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A3k Az PTS 48 FABIEE 9tk E coli pts operon?] PI promoter transcription®] in vitro%} in vivo
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A7}, pts promoter2] upstream DNAZ} pts PI promoter] in vitro transcriptiond] WX& dgo] §l-S ¢
URATE oAE 7FA] PTS sugars2 o183t in vivodlA ©1F sugar B°) pis transcription®l PIXE F 2
cAMP Fx M3} vl ZAREE 1}, glucose 4] stol] A2 wl Bt} cAMP F5=7F %& mannosel} mannitol
Al stoll bacteria7t AF w} PIb transcriptiond Z7F8lL} PO transcripion glucose &4 ol 22 uf o £
AHE H{. o] A= POl glucose] 280 induction® & repressor7t EABIAL, Pl glucose, mannose,
mannitoldl] 3] FTEHOE induction®= Al 29] repressorrt EA|Y Aolgls eAdS HoiFEE Zlojth (1999
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Phosphoenolpyruvate:carbohydrate phosphotransferase systems
(PTSy Alo] & phosphorylationd} A ErdlE= &84¢]
system O 2 AlFe] a3t 4% A AART FL3c}H!?2 o)
PTSE H3F PTSE ol8ckA] 945l §5=e o8 7K 29
&3¢k WAL, 1850 cAMPE WE=E adenylate cyclase®] EH4)
E 243k F8T A4S S E coliclMe PTSY A&
T SA W2 prsl B Sk Ak 98] vhEoixe
Enzyme 15} prsH 2}3L Sl §-3xbel 98] wHEo]x]E= HProl
ofa] elojydt}. o] o]Fo] Whg& zizte] vl wl)l EAjsh=
EE% membrane complexol] 93] Lo, o] F Tn
ZFe Froket] 923 Enzyme NMAYE crrolht = 54
2l o3l RRES|AT). olE prst, pisH, crr FAAEL E coli
chromosome®] 52 min®l &S = pts operon?- ©]FLUTH O

o] prs operon P13} PO] 7l o o] EAsl=
ol 471¢] promoter(Pla, PIb, POa, POb)*| 2la ZA %
th7® o] promoter F-9oll= cAMP receptor protein
(CRP)*'7Z} FruR'Mel2}3l 3= transcription factor”} Z$}sh=
A 5ol SAiste] o} E34dt 28 PIE Holi Ut} Pla
¢} Plb promotere FEAHOZ Ax QoM PIa® trans-
cripion A2HHE +192 3H PIpe] transcription A]ZHE-S
+8, ©1% B ganscription A2FE-S PIg®) transcription A1Z¢
HE& +128 st AR, CRPY cAMPS] &3] (CRP -
cAMP)Ol| 23] M2 whllZ ZHo] "}t &, CRP - cAMP7}

2= : E. coli, pts promoter, cyclic AMP, in vitro transcription
r ek 2t
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Pla promoters] &2 AHalske W Plb promoters 438t
A1}, Pla promoter= DNA template”} supercoil 3l o
T gAdo] 2t} POa promoter= -100 HX|oIA] transcription2-
A Abste @A) supercoiled DNA template wjih 4do] )
t}. POb promoter®] transcription< template DNAZ} linear®d
] P0q®) transcription AZFHONA 3 base #1OA] (-103) AlZE
48, POa promoter == CRP - cAMPol| 9] 2 &XJo] n|gf
Z7}sARE POb promoter B2 CRP-cAMPel oJsf #o] 5
718le}, &3k promoter PO2] Wddll= Eo™7} Tofdtl= Ao
SR AFFs] B3 transcription 28 712z Qi
BIXgk o12A| in vitro transcriptiono X VE= dA4ko] in
vivooll A E7re]l oA et = i vivodllE Pla
A ¥HEo)A = mRNAZF 8 transcript24], CRP-cAMPY]|
98] transcription®] F7FFE PIb7} in viveol X == &
AL o GHAA] e AA o). o|HT AL o} 9
7} B2E pis operon ¥ £A7|20] bacteriathol A Lojit
3 doke AE AARetE Zlelth E coli ME WA prs
operon?] - 9| A9 welo] ule} of 230 AR =
HE} 129 pTS= A E7F R LE FHst=d FTagh
systemo]| B2 ojt 3k ZANME o] FxE Aoz
o] woJo sz PTSO #HE I8 709 promoter”} H-54sh
ZANAE 7= AL Fs Folgtas ok

