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Abstract ; The full length ¢cDNA of AhRab7-1 and AhRab7-2 was isolated from HuaYu 20( Arachis hypogaea L. )
by RT-PCR and transferred into Escherichina coli to analyze whether the expression of the small G protein AhRab7 in
E. coli was associated with the tolerance to high salt environment for E. coli. AhRab7-1 and AhRab7-2 were 872 bp and
816 bp,containing a 621 bp and 618 bp open reading frame and encoding 206 and 205 amino acids, respectively. AhR-
ab7-1 and AhRab7-2 were constructed into the expression vector pET-28a(+ ) with full-length ORF,then transferred
into E. coli. After inducing by IPTG ,the E. coli were treated with high salinity stresses and the function of the protein
AhRab7 could be tested. The tolerance activity assay showed that pET-28a-AhRab7-1 and pET-28a-AhRab7-2 had
normal restructure enzyme activities and significantly released the salt tolerance of E. coli in LB medium with high
NaCl concentration (5. 5% -10% ). The control which had been transferred into the vector pET-28 did not showed the
similar enzyme activity. The result suggested the expression of AhRab7 in E. coli could extremely improve the salt tol-
erance for E. coli. The product proteins of AhRab7-1 and AhRab7-2 were detected by SDS-PAGE and the proteins were
23 kDa as expected. Our researches could be used as a starting point for generation of plants tolerance to saline-alkali
and other abiotic stress in the future.
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A M ERAE ) 135 B FAE Y T SR AL DL AR Pt £
FEH TR R C RS T —E kR,

Rab & 2/ G 8 H R AWK, iR k3
T 27 58 18 B ( Saccharomyces cerevisiae ) , H: 2H B
200 ~ 2104 LR , 4% B 51 1) 2 36 18 )7 51 A% [ U
PETE 35% ~80% ZIi], A IR5FHY G 45 H 8 5 /& i
AJARAY N 3G A C 3 %, Rab 8 L E k40 i N 48
L 5 1) 3 F O SN — 2R B A
ARy 8 (T A 4 A B 09 R TR B B, Rab
BHSHYNAEREST M SEadRa 5%
VIME R MG S5 5 AN am | i i . 40 i
HEL AL L 0 2 B S o R b R
FEHI™ ) Rab & (A 1 UE 4 b (0 £ 57 M R H 58 78
DA 8 30 32 B 7 A il B SRR MR L R T 0 DG
H AT T 26 DA 1 S A 9 v 43 5 5 e 1 B 43 Rab W
T FE R 38 i R A A R R P R Rab 2R 3 [
FP3), 2 Wi S 4R (78 B AR 0 Ak P e
PRSE  E7E B O HESh 4 | B 4 4 I 2L
S BCE M EE E BT e e
IEHIL R BLA 8 AWK R 57 Fi' Rab, SR A 29
P, 2o 29 B i A ZEH 60 ZF Rab B, A2
Bt st A B K RE ", EAARDH
X Rab & F 5T ER AL H A 58 AH C B9 438, A. Mazel
SOV RIE g 6 UH 6 1k PN R 9 038 B 2 11 AtRa-
bG3e( AtRab7 ) Ji5 RE 3 o UL me I X 1 (145 325 10
REJ7. M. Y. Nahm %7 7E 7K 8 o BF 58 UE B Os-
Rab7 W3k W 32 BN [6] A0 A 30 09 8 45, 3 4F
WA NE AR T H Rab " HETEN
Hh F LA TP AEXT KRG AR B Rab 8 3L
TR R R A I BE R AR S g Y A e
Rab #& (#7875 1 H AT E G Hi720

AWF5E FIH RT-PCR J7 7% s BE 3RS AhRab7 1Y
cDNA 2K 3751, FI & 525 ORF 19 )7 51 44 i J5
Rk AR T A 1 5 0 5 S % 2 IR i o
R EX R R IR W 2 R O R, A% Rk 4
MBI 12 22 TN A0 2 2 45 2CRn I B 0F 9, i T ) A
YimtEEALEL Y TR, T o — 2P W 9E Rab 3 A
Prab N TREA MM AR EZENE ISR S

