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ABSTRACT 
 

Ethyl Methane Sulfonate (EMS) mutagen was successfully used to generate hyper-producing 
mutants. The most of Corynebacterium glutamicum mutants harvested after treatment with EMS-
mutagen (200 mM) can produce L- glutamic acid with higher efficiency than the original (mother) 
strain. Sixty tested mutants were examined after EMS-mutagenesis, the G-40-15 mutant strain was the 
highest in L- glutamic acid production 31.17 (g/L) with 200.19 % relation to the mother strain. The 
following highest glutamate producer after 40 min. of EMS-mutagenesis was the mutant strain G-40-
18 produced 30.50 (g/L) of the glutamate and exceeded 195.89% of the wild type production. Also, all 
the hyper-producing mutants were resistant to 2.0 mg/ml of 4-fluoroglutamic acid (4-FGA) in 
comparison to the mother strain. Furthermore, polymerase chain reaction (PCR) technique was used to 
detect the DNA fingerprint by three random primers on superior mutants lead to correlate the genetic 
pool of these mutants with the results obtained from the glutamate assay in comparison with the original 
strain. Many different genetic fingerprint were detected after the PCR assay with the different random 
primers. 
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Introduction 
 

L-glutamic acid is one of the major amino acids that is present in a wide variety of foods. It is 
mainly used as a food additive and flavor enhancer in the form of sodium salt. Currently, it is 
manufactured for use as pharmaceuticals and health foods at the worldwide annual production of ∼2000 
metric tons.  C. glutamicum is one of the major organisms widely used for glutamic acid production. 
When Kinoshita et al., (1957) screened bacteria that produce glutamate, they isolated a facultative 
anaerobic, nonpathogenic and biotin-auxotrophic Gram-positive soil bacterium (C. glutamicum). 
Recent studies have been applied to intensify microbial amino acid production. Induced bacterial 
mutants have played an essential role in this respect. Different types of chemical and physical 
mutagenesis with different doses and times were applied. Yet, during breeding programs towards the 
isolation of high producers of new products, it appeared that highly developed strains derived by 
traditional methods i.e., multiple round of mutagenesis, screening and selection had become less 
amenable to further improvements. The isolation of antimetabolite-resistant and auxotrophic mutants 
led to the detection of high producer mutants which are used for the industrial glutamic acid production, 
lysine, threonine, tryptophan, and other amino acids (Shiio 1983). This classical method has generated 
a variety of mutants, such as auxotrophs, analog-resistant mutants, and transport mutants. By stepwise 
assembly of beneficial phenotypic characters in one background with the use of the mutagenic approach, 
many commercially potent producers have been developed and these are used predominantly in 
industrial fermentation processes (Kinoshita and Nakayama 1978; Leuchtenberger 1996; Kumagai 
2000; Ikeda 2003). 

The objective of the present investigation is to select a potent bacterial mutants of C. glutamicum 
for glutamate production in submerged culture after EMS-mutagenesis. 
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Materials and Methods: 
  
Microorganism and culturing the microbe: 
 

C. glutamicum DSM 20300 was obtained from DSMZ (Braunschweig, Germany). Complete 
medium BY (Katsumata et al., 1984) and minimal medium MM (Ozaki et al., 1985) were used for 
cultivation of C. glutamicum. Solid plates were made by the addition of 1.6% (w/v) Bacto-Agar (Difco). 
The production medium for glutamate was prepared according to (Sarvamangala and Vijayalakshmi, 
2013) with some modifications as follows: glucose 120 (g/L), urea 2 (g/L), K2HPO4 0.08 (g/L), KH2PO4 
0.08 (g/L), MgSO4: 0.04 (g/L), MnSO4 0.001 (g/L), Fe2 (SO4)3 0.001 (g/L), Biotin 2 µg/L) and the final 
pH was 7.0. The inoculum grown on BY medium at 1%, v/v, for 24h was added to each flask contained 
50 ml of the production medium and after 24h of bacterial fermentation an aqueous solution of penicillin 
G was added at a concentration of 5U/ml. The fermentation was continued for 4 days before glutamate 
determination.  
 
