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W OE OAMFHEE & (Ko'-cassetre) A B, 31 05 B 8 B ( Azospirillum brasilense) Yu
628 dreTG ZRRE TIFEHHEST TIHE, HEXBHEANNETH. TREW . draT B
iy ] SR BT P T T S BRAT K, T draG B8 75 k£ A B N 92 52 [ RS04, (E S S RE RS 41
TR SR SRR B T M. ara TG PRI T YZA( A A1 S I draG 29 2kb)
TEXEEBESET, REEW AL T AR EH NS, B aif e BFEME FHRE
IR R, R B T ARG & 5 1 R A K TR R

xR UWREBE, dra TG, 58

SES Q78 XEAFIRE A XEHS 1000-3061(1999)03 0281 87

R ( Asospirilium ) Fe— 25 55V 2 4 Bl {6 40 5 85 18 T B 4 11 6L ¢4
g, CHETRAEE(A. brasilense ) Sp7 FIR L 4B B { Rhdospirllum rubrum ) —
¥, E & B 47 15 1 1 % DraT(Dinitrogenase reductase ADP-ribosyltransferase ) Hl DraG
(Dinitrogenase reductas activating glycohydrolase} & 45 8918523, DraT L5728 15 8, 24
SR ERE SRR E SR, R ER AR EOTE Y 101 i EBRBE, ¥ ADP-
REEIN AT BT 3% R ). DraG R MBS, 4 4M T80k B R R T, T R
T ADP-R28E 2 K R T 38, 0 SRR B B R 4R R B USRI R 5 B A 1
i, #r 8“2 M (Switch-of (Y VR 81, DraT Ml DraG 4 {8 draT 0 draG i, 34
ﬁjﬁ DY TT (operon), draTG . 7E A brasilense Sp7 ' draTG By _H R THEE B 15 F)E

A brasilense Yub2 BHRSE 1984 FEMALBUE K FAAMRER B @D 1, Ak
ﬁEﬁE}’J Sp7 BWARAEEMM, RTEMER(0.5% ) I LEEF FTEE. BIICERET
Yub2 # dra TG [FIURE B, HA#EFT T F 0702 h T o L, MIER draTG 3
AT HREE S draTG FIEAIRAEE, A Yu2 BT T E MBS, 45 CIRIE R BAHT 4
s R,

VA
L1 EHRSHEH
T F B R LR 1.

* E A R AR W 91 & R 2009 2 (No. 863-101-03-04-02),
W H R - 1998-08-17, 42 B F #7.1999.-04-19,
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F1 BHRSHN
Table 1 Bacterial strains and plasmids

Strains/Plasmids Phenotype and/or genotype Reference
Strains
E.coli K-12 817-1 TpSm'RP4-2(Te: : Mu)(Km::Tn7), Pro, res” mod’ {i4]
A brasilense
Yu6i2 APNK, wild type {11
YT AP NKm', draT: i Km This study
YG Ap'NKm', draG: :Km This study
YZ1.YZ4 Ap'Nx'Km', draTG downstream region: : Km-lac This study
TPlasmids
pSUP202 Ap T Cm’ (14]
pUC4K Ap'Km’, Km" gene from Tn903 (15]
pKOKS Ap'Km", lacZ (16]
pAB358 Tcr, pRK290 deivative carrving a aifff-facZ transcriptional fusicn (17]
pLYM106 Ap', A brasilense Yub2 draTG(8.0-kb Sal [ {ragment) in pUCLY 12}
pSUTG Ap'CmiTe, A . brasitense Yu62 draT((3.0kb fragment) in pSUP202 This study
pSUTG-1 AP Co Te K, derivative plasmid of pSUTG (draT :: Km) This study
pSUTG-2 AP Cm Te'Em', derivative plasmid of pSUTG (draT: :Km) This study
pl.YMI106-KZP1 Ap'Km', derivative plasmid of pLYMI06(era TG downstream region; : Km) This study
pSUP-KZP1 Km'Cr'Te", 12kb fragment from pLYM106-KZP1 in pSUP202 This study

