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 EEESRE vBCEENERSEZERETISN T
Bik tBL 3R

(AEAEAFRVEDEAEFERLRE LR 100094)

W K U EMBL3 Ak, R TR ABEREE (Acospirillem brasilense) Yusz goXH
S, UEEERME Yooz di PCR §iMHia0 450bp DNA Kifeisst, k@ &
AT, BET 10 AR AR (EAM—EAL0), RS ERKEIRREEE, 4 HILL EA4
1 EA9 B, N BAs+ MRAXHFEREMBERT 2.9kb EcoRl KB ., DNA ¥
S ETER BB RAEREN 0trC QBE, LEDFEHH 00 AMRERAR, S FEY
53469; ntsC b P RSZREAY oteB RIGE, HRE > Wah 400 MEEBERE, & TR 43 487,
MR NeeC il NusB ERBESRGTRRESF, HHDBERGHSHRENEE%
ARSRTAEBRENE N R, o

HWA EEERRE, B EE, wBC BE, BERF

BB (frospirilium) B—RFIGUEFRAREDRBEERBRAKEONE
P ETRAFS 6T BRE EREBENR, RARRENORKGRERREN B
B HEES AR EEN R RCAERE (4. brasilense), KBS EERE
(EFEEAHNERAOANY, RASBEAMMEEE nifA, ntrC EHE DNA FA,
EFEHPRKBHHEAMRFERBOF AR, HEAEEGRR K 2 DNA £
PCR, BRI MINKL 450bp 9B AXMBLEZX—THEEGZ L, MAE PCR 1
W BRYEN RS, R AR RSN E. SRR AR E, Hhz—2F7
AR EHEEH oifA AREFEGERR), AES—1TBRERBTER 2.9kb EcoRl
FBOEEMRFR,ARAHZABSTREN arBC KRR,

1 MR ®E

LI WHkSHNGE L)
Lz BmHE
FEEESE LB EREER, DABRRE 0C BR, KB & (Escherichia
cali) 37°C B,
13 aREotwE
B9 134T
1.4 DNA piM&
MR D DNA EBECER1013R T, A WEA FIRTHEMI3BEE DNAR

* 863 HUHBMA.
AXRAPEE 1992 £BHERMRER S L&,
BITFLIIE 4 14305,
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%1 BESES
Table | Bacterial strains and plasmids
BERSHE HER/READ HEIR
Strain and plasmid Phenotype and/or genotype Reference
E#
Strain
E. coli K17
BHP16838 (N205 recA [A imm434 cIts b2 red Eam Sam/i]) (43
BHB26%90 (N205 recA [A imm434 ¢lts b2 red Dam Sam/A]} [4]
IM101 ~ supE thi a(lac-preAB) F' [(raD36 proAB+ laclA lacZ AM15] (51
LE392 supE44 supF58 hsdR514 galK2 galT22 mciBl trpR3S lacY1 [6]
A. bratilense
Yué2 wild type 171
Lt A
Plasmid
pUC1Y Ap' [8]
pFGY Ap*, A. brasilense nttBC : N this work
BREUE SCER 113 1T,

15 BBREESFRE

ﬁﬁﬂ@ﬂi%ﬁ%ﬁﬁ?}%ﬁﬂ]ﬁﬂﬂﬂ& BioRad AFEYRRIC DNA BRABAH
#17,
1.6 DNA FERNEE AN

BEREREA LI, DIasE M13 BE 4k DNA 20 8 2, # Promega A T
T,DNA REBMBFRMARABEITe i Bechman A B MicroGenie FH4y 47
HEEATFF PN BB, D HT Fo
L7 BERAN

BBMREIHE YRS, DNA A% Klenow HERME Promega AEIRIE £ A 7,
T.DNA E#HEWMWE New England Biolabs 78], ¥ irid DNA BRI AME BicRad
AH, T,DNA REBAFANEWE Promega 2AH], o-*P-dATP MEER AT
2 SRR
21 EEXEFSHNEREEE

BRBSFROECAZEEE Yus2 @ DNA (>50kb), ARELEFEHR Su3Al
HWaBUSRERE, BHETRENESEY, BREKYS 14-23kb N B, FERN
T EOAMERERN ADNA E1TRFERR ., Wit 20 5 X 10pfufug iIDNA, ¥ EMBL3/
EcoRl -+ BamHI &)= Y05 B Br DS B AU EE BIRIBRBE % 17 2 8 (1.5pg:0. 5ug/
10p] EEET),RTEE. B TEBREREE Yuo2 nEEE, AR%2 X 1004
EfT.

