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ABSTRACT 

 
Lysine amino acid is essential for humans and mammals can be produced in fermentation processes by using different 

microorganisms. Fermentation process for synthesis of L-lysine contributes about 80% of total annually produced 

worldwide. In this research work L-lysine was produced by using local bacterial isolate i.e. Corynebacterium 

glutamicum IIB646 in submerged fermentation process. Here fifteen different culture/fermentation media were utilized 

and optimized for the synthesis of lysine amino acid. Lysine was synthesized in different concentration in these 

different fifteen culture media. Maximum L-lysine production amount was observed in fermentation media number 

thirteen (M13). M13 synthesized maximum 5.5 g/L lysine amount. This M13 medium consists of ammonium sulphate 

as nitrogen source, glucose as carbon source, calcium carbonate, manganese chloride, casamino acids and biotin as 

nutritional components. Culture medium M13 was then further supplemented with various sources of carbon and 

nitrogen in different quantities to enhance the synthesis of Lysine amount. Finally glucose as a best carbon source and 

amm. sulphate as  suitable nitrogen source was screened. Hence maximum 7.5 g/L lysine was synthesized after 

fermentation period of 72 hours in the presence of M13 culture medium, which was supplemented with optimized 

concentrations of 7% glucose as carbon source and 2.5% of ammonium sulphate as a source of nitrogen. 
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INTRODUCTION 

 

Amino acids are important for both the human nutrition and animal feed (Bercovici and Fuller, 2007). In the 

second half of twentieth century its production technology made enormous progress due to increase in its market 

demand. Enzymatic and fermentation technologies are two main biotechnological processes which are used for 

production and extension of the amino acid industries. Lysine, threonine, methionine and tryptophan have the 

highest share about 56 % of total amino acids in the market, its about 4.6 US$ billion (Leuchtenberger et al., 2005). 

Today, amino acids synthesized by fermentation techniques are considered the important biotechnological methods 

(Ikeda, 2003). L-lysine amino acid is one of the commercially important and very essential to synthesize in large 

scale in the industry of amino acids. Lysine amino acid can be synthesized in highly pure form i.e. higher than 98 %  

(Fechter et al., 1997).  

Optimization of culture medium and conditions can lower the production costs of Lysine at industrial scale. 

About 80 % of total world market L-lysine is produced by microbial fermentation methods and about 20 % of L-

lysine by chemical synthesis techniques. Natural and biological raw materials are used in fermentation process. 

Organic and inorganic non toxic by-products are synthesized during L-lysine fermentation processes (Anastassiadis, 

2007). Different microorganisms including Brevibacterium flavum (Ikeda, 2003), B. lactofermentum (Fechter et al., 

1997) and Corynebacterium glutamicum, (Anastassiadis, 2007) had been utilized for about 60 years for high scale 

synthesis of the Lysine amino acid, but C. glutamicum was considered as main production organism for the 

synthesis of Lysine. Lysine can be synthesized during submerged fermentation process by a rod shaped, non 

sporulating, fast growing and Gram positive C. glutamicum (Udaka, 1960; Kinoshita et al., 1957). Bacterial strain C. 

glutamicum have ability to synthesize different amino acids including histidine (Araki et al., 1974), threonine, 

methionine (Kase and Nakayama, 1975), valine by Ruklisha et al. (2007), serine (Eggeling, 2007), phenylalanine 

and tyrosine by Ikeda and Katsumata (1992),  L-tryptophan (Ikeda, 2006), leucine and isoleucine (Guillout et al., 

2002). Due to the production of large number of amino acid by C. glutamicum, it was considered an important 

microorganism in the industry of biotechnology. In biotechnology industry production rates of Lysine amount have 
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been further enhanced by culture optimization processes and microbial strains improvement techniques by using 

different mutagens (Pfefferle et al., 2003). Submerged fermentation media, temperature conditions, concentrations 

of glucose as carbon source and nitrogen sources are the factors which plays important role in fermentation 

processes for synthesis of products. Present study was done to synthesize L-lysine amino acid by using different 

culture media, carbon, nitrogen sources and by optimizing different concentrations of nutritional components. 

 
 

Fig.1. L-lysine Production Pathway. 

