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Abstract

Background: L-methioninase is an enzyme that was found in Pseudomonas spp. It changes L-methionine into a-
ketobutyrate, ammonia, and methanethiol. It has been thoroughly investigated for possible antibacterial and anticancer
activities. Objective: The goal is to find out how well L-methioninase kills colon CaCo-2 and liver HepG2 cancer cells.
Methods: The enzyme was taken from 33 different types of Pseudomonas, and their ability to make L-methioninase
was tested on M9 media that had been changed. An MTT assay was used to evaluate the cytotoxic activity of HepG2
and CaCoz2 cell lines. Results: Only 15 isolates were able to make L-methioninase. The best isolate had a specific
activity of 1.4 pg/U protein. The enzyme's cytotoxicity showed that it stopped the growth of the HepG-2 cell line with
an IC50 of 67.44 pg/ml, compared to an IC50 of 140.0 pg/ml for the crude enzyme, and it stopped the growth of the
CaCo-2 cell line with an IC50 of 20.57 pg/ml, compared to 154.3 pg/ml for the crude enzyme. Conclusions: Isolation
of L-methioninase from microbial sources can be an efficient source to produce this cytotoxic agent.
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INTRODUCTION opportunistic pathogen with multi-drug resistance

(MDR). It can cause acute or persistent infection in
Pseudomonas is a huge genus of bacteria whose immunocompromised people suffering from cancer,
members have evolved to exist in a wide range of cystic fibrosis, sepsis, trauma, burns, and ventilator-
biological habitats, including humans, rivers, soils, associated pneumonia (VAP), including COVID-19-
plants, animals, reptiles, insects, and nematodes, related cases [2]. Methionine-gamma-lyase, or L-
among others [1]. One of the most prevalent species of methioninase, is one of the most fascinating enzymes.
pseudomonas is Pseudomonas aeruginosa, an Methionine gamma-lyase (MGL) is not found in
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mammals and has been the subject of more research
recently due to its numerous potential medical uses,
including as an antibiotic and in cancer treatment [3].
MGL (EC4.4.1.11) is an enzyme that needs pyridoxal
phosphate (PLP) to work. It changes L-methionine
directly into  a-ketobutyrate, ammonia, and
methanethiol [4]. A necessary amino acid for humans,
methionine is involved in many aspects of mammalian
metabolism, including the creation of protein,
glutamine, and polyamines [5]. Multiple cancer cells
were found to have an elevated need for plasma
methionine in order to synthesize proteins and control
DNA expression [6]. There are reports that bacterial
enzymes have limited substrate specificity, high
immunogenicity, and potentially harmful effects on the
liver and kidney [7]. Current efforts in cancer research
focus on developing novel chemotherapy regimens that
make use of the distinct distinction between cancerous
and normal cells, as is the case with MGL [4,8]. One
particular feature of several cancers is methionine
deficiency. Methionine was specifically required by
cancer cells for their proliferation, and when MGL
deprived these cells of it, the cancer cells were unable
to develop because they lacked a method to make up
for the methionine that was lost. Since cancer cells are
more dependent on methionine in order to regulate the
high synthesis of proteins and their DNA expression,
enzyme therapy was therefore thought to be an
effective way of destroying cancer cells using MGL

[9].
METHODS
Sample collection

Thirty-three clinical samples collected from patient
with various sources such as burns, sputum, ear
infections, and UTIs patients whom attending to AL-
Kadhimiya Teaching Hospital and Medical City in
Baghdad, Irag.

Screening for methioninolytic activity

Modified M9 media was utilized to determine the
MGL productivities of Pseudomonas aeruginosa
bacterial isolates using the qualitative fast assay plate
technique. Prior to autoclaving, the medium's pH was
finally brought to 7.0 and as an indicator, phenol red
0.007% was used [10]. The M9 plates were cultivated
for 48 hours at 37°C for bacterial isolates.

In vitro cytotoxicity in HepG2 CaCoz2 cell lines

An in vitro technique was used to look at how L-
methioninase affected HepG2 and Caco-2 cancer cell
lines. The cell line is maintained according to the
Freshney method [11]. The MTT ready-to-use kit was
used to test the cytotoxic effects of different
concentrations (25, 50, 100, 200, and 400 pg/mL) of L-
methioninase enzyme, both pure and crude. 96 flat-
well micro-titer plates were used to grow tumor cells
(1x10%-1x108 cells/ml), with 200 uL of culture media
added to each well to make the full volume. The plates
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were incubated overnight with 5% CO, at 37 °C.
Following the removal of the media, double serial
dilutions of the required MGL concentrations (25, 50,
100, 200, and 400 pg/mL) were placed in the wells.
For every concentration, triplicates of the controls—
cells cultured in serum-free medium—were employed.
Ten microliters of MTT solution were added to each
well after the chosen exposure time of 24 hours at
37°C and 5% CO,. The mixture was then incubated for
another four hours under the same conditions. After the
incubation, each well's medium was carefully
removed, and 100 pL of solubilization solution was
added. This was left for five minutes. By measuring
using an ELISA reader at a wavelength of 575 nm. To
find the chemical concentration required to cause a
50% loss in cell viability for each line of cells, a
statistical analysis of the optical density data was
conducted [11].