B SCHE RBE ALK 10 4 HEEREE, JBBLA B DNA #iﬁ‘:ﬁ‘ Sall B§il}opan, &
RERLEBEERT. A—SoE WAMBEETEGBRBASBRBOX/N, BE 15~
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22kb EEBA, EHI4 18kb, REEITEL, BN YENEREATEZRER,

DI PEEF R Yub2 th PCR §38AY 450bp Fr BPIE0IES, s ki R EH &,
B3 10 EEEEE, 5 BFRG EAL-10, BE EAI-10 FREE{K DNA, SR#GE
FESEIRIAT O, R T EA1-10 S X4MARELSRNTH, —Mil EAY HRE,
HERMERAM T~ 2.6kb Sall B, SF SR HAREMEESE ifA HRERE
AEE) B—REEL EA4 HREF, LHOERMT -4 2.9kb EcoRI R B 1,

2.2 29kb EcoRI KB EH# '

% 2.9kb EcoRI FBRFMEE pUCIY L,¥EL pFG9, FSFIRHYE: ARG pFGY

RITBISW,.BUEBAFBNDEAEHEE 1),

ISDDbp.
nteB ntrC
[ T AN Fr 1 T) 1 1
E 5 NAScP AS EBE s5P N E
e e  — — — —
— > —_—
—— ——— fp—

B 2.9kb EcoRl FyBray¥yBEE
Fig. t Physical map of 2.9kb RcoRI fragment
Restriction sites: A-Aval, B-Bglll, E-EcoRl, N-Ncol, P-Pstl, §-8all,
Sc-Sacll. Heavy arrows indicate the coding regions of ntrBC and cheir
direction. Light arrows indicaie the sequencing direction and lengih.

23 29kb EcoRl K Ei) DNA BERNE

R pFGY fEA FBAUIERER, S3BYRKEM SBINHFBTERET] ML3mp
18/19 g1, 347 DNA i, S3IzE AR B3t 2926bp B HRFFI(LE 2), K
H180% DL EOUX MR R, HANRR 3L EREAFFAS, BN G+C% &
66.1%, FAPHEHEBENG S, 40 ARREEEAENEBH TRIHEYE S &
g afra (RBS) WRSFFA, ZHBAA 2 A HRRKER (ORF), H-BI5SH
EER NuB 1 NurC B,

auB BIBEEF ATG A1F 99%p &b, K Fi#i— 15 F— 1 Xikay AAGGA BRI
RBS, RE&K 1203bp, H&%H 400 MEEBAR, ST 8N 43487, atrC BRBEH
F ATG T 1298bp b, H Fif—12 E—8 K i) AGGGG #F124% RBS,ntrC BH#
1443bp, HP¥M 480 AEERMR, T HEX 53469, ntrB PR IEEBETE e B
ERFETFEERN, BHAVARZEED ntuBC BIKRN, SHEFSERE.
#E nuB BIBEB T LAY 98bp AREHEMUT o™ B o™ REFITAUEA, TR
FXI#E EcoRl L, 835 otrB LIFEH ORF, 55 ouBC JL#S, 74 otrC RHEH
BEEHE—169 B—153 XiR(aurB FBXN)E —BEF 718 CTGGCCTGGGGCTTGCA
(A 2), RARE RpoN REN S TFHMALERN wrBC ERHARRE—N, T8
ntrC RE] DL R,
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‘24 NtrC B NurB pERHES 7

R K AT 09, W R R IRAFE (Klebsiclla pewmoniac)™™ | R LT (4gro-
bacterium tumefaciens)™ | HTEIRME (Rhizobium melilosi)V" N /o FE E B E 1Y
otrC FREMEHG NuC SERTA, FTRESF(E 2). SREH, BRERR
MRBMERAN NurC BEEHE 0% ML, BRENSHEEER, CAERERE
5% kA, BEERRESHRENMEER 70%, X—R5 Fani S99 NifH 1§
FRIREN RN, MEARREESERENNREE AR EN E 08T,

FIRE, KBpAF 1Y B 2 S AP B0 1B = UM 8 (Bradyrhizobium perasponia)t®,
*Bami (Rhodobacter capsulatus)B® O FEEEMER otrB B3, 3HE NuB &
EHFFRTRAB LN (E 3), FiB NuB BARESREE NuC MK, BERRE—
B, B ER SR EEREN NuB AEREN35% 4, BARREESERamE
FAR 40%, i 5B ER R MB(B. parosponia)ik 52.1%, FHHBATEAEEERS
RO RSX ALATH AR AR,

%2 NIEE NrC SEXBFRERTHE

Table 2 Percentage sequence marches calculated for the deduced amino acid
sequcnces of ntrC of different bacreria

Ec Kp At Rm Ab
Ec * 92.3 43.9 45.8 46.8
Kp = 44.7 44.3 45.4
At » 90.9 - 69.0
Rm ' N 68.3

Ab .

