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                                                    ABSTRACT

It is tluite itnpÅíirtnnt te unklerstand the ct't`eet oi' culttire cnx'irontnent on Lhe cell tnetabolistn.

xihcre cnrboir. niti'o.g,cn. p•htbsphate etc ns "'cll a,g ox}'."en Iex'eL pl•I. teniperaturc cte. mnF' bc

uons•idercd as i•i•n•pertant cnx ireni•n•ental• l'ncte•i's Ii.i thc prescnt stud} . tlqc el'fects of phesphatc (I))-

1imitation as "'ell ns ucidtc cunclition and nitrcigen litnitation on the tiic',tah(ilism in E.ychdi'tchici
                                                              Lt
coli• iycre ini'esti.ontcd )Nforcox etz the el'I'ects ofsei eral gencs Iciieckout on the nictnbolisni sNerc

"lso itn'Åëstigated.
               '

Iti tiic presc",nt stucl}'. the cftL'ct of ph"spliatc (P) cenecntrntion on the tnctnbollsni 1 i EschL"rrchia

cr)lt xsns first ini csti.gated in tertns ot' t'ernicntatien eliaraeteristiorg ancl L-eclle transcript lti'els t'ot'

thc aerobie continuous eultu•re at the dilutien rnte ol" U.2 h'i. Thc re.su•lt inelicates thnt the speei{"ic

g' lucos'c", consumptiQn rntL' and tiic s'pceif'ic acctnte prod"etion ratc sl g,nil"iea/itl.y 1 icrcasc{L "'hile

tlie cell eencentra.ticsn decreased at loxs I) eencentration Åq1Oee csf th•e ).xl9 tncdiuni). Tlit increasc

iri tire spccli'ic glucesc upt,ftke rate tn:}}' bc duc to .-Y'I'}) detnand cnused b• }' liniited =NTI]

precluct•ie•n• unLlc•r PLIinlltntien Thc lexicr cell• cencentratien "ns alse cnuscd b)' 1•cs•s .X.'l'I)

prod"etion. 1'he less .-Vl'}) prodtietien bl' II{-:NiTI)nse nial' huN'th caused less c]'tochrcitiic renetien

:til'ceting in ctuinenc pool. and caused up-rc.gulntion ol' .Nrc.-X I3. Nxhich rcpressed 'I'{T=NL e}'ele

tgenÅës, aticl eausccl nic•)re :icctate pr'oduetion. In thÅë ease c•)fphoB tnutant ("ndi aLg,e phcJIOk tnutant}.

thc Sernicntation characteristics Nx'ere lc•ss afi`ected b}' P-liniitntion a,y eetnpartd to thc xxild tÅr'pc

svhcre thc I)hoLl rc.gulatec{ .g, encs iiere [lc"in-rc.gulnted. iNhtlcphol? and1)hrJi.tchan.ocd little. Thc

1)hrV"• .peNÅë kriecko"t cuused phoB L.e.cne to be dc"sti-re.gul•a•ted us ivÅëll a: Phel3 rc.gulated L.e.Åëncs'.

"hilc pho; ' and IJho: I ehan.t,ed 1ittlc 'I'he etTeet or pl{ tc)gcthcr "ith loxi cr P eenecntration on

thc mctabolic re."/ulati/]n is'as also n•ix'cst/.yated. Iii accordnnec ii'itli up-rt.gulaticbn of ai'e.•l .ycne

exp•rcssion•. tht e'x-prv,g,giens ot' thc 'I'C.1-Y c•}'L'lc ."encs sueli as ,s'dliC' and n7dh ii'cre doiin-re.eula.tcd

nt aeiclie conclitioir The .gcne cxprcssiun ol- !7JoS xyas up-re.g.ulated. :}nd thc expresHion ol' ,gL•icL•l

"'ns up-re."/ulatcd at pll 6,O, Iii acccbrLlancc "'itii th/s. PlioB rcgulatcd .gcncs ii'erc up-rcg/ulatccl in

thc xi'ild t)'pc "nder I)-rich nnd P-lnnited eunclitio• nt at pl-I 6.0 as cetnl.inred to tho,{e nt pl-I 7,O• .

i Ioreox er. the clTcct oi' niti'ogen 1iniLtatien on the tnclt}belic rcg,ulatien xin,g Lrn'cstigntcd. xsherc                                      " L-
thc rcsul•t indieatc.s th•at phqB .gcnc "as up-re.gulatctl. a,i.id PlioB re.oul•nted ."encs sicre alse up-

reuulnted tindcr ?.sJ-litnitntion. as is'ell as nitrogen-reL,'tilntcd gencs.

'l'he Åëfl"ect of thi' .genc kriockout eti t.lre nictaboli,s'iii of EschL,i'ehrLi colJ alsw inx'es,ti.gatecl unclei'

niicroaerobie eendition bnt ed• c)n sTetic txpre,"siens. enz)'nic aetii'ities. and intracellular nictabolic

IliJxes t]nder micro-aerobie cQnditien. the lluLx' tlu'oiJL,h Ptr[ and 1:rtl si erc rcduced t'er thc niutant.
                                                                      L.
iNhieh :uv due te ,X"7' .yene kiiockout 'I'he d'tcrtnscti tlux threug•h Pll ina-}' hax'e causc(-l

aceuniulation of Pl'Ilt. "hieli inereased the ll[u.x' threu."h LDI-I. 'I'hc .li7i' ."• enc knoekc)ut eauscd

Lti'c.•I to bc dc"in-reL,ulated. and thus thc 'I'C.-N cyelc "'as' aetix'nteLl. ancl ei'p.•I and ei'dB gcncs                           -. . . •L.iNcre up-rv.gulated. 'I'hc doii'n-re.eulation• of cn'c.•I c:i.usect li)fL1 to be up-re•gulated iNhere thc llu,x

tiu'ouglr PDI'Ie iricr'eng, cd, The xin' ."cne kriockout iriclircctlF' al-t"eetcd c'izi .vene tr:uiscript lex'el to

                                                               :"



be tlecreasctl. iyhieh in turn eaused thc gl.ycol)',sis .g, encs to bc up-rc,o,ulnted. sihieh con'csp.onLlcd

kT the increas'i" iti thÅë sptheil'iÅë g,1"cos,c eonsuniptlon ratc. Thth pii' ..e.thnc krieckout also cuused cilJ

transeript lcx'el te bc ineren,"ed. xxhert there niit2ht be sonie relationship betxxcen the txio l'rotn thc

.s. ene stivctut• 'al sim• ilarit}' poll• it ofx'/ csi

Tlre ci-I-cct et- pll ori the i-ernicntatLen ch:lrnctcristic,g xuA,s tti:'esti.g,ated b)' tiic bntch ,ftnd

uontinueus culture oi' Es•chei'ivhia coli at both acrobi•c ancl aiinert)bic ce•nditions It "a,N l'ound that

tnere aeetnte i/ 'as fiortncd Nxith loiyer biotnass }'ield and less specii7ie t.L,.luco• sc eonstnnption rntc nt

losNu'r pl'I as cL)nipared to the ensc at pl'I 7.'O. 'l'he .gcnc expressions ind• icnte thnt the doixn-

re.oul•ntien el' the gluco,se uptnke rtite corrcsponcls to the de"'ii-rc."ulntion oi'pl•s'C} .genc c.yprossion

caused h}' Lhe tip-re.y,ulaLion of Jnk' ."• ene ss'hi•eh is tinder pÅíisitiN'e conLrel oi' Crp. In :iceerdanec

siith up-rc.g,ula'tions ol' tvtv.1 .ijcnc cxprcssien at ncidic cenditien. thc c: pressions of thc 'I'C.N

c]'clÅë-:'thlatecl .gcnes s,uch ns, icrZ-1 at}d ,k,h/-1. atid thth rL's,pira•tei'}' ehnin L.e.Åëne cp'o.-I is'cre doixn-

regu•lnted. "hcreas cydB geiie e.Npression "as up-rcg•,ulatu'd The dccrcased actiyit}' el"I'Cl.N e}'cle

caiJscd nioi'e aeetatc I'ornintion at losier pl-I, I.Tnc{cr nitero-acrob.ic conc{ition. thc l'cnncntation

ehan.yect in such• a xs:i.} that fornia.tc and laetate xxcre niere preduced at lesier pll duc te up-

regu•lntions or R/ bl, .i'p'D and ldlzl tJenes. xxherea,y u'thanol xNa,y lc•s.y produecd• due to de"n-

re.gulntl en Qf ctdhE .gcnc at lc"i'er pl-I as cc)ml/ arca to thc ncutral plI. It iya,s als'o 1-ound thatltl[•1

.eene kiic,ckmut niutant p. rcsctuced hig-h•er nnicsunt oi' la'etate at loix t'r pll coiiipared te th•e ease at pll

7.0 undci' micre-aerkbbic uunditien. Thc ctif-ccts ol' both pll .rLrid ternperature "ci'e also

ii"'csti."ntcd. 'I'he ex'er'all nictaboliu reg,ulnt•ie•n• niechan•isins undc•r both pl'I LIe"n-shii't and

tctnpernture "p-shift Nx cre clarit"ied in N'ie" ol' g•iÅëne ex'pression,{

Based on thcsÅë t'csults. it ii'as' iinpliedi that thÅë cll`ccts of c{ilt•Lirc e",ndttions, arc inten-el•a•tctl. anLl it

is strcin.gl}' desirable to tineeN'cr the baKie principal "'hi•eh .e..oN'erti Lhc cell tnetnbolistii 1 Ioreox'er.

thc prescnt result cnn be c:'tcndt'd to othcr er.ijatusnis thnn E,eoh,

lv
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Chaptttr 1 General Background

1.1 Int:todttttion

           E.yc'hL,i'tehtci colr is a'n excellent t'rct-1iN intL,.. sintL,.le-eelled. tnbdel orgnnistn t7or
                                                                     LL -

nictabiitlic anct biiitlc,.yical studies ns DN.Y replication• and rcpall'. I)N.t transeriptien. nictabiitlic

patli"a-x's. nd• a.pti/ 'e strtss resp, c)nses. si.gnal tran: e-l"ctien. and genetic rcLfi• ulatlon. since tt is

enc ot' the ba,gt-charnetcrisccl p, i'okm'}'etes. sct'k ed as a, bielegical rcplicn i'or eellular p.rocesses

Sinee t-lre cnttt-e L.e.Åëno'tne c)l'E eolJ h;is bceti sÅëtluetie-ed (i31a•ttner et "1 . 1997). sÅëx'eral ktnds, ef

nnal}'ses hnx'c b'eÅën upplicd in ordicr te rci'eal nittabolie rc.eulatio'n. Xi Ictabc•Tlic Åën.ginccrin.g

ean bc dcilncd us the clircctthd iinprox'etncnt ef ,product i'ertnatic)n c)r eellular pt'"peities

tlu'eu.gh •n• / edijluation oi' thc •spcciil•c Lxechcnii'enl reaction(.s) or thc preduction ef ncsN onc(s)

iiitl.i thc use el' rcct)nibiiinnt [)l -•Y teul.inologi'. Iii n•1•:inx' of thcse aiialvst'..s. t•he ai•n•1• h.as bccn to
                                                       Ltt t .

clctc•vniine he" the Lliillercnt gencs iiiteract iiitl.i ench et•her., ennblitig t•he cclls to censunie
                                      -L
nutr1cnts. .g•rÅq"v. cliN'ide. rc.gulnte. and rcspond to dl 1'crent s'titllull. 'I'he dill'crent approachc•s

that 1iai'c becn uh'L'td 1'or thcsc purpo,gcs ean be clas,s'itlcd a,s tran:'eriptc)mc. proteonie.

mctabolcbmc anal}'ses and tuctabolic patlisi'n.x' nnal}'s'is. dc• l,iendini.g• /]n thc t}'pc Qf compounLls

nica,s'urccl, S, o. it i,g quitc inipciitnnt to undcrst.vitl hoix thc culture enx'ii'ennicnt .al:l'ects ccll

nictabolisni. Xl'itli tliose bnek.greund,g in niind. the aini ol' prcscnt tlicsis Nxas to rcNcnl the

nictabolic :'e.gurnticin oi" Eschet'rchict eoli b}' Lisin..u. sonie tuutants as iNell as b} cluinging the

eulturc eondition.

1.2 gL i:nnl Trnnsduction and T"'o-Coinponcnt Regul:ttor)' ti )'stcTns

           Signnl transduction sv,gtenis transnllt enx irenrricntal sillnals to tht ccll. In

proknr}otcs. rriost Lht' tiit si.ynnl trnn,gdtiction s}'stenis are L"o-cetripent"nt regulator}' s.vstcni,g

C: ladiy,nn and TtNItiitinko. 2•O()6). by sNhich proknrlF otcs rcs,ultitc cerlulnr tnetnbolisrri in

response to enN'irorulitriLnl iluctuattons. 'l'his t"'o-corliponcnL re."ulntorF' s'ystern niade up c)f

                                                                                                                      1



•tNN'e difif"L't'ent protciiis suell ns

    a} Sen."or k'ina'se. CLT.s",tt)plnstn'tc tncnihl-an•e) eletec,ts enx'ironinen•tal

       a/i{'opl•r•o.gl}lter}'lates'

    b) Res-petr,s'i" reg.Mki/t-k)r' (c"-stcp•1.xs'm) -DN.N•ÅÄts•ij•ici•lai.o prt"t-ci•n ti-ia,t regnki/teng'

       (ttbst ttt hi 5a,etÅë-ria tl- iat lh'e fls' para,su' t-cs et"'hi.L"hlzer •cv- •g.st•.ru• iLgtiis)
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1.3 Rolc ofC"lturts C- andition on "Iet:ibolic Regul:it{on

          lt is iriiportant to unclerstnnd• thL` cellularrespenses ctnanatin,e, 1'roni the enN'ironniental

pct'Lui'btitions to red• t';sibon thL` n• etxx'orks i`cn' practictil applieations as "'ell "s for thcorctteal

studies CI:uhrcr and S, auÅër. !- O09: '!"uan ct al . 2C)V9'i I-Iu" ct ai . ]- (,)(,)4) "iNIicroor.gnnisnis such as

E-schei'fehict ct.'Jli lix e lli enx irontncnts xNhieh arc sub.ieet to r'apid ehan.pos in thc aN atl"bilit) "i"

phosphate. c.irbon (C) nnd nitre.h.ocn (N) se"r,eÅës (,pt I".h.oasanik ]VVC)i Z[ininicr et al . ]VVC)) 'I'hc

phosphate tnctabolLsin. earbon tnctabcil!sin. n!tro.o..cn assiiiiil:ition. ntid ciierg)' .uL...Åëner(!t!on :irc

mte ,:rated to ma!nta!n thc cellultir intcgrik' Thc 1iruitation ol'such nutrients stimulatcs lumL,er

sttitc rc•,yponses lli baeteri". "hieli tun}s thc cniph"si•s on •seai'cn.e,in.e, substrates tind induction

t'or stiniulatinL.o. n•uLrient acquisition ÅqPeLcrs'on ct al,. 2• OO)'L Fercnci. 2001; I-IardL"r and

Di.ikliuizen. 19Sri) iXhcrobcs pdapt Lo thc loiN nutrit•nt eonditions b}' rn•ain•taiiiin•g hi.ph

nictabolic tlluxcrs that tna}' rcclucc Lh•e cner.getic cl'fieicnc}' ot' ex't• rall nieLpboli,gni Åq?iLIolcnaar ct

al. 2• O09. [)c1 Iattos :uid 1,xJeii,gscl. 19Åq97).

          lii thc casc t)t' phosplintc rcgulation. thc plu)sphot"Lis eonipou"ds seiTN'e as tna.lt)r

buildllig bloclag ol' nuui)' biotnolcculcs. und hus'e illiportant roles iti sits/ nal transduetion, 'Vhe

phosphate is inx'olx'ed iii m:iny biochtLtni'cnl rcactions by tiic b':insd'cr t.,fphosphoi"'l LLo.roups

.ILII liNhig etLlls ,gopltiHticateclly regulnttL tiitL phot phatc uptake. and sutTs'ixe ex tLn uiidtLr

phoHphate-liniitiii.g conLlitivn. nnd tliLis phosphatc rnctabolisru iH closcls relnted to tlic diN crse

mctabolism iiicludiii.g cncrg}' ancl etLntr'al cai'bon mcLabvliigm, Iii pnrLicLilnr. phosphvr}'lntioii

ma)' pla)' Lmporltllit rolcs in tlic nittabolie re,e.ulation at acidic condiLion arid niti'ogen Iiinitiny,

condition. ii'hieh Lypic"11}' app,cars "t the late gro"lh phasc iri tht b"teh culture 1 IorceN'cr.

phos.phate stai" ation is a rcltitiN el) incxtlicnsix e tneans or .verie ineluctieri in prnetice. and tht

phfJ. 1 protnottr has been uscd lrer eN crexprc,gsiori vl" hctervlo.vous g,eiics. .N bettcr

iinclerstanelinLll vf phosphtitc reg,ulation xN'ould allesN ibr vptiniizntion ol'such prvccss'es.

          In tht cnsc ol' ),;-ns'shnilation. ent'r."}' indeperident glutaniate dch.s'dr"g,eiiase (,CIT"DI-I)

pnthsx'a}' is ust';d ivhen sut'liieient ainount ol- nitreg,cn is presenL. silule ener."s dcpendent
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gluLnniin• e synthcta: e-g,lutaniute s'yllthnse (CIIf,S-CiOCI.Y'l') pathixas is tiscd undt',r Nt -liinitntici"

(IL`uan ct al.. 2CI06i 2009i R.eitzer. 2C)C)r,i Ktimnr tincl S,;himtz". 201 1 ). 1'he .•NTP regutred for

Lhc nitroll•,en ussiniiltition usinL, CTI C+()CT=kT eN'clt'; tinder 1 -liniitinL, ee"ditien tieeounts Cor

15"e ot' tiit total rcquir'eniciit iti Ect,li The bulk ef clltr.h.o)' LK Lacnerated b} the respirat"i"'

ehain iti E cf)li under aÅërobic eondition. LNid its el'l'"iciÅëneÅr' dcpÅënd,g upon thc eumulatiN'c

act" tt.N' ofx arious elcmcnts (})ramnnik ancl KÅëaslin.h.o. 1997; T.xlcijsscl ct al . IY' S)6i X'aiuia ct al..

19SI,) 'I'he aerobic respirat"i"' ehalsi consLsts ef inultiplÅë elcnicnts sueh as ?.Nl.NL[)I-I

dch.N'dro.gcnases. etital)'zin.y thc Lc.rÅëneratien of pretvn nietix'c i'orce during l =Vl)I•I ox. idation.

and quininc peel containin.e, tÅërniinal v: idastss. ti'ansl:L'iTin.e eicctron,y to uN.N'LLu.en (Kurnar ;nd

Shiniizu.. 2• Cl;1 1). IL i,s also eiucial 1'oi' Lhc niaintt"n.ruice et' rcdo.y balnncc (BL'kkci' et ql . 2- ee9L

X'eniuri ct al . 2• OO(S).

         Cl)x']'.gcn i,s aneLhcr tnajor facter to afiicet thc nieLqbelic qctiyiLics. .-N x'aritt}' ef

path"a}s j'or carbon .rll•]d elcctren• tl[oNi in Ecolt qrÅë clli]'ercntinll}' cxpress•cd dcpcnclin.g on

Nyhetiier nielecular oxÅr'ts/ en is prescnt lli tile cell cnN'll'otltnent Ditl-crcnt sets ot- cro.rTN'mc,s [ire

iiidueLhd or i'cpresscd b}' txs'o ili:i.TLii' oxl'ge:i-i'Lsspoiisis'c :'c.gLil:itoi'}' 1irotcuis, Fiii' aricl .V'e"Y.

Thii'ts one b':ins'ci'iptionnl units Ciricludiris, oN'ci' 7C) gtLnes) hnx'c bccn i'ecognizcel as membci's

of Lhc I7iu' modulvn, =Vl of tiic gentLs iii the 17,nr modLilon encodtL protclris thfiL ardL hix'olx'ccl in

ecllul.7u' : Llaptntioiug Lo s,roivtii iii nn anoy. ie enx ii'oiillient (I.)'nch and lhi. 1Y' Y'6) Fnr I'unctions

as a ti': nscriptionnl actix ator oi` .li-ct veC'D. dn7s. !BC". antl iiciit: IH,JJ exprcssion undtLr a"crobic

condrtion•s (Cluiis`alus. 1{){)2),

        'I'ht Li'iearboy.:}'lie aeid (TC.Y) e}'ele ot" E.cvlt is hi,e.1il}' operatiN'c orrl)' lli acrobieally

gre"'n cells. "ith the ke}' regulaterT contrel respvnsiblc l'or dcterniininy, thc lcNclg ef' TÅq".Y

c}'cle enz}'ines cr eilcd at thc transeriptio"al lexel [I'hc principal clt'nieiits of this re.vtilatio"

arc cncoded b-s' the .YrcB-.Yr'c.Y tssc)-coniponerit siLllnal trnnsduetivn s}'steni (.L-s'nch and Lin.

