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Biodegradation of phenol by alkaliphiic Bacillus badius D1
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Abstract: Phenols have been recognized as mutagenic and carcinogenic. Industrial effluents possessing
phenols causes’ environmental pollution. Present study was planned to investigate the % degradation of phenol
using alkaliphilic Bacillus badius D1 with various concentration ranging from 0.42 to 1.68 g/L in alkaline
broth of pH-9, in shaking incubator at110 rpm, 37 °C. The % degradation at lowest concentration was about
98%. Even at higher concentration the rate of degradation was found higher than 70 %. The % degradation
and spectroscopic profile was monitored from O to 48 hr. by 6 hr. interval. The metabolic pathway was
constructed by isolating and characterizing the metabolites by ‘HNMR, FTIR, and GCMS. It was concluded that
the Bacillus badius follows ortho and meta catechol pathway for degradation. The biodegradation study was
extended for varying parameters like temperature, pH, salinity, additional carbon and nitrogen sources.
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I.  Introduction:

Phenol is one of the most widely used organic compounds and is a basic structural unit for a variety of
synthetic organic compounds including agricultural chemicals and pesticides. Phenol is naturally found in
decaying dead organic matters like rotting vegetables as complex polymer lignin or humic acids [1] and in coal
[2]. At room temperature phenol is a translucent, colorless, crystalline mass, white powder or syrupy liquid.
The crystals are hygroscopic and turn pink to red in air. Phenol has a sweet tar like odor and is soluble in
alcohol, glycerol, petroleum and water to a lesser extent [3].

Petroleum refineries pulp and paper manufacturing plants, resins and coke manufacturing, wood
preservation plants, pharmaceutical industries generate huge amounts of waste water that usually contain higher
concentrations of different contaminants beyond acceptable discharge levels. The main contaminants of these
industries include phenols [4], polycyclic aromatic hydrocarbons as well as heavy metals [5]. Among these toxic
pollutants, phenols are considered to be the most hazardous chemicals, and they are certainly the most difficult
to remove. Phenol may be fatal by ingestion, inhalation, or skin absorption, since it quickly penetrates the skin
and may cause severe irritation to the eyes and the respiratory tract. It is listed among the priority organic
pollutants by the US Environmental Protection agency [6] as a toxic chemical. It is considered to be potentially
carcinogenic to humans and may be lethal to fish at concentrations of 5-25 mg/L [7]. 0.1pg/mL and higher
concentration of phenol cause the inhibition of photosynthesis of diatoms and blue green algae [8]. Phenol is
inhibitory to the nitrification process [9] at and above 1000 mg /L. The NO, groups on phenol are inhibitory to
methanogenesis. Phenols and catechols reveal peroxidative capacity, they are hematotoxic and hepatotoxic. It
provokes mutagenesis and carcinogenesis in humans as well as other living organisms [10]. Accumulation of
phenol creates toxicity to flora and fauna [11]. Since phenol is toxic and causes pollution, it must be removed
from the environment. As physicochemical methods are harsh and expensive; hence microbial degradation and
bioremediation seems a good alternative for conventional physico-chemical methods.

Biodegradation of materials involve initial proximity, allowing adsorption or physical access to
the substrate, secretion of extra cellular enzymes to degrade the substrates or uptake via transport
systems followed by intracellular metabolism. The metabolism and efficiency of biodegradation of organic
compounds is influenced by nature of pollutant, the nature of the organism, the enzymes involved in
degradation and the nature of the influencing physicochemical factors like moisture content, pH, temperature
[12], etc. Several lines of investigations have shown the degradation of phenols by neutrophilic bacteria [13-22]
and fungi [23-28]. The degradation reports of phenol by alkaliphiles are very less [29-35]. In this studies attempt
has been made to examine the degradative potential of alkaliphilic starin Bacillus badius D1 obtained from
pristine Crater Lake Lonar MS. India

Il.  Material and method:
2.1 Chemicals: Phenol, 4 aminoantipyrine and solvents were purchased from SRL Mumbai. Bacteriological
media chemicals from Himedia, Mumbai and chemicals for enzymes from sigma and SRL,
2.2. Biodegradation study: Nine 500 ml conical flasks with 250 ml alkaline broth media were used for
biodegradation study.1% inoculum of 24 hr. grown culture was added and allowed to grow for 24 hr in shaking
incubator at 37 0C, 110 rpm. At the end of 24 hr 1.4 g/L phenol was added in each flask. The pattern of phenol
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degradation was monitored by UV-vis spectra at each interval of 6 hr. Un utilized amount of phenol from each
flask was estimated spectroscopically by the method of Gorden et al[36] at 510 nm after 15 min by plotting
standard graph.

