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A7 AR89 HaE QXsla o Algslu Pes)
Al hshe RAe AEL A E4A 200, s 2
2 TAE PlABdAE Ul Felo] #7404 2 Al
7ol 2pE3taL glck. oldt As A 71He BE §AA &
TollM B FRAe] RS FAl sk A 2EAE
wi7f 28] 253k, 22, 29).

olz13 IF-E9] S-S 15 AEF, B3 Al 9
3 2AE FAHEE=T, Leucine-responsive Regulatory Protein
(Lipye tiHTolA] #2428 ‘global FHAPEA] 97 87
SEHH o g= W WA W leucine FE) ¢1X8k] o 5
Ax}e] WL FAol 2ASTH10, 30). ©]2F global AR
st dAgs T G Qs A o2 RE, vl
FRA A7 2 GEAT Foll o2 LA 3=

ATH22, 36, 41). Newman® Oxenders 19708t ZF8E leucine
o olgte] MZ #HA Qe LS LHES] 43k U AL

LA, leucine®] IR ANA 28 23 EA FEE 4 Qrpn
AratdTh17, 33). el ik wiA G leucine2 H7}SHA
HE gy e W] TR dlal Aadh|m g
ojZollN HAT 2 Bl AAXE Ipdll et FE= Lip
2 g2 g o] wyfjElo] o] oA E AoR Jebt,
o] #Hax vl A et of leucined] 93t PR AFEL
5 A =Hoh30).

Ipe )7t GAA1] 2F 20 minoll Y1X5HA] Hl=d] Al o}
u2=ibe] frpol] JERS v vk YoM FAEITQ). B
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LIHEE0] Lpoll 2l8}e] ZAE T leucined| &3kl Tf3l &
7} vheRr] wlgel] ool tik o] &2 ddo] Bash, g
712 BES 7EAES didolA lewcineo] E& TR A5
M UiRe] B0 g gtk Aot o] 7isde 2 71 A
B2 sdnt dE 59 LpE WA 3 leucine] FEo] Y

Blo|=9] 8 Z5tA T, BE o}m| Ak (serine, threonine)

EE A 7]H, vhH) YR opn|ite] FAE AT
R0)TH2S). Leucine®] &3 7153 flslke] Meziog]s}
A==, ol leucineo] ThillA FollA 71F wWo| EAl5He
vt o)t A EallE) %] g7 ol

A 927} &k e RAke 2 leucineo] Rt
#3452 Yel= Aol 319, Lip global 23 AA oA leucine®]
Agdof e dog e A3yl MaPE ool & FA|olt).
Lepoll &3k & 3lte] 348 Lps DNA 2 duldzx =
717F 1, go] wasle A7 vildE<] HU, IHF HNS®}
e BHg BHas Aot sAw o]5 v AE Lipole)
71 & o) Lpd) Yo wie @ Lpr} e Rl 93}
of ZHEE ¥hdo] HU, IHF, HNSE %4 gte dolth
(10).

& ZAME global 2 7IH o2 G} ok global &
A whide] vjsled & ¢ Lp 2 Lip-regulonol] gl 43}
g4, BAGFAEHQ) 5498 2k o|58 nEstuAt Fit.
Lipe 197080 ol ALo2 AF7H7] AlZ3) o)F A
AR 2 whilde] g el E olF AEE S dvEol
Aok 53], H2ole 474 35 71ee] 2ed vls F314)
ATl o] Yo} HHA e el 9 AT, 36),
o]Fzte] Bl AT To] FYE R (19), YR W Ae] Fg-
1 TR} AR SR TH4). WER Lp 2 Lip-regulon 2
A AAE APAZE 4u3E AXE A4 3 2o

o i Lo

o
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0 RS welsie 71aL olalol B wE A2d R 4

Lrp % Lrp-regulon 2| dslsty EXIFAEHA

LipE pl % 938 Zie VA dilidoln], g 419 2
71 2k 18.8 kDa ©|3L 10uM A% o]l B-do|A= o]
A2 EASHEL). T4 Lpell ofste] 2-=e EHH Fe
F4 QEL obmite] (16, 25) B ESi(B1), F& o
ko] fdol] 404 3= wr"*ZP—O]Eer %HH one carbon EH A
HAol| HAdhk= W& Fullshe E4ES & ‘:’5?-‘5 RS
o] & A Lol o8l ZZjE]L RO 2 AHATHIO)
(Table 1).