Statistical analysis

To determine the significance of the difference
between groups, a one-way analysis of variance
(ANOVA) and Duncan post hoc tests are used at
p<0.05 to consider statistical significance. To conduct
statistical significance tests and express information as
mean+SD, GraphPad Prism version 6 was utilized
(Graph Pad Software Inc., La J).

RESULTS

We used modified M9 media to find out how well I-
methioninase worked in bacteria isolates using a
qualitative rapid assay plate method. We found out
how much L-methioninase was being made by seeing
if a pink colony could grow on minimal salt media
with phenol red (Figure 1).

Figure 1: The screening results of pink colony of
Pseudomonas aeruginosa for positive producers of L-
methioninase on modified M9 media supplied with L-
methionine at 37°C for 48 hrs.

Among the 33 bacterial isolates, 15 showed a positive
result: P. aeruginosa A6 was possibly the most
extensive producer of L-methioninase, with a specific
activity of 1.4 pg/U, and was selected for further
assays. We tested I-methioninase's cytotoxic effect on
HepG2 and CaCo2 cell lines in a lab setting. The
concentrations used ranged from 25 to 400 pg/ml.
Applying varying concentrations of MGL to tumor and
normal cell lines allowed for the measurement of cell
viability in this test. When cell viability was assessed
at each time point (24 hours) using the MTT
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colorimetric test, the best values for the most
significant 1C50 values were chosen [12].

Table 1: Cytotoxicity effect of L-methioninase on HepG2
and HdFn cells after 24-hour incubation at 37°C

L-methioninase Viable HepG2  Viable HdFn p-value
(ng/ml) cells cells

85.03+1.98 95.83+£2.23 0.0033

50 82.98+10.47 95.06+0.37 0.1165

100 75.81+3.64 91.89+1.00 0.0018

200 61.92+2.02 82.44+7.22 0.0090

400 54.78+2.43 69.83+2.84 0.0022

Values are presented as mean+SD.

After treating cells with crude L-methioninase, the
increase in L-methioninase enzyme concentration
lowers cell viability. A 400pg/ml of crude I-
methioninase (54.78+2.43%) drop in HepG2 cell
viability (%) was seen (Table 1), and it had the
strongest cytotoxic effect, with an IC50 value of 140
pg/ml (Figure 2A).

Crude Enzyme

-~ HdFa
100=
197 e B -~ o2
A - b2
— 4
- 0
G242 3 102442

-

Crude Enzyme

ICy=1400

inbility (%)

1= 1543
04

Cell viability (%)

Cenly

20 e

T T T 1 . T T T 1
1] 13 20 25 30 10 15 20 15 30

Log Enzyme Conc. (pg/ml) Log Enzyme Conc.(pg/ml)

Figure 2: The cytotoxic effect of (A) Crude L-methioninase
on liver HepG-2 and HdFn cells, (B) Crude L-methioninase
on CaCo2 and normal cells HdFn, after 24-hour incubation
period at 37 °C.

At 400 pg/ml (46.84+4.11), crude L-methioninase was
also found to lower the viability (%) of CaCo2 cells
(Table 2). It also showed very strong cytotoxicity, with
an IC50 value of 154.3 pg/ml compared to 244.2 pg/ml
for the effect of crude L-methioninase on the HdFn
normal cell line (Figure 2B).
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Table 2: Cytotoxicity effect of L-methioninase on CaCo2
and HdFn cells after 24-hour incubation at 37°C

L-methioninase Viable CaCo2 Viable HdFn |
(ug/ml) cells cells p-value
25 84.18+1.38 95.83+2.23 0.0015
50 71.87+4.39 95.06+0.37 0.0008
100 63.07+2.12 91.89+1.00 <0.0001
200 56.75+2.38 82.44+7.22 0.0043
400 46.87+4.11 69.83+2.84 0.0013

Values are presented as mean+SD.

When cancer cells were treated with purified L-
methioninase, the enzyme had the most cytotoxic
effects (IC50 = 67.44 ng/ml) and cell viability dropped
to 400 pg/ml for the HepG2 cancer cell line (Figure
3A).
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Figure 3: The cytotoxic effect of (A) Purified L-
methioninase on liver HepG-2 and HdFn cells, (B) Purified
L-methioninase on CaCo2 and normal HdFn cell, after 24
hours incubated at 37 °C.

