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Abstract: Medicago ruthenica, is an excellent legume in highland and cold regions, and is highly resistant to
drought, cold and high salinity. Dehydrins (DHNs) are stress proteins involved in plant protective reactions a-
gainst environmental stress. According to our previous RNA-sequence data, a DHN gene, MrDHN3, was
cloned from young seedlings of M. ruthenica. Sequence analyses showed that the MrDHN3 gene contained a
666 bp open reading frame, putatively translated to 221 amino acids, and was an SK2-type acidic DHN. Amino
acid sequence alignment showed that MrDHN3 shared the highest similarity (83%) with TrDHN3 and Mt
DHN3. Quantitative RT—PCR analysis showed that the expression of MrDHN3 was induced by dehydration,
cold, high salinity stress and abscisic acid (ABA), which suggests that MrDHN3 is involved in abiotic stress

responses. A prokaryotic expression vector was constructed and transferred to Escherichia coli so as to induce
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MrDHNS3 over expression in E. coli. The survival and growth of the recombinant E. coli under salinity and
high temperature stress conditions were determined. It was found that survival rates of recombinant E. col: af-
ter exposure to high salinity (0.5 mol/L NaCl, 0.5 mol/L KCIl) and high temperature (55 °C) stress were obvi-
ously higher than those of the control group. This suggests that MrDHNS3 plays an important role in cell re-
sponse to damage caused by salinity and high temperature stress. This research indicates a potential methodolo-
gy for the genetic improvement of crops to improve stress tolerance.
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1.2 MrDHNS3 cDNA
RNA TRIZOL® (Invitrogen, USA), Recombinant DNase I(RNase-free)
(TaKaRa, ) DNA. ¢DNA PrimeScript® RT reagent Kit(Perfect Real Time) ( TaKa-
Ra, ) o

( ) MrDHN3F(5'-CGTGTCATTATGT-
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GTAGTAGTGAAG-3") MrDHN3R(5'-TAAACAAAGCACCCTCCA-3"), 4°C 24 h
cDNA ,  Pyrobest™ DNA (TaKaRa, ) PCR . ,  Ex Taq®
DNA (TaKaRa, ) , pGEM®-T Easy (Promega, USA) o
DNAMAN (Lynnon Biosoft, Vaudreuil-Dorion, Quebec, Canada) .
ORF; ExPASy Protparam(http://au. expasy. org/tools/protparam. htm)
(pD (Mw); NCBI (http://www. ncbi. nlm. nih. gov/)  BlastN,BlastP
; MEGA 6 L5 o
1.3 MrDHNS3 PCR
cDNA 50~150 ng/pul ., SYBR® Premix Ex Taq™ II

(Perfect Real Time) (TaKaRa, ) qRT-PCR, 20 pL,  ViiA™ 7 PCR

(Applied Biosystems, Foster City, CA) . PCR 95 °C 30 s ,95 C 5 5,60
C 30 5,40 ’ 2 :60°C 30 s, MrDHN3 Mr18S

qRT-PCR PrimerPrimer 5. 0(PREMIER Biosoft International, Silicon Valley, USA) .

MrDHN3-qF (5'-GGATGTAACAACTCAACCGCCTG-3")  MrDHN3-qR (5'-GCAGTCT-
TAGGGTGATAACCAGGAA -3") ,Mrt18SF(5'-CGCTCCTACCGATTGAAT-3")  Mrtl8SR(5'-GTTACGACT-
TCTCCTTCCT-3",

gsact [16] MrDHN3 ABA . 3 .
+
1.4 MrDHN3

o

MrDHN3 cDNA BamHI MrDHN3-F1(5'-GCGGATCCATG-
GCTGATCAGGAGAATCAGAAC-3") Sacl MrDHN3-R1 (5'-CGCGAGCTCTCAAT-
GAGTAGTAGTCTCATCCTT-3"), MrDHN3 . . BamHI  Sacl

