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L- Methioninase (methionine γ-lyase) has important biotechnological application because of 
exhibiting hydrolytic property to catalyze α-γ-elimination of L-methionine to α- ketobutyrate, 
methaneethiol and ammonia. The abnormality behavior of methionine based metabolic process 
result ageing, obesity, parkinsons, cardiovascular and cancer diseases among human being. The 
catalytic activity of L-methioninase could be used as enzyme supplementation therapy for these 
diseases. This enzyme is resent in wide range of organisms including, plant, bacteria, and fungi. 
Methioninase secreted from some bacterial species have high therapeutic value because of 
association with high immunogenicity and low substrate specificity. These enzymes are also used for 
cancer treatment by depleting supply of methionine from exogenous source to cancer cells. This 
review is an attempt to briefly describe the sources, mechanism of action, biochemical 
characterization and its therapeutic applications for treatment of ageing, obesity, parkinson’s, 
cardiovascular disease and cancer. 
 
 

  

  
 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 
 
 
 
 
 
 

 
 

 
 
 

 
 

  
 

 
 

INTRODUCTION 
 

L-methioninase (EC 4.4.1.11) is a pyridoxal phosphate (PLP) 
dependent hydrolytic enzyme and also known as L-
Methionine-γ-lyase, L-methionine-γ-demethiolase, methionase, 
and L-methionine-methanethiol-lyase. It is absent in 
mammalian system and intracellularly present in bacteria and 
extracellularly in fungi (1). 
 

 
 

Fig 1 Catalytic pathway for catalysis of L-methioine by L-methioninase 
 

This enzyme catalyzes the direct conversion of L-methionine 
(C5H11NO2S) into α-ketobutyrate, ammonia, and methanethiol 
(2) by eliminating it’s α ɣ-group as shown in Fig1. This 
enzyme was first isolated from the rumen bacteria (3, 4, and 5). 
Disruption and abnormalities in methionine metabolism and 
transmethyaltion are associated with the major disease in 

human, like ageing, obesity, parkinsons disease, heart disease 
and cancer. The therapeutic application of L-methioninase was 
studied from bacteria, yeast and fungi. L-methioninase secreted 
from bacterial source is mostly associated with high 
immunogenicity, low substrate specificity and hazardous 
effects to the kidney and liver (6). The therapeutic studies of 
this enzyme include studies of anti-homocysteine and anti-
methionine chemotherapeutic treatment. This enzyme is also 
used for cancer treatment by depleting the growth of cancer 
cells to block the pathway for uptake of L-methionine from 
exogenous source (7). The incorporation of anti-mitotic and 
other cell-cycle specific, cytotoxic agent to L-methioninase 
improve its therapeutic effectiveness by cell cycle 
synchronization.  
 

L-methioninase have high therapeutic value since it was 
reported as a potent anticancer agent against various types of 
tumor cell lines like glioblastoma, kidney, breast, colon and 
lung cancer (8,9). L-methionine as an essential amino acid 
which regulate cellular metabolism by synthesizing polyamines 
and glutathione which are further used for biosynthesis of 
protein, and  expression of gene (10,11).  The significant 
activity of this enzyme has been highly observed in patients of 
high-stage gastric cancer after applying chemotherapeutic 
drugs with methionine-free diet (12, 13). 
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Thus, L-methioninase has received affordable attention as a 
therapeutic agent against various types of methionine-
dependent tumors (14, 15 and 5). The injection of L-
methioninase in nude mice intraperitoneally showed effective 
inhibition of the Yoshida Sarcoma and human lung tumor with 
minimal toxicity (16). Methioninase is chemically modified by 
coupling with Polyethylene glycol (PEG) polymer which has 
extended half-life, high methionine depletion activity, and low 
immunogenicity. L-methioninase has also lowered 
homocysteine levels in patients and hence applicable to treat 
cardiovascular disease (16).  
 

This review will highlight the production, characterization of 
L-methioninase from different microbial strains and their 
effective therapeutic studies to treat various diseases. 
 

