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11 BEHERM

B2 +E: (Sacccharom yces cereviaiae ) Y187 B ¥k,
ki pGBKT7 1 pGADT7-Rec ) H Clontech 2\ 7]
CERE AR . B BKAR o AR AR 9 3 (Mesorhi-
zobium loti) W ¥k NZP2037.E. coli DH10B B £ H
A Al R A A AR A ) 2 T 5K R SR 0 AR A
12 FERKH

Trizol RNA i #2135 & Invitrogen 24 F] (3£
Lo A AR JE D 7 s e s il Rl & (TaKaRa
RNA PCR Kit(AMV) Ver. 3. 0) ., B i # py 1] i A

B E S FAEYSIF Y A TaKaRa 2 # .,

PCR Fr 51 9 A0 7 el A6 50 BB A= 1 8 w1
1.3 BRRAEFFE

WA AR (MG-20) 9 Ffr - 328 47 35 180 99 75 Ak 2 .
70 % JCIK ZBEAL HE 30 s, 2% R AR HNIZ ML 8 min,
TCTR K ERVE 7~ 8 WK, F 5% B8 1 7K 43 #E A7 4 b A&
2,22 ClEGE IR B K5 8 8 19 T e K 17 2R K
N2y 2 e BB 2 K G AU 5 5%, B R RE T
PRIZK 55 It O 7 9 A 10 o s 422 AR R 7R L S R
KUATCEE FRWHATHEHE 22 COL I .
1.4 GAL4 BD-NSP B2 R ix RH fI#3

R4 NCBI %% 45 42 it 9 NSP1 3 5 (Gen-
Bank: EF012819) il NSP2 (GenBank: DQ665943)
Je oo it NSPL gl (LRSI 5'-CCG-
GAATTCATGACCATGGAACCAAAC-3' o
EcoR 1 W VI 5, T g5 ¥ 5-ATCGGATCCT-
CAGCTTGTGCCACCCT-3"% BamH 1 BN 5D
I NSP2 519 (#5149 5'-GGACTGCCATAT-
GGAAATGGATATAGATTG-3' & Nde 1 B V] iz
A, F U 51 ¥ 5-ATCGGATCCCTATGCA-
CAATCTGATTC-3'& BamH I BV 5), UL A
AR B RNA Y S 5% 5% 77 W) AR, PCR T2 728
95 °C 5 min;95 °C 30 5,55 °C 30 5,72 °C 60 s, fEH
30 W72 CHEAP 10 min, ¥ 34 NSP1 fl NSP2
MK mIEBAE, 2 Nde | M1 BamH | BV )5, 3%
F| pGBKT7 15 2|l BESRIE kL, Fr A7 49 2 1Y 4%
AR 35 28 32 DU B4
15 BMEEANBENSERINMERBES T

K] LiAc B il 4 e BE B AR Y187 1Y IR 32 25 4
JL LB T R AL Y187 AR . B pGBKT7-1j-
NSP1/Y187 1 pGBKT7-Lj-NSP2/Y187 %I £ £ Fh

F & X-gal (80 mg/L ) SD/-Trp BEFHRE IR I,
K4 15 FE P LacZ ik, L pGBKT7/Y187 Hy
BITpE T 8, TRV, 43 53] Bk BBURT 6 149 18 B 5% fb F pG-
BKT7-nsp2-1/Y187 il 55 4 & pGBKT7/Y187 F
SD/-Trp WK F; FE P, 30 CHER B 38 16 ~24 h,
WFE Daoo o {8 - 4878 Bl G 8 I FEE
1.6 ONPG :xEEWMiN p-¥ I IEHEEEGE

¥ 2 mL ARSI A 8 mL YPD #5
FEHEEP 30 C L5 5F 3~5 ho il sEUE DM Doy m
;0% 1.5 mL/%, % B A 1.5 mL Z buff-
er, R BLOWEE , FH 300 pL Z buffer 5 & 4l i ; HL
100 pL B H B LE P IRABAEZ 0.5~
1 min, U & 37 C/KH 0.5~1 min, THE 2~5 &K
E 1 AH B L T IA 100 pL Z buffer /E Ry 2
FIXT D s A 0.7 mL Z buffer f1 -5 3 L FEIR &
W AGE AN A 160 I ONPG (4 mg/mL), JFIAic
B30 COAKB I » 24 KN AS BB, T A 0.4 mL
1 mol/L1Y Na,CO, & 1k I, 32 55 BT B[] 5 25 0
Je B B3E AR E3E Doy e FOE s R Miller 285X
T BEFUB BT /U= 1 000X Dyyyon/ (£ XV X
Dioown) (¢ HFTHBTELV = 0. 1 X W H T\ Dioo am
N 1 mL 5FEWI7E 600 nm B ETINDG8E BEAED .
1.7 BBBEEZHH

