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sotte ) 7 A, AT glnB R gnd A FIHEATEGET HEFHNMETLR, D ginB™ M gnZ .
A%, ginB 2R TR B ARIEME, RN N~ M g REFERNHE -HFRAER
BadEtE. R —AHRXETEEMIIGE 5 ghb M ginZ 5 51 BAE pVKI00 & LK
HIH TR pVK - 1l F0 pVK - Z, %} ginB ™ 1 glnZ  REHRHBITHIESR ,F LW T gnB 5
B E RIS AP T oz LMAEH. FIBt EME = FESHEE pVK- TH pvK-Z 41
HERFEAEABEE LR Yo MEA —EMNER NN deT” REHKD,(E ginB A ginZ
B9¥E MMt — H B EIIMF RSB, SREHEENY g EN R ERFE
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R Py (ginB AP P, (ginz HEH) R TR¥A 1.12kD, EFEREAKF LA
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BE MR TG AR B Yu62 draT B EHEABEEBRE i REWK,H—FWE P,
M P, XA RIEE S &M

1 M AnF %k
1.1 #E#MEH

S PR R BROM R WL 1.
F1 BHESER
Table! Sirains and plasmids
Strains/ Plasmids Phenotypes and / or Genotypes References
Strains :

A . brasilense

Yu62 wild type [1]
ginB "~ gnB null mutant thiz study
C-ginB ginB~ (glhB: Km )}/ ginB this study
ginZ ~ glnZ null mnant this study
C-ginZ ginZ ™ (gin2 : K} ginZ this study
Yu62- I containing ginB in Yu62 this study
Yus2-Z containing ginZ in Yub2 this study
draT — [ containing gleB in dral~ this study
draT - Z comtaining ginZ in draf ™ this study
Sp? nifd nifA mall nutant 7]

E . coli HD1OB rech hsdR len (8]

E . eoli S17-1 used as the recipient for plasmid transformation and as the do- [9]

nor for plasmid mobilization by conjugation into A . brasilense

Plasmids:

pGB containing glnf [8]

pUC19 cloning and sequencing vector EEEHTRAA
pVKL00 Km' Te" _ (9]
pBluscript cloning and sequenciing vector (5]
pPHU281 Te" , suicide plasmid (9]

pUC4A containing Km-cassette (9]

1.1 EFRFE

KT E A LB EFEE 37 CHF. EERBREH LD B F X K-lactate B4 FF
(0 5g/L FLBEH30CH -
1.2 BgFA 7

PRI I EIAS F TADNA E B B8 B 364 P T2 L 5 M Promega 23 F o

© FEMFREMEDFRMATKSHREST http ournals. im. ac. cn



5 # B = R\ % - LG [ MR T b Py A0 P, 7E ARV P A RER 525

1.3 BEBEISEE Yue2 BEHEE

AWM E N EREY Yoo BREY X ER B A WEIRAN., BUEL
EMBL3A N #5076 A Z IR Yu62 G4t 81K DNA 9-23kb/Sall F B E R KA E 1)
BamHI i 51,
1.4 #HEHERIE

#0145 pGB %L, 2 EcoRI M1 Xhol WA /5 , I 340bp BY ginB F BLfEME ML . A
¥71i0 F Boehriner Mannheim 2 & #Y Dig DNA labeling and detection kit AT
1.5 FE{frzes

EB TR &SN AR E LB RESE 2 TREN . BB WA
LA HTE 68°C T 21T, 4278 /5 B Ve B F & {5 5% Dig DNA labeling and detection kit i} B
HifTT o
1.6 PBR{ETEMEHY Southern blot . IE 5T BE K DNA F 5l 47 47

HE S F Pk DNA, 2 Sall. EcoRI. Bgl [l . Pstl HEZFREIERVIE, AR HESEH
PERRET e E B b JEFT Southern blot, A4 H M TRM AR . REH S HERHEFESHRER
TLRER| pUCL9 P H AT DNA FRFIoH 1 .