1 #MBl57AE

1.1 ##

AEGFIEE 20 T SR KRB EH =
TR FF 22 0. 1% HeCLIZH 8 h &,
TR gRekeh W 50, Frh i A K 10 d JE L
FE, T - 80 CARAEA L,

FIREAK pET-28a( + ) FIFRILH R BL,, (DE;)
SR AN -3~ 1 = N2 [ 0 - = R N
pMDI8-T 1§ H TAKARA ( Kif) EAW A, Kz
A4 DHS o S AR S 56 % il 45 FIARAT

Ni-NTA His - Bind ® #/I5( 5% 5 :70666-3 ) [F1k
A G A (TAKARA) K% S AEW A Al ok i
B Fast Plasmid Minikit & 3 BEA 402 R, & RNA
PR A & ( RNA TRIZOL extraction kit) I H In-
vitrogen A Fl, LR G1H)F A LA TAEY R
& 5547 B A F] ( Sangong ) A i

1.2 7%
1.2.1 2 RNA HJ32EUE ¢DNA &K WA

T FPAEE 20 FrEELUET 0.1 ¢, S I RNA $2 0L
# €5 (RNA TRIZOL extraction kit) H& k19 25 B RS L)
AR I A I Fr s RNA |, DNase [ 1516 DNA 3l
WEEEIS HL VKA I RNA S8V | 28503 BE A8
RNA & a4

Fie TAKARA S iRl & v & 158 1 4% oD-
NA, 7£0.2 mL DEPC /KAbFREY PCR %, T AL
404 : RNA 2 uL, Oligo (dT) 1 pL. RNase-Free
ddH,0 2 pL.5 x Buffer 4 wL.,RNase Inhibitor 1 pl
dNTP Mix 1 wL M-MuLV RT i 1 pL, 53RN
25 CIE 5 min 42 CiHH 30 min 85 CHAHS min,
FEMIRAE T -20 CHE L
1.2.2 1% Rab7 EE £ K cDNA HRERKF T
S8 A A NCBI 4 % (http://www. ncbi. nlm.
nih. gov/ ) F K HG ( Oryza sativa L. ) FLEGFF ( Arabi-
dopsis thaliana L. ) EF ) Rab7 B R FEMR ¥ II/E N
EERER T (Blastn 2% GenBank HH LAY EST
(dbEST) i e K 2R 2 1) = AL B & Rab7 {2
SEIF SR EST Pl seA7 9f 4 4R DHES 210 2K
cDNA FFNEIT s 1 T i pe

Rab7-1:F 5'GGGTCGTGTTTGTGTGTGTG

R:5'ATCTCAGCATTCACAACCTGT
Rab7-2:F 5'AGAGCAATCATGTCAATGCGGAGG
R:5'GCGGGTGCGCATGCTAATTTC
PCR " W R VAR Z K 25 pL, A R P& 450
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10 x Buffer 2.5 pL,MgCl, (10 mmol/L) 3 pL, dNTP
Mix (10 mmol/Leach)0.5 wL . 1E 5% (10 mmol/L)
£ 1 wL.cDNA B 1 pL Taq B (5 U/pL)0.5 pL H:
A0 ddH,0 #MEZE 25 wL; PCR SN FEF K .94 C T
5P 5 min,94 °C7ARPE 40 5,61 CiE k45 s,72 °C ZE{#
1 min, 3 35 AR, BeJim 72 °CHEAH 10 min, HLS5 plL
P31 WIE 0. 8% T ERE e A vk A I

