
 Advancements in Life Sciences  |  www.als-journal.com  |  May 2025  | Volume 12  |  Issue 2                         304  

 
als 

 

 

 

 

 

 

 
Quantitative analysis of biofuel MET6 expression level in a 

treated Saccharomyces cerevisiae with garlic (Allium 

sativum L.) extract 

Alawiah Mohammad Alhebshi, Nouf Khalid Al-Qahtani* 

 

ackground: Methionine and cysteine are the common sulfur-containing amino acids integrated into 

proteins. However, methionine is the immediate initiating amino acid in biosynthesis of almost all 

eukaryotic proteins. Metabolism of methionine initiates with activating S-adenosylmethionine, where 

this cofactor plays numerous roles in transfer methyl group pathways. There are various biosynthetic paths of 

methionine, in fungi, the ultimate step of methionine biosynthesis is mediated by cobalamin-independent 

methionine synthase (MET6). Chemically produced methionine is widely used in various applications. 

However, the issue is the sulfur source, which is typically supplied as inorganic sulfate, which needs to be 

reduced to create methionine.  

Methods:  Herein, testing the novel hypothesis that using natural resources such as garlic (Allium sativum), 

which is rich in organosulfur nitrogen-containing compounds, might enhance the biosynthesis of 

methionine. A quantitative analysis of MET6 mRNA was performed using qRT-PCR in all groups for treated S. 

cerevisiae (WT-BY4742) and met15Δ mutant strains with and without garlic extract.  

Results: In this study, according to the two-way ANOVA test, Met6 expression level was up-regulated 

significantly after 2 hours garlic exposure, and a significant increase in cell growth was observed of both 

mutant and wild-type strains compared with untreated control.  

Conclusion: It is concluded that garlic is a prominent natural source that may stimulate methionine 

biosynthesis, and this may be due to its organosulfur-containing compounds. Such plant sources could offer 

new natural approaches for methionine production and also support the prevention of certain diseases. 
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Introduction 

Methionine is one of the vital sulfur-containing amino 

acids crucial for the metabolic processes in various 

organisms, both animals and plants. Despite most 

organisms rely on external sources for methionine, it 

can be produced internally by plants. Beyond its role as 

a protein building block, methionine serves additional 

functions. It acts as a precursor to S-

adenosylmethionine (SAM), which plays key roles in 

methyl-group transfer reactions, polyamine synthesis, 

and the production of the plant hormone ethylene [1]. 

Furthermore, a study of Walvekar et al., [2] presented 

that the presence of methionine (even when other 

amino acids are limited) causes the production of all 

other amino acids and nucleotides needed to maintain 

anabolism where the generation of metabolites and co-

factors is necessary for reductive biosynthesis.  

Many plants, fungi, and bacteria possess the ability 

to synthesize methionine from a variety of sources, 

including carbohydrates, as well as inorganic and 

organic sources of nitrogen with sulfur. In contrast, all 

animals, including humans, are reliant on dietary 

intake to obtain methionine. Currently, the industrial 

production of methionine primarily relies on 

chemosynthesis encompassing acrolein, methyl 

mercaptan, and hydrogen cyanide. This chemo-

synthesized methionine is extensively utilized across 

various industries [1,3]. Yet, a key challenge in this 

process is the requirement for a sulfur origin, which is 

typically supplied as inorganic sulfate, which needs to 

be reduced to create methionine. Therefore, in current 

years, there has been rising interest in alternative and 

more sustainable processes that utilize natural 

resources[4,5]. 

Biofuels have been featured as a promising 

alternative to conventional fossil fuels, presenting 

potential solutions to environmental concerns and 

energy sustainability. Among various biofuel sources, 

S. cerevisiae, a yeast species widely utilized in 

bioethanol production, stands out for its efficiency in 

fermenting sugars into ethanol. However, enhancing 

yeast performance through genetic modifications and 

bioactive compound treatments has garnered 

significant attention to improving biofuel production 

efficiency [6]. 

