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DetD- or NtrC-mediated in vitro Transcriptional Activation from Rhizobium meliloti and R. leguminosa-
rum dctA Promoter. Choi, Sang Ki* and Joon Haeng Lee'. Department of Biological Sciences, Sunchon
National University, Sunchon 540-742, Korea, 'Department of Ophthalmology, Yonsei University College of
Medicine, Seoul 120-752, Korea — The gene product of detD (DctD) activates transcription from the dct4 pro-
moter regulatory region by the 6>*-holoenzyme form of RNA polymerase (Ec>*) in Rhizobium meliloti and R. legu-
minosarum. The Escherichia coli integration host factor (IHF) stimulated Dc¢tD-mediated activation from the detd
promoter regulatory region of R. leguminosarum but not R. meliloti. In the absence of UAS, IHF inhibited DctD-
mediated activation from both of these promoter regulatory regions. IHF also inhibited activation from R. legumi-
nosarum dctA by nitrogen regulatory protein C (NtrC), another activator of EG>* but not by one which lacks a spe-
cific binding site in this promoter regulatory region. IHF, however, stimulated NtrC-mediated activation from the R.
meliloti dctA promoter. Upon removal of the UAS, IHF inhibited NtrC-mediated transcription activation from the R.
meliloti dctA promoter regulatory region. These data suggest that IHF likely faciliates productive contacts between

the activators NtrC or DctD and Ec>* to stimulate activation from dct4 promoter.
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AldelM F83 JS 3, 9] A E, ZHkeo|E
o} e o] Ex= Rhizobium legimonosarum3} R. meliloti]

detadll 98] FZwFHE DctA(Cy-dicarboxylate transport
protein Ay} 28] $EETH2, 9]. detd TEREE 642 o
QAE F-53F RNAFFEA(EHEE ¥719 )l 234 <l
AV H10]. detD F-3AHE¢] DetD(dicarboxylate transport
protein D)= detdollA] RARE EX4)7]0 dete] g34o&
A ArLRA AL £t HAPRAA912] Ak oF 100 bpell
xeR= Al A {10, 11]. Eo™: Z2RE| 4%
sled 23] e ] <12 5-3kAl (closed recognition complex)
£ JA3t. =2 RElo] 2% Eo’= DNAE 38| 2of
#H(loopingA|71HA A ALe} A3 A S0 21]. A
ATte] gind T2RE ZAR 4= 13 DNAS| =
St FAA- o)A YAIH] F-2H WY AR o4t
SR, Klebsiella pneumoniae nifH ZZRE] T H-2]ol|A
*= DNA”} integration host factor(IHF)ell &}sf et o=
dofrbs A Z{4]. THFE L Z35-9ollA DNAE AA
sl A3 w=shedl, o] ¥t nifH Z2RE AR
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Agke[11]. DA AR} Eo*e] 434352 53] DNAY
HAAPHAIALR 9o FEH ez wsisl ‘iéL o] BghA
(open complex)®] Aol freglohal Hoi15].

DctDE 3719) 22l £9](domainy’} $J-2m)[10], N-dgh
-2 JAstEE o] QlAte] 4ol =AY DetB(derB
2] fAA} A= Cy-dicarboxylate transport protein By= £
F-8Pe)| Cy-dicarboxylic acids7} E2|& # DctDE ¢JAH}

A7) B|2Ed QAR R Ave|oh DetBy AR iAo

C-5-9] el A3 54 dl2eld A5 QA3
2% 19 44E T AAAELE DotD NAHH]
We) opaul2 Eal 27 (Aspss)ell AEEe] DetDo 724
2l ‘ﬂﬂg‘ dor Aoz AEFCH10]. JAERAZS] DetB

71%5-& DetAg}e] A3AFol o3 £HE 7e2 didE
[22], °]4 ANAF}E]R] o2 3efollA= DetD N-Eehi-$i7h
S ST 58S 3] JAIEH. DetDe| $3¢
T2 AAFEA 39} ATPE 7123l A)7]= 98-8 givh
o] ¥4 Hell= ATP7} A== AP TR (P-loop 32
Walker type-A sequence)”} 1TH10]. DctDe] C-iHies=
AR A 2L A A 100 bp A el $]#] 3k H H W e
DctD- 23412 (UAS)YE 21213 b ofvj2t 23k helix-
turn-helix motife]o}. wlebd] DetD C-LE-971 AlA s
detd =Z23XE Z2AHF9]2]  Upstream  Activation



