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Introduction

L-methioninase (EC 4.4.1.11) is a pyridoxal phosphate (PLP)-dependent hydrolytic enzyme and also known by different
names. The enzyme catalyzes the direct conversion of L-methionine to a-ketobutyrate, methanethiol, and ammonia by an
a,y-elimination reaction. [1]

Optimization of the production of L-methioninase was done by many kinds of research, from Bacillus subtiliswas optimum
assay parameters and activity of 17.4Unit was estimated for L-methioninase. [2] L-methioninase from diverse
microorganisms exhibits significant reductions in methionine in vivo and efficacy against a broad spectrum of transplantable
animal and solid human tumors. [3] The therapeutic potential of metabolism-derived microbial products is mostly not
explored, besides the astonishing number of different microorganisms that inhabit the earth. [4] However, microbial anti-
cancer enzymes have been proven to be active, and economic agents for cancer treatment. [5]

It has been extensively studied from terrestrial and marine microbes. [6] L-methioninase has been reported from both gram-
positive and gram-negative bacterial species from various sources [7] such as anaerobic Porphyromonas gingivalis [8] and
Treponema denticola, [9] in eukaryotic pathogens such as Entamoeba histolytica, [10] bacteria such as Pseudomonas putida,
Aeromonas sp., Citrobacter freundii, Lactococcus lactis, [11] Clostridium sporogenes, [12]Salmonella, Mycobacterium,
Bacillus, Listeria, [13] and Brevibacterium linens. [14]

L-methioninase of many bacterial species was purified and characterized from several microorganisms such as Bacillus
subtilis, Aeromonas sp., Citrobacter freundii, Bacillus linens, Lactococcus lactis,and Clostridium sporogenes. [2, 15, 16].
[17] found that Bacillus linens which is a normal flora present in the whey of curd is a rich source of L-methionine y-lyase
(MGL). Some factors influence L-methioninase production. The optimal conditions for the production of the enzyme
inStreptomyces DMMMHG60 give the maximum enzyme production (60.7 U/mg). [18]Optimization of the production of L-
methioninase was done by many types of research, from Bacillus subtiliswas optimum assay parameters and activity of 17.4
Unit was estimated for L-methioninase. [2]
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Materials and Methods

Collection of samples

Different samples were collected from the west coast at the Red Sea. The seashell sample was collected from the marine
environment of the west coast at a depth of 1 to 7m and placed in a zip-locked plastic bag. 16 bacterial isolates obtained
from the marine samples, only four isolates had L-methioninase activity.

Qualitative screening of L-methioninase production of isolated bacteria

The bacterial isolates were screened for the ability to L-methioninase production by a qualitative rapid plate assay using a
modified mineral salt M9 medium (NazHPO4.2H20 6.0 g/l, KH2PO4 3.0 g/I, NaCl 0.5 g/l, L-methionine 1 g/l, MgSO4.7H20
0.25 g/l, CaCl2 0.014 g/l, Glucose 2 g/l, at pH 7+0.2). Phenol red was added to the medium as an indicator of pH at a final
concentration of 0.009% just before pouring the plates (EI-Sayed, 2009). 0.1 ml of the serial dilution of different separately
diluted samples were inoculated on a sterile modified M9 medium. The plates were incubated in an inverted position at
35+2°C. for 24 to 48 hours. L-methioninase producing colonies were selected on the basis of the formation of the yellow or
pink zone around. The colonies purified and subcultured from each plate for further studies. [19]

Quantitative estimation of L-methioninase by rapid plate method

The submerged fermentation SMF was carried out on a modified M9 medium supplemented with L-methionine and other L
methionine + Glucose. The pH of the medium was adjusted at 7+0.2. The inoculated medium was incubated at 35+2°C
under constant and shaking incubators at 150 rpm for 72h. The medium without L-methionine (substrate) was set as control.
The bacterial cell-free filtrate culture CFF were harvested by centrifugation at 6000rpm min-1 for 30min. L-methionine agar
plates were prepared by pouring 20ml of molten media into a sterile Petri dish. After plates solidified 7mm wells were
punched using sterilized cork borer, 100ul of CFF was loaded in the wells, and the plates were kept in an upright position at
35+2°C for 48h. [20]