pGADT7-NSP1, pGADT7-NSP2 4 5l 5
pNIN-HIS2 1 pCBP1-HIS2 %% {b B2 £ 5 Y187,
[f Bf L pGADT7-NSP1, pGADT7-NSP2 43 5] 5
p53-HIS2 e b 8 BE T Y187 1E b B xf |, LA
pGADT7-53 5 pHIS-53 AL L BERE 58 Y187 1B N
FH 4 % BR, #£ SD/-His/-Leu/-Trp + 45 mmol/L
-ATHHEPEPERE IR 5L b K2R (R B RRZE A H s
Ja 2l ¥ AT A 3l i R i 26 ik

2 #RE5H

21 HERKIR NSP1#1 NSP2 EE =R BRI
HikrrE

H KR 259 (5 5B & K NSP1L Ml NSP2 fip
U5 B E AR T GRAS KK W T BEAER
WWIAEFS RSP REEZRMEM. BT HRE
NSP1.NSP2 % (H B 454 f i i . 38 i NCBI i 4
LA 1 FF %1 (GenBank: EF012819, DQ665943) , #%
1931 F ] RT-PCR 43 51 7 kAR th 4 75
KB NSP1(1 629 bp) .NSP2(1 500 bp)CDS F
BEL o il v B B R RE WL 4% 58 # 1R pGBKT 7 Al
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M. 1 kb DNA ladder 737 5 #7 #fE 1 kb DNA ladder marker;
1. pPGADT7-NSP2 #§ Nde [ fl BamH 1 ¥ ¥ 45 £ pGADT7-
NSP2 digested with Nde | and BamH 1 ; 2. pGBKT7-NSP2 [f)
Nde 1 1l BamH 1 XU E] pGBKT7-NSP2 digested with Nde [ and
BamH 1 ; 3. pGBKT7-NSP1 #J EcoR I # BamH 1 XU ] 45 3
pGBKT7-NSP1 digested with EcoR T and BamH T .

1 BEAREIEIRIE

Fig.1 Construction of yeast expression plasmid
pGADT7 Jt ki I, JF 28 00 7 56 Uk Sy 1E ) () o P
(K 1.,
22 BRI NSP1FINSP2 EAABBHNESR
HMiEIER

¥4 2 9 pGBKT7-NSP1 Fl pGBKT7-NSP2
T 2 3R AR 43 50 5 Ak B T BE T R Y187 L M
NSP1 #l NSP2 & & H A7 % 5% 7 19 8% 75 45
W49 pGBKT7-NSP1 Hl pGBKT7-NSP2

A

HPS LHR1 VHIID

NSP1(1~542 aa)

Nspl-1(151~542 aa)
Nspl1-2(269~542 aa)
C

HPS LHR1 VHIID

LHRII

LHRII

1) Y187 W #k7E SD/-Trp/X-gal [F-# I, & GE ¥
W2 25 B lacZ 1Y 3RIK W] NSP1 #1 NSP2 7&
P51 i P 4R EL A BT lacZ A IER B EH ., B-
e UWE B E 45 R R BT NSPL S WM T
NSP2([& 2),

C. B -1 FLAk
1 7

ASFH BUE4UZE) B -galactosidase
X-gal plate Filter assay activity/U
PGBKT7-NSP1/Y187 B 10.44+0.45
PGBKT7-NSP2/Y187 « . = . 4.30+0.22
pGBKT7-P53 /Y187 0.16+0.03

A. SD/-Trp/X-gal V- 145 W #% S WG VE T In vivo plate as-
say of p-galactosidase using X-gal in the medium SD/-Trp/; B. i
B TR % 1 A VRS W B SR TG /E ) B-galactosidase assay using
colony-lift filter; C. ONPG ¥4 & fit & I -2 FL % 4 Wi 5 #% Liquid
culture assay using ONPG as substrate.

