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Cloning of Catechol 2, 3-dioxygenase Gene
from Pseudomonas putida
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ABSTRACT: Four strains of Pseudomonas putida (NAH), Pseudomonas sp. (TOL), Achromobacter
xylosoxidans, and Alcaligenes sp. were compared with their degradative capability of aromatic

compounds. All of the bacterial strains were utilized catechol as a sole carbon source for growth

03

but significantly different in degradative properties for 5 other aromatic compounds. Catechol
2, 3-dioxygenase gene from P. putida (NAH) has been cloned and expressed in E. coli. The
DNA clone designated pCNU101 contains NAH-derived 6 Kb insert and its physical map was
characterized. A subclone (pCNU106) for the catechol dioxygenase gene in pCNU101 contained
2.0 kb-DNA insert fragmented by Hpal and Clal.

KEY WORDS O P. putida, catechol 2,3-dioxygenese, NAH plasmid,

*x 2hgo] AEA o
HEZH Aol
Cind d-vds il
ﬁ}‘ﬂr?’”‘q "“401]*1 o
<+ veblu 2o B skl
E}. Zejvt zhed g ol A f’l*ﬁ ol
gl o# FalE 5 gk
u| Bl o7} zZHge] WEkEgES, 5 naph-
thalene, biphenylf, phenanthrene, toluene. hy-
droxy ™+ methylbenzoatef-2] F#jol Hojshe
EAEe] 32 BEsZeiav]s =E chromo-
somal DNAG¢|| operon &) 2 Zagtc}(Chakraber-
ty. 1976: Kim3} Tu, 1989; Pemberton, 1985). 7}
o] WEREIEEe v|yBe o3 FaA
ol 4 FEF7HH (common intermediate) € catec-
hol& #Ad3}9, catechol®] benzene ringe] 7fol =
of AMEIER MAH F lede] Eango] ool
TCA cycle®] F7 4|2 9&*4 -3 %1} (Ornston. 19

A

_r-

71; Franklin 5. 1983; Don¥ Pemberton, 1981;
Furukawa®} Matsumura, 1976). ¥W3F% Ra&l 37}
A catechol?] benzene ring 7§E<  catechol

Tol plasmid

dioxygenase2] Zwviol| 2]z 01014174 catechol 1. 2-

dioxygenase ‘2! catechol 2. dloxygcndsuﬁi H-E 5]
W, OB AaFael T ARAE whg Akl
25 47l A¥Ael dioxygenase = ]‘Jr
Catechol dioxygenasew 2+5-2] ulsk5313l5-0] 2
el Fostm, ik e A wlekEs qus}a_w
Hk-g-o] golalA %‘01‘@‘ = Qe A g
shAlole sspibed AR Ao shofslnn wz
LgEde] st Sl A mﬁl iUl 1 e A2 R

catechol dioxygenuse?] catechol =l gl 7]
HEo)A Wgl Bale 59 Aago g A=
uggk Agelth  Pseudomonas  putida(NAH) ¢}
Pseudomonas sp.(TOL) ol ézﬂﬂ% 7} catechol
2. 3-dioxygenase+= catechold  2-hydroxymuconic
semialdchye® W& A]7]= E}Q}‘””" Zvl e}
(Fig. 1). 229} catechol Aol thgl 7] Al Eo) 4

o {lgl W Eadd SudME zHelzh
(Harayama®} Rekik. 1989; Nakai %. 1983 Rojo
e 1987 2enE weks e dEalel FRol uje)
catechol 2, 3-dioxyzenasess %1314 #]-2-0} Alo]s}A

olofl Zo® b ¥ich



156  Kim. Choi Min and Kim

oH
o catechol 2,3-dloxygenase G:DH
+ 02

Fig. 1. Diagramatic  representation chemical
reaction  catalyzed by calecho/ 2 3-
dioxygenase.