Lpe A} 23 @A = A leucine/Lrp regulon® 2 EE]=
oe] 1F FAXEY HEE A e, hp Eddol
of wa} ofu)ste]l SAGIVH, serd), o1 =it Bl (sdaA,
tdh), Heglo)z o] 4 (oppABCDF) 5ol Hojdhs 9 EE] o

Table 1. Functions and characteristics of the genes regulated by Lrp
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€ A= vFo B w(25), Crp7t ©r3E tiAg el
gL k= AA™ Liprt obliet diAbAg e a3
AT FAHEW, I pol| 23he] WEo] 2HEE
piling] A4 4ANEE SAEACTHI3, 14) (Table 1).

Lrpi= Crp2t Bl 22719} pl 3hS Zhar) TRk F ohija e
735l wet st FL AjAgIm, o] F dhld B gL
Bxol ol JaFE wethl, 27). Lipe 3 AR ool
A= DNA 23 T H o)L} major nucleoid-2 % THH A
Y Aes zEHm JTkS, 39). Lipe B 71R9) Zgrhae]
Jed], o5& A HHE A3 7]btﬂ 811 leucine] 1
£9] a3} E ALY, GEATI AV 32 Fiel) A8ehe
¢Eolthd, 5, 30). BJHEC] uncharged-tRNAS =& =2
< wW FAEE FFY SEo]=<%] guanosine tetraphosphate
(epGppY’} Lip &9& ZHeH) H™(23, 41, ©)3& Lip®] &
go] otulimito] AFHE HAW|A A o] Foizn] A 7]HA
olFEE Aoz MuWEHTH23, 36). Lps a7 ¢ 10%2]
2L W] IS vHE ROR A HA LM (22), HT

Functions/Genes Product
Amino acid biosynthesis
ilviH Acetohydroxy acid synthase
leuABCD Enzymes involved in leucine biosynthesis
serA D-3-Phosphoglycerate dehydrogenase
ginALG Glutamine synthetase (g/nA) and genes that regulate glnA (gInLG)
gltBDF Glutamine synthase (g/tBD)
ghA Serine hydroxymethyltransferse
Amino acid degradation
gev Glycine cleavage pathway
tdh, kbl Threonine dehydrogenase; 2-amino-3-ketobutyrate CoA ligase
sdaA Serine deaminase
Transport
liv] Binding protein for isoleucine, valine, and leucine transport
IivKHMGF Binding protein for leucine transport (/ivK); membrane components
for branched-chain amino acid transport (ivHMGF)
oppABCDF Binding protein and membrane components for oligopeptide transport
ompC Outer membrane porin C
ompF QOuter membrane porin F
micF Antisense RNA; translational inhibitor of ompF
Pilin synthesis
daa F1845 pili
Jae K88 pili
fan K99 pili
fim Type I pili
pap P pili
sfa S pili
Stationary phase genes
adhFE, fbaB Alcohol dehydrogenase, fructose bisphosphate aldolase
csiDE Genes induced by carbon starvation
dps, gadABC, hdeAB, Genes induced by acid stress
sodC, osmY,
osmCYBE Osmotic stress
treAF and otsAB Transport and metabolism of osmoprotectant
rilA Pyridine nucleotide hydrolase
talA and tktB Transaldolase and transketolase involved in pentose phosphate pathway

[Modified from references 6 and 36].
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microarray w4 A7 Az 9 FAE B3t Lpel BAAER
) 71l gk A¥o] 7IEHATHO, 22, 36). FF] Lp
Lp ] @55 vimst 238 23 X704 TE@== 2009970
o FAAL & 2k 70% A%} Lipd] S e Ao Vet
on, TS Qe 49, 1R AU F AR ~EH
2o BA" FAAEC|ATH36) (Table 2). FE3F Table 2 2
Fig. 1914 Be ule} go] A - 7h3Aog Lpd FES e
7VsH & AA7AA HHE ALY A FRHE fRAE
o] djFiol, YrkE] LEH A ZAs0lA 14 dHd] T}
= sigma factor?] RpoSoll 25te] ¥ H-ARFE]TH36).

