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1.3 pGEX-6P1-NSP. pET28a-NSP2/NSP2-1 & BKT7-NSP1-1,pGBKT7-NSP1-2 A Y187 Bk Al

NSP £ 1< 1B £ R & BhL ki #h 2

PLE BRAR B RNA /9 5% 5% 7 9 B, PCR
P R:94°C 4 min; 94 'C 30 5,55 °C 45 5,72 C
90 s fEH 30 ¥K;72 CHEMH 10 min, P 2K
NSP1 1 NSP2 L} NSP1 f 4 Fh ik 2 58 15 {
DNA Bt ¥ % M J7 2 43 5 5 B 3] pET28a. pG-
BKT7.pGADT7 #44k |,
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Table 1 Primers of NSP1,NSP2 full length and deletion mutants
B8 519 P
Gene Primer Endonuclease

Upper:5-C GAATTCATGACC ATGGAAC- FooR I
CA AAC T-3' 0
L .5'-AAGTCTCGAGTCA GCTTGTG-
NSP1 ‘o‘wef, )’ STCTC CA GC g Xho 1
CCAC-3
Lower: 5'-ATCGGATCCTCAGCTTG TGC-
R , BamH |
CACCCT-3
Upper:5'-CGGAATTCGGTAGATGGGCAG-
NSPLL AGC-3' EcoR 1
o Lower:5'- ATCTCGAGTCAGCTTGTGCC-
B ' Xho I
ACCCT-3
Upper:5'-CGGAATTCCTCCACATCCTTG-
AT o EcoR |
Nsplp ACATTG3
o Lower:5- ATCTCGAGTCAGCTTGTGCC- Xho T
ACCCT-3' '
Upper:5' -CGGAATTCGGTTATAACT-
N / EcoR [
vspl.g ACTAT-3
! Lower: 5'-AAGTCTCGAGTCAGCTTGTGC-
A ol Xho |
CAC-3
Upper:5'-CGGAATTCTTAATTGTCTGTG-
<o EcoR T
Nspi-4 &3
o Lower:5'- AAGTCTCGAGTCAGCTTGTG- Sho T
CCAC-3' °
Upper:5'-GGACTGCCATATGGAAATGG- Nde I
vsps ATATAGATTGS' e
! Lower:5-ATCGGATC CTA TGCACA AT-
v e ol BamH 1
CTGATTC -3
Upper:5-GAGTAACCATATGGCGGCAGA- Ndo
vspy | CGACGACT-3' e
o Lower:5-CCGGAATTCCTATGCACAATC- .
. , EcoR |
TGAT-3
Upper:5'-GGACTGCCATATGGAAATGGA- Ndo
NSP? TATAGATTG-3' e
(105-186) Lower:5'-GGAATTCCTAGATGACGTGGT-
EcoR T

GCTTGCT-3'
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¥ NSP1,NSP1-1,NSP1-2, NSP1-3, NSP1-
4 \NSP2 43 5l % 48 okl pGEX-6P1,pET28a | # 4
AR FE AL IR H MR E. coli DE3 I RP 1, Fiefif 5% 1
AU RAE R DTk R IR AL T
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0.5 mL 2X YPDA #) PA Ji . [6] B 6 25 47 175 15 5
¥ pGBKT7-NSP2.,pGBKT7-NSP2-1 i Y187
R FER BB pGADT7-NSP1AH109 EkT 5 2 4
FH 0.5 mL 2XYPDA i PA i+, 100 r/min,
30 ‘CHEFE 20~24 h, K8 FEWIR A SD/-Trp-Leu,
SD/-Ade-His-Trp-Leu ¥4, 30 CHi# 3~5 d. &
THPAR B S kA ER KT 2 mm 5§
7% 5 T & X-Gal(80 pg/mL) Yy SD/-Trp-Leu,SD/-
Ade-His-Trp-Leu “FH I ,30 CH 3%,
1.6 P-EILEFEEENE