PTS proteinE 51 Enzyme TWAS] phosphorylation &
el me} bacterial el cAMP F57F HIStRs AMdo] oA
At} =, glucose =4 3l bacteria?} A W= Enzyme
MA% 7} unphosphorylated ElZ o] cAMPE Y=
adenylate cyclase®] B2 wZo] bacteria] cAMP 571 8
ojActa dEA Urh? olef 72 AME glucose ©121¢] PTS
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sugar7} bacteriat|Z SE ) cAMP F=9] H37} glucose
S T P B 7R ANske Roln B
A& glucose, mannose®} mannitol2] EA 3} bacteria’} A}
# 739 cAMPY] bacteria) BE WSE S 9o 7
o W2 cAMP &% W37} transcription @A 1A pts operon
o] Wl vAE 9L ATHOEM, in vivoll A Pib
promoter’} W= 2Ag Folr gt

Mg A 2y

oot HiEA

SR702(MC4100, suhX1)= MC4100 [F" araD A(argF-lac)
UI69 rpsL relA fIbB deoC ptsF rbsR]®] gE XA
upstream®ll IS1°0] £¢1714 GroELe] Bo| AAEE o3|t}
o] #F= KYI1603W22H5E PJ transduction® 2 THEITH.
GroEL®] RNAE nucleasesZ2FE HIEIE2ZO  guhX]
mutation®] E FFoIAE PO promoterollA] ¥HEOIR]E Bt
8t mRNAZHY ¢FH3}=|o} primer extensiono] ©J%F mRNA
A& AFsA & 4= AUk SR7029 Acrr mutation® ZHeE
o521 SR705% TP28652.%2 HE| PJ transduction®® &
o},

32

Plasmid Cloning .

Polymerase chain reactions ©]€-3}% in vitro transcription
& vectorql pSA600¥ prs promoter$t ©]2} upstream 1 kbp
£ X 3= DNAE cloning3tal promoter 71N ES 913}
At Plasmid pHXe A 2EYF #ie} o] po9
transcription A]ZFgelA 140bp upstream S ZHE| Po$} PJ
promoters X §3l= DNAE pSA6002] rpoC terminator ]|
cloning3t Zo]3, pHXKE P09] upstream 1kbp o|A+E PO
9} P1 promoterE ¥%3l= DNAE cloning 3+ Zlojt}.

In Vitro Transcription

Ryu 58] WhitiE et e 248 2he &8 25wl
A REg-g 3 Th: 20mM Tris acetate, pH 8.0, 3mM
magnesium acetate, 200mM potassium glutamate, 1 mM
dithiothreitol, 1mM ATP, 02mM GTP, 02mM CTP,
0.02mM UTP, 10uCi [0-*PJUTP(800 Ci/mmol), 2nM DNA
template, 20nM RNA polymerase, 5% glycerol. Nucleotides
ol9]o] ASE EF3I] 37°ColA 108 W& F nucleotides
g 718te] 108 © HESAIZIAL 25ul¢] formamide loading
buffer(80% formamide, 89mM Tris, 89 mM boric acid,
2mM EDTA, 0.05% bromphenol blue, 0.05% xylene cyanol)
£ 7iete] WhEE FESAT. AAHE RNAES 8%
sequencing geldll 7] F3sl] EBlgk § HA519n

Primer extension assay

A= wyptone broth(TB, 1% Bactotryptone, 0.8% NaCl)
o wi3AY TBe 02%2] glucoselt 0.2% mannose, 0.2%
mannitol S 7Fske]  HIFIISETE® RNAE Tri  reagentnt