Lipe] 7163 dgol gk ip 349 ™ol Bk -1
ShA Ay Ay, o= U 9L DNAL A el
B3l F¢ Fate AL EA3glo] Ha st dAolH, leucineol] 7
Sk JlEEA ¥ 9y 5o] 3 BREog EHET32). Lip
o} XA Arg+tzel o5 oln|x W FYo)A DNA AT &

3Z2] helix-turn-helix 7327} EA51H Fh25A] W oA
£ oJ8] RNA @ DNA 2 &d¢lollN Yehhs op EF72
7t BEEJ LW, LipAT FHEEA] DTk Q9| antiparallel 3-H
T TERE B3l 5F1FAE Ak AR uhelzth24).
Lip7} @ F-9joll A3t wio} Lip o347 Zd2te) Bgiof) 2
FEl= A & g AgEe B9 sleleke] SAEUE
g, Lip o]ZA= vi-§ <Fg3ted <18k subunit assays 53+
A% Lp GEFA2AM S 218 H2ET F AT,

Leucine®] Lrpoll v|Xl= &332 A2is] B leucine o}0|i=
ko] ) & w NE2A(23) L&A Hohe AL

il

o

Ote) Global 23 WA Lipd] 54 241

jod9)

A& 4 glom, oo wie} ofn|n/d EahFA ] FEHI T
o] AsAct. ol AAF leucine 7L AR & TlE
4L gulsle] The ol = B9 Bl R leucine] EA
3 Ao th(10). WA tlTol A leucineo] o)At #eje] 2
=8 Fgshe 7|HoE e Ao AEr, ole 22
ol it B TAE AT The e o w2 Ao
FeETH10). 5 o= 2329 Feole LpZt Ak 2
A7), 7 ofE Zgoll JloiMs AsjAZIA At
B A Hege Ry g A 2 whido] Bzt

T

p

1 X e

(leucine)®} Ao A-8-& sl $HL QAEES 2ol #AY
T =7k e Aolut.

A7kA] L#E A Lip/Lip-regulondll 2j5te] @HE=E 292
ZolA EAE HEA FAAES LRI Tt 2ok 3,
L7k ol §749 wHs SHSAAAG AoA 7
leucine® ¥k A3z Z8she Aotk g 9 Liprt
ivIHS] X2 REE RE|S] HALE E481A171EY] leucine©] ©]
B2 APAIZITHE8). WhEel LipZt opr)eAt Eeflof] #odshs
sdoA ZERHZE FH o] LS AaA7)1A Hed leucine ©)
29 BAE FEAFIA HM, )AL oltE leucine®] Lrp
o] A8 22 Aeley) 7198 Aew AERFT0). F A
] A= Lip7t 8498 -2 Asrvle aE vellied
1A leucine®] o] HR3 Aot} o]t dl&= Lp7t
liviS}t lvKHMGF 2@l lolM Al E#E Hole=d| glof
leucine®] #2231 (17) Lip7} fimBS} fimEdl 213} Ajsls=
Type T pilie] AHol(phase variations) E37} leucineo] 2)3}od

Table 2. Stationary-phase genes regulated (directly or indirectly) by Lrp [Obtained from reference 36]

