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ÖZET 

 

 

Geobacıllus thermodenıtrıfıcans HBB268’İN LİPAZ ÜRETİMİ ÜZERİNE KÜLTÜR 

KOŞULLARININ ETKİSİ 

 

Sokhulu P. S. Aydın Adnan Menderes Üniversitesi, Fen Bilimleri Enstitüsü, Biyoloji 

Programı, Yüksek Lisans Tezi, Aydın, 2022. 

 

Amaç: Geobacillus thermodenitrificans HBB268 tarafından üretilen lipazın, üretim 

koşullarının optimizasyonu yapılarak en yüksek verimde enzim üretiminin sağlanması 

amaçlanmıştır. 

Materyal ve Yöntem: Substrat olarak p-NPL (p-nitrofenil laurat) kullanılarak 

spektrofotometrik olarak lipaz aktivite tayini yapılmıştır. 

Bulgular: Bu çalışmada Adnan Menderes Üniversitesi Biyoloji Bölümü kültür stoklarında 

kayıtlı HBB268 izolatı Aydın ili sıcak su kaynaklarından izole edilmiştir. Önceden lipolitik 

aktiviteye sahip olduğu bilinen Geobacillus thermodenitrificans HBB268 izolatı; termofilik, 

fakültatif, gram-pozitif, çubuk şeklinde bir bakteridir. HBB268 suşunun kültür koşulları 

optimize edildiğinde en iyi enzim üretimi; karbon kaynağı olarak %0,5 maltoz, nitrojen 

kaynağı olarak %0,5 meat extract içeren besi ortamında pH 7,00 ve 55 °C koşulları olarak 

belirlenmiştir. HBB268 izolatı optimum koşullarda büyütüldüğünde, logaritmik fazın 

başlangıcında enzim üretimi başlamış ve durgunluk fazında (18-24 saat) maksimuma 

ulaşmıştır. Geobacillus thermodenitrificans HBB268'in lipaz enzimi pH 8,0 ve 55 °C'de 

optimum aktivite gösterdiği belirlenmiştir. 

Sonuç: Bu tezden elde edilen sonuçlar Geobacillus thermodenitrificans HBB268 tarafından 

büyük ölçekli ve uygun fiyatlı lipaz üretimini içeren daha ileri bir araştırma için temel teşkil 

edecektir. 

 

Anahtar Kelimeler: Enzim Karakterizasyonu, Geobacillus, Lipaz, Termofilik Enzim, 

Volüm Aktivite. 
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ABSTRACT 

 

 

THE EFFECT OF CULTURE CONDITIONS ON LIPASE PRODUCTION BY 

Geobacillus thermodenitrificans HBB268 

 

Sokhulu P. S. Aydın Adnan Menderes University, Institution of Natural and Applied 

Sciences, Biology Program, Master’s Thesis, Aydın, 2022. 

 

Objective: The aim of the study is to optimize culture conditions for enhanced maximum 

lipase production by Geobacillus thermodenitrificans HBB268.  

Material and Methods: Lipase activity was assayed spectrophotometrically assay using 

pNPL (p-nitrophenyl laurate) as substrate. 

Results: In this study, HBB268 isolate, registered in Adnan Menderes University Biology 

Department Culture Stocks, was isolated from the hot water sources of Aydın province. 

HBB268 isolate, previously known to have lipolytic activity; is a thermophilic, gram-

positive, rod-shaped bacterium. When the culture conditions of the HBB268 strain are 

optimized, the best lipase enzyme production is obtained from; 0,5% maltose as carbon 

source and 0,5% meat extract as nitrogen source. When HBB268 isolate was grown under 

optimum conditions, enzyme production started at the beginning of the logarithmic phase 

and reached its maximum in the stagnation phase (18-24th hour). It was determined that the 

lipase of Geobacillus thermodenitrificans HBB268 showed optimum activity at pH 8,00 and 

55 °C. 

Conclusion: The obtained results of this study, will serve as a baseline for a further inquiry 

that includes the large-scale and affordable production of lipase by Geobacillus 

thermodenitrificans HBB268. 

 

Key Words: Enzyme Characterization, Geobacillus, Lipase, Thermophilic Enzyme, 

Volume Activity. 
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1. INTRODUCTION 

 

 

Life is maintained by biochemical reactions taking place within an organism. 

Enzymes are vital biological catalysts produced by living cells to regulate reactions and 

pathways of cellular metabolism (Gurung et al., 2013). Under biologically relevant 

conditions, uncatalyzed reactions like metabolism, catabolic processes, decomposition of 

compounds, protein synthesis, cell renewing, growth, etc., may occur at a slower rate, 

inaccurately, or even form undesired by-products. Enzymes circumvent such problems by 

providing a specific environment in which a given reaction can occur accurately in fractions 

of seconds provided the catalysis is carried by an appropriate enzyme. (Nelson and Cox, 

2017).  

Preservation of food, cheese making, and fermentation of beverages were among the 

early enzymatic processes carried out by man long before the mechanism of enzymes was 

understood (Sutay Kocabas and Grumet, 2019). Today, enzymes are employed in a large 

number of industrial processes greatly replacing traditional chemical catalysts. Most 

industrial enzymes are from microbes, possessing multifaceted catalytic activities i.e., 

substrate selectivity, stability, suitability for genetic modifications, and most importantly 

their use require less energy consumption due to their simplified production routes and they 

prove to reduce environmental toxicity (Chapman et al., 2018). Fıne and bulk chemical 

industries, pharmaceutical, food, detergent, medicine, textiles, and other industries have 

benefited from these advantages for years while natural gas conversion and biofuel 

industries have only recently broadened enzyme exploitation (Choi et al., 2015).  

The majority of industrial enzymes are hydrolyses, as they are used to break down 

proteins, lipids, and carbohydrates, however, enzymes belonging to other classes are also 

used. Two major enzymes of hydrolases, lipases (EC 3.1.1.3, triacylglycerol hydrolases) and 

esterases (EC 3.1.1.1, carboxyl ester hydrolases) are important biocatalysts with high 

industrial potential as they hydrolyze the carboxyl ester bonds in acyl-glycerides (Castilla et 

al., 2017). Lipases especially can catalyze the hydrolysis and the reverse reaction of 

synthesis reactions and have a wider range of applications for use in many processes 

(Gandhi, 1997).  
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Proteases account for the largest share of the global industrial enzyme market 

(Sarrouh, 2012). Carbohydrases and proteases account for 70% of revenue generated by 

industrial enzymes, whereas lipases and phytases account for 8% and 7%, respectively 

(Arbige et al., 2019). The global enzyme market is currently estimated at $5.5 billion, and it 

is expected to reach $7.0 billion by 2023 (Kocabas and Grumet, 2019). The enzyme market 

is dominated by top producers like Novozymes, DSM, BASF, and DuPont, with a 75% 

contribution of all industrial enzymes (Arbige et al., 2019).  

Thermostable enzymes are of industrial and biotechnological interest, better suited for 

harsh industrial processes (Leuschner and Antranikan, 1995). Biotechnological processes 

require elevated temperatures to reduce contamination, easy solubility of organic 

compounds and accelerated reaction rates (Becker, 1997; Krahe et al., 1996). Lipases are 

great candidates for the vast majority of these harsh industrial processes especially lipases 

produced by thermophilic bacteria as their structure is extremely stable at high temperatures 

in organic solvents, and they have a high level of activity. Additionally, these lipases exhibit 

strong resistance to chemical denaturation and may be highly active in alkaline pHs, for 

these reasons lipases have found immense use, especially in the detergent industry (Bakir 

and Metin, 2017; Uğraş, 2017; Van Den Burg, 2003). 

Thermomonas hydrothermalis, Geobacillus thermoleovorans, and Bacillus 

licheniformis have all been shown to be promising sources of thermophilic lipases up to this 

point (Lee, et al., 1999; Kambourova et al., 2003; Mohammad et al., 2017). Studies on the 

discovery of new microorganisms that may produce these enzymes, however, are 

continually expanding due to the relevance of thermophilic enzymes in both biotechnology 

and different industries. In order to keep up with rising demands, enzymes must be 

produced in large quantities. Though there are significant underlying middle-cost issues. 

Agricultural wastes or by-products are employed as inexpensive enzyme synthesis 

substrates for microorganisms to circumvent such issues. Waste materials including lemon 

peel, coconut cake, soya residues, coffee husk, and melon waste, have been used as 

affordable substrates for the synthesis of microbial lipases by studies such as (Alkan et al., 

2007; Parihar, 2012). There also have been reports that waste-frying oil can be also utilized 

as cheap substrates in the production of microbial lipases (Ferreria, et al., 2017). Also, 

nutritional factors (carbon and nitrogen sources, minerals) and physical factors (pH, 

temperature, surfactants, inoculum concentration, and incubation time) can influence lipase 

production (Hasan-Beikdashti, et al., 2012; Nunes, et al., 2014). It can be concluded that 
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choosing an inexpensive substrate and optimizing the culture conditions of production 

mediums is the primary element to take into account when producing lipase. 

