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EREHEREE Yub2 nifA BEEZE . NFRIIESHT
IR BRZR LEE 2ER

(HEFbRZEHPR LR 1000943

@ T TD-PCRIETEME T [ V9 [ 5198 8 ( Azospirillun brasilense) Yu62 B nid 2B, FEH 4
HRAECHCIREESH Sp? 8 aft BPIRERT(96.5% ), HHTH > NiA BA5 sp7
FHE NifA B BB RIF SRR 07.6% . BEETTLISE 2 5427 B S8 H Sp7 afd - R
BREY Nir™ R B, PP T NH,* Al O, X Yu62 nifd B RO RIX B NifA IS vE g, 2R 50,
nfd EEE Yuo2 AP R OAREEELMN, EAEATET 2HB K HK, #F Smmol/L
NH,Cl 5 F05%0)0 %M TFTEXEE;NMAZEBE04% ~0.5% 0, HIEHER . S5 F
FEAR MR T A NifA B HE F R, Immol/L NH, C1 B LU NifA 7% 4

A CAEREE Y62, nipt BEH,

b EaES Q754 IR HB A XEH S :0001-6200 (2001 ) 06-0655-07

197651‘:,D6bereinerMaﬁﬂ%%ﬁgﬂ'ﬁﬁﬁ%ﬁﬁiuaﬁlﬁﬁﬁ%(&ospirﬂlum
brasilense} Sp7'! B THE T S ERHAEBEY RWEBR S E R, oW EHEHED
ERAR M ZFI S EESTOER A ERERNE I Ak R SRR HE T E
T ZEi,

ErTERBRE AR R, AW B EWH BB KW 1984 T, B K
FANEF KM ERBRED BB AR ZAEE Yvo' ., DCABZEEREREH
FeRsE S RBAHRN, S A HEEFR RS RAEE, O E RS RN T ER A
MEY BAEWETHERESHARKNBEENERENTH TRHEEE, Bk, £+
Wb o, ARBFAKEENERKNITEE, A TEEEREEBEARETNBREHED
AR AR Y2 RS R - RN, B o B O e L K A R AE A I B T
B A RREREE K LR P REREREER, GBS ERE=NAN. AXRE
AT 863" HHEHH RN RS EREMIR, FEBGEX Yus2 78 EokiE, W
BWHETRE. RERERERM W T nrBC . draTG . ghhB . ginZ S EEE BT EHA,
HAP nrBC EHRGE M EEBITH 5 Sp7 NuBC & (O R IR H: 4 5135 3] 95.3%
97.9%!'% sdraTGC A=Y R EEBRFIS Sp7r MNBEAFRER 2 9% % 99.0% .
97.7% ' ;i ginB.ginZ WAL =H P, Fl P BEABNETF, 5 Sp7 HA B[R R E M %
100% " BN EHZEEXEKF L HERE.BETRA—&/kmE I NAREE, B8
H RS AR A R 2 BAR e, HE SR o2 A REBE, ESEREN AN
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HAE A 7 MR A b A S S A ™ AL 2 43 [ B

AXARE nifd HEBPE MTFHRERHEEZENERTHR SN, FRISTE
Rt-FUEHT EARZRNILBERR MEXAWERLEH _EZEFEER, A
Yu62 & Bk LG B D A R 1 e AR .

1 A

1.1 B0 mE

AL ARRARRRE 1.

R EAHESER

Tahlel Strains and plasmids

Strain and plasmid

Phenotypes and / or genotype

Source or reference

Strains:

E.eoli K12
817-1

A . brasilense
Yu62
Sp7358
Sp70671
3p7358-pKC11
Sp70671-pKCI1
Yub2-pKS212
$p7067-pKS212

Plasmids
pCEM-T
PGEM3=( + )

pCEMI1Z( + )

pINS3

pNCI11

pVKI100
pKOKS

pKCl11

pKS§212

Tp Sm™ RP4-2{Te > Mu)} (Km Tn7) ,Pro,res” mod*

Ap'Nx’, wild type

Spe"Km' . niff | ! laeZ-Km

Spe'Km' , nifd ™, nifH . lace-Km (Nif)

Spe’Km', nifH . lacZ-Km with plasmid pKCl1}
Spe'Km' , nifd " , nifH : ! facZ-Km with plasmid pKCl11
Ap N’ Km*Te' Yu2 with plasmid pX§212

Ap"Nx'Km'Te’ . Sp7067 with plasmid pK5212

T-vector
Ap”, cloning and sequencing vector

Ap°, cloning and sequencing vector

pGEM3( + ) derivative carrying a 2. 1kh A. brosilense Yub2 nifd

gene

Ap , pGEMI128{ + ) derivative carrying a 2.4kb
A . brostlense Yub2 nifA gene

Te' Km'

