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PREFACE 

 

The motive behind the research on fungal asparaginase is to mitigate the formation of 

acrylamide in food products. Acrylamide is a potential carcinogen formed during high-

temperature cooking processes, particularly in starchy foods like potatoes and grains. 

Asparagine, an amino acid present in these foods is a precursor to acrylamide formation.  

Fungal asparaginase enzymes were developed to address this issue by breaking down 

asparagine into aspartic acid and ammonia, thus reducing acrylamide levels in food products. 

The genesis of fungal asparaginase lies in biotechnological research aimed at finding safer, 

more effective and economically viable ways to mitigate acrylamide formation in food 

processing. 

In the food industry, fungal asparaginase has the potential to revolutionize food processing by 

significantly reducing acrylamide levels in a variety of products including potato-based food, 

bakery items, and coffee. By incorporating fungal asparaginase into food processing protocols, 

manufacturers can improve food safety and meet regulatory requirements regarding acrylamide 

levels, thus enhancing consumer confidence in the safety and quality of their products. 

Additionally, fungal asparaginase offers a natural and environmentally friendly solution to 

acrylamide reduction compared to chemical additives. 
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ABSTRACT 

L-asparaginase is an enzyme that catalyzes the hydrolysis of L-asparagine into L-aspartic acid 

and ammonia. This enzyme is usually derived from the E.coli  and Erwinia sp.,  for commercial 

production. L-asparaginase enzymes have been widely used in the medical field for the 

treatment of ALL and non-Hodgkin lymphoma. It is also used in the reduction of the L-

asparagine in the foods which is the precursor for the acrylamide formation. However, the 

enzymes obtained from bacterial sources have side effects on the human system. Therefore 

fungal sources like Aspergillus sp., and Penicillium sp., have been used for the extraction of 

enzymes that help in overcoming the drawbacks caused by bacterial L-asparaginases. 

Submerged fermentation of the fungal isolates in the modified Czapek’s Dox Broth was 

performed for the extraction of the fungal L-asparaginase enzyme. Salting out method of 

protein precipitation, Nessler’s test for the determination of enzyme activity, and Protein 

estimation by Folin Lowry’s method were the various tests that were employed to study fungal 

L- asparaginase enzyme. 

 

Keywords: L asparaginase, acrylamide, submerged fermentation, enzyme assay  

 

 

 

 

 

 



1 
 

 

 

 

CHAPTER 1 
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1.1 BACKGROUND 

L-asparaginase is an enzyme that catalyzes the hydrolysis of asparagine into L- aspartic acid 

and ammonia. This enzyme is commercially derived from microbial sources like E.coli  and 

Erwinia species for its application in industries (Doriya et al., 2016). L- asparaginase is largely 

used in medicine for the treatment of Acute Lymphoblastic Leukemia (ALL) which is a type 

of cancer that majorly affects the white blood cells and also for the treatment of non-Hodgkin 

lymphoma(van den Berg, 2011). L-asparaginase is also widely used in the food industry to 

reduce the levels of acrylamide in certain foods (Muneer et al., 2020; Qeshmi et al., 2018). 

The main role of the L-asparaginase enzyme is to break down the amino acid called L-

asparagine (Talluri et al., 2014). The L-asparagine, the substrate of the L-asparaginase enzyme, 

is non-essential for normal human cells and is not affected by the enzyme as it can produce and 

meet its requirement of the amino acid (Queshmi et al., 2018). Its application in medicine is 

for cancer treatment as I-asparagine is an essential amino acid for cancer cells which require 

an external supply of the amino acid for its development, growth, and survival (Talluri et al., 

2014). 

The use of L-asparaginase in the food industry is by virtue of the enzyme reduces the 

occurrence of Maillard reaction in starchy foods when heated at high temperatures. Starchy 

food such as potatoes and grains when heated at high temperatures leads to the formation of a 

chemical compound, acrylamide, which is a known potent carcinogen. Maillard reaction is a 

reaction of sugars with amino acids. In this reaction, the reducing sugars react with the 

asparagine and form acrylamide (Muneer et al.,2020; Queshmi et al., 2018). L-asparaginase 

enzyme helps in minimizing the levels of a precursor molecule called asparagine thereby 

reducing the chances of the formation of acrylamide in foods when heated at high temperatures 

(Da Cunha et al., 2019). 
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L-asparaginase can be obtained from various sources like bacteria, actinomycetes, yeast, and 

fungi. Bacteria such as E. coli and Erwinia sp., have been widely used for the commercial 

production of L-asparaginase (Batool et al.,2015; Talluri et al., 2014). Aspergillus sp., 

Penicillium, and Fusarium sp. are the fungal sources that are used to extract the enzyme on an 

industrial scale (Doriya et al., 2016; Farag et al., 2015).  

Fungal asparaginases offer various advantages over bacterial asparaginases some of which are 

listed below: 

• The L-asparaginase derived from bacteria produces allergic reactions, changes in liver 

dysfunction, and hypersensitivity in the mammalian system. 

• Enzymes derived from fungus are more stable and have higher specificity in breaking 

down the asparagine (Batool et al.,2015; Wang et al., 2021). 

• Fungal asparaginase has a longer half-life therefore results in the need for fewer dosages 

(Krishnapura et al., 2015; El-Nagga et al., 2014). 

• In the food industry, the L-asparaginases used are derived from the fungus as they are 

considered GRAS (Generally recognized as safe).  

• Also fungal enzymes are easy to extract as they are produced extracellularly and can be 

carried out by fermentation.  

Although the majority of applications for L-asparaginase are in the medical field, there has 

been less research done on its usage in the food industry. The majority of L-asparaginases 

that are employed are obtained from bacterial sources. Therefore, in this study, we are 

focussing on the L-asparaginase derived from the fungal sources. 
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1.2  AIMS AND OBJECTIVES 

 

The purpose of this research is to isolate, identify and test the various fungi for the presence of 

the enzyme L asparaginase. Since fungal asparaginases are produced extracellularly and fungal 

growth is inexpensive, they are straightforward to extract enzyme. Additionally, the studies 

revealed that fungal asparaginases have fewer negative effects. 

