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Abstract 
 
Microbial lipases present a real interest in the biotechnology field, due to their special properties, efficiency and easy 
obtaining. These enzymes are characterized by high rates of substrate conversion, versatility, resistance and wide 
applicability, being produced by many species of bacteria, fungi and yeasts. From a commercial point of view, due to 
their special abilities to efficiently hydrolyze fats or other esters, they are considered innovative, feasible technology 
because they can easily cover a complex and multi-branched spectrum of industrial applications. 
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INTRODUCTION  
 
Literature data report that a considerable range 
of over 3200 enzymes have been prepared 
isolated and purified, with varying degrees of 
purity. Such enzymes are present in all living 
organisms, in body fluids and secretions 
specific for different organs (stomach, pan-
creas, small intestine, kidneys), in plants and in 
different microorganisms, where the enzymatic 
content depends on the species and environ-
mental conditions. The enzymes isolation 
methodologies are relatively easy due to the 
sources that have an abundance advantage, 
accessibility, with significantly reduced costs 
and time processing. Microorganisms as lipase 
sources, are grown rapidly, in large quantities, 
and the used culture media are economical (e.g. 
agricultural or food industry by-products or 
wastes).  
According to the reported data, microbial 
enzymes account approximately 80% of the 
total enzymes produced today in the world. 
Some enzymes are of current interest, due to 
the ease of obtaining, their special properties, 
versatility (Singh and Mukhopadhyay, 2012), 
large-scale productivity (Chahinian et al., 

2005), as microbial lipases case, presents a real 
industrial interest, with special implications in 
chemical, pharmaceutical, cosmetic or food 
applications (Vulfson, 1994). 
By their origin, lipases can be classified into: 
microbial lipases; plant lipases; animal lipases 
(milk lipases; pancreatic lipases; lipoprotein 
lipase; hormone-sensitive lipases) (Pascoal et 
al., 2018). Rich sources of lipases are repre-
sented by bacteria, especially the genus 
Chromobacterium, Pseudomonas and 
Staphylococcus; by yeasts, Candida lipolytica 
(Ionita et al., 2001), fungi, especially 
Aspergillus, Geotrichum, Rhizopus, Mucor, 
Penicillium (Pascoal et al., 2018; Jurcoane et 
al., 2009). 
An important criterion in the description of 
industrial applications is specificity, and from 
this point of view lipases can be classified as 
follows: (i) substrate-specific, (ii) regioselec-
tive and (iii) enantioselective (Sarmah et al., 
2017). 
Substrate-specific lipases can be used effect-
tively in reactions, in which they act selectively 
on a specific substrate in a mixture of crude 
raw materials, facilitating the synthesis of the 
desired product, as demonstrated by the use of 
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lipases in biodiesel and diacylglycerol produc-
tion of high purity. (Sarmah et al., 2017) 
Regioselective lipases tend to lead the reaction 
in a favorable direction compared to other 
adverse reactions. Such a property of lipases is 
of extraordinary importance for the chemical 
and pharmaceutical industries, especially in the 
production of isomeric compounds which have 
an optimal function only in a specific confi-
guration (Sarmah et al., 2017). 
Based on positional specificity (regiospeci-
ficity), lipases are divided into three groups: (i) 
nonspecific lipases, which have the ability to 
catalyze triglycerides to free fatty acids and 
glycerol (Kapoor and Gupta, 2012; Ribeiro et 
al., 2011); (ii) 1,3 specific lipases, capable of 
releasing fatty acids from positions 1 and 3 of 
triglycerides, but unable to hydrolyze the ester 
bonds in the secondary position; they can 
rapidly hydrolyze triglycerides into diglyce-
rides (Kapoor and Gupta, 2012; Ribeiro et al., 
2011); (iii) specific fat lipids with fatty acid 
selectivity, catalyzing the hydrolysis of long-
chain fatty acid esters (Kapoor and Gupta, 
2012; Ribeiro et al., 2011). Due to their diver-
sity, wide range of actions and their indepen-
dent production facilitated by genetic 
manipulation, microbial lipases are produced at 
industrial scale and represent the most common 
class of enzymes used in biotechnological 
applications (Dey et al., 2014; Lee et al., 2015; 
Priji et al., 2015; Ullah et al., 2015). 
Some of the processes catalyzed by enatiospe-
cific lipases include the transesterification of 
secondary alcohols in pharmaceuticals, the 
hydrolysis of menthol benzoate in cosme-
tics/food, and the hydrolysis of glycidic acid 
methyl ester in medical/health care products 
(Sarmah et al., 2017). 