 

1.1. History of Enzymes 

 

Though the role of microbes was understood when brewing alcohol, less could be 

explained as to what was happening at a molecular level. In the late 1700s, biological 

catalysis was brought into spectrum by studies such as the digestion of meat by gastric 

juices, an experiment carried out by L. Spallanzan (Baron, 1979). Extensive studies 

continued in the 1800s, chemist Anselme Payen discovered the first enzyme, diastase 

(Payen and Persoz, 1833). In 1862 Louis Pasteur, Ferdinand Cohn and Robert Koch 

reported that the fermentation of sugar to alcohol was catalyzed by ferments and that these 

ferments were inextricably linked to the structure of live yeast cells (Drews, 2000). In 

contrast to Pasteur's conclusion, Eduard Buchner proved that fermentation was promoted by 

molecules that continued to function independently when he fermented glucose to produce 

ethanol from cell-free yeast extracts in the mid-1850s. The molecules discovered by 

Buchner were eventually given the term enzymes (from the Greek enzymes, "leavened") by 

Frederick W. Kühne (Aehle, 2007). James Sumner crystallized and isolated urease from 

jack bean and found that urease crystal consisted entirely of protein, and he postulated that 

all enzymes were proteins in 1926. The idea remained controversial until J. Northrop and M. 

Kunitz Isolated and crystallized digestive enzymes and found them also to be proteins 

(Nelson and Cox, 2017). As a result of these initial studies, it is now known that all enzymes 

are proteins in nature with just a few classes of ribosomal RNA molecules as exceptions that 

were discovered to also possess the ability to catalyze chemical reactions (Blanco, 2017). 

Enzymes have been purified, immobilized, produced in large quantities, and practically 

applied industrially (Duza and Mastan, 2013).  
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1.1.1. Nomenclature and Classification of Enzymes 

 

Enzymes are often named by adding the suffix-ase to the name of the substrate that 

they modify. For example, lipase, esterase, and protease are enzymes that catalyze reactions 

involving lipids, esters, and proteins (Nelson and Cox, 2017). Gastric pepsin, saliva ptyalin, 

pancreatic trypsin, and chymotrypsin are enzymes that have arbitrary names to avoid 

confusion created by the use of names according to various criteria, the International Union 

of Biochemistry and Molecular Biology (IUBMB) proposed a classification system, to 

assign each enzyme a descriptive name and a number that allows its unequivocal 

identification (Schomburg, 2002). The Enzyme Commission number (EC number) classifies 

enzymes numerically based on the chemical reaction they catalyze (McDonald et al., 2015). 

In 1961, the (EC) number system classified enzymes into six categories: oxidoreductases 

(EC1), transferases (EC2), hydrolases (EC3), lyases (EC4), isomerases (EC5), and ligases 

(EC6). For many years, these six groups remained unaltered until August 2018, when a new 

class, translocases (EC7), was added (Tao et al., 2020). 

 

1.1.2. Enzyme Structure and Mechanism 

 

Some enzymes are simple proteins composed only of amino acids. Others however 

form associations with various nonprotein molecules for significant catalytic functions. An 

apoenzyme is an inactive enzyme, its activation occurs upon binding to a cofactor. Common 

cofactors may be either inorganic metal ions (Zn, Fe) or coenzymes which are organic 

compounds such as vitamins that bond, either loosely/noncovalently to the enzyme or 

covalently, forming complexes that are hard to separate. A coenzyme bound this way is 

called a prosthetic group. The cofactor and apoenzyme complex is called a holoenzyme.  

 

1.1.3. Active Site 

 

The basic mechanism of an enzyme action depends on its ability to bind the substrate 

at the domain of the enzyme molecule known as an active site where catalysis takes place. 

The enzyme active sites are a three-dimensional chiral groove or crevice buried within the 
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tertiary structure of the protein. This feature protects the bound substrate from solvent 

molecules that could interfere with catalysis. The active site's location varies according to 

the protein family. On the surface and within the active site are different amino acid 

residues. Enzymes specificity is due to the identity and spacial arrangement of these 

residues which dictate substrate recognition, binding, and stability, other residues are 

primarily involved in the formation and cleavage of chemical bonds to substrates and 

products (Blanco, 2017; Ghanem and Raushel, 2012). 

 

1.2. Enzyme Activity 

 

The amount of substrate converted by the enzyme in moles per unit of time is referred 

to as enzyme activity. It quantifies the amount of active enzyme in a mixture at a given time. 

The conditions used to evaluate enzyme activity in vitro frequently differ from those found 

in vivo. The goal of measuring enzyme activity is typically to determine the amount of 

enzyme present under defined conditions so that activity can be compared between samples 

and laboratories. The conditions chosen are usually those with the best pH, substrate 

concentrations, and temperature control. Nonetheless, with a thorough examination of the 

factors influencing enzyme activity, it should be feasible to extrapolate to the activity 

expected to occur in vivo. Substrate concentrations (s), pH, ionic strength and nature of salts 

present, and temperature are all factors that influence enzyme activity (Scopes, 2002). 

 

1.2.1. Temperature 

 

The rate of reaction is directly affected by temperature such that an increase in 

temperature results in an increase in the rate of the reaction. This is due to the increase in the 

kinetic energies of the molecules. The increase in this kinetic energy exceeds the energy that 

causes the weak hydrogen and hydrophobic bonds to break in the enzyme's structure. At 

high temperatures, the structure of proteins deteriorates and their efficient catalytic activities 

are destroyed. Hence, when performing an enzyme assay, it is critical to ensure that the 

temperature remains constant and that you know exactly what to compare with other results 

that may have been reported at different temperatures. (Ghanem and Raushel, 2012). 
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1.2.2. pH Effect on Enzymes 

 

For most enzymes, optimum activity is usually recorded between pH 6.00 and 8.00. 

Below or above these ranges, the reaction rate decreases more or less rapidly. However, 

there are exceptions such as gastric pepsin which exhibits maximal activity at acidic pH 

1.50 roughly, acid phosphatase in male prostate, presenting optimum activity at pH 5.00 

while alkaline phosphatase from other organs exhibits optimal activity at a pH of 9.50. The 

state of ionization of functional groups on the enzyme molecule and the substrate is affected 

by changes in the pH of the medium. The proper distribution of electrical charges in both 

molecules is required for the formation of the enzyme-substrate complex. The optimum pH 

is that at which the essential group dissociation is most conducive to the interaction of the 

enzyme with the substrate to form the enzyme-substrate complex. Extreme pH changes, 

either above or below the ideal range, may result in the denaturation and consequent 

deactivation of the enzyme. (Joshi, et al., 2000; Talley and Alexov, 2010).  

 

1.2.3. Substrate Concentration  

 

Most enzyme molecules are free at very low substrate concentrations. As the substrate 

concentration rises, more enzyme molecules collide, resulting in the formation of the ES 

complex. If the substrate concentration continues to increase, a point is reached in which 

virtually all the enzyme molecules are occupied by the substrate that’s if the concentration 

of enzyme remains constant. The enzyme has become saturated with the substrate at this 

point. If the substrate concentration continues to rise and far exceeds the amount of enzyme, 

a constant state is reached in which the rate of reaction does not show any further increase. 

Any additional increase in substrate no longer results in increased enzyme activity, and the 

reaction behaves in zero order.. (Akutsu et al., 2009). 

 

1.2.4. Enzyme Concentration 

 

As the concentration of enzymes rises, more enzymes will be interacting with 

substrate molecules, speeding up the reaction. However, this will also only work up to a 
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certain concentration, at which point the enzyme concentration ceases to be the limiting 

factor. 

 

1.2.5. Enzyme Inhibitors 

 

Additionally, some chemical agents can inhibit enzyme activity in various ways. 

Some of them work by binding to critical sites or functional groups in the enzyme. 

Inhibition can be reversible whereby an inhibitor inactivates an enzyme by bonding 

covalently to a particular group at the active site or reversible, through noncovalent, 

reversible interactions, an inhibitor inactivates an enzyme. (Blat, 2010; Srinivasan, 2022). 

 

1.3. Lipase 

 

Claude Bernard pioneered the discovery of lipase in 1846 while studying human 

pancreatic cells. Lipase was observed in pancreatic secretion to emulsify or hydrolyze 

insoluble fatty substances into more soluble products. The animal pancreas used to be the 

main source of lipase and it was widely used as a digestive supplement, either as a crude 

mixture with other hydrolase enzymes or in purified grade. Unfortunately, the pancreas 

became insufficient for the demand and there were hardships encountered in collecting 

available materials (Hasan et al., 2006). When microbial sources for lipase acquisition were 

discovered, the industrial potential of lipases expanded, which increased demand from 

suppliers. The early bacterial production of lipase was observed in Bacillus prodigiosus, B. 

pyocyaneus and B. fluorescens in 1901 (Jaeger and Reetz, 1998). Serratia marcescens, 

Pseudomonas aeruginosa, and P. fluorescens bacteria have been identified for large-scale 

lipase production (Homaei et al., 2013). Over the years, genes responsible for lipase 

synthesis have been genetically modified through recombinant DNA and lipase makes the 

first commercial recombinant lipase industrialized from the fungus Thermomycesl 

anugiwnosus and expressed in Aspergillus oryzae in 1994 (Blamey et al., 2017). 
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1.3.1. Structure and Mechanism of Lipases 

 

Lipases belong to an α/β-hydrolase fold family first defined by (Ollis et al., 1992). A 

superfamily with a wide range of enzymes whose activities rely mainly on a catalytic triad 

usually made of Ser, His, and Asp amino acid residues (Arpigny and Jaeger, 1999).  

