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Abstract

To find out the growth conditions for the maximum activity of nitrogenase which catalyzes nitrogen fixation in
Rhodobacter sphaeroides, the promoter activities of nif4 and nifH were analyzed and the results indicated that expression
of both nifA and nifH was increased in response to deprivation of both O, concentration and nitrogen source. The nif4
mutant was constructed by deleting the gene to investigate the effect of NifA, the transcriptional regulator, on the nifH and
nifA expression in R. sphaeroides. Analysis of expression of nif genes using the nifA::lacZ and nifH::lacZ fusions in the
nifA mutant revealed that NifA acts as a positive activator for nifH{ and an autoregulator in its own expression. The
promoter activities of nif4 and nifH in the prr4 mutant grown under anaerobic and NH,'-free conditions were derepressed,
comparing with those of the wild-type grown under the same conditions, indicating that the prr4 product acts as a positive

regulator in expression of nif4 and nifH.
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Proteobacteriao| 4] A4 11%SM= nitrogenase &
A B3| o] oJ8l| 2wl Et}. Rhodobacter sphaeroide
of| ZA)3}= nitrogenase+= dinitrogenase reductase(Fe
protein)®} dinitrogenase(MoFe protein) 2 GLA &=
|| dinitrogenase reductase+= nifH F-AAF2] AHE2] o

o)A 2 dinitrogenase©]] RS Al 3514, dinitrogenase

*Corresponding author : Sang-Joon Lee, Department of
Microbiology, Pusan National University, Busan 609-735,
Korea

Phone: +82-51-510-2268

E-mail: sangjoon@pusan.ac.kr

= nif DK §-ARO] ARER] 0o AFFA 2 N2} CoH,
= 93k &4F9|(FeMo-Co)E 7HIth(Masepohl 2}
Klipp, 1996).

Nitrogenase 2] -3 -4 A}FQ1 nifHDKE W53t nif
AR} cluster ] WA HARRA A nifd A<kt
0" o) AFZAA2 NifA Balo] ofs) 295
(Halbleib} Ludden, 2000), NifAo]] o]k HA} SH-&
A 351201 1 Aol ufet #AS] SepArkKranz)
Foster-Hartnett, 1990; Oelze3} Klein, 1996). 24 11
Al st A7F 7P & o] FoiH Kiebsiella2}
Rhizobium<; Al Rhodobacter capsulatus©l| <<
nif FARS] 24 7122 EU|E R, sphaeroides )
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WfHDKS} 71 9] nif §A4-50] M nifAc] o3
QITYEI NifA T AS ZAoR 24F How
o2t 4 9k

A mgste) 2 ol ME ] Wk Al
Nitr systemol| 2|3} 7A€tk NH, 7} £A3k= =
A= ginB2} ginkoll 2J8)| {1319 == PII THH
NtrB 9] A& 24|53, NtrB7} phosphatase & 2+
FO2H NICE] QIAHSE} 30| SlAlElo] mifd W3l
o] =¥ gH=th E NHy' o] Ajgke 2dolA:
PII7} &4J3}=] 17 NtrB 7} histidine kinase 2 2F-8-5}03
NtrCE QMAtelRith NtrC~P= nifd o] aS 243}
8}aL NifA+= nifHDKZ B33t T2 nif 223 &
Agksity, webd 2A 1A43H= NifA-dependent
systemo|| X1 9] nifd 72L0] W} NifA Thif 2 o]
A -2 o]Foj At Hibner 5, 1991; Kranz 5,
1990; Merric¥} Edwards, 1995; Merrick, 1983).

PrrBA two-component system-2 AFs} $-¢] 72 9]0
upeh ohfeh FAe] WES 2AsHs T HAE
Z A o]t Erasox} Kaplan, 1994). *2ofl= 0, &
el w2t ek fuRjel WES XAk How
24 O (Eraso} Kaplan, 1994; Sganga ¥} Bauer,
1992), Ztofli= gha a7t olf2(Qiant Tabita,
1996) 24 1A IElsen 5, 2000; Qiani} Tabita,
1996) 4 AR} vl A Ake] 24 at W of T=(Elsen

o © o

Table 1. Bacterial strains and plasmids used in this study

o)y

ey

5, 2000) Tojsl= A o2 oA ik PrrB/PrrA 4l
5 7 2of|A] PrrB= 2hof| X2k histidine kinase 244
A7} AASE f-Sh(Eraso 2} Kaplan, 1996), PrrA
= AL SRR AAL QR 2Hgalk(Eraso 5,
2008).

