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Abstract: In this study, RETL-Crl was studied for its growth and degradation properties in M3 and modified
Ramsay media and in the latter with varying saline concentrations. There was no significant effect of medium
salimty towards the growth and degradation of phenol in RETL-Crl. From the growth profile, p was calculated
to be 0.288 h™' while t, was 2.971 h. The significantly higher intracellular enzyme activity of the crude extract
was assayed against varying pHs, ethylenediaminetetraacetic acid (EDTA) concentrations, temperatures and
Nicotinamide adenine Dinucleotide (NADH) concentrations, in that order with the resulting optimized
conditions of pH 6.5, 1.8 mM EDTA, 37°C and 0.4 mM NADH. Enzyme stability was assayed against varying
pH and temperature where 1t was most stable at pH 6.5 and between temperatures ranging from 25 and 30°C.
The crude phenol degrading enzyme was further subjected to kinetic studies at the optimized conditions to
determine 1its affinity towards phenol at varying concentrations. From the Lineweaver-Burk plot it was found
that the crude enzyme has a high V. value of 4963 uM phenol degraded per minute and a low K, value of
2.115 pM suggesting high affimty towards the substrate. Confirmation of phenol degradation intermediate was

determined upon the presence of catechol via thin layer chromatography.

Key words: Phenol degradation, Candida tropicalis, enzyme assay, K, V..

INTRODUCTION

Until recently, studies on biodegradation of phenolic
compounds which are the major constituents of
wastewaters from petrochemical, chemical and steel
industries have received much attention as the primary
form of envirenmental remediation complementing the
physical and chemical methods (Komarkova et al., 2003,
Chang et al., 1998). Ecologists have come to realize
the mereasing risk o f phenolic compounds and its
by-products as pollutant to the environment especially
water reservoirs which may lead to imminent mtegration
of phenol in the food chain (TPCS, 1994).

As a typical xenobiotic, phenol solutions are
corrosive to the skin and eyes and particularly lethal to
humans if consumed at a mimimal amount of 4.8 g. Also
known as hydroxybenzene, phenol is a component of
coaltar and petrochemical compounds. Formed during the
natural decomposition of organic materials it contributes
to the rising envionmental levels via forest fires
(Hubble et al., 1981) and irresponsible wastewater
disposal. However it 1s susceptible to photolysis. Bemng
rather sensitive to oxidizing agents, in the environment,
phenol reacts with photochemically produced hydroxyl

and peroxy radicals in sunlit natural waters. Tt is oxidized
when the hydrogen atom 18 split from the hydroxyl
group followed by resonance stabilization of the
phenyloxy radical. The phenyloxy radical will be further
oxidized depending on the oxidizing agent and reaction
condition (IPCS, 1994). Mmneralization occurs when it 1s
oxidized to carbon dioxide and water at 50°C in the
presence of oxygen and sunlight at a rate of 11% in 24 h
(Howard, 1989).

Eukaryotes and prokaryotes also evolved their
own mechanism for phencl and phenolic compounds
degradation by incorporating it in the main metabolic
cycle. Tt has been extensively studied on the basis of
phenol degradation at low concentrations but not at high
concentrations (Ruiz-Ordaz et al., 2001). Being the most
widely studied eukaryote that degrades phenol and its
derivatives at a concentration of up to 3000 ppm, Candida
tropicalis 15 classified as a chemolithotroph since it 1s
able to thrive solely on phenol as its main carbon and
energy source. The phenol degradation in C. tropicalis 1s
catalyzed mainly by phenol hydroxylase and catechol-1,
2-dioxygenase via the ortho ring cleavage pathway which
is also known as the B-ketoadipate pathway of catechol to
¢is, cis-muconic acid (Bastos et al., 2000a,b). Both are
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inducible enzymes and function in the presence of oxygen
(Chang et af, 1998). The end products of phenol
degradation in eukaryotic cells were succinic acid
and acetyl CoA (Feist and Hegeman, 1969). This acetyl
CoA initiated the TCA or Krebs cycle which is one of the
main metabolic pathways and succinic acid 13 an
important constitute of this cycle (Harwood and Parales,
1996).