 

The objectives are as follows:  

• To isolate fungi and screen them for the production of L Asparaginase enzyme 

• Identification of the fungal isolates producing asparaginase enzyme 

• To determine the enzyme activity 

• To evaluate the ability of fungal asparaginase to effectively degrade asparagine in food 

products. 
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1.3  HYPOTHESIS 

 

• The use of fungal asparaginase in food products will effectively reduce the levels of 

asparagine thereby leading to decreased acrylamide formation during food processing. 

• Acrylamide reduction in food treated with fungal asparaginase enzyme will lower the 

risk of cancer. 
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1.4  SCOPE 

Fungal asparaginase enzyme is utilized in the food industry to reduce the formation of 

acrylamide, a potential carcinogen, during food processing. It breaks down the precursor amino 

acid, asparagine thereby minimizing acrylamide levels in foods like potato products, snacks, 

bakery items, and coffee. This enzyme enhances food safety and quality, making it valuable for 

various food applications.  

Also using fungi for the production of enzymes rather than bacteria is advantageous. As fungi 

have a broader range of metabolic capabilities compared to bacteria. Fungi can also thrive in 

harsher environmental conditions including extremes of pH, temperature, and salinity making 

them more resilient for industrial applications where stability and resilience are essential.  
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2.1 L-asparaginase enzyme  

L-asparaginase (L-asparagine aminohydrolase EC 3.5.1.1) is an enzyme that catalyzes the 

hydrolysis of asparagine into L- aspartic acid and ammonia (Batool et al., 2015).  

Two isozymes of this particular enzyme have been identified, Type I and Type II. Both are 

classified based on their enzymatic activities for both L- asparagine and L- glutamine.  Type I 

L-asparaginase are cytosolic enzyme that shows low affinity towards L-asparagine and high 

affinity towards L-glutamine. Whereas, Type II isozymes are periplasmic enzymes that have 

high affinity towards L-asparagine and low or negligible specificity against L-glutamine 

(Izadpanah Qeshmi et al., 2018). The L-asparaginase enzyme is made up of homotetramer 

which is composed of two dimers, with two protomers which make up the tight dimer. Fig 2.1.1 

(A) shows two quaternary states of Type I tetramers. The tight dimers are colored green/wheat 

and red/pink, respectively and (B) shows Type II Asparaginase which is formed by two tightly 

bound dimers (green and yellow color) or blue cyan (Lubkowski & Wlodawer, 2021). 

 

              

Figure 2.1.1   Structures of Type I (A) and Type II (B) l-asparaginase enzymes from E.coli  

(Lubkowski & Wlodawer, 2021). 

B 
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Commercially this enzyme is derived from E. coli and Erwinia species. Enzymes derived from 

the Erwinia carotovora consist of two tetramers (ABCD and EFGH) which are made up of 

four identical monomers (A to H) each. The active site of the enzyme consists of amino acids 

between the two adjacent monomers (Lubkowski & Wlodawer, 2021).  

Most of the type II L-asparaginases are derived from the mesophilic sources whereas Type I 

L-asparaginases are derived from the thermophiles. Both these enzymes can be obtained from 

the E.coli. Only Type II isozyme shows the anti-tumor activity which may vary with the strains 

or culture conditions of the microorganisms (Izadpanah Qeshmi et al., 2018). 

Asparaginase enzyme is freely soluble in water and is insoluble in methanol, acetone, and 

chloroform. The L-asparaginase enzyme has a wide range of pH stability which ranges from 

4.5 to 11.5. with the optimum of 8.6. The enzyme is stable at temperatures ranging from 30-

400 C for the enzymes obtained from the mesophiles whereas the temperature ranges from 70-

950 C and optimum at 650 C for those which are obtained from the thermophilic sources 

(Dumina & Zhgun, 2023). The L-asparaginase enzyme is produced in microorganisms and 

plants, however, humans do not produce this enzyme (Whitecar et al., 1970; Batool et al., 2015; 

Muneer et al., 2020; Stecher et al., 1999).  
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2.2 Mode of action  

L-asparaginase enzyme catalyzes the hydrolysis of the asparagine into aspartic acid and 

ammonia (Talluri et al., 2014).  

 

Figure 2.2.1 Enzymatic reaction of L-asparaginase enzyme  (Talluri et al., 2014) 

  

 

Figure 2.2.2 Mechanism of action of L-asparaginase enzyme (a) and (b) showing double 

displacement reaction and (c) and (d) showing direct displacement reaction (Lubkowski et al., 

2020) 

Generally, the mode of action of the L-asparaginase takes place in the two reactions, the double 

displacement reaction shown in Fig 2.2.2 a and b and the direct displacement reaction (Fig 

2.2.2 c and d). In the first mechanism (Fig 2.2.2 a and b) an intermediate AEI (covalent acyl-

enzyme intermediate) is formed after the nucleophilic attack by an enzyme residue on 
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carboxamide carbon of L- asparagine which results in the release of ammonia. This step is 

irreversible as it releases ammonia from the active site. Water molecule carries out the second 

nucleophilic and reversible reaction which results in the formation of L-aspartic acid which 

completes the catalytic cycle. Each catalytic cycle produces TI1 and TI2 (two tetrahedral 

intermediates). These two nucleophilic substitutions are referred to as the double displacement 

reactions. Direct displacement reaction (Fig 2.2.2 c) also takes place which is carried out by 

the water molecule. In this reaction, aspartic acid and ammonia are released simultaneously 

(Lubkowski et al., 2020).  

2.3 Sources of L-asparaginase  

Enzyme L-asparaginase is produced by microbial forms such as bacteria, algae, yeast, 

actinomycetes, archaea, fungi, and also plants but the enzyme is absent in humans. Currently, 

these enzymes have been isolated from microbial sources namely E. coli and Erwinia species 

(Talluri et al., 2014; Doriya et al., 2016).  

  2.3.1 Bacterial sources  

Many bacterial sources are known to produce L-asparaginase which includes E. coli, 

Staphylococcus species, Helicobacter species, etc (Talluri et al., 2014). L-asparaginase 

produced from various bacterial sources is widely used as they are easy to manipulate (Doriya 

et al., 2016). Bacterial sources of L-asparaginase enzyme are summarized in Table 2.3.1 

Sources with reported L-asparaginase levels include Escherichia coli and Erwinia aroideae. 

Among bacterial genera that produce the enzyme, gram-negative bacteria like Thermus 

thermophilus and Vibrio succinogenes have been also used for L-asparaginase production.  