EMS- mutagenesis and isolation of antimetabolite-resistant mutants: 
 

Mutation of mother strain that the potent glutamate-producing bacterium was performed by 
centerifugating five ml of overnight C. glutamicum cells grown on BY medium at 8000 rpm for 5 min 
and resuspended in phosphate buffer 0.1 M, pH 7. The suspended bacterial cells were treated with EMS 
mutagen (200 mM)  for 20, 40 and 60 min. Suspension was then diluted and spread onto the surface of 
MM solid medium with and without 4-fluoroglutamic acid (2.0 mg/ml) for selection of highly 4-
fluoroglutamic acid (4-FGA) resistant colonies (Nakamura et al., 2007). Plates were then incubated for 
2 days at 30°C. The growing colonies with high growth rate were transferred on slants for further 
studies. Resistant mutants with high growth rate also were then recultured on the same medium plates 
contained 4-FGA for 2 days at 30°C to confirmed their resistance. 

 
Determination of glutamic acid: 
 

Glutamic acid was measured according to Lee and Takahashi (1966) one ml of a reaction mixture 
which consisted of citrate buffer pH 6.2, ninhydrin 1%, and glycerol 60 % was pipetted into a test tube. 
One ml of sample and additional compounds to be tested, were introduced into the reaction mixture. 
The total volume was made up to 2.0 ml with water. After shaking, the test tube was placed in a boiling 
water bath for 15 min. After cooling in a tap-water bath, a reading was taken at 570 nm within an hour. 
The reagent blank and standard glutamic acid solution were run at the same time to verify and 
standardize the assay. 

 
Isolation of total DNA from mutant strains: 
 

Total DNA was isolated according to i-genomic BYF DNA extraction Mini Kit, iNtRON 
Biotechnology Inc., South Korea. The quantity and purity of the obtained DNA were determined by 
measuring the UV-absorbance at 260 and 280 nm using spectrophotometer (Shimadzu UV-VIS model 
UV-240) according to Sambrook et al., (1989). 

 
Molecular analysis of some superior mutants by PCR: 
 

The genetic variations after mutagenesis, PCR analysis was done by 2xPCR Master Mix Solution 
(i-StarTaq), Hot-Start (iNtRON Biotechnology Inc., South Korea Product Catalog No: 25166). Each 
bead contains all of the necessary reagents, except primer and DNA template, for performing 25 μl PCR 
amplification reactions. Three RAPD primers were used in the present study. The first primer (RAP1) 
sequence was 5′-CAT ACC CCC GCC GTT-3'. The second primer (RAP2) sequence was 5′-GTG TTG 
TGG TCC ACT-3'. The third primer (RAP3) sequence was 5′-AAC CTC CCC CTG ACC-3'. All 
primers were supplied by Operon Technologies Company, Netherlands. To each PCR bead, 15 ng of 
the used random primer and 80 ng of the purified DNA sample were added. The total volume of the 
amplification reaction was completed to 25 μl using sterile distilled water. The amplification  protocol 
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was carried out as follows: Denaturation at 95oC for five min. Thirty-five cycles each consists of the 
following segments: Denaturation at 95oC for one min; primer annealing at 55oC for one min. and 
incubation at 72oC for two min. for DNA polymerization. Then, 72oC for 5 min., at the end, hold the 
PCR at 4oC till analysis. The amplified DNA products from RAPD analysis were electrophorated on 
1.5% agarose gel and 1 X TBE buffer at consistent 100 volt for about 2 hrs. The different band sizes 
were determined against 1kb plus DNA ladder (Tiangen Biotech  (Beijing) Co., LTD.,  China, Catalog 
No: MD113) and the separated bands were stained with 10000X ViSafe Red Gel Stain (Vivantis # 
SD0103- Malaysia) and photographed using Gel Documentation System with UV Transeliminator. 

 
Results and discussion: 
 
Response of C. glutamicum to EMS mutagenesis: 
 

Cell suspension from C. glutamicum was exposed to 200mM of EMS-mutagen for different 
periods (20, 40 and 60 minutes) and then diluted and spreaded on the minimal medium (MM). Each 
single colony which appeared on the MM plates after mutagen treatment was tested on both the MM 
and the MM supplemented with 2.0 mg/ml of 4-FGA by incubating them at 30oC. Then, the isolates 
which able to grow on MM plates supplemented with 2.0 mg/ml of 4-FGA were considered as resistant 
mutants.  

