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HAF arod FAA S-enolpyruvylshikimate-3-
phosphate synthase (EPSP synthase, EC 2.5.1.19)
g a3t} o] A4 chorismate ¥4 3A 9
7t Ao Hedsle] shikimate-3-phosphate2} phos-
phoenolpyruvate (PEP)E 7]A=2 3}4d S5-enolpyr-
uvylshikimate-3-phosphate & 34 gich o] 3¢
oA =litEle] ¥AE= chorismatet tyrosine,
phenylalanine, tryptophan, ubiquinone, menaquin-
one, folic acid, p-aminobenzoic acid 5 <= 3}
FEEE AgH, o)y AP AT AFEF 2
AE FollA olE 3EEe] e FUI WY
olt}. aroA#FA A= Escherichia coli (6,7), Salmonella
typhimurium (13), Salmonella gallinarum (11), Myco-
bacterium tuberculosis (9), Bordetella pertussis (17),
Aspergillus nidulans (8), Yersinia enterocolitica (19),
Saccharomyces cerevisiae (8) X 254 &< petunia
9} EvlE (10)e14 229 v} Ar) arod FHA=
Mycobacterium=} Bordetella®ll 7198l Ajkol] it
A vaccine M Zel ¢]-2¥= auxotrophic mutant®]
24 o] &H T dled, o] FHzY] AHEQ)
EPSP synthasex HlA9A AjzAlQ] glyphosate]
2HELRE 48A ol AT (D S yphimur-
ium (13)8] arod FAA= serC F-RAA} EF}
operond °]Fo] polycistronic mRNAEZ co-trans-
cription®t} (7, 13). serC 2= serine FAdol 2
oj&= &49l 3-phosphoserine aminotransferase
(PSAT, EC 26.152)% <3339, PSAT+ 3-
phosphopyruvate¢} glutamate 2 %€} o-phospho-L-
serine$ A gch o]} ol F s o} E ofm| kAt
Aol B dl= arod FAXS} serC FAA7) 342
3 operond] FE3= qelH o= A7

109

ErHshd 5 729 A<l chorismate®} serine
o] #FollA] Hol2g Fpdhzdl #A3|= sidero-
phore?! enterochelin $49 AFAehe o] $n)
ok

tAd  serC-aroA operong] AMRZAHES 6=
cAMP-CRP complex®] binding sites} A o
71-de] ZEAYP(T). ol& serC-aroA operono]
cyclic AMP (cAMP)ol| &jsle] zAs)glel= AS
obAlEte AAZ 24 £2 serC-arod operon®] W
#o] cAMPell 9J3ld Zrlgivh= AMAS 93 ®}
alt} (15). & 7ol X+= serC-arod operon?] o)
WEEE oluliatel] 23t A o] Ao
TrpR} TyrR repressor ¥ do] fodgivh= AR S
T+ Eksdo)

e R WY

R 7Fo =4

B odFol A" #F 3 plasmidy Table 13
2t} cya lac #5% TDI287 (F . cya-854)% SLI10
(Hfr. AproAB-laclOPZY)s} matingA]# 5-fluoro-
cytosine (18)ell &4 Q)& colonyE 3§ % Lac™
£ #alste] ==t 2 9 op lac nrR pR
R pR 5 o8] B8R FFEL 0T EE 35 44
s 5E QeE ok
A W Al

Sau3Al. Bglll, BamHI, EcoRl 59 #|§ & 49} T4
DNA ligase<== Boehringer Mannheimeol| 4] 43}
o FFA A webdq AbgE9ich O-nitro-
phenyl-8-D-galactoside (ONPG), 5-bromo-4-chloro-3-
indolyl-8-D-galactopyranoside (X-gal) 9] 7]e} A



110 Hwang. Sa Kim, and Lim

Table 1. E coli strains and plasmids used in this work.
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Strain or plasmid  Relevant characteristics

Source

This laboratory
This laboratory

This work

Somerville(12)
Somerville(12)
Somerville(12)
Somerville(12)

