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1. SUMMARY 

Pseudomonas putlria strain CLB 250 (DSM 
5232) utilized 2-brorno-, 2-chloro- and 2-fluoro
benzoate as sole source of carbon and energy. 
Degradation is suggested to be initiated by a 
dioxygenase liberating halide in the first catabolic 
step. After decarboxylation and rearomatization 
catechol is produced as a central metabolite which 
is degraded via the ortho-pathway. After inhibi
tion of ring cleavage activities with 3-chloro
catechol, 2-chlorobenzoate was transfonned to 
catechol In nearly stoichiometric amounts. Other 
orlho-substituted benzoates like anthranilate and 
2-methoxybenzoate seem to be metabolized via 
the same route. 

2. INTRODUCTION 

Halogenated benzoic acids have served for a 
long time as model compounds for studymg 
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bactenal catabolism of halogenated aromatics 
[1-6). 

In this context the orlho-substituted halo
benzoates were of special interest as they proved 
to be more reluctant against biodegradation than 
the other Isomers. Whereas a lot of a information 
on the metabolism of 2-fluorobenzoate is aV3.11able 
[4], the other 2-halosubstituted benzoates were 
studied in much less detail. Utilization of 2-chlo
robenzoate (2eB) by a Pseudomonas CepaCIQ strain 
was claimed in the description of a patent [7). 
However, by reexamination of the strain (kindly 
supplied by J.B. Robinson, Battelle Columbus 
Laboratories, Columbus, OH, U.S.A.) the cata
bolic potential described by the authors could not 
be reproduced. Another Pseudomonas cepacia 
strain [8] was described to utIlize 2CB via catechol 
as an intennediate. The authors evidences against 
the involvement of other compounds 10 the de
gradation pathway (i.e. salicylate, chloromuco
nate), however, are ambiguous. Therefore studies 
were undertaken in order to broaden our knowl
edge on the mechanism of biodegradation of 2-
halobenzoates. Some results obtained by an Al
caligenes species, strain CLB 280, have already 
been published [9]. This strain is currently further 
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Investigated. In the present communication a 
Pseudomonas pUflda strain is described and the 
results of the studies on biodegradation on 2-
halobenzoates are discussed III comparison with 
the reports mentioned above. 

3. MATERIALS AND METHODS 

3.1. Organism 
For enrichment purposes a rruneraJ medIUm 

was used as described by Darn et a1. [5). 2-Chloro
benzoate (2CB) without any additional vitarruns 
was used as sole source of carbon and energy at 
later stages of isolation procedure. At the begm
ning 0.1% of yeast extract (Difco) was supple
mented after sterile filtration . 

3.2. CharacterzzatlOn 
Most tests were performed as listed In the 

' Manual of methods for general bacteriology' [10]. 
For species estimatIOn the Api 20 NE test (Apl
Merieux, Niirtingen, F.R.G.) was used and the 
results was evaluated by a computer with 20 NE
test specific software. The strain is deposited In 

the Deutsche Sammlung fUr Mikrobiologie. 
Braunschweig under the number DSM 5232. 

3.3. Analyllcal methods, culture condillOns, prepara
tIOn of cell extracts, estImatIOn of enzyme actwlfles 
m crude extracts or tntact cells 

These have previously been descnbed [11). 
Spectra were recorded in situ during HPLC (see 
[12]; the eluent composition was modified to 35% 
methanol). 

Table 1 

4. RESULTS AND DISCUSSION 

4.1. Enrichment of stram CLB 250 
Sewage sludge from the sewage treatment plant 

of Hoechst Ltd .. Frankfurt was moculated 1010 a 
2-chlorobenzoate contairung mineral medium. 
After some weeks decrease of substrate concentra
tion was monitored with HPLC. After transfer 
mto fresh medtum a well growing rruxed culture 
was achieved_ From this a pure strain CLB 250 
was isolated by standard microbiological methods. 

4.2. CharacterizatIOn of stram CLB 250 
Cells of strain eLB 250 were short, mobtie 

rods. They were oXidase posittve. Gram-negative 
and grew at 4 0 C but not at 37 0 C. Out of seventy 
non aromatic compounds tested, only glucose, 
fructose, mannose. glycerol. ribose. gluconate. 
esculine, caproate, malate and Cttrate were utihzed 
as carbon sources. Metabolism of sugars was 
strictly aerobic. no growth was observed under 
fermentative conditiOns. From aromatic substrates 
tested, beside phenoxyacetate and benzoate also 
2-fluoro-. 2-chloro- and 2-bromobenzoate. 2-
methoxybenzoate and 2-aminobenzoate served as 
growth substrates. Salicylate, 2-methyl- and 2-
lodobenzoate did not sustain growth. On Kmgs B 
agar plates a yellowish pigment was produced, the 
control strain Pseudomonas pUlJda arVIlla mt-2 
showed identical behavlour. According to API 20 
NE classificatIOn strain CLB 250 was tentatively 
identified as Pseudomonas pUllda with very high 
probab;lity (99.9%). 

