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Resistance to conventional anticancer therapies in patients 
with advanced solid tumors has prompted the need of alternative 
cancer therapies. Moreover, the success of novel cancer therapies 
depends on their selectivity for cancer cells with limited toxicity 
to normal tissues. Restriction of methionine may be a useful 
strategy in limiting cancer growth. Methionine restriction may 
also prolong a healthy life-span.

Methionine is an essential amino acid necessary for normal 
growth and development in mammals. In every cell, methionine 
is partitioned between protein synthesis and the de novo 
pathway. Many human cancer cell lines and primary tumors have 
an absolute requirement for L-methionine, an essential amino 
acid. Why L-methionine essential? L-Methionine participates in 
protein synthesis. L-Methionine is a precursor of glutathione. 
L-Methionine is required for the formation of the polyamines 
spermine and spermidine. L-Methionine is the major source 
of methyl groups for methylation of DNA and other molecules. 
Therefore, restriction of L-methionine may be a useful strategy in 
limiting cancer growth [1-3].

Upon L-methionine depletion, L-methionine- dependent 
cancer cells are not able to divide and became arrested in the 
late-S/G2 phase of the cell cycle. On the other hand, normal 
human cells are relatively resistant to exogenous L-methionine 
restriction. Thus, depletion of L-methionine is effective for cancer 
therapy [4-6]. 

L-Methionine γ-lyase (EC 4.4.1.11) is a pyridoxal 5′-phosphate 
(PLP)-dependent multifunctional enzyme which catalyzes α, 
γ-elimination and γ-replacement of L-methionine (Figure 1) 
and its derivatives and also α, β-elimination and β-replacement 
of S-substituted L-cysteines. The enzyme was composed of 
398 amino acid residues corresponding to the subunit of the 
homotetramer. The enzyme composed of 398 amino acid 
residues [1,6-10].

Essential amino acids such as L-methionine and 
L-phenylalanine, as well as branched chain amino acids, have 
long been known to be important precursors of aroma volatiles 
in many fruits, including melon, tomato, banana, strawberry and 
apple. Recently, an Arabidopsis gene encoding a methionine-γ 
lyase enzyme that cleaves L-methionine into methanethiol, 
α-ketobutyrate and ammonia has been characterized [11]. 

The enzyme has been isolated from bacteria (Pseudomonas 
putida, Aeromonas sp., Clostridium sporogenes, Phophyromonas 
gingivalis, Brevibacterium linens BL2) also from primitive 

protozoa (Trichomonas vaginalis and Entamoeba histolytica) and 
H2S in anaerobic bacteria, parasitic protozoa and is absent in 
fungi, plants and mammals. For this reason, L-methionine-γ-lyase 
can serve as a target for novel antibacterial drugs created on the 
basis of its inhibitors and/or suicidal substrates [6-10]. 

Many other studies confirmed that the activity of this enzyme 
could be low in methionine-dependent malignant cells.

Numerous studies focused on the potential antitumour 
activity of methionine restriction that exploits metabolic 
differences between neoplastic and normal cells. Numerous 
human cancer cell lines and primary tumors have an absolute 
requirement for L-methionine, an essential amino acid. Thus, 
depletion of L-methionine is effective for cancer therapy [7]. 

MGL assay rely on chromogenic detection of the α-keto acids, 
generated by this enzyme, using 3-methyl-2-benzothiazoline 
hydrazone to give the azine derivative.

The enzyme was efficiently expressed in Pseudomonas putida 
and E. coli and its potentiality as an antitumor agent, alone 
or in combination with other chemotherapeutic agents, was 
demonstrated in a number of solid tumors both in vitro and in in 
vivo models. Therefore, enzymes that are able to reduce plasma 
levels of these tumor target amino acids (i.e. L-asparaginase, 
L-methionine-γ-lyase and arginine deiminase) are studied as 
therapeutic agents in cancer therapy [5].

Tumor cells are diverse and their sensitivity to methionine 
restriction is more or less pronounced [3].

A gene therapy approach using the L-methionine-γ-lyase gene 
derived from Pseudomonas putida has been recently developed. 
This gene was introduced into human lung cancer cells using a 
retroviral vector [3].

