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ABSTRACT  

P. chrysosporium, a white rot fungus, has been shown to be an effective organism for degradation of 2,4 –
Dichlorophenol (2,4-DCP) in liquid batch culture under nitrogen limiting condition. Degradation of 2, 4-

DCP can be evidenced from the peak shift in UV analysis from 285 nm to 254 nm on 12
th
 day, which may 

be due to emergence of quinone as an intermediate. HPLC analysis indicates 96% substrate removal on 
28

th
 day of incubation. Present research also investigates biodegradation kinetics of 2, 4–DCP removal in 

terms of maximum substrate removal rate (Vmax) and half saturation constant (Ks) . 2, 4–DCP was removed 

at the rate of 52.63 mg 2, 4 -DCP removed/gm mycelial dry weight/day. 2, 4 –DCP was found to affect 

mycelia growth adversely. The study showed that readily available source of carbon was critically needed 
to keep the mycelium active and decrease the toxic effect of 2, 4-DCP. 
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INTRODUCTION 

Chlorophenols comprise an important class of toxic, anthropogenic chemicals that pose serious 
environmental toxicity once released. Chlorophenols have been used for decades to impregnate wood. 

The chlorophenols, and in particular, 2,4- Dichlorophenol, 2,4,6-Trichlorophenol and Pentachlorophenol 

are included by USEPA in 129 priority pollutants (Federal Register, 1987). These are potent or suspected 

carcinogens and may be inhibitors of mitochondrial electron transport system (Hagblomm et al., 1988a). 
Chlorophenols are widely used as pesticide components and used for wood and leather preservation. 

These also have been used in paints and construction materials. 

2,4-Dichlorophenol (2,4-DCP) is used in the production of Pentachlorophenol, a fungicide, 2,4-
Dichlorophenoxyacetic acid (2,4-D), a herbicide and 2,4,5-Trichlorophenoxyacetic acid (2,4,5-T). It may 

be released in the environment by its direct disposal or as a breakdown product of 2, 4 -D and 2, 4, 5-T. 

Chlorophenols are also present in wastes from pulp & paper mills. Chlorophenols are soluble in water and 

may leach from contaminated soil to groundwater. 
Several bacteria and fungi can degrade these chlorophenols under both aerobic and anaerobic conditions. 

The use of the filamentous basidiomycete, Phanerochaete chrysosporium for degradation of 

environmental pollutants is being studied by many workers. The white rot fungus P. chrysosporium has 
been reported to dechlorinate PCP (Mileski et al., 1988). Pathways for degradation of 2,4-DCP and 2,4,5-

Trichlorophenol using P. chrysosporium were elucidated (Valli et al., 1991; Joshi et al., 1993). P. 

chrysosporium is characterized by its fast growth and easy reproductive cycles and has been shown to 
possess biodegradative capabilities for lignin and a broad spectrum of hazardous, recalcitrant xenobiotics 

(John, 1988). This ability is attributed to the extracellular enzyme system consisting mainly of lignin 

peroxidase (LiP) and Mn dependant peroxidase (MnP), which are induced under carbon, nitrogen and 

sulfur deficient conditions i.e., Ligninolytic conditions (Jeffries et al., 1981; Kirk et al., 1978). Nakagawa 
et al., (2006) investigated the degradation pathways and kinetics of 2,4 DCP by an endemic soil fungus, 

Mortierella sp. (Zygomycetes). Mortierella sp. degraded 32% of added 2,4-DCP (final concentration, 250 

μM) within 1 hour. The authors identified four aromatic metabolites and found two DCP degradation 
pathways (a hydroxylation pathway and a dechlorination pathway). Chen et al., (2014) demonstrated that 

NaHS treatment could be a potential strategy to alleviate oxidative stress induced by 2,4-DCP and 

improve the efficiency of the biodegradation with P. chrysosporium. 
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This extracellular, non specific, unique, non-stereo selective enzyme, ligninase can degrade highly apolar 

compounds. The fungus can tolerate high concentration of toxic chemicals like cyanide (Bumpus and 

Aust, 1985a) Due to non-specific nature of the enzyme, white rot fungi can mineralize complex mixtures 
of pollutants like Arochlor, Creosate, PCBs etc. (Bumpus and Aust, 1987). Moreover, this fungus does 

not require prior acclimation to the compound as ligninase is expressed under nutrient starvation 

conditions. Chlorinated compounds are electronegative compared to oxygen and are present in highly 
oxidized state which is very resistant to microbial degradation. P. chrysosporium is able to oxidize these 

compounds to CO2 by LiP catalyzed chemical reduction mechanism involving veratryl alcohol cation 

radical, a highly oxidising species (Gilardi et al., 1990). 

The objective of present study is to assess degradation of 2, 4-DCP using P. chrysosporium in liquid 
batch culture and determine the kinetic parameters. 

 

MATERIALS AND METHODS 
Culture P. chrysosporium (MTCC-787) was procured from the Institute of Microbial Technology, 

Chandigarh, India. The organism was maintained on 2% malt agar slants at 4ºC and was sub cultured 

after every 30 days. 

Culture Conditions P. chrysosporium was grown in liquid medium deficient in carbon and nitrogen 

containing (gL
-1

 Distilled water): Glucose, 2; MgSO4.7H2O, 0.5; CaCl2.2H2O, 0.1; NH4C1, 0.12; KH2PO4, 

2; and Thiamine, 0.001.The medium was buffered to pH 4.5 with 10 mM sodium acetate which is more 

economic and equally efficient in lignin peroxidase production than commonly employed 2, 2-
Dimethylsuccinate buffer (Kang and Stevens 1994). The growth medium was sterilized at 121

o
C for 15 

minutes at 15 lbs. before inoculation. 