Gene ORF Fold Gene Fold Gene ORF Fold
Prior association with Lrp (6 genes)
aidB b4187 33 osmC b1482 59 poxB b0871 8.0
csiD b2659 23 osmY b4376 8.9 yibJ b4045 1.7
Association with Lrp revealed by this study (47 genes)
adhE b1241 29 aldB b3588 33 amyA b1927 8.9
appY b3515 2.1 blc b4149 3.7 bolA b0435 22
chpA 1000 3.6 cfa b1661 3.1 esiE b2535 49
dacC b0839 24 dps b0812 47 fbaB b2097 84
Jic b3361 2.7 frdA b4514 2.8 gadA b3517 12.8
gadB b1493 11.2 gadC b1492 6.0 gt b3447 109
grxB b1064 23 hdeA b3510 5.7 hdeB b3509 6.1
hdeD b3511 34 katEl b1732 14.5 kch b1250 2.1
ldcC b0186 23 mirA b2127 50 osmB b1283 32
osmE b1739 44 otsA b1896 104 otsB b1897 72
slp b3506 49 sodC b1646 31 taml b1519 3.6
treA b1197 6.7 treF b3519 22 wrbA b1004 157
yahO b0329 4.9 yegB b1188 13.0 yeiF b1258 24
yeiG b1259 4.6 ydcS bl1440 2.3 yeaG b1783 7.0
ygalU b2665 6.4 yhiv b3514 32 yigB b4269 3.0
yncC b1450 27 yohF b2137 3.1

Genes indicated in bold are annotated in GenBank or reported in the literature as being regulated by RpoS, others are associated with stationary
phase but not necessarily controlled by RpoS. Underlining indicates coregulation of the highlighted genes (Pearson’s correlation coefficients of >(.5).
Fold indicates the reduction of expression in the Lrp* relative to the Lrp~ strain, measured in cells grown in the absence of leucine,
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Fig. 1. (A) Cluster analysis of regulatory patterns shown undcer
diverse conditions by leucine-independent, Lrp-responsive genes. The
area shown corresponds to the upper right quadrant of Fig. 1B, and
the square indicates the 2-fold response limit. Spots shown in green
correspond to genes that are coregulated. In an initial correlation
analysis of 57 known genes in the Lrp regulon shown in Table 2, four
genes (osmC, osmY, fbaB, and poxB) were identified with very high
Pearson's correlation coefficients (>0.7) with respect to one another,
but not with other members of the regulon. (B) Lrp /Lrp" gene
expression ratios, in the presence (x axis) vs. the absence of leucine (y
axis). Spots comesponding to genes previously known to be Lip
responsive are shown in blue; some are labeled. The square correponds to
a 2-fold change in transcript abundance in response to Irp mutation.
(C) Results for the aminoacyl-tRNA synthetases produced by E. coli.
Colors and square are as described in B. (D) Results for all genes as in
B, but spots shown in green correspond to genes known to be
associated with stationary phase [Modified from reference 36].

Kor. J. Microbiol

7Fs3tAl "ok, 7, 8). Al MAlE Lt 848 £ Asjalg)
=20l 2FTRI0] leucine®) LipZt TR ZAolX Fat A4
°]t}(30).

3 FF9 Lp 22 AlAE 28T W leucine] 217} O H
B2 -&3tAl Hetl iviHe 7350 A E leucine®] Lrp
BAE FESHA H134), fim9] A3l A= leucineo] Lip
Aol BashH, papd 7390l QloiME ol &t glk
(10). Leucine®} PIX|= o 714 BFej] Lrpolle] d&l st
o|£E50] AL =], & 7HA 7Hes AL leucine®] &
e wo} EAQ5)R) & ul consensus sequence”’} THETRS A
ol, I t}E 7F5A3L leucine®] Lip7t od#] H9oll A%y
AEAol F3E viAA Fohe AHo|vh2g). webA tE euE
E9] Lp 2% 7oA 217 & HHoE A= o= B
o] QM= leucine?] A5EHNE F1 o= Ao A= A
HEANE v|X= AoE ARFTH26, 28). T THE AW Lpol
9J3le] A== DNA bending A=l leucine®] FTE 7)) A
Hobe AWo2(10, 30), 16709] subunit® 2 FAE Lp @)@
o] 871 subunits@Z ©}FO]A Lip-leucine B-F A2 o}t
leucineol] oJ5t s WS FATIATHL, 12).