Since marine microorganisms are thought to be a significant source of bioactive enzymes, L-

asparaginase from them has also been examined (Izadpanah Qeshmi et al., 2018). E.coli and 
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Erwinia species are extensively used in the treatment of ALL. However, they are known to 

cause allergic reactions to human health. Therefore, various approaches are made to find other 

microbial sources that can reduce these drawbacks caused by the L-asparaginases derived from 

the bacteria and have less toxic effects (Doriya et al., 2016). 

2.3.2 Yeast  

L-asparaginase isolated from yeast has been known to have fewer side effects in the human 

system as compared to bacterial sources. Current sources of L-asparaginases include a variety 

of yeast species, most notably Saccharomyces cerevisiae, whose ASP3 gene is involved in 

enzyme synthesis. Other yeast species include Candida sp., Rhodosporidium sp.,(Talluri et al., 

2014). Additionally, L-asparaginase was also extracted from the Candida utilis cell culture 

broth (Kil et al., 1995). Pichia polymorpha, which was isolated from Egyptian soils via the 

enrichment approach, has also been found to produce L-asparaginase enzyme (Foda et al., 

1980) and others that have been tabulated below in Table 2.3.1.  

2.3.3 L-asparaginase from Actinomycetes 

Actinomycetes are prokaryotic organisms that play an essential role in the environment. 

Streptomyces species are known to produce the L-asparaginase enzyme that has been tabulated 

below in Table 2.3.1 (Talluri et al., 2014). Sahu et al. isolated L-asparaginase from the 

actinomycete strain LA-29 source from the stomach contents of the fish Mugil cephalus in the 

Vellar estuary. This enzyme was found to exhibit significant enzyme activity (Talluri et al., 

2014).  L-asparaginases isolated from the marine actinomycetes have shown a cytotoxic effect 

on acute T-cell leukemia and also myelogenous leukemia (Doriya et al., 2016; Batool et al., 

2015).   
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2.3.4 Archaea 

Thermococcus zilligii produces thermostable l-asparaginase, which was found to be useful in 

lowering the amount of acrylamide in French fries. The enzyme's potential for industrial 

applications where temperature stability is critical was highlighted by its excellent activity at 

high temperatures and its ability to preserve significant activity even after prolonged heat 

exposure (Zuo et al., 2015). Also, another hyperthermophilic archaeon called T. sibiricus is 

known to produce the L-asparaginase enzyme. Till date, only these two archaea have been 

reported for the production of the L-asparaginase enzyme (Dobryakova et al., 2024).  

2.3.5 L-asparaginase from Fungi 

Numerous fungal strains are effective L-asparaginase producers. Despite a great deal of 

research on bacterial L-asparaginase, this enzyme can occasionally cause hypersensitivity 

reactions like anaphylactic shock. L-asparaginase from Aspergillus terreus,  a filamentous 

fungus, exhibited a stronger carcinostatic impact on static tumors (Farag et al., 2015). This 

fungus was isolated from the decomposing vegetable waste by Ali et al.,1994.  Fungi are the 

ideal option to obtain L-asparaginase enzyme with lesser harmful effects (Doriya et al., 2016). 

Other fungal sources are listed in Table 2.3.1. 
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Table 2.3.1 List of Microbial sources producing L-asparaginase enzyme 

Microbial sources Reference 

Bacteria 

E. coli 

 

(Talluri et al., 2014 ;Cedar & Schwartz, 

1968; Aly et al., 2020; Doriya et al., 2016) 

Staphylococcus capitis 

Staphylococcus aureus 

 

(Talluri et al., 2014) 

(Youssef et al., 2022; Hassan et al., 2022) 

Bacillus licheniformis 

 

Bacillus sonorencis 

(Talluri et al., 2014; Abdelrazek et al., 

2019; Alrumman et al., 2019) 

(Aly et al., 2020) 

Streptococcus albus (Talluri et al., 2014) 

Helicobacter pylori (Cappelletti et al., 2008; Ghasemian et al., 

2019; Muneer et al., 2020) 

Erwinia chrysanthemi 

 

Erwinia aroideae 

 

Erwinia carotovora 

(Kotzia & Labrou, 2007; Izadpanah Qeshmi 

et al., 2018) 

(Peterson & Ciegler, 1969; Doriya et al., 

2016) 

 

(Howard & Carpenter, 1972) 

Halomonas elongata (Ghasemi et al., 2017; Ebrahiminezhad et 

al., 2011) 

Salinivibrio sp (Ebrahiminezhad et al., 2011) 

Citrobacter 

 

(Davidson et al., 1977; Shah et al., 2010) 

Yeast 

Yeast 

Saccharomyces cerevisiae 

 

(Batool et al., 2015; Dunlop & Roon, 1975); 

Candia utilis 

 

Candida glaebosa 

(Batool et al., 2015; Kil et al., 1995; Talluri 

et al., 2014) 

(Correa et al., 2020) 

 

Psychrotolerant yeast 

Leucosporidium scottii L115 

(Sánchez‐Moguel et al., 2023) 

 

Rhodosporidium toruloides (Talluri et al., 2014)  
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Actinomycetes 

Streptomyces karnatakensis, S. 

venezuelae 

(Talluri et al., 2014; Mostafa, 1979) 

 

Streptomyces albidoflavus (Narayana et al., 2008) 

Streptomyces parvulus (USHA et al., 2011) 

Streptomyces gulbargensis (Amena et al., 2010; Talluri et al., 2014) 

Fungi 

Aspergillus terreus (Doriya et al., 2016; Farag et al., 2015; 

Loureiro et al., 2012) 

Aspergillus niger (Doriya et al., 2016; Mishra, 2006; Da 

Cunha et al., 2019) 

Aspergillus oryzae (Moubasher et al., 2022; Da Cunha et al., 

2019; Dias et al., 2016) 

Fusarium trincictum (Doriya et al., 2016) 

Fusarium equiseti (Doriya et al., 2016; El-Gendy et al., 2021) 

Cladosporium sp (Kumar et al., 2013; Doriya et al., 2016) 

Endophytic fungi 

Lasiodiplodia theobromae 

(Ba et al., 2018; Moubasher et al., 2022) 

 

 

2.4 Applications of l-asparaginase  

2.4.1 Pharmaceutical applications 

L-asparaginase enzyme is commercially available for the treatment of Acute Lymphoblastic 

Leukemia and also non-Hodgkin lymphoma (van den Berg, 2011).  Transaminase enzymes are 

used up by the normal cells to synthesize L-asparagine, but neoplastic cells are deficient in this 

enzyme and must obtain it externally. As a result of the L-asparaginase enzyme depleting all 

the available asparagine, cancer cells starve to death (Batool et al.,2015).  

