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Pseudomonas sp. S-4T25E| 5-Chloro-2-Hydroxymuconic Semialdehyde

Dehydrogenas
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Cloning and Nucleotide Sequence Analysis of xy/G Gene Encoding SC-2HMS Dehydrogenase from
Pseudomonas sp. S-47. Park, Song-1, Dong-Hun Lee, Youngsoo Kim', Kyoung Lee?, and Chi-Kyung
Kim*. Department of Microbiology, and 'Department of Pharmacy, Chungbuk National University, Cheongju
361-763 and Department of Microbiology, Changwon National University, Changwon 641-773, Korea —
Pseudomonas sp. S-47 is capable of degrading 4-chlorobenzoate to produce 5-chloro-2-hydroxymuconic semialde-
hyde (5C-2HMS) by the enzymes encoding by xyIXYZLTE cluster. In this study, the resulting 5C-2HMS was con-
firmed to be transformed to 5-chloro-2-hydroxymuconic acid (5C-2HMA) by 5C-2HMS dehydrogenase. The xylG
gene encoding 5C-2HMS dehydrogenase was cloned from the chromosomal DNA of strain S-47. The nucleotide
sequence of xy/G showed to be composed of 1,600 base pairs with ATG initiation and TGA termination codons. A
deduced amino acid sequence of the 5C-2HMS dehydrogenase (XylG) exhibited 98%, 93%, and 89% identity with
those of the dehydrogenases from P, putida mt-2, P. putida G7, and Pseudomonas sp. CF600, respectively.
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A AbFle] g3t wdE A g Boke] 3EATL
AE ol o2 gtk A PS Al WEEE
et 8}g=4vol| = naphthalane, toluene, benzene, benzoate, try-
ptophan 5] 318™ o]5& X3l o] gl Fhe]
ARl ohet ekt FaiE5AS HERIH2].

| AEe] g FEEiAE 29E5Ae] I 4-chlrobi-
phenyl(4CB), biphenyl(BP), phenol, toluene, cresol®} Z-&
2133 el eSS 7R o)8s8le] dT7H
. B3] ookl £ Pseudomonasell 213 Eslx benzenel
1} phenold catechol® 38k} toluene FEx= cresol=F-
E] 4-methylcatecholZ 3|31 4 o] Hilwe] lw9).

olgjdl Wk shlpae] ARS8 sl M
o] AFHIT 9= 23 Fd d}rt 4-chlorobenzoic
acid (4CBA)e|t}. 4CBAY HIATE]Y] para-$A]ell ga7t
sh x)gkel fxz B - 3shdoR At Fxow E
of Hg Sel=rl T3, vl ofgt E4o2 <l
halogenated aromatic compounds #3] S dF3}=d
£2 EAS Ao} =3t aromatic-ring cleavageol] <&+
3l o] Ea=ER1].

4CBA2] 2&#|z}A o A= Chlorocatechol-&
ortho-ring cleavage®} meta-ring cleavageell 2J3l &3l=x= 3}
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o] E.I1% ] H4]. 4-chlorocatechol(dCC)- extradiol di-
oxygenaseel| ©]3ll S-chloro-2-hydroxymuconic semialdehyde
(5C-2HMS)Z #3531, 5C-2HMS%: 2-hydroxypent-2,4-
diencate®} 4-hydroxy-2-oxohexanoate® % acetyl-CoA
E AR & TCA cycleZ FFHT3,5,6,8,13]. o] 2
< 2 HH S ehds 5-chloro-2-hydroxymuconic
semialdehyde dehydrogenase (SC-2HMSD)E $}3%3}5l=
xIG2] 7% P putida CF600, P putida G7, P putida
mt-2 5% ’rr*}“} 7Veg Ze AR bphG, dmpC,
nahl SoA 22 Ba€ B}t 9o 1,5,7).

B Ao A" Pseudomonas sp. S-47 Ak A
315l A Seo 5 [18]0 281 Fe]¥ 4CBA £3)
TFEA, 2 “ﬂ:f""aw]’q oju] X%l ule} o] 4CBAE
A2 4CCE E3)" % 4-chlorocatechol-2,3-dioxygenaseell
2]a] 5-Chloro-2-hydroxymuconic semialdechyde® =13j %
©}H11,12,13,15].