Remaining supernatant was further used for the extraction of metabolites of phenol generated
during biotransformation. The residue was obtained by Rota evaporator and further purified by preparative TLC
or column chromatography. The structural determination of the metabolite were carried out by spectroscopic
analysis like FTIR, *HNMR and GCMS.

2.3. Effect of various parameters on phenol degradation:
Effect of parameters like various phenol concentration, pH, temperature, salinity, and additional carbon
and nitrogen sources also studied similarly.

2.4. Preparation of cell free extract and enzyme activities:

Isolation of cell mass, cell free extract was carried by Du Pont Soverall cold centrifuge at 10,000 x g,
protein content was determined by Lawry method. CYP — 450 content was estimated by Omura and Sato [37,
38]. The enzyme activities of microbial biotransformation enzymes after induction by phenol were carried.
SOD was evaluated by Mishra and Fridovich [39]. Acetanilide hydroxylase was analyzed by Shenkman [40]
Wiserberg and Goodal [41]. The cat 1, 2 O was determined by Urszula Guzik [42]; while the cat 2, 30 by
Grekova [43,44].

I1l.  Result and Discussion:
3. 1 Degradation of phenol by alkaliphilic strain Bacillus badius D1:
0.95
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Fig. 1 UV vis-spectra of phenol degradation

“Fig”. 1 indicates the degradation pattern of phenol by Bacillus badius D1. Phenol at concentration of
1.5¢/L of growth medium was incubated with bacterial strain at 37 Oc for 48 hr. The degradation pattern was
monitored at every 6 hr interval on UV-visible spectrophotometer. After 6 hr incubation, decrease in the height
of peak at 270 nm was observed. Further incubation up to 12 hr the peak at 270 nm was found to be
disappeared. At the end of 48 hr complete degradation of phenol was observed.

3. 2 Effect of various parameters on degradation of phenol:
3.2.1 Effect of various concentration of phenol on degradation:

80 —4=0.42¢1L
70 =m=0.84 gL
60 -T._I.Z(i glL
50 == 1.5 gL

=168 g/L

% Degradation of phenol

0 6 12 18 24 30 36 42 48

Time in hr.

Fig. 2. Effect of various concentration of phenol on % degradation

“Fig”.2 indicates the effect of various concentrations of phenol on degradation by Bacillus badius D1.
To evaluate the degradation potential of this strain,the bacterial strain was incubated with various concentrations
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of phenol in growth media ranging from 0.42 g/L -1.68 g/L for 48 hr. 98.47% degradation of phenol was
observed at the end of 48 hr at 0.42 g/L concentration. Gradual decrease in the phenol degradation was
observed with increase in the concentration. Even at higher concentration 1.68 g/L the degradation rate was
found to be more than 70%.

3.2.2 Effect of pH on phenol degradation:
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Fig. 3 Effect of pH on phenol degradation

“Fig”. 3 Showes the effect of pH on degradation of phenol by alkaliphilic Bacillus badius D1. In order
to examine the phenol degradation potential of this strain, the strain was incubated with phenol at a
concentration of 1.5 g/L at 37 OC in shaking incubator for 48 hr. with various pH values ranging from 7.0- 11.0.
Data obtained has indicated that at pH 9.0 maximum 82 percent of phenol degradation was observed within 48
hr. At pH 7,10,and 11 the degradation rate was moderatly less as compaired to pH 9.0 but was found to be
significant.This data suggest that this bacterial strain shows high degradative activity in alkaline media.

3.2.3. Effect of Salinity on biodegradation of phenol:
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Fig. 4 Effect of salinity on biodegradation of phenol

The effect of various concentration of NaCl on the degradation of phenol by this bacteria has been shown in
“Fig”.4. To elucidate the effect of salinity on the degradation of phenol, the bacterial strain was incubated with
phenol at a concentration of 1.5 g/L in growth media at 37 °C in shaking incubator for 48 hr. with various
concentrations of sodium chloride ranging from 0.5% -2.5%. The result obtained from this study indicates that
82 % degradation of phenol was observed at 0.5% of NaCl concentration. With further increase in the salinity
up to 2.5 % NaCl has resulted in slight decrease in the rate of phenol degradation.

