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Abstract

The current review covers recent trends in the litera-
ture regarding methods and techniques of lipase pu-
rification and extraction from different sources includ-
ing microbial, plant and mammalian lipases.

However, due to the cost efficiency, a large number
of lipases are isolated and purified to homogeneity
from fungal and bacterial sources. Nowadays, lipases
are considered of great importance among biocat-
alysts due to their ability to catalyze a wide range of
reactions in both aqueous and non-aqueous environ-
ments. Lipases are chemo-, regio-, and enantio-specif-
ic, they are used in different industries, including food
manufacturing, detergents, biodiesel production and
pharmaceuticals. The success in lipase purification to
homogeneity is largely attributed to the combination
of both traditional (conventional) and novel methods
of protein purification. Among the conventional meth-
ods in this article we highlighted such methods as:
(1) precipitation techniques by using ammonium sul-
fate and some organic solvents, (2) chromatographic
methods of gel-filtration, ion—-exchange and affinity
chromatography, and (3) membrane processes. For the
novel methods of lipase purification, we described (1)
Recombinant Technologies, (2) Aqueous Two-Phase
Systems, (3) Reverse Micelle Systems, and (4) Aqueous
Two-Phase Flotation.

Generally, in order to purify the lipase with high purity
and high yields, a multiple step procedure is applied.
These multiple step systems of lipase purification con-
sist of both conventional and novel methods, the con-
ventional methods comprise of protein precipitation
techniques with the precipitation agents such as am-
monium sulfate or organic solvents; chromatography
(ion - exchange, gel - filtration or affinity chromatog-
raphy); ultrafiltration and/or other membrane tech-
niques; novel methods of lipase purification include
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recombinant technologies, where the lipase-encoding
gene is recloned into another host cell and expressed
with a specific tag; aqueous two-phase systems, aque-
ous two-phase flotation and reverse micellar systems,
which incorporate the usage of two different aqueous
systems. The new developments in both conventional
and novel methods of lipase purification allow both re-
searchers and industries to purify lipases with higher
yields and a lesser amount of purification steps need-
ed. The introduction of recombinant technologies in
lipase production had increased the purity of the en-
zyme as well as its yield while bringing down the cost
of the overall procedure. The works presented in this
paper describe developing technologies such as ATPS,
ATPF, and RME that once maturated would bring about
changes in protein purification strategies, that would
allow the fastest and cheapest way for industrial lipase
production.

Key words: Lipase, Lipase Purification, Aqueous
Two-Phase system, Aqueous Two-Phase flotation,
Reverse Micelle system, Recombinant technologies,
Immunopurification.

1. Introduction

Lipases (triacylglycerol acylhydrolases - E.C. 3.1.1.3)
are one of the most versatile classes of enzyme; their
widespread application could be found in various in-
dustries, including but not limited to the: pharmaceuti-
cal, food, leather, textile, biofuel and paper production,
detergent, cosmetic and fat-processing [1]. The lipases
that are used in food industry are mainly performing
the reactions of decomposition and modification of
biomaterials. Most of the commercially produced li-
pases are used as flavor improvement components as
well as they are used in processing of dairy products
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such as: meat, vegetables, fruit, milk product, baked
foods, and beer [2, 3]. In pharmaceutical industries li-
pases offer several advantages over chemical synthetic
reactions. These advantages are mild conditions when
compared to synthetic reactions that allow circum-
venting: isomerization, epimerization, racemization,
and rearrangement reactions of bioactive substances
[4]. In medical applications lipases serve as therapeu-
tic agents in combination with other components.
Their main application is treatment of diseases such
as: dyspepsia, gastrointestinal disturbances, cutane-
ous manifestations of digestive allergies, cancer treat-
ment, lipases also serve as diagnostic tool in medicine,
thereby justifying the growing demands [5]. Another
promising application of lipases is biodiesel produc-
tion where higher yields are achieved by using lipase
over the existing physical-chemical processes [6].

Lipases hydrolyze fats into fatty acids and glycerol
at the water-lipid boundary. The distinguished abili-
ty of lipases to react on the frontiers of aqueous and
non-aqueous phases makes them different from an-
other type of hydrolases such as esterase [7, 8]. The
other unique capability of lipases is that they have
high chemo-, regio- and enantio- selectivity, which
makes them very useful in industries [9]. Lipases like
most industrial enzymes are increasingly produced via
recombinant DNA technology, however the search for
new types of lipases with high selectivity for particular
substances is growing [7].

