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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-deoxyarabinoheptulosonic acid-7-phosphate; DHQ, 5-dehydroquinate; DHS, 3-dehydroshikimic acid; SAP,

shikimic acid 3-phosphate; EPSAP, 3-enolpyruvyl-shikimate-5-phosphate.

Centre) O 258 aroD FHAL] EdwolEo £ coli
CGSC2848(17yS Hofdto} ARgSlEon 7]l 2 dqto] A}g

A 5 9 Feavse] B4L Table 13} 2T

2 Ao AME-E bacto-tryptone, bacto-yeast extract, agar's
i A A2 Difcort2 R E TY8FE 0™ Na,HPO,, KH,PO,,
NaCl, NH,CI, CaCl, MgSO, - TH,0,
hydrochloride), glucose, phenylalanine(Phe), tyrosine(Tyr), tryptophan
(Ttp), shikimic acid5- SigmarlZHE] F3jato] A&} DNA
FAo Q3 T4-DNA ligasc g 2B AdE E4E KOSCO(E S
B3h, njol QUleKF) B0z Tedste] A aIL.
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trypton 10 g, bacto-yeast extract 5 g 12|13

F9 1 Lol bacto-
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Table 1. Bacterial strains and plasmids used in this study

Bacterial strain and - Source or
. Relevant characteristics
plasmid Ref.
Strains
S. typhi KNIHI00  Sm’, T¢*, Ap®, Km® (1)
E. coli XL1-Blue  supFE44 hsdR17 rec4] endA1 Stratagene

gyrA46 thi relAl lac FlproAB+ Co.
lacl lacZ AM15 Tnl0(tet"))

E. coli CGSC2848  aroD352, A7, glnV42(AS) Yale Univ.

Plasmids

pBluescriptll SK(+) Ap‘, multiple cloning site in lacZ or, Stratagene
obtained from Stratagene Cloning Co.
Systems

pSAL62 3.2-kb Sall fragment from S. #yphi This study

KNIH100 inserted into SKII(+)

7Flsdan, A wiAlE agarZ 15%EA H7FEE & ARE-skaT)
223 HA wiAE M9 sal(Na,lHPO, 6 g, KH,PO, 3 g, NaCl
0.5 g NHCI | gy} CaCl. MgSO, * 7H,0, Vitamine BI
ZFZE 0.1 mM, 1 mM, 0.0005%(w/v)
T3]3l glucoseE 0.2%(wiv)E A H7FEF M9 HA wiA S AR
G0 (13), aroD G2 YS9 %"‘ﬂ%p‘f—é:‘f M9

(thiamine hydrochloride)-S

22~ vl A]ol Phe, Tyr, Trp, shikimic acid® 27} 10 M& A 3
7k M9 FHa A v x)s AE-skeinh
AMA DNA & E2tADES| F£&

A DNAT Mumay(15)9] "ol ojsto] FEsaint. 5,

5 mi®] LB HA vix]of #AE wliok 5 A @43}04 TAE
348k TE (10 mM Tris-Cl, 1 mM EDTA, pH 8.0) $+% &
ol 567 prell AE 3 SDSS} proteinase KO %7t 27 0.5%

2100 gmiEA A7EE 37°C A 1 A7 wRSAATE 1)
35 M NaClZ 100 pl A7bete] 2 &3 & hexadecyl-
trimethylammonium  bromide(CTABYNaCl(10% CTAB, 0.7 M
NaCl) €9 80 w& 78l 65°ColA 1083t WheAIZ T v
< _1,4 o] <] phenol/chloroform® 412 & ¢4 HE}O}O#
gslgk. slg=et Golo] 0.6 wle) o]As &g
a4 ﬂ DNAZ 34 olCSlE} 3)rH 0‘““111 DNAi

~
2,
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S 1
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70% AeeS olgste] 1 2 AH F TEQpH 8.0) 5 &4
A gol %3’1511 “12]a1 Ze}2H]E DNAE Sambrooks(18)
o) ol olsled FE3I%0).

