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B E .58 K v 8 A8 0 & ( Sinorhizobium fredii )042BS O] ITE R EMIE E L&, AR T ER
8 ¥ USDA257 B nodD1 Fl nedD2 20 5 BIHE A £, 5 042BS & DNA 7T Southern #2328, &
HH DNA £ EcoRI BB YIS 5875 3.0kb #1 6.0kb b8 — K FItEHF . 1 dic 3¢ %5 4% PR #E F
A DNA B B HaRETE, REFIHA nodDl EM 3.0kb K B, AREFH nedD2 K
P 6.0kb KB, X nodD1 # nodD2 #EATFF B 4047 , 25 & 042BS ¥ nedDl FRIKPAER
B B B USDA257 M USDALS1 K B iF ¥ & 15 99% . T nedD2 5 USDA257 W R #R &K
100% . P4 nodD] A B EES) pBRRIMCS-S kL . S ARERBE TS AW ( RAi-
zobium leguminosarurn bv . viciae) LPRS054 ® $E1T DI RE R I, B /R 042BS 1 nodD1 B1¥] # K &4}
WHRERHEMYBRRHARHURETEARNERED R EHRERENES.
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R FREEIIr — AT RENER . REEHTSERIRA RN E N AL
HH, 84 nod . nol #noe A, H 1982 ﬁ&ﬁ%*ﬁﬁﬁﬁﬁnp?%@j%_ﬁ\%@ﬁ@ ne-
dA LK, EBMET 64 MEBEER" ., MYETTH LS ALRATER XFEBEHE.
FEE A EEENERNALY - HERERY, wdD RETENEAVYEN, BERT
ETHEMBEET. AHAEKYBIR R nodD B H 0] 41 5R B #1 £ 55 /0 B L iE £ 89 nodD
BEH.YCERAFFHYSRNGES S T (FEI RS E  REBRTAL, 3
MESHESREAEMERNEE. AEBREHETEAREL wdD EH, ETEZEHE
FiESMMAEARR.ENE ERFELRETREBENT EHE. BIHREH, nodD 4
HER BRI E nodD BRENSFARTEY AHEHOFEEEC., ARNREESES
™ nodD BE , HEPERBFESTE nodD1 M nodD2" 7 H G H (R . phaeseoli }
BEPEBREREE 3 nedd A ,EIT84EABRAHRE.
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1.1 EkRSEN
FFE L
F*1 WHHERE
Table 1 Strains and plasmids
Strain and plasmid Characteristic Source
S. fredi This laboratory
042BS Wild type
E. coli
DH5« Host for recombinant cosmids and plasmids This laboratory
Plasmids
pUCI8 Sequencing vector, Ap"
pBBRIMCS-5 Cloning and sequencing vector, Gm’ Kovach(1995)
pD13 USDA25TnodD1 in pTZ19u, Ap" Krishnan(1995)
pl26 USDA257nodD2 in pTZ19u, Ap” Krishnan91995)
pUCD1 3.0kb FeoRI fragment which contained This study
nodDt of 042BS in pUCIR, Ap”
pUCD2 6.0kb Eco Rl fragment which contained This study
nodD2 of 042BS in pUCI8, Ap”
pUCD1A 2.3kb Sall fragment contsining $ . fredii This study

nodD1 cloned into pBBRIMCS-5 for functional analysis, Gm’
pSym” , carrying pMP154 with

the promotor of rodA controlling the the Netherlands
the leeZ gene. Chromosomal marker, Rif"

Plasmid marker, Str’ and Cm"

R . leguminosarum Leiden University,

b . viciae LPR5045

1.2 EHESHER

TY ##FR ATHEFAENE, BEFXEYHTERAKBIFE. MEHEFRAL
THEBEWREN 100pg/ml, BEHFABITEMBREEMNEXBERZREBE 258 10pg/mL
40pg/mL. 8 F) A E R 10pg/mL, RBEMOWRE R Spg/mL, BRI N 5000/ mL.
1.3 DNA BREHAR

042BS H. DNA FYHREE B CE (9], e MtricFRNiE B M. 24 6l A & B 2
7, PCR .Southern 2238 | R0 42 1 B U0 FN 0 B 55 Jy B 4 SUmR [ 8 ) 4T o
1.4 REMH&E