Ap Km" pUCLY derivative carrying B loeZ-Km Cassette

Te' ,pVK100 derivative carrying a 2.4kb A . brasilense Yub2 nifd gene

Tc'Km", pVK100 derivative carrying A . brasilense Yub2 nifd @ . lacZ-

Km

(8]

(4]
i{10]
[10]

This work
This werk
This work

This work

Fromega Co
Promega Co

Promega Co

This work

This work

[11]
[12]

This work

This work
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61 T OEE.CHBEMSE Yue2 nift BEEE T RS 657

1.1 #HFEHE

EFEEEA LD 3 30°CHF T W& p-F M EBIE T & K-lactate 3555
FE30CHSE . KBFFE ( Escherichia coli )l LB 5 E37CHFHE., M E.coli , i EW G
BWEN BT HEE (Ap)50ug/ml; PUIF E (Tc) 12, Spg/mL; + I E K (Km) 50pg/mL. Xt
A . brasilense , 45 ¥ B B W BE 43 519 : Ap 25pg/mL; Km 12.5pg/ml; 25 0% BB (Nx) 6pg/mL;
Tel2. Spg/mL.
1.3 RRKESHEE

e #R (91T,
1.4 pBEAMETMEIEAE

A5 75 I B R ) L ARG SR B IR B A, P& AR M A NH, C1 ) K-Lactate 3% 35 3 5
AR BEHEE 0Dy =0.2~04, H I nLBEFHHEKEATARES EH 10mL 0 F
ARG B T 30°CKBE K 1000/min #§F 4h, I E g FUEH MBI M. pR B
T B 2 AR A F L p844 E?iﬁji?zt'm] ,B-*?Lﬁﬁ‘gﬁﬁﬁ B B A7 B0 (BD ; miller units) =
1000 % ( 0Dy ~ 1.7 % 0Dy )/ (2 % Vx ODgy ), 2R ¢ KB E] (B4 : min) 5 V R (KPR (B AL
mL), AEIESENFERAOS S EABEPERKEK ELRENTAERKE HE—H
S PAHERR S, BEEE LGRSk — N EEHEK R, B — D SR R I T R P R K
HLER(99.9% N)E & BRI BSMHES 3min, FRASES KRS EVLE. KEES T
HWER 20.8% B, EERE N 0.1%Af ,ITA 0.29mL. F [, EITE 2 AT B A B M
&AL AP S FERBENEA RN EARAR AL EN SR
1.5 BERHA

% BE R i vk N VTR LDNA 3R 5 B8 Klenow J B2 B Promega 4% R) #i4E £ /4 /] , TADNA &
#8513 B New England Biolabs 24 7] , #i & 3F F7ic DNA kil &% A Rhoche 24 7] .
1.6 TD-PCR(touching down PCR)

B A. brasilense Sp7 nifA BEGFER, G H—3518 .

Primer 1:5'CAT ACC GTC CTC CAG GGT C 3’

Primer 2:5'TCC CCC CGA CCA TAT CCA G 3

rA S B E R Sp7 i A S 3 M E L PCRIBITEIF :94°C 1min,66°C ~
54°C 1min, B MEHFBEM 0.5C,72°C 3min, R )5 94°C 1min,54°C 1min, 72°C 3min, #5710
A& o
1.7 ABEAETERER DNA =K

¥eor w13 17,

2 R

2.1 EFEEZIRE Y2 nifA EEMERAOFNLSN

MEHEHATEPTTENT 2.4 kb Sal I B EW nifd TEEFRE RS, KB+
JUAMEREY Y 2.0kb, FTRE R B TEMBE LA Seu3AI X njd EE L 2.0kb 4L H
Sau3 AL {7 5L RA RT3 RO H It B B e & 0 8 4R pGEM3A( + ), #7145 & pNS3, M|
FRM,ZABREE STWE 40bp IEHRMNE R N-SH AP A EHBEAFEIHRERT C-HM
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658 wmoox W ¥ # 41 &

—#43 5], & TD-PCR (touching down PCR)FEY 1 .75 B AR T Yue2 nifda B, #
P 2.4kb BB R E 8K pGEM-T, Ar & 9 pTnifA. WI/F A BL, % 5 5 50 1 @& J
B Sp7 nifA RIFEMEN 96.5% , L B & — 415 625 TEEMKN ORF, IE N E R KHEA
Yu62 NifA, 5 & 75 & 20498 5 Sp7 NifA JFFI RIRHEH 97.6% . KT FULE GenBank I B 7 M
24 AF288483,
2.2 BHEEZEE Y62 nifda REFHRANEHEREHENARE