 

For optimizing culture media, its different chemical and physical parameters are studied (Adnan et al., 2011; 

Sassi et al., 1996). Lysine producing microorganisms can use different carbon sources, minerals, nitrogen sources 

and salts in the fermentation processes. Each microbial strain needs suitable and optimum cultural conditions to 

enhance product yield of amino acids. So it is essential to examine the effects of culture conditions including 

temperature, pH, agitation and incubation period on the product yield (Eggeling, 1994). 

Present study aims to screen and optimizing different fermentation/cultural media for increasing L-Lysine 

synthesis by Corynebacterium glutamicum strain IIB646 through the submerged culturing in shaking flasks so that 

the production process can be made economical by selecting a cost effective fermentation medium. 

 

MATERIAL AND METHODS 

 

Fermentation experiment  

Fresh inoculum of Corynebacterium glutamicum IIB646 was used in submerged fermentation experiments in 

small conical flasks containing 25 mL nutrient broth medium. The Conical flask  was then kept at 30ºC temperature 

in shaking incubator for 24-48hrs. After fermentation experiments synthesized L-lysine concentration was measured 

from the fermentation broth. 
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Fermentation Media 

M1. Glucose 60 g/L, amm. sulphate 40 g/L, urea 20 g/L, potassium  phosphate 0.6 g/L, ferrous sulphate 0.02 g/L, 

CaCl2 0.04 g/L, copper sulphate 0.3 g/L,  manganese sulphate monohydrate 0.02 g/L, zinc sulphate 

heptahydrate 1.0 mg/L,  nickel chloride 0.03 mg/L and Biotin 250 μg/L (Modified by Broer et al., 1993). 

M2. Clarified cane molasses 20g/L, CaCO3 25 g/L, NaCl 2.5 g/L and potassium hydrogen phosphate 0.4g/L  

(Nelofer et al., 2007). 

M3. Glucose 10.5 g/L, yeast extract 2.7 g/L, peptone 08 g/L, meat extract 4.3 g/L, NaCl 2.5 g/L (Modified Baulin 

media). 

M4. Sugar 75 g/L, amm. sulphate 5.5 g/L, peptone 10g/L, potassium hydrogen phosphate 0.7 g/L, sodium chloride 

3.5 g/L, yeast Extract 5.0g/L, and manganese sulphate 0.6 g/L,  ( Anastassidis, 2007). 

M5. Sucrose 60 g/L, amm. sulphate 40 g/L, magnesium sulphate  0.6 g/L, Urea 2.5 g/L, dipotassium hydrogen 

phosphate 0.06 g/L, ferrous sulphate 0.02 g/L, NaCl 1.5 g/L and manganese sulphate 15 mg/L (Bathe et al., 

2004). 

M6. Sugar 6.5 g/L, yeast Extract 3.5 g/L, tryptone 6.5 g/L, sodium chloride 6.5 g/L (LB medium Modified). 

M7. Glucose 40g/L, amm. sulphate 30 g/L, magnesium sulphate 1.8 g/L, Biotin 110 μg/L, and soya hydrolysate 25 

g/L ( Oh et al., 1993). 

M8. Glucose 80 g/L, amm. sulphate 60 g/L,  magnesium sulphate heptahydrate 0.6 g/L, manganese sulphate 

dihydrate 12 mg/L, ferrous sulphate 1.5 mg/L, calcium pentothenate 3 mg/L and  cornsteep  50 g/L 

(Gulbler et. al., 1994). 

M9. Sugar 40 g/L, yeast extract 2.5g/L, peptone 6.5 g/L, biotin 3 mg/L, ammonium sulphate 40 g/L, potassium di-

hydrogen phosphate 0.5g/L, calcium chloride 0.6 g/L, di-potassium  phosphate 0.6 g/L (Locally designed). 

M10. Sugar 50 g/L, magnesium sulphate  0.5 g/L, urea 5 g/L, potassium dihydrogen phosphate 1.5 g/L, biotin 2 

μg/L and thiamine HCl 70 μg/L (Calik et al., 2001). 

M11. (g/L) Sugar 40, malt extract 3.5, yeast extract 3, peptone 3.5, potassium  phosphate 1.5  and magnesium 

sulphate 1.5  (Rattray and Fox, 1997). 

M12. (g/L) Glucose 150, amm. sulphate 35, CaCO3 30, potassium di-hydrogen phosphate 2.5, ferrous sulphate  0.6, 

biotin 50 μg/L, magnesium sulphate seven hydrate 0.5, casamino acids 1.2, manganese chloride 0.5  and 

thiamine 130 μg/L (Shah et al., 2012). 

