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FIAIFE A Ah 56 F LTP 5 MR8 36 A2 [ 09 56 &%
HRIE A /D, 5 B X T LTP 845 F0 46 ML AR
WA IE A JEHIE e AR [ R R h, i
BN HAR AR, B R a3 A A A )
A BT B AT W0 A R o Ol A W] AsE246 A 3L Az T
R AR P B A AR T AL, AS BT 5T 0 G R U
HARTE W 5 AsE246 A B AR Y 16 32 0 E
1, I I 50 S TR 1) 2H SURITIN 25 IR ARAE , K e
IR YRR AL . 4G AT A R AT R
ZEH TN EEE (1R AsE246 A AR FHALER, K
A 3 A T S0 38 0 25 R B B RE L N R IR AT ST
AsE246 1) T RE I8 £ BIL ) £ 3t — 2 4 S B 4K A0

1 MopAn 7 %

L1 ##
1.1.1  FEERABRL . B (Saccharomyces cerevisiae)
AH109 #1 Y187 H#k , pGBKT7 1 pGADT7-Rec J5i ki
¥y B Clontech 2% &) (56 [, A 4 JE ) , £ 2%
18 2 AR 98 B ( Mesorhizobium huakuii) 7653R . K7 FF
W ( Escherichia coli) DH5a 71 DH10B Hy e\l i 4= 9
o P R S A (R A R ) R A
1.1.2 3 AR 7] A1 4% £5 : Dnase I ( Rnase-free ),
Reverse Transcriptase M-MLV, Ribonucleasa Inhibitor
(TaKaRa) , Taq DNA & i | ExTaq B§ T4 % 45 M
(TaKaRa); SYBR? Green Realtime PCR Master Mix
(Appllied Biosisterm ) ; 4% Ff B2 i #4: N V) B . DNA K%
B H 5T AR Fementas 28 A ™ i o Step One
Real-time PCR Systerm ( 3¢ [# , ABI) ; {3 = % 2 25 H
& AL GeneQuant 100 ( 3 [# 3@ H 2 7] ) ; PCR X
(Bio-Rad) ,
1.2 ZRRALRMBRE

FET0L396 1 55 = e b 1 EAT I AL B JE T 95%
JoK AR 5 min, FEH] 3% IR A TR BRI 5 min,
SR TR KIEYE 7 -8 R, i Ja B 70 1 F T 2%
(R 25 B i B 95 S e 1, 22°C BB 9% TR E K MR
BB A KT AU B B AR B SR AR — K
Hh R e e 5% rhoig AR RURE TE T653R 1 IR W 1), K
WFETCEE FRWL o 76N [ B 30942 R 40) OR S AR 98 4
T E LR, -80CIRFF

2PN S RNA il 2« 3% I Trizol ¥4 $2 U%
Fift 46 5% v i A MU T S8 S F T B m AR A
ZUE RNA, 28 DNase I 4L 5, JI 5 RNA 4fi & 13k
o 28 1. 2% W AR R R A L VKR TN RNA SE R
PLaifk RNA SR 47T RT-PCR, 58 = 9 20 J 7Y

FiA 1Y Ubiquitin KAy 2 56 B, A6 I 43 A7 B A 55
PR Ay 2R3k e PR AR Ak
1.3 FEEEYEBNFEREAE

R4 A% % 78 NCBI %% 02 1) Ask246 3 5 T 4]
(DQ199648 ) & it 51 ¥, b U 51 ¥. 5'-
CGGAATTCATGAAATTTGCATATGTGGTT-3" (%
EcoR 1 % B {7 s ), F WF 51 #: 5'-
CGGGATCCCTAGACCAACAAAGTTTGAAGTAT-3'
(& BamH T SERENL ) o FEICEE 2= 8 [ Z0E 5 I8
B RNA AR RT 250 & 3L W 43 & L ¢DNA 25 —
B, LLBLEE cDNA R BIAR Y3 B 1Y Br AsE246,
PCR 4 B4 F2 ¥ :95°C i A5 P£ 3 min; 95°C 48 4 30 s,
50°C E 1k 30 s,72°C ZEAfH 30 5,32 MEH;72C HRK)F
FEfH 10 min, PCR =4 AsE246 J; pGBKTT ki, LU
EcoR T} BamH T #E47 3UEFY) . I T4 % 2 Wi #4
w2 ik pGBKTT-AsE246 , SUEG Y K I 5 43 A1 4
E 4 SR A I A
1.4 FHERMNGELERENE