Mechanism of Action of L-Methioninase 
 

The hydrolytic activity of L-methioninase was started by 
attacking internal aldimine structure with the amine group of 
the methionine. The external aldimine would be formed by the 
transformation of Schiff’s base and enzyme would be released 
from the lysine group. This released enzyme would further 
attack on tyrosine moiety and removes α- position of 
methionine from the hydrogen group resulting formation of 
ketimine. Quinonoid would be further formed by releasing thiol 
group after donating hydrogen group to the β- positions from 
the tyrosine moiety of hydroxyl group. The imine bond would 
be further attacked the water moiety and released the α-keto 
acid. The Internal aldimine formation would be further 
occurred by attacking lysine moiety of amine group from L-
methioninase on amine bonds with release of ammonia (17, 2 
and 18). 
 

Sources of L-Methioninase 
 

L-methioninase reported in different microorganism which 
includes bacteria, fungi, protozoa, yeast, Arabidopsis thaliana, 
and potato (19, 20). L-methioninase is produced as intracellular 
enzymes in many bacterial species. Both gram positive and 
gram negative bacteria are being reported to produce L-
methioninase. Gram negative bacteria have gained more 
consideration as compared to gram positive bacteria.  
 

Among fungal strains, some are reported to produce L-
methioninase intracellular and some are producing extracellular 
(21). The production of L-methioninase from bacterial and 
fungal strains is being listed on table 1.        
                   

Table 1 Bacterial and fungal sources of L-methioninase 
                                                                                                                                                                

Bacterial Species References 
Achromobacter sp Ruiz-Herrera and Starkey 1970 (22) 

Aeromonas sp Nakayama et al., 1984 (23) 
Arthobacter sp Bonnarme et al., 2000 (24) 

Bacillus subtilis Hullo et al. 2007 (25) 
Brevibacterium linens Amarita et al., 2004 (26) 

Citrobacter sps. 
Manukhov et al., 2005, Faleev et al., 1996 

(27,17) 

Clostridium sp. 
Weisendanger and Nisman 1953; Kreis and 

Hession 1973a, b (5,27,28) 
Corynebacterium glutamicm Bonnarme et al., 2000 (24) 

Escherichia coli Ohigashi et al., 1951 (29) 
Micrococcus luteus Ohigashi et al., 1951 (29) 
Pseudomonas sps. Tanaka et al., 1976 (30) 

Proteus rottgeri Chen et al., 1971 (31) 
Staphylococcus equorum Bonnarme et al., 2000 (24) 

Yarrwia lipolytica Bondar et al., 2005 (32) 
Fungal species References 

Aspergillus sps. 
Khalaf and El-Sayed 2009, Ruiz- Herrera and 

Starkey 1969  (21,22) 

Cladosporium sps. 
Abu- Seidah and Youssef 2000, Khalaf and El-

Sayed 2009 (33,21) 
Debaromyces hansenii Bonnarme et al., 2001 (24) 

Fusarium sps. Khalaf and El-Sayed 2009, (21) 
Geotrichum candidum Ruiz- Herrera and Starkey 1969 (22) 

Humicola fuscoatra Faleev et al., 1996 (17) 
Kkuveromyces lactis Bondar et al., 2005 (32) 

Microsporum gypseum Stahl et al., 1949 (34) 
Mucor racemosus Khalaf and El-Sayed 2009 (21) 

Oidium lactis Akobe 1936 (35) 
Penicillium sps. Khalaf and El-Sayed 2009 (21) 

Trichoderma koningii Khalaf and El-Sayed 2009 (21) 
Schizophyllum commune Challenger 1959 (36) 
Scopulariopsis brevicaulis Challenger 1959  (36) 

 

Other microbial sources 
 

Yeast like Sacchromyces cerivisiae, Geotrichum candidum, 
Candida tropicalis, Debaromyces hasenii are being reported to 
produce extracellular L-methioninase (1, 37). Some protozoans 
are also producing L-methininase extracellularly which 
includes Entamoeba histolytica (38), Porphyromonas 
gingivalis (39), Treponema denticola (40), Trichomonas 
vaginalis (41).  
 