Pe B SD/-Trp-Leu . SD/-Ade-His-Trp-Leu 2
e 77 B RSP Al R BRI VL 30 C B R 20 ~
24 h, ZJ5 2T =Y A 4 mL YPDA K
FEHE P TE Digo o =0. 5~0. 8 I, AR F 1A, SR I 4%
Miller VLI & B->F= FLWE 1 il 1
1.7 Western blotting #Z R il & 5 B K E1E A
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PL K LA NSP2-1 # FIAE A BH X R NSPL 2 K 8
JK I E (1, 4T SDS-PAGE Hi ¥k, % fiff 8
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LjNSP1.LjNSP2 & 43 5 #4 5 21 i £ XL 2% 22 4% 4k
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22 HkIR NSPINSP2 R HER A REK S E
BRI RIEFALEL
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Py b b, EAE RS R P (R R R,
FII FH GST Bt i B 35E e+ 45 52 S 2l fb GST-NSP1 K&
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LHR1 VHIID LHRII PFYRE SAW
NSP1(1-542 aa) E— —
NSP-1(151-542 aa) e, oD LT PR sAw
VHIID LHRIT PFYRE SAW
NSP1-2(269-542 aa) I
LHRII PFYRE SAW
NSP1-3(323-542 aa) —
PFYRE SAW
NSP1-4(367-542 aa) e
HPS LHRI1 VHIID LHRIT PFYRE SAW
NSP2(1-499 aa)— i ——— —
LHR1 VHIID LHRIT PFYRE SAW
NSP2-1(104-499 aa) _—— e . e
NSP2(105-186 aa) ﬂ

A.LiNSP1,LjNSP2 4K Jo H ik 2 9 25 (k45 #9758 B I The structure of NSP1 and the deletion mutants; B. J [ #TF B 2% 3% 2 ik
pGEX-6P-NSP1 Jt Hik 2 2 2 1& 1) EcoR T and Xho 1 fYI-HL 7k Bl NSP1 and four deletion mutants cloned in pPGEX-6P-1,each was di-
gested with EcoR [ and Xho [ : M. DNA marker;1. 2K NSP1 The full length of NSP1;2. NSP1-1;3. NSP1-2;4. NSP1-3;5. NSP1-
45 C. KIGHHE F£ LB pET28a-NSP2 M2 NSP2-1 1) Nde | and BamH 1 E§¥]-H 7k Kl NSP2, NSP2-1 cloned in pET28a each was di-
gested with Nde | and BamH I : M. DNA marker 1. 4K NSP2 The full lenght of NSP2;2. NSP2-1; D. NSP1,NSP2 4 # # 5|
pGBKT7.pGADT7 # 4k L 9 f U1 . NSP1 # EcoR I Fl BamH 1 W A§Y] NSP2 # Nde I Fl BamH 1 SEE¥] The full length of
NSP1,NSP2 cloned in pGBKT7.PGADT7 NSP1 was digested with EcoR | and BamH I . NSP2 was digested with Nde | and
BamH 1 :M. DNA marker;1. pGBKT7- NSP1;2. pGBKT7-NSP2;3. pGADT7-NSP1;4. pGADT7-NSP2.

E1
Fig. 1

HoBde = A8 (Rl & 8 A LA 10~20 mmol/L i J7 5
A5 e H K W B 5 4fF ] Ni-Resin HP #E 1 4l fk His-
NSP2 & NSP2-1 i &5 # H . SDS-PAGE Hi ik %5
T W], A5 15 B X A ) GST-NSP1 fil & 8 A
(l 2:1~5 JKif) . 4l fb /) His-NSP2 J NSP2-1 fit
SEME 2:6~7 Wi,
23 HEBkIR NSP1 5 NSP2 EE&EBBERNAE
E{ERA

I T B WU 58 H AR WF 98 A kAR 435988 1 5 i
T H NSP1 Fl NSP2 & & HA I il 5 I — R IA /Y
IRE . LA kA NSP1,NSP2 % 5 [ 80 1 Pkl %
HE I 3-A) L 2 518 NSP1 #7635 1] (pGBKT7-
NSP1) Fl# Foki (pGADT7-NSP1) | ; & i, .43 5]
¥ NSP2 #4 # 75 i 1H (pGBKT7-NSP2) 1§ i ki
(pGADT7-NSP2) b, ¥ & HIFEM B AN Y187 Id

