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The present research aimed to evaluate the free and immobilized cell of Candida tropicalis NPD1401 for
phenol degradation. Immobilized cell of C. tropicalis degraded efficiently up to 98% at a concentration
of 1000 mg/l of phenol whereas free cells degraded up to 63% of the same concentration under 9 days
of incubation. Stored immobilized beads were reused after 15 days and found to have successfully
degraded 62.1% of phenol in the mineral salt medium (MSM). Growth of C. tropicalis was observed in
the phenol containing medium by measuring the dry weight of biomass (0.89 g/l at concentration 1000
mg/l) and the degradation was monitored using analytical techniques. Liquid chromatography-mass
spectroscopy (LC-MS) analysis confirmed that phenol was degraded by ortho-pathways by the finding
of metabolite cis, cis-muconic acid, phenyl phosphate and catechol. Next, isolated strain was identified
on the basis of PCR amplification of sequence D2 region of the large subunit of 28S rDNA and it was
confirmed as C. tropicalis. By observing the efficiency of the isolate it may be used for the further

bioremediation purpose of the phenol contaminated site in the environments.
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INTRODUCTION

Phenol is one of the major toxic aromatic compound
discharges from industry and enters into the natural
ecosystem. Phenol and phenol derivatives are released
from petrochemical, chemical, pharmaceuticals, wood
processing plants, paper and pulp, coke manufacturing
and pesticide industries. Phenol is included as one of the
most hazardous pollutants in the list of Environmental
Protection Agency (EPA) (Pishgar et al., 2011). Phenol is
also known as carbonic acid, phenic acid, phenylic acid,

phenyl hydroxide and or oxybenzene (Nair et al., 2008).
Inhalation and dermal exposure of phenol cause irritation,
anorexia, progressive weight loss, diarrhea, vertigo,
salivation, and a dark coloration of the urine (EPA, 2002).
Repeated phenol exposure also causes renal damage,
cardiovascular diseases and fatal for adult and children
(ASTDR, 2014).

Considering the toxicity of phenol, it must be removed
or its load must be reduced considerably from waste
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before its disposal in the environment. Treatment of
waste containing phenol includes both physico-chemical
and biological methods. Physico-chemical methods
include adsorption, solvent extraction and chemical
oxidation by ozone and chlorination (Molva, 2004).
Nowadays, biological method is preferable compared to
physico-chemical methods due to its expensiveness, and
also generates toxic and non-biodegradable intermediate
compounds. Microbial treatment of organic recalcitrant
compounds is widely studied due to its potential of
mineralization of toxic organic compounds. Various
studied are carried out to degrade or metabolize the
phenol and its derivatives into non-toxic, biodegradable
compounds by using microorganisms such as bacteria,
fungi and algae (Lika and Papadakis, 2009).
Microorganisms have been isolated and studied for
phenol and chlorophenols degradation capability such as
Acinetobacter, Alcaligenes, Corynebacterium
glutamicum, Pseudomonas sp., Bacillus sp., Kocuria sp.,
Enterobacter sp. and Vibrio sp. (Field and Sierra-Alvarez,
2008; Karn et al., 2010a,b, 2011, 2017, Karn and
Geetanjali, 2014). Fungi are effective in degrading a wide
range of organic molecules due to their release of extra-
cellular enzymes and high biomass formation. Earlier,
Chang et al. (1998) isolated and observed Candida
tropicalis for the degradation of high concentration of
phenolic and chlorinated derivatives compounds. Lika
and Papadakis (2009) and Basha et al. (2010) also
reported yeast sp. such as C. tropicalis, Trichosporon
and Rhodotorula species; and mycelia as Aspergillus
niger, Phaenarochaetes chrysoporium were used for the
bioremediation of phenol. To achieve the successful
remediation of particular compounds, selection of fungal
species is important for degradation of phenol
(Matsubara et al., 2006). Both aerobic and anaerobic
processes were used to degrade phenol and its
derivative, but aerobic process and microorganisms were
found to be more effective in the treatment of phenolic
pollutants (Al-Khalid and El-Naas, 2012).