Assay of L-methioninase byNesslerization method

L-methioninase was determined by estimating the amount of ammonia liberated from L-methionine spectrophotometrically
following the method of Nesslerization [21] with some modifications. The bacterial cell-free filtrate culture CFF were
harvested by centrifugation at 6000rpm for 30min. One unit of L-methioninase was defined as the amount of enzyme that
liberates ammonia at 1umol/h under optimal assay conditions. The specific activity of L-methioninase was expressed as the
activity of the enzyme in terms of units per milligram of protein [22].

Molecular identification of bacterial isolate based on 16S rDNA

Molecular characterization of bacterial isolate

Genomic DNA isolation was performed using GeneJET Genomic DNA Purification Kit, Thermo Fisher Scientific. Bacterial
isolates were identified by16S rDNA universal oligonucleotide primers designed by [23].PCR mixture included 2uL of
template DNA, 1uL of each primer, 12.5uL Master mix, and 9.5uL sterile dH20. PCR amplification conditions were as
follows; 5 min at 94°C, 35 cycles of 1 min at 94°C, 1 min at 55°C and 2 min at 72 °C, and a final extension of 10 min at
72°C.

Primer Design

For L-methioninase bacterial isolates, 16S rDNA universal oligonucleotide primers were designed. [23]Primers for
amplifying the L-methioninase gene of Serratia proteamaculansstrain were ordered according to the sequence of Serratia
proteamaculansL-methioninasegene (NCBI accession number CP000826.1).(Tables 1, 2, and 3).

Table 1: Primers designed for PCR amplification.

Bacteria used Primer name Nucleotide sequence Size of PCR product
L-methioninase 16S27-F AGAGTTTGATCCTGGCTCAG 1500
bacteria 16S1522-R AAGGAGGTGATCCAGCCGCA
Serratia Sp-F GGTGACTTACTGGCCGGTCT 42
proteamaculans Sp-R GAGTGAGTCATACTGGCGGG

Table 2: PCR amplification mixtures.

Template DNA Primers PCR mixtures.
- . 16S27-F and Total volume of 25l containing 2ul. DNA, 1uL of each
DNA of L- meth bact . . .
0 methioninase bacteria 16S1522-R primer, 12.5uL. Master mix, and 9.5uL sterile dH,0.
Genomic DNA of Serratia Sp-F and Sp-R Total volume of 25pl containing 2uL. DNA, 1uL of each

proteamaculans primer, 12.5pL Master mix, and 9.5uL sterile dH,O.
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Table 3: Amplified Sequences/genes and PCR conditions.

Primers Template DNA PCR condition
Initial denaturation for 5min at 94°C, 35 cycles of
16S27-F and DNA of L- denaturation for 1 min at 94°C, annealing for 1min at 55°C,
16S1522-R methioninase bacteria | and extension for 2min at 72°C, andfinal extension for 10min

at 72°C in a thermal cycler (Bibby Scientific, UK).

Initial denaturation for 5min at 94°C, 35 cycles of
denaturation for 1 min at 94°C, annealing for 1min at 54°C,
and extension for 2min at 72°C, and final extension for
10min at 72°C in a thermal cycler (Bibby Scientific, UK).

