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SUMMARY 

 
 

 
 
 
The present study was aimed at isolating amino acid producing bacteria from 

local environment with an objective to enhance their production for 

commercial use. The bacteria were isolated from soil, water, milk, honey 

and sewage and the ones which specifically produced cysteine, methionine 

and lysine were further processed for enhanced production. A total of 510 

bacteria were isolated, of which 250 were from soil sample, 100 from water, 

50 from honey, 60 from milk and 50 were isolated from sewage samples. Of 

these 51.3% produced some amino acids viz. cysteine, methionine, lysine, 

glutamic acid and valine.  

 

Of these nine isolates which produced significant amount of cystseine, 

methionine and lysine constituting 1.76% of the total isolates, were 

ultimately selected for further investigation. Five samples were from soil and 

two each from honey and sewage. The amino acid producing capability of 

the bacteria was improved using different types of fermentation media, 

based on glucose, urea, molasses, corn steep liquor and vitamins and 



 4

minerals. The nine bacterial isolates showed significant increase in amino 

acid production using these fermentation media. 10g/l methionine was 

produced in FM6, cost of this medium was Rs. 304.01/litre. The 

composition of this medium included, glucose 40g, KH2PO4, 0.5g, 

MgSO4.7H2O 0.3g and yeast extract 1.0g. 8.76g of cysteine per litre was 

produced in FM8. The cost of this medium was Rs. 90.5/litre and 5g/litre 

lysine in fermentation medium FM9 was produced. The cost of this medium 

was Rs. 108.74/- per litre. The important properties of these fermentation 

media are that they are low cost. For example molasses based medium has 

molasses as key ingredient which is waste of sugar industry and corn steep 

liquor is waste product of corn industry 
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INTRODUCTION 
 

 

Proteins and peptides are macromolecules which consist of covalently 

bonded amino acids organized as a linear polymer. The properties of protein 

molecule are determined by sequence of amino acids present in this 

molecule. Proteins are considered large biological molecules that exist as 

folded structures with a specific conformation Fig.1). Peptides are smaller 

molecules and consist of only a few amino acids. Amino acids have both 

amino and carboxyl functional groups therefore have both an acid and a base 

at the same time. Isoelectric point of an amino acid has overall no charge as 

the number of protonated ammonium groups (positive charges) and 

deprotonated carboxylate groups (negative charges) are equal. All amino 

acids have different isoelectric points. The ions which are produced at the 

isoelectric point have both positive and negative charges and are known as a 

zwitterion, which comes from the German word Zwitter meaning 

"hermaphrodite". In solids and in polar solutions such as water, amino acids 

can exist as zwitterions but not in the gas phase (Nelson and Cox, 2000).  
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Zwitterions at their isolectric point have minimal solubility  and an amino 

acid can be isolated by precipitating it from water by adjusting the pH to its 

particular isolectric point. 

 

 

 

Fig.1.A polypeptide is an unbranched chain of amino acids 

Amino Acids are considered as the Building Blocks of the body. Amino 

acids are not only involved in building cells and repairing tissues, but also 

form antibodies to combat invading foreign bodies like bacteria and viruses. 

Amino acids are part of the enzyme, hormonal system and of nucleoproteins 

(RNA and DNA), carry oxygen throughout the body and participate in 

muscle activity. When protein is digested, it results in 20 amino acids.  
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Proteins are considered as extremely important components of the cell or 

organisms. The meaning of protein is primary importance because proteins 

perform many important functions of cell. Much of body weight is protein. 

One quarter of bones is protein. Animals are protein and the micro-

organisms are also protein. Clothes of silk, wool and leather are proteins. 

Insulin is also a protein. Anticlotting agents are proteins. Protein enzymes 

are there in organisms. Proteins are also used in industry for soft drinks and 

ethanol (Dobson, 2000)  

Amino acids are essential part of diet and food. The twenty amino acids are 

either involved in formation of proteins or other biomolecues, also are 

oxidized to ammonia and CO2 and act as source of energy. Anfinsen et al. 

(1972) reported that “the first step in oxidation pathway is the removal of the 

amino group by a transaminase, the amino group is then fed into the urea 

cycle. The other product of transamination is a keto acid that enters the citric 

acid cycle. Glucogenic amino acids are also converted into glucose. Of the 

twenty standard amino acids, eight are called essential amino acids because 

the human body cannot synthesize them at the level needed for normal 

growth, so they must be obtained from food or other sources. But the 

situation is quite complicated and need further research since cysteine, 

taurine, tyrosine, histidine and arginine are semi-essential amino acids in 
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children, because the metabolic pathways that synthesize these amino acids 

are not fully developed. The amounts required also depend on the age, health 

and nutritional requirements of the individual, so it is hard to make general 

statements about the dietary requirement for some amino acids (Creighton 

and Thomas, 1993)”. 

Amino acids arginine, isoleucine, leucine, methionine, phenylalanine, 

threonine, lysine, tryptophan, histidine and valine are included in essential 

amino acids. The amino acids arginine, methionine and phenylalanine are 

called essential not because of reason that they are related to lack of 

synthesis within the body but because that although arginine is produced by 

eukaryotic cells at a very slow rate which is not sufficient to deal with  

individual’s body growth requirements, also it is unstable and converted 

immediately to urea. Amino acid methionine is largly required to synthesize 

amino acid cysteine, if cysteine is insufficient in diet. Phenylalanine is 

needed in large amounts to form tyrosine if tyrosine is in insufficient amount 

in the food. Amino acids like asparagine, aspartate, glutamate, asparagine, 

glutamine, glycine, cysteine, proline, serine and tyrosine are non essential 

amino acids ( Demain, 1971).  
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 Amino acids have wide variety of applications in many different ways as 

described by Kinoshita (1987). Amino acids are commonly used as 

nutritional supplements. These enrich vegetable proteins and soya bean meal 

(Table I). Some amino acids are used as flavour enhancers and food 

additives, while others are used for therapeutic and psychotherapeutic 

purposes. Some amino acids are used in pharmaceutical industry for 

manufacture of detergents (Table I). Poly amino acids are used in synthetic 

fibers and films, polyurethane and agriculture chemicals (Hodgson, 1994). 

Akashi et al. (1979) Stated that many amino acids are also used as 

precursors of many antibiotics. These amino acids include valine, cysteine, 

proline, tryptophan, methionine and glycine which are used to manufacture 

penicillin, cephalosporin, bacitracin and gramicidin. Amino Acids are also 

used in medicines to treat dietary deficiencies and in the food industry as 

antioxidants, sweeteners and flavour enhancers. Of the isomeric forms of D 

and L amino acids, living things use only the L isomer amino acids. 

Unfortunately, chemical methods of production produce 50% D and 50% L 

isomers, so half of what is produced is of no use to anybody and is wasted 

(Brown et al., 1974). 
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Different micro-organisms including bacteria, fungi are used for the 

commercial production of amino acids. When maximum growth of these 

micro-organisms is achieved, then maximum amino acid is being produced. 

Different micro-organisms show different growth periods and are capable of 

producing different amino acids. Specific growth requirements of micro-

organisms and their availability are critical in composition and working of 

growth medium. Any deviation from given requirements can result in low 

yield or productivity (Casida, 1993). 

Amino acids are found cheaper to produce by microbial fermentation rather 

than by chemical synthesis (Abe and Takayma, 1972) but some amino acids 

e.g methionine are still produced chemically more frequently as compared to 

biologically but efforts are made to find micro-organisms which are capable 

of producing this amino acid. Kinoshita et al. (1957) studied that 

“fermentation processes for producing various other essential and non-

essential amino acids are very important. Since then, a number of 

microorganisms capable of producing amino acids have been isolated and 

the production of amino acids has become an important aspect of industrial 

microbiology”. “Amino acids such as lysine, threonine, isoleucine, and 

histidine have been produced successfully by different types of fermentation 

processes (Fan et al., 1988; Leuchtenberger, 1996; Okamoto et al., 2000; 
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Kircher and Pfefferle, 2001; Hermann, 2003). Efforts have been made to 

overproduce biologically active L-methionine using fermentation (Kase and 

Nakayama, 1975; Nakayama et al., 1978; Roy et al., 1984; Roy et al., 1989; 

Mondal et al., 1994), but no methionine fermentation has yet been 

commercialized” as studied by Kumar et al. (2003). Methionine can be 

naturally obtained from the various food sources (Table II). 

 “Methionine now a days is produced in industry either by chemical 

synthesis or by hydrolyzing proteins. Both of these processes are very 

expensive. Chemical synthesis produces a mixture containing D- and L-

methionine, from which only L-form is used by humans (Mannsfeld et al., 

1978; Leuchtenberger, 1996).  Process of hydrolysis of proteins results into a 

complex mixture from which methionine is separated. This mixture of 

methionine which is chemically synthesized results in isomers which are 

then resolved by using continuous flow bioreactors containing fungal 

enzymes aminoacylases (Tosa et al., 1967). The chemical production of 

mixture is harmful and unfavourable process as it requires on dangerous 

chemicals such as methyl mercaptan, ammonia, acrolein and cyanide” as 

reported by Fong et al. (1981). 
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 “L-methionine is synthesized either by enzymatic synthesis (bioconversion 

of precursors), or it can be synthesized by microbial production involving 

fermentation process like submerged fermentation using microorganisms. L-

methionine is enzymatically produced by the cleavage of N-acyl-DL-

methionine using enzymes amino acylases” by Chibata et al. (1957). In 

genetic engineering attempts have been made to modify the methionine 

producing genes and transfer them to micro-organisms to over produce 

amino acids like methionine, cysteine and lysine. Tokuyama and Hatano 

(1996) studied “insertion of the gene for N-acylamino acid racemase from 

Amycolaptosis sp. TS-1-60 in Escherichia coli and observed continuous 

production of L-methionine in high yield”. Yamashiro et al. (1988) reported 

that “bioconversion of DL-5-substituted hydantoins into L-form of amino 

acids including methionine by a rod Bacillus brevis and its mutants”. 

Wagner et al. (1996) reported that “bioconversion of DL-5-(2-

methylthioethyl)-hydantoin into methionine with 90% yield by resting cells 

of the mutant strain DSM 9771”. Morinaga et al. (1982) used “resting cells 

of ribulose-monophosphate pathway-type methylotroph strain OM 33 and 

serine pathway-type methylotroph Pseudomonas FM 518 to catalyze the 

formation of methionine from DL-homocysteine and methanol. Although the 
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existing enzymatic processes achieve good yields, they require expensive 

substrates and fermentation media”.  

“Methionine is an essential amino acid that is required in the diet of humans 

and other animals. Methionine is sulfur containing essential amino acid and 

was first isolated in 1922 from casein and belongs to a group of compounds 

called lipotropics, the other members in this group include choline, inositol, 

and betaine. Methionine important in the process of methylation where 

methyl is added to compounds as well as it is a precursor to the amino acid 

cysteine. It helps in the breakdown of lipids and hence prevents the build-up 

of fat in the arteries, as well as assisting with the digestive system and 

removing heavy metals from the body as it can be converted to cysteine, 

which is a precursor to glutathione, which is of prime importance in 

detoxification in the liver” as stated by Ruckert et al. (2003). 

This amino acid is also a great antioxidant as the sulfur it supplies 

inactivates free radicals. It may also be used to treat depression, arthritis pain 

as well as chronic liver disease. Other studies also indicate that methionine 

might improve memory recall. It is also one of the three amino acids which 

are needed by the body to manufacture creatine monohydrate, a compound 
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essential for energy production and muscle building (Sharma and Gomes, 

2001). 

“Plant proteins are mostly deficient in methionine and consequently an 

exclusively vegetable diet may fail to meet nutritional requirements by body. 

Methionine deficiency is connected to development of various diseases and 

physiological disorders including toxemia, childhood rheumatic fever, 

muscle paralysis, loss of hair, depression, schizophrenia, Parkinson's liver 

deterioration, and impaired growth (Rose, 1938). Methionine deficiencies 

can be overcome by supplementing the diet with methionine and, therefore, 

methionine is of significant importance. In April 2000, the Complementary 

Medicines Evaluation Committee (CMEC) recommended that L-methionine 

is suitable for use as an ingredient in therapeutics and does not require any 

substance-specific restrictions on its use” as reported by Parcell (2002).  

“Amino acid methionine is frequently used in the poultry and livestock 

industry (Tabor et al., 1958; Neuvonen et al., 1985; Funfstuck et al., 1997; 

Campbell, 2001). Fermentation processes have become a common practice 

for over production of amino acids now a days as it is ceaper and easier than 

other processes for commercial production of methionine and other essential 
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amino acids (Pham et al., 1992; Umerie et al., 2000)” as reported by  

Odunfa et al. (2001). 

Breuille and Obled (2000) studied that “cysteine (abbreviated as Cys or C) 

sis an α-amino acid with the chemical formula HO2CCH(NH2)CH2SH. 

Amino acid cysteine can be found in many proteins throughout the body. N-

acetyl-L-cysteine (NAC), a modified form of cysteine, helps break down 

mucus and also detoxify harmful substances in the body. Both cysteine and 

NAC have been shown to increase levels of the antioxidant glutathione in 

body”. 

“Antioxidants are substances that capture free radicals which damage 

compounds in the body that alter cell membranes, tamper with DNA, and 

even cause cell death. Free radicals occur naturally in the body, but 

environmental toxins (including ultraviolet light, radiation, cigarette 

smoking, and air pollution) can also increase the number of these damaging 

particles. Free radicals are believed to be involved in the aging process as 

well as the development of a number of health concerns like heart disease 

and cancer. Antioxidants such as glutathione can neutralize free radicals and 

may reduce or even help prevent some of the damage they cause” as 

reported by Quig (1998). 
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Cysteine also has the ability to breakdown proteins found in mucous that 

accumulate in the lungs. As a result, this amino acid may be useful in the 

treatment of bronchitis and other respiratory problems (Puerto et al., 2002). 

Fruton and Simmonds (1965) studied “that lysine is an essential amino acid 

and is considered as a basic building block of all proteins. This nutrient was 

first discovered in 1889 from casein. Lysine is an essential amino acid that is 

well known for its antiviral properties. It helps prevent outbreaks many viral 

diseases like herpes and cold sores. This amino acid is needed for hormone 

production and the growth and maintenance of bones in both children and 

adults. Lysine is involved in the production off antibodies for a strong, 

healthy immune system that is why it is so effective at fighting herpes 

viruses”.  

“Lysine also helps prevent the body’s absorption of the amino acid arginine, 

which the herpes virus must have in order to multiply. Studies have shown 

that taking supplemental L-lysine in combination with vitamin C and 

flavonoids effectively fight and prevent herpes outbreaks. Results of a six-

month trial involving more than 50 people indicated that lysine is far more 

effective than a placebo in prevention of cold sores. Lysine supplements 

have also been used to prevent eruptions of shingles, a blistering condition 
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that is caused by the herpes varicella-zoster. Lysine also helps herpes and 

cold sores heal more quickly. This amino acid promotes the formation of 

both collagen and muscle protein, and may help speed recovery from 

surgery and sports injuries as well. Lysine is one of the essential amino 

acids, which means it cannot be manufactured in the body and must be 

obtained from other sources (Rivera, 2001).  

Cheese, eggs, fish, lima beans, milk, potatoes, red meat, soy products, and 

yeast are good sources of amino acid lysine. Most people get enough lysine 

from their diet/food, but there have been recorded cases of lysine deficiency, 

particularly in those that have a diet low in protein or eating disorder. A 

lysine deficiency may include symptoms of bloodshot eyes, hair loss, 

concentration inability, irritability, lack of energy, poor appetite, 

reproductive disorders, retarded growth, and weight loss. People suffering 

from conditions caused by any form of herpes virus may benefit greatly 

from lysine supplementation, but should first consult their healthcare 

professional; most nutritionally oriented physicians will combine lysine 

therapy with conventional antiviral medications such as acyclovir or 

valacyclovir. Lysine supplements are available in stand-alone supplements 

or in combination of supplements, particularly those marketed for treatment 
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of herpes outbreaks. It comes in the form of tablet, capsule, powder, and 

liquid.  