Catechol is converted to 2-hydroxymuconic
semialdehyde by mera cleavage of a benzenc
ring.
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Table L. Bicdegradation of aromatic compounds by
bacterial strams

Aromatic _compound

Strain Bip Cat Hben Mben Nap Tol
Pseudomonas — + + _ + _
putida (NAH)

Pseudomonas - + — + — +
sp. (TOL)

Achromobacter  + + + — — —
xyvlosoxidans

Alcaligenes sp.  + + - + — —

Aromatic compounds are biphenyl (Bip). catechol
(Cat). hydroxybenzoate (Hben), methylbenzoate
(Mben). naphthalene (Nap), and toluene (Tol). Fach
strain can (+) or can not (—) utilize the indicated
compound as a sole carbon source.

E. coli HB1O0L transformationdte] NAH library
& A =3} Ligation ¥ transformationd ®-¢x=
Z1& oln] ¥uxl W& A3 tH( Maniatis 5 19
82).
Catechol 2, 3-dioxygenase2| §MZX

E. coli HBI01 =& 885 ¥43 E coli HBIOI
& LBulAldlM log phaseZ}#] wieFsl bacterial
pellet& 50mM  phosphate buffer(pH 7.0) <] 4
sonication HPH .2 =gk & 28000Xgel A 20
7 AR EEe crude lysated AEFHch o
crude lysate®] catechol 2, 3-dioxygenase #4-8- 0.5
M catechol. 50 mM phosphate buffer(pH 7.0) ¢
Rhg& el A WkS-4AHE-9) 2-hydroxymuconic semi-
aldehyde] 2]&t 53 375 nmol| A FPx e} =712
S48} Catechol 2, 3-dioxygenase®] unit& 15
&3t A=+ 2-hydroxymuconic semialdehyde 9]
nmol 72 At&3c}(Zukowski 5, 1983). o] f4 9]
unit2h 5HAF 375 nmof M o] F}i wistele] Adakil e
o3 e

Umt(s) - (AAm/mm)/O(B

AAyse 3 375 nmell A F3E Hilel 3, 003
g Aol 4 2-hydroxymuconic semialdehyde®]
nanomolar extinction coefficiente}t}. Catechol
2, 3-dioxygenase 2 specific activity®= wh# 2 mgwh
units® EAlAc) wiwzlo] oke Lowry #ho @
EA4NcH Lowry %, 1951).
dot W oy

HEE g2 2ils

thdetA-9d 2 2 biphenyl. naphthalene toluene,
hydroxybenzoate, methylbenzoate, ¥+ catechol&
Ab&8ked P putida(NAH), Pseudomonas sp.(TOL),
A. xylosoxidans X Alcaligene sp. 5 | JEFFE2]
A S 747‘4§}°i/‘1 ekl gl gl g Ty
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Fig. 2. Schematic representation of the construction
of recombinant plasmid. pCNU10]1.
pCNUI01 is a hybrid plasmid of NAH (bold
line) and pBR322 (thin tine) fragments
digested with EcoRI (E) and Pstl (P). Genetic
marker resistant to ampicillin (Amp) or
tetracycline (Tet) is indicated in the pBR322
and pCNUI10I.
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A e 13709 As fARE gheela
o=, #A7ZE 90kb AmEHE  Zelav)zolc)
(Schell, 1983). ¥ e} n]cgl NAH Jlof] Zx)

!

Cloning of Catechol 2 3-dioxygenase 157

2 3
< 3
é =

]
=< A,

P+E E

Fig. 3. Gel patterr of pCNUT01 digested by restriction
enzyme(s).
Size marker (SM) is HindIll-digested lambda
with 23.1.94,6.6.44.23.20 and 0.6Kb in
size (feft lane). Recombinant plasmid. pCNU
101 was  digested with Pstl plus  EcoRI
(middle lanc) or EcoRI (right lane).
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ligation3}a.  hostdl E coli HBI10le) trans-
formationdled NAH library§ #}x “D} NAH
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Fig. 4. Physical map and subclones of the
recombinant plasmid, pCNUI0L.
Restriction enzymes are Pstl (P), Hpal (HPI),
EcoRV (ERV). Clal (C), Kpnl (Kpl). and
EcoRI (EI). Subclones of pCNUIOI were
constructed by deletion.
catechol 2.3-dioxygenase in the subclones was
identified by color development. yellow (Y)
or colorless (N} after catechol spray.

