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[1]

In Escherichia coli, a number of genes, including phod, phok, pst-phol] operon and ugp operon,
are all involved in the transport and assimilation of phosphate, and are inducible by phosphate
starvation. They constitute a single phosphate (pho) regulon and are regulated by multiple
regulator genes that constitute a cascade regulatory network. With limited phosphate, they are
positively regulated by the products of pheB and phoR and with excess phosphate, they are
negatively regulated by the product of phoR. The phod can substitute for a positive regulatory
function of PhoR in a phoR-defective strain. In addition, these genes are negatively regulated by
the genes constituting the pst-phol operon such as pstS, pstC, pstA, pstB, and pholl. The
phosphate levels in the medium are monitored by the psiS gene product and the signal is
transduced by the function of the pst—phol/ operon to PhoR, which in turn modulates the PhoB
function,

The genes in the pho regulon such as phod, phoE, pstS, and phoB share a common regulatory
element in the promoter regions. The well-conserved sequence {CTG/TTCATAA/TAA/TCT-
GTCAC/T), named the pho box, was found 10 nucleotide upstream from the Pribnow boxes. The
sequence is Lhe site with which PhoB interacts to activate the transcription from the pho genes.

The phoB gene product is the direct transcriptional activator for the pho regulon and the gene
is genetically and physiologically regulated in the same way as the genes in the pho regulen. The
phoB and phoR genes constitute an operon, therefore phokX is also regulated by phosphate in the
medium. Regulation of the pho regulon by the phoB requires the function of the phoR gene. The
PhoB/PhoR pair is structuraliv as well as functionally similar to many two-component regulators
of bacieria that respond to environmental changes, PhoR-like proteins are sensors or transducers
which modulate the activator function of PhoB-like proteins in respose to environmental signals.

To examine biochemical property of PhoR, we constructed a plasmid with a mutant phoR
gene (phoRI1084), which encoded a PhoR protein {PhoR1084) lacking the amino-terminal hydro-
phobic region of the intact protein. Purified PhoR1084 was autophosphorylated in the presence
of ATP, and the phosphate group on the protein was rapidly transferred to PhoB. The phosphoryi
group in phospho-PhoR 1084 is a phosphohistidine. In the case of phospho-PhoB, the phosphate is
linked to an acyl group of glutamate or aspartate. Phosphorylation of PhoB mediated by PhoR
enhances the binding of PhoB to the pho box. Transcription from the pstS promoter in vilro
required RNA polymerase containing the major sigma factor (¢™) and phospho-PhoB.

In the absence of the functional PhoR, PhoM activates PhoB by phosphorylation. To elucidate
the function of PhoM, a hybrid protein (PhoM1208) in which hydrophobic amino-terminat half of
the native PhoM was replaced by pB-galactosidase was purified. PhoM1206 was auto-
phosphorylated at a histidine residue in the presence of ATP, Phospho-PhoM1206 phosphory-
lated ORT2 protein, the natural substrate of PhoM, and PhoB. Phospho-PhoR1084 could not
phosphorylate ORF2. Crosstalk by protein phosphorylation occurs from PhoM, but not from
PhoR to ORF2Z.
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L.
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phoA ¢+ CAGTAAAAAGTTAATCTTTICAACAGCTGTCATAARAGTTGTCACGGCCGAGACTTATAGTCGCTTTGTTTTTA-
(=10} -mRNA
TTTTTTAATGTATTTGTACATGGAGARAATAAAGTG
(sD) Met
pstS ¢ CTCTCTGTCATAAAACTGTCATATTCCTTACATATAACTGTCACCTGTTTGTCC TATTETGCTTCTCGTAGCC -
{=10) ~mRNA
AACAAACAATGCTTTATGAATCCTCCCAGGAGACATTATG
(sD) Het
phof + TACCACATTTTAAGAATATTATTAATCTGTAATATATCTTTAACAATCTCAGGTTAAAARCTTTCCTGTTTTC -
. (-10)
AACGGGACTCTCCCGCTGAATATTCGCGCGTTAATTAAAATCAGGAATGAAAATG
(sD) Met
phoB ATAACCTGAAGATATGTGCGACGAGCTTTTCATAAATCTGTCATAAATCTGACGCATAATGACGTCGCASEAR—
(-10} -mR
TGATCGCAACCTATTTATTACAACAGGGCAMATCATG
(5D} Met
Consensus seguence of G AR c
the phosphate box : CTTTCATATP.TCTGTCAT

2 JrEELFaoriHEFRO T o — 5 - §ido s
PhoA pstS phok ¥ & U phoB Bz F OSSR T O DNA BERRIER L, Blis = ¥ » (Met), Shine-
Dalgarno 8271 (S. D.), mRNA BRIGA, 1055 (10 BLUF2 72—+ Fw 22 (FE) 22 hATNT
ER
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FEV IR Y v EROREmER TR L TVWA T &
o, ThoOlEFIRERMREES LY VEo
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AENF IR CEESEE ) YERLF 2o v DFE
BEEID & 7 TRV, TS pholF 32K
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ik R U F—FHRRIC X DE Loy s
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B ¥ oo villrTFHO 7 0 - 7 —~fElIC 3
B DOEHEEN| HEFEIE L, % OMElEAS PhoB & v
7 OHEERTH B O EMETEs LS, &Y VB
V¥ 2o vill{ET O mRNA BlE &S oksE 17
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FhOMET T LIEEMESA LI - 10 B
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¥ —TH—10 WM 5 10 EEWhT& 7o
- — il LTk REFES N 18 IO
AR ONE, RAECOI18EREENCHS
HEEFE R AT = — b E w7 R (pho box) &F
T, pstS 70T — 5 — L BVTHEE ST K
wdhS5—2ohR 72— b Ky 7 2 cEHEGER D
Hoh b,