B A3 M Pseudomonas sp. S-47¢] 5C-2HMSE
ojugt AR 2 Halsh=A] A3, SC-2HMSE £33}
£ dehydrogenase® 9333l fAAR wiIGE E293)
of 971G BA 3 Halsg A8 A7 EEAl
o]®] dehydrogenase®}2] 7“l§]'7‘-'1‘ Frd ¥AE w3
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£ AfME= 4CBAE EIE ¢ e IF
Pseudomonas sp. S-47% ARl A gS $3)
gt WElZ E coli XL1-Blue®} pBluscriptll SK(+)
phagemid(Stratagene, La Jolla, CA, USAYE AME3|3ict.
3 A3E 913le] Pseudomonas sp. S-472) chromosomal
DNAZHE 4CBAE #33l: +AAE s A=
F5 pCSIT} 1iG $RAE THET Q= pCS202E A}
43153}, Pseudomonas sp. S-472F 3AAZ| AMSE S5
AE g3 Fkar| 2] 5ALE Table 19 Hepisie.

4CBA ¥30<l Pseudomonas sp. S-47% wokstr] 4
A MM2 A AR E AREIdTh. MM2 A HAa
ujR] e} FA-L 1 uM FeSO, + 7TH,0, 100 uM CaCl, * 2H,0,
UM MgSO, - 7TH,0, 8.5mM NaCl, 18mM(NH4)SO,Z
-3t 10mM potassium phosphate buffer(pH 7.0)ell %
o B4 O 2 4CBAS agar 1.5%2 H7Fskadct

SAu| X 2= LB(Luria-Bertani) WX $HF 1L
Bacto trypton 10g, yeast extract Sg, NaCl 5g=|7] A7}
3o ARg-3l9l 3, STAuIR]L] 7% agar powderE 1.5%%Y
7ksted ARgsldct. Ax2g F59] AdE wiA]el= ampici-
lling 50pg/mi=|A X7kste] AMEsl AAwix]= 37°C
of| A =18} whekalsde).

DNA ==t gl MI|YS

N2 Fekanj=e] 22l alkaline lysis HPHS o] &
31903, DNA subcloning, A|ZFEAA ], gel 27|35 &
PR 5& dbHor oyl upyg-E ARESIIH16].
AR 2= ampicilline] 50pug/ml A7F8 LBIIA S o] 4
313}, SequencingS $18 AMxF FEkAn| = Wizard
Plus Minipreps(Promega Inc., Madison, WI, USA)YE A}
L3l FE3l9int. 23 A2 Fekv = 9riMd

]

+— Imager IITM system(Bioneer co., Chungbuk, Korea)
= o83l el

NUCLEOTIDE SEQUENCE OF xylG FRoM Pseupomonas sp. S-47 9

5C-2HMSe| &3}
71AE& AZ3sF7] sl Catechol 2,3-dioxygenase %At
ZE318)= E. coli CSS2025 A2 Auksle] wiok
¥ ImM catechol& 713t th& 1A17F B9t ARl A
A315de}. Catechole] 7142 ARg-slala} s 5C-2HMS
2 kA3 A wE gobrr] 98] 108 722 UV-
VIS spectrophotometerS- ©]-8-3}¢{ catechol®] E3E &4
skaz, bAlslA SC-2HMSE A&=9-S o) UAlR-e](6,000
xg, 4°C, 108)8 F, AFAEL F=3led UV-VIS
spectrophotometer®. A5}, o9} 22 v O =F 380
mmol|A 5SC-2HMSE #elst F o|7& 7|A=Z A3l
5C-2HMSDS] Hall% &2 resting cell assays o]%
s}, Resting cell assayell 83 HFFEH S F9]3)
71 8} wiGE Z+3XdE Pseudomonas sp. S-473} E.
coli CSS202, E. coli ENV5E ZpzF Aux]ol| A wjoksl
5 71"l 5C-2HMS7F = 50mM sodium potassuim
phosphate buffer(pH 7.5)°ll TA& AH7I8ted Wikt =
3 dzFoRe 7)1l 5C2HMSTE H7EEe] 9l 50
mM sodium potassuim phosphate buffer(pH 7.5)% A
sldet. 2+ #5271 239lE  dehydrogenase?] H&l%2
UV-VIS spectrophotometerg AME-3le] |9} 7]Al7ke] £
N AEE SAsAH.