Garlic (Allium sativum L.), a member of the family 

Liliaceae, contains an abundance of chemical 

compounds encompassing water, carbohydrates, 

saponins, phenolic compounds, polysaccharides 

organosulfur compounds, proteins, free amino acids, 

Vitamins, minerals, and fiber. Organic sulfides 

compounds are major bioactive components in garlic 

include allicin, alliin, diallyl sulfide, diallyl disulfide, 

diallyl trisulfide, ajoene, and S-allyl-cysteine, that have 

been shown to possess beneficial effects to protect 

against several diseases, and they play many biological 

functions, such as antioxidant, anti-inflammatory, 

immunomodulatory, cardiovascular protective, 

anticancer, hepatoprotective, digestive system 

protective, anti-diabetic, anti-obesity, neuroprotective, 

renal protective, antibacterial, and antifungal activities 

[7-9]. 

 This study aimed to explore the effectiveness of 

these extracts on enhancing the biosynthesis of 

methionine by comparing the expression level of the 
MET6 gene of treated S. cerevisiae with extracts of 

garlic and with untreated (control) samples. Overall, 

this research will bridge the gap between molecular 

biology and biofuel, offering a comprehensive view of 

the potential synergistic effects of natural extracts on 

gene expression for MET6, which may be able to 

enhance the MET6 in S. cerevisiae, therefore, may lead 

to enhancement of cell viability, and thereby increase 

the biofuels production, making the process more 

efficient and potentially leading to more sustainable 

energy sources. 

Methods 

Strains 

S. cerevisiae (wild-type strain BY4742) with genotype 

(MATa; his3Δ1; leu2Δ0; lys2Δ0; ura3Δ0) and the 

deletion-mutant (met15Δ- BY4741) (MATa; his3Δ1; 
leu2Δ0; met15Δ0; ura3Δ0) was obtained from Euroscarf 

(Frankfurt, Germany) [10]. 

Yeast extract peptone dextrose (YEPD) agar medium 

Yeast extract peptone dextrose (YEPD) agar (3% yeast 

extract (w/v), peptone 5% (w/v), agar 1.5% (w/v) 

(Microgen-NED) was prepared according to the 

manufacturing instructions: 23.0 g from YEPD was 

dissolved in 1 L of distilled water; the solution's pH was 

adjusted to 5.5.     

Synthetic Complete (SC) medium 

Based upon yeast nitrogen base without amino acids 

(YNB) (sodium chloride, magnesium sulfate, potassium 

sulfate, calcium chloride, ammonium sulfate 

(FORMEDIUM-UK), and a complete supplement 

mixture (CSM)  containing the appropriate amino acids, 

but lacking methionine (FORMEDIUM- UK), synthetic 

complete (SC) medium was prepared according to the 

manufacturing instructions: 6,9 g from YNB, and 770 

mg of (CSM) complete supplement mixture were 

dissolved in 1 Liter of distilled water, then pH was 

adjusted to 5.5. 

Garlic extract preparation 

Garlic cloves were obtained from a local market.  To 

prepare garlic extract: 40 grams of garlic were peeled, 

washed with distilled water, and then crushed in a 

screw mill to extract juice. The garlic juice was then 
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mixed with 200 mL of distilled water and filtered via 

sterile gauze to remove solids. For further purification 

this juice was transferred to centrifuge tube and 

precipitated via centrifuge at 4500 rpm for 30 min at 20 

°C. A complete filtering yielded 200 mL of collected 

garlic extract for experimental use [11]. 

Yeast culture growth conditions of yeast strains 

The S. cerevisiae strains BY4742 (WT) and the deletion-

mutant (met15Δ- BY4741) were routinely maintained 

and cultured in (YEPD) broth medium, or YEPD agar, or 

in (YNB) medium (sodium chloride, magnesium sulfate, 

potassium sulfate, calcium chloride, ammonium sulfate 

(FORMEDIUM-UK) supplemented with a complete 

supplement mixture (CSM) which containing all amino 

acids, but lacking methionine (FORMEDIUM- UK). The 

cultures were incubated overnight at 30°C with shaking 

at 120 rpm until reaching the stationary phase in 

standard YEPD or selective YNB broth medium. The 

cultures were then diluted into fresh medium and 

allowed to grow for an additional 4-5 hours before 

being used in experiments [12]. 

All S. cerevisiae strains were maintained at 4°C on 

appropriate agar plates for short-term storage. For 

long-term preservation, glycerol stocks were prepared 

with 20% (w/v) glycerol and stored at -80°C. 