LA pD13 AR, 54 5 - TGATGACCGAACGCAAAC - 3" F1 5° - GAGACGCCTCCTG-
TAGAA - 3" P 3# i 850bp H B, Bl di{b /5 . 470 8 3 nodD1 &L, LA pD26 AR, HI 5]
# 5" - GATGACAAAGCGAAGCGTTA - 3° #1 5° — ACAGCAAAGGCGGGATTAGA - 3" §7 3% I
650bp F B, EW s AL )E 47018 B nodD2 4T,

2 HRAuw

2.1 042BS nodD1 #l nodD2 B H T 75 HE
4 042BS & DNA £ EcoRI B4 J5 , 4+ % F USDA257 B9 nodD1 1 nodD?2 ¥ & # 17
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Southern 2438, RELMAH FHEZZLHW , HH nodD1 ﬁéﬁ%ﬁﬁﬂmﬁ%ﬁﬁ 3.0kb AF(E 1)
M nodD2 &M AT v PEYEH B 7E 6.0kb HfE (B 2).

M 1

1 042BS /2 DNA EcoRI B 1]

5 USDA257 nodD1 #f £ i) Southern 32
Fig.1 Southem hybridization of 042BS total DNA digested
by EcoRI with probe of USDA257 nodD1 from pD13
M:ADNA/EcoRI + HindIHl marker;
1:042BS total DNA/ EcoRI.

Fi EcoRI K B B§ Y] 042BS s

kb
212 — 8

5.1/52—F
43— [

i

M2 042BS 2 DNA £ EcoRI 1]

5 USDA257 nodD?2 $F$t ) Sonthern % 3F
Fig.2 Southern hybridization of 042BS total DNA digested
by EcaRI with probe of USDA257 nodD2 from pD26
M:ADNA/ EcoRI + Hindlll marker;

. 1:042BS total DNA/EcoRI,

,ﬁ--d

f)2 DNA, R /& 4 51 El K 3.0kb b=
#0 6.0kb B3 B DNA FrBE, 2 300

5 pUCI8 HH , B 74 B E T

BE. B4 B A nodD1 M nodD2

3.0 5.7kb

pUC18
nadD1

B3 pUCDI s Ml
Fig.3 Gegetic map of pUCD]

ﬁﬁﬁ& X-gﬂ?ﬁtﬁﬂﬁgj E: EcoRl; S: Sall; B: BamHI; P: Ps:I; H: HindIEL.

) PR YR AT R IR AL R 3L,

BEI R AR, EEHEA L c P E
pUCD1 # pUDC2, X5 T —— . iR
wE NIRRT ST, B o — ’

MU R B 'ﬁﬁ‘é%h&ﬁ
Southem 2% 3% J&, W 5E i
nodD1 #1 nodD2 #: [ Ff 7 My
A B, #E st B (& 3,
A4,
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B4 pUCD2 MR fEHEE
Fig.4 Genetic map of pUCD2

E:EecoRI; S: Sall; B:BemHI; P: Pstl; H: Hindlll.
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TATGACATGATTACGAATTCGAGCTCGGTACCCGGGGATCCTCTAGAGTCGACCCAATCGTAGATGCGTGTTCTCCTCCGTGGGECCGGE
ACGATCGTTCTCCTGCGCAACGCATACCTC GCGACGAGGTAGGCCEAAAAATCCCCCTTTETTCOCGCGCGCATTTCCAGACGACCTTTC

TCGACGGGCAGCTCGCCCGECGTCTGCGACCCETCCGGCTTCTTTTTCTTTGAGCGGTT TCTCGCAGCCCCAGCCGCTTGCACGCGGLTC
CATTCCGGCTTTTTTACCGACAGATCAGCTTTGCGCTTGAAGCGCTGCTTGCCGTCCCGTCTOGLGGCGGGCCCGCGAGGAACGGCCAAA