LIPASE-CATALYZED REACTIONS  
 
Mainly used in bioprocess industries for the 
production of various significant products, such 
as biodiesel fertilizers, cosmetics, flavored 
foods. Although some applications are reported 
in ringopening polymerization reactions, 
generally lipase-catalyzed reactions are chiefly 
grouped in two categories, namely, hydrolysis 
and synthesis. Further synthesis reactions can 
be classified as esterification, aminolysis, 
interesterification, alcoholysis, and acidolysis. 
However, the interesterification, alcoholysis, 
and acidolysis reactions are together considered 
as transesterification reactions. (Sarmah et al., 
2017). Triacylglycerol acyl hydrolases (E.C. 
3.1.1.3) or lipases, belong to the family of 
serine hydrolases (Pascoal et al., 2018). These 
enzymes have multiple roles such as: fats and 
oils hydrolysis (Sarac et al., 2017); oils 
hydrolysis in the oil-water interface, with free 
fatty acids, diglycerides, monoglycerides and 
glycerol release (Jurcoane et al., 2009; 
Gopinath et al., 2013; Guldhe et al., 2015). 
 
MICROBIAL LIPOLYTIC ENZYMES  
 
Due to their diversity and versatility, lipases are 
of current industrial interest, ranking them on 
the 3rd place of the most used enzymes (Rios et 
al., 2018), after proteases and amylases (Javed 
et al., 2017). Of all lipase types, microbial 
lipases are preferred because of their high 
substrate specificity, higher stability and low 
production costs (Lee et al., 2015).  
Microbial lipolytic enzymes differ in terms of 
pH range and optimum temperature activity, as 
well as in thermal stability duration (Table 1). 

 
Table 1. Microbial lipases properties (Pascoal et al., 2018) 

Producing microorganism Optimum pH pH stability Optimal temp. (0C) Thermostability (0C) 
Candida sp. 6,0 5.0 - 7.5 40 45 
Aspergillus niger 5.6 2.2 - 6.8 25 50 
Rhizopus delemar 5.6 3.0 - 8.0 35 65 
Geotrichum candidum 6.0 4.5 - 10.0 35 50 
Penicillium roqueforte 8.0 - 37 50 
Penicillium cyclopium 7.0 6.5 - 9.0 30 40 
Achromobacter lipolyticum 7.0 - 37 99 
Pseudomonas fragi 7.0 - 7.2 - 32 72 
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The microbial lipases are different and specific 
depending on the producing microorganism: 
type I lipases are obtained by Pseudomonas 
aeruginosa, Candida lipolytica, Penicillium 
roqueforti. Triglycerides have fast attack and 
the role of priority, namely the 1 or 3 position 
of fatty acids but have a low activity on mono- 
and diglycerides; type II lipases are produced 
by Aspergillus oryzae, Rhizopus sp. and 
hydrolyze a wide range of fats, natural oils and 
synthetic glycerides; type III lipases are 
produced by the fungus Geotrichum candidum, 
which possesses a unique but not absolute 
specificity to unsaturated fatty acids, regardless 
of the fatty acid position in glyceride structure 
(Fogarty and Kelly, 1990). The lipase action 
interface is environmentally dependent and 
manifests a "closed" or "open" conformation 
due to the presence of a "lid" type protection 
structure, with a hydrophilic and a hydrophobic 
area. The hydrophilic side realizes the contact 
with the aqueous environment, while the 
hydrophobic side is orientated within the core 
of the enzyme structure. In the absence of the 
specific substrate, represented by triglycerides, 
lipase has a "closed" conformation, and the 
hydrophobic side is exposed to the maximum. 
In the presence of the specific substrate, the 
lipases are receptive by making a signal to the 
active site, for hydrophobic side exposure, with 
"open" conformation enzyme form. This 
mechanism allows the enzyme to contact the 
preferred substrate, resulting in substrate 
catalysis (Lotti, 2007; Ugo et al., 2017). In the 
case of serine lipases, the active site is 
characterized by the triad serine-histidine-
aspartic acid and it is essential for all reactions 
in which this enzyme is involved (Jaeger et al., 
1999; Reetz, 2002). The mechanisms involved 
suppose a serine proton removal, a mechanism 
by which aspartate and histidine residues are 
required (Reetz, 2002; Brady et al., 1990). The 
hydroxyl group of serine reacts with the 
carbonyl carbon forming an intermediate 
substrate. The presence of an oxo-anionic 
spacer contributes to the load distribution 
stabilization and to reducing the minimum 
energy for intermediate substrate formation. 
The last step is deacylation, where the acyl 
group is transferred to enzyme and the catalytic 
center is regenerated (Brady et al., 1990; 
Pascoal et al., 2018). 