dioxygenase 32kl whal 9l o] & Lo o3 &
o =} 5= 3helul-g-9) BA18 o) &3 Fo)uh(ZuKowski
%. 1983). Catechol 2, 3-dioxygenase7} Zvfs}=
shahub-g-of 4] 7] &) catechol& T3l wbd, ube-
ARl 2-hydroxymuconic semialdehyde= A
L el 2ElEE catechold EEHL o
reccombinant  DNAel 4 5] catechol 2, 3-
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iz 60072} FEE F e = 0E el
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pCNU1012| H|3t&EA X|E 2 subclone?] wl&
M2g F2 pCHNUI01S AZFE AT 77E2]
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agarosc gelol| A A7]93%4 slo] =g}t NAH-6
Kbe] insert DNA9] oFE-3 Auisl: Agisr)
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Table 2. £xpression  of  NAH-catechol
genase gene n E. coli HB107.

2,3-dioxy-

Specific activity

Plasmid (units/mg of protein)
None 0
pCNU101 137
pCNU102 0
pCNUI103 124
pCNU104 0
pCNUI10S 140
pCNU106 152

Catechol 2. 3-dioxygenase activities were measured
spectrophotometrically at 375 nm. One unit of the
enzyme  activity  was  defined as [ nmol 2-
hydroxymuconic semialdehyde formation per minute.

Pstl2} EcoRIgle] #alsgdel 28] insert DNAS
s Clal, EcoRI, EcoRV, Hpal, Kpnl, Pstl2]
A gta A Ae]E 2Asted o Aval, BamHI, Pvull.
Sall 59 ANFELEL insert DNAE Ay 4
e AL BHAYKFig 4). A=F Sepin=q)
pCNUI01 4 catechol 2. 3-dioxygenase §%=}2]
A2E FA37) 28l deletion #BH 2 2 subclone
e F- catechol S #7318 o) sb-g vehl =3
o5 shalgich Pstid} Kpnlo@ Acgkg 35Kb
insert-- 3% subclonesl pCNUI103, Hpal#}
Pstlo® Axtgl 3.8 Kb insertg 873§ subclone?)
pCNU105, 72)% Hpals# Clale® dskg 20 kb
insert-& 3f- subclones] pCNU1062 catechol&
EFYed cae Jepdoh zed Pstd
Hpal& Htbgl |1 Kb insertg #4-3 pCNUIL02
% Kpnl#} EcoRIC.Z Hebd 3Kb inserts 343
pCNUI1045= catechol & 7L o katd-g v}e)
W= ekt pCNUI01 3 2} subclone 9] catechol
2.3-dioxygenase B4-& ME H]5g AEE el
t}H(Table 2).

8

WaRatghEe) Balwol e Preudomonas putida(NAH), Pseudomonas sp.(TOL). Achromobacter xvlosoxidans %
Alcaligenes sp. & 4579 vl o3 whekE 3¢ B (biphenyl. catechol, hydroxybenzoate, methylbenzoate.
naphthalene. 2 toluene) ®] F8l5H & H7igck 28 |5 #550] catechole 4 Halslg o} e wagps
shehEol e Fa o> M2 @A) B AL gAY} 283 P purida(NAH) &} catechol 2. 3-dioxygenase 4 3}2
FRYILE colidl o] WS f X8t} Catechol 2. 3-dioxygenase 428 48l ol S2(pCNUIOIE mind)
& 6Kb insert?} 3.6 Kb pBR3227} Az 3gl Ha}anj=gl o, pCUNIOL Well 4 catechol 2. 3-dioxygenase 541712
e #H a9 subclonesl pCNUI06& Hpalst Clale @ Aedgk 20 kb-DNA sequence® #-§3tw gth
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