Normal dose of lysine is from 0.5gm to 1.0gm/day is sufficient in capsules. 

While for herpes infection, dosage is 6gm/day to remove deficiency and to 

remove symptoms of this disease. Doses of more than 10 grams each day 

may cause stomach cramps or diarrhea. In very large doses (10 to 30 grams a 

day), lysine increases the toxicity of aminoglycoside antibiotics, such as 

gentamicin, neomycin, and streptomycin” as studied by Tosaka and 

Takinami (1986). 

Methionine, lysine, threonine and isoleucine are the members of aspartate 

family of amino acids and are of great importance. “The biosynthesis 

pathways of amino acids of this family have been reported by Stadtman et 

al. (1961), Yugari and Gilvarg (1962), Rowbury (1964), Patte and Bros 

(1967), Umbarger (1969) and Morinaga et al. (1996). Details of methionine 

biosynthesis have been studied (Flavin, 1975; Kinoshita, 1985; Jetten and 

Sinskey, 1995; Sahm et al., 1995; Malumbres and Martin, 1996 and Hwang 

et al., 1999). The complete metabolic pathway for methionine biosynthesis 

in E. coli was reported by Wijesundra and Woods (1962) and Rowbury and 

Woods (1961)”.  
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Flavin et al. (1964) studied “biosynthesis of methionine in Salmonella 

typhimurium. Regulation of methionine biosynthesis in Corynebacterium 

was reported by Kase and Nakayama (1975) and in Brevibacterium flavum 

by Ozaki and Shiio (1982). Auger et al. (2002) discussed methionine 

biosynthesis and its regulation in other bacterial strain Bacillus subtilis. 

Ruckert et al. (2003) studied the pathway for the biosynthesis of L-

methionine in Corynebacterium glutamicum using genome sequences”. 

The pathways of methionine biosynthesis in various microorganisms have 

many common features. Even though microorganisms use different 

biosynthetic routes, most bacteria and fungi synthesize methionine and 

excrete this amino acid in the medium.  

“Typically, aspartate is converted to 4-phospho-aspartate by aspartate kinase 

and then oxidized by aspartaldehyde dehydrogenase to form aspartate semi-

aldehyde. The latter is oxidized by homoserine dehydrogenase to produce 

homoserine. Alternatively, aspartate semi-aldehyde is converted to 

dihydropicolinate by dihydropicolinate-synthase, leading to the formation of 

lysine. From homoserine, one metabolic path leads to methionine while 

another leads to threonine and subsequently to isoleucine. Homoserine 

undergoes condensation with succinyl CoA to produce O-succinyl 
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homoserine. The enzyme responsible for this reaction in E. coli is 

homoserine O-succinyltransferase. Most bacteria produce O-

succinylhomoserine as an intermediate. In contrast, most fungi and some 

bacteria (e.g. Bacillus and Corynebacterium) produce O-acetylhomoserine 

instead of O-succinylhomoserine”  as described by Flavin (1975). 

“Formation of methionine from O-acetyl homoserine occurs in two possible 

metabolic pathways (Fig. 2). Either homocysteine forms through 

cystathionine (e.g. in some enteric bacteria and fungi such as Neurospora 

crassa), or acetyl homoserine is directly converted to homocysteine by O-

acetyl homoserine (thiol)-lyase ”  as studied by Kerr and Flavin (1970).  

Morinaga et al. (1982) “made similar observations for the facultative 

methylotroph Pseudomonas FM 518. This microorganism possesses 

activities of both enzymes, β-cystathioninase and O-acetyl homoserine 

sulfhydrilase. Cystathionine is synthesized from O-succinyl homoserine and 

cysteine using the enzyme cystathionine γ-synthase (Flavin et al., 1964). 

This is reversible step and requires pyridoxal phosphate as a cofactor. 

Cystathionine is then cleaved to homocysteine, pyruvate and ammonia by 

cystathionine-β-lyase, a pyridoxal phosphate-dependent enzyme (Rowbury 

and Woods, 1964). The methionine biosynthetic pathway in B. flavum 
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involves formation of O-acetylhomoserine from homoserine by the action of 

homoserine O-acetyltransferase and direct formation of homocysteine from 

O-acetylhomoserine by the O-acetylhomoserine sulfhydrylase (AHS) 

reaction (Ozaki and Shiio, 1982)”. 

Hwang et al. (2002) reported “the presence of two parallel pathways, the 

trans-sulfuration pathway and direct sulfhydrylation pathway, for 

methionine biosynthesis in C. glutamicum and related coryneform bacteria 

such as C. lactofermentum and B. flavum. In the case of trans-sulfuration, 

cysteine serves as the sulfur donor for the reaction with O-acetyl-L-

homoserine resulting in L-cystathionine as described for E. coli (Smith, 

1971). In the case of direct sulfhydrylation, inorganic sulfide is used for the 

formation of O-acetyl-L-homoserine as described for Leptospira meyeri 

(Belfaiza et al., 1998)”. 

“Both cysteine and homocysteine can be synthesized directly from reduced 

sulfur, or by the interconversion of these two metabolites. Thiolation 

pathways directly incorporate sulfide into O-acetylserine or O-

acetylhomoserine to produce cysteine or homocysteine, respectively. These 

reactions are catalyzed by an enzyme O-acetylserine thiolyase (Kredich, 

1987), or by an O-acetylhomoserine thiolyase (Yamagata, 1989). 
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Saccharomyces cerevisiae (Thomas and Surdin-Kerjan, 1997) and bacteria 

such as B. flavum (Ozaki and Shiio, 1982) and L. meyeri (Belfaiza et al., 

1998) can synthesize homocysteine by thiolation. The trans-sulfuration 

pathways allow the interconversion of homocysteine and cysteine via the 

intermediary formation of cystathionine (Fig. 3).  

The amino acid homocysteine is synthesized from cysteine is the only means 

of trans-sulfuration in enteric bacteria (Greene, 1996). In E. coli, this 

requires the sequential action of cystathionine γ-synthase, the metB gene 

product, and cystathionine β-lyase, the metC gene product (Duchange et al., 

1983). Homocysteine on methylation by homocysteine S-methyltransferase 

leads to the formation of methionine (Bourhy et al., 1997). The methylation 

of homocysteine by homocysteine S-methyltransferase may be vitamin B-12 

dependent or independent, but 5-methyltetrahydrofolate (a polyglutamate 

derivative) acts as a methyl donor in both the cases” as studied by Kung et 

al. (1972). 

“Three different pathways of D and L-diaminopimelate and L-lysine 

synthesis are studied in prokaryotes Fig.4). Determinations of the 

corresponding enzyme activities in bacterial strains Escherichia coli, 

Bacillus subtilis, and Bacillus sphaericus proved the fact that in each of 
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these bacteria only one of the possible pathways operates. However, in 

Corynebacterium glutamicum activities are present which allow in principle 

the use of the enzyme dehydrogenase variant and succinylase variant of 

lysine synthesis together. Applying gene-directed mutagenesis, various C. 

glutamicum strains were constructed with interrupted ddh gene. These 

mutants have an inactive dehydrogenase pathway but are still prototrophic, 

which is proof that the succinylase pathway of D,L-diaminopimelate 

synthesis can be utilized” as described by Archer et al. (1991).  

 

Nakayama and Araki (1973) studied that “in strains with an increased 

number of precursors to D,L-diaminopimelate, the inactivation of the 

dehydrogenase pathway resulted in a reduced formation of lysine, with 

concomitant accumulation of N-succinyl-diaminopimelate in the cytosol up 

to a concentration of 25 mM. These data show (i) that both pathways can 

operate in C. glutamicum for D,L-diaminopimelate and L-lysine synthesis, 

(ii) that the dehydrogenase pathway is not essential, and (iii) that the 

dehydrogenase pathway is a prerequisite for handling an increased flow of 

metabolites to D,L-diaminopimelate”. 
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“Improvement of strain to increase its productivity is dependent on 

comprehensive information of metabolic pathways, their regulation and 

control.  

Genetic engineering is now a powerful alternative way to mutagenesis for 

obtaining overproducers (Sahm et al., 1995)” as studied by Sahm et al. 

(2000). “Furthermore, use of genetic engineering eliminates the need for 

isolating the useful mutant from the many nonuseful ones that are generated 

by classical mutagenesis (Kalinowski et al., 2003). Methionine production 

by microorganisms can be improved by modifying methionine biosynthesis 

pathway and changing its regulatory mechanism. This involves transforming 

or transducing the host (Corynebacterium or Brevibacterium sp.) with 

homoserine-activating enzymes, homoserine acetyltransferase or homoserine 

succinyltransferase gene fragment and sulfur incorporating enzyme (e.g. O-

succinylhomoserine-(thiol)-lyase or O-acetylhomoserine-(thiol)-lyase) gene 

fragment. The transformants are recovered and an exogenous sulfur source is 

provided to the cells for producing methionine” as studied by Genencor, 

(1993). 
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Sahm et al. (1995) reported that “many genes from biosynthetic pathways 

leading to aspartate-derived amino acids in C. glutamicum have been cloned, 

analyzed and identified by heterologous complementation of E. coli mutants 

and, in the homologous system by conferring an amino acid analogue 

resistance. By cloning and expressing the various genes of the L-lysine 

pathway in C. glutamicum, an increase in the flux of L-aspartate 

semialdehyde to L-lysine has been obtained in bacterial strains with 

increased dihydrodipicolinate synthase activity. By combined over 

expression of deregulated enzymes aspartate kinase and dihydrodipicolinate 

synthase, the L-lysine secretion was increased by 10–20%. Yield of 

methionine can also be increased similarly by metabolic flux engineering 

and cloning technique.  

A poly-methionine DNA fragment containing plasmid that was transformed 

into a parent yeast cell CB89, enhanced the methionine production in 

comparison to simple plasmid transfer (Halasz et al., 1995). Similarly, E. 

coli containing a DNA inversion gene showed hypersecretion of amino acids 

phenylalanine, methionine and tyrosine (Fotheringham, 1994)”. Sahm et al. 

(1995) observed that “C. glutamicum strains do not secrete amino acids 

through passive diffusion but via specific active carrier systems. This 

secretion carrier has a strong influence on the overproduction of different 
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amino acids. For constructing really good overproducers by gene 

engineering, both the synthesis and export machinery must be modified. 

Commercial production of most amino acids involves auxotrophic, 

regulatory or auxotrophic regulatory mutants” as reported by Low et al., 

1996). All regulatory mechanisms such as feedback inhibition and 

repression require the end product to operate. If one of the steps in the 

biosynthesis of the amino acid is blocked, the regulatory system will not 

work until the blocked step is released and the cell will produce the 

intermediate in excess causing accumulation before the blocked step 

(Lourenço and Camilo, 2002; Garattini, 2000).  

Auxotrophic mutants are generally useful for the production of intermediate 

metabolite of the straight chain pathway but they can also be useful for the 

production of branched pathway amino acids such as lysine, threonine and 

methionine. Mostly, analogue resistant regulatory mutants have been 

assessed for producing methionine, it would be better to use auxotrophic 

regulatory mutants because then methionine itself will not inhibit or repress 

its own production”. Mondal et al. (1994) reported that “a methionine-

resistant mutant of B. heali produced 13 mg/l methionine, whereas lysine 
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and threonine auxotrophic regulatory mutants of the same bacterium 

produced 25.5 g/l methionine. 

Regulatory mutants are generally used for producing amino acids. Roy et al. 

(1984) used a multi-methionine analogues resistant mutant (regulatory 

mutant) for the production of methionine. Such overproducer mutants for 

methionine can be isolated using analogues of methionine.  

Analogues inhibit growth of the wild type strain in minimal media. In the 

past, the prevailing view was that these analogues inhibited growth by 

incorporating into proteins and thereby producing non-functional proteins. 

This may occur in some instances, but in vast majority of the cases, the 

major cause of inhibition appears to be that the analogues mimic the way the 

amino acid regulates its own production. Thus, analogues may bind to the 

allosteric or the product site of the enzyme or may bind effectively to the 

repressor and consequently shut down the pathway for the synthesis of that 

particular amino acid. Analogues inhibit growth by starving the cell of the 

particular amino acid. Therefore, amino acid analogues act as pseudo-

feedback inhibitors or repressors, thereby inhibiting or repressing the 

synthesis of the corresponding amino acid. Only mutants having resistance 

to analogues overproduce corresponding amino acid (Kumar et al., 2003).  
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These mutants are able to resist the analogues either because of an alteration 

in the structure of the enzyme or an alteration in the enzyme formation 

system. In the case of methionine, analogues such as ethionine, seleno-

methionine, norleucine, and methionine hydroxamate have been used to 

develop methionine-overproducing strains (Kase and Nakayama, 1975;  

Mondal et al., 1994)”.  

Since the 1950s the production of amino acids by fermentative methods has 

become a very important part of industrial microbiology, which leads to 

numerous studies to understand and improve the metabolic conditions 

driving to amino acid overproduction. In addition to a brief historic 

background of Coryneform bacteria, the various strategies used for strain to 

study the mechanism of production of different amino acids (Theorda and 

Bustard, 2005).  

Amino acids over production at commercial level by bacteria is achieved by 

fermentation. Different wild and mutant strains of bacteria isolated from 

different natural sources are used in microbial fermentation of amino acids. 

Some wild strains of Corynebacterium glutamicum and Bacillus sp. are used 

for over production of different amino acids particularly lysine (Auger et al., 

2002). 
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In the 1950s Corynebacterium glutamicum was found to be a very efficient 

producer of amino acid -glutamic acid. Since then biotechnological 

processes with bacteria of the species Corynebacterium developed to be 

among the most important in terms of tonnage and economical value. -

glutamic acid and -lysine are major products nowadays. -valine, -

isoleucine, -threonine, -aspartic acid and -alanine are among other amino 

acids which are produced by Corynebacteria. Applications range from feed 

to food and pharmaceutical products. The growing market for amino acids 

produced with Corynebacteria led to significant improvements in bioprocess 

and downstream technology as well as in microbiology and molecular 

biology. During the last decade many attempts were made to increase the 

productivity and to decrease the production costs. Significant improvements 

in bioprocess technology including repeated fed batch or continuous 

production are established. Bioprocess technology itself was improved 

furthermore with the use of more sophisticated feeding and automatisation 

strategies (Hiroshi et al., 2008). 

Amino acids produced by the bacteria are excreted in broth and are 

accumulated in the medium. Amino acid production by bacteria is analyzed 

by different techniques. Amino acid analysis refers to the methods used to 

determine the amino acid composition or content of proteins, peptides, and 
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other pharmaceutical preparations by micro-organisms. The amino acid 

producing strains were also characterized using morphological and 

biochemical tests (Seeley and Van Demark, 1987; Benson, 2002). In the 

present study nine bacterial strains were selected as best producers of amino 

acids particularly lysine, methionine and cysteine out of more than 500 

bacterial strains. These bacterial strains can be used for over production of 

amino acids particularly cysteine, methionine and lysine. 

A common property of microorganisms i.e. being widely used for 

biotechnological purposes, solute secretion has been relatively poorly 

studied in terms of biochemistry. Among the metabolic concepts which may 

be applied to explain the physiological meaning of metabolite secretion, 

mainly two concepts are dealt with, that is the so-called 'overflow 

metabolism' on the one hand and the situation where non-metabolizable 

intermediates are accumulated and finally secreted on the other (Sen, 1991).  

Amino acids secretion under particular metabolic conditions and in 

particular strains of bacteria is mediated (i) by diffusion, (ii) by the 

participation of amino acid uptake systems, and (iii) by the use of specific 

secretion systems. These concepts are applied to amino acid secretion in 

Corynebacterium glutamicum, and supported by detailed studies on the 

mechanism and regulation of the secretion of lysine, isoleucine and 



 31

glutamate by C. glutamicum (Kramer, 1994). Many solutes play key role in 

amino acids production and improve the production of these amino acids by 

microbial fermentation (Fennema, 1996; Park, 2006; Sakami and 

Harrington, 1963).  

