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Abstract 
Objective: This study aims to enhance exopolysaccharide (EPS) production from a local isolate of Lacticaseibacillus paracasei through ethyl 
methanesulfonate (EMS)-induced chemical mutagenesis.
Methods: Two isolates, L. paracasei SH5 and SH6, were obtained from fermented beverages (boza and cider) and initially screened for EPS 
production. The SH6 isolate was subjected to EMS-induced mutation. Antibiotic-resistant mutants were selected from the inhibition zones 
surrounding antibiotic discs. EPS production was assessed through total soluble carbohydrate content analysis, HPLC calculations, and 
gene expression studies.
Results: Among the selected mutants, M8 exhibited the highest EPS production, with a yield of 566 mg/100 ml compared to the wild-type 
isolate, which produced 362 mg/100 ml. Other mutants (M1, M4, and M7) also showed increased EPS levels, reaching 411, 488, and 457 
mg/100 ml, respectively. Mutant M8 demonstrated a 1.5-fold increase in EPS production compared to the wild type.
Conclusion: The findings confirm that EMS-induced mutagenesis effectively enhances EPS production in L. paracasei. This improvement 
has significant implications for biotechnological applications, particularly in the pharmaceutical and food industries.
Keywords: Lacticaseibacillus paracasei, exopolysaccharide (EPS), ethyl methanesulfonate (EMS), dextran
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Introduction

Lacticaseibacillus paracasei, a member of lactic acid bac-
teria (LAB), exhibits numerous beneficial effects in the food 
industry as both a starter culture and a preservative. This 
organism produces a variety of metabolites, including exopoly-
saccharides, organic acids, fatty acids, and bacteriocins, which 
positively influence human health; therefore, it is classified as 
Generally Recognized as Safe (GRAS).1-3 Exopolysaccharides 
(EPSs) are high molecular weight biopolymers frequently 
secreted into the extracellular environment by bacterial cells, 
notably LAB.4 EPSs are essential in managing microbial com-
munities by promoting the adhesion of bacteria to the intes-
tinal lining through effective cell recognition processes. This 
adhesion creates a protective barrier as opposed to harmful 
elements such as toxins and antibiotics. As a result, this for-
mation improves the tolerance of bacteria to and effectively 
copes with various stress factors during fermentation, such as 
pH, temperature, and pressure, and adapts to it effectively.5,6 
Mutations can occur spontaneously and at low frequencies, 
typically ranging from one mutant cell every 106 to 107 cells/
generation. Mutagenesis uses chemical agents, such as ethyl 
methanesulfonate (EMS), nitrous acid, etc., or physical agents, 
such as ultraviolet, called induced mutagenesis. This technique 
is used frequently to generate novel mutant strains that exhibit 
enhanced phenotypic characteristics.7

Lactobacillus strains are known to produce EPS at a rela-
tively lower level compared to other bacterial species. Therefore, 
various studies have been conducted to enhance EPS produc-
tion through physical mutagenesis. The hyper-production of 

EPS by mutant Bacillus licheniformis using ultraviolet irradi-
ation has been reported by Asgher et al.8 Moreover, EPS pro-
duction was improved after using microwave radiation on 
Xanthomonas campestris.9 In the current study, the EMS was 
employed to induce mutations in the LAB strain and to eval-
uate its effects on EPS production. The function mutagen of 
ethyl methanesulfonate (EMS) in affecting Lacticaseibacillus 
strains for generating exopolysaccharide (EPS) has not been 
studied yet. Consequently, further explorations are required 
to evaluate the effectiveness of chemical mutagenesis such as 
EMS in boosting EPS production. In contrast, many beneficial 
compounds such as bacteriocins have been studied extensively, 
as in previous studies of Khattab,10 Khattab,11 they found the 
role of EMS in increasing bacteriocin production, as it induces 
various point mutations in bacterial DNA. These point muta-
tions may generate exceptional mutants directly correlated 
with the enhancements implemented to augment bacteriocin 
production. At the laboratory scale, LAB required expensive 
growth factors, such as casein hydrolysate, yeast extract, beef 
extract, etc, for fermentation. However, the production of 
these expensive growth requirements is not feasible. There-
fore, it is essential to explore more economical and efficient 
alternative materials.12 In this context, sugarcane juice repre-
sents an economical component for commercial Lactobacillus 
fermentation, as well as it is considered an alternative source 
for EPS production because it contains water, sucrose, glucose, 
fructose, and protein in the following proportions: 80%, 17%, 
0.4%, 0.2%, and 0.44–1.06%, respectively, along with various 
non-sugar organic compounds such as potassium, calcium, 
and magnesium. The pH of sugarcane juice ranges from 5.0 to 
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cells were centrifuged at 5600 × g for 10 min at a cold tem-
perature of 4°C. The cells underwent two wash cycles using 
the same buffer solution. After that, the cells were resuspended 
in a phosphate buffer solution and regulated to pH 7 with a  
concentration of 50 mM.

Decimal mitigation (101–103) of each sample was pre-
cisely dispensed onto MRS agar dishes. The antibiotic discs 
were selected and calibrated with accurate quantification by 
micrograms per disc (ten µg Ampicillin, thirty µg Chloram-
phenicol and Tetracycline, fifteen µg Erythromycin). These 
discs are meticulously located on the surface of cultured 
plates, utilizing antiseptic forceps. subsequently, positioned 
in the aerobic incubator that was calibrated at 37°C for two 
days. The antibiotic-resistant mutants were prominently man-
ifest from the inhibition zone encircling the discs that were 
selected and transmitted to MRS dishes for analysis later. The 
antibiotic sensitivity valuation was performed on the isolated 
wild-type and the selected mutants to confirm the effective-
ness of antibiotics against them before and after EMS-induced 
mutations. 10, 11