# pTnifA ML pGEMI12( + )i Nor 1 B8], B 2.4kb Nor T H- BE 5314 % #1537
H4H BB pNC11, ¥ pNCI1 i Hind T #0 Xho T XUEG Y], [FIL 2. 4kb [ 52 # nifd B B,
S5 Hindll # Xho | B BT A pVKI00 $RFEES S EH AR pKC11(E 1),

BT ETEEEE Yuo2 nifd REFEEMA, ¥ lacZ-Km & (lacZ-Km cassette) 71
BEZE nfA BRBSHTZE, BT ME LA i, kIE Yu62 nifd HAMEIE,
Y% PCRE| AL, FRMNE B ERE Yue2 REHAXFEPTEL 2.0kb Sal [ K B
HWE nip HERB TR ESE. B So 1 B340 pNS3, B 2.0kb Sal | PR, REEZFH
B pVKI00 #) Xho | fS7p, 2k Km UMk, 2L w B35S Km fitEEE AR
WEEES, 68N pKS2. ¥ EH lecZ-Km' Cassette B BT pKOKS FH Pst | 8847, [ i
4.8kb ) lacZ -Km" HP H- By, VI8 3 pKS2 9 Pst | OF 8, TR 3% lacZ HH H P15 nifA 2 H
T A E A OB, @ 4 0 pKS212, B I nifd BB RSN TR lacZ HH E T
BE LI EFR NI o4 BAEMERIK(E L),

B 1 E# R pKCl1.pKS212 & #y R &
Fig.1 Construction of recombinant plasmids pKC11 and pKS212

A:Broad-host plesmid pKC11 containing complete Yub2 nrifd pene; B:Expression vector of Yub2 nifd gene;

PrifA indicates the promater region of mifA gene.

2.3 NH,Cl REREM nifa ZEFEN RN

RIZE8 A% nifd BHEFIEHIEK pKS212( nifd 12 lacZ ) ¥ AETGE BB E Yub2 F,
SFIEES(20%0,) FIRRE(0.5% 0, ) W R N, 5 AR NH,.C1 B A B e 2, i &
BEHP QLA MAENE. SRWE 2, EHMESLET Yus2(pKS212) E# niyd &
HAEBHESSEGHTEREAR,BH vt RAREZREAWEE, EMEXE T, A K
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B A 20mmol/L NH,Cl HEFEEF R P FX LT 0 mmol/L NH,Cl %M TFREBERE
%, 5B NH,Cl X} nifa BN REEMBHBER. SEN, nid ZEEZE Smmol/L NH,Cl
EUTRERS HEERENSE —SET, i BEAREAFETH. EAESEHET,
nifARE R 7E & 20mmol/ L NH,Cl R A B 57 3 P O R 5 EKTE O mmol/L NH,Cl & fF T RE
WA R, 2 mmol/L NH,Ql HHTREES , MEERERHE D RA, nid BH KK
HTFRE(E 2), 880 NH, Cl MEFEIREER,

NH,Cl B % B3 NifA 7S d R Im
HE=RESERE 5T Yue2 mi &
BH 149 5 4 Bk pKCI11 55 A B2 7 [ U R o
Sp70671 Ml Sp7358 W PR, A it F K
Ap'Nx'Km'T¢ # T, HR P, BYEE,
W iA R L 55 A Sp70671 i1 Sp7358 B K.
Sp70671 4 nmifd " T nifl EG S FZ 5
WA lacZ-Km &, LA 2 ZREBNE
A, FEA pKCIL 5, B WE nyH B
Fik, B A BF R Yu62 NifA ARG .
# Sp7358 (pKC11) 1, R Bt & % Sp7 B[N
28 K nifa FBRL pKC1L R Yu62 nifd 2
H. EARFESEM NHCWET , 8 E
FL 74 A E BB Sp70671 ( pKC11) ., Sp7358
(pKC11) B Sp70671. Sp7358 ' niffl-lacZ
MREEFRNE 2,

2.4

—8—0.5% Oxvygen
—w—21% Oxygen

B- galactosidase activity
/(Miller units)

0 5 10 15
c{NH,CI}¥(mmeol/ Ly

20

B2 NH #HE5 0, 4/EXN Yus2(pKS212)H
nifd B FRIEHIR W

(L4 B 3 3 TP B3 HE (B4 : miller units) ] %)
Fig.2 p-galactosidase activity {miller units) of nift
expression vector pKS212 in A. brasilense Yub2, under

different concentration of ammonium chloride( mmol/L) and

OXygen .