BT IE# i pGBKTT-AsE246 4k Y187 J 1)
2 AN, WA T SD/-Trp Al |, 28C K %, 1@
1F TR PCR S I 375 18 T R 2 75 5% Ak B ) | R 5 4 5
A I B T Bk 230 ) 26T SD/-Trp + X-gal #i1 SD/-
Trp/-Leu ¥ Mz |, W 2< SD/-Trp + X-gal - #z k-
96 h P T T4 15 A8 B 0 ARG A HL [ BT . PRI
SD/-Trp ~F-#i I i B3 % ( AR K T 2 mm) 70 T
SD/-Trp AR 1 77 5 v 48 R 85 9% (200 v/min) ,
££24 h N 0D, AETS #3 0. 8, LUK IN37 1 4 11 1Y 75
Mo B JC H BN G FE B pGBKT7-AsE246/Y187
Ftk 5 CME N & H LI cDNA CE pGADTT-
cDNA/AHI109 B # iF 17 4% 3¢, 28°C #% JK (30 -
50 r/min) $%5 3% 20 - 24 h )5 ,7F SD/-Trp/-Leu/-His/ -
Ade 1) 3F-Hz I 9 % BH 4 50 B, IRl £ SD/-Trp \SD/-
Leu 1 SD/-Trp/-Leu “F-#z ik Ai A I 585405
1.5 PHMETREFEE

N0 055 A A 1) PH A 5 B 452 B SD/-Trp/-Leu/ -
His/-Ade + x-gal - Hg , WAL 7 [ F 2 75 W % DA &2 fifi
BIE o Ke 00 AR A5 B PH P o B R 47 18 95 PCR, K 4
AR BRI il B B A B BE P e R 5Tk 5 1k
KIGFEE , FFH AR BT PEAS 7] 53 25 1 o B A SC 4
AR BB BH P SCPE w8 SC PR TR 1Y) FH P v [
HEAT PCR, Uk I 47 3% i 4 A B Be R/, e,
4 W AT IE M B B SR T AT T B [ 5 /N T
H A8 A PR I I B P TR e O A A P P T B
AT , 45 2R 5 NCBI £ 4 % L xF, A DNAMAN
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AT I BT
1.6 HixEERRIERSH
K H Real-time RT-PCR {0 H 1) 3 [F 78 AR 7 55

AR E L LL 8 % 1T AR R R R AR
ARGIMFFHIILE 1,

*x1 H#EE RT-PCR F1 Real-time PCR 3|

Table 1  The primers used for RT-PCR and Real-time RT-PCR of target genes
Target genes and use of primers Sequences of primers (5'—3") Sizes/bp
left: ATGATTCAACAAATGCAGCATCC
D in of AsDJLI PC :
nal domain of AsDJ CR right: TCAGTGAGGGACAATGTGTGCTC 300
. left: TGACTCACTTGGATGGCAGAC
AsDJLL Real-time PCR right; GGCCTTGGTGGCAGAATAG 214
left: GTATGGTCGCAAGGCTGAAAC
18S rRNA gene Real-time PCR ol 232

right: TTAGCAGGCTGAGGTCTCGT

2 HERFAT

2.1 iFEREK pGBKT7-AsE246 t8&

FIW PR ELE ExTaq flf 438 ) AsE246 1 5 4> i
X (399 bp), | EcoR 1 } BamH 1 3§ 4]
pGBKT7 Fuki f2 PCR ¥ 34 i () AsE246, F| ] T4 i#
F2 G F A 8 20 TR pGBKT7-AsE246 , WL 1) % 5
2 TR B, Y A5 RS BT S — B, TR A
LY o A5 W BURL pGBKTT -AsE246 6 Al ¥ B T
Kk Y187 ,7E SD/-Trp + X-gal 4 | & A 0, 7F SD/-
Trp/-Leu EAAER % H I H #0617 , OF HAER 37
U el I N T S o SO DSl 7 A= NI YD e e
T B DA AR B Bk, AT T T RE XU A8 AT HAAR AR
W) D I
2.2 X3 AD-cDNA XEREHRN

