Biodegradation characterisation and kinetics of m-cresol
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Abstract
A novel strain of m-cresol-degrading bacterium, named as Lysinibacillus cresolivorans, was isolated from aerobic sludge
from a coking wastewater treatment plant. This bacterium is able to utilise m-cresol as its sole source of carbon and energy.
The optimal pH for growth is 6.8 ~ 7.3 and the optimal temperature is 35°C. Compared to organic nitrogen sources, inorganic nitrogen sources were easily utilised for the m-cresol biodegradation. The degradation rate of m-cresol at different
starting concentrations was analysed with zero-order kinetic characteristics. When the initial concentration of m-cresol
was 224.2 mg·ℓ-1, the reaction rate reached a maximum at 46.80 mg·(ℓ·h) -1.The cell growth kinetics was also investigated
with initial m-cresol concentrations varying from 0 to 1 200 mg·ℓ-1. The growth kinetics was well described by the Haldane
kinetic models. The parameter values of m-cresol on cell growth were μmax = 0.89 h-1, K s = 426.25 mg·ℓ-1, Ki = 51.26 mg·ℓ-1.
Experiments supplementing growth with glucose indicated that this substrate increased the biomass, and also induced the
biodegradation of m-cresol. From the results, it can be concluded that Lysinibacillus cresolivorans is an efficient m-cresoldegrading bacterium and that glucose plays multiple roles in the co-substrate condition.
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Introduction
Phenolic compounds are environmental pollutants because of
their wide distribution and detection in the effluent of various
industrial operations, which include petrochemicals, textile,
dying, varnish industries, phenolic resin manufacturing and
steel plants (Jiang et al., 2006; Juang and Tsai, 2006). These
compounds have high toxicity to most of the microorganisms,
plants, fish and animals, which can cause considerable damage
to the environment. The aromatic ring structure in these compounds isrelatively resistant to natural biodegradation (Juang
and Tsai, 2006). Series of available processes have been applied
to eliminate these recalcitrant chemicals before discharge into
water bodies. Studies have demonstrated that biological treatment shows more promise for wastewater treatment of phenolic
compounds (Bai et al., 2007) than conventional physicochemical treatment techniques such as adsorption, coagulation, ion
exchange, chemical oxidation, photocatalytic oxidation and
other advanced oxidation processes.
Previous studies have reported that phenolic compounds
can be degraded by microorganisms, most commonly
Pseudomonas (Taylor, 1975; Ahamad et al., 2004; Goswami
et al., 2005; Yang and Lee, 2007; Saravanan et al., 2008a).
Pseudomonas can degrade phenol at less than 1 200 mg·ℓ-1
(Ren et al., 2009). m-Cresol is a representative phenolic compound and is listed as a priority pollutant by the United States
Environmental Protection Agency (Bai et al., 2007). There
are several reports of m-cresol biodegradation by Alcaligenes
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faecalis, Pseudomonas sp., and Candida albicans (Bai et al.,
2007; Saravanan et al., 2008a; Wang et al., 2009). Ahamad
and Kunhi (1999) reported that Pseudomonas sp. CP4 can
mineralise all 3 isomers of cresol and the degradation rates
of these 3 isomers were in the order: ortho- > para- > metacresol. Lag periods were observed with all 3 isomers, the
longest being in the case of m-cresol because of the inactivation of the meta- methyl group. Considerable progress has
been made, but most of the bacteria studied can only degrade
m-cresol at concentrations of less than 600 mg·ℓ-1. In this
paper, a novel bacterium capable of biodegrading m-cresol
was isolated from the aerobic sludge from an efficient coking
wastewater treatment plant. Morphological and biochemical
analyses, including 16S rRNA gene sequence comparisons,
demonstrated that the selected strain belongs to a novel species, Lysinibacillus cresolivorans. In order to fully characterise this new bacterium, its degradation characteristics and
kinetics were examined.

Experimental
Chemicals and culture medium
m-Cresol (99.5% purity) was purchased from Sinopharm
Chemical Reagent CO., Ltd, China. Other chemicals used in
this study were all of analytical grade.
The mineral salts medium (MSM) used to culture the strain
was: K 2HPO4 2.24 g·ℓ-1, KH2PO4 2.75 g·ℓ-1, (NH4)SO4 1.00 g·ℓ-1,
MgCl2·6H2O 0.2 g·ℓ-1, NaCl 0.1 g·ℓ-1, FeCl3·6H2O 0.02 g·ℓ-1,
CaCl2 0.01 g·ℓ-1. m-Cresol was filtered, sterilised and added
after autoclaving.
LB culture medium used to culture the strain was: beef
extract 3.0 g·ℓ-1, peptone 10.0 g·ℓ-1, NaCl 5.0 g·ℓ-1, pH 7.0-7.2.
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