Fermentation of Sugarcane Juice and Extraction 
of EPS
A fresh 1 L sugarcane juice obtained from Egyptian Sugar 
and Integrated Industries Company (ESIIC), Giza, Egypt, 
was analyzed for pH and Brix before and after the addition of 
sucrose and the fermentation. Using batch fermentation, 500 
ml of sugarcane juice was mixed with a solution containing 
nutrients estimated by grams per litter for (ten) protease- 
peptone, (five) beef extract, (five) yeast extract, (two) K2HPO4, 
(two) KH2PO4, (two) diammonium hydrogen citrate, (one 
tenth) MgSO4, (four-tenths) MnSO4, (one) NaCl, and one 
(ml) Tween80. Additionally, 300 g of sucrose was added to 
the remaining 500 ml of sugarcane juice, which was sterilized 
separately to avoid Millard’s reaction. After sterilization, the 
two volumes of sugarcane juice were combined aseptically and 
distributed into flasks containing 100 ml each.8,14

The wild-type L. paracasei SH6 (SH6.WT) fermentation 
inocula and mutants were first prepared in MRS broth media 
and kept at 37°C for two days. The visual intensity was mod-
ified at 0.8, 650 nm for precise assessment of the premier 
number of the bacterial population that transferred at a con-
centration of 10% (v/v) to the fermentation flasks, kept at 30 
(°C), shaking at one hundred (rpm) for two-three days.

After completion of incubation, in a water bath with 
shaking fermented flasks were exposed to 100°C for fifteen 
minutes to denature and inhibit enzymes that break down 
polysaccharides. Afterward, the flasks were cooled, and a 
15% trichloroacetic acid (TCA) solution was added in equal 
volume and left for 1–2 hrs to precipitate the maximum 
amount of proteins. To accomplish the separation, the com-
ponents concerned were exposed to centrifugation for fifteen 
minutes at four degrees Celsius with a force of six thousand 
(xg). The supernatant was gathered for further treatment with 
a double volume of cold ethanol (96%) and stored overnight in 
a refrigerator. To precipitate EPS from an ethanol solution has 
been exposed to six thousand (×g) centrifugation forces for 
ten minutes and four degrees Celsius. The assembled EPS was 
dissolved in distilled water, freeze-dried to exclude moisture, 
weighed with milligrams per one hundred milliliters, and kept 
in a desiccator at room temperature to optimize the preserva-
tion guarantee.14,16,17

5.5.13 Previous studies have demonstrated that EPS production 
by Lactobacillus confusus TISTR 1498 can be enhanced using 
sugarcane juice as an alternative carbon source under optimal 
conditions (including nitrogen and pH).14 Finally, the muta-
genic chemical ethyl methanesulfonate (EMS) proved a unique 
capability to increase exopolysaccharide (EPS) synthesis in the 
isolated M8 mutant compared to the wild-type isolate. The 
current work aims to assess the scope of EMS-induced muta-
tions to increase EPS production in Lactaseibacillus isolates. 
because this worthy attention variance has not been studied 
before; therefore, this emphasizes the importance of utilizing 
it in many applications, especially in the pharmaceutical and 
food biotechnology fields.

Materials and Methods

Chemicals 
The materials used in this study were MRS broth, Agar, and 
Pepton water (Oxoid®, Basingstoke, UK); Methylene blue 
(Sigma®, Denmark); Ethanol (Applichem®, Indonesia); kits of 
Anaerogene and cDNA synthesis (Thermofisher®, UK); DNA 
mini kit, Bacteria Reagent of RNA protect, quantiTect SYBR-
green PCR kit, and DNA-Ladders (QIAGEN®, Düsseldorf, 
Germany); Emerald PCR master-mix (Takara®, Gothenburg, 
Sweden); Ethylm ethanesulfonate “EMS” (Himedia®, Mumbai, 
India); Dextran, Tris buffer, Boric acid, EDTA, TCA, Sucrose, 
Beef extract, Yeast extract, K2HPO4, KH2PO4, MgSo4, MnSo4, 
Tween80, and NaCl (Fluka®, London, UK).

Cultivation and Screening of EPS Producers
About two isolates were obtained from the same sources, which 
were not included, belonging to the genus Lacticaseibacillus 
(formerly Lactobacillus). These distinct isolates for Lactica-
seibacillus paracasei SH5 and SH6 (separated from fermented 
beverage boza and cider) have been classified in GenBank after 
identifying the 16S ribosomal-RNA gene. Both isolates have 
accession numbers, OM489429 for SH5 and OM489430 for 
SH6 respectively. The two isolates were monthly subcultured 
in freshly prepared MRS broth media at 37°C for 24–48 hrs  
and kept at 4°C. The isolated Lacticaseibacillus bacteria had 
been for screening, which was better in growth and EPS pro-
duction before the mutagenesis process. Therefore, the fer-
mentation was carried out using one-liter sugar cane juice 
supplemented with 300 g/L sucrose, using a 10% inoculum 
volume under sterilized conditions. According to the tech-
nique described by Manochai et al. and Allaith et al.,14,15 the 
extraction and purifying of EPS were performed.