Degradation Studies  

P. chrysosporium spore suspension containing (1.5 x 10
4
 spores ml

-1
) was inoculated in sterile growth 

medium (150 ml) in 250 ml capacity Erlenmeyer flasks.  

The flasks were incubated at 39°C for 3 days before addition of 2, 4- DCP under static condition in order 

to overcome toxic effect of 2, 4-DCP to spore germination. Filter sterilized 2 , 4-DCP was added from 2, 
4-DCP stock solution to the flasks with mycelial growth to achieve 50 mgL

-1
 2, 4-DCP concentration. The 

experiment was run in duplicates. 

Analyses 

2, 4-DCP removal was monitored on UV-VIS-IR spectrophotometer (Hitachi Model 330) at 285 nm. The 

parent compound & intermediates were identified by HPLC (Waters Associates) using Acetonitrile : 

Water : Acetic acid (75: 25: 0.125) at a flow rate of 1.5 ml/min in µbondapack C-18 reversed phase 
column monitored at 280 nm. 

The mycelial dry weight was determined on the day peak shift in UV spectrum occurred. The culture 

medium was filtered through an oven dried pre weighed, glass fiber filter. Weight of mycelial mat was 

taken after drying the filter with cell mass at 105°C overnight, cooling in desiccator and reweighing. 

Chloride estimation was done by Standard Argentometric Method as per the standard methods (APHA et 

al., 1995). 

Glucose was estimated by Miller’s colorimetric method using 3, 5-Dinitrosalicylic acid (DNS) reagent 
with glucose as standard (Miller et al., 1959). 

 

RESULTS AND DISCUSSION  
Degradation of 2, 4-DCP (50 mgL

-1
) using P. chrysosporium can be evidenced from the peak shift in UV 

analysis from 285 nm to 254 nm on 12th day (Figure 1). HPLC analysis of the same sample indicated 

around 60% removal of parent compound and emergence of new peaks (Figure 2). 
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Figure 1: UV Scan Showing 2, 4-DCP 

Degradation A: Initial Day; B: After 12 Days; 

C: After 28 Days  

Figure 2: HPLC Showing 2,4-DCP Degradation 

A: Initial Day;B:After12 Days; After 28 Days 

  
Valli et al., (1991) have reported that Mn dependent peroxidase can oxidise 2, 4-Dichlorophenol to 

chloro-p--benzoquinone by P. chrysosporuim.
 
Joshi and Gold (1993) have reported that quinone peak 

appears at 254 nm.
 
It could be postulated that 2, 4 DCP has got biotransformed to its quinone form. 

Investigations are in progress to identify the intermediate.  

Further incubation of the above sample resulted in disappearance of peak at 254 nm and 96% 2, 4-DCP 

removal by HPLC analysis. Substrate concentration in HPLC was determined by comparing the peak area 

counts to a standard calibration curve. 96% 2,4-DCP removal was accompanied with complete 
disappearance of glucose from the medium. This indicates that utilization of glucose is required for 

growth and metabolism which results in concomitant removal of 2, 4-DCP. 

Kirk et al., (1978) have studied lignin degradation by P. chrysosporium and have reported that maximal 
rates of lignin degradation were observed between day 3 and day 18 of incubation Lignin degradation 

continued to occur, albeit at a slower rate, until glucose was depleted. Similar pattern was observed 

during 2, 4-DCP degradation.  

Bumpus et al., (1985a) reported that supplemental glucose increased the overall metabolism rate of 
14

 
CDDT mineralization when added to the culture where glucose has been already depleted. This may be 

because of role of glucose in enhancing fungal metabolism and producing H202, a co- substrate for 

glucose oxidase.
 
Similarly, 4-CP could not be used as growth substrate by the fungus and an additional 

carbon source, glucose or glycerol, was required for growth (Hela et al., 2002).  

The white-rot fungus Trametes pubescens was used for the biodegradation of chlorophenols during which 

the effect of glucose as a cofactor was also evaluated (Gonzalez et al., 2010). 

The medium also showed increase in chloride concentration which was almost stoichiometrically 

matching with degradation of 2, 4 -DCP (Figure 3). Mortierella sp. could also degrade 2, 4 -DCP by: a 

hydroxylation and a dechlorination pathway (Nakagawa et al., 2006). 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Nakagawa%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16495673
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Figure 3: 2, 4 -DCP Degradation by P. 

chrysosporium  

Figure 4: Lineweaver–Burk Plot for Kinetic 

Study of 2, 4- DCP Removal 
  

Kinetic parameters were also determined in cultures incubated with 2, 4-DCP at final concentration 

ranging from10-50 mgL
-1 

2, 4-DCP. Maximum specific substrate utilization rate (V max) and half 
saturation constant (ks) for the biodegradation system under investigation in terms of 2, 4- DCP removal 

were determined using Lineweaver-Burk’s double reciprocal plot. V max obtained was 52.63 mg DCP 

removed gm
-1

 mycelial dry weight day
-1

 and ks 5.47 mgL
-1
. Correlation coefficient of 0.962 was obtained 

using Karl Pearson’s formula (Fig. 4). 
It was further observed that increase in 2, 4-DCP concentration was inhibitory for mycelial growth (Fig. 

2). This can be supported by the fact that chlorophenols are inhibitors of oxidative phosphorylation. 

Hence, for supporting fungal growth some readily available carbon source is required. The suitability of 
inexpensive carbon sources required for this is under study. 

 

Table 1: Effect of 2, 4- DCP on Mycelial Growth  

S.No Concentration of DCP (mgL
-1

) Mycelial Dry Weight (mgL
-1

)   

1 

2 

3 

4 

5 

0 

10 

20 

30 

40 

50 
 

2023.5 

517.6 

329.41 

235.29 

188.23 

94.11 
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