Fie B SCERAEARME AT 5805 %, FRATAS DN 1 T iy
HBICEM T E, SR B REAMR N3 pg
pGADT7 4 1.02 x 10° #:{b F. M % =3 AD-cDNA
SCHE TP B AL B SBGR 23 SCPE PE B: v B, i SBOCH: Bk R 17
PCR a4 A 7 Be R/ (B 1) Ly 4 R v U4 A
Jr B AE 500 bp — 1.5 kb il A, e WA SR A
WU, AR A T 8% | A I SCE IR B T R Y
JoT f SR, T LA Ay T XU 2% 52 118 L PR S

1 2 3 4 5 6 7 8 9 10 11

bp
2000—
1500—

1000—
700—|

400—
200—

B 1 AD-cDNA X ETERA PCR &MBEAN B

Fig. 1 Insert size detection by PCR for random clones chosen from AD-

c¢DNA library. M. Marker V; 1 —12. Inserts of random cDNA clones.
2.3 PH'ME e BE 0 1% 1 36 HE
A5 15 3 4k AL AD-cDNA 3C % w49 Bifi 48 45 3

ANFH M T e, OF 78 SD/-Trp/-Leu/-His/-Ade/ X-a-
Gal “F- g b 47 (& & 1E 7% I8 &2 0, BH 2% o B 7
I P B R o AR S AR AR — A BH P e R (A 2-
A Fisk Brdg s ke ) o AR PR s BORL, FIR AD i
BB R VR S W (5'-CTATTCGATGATGAAGATA
CCCCACCAAACC-3" il 5'-AGTGAACTTGCGGGG
TTTTTCAGTATCTACGA-3") it 47 PCR, Hi Kk 45 31
AHEbREA R B, B g i e R AR R B
1.1 kb, iz H A5 BB A6 K #F 1, R Bk 1
BB 4 B a4k H bR BURL . I SR U B0 58 3E (1A
2-B) H b5 Bk E #E 4T IERE 8154 55 10 TR bR AT
AR B R WoR T A Wb e 2T R . e
W38 3 I UE 1Y PHAE cDNA o e Fr B B 38 2N 51 .

MV Ml 3 MV

564

2 AT RE S 0 4 R R A W ER Y] 38 E

Fig.2 Results of re-screening for positive clones and confirmation of
positive clone plasmid digested by EcoR I and Xho I. A: 1. positive
AD ¢DNA clone; +. positive control, BD-53/Y187 strain mated
with AD-SV40/AH109; -.
M1. ADNA/Hind I ; 3. plasmid of positive clone digested by EcoR
I and Xho 1.

negative control. B: MV. Marker V;

2.4 [FHMSEFE cDNA 5 5l 43 47 0 Th BE 150 36 E

5 BH M S R ORL i cDNA U P &5 R o
DNAMAN # 31 # A NCBI th#47 Blast 43 #7r, &3
iZ ¢cDNA F B4ty —4~& A DnaJ-C super-family %5
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MBI o T SN M 4 R 1 ) fE

SFHEHNEELR, FAPERER SR BEE
AR AR () 4 88 ] P8 DI AT 1 e X o #r (3R 2) o 25
R - B v 2 5 2 R 0 2 L Dnal) S5 K950

K& PM37 ( AAD51625.1) . fl ® 4%+ ATJ2 ( NP _

568412. 1) 4% Dna]-like % H B A 1R = 19 [&] 5 1,
T AT T4 DA SC 28 v 2 JBC ) 32 B A 2 1 R 2 ) 35 TR
44 4 AsDJLI (HMO064455 ) . [a] U5 73 #r 45 R 32 W]
AsDJLI 1) 2 K2 Lo Rl IR 8 (1 /0 (RO 5 40 3 A [l 45
ey I A DR/ B R L BT R RPEAR o
DN - AsDILL Rl RIS B H o — R & 1 J 4
s s A R B, A FTREJE T Dnal 1 3K A, T
Dna) I B3 H BT B A B Zn 15884 ] GE AR 400 R T
TR Zn SRR —KE T S 2 R A I E s A Gy
H A A A EAE I AR ABA {5515 5 1)

FEPEF 5 LTP (92 515 51438 (9 T B AH
1", Dnal-like 2 1% T fE 4% 12 4 & & 11 4h, tLfig
M LTP —#E 2 5 R 5t A 9 sl Al A 4 & 0 ik
R, AsDILL 5 AsE246 [ 2 RE A L1, i 3%
T AR SERE A T — 2 1 BRI AR 3 .