Fundamentally, L-asparaginases are produced on an industrial scale mainly from E. coli and 

Erwinia chrysanthemi which are listed below: 
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L-asparaginase from E. coli  

In children and young people aged one month to twenty-one, this medication is used in 

combination with other medications to treat acute lymphoblastic leukemia. It is an enzyme that 

plays a key role in L-asparagine metabolism. Additionally, it makes oxaloacetate generation 

easier, which is necessary for overall cellular metabolism.  

It can be injected intramuscularly or intravenously. Therapeutic L-asparaginase derived from 

Escherichia coli induces apoptosis by reducing the amounts of non-essential amino acid, 

asparagine, in lymphoblastic leukemic cells (Batool et al., 2015; Wang et al., 2021).  

PEGylated form of native E. coli L-ASNase 

The main method of administration for PEG-asparaginase has been intramuscular injection at 

a dose of 2500 IU/m 2. The development of anti-PEG-asparaginase antibodies is necessary for 

PEG-asparaginase activity. The asparaginase activity is neutralized by these anti-PEG-

asparaginase antibodies, which accelerates plasma clearance and shortens the duration of the 

drug's impact. The production of anti-PEG-asparaginase antibodies is enhanced by previous 

exposure to native E. coli asparaginase (Fu & Sakamoto, 2007; Muneer et al., 2020). 

These forms of enzymes derived from E.coli cause adverse effects in the human system 

therefore to lessen the adverse effects L-asparaginase from E. chrysanthemi has been 

developed. 

L-asparaginase from E. chrysanthemi 

It is an inhibitor of protein synthesis used to treat acute lymphoblastic leukemia (ALL) in 

people intolerant to the E. coli bacterium's asparaginase. It functions by reducing the amounts 

of asparagine, a crucial amino acid needed for DNA synthesis and the survival of cancerous 
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cells, which results in cell death. It is injected intramuscularly and used in conjunction with 

other anticancer drugs (Keating, 2013).  

2.4.2 Biosensors 

Leukemic patients can now be diagnosed with leukemia using biosensors based on l-

asparaginase. These biosensors can be used to measure asparagine levels. By accurately 

assessing the asparagine levels in normal and leukemic blood serum samples, these biosensors 

have demonstrated positive outcomes (Muneer et al., 2020).  

Since ASNase catalyzes the hydrolysis of L-asparagine, which releases L-aspartic acid and 

ammonium ions and promotes a medium pH value change followed by color variation, 

ASNase-based biosensors are an ensuring and innovative technology. It is primarily based on 

colorimetric detection (Nunes et al., 2021).  

2.4.3 Food industry 

The enzymatic hydrolysis of L-asparagine to aspartic acid by L-asparaginase allows it to 

effectively limit the development of acrylamide in fried potato products. When certain foods, 

such as cereals and potatoes, are heated to high temperatures and contain a lot of asparagine, 

Maillard processes involving the reduction of sugars and amino acids produce acrylamide. 

Acrylamide has been categorized as "probably carcinogenic to humans" by the International 

Agency for Research on Cancer. After infrequent exposure, this substance has also been linked 

to peripheral neuropathy in humans. Therefore, acrylamide's prevalence in staple foods poses 

a risk to public health. The use of L-asparaginase can selectively reduce the asparagine content 

thereby preventing the formation of acrylamide in the foods when heated at high temperatures 

(Muneer et al., 2020; Qeshmi et al., 2018). 
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 L-asparaginase is thought to be inert and to have no influence on the overall synthesis of 

Maillard products, but it is beneficial for mitigating acrylamide. One of the essential acrylamide 

precursors can be specifically eliminated by L-asparaginase through its hydrolytic activity 

(Onishi et al., 2015). 

Asparaginase application reduced acrylamide in dry potato powder by 90%. Steamed green 

beans in coffee can mitigate acrylamide by lowering the caffeine level by 55-74% using a water 

or solvent partition technique (Xu et al., 2016). 

The reaction involved in the acrylamide formation in foods is shown in Fig 2.4.1 

 

Figure 2.4.1 Acrylamide formation in foods (Zyzak et al., 2003) 

 

During the Maillard reaction, a Schiff base is created when the R-amino group of free 

asparagine combines with a carbonyl source. The Schiff base decarboxylates when heated 

creating a product that can react in one of two ways. It can hydrolyze to produce 3-
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aminopropionamide, which, when heated, can further deteriorate by eliminating ammonia to 

produce acrylamide. Alternatively, by removing an imine, the decarboxylated Schiff base 

might break down straight to produce acrylamide (Zyzak et al., 2003). 

The enzymes obtained from the fungal sources have been reported as GRAS ( generally 

regarded as Safe) by the FDA. The L-asparaginase obtained from fungal sources like 

Aspergillus oryzae has been widely used in the food industry. However, the details about 

whether type I or type II L-asparaginase are not clear (Cachumba et al., 2016). 

2.5 Advantages of using fungal L-asparaginase over bacterial L-asparaginase 

In the medical field, bacterial asparaginase has been used widely. However, the mammalian 

system tends to have adverse effects from the bacterial L-asparaginases. Hence, it is 

challenging to get a more effective and less harmful enzyme. Therefore research is going on to 

produce this enzyme from the other microbial sources.  

 Fungal asparaginase often possesses a lower level of immunogenicity. This implies that it is 

less likely to cause an immunological response in the patients, which lowers the possibility of 

allergic responses and the development of neutralizing antibodies, both of which can eventually 

make the treatment useless. 

In contrast to bacterial asparaginase, fungal asparaginase frequently has a longer half-life in 

the bloodstream. This could result in the need for fewer dosages, which would lower the 

frequency of administration and possibly increase patient compliance. 

When it comes to temperature stability, fungal asparaginase surpasses bacterial asparaginase. 