This laboratory

E. coli
IM103 A(lac pro) endA thi hsdR strA supE sbcBC
F'(traD36 lacl lacZAM1S proA*B*)
MC1061 hsdR mcrB araD139 A(ara4dBC-leu)
AlacX74 galU
CL100 cya thi pro his leu lacZ
SP1312 tyrR* trpR™* lacZ
SP1313 tyrR trpR* lacZ
SP1322 wrR* pR lacZ
SP1323 tyrR trpR lacZ '
Plasmids
pMC1403 amp’, promoterless f-galactosidase
pWH2 amp’, serC-aroA-lacZ fusion

This work

ok SigmaZ Y- FY= At
HiX] R U=

A2 Luria-Bertani broth (LB broth; 1/
Bacto tryptone 10 g, Bacto yeast extract 5g, NaCl
10 g) T+ M9 3].)!\_”“ X] (1 lco" Na,HPO, 7g, KH,PO,
3g, NaCl 0.5g, NH/Cl 1g, 20% glucose 20 m/, 0.01
M CaCl, 10 ml, 0.1 M MgSO, 10 m/)& A}&3}o]
37°CollA wiHAsen Qo afe} 7= ofv]
kAto]l #f® M9 FHAwiRdAx  efoks )
Plasmid & R.#3 a2 vl ell= ampicillin (50
ug/ml), tetracycline (25 ug/m/) & kanamycin (5
ug/ml)e] H7be wiAz} AREE S
B-Galactosidase2] §M &3

HAdE W3hs 24 Wt F, A3t 59
M EEZHRE sonicationel] &3] A=z Ax F
&S aageR AH88l3, ONPGE 7|4 Z 3l
Miller(18)ell a8 33 s3etzjql Wy o2 Bgalac-
tosidase 43S 2A3sdc) A A=ke Lowry
i (16)22 A=t
=gl DNA ==t

DNA z2h2 Sambrook (20) 5ol 2}sje] A
WSl wet Ao A9 aheba g7t W
Z¥ #hgEo] Al257|% 3lsich Plasmid DNAE
F2 alkaline lysis Wbl o8 By y iAo
CaCl, Well ol3te] A= e} (20).
HHX|LH WE= olo|iAte] Fof

serC-aroA-lacZ fusion plasmid pWH27} &%
i MC1061& WS olnjicile] ZAolgl FHi
wf z]oll 4} hpFA 7] 7hA] AAA 7T} o] s
WEE opr| e AbS ghE s Bgto g H7)sle] u)
oFstgich obuliat W7h Aol wipdozny
vlgt A E32E 9 fgalactosidase FA-E 2Agro
24 w8EE olu):ato] serC-aroA operon®] ol
vlxle ANE ZARSIHh
cAMP2]| positive regulationoff CHEF W3S olo|c
Ae| &1}

Fusion plasmid pWH27} &-#-9 cya lac 5 &2
cp lac 355 A& WA d$FA7)7x] 78
F culture® #8]sle] cAMP o5 =+ cAMPs}
WS olu| ik ) iAol Ho)ated W) et
wjokel o 2 RE] Fn|F AEFEEC] Bgalactosidase
B43& 2AFo2HN cAMPY pgalactosidase A
F7tell gt WIS ojn|xAte] ANE At

g % o

Fusion plasmid2| H|=

W A-F serC-arod operon?] WAL LoldlA &
A3l7) ¢)3te], pMC1403 vector (3)5 AHE-3Led serC-
arod-lac fusion plasmid’} A|Z=HAE Vector
plasmid pMC14032 promoter?} N-ugte] 87
codono] Ao P-galactosidase FHAE 53t
At} HAF serC-arod operong &% pWHI (14)
DNAZ EcoRI2Z A3 Ayt ¥ Sau3Alo R
B Hoisle] 9.8 EcoRI-Sau3Al 2352 EcoRl-
BamHI2 & At pMC14033} £33l T4 DNA
ligase® Az)slglch o] ligation EIEE Al43to
lacZ #7F< 947 IMI03E FAAMZsle] Qe
ampicillin 34 colonys FollA X-galg E 33}
= LB mAujA|o AN szti ez el A3
5 At o8 F shiE4E] plasmid DNA
& #2l3ted IMI03E o}A] A ghsted 2 ampi-
cillin ®|&4] colonyE& ZF X-gal s xlejj4] s}t
Mg uglen lactosedE FUF grrges 3o
o & AAGRoH(RE AR, wdeba] o] YAz
7} B-galactosidase 42 Holyx AL A
=% A2 plasmid?} serC-aroA-lacZ fusion $
AAE BA8l7] WFoleta FAslg o o] Az
fusion plasmidg& pWH2E 939} (Fig ).
Plasmid pWH2E& ¢oj23] AFELE FA3lo serC-
aroA 37 DNA®] =3 H7|44d (7)3 vl zgt
A7, 1.8Kb EcoRI-SauAl A#o) pMC1403) A4l
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Fig. 1. Construction of serC-aroA-lacZ fusion plasmid
PWH2.
Abbreviations used are: R, EcoRl; Cl, Clal;
P, PstI; B, BamHlI; S, Sau3Al. Thicker lines
represent serC-aroA DNA, and thin lines
vector DNA.