Bastos et «l (2000a) found that the highly
versatile C. fropicalis was able to grow and degrade
higher concentrations of phenol at higher medium
salimty at an even faster rate as compared to its native
environment. Thus it was of our interest to determine the
effect of medium salinity towards the growth and phenol
degradation rate. The efficiency of the cell fractions in
degrading phenol was also assayed particularly the crude
cell extract which was assayed and optimized against
several parameters.

MATERIALS AND METHODS

This study was carried out between November 2004
and February 2005.

Candida tropicalis RETL-Cr]l was 1solated from local
petrochemical wastes of the shores of Johor and Negeri
Sembilan, Malaysia. Tt was found to be the best phenol
degrader of four other isolates, ideally cultured in Ramsay
medium. Therefore, it 1s of our mterest to determine the
presence of phenol degrading enzymes by developmng a
suitable enzyme assay. The enzymes made up a
concoction of preliminary enzymes responsible for the
metabolism of phenol m RETL-Crl.

Phenol standard curve and the determination of the
phenol concentration in samples were based upon the
colourimetric method mtroduced by Box (1983) with slight
modifications with the absorbance being read at 765 nm.
The determination of protein concentration was
carried out according to the method established by
Lowry et al. (1951) with modifications to accommodate
this study.

Ramsay (MRM) and M3 media were prepared to
monitor the growth and phenol degradation rates in both
the media with appropriate modifications to accommodate
this study. MRM contained the chemical reagents
described by Ramsay ef al. (1983). 2 g L™' NH,NO,
(Fluka), 0.5 g L™" KH,PO, (Merck), 1 g 17" K,HPO,
(Sigma), 0.1 g L.7' KCI1 (Riedel de Haen), 0.06 g 17" yeast
extract (Oxoid), 2 g L' NaCl (Merck) and stock solutions
of Mg30, (GCE) and CaCl, (GCE) both at 10 g L™ were
prepared separately and autoclaved before being added
to a final concentration of 0.5 and 0.01 g 17", respectively.

M3 medium was prepared by preparing stock
solutions of Mg30, (GCE), 10g L™ and of NaC1 (Merck),
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100 g 17! which was autoclaved separately before adding
to the other sterilized components which were NHNO,
(Fluka) 1.0 g L™, KH,PO, (Merck) 0.5 g L™, K,HPO,
(Sigma) 0.5g L', KCl(Riedel de Haen) 0.1 g L ™" and trace
minerals H.BO,0.5g L™, CuS0, 1.0g L7, KI 1.0g L7,
MnSQ, 20 g L™, ZnSQ, 5.0 g 1L.7". The final phenol
concentration in both the MRM and M3 media was 3 mM.
Only the MRM was used in determining the effect of
medium salinity (NaCl) at the range of 0-8 g L™". Long term
glycerol stock culture was prepared and stored at —80°C.

The assay components which were phenol (0.2 mM),
NADH (0.1 mM), Na,EDTA (1.0 mM) and phosphate
buffer (0.1 mM) solutions were prepared as a standard
mitial reaction mixture. This standard imtial reaction
mixture was used in determining enzyme localization and
the enzyme activity of the various cell fractions
{(Rosenberg, 1996; Scopes, 1994). The assay was wutiated
upon addition of the cell fractions (500 ul.) and NADH.
The enzyme activity () can be defined as 1 yuM of
compound being formed or consumed per minute. In this
study the U was defined as pM of phenol being degraded
per minute. ITn order to obtain the crude cell free extract,
the yeast cells obtained during the maximum log phase
were subjected to the glass bead grinding method
{(Rosenberg, 1996). The other cell fractions include the
resting cells, cell debris and the culture supernatant.

Optimization of the pH, EDTA concentration,
temperature and NADH concentration were carried out in
that respective order with suitable control experiments.
Determination of enzyme stability against varying pH and
temperature were done subjecting the assay to extended
incubation time. The optimized conditions were employed
1n the final assay to determine the K, and V. of the crude
enzyme. TLC was done to confirm the intermediary
products of phenol degradation (Leow, 2004).

RESULTS AND DISCUSSION

Results obtained showed that RETL-Crl grew and
degraded phenol more significantly in MRM rather than
in M3 medium. The lag phase of growth and phenol
degradation rate of RETL-Crl in MRM was significantly
shorter than in M3. This shows that the M3 medium was
not preferable for the growth and degradation of phenol
by RETL-Crl. Figure 1 shows the growth profile and
growth associated phenol degradation. The RETL-Crl
specific growth rate (i) was 0.233 h™" with the doubling
time (t;) of 2.971 h in MRM.