Structure and Metabolic Pathway of L-Methioninase 
 

In eukaryotic organisms, methionine metabolism and 
transmethyaltion are of great importance in modification and 
regulation of nucleic acids, lipids and proteins.  The differential 
methylation process of gene regulates their expression in the 
myriad of cells in eukaryotic organism.  
 

 
 

Fig 2 Deamination pathway of L- methionine by L-methioninase 
 

Research has been carried out by many scientists to elucidate 
the structure of L-methioninase enzyme at the molecular level. 
Its structure has been predicted as tetramer similar to 
cystathionine- β-lyase from Escherichia coli (42,43). The 
molecular level structure of L-methioninase from Citrobacter 
freundii, Clostridium sporogenes, Entamoeba histolytica, 
Micromonospora echinospora and Pseudomonas putida have 
been thoroughly investigated (44,45). The analysis of strucutre 
of L- methioninase from Pseudomonas putida reveals the 
presence of f six conserved amino acids residues, Tyr59, Arg 
61, Tyr114, Cys116, Lys240 and Asp241.These residues are 
present in the centre of the substrate, close to the pyridoxal 
phosphate in tetramer fashion (23, 46). 
 

The mutational studies of Entamoeba histolytica and 
Trepenoma vaginalis from the L-methioninase isozymes 
demonstrated that the cysteine residues directly contribute to 
the specificity of substrate (47, 48). L- methioninase from the 
Brevibacterium linens neither degrades cystathionine nor 
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cysteines, whereas in the plant Arabidopsis thaialana, L-
methioninase degrades cysteine, but hardly degrades 
cystathionine (49). The corresponding cysteine residues were 
substituted by glycine in both Arabidopsis thaialana and 
Brevibacterium linens (49, 50). The three dimensional structure 
of the external aldimine of Citrobacter freundii of L-
methioninase with competitive inhibitor glycine has been 
determined at 2.45Å resolution (49).        
                           

Biochemical Characterization of L-methioninase 
 

Different methods of L-methioninase for the purification and 
production from various organism have been reported which 
include submerged fermentation (SmF) and solid state 
fermentation (SSF) (51, 52). L-methioninase is used as an 
anticancer drug, which requires high level of purity. Some L-
methioninase enzyme has reported intracellular in nature, 
which is difficult to handle as compared to extracellular 
enzymes. L-methioninase production from microbial sources is 
mostly methionine dependent. L-methionine present in aqueous 
medium and can be immediately oxidized via Maillard reaction 
in the presence of reducing sugars and ions and forming 
amadori compounds that subsequently reduce their 
bioavailability as carbon and nitrogen for the organism. 
 

Many microorganisms including fungi degrade methionine but 
do not grow on it, because of their inability to metabolize the 
demethiolated product of α-ketobutyric acid and methanthiol 
residues of L-methionine. The inability of filamentous fungi to 
grow on L-methionine can be overcome by using co-
dissimulator such as glucose and other carbohydrates. The 
uptake of L-methionine by fungi will be reduced after carrying 
fermentation process in carbon-free medium. The highest yield 
of L- methioninase was reported for production media 
supplemented with 1% glucose as a codissimilator because of 
the activation of plasma membrane H+ adenosine 
triphosphatase (ATPase) (53). L-methionine is provided as 
inducer for its production from many microbial strains like 
Pseudomonas ovalis, Achromobacter starkeyi, Aspergillus 
flavipes, and Yarrwia lipolytica (22, 32). The optimum 
concentration of L-methionine was reported as 0.8% for 
producing higher amount of L-methioninase in these microbial 
strains.  L-methioninase from Geotrichum candidum and 
Pseudomonas putida showed higher yield for production media 
without L-methionine (24). The optimum production of L-
methioninase was reported in fungal strains growing in 
production media supplemented with 0.32% KH2PO4 and 
0.24% K2HPO4.  
 

