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ABSTRACT: In the present study, L-methioninase was produced from the Klebsiella 

pneumoniae isolated from clinical samples and was evaluated for its enzymatic and 

anticancer potential. A total number of 150 clinical samples were collected from 

different infected areas, from which 27 bacterial isolates were selected. One showed the 

highest L-methioninase production and was selected for further research. 

Screening the modified M9 medium confirmed enzyme production through a 

characteristic color change, indicating methionine degradation. The quantitative DTNB 

assay revealed a progressively increased enzyme activity which was correlated with the 

protein concentration measured by the Bradford estimation method. These results 

confirmed the efficient enzyme biosynthesis. Optimization studies showed that 

maximum enzyme production was achieved at pH of 7.0, temperature of 37°C, and 

incubation period of 24 hours, with glucose and peptone as the most favorable carbon 

and nitrogen sources, respectively. 

Purification of L-methioninase using ammonium sulfate precipitation followed by ion-

exchange and gel filtration chromatography could significantly increase specific activity, 

reaching 55.5 U/mg with a purification fold of 9.2 and yield of 58.3%. The purified 

enzyme showed optimal activity at physiological conditions (37°C and pH 7.0), proving 

its suitability for biomedical uses. 

The anticancer potential of enzyme was evaluated using MTT assay, showing a clear 

dose-dependent reduction in viability of A549 and HepG2 cancer cell lines. However, 

normal HdFn cells showed significantly higher survival rates, indicating selective 

cytotoxicity. High-Content Screening (HCS) analysis further revealed low cell viability, 

nuclear damage, increased membrane permeability, and mitochondrial dysfunction. 

The results showed that the L-methioninase derived from K. pneumoniae has a strong 

enzymatic activity, stability under physiological conditions, and significant selective 

anticancer effects. These findings proved it as a promising therapeutic agent targeting 

methionine-dependent tumors to support further in vivo and clinical investigations. 
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particularly bacteria, represent a cornerstone resource in biotechnology 

]. Among these, bacterial enzymes 

have attracted considerable 

conditions. These characteristics have led to a widespread 

bacterial species, Klebsiella pneumoniae emerged as a metabolically versatile 

well-documented role as an opportunistic pathogen, 

its enzymatic machinery 

significant enzyme produced by K. pneumoniae is L-methioninase 

utyrate, ammonia, and methanethiol [5]. This enzyme has 

required for tumor cell proliferation. Many cancer cells show a phenomenon 

catalytic performance and production efficiency of L-methioninase are strongly influenced 

carbon and nitrogen sources. Enzymes 

usually show maximum activity 

substrate binding, and stability of the enzyme’s active site. In contrast, 

interaction, or partial enzyme 

denaturation. Moreover, nutritional factors such 

required for bacterial growth and protein biosynthesis. Therefore, it is essential to 

optimize

anticancer potential of L-methioninase is primarily evaluated through In vitro 

based on mitochondrial metabolic activity. In this assay, 

viable cells reduce 

conventional assays, advanced techniques such as High-Content Screening 

automated fluorescence imaging with quantitative 

analysis, enabling 

embrane potential, and membrane permeability [9]. This multiparametric 

integrating bacterial enzyme production with advanced cytotoxicity 

methioninase derived from bacterial sources, alongside 

modern 

aimed to evaluate the cytotoxic potential of L-methioninase on A549 and 

150 clinical bacterial samples were collected from various infection sites

process was conducted under strict aseptic 

conditions to minimize the 
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collection containers were 

prepared prior to sampling. Then, samples were 

patient and specimen information. Finally, samples were transported to the 

laboratory 

the laboratory, samples were inoculated into Brain Heart Infusion (BHI

on agar Mueller–Hinton agar and MacConkey to 

obtain isolated pure 

biochemical tests, 

including oxidase, catalase, citrate utilization, and triple 

for L-Methioninase production from Klebsiella 

2013) using a modified 

M9 medium composed of (g/L): Na₂HPO₄ (6.0), 

methionine (0.5%) as the sole sulfur source and phenol red (0.002%) as a 

48 h under 

shaking conditions (120 rpm). After incubation, enzyme 

activity was determined [13] using the DTNB (5,5′-dithiobis-(2-nitrobenzoic 

mM prepared in 0.1 M phosphate buffer, 

pH 7.0), 0.5 ml of DTNB reagent 

the reaction was terminated by adding 1.0 ml of 1 N HCl. The absorbance 

production using the molar 

extinction coefficient of DTNB 

concentration was determined using the Bradford assay. Briefly, 0.1 ml of enzyme 

then measured at 595 nm. A standard 

calibration curve was constructed 

y = 0.6349x + 0.0051

R² = 0.9956
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methioninase production was done in [15] in varying culture conditions 