OBTAINING MICROBIAL LIPASES OF 
INDUSTRIAL INTEREST  
 
Microbial lipases are considered the most 
advantageous enzymes. They have wide appli-
cability due to their special abilities, resistance 
and stability to the conditions imposed by the 
industrial environment. Bacterial strains with a 
high productivity degree which have been 
studied and evaluated so far, are part of Gram-
positive bacteria (Bacillus, Staphylococcus, 
Lactobacillus, Streptococcus, Micrococcus, 
Propionibacterium), Gram-negative bacteria 
(Pseudomonas, Chromobacterium, 
Acinetobacter, Aeromonas), fungi (Rhizopus, 
Aspergillus, Penicillium, Mucor), yeasts 
(Candida, Rhodotorula, Pichia, 
Saccharomyces, Torulospora trichosporon) or 
actinomycetes (Streptomyces) (Rohit et al., 
2001). 
 
SCREENING AND ISOLATION OF 
LIPASE-PRODUCING 
MICROORGANISMS  
 
Lipase-producing microorganisms are present 
in various industrial habitats, in wastes, 
vegetable oil from processing companies, dairy 
factories, oil-contaminated soil, oilseeds, 
compost, coal quarters and thermal springs. A 
simple and safe method of detecting microbial 
lipase activity uses an agar culture medium 
with Tween 80 surfactant, following the opaque 
areas formation corresponding to lipases 
presence. Changes to this working technique 
include Tween surfactants, Cu2+ oils or salts 
(Cardenas et al., 2001), or Rhodamine B 
chromogenic substrates (Sharma et al., 2001) 
and are used in screening methodologies. 
Lipases are mainly produced by submerged 
culture (Ito et al., 2001), for which numerous 
studies have been carried out to optimize the 
culture media subjected to the influence of the 
reaction factors involved (substrate 
concentration, carbon and/or nitrogen sources, 
pH, temperature, dissolved oxygen 
concentration) (Elibol and Ozer, 2001). High 
yields of lipase production were also observed 
in vegetable oils, like olive, soybean, 
sunflower, sesame, cottonseed, corn and peanut 
oil, but the maximum production of lipase was 
recorded when using olive oil. For example, the 