1.2 BB

E PR H . DNA B4 54 DI B Promega 20T f14E 240, T4 DNA EREEIEH
New England Biolabs 737 ¢
1.3 F&
1.3.1 ¥#., EFEEREE R LD 2aEN300C 8557, e 200 1 [E AR E HEAHE A NE-
bHp 1538 N30T Hi#, KB ( Escherichia coli i LB 3EFREE 37CHFR. M E. cli, 5
i A Ay E 810 Ap-50pg/mL, Cm-25mg/ ml, Te-12. Spg/ml, Km-30pg/mL,
St A brasilense, B T A B R 45 504 : AP-25pg/ ml; Km-12. Spg/ mL; Nx- 68/ mLc
1.3.2 [ERAEEHEH AT HITIE. U181,
1.3.3 FEEEEENE. BEEEENZHREFERRNE, ez oFEt iR,
1.3.4 B LIUEHEEINT . BEEEENE K-ARE LIS R ED D, 43765
BE(0.5%0,,99.5%Ar) EE(21%0,, 79%Ar) FER B ENEFT, 35 4h A
BORE, B8 Miller 8977 10 5 s-HFLEEEBEE A 10

2 HAWIT®

2.1 draTG EERETERENELIFTE

2.1.1 dra TG EHFEIEDT . M pLYM106 LR 3.0kb dra TG F B, IITHEF]
pSUP202 ks b, 3B LR 8 pSUTG. oSUTG M Pse I #4 B4 5 5 A pUCAK LR
PIEIMCE 1. 4kg P | Km' ZF A B, BEIER pSUTG-1(draT:: Km, ILE 1A).
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Km fragment was inserted in Psf

Km' fragment was inserted in
| site of dral gene

Nsi | site of drac gene

| Km Km
Sp A SpHN AV Sp A Sp AHP =
L1 ] il LI ] Ld | il |
4 & Pl P P o pSUP202
ORF3 dra  dral DRFy draG - draT
pSUTG-1 pSUTG-2
B
pLYM106 1kb
T N ¢ N - N - .
= 8 3 IR ¥y 83 G
g FR4 L85 & 4 dx 23
] I | [ [ 1.l L7
e e pUC19
ORF3 draG  draT
{acZ-Km fragment was inserted in Psr [
site of draTG downstream region
pLYM106-KZP1 ~
— — —— [UR— [ o -
= 39 o 2. w o ¥ o= S o
< FR g R8s S 54 d& L4
| 1l ] L1l L1 L1 L1 v
e f— {——— puCts
LacZ gy ORF3 draG dral’
12kb Sal I fragment was subcloned
to pSUP202 vector
pSUP-KZP!
1

A brasilense Yub2 draTG EF R FifE a2 M ETRER
Fig.1 Site-directed mutagenesis of draTG genes and its downstream region in Azospirillum brasilense Yu 62
A, Site-directed mutagenesis of draTG genes;

B. Site-directed mutagenesis of the d7aTG ‘s downstream region
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H Nsi 1BUE pSUTG 5 1.4kb Pe 1 Km FrEiE#, 83 dreG BEEH X BEARS
A Bk pSUTG-2(E 1A), X 2 MR WA E. coli S17-1 F1, BLEFHBIE
2l A A . brasilense Yu62, Tt draT Fl draG BIZEERE, 93] A A Al brasilense YT
AL brasilense YGo
2.1.2 draTC BEE T HEEELEE. pLYML06 ) Ps 1 MW =45 Km-lacZ
Ps T FEECH pKOKS _FEUE)EHE, 3078 E4 Bk pLYML06-KZP1, X 1% B0t B Y1 25 =2
H B K- lacZ W07 dra TG TR Pst L2 S (B draG #5 2kb, W 1B), A Sal T E§Y]
ol.YMI106- KZP1, B 7= 4] % Klenow #h - J5, &5 A Ps 1 B8H1JF4 T4 DNA polymerase
HT-H pSUP202 #Ef77E 4, #5E FRE pSUP-KZP1{[E 1B). HiZ A E A E. coli S17-1
i BaESERES AN A brasilense Yub2, 351512 K il A K FEH FTALRE YZ1 F YZ4.
2.2 ZREHRE RESE Mk AR K0S