Growth curve assay in broth media 
The SC medium, which consisted of (YNB) lacking all 

amino acids and supplemented with a complete 

supplement mixture that containing the optimal amino 

acids, but without methionine (CSM-MET), was used as 

described by Sherman [13]. For the cells' growth assay, 

single colonies were transferred from YEPD agar plate 

into 50 mL of SC medium using a 250 mL shake flask. 

Cultures were grown and incubated at 28°C with 

shaking (120 rev/min) overnight until they reached the 

stationary phase. Subsequently, samples were diluted 

to OD600~0.02 and tenfold diluted aliquots transferred 

to fresh SC medium and allowed to grow for further 4 

hours to exponential phase at the same conditions 

before experimental use. For growth curve assays, 

cultures were divided equally into two groups: 

Group I: BY4742 (WT) and the deletion-mutant 

(met15Δ- BY4741) cells were left without treatments as 

a control. 

Group II: BY4742 (WT) and the deletion-mutant 

(met15Δ- BY4741) cells were treated with garlic extract 

at a final concentration of 10%. 

All these cultures were incubated with shaking and 

the optical density (OD) at a wavelength of 600 nm 

(OD600) recorded continuously after 2 hours using a 

BioTek 16 Powerwave XS microplate 

spectrophotometer (BIO TEK SYNERGY 2 

MICROPLATE READER, Thermo Scientific™, USA), as 

described Khozoie et al., [14]. Three independent 

biological replicates for each group were performed for 

statistical analysis. 

RNA extraction  

RNA was extracted from S. cerevisiae of all groups 

using the RNeasy Mini Kit (Cat. No. 74104, Qiagen, 

Germany). All samples containing 1x107  cells were 

placed into sterile microfuge tubes and centrifuged for 

10 minutes at 6000 rpm at 4 °C. Cell pellets were 

immediately placed and ground in liquid nitrogen with 

glass beads using a cooled pestle and mortar. After 

that, steps were followed as the manufacturer's 

instructions for the RNeasy mini kit.  

RNA Purification  

The RNA template was treated with DNase I to remove 

contaminating DNA using kit RNase-Free DNase (Cat. 

No.79254- Qiagen-DE). Briefly, the RNA was incubated 

with 10 μL of 1x DNase I Reaction Buffer, 1 μL of DNase 

I enzyme, and nuclease-free water to a final volume of 

50 μL. The reaction was carried out at 37°C for 15 

minutes. After DNase I treatment, RNA was purified 

using a phenol-chloroform extraction and ethanol 

precipitation method as described by Vomelova [15]. 

An equal volume (100 μL) of phenol-chloroform-

isoamyl alcohol (25:24:1, pH 4.5-5) (Invitrogen™-USA) 

was added to the reaction mixture. The solution was 

mixed thoroughly by shaking and then centrifuged at 

16,000 x g for 5 minutes at 4°C. The upper aqueous 

layer containing the RNA was carefully transferred to a 

clean tube and 10 μL of 2M sodium acetate (pH 5.2) 

(Invitrogen™-USA) and 400 μL of ice-cold 100% 

ethanol (Invitrogen™-USA) were added to the aqueous 

layer to precipitate the RNA. The solution was mixed 

gently by inversion and incubated at -80°C for 1 hour to 

allow for RNA precipitation. The mixture was 

centrifuged at 16,000 x g for 15 minutes at 4°C. The 

supernatant was carefully removed and discarded. The 

RNA pellet was washed once with 1 mL of 70% ethanol 

by centrifugation at 16,000 x g for 15 minutes at 4°C. 

The supernatant was discarded, and the remaining 

pellet was air-dried for 5-10 minutes. Finally, the 

purified RNA was resuspended in 25 μL of sterile, 

nuclease-free water for downstream applications. 

Then, RNA concentration and purity were measured by 

using (NanoDrop Thermo Sscientific, USA) and gel 

electrophoresis. 

