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ABSTRACT

The aim of conducting this scope of study was to determine the ability of the crude enzymes of
Rhodococcus UKMP-5M in performing biotransformation since the nitrile-hydrolyzing enzymes (i.e.
nitrilase, nitrile hydratase and amidase) are intracellular enzymes. Different types of simple, fast and
inexpensive cell lysis methods were applied. It was found that utilization of mortar and pestle produced
the best result in terms of weight of protein (0.1969 + 0.0116 mg/mL) and enzyme activity (16.5071%+
0.0116 U/mg), respectively. A kinetic study of the crude enzyme was also carried out which revealed the
transformation of nitrile to ammonia can be performed in shorter time with good K., and V.« values as
compared to the free resting cells of Rhodococcus UKMP-5M.
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INTRODUCTION

The employment of free whole cells and immobilised cells in the biotransformation of nitriles and amides
has been conducted widely. On the other hand, biotransformation of these substances, catalysed by
isolated nitrile-hydrolyzing (NHE) enzymes also gives promising outcome and has been applied in
industrial scale. The process includes the application of nitrilase in the form of soluble isolated enzymes
as an intermediate or precursor in the synthesis of penicillin, antibiotic, cholesterol-lowering drugs and
drugs used in the neuropathic pain treatment (Velankar et al., 2010). Nitrilases, nitrile hydratases and
amidases are called as nitrile-hydrolyzing enzymes (NHE) as the enzymes breakdown the high molecular
weight of nitrile compounds by the addition of water in two different enzymes pathways. Both of the
pathways produce ammonia and carboxylic acids as the end products. These enzymes were reported
demonstrated rigorous chemo-, regio- and stereo selectivity and broad susbtrate specificity and purified of
nitrile hydratase has been testified to hydrolyse aliphatic, aromatic and heterocyclic nitriles, with
excellent chemoselectivity (Velankar et al., 2010; Black et al., 2010).

Rhodococcus spp. have a thick and complex cell wall which make the disruption of the cell by simple
lysis methods is difficult to perform. A disruption or lysis method involves temperature higher than room
temperature is also not favourable as it may denature the enzymes and subsequently affect the enzymes
activity. This can be overcome by prechiling or handling samples and container at a temperature below
5°C. A selectivity of a solvent used in the disruption such as lysozyme and phosphate buffer is also one of
the important factors to be considered.

MATERIALS AND METHODS

All the chemicals used in this experiment were of analar grade and obtained from Fisher, Sigma and
Merck, while all the solutions and media was prepared using deionized water of 18.3 MQ.cm. All the
glassware used in the biotransformation and analysis were washed with warm hydrochloric acid (0.5M),
rinsed thoroughly with deionized water and air dried prior to autoclaving. The procedures which involved
with microorganism and preparation of biotransformation mixture were conducted under sterile
conditions with aseptic technique.
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Microorganism

Rhodococcus UKMP-5M which was kept in Unisel Culture Collection was isolated from petroleum-
contaminated soil in Malaysia. Starter culture was prepared by inoculating aloopful of the culture on a
nutrient agar plate and transferred into a 50mL sterilized minimal salt medium. The composition of the
minimal salt medium is stated in Mauger et al., (1998). The culture was then incubated at 30°C, 160rpm
for 36 hours or until the optical density reading at 600nm (ODgy) reaches 0.9 — 1.0. Approximately,
2.0%v/v of the starter culture of the cells was inoculated into the sterilized minimal salt medium followed
by addition of the freshly filter sterilized of propionitrile, CH;CH,CN (0.2%V/v, 0.2M) as an inducer. The
growth medium was prepared in 12 replicates; three replicates for the preparation of free resting cells and
9 replicates for the preparation of cell free extract. The cells were then incubated at 30°C, 160rpm for 24
hours. Resting cells was formulated by harvesting the grown cells, centrifuged (4°C, 17800xg for
15minutes) and rinsed twice with phosphate buffer solution (0.1M, pH 7). The ODgq of the resting cells
was adjusted to 0.8 to 0.85 which corresponded to 0.8mg/mL and kept refrigerated at 4°C in the same
solution until further use.