H

o o it

xylGRl 224 W FIIME 2M

xpIG2] subcloning Pseudomoans sp. S-4725E] clon-
inggt ANZxZ Fekir|=¢l pCSS202¢A45-E] subcloningS
3139}k, xIGZ subcloning 317 $13le] A2 Fepaw=
ql pCSS202ZHE] pCSS2029F SK(HIE Pstlsh Claleg
Ackslel 747k A= AHE THeE 42 v, T4 DNA
ligaseE o] 43l ligations 3t SFAEQ E coli
XL1-Blueell Sambrook 5[1619] vPHel we} &= A3ts)
Aot A A3 F ADYRE o] 83te] LBIAuRAo] X-

Table 1. Bacterial strains and plasmids used and prepared in this work

Strain or plasmid

Relevant marker

Source and Reference

Strain

Pseudomonas sp. S-47  4CBA", 4CC", 4MC*, CT", Ap"

Seo et al., 1998

E. coli XL1-Blue supEA4 hsdR17 recAl endl gyrA46 thi F'[proAB+ lacZAM15Tn10(tetr) Stratagene Ltd.
relAl A(lac-proAB)

Plasmid

pBluescript SK(+)II Ap' cloning and sequencing vector Stratagene Ltd.

pCSS202 Ap" 4.3kb Xhol-Pst1 insert encoding 4CBA degrading genes from pCS201 by using Kim et al., 1998
pBluescript SK(+)II

pENVS Ap’ 2.6kb PstI-Clal fragment derived from pCSS202 This work

PENV6 Ap' 2.0kb Pstl-Xhol fragment derived from pENV5 This work

pENV7 Ap" 0.8kb Xhol-Clal fragment derived from pENV5 This work

PENVS8 Ap' 1.4kb PstI-Sacll fragment derived from pENVS This work

Abbreviation: 4CBA, 4-chlorobenzoate; 4CC, 4-chlorocatechol; 4MC, 4-methylcatechol; CT, catechol; AP, ampicillin (50 pg/ml)
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gal(20 pg/ml in dimethylformamide)3} isopropylthio-B-D
-galactoside (IPTG, 200 pg/ml)E XslT, o] wjz|d
bacterial solutions E=%3}e xiGE zt= FeE 13 A
whslolet.

7MY ZAS 98 Sambrook S[16] I3 whH-E
o] &3le] d7IMd AAL {3 FEES s 971
Ald 2AE A 28] Axe Axg Sekar=d
pENVS23e 2zt Psiel Xhol, Xhol®} ClaloZ Atk
F 2719455 T3l 2.0kbet 0.8kb ARG A3 A
g9y 7 S U3 AR HEE Eepan| = 9
E{ql SKol T, DNA ligase® AM23}e] ligationd}gl il ]
A sfe] doidl EF2 A7 pENV6SE pENVISE 9
gajedet. 283, QX Fekw] =9l pENVSE P
Sacll2 Awdsle] A71995-& B A" 1.4kb RS A
719} U3 W o2 pENVEE A|Z3vt. o] 52 7]
ML s e AZRE #FEA »IcE EF3E
pENVsHETH 22 37|12 Azpsign 2] Eillss
resting cell assayZ #eldlec).

Wizard Plus MiniprepsS ©]-8-3] F8]% double strand
DNAe®l| 2N NaOH, 3M sodium acetate(pH 4.8), 100%
ethyl alcohol, 8|3 70% ethyl alcoholS ARl 5353
o2 AREEY. o]gA Alxd $£3 DNAE Bionex,
Inc.(Seoull] 2F3led AT, F7|M L} opm|x=At A
92 DNASIS/PROSIS(Hitachi V. 7.06) programS AR
dled M3t GenBank databaseol| A9 7|4 d 3} o}
)Xt Age] 73A-2 National Center for Biotechnology
Information ServerE E3] BLAST program 22 $33}9]
©}. Multiple sequence alignment¥ CLUSTAL X program
& x}23E]9I T 0] BlElO® N-J method®. treed 132
™ TreeView® dendrogramg 13 FA3}ic},