Sequence(UASYE © o|AF Q12]8}A] £3H "o} DetD7}
UASe)| 23kt oj5A| DetDe] 43830l A5 Ao
2 Kol o] gAbe] of <izle] A Hloz A}
F316]. Al AR 7 Al 23 Al 3AgA
2"lo)] T3l o™ EA AAMEAALEA DotDo] 9ol
nitrogen regulatory protein C(NtrC)7} & <A 75 {3l eH[1].
ofazt2 EAL-54 AF7| 7L ABFENE W NuCe o §
&t RNAFEE o) o8] AAMEA 3} gt SdelA o]
Al NuCl Qaksh= 6 - 1R 7" 532 8o
FrEHal o] Helr} ATPE 7Hrislidle] AALEAIslel 2
23} oA E T3 AR Bl NurC2] N-ghi-9]
7t sk, AALEA 7] 8l dAakEE F-917) ofwt
NiCS] B2 39} % ATP 7Hel % Eo¥sh ARt
Aot HEF o= et B wielMe 24 BA o
I AH o ZE A3l WEE DCTDY in vito B3-S #
B2 915kl AAbel welo] AAS|o] Yolihi A2
(coupled transcription-translation system)S 7143t 721& W
33he}. o] Al2®loN detd ZRRE)ZAR | DetDr} 5
AR AR 3R UAS ¢ o’ #9530 Aot R
leguminosarum®} R. meliloti dctA*1A DetD & NerCel] 2
8 TR A A el THFS] J3S AEHRZA 32
Rhizobium%2] T8 FAlol] AALEAL] 2pHAlS As)
Het.

In vitro transcription translation assayS 23314 28
g TADEAE A7) $5te Table 19 7|E® T59} =
R EF o] @ste] A S WA A EelA s,
Coupled transcription-translation systemell Al R. meliloti
DetDy g0l 213} detd ZE2RE] F-9jellAl2] A A 2E 7]
E3ids W o4 Fel NLwHF-H7F A R meliloti
DctD & DCtDL143°] - =2 3PS Helv] Tl [51, o]
il S o]-83le] oMo]EA gl AL F1EkE & o

Table 1. Bacterial strains and plasmids used in this work.
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T517] 18l 2=l AAEAT. AE el 2] DetDE derD
el 54 ZES laczo] 1A ZEe] d2A7] Hyg"
pUC139l| A A 2= e E coli NCM7959)| A & =g o},
DctD®] Leu-143¢] LacZwhi{ Aol AZ¥ DetDy gy T3
& 3 PHske SRV EE R E colie A A=
Aol A} 30°Cel|l Al z1'} whekalsdct. wiek o] ODgsell A oF
0.5 =5183-S ® IPTG(isopropyl-D-thiogalacto-pyranoside)
£ 0.5mM s=7F HES Hrsiaden 25403 of wieket
Foll &gl 4°ce] FH A0 mM EPPS, pH 38,
5%(w/v) glycerol, 0.5 mM dithiothreitol, 70 mM sodium
thiocyanate)2 A|231%0e}. A1H Fol| TAE 25 Aol o
A 3}AIZ1 F French pressure cello]A] 6000 psiZ #4353}
17,000 x gollA 2087 LAEBAA F24E A+ o] F
Zd oA DctDy 143 AL Lee 50| Aol 7|E3k vl
oJaf F2) AASIAHR). E. coli IHE= K5746 T4 A
of Zl&st el vl &4 B o3, S
typhimurium NtrCe} NuB+E Dr. T. Hoover(University of
Georgia,  Athens)Z4-E] Akt Salmonella
typhimurium 6> E. coli M52199]] ¥ AP, T2 YE
stell M 8. yphimurium nrAS $4EElE EElAn| =
pJES259 <l 7 aAlzem Aol 7)&7 el wet &
4= 22|38} vH14]. in virro transcription and translation
assayS 3517] Y&l A FEN(S30 FEMYS E coli
NCM789 TFilx] efl 7] wpyel] me} A 2=%ieHe].
o] FF= o>, P-galactosidase, IHF®} RNAase 1117} ZAH )
9=}, Coupled transcription-translation assay™= Z1A| 50 ul
oAl Aell 7% Wl vel a3t edl[18], Eokan|
= templates™ pRMAZHUAS, pRLAZAUAS, pRMAZ-UAS,
%2 pRLAZ-UAS7}F AREElen  o&2 R
leguminosarum dctA'-lacZ 32 R. meliloti dctA-'lacZ &-
a2t LYK (Table 1). olF k20|54 CsCl 5