Fermentation techniques can be used to manufacture fungal asparaginase, which may have 

advantages over bacterial production methods in terms of cost-effectiveness and scalability. 
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When bacterial asparaginase is not available or is not recommended because of adverse 

responses, fungal asparaginase probably could be used as a substitute for bacterial 

asparaginases (Krishnapura et al., 2015; El-Nagga et al., 2014). 
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3.1 Sample collection 

In this attempt to isolate fungi, the soil sample was collected from various places. Three 

samples were collected:  

Sample 1: Compost soil 

Sample 2: Garden soil (Shiroda) 

Sample 3: Garden soil (Siolim) 

3.2 Isolation and Screening of Fungi Using Selective Media 

1g of soil from each sample was weighed and added to the test tubes containing 9 ml of sterile 

saline. The sample tube 100  from each sample was vortexed and then the samples were serially 

diluted up to 10-3. The dilutions (0.1 ml) were spread-plated on the modified Czapek’s Dox 

Agars plates. The modified Czapek’s Dox contains 0.009% phenol red as a pH indicator and 

0.1% L-Asparagine as a sole nitrogen source (Gulati et al., 1997; Soniyamby et al., 2011). The 

plates were then incubated at room temperature for 4-5 days. 

The fungal isolates showing a pink-colored zone around the colony were positive for L 

asparaginase enzyme production.   

3.3 Purification of the L-Asparaginase-positive fungi  

The fungal colonies that showed a pink color around them were purified on Sabouraud’s 

Dextrose Agar and Potato Dextrose Agar plates. The fungal isolates were regularly checked for 

pigment production.  

The isolates that did not show any pigment production were again checked for enzyme 

production by spot-inoculating them on the modified Czapek’s Dox Agar plates. (Soniyamby 

et al., 2011)   
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3.4 Identification of fungi  

Lactophenol cotton Blue staining is widely used for the preparation of wet mount of the fungal 

isolates. Lactophenol cotton blue stain was prepared by using 70% ethanol. A clean grease-free 

slide was taken and a few drops of the lactophenol cotton blue stain (mounting medium) was 

put on the slide. With the help of the sterile needle and the forceps, the fungal mycelia was 

transferred onto the mounting medium. Coverslip was put carefully and the fungus was viewed 

under 10x and then 40x (Leck, 1999).  

3.5 Preparation of spore suspension  

The fungal isolates were streaked on the PDA slants and incubated at room temperature for 5 

days. Sterile saline containing Tween 80 was added to the test tube. The fungal growth was 

then scrapped with a sterile nichrome loop and the fungal mass was filtered using sterile muslin 

cloth. The filtrate was diluted and used as inoculum for the submerged fermentation (Zhang et 

al., 2013). 

3.6 Submerged fermentation  

1ml of the last dilution of the L-Asparaginase positive isolates was inoculated in modified 

Czapek’s Dox Broth. The inoculation was done in two ways (Soniyamby et al., 2011):  

Flasks containing 20ml of the Modified Czapek’s Dox broth with phenol red and without 

phenol red (for enzyme assay and protein estimation). 

3.7 Dry weight 

The fungal isolates positive for L-asparaginase production were inoculated in the modified 

CDB without phenol red. After every 24 hours, the flask was removed and the fungal biomass 

was filtered by using the sterile muslin cloth. The biomass was collected in pre-weighed 
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aluminium cup. Then the cup was placed in the oven for drying. The dry weight was checked 

every after 2hours.  

3.8 Enzyme assay and Protein estimation (Indira et al., 2015; IMADA et al., 1973; Peterson, 

1979) 

Enzyme assay was carried out by the method given by Imada et al., and protein estimation by 

Lowry’s method given by Peterson (Annexure III). The L-asparaginase-positive fungi were 

inoculated in 20ml of the Modified Czapek’s dox broth without phenol red indicator in 

quadruplicates and one flask as a control. The flasks were then incubated on a shaker incubator 

at 160rpm. After the regular interval (24hrs, 48hrs, 72hrs, 96hrs) one flask of each sample was 

taken. The culture broth was filtered using sterile muslin cloth. The fungal biomass was used 

to estimate dry weight and the filtrate was used to carry out enzyme assay by the modified 

method of Wriston (Nessler’s test) and the protein estimation by Lowry’s method. The protein 

concentration was calculated by using the formula y= 0.0017x+0.1131 obtained from the 

standard graph.  

The enzyme activity was carried out at three different temperatures, room temperature, 370 C 

and at 500 C.   

3.9 Paper chromatography to confirm hydrolysis of L-Asparagine (Moffatt & Lytle, 1959; 

DeMott et al., 2024) 

The ammonia released was detected by the Nessler’s test. To further confirm the reduction of 

the asparagine content the paper chromatography was carried out.  

Ninhydrin reacts with the alpha-amino group colored complex. Ninhydrin reacts with the free 

amino group of the amino acid and gives a purple-colored complex called Ruhemann’s purple. 

The brown color is produced when amide reacts with ninhydrin. The intensity of the color 
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developed is directly related to the concentration of the amino acid present. L-aspartic acid 

produces a purple spot due to the presence of the free amino group where as L-asparagine reacts 

with the ninhydrin and produces a brown-colored spot due to the presence of the amide group. 

To carry out this experiment, the fungal isolates that tested positive for L-asparaginase were 

cultured in 20 milliliters of modified Czapek's dox broth that contained 0.1% l-asparagine as 

substrate and without phenol red indicator. The flasks containing the fungus were incubated on 

a shaker incubator at 160rpm. The flasks were inoculated in quadruplets. After every 24hrs one 

flask was taken for testing. 5ml of the culture broth was centrifuged at 8,000rpm for 15 minutes. 

Along with amino acid standards of L-aspartic acid (0.1%) and L-asparagine (0.1%), the 

resulting supernatant was spot-inoculated on Whatman filter paper No. 1. The spots were 

allowed to dry completely and then the paper chromatogram was placed in a chamber or 500ml 

beaker containing n-Butanol: acetic acid: water in the ratio 5:4:1 solvent system. After the 

solvent system reached 2/3rd of the paper, it was removed and the paper chromatogram was 

allowed to dry completely at room temperature and then sprayed with 2% ninhydrin solution. 

The chromatogram was allowed to dry for about 15 minutes in the oven at 800 C for color 

development, spots were marked and Rf values were calculated using the formula: 

 

To check the enzyme activity on treated and untreated potato samples the above procedure was 

followed. 