DNA B3 434 Br RIS 4 1 DNA PR3l i i 9 i R A 440 TR o vl 58
B. FEF) 894 87 F DNAMAN Fl BLAST #{% .
1.7 ZEF#RBRREXRNRIE

BUEIKEE F.coli S17-1 R FHKH A. brasilense Yu62 53 B F 3mL TINEEH R
B (E. coli FH LB FEE ,37CIE 45 A brasilense Fl 1D IG5, 30°C 55 3% ) 6 95 3% Fr 0t
Wo M LEABIES S00uL 1% %, IR & T Eppendord BEPR. B, FASHEE. AR S
940 ~ 50pL FHEFEEE, BE M LB sk LD ¥4 5, 30CH E itk 24h. R
ELAER FHED oL LB LD ik REES RGBT R, BisF 48 ~ 72h J5 T
EPHEES
1.8 BEEHBEFENIE

T 48, A 0 e 0 10 S SR R 2 T o R T A R R 2 HGE R R
e Z A

2 &R

2.1 ginB FMginZ BELH

HAIAET R BB RN ES, BRI ginB M ghnz BRI HITT FV 0
¥, ginB HETHE gnd (B EBESREE,GS), LW RAHERLM ORF, gihZ BN T
Boaat-like (RITAEBREESHE)M fisk-like (BREBERA, IR ubifl-like (I E Q)
W, HEHR SR LE 1, ginB Tl glaZ M4 5 X M K& Eh 330bp, % 1.12kD ME
[3, 3% B~ 25 [ 7E A% BR 7K - L /) TR) P 7R ) 70% .
2.2 ginB Mgnz BERMNEMNEFETHEREDNUNE

K T 5T glnB Ml ginZ BHEBIHEE, BRI EAIBI#4T T AL FEZ, K T HNE
KRR, X R E A M EN AT TR
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2.2.1 ghhB HEEMTEE:E ghB RN

A 0000 Bl T L HEA 1.3kb RIREE B B (Km-ca-
EcoRI Bal 11 Psty  sawte) SREHIHEA FHERERNY skb B
‘ —1——J 58 R B2 (3.7kb/ EcoRI + Pst1 glnB 3 A ] I

1 zing ginA 3716

FEM13kb RREEFEDERER B &
ki kr pPHU-281 L, 3£ 48 55 41 M B pPHU-
womy BlLe BT ALTOR I HL5 1L 10 J7 B A
T E.coliS17-1 1, KRG, B ZFEERFIK,
Sal 1 Bglm  Bglll Bgl 11 Sal I
%_J W E A SR pPHU-B11 ¥ 8 3 A. brasilense
Vil ginz aat fsk 3672 Yub2 W GE T HUME IRAE L RS glnB HEAERR,
2.2.2 ginZ BEEMFER: FALTE ginZ B
B AR nn A1 gnz Eaty  FHY Bgl LB T AR T B, WL =
Fig.1 The organization of gindl and glnZ in A . brasiense SRZE A 15, IRIB T ginZ FEX . BIEFHE
A.ginB and the other genes around gin®; B.ginZ and the 4R, [l TAL T ginZ T W HY aat FEHE AH
other genes around ginZ . WwAH—1 Bl I fi 5 ,H B, AT ginZ BH
RAAWEN, BRINIRATTET &MFURBRA gnZ BEREHWRR TR, A ETE
B R3] 43 B JE 58 i Km-cassette R ATE glnZ BEEAT, M AETE aat R
2.2.3 ginB 0 ginZ KRB EBEENNE EAFEKKRENERFET, o0 E
B R Yu62 5 H P R MR RY RIS BE, L Yu62 TE R EFKAF BRI S N 100%,
B RER2, gnB FHFEEFRBE, RN NE . T ghZz REEKBERBHERR
IFEF LRI, X ERUT ginB M ghz REBRARARBHNFESE, HERH
HRPER ZERIR K.