While the purified L-methioninase manifested
significantly the most efficient cytotoxic activity with
an IC50 of 20.57 pg/ml at 400 pg/ml on the CaCo2
cancer cell line (Figure 3B), the purified L-
methioninase, on the other hand, had an 1C50 value of
153.5 pg/ml when tested on the HdFn normal cell line
(Table 3).

DISCUSSION

Mammals do not contain L-methioninase. There are
reports that bacterial enzymes have a limited substrate
specificity, a high immunogenicity, and potentially
harmful effects on the liver and kidney [7].

Table 3: Cytotoxicity effect of L-methioninase on HepG2, CaCo2 and HdFn cells after 24-hour incubation at 37°C

L-methioninase (pg/ml) Viable HepG2 cells

Viable CaCo2 cells

Viable HdFn cells p-value (ANOVA)

25 85.03+1.98°
50 82.98+10.47
100 75.81+3.64%
200 61.92 £2.02¢
400 54.78+2.43*

84.18+1.38° 95.83+2.23%0 0.0005
71.87+4.39° 95.06 +0.37° 0.0158
63.07+2.12%0 91.89+ 1.00*° <0.0001
56.75+2.38° 82.44 +7.22%0 0.0010
46.87+4.1° 69.83+2.84%0 0.0003

Values are presented as mean+SD. Values with identical superscripts (a,b) are significantly different (p<0.05) based on post hoc analysis.

They also have an effective anticancer agent that has
been proven to be active against several cancer cell
lines, including those from the lung, glioblastoma,
kidney, breast, and colon [13]. From these isolates
from P. aeruginosa, the most efficient isolate
producing I-methioninase was selected. The current
study corresponds with Sundar and Nellaiah (2013),
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who stated that MGL-producing isolates were
recognized as pink colonies or growth forms for
Serratia marcescens species, which are produced when
MGL reacts with L-methionine to produce ammonia
[14]. According to El Sayed et al. (2012), L-
methioninase's in vitro anticancer efficacy was also
reported; they reported that L-methioninase has
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demonstrated notable efficacy against multiple cancer
cell lines, including those from the breast, lung, colon,
neck, and head; testicular germ cell cancer; acute
myeloid leukemia; and glioblastoma. Numerous cancer
cells were shown to have an elevated plasma
methionine  requirement for DNA  expression
regulation and protein synthesis [15]. It might be
possible to effectively treat cancer by using I-
methioninase to stop the growth and spread of cancer
cells that depend on I-methionine [6]. when
methionine-dependent (MET-dp) cancer cells in vitro
undergo methionine degradation, the enzyme I-
methioninase inhibits mitosis and causes arrest of the
cell cycle, principally in the cell cycle's late S/G2
phase, which is followed by apoptosis [16]. As
reported previously above, I-methioninase purified
from P. aeruginosa proved to have a concentration-
dependent impact that was effective against the cancer
cell lines CaCo2 and hepG2. Our findings support the
earlier research by Salim et al. 2020, who showed the
potent anticancer action of I-methioninase on cancer
cells within IC50 values of 14.12 pg/ml for the purified
L-methioninase from Trichoderma harzianum [17],
where |-methioninase from Aspergillus fumigatus
possessed an IC50 value of 243 +4.87 pg/ml (0.486
U/ml) against Hep-G2 [18]. Also, Abdelraof et al.
(2019) indicated that Streptomyces DMMMHG60 was
found to produce MGL, a potent anticancer agent with
high efficiency. Colon carcinoma (HCT-116) was the
most sensitive cell type, with an IC50 of 0.69 pg/ml.
Hepatocellular carcinoma (HepG2) was next, with an
IC50 of 5.46 pg/ml, and intestinal carcinoma (CACO)
was third, with an IC50 of 11.3 pg/ml [4].

Conclusion

Pseudomonas aeruginosa was one of the most efficient
sources of L-methioninase production. Also, L-
methioninase wasn't cytotoxic to normal cell lines, but
it was cytotoxic to both Hep-G2 and CaCo-2 cell lines.

ACKNOWLEDGMENT

The authors thank the department biotechnology and
Al-Nahrain University for providing the logistic
support to complete this work.

Conflict of interests
No conflict of interests was declared by the authors.

Funding source
The authors did not receive any source of fund.
Data sharing statement

Supplementary data can be shared with the

corresponding author upon reasonable request.

REFERENCES

1. Shalev O, Ashkenazy H, Neumann M, Weigel D. Commensal
Pseudomonas protect Arabidopsis thaliana from a coexisting
pathogen via multiple lineage-dependent mechanisms.

49

10.

11.

12.

13.

14.

15.

16.

17.

18.

Cytotoxicity of L-methioninase in cancer cells

Multidisciplin J Microbiol Ecol. 2022;16(5):1235-1244. doi:
10.1038/s41396-021-01168-6.