Primer2| £f4] 3! Polymerase Chain Reaction(PCR)

S. tphi KNIHI00C.25-H aoD 52345 543817 A3l
olv] WA AL S nphi Ty2(19)2] woD 37 G71XE
ERE ClustalV 228271388 0183 multiple alignmentE 248}
of WA gl e FHE didos ME AduAQ] Wk
ol ok 680 bpel HelE F3L primer ADI 5-GACACGC-
ATGAAAACCCT-3'9} primer AD3 5-TGCCAGA-CGTGAAA-
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PCRE A3] 948l 9A dALS 3 ml ¥IY F 1 miE 3
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Southern Hybridization

Southern  hybridization> W& =3} ECL(enhanced
chemiluminescence, Amersham) kitS AF&-3l] =383} T}, 23
ALZ+= primer S35} $S6& ©]8-dt] A& PCR YAES 35
&t kito] 58% DNA 37| &3} glutaraldehyde &S o]
83101 37°Cel|A] 3047t WRgAIA AMESI 2T, probe Al B
W21 58 AZgAke] A4S wkght). Hybridization -89-S
labelling kittholl “3%3}¥ hybridization &0l blocking
agent®} NaClE 242} 5%wiv) 2 05 M HA H718tE,
hybridization F71-2 42°Col|lA] 1620 A7+ &t} Al&e 13}

A2 45 89 (04% SDS, 0.5XSSCYS 55°Coll A 20871 23] -
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Fakixo 37 L=
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AX=o] Q)= Pharmacia AFS] AEH 7|
AutoRead Sequencer, Pharmacia Biotech)S ©]&3}o] <=
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o AEESOIE o] gate] AHH 9] MES BAs )
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S. typhi KNIH1002 2 2 E{ aroD SHX}2| E2Y

aro F3A5 3-dehydroquinate dehydrataseS AYAFSR= @roD
RS F2Ys] sl oln Bug M woD SA%
B7] Mgl e 2ABIET 1 F AEAe] HuA =e

Salmonella typhi KNIH1008] aroD 312} 223 189

(A) (B)

Fig. 2. Agarose gel electrophoresis of S. nphi KNIH100 genomic
DNA digested with various enzymes(A). Southern hybridization of S.
typhi KNIH100 genomic DNA hybridized with PCR product of aroD
gene(B). Lanel, size marker-ABStEIL; 2, 6, S. typhi KNIH100-EcoRI;
3,7, S. typhi KNIH100-Kpnl; 4, 8, S. typhi KNIH100-Psil; 5, 9, S.
typhi KNIH100-Sa/ 1. The signal was detected in 3.2-kb chromosomal
DNA of S. typhi KNIH100 digested with Sa/l.

Table 2. Complementation test of £. coli CGSC2848

Media
Plasmid — - -
M9 minimal media M9-aroD media®
No plasmid - +
pSAL62 + +

*Minimal media supplemented with tryptophan, tyrosine, phenylala-
nine, shikimic acid at final concentration of 10° M.

WA ZES EE3R= 18 bp(primer AD1)9} 7HA] 1EO 2 HE]
680 bp Eolxl 39| 18 bp(primer AD3)E A S primerS
ettt 39S primerE 01881 woD FAANS] YRR O
2 ol%ds]= 680 bpe] PCR AAES A%, o] AHES F7Y
< 93t probeE ARE3FATE. S, aphi KNIHI00O.22E aroD
TS 2287 dsted E4H) DNAE o8 71A] Alghas
2 A3k T A719%35kL Southern hybridizationS A8 2
7, Sallo.2 Agk F4A] DNA ¢F 32 kbel YR|eA] 2157}
A Ak (Fig. 2). WebA Sano.2 Awke GAA] DNA oF
32 kool aroD FrAA7E £dE O] 9L Ao FZg o]
GeneCleanlI kit(Bio 101)Z o]-&3}] Awts] 32 kbe] SundH
< 35 F SK(+) WEd AAFEAt 3 woD FHAE F
293}7] Sl5te] A FHAR= E coli CGSC2848% 4 A
FF olg3te] A AN F E coli CGSC2848L aroD
Frdah Jelzh Eel® #50]7] wjEol| shikimic acid 50|
A7HE M9 HA e iAo s AR 4 dAN M9 Ha
Hj Ao A= AgelA) Zach mebd wop FAAE TSR
R AHo] 3 AEL E coli CGSC2848¢] FA H8iE]o)
aroD 27 WHEE complementation(Table 2)0] QojL}A]
M9 FHA wjAlel A WA 4= 9l BHS ot M9 Ha
HiAle] = § sk 758 Awsiglth M9 H4 ujx|o) A
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ColE1 origin

pSAL62
(6,200bps)