RNA Integrity Assessment Using Agarose Gel 

Electrophoresis 

Dissolved agarose gels were used to separate nucleic 

acids based on size. These gels were prepared by 

heating agarose in 1x TAE buffer (RBI® Research 

Products International) In 1x TAE buffer (containing 

242 g Tris-base, 200 mL of 0.5M EDTA pH 8.0, 57.1 ml 

CH3COOH, and water to the required volume), the 
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solution was heated in a microwave for 1 minute and 40 

seconds. After cooling, ethidium bromide was added to 

visualize the separated RNA. The gels were then placed 

in a specialized tray, electrophoresed in a tank, and 

loaded onto the gel. The electrophoreses were run for 

40-60 min at 100 V, and the separated RNA was 

visualized using BioSpectrum Imaging Systems.  

First-strand cDNA synthesis method 

RNA, being a single-stranded molecule, cannot be 

amplified directly. To overcome this limitation, reverse 

transcription was performed to convert the RNA into 

double-stranded DNA, making it amenable to 

amplification. The reverse transcription reaction was 

carried out using a full RT kit (CT.NO. A5001, Promega 

GoScript® Reverse Transcription System-USA), and a 

master mix was prepared. The master mix was prepared 

in a biosafety cabinet (BSC) to minimize cross-

contamination. To maintain the integrity of the RT 

reagents, which are temperature-sensitive, they were 

kept on ice until ready for use. Reverse transcription 

reactions were set up using Reverse Transcriptase (RT), 

deoxynucleotide (dNTP) solution mix (10 mM each 

dATP, dCTP, dTTP, dGTP), and Oligo (dT) Primer. The 

amount of master mix made was determined by the 

number of samples analyzed and according to the 

manufacturer’s instructions.  

Quantitative RT-PCR (qRT-PCR) 

Real-time PCR was performed using an Applied 

Biosystems™ StepOne™ Real-Time PCR System 

machine where performed in three independent 

reactions, each comprising 100ng purified cDNA, 

100nM MET6, and ACT1 -specific primers, a 20 µL 

reaction containing 2 μL of first-strand cDNA, 10 µL of 

master mix qPCR Kit (EverGreen, HavenSci, KSA), 1 µL 

of 10 µM F primer, 1 µL of 10 µM R primer, and 6 µL of 

nuclease-free ddH2O. MET6 gene-specific primers and 

ACT1 housekeeping gene primers were selected as a 

reference for measuring the amount of total RNA in the 

sample. The optimal annealing temperature was 

determined based on Taq DNA polymerase's gradient 

PCR reactions. The expression of the housekeeping 

control gene ACT1 and the data were analyzed by the 

2(-Delta Delta C(T)) method [16].  

Statistical Analysis  

Statistical analysis of the data was conducted using 

two-way ANOVA with Prism 10 software to determine 

whether differences were remarkable statistically 

significant. Statistical significance was considered 

when the p-value was below 0.05 (p < 0.05), while p-

values greater than or equal to 0.05 (p ≥ 0.05) indicated 

no significant difference. 

Results 

Morphological characteristics of yeast S. cerevisiae 

cells on YEPD agar medium 

For the morphological study, the wild-type strain of S. 
cerevisiae (BY4742-WT) and the mutant strain 

met15Δ(BY4741) were prepared and tested for growth 

in YEPD medium firstly. Morphological description of 

yeast colonies showed that the shape of colonies of 

both yeast cells of S. cerevisiae (BY4742-WT) and the 

mutant strain met15Δ(BY4741) were round, creamy in 

color, and had smooth surfaces. However, the sizes of 

both cells types vary considerably as shown in Figure 

(1). 

 

(A) 

(B) 
Figure 1: (A) Morphological characteristics of wild type (WT) 
and (B) mutant met15Δ colonies on complete YEPD agar medium 
after 24 h incubation at 28 C° 

Absence of methionine decreases the growth rates of 

the deletion mutant cells (met15Δ) compared to the 

wild type cells 

 In order to compare the growth level of the BY4742 

wild-type cells and deletion-mutant cells (met15Δ), 

spectrophotometer at OD600 was used to measure the 

growth level of the WT-BY4742 and the mutant cells 

(met15Δ) in the broth synthetic complete (SC) media, 

which is YNB medium supplemented with all amino 

acids except methionine (YNB-MET), for 2hr. The 

results indicated a significant increase in wild-type 

cells growth compared to the mutant strain met15Δ as 

shown Figure (2), and such differences were found to be 

remarkable statistically significant (p < 0.0072) 

according to the two-way ANOVA statistical analysis 

test. This rendered these cells suitable for testing 

whether the expression level of MET15 influences yeast 

cell growth.   
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Figure 2: Growth curve assay comparing the cells growth rates 
of (WT) and mutant (met15Δ) cells after incubation at 28C° in 
broth synthetic complete (SC-MET) media lacking methionine in 
a BioTek power wave microplate spectrophotometer (Gen5) with 
shaking. A spectrophotometer with OD600 was used to measure 
the growth levels of both cell types. Mean data are presented. + 
SEM was calculated statistically from three independent 
biological samples. 