IC t)6) 'I'he sFstcni cvrnprLgcs .N.reB ns Lhe incrribranc beurid sensor kin[Lge and .Nre.N as tht

eci.unnte i'csp"nse r'e."L;lntoi' 1 Tndt'r tinuerobie "i' niieroaerebie conditiens. =b'cB u"dei't"oes
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autophospho•rÅr'lation nnd then entalÅr'zes the tt'ans-phesphor.N'lntion of =Yrc=Y. Vn, der aerohie

condiLicitis. ox'idizcd 1'ortns ol' qtiinine cleetron enrriers in the tnetiibrane itihtbit Lhe

autophospho• t"'tntion of :NreB and thcret"otc its tncdintion ot" the =Xrc tnetah(ilie rcsponse

(Ct'ogelhs ct al . 2eel) .Xbeut .".e op.iÅ}ron•$ nrc kiie"ti tm bc ccsntrolled b-x phesp.her]'lated

.Yrc.N cl.-X:'e.-N-P). mc,st ot' "'hich• arc im'oli'ed iti rtspira.teJIF' metabeli,sm (Liu and"'ult'. 2QQ4),

        'l'h•e role olr pl•I in gcnt ei pression• in• Ec'r)lr and rcla.tcel enttric bacteria. has b'een

studitct e] ttns'A ely. tsut it has been studicti 1:u'gek' under aerobic eonditions r{elattx ck' l'e"                       . L. .
studics' ht"'e nclch'es,sÅëd t.hÅë rela•tlonslup bÅët"cthn pll and ancat'obiosLg,. the ,pt'Åëclo'tninant

eonclit.ion of` h;}ctcrinl grc"vt.hz tlre best-st"died easÅës inclucle ati;ier"Tbie a•cSd indiuctic)n ef
                              --•

aniitio nc•id decartie.xylase 1 n thc p•ros c• nt stuLl)z sxc lnN csti.."ntccl 1/ esx .gcnc e: 'pre.s,gio!Lg pnttern

chan.gcs iti E c'r h at lexi rII unUcr acrebic antl ni•icroacrebic condi•t•iens

1.4 Rcsca,r'ch rl'ar'g. et

         1'he prcsent inyc,gti.g• ntion ctarilled thc eiTcet Qf phosphatc lituitation. n/trog• cii

litiiitatien. aciclie condition and anerobic ecbndition on thc nietabQlism zai N'tciv Qf L,ene
                                                                                                                  -.

tran.script lei'els. }LxloivoN'cr. thc present stud}' iniplies thnt thcsc nietabolic rc.gulntions are

hi,o,hl.s' intcreennectcd• and coniplc: (Åq.}hnptcr :7,-Fig :s.7. C]hnptci' 4-Fi.g 4,4. antl ÅqJhal)tcr )r-Fi.g,

5 sJ) 'l'hese phcnL)niena oceui' at thc late g.roiN th phns'c' in the batch culturc 'I'1ic prvsent result

is usel'ul I'ov thc analys'is of tlie nietaboliigni chan.g, es tlurtn.g, latc .ijrc"itli phasc and er

slt1tion:lr]'p•lr:1,gc.

1.5 T' hesis outline

          Iti thc presctit "ork. sonie sitiglc t."ene kiic)ckout E.vu/J strains "erc u,"ed for the

inycstig,ation of thc c" erall tnetabolie rtuulation niechanLsnuy. The tnetabolie req,ulations

eon'e,"pending te enN ir'onniental ntid genctie ptrturbatic)ti," xierc stud•icd b}' nieaMut'in.t, .gene

eryprcssicin anal)'sis. enz)'tne aetiN'ities and 1'trtncntntion data 'l'hc detniled "'orks art
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presentedl in the tbllcTixill." chaptcrs/

(1:hxpter 3: ),tIttabelie reg"lation of Esehei'ivlrrct voli and its phfvB nnkl i)irc)R ."• tnes kiieekout

nnitants under phospliatui and nitre.een liniitati(sn: as, iyall a,g a.t aeie-lic ciitndition "'us stuclied in

this ehapter. B}' int`asurtng .gt`nc exprv,g,gien and i-erniÅëntation clatn anal-}sis un•d• Åër e-litl't`rent

phesphate. pl•I and nitrmLa.en• eencentration i'ot' ditl'erent str:uns, ÅqE.eolt ssild• t-}pc and its phu- B• .

i)hc)I?• tlltitatitÅr. tlie nictabolie etl'eets (sf dtil'ai'ent nutriant-lttnitatien eenditiens on• the

ni'ctabolisni iN t`rc s' ttidted

(Jhsipter l: 'l'his •chapte.i' studit'd on inctab"llc re,e,ulatic)n of fiii' .ecnc knockeut EschL"i'ic'hr"

coii uuder Q.x'N'gen 1iniita'tien ' l'he raL,ulation •nlecha,i.iis•nl f'e•r thcse nietabel•ic chtingcs ":is

studiccl based on eiizs'tnL' actix ttie.s. nictnbQl•ic tlux distr•ibution•s. I'e•vnientntion data anLl gene                            .c
L:' pi'L',ssion aiialssis on "ilLl tÅrpc E. eoli anLht,g tiii'mut:mt

Chapter' 5: 'l'1ic cll'ect of pl•I on tlic tuctabol/e re.tulatton el' Eschei'icl]ia coh si'as st"diea

basccl en l'ermcntntion data and .ijcnc e.xprcssion analysi,g undci' dill'crcnt pl-I cond• ition '1'he

nictabolic re.g,ulation nieehanisni ixas stutliccl en Ecoh• aiilcl t}'pc and it,g phoB, ,liv; y17.1

mutant unclci' acidic nnLl neutral eontlitioti

1;
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Chapter 2 Matci'ial,s nnd Mttthod,s

2.1 Bactcrial strain.- ll•scd and elllture conditions

          The sLrains used in tiie pi'osent studÅr' sx eft" Esehei'iel?ta cr)li BX]L'2jl 1 r, (lctc'Iti n'nBTi4

.NlacZTf.TiG hsdl?.fi?-g LNaraB.YD.giu tNi'htiB.-ID J.n-s). its plir;B .gÅëtie kiiockeut mutant (AX'()3SS)).

ph{)1{ mutant C.TXX't)]9Cl)). tiv' mutant CAX'1]2S). itrl.! mutant (J"'OSSS). 'rhc m"tant•s "=re

eensti-Lictcd b}' vne-stÅëp inactix'ation of clii'oruosvinal I)lrvE', iJlicJR, ,li]i: IVI.-1 .Fenevg.

rc,spectiN'el}' (Baba et aL 2006). Bateh and uontiiiueus eultiN'qtions ix=rÅë ctirried out in a 2- L

I'errn•cnter ()I-IUU. Tek}'e. Ilikaktki c"o . '1'ekÅro. Ja•pan). }Nherc th•e tetnpcraturc iKas

niaintained at ;,7'cV er niQrc at 42 c." '1'hc pl-I vt" the broth iKas niaintaincd cithcr at 7.0 t O.1

er Icss pt 4 U Å} O 1 "ith a plI contrellcr b}' -iutomntic additivn ef :!• .O I I HCII or 2- .O 1 I 1,xJaC)II.

The acrobic condition N\as asccrt:uncd bs eontrollllits/ the stirritig specd at r, )-O rpm syith the

eonstant aii' tlo"' ratc of 1 L nii:i'i. "'hich has becn sho"'n to be :,O-400o ol' air saluraticm. 'I'he

L:U] and (l)ict)tlccnti'ations ai'ere nionitereLl u.g lli`.,. an oft'-gus analN'zcr (B)itIJ-02 PI. =YL)I.Ii ('io .
                                                        -L..

Japnn) 'I'hc i iL)eulLim "as prdLpnrcd b-i' transl-tLn'iri.g eclls from :i s,l}'ccrol stock Ce,1 nil) Lo 5e

ml L-shaped test tubc eoiitnhillig 1O ml vf LB mediuni. The eulturtL "ns uieub:iLcel oN'crnight.

a"d t ml of cultui'e brvth xins tiicn ts'nirsj-cn'ed to a )-CK) ml T- shaptLtl llaskcontniiiing 1CK) nil

LB niediuni 'I'hc ] 19 niiriim"1 nicdiuni "'aK used "htrt it conlt1intd 1O g• otL glucose 1)cr liter.

4S ml 1 }iKla:I ll'O;. 22 ml I KII!PU4. 10 rnl I N, tt('L and ]O m] 1 (l,NIII# )![ O; The follu" in.F

coniponcllt: "'ere filter sterilized and Lhcll addcd (pcr liter ol' l'inal medium): 1 ml of 1 iXI

i)slLllSO.;. 1 ml vf O.1 ml I CaCllz. 1 ml ot" 1 mg of s'itamin Bl per litut'. anel 1() ml et' trtiee

cltment .yolution L'ontainin.v (,ptr littr) (),"hJ"h- g el- CnCl].2I•I]O. 1.67 g ef FeClj. O.1() g el-

: InCln.4II-O. O.17 g vl" 7-nCl-. O.()43 g vl" ()uCl-.2IIiO. O.06 g ol' Ce()ln.6T-I-U and O.U6 tt       ".t L .t. L .tJ L "- L
Nt ai?LxIoUL.2I I](:) ConLinuous cultiN'ations sNti'e pcri`onned at aic dilutien ratt'; oi- O.2 h'i. syherc

Ll/ e i-eed e..lueose concenLratien sN'as IC) g, I.. an• d scvcral d• ifi-crcn• t phosphute eeneentration• s

"'ere eensidercd/ P-rtch er 100"a I) cor/ eentratten (2.9•9 Lo.. L et" KTI•IiPC)i and (} Sl g L oi-
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l ailll)O,) and P-limitation or 10"e eFPeencentratien (O.2-•2-1 gL ol' KI•I]I)O,; and O,681 g/ L
                                                                                 "-

-i' ) a]II})Oi), SeN'ernl other P conecntrntio• ns iti-hetii'een xicre al,{o• itn etsti.v,ated Ii or Lhe

nitrot.,en 1itnited eondition. 6 O tn] I oi' (] •L;)iS(.)4 i/ 'as uscd instend of ]O O ni.NI The

contlliuous' (eheinc)s'ta.tcÅr culturv ii as con•trc)11cd b} advustinLg• thc rotatien speed• el' tnput and

eutput punips ot' tlic t'iÅ}rnien•tcsr. iihert thc rmtatic,n spcecl ot' eutput putnp, xs a,s act.justcel te keep

thc brwth i•elumc ccsnsttmt. "h•tle tha r"tntien ,speed ot' input punip "'as a4iustecl to set tlie

tlilution• rate ln• the })rcscn•t inx estigu.tion•. th•e dilution• rate ssa,s set a.t Q.2 h'i. xslicr'e glucose

liiiiitatic)n "'as not ebsÅëti'ctl nt su•ch dilutlon ratc. ll' thc diilution ratc "as deercused lc,s's tii.in

nb/out Cl.1 h'i. thc glucosth ec)nccntratieti bÅëec)nics uticlthicctablc leN'Åë1. ;uid botli fllueose and                        -F
phosph.ate liniitation nin}' eucui'. and thc ehai.i.gcs ol' thc trtinscri.pt lcN cls nin}' bc cltrect er

indireet Te ax oiLl suc•h s•ituation. iic set thc dilutien rate te bc nt () 2- h'i The •niic•vencrt)bic

culth'ation "n,s i•nit•inted bx' acrobi'e culth ation i'or2 •h lbllo"'cd bi' thc mic•ronerobic L'endition

"itlaout suppl)'in." illr anLl slo" lli." de"n tl/ e a.g•ilat•ie•n• speed te ai'ound 1,O,O rt)m. so th.at thc

eultix'ation sya,s' nearl)' anacrÅqbbic '1'hc triplicatc s'at• llplcs is'cre takcn aftcr 4-)' t•'esl clcnec titiic• s

"'hcre thc ,gtcady statc "'ag agccrtainetl.

2.2 "Ica: urcinonts of bi'oniass and eNtraccllulnr rnctnbolitc concentrations

        C'ell cencentrntion "ns nicnsured bÅr' the optieal dcn.sit}' ((.)[)) oi' the eulture broth at 6•Q•Q

nni Nx'aN'c lu'nL.o.tli Nx'itli a speetrQphQtetncter (1.'tiet-:7,O. Jasco (]o.. Tokyo. Japnn). ancl then

eorix'ctited te dr}' cell "ei.g. ht ([)CXX') pcr liter ba,s'ed• on tlie relntion,ghip bet"'cen (.)Dsee,,i: Lrlird

[)CXX' prci'iousl}' obtnined (Peng nnd Shmiff"u. !O06), Gtluucxge cenccntt-tion ""ns measured

usin.t, ctiz.yniatic itit (.XX'nku Ce . O.":ika. Japati) .Ycet:tte. i`ortnatc. ktctatc. ,"uceinntc. nnel

cthanol conecntrations xx ert :ilsc) tneasured usitig cn7.x'niatic kits (Beehrin.t,cr Ce . I Iannheirn.

C}erin[tn}') 'I'riplicatc nieaMut'ctnenLg xxcre niadc for eaeh satnplc tc) ecunputc the ,"tandard

dex iation
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1.5 kN.t prepar'ntion, design of PCR pt'iinet'.s

       'l'o• tal Rl,xJ=Y ", 'ns isolated 1'rorn E. colr eells b.N' Qiu.gen Rl cas} : Iini Kit (QI;kGEI,xJ K, .IiL..

Japnn) aeeordin.y k/ the manul'haeturer's reccmimtndation, 'l'he quantit}' nnd put'ttÅr' oi' the Rl :Y

ssere detenillnad b}' tha optical densit]' tncasureinenLs at 26e and ]- gO nni and b} 1"o

lrertnaldeh•]'d• e a..earese La.el electrthpheresLg. (']ritcria i'ot' th•e d• esi.yn ef the .".en•Åë-sp•ccille prinier

pait'.y xsere t'ellcsxsecl aecord• in." to Sanibrook alld rÅqussel (2eel) Tht priiners used• in this

studs' "erc dcseribtct else"hert (K:ibir nnd• 1,"himizu. 2QQr.. Kumar and S. h•imizuA 2010).

cxecpt thesÅë as ."ix'Åën in 'l'ablc 2.• 1 aticl Table 2. .2. . 'l'h'e ,prllners usi"d in this studÅr' "ct'Åë

ssnthesi.zcd ;i•t IIekl;;udc•T I )'steni Seience Co. (1 al)pero. IIots;S.;;ude Japan), In ull casÅës. thÅë

pri•i•n•cr-suppl•iecl cornpauÅr conlVirnied the abselute spcc"'icit}' o.t' the pr,in, / crs

2.4 cDl '.t ,y)'i,ithcsis and PCR a•mplifica•tion

         R'I'-I)c'R rcnct•ie•ns "'ci'c carricd out iti a 'l'nKaRa PC.R 't'hcrnial Cx'cler (l'nKaRn

'I'P240. .Iapan) usit•i.g Q,ia.s. en Onc S. tcp R'I'-PCR Kit (C{)LIAC}EN) K K• . .Iapnn'). 'I'1ic reacticbn

m:Nturc sia,g llici;batcd t'cbr r,O tn/n at SQ Åq" fo.r rci'crsc trnnser/pticbn (c[)l "Y s}'nthc•sis)

t'olloixetl by 15 min iiieubation at S)5 C' i'or initial PC'rÅq aeth'ntion. Thcn thc procc'ss ixa,s

sub.ieetccl to :7,O cycles ol' amplitrication ixhich consistcd ofn c{ennturin.g step (94 'C l'er 1 min).

anncalin.g stcp (approx. iinatel}' )T' ÅqJ bc'lc"i nic'ltiii.g tenipci'atuiv. ol' p:'inicr',s i'or 1 min). and an

ci tension stu'p (72- 'C t'er 1 min). and finnll}' thc :'cactien niixturc or 25 pl "as sub.iectcd• t'er

10 lli.iir nt 7!'C t'er i"llrnl extcnsion. '1'e cheek tb:' irucleie :leicl cenltlminatien. unc rictgatix'e
                                                                                                      L

eoritrol isng, nin in cN'cr}' :'ouncl ei` R'l'-PCLiR, '1'hLg eontrol lnck,g tirc tcniplnLc RYt iY iti urdcr to

dcteet possiblc eentntninntien of the rcaction cotnponents 5 ul oi' ntnplil'icd pr"duets Nxere

ru•ti on 1S ee ngaros'e ucl. Cllthls xiere stained "ith 1 niL/ nil'i of ethidiuni bronllde.
                     L. -. L
photo."• rnphu'd u,"in.g a [)igitnl Iniage Stockehr CDI -r,C). I: .,YS In. To}ebe. ()saka. Japan) under

1.rX' 1ight and anal}'zcd usin.t, Clthl-Pre .!tial)'ztr ] 1 C'I'osebo. ()saka. Jnl)an) ,"oftsxnre Iti c)fder

te tletenninc the optitnnl ntiiount of input Rl =N. Lhc tss'o-1'eld cliluted tcinplate R) =Y xx:is
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atniilifieel in f{'l'-I)C]R nssn.v tinder iLlentieal reaetion condiLio: to eonsttuet a standnrd euti'Åë

Ser tneh y/)cn•e pred,uet, NS'het/ the optitnnl ntnotin, t ef input Rl =Y Nvas detcrtnined 1"or cneh .yet/ e

precluet. R'I'-})CR "'as e:nn'ied otit under id:',nLiear t'caetion condiLion tu dettet dift'ertntial

transcrip, t lci cis (sfgenes. 'I'1ic g-Åëne diiLt. 1. xs h•teh encudt`s E. eoli [)N.Y p(sl-}'int`rase ancl is iuitt

,gub.ieetat'l t(s x'ariable c:'p, i'e$si'en. i.c, nbun•d• ant cxprts,siiitn at rcla.tivtl)' eenstant rate in tiiest

ct`11s. i}'as used as an internal con•trol in• tlie R'l'-I)CR d• etertninati(sns. 'I'he .eene c:'pi'essions

ai'e gix'cn a,x rtlatiN e x• alues tiit that ot' `likt 1- 'I'hc ,",Åëlcctien ef gÅëncs ii'as tllade based iitn L,lobal

i'c.giil•a•tei'-tnctaboliÅë paLhsi ;"' L.e.cne relattc)ns'hip,g (=XLp'pÅëndLx iY)

        To culc{ilntÅë thc stat}tlard dex'i•a•tlen. I{.T-Ii '()R• . "as indcpcndcntl.s' pci'tb'rnied thrthe tiines

unclcr iclcntical rciicUvn uonditi.en Te c• nsu•rc tl/ nt thc obseii cLl ex'prcs•si•on uh•an.gcs Nic•re

stnt•isUcall)' si.Fnil1•cant. thc 1, tudent's t-tcst ii ns npr licd

1 :•;



'Table' 2'.1: "t Li,"[ el" a/d•clttienal prrtncrs

,F7•pt,vB: I..ei'tpvui•leL`1-'1"A•,A4.kC;.Åë.KCC}'l"C;E['ym.iUG,tTt.A4.A•C'

R..;•L.,..lt/llhz'u/er'tl';N,"AA•C?ÅëG•CIC+'L"'L"g.1."LAI"L.NA4CC}'

.gehe•"l,

'

Irv-h'rpH,' ken,ttt-if:ksfi•,".Na,t'+A.ajCI'cc.x4Åë'vcrr'c'rc/t.ajfr'

EllÅërCt"' .ecT',4-CC."LA-1"CFG,,Åë1'rl"Åë"i'A

i;'il)i('1' Le•i't,Pt-Miet•CL.}T."Ltrt'Cl'Cl.KE+.AL.ecCC3'l'GC'FG'A

di:-El-C.ajtllC;W(+C:•CAC;AA:l'L'.4C'l-

.pahVS: Lullt.l,ni•hltsr.ixCrt/r'1"A(J,t"-1'GGek'+AA.ajCl'1'G.aLA

KIttht•ptlltrut{llGT6'i`."LICI'TÅëc.ajC$,E+"V"p.C",,llAtr,'er'l`

tT,g\"1,:

.