 

1.3.2. Mechanism of Lipase Action 

 

In water, lipases have only a marginal but measurable activity towards dissolved 

substrates but as soon as an aggregated substrate starts to form an emulsion, a dramatic 

increase in lipase activity is observed which is called interfacial activation. This 

Phenomenon distinguishes lipases from esterases which display normal Michaelis-Menten 

activity (Anthonsen et al., 1995). The 1990 X-ray crystallographic three-dimensional 

structures of several lipases, including Rhizomucor miehei lipase and human pancreatic 

lipase, revealed the presence of an α helical fragment (lid) that shields the active center of 

lipase (Figure 1.1) (Schmid and Verger, 1998). From these 3-D strucrtures it was deduced 

that in the presence of a hydrophobic surface, the flap/lid of the lipase enzyme is displaced, 

converting it from its closed state to an open state that facilitates interaction between its 

hydrophobic internal face. The hydrophobic residues that usually surround the lipase active 

center with the substrate are lipases that have a lid but do not exhibit interfacial activation 

(Lorente et al., 2020). lipase from Pseudomonas glumae (Kim et al., 1997), lipase from 

Pseudomonas aeruginosa (Jaeger et al., 1993), and lipase from Staphylococcus hyicus 

showed interfacial activation with only some substrates (López-Fernández, 2020; Van Oort 

et al., 1989). 

 

 



9 

 

Figure 1.1. Mucor miehei lipase structure in closed (A, C) and open forms (B, D). Adapted 

from Schmid and Verger, (1998). 

 

1.3.3. Specificity and Classification of Lipase 

 

For industrial applications, the specificity of lipase is of signicant importance. Lipases 

are the third largest group of enzymes after proteases and amylases source. Lipases catalyze 

the hydrolysis of fats at the water-lipid interface in aqueous media by cleaving ester bonds 

while consuming water molecules and producing the corresponding fatty acids and glycerol 

or alcohol. Furthermore, due to the principle of microreversibility, they perform reverse 

reaction in non-aqueous media called synthesis reactions. These reactions are further 

classified as esterification, which occurs when an alcohol and a carboxylic acid undergo a 

double displacement reaction, resulting in esters and water; and transesterification, which 

occurs when an ester's acyl group switches with an alkyl group of an alcohol, acid, or 

another ester, resulting in alcoholysis, acidolysis, and interesterification reactions, 

respectively. 

 

Lipases are classified based on sources they obtained from and based on specificity. 

Specificity of lipase is further subdevided into three subclasses, substrate specific lipase, wh 

selectively acting on a specific substrate in a mixture of crude raw material, enantioselective 

lipases which preferentially hydrolyse one of the isomers of a racemate over the other and 

finally regioselective (positional) lipases which favour their activity depending on positional 
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specificity and can be divided, in three classes 1-3 specific, non specific lipases and , fatty 

acid specific. It has been observed that most lipases belong to sn-1,3 specific lipase (Ribeiro 

et al., 2011), these hydrolyse or esterify fatty acid explicitly at the either/both sn-1 and sn-3 

position. The steric hindrance effect prevents sn-2 fatty acids from binding to the active site 

of lipase (Anthonsenl et al., 1995; Fernández et al., 2020).  

 

1.3.4. Sources of Lipase 

 

Lipases are abundant enzymes naturally produced by animals, plants as well as several 

microorganisms. In animals, lipases are obtained from stomach and pancreatic juices. While 

animals use lipase for lipid metabolism including fat digestion, adsorption, reconstitution, 

etc., industrially it has versatile uses including the production of lysolecithin by 

phospholipase, a natural emulsifier largely used in food, cosmetic, and pharmaceutical 

sectors. However, animals are no long the main source for commercial lipases due to the 

difficulties encountered in extracting lipases (Hasan et al., 2006; Sarmah et al., 2018). In 

plants, lipases can be found in grains, fruits, leaves, and energy reserve tissues in oilseeds 

such as canola, and castor beans. These are active during germination and they catalyze the 

hydrolysis of stored triacylglycerols into fatty acids which are then converted to sugars to 

aid the development of plant embryos. Plant lipase production is low in costs and presents 

good stability in interesterification reactions and is wildly used in agriculture (Meshramet 

al., 2019; Sarmah et al., 2018). Lastly, lipases of microbial origin are obtained from 

filamentous fungi, yeast, and bacteria (Filho, 2019). Microorganisms are known to produce 

a variety of lipases, with distinct substrate specificity, optimum pH, and temperature range 

(Palekar et al., 2000). In comparison to their plant and animal derivatives, they can be 

exploited for their simplified production routes and fast growth which saves time plus 

energy, easy genetic manipulation through recombinant DNA technology for desired 

catalytic qualities, and most importantly they are environmentally benign (Dey et al., 2014, 

Hasan et al., 2006, Lee et al., 2015; Priji et al., 2015; Ullah et al., 2015). Nutritionally these 

microorganisms utilize cheap lipids either from animals or vegetables as carbon and energy 

sources for their growth (Hasan et al., 2006). Their diverse enzymatic properties make them 

prominent sources for industrial applications (Gurung et al., 2013). Though many lipase-

producing microorganisms have been reported in the scattered literature, the genera 
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Candida, Rhizopus, and Pseudomonas are considered the authentic industrial sources of 

lipases (Table 1.1) (Larios et al., 2004; Singh and Mukhopadhyay, 2012; White and White, 

1997). The yeast Candida rugosa is the most employed microorganism for lipase production 

(Larios et al., 2004; Singh and Mukhopadhyay, 2012).  

 

Table 1.1. Some microbial sources of lipase and their industrial applications adapted from 

Chandra et al., (2020). 

 

 

 

 

 



12 

1.3.5. Lipase Catalyzed Reactions  

 

Primarily lipases are responsible for the hydrolysis of triacylglycerides; however, this 

unique group of enzymes accepts a variety of other low and high-molecular-weight esters, 

thiol esters, amides, polyol esters, and so on as substrates (Gandhi, 1997). Lipases act at the 

organic-aqueous interface in natural conditions, such as the presence of excess water, to 

catalyze the hydrolysis of carboxylate ester bonds and release free fatty acids and organic 

alcohols. Because the equilibrium between the forward and reverse reactions is controlled 

by the water activity of the reaction mixture, the reverse reaction, esterification, can occur 

under limiting water conditions. Different transesterification reactions can also occur at low 

water activity. The exchange of groups between an ester and alcohol (alcoholysis), an ester 

and an acid (acidolysis), an ester and an amine (aminolysis), or two esters is referred to as 

transesterification (interesterification) (Figure 1.2) (Rahman et al., 2006).  

 

 

Figure 1.2. Lipase catalyzed reactions, adapted from Rahman et al., (2006).  
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1.3.6. Industrial Applications of Lipases 

 

Food and beverages (dairy, bakery, fruit juices, beer, wine), detergents, biofuel 

production, animal feed, pharmaceuticals, and other applications such as textiles, leather, 

and paper processing are among the most common uses for industrial enzymes. Overall, 

food and feed applications account for 55-60% of the global enzymes market, and the 

market is expected to grow at a 6-8% annual rate (Figure 1.3 and Table 1.2) (Guerrand, 

2017). Lipase use varies according to the requirements and properties of the reactions for 

each application (Kamini et al., 2000). The uniqueness of lipases in chemo- regio- and 

enantio-selectivity, enable their use in the also in production of novel drugs, agrochemicals, 

and fine chemicals. They are a great preference for biocatalysts (Saxena et al., 2003). 

 

 

Figure 1.3. Industrial applications of lipases 
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Table 1.2. Industrial applications of lipases 

INDUSTRY APPLICATIONS 

Foods processing Lipases are incoropeated in food processing such as tenderising and 

ripnening of foods, cocoa butter processing, in dairy products for flavor 

development (Jooyandeh, 2009). 

Fats and oleo-

chemistry 

In resent studies immobilised lipase is used as an alternative to physico-

chemical processes to catalyze the hydrolysis, esterification, and inter-

esterification of oils and fats (Guerrand, 2017). 

Oily-wastewater 

treatments 

Lipases are added to waste water reservoirs to dissolve the thin layers of fat 

that have accumulated on the surface in order to maintain the best conditions 

for biomass development. (Sarac and Ugur, 2015).  

Pharmaceutical sector Due to their high level of specificity, lipases can be used to produce novel 

drugs with active and pure compounds. Enantioselective enzymes, for 

instance, are employed as a chiral chromatography substitute technology 

(Francotte, 2001).  

Detergents Lipases find use in laundry and dishwashing formulations in commercial 

detergents where they have been optimized to operate under various pH and 

temperature conditions They have the ability to remove stubborn oil or 

grease stains in cloth materials. They are prefered industrially over 

phosphate-based detergents because they reduce environmental pollution 

(Sahoo et al., 2020). 

Pulp and paper Lipase are used in wood treatments to reduce pulp triglycerides and waxes 

which hinders the processes involved in the production of paper and pulp 

(Gutiérrez et al., 2009). 

