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Cloning, expression and function analysis of DOLEAZ2 gene from
Dendrobium officinale
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Abstract: LEA (late embryogenesis abundant) proteins that are highly hydrophilic and thermally stable play
arole in plant defense. The full-length cDNA of DoLEA2 was cloned by rapid amplification of cDNA ends
(RACE) from Dendrobium officinale (GenBank number: KY626329). The cDNA is 1224 bp and encodes
313 amino acids. The deduced DoLEA2 protein contained LEA_2 and WHy domains. Multiple sequence
alignment revealed that DoLEA2 shared a high homology with other species. Phylogenetic tree showed that
DoLEA2 belonged to the monocotyledon and its closest relative was P. aphrodite. DoLEA?2 was differentially
expressed in the different organ.  The expression was most abundant in the leaves, followed by that of the roots
and stem. DoLEA2 could express in Escherichia coli BL21 (DE3), and the best induction conditions were
0.5 mmol-L ' IPTG at 37 °C for 4 h. The growth curves of E.coli BL21 (DE3) showed that the recombinant
DoLEAZ2 protein improved tolerate against salt stress over the control. This study represents the first time of
cloning and identification of the function of LEA2 in D.officinale. The result sets up an important foundation
for the molecular mechanism of stress resistance in Dendrobium officinale.
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&2 M A REAREY), NRE~ES T Y R2
Wi st a2 —, B — @ KW AT e, H
ZEK TR 500~1600 m ()l Hh e BV R A B
JRAERRARIOM T b, BT, B BRI, Ak
g, Szt N, ER T R
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Tk R A fint A B DR H AN e S AL BOHR 25 6 A i, R e
W 15 3 (8 B A st LEA SEEAT 0 280 20 % T
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FH RACE £ B KB A ik b 7 845 31— 4
LEA2 JE[H cDNA 4K DoLEA2, JFitfT M5 B 2%
AFRIEBE 4, [FIE, fEHEZAA DoLEA2 KIHAT I
A N HEAT I SR I aE S, it — B R R bl e
I3 L B H Al

MR5REE

MR Bk R R R R I BT
I, 28 500 B AT D34 E Bk At (Dendrobium
officinale). £k B A7 ik iy £h bl S 56 Ab 3 5 i W 42k

B A kL v 0 S 10 mol-L ™t NaCl 3. /K db 7
PR, HUFES

pTOPO vector J& H b5 SR AV H ARG IR A
F]; pET-28a vector W [ b5 Sty A WA BRA w5 E.
coli trans H5a. BL21(DE3) J&AZ 7541y H At 5
X EEWHR AT, RNeasy Plant Mini Kit Ji [ 14
QIAGEN /4 7]; DL2000 DNA Marker . FR i1 py 47
fiff EcoRI A1 Ndel . T4 DNA %42 . PrimeScript™ RT
reagent Kit. SYBR"™ Premix Ex Tag™ (TliRNaseH Plus)
W B KEE AW A 7, SMARTer™ RACE 53 Kit 11
H H A Clontech /4 #; Phanta® Max Super-Fidelity
DNA RA& I F G MR A AR AR AH .

{28 NanoDrop™ 2000 73661 it (3
Thermo Fisher A #]); LightCycler® 48011 SZif %%t 5
# PCR 1% (%1 Roche /A #]); T100™ thermal cycler
PCR 1% . Powerpac Universal H1 k1% . SmartSpec™ Plus
e (32 Bio-Rad /A F]); MB100-2A fFLAR
TR IR 5 (U BLASAX 25 2 \]); SorvallST8R 1= id
A OHL (32 E Thermo scientific A ).

& RNA 12HUF0 cDNA &% 1% RNeasy Plant
Mini Kit #8436 B 52 U FE iU RNA, SR 2866
THE E RNA J B A4 RS, 1% B iR e r ok 4
RNA 52380 . St 4l cDNA 55 —4E, —20 ‘C-7F
M.