i o aF

xy/I2| 224

xyIGZE subcloningd}7] 18 Pseudomonas sp. S-479
5C-2HMS #3834 Bl A2y E=kar)=ql
pCSS2022 €] Clal} Pstl AH-E SK HE]ell ligationd}
of d& ANxF Eekaw| =5 pENVSE HHsigich Ax
&= pENV5Y FHele A7|d5& E3l Fig. 19 lane
CollA &lalsi.

5C-2HMS #3) F3A7F Eei9)i= pENVSEFE A<
He] Z7)E £017] 918k pENVSelAl 2.0kb 7|2 A
DEES Pole} Xholo 2 xelsln 722 o2 0.8kb
719 Xhol#} Clals AE|3te] Bt $ A3 A3
o} oA FAAZ A7 F TARA A S ep
L AJeke Aubsle] Fig. 20149} 7ol pENV6S} pENV7Y
olz} HHslglc}. =8 pENVSE Psrld} Saclls Awtsle]

MO Bovols

O.5—>‘”k ; S

Fig. 1. Electrophoretic patterns of subclones digested with sev-
eral restriction enzymes.

Lane: A, Size marker (WHindlll), B, pCSS202 (BamHI-Psi); C,
PENVS (Clal-Pstl); D, pENV6 (Xhol-Pstl); E, pENV8 (Sacll-
Pstl); F, pENV7 (Clal-Xhol); G, SK vector

SCG2HVS
activity
+
pENV8 h

Fig. 2. Physical map of recombinant plasmid pCSS202 and
its subclones.

B, BamHI; P, Pstl; Ev, EcoRV; Scll, Sacll; Bs, BstXI; C, Clal; X,
Xhol. ; (+) activity or (-) no activity.

A7)9} Fdar vpH o= 1.4kbe] AHE A)FSled pENVS
olg} W5l o] %S Fig. 19418} 3te] A7) 5-S S35
7Z}7} lane D, lane E, lane FollA AFE 718 &elslsid.

o9} Zre F2Y AL B3] 4CCE 3T & e
pCSS202° 2 HE| SC-2HMSE F-3|5h= pENVSSl 714
d BAHE S A2 2719 AEY ERkm|EE 99,
5C-2HMSD®] activity A2 xpIGx 2.5kbQl  Clalsh
Pstl siteol] S8R 9l5-S o 4 KA




5C-2HMSe] RslzHE

5-chloro-2-hydroxymuconic semialdehyde dehydrogenase®]
B3-S FA3) $1% 7122 pCSS20290 9Js) 4CCrt
2ol WAEE SC2HMSE AM4sldnt. F2v9%
pENV3Y] 2858 dolir] 319 4CBALH 4CC £l
SHAE BF 239 7 Pseudomonas sp. S-47
# 4CC F3) RS Z2aslE AR By pCSS202
F2X5E 5C-2HMSDe| A& EA431%1ck(Fig. 3). =3 o
Z2To3= T3t A HFFe  Pseudomonas sp.
S-472} pCSS202, pENVSE 92| o2 2202 3fed 7]
o] w2} Fgle] FalHEAY RS Flsidd. o
A3} H2dME Aol A= 71Ale] FallEle] 3k
HA devhe RS O 5 UM, AR FAL Rl
Fol ajMat Feldvhe 2 ERlsldel. Pseudomonas
sp. S-473} pCSS202, pENVSE 714 ZE AME8E 5C-2HMS
2 24417 ol FalEE =2 $4E JeRld sC-
2HMS dehydrogenaseo] NAD'E A71s19-S 79, NAD
S A7) & Al vls] 71"l 5C2HMSE wEA
FalEle A4E J9T o]E <72 5C-2HMS dehydro-
genase= NAD'E 313k} FAlel|l 5C-2HMS7} E3l==
A& 5C-2HMS®] F5adql 380nmell A Elaisdst. ol
ABE pENVSell: 5C2HMSE 233 4= 9= f3izkel
Wl AAA LR 34 ARFSTE e 4 5 Y3
EE ylG AR XS EZP e X =k
u|=<l pENVS?| @7 IMd BA A3, gicrt e AR
FE o] Fol| xylF2] AMAIZEe] AR EE S gl
I8 B2 Pseudomonas sp. S-472 SC-2HMSE xylGell
9l3le] tE3}E= 5C-2HMS dehydrogenase®l] 2] 3}ed
Fig. 44l Ei= wle} o] Ralisidet. ol 2 A3} A