Interestingly, no mbubitory effect on growth was
observed with no acceleration m either growth or phenol
degradation. The results indicate that low saline
concentration did not have any significant effect on
growth and phenol degradation (data not shown). Present
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Table 1: Specific activity for cell fractions

Cell fractions Protein concentration (mg mlL.™") Enzvme activity, U (uM min~") Specific activity (U mg™")
Culture supernatant 0.365 0.017 0.047
Control: Heat treated (5 min, 100°C) 0.365 0.017 0.047
Net degradation 0.000
Resting cells 0.729 2.750 3772
Control: Heat treated (5 min, 100°C) 0.729 0.000 0.000
Net degradation 3.772
Cell free extract 0.048 0.317 6.604
Control: Heat treated (5 min, 100°C) 0.048 0.100 2.083
Net degradation 4.521
Cell debris 0.707 2.283 3.229
Control: Heat treated (Smin, 100°C) 0.707 0.000 0.000
Net degradation 3.229
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Fig. 1: Growth associated phenol degradation

results are contrasting to Bastos ef al. (2000a) who
reported that repeated adaptation phases of C. tropicalis
on saline media was important to allow adaptation of its
phenol regulatory system m order that the adapted
microorganism have higher phenol tolerance and degrade
higher phenol concentrations.

Table 1 shows that cell free extract which was the
crude intracellular enzyme had the highest specific
activity relative to resting cells, cell debris and culture
supernatant. A high possibility could be that the phenol
degrading enzymes are membrane bound due to the
significant enzyme activity from the cell debris and resting
cells fractions. This possibility was also expressed by
Bastos et al. (2000b) by stating that there could be
membrane level phenol degradation in Candida
tropicalis.

It was found that the most suitable incubation time
for the enzyme assay was 30 min using the stop enzyme
assay method (Scopes, 1994). The mcubation period of 30
min in comparison to the 60 min yielded a higher enzyme
activity since the amount of phenol degraded was divided
by the duration of the assay. The data obtained was a
mean of triplicates. The reaction progress followed a
parabolic curve wherein it deviated from the true initial
steady-state linear rate which was distinctive when using
the stop method. Proper measures should be observed n
order to avoid underestimating the initial steady-state
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and to impose the assumption of linearity. Linearity can
be momtored by carrying out a series of analyses at
different incubation times and to detect any sequential
side reactions which may be done by removing the
measured product (Scopes, 1994). Usually, the initial rate
phase of an enzymic reaction persists for 10 sec up to
several hundred seconds which is especially rapid
(Purich, 1983).

Optimal enzyme activity was observed at pH 6.5
(Fig. 2) wherein it was most stable. Significant steady
decrease in enzyme activity was observed as the pH
increased to the alkaline range up to pH 8. However, the
enzyme showed salient activity within a wide range of
PH. The results are m good agreement with that of
Harmaford and Kuek (1999) and Mordocco et al. (1999)
who observed that slightly acidic conditions resulted in
heightened rates of phenol degradation. Extreme pHs
showed lower activity due to protein denaturation and
inactivation of the active sites (Scopes, 1994). The
presence of EDTA greatly increased the enzyme activity
with an optimal of 1.8 mM. The assay without EDTA
yielded no enzyme activity. This showed that the
enzyme 1s heavily dependent on the presence of EDTA in
order to quench the mhibitory effect of the
metalloproteinases found abundantly in crude yeast
extracts (Suelter, 1985).

The optinum temperature for the highest enzyme
activity was 37°C (Fig. 3), however, it was most stable at
25°C. Significant enzyme activity concentrated between
a very narrow range of temperatures between 35 and
40°C. Tt was noted that the enzyme activity deteriorated
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determine optimal substrate concentration under
optimal conditions

considerably as the temperature rose from 45°C onwards.
The stability of the enzyme decreased dramatically as the
assay temperature rose from ambient to physiological and
became extremely unstable as the temperature mcreased
from 37 to 50°C. This was also due to conformational
changes in the protein structure or denaturation of the
catalytic site that led to enzyme mactivation (Scopes,
1994). Regardless of the enzyme properties, inactivation
effects of both temperature and pH on the enzyme
conformation should be given much consideration since
both are closely related. This is because the ionization
constants of protein groups may vary with temperature
and in tum will affect the pH wvalues of the buffer
solutions (Scopes, 1994; Suelter, 1985).