3RACE 5 RT-PCR WiE % NCBI Blastx fll
ORF finder 74, &I —%& 1241 bp [¥] CL6357.contig2
J7 A4 RN LEA2, o H A 58 8 1 T ) ik AE
(open reading frame, ORF) FI5E#£ ] SUTR. AR4fE
ARSI (R 1), #HT 3-RACE PCR Jx
Mo AR A iHRP 7 3-RACE ready cDNA A#5AR,
S NiAK £: 2.0 ub 10xAdvantage 2 PCR buffer. 0.4 pL
10 mmol-L™* dNTPs. 0.4 pL DoLEA2-3’-GPS-F (10
mmol-L ™). 2.0 uL 10xUPM. 1.5 uL 3-RACE ready
cDNA. 0.4 pL 50xAdvatange 2 Polymerase Mix (5
U-ul ™), M7 ddH,0 % 20 pL . PCR P #4 Hvk 43 #,
EICH B 2% SOBE T, 557 I8HE TS,
Wit ORF. 5'UTR 514 (& 1), webE. W7 S5k 5
cDNA 2Kl FEME .

FHI44r  i#id NCBI Blastx fil ORF Finder 4
#T cDNA F%1; Protparam &R LR & & X5
IR RN A5 R g S FR AL 5 Protscale 43 T AR 1 155
Bk PE; SOPMA 73 #t — 2 45 #4; ExPASyProteomics
Server 1] InterProScan 43 #7 £ 15 fR 57 45 #4358, SWISS-
MODEL #4781 BT =45 K Titill; SignalP 4.0 1
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Table1l Primersused to clone full-length gene and expressionin the D. officinale

Primer Primer sequence (5'-3')
Full-length of cDNA DoLEA2-3-GPS-F GGAAGTGCTGAGCTTAACGACTCGACGA

DoLEA2-ORF-F ATGGCGTCATCTGACAACCCAG

DoLEA2-ORF-R TCAATCCTCTCCATCATCATCTTCCC

DoLEA2-5'-F AGTCAATCATCGTTGAGTTTTATTTTCTTCGT

DoLEA2-5-R TGTGAACCCCTTTAACATCTGCTGTT

DoLEA2-3-Lp CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT
Gene expression DoLEA2-F CATATGGCGTCATCTGACAACC

DoLEA2-R GAATTCTCAATCCTCTCCATCATCATCT
Real-time PCR DoLEA2-g-F ATTGGCGAGAAGATTGAAGAGG

DoLEA2-g-R CAGGAATCAGTCCAGACACAAG

TMHMM Tl {5 = PR 5 JE X 45; WoLF PSORT i
1740 E A7 43 #r . i3 DNASTAR 7.0 3T & 3R
FEAEE3F 23 4T; A MEGA 7.0 () UPGMA 44 2 %
i {L B (Boot strap=1000)!%,

DOLEA2 FRIXFMAHMIE ARIE 2 KT 5L HEH
NI 5 EcoRI Al Ndel, 7£ DOLEA2 [f] ORF 7 i
WS A B S R RS (R 1), #47 PCRY™
1 24tk 5T T pTOPO #4k I BEAT ik, HhHK
A B TR R B BUTORE, 48 0L U] 56 E 3R 75 B 2 5T B
KR SMER AR AT T, BuE R T8 .
T JG TERAE . LA pT-DoLEA2-ORF 41 Jifi #i,
55 pET-28a Fik#fk, 7l AT WEGY) S5, L BiR
R Jlz TR AL R BRI B 35 TR A B, 16 C i %
$2, ¥4k E. coli trans H5a i, 4 PCRGI, BRHEX
B R B TR 0 R S B A e Rk A FIN T

DOLEA2 FSRIER KM K FToTRAE
T pET28a-DoLEA2 41 Jii fi fil pET28a 75 # 4
J KL A 4k 2 E. coli BL21(DES) &2 &40, 3
RFRIXAE A KT BL21(DE3)/pET28a-DoLEA2.
PRI 1 B 7 B T 7R, 37 °CL 180 remin & 4F R B TR
T, $%H8 12100 ELBld KE: 9% % ODggo=0.6~0.8. 4
BIXHESEE (1. 2. 3. 4 h). FHRE-L-D-HALF
L4 FF (isopropyl  p-D-1-thiogalactopyranoside, IPTG)
W (0. 0.1. 05, 1mmol-L Y. #SEE (16. 25.
37 C) AT . SRIUAE R AE 4 C %A T 12 000
rmin B0 2 min, WHEF R, EET pH 6.8 ) PBS
R, — 34> BN 5xloading buffer 1827, &
5 min, 4 ‘C%#F 12000 r-min ' &0 5 min, L
i, B LB A 2 min (200W, 58/55), 4 C
12000 r-min ' B0 5 min, BB . UTiER 4 loading
buffer X 5, 43 73HT 12% SDS-PAGE Hi ik &l -