NSP1.NSP2 R Bk R ME

Construction of E. coli expression plasmid and yeast expression plasmid

W5 A A BE ORI AHL09 B MR #EAT A ME ST 7
o4 X-Gal 1 SD/-Trp -Leu 3535 F# 64K,
0 E) A R VR R TR R R R L I A ELAE
B N, 1E4 X-Gal # SD/-Ade-His-Trp-
Leu 3535 b HUA MHEAEH &4 A fed: K H 7%
A (& 3B, WEKE 3-A FK 3-B 45 R,
NSP1.NSP2 £ [ i) A1 B AE J 09 5 7% 52 3000 35 (4 ]
ST A S A PR W L B2 FUORE S
IE B 45 R BAESE T3k — 4538 (B 3-CO), i 7 &
£ NSP1 #1 NSP2 4 [ Z [0 B A A 5 AEH . /T 588
IR T RAK,
24 NSP2 5 NSP1 #HEERAEMEBHNEE
T NSP1 2 5 NSP2 A B /B iy 2544
B R IR RE AU B R 5 42 T NSP1-1,.NSP1-2
AR AR 1 5 NSP2 [a) i A AR L 25 SR R BINSPL
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GST-tag His-lag T MR A IE S R XU AE B F 5T A L R
T E E :f o Z pull-down Fll Western EJ 8 46 3 £ R k47 T 1R 48 &
T %z 5% 7z ELTM B A R . W50 45 B R 00 75 1R 4 4 K
kw M1 2 3 4 5 6 7 NSP1 £ H 5 NSP2 &K EHEAGMEAEH (A 5-
‘ég ' ALk T N-K 25 (NSP1-1) . LHR1 (NSP1-2) il

45
35

25

M. % A Ji#5iC Protein marker; 1. GST-NSP1 fif & % A Puri-
fied pGEX-6P-1-NSP1; 2. GST-NSP1-1 fili-& % I Purified pGEX-~
6P-1-NSP1-1; 3. GST-NSP1-2 fil & % M Purified pGEX-6P-1-
NSP1-2; 4. GST-NSP1-3 it &4 7 1 Purified pGEX-6P-1- NSP1-
3; 5. GST-NSP1-4 ff & % M Purified pGEX-6P-1-NSP1-4;
6. His-NSP2 fill & # 11 Purified His-NSP2; 7. His-NSP2-1 il & &
[ Purified His-NSP2-1; #i3k Brd8 b H #5425 4 What the arrow in-
dicates are the target proteins.

B 2 SDS-PAGE EHRHEIKER
Fig.2 SDS-PAGE protein electrophoresis

Bk LHRIL 458 805 A 68 5 NSP2 AH B AE HI M
NSP2 B LHR1 £5#)38 (105-186 aa) N G5 NSP1
MEAEH (B 4B, X —45 R Ui NSP1 5 NSP2
(oA B G DX B 2 B4R TP fE 2 SR ) LHRI 25
A3 T B 3 4 DX BEX AR AR R A — R 1S

SD/-Trp- || SD/-Trp-Leu-
D/ Trp/Xga Leu/Xgal||His-Ade/Xgal

VHIID(NSP1-3) Z5#4 5{#) NSP1 & H #8fig 5 NSP2
FE A B AR T A Bl LHRITONSP1-4) 25 44 35
1) NSP1 ARBES5 NSP2 & HAH 5 AEH (B 5-B), Bt
Bl NSP1 % LHRII 2582 57T 2 A& A H A
AR . TR, Brde HPSONSP2-1) 25 #4381 NSP2
HEHWEES S NSP1 AR MHEEAEH (8 5-C) . &
17 7 1 B X 2 22 4k 30 o L 3 1 3 [) O V5 A A BLAVE
(1 H R IR AT B i T NSP2-1 Filt A 8 (7 40

ANBEIER TS FE2S M 254 LR T LHR1 2544 35
FHAGRES NSP1 S AMEAEH ., Mk LHRL
S5iA 3 (105-186 aa) fil 5 # BD #ik b, WA LIS
NSP1 & HAHEAE.