Mutagenesis by Ethyl Methanesulfonate (EMS)
The selected strain for mutagenesis was L. paracasei SH6 due to 
the superior EPS production in the preliminary experiments. 
A 5 ml aliquot of fresh cultivated SH6 strain (16–18 h) was 
centrifuged at 5,600 (xg) and 4 (°C) for 3 (min). The resulting 
pellets were carefully resuspended in 5 ml of sodium phos-
phate buffer, which had a pH of 7 and a concentration of 
50 mM. Ethyl methanesulfonate (EMS) was integrated into 
this mixture to reach an ultimate concentration of 200 mM. 
The blend was incubated with kind shaking at 100 rpm and  
a temperature of 30°C at 20, 40, or 60 (min) intervals. Later, 
500 μl of sodium thiosulfate was introduced to prevent and 
inhibit the reaction of the mutagenic compound. Then, the 
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Analysis of Exopolysaccharides (EPS)

Estimation of TSC (Total Soluble Carbohydrate)

The total soluble carbohydrates assay was measured which 
procedure was summarized by Gerhardt et al.18 The aggre-
gate volume of 50 µL of 0.25 mg/ml freeze-dried EPS sample 
was added to the glass tube. Then, 100 µL of 75% (v/v) abso-
lute sulfuric acid solution was added to start the reaction. 
Subsequently, in the vial, 200 µL of the anthrone reagent (by 
disbanding five mg of anthrone per ethanol-one hundred 
µL) was incorporated with 2.4 ml of the 75% (v/v) sulfuric 
acid solution, heated at 100 (°C) for five minutes, and per-
mitted to chill within room temperature for five minutes. 
Then, one hundred µL of the blend was relocated to a 96-well 
plate for six duplicates when the blend coloration changed 
to green and the absorbance was measured at 578 nm using 
a microplate reader (FluoStar Omega) employing glucose 
standardization.

HPLC Analysis 

About five samples of the dried EPS that were segregated from 
the wild-type and the selected mutants (M1, M4, M7, and M8) 
underwent HPLC analysis to determine the EPS quantitatively 
and qualitatively, following the method of Allaith et al.15

The Assessment of Gene Expression 
According to the manufacturer’s protocols, the total RNA 
was carefully extracted from two isolates chosen: the wild-
type SH6.WT and the elected mutant (M8). Using the 
device of the MX3005P QPCR System (Agilent Technol-
ogies, USA) and Sybr-green PCR set (Qiagen, Germany), 
real-time experimental procedures PCR were implemented. 
The 16S ribosomalRNA gene (housekeeping control) and the 
gtf gene (target gene of glucansucrases responsible for syn-
thesizing EPS, including dextran or glucan). The primers 
for 16S rRNA were forward (5-TCCGGATTTATTGGG-
CGTAAAGCGA-3) and reverse (5TCGAATTAAAC-
CACATGCTCCA-3).19 The primers for the gtf gene were 
Forward (5-ACACGCAGGGCGTTATTTTG-3) and Revers 
(5-GCCACCTTCAACGCTTCGTA-3).20

The reaction blend was to a volume of twenty-five 
µL, with three duplicates for each sample, containing 12.5 
µL SYBR Green PCR Master Mix, 0.25 µL of reverse tran-
scriptase, 0.5 µL of each primer (F & R), and 3 µL RNA 
template. The real-time experimental procedure PCR was 
performed under the following conditions: Reverse tran-
scription was achieved at 50 (°C) for thirty minutes. Fol-
lowed by a primary denaturation phase at 94°C for fifteen 
minutes. Followed by forty cycles were conducted, com-
prising denaturation at 94°C for fifteen seconds, the ranging 
of annealing temperatures from 58°C to 60°C for forty sec-
onds, and extension at 72°C for forty seconds. A one-cycle 
subsequent denaturation phase was at 94°C for one minute, 
at 58°C to 60°C for one minute for the annealing step, and in 
the last denaturation at 94°C for one minute. The outcomes 
were analyzed using Stratagene MX3005P software version 
1.8 (USA). To evaluate the gene expression of mutant M8 
compared to the wild-type SH6.WT, the gene expression 
variation levels were accurately assessed by applying the 
∆∆Ct method, which simplified the computation in the fold 
modification.21

∆∆Ct = ∆Ct reference – ∆Ct target
∆Ct target = Ct control – Ct treatment and ∆Ct reference 

= Ct control – Ct treatment

Statistical Analysis
The results were expressed as means ± standard error at 
P < 0.05 and analysis of variance (ANOVA) with three dupli-
cates. This statistical analysis was done using XLSTAT statis-
tical software version 2014, 5.03 (Addinsoft, USA).

Results and Discussions

Induction of EMS Mutations for Hyper-EPS 
Production
Based on the initial screening, strain SH6 was selected for its 
superior EPS production, yielding 260 mg/100 ml, compared 
to SH5, which produced 130 mg/100 ml. In this regard, pre-
vious research indicates the significance of screening LAB iso-
lates on semi-defined media to enhance β-glucan production 
as EPS.15 Ethyl methanesulfonate (EMS) is a widely recognized 
chemical mutagen that induces random transitional muta-
tions from G/C to A/T.22 The wild-type isolate L. paracasei 
SH6 was exposed to EMS to induce random mutagenesis and 
potentially invigorate hyper-EPS production. Various decimal 
dilutions were cultivated at multiple time intervals, and the 
mutants were selected based on their response toward tested 
antibiotics post-mutation, which served as a preliminary indi-
cation for the occurrence of a genetic change. Nine antibiotic- 
resistant mutants (M1 to M9) were located within the zone of 
inhibition of tested antibiotic discs: M1 and M5 were within 
the zone of the Ampicillin disc; M2, M6, and M8 within the 
Erythromycin disc; M3 and M7 within the Tetracycline disc; 
and M4 and M9 within Chloramphenicol disc. Notably, the 
wild-type (SH6.WT) was resistant only to chloramphenicol 
and sensitive to other antibiotics. However, after EMS expo-
sure, the chloramphenicol-resistant trait was lost, and the sen-
sitivity to different antibiotics was increased by 1 to 3 folds 
(P < 0.05) in comparison to the wild-type (Table 1). Similarly, 

Table 1. Antibiotics response of L. paracasei SH6 before and 
after induction of mutations

Isolates ID Antibiotic disc (µg/disc)