Lpe 23] WA Nitrogen 28 (Nw) -89 TejshA €
. LipE gBDE BABANIIA Eed o2 N g ghgof
Lp7} 2780 S 9njgith(15). Lip 9A] alanine, serine,
2] glycine®] THAF Aol #ASHA Hed 2REL
glutamine synthase®] feedback A3|A|E°]t}. T-<-o] Nir T2
o] &1l Nace Lipol| 913t 843t 2H2R Seras} ghtBD
£ AsfAIZITHS, 21). T3 oI SAES 02 JERES TS
H, Lp9} Nird SHZ = ompFS}t oppABCDF, ydcSTUVW, 21
2|3 yeaGHE BA3}sh= Ao g RAZT36, 40). 2oksha
Lip= N 542ke] 23S 2™k =, N 9hee] 2dzbe
2D Lrp T A=) 2HE 2793 Eok

Frol FolAe) Lpd 7iws olFsty] flstqdAe
leucine®] EAIE Wi} EAISIA] &g W] Lpd] E9E 247
I#H3 & Barb Ao} Leucine®] §12 W Lip glutamate
synthase$} pyrimidine nucleotide transhydrogenase®] &41-& A
SAIA dEVoL F49 A 71 F F e AlFsiA 2
(20). ®=3} leucine©] EASHA] %€ Wil Lipe serine deaminase9}
alanine alanine dehydrogenase® A3|8}A] o= I as=
rEUole] Faeqte 48yt gEUoke) A erl=qt
o By vt 2A ok Leucines H7FsHA S glutamate
synthase®} pyrimidine nucleotide transhydrogenase®] 3433 2F7F
ZrAA7IL, opE| et B8 AAE EAFAIIT33).

Lipe op|ieAit 29 43 A kol 59} ofm it &
AHPg el ¢ 848 AEsle ZoE Hr o] 7}
< Ip EAHOVL olv| 4t B S FUAIRITHE A8 2R
@0yl &sted AR FHL} Lipe Yol X (Table 2. Fig. 1) 9538k
vle} Zho}, AGA]7lel o]2 e Uejz A Ede] A zhE
B 7oK flER) Alele] Holjg wiliske AoZ AlME A2,
36). A4z} M E om|xAt Bl o] AFE Aoy 7]
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ote] o= ofu|iAt ARV §4 o] F ¢
AHdg Aolth(10, 29). 7HeF LipZ} obrinst BafjaA o 2x <t
2ujole] F48 A3 FUH leucine®] o}u]At 3ol de]
ol A indicator G- 1A E Ao|t}.

LipE LysR¥} 22 & 24 oA & Crpty ENRY 2o
Z izl 2 dldale JREArT 12 Bk olue), host-
factorS integration A]7]= DNA binding protein 32 histone-
like 28 TUANE JABAE HolA| F=rh(10). Lipe Tht
asparagine synthase® LTz asmdAdl A FHAR asnCst
oF 25%2] otul=at M FEHE FHETR9). FAE o8
Lip®] 278 A3l 23} glucose HAwAo)A] A1 it Al
FEE AE F °F 3,000 TAS LpE 23 Sle AR 34
Hrh39). #A leucine©] Lipst ZAF BA81e} Aol W) -2
FEFS vA F Ae7h o)HY KHirol 31 Lip7t iviH
DNAY| A= HEE leucined] ZHAAIA FE 3
B o, Zase Axe AMEE Lpe e} dAsH) &y
T A% B, ¢ 32 FEAAE 10~50 mMe] v =
2 FEY leucine®] BRFITH13). § 71A] 7V ABEL Liprt
leucine®] EAE ujel EA|EA] ¥E& W THE  consensus
sequenceZ 1AET= Aot} O]‘—‘— leucine®] Lrpoll 2| Ao &
2831, Lipet 28t AY -2 14 # &3 28-5k= DNA
= leucine®] ZH83HA] & Holgke 7go] AAIES Uk
%3 Lip7t leucine-regulated F-AA1E9] M= AFH<
ZHARA A-G3RaL Qlovt, Ao Be 59 Lp 22k, Lip
EA7} DNAZ bendAlZ & JE 58 (37), 218 thexl =22
BE 728 84T 4 2SS Bl FFHE37) L7t G4
organizer=. 2+-&8 F QS-S AASEAL QUTh(14).

