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23 2750 grhe). 2L A} 19753 Germanier2} Fiirerell 9
3 galE FAA) EdHelE [ Salmonella typhi Ty2la

o]%a‘—_} ok= 3}l AL AJulAalo) MEE Q) AEjEAE vt
o] Fo|x]7] Wiio] HWALESS 9l Aol
Ol%ﬂﬂ% 2013 Igac] 213 Fawo] 7l AAHL Ao
2 oeir glomE o]2)3 ATE WAL WAo o] By
o] AR Yrk9). HolEe AEIFL 79 Vicapsular-
polysacchandfrE ASE A WAlo] N JTH20). Vi
e AEF2 el Psial volrt BEE B A3
o F0)r, =3 AR AFAgel tigh Wol7|E
HesA W g HEAgd Fagh de Jrhke Akl
ure ot 8 ) vi ol tigh o] EAjeRrt 1A
o] ZA43glol FAFo RN o] WojRi-g SAAIIY G
F2o] gk W FAol 7199 Flojzke o] AAld vt 3
E‘r(lS) A 2] vl A AFe B7-§ BEFL
Bo] AlgET glovt diRE el ofEska glernE =

'o AE)F2 wale] sidte] AlF8] a7E L Sk
p-Aminobenzoate, tyrosine(Tyr), tryptophan(Trp) 2,3-dihydroxy-
benzoate, phenylalanine(Phe) 5 H3% 33H=
pyruvate2} D-erythrose-4-phosphate 28]  5-dehydro-quinate, shi-
2 choris-mate®]

5-dehydro-quinate
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2 phosphoenol-

kimate, S5-enolpyruvylshikimate-3-phosphate
AE Afsted AFdEnt. o #ol=
dehydrataseZ & 8}8}= aroD, S5-enolpy-ruvylshikimate-3-pho-
sphate synthetase® Y2 3}31= aroA 1E]31 chorismate syn-
thetase S I3 3}8R= aroC 5 HAT 9 272 -8R 7F #3)
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Fig. 1. Aromatic amino acid biosynthesis pathway. pAB, p-aminobenzoic acid; DHB, 2,3-dihydroxybenzoic acid; PEP, phosphoenolpyruvate; EP,
D-erythrose 4-phosphate; DAHP, 3-deoxyarabino-heptulosonic acid -7-phosphate; DHQ, 5-dehydroquinate; DHS, 3-de-hydroshikimic acid; SAP,

shikimic acid 3-phosphate; EPSAP, 5-enol-pyruvyl-shikimate-3-phosphate.

Bl12)Fig 1), ©) fA7FES] tated e A7v) wnsc
8, 19, 21). & olf% AT HBE A7l Aol vhe T2
s} wejelol, AR Telm A% AZIN AL 4F
B AZIHE BAA G Q8A Ak). old) 2 <
FEE Tl BE FEEAT] ha FFay 94l
FRFE AZS] A5t PFF oelmre] AT HAo
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2 Ao AES dFE FEERAAAgN 23, 3)
Salmonella typhi KNIH100& ©]-83l9 o, 224L 93 <5
TFEE Yale HBHE. coli Genetic Stock Center) S ZHE] aroA
FARFe] EHMIFEC] E coli CGSC28298 2-oF wo] o] 45
ATk 7 B AT ASE 7 2 Eeanzo ExL
Table 13} 2t}

Alet

2 d3@l AM8-¥ Bacto-tryptone, Bacto-yeast extract, agar
% WAl BE-E DifcortZRE  TYIFPen  NaHPO,
KH,PO,, NaCl, NH,C], CaCl,, MgSO,-7H,0, vitamine B,
(thiamine hydrochloride), glucose, Phe, Tyr, Trp, 2,3-dihydroxy-
benzoic acid, 4-aminobenzoic acid, 4-hydroxybenzoic acid &<
SigmaAtZHH U3k A8ETh DNA 23] % Tug
DNA polymerase, T4-DNA ligase ¥ Z+F A Aie
POSCOCHEM(H%x #%}), ulo] QUokF) Fo 25 €] Fis}o]
ARE-3H3ITE.

Table 1. Bacterial strains and plasmids used in this study

Bacterial strains

. Relevant characteristics Source or Ref.
and plasmids
Strains
S. typhi KNIH100 Sm®, Tc®, Ap®, Km® 1,2.
E. coli XL1-Blue  supEA4hsdR1TrecAlendAlgyrA Stratagene Co.
46thirelAllac”

F'lproABlaclglacZAM15Tn10
(ten)]

E. coli CGSC2829 aroA354, A7, ginV42(AS)

Plasmids

Yale Univ.

pBluescriptll SK(+) Ap’, multiple cloning site in
lacZ o, obtained from Stratagene
Cloning Systems

Stratagene Co.