'Z.."tl,pllllte•1•L'A.aL."ÅqIC'."LÅq+sv'L'j+T,PLrrs;IACC'rÅq1},A,•

rv•1]cnW(crett:): ';..e•;Vt,pliim"etC"rc;,Cx"g'r,pL"ÅëcllcÅë' ,"'rae,"'rrt"

RLgl'xitl,u/vniut/ATTT{IC."ttCIA{}GÅëA.eqoNCI."{}1"

pir{[1: L.e.t't1iEl".lleEl:•vc'1'cl.",.-'.rrrTsTTk"rcc'.tcc'rrr•tr7cl'

Ri.rf•bilir/lln;/.:."tÅëL'.SLCI,N."t.l,SLT,41CU'CiLrXjCZ"C]T

.l)lrwi.ri L.ei'ts"'unever.C}''t7Åë.ajAÅë..aj'1'GA'1',CiC{•.aj.A.C}'T',Ci'G.

R.kgl.ttpt'um'rC...CAC}'ÅëG.XÅë'lÅé.ÅéA•Ci.NÅë't'fi'L"tCU

ef"1,tny,'

N



Tablc 2.2: .-Y Li•st •c)r adaitietkal pritners Ceent.)

IJ•I-k,• 1.el'ipi'•uNevA•G•Åë.aj•CIAC•C.NS•CGeG•GGCC+eG

vtt.m"t•ttl;•ev•c{-Ac't'L4T•AcrclcAclc+.taj(+'G'c+cc;

,g}etclg; lg,iJl}i'g•u-e:'eC{L]/.tsT."A,"Ut;.'A,"AC.C"1'C,•CYI`C;

vk/hlt!s'll•t•i'ui'

.TL"f"t•Dr' letk•ptll.i•;e)/AAC:Åé'I`I"'l"LStVCI,e,.LStVCI,C"I"CtC",s.

:c"-."cfi:c"•cstes"Jg.,"L.c3,c'tlaLlc"c","";';',"lF•

amtv.I?.' lk`fi.Inun•ei/Cl•G'PC+AA-C/t.ajIZ"•C+c+cit':''A"ITccl."ir'

gi}}l,!•t!,i",za,,}ut:•."LGC."L.,3C'l,ftr,A,.ÅëC'c?CÅë'r'c/tVrae/r

L,XM'Z:' lktfi.}ni'tizaev.afIA:':a(+ÅëC+(;,C'::C+'Cl'TCVIdel-,4L.AQ+

itg!tatsv•lfzapt-TAA•c",."'r'cc:'cl.crc,4'l-:"I:CcA'rC'

e",vup9"; ll'ift"I;r,tntt:,LrrTl'."LCATCrCc+'1"srl"re,fi!+•stlx:cA

'ti'g.1•,/.l)!umc!(clAtJt.T'C+TAG'egC$,."LNKe+A.ecCC

ptrv7F.- ll'iftapr,tntt:,C.NA:rGCru'GAO.aj'IJ•CIA'L"C'•Ib,AL:1'G

f'i•.st/1p'i,Lmut/T:4,•:1"rr.",ALG.A-tte•'C•g-',,tt.(1.e-:k,•'I,,u•"r/"/

Ieilip'yvEitiet."'r'r{lceÅë•el.","e•"IAesue,o]gc.eqtr"

i••"lrtl,ir•/•i•:etS.kT,"LCTÅëTC+'1"C{'Cl/C'TÅëC.ITC,"Lrl'CÅë'

,gE,dc..'r tlt/•et,[";,imgik'IT,g,4;."t,(:IT:GC+clTe",ajC.C(;'TG•CIT•l'.gL

E/ig.titlirmig.;'E['('CIC.eqaj'IT."uCltACrL"t."L,SLC'(LALCurA

].=I



Chapttti' 3 Met:tbolic reu.ulation of Es'eherichi" eoli and its phoB 7ind phoR

                gentts knockout inut:int,s undttr phos, phHte btind nitrogen

                li111itations }1,s "'ell :ls at ncidic condition

3.1 IntrQduction

       The phu,sphoifiL;s L'em•peuncls sei" c ii,g nia.lor buildtn.g blocks of man}' biomolcL'ulcs. ancl

h•ax'c iniportnnt rol•cs in •si•.gn:il trauscluctien (X)L'anncr. 1996) 't'1/ e plio,Kphate •is centai•ned li/

lipicls. nuclcic acl cls. protcins. nnd su.y. at s'. ana is n• ix QIN'ea lli man.y b/ oehetnical reactions b}'

the transfcr el' phosphor}'1 .g• roups (Lamarche ct nl.. 2008'). I Iortox'er. 1/ hosphatc nietabQlis'm

is closcl.x' rclntccl to thc [lix ersc nietabolism,g sueli n,g cnun'.g.s' antl centi'al cni'bon nithtabolisni.s

(Ishi.oc ct al.. !l•tE)Q:7,) .Nll lix ing cell.s sophisticatedl}' re.g,ulate thc pho,sphntLi uptake. and

sutrs ix e ci cn undcr phosphatc-lilliitinLj condition (Bnek nnd Lee. ]• O06z XX'en[lisch. 2006).

Escheivch"i cotr cenlt}ins atiout 15 ni.v et- phosph:}te (P) pci' g (dr}' cell "'cis,ht) ([)ntno.c,lou

and Da"'es. 196g), Dependin.g, on thc concentratien of ens'll'oirillental phosphnte. E, , cc)1•t

eontroLg phcxgp•hate metaboli.grn tirreti.ah })ho regulen. xihieh t-oi'nis n globnl rct.yulntor}' circtiit

iin olx uhd in a bacterttt1 phosph.ite tnntia•.genient (i"X'anncr. 199.',. 199G). The I)hoR-PhoB

tsxo-cotnponent ,")zyteni pln}'," an itnportant role iri dttecting aticl rtspon,din.v, tc) thc chan.ge.y ef

thc enxironniental phosp•hntc eencentratic)n CSteck et al.. 1989i Pnrkinson. 199Si I3aek and

LeÅí',. 2007}. It hns been knu"'ti that PhoR is an inner-tnetnbrnne hi,{tidine kinase ,{tn,{or

pretein that appcars to respond to K':iriations iti pcrtplasmte orthophosphate (P,) con•eentration

Lhro• tiLf h interaction ", 'ith u phosphate transpett s}'stcin. und Lhut })ho• B is u respÅíinsc reLf tilato• r

that acts as a [)N=Y-bindin.g protcin• to aetti ate er inlubit specific .yene transeription (XX'anner.

1996L Smith and P' ai'ne. 1`l 92. I-Iarrts et al . 2001; B- lanco ct nl . 2C)C)2), 'I'h•e aetA'atien si.gnal.

a p, hespliate concentrnticsn bcloxi 4 p?.xl. ts trallsniitted b}' n ph•o,sphL)-rcla.}' fron] P' herÅq tc, P' heB

I)1}ospho-I)hc•TB in tutn eentrc)ls' Pho rÅë.gulon ..e.ttne cxprcsMic)ns'. Phol3 Ls phc)s'phoi"'latcd b}'

I)1}olÅq Lindei' phos'phatc stat'x'ation er b}' Phol I (or ('re(') in the absÅëncch t')l' t'unctic)nal Phort

('l'on'iant at}tl I.uLlkc. 19H'r'. ?isIakr"o ct al.. I9X5. 19X8. 1,9S9. I liintig..a"'a tt "1 . 19S7] XX'anner.
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19S7: "bllemm'a ct al.. 199C) ).

         The E. voh Pho re."ulen includes r,1 (er inore) ,o.ent';s an'u•n."cd ill et."ht sepnrate

eperons such us LJcict, piniC'DEFCSflIfAILALX'OP. pho.-1, I)hoBl?. pl]oE, 1)hr,H, pstE,

i)stSCI•IB-phr)t. -, and it.glpB.-IEC'9 (I-LKiali and IN': nner. 201()), IN'hcn I), is in e.yeÅëss. PhoR. Pst.

and PholJ together turM "El+ tlic I)ho re.gulon. pi'es-niably b}' dephosl)hoil'latlli.p PhoB hi

additicni. tsso P4-llidepÅëndÅënt eotitt'ol,g that llia}' bÅë i7"nn ef cross re..ulation tutu en the Pho

rc.gulon in thÅë abseneÅë cif Phor{ ''rht sensor CreC]. I'orinerl)' ealltd Ph"; I. phosphor)'latcs

PhoB in rc•,yponse to sonie (utikriosyn) c"tqbelite. Nyhilc "eet}'1 phosphatc rna}' clirectl.v

phosphoi"'1[tc PhoB ("'annci'. 1C)9r,). "'hcn P, is in eNcess. P, i,s takcn up •bTs' thÅë lo"' [,tll;init}'

P, trqnspoitcr. Pit. Four protcins sueh a,g PstS, . PstC.. Pst.N an•d PsLI3 t"onn an .•XBC] transpvrter

iniportan•L fQr thc hi.gh-atl"initÅr' captui'c ef pet'ipla,sniie inor.ganic pho,sphate Åq,P,) and iLK

lt"s-i elocit}' transpert into thc c}'Losol CX'an [ icn qnd KeaslinL.o.. IY' 9X). Thcse proteins arc

encoded Logcth•t• r iyith Phol.' as Lhc psr5'Cl•IB l)hc•)i ' opcron PstS, is a peripla,sniie protcin that

binds P, Nxith lu,a,h aEtiiiiitÅr', PstC and Pst.N arc innc',:uienibrane elinllllcl protcuis' i-or PLcnt:"'.

Nyhtle I)stB is ,7ui .N'I'P-depelldcnt perllicn,gc', thut proN'ides the cner.g.s' neeessa:"' Å}br P, transport

I`rom periplnsn] to cstosol, Xl'hcn phosphatc is in tLxcess. Lhc Pst ssstem 1'oi'ms a rtLprcsHion

eoniple.s "itii PhoR. and prei cnts acLixation ot' PhoB PhoU nnd PstB nre al,go rccluh'ed l'or

dcphosphvilF'lfiLion oj- phoHpho-PhoB undcr P-rich contlition (XX'anncr. 1997) lntleed. Phol.' is

cssentinl l`t.n' tiic repression oj- tiie Pho rcs,ulon Linelcr hit;h p•hoHphate condition (SX'.7uuitLr.

1996), IL tnaN' bc con•sidered that PhoU acts bs' bindirig to PhoR PhoB or PhoR PIioB                . .L.
coniplex to proniott depho,gphorylaLioti ol' phospheilF'latcd PlioB or b}' iiilllbitllig l`orniation ot+

thc I)hoR-PhoB evinpleLy CUgnnes}'an ct al . 2•OO)J ).

       It has been shesxn thnt phrJB lliutant dees net s}'rithcsize alkaline phos.phata,ge (I)ho. I

g,eiic product) Cl e,gnie"irieN n et al . 1C75i I)rntt nrid 'ron'inrii. 1977i Zuckier et al.. 19XOi C+uan

ct nl.19S, r,. IL'aninda ct nl. 19X9: Kirnura et al.. 19S9) and phesphate bindiny, pretciri (p.s•AY

."enL` predueO (1)ratt u•nd 'I'orrianL 1977. 1['timu[ln cL al.. 19S9L Kimura et al. 19S9) It "us
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ebst',i-i'ed that 1)1]ol' e:'pression chting,crl del)endin." on phospliute e"neentration ef Ll/ e l)htvB

tnuLant (1 akatn ct al.. 19S4) Sinct'; theyhr.,.-1 ."enL` niutation leads to thL` deert';ust';d eenten•tof

tncillbru•nc !)retcin• s cn' eonipleLcl.v lncks tlictn. rntitations in• tlie;)lrr)B .pt',ne result in• tlie less of

nlknline phcisphatÅë and t"'o inenibrnne protcins ('I'si"asinan and l cs.meianoN a. IS)Sl),

iN'ÅësineianoN a et al, (197)-') foutie{ that iJhr)B lliutatien leads to loss oi' polypho,sphate kinasc

act"tt.N' "1iieh eatal}'zcs thc s}'nthÅësis ot' pol)P in Ecolt .Yult-R.ichÅë'tt al. (1YYX) also i"ound

that the strallis si ith dcletl"n "i" phf)B t"ailed t" aeeumulate pol}'}) i!i rcsponse to ostnotie stress

oi' nitro."cn 1iniitqtion 1 luttition•s in tlicpiroB .e,cnc hnd no efl'cet on IJLv).X'(CFIiarbi et al.. 1L)X5)

and 11tn' (rnlB) e: pression•s (Lazzaroni and Portailcr. 1 C)S5).

       '1'h•e expr'cs,giQns ef the .ecncs undcr thc contrel ef thc PhorÅq-PheB t"'o-coniponent

s} s'teni iK t• rc found to be qrl'ecLcd b}' the duratiQn ol' I)-liniitntien• in rcs'ponse to phosphate

stairN ation in E] colt. 'I'his nicairs that the role,g oi' thc PhorÅq-PhoB tsNQ-eonipvnent rÅëgulptei"'

s} s'teni s'e"cni Lo be niorc coniplc.y CBaeK .rll• id [-ec. 2• O07) .YIthou.ph nioleculqr lcx'el rc.pulation

hy PhoR-PheB under P-liniitation has bcen inx'e,tctigated as stutcd aboN'e. Iittlc has bcen

nn'estiL,utcd about the ct:f'cet ot- P- linlltation t)n thc oN'erall llietabelism and t'e:uientation
        L.

ehnracLcrtistics of E.cf?lt sv j'ar. Iri tiic prcseiit stud)'. tiicreSore. Nxe u' "csLis,aLeel thc ei't'cct ol'

phoHphate liniitation on Lhc cell rutLLabvlbgm iii E c'oli iii x'ieis of 1-tLrnieiitntioii ehnracLertistics

a"d .gene b':ins'eript lcN'cLg. siiiee i't is quitc iinpertnnt I`or tiic tlci clopment ol- rnicrobftil eell

Pnetories Lo underst.7uid the irerrncntation mechnni,gn] at tlie lnttL g,roNith phasc iri tlitL bnteh

culture. "htre nutr'ienL st"ii'atien occurs, ] lorcos'cr. Lhc cl"1'ect ofphoB g• tne (:llitl alKo lt)hoR

gcnc) kiioekout on the nittabolisni ii'as also inx'estigatcd ulldcr both P-rieh and P-hniitcd

conditietis te clnril- }' thc rvle ol' phesphate rc.gulation Sincc it has beÅën irnplied that

phesphate re.vtilatio" is iiitercvnncettd xN'tth ncid toltrnncc nnd iiitregen re.vtilatio". xxc nl,go

inx'csti.vntcel thc cll'cct of plI dvixnshill nrid nrtre.gen lirrutntion teg,cther xxith P-1iinitativn o"

the llittabvlic re.vtilation in EcrJIt. xxhere thesc phcnetnena nlse occur at thc lntc -grossth phnh'e

ol' thc bateh eulture. Itinee phospl/ ate staii'atien is a rtltitiN el}' incrxpensA'e niean• s ef ."t'ne
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inLluetton tn prnctiee. Lht pho.-1 proniotL`r 1ius bcen ust';dl Sor oxerexprcssion c)i- heLerolo."ous

."cnL`s (l lun and l ee. 1990), .-Y bettcr undeii tandill.o or the I)ho re."ulo" NN'ould tille" I'c)r

opLiiliizntion ol'sueh preeesses (X"an [),ien a"d Ktaslin.p. 199: ).

3.2 Rcsults

3.2.1 Effcct of phQsphntc lirnitatien on thc nictabolisrn

        In ot'd'er tc, nmke otcar tht` cil-Åëet (sf pliospliatt` limitatt(sn en the metabuitlistn. at`rc,bic

eontinuous eultii'ation isas eonductccl nt thc dilutio'n rate ol' O.2. h'i uticlttr clilif'ttrcnt Ii

eonucntt'atio'ns 1;ig r, la sho"'s' tl}e cll'ect of }) eonucntt'atio'n o'n the ferniÅëntation
                        '

charnctcr•istics ot' tl/ e "'•ild t)'pe strain. ii liL',ve it iiidicates that the f'einieut"tieu c•hnracter•isUcs

s•lguilVienntlx c•hnnt,ed ii l.icn fccd P cencci.itratien beuanlc lesx areuud 1 C)e ci of the l .r9 •nlcLl"uu  L .-
Iii particular. the spccii'ie L.,,lucosc consuinptien ra'te a,ncl t•h• t" •specit'1•c ncetatc preducUon ratc

bccaine sigi-iiilc:inUN' •hiL,•her. NvhilL' cell uoncentration bccan•1•e .Kignificantk' loiser unclcr such

r)-1unitinL, condition. Tnblc r,.1 al,so shc"sx,' thc dctailed x'alucs.
           -.

         Fi.gurc r,.2 sho"'s the ctl-cet /]f I) cenccntrntion on tlic trans'cript lcx'els. "lncrt Il i.g. ri.2b

intlicates thnt phc)B transeript lt'x'el iiici'casetl as I) ceneenti'nticin decreascs. and phoB

:'c.oulatcd• .gcnes sucli as pho.,l, plir)E, vlir)H, I)h]iC', psr,S', and t•tLl)B "erc ti11 increns'c'd• in a

siniilar l'ashicin. nnd etia ti'an.seript lci cl nlso ehan.Lu.ed• lli n siniilar t'nshion (1;i,o, ],2e) },Nlote

thatyho"'.'and1)1ir)-1fchnn.getl iii n siniilar t'ashien as I)hwl?. aiicl also that tiic transeript lcN cl et'

ipr)D• . "hiclr eneodes the Rl,slA pel}'mcrnHe holoÅënz' }'me contairiin.g. giO. inct'eng, ed lir :i sllllilar

I'a'sluori ns PhoB t'egulnterF' tJcncs (TiN[aktti.e et al . 1YYr,) Figure S.2:i also indic:ite,g that the

trntiScript lci cl of [ti'c. ! iticreasctl as P conecntration deettases. atitl thesc ef s•`ilr('' and iJiiilr

tJenes deeru'at cd (,Irig•,. 3,2e and :Nppendix :Nl). Fi.gure 3.2 also ,yhokN•s that•ci'c't transcript lu'xel

decreased. and tlius the tr'anseript leN cl," oi" 1itsff and pylL-F inertased C.Xpptndix .Y) 'I'hese are

eonsistent "ith the increased specitle glucoMe consuniptic)n ratc (Table r, 1 and Figu•t'e r, 1a)

The deereasc in vi'ci Lrnt/script lcN'el tna}' be d,ue te ht.gh, er g• 1"eese co• neentrntio• n. The
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t't'ati•s.•ct'tp't 1''tyet 'c/ f•" IXir,'i',i•s sco• Å}ne-/x'hat cli't'/'et'cn•t f•1'em it-tise.•1 h"t 'tl/ a{• el- /)Y}D• 'ehatx.se.•ed iti •a, slmil•a,r
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tl/ c "'ilct t}-pc. and tl/ at tlie spteil'ic ticeLate predueLi"n i'tite "as hi,o.her at P-rleh cond• iti"n and

55en ef P conecnLi'tition Scn' tliei)hrJB niuttint tLg cenipared tc) the "'ild t}'pe. It is s'urprisin." thnt

thc tFennt',ntation ehurncteristies sN'ere lcss tit'liectt';cl ti'en under P-lirtiitation ( 1OOo und )-eo) tFor

the iJhr.')B inutant. "hereas thÅë ss ild t}'pe slic"vs si.Le.nilHcant ehan.h.ocs at iO"o ol' P eoticcntvatioti

Iii thÅë case ofphol niutant. ccll eould s"n iN e ei ell at i"o ol` P ecincclltration C.Table r, 1 and
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coneell tt'ations of thc feed ( 1 OO
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transcript Ici cls of the IphoB tnutant EcFJh cultia qtcd si ith tlill'crt• nt P

Oo. )ff  )fft] e. 1OOe)/ (n) globul rc,o,ulatoil}' ."cnes. (b) PheB re."uratL)ry gcnLfis'.