AGGCEGLGCCGAAGCCCCTGCATTGT TAGT GGCAAGGCTGTTGCGGTGGGCCTTGACGGTTTCGCTCOGGCTCGACCCTACGGTCGAAAA

GACGAAATGGCAGGAGCGGTCGGCCOTCTTGCCACAAAGCCTCATCTTCAGGAGGCGCATG TAAGAGGGCGGGCGACCGCATCAGCCGTG

AATGCACTTGACTTCAGATTAATTAAGCGCTTTCTAACGATTTECATANRTGATEG TTCCERTGACAACCATcccACTaTogTCaCC

nod box
AGAACATGCOTTTTAAGEGCCTTGATCTCARTCTCCTCGTTGLGCTCGACGCACTGATGACCGAACGCARACTCACGOCCGCTGCACGCA
M RFKGLDLENLLVYALDALBMTETRTEKTLTAAARS

GCATCAACCTGAGCCAGLCGGCGATGAGCE CAGCCATCACCCGGCTTCGGACCTATTTCCGOGACGAGCTATTTACCATGAATGGTCGCG
] NL S QP AMSAAITRLRTYFRDETLTFTMHNUGRE
AACTTGTACCAACTCCGLGAGCAGAAGCGCTCGCACCCGUAGTCCGCGAAGCCCTGCTGCACATCCATCTCTCCATCATTTCATGGGATC
L YV?TPRAEA ALAPAVYZREAWLTLUHTIHLSITIISW¥WDP
CGTTCAACCCAGCGCAGTCAGATCGCAGTTTCAGGATCATTCTTTCCGACT TCATGACGCTAATGTTTTTCGAAAGGCTTGTGGTGAGAG
F NP AQSDRSPFRTITIULSDFMTTLMEFTFETRYVVYRY
TGGCGCGEGAAGCGCCCGCCGTCAGTTTCGAGTTGCTGCCOTTTTCCGATGAGCCAGATGAGCTTCTCCGGCGTGGTGATCTCCATTTCC !
AREAPAVYVYSTFELTLPFSDEPDELLTERRGD?VDFIL
?GATCCTACCAGAAATGTTCATGTCGCACACGCATCCCAGAGCGAAGCTGTTCGATGAGAG&TTCGTGTGCGTGAGTTGCCCAACGAACC
1 LPEMTFMSHTHPRAKLTFDEREFEFVCVYSCPTN ﬁ
AGAAGCTACCGCCGCAGCTCTCCATCGACAACTATGTATCAATGGGGCAT GTTGCCGCCCAAT TCGGGAAGCAGCGGCCTTCCGTGRAGG
K LPPGLSIDNYVYSMGHYAAQFOGIKS® ERPSVEE
AATGGCTATTGCGCGAGCACGGACTGCGAAGACGGGTCEAAGTCCCCGTGCCOGGTT TTACCATGATCCCGCCTTTTTTGTCGGGCACTG
¥ LLREHGLIRRRYEYVYAYPGFTMWTIPPFLSGTTD
ACCGCATAGCGACCCTCCCGTTACGACTGGCGATGCACT TCGCAAAAGCCATTCCCCTGLEGATCACCGAACTTCCGCAACCCATTTTTC
R I ATUGLPILRLAMETFAEKAIPLPERITETLPQQQ?PTITFTEP
CCGCGTTCACCGAGGCTGTCCAGTGGOCTGCGCCTCACAGCAGTGATCCGGCCAGTCTCTGGATGCGCGAGATATTTCTACAGGAGGCGT

AFTEAVYQWPAPHSSDPASLUWMRETLTFTLA QEHAS:
CTCGCGTTGAATTTCAATCCGAAACTTCGGCGCATGCTC TATCATCATCTCAATTGCCTACATGCCTCTAAAGCCGACGGCGCAACTCGC

RVYVETFAQS ETSAHALSSSQLPTCL =*
CACCCTTGAGCCOGCAACTGCACGGTCGGCTCAGGGTCGAGCAGTT TGGCTGCGGGTTGCGECOGACCAGAGGGCTCGCACGGLCCGAGT

GTACGCCCCGCATGCCACGCTCCAACCATTT TCGGCCTATGCGCAGCATTAGCTCTTCAGCTTTAGCAGCCGGGAGACCATCTCATTCAG
CGTGATATCCTTCGATACCTCGATCAAACCSCGCATGOGCATTAAGGCGAGCTTCTACTGTCCGCCATGCTACAAGTCACTCGCAAGTTG

