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Bacterial Phosphate Homeostasis: Role of Phosphate Transporters
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Phosphorous is an essential element for the synthesis of various biomolecules including phospholipids,
carbohydrates and nucleic acids. Bacterial cells can uptake it as forms of phosphate and phosphate-containing
nutrients from extracellular environments, and reserve extra phosphate to polyphosphate inside the cell. Among five
phosphate transport systems, Pst plays central roles in phosphate transport, and its expression is coordinated by the
regulation of PhoB-PhoR two component signal transduction system in response to extracellular levels of phosphate.
Genomic studies on the response regulator PhoB reveal many genes independent of phosphate metabolism. Based on
recent findings on phenotypes of bacteria lacking proper function of each phosphate transport system, this review
discusses roles of phosphate transporters in maintaining optimum intracellular phosphate levels, and presents diverse
phenotypes of phosphate transporters related with other environmental signals as well as phosphate, then finally
points out functional redundancy among phosphate transport systems or their regulators, which emphasize
importance of phosphate homeostasis in governing metabolism, adaptation, and virulence of bacteria.
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Ql(Phosphorus)& MZE o|F= g4 F Al HAZ B2 5%
2 ZAtle YARA Al A2 = JAE 5 shtolck X
Aol A &3] AR W, 2 7] 21XkKinorganic orthophosphate;
Pi; 0]} Piz #7]) |2 Al Wol| FErt Pix A2 2
23 oYX & Al-FskaL A|azute] Q1A AL, Tz 9 ko)
Aol B2 oln, Q14k7](phophoryl group) ] g2 53
MEZAZ Ag A M= Fa5 T i) Pis Al A

I ERFHE PiE 5t Pit A|2F, §7]<04Horganic
phosphate) & 9] PiZ $2435l= GlpT (Glycerol-3-phosphate)
2} UhpT (Glucose-6-phosphate) antiporter =% A|AE] 50| T
F Aot} o]E = Escherichia coli D Bacillus subtilliss 24
2 3 Pst A~ O] WE 23} Pi AT A AA, Al HE4
oA Pst A|AH 9] Q8 52 & UiE o2 FAHqA o
211 QltiLamarche et al., 2008b; Hsieh and Wanner, 2010;

& 9 4o Bpolnt. A Al Aol A
/doll BatPio] T2 R 9| 87 Pid] H=aE o
2t pH 2 Tl & Pi & =0 F&= vlAE 8459 o)
FEe T, FA F2 4NN BES Al Pidt oY
2t Pig Eoddhe YYLE AHIE U2 Fsforrt et whatbA,
ey osiE A Y2 ol 8L ¢5ske T8 Al
o 4% 5 AE Aol

Al Pi 52 AlZuto] E2Ash= % SHAEY Pi
A H A2 7ol AEshe AR LA St Pi-5ol3 o
A3E E Pi 5 =& X3t Wd o] A E+= high-affinity 4~
& A 2" Pst A| 28, Pi kol T glo] TAHI S50
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Park, 2010; Crepin et al., 2011).

E ZHoALE oF Ho | A At Pi 5 AlAHES E
A 715l tisf =23t FAo] Iy o] T (Wanner, 1996;
van Veen, 1997), HI7HA] 2o £XE #H A+ A=
< 2 NdE A =] AstaAt stglen, B3 7+
T Nt EE 5 A4E 9] A5 B9 Wl Al
o 9y ®zl) gt AFHEES ERst Al 8%
9 HZae] Pigl Aol HXE FFE THHLE 1