A C E T

SH6.WT *16.2 ± 0.5f Rh 8 ± 0.5f 10 ± 0.5f

M1 26.5 ± 1.0a 24 ± 0.5a 23 ± 0.5a 24 ± 0.5a

M2 23 ± 0.7c 15 ± 0.5f 20 ± 0.5c 18.5 ± 0.8d

M3 19.5 ± 0.5e 13 ± 0.5g 18 ± 0.5d ND 

M4 23 ± 0.7c 23 ± 0.5b 22 ± 0.5b 20 ± 0.5c

M5 20 ± 0.7d 17 ± 0.5e 16 ± 0.5e 18 ± 0.5d

M6 ND 15.5 ± 0.5f ND 14 ± 0.5e

M7 25 ± 0.5b 22 ± 0.5c 23 ± 0.5a 22 ± 0.5b

M8 20.5 ± 0.5d 20 ± 0.5d 22 ± 0.5b 20 ± 0.5c

M9 ND ND ND ND 

A, Ampicillin; C, Chloramphenicol; E, Erythromycin; T, Tetracycline; Data 
represent means ± SE of three duplicates at P < 0.05 that are  significantly 
illustrated with small letters (a, b, c, ……. etc); R, resisted (no clear zone);  
ND: Not detected.
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Asgher et al.8 reported improved EPS production in Bacillus 
licheniformis MS3 as a physical mutagen after UV radiation. 

Moreover, the viable bacterial cell counts were decreased 
gradually to non-existent as the exposure time to EMS 
increased. Notably, no inhibition zone was observed in dilu-
tion 10-3 of the exposure time 40 and 60 min due to the absence 
of bacterial growth. Radwan et al.23 explained that the ratio 
of viable cells of Streptomyces exfoliates 15/G710 decreased as 
the duration of EMS exposure increased, and they proved to 
have a complete loss of viability after 60 min of exposure. In 
general, measuring the inhibition zone diameters of different 
antibiotics in this study indicates mutagenesis occurrence 
rather than evidence of increased EPS production. Novel LAB 
mutants with enhanced productivity are often generated using 
induced mutagenic agents such as EMS, followed by interge-
neric protoplast fusion to improve bacteriocin production. 
Mutant and fusant cells were characterized by their response 
to various antibiotic discs.24 

Evaluation of EMS Mutants
The resulting mutants (nine mutants, M1-M9) from EMS 
mutagenesis were evaluated based on their EPS yield 
(mg/100 ml) after cultivation on sugarcane juice medium. 
Figure 1 shows significant differences among four mutants, 
i.e., M1, M4, M7, and M8. Mutant M8 exhibited the highest 
EPS production, reaching 566 mg/100 ml, followed by M4, 
M7, and M1, which were 488, 457, and 411 mg/100 ml, respec-
tively. Conversely, the wild-type and remaining mutants pro-
duced EPS levels ranging from 362 to 346 mg/100 ml.

In a related study, the creation of EPS by Bacillus licheni-
formis MS3 was increased to 4.6 g/L after UV radiation for 
60 min, compared to 3.4 g/L produced by the wild-type.8 Addi-
tionally, EMS was used as a chemical mutagen to modify the 
genetic material of two LAB strains, followed by intergeneric 
protoplast fusion to boost the production of bacteriocins.24 
Furthermore, mutant EMS7 showed a significant 1.96-fold 
increase in proteolytic activity compared to the wild-type after 
EMS exposure.23 Generally, the observed hyper-production 
EPS by mutants M1, M4, M7, and M8 can be attributed to 
transitional mutations. These mutations, a type of substitution 
mutation, involve alteration in a single codon (where a purine 
base is substituted for another purine or a pyrimidine base 
for another pyrimidine). This substitution alters the native 
amino acid with a mutant one, which subsequently impacts 
the organism’s phenotype and productivity.22 

The sugarcane juice here was assessed immediately 
for pH and Brix° values and after sucrose addition and fer-
mentation. The initial values were pH 5.2 and Brix° 22°. 
The sucrose addition increased the Brix° to 40°, while fer-
mentation decreased the pH to 3.0 for all treatments com-
pared to pH 4.0 of the control. Previous studies reported 
a similar starting pH of 5.5.14 The sugar concentration in 
sugarcane molasses, a fermentation medium used for EPS 
production from various LAB species, was estimated at 40° 
Brix°.15 In this study, the EPS yield of the wild-type SH6.
WT was relatively low, reaching 260 mg/100 ml when sug-
arcane juice was supplemented only with sucrose crystals. 
However, when the medium was fortified with additional 
nutrients and mineral elements along with 300 g/L sucrose, 
as mentioned above, the EPS yield of the same strain dou-
bled to 360 mg\100 ml. The EPS production by L. confusus 
TISTR 1498 was improved under optimal conditions to the 

predicted level of EPS of 107.5 g/L using sugarcane juice 
supplemented with 300 g/L of crystallized sucrose.14 Sim-
ilarly, mutant B. licheniformis MS3 exhibited a third-fold 
increase, from 3.4 to 4.6 g/L, when cultured on a fermen-
tation medium composed of mango peels supplemented 
with various ratios of yeast extract, beef extract, KH2PO4, 
K2HPO4, MgSO4, NaCl, FeSO4.

8 The EPS production in the 
present study was carried out in a shaking incubator at 30°C 
and one hundred rpm for three days. Previous research 
revealed that 30°C incubation with shaking enhanced the 
EPS yield by Lacticaseibacillus sp.25

TSC Estimation of Best Mutants
The total soluble carbohydrates (TSC) content in EPS  by 
the elected mutants (M1, M4, M7, and M8) was estimated 
and compared with the wild-type (SH6.WT) as indicated 
in Figure 2. The results revealed significant differences 
among the means of the selected mutants, which were 4.6, 
6.2, 4.4, and 10.7 g/L, respectively, compared to the wild-
type, which exhibited a TSC of 3.10 g/L. Notably, mutant 
M8 demonstrated the highest TSC content. This increase 
in carbohydrate production can be attributed to EMS 
mutagenesis, which likely enhanced the overall carbohy-
drate content, particularly in mutant M8. Similarly, the 
highest amount of EPS observed in a mutant of Bacillus 
licheniformis MS3 reached 4.6 g/L with 4.69% reducing 
ends.8 Another study estimated the percentage of total car-
bohydrates in EPS produced from L. paracasei after being 
grown in chemical-define media containing 5% glucose and 
other carbohydrates.26 In addition, Allaith et al.15 measured 
the total carbohydrate percentage in EPS extracted and par-
tially purified from four LAB strains.