5.0-kb Sall fragment from S.
typhi KNIH100 inserted into SK
T(+)

pSALS0 This study

P viX|2t =& HHX]

Y% HiAE= LB (Luria-Bertani)¥] A2 ZF<= 1 o] Bacto-
tryptone 10 g, Bacto-yeast extract 5 g, NaCl 5 g EA E7}3}
I, A4 wiAE HHEE 15%Bwv)EA "7V & ARRET)
283l Ha WA= 7[RH 02 M9 salt(Na,HPO, 6 g, KH,PO,
3 g NaCl 05 g, NH,Cl 1 g in 1 Do} CaCl,, MgSO,- 7H,0,
Vit. B, (thiamine hydrochloride) & glucoseZ Z}Z} 0.1 mM, 1
mM, 0.0005%(wiv) B 0.2%(wiv)E A F715 M9 HuAS A
B3R LT (11), aroA FAAY] F2YS 93 Il oZE MY
# 4 wjA o) Phe, Tyr, Trp, 4-aminobenzoic acid, 4-hydroxy-
benzoic acid, 2,3-dihy-droxybenzoic acidS 2z} 10° ME A 3
7k M9 H&: e wi A& AME-SlI L)
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MF DNA ¥ EZtA0ES] F£&

A3 DNAYE 7/2Z 02 Murray(14)2] ¥l oJste] &
3k 2, 5 mLe] LB AA] wixX|o]l #AE vt + 94 £
3le] FAZ 3433 TE (10 mM Tris-Cl, | mM EDTA, pH
8.0) = 49 567 ol Ve ¥ SDS9} proteinase K FE7}
24z} 05% L 100 ug/mi= A A7Fske] 37°Co A 1A1RE HEEA
Atk 283 5 M NaClE 100 w B738le & &84 &
CTAB/NaCl (10% CTAB, 0.7 M NaCl) €9 80 ws H7}sto
65°CoNA] 1027F WA AT B-e- S0l F#<] chloroforms
21 He 3 94 28std 45dS 34 o5 phenol/
chloroform® S ol 4ojFn U4 23l F5AE 3
stk 8525k g0l 0.6 Hl9] o)Az ERE-S Hrtst] F A
o] & % Zo| A blue-tip T& o143t FAA DNAT} &7
B 9xg Folsle) 33t slE 44 DNAE 70%
o ge-g o83t 13 AF F FR{S EE TE (pH 8.0) &5
oo A o] 9u. IEn EAF|E DNAE
Sambrook 9] alkali lysis ®H(16)°1 28t F&3HTh

Primer®] £ % Polymerase Chain Reaction(PCR) =74

S. typhi KNIHI00CZRE] aroA T3S ZIZA)717] 5
olu] ¥I1E(1) primer SS59} primer SS6& ©|-&3+5HTt.

PCRE A8)3l7] 15t BA TAE 3 ml Wl 5 1 miE F
slod FAZ s)gsla BEr 300 woll A3 B EolA
1057 283 ohe 94 B8k 459 10 wE 78 734
2 AMgslgom & 100 pe wHedo s ZA ST PCRE
02 94°Col| A 3EZE MAJAF|IL o]olA] 9acCall A 1R B A
AJsar, 50°col M 182 B AAF agla 72°celA 1R T2t
A7) dhH o g 303 wHEsIgon HFAH o 72°CeM 3
B Zol whgAlA H8E A FE3I9Th PCR ¥hEo] ¢48
= w5 s Fsle Ar19EE F vhAHES Ee
o} 434 AES 9% FHAE PCRo] $EE F v
k9] chloroforme F7lsk] &3 O3 AME-3IS T