160

presence of 1% olive oil for Bacillus sp. 
culture, induces the production of lipolytic 
enzymes (Lee et al., 2015); for Pseudomonas 
fluorescens S1K WI, olive oil induced very 
good lipase biosynthesis yields, with 7395 
U/mg specific activity at pH 8.5 (Lee et al., 
1993); for Penicillium expansum, the presence 
of only 0.1% olive oil and a pH of 8.3 in the 
culture medium is favorable, and the yield of 
production and stability of the enzyme can be 
improved by the addition of Tween 20 and PX 
lubricant (Sharma et al., 2001). The 
thermophilic Bacillus thermoleovorans ID-1, 
isolated from Indonesia thermal springs, 
exhibited extracellular lipase activity with high 
growth rates on lipid substrates at high 
temperatures, using 1.5% olive oil as unique 
carbon source (Lee et al., 1999). Carbon 
sources such as fructose and palm oil are 
beneficial in lipase production, especially for 
thermostable lipases produced by Rhodotorula 
glutinis. Bacillus Wai 28A 45, in presence of 
tripalmitin, at 70°C, while Bacillus A30-1 adds 
corn oil and olives (1%), or beef/palm oil for 
Bacillus stearothermophilus L1 (Sharma et al., 
2001). On the other hand, the addition of 
different oils (eg. rapeseed or maize) to  the 
culture medium, leads to lipase yields 
stimulation of (e.g. for Rhizopus oryzae). An 
alkaline lipase with excellent ability to remove 
greasy stains in alkaline solution, is produced 
by Pseudomonas alcaligenes M-1, when 
culturing on citric acid and soybean oil 
substrate (Sharma et al., 2001). Fermentation 
with 2% castor oil is beneficial for 
Pseudomonas aeruginosa KKA-5, which 
produces lipases capable of hydrolyzing 90% 
of castor oil and is stable under alkaline 
conditions (pH 7-10) (Sharma et al., 2001). 
The nitrogen source effect can be decisive in 
microbial lipases production. In the presence of 
2-5% peptone at 7.2 pH Penicillium citrinum, 
Pseudomonas sp. KW1-56 (Izumi et al., 1990, 
Sharma et al., 2001), lipase synthesis had high 
yields in culture medium. Similar effects were 
observed with corn extract (7% for Rhizopus 
oryzae), soybean meal (35% for Acremonium 
structum, 1% for Pseudomonas alcaligenes F-
111). Thermostable lipases produced by 
thermophilic fungi as Emericella rugulosa, 
Humicola sp., Thermomyces lanuginosus, 
Penicillium purpurogen and Chrysosporium 

sulfureum, need yeast extract, and thermostable 
alkaline lipases produced by Bacillus A 30-1 
are obtained in good yields in the presence of 
0.1% yeast extract and 1% ammonium 
chloride, at 60°C, optimum pH of 9.5. The 
presence of metal ions in the culture medium 
can beneficially influence the microbial lipases 
production: magnesium ions enhance 
biosynthesis in Aspergillus niger, Pseudomonas 
pseudoalcaligenes F-111, Bacillus sp. A 30-1, 
Pseudomonas pseudoalcaligenes KKA-5, those 
of iron and calcium in Bacillus sp., those of 
magnesium, calcium, copper, cobalt for 
Acinetobacter calcoaceticus, Bacillus sp.          
A 30-1. 
 
MICROBIAL LIPASES PURIFICATION  
 
Most enzymes isolated from plant or animal 
tissues or microbial cultures, require 
purification steps, for removing the 
contaminants that can catalyze unwanted side 
reactions. Extracellular enzymes, like most 
microbial lipases, are secreted into the culture 
medium and the biomass is separated by 
centrifugation or filtration techniques. The 
resulting solution can be concentrated using 
ultrafiltration membranes, and the separation of 
different proteins is achieved by fractional 
precipitation. The solvation capacity of the 
different proteins by water can be modified by 
water-miscible organic solvents, in other to 
dissolve substances or by combining these 
methods, together with the change of 
temperature (Jurcoane et al., 2009). The main 
used techniques in lipase purification processes 
consist of: selective precipitation techniques 
using neutral salts; fractional precipitation 
techniques using water-miscible organic 
solvents such as ethanol or acetone; gel 
filtration; hydrophobic interaction and affinity 
chromatography (Jurcoane et al., 2009; Javed et 
al., 2018). Purification methodologies purpose 
is not only to isolate the enzymes from 
contaminants, but also to improve the activity, 
stability and shelf life of the enzymes (Javed et 
al, 2018). On the other hand, after the 
purification stages, structural and 
conformational studies can be carried out 
(Nadeem et al., 2015) following the kinetic and 
thermodynamic mechanism for substrate 
hydrolysis, the transesterification reaction and 
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the structure-function relationship (Javed et al., 
2018). The lipase purification step is very im-
portant and necessary for product formulations 
with industrial or medicinal applications and 
uses. Purification is a key step, which is perfor-
med for enzyme specific function assessing. 
The cell-free culture medium is subjected to 
salts precipitation, up to column chromate-
graphy, depending on the proteins nature and 
the purification level desired. The variety of 
chromatographic techniques includes anion 
exchange, cations or exclusion chromate-
graphy. Data from the literature indicate that 
lipases have been purified with high yields 
(Javed et al., 2018). 
 Often ultrafiltration technique is applied for 
concentration and then ion exchange chroma-
tography and gel filtration are performed. 
Purification stages may vary depending on 
bacterial strains used in order to obtain lipases: 
generally, the first step is ammonium sulphate 
precipitation or solvent precipitation, followed 
by different chromatographic techniques using 
on different chromatographic materials (e.g. 
DEAE-Toyopearl 650 M, Phenyl Toyopearl 
650 M, Toyopearl HW-60), Sephadex G-75, G-
100 gel filtration, DEAE-Sephadex A-50 
column, Sephacryl S-200 gel filtration 
chromatography and isoelectric focusing 
(Sharma et al., 2001). For example, anion 
exchange chromatography (for Bacillus sp., 
Aneurinibailus thermoaerophilus HZ), 
Sephadex G-100 gel filtration (for 
Pseudomonas aeruginosa BUP2 and NB-1), 
DEAE-cellulose purification (for Geobacillus 
stearothermophilus AH22, Idiomarina sp., 
Bacillus sp.), ultrafiltration (for Bacillus sp., 
NS5, Pseudomonas aeruginosa BN-1 and CS-
2), affinity chromatography (for Acinetobacter 
sp. XMZ-26, Geobacillus sp.), hydrophobic 
interaction fast performance liquid 
chromatography (FPLC) (for  Acinetobacter 
calcoaceticus) (Sharma et al., 2001). 
 
