
(L.) Heynh AtSUC4 (NP_172467) F1-KZ Hordeum

! 2 I M g  EN oy EEN g B o B A
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o2 Ml \‘ | 0 A
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Transmembrane ——

E2 TMHMM 5347 DoSUT1 % B BB AR 15
Fig. 2 Transmembrane region of deduced DoSUT1 protein
analyzed by TMHMM

vulgare L. HvSUT2 (CAB75881) MIMLIMER &, 7>
WA 61.5%. 59.4%. 58.3%; S#lrEIF AtSUCI
(AEE35247) FMH¥E Nicotiana tabacum L. NtSUT
(BAO47334) HIIMER 47.6%H1 46.5%; L4t
SbSUT1 (ACY69230) Fl/K# Oryza sativa L.
OsSUT1 (QYLKH3) ¥ AHMLPE AR A 39.5% F
39.0%. DoSUT1 & [ & a4 e i ia i 1 dhi A7
TEMY 12 AMORSFEEIEIR, o, B VIR IX 5
5HILABKY) SUC/SUTs 5 1 22 K, HpR AR &
FELRSY o
3.6 DoSUT1 EERILELMARFH LK O

h oWk B A 1 DoSUT 3 BRI 4 i 4K 14 1K) 401
LKA, M GenBank H#i g i HUH A AR A1)
7 AR 33 S Is AP A, FIH MEGA 6.0
F3 DoSUT1 £ 11 R G

Kl 4 85K, 34 M as T RN 4y h 2
ANKHE, Btz (MSTs) 5 SUT.
1 SUT 734 3 MR, 43724 SUC2/SUTL,
SUC3/SUT2. SUC4. DoSUT1 5%k ZmSUT4
(AAT35810). K7 HvSUT2 (CAB75881). %4
SbSUT4 (Sorghum bicolor ACX71839) 45 i f-IH:
MWIoR S K R il HERAE —, Frfe sy SR JE
) SUT SUC4 . jik
3.7 BEFREEXSH

I3 MBRHCA R 25, IFAERE S A RNA, A
qPCR i ARKM DoSUT1 ALK IEM . K 5 &5
KW, DoSUTI 1 3 Fha B o d ik, H
X RIS RAFAEZ . AR IR IEFEA, DoSUTI
AL A R rh ) RIS SRR, AR 2.783
fifs 2Rz, AARH 2,150 £,
4 e

SUC/SUTs & 3 T RN 70 AE 4 40 it 5] Jo 2E
25 SR A A P K B B i, T 3 R R A -2 s

JL#

S
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QLSLLTPYVQUL GESHANSF W cGP bJVuP b SDR B CTSKIGRRRPT] MEIGEL | [
QLSLLTPYVOEL&;\ PHAFA‘%[!VN_CGPL:;GL!VQPLVGHI::DR

GF
S L GRRRPFI AAGAAS Al VL GF
5 eCV ¢
o ( \J| \

m
_EEA | VIRV GFWLL DVGNNE TOGPCRALADLTNDRRTR NAYFbLFMAL(JHIL GYAEGHYHG
ERNP RAI IV VVGFWIL DVENN OGPCRALLADL(‘RlR HA F‘: AJIGNVL GYAAGSY
GO T{E DES VIGIERR mv /MGFwL L DENN T lQGPRARAL JIADL §GREIG MA GNJJLGY GSi]N
FGD@V PRS- - - Ev GFWL L DVGNNETQGPCRAGLADL HAYF:;LF VAL GNJL GY AlCEY G
McFwL L DENNTIQGPARA HH[E NEIHF CEvAL GNEL GY
AYBF V'V GF WL LDV GNNTRQGPCRAL LADL TGHDBRRTRVANAYJISL FMAL GRVL GYAAGS @G

S
‘-KMFPFKT CHIACANLKEAFLVE ;
W8 FPETHTEYCGVECANLKSAFLEDE | @ .....
WelKIF PRIk Bl CHEA CANL KEAFL VRV 3
wak| WpF TITHACKRMNICANL KSIFLVDVI LLVISTY! SPESVKEVPL S:uA N
Vi