Biodiesel Thermostable lipases are used to produce biodiesel from various feedstocks 

such as waste oils, vegestable oils, animal fats and many more. Moderate 

reaction conditions, the use of less alcohol during the reaction, and the need 

for less water and energy during product isolation are all advantages of 

lipase-catalyzed biodiesel synthesis (Cavalcante et al., 2021). 

 

1.4. General Characteristics of Geobacillus Genus 

 

The Geobacillus bacteria usually survive in environments with temperatures in the 

range of 45-75°C (optimum at 55– 65°C) with good stability at acidic to slightly alkaline pH 

(5.00–9.00). They are thermophilic, gram-positive, spore-forming bacilli, and are capable of 

aerobic or facultatively anaerobic respiration (Manachini et al., 2000). Their genome size is 

reported to be always less than 4 Mb (Aliyu et al., 2016). Geobacillus bacteria used to be 

classiefied as species of Bacillus, a strain named Bacillus stearothermophilus. However, in 

2001 the beginning of the twenty-first century, (Nazina et al., 2001) carried out a multi-level 

taxonomic study on the fifth group of Bacillus species that led to revisions and 
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reclassifications of this species. The species B. kaustophilus, B. stearothermophilus, B. 

thermocatenulatus, B. thermodenitrificans, B. thermoglucosidasius, and B. thermoleovorans 

were reported to constitute a group of bacteria with similarities in phylogenetic, 

morphological and physiological traits (Najar and Hakur, 2020). As a result, a new genus. 

At present, the genus Geobacillus, which includes 20 species and 21 strains, has been 

sequenced and made available publicly (Table 1.3). With the development of bioinformatics 

and sequencing technology, the results of Geobacillus classification are constantly updated. 

The species Geobacillus pallidus was reclassified into a novel genus, Aeribacillus in 2010 

(Galbis et al., 2010). Geobacillus tepidamans was reclassified as Anoxybacillus tepidamans 

in 2016 (Aliyu et al., 2016). Recent research suggested that the genus Geobacillus consists 

of two distinct genera, Geobacillus and the novel genus Parageobacillus found in 2012. The 

latter genus contains P. caldoxylosilyticus, P. thermoglucosidasius, P. antartcicus, P. toebii, 

and Parageobacillus species all of which were known as genus Geobacillus (Aliyu et al., 

2016). Furthermore, the study by Bezuidt et al., (2016) indicates that horizontal gene 

transfer is a major factor in the evolution of Geobacillus from Bacillus, with genetic 

contributions from other phylogenetically distant taxa. When comparing genomes, 

Geobacillus and Anoxybacillus share a large number of genes (Bezuidt et al., 2016). 

 

1.4.1. Nutritional Requirements 

 

The nutritional requirements of Geobacillus are straightforward. In contrast to many 

other microorganisms, the genus. Geobacillus does not require growth stimulants, vitamins, 

NaCl, or KCl. Organic acids, peptone, tryptone, and yeast extract are among the substrates 

frequently used by culturable strains. Furthermore, this genus has a broad ability to use 

hydrocarbons as carbon and energy sources (Eunhye et al., 2021; Nazina et al., 2001). 

Geobacillus sp. typically has higher ideal development temperatures than the majority of 

industrial microorganisms, which has the advantage of lower bacterial contamination risk 

and lower sterilization and cooling costs. The basic nutritional needs and higher culture 

temperature render Geobacillus sp. into appealing thermo-tolerant chassis cells. In general, 

high efficiency is achieved with the optimization of the culture medium (Eunhye et al., 

2021). 
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Table 1.3. The basic characteristics of Geobacillus species, adapted from Lin et al., (2015) 

  

1.5. Analytical Methods for Lipase Activity Determination 

 

The accelerated industrial demand for lipases requires constant identification of new 

potential microbial strains with high lipase production as well as unique industrial serving 

properties. Different analytical methods that are practical, reliable, rapid, substrate-specific, 

selective, and sensitive have been developed for the evaluation of lipase activities. These 

analytical methods generally focus on analyzing the formation of free fatty acids, the 

products of the lipase-catalyzed triglycerides. Among these quantitative volumetric analysis, 

calorimetric analysis, fluorescence, various chromatographic procedures, and other methods 

are used (Stoytcheva et al., 2012). 
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1.5.1. Titrimetric Method 

 

The technique is based on the titrimetric analysis of the free fatty acids liberated from 

triacylglycerols during hydrolysis catalyzed by lipase (Stoytcheva et al., 2012).  

 

1.5.2. Colorimetric Method  

 

The colorimetric method like the titrimetric is a quantitative method based on the 

principle that free fatty acids form a complex with metal in an organic solvent. The metal in 

the organic phase is measured spectrophotometrically. 

 

1.5.3. Synthetic Substrates 

 

Hydrolysis of the substrate by lipase releases p-nitrophenol, which can be measured 

spectrophotometrically in the visible range (about 410 nm) (Becker et al., 1997). The 

fluorometric methods display fatty acids esterified with a chromogenic substrate such as 

coumarin umbelliferone, pyrenic compounds, fluoresceine, etc spectrophotometrically. 

 

1.5.4. Turbidimetry and Nephelometry 

 

Lipase activity is measured by observing the decrease in absorbance of a 

triacylglycerol emulsion over time due to de-emulsification with free fatty acids released.  

 

1.5.5. Other Methods  

 

Such chromatographic methods, measurement of interfacial tension, test kits, Immuno 

applications, and conductivity methods can be used to determine lipase activity. 
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1.6. Aim of This Study 

 

The ever increasing global population and the developing economies worldwide, 

strike a need to manufacture goods used in daily life, such as foods, clothes, paper, textiles, 

fuels, chemicals, detergents and medications. The processes invloved use a lot of energy and 

raw materials, producing a lot of waste and this in turn has a negative impact on our 

environment and overall quality of life. It is obvious that an urgent solution is needed to 

lower the impact associated with each unit of produced goods in oder to sustain human 

needs without compromising the environment.  

Industrial biotechnology is one such alternative technology that could be used instead 

of current technologies in the transition to cleaner production processes as it uses bio-based 

materials. Among biotechnologies, enzymatic processing is regarded as one of the most 

promising and long-term alternatives to conventional processing among biotechnologies. 

Lipases are one of the enzymes employed in many biotechnological processes 

especially in the hydrolization of lipophilic materials. Lipase mediated processes are said to 

reduce energy consumption and have replaced many harmful chemicals contributing to 

global warming (Jegannathan et al., 2013).  

For this reason, the presented study is aimed to determine the optimum culture conditions 

for Geobacillus thermodenitrificans HBB268 (previously confirmed for lipase activity) to 

acquire higher yields of lipase enzyme. For optimization, various physical and nutritional 

factors were studied to understand their effect on lipase production. 
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2. LITERATURE REVIEW 

 

 

It has been observed that microbial lipase production is strongly influenced by media 

composition like nutritional and physical-chemical factors. As mentioned by Chandra et al., 

(2020), high enzyme productivity is frequently attained through scaling up production and 

optimizing the culture environment but one of the major hindrances industrially to the 

production of lipases is the process costs involved. To bridge this gap however lot of work 

has been dedicated to utilizing cheap sources even wastes as raw materials to produce 

lipase. Carbon supply is said to be not only a primary nutritional component but also an 

inducer of lipase production in the process of fermentation hence various carbon sources 

such as glucose, sucrose, maltose, and galactose are widely incorporated in certain 

concentrations in lipase production mediums (Chandra et. al., 2020).  

A medium's constituents must meet the basic needs for cell biomass and metabolite 

production by providing an adequate supply of energy for biosynthesis and cell 

maintenance. Nitrogen can be either inorganic (as in ammonium salts) or organic (as in 

amino acids, proteins, or urea) (Costa et al., 2002). 

E. Dalmau (2000) used batch cultures to investigate how various carbon sources affect 

the growth and overall lipase production in Candida rugosa. The study revealed that 

Carbohydrates and acids that are not of a lipid nature had no induction effect on lipase 

enzyme production. They reported that the use of lipids or fatty acids yielded the highest 

enzyme in quantity. Tween 80 took the role of being a stimulant for lipase biosynthesis and 

extracellular secretion of lipase. Combining fatty acids and carbohydrates as substrate 

showed an increase in lipase synthesis, and sometimes their consumption occurred 

sequentially. Glucose presented a repressing effect on lipase production. Moreover, glucose 

was found to be an effective stimulant for the secretion of lipase by cells with a high level of 

cell-bound lipase activity due to their previous growth in oleic acid (E. Dalmau, 2000). 

Abdel-Fattah and Gaballa (2008) isolated a thermophilic strain producing 

thermostable lipase. The isolate was identified based on 16S rRNA sequencing, the results 

obtained from the phylogenetic analysis show high similarities to Geobacillus 

thermoleovorans. Lipase from this isolate was cloned and over-expression in Escherichia 

coli, subclone pET vector was used to sub-clone the lipase gene. The Lipase enzyme 
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activity was reported to be roughly 4.5-times higher when compared to the wild-type strain 

in Geobacillus thermoleovorans Toshki lipase enzyme was reported to be thermostable at a 

temperature 60 °C and pH 8 (Abdel-Fattah and Gaballa, 2008). 