Genomic DNA of
Sp-F and Sp-R Serratia
proteamaculans

Optimization of L-methioninase production

Various parameters that were known to influence the production of microbial metabolites during SMF were optimized. The
strategy adopted for standardization of fermentation parameter was to evaluate the effect of an individual parameter and
incorporate it at a standard level before standardizing the next parameter. The process parameters optimized in this study
included incubation in shaking (150rpm) or static incubator, incubation period (24-72h.), incubation temperature (25-40°C),
pH (4-8), carbon sources (glucose, mannitol, sucrose, xylose, maltose, lactose, galactose, fructose, and glycerol), best carbon
source concentration, and nitrogen sources (tryptone, peptone and yeast extract and different amino acids (L-form;
methionine, asparagine, and glutamine), concentration of best nitrogen source, and the effect of mixed nitrogen sources (%
wiV).

Results:

Isolation and qualitative estimation of L-methioninase producing bacterial isolates

Four bacterial isolates obtained from seashells had varying abilities of L-methioninase activity on solid medium. The highest
L-methioninase activity was reported for the bacterium Sh2.

Quantitative estimation of L-methioninase by rapid plate method

The quantitative estimation of L-methioninase was done byagar well diffusion assay of cell-free filtrate (CFF) of culture
supplemented with L-methionine as the sole organic source, and other with L-methionine as nitrogen source and glucose as
carbon source.

Results revealed that the isolate produced L-methioninase in cultures supplemented only with L-methionine as the sole
organic source. The biggest diameter of the zone of diffusion for isolate Sh2 CFF incubated in the constant incubator was
35mm, and it was 16mm in shaking incubator (150rpm). The diameters of L-methioninase diffusion zones for isolate Sh2
were 22.5mm and 20mm in CFF of culture supplemented with L-methionine and glucose in constant and shaking incubators,
respectively (Table 4; Figures 1 and 2).

Table 4: Quantitative estimation of L-methioninase production by rapid plate method.

Source of S | Bacterial Type of L-methionine L-methionine + Glucose
ample .
sample isolates Incubator The diameter of enzyme diffusion (in mm)
Constant 17 23
Shi i
Shaking 30 15
° Constant 35 22.5
= Sh2 _
£ Shaking 16 20
8 Seashell
@ Constant - 17
= Sh3 _
g Shaking - -
Constant 16 20
Sh4 _
Shaking 30 15
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Figure 1: Quantitative estimation of L-methioninase production by rapid plate method.
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Figure 2: Quantitative estimation of L-methioninase production by rapid plate method of bacterial isolate Sh2and the pink-
red and yellow color clearly showed the zone size.

Effect of shaking incubation on L-methioninase production by bacterial isolates

The effect of shaking incubator on L-methioninase production by bacterial isolate after 48 hours of incubation at 35+2°C
was studied. The results of the enzyme assay by the Nesslerization method showed that the enzyme production was
0.0359U/min/ml in the presence of glucose under contestant incubation by bacterial isolate Sh2 that isolated from the
seashell sample. Without glucose, its production was equal under the constant and shaking conditions (0.02U/min/ml)
(Figure 3).The bacterial isolate Sh2 was chosen for further studies.
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Figure 3: Effect of shaking incubation on L-methioninase production.
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Molecular identification of bacterial isolates based on 16S rDNA
DNA sequences analyzed using Nucleotide BLAST alignment tools revealed the highest L-methioninase producing isolate,
which was identified as Serratia proteamaculans. The sequence was submitted to the Bacterial or Archaeal 16S ribosomal
RNA sequences database under the accession number WSk2 (Table 5; Figure 4).

Table 5: Identity percentage of 16S rDNA between the L-methioninase producing strain isolated from seashell and related
strains in GeneBank.

Name and Accession of No. of

Bacterial .. . Suggested Name and Accession No.
the most related strain in NCBI | Identity | Coverage 99 . . .
Isolates of the isolates obtained in work.
GenBank.
Serratia Serratia
Seq?2 WSk2 100% 100% WSk2
D proteamaculans proteamaculans

Phylogenetic tree analysis of Serratia proteamaculansisolates based on 16S rDNA

1-700 Serratia proteamaculans strain WSk2
20-719 Serratia proteamaculans strain P151C9
10-709 Serratia liquefaciens strain NSA92
127-826 Ewingella americana

100-799 Ewingella americana strain DUCC3728
108-807 Yersinia kristensenii strain DUCC3759
24-723 Ewingella sp. Ku1409-1-12

_(:56-755 Rahnella sp. strain C-LQA 3-1
29-728 Enterobacteriaceae bacterium strain
Figure 4: Neighbor-joining tree showing the phylogenetic position of Serratia proteamaculansstrain and their related

species based onpartial 16S rRNA gene sequences. The strain used in this study, WSk2, is marked in red
color.