The studies on amino acids production by different bacterial strains were 

undertaken with the aim of producing these amino acids particularly lysine, 

cysteine and methionine from locally isolated bacteria. Amino acids are of 

great nutritional importance in food. In general, the world at present is 

confronted with the serious problems of food and nutrition deficiencies. 

Increased demand of proteins has led the research workers to search for un-

conventional sources of proteins and amino acids. One of the un-

conventional sources for producing amino acids is micro-organisms 

particularly bacteria which are capable of over producing amino acids. These 

bacteria are isolated from different natural sources. Research workers are 

using different known bacterial cultures to obtain morphologically produced 

amino acids.  Japan and USA and other countries are already ahead in this 

field of research (Leuchtenberger, 1996). 

The research workers prefer bacteria among other micro-organisms to study 

amino acids production due to the reason that bacteria excrete peptides and 

free amino acids in clture broth. Dagley et al. (1950) worked on Escherichia 
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coli and Aerobacter aerogenes for amino acid production while Perlman 

(1958) studied several species of Streptomyces.  

Recently many research workers have isolated different amino acids from 

the bacterial culture broths (Khan et al., 2006). Anderson and Jackson 

(1958) carried out work on 81 bacterial strains for production of lysine and 

its contents in bacterial proteins which was more than 10%. The findings of 

his research work showed that the amino acids can not only be obtained 

from culture broths but also from proteins present in bacterial cell. 

The amino acid industry is arising as one of the most developing and 

prominent industries now a days. The amino acid industry provides idea of 

selection and manipulation of microorganisms for producing a marketable 

product. It also provides some insight into unforeseen problems that may 

exist in large industries. 

The amino acid business is a multi-billion dollar enterprise today as all 

twenty amino acids including essential and non-essential are sold in greatly 

different quantities in today’s market. Amino acids are used as animal feed 

additives (lysine,methionine, threonine), some are flavor enhancers 

(monosodium glutamic, serine, aspartic acid) and  yet others are used in the 

medical field. Amino acids glutamic acid, lysine and methionine account for 

the majority, by weight, of amino acids sold. Glutamic acid and lysine are 
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made by mostly microbial fermentation; methionine is made in major by 

chemical synthesis. The major producers of amino acids are Japan,the US, 

South Korea, China and Europe.  

 

Many microbe-based industries have their origins that are of hundreds or 

thousands of years. The amino acid industry has its roots in food preparation 

particularly in Japan. Seaweeds had been used there for so many years and 

in other Asian countries it is used as a flavoring ingredient. 

 

In Pakistan, microbial production of amino acids has not been much 

exploited. Pakistan imports amino acids and there is need to explore the 

ways to utilize natural resources available locally to produce these amino 

acids on commercial scale.  

Currently methionine and cysteine are not synthesized on commercial level 

in Pakistan. In Pakistan these amino acids are imported from various 

countries including China, Malaysia, Spain and Germany. China has become 

a very strong importer of amino acid methionine. L-methionine is widely 

used for poultry and livestock industry, pharmaceuticals, as feed additives as 

well as it is well known for its role as methylating agent.  
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According to recent market report, the annual requirement of amino acid 

methionine is 60,000 metric tons. Government of Pakistan is spending 1800 

dollars per metric tons annually. The requirement and expenses for cysteine 

are almost same. Cysteine is commonly used in food industry as antioxidant 

in bread and fruit juices. Cysteine is also used for flavouring soft and fresh 

bread. This amino acid combines with different sugars and produces a 

seasoning with a pleasant meat flavor. Cooked meals and light snacks are 

prepared using cysteine for vegetarians. Cosmetic Industry also has great 

demand of cysteine. Cysteine is used in hair perming process. 

This amino acid also used as ingredient in food supplements. Conventional 

pharmaceuticals also require cysteine. Cysteine plays valuable role in 

combat with diseases like coughs and even mucoviscidosis. There is also a 

great demand for non-animal derived amino acids, as building blocks in 

pharmaceuticals. 

In the present work, the aim was to isolate amino acids methionine, cysteine 

and lysine producing bacterial strains which can produce these amino acids 

on commercial scale. Particularly methionine and cysteine were the targets 

as these are not yet been produced on commercial level in Pakistan. Nine 
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bacterial strains have been isolated during this study which can be grown in 

different fermentation media for commercial production of amino acids 

particularly cysteine, methionine and lysine. Out of these nine strains, MM9 

produced 10g/litre methionine in fermentation medium FM6 which is 

glucose based medium while amino acid cysteine was produced in 

significant amount of 8.76g/litre in FM8 medium by bacterial strain MM5. 

FM8 is urea based fermentation medium.5g/l lysine was produced by MM6 

in FM9 which is also urea based medium. These bacterial strains and 

fermentation media can be used at commercial level for production of these 

three amino acids. 
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MATERIALS AND 
MEHTODS 

 
 

 
Bacteria were isolated from different natural sources which include water, 

soil, milk, honey and sewage. Clean, sterile capped bottles were used to 

avoid any contamination while collecting and transporting the samples to 

laboratory. 

 

Preparation of medium 

For isolation of bacterial CFUs (colony forming units) from samples, the 

primary medium used was Nutrient agar and LB agar (Merck). The medium 

was dissolved in distilled water and autoclaved at 121ºC and 15lb pressure 

for 15-20 minutes. The autoclaved medium was poured in petri plates in 

laminar flow to avoid any contamination (Benson, 2002).  

 

Sampling from Soil 

The soil samples were collected from area of sugar factories near Lahore and 

Pattoki and from stables in Shahdara, Lahore.  
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One gram of soil was mixed in 10ml of distilled autoclaved water in capped 

bottles in laminar flow. Then this mixture was filter sterilized using filter 

paper in order to make mixture soil particles free. The filtrate was spread on 

already prepared agar plates. These plates were incubated at 37 ºC for 

overnight. The visibly isolated colonies were picked and streaked on fresh 

agar plates to obtain pure culture of bacterial strains. The plates were again 

incubated overnight at   37 ºC. 

 

Sampling from Water  

Water samples were taken from different crop fields’ water channels at 

depth of at least 12 inches (Rand et al., 1976). The water samples were 

collected in clean, sterile capped bottles. These samples were then processed 

for isolation of amino acid producing bacteria. The water samples were 

passed through filter papers to remove dust particles. This filtrate was spread 

with the help of L- shape spreader on agar plates and incubated overnight at 

37 ºC. The isolated colonies were picked and streaked on fresh agar plates 

and again incubated at 37 ºC for overnight. 
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Sampling from Milk 

Fresh milk samples were collected in clean sterile capped bottles and these 

samples were immediately brought to laboratory to avoid spoiling of milk 

samples. The milk samples were spread on agar plates and incubated at 37 

ºC for overnight. Visible isolated colonies were picked and streaked to 

obtain pure culture of bacterial isolates. 

 

Sampling from Honey 

Honey samples were collected from different localities of Lahore which 

include shahdara and University of the Punjab. As honey is thick and 

viscous it was diluted with distilled autoclaved water. 1ml of honey was 

diluted in 10ml of water (1:10ml). Then it was evenly spread on agar plates 

and incubated at 37 ºC for 24 hours. The isolated bacterial colonies obtained 

were streaked on new agar plates and again incubated. 

 

Sampling from Sewage 

Sewage samples were collected in sterile capped bottles. These samples 

were spread on agar plates and isolated colonies were obtained after 

overnight incubation at 37 ºC. Visible bacterial colonies were picked and 

streaked on new agar plates.   
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Screening for amino acid producing bacterial strains 

For initial and primary isolation of those bacterial strains with capacity to 

produce amino acids basic media were used (Table III). These media contain 

sources of carbon, nitrogen which are essential for amino acid synthesis. 

These primary media are used in different research studies for primary 

screening of amino acid producing bacteria. Addition of calcium salt 

(CaCO3) in medium was to prevent drop of pH (below 4.8). CO3 has 

buffering effect in medium while NaCl salt was also added in medium 

because some bacteria like Streptomyces sp. and Staphylococcus sp. are 

halophiles and show growth in high sodium chloride salt concentrations 

(Kanouni et al., 1998; Khan et al., 2006; Hassan et al., 2003). First the 

screening was carried out on more than 500 bacteria isolated from different 

natural sources. These bacterial strains were grown in basic growth media 

containing the compounds essential for amino acids synthesis. Bacterial 

strains which produced amino acids in reasonable quantities using 

qualitative and quantitative methods were separated from others. The amino 

acids which were studied in particular were methionine, cysteine and lysine. 

The bacterial strains which synthesized and released these three amino acids 

in the culture medium were proceded for further studies. 
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Table III: Basic media for screening of amino acid producing bacterial 

strains 

 

Basic Media Ingredient 

(g/l) BM1 BM2 BM3 BM4 

Glucose 10 01 20 - 

Peptone - 10 - 01 

Beef extract 01 02 - - 

Yeast extract - - 05 02 

NaCl - - - 2.5 

CaCO3 - - 10 - 

 

 

Fermentation media used for over production of amino acids 

A number of fermentation media were prepared for enhancing the 

production of amino acids particularly methionine, cysteine and lysine by 

bacterial strains selected after screening. These media contained all the 

essential ingredients required for amino acids biosynthesis. Some of these 

fermentation media had agricultural industrial wastes like molasses and corn 

steep liquor which are easily available and are key ingredient in some 
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fermentation media. Other fermentation media contained glucose as major 

carbon source. Some fermentation media were urea based having urea as 

major nitrogen source. These fermentation media were prepared and 

sterilized at 121ºC and 15lb pressure for 15-20 minutes. The initial pH of 

most of the fermentation media was kept neutral, while others were slightly 

acidic in order to observe the tendency to bacterial strains to produce amino 

acids in media of different pH. In some fermentation media the pH was 

neutralized using calcium carbonate. 

The fermentation media FM1, FM2, FM3, FM4, FM5, FM6, and FM7 

Tables IV & V) were basically glucose based fermentation media. In these 

media glucose is the key source of carbon.  
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Table IV: Fermentation media for over production of amino acids 

Sr.No. Ingredient FM1 FM2 FM3 FM4 
1 Glucose 

 
0.2g 0.2g 50g 30g 

2 Na2SO4 
 

1.0g - - - 

3 KH2PO4 
 

1.0g 1.0g 0.5g 3.0g 

4 MgSO4.7H2O 
 

0.1g 1.0g 0.2g - 

5 NH4Cl 
 

5.0g 5.0g - 1.0g 

6 NH4NO3 
 

1.0g - - - 

7 K2HPO4 
 

3.0g 3.0g - - 

8 Na2H2PO4 
 

- 1.0g - - 

9 NaNO3 
 

- 1.0g - - 

10 Peptone 
 

- - 2.0g - 

11 Meat extract  
 

- - 2.0g - 

12 *CaCo3 
 

- - 3.0g - 

13 (NH4)SO4 
 

- - 2.0g - 

14 Phenol red  
 

- - 0.015g - 

15 CaCl2 
 

- - - 0.003g 

16 NaCl 
 

- - - 2.0g 

17 Water  1000ml 1000ml 1000ml 1000ml 
 pH 7.0 7.0 7.2 7.0 

 
*CaCO3 was added after sterilization of medium 
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Table V: Fermentation media for over production of amino acids 

Sr.No. Ingredient FM5 FM6 FM7 FM8 
1 Glucose 

 
27g 40g 30g 5.0g 

2 
 

Urea  - - - 8.0g 

3 K2SO4 20g 
 

- - - 

4 KH2PO4 
 

- 0.5g 2.0g 0.5g 

5 MgSO4.7H2O 
 

5.0g 0.3g - 0.2g 

6 MnSO4.H2O 
 

0.4g - - - 

7 (NH4)2HPO4 20g 
 

- - - 

8 NH4H2PO4 20g 
 

- - - 

9 FeSo4.7H2O 
 

0.2g - - - 

10 Peptone 
 

- - - 2.0g 

11 Meat extract  
 

- - - 2.0g 

12 *CaCo3 
 

- - 20g - 

13 (NH4)2SO4.7H2O 
 

- - 10g - 

14 Phenol red  
 

- - - 0.015g 

15 Yeast  
Extract 

 1.0g - - 

16 MgCl2.4H2O 
 

- - 10mg - 

17 FeSO4.4H2O   10mg - 
18 Water  1000ml 1000ml 1000ml 1000ml 

 pH 7.0 7.0 7.2 7.0 
*CaCO3 was added after sterilization of medium 
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Table VI: Fermentation media for over production of amino acids 

Sr.No. Ingredient FM9 FM0 FM1 FM12 
1 Urea  

 
8.0g 10g 5.0g 5.0g 

2 Glucose 
 

15g 20g 1.0g 10g 

3 KH2PO4 
 

0.5g 0.5g - - 

4 MgSO4.7H2O 
 

0.2g - 0.2g 0.2g 

5 Citric acid 
 

- 0.1g - - 

6 EDTA 
 

- 0.1g - - 

7 K2HPO4 
 

- 0.5g 0.5g 0.5g 

8 (NH4)3PO4 
 

- - - 3.0g 

9 Yeast extract 
 

- - 3.0g 1.0g 

10 Peptone 
 

- - 2.0g - 

11 Meat extract  
 

2.0g - - - 

13 (NH4)SO4 
 

- 0.3g - - 

14 L-Leucine 
 

- 0.8g - - 

15 CaCl2 
 

- 0.05g - - 

16 
 

Water  1000ml 1000ml 1000ml 1000ml 

 pH 7.2 7.2 7.2 7.0 
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Table VII: Fermentation media for over production of amino acids 

Sr. 
No. 

Ingredient FM13 FM14 FM15 FM16 

1 Molasses 
 

20g 15g 10g 20g 

2 Meat extract 
 

 5.0g 5.0g - 

3 KH2PO4 
 

0.5g 0.5g - 0.5g 

4 MgSO4.7H2O 
 

0.3g 0.2g - 0.2g 

5 (NH4)3PO4 
 

-  3.0g - 

6 NH4NO3 
 

-  1.0g - 

7 K2HPO4 
 

0.5g  - 0.5g 

8 (NH4)2SO4 
 

-  - 3.0g 

9 Peptone 
 

-  5.0g 10g 

10 Yeast extract  
 

-  - 2.0g 

11 *CaCo3 
 

10g  - - 

12 (NH4)3SO4 
 

- 2.0g - - 

13 NaCl 
 

- 2.5g - - 

14 
 

Water  1000ml 1000ml 1000ml 1000ml 

 pH 7.0 7.0 7.2 7.0 
 
*CaCO3 was added after sterilization of medium 
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Table VIII: Fermentation media for over production of amino acids 

Sr.No. Ingredient FM17 FM18 FM19 FM20 
1 Corn steep 

liquor 
 

15g 25g   

2 Urea  
 

5.0g - - - 

3 KH2PO4 
 

- - 0.5g - 

4 MgSO4.7H2O 
 

0.2g 0.2g 0.25g 10mg 

5 (NH4)2PO4 
 

5.0g 5.0g - - 

6 Glycerol  
 

- 5.0g - - 

7 K2HPO4 
 

0.5g 0.5g 0.5g - 

8 (NH4)2SO4 
 

- - 20g - 

9 ZnSO4.H2O 
 

- - 1.0mg - 

10 CuSO4  
 

- - 0.2mg - 

11 *CaCo3 
 

- - 20g - 

12 Glucose 
 

- - 40g - 

13 Biotin 
 

- - 0.2mg 50µg 

14 Thiamin.HCl 
 

- - - 200 µg 

15 FeSO4.7H2O 
 

- - - 10mg 

16 Water  1000ml 1000ml 1000ml 1000ml 
 pH 7.0 7.0 7.2 7.0 

 
*CaCO3 was added after sterilization of medium 
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Fermentation media FM8, FM9, FM10, FM11, and FM12 (Tables V & VI) 

are urea based fermentation media in which urea is the key source of 

nitrogen used for over production of amino acid. Fermentation media based 

on molasses were also used to produce amino acids by different bacterial 

strains. The molasses are industrial waste and very easy to obtain yet very 

important source of carbon. The fermentation media FM13, FM14, FM15 

and FM16 (Table VII) contain molasses. 