*2 BHEMEEH Yus2ginB M gtz REKEXRBFFHTHEERTELE

Table2 Nitrogenase activity of A . brasilense glnB ™~ and glnZ = while growing in nitrogen-free medium

Strains Phenotypes and / or genotypes Relative nitrogenase activity/ %
A . brasilense Yub2 wild 1ype 100
A . brastlense glnB ™ ginB null mutant 0
A . brasilense ginZ ~ ginZ null muant 100

2.3 ginB™ 0 ginZ - RITEHR T 4058

R T H— BRI glaB Fl ginZ EEINEE, RIHST T FTEEHD K.

pVK100 2 K BN 23kb RETEIRZAY (G- HE) PREFEMHIREN. HFTHR
I ginB WA X (M HHER T ATC BFIZ L %4 F TGA)339bp, B EcoRI Ml BamHI M
pGB ki X B 7] J5 5% o B o [a] #R 4k pBluseript b, 1 Xhol I K13 4ME B, mEEE!
pVKI100 [ Xhol i &5, #E78 H4H Fi8L pVK- Il . FAMR T A 1) B B8 U) F1 PCR 77 35 1t i
ginB AN E5 pVKI00 i Km HUMEF % 5 A [E A B4R R 6, 19 1R 21 ROoREE 1 = R $E
EHEHBD gnB R , WEKF %, Bl : C-glnB,
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FARVRE 7 36 A9 B A pVK-Z AL URL, i =R G B HR onZ TLAKBJ: C-gt-
nZo %t ginB Hl glnZ BARHAIT T EEBEME (R 3)o gh EAMRHBIERILTHRE
REH, S — R B HESERMEA DEROHEXIER. W ghz SHKMNEES
gz RATBR R FERHARLL

2.4 FHR ginB #£3 EEEREH Y62 Cghhb M C-giniZ THKRE
gh EHEBER T A8 05 TR R M B
AWE Yus2 M draT Table 3 Nitrogensse activity of A . brasilense €-glnBi and C-ginZ
TP HEEEEN while growing in nitrogen-free medium

E AT R, e Phenotypes and / Relative nitrogenase
NifA BEORBERAEEY R or genotypes activity / %
BIEES A i B A brasilense Yu62 wild type 100
HoE A, M &k HA A brasilense C-ginB  ginB~ ( glnB; Km)/ glnB 90
Nif -, IR BN nifd 1) A brasilense C-ginZ  ginZ ™ ( ginZ : Kim )/ ginZ 100

POl 3, AR 42 W 1A R

B E—HRERCEAUNAAERE T ERMOWEL, Rt F0K4 , RINEHK
WEH gnB WEHAFRE pVK-THEH ginZ WESAE pVK-Z 5| HBINHFERETH
B R Yu62 il draT EAVD, JEREHE N ginB T glnZ (pVKI00 75 4 K #3511
B-BIE2~-34ER). ENGEEEERLE 4, LIEEEE AR Yu62, B R daT™ 1,
gnB AL BERSHAME. MR, FEN oz HERBE/LTFXE M, B, R
FOWHRNTAELSENM afd 1 daT T EH(UB7) B BB RS T HEUZE (R
4), 5B ginB B draT HIBEIE P K E B BE B F UB37,

2.5 glnB Xl glnZ % %4 SRR ghd Moz EHEUEHENEH Yo2
nifA " REIE D 0 draT o ) B SRR 1 B B2

M ERBTFRGER Tebled  Nitrogenase activity of multiple ginB
FE SR T T RO, 2l- and ginZ in A . brasilense Yub2 and draT'~
nB 2 H & B P E R Straine Phenotypes and / Relative nitrogenase
BEYHEALEPEE or Genotypes activity / %
EEEEMER, HE A busiose vue2 wild type 100
AHLEBER A T 4. bresilense Yu62-T * containing glnB in Yu 62 193
#, ME, ginB EFHTE 4. trasilense Yu62-Z containing ghnZ in Yu&2 107
HEBARMA, B K. 4. brasiense Yu62 dral" dral” mutant 203
preomoniae T TLMLIT 4. brasifense Yu62 draT- 11 containing ghiB in dra? 272
B, BRE B ¥ FERIE 4 brasilense Yo62 draT-Z  containing ginZ in dral” 210

ginB BBTHAME s
9 Py B S NfA B

N-3% A BAE FOE NifA, AT E kAT IE Y. e AR b RITE R EZH M
ginB M glnZ 5+ B\ HE B8 Bl nifd - E-AF KR BFREFA WHLE, BEEEERE S AhATid
Fil, glnB M ginZ X nifA HEHNTHEMEH, BIERL Nif

containing Kp nifd in draT~ 224
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£S5 EEN B MgnZ EEAERTRE nifs " FHEEREHIEE
Tahle 5 Nitrogenase activity of multiple ginB and ginZ in A . brasilense nifd -