MICROBIAL LIPASES 
CHARACTERIZATION 
 
The molecular mass has been determined by 
electrophoretic techniques. Also, the optimal 
pH range, as well as temperatures, at which the 
enzymatic activity is expressed at its maximum 
level were determined. The molecular mass 

was determined in 19-92 kDa range, the lowest 
being recorded for Bacillus stratosphericus 
lipase, and the largest one for Pseudomonas 
gessardii lipases. The optimum temperature 
range at which the lipase activity was maximal 
was determined to be between 15-80°C, this 
specific temperature leads to a decrease in 
lipase activity. Thus, the lipases produced by 
Acinetobacter have an optimum temperature of 
only 15°C, while the vast majority of microbial 
lipases have an optimum enzyme activity at 
temperatures above 35°C, reaching even 60 or 
80°C (Cohnella sp., Idiomarina sp., Janibacter 
sp. lipases) (Javed et al., 2018). 
 
MICROBIAL LIPASES APPLICATIONS  
 
From a commercial point of view, microbial 
lipases are of great interest, because they have a 
good fat hydrolyzing ability being considered a 
feasible technology, as they can cover a wide 
range of applications (pharmaceutical, food,  
cosmetics, biofuels) (Israel- Roming, 2014). 
The detergent industry needs high activity 
lipases capable of acting on different type of 
fats, in harsh washing conditions (alkaline pH, 
high temperature, surfactants) (Guerrand, 2017).   
In food industry, there are many possibilities of 
using lipases in edible oil production, bread 
making, diary products obtaining and egg 
processing (Guerrand, 2017; Panyachanakul et 
al., 2019). 
In the biofuel industry, lipases are able to 
synthesize biodiesel by catalysing the trans-
esterification reaction in media based on oily 
plant material or waste oils or fats (Melani et 
al., 2019). 
Bioremediation of wastes, but also grease 
contaminated soils and waters, represents an 
opportunity for enzymes to show their capacity 
of acting for environmental preservation in a 
sustainable way. Another application of great 
interest in the field of environmental protection 
is the use of microbial lipases in accelerating 
the degradation of polyurethane and polyesters 
derived from renewable resources (Rohit et al., 
2001).  
A new and successful approach is represented 
by the use of immobilized microbial lipases on 
different substrates, due to the many 
advantages, such as the continuous, repeated 
and easy use of biocatalyst,, as well as the 
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increased stability of the enzyme (Yunus, 1995; 
Ivanov and Schneider, 1997; Pascoal et al., 
2018).  
 