Preparation of Cell Lysis

The resting cells was which was kept at 4°C, was centrifuged as stated above. The cell pellets were added
with 2.0mL of phosphate buffer solution followed by vortexing to produce a well mixture solution of
resting cells. The homogenous resting cells mixture was divided equally to three samples according to
three simple cell lysis methodschosen in this study, i.e. glass bead, mortar and pestle and homogenizer.
The cell lysis method using glass beads was performed by adding 3.0g of acid-washed and sterilized glass
beads (with a size of 425-600um) and 2.0mL resting cell mixture in a 50mL falcon tube and vortexed at
high speed for 30 minutes. While for mortar and pestle method, a similar amount of resting cells was
poured in to a pestle and added with liquid nitrogen. The solution became solidified and a mortar was
used to disrupt the cells for 30 minutes a constant pace. Liquid nitrogen was added when the cell is started
to liquefy and the mortar was placed on ice flakes to ensure the protocol was conducted at low
temperature. The homogenizer method was carried out by transferring the similar amount of resting cells
mixture to a universal bottle. A homogenizer was placed in the bottle and run for 30 minutes at medium
speed. The reaction solution was then pipetted out and transferred into 1.5mL Eppendorf tube and
centrifuged at the same condition. The supernatant was then transferred to an Eppendorf tube and kept at
in a deep freezer at a temperature of — 80°C until use.

Biotransformation

Sufficient amount of resting cells or cell-free extract enzymes were added with an appropriate amount of
acrylonitrile in 0.1M phosphate buffer (pH 6) and left to shake at 30°C, 80 rpm for an appropriate times.
Both sample and control set was conducted in triplicate.

Protein Analysis

The amount of protein was analyzed using the method of Bradford (1976) with bovine serum albumin
(BSA) as standard.

Analysis

The concentration of ammonia was measured using Indophenol Blue Method. 1 U is described as amount
of ammonia in nmol, released in 1mL reaction mixture per min.

Statistical Analysis

All the experiments and analysis were conducted in triplicates and the values obtained were the means *
standard error of the triplicates. The comparison between groups was performed using one way analysis
of variance (ANOVA) IBM SPSS version 20 with post hoc analysis by Duncan test. p< 0.05 was
considered statistically significant. The parameter results were ranked from a (most preferable parameter)
to d (least preferable parameter).

RESULTS AND DISCUSSION
The experiments using crude enzymes are unfavorable due to laborious work and high cost needed to
lysate and isolate the intracellular enzymes (Alfani et al., 2001). Furthermore, the nitrile-hydrolyzing
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enzymes, i.e. nitrilases, nitrile hydratases and amidases are intracellular enzymes and the enzymes are
fragile and susceptible to outside environment (Gong et al., 2012). Therefore, disruption of cell wall may
denature the enzymes which consequently may reduce the overall activity of nitrile-hydrolyzing enzymes.
Phosphate buffer was selected to be the solvent in disruption method as well as the medium for
biotransformation of acrylonitrile, as it offers advantages in facilitating enzymatic hydration or hydrolysis
of nitrile and amide. It has high buffering capacity and offers a more natural environment to enzymes in
vitro (Raj et al., 2006). Besides that, Prasad et al., (2007) also reported potassium buffer solution gave
better environment for nitrilase activity as compared to sodium phosphate, sodium citrate-phosphate and
TrisHCI.

In this present work, simple, inexpensive and fast cell disruption method was compared and the cellfree
extract of Rhodococcus UKMP-5M was employed in the biotransformation of acrylonitrile. The results on
the types of disruption method used in cell lysis are tabulated in Table 1.

Table 1: Nitrile-Hydrolyzing Enzyme Activity in Different Disruption Method

Disruption Method Weight of Protein (mg/mL) NHE Activity (U/mg)
Glass Bead 0.0788 + 0.0021 18.6873°+ 1.1809
Homogenizer 0.0241 + 0.0022 21.8092°+ 2.0636
Mortar and Pestle 0.1969 + 0.0116 16.5071% 0.0116

Nitrile-hydrolyzing enzymes activity was measured in a reaction mixture containing 3mL of phosphate
buffer, 0.1mg/mL of crude enzymes and 5mM of acrylonitrile and reacted at pH 6, 80rpm and 120
minutes. The weight of protein and nitrile-hydrolyzing enzymes activity represent means of triplicates
samples + standard error. Statistically significant difference (p<0.05) was observed among methods and
ranked from the most favored to the least favored following alphabetical orders in subscript format.
(ssignifies preferable parameter and “signifies less preferable parameter).

The disruption method using homogenizer released a lowest amount of protein (0.02405 +
0.0022mg/mL), but exhibited the highest specific NHE activity (21.8092 + 2.0636U/mg protein),
meanwhile the glass bead disruption method produced lower weight of protein as compared to mortar and
pestle. This shows the combination of glass bead and phosphate buffer is not sufficient to extract more
protein as compared with the mortar and pestle method, which exhibited a 150% higher in protein
amount. The specific NHE activity of these two methods displayed almost equal results. However, the
method of mortar and pestle was chosen due the low cost involved in the reaction and lowest standard
error. The glass bead method was not chosen based on two main factors i.e. the standard error value of the
glass bead methods is bigger than the standard error value of the mortar and pestle method. Another
reason is the heat that may generate from the reaction in the disruption method using glass beads may
affect the activity of the enzymes.