Molecular detection of L-methioninase gene in S. proteamaculans strain by PCR
The gel electrophoresis image shows the L-methioninase gene presented in Serratia proteamaculans. The positive result of
L-methioninase gene presence in Serratia proteamaculans is presented as a 422bp PCR product (Figure 5).

M Serratia sp.

422D e

Figure 5: PCR amplification of the L-methioninase gene from S. proteamaculans strain. Lane 1: 100bp ladder; Lane 2:
422bp partial L-methioninase gene.
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Optimization of environmental conditions for maximum L-methioninaseproduction
Effect of incubation periods and different temperatures on L-methioninase production by the selected bacterial
isolates
Results in Figures (6) shows the effect of different incubation periods and temperatures (24, 48, and 72 hours at 40+2°C,
35+2°C, 30+2°C, and 20+2°C) on L-methioninase production by Serratia proteamaculans. The highest amount of the
enzyme (0.04U\min\ml) was observed at 35+2°C.
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Figure 6: Effect of incubation period and different temperatures on L-methioninase production by Serratia proteamaculans

Effect of different pH values on L-methioninase production by S. proteamaculans

The productivity of L-methioninase increased by increasing the alkalinity of the medium. The maximum L-methioninase
production (0.091U/min/ml) was observed at pH 7 (Figure 7).
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Figure 7: Effect of pH values on L-methioninase production by S. proteamaculans

Effect of different carbon sources on L-methioninase production by S. proteamaculans
The highest production of L-methioninasewas 0.04U/min/ml, and it was recorded in contestant incubator in cultures

supplemented with fructose as the best carbon source followed by xylose (0.042 U/min/ml) and galactose (0.041 U/min/ml),
compared to control (0.01 U\min\ml) (Figure 8).
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Figure 8: Effect of different carbon sources on L-methioninase production by S. proteamaculans

Effectof different concentrations of carbon source on L-methioninase production by the selected bacterial isolates.

To assess the impacts of various concentrations of carbon source on the production of L-methioninase by Serratia
proteamaculans, different concentrations (1-9 g\L) of the best carbon source were assessed for each isolate (Figure 9) The
highest L-methioninase production was 0.07U/min/ml when 7g/L of fructose was added to the fermentation medium.
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Figure 9: Effectdifferent concentrations of carbon source on L-methioninase production by Serratia proteamaculans

Effect of different nitrogen sources on L-methioninase production by S. proteamaculans

In the presence of nitrogen sources L-methionine and peptone the amounts of L-methioninase were 0.076 and 0.066
U/min/ml, respectively, which were lower compared with the control (0.1 U/min/ml) that did not supplement with nitrogen
source in fermentation medium (Figure 10).
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Figure 10: Effect of different nitrogen sources on L-methioninase production by S. proteamaculans.
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Effect of inorganic nitrogen sources on L-methioninase production by the selected bacterial isolate
The effect of inorganic nitrogen sources including KNOs, NaNOs, and (NH,)2SO, on L-methioninase production was
assessed. The higher production of L-methioninase (0.102 U/min/ml) by Serratia proteamaculans was reported when
NaNO; was added (Figure 11).

|
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|
|
|
|
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L-methioninase
production U\min\ml

KNO,

NaNO;
Inorganic nitrogen source (NH,)250,

Figure 11: The effect of inorganic nitrogen source on L-methioninase production by Serratia proteamaculans.
Discussion

Phenol red shows the basic pH change, which is red in alkaline condition, turning to yellow under acidic condition. [24]
Similarly, this technique is used to study the dissimilation of L-methionine by L-methioninase. Therefore, the isolates
showing the yellow zone on the modified M9 medium were selected for primary screening. This results in a reduction in pH
due to the formation of a-keto butyric acid; hence pH change leads to change in color to yellow. The result agrees with [19].
The ammonia formation raises the alkalinity of the L-methionine agar medium. The color changed to pink-red. These results
agreed with [16, 25, 26].