In the last two decades, there have been exhaustive
researches on the use of immobilized microbial cells as
biocatalysts, Bacterial cells immobilized on various
matrices have been used extensively for degradation of
various toxic (Qi et al., 2012; Mulla et al., 2013). One of
the limiting factors for phenol biodegradation is the
concentration of phenol. Moreover, enzymes are
accompanied by many other enzymes in microorganisms,
sometimes with activities against the same substrate. A
particular enzyme may be specific and selective, but if
the contaminant enzymes have opposite (or just different)
properties, this may reduce the apparent performance of
the prepared biocatalyst (Palomo et al., 2002). To
overcome this substrate limitation and increase the
sustainability and reuse of microorganisms,
immobilization of phenol degrading microorganisms was
carried out in different immobilizing materials.
Immobilization microorganism and enzymes are usual

requirements for their large scale use (Santos et al.,
2015). Considering these factors, the present work
focused on the screening of efficient organism for phenol
degradation by using free and immobilized culture to
reduce the phenol concentration effectively.

MATERIALS AND METHODS
Isolation and screening of phenol degrading microorganism

Isolation of organism was done by enrichment method of the sludge
sample collected from industrial waste site of Punjab Chemical,
Lalru, Punjab, India (30.79° N 75.85" E), in the mineral salt medium.
Next, 3 g of industrial sludge was taken and dissolved in 100 ml of
mineral salt medium supplemented with phenol up to 1200 mgl/l.
The mineral salt medium contained the following components at the
specified concentrations (in g/l): K;HPO4, 0.4; KH2PO40.2;
MgSO4.7H20, 0.2; FeCI3 ,0.01; CaClg.ZHzo, 0.01; MnSO04.H,0,
0.01; Na;MoO,, 0.01; NaCl,0.1; glucose, 0.5; (NH;):SO4 0.5.
Further organism was isolated by using dilution plate techniques
from dilution 10° to 107 on solid mineral salt medium plates were
prepared by adding 15 g/l bacteriological grade agar and incubated
at 28°C. Further, resistant organism was selected by successive
culturing up to five generations.

Synthetic chlorophenol was purchased from Sigma Aldrich
chemicals (USA) and other chemical reagents purchased were of
analytical grade from Hi-Media, (India). All solutions were prepared
in sterile Milli-Q water (Millipore direct Q3, Bangalore) India.

Growth, resistance and phenol degradation

The growth and phenol transformation response were conducted in
500-ml flasks, sealed with cotton stoppers, containing 100 ml of
mineral salt medium (MSM) and inoculated with selected strains of
C. tropicalis and were screened for their tolerance to phenol.
Phenol was filter sterilized and added to the medium after
autoclaving. One week old mycelia discs (2 x 5 mm inoculum)
fungus disc cut from the actively growing mycelia were inoculated
containing different concentrations (100, 200, 400, 800, 1000 mg/l)
of phenol and incubated at 30°C with 120 RPM shaking. Control
experiments using non-inoculated, sterile media with the same
concentration and same conditions were also conducted. Phenol
transformation was monitored at 10 days of incubation by collecting
the 5 ml of sample. Growth was observed by means of biomass
formation which was also harvested at 10 days of incubation,
harvested biomass washed with distilled water, oven dried and the
biomass was measured.

Immobilization of Candida tropicalis

2% (w/v) of the sodium alginate solution was dissolved in 25 mM
Tris—acetate buffer (pH 7.5). The solution was stirred for 2 h at
room temperature (25+2°C).The culture was centrifuged and the
pellet was mixed into sodium alginate solution. The drops of this
mixture were poured with the syringe into 100 ml of 3% (w/v) CacCl,
solution which initiated the formation of beads. The solution was
stirred for 90 min during calcium alginate bead formation. The
collected beads were washed with 25 mM Tris-acetate buffer (pH
7.5) to remove excess Ca®" and stored in the same buffer at 4°C
(Sivasubramanian and Namasivayam, 2014). Biodegradation of
phenol by immobilized and free cells was studied at 1000 mg/l
concentration of phenol. Reusability of immobilized cells was also
evaluated after 15 days. Beads were stored at 4°C Tris-acetate
buffer.



Phenol estimation by analytical methods and LC-MS analysis

Further analytical methods used for phenol estimation by 4-amino
antipyrine were used as substrate for quantitative estimation of
phenol by the spectroscopic method. Absorbance was measured at
510 nm (EPA, 2007) and it was further confirmed by liquid
chromatography analysis and metabolic product was analyzed by
LC-MS details described. LC-MS analysis of the sample was done
by using a Waters Micromass Q-Tof Micro (the mass spectrometer
is coupled with Waters 2795 HPLC). Sample -culture was
centrifuged at 5000 rpm for 20 min. Supernatant has been taken in
fresh vial. Separation was achieved with an LC column Waters X-
Terra C18 column, eluted with a gradient of acetonitrile in water
containing acetic acid (0.1% v/v); from 0 to 40% acetonitrile, using
the following parameters- ionization: electro spray positive (ES+),
acquisition: MRM unit resolution, Injection volume: 20 LIl and Flow
rate: 0.15 ml/min. For mass spectrometer, the following parameters
were used: desolvation gas: 550 L/h; cone gas: 30 L/h; desolvation
temperature: 250°C; source temperature: 110°C; capillary voltage:
3000 V; cone voltage: 30 V; collision energy: 4 eV; nebulize gas:
nitrogen 30 mi/min; collision gas: argon 0.5 pl /min (Comte et al.,
2013; and Glish and Vachet, 2003).