* Ec: E. coli; Kp: K. pacumanias; Av: A sumcfaciens; Rm: R. melilosi; Ab: A. brasilense.

%3 MR NeB SERFIRIESE

Table 3 Percentage sequence matches calculated for the deduced amino acid
sequences of ntrB of different bacteria ’

Ec : Kp Bp Re¢ "Ab
Ec * . 93.1 36.4 34.5 34.2
Kp - 34.6. 35.5 32.5
Bp *. 43.1 52.1
Re * 38.2
Ab .

* Ec: E. coli; Kp: K. prewmoniac; Bp: B. paraspa‘niq;. Re: R.. capsulatus; Ab: A. brasilense,

NuB F1 NerC BT ABERAMABES, RENASETES RIS 5,

ERNEAHEREE NoB by His-166 71 NerC Hify Asp-54 SRR A& H B (v
frE(@ 2), NuB 383 His-166 FayptEEE#5 B NurC &) Asp-54 b, & NuC
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BeoRT . A : RBS $0
GUA‘I'TGOGCTGGGAAGTCMCCGCATGTCCGATCCCGAACGAGTGCGCGGCTTCATCCGCGACTTGTACGCGCCGGCGATCGAMGGATG

atrB— . 180
GCTGGCTGATGGCCOGTGCATCTGGGGCTGCTCCATTGCCGCGCCGCGOGGGGCGGCCCOGTGOGCGCTGCGGTTCCTACOGAOCCGTCC
’ HARASAAAPL?RIPA!PIAFSGSYIPV

S8all . . 270
GCTCCTGCA‘!‘CuATCCGTCCATCATGCTGMGGCGCTCCCCGAGCGGGTTGTGGTGGTCGAOGGCTCGGGCGACHCCGCTACGTGMTC
R 8 ¢c1DPS 1 MLNALPDPVYLVYYVDGSGDIZRTYTVYN

: 360
TGGAGGCGCAGGAGTTCTTTGGCGTGTCCGCCA%ATGAWATGCGGCTWWMC&GCGGGGTCAGCO
LEAQE?FGLSATIHEGHPLABLLPPNSPVS
. 450
AG‘I"I‘GATCGAGCAGGTCCAGCAGGGCOGGCACCGCGCCTOGCAGGAGGGCGTGGTCATGGACAOGGGGCGCATCGGCCCGCACCACGTGA
QLIBQVQQGRHRASQBGVVIDTPR]GPHHV
540
GGGTGCGGGTCACGGC)\TGGGCGAGCCCACGGACCATGTGCATGCTGACGGTCMGGAGCGEAOGCTGGCECGCMGATCGACMTTCCC
T VRYTATASPPTMCMULTVYXNERTLARIKTIDNS
Neol . Aval . Sacl 630
TGAGCCACCGCAACGCGGCCCGCTCGGTCACGGCCATGGCGTCGATGCTCGGGCATGAGGTCMGMTCCG{ITGTCGGGCATCCGCGGGG
LTHRNAARSVTA!&ASHLGIEVKNPLSGIRG
PstI . . 720
CGGCGCAGCTCCTGGAGGAGMCTGCAGCGAGTCCGACCGGGTGCTGACCCGGCTGATCTGCGACGAGGCGGACCGCATCGTC"‘CCCTGG
AAQLLEENCSESDEVLTELICDEADHIVAL
810
TCMUGGGATGGAGGTCTTCTCGGAGGAGGGGCGGTTGGMCGCGATGCGGTGMCATCCACACGGTTCTGGAGCATGTCCGCMGGTGG
¥V NRMEVYVYESDQERPILETRDAYNTIMHTVILEHTYZ RIK!Y
900
CCCAGAGCGGCTTCGCACGGMCATCCGTTTCA'I‘CGAGGGCTAGGACCGGTCGCTGCCGCCGGTHATGGCMCCGGGACCAGCTCATCG
A QSGFARNTIRPIERYDPSLPP?PVYYGNRDGL:
990
AGATT‘!'TCCTCA.ACCTGAT‘I‘A.AAMTGCGGCLGAGGCTGCACCGGMTGGGGCGGOGAGATGATACTCAGGACATCTTHCAGCACGGCG
Q I FLXEXLIEKNAAEREAAPESGGETIILSTS ST YQHOG
1080
TCCGCATGGCCCTGCCAGGCGGCGACACCCGCCTGCACCTGCCGTTGCTGGTGTCOGTTGAGGATMTGGGGACGGCATACCCGACGATC
VR MALPGGDTERLIHAELPILLYSYGQDNGDGT! PDOD
. DPE . . . 1170
TGCGCTCCMCCTCT‘TCGATGCGTTCATTACGACCMGGTCMTGGGACTGGCGTGGGGCTTGGATTGGTAGCCAMATGGTCGGCGACC
LESXLEDAFITITEVYXNGTGLGILALYAEKIVGETD
. 1260
ACGGGGGGGTCATGGMTTTGAGAGCCAGCCGOGCCGCAGGG’I'CT'I'CMGGTCTGGCTACGCATGTTGGATGAAGCGMAGATGAGGGGCG
HGGYIEFDSQPRRTVYPFKVY S LPMNTPFPDEMAQNWNSOE O
. R8S. ntrC—» . 1350
ATCCTGCAGCGGCCAGAGGCATCCGAGGGGCCATGGGATGAGTGCAGCCACGATCCTGGTTGCGGACGAGGACGGCGCCATCCGCACOGT
DPAPARGIRGATLIG ¢«
HSAATILVADDDRAIR'IV

