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Abstract

L-methioninase (METSs) catalysez the disintegration of methionine, an essential amino acid into ammonia, o-
Ketoglutarate and methanethiol. L-methionine has a central role in the metabolism of all macromolecules, control of gene
expression, cytoprotection and membrane integrity. This enzyme has been extensively studied from a wide range of organisms,
including plants, terrestrial and marine microbes. Aim of the work: The aim of the present study was to produce, purify,
immobilized and comparing the characteristics of the free and immobilized L-methioninase from Fenugreek. Material and
methods: L-methioninase was purified using ammonium sulphate precipitation, DEAE-cellulose and Sephadex G200. The final
specific activity was 34.5 units mg? protein and 61.3-fold. The enzyme was immobilized on both Ca-alginate and chitosan.
Also, the effect of treatment with three phytohormones including jasmonic acid, gibberellic acid and kinetin was studied.
Results: The results in the present investigation exhibited that chitosan was better than Ca-alginate in the immobilization
efficiency. Increasing the time of immobilization elevated the immobilization efficiency with Ca-alginate and chitosan. The
enzyme was reused seven cycles and after 7 cycles it retained appreciable activity particularly with chitosan. The enzyme was
desorbed highly from Ca-alginate than chitosan. The optimum pH values were 8 and 9, respectively for the free and the
immobilized enzyme. The optimum temperatures were 35 and 40°C, for the free and immobilized L-methioninase respectively.
Treatment with the three phytohormones activated the enzyme with different rates. In conclusion: We can conclude that L-
methioninase was purified from fenugreek plants with appreciable specific activity. The enzyme was immobilized on Ca-
alginate and chitosan. The later was being the best support. The immobilized enzyme was reused seven cycles with maintaining
considerable activities.
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1. Introduction

L-methioninase (EC 4.4.1.11) is also known by
methionine- gamma lyase, methioninase, methionine
lyase, and methionine demethylase. This enzyme is a
member of the aspartate aminotransferase family [1-
3]. Several reports are on the production of L-
methioninase from Arabidopsis plants. Constituent
expression of Arabidopsis thaliana L-methioninase in
aerial organs and roots shows that has housekeeping
function in plants [4-6]. Production of L-methioninase
was noticed also in plant cell suspension cultures from
Catharanthus rose and from Cucumis melo . [7-9]
identified a functional L-methioninase in potato, an
important crop species and proposed a more universal

catabolism.

L-methionine degradation products such as
methanethiol and 2-oxobutyrate are used for the
synthesis of S-methyl L-cysteine and isoleucine,
respectively. L-methioninase is involved in the
alternative reverse-trans sulfuration pathway, in
which L-methionine is metabolized to cysteine, not
via cystathionine [10]. Immobilization is a technical
process in which enzymes are fixed to or within solid
supports, creating a heterogeneous immobilized
enzyme system. The Immobilized form of enzymes
mimics their natural mode in living cells, where most
of them are attached to cellular cytoskeleton,
membrane, and organelle structures [11-12]. The aim
of the present work was to isolate and immobilize L-
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methioninase from fenugreek then studying some
biochemical characteristics.

2. Materials and Methods

2.1. Seed germination and growth conditions

1. Seeds of Fenugreek were germinated according to
[13]. The seeds of surface were sterilized in 10 %
sodium hypochloride for 10 min, soaked in running
tap-water for 24 h, and then germinated between
paper towels, moistened with distilled water in
sterilized plastic trays. The trays were covered and
incubated in the dark at 25° C for 48 h. The
germinated seeds with well-grown roots were then
supported on plastic bowls containing 0.2 mM CaCl,
solution. CaCl, solution was continuous and
vigorously aerated. Seeds were grown for further 10
days in light at 25° C. The leaves of 10-days old plants
were collected and kept on ice to be used for enzyme
extraction immediately.

2.2 Enzyme extraction

The enzyme was extracted from the leaves as
described by [13]. The tissue was ground with a pestle
and mortar at 0-4 °C using 50 mM sodium phosphate
buffer (pH 7.0). The homogenate was centrifuged at
5,000 rpm for 15 min, and the supernatant was
collected, and represented the crude enzyme extract.

2.3. Purification of L-methioninase

The crude extract obtained by the extraction method
was treated with solid ammonium sulphate (85 %
saturation). The pellets obtained was suspended in the
minimum volume of 0.1 M phosphate buffer (pH 7.0)
and dialyzed overnight against the same buffer. The
dialyzed preparation was centrifuged at 5,000 rpm for
20 min and then poured on to DEAE-cellulose column
(2x10 cm), equilibrated with 0.1M phosphate buffer
pH (7.0) containing 0.2 M NaCl. To remove non-
specially bound protein, the column was washed with
equilibrating buffer. L-methioninase was eluted from
the column by a steep gradient of 0.1 to 0.5 M NaCl
in equilibrating buffer at flow rate of 0.5 mI min=*. The
active fractions were pooled and dialyzed over night
against 30 mM phosphate buffer pH (7.0). The eluted
enzyme from DEAE-cellulose column was loaded
onto Sephadex G-200 column (2x25 cm). The active
fractions were collected and considered as the pure
enzyme.