Bakir and Metin, (2015) used 201 thermophilic bacteria isolated from natural hot 

springs in Aydın/Turkey and registered in the culture stocks of Adnan Menderes University 

Biology Department in their study. It was stated that 43 of these bacteria showed lipolytic 

activity and 22 showed lipase activity. In this study, 22 isolates were determined to be lipase 

positive and their quantitative lipase activities were determined by growing in LB broth 

medium. HBB 134 strain was selected as the best lipase-producing isolate with a lipase 

activity of 19,925 U/mL. It was determined that the isolate showed maximum similarity 

(99%) with Anoxybacillus flavithermus according to 16S rRNA sequences. The best enzyme 

production obtained from HBB 134 was determined at pH 6.50 and 45 °C in an environment 

containing 0.5% olive oil as a carbon source and 0.5% peptone as a nitrogen source. They 

revealed that lipase production starts at the beginning of the logarithmic growth phase and 

reaches its maximum level in the middle of the logarithmic phase (12 hours) when the HBB 

134 isolate is grown under optimum culture conditions (Bakir and Metin, 2015)  

Geobacillus thermodenitrificans strain AV-5 isolated from the Mushroom Spring of 

Yellowstone National Park (USA) produced lipase with a maximum activity of 330 U/mL 

from a medium supplemented with 2% waste cooking oil at pH 8.0 and 50 °C (Christopher, 

2015).  

Soleymani, (2017) investigated Bacillus sp. ZR-5 for lipase activity. After 24 hours of 

incubation, the maximum lipase activity was attained using low-cost carbon and nitrogen 

supplies, such as 1.5 percent glucose syrup (160 U/mg), 1 percent fish powder (1238 U/mg), 

and 1407 U/mg of olive oil. The results obtained indicated a significant increase in lipase 

activity with the usage of low cost (Soleymani, 2017). 

Sreelatha et al., (2017) used submerged fermentation to investigate lipase production 

using (GSLMBKU-10, GSLMBKU-13, and GSLMBKU-14) strains of thermophilic 

Thermomyces lanuginosus. The basal medium with olive oil and triacetin (0.1%) 

concentration was reported to stimulate lipase production. GSLMBKU-10 and GSLMBKU-

13 yielded maximum lipase production in yeast extract starch medium supplemented with 

0.1% triacetin (Sreelatha et al., 2017). 
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3. MATERIAL AND METHOD 

 

 

3.1. Chemicals 

 

All used chemicals have been obtained in c.p. (chemically pure) quality from the 

following suppliers. 

 

Table 3.1. List of chemicals used in this study. 

Chemical Supplier 

Acetone  Merck 

Agar Fluka 

Agarose Sigma 

Almond oil Fluka 

Ammonium Nitrate Merck 

Ammonium Sulphate Merck 

Beef extract Merck 

Corn oil  Fluka 

Cooton oil Fluka 

Ethanol Merck 

Galactose Fluka 

Lactose Fluka 

Luria-Bertani Sigma 

Maltose Sigma 

Methanol Merck 

Oleic Acid Riedel- de Haen 

Olive oil Sigma 

Peptone Fluka 

p-Nitrophenol Laurate Fluka 

Skim milk Fluka 

Soya oil Soyala 

Starch  Fluka 

Sucrose Merk 

Sunflower oil  Yurdum 

Triptone Fluka 

Urea Riedel-de Haen 

Yeast Extract Merck 
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Table 3.2. Buffer solutions. 

Buffer Stock pH Range 

Trisodium Citrate 3,00 – 6,00 

Sodium Phosphate 5,00 -6.5 

Tris-HCl 7 - 8.5 

Glysine Sodium Hydroxide 9 - 10 

Di-sodium Hydrogen phosphate 11 

Potassium chloride/ Sodium hydroxid 11.8 - 12 

 

3.2. Methods 

 

3.2.1. Sample Stocking and Maintenance  

 

The microorganism used in this study, Geobacillus thermodenitrificans HBB268 was 

obtained from previously isolated stock cultures registered in the Biochemistry laboratory of 

Adnan Menderes University, Faculty of Arts and Sciences, Department of Biology. Prior to 

the study, the sample was grown in Luria-Bertani (LB) agar plate medium at 55 ºC for 24 

hours, the contents of the solid media were 1.5% agar, 1% NaCl, 0.5% tryptone, and 0.5% 

yeast, all sterilized at 121°C for 15 minutes. The culture was then transferred to sterile 

cryotubes containing 20% skim milk solution under sterile conditions and stored at -80 ºC in 

the ADU Department of Biology Biochemistry laboratory for use in future experiments. 

 

3.2.2. Inocula Development 

 

To activate the dormant HHB268 strain, the nutrient broth was prepared in 50 mL. 

The medium was transferred to 50 mL Erlenmeyer flasks adjusting the final volume to be 20 

mL. The medium was then sterilized in an autoclave at 121°C for 15 minutes. The medium 

was left to cool slightly at room temperature before inoculation. The mediums were 

inoculated with a single swap of respective HHB268 bacterial solid culture taken from (LB) 

agar plate, this seed culture was then incubated (Newbrunswick Scientific Innova 43) for 24 

hours in an orbital shaker at 55°C with a shaking speed of 150 rpm. The optical density 

(OD600) of the 24-hour activated seed culture was measured using a spectrophotometer 
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(Shimadzu UV-1700, Japan) and was adjusted to 0.1 at 600 nm (approximately 8x107 

cell/mL) with sterile physiological saline. This seed culture was freshly prepared before 

every experiment and was used for inoculum. 

From the adjusted seed culture solution 1% was inoculated into 250 mL Erlen flask 

containing 50 mL enzyme production medium. The cultures were incubated for 24 hours in 

an orbital shaker at 55°C with a shaking speed of 150 rpm. At the end of incubation, lipase 

activity and cell density (OD600) in cultures were determined spectrophotometrically 

 

3.2.3. Quantitative Determination of Lipase Activity 

 

A spectrophotometric assay was used for the determination of lipase activity using p-

nitrophenyl laurate (pNPL) as substrate (Lesuiss et al., 1993). The reaction mixture 

consisted of 0.1 mL of enzyme solution, before optimization (0.8 mL of 50 mM Glycine-

NaOH buffer pH 9.00), under optimum conditions (0,8 mL of 50 mM Tris-HCl, pH 8.00) 

and 0.1 mL of 10 mM substrate (pNPL) solution dissolved in ethanol. As described in the 

scattered lipase literature, the temperature was set to 55 °C, and the hydrolytic reaction was 

conducted for 30 min. Following the incubation, 0.25 mL of 0.1 M Na2CO3 was added to 

quench the reaction. The mixture was centrifuged at 10 000 ×g, for 15 min (Heraeus-

Biofugepico, Germany), and the absorbance of the cell-free culture filtrate at 410 nm was 

assayed for lipase activity against enzyme-free substrate solution as blank on a spectrometer 

(Table 3.3 and 3.4) (Shimadzu UV-1700, Japan) (Sigurgisladottir et al.,1993). 

 

Table 3.3. Components used in lipase activity assay  

Blank Enzyme 

0,8 mL Glycine-NaOH (50 mM, pH 9.00) 0,8 mL Glycine-NaOH (50 mM, pH 9.00) 

0,1 mL LB broth 0,1 mL enzyme solution 

0,1 mL pNPL (10 mM, dissolded in ethanol) 0,1 mL pNPL (10 mM, dissolved in ethanol) 

incubation at 55º C for 30 minutes 

0.25 mL of 0.1 M Na2CO3 (quench the reaction) 

centrifuge at 10.000 x g, +4º C for 15 minutes 

measurement in spectrophotometer at 410 nm 
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Table 3.4. Reaction components in standard quantitative lipase determination under 

optimum conditions 

Blank Enzyme 

0,8 mL Tris-HCl Buffer (50 mM, 8.00 pH ) 0,8 mL Tris-HCl Buffer (50 mM, pH 8.00) 

0,1 mL LB broth 0,1 mL enzyme solution 

0,1 mL pNPL (10 mM, dissolded in ethanol) 0,1 mL pNPL (10 mM, dissolved in ethanol) 

incubation at 55º C for 30 minutes 

0.25 mL of 0.1 M Na2CO3 (quench the reaction) 

centrifuge at 10.000 x g, +4ºC for 15 minutes 

measurement in spectrophotometer at 410 nm 

 

One unit of lipase activity was expressed as the amount of enzyme that releases 1µmol 

of p-nitrophenol from pNP-laurate in 1 minute under standard experimental conditions.  

Below is the formula used to calculate the Volume Activity after the enzyme activity 

is measured spectrophotometrically;  

 

SA : Specific Activity (U/mg)  

VA  : Volume Activity (U/mL)  

V : Reaction Volume (mL)  

l : Light Path (1cm)  

ε : Molar Absorbance Coefficient (mM-1 cm-1) 

v : Sample Volume (mL)  

t : Incubation Time (30 min)  

A : Absorbance 

DF : Dilution Factor 
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3.3. Effect of Culture Conditions on Geobacillus thermodenitrificans HBB268 Lipase 

Production 

 

3.3.1. Effect of Initial pH on Lipase Production 

 

In order to determine the effect of pH on bacterial growth and lipase production, the 

pH of the production medium was adjusted at 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5 8.0 8.5, 

9.0 and 10 values, and the optimum pH value for lipase production was determined. The 

production process was carried out as specified in 3.2.2. At the end of incubation, lipase 

activity assay and cell density (OD600) in cultures were determined spectrophotometrically. 