3.2.4 Effect of temperature on phenol degradtion:
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Fig.5 Effect of temperature of phenol degradtion
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In order to examine the effect of temperature on phenol degradation by Bacillus badius D1.The
bacterial strain was incubated with phenol at aconcentration of 1.5g/L at 37 OC in shaking incubator for 48 hr.

with various temperatures ranging from 25 0C to 40 °C. Results obtained indicates that “Fig.”5

the maximum

degradation rate was found between 30 °C -35 °C. With lower and higher temperature the degradation rate was

found to be marginally decreased.

3.2.5 Effect of different carbon sources on phenol degradation:
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Fig 6 Effect of different carbon sources on phenol degradation

“Fig”. 6 indicates the effect of various carbon sources on phenol degradation. In presence of 0.5%
sugars as additional carbon sources like glucose ,galactose,lactose,sucrose, and starch respectively. Marginal
increase in percent degradation was observed in all carbon sources however,
carbon source for the degradation as comparitive to other carbon sources used.

3.2.6 Effect of various nitrogen sources on phenol degradation:
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Fig.7. Effect of various nitrogen sources on phenol degradation

“Fig”.7. shows the effect of various mineral nitrogen sources. In order to examine the effect of various
nitrogen sources like KNO3,NaNO3,MgNO3,NH,CI on phenol degradation by Bacillus badius D1.The bacterial
strain was incubated with phenol at a concentration of 1.5 g/L at 37 °C pH 9.0,110 rpm gyration in shaking
incubator for 48 hr. On providing the nitrogen soures at 0.02 g /L. it is reveled that the maximum degradation
rate was found in KNO3 as compaired to other nitrogen sources.

3.2.7  Effect of phenol on various biotransformation enzymes:
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Fig.8. Effect of phenol on various biotransformation enzymes
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“Fig”.8 showed the effect of phenol on the activities of microbial biotransformation enzymes like super
oxide dismutase, Acetanilide hydroxylase, catechol 1,2 dioxygenase, catechol 2,3 dioxygenase and the content
of cytochrome P-450 To evaluate the effect of phenol on these biotransformation enzymes, bacterial strain
Bacillus badius D1 was incubated with phenol at a concentration of 1.5 g/L, for 24 hr. at 37 °C, in growth media
pH 9.0. Incubation with phenol for 24 hr. was resulted significant increase in the content of cytosolic
cytochrome P-450 ( 30%,) and in the activities of acetanilide hydroxylase (62%) super oxide dismutase (86%),
Catechol 1,2 dioxygenase(47%) and catechol 2,3 dioxygenase (25%) as compaired to their respective controls.
However, the magnitude of increase in the content of cytochrome P450 and the activities of superoxide
dismutase, catechol 1,2 dioxygenase were found to be higher than acetanilide hydroxylase and catechol 2,3
dioxygenase.

3.2.8 Spectroscopic analysis of intermediate metabolites during phenol degradation by Bacillus badius
D1:

Phenol was found to be transformed into catechol by the bacterial strain Bacillus badius D1 at the end
of 12 hr. incubation. The conformation was done by HNMR data 8-5.33(S-2H) , 5-6.8(m-4H),FTIR stretches at
Ar-OH-3229, Ar-1517-159 and mass spectrographic data showing molecular ion peak atl10 and its
fragmentation observed at 92,80,64,53,40. Catechol was further converted in to cis -cis muconic acid at the end
of 30 hr. The metabolite structure was confirmed by H NMR delta values 6 -12.9 (S-2H), & - 6.21(2-H), 6 -
7.59(2H), the FTIR stretches observed at Ar-COOH — b-3043-2575,Ar-1635-1674,while mass spectrographic
data indicated the molecular ion peak at 142 and the fragmentation pattern appeared at
142,123,114,96,83,71,56,43,38.

3.2.9 Tentative Phenol biodegradation pathway by Bacillus badius:
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Fig (9) Tentative Phenol biodegradation pathway by Bacillus badiusD1

“Fig”. 9 indicates the proposed degradation of phenol by Bacillus badius D1 (No - HQ. 015711. 1)
Incubation phenol 1.5 g/L with this bacteria resulted in formation of different metabolites. The initial reaction
catalized by microbial monoxigenase resulted in formation of catechol.In the next step ring fission was occurred
due to dioxygenase forming cis —cis muconic acid and hydroxyl muconic semialdehyde. The formation of these
intermediates could be attributed to catechol 1,2 dioxygenase and catechol 2,3 dioxygenase. Finally the aliphatic
moieties has been completely oxidized via TCA cycle.