I) llitro.ge" rc.aukitQrÅr'. and (e) respir'ntor}' ehain e.enc,g,
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Fig,ure .l.r, inclicatcs that Ll/ t transcript leN'els oi- Phol3 i'e.pulatt';d ."enes such ns lphrz•!, phoE,

;)hr)H, pstS, ittt,pB and pho.1 lr ii cre doivn-re.pultitea. "1/ trtas phrJI( and pirrJi ' char/ ."ed littlt';. as

eon]pnred to thosc ol' ixild t}'pe Iii n siniilnr i-ns'hion• as Ll/ t "ild t}'pe. the iran• script leN'el oi-

tnv. J uicreascd "hilc ci';t decreastd as }) ccineentration deercascd i'or the phoB mutant. "hich

iinplics that th"sc phcnollitna are phc)B indcpeneicnt. 'l'hc ts'niLgeript lci eis of soxl" and i'IJf.)S

inereastd and sr)LZ-1 as siÅëli as respiratcir"' chain ..encs sueh as c.1'cy.l, inXli and intr).I iricreascel

in a sLmilnr t'nsliion :is }) coneentration deercased l'or thephoB m"tant. xKlueh itnplies that thc

actii'atien Lit' the rc,spiratei')' ch; in is phoB-indepÅëndent. but P-concentratien depcndcnt.
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Figur'e 3.4 (:lonipnriHon L)t' thc ti'anscript ltLNels of Pho regTilon .genes j-or tiie Niild t}'ptL

IL)hvR inut"nts cultix'ated "t 1O"o P- eoneenLration

. phr)B antl

        hi order tc) collt"inii the i'csult lbri)hoB muLallt. tiie ell'tet c)t"IL)hoR y/ellc kiioekout on

trcrrncnttitieri charnctcristics and sonic sclceted ."cnc trnriscript lex'els xNere nls•c) nixcs,ti."ated

t"vr thc cnse ol' 1() "e vi' I) conceritra[io" as giN'en in Table 3 1 nnd Fis, r, 4 'I'nblc .l.1 indicatt=s
                                                 LL
that the cell eonceiitrntion nrid [he Lllltices'e cvnccntratieri i'orpholl niutant arc siniilar tL" thes'e

otrpiir)B inutant. sshercns accttitc eencen[ratien hecanic qt"te lesx at P-1iniitirig cvnditio" fer

Ll/ t phvl( inutant. Fi."ure rh.4 illdieatcs thtit Ll/ t phvB re.pulatt';d .eenes sueh as pho.•1, I)hoE,

                                                                                                          !v .1



i)htJH, yhi]Cl p,stS, tt,tv)B "'ere niore de"'n=re.uv.."lnted i-er thL` l)hol? iiiuttint as eonipnred tci

i)hryB• inut:inL sNhei'ettg yhvr ' u•ndi)htJ.1 l(t't'L)C') sNti't'; less ui"t'eetcrl bsi)1]viR ."en• e kiiociceut.

3.2.2 Effect ofcultu:'e pll nnd pho,sphate limitation on thc mct"bolism

         T"blc 3.2 shossg the cflicet ef pl-I and ph"sphatt liniitation citi the i"Åërrllcntatton

eharactcri: tiL's in thc contin"ous eulturc of Ecoh at thc dilution ratL' cif O,2 h'i. xKhcrc it

indieatcs that incirc aeÅëtatÅë sias l'otiiied iNith hi,e,her gluecist uptakc rate. iihilt the ctll

eenccntration beearue lg"icr at pll G.O ;s eeniparÅëd to thc casÅë of 1,ill 7.0, N, [ote that thÅë

tbrrncntation cliaraeteristies iN'cre dtil:crent ci'cn bct"'ccn IOOUe and 55ne ol' phospluitÅë

conccntration under lo" L'r pll i'alue. Fi.purc r,.S shvsss thc cfl'ecL ol' culture pll L)n the

transcript lci'cls. iihcrÅë it indicatcs th•nt Ln'c.•1 .gcne syas up-rc.pulated (P • O L)1). and the '1'('.NL

cyule gcncs sueh as sdhC' and inclh is erc do"n-regiilated accerdingly (P () () 1 and P - O O1.

rcspeetixel}) Nete thaL tecZl ,o,cnc "as up-rt"gulnted CI) OOI). iihich coincidcd svith the

up-rets/ ulation ol' erct gellc (P • C) O1 ) (.-Nppcndix .•N). Fi.gurc .R.)- ;ilso shoivs that tiie transcript

lcN'el oi' il)c)S' sN'n,g up-rets/ ulateLl. and thc', expression ot' .gcrct•1 (glutaniatc', dc',c,7ti'bo.yt}'ln,ge) .gcne

"as up-reg,ulnted at pLI 6.C) ((lhcx'illc Lfit al.. 1996). ThtL i'IJD gcne. "hieh encotles

: cid-iiidueiblc proLciri (SX' yborn et fi1.. [O02). xvnH also up-reg,ulnted at loNi cr pl-I. FittrurtL 3.)f

:lso shoxis thfiL phtJB .oeneL "as tip-reg,ulnted aiiel tiie I)hol3 regulnttLtl .geneLs such as phe.1,

phf,E, 1ihoH, phnC', psriXL and ii,gl)B fis "ell nH 1,)hrJf{.pl?ol - , pl?oAf ancl edci is'L'rtL up-rtgulated

(P - O.Ol t`or all gclles), This mcatms tiiat aeid stre:s aiid phosphatt resiulation are dll't'ctly or

inclircctiv intcreotmected (Baek and I.ce. 200(S ).

         Fi.vurc 3 hJ ar,sc) shoxN.g tiic ctl'ccts el' losscr pl-I iind lesx'er P-cencentratien on tht

trnnscript lcN'cls Cr,tii bars). ishcre plir)B ."cne xvas t'urthcr up-regulated- and thc I)he re.vtilo"

g,eiics stich a,g 1)hef?.piirJH, li!7i;C'. ps-f`5'. ttg7JB. an[l pho lv- sx'et'c all l'urthcr tip-rcg,ulatcd at losser

1) evnceiitration at pl-I 6 t.) 'rht ir)wS g,eiic I'uither incrcnsed ÅqP - t.) t)1). nrid gt'tcl•I Lllcnc "ti,g

also t'tirther up-re.vulutcd (P O.O1). Fi.u"re r. )- shesx's th"t tnv.1 trnnseript leNtl tended tci be
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up-rtg,ultitu',d thout"h not sit"niileanL and tiiis niti}' haN'e eaused doiNn-rtg,ulations ol' scihC' and

nidh (l) • Cl.O1 and P • O.O1. respcctivelÅr') uncler l)-liniitutien as conipared to P-rlch condition

at ueidie e"nclitien. 'lh•blL` r,.2 shosvs the ctTects olF loix'e'rin,e, pll a"d P e"neentrntten on the

i'ernicntatl"n eharactcristics ot" l}hr)B .gtnc k'iiciekout inutaiit as ssell. sihcre jt indieates that thc

1'ablc 3.!/ Fci'rncntativn charactci'i,Ktie,s oi" thÅë "dd t.i'pe E. coit and its phr)B ruut[nt in thÅë

acrobic chcniostat eulturÅë under tiio phosphaLc cvnccntration$ (1OO"o and 5. 5."•o) an•d t}No plI

xulues (7 O and 6.0) at the dilutioll rate of O 2 1i'i

     Feniienttition ptiranietcrs l)-rieh condition Le"'er l)
                                                     (iOO"o) ecinetntratien(55"e)

pl-I 7 U pl-IGO pH6O
     Biomass

CC)11Ctlltl':ltlOll

     (/lluco,se

COtlCCIItlllLit)tl

(g 1)

(La 1)

 IN'ild

AphrJB

 "11d

 5.86 Å} O.05

 3.44 Å} O.04

O.C,C,O l O.O04

3.680 Å} O.O02

1.053 Å} O.OIO

1.960Å}O

3.040 Å} O

O.677Å}O

.OOI

.OOI

.050

Ztsl)hoB 1..S9 Å} O.29 L145Å}O.020

.tcetate corlcentrtt{iorl

CLll 1)

IL)L'tld O.046 Å} O.O02 O.4G8 Å} O.O03 O.519 Å} O. OOI

AiJhoB O.255 Å} O.130 o. ."- lo Å} o. O07

Sliccitlc gluc`)se

   upt:ike :1ite

(mmol gDC"' h)
        L.

Xl'11,l 2.69 Å} O.05 2.700 Å} O.OOI 5.285 Å} O. 031

AphoB 2.72 Å} O.09 3.24 Å} O.Ol

 Spceillc aeL'ttitt'

 preductioti t'"tc

(mmol g.DC"' h)
        L

"'ild

AiJhf)B

O.040 Å} O.O02

O.247 l O.080

O.424 Å} O.O05 O.882 Å} O.

o..K.sg Å} o.

OOI

O07

Note. "

obtallied

-'  llidieates

by Lriplieat

th:ltn() dat.i "'as

trlle:IKUI'CllletltS.

collt'ct ed l-or this condition 'I'he sLnlld:ll'd dcN' i.lti()11 11':IS

:,-l:
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Figure 5.b' Coinpnrison Qt' tlie trani cript lcs'c'ls ol' the iN'ila t}'pc and its yhoB niutnnt cultii ntcd

di,t]`ci'ent pl-I eondiUon .ruid dlll'`crent P uoncc itrations r (a) globtil ret.vultit"rF' gcnes. (.b) PhuB

re.g. ulated .venÅës. (c)metab• olic parti"'a)' .gcnc,g. .ruiel '(d) t'c,gpii'alor}' clrniti .venÅës.

uiidcr

glueose eoneciTtr'ation llTei'cascd I`or tiiephr)B mutnnt aN comparcd to thc Ni ild t)'ptL undcr botii

pl-I 7 O atid 6,O, I7i.gure r,.5- sho"'s the eomparLgon of the tratiseript leN'els b•ct"'ccn tht "ild

t.vpe (r,i'ti bar,s`) and its ;)hvB niutant (4tÅ}L bars) at pl•I 6 O. xshei'c it llidieatts that thc lt)•hvB

re.vulatcd genes such as ivho.-!, phoE, ;)hoH, ;)hnC', p,vrS, itg'rl)B (P • O,OI Sor till .genes) as xx'ell

as phoR, IJhrJl - , IJiit)Af arid etiic'r Nx erc all ,sigriillcaritlF' dosvn-t'cgulatcd (.P (l)•,() 1 for atl ."tnes)

i"er theIJiiwB nititant. Thc tt'nnscript leNels ai'TCr.Y c}'clc genes s"eh as sdl](' arid nidlr sx'ere

dosxn-rcgulatLtd fer thcphaB lliut:tnt a,g ccinip[tred to thc xN'ild t}'pe
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3.2.3 Effeet ofnitroe.en liniitation

      'l'ablc S.S s'hoxys the cfl'cct ot- nitro.pt',n ( X') 1inlltntion and lexii't',r l) coneentrntion on the

tFcrint'/ntation ehnractt'/ri,gtics. sNhere thc spcctfic Lalucose con• suniptien rntL` u•nd tiiL` specil"ie

acctatt pred"ctien i'ntc incrcast"d. sihilc ccll eonccntration decreased i"or tiit ease "i"

iN'-liniitation as eotnpai'ed te l -rich conditioti. Thcisc chan,e,es "'cre l:urther ciilianetd at loxier

1) eencÅëntratien Fi,e,ur'c 3.t',i sho"'s' thc etl"tet "i" N• -liinltation on tiiÅë traNscript ltxels c)fsci tral

.pcllts. "hci'e it lliclleates that i'i)o.X- tr'"nsu''ript lci el increastd and gh7.•1, L. (;. gtlrB. .ginD, .k.inA'

and n{K•' .gcncs ivÅërc up-rc."ul[tccl (P • O.Ol t'or all gencs). ivhilc ,ghiE genc xvns

closi'n-rcgulatccl (P • O.O1 ). Figure ].6 ;lso •,gho",s th[t the transcript lei'el ofph{JB .Fenc xs'ns

up-rÅëgulqted and PhoB re.gulatcd .gcnc,g such as pho.J, .phr:E, phol , phnC', p,s'rS iierc

inct'castd (P• O UI j'or alI .gcncs) as "ell as phr,R, phvl. '. and pho.11r U) O OI for all gcnes)

undcr N-Iiniitation as cvrnparcd Lo 1 -rieh eonditien• 'I'he '1'Cl.NL c}'cle gt• nes such as sEil iC' and

inclh decrcq,ged CP O L) 1 j'or beth• gcncs '). ii hich ni a}' hax e eaused '1'(].-NL c}'ule to bc rcpr'cs,ged.

Nyhieli eorrorgponds to thc', increa,ge tn thc spccLllc acctate produetron rate. Thc', l)rs(l. prsH a"d

IV]".! gcne expression,k lliuteascd(P• O.O1 l'orall genes). sylueh corresponds to tiic', increase iri

tiic spccil'ic glucosc cons'umption rate. '1'htL ti'anscripL ltLN'eLg ot' rin' :"d rXiD sN tLrc up-rc.L.,ulated

(P O OII`t.n' both .gcncs) lii n siinilar thsliion. "It.n'cox'cr .s•c).i'I{ tiicrdLastd and tiic rcspir'ator]'

ehnhi .oentLs such as czi'o. I, crdB. "dh nnd inio.J as "tLll as ,s'o,t! Nx crc all up-rc.t.iulfiLcd undtLr

N-1iniiltiLion (I) O O1 ft',r all .oentLs)

         'I'able .l,r, also shuxi's tlie cll-e=L of kTb"'er P colleentration on the tLernienLatien

charactcri: ties ol' ivhc)B niutant unclci' l -litniLntion. iiherc it tndieatts tliat tlie ccll

co"ccntrntion decre:Lyed. xNhile acctatc nnd sTlucese cvneentrativns iriercnscd tinder
                                                           L

iN'-lirnit:ition as cvnipared to 1 -rich conditic)n l'or the pliwB rnutant. Fi.gure S.tS itidieates (,b.v

coiiiparisvn vf the 2iiti nnd ]Tti bnrs ) that phel3 re.gulnted ."enes such n,g 1)hw. 1, piifJE, phnC: psr,S'.

piifJlt', 1)hr) t. '. ( I) ()• C) 1 for all gencs) a,g sxell as l.)hwH and li!it).lf "ere doisn-rc.gulatcd (I) -

O O. 5 Cor thL` tix'o ."enes) as cenipu•rcd te the "ild t]L'pe. .-Vtheugh t?)o.N"trnnseript IL`N't';1 cl/ an.eed
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littlt';. sueh ."ents as .gh]ii t/rh7( i, .g,/"L "'erc up-re."ulatcd (P O.Ol l'or all .venes ). x7i'hereus .gVrD

(P• O.S). and ,s,hi.-1. ghiE, tt,hiK', iiciv .vencs "ere do"n-re.guluted(P O.Ol l'or all .venes)

'l'"blc 3,3' Fcrinentation eliaraetcrt,gues or tiie xNtld t}'pe E coit anel its phoB iiiuta"t tn thc

acrebic cheniostat e•ulturc undcr dLil'crcnt nitroL.e.en and phe,sphatc conecntration,s at thÅë

dilutien• rate vr U !- h'i at plI 7 O

   I?ertnentation

     Bitbtll.ISS

COIIeClltllltiOll CS,

     GIuecbsc

conccntr.ition (Lj 1)

P:lr:1111Ctt.rS

       "'dd

1)

  ) atitl P-rich

condition ( KX)" e)

   5.86 t O.05

N-liiiiitcd C20,ee)

   and I)-rieh

    ec)nclition

  1.7S3 Å} O.OO..'

l --lnnitcd• C2Uee)

  nnd loNx er P

  etltlcc'11trn{ltltl

     (55"o)

   1.G8 Å} O.Ol

/.XylioB

 XI'ild

 3.44 4Å} O.04

O.660 Å} O.O04

1.705 . 0.00S

 S59 t O.Ol

1--'9 Å} O.Ol

4.10Å}O.Ol

AI?hoB 1.59Å} O.Z9 2.8PO t O.O06 4.gl Å} o.ol

   =Yuetatc

CL)1,ICCI.ltlllti,L)1,1

    (La 1)

"'ild O.046 t O.O02 O.486 Å} O.O02 O.502 Å} O.O04

AiphoB 0255 lt O.150 O.475 Å} O,O04 O.4D5Å}O.OIO

Speetfic glucose

   uptake rntc

(inniol La.DCXIL' h)

"'tld 2.69Å} O.05 2.92 i O,Ol 3.90 Å} O.Ol

Ai)irr)B 1.72 Å} O.OD 4.64 i O.Ol 3.G3 Å} O.02

Speeil'Vie ncetate

 prciduetion rate

(intnol gD(i"' h)
       L

 XX'ild

iNt,,}hr,fi'

O.040 Å} O.O02

O.247 Å} O.080

O.925 Å} O.OIO

O.928Å}O.OlO

O.99.hF Å} O.OIO

1.037 Å} O.020

l et e ' I'hestandard dcN'"1tioir xi'a,g obtnlired bx' triplicntc tll.-has, ul'cm enrLK

L)LÅ}
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3.3 Discussion

       lt ixa,K shosvn tl/ at tht'; LJIF'colÅr'sis ivas aetiN ntctl uiider phosphate liniitin." eon• clition b)'

Ll/c tltita or aic specil'ic ."rosvth rnte ('l'a•ble S.1) and •b'x.' the cerrespendin." ."en• e trnnsci'ipt

lei'cls (Fi.e rh 2) 'I'hiK nm)' bc duc to .XLTP deniand causcd bÅr' the decre.'ise lli .•Yl'}) fonnation

xKith lmiitÅëd aineunt "i" axnllablt phosphatc as inipliccl bl' Kobeman et al (!•OO!/) "ho

insesti.oL...atcd thÅë Åërl+cct ot' 1.Yl'Pl [.NLDP] ratto on the gl)'ec,1)'tie llux. Thc Io"cr cÅë11

eonccntrntton "ndcr P-litllitation rnax' also bÅë dut to lt/)"cr .Yl'}) t"ormaticni as "c llixestignLÅëd
                                          --
prcx'iousl.i' Lin thc relatienship •betxs'cen tlic cell .oi'oNyth ratc anel thc speeilTe =YI'P pi'eductien

rate (ToN'a et al,. 201 O. .ts,bdul Kadir Åët al.. 2Cl) 1 Cl) ).

       ?itrorcox cr. phosphate 1llnitativn eauses lcss .YI'P preductiL)n bÅr' I-rf-.1 'I'Pasc. "hich

causcs lcss quinol e.)[idation bN' c"N'o. "hich in turn qt51'ecLcd quinone pool size. qnd thus

actixate .Nrc.N B. }Nhich t'cprcss•es the TC=N e}'clc gcncs. ancl iii turn prvduced niorc aectate.

'I'h•e sirn•ilar situatiQn hqs also bL'cn seen• in ['i'cy. 1 and el'ciB L]encs krieekeut niutants in eur
                                                      ..-

prcN'iou.g lln'e: tits,ation (Kulliar und Shimizu. 20 1 1 ),

       Figurc r,.:].b iriclicatcs that phoB ."cnc trarLgcript lcN'el llicreuscd us P eonccntration

dccrefises iri LhL' Ni ild t-ipc. nnd Fis, 3 ]• a iiitlicntes thfiL sp)"D : lso hicrdLnsccl as P eonccntr:ition

dccrefises, The p/7r.).!, phrJE, plu)H, phiiC', psriK anel tt,gpB "erc all hicrdLasccl iri a siinilfir

P:iHhion ns Lhat of ilJr)t) nH rncntivncd iri thc rcsult scetion, Fi.gure 3,2n iritlie.ntes tiint tiie

c: pi'cssion pattern vf il)tJ`$' Lg .g omtLNihnt elMlei'cnt, SX'hcn celLg cnter iiito Pfst:u'N ntion phnsc lli

thc b•ateh eulLurc. tlic Pho rc+t./ ulon is actix'atttL alld rJS starls to aceumulatc lli Lhc cvtosol

                                   L.
("'allllcr. 1996. C.;clltrF' et al . 1993. Ruiz and Silliai'." 200r,). 'I'he proniottrs ol' tlic Pho ."encss

arc recognized b}' ptD - associated RN.1 pel}niernsc .Y rnutativn in ir)oS. sisTrnilcantlF

increascs tlie lcN'el ei' .YP (..Ylkalinc phvsphatah'e) netiN'it}. and tht os ere.ypres,Hio" of tr'S

inhibits it (Ta,schner ct al. ]- O04) It has bcen repertcd thnt in ir)oS niutaiit. the expression el"

.NP ssas cerisidcrabl}' hiy,hcr than iri sxtld-t.Npc str'nin. inipl-N ing, that cS i•s iriN olxcd rii tht

rc."ulation• of =Xl). C)tl/ cr Phci ."enL`s s'ueli as l)hriE and it.glJB u•re 1ikesNisc all'ectcd bF' ffS. 'I'he
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il)fi)S muTN' inlubit thc transeriptiens orI)ho.-1, pht)B, plrwE, and itgl)B. but not that olFi)slS

(T"schnt',r et al. 2•CIC14. ). Fi."ure r..2ab indic:ites thnt Pho ."enes u•re higlils e.yprtsst';cl as

e"n]pared to loii il,irJS trnnseript lcN'el in tht'; easc oi- P-1irtntation. Iii centrast. IJsr niti}' be

transcribÅëd bN' bcith esS and fiL) 'l'hc Phci rcgulciti i,g thus ciolN'cd to niallitalli " tradc-oll"

                .L
bet"tcn eÅëll nutrition aiid cÅë11 suti ix al dur'in.. P,-statx ation (Taselincr ct al,. 2()04). 'I'hc

prcN'ious rcpcirts su.eLLe.est that thc })ho r'egulon and the strcss rospciti,gt ai'c intcirelatÅëd cRuiz

and lilliaxF. ]OOr,: Taseluicr tt al. !- t,)(,)4L 20()6.Ipwn et al. 19E -r,,. IY' S)Y'/lchurdcll et al.