. Aval . . 1440
'l‘CTGACCCAGGCACTCGCCCGTCTCGGGCAGGAGGTGCGCACCACCGGCMCGCTTCCACGC‘I‘CTGGCGCTG-GGTGGCGGACGGGCAGGG
LTQALAELGHEVITTGNASTLIII.‘IVADGQG'

Sacl . 1530

CGACCTCATEATCACCGACGTGGTGATGCCCGACGAGMCGGGCTGGACCTGATCCCGCGGATCAAGMGATCGGGCCCGACCTGCGCAT
DL[ITﬂV.VNPDEN.GLBLIPlIKKlRPDLR[

. 1630
CATCGTGATGAGGGGGCAGMCAGGCTGATCACGGCGGTGMGGGGGCGGAGGGGGGAGCUTTGGAGTATCTGCCCMGCCCTTCGACGT
1 V¥ 8 A¢QNTIULITAYKAATERGAPR®ETLTPI XK?P?PTERL
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. 1110
GMGGAGTTGGTCTCGGTGGTCGAGCGGGCGCTGMGTCCMCACGCCCCGGGGGCGCTTGCCOGCAGACGGGGGCGAGGGGGAUGAGCA

KELVSYYERALNSNTPBRRLPADAGBAD!Q

. Bl ' ' . 1800
GCTTCCCCTGATCOOCCECTCOCCORCCATGCAGGAGATCTACCGOGTECTTGCCCETTTGATCOGCACCCACTCGACCGTGACCATCAC

LPLIGRSPAI(Q'EIYRVLARLIGTDSTVT]T
1890
CGGCGAGTCGGGC)\CCGGCMGGMCTGGTGGCCCGCGCGCTGCACGATTACGGCMGCGGCGCMCGGCCCCTTCGTCGCGATCMCAT
GESGTGKELYARALHDYGKRINGPFVAIHII
Sall 1980
GGCGGCCATCCCGCGCGMCTGATCGAGTCOGAGCTG!‘TCGGTCACGAGMGGGCGCCTTCACCGGAGCCACBMCGGGTCG&\CCGGCCG
lAIPRELIESELFGHEKGAFTGATHRSTGR
. . Pstl
CTTCGAGCAGGCGCAGGGCGGCACCC’I’GTTTCTCGATG&GATGGGCGACATGCCGCTGGAGGCGCAGACCUGCCTGCTGOGU}TGCTGCA
FBQAQGGTLFLDEIGDHPLBAQTELLIVLQ
. 2160
GGMGGCGAGTACACCACCGTCGGCGGACGTACACCMTCMGACGGACGTACGCATCGTCGCOGGGAOGCACWOGACCTGOGCACCCT
EGEYTTVGGRTPIKTDVRIVAATHRDLITL
. 2250
GﬁTCCGCCAGGGC'CTGTTCCGCGAGGACCTGTTCTACCGTCTGTGCGTCGTTCCC&T{‘CGCCTGCCGCCGCTGCGCGAGGGTAGGGANA
IRQGLFREDLFYR.LCVVPIRLPPLEBETED
NeoI =~ 2840
OGTGCCGCTCCTGGTTCGCCACTTCCTGMCCAATGCTCGGCCCMGGGCTGCOGGTGMGAGCATCGACCAGCCOGCCATGGACCGGTT
VPLLVRHFLNQCSAQGLPYKSIDQ?AIDRL
. - 3430
GMGCGATACCGTTGGCCGGGCMCGTTCGCGAGCTGGAGMCCTTGTCCGCCGCCTCGCCGCGCTCTATTCGCAGGAGGTCATCGGGCT
KRYR'PGNVEBLEHLVRRLAALYSQBVIGL
. 2620
OGATGTGGTGGAGGCGGACGTTGCCGACACCACA C(}CGCCC"GCMCCGGTGGAGGAGCCGCACAGGGGCCTGTCCGCCGCCGT GGAGCG
DVVEADVADTTPAAQPVEEPHRGLSAAVER
. 2610
CCACCTCMGGATTATTTCGCCGCGCACMGGACGGGATGCCGTCAMCGGCCTCTATGACCGGGTGCTGCGCGAGGTGGAACGTCCCCT
HLKBYFAAHKDGHPSNGLYDR\TLRB\’ERPL
. 2700
GﬂTCTCGCTCAGCCTGTCGGCGACGCGGGGCMCCAGATCMGGCGGCGCMC GCTCGGCCTCMTCGCMGACGOTGCGCMGMGAT
ISLSLSATRGNQlKAAQLLGLNENTLEKKI
. 27%0
CCGCGATGTCGACATCCAGG‘I‘GGTGCGCGGGTTGMGTGATCGGGCGCBGGGTGGA‘!‘CGGCCGGCGTCACCGCMTCCCAGAGCGTGGTG