sl 17 51k
2=

QIAto| Mzt £}
A3 Ho] Q12 F7]QAKPI) 0], ZAEAKphosphonate)
9 37|21 Horganophosphate) FHE|Z A2 Y2 FAdEch 1
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FeAR H9t UL AT glo] ofuro] EAJsHE OmpcC,
OmpF, PhoE 53} 72 ]9} porin B AE-S E3) periplasm
© =2 g9t E coli® PhoEY Pseudomonas aeruginosa®)
OprP 5-& Pi 50|20 B A& o g2 2-85l= & A poring
o]thBauer et al., 1985; Pongprayoon et al., 2009). Pi%} ester 2
& 2= fEEY {71942 H50]4 monoesterase
PhoAl} PhoA &} 8-A}St 7|52 3= phophatase Sof &J&) Pi7}
HoJA periplasm U2 B Hch ZTAZAEL TAZX £
GHAET C-P lyaseo]| 93 Pig i&%chMetcalf and
Wanner, 1991). A|Z2} F9]o]] 2o E Pi= ATP-Zg 7HHE
(ABC) =% A|2HI9] Ul -AAZ o] o3 Ze ==
o], o] A S periplasm W Pi&] BARS 91 =& A 7HE
22 #AFE= 7]5% ot Alxzde] Aot =R = PiE
FolahA ABHE 7153 S 02 o AX| 1 SITHWanner,
1996). Pst A|AHIQ] PstS7} thE & Q1 el Zo|ch(Surin et al.,
1985). QJuto| gls T IHY A= SAZAY gid 5ol
AZA gl #xjsl= ZAezZ L2 Fch(van Veen, 1997).
Periplasm 1} Pit= 34 ofol &3} 22k sh| = skt o] Bat
A= 52 Pit A 28-S 3 A2 W2 Hddr.

Pio| MIEH ot £4 AlARe| 7lSa} Aty

A7) A uhe 244 B e S0 guo2 A g
sk webd, oleist BASS S4% 4 BHASS B
g o] B, @A deld v 24 F R T8
o 3 WA 2EL sheh WeS B oUAE ALl §4
2 +AHoR Bt FRO Sd ALY, ATPaserh
ABC % A|l2@5o] oIt T2 3 1F-L fdol 2ol
U UES o] 5 AED} 7919 o] 5= el 93] 471 5
2.2 o] g3fe] $45He 202, carrier T} 20| unipor,

Pst Pit

Pi H* Pi

e Pho regulon
boxes

symport, antiport I}4-2 $=3§3tcH(van Veen, 1997). @A|7}A]
AltellAl G A2 9 Pi 82 £ olF F 25 &
St Aoz gL glom, A Bl 7HA) 9 % A|AH o]
ZAZTHFig. 1).

A Mt AR Bt Alet 9] Pi =52 Pst A| 2"
Pit Al2ES F3 AZFAYE %53, GIpT F2 UhpT
antiporter TH}AE0] glycerol-3-phosphate Z-2 glucose-6-
phosphateZ A|322 W2 +F3HHA PiE AlZd gle 2 f&
Atk T 42 YibB i d E3 P % 75 e
Ao 2 d#F H(Motomura et al., 2011).

Pst A|AH]

ABC %4 A|2xel Pst Al2819]) ER)E E coli) §H5H
ATE B3 FAHeE d=Ay] AFF e (Surin e al,
1985), ©] & o] & AlFoA = Bi1E 3l Qth(Lamarche et
al., 2008b). Pst A| 2B Pio] 2 X512 S 7h 45 A|AE
O 2, pstS, pstC, pstA, pstB, phoU2] §HARLZ o] 20| pst 25|
£l Yl F== dHAER F/JErh(Aguena et al., 2002)
(Fig. 1). PstS& periplasm Y] Pi¢} Z2gsh= 8247 chajd =
A Pst % A2"H9] Pig S815k= 7152 SHcK(Surin ef al.,
1984; Scanlan et al., 1993). 2ot T2 5-9] PstCL} PstA+=
2 2hul AJo] 2 PotS7} U RIS ALEA Y2 o] B A1
32 FHCH(Webb et al., 1992). PstB= ATP-A3 29E 71| 1
Sl0] o] TR L o Pi 442 et o A7t AgEE Aoz
oo, 2154 Bl A PsiA B PeiCe] A % 7 39)o}
Aszgel= olgAd HAe2 AYZHEch(Chan and Torriani,
1996). pst @3|2] vl Aol ©J3) W PhoU Pi
Sl A2 0 2 Toldlx] LAWK Muda et al., 1992; Steed
and Wanner, 1993), Lpol2) pst @& 524 wale] 2834