IV.  Discussion:

Several chemical compounds having diverse chemical structure like aromatic, aliphatic, phenolic,
polycyclic aromatic hydrocarbons, nitro aromatics have been known to have adverse effect on environment as
well as human being. Phenol is naturally found in decaying dead organic matters like rotting vegetables as
complex polymer lignin or humic acids and in coal [45]. These aromatic hydrocarbons have been known to
induce or inhibit the mixed function oxidase system in animals [46, 47] birds [48]. Various hydrocarbons are
major constituents of coal, crude oil and naturally occurring. Biodegradation of these compounds have been
reported by other investigators [49-53]. Microorganisms have a broad range of biochemical pathways in order to
utilize these organic compounds [54-57]. Aerobic incubation of phenol with alkaliphilic strain Bacillus badius
D1 at a concentration of 1.5 g/L resulted in 85% degradation within 48 hr. showing the promising degradation
potential of this strain. In other studies, using Pseudomonas fluorescence KNU417, [phenol 1,300 mg/L]
degradation was reported within 65 hr [58]. The lower degradation rate was observed due to increased toxicity
at higher concentration. It is reported [59] that bidegradation rate decreased at higher concentration of increased
toxicity of metabolites. Degradation rate was found to be different with respective experimental parameters. In
case of pH when phenol was incubated with Bacillus badius D1maximum degradation rate was found at pH
9.0.This observation indicate that alkaliphilic strain can efficiently degrade phenol at higher pH [60].
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Temperature affect the microbial enzyme activities and thus rate in metabolic pathway. The highest degradation
of phenol was observed in the range between 30 to 35 0C.The decreases in rate of degradation at higher
temperature could be attributed to the temperature effect on enzyme molecule. Salinity also one of the
experimental factor play important role in degradation [61]. The highest degradation rate of phenol was
observed at 0.5% NaCl. Increase in the salinity has resulted in moderate decrease in degradation rate. Additional
carbon sources like glucose, galactose, lactose, sucrose and starch resulted in significant increase in the rate of
degradation [62, 63] of phenol however, in case of starch maximum rate of degradation was found. Indicating
that utilization of starch by bacteria could give the sufficient amount of reducing equivalents for the
biotransformation of phenol supply. Addition of inorganic nitrogen sources has shown significant rate of
increase in degradation. Indicating that these sources provides the required nitrogen for the growth of bacteria.

The involvement of microbial enzymes like cytochrome P450, superoxide dismutase, Acetanilide
hydroxylase, catechol 1, 2 dioxygenase, catechol 2,3 dioxygenase in xenobiotic biotransformation is well
established. Incubation of phenol with alkaliphilic bacterial strain has resulted in increase in the activity of these
enzymes and the content of cytochrome P-450.This increase may be due to inductive effect of either a parent
molecule or its metabolites on the gene responsible for coding these enzymes. Similar type of result of aromatic
compound metabolism by microorganisms has shown the induction of these enzymes [64, 65].

Variety of microorganisms including bacteria and fungi are capable to degrade wide variety of organic
compounds. Some bacteria have ability to degrade these compounds both aerobically and anaerobically [66, 67].
Bacterial degradation of aromatic compounds is often initiated by addition of hydroxyl group in the structure
their by producing hydroxyl moiety [68].This has been reported by many investigators [69-71]. In the next step
this hydroxyl moiety is attacked by dioxygenase [72-74]. Incubation of phenol with alkaline strain Bacillus
badius has resulted stepwiswe biotransformation of phenol via catechol [75], muconate [76], and suspected
muconate semialdehyde [77] to TCA cycle. Our findings suggest that this alkaliphilic strain has a great potential
to degrade phenol in extreme conditions.

V.  Conclusion:

The strain Bacillus badius D1 was found highly efficient in degradation of phenol. It can be used for
commercial and industrial bioremediation of phenol at polluted sites. As it showed cis-cis muconic acid in the
broth media indicates involvement of induction of o -catechol fission pathway. The induction of catechol 2, 3
dioxygenase enzyme confirms that it also follow m-fission pathway of catechol. Although, various enzymes like
CYP- 450, acetanilide hydroxylase, superoxide dismutase, catechol 1,2 dioxygenase, catechol 2,3 dioxygenase
were found induced, among these the magnitude of superoxide dismutase induction is higher.
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