glucose, sucrose, and lactose 

(1% w/v), as well as nitrogen sources such as 

adjusted using HCl or NaOH, while temperature conditions were tested 

under shaking 

conditions at 120 rpm. After incubation, the 

The optimal conditions were selected based on the highest 

enzyme was subjected to ammonium sulfate precipitation at 40-70% 

and subsequently resuspended in 0.1 M of 

phosphate buffer (pH 7.0). The dialysis 

sample was further purified using DEAE-cellulose ion-exchange 

ml/min, and the fractions 

were collected and assayed for enzyme activity

purification. Fractions with the highest enzyme activity were collected 

cytotoxic potential of L-methioninase in lungs (A549), liver (HepG2) 

meantime, according to [18], A549, HepG2, and HdFn cells were cultured 

CO₂. Subsequently, the cells were 

treated with different concentrations 

of MTT solution (5 mg/ml) was added to each well and the plates were incubated 

was added to dissolve 

the formed crystals. Absorbance was measured 

screening (HCS) analysis was conducted using fluorescence-based 

incubation, the cells were stained 

with specific fluorescent dyes targeting 

captured using an automated high-content imaging system, and 

, mitochondrial 

function, and membrane integrity were measured

clinical samples were processed, from which 27 bacterial isolates were 

morphological and biochemical characteristics 

suggested that the majority of isolates belonged 

, used for further experimental analysis. Figures 2 and 
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bacterial isolates on modified M9 medium supplemented with L-methionine 

medium. This color shift reflects 

ammonia release resulting from 

capability, with L-methioninase activity of 1.6 U/ml, protein concentration 

suggesting a superior metabolic 

efficiency in the use of methionine as a sulfur 

Table (1): Activity, protein concentration and specific activity of L-Methioninase enzyme produced from Klebsiella pneumoniae 

Sample no. L- Methioninase 

activity (U/ml) 

Protein concentration 

(mg/ml) 

Specific activity  

(U/mg protein) 

1 0.9 0.5 1.8 

2 0.87 0.7 1.2 

3 1 0.7 1.4 

4 1.2 0.4 3 

5 1.6 0.4 4 
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6 1.5 0.5 3 

7 0.8 0.5 1.6 

8 0.9 0.4 2.25 

9 0.85 0.6 1.4 

10 1.3 0.4 3.2 

 

Enzyme activity and protein concentration 

Among the tested 

isolates, sample no. 5 showed the highest enzymatic activity

lower enzyme activities ranging from 0.8 to 1.5 U/ml, 

protein concentrations 

suggest that sample no. 5 possessed superior L-methioninase-producing 

enzymatic activity results, confirming that the increased activity 

was associated 

secretion of L-methioninase by the selected isolate (

studies showed that L-methioninase production was significantly 

enzyme yield with a specific activity of 

approximately 4.7 U/mg protein

approximately 3.5 and 2.7 U/mg protein, respectively. Regarding nitrogen 

extract with about 

4.8–4.9 U/mg protein, while malt extract and 

specific activity reached approximately 5.8 U/mg protein, while activity 

Similarly, the 

optimum temperature was 37°C, with a specific activity of approximately whereas lower activity was 

observed at 27°C, 32°C, and 42°C, recording about 

activity observed after 24 h of incubation, reaching approximately 

These 

findings suggest that optimal L-methioninase production is favored 

optimizing culture parameters for maximal enzyme yield 

(
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purification of L-methioninase resulted in a progressive improvement in enzyme 

the enzyme, with the highest 

activity observed at 60% saturation, where 

protein to 14 U/mg protein. Subsequent purification using DEAE

specific activity of 

36.6 U/mg protein, with a purification fold of 6.1 and 

/mg protein, with enzyme activity of 5.0 U/ml, purification fold of 9.

Therefore, the applied purification strategy was effective in enhancing 

Methioninase produced from 

Klebsiella pneumoniae 

Precipitation with ammonium 

sulfate (%) 

Activity U/ml) Specific activity 

(U/mg protein) 

Crude Enzyme 2.4 6 

40 4.5 10 

50 5.0 12.5 

60 7.0 14 

70 5.5 13 
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