RHFEE PCR ) IEH K& H A1
R ABHR S 25 L BT 2 RNA sS4 ik cDNA,

18S rRNA K { AN 2, Real-time PCR 4) #7 % [H 3%
LR . 514N gPCR-F fil gPCR-R (% 1) ¥ #4774
K 208 bp, #ATHH, KBifER: 7.5 ub 2xSYBR”
Premix Ex Tag'“Master Mix. 0.3 pL IE// A5 4
(20 mmol-L ™). 1 uL cDNA, %78 ddH,O # 15 uL, &
Yt EE S AREEY 3. PCRIEEFNIBTC 305,
95°C 55,60 °C 20s, 40 MEFR, W 45 B 22 il filf
2k . AR ¥ LightCycler™480 || HTCL %28 Jl i 76 31
B4 (cyclethreshold, CT), iz ] 2 44kt 3E K A

B TEKHZNE HEHEK BL21(DE3)/
PET28a-DoLEA2 Hilxf Mtk BL21(DE3)/pET28a %4
37 CIHEWEEFF M E R I (ODgoo = 0.8), 1% 1:
100 Lbfil oy Hl#E R T LBY (Kan) WifkRs 7%, 37 C.
200 r-min 4R 5 9E 2 h, AN E A 0.5 mmol Lt
(1 IPTG, B4l ng k&~ 05, 0.8 mol-L™"
NaCl, 37 CH¥ &, #[a 2 h Il E 3 ODggo fH, FIAREE
3k, K.

&R
1 DoLEA2 £F &R EKIIE

25t 3-RACE B, wfE. W7 3k45 435 bp 1
¥ 3, 4 RT-PCRY™ 14 v [ I 7 3K 15960 & 56 % ORF,
SUTR 741 (1), 5EFHPHES RS T —%
1224 bp 1] cDNA. %% [H ORF K 942 bp, 5-UTR K
99 bp, 3-UTR K 183 bp, Blastx 73 #7215 % Fh i
Y LEA2 JE AT B I ARBME (73%~88%), fit 4N
DOLEA2 (GenBank &% 5: KY626329).
2 DoLEA2 EFmIEERIBUIFEST

Protparam Tiiill DoLEA2 3 [K 4 f5 2 [ 313 M
B, 771N CisraH2504N402048:Ss, FHLEL pl N
4.98. HXF4 15 & 34 903.89; DOLEA2 & 7 IEH
B (Arg+lys) N 42, firEk%E (Asp+Glu) A 58,
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Figure 1 Clone the full length cDNA of DoLEA2 gene from
Dendrobium officinale. M: Maker; 1: 5-UTR product; 2: ORF;
3: 3-Race product; 4: Full cDNA product

ZEAMNARE RN 2411, B TREEA, B
ZEN 9556, Bi/KMEREN-0.392, |54 Protscale
IAE K. 4 SOPMA 234, DoLEA2 E 11 —
WA B o B2E (27.48%) . JEMHEE (23.64%). S
A (9.58%) FIRAMLE M (39.30%) ZHAK.
3 DoLEA2 ZAZEMI . L. BEXS =4
#iE

InterProScan 43 #7 i 7~, DOLEA2 & [H 4 fid & A
SRR EH£EA (LEA_2) 4tk (78-173.
203-297) FK J3 iy 38 w5y BB |97 5 44 3, (57174
183-299) . SignalP 4.1 /3 #ff DOLEA2 FE A A& 15 5 ik o
FIF TMHMM 2.0 43 H1 DoLEA2 & AN & 5 45 1y
B, HEHERNZE OGS B E, 515 ST
W14 . PSORT Tl DoLEA2 & F 5 A7 T 48 i 5 1)
A REPE R R