Utlhzatlon of 2-halobenzoates by Pseudomonal: pUllda stra.m CLB 250 

Growth substrate Substrate concentr:Hlon {mMJ a! IsJ to (Ha! J < 

" 
. 

'" • 
2-Fluorobenz.oate 6.5 1.5 4 32mM 
2-Chlorobenzoate 51 0.1 5 4.9mM 
2-Bromobenzoate 4.2 07 J5 3.5 mM 

Cells were grown With tile respective growth substrates . 
• Substrate concentrations were detenruned With HPLC at tlmc zero and after iO h 
to The amount of substrate consumed IS given in mMol per htre 

[Ha!) 
- - x100 
i'i 

80 

'8 
100 

C Release of hahdes was measured by use of fluonde-. chlonde- and bromide-sensitive electrodes respecllvely 

IdlhJ 

45 
4 

5 
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Table 2 

Enzyme actlvttles m crude extracts of Pseudomonas put/da strain CLB 250 

Enzyme 

1.2-dlhydro-J ,2-dihydroxybcnzoatc: 
C atechol-l ,2-diOxygenase 

Muwnate cydolsomerase 

4-C8rboxymc:thylbut-3-en-4-o1ide 
hydrolase 

Assay subs Irate 

DHB 
Catechol 
3-Chlorocalechol 
4-Ch1orocatechol 
3-Mc:thylcatechol 
4-MethyicatechoJ 
Muconate 
2-Ch1oro-cu.~/S-

muconate 
4-Carboxymethyl-

but-3-en-4-0hde 

SpecifiC aCllvity (U / s protem) after growth Wllh 

SUCCLRate 2-c;hlorobenwate benzoate 

<10 1250 2 110 
<10 1910 2295 
< 10 < 10 < 10 
< 10 100 110 
<10 120 150 
<10 990 1200 
<30 1260 400 

< 30 <30 <30 

<30 600 885 

Cells were grown with respecuve caToon sources at LRltlal OOllcentratlOns of 8-10 roM For descnptlOn of enzymatic tests sec 
MATIlRlAL'; AND MhTHOD$. No actIVity could be detected for catechol-2,3-dIoxygenase usmg catechol and 3-methylcau:chol as 

substrates 

4.3. Growth of CLB 250 with halobenzoates 
Strain CLB 250 was able to mineralize all 2-

substituted halobenzoates with the exception of 
2-iodobenzoate (Table 1). 

In the case of 2-chloro- and 2-bromobenzoate a 
rather good stoichiometry between substrate con
sumed and halide liberated was observed, whereas 
only 80% of the 2-fluorobenzoate was productively 
metabolized. This value was determmed also with 
other organisms enriched on benzoates other than 
2-fluorobenzoate. In these cases low regioseJectiv
ity of the initial dioxygenase allows substrate at· 
tack in 1,2- as weJl as in 1,6-position. The latter 
mechanism gives rise to the production of fluo
rosuhstituted metabohtes whIch are not com
pletely metabolized. 

4.4. Enzymes in crode extracts 
All efforts to measure the activity of the pro

posed initial oxygenase enzyme in crude extracts 
with 2CB as a substrate were unsuccessful. (Cofac
tors used were NADH, NADPH, FADH and 
FeS04 alone and in combination). High activities, 
however, were found for 1,2-dihydro-l,2-dihy
droxybenzoate dehydrogenase, catechol 1.2-di
oxygenase, muconate cycloisomerase and 4-car
boxymethylbut-3-en-4-olide hydrolase (see Table 
2). 

No activity could be detected for catechol-2,3-
dlOxygenase. Degradation of 2-chlorobenzoate 
(2eB) is therefore suggested to occur via unsub
stituted catechol as a central intermediate (Fig. 1) 
which is metabolized by enzymes of an ortho 
cleavage pathway [14]. In addition, Table 3 shows 
other potenllal ring cleavage substrates not to be 
involved in the degradation pathway of 2CB. Fur
thermore, when ring cleavage of catechol was in
hibited by addmg 3-chlorocatechol (15], 2CB was 
temporarily transformed to catechol in nearly 

Table 3 

Relative oxygen uptake rates With 2-<:hJorobenzoale grown 
cells of P$eudomQllus puttda stram CLD 250 

Substrate Relauve actiVIty ($) 

2-Chlorobenzoale 100 
Cat~hol 260 
4-Chlorocat«hol 30 
3-Chlomcatcchol < 3 
2,3-Dlhydroxyhenzoate < 3 
3,4-Dlhydroxybenzoate 8 
2,5-Dthydroxybenzoate < 3 