L-Methioninase Assay
The activity of L-methioninase was estimated by
measuring the amount of ammonia liberated from L-
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methionine spectrophotometrically
Nesslerization according to [14].

following

2.4 Determination of protein content

Protein content was determined according to [15].
Five ml of diluted Coomassie-Brillant blue G-250
were mixed with 1 ml of enzyme extract and the
mixture was put for one min in dark and the
absorption was measured spectrophotometrically at
595 nm. Bovine serum albumin (BSA) was used as
standard.

2.5. Determination of Molecular Weight by Gel
Electrophoresis

The homogeneity of purified L-methioninase was
checked wusing dissociating polyacrylamide gel
electrophoresis (SDS-PAGE) and was carried out
according to a protocol proposed by [16].

Immobilization of L-methioninase on chitosan
beads

Chitosan beads were mixed with L-methioninase
solution 2 mg/ml in 150 mM potassium phosphate
buffer (pH 7.0) for 2 h with slight stirring and washed
at 4 °C then, the beads dried at room temperature and
stored at 4°C. The activity of immobilized enzyme
was estimated by subtracting the activity of in the
supernatant after immobilization from the added
activity on chitosan bead.

Immobilization of L-methioninase on alginate
bead

This method of immobilization was initially adopted
from that reported by [17]. The pure L-methioninase
was mixed with 40 ml sodium alginate (3 % wi/v). The
resulting solution was placed in a separating funnel
and suspended over a beaker contained 200 ml of 3%
w/v CaCl,. The alginate bead was prepared by gentle
dropping of the solution through a 200 pl ependorf tip
into CaCl, solution at a rate of 30 drops min. After
for 4 h gentle stirring the bead was filtered out of the
CaCl; solution and washed using the same buffer. The
activity of L-methioninase immobilized was assayed.

3. Results and discussion

Purification of L-methioninas

The purification of L-methioninase was carried out by
ammonium sulphate precipitation (85%), DEAE-
Cellulose and Sephadex G-200. The results in Table 1
show that the enzyme was purified 61.3-fold with 34.5
Umg protein. [18] purified L-methioninase 2.55-fold
from Stryptomyces.

Immobilization of L-methioninase
The immobilization of the enzyme was tested on
chitosan and ca-alginate (Table 2). The
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immobilization efficiency value was 67.4% and
88.0% on calcium alginate and chitosan, respectively.
The immobilization of enzyme causes an increase in
enzyme rigidity, which is commonly reflected by an
increase in stability toward denaturation by raising the
temperature [19]. It should be noted that the
biocompatibility of the support could also play an
important role on stabilization of enzyme
confirmation. Among the main reasons for enzymes
immobilization is the anticipated increase in its
stability to different deactivating force due to
restricted conformational mobility of the molecules
following immobilization. Thus, the immobilized
enzyme could work in the harsh environmental
conditions with less activity loss compared to the free
counterpart [20-21]. The free enzyme cannot be used
to catalyze more reactions because the free enzyme
cannot be recovered from the reaction mixture but the
process of immobilization can make it feasible [22].
However, the loss of activity of some immobilized
enzymes in repeated use is famous phenomenon [23],
and this loss of activity is likely a result of desorption
of the enzyme. The support of the immobilization
generally has a protective effect at high temperature
at which deactivation occurs. The conformational
flexibility of the enzyme is affected by
immobilization. Enzyme immobilization causes an
increase in enzyme rigidity, which is commonly
reflected by an increase in stability towards
denaturation by raising the temperature [19].

Effect of time course of immobilization on
immobilization efficiency of L-methioninase

The effect of time course of immobilization of L-
methioninase on the immobilization efficiency was
investigated through various time interveals (10,
20,30,40,50, and 60 min). The results in Fig. 1
indicate that increasing the time of immobilization
increased the immobilization efficiencey.

Desorption of immobilized L-methioninase
Desorption of L-methioninase was carried out using
SDS and the results in Fig. 2 reveal that desorption of
the enzyme immobilized on alginate was higher than
that for the enzyme immobilized on chitosan. This
indicates that cross-liking method of enzyme
immobilization is better than entrapment where the
enzyme could be freed quickly. SDS is known as
denaturant of proteins, it could unfold most protein by
interactions between the charged head groups of SDS
and the positively charged amino acid chains of the
proteins [24].