Fa DR T G U B 55 TR0 R/ N ) B — S
W HEAT M2t A , 1% A e BE R pMDIS-T Hr #24E
B CHR[22] , K TA K2 42 C P b5
PRI PE vk | 22 B 7% PCR IR BV 50 30E /5, BH
PRI IR AL AR T I3 3 AT 0L ) I 4 5, 45
AE NCBI 9 (http://www. ncbi. nlm. nih. gov/) ¥
BLAST T H- 58548 e v (%) 91 347 Fe 535 )3 471
P AL 11 Z LR LU X 3 BT ZE B Clustal X HEAT
1.2.3 EZREMBEHEREEE USHE
FLRERY TA 2RISR, A5 A Hind TAT Nde 1 FR
W PERG YOS PR S5 W6 H B R B ORF #6147
PCR ¥4, ikl 1. 2.2,

Rab7-1":F 5" GCCATATGATGCCTTCCAGAAGAAGAAC

R 5 CGAAGCITICATCTCAGCATTCACAACCIGT
Rab7-2'.F 5" GCCATCTGATGTCAATGCGGAGG
R 5" CGAAGCTTTTAGCATGCGCGCACCCGC

CATATG A Ndelfifi U137 15, AAGCTT K Hind T
B0 25, PCR P24 MR A% F iR 2 A pET-28 ( +)
2% Nde 1 \Hind M EFYIZEAL )G , ¥ 8 B 7 L2017 3%
¥ F54k B TE PCR W) B AL F  OURE Y 45 5 Kl
SR AT A B IE B 1, ) 25 SR AE NCBI
BLAST T Ht47 [ 5347 LA
1.2.4 AhRab7 EEREXKBTFEFRNESRIEZS
aifr PRSI OE B 0 B E 2 TR pET-28a
( +)-AhRab7 W RIHATTE BL,, ( DE;) B % Hefh T
£ 100 pg/mL Kana AR LB {5373 37 CHEIR
250 rpm K537 16 h, ¥ 1: 30 B B ) % 335 3 0 1 U
(#9340 L) # 10 mL % 100 pg/mL Kana 17 1%
LB JEFEdEr 37 CHEIR 250 rpm THAL 2 ~3 h, 245
W ODg . 155 0.6 A ~0.8 A Bl A 100 mmol/L
IPTG {49 FE 3k 1 mmol/L,37 CH7JK 250 rpm i#55:
328 h, 8 2 A pET-28a( + ) 25 8RN KT &
BL,, (DE,) JH IPTG 55 8 h =¥ xR, HGs
8 h YHE 4 BL21(DE3) H ¥, £ 100 C &3 5 min
JEVR ZE %, 12000 rpm B0 2 min J&, 43 B L
YRR 210 OB FE T SE DR 5% VAR IS B2 12.% 43 55 TBe 1)
SDS-PAGE #4746 I 43 M7 , Ak 20 B +4 B8 NAT-Ni

R & UL R T

1.2.5 SEARMNKBEAENWEENE %
1: 100 EL B HUZE TPTG 375 3 19 B 20 RN 25 0] BECHE
3 F 10 mL % 0.0.5% .1.5% 2.5% 3.5% .
4.5% 5.5% .6.5% 1.5% 8.5% 10% .15% NaCl
(100 pg/mL Kana) P& LB F#%5 5% H0. 5 h 1 h,
1.5h.2 h 3 h4 h BEEFRIIE OD, . IR EE,
3 WRE L, ARE S50 45 5 22 1 KM AT B AE A [] 4 3
TR IR R XS A AT ¢ R

2 FHRE5HMH

2.1 AhRab7 EEHIIKE

FET Rab7 TEALAE T AFEARE RIS, LT
20 FOLHIROH B B0 RNA (1) |, 2050 i bk s AT
U3 ZE T 457, R IR B RNA i | Se 24k
B, T LA F R S5 AT RT-PCR 748, MR 4E Rab7
(%) EST DR 7 5 R 2519, LSS 1 55 cDNA
AR 25 RT-PCR §7 1645 5] 2 Fppk R 4407, HoR /b
£ 800 bp Ze 47, S HUHEE AW &, I 44} AhR-
ab7-1 AhRab7-2( & 2),