As cited above numerous cancers cell lines have high 
methionine requirements. Limitation of exogenous methionine 

Figure 1 Conversion of methionine to α-ketobutyrate, methanethiol and 
ammonia.
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through diets with low protein content does not allow the 
maintenance of good nutritional status. In such experiments, rats 
lost body weight rapidly and died from the profound alteration of 
their health status.

It is possible that such an effect can be achieved with further 
reduction of L-methionine-γ-lyase in certain tumors using 
existing technology.

REFERENCES
1. Takakura T, Ito T, Yagi S, Notsu Y, Itakura T, Nakamura T, et al. High-

level expression and bulk crystallization of recombinant L-methionine 
gamma-lyase, an anticancer agent. Appl Microbiol Biotechnol. 2006; 
70: 183-192. 

2. Cavuoto P, Fenech MF. A review of methionine dependency and the 
role of methionine restriction in cancer growth control and life-span 
extension. Cancer Treat Rev. 2012; 38: 726-736. 

3. Cellarier E, Durando X, Vasson MP, Farges MC, Demiden A, Maurizis JC, 
et al. Methionine dependency and cancer treatment. Cancer Treat Rev. 
2003; 29: 489-499. 

4. Demetrius M. Kokkinakis, Robert M. Hoffman, Eugene P. Frenkel, 
Jacquelynn B. Wick, Qinghong Han, Mingxu Xu, et al. Synergy between 
methionine stress and chemotherapy in the treatment of brain tumor 
xenografts in athymic mice. Cancer Research. 2001; 61: 4017-4023. 

5. Pasut G, Sergi M, Veronese FM. Anti-cancer PEG-enzymes: 30 years 
old, but still a current approach. Adv Drug Deliv Rev. 2008; 60: 69-78. 

6. Tomoaki Takakura, Kenji Mitsushima, Shigeo Yagi, Kenji Inagaki, 
Hidehiko Tanaka, Nobuyoshi Esaki, et al. Assay method for antitumor 
L-methionine gamma-lyase: comprehensive kinetic analysis of the 
complex reaction with L-methionine. Anal Biochem. 2004; 327: 233-
240. 

7. Tomoaki Takakura, Akio Takimoto, Yoshihide Notsu, Hiroshi 
Yoshida, Takaomi Ito,Hirofumi Nagatome et al. Physicochemical 
and pharmacokinetic characterization of highly potent recombinant 
L-methionine-gamma-lyase conjugated with polyethylene glycol as an 
antitumor agent. Cancer Res. 2006; 66: 2807-2814. 

8. Svetlana V. Revtovich, Nicolai G. Faleev, Elena A. Morozova, Natalya 
V. Anufrieva, Alexey D. Nikulin , Tatyana V. Demidkina. Crystal 
structure of the external aldimine of Citrobacter freundii methionine 
?-lyase with glycine provides insight in mechanisms of two stages of 
physiological reaction and isotope exchange of a-and ß-protons of 
competitive inhibitors. Biochimie. 2014; 101: 161-167. 

9. Manukhov IV, Mamaeva DV, Morozova EA, Rastorguev SM, Faleev 
NG, Demidkina TV. L-methionine gamma-lyase from Citrobacter 
freundii: cloning of the gene and kinetic parameters of the enzyme. 
Biochemistry (Mosc). 2006; 71: 361-369. 

10. Hiroyuki Inoue, Kenji Inagaki, Naoki adachi, Takashi Tamura, 
Nobuyoshi Esaki, Kenji Soda, et al. Role of tyrosine 114 of L-Methionine 
gamma-lyase from Pseudomonas putida. Biosci Biotechnol Biochem. 
2000; 64: 2336-2343. 

11. Itay Gonda, Shery Lev, Einat Bar, Noga Sikron, Vitaly Portnoy, Rachel 
Davidovich-Rikanati. Catabolism of L-methionine in the formation of 
sulfur and other volatiles in melon (Cucumis melo L.) fruit. Plant J. 
2013; 74: 458-472. 

Kahraman H (2015) L- Methionine, L-Methionine γ-Lyase, Cancer. JSM Enzymol Protein Sci  1(1): 1003.