Identification of phenol degrading strain

Fungal gDNA Miniprep Kit (XcelGen, Gujarat, India) was used for
the isolation of genomic DNA. The quality of DNA was evaluated by
electrophoresis on 1.2% agarose gel. A fragment of D2 region of
28S rDNA gene was amplified by PCR from the isolated genomic
DNA. Reaction mixture for the PCR contained 1X PCR buffer; 200
UM of dNTPs; 1.5 mM MgCl,, 0.1 uM of each primer and 2.5 units
of Tag DNA polymerase (Invitrogen, USA) in a final volume of 100
pl sterile MQ water. The PCR was performed with initial
denaturation carried out at 95°C for 4 min, followed by 30 cycles of
denaturation at 95°C for 30 s, annealing at 55°C and extension at
72°C for 30 s. The thermal cycler was terminated by a final
extension for 5 min at 72°C. The sequence for DF/DR primer was
as follows: DF:5-ACCCGCTGAACTTAAGC-3, and DR: 5'-
GGTCCGTGTTTCAAGACGG-3' (Fell, 1993). The PCR amplicon
was purified and further processed for the sequencing. Forward and
reverse DNA sequencing reaction of PCR amplicon was carried out
with DF and DR primers using BDT v3.1 Cycle sequencing kit on
ABI 3730xlgenetic analyzer. The D2 region of 28S rDNA gene
sequence was used to carry out BLAST with the nr-database of
NCBI Genbank database. Based on maximum identity score, 15
sequences were selected and the phylogenetic tree was
constructed using MEGA 7.

Data analysis

Data were statistically analyzed by analysis of variance (ANOVA)
and the mean differences were compared by Tukey-Kramer
Multiple Comparison Test at p < 0.05. All the experiment was
conducted with three replicates and the analyses were performed
using GraphPad Prism (v 4.03) software.

RESULTS AND DISCUSSION

Isolation, screening and identification of phenol
degrading microorganism

Resistant fungal strains was screened; out of seven
isolates just only one isolate (NPD1401) was able to grow
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Figure 1. 1.2% Agarose gel showing single 700
bp D2 region of 28S rDNA amplicon band. Lane
1, DNA marker (1kb ladder); lane 2, D2 region of
28S rDNA amplicon band of Candida tropicalis.

at 1200 mg/l of phenol on minimal salt agar plate
therefore, this strain was selected for further study. The
selected strain was identified by molecular technique, by
D2 region of 28S rDNA gene using PCR. A single band of
700 bp of D2 region of large subunit 28S rDNA has been
obtained as shown in Figure 1 and sequenced.
Consensus sequence of 638 bp of D2 region of LSU
gene was generated from forward and reverse sequence
data using MultAlin Program
(http://bioinfo.genotoul.fr/multalin/multalin.html) and
alignment was manually corrected. Furthermore, based
on the BLAST search analysis, strain NPD1401 showed
99% similarity with C. tropicalis. The obtained sequence
of C. tropicalis was submitted to GenBank (NCBI) with
accession number KT380847.

The evolutionary relationship was inferred using the
Neighbor-Joining method. The bootstrap consensus tree
was inferred from 1000 replicates (Kimura, 1980). The
evolutionary distances were computed using the Kimura
2-parameter method and are in the units of the number of
base substitutions per site. The analysis involved 16
nucleotide sequences. Codon positions included were
1st+2nd+3rd+Noncoding. All positions containing gaps
and missing data were eliminated. There were a total of
583 positions in the final data-set. Further phylogenetic
were constructed using MEGA7 software (Kumar et al.,
2016) and shown in Figure 2. Recently, Karn et al. (2017)
also isolated pentachlorophenol (PCP) degrading straion
SK1 by enrichment method and identified by same
method discussed in the current study.
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Candida tropicalis (EU585761)
Candida tropicalis (KT380847)
Candida tropicalis (KY106819)
Candida tropicalis (KY106851)
Candida parapsilosis (KU752548)

Pichia kudriavzevii (GQ121702)

Candida glabrata (AB105204)

0.2

Candida albicans (KC993188)
Candida krusei (M55528)

Figure 2. N-J tree based on 28S rRNA sequence of current study Candida tropicalis (KT380847) along with
sequences available in GenBank database which shows close similarity with Candida tropicalis.