EcoRV
Fig. 3. Restriction enzyme map of the cloned recombinant plasmid
pSALG2.

5 "TCAAGCHGOCCAGOCTCACCGTTCATAATGGCGAGAAGAAAAAAACTGACAGGACACG. 60

ATGAAMCCGTCACCGTAAAAAATCTTATCATTGGCGAAGGGATGCOCAMATTATOGTG 120
MKTVTVKNLIIGEGMPKTIITVY

arol
TCGTTGATGGGAAGAGACATCAATAGCGTGARAGCGGAGGCGCTGOCCTACCGOGAAGCT 180
SLMGRDINSVKAEALAIYREA
ACATTCGATATTCTGGAGTGGCOGCGTGGATCACTTTATGGATATCBCATOGACTCAATCC 240
TEDILEWRVDHFMDIASTAQS
GTTCTTACCGCTGCGOGTGTTATCOGOGATGOGATGOCTGACATTOOGTTACTGTTTACT 300
VLTAARVIRDAMPDIPLLFT
TTOOGCAGCOOCAAAGAAGGCGGCGAGCAGACAATAACCACTCAGCATTATCTCACGCTT 360
FRSAKEGGEQT T TQHYLTL
AATOGTGOOGCAATOGACAGCGGUCT GGTCGATATGATCGATCTTGAGCTATTTACCOGT 420
NRAAIDSGLVDMIDLELFTG
GATGCTGACGTTAAAGCCACTGTOGATTATGCOCATGOGCATAATGTTTATGTOGTGATG 480
DADVKATVDYAHAHNVYVVM
TCTAACCACGATTTTCACCAGACGOCGTCOGCAGAGGAAATGGTTCTGOGGCTACGTAM 540
SNHDFHQTPSAEEMVLRLEREK
ATGCAAGCACTCGGOGCGGATATTCCCAAGAT TGOOGTTATGOOGCAAAGCAAGCATGAT 600
MQALGADIPKIAVMPQGS KHEUE
GTATTAACGTTACTCACTGCCACGCTGGAGATGCAGCAACATTACGCOGACCGTOCGETA 660
L TLLTATLEMOQQHYADRPH
ATTACTATGTCAATGGOGAAAGAGGGTGTCATTTCACGTCTGRCAGGGGAAGTGTTTGGC 720
I TMSMAKEGVISRLAGEVFGS
TCTGCOGOCACGT TTEUOG0GG IGAAGCAGGCT TCAGCGOCGGEECAMTCOOOGTAAAT 780
SAATFGAVKQASAPGOI AV
GATCTAOGCAGTGTATTAATGATTCTGCACAACGCCTGATCCACAGGACGGGTGCTGGTC 840
DLRSVYLMILHNA DS
GCATCGATOGCGTAGTOGATAGTGGCATCCAAAGTAGC 37 879

Fig, 4. Nucleotide and deduced amino acid sequences of aroD gene ir
S. typhi KNIH100.

ATHFig. 3).

aroD FEXIC| AJ| Y Z#H
S, tphi KNIHI00S 23] 293 woD F234] 171 A

& HAYFig 9T B 59709 drIR olofd]

reading frame(ORF)S -A18}an Q1Qlom. A FE ARG
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SHle). welzl 7] MYE AR ©] ORFlaroDVt U2
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Sl EelHElel =i oF 28 kDaY AL ® FHH