In the studies, each experiment was repeated 3 times and the average values were given in 

the graphs and tables. 

 

3.3.2. Effect of Incubation Temperature on Lipase Production 

 

The enzyme production from HBB268 was subjected to different temparatures at 35, 

40, 45, 50, 55, 60, 65, 70, 75, 80 and 85 ºC and the optimum temperature value for lipase 

production was determined. The production process was carried out as specified in 3.2.2. At 

the end of incubation, lipase activity (410 nm) and cell density (OD600) in cultures were 

determined spectrophotometrically. In the studies, each experiment was repeated 3 times 

and the average values were given in the graphs and tables. 

 

3.3.3. Effect of Carbon Sources on Lipase Production 

 

Various carbon sources (0.5%): lipids such as Analytical grade (A) olive oil, 

commercial (C) cotton oil, maize oil, groundnut oil, olive oil, sunflower oil and sugars 

including galactose, glucose, lactose, maltose, starch and sucrose, were used to determine 

their effect on lipase production. 

LB broth medium containing 0.5g arabic gum was used as control for mediums 

containing oil. The contents of the media used is specified in Table 3.5. The carbon sources 
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were added to the media at concentration of 0.5%, media containing oils were emulsified 

separately for 3 minutes at the highest speed of the mixer (WARING,57 Commercial 

Blender 8011ES, USA). The production media were sterilized in an autoclave at 121 °C for 

15 minutes 

The production process was carried out as specified in 3.2.2. At the end of incubation, 

lipase activity (410 nm) and cell density (OD600) in cultures were determined 

spectrophotometrically. In the studies, each experiment was repeated 3 times and the 

average values were given in the graphs and tables. 

 

Table 3.5. Control media used in trials of carbon sources 

Chemical substance Sugars Oils 

Trypton 0.1% 0.1% 

Yeast extract 0.5% 05% 

NaCl 1% 0.1% 

Arabic gum - 0.5% 

Carbon source 0.5% 0.5% 

pH 7.00, 55 °C 

 

3.3.4. Effect of Nitrogene Sources on Lipase Production 

 

To investigate the effect of various nitrogen sources on enzyme production, yeast 

extract and tryptone were removed from the production medium. İnstead (0,5% w/v) of 

various organic nitrogen sources (casein hydrolaze, peptone, beef extract, tryptone, urea, 

yeast extract) and inorganic nitrogen sources (ammonium sulfate, ammonium nitrate) were 

added to the production medium (Table 3.6). 

The production process was carried out as specified in 3.2.2. At the end of incubation, 

lipase activity and cell density (OD600) in cultures were determined spectrophotometrically. 

In the studies, each experiment was repeated 3 times and the average values were given in 

the graphs and tables. 

 

 



27 

Table 3.6. Media used in nitrogen source trials. 

Chemical substance Quantity 

Nitrogen Source % 0,5 

NaCl % 1 

pH 7.00, 55 °C 

Sterilized at 121°C for 15 minutes 

 

3.3.5. Determination of Incubation Time for Bacterial Growth and Lipase Activity of 

Geobacillus thermodenitrificans 

 

In order to determine the effect of time course and the efficiency of the new medium 

on enzyme production, Geobacillus thermodenitrificans HBB268 was incubated under the 

determined optimum culture conditions (pH 8 and 55 °C including the optimum physical 

and nutritional factors) in an orbital shaker with a shaking speed of 150 rpm for up to 36 h. 

Samples were aseptically withdrawn at 3-hour intervals during incubation and analyzed 

spectrophotometrically for cell density (OD600) and lipase activity. The production process 

was carried out as stated in 3.2.2. then volume activity was calculated and interpreted in a 

graphs and tables. 

 

3.4. Characterization of Geobacillus thermodenitrificans HBB268 Lipase 

 

3.4.1. The Effect of pH on Enzyme Activity 

 

To determine the effect of pH on enzyme activity, buffer solutions were prepared at pH 

values of 3.00-11.00 in a hot water bath at 55°C (Polyscience 911, USA) with 0.5 unit 

intervals. McIlvaine (citric acid-Na2HP04) buffer for pH 3.00-6.00, Tris-HCl buffer for pH 

6.00-8.50 and Glycine-NaOH buffer for pH 9.00-10.00 were prepared. Enzyme activity was 

measured spectrophotometrically at 410 nm. Calculations were made using the molar 

absorbance coefficients of pNPL at different pHs. 
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3.4.2. Effect of Temperature on Enzyme Activity 

 

In order to determine the effect of temperature on enzyme activity, Tris-HCl buffers 

prepared at pH 8.00 were used by adjusting temperatures between 35-80 °C. Enzyme 

activity was determined spectrophotometrically under standard experimental conditions by 

which the only variable was temperature as a parameter. 

 

3.5. Statistical Analysis 

 

The results of lipase activity are expressed as mean±standard deviation (SD). Every 

experiment was repeated at least three independent times. All data were analyzed using one-

way ANOVA with Tukey post test to determine statistical significance. The level of 

significance was set at p<0.05. 
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4. RESULTS 

 

 

4.1. The Impact of Media Conditions on Lipase Production by Geobacillus 

thermodenitrificans HBB268 

 

4.1.1. Detection of Initial pH on Bacterial Growth and Lipase Production of HBB268 

Strain 

 

 HBB268 was incubated at different pH points (3.00- 7.50) to determine the optimum 

pH for bacterial growth (OD 600) and lipase production. After 24 hours of incubation, 

maximum enzyme activity (137,300 U/mL) was obtained at pH 7.14, followed by pH 6 and 

6.5 with 53,500 and 80,600 U/mL respectively (F=23.77; df=4, 44; p<0.001) (Table 4.1 and 

Figure 4.1). The enzyme activity could not be detected at pH 3.00 to 5.00 due to lack of 

bacterial growth.  

 

Table 4.1. Effect of initial pH of growth medium on HBB268 lipase production  

pH OD600 (Mean ± SD) x 
Volume Activity (U/mL) 

(Mean ± SD) 
x 

5.50 0,53 ± 0,06 d 9,23 ± 5,27 c 

6.00 1,15 ± 0,14 c 53,50 ± 33,90 b 

6.50 1,26 ± 0,35 c 80,60 ± 40,20 b 

7.00 2,80 ± 0,06 a 137,30 ± 35,00 a 

7.50 2,41 ± 0,18 b 88,28 ± 13,38 b 

 Pooled StDev = 0,19 Pooled StDev = 28,98 

Mean.: Each data is the average of three replicates. 

SD: Standard deviation. 

x : The statistical differences between the means of each group was showed with different letters in 

the x column (p < 0,05). 
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Figure 4.1. Effect of initial pH on the production of lipase in HBB268 strain. 

 

4.1.2. Detection of Optimum Temperature for Bacterial Growth and Lipase 

Production of HBB268 Strain 

 

HBB268 strain was incubated at 35, 40, 45, 50, 55, 60, 65, 70, 75 and 80 ºC for 24 

hours to determine the effects of temperature on bacterial concentration and lipase production. 

According to the spectrophotometric measurements, the optimum temperature was detected at 

55 ºC with 4,289 U/mL absorbance and 200,240U/mL of lipase production reported. The 

enzyme activity could not be detected at 35, 40, 70, and 80 ºC due to no bacterial growth 

(Table 4.2 and Figure 4.2).  
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Table 4.2. Detection of optimum temperature on bacterial growth (OD600) and lipase 

production (U/mL) in HBB268 strain 

Temperature 

(ºC) 

OD600 

 (Mean ± SD) 
x 

Volume Activity 

(U/mL) 

(Mean ± SD) 

x 

45 2,02 ± 0,25 c 146,52 ± 15,74 c 

50 2,52 ± 0,19 b 168,61 ± 8,88 b 

55 4,29 ± 0,22 a 200,24 ± 18,77 a 

60 2,79 ± 0,22 b 64,72 ± 4,54 e 

65 1,78 ± 0,51 c 93,55 ± 4,54 d 

70 0,18 ± 0,10 d 7,60 ± 5,88 f 

 Pooled StDev = 0,28 Pooled StDev = 11,21 

Mean.: Each data is the average of three replicates. 

SD: Standard deviation. 

x : The statistical differences between the means of each group was showed with different letters in 

the x column (p < 0,05). 
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Figure 4.2. Effect of temperature on the production of lipase and bacterial growth in HBB268 

strain. 
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4.1.3. Evaluation of Different Sugar Contents as Carbon Sources 

 

Various carbon sources (0.5% w/v) including galactose, glucose, lactose, maltose, 

starch and sucrose were used to determine their effect on lipase synthesis. A statistical 

difference was observed after HBB268 was incubated in LB media supplemented with 

different sugars. The highest enzyme activity was recorded from treatments with maltose 

with 378,000 U/ml though the bacterial concentration was very low. This was followed by 

galactose, starch, surcose and lactose with enzyme activity ranging between 184,120 and 

194,600 U/ml. The least activity occurred in media with glucose and control (Table 4.3, 

Figure 4.3 and 4.4).  

 

Table 4.3. Effects of different sugar contents as a carbon source on lipase production and 

bacterial density.  