2 QoA Akeo] el dale] §R71 R
sphaeroides | nifH2} nifd 57| T2 E| ZHA o
olwl gt FEFE F=A1E AHF O 2 M nitrogenase T
go| HH 27 AwA sheich Eh nifd2} prrd
AL EAMO] A5 ARSte] EAHo] ol
A ] nifA9t nifH TRHE B/de ASE] NifA o
HiZo] A g W fARREl G PIAIEA
@} R. sphaeroides 2] PriBA system©| nitrogenase &+
doll olsh=AE YobE il 513l

R R

2.1, A8 #F, E2tALNE ¥ Y XA

2 A-tollA ARG e}t EekAu| B4z Table |
of ®7)3}t) E. colix= LB(Luria-Bertani) HJ|X]&
Ag5te] 37°Col|A] vl F51T) R. sphaeroides ] vl
= succinate 2{NH4).SO0,s & 27 Ayt A4
o & x}8-3) Sistrom(SIS) vl x| E(Cohen-Bazire 5,
1957) 413 o] wiak 445 WAsto] AL

Strain or plasmid

Relevant phenotype or genotype

Source or reference

Strains
E. coli
DH5a (p80dlacZAM15) AlacU169 recZl endAl hsdR17 supE44 thid gyrA96 relAl Jessee(1986)
S17-1 Pro Res Mob" recd integrated plasmid RP4-Tc:: MuKm::Tn7 Simon et al.(1983)
R. sphaeroides
24.1 Wild-type van Niel(1944)
NIFA 2.4.1 derivative, AnifA4 This study
PrrA2 2.4.1 derivative Aprr4::QSp"; St' Eraso and Kaplan(1995)
Plasmids
pUCI19 Ap', cloning vector Yanisch-Perron et al.(1985)
pLO1 Km" sacB RP4-oriT ColEl-oriV Lenz et al.(1994)
pCF1010 Sm'/Sp" Tc" IncQ Lee and Kaplan(1995)
pBBRIMCS2  broad host range, mob, Km' Kovach et al.(1995)

pPROnifA
pPROnifH
pBNIFA

pCF1010 containing a 0.75kb Notl/Xbal fragment containing nif4 promoter region This study
pCF1010 containing a 1.2-kb Xbal/Pstl fragment containing nifH promoter region This study
pBBRIMCS?2 containing a 1.1kb EcoRl/Xbal fragment containing the nif4 gene

This study
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1, 30 °CE FAsteith A== Dol wet E
colio|X]+= ampicillin(100 gg/mL), tetracycline(5 g
/mL), streptomycin-spectinomycin(25 pg/mL), %
kanamycin(50 pgmL)& 242 ARSSIAL, R
sphaeroides 9| A1+= tetracycline(1 pgmL), streptomycin-
spectinomycin(50 xg/mL), trimethoprim(50 xg/mL),
9 kanamycin(50 xg/mL)& AR5

HjA|E 7F5 A& falcon tubeol] & wjFgt o5
5% E31aL, 2,500 Lux o] M A5 &Ko §7]4e
djoksto 2a) WS Eatlon, dark-DMSO
(dimethyl sulfoxide) ZALS §A517] Y3l 0.1%
yeast, 0.5% DMSO-& -2 SIS B} A]E- falcon tubeo]]
7S A F@r1Few wjdsigick AArdAl A 2
T2 HE 4S5 nitrogenase S SH3=
A0l A9, 27]91=(NHe).S0s5 AAYO R ok
SIS HljA|oflA] 12~14 A7t A e v oFsto] S5k &9
TAE B2 5, Aol mEbA o] HAlE Aao]
208 AL R ARlo] e AR g7 olAk
© & ODgoo %401 0.5~0.6 F =7} 2 wj7hA] vjeket &
2138 A|3)3} ¢ tH(Fostner-Hartnett ¥} Kranz, 1992).
HAagdo] 14 iR Z=(NHaS0E  AlASHL
(NH4)eMo7024 * 4H,0Z 1.61x10° mM Na,MoOy -
2H,02 A3t NHy'-free SIS Hix]o] 10 mM
glutamate & 3718} AME-S1ITE

il

2.2, DNA ®|Z= % conjugationd] 2|st Y& Xzt

A3 DNAL 3 32 =30 uhebd) AJstict
(Sambrook %, 1989). A|=3} EZTlAn|= A2 E.
coli DH50E o]-83}$93%, conjugationS {3t plasmid
015 A= E. coli S17-1& o|-&3FtHDavis
= 1998).