Determination of EPS as a Dextran by HPLC
The dextran content in EPS of mutants (M1, M4, M7, M8) and 
the wild-type (SH6.WT) was determined quantitatively and 
qualitatively by HPLC, see Figure 3 and Table 2. As shown, 
M8 exhibited the highest dextran content in EPS, reaching 7.8 
± 0.2%, followed by M4, M1, and M7 with 4.4 ± 0.1%, 4.2 ± 
0.12%, and 3.6 ± 0.11%, respectively. In contrast, the dextran 
content in EPS of wild-type strain SH6.WT was 3.3 ± 0.11 %. 
The retention time for mutants and wild-type EPS ranged from 

Fig. 1 Quantity of the produced EPS by L. paracasei SH6 (wild-
type, SH6.WT) and obtained mutants (nine mutants, M1-M9) after 
EMS mutagenesis. Data represent means ± SE of three duplicates 
at P < 0.05.
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Fig. 2 Total soluble carbohydrates (g/L) content of EPS of L. paracasei SH6 (wild-type, SH6.WT) and the best mutants of EMS mutagenesis 
(M1, M4, M7, and M8). Data represent means ± SE of three independent experiments.

Fig. 3 HPLC analysis for extracted EPS from selected mutants and wild-type of L. paracasei SH6, using dextran as a standard.

A) Standard (Dextran) B) Wild-type (SH6.WT)

C) Mutant (M1) D) Mutant (M4)

E) Mutant (M7) F) Mutant (M8)

Table 2. The quantity of dextran (%) in extracted EPS from selected mutants and wild-type of L. paracasei SH6.

Code Estimated EPS as a dextran (%)

Wild-type SH6.WT 3.3 ± 0.10e

Mutants

M1 4.2 ± 0.12c

M4 4.4 ± 0.12b

M7 3.6 ± 0.11d

M8 7.8 ± 0.2a

Data represent means ± SE of three duplicates at P < 0.05 that are significantly illustrated with small letters (a, b, c, d, and e).
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Fig. 4 Amplification plots of qRT-PCR reactions for housekeeping control (a) 16S ribosomal RNA gene that is targeted glucantransferase; 
(b) gtf gene; red line for the wild-type L. paracasei SH6; blue line for the mutant M8.

11.333 to 11.590 min, similar to the standard dextran with a 
retention time of 11.417 min. Previous studies have identified 
dextran as a major component of EPS from L. kunkeei AK1 
and Leuconostoc citreum HE29, at a concentration of 4.78% 
and 5.3%, respectively, as determined by HPLC and NMR.27,28 
Additionally, the EPS from L. paraplantarum KM1 was deter-
mined by HPLC to consist of monosaccharides such as glu-
cose, galactose, and mannose.29 Furthermore, quantitative and 
qualitative analyses via HPLC have revealed that the EPS from 
certain LAB strains is β-glucan.30,15

Expression Analysis of Mutant M8 by qRT-PCR
Based on the results obtained, mutant M8 was selected as the 
superior strain for EPS production, yielding 566 mg/100 ml. 
This mutant was subsequently subjected to gene expression 
analysis for the glucosyltransferase (gtf) gene, which is involved 
in EPS production of certain LAB strains, to evaluate the 

impact of EMS mutagenesis on expression levels of this gene 
and its correlation with the observed increase in EPS produc-
tion. The gtf genes encode enzymes known as glucansucrases, 
which are involved in synthesizing high molecular weight 
α-glucan from sucrose in various LAB strains. The α-glucan 
is a typical example of EPS, categorized mainly into four types 
based on their significant linkage, such as dextran, which has 
α-(1→6) linkage between glucopyranosyl units.31,32

Figure 4 and Table 3 present the qRT-PCR results for 
expression analysis of the gtf gene in mutant M8 and the wild-
type SH6. WT, as well as the housekeeping control, 16S rRNA 
gene expression. The results confirmed a significant enhance-
ment in EPS production in mutant M8, as verified by a 7.0128-
fold rise in expression of the gtf gene compared to the wild 
type and 16S rRNA gene. 

The expression analysis of the gtf gene has been  
utilized in numerous studies regarding EPS production.  
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For instance, beta-glucan formation in four native LAB iso-
lates and L. rhamnosus NRRL 1937 (LGG) was evaluated 
using the gtf as a target gene and the16S rRNA as a control. 
The results of this analysis for the four strains (B6, C9, A3, 
and D6) were 14.7230-, 10.1730-, 8.6139-, and 0.8566-fold, 
respectively.15 In a similar context, expression analysis of 
gtf genes in Streptococcus mutans demonstrated the cru-
cial role of both soluble and insoluble polysaccharides of  
L. paracasei ET-22 in inhibiting biofilm formation.33 Wasfi  
et al.34 reported a significant drop in the expression of gtfB, 
gtfC, and gtfD genes participatory in EPS formation by S. 
mutans in the manifestation of four supernatants from dif-
ferent Lactobacillus Sp.

The results obtained here from expression analysis of the 
gtf gene, which showed a seven-time increase in mutant M8 
and the observed increase in EPS production, provide insight 
into the effects of EMS on bacterial cells. This enhancement, 
in comparison to the wild-type SH6.WT is likely a direct con-
sequence of the genetic alterations induced by the chemical 
mutagen EMS. This follows those reported by Radwan et al.,23 
Bazaraa et al.,24 Singh and Sharma,35 Khattab et al.,36 Jung 
et al.,37 and Mukherjee et al.38 However, the current study is the 
first to apply EMS mutagenesis on the L. paracasei strain for 
EPS hyper-production and to examine the improved mutant 
by gene expression analysis.