Table 2 Purification methods and properties of L-methioninase 
from different microbes 

 

Microbes 

Molecu
lar 

weight 
(kDa) 

Km(mM) 
Catlytic 

efficiency 

Opti
mum 
pH 

Optimum 
temp(˚C) 

References 

Aeromonas sps 41 - - 8.0 25-30 
Nakayama et 
al., 1984 (23) 

Arabidopsis 
thaliana 

48 72 9.5 8.0 30 
Goyer et al., 

2007 (49) 
Aspergillus 

flavipes 
47 6.5 39.6 7 37 

El-Sayed 
2011 (53) 

Brevibacterium 
linens 

43 6.12 - 25 6.8-8 
Suwabe et 

al., 2011 (54) 

Candida 
tropicalis 

46 0.5 - 45-55 6-8 

Dias and 
Weimer 

1998a,1998b 
(36,55) 

Clostridium 
sporogenes 

37.5 90 - -  

Kreis and 
Hession 

1973a, 1973b 
(7,28) 

Citrobactor 
freundii 

43 0.7 6.5 - - 
Ruiz-Herrera 
and Starkey 
1969 (22) 

Fusobacterium 
nucleatum 

43 0.32 - 25 - 
Nakayama et 
al., 1984 (23) 

Pseudomonas 
ovalis 

45 1.33 - 37 7.2 
Tanaka et al., 

1976 (30) 
Pseudomonas 

putida 
42 0.8 - 37 8 

Manukhov et 
al., 2006 (27) 

Trichomonas 
vaginalis 

44 4.3 - 37 7-8 
Lockwood 

and Coombs 
1991 (41) 

Treponema 
denticola 

43 0.55 - - - 
Fukamachi et 
al., 2005 (40) 

Streptomyces 
sp. 

47 0.7 441 - - 
Huang et al., 

2014 (19) 
Streptomyces 

variabilis 
3MA2016 

 0.43 - 30-40 7-8 
El-Awady et 
al., 2017 (56) 

 

 
 

Fig 3  Schematic representation for an industrial process for L-methioninase 
production 

 

Different Assay Method for Estimation of Activity of L-
Methioninase 
 

One international unit of L-methioninase has been defined as 
the amount of enzyme required to liberate 1micromolar of 
methanethiol product under standard condition. Methanethiol is 
an organosulfure compound which is specrophotometrically 
estimated by using Ellman’s reagent (DTNB) (5, 5′-dithio-bis 
(2-nitrobenzoic acid) (57). TNB (2-nitro-5-thiobenzoic acid) as 
coloured species was released after reaction of DTNB with a 
sulfhydryl group of the methanethiol which was 
spectrophotometrically measured in visible range. Other 
product of α-ketobutyrate was measured 
spectrophotometrically with “Oxidation followed by coupling 
reaction using MBTH (3-Methyl-2-Benzothiazoline 
Hydrazone) (58,59). The released product of α-Keto acids after 
αɣ-elimination of methioninase was estimated as 2,4-
dinitrophenylhydrazone derivatives by thin-layer 
chromatography (TLC) in terms of specific Rf values (60,61). 
The deamination rate was calculated with the help of nessler's 
reagent by forming a precipitate of mercury (II) amido-iodide 
with end product ammonia (62). The colour of the precipitate 
varies from yellow to brown, depending on the quantity of 
ammonium ion, which could be measured at 450 nm (63,64).       
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Fig 4 Methioninase quantitative detection by DTNB

 

Biotechnological Applications of Microbial 
 

Role of L-Methioninase in Cancer 
 

Cancer is the uncontrolled cellular growth causing change in 
expression of tumor suppressing genes and tumor promoting 
genes. Majority of cancers results from alterations in DNA 
integrity caused by environmental genotoxic factors and 
endogenous metabolism (65). L-methioninase has been isolated 
from rumen bacteria, Pseudomonas putida, Pseudomonas 
ovalis and Clostridium sporogenes and 
Among these microbial strains, L-methioninase from 
Clostridium sporogenes showed inhibitory effect against 
carcinoma cell culture of ascites and Walker carcinoma in rats 
(7, 28). L-methioninase dependent antitumor drugs have been 
developed by targeting the inhibition of exogenous supply of 
L-methionine for cancer cell cultures. Therefore, depletion of 
methionine from the reinjection of homocysteine in blood 
plasma is the basis of chemotherapeutic treatment for tumours 
(66). Currently retroviral vectors gene therapy has been studied 
by transduction of microbial L-methioninase gene 
cells (67,68,69,70,71). A recombinant adenovirus having the 
methioninase gene showed a strong antitumor activity against 
fibrosarcoma and human ovarian cancer (70, 71). 
 