Garlic extract enhances the growth rates of both wild 

type and mutant met15 Δ cells  

The powerful biological advantages of garlic cloves are 

related mainly to its organosulfur components which 

act as a source of sulfur, which is an essential source for 

growth and used primarily to synthesis methionine. For 

this reason, the organosulfur molecules are the leading 

candidate for the garlic extract being investigated 

[7,17]. Therefore, the same assay that was mentioned 

above but with adding100 μl/ml of garlic extract in the 

SC (YNB-MET) media lacking methionine was used for 

both BY4742 wild-type cells and the deletion-mutant 

cells (met15Δ- BY4741) to test whether garlic extract 

elevate cells growth of both types. A present result 

showed that after the exposure to 100 μl/ml of garlic 

extract, an obvious improvement of cells growth rate 

was observed for both types of cells compared to the 

untreated strains (control) Figure (3). Furthermore, this 

increase in cells growth level of a treated wild type and 

met15 Δ cells was significant compared to the control 

according to the two-way ANOVA statistical analysis 

test where (p < 0.0001) figure (3 A). Moreover, there 

was a slight increase in growth levels of the treated 

met15 Δ cells compared to the untreated wild type cells 

but these differences are not significant statistically 

figure (3 B).  

These data may elucidate the role of organosulfur 

components of garlic extract in compensating the lack 

of methionine or may act as a synergistic factor for 

methionine biosynthesis, which is an essential amino 

acid for cells growth, therefore, quantification of MET6 

gene expression level in both strains types (treated-

untreated) and under the same conditions was required 

to verify whether garlic extract upregulate methionine 

expression levels or may act as synergistic for 

methionine biosynthesis, which may elucidate the 

cause of observed rise in growth level of both cell types. 

Figure 3: Garlic extract elevated significantly growth rates of 
both (WT) and mutant met15Δ cells. A) Growth rates of cells after 
incubation at 28°C in the absence ( ) or presence ( ) of 100 
μl/ml garlic extract in broth synthetic complete (SC-MET) media 
minus methionine in a BioTek power wave microplate 
spectrophotometer (Gen5) with shaking. A spectrophotometer 
with OD600 was used for growth level measurements of both cell 
types. B) Statistical analysis showed that difference in growth 
rates between the treated deletion mutant cells (met15Δ) and the 
untreated I(WT) cells not significant statistically. Mean data are 
presented. + SEM was calculated statistically from three 
independent biological samples. 

Quantification of purified RNA concentrations using a 

Nano-Drop spectrophotometer and gel electrophoresis.  

 The extraction of a high-quality RNA from both wild 

type and the deletion mutant met15Δ cells is a critical 

step in further gene expression analysis. The consistent 

RNA yield and concentration across all samples 

indicate the reliability of the extraction method used. 

All extracted and purified RNA samples were quantified 

using a NanoDrop spectrophotometer (NanoDrop 

Technologies), results showed that the average of RNA 

concentration in both BY4742 (WT) and the (met15Δ) 

cells untreated (C) and treated with garlic (G) was 

approximately range between 100 to 200 ng/µl, with a 

minimum variation between the biological replicates. 

Furthermore, agarose gel electrophoresis was used to 

confirm these extracted and purified RNA 

concentrations that were determined by Nano-drop. All 

samples untreated and treated with garlic extracts were 

analyzed by agarose gel electrophoresis and results 

showed the integrity of the extracted RNA in all 

(A) 

 

 

 

 

(B) 
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samples, as evidenced by the presence of clear RNA 

bands and no degradation of RNA was observed, which 

indicating that a high-quality RNA extraction (Figure 

4). This yielded RNA is qualified now to be used as a 

template to synthesis the first-strand cDNA and 

subsequently used for (q RT-PCR). 