When compared to plant and mammalian lipases,
which, in most cases, are very expensive to obtain
and purify, microbial lipases are valuable in industrial
processes due to: their short generation times, ease
of genetic manipulations and purification, wide range
of substrate specificity, greater stability; moreover,
due to plethora of industrially relevant hydrolytic and
synthetic reactions they catalyze both in aqueous and
non-aqueous media, that acclaim to the drastic de-
crease in the cost of lipase production [1, 7, and 10].

Microbial lipases are divided into two distinct catego-
ries: lipases that are produced by bacteria and fungus.
Lipase-producing fungi have various habitats in na-
ture and can be isolated from diverse sources ranging
from oil-contaminated soils or hot springs including
compost heaps, coal tips, to industrial wastes. The ma-
jority of fungal enzymes are excreted out of the fungi,
thus considered extracellular. Major lipase-produc-
ing fungi are: Aspergillus, Ashbya, Acremonium, Mucor,
Rhizopus, Penicillium, Geotrichum, Humicola, Fusarium,
Rhizomucor, Metarhizium, Eurotrium, Ophiostoma, etc.
[1]. Bacterial lipases, in general, are glycoproteins;
however, some extracellular lipases are lipoproteins.
The amount extracellular lipases produced by bacte-
ria depend on several factors such as: temperature, the
presence of carbon and nitrogen sources, availability
of lipids around the bacterial cell, the presence of other

types of hydrolases etc. A huge number of bacteria are
known as lipase producers however the most studied
and used are: Acinetobacter, Alcaligenes, Arthrobacter,
Bacillus, Burkholderia, Chromobacterium, Pseudomonas,
and Staphylococcus etc. [7].

According to Nutraceutical Business Review global de-
mand for enzymes is forecast to grow on average by
4.6% by 2020 to $7.2 billion; in 2015, the enzyme mar-
ket was worth of $6.5 billion. Gains will reflect a con-
tinued world economy rebound from the global finan-
cial crisis of 2009. Regardless of the increased growth
in world demand for enzymes, only around 200 out of
4000 types of enzymes available on the global market.
While out of the 200 enzymes only 20 are mass pro-
duced, there are great prospects for developing new
methods of enzymes production, in our case lipases, in
order to suffice a growing need on a global market [11].
However as optimistic as the prognosis might sound
there are various complications in the process of indus-
trialization of enzymes; the greatest hindrances are: (1)
nowadays it is difficult to find enzymes that have high
yield, activity, and stability; and even if the desired en-
zyme is found, the tedious and costly process of purifi-
cation and industrialization of proteins will have some
unwanted effects [10]; (2) there are several regulations
that are imposed by governmental agencies, such as
U.S. Food and Drug Administration (FDA) etc., for new-
ly produced enzymes whether they are created for
medicinal, food or industrial purposes, which require
thorough testing, clinical trials and approvals that are
both time consuming and very costly [10].

The aim of this review is to describe the most recent
developments in methods of microbial lipase purifi-
cation, that are represented by traditional techniques
of protein salting out methods, usually performed by
ammonium sulfate precipitation, different types of
chromatography (ion-exchange, affinity chromatog-
raphy and gel filtration) well as novel techniques such
as: recombinant technologies and immunopurifica-
tion, agueous two-phase system (ATPS), aqueous two-
phase flotation (ATPF), reverse micellar system (RMS)
and membrane processes.

2. Existing methods of lipase purification
2.1 Conventional methods of lipase purification

2.1.1 Preparation of lipases for further purification

In general, microorganisms produce lipases extracellu-
larly, therefore the enzyme is usually found in the sur-
rounding liquid culture during the process of fermen-
tation. The first step, that is taken to prepare lipases for
further analysis and purification, is the removal of the
cells and other insoluble substances from the liquid
culture broth. This process is achieved by using micro-
filtration or centrifugation, in order to concentrate the
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obtained liquid, it is subjected to ultrafiltration. Then
the enzymes are subjected to extraction, which is usu-
ally achieved by using organic solvents, or precipita-
tion by salts or other organic solvents. The most pop-
ular method of protein precipitation is precipitation
by ammonium sulfate which is used about 60% of the
time, whilst 35% use ethanol, acetone or hydrochloric
acid. The precipitation steps are usually followed by
a series of chromatographic steps. Precipitation tech-
niques often have a much higher yield (approximate-
ly 87%) when compared to other techniques such as
chromatography (60 - 70%) [7, 12].