2007).

         E co-h cells htix'e bccn dcruon•stratcd to cxhibit aeid resi,st"nce b-i' s"eh .oenevg as ,gctcl•IB

iihich encodc glutarn•qte decarbex}'lasL" and ,grcrdC' sNhich cncode,g Lglutaniatc/ "{-.rll• nino buL}'ric

acid (.C+.NB.N) antiperLer Cl'Tlutarn•qte dL"carbex}'lasL" production has bccn slioiy•ii to in•ercasL" in

i'cspons•e to acid. osrnetic and stationar}' phas•e si.pnqls' ((]asLaiiic-(]on•i•et ct al.. 19t)C)L De Biasc

ct ql. 1999) In thc tÅr'pical batch culturc. er.pan•ic acid,s arc niost accurnulnttd at Lhc latÅë

gre"'th phase or the stationarTN' pha: c It Nvn,s shoiNn tiuit qttcZ•I sx'as PheB-dependtlltl)'

up-rets/ ulateLl in tiie prcsellt studTy (Fig•,. r,,)- ). :uid this uTdicates that this genc', Lg llidntctl)'

rc.L.,ulatcd b}' PhoB. Note Lhat Fi.g, r,,5 hidicates tiiat ,gact ! .ocntL dL.)cprcsHion decrcased t'or tiie

phf,B mutfinL undcr acitlic eondition (-4T!i b.ru'). Nyhile i],)oLK' iiiei'cased ThLK suggtLsts thnt

phosphate stni-L ation .aricl aeid str'ess responsÅës may bc iiitcrctnuiectctl (Back : "d Lee. 2• ee6)

         Figurc 3.)- :iLxLi inelientcs thfiL .vli't) transcript les tLl liicrefiscd at acidic contliLion. U hns

bccll s`ho"'n tlult Lhc c.ypres.gien of.irX}i.i y/ cllc is llidueecl at aeidie condibon. :llicl tliis` reduccss

thc .aecurnulation ol' aeidie rnctabolite and producLg (NX' }'born et al.. !O02). Thc anacrobic

trnnscription l'aeter Fnr (Furnarate and nitratc rcduetic)n regulater) hns beeri she"'n tv be tht

nia.ior rc.gulator el' .ili'l) cxpre,g,gion. nnd =trc=t ssns shoxsn te erihnnce anacrobic .11ti)

cr prcssic)n (iN' ]bvrn et al. 2•t)OLiL) Figure r,.5 iridientes that rlil.) trnnscript lci L'1 chan.ved in a

siniilar l'ashien as J?)rJi.) rather thnri LtJ'e.1 nrid thi' IL has heen kiie"n thnL the transcnptional

rc."ulater Fnr ef E.cr)h Cunctiens a,K an• U] senser. and tiie pi'ott';in is in the aetiN't'; fonn and
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prcrletninutelTv e:'ists a,K Li henie-dinier "ith ont'; l4Fe-41Ll eltistt',r per nienenier uneler anoxie

e"nelitiens. Iii thL` prest',nec et" ox)'.een. [4I7e-4. I ] Fl R is ck)nN't',rtL`d Lo l2Fe-2Sl FY; rÅq eluptter

and llnallF' to apol7nr. sN'hieh is no lont"er aetiN'e in g,cn• e rc.uulatKTn (1 'nelL`n cL al.. 2C)C)2.

RÅëllihart et al . !- VVS) NeN ertheless. Ihi' ..Åëne ts'aNseript lex'cl vhnN."td. xKhieh llidieates• that

Fnr docs not pla)' its c"nx enti"nal r'olÅë. ancl lliaÅr' h:"'c scillit r"lc uticler athrciblcisis. but tt is not

elcar at tiiis st"gc. Fig,urt 3 5 nlso indtcatcs tiiat so.k'I? itiereastd at aeic{ie condition 'I'he aeidic
                 -.L

eotiditicni tlla)' al'l`cet mciNbranc propeitlcs sueh as lipicl contÅënL thus efl"cL'tix'clÅr' ehan."iti." aic

preton pcriiicabilit)'. 'rhÅë incrc"scd Åëxpression ol' so.Nl{ rc.gulqtcs tlic i'cniox'al ot; el;uii[ .Fin."

o.xielizing agenLs (Xl'[iimceK'Åë tind C.lill. 2.00S).
         LL

         .Xs cxpectctL Lhc acid inducible asi' .pen•e trqnscript Ies'cl incrcascd at pl-I G O as

coniparcd to th•e easc qt pll 7 O as shosNn in• Fi.g. rh.)'c. 'I'hc asi' .gcne has bccn i't•pottcd to be

undci' th•e transcripLional control vf the PhoR PhoB t"o eotuponcnt sysLcrn in E. L'r/ h

                '(E,Suziedelicne et al.. 1999). Fi.gurc .].2e indicates that cfsi' ,o,cnc tran,seript lcx cl increascd as P

eonccntration dtcren,gc',s in aecordance N\itli the ch:uige lli lvhpB trallseript lci'cl. .Ns'r Lg

thought to plal' a role siinilar to tiuit ot- thcE. ccJIt peripla: lliic protelli IIde.•Y. sNhich ,geiTN'cs n,g

: proLoti .Kirik oi' n ehapcrone t'vr protcethi.g pcriplasmie proLciris t"rom the tlelcterieus Åëilicets

:t lo"er pl•I (CLIn.ii"rila nnd Burlc}'. ICKK)) .•Ns :"other ex.imp•le. the Pl".,RPhoB systcn] hns

bccn s'ug.o.ested to scnsc exicrnal acidit}' .7uid rcs,ulfiLc tiic tt'nnHcription of .gcncs tiiat aiz'

imp, ortanL for neid shoekrtLsiHtnncc (Suzicelclicnc et al,. 1 999! '1'uckut' tLL fi1.. ]• OO]• i ileputien'e

ct al,. 2oor,: 2cle4; 2oo6).

        'I'ht pi'estnee of glueose or mutations in e.izi or e.N: IP rt'ee•pLei' •prottiri (ci'?J) ,e.ttie

lead,g to iriductivn ofplio.1 Lllcnc in piirJi? niutant. 'I'hls induetion reqv"rcs the senser I)he?iLI

(.Clrc(.1) and thc rcy,ulntor PhvB (XX'nnner ct nl . 19gg) IIv" ut't'r. I)he.X1 (ClreLl) ma}' not detcct

g,lucose pcr sc. xvhcre it rrin}' dcttct nri intci'tiitdiate in tht ccntral nietnbelisrri. 'rhcrel'c)rc. crci

c)r eJ' I) lliutatic)n nin}' rndircctl}' all'cet Pho.NT ((.'rc(.") - dcpcndciit evntrol In nddltieri te P,

e"ntrol. LiN'e P,-independent con• trols nin"' IL`tid to actiN'titien ol- PheB. 'I'hesc t"'o nia)' be
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e"nnL`etcd to eentr{il pathixass in carben an• d cner."y incLnbolisnis. in "'hich intrneellul"r P, is

in• eoipo:'titcd inte =YI'P. C)nt'; I)•, independen• t eentrel is thc re.vulutien b}' thL` s}'tithcsis ef .-YcP.

"'here P, is incorp"rated into =YI'P at =Nck (act';tate ku/ a,gt';) pathsNn}'. "NLeP n]a}' act intltrectl}' "n

1)hoB

       bi E,eoii. as,giniilation cifl -s"urcc s-ch as Ni IILrt "sitig Li-KCrT results hi tiit svnthesis "i"
                                                                     L.

glutaniatc and .u.hlutaniisic, (rTlutaniitic s}'nthÅëtast (.C}S cneodcd b}' gtln.1) catal)'ze•s the onl}'

p; th"aF l'or LalutaminÅë btos)'tithcsis, (rTlutaniatt cnN bc s}'ntlicsiztd by tiN'o path"'a}'s throu..h

eenibinÅëd actions vf CIS ;nd glutani[tc •s.N'nth"sc (CIOCF=YI' enepded b}' ,glrBD') 1'orniin."

GS. (.+O(:}.•NT c]'elÅë. or b-y glutaruate deh}'dro.genasc (GDII Åëncodcd b}' .g. dh•1). I.Jnder

N-lirn•itntion. aniniQniuni en•Lcri into thc ecll xia .NnitB and is conx erted te CTTIn bs' Cll. and

U'1'asc (cncecltd b}' ,ghiE) urid}'1}'lates both C+lnK (en•eodutl b} ,k.lnftT) and GlnB Ccncoded b}'

ghiB) (1 in•fa ct al.. 2-OO()). Fi,o,urc .].6d Cl't and i:'Li bars) indieatcs that rl)rJ.X'in•ercased under

N-lirn•itation. and ,gln. LLCi, ,ghiB, ,glnft' as' svell as JiaL' .pen•es incre.i,s•cd as stated aboxc ()n tiie

otiierhanLl. undet' l -rieli condition. I"I'as'e dLhu:"'dslÅr'latc,s CllnK alld CTIiiB CFliiK complex'es

NN'itii =YnitB. thci'cby intlubitllig tiie transportcr x'ia "YnitB. si'he:'c CFItiB lliteraets NN'ith Ntr'B

(cneodcd b-i ,crhTL) and acLix'fiLcs its phosph: ta.Kc actix'it}' lcading to d' cphosphoi"'lntion ol-l ti'Cl

(cneodcd bÅr' ghi(.i). :"d Ni trC- dependtLnL gtLnc txpressivn ecases (Nt iiill et al . 2000). tlius tiie

niti'os,cn rtL{.,ulntion kK :,ttl[`cctcd b}' tiie phot phoi"'lation cnuscd bN' the ax ailableL P t•ource

       Ir,igurc S.6cl (].i!'L :"d ]:'l b:ug) iiidicfitorg tiint g.hiB and ,glnK' b':ins'cript lci'cls dccrefised.

aiid ,qhL-! transeript lcN'cl becanie loiNer unclci' P-tiniiltttioll as` eom•pared to P-rieh conditien

undut' l -1imitahori. hi tht eas`t under' liNI-liiiiitation. Cl ratio incrcascs "hcre ti-KCT is

sxithdraxNn x"i CIDI-L xNhich nll'cct,s• the 'l'(].-N cvele il[ux. .t [lccrea,gccl lloss threus,h tht ['C.N
                                                       .L
c}cle "euld he eNpectcd te cnuse nri iricrcnse iri .tcÅqlo.Y p"Lhl and cnused niorc ncetatc

ex ci'11v"

       .Yltheugh 1ittlt rcsc:irch has heen clc)ne. it is ctuite hiiportnnt in praetice te nnnk'ze tht

tncta•b{)lisni at thc latc g•,re"'th ph"se and thc statienaiTL' phase in tiie bateh culture. sNhere the
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mcelitim Lg n• uti'ient poc)r mdicuting, carben. iihosphoretts. and nitroLat',n liniiLnttens. as "'ell as

losx'er plL XX'hcn a parttcultir nutrient •becornes liniitin,e.. the fLr'st respense is scaN'ent"in,o.

These seaN'ent"in.p rc.uul"ns inelude e.-YtsIP-Crp "'hieh allosvs i`er the use of alternnttvc carb"n

sourcÅës such as aeÅëtatÅë. and the t"'o-eetnpencnt regulat"r}' ssstcms PhoRI)hoB and

YL trB YL trC:;'. "'hich eoti•ts'ol se:"'cn..iri." i"or phosphoiiis ancl nitr"gen. t'espeetiNelÅr' I'3oth (Trp

ancl l tr systtnuK suii'Åë)' nutritnt status tlu'ou.gh lirtraecllular lliet"bolites. "hert (."rp

recegtiizÅës c.N.XIP. "1tile l ttÅq1 rcspetids Lo Lalutamine 'I'he Pho sÅr'sttm. on tlic other hnnd.

nionitvrs uior.yanie phospluitÅë lci'tls N'ia tlic actiN'it)' ot; the Pst transport systcni (Xl"annei'.

1996) 'I'hc si."ni[ thctor ro,yponsiblÅë l'er thc LL,cncral stress resistatice is RpoS. (ffi"S) "pon

statrN ation NeLc that the h•eu,gekeepiii.e si.gtna faetor RpoD• Ca-()) is honiolo.pous to RpoS,

(."arbon sLqr"'nLion i,s onc ef the stron.gcst induct• r,g oi' I{peE,S. iihcrÅë rc.pulaLion of RpoS ecctirs

at tiie lci'cl oj' prciteolysis b}' (I]lpJYI). '1'his rc.gulqtion i,g niade b}' spi'E. syhich t• ncodes a

rcspons•e rc.pulator S, pr'E Åq,aLgo calltd I{gsl3) (.I)ratt and S, ilhavy. IY' 96). RpeS plays alse an

iniportutit rolc', undcr phosphutc Lniitiii.". conclitioll. I-Iosi'es'ei'. its rcgulation mcehutiisni Lg

dUlic',rellt. I ote tiuit sNlule carbon s'tar"s'atioll cotnplctL'11' shuts doivn the ec',ntral ruetabolism. it

eonthiues upon phosphntc sL:u"'fiLion CBallestcros ct aL. 2• eel). In contrasL Lo carbon and

niti'os,cn st: i"'; tion. tiie I)hoR PhoB tsvo compontLnL systcm. ci'thcr Llit'cetl}' or llTdti'ectl}'

rc.L.,ulatcs tiie ti'anslation vf uioiY mRN. .N. CRuiz .7uid S, -lln }-. 2• eeS), Shice PhoB iH a

ti'nnscriptionri1 rcs,ulfiLor. its cEticets vn il)tJ`5' translation may be iiitlii'ect. Nxhcre small

noncodiriy/ R).NJ=Ns (sRlixJ=Ys) are inipotlant regulators ol- transl.ition of mRliXJ=Y 'I'he sRYi =Vg

requirc tlie RNt =Y chapcront III- q t`oi' the 1'orination of tiie Rl .X-RliXJ=Y dL:plcx. arid tlicrc are

scN cral RN.•Ys knc"xn te ailLtct Jl)thY translatieri (.Pctersen et nl . [-IU06) ) ainell'. inipediny,

phosphvrous stnn atiori is scnsed :is diniinishccl aetiN'it}' ol' thc Pst trnnspvrter. "htch cnuse,g

autophospherTlatio" el' PhoR. xsliich thcn phospher}'latc I)hel). 'l'he phvspherlF'lated I)hoB

drr'ectl-s' or indirectl)' netix':ttes trnnscription el' nn sRN.Y that stirnulntes trnnslatio" el" J?)r)iV

tnrÅqNt .•Y. thus eltN'atin,e, lcxels et" RpoS (1)eLersen et al.. 2C)O({), 1 ott' that the re.uv.."lntien tna}' be
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tn"re c"n]plieated. sinee Iii,u.. ].]ti indicatcs thut ilJcvS lcN'el in• crtnscrl as l) c"nct',ntrati"n

dccreases cx'en fo:' tht'; l)hoB niutnnt a,K also notecl b}' I)etcrson et al. (200G).

        t'p"n nitro.een stni-x'ation. pp(.lpp leN'L'ls sx'ei't'; kiicTivn te inercasc. un, d there iinght be

somÅë uonz'latioti,g betxxeen leN els citr pp(.;pp aiid RpoS lcxels IÅqpoS is not stabih7.ed upeti

nitro.gcii st:iii :ition 1ikc it is t:pen carboti staii'ation ot' phosphate statms'atl"ii. ancl tlius tlic

re.gulation inechanis.m lliaÅr' be clill'/Åëvent. su.e.eestin.. aii inerease in tiie aetiN'lt}' of R.poS

CPcterscni ct al . ]C)C)G') I inillai' pr"telii,g are iriclucccl l'cille"iii.e statms [tlciti for carbon.

phosphorous and niti'o.Fen (CIroat Åët al.. 19X6z I Iqtin. 1991 ). ivhcrc RpoS-dcpendÅënt gencs are

ineluced upon stairx'atien. :Ylthou.Fh thc actii'its ol" RpoS. seerns to •be eriticnl t'oi' nitrogcn

st:itrN'.itioli. tiiL"rc .ii'c iii.an•iÅr' pla}'crs th•.it a[t'cÅët tht" cotiipL"titioli bL"tiiL"cn RlioS, -ii•1•d Rpo[).

includinL.o. Rsd. 61 RN.M and pp(lllip CI)etcrson et al,. :!• O06) 'I'he role that thc 1 trB (i rutro,n,cn

ScLll L'11.gitls, sTs Stclll pla}'s il•1• rchtiul:ltitls, r{peS is uncleat:

       '1'h•e oi crall rc.gulntien• rnechanisrn• rn•q}' bc illustrattd schcniqticall]' as Fit! .-, 7

        S. Lmdar lliechanLs'lli llii.".ht ex'ist in phoB niutant E.t'rJlt. and furtiier llis'estigation Lg

necdcd to cr,7tiit-y thLst.

       Fi inll}: it seems Lo btL suiprisiiis, tiintphoB Crtntl fiLso plit)le) mutant eould sui-s'iN'c ex'en

undci' striet I) limithi.g eondition as cvmpnrcel to "iltl t.vpc as shoxvn hi '1'abltL 3.I anel I7ig. 3, r,

FigurtL .l.S iiiclicatcs Lhat Pho regulvn gtLnes "ere iiiHtLnsith c to P eonccntr:iLion as c.xpceted.

"'hereas globnl rdLstulator]' .oentLs (J?i.y rh rha). met:bohe p: tii"'a-y gtLnes (I;ist. S.Sc). arid

res•pirator}' ehain .genes (Fi.". 3.3c) challgcd s`ignil-iealltly. It has rtecntl}' beell reportccl tliaL

lt)hvLR rnutant xs'as` rnorc g. cllsitix't to lr}'dro.geti pcroxidt. b•ut that p,hfJB muLallt iyas more

rcsistnnt tv hiy,h osrnelarit}' and acid cvnttitions conipnred te thc xNild t} pe vl" r11)i'ie cliwlei't?c'

($ultan ct al.. [IO1O)
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         The pi'esent inN csttgatton clarii'ted the ell'cet t)f phesphatc liiiiitatien. n!trogc"

liiiiitation. and "eidie conditien en thÅë rnettibolisni in N'ieii ot" .gcne transcript lci'cLs. jXIorcoi'er.

the present studTs' iniplic•s th; L thc nietabelie regulations i;tidcr phesphaLt litnitqtion. nitro.ucn

liiiiitation and ncielic eendition arc intercennectÅëcl. Thcse phcnonicn; uccur tit Lhc ltitc .groxx'th

pluisc i'n thc baLeh eulturc 'I'he prcsetit rÅësult is usel"ul l"er thÅë [tnnl}'s Ls cxt' Lhc nietabelisrn

chan.gcs durin.e latc .orv"th phasc .rll• id or station.rll'}' phase
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Chapttti' 4 Mtttabolic re op. Intion ofan.r7nr gene kneckout ]E.lschericJti" coli

               under o] )'gen 1irnitiition

4.1 Intr'eduction

         It is tinportati•t to undersLaticl thc cÅëliuiar nictabollsni iri respcnisc to Åënxtrennicnt:ii

pciturbat!ons to ret{cslgn tiie nictabolic nct"'ot'kK lbr' praetieai applie:itiotis iXricr""r.aL...:in!sins

sueh as EsclTei'fc-hici cr)lt adnpt to the ehan..Åë lli cultut'e cnN ircnunents suL'h as cni'bon seur'ccs.

nitro.e,cn sources. exs.'.Fen ax'adabilit-y ctc bs rcgulating niÅëtabolic path"'a.i' .e,cnc,s through

global rcgulatvrs anel si.en[ 1 ti'ansd"ction. Iii our laboratei')' prei'iousls. nietabelie rcgulqtions

ot; E,cwli tind its sin.Flc-LgÅëne knockout niutants s"cli ;s gdh.•1. gh]L. ,grlr2 . anel gltD niutants

ii erc inx'cstigpted nt x arit)us (; N rntiLis' undcr acrobie cQnditien• (Kutnar and Shiniizu.. 2() 1())

Froni th•is stud}'. it iKas i'ound Lh•at tran$cript lcx'cl,g of terniinal e.yidases cnceclcd b}' such

,o,cncs as ero.•1 and erclB. and the Lglebal rchLiulaLotlF' .gcnes such .xs ,li7i' and riti' "crc

up-rets/ ulateLl lii particular at hi."hcr (" l ratios (Kuinar anLl Shunizu. 2010) 'Fheii thc ct:f'cets

ot' ci'o.-l and ci'clB gcne kr:oelcouts as sNell as lhi' and lht' .gcnes ktiockciut on tiie nictabolisni

under ncrebie ct)ndition Nvere also i:"'cstigatcd (Kuniar anLl Shimir-u. 2011 ). Chx'en that Fnr
                                                 L.

pla.vs iniportnnt rolc undci' nncrvbie eL]ndition. hcrein. Nsc l'urtiicr ir"'estigateLtl tiie metabolie

rc.L.,ulation of Lhc li7i' mutant undci' ox]'.gcn 1rmitiiig eondition.