i NfbHP-% 2 B4 (10mmol/ L)V I i 8, S A3 AR Yool RHEREA YT
1 YG, 16~20h J5, 76 O 8 B B h a0 55 30 0P, AR MBS 1 mmol/ L 3 2 mmol/ L.
9 NH, C1, o 8 I A0 17 A B W, 8 B 1 ml B AR o AL A, EEFAEE
Yu62 JFEFE R, FA0 1 mmol/ L NH,Cl i, H: ] 2 1 5 B4 4 0410 4] 5 24 2 035 5%
45min B, 6B L G, I B R R EOF A NH, T DEARER . A 2 mmol/T NH,CI
B, BOKSEIETE 80min 5, HE AES G MAGERE (B 2A) 1€ DraT FAER YT #HEFR
Wi, A 2 mmel/L NH,Cl F, H R R EHE AL A, 5B AR Yuo2 IKJE i A
25 —F ([ 2B, 2A), #FA draT BITHEE T HEHEIR, 754 #000 B E A 8 DraT B0 R
FERRR YG BEEWE A, AN 0. Smmol/L NH,C &, H [ FUEEEvE s Iy ] ; Bk
FE 25 90min, H B EEEE NG E (B 2B), 1HIE draG TG ASTE, B2 T #) DraG &
R T4 S7EE AR E D Ley ADP I ER K T K.

100 s A 10 B
1037[
E 40 9] ’__/
z O e | >
T O 2 3 70 o
2 E 60 £ 5707
5 % . T EM
5 Z 40 5 é 404
o 8 = 7
E E ‘O g k= 30__
g 20 z E 20
l £ 104
gl o 3 s 3 g 0 B g
0 20 40 50 80 100 0 20 40 60 80 100
1/ min ¢/ min

B2 AL brasilense Yub2 FoH 57 bk [ HAG - S (A BLA AR
Fig.2 Regulation of nirtrogenase activity by ammonium addition in the culture of the wild type and its
mutants of A . brasilense Yub2(NH,Cl was added in time zero)
A Wild type: Yub2 - ® — Water{control), — < — 1 mmol/L. NH,Cl, — B — 2 mmol/L NH,(]
B. Mutants: YT, YG and YZ4 —C— ¥T{2mmol/L NH,CI}, — B - YG{0. 5mmol/L NH,C), — © - YZ4(0. Smmol/ L NH,CD
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draTG Fie XAk YZ4 FOEF A F|2 ZELH A brasilense YZ1 F1 YZ4 FEAE]
T yu62 Y 8= g A —S(E 2A, ERERREFTHEREE
2B —o— ), 15 A I K b Y 5E AR ok B e 1 Table 2 Nitrogenase activity of A . brasilense
&‘*RT‘?&H’]}R W 1B ;{wj‘ draTG —FJJL? Liﬁ:’.ﬁ- YZ1,4 while growing in nitrogenfree medium and
’Eﬂi Y71 ® YZ4 ¥ 3 %E’E}fﬁﬂfﬁﬂ'ﬂﬁi‘%'ﬁ : medium with 2mmol/l. ammoniam
Tfﬂﬁ% 5 ;ﬁ- 2mmol/ L NHqu( EE % /é_é {4) — Relative nitrogenase activity/ % *

Y NIDHP 5 055 2, 189 B R 6 ML NI med/L)
#H X‘.I l%‘ﬁf%{s tlf. 115_[:1: EE%HT El]r%* ( 21% 2) . A . brasilense Yub2 100 130
2.3 ﬁim%% nin-IacZ T{%Eﬁ A . brasilense YZI 190 170
Y74 H"J ﬁit A brasilense Y24 196 214

%T o % ’7'*):,5. § H: Y74 T"E ﬁ EE % Ffi « The relative activity of nitrogenase was expressed as a
s . Tt it persentage of the activity of brasilense Yub2 in nitrogen-iree
7KFHJJ iH ?E b 2‘7_: i wI ﬂj ’ 4% i ﬁ A. condition. {Data were taken from averages of three independent
brasilense SPT niffl-lacZ ¥R & T HI B asars).
K pAB3S8 4 HIEE A ZEAS Bk YZ4 AUEF AR R Y62 R, iR 2 1B R T AN IR B R AR
T H B2 A MEHERIEE, 45 R L 3.