The fermentation is a metabolic process in many microorganisms and involves oxide-reduction reactions resulting in the
breakdown of complex organic compounds into simpler by-products and energy. The microbes carry out this metabolic
action by the release of 27 extracellular enzymes [19]. Culture broths produced on L-methionine glucose media using
Aspergillus flavipes have shown good L-methioninase production under submerged conditions. Culture broths have shown
good L-methioninase production in modified M9 medium under submerged conditions. [22]

The quantitative assay of the CFF culture can be carried out by agar well diffusion technique, in which the wells are
punctured on the agar containing the substrate and indicator. Then the well is loaded with the CFF culture to be tested. The
isolates that showed the activity in the CFF culture on L-methionine agar plates were considered potent producers. The result
also showed that the enzyme production was enhanced in the presence of carbon source, as the carbon source acts as a
growth-supporting. This result agrees with [22, 25, 27, 28].

Physiologically, SSF has the potential for enzyme manufacturing. This scheme provides countless benefits, including
elevated volumetric productivity, comparatively greater product concentration, lower wealth generation, and easy
fermentation machinery requirement. [29] In addition, limited amino acids (solid substrates) are chemically more stable than
free ones; hence, the former is chosen as a substrate for the mass production of economically precious compounds for wide
technological applications. [30, 31]The variation in the inductivity on the production of alkaline L-methioninase of A. ustus
depended on the type and nature of solid substrate, and changes in the chemical composition of these compounds. [22]

The most significant physical variable in the SMF and SSF was fermentation time. Production of enzyme decreased after
passing 24 and 48 hours, which could be due to either the inactivation of the enzyme owing to the presence of some kind of
proteolytic activity or growth of the organism could have reached a phase from which its steady growth could no longer be
balanced with the supply of nutrient resources. [32]