Media OD600  

(Mean ± SD) 

X Volume Activity  

(U/mL) 

 (Mean±SD) 

X 

Galactose 2,91 ± 0,33 b 184,93 ± 11,72 b 

Glucose 0,48 ± 0,09 d 56,35 ± 26,71 c 

Lactose 3,06 ± 0,73 b 185,20 ± 56,20 b 

LB (Control) 3,27 ± 0,07 b 87,49 ± 16,35 c 

Maltose 1,91 ± 0,46 c 378,00 ± 61,30 a 

Starch 4,63 ± 0,37 a 184,12 ± 15,11 b 

Sucrose 3,37 ± 0,25 b 194,60 ± 49,90 b 

 Pooled StDev = 0,39 Pooled SD= 39,19 

Average.: Each data is the average of three replicates. 

StDev: Standard deviation. 

x: The difference between the means with different letters in the same column and the media with the 

highest activity is statistically significant (p < 0.05) 

 



33 

 

Figure 4.3. Effects of different carbon sources on bacterial growth of HBB268 

 

 

Figure 4.4. Effects of different carbon sources of sugar on lipase production level of 

HBB268. 
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4.1.4. Evaluation of Different Lipid Contents as Carbon Sources 

 

Different lipids had a statistical significant effect on the lipase activity and bacterial 

density of Geobacillus thermodenıtrıfıcans HBB268. Bacteria was incubated in LB media 

supplemented olive oil, cotton oil, groundnut oil, sunflower oil and maize oil. The highest 

enzyme activity was recorded from treatments with olive oil and sunflower oil with 201,250 

and 213,420 U/mL, respectively. Moderate activity was observed in treatments with ground 

nut, maize, and olive oil (enzyme activity ranged between 167,160 and 173,570 U/ml). The 

least activity occurred in media with cotton oil (Table 4.4, Figure 4.5 and 4.6).  

 

Table 4.4. Effects of different lipid sources on the growth of HBB268 and the production of 

lipase (The quality of lipid sources was aligned as commercial (C) and analytical 

grade (A).) 

0,5 % of Lipids Added 

in Media 

OD600 

(Mean ± SD) 
X 

Volume Activity (U/mL) 

(Mean ±SD) 
X 

Cotton Oil 86,42 ± 5,65 b 131,27 ± 8,01 c 

Ground Nut Oil 83,38 ± 2,31 bc 167,16 ± 10,37 b 

LB (Control) 47,87 ± 1,53 d 137,51 ± 5,43 c 

Maize Oil 101,83 ± 2,73 a 169,29 ± 13,31 b 

Olive Oil (A) 78,80 ± 2,80 c 173,57 ± 9,87 b 

Olive Oil (C) 84,36 ± 3,82 b 201,25 ± 5,57 a 

Sunflower Oil 100,61 ± 4,36 a 213,42 ± 6,69 a 

 Pooled SD = 3,56 Pooled SD = 8,87 

Mean: Each data is the average of three replicates. 

SD: Standard deviation. 

x: The difference between the means with different letters in the same column and the media with the 

highest activity is statistically significant (p < 0,05) 
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Figure 4.5. Effects of different lipid sources on the bacterial growth of HBB268 strain (The 

quality of lipid sources was aligned as commercial (C), analytical grade (A).) 

 

 

Figure 4.6. Effects of different sources of lipids on lipase production level of HBB268 (The 

quality of lipid sources was aligned as commercial (C), analytical grade (A).) 
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4.1.5. Determination of the Optimum Nitrogen Sources Included in Growth Medium of 

HBB268 for Lipase Production  

 

To investigate the effect of various nitrogen sources on enzyme production, yeast 

extract and tryptone were first removed from standard LB medium and then various organic 

nitrogen sources (gelatin, casein hydrolaze, casein, peptone, meat extract, tryptone, urea, 

yeast) and inorganic nitrogen sources (ammonium sulfate, ammonium nitrate) were added 

(0,5% w/v) to the production medium. These nitrogen sources had a significant effect on the 

lipase activity and bacterial density. The highest enzyme activity was recorded from 

treatments with meat extract with 21,453 U/mL. The least activity occurred in media with 

yeast extract (Table 4.5, Figure 4.7 and 4.8). Casein hydrolyse, gelatine, urea and all 

inorganic sources bacteria density was not observed therefore enzymye activity was not 

measured.  

 

Table 4.5. Effects of various nitrogen sources on lipase production of HBB268 strain. 

Media 
OD600 

(Mean ± SD) 
X 

Volume Activity 

 (U/mL) 

(Mean ± SD) 

X 

Casein 1,313 ± 0,02 a 2,51 ± 0,10 e 

LB (Control) 2,79 ± 0,09 ab 13,42 ± 0,31 c 

Meat extract 2,86 ± 0,03 b 21,45 ± 0,47 a 

Peptone 2,71 ± 0,05 c 15,52 ± 0,16 b 

Tryptone 2,49 ± 0,02 d 15,52 ± 0,16 d 

Yeast extract 0,49 ± 0,04 e 1,55 ± 0,14 f 

 Pooled SD = 0,05 Pooled SD = 0,27 

Mean: Each data is the average of three replicates. 

SD: Standard deviation. 

x: The difference between the means with different letters in the same column and the media with the 

highest activity is statistically significant (p < 0,05). 
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Figure 4.7. Effects of various nitrogen sources on lipase production of HBB268 strain 

 

 

Figure 4.8. Bacterial density of HBB268 
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4.1.6. Effect of Incubation Time on Lipase Production 

 

Geobacillus Thermodenitrificans HBB268 was subjected to a 36-hour incubation to 

determine the time-dependent development and enzyme production in the optimised 

medium. Cell density (OD600) and lipase activity measurements were made by taking 

samples at 3-hour intervals during the incubation period.  

According to the results the maximum volume activity (73.334 U/ml) was observed in 

the cell free supernatant of the culture taken after 18 h of incubation. The lipolytic activity 

increased up to 18 h and and a linear decrease was observed with further incubation up to 36 

h (Table 4.6 and Figure 4.9). 

 

Table 4.6. Effect Of Incubation Time On Lipase Production 

 

 

Tıme (h) 
OD600 

(Av. ± StDev) 
x 

Volume Aktivite 

(U/mL) 

(Av. ± StDev) 

x 

3 1,30 ± 0,06 d 0,57 ± 0,08 f 

6 1,13 ± 0,08 d 10,63 ± 0,70 e 

9 2,16 ± 0.18 c 19,82 ± 1,95 d 

12 2,61 ± 0,88 b c 28,16 ± 1,45 c 

15 3,04 ± 0,08 a b 44,88 ± 5,49 b 

18 3,09 ± 0,06 a b 73,33 ± 2,80 a 

21 3,11 ± 0,11 a 69,10 ± 4,09 a 

24 3,04 ± 0,21 a b 69,62 ± 1,23 a 

36 2,93 ± 0,15 a b 44,31 ± 4,31 b 

Average: Each data is the average of three replicates. 

StDev: Standard deviation. 

x : The difference between the means with different letters in the same column and the media with 

the highest activity is statistically significant (p < 0.05)  
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Figure 4.9. Effect of incubation time on bacterial growth and lipase avtivity of HBB268 

 

4.2. Characterization of Geobacillus thermodenitrificans HBB268 Lipase 

 

4.2.1. The effect of pH on enzyme activity 

 

In order to examine the effect of pH on lipase enzyme activity, values between pH 3-

11 were measured. The enzyme activity of lipase was pH dependent with the optimum pH 

for incubation ranging between 7.5 and 8.5. This was statistically higher than the other pH 

ranges (F= 169.98; df=12, 38; p<0.001). pH 8.00 showed the Higheste activity of 347,200 

U/mL while moderate activity was observed at pH between 6,00-7.00 and at pH 10.00. 

Enzme activity at pH ≤ 5 was undesirable ( Table 4.7 and Figure 4.10). 
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Table 4.7. HBB268 lipase enzyme optimum pH value 

pH 

Volume Activity 

 (U/mL) 

(Mean ± SD) 

X 

3.00 2,69 ± 3,29 e 

4.00 2,82 ± 4,96 e 

5.00 23,61 ± 4,24 d e 

5.50 81,86 ± 2,32 c 

6.00 213,03 ± 3,57 b 

6.50 237,49 ± 14,44 b 

7.00 242,62 ± 14,47 b 

7.50 307,16 ± 17,29 a 

8.00 347,20 ± 46,70 a 

8.50 320,37 ± 6,90 a 

9.00 230,82 ± 13,83 b 

10.00 206,60 ± 18,30 b 

11.00 60,30 ± 11,55 c d 

 Pooled StDev = 16,82 

Average.: Each data is the average of three replicates. 

StDev: Standard deviation. 

x : The difference between the means with different letters in the same column and the media with 

the highest activity is statistically significant (p < 0.05) 
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Figure 4.10. Effect of pH on lipase activity of HBB268 
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4.2.2. Effect of Incubation Temperature on Enzyme Activity 

 

In order to determine the effect of temperature on lipase activity, measurements were 

made between 35-80 °C. There was a statistical difference in the effects of temperature on 

lipase activity (F=59.24; df=10, 32; p<0.001). Enzyme activity was found to have increased 

steadly until 55 °C with maximum lipase activity of (261.95 U/mL) and then it gradually 

decreased. At the lowest temperature 35 °C the lipase activty recorded was 68,950 U/mL 

(Table 4.8 and Figure 1.1). 