Southern Hybridization
Southern hybridization& 112 =¥ ECL(enhanced chemi-
luminescence, Amersham) kitS AH&-3}e] F8)815ith B3A=
= primer 859 $S6% ¢85t} ¥-& PCR AAES B8}
kito] 25 DNA %A 893} glutaraldehyde §-N-& o]-8-3}
37°Coll A 3083t WHS-AIA AME3IeH, probe AR R RHEE
A Se AxIAte]l Awe wsith Hybridization -89
labelling kitholl A3} hybridization #4584 blocking
agent®} NaClS 747} 5%(wh) 2 05 M HA A7F8kaL,
hybridization 2L 42°ColA 1620 A7t S3skh. A& 1
2} A 95 89 (04% SDS, 0.5xSSCY& 55°CollA] 2083t 2
HEESE 3 2x) Al 9 89 2xSSCYE AF2ollA 5EXT 2
wEslge). A% A% 89 1 A% 49 1E 5% 4o
F ol IR ok ol HEs] 187 wAI F Al
oz JYe 92 2l Hyperfilm-ECLE ©]&3t] 183t
2271 F gz 1AL o] fsle] ES LA

oo AN e o
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& wg

71202 Sambrook T2 W16l 93 € 4 WHE
olg3tg oy, F23L 93 WEEE pBluescriptll SK(HE, &
Z AEL2E E coli CGSC2829, 1813 A 22} 47] A
o BAS 93l &3 NEEE E coli XL1-BlueE ©]83l] 3
A At

aroA RHXIe] Y7 MY ZA ¥ ChEZHe| |

2235 faze] 47] A9e FEUstn FE5EF UG
Ax%o] & Pharmacia A2l A5 A71AEE471(Cy5STM
AutoRead Sequencer, Pharmacia Biotech)S ©]-8-3}e] 433}
gt aElx on Bug tigE % AATE 5o At
i A9 GenBank ¥ BLAST 59 Ho|EH o]~}
DNASIS, PROSIS 59| AZEgo]S o|&3le] AAH d7] A
g8 B389

Ao o D

' S. typhi KNIHIN2Z2E aroA |§TXe] S2Y

S. typhi KNIH100¢] @440 EAEE arod F3249] SRS
Yol 7} ¢Ja) WA 7] AFD primerE ©185t PCRE F3
39}k, PCR 27 AAE oF 940 bpe] 4HE-& o) 71A] A
FAE A S pphi KNIHI009] G444 DNAS ot
Southern  hybridization®]  probeZ  ©]-& =T} Southern
hybridizations- 21§+ 47, 2¥Z} EcoRl, Kpnl, Pstl 2 Sall® =
Aesl G4 DNAS] ©F 5.7 kb, 7.2 kb, 5.0 kb, 50 kb 913
oA Azt ZAAEE BIsHTHFg. 2). ©] A= THE
A S, typhimurium, E. coli, Klebsiella pneumoniae®] 7359}

1 2 3 4 5 6 7 8 9 10 11

5.0 kb

1.6 kb=

Fig. 2. Agarose gel electrophoresis of S. typhi KNIH100 genomic
DNA digested with various enzymes (A). Southern hybridization of S.
ryphi KNTH100 genomic DNA hybridized with PCR product of aroA
gene(B). Lane 1, size marker A-BstEIL, lane2, 7; S. fyphi KNIH100
genomic DNA-Clal, lane 3, 8; S. typhi KNIH100-EcoRI, lane 4, 9; S.
typhi KNIH100-Kpnl., lane 5, 10; S. typhi KNTH100-Pst, lane 6, 11;
S. typhi KNIH100-Sall. The signal was detected in 5.0 kb chromo-
somal DNA of S. typhi KNTH100 digested with Sall.
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Pstl EcoR1 Clal Hindll Sall

coRV
lacZ
Clal
Pvu aroA EcoRV
amp
pSALS0 Clal
(8,000bps)

\IacZ
Xhol

Kpn[ EcoRI

Fig. 3. Restriction enzyme map of the cloned recombinant plasmid
PSALSO0.

o g S JERIUTE e B ATFME sale
AT S, nyphi KNIHI002] 943 DNA 2F 5.0 kb Sall
AR E #4381 pBluescriptll SK(+) tﬂ]Eioﬂ AAEs AT} A2
IE #3HAS E coli CGSC28295 &5 ] ol g3le] ¥4
g0 oF 48A17H5 < vl g3t & AT FFE Ak
. &, E. coli CGSC2829= aroA %@x} Tﬂﬂ Eddold
F=0]7] wWiFoll 4-aminobenzoic acid, 4-hydroxybenzoic acid, 2,3
dihydroxybenzoic acid 5°] 7} M9 A A& v o=
A 4 AN M9 H4 Rl M AAEER] E3i) waka
aroA TS ZFsE A Ho] &3 AEQ E coli
CGSC2829¢] =& AHF= o] groa & 41]-7} THEAE com-
plementation®] YolLtA] M9 &4 u=|o| A YAl 4= gl%
A& o]l M9 HA WA =2 & AAske FEE A
ST M9 Ha wjRelA AFske dFERE AZE A }
& FF53 pSALSOOIZ} WHAROH, 2AF AL BLE ol8
sl Ag &4 AL 2AgsAThFig. 3).
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aroA [{EXS| o[ uid #H