Cite this article

http://www.ncbi.nlm.nih.gov/pubmed/16012835
http://www.ncbi.nlm.nih.gov/pubmed/16012835
http://www.ncbi.nlm.nih.gov/pubmed/16012835
http://www.ncbi.nlm.nih.gov/pubmed/16012835
http://www.ncbi.nlm.nih.gov/pubmed/22342103
http://www.ncbi.nlm.nih.gov/pubmed/22342103
http://www.ncbi.nlm.nih.gov/pubmed/22342103
http://www.ncbi.nlm.nih.gov/pubmed/14585259
http://www.ncbi.nlm.nih.gov/pubmed/14585259
http://www.ncbi.nlm.nih.gov/pubmed/14585259
http://cancerres.aacrjournals.org/content/61/10/4017.full
http://cancerres.aacrjournals.org/content/61/10/4017.full
http://cancerres.aacrjournals.org/content/61/10/4017.full
http://cancerres.aacrjournals.org/content/61/10/4017.full
http://www.ncbi.nlm.nih.gov/pubmed/17869378
http://www.ncbi.nlm.nih.gov/pubmed/17869378
http://www.ncbi.nlm.nih.gov/pubmed/15051540
http://www.ncbi.nlm.nih.gov/pubmed/15051540
http://www.ncbi.nlm.nih.gov/pubmed/15051540
http://www.ncbi.nlm.nih.gov/pubmed/15051540
http://www.ncbi.nlm.nih.gov/pubmed/15051540
http://www.ncbi.nlm.nih.gov/pubmed/16510603
http://www.ncbi.nlm.nih.gov/pubmed/16510603
http://www.ncbi.nlm.nih.gov/pubmed/16510603
http://www.ncbi.nlm.nih.gov/pubmed/16510603
http://www.ncbi.nlm.nih.gov/pubmed/16510603
https://www.docphin.com/research/article-detail/9854003/PubMedID-24463191/Crystal-structure-of-the-external-aldimine-of-Citrobacter-freundii-methionine-lyase-with-glycine-provides-insight-in-mechanisms-of-two-stages-of-physiological-reaction-and-isotope-ex
https://www.docphin.com/research/article-detail/9854003/PubMedID-24463191/Crystal-structure-of-the-external-aldimine-of-Citrobacter-freundii-methionine-lyase-with-glycine-provides-insight-in-mechanisms-of-two-stages-of-physiological-reaction-and-isotope-ex
https://www.docphin.com/research/article-detail/9854003/PubMedID-24463191/Crystal-structure-of-the-external-aldimine-of-Citrobacter-freundii-methionine-lyase-with-glycine-provides-insight-in-mechanisms-of-two-stages-of-physiological-reaction-and-isotope-ex
https://www.docphin.com/research/article-detail/9854003/PubMedID-24463191/Crystal-structure-of-the-external-aldimine-of-Citrobacter-freundii-methionine-lyase-with-glycine-provides-insight-in-mechanisms-of-two-stages-of-physiological-reaction-and-isotope-ex
https://www.docphin.com/research/article-detail/9854003/PubMedID-24463191/Crystal-structure-of-the-external-aldimine-of-Citrobacter-freundii-methionine-lyase-with-glycine-provides-insight-in-mechanisms-of-two-stages-of-physiological-reaction-and-isotope-ex
https://www.docphin.com/research/article-detail/9854003/PubMedID-24463191/Crystal-structure-of-the-external-aldimine-of-Citrobacter-freundii-methionine-lyase-with-glycine-provides-insight-in-mechanisms-of-two-stages-of-physiological-reaction-and-isotope-ex
http://www.ncbi.nlm.nih.gov/pubmed/16615855
http://www.ncbi.nlm.nih.gov/pubmed/16615855
http://www.ncbi.nlm.nih.gov/pubmed/16615855
http://www.ncbi.nlm.nih.gov/pubmed/16615855
http://www.ncbi.nlm.nih.gov/pubmed/11193400
http://www.ncbi.nlm.nih.gov/pubmed/11193400
http://www.ncbi.nlm.nih.gov/pubmed/11193400
http://www.ncbi.nlm.nih.gov/pubmed/11193400
http://www.ncbi.nlm.nih.gov/pubmed/23402686
http://www.ncbi.nlm.nih.gov/pubmed/23402686
http://www.ncbi.nlm.nih.gov/pubmed/23402686
http://www.ncbi.nlm.nih.gov/pubmed/23402686

	L- Methionine, L-Methionine γ-Lyase, Cancer
	References
	Figure 1