CONCLUSIONS 
 
Due to the large field of applications that 
address lipases, a continues work is done for 
obtaining these enzymes from novel sources or 
by optimised processes that lead to higher 
activity, more stability against environmental 
factors and lower production costs.  
In the meantime, because of the involvement in 
different reactions and due to the relative 
substrate specificity, new potential uses are 
investigated.  
 
ACKNOWLEDGEMENTS 
 
This work was possible with the support and 
conducted by National Institute for Chemical-
Pharmaceutical Research and Development, 
ICCF Bucharest, through M. Moscovici PhD., 
and University of Agricultural Sciences and 
Veterinary Medicine Bucharest, Department of 
Industrial Biotechnologies, Faculty of 
Biotechnologies, with Prof. Florentina Israel-
Roming . PhD. 
 
REFERENCES 
 
Brady, L., Brzozowski, A.M., Derewenda, Z.S., Dodson, 

E., Dodson, G., Tolley, S., Turkenburg, J.P., 
Christiansen, L., Huge-Jensen, B., Norskov, L. 
(1990). A serine protease triad forms the catalytic 
centre of a triacylglycerol lipase. Nature 343. 

Cardenas, J., Alvarez, E., de Castro-Alvarez, M.S., 
Sanchez-Montero, J.M., Valmaseda, M., Elson, S.W., 
Sinisterra, J.V. (2001). Screening and catalytic 
activity in organic synthesis of novel fungal and yeast 
lipases, J Mol Catal B: Enzym. 

Chahinian, H., Ali, Y.B., Abousalham, A., Petry, S., 
Mandrich, L., Manco, G., Canaan, S., Sarda, L. 
(2005). Substrate specificity and kinetic properties of 
enzymes belonging to the hormone-sensitive lipase 
family: comparison with non-lipolytic and lipolytic 
carboxylesterases. Biochim. Biophys. Acta, 1738 29–
36. 

Dey, A., Chattopadhyay, A., Saha, P., Mukhopadhyay, S. 
(2014). An approach to the identification and 
characterisation of a psychrotrophic lipase producing 
Pseudomonas sp. ADT3, from Arctic Region. Adv. 
Biosci. Biotechnol, 322-332. 

Elibol, M., Ozer, D. (2000). Influence of oxygen transfer 
on lipase production by Rhizopus arrhizus. Process 
Biochemistry, Vol. 36, pages 325-329. 

Fogarty, W.M., Kelly, K. (1990). Microbial lipases in 
Microbial Enzymes and Biotechnology (2-nd ed.), Ed. 
Elsevier Applied Science. England. 

Gerhartz, W.  (1990). Enzymes in industry. Ed. WCH 
Weinheim. p. 89-90.  

Gopinath, S.C., Anbu, P., Lakshmipriya, T., Hilda, A. 
(2013). Strategies to characterize fungal lipases for 
applications in medicine and dairy industry. BioMed 
Res. Int.  

Guerrand, D. (2017). Lipases industrial applications: 
focus on food and agroindustries. OCL - Oilseeds and 
fats, Crops and Lipids.Volume 24. Number 4. France.  
https://doi.org/10.1051/ocl/2017031. 

Guldhe, A., Singh, B., Mutanda, T., Perrnaul, K., Bux, F. 
(2015). Advances in synthesis of biodiesel via 
enzyme catalysis: novel and sustainable approaches. 
Renew. Sustain. Energy Rev. 41.  

Hasan, F., Shah, A.A., Hameed, A. (2006). Industrial 
applications of microbial lipases. Enzyme and 
Microbial Technology. 39 235–251; 
doi:10.1016/j.enzmictec, 2005.10.016. 

Ionita, A., Moscovici, M., Drăgolici, A., Eremia, M., 
Bucă, C., Albulescu, R., Pavel, I., Vamanu, M.C. 
(2001). Lipase Production in Discontinuous 
Operation System Using a Candida lipolytica Strin, 
Romanian Biotechnological Letters.  Vol. 7. No. 1. 
547-552. 

Israel-Roming, Florentina (2014). Notiuni fundamentale 
de enzimologie. Editura Ars Docendi. Bucuresti. 