SCUGTERH  AsDILL &5 A ¥ M, A B B W R
RAEMEAEH , WARES 2 AD (BD 2 {k & AE/EH.
JWE5E Dnal-C 85K 302 5 5 LTP A B4 F DL R
TES AsDJLL 5 AsE246 (A B AEHI G &, FRATLL4E
2L cDNA SBT3 3% 48 4> Dnal-C 4549 3801 4
i HE 7 51, f% Bk 49 & 9 AD-Dnal J5i RL % A
AH109 [ £ 18 ¥, B K 55 180 5 4k BD-AsE246/
Y187 /i Bl 2% 28, & B BH M fil & 1 7R 1 85 6
O T AfE T AsDILL BT & 45 1Y Dnal-C 45 #4 35§
S5 AsE246 fE7E IR N A BAEF .

R2 AsDJLI HIBEAWEIRILITER

Table 2 Comparison of protein encoded by AsDJLI and homologous proteins

GenBank No. Homologous protein Homology/ %
AAD51625. 1 seed maturation protein pm37 [ glycine max | 89. 83
XP_002316479. 1 predicted protein [ populus trichocarpa ] 88. 14
NP_001149958. 1 DnaJ protein [ Zea mays | 86. 02
ABB16989. 1 Dna]-like protein [ solanum tuberosum ] 85.17
NP_568412. 1 ATJ2; protein binding [ Arabidopsis thaliana ] 77.97

2.5 BNEEADILI EEZERBEHLAFHE
X 4FAE

28 2 e AR S T AS IR B [a) AR ] 38 B 4
U 5L RNA B & — 30k B I % il eDNA | #1147
Real-time-PCR £ Il 8 3 [ AsDJLI 7£ 8% B A4 1y
FARFFIE (B 3 K 4) . MK 3 AT UL AsDJLI 1 IE %
[i] AR 988 e A R, TR IR AR ZE RN R A R
BEAR, AN 2 b RR IR TR (7% oF ECRR RIS [T 4R TG 45K AR 97

107 2

09+
0.8+
0.7
061
05¢
0.4+t b

03}

02}

o1} be be

oL W . : g

R S L N CK N+F-
Different organ or tissue

mRNA relative amount

B3 AsDJLI EEREAFFEHRNRIEHFE
Fig.3  Expression pattern of AsDJLI in different organ/tissue of A.
sinicus. R: root; S: stem; L: leaf; N: nodule; CK: no inoculation;

N*F~ : invalid nodule (P <0.05).

mRNA relative amount

2 8 10 17 22 28 33 38 43 48
t/d

E4 ADJL EXZRRBEEMERLTBFHRE
$54E (P <0.05)
Fig.4 Dynamic expression pattern of AsDJLI in the program of root

nodule development and nitrogen fixation of A. sinicus (P <0.05).

hRBEILFAE, 2l Gt o HriE W AsDJLL AE
I S ORI TP S S MR 9 3RO X AsE246 1
HRIRE o S R ORI B A A — B M —
AT 156 B T % B AR R AsE246 R BB AR ELVE HTIN
Z 585 R RGS e B 4 Gk R] W AR ARV R A T
R AR B A 6 8] 0 HE RS, #E3E  AsDJLT fEAR
R R R A T ) R ] B T, FRATT A I
SED AT BRI 5 AR [ RS I AR R A K
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2.6 BHrEE AsDJLI 7E1R ¥ R 3 B8 &5 4 T 9