GIpT UhpT YjbB

out

R Cytoplasmic

QAL membrane

W T YU
adaaaaniiig gagaaagianand

in
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Fig. 1. Working model for bacterial maintenance of phosphate homeostasis. Figure was modified from (Wanner, 1996) and (van Veen, 1997)
with recent findings described in the text. G3P, glycerol-3-phosphate; G6P, glucose-6-phosphate.



o] 247 ZAx} &2 3H}(Hsieh and Wanner, 2010).

pst LH Y LA N2 QR Pi] =7t FHE o JA =
I P Al QR PiY] F=r AAaF fj(uM F5) FEEY
o] AT Ag 72 obz] SsHA WA A gL QAT PstS
9} PstC-PstA-PstB 4=4 £3}14]|, PhoU, two-component A1 &
g A]2AHle] PhoB-PhoR 9| Zojdlch(Hsieh and Wanner,
2010) (Fig. 1). A& Q)% Pi9] =7} F5E wj= Piet Agsh
PstS7} periplasmo]| 52 = A A|Z1te] PstCAB 342 2
stk o] Aak Alsi ofx weixl| ghe WA o2 PhoUo
9J3} PhoR¢|| A& % o] PhoR2] phosphatase &4 &%l o
2 X response ZZA}2] PhoBE &R1AHSISH)E PhoB7F £84
3= PhoB9| AgHES] #-42F A E(Pho box)& 7HA| L e
PhoB regulon §AAE9 AAL §&7F dojuA| @=th
(Carmany et al., 2003). Bt 2, A|Z ¥ Pi9] =7} & uj
L PhoU7} PhoRQ] ATPase T=w|Ql¥} HF-23FO 24 PhoRo|
ATPo]| 93} A}7}21AsHautophosphorylation) o] PhoB2] 21
ASHE £R181, pst 222 E3H8)= PhoB regulon -F-%A}
S AAE ZUSHE 202 o AL T YrhOganesyan ef al.,
2005). Al Y& Pi] 5 HIFE QIXslal A3 5 Hdehe 2
2 AA7HA] Aol A= B "Hat 9oy, A+t Saccharomyces
cerevisiaeo| A= A|E W52 Pi A5 T3 QA= Aoz &
% tH(Auesukaree et al., 2004).

Pi A5 E A ol &4 H PhoB+ Pi thAR} #H &
AASe] WA S 2FSR), pr LT EE] HALE G510 Pt
A28l o] vhe-S- 2£7}A]7] 1, periplasmU] phophatase PhoA, 2]
2} porin T8 PhoE, periplasmy] sn-glycerol-3-phosphate 2
ol 283t S-S, phosphite®} EAFEARO] =5 9l TiAto]]
e dHAEY SES VA, AAAQL Pigl Al W
48 A% (van Veen, 1997).

Pi =% A2HIE B3l Al WHEE S0l Pie AlZdiAl
e85 PR = Al YRl A% 4= Sl EEY Ald=
o] Pi9] A¥ %%HA| 2l 7] (inorganic) polyphosphate (Poly-Pi;
o]3} Poly-Pig} 27))E F/dsto] A8t oz D8A| PiE
EYAA AzdAte] AT £ A dhRao er al,
2009)(Fig. 1). Poly-Pi= ppk7} AJAFs1= polyphosphate kinase
of o3 %=L, ppx7} AAkSl= exopolyphosphatase] £]3j
Pi7} gt B diA|H o2 HelEt ppket ppxE 2¥202
ZA3hH, o] LW 22 tlFE PhoB regulon]| £3tH(Yuan er
al., 2006). WztA], PhoBE= Alwt9] Pi A4S HE 7]53# ofzt
A2 W Pi thALE AR H 02 Bk 28t & 4= 9ot

Pit AJAE

Pit A|AEIE E coli AFE B3l A= dEjzion,
periplasmu] 84 A% th o] I Q3R] &2 low affinity Pi
Sd A2HOR, 2p0l BT oo 12 S olgtt
(Wanner, 1996). Pst A| AT} 3H) A0 29 Pi Eo]d 2d
A|2"lo|t}. Acinetobacter johnsonii®}t E. coli®] AT1E 3|
Pit A|2H"lo] Ca™, Co™*, Mn®™", Mg™", Zn™* 59] 24 oFo| 23}
A F4-Pi BEPAZ PIiE 58T AHo] g3 fth(van