Kinetics of Rhodococcus UKMP-5M

The activity of the purified or isolated enzymes from various types of disruption methods has been
reported by previous researchers demonstrated higher with comparison of the resting or growing cells.
Besides the higher activity, the reaction also can be achieved at a shorter period (Faber, 1997). Therefore,
profile of the NHE activity of the cell free extract was observed against time and compared with the NHE
activity of free resting cells.

The activity of intracellular NHE, in the form of free of the cell extract, was evaluated at interval of 15
minutes through 120 minutes reaction while for the free resting cells it was observed at the interval of 30
minutes for 210 minutes and the results were presented in Figure 1. Based on Figure 1(A), it was found
the conversion of acrylonitrile to ammonia was highest at 15 minutes and declined gradually until 45
minutes of reaction. A decrease in NHE activity may due to the protein denaturation with time which
caused by the exposure of the enzymes with substrate. The rate of the NHE activity was then observed to
be at a constant value at 90 minutes until end of the reaction. In addition, the conversion of acrylonitrile to
ammonia by cell-free extract of Rhodococcus UKMP-5M was greatest at 15 minutes (87.1113 + 0.0312
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U/mg) as compared to resting cells of Rhodococcus UKMP-5M (Figure 1B), which is at 120 minutes
(0.1170 £ 0.0071 U).
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Figure 1: Kinetic of Cell Free Extract (A) and Free Resting Cells (B) of Rhodococcus UKMP-5M

The reaction was conducted with 0.3 mg/mL of crude enzymes and 10 % v/v of resting cells of
Rhodococcus UKMP-5M, 5mM acrylonitrile in phosphate buffer (pH 6, 10 mL). The NHE activity was
measured at 15 minutes interval for 2 hours for crude enzyme and 30 minutes interval for 210 minutes for
resting cells. Error bars represent standard errors between three determinants.

The apparent kinetics, K, and Vs« Of resting cells of Rhodococcus UKMP-5M as a biocatalyst in the
hydrolysis of acrylonitrile was examined with a concentration of acrylonitrile ranging from 5 to 50 mM
for cell free extract and 5 to 200 mM for resting cells. These two figures were determined in the
preliminary studies of the tolerance level of both the systems towards higher concentrations of
acrylonitrile. The Michealis-Menten and Line weaver-Burk plots for both systems are depicted in Figure
2.
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Figure 2: Kinetics of Biotransformation of Acrylonitrile by Cell Free Extract and Resting Cells of
Rhodococcus UKMP-5M. The Michealis-Menten Plot for Cell Free Extract (A) and Resting Cells
(B) and the Line Weaver-Burk Plot for Cell Free Extract (C) and Resting Cells (D)
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The calculated V. and Ky, for the intercellular NHE is 125.34uM/min and 127.52mM respectively,
while for resting cells it was recorded as 18.11uM/min and 32.17mM respectively. The high Vx
obtained demonstrates the high conversion of acrylonitrile to ammonia when the nitrile-hydrolyzing
enzymes were saturated with substrate. However, higher K, value showed the reaction demonstrated
lower affinity of the acrylonitrile for the nitrile-hydrolyzing enzymes. This can be concluded, the
intracellular NHE were observed has better performance to transform acrylonitrile to ammonia than that
of resting cells.

The K, and V. values of cell free extract was observed higher than that of the resting cells. Similar
findings were also reported. Yang et al., (2011) reported the V.x and K, values for the resting cells of
Rhodobacter sphaeroides LHS-305 in the hydrolysis of 3-cyanopyridine was 7.7uM/min and 4.5mM
respectively. While Prasad et al., (2009) found a V., and K, values for cell free extract of Rhodococcus
rhodochrous PA-34 in the same substrate was 250pumol/mL min and 167mM respectively. The
conversion of 3-cyanopyridine to nicotinic acid by free resting cell of Rhodococcus sp. NBD 1165 was
discovered has the value of K, and V.« 0f 0.1 M and 1.67 pmol/min mL (Prasad et al., 2007).
Conclusion

The best cell lysis method was observed to be the mortar and pestle method without experiencing both
denatured enzymes and hindered enzymes activity. The transformation of acrylonitrile to ammonia by
intracellular NHE can be performed at a shorter time with good K., and V.« value as compared to free
resting cells. Therefore, it can be applied for further study on the potential of the free cell extract of NHE
of Rhodococcus UKMP-5M cells as biocatalyst in bioremediation of nitrile.
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