2.1.2 Chromatographic steps for lipase purification

Current literature regarding the lipase purification and
characterization contains a myriad of chromatographic
methods for enzyme purification purposes. However, a
single chromatographic step for the protein purifica-
tion is not enough, hence the combination of different
types of chromatographic methodsis required [7]. Pres-
ently, three main chromatography methods for protein
purification purposes exist: (1) the most frequently
used method is ion exchange chromatography; (2) gel
filtration is the second most heavily employed method
of chromatographic methods in protein purification;
however, this method is limited due its small capacity
in protein loading and it is usually used in final steps
of protein purification; and (3) affinity chromatography
with its commonly used method of lipase purification
- hydrophobic interaction due to the presence of hy-
drophobic surfaces that surround the active sites of
lipases [12]. The hydrophobic adsorbents usually used
contain following functional groups: buthyl, methyl,
octyl, and phenyl [7, 12].

Another commonly exploited method of affinity chro-
matography is adsorption chromatography, with the
most popular adsorbent hydrooxyapatite. Despite the
high costs, affinity chromatography methods usually
have purification factors of 2 to 10 for each step it is
used [7]. Kumar et al., [13] purified lipase obtained from
Bacillus safensis DVL-43 by using Phenyl-Sepharose CL-
4B hydrophobic interaction chromatography, the con-
centrated ammonium sulphate fraction (20 - 70%) was
applied onto a column of Phenyl-Sepharose CL-4B (2
cm X 6 cm; Sigma) pre-equilibrated with 1.0 M ammo-
nium sulphate dissolved in 50 mM phosphate buffer
(pH 7.0). The bound lipase was eluted by applying a
negative linear gradient of 1.0 M to 0 M ammonium
sulfate in 50 mM phosphate buffer (pH 8.0). The specif-
ic lipase activity was reported 45.9 U/mg with the yield
24.1% and purification fold 11.5.

Sharon et al., [14], reported lipase by Pseudomonas
aeruginosa.The protein was purified by ammonium sul-
fate precipitation with the yield of 74%, the salted-out
protein was applied to hydrophobic hydroxyapatite
column chromatography the purification factor was
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11. Wu et al., [15], purified lipase from Rhizomucor
miehei 42-fold, the activity observed was 32% and
molecular weight was 31.6 kDa. The purification was
completed by using three following methods: ammo-
nium sulfate precipitation, phenyl Sepharose fast-flow
hydrophobic interaction chromatography and DEAE
Sepharose fast-flow anion exchange chromatography.
Pythium ultimum lipase was discovered by Mozaffar
et al., where the enzyme was purified by ammonium
sulfate precipitation with the high yield of 81%, and
then by diethylaminoethyl-Sepharose CL-6B, and by
Sephacryl S-200 chromatography. The purified lipase
had a molecular mass of 68 kDa determined by SDS-
PAGE, however, gel filtration chromatography had indi-
cated that the molecular weight of the lipase was 270
kDa, which suggested that the enzyme had tetrameric
structure [16].

Above mentioned chromatographic steps are under
consistent advances in search of new breakthroughs.
As for example, Li et al., [17], synthesized thermo-sen-
sitive N-alkyl substituted polyacrylamide affinity poly-
mer PNNB. The polymer was used for purification of li-
pase from the crude medium. The optimized condition
was observed under pH 7.0, the absorption tempera-
ture was 35 °C, 120 min. adsorption time, and 0.5 mg/
mL initial concentration of lipase. The specific activity
of lipase was observed as 506 U/mg, and the enzyme
recovery achieved was 82%. Cunha et al., [18], reported
that the lipase separation was coupled with its immo-
bilization from Penicillium simplicissimum by selective
adsorption on hydrophobic supports on three differ-
ent hydrophobic matrices butyl-agarose (low hydro-
phobicity), phenyl-agarose (medium hydrophobicity),
and octyl-agarose (high hydrophobicity). After three
steps enzyme had 85% of specific lipolytic activity. Go-
laki et al., [19], studied the lipase from the bacterium
Cohnella sp. A01. The enzyme was purified by a two-
steps anion exchange chromatography on DE52 resin
with variable pH from 5.5 to 4.3. The yield of lipase was
38% and a purification factor of 13.4. The purified li-
pase had a molecular weight determined by SDS-PAGE
of 29.5 kDa. Gurruraj et al., [20], purified thermostable,
organic solvent tolerant lipase by ammonium sulfate
precipitation with the yield of 70%. The dialyzed pro-
tein sample was then loaded onto a DEAE Sepharose
anion exchanger with the yield of 36% and purification
fold of 2.2, the specific activity was 83 U/mg. The mo-
lecular mass and the isoelectric point (pl) were 41.196
kDa and 7.14, respectively.

