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Abstract—Catechol was found to be a common intermediate in the degradation of benzene and tdlloafigdnes
xylosoxidansr234, and the ring cleavage of the catechol mediated by catechol 1,2-dioxygenase was a rate-determining
step. Since benzene induced higher level of catechol 1,2-dioxygenase than toluene, the cells pre-adapted to benzene
showed higher degradation rate of benzene and toluene. The degradationrratdeo was also increased sig-
nificantly when benzene-adapted cells were inoculatedylene was metabolized via 3-methyl catechol which was
effectively cleaved by catechol 1,2-dioxygenase.
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INTRODUCTION mineral medium was well described in the previous study [Yeom
etal., 1998].

Microbial adaptation has been widely studied because prior ad2. Assays
aptation history significantly affects the degradation pattern. Sat- The procedures of measuring BTX concentration and cell mass
sangee and Ghosh [1990] observed that the phenol degradation ratere already described in the previous study [Yeom et al., 1998].
depends on the periods in which the culture was adapted to phendthe presence of catechol or 3-methyl catechol was colorimetrically
Bauer and Capone [1988] reported that prior exposure to anthracendentified by both Arnow method [Arnow, 1937; Waite and Tan-
naphthalene, phenanthrene and benzene results in enhanced napkr, 1981] and amino-antipyrine method [Folsom et al., 1990]. Cate-
thalene degradation, while anthracene degradation was stimulatezhol 1,2-dioxygenase (or 3-methyl catechol 1,2-dioxygenase) acti-
only by pre-exposure to benzene and anthracene. Shimp and Pfaerity was assayed as follows. The cells were harvested and broken
der [1985] observed that the natural substrate classes such as amiopsonication. A mixture of 50 of 10 mM catechol (or 3-methyl
acids, carbohydrates and fatty acids stimulated the degradation @fatechol) and 50l of 0.5 g/L cell-free extract was added into 2 mL
m-cresol, m-aminophenol and p-chlorophenol. phosphate buffer (60 mM, pH 7.0). The activity was then deter-

There was a novel explanation for the mechanism of microbialmined by measuring the rate of increase in absorbance at 255 nm
adaptation. Heipieper and Bont [1994] reportedBisatudomonas  in 1 min [Hamzah and Al-baharna, 1994; Yeom et al., 1997]. The
putida S12 was more tolerant to ethanol when pre-adapted to supetal protein concentration in cell-free extract was determined ac-
ersaturating concentration of toluene; the reason was discussed @ording to Bradford method by using a Bio-Rad protein assay kit
terms of change of cell membrane composition. However, for benwith bovine albumin as a standard.
zene, toluene and xylene (BTX) degradation, since enzymes are in-
ducible [Hamzah and Al-Baharna, 1994], microbial adaptation can RESULTS AND DISCUSSION
be easily discussed in terms of enzyme induction. Nonetheless, few
have dealt with the microbial adaptation of BTX quantitatively in 1. Enhancing Degradation of Benzene and Toluene
the aspect of a key enzyme induction which controls overall cata- As a microorganism is adapted to a pollutant, the degradation
bolic reaction rate. rate becomes higher [Satsangee and Ghosh, 1990]. So if the key

In this communication, the microbial adaptation was analyzedmechanism of microbial adaptation is revealed, it can be used to
guantitatively by measuring the key enzyme activity, and the re-accelerate the degradation rate of the pollutant. For adaptation pur-
sults deduced from the mechanism of microbial adaptation wer@oses, microorganisms are usually adapted to the pollutant to be

applied to increase the biological degradation rate of BTX. treated [Satsangee and Ghosh, 1990]. As expected, benzene- or tolu-
ene-adapted cells degraded benzene or toluene, respectively, with-
MATERIALS AND METHODS out adaptation time and highly enhanced degradation rate (data not
shown). A new concept of microbial adaptation, a cross-adaptation
1. Microorganism and Mineral Medium (adapted to benzene to degrade toluene and vice versa), was also