NADH 13 an important cofactor especially for
mtracellular enzymes such as the phenol degrading
enzyme from RETL-Crl. It was observed that enzyme
activity was optimal at 0.4 mM of NADH with a wide
range of salient enzyme activity spanmng from 0.13 to
0.53 mM. As with most intracellular enzymes which are
holoenzymes, the phenol degrading enzyme too needed
a cofactor as an activator such as NADH or NADPH as
the primary electron donor (Madigan ef al., 2000). The
cofactor NADH contributes an electron to the phenol
degrading system in the form of a hydride ion. Being an
mtracellular enzyme and a key enzyme m the
biodegradation of phenol, phenol hydroxylase activity in
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Candida tropicalis essentially depends on the presence
of NADPH (Neujahr et al., 1974). The oxidation and
reduction of NADH during intracellular metabolism in
yeast 1s potentially due to the presence of an NADH
oxidoreductase system (Scopes, 1994, Suckling and
Gibson, 1998).

The Michaelis-Menten constant (K ) calculated from
the Lineweaver-Burk plet in Fig. 4 showed a low value of
2115 pM depicting a relatively lugh affimty of the enzyme
towards its substrate phenol. The maximum velocity or
maximum activity (V) of the enzyme was calculated to
be 4.963 uM of phenol degraded per minute. There may
exist a slight substrate mlubition at lhigh phenol
concentrations, thus, the substrate concentration should
be reduced to about 2 to 3 times K, value or lower.

Comparison done using TLC with catechol and
standards confirmed that
intermediary products of phenol degradation which are
catechol and c¢is,cis mucomc acid were indeed present
inthe reaction mix following termination of the assay
(Leow, 2004; Wade, 1995).

From this study it can be concluded that growth and
phenol degradation rate of Candida tropicalis RETL-Crl
were not affected by slight medium salinity. The phenol
degrading enzymes were mostly intracellular and also

cis,cis  muconic acid

membrane bound which for the former the enzyme assay
has been successfully optimized with the K, and V_, of
2.115 and 4.963 pM, respectively. Extensive work has
yet to be done in order to obtain pure and viable
phenol degrading enzymes which are primarily phenol
hydroxylase catechol-1,2-dioxygenase.  Partial
purification and further characterization of the enzymes
should be undertaken. Molecular methods via PCR and
DNA sequencing may also be implemented to obtain the

and

DNA sequence of the designated protein responsible for
phenol degradation. These genes may then be inserted
into compatible plasmid vector which in turn may be
transformed mto E. coli. Coupled with the mampulation
of gene expression, mass excretion of the designated
enzymes can be obtained for further research. Alternative
methods for monitoring enzyme activity should be
implemented and centinuous enzyme assay may be
tested.

REFERENCES

Bastos, AER., D.H. Moon, A. Rosst, J.T. Trevors and
M.T. Siu, 2000a. Salt-tolerant Phenol-degrading
Microorgamisms Tsolated from Amazonian Soil
Samples. Arch. Microbiol, 174: 346-352.



Pak. J. Biol. Sci., 9 (3): 8603-809, 2006

Bastos, AER., V.L. Tomisielo, SR. Nozawa, I.T. Trevors
and A. Rossi, 2000b. Phenol Metabolism by Two
Microorganisms Tsolated From Amazonian Forest
Soil Samples. I. Indust. Microbiol. Biotechnol.,
24: 403-409.

Box, 1.D., 1983. Investigation of the Folin-Ciocalteau
Phenol Reagent for the Determination of
Polyphenolic  Substances in Natural Waters.
Pergamon Press Ltd., 17: 511-525.

Chang, Y.H., C.T. Li, M.C. Chang and W.K. Shieh, 1998.
Batch Phenol Degradation by Candida tropicalis
and its Fusant. Communication to the Editor.