Conclusion
This study highlights the increased EPS productivity of the 
Lacticasibacillus paracasei SH6 (SH6.WT) strain through 
exposure it to the EMS mutation. This progress underscores 

the exciting potential of genetic modification to improve 
microbial production, seek other factors, and audition var-
ious carbon sources to elevate EPS production. For the first 
time, the EMS-induced mutation in Lacticasibacillus paracasei 
SH6 strain has been demonstrated to improve EPS produc-
tion, reaching 566 mg/100 ml for the M8 mutant compared 
to the wild-type (SH6.WT), which produced 362 mg/100 ml 
using fermented sugarcane juice medium. The results of the 
total soluble carbohydrates content, HPLC estimations, and 
gene expression outcomes confirmed the M8 mutant that was 
elected as the most efficient, reaching 10.70 g/L and 7.8% and 
7-fold, respectively.

Also, the study emphasizes that sugarcane juice can be an 
economical medium that congresses the biological demands 
for improving EPS production and can be commercially used 
in various foods, pharmaceuticals, and probiotic industries. 
Subsequently, bioreactors can be used for EPS production in 
large quantities of the M8 mutant of L. paracasei SH6. The 
biotechnology application is promising, can quickly bridge  
the gap in industry sectors, and can be transmitted from labo-
ratory-scale to industrial-scale for EPS synthesis. The authors 
recommend further guidance, involving useful other sources 
of EPS production and utilizing mutation-consolidated and 
optimized strategies with Lactobacilli species to maximize the 
productivity of microbial EPS. 

Conflict of Interest
The authors declare that there is no conflict of interest 
regarding the publication of this article.  

Table 3. Expression analysis of the gtf gene in mutant M8 and wild-type strain of L. paracasei SH6

Code

Housekeeping control Target gene
Fold change in level of  
expression (P < 0.05)16S rRNA gene gtf gene

*Mean Ct Mean Ct

Wild-type SH6.WT 22.19 20.05 1 ± 0.000b**

Mutants M8 20.14 20.81 7.0128 ± 0.0001a

Data represent means ± SE of three duplicates at P < 0.05 that are  significantly illustrated with small letters (a, and b).

References 
 1. Quinto E.J., Jiménez P., Caro I., Tejero J., Mateo J. and Girbés T. (2014). 

Probiotic Lactic Acid Bacteria: a review. Food Nutr. Sci., 5(18):1765. https://
doi.org/10.4236/fns.2014.518190

 2. Oleksy-Sobczak M. and Klewicka E. (2020). Optimization of Media 
Composition to Maximize the Yield of Exopolysaccharides Production by 
Lactobacillus rhamnosus Strains. Prob. Antimicrob. Proteins, 12:774–83. 
https://doi.org/10.1007/s12602-019-09581-2

 3. Widyastuti Y. Rohmatussolihat, and Febrisiantosa A. (2014). The Role of 
Lactic Acid Bacteria in Milk Fermentation. Food Nutr. Sci., 5(4):435–442. 
https://doi.org/10.4236/fns.2014.54051

 4. Mohd Nadzir M., Nurhayati R.W., Idris F.N. and Nguyen M.H. (2021). 
Biomedical Applications of Bacterial Exopolysaccharides: A Review. 
Polymers, 13(4):530. https://doi.org/10.3390/polym13040530

 5. Donot F., Fontana A., Baccou J.C. and Schorr-Galindo S. (2012). Microbial 
exopolysaccharides: Main examples of Synthesis, Excretion, Genetics and 
Extraction. Carbohydr. Polym., 87(2):951–962. https://doi.org/10.1016/j.
carbpol.2011.08.083

 6. Flemming H.C. (2016). EPS-Then and Now. Microorganisms, 4(4):41–52. 
https://doi.org/10.3390/microorganisms4040041

 7. Leja K., Myszka K. and Czaczyk K. (2011). Genome shuffling: a method 
to improve biotechnological processes. BioTechnologia. Journal of 
Biotechnology Computational Biology and Bionanotechnology,  
92(4):345–351. https://doi.org/10.5114/bta.2011.46551

 8. Asgher M., Urooj Y., Qamar S.A. and Khalid N. (2020). Improved 
exopolysaccharide production from Bacillus licheniformis MS3: Optimization 
and structural/functional characterization. International Journal of 
Biological Macromolecules, 151:984–992. https://doi.org/10.1016/j.
ijbiomac.2019.11.094

 9. Kothari V., Mishra T. and Kushwah P. (2014). Mutagenic effect of microwave 
radiation on exopolysaccharide production in Xanthomonas campestris. 
Curr. Trends Biotechnol. Pharm., 8(1): 29–37. ISSN 0973-8916 (Print), 
2230–7303 (Online).

10. Khattab A.A. (2002). Molecular and Biochemical Studies of Genetically 
Constructed Lactic Acid Bacteria, PhD dissertation, Tanta University (Egypt).

https://doi.org/10.4236/fns.2014.518190
https://doi.org/10.4236/fns.2014.518190
https://doi.org/10.1007/s12602-019-09581-2
https://doi.org/10.4236/fns.2014.54051
https://doi.org/10.3390/polym13040530
https://doi.org/10.1016/j.carbpol.2011.08.083
https://doi.org/10.1016/j.carbpol.2011.08.083
https://doi.org/10.3390/microorganisms4040041
https://doi.org/10.5114/bta.2011.46551
https://doi.org/10.1016/j.ijbiomac.2019.11.094
https://doi.org/10.1016/j.ijbiomac.2019.11.094