 

 



26 
 

3.10 Enzyme purification (Indira et al., 2015) 

The ammonium sulfate precipitation method was used to partially purify the enzyme. Using 

this approach, 5% of the spore suspension was added to 200ml of modified Czapek's Dox broth 

and allowed to grow for 3 days.  

The culture broth was filtered using sterile muslin cloth and the filtrate was centrifuged. The 

filtrate was collected in a beaker.  

The filtrate was collected in a beaker and magnetic flee was added. The beaker was then kept 

on the magnetic stirrer. By using the chart, the amount of ammonium sulfate to be added was 

calculated. The weighed ammonium sulfate was added slowly to the beaker.  

The added ammonium sulfate was allowed to dissolve entirely in the beaker by keeping it on 

the stirrer. The beaker was kept in the refrigerator overnight. 

The fraction was centrifuged at 10,000 rpm for 10 minutes the following day and the 

supernatant was collected in a beaker. The supernatant was used for the enzyme assay and the 

pellet was used for the protein estimation. Based on the results obtained for enzyme assay, the 

supernatant was further used to carry out a higher percentage of ammonium sulfate saturation. 

In this way, the purification was carried out from 20% to 70%.  

 

3.11 Application of the partially purified enzyme  

The potato was cut into slices (10g) and was treated with the purified enzyme. The potato slices 

were Pre-treatment by drying treatment followed by vacuum treatment, and then freezing 

treatment. After each treatment enzyme was applied onto the slices and then incubated at 600 

C for 10mins. The sample extract was prepared by homogenizing the sliced potatoes with 70% 

ethanol (Ciesarová & Kukurová, 2024). 
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a. Sample extract preparation 

The sliced potatoes (treated and untreated) were homogenized with the blender. Then 

the homogenized potato extract was added to 70% of the ethanol. The mixture was 

filtered with the help of the muslin cloth or the filter paper. To the insoluble 5ml of the 

70% ethanol was added and was filtered again till a soluble fraction was obtained.  

The soluble fraction was again filtered by using a 0.45um membrane. The filtrate 

obtained was used for paper chromatography. 

b. Pre-treatment of the sliced potato 

A. Drying treatment 

Sliced potatoes were treated at 900 C for 20mins 

B. Vacuum treatment 

It was carried out at room temperature for 10mins by using an aspirator 

C. Freezing treatment 

Done at -10 to -200 C for 20 minutes and then thawed at room temperature. 

After each treatment enzyme was spread evenly on the surface of the sliced potato. This is 

followed by the incubation of the treated potato sample at 600 C for 10mins. A sample extract 

of the treated and untreated potato was prepared (Ciesarová & Kukurová, 2024). 
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4.1 Fungal isolation, purification, and screening 

In an attempt to isolate L-asparaginase-producing fungus, the soil samples from Shiroda, 

Siolim, and compost soil were diluted and spread-plated on the PDA plates. Upon incubation, 

morphologically distinct fungal colonies were obtained only from the Shiroda sample (Fig 

4.1.1). The results for the three samples are tabulated in Table 4.1.1. 

 

Figure 4.1.1 Fungal isolates from Shiroda soil sample 

 

Table 4.1.1 Table showing no. of fungal isolates positive for L-asparaginase production 

Samples No. of fungal isolates 

obtained 

No. of cultures positive for 

L-asparaginase enzyme 

Compost soil - - 

Soil sample from Shiroda 3 (a2A5,a2A8,a3A1) 2 (a2A5,a2A8) 

Soil sample from Siolim 2 (a1, a4) - 
 

The soil sample from Shiroda gave three fungal isolates out of which 2 were positive for L-

asparaginase enzyme production when screened on the modified CDA plates. 

The fungal cultures that showed a pink zone around them were purified (Fig 4.1.2a, 4.1.2b, and 

4.1.2c) on the Potato Dextrose Agar plates and then incubated for 4-5 days at room temperature. 

During the incubation period, the plates were regularly checked for pigment production.  



30 
 

 

 

       

(a)                                           (b)                                             (c) 

Figure 4.1.2 (a) a2A5, (b) a2A8 and (c) a3A1 isolates put for purification on PDA plates 

The colonies that showed pigment production were discarded and the non-pigment-producing 

colonies were spot-inoculated on the modified Czapek’s Dox agar plates and then incubated 

for 4-5 days at room temperature. The colonies were then checked for pink-colored zones 

around them.  

   

Figure 4.1.3 a2A5, a2A8, and a3A1 purified fungal isolates were spot inoculated on the 

modified CDA plates. 

Out of the 3 isolates, only 2 showed a pink zone around the colony. The a2A5 culture showed 

the maximum zone area as compared to the isolate a2A8.  
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4.2 Identification of the fungal isolates 

The fungal cultures a2A5 and a2A8 that were positive for L-asparaginase production were both 

tentatively identified as Penicillium sp., based on the colony morphological characters and wet 

mount (Table 4.2.1). The colonies showed white mycelial growth with a green center. When 

observed under a microscope the hyphae were septate and with monoverticilate conidiophores 

arising from the metulae giving it a brush-like appearance, a characteristic feature of the genus 

Penicillium.   

 

Table 4.2.1 Fungal colonies in PDA plates and wet mount of the isolates a2A5 and a2A8 

Isolate Fungal Colony on PDA Microscopic mount 

a2A5 

  

a2A8 
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4.3 Submerged fermentation 

Both the fungal isolates were inoculated in the modified CDB with phenol red and without 

phenol red for mass multiplication to carry out the enzyme assay (Table 4.3.1). The L-

asparaginase-positive cultures were inoculated in triplicates. One flask each (broth without 

phenol red indicator)  was checked for the enzyme assay by Nessler’s method every 24 hours.  