2.1.3 Membrane Processes

Membrane processes are found to be increasingly in-
volved in the purification of different biomolecules.
Membrane systems are very advantageous due to
their selectivity and highly developed surface area per
volume [21]. They are very suitable for working with
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biological molecules due to their ability to be operated
in comparatively low temperature and pressure ranges
while involving no changes of phases, thus minimizing
the possibility of protein denaturation and deactiva-
tion, or decomposition of enzymatic products [22]. The
most renowned examples are ultrafiltration and micro-
filtration as well as filtration of fermentation media, pu-
rification of buffers and proteins, which have become
routine methods. Another, more exciting applications
of membrane processes have been introduced more
recently such as membrane bioreactors, membrane
chromatography, and membrane contactors, and as
for today are not incorporated in the enzyme purifica-
tion steps as needed [23].

Among described above methods the most prominent
method for lipase purification by using membrane
processes is membrane chromatography, which is a
platform technology (synonymous membrane ab-
sorber technology) that can meet the selectivity and
throughput requirements of enzyme purification [24].
Membrane materials tested for chromatographic ap-
plications include: cellulose, polysulfone, polyamide,
hydrazide, and composite membrane such as blend
of polyethersulphone and polyethylene oxide coat-
ed on all surfaces with a covalently bound layer of
hydroxyethylcellulose [25]. The basic membrane ab-
sorber is composed of functionalized macroporous
membranes with ligands coupled to the inner specific
surface area. Thanks to their pore structure, the mass
transfer rate is not limited by pore diffusion as in res-
in-based chromatography and is primarily convection
driven [23]. The technique was conceived about twen-
ty years ago, when Bastida et al., [26] first reported that
a great number of bacterial lipases can be immobilized
on different hydrophobic supports such as octyl-aga-
rose gels in a rapid and strong fashion, while Cunha
et al., [18], reported a modification of the described
method that allowed Penicillium simplicissimum lipase
separation while it was coupled and immobilized by se-
lective adsorption on hydrophobic supports on three
different hydrophobic matrices. The lipase was first ap-
plied to the butyl-agarose matrix (low hydrophobicity),
then to phenyl-agarose (medium hydrophobicity), and
subsequently to octyl-agarose (high hydrophobicity).
Upon completion of all three steps enzyme had 85% of
specific lipolytic activity. A great protein amount was
retained on butyl-agarose support, the retained pro-
tein was concluded to be an impurity. The phenyl-aga-
rose and octyl-agarose supports presented a reduced
amount of proteins in comparison with butyl-agarose,
meaning that the selectivity of hydrophobic matrices
was increasing with each step.

Further development in lipase purification on industri-
al scale led to new developments in this type of puri-
fication. Beutel et al., [27], who purified Staphylococcus
carnosus lipase with two purification strategies, the first

strategy involved the use Sartobind-phenyl membrane
and the second approach was based on strong cation
exchanger CEX mixed-mode prototype, which com-
bined electrostatic (sulfonic acid groups) with HICs. For
HIC-phenyl (Sartobind-phenyl) membrane, the opti-
mal conditions for specific binding of lipase from cell
lysate was observed at pH 7.0 with 0.5 M (NH,)_SO,. The
yield was 89%, residual activity 92% and a purification
factor 3.2. For mixed-mode CEX membrane prototype,
the optimal binding was observed at pH 5.0, the yield
was 93% of lipase and residual activity was 98% while
purification factor of 7.8.