3 i #
NSP1.NSP2 BN LA E HJE T GRAS &

H &% GRAS 1 AR AEY) S b AR L
JEHFE R A K R R R AR S
GRAS & — A1l A8 19 N-2K 3 F— A~ PR 5F 1

C-K¥ig, LiNSP1 4t 542 PNE LWL, M LiNSP2 %

NSP1
pGBKT7-p53 BD-/AD-p53/SV40
NSPI-1 B A% Autoactivation
NSP1-2 ® AILAE T Interaction
Lam/SV40
pGBKT7-NSP1 NSP2
NSP2-1
NSP1/NSP2
NSP2(105-186) ; - ) . ) .
pGBKT7-NSP2 0 20 40 60 80 100 120
NSP2/NSP1 B P FUMEFF G PE/U B -galactosidase activity

A. TTNKAR NSP1.NSP2 ¥ 35 [ 300 i M 0 A 00, 56 V518 BURL A BE LT Y187 768 X-gal B9 SD/-Trp R A KW % 0 2
B EBE M, QB AEEEPE The test of transcriptional activation of NSP1 and NSP2 in yeast on media with selection, the blue
colonies have the autoactivation,the white colonies have no autoactivation; B. NSP1 Fl NSP2 43l 75 175 {5 F1 #0 Fokr 1 A9 40 576 L 518
JFORIAE Y187 Wbk P SR E AH109 14 bk L 33 A 1SS B A4 B 0 A AR E R 7E 5 X-gal 9 SD/-Trp-Leu il SD/-Trp-Leu-His-Ade
PEFE MR IR B AR EE AR R A M EER, A @%AMEAEA The interaction of NSP1 and NSP2 in the bait and target plas-
mids,and the bait plasimid in Y187 strain, the target plasmid in the AH109 srain, the diploid yeast obtained by sexually mating grew on
media with SD/-Trp-Leu/X-gal SD/-Trp-Leu-His-Ade/ X-gal,the blue colonies indicates interaction, the white colonies indicates no in-
teraction; C. -2 FL Wl Al 15 19 00 28 , £ (4 378 B0 16 1, i €378 NSP1.NSP2 & [ M AH B AE JH 1996 The assay of the B-galac-
tosidase activity.the red indicates autoactivation,the blue indicates interaction.

3 M NSP1 5 NSP2 HHEER
Fig.3 The interaction of NSP1 and NSP2 in vivo
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il %30 %

SD/-Trp- |[|SD/-Trp-Leu- SD/-Trp- |[SD/-Trp-Leu-
Leu/Xgal [|His- AdL/Xgal Leu/Xgal [|His-Ade/Xgal

BD-/AD-p53/SV40 BD-/AD-p53/5V40
Lam/SV40 Lam/SV40
NSP1/NSP2 NSP2/NSP1
NSP1-1/NSP2 NSP2-1/NSP1
NSP1-2/NSP2 NSP2'""/NSP1

I BURLAE Y187 bk b, #E BURE AH109 76 1 bk, il 5
SEBCAH BB — A% 1K BE £ 75 % X-gal B9 SD/-Trp-Leu Ml SD/-Trp-
Leu-His-Ade WEF MR I FARKNEE. BORGHEEM,
FEBAMEIER. A %E NSPL 8k R K5 4K NSP2 i H.
fEHTs B NSP2 Sk RAEK 5 4 NSPL A H AE . The
bait plasimid in Y187 strain, the target plasmid in AHI109 srain,

A B

the diploid yeast obtained by sexually mating grew on media with
SD/-Trp-Leu/ X-gal SD/-Trp-Leu-His-Ade/X-gal, the blue colo-
nies indicates interaction, the white colonies indicates no interac-
tion. A. Identification of interaction of the the deletion mutants of
NSP1 and the full-length NSP2; B. Identification of interaction of
the deletion mutants of NSP2 and the full-length NSP1.

B4 EBWNHEZTEENSPL 5 NSP2 HEERMEHE

499 DNEIERR . BN A 5 1 GRAS % A
g5 #y 4. Bl LHRI, VHIID, LHRII, PFYRE A
SAW!,

2009 4F, Hirsch 25 75 G R XA Y B 15
FIRF 5T B . NSP1 J&—A~45 4 DNA & H . 7l L
gEA PR EER R AN ENOD11.ERN1 FlE ih 45
AW NIN B8 3 F L. 78 &K 5 NSP1 Ml
ENOD11 J& ¥ 0 A B AE F B & 4598 1 0 5
ﬁﬁiﬁ% SN RS R RN EGRHY ) 217