Table 4.3.1 Submerged fermentation of the fungal isolates(A) with phenol red and (B) 

without phenol red 

Control media Isolate a2A5 Isolate a2A8 

A 

   

B 

   

 

a2A8 

a2A5 
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The enzyme activity of the two fungal isolates determined upon incubation for three days is 

summarized in Table 4.3.2. The fungal isolate a2A5 showed the highest enzyme activity of 

51.6 IU/ml on Day 3 and hence, this culture was used for further studies. 

Table 4.3.2 Enzyme assay of cultures in IU 

 Enzyme activity in IU/ml 

Culture Day2 Day3 

a2A5 42.3 51.6 

a2A8 25.3 34.7 

 

4.4 Effect of different temperatures on L-asparaginase activity  

The enzyme activity of L-asparaginase from the isolate a2A5 was carried out at three different 

temperatures, room temperature, 370 C, and 500 C. The highest enzyme activity was obtained 

at 370 C, followed by 500 C, and the least at room temperature (Table 4.4.1) 

Table 4.4.1 Effect of different temperatures on enzyme activity 

Days 370 C Room temperature 500 C 

Enzyme activity (IU/ml) 

Day1 10.6 - - 

Day2 35.3 22.7 28.3 

Day3 47.4 26.8 33.9 
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4.5 Growth and enzyme activity of the fungal isolate a2A5 

Growth in terms of dry weight and L-asparaginase production in terms of enzyme activity and 

protein content, of the fungal isolate a2A5 was determined over a period of 4 days. The enzyme 

assay of isolate a2A5 was carried out by using Nessler’s test and protein estimation by Lowry’s 

method. The dry weight of the a2A5 fungal isolate was checked every 2 hours until the constant 

weight was noted (Table 4.5.1).  The dry weight of the isolate increased with the incubation 

period. The enzyme activity was carried out by using Nessler’s test. Enzyme activity and the 

protein content of the culture filtrate increased with the increasing incubation period. The L-

asparaginase activity was 48.4 IU/ml and protein content was 297 µg/ml on day 4 of incubation 

at room temperature.  

Table 4.5.1 Growth and enzyme activity of the fungal isolate a2A5. 

Days Dry Weight/20 ml 

(gms) 

Enzyme Activity 

(IU/ml) 

Protein Estimation 

(ug/ml) 

Day1 0.0108 11.3 8.764 

Day2 0.0192 39.7 100.529 

Day3 0.2085 48.4 130.529 

Day4 0.3052 64.6 297 

 

10.6
22.7

35.3
28.326.8

47.4
33.9

0

20

40

60

Room temperature 37 degree 50 degrees

en
zy

m
e 

ac
ti

vi
ty

 in
 IU

temperature

enzyme activity of a2A5

24 hrs  48 hrs 72 hrs



35 
 

 

4.6 Partial Purification of L-asparaginase enzyme by ammonium sulfate precipitation.  

The lipase enzyme from the Penicillium expansum showed partial purification at 50% of the 

ammonium sulfate saturation (Stöcklein et al., 1993). Also, the xylanase enzyme from 

Penicillium chrysogenum was partially purified by ammonium sulfate precipitation at 60% 

saturation (Haas et al., 1992).  

Therefore, the partial purification of the enzyme was carried out from 20% to 70% saturation. 

The enzyme activity was checked at each saturation level (Table 4.6.1) and it was maximum 

at 70% saturation indicating enzyme precipitation at 70% saturation of ammonium sulfate. The 

results obtained are similar to that of the endophytic fungus Talaromyces pinophilus which 

showed partial purification at 60-70 % saturation (Krishnapura & Belur,2016). The partial 

purification of fungal ligninolytic enzymes from Bhadra Wildlife Sanctuary was carried out 

from 20-905 saturation level (Banakar & Thippeswamy, 2014). The partial purification of the  

xylanase-producing fungi isolated from the fouled soil was carried out from 0-50% saturation 

(Sakthiselvan et al., 2014).  

Table 4.6.1 Enzyme assay and protein estimation of the partially purified enzyme 

Saturation Enzyme 

activity 

(IU/ml) 

Protein 

estimation 

(µg/ml) 

20% - 9.941 

30% - 514.647 

40% - 976.411 

50% 16.6 832.882 
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60% 47.3 766.411 

70% 52.3 718.764 

 

 

4.7 Application of the partially purified L-asparaginase  

The application of partially purified L-asparaginase enzyme from the fungal isolate a2A5 was 

checked on the potato. The untreated and treated potato samples with partially purified 

enzymes were analyzed for L-aspargine breakdown. The Ninhydrin reagent was added to the 

test tubes containing the treated and untreated potato sample extracts (Table 4.7.1). The 

absorbance of the sample extracts (treated and untreated) was taken at 340nm for the detection 

of the L-aspartic acid (Table 4.7.2).  

Table 4.7.1 Untreated and treated potato sample extracts 

Untreated potato sample extract Treated potato sample extract 
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Table 4.7.2 OD of the sample extracts 

Sample extract OD at 340nm 

 Set 1                          Set II 

Untreated sample 0.363                          0.352 

Treated sample 0.176                          0.125 

   

The OD of the untreated potato sample was higher as compared to that of the treated sample 

which indicated that the L-asparagine had been hydrolyzed by the applied partially purified 

enzyme. 

 

4.8 Confirmation of reduction of L-asparagine by paper chromatography 

The ammonia released was detected by the Nessler’s test. To further confirm the reduction of 

the asparagine content the paper chromatography was carried out.  

The samples were applied on the Whatman filter paper no. 1 and placed in the beaker 

containing the solvent system. After the solvent system reached the 2/3rd of the chromatogram 

it was removed, dried, and sprayed with the Ninhydrin solution. The Rf values of the spots 

were calculated (Table 4.9.1). On the chromatogram of the untreated potato sample, the spot 

(sample) obtained was darker as compared with the spot obtained for the treated potato sample 

extract which indicated that there was a reduction in the L-asparagine present in the sample. 

The Rf value of the standard L-aspartic acid and the Rf value for the treated potato sample 

extract was the same i.e., 0.674, which also confirms that there was a reduction in the L-

asparagine content.   
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Figure 4.8.1 Chromatogram of untreated and treated potato sample (a: standard L-asparagine, 

b: potato sample extract, c: standard L-aspartic acid) 

The Rf values of the spot obtained are tabulated in Table 4.8.1 

 

Table 4.8.1 Rf values of the sample extracts 

Sample Rf value 

 Untreated sample Treated sample 

Standard L-asparagine 0.658 0.662 

Standard L-aspartic acid 0.668 0.674 

Potato sample extract 0.647 0.674 
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Conclusion 

A total of three soil samples were collected from three different locations. The two fungal 

isolates (a2A5 and a2A8) obtained from Shiroda soil sample were positive for the production 

of L-asparaginase production and were tentatively identified as Penicillium sp. based on the 

morphological characters and microscopic details. Based on the qualitative enzyme assay, the 

fungal isolate a2A5 showed more enzyme production as compared to the a2A8 isolate.  