2 NSPI1 #1 NSP2 EE S P ERHFEEANEN
Fig.2 Test the transcriptional activation of
NSP1 and NSPZ in yeast
2.3 HEPBKIR NSP1#1 NSP2 E AL MEHART
Bt
RUE kAR NSP1 Al NSP2 15 2 11 i K - L[]
R AR ARG o 35 1R 45 () 1 AR AR B0 4 il S 20 %%

B

PFYRE SAW 1 2 3

PFYRE  SAW

NSP2(1~499 aa)

Nsp2-1(104~499 aa)

Nsp2-2(180~499 aa)

—{ta—

Nsp2-3(262~499 aa)

Nsp2-4(332~499 aa)

AW NSP1 KM 2 A~ g 228K 1 25 8 Constuct of full length NSP1 and two deletion mutants; B. NSP1 4 fl 2 4~k 2k &
AR TE R ] pGBKT7 Ji AL 1 (¥ i V) 25 55 . M. 1 kb DNA ladder; 1. pGBKT7-NSP1 EcoR | Hl BamH | XEGYI; 2. pGBKT7-nspl-1
EcoR | il BamH | Y] ; 3. pGBKT7-nspl-2 EcoR | #1 BamH | X ¥ NSP1 and two deletion mutants cloned in pGBKT7, each
was digested with EcoR [ and BamH 1 ; C. ### NSP2 2K M 4 A2k 28 B R A 458 Constuct of full length NSP2 and four deletion
mutants; D. NSP2 4 A 58748 {4 i B 3] pGBKT7 FikL [ i D) 45 58 . M. 1 kb DNA ladder; 1. pGBKT7-nsp2-1 Nde T #l BamH T 3
Fil; 2. pGBKT7-nsp2-2 Nde | Fl BamH I i ; 3. pGBKT7-nsp2-3 Nde | Ml BamH 1 S Hi] ; pGBKT7-n5p2-4 Nde | F1BamH [
Y] Four deletion mutants cloned in pPGBKT7,each was digested with Nde | and BamH 1 .

3 NSP1 #1 NSP2 R REF I E
Fig.3 Construct deletion mutants of NSP1 and NSP2
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33%0) AHEATT & A AR B LA A S5 38 4350 h
LHRI, VHIID, LHRII, PFYRE, SAW % #4 5%,
T % R A g5 R S NS 1E R A OG, R IR
NSP1 Fl NSP2 #& 1 45 #3847 & ([ 3-A, C) . 4
FIEET NSP1 S 2 ANk 8 48 & . NSP2 JE A
() 4 A BRR SRARAR AR 5 X S S AR IR TR 43 5
R 2] pGBKT7 kL I, b g 119 % ) 8 41 3R 8 2k ik
251N 3 56, 25 R WL IE 3-B. D,
24 NSP1FfINSP2ERAERHEAMBAEE
Vg A ) e 2 5 A e IR 3R 3K A8 AT A 30 T B TR
Bk Y187 ", SD/-Trp/X-gal ¥ il S BO% 16 M, 45
WRFEW] . NSP1 78 Bl 2 51 N-K it 150 A& R 5 A
FL&S T S TR D g LU0 S5 M S0 T N-R S 150
ANFIEFR T (E 4-ALC) s NSP2 78 Bl 2k 1 N-2K S
104 2R J5 b AN B & 7 S i00s D B, L B00E 25
AT N-AK o 104 P2 HE R (B 4-B.C) , fEX

A B
X-gal plate filter assay X-gal plate
|
BD-NSP1/Y187 "‘ ety BD-nsp2-1/Y187
BD-53/Y187 BD-NSP2 BD-nsp2-2/Y187

&da BD-53 BD-nsp2-3/Y187

BD-nspl-1/Y187 | o |
BD-nsp1-2/Y187 ﬁ @j BD-nsp2-4/Y187

C
BD-NSP1 ; ; : .
BD-nspl-1 W
BD-nspl-2 B
BD-NSP2
BD-nsp2-1 1
BD-nsp2-2
BD-nsp2-3
BD-nsp2-4

-+

SE

4 8 10 12
B-galactosidase activity (Miller Units)

