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The intermediate in the reaction catalyzed by 4.chlorobenzoate dehalogenase from Pseu&~monas sp. CBS3 was identified as 4-chlorobenzoyl-Cot\. 
One component of 4-chlorobenzoate dehalogenase worked as a a 4-chlorobenzoyl-CoA ligase catalyzing the formation of 4-chlorobenzoyl-CoA 
from 4-chlorobenzoate, cocnzyme A and ATP. This intermediate was detected spectrophotometrically and by HPLC. 4-chlorobenzoyl-CoA was 
the substrate for the dehalogcnase component, which catalyzed the conversion to 4-hydroxybenzoate with concomitant rcleasc of coenzyme A. 

4-Chlorobenzoate; 4XhIorobcnzoate dehalogenase; 4-Chlorobenzoyl-CoA: Dehalogenation: Degradation of chlorinated hydrocarbons; Pseudo- 
tnottos sp. CBS3 

1. INTRODUCTION 2. MATERIALS AND METHODS 
2.1. Organism nndgrowrh conditions 

It is known that many microorganisms, especially 
bacteria, mineralize a multitude of halogenated hydro- 
carbons, at least under laboratory conditions. Despite 
the chemical stability of many halogenated hydrocar- 
bons, bacterial enzymes are able to catalyze the release 
of the halogen substituents. It is therefore of great inte- 
rest to elucidate the mechanisms of how these enzymes 
work. The 4-chlorobenzoate dehalogenase from the 4- 
chlorobenzoate (4-CBA) degrading bacterium Pseudo- 
monas sp. CBS3 catalyzes the conversion of 4-CBA to 
4-hydroxybenzoate (4-HBA) [l]. This dehalogenase was 
shown to be a two-component enzyme system [2]. The 
dehalogenating reaction prodeeded without the involve- 
ment of molecular oxygen and the newly introduced 
hydroxy group was derived from water [3]. Cocnzyme 
A (CoA), ATP and Mg” were essential cofactors for the 
reaction. We have proposed a mechnism for the dehalo- 
genating reaction as shown in Fig. 1 [4]. In this paper 
we describe the isolation and identification of 4-chloro- 
benzoyl-CoA as an intermediate in the dehalogenation 
reaction. 

The isolation, characterization and growth conditions of Pseudo- 
tttorzus sp. C&S3 as well as the prepation of crude extracts and the 
separation of both components have already been described [1,2,5]. 

2.2. HPLC equipment and chromatograplt)l procedure 
A high performance liquid pump (Phannacia LKB HPLC Pump 

2248) equipped with an auto-sampling injector (Gilson model 231 with 
dilutor M401), a photodiode array detector (waters 994) and a re- 
versed phase column (LiChrospher 100 RP-18 (5 ,tfm), 125 x 4 mm 
inner diameter, Merck) were used. The mobile phase was 50 mM 
phosphate, pH 5.5/2-propanol (90:10, v/v). The flow rate was 1.5 
ml/min and detection was performed at 245 nm. All measurements 
were carried out at room temperature. 

2.3. Enqwte nss~tys 
2.3,1. 4-CBA-Cod ligase 

The activation of 4-CBA to 4-chlorobenzoyl-CoA was followed by 
HPLC. The reaction mixture (400 ~1) contained 100 mM potassium 
phosphate buffer, pH 7.0, 9 mM ATP. 1.25 mM CoA, S mM MgC12. 
I .25 mM 4.CBA, and the dehalogenase component. The assay mixture 
was allowed to equilibrate at 25°C and then the reaction was started 
by the addition of substrate. The enzymatic conversion was terminated 
through the adjustment of the pH to 2, with 6 N HCI. 
2,3.2. 4-CBA-CoA dehalogenase 

Dedicated to Prof, Dr. F. Lingens on the occasion of his 66th birthday. 

The substrate for the dchalogenase component, 4.chlorobenzoyl- 
CoA, was produced enzymatically with the ligase component. The 
reaction mixture (400 fll) contained 100 mM potassium phosphate 
buffer, pH 7.0, 4-chlorobenzoyl-CoA and the dchalogenase compo- 
nent, The enzymatic reaction was performed at 25°C and stopped by 
the addition of HCI, 

Abbreviotiot~s: 4-CBA, 4-chlorobenzoate; 4-HBA, 4-hydroxybenzo- 
ate; CoA, coenzyme A. 3. RESULTS 
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__-._-_ _, ._.- _..___ _ _._.. - __.__.._. -__p__ __, _ - 3 901052,ZlOO Ham- 
burg 90, Germany. 

When 4-CBA was incubated with CoA, ATP, Mg2+ 
and the purified ligase component of 4-chlorobenzoate 
dehalogenase from Pseudomonas sp. CBS3, a new peak 
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Fig. 1. The proposed mechanism for the reaction catalyzed by 4- 
chlorobenzoate dehalogenase from Pseudomonas sp. CBS3. 