Cells were grown With 2eD as sole source of carbon and energy 
(5 mM). For detaJ..ls of the oxygen electrode tests see (11). With 
the exception of the fmal substrate concentratIOn was I mM 
for the bcnz.oales and 05 mM for the catC(;hols. The values are 
corrected for endogenous respiration. 
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stoiduometric amounts. Accordmgly after co
metabollsm of 3-chlorobenzoate (3-CB) excretion 
of chlorosubstituted catechols could be demon
strated to be also Vlsually detectable by blue to 
violet coloration of the culture medIUm. These 
results confirm the proposals made for the Pseu-

benzoltt e d j OXYllsnese 

~+CI-.COI (chemIcal rllltctlon) 

I 

O
COOH 

I OOH 
h 

I 

I 

JJ~a1 
I 
j 
j 

Tee 

catechol 
1.2-dloxYIl8nas8 

lIIuc:onate 
cyclo,somaras. 

4-c:erboxymethyi 
but-2 - ene-4-o11de 
180lrIer.lUI. 

4-corboxymsthyl 
but-3-ene-4-oi Ide 
hvdrolese 

DegradalJoll pathway of 2-chlorobenz.oate In 

monas pUlido CLB 250. 
Pseudo-

Table 4 

Turnover of benzoate and substrale ;malogues by Pseudomonas 
pUlido stram CLB 250 

Substrate 

2-Chlorobenzoate 
Benl.oatc 
3-Chlorobenwatc 
4-Chlorobenzoate 
2-Fluorobenzoatc 
3-Fluorobcnzoatc: 
4-Fluorobenzoalc 
2-Bromoben:wate 
2-lodobenzoate 
2-Methoxybc:nzoate 
2-Ethoxybenzoatc 
2-Phenoxybcnzoatc 
2-Methylbenzootc 
3-Mc:thylbenzoatc 
2-Hydroxybenzoate 
2-Ch loro-6-nuoroben7.0ate 
2-TnnuoromcthylbcllZoate 
2-Sulphobenzoate 

Relative rates o r tumo\'er 
after growlh wllh 

2-chloro- benzoate 
benzoate 

100 100 
170 m 
75 65 
20 20 

115 80 
75 190 
4() 145 
35 < 5 
15 < 5 
95 < 5 
80 < 5 

< 5 < 5 
4() 20 

105 70 
20 35 
5 < 5 

< 5 od 
< 5 o.d 

Cells of stram ClB 250 wcre grown With 2C B and benzoate 
respc<.:tlvc1y After suspension to an optical density 8 substrates 
were added to a flRal concenualLon of 3 mM. Decrea~e of 
substrate conccntratLon was morutored With HPLC and the 
rates were calculated tiling the value for 2CB as 100% n d. 
not deternuned 

domonas cepaclQ stram [8) that catechol IS an 
intermediate of 2CB catabolism. 

Catechol could be formed by action of a benzo
ate 1.2-dioxygenase speciahzed for turnover of 
2-substituted benzoates. As In the case o f the 
Alcaligenes species strain CLB 280 (9) a number 
of differently substituted benz.oates were metabo
lized by 2CB grown cells of Pseudomonas puuda 
CLB 250 (Table 4). Most mterestingly, 2-methyl
benzoate, a structural analogue of 2CB. seems to 
be metabolized to the same products as are formed 
by Alcaltgenes speCles stram CLB 280 [9J. An 
extraordinanly aCid-labile metabolite. (i\mu. = 267 
nm) suspected to be a methyLsubstltuted 1.2-dihy
dro-l.2-dihydroxybenzoate. after rearomatization 
Yields o-cresol (data not shown). This would fur~ 
ther substanttate the assumptIOn of an 1,2-dt
oxygenase attack to mitiate the metabohsm of 



2eB in Pseudomonas pUlida etB 250. Trus 
metabolite wruch is not observed after cometabo
hsm of 2-methylbenzoate by cells grown many 
generations with benzoate is currently investigated 
in detail. Salicylate (2-hydroxybenzoate) can be 
excluded as an intermediate In eLB 250 as (i) the 
strain shows only low activity with this substrate 
and (ii) does not grown with salicylate as a sale 
source of carbon and energy. From the data of 
Table 4 it can be deduced that two benzoate 
1,2-dioxygenases can be differentiated by their 
substrate specificity. The enzyme present after 
growth on 2eB preferentially attacks 2-substituted 
benzoates. This problem is currently Investigated 
in more detail as is the question whether 2-al
koxybenzoates (C ~ 2) serve as growth substrates 
m this organism. First results are mdicating that 
alkoxy groups may be eliminated as corresponding 
alkanols after initial attack by the 2eB di
oxygenatmg enzyme system. The same may be 
true for degradation of 2-aminobenzoate (anth
ranilate). Ttus rlUses the interesting question 
whether 2-amino- or 2-methoxybenzoate generally 
are useful substrates for preenrichment of bacteria 
which gratuitously liberate halide from the 
aromatic ring by a dioxygenolytic mechanism. 
Studies to evaluate trus possibility are currently 
undertaken. 
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