A. SD/-Trp/X-gal FIT-H5 EN 43 BT NSP1 B He 2 A~ i 2% %8
AR I O WL LW 0L pGBKT7- nspl-1 Fl pGBKT7- nspl-2
BIAR R NSP1 #OE 25 367 T N-AK 3 150 N EERR T In vivo
SD/-Trp/X-gal plate and colony-lift filter assay of transcriptional
activation of NSP1 and the two deletion mutants, BD-53 as nega-
tive control; B. SD/-Trp/X-gal 43 H 4% 1l NSP2 K H 4 A4~k 2k %
AR B 5 S0 WS L T W pGBKT7- nsp2-1,pGBKT7- nsp2-2.,
pGBKT7- nsp2-3 Fl pGBKT7- nsp2-4 ¥R i iE . NSP2 #1545 44
WAL T N-FK i 104 DR IEFRH In vivo SD/-Trp/X-gal plate assay
of transcriptional activation of NSP2 and the four deletion mu-
tants, BD-53 as negative control; C. ONPG ¥ & @ & ] NSP1.
NSP2 & Ho 5 58 48 4 () B-2F FL W 17 1§ 76 £ The B-galactosidase
activity of NSP1,NSP2 and the six deletion mutants using ONPG
as substrate.

4 ¥7E NSP1 #l NSP2 B% & & 4id
Fig.4 The domain of transcriptional
activation of NSP1 and NSP2

— X B LA 2 R AR E R (polyE) Ml 2 H TR
R (polyT) ) HSP 25 14 358, , 1% 25 A8 1 15 e s T
VERI B Y0AH 5, T AE NSP1 o of & B03Z 45 1 58, (2
WS T PR R T NSP2 9 2 £5 0L B (] 4-0)
25 THEBk#R NSP1#1 NSP2 EHEZ & NIN EERE
B F K 8E

AR SRR ) OB AR v, € A B B 5T 3R B 45
B 46 NIN (nodule inception) 45 & T 45 &
B AL (CBPD) 1 38 35 58 4 MO T AR 98 T 45 9 A
FAF5  NIN Jr 4 i i) 25 1 2 — 5 s IR L 7
HOIRT I i ocd e SC s IR s AR L S —A
1 G RHE ) 95 22 1 E B MtNSPL U NSP2 /B T
s £ 5 ENODLL B8+ . 76 i kR 4t
G5 3B . NSP1.NSP2 A figfii T NIN
B B iE . TR, AS B T R R0 e B NN R
CBP1 N B s+ ¥ NIN 1 CBP1 S 81+
X s 0 53 4 ) B 404K pHIS2 A4 4 6 4 L, ] st
1 NSP1 Al NSP2 # 1 43 5l il & 3] pGADT7-Rec2
1) GAL4-AD g5 38 I (B 5-A) , il 3 i B B 4% 28
FAR > % E NSP1,NSP2 &7 HA7 454 NIN A
CBP1 W5 3+ By 6E J1. 45 R KUl NSP1
NSP2 #HAT 45 A R IR 459 F N (NIN) ZE K 5 3l -+
MEE S M AREL G A KRS ® T4 A EN
(CBPD XA B R 31+ (K 5-B.C)

3 i

FEE KA S5 T 5 5 % A, GRAS
(GAI, RGA, SCR) K JEE H A 2 4. NSP1 M
NSP2, &5 A — A~ 0] A iy N-2K I Fl— A~ 1 B FR <F
() C-A 3 075 5 NGB I 25 #3843 51 - LHRI,
VHIID,LHRII.PFYRE,SAW &3, #5050
BHEY B %5 oF . NSP1 F1 NSP2 & i 5 I8 — Rk,
MtNSP1 7] DL #2454 %] ENOD11 Ji 3 )it X o
F AATTT b, Ef R aim R RN R IK, 454
JE 3 F DNA X382 T 2 4~ LHR g5#930

TEHNKAR NSP2 574 {k i, NIN 1) £ ik JL-F
SEABHW, 5 S NIN M RIETE NSP2 JH S
B H KR NIN AR R BEIE 0 & i 2L 2k B
HE R AR 98 B = 0 L RN L B R AR B AR TR
Ca’ " BITRAFRE G, X TFAES WAL A ) — i
BAL BN 2500 A & 12 B L B L A5 5 oo 0 anfal AR
HAEH M AR E . A U5 R MINSPL /] L5 &
NIN &8 71— 862~ —13 i Bt . fHMtNSP2 2 % fig
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DNA-binding protein assay
in pGADT7-Rsc2