 

Table 4.8. Effect of temparature on lipase activity of HBB268 

Temperature Volume Activity 

 (U/mL) 

 (Mean± SD) 

X 

35 68,95 ± 4,29 cd 

40 99,20 ± 52,60 cd 

45 118,29 ± 9,13 bc 

50 164,30 ± 5,16 b 

55 261,95 ± 3,45 a 

60 112,78 ± 13,24 c 

65 93,17 ± 9,91 cd 

70 52,03 ± 8,22 de 

75 15,64 ± 2,56 e 

80 7,05 ± 2,12 e 

85 2,43 ± 0,97 e 

 Pooled StDev = 17,21  

Mean: Each data is the average of three replicates. 

SD: Standard deviation. 

x: The difference between the means with different letters in the same column and the media with the 

highest activity is statistically significant (p < 0.05) 

 

 

Figure 4.11. Effect of temperature on lipase activity of HBB268 
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5. DISCUSSION 

 

 

Lipases (triacylglycerol hydrolase) occupy an important place in the biotecnological 

industry due to their multifaceted properties like substrate specificity, regioselectivity, and 

chiral selectivity (Hasan et al., 2006). They catalyze the hydrolysis of triacylglycerol to 

diacylglycerol, fatty acids and glycerol. These hydrolases find immense applications in 

many industries especially food processing, animal feed, fat and oils, detergent, 

pharmaceutical, biosensors and environment maintance and other. Lipase can be extracted 

from several sources: animal, plants, and microbes. Most of the enzymes currently 

developed for industrial applications are obtained from bacteria, yeast or fungi. The 

industrial demand for new sources of lipases with different catalytic characteristics 

stimulates the isolation and selection of new strains.  

The production of lipases is influenced by several nutritional and physico-chemical 

factors such as availability of carbon and nitrogen sources, incubation time, temperature, 

pH, presence of lipids as an inducers or substrates. Great demand in lipase enzymes has 

forced scientists to look for new sources of bacteria that can grow in cheaper media 

conditions. Optimization of medium compositions and use of suitable physico-chemical 

conditions are vital in biological processes to achieve a better yield at a low cost (Chandra et 

al., 2020). 

 The microorganism used in the experiments, Geobacillus thermodenitrificans 

HBB268 previously isolated and screened for lypolyitic activity was obtained from stock 

cultures in the microbiology laboratory of Aydın Adnan Menderes University, Faculty of 

Arts and Sciences, Department of Biology. For the purpose of this study, optimization of 

culture conditions for high lipase production by Geobacillus thermodenitrificans HBB268 

was investigated using different fermentation parameters, these included carbon sources, 

nitrogen sources, pH, temperature and time-dependent bacterial developments. A 

quantitative lipase activity assay was determined spectrometrically with p-NPL (p-

nitrophenyl laurate) as substrate.  
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After optimization of culture conditions (studying one factor at a time) the optimum 

initial pH range of the medium for lipase production was found to be between 6.50 and 7.50 

with maximum HBB268 enzyme activity (137,300 U/mL) obtained at pH 7.14. The optimum 

temperature for growth and maximum lipase production was 55 °C with the highest lapase 

activity (200,240 U/mL). The most effective lipid carbon source in HBB268 lipase 

production was sunflower oil (0.5%) (213,420 U/mL) it was also a stimulant for bacterial 

growth. Sunflower oil is widely available and is a cheap carbon source. The highest enzyme 

activity was recorded from treatments with maltose with 378,000 U/ml. This was followed 

by galactose, starch, sucrose, and lactose with enzyme activity ranging between 184,120 and 

194,600 U/ml. Meat extract (21,453U/mL) as nitrogen source increased the amount of 

enzyme the most. It was observed that the time-dependent development of HBB268 strain 

started at the beginning of the log phase 3rd h, reached and maintained a maximum value 

between 18-24 hours (73.334U/ml). The parameters gave higher yield than the optimised 

medium when studied separately which was quiet surprising, this will be further analysed in 

the continuation of this study in order to understand how different combinations and ratios 

affect HBB268 lipase production. The optimum hydrolytic reaction activity for HBB268 

was found to be pH 8.00 at 55°C as optimum temperature. 

Industrially, short incubation time is one of the most desirable factor for the 

production of lipase enzymes. We observed that the time-dependent development of 

HBB268 strain started at the beginning of the log phase 3rd hour, maximum lipase activity 

was achieved between 18-24 hours. The incubation time for other bacteria in literature 

differed greatly from our strain e.g. Bacillus licheniformis A7 needs 72 h for optimal lipase 

production (Tuysuz, (2019). The production of lipase by Pseduomonas gessardiistarts was 

seen after 24 hours of incubation and the highest enzyme activity was reported at 48 h 

(Veerapagu et al., 2013). Sreelatha et al., (2017) demonstrated that the highest lipase 

production for Thermomyces lanuginosus GSLMBKU-10 strain was obtained on the 9th day 

of incubation, while for GSLMBKU-13 strain maximum production was seen on the 12th 

day of incubation (Sreelatha et al., 2017).  

 In our study, G. thermodenitrificans HBB268 had the highest lipase activity when 

grown on media supplemented with sunflower oil at 0.5% concentration (213,420 U/mL), 

followed by olive oil (local) (201,250 U/mL), and olive oil analytical grade (173,570 

U/mL). Similar to our study, Zhekova et al., (2015) found that Aspergillus carbornarius 

exhibited highest lipase activity from rapeseed (195.61 U/L), followed by soyabean oil 
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(155.00 U/L), and sunflower oil (149.00 U/L).  

Optimum conditions for Bacillus licheniformis A7 was osberved to be on media 

supplemented with waste frying oil at 0.4 % concentration (Tuysuz, 2019).  

The culture conditions of Stenotrophomonas maltophilia were optimized with 

statistical design method and the combination of peptone, yeast extract, olive oil, gave the 

highest lipolytic activity 4559 U/mL incomparison to 500 U/ml obtained from the basal 

medium (Hasan-Beikdashti, 2012) 

Geobacillus thermodenitrificans AZ1 lipase production was studied by implementing 

Plackett–Burman statistical design and the best carbon source was D-sucrose and peptone as 

a nitrogen (Abdel-Fattah, 2012).  

Among the various nitrogen sources (gelatin, casein hydrolaze, casein, peptone, meat 

extract, tryptone, urea, yeast, ammonium sulfate, ammonium nitrate), the highest enzyme 

activity was recorded from treatments with meat extract with 21,453 U/mL for our strain 

HBB268. These results are similar to Zhekova et al., (2015) who also found that Aspergillus 

carbornarius prefers meat extract (12236.03 U/mL) for lipase biosynthesis. 

 In industrial production, peptone, yeast, and tryptone are generally used as organic 

nitrogen sources (Almeida et al., 2013). In our study casein hydrolyse, gelatine, urea and all 

inorganic sources bacteria density was not observed this could be that these nitrogen sources 

probably does not contain the nutrients that satisfy the minimal requirement for HBB268 

growth. Bacillus licheniformis prefered yeast extract as a nitrogen source (Larbidaouadi et 

al., 2014).   

Studies on other Geobacillus species have shown that the optimum temperature for 

bacterial growth can vary. Jo et al. (2021) found the optimal activity of Geobacillus 

thermocatenulatus lipase production to be 50 °C and pH 9.5 (Jo et al., 2021). Geobacillus 

thermoleovorans reportedly had high lipase activity at 60 °C and pH 10. This species 

prefered galactose as carbon source and ammonium phosphate as nitrogen source at 

concentrations 0.5% (Abol Fotouh et al., 2016).  

The optimum medium conditions for Thermomyces lanuginosus strains GSLMBKU-

10, GSLMBKU-13 and GSLMBKU-14 of high bacterial density and lipase activity was at a 

pH range between 6.0-7.0 (Sreelatha et al., 2017). Optimum conditions for Bacillus 

licheniformis A7 were observed to be pH of 6,00 and at temperature of 55 °C (Tuysuz, 

2019). 
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6. CONCLUSION AND RECOMMENDATIONS 

 

 

Lipases are considered one of the most widely exploited enzymes in different 

industries especially lipases from thermophiles, due to their ability to remain stable in 

elavated temperature and their tolarence in harsh industrial conditions. They are also easily 

biodegradable and, when used in industrial manufacturing and released into the 

environment, they have low or no toxicity. Because of these characteristics, manufacturers 

can produce high quality goods while using less energy, water, chemicals, raw materials, 

and other resources than they would with traditional methods. This study has focused on the 

production, optimization, and characterization of the lipase enzyme from a thermophilic 

bacteria species Geobacillus Thermodentrificans HBB268. The optimum rearing conditions 

for HBB268 used in our study were found to be at pH 8.00, 55 °C temperature and 0.5% 

sunflower oil, maltose and meat extract. This study will be serve as a baseline for further 

studies on Geobacillus thermodenitrificans HBB268 lipase. It is a future plan to purify and 

characterize this lipase enzyme to be used in a vast number of industrial applcations 

especially in the turnover of waste oils for feedstocks and bio-friendly products.  
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