Rossi E, La Rosa R, Bartell JA, Marvig RL, Haagensen JA,
Sommer LM, et al. Pseudomonas aeruginosa adaptation and
evolution in patients with cystic fibrosis. Nat Rev Microbiol.
2021;19(5):331-342. doi: 10.1038/s41579-020-00477-5.

Maggi, Maristella, and Claudia Scotti. "Enzymes in metabolic
anticancer therapy." Therapeutic Enzymes: Function and
Clinical Implications .2019: 173-199. doi: 10.1007/978-981-13-
7709-9 9.

Abdelraof, Mohamed, et al. "Statistically optimized production
of extracellular I-methionine y-lyase by Streptomyces Sp.
DMMMHG60 and evaluation of purified enzyme in sub-culturing
cell lines. Biocatalysis Agricult Biotechnol. 2019;18(1):101074.
doi: 10.1016/j.bcab.2019.101074.

Wise DR, Thompson CB. Glutamine addiction: a new
therapeutic target in cancer. Trend Biochem Sci. 2010;35(8):427-
433. doi: 10.1016/j.tibs.2010.05.003.

Cellarier E, Durando X, Vasson MP, Farges MC, Demiden A,
Maurizis JC, et al. Methionine dependency and cancer treatment.
Cancer Treat Rev. 2003;29(6):489-499. doi: 10.1016/S0305-
7372(03)00118-X.

Sun X, Yang Z, Li S, Tan Y, Zhang N, Wang X, et al. In vivo
efficacy of recombinant methioninase is enhanced by the
combination of polyethylene glycol conjugation and pyridoxal
5'-phosphate supplementation. Cancer Res. 2003;63(23):8377-
8383. PMID: 14678999.

Selim MH, Elshikh HH, Saad MM, Mostafa EE, Mahmoud MA.
Purification and characterization of a novel thermo stable L-
methioninase from Streptomyces sp. DMMMH4 and its
evaluation for anticancer activity. J Appl Pharm Sci.
2016;6(7):053-060. doi: 10.7324/JAPS.2016.60708.

Salim N, Santhiagu A, Joji K. Process modeling and
optimization of high yielding L-methioninase from a newly
isolated Trichoderma harzianum using response surface
methodology and artificial neural network coupled genetic
algorithm. Biocatal Agricult Biotechnol. 2019;17:299-308. doi:
10.1016/j.bcab.2018.11.032.

Sundar WA, Nellaiah H. Production of methioninase from
Serratia marcescens isolated from soil and its anti-cancer activity
against Dalton’s Lymphoma Ascitic (DLA) and Ehrlich Ascitic
Carcinoma (EAC) in Swiss albino mice. Trop J Pharm Res.
2013;12(5):699-704. doi: 10.4314/tjpr.v12i5.6.

Freshney RI. Culture of animal cells: a manual of basic
technique and specialized applications. John Wiley & Sons;
2015.

Al-Saily HM, Al-Halbosiy M, Al-Hady FN. Cytotoxic and
apoptotic effects of cyproterone acetate against cancer cells and
normal cells. J Biotechnol Res Center. 2019;13(1):68-74.

Selim, MH, Karm Eldin, EZ, Saad MM, Mostafa ESE, Shetia
YH, Anise AAH. Purification, characterization of L-
methioninase from Candida tropicalis, and its application as an
anticancer. Biotechnol Res Int. 2015. doi: 10.1155/2015/173140.
Sundar WA, Nellaiah H. A rapid method for screening of
methioninase producing Serratia marcescens species from soil.
Int J Pharmacy Pharm Sci. 2013;5(2):426-427.

El-Sayed AS, Shouman SA, Nassrat HM. Pharmacokinetics,
immunogenicity and anticancer efficiency of Aspergillus
flavipes L-methioninase. Enzy Microb Technol. 2012;51(4):200-
210. doi: 10.1016/j.enzmictec.2012.06.004.

Suganya K, Govindan K, Prabha P, Murugan M. An extensive
review on L-methioninase and its potential applications.
Biocatal  Agricult  Biotechnol.  2017;12:104-115.  doi:
10.1016/j.bcab.2017.09.009.

Salim N, Santhiagu A, Joji K. Purification, characterization and
anticancer evaluation of I-methioninase from Trichoderma
harzianum. 3 Biotech. 2020;10(11):501. doi: 10.1007/s13205-
020-02494-w.

Hendy MH, Hashem AH, Sulieman WB, Sultan MH, Abdelraof
M. Purification, Characterization and anticancer activity of L-
methionine y-lyase from thermo-tolerant Aspergillus fumigatus.
Microb Cell Fact. 2023;22(1):1-1. doi:10.1186/s12934-023-
02019-z.