M13. Sugar 60 g/L, di-potassium phosphate 0.7 g/L, ammonium sulphate 30g/L, potassium di-hydrogen phosphate 

0.7 g/L, magnesium sulphate 6 mg/L, ferrous sulphate 1.5 mg/L, calcium carbonate 10.5 g/L, biotin 20 

μg/L, casamino acids 1.5 g/L and thiamine  50 μg/L (Modified; Shah et al., 2012). 

M14. Corn steep 90 g/L, amm. sulphate 35 g/L, CaCO3 20 g/L, potassium di-hydrogen phosphate 1.5 g/L, 

magnesium sulphate 2.2 g/L, ferrous sulphate  0.03 g/L, manganese chloride 2 mg/L, sodium chloride 2.2 

g/L,  thiamine  200 μg/L and biotin 100 μg/L ( Rehman et al., 2012) 

M15. (g/L). Sugar 95, amm. sulphate 25, magnesium sulphate 0.2, thiamine HCl 200 μg/L, biotin 200 μg/L, 

potassium  phosphate 0.6  (Coello et al., 2002). 

 

Analysis of Lysine 

Lysine analysis was accomplished by  Ninhydrin ferric reagents methods (Hsieh et al., 1995). Here  650μL of A 

reagent (ferric chloride, methylecellosolve, KCl) while 355μl of B reagent ( Ninhydrin solution in KCl) added in  

20μL of sample. This mixture heated at 100°C for 25 min. Then its temperature was lowered at 25°C and added 

100μL of DMSO. Added 5mL  deionized water then absorbance was taken at 480nm in a spectrophotometer.  

 

Glucose Analysis  

Residual sugar was measured by using DNS method (Miller, 1959).  

 

RESULTS AND DISCUSSION 

 

Fifteen distinct culture media including M1 to M15 were screened in lysine production by C. glutamicum 

IIB646. Capacity of these fifteen fermentation media for L-lysine production was carried in 250 ml of Conical 

flasks. The process of fermentation experiments was carried out in conical flask at 30˚C for 72 hrs and at shaking 

speed of 200 rpm. Fig. 2 showed that the IIB646 strain synthesized highest 5.5 g/L Lysine in M13 medium.  

Moreover this C. glutamicum IIB646 produced 4.9 g/L Lysine in M10, 4.5  in M12, 4.1  in M9, 3.4  in M1 and 3.1 

g/L of Lysine in M3 and in M8 medium. In other fermentation and culture media, this bacterial strain synthesized 

lower than 3 g/L Lysine, while 2.3 g/L  Lysine synthesized in M7 medium. M13 medium showed greater quantity of 



468  AMJED HUSSAIN ET AL., 

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 21 (4): 465-472, 2024. 

L-lysine yield as a comparison to the other culture media used in this study.  This M13 medium was selected for 

further optimization studies (Fig. 2). 

Culture medium M13 had necessary constituents which were suitable for bacterial isolates for L-lysine 

production. M13 medium consists of Glucose, amm. sulphate, potassium phosphate,  calcium carbonate, magnesium 

sulphate, manganese chloride,  ferrous sulphate, casamino acid, thiamine HCl and biotin. These results are in 

agreements to the study of Oh et al. (1993) and Shah et al. (2012) who used components of M13 culture medium for 

increasing L-lysine yield (Fig. 2). 

 

 
Fig. 2. Lysine production in fermentation media by Corynebacterium glutamicum IIB646. 

 

L-lysine synthesis rate was observed for upto 144 hours. Figure 3 represents lysine amount, sugar and cell mass 

production during fermentation process.   Results showed that C. glutamicum IIB646  synthesized 1.2 (g/L) of 

Lysine during 26 hours of incubation period, 3.4 g/L of  lysine  in 48 hrs, 5.5 g/L in 72 hours and maximum 6.2 

(g/L)  Lysine during 96 hours of fermentation period. Maximum dry cell mass of 5.2 g/L was obtained in 144 hours 

of fermentation period (Fig. 3).  

After optimum fermentation time period there may be decline in product yield (Cocaign et al., 1993). 

Fermentative yield of L-lysine from bacterial species were being enhanced in about 70 hours to 102 hours 

(Anastassiadis, 2007). Adnan et al., (2011) reported higher lysine yield during 48 hours to 72 hours of fermentation 

period. Similarly higher lysine yield was reported by Ishii et al. (1997) after 72-96 hours of fermentation time 

period.  