(Molecular Research Center, Inc., Cincinnati, OH, USAYE ©]
£3ald B)aart. 30pg total cell RNASE *#P-end-labeled
primer P11 (5-GCCAGTTTTTAACAGACGCGACGCACGAAG-
NS Aol 7o) HWAAZ &, olF 20ue) 250mM KCl,
2mM Tris, pH 7.9, 0.2 mM EDTAY| &35t} o]AS
60°CE 71de & 1Akl AA HA3] 422 YAz
o]#3t ammealing -8 F 5pg actinomycin D, 700uM
dNTPs, 10mM MgCl,, SmM DTT, 20mM Tris, pH 8.7,
150 unit2] Superscript reverse-transcriptase(Life Technologies,
Inc., Gaithersburg, MD, USA)Z o]Fox Wkl 50 wis 7}
32l 40°CoNA 1A1ZF ¥H2 3 ribonuclease T1(Life Technolo-
gies, Inc., Gaithersburg, MD, USAYS #2|3}%itt. DNAE 3
AAFIZ 70% ethanol® A|H3 T 8M urea, 8%
polyacrylamide gel®l4] DNAS &5t th 7H2 primer®
SequiTherm Excel DNA sequencing kit(Epicentre Technolo-
gies, Madison, WI, USA)E ©]-83]% sequencing 3ISiTt.

cAMP ST 53

& A8 7H¥] sugar 02% =A] sk TBAl ODg,=0.57
A wjste] 3mi9] cultureE® Whatman GFF glass fibre
filteroll JZ3IAC}. ©] filters} TAIE 2ol 2] viall Wi
25ml¢) 02M hot formic acid® ¥i EAT. °|3&
microcentrifuge®l] 5% ARSI A5 LSmiE R ¥
95wel FHFA AT of7)e 25w 2M potassium
phosphate buffer(pH 7.0)2 713t & Biotrak cAMP EIA kit
(Amersham)S ©]&€3l] cAMP H5E &X3I%ch™

2 =

pts operon2| upstreamOfl EXi3H= Y7|MEO| prs pro-
moter 2| 40| OjX|= A&

pts promoter®] transcription ¥3e] in vivoS}t in vitrool Al
ge] Jehte @A) in vitro transcription 271°] in vivo &
Az OE 71sA8E AMAEkeE AelmE 7129 in vito
transcription®] AFE-3F DNA template®2 2T} in vive 2710
Ve E 22 DNA templateS cloning 3}33th &, Fg. 1

-120 TGCCAGCTTG TTAAAAATGC GTAAAAAAGC ACCTTTTTAG GTCCTTTIET -71

- 70 GTGGCCTGCT TCAAACTTYC GCCCCTCCTG GCATTGATTC AGCCTGTCGG -21
CRPO -35
-POb

TAATTATTTTG ATGCGCGAAA TTAATCGTTA +30
Mic
Pla

-20 AACTGGTATT TAACCA
-10

+31 CAGGAAAAGC CA CTGAA TCGATTTTAT|GATTTIGGTTC AATTCTTCCT +80
. CRP1

FruR

b
+81 TTAGCGGCAT AATGTTTAAT %%ACGTAC@:ACGTCAGCGG TCAACACCCG +130
Pla

Fig. 1. A nucleotide sequence of the promoter region of the pts
operon. The transcription start site of each promoter is boxed with an
arrow. The CRPO, CRP1 and Mlc sites are underlined and labeled. The
FruR-binding site is labeled as FruR box.
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Fig. 2. In vitro transcription assay of pfs promoters. Reactions
contain CRP+cAMP are shown on panel A and those contain no CRP*
cAMP are shown on panel B. The transcripts from plasmid origin of
replication(106/107 base) are marked as rep. Both plasmids, pHX and
pHXK, contain the PO and PI promoter and only the pHXK contains
1kbp DNA upstream of the pts PO promoter.

oAl HiE nle} o] prs PO promoter?] upstreamolli= ASF T
7F g2 97] Ado] EAsle] o] DNAZF #oldl =2 vk
o] pts promoter?] Ao FEE vl rheAe] BoenZE o
DNAS] upstream DNA 1 kbpE EH3= AME L DNAE
cloning3}t®] in vitro transcription assayS St oU}, olE
upstream DNAZ} $1+ DNA template® XS w9} vlw3le
Ae] Zol7F UATHFig. 2). ©1¢F 2 AI= prs promoter®]
2y 2ol $E7F o doplA] R MRS factor”} in
vivoell M A83tke 7HsAdE Ak Aol

go| /0| 2 bacteria T LHS| cAMP & H5}

PTS®| Enzyme IA®2| phosphorylation “Fefe] waf
bacteria W9] cAMP F=7} Wit AMdo] LA Qlth? &
Aol M= glicose, mannose®} mannitol] EA) o) E. coli
7} A 7% cAMPS] bacteria W & W3tE Aot A
& oA AFIHZ AmershamAle] Biotrak cAMP EIA