%2 NH RES 0, 5 E3 Yu62 NifA i& £ H R W
Table 2 Yu62 NifA activaty under different concentrations of ammonium chloride and exygen

{ Measured by f-galactosidase activity of niff-LaeZ (unit:miller units)

P-galactosidase activity (miller units)
c{NH, 1) c(NH, CI}
Strains =0 mmol/L = lmmal/L
e(0,)/%
0 0.2 0.4 0.5 0.6 0.7 0.8 1 5 20 0.5
$p70671* 37.6 56.7 B7.3 9.1 71.2 68,2 46.1 2.2 9.4 1.5 0.5
{pKC11)
Sp70671° ND* 0.50 ND 0. 44
ND
5p7158° 122.1 9.4
(pKCl1) ND ND
5p7358° ND 83.7 ND 1.2

" ND:not detecied; “a” Sp7 chromosomal ngd 11 ThS, nifH . lacZ, with plasmid-bome Yu62 nifd gene; “b" Sp7 chromosomal
nifd 1t TS, wiffllaeZ; “c” SpT wild type with nifH . locZ and plasmid-borne Yu6?2 nifd gene; “d” Sp7 wild type with nifff 1]

lacZ ; Results were averages of three independent assays.
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2 H,Yus2 BIBKEY nifd 22 0H 01 L0 b B 76 A B A Sp7 M Nif© REY. Sp7358
(pKC1L) B ¥k nifH-lecZ 33K tL 7 Sp70671(pKC11) AR IAR M nifd 2 H % W B8
BT nifH BHEE . Yub2 NifA TEHETE 0.5%0, HE®. 0.5%0, Bf Smmol/L EL T K
NH,Ct APHLE nifga EEEEX (B 2),{8 1mmol/L NH,C] JE LABLIE nifH 2235, H7 NifA
7 Immol/L NH,C) M5 FHLMETWER, NMABALE 05 ATKETHERRE, 0K
BETFHAETO.5%MHLoE NfA EHTHR, E4ERT 0, IE2REN, NifA HH1)
AREEEN 2%, MEASERED 0.7% L LM, NifA EAFEHRAB TR, HE 1%
NfA BEER THRERFEEMN 23% . E4EH L RA,NA BEOEHEZEMERK. =
s EAEN TRERBELEN 10%, ZE 280K, NS 44T, BEERMAKFE, Nifa
EHSHEYHSETES NA A C-HAREEBRN C-X11-C-X19-C-X4-C R IF 3
X, B ELEMRT 0.5%0 ,NdA G4 FRETRER & T RER R 7 a8,

3 itk

FEMG 4 ST AT B B A AR AN nifd B9FE, REEREFEE( < 2mmol/L) R fF
T, nifA BEHABERIE ., A. brasilense Yu62 BB, BN EABAREELHEE i WERIB.
(BEATH M Yu62 nifd #FEMERE Liang B A Sp7 BT AT AT L—
By, 7E Sp7 BBRY nifd MRKFEREMNBY , TRAWERRD,E 21%0, MEERHFT
nifd (5 REBE,7E 21%0, M 20mmol/L. NH,Cl R T, nifd R ERMK, B X E0TFE
HH 20%0 ;THEE Yub2 55, nifd B9 F R AKBE, 7€ 0.5% O, #1 Smmel/L NH, (1 B,
nifA W FOEIE T A LB A5 RY Fadel-Picheth 2 A X} E 7 B Z BB Fp2 B#RD nid
MEXMAHEREREA BN, B aifd IRBRAINEHEN . BHRZEAR KIS
R EEEES - SHLRIEH., DHEEREN i REXLEATFLEHE TS F
VA THE—EMR.
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CLONING SEQUENCING AND EXPRESSION PATTERN, FUNCTIONAL
ANALYSIS OF nifA GENE IN AZOSPIRILLUM BRASILENSE Yu62

Wang Juan Chen Sanfeng Ma Luyan Li Jilun
( College of Biology Science , China Agricultural Unitersity , Beifing 100094, China)

Abstract;: The nifA gene of Azospirillum brasilense Yu62 was cloned and sequenced . The expression
of nifA gene was investigated in wild type strain Azospirillum brasilense Yu62. The results show that
expression of nifA gene is not repressed by ammounium and oxygen completely. But the expression
of Yu62 nifd gene is different from that of strain Sp7 nifd gene. Expression of Yu62 nif4 seems
more sensitive to oxygen than that of Sp7 nifd which shows the highest expression in condition of
aerobic, while the Yu62 nifd gene shows the highest expression in the condition of microaerobic.
The regulation of NifA protein activity by ammonia and oxygen was investigated . Results showed that
the NifA protein is repressed by ammonia, 1mmol/L NH,Cl can inhibit activity of NifA protein com-
pletely. Oxygen concemntration affects activity of NifA protein. NifA protein is highly active in
0.4% ~0.5% 0,.

Key words: Azospirillum brasilense Yu62, nifd gene, Cloning
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