Few other fermentation media were also prepared containing vitamins e.g 

biotin and other amino acids like leucine, threonine and other salts which 

could influence the production of amino acids by bacterial strains (Table 

VIII). 
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Table IX: Fermentation medium for over production of amino acids 
(FM 21) 
 

Sr. 
No. 

Ingredient  
 

Concentration 

1 Glucose 20g 
 

2 Citrate.Na2H2O 1.14g 
 

3 CaCl2 55mg 
 

4 MgSO4.7H2O 200mg 
 

5 FeSO4.7H2O 20mg 
 

6 NaCl 1.0g 
 

7 K2HPO4 8.0g 
 

8 KH2PO4 1.0g 
 

9 Threonine 150mg 
 

10 Leucine 100mg 
 

11 Biotin 0.5mg 
 

12 Thiamin.HCl 1.0mg 
 

13 Water  1000ml 
 

 pH 6.0 
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Table X: Fermentation medium for over production of amino acids (FM 
22) 
 

Sr. 
No. 

Ingredient  
 

Concentration 

1 Glucose 30g 
 

2 Na2S2O3 15g 
 

3 KH2PO4 2.0g 
 

4 NH4Cl 10g 
 

5 MgCl2.4H2O 1.0g 
 

6 FeSO4.7H2O 10mg 
 

7 MnCl2.4H2O 10mg 
 

8 *CaCO3 20g 
 

9 Ampicillin 10mg 
 

10 Leucine 10mg 
 

11 Glycine  10mg 
 

12 Tryptophan 10mg 
 

13 Water 1000ml 
 

 pH 7.0 
 
*CaCO3 was added after sterilization of medium 
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Table XI: Fermentation medium for over production of amino acids 
(FM 23) 
 

Sr. 
No. 

Ingredient  
 

Concentration 

1 Glucose 15g 
 

2 (NH4)2SO4 20g 
 

3 *CaCO3 20g 
 

4 Corn steep 
liquor 

100g 

5 KH2PO4 1.0g 
 

6 MgSO4.7H2O 0.4g 
 

7 FeSO4.7H2O 0.01g 
 

8 MnSO4.4H2O 6.0mg 
 

9 Biotin 300µg 
 

10 Thiamin.HCl 500µg 
 

11 Pantothenic 
acid 

0.01g 
 

12 Water  1000ml 
 

 pH 7.6-8.0 
 

*CaCO3 was added after sterilization of medium 
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Table XII: Fermentation medium for over production of amino acids 
(FM 24) 
 

Sr. 
No. 

Ingredient  
 

Concentration 

1 Glucose 150g 
 

2 Citric acid 1.0g 
 

3 MgSO4.7H2O 0.6g 
 

4 FeSO4.7H2O 5.0mg 
 

5 NaCl 2.0g 
 

6 CaCl2 0.1g 
 

7 K2HPO4 4.0g 
 

8 KH2PO4 2.0g 
 

9 Leucine 0.15g 
 

10 Biotin 0.1mg 
 

11 Thiamin.HCl 0.2mg 
 

12 Water  1000ml 
 

 pH 7.6 
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Fermentation of amino acids   

The screened bacterial strains were inoculated in 100ml of each fermentation 

medium in 250ml conical flasks. The flasks were incubated at 37± 7 ºC in 

shaker at 125 rpm for maximum 96 hours. After every 24 hours the sample 

was taken and cells were harvested. The harvest pH of each sample was 

noticed every time.  

 

Analysis of amino acids 
 
 
 Five ml of fermented broth was taken after every 24 hours centrifuged at 

4000-5000rpm/2500xg for 10minutes, to separate supernatant containing 

amino acids. The supernatant was membrane filtered (0.45µm pore size) to 

make it cell free. The pellet was dried by keeping the pellet on filter paper at     

70 ºC for 48 hours. The dried pellet was weighed to determine cell mass. 

 
The amino acids were analysed both qualitatively and quantitatively. Paper 

chromatography was used for qualitative analysis of amino acids. Whereas 

acidic ninhydrin method (colorimetric method) was used (Chinard, 1952) for 

quantitative analysis. 
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Qualitative analysis: Paper chromatography 

Lederer and Laderer (1957) were followed for paper chromatography. 

0.03M standard solutions of amino acids were prepared for purpose of 

chromatography. 

 n-butanol: acetic acid: water (4:1:1) was added in a chromatographic 

rectangular glass jar. 50µl of standard amino acids and samples were loaded 

on the chromatographic paper (Whatmann I/Desaga Nr. 2045). The standard 

solutions of amino acids used were methionine, cysteine, lysine, tryptophan, 

glutamic acid, valine, glycine.  The chromatographic tank papers were 

irrigated vertically in solvent system (n-butanol: acetic acid: water) for few 

hours until the solvent traveled the distance on filter paper upto a certain 

point. Then the papers were air dried and sprayed with 0.1% ninhydrin 

solution (0.1g/100ml of ethanol), later dried at 60-80ºC for 10 minutes to get 

purple spots of amino acids. The results were confirmed by comparing Rf 

values of samples with those of the standard amino acids. 

The Rf value was calculated by the following formula 

                                Rf = Distancance traveled by amino acid   
                                       Distance traveled by solvent system  
The distance was measured from the point where the amino acid was loaded 

till the point where solvent was ended. 
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Quantitative analysis: Acidic-ninhydrin method 

 
Amino acids are quantitatively determined by reaction with ninhydrin with 

the formation of carbon dioxide and aldehyde (Walter and Keith, 1952). 

Certain amino acids such as ornithine and lysine were reported by Chinard 

(1952) to give colored products when heated with ninhydrin in solution. 

Work (1957) developed a method for the quantitative estimation of  Lysine, 

methionine, cysteine and other amino acids were determined in culture 

supernatants by the acidic-ninhydrin assay method.  

 

Preparation of ninhydrin reagent 

100ml of Ninhydrin reagent (100ml) was prepared by mixing 16ml of 0.6M 

(58.8g/litre) phosphoric acid, 64ml of glacial acetic acid and 1g of ninhydrin 

(Sigma).  

 

Amino acids estimation (colorimetric method)  

 To 50µl of culture supernatant added 550µl of ninhydrin reagent in 5ml 

screw capped pyrex tubes.  Known concentrations of standard solutions of 

amino acids were prepared in same way. The tubes were heated for one hour 

in 100ºC water bath. After that tubes were cooled at room temperature and 

1600µl of glacial acetic acid was added in these tubes. Optical density was 



 55

recorded at 600nm for lysine, 365nm for cysteine and 480nm for methionine 

and 460nm for valine (Figures 5-9). Standard curves were prepared by 

taking known concentration of different amino acids and determining their 

O.D values as described above. 
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Fig.5.Cysteine standard curve                     Fig.6.Methionine standard curve 

0 100 200 300 400 500

0.0

0.2

0.4

0.6

0.8

A
60

0n
m
/A

U
)

Lysine concentration (µg/50µl)

 B
 Data1B

                   

0 100 200 300 400 500

0.0

0.2

0.4

0.6

0.8

1.0

A
44

5n
m
/A

U

Valine concentration (µg/50µl)

 B
 DATA1B

 

Fig.7.Lysine standard curve                         Fig.8.Valine standard curve 
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Fig.9.Glutamic acid standard curve 
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Glycerol stock preparation 

For the preservation of selected amino acid producing bacterial strains, 

glycerol stocks were prepared, for which bacterial cultures were grown in 

LB broth or nutrient broth at 37ºC±7 for 16 hours. Then 0.5ml of culture 

broth was added in vials containing sterilized 500µl glycerol. The glycerol 

stocks were preserved at -20 ºC. 

 

Characterization of amino acid producing bacterial 

isolates 

Selected amino acid producing strains were characterized by Gram staining, 

endospore staining, acid fast staining and motility test. 

Gram’s staining 

 The fixed smear was then stained with crystal Violet (900mg 

Ammonium Oxalate in 80ml distilled water; 2g of crystal violet in 

20ml of 90% ethanol) for 30 seconds and washed with distilled water. 

Then it was treated with Gram’s iodine solution for 10 seconds. Smear 

was washed with decolorizer for 10-15 seconds then washed with 

water, Safranin (2500mg of safranin in 100ml distilled water) was 
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added for 30-60 seconds. Slides were washed with water, dried and 

observed under the microscope (Benson, 2002).  

 

Endospore staining 

“For endospore staining, the culture was smeared on sterilized glass slide. It 

was air dried and then passed over flame three to five times to fix the smear. 

Smear was covered with small piece of paper towel and was saturated with 

malachite green (5g Malachite green in 100ml of distilled water). Smear was 

steamed over boiling water for five minutes. Slide was cooled, the paper 

towel was removed and rinsed with water for 30 seconds. Safranin was 

added to it for 2 minutes. It was again washed and blot dried. Then it was 

observed under microscope at 100X under oil immersion. Presence of green 

coloured spores indicated positive result” (Benson, 2002). 

 

Acid Fast staining (ZIEHL NEEL method) 

A thin smear was prepared on slide. The slide was kept over boiling water 

and covered with carbol fuchsin stain. smear was decolorized for 15-20 

seconds. Smear was stained with methylene blue for 30 seconds. Slide was 

washed with water, dried and observed under microscope (Benson, 2002). 
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Motility test 

Motility test medium is jelly like medium. The culture was inoculated by 

stabbing and put in incubator for over night. Growth along line of stab 

showed +ve result. 

 

Biochemicals tests 

Different tests were used to identify and characterize the amino acid 

producing bacterial cultures which included catalase test, oxidase test, 

hydrolysis of gelatin test, Starch test, Casein test, carbohydrate fermentation 

test,  TSI test, MRVP test, citrate test, urease test, Indole test, H2S test, 

nitrate reduction test and MacConkey test. 

 

Catalase test 

Catalase test is used to determine the ability of some micro-organisms   to 

degrade hydrogen peroxide by producing the enzyme   catalase (Cappucino 

and Sherman, 1996). A small amount of culture was placed on slide and 

mixed with one drop of 10% hydrogen peroxide solution. Production of gas 

bubbles indicated a positive test. 
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Urease test 

Urease test was performed according to Benson (2002) “is useful in finding 

those bacteria who degrade urea by means of enzyme urease. Presence of 

purple colour gave positive test”.  

 

 

Gelatin hydrolysis 

This test is used to demonstrate the hydrolytic activity of enzyme gelatinase. 

The medium used was nutrient gelatin (gelatin 4g, beef extract 3g, trypton 

5g in 1000ml of distilled water). The medium was inoculated and then 

incubated for 48 hours. Tubes were chilled in ice water. The hydrolysed 

gelatin remained liquid. The tubes in which no hydrolysis occurred were 

frozen. 

 

 

 

Carbohydrate fermentation test 

According to Benson (2002), the principle of this is that some 

microorganisms ferment carbohydrates with the production of an acid or gas.  

The medium was phenol red broth. Culture was inoculated and incubated at 
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37°C for 24 hours. Yellow colour indicated a positive test for production of 

acid (pH 6.8) for gas production, gas bubbles in durham’s tubes were seen. 

Reddish pink colour stood for negative result for alkaline reaction (pH 8.4). 

 

Litmus milk test 

As described by Cappucino and Sherman (1996), “the principle is to 

differentiate among microorganisms that enzymatically transform different 

milk substrate into metabolic end products. The medium used was Litmus 

milk broth. After incubation, change in colour of medium was noted”.  

 

TSI test 

Triple sugar iron test is designed to differentiate among different groups or 

genera of enterobacteriaceae (Seeley and Van DeMark, 1981). The culture 

was inoculated by means of stab and streak. Incubated at 37°C for 24 hours. 

Red slant and yellow butt indicated glucose fermentation. Yellow slant and 

butt indicated sucrose fermentation. Red slant and butt or no change 

indicated no fermentation. 

Methyl red-Voges Proskauer test 
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This test is important for the identification of Gram –ve, non spore forming 

rods and some species of Bacillus (Seeley and Van DeMark, 1981).The 

medium used was MR-VP broth medium.  

Citrate test 

As described by Benson (2002), this test is based on the ability of micro-

organisms to use their citrate as their only source of carbon and ammonia as 

their only source of nitrogen.  

 

Hydrogen sulphide test 

The medium used for the detecting hydrogen sulphide production by 

different bacteria as described by Seeley and VanDeMark (1981). Kliger 

iron medium was used for this test.  

 

Starch test 

For testing the starch hydrolyzing ability of both aerobic and anaerobic 

bacteria, starch agar medium was used which contains 3g Starch in 1000ml 

of Distilled water. Then Gram’s iodine solution was poured on plates. Clear 

zone around the growth showed positive result (Benson, 2002). 
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Casein hydrolysis test 

Skim milk agar medium was prepared by dissolving 4g of skim milk, 2g of 

tryptophan, 1g yeast extract, 400mg glucose and 6g agar in 400ml of 

distilled water. The plates were streaked in the center. Plates were incubated 

at 37ºC for 16-24 hours. A clear zone around indicated a +ve result (Seeley 

and Van DeMark, 1981).  

 

Nitrate reduction test 

For this test the medium used contained 2g of peptone, Yeast extract 1g, 

500mg NaCl, 0.5ml  of 2% potassium nitrate in 1000ml of distilled water. 

7.4 pH was adjusted for medium. 500µl medium was added in each test tube, 

inoculated and incubated overnight. After 24 hours, 0.25ml of reagent 1 

(500mg sulphanilic acid in 100ml distilled water and 30ml Glacial 

CH3COOH was added to it) and 0.25ml reagent 2 (200mg cleves acid in 

120ml distilled water on heating in water bath and then by adding 30ml 

Glacial acetic acid). Red colour sindicated positive result (Benson, 2002). 

 

Blood agar test 

As these are amino acid producing strains, so it was important to check that 

these strains are pathogenic or not. Nutrient agar (2.8g) was dissolved in 
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100ml distilled water and autoclaved. When temperature of this medium 

dropped down to 50°C, 5ml of non-coagulated blood was added to it. It was 

then poured in plates and streaked with isolates. The plates were incubated at 

37°C for 24 hours (Cheesebrough, 1993).  

 

MacConkey agar test 

MacConkey agar medium was prepared by dissolving 5g MacConkey agar 

in 100ml distilled water. It was then autoclaved and poured in plates. The 

plates were streaked with bacterial isolates and kept at 37°C for 24 hours. 

Appearance of pink colonies showed positive result (Cheesebrough, 1993). 

 

Ribotyping 

Bacterial strains are identified by determining nucleotide sequencing of 16S 

rRNA. First step in ribotyping is genomic DNA isolation. 

 

Genomic DNA isolation  

For genomic DNA isolation different reagents were prepared which were; 

SET buffer (20% sucrose, 50mM Tris HCl (pH 7.6) and 50mM EDTA), 

TEN buffer was prepared by mixing 10mM Tris HCl (pH 7.6)1mM 
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EDTA10mM NaCl,  Lysozyme (10mg/ml in TEN buffer), 5M solution of 

sodium chloride and 25% solution of SDS (sodium dodecyl sulphate).  

Buffered phenol was prepared by melting phenol at 60-65ºC and equal 

volume of 0.5M Tris Cl (pH 8.0) was added. The mixture was stirred slowly 

on magnetic stirrer for one hour. After one hour the stir was stopped and the 

upper layer was discarded. Again equal volume of 0.5M Tris Cl (pH 8.0) 

was added and this mixture was put on magnetic stirrer for overnight. Next 

day the upper layer was removed and equal volume of 0.1M Tris Cl (pH 8.0) 

was added and the stir process was repeated again and again until the pH of 

the mixture became 7.5-7.8 which was checked with the help of pH paper. 

At the end 0.1M Tris Cl (pH 8.0) was added for storage of buffered phenol. 