with a retention time of 9 min was detected in HPLC. 
(peak II, Fig. %c-%e). Under the chosen chromatogra- 
phy conditions ATP and CoA were elutecl near the 
front. 4-CBA had a retention time of about 5 min (peak 
I, Fig. 2a). The decrease of the peak area of 4-CBA was 
correlated with the increase of the peak area of the 
reaction product, Without the addition of the ligase no 
additional peak was detected (Fig. 2a). Equally, no ad- 
ditional peak was detected when CoA was missing in the 
test system (Fig. 2b). Samples of peak II were collected 
and lyophilized. The residues were dissolved in 50 mM 
phosphate buffer, PI-I 7.0, and re-chromatographed. As 
expected, only a single peak with a retention time of 9 
min was detected (peak II, Fig. 4a). Coenzyme A 
thioesters are known to be stable at acid @-I but are 
rapidly hydrolyzed at alkaline pH values [6]. The 
obtained residues from peak II were dissolved in 50 mM 
phosphate buffer, PI-I 7.0, and spectra were recorded. 
The enzymatically formed substance revealed an ab- 
sorbance maximum at 258 nm (Fig. 3, ~0). The 
spectrum remained unchanged at pH 2.0. After the 
adjustment of the pH with IQ N NaOH to pH 11 spectra 
were recorded after different times. Figure 3 shows the 
change of the spectra in dependence of the incubation 
time. During the incubation at alkaline PI-I the original 
spectrum with one maximum at 258 nm was traas- 
formed into a spectrum with two maxima at 237 and 257 
nm in accordance with that of an equimolar mixture of 
4-CBA and reduced CoA. 
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Fig. 3. Change of the UV-spectrum of enzymatically formed 4-chloro- 
benzoyl-CoA after the adjustment of the pH to 11. The spectra were 

recorded after 0.5, 1.5, 30, 60, 120 and 240 min at 10°C. 

In another experiment the residues from peak II, ob- 
tained after purification by I-IPLC and lyophilization, 
were dissolved in 50 mM phosphate buffer, pH 7.0, 
adjusted to p1-I 11 with 10 N KOH and heated to 50°C 
for 15 min in a water bath. After this procedure a sam- 
ple was subjected to NPLC. Peak II had disappeared. 
One peak near the front and one peak with a retention 
time idential to that of $-CBA were detected (Fig. 4b). 
The spectrum of the peak at 5 min was identical with 
that of authentic 4-CBA. The peak at the front was 
identified as CoA. 

After incubation of the reaction product of the above 
described reaction (peak II) with the dehalogenase com- 
ponent of 4-chlorobenzoate dehalogenase of F’seudo- 
monas sp. CIBS3, peak II disappeared. The disappea- 

t lminl 

Fig. 2. HPLC chromatograms of the reaction products formed after 
incubating the ligase component with ATP, CoA, MgCl, and 4.CBA 
for 1 min (c), 40 min (d) and 100 min (e). No formation ofthe reaction 
product was observed when the ligase component (a) or CoA (b) were 
missing from the reaction mixture. I, 4-CBA; III 4-chlorobenzoyl- 

CoA. 
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Fig. 4. HPLC chromatograms of the reaction products formed in the 
ligase reaction before (a) and after (b) incubation at alkaline pH. 
4-chlorobenzoyl-CoA is hydrolyzed to 4-CBA and CoA. I, 4-CBA: II, 

4-chlorobenzoyl-Cob; III, CoA. 
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Fig. 5. Enzymatic of the reaction product of the ligase component without the dehalogenase component (a), with the dehalogenase component 
after 30 min (b), and after 120 min (c). The disappearance of peak II is couplsd with the formation of CoA and 4.HBA. II. 4-chlorobenzoyl-Co& 

III, CoA; IV, 4-HBA. 
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rance was associated with the development of 2 peaks I-Ience, this component worked as a hydrolase. In ac- 
near the front. These 2 peaks were identified on the cordance with the intermediate formation of a CoA- 
basis of their spectra as CoA and 4-HISA, respectively ester (see Fig. l), in these labelling experiments in addi- 
(peak III and IV, Fig. Sb,c). After an incubation time tion to the ring hydroxy group, one oxygen atom of the 
of 120 min, peak II was completely canverted to CoA carboxy group was labelled. In contrast, Marks et al. 
and 4-H&4. Without the addition of the qlehalogenase [8], who worked with an Arthrobacter species, reported 
component no formation of CoA and 4-HI3A was ob- that only the ring hydroxy group of 4-HBA contained 
served and peak EI remained unaltered. From these re- labelled oxygen. These data suggest that 4-chloro- 
sults we concluded that peak II consisted of 4.chloro- benzoyl-CoA is not an intermediate in the dehalogena- 
benzoyl-CoA and was an intermediate in the dehaloge- tion of 4-CBA by Arthrobacter. This might indicate the 
nating reaction catalyzed by 4-chlorobenzoate dehalo- existence of at least 2 different dehalogenating mecha- 
genase from Pseudomonas sp. CBS3. nisms for 4-CBA. 

4. DISCUSSION 

The dehalogenation of $-CBA was an ATP and CoA 
dependent reaction, catalyzed by the 2 components of 
4-chlorobenzoate dehalogenase. By analogy with other 
known ATP and CoA dependent enzymes, we have po- 
stulated a reaction sequence with 4-chlorobenzoyl-CoA 
as an intermediate [4J. The results described above sub- 
stantiate this assumption. One component converted 
4-CBA in the presence of ATP, CoA and Mg2’ to 4- 
chlorobenzoyl-CoA indicating that this component 
worked as a 4-chlorobenzoyl-CoA ligase. 4-Chloro- 
benzoyl-adenylate might be an enzyme-bound inter- 
mediate in this reaction [7]. 4-Chlorobenzoyl-CoA was 
the substrate for the other component. No cofactors 
were required fot the ilinal dehalogenating reaction. The 
chlorine was substituted by an OH- and CoA was split 
off. Wat.er was utilized as the hydroxyl donor as shown 
by Miiller et al. [3] in labelling experiments with H2”0. 
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