CCCTTCCGGACGCTCCCAATCCAGCCAATTGCGGTCHGAACGCCAATCCAACC CCTCGLAGCAGCCTCCGCCGACAGCCCGTTCCCAGE
CGTCTTCGATACTCGGCTCTGAAGATCGTGACTCAGTGCTCTTCCATTGCCTCCTGATTCTAAGAAAAGAACCCGAGACTGCGGACACEG
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2071  AGATGCCTCAATTGAGTTGCTCACTTTGGAGTTGAGCTGTATCAAACGGGTGCCCTCGACAAAGGCCATATTCGATATAGCAGATCCCAG
2161  TAAATCATTAGGTGAAACGATCCTTCACCAGGAGTAAGTGTGTTGAGTATTGCCCCTGAGAAGAAAAGAGCCAAAGCGAACGCTGTGGATA

2251  TTTACGTCGGCCGTCGAATTCGAGCTCGGTACCCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCGT

5 nodD1l MEHBNERRFSIH
Fig.5 The nucleotides and amino acid sequences of 042BS nod}1
042BS nodD1 gene started from 636bp and terminated at 1601bp, encoded 321 amino acids.
There is a well-defined nod hox (highlighted) located at upstream of the start codon.

2.2 nodD1 BRI ZESFISH

pUCD1 £ Sall LIS 188 — 4 2.3kb F B, A B S A TEHN nodD1, HEFER
R E) pUCI8 Ak b, R A MR F s, itE R 2 519, &4 4 KAF R A, 18 2] 2338bp
B9 Sall FEE(B 5), H o nodD1 2 M 636bp B B 1601bp &K 1L, 3L A 965bp, i 5
321 MEEM, 7 nodD1 BEHRFEWA LB - 10 2 - 58bp, BARSF M nod box X, TE nod
box 14 2 > T-N,,-A B9 LysR FE 5, LL & 2 4~ ATC-N,-GAT W nod box EJT . RS HTH
8 ,042BSnodD1 HE SR HHEREE nodD1 ZEFEH B R E X 99% , M H I NodD1
EH5# K P4EMRAE USDA257 #1 USDA191 i NodDi HHMFFIE L2 —F.
2.3 042BS nodD2 EEANMZEMF IS

pUCD2 £ BamHI BEYI A 6.8kb 71 1.9kb B 2 MR ER, EX 2 TR B LEHHF WA/
nodD2 R, ¥ H P 6.8kb FBIHE, MK S —B 1.9k FBFES pUCIs & E. &
YRS HEBANTR. KA DEXEANBEREIE nodD2 — Y4 T F
P44, BB — 1301bp MRKERRFLS
R(ER). FHFF T NTFRR, nodD2
P M 239bp A2 45 B 1177bp &k, HEF
939bp, 4R 15 312 MEEM. 7 nodD2 LI
FEIARFN nod box FH ., FFIrEH
042BS B nodD2 A S H K P HERBEHEM
nodD?2 8 F5) H [FIRHE N 100% .

bR g R FE W, 042BS FF & nodD1 F
nodD2 HIZEBRFFSCHHBHRTEBRBEE
nodD1 Fl nodD2 HE B ERE, XA @E
T T 042BS Sr MBS RS, '
2.4 042BS NodD1 EARMTHAER R

%f 042BS NodD1 B H FE KW ETE R.

6 DEAEFMUEHRERES pUCDIA

leguminosarum bv. wviciae LPR5045 ( pSym’ ,

f X-gal FEHBIERE
pMP154) EP ﬁ ﬁ o HT ﬁ _g Z ﬁ‘ ;:l‘: H Bi‘ Fig.6 pUCD1A induced by genistein and luteolin
ﬁ,ﬁl—ﬁ?ﬁ%Tﬁﬂi%Eﬁ nodD Wﬁfﬂﬂﬁﬁ% on FY medium containing X-gal
ny, mE R E NS pMPIS4, ESE & nodA Genistein: Induced by genistein; Luteolin:Induced by luteolin;
Eﬁ]%ﬁﬁ]ﬁg lacZ B H (MdDA . IG,CZ),EII: Control : Without inducer.
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DL, AT lacZ MY FRIB ] B nodD 1 MG B MR BIE