Table 1. Growth observed in terms of dry weight (g/l) and degradation (in %) by Candida tropicalis at different concentration of

phenol.

Time (Days) Dry wt. observed in (g/l) of Candida tropicalis at different concentration of phenol by free cell
Concentration 0.00 100 200 400 800 1000
Time(10 Days) 0.00 1.57+0.02" 1.51+0.06" 1.33+0.06° 1.29+0.03° 0.89+0.05°

Time (Days) Degradation observed at different concentration of phenol by free cell in %
Concentration 0.00 100 200 400 800 1000
Time (10 Days) 0.00 99+2%" 98+4.2%" 81+1.5%"° 72+2.7%° 63+1.7%"

*Value sharing common uppercase letter within row are not significant at p < 0.05 value. Data are mean and standard deviation of

triplicate.

Biodegradation of phenol by free and immobilized
cells

During degradation the well grown biomass in the MSM
was observed and after completion of 9 days the dry
weight given in Table 1 was observed. C. tropicalis has
shown effective degradation up to 200 mg/l degradation
was about 99%, at 400 mg/l it was 81%, at 800 it was
about 72%, and 1000 mg/l it was about 63% using the
free cell within ninth day of incubation (Table 1). By
observing the efficiency of this isolate, we directly used
1000 mg/l for immobilized and the fresh immobilized cells
degraded 98.01% of phenol within 8 days. The
immobilized beads of isolates were stored on 25 mM
Tris-acetate buffer at 4°C for 15 days. Further, it was re-
used and an observed 62.3% of phenol was degraded by
stored immobilized cells within 9 days of incubation
(Figure 3). C. tropicalis NPD 1401 strain was shown as
efficient phenol degrading strain. Previously, Rocha et al.
(2007) isolated C. tropicalis, C. rugosa, and Pichia
membranaefaciens strain; of these three strains, only C.
tropicalis was capable of growing at higher phenol

concentration, that is, 1000 mg/l in the minimal medium.
Zhou et al. (2011) designed statistical experiment and
used optimized process of phenol degradation by C.
tropicalis Z-04. The predicted results showed that the
maximum removal efficiency of phenol (99.10%) could be
obtained under the optimum conditions of yeast extract
0.41 g/I, phenol 1.03 g/l, inoculum size 1.43% (V/V) and
temperature 30.04°C. These predicted values were
further verified by validation experiments. Wang et al.
(2012) used C. tropicalis W1 isolated from the sludge in
the Yantai River of China by selective enrichment with
phenol and investigated degraded phenol concentration
of 900 mg/l in 30 h, but had no marked degradation
activity in  4-chlorophenol.  Sivasubramanian and
Namasivayam (2014) also observed bioremediation of
phenol using C. tropicalis SSKO1 immobilized cells
isolated from petroleum contaminated soil and observed
maximum phenol degradation was 95.2% degradation at
34.20°C and pH 6.86 with a concentration of 610 mg/I.
Due to the efficiency towards the degradation of C.
tropicalis, various researchers focused on this species.
By comparing the previous isolates for phenol
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Figure 3. Comparative biodegradation of phenol by Candida tropicalis NPD1401. FIBC, Fresh
immobilized bead cells; RIC, reused immobilized cells; FFC, fresh free cells.