RDLDIQ@VVRGILEK.:
. 2880
TTTTTGCGACAGGCTTCCGGCACCTCTGCCGTTCGCMTGCTCCTTAGGGACTGTGCGAMGGCAGAGGGGTTGCCGCTTGGCAGGACGG

.EcoRT 2926
CMCAGCTCGTGTATCATTCTGGCMCAGACTGCTTGCCGGMTTC

B2 DEEZRE Yos2 neBC FRRNBEHERFR

Fig. 2 Nucleotide sequence of A. brasilemse Yu62 ntrBC coding regions
RBS; putative ribosome binding site. DPE: putative RpoN dcpendent promoter. The potential
start codons are shaded. Conserved histidine residue in NtrB and aspartic acid residue in
NirC are boxed, which are suspected to be the carrier and the acceptor of phosphate
respectively.

A% DNA Z&fH, LIBERE B THHKT.
T NuC RESS5EHARBAHBRERAORZE, ARAXREFEHRNE R,
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Pedioss SPEAX—LRERN S, WHCHREEE NaC FFR S EFEN—
¥, 5 SHEMEEHAL; M Lisng S0 orC REBESEAEEIR, Wb
NuC Rf 5EEEREEEREREE, BYHS, X AFEEY nuC SEEFE
W — B0, 3K — e 6 Bl T A 2, 7 R A A L R B W L e
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CLONING AND SEQUENCING OF ntBC GENES FROM
AZOSPIRILLUM BRASILENSE

Yan Dalai  He Lubong Li Jilun
(National Laboratory far Agrobjorechnology, Beijing Agriculry}al University, Beifing 100094)

Abstraet A gene library of Azospirillum brasilense Yu62 was constructed in
EMBL3. The library was screened with PCR amplified fragment as a special probe.
Ten positive plaques (EA1-EA10) were selected. Detection results showed they con-
tained two different types of clones, representing as EA4 and EA9 respectively.
Southern hybridization of EA4 ‘displayed that target gene was located in a 2.9kb
EcoRl fragment. Sequence of this fragment had allowed the position and identifi-
cation of ntrC gene, which encoding a protein of 53469, consisted of 480 amino
acids. In the upstream of ntrC, a complete ntrB coding region was also found,
which encoding a protein of 43487, consisted of 400 amino acids. Heomologous
analysis of the deduced amino acid sequences of ntrC and ntrB from different bacte-
ria demonstrated that 4. brasilense was closer to Rhizobie than to other free-living
diazotrophs. _

Key words Azospirillum brasilense, Gene library, ntrBC gene, Nucleotide sequence
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