, BamHI/Sacl pET-30a(Novagen, Madison, WI, USA)
) DH5a , , , pET30a
MrDHN3,
1.5 MrDHNS3
pET30a-MrDHN3 BL21(DE3) ,  pET30a-MrDHN3
BL21(DE3) BL/MrDHN3, pET30a  BL21(DE3) , BL/pET30a, 50
mg/L (kanamycin, Kan) LB 50 mg/L LB ,
37 C . 12h , 1:100CV/V) LB 2~3h ODsoo 0.6~0.8 , 1
mL . (isopropytp-D-thiogalactopyranoside, IPTG)
0.5 mmol/L, 3h , 1mL .
,PB y 5 min ,12000 r/min 15 min., y
2 .1 100 °C 10 min; 1 . 4
,100 C 10 min, ,12000 r/min 10 min, 10 pL ,12% SDS-PAGE
1.6
1.6.1 IPTG 1.5 o BL/MrDHN3 BL/pET30a
) ODse 0.9 50 mg/L 0.5 mmol/L IPTG LB

10 , 50 mg/L 0.5 mmol/L

IPTG LB o , 0.5 mol/L NaCl 0.5 mol/L KCI LB

; , 55 °C 30 min . 10
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pL ,37 C 16 h( ).3 d( ) .
1.6.2 PTG 1.6.1 . 10 , 100
pL .37 C 16 h( ).3 d( )
(%)= X 100
2

2.1 MrDHN3

) RT—PCR 24 h
900 bp C 1A, MrDHN3, ) , o
cDNA 890 bp, 666 bp , 221 » ProtParam
(Mw) 24.84 kD, (pD  5.56, o (grand average of hydropathicity,
GRAVY) —1.444, » MrDHN3 1 S 2 K )
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Fig.1 Cloning and sequence analysis of ¢cDNA for MrDHN3 gene from M. ruthenica
A MrDHN3 RT—PCR ;M:1 kb DNA Ladder;B: MrDHN3 cDNA s
S .3 K . A: RT—PCR products of MrDHN3 from M. ruthenica; M: 1 kb DNA Ladder; B: Nucle-
otide sequence of the MrDHN3 ¢DNA and its deduced amino acids, the DHN deduced S-segment is underlined and the conserved three K-segments

are marked as shadow edge.

MrDHN3 NCBI BlastP . (Trifolium repens) .
(Medicago truncatula) . (Pisum sativum) . (Cicer arietinum) DHN
; 7%, DHN ., 83%.  GenBank
DHN s DNAMAN « 2, DHN
S 2 K ,  SK2 o
MEGAG6 NCBI 6 SKn « 3, ,

MrDHN3 SK2 . (Triticum aestivum) (Oryza sativa
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Japonica Group) , (Musa ABB Group) . ,
s , DHN R
MrDHN3 MADINEN[SINK Y EjsH l-\T\ISET )2 I KDRGVFDFLGGKKKDE E-P FEEAMATDENEFA@IYEAPSH 63
TrDHN3 MAISMEN[ENK Y EDEWITSNSa8= T KDRGVFDFL GGKKKDEJJH P EEANSTDESEISERIYEAP S 63
MtDHN3 MADMENENK Y Ei2l TFSSN 8w = I KDRGVFDF L GGKKKDEJSH EEANATDENIQSEIY EAPS[D 63
PsDHN3 TRE. QET. fsATNSETEIROIISEN a8 E-P-\.E]DEAAHEGYEAPS 64
CaDHN3 TRE. BYENSE5E TNHTF DSDH SDIFIIa i IRaa s DEINE QRED VHATERDEFSENISD QL A 65

MrDHN3  [WAVEBEEK. . ..... EKKHINIBNSK L HRS |>SSSSS.< 993 VDEIFRNIIIKERK . EKKEDTRRP 120
TrDHN3 ESVE-\E ........ EKKHJSIBRIK I HRS 1- 120
MtDHN3 VE KEE ....... RN KLHRSPSSS , . R e 117
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CaDHN3 LKELS I‘\IEK‘T ............. 210
2 MrDHN3 SKn DHN
Fig.2 Alignment of amino acid sequences of MrDHN3 and other SKn-type dehydrin proteins
DHN S ; DHN K ; The conserved S-segment and K-segment
of MrDHNS3 and other SKn-type dehydrin proteins are boxed; TrDHN3 ; T. repens (ADD09573. 1) ; MtDHN3; M. truncatula (XP
003603987.1); PsDHN3: P. sativum (CAA78515.1); CaDHNS3; C. arietinum (XP 004500781, 1).
100 OsDHN3 (SK3)
76 TaDHN3 (SK3)
MaDHN3 (SK3)
CsDHN3 (SK2)
PpDHN3 (SK2)
99 PsDHN3 (SK2)
100 MrDHN3 (SK2)4
3 MrDHN3 SKn
Fig. 3 Phylogenetic tree between MrDHN3 and other SKn-type dehydrin proteins
OsDHN3 O. sativa Japonica Group ( ABS44866. 1); TaDHNS3: T. aestivum (AAB18202. 1); MaDHN3 . Musa ABB Group
(AEI54683. 1) ; CsDHNS3: Camellia sinensis (ACT10283. 1); PpDHN3.  Amygdalus persica ( AAZ83586. 1); PsDHNS3: P. sativum
(AAL50315. 1).
2.2 MrDHNS3
MrDHN3 ABA , Mr18S ,
PCR MrDHN3 s N N ABA
« 4, s MrDHN3 o ( 4A)
40 s MrDHN3 s 24 12 h ,