Feist, CF. and G.D. Hegeman, 1969. Phenol and Benzoate
Metabolism by Pseudomonas putida: Regulation of
Tangential Pathways. J. Bacteriol., 100: 869-877.

Hannaford, AM. and C. Kuek, 1999. Aerobic batch
degradation  of  phenol
Pseudomonas  putida. 1.
Biotechnol., 22: 121-126.

Harwood, C.S. and R E. Parales, 1996. The p-Ketoadipate
pathway and the biology of self-identity. Ammu. Rev.
Microbiol., 50: 553-90. PMID: 8905091.

Howard, P.H., 1989. Handbook of Fate and Exposure Data
for Organic Chemicals. 1. Lewis Publishers, Chelsea.

Hubble, B.R., I.R. Stetter, E. Gebert, I B.L. Harkness and
R.D. Flotard, 1981. Experimental Measurements from
Residential Wood-burning Stoves. Proceedings of

usingilmmobilized
Indust.  Microbiol.

the International Conference on Residential Solid
Fuels: Environmental Tmpacts and Selutions, John A.
Cooper and Dorothy Malek.

IPCS, 1994. International Programme on Chemical Safety.
Phenol: Environmental Health Criteria 161. World
Health Organization. Geneva. QD 341. pp: 5.

Komarkova, E., I. Paca, E. Klapkova, M. Stiborova,
C.R. Soccol and M. Sobotka, 2003. Physiological
Changes of Candida tropicalis Population
Degradating Phenol in Fed Batch Reactor. Brazilian
Arch. Biol. Technol., 46: 537-543.

Leow, S.5., 2004, Partial purification and characterization
of biosurfactants isolated from Pseudomonas sp.
Bas-Crl. B. Sc. Thesis, Teknologi
Malaysia.

Universiti

809

Lowry, O.H., N.J. Rosebrough, A.L. Farr and R.J. Randall,
1951. Protein measurement with the folin phenol
reagent. J. Biol. Chem., 193: 265-275.

Madigan, M.T., .M. Martinko and J. Parker, 2000. Brock
Biology of Microorganisms. Sth Edn., Prentice-Hall,
Inc. New Jersey, pp: 729-732.

Mordocco, A., C. Kuek and R. Jenkins, 1999. Continuous
degradation of phenol at low concentration using
mmmobilized pseudomonas putida. Enzyme Microb.
Technol., 25: 530-536.

Newahr, HY ., S. Lindslo and I.M. Varga, 1974. Oxadation
of Phenols by cells and Cell-free Enzymes from
Candida tropicalis. Antome van Leeuwenhoek,
4: 209-216.

Purich, D.I.., 1983. Contemporary Enzyme Kinetics and
Mechanisms. Academic Press, Inc. London.

Ramsay, B.A., D.G. Cooper, A. Margaritis and I.E. Zajic,
1983,
production and demulsifying ability. Microbial
Enhanced Oil Recovery, pp: 61-65.

Rosenberg, .M., 1996. Protein Analysis and Purification
Benchtop Techniques. Birkhauser Boston, TJSA.
Ruiz-Ordaz, N., J.C. Ruiz-Lagunez, J.H. Castanon-
Gonzalez, E. Hernandez-Manzano, E. Cristiam-Urbina
and J. Galindez-Mayer, 2001 . Phenol biodegradation
using repeated batch culture of Candida
tropicalis in a multistage bubble column. Revista

Rhodochorous  bacteria:  Biosurfactant

a

Latmoamericana de Microbiologia, 43: 19-25.
Scopes, R.K., 1994, Protein Purification Principle and
Practice. 3rd Edn., Springer-Verlag New York, Inc.
Suckling, C.J. and C.L. Gibson, 1998. Enzyme Chemistry:
Impact and Applications. International Thomson
Publishing, TTK.
Suelter, C.H., 1985. A Practical Guide to Enzymology.
John Wiley and Sons, Inc. Umted States of America.
Wade, L. G., Jr., 1995, Organic Chemistry. Third Edition.
Englewood Cliffs, New Jersey: Prentice-Hall, Tnc.,
pp: 477-592, 937-1040.



	805-809_Page_1
	805-809_Page_2
	805-809_Page_3
	805-809_Page_4
	805-809_Page_5
	PJBS.pdf
	Page 1