For preparation of Tris Cl, 1M solution of Tris Cl 121.1g of Tris Cl was 

dissolved in 800ml of distilled water. pH was adjusted to 8.0 by adding 42ml 

of conc. HCl. Then the solution was allowed to cool down at room 

temperature. After making up the solution up to 1 litre the mixture was 

autoclaved at 121ºC and 15lb pressure. 0.5M solution of Tris Cl was 

prepared by dissolving 60.55g Tris Cl in 1 litre of water and 0.1M solution 

was prepared by dissolving 12.11g Tris Cl in 1 litre of water.   
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Procedure of genomic DNA isolation 

The bacterial cultures were inoculated in 100ml nutrient broth and incubated 

at 37ºC for overnight. After overnight incubation the broth culture was 

centrifuged at 6500 rpm at 4ºC for 5 minutes. The supernatant was 

discarded. The pellet was washed with 20ml of TEN buffer and it was mixed 

by vortex. The mixture was centrifuged at 65oo rpm at 4 ºC for 5 minutes. 

Again discarded the supernatant and 10ml of SET buffer was added and 

mixed by vortex. 1ml of lysozyme was added and this mixture was 

incubated at 37 ºC for 30 minutes. After incubation 500µl of 25% SDS 

solution and 10ml of TEN buffer was added. Tubes were inverted until the 

lysis occurred and the tubes were again incubated at 60 ºC for 15 minutes.  

After removing from incubator the tubes were cooled at room temperature 

and 500µl of 5M NaCl was added. Then the mixture was treated with equal 

volume of buffered phenol and chloroform mixture (1:1). The tubes were 

centrifuged at 6500 rpm for 5 minutes. The top layer was separated and 

transferred to new tube. Equal volume of chloroform was added in the tubes. 

Again the tubes were centrifuged at 6500 rpm for 5 minutes and again the 

top layer was separated and transferred to new tubes. Double volume of ice 

chilled 100% ethanol or propanol. Then these tubes were refrigerated  

overnight to precipitate DNA.  
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Next day the tubes were centrifuged at -4 ºC for 10m minutes. Top layer was 

discarded and the pellet was washed with 70% ethanol twice and then tubes 

were dried and 500µl of TE buffer was added for DNA storage. The DNA 

was stored at -20 ºC. 

 

Gel electrophoresis  

To check that whether the samples contain isolated genomic DNA or not, gel 

electrophoresis was done. 1% agarose gel was prepared by dissolving 1g 

agarose in 100ml of 1X TAE buffer. The agarose was dissolved in 1X TAE 

buffer by heating it. After cooling it at room temperature, added 2µl of 

ethidium bromide. This mixture was poured in gel plate and a comb was put 

in the gel plate. The gel plate was placed at plane surface to make the gel 

smooth and uniform.  

20 µl of sample was taken in eppendorfs. 5 µl of 1X loading dye was added. 

The samples were kept on ice while processing. DNA ladder and the 

samples were put in the wells of gel plate. The gel was run in 1X TAE buffer 

at 80V for one hour. 
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PCR of isolated DNA 

Polymerase chain reaction (PCR) was carried out in a thermocycler for 35 

reaction cycles (Figure IX). Total volume of reaction mixture was 50 µl. 

initial denaturation was done at 94ºC for 5 minutes. Then at 48 ºC for 1 

minute for universal primer (optimization) and a 72 ºC for 1 minute and final 

extension at 72 ºC for 10 minutes.  Amplified products were resolved by gel 

electrophoresis in 1% agarose gel in 1X TAE buffer (Tris base 4g, glacial 

acetic acid 57.1ml and 0.5M EDTA 100ml, pH 8.0, maintain pH 8.5 and up 

to 1000ml with distilled water and autoclave it) for one hour at 80V and 

visualized by UV trans-illuminator. 
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Table XIII: Final concentration and volume of PCR reaction mixture 

components 

 

Sr. 

No. 

Components Final 

Concentration 

Vol./Reaction

1 PCR water  30.6µl 

2 10X PCR buffer 1X 5 µl 

3 25mM MgCl2 1.5mM 4 µl 

4 dNTPs 200µM 4 µl 

5 Un1 

(AAACYAAAKGAATTGACGG) 

50 µM 1 µl 

6 Taq DNA polymerase 2.5U 0.4 µl 

7 DNA isolated 1µg 4 µg 

 Total volume  50 µl 
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Denaturation with respect to temperature and time (conditions for 

PCR) 

Temperature: 

94ºC          94 ºC                                        72 ºC         72 ºC 

_______________ 

Time: 

5min.         30sec.                                      1min.            5min. 

 

 

 

                                         50 ºC                                                         4 ºC/25ºC 

   

                                        30 ºC 

 

 PCR reaction cycle 
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Sequencing of PCR products 

After purification, the samples were sequenced by sequencer (GMI, Inc. 

6511Bunker lake blvd. Ramsay, Minnesota, 553030 USA). 

 

DETERMINATION OF OPTIMUM GROWTH 

CONDITIONS 

Optimum growth conditions for each isolate were determined. Two 

parameters i.e, temperature and pH were studied. 

 

Determination of optimum temperature 

LB broth (5ml) was added in four sets, each of five test tubes for each strain 

and autoclaved. It was then inoculated with 20µl of fresh culture of each 

isolate. The four sets of test tubes were incubated at 25°C, 30°C, 37°C and 

40°C for 10-12 hours. After 12 hours the Optical Density (O.D) was taken at 

600nm. A graph was plotted between Temperature on X-axis and Optical 

density along Y-axis. The graph determined optimum temperature for each 

isolate. 
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Determination of optimum pH 

LB broth (5ml) was added in four sets, each of five test tubes for each strain. 

The pH of medium was adjusted at 5.5, 6.6, 7.0 and 8.0 and then autoclaved. 

It was then inoculated with 20µl of fresh culture of each isolate and 

incubated at 37°C. After 12 hours the Optical Density (O.D) was taken at 

600nm. A graph was plotted between pH on X-axis and Optical density 

along Y-axis. The graph determined optimum pH for each isolate. 

 

Growth curve 

The 100ml of nutrient broth was inoculated with loop full of bacterial 

cultures and incubated at 37 ºC. After every 24 hours the sample was taken 

and centrifuged at 5000 rpm for 10 minutes. The samples were taken after 

24, 48, 72 and 96 hours. The supernatant was discarded and the pellet was 

placed in incubator at 70 ºC for two days in order to dry it. On the basis of 

weight of pellet in g/litre the growth curve was made for each amino acid 

producing bacterial strains.  
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RESULTS 

 
 

 From 510 bacterial strains isolated, 100 were isolated from water, 250 were 

isolated from soil, 50 from milk and 60 and 50 from honey and sewage 

(Table XIV). 

 

Bacterial isolates from water sample 

Out of 100 water samples, only 25 were found to produce amino acids. The 

amount of amino acids produced particularly cysteine, methionine and lysine 

was negligible. So none of these producers could be considered as best 

producers. 

 

Bacterial isolates from soil sample  

Out of 250 bacteria isolated from soil samples, 289 produced different 

amino acids. Of these 5 produced significant amount of cysteine, methionine 

and lysine (Tables XVI, XVII and XVIII). Out of 75.6% producer strains, 

2% showed significant production of amino acids. 24.4% bacteria did not 

produce amino acids. 
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Bacterial isolates from milk sample 

From fresh milk sample 50 bacterial strains were isolated. Only 5 were 

found to be producers of amino acids. None of them was able to produce 

cysteine, methionine and lysine in significant amount (Table XIV). Only 

10% strains showed amino acids production and it was non-significant. 

 

Bacterial isolates from honey sample 

Among 60 bacterial isolates, 23 were found to be producers of amino acids, 

and only two of these produced cysteine, methionine and lysine (Table 

XIV). 38.33% bacterial isolates were found to be producers and percentage 

of non-producers was 61.67%, while 3.33% produced amino acids cysteine, 

methionine and lysine in significant amount. 
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Table XIV: Amino acids producing and non-amino acids producing 

bacterial strains isolated from different sources 

 

Source  Total no. of 
bacterial 
isolates 

Producers Non-
producers

Best 
producers

Water 
 

100 25 75 - 

Soil  
 

250 189 61 05 

Milk 
 

50 05 45 - 

Honey 
 

60 23 37 02 

Sewage 
 

50 20 30 02 

Total  
 

510 262 248 09 

 
 
 
Bacterial isolates from sewage sample 

From sewage samples 50 bacterial isolates were selected to study their 

ability to produce amino acids. Twenty isolates were able to produce amino 

acids. Only 2 out of 50 were able to produce amino acids in significant 

amount and thus were further investigated (Table XIV). The producers were 

40% of total, whereas the best producers was 4%. 
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Out of a total of 510, overall 262 strains produced different amino acids. Of 

these only 9 produced cysteine, methionine and lysine in large quantities. 

The overall percentage of producers was 51.37% and that of best producers 

was 1.76% (Table XIV). 

 

Enhancement of amino acid production 

Different fermentation media were used to obtain maximum production of 

amino acids particularly cysteine, methionine and lysine. Nine bacterial 

strains which were found to be able to produce these amino acids in large 

amount in different fermentation media were selected. These strains were 

named as MM1, MM2, MM3, MM4, MM5, MM6, MM7, MM8, and MM9. 

One bacterial strain was selected which was unable to produce amino acids 

and it was named as MM-ctrl. Usually the amino acids produced by bacterial 

strains are in micro-grams/litre but some bacteria produce these amino acids 

in milligrams/litre and grams/litre and are considered as good producers 

(Table XV).  
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Table XV: Amino acids producing bacterial strains isolated from 
different sources during primary screening  
 

 
 
 

From soil the strains selected were MM1, MM3, MM4, MM6 and MM7. 

From honey samples the strains selected were MM8, MM9 and that from 

sewage samples were MM2, MM5. 

 

These nine bacterial strains were grown in glucose based, urea based, 

molasses based, corn steep liquor based and vitamins based media to check 

their capability of producing amino acids in large amount.  

 

 

Amino acids produced (per litre) Source  
10-
500µg 

501-
1000µg

1.1mg-
50mg 

50.1mg-
100mg 

100.1mg- 
999mg 

1gm or 
above 
 

Water 
 

25 - - - - - 

Soil  
 

52 40 26 37 19 05 

Milk 
 

05 - - - - - 

Honey 
 

30 15 05 05 03 02 

Sewage 
 

28 10 02 04 04 02 
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Identification and quantification of amino acids 

The amino acids produced by bacterial strains in different fermentation 

media were identified by their specific Rf values. Table XIX shows the 

significant amount of cysteine, methionine and lysine produced by nine 

bacterial strains in one litre culture medium, inoculated by 100µl of 

inoculum and incubated at 37±7ºC for 24 to 96 hours. 

 

These bacterial strains were cultured in 24 culture media, out of which in 11 

media, bacterial strains showed significant production of amino acids 

cysteine, methionine and lysing. These fermentation media were FM1, FM5, 

FM6, FM8, FM9, FM12, FM15, FM18, FM19, FM20, FM21, FM22 and 

FM23. 
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Table XVI: Amino acid cysteine produced (grams/litre) by bacterial 
strains in different fermentation media 
  
 

Strains (MM)  
Medium  1 2 3 4 5 6 7 8 9 Ctrl 
FM1 0.8 0.9 1.0 1.1 1.5 1.0 0.6 0.8 0.3 Nil 
FM2 0.5 0.2 0.7 1.9 0.3 1.0 0.7 0.9 0.6 Nil 
FM3 0.3 0.5 0.9 2.0 1.8 1.1 1.2 1.5 0.7 Nil 
FM4 0.6 0.7 1.1 2.0 3.2 0.6 0.8 0.8 1.0 Nil 
FM5 0.6 0.4 0.9 2.0 1.4 0.9 0.9 1.0 0.9 Nil 
FM6 2.3 0.4 4.5 2.1 1.8 1.4 1.1 1.0 0.9 Nil 
FM7 1.8 1.6 1.1 1.9 1.2 1.0 1.8 1.7 1.3 Nil 
FM8 0.3 0.5 0.3 0.6 8.8 1.3 0.6 0.9 0.2 Nil 
FM9 0.2 1.0 0.5 0.5 2.9 1.0 0.7 0.6 0.9 Nil 
FM10 0.5 0.6 0.6 0.3 3.0 0.7 0.3 0.2 1.5 Nil 
FM11 0.8 0.3 0.8 0.3 2.0 0.8 0.5 0.8 1.3 Nil 
FM12 0.3 0.6 0.7 0.5 3.5 1.0 0.6 0.4 1.9 Nil 
FM13 1.0 0.8 0.9 0.2 2.0 0.9 0.8 0.3 1.9 Nil 
FM14 1.0 1.2 1.8 2.0 2.9 1.0 1.8 1.87 1.1 Nil 
FM15 0.5 2.3 1.2 1.6 1.2 0.9 2.1 1.9 1.5 Nil 
FM16 0.8 0.5 0.6 0.6 0.8 0.9 1.2 1.0 1.9 Nil 
FM17 0.7 0.3 0.8 0.7 0.8 0.8 1.6 1.0 1.4 Nil 
FM18 0.2 0.5 0.3 0.1 0.7 0.8 0.6 0.6 0.9 Nil 
FM19 1.0 1.1 0.9 0.8 1.3 1.2 1.6 0.9 1.0 Nil 
FM20 0.4 0.2 0.7 0.8 0.2 0.4 0.2 0.5 0.9 Nil 
FM21 0.6 0.8 0.6 0.7 0.3 0.4 0.8 1.2 1.0 Nil 
FM22 0.6 1.9 2.0 1.2 1.7 0.9 1.9 1.2 0.9 Nil 
FM23 0.5 0.8 0.5 0.6 0.8 0.8 1.3 1.3 2.0 Nil 
FM24 0.7 0.4 0.8 0.9 0.5 0.7 1.4 1.2 0.9 Nil 
 
Ctrl = Control 
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Table XVII: Amino acid methionine produced (grams/litre) by bacterial 
strains in different fermentation media 
  
 

Strains (MM)  
Medium  1 2 3 4 5 6 7 8 9 Ctrl  
FM1 1.5 2.0 1.9 1.2 1.0 0.9 2.0 2.1 3.0 Nil 
FM2 2.3 1.5 5.4 6.9 4.0 2.5 2.3 2.2 2.9 Nil 
FM3 2.0 4.0 7.9 5.6 3.0 7.5 8.5 4.7 8.5 Nil 
FM4 0.6 0.8 2.7 1.7 1.2 4.4 2.1 3.2 1.5 Nil 
FM5 3.1 3.2 4.0 3.0 9.5 5.0 3.5 3.9 2.9 Nil 
FM6 2.1 6.8 9.8 9.9 7.9 9.5 5.5 9.9 10 Nil 
FM7 3.6 2.7 3.1 2.9 1.9 7.9 3.0 3.8 4.1 Nil 
FM8 5.8 1.6 7.6 7.5 9.7 9.9 3.4 3.0 3.1 Nil 
FM9 1.5 2.6 5.6 7.0 8.4 8.8 3.5 3.2 2.9 Nil 
FM10 2.0 2.3 3.4 4.9 7.2 7.9 4.0 3.0 2.3 Nil 
FM11 2.4 2.1 3.0 4.5 7.6 8.0 4.2 3.4 3.5 Nil 
FM12 1.5 1.0 5.2 4.0 7.9 7.8 4.0 2.1 3.2 Nil 
FM13 3.2 1.9 3.0 1.0 1.0 1.5 2.5 2.9 3.5 Nil 
FM14 1.0 2.0 4.0 2.9 0.5 4.0 2.0 3.6 6.0 Nil 
FM15 1.3 1.1 1.9 2.9 2.1 1.9 1.0 3.1 3.0 Nil 
FM16 1.0 7.8 1.8 1.9 2.0 2.0 2.3 3.0 3.0 Nil 
FM17 3.6 2.4 2.9 2.0 2.1 3.1 2.0 1.0 2.0 Nil 
FM18 2.0 1.9 1.9 3.1 7.9 3.0 2.5 2.3 2.4 Nil 
FM19 3.0 2.0 2.0 2.4 1.9 2.9 2.5 2.5 2.3 Nil 
FM20 3.0 1.3 1.8 2.0 2.0 1.6 1.9 2.8 2.1 Nil 
FM21 2.5 2.1 2.5 2.8 2.1 2.0 3.0 1.6 2.0 Nil 
FM22 0.9 1.9 1.9 1.2 1.5 1.9 2.1 2.0 1.9 Nil 
FM23 1.3 1.2 1.4 0.5 0.3 0.6 1.1 1.5 2.0 Nil 
FM24 2.5 1.2 1.6 2.1 0.9 0.3 1.7 1.5 0.8 Nil 
 