“pADH

Reporter constructs in pHIS2

NN IS or
pCBP 1S3}

AN NIN FICBP1 g 3+ X380, 5 30 4 B0 B 400k pHIS2 (9 45 6 9 _L W%, [/ B NSP1 Il NSP2 2 1143l il &5 3] pGADT7-
Rec2 fJ GAL4-AD Z5#y38 1, I 44k A Y187 1 NSP2 was expressed as a fusion protein with the GAL4 AD (pGADT7-NSP2) in yeast

Y187 cells harboring the reporter construct NINpro: : HIS3,CBP1pro: HIS3, which expresses the HIS3 reporter gene under the promot-
er of the NIN or CBP1 gene; B,C. #£ SD/-Trp-Leu-His JI45 45 mM 3-AT 19 V-4 b 356 b BEsE 19 4 R, p53-HIS2 1 pGADT7-53
LAk Y187 AE Jy BHIERT IR, p53-HIS2 Ml pGADT7-NSP JL44 4k Y187 1E R BAERT IR Yeast cells were examined for growth on the SD/-
Trp-Leu-His plates in the presence of 45 mM 3-AT. Yeast cells harboring p53-HIS2 and pGADT7-53 were used as a positive control,

whereas those containing p53-HIS2 and pGADT7-NSP2 served as negative control.
5 BB LIHH NSPL #1 NSP2 &4 NIN B3 FRI&E

Fig.5
454 NIN J& 8h 1 8cA7 B0 A Eds - . ASBE 52 )
FH IR B 22 K IE B LiNSPL Al LiNSP2 7E i
BHRRBIREE 45 G NIN J3 3 71 —500~—1 Jr
BL L TERANEA FREW] . LiNSP1 #1 LiNSP2 & [ 4
W GRAS G5 585 4 3 A~ 35 DR 5 0% il B2 A
Y EEUREIF R EHE 33 MWD W kR RS
W RS W R E IR L E L T
gy R A 2R 4 R AR W 5T IE B LiNSPL Al
LiNSP2 #8EA e s G V6 . L 300s KB 36 1
T N-A i Dl 5 I 58 2ok WERE B 52 U] T LiNSP
I LiNSP2 fERBHA N B BB 45 NIN J3 3+ . %)
EWiE E AT A4S DNA BRE T, ik sh A1k K
SEFAE Wy AR 9 o — A5 B AIE LiNSP1 Fil LiNSP2 454
DNA fig J7 & i 2 il

Z % x #
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Transcriptional Activation of Lotus japonicus NSP1 and NSP2

CHU Xiao-jie KANG Heng HU Xiao-jing ZHANG Zhong-ming
State Key Laborotory of Agricultural Microbiology , Huazhong Agricultural
University sWuhan 430070,China

Abstract The symbiotic nodulation between legumes and rhizobacteria is an interactive process of
exchange of signal molecules. Genes for nodulation signal pathway NSP1 and NSP2 are the essential
components for nod-factor induced symbiotic signal pathway. Protein encoded by LjNSP1 and LjNSP2
includes the plant-specific GRAS domain, which are predicted to code transcription factor, but the unique
biochemical evidence remains to be identified. To examine this inference,the above two genes were fused
into DNA binding domain for yeast GAL4 transcription factor with yeast two hybrid. Whether or not ac-
tivating expression of downstream reporter genes were utilized to test their function of transcriptional
activation. Our result substantiated encoding products of these two genes possess such activation in
yeast. To further determine the transcriptional activation region,a series of deletion mutants were con-
structed, which successfully identified the activation region belonging to the variable domain of N termi-
nal of each protein. Yeast one -hybrid was performed to test whether LiNSP1 and LjNSP2 proteins, pos-
sess function of binding promoter for certain specified genes as transcription factor. The result showed
that proteins encoded by LjNSP1 and LjNSP2 were capable of binding promoter of NIN (nodulation ini-
tiation) gene, but failed to bind that of CBP1 (calcium binding protein ) gene. This study demonstrates
that LjNSP1 and LjNSP2 possess function of binding particular DNA and transcriptional activation, pro-
viding important significance for the elucidation of mechanism for nod-factor induced signaling.

Key words Lotus japonicus; symbiotic pathway; transcriptional activation; GRAS protein; yeast

one-hybrid
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