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Summary

The strain Pseudomonas sp. 054, isolated previously from polluted soil,
possesses a high biodegrading activity towards the aromatic ester dimethyl-
terephthalate. The ester hydrolyzing activity of the strain was investigated. Two
types of esterases, extra- and intracellular, were detected after growth in liquid
medium. The enzyme activities were proved in the culture supernatant and in the
crude cell extract by the use of a native electrophoresis. The extracellular protein
with an esterase activity had a molecular weight of 67 kDa, while the intracellular
fraction produced four separate bands with ester hydrolyzing activity.
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Introduction

The ester hydrolyzing enzymes (esterases)
are a roughly specified group of enzymes (EC
3.1.1.2) of a great importance for the primary
attack of xenobiotics, including phthalic deriva-
tives [2]. Many insoluble or hardly soluble orga-
nic substrates become biodegradable only with
the aid of esterases.

The diversity of the identified catabolic
pathways for the aromatic ring cleavage sug-
gests the existence of a great natural genetic
pool [6, 14]. The initial stages of degradation,
before the substrate enters the central meta-
bolism, are poorly studied. Kurane et al. have
isolated and purified a phthalate ester hydro-
lyzing enzyme from Nocardia erythropolis [7].
It exhibits a wide substrate specificity but is
inactive towards the phthalic acid p-isomers.

Our investigations were focused on the p-
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isomer of the terephthalic acid — dimethyltereph-
thalate (DMT). It is @ main raw material and a
hardly degradable waste in the polyester fibre
Yambolen production. In a previous study it was
found that the bacterial strain 054 utilized DMT
as a sole carbon and energy source. This strain,
determined as Pseudomonas sp., degraded com-
pletely DMT in 72 hours. The degradation of the
compound included two-stage hydrolysis and
cleavage of the aromatic ring at m-position to
protocatechuate [12]. Biodegradation and bio-
transformation of xenobiotics with aromatic struc-
ture by Pseudomonas strains was recorded by
many other authors [4, 11, 13].

In this work we have paid attention to the
initial microbial attack of DMT and describe the
existence and localization of an ester hydroly-
zing activity in the strain Pseudomonas sp. 054.



Materials and Methods

Microorganisms and growth conditions.
The bacterial strain Pseudomonas sp. 054 was
isolated from DMT polluted soil. It was adapted
to growth in a minimal medium containing DMT
as a single carbon and energy source by the
use of enrichment cultures. The cultivation was
performed periodically on a shaker at 200 rpm,
28 °C, as described previously [12].

Preparation of extracts for electropho-
retic analysis. The extracellular extract was
prepared from the supernatant of a 2-days li-
quid culture. The protein fraction was concen-
trated by precipitation with (NH4)2SO4 and dia-
lyzed overnight against distilled water. Crude
cell extract was obtained from a culture in the
late exponential phase. The cells were collect-
ed by centrifugation and disrupted in ultrasonic
disintegrator UD-20 [12]. All steps were done
in the cold.

Protein determination. The protein concen-
tration in the cell extract was determined by
the method of Lowry with bovine serum albumin

as a standard [9].

Sodium dodecyl sulphate-polyacrylami-
de gel electrophoresis (SDS-PAGE) [8]. It
was carried out in 12 % gel in 256 mM TRIS-gly-
cine buffer, pH 8.3, containing 0.1 % SDS, at
35V for 14 hours. Low molecular weight mar-
kers (Pharmacia) were applied: phosphorylase
b (94 kDa), bovine serum albumin (67 kDa), ov-
albumin (43 kDa), carbonic anhydrase (30 kDa),
soybean trypsin inhibitor (20 kDa) and a-lac-
talbumin (14,4 kDa). Gels were stained with Coo-
massie blue.

Native PAGE. It was performed in 5 % gel
at 100 V for 4 hours. The ester hydrolyzing
activity was qualitatively proved by the method
of Lund [10]. The gels were placed for 1 hour
in 0.1 M Tris-maleic buffer, pH 6.4, and then
in 1 % a-naphthylacetate in acetone-water con-
taining Fast blue BB salt. The esterase acti-
vity led to the appearance of dark red bands
on the gel which developed in 1 hour at room
temperature.