PhoB # w37 Rffifies AL 5 IEF AT = — b
Xy 7 ZAFECHEBCHEST LY, thosTH
EREC 59, IKEMEC 5HHIC RNA $#Y
A5 — ik oBRINETH B, PhoB 5 vy
MTOE S FOFRAT 2= bRy 7 ZICEES
T35&, RNAHY 45— ¥t DNA Fd PhoB
vy B R0~ 10 BF 2B U TS % (R
LTWELEELLNSE,

PEHE{ET phoR - phoR lE—Do D #+ ~2 o v 244
BLCHY, 7oE—y—fFEficiEt2 72—t
Koy 7 AWFELELTVE (F2), Lizi-T,
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PhoR # v 2 3E 0T 3/ KiMicikid: 7
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R LTS CHB LT 5 EMTELED »

Ed3. PhoR1084 ¥ »/s7 BB Y vEMb
L7z PhoR1084 & [¢-**P] ATP (L — > 2) &
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Wk, e, BRLAZLOFARLFRL 2o
F=b+S5VFISSAEBRFES. v—v1i
PR = Ny R,

foo ®LTT &/ RGEflloGitiEED 83 o
FTI/ERAERE, Ao T I B
Met (BI&S F ) & Ala B3t < X 5 it EREH
FEW LI, LTI O phoR TR (DhoR
1084y 217 0T — % — (tre) DT ftir T
PhoR1084 # w2 AZFAEESEI, LhbT
DEEFK phoR1084 13 ) YEE L ¥ 2 v V{ETF
BEW MBI RE] Ui, Colicky, #
HE%F - /2 PhoR1084 MR & hicil, HIAE
AIKEED, FREFBKE»f, TOTSX
3w K% phoB-phoR, 3 £ U phoM REBITEA
L, IPTGicdb PhoR1084 OFRHAFLL /-,
IR =B I L T & B, TR L,
cellulose phosphate 7 o= #5744 —lCdb
WALt Bohtd vres 13 05% 0 Rt
T/ REGO 1207 I BEFHITFEENSD
PhoR1084 @ Fh &—H L, EHAEE T two-
component HIIZOA RO £ v —FH B0
BEF=L—%—& L THEAEDT 3 PhoR ¥ /¢
7 &HEEEDE W NtrB, CheA BL U EnvZ Kk
WTIheDs s HEDY YEMEEEZR b D T
EMHIEENTVS, BB L /2 PhoR1084 13X 3
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3 /KA G 213 BB H B RF Y v ERE
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BESNRT O R, oititho ) VERREE
ER% L T PhoR #5{ & > ©J% T PhoB O#E%E
AL TVB I EMRBENT VS, PhoR1084
e ) YL ¥ 2 o v AR X8 ABEEEE
- &psh, PhoB 2iciEELLTnBE EEA
545, FEBIL 7 phospho-PhoR1084 &=\ T
#4l L7- PhoB # v/~ ) vEREOBTE
Wiz, B4Rt £ 2 ic#» i phospho-
PhoR 1084 7 & PhoB i ) B OIS M &
2o phospho-PhoB 3 AZE TR 8 HTE
JER - 2 Y YERETHS L7 phospho-PhoB 04t
FREERERAL L CABIETREET, T
HUHEHBZVIRE FF AT EREREE
Thotte ORI PhoB & v X7 iiB0TiR
) YBEMNNSLZVWEOH Y L—-7T el T
W3 SO TN, glutamate 5 it aspar-
tate ® acyl -7 VERENESLTWA
TEERLTWVS,

PhoR # v»¥7 itk ) vEfbzhs sns T
& 55 PhoB 4 37 OfEE LD X S i b
HTWBDTELSI M, TOREHLMITEL
Wiz, R 7~ PhoB # »,¢% % PhoR1084 #
vty ATP OFHTTY) vBMEL, psiSilifzE
FOEBEEDO SR T = — b # y 7 ZA~D PhoB
¥ vy OFiSHe% DNase 1 % B Foot-
printing #TH~% (H5). PhoR1084 o kb
PhoB %5 vERbaha & ) vEbEhTwizw
BAWHNTHRT « — by 7 AOESHED
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AR L1, Ch o 0B PhoR1084, ATP
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SOFEMHELTwEEEL OGNS,
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PhoB # ¥/ 2 3 220 DT 3 /B 512D
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¥1, 23 PhoB # »<2 D139 FBHOT I/
Lo ChMfllicap 2ohTd 17715 203 &
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Bha, Y @EENZCO Asph3 iKi&LTWS
ARt E . T ORI L T IR AT R 2 B
HOE R BEIAPHETH S 5, NRIOKRE
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