It was found that the number of mutants increased with the increase of the exposure time i.e., it 
was 4 mutants for 20 min. exposure, 7 mutants for 40 min. and 6 mutants for 60 min (Table 1).  It was 
also found that the survival percentages were decreased with the increase of the EMS- exposure time 
i.e., it was 35.21% for 20 min. and decreased drastically to reach 11.86 and 5.55% after 40 and 60 min 
of EMS-mutagenesis, respectively. From about 683 mutants produced 17 mutants showed a resistant 
mutant to 2.0 mg/ml of 4-FGA. 

The results obtained was indicated that the survival rate had decreased by increasing the EMS 
exposure time. This decrease in survival rate might be attributed to damage in nucleic acid and of defects 
in other cell components caused by EMS-mutagen.             

Ganguly and Banik (2018) observed that the survival rate in C. glutamicum after exposure to 
EMS-mutagen (66.28 mM) for 20 min. was 0.4 %.  
 

Table 1: Survival and mutagenicity percentages of C. glutamicum DSM 20300 after treatment with different 
exposure times of EMS (200 mM) 

Exposure time (min)          Survival Resistant mutants* 

No.                  % No.                   % 
0 1298             100.00 0                   0.00 
20 457               35.21 4                    0.88 
40 154                11.86 7                    4.55 
60 72                 5.55 6                    8.33 

 * Resistant to 2.0 mg/ml of 4-FGA. 

Glutamic acid productivity after EMS mutagenesis: 
 

The 60 mutants were tested for glutamate production by cultivating these mutants in the 
fermented medium for 4 days. Data in Table (2) showed that the mother strain (wild type) gave 15.57 
(g/L) of glutamic acid, whereas 3 mutants produced lesser glutamate than it, 17 mutants of them showed 
glutamate produced more than the wild type strain, three of them showed glutamate produced  up to 1.5 
folds or more than that of the wild type strain. The mutant strain G-20-19 produced 27.45 (g/L) of the 
glutamate or 176.30% of the wild type production and considered as the highest glutamate producer 
after 20 min. of EMS-mutagenesis followed by the mutant strain G-20-17 which produced 25.85 (g/L) 
of the glutamate or 166.02% and then the mutant G-20-13 which produced 24.70 (g/L) of the glutamate 
or 158.64% of the wild type production. The three mutants are considered as the highest glutamate 
producer after 20 min. of EMS-mutagenesis. It was found that the above three mutants were resistant 
to 2.0 mg/ml of 4-FGA in comparison of the wild type strain.  
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On the other hand, when evaluated the twenty isolates obtained after 40 min. of EMS-treatment for 
glutamate production (Table 3), only five of them were produced glutamate lower than that of the wild 
type strain. The mutant strain G-40-15 produced 31.17 (g/L) of the glutamate or 200.19% of the wild 
type production and considered as the highest glutamate producer after 40 min. of EMS-mutagenesis. 
The following highest glutamate producer after 40 min. of EMS-mutagenesis was the mutant strain G-
40-18 produced 30.50 (g/L) of the glutamate or 195.89% of the wild type production. Also, the highest 
glutamate producers after 40 min. of EMS-mutagenesis were resistant to 2.0 mg/ml of 4-FGA. 
Moreover, only four mutants were produced glutamate lower than that of the mother strain after 60 min. 
of EMS-mutagenesis Table 4. The highest glutamate producer after 60 min. of EMS-mutagenesis was 
the mutant strain G-60-8 produced 28.82 (g/L) of the glutamate or 185.10% of the mother strain 
production. Meanwhile, 15 mutants produced glutamic acid higher than the original strain but lower 
than the superior mutant strain G-60-8 following the same treatment. 