Ctrl = Control 
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Table XVIII: Amino acid lysine produced (grams/litre) by bacterial 
strains in different fermentation media 
  
 

Strains (MM)  
Medium  1 2 3 4 5 6 7 8 9 Ctrl  
FM1 1.5 2.0 1.9 1.2 1.0 0.9 2.0 2.1 3.0 Nil 
FM2 2.0 1.3 1.2 1.6 2.1 0.8 0.8 1.3 1.3 Nil 
FM3 1.0 1.4 1.4 1.3 1.5 1.0 0.5 0.8 1.0 Nil 
FM4 0.1 1.8 0.5 0.6 3.0 2.0 1.9 1.5 1.0 Nil 
FM5 1.0 0.3 0.9 1.3 1.0 1.2 2.3 1.2 1.9 Nil 
FM6 1.5 0.9 1.7 1.3 1.0 0.8 0.9 1.4 1.3 Nil 
FM7 1.8 0.9 1.1 1.1 1.2 1.0 1.8 1.7 1.2 Nil 
FM8 0.2 1.7 1.9 1.0 3.6 1.2 0.4 1.0 0.2 Nil 
FM9 0.3 0.5 0.9 1.3 5.0 1.0 0.8 1.0 0.2 Nil 
FM10 0.7 1.0 1.7 1.2 2.9 1.2 0.9 1.0 0.7 Nil 
FM11 0.3 0.5 1.6 0.6 3.8 1.2 0.6 1.0 0.9 Nil 
FM12 1.2 0.3 1.0 1.2 2.0 0.9 2.1 2.4 1.0 Nil 
FM13 0.9 1.0 1.1 2.0 3.0 1.0 1.1 1.8 1.3 Nil 
FM14 0.7 0.9 1.0 2.0 2.9 1.1 0.9 1.8 1.4 Nil 
FM15 1.6 0.8 1.6 1.2 1.0 0.9 1.0 1.1 1.0 Nil 
FM16 1.2 0.5 0.6 1.5 2.0 1.3 0.9 0.9 0.7 Nil 
FM17 1.6 1.0 0.8 1.0 1.1 1.3 1.0 2.0 0.7 Nil 
FM18 3.0 1.0 1.3 1.1 0.9 1.0 1.5 1.8 1.0 Nil 
FM19 3.4 3.0 2.8 2.2 2.1 1.9 1.4 1.7 1.0 Nil 
FM20 2.2 2.8 2.0 2.3 1.9 1.3 1.2 1.9 1.4 Nil 
FM21 3.1 2.0 2.9 1.9 1.4 1.0 0.7 0.5 1.2 Nil 
FM22 0.8 1.2 1.3 1.3 1.9 1.5 2.0 2.0 0.9 Nil 
FM23 1.5 1.1 1.0 0.9 0.5 0.8 1.6 1.8 1.9 Nil 
FM24 1.5 1.0 1.0 2.0 1.9 0.2 1.5 1.3 0.9 Nil 
 
Ctrl = Control 
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Table XIX: The amount of amino acids produced by different isolates 
after 96 hours of fermentation in different fermentation media 
 

Strain  
 
 

Cysteine 
(g/l) 

Methionine
(g/l) 

Lysine 
(g/l) 

pH 

MM1 
 

FM6 
(2.28) 
 

FM8 
(5.8) 

FM21 
(3.1) 

6.0, 6.0, 
6.1 

MM2 
 

FM15 
(2.3) 
 

FM16 
(7.8) 

FM19 
(3.0) 

6.9, 6.5, 
6.9 

MM3 
 

FM22 
(2.0) 
 

FM6 
(9.84) 

FM19 
(2.8) 

6.05, 6.7, 
6.9 

MM4 
 

FM6 
(2.1) 
 

FM6 
(9.96) 

FM21 
(2.9) 

5.89, 5.89, 
6.3 

MM5 
 

FM8 
(8.76) 
 

FM18 
(7.96) 

FM20 
(2.3) 

6.0, 6.8, 
7.0 

MM6 
 

FM8 
(1.26) 
 

FM6 
(9.5) 

FM9 
(5.0) 
 

6.02, 6.5, 
6.2 

MM7 
 

FM15 
(2.1) 
 

FM5 
(9.52) 

FM12 
(2.12) 

6.9, 6.9, 
6.5 

MM8 
 

FM15 
(1.99) 
 

FM6 
(9.98) 

FM12 
(2.43) 

6.9, 6.9, 
6.5 

MM9 
 

FM23 
(2.0) 
 

FM6 
(10) 

FM1 
(3.0) 

6.06, 7.0, 
7.0 
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Production of amino acids by bacterial strain MM1 in 

fermentation medium  

The bacterial strain MM1 was obtained from soil sample collected from the 

sugar factory area. MM1 strain was characterized by performing different 

morphological and biochemical tests. The identification of this strain was 

done by ribotyping.  This strain was identified as Bacillus subtilus. 

“B.subtilis is also known as hay bacillus or grass bacillus. B. subtilis is rod-

shaped bacterium which is Gram +ve and also catalase +ve. This bacterium 

posseses endospore which allow it to tolerate unfavorable environmental 

conditions.  

This strain has the ability to produce different amino acids including 

cysteine, methionine, lysine, glutamic acid and valine in different 

fermentation media. The lowest amount of cysteine produced by this 

bacterial strain in 11 fermentation media was 0.2g/l in FM18 (Table XVI), 

while the highest yield of cysteine by this strain was 2.28g/l in FM6 (Table 

XIX). Methionine was least produced in FM4 in which 0.62g/l was obtained 

(Table XVII), while FM8 showed maximum production of 5.8g/l by this 

bacterial strain (Table XIX). Amino acid lysine was produced in minimum 

amount of 0.17g/l in FM4 (Table XVIII), while the maximum production 
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was achieved in FM 21 by this bacterial strain which was 3.1g/l (Table 

XIX). The amount of glutamic acid and valine produced by B.subtilis strain 

was 1.0g/l and 0.2g/l respectively. The maximum amount of different amino 

acids was produced after 96 hours by this strain in different fermentation 

media and the harvest pH was 6.0-6.1 (Table XIX). The cost of FM8 

medium was Rs. 90.5/- for one litre of medium (Table XX). Urea 16.7/-, 

glucose 15.31/-, peptone 10.67/-, meat extract 25.98/-, KH2PO4 19.71/-, 

MgSO4.7H2O 0.34/- and phenol red 0.11/- per litre. 

 

TABLE XX: Cost and yield of fermentation media in which strain MM1 
showed maximum production of cysteine, methionine and lysine 
 

Yield of amino acids (g/l) Fermentation 

medium 

Cost of 

medium 

(per litre) 

Cysteine Methionine Lysine  

FM8 Rs. 90.5/- 2.28 

(max.) 

5.8 (max.) - 

FM21 Rs. 134.35/- - - 3.1 (max.) 

max.= maximum 
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Cost of FM21 medium was Rs. 134.35/- per litre. The cost of individual 

ingredients of this medium was glucose 51/-, citrate.Na.2H2O 0.4/-, CaCl2 

0.058/-, MgSO4.7H2O 11/-, FeSO4.7H2O 1.31/-, NaCl 39/-, K2HPO4 5.57/-, 

KH2PO4 11.14/-, threonine 1.5/-, leucine 1.2/-, biotin 1.4/- and thiamin.HCl 

11/- per litre of the medium. 

 

Production of amino acids by bacterial strain MM2 in 

fermentation medium  

Bacterial strain MM2 was isolated from sewage sample. This strain was 

identified as Bacillus sp.  Using different fermentation media, this strain 

produced  cysteine, methionine, lysine, glutamic acid and valine. The lowest 

amount of cysteine produced by this bacterial strain in FM11 fermentation 

media was 0.19g/l in FM2, while the highest yield of cysteine by this strain 

was 2.3g/l in FM15 (Table XVI). Methionine was least produced in FM11 in 

which 0.35g/l was obtained, while FM16 showed maximum production of 

7.8g/l by this bacterial strain (Table XVII). Amino acid lysine was produced 

in minimum amount of 0.5g/l in FM8, while the maximum production was 

achieved in FM19 by this bacterial strain which was 3.0g/l (Table XVIII). 

The amount of glutamic acid and valine produced by MM2 strain was 0.7g/l 

and 0.25g/l respectively. The maximum amount of different amino acids was 
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produced after 96 hours by this strain in different fermentation media and 

the harvest pH was 6.5-6.9 (Table XIX). The cost of different fermentation 

media in which this strain was cultured and the yield of respective amino 

acid in maximum amount was also observed (Table XXI). The cost of FM15 

was Rs. 121/- per litre (peptone 26.68/-, meat extract 64.96/-, KH2PO4 

19.71/-, NH4NO3 4.554/-, (NH4)3PO4 5/-). The cost of FM16 medium per 

litre was Rs. 276/- and cost of individual ingredients was peptone 129/-, 

yeast extract 108/-, K2HPO4  8.23/-, KH2PO4   19.71/-, MgSO4.7H2O 0.4/- 

and (NH4)2SO4 11/- per litre of the medium. For FM19 the cost was Rs. 

NH4SO4 73.56/-, K2HPO4  8.23/-, KH2PO4   19.71/-, MgSO4.7H2O 0.4/-, 

ZnSO4.H2O 0.1/-, CuSO4 0.2/-, biotin 0.55/-, glucose 102/-, CaCO3 10/- per 

litre. 

TABLE XXI: Cost and yield of fermentation media in which strain 
MM2 showed maximum production of cysteine, methionine and lysine 
 

Yield of amino acids (g/l) Fermentation 

medium 

Cost of 

medium 

(per litre) 

Cysteine Methionine Lysine  

FM16 Rs. 276/- - 7.8(max.) - 

FM15 Rs. 121/- 2.3(max.) - - 

FM19 Rs. 214.88/- - - 3.0(max.) 

max.= maximum 
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Production of amino acids by bacterial strain MM3 in 

fermentation medium  

MM3 strain was isolated from soil samples collected from areas near the 

sugar factory. MM3 was identified as Corynebacterium glutamicum. C. 

glutamicum is a small, non-motile and Gram +ve bacteria. It is found in soil. 

C. glutamicum is rod shaped and it lacks endospore. It is catalase positive 

and can ferment carbohydrates. This strain was among the nine strains which 

were thought to be the best producers of amino acids particularly cyteine, 

methionine and lysine. It also produced glutamic acid and valine in different 

fermentation media. The amount of glutamic acid produced was 0.3g/l while 

that of valine was 0.19g/l. In different fermentation media this strain showed 

range of amount of producing amino acids.  

The minimum amount of cysteine amino acid produced by this strain was 

0.32g/l in FM8 and the maximum amount of this amino acid was produced 

in FM22 which was 2.0g/l (Tables XVI). Amino acid methionine was 

produced in least amount by this bacterial strain in FM23 and amount was 

1.49g/l while maximum amount was produced in FM6 of 9.84g/l (Table 

XVII). Least amount of lysine produced was 0.5g/l in FM4 by MM3 and 

maximum amount produced was 2.8g/l in FM19 (Table XVIII). The cost of 

fermentation media FM6 was Rs. 304/-, FM19 214.88/- and for FM22 was 
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257.3 per litre (Table XXII). The individual cost of FM22 was glucose 

75.56/-, Na2S2O3 78/-, KH2PO4 9.5/-, NH4Cl 24/-, MgCl2.4H2O 2.9/-,  

FeSO4.7H2O 26/-, MnCl2.4H2O 30/- , CaCO3 10/-, ampicillin 0.5/-, 

leucine 0.2/-, glycine 0.2/- and tryptophan 0.2/- per litre. 

 

TABLE XXII: Cost and yield of fermentation media in which strain 
MM3 showed maximum production of cysteine, methionine and lysine 
 

Yield of amino acids (g/l) Fermentation 

medium 

Cost of 

medium 

(per litre) 

Cysteine Methionine Lysine  

FM6 Rs. 304.01/- - 9.84 

(max.) 

- 

FM19 Rs. 214.88/- - - 2.8 (max.) 

FM22 Rs. 257.3/- 2.0 (max.) - - 

max.= maximum 
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Production of amino acids by bacterial strain MM4 in 

fermentation medium 

Bacterial strain MM4 was obtained from soil sample and was identified as 

Streptomyces sp. which is the largest genus of group Actinobacteria and 

family Streptomycetaceae. Streptomyces is Gram +ve bacteria, it is 

frequently found in soil and in decaying vegetation. It is endospore 

containing bacteria. This strain was able to produce amino acids cysteine, 

methionine, lysine, glutamic acid and valine. The least amount of cysteine 

produced by this bacterial strain was 0.19g/l in FM18 while maximum 

amount produced was 2.1g/l in FM6 (Tables XVI). In FM23 0.5g/l 

methionine was produced by MM4 (Table XVII). Lysine was produced in 

minimum amount of 0.6g/l by this strain in FM11. Maximum amount of 

lysine produced by MM4 was in FM21 and it was 2.9g/l (Table XVIII). 

0.32g/l of glutamic acid and 0.3g/l of valine was also produced by this 

strain. The cost and yield of maximum amount of amino acids produced by 

this strain in FM6 and FM21 was studied (Table XXIII).  
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TABLE XXIII: Cost and yield of fermentation media in which strain 
MM4 showed maximum production of cysteine, methionine and lysine 
 

Yield of amino acids (g/l) Fermentation 

medium 

Cost of 

medium 

(per litre) 

Cysteine Methionine Lysine  

FM6 Rs. 304.01/- 2.21 

(max.) 

9.96 

(max.) 

- 

FM21 Rs. 134.35/- - - 2.9 (max.) 

max.= maximum 

 
 
Production of amino acids by bacterial strain MM5 in 

fermentation medium 

MM5 bacterial strain was isolated from sewage sample. MM5 strain was 

identified as Streptomyces sp. using biochemical tests and ribotyping 

technique. This strain showed maximum production of lysine in FM23, 

cysteine in FM8 and methionine in FM18. The amount of lysine, cysteine 

and methionine produced was 2.3g/l, 8.76g/l and 7.96g/l respectively. This 

strain showed maximum production of cysteine among nine strains (Fig.10). 

The minimum amount of cysteine produced by MM5 was 0.2g/l in FM20 

(Table XVI), methionine was least produced in FM23 and amount was 
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0.32g/l by MM5. Lysine was minimum produced in FM23 in amount of 

0.45g/l (Table XVIII).  

 The cost of fermentation media in which this strain showed significant 

production of amino acids was also calculated (Table XXIV).  

 
 
TABLE XXIV: Cost and yield of fermentation media in which strain 
MM5 showed maximum production of cysteine, methionine and lysine 
 

Yield of amino acids (g/l) Fermentation 

medium 

Cost of 

medium 

(per litre) 

Cysteine Methionine Lysine  

FM18 Rs. 304.01/- - 7.96 

(max.) 

- 

FM8 Rs. 90.5/- 8.76 

(max.) 