J Contemp Med Sci | Vol. 11, No. 1, January-February 2025: 12–19

M.R. Ali et al.
Original

Improved EPS Production from Lacticaseibacillus paracasei SH6 Using Mutagen EMS

19

11. Khattab A.A., Ibrahim M.I.M. and El-Kady A.A. (2018). Ochratoxin A 
biosorption onto genetically improved of Lactobacillus delbrueckii mutants. 
Int. Food Res J., 25(2):515–522. ISSN 1985–4668

12. Hwang C.F., Chang J.H., Houng J.Y., Tsai C.C., Lin C.K. and Tsen H.Y. (2012). 
Optimization of medium composition for improving biomass production 
of Lactobacillus plantarum Pi06 using the Taguchi array design and the 
Box-Behnken method. Biotechnol. Bioprocess Eng., 17:827–834. https://doi.
org/10.1007/s12257-012-0007-4

13. Martini C., Verruma-Bernardi M.R., Borges M.T.M.R., Margarido L.A.C. and 
Ceccato-Antonini, S.R. (2011). Yeast composition of sugar cane juice in 
relation to plant varieties and seasonality. Biosci. J., 27(5): 710–717.

14. Manochai P., Phimolsiripol Y. and Seesuriyachan P. (2014). Response Surface 
Optimization of Exopolysaccharide Production from Sugarcane Juice by 
Lactobacillus confusus TISTR 1498. Chiang Mai Univ. J. Nat. Sci, 13(1): 
425–438. https://doi.org/10.12982/cmujns.2014.0046

15. Allaith S.A., Abdel-aziz M.E., Thabit Z.A., Altemimi A.B., Abd El-Ghany 
K., Giuffrè A.M., Al-Manhel A.J.A., Ebrahim H.S., Mohamed R.M. and 
Abedelmaksoud T.G. (2022). Screening and molecular identification of lactic 
acid bacteria producing β-glucan in boza and cider. Fermentation, 8(8):350. 
https://doi.org/10.3390/fermentation8080350

16. Ale E.C., Batistela V.A., Correa Olivar G., Ferrado J.B., Sadiq S., Ahmed H.I., 
Reinheimer J.A., Vera‐Candioti L., Laws A.P. and Binetti A.G. (2020). Statistical 
optimisation of the exopolysaccharide production by Lactobacillus 
fermentum Lf2 and analysis of its chemical composition. Int. J. Dairy 
Technol., 73(1):76–87. https://doi.org/10.1111/1471-0307.12639

17. Othman N.Z., Din A.R.J.M., Azam Z.M., Rosli M.A. and Sarmidi M.R. (2018). 
Statistical Optimization of Medium Compositions for High Cell Mass and 
Exopolysaccharide Production by Lactobacillus plantarum ATCC 8014. Appl. 
Food Biotechnol., 5(2):87–96. https://doi.org/10.22037/afb.v5i2.19299

18. Gerhardt P., Murray R.G.E., Wood W.A., Krieg N. R. (1994). Methods for general 
and molecular bacteriology. ASM (Washington DC). ISBN 1-5558-048-9, p 518

19. Kim D.H., Chon J.W., Kim H., Kim H.S., Choi D., Hwang D.G. and Seo K.H. 
(2015). Detection and Enumeration of Lactic Acid Bacteria, Acetic Acid 
Bacteria and Yeast in Kefir Grain and Milk Using Quantitative Real‐Time PCR. 
J. Food Saf., 35(1):102–107. https://doi.org/10.1111/jfs.12153

20. Turpin W., Humblot C., Guyot J.P. (2011). Genetic screening of functional 
properties of lactic acid bacteria in a fermented pearl millet slurry and in the 
metagenome of fermented starchy foods. Appl. Environ. Microbiol., 77(24): 
8722–8734. https://doi.org/10.1128/AEM.05988-11

21. Yuan J.S., Reed A., Chen F. and Stewart C.N. (2006). Statistical analysis 
of real-time PCR data. BMC Bioinformatics, 7(85): 1–12. https://doi.
org/10.1186/1471-2105-7-85

22. Freese E.B. (1961). Transitions and transversions induced by depurinating 
agents. National Academy of Sciences, 47(4):540–545. https://doi.
org/10.1073/pnas.47.4.540

23. Radwan A.A., Darwesh O.M., Mohamed K.A., Shady H.M.A., and Emam, M.T. 
(2023). Screening, Genetic Improvement, and Production Optimization of 
TA-Protease for Biofilm Removal of Dairy Sporeformers. Middle East J. Agric. 
Res., 12(4): 587–608. https://doi.org/10.36632/mejar/2023.12.4.38

24. Bazaraa W.A., Abd El-Hafez A.E.N. and Ibrahim E.M. (2021). Mutagenesis 
and protoplast fusion for enhanced bacteriocins production. Applied Food 
Biotechnology, 8(2):133–142. https://doi.org/10.22037/afb.v8i2.32505

25. Badel S., Bernardi T. and Michaud P. (2011). New perspectives for Lactobacilli 
exopolysaccharides. Biotechnology Advances, 29(1): 54–66. https://doi.
org/10.1016/j.biotechadv.2010.08.011

26. Xu R., Ma S., Wang Y., Liu L. and Li P. (2010). Screening, identification and 
statistic optimization of a novel exopolysaccharide producing Lactobacillus 
paracasei HCT. Afr. J. Microbiol. Res., 4(9), pp.783–795. ISSN 1996–0808.