2.2 Novel methods of lipase purification

2.2.1 Recombinant technologies in lipase purification

Immunoaffinity chromatography or immunopurifica-
tion is a type of affinity chromatography when a pro-
tein of interest is purified by applying an antibody-an-
tigen principle [4]. Immunopurification as of today is
considered one of the strongest and most selective
methods of protein purification, with the purification
factor ranging from 1000- to 10000-fold in one single
step procedure. This method could be used for protein
separation when other existing methods the desired
level of separation [28].

Most protein immunopurifications techniques con-
sist of either monoclonal antibodies or affinity-puri-
fied polyclonal antibodies [29]. Two important factors
should be considered before proceeding to immuno-
purification: (1) whether the suitable monoclonal anti-
body is available for the desired protein; and (2) wheth-
er the contaminants present in the analyte and wheth-
er their composition and concentration are known [29].
Altought the immunopurification is considered very
efficient and selective, the cost and availability of an-
tibodies for specific proteins is enormous, not to men-
tion the amount of work it would require for a lab staff
to find the right antibody [4]. Therefore, the easier and
cheaper methods of using already existing antibodies
and antigens represented by the fusion of the target
protein and a specific tag are being applied during the
process of protein purification [30]. Affinity tags are
highly efficient tools for protein detection, characteri-
zation, and purification. An epitope is a short sequence
of amino acids that typically serves as the antigenic
determinant, or the region to which an antibody binds
[31]. Thus, epitope tagging is a technique in which a
short sequence (i.e., an epitope) is added to a protein of
interest by recombinant DNA methods [31, 32].

Specifically constructed purification tags can facili-
tate very efficient purification of recombinant pro-
teins, producing high levels of yields and purities in a
few general steps [32]. These tags are usually fused to
the N-terminus or C-terminus of a target protein and
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commonly allow their partner proteins to be selec-
tively captured and purified through association with
a tag-specific antibody, affinity resins, or by selective
tag-dependent precipitation or aggregation [31]. The
tags that are mostly used in lipase purification are
generally: Polyhistidine tag, or His-tag, which is a poly-
amino acid construct, the polyhistidine (poly-His) tags
are the most widely used affinity tags for purifying
recombinant proteins. Advantages of the polyHis tag
include its low immunogenicity and small size (0.84
kDa) - with composition ranging from 3 to 10 His tags
in series. In addition, many proteins function with the
polyHis tag positioned at either the N-, or C-terminus
and purification methods can be carried out under
both native and denaturing conditions [31 - 34]. The
following examples show the application polyHIS-tag
in the lipase purification. Rivera et al., [35], for the first
time functionally expressed Carica papaya lipase 1
from its genomic sequence (CpLip1) by cloning the
sequence into pGAPZaB plasmid and incorporating it
into Pichia pastoris as a host system. The recombinant
protein contained a C-terminal extension including a
His6 tag which allowed its purification by HisTrap (Fast
Flow) FF (High Performance) HP 5 mL column affinity
chromatography. The purification factor was reported
as 7-fold with lipase activity of 25 U/mg in the purified
fraction. Also, the authors reported the homology of
papaya lipase with microbial lipases. The biochemical
characterization of purified lipase showed that CpLip1
hydrolyzed preferentially long-chain triglycerides, with
an optimal pH of 8.5 and an optimal temperature of 35
°C. Another study conducted by Memarpoor-Yazdi et
al., [36], cloned and expressed thermo-halophile GDSL
lipase-encoding gene from Rhodothermus marinus, in
Escherichia coli. The optimum conditions for enzyme
expression were 0.1 mM of Isopropyl B-D-1-thiogalac-
topyranoside (IPTG) and expression period of 12 h at
28 °C. The extracted recombinant enzyme from the su-
pernatant of cell lysates contained a His-tag sequence
in its N-terminal which was subjected to Ni-NTA affinity
column chromatography using imidazole gradient for
purification with a purification factor of about 6.4-fold
and ayield of 53.8%. The enzyme had a molecular mass
of 40 kDa and revealed the highest hydrolytic activity
(1055.3 U/mg) towards p-nitrophenyl butyrate (C4) at
70 °C, pH 8.5 and retained 78.6% of its initial activity
after 60 min. incubation at this temperature [36].