        EsvlTesvchtLJ coh posNesses scnslli.g reg,ulntivn .Kystcnis lror the rapiLl rL'spoiise tv tiie

aN'ailab• ilit)' of o.y}'gcll. redox' statt as` representcd b}' l .YDII N=iLD' ratio. and tht presenct t')t+

otiier tlecti'on aeeepLers Thosc retJulation s}'s`tcnis channel cl;hetron: l-roni dollor to tcrniirial

ncccpters Thc p-s'ridirie nuclcvtides such ny N, .N[)I-I nnd Sx:.id.) lrtinctton n,g the iinperlant

rcclox carricrs inxolNcd in tht tnetabelisni. [I'hc.ye cecnzN'iiies nL"t onls' .yeirs e n,s elcctrt.i"

ncccpters in tht breakde"n or sub.ytrntes but nlso preN'ide the reducing pesxer l'or thc redox

rcnctions in thc anaert.}bic and acrobic respirations .Y balnnce i'vr oxidation nnd reduetion el"

Lhtsse nuclcotides is reL,ul"ted Sor catnbolisni and anabelisni. sinee tiie turnovcr et" the
                            L
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nueleetides is N'crs 1/ i."1/ cenipared• to thcir eon•centrati"ns (I)e CI+raef t';t al.. 1999). Undt';r

annt',ro•bic conditi(Tn. the ft',rnientation russults in thc rco.)ticlution of l =Y[)II and thc tForniati"n

ol' rctlueed e"tnpouncts eeeure. sN'hei't';us V: =XD•II o.xTidtition is ceuplcrl to tht'; rcspiratien bÅr'

clcctroti traNsfÅër undci' aerobic ot' nitratt t'espll'atioti Ui E.vr.)h. thc .gcnes "hieh code for

cnz}'mcs specil"ie to r'espll'ati"n and i"ttuicntatton are niallil)' undci' ecnitr"1 ef tiirct .uL...lobml

rc.gulators. "'here tiiost c: eit thcir Åël]'c'cts dÅëpcndini,e, oti the rcdex statÅë er tiit etll. One "i"

thcisÅë is I:nr ci"ulliaratÅë. iit•ti'"tc reducticni). sxhleh ls iiN olN eÅíl lli thc re.gulation ol+ .Le.enc

cxprcssion,y 1'vr 1'cnnL'ntativn-rÅëlated enz}'rncs. ivhilc the etliers arc the tsN'o-eenipencnt

rc.gulqtor)' systcrns sueh "s l ar (nitratc rcduction) and .trc (anoxie respiratien control).

        '1'h•e nictabolic rchLiulaLion is niadc bs th•e bindin.g ef dinicric Fnr to Lhc prorn•oter

rt,o,ions ef tiie i'cleNanL .gcncs sNith qt511nitic,g depcndin•g on the redoN s'tatc (CTTrccn and C+ucst.

19C);,). .NL rn•odel iia,s prepescd "hcrc thc abiliL}' oi' Fn•r Lo bin•d Dl .N is rc.pulated h}' the

changc in• c[luilibriuni bct" ccn• rn•en•ern•cric qpe Fnr (.inactii'c) and diiiicrie Fn•r Cactix'c) tn i'Jiv).

The uetis'e l'orm of F:u' bitids to Dl .Y to re."ulutc tiie eon'espondllig gcnes undc',r L7uiaerobie

eonditron, ?tNIolcculnr oxt}'.gcn c:ui oxiclizc the ion=guli'er cruster of thc cotTespendin." re.".ion.

resulthi.o hi mvnvincrizntivn of theL protein .7uid subsequent loss of its nbiliLs to bind Dl .iL

(KileÅr' nnd Reznikoll`. I991) N. ar plnss n roltL xihcn niLrateL is prorscnt. :"d belon.ys to tiic tNx'o

eoniponcnt rcdv)c rt'.gulation ss'stcm.s. "htLrtL il c(impriHorg :i niemcbrantL sermsoi' CN; :uLX) tiiat

may act as n kninstL cnusin.y p•hosphor.vlation of thtL regulntor (1."nrL) untlcr ccrtttlli contlition,

Tht l ar s`N'steni aeLix'flLcs such genes as ttitrate reduetion clleotlintL,.• nitrate arid tlltrite

reductas`es. .ind re•pressc,g sucli ."encss as fumaratc reductase ."encss, 'I'hc me=1ianisni ol- =N,rc

s}stetn inx c)lx es :i transphesphor)'lnLivn l-rvin tht scrisor tYrcB to thc reLllulntvr .trc.t It ha,g

been repthrtcL'l that therc exists nn (:)i sensin." tnechnrnslli CC}eergellis ct al.. 2()()1). nnd that

lnctate and 1 .•Nr)I-1 stllntilate the aet" ation Cphv,gphc)rFltitieri) of .•Nrc CIuchi. 199S. Iuehi ct al .

1C t)4) .Yrc.Y protcin is Lhnc Lht' tht rnipor'tnrit c:llididatcs i'vr controllirig thc T(.'.Y cyclc g,erie,g

under iinero-at',ro•btc eendition (=Nle.Eeti'a ct al.. 2•CIOO. 200r,i Lvneh and Lin. 1996i I)ark et al..

                                                                                                          .17



1994i Park and C+unstilus. 199)- ). The respirtitors ch"tn in E.ce)lt ean runetien sNith cither of

Ll/ e Lii'o diil'erent tnenie•brnnL`-bound N'.Y[)II deh)'dr{i.uen"se I (JntcJ eper{Tn) u•nd l;'q.•Y[)l•I

dchF'dro."ennse II (iidh). "'ht';re aiose .g.enerate qtnnoncs. ixhich sei't'e as itllpertant elL`etr{Tn

eart'iers t"or rc:•pit'atotlF chain. "hci'e c)'toei'olliÅë boi (.c'i•{zJb'C'D) and cÅr'tochroint bd (c'1-.t•IB. )

utdize thciN lbr' pretcni niotix t i'cir'ce IJbiquiriene lsiliibits thc kitiase acth'itl' of.-Yi'eB

         PÅr't-Lnnte is tiiÅë terinllial pred"ct et" .u.hlÅr'eoll'sLs. ancl a kt}' intermediate in thc

eatab"lisin. and its subsequcllt ecnixctxioti b)' ÅëithÅër p)'rux'ate dÅëh)'dro..Åënase compleN

(F)DIIe ) tind pTs'i'L-'atc l"orrnatc 1)'ase (Pil[) enn bc eon•sidercd as a tna.ior ,s'iviteh poliit bct"'eÅën

o.xielatix'c routes such ;s 'I'(].•N cTs'clc and •subseclucnt rcspiratien. and tlic fcrtncnt[t"'c reutes

such as tnLNccl acid 1'enncntation. Iii E.cFJIt. PDI Ic is rÅëgulqted b]' th•e .U'e s}'sLeni.. Nshilc I)1[ is

rt,o,ulatcd bÅr' Fn•r and .Nrc s}'stcni,s. It has bccn sho"n that I)I)I Ic actixit)' i,s' not dependent on

the prcscncc of oN}'.gcn per sc but rather on thc cxtt•rnql rcdo.y cL)ncliLion. qncl th•nt Er,

([ ih}'drolipoaniidc dehydre.ecnasc) subunit oj' P[)I-Ic is lcss all'eetcd. "'hercqs l"".1 and El

subulliLg are unclcr contrc)1 ol' .-li'e systcm (De CTrt'aet' et al.. 1999). ll- ncithcr ox'yL/ en nor any of
                                        - -L. .
the alternatix'e atiacrobie electron acceptors tu'e pre,s'cnt. tiiLi reduciii.". c',tluh'tilt'tit such n,g

Y; iYDII gtLnernted tlurin.y coiix'tLrsion oj- glueoHc Lo pyii"'; te cfinnoL bc rcoxidizctl bÅr' elcctron

ti'ntisport t'L'actions. nnd must bc reoxielized tiu'ou.vh l'cimcntntiN e p: tiux'a-i's Thc ctii.7uiol.

IactnttL and succiiiate rnList bc tbrmctl alvnttr Ni iLh tlic e)"crctivn vf thc othcr oNiLlation prodLiets•

tiu t iiicludc acctate. t'ormfiLc. h}'clrogcn nnd C{)]CBock and Sa" ers. t996z CTitnsalus ancl P:itk.

1992- ),

          .Xs` stattd abLTbx'e. Ftll' and =Yrc=Y B plaF' llnpoi'tant rolcs in re+t.,ulatiny/ the nietabolistn

"ndcr nriaerebic nrid lliiere-acrebie cvnditiotLK Thc detailcd regulntion nicehani,gni is.
                                                                                L

hesx'es erz llierc cvinplicnted. since othtr L21Libal re.vtilators such as Clrn. Crp. Rpe$. etc llia.s

pln)' relcs. XX'c haxe preNiousl} inN csti."atcd vri thc ei'l-eet el' tiii' gene kiit)ckotit o" tht

nictabolisni urider ncrLhbic cvndition to di: ecn'er tiit nietabelic regulntLens undcr riitrogen
                                                                               -. L

liinittitions (Kuniar tincl l hiniizu. 2C)10), Since Fn•r plays cssential role uncler anner{ibie
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      e"neliti"n. iie tLurther illvesLiguted the t',i"i'ect ot-lhi' •."tne knoekeut "n the inetubolisni in the

      11t=sL'nt research.

      4.2 Re,sults and Discussion

               T"blc 4, 1 shoxx's thc c"inpai'isciti citrlLirinentaticni p,ru'"nietcrs l:er the ee:itinueus culturc

      at thc diluticm ratc "i" O,1 h'i bÅët"een "ild t)'pe E,s•eheivchitt eolt BiN']5i13 (7ctclt{ rriiB- z•i4

      .NlacZTfJiG 1iscXl?51-; LNaraB=N[).ui.i.i Ai'ITc'tB. -ID u•):s) and lts lni' m"t.rLiit (,AX'132S) undÅëv mict'o-

      FI]able -1.1 L"vrnp.ru'isQn oi' the 1'enncntation p.rLr'ainetcrs 1'orE.cFJh BXX': )' 1 1;, and its lin' niutant

                 under the rnieroaerobie contlliuous eultiN'atien at the dilution ratc', ofO 1 h'L,

                   Ccll yield . .,Strains ' !peeiiic ratts (mmolgDCiX h)
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-ucrobie e"nclitien. sNhci'e it is esst',ntially anntrobie e"nclitien sNithout ali'suppl"' at 100 rpni.

The pll ivas eonLrollL`d tit 7.0 t O.1. 'I'able 4. 1 ind• icates that specttle glueose eonsunipti"n rntc

"'a,g increused. the specille luetatL` preduetien rtite "as increased. and the specil'ie pr{iductici"

rates ot' t'oiuiatc. ctiianol and acetate tendcd te dect'ease but not so s.ignii'tcant l'or thÅë lliutant
                                                                                         L

as eomptircd to ivilcl Lypc, Fi."ut'e 4,1 shosi's thc gene ts'nNseript lci els t'or tiit ecnitinueus

eulLure. "hert it inclicatcs that the cii'cL•I Lranscript lci cl dcercascd Cp - O,Ol). and T(.l.!cÅr'ele

.pcllts such as ,elt.1, icc",sdhC'. andn7clh "ere increased (p UO)1.p O05.p• O.Oi.p• O,1)

t'vr,iiTi' rnutant ;s comptwecl to "'ild t)'pex 'I'his al;fect is eenipoundcd b-i- the t'nct thtit cii'c.-1

transcription is direetl.v activatccl •b}' Fnr (C]vinpan and Touqti. 1994). xvliieh in t"rn is

cssentialj'or oxiadation oi' Lluinol (Cl]ons'tantiniclvu ct al.. 2• OU(S)

          It sheuld be notcd that cro.J and gi'cX[ "crÅë beLh incrcqscd Cp O O)-, . p - U.U1'). "herc

c' .l'FJ.•J is kiio"n to rcprÅë,gsccl b}' both .NLrc.N an•d Fnr. iihile e.1'cX[ is' aetii'ateU b}' .li'c.N tiut

rcpre,g,std b}' Fnr '1'hc t'ncreascd activitics ot' c}'teehrern•cs nia} hai'c cnhanced thc oxidation

ot' quinol to Lluttion. svhich inliibits thc', phophoi'År'lation of .-liuLl. alld in tuni dccreascd tlie

phosphoi"'lation of =Nrc=N, 'I'hc ly{Z•l as sN'cll a,s crc'L,E, F gcne trallscript les'els sits/ tirilealltl)'

iiierc'a.Kcd (p O.Ot. p O.C))-.p O,Ol) 1'or tiic rin' mut: "t as compnred to Ni iltl typc. iihcrc it

mav bc duc Lo tlecreased actix ity oi` "i'c.•1.

          Ir'igurc 4 l fiLxo iiidicates Lhat ldlz•J .gene tr'nnHcript level sis,niile.7uitly iiiereased I`or tlie

,Xin' mut: "t as compartLtl to Nvild type. '1'lic ci'a Lranscript lcx cl dtLcrcnHctl (p O 1). and pf.vH,

ILJr,vCi, ILVk;1, 2).i'lt"F, •L'dd :uitl eciu as ivcll as IvJc' ii er't inerea,gtd tbr tiie ihl' tnutant as cotnpared Le

"'ild typ;h(•p Cl,C15.p O,Ol.•p• Cl Cll.p- O.Ol.p- O.Ol.p- OOI.p OOI) The cvp

 trnnscript lex cl increa,-'ed (p - O C)1). sNhich tnay be duc te losscr glucvsc concentrativn (Table

4 1) .XlÅq)reexer. therc nii.vht bc svnie relatio"ship bet"een Frrr and Crrp, ['hc sccluenec vf tiit

rj7i' .venc reN ealed tiiat it encodes a pretcin xvhich shv"'s si.vnillcant honioleg,}' te ()ap Crl? (rer

catnbelic actix atvr protcin), I-Ie"ex er. a ntiniber vl" siy,niilcnnt diiTercnces bctixccn thc txs'o

preteins haN'e beeti lliN'cstt."titt';d Fnr is ti nionoineric pr{itein. antl it d"es n•ot 1iuN'c tiie

                                                                                                                     ,'.,1•



consci'N'ed L-u.roup of surt'aee residues that intertiet iNith e}'elie =Yl IP. IL ec)nttuns un uxF'gen

labilc iron-sult"ur cetiter a,K a scnsor elcnietit for anaercibicisis (LN'neh und Lin. 199C{. I alnion et

al.. 200r.i "'llliams et al.. 19•91i 7.ieuelhoVtier uncl Kilcy. 1995). I cvcral stuthcs hnxc bec',n
                                        L.
eotidueted on thc stimLieturc and .oenc scqucncc t'er Ftu' and Crp prt.iteiris Fron] Lhosc studies. it

xNas t'euiid that both Fnr aiid (-lrp prc)telli posscss alm List sinlllar stnieture iind gene sequenec,

'l'he L.o.enes that are controllcLl b.s' Lhese tNi c) global re.pulators has e sLniilnt' blliding sites CKilcl'

and Re7Jiikc,tll 1S)S)1. LNneli iind Lin. 1996. "111iarrrs ct al . IS)S)1. Bell et :tl . 19tN9L Li Be et

ul.. 1998i Unclcn et al.. 2002). Ex'cn il" sonie rnutntion changcd thc stnieturc of pretcins. thÅë

mutqtion in Fnr protcin coultl cenx'eit to Crp protcin and siniilarl.v (-1ip proLcin could conx crt

to Fnr protcin (l ipro et al.. IY' t;)O). It ma)' bc alse censidcrcd that both Crp and 1;nr protcin can

form hetcrodimciz "hieh might not alle" both el' thein tv l'unction pi'epei'I} C"'illiams ct al,.

1991L Zic.gelhoft'cr an•d KilcÅr'. 1995i Bcl•1 ct al.. 1989). Thcn thc nb,He•n•ce el' Fnr protcin er

.ecnc alloNi's (1]rp protcin to bliid niere cil'cu''tixcl•} te thc tar.get ."ei.ic sequence
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         .Ylthou."h e"nLintieus e};ILure ts suittible tbr eoniparisen olF ."ene e.yprcssions bet"'etn

Ll/ e "'ild t}'pt'; tincl tts mutant. batch l'ermeritation is bctter t"or tlie u•nnl"'sis ef a distribuLton• of

Lhe nietnbolites t"rnietl l'rorn tlie prnctieal application point of x'ie"'. Batch i-enllentnti"n

results indicate that thc production t"tc er ex.'ti'a-cellulai' nittab"litts such a,g acÅëtate. i"ormaLÅë.

and tthan"1 ss et'c r'edueed. " 1iilc tlic procluctien rate er laetatc xi n,g lsiet'eased i'cir',lin' rnutant as

eomptired to the sxdd tN'pe Tht en7.i'tiic actii'itiewg sserc alsc') llieasured t'or botii straitis undÅër

mierci-aer"bie conditioti as shossti in I:ig. 4.] ),LIost ef thc glN'eoli'tle civ"N'tllt"s sueh as I)g.i.
                                               -. -.-. -.
CT.S.Dl)II ; nd P-N'k shoNi'ed hi.Fhei' actii'itics in tlie,ij]i' niut[ nt as cvinpzll'cd to its pt"'cnt stralli,

1'hc incrc"sctl nctiN'ities Lit' Cl.-NLPDI•I and IC.DII iii thÅë ruut[ nt are con,s'istÅënt svith thc rcsults ot'

ethcr rÅësearuhcrs (Park ct al,. 19S)4L P.ru'k and CTTunsalus. 199)'/ C.haL) et al.. 1{)97) S, ince I:ill' is

kiioiin to act as an actix'nLt)r et' th•L" pX] gcnc. si.gnifieant rtductiQn ef Pll actix it)' iia,s ebset'N ed

t'or thc Xiji' niutant. The rcduction ol' Ptl[ qctiyiLy eausccl in•ercascd actis'itN' vt" thc other

t'crrn•cntntix'e pathiKa}' cnz}'rnes such .is LDI-I iii thc niut.rll•it as conipqrÅëd to thc ssild t)'pe

Otiler t'ertne"tatis'e Lhn7.År'nic such as Frd tluit pi'oducc,s succi:uitLh froni i'utiuiratc undc',r

:uuicrobic colldition NN'a,s t'ound to bc reduccd tti thc lliutallt. Nx'1tich is cotisis'tellcc Nx'ith loxs'cr

succiiiatc protluetion rate iii Lhc mutnnt (dntn not shoNsn). '1'hc tl[u.s LliHti'ibutivns tiu'ous,h tiie

ecnti'al mL"t: bolie p: tiiNx'a-i' of the pnrcrit sb'ttlli and tiic lin' n]ut.7uit "L'i'c tiiL"n c'sLimattLtl bfised

on mass balnnces '1'he anfilisis xsa,k peribi'mdLtl bnsctl on thtL mcnHuremcnt ol` tiic specille rntes

:"d tlie pseudo-stead}'-stfiLc nssLiinption l'or iiiLracellular n]ct:ibolitcs .•t totri1 numbcr ol'

mcasurccl tlu.y is 7. aiid it is highcr than tht de+t.,i'ees of rrtcdom l-or the corres•pondiii."

mctabolic neLxNork .YK a result. tiie sN'stem ts an oN'cr deter'tnllicd svsLcm The best et titnatcss

t"vr nll ol' the nieasurcd nnd cstttnntcd 1Luxes xN crc thtn calculnted (Tsai and I.ce. 19SS). xshere

the cc)nipari,yo" et' llittabvlic tlti.ycs betxstcn ssiid L-s'pe nnd tni' rnutant is she"'n in Fig. 4.r,.

sxhtre it indicate,g the le"er Ilux thrt.nigh Pll. and the inerea,gcd tlux throtitth L[)I-I. 'I'ht
                                                LL
rncreasc rn thc tlu.y through .Yck and decrease in thc ilux threu sTh I7rd i'er thc rnutant nrc
                             LL

                                                                                                          -tny                                                                                                          t+tl
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eonsistcnt ssith enzs'inÅë act"'itiewg .Yeetvl (.1".N has tsso altcrnatiN'c fatcs. ThÅë cnÅër{h,i' in thc                       .- -.
thiot"stÅër botid can bc ecnisÅëi's td in tlic t'orni ol' .-N'!'P b)' the actioti ef Pta-.TNek pRtlns")'. but its

i'cir'lliation does not result lli thc c"ns-niptioti oi" aNi' reduei!i.p equix'"lcnLK, .•YltcniatiN'cli'. tlic

cncrgv ean be s"ei'ii'iccd bN' redticing .•NcCo.-N to etluuiel tlu'ough tix'o dehx'drogenation

rcnctions c"t"lvzed bi' :S.DII 'l'he inercascd nctiN'itv ol' LII)I•I in tiic niut[nt eauscd the rcducÅë

tlux througli =Ul)I•I pqtli"'a}'.