T3 nifH-lacy RS TIEA . brasilense Yu62 T BRI B 2R Y24 BHIFRIA
Table 3 Specific activity of B-galactosidase of the nifH-lacZ (pAB358) transcriptional genes
fusion in wild type Yu62 and mutant YZ4 of A . brasilense

Specific activity of p-galactosidase * {n/min. mg protein)

Strains/ Plasmids 0.5% 0O, 21% O
- NH,~ + NH, " (20mmol/L) - N#,’ + NH. * (20mmol/1.)
YZ4(Km-lacZ) 89017 1088 = 68 882 1 49 1046 =63
YZ4(Km-lacZ ) + pAB3S8 (nifH-lacZ) 8896 + 85 1021 + 34 198+ 15 959 + 37
Yub2 + pAB3SS( nifH-lacZ) 9141 + 45 16713 269 L 46 219+ 37

% Dala are averages of three independent sssays.

ME AR EN . AR YZ4 i R AETLLEE TR ARE SR RSN E
T ER T (£ 1000 Z2), XA W TR Y24 B A T Km-lacZ J7 B I
lacZ EFE B MR ER, A2 O, 3 NH, " 18, YZ4 + PAB358 #1 i1 F Bk Km-lacZ
SMEBI AT nifH-lacZ, 3% lacZ BIFRIE, T4 O, 2% NH, " 1545 HERE O, S T8 A
Eik, B g R AL I LR A Y ELBA TR REESH 0 F S
Yub2 + pAB3I58 M HIE AR, TRRR R MR YZ4 Y I BTHER I TR B, W
XA RFHREEMNEE SEEARSEAXNER  EREEEARES, ST
R LB TSV R R (3R 2), W L R P A 2 5 AR E K PR e EE 2]
X I R B AT T SRR T, R R R — R o BT BIRRAE S, BT RE 0 AT
W AE AT, SR BT HRIE.

TETRGHAL 0,(0.5% ) KM T, YZ4 + PAB358 L Yu62 + pAB3IS8 #y gL FLEE HEe th
EPEREAR (B0 2, B 2 4 lacZ FIRZ A ; LR TER 8 (20mmol/ L) Bl 0,(21% )4

© PERERMEDARIFATRKSHES http ournals. im

ac

cn



286 £ I 8 % & 15 %

T, R ARG LLIE L L AR bk YZ4 RUBR IR (R R T ) MBS, AT R THA
SEARE YZ4 3 1 B-F L TR B A ORI A AR AT B,

B OIS HERAEE N ESEN C. Elmerich 2B EREHRHF T EFE B, 5 3
AR AT, FERWE,
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Site-directed Mutagenesis Analysis of draTG Genes and Their
Downstream Region of Azospirillum brasilense Yu62~

Ma Liivan Wu Yue Wang Juan Zhaeo Yinsue Li Jilun
{(China Agri;:uizural University, Betiing 100094)

Abstract draT and draG genes are involved in post-translational regulation of nitogenase activity

of Azospirillum brasilense Yub2.Both genes and their downstream region were mutagenized by Km*

cassette insertions. Analysis of mutations introduced into the dra region on the A. drasilense Yub2

* Project of Chinese National Programs for High Technology Research and Development{No.863-101-03-04-02) .
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chromosome showed that mutants affected in draT were incapable of regulating nitrogenase activity
in response to ammonium. In contrast, 2 mutant with an insertion in draGG was still capable of ADP-
ribosylating dinitrogenase reductase in response to ammonium, but was no longer able to recover the
activity after ammonium depletion. These results confirm that draT( genes are active in the regula-
tion of nitrogenase activity of A. brasilense Yub2. Analysis of mutations introduced into the draTG
downstream region (the mutagenized site is about 2kb downsteam from dra(G) showed that the ni-
trogenase activity of the mutants were higher than that of the wild strain while growing in nitrogen-
free medium and medium with 2 mmel/ L. ammonium. These results reveal that there isn’t any gene
that is necessary for transcription of »ifHDK in the mutagenized region, but it is possible that there
are some genes which play a role in regulation of the activity of nitrogenase. The results of monitor-
ing the expression of transcriptional nifH-lacZ gene fusion in the mutant YZ4 showed that the tran-

scription of ‘#nifH in the mutant Y74 was the same as that in wild strain Yu62.

Key words Azaspirillum brasilense Yub2, draTG, mutants
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