PEIw B MVTALTW GWFPFI LFDTD‘u'\M;PEI YGGP T PGy vcANGLMLN SVLG“TSVL EKLCRKWG
WIVLI VTS LT\M(‘WFIF\ LFDTDWMGRE! YRIG EIVADT I8y HaJGVRMGEF GLMLNSVVL GRTS EKLCRKWG
PRPMW WLEvTELTw B uFPFIL!DTD“MuEﬂYGu LGVLI%@A'GLILMVVL%E .K!ﬁ
PIEVERVL! VTEL TWEEWFPFI L DT DWMGRE! YGDPIGT MO NFYAIE GV RINGAF GL B NSIVL GF S LE CRK
LI VTALTW BWwFPFIL FDTDWWGRE! YRGEP DTSy HlGV RMGEF GL MLN:VVLGFTSV EKLCRK\ME
LAvTEL TWEEWFPFI L DT DWMGRE! HKNAQl GVR]GAFGLILNR
N- - - cEEN - T QY A

n
GAKRLIE -- TABDLA SASV A
e - LGEPLAI TYSVPRALIE REESLGL
A EA- - LGAPLE TYSHPHANAASRNERL G
GVKRL €] NLA TKMAEJSRQUDAHET L MAY s LULFAVLGIPLATESVPFALAS FSRIAGT
PRV- ! - B7HQKAI TADKS] l\A LVLFAFLGHPLA

AGLE CFYLA NVEREP ST 8E - - - EEEEN VA LVﬂFﬂLGAF‘LAI TYSIF‘ﬂA

PRV- \ A BGhYAARIETS KATSLVLFARLGEPLAI mYbVPFA T

X =

GOL:LL(JVLNLAI VI PQVI V‘%ﬂbeF‘V‘vDOLFbeNF‘A V[EA

GQGLAJIGELNLE Vi PO LbbGPVvDOLFGGbHAP F“VAA ----- KKKTTQR
GQGLYLGVLNLAI VPG (JPWD L FGGGNEP A' LP PPADKPRT TR - EG
GacLggevLNIg VI Pav cpwo L FGJGN| PAF F' u”v WK SKROFRS IRINCEE- -

GQGLANGHLNLAI VIPQvI VbLGw(‘PhDOIFuGCNAPAFAVAAf‘FI euuvm MERETES SSSSRRREETHR
5 GVLNIR VI PQVI -(‘nuPWDuLFbIGN PAFEVASCEAN GGVVLPR SKRQFRAE- A

. FrieleL AW Al 3T HPAKEIRE PAKPKN- RR
X

Xi

TRIZ I~XIT Jy SUT 1 12 AME S 5 I

I—XII show the 12 underlined transmembrane regions conserved among SUC/SUT proteins
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Fig. 3 Multiple sequence alignment of DoSUT1 and SUC/SUT proteins from other plants
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R FifHKF876842 (DoSUTI)

K CABT75881 (HvSUT2)

oK AAT35810 (ZmSUTA4) SUC4
T AXX71839 (SbSUT4)

TURGF NP_172467 (AtSUC4)

TIRIFF AED90978 (ASUCY)
FUFEIF NP_179074 (ASUCS)
TIRITF Q67YFS (AtSUCT)

— TR Q6A329 (ASUCS)
PIRIFF NP_17334 (AISUCS)
TR AEE35247 (AtSUCI)
TURIFF NP_173685 (AtSUC2)
JH% BAO47334 (NtSUT)

— JKFE Q948L0 (OsSUT3)

| KA QILKH3 (OsSUTT1)
2K NP 001104840 (ZmSUT1)
| 4 ACY69230 (SbSUT1)

K CAB75882 (HVSUT1)

PIRIIF NP_178389 (ASUC3)
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SUC2/SUTI1. SUC3/SUT2 il SUC4 2 SUT 3 MK ik
SUC2/SUT1, SUC3/SUT2, and SUC4 represent the three subfamilies
of sucroce carrier/transporter (SUC/SUT)
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Fig. 4 Phylogenetic tree of DoSUT1 with sucroce carrier/

transporters from other species
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Fig. 5 Tissue-specific expression pattern of DoSUT1 gene
using qPCR analysis
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