S. typhi KNIH1002. 2R E] 2233} groa 3212 7] AF
& 2R3 9131 pSLAg0Y] ATEAR AEE HPFOE gwA
E Y31 subcloneS A|Z314ETH ©]F subclones ©]£-81od
BN EE ZAS AH avA FARE NANZES FAFIES
Xt 12847019 Q7|2 o517 open reading frame (ORF)S
T8k ACH, ] ORF (arA)’t 588t Qs E8]3E)
Ex oF 46.12 kDa¥ o2 FFLJrE B35 o] At A
FREAd = olv] WA U= S ophi Ty2, S. typhimurium, S.
pallinarium(10), E. coli®] 745-o1XX9 S. ryphi KNIHI000] 4=
serC aroA fr3172he 3he] edjEog FAHO 9SS &
T JATH(Fig. 4).

aroA REXe| HlW 24

BhEd 7] IS 2= DNASIS, PROSIS 9] AT E]
ol& A3t oln|iAt MBS B A} S nyphi Ty2E 281
HA o] i=4to] histidineQlH] WHele] B AFel ALEE 75

Salmonella typhi KNIH1002] arcA 3R} S8 49

5’ II’%TGATCGA! TTTGAGOCCOGCCACGGCTAATACGTTTCTTTTTTCATCCCCACGGCC 60
sej
GTCTGTGGGGTTTTT. ATFFCTG['I'I'ITTGAGAGTTGAGTFICGTGEAAgCCLCI‘G%(ELﬂA 120