T

HUMZC| aroD REXIEE H| 1 2N
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E.coli MKTVTVKDLYIGTGAPK11VSLMAKDI ASVKSEALAYREADFDILEWRVDHYADLSNVES 60
S.dysenteriae MKTVTVKDLV IGAGAPK1 1 VSLMAKDIARVKSEALAYRETDFDILEWRVDHFADLSNVES 60
S. typhi KNIHI00 MKTVTVKNL I TGEGMPKT I VSLMGRDINSVKAEALAYREATFDILEWRVDHFMD] ASTQS 60
S. typhi Ty2 MKTVTVKNLI IGEGMPKIIVSLMGRDINSVKAEALAYREATFDILERRVDHFMDIASTQS 60
RERRONE KRR K ORBERRORE Rk k¥ obRDE fblbiobiionl % *
E.coli VMAAAKILRETMPEKPLLFTFRSAKEGGEQAISTEAY TALNRAAIDSGLVIMIDLELFTG 120
S.dysenteriae VMAAAKTLRETMPEKPLLFTFRSAKEGGEQALSTEAY IALNRAAIDSGLVIMIDLELFTG 120
S. typhi KNIH100 VLTAARVIRDAMPDIPLLFTFRSAKEGGEQT I TTQHYLTLNRAAIDSGLVDMIDLELFTG 120
S. typhi Ty2 VLTAARVIRDAMPDIPLLFTFRSAKEGGEQT I TTQHYLTLNRAAIDSGLVIMIDLELFTG 120
LI B ) ER Y
E.coli DDQVKETVAYAHAHDVKVVMSNHDFHKTPEAEEL I ARLRKMQSFDADIPKIALMPQSTSD 180
S.dysenteriae DDQVKETVAYAHAHDVKVVMSNHDFHKTPEAEE] 1 ARLRKMOSFDADIPK1ALMPQSTSD 180
S. typhi KNIH100 DADVKATVDYAHAHNVYVVMSNHDFHQTPSAEEMVLRLRKMOALGADIPKIAVMPQSKHD 180
S, typhi Ty2 DADVKATVDYAHAHNVYVVMSNHDFHQTPSAEEMYSRLRKMOALGADIPKIAVMPGSKHD 180
R T O I T T T D T S TRy
E.coli VLTLLAATLEMQEQYADRP I ITMSMAKTGY | SRLAGEVFGSAATFGAVKKASAPGQISYN 240
S.dysenteriae VLTLLAATLEMQEQYADRP I ITMSMAKTGY I SRLAGEVFGSAATFGAVKKASAPGQISWN 240
S. typhi KNTH100 VLTLLTATLEMQQHYADRPVITMSMAKEGVISRLAGEVFGSAATFGAVKQASAPGRIAVN 240
S.typhi Ty2 VLTLLTATLEMQQHYADRPVITMSMAKEGY [ SRLAGEVFGSAATFGAVKQASAPGQIAVN 240
R ki R BRI R RO SRR ok
E.coli DLRTVLTILHQA 252
S.dysenteriae DLRILLTILHQA 252
S.typhi KNIHI00 DLRSVIMILHNA 252
S.typhi Ty2 DLRSVIMILHNA 252

KK % MR %

Fig. 5. Alignment of four AroD amino acid sequences as obtained by
Clustal X. Asterisks indicate the amino acids identical in all proteins.
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ABSTRACT : Cloning and Nucleotide Sequence Analysis of the aroD Gene from Salmonella typhi

KNIH100

Young-Sig Gil, Hyung-Kyu Jeon, 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 KNTH100 was isolated from
a patient of typhoid fever in Korea. We cloned a 3.2 kb Sa/l fragment containing the aroD gene encoding a 3-
dehydroquinate hydratase(3-dehydroquinase) from chromosomal DNA of this strain. This recombinant plas-
mid was named pSAL62. E. coli CGSC2848, an aroD™ mutant, was not grown on the M9 minimal medium
but £. coli CGSC2848 (pSAL62) was grown on the M9 minimal medium. The aroD gene was composed of
759 base pairs with ATG initiation codon and TGA termination codon. Sequence comparison of the aroD
gene exhibited 98%, 72.7%, and 73 % identity with those of S. typhi Ty2, S. dysenteriae, and E. coli, respec-

tively.