-8 S-47 -4~ pENV5
-0— pCSS202 ~/\~ Control
2.0
g 1.5
<
g
T 1.01
o
2
0.54
0 - . ——p
0 3 6 9 12 24
Time (hour)

Fig. 3. Degradation of SC-2HMS by Pseudomonas sp. S-47
and its clones.

Control was the buffer containg SC-2HMS without bacterial inoc-
ulum.

NucLeoTiDE SEQUENCE OF XyIG FROM Pseupomonas sp. S-47 11

o] 5-chloro-2-hydroxymuconic aldehyde (5C-2HMA)e°|&}
L+ Z1% Inoues(1995)2F Hughes 5-(1984)9] =il wW|F
o] E1d 4 U

B Ao Fel®l 5C-2HMS dehydrogenase™ NAD
el 93 enol form®Z WMIAEE ring T WL
7ixe}. oA AL AP=E Aol o)L= isome-
rase®} decarboxylase® =3 4 o] deizkchs). ot
2h4] hydrolasedl] ©]3F AZeME keto formO2 ==
A7} viehp o)A L T3 £ 9 substraterte} FE)
¥ enzymeo| BFEr 1 Az s AYHE A=V}
gEthe A & 4 9ok =3 dehydrogenase®] -3
2ol disle] ojn] 7 HiEelx] Azpe} wlawgt A,
Pseudomonas sp. S-472 5C-2HMS dehydrogenaseS %
38l IG AR 28] SC-2HMSe|A1 5-chloro-2-
hydromuconic aldehyde (SC-2HMA)E. E-3]5 = meta-
cleavage 7322 APHArhe A& & UARTH9,10,11].

xyIG el 7MY Y 5C-2HMS dehydrogenase?| H&
8 2y

5-chloro-2-hydroxymuconic semialdehyde dehydrogenase
(SC-2HMS)E dE2ishe »iGe] 971M9E $As7] 4
sl] A2F Fekan|=el pENVSERE o 712 FE25

5}0}{
OH

4-chlorocatechol
(4CC)

o, |vIE
7 NAD NADH 2 oy
wCO0H mic N COCH
OH OH

S-chloro~2-hydroxymuconic  S-chloro-2-hydroxymuconi
sermaldehyde (SC-2HMS)  aldehyde (SC-2HMA)
a+|»iH

de

CH,
N v o'
«__-COOH xpll - COOH
OH OH

2-hydroxypent-2,4-dienoate 4-oxalcrotonate

(2HP-2,4-DEA)
|BUKQ
¥

pyruvate
+
acetaldehyde

Fig. 4. Degradative pathway of 4-chlorocatechol by Pseudomo-
nas sp. S-47 via SC-2HMS.

xVIE, 4CC 2,3-dioxygenase; xyiG, SC-2HMS dehydrogenase; xyiF,
5C-2HMS dehydratase; xylH, 4-oxalocrotonate isomerase; xylI, 4-
oxalocrotonate decarboxylase; xylJ, 2-oxopent-4-enoate hydratase;
xvIK, 4-hydroxy-2-oxovalerate aldolase; xy!/Q, acetaldehyde dehy-
drogenase.
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< Aol A $X9 97IMLE BAEAH. Fig. 5
A B 4 3l%e] 5C-2HMSD 312k catechol 2,3-dioxy-
genase AAFEHE] 3370 intergenic sequence®] down-
streamel] $1A|8}L Qlv}. A2F FekAw|= pCSS20290+=
catechol 2,3-dioxygenase (C230)7F F24=o][14] H7]1A
do] Eagl u} gl o]7lel w2 C230 fFAAE o4&
3loy H7IMES B3 d32 €230 F31AF2] downstream
o] 5C-2HMS dehydrogenase® 235l 43 02
QAL 9l meta- operon®] USS & T UTh
Pseudomonas sp. S-472] dehydrogenase A= 1,600
7N @72 A% VN9 open reading frame (ORF).2-
2 7Ase] 3w, ATG 7HAIZES} TGA BAZES 7}
A2 Qlet. ATG /WA ZECZHE 9F02 L glo|BE 2

g A7IMER FA4EE A9 (5-AGAG- 3')°l &8}
o] o] ORFx= ATGS TGAS zow AX|FE (TGA)