2.3. Transcriptional lacZ fusion plasmid HZHH

nifA::lacZ transcriptional fusion plasmid, pPROnifA :
R. sphaeroides®] genomic DNAE FFOZ 3=
PCR 55 nifd £40409] 5 9jo} T2 E] 2915
33 734 bpo] DNA M2 19jck. o] uf Akggl e}
o]ME=  NifAlac-up(atactageggecgeggccgtagagaggateg)
3} NifAlac-down(cacatatctagaagcettg gegatctegea)©]
o, 9& A 52 22} Notl it Xbal o] ARt d4x 2f

£ HOIE Yeldithk Nod/Xbal2 AE PCR A2
Z2RE7} A4 lacZ fusion vector?l pCF10109]
2430, dojH ZekAu|=5 pPROnifAZ
8B, nifd 2] W FeE dobis o o8k
(Son} Lee, 2012).

nifH::lacZ transcriptional fusion plasmid, pPROnifH:
R. sphaeroides®] genomic DNAE FHOZ 3}o]
ifH §79] 5 519] Qls} meme] H91E PORE 5
A7 1.2 kb DNA HHZ ASIt,: PCR o] AR
Ialoji= NifHlac-up(5'-atactectgcagttegtegagacgege-3")
©}NifHlac-down(5'-cacatatctagacccatctcgace gegatetegea-3')
ol W% 71 KBS 27} ol o} Xbal O] AT fk 2
& 5915 Uepdck PCR AHE-S Pstl/Xbal A3t &
4 2k Hol2 712 JacZ fusion vector pCF1010 0.2
Z21935to] pPRONIHE AW, niff 770412 2t
A F=E doh= bl o8-8t Son} Lee, 2012).

2.4, R sphaeroidses?| nifA mutant XM=t

R. sphaeroides 2.4.12] genomic DNAE £ 0 &
SH= PCRS: AAT810] nifd 9412 3H6R= 2.1 kbe]
A A9l o] v AM§H mejolul 3 B 212t
EcoRI(GAATTC)2} BamHI(GGATCC) A3t T4 H-9)
£ 7FA+= NifA-up(5'-atactcgaattcaccageectgegageg-3')
I} NifA-down(5'-cacataggatccgcgagggtegcaaatgeg-3")
2 AR89 PCR AFES EcoRl/BamHI= | 2]5}
o] pUC19(Amp")oll 23t Th, nifd 577 W2
Xhol/Xhol DNA F-9Q]= A| A3 1.1 kb2] DNA H#H
S Sacl/Sacl Agt a4 Bz Zehlo] suicide
vector¢l pLO1(Km')eof] SF=24Ygro =4 pLOAnfAS
HREQIL) o] pLOANFAS E, coli S17-10)) B4 Azke:
AlZ1 &, conjugation 7|HH-& ©|-8-8}] R. sphaeroides2)
single crossoverE -5t} Single crossovero] 2]
3} &2 Z3kE R. sphaeroidesS 15% sucrose”} 33
SIS WA pHE gEAo] Eusle] double
crossover®l 2|23 A5 5k FEH O F nifd
SAR A7} AAE R sphaeroides nifA mutant
(NIFA strain) & 41'835}4ch

2.5. R. sphaeroides nifA mutant AHAM A8
£]o] AslojjA AZ=E pUC19::nifAS BamHI/EcoRl
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conjugationA]# kanamycing 35t SIS 14| B %]
A nifd §AFe) o] BjEE 5 Y fm

252 Ashc

2.6. B —galactosidase assay2} THHE! ZH

B-galactosidase activity =7-2 O-Nitrophenyl-3
-D-galactopyranoside(Sigma Chemical Co.)E& ©]&
sto] Zar E3oA 71eet AA™ Alsskela(Miller,
1972), Az F5&9 ol sre ZEEE=E
bovine serum albuming- ©]-&3%} bicinchoninic acid
protein assay agent kit(Pierce, Rockford, IL.)2 =%
Shsick

TE

3. 21t =

an

3.1. nifAQ} nifH QEXIe| E& 9s XA
Hl95 $4) Wb Aol A nitrogenase AT

500
mm 2.4.1(pCF1010)
2.4.1(nifA::lacZ)