3=
rr
il

7ol d2] euEe] Wi #s)
Zr 22 AL leucined} Lip7} 4%
285 31 Lrp-regulon®ll ‘3}* H s Blvke Aot
e e global 24 WA w2 Lipe Eoldh
ZAA 7] W] BE ¥ Ee] I I33hA e B
29 89] iy - BoddA] FEck(Table 1, 2).
Leucine/Lrp-regulon®] 714 & 2|83 29| 3l A} ZH&
91 125 S8 Y DA Sl A i
2] FUrhe Aolrh. Al 2)%-9] leucineo] o tigite] Ak
25 e A% 0 e cloret o] 2o] ASA o1
Qe o20] FYHAE B Auolt. o P B 29
o) Ao BUEg 4T Agoel FRe erEEe) W
& 22X e, %A leucineo] Lip E3E Wal|A]7)
o Lips) Fisfol A23IA H2 £ oIBA PR Y2
P Aol ek 228 AL AFa7] AMAE leucine
I Lpehe] gzl @ Aesle A7) FEEolxor &
o1t
Z N Al (Enteric bacteria)l| A Irp F-A2Fe] 213814 AlddA =

LipE leucine™ A o7
Al €k of AANA 743

O}5+9] Global 22 wilAQ] Lipe] B4 243

v wEhH Fu|2-8u| UBat, Enterobacter aerogenes, Klebsiella
aerogenes, Salmonella typhimurium©| Xl QAR 164712] olw]=
e ool LipE Wlwahd thdwte) Lp%t LAV &
A N AR ojvlAtute] MR thaw, EE 90% o)<
DNA 971 ME 4E4E BATHIS). olef Zo] &2 454 E
Hole A1 LpZt thAl 288 7dskes oM i S8
AL & AYE ARBBEL ot B3 LpZt iAol 4= o)
¢ 2 EolAE 71O EN global 2HAF HEE sk 3oy,
£ 5 U2 JAdINE uls ARAR 234 R 285
o Ztated o] Tl A ot Expeke] AdEatgol w3k
T= THEHLE ol AT AFE - AY AT
A YoRF MY 7 AE BAske AR E ANE
S Ao = Atg L
S B ) i AR b 3R 2

¢

SR
Jo
offl

s

G424 o) FAA SR Fuse 4a8 Te 87 A
g0l B F0lZe BAL 20 Bk 44 7he] olEo] Lp

o ejste] 2dE Ao R Yz 522 31 Lipregulon©]
leucinedl| 2J3}e] Tl el A S Hlthks Holth(1o0,
19, 30). o9} & Tl S D LipS leucine®2] 43
Zpgol gt 711E FEEtr] A% AEHE, AR A4
e A7t aF7HM, o] global = VAL Uuks}l A|lE
Ve BdE A 4 1S Ao JHn

#Alel 2
o] F=E-E 2004d% FETst ApH Al A FISER
A7HLD o] ] M=yt
gnEs
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ABSTRACT : Biochemical Characteristics of Lrp (Leucine-responsive Regulatory Protein) as a Global
Regulator in Escherichia coli
Chan Yong Lee*, So-Young Kim, and Ryu-Ryun Kim (Department of Biochemistry,
Chungnam National University, Daejeon 305-764, Korea)

Leucine-responsive Regulatory Protein (Lrp) is a global regulator involved in modulating a variety of metabolic
functions, including the catabolism and anabolism of amino acids as well as pili synthesis. In addition, there is
growing evidences that Lrp may play an important role when cells make transition between rich and lean nutri-
tional conditions. In this review, the biochemical characteristics of Lrp are described to provide a good example
that shows how bacteria adapt to nutrient limitation and environmental stress.