BE1 FE4%MH & RNA
Fig.1 The total RNA of peanut from leaves

M 2 3 4 5
bp

M:DNA Ladder 20003155 1531852 3.
Rab7-1 ¥ ¥4 7 B34 5. Rab7-2 P34 Bt
M:DNA Ladder 2000, 1 ; Control ,2 .3 : The ampification
fragments of Rab7-1,4 .5 ;The amplification fragments of Rab7-2
El2 RT-PCR # i Rab7 K &
Fig. 2 Amplification of Rab7 by RT-PCR
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SR TA Sk B4lifbf5 1) RT-PCR 934 P-4k
WAL A SO AR A pMDIS-T 1, 7545 100 pg/mL
RIABEEZ (Kana ) IO HE R TR AL A5 FUBE, B
FRUTRE, S5 28 EcoRTAN Hind DB B0 TIE ([ 3) , 45
R H MR BEERIBEA T #ifkrh, 4R
HrA AhRab7-1 1) cDNA 224 872 bp, % 1 K
/N 621 bp BY5SEHE ORF, H: 573t FN 3" Sty E i 7 51
(UTR , untranslated region) 435l & 201 bp F1 50 bp,
PGS 206 SZHERR , L/ F it K/NR 23 kDa;
AhRab7-2 1) ¢cDNA J¥ 54K 0 816 bp L H & 1 A4~
SERLIK ORF, K/ 618 bp,5' 13 UTR 435114 40 bp

% |

bp

M:DNA Ladder 250031 .2 . 5 41 [T ki i 1) % 5 45 SR
M:DNA Ladder 2500,1 .2 : Digested identification of
recombinant vector T-AhRab7-1 and T-AhRab7-2
3 EcoR 1# Hind WXUEEISE AhRab7 EE TA SEREEK
Fig. 3 Enzyme digestion of the TA-AhRab7 clone vector
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Ah: 464 (Arachis hypogaea) ;0s: IK TG ( Oryza sativa , AY226827 ) ; At $U 3+ (Arabidopsis thaliana , AC007504) ;
Gh : #34E ( Gossypium hirsutum , AAD22451) ; Gm ; K. ( Glycine max ,S39566) ; Pg: Bi 5. ( Pennisetum glaucum , A829438)

= 4

FEXE oA

F1158 bp, Hegtth 205 AR , HE H xR/
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I R AhRab7-1 AhRab7-2 F3ER 535 4
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Fig. 4 Alignment of the amino acid sequence of AhRab7 with its homologues

AR B B ETSA 580 LA K C 3 ml A8 40,
AhRab7-1 AhRab7-2 F& X Ul 2 15 1) 22 JL R I 91) 7
GenBank P #E 172 LR e 41 [R) VR 3% i 4% TR
HIILELAS T Rab 85 11500 80 BT 3 191751 Je 4
7f AhRab7-1 #l AhRab7-2 B [ C s#B A 1 4
PRSI 2 B &R (Cyt) |, H W 2 18] i 8] 95 0
71.71% ; AhRab7-1 588w 7 (1) 2 5 2 )3 91 [ 8
i, 18 90. 78% 5 5 K & B & 3L W2 )7 51 [R) U8 M de
18, A H 70. 87% ; AhRab7-2 5K 0 1Y 2 I 02 75 7]
T 35 85. 85% , SR IT By S LR 791 [ I
A%, AN 69.76% . 751, AhRab7-1 AhRab7-2 1%
T F= IR & 4 A Rab 85 A ZK G AR SF 1 KATIGADF
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Table 1 The homology sequence analysis of Rab amino [ﬁ{%%ﬁ@vﬁ\: N ¥l C SRfE K B MFEH A 5 al
acid in several species (%) s ’ WFoT R ER T C 229 C.CX . CXC . CXXX
AhRab7-1 AhRab7-2 OsRab7 AtRab7 GhRab7 GmRab7 BUAVERENLAF T 5 5380 2B EEIRR (Cyt) Zid ke —
AhRab7-2 7171 I o v 5 A M N E T T RE R 2 5
OsRab7  85.92  72.20 5% C Pt E R T R e R
ks s s UL B H7 T AhRab7 28 1 A (57 45 4
ni A~ 2+ Q;i:
GhRab7 85.92 74. 15 86.89 83.50 ( Fé—]‘s) ’ EE [g 5 ﬂjb ’ AhRab7 % E F ﬁ GTP/l\Eg “H
GmRab7  70.87  85.85 71.36 68.45 73.79 A sl Rab EASRIATH 5 (G ~ 65) TR
' ' ' ' ' FAEF B, I X R 1 HAT A XY v B RS
PgRab7 82.04 73.17 83.98 82.52 88.89 73.30 N — JENN
¢ — A RHIE T BRI Frgmts i) 8 HJE T Rab K%,
1 :"!- a ™ - 7 L"{ |1I |.:|“5
e e S S S S s et
Quory sel’.%.ﬁ:‘* Binding site Amain FYur A AL r
GDT Eeberachion aite § Fr WYYy 64 Rox b [>T
pulslive GEF Enlorachion site ) Assmasy 44 Rab subbanily relif 3 TRabEFIY Sink} Rab sublanily rokid 4 CReBSFA} Sikmiiny
putakise affector inlerachion mite JLANL [T YT Y i