g -2o] = (AR w[AA]). wteld pWH2E
serC-aroA operon®] promoter, serC 3] #H
coding %% % arod #Axe] N-%g 6971 o}njx
48] coding #97} lacZ FEFAARS] N-wdde
202 AEE2 39 serC-arod-lacZ §3AE 1
Sikid=d
HiX|U WEE olojicitol B

442 serC-arod-lacZE ¥+ pWH2E
Lac™ WAF 7374 =93t g% ofr|iile]
Adg i vl A dFFA 774 71E F WS
olr] A (1 mM)E ¥i=lel H71sted 147 F<t o
wloFstgich ofulxal M7l HFo] HTE A EES 6
galactosidase ¥4& EAFo 2 M WS oful it
o] serC-aroA operond] %o v]ie AFE A
519t} (Figs. 28} 3). Fig. 25 MC1061/pWH2el o &
WS olw|iAte]l Ax-E viehlln ok Phenyl-
alanineo| ®]3}e tyrosine°] serC-aroA operon9]
e o dAsd, F oolulxite FA v
Aoie JAaxz} oS Aot (Fig 2). Try-
ptophanX® tyrosine® vl&:¥t AAAEIAE Hyovt
alanine. lysine, glycine 59 o} on|x At A
AT-E Holx] uskch (AR vlAA]). Plasmid pWH?2
5 83 SPI312(tyrR* trpR™)S] wi okt ol ulsk=
olul 418 Hr}Etl-& wl= MCl061/pWH2¢ 7
29} A8} serC-aroA operon2] HALF7} I35
9Jc} (Table 2). 94l A3= L-tryptophan®] %3$-7}
742 23 2 t}& L-phenylalanine, L-tyrosine &
o2 k7t 7+4&hedck(Table 2). SP13129} isogenic
straingl SP1313 (;prR™), SP1322 (rpR™), SP1323
(tyrR™ rpR7YFFo pWH2E =481 & de o
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Fig. 2. Repressive effects of phenylalanine and tyrosine

on the p-galactosidase activity expressed from
serC-aroA-lacZ fusion plasmid.
The E. coli MC1061/pWH2 cells were ex-
ponentially grown in M9 minimal media, and
Pgalactosidase activity was measured after
the addition of appropriate aromatic amino
acid.

Relative specific activity

o A 1 1 A I
1 2 3 )

[Tyrosine], mm

Fig. 3. Concentration dependence of repressive effect
of L-tyrosine on the synthesis of p-galac-
tosidase from serC-aroA-lacZ fusion plasmid.
B-Galactosidase activity was determined after
adding various amounts of L-tyrosine to
prR* rpR* strain SP1312 (—@—) or nrR
trpR* strain SP1313 (—O—) harboring a serC-
aroA-lacZ fusion plasmid.

H2 olu|xAte] A £} SP1312 (wrR* rpRMHS
Ago wasl @A Faskdch(Table 2). o€
serC-aroA &% operon?] WIE oluXAld] 93
A7} 2tel] TyrR repressors} TrpR repressor7t 7A
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Table 2. Repression of B-galactosidase synthesis in strains carrying the serC-aroA-lacZ fusion plasmid®.