Ao it d 59

Veen et al., 1994; Beard et al., 2000). Pit A] 288 WO Ao
A pitd 7471 sfol ofs AAbERs haye ghalold,
At AAHz pst L H21 EE] Pi 5 Htol sf HseA] =
20 2 g FHHWanner, 1996). X2 E. coliS A2 3+ A+
A% pitA-lacZ 2)EE 2] FAo] & FEO Zn' 9} W2 Pi
BN 7k A& I, ofy Agst 7132 &
A A] ¢ Q1t}(Jackson et al., 2008).

GIpT A|AE!

GIPT AAEe UhpT A2dist 87 Sole mgks o
3= Pi % A2EFleZ Pix sn-glycerol-3-P (GlpT)o|Lt
glucose-6-P (UhpT) 5] 471214t Aol Al 5.2 .91
HA Al Pi 0]&& WESH= 57|04k Q1AL antiporter T1F
o] &3tth(van Veen, 1997). E. coli®] ¢ F+Z B4S &3 4t
o & d GipT7 skt 718 A% 915 7HA L §lew, 7]
TS wAshe Per 33The AMdo]l gt
(Huang er al., 2003). @2 Al4-5°| GIpTE 22 &), E
coli®] A% glpT FAAE glp ¥ E0] ZFHo] o,
glycerol-3-Po| A FEE A A glycerol-3-Po] AL JA|A}
GIpR2] DNA A3 S A o292 ddo] F7iske A
5 2 A HHLemieux et al., 2004).

UhpT AJAE

UhpTe) 72 A7t ofd weixlul glo] Joat 5 712he
oF % glouy, Askely A7 F8 GlpT A2gz fAfet
8719141 antiporter 7158 SH= 02 WErET gk
(Wanner, 1996; van Veen, 1997). UhpT2] &&-& A|71A] 24
AR} uhpABC] 23] ZZdHt} UhpB+ histidine kinase 7]
52 k= YEHARA glucose-6-P7} AlgE W E ohE |
ka4 UhpCo} 97 UhpA 28212 Q13t8hAl A B4atstol,
Q14t8kE UhpA+= uhpT 3RS HARE FX3te} shA|4L,
uhpT2] AAR= catabolite repression®] 242 WO, periplasm
Well glucose-6-P2| 5%=7} =31 pi7h AR H 3ol 4= PhoB-
]2 A alkaline phosphatase”} glucose-6-P& 233024 A
dE R B2 49 glucose-6-P7} uhpT A} =0 B a3t
th(Merkel et al., 1992; Hoffer et al., 2001). 0|23t 2HE52 1}
Eoh Bragle] B0 Q8] WS 4 9 S thake] et
Al FES FAs] fF Aoz gz

YjbB AJAE

T E. coliE ZH=E 3 Aol %] AL, Pst A|2H]
9] PhoU7} AsH AW 0|FE0) A Poly-Pi7} A2 Wio 5§
22 £H=Ed], o] o YjbB7} IIE =W Pig A|lX 8fo=
HFEA|Z7|HA] A3E Y] Poly-Pi9] %2 ZFAA|ZItH(Motomura et
al., 2011). YjbB= PhoU THl2] 8 A} domaina} Na'/Pi cotransporter
domaing 3Z3}517] wjZof|, A229] Pi Q14] wh-g-o]A PhoUgt
AR 716 7= SAloll Pi 2558 0] 3lo] Al WF9
Pi 3L o|F =t A3 TS T AR AR o W
2 A7 asirt
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Table 1. Roles of Pst phosphate transporter in bacteria

Phenot hanged b tati
enotype changed by mutation —~ Poly-Pi

Functional overlap

Bacteria

Reference

Phosphate uptake

Escherichia coli (EPEC)
Saccharomyces cerevisiae

Wanner (1996), Lau et al. (2000),
Ferreira and Spira (2008)