The L-methioninase production was reduced gradually with an increase in incubation temperature. This may be due to the
denaturation of microbial strain at higher temperatures. The optimum temperature of the selected isolate was at 35+2°C, and
the result agrees with [25].P. putida had optimal activity at 35+2°C for different times reported by [33] and Aeromonas sp.
Reported by [34]. Similar ranges were reported for several bacteria such as Brevibacterium Linens [17] and Citrobacter
intermedius [35]. In addition, (El-Sayed, 2011) [36] reported that the optimum temperature for L-methioninase activity
obtained from Aspergillus flavipes was observed at 35+2°C. Furthermore, enteric protozoan, such as Entamoeba histolytica
and, Treponema denticola. [37, 38] Moreover, the maximum production of L-methioninase from Streptomyces Variabilisand
Aspergillus flavipes were at 30 +2°C and 45+2°C, respectively. [11, 39]
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Many microorganisms including bacteria attack L-methionine but do not grow on it, perhaps because of their inability to
metabolize the deaminated (o-keto methionine) and demethylated (o-keto butyric acid and methaniol) residues of L-
methionine. The inability of bacteria to grow on L-methionine may be partially overcome by the use of a growth-supporting
organic compound such as glucose, or equivalent carbohydrates designated as a co dissimilater. [27]
Carbon sources in culture medium were considered as critical factors for growth as well as metabolites’ production by
microorganisms. Fructose was the best carbon source by S. proteamaculans followed by xylose and galactose. Similar
results obtained for L-methioninase production by Pseudomonas ovalis [40] and Trichoderma vaginalis. [27] This result was
similar to that reported by Khalaf and El-Sayed (2009). [41] In contrast, Ruiz-Herrera and Stakey (1969b) [28]and Khalaf
and El-Sayed (2009) [41] reported that glucose was the favored carbon source for L-methioninase production by filamentous
fungi.
Growth and metabolism, along with enzyme production, are governed by a significant factor called pH. The important
characteristic of most microorganisms is their strong dependence on the extracellular pH of the medium, which has a great
effect on cell growth and enzyme production. [25] The maximum L-methioninase production by S. proteamaculans was
increased by increasing the alkalinity of the medium. The production by S. proteamaculans was noticed at pH 7 and 7.5, and
any increase or decrease in the pH of the medium resulted in a decline in the production of the enzyme. It was stated that
maximum L-methioninase productivity was obtained at pH 8 by Aspergillusflavipes MTCC 6337, [11] P.putida, P. ovalis,
[33, 40, 42]Aeromonas sp., [34]Citrobacter freundii, [43]Trichoderma harzianum, [44] Aspergillus Rs-la [45] and
Aspergillusflavipes. [22]Serratia marcescens, Citrobacter freundii, and Lactococcus lactis at pH 8, [43, 46, 47] and at pH
8.5 by Aspergillus ustus AUMC 10151. [25]
The physical properties for L-methioninase from different microbes are relatively similar. For example, pH optima ranged
from 7.0 to 8.0. [15] Similar results were obtained for L-methioninase production by Trichoderma harzianum at pH 7,
[44]Brevibacteriumlinens and Brevibacterium linens BL2 at pH 7 and 7.5, respectively. [48, 49]
It has been noted that among the various nitrogen sources supplemented, L-methionine promoted maximal L-methioninase
production by A. flavipes. [11, 22] L-methioninase biosynthesis by Geotrichum candidum and Pseudomonas putida were
found to be L-methionine-independent. [50, 51] The results revealed that L-methionine concentrations have no significant
effect on L-methioninase production by S. proteamaculans. The production of L-methioninase regardless of the presence of
its inducer L-methionine in the culture medium may indicate that L-methioninase was L-methionine-independent. In both
cases, the strain was productive. Different species belonging to the Serratia genus are well-known plant growth-promoting
bacteria (PGPR), and strains have been isolated from the rhizosphere of crops. Based on that, Serratia sp. is considered one
of PGPR strains by fixing nitrogen. This explained the ability to produce the L-methioninase in nitrogen-source-free
medium. [52] The lower enzyme production with higher concentrations of L-methionine may be imputed to the
downregulation of GATA gene transcription that blocked the gene expression of L-methioninase, [53, 54] L-methionine
catabolic suppression, or the trans inhibition phenomenon. [55]
Supplementation of the SMF medium of A. ustus with various nitrogen sources showed that none of the incorporated
nitrogenous compounds had a stimulatory effect on alkaline production, except L-methionine. It could be concluded that the
induction of L-methioninase by A. ustus was L-methionine-dependent (inducible enzyme) and was not only nitrogen
regulated. These results were in accordance with that for L-methioninase production by Aspergillus sp., [45]Yarrwia
lipolytica, [56] and A. flavipes. [41] However, L-methioninase production by Pseudomonas putida [57] and Geotricum
candidum [50]was L-methionine-independent.
Members of the Serratia genus have a ubiquitous nature. Furthermore, they thrive very competitively in water and soil
environments. [58]S. proteamaculans is well known for contaminating and spoiling protein-rich food, like raw meat and
seafood, [59, 60] using a strong capacity to resist COz-enriched modified atmosphere (MA), [61] and to metabolize protein
and amino acids for growth. [62] Therefore, the secretion of potent lytic enzymes is characteristic gnomically of S.
proteamaculans. [63] Accordingly, maybe S. proteamaculans have the ability of enzyme production in salt media (control).
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