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Abstract
2,4,6-trichlorophenol (TCP) is a toxic compound widespread in the environment, with numerous applications. There are
many fungi capable of degrading it, although little attention has been paid to non wood-degrading species. Penicillium
chrysogenum ERK1 was able to degrade 85% of TCP in batch cultures in the presence of sodium acetate. Degradation rate
was fitted to a specific first-order kinetic and the growth rate was fitted to a Gompertz model. Hydroquinone and benzoquinone were identified as degradation intermediates. The phytotoxicity of the residues was reduced by half after fungal
treatment. These results suggest that Penicillium chrysogenum can be applied successfully to biodegrade TCP.
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Introduction
Chlorophenols have been introduced into the environment
through their use as biocides and as by-products of chlorine
bleaching in the pulp and paper industry. In addition, pentachlorophenol (PCP), trichlorophenol (TCP) and tectrachlorophenol (TeCP) were used historically as fungicides in woodpreservative formulations (Field and Sierra-Alvarez, 2008;
McAllister et al., 1996).
Many fungi and yeast are able to co-metabolise or mineralise chlorophenols (Field and Sierra-Alvarez, 2008). Wooddegrading fungi are well established as excellent degraders
of chlorophenols (Asgher et al., 2008). However, studies on
chlorophenol degradation using fungi which do not belong to
the white rot category are scarce.
Penicillium species are commonly found in food, indoor
air and soils, and have been shown to be good hydrocarbon
assimilators (Leitão, 2009; Samson et al., 2004). Several
authors have reported on their ability to degrade phenol and
chlorophenols. For example: P. chrysogenum CLONA 2
degrades phenol (Leitão et al., 2007); P. simplicissimun SK9117
(Marr et al., 1989) and Penicillium strain Bi/72 (Hofrichter
et al., 1992) degrade mono-chlorophenols; and Penicillium
camemberti degrades pentachlorophenol (Taseli and Gokcay,
2005). Nevertheless, these strains were not able to use those
chlorophenols as growth substrates. In addition, degradation of
trichlorophenol has not been reported for these fungi (Leitão,
2009).
Several studies have been conducted on the biotransformation and degradation of chlorophenols from the water-soil
environment. However, most of these did not analyse the
toxicity of the final residues. Thus, it is also relevant to assess
the phytotoxicity of these wastes before and after degradation
(Osma et al., 2010).

In this work, both the degradation of TCP by a soil isolate
of P. chrysogenum and the analysis of the toxicity of TCP residues on wheat seeds are reported. In addition, a growth model
was selected and experimental data were fitted to it. Finally,
metabolic products were identified by HPLC.

Experimental
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All of the reagents used were analytical grade, except for 2, 4,
6-trichlorophenol (TCP) which was of chromatographic grade
(purity 99%), from Sigma-Aldrich (St. Louis, USA). HPLC
acetonitrile was obtained from Sintorgan (Buenos Aires,
Argentina).
A Penicillium chrysogenum ERK 1 isolate (GenBank,
accession numbers HQ336382 and HQ336383) was maintained
in potato dextrose agar (PDA, Gibco) at room temperature for
14 days (without TCP). This fungus was isolated from commercial crop soils from Balcarce, Buenos Aires province,
Argentina, as described by Wolski et al. (2010).
For the degradation assays the fungus was inoculated
directly from the PDA plate into an Erlenmeyer flask of 250
mℓ with 150 mℓ of liquid mineral salt medium (LMS) containing: 1 000 mℓ deionised water, 1 g MgSO4·7H 2O 0.1 g,
K 2HPO4 0.1 g, NH4NO3 and 0.1 g KCl and 25 µℓ of trace element solution (in mg∙ℓ-1: MnSO4 15.4, FeCl3 40, ZnSO4∙7H 2O
6.3, CuSO4∙5H 2O 2.5, (NH4)6∙Mo7∙O24∙4H 2O 0.5), and supplemented with 10 mg∙ℓ-1 of TCP alone, or with 2 g∙ℓ-1 of sodium
acetate or 2 g∙ℓ-1 of glucose, depending on the assay. The
TCP concentration was selected to avoid the substrate inhibition: in preliminary experiments run with 25 mg∙ℓ-1 and
50 mg∙ℓ-1 no degradation was observed. The pH was previously adjusted to 6.0. Each flask was inoculated with 4 PDA
agar discs of 4 mm containing the fungal mycelium. The
cultures were incubated at 30°C for 30 days, in a shaker at
80 r∙min-1 and operating in the dark in order to avoid photodegradation of TCP. Non-inoculated flasks with LMS supplemented with TCP were used as controls. All experiments were
carried out in triplicate, and the results show the mean value
of 3 independent experiments.

http://dx.doi.org/10.4314/wsa.v38i5.5
Available on website http://www.wrc.org.za
ISSN 0378-4738 (Print) = Water SA Vol. 38 No. 5 October 2012
ISSN 1816-7950 (On-line) = Water SA Vol. 38 No. 5 October 2012

683