Most of the researcher found that in vivo therapeutic effects of 
the enzyme L-methioninase usually have some minimal 
complications like vomiting, weight loss, mild anemia (72, 73). 
Besides the potential antitumor efficacy of methioninase, it has 
quick plasma clearance, short biological half
immunogenicity (74). Half life and depletion of L
methioninase in the mouse plasma was improved by 
conjugation with polyethylene glycol (PEG), pyridoxal 5’
phosphate, oleic acid, dithiothreitol (6). Some therapeutic drugs 
of L-methioninase are modulated by activating the suppressor 
of apoptosis-mediating genes to induce apoptosis and 
selectively kill the cancerous cells (75, 76). The anticancer 
activity of L-methioninase from Pseudomonas putida
extensively investigated in plasma of mouse (77, 78). The 
antiproliferative property of this enzyme has been already 
reported against Lewis lung and human colon carcinoma (9), 
glioblastoma (8), and neuroblastoma (9). Recombinant 
methioninase from Pseudomonas putida (PpMGL) has been 
currently developed as effective anticancer drug to deplete 
methionine level in cancer cells. The conjugation of these 
enzymes with cisplatin, 5-fluorouracil (5
chloroethyl)-1- nitrosourea (BCNU), and vincr
improved the efficacy and synergy in mouse models against  
colon cancer, lung cancer, and brain cancer. Selenomethionine 
(SeMET) acts as suicide prodrug substrate for L
and effectively inhibit the tumour growth in rodents and 
prolonged their survivals (69, 70). These SeMET biomolecules 
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enhanced oxidative stress in tumour cells which result exposure 
of phosphatidylserine on the surface of the vascular 
endothelium of blood vessels in tumours but not on normal. 
The injection of fusion p
methioninase conjugated to human annexin
bloodstream will bind to marker on vascular endothelial cells 
of the tumour cells. These biomolecules catalyzed the 
conversion of nontoxic selenomethionine into toxic 
methylselenol which inhibited the growth of tumpr cells by 
blocking exogenous source of methionine uptake by tumour 
cells (71, 76). 
 

Role of L-Methioninase in Other Therapeutic Treatment
 

Aging has been associated with changes in DNA methylation 
and hypermethylation of the estrogen receptor gene in aging 
colons which cause hematopoietic neoplasms (79). Promoter 
controlling methylation of the IGF2 gene is greatly increased in 
human colon as a function of aging (79). 
methionine deprivation after adding met
supplement has been studied to control weight gain exquisitely 
in the rats. The study showed that r
diet from 0.86 to 0.17% results in 30% longer life span of male 
Fischer 344 rats (80). In recent year, recombin
has been studied for pathogenekharayat30sis of obesity in mice
by targeting melanocyte- 
melanocortin-4 receptor and its peptide ligand (81, 82, 83, 84).
This enzyme has been also studied for treatment of 
disease in rats (85). S-adenosyl
considered as rate limiting endogenous methyl donor for the 
methylation of dopamine.  The drug levodopa has been 
formulated for Parkinson disease by blocking the metabolic 
pathway regulated by S-adenosyl
O-methyltransferase (COMT) and L
In one study, L-methioninase has also lowered the level of 
homocysteine in plasma of rat suffered from Parkinson’s 
disease (85). 
 