 
Figure 4: Agarose gel electrophoresis was used to confirm the 
integrity of the extracted and purified RNA. RNA was extracted 
from three biological replicates for each sample. (A) BY4741 
wild-type strain: RNA was extracted from untreated and garlic 
extract-treated samples. Then, 1 μl of each sample was loaded 
into the gel wells as follows:   Lane 0:100 bp DNA ladder, Lanes 1, 
2, and 3: RNA extracted from untreated BY4741 wild-type strains 
at time 0, Lanes 4, 5, and 6: RNA extracted from untreated 
BY4741 wild-type strains after 2 hours, Lanes 7, 8, and 9: RNA 
extracted from garlic extract-treated BY4741 wild-type strains 
after 2 hours. (B) Deletion mutant (met15Δ) strain: RNA was 
extracted from untreated and garlic extract-treated samples. 
Then, 1 μl of each sample was loaded into the gel wells as 
follows:  Lane 0: 100 bp DNA ladder, Lanes 1, 2, and 3: RNA 
extracted from untreated met15Δ deletion mutant strains at time 
0, Lanes 4, 5, and 6: RNA extracted from untreated 
met15Δdeletion mutant strains after 2 hours, Lanes 7, 8, and 9: 
RNA extracted from garlic extract-treated met15Δ deletion 
mutant strains after 2 hours.  

The plant extract alters the MET6 expression levels of 

the (WT) and (m. et15Δ) cells     

Quantification analysis of MET6 gene expression levels 

in both the untreated and treated WT (BY4742) and 

(met15Δ) cells using q RT-PCR was performed in 

triplicate reactions, each comprising 100 ng purified 

cDNA to verify whether garlic extract affect MET6 

expression level, and consequently may elucidate the 

cause of raising treated cells growth rates that showed 

previously. 

Garlic extract upregulates MET6 expression level of 

both the wild type and the mutant met15Δ cells. 

As mentioned previously methionine is an essential 

amino acid for cells growth [18].  

Moreover, the powerful biological advantages of 

garlic cloves are related mainly to its organosulfur 

components which act as a source of sulfur, which is an 

essential source for growth and used primarily to 

biosynthesis methionine [7,17].  

Therefore, to test whether garlic extract may elevate 

Met6 expression level and thereby may elucidate the 

cause of increasing cells growth rates of the treated 

wild-type (BY4742) and the deletion-mutant cells 

(met15Δ) that showed previously (figure 3) in media 

lacking methionine (YNB-MET), quantification analysis 

of MET6 gene expression levels of both the untreated 

and treated wild-type (BY4742) and the deletion-

mutant cells (met15Δ) using q RT-PCR was performed 

in triplicate reactions, each comprising 100 ng purified 

cDNA.  

Results showed that the addition of garlic extract led to 

elevating MET6 gene expression levels considerably of 

both treated wild-type (BY4742) and the deletion-

mutant cells (met15Δ) compared to their untreated 

cells (control), and these differences were statistically 

significant according to the two-way ANOVA test 

where p <0.0001. Figure (5A). 

 Furthermore, the MET6 expression level was 

upregulated substantially in the treated deletion 

mutant cells (met15Δ) compared to the untreated (WT) 

cells, and these observed differences were found to be 

statistically significant according to the two-way 

ANOVA test where p<0.0001. Figure (5 B). 

According to these results, the reason of increasing 

cells growth levels that were observed previously of 

both treated strains in media lacking methionine may 

owing to the importance of organosulfur components 

of garlic extract, which act as a source of sulfur that 

may act as a synergistic factor for methionine 

biosynthesis and thereby compensating its deficiency. 