27. Yilmaz M.T., İspirli H., Taylan O., Bilgrami A.L. and Dertli E. (2022). Structural 
and bioactive characteristics of a dextran produced by Lactobacillus kunkeei 
AK1. International Journal of Biological Macromolecules, 200, 293–302. 
https://doi.org/10.1016/j.ijbiomac.2022.01.012

28. İspirli H. (2023). Physicochemical Characterization of Dextran HE29 
Produced by the Leuconostoc citreum HE29 Isolated from Traditional 
Fermented Pickle. Molecules, 28(20):7149. https://doi.org/10.3390/
molecules28207149

29. Sharma K., Sharma N., Handa S. and Pathania S. (2020). Purification 
and characterization of novel exopolysaccharides produced from 
Lactobacillus paraplantarum KM1 isolated from human milk and 
its cytotoxicity. J. Genet. Eng. Biotechnol., 18(56):1–10. https://doi.
org/10.1186/s43141-020-00063-5

30. Abd El-Ghany K., Hamouda R.A., Mahrous H., Elhafez E.A., Ahmed F.A.H. and 
Hamza H.A., 2016. Description of isolated LAB producing β-glucan from 
Egyptian sources and evaluation of its therapeutic effect. Int. J. Pharm., 12 
(8): 801–811. https://doi.org/10.3923/ijp.2016.801.811

31. Kralj S., van Geel-Schutten G.H., Dondorff M.M.G., Kirsanovs S., Van Der 
Maarel M.J.E.C. and Dijkhuizen L. (2004). Glucan synthesis in the genus 
Lactobacillus: isolation and characterization of glucansucrase genes, 
enzymes and glucan products from six different strains. Microbiology, 
150(11):3681–3690. https://doi.org/10.1099/mic.0.27321-0

32. Cerning, J., 1990. Exocellular polysaccharides produced by lactic 
acid bacteria. FEMS Microbiol. Rev., 7(1–2):113–130. https://doi.
org/10.1111/j.1574-6968.1990.tb04883.x

33. Zhao Z., Wu J., Sun Z., Fan J., Liu F., Zhao W., Liu W.H., Zhang M. and 
Hung W.L. (2023). Postbiotics Derived from L. paracasei ET-22 Inhibit 
the Formation of S. mutans Biofilms and Bioactive Substances: 
An Analysis. Molecules, 28(3):1236. https://doi.org/10.3390/
molecules28031236

34. Wasfi R., Abd El‐Rahman O.A., Zafer M.M. and Ashour H.M. (2018). Probiotic 
Lactobacillus sp. inhibit growth, biofilm formation and gene expression of 
caries‐inducing Streptococcus mutans. J. Cell. Mol. Med., 22(3):1972–1983. 
https://doi.org/10.1111/jcmm.13496

35. Singh B. and Sharma S. (2022). Vitamin B12 Production by Lactobacillus 
Species Isolated from Milk Products. Journal for Research in Applied 
Sciences and Biotechnology, 1(2):48–59. https://doi.org/10.55544/jrasb.1.2.6

36. Khattab A.E.N., Darwish A.M., Othman S.I., Allam A.A. and Alqhtani H.A. 
(2023). Anti-Inflammatory and Immunomodulatory Potency of Selenium-
Enriched Probiotic Mutants in Mice with Induced Ulcerative Colitis. 
Biological Trace Element Research, 201(1):353–67. https://doi.org/10.1007/
s12011-022-03154-1

37. Jung J.Y., Kwon D.H. Lee Y.J., Song Y.K., Chang M.S. and Ha S.J. 
(2023). The Mutant Lactobacillus plantarum GNS300 Showed 
Improved Exopolysaccharide Production and Antioxidant Activity. 
Microbiol. Biotechnol. Lett., 51(1), 18–25. https://doi.org/10.48022/
mbl.2211.11006.

38. Mukherjee P., Pal S. and Sivaprakasam S. (2024). Optimization of D-lactic 
acid biosynthesis from diverse carbon sources in mutant Lactobacillus 
delbrueckii subsp. bulgaricus via random mutagenesis. Systems 
Microbiology and Biomanufacturing, 11:1–20. https://doi.org/10.1007/
s43393-024-00316-1

This work is licensed under a Creative Commons Attribution-NonCommercial 3.0 Unported License which allows users to read, copy, distribute and make derivative 
works for non-commercial purposes from the material, as long as the author of the original work is cited properly.

https://doi.org/10.22317/jcms.v11i1.1706

https://doi.org/10.1007/s12257-012-0007-4
https://doi.org/10.1007/s12257-012-0007-4
https://doi.org/10.12982/cmujns.2014.0046
https://doi.org/10.3390/fermentation8080350
https://doi.org/10.1111/1471-0307.12639
https://doi.org/10.22037/afb.v5i2.19299
https://doi.org/10.1111/jfs.12153
https://doi.org/10.1128/AEM.05988-11
https://doi.org/10.1186/1471-2105-7-85
https://doi.org/10.1186/1471-2105-7-85
https://doi.org/10.1073/pnas.47.4.540
https://doi.org/10.1073/pnas.47.4.540
https://doi.org/10.36632/mejar/2023.12.4.38
https://doi.org/10.22037/afb.v8i2.32505
https://doi.org/10.1016/j.biotechadv.2010.08.011
https://doi.org/10.1016/j.biotechadv.2010.08.011
https://doi.org/10.1016/j.ijbiomac.2022.01.012
https://doi.org/10.3390/molecules28207149
https://doi.org/10.3390/molecules28207149
https://doi.org/10.1186/s43141-020-00063-5
https://doi.org/10.1186/s43141-020-00063-5
https://doi.org/10.3923/ijp.2016.801.811
https://doi.org/10.1099/mic.0.27321-0
https://doi.org/10.1111/j.1574-6968.1990.tb04883.x
https://doi.org/10.1111/j.1574-6968.1990.tb04883.x
https://doi.org/10.3390/molecules28031236
https://doi.org/10.3390/molecules28031236
https://doi.org/10.1111/jcmm.13496
https://doi.org/10.55544/jrasb.1.2.6
https://doi.org/10.1007/s12011-022-03154-1
https://doi.org/10.1007/s12011-022-03154-1
https://doi.org/10.48022/mbl.2211.11006
https://doi.org/10.48022/mbl.2211.11006
https://doi.org/10.1007/s43393-024-00316-1
https://doi.org/10.1007/s43393-024-00316-1