E. coli Strains Genotype Source/reference
NCM789  gInF213 lacZ::Tn5 rnal9 zbe::Tnl0 hip::Cni" Hoover et al.(1990)
NCM795  Alac hip::Cm"hsdS gal ADE3:lacl lac UV5-gene 1[T7 RNA polymerase] Hoover et al.(1990)

K5746 galK ilv his (Aclzs857 NTN53 ABam AHI Nash et al. (1987)
M5219 M?72 lacZ upA rpsL(Abio252 ¢I857 AH1) Popbam et al.(1991)
Plasmids Characteristics Source/reference

pRMAZ+UAS pMC1403 bearing ¢(RmdctA’-"lacZ)(Hyb) gene with UAS flanked by Pstl and Xbal sites
pRLAZ+UAS pMC1403 bearing §(RldctA"-"lacZ)(Hyb) gene with UAS flanked by PstI and Xbal sites
pPRMAZ-UAS pMC1403 bearing ¢(RmdctA'-"lacZ)(Hyb) gene with Pst] and Xbal region bearing UAS removed

pRLAZ-UAS pMCI1403 bearing ¢(RldctA"-"lacZ)(Hyb) gene with Pstl and Xbal region bearing UAS removed
carrying intact ntrA under control of APL and the translational start site form pN53
pUCI13 bearing ¢({acZ"-'RmdctD)(Hyb) fusion genes, with indicated residue of DctD fused to

pJES259

pL24:pP150 residue 11 of LacZ

Ledebur and Nixon
(1992)

Sojda et al. (1999)
Ledebur and Nixon
(1992)

Sojda et al. (1999)
Popham et al. (1991)

Gu et al. (1992)
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E74) AAdE2)9)} Bio-Gel A 50m(Bio-Rad) columnel %
A &5 BelEldel7]. Tkl =s A% 5= 15 nM,
Salmonella typhimurium o= 110nM 223 [HFE
25 nMS A7k 2 dhedole o 2 7
< oAl wet Al e HEsEE oad 2ok 60
mM EPPS(pH 8), 120 mM potassium glutamate(pH ),
27 mM ammonium acetate, 1 mM dithiothreitol, ]} o}
w2 ARS-H(Zh7; 0.4 mM), 11 mM magnesium acetate, 2
mM ATP, 0.5 mM CTP, 0.5 mM GTP, 0.5 mM UTP, 20
mM phosphoenolpyruvate, Escherichia coli tRNA(0.5 mg/
ml), Mr 6000-8000 polyethylene glycol(35 mg/mt), 58 uM
guanosine tetraphosphate, 4.2 mM polyamines, 20 pg/ml
folic acid. DetD THi|Al-2 B8 )| 22 i AR
A5 ulol| whetr HrRE e 5k w30 °C]
A 3A1ZHESE HEEA|Z] F B-galactosidase BA S o-
nitrophenyl-B-D-galactoside(ONPG)ZE 7| A E Alg3lo] B}
A4 ONPE F(nmolesyS SAsle] AAsTH12]. AA)
H whlR G- reporter FEFA0] =9} 7Fo] coupled systemol]
A7) e, B-galactosidase BA-E R, meliloti detd Z=.
FE] YA dovh= AL FAFEY AEEH &
A3t h(Table 2). dctd-'lacZ reporter A Akl A1} AAL
A3l DetDy 453 677 Beajolglon, B85 A
At A ol 5 UAS7E =3t Ao glet. UAS7H 25"
dctd"'lacZ reporter AN M ] HALEAIL UASE 2=
reporter &AM A e} 10014 = wlc(Table 2). UAS7H
el = DetD7} w2 #A4E Rojx 71 DetDLigel
reporter SekAP] Eof] W2 AFHS 2= F9E A4
U AAEAA S A8 Eoek A1 A5 HEFYE 4 ok
DetDE N-#r2A 9] )7} oF 125 ofn|xAl 272
AReiglew, 5 TA L 28 4l FAd (two-component
signal transduction) 3¢ vk~ ZA=}e) ofn| xAMA G 2]
FAME BRITH10). In vivo A e} UX|3le] £ ATlr
= 254 F NUE-97) 248 AAE DetD w43
DctDy1a3)e AHE3 in vitro coupled systemoll Al R.
leguminosarum®} R. meliloti dctA Z2RE ZAF-$|o| A
A FAsE. 028t 22 RE] 2HF9NA] DetD7}
ZAE A= 639 dotd Z2FE 2AFS6l UAS
7} EAsk=rfol] Z-9-Eloh(Table 2). 2 AFolA doizl 4
= Aol in vitroodl A ATP 7423l =wA DetDy 143 T
Ao} v} HALA A7V R meliloti det4 promoter?]
UASel| Al AxgAd sl ez Addos 295
7% B E[8, 191, R. leguminosarum dctA promoterol]
ME AR AAEA A S e 5 Sl