DL R AR 58 v 18 A AU TR Y 5% 2 S R R O TE X
HE, AN 422 A A B Oy 106 B, 3 b B R SIE B AH . SR
2 A 3e &b 3 75 X . 80 mmol/L NaCl 1 10 mmol/L
(NH,),S0, . TEHRSE 15 K5 FF4f S5 30 4k 2
FEMIE AL BE 15 d J5 R AR R AL RE, Sl ICHD B RNA
IR 2 —BOk B, RSS20 8 B PCR R i
AT AsDJLI 5 PR i) AH X 2 3B (1 5) i R AH (] 1
R 51 SR [ vk B2 B R AR , S 43 A S 0 T AT 3
WA E 3 AEE, 458 F W NaCl Ppin
Qb BRI 5R 2 SRR b ) 2 3k DR 3G 3k T OE N R
(NH,),S0, 4bH AR rh H 3L 5k 5 B WA 7 1 X AR
Zepd eIk 25 5 T AR B W RP W GA A BT
AsDJLI ik w5 # B A W M 2 %, NaCl &b 2 )5
AsDJLI FEik 30 4 AsDJLI 5 NaCl 36 57 % 41
fil4 5, (NH,),S0, 4b B J5 AsDJLI FikEAK, X 5
R IR [ G200 1 B S B AR A — B, AR SR R AH R Y
filp 3 4% 4 0 kb B D5 R, AsDJLT 9 £k Ak 5
ASE246 [ 3R A4 B 5 1 B — B, oE—
BT X R A EAE OGRS

25 a
2 20}
=
(=}
g
2 15t
=
& b
< L
! 1.0
a4
=}
05t c
ck+ NaCl (NH,),SO,

Stress conditions

ES5 MBEFHETEREIREH AsDJL] BRI
T (P <0.05)

Fig. 5 Expression changes of AsDJLI in root nodules of A.

sinicus under stress conditions( P <0.05).

3 ik

A SCH M ) pGBKTT7-AsE246/Y187 5 /H 7
P, NS = 9E AD cDNA SCEP T 5 AsE246 #H
HAENMEE N, E A A Dnal-C 55, 8 T
DNA K. W5 & Dnal 1A 3 F, 158N
EIF Dna] # 4,11 F0 1T &2 (4 52 Dnal-like 25 |
Dna] # 12 Hsp70 fEAR - F R GBI L, BR T
ZHEANNE R BEmeEss " wsy

AN M3 T 7 R BE SR Y iR 1 AsE246
S=— Fh KR BE 09 % B8 45 B ( Lipid Transfer Protein,
LTP) , 7AW 3 70 H R AE AR vh 2R3k . SCE0 TR
WY, LTP B T n] LGS AR 28 W I, ik HLA i 2 4E
2 SAE 0 BB PO R BN AR R R A R
A R M K 3 3 4 JE a3 S b
PAE S B i 2s i TR E I D0 AR B U B
Py s R AR SN SR 6 T LTP A 5T b4 i
190, A7 FLAE A N 5L AR AR R 4 AL R AT A

AR SCHE o BE RS 3E R G0, A5 5 AsE246 #
H VE JH B Dnal-like % 4 AsDJLI, AsE246 A
AsDJL1 Jir J& i) 2 11 06, 76 D g b LA AR R ) AH A
P, AU TR 356 B ATT =2 180 0T RE A AH BRI VE .
THEB SRS E AR Y R R B 5, AT XA
E8 UL 5 22 B 38 7 A 0 28 (R 0 1 5 e 3 B
MAe N, W 4E, LTP 5 Dnal & (#7548 4 B
B AL A B EEEAE . LTP AR 50w ik, B T
2 5 5 5 5 T S T BOR B TR G, A
Bl HLAT — 2 1 BB SO0k 35 i w72 40 i 5 5 i
PERFC A, HHEER MG 3" . Dnal & (A i
&2 5 ME A G kR R B E Ok LR
93 BRI A A2 A, T 3 A 1T R 2 A ) M 7 2 7 8 0 2
HWK,LTP 5 Dna) 25 [ 7 3458 1 200 3 30 8 45k
A=A W P R AR B b RS AR AF . LTP
B 22 YA 56 I BH T 3 5 i X ER A e RIUK S 2 R
faf Bk s Dnal 2 P14 Hsp70 2 (1 69 46 Bl
B, S5 400 R 7 BB RO, 98 5 IR R A R
DA 422 VAT 240 L XoF A1 5 7 A e S A AN A P B A 1 3
Pk B R, HSP70 fig i 4 Dnal & (3R 59 45 & K %
P22 RS W o AR 9 B 45 4, 16 i A= Pk | 8 40 i
T2 4 JE 1 o Geetha 55 (2009) 3 i 75 X 46 A=
HEAT K AN 52505 JEBH T nsLTP 1 Dna) 25 [ 1)
FE IR TR BOK 0 e R S B TR R A
WRB P,