 
Figure 5: Q RT-PCR analysis of MET6 expression levels. (A) RNA 
was extracted from exponential (WT) and met15Δ mutant cells 
that were pre-incubated for 2 h in the absence ( ) or presence (

 ) of a 100 μl / ml garlic extract in YNB medium supplemented 
with all amino acids except methionine (YNB-MET). (B) 
Comparing the significant increase in MET6 expression levels 
between the treated deletion mutant cells (met15Δ) and the 
untreated wild-type cells. MET6 mRNA was quantified using 
qRT-PCR, with RNA additions incorporated into all reactions, 
performed in triplicate for each of the three independent 
experiments. Mean data are presented. ±SEM.  
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Discussion 

Methionine is one of the common sulfur-containing 

amino acids integrated into the biosynthesis of almost 

all eukaryotic proteins. S. cerevisiae Met6 is described 

as cobalamin-independent methionine synthase, which 

is involved in methionine regeneration and 

biosynthesis. In fungi, the ultimate step of methionine 

biosynthesis is mediated by Met6 [19]. Chemically 

produced methionine is widely used in various 

applications. However, an issue is the sulfur source, 

which is typically supplied as inorganic sulfate, which 

needs to be reduced to create methionine. Therefore, 

stimulating the production of cobalamin-independent 

methionine synthase (Met6) using natural sources rich 

with organosulfur-and nitrogen-containing 

compounds, such as garlic (Allium sativum), was the 

aim of this study. A recent study showed that absence 

of MET15 gene in BY4741strain affected specifically 

sulfur metabolism, as well as sulfur absorption 

pathways of the mutant (met15Δ-BY4741) strain was 

altered and led to differences in cells growth rates 

between these strains of wild type and its isogenic 

mutant (met15Δ-BY4741) [20]. 

In addition, further study demonstrated that MET6 

gene plays an important role in sulfur metabolism 

pathways next MET15. Its expressed methionine acts as 

precursor for all proteins biosynthesis where is 

reported as the first amino acid starts translation 

process [21,22]. As a result of all previous mentioned 

studies, wild type of S. cerevisiae (BY4742) and the 

deletion mutant (met15Δ- BY4741) strains were 

employed in this study to quantify MET6 expression 

levels in the absence and presence of natural sources 

such as garlic (Allium sativum), which are rich in 

organosulfur-and nitrogen-containing compounds, to 

verify their role in enhancing the methionine 

biosynthesis and cellular viability. The results of this 

study demonstrated a significant increase in the growth 

rate of untreated wild-type cells compared to the 

met15Δ deletion mutant strain. These differences were 

statistically significant, as determined by two-way 

ANOVA analysis, which is consistent with previous 

study that showed absence of methionine led to 

impaired metabolic processes, reduced glutathione 

synthesis, which acts as an antioxidant factor, and 

thereby lower cellular viability was observed, since cells 

became more vulnerable to oxidative stress [23]. 

Interestingly, our quantitative analysis results of MET6 

gene expression level using q RT-PCR showed that the 

addition of garlic extract led to elevating MET6 gene 

expression level considerably of both treated wild-type 

(BY4742) and the deletion-mutant cells (met15Δ) 

compared to the untreated both cells types (control), 

and these differences were statistically significant, 

following that an obvious improvement of cells growth 

rates was observed for both cells  types compared to the 

untreated cells (control). These findings are consistent 

with Yu et al., [24] study that used microarray analysis 

to demonstrate that allicin is the main active 

compound of garlic that led to significant expression 

levels increase of several methionine genes (MET3, 
MET10, MET14, MET16, MET17, and MET22) of S. 
cerevisiae involved in sulfur assimilation and 

methionine biosynthesis pathways, but no earlier 

studies about MET6 gene expression levels in the 

absence and presence of aqueous garlic extracts have 

been found using q RT-PCR. In addition, sulfur 

compounds of garlic extract are thought to compensate 

methionine deficiency. Moreover, [25] demonstrated 

that allicin treatment triggers the oxidative stress 

defence. Because it affects the expression level of genes 

associated with antioxidant activity, such as HMOX1, 

GCLC, and SLC6A6 in humans and thereby help 

improve metabolic regulation. The anticancer potential 

of aqueous garlic extracts was studied against human 

breast cancer cells (CAL-51) and mouse mammary 

adenocarcinoma cells (AMN-3) which showed that 

garlic's organosulfur compounds such as diallyl 

trisulfide and ajoene are thought to have anticancer 

properties since they affect signalling pathways linked 

to cell cycle progression, death, and cells proliferation. 

These compounds able to reduce CDK1 expression level 

in cancer cells, which results in cell cycle arrest and cell 

death reduction [26].  
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