2.7 6.9 sMrDHN3 NaCl ( 4B)1 h
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Fig. 4 Relative expression patterns of MrDHN3 gene in M. ruthenica under various abiotic stresses and ABA treatment
2.3 MrDHN3
MrDHN3 , MrDHNS3 BamHI Sacl
. pET30a . pET30a-MrDHN3, pET30a-MrDHN3
¢ 5A) , pET30a ) BL21(DE3).,
IPTG 2 h, SDS-PAGE C 5B,
¢ 5B1., 5B2 1 28 kD BL/MrDHN3 , o
, MrDHN3 N-
His- s SDS-PAGE s
, ¢ 5B3), , ,
( 5B4), MrDHN3 .
2.4 MrDHN3
MrDHN3 ,  BL/pET30a BL/MrDHN3
LB , C 6A), , BL/MrDHN3 BL/
pET30a ; LB 0.5 mol/L NaCl ,
BL/pET30a, 0.5 mol/L KCI MrDHN3
o . 55T 30 min BL/pET30a o
,BL/MrDHN3 . , MrDHN3

o

¢ 6B ,
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16.71%  20.80%, BL/pET30a 3.55% 4.29%;55 C ,BL/MrDHNS3
11.22%., BL/pET30a 2.40%, ,BL/MrDHN3
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Fig. 5 Identification of pET30a-MrDHN3 by enzymatic digestion (A) and analysis of
prokaryotic expression products by SDS-PAGE (B)
M:1 kb DNA Ladder(A), (B);1:IPTG BL/MrDHN3 ;2. 1IPTG BL/MrDHN3 53
BL/MrDHN3;4; 100 °C 10 min . M: 1 kb DNA Ladder (A), LMW Markers Proteins (B); Lane 1: To-
tal protein fraction from non-induced BL/MrDHN3 cells; Lane 2: Total protein fraction from IPTG-induced BL/MrDHNS3 cells; Lane 3. Soluble su-

pernatant protein fraction from IPTG-induced BLL/MrDHNS3 cells; Lane 4; Protein fraction from soluble supernatant, which boiled at 100 ‘C for 10

min.
BL/pET30a BL/MrDHN3  BL/pET30a BL/MrDHN3
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> T BABL/MrDHN3
9 20 f
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- &) NaCl KC1 =16 Heat
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A B
6 MrDHN3
Fig. 6 Effects of MrDHN3 over-expression on protection of E. coli against injury under abiotic stresses
A ;B sBL/pET30a: pET30a(+) BL21(DE3) s BL/MrDHNS3 pET30a-MrDHN3
BL21(DE3) ; LB: Luria-Bertani (LLB) 0.5 mmol/L IPTG;LB+0. 5 mol/L NaCl.LB 0.5 mmol/L IPTG
0.5 mol/LL NaCl; LB+0. 5 mol/L KCI:LB 0.5 mmol/L IPTG 0.5 mol/L KCl; LB(55 °C,30 min):55 C 30 min, A:

Spotting assays; B: Colony forming efficiency assays; BL/pET30a: pET-30a(+) plasmid harboring BL21(DE3) strain; BL/MrDHN3: pET30a-
MrDHNS3 plasmid harboring BL21(DE3) strain; LB: Luria-Bertani (LB) solid medium with 0. 5 mmol/L IPTG; LB+0. 5 mol/L NaCl: LB solid me-
dium with 0.5 mmol/L IPTG and 0. 5 mol/L NaCl; LB+0. 5 mol/L KCI: LB solid medium with 0. 5 mmol/L IPTG and 0. 5 mol/L. KCl; LB (55 °C,

30 min) ; Incubation at 55 “C for 30 min.
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