Relative p-galactosidase level in cells grown in

Strain Relevant genotype

MM MM+F MM+Y MM+W
SP1312 100 369 395 202
SP1313 rR 100 92.5 875 41.6
SP1322 trpR 100 46.7 - 584
SP1323 tyrR trpR 100 1149 - 839

? B-Galactosidase activity was determined in the exponential phase after the addition of each aromatic amino
acid (1 mM). MM, minimal media; F, phenylalanine; Y, tyrosine; W, tryptophan.

Table 3. Effect of L-tyrosine on the induction by cyclic
AMP of the Bgalactosidase synthesis from
serC-aroA-lacZ fusion plasmid in E. coli SP

1312,
p-Galactosidase Relative
activity® activity
Minimal medium 2849 100
+ 1 mM tyrosine 1122 39.5
+ 1 mM tyrosine 1668 58.5
‘& 1 mM cAMP
+ 1 mM cAMP . 3066 107.6

2Results of B-galactosidase assays are described in
Miller’s units(18).

=] S AAFE Q). &3] prR™ mpR™
Fol A ALY AL JehdR] g AoeE Hol
o] A& w4 fY3ix Ak F L& AY
uekE oju): A2 ¢ Wl709] isogenic strain®] W
oFollo] FAldl A7 7f-olx Table 29} H-A13F
AIE dE F U} (AR ©]AA]). L-tyrosined]]
oJgk Ao TyrR repressor7t AYHIL A o
2E n 2A3] HAE7] 98k pWH2E 43
SP1312(yrR* wpR*) =% SPI313 (yrR™ mpR*)
vj kool L-tyrosined] FE& 5mM7HA] chefslA|
H7sted AANAANE ZA s (Fig 3). prR 5
o vlgle] prR*FFA A B} F3 Ao
2o} TyrR repressor®] HAlslgle #Alsiclz &
% olth prR- FFRAME ojAe oA &I}
yvehtar 3l 7S TrpR repressorel] &3 7o 2
S}

cAMPE| positive regulationofl CHEH WER olojic
Mol Fo}

Bl ¥2 serC-aroA operong] Hdo] cAMPo
oty Z7hdche AMAE 9wl glgh(15). o)e}
& cAMPS positive regulationo] ozl ug=
ofmlimate] oW J3g uw|F=v} dolygitl B
Aol 2AHY cya lac FF CL1009 fusion
plasmid pWH2 & %3iste], 4 wixjoA 5z
A4 718 S cAMPE ©hE o gz o}
o3 4H(Phe. Tyr, Trp)a} W4 Hrisle] wiokg A

'

-Q-no eddition

Sor -0 M cAMP
- - cAMP
g + arometic amino acids
£ a0}
$
S 30}
2
2 20
4
£ o}
¢
w

of f

L L 3

L
-2 0o 2 4
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Fig. 4. The induction of B-galactosidase synthesis by
cAMP addition in the B-galactosidase-deficient
cya strain (CL100} carrying a serC-aroA-lacZ
fusion plasmid grown in M9 minimal medium.
During exponential growth, the culture was
split(marked by an arrow), and cAMP(1 mM)
and/or aromatic amino acids(Phe, Trp, Tyr)
were added.

X E9 Pgalactosidase ¥AS A A wWikE
o}u] e AHe cAMPol 2] &t serC-arod operon®] ¢&
As AFE @A 22T dEE ¢ 5 9
itk (Fig. 4). cya® yrR* pR* lac—F5<) SP1312
o pWH2E =8]8t di<¢ F4|7171%] 718 wido
o cAMPE @5 Z& L-tyrosine®} ¥4 #H7}ste
Pgalactosidase ¥4-& %33} (Table 3). ¢] 7
Sl % oA L-tyrosine2 cAMPol| 93 445 A3
A sttt CL100/pWH22l 7%, SP1312/pWH2
3ol w3 B-galactosidase A9 basal levelo]
o]$- ko] cAMP #7lo] 23t B-galactosidase
4 A F7ke A5t (Fig 4, Table 3).
CL100/pWH27} @& Bgalactosidase $F-& Kol
A& CL100°] cAMPY] §tAdol Hall®e va #
Zo]7] W) Eol pWH2ERE grod-lacZ §8-F4742]
wde] wlg- @A deld A (15T AR,
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TCCGAGAGATTCTTTTG|TGTGATGCAAGCCACA|TTT