A 9719l @714 o}l Fol] 5-chloro-2-hydroxymuconic
acid dehydrolase F-2}2] /RAIFZEQ ATGZ} 1A8k ¢l
o} =8 giGe 487709 ofv] AR E FAJE polypeptide
2 @53} g 4 glon SR B Loy eholud

73} ¥-$]¢l ribosomal binding site(RBSY:= xylGe] $1%
o vepdet. olgfdt @71MY ¥42 5C-2HMS dehydro-
genase™= NAD'9| 213} g7 7]=el 5-chioro-2-hydro-
xymuconic semialdehyde(SC-2HMS)E-  5-chloro-2-hydroxy-
muconic acid(SC-2HMA)Z #3FA| 7)™ 4-chlorobenzoate
(4CBAY} 5C-2HMSel| st £ A7AleA a7 Bl
ARE vigpez FMg ZA3, 4CBAY E&|AbE<l
catechol?} 5C-2HMSE Fal|g 4= o+ Ax3 Zeav|=
pCSS20290%= xyiL, xylT, xylE, xylG, xylF«] TAE FHof
X, pENVSE wiGeb xylFe] 43S x3hsla Qo=
e FJ3kdet. =3 5C-2HMS= xylF"ﬂ ol gE3ts

5' TTCATGACCGTGCTGACCTGATGGTCGGTACGACTTATTGCAGAGATTGCGCAGATGAAA 60

xylE, xyl6
GAAATCAAGCATTTCA TAGCGGTGCCTTCGTCGGTTCGGCCAGCGGCAAGCTGTTCGAC

AATGTCAGg%ESEFCAACGGCCAGGTGATCGGCCGCGTCCACGAGGCCGGCCGCGCCGAG
GTCGACGCCECGETCAGGGCGECACGCECTGCECTGAAGGGACCCTGGGGGAAGATGACG
GTGGCCGAGCGCGCTGAGATTCTGCATCGCGTGECCEATGGCATCACGGCGCGCTTCGGC
ACCCTGACCGCCGACCTTGAGCAGTTCGCCGAGTGCCAACGGGTGATGGCGGCGGCGCTC
GAGTTTCTCG%GGCCCGAATGCCTGGACACCGGCAAGCCGAAGTCGCTGGCCAGCCACA