Other commonly used tags are FLAG epitope tag is
a short, hydrophilic octapeptide (DYKDDDDK) and
c-myc proto - oncogene product (EQKLISEEDL) [37-
39]; the application of FLAG and c-Myc tags in lipase
purification were showed by Berryman et al, [40],
who proposed an approach of purifying and deter-
mining the structure of rat hepatic lipase (rHL) by uti-
lizing epitope-tags. The authors placed myc and flag
epitope tags at the C-terminus of the Hepatic Lipase
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cDNA just 5’ of the stop codon. They have applied the
enzyme-linked immunosorbent assay (ELISA) meth-
od to identify the structure of the lipase, where the
anti-myc monoclonal antibody, 9E10, was chosen as
a capture antibody, and the anti-flag-M2 peroxidase
conjugate as a detecting antibody. The authors also
suggested that these antibodies might serve as a base
for immunoaffinity purification. The results showed
that the rHL was comprised of two oligomeric species.
The molecular mass of the rHL monomer was deter-
mined as 76 kDa. The specific activity of the myc/flag
tagged recombinant protein was reported as 8696 U/
mg by utilizing tri-(3H)oleoylglycerol as a substrate sta-
bilized with gum Arabic.

Kumarietal., [41], obtained lipases lip11 and lip12 from
Yarrowia lipolytica MSR80 by incorporating lipases with
IgG tag. The lipases were cloned and expressed with
IgG tag in Escherichia coli HB101 pEZZ18 system. The
enzymes were purified by IgG-Sepharose affinity chro-
matography and analyzed by SDS-PAGE. The molecular
masses of lipases were 47.51 and 48 kDa respectively;
specific activities of 314.352 U/mg and 198 U/mg for
Lip11, and Lip12 were observed.

There are also a lot of new type of tags are being tried as
a mean of lipase purification, Xing et al., [42], described
a lipase A purification scheme that takes advantage of
induced protein aggregates. The team tested two am-
phipathic peptides (18A or ELK16) in search of cleav-
able aggregates that could be used for protein purifi-
cation. The lipase A was incorporated into LipA-ELK16
and lipA-18A fusion aggregates. Lipase A released by
tag cleavage at a range of pH from 5.6 to 8.5, from the
LipA-ELK16 aggregate had a specific lipase activity at
133.4 U/mg, the results were comparable with those
reported in the literature and slightly higher than that
released from the LipA-18A fusion which had the lipase
activity of 72.8 U/mg. The mass of extracted enzyme
was reported 21 kDa. It is also interesting to note that
lipase A (LipA) in either LipA-ELK16 aggregate showed
little hydrolytic activity against the substrate para-ni-
trophenyl palmitate (pNPP). In a different study, Singh
et al., [43], reported a strategy for simultaneous purifi-
cation and refolding of proteins overexpressed with an
intein tag. A recombinant lipase overexpressed in Esch-
erichia coli ER2566 with the intein tag and obtained as
inclusion bodies were solubilized in buffer containing
8 M urea or cetyltrimethylammonium bromide. The
solubilized lipase was precipitated with chitosan and
the affinity complex of the polymer with the fusion
protein was obtained. The intein tag was cleaved with
dithiothreitol and the refolded lipase was obtained in
active form. Activity recovery of 80% was observed
and the enzyme had a specific activity of 2965 U/mg.
The purified lipase showed a single band on sodium
dodecyl sulfate-polyacrylamide gel electrophoresis
with the molecular mass of 29 kDa.
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Pauwels et al., [44], reported a purification procedure
of the lipase (LipA) produced by Burkholderia glumae.
The proposed affinity purification was based on a spe-
cific binding scaffold of a lipase specific foldase (Lif)
and the intrinsic resistance to chemical denaturation
of LipA. The Lif-His scaffold was immobilized onto
His-select column. After the immobilization of Lif the
liquid broth was applied to Lif-His column and the
column was saturated. Upon saturation of the column
with lipase, unbound proteins were washed away and
the LipA-Lif complex was eluted. The lipA-Lif complex
was dissociated by incubation for 1 h in 6 M urea solu-
tion. The obtained lipase had molecular mass of 35.4
kDa. The method reported is less labor-intensive, fast,
leads to a homogeneous preparation and can be easily
scaled up.