Ito, T., Kikuta, H., Nagamori, E., Honda, H., Ogino, H., 
Ishikawa, H., Kobayashi, T. (2001). Lipase 
production in two-step fed-batch culture of organic 
solvent-tolerant Pseudomonas aeruginosa LST-03. J 
Biosci Bioeng.  

Ivanov, A.E., Schneider, M.P. (1997). Metods for the 
immobilization of lipases and their use for ester 
synthesis. J. of Molecular Catalysis B: Enzymatic 3.. 

Izumi, T., Nakamura, K., Fukase, T. (1990). Purification 
and characterization of a thermostable lipase from 
newly isolated Pseudomonas sp. KWI-56. Agric Biol 
Chem. 

Jaeger, K.E., Dijkstra, B.W., Reetz, M.T. (1999). 
Bacterial biocatalysts: molecular biology, three-
dimensional structures, and biotechnological 
applications of lipases, Annu. Rev. Microbiol.  
53:315–51. 10.1146/annurev.micro.53.1.315. 

Javed, S., Farrukh, A., Sabir, H., Ijaz, R., Siddique, 
M.H., Riaz, M., Afzal, M.,  Kouser, A., Nadeem, H. 
(2018). Bacterial lipases: A review on purification 
and characterization. Progress in Biophysics and 
Molecular Biology. 
http://dx.doi.org/10.1016/j.pbiomolbio.2017.07.014 

Jurcoane, Ş., Săsărman, E., Roşu, A., Banu, A., Lupescu, 
I., Tamba, R.B., Rădoi, F.A. (2009). Tratat de 
biotehnologie. Ed. Tehnică. Vol.1., Bucureşti. 

Kapoor, M., Gupta, M.N. (2012). Lipase promiscuity and 
its biochemical aplications. Process Biochemistry 
47555–569. doi:10.1016/j.procbio.2012.01.011. 

Lee, L.P., Karbul, H.M., Citartan, M., Gopinath, S.C.B., 
Lakshmipriya, T., Tang, T.H. (2015). Lipase-
secreting Bacillus species in an oil-contaminated 
habitat: promising strains to alleviate oil pollution. 



163

BioMed Research Internațional. 9 pages. 
http://dx.doi.org/10.1155/2015/820575. 

Lee, Y.P., Chung, G.H.,  Rhee, J.S. (1993). Purification 
and characterization of Pseudomonas fluorescens SIK 
W1 lipase expressed in Escherichia coli.  Biochim 
Biophys Acta. 1169(2):156-64. doi: 10.1016/0005-
2760(93)90200-s. 

Lee, D.W., Koh, Y.S., Kim, K.J., Kim, B.C.,Choi, H.J.,K
im, D.S., Suhartono, M. T., Pyun, Y.R. (1999). 
Isolation and characterization of a thermophilic lipase 
from Bacillus thermoleovorans ID-1.FEMS. 
Microbiology Letters, Volume 179,  Pages 393-400. 

Lotti, A. and Alberghina, L. (2007). Lipases: molecular 
structure and functions. Eds. PolainaJ. and Andrew 
P.M. Chapter 16. https://doi.org/10.1007/1-4020-
5377-0 

Lupescu, I., Constantinescu, D.G., Jurcoane, S., Diguta 
C., Cozea, A., Tcacenco, L. (2007). Production of 
lipase by a strain of the non-conventional yeast 
Yarrowia lipolytica and isolation, of crude enzyme, 
Romanian Biotechnological Letters. vol 12. nr.3 (7). 

Melani, N.B, Elias, B., Tambourgi, E.B, Silveira, E. 
(2019). Lipases: From Production to Applications. 
Separation & Purification Reviews. Volume 49. 
Pages 143-158. 
https://doi.org/10.1080/15422119.2018.1564328 

Nadeem, H., Rashid, M.H., Siddique, M.H, (2015). 
Effect of Mg2+ and Al2+ ions on thermodynamic 
and physiochemical properties of Aspergillus Niger 
invertases. Protien Pept. Lett.  