TCGACATTCCGCGCGGCECGCCAATTTCAAGGTGTTCGCCGACCTGCTCAAGAATGTTGC
CAATGAAGCCTTCGAGATGGCCACCCCGOACGGCECCGETGCACTCAACTACGGCGTGCG
CCGGCCCAAGGGGGTGATCGGGGTGATCAGCCCGTGEAACCTGCCGCTGCTGCTCATGAC
CTGGAAAGTCGGCCCEECCCTGGCCTGCGGCAACTGCGTGEGTGGTCAAACCATCCGAGGA
AACCCCGCTGACCGCCACCCTGCTCGGCGAGGTGATGCAGGCCECCEGTGTGCCGGCCEE
TGTGCCGBCCEECETGTACAACGTGGTCGCACGETTTCGGCEECEATTCGGCCGEGGCCTT
CCTCACCGAGCACCCGGACGTCGACGCCTACACCTTCACCGGCGAGACCGGCACCGGCGA
AACCATCATGCGCGngaﬁifAAGGGCGTGCGCCAGGTGTCGCTGGAGCTGGGCGGCAA
GAACGCCGGCATCGTCTTCGCCGACTGCGATATGGACAAGGCCATCGAGGGCACCCTGCE
CTCGGCCTTCGCCAACTGCGGCCAGGTCTGCCTGEECACCGAGCGGGTGTATCTCGAGCG
GCCGATCTTCGACGCGTTCGTCGCCCGCCTGAAGGCCGGCGCCCAAGCGTTGAAGATCGG
CGAACCGAACGATCCAGAGGCCAATTTCGGCCCGCTGATCAGCCATAAGCCCCGTGAAAA
AGTCCCCAGTTACTACCAGCAGGCAGTCGACGACGGCCCCACCGTTGTCACCGGCGGCGE
CGTGCCGGAGATGCCGECGCACCTGECCGECEECECCTGGGTGCAGCCGACTATCTGGAC
CGGCCTGGCCGACGATTCGGCGGTGETCACCGAGGARATCTTCGGCCCCTGCTGCCATAT
CCGCCCGTTCGACAGCGAGGAGGAAGCCAIgfﬂACTGGCCAACAGCCTGCCTTACGGCCT
GGCCTCGGCGATCTGGACCGAGAACGCTTCGCGCGCCCACCGCGTCGCCGGGCAGATTGA
GGCCGGCATCGTCTGGGTCAACAGCTGGTTCCTGCCGCGACCTGCGCACCGCCTTCGGCGG
CAGCAAGCAGTCGGGCATCGGGCGCGAAGGGGETGTGCACTCGCTGGAGTTCTACACCGA
GCTGAAAAACATCTGTGTG%AACTTTGAGGACCTGGT

TGAAATCGGTCGCGAAATCCTCGCCGCC  3°

Fig. 5. Nucleotide sequence of xy/G from Pseudomonas sp. S-47.
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+ 5C-2HMS hydrolase(MSH)*| 2J3l =] 2-hydroxypent-
2 4-dienoate(2HP-2,4-DEA)Z. Bl A 27} Balse] gl
oH10][11]. °l# 8 A=Al $1X]+=  dehydrogenase\-t
hydrolasedl] &J3) Ral== HEEH, o AAES #A%)
E AAAQ dEE s

Pseudomonas sp. S-479] 5C-2HMS dehydrogenase
Fig. 6914 Bz wle} 3ro] ofm|xeal @714 ds} frdate]
F27 EAlo] ¥|$=3) #F & P putida mt-291= 98%2]
AFEAS BT P ostutezeri A158F P sp. CF6002] 5C-
2HMSDSRE 80%21432] A5/ Bqieth. Tt ol 3]
Pseudomons cepacia 1LB4003} Pseudomons sp. DJ779]
SC-2HMSDS: 45% w|7e] ARgAS Holet ofd A
3 homology:s ©15 fAAP}L 352 724 5AL et
W= RS BelFEo} o] dehydrogenase 7+ strainvht
HEEe] sl AL HE2ARE Al Fedsh= 75l F
AWK xyll, xyIT, xylE, xviG 532 7ol frAFt operon
o] HAA M9} o2y, Aoz o FARN
o 4 9Jv}. =3 GenBank databasedl| A AR 7159
Azl ele] 9717} obr] At A9-E dendogramE L
2 BAE B Ad gicet 2 71%5E sk ARk
HMS dehydrogenase pathways Zt= FF9E FAHE

et

AtdC YAA
DmpC CF600
Nahl A15
XylG Mt-2
XylG S-47
BphG LB400
PhnG DI77

;AphCB356

01— CdoG JS765

Fig. 6. Phylogenetic relationship of the levels of homology
among the amino acid sequences of different genes in dehydro-
genase family.

Vertical lines indicate divergence events. Lengths of horizontal
lines represent relative times since divergence. The GenBank
accession numbers of the genes are shown in parenthesis as fol-
lows: YAA, Acinetobacter sp. YAA (AB008831); CF600, Pseudo-
monas putida CF600 (P19059); Al15, Pseudomonas stutzeri A15
(AF039534); Mt-2, Pseudomonas putida Mt-2 (V0116); S-47,
Pseudomonas sp. S-47; LB400, Pseudomonas sp. LB400
(X76500); DI77, Pseudomonas sp. DI77 (AF023839); B356,
Comamonas testosteroni (U47638); JS765, Comamonas sp. JST65
(AF190463).
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