Table 1. Concentration of cAMP in the wild type and the crr-
negative mutant grown on various sugars

Wild type (fmol) Aerr (fmol)
No sugar 443 272
Glucose 239 245
Mannose 301 220
Mannitol 276 232

GATC12345

PO

Pla
P1b

Fig. 3. Transcription from the pts promoters. Total RNA was
isolated from cells grown in Tryptone broth in the presence of various
sugars. Primer Extension analysis of 30 pg of total RNA/reaction was
done as described in the Materials and Methods. Lane 1; 0.2%
mannose, lane 2; 0.2% mannitol, lane 3; 0.2% glucose, lane 4;
0.02% glucose, lane 5; no sugar added.

kit ol43led cAMP &5 SA3le] Table 19] 2345 42
t}. =, bacteriat] cAMP F%+ sugar/t §li TBOIA AF2
o 71 =9kom, glucoseE WolFH WE X ZHASEATEH
mannose-t mannitol®] A4 M= glucose EAEY wWiHT}
7k cAMP F7) 2EPE AL o 4 AT o183 sugar
o] FFo W& E colifl®] cAMP F% HSEFE Acrr
mutante) s JERR] @b o F8A7T TH== Enzyme
MA%7} cAMPE $HSI= adenylate cyclase®] &7l B2 4
L mFthE AMEE BRI & 3T tReEE o
sugar £Fo) WE cAMP F= W37t prs Pl promoter®]
transcription A& W3] PR FEE dotEgitt,

to| =R0| w2t WaHE cAMP2| &0 [HE PIb tran-
scription 2| #35}

E. coliZ glucose, mannose, mannitol <A Soll wjdsiaA
RNAE FZ3lod prs promoter?] B-E AVl Fig. 391
yepd ufel Zo] glucosed] A 2 Fw7F SV w2k PO
9} Pipe] Wide] Fkalth. olZ2 PoSt Pipe] Lol in
vitoo| A} CRP-cAMP®l| &J8] &71eke RS e3P glucose
7} Z7¥8| wel E colile] cAMP &7t FHadle ke
o] Ao = E coliol glucosed] 23l induction® &
repressor’} QTR= 7FeAS AAShs Aol Ath. Mannose®}
mannitol®] 7% glucoseHTh= G| E. colith®] cAMP ¥
T2 A THTable 1), AR, o1& EA) 3l E coli7t
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A W glucose TA|- Stol| A1 WiBETH cAMP 5571 E20)
% PO EEE AT FEo| glucoseBr) A Aoz H
o} pooll Z:&-3= repressor’} glucosedll 5€]Z 92 induction
He Aojgte AMdg ¢ 4 AT ¥ mannose 2t
mannitolll £]3 P1b2] transcription 71 ZH8-& glucose 2o}
R = 707 Hol plo ZE3E repressor’t EA| 3}

H, o] repressorss ©|E°) 2J8|A % induction¥l:= repressor}
= A& F5E F U

i

ek

E. coli®] Z273" sugar S system?l phosphoenolpyruvate :
system(PTS)8] F874
enzymeS Y= pis operonll= 12 71| promoter’t S5}
o ol FANME HHg Aol PTS LAS FASES T
o). BA@sl 247122 77 QlE prs promoter?] PI promoter
€ |83l carbon source®] FFOl wel 2 4 activity7t
W3} 5l+= cCAMP receptor protein(CRP)©| transcription initi-
ation site MR "X JEE in virod} in vivooll A Bl
73} transcription initiation ZA7)2H] g oElE H2
8l3, carbon source?} W3to) wa}l bacteriatl e CRPe}F
cAMP <=} 87d¢] ®islshz 71&el PTS7F o5 Adse
AZ 93 in vivodll A prs dEe] 2AHE AES 712
transcription @Al olsElzAl B AFE A

A in vive 274 DNA topology”} in vitro trans-
cription assaydll ©]43 DNA template$} ©etA A71= 2o
e FA4ssl] fJ8le] =L DNA templated cloning 311
t}. pts PO promoter®] upstreamell= ASE T7F B2 A7) A
go] EA3le] o] DNAZL AolA +32E 0] prs promoter
o] EAe FFE WA sMsAde] BoERE, o] DNAY
upstream 1kbpE E &= A2 DNAE cloning3te] in
vitro transcriptions 319 2.}, upstream DNAZF §i= DNA
templaes S Wie} ¥lwste] Aol Afolrt fIT (Fig. 2).
o9} 7+& ZI= prs promoter®] W F-el S-27t ol &
o] E3t MEE factor’} in vivoollA FEjth= A
AARsEE Aoltt. o] AR factor®] EAE Elsl7] #Jsted
pts promoter’} 918 7FA) PTS sugardll €8} in vivoollX] 24
He 717 a7