Some of the obtained mutants which differed from the mother strain were selected as resistant 
mutants. Similar results had been obtained when C. glutamicum was exposed to UV-irradiation (Ahmed 
et al., 2013). They found that The selected temperature-sensitive mutants M5AJ2, showed 13.4% 
increase in the glutamic production while, M5AJ4 and M7AJ6 were showed 22.5 and 4.6% decrease 
respectively, in their glutamic acid production than their wild type bacterial strain. Furthermore, Hiroaki 
et al., (1993) isolated L-Glutamic acid (Glu) hyper-producing mutants after N-methyl-N'-nitro-N-
nitrosoguanidine (NTG) mutagenesis from Methylobacillus glycogenes ATCC 21276 and ATCC 21371 
during the screening of amino acid auxotrophs. iA111, derived from ATCC 21276, and 1009 (Phe -), 
derived from ATCC 21371, produced about 10 times as much Glu as the wild type strains. Moreover, 
Ikram et al., (2001) improved glutamic acid producing E. coli strain and observed two fold increase in 
lysine production after NTG-mutagenesis.  Mutagenesis had been used for increasing microbial amino 
acid by different authors. Increase L-arginine production by Brevibacterium fiavum (Kubota et al., 
1973), Lysine production by mutants of E. coli  (Nadeem et al., 2002), L-methionine Production with 
C. glutamicum (Hiroshi and Nakayama 1975), L-Phenylalanine Production by Analog-resistant 
Mutants of C. glutamicum (Hiroshi and Nakayama 1974) and L-threonine production by mutants of E. 
coli  (Okamoto et al., 1997). 
 
Table 2: Glutamic acid productivity of different mutants obtained after treatment of C. glutamicum with 200 mM 

EMS for 20 min. 
Mutant No. Glutamic acid (g/L) % from W.T 

W.T 15.57 100.00 
G-20-1 18.32 117.66 
G-20-2 19.60 125.88 
G-20-3 15.52 99.68 
G-20-4 15.40 99.91 
*G-20-5 22.45 144.19 
G-20-6 15.55 99.87 
G-20-7 16.05 103.08 
G-20-8 20.30 130.38 
G-20-9 18.59 119.40 
G-20-10 16.20 104.05 
G-20-11 18.35 117.85 
G-20-12 21.60 138.73 

*G-20-13 24.70 158.64 
G-20-14 19.34 124.21 
G-20-15 18.57 119.27 
G-20-16 15.75 101.16 

*G-20-17 25.85 166.02 
G-20-18 18.06 115.99 

*G-20-19 27.45 176.30 
G-20-20 17.68 113.55 

* Resistant to 2.0 mg/ml of 4-FGA. 
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Table 3: Glutamic acid productivity of different mutants obtained after treatment of C. glutamicum with 200 mM 
EMS for 40 min. 

Mutant No. Glutamic acid (g/L) % from W.T 
W.T 15.57 100.00 

G-40-1 20.60 132.30 
G-40-2 12.38 79.51 

G-40-3* 22.50 144.51 
G-40-4 18.05 115.93 
G-40-5 13.35 85.74 
G-40-6 19.76 126.91 
G-40-7 16.18 103.92 
G-40-8 15.43 99.10 

*G-40-9 21.63 138.92 
G-40-10 14.51 93.19 

*G-40-11 25.83 165.90 
*G-40-12 27.08 173.92 
G-40-13 17.66 113.42 
G-40-14 19.73 126.72 

*G-40-15 31.17 200.19 
G-40-16 19.18 123.19 
G-40-17 14.82 95.18 

*G-40-18 30.50 195.89 
G-40-19 19.05 122.35 

*G-40-20 24.30 156.07 
* Resistant to 2.0 mg/ml of 4-FGA. 

Table 4: Glutamic acid productivity of different mutants obtained after treatment of C. glutamicum with 200 mM 
EMS for 60 min. 

Mutant No. Glutamic acid (g/L) % from W.T 
W.T 15.57 100.00 

G-60-1 20.25 130.06 
G-60-2 21.18 136.03 
G-60-3 14.32 91.97 
G-60-4 22.42 143.99 
G-60-5 24.14 155.04 
G-60-6 15.08 96.85 
*G-60-7 26.45 169.88 
*G-60-8 28.82 185.10 
G-60-9 22.34 143.48 

*G-60-10 26.10 167.63 
G-60-11 20.49 131.60 

*G-60-12 25.10 161.21 
G-60-13 19.30 123.95 
G-60-14 16.52 106.10 
G-60-15 15.07 96.79 
G-60-16 18.31 117.60 

*G-60-17 27.13 174.25 
G-60-18 22.40 143.87 
G-60-19 13.65 87.67 

*G-60-20 27.50 176.62 
* Resistant to 2.0 mg/ml of 4-FGA. 