N

396.0
400 X

300

255.0

200 %

100

65.4
24.6 %
4.9 2.2 18% 7.7
0 - 7

*“\‘\ b:\' \*0'1. “\—\A* |-\-07—““A-\'|.0?- ‘,\\—\A‘\' 102
A X 2

Growth conditions

B-galactosidase activity
(nmol/min/mg of protein)

Fig. 1. Expression of a nifA::lacZ fusion in R. sphaeroides
2.4.1. grown under different growth conditions.
Strains were grown in SIS(+NH,") or NH, -free SIS
medium  containing  glutamate(-NH,")  under
aerobically(+O,) or photosynthetically(-O,). Values
represent the means and standard deviations of two
independent measurements.

of a3t nif FHALS] W] FFFS Frhal gExl
K29k A291e] 2718 TelSHAA pPRONIFAS
313t R. sphaeroides 2.4.1-2 ]85} nifd -F-AA}2]
B-galactosidase &4 W5} L) Fig. 194 =
AAHT Aado] 2WE 2oL Abnol fiol
Aglo] nifd 2 HE Q] o] A UePgT o=
it 77} Akee] RS W) gk PO 9

e

1
AN

deth=s Ze ouelth pCF1010S =3RE R
sphaeroides 2.4.1°& 2702 AMESE A2, ofH 27
O nift TR EE|) S A2] e ke
HA, Abaof A4S gt 21104 pPROnifH
£ 7HA]AL Q= R. sphaeroides 2.4.1-& 01851 nifH
FAA}9] B-galactosidase B4 v sl HIth Fig.
20] 4] K= AR Akl F o] FAlof ARt 7
Sl nift] $74A10] Z2 W] o] T 2710
[ 719] 4u) HE o A e, ol ol
A7) A= 8 ZAA R sphaeroidesE vl|%F
S 73 nitrogenase ©] 20| Zth3} E 4= 9155 9

Elbiss

160
2.4.1(nifH::lacZ) 1472

140

120

100

80

60

41.2 42.0
0 T . i

B-galactosidase activity
(nmol/min/mg of protein)

20

0 2
02 02 x.02 x-02
A T e e T s

Growth conditions

Fig. 2. Expression of a nifH::lacZ fusion in R. sphaeroides
2.4.1. grown under different growth conditions.
Strains were grown in SIS(+NHj') or NH,'-free
SIS medium containing glutamate(NH,") under
aerobically(+O,) or photosynthetically(-O). Values
represent the means and standard deviations of two
independent measurements.
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3.2. R, sphaeroides nifA mutant 2{2k2 2[&t nested PCR

R. sphaeroides nifA mutanto|| 4] nifd GHA} A
7} ANERSS Belsly] 98] NifAm-up(5-CG
CGCGATCCCCGCGCAGGTG-3")¢}
NifAm-down(5'-GTGGCAGGCCAGATCGTCGGC-
3)y& Zefo|m = ARE-5to] nested PCRE A AISHRATE
PCRZ 20{Z DNA AFE-2 A7] 9%3t 43} 1.1 kb
2719) Mnifa7} BHIElo] AAE H9I7} mifd £744)

A.9Jo] FH Yk

3.3. R, sphaeroides nifA mutantofl 2| nifA L nifHel
lacZ fusion E80t MEHM AS
NifA T2l o] nifd o] ojd Fks v HA] &
o}1 7] 9J3l pPROnifAE £33 R. sphaeroides wild-
typedt R. sphaeroides nifA mutantE dark-DMSO =
Ao/ ALYz 10 mM| glutamateE H7}3t
NH, -free SIS vl 2|of|A] vlFs}1-& w, Fig. 33} 7o)
wild-type 2T} R. sphaeroides nifA mutanto]| 4] nif4 2]
uHglo] @3] AAshelTk. ol Ho it Rt

250
nifA::lacZ
198.7
- € 200 190.7
= ) — T
S =
£ 9
S a
o 5 150
L
.g E
= £ 100
s E
o 2
@ £ 50
0
[
28 \g
“\c,s “\?h\
gt
\3

Strain

Fig. 3. Expression of a nif4::lacZ fusion in R. sphaeroides
strains and complementation of the NIFA strain
using pBNIFA. Strains contain pPROnifA(nif4::
lacZ) for activity of the nif4 promoter and carry a
second plasmid for \complementation test: vector
pBBRIMCS2(black bar and hatch  bar);
pBNIFA(nif4::pBBRIMCS2)(white bar). Strains
were grown in NH;-free SIS medium containing
glutamate(-NH,") under dark-DMSO(-0,) conditions.
Values represent the means and standard deviations
of two independent measurements.
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upstream©]| NifA o] Q]&sh= T2 W EE 712 23
2917} qlow, nitt §AA7E A71EA $HAAS
& 4= Qlok ZRHE B40] nifd 44k2] mutation
oz Usl:  wdde kIS 9
pBBRMCS2¢] nif 572+ AAIE 4+¢lsto] pBNIFA
plasmid S A|2tsto] A A9lS skqick 1 At
pBNIFAE 333 R. sphaeroides nifA mutanto]| 4] 2]
nifd ERWE F4o] wild-typet 7o) 2ol 5

AcHFig. 3).