aroA
CAACCCATCGCGCGGGTCGATGGCGOCATTAATTTACCTGGCTCCAAAAGTGTTTCAAAC 180
QPI ARVDGAINLPGSKSVSN

CGTGCTTTGCTCCTGGOGGCTTTAGCTTGTGGTAAAACCGTTCTGACGAATCTGCTGGAT 240
RALLLAALACGKTVLTNLLTD

AGCGATGACGTO(I?CCATATGCICAATGGIC]UAGCGCGTIUGGGATCAATTACACDCIT 300
S DD MLNALSALGINYTL

TCTGCCGATCGCACCCGCTGTGATATCACGGGT AATGGCGGCCCATTACGCG(I;TCAGGC 360
SADRTRCDITGNG GG GPLTERA G

ACTCTGGAACTGTTTCTCGGTAATGCCGGAACCGCGATGCGTCOGTTAGCGGCAGOGCTA 420
TLELFLGNAGTAMRBRPLA AAAL

TGTCTGGGGCAAAATGAGATAGTGTTAACCGGCGAACCGCGTATGAAAGAGCGTCOGATA 480
CLGQNETIVLTGEPRMEKETRTPI

GGCCATCIGGTCGATTCI}CIGCGTCAGGGTGGGGWAATATTGATTACCTGGAGCAGGAA 540
G HLV LRQGGAN YL Q

AACTATOGSOMUOGTCFGCG(I}GCGG[TFFATCG(IZGGCI}ACAHUAGGTFGATGGF 600
NYPPLRLRGGFTIGGTD D

AGCGTTTOCAGCCAGTTCCTGACCGCTCTGCTGATGACGGOGOOGCTGGCGCCTGAAGAC 660
SVSSQFLTALLMTAPLAPETSD

ACAATTATTCGOGTTAAAGGOGAACTGGTATCAAAACCTTACATCGATATCACGCTAAAT - 720
TIIRVKGELVSKPYIDTITTLN

TTAATGAAAACCTTTGGCGTGGAGATAGCGAACCATCACTACCAACAATTTGTCGTGAAG 780
LMKTFGVEIANHHYQQFVVK

GGCGGTCAACAGTATCACTCTCCAGGTCGCTATCTGGTCGAGGGCGATGCCTCGTCAGCG 840
G GQQYHSPGRYLVEGDASS SA

TCCTAT l I ICT CGCIZGCI‘GGGG(I}ATAAAAGG(ISGCA(I}GTAAAAGTGA(EGGGATTGGC 900
S Y AAGAIKGGTVKV G

GGCAAAAGI’A'I’GCAGGGCGATATI‘OGI'I’I'I‘GC(I}ATG'I‘GC'[UG GAAAATGGGCGOGACIJ 960
GKSMQGDIRFADVLE M

ATTACCTGGGGOGATGATTTTATTGCCTGCACGOGCGGCGAATTGCACGCCATAGATATG 1020
1 TWGDDFIACTRGETLUHATIDM

GATATGAACCATATT(II;GATG(I}GCGATGACGATFGCXZA(IJA(I}G(ITITGFTT GCGAAA 1080
HIPDAAMTI TTALTFAK

GGAACCAOGACGTTGCGCAATATTTATAACTGGCGAGTGAAAGAAACOGATCGCCTGTTC 1140
GTTTLRNTIYNWRVKETDRLTF

GOGATGGOGACCGAGCT! ACGTAAAGI‘GGGCGCI‘GAAGTWAAGAAGGGCACGAC[‘ATA’IT 1200
AMATELRKVYVGAEVETESG

CGTATCACGCOGCCGGOGAAGCT CCAACACGCGGATA’ITGGCA(I?T 'ACAACGACCACCGT - 1260
RITPPAKLU GQHATD Y NDHR

ATGGOGATGTGTTTCTCACTGGTCGCACTGTOOGATACGOCAGTCACGATCCTGGACCCT 1320
MAMCFSLVALSDTPVTI!1LDP

AAATGTA@GCAAAAA(XTITCCCFGATTATTTG}AACAACI‘GGCEOGGATGAG[A(I}CCT 1380
K CTAK QL AR

g(ITTAAl TCTGTGOGCCAGTCGACGGTATCGAT 3’ 1413
®

Fig. 4. Nucleotide and deduced amino acid sequences of arA gene in
S. typhi KNIH100.

Q1 S. typhi KNTHI00L glutamic acidE ¢33kstar 9igich =
ojm] BuEo] QIAL vlolejulo]zdl £EEo] QU= S, mphi
Ty2, S. typhimurium, E. coli, K. pneumoniae(lS)Q] aroA AR}
o @7] WiES vlw A% A3 zhzb oF 99%, 98%, 7%,
78% 4= “3E3E BIATE F Salmonellatol 53 51
o] AE3L wlf ot hAFoIY Kiebsiellads o 43+

FEIE BWE e A=A JERAS o = 9Tt o]F]
gt Ave HAPETAFT AL S, yphi KNIHI009] aroA &3
A7} & AZE E coli CGSC28297)F M9 A x|l 4] of-$-
= AsE deplie, ol fraxle] AEAo] ol s1g

=]
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g+ complementation®] ©]F-0X]A] 7| HER] HeE FSH
th I S typhi KNIHI00T S. nphi Ty2e Z2& EQdx B
3laL 1%2] aroA FAAL G7IM Y ZolE HRIth ol S. nyphi
KNIH1000] U] Aol AN Eel® 44 EejFolnz 379
7-g3te] g FAolr} WA E o] 2JFo|A oln| BiE
w59 A ZolE YEPd F S A= AyZtEoh

LA s

B dA7E 1999 RAYgEYE AT AL A AN
(HMP-99-V-B-0002)e]l 2]3}ed o] £017 )] AAL=HuTh.
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ABSTRACT: Cloning and Nucleotide Sequence Analysis of the aroA Gene from Salmonella typhi
KNIH100

Young-Sig Gil, Hee-Jung Shin, and Young-Chang Kim'*(School of Life Sciences, Chungbuk
National University, 'Research Institute of Genetic Engineering, Chungbuk National University,
Cheongju 361-763, Korea)

Salmonella typhi is one of important causes of human enteric infections. S. fyphi KNIH100 was isolated
from a patient of typhoid fever in Korea. We cloned a 5.0 kb Sall fragment containing the aroA gene encoding
a 5-enolpyruvylshikimate-3-phosphate synthetase from chromosomal DNA of this strain. This recombinant
plasmid was named pSALS80. E. coli CGSC2829, an aroA™ mutant, was not grown on the M9 minimal
medium but E. coli CGSC2829 (pSAL80) was grown on the M9 minimal medium. The aroA gene was com-
posed of 1,284 base pairs with ATG initiation codon and TAA termination codon. Sequence comparison of
the aroA gene exhibited 99%, 98%, and 77% identity with those of S. typhi Ty2, S. typhimurium, and E. coli
respectively. As in the cases of Shigella sonnei and E. coli, the serC and aroA genes lie in a single operonic
structure.