                                                                   L          Iii suniniar}'. tiie oi crall rÅëgulqtion• tnech•anistn tor.lin' niutan•L tna}' be cxpres,std as

Fi.e. 4,4, S, ince Fnr i,s kiiosvn to aetix ntc lj'd and 1.tXi gencs. th•e rin' rnuLqnt preduecd lcss

suceinatc an•d forniate as e.ypectcd, .1 lthou.ph Ln'c.•1 is lti•i•oisn to bc qetA'ated b}' Fni'. the

rcgulation tnechanLgtn is sollic',svhat coniplieutccl as shosN'n iii I:i." 4. NnrnelÅrz cp'v alld erti

genes ,7ti'c rvpress'ccl bÅr' F:u'. NNhilc v.i'o ts reprcssed alld cp•tl is aetiN'ated b)' :Yre.Y. Thc prcseiit

rorgult iriclicatcs tiuit the 1}ii' niut,7uit shoivs decren,gc',d gellc c',x'pression L)f ai'e.-I. und iricreused

gene c',x'pressions of both vi'c).-l :uid cizlB, This tniplic',s that thc aetiN'ated cytoclironie oxÅr'dus'e

iiiereascd quininc pool. "hich inhibiLcd .-Yi'cB phop•hor}'lation. :"d iii tuiii dccrefised

phosphoiTL'lation of .li'c.•NL. Nyhcre c'iiv.1 .gcnc dLxprcsHion also tlecreascd elLic to ri"' .gene

ktioekeuL, 'I'ht clo"'n-regulatioll ol',iit'.-! caused up-re,e.ulations ol' 'I'(-l=iL e}'cle s/ ellcs as` ivell as

ij)ct-t and ticL,E, F xshieh uode Soi- PDII .ILIthou."h llidll'ect eff"eet. ,tiv' niultllit caused lcss

grcni'th ratc. ishtch causcd less biotnass conccntratiori. iyhieh iri turri ea"scd niore ulucose

con•eclltration to bc i ici'eflsed. This niaN' hax'c caus'ed ci'Lt gene to tre dt"s'ri-rcg• ulated and thus
                                             . L. d
actix'ated gl}'eel}'sls .v encs. nrid eyetituall}' catiscd up-re .vulntivn vf thLs specil'ic Lg lueosc upLakc

rnte The i'ncrease el' glncc)sc co"ccntrntion rna}' cause dcereasc ol' c.YiNII) nrid e.N,iNII)-(rrp

e"n]plex- t'er etitnbolite rc."ulation• •. but cil) ."ene e:'pressien "as up=rc.g."lnted. Tl/ is nii."hL 1/ aN'e

bcen enuscd b)' t'hi' L+c.ent'; kiic}ekciut. but it Lg not cltar at this sttig,e. The incre"sed lnctnte

t'erniati"n nit"' be elue to hillhcr l =ND•II N. =YD' ratio eausctl bv rcduct';d Frd ncttN'itv. and

hi.yhcr p}'ruN'tite eoneentratKTn caused •b'x- ' thL` desNn-rcgulation or 1)ll and increased trLux of I)}'k.
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Chapttti' 5 EtTcct ofpH on the inetnbolic rcs.!ulation ot` F..ycheric'hia coli

5.1 Int:todtttti'on

        Eschc,Jvclna colt is a j'acultaLix'e anaerobe thpL uscs Lrans•criptit)n 1'acters te control .ecne

expresstons lli rc,spollse to thc elinll."c iti the ts/ roxs'th ellN'it'onineiit such as carboll aticl tiitrogen

sourees. pl•L tcmperature. oxt)'.gcn lcN'tl ete, =Nnion.g tliem. thc efi'ect ol' plI on tlic mctabolLgni

Lg of praetical itltercst. sllicc thc culture pll is ol'teii not conti't)llcd in indu,scti"' 1 IoreoN'cr. the

ehnns,c iri tlitL eultLirc pl-I iH of prnctieal itnportaiice j-or tiic N'nricty ot' applications such ns

hctei'olo.gous proLciri prvelLietivn. sitnulltinevus saccharification a"d ftLrn]cnt:iLioii (SSF') cte.

"'here eulturtL pl•I has Lo be loxicr in SS17, due to civ.)'n]ntic h)'drolysis ol- ecllulose in tiie

Sertnientor (UlotXsoll ct al.. 200X) hi tlic pres`ent restflrch. "'e inx'tsti.""tcd the ei-1'ect of pll

on tiie rneLab• olis`ni otL E.schL'i'rchtEt ccJli under acrob• ic and ariacrobic conditions

         The cft"eet er pl•I en proteisi cxprcssiens has beesi inN'cstlgated lbr E, eoli

(Blankcnhorn ct ; 1 . IL)L)L)). Bactcria hax'c " n"ni•ber vf strate.oics I'vr s"r's'iN'iiiL.e. at loii pl•I,

CTroNi th in ti ruodei'atelTs' tieidie enN'ironruent triggcvs the s}'ntliesis ol' pi'otcin•s that protcct thÅë

eell t'roni niore e: trcnie acidic conditivns =Yeid resistanee. acid tolerancc. tind acid

hnbituation arc nsed to de•seribc •suirN'ix':il ;t lg"i'-pll condition (Bcarson ct al.. 199X), ThreÅë

preteins assoeiaLccl NviLh• glutaniaLc-dcpcndcnt acid i'csis'tcnce h-ii'c been idcntillcd in th•e past.

iiherc thcx.' qrÅë Lnlutaniatc dccqrbo.y}'lasc cncodcd bÅr' stacZU and ts)c?dB and a putatixe

glutamate v- L7unmo but)'rie aeid'CGAB=Y) anti porter encoded b)' ,gTcrdC' (Fos'ter. 199)- ) It lin,g

heell slu)sin tiiat ,gLfcl-! alld .IT;aclB .". eties iiicrcaseLl in respon,s'c tt) the stutionu:"' phase at loii

pl•I lli tile batch culture ((-ln,gtanie-C-loniet und I?oi tcr. :].OO1 ).

         .Xltheugh .yex crnl studic.y hax e beeri repottcd ns stnted abox'e. Iittle tittentieri hn,s heen

I"eeused on the efl'ect ef pH on the ineLabolisni 'I'his is importnnt ll'om the pruetteal

                                                                                                          1;:':



applieation poillt orx icsy. Iii the present stud}'. thcretbre. Nxe inN'estiL+ll.ated hc)ii the ineLntiol{sni

ehnn.pcs in E. ['oh tit loNN plI in N'ieii c)i- fernicnLation datn and •."ene expressions tinder aerobie

anel nliel'o.IL`robie cOntlltKTns

        '1'h•e stqucnccs vf thc prinicrs uscd in thc prcsen•L stud}' arc gix'cn• elsciiherc (Kpbir

and 1 hiniir.u. 200]) c.x'cept thcose mentioned iri Tabre 2 2 (Chapter 2' ).LIalcrinls and l Icthods

scLitiorl),

5.2 Rc,gults

5.2.1 Effcct ofculturc pH on thc mctabolisin

         The aercSbic continuQus eultiN'ation ii,as conc{uctetl at the clilution rntc cit"Q 2 h'i. aihct'e

 '1'ftb•le 5.1 and 17ig. 5.1 sheii',g tlie Åëll'c•et ot' eulture pl{ on tlic I'u'rmcntntion clr:lrllcteristics,

 Tftb•le 5.1 itidicalc•s thnt auctalc "':ts murc j-ormcd (p- O.05). tire ecll )'ielcl ":1,g lo"er (p•

 O.05År. and• tiie speeLtie glucesc eQnsumptioir i'ntc "nH le"'er (p O 1 ) at pll• 5 5 n,g eompnrÅëd

 to thth casc at pl'I 7 O

        In ortlcr to niake clthar tht tnetabolistn of E. coli under acidic condition. q•iene
                                                                                                       L

 c:'pt'cssions "cre nieasurcd• b.v R'I'-I)ÅqI]R. "'here I:i."• . ):.2 eetnp•arcs the .gthne expres,kiens at

 t"'o dilif'ettnt pl'I Nalues. Fis/ tire )-.2' indientes Ll/ nt tht Lrnt/ seript leN'el of i'i)oS xxns

 "p-t,e.gulated (p O. . 1 O. ). and the expression, s of gticL•1 (.e..lu•Latnatt deearboxt}'lnte .g. ene ), and cvt•r.y

 xxere "p-rey/,•ulated (p O,05 nncl p O,05. respeetix'el)'). Nvhcrc thest ."• tnes nre kne"'r/ to bt

 und' er eontrel oi- RpoS (Chex'ille ct al.. 1996). Fig-ure 5.2 alse she"'s thc up.-regulation oi"

 ai'c.I .gt`nc ty-pressic)n (p (},1). iyhci'a cti'c.-1 ."ene procluct funeti(sn:' as a, repressot' iiti' sueh

 ."encs ns irll'elx ed in the 'l'C;.Y ci'cle un•d• Åër niicro"erthbic eenditiiitn cl.Xppcnd' ix .-Y), rslninel-x. in

 aeeot'dance "'ith up-rc-tiulution c)l' Ltrc.-1, sc)tnc t')l' tl}e 'I'C•=N e)'elÅë L.e.Åënes su•ch as' ictl.-1 (p CI 1)

 and ,"rit.-I ivÅëre doi}'n-rc.giil•a•tcel {p- Cl.Cl)'). Fi.gvi'th 5.2 Eilso tndicatcs t.hnt t.lre cxprÅëssions c)f tiiÅë

 tTc,g'pt-ratot'År' 'chatti get}e such ;is vi'clB xi'us up-rc.giilntÅëd (p• E, ) 1 ). ishttrcus cro.-1 isa: do"'n
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1'alalc )' .1 -Fenncntation chat': ctcristiL.s t)1 'th•e "'ild t)'11, e E ot/ h• J, nd- iLs' 1)•hoB and7fii' nuitqnt,s', -Ln •t-hc

   ptero/bic ehemostat eurturc und•er tl•itl'Åër•cnt •phosphate •eghriecnlp'atiotTs arid• d•dl'crent pVI
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'I]ablc 5.2 Clompat'lsoll

cg)nLlitien

of the l'crm•entation 1)tl,111111CtClK nt dill'c i'cnt culture plI in thc acrobic
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"'as tip-rc.eulat•cd {p e.1 ). nt/ d the ex'pres,Kion or' sciliC: iyhich is knb"'n t" bc unclcr eo: trol

-f Clrp (.•Ypptndi.xT "N). was also uii-re."tilntetl (p O 1) (IIoi"i'mann et al . ]-ee2- ) TiKIorcox'er. mlc

y/,cn•e ex'pres,Kit)n "ns hi.gher (p O.05). a'ndvrst.'l y/,cn•e exlire'ssion "'as los/ cr Cp- O.05). "'htre it

has, bcÅën rep(srted thatyrs'C'l is rcprÅëss,ctt b}' ).xllc (Kimnta e-t al . 1998)) (:Yp. p. en•d• ix- .Y) Fi.F.ure

5.2 alse sh(sxys that vv'u Åqcntabelite rcpressor activator) ."ene expressic)n ii'as up-rL'Lfi• ulatecl

(p Q.1). svhere ei'ct .eene pred"ct rcLfi•ulate,g, thc earbon f.k"ii in s,uch a ssa}' that

gl"con•ei".F.en•Åësis, is, neti/ atad. NiherÅëa,s LJII'c(sl-}',sis is rcpresscd cl.Ypptnd' ix .-N) 'I'he

doivti-rc-tiul;dioiis ofp/ ]".-1, prl".-1 and L]+Y' .genÅë cxprÅëssteiis, iserc part1}' due to up-rth.gulatien of

c'i't'i. ' l'h'e .geNc Åëx',prÅë•ssions of X&cU? nnd iclR "e•rc also hi.ehcr (p- O• O)F. p CI 1 ). "hÅëre FadR

actix ates icll{. a,ncl IclR is kne"n te rcpi'ess ttL'eB.•Ik'

Tabl" )-.5 C'enip:tri," on of the {"cnnentatieti paranieter," at difl"crcnt eulture pl I iti the

            niieroaerobiecbnd•ition.

I;erniciittit•ieu 11tU,11111Ctel•S Cultufc pl-I

7.0 (,.o

 eo ef

ch:uige
     `

  ,SpccilVie glucos'c uptake •rate

         c tuinol g )fii'YX' 'h)

S, pecli-le .lcctate 11t'c)L{uetlon 1'tltc

         c'v.vizL)1 gDcT NX' 1i :

 1 peeit"ic 1:tetate productit)n raLc

         ( niniol .L.rD';]XX' h)

Spteii'i•e Sortnnte iiroductton i'atc

         cn'rmelgl)C'"'hÅ}
                 '

•I pceille ctlu"iol produetion ra•te

         cnunal gI)C"X' hÅ}

          Bionlass i'icld

        ;g[Iic" NY g .ku'bstrntc )

 s Lg i- o,or,

O264Å},O OII

 -' L'.rsÅ}o o!

1 li,L :l, cl t.i 2,

e s. 4ttÅ}o o4

E).L{E)2Å}Cl Cl2

4

e.

Ih-

1

t)

2)' -1 e'.e'2

r, -x 1 Å} e 'o'r,

111Å}C) O.,.

 :.7,+ o or,

s,t)1Å}e er,

CI 2. •E) 1 .

  e er,

.IS ll

•4-4.2]

..l9.5V

•1!.3S

-S.24

-5s) t)r}

1;1;



  l

a
fi t)

Lt

:

L•

=' 't':

pt-

r.1;.

L
 -1

j

-,-

1

;

o

r-

-1

i

--

1

.mb -t - - ldi

=

mi
 =

i
" liF

tEpH"O

l-in

1li

Zil-M i

      l

 -vH r) o

      '

      [

-t r,

      .tss'J"cÅqb""'-'S,x"'S""XCN.X".s"taeg"CSÅë:X•igN7k'tl.c"gtJNxgXLNt"tL",x."igb"-ts"('"sb""ccX'"""bCNcrtsNl.."SgN',tO.tfXLÅrsX"Nx.x"?-b"te

                                            /'/'tt't'/'

Fig .5 The eil'ect cii` pl-I change cin .t, ene e.yp• res.sions ei' the "ild t} pc E. eoli BXX'2)- 1 1]

        cultn ated und;hr inicroatrebic condition

        'I'ablc )F ] sllo"'s tiie coillpur!sotl ol' tiie t'cnncntatioti data at dii:t'ei'cnt plI N nlLies tinder

  mict'uacrobie condition. Nychcrc it llidicntes tiiat acetate. I'onnate. and laet"te Nverc illore

  produccd. "hL"rcas ethanol svn,N ltLs,g prodtieetl :lt pl-I •6 e as cotnpnred to tlitL cnstL at pll 7.0.

  FigurtL t:.r, coniparcs tlie .Fcne t"xpressions at t"o tltil`erent p•I-I Nalues. "htLre the Lgene

  c.xprcssion patterns iiere nlmost thc sitnilar ns tiio,se sho"n iti Fig )- ]• . iihertL it hidicates

  that qactl genc e:'pression inercascd. nnd rjn' .gene tLxpresHion incre:lsed :lt pl-I )J.)J ns

  coinp:tred to Lhc ease at pll 7 O (p O,1. p• O O)'. respcetiN'cl}') 'I'hc "iv.-1 s/ cnc Åëxprcssion

  increascd (p O 1) and the c.x'pressiL)ns ot` tc,t•1, ,teeE and nrLlh s,enÅës dccreas'cd (p O.05. p-

  O 1. p O1 rcspccLiNel.s ') The ei'p y,enc extlircs:ion incrcascd (p C) )'). and n7Ie .vene

  c: prors,gton increnh'ed (p- () Oi.) "hile the extlires: ivns ot- sueh .yent=,g ns I)ts(i, prsH, tl)cLI

  dccrenh'ed (p U 05. p O 1. nnd p O 1. rcspectiN el}) ln thc niicrt.)aerobic condition.

  addition:tl ehan.yes "erc ob,s'c:i ed Nntiicl.s'. rtt'i} and IJII. 1 genc e.[pressions increns'ed Cp

  O OS. p C) C)5 rtspectiN el}') ixhcre tiicse nre tnN'olx'ctl in f"rniatc 1'oniiati"n The idh.•! ."ene

                                                                                                 t;t;



crxprcs,Kt"n tncre"sed "'hercas adliE .pt',ne exprtsston decreascd nt pll 6 O "s

Lh"sc at pl-1 7.0 (p- O.05 tmd p O.1 respeetiN'elF')

coriipu•rcd tci

5.2.2 Effects, of both pll and tempcr'ature en the metabolisrn

       T"blc 5,-l sh"sys aic el'i'ects "i" pl-I aiid tÅëniperatuve on tiie fcrmelltatien charaeteristlL's.

sshere thÅë speciilc ih,-luecisc consnmption t"tc de'crcascd. and the spÅëcli'ic acÅëtate pvoductton

ratÅë llierea/-ecl The spÅëuii}ic C.()2 produetion rate deerensed ancl thc ecll )'leld sitJiiilleantls'

dcercascd at pll 6.0 and 42 C a•s conipared to thosc :it plJI 7.0 and .7s7'C Since the cell

.o,ro"'th "'"s si.FnilTcantls dÅëpressecl at pl•I 5.5 anel 42 C. tlic culturc plrl "'as set at 6 Cl) tit 4! C

'I'he .gcnc exprcssien•,g "ei'c coniparcd as sho"n in Fi.g.)'.4. "'here it in•dicates that J'IJoff .gcne

cxprcssion increascd. and thc hcat sheek gt• nes sueh as thicfAL', .gJ'wL, ,ktJ'oS' and JivvB }N erc all

up-re.gulated Åq,p OO)-.- p• UUS. p O05 and p OO)' rcsptctAclÅr') at pl-I 6U .rll•]d 42'C as

cvrnp.rll• 'ed to tho,ge at pl-I 7O and ri7'C The `ii'L".1 s,cnc c.yprcssions as sicll as li7i' .gcne

cxprcssioll iricreased (p O 5 antl p O 1).and ic,l•I and ,glL-! ex'pressions deercas, cd (p• O e5

and p O.1 ). alld tptiB ts/ enc exprcsston nicrcascd (p O.)P ) at pl•I 6.0 und 4:]. '(" as eonipared to

those at pll 7.C) nnd ]7'C, ThtL L"uJ gtLne c: pression iiicrcascd Cp O.O)- ). ancl inlt' .gene

crxprcssion iiicrcascd Cp O,05). fintl yLyCl .gene tL.icproryHioii dcertLnscd (p• C) 05). anel ijMLJ .7uid

,vdhC' .gcnc cNprcssionH iiiereascd (p O,t nnd p e,C))f ), Thc p.i'it-F. nnd :'"V' .gene t.x'pressions

"cre tlo"n-rc."ulnteLcl (p• O,05. anel p e 1 rcspectix tLl-i') :t pl•L6 O and 4]• ''C as comparctl to

thost aL pll 7,O antl r,7'C

i;;
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5.2.3 Effeets of pl'I on thc rnttnbalism nfnfZ l rnutant

        XX'e 1/ aN'e prcN'iouslTv sl/ oivn that ;tl[-! E' niutants c}x'crpredueed lnctnte (Zhu and

 Shiniizu. 2C)C)4. ). IIL`re "'t'; also inN'estig,utcd the t',t"i'ect ol- losN'er pl-I on the i-ernientnticni

 eharaeteristics ol"yll.•J lliutant E.cr./rt. '1'ablc 5.5 shosys' the ciTcct er pl-I oti the i"ermcntation

 eharaeteristics ofiv].1 niutant iri the c"ntinuous uulture at thc diluticin rate ol" O,2 1i'i. "'here

 thc speuliHc Le.liieose eonsutnption rate inercascd. and tiie spÅëcil'ie iautate procluction raLÅë

 inereastd "hereLis ethnnol prod"etion ratc decrcascd This indicatcs that lt is not nectssar}'

 to conti'el plI l'oi' lnctatÅë proeluction bs 1?11.-1 muttint E. colt.