RpoS accumulation in
exponential phase

Escherichia coli

Ruiz and Silhavy (2003),
Schurdell ez al. (2007)

Phosphate-free lipids fill in for
phospholipids

Sinorhizobium meliloti

Geiger et al. (1999)

Membrane permeability

Escherichia coli (ExPEC)

Lamarche and Harel (2010)

Glucose-phosphate stress (@) Escherichia coli Richards and Vanderpool (2012)
Regulation of type III secretion (0] Edwardsiella ictaluri Rogge and Thune (2011)
Vibrio cholera
Colonization in host (0] O Proteus mirabilis ]Jgalir;lls:; ilt‘ 5120(34(‘))6 Su;];;‘tatseit:ll. ((2200 10 06))’
Escherichia coli (EXPEC) ) ’ )
Persistence 0 o} Mycobacterium tuberculosis 3 . 4 71206 (2007), Rifat et al. (2009)
Escherichia coli
plaque formation in macrophage (@) O Shigella flexneri Runyen-Janecky et al. (2005)
Streptococcus mutans
. Citrobacter rodentium Ogawa et al. (2000), Ferreira and Spira (2008),
Adhesion o o Escherichia coli Cheng et al. (2009), Luz et al. (2012)
Vibrio cholera
Serratia . .
Antibiotic synthesis (0] (0] Streptomyces lividans Slater et al. (2003), Rodriguez-Garcia et al. (2007),

Streptomyces coelicolor

Gristwood et al. (2009), Nezbedova et al. (2011)

Antibiotic resistance
(penicillin, fluoroquinolone, (0] (6]
ciplrofloxacin, carbenicillin)

Streptococcus pneumonia

Mycobacterium smegmatis

Pseudomonas aeruginosa
Enterococci

Fisher et al. (1996), Chakraborti et al. (1999),
Bhatt et al. (2000), Soualhine et al. (2005),
Fraley et al. (2007)

Lactococcus lactis
Neisseria gonorrhoeae
Escherichia coli
Sinorhizobium meliloti,

Yuan et al. (2005), Kim et al. (2007),

Resistance to oxidative stress (6] (6] . Cesselin et al. (2009), Tunpiboonsak ez al. (2010),
Pseudomonas aeruginosa .
. . Wu et al. (2010), Crepin et al. (2011)
Agrobacterium tumefaciens
Pseudomonas chlororaphis
Burkholderia pseudomallei
Proteus mirabilis Monds et al. (2001), Shi et al. (2004),
Pseudomonas aureofaciens Jahid et al. (2006), Fraley et al. (2007),
. . Vibrio cholera Chavez et al. (2009), O'May et al. (2009),
Biofilm formation 0 o Bacillus cereus Pratt et al. (2009), Sultan et al. (2010),
Burkholderia pseudomallei Tunpiboonsak et al. (2010),
Pseudomonas aeruginosa Mudrak and Tamayo (2012)
Mycoactornmsmegmanis Tree-Carter et . 2005),
Resistance to acid stress O (6] 4 STREEMAtL Budin-Verneuil et al. (2007), Gangaiah et al. (2009),
Campylobacter jejuni
. Sureka et al. (2009)
Salmonella enterica
. Escherichia coli .
Accumulation of polyphosphate (@) (0] Synechocystis Rao and Kornberg (1999), Morohoshi et al. (2002)
Sporulation o o S”i‘;ﬂ'l’i o el;:;i"”s Birkey ef al. (1994), Hulett et al. (1994),
Bacillus subtilis Shi et al. (2004), Diaz et al. (2005)
Bicillus cereus Ogawa et al. (2000), Shi et al. (2004),
Motility & Swimming 0 0 Vibrio cholera Jahid et al. (2006), Fraley et al. (2007),

Burkholderia pseudomallei
Pseudomonas aeruginosa

Chavez et al. (2009), Pratt et al. (2009),
Tunpiboonsak et al. (2010)

MIZ L Q5 Sssiol M2 Pi 4 AIAH HAXTS
Pi9] F=7F FRE =AW AgH 24 <F 400749
AR THo] HelslE Aoz dEF th(VanBogelen et al.,