Results and Discussion

In previous investigations with our isolates,
utilizing DMT, high protein contents in the su-
pernatant of the strain Pseudomonas sp. 054
was established (data not presented).

The concentrated protein from the super-
natant showed a single band in SDS-PAGE
(Fig. 1, lane 2). Other protein bands were not
detected. Based on standard markers (Fig. 1,
lane 1), the molecular weight of the observed
protein was determined to be 67 kDa. The SDS-
PAGE of the strain 054 crude cell extract pro-
duced a well distinguishable band of the same
molecular weight (Fig. 1, lane 3), suggesting
an extracellular secretion of the protein. The pro-
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duction and secretion of microbial enzymes
(esterases, lipases, laccases) in the cultural
medium was also reported for bacteria, as well
as for other microorganisms [1, 3, 5].

The ester hydrolyzing activity of the stu-
died protein was proved by native PAGE and
o-naphthylacetate as the indicator substrate.
The extracellular protein exhibited a strong
reaction in a single band (Fig. 2, A). A similar
extracellular protein from N. erythropolis was
detected by disk gel electrophoresis and its
molecular weight was determined as approxi-
mately 15 kDa [7]. The enzyme possessed wide
substrate specificity and was defined as either

SDS-PAGE of strain Pseudomonas sp. 054.
Lanes:

1. Molecular weight markers;

2. Extracellular protein from culture supernatant;
3. Crude extract of the strain.



a new lipase form or a newly characterized
ester hydrolyzing enzyme. It, however, was
inactive towards esters like DMT with p-po-
sition substitutes.

The esterase activity of a crude intracellu-
lar fraction of Pseudomons sp. 054 was also
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In conclusion, the strain Pseudomons sp.
054 produces both extra- and intracellular
esterase activities, which are important in the
initial stage of biodegradation of aromatic
substrates. The extracellular protein detected
has an ester hydrolyzing activity and a molecu -

studied. Four separate bands with ester hydro-
lyzing activity were identified by native PAGE
(Fig. 2, B). The patterns were active on a-naph-
thylacetate suggesting that these ester hydro-
lyzing enzymes also participate in the initial hyd-
rolysis of the dimethylterephthalate.

Fig. 2: Native PAGE of the ester hydrolyzing
enzymes of strain Pseudomonas sp. 054:
A. Extracellular protein;
B. Cell-free extract.

lar weight of 67 kDa.

Further investigations will be directed to-
wards the biotechnological production of an
enzyme designed to catalyze the aromatic
ester hydrolysis in the textile production waste
waters.
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N3BBbH- U BbTPEKIIETBbYHU ECTEPA3WN, YHACTBALLU B KATABOJIU3MA HA
OUMETUNTEPE®TAJIAT NPU PSEUDOMONAS SP.

Jnnus Ll,epOBCKa1*, Paituo Dumkos?, TaHsi Pawesa®, Tans I7Iop,£1,aH0|3a1

Pe3ome

LJam Pseudomonas sp. 054, uzonupaH om 3aMbpCeHa ro4ysa, rpumexasa eH3um-
HU aKkmueHocmu 3a egheKmueHO 6UOMo2UYHO pasepakdaHe Ha apoMamHusi ecmep
oumemunmepegpmarsnam. VscnedsaHa e ecmep-xudponasHama akmueHoCm Ha uwa-
Ma. YcmaHo8eHU ca U38bH- U 8bMPEKIEMbYHU ecmepasu rpu pacmex 8 meyHa cpe-
Oa. AkmusHocmume ca dokasaHU 8 XpaHumesiHama cpeda U 8 KIiembYeH eKcmpakm
ype3 HamueHa enekmpoghopesa. PeaucmpupaHusim U38bHKIemMBbYeH 6enmbK ¢ ec-
mepasHa akmueHocm uma MosekynHo mearno 67 kDa. BbmpeknembyHama ¢hpakyusi
riokasea 4 omderiHu cybgbpakuyuu ¢ ecmep-xudporasHa akmugHocm.