B H A 528 042BS nodD1 B 2.3kb Sell B§H1 H B SEfE ) pBBRIMCS-5 |, R E
#H R pUCDIA. SR /E = %A 230K pUCDIA § A LPR504S H £ & & Gm.Cm FI Rif §
FY PR LEEHES T HENMFREARRMMELRREMN FY F& L #HTE TN
FERRE. FERHA ESFHEEA MM BERKN2A(EA6). PHAEEFRNEL
HEBRANERAENEEYN RN EITELREEZY. 25 E ¥, 042BS NodDI
FEAAARZAERNAKEHRNRERYEES, FREHMAEEEAORR., L—5
HEMT 042BS SHEETAXLR, U EERSBRE PEREEREE 042BS A
DEKRKSHMER FARENBSE—Fm'Y, R, L% 04285 SERNHN R FELEE
UDSA257 1 USDAIO1 ) NedD EEF IR - H.BEX W I EHRIARAETRE LS
U XA S FEN,002BS REAE R LSRR AHMMNEEILE, B EE—$F
#o

8 £ X W

[ 1] Spaink HP, Kondorosi A, Hooykaas P I, et al. The Rhizobiaceae. Molecular biology of model plant-associated bacteria.
London ; Kluwer Academic Publishers, 1997.

[ 2] Hungria M, Pueppk S G. Soil Biol Biochem .1397,29:319 ~ 830,

[ 3] Meclver ], Djordjevic M A, Weinman ] J. et al. Mol Plant-Microbe Interat ,1989,2:97 - 106.

[ 4] Bassam B J, Djordjevic M A, Redmond J W, e al. Mol Plant- Microbe Interot ,1988,1: 161 ~ 168.

[ 5] Appelbaum E R, Thompson D V, Idler K, e al. J Biotechnology . 1988,170:12 ~ 20.

(6] | %ETF, F00,% WEHFR,2001,41(2):127 ~ 133,

[7) ¥incent J M. A manval for the practical study of the rool-nodule bacteria, Oxdord : Blackwell Sciemific Publications, 1970,

[ 8] Maniatis T, Fritsch E F, Sambrook J. Molecular cloning: A Laboratory manual. 2nd ed, New York: Cold Spring Harhor
Laboratory Press, 1989. ’

(9] #HAW . FHMEHEeH bR AE LM, 1988:88 ~ 89,

[10] Pueppke S G, Broughton W J, Mal Plant Microbe Interact, 1999,12(4):293 ~ 318.

[11] Hashem F M, Kuykendall L D, El-Fasly G. Symbiosis . 1997,22:255 ~ 264,

The Cloning and Functional Analysis of Sinorhizobium Fredii 042BS Regulaltory
Modulation Genes "

Zhang Haiyu Zhang Haiyu Li Xiachong Wen Shangkun Yan Susheng™
( Depantment of Microbiology . Coilege of Biological Scienves , China Agricultural University , Beifing 100094, China)

Abstract: The total DNA of Sinorhizobium fredii 042BS was digested by EcoRI for Southemn blotting
with probes of nodD1 and nodD2 from S. fredii USDA257. The 3kb positive band hybrided with
nodD1 probe and 6kb positive band with nodD?2 probe were found, respectively. Partial gene li-
brary were constructed using pUC18 as vector, and the clones with the nodD1 and nodD2 genes

were obtained . The sequence of nodD1 and nodD?2 of 042B showed that they are highly homeologous
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with nodD1 and nodD2 of S. fredii. The fragment with nodD1 was cloned into the vector pB-
BRIMCS-5 and intreduced into R . leguminosarum bv . vicise LPR5054 to study the function of the
nodD1. The resulis showed that nodPD1 of 042B can be induced by genistein and luteolin secreted
by the seedlings of soybean and alfalfa respectively.

Key words: Sinorhzobuim fredii , Regulatory nodulation gene, Cloning, Function
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