'Tnblc 5.5 Clomparisoti ol' tlie I'cimentalLen parailletcrs at dilTcratit eulture plI iti i)Xl. -l mutant

            unUer thc niieroaerebie cbnd•itien
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.-- .S Di.-cug, s, ion

       =Ycid rcs•istancc is cen,gidered te be an •i•nipo•rtant i iiTLilcncc factor of patho.genic E. •vqli

 strai•ns such as Åq)l57 I-I7 (("astani•e-t."orziet et al• . 1999) It ls "ell• kne"n tl/ nt (.lad •is necdcd

 l]or sui"'ii'al uiiclcr lexi pll CI Iersh. IS)96! Castanic-C.onact ct nl,. 1()99). C.clls pesscs•s specil'ic

 clci'cnsc mcehanisrus aL,ainis't aeid enx'ir'ontucnts in "'hich (l+ad sN'stetu has bccn ,gtuclied 1'er its
                           -. .
 major rQlc iri the dcte.x'i'tlcntion ot' acl cl-ind"ccd s'trcss 1 i E, eolt, Fl .yurcs 5.2 and 5.r, itidieate

 thnt ,qrt'tct ! gene cxp:'cssion increascd at lc"Ner pl-I as conipared to thc cnsc nt pl'I 7.0. C;adiNL

 ancl eTatlB are kriosyn to bc iiidiJeecl at loiycr pl•I as cc,mparccl to the c'ase at pl-I 7

 ((-)astanic-Cotuct et al.. 1i)' 9' 9). IJnder aeid strcs,g. thc procluct G.•NI3.IL is cxported b}' GnclC

 ((-)astanic-C'otuct and 1:oster. 2C)C)1) =NLnacrobiosis aniplitles the acidic induetion Ql' aniino

 aeiddecni'be.x}'la,ges ('riNIen.g anel BennetL 199!; Slenezc"'ski .rLriel Fostcr. 1996). It hng, beenr

 neted tlmt [he ncid-induced cx'prcs,xLen of aniiri.e neid• deearbex]'lng, e,g Lg enhnnccd• uirder

 Lrttuacrobie eondition ()is• Icn.a .rlird BcnnetL 1992. I ccl.v et al. 1994). 'L'hc gctd s.ystcm

 (Cllad=!B(.') ncu•trnlize," aeidit}' aticl enhance,K' •sut" ix al in extrenie acieli iLy iiiduction during

 atiaerobie tJrt"i tii tnn}' help pretcct nlkaline-tJro"'n cell,s froni the acidiliention re,"ulting•, i'roni

 atiaerobie I'ennctitntien Fi.g S.2 shoxv," tiiat gTctcZ l is alsc) u•p-regulated ci cn nt ntrebic

 eendihon

       It 1/ ns bcc•n• slio":n• thnt Fnr Ls thc nia.ie•rncti•N'ntor of ylii) ex'prcs•si•en. but th•at tlac e: tc•n• t

 el] F•nr-niediated actix'ation can be ineclul•ntccl bx' thc inLlirect e.xx'ge i ,Hen,gor .Yi'c.N iX.Io•reei er•',
                                                       . .c

 in aecerd siitli the protccbmic anal}'s'is. the c:'prcs,sion Ql' i'Ptl) ,ILic rcporter 1'"s/en antl tiie

 intraccllular contcnt ot' h'fi•I) iicrc found to bc lug,hdurin.e. the g,roistii nt lc"s pll lbr botii

 acrobl c and anacrobic eulturcs Åql eil et al. 2002). Il ig,urcs S.2 and 5.r, s'1ic"i' hl .ylicr c.yprcss'icbn

 el' iY)D nt 'betln acrÅqbbic and niicr/]acrobic c()nclitions. I:,' xprc,s'sion el' vr)D is actA'ated b)' Fnr

 aetlli.o at -4•e.5. n conx cntionalaetiNntion pes'ition. but it is dosin-rc.gulntcd b} a secend Fnr

 dinierat -93.S. siliich lcads to nia).cini:tl ,i/liD exprcssion d• urin.g niicroaerQbic greisth (CTreen
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 tind Baldxyin. 1997). It ha,K bctn she"ii that 1'tll). a henicilo.a"e ot- p}'ii;x'ate fonntite 1År'ase.

 sxns induced te hig,h ltN'el," at pll 4.4 ti"d induced t"Q-Scild niere ti}- prepionate at pll 6

 (Bltinkenho:n et al.. 1999). Beth et' these condtti"ns euuse internnl aeielilleati"n. =NLt neutral

 or alkalme pH. IE'iViD ""s N irtuall}' absÅëiit and IL'l'Ul) is. thei'eibrc. a strkmg eandtdatc for

 responsÅë to intenial auicllilcation.

       It has beell reportcd that tiic', c.x'prc: sion of c)'toclrronic', o Lg represscd b)' acicl stres's

(Cotter et nl. 1990). ITigurÅës 5.2• - 5 4 rilso hidicates tiie do"n-rc.L.,ulation of ci'tJ .gene

c: pi'cssion. si'lueh mn}' bc nLgo paiil}' duc to up-regulntivn vf es'e. J .gene tLxprdLssion (.ILppendi:

tiL) Thcrct"ore. thtLrc is fi eomplex relationHhip betsieen .ili'D, t'.i'ri. l, plL .7uid oxsgcn lcx tl

(Blarikutihorn et al.1999),

       The up-re.gulation ol' NclhC i,g als" partl}' duÅë to uli-re.gulation ef L'i7J .genc (.YppciidL!' .N•).

'I'hepr.sliCl .L.,enc e.x'prcssi"ii "as do"n-trth.gulatcd at lo" Åër pl-I- a,g eomparcd to thc casc at nÅëutral

plLI (1;i.gs 5, ] - 5. 4). "hieh rnaÅr bc tlue to up-re.gulation of tnlc' .Le.enc Åëx'pression. 'l'1iis

phcnenicnon xs'ns aLgo obsei"'cd at tcniperature up-shiVt (IIasan and K SIun"zu. 200S).

       Ir,igurcs .)',2 and )'.rh shoxi thfiL •aczt ! is up-rc."ulatccl undtLr acidic conLIition fis eomp.7u'ed

to Lhc cnsc at pl-I 7 O '1'lris ma)' be rtLproryHtLtl b}' tiie Lip-regulntion oi` tiizt I .ycnc tL.)cproryHion.

One ol- tiic rtLnson xihy t,rve.•J iiicrcascd m:y bc due to tiic 1-act tiint isociti':te li'fise xins

incluced and s`ho"ed subKtantiall}' greattr iriductioll iti acid or in bas`e condition than at •plI 7

(Blankenhorn eL al.. 1{)99).

       Fi,e,ur'cs 5,! aiid 5,r, also i!iclieate thc t:p- re.gulaticni oi" ii)r),S at 1"sier pl•1. .NLt loss pl•l.

acctatc is drix'en tiic eell b)' thc pl•I .oi'adient =Ycctqtc and othcr tieidic fci'niÅëntation preduets

inelucÅë stationarTv-phasc ,strcss pretÅëins ("Nrnold and Kaspar. 199S. Kirkputrick ct al.. 2001 ) as

"'cll as the auto inducer s-ynthevgis protcin LuNS. (Klirkpatriek ct al. 2001. Iehq"dÅër ;nd

Bassler. 2• OO1). 'I'he .gt'o"th-phqsc dcpcndcnt siL.o.nia t'actQr RpeS CLan.ec .rttid IIcn.g.gc-.•Yronis.
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1991 )re.gtilntes seN'cral co• tnponetits o• f resi,{tanec to• both nckl and bnse (IIersh et al.. 1996i

Lnzar et al,. 199Si Stiiall et nl.. 1994; "'ateinian nncl Stnall. 2003). 'rhe E.e()h eells initially

preduec 1'crtiientation prcicluets stich ns lleetate and 1'ortnate under tnieroacrobie condition.

ssluch eall reen•ter tlic ccll and reaeh deltteric,us concen•tratiÅq,ns at c: trenicl] less pl-I

(Ru,sscll ane-l Diez-Gonzalcz. 1PPXi Kth:u'n tin•d : Iacnnb. 1"Hl), LTnder acielic cenditien. Ipfl-!

ssas rcprts,scd. sihercas i?1].J tis sicll as ;tvYv: 1- gL-,nes xx cre actix attd iihieh• c'aused nierc i'erniate

and aectate pi'oduetien Nt Tote that LHz•I is intiucect bÅr' actct tn c)rd' er to preducc niere

lt}ctale in,gtead of ae-etntÅë (Buneh ct al.. 1,9,97) (Tablc 5.5).

        Fi.ouiv 5.5 shoax ,N the oN crall re.gulation nieehanisni iNc tbund in tiie prcsent study. iiNlote

that sonie are the c{ireet etlL'ct or pl•I dosin-,ghi.i't. ixlierens sotnc arc iiiclireet due te thc ehan.Lu.e

in eulturc cirx'li'unnicnt such nH dissolx ed oi )'.gotr I`er Lti'c.-l gcnc exprcs.gion cte, It shetild be

notcd tirnt 'l'nble 5.5 indicates the prornisllis, I`c•Jsnturc that lnctntc pt'oductien can be enhniiccd

at loxi'cr pl-I. '1'lrLg su.v.vc•sts thfit tire I`ertnentatLon nin}' be stnrtcd nt pl•I 7.0 under :tcroblc

eondition to enh[tncc the cell gro"tli lbllu"ed b}' deercnt in."• pl'I (just xNitheut pll eontrc)1')

uTulcr anacrobic ec)ntlition for laetate productien by ptL 1 B niutants

5.4 Cenclusien

        E. cqli is capabl•e el] sensin.g clilifiercncc i'n c.x'tei'nal pll nnd i'cnct•i•n• .g to thesc ch• ni•i.gcs.

  .Vs shesxn i•n I;i.g. 5•.5= thc prc,Kant re.sea,rch re.sult cla,rificd the niecl/ nnisni ol' nictnbL)lic

  ehan.ycs "pcbn pl-I ao"'n shil1 bas'L•'d cbn g,cne c:'prcssions Qf g' 1/]hal re."/ulntors ancl tiie

  mctabolic path"'ay .gcncs. Ii•i patticular. tlic plI deisii-shift causccl the up-rcg,ulation Qf ig)o`S'

  .g• cnc. "'Iiicli iri turn eaused the up-rcg/ulation of .gatZ•I g,cne c.x'prcssl en. ancl finarl}' protcct

  frotu iritraeellulnr aciclitlcation. It iias nlso founLl tiiat the pll clc"vn-s'hift also enus'cd the

  up-regulatien Ql'li"' LLu.ene exprc,gsion. and netix atcd .iliD and yrZJ gene exprcssion iiluch

  caused 1ii.ohci' l'oirnntc prodiJetion XL [ercoN cr. it isns shoisii that thc pl'I dosin-shit't cnu,s'ed
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eaicr 'l'C=NL e}'ele L"•,cncs tc) bt'; rcpresscel due to up-re."ulution c)i- ai'e.-1 ,o.cnt'; inelirectls' caused

bl' le"'er elissolx'cd ox)'."en cc)ncenLrntic)n undl euusedl hi."her acetute p,r"eluetic)n. '1'his

iiti'c)rnintion is uscl'ul for the x'arieL}' ul' applications s'"eh as tcnip, eraturc-indueed

hctcrolo.y{/)us protetsi pr'oductieiLg. SSF ete ln ptirtieular. it is su,e,.eested to usc le" pl•I a"d

1ii.eh tetnperature ini S,SF 1`or 1iie.her lactate pt'ciduetioti as icXh I ."enc is iriduecd upoti pll

do"n-sli"'t
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Dtml trnns"criptionnl nctix'ator

E, ;uperoxicle Responsc pretein

)itInking lar.gc eolonies pro, tein

Fatty aeid degradatien rcgula.ter     . L L•
'l-soeitrate 1-yase reprvssot'

Iseettrate lx'asc

=te C' o`Y s-vntl}etns,th

ite ",nita: c B

Fut.rierase

(b) PheBi'cgulatoii)' .UCIICS

Cfene ntlln' ës )escription (t'unctic,n as cnccsdcd 1)rthttin)

hrvB

l]c,R

hu.1

tinl trnns"cription reLa"lator

,;en,{or kinasc -f the PhL"RB txie cotnponent st.gnnl tt'ans'eltieticin

ath"'n.N'

NIKaltnc pliosphatnsc pivcurs csr

Lt



l)ht"E

l)htJH

l)iMC'

p,sdrS

it,glpB

phoJ.;

lt)hv.IIccivc'J

Ulltt.,ILIIIetllLll'.111e IX)1'C 111'C)teltl

PhciH protein (phesphntt'; sLai'N'ation mdueible prettin Psil•I)

.•

YI'P btndlli." coinpont',nt et" thL` tilk]L'lphosphon.ite .YBC" trnnspertL`r

! ubutiit ofphcisphatÅë .NBCi transpottci'

! ubunit ol' Le. l)'eercil-r/ -1) .•YBC- 1 transpetter

Phosphate Lransport s)'stem re.eulator}' protciri

! tnsor histidinÅë kniasc of tiit CreCB t"e-ecimpcment si.vnal

transduetivn si'stcm

(c) "Ie,tabelic P:ittnva)' genes

Gene11tlllleS Description (l'uncti"n as encotled protem)

ptsH

ptsCl

IUk-1

yi 'kF

lp.'L •I

srlr.J

iecLJ

sitc=J

.s•dhci

MCV7

L] i:1 '

gnd

rA-f. .1

rktB

Phosphvhistidineprc)tein-1icNo,-'ephosphetransiL'r:Lye

C}lueese pho,gl)hetransl'ernsc L•'nz-s'nit III]Åq:lCTIe'1

6-phosphoiluetokinnse

I)N'nlN'atc kuinse

Lipoaniidcdeh}'dre.h.ocnasc

CltratÅësvnthnse

ls"eitratÅë dehs dr"{h,- en"sc
                -L

ct kÅëtoglutaratt dÅëhidrogcnasc         L.L
Succinatc dchN'drogen[ ,ge
                .L

riN talatÅë dehydro L, enase
             .L

C}Iucese6-pho,sph•atc-1-deh}'dro.gcnqse

6-pho,sph•eglucvnate deh}'dro.Fcnasc

'I'ranskctelqsc 1

'I'rnnskctelasc II

Sil



rciZ•!

rcilB

L)Cl(l

ecit't

id17..I

iYD

ct,s'i'

,grctd-1

cic'k.-1

PrLf

'I'r:insaldolase .-N

'I'r:insaldolase B

6-phespho• g/ 1"eennte tleh}'drata,{e

1]'ntner-Deuderthl't-altlela,ge

[)-lactated'ehydregenas,e
                tL.

S. tr'e$s-in•d• ucet'l alteinate p}'iux att` forniate-1]'a,se sizbun'it

`NeidsheckRl .Y

CTIutaniatth decarb/oxi'la,Ke iY

itetta•te kinase

Phospha'te ncct}'ltran• si'crnse

(.d) Nitrogen regulatQrL-' genes

Ck'ne ntlln•' ës )escription (t'unctic)n as cnc(sdcd prthtt`in)

'p(,)N

grciiz-1

rlrB

trlrD

rln. .!

rli•7B•

rh 7D

rh 71

hTG

h iKr

h iL

II•L/tC'

{Nt iN ii(ilÅr'nierase. si.h.etna 5-4 (sigtna l ) 1'aett)r

+1"tatnatedehN'dregctiase
                .-

lutnmate s•s'nthase. Iarge s,ubunit
             .L
Iutnmate s•s'nthase. small .smbunit

TIutntninesynthctase

i'etein 1)II-centr(sl the lci• el atid actii its ol- gl"tanitne ,g-s'ntiietase
                                            tL.

Jt'idx'ls'1ti'ansi'erusc uridi'ls'l-renic)s'inL, etizs'tiic    ..' .'. d, .
TIutantine ss'•tit.lrctasi" adens'lx'ltransfcrase [inultil'unctional 1

trC. t•ran•suript•io•n• nl Llual• ;,t".L.,ulatQ;,

 it•ro.gcn i'c.gulntor)' prQtci•n

 trB sL',nsQ;,i' •hlst•idlpe kin.asc

ne [)N. :Y-binclin.g trtinsc•viptienal dual rc."ulator

' :'



(e) 1{espiratnr)'

CTt';llt tl :lrrl th .Y

chain gtsntss

   Dt=scription Ci'iinc[io" :is cncvdcd protcin)

ci'o.-1

ciztB

,t4,•'!

mlh

17110. !

sficL•I

Cvtoelll'cnnc bv ttrmin"1 oxidase subuitit II

Cytoelll'cnnc bcl-I ternllnal oxidasc subunit II

=YI'P sN'ntha,gt cL- subunit

IJbiquinone c')x'idc)reduetag. e II

Nt .•XDI-I• ubittuirieric e.yidercdtietase

Suptre.x'ide di,gniutase (: In')

(f) Fei'nientntii'e p:ith"'a)' gene,s

GenÅën:lmes

aclhE

ldh.I

Rr"

po.yB

Des eription (t-unetioti :is cnetbdcd pt'otctti )

.Ylchol deh.s'tlro."cnnsc

D-laetate tleh}'dro.tcnasc

Ih'irL" atc I'oi'niate ls'asc

I)s'n"'utc oxidllse

(g) Hcat shock and i'elatcd, .gcncs

C;ene tliltllÅëS DÅësci,iption Åq1'unctic)n as cncedcd protcin)

thlt-tA'

gi'oL

,c.' rl'r.ILS'

1]tpG

I-Lgp7e niolccular chnperenc

Cha,pci'oi-iinCpii60

t]ha'pctronm (i pn1'e

IIent h'hock ehaperonc

SL)
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.tppcndii D: LisL el . .NLbbreN'intions

u-K/G !. -K cto L] lu taratei
   L

.-
Nc('"u.N

.Yck.

.-
!cctvl-Cucnzyinc

=YeeLate kr'nasu':

.tl

.YL• Pl

.tDIIi

=Ycct.s'1 Phosphntei

.Ylcoholdehydrogcllasc:
              .L

.VntB .hmolliurl] tr:111Sl)Ol't pl'otein!

.v)1 .Ylk'almc pliusphatasc.

.YI'Pl
.•

N,dcnvsine '1'ri-1)hesphaLc.

e=NI IP/ Cvelie adcno,s'ine iiioiioliliosphate:

e=YixIP-Crp/ c=VN IP receptot' P!'LltCML

DC"
[41:c- 4I1

Dll•

In a

(-;t';11 "'eiuhti
           L
nviniber al' iron-suli'ur proteins:

Frcl/

Cr.NB.X

1;un] .ru'ate7uh reductase:

v-.Yllilliobutx'rie auid.

C].NP[)I-Ii D-glx'ceraldeh" tle-] -phosphate dehi'dregcnascL
    .L

G[)IIi (-ll"Laniate Dc hN'drogen;sc. tL
CTIn/ C+lut:itniiie.

C,UCI.Yl': C+lutnmtitt- :tvnthescs.

C.S Cllvitamine l s'nthetnse.

I-Ide.Y,

IC;DLIi

Pcriplasmic

Icociti'ate dtL

Pl'Otelll:

hvtlroh(Tenase'.
 .Lt

LDII

N,1

Lactutc c

l itregcn
      L

lchydrost•t ena: e:

   TL

U.X.Y Oxaloaeetic . Yeid.

1)1 I)hcisphute:

1'DI-Ic p.s'tux ate dc hs dro L, enn,ge .L eoniplexi

PI]. P: I)husdplio-Åënol-p)'i'ux' .ltdi

   .1•ll•IC.ipp• C-IU:1110SltlLh teti'aphosphntei

I)ta-.

Ptl1

-Xek Phosphotrnllsaeet}'lus'e-

PYIIII'.ltc-tbl'tl]att" ly,lse

"Yeetate itirlasc .v

l:)YR• Pvr-L"'atc'.

T('

P'I'

.x:

[

'1'ri-carboxvlie acid.

I)husdphoti'tmsferuse [ N-Sd tClll.

1 TT ns tL I.'ritlx'ls'ltr"tLsi'et-nstL

S.1
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