AR SO 3 i SE B S 2 i PCR 43 AT, 45 2R R
AsDJLI il AsE246 1#) 241 ZUFN I 25 23k L DA KB 38 4%
PEF B BB AR AL SRR A, T S A7 16 35 8 B A — Bk
BEF ph AR S50 45 5 R SCHR i, FR AT T LA 5 T
F 1 AsE246 SH1E 1 AsDILL A E 4 H Y W] fig ik
o HHE, LWIEY] LTP hfEfEE 5 CaM AHAL 1Y {7
SOTTREAS SER RARWEYTERSS5FEY
ff5 55T Dnal AW S 555055,
g HSP70 43 FHEAR R G4 LR 15 4552 AR 4B
HA ABA (5SS = e iz m
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REAFTEE fE S IR R W2 SR R F 4
A ML #, ik, Dna] lEAEH WAREK G
WL TP K 1 RE 52 N6 2 W I, I8 4 Fe AT B 5
PR EE AT LIOR 58 BUIE 260 T #e 12 i) — R 51 id 7 .
Dna] EHAE N —For AR ABIER, BB 2S5
LTP HHIr & ez KBS, LTP {F h —Ff 70 i 2R
F %A W RES Dnal 2 (A A7 76 AH HAE A .

ML ARSCHEWARE 175 LTP A G AR A
H AsDJLL,Fk 1153 #1ih A AsE246 5 AsDJL1 FE HAf
REJE S A Wy S [R] A, 2 55 AR08 3 A 181 A RN
ria A B o EE AT 3 AR A AR B R A T RE
LML, i o5 ik — 5 TR AWESE, 4] il 3 RNAi
BORWEFE HAREE TR G B89 36 2R R A 8 5 X 1
PEEH AN (BIFC) £ AR BT H AR 8 H A6 1% 40 9 19
L (R 1 VA

%% Xt
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Screening of target protein interacting with lipid transfer
protein AsE246 of Astragalus sinicus and expression
characteristics of corresponding encoding gene

Qingyan Zhu, Yixing Li, Ning Wang, Dasong Chen, Youguo Li”
(State Key Laboratory of Agricultural Microbiology, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: [ Objective ] AsE246 was a novel nodule-specific expressed nodulin gene encoding non-specific lipid transfer
protein 1 (nsL.TP1) of A. sinicus. We screened and identified host plant target protein interacting with AsE246, and
characterized the expression patterns of target gene under symbiotic and stress conditions. [ Methods] Yeast two-hybrid
system, small-scale yeast hybridization test and real-time PCR technique were used to capture the host target protein that
interacts with the bait protein AsE246, and to quantitatively analyze the temporal and spatial expression characteristics of
target gene during root nodule development and nitrogen fixation process. [ Results] One positive clone was obtained, its
c¢DNA insert sequence and Blast analysis showed that: the target protein was a DnaJ-like protein, thus the corresponding
encoding gene was named as AsDJLI. AsDJLI was specifically-enhancing expressed in nitrogen-fixing root nodules, and
significantly increased under NaCl stress while significantly decreased under (NH,),SO, stress. [ Conclusion ] This work
was the first report on the isolation of proteins interacting with LTP. The work obtained some direct and convincing
evidences to show the interacting gene demonstrated high similarity as AsE246 in expression patterns and functions
involved. The present progress provided a basic foundation and theoretical basis to undertake any further investigation into
their interaction, and regulation mechanism associated with symbiotic nitrogen fixation or response to environmental stress.

Keywords: A. sinicus; DnaJ-like protein; expression characteristics; nsLTP1; yeast two-hybrid
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