PTS sugar®] glucose, mannose, mannitol®} E. coli}] <]
cAMP Fx W3l vx= 9L A7% vl glucosed] EA|
sloll E. coli7t AFZ W& sugar7t §12 wjol] vls] & vF Hx
o] cAMP §%E X3, mannose$} mannitol A sleME
glucose EA| Sl ED} 2FF Be cAMP $EE H3It}. ©]
9} 7+2 Aol= Enzyme HMAYE YHER| R3Sk Acrr mutant
oM YehA] &ou2 Enzyme NMA%7} cAMP 5% %3
o Fagt J%L dvike AMES ¢ F I AT in
vivoollXl P13} PO promoter?] U&-2 cAMP Fx°f W} H]
HHo8 ZAHAE AUTh. P0S) 7S cAMP F=7F 7HE
e glucosedl] o8] FPF B activations HFI, olxT}
cAMP FX7F & mannitol?} mammose EA| St =

carbohydrate  phosphotransferase

g - A - NEY - Y

glucose Bt ¥t activation® BT ©13& PO promoterel]
glucose®]l 213} induction® & repressor’t ST 7HedE
Ar st AFAEA, B AFHLE FHIZ MeH de
transcription regulator”} P02 repressor 9&E ke AMIE
813 1l QIoh® Pl promoter®] 7%, cAMPY F&7t 7H
o 279 sgatt EASA B A% Pipe) dEe A
dojur] 9= Ao Hol o|FIX repressor’t EAE THs
e RAFT). PIbE glucoseRTH cAMP. B27} %8 270
9] mannosett mannitolo] AT W © B transcﬁPﬁOﬂO‘.?
HE Aoz Hol o|Fe| AL repressor glucose;
mannose, mannitol®] 28 FEAHSZ induction®] BT A&
ot 4 ATk, $joll 2173 MicE PI promoter®] transcription
o A8 9L MRA PRI, FruR' o]FE regulator’t 4
el 277t Pl EA)EEA%E, o|n] FuR-< P19] repressor
L opg= ARdo] deigernz ¥ Pl opromoterd] FruRe|ut
Mic ©]2]e] AZ& repressor7t EAT 7Hede] E0haL & &

22 el
HAlel 2

B odrs 19979% SR Sed a2l REEh <.
Blo] AFEAE.
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Mechanism of Regulation of the pts Promoter Transcription Initiation by Carbon Sources in Escherichia coli
Soon-Young Kim, Hyukran Kwon', Dongwoo Shin and Sangryeol Ryu*(Department of Food Science and
Technology, Seoul National University, Suwon, 441-744, Korea; 'Department of Microbiology, College of Medicine,
Chungbuk National University, Chongju, 361-763, Korea)

Abstract: The pts operon, which encodes several factors in the phosphoenolpyruvate:carbohydrate phospho-
transferase system (PTS) of Escherichia coli, has multiple promoters which respond to different signals to facilitate
quick adaptation to changes in growth conditions. The influence of an 1 kbp DNA region upstream of the pts PO
promoter on pts expression was studied in vitro by employing the DNA templates containing both PO and PI
promoter with or without the 1 kbp upstream DNA region for in vitro transcription assay. The 1 kbp DNA region
upstream of the pts PO promoter, however, had no effect on prs transcription in vitro. The intracellular concentration
of cAMP was measured when cells were grown in the presence of glucose, mannose, or mannitol. The transcription
of PO was increased maximally in the presence of glucose even though the concentration of cAMP in the condition
was lowest while the transcription from the P/bh was highest when cells were grown in the presence of mannose or
mannitol even though the intracellular concentration of cAMP was lower than cells grown in the absence of the
sugar. These results suggest the possibility of the existence of a glucose inducible repressor specific for the PO
promoter and a second repressor that is inducible by glucose, mannose and mannitol specific for the PI promoter

Key words : E. coli, pts promoter, cyclic AMP, in vitro transcription
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