NifA Thifo] nifHf §7x1e] Wrlo] o}l ke v
A=A1E dolr] f18f Feld 2xiolA pPROnifHE
SIS wild-type} R. sphaeroides nifA mutantE WY
oFs} Tk 747}+0] B-galactosidase TS =453k
Fig. 404 2= ZA X R. sphaeroides nifA mutant 2]
nifH L2 1 E] 0] ZhAJ-2- -2 7 of| 4] &] wild-type ]|
B3 Lo A2 LERYITE. o] 210 2 NifA7} nifH %
o) Qi 2 HAR e Tt AE o 4 9k

o1
NifA= 28 98& sh= N U 299 S 1

180
144.7 nifH::lacZ

160 T
‘;;E; 140 129.2
S 9
® 5 120
25
g > 100
» £
8E w0
8 £
%% 60
> £ 35.0
Qac 40

. %ﬁ

0 A [
A \2o \3
Pt “\Gs’L\ ":“9 ]
BB‘,AN\ SR W o
(\4 ()

Strain

Fig. 4. Expression of the nifH::lacZ fusion in R. sphaeroides
strains and complementation of the NIFA strain
using pBNIFA. Strains contain pPROnifH(nifH::
lacZ) for activity of the nifH promoter and carry a
second plasmid for complementation test: vector
pBBRIMCS2(black bar and hatch  bar);
pBNIFA(nif4::pBBRIMCS2)(white bar). Strains
were grown in NHj-free SIS medium containing
glutamate(NH,") under photosynthetically(-O,).
Values represent the means and standard deviations
of two independent measurements.
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2% ATP 2% 24 20 9 HTH(helix-turn-helix)
motifE Z33F DNA A3} Hejel C-the] 3719 2
= FHEETh NifA7} 8 IAk2 283 o NifA 9
HTH C-go] nifA TZHEQ upstreamo] =
TGT-N10-ACA F-9]o] Z2&5}o] open complex -3
= QATEO RN nifhnifd 2] QAL AL,

317 U] Abaol A that S vheS
AbH W, Klebsiella pneumoniae\} Azotobacter vinelandii
o] A9 NifLo] ZAfsH Aol Alho} A4
o ¥-g2t NifLo| NifA 5:o42] Sulf 29jet 4 2+8
S i(Dixon, 1998; Schmitz 5, 2002), Bradyrhizobium
Jjaponicum, Rhizobium meliloti(fﬂXH Sinorhizobium
meliloti) 2] 739" NifLo| fl= 7-$-oll= NifA<Q]
Cys residuesol|A] 21 AbAof wWRSSFCK(Fischer,
1994; Fischer®} Hennecke, 1987; Paschen %, 2001).

NifA 79 alignmentE H|udPH, O,-sensitive
NifA 2] Cys cluster(Cys-X;1-Cys-Xio-Cys-X4-Cys ) 74

& 4= Tk B. japonicum, S. meliloti, Herbasplrlllum

Rs  TFRADLYFRICVVPIVLPPLRORKED | GLLAQGLLERFNKRNG-MKKKLHPSAVAALAQC
Rc QFRADLYFRICVVPIVLPPLRNRKSD IKPLAQLFLDRFNKQNA-TNVKFAADAFDQI CRC
Sm EFREDLYYRISGVPL ILPPLRHRDGD | PLLARAFLQRFNEENG-RDLHFAPSALDHLSKC
Rl EFRADLYYRI SVVP | VLPPLRERPGD | PRLANALLORFNKENQ-RELTFSSSA IEVMSQC
Ac  EFRADLYYRIHVVPL ILPPLRERPGD | PKLAKNFLDRFNKENK-LHMMLSAPA I DVLRRC
Bj EFRADLYYRISVVPLLLPPLRERRSD | PLLAREFLRKFNSENG-RSLTLEASAIDVLMSC
Hs  EFRADLYYRINVVSIFIPPLRERRED | PYLVEHFLEKFRVENQRAMVAMSPQAMKVMMNG
Av KFREDLYYRLNVMAIRIPPLRERTADIPELAEFLLGK | GRAQG-RPLTVTDSA [RLLMSH
Kp HFREDLYYRLNVMPIALPPLHEHQEDIAELAHFLVRKIGQHQG RTLRISEGAIRLLMEY