 

 
Fig. 3. Lysine production at different incubation time. 
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Fermentation Conditions:- “Medium: M13; Temperature: 30°C; 

Six different carbon sources ( sugar, molasses, sucrose, fructose, starch and lactose) were used  for  Lysine 

synthesis. Highest 6.4 g/L  Lysine  synthesized in the fermentation media which contain sugar (glucose) in the form 

of  carbon source. 4.8 g lysine in sucrose, 3.5 g in the Fructose, 5.1 (g/L) of Lysine in the presence of  molasses as 

carbon source, 2.3 g in lactose and 3.2 g/L  Lysine was synthesized by a culturing medium which contained starch as 

a carbon source. Maximum 6.2 g of dry cell masses analyzed in presence of glucose. Sugar utilization during the 

fermentation experiments was also studied and minimum residual sugar was found in the presence of glucose as a 

carbon source (Fig. 4). 

Carbon source causes major influence on microbial products synthesis. Our results correlate with the study of 

Nasri et al., (1989), they reported highest Lysine amount in the presence of glucose (as carbon source). Kiefer et al., 

(2002) and Cerning et al. (1994) also reported glucose as a best carbon source for product yield.  

 

 
Fig. 4. Lysine production in different carbon sources. 

 

Further 4 to 9% glucose concentrations were optimized and highest 7.1 g/L of Lysine synthesized in 7% 

glucose. Minimum amount 5.5 g of Lysine produced when medium was supplemented with 4% of glucose. 

Maximum 6.9 g/L dry cell mass was found with use of 8% glucose and lowest 5.4 g of dry cell mass in  existence of 

4% of glucose in the fermentation medium was observed (as in Fig. 5).  

 

 
Fig. 5. Optimization of Glucose  for Lysine production. 
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 Ferreria and Durate  (1991) worked on lysine production and proved that 7 to 10% of glucose amount was 

optimum for the L-lysine amount enhancement. Residual sugar amount during Lysine production was also 

investigated by Hirose and Shibai (1985) and it was concluded that higher the concentration of glucose in 

fermentation media, may inhibit rate of the respective microbial growth along with decrease in synthesis of Lysine 

and cell masses. While in the low concentrations of carbon sources also caused low Lysine product yield and bio 

cell masses.  

Including yeast extract, peptone, ammonium sulphate, corn steep liquor, potassium nitrate, and urea. These six 

different nitrogen sources  in the concentration of 2% each were screened. Highest 7.0 g/L of Lysine was producing 

in the existence of ammonium sulphate in the medium M13. In other nitrogen sources, peptone yield 4.3g/l, yeast 

extract 4.2 g/L, urea 3.1 g/L, corn steep liquor 5.8 g/L and potassium nitrate yield 3.8 g/L of L-lysine (Fig. 6). 

Further different amounts of  ammonium sulphate were also optimized and highest 7.5 g of Lysine was synthesized 

by M13 medium when it was supplemented with 2.5% ammonium sulphate (Fig. 7).  

 

 
Fig. 6. Screening of nitrogen sources during  Lysine production by C. glutamicum IIB646. 

 

 
Fig. 7. Optimization of ammonium sulphate for  Lysine production by C. glutamicum IIB646. 
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Appropriate source of nitrogen is important for Lysine production. Higher concentration of ammonium  is 

harmful for microbial growth and Less amount of ammonium resulted decrease in product yield so it must be kept at 

suitable levels. Our results showed good accordance  with the study of Shah et al. (2002) and Zaki et al. (1982)  in 

that study  they reported highest L-lysine yield in the existence of optimal amm. sulphate concentrations. Similarly 

Ferreira and Durate (1991); Hsiao and Glatz (1996) and Wang et al. (1991) also suggested amm. sulphate for 

highest L-lysine yield. 

 

CONCLUSION 

From present study, it is concluded that local isolated bacterial culture of Corynebacterium glutamicum IIB646 

synthesized considerably high concentration of L-lysine in shake flask technique. Lysine production and growth of 

Corynebacterium glutamicum was substantially increased by optimization of cultural conditions and media 

components. Maximum amount of 7.5 g/L Lysine was synthesized by Corynebacterium glutamicum IIB646 in 

optimized fermentation medium.  
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