- - 

FM20 Rs. 160.844/- - - 2.3 (max.) 

max.= maximum 

 

The cost of FM20 was Rs. 160.844/- per litre (glucose 127.7/-, FeSO4.7H2O 

2.9/-, MnSO4.4H2O 6.68/-, biotin 1.392/- and thiamn.HCl 22.272/- per liter). 
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Production of amino acids by bacterial strain MM6 in 

fermentation medium 

Bacterial strain MM6 was isolated from soil samples collected from sugar 

factory area and was found to be member of family Enterobacteriaceae. It 

was identified as Escherichia coli. E. coli is a Gram –ve bacteria which is 

facultative anaerobic. This bacterium lacks endospores. This strain showed 

maximum production of lysine among nine isolated strains after 96 hours 

and the amount produced was 5.0g/l (Fig.10). This amount was produced in 

FM9 while least amount of lysine produced by this strain was 0.2g/l in 

FM24 (Table XVIII). The minimum amount of cysteine (0.35g/l) and 

methionine (0.29g/l) produced was in media FM20 and FM24 respectively 

(Table XVI). The maximum amount of cysteine and methionine and cost of 

fermentation media in which these amino acids were produced is shown in 

Table XXV. FM9 medium cost was Rs. 108.746/- per litre. The ingredient 

cost of this medium was urea 16/-, glucose 38/-, meat extract 25/-, KH2PO4 

19.71/- and MgSO4.7H2O 0.4/- per litre. Glutamic acid and valine produced 

were 0.5g/l and 0.21g/l respectively.  
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TABLE XXV: Cost and yield of fermentation media in which strain 
MM6 showed maximum production of cysteine, methionine and lysine 
 

Yield of amino acids (g/l) Fermentation 

medium 

Cost of 

medium 

(per litre) 

Cysteine Methionine Lysine  

FM6 Rs. 304.01/- - 9.5 (max.) - 

FM8 Rs. 90.5/- 1.26 

(max.) 

- - 

FM9 Rs. 108.746/- - - 5.0 (max.) 

max.= maximum 

 
 

Production of amino acids by bacterial strain MM7 in 

fermentation medium  

The bacterial strain MM7 was obtained from soil sample collected from the 

sugar factory area.  This strain was also identified as C.glutamicum. The 

bacterial strain MM7 has the ability to produce different amino acids like 

cysteine, methionine, lysine, glutamic acid and valine in different 

fermentation media. The lowest amount of cysteine produced by bacterial 

strain in fermentation media was 0.22g/l in FM20 (Table XVI), while the 
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highest yield of cysteine by this strain was 2.1g/l in FM15 . Methionine was 

least produced in FM15 in which 1.0g/l was obtained, while FM5 showed 

maximum production of 9.52g/l by this bacterial strain (Table XVII). Amino 

acid lysine was produced in minimum amount of 0.38g/l in FM8 , while the 

maximum production was achieved in FM12 by this bacterial strain which 

was 2.12g/l (Table XVIII). The amount of glutamic acid and valine 

produced by MM1 strain was 0.8g/l and 0.4g/l respectively. The maximum 

amount of different amino acids was produced after 96 hours by this strain in 

different fermentation media and the harvest pH was 6.5-6.9 (Table XIX). 

The cost of FM5 was Rs. 103.3/- and that of FM21 was 134.35/- per litre  

(Table XXVI).  

 
TABLE XXVI: Cost and yield of fermentation media in which strain 
MM7 showed maximum production of cysteine, methionine and lysine 
 

Yield of amino acids (g/l) Fermentation 

medium 

Cost of 

medium 

(per litre) 

Cysteine Methionine Lysine  

FM5 Rs. 103.3/- 2.28 

(max.) 

5.8 (max.) - 

FM21 Rs. 134.35/- - - 3.1 (max.) 

max.= maximum 
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Production of amino acids by bacterial strain MM8 in 

fermentation medium 

MM8 was identified as B.subtilis and was isolated from honey sample 

collected from local areas of Lahore. This strain showed maximum 

production of lysine in FM12, cysteine in FM15 and methionine in FM6. 

The amount of lysine, cysteine and methionine produced was 2.43g/l, 

1.99g/l and 9.98g/l respectively (Table XIX). The minimum amount of 

cysteine produced by MM8 was 0.2g/l in FM10, methionine was least 

produced in FM17 and amount was 1.0g/l by MM8. Lysine was minimum 

produced in FM21 in amount of 0.5g/l.  The cost of fermentation media 

FM6, FM12 and FM15 was Rs. 304.01/-, 110/- and 117.5/- respectively  

(Table XXVII).  The individual cost of FM12 was urea 12/-, glucose 30/-, 

yeast extract 54/-, K2HPO4 8.5/-, MgSO4.7H2O 0.4/0 and (NH4)3PO4 10.1/- 

per litre. Cost of FM15 was peptone 26/-, meat extract 64/-, K2HPO4 19.71, 

NH4NO3 4.5/- and (NH4)3PO4 3.5/- per litre. The amount of glutamic acid 

produced by this strain was 0.9g/l and that of valine was 0.1g/l. 
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TABLE XXVII: Cost and yield of fermentation media in which strain 
MM8 showed maximum production of cysteine, methionine and lysine 
 

Yield of amino acids (g/l) Fermentation 

medium 

Cost of 

medium 

(per litre) 

Cysteine Methionine Lysine  

FM6 Rs. 304.01/- - 9.98 

(max.) 

- 

FM12 Rs. 110/- - - 2.43 (max.) 

FM15 Rs. 117.5/- 1.99 

(max.) 

  

max.= maximum 

 
 

Production of amino acids by bacterial strain MM9 in 

fermentation medium  

Bacterial strain MM9 was also isolated from honey sample and was 

identified as Bacillus sp. Using different fermentation media, this strain 

produced  cysteine, methionine, lysine, glutamic acid and valine and showed 

maximum production of methionine among nine strains (Fig.10).  The 

lowest amount of cysteine produced by this bacterial strain was 0.2g/l in 
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FM8, while the highest yield of cysteine by this strain was 2.0g/l in FM23 

(Table XXVI).  

Methionine was least produced in FM24 in which 0.8g/l was obtained. 

Amino acid lysine was produced in minimum amount of 0.2g/l in FM9 

(Table XVIII), while the maximum production was achieved in FM1 by this 

bacterial strain which was 3.0g/l. The amount of glutamic acid and valine 

produced by MM9 strain was 1.1g/l and 0.1g/l respectively. The maximum 

amount of different amino acids was produced after 96 hours by this strain in 

different fermentation media and the harvest pH was 6.06-7.0 (Table XIX). 

The cost of different fermentation media in which this strain was cultured 

and the yield of respective amino acid in maximum amount was also 

observed (Table XXVIII). The individual cost of FM1 was glucose 0.5/-, 

Na2SO4 5/-, KH2PO4 39/-, MgSO4.7H2O 10/-, NH4Cl 12/-, NH4NO3 4.6/- 

and K2HPO4 16.5/- per litre while that of FM23 was glucose 38/-, 

(NH4)2SO4 130/-, CaCO3 56/-, KH2PO4 38/-, MgSO4.7H2O 0.8/-, 

FeSO4.7H2O 0.2/-, MnSO4.4H2O 0.5/-, biotin 0.5/-, thiamin.HCl 50/- and 

pantothenic acid 20/- per litre. 
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TABLE XXVIII: Cost and yield of fermentation media in which strain 
MM9 showed maximum production of cysteine, methionine and lysine 
 

Yield of amino acids (g/l) Fermentation 

medium 

Cost of 

medium 

(per litre) 

Cysteine Methionine Lysine  

FM1 Rs. 87/- - - 3.0 (max.) 

FM6 Rs. 304.01/- - 10(max.) - 

FM23 Rs. 295/- 2.0 (max.) - - 

max.= maximum 
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All of these nine strains produced quite remarkable amount of amino acids 

cysteine, methionine in particular while lysine production was moderate. 

The maximum production of these amino acids was achieved after 96 hours 

by these nine bacterial strains. To compare the production capabilities of 

bacterial strains, a strain MM-ctrl was selected which did not produce any 

amino acid.  

 

Growth Curve 

The growth curves of nine bacterial strains which are MM1, MM2, MM3, 

MM4, MM5, MM6, MM7, MM8, MM9 and also the control strain MM-ctrl 

were prepared (Table XXIX). The comparison of pattern of growth of these 

bacterial strains and their ability to produce amino acids was also seen. It 

was observed that bacterial strains showed maximum growth after 96 hours 

and the production of amino acids was also maximum after 96 hours (Table 

XIX). The cell growth of bacterial strain MM5, MM6 and MM9 was 

compared with their cysteine, lysine and methionine production respectively 

(Fig. 11-13). 
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Table XXIX: Growth of amino acid producing bacterial strains and the 

control strain   

Dry cell mass (g/l) Strain  

24 hours 48 hours 72 hours 96 hours 

MM1 34.8 76.4 99.5 130.6 

MM2 58 66 78.1 100.2 

MM3 19.2 38.8 41.2 44.8 

MM4 79 58.8 62.3 65.2 

MM5 59.6 78.2 85.5 105.2 

MM6 53.2 64.4 79.9 87.4 

MM7 51 70.2 90.3 103.1 

MM8 58 68.2 88.2 101 

MM9 60.8 72 89.8 107.8 

MM-ctrl  11.5 30.3 45.7 51.2 
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Fig.11. Comparison between biomass and methionine produced by MM9 
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Fig.12. Comparison between biomass and cysteine produced by MM5 

5 0 5 5 6 0 6 5 7 0 7 5 8 0 8 5 9 0

1

2

3

4

5

Ly
si

ne
 p

ro
du

ce
d 

(g
/l)

 

B io m a s s

 B

 

Fig.13. Comparison between biomass and lysine produced by MM6 
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Optimum growth conditions (Temperature and pH) 

The optimum pH and temperature for growth of nine producer strains and 

one control strain was studied. Most of the strains showed maximum growth 

at 37ºC. One strain MM7 showed growth at 30 ºC (Fig.16 & 17). The 

optimum pH ranged from 6.0 to 7.0. The optimum pH of MM1, MM6 and 

MM7 was 7.0 while those of MM3, MM4, MM8 and MM9 was 6.5. MM2 

and MM5 showed optimum growth at pH 6.0 (Fig.14 & 15). 
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Fig.14. Optimum pH of different bacterial strains 
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Fig.15. Optimum pH of different bacterial strains 
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Fig.16. Optimum Temperature of different bacterial strains 
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Fig.17. Optimum Temperature of different bacterial strains 
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Bacterial isolate MM9 

 

 

Bacterial isolate MM5 
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Paper chromatography 
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Photometric method (Acidic ninhydrin method) 
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MR-VP test 

 

 

Carbohydrate fermentation test 
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Indole test 

 

Nitrate reduction test 
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DISCUSSION 

 
 

 

In the present study the focus was on selection of those bacterial strains 

which were good producers of amino acids particularly cysteine, methionine 

and lysine. From different natural sources (soil, water, milk, sewage and 

honey) more than 500 bacterial strains were isolated and studied for their 

ability to produce amino acids. Bacteria from bacterial families 

Enterobacteriaceae, Pseudomonadaceae and Bacillaceae are thought to be 

good producers of amino acids (Aida and Fujli, 1958). In similar study 

Rector and Dube (1917) screened bacteria from soil and water samples and 

it was observed that during soil sampling the condition of soil and plants 

present in that soil plays an important role. The qualitative nature of soil was 

studied and it was observed that micro flora of soil is greatly influenced by 

different factors like aeration, hydration, pH, composition and structure of 

soil. The bacterial strain isolated from water was considered to be more in 

stagnant water than the flowing water (Gainay and Lord, 1952). 
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The strains isolated were cultured in the lab to screen good amino acid 

producers. During isolation of pure cultures certain aspects were strictly 

checked including temperature, pH, hydration, aeration and composition of 

fermentation media as all these are vital in amino acids production. pH was 

either acidic or basic or in some kept neutral.  

 

Temperature and incubation period was observed to have great impact on 

growth and amino acid producing capability of isolated strains. The isolated 

strains were all mesophiles and their growth temperature was 37ºC±7. The 

optimum temperature for nine producers and one control strain was from 30 

ºC to 37 ºC while pH ranged from 6.0 to 7.0. 

 

The nine strains which are producers included MM1, MM2, MM3, MM4, 

MM5, MM6, MM7, MM8 and MM9 while MM-ctrl was taken as control. 

These strains were grown in 24 different fermentation media to study the 

amino acid producing ability of these strains. Mostly bacteria are capable of 

producing different amino acids in nature but this production is restricted to 

a certain low level due to presence of feed back mechanism in these bacteria. 

This feed back inhibition is controlled by enzymes produced by bacteria. An 
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advantage of feed back inhibition is that it does not allow intermediate 

metabolites to accumulate in bacterial cell (Nakamori et al., 1999).  

Feed back mechanism controls the biosynthetic pathway by more than one 

end product and the first enzyme of biosynthetic pathway is inhibited only 

when all end products are in access (Fig.18). Production of different amino 

acids is classified into three types: extraction, chemical synthesis and 

microbial methods. The microbial procedures are further divided into 

fermentation and enzymatic synthesis. The benefits of these methods depend 

on factors such as economics, availability of raw material, market size and 

environmental regulation (Faurie and Thommel, 2003).  

Some bacterial strains are able to produce amino acids in large quantities. 

The microbial production of amino acids is enhanced by mutagenesis, 

genetic engineering and use of suitable fermentation media. In the current 

study, twenty four different fermentation media based on glucose, urea, 

molasses, corn steep liquor and vitamins and minerals were used to increase 

the amino acid production of isolated nine strains. In these media, the basic 

growth ingredients carbon, nitrogen were present in organic or inorganic 

forms. The quantity of these ingredients play vital role in composition of 

fermentation media or in growth of bacteria and also on their capacity to 
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produce amino acids. Exploitation of uses of amino acids and growing 

market of amino acids has lead to increased demand of these amino acids 

during latter half of 20th century (Table XXX). 

Table XXX: Estimated world wide production of amino acids during 20th 
century 

Amino acid Estimated 
production 
(tons/year) 

Processes  

DL-methionine 350,000 Chemical synthesis 

L-lysine HCl 250,000 Fermentation 

L-cysteine 1,500 Extraction, 
Enzymatic method 

L-valine 500 Fermentation  

L-trytophan 500 Fermentation  

L-proline 350 Enzymatic method, 
Fermentation 

L-leucine 500 Fermentation  

 

“At present, the amino acid industry has come to occupy an important role in 

world chemical industries. China is a agricultural country and has a very 

large population. Annual demand for amino acids used in feed additives and 

pharmaceutical products is huge. Most of amino acids are currently 

manufactured in China. But the industrial production process has not been 
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set up for a few limited kinds of amino acids such as L-tryptophan, L-

histidine and L-arginine. The extraction method is still an industrial process 

for L-cysteine. However, the extraction method depends on the availability 

of natural protein-rich resources such as hair keratin, feather and the 

production process is not environmental friendly as unpleasant odors 

produced and problems of waste treatment. So there is an urgent need for 

establishing the production process in order to meet the demand for these 

amino acids. 

The fermentation method is being applied to industrial production of most L-

amino acids. Coryneform bacteria has played a principle role in the progress 

of amino acid fermentation industry. However, the precise genetic and 

physiological changes resulting in increased overproduction of amino acids 

in various coryneform bacterium strains have remained unknown. Success in 

attempts to further increase the productivities and yields of already highly 

productive strains will depend on the availability of detailed information on 

the metabolic pathways, their regulation, and mutations” as studied by Wang 

et al. (2002). 

“C. glutamicum breaks down carbohydrates through the process of 

fermentation. It can take its carbon from many different sources, such as 
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several aromatic compounds. Due to the variance in the availability of 

nutrients and carbon sources, C. glutamicum has 127 proteins associated 

with a regulatory function in transcription, which in turn control metabolism. 

Of the structures C. glutamicum possesses, its cell wall is probably one of 

the most unique parts. Besides the peptidoglycan layer, the cell wall consists 

of short-chain mycolic acids, along with a couple of other unusual lipids 

(meso-diaminopimelic acids and arabino-galactan polymers). Through its 

metabolism, C. glutamicum synthesizes such products as serine, glutamate, 

and lysine (amino acids), all of which are used in many different ways, such 

as in pharmacies” as described by Jo et al. (2006). 