SRS S E I NSP1 il NSP2, H i 2 iy
NSP1 W n] LU E AN GRHEY nspl 58284, it 45 AL
SIEH R 24— . TR Y g
G5 E L NSP1 Ml NSP2 #y £ kB Ll &
TEAE Y T BT 0 VR T AN A ) A< BF 92 DL S R ARE X
HE) KRR AR 5T 5 42 UE B T &5 M5 S iE A
NSP1 #l NSP2 FEAR SN A& 3 ¥ 8T LA BAEH, JF B
B % NSP1 9 LHRII #l NSP2 i LHR1 45382 2
A EAEH IS A, U NSP1 Fi NSP2 A
kAR 45988 PR 715 55 5% S b 2 DA S U SR AR kY 3R A

a—
=
©
=
—
S}

w

Fig.4 Identification of interaction domain Y7 —tﬁ—}@ﬁ:x %[13] ’ ﬁﬁﬂ}qﬁ%[m ﬂﬁﬁﬁﬂﬁﬁ‘i&
of NSP1 and NSP2 by Y2H ARAE T ik # NSP1FINSP2 ¥ fig 45 & 3 13 1 4%
& g — N o0 <t ; é
n 3 f 2 3
A L C & ==
[CECERY] CICRS)
NSP2 + + + + NSP2-1 + + + +
kua M 2 3 4
4 -

ani-nse2 (|

anti-NSP2 | Sl

anti-NSP2 i' -

A. 4K NSP1 # M5 NSP2 % 18 89 M HAE ] The interaction of the full-length NSP1 and NSP2; M. Protein marker;1. His-NSP2 %
B Purified His-NSP2; 2. #F5E7E GST #: I iy GST-NSP1 #& 4 GST-NSP1 protein binding to GST-beads; 3. GST #F GST beads;

4. GST# 1 GST;

B. NSP1 ke 2725 {& 5 NSP2 2 (18] 9 4 B AE ] The interaction of the the deletion mutants of NSP1 and NSP2: M. Protein marker;
1. His-NSP2 % [ purified His-NSP2; 2. 455 78 GST # 119 GST-NSP1 & 4 GST-NSP1 binding to GST-beads; 3. 45 £ GST #: I
) GST-NSP1-1 & 1 GST-NSP1-1 binding to GST-beads; 4. 455 #£ GST #: Ly GST-NSP1-2 % 4 GST-NSP1-2 binding to GST-
beads; 5. 48 E1E GST 4k b 19 GST-NSP1-3 # 1 GST-NSP1-3 binding to GST-beads; 6. 45 & 7 GST #: [ ) GST-NSP1-4 % [
GST-NSP1-4 binding to GST-beads; 7. GST T GST beads; 8. GST &1 GST;

C. NSP1 5 NSP2-1 %K (4 18] i #H HAE ] The interaction of NSP1 and NSP2-1: M. protein marker; 1. His-NSP2 % [1 His-NSP2; 2. 4§ &
1£ GST kI # GST-NSP1 % 4 GST-NSP1 binding to GST-beads; 3. GST #F GST beads; 4. GST &4 GST.
1E AB.C 1, EHES SDS-PAGE Hik 8, FHE A Western blotting 58, anti-NSP2 Jy 3 NSP2 ik In the figure of A,B,C,the

box above is SDS-PAGE electrophoresis,the box below is western blotting imaging.

& 5
Fig.5

MK NSP1 2 B &R 2k 58

The interaction of NSP1 and deletion mutants with NSP2 in vitro

TR 5 NSP2 ZEREMHEEEHR
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Interaction of Lotus japonicus NSP1 and NSP2
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KANG Heng ZHU Hui

ZHANG Zhong-ming

State Key Laborotory of Agricultural Microbiology s Huazhong Agricultural
University sWuhan 430070,China

Abstract

Lotus japonicus in legumes is one of the model plants in the study of the system on the

symbiotic nitrogen fixation. The research of the symbiotic signaling pathway and the mechanism of inter-

action of rhizobial bacteria helps to discover the secret about the establishment of symbiotic relationship

and the formation of the symbiont between rhizobial bacteria with legumes. In this study,the interaction

of the two GRAS family proteins,nodulation signaling pathwayl (NSP1) and nodulation signaling path-

way2(NSP2) ,was confirmed in vivo and vitro using a yeast two-hybrid system and protein-protein inter-

action in witro. The interacting loci were assessed to be the LHRI domain of NSP2 and LHRII domain of
NSP1.

way2(NSP2) ; symbiotic signaling; yeast two-hybrid
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