1996). webA, Al o)% Buistel vt AR A 4558
o 4 A4 Bl e Aol HSurel A i Aol 4
93] F0U AU AN 4 ok WA, Pi chakagT P



Table 2. Roles of Pit, GIpT, UhpT, and YjbB phosphate transporters in bacteria

Phosphate

fransporter Phenotype changed by mutation Bacteria Reference
Pit Expression of the PstSCAB and Phn DCE Mycobacterium smegmatis Gebhard et al. (2009)
Metal ion homeostasis Rhodéiztf;orbicatpe:ulams van Vegn et al. (1994), Beard et al. (2000),
Escherichia coli Borsetti et al. (2003), Moberly et al. (2010)

Glucose-phosphate stress Escherichia coli Richards and Vanderpool (2012)

GlpT Antibiotic resistance (fosfomycin) Pseudomonas aeruginosa gzsg:;:(iz-ga;w(lzeglcil). (2009),
Swarming & Aggregation Mpyxococcus xanthus Moraleda-Munoz (2001)

UhpT Antibiotic resistance (fosfomycin) Pseudomonas aeruginosa Castaneda-Garcia et al. (2009)

YjbB Pi export Escherichia coli Motomura et al. (2011)

i A2 Ax | o5 3 Hskel JA = o] Qiot. Pst A
2H9] 39 Pi sk HE o= b2 & A3V HE S HI
A7 =H), AZA7IA 2 AHESH= sodium benzoate= E. coli
O157:H79\|X, At pH+ Campylobacter jejunitk Clostridium
acetobutylicum®| pst QW2 AALS Z7FA|71tk(Fischer et al.,
2006; Reid et al., 2008; Critzer et al., 2010). T3t cAMP-2]ZA]
A 28 i F Eo] pst AALSE ZABI=H|, Corynebacterium
glutamicum @] GIxR, 3| %At Synechococcus®] PtrA, E. coli
9] CRP 59| &3 A HKim et al., 1995; Ostrowski et al., 2010;
Panhorst et al., 2011). Streptomyces lividans®] pst A=
PhoB9| 7]-51} Aatglo] =T 9|9 ©hagof 93 7ttt
(Esteban et al., 2008). E. coli®] =& AA} Z&A} CreC= Pi
APz A PhoBe} TG AL LEfFith(Baek et
al., 2007).
MiZe| M2HI=20M Pi 5 AJAHIS| 7|5 AHE

Alt9] A-ZHkgol| A Pig] T84S ASsH] Aol 2 A+
=0] A= grom, RE Pi £FALHE A2t
A EHHO|FEZ AR E8F S A6tk A7 &
2 AlFE AR el HRd T8 xFFES T,
Table 10]&= Pst A]&H, Table 20 2] o] 424 A|2H]9
3 AR aoFstRTh Pi 2% A|&Elo] AoEH, Pid] A9
A 2= A Y E¢H4S phospholipide] g
= g o 72 W3 9 o =aEe Wsh Sof BIHG
(Geiger et al., 1999; Lamarche et al., 2008a). 3t Pi o452 W
© AE Aol s BAE A0 Helth ZrEg thite] o)
AlZ o] A== glucose-6-PL} alpha-methyl glucoside-6-P
of 9]t Z =t Q1A AE H A (glucose-phosphate stress) 7} 27|
=0, pitA EAHCIFAA = THHH S E PhoB7} 2/d31E] o
PhoB 2]£A] alkaline phosphatase”} 2@ & o] o] 52 Eal|gh e
23, 2EH 25 g3Istth(Richards and Vanderpool, 2012). E.
coli®] pst QW Z2 % pstA mRNA 3' Uk B9 H<EL rpoS
mRNAS] 5" leader 4G} 4528310 RpoS HES 2714171
CHRuiz and Silhavy, 2003; Schurdell ez al., 2007). RpoS+= Al
9] % AA 7oA D@ E = A AlTe} JQARA B2 F

o] AEH AZHE AN|F-S B3I (Battesti er al., 2011).