degradation, it was observed that the current strain is a
more efficient and degraded higher concentration of
phenol. Among the various species of yeast, C. tropicalis
is the most studied yeast species for its potential for
phenol degradation (Yan et al., 2005; Adav et al., 2007,
Zhou et al., 2011; Ahmad et al., 2013; Basak et al.,
2014a; Long et al., 2014). Besides C. tropicalis, other
yeast such as C. lipolytica, Candida utilis, Candida
albicans, Trichosporon montevideense, and Trichosporon
cutaneum were also used to degrade the phenol and its
derivatives (Chen et al., 2002; Vilimkova et al., 2008; Liu
et al., 2011, Gerginovaa et al., 2014). Compared with free
cells, immobilized cell was found more efficient for phenol
degradation. Previously, polyacrylamide (PAA) gel beads,
calcium alginate beads, sugarcane bagasse, agar-
entrapment by Ramirez et al. (2001), Basak et al.
(2014b) and Adav et al. (2007) were used to immobilize
C. tropicalis and degrade different concentration of
phenol. Aerobic granules of C. tropicalis were sufficient
enough to degrade the phenol up to 1000 mg/l. The
highest concentration of phenol (>1000 mg/l) was
inhibitory for C. tropicalis present in the aerobic granule
(Adav et al., 2007). Vilimkova et al. (2008) found NADPH-
dependent phenol hydroxylase and catechol-1, 2-
dioxygenase from C. tropicalis which helps in the
degradation of phenol. The present strain successfully
degraded phenolin both free as well as immobilized cell.
Radovich  (1985) demonstrated mass transfer
limitations caused by the transport resistance within the
immobilization matrix affect the activity of the immobilized
cells. A concentration gradient within the immobilized cell

matrix (ICM) is established at steady state. Assuming that
the distribution of cells is such that the fermentation
reaction occurs throughout the ICM, the process must be
modeled as simultaneous reaction and diffusion. The
internal mass transfer effects are also traditionally
accounted for by an effectiveness factor, which is defined
as the ratio of the actual reaction rate to the reaction rate
which would occur if all the interior of the biocatalyst
particle was exposed to the same reactant concentration
as the exterior of the particle. These mass transfer
limitations may bring about an inhomogeneous
distribution of viable cells within the immobilizing matrix, a
change in the cell's growth kinetics or the cell's enzyme
kinetics, and a change in the operational stability of the
cells. Homaei et al. (2013) suggested that the
heterogeneity of the immobilized enzyme systems allows
an easy recovery of both enzymes and products, multiple
re-use of enzymes, continuous operation of enzymatic
processes, rapid termination of reactions, and greater
variety of bioreactor designs.

LC-MS analysis

After LC-MS analysis, we determined that possibly
phenol degradation is initiated in the presence of
molecular oxygen and the aromatic ring is further
hydrolyzed by the phenol hydroxylase into catechol. The
aromatic ring of phenol breakdown by the ortho or meta-
oxidation pathways was described previously by Jiang et
al. (2006), and Lika and Papadakis (2009). Catechol 1, 2-
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Figure 4a. LC-MS analysis of phenol. a) Cis,cis-muconic acid as metabolite. b) Phenyl phosphate and catechol.

dioxygenase and catechol 2, 3 dioxygenase are the
enzymes involved in the breakdown of aromatic ring
present in the phenol by ortho and meta pathway
respectively, with the cleavage sites for both enzymes
different (An et al., 2001; Cai et al., 2007; Nair et al.,
2008; Agarry et al., 2008). Wang et al. (2007) reported on
the Acinetobacter sp. PD12 metabolized phenol in the o-
pathway and detected the presence of catechol 1, 2-
dioxygenase. In the result, we found featured peak
(Figure 4a) having m/z 143.42 which showed the
presence of cis, cis - muconic acid. During phenol
degradation cis, cis -muconic acid was prominently
detected using LC-MS analysis (LC-MS of the sample
was analyzed and outsourced at SAIF, Punjab University,
Chandigarh, India). The cis,cis muconic acid belongs to
aerobic  degradation ortho-pathways for phenol
biodegrdation. Due to the presence of cis, cis - muconic
acid it has been predicted that C. tropicalis used ortho-
metabolic pathway for phenol degradation. Presence of
cis, cis-muconic acid indicates the isolated yeast strain
and follows ortho-metabolic pathway for biodegradation
of phenol. The present result was supported by the
finding of Tuah (2006) who also confirmed that C.
tropicalis strain follows ortho - metabolic pathway for
phenol degradation. The enzymes involved in metabolic
pathways are specific for substrate used. Other
intermediate metabolite of degraded phenol like phenol
pyrophosphate and catechol (Figure 4b) which provide
evidence of the ability of Candida tropicalis for phenol

degradation was also observed. Thus, we can clearly say
that the present strain are efficient for phenol degradation
and can be applied to the contaminated site in the
environment.

Conclusion

The present research comes up with efficient strain which
degraded phenol 98% by immobilized culture and free
cell 63% effectively at high concentration in 9 days
incubation period. Further, LC-MS finding revealed its
metabolite cis-cis muconic acid and catechol clearly
evidenced for the degradation of phenol. Further
application of this strain for phenol remediation in real
contaminated environment is underway.
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