The isolates were then checked for quantitative enzyme activity by Nessler’s method. The 

isolate a2A5 showed the highest enzyme activity. The same isolate was then checked for 

enzyme activity at different temperatures (370 C, RT, and 500 C) and the activity was maximum 

at 370 C. The Partial purification of the enzyme was achieved at 70% saturation.  The partially 

purified enzyme was then applied to the sliced potato with various pre-treatments (drying 

treatment, vacuum, and freezing treatment). The treated potato sample exhibited a reduction in 

the L-asparagine content as compared to the untreated sample and showed a higher OD as 

compared to the treated potato sample extract which indicated that there is a reduction in the 

L-asparagine content.  

Hence the fungal l-asparaginases can be used in the reduction of L-asparagine content in the 

food thereby reducing the chances of acrylamide formation in the food when heated at high 

temperatures. 
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APPENDIX 1: Media Composition 

Modified Czapek’s Dox medium without an indicator (g/100ml) 

Glucose                                                                       0.2g 

l-Asparagine                                                                0.1g 

KH2PO4                                                                                                             0.152g 

NaCl                                                                            0.052g 

MgSO4                                                                                    0.052g 

ZnSO4                                                                         0.005g 

FeSO4                                                                         0.003g 

Agar                                                                           1.8g 

pH                                                                               6.2 

 

Modified Czapek’s Dox medium with Phenol red indicator (g/100ml) 

Glucose                                                                       0.2g 

l-Asparagine                                                                0.1g 

KH2PO4                                                                                                             0.152g 

NaCl                                                                            0.052g 

MgSO4                                                                                    0.052g 

ZnSO4                                                                         0.005g 

FeSO4                                                                         0.003g 

Agar                                                                           1.8g 

Phenol red                                                                  0.009g 
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pH                                                                               6.2 

 

Potato Dextrose Agar (g/1L) 

Potato infusion                                                            200g      

Dextrose                                                                      20g 

Agar                                                                             15g 

pH                                                                                5.6 

 

Sabouraud’s Dextrose agar (g/1L) 

Peptone                                                                       10g 

Dextrose Monohydrate                                               40g 

Agar                                                                            15g 

pH                                                                                5.6 

 

Normal saline 

NaCl                                                                             0.85g 

Distilled water                                                              100ml 
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APPENDIX 2: Reagents 

Lactophenol cotton blue  

Lactophenol cotton blue stain                               5ml 

Ethanol                                                                  5ml 

 

2% Ninhydrin solution 

Ninhydrin                                                              2g 

Ethanol                                                                 100ml 

 

Solvent system for paper chromatography 

n-Butanol                                                             50ml 

Acetic acid                                                           40ml 

Distilled water                                                     10ml 
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APPENDIX 3: Methods for quantitative estimation 

Nesslerisation of ammonia (Imada et al.,1973) 

Principle: 

Nessler’s Reagent (K2HgI4) also called Potassium Mercuric Iodide reacts with the ammonia present in the sample 

and produces a yellow to brown-colored complex under alkaline conditions. The intensity of the color change is 

directly proportional to the ammonia present in the given sample. 

Reagents 

Nessler’s reagent (g/100ml) 

A) Mercuric chloride                                                   10g 

               Potassium iodide                                                    7g 

               Distilled water                                                       50ml 

B) NaOH                                                                      16g 

Distilled water                                                         50ml 

Mix A and B gently before using 

 

0.04M L-asparagine (g/20ml) 

L-Asparagine                                                                          0.1201g 

Distilled water                                                                        20ml 

 

0.05M Tris HCl buffer 

1M Tris HCl                                                                             1ml 

Distilled water                                                                          19ml 
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1.5M Trichloroacetic acid (1.5M) 

Trichloroacetic acid                                                                    4.89g 

Distilled water                                                                             20ml 
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Ammonium Chloride (100mM working stock) (Indira et al.,) 

Ammonium chloride                                                 0.2675g 

Distilled water                                                           50ml 

Using 100mM ammonium chloride stock concentration ranging from 100mM – 0mM was made. 

Procedure 

A reaction mixture with a total volume of 2.0 mL, comprising 0.5 mL of 0.05 M tris HCl buffer (pH 8.2), 0.5 mL 

of 0.04 M L-asparagine, and 1 mL of 100 mM ammonium chloride, was incubated for 30 minutes at 37°C. 0.5 

mL of 1.5 M trichloroacetic acid (TCA) was added to the mixture to stop the reaction, and then 0.2 mL of Nessler's 

reagent was added. The reaction mixture was kept at room temperature for 10mins after which absorbance was 

measured at 450nm. 

Standard caliberation curve was prepared using ammonium chloride and graph was plotted by adding 

concentration of Ammonium Chloride (mM) on X-axis and OD at 450 nm on Y-axis. 
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Protein estimation by Folin Lowry method (Peterson, 1979) 

Principle:  

It is a biochemical assay that detects the concentration of the protein in the sample. This process involves the 

alkaline peptide nitrogen interacting with copper ions, which is followed by the copper-catalyzed oxidation of 

aromatic acids, which reduces the Folin-Ciocalteau phosphomolybdic phosphotungstic acid to 

heteropolymolybdenum blue.  

 

Reagents 

A) NaOH                                                  0.1g 

Distilled water                                     100ml 

Na2CO3                                                2g 

B) Sodium Potassium Tartarate                1g 

Distilled water                                      100ml 

Copper sulfate                                      0.5g 

Reagent 1 

50ml of A + 1ml of B                                         51ml 

Reagent 2  

Folin Ciocalteau                                                 5ml 

Distilled water                                                     5ml 
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Bovine Serum albumin (300ug/ml working stock) 

Diluent : distilled water 

Procedure 

Using 300ug stock solution concentration ranging from 300ug – 50ug was prepared. Using the BSA concentration 

the total volume was made to 1ml by adding distilled water. 5ml of the reagent 1 was added in all tubes and 

incubated in the dark at room temperature. After 10 minutes of incubation, 0.5ml of reagent 2 was added to all the 

tubes and kept for 30 minutes of incubation at room temperature. Absorbance was measured at 660nm. 

The standard graph was plotted by adding the concentration of BSA in ug on the X-axis and OD at 660nm on the 

Y-axis. 
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