Fingerprinting of the highest three glutamate producing mutants by RAPD: 
 

To detect the molecular variations between three EMS-mutants in comparison of C. glutamicum 
DSM 20300 (W.T), three random primers were applied.  Figure (1) presented the amplified banding 
patterns of the tested EMS-mutants and wild type strain when the random primer (RAP1) were used. 
Only three very faint band (1000, 1600 and above 10000bp) were detected for the original strain 
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(W.T).Also, one very distinct band (200bp) was detected for the original strain (W.T). Two distinct 
bands (200and 500bp) were detected for G-20-19 and G-60-8 mutants (Lanes 1 and 3) when primer 
(RAP1) was used. Also, two distinct bands (1600 and 1300bp) were detected for G-40-15 and G-60-8 
mutants (Lanes 2 and 3). Moreover, the highest bands number was detected (Lane 3) for G-60-8 mutant 
strain. Furthermore, one additional band with size above 10000 bp was detected (Lanes 2 and 3) for G-
40-15 and G-60-8 mutants in comparison of C. glutamicum DSM 20300 (W.T). 

 

 
Fig. 1: Photograph of DNA amplified banding patterns based on RAPD for three EMS-mutants in comparison of 

C. glutamicum DSM 20300 (W.T) using the primer (RAP1) against 1kb plus DNA ladder, Tiangen Biotech  Co., 
LTD.,  China, (lane M). Strains sequence as follows: (Lanes 1 to 3), G-20-19, G-40-15 and G-60-8. 

On the other hand, when using RAP2 primer (Figure 2) against the tested mutants in comparison 
of C. glutamicum DSM 20300 (W.T) exhibited two very faint amplified bands 1300 and 10000 bp 
detected for the original strain. Three distinct bands 400, 1500 and 2000 bp were detected for G-20-19 
mutant (Lane 1). Also, two distinct bands 1500 and 2000 bp were detected for G-40-15 mutant strain 
(Lanes 2).  Three very faint bands 400, 1200 and above 10000 bp were detected for G-40-15 mutant 
strain (Lane 2). Furthermore, no bands were detected for G-60-8 mutant strain (Lane 3). 

Finally, only one very faint band (600bp) was detected for the original strain (W.T) in addition 
to one very faint band (above 10000bp) was detected for the original strain (W.T) and all others tested 
mutants (Figure 3). No other bands were counted for the original strain (W.T) and all others tested 
mutants. 

Also, many authors using fingerprinting protocols PCR-RAPD to differentiate of bacterial strains 
and mutants (Welsh and McClelland, 1990; Makino et al., 1994; Shoukry et al., 2013; El-Sherbini and 
Khattab, 2018). Moreover, Yongheng et al., (2011) confirmed that at the DNA level using PCR-RAPD, 
not only the high titers strains and the original mutant strain’s DNA were different, but also the high 
titers of the different mutants’ DNA were different. 

 
Fig. 2: Photograph of DNA amplified banding patterns based on RAPD for three EMS-mutants in comparison of 
C. glutamicum DSM 20300 (W.T) using the primer (RAP2) against 1kb plus DNA ladder, Tiangen Biotech  Co., 

LTD.,  China, (lane M). Strains sequence as follows: (Lanes 1 to 3), G-20-19, G-40-15 and G-60-8. 
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Fig. 3: Photograph of DNA amplified banding patterns based on RAPD for three EMS-mutants in comparison of 
C. glutamicum DSM 20300 (W.T) using the primer (RAP3) against 1kb plus DNA ladder, Tiangen Biotech  Co., 
LTD.,  China, (lane M). Strains sequence as follows: (Lanes 1 to 3), G-20-19, G-40-15 and G-60-8. 

Conclusion 
 

Enhancement of glutamic acid production by C. glutamicum mutants after EMS-mutagenesis was 
obtained according this study. Moreover, variations in some excellent mutants RAPD profiles in 
relation to the mother strain were detected by the PCR apperatus and these variations at the same time 
proved as evidence of genetic variability of C. glutamicum mutants. 
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