TTGCCCCTCAACGGTTTTACTCATTGCGTCAGGTGTC

-35 ~-10

TTACCTGTGGTCGCAATCGATTGACCGCGGGTTAATA
t

mRNA

GCAACGCAACGTGGTGAGGGGAAATGGCTCAAATCTT
serC
Fig. 5. The nucleotide sequence(7) of the promoter-
regulatory region of the E. coli mixed-function
serC-aroA operon.
The transcriptional initiation site is indicated
by an arrow, and the corresponding — 10 and
—35 regions are underlined. The location of
potential binding site for cAMP-CRP
complex is marked by a box. The plausible
TyrR boxes are marked by double lines on
the upper side.

cAMP7} #71R 7 $ele cAMP7E §3-R-A 22
WS 271 (1543 cAMP7} H7hE A o2 5o
uls] AHlH o2 3ol s FrHEddE B
% oleh. &, SP1312/pWH2E cpa’°)7] &l
ATARe o]u] FEZ )] cAMP7} Ex)3te] -
galactosidase #4jo] CL100/pWH2E Tk £gtout
cAMP9] A7k A Euje] o)n] cAMPE] o] 23
3}7] dEoll cAMP7} A7 EA] k& A$ol w3
A BHo E dE v]HA] B3 leE
Halck
TyrR box2l &4

B Aol A] serC-arod-lacZ fusion plasmid Z-%-E]
2] Bgalactosidase §HAde] We}E o}w|i 4kl phenyl-
alanine, tyrosine ¥ tryptophan?] 712 A|5le]
wai At o] A Adbe prREFY rpRTF ol A
Zasted, oA 71A™e] TyrRelut TrpR b Ale]
Hoigo] Ak WS oAt} A F
o] Fojdhs 49 W AEE encodingdhe B2
FAAE2 wdo) yrR FAR}F AHEQ! TyrRehd Ao
o)stod 2AHAT =1 QUH(1,5,12.21.22). 4
2 59 areGo ArH= 399 phenylalanine®}
tryptophan®] &xs}ell 44 TyrRut el 2j3te] o
A=k (2). ©12} B2t} serC-arod operon®] pro-
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moter regionsllE 7Hs& 4718 TyrR box7t &)
sl ql-8o) s ge}(Fig 5). ©] 4742} box: pro-
moterst A=t mRNAS] HARMHRS e &
A&t TyrR box2} consensus sequences! TGTA-
AANTTTACAS}E °F 70%2] homologys Heo|i
ek @A o5 W ofnlixilel] &% 4
717tel} 7481 = o] o] operonol A EFHAE vl
A 2o Algsgch £ Al WAl BgE of
a] - Abel] 2& serC-arod operon®] 8 o A3}e
H&8g 71HS getslz] HsiAe footprinting, gel
mobility assay, site-directed mutagenesis 5 32

7}A Aol F=ojor & Aol
#ALel o

o] A 1992% wHH FgEdF=A (8

Zhell 9Jste] F3s]9L
2% o2 #
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ABSTRACT: Repression of Escherichia coli serC-aroA Operon by Aromatic Amino Acids

Hwang, Woogil, Jae Hoon Sa, Kyunghoon Kim*!, and Chang-Jin Lim
(Department of Biochemistry and 'Department of Biology, College of Natural
Sciences, Kangwon National University, Chuncheon 200-701, Korea)

The Escherichia coli aroA and serC genes constitute a mixed-function operon which involves
in two different amino acid biosynthetic pathways. The regulation of expression of serC-
aroA operon was evaluated through the use of a serC-arod-lacZ fusion plasmid pWH2. The
expression of the serC-aro4 operon was decreased by aromatic amino acids such as tyrosine,
tryptophan, and phenylalanine. The repressible effects were diminished in E. coli tyrR or
trpR strain, indicating the involvement of TyrR or TrpR protein in the repression. Tyrosine
was competitive with cAMP in the influence on the expression of the serC-aro4 operon.
From these data. it was suggested that the serC-aro4 operon is controlled by aromatic amino

acids in a negative manner.