Panyachanakul, T., Sorachart, B., Lumyong, S., Lorliam, 
W., Kitpreechavanich, V., Krajangsang, S. (2019). 
Development of biodegradation process for Poly(DL-
lactic acid) degradation by crude enzyme produced 
by Actinomadura keratinilytica strain T16-1. 
Electronic Journal of Biotechnology. Volume 40. 
Pages 52-57. 

Parfene, G., Horincar, V.B., Bahrim, G., Vannini, L., 
Gottardi, D., Guerzoni, M.E. (2011). Lipolytic 
activity of lipases from different strains of Yarrowia 
lipolytica în hydrolysed vegetable fats at low 
temperature and water activity. Romanian 
Biotechnological Letters. Vol. 16. No.6. 46-52. 

Pascoal, A., Estevinho, L.M., Martins, I.M., Choupina, 
A.B. (2018). REVIEW: Novel sources and functions 
of microbial lipases and their role in the infection 
mechanisms. Physiological and Molecular Plant 
Pathology. 104. 119–126; 

Priji, P., Unni, K.N., Sajith, S., Binod, P., Benjamin, S. 
(2015). Production, optimization, and partial 

purification of lipase from Pseudomonas sp. strain 
BUP6, a novel rumen bacterium characterized from 
Malabari goat. Biotechnol. Appl. Biochem. 

Reetz, M.T., (2002). Lipases as practical biocatalysts. 
Curr. Opin. Chem. Biol.  

Ribeiro, B.D., Machado de Castro, A., Coelho, M.A.Z., 
Freire, D. (2011). Production and use of lipases în 
bioenergy: A review from the feedstocks to biodiesel 
production. Enzyme research. Brazil.  

Rios, N.S, Pinheiro, B.B., Pinheiro, M.P., Bezerra, R.M., 
Sousa dos Santos, J.C., Gonçalves, L.R.B. (2018). 
Biotechnological potential of lipases from 
Pseudomonas: Sources, properties and applications. 
Process Biochemistry. https://doi.org/10.1016/ 
j.procbio.2018.09.003. 

Rohit, S., Yusuf, C., Banerjee, U.C. (2001). Production, 
purification, characterization, and applications of 
lipases, Biotechnology Advances 19. 627-662. 

Sarac, U., Ugur, A., Sen, B. (2017). A Green Alternative 
for Biodiesel Production: Transesterification with 
Streptomyces sp. AU-1 Lipase. Romanian 
Biotechnological Letters. Vol. 22. No. 6. 

N., Sarmah, D., Revathi, G., Sheelu, K., Yamuna Rani, 
S., Sridhar, V., Mehtab, C., Sumana (2017). Recent 
advances on sources and industrial applications of 
lipases. Biotechnology Progress. Vol. 00. No. 00.  
DOI: 10.1002/btpr.2581. 

Sharma, R., Chisti, Y., Banerjee, U.C. (2001). 
Production, purification, characterization, and 
applications of lipases. Biotechnol Adv. 19(8):627-62. 

Singh, A.K., Mukhopadhyay, M. (2012). Overview of 
fungal lipase: a review. Appl. Biochem. Biotechnol. 

Ugo, A.K., Arazu, V.A., Uzo. and Igwe, C.N. (2017). 
Microbial lipases: a prospect for biotechnological 
industrial catalysis for green products: a review. 
Fermentation Technology. Nigeria.  

Ullah, N., Daud, M., Shabir, M., Ozkan, T., Qasim, M. 
(2015). Screening identification and characterization 
of lipase producing soil bacteria from upper dir and 
Mardan Khyber Pakhtunkhwa. Pak. Int. J. Biosci.  

Villeneuve, P., J., M., Muderhwa, J., Graille, M., Haas. 
(2000). Customizing lipases for biocatalysis: a survey 
of chemical, physical and molecular biological 
approaches. J. Mol. Catal. B Enzym. 

Vulfson, E.N, Woolley, P., Peterson, S.B. (1994). 
Industrial applications of lipase, in: Lipases–their 
structure, biochemistry and applications. Eds. P. 
Woolley and S.B. Peterson. Cambridge. 

Yunus, W.M.Z., Sallem, A.S, Basri, M. (1995). Enzyme 
Engg. XII. Ed. The N.Y. Academy of Sciences. 

 