pubfaniby retif | (RabSFIY ifwitch | rasion f JRNBARY 3 box b
G1 Lo ARAmALY & bow ) Switch 11 revion fAmAmERSY
Bab Casily sotif | (BabFi} Ak} Bab family motif § (BablS) Simig
Bab Family molid 3 RabFIF ASbG
Bab family solif 3 (Eabf3) g

Rab subfondly metil 2 CReBSFIF ARRmANRERL AN Eab family molif 4 TRabFer Rkiny

Specific hits
Superfanilies | Ras_like_GTPase superfamily _
Hulti-donains PLNO3110

&5 AhRab7 EBRTEHIEEE

Fig. 5 The patterning of AhRab7 protein conservative structure domain

2.2 AhRab7 HEZREHERIHE PR ITE AhRab7-1 W SCREF B HA 1 A 85 (505 fif

Ph% AhRab7 (AhRab7-1 AhRab7-2) i TA FLfs
AN, A Nde 1 F1 Hind 1B 7 25 (045
S5 YK AhRab7 FE RV b b 31 IR A% 22 38 444K pET-
28a( + ) I, kg T SRR R A TR (E 6) , Il

T—C) KRR B TR AT A P bt i) 2
KEMRITH) , AhRab7-2 ToABAK. . 4 b BRI o PR
ALK M BL,, (DE,) 1, 705153 7547 pET-
28a-AhRab7-1 pET-28a-AhRab7-2 P sipE T4 T,

M 1 2 3 4 M
bp

bp

A B
A7 PCR B IEFHPESERE ; M: DNA Ladder 200031 7K 52 45 #8443 4 AT 2 F pET-28a-AhRab 7-1 ,pET-28a-AhRab 7-2 (K IHHT B AR
A: Verification of positive clones by bacteria PCR,M:DNA Ladder 2000,1 ; Water,2 : Empty vector,3 4 :The PCR products of E.
coli contain recombinant plasmid pET-28a-AhRab 7-1 and pET-28a-AhRab 7-2
B f 41 Tk PCR B&3E FHPESTE ; M. DNA Ladder 20001 .2 ; LA pET-28a-AhRab7-1 .pET-28a-AhRab7-2 AR
B: Verification of positive clones by plasmid PCR,M;DNA Ladder 2000,1 2:The PCR products of recombinant plasmid pET-28a-AhRab 7-1
and pET-28a-AhRab 7-2
C:Nde 1  Hind T AURFIS6E B 5P ;M : DNA Ladder 1500051 .2 ; T 20 Bk pET-28a-AhRab7-1 ,pET-28a-AhRab7-2 XU
C: Verification of positive clones by enzyme digestion,M;DNA Ladder 13000,1,2:Digested identificationof recombinant plasmid pET-28a-AhRab7-1 and pET-28a-AhRab7-2
6 FEiZREHEHAEIIE