Pi =% A|AE9) #HY A= Pst A|[AFH | gt A7t df
FEES o] e, oA AFg 93t Qo= Al 25
3t olF 58, WAZA B4, FAA T T Al e
A-3Ehga A2 B2 7], a4, A pH 9 24
Abdsofl gk WA, Al gk WA, diAME W %, 55
= oA 21 2 A& 7E 58 59 B e~ dda g
o] A E o] §lth(Table 1).

GlIpT, UhpT<] 82 FAYA WA=z A7 =, ol=
Pst A| ARl N = T whaba], Aldte] FAA g2 Pi g
%+ 58T FPH o= AFE A= BRIt Pit Al F4
-Pi BEFAE #4517 2o 4012 AT HHE 5
& Hol, Pst A| AR} o7 2 X e AEH A0t
= TAE o] QIth(Table 2). Psto]£] 9] Pi =4 A|2HIEY] 8
g A7E ol 27|HAIQ AL E Helrt.

Pi £&AIAEIT} PhoB, Poly—PiQ| Al

Pst A|AHIE o]RF= FAAEY EdHolF= Axgd &
AL Pst A AHLS ThE0] Pi 250 Ao] A7 Erh. A
ol PhoR 9] &/ 2458 0| F|&E] 1L PhoBE Al&3lA /3t
AZ1A =HA Pi] F=9F #A §lo] Pho regulono] A< /4
3} Fth(Crepin et al., 2011). PhoBx pst QW& o] Qo] o &
AR AAE 2™t Ao LT, E. coli®] 35 <
50702 FAA EEo| phoB S0l 9 A= (Back
and Lee, 2006), PhoB A3 9] DNA A G2 0]-&3t in silico
B0 9ok 100 )9 §AHAE o &51EH(Yuan et al., 2006).
wahA, Yol AFgt Ao A8 vhS-at BE Pst A& =
dAdolof gt FAF-2 22 T Aol thE AlollAl &
Zigk PhoBY] €4 ¥g}d] 93t #@F 4 FEHS E v
=8 42 Poly-Pigte] A/l Pst A]A5l3} PhoBY] S5
H 283 Y -2 A7 Aol A Poly-Pi g4t TAHE &
d¥} FEHCE PhoB regulon?] A&HQ HHAS dov|=
phoU EAWHO)|F AL YollA Poly-Pi7} o2 Z& =,
Poly-Pi 38 §-4=} ppK 2] A7} o2 Alltol| 4] PhoBol| s}
=g 5 ks AMEL, o|8E Pst A|2RY] RE Y AFE
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£0] PhoB7} 2&3k= M| W Poly-Pi2] F=9} A¥d Aol=t
L 2Ho] 7154 dFch(Kato et al., 1993; Wanner, 1996; Ault-
Riche et al., 1998; Morohoshi et al., 2002; Yuan et al., 2006).

2=

A9 Pi 2% ALRHES A2 YW Pi 434 4118 Y3l
B2 24 AAE Z-8sta ok Al Al Z W'Y Pi s
AE 93 i) 57t BRI ARE ol As] egAe
2 {A =L 9l=d(Wanner, 1996), 0] A2 Pi 2% A AHIES]
Rae wd 28] gt Aow wekE. Pio] &L Asle
Zb= Pst A|&Hl0] Pi 230 71 & QTS 5, o] A|&H
4SS HES FEH o2 A= PhoBY JT-2 A
9] Pi A FAIE ot= A0l Pi A2 E o8t g2 Al
I Aol Tofst= AL 2 HRIt} E3L PhoB &0 o2 &
7 ¥37} Pst A| 2”19 HES A=, o]2E FFE2 Al
Z Y Pi 5= 2Ho] At B4A Q] iAol 55 HES &
s AME BojEr

A9 M A 2 g3l A Pigl HE-E Atst7] H3)
Be A750] pyr SANUIRES BEIAOM, B Fiol
PhoB9] A&AQl /3= gt 7=t PhoB regulon & o]
o3| op7|El= RNEE WHEM, I Fo|A = thFE Poly-Pi
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