1R R S5 4R % (Protein Data Bank, PDB)
AR Z A LEA2 BE IR = 4 25 40 e I A S 4l U8
WIS, DL IF LEA2 (SMTL id: 1x08.1) &H
=HAERIE NS B EAY, Xt DoLEA2 EHBEHT=
geeE b p (B 2), 45 ER, DOLEA2 5iZEAH
34.72% (173 7] 45 ¥4 FEALL

Figure 2 Three-dimensional structure of DoLEAZ2 protein
using SWISS-MODEL Mode information: modeled residue
range: 29 to 178; based on template: 1x08.1.A (NMR); sequence
identity [%]: 34.72; GMQE: 0.27; QMEAN: —7.14

3.1 DoLEA2 & ERFFItExFst b ot ZEERZ
AL g5 R (K3) &R, DOLEA2 5 f -1 I A 47 i

2% (XP_020587558.1) « it (XP_010927880.1). /)
REFRE (XP_009414646.1) « £1-1411 (XP_020262013.1) .
R (XP_008812863.1) . fehit (JAT64495.1). AL
(OAY76998.1) Fl/KF% (BAG87622.1) ¥ LEA2
AHACLTE 2> A 88%. 88%. 83%. 80%. 87%. 87%-
81% Fll 73%.

KRGt (B 4) KW, REWIIED M

KAERE, 2 K0 FHAEYIM LEA2 EAF RN,
RO ERE, 10 KBTI LEA2 EEH T4
PR, B—3¢, HH, DoLEA2 5= RHEY)
WE2E LEA2 SRR R, AT IR —2r 30
3.2 DOLEA2JFKiE5#r Rea-time PCR 454 (&
5) iR, DOLEA2 TEFfF. AR, 25, MR E R
ik, M RIEBGFAEESR. UWHTASHEREAR, Er
AR Rk R R, IRAIZERZ; 7E 1mol Lt
NI SR O N R IV S B SR B EE e e
K, BRI R, 2. M LEA2 RIE &Y
Fho, At E, HowzZE, R
3.3 DoLEA2 Hj[R#z3kiX SDS-PAGE HLUk4E R &
N, BAEASTELN 35 kDa A4, SHEIBHEAM
fF, BEE S SEEE BER N, REE M (&
6A.C), IPTG K Jy 0.1 A1 0.5 mmol - L ~* ik &4 &,
BEXHE25 (& 6B), Hr, 37C. 0.5 mmol-L™
IPTG %+, mriattEHAEAMNEL e EHED
FiLER 12 (K 6D).
3.4 fHEpBstIl  FE4A BL21(DE3)/pET28a
DoLEA2 #ixit @ Btk BL21(DE3)/pET28a #:fiid T
AR &g R EoR, LHBEEKMET, 05
mmol-L ! IPTG 7 5 2 32 (1t 5 25 1 bk A0 6 8 T R 1 2
KAB W IEA —3 (B 7A). 0.5 mol-L ™' NaCl i %1+
T (K 7B), X HRBEbRAI AR Z 204, 4~24 h
B ODgoo MM T 0.8, L B kA K A A2 £ i
o, A KA RCT RS, 4~24 h B ODeoo (H 14 1 T
0.8, 0.8 mol-L™* NaCl fipiti &1+~ (& 7C), =4 Hitk
AR A R 7 ER 3 s e, (DG FE R PR AR TR T B R
B, HERHIAET IR . Hikn L, DoLEA2
CIET =N 7L SRR TN SER G

g

LEA % (1 3K  #iviase i 7 8 1 2 kL,
W B TS B RE AR IR 4 P2 2
ST TE E AP P g s SR P
YIaniL . AERF A B RE R —REEE A, £TF.
el i S A i T A8 A o A0 R TR A4 R AR
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Figure3 Multiple sequence alignment of DoLEA2 and LEAZ2 protein in other species

98

54

i: Phalaenopsis equestris XPP 020587558, 1
89 Phalaenopsis equestris XPP 020587556, ]

Dol EA2

Anthurivm amnicola JAT64495.1

51 _: Elaeis guineensis XP 0109278801
100 Phoenix dactylifera XP 0088128631

Ananas comosus OAY76998.1

— Asparagis officinalis XP 020262013.1

100 L Jsparagus officinalis ONK73207.1

Musa ac

Oryza sativa BAGS7622.1

— Arabidopsis thaliana NP 181934.1

72 L Salvia miltiorrhiza ADX98505.1

Figure4 Phylogenetic tree of DoLEA2 and LEAZ2 from other species
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| Poaceae
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M WHy fR~F 45K, 52 FEY) LEA2 E AR
AR FRFEEYE, 2 RGHAA T, PR T HHEY)
1 LEA2 R H 703, H W28k Rl . R,
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Figure 5 Expression patterns of DoLEA2 gene using qPCR analysis.