R. leguminosarum dctA T2 RE|ZAF-9)= @ &
o?oEA T rE A9} o] [HF 3 1A=}
2 RIFHUTH6]. Coupled systemS ©]&3le] R
leguminosarum} R. meliloti dctA T2 X E] T F-g|oA

Table 2. Requirement of o> and UAS for DctD; 143 -mediated
transcriptional activation in the coupled transcription-transla-
tion system.

B-galactosidase activity
(nmoles ONP fromed per min)

R. meliloti dctA

Assay description
R. leguminosarum dctA

Complete system® 245.6 2155
- DetDL143 1.7 0.7
-¢>* 1.3 0.6
-UASY 22.0 4.6

a) The complete system contained R. meliloti DctDy 143 (2 U a par-
tially purified preparation), purified S. syphimurium 6> (110 nM
final eoncentration) and dctA'-'lacZ) reporter gene borne on either
plasmids pPRMAZ+UAS and pRLAZ+UAS(~15 nM each)

b) Reporter genes carried on pRMAZ+UAS and pRLAZ+UAS,
which lacked the UAS, were used to demonstrate the requirement of
these sites for maximal DctDy 143 activity in the coupled system.

DctD7} SAEl ZAIA ol THR) 93RS 24181l DetD
£ HF} 2YE E colelM 2 @3AZ0H, S-30 539
2 vl A2 2L E colidA A ZS A} o HejE
THFE coupled systemol] A718t3-S o R leguminosarum
detd ZREEIZARFL) )M DetDy g0l SA0E DAL 84
3=}, 222 R meliloti detd EE2RE] 278790
A DetD7F FAF A2 coupled systemel] A THFe]|
sl A=A dskeH20]. KA Sl ©shd deB
2} detDe bacteroidFeloll M detALdol] B4 olX] 98-S
RAFAEH ol o AT ded ZZREA AL
£ A3 5 S-S vheldY17, 22]. ®WERA nitrogen
regulatory protein C(NtrCy’} dctA Z2FTEIZAFSJol|A] =
AE AR 4 EAE A8l Coupled system
AA S pyphimurium NtrC= R. meliloti dctd T2 RE] =
AH-$1elA DetDy el o3l #2353 vlas)] NeCrt
FAE AT} ~25% TEoR G0 E A3
Z vH(Table 3). NuC7} SA1 ) B> UASE g3t §-9]
7} AAERE o A 200iA- = 2R3l e, ol NuC
7} UASH UASTA ] ol = g <l sh= S A4k
o} Zr|EAI = IHFE R meliloti det4 Z2RE 2AF-9)
A NuCell A" AALEAA S 2,59 SAAAHARL o]
ZAF-3o4] DetDol] FAE AALEAIZ = 31814 4k
©H(Table 3). R leguminosarum dctd EZBEIZAH R0l A
NtrCel| 2J3] 2285 AALA-2 coupled systemel] A =31
DctDel] A5 8432 2% o]3to]ith(Table 3). o]={gt =
2R 2HF-AM UASE E3gst 729 AAHS o
NuColl 2]8 AAIRAe] 3-4m) ZHASIsichTable 3). THF:
R. meliloti dctd T2 X E] ZAE M NuC FA% A}
A 312 218 9b R leguminosarum detdA ZERE]
FAFLNAM NaC FAE 43S A5} (Table 3).




Table 3. Effect of IHF on DctDy 43-and NtrC-mediated tran-
scriptional activation from dct4 promoter regulatory regions
that either carry or lack the UAS.

