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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,
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.
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Fig. 1. Diagramatc  representation  of
reaction  catalyzed by
dioxygenase.

Catechol is converted to 2-hydroxymuconic
semialdehyde by mera cleavage of a benzene
ring.
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Table 1. Biodegradation of aromatc compounds by
bacterial strains

Aromatic_compound

Strain Bip Cat Hben Mben Nap Tol

Pseudomonas - + + — - _
putida (NAH)

Pseudomonas - -+ — + - +
sp. (TOL)

Achromobacter -+ - + . _ _
xvlosoxidans

Alcaligenes sp. + -+ — + — -

Aromatic compounds are biphenyl (Bip). catechol
(Cat). hydroxybenzoate (Hben). methylbenzoate
(Mben). naphthalene (Nap). and toluene (Tol). Each
strain can (+) or can not (--) utilize the indicated
compound as a sole carbon source.
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Fig. 2. Schematic representation of the construction
of recombinant plasmid, pCNU101.
pCNUI0I is a hybrid plasmid of NAH (bold
line) and pBR322 (thin line) fragments
digested with EcoRI (E) and Pstl (P). Genetic
marker resistant to ampicillin (Amp) or
tetracycline (Tet) is indicated in the pBR322
and pCNUI0I.
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Fig. 3. Ge/ pattern of pCNUT0]1 digested by restriction
enzyme(s).
Size marker (SM) is Hindlll-digested lambda
with 23.1.94,6.6,44.23.20 and 0.6Kb in
size (left lane). Recombinant plasmid, pCNU
101 was digested with Pstl plus EcoRI
(middle lane) or EcoRI (right lane).

&= catechol 2,3-dioxygenase:= catechol®] ben-
zene rings meta cleavage 7 Zel old 7] d3}e]
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tetracyclineol] #8}4jo] a2 ampicillinel] 7ZHEAS
eh= 85, & recombinant DNAS &-gsh=
&5 s color screeningg =38t} Color
screening- recombinant DNAW catechol 2, 3-
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Fig. 4. Physical map and subclones of the
recombinant plasmid. pCNUI01.
Restriction enzymes are Pstl (P). Hpal (HPI),
EcoRV (ERV), Clal (C). Kpnl (Kpl). and
EcoRI (El). Subclones of pCNUIOL were
constructed by  deletion.
catechol 2.3-dioxygenase in the subclones was
identified by color development. yellow (Y)
or colorless (N) after catechol spray.
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Table 2. Expression  of  NAH-catecho!
genase gene in E. coli HB1017.

2 .3-dioxy-

Specific activity

Plasmid (units/mg of protein)
None 0
pCNU101 137
pCNUI102 0
pCNU103 124
pCNU104 v
pCNUI105 140
pCNU106 152

Expression  of

Catechol 2.3-dioxygenase activities were measured
spectrophotometrically at 375 nm. One unit of the
enzyme activity was defined as 1nmol 2-
hydroxymuconic semialdehyde formation per minute.

PstI2} EcoR14lo] &<ql=¢gdch 18] 2 insert DNAS
Arhsh= Clal, EcoRI, EcoRV, Hpal, Kpnl. Pstl2]
Agka sz E T3t o Aval, BamHI. Pvull.
Sall 59 AZEALES insert DNAE Hxha
S e #HAHFig 4). Az Zepan|zal
pCNUI01°| 4] catechol 2.3-dioxygenase -f+%1zle]
Hx2 FA57] 93 deletion W & subcloneE
"= % catechold #F3S o =gk vpeh)E=x|
oALE Q°]§“E} PstI7} Kpnl2Z AHgrzEl 35Kb
insert&  #H3t subclonedl pCNUI103, Hpal3}
Pstle 2 Hxh®l 3.8 Kb insertS g3 subcloned!
pCNU105, 2] Hpal3} Clale2 dehel 20kb
insertg &7 subcloned] pCNU106- catechol &
Faaow -epAe Jelyo  zeu Psta)b
Hpal°.Z Akl [ Kb inserts &3 pCNUI02
2 Kpnl#} EcoRIe. 2 Het® 3 Kb inserts 3H3
pCNU104%= catechol S vrfé‘l; o kg vje}
W= edskr}. pCNUI10134 7t subclone£-2] catechol
2. 3-dioxygenase &2 A2 w53t AR el
tH(Table 2).

e

= Pseudomonas putida(NAH). Pseudomonas sp.(TOL), Achromobacter xylosoxidans

Alcaligenes sp. = 43‘—;'%--4 ”]"B St Fol 2lgh uheks :ﬂ-f‘.}w(bnphenvl catechol. hydroxybcnzoate mcthvlbenzoate

naphthalene, * ‘ toluene)/l R T”P?‘i‘:} 3=
sgHEel o gk -
i’}j&‘s‘ &a E (olloﬂ H o] utal g
©- 6 Kb insert?} 3.6 Kb pBR3227} 2} z3t%!
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¥epo| s

uAE A
M= g Hd o & 7S #lEge} a8 P puzida(NAH)ﬁl catechol 2
F= e} Catechol 2. 3-dioxygenase £47-2 F#3h3 ol 2E(pCNUI0IZ %)
29300y, pCUNI01 el 4] catechol 2.3-dioxygenase 425
s:2171¢] subclonesl pCNU106-2 delllr Clalo.® Aekgh 20 kb-DNA sequence® #38kr ich

So] catechold £+ Fafstel ot q,a upFE

. 3-dioxygenase f '1 1218
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