Fig. 6 Construction of prokaryotic expression vector
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2.3 AhRab7 BEREARNFESRIEFL4WL

FEAF MR 2Z 1 mol/L Y IPTG i T )5,
EEHRKEREN EERPBEERIENER, &
SDS-PAGE #:ill 1 K /N2 23 kDa B9 45 551 8 1 2%
W, SEUZE A A (B 7) I BB DITE D
UG HRZH 1 B 4 ) v A A 3 B Y 381 SRl
2E R W AE B4 T pET-28a-AhRab7 ", H )55 A
ZES A MR, H B & A DA iR g L

kDa M I 2 3 kDa M 1

30

20.1

A B

FETE T A M2 i 3 e T e A 2 Ak
pET-28a( + ) A His JE LIRS ¥ G 4P =
PERR I Ni FE 24k, B U W 28 SDS-PAGE 1 £
I UER H B9 A AE 60 mmol /L KB 35 B 14 )5 39
FEURBEDRIE T ok , 76 DR MBI B2 24 80 mmol/L i H
(R 2R P e B A B T, 2 @l R R (RN
23 kDa, K/NSGHUHAHST (K 7B) , R W H (9 £ A
FEZ AR T R T Rk,

Ly . ' - i 23kDa

T ----—

18882

201

A:AhRab7 H I 2 IPTG S5 HIFIK ;M B FAFRIES Tt 51 ~ 3 & 2k pET-28a . pET-28a-AhRab7-1
pET-28a-AhRab7-2 W HE AT AR 1, AN 3k i m
A ; Expression of AhRab7 recombinant protein after IPTG induced for 8 hours, M Protein marker,1-3:BL21(pET28a) ,
B121( pET28a-AhRab7-1) ,and BL121( pET28a-AhRab7-2) ,respectively. Arrow indicates AhRab7 protein

B A AR it 20 PR s M S BRI 31 5 1 TR BB L R At 5 2. A B TR 7 3 A
B:The comparison of purification component, M : Protein marker, 1 ; Elute with addition of imidazole buffer,2 :Elute without addition of imidazole buffer
C: BRI ALl M S RIES T4k 1. 25 304 pET-284;2 3. TALAA pET-28a-AhRab7-1 ;4 .5 . TELH LK pET-28a-AhRab7-2 , W} Sk BT 7R

C: Purification of expressed protein, M : Protein marker, 1 ;: Empty vector,2-3 : Recombinant pET-28a-AhRab7-1 ,
4-5: Recombinant pET-28a-AhRab7-2. Arrow indicates AhRab7 protein
7 SDS-PAGE #ll5#f AhRab7 EARAMIFESRIZSHL
Fig.7 SDS-PAGE analysis and detection induced expression of AhRab7 proteins

2.4 EAFERM KR

A kL pET-28a-AhRab7-1 Fl pET-28a-AhR-
ab7-2 F 75 AR pET-28a 22 PTG 5 % )5 , £ AN ]
(4 B T] 500 5 OD g o » 225 il HE AR 4 T 28 (1] 8A
B.C),NaCl ¥R EETE 0.5% ~6.5% Z|a], T A i)
KIGAT R ABBEIE# £ KK, ARRab7 JE R f i 2 355
FRAXT A K= A B R 4 SR b i B T
WS R E] 8. 5% ~10% , 5528 #AR M K I AT i 2k
KT8 9 H AR A 32 B4 I i 5 20 T Y A K
LR 2 FRVR FE (AR AR SO B S B vk B Ak S
£ 15% %t R AN g6 20 1 22 5 il & (&1 8 D),
ZEIRZE S | K pET-28a-AhRab7-1 5%} R4 1E = 3h
ZF R Y 25 Sk W i, pET-28a-AhRab7-2 5 %} I8
Y2 S WK, R H By R AhRab TE
ZHREPE & ma L, B2 MR ERELTY

X R b8 ) AL A 2 R Bt — 2%
WET AhRab7 H R X} &5 £h 26 55 0 30 A 8 4 1 it
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