B-galactosidase activity
(nmoles ONP formed per min)

+IHF -IHF
DctDLj43; NtrC DcetDLjy; NtrC

Reporter gene UAS

R. meliloti dctA + 1934 557 1721 215
R. meliloti dctA4 - 15.7 34 24.8 12.5
R. leguminosarum dct4A  + 250.8 4.8 123.8 12.8
R. leguminosarum dctd - 9.7 1.3 245 8.5

Each reaction contained 2 pl of partially purified preparations of
DctDy 143 or 100 nM S. typhimurium NuC plus 20 nM S. fyphimu-
rium NtrB. Where indicated, some reaction also contained 25 nM E.
coli THF. Reactions contained plasmids that carried a ¢(nifd'-"lacZ)
(Hyb) gene that either had or lacked the UAS. The dct4 promoter
regulatory region in these ¢(nifd-'lacZy (Hyb) genes was from
either R, meliloti or R. leguminosarum. To measure B-galactosidase
activity the accumulation of ONP was monitored at 420 nm. The
activities were shown as nmoles ONP formed per min for entire 50
pl coupled transcription-translation reaction mix.

IHF: UASZ} HAE R leguminosarum® R. meliloti
detd T2 FE|ZAHFL oA NtrC2} DetDol FA]" A A3
A3 AAEd)

E Ag)A Hell Sojda Fol Aol Bt ASE oA
T2 4 AAHH20). THF= R. leguminosarum detd Z2
TE] 2HFHeAM DetDyygzel S5 AARE oF 20 54
A ARG R meliloti detd Z2FE] 2R )M DetDy 43
o] Fx1H AAlell= 719 &7} ¢lsdeh(Table 3)[20]. THF
AgAtels M oM E2AFAAe Z2RE 290
A AR}, [HFE 2 RE8} R Jeguminosarum dctd .
EREZEE92] UASAeldl sl A1l 14 3te)(Table
D[11]. IHF= NifA-23R1E)9} K pneumoniae niff2] =2
HEALo]e] Alefol| Zglsled o] TR RE ZAFHNA NifA
7t FAE AAFEA S coupled systemol] A 2F 20013 =
Z2A 6] K. pneumoniae nifH EZEE]= Eg |
s oFsk AgAle] e, Adg AR} NifAol] 93] A}
o] AHEE F7HZIT. IHF:= NifAs) Ec>*to]o] A
& dgsH 37) $isle] DNAS- 524 §2=24 Ec™
o] nifH ZERE]| o3t vh 21388 HAFsle] NifAol
Y ZAE S2E 7oz Alsdd. E A7 [HF:
vl R 2 R, leguminosarum detd TEFEE] 390l A
DetDy 45% Ec®Abol9] A&-8 9838 $he 24 DetDy 450
FAE S FAF Zlolgt A8 UAS7F ¢S 7
£ IHF= R leguminosarum-‘-’—]— R. meliloti dctd T2 RE|Z
AEeAM DetDy 4301 NuC7F S8 HARI S o34
3lsivH(Table 3). ©1¥ A3= IHF 2R} dod Z25
Elofl 2| [HF} Ec™e] Z2 58] ZgS Welid 7k
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A& AAE & o 7leAd 22 HF7F 538 DNA9
FREH-E XA Z2RE | AR Eol| AT
e A mE

IHF= R. meliloti detd Z2RE] ZHF-L| A DetDy 43
o] ZAH AALAY S A5 FaANE SRAKE o] =
2oE] AT NurCF S ZAo] 2.5uintE 541
H Q= (Table 3). R. meliloti detd Z2.FE]Z 7 H-$] || A
NtrC7}F FA1€E A3 $F-E DetDyigell FA5 3439
~25%0]4Fe1 T UASS] AAE ol2jsl Z27E ZHFS
oA NuC7t KAl A 3A) 7] T3] F43] A=
o|3t A== R. leguminosarum detd ZZXE] 254
ol M NuC7} FA€ #Ade] IHF 23] AAHUZ
DetDyi430) S21E B4R} A5 w29 2%) &4 A x
Z o|F}. o3} AFr} A|r}stE= A2 R meliloti detd
Z2 e AN UAS X 32 Wl Bo)2e]l NuC
Agzte 7t S Ak NuC7b FAl" #2Ad e
DetDy 1450] FAE ARG @by NuCs ofe) of xle]o
e A3 E 2k ex] BT} R meliloti det4 ZERE] T
AR-9lel| A THFel| 25t NaCr} S5 o] S5 o] A
AlEh= AL, IHF7F 43R i8] B 25HE 2e 2
x2S B4 5 7k, Eo) dis) B AEHE 2
= Z2REHE 2T 5 37 dEY Aeolw. ARHe=
olAke] AollM | R. leguminosarum dctA TZFZE|A THF
of o8t Al ol o*-2jEA ArlzAAR] NtrCe}l DetD
7t A% ZAAERs FA) U= vk, R meliloti & 79l

£ T ANEARp) s e HeFe el
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