Alcaligenes xylosoxidané234 was used in this study and the tried to find a method to increase degradation rate of benzene and
toluene. As shown in Fig. 1, benzene-adapted cells could also de-
To whom correspondence should be addressed. grade toluene faster than toluene-adapted cells. The benzene and
E-mail: yjyoo@snu.ac.kr toluene degradation rates of benzene-adapted cells were about twice
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Fig. 1. The effect of cross-adaptation on the degradation of ben-
zene and toluene.
®: benzene-adapted cel®; toluene-adapted cells
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Fig. 2. Ortho-ring cleavage by catechol 1,2-dioxygenase from cell-
free extract of Alcaligenes xylosoxidan¥234.
a: 0 min, b: 5min, c: 10 min, d: 15 min, e: 20 min

catechol ring cleavage occurs. Catechol was mixed with cell-free
extract from benzene- or toluene-grown cells and the absorbance
change was measured in the range of 200 to 400 nm by using a spec-
trophotometer. As shown in Fig. 2, a peak shift from 260 nm (cate-
chol) to 250 nm (cis,cis-muconic acid) was observed, which indi-
cated that the catechol ring cleavage occurred by catechol 1,2-di-
oxygenase (ortho-cleavage) not by catechol 2,3-dioxygenase (meta-
cleavage). If there was a catechol 2,3-dioxygenase activity, a peak
would appear at 375 nm [Hamzah and Al-Baharna, 1994]. The met-
abolic pathways of benzene and toluene were briefly suggested as
shown in Fig. 3. Since catechol 1,2-dioxygenase is induced in cells
grown on aromatic compounds such as benzene, tainegizne,

phenol and benzoic acid but not in those grown on glucose (Table 1),
the enzyme is inducible. The fact that benzene-grown cells induc-
ing higher level of catechol 1,2-dioxygenase degraded benzene and
toluene much faster than the toluene-adapted cells as mentioned
above can be another evidence of catechol ring cleavage step being

CH;,

as high as those of toluene-adapted cells (2.72 mg/r vs. 1.05 m
hr for benzene degradation; 2.25 mg/hr vs. 1.53 mg/hr for toluene .

degradation). To reveal the reason why benzene-adapted cells &
better in the degradation of benzene and toluene, the enzyme lev

induced by benzene or toluene was investigated.

Since many enzymes are involved in the degradation of benzer
and toluene [Duetz et al., 1994, it is aimost impossible to check ou  cx; ™ on CH,
the activities of all the relevant enzymes. Instead, we decided t @ Smethy catecho L IADRE (% COOH
concentrate on the most important enzyme which would control

toluene - @OH Catechol 1,2-dioxygenase oo
NS -,
- oH COOH

-t

@ '''' catechol cis,cis-muconic acid N
benzene TCA Cycle

»’,

CHy OH  Catechol 1,2-dioxygenase X COOH

the degradation rates of benzene and toluene. If a step is rate-c. """ 3-methy! catechol Z-methyl-cis,cis-muconic acid
termining or bottleneck in a series of reactions, it controls the overfig. 3. Simplified metabolic pathways of BTX byAlcaligenes xy-
all reaction rates. In other words, the reaction rate is increased if losoxidansY 234.

the bottleneck is removed. The identification of intermediates is
often used to reveal the rate-determining step. The studies comaple 1. The induction of catechol 1,2-dioxygenasby various

cerned microbial phenol degradation; catechol accumulation in cul- aromatic compounds
ture media was observed during phenol degradation, and so it was B -

: . enzoic
suggested that the reaction catalyzed by catechol oxygenase waine® Benzene Toluenem-Xylene Phenol acid Glucose

the rate-determining step [Evans, 1947; Fuijita et al., 1993]. In this

study, catechol was detected in the culture broth during cultivation 0% 0.00 0.00 0.00 0.00 000  0.00

of Alcaligenes xylosoxidarng234 in the presence of benzene or 1

0% 275 0.46 0.02 0.26 0.62  0.00

toluene. Therefore, catechol was a common metabolite in the de20 % 7.00 0.63 0.03 0.39 1.22 0.00
gradation of benzene and toluene [Duetz et al., 1994] and catechd0 % 938 124 0.05 0.54 171 000

ring cleavage step was rate-determining.

[AOD/mg-protein-min]

Since catechol ring cleavage was suggested to be a rate-detéd%: When degradation did not begin; 10%: right after degradation
mining step, it is important to find out the way to increase its rate.began; 50%: when half of the substrate was degraded; 90%: when
First, a spectrophotometric study was performed to know how themost of the substrate was degraded.
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only 3-methyl catechol. Sinea-xylene induced very low level of
3-methyl catechol 1,2-dioxygenase, the degradation ratexyiene
was very low.

In brief, when the cells were pre-adapted to benzene inducing
high level of catechol 1,2-dioxygenase, the degradatiorgfene
2 - was accelerated.

Though this research supplies useful theoretical and experimen-
tal information to increase the degradation rates of BTX, further
study is required to clarify the exact action of enzymes on BTX de-
gradation and apply the principles found in this study to the degra-
dation of other aromatic pollutants.
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