Phenotypes and / Relative nitrogenase
Strains
or genotypes activity / %
A . brasilense Yub2 wild type 100
A . brastiense Sp7 nifA”~ rifA " mutant 0
A. brasilense Sp7 nifA ™ - [k eontaining ginB in nifd - 0
A . brasilense Sp7 nifd ~ -Z containing ginZ in nifd = 0

3 it

B gnB Mgz EBNTRERERBENER, BEMERERRIN NI ,MEHE
PR LA ERE AN, BN, E, £ NE gnB A T4 RO P9 E R IEE M dreT” 2
Ak A B EM BT E RSN, gnZ HMBEEBELE W, BRI TIEHA
TECABABES, 8 RARERIBPHRLTFN,. ERR, ERRLTEFED,
ghnB RAE , AR HERBEE, MEINK N, 1997 FLEY RE, ghB EEAT
RV AT e R S NifA B ™Y . HERIBLBIABER oinB M4 P, B S NiA K
TAER, WSS NifA 9751, BAITHE REUIEY B ghB A nift” B8, HHR
F£W R Nl 0 ginB REFETA nfd. B X glnB BEEZHS nifd #9145 A A 5
KERAEMERMBAR? RITMARFA B NRERATIKIEY gnB WEEH ™Y
Py 5 nifd EEEEEPHEAER; I MHRRRIEY gnZ WERTY P, 5nifd TH
B EER.

i FRRMEHEANESER,E HRREERRRE 7RSSR, Ei R RS,
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THE DIFFERENT FUNCTIONS OF ginB AND ginZ FROM
AZOSPIRILLUM BRASILENSE YUG62 IN THE CONTROL
OF NITROGEN FIXATION"

Chen Sanfeng”  Guan Yue' Ying Jiaoyan' Li Zhonhua' Wang Juan’ L Jilun'®
(' Cotlege of Biology, China Agriculturel University . Reifing 10009, Chira)
(* National hey laborary for Agrobiotechnology , China Agricultural University , Beijing 100094, China)

Abstract: The glnB and ginZ genes of A . brasilense have 70% homology at nucleotide sequence .
ginB is located in a 3.7kb EcoRI+ Pst] fragment and ginZ is located in a 3.7kb Sall fragment.
Both glnB and ginZ genes were mutagenized by Km' cassette insertions and ginB~ and ginZ ™~ mu-
tants were obtained. ginB~ mutant did not have any nitrogenase activity, while ginZ™ mutamt still
has nitrogenase activity . The coding regions of ginB and ginZ were cloned into pVK100 veciors and
recombinant plasmids pVK — I and pVK - Z were obtained, respectively. The recombinant plas-
mids p¥K- Il and pVK — Z were introduced into ginB~ and ginZ ™ 10 produce G-ginB and C-gl-
nZ ,respectively . C-glnB can restore nitrogenase activity and C-glnZ does not have effect on nitro-
genase activity. When pVK — I and pVK - Z were introduced inio A . brasifense Yu62 and draT ",
respectively, the Yu62 — 1 {containing p¥K — I ) ard drmT - [I (containing pVK — [I ) have
higher nitrogenase activity than that of wild type Yu62. In contrast, Yu62 -2 { containing pVK -
Z) and draT — Z (containing pVK — Z) has no effeci on nitrogenase activity. The nifd”~ - [[
{containg pVK = I1 ) and rifA~ - Z (containing pVK - Z) still have no nitrogenase activity.

Key words: Azospirillum brasilense Yu62, ginf geae, ginZ gene, Mulant, Niirogenase
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