Kk KKKIKD LD kkkk Kk kk Kk 10 X L x,

Rs  NFPGNVRELENCIARVAALSPETVIHADDLACHHDHCLSADLWRLQTGSASPVGGLAQGP
Rc QFPGNVRELENCVNRAAALSDGA | VLAEELACRAGACLSAELFRLADG-TSP IGGLAVGR
Sm KFPGNVRELENCVRRTATLARSKT | TSSDFACQTDQCFSSRLWKG———" VHCSHGHIE|
Rl YFPGNVRELENCVRRTATLARSSS | VSSDFACKNSQCLSSLLWKTDGSPGG | TVOGHARS
Ac YFPGNVRELENCIRRTATLAHDAVI TPHDFACDSGACLSAMLWKGSAPKPVMPHVPPAPT
Bj  KFPGNVRELENCIERTATLSAGTS|VRSDFACSQGQCLSTTLWKSTSYGKTDPAAPMQPY
Hs  YWPGNVRELENCVERTATMMRGOL | TEVHFSCQANKCLTKVLHEPGQQQPVVVVPLERIS
Av RWPGNVRELENCLERSA IMSEDGT I TRDVVSLTGVONESPPLAAP————————————-—-
Kp SWPGNVRELENCLERSAVMSESGLIDRDVILFTHQDRPAKALPAS ***************

Fig. 5. Expression of the m'fA::ZacZ and nifH::lacZ
transcriptional fusions in the wild-type(2.4.1) and
prrA mutant(PrrA2) strains of R. sphaeroides.
Strains  contain  pPROnifA(nifA4::lacZ)  and
pPROnifH(nifH::lacZ) for promoter activity of
nifA and nifH, respectively. Strains were grown
under dark-DMSO conditions in NH, -free SIS
medium containing glutamate. Values represent
the means and standard deviations of two
independent measurements.

- ol

seropedicae, R. capsulatus®l ZA5= O,-sensitive
NifA 9] 75]—?‘01]‘]: Ul 71€] Cys residues S0l A+ 7l
= 59 29lel gL, L) A 91 2 e
ol =t v}, K. pneumoniae?} A. vinelandiiol
Z2Y3}H= Or-tolerant NIfA= 28] 7+ <4 2971 9l
o Cys residues™= 3t 7]jgto]| §ich(Fischer, 1994;
Fischer 5, 1998; Michiels 5, 1994). BZ% Cys
cluster= A2 W A5} 3R e A8k o< QA
o} Aslslo] NifA 2] 13 WS o7 3H4dS- oAgt
k. NifA o] ofn|icAl v E-&- Lehd Fig. SojlA] Hi= vf
O} ZHo| R. sphaeroides 2] 73-9-0l+=47}2] Cys cluster=
ESISFNIfAE 7HX| B2 K. pneumoniae$} A. vinelandii
OINifA2k= 2] 0,0 WIztslttaL & 4= Qlrk

3.4. R, sphaeroides prrA mutantOllX nifA.:lacZ fusion
3} nifH.:lacZ fusion®| £ H|w

PrrA ©h 2 o] nifd O] ol w||= P dof

17| 98] A=3 ZekAn]=9l pPRONIfAS E3}a}

+ wild-typed} R. sphaeroides prrA mutanto]| 4] Z}2}

300
nifA::lacZ nifH::lacZ
.. T 250 230.1
£ 0
S 8
58 183.4
o 200
g 5 172.2
2o 2
= E 150
e - 123.8
5 £
s £ 50|
S o
D g
Q. c
=~ 504
0
241 PRRA2 241 PRRA2
Strain

Fig. 6. Expression of the nif4::lacZ and nifH::lacZ fusion in
the PrrA2 strain respectively. Strains contain
pPRONifA(nif4::lacZ) and pPROnifH(nifH::lacZ)
for activity of the nifd and nifH promoter
respectively. Strains were grown under dark-DMSO
conditions in NHy -free SIS medium plus glutamate.
Values represent the means and standard deviations

of two independent measurements.
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