Elevated level of serum total homocysteine (tHCY) has been 
reported as important risk factor for cardiovascular disease. In 
recent year, recombinant methioninase (rMETase) have been 
reported to cause depletion in level of serum methionine and 
homocysteine. Methioninase from 
showed high substrate specificity and high catalytic efficiency 
towards HCY-induced cardiovascular disease (82).
 

Role of L-Methioninase in Food Industry
 

L-methioninase has important role in food industry by 
imparting a specific aroma in variety of cheese like limburger, 
camembert, blue cheeses and cheddar (89). The enzymatic 
catalysis of L-methionine in presence of L
yeast strains secreted a volatile sulfur component of 
methanethiol which has been used as flavor enhacer for cheese 
industry (24, 90). The demethiolating activity of 
Brevibacterium linens is used commercially as
bacterium (88). Some yeast strains (
Kluyveromyces marxianus and 
some bacterial strains (Lactobacilli
as safe organisms and used commercially as food additive (87, 
90).  
 
 
 

Methioninase and its Biotechnology Application 

28442 | P a g e  

enhanced oxidative stress in tumour cells which result exposure 
of phosphatidylserine on the surface of the vascular 
endothelium of blood vessels in tumours but not on normal. 
The injection of fusion protein (FP) consisting of L-
methioninase conjugated to human annexin-V into the 
bloodstream will bind to marker on vascular endothelial cells 
of the tumour cells. These biomolecules catalyzed the 
conversion of nontoxic selenomethionine into toxic 

enol which inhibited the growth of tumpr cells by 
blocking exogenous source of methionine uptake by tumour 

Other Therapeutic Treatment 

Aging has been associated with changes in DNA methylation 
n of the estrogen receptor gene in aging 

colons which cause hematopoietic neoplasms (79). Promoter 
controlling methylation of the IGF2 gene is greatly increased in 
human colon as a function of aging (79). The dietary 
methionine deprivation after adding methioninase as food 
supplement has been studied to control weight gain exquisitely 

. The study showed that reduction of L-methionine in 
diet from 0.86 to 0.17% results in 30% longer life span of male 

In recent year, recombinant methioninase 
has been studied for pathogenekharayat30sis of obesity in mice 

 stimulating hormone (MSH), 
4 receptor and its peptide ligand (81, 82, 83, 84). 

This enzyme has been also studied for treatment of parkinsons 
adenosyl-L-methionine has been 

considered as rate limiting endogenous methyl donor for the 
methylation of dopamine.  The drug levodopa has been 
formulated for Parkinson disease by blocking the metabolic 

adenosyl-L-methionine using catechol-
methyltransferase (COMT) and L-dopa decarboxylase (86). 

methioninase has also lowered the level of 
homocysteine in plasma of rat suffered from Parkinson’s 

tal homocysteine (tHCY) has been 
reported as important risk factor for cardiovascular disease. In 
recent year, recombinant methioninase (rMETase) have been 
reported to cause depletion in level of serum methionine and 
homocysteine. Methioninase from Trichomonas vaginalis also 
showed high substrate specificity and high catalytic efficiency 

induced cardiovascular disease (82). 

Food Industry 

methioninase has important role in food industry by 
imparting a specific aroma in variety of cheese like limburger, 
camembert, blue cheeses and cheddar (89). The enzymatic 

methionine in presence of L-methioninase from 
d a volatile sulfur component of 

methanethiol which has been used as flavor enhacer for cheese 
industry (24, 90). The demethiolating activity of 

is used commercially as cheese ripening 
bacterium (88). Some yeast strains (Kluyveromyces lactis, 

and Saccharomyces cerevisia) and 
Lactobacilli, Lacococci ) are considered 

as safe organisms and used commercially as food additive (87, 
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CONCLUSION 
 

The biotechnology importance of microbial L-methioninase in 
food and pharmaceutical sectors has been extensively studied 
by scientists from last few decades. The microbial production 
of enzyme  is cost effective and easily produced, which has 
drawn significant attention to explore new strain for producing 
L-methioninase having therapeutic values. Therefore, in this 
review, we briefly describe the historical aspects of microbial 
L-methioninase, their biochemical characterization and their 
industrial application.  
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