“Corynebacterium crenatum and Corynebacterim pekinese are used in 

amino acid production process in China as well as Corynebacterium 

glutamicum. But the mechanism of amino acids accumulation of those 

mutants has not been extensively investigated. So far the strain improvement 

has mainly been carried out by an iterative process of mutagenesis and 

screening. It is difficult to increase the production yield furtherly by these 

methods. Also there is an urgent need for strain improvement by genetic 

engineering and metabolic engineering” as studied by Bryan (1990). 
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Bacterial strains produced cysteine, methionine and lysine in variable 

quantities in different fermentation media. The fermentation duration was 

from 24 to 96 hours and almost all of the strains showed increase in amino 

acids production during this period. During this study prominent results were 

obtained regarding over production of cysteine, methionine and lysine. 

This work was also carried out on other amino acids like valine and glutamic 

acid. These amino acids belong to aspartate family in which aspartokinase is 

the key enzyme along with other enzymes in biosynthetic pathway. 

Methionine 

Amino acids are of great importance for metabolic activities in humans to 

ensure that body performs its functions properly. The body excluding water 

comprises of seventy five percent amino acids. All neurotransmitters, except 

one, consist of amino acids and ninety five percent hormones are amino 

acids. DL methionine is an essential amino acid as it must be present in the 

diet and itshould be available to the body via intake of proteins as it is not 

synthesized in the human body. 

 

“L-methionine is one of the most important amino acids for its applications 

for industry, pharmaceuticals, as feed additives as well as its role as 
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methylating agent. Methionine has so far been produced mainly by 

resolution of recemic DL-methionine or it is being produded by extracting it 

from hydrolysis of proteins. But on the other hand the microbial production 

of methionine was not successful till yet. Different strains of E.coli and 

Bacillus sp. are experimented for production of this amino acids” as 

described by Karlstrom (1965). 

Shimizu et al. (2008) studied that “the body also requires more than 

adequate methionine supplies to produce two other sulfur-containing amino 

acids, cysteine and taurine, which enhances the body's natural ability to 

eliminate toxins, builds strong, healthy tissues, and supports cardiovascular 

health. The body utilizes sulfur to develop hair follicles and promote healthy 

hair, skin, and nail growth. Sulfur improves the production of lecithin in the 

liver, which reduces cholesterol, reduces liver fat, protects the kidneys, 

reduces bladder irritation by regulating the formation of ammonia in the 

urine, and helps the body to excrete heavy metals. Methionine is a lipotropic, 

or a chemical agent that assists the liver process fats (lipids) more 

efficiently. Other lipotropics include choline, inositol (which we have in our 

inventory as well), and betaine (trimethylglycine), all of which help ensure 

normal liver function, which is essential for the elimination of toxins from 

the body. Methionine also supports liver function by maintaining healthy 
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glutathione supplies, and glutathione in turn neutralizes toxins in the liver.  

It is also one of the three amino acids the body needs to manufacture 

creatine monohydrate, a compound essential and used for energy production 

and muscle building. Creatine is a nutrient naturally found primarily in 

muscle tissue that provides the energy our muscles need to move, and has 

been found to boost athletic performance during short, intense workouts. 

Creatine is necessary for all muscular function, and thus supports normal 

functioning of the heart and circulatory system. High levels of methionine 

can be found in sesame seeds, Brazil nuts, fish, eggs, beans, garlic, lentils, 

yogurt, onions, meats, and some other plant seeds”. 

 

In most of the bacterial strains, the biosynthesis of methionine is strictly 

regulated by MetJ gene which is responsible for negative control of 

methionine (Rafferty et al., 1989; Kalinowski et al., 2003). In few bacterial 

strains this gene is either absent or repressed by a co-repressor and because 

of which these strains are able to produce methionine even more than their 

requirements (Fig. 19). This gene is also being repressed artificially using 

biotechnological procedures or by genetic engineering by research workers 

(Phillips et al., 1989).  
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In the present study nine bacterial strains were screened from more than 500 

strains isolated from different natural sources for production of methionine. 

Nine strains were selected as these showed over production of methionine. 

Bacterial strains from water and milk did not show over production of 

methionine. Bacterial strain MM9 which was isolated from honey sample 

showed maximum production of methionine as compared to other bacterial 

strains. The amount produced was 10g/litre. The fermentation medium in 

which this amount was obtained is FM6 which is glucose based medium in 

which glucose was used as key ingredient. Total cost of this medium was Rs. 

304.01/litre. The price of 10g of methionine including 16% GST is Rs. 

2134/- which is quite costly. Using this medium the cost of this amino acid 

can be reduced greatly which can prominently cut short the import expenses.  

 

Cysteine 

L-cysteine, an important and well-known S-containing amino acid, has been 

widely used as a medical intermediate, and food or cosmetic additive. 

Traditionally, industrial L-cysteine production mainly depends on acid or 

alkaline hydrolysis of human or animal hairs.  
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L-Cysteine is very important amino acid both biologically and 

commercially. Although most amino acids are commercially produced by 

fermentation, cysteine is mainly produced by hydrolysis of proteins. 

However, synthetic or biotechnological products have been available in the 

market. Biotechnological processes for cysteine production, both enzymatic 

and fermentative processes, are used in industry. Enzymatic process involves 

the asymmetric hydrolysis of DL-2-amino-∆2-thiazoline-4-carboxylic acid to 

L-cysteine, has been developed and industrialized.  

 

“The biosynthesis of this amino acid is extensively studied in E.coli and 

Corynebacterium glutamicum by research workers. The L-cysteine 

biosynthetic pathways of Escherichia coli and Corynebacterium 

glutamicum, which are used in many amino acid production processes now a 

days in biotechnological industry. These two bacteria have basically same L-

cysteine biosynthetic pathways. L-Cysteine-degrading enzymes and L-

cysteine-exporting proteins both in E. coli and C. glutamicum are also 

studied. For the effective fermentative production of L-cysteine directly 

from glucose, the combination of enhancing biosynthetic activity, 

weakening the degradation pathway, and exploiting the export system are be 

effective (Fig.20).  
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However, due to high energy cost, unpleasant odour and intractable waste 

products in protein hydrolysis process, an alternative microbial method for 

L-cysteine production has been developed, which is more economical, 

efficient and environmentally friendly. Some bacteria asymmetrically 

hydrolyze chemically synthesized substrate, DL-2-amino- D2-thiazoline-4-

carboxylic acid (DL-ATC), to L-cysteine, with the genus Pseudomonas 

being the most extensively used, especially P. ovalis, P. cohaerens, P. 

thiazolinophilum, P. putida and P. desmolytica. Due of the limited 

intracellular enzyme activities, 2–6 g/L of DL-ATC were used as substrate 

in the bioconversion process. Some attempts have been made to improve 

enzyme activities using mutant strains or recombinant Escherichia coli. It 

was observed that when fermented with recombinant Escherichia coli, the 

yield of L-cysteine was 10 %” by Yangjian et al. (2002). 

 

DL-ATC is a basic precursor of L-cysteine synthesis. A micro-organism 

having ability utilizing DL-ATC as a sole carbon source and nitrogen source 

and accumulating L-cysteine was screened and identified as Pseudomonas 

sp” by Ryu et al. (1995). A 6 Kb DNA fragment isolated from the genome 

DNA of Pseudomonas sp. was shown to be involved in conversion of DL-
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ATC.  In this study sequence analysis showed that this DNA fragment 

contained genes encoding ATC hydrolase and N-carbomoyl-L-cystenine 

hydrolase. The construction of engineering strain is ongoing. 

 

Cysteine is used in Food Industry now a days. This amino acid combines 

with different sugars and produces a seasoning with a pleasant meat flavor. 

Cooked meals and light snacks are prepared using cysteine for vegetarians. 

Cosmetic Industry also has great demand of cysteine. Cysteine is used in 

hair perming process. This amino acid also used as ingredient in food 

supplements. Conventional pharmaceuticals also require cysteine. Cysteine 

plays valuable role in combat with diseases e.g. coughs and mucus 

deficiency. 

 

In the recent work the bacterial strain MM5 produced 8.76g of cysteine per 

litre. This amount was produced in fermentation medium FM8. The cost of 

this medium was Rs. 90.5/litre. The cost of L-cysteine 10g is 2041/- rupees 

which is quite costly as compared to the cost of this medium. Other strains 

produced cysteine in mostly range of 2g/litre. It was observed that using 

fermentation medium based on different natural ingredients, the cost can be 

minimized. All these bacterial strains are mesophiles and are locally isolated 
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from soil, sewage and honey. Strain MM5 is isolated from sewage and 

optimum pH for its growth is 6.0. This strain can be further improved for 

over production of amino acid cysteine using further modified fermentation 

media or other biotechnological procedures. 

 

Lysine  

Out of the twenty naturally occurring amino acids, L-Lysine (C6H14N2O2) 

is one of the nine essential (histidine, isoleucine, leucine, methionine, 

phenylalanine, threonine, tryptophan and valine) and commercially 

important amino acids. It is present in naturally occurring proteins of all 

living organisms. Its major and commonly used commercial form is L-

Lysine-HCl (Fig.20 & 21).  L-lysine is commonly produced in a stable and 

non-hygroscopic hydrochlorinated form (H2N(CH2)4CHNH2CO2H.HCl 

2H2O) of more than 98.5% purity and moisture content is less than 1% 

(Liebl et al., 1991; Fechter et al., 1997). 

 

Amino acid lysine is mainly used as a feed additive in the animal feed 

industry and mixed with various common livestock such as cereals which do 

not contain sufficient levels of L-lysine naturally for the livestock's 

nutritional requirements. Animals like broilers, poultry and swine are given 
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this feed and lysine is also used as a supplement for humans, improving the 

feed quality by increasing the absorption of other amino acids. Georgen and 

Tintignac (1982) described “a preparative method for long lasting solid 

lysine compositions which is suitable for animal feed supplements and 

which don’t agglomerate in the presence of moisture and can for time not 

necessitating the use of expensive purified L-lysine. Lysine is utilized as fine 

chemical in human medicine, in cosmetics and in the pharmaceutical 

industry, particularly as ingredients of infusion solutions for pharmaceutical 

applications and as precursor for industrial chemicals”.  

 

“Furthermore, a production method for industrially producing an optically 

active lysine derivative useful as a pharmaceutical intermediate” is described 

by Nakazawa et al. (2006). 

 

L-lysine can be produced either by a chemical or a biochemical method, 

which is more economic although its yields is low and obtained. The 

stereospecificity of amino acids and the steadily increasing L-lysine demand 

necessitates indispensably their fermentative production of L-forms. Thus, 

L-lysine producing strains of the gram positive corynebacteria, especially 

Corynebacterium glutamicum, Brevibacterium flavum and Brevibacterium 
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lactofermentum, have been used for the last fifty years for the production of 

amino acids in industry. 

 

Over 800,000 tones of L-lysine are presumably produced each year in  world 

using microbial fermentation. Liaw (2006) referred to “an annual L-lysine 

production of approximately 250,000 tons, instead. L-Lysine is mainly 

produced by fermentation using strains of corynebacteria, especially 

Corynebacterium glutamicum, which comprises a multi-step process 

including fermentation, cell separation by centrifugation or ultrafiltration, 

product separation and purification, evaporation and drying. Because of L-

Lysine’s great importance, efforts are constantly being made in order to 

improve the fermentation processes, comprising strain (e.g., increase of the 

microorganism’s intrinsic productivity characteristics by classical 

mutagenesis and genetic engineering and used of different media)”. 

 

Anastassiadis et al. (2001) studied that “a continuous process may serve as 

an alternative application for the industrial production L-lysine but only a 

few successful attempts can be found in the international bibliography 

regarding continuous fermentation of this amino acid, because of technical 

difficulties and microbiological instability problems. The development of 
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continuous fermentation processes for the production of citric acid and 

gluconic acid as well as L-lysine have shown numerous advantages over the 

traditional discontinuous processes of the last 100 years. Thus, a continuous 

production of L-lysine also including the repeated fed batch mode seems to 

be very promising for future applications”. 

 

In addition to physical parameters like pH, agitation and aeration rate, air 

saturation, temperature, dissolved CO2 and foaming, medium composition is 

yet another very important factor strongly influencing fermentation 

processes, often being object of extensive process development and 

optimization studies (Fig.20). The culture medium must have the 

composition that can satisfy in a suitable manner the requirements of 

microbial growth and production. 

 

“Defined media acquiring pure growth requiring nutrients and essential 

additives or alternatively undefined media containing natural organic 

substances such as soybean hydrolyzate, molasses, corn steep liquor, yeast 

extract or peptone are used for L-lysine fermentation. Common fermentation 

media for L-lysine production contain various carbon and nitrogen sources, 

inorganic ions and trace elements like Fe++, Mn++, amino acids, vitamins 
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(biotin, thiamine-HCl, Nicothin amide) and numerous complex organic 

compounds . An over expression of genes is also achieved by optimizing the 

composition of the media and the culture technique in addition to 

physiological and genetic parameters” as described by Kreutzer et al.    

(2001).  

 

“Fermentation medium for L-lysine production contains one or more types 

of inorganic salts, including potassium monohydrogen phosphate (K2HPO4), 

potassium dihydrogen phosphate (KH2PO4), magnesium sulfate (MgSO4), 

sodium chloride (NaCl), magnesium chloride (MgCl2), ferrous chloride 

(FeCl2), ferrous sulfate (FeSO4) and manganese sulfate (MnSO4), one or 

more organic compounds such as yeast extract, peptone, meat extract, corn 

steep liquor and a soybean or wheat effluent. Furthermore they require 

suitable amounts of a saccharide starting material, vitamins and the like as 

required. Ethylene glycol resistant mutants has been reported to be 

insensitive to concentrated aqueous solutions of sodium chloride, potassium 

chloride, ammonium chloride, ammonium sulfate, potassium sulfate, sodium 

sulfate, glucose, fructose, sucrose, and maltose which would inhibit the 

growth of the parent strains. Additionally, calcium carbonate (CaCO3) is 
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added to shake flask cultures acting as buffer” as studied by Nakamori et al. 

(1999). 

  

In the recent work for the production of lysine from locally isolated nine 

bacterial strains, different fermentation media were used. The production of 

lysine by these bacterial strains was enhanced using twenty four 

fermentation media. Bacterial strain MM6 produced 5g/litre lysine in 

fermentation medium FM9. The cost of this medium was Rs. 108.74/- per 

litre. The price of 10g of lysine is Rs. 1670/- but if use this media it is 

reduced to rupees 216/- only. The fermentation media and the cost is easily 

managed as it is cheaper and economical as well as the ingredients of this 

medium are easily available. 

 

In Pakistan the requirement of amino acid methionine is 60,000 metric tons 

per year. Currently this amino acid is not synthesized in Pakistan and 

Pakistan is importing this amino acid from different countries like China, 

Spain and Germany. Government of Pakistan is spending foreign exchange 

of 1800 dollars per metric tons annually to import this amino acid to fulfill 

its requirements in different fields including pharmaceuticals, feed additives 

and in poultry. 
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From this study it is evident that using the microbial fermentation processed 

the amino acids can be produced at much economical and easy way. 

Developing countries like Pakistan should look for the natural resources and 

cheaper ways of obtaining these amino acids.  More efforts should be put in 

establishing the amino acid producing industries using the bacterial isolates 

which are present in our local resources. The fermentation media use for 

over production of these amino acids has shown great results in this study as 

the isolated strains produced the amino acids particularly cysteine, 

methionine in large quantities. These strain also produced other amino acids 

like valine and glutamic acid. So it shows that the local microbial fauna of 

Pakistan has the producers of different amino acids. There is only need to 

focus on this field, so that there would be no import expense of these amino 

acids on developing country such as Pakistan. This industry needs to be 

commercialized and the production of these amino acids should be increased 

to meet the requirements of increasing population in Pakistan.  
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