Reusability of immobilized L-methioninase

The reusability of the immobilized enzyme was
carried out for 7 cycles (Fig. 3). It was apparent that
the enzyme could be used several times with
maintaining appreciable activity particularly that
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immobilized on chitosan. However, the activity of
immobilized enzyme decreased gradually throughout
the seven cycles. The reduction was more apparent
with Ca-alginate. The observed decrease during the
use of immobilized enzyme is famous phenomenon
[23]. The reduction could be due to protein
degradation, protein deactivation and physical loss of
the alginate-bound protein. The decreased activity of
L-methioninase may also be due to the hydrophobic
characteristics of sodium alginate. The size of the
pores gradually becomes larger after repeated use,
resulting in increased leakage of the enzyme and
reducing the activity [25].

Effect of pH on the activity of free and immobilized
L-methioninase

This experiment aimed to investigate the influence of
pH on the activity of free and immobilized L-
glutamase . Therefor, various pH values were tested
(5, 6,7, 8,9 and 10). The results in Fig. 4 reveal that
in case of the free L-methioninase the activity
increased gradually up to 8.0 which seems likely to be
the optimal pH for the free enzyme. After pH 8.0, the
activity declined gradually to reach 11.0 Umg™*
protein at pH 10.0. However, in case of the
immoilized enzyme the optimal pH was 9.0 for the
entrapped and cross-linked enzyme and declined at
pH 10.0.

Extreme of the pH scale may cause denaturation and
the following some of the possible effects that might
be happened by change in pH value. Firstly, at
extreme pH it can bring about changes in protein
structure that can irreversibly alter the stability of the
enzyme. Secondly, it changes the ionization of the
enzyme-substrate complex. Thirdly, it changes the
ionization of the substrate, which may affect the
binding of the substrate to the enzyme. Fourthly, it
changes the ionization of various groups of the
enzyme molecule [26]. The inhibitory effect of higher
acidic and basic pH on the enzyme activity may
suggest the change on enzyme ionization state,
modifying its surface changes, dissociation of
subunits, thus disrupting the enzyme-substrate
intermediate.

Effect of temperature on the activity of free and
immobilized L-methioninase

The effect of different incubation temperatures on the
activity of free and immobilize enzyme on alginate as
well as on chitosan was investigated. The various
temperatures were 20, 25, 30, 35, 40, 45, 50, 55 and
60°C.The results in Fig. 5 show the activity for the
free enzyme increased gradually untill it reached 40
°C after which the activity declined contiously and
reached 5.0 Umg! protein at 60 °C. However, for the
immobilized enzyme on alginate or chitosan the
optimal activity was shifted to 45 °C after which ther
was gradual decline in the activity with increasing the
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temperature. At 60 °C the activity was 17.2 Umg™*
protein for the enzyme immobilized on chitosan and
15.0 Umg? protein for immobilized enzyme on
alginate.

Increase of the temperature results in increasing of
the inherent energy of the enzyme system. Thus, more
molecules obtain the necessary activation energy for
the reaction to take place. However, there comes a
point where the increase of the reaction due to the
influence of the temperature on the activation of the
enzyme molecule is equal to the reduction in the
reaction rate due to the destruction of the tertiary
structure [27-28]. At this point the enzyme activity is
at its maximum and this temperature is known as
optimal temperature. Generally, the chemical
reactions whether exothermic or endothermic have to
overcoming the energy of activation to take place. It
is known that as the activation energy becomes
greater, the more the heat which supports a successful
reaction [29]. Any enzyme can lower the overall
activation energy of the reaction by binding the
reactants in the right orientation for the reaction to
take place [30].

Effect of phytohormones on the activity of free and
immobilized L-methioninase

The present results in Fig. 6 revealed that the
phytohormones GAs, kinetin and jasmonic acid
activated L-methioninase activity. In support, GAs
induced other enzymes such as phytase [31],
phosphoenolpyruvate carboxylase [32], NADH-
glutamate synthase [13] and phenylalanine ammonia
lyase [33]. In addition, GAs increased the activities
of sucrose synthase and sucrose phosphate synthase
[34].

In conclusion, L-methioninase was purified from
fenugreek plants with appreciable specific activity.
The enzyme was immobilized on Ca-alginate and
chitosan. The later was being the best support. The
immobilized enzyme was reused seven cycles with
maintaining considerable activities.
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Tablel: Purification of L-methioninase

Purification Total Total Specific | Purification | Yield

step activity | protein | activity | fold (%)
(V) (mg) (Umg?)

Homogenate | 228.0 575.0 0.40 1.0 100.0

Ammonium 160.0 240.0 0.67 1.68 70.2

sulphate

precipitation

(85%)

DEAE- 92.0 52.0 1.77 3.95 40.4

Cellulose

Sephadex G- | 69.0 2.0 345 61.25 30.3

200

Table 2: Immobilization of L-methioninase on
calcium alginate and chitosan

Support immobilization efficiency
(%)

Ca-alginate 67.4+1.2
Chitosan 88.0+2.1
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Fig.1: Effect of time course on immobilization
efficiency of L-methioninase from fenugreek
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Fig.6: Effect of plant growth regulators on

L- methioninase from Fenugreek activity
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