pattern sunder 1 mol -L~* salt

A l6C 25T 31°C
M CK LEA? CK LEA2 CK LEA2

C 1h 2h 3h 4h
CK LEA2 CK LEA2 CK LEA2 CK LEA2 M

Figure6 12% SDS-PAGE analysis of the expression of recombinant protein of DoLEA2 and empty vector protein.
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A: Expression patterns in different tissue; B: Expression
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D M Solube Insoluble Crude extract
175 kDa —

42 kDa —

+— DoLEA2
29 kDa —

10.5 kDa —

M: Protein maker;

CK: pET-28a; LEA2: pET28a-DoLEA2. A: Induced by 0.5 mmol-L™ IPTG with 4 h under different temperature; B: Induced by
different IPTG concentration with 4 h at 37 “C; C: Induced by 0.5 mmol -L Y IPTG with different time at 37 °C; D: The detection of solu-
ble recombinant protein induced by 0.5 mmol -L™* IPTG with4 hat 37 'C

DoLEA2 /2 % fith Bk 52 A it i 9 s e 4 8 (1 9 [T

LEA HBE P EEAM TR, RigEH Al
LRI, TTHR L — M, S5 ra s ANEY) 5 AT
P IR B R KT, LEA BRI 70 T4 5 R0k
Z 5t SV AR EACHE . BT AR BTG R B .
HIE TEEVEA S E, RRFEYIER A RKEER
TR T, B B A SR A A P 2

T EBEA R OR N A A, ST AN BB K, BRI R
B RG. sht feahbe, SEGEYAE KN ka2,
O Py, WiEsR %% (Kosteletzkya virginica)
KVLEA JERTEMR . 25 . Fh Py Rk, Hob, i)
ik ERE, AmEbian s SmeELRk, pik
PRI T i T, SZE b pha 2~24 h RiEE
PR T 1 7K o AR FL 504 T DOLEA2 Z: R 7E 1E 7
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Figure 7 Growth curves of E. coli under salt stress. Control: pET28a; Experiment: pET28a- DOLEA2. A: Incubated without salt at
37°C; B: Incubated with 0.5 mol -L~* NaCl at 37 °C; C: Incubated with 0.8 mol -L~* NaCl at 37 C

AR EIE KA T ARHAL M RIEA, W &4
', DOLEA2 TE4K B2 A ffR « 25, My FhFridlfa Rk,
X RIL BAFAEZE R, MR RIAE R, G LEA &
FIHA L — PR s E T, IZEE AR
2. MR RAEWHE B, A >ZESIR, 5/0F
(Triticum aestivum) TaLEA2 FE [K] 52 #h i 36 B iR A =ik
TAE . R IR AR A AR A . e
£ 18 T RE XA A I 2H S M R, AR A R
HRKEELBIT, 3 DoLEA2 EEHRIATE,
IS Z AR N Na' s 8T 40 i is 0 AR e N IR R
G570, KR I K A as fr B A0 M 8, DL S At
KoKW, FERPBOK TR, %8 DoLEA2
BN Z 5 T8k B A ik 0 RH DG BRI 2 mg N o B

[l R, AHF T D4 2 pET28a-DOLEA2 J5ii% K
KRG, AT e, 2 h A e, HARE
PRAEKBOR IS, AR Z 3 & SR haa s, 1% i
BRI R MBS T B R, (H A SCHF ALK
0 LA A T B A R X HIOU (Y I ) R T 2 4 A A
RG], HAR R HPBE TR0, K
DoLEA2 & [ )RR 2 AT K Tl AT B KT v 30 04K B2 1)
M 52 1% o

25 BTk, DoLEA2 EHLHAL—M, 257

B IE R R R AE KR E, HAR R R %
PF T RIEABR LU R IA BT B aa, PRI 5T 51
fE, EIAS AR A AR, HE
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