2.2.2 Aqueous two-phase system

Lately, the surge in the numbers of publications de-
scribing methods of lipases purification such as con-
ventional column chromatography, in addition to
some alternative modern approaches such as reverse
micellar and aqueous two-phase extraction (ATPE) sys-
tems has been observed [45]. Industries today look for
purification methods that are cheap, rapid, have a high
yield and applicable to large-scale operations [46, 47].
The conventional purification methods of lipase recov-
ery are not only expensive but also result in a longer
period and lower yield [48]. Therefore, a desperate
need for new and alternative methods of lipase puri-
fication such as aqueous two-phase systems will be
trending in the lipase research [49].

Phase separation is a general phenomenon that oc-
curs when two solutions of water-soluble polymers
are mixed. ATPS is an effective liquid-liquid separation
technology that has proven to be effective in biomol-
ecules recovery. ATPS is popular due to its low energy
rapid partition of molecules between phases. ATPSs
are usually formed by the combination of either poly-
mer/polymer or polymer/salt as phase-forming com-
ponents [49].

Souza et al., [50], compared an aqueous two-phase sys-
tem (ATPS) composed of polyethylene glycol (PEG) and
potassium phosphate with ultrafiltration and precipi-
tation with acetone and kaolin as conventional meth-
ods of lipase purification with an average purification
fold of 6.55 and specific lipase activity of 1208.96 U/mg.
After lipase purification on polyethylene glycol (PEG)/
potassium phosphate ATPS at the optimum conditions
(pH 6 and 4 °C) the purification factor for lipase was
greater than 41 with a selectivity of almost 500 for the
bottom phase, the specific lipase activity was observed
as 7665.27 U/mg. Therefore Souaza et al., proved that
the ATPS method could have a greater efficiency than
conventional methods of lipase purification.

Aqueous two-phase systems have a lot of hindranc-
es during the procedure that could cause the en-
zyme to lose its activity, reduce the protein recovery.
As was investigated by Fernandes Duarte et al., [51],
the partitioning and recovery of lipase derived from
Leucosporidium scottii L117 using ATPS. They evalu-
ated three ATPS: (1) polyethylene glycol (PEG)/phos-
phate salts, (2) PEG/polyacrylic acid (NaPA) in differ-
ent molecular weights (1500, 4000 and 8000 g/mol),
and (3) Triton X-114 (TX-114)/Mcllvaine buffer pH 7.0
in different conditions (2.0% (w/w) of TX-114 at 25.0
and 28.0 °C). The reported loss of enzymatic activity
when using PEG/phosphate and PEG/NaPA systems
made a system of Triton X-114/Mcllvaine with a pu-
rification fold of 12, a viable option for lipase purifi-
cation. Also, Souza et al., [52], in a different study, re-
ported an aqueous two-phase system (ATPS) formed
with cholinium-based ionic liquid - ILs (or salts). The
study examined the formation of ATPS based on cho-
linium-based salts (cholinium chloride, cholinium
bitartrate, and cholinium dihydrogencitrate) and tet-
rahydrofuran (THF) for the purification of lipase from
Bacillus sp. ITP-001, that was produced by submerged
fermentation. The optimum purification conditions
were determined to be 40 weight% (wt%) of THF and
30 wt% of cholinium bitartrate at 25 °C. A purifica-
tion factor of 130.1 - fold, a lipase yield of 90.0% and
a partition coefficient of the enzyme for IL-rich phase
(K,=0.11) and protein contaminants forTHF-rich phase
(K, = 1.16) were achieved.

Ramakrishnan et al., [53], purified an MTCC5695 lipase,
which partitioned to the bottom phase of polyeth-
ylene glycol PEG8000/Na,HPO, ATPS with concentra-
tions (wt%) of 2.11 and 1.98 respectively. The specific
lipase activity was observed as 6325.04 U/mg, 75.69%
enzyme recovery and a purification factor of 2.881 also
were reported. The authors coupled the ATPS with ul-
trafiltration which led to a purification factor of 5.99-
fold and an enzyme recovery of 82.09%. The molecular
weight of MTCC5695 lipase was found to be 19.2 kDa.
MTCC5695 lipase showed optimal activity at pH 10.8
indicating that it was alkaline in nature. The enzyme
showed stability over a pH range of 7.0 - 12.0. The op-
timum temperature for lipase activity was observed to
be 40 °C, the lipase was stable between the tempera-
ture ranges 30 - 70 °C after which there was a two third
reduction of activity to (from 6000 U/mL to 4000 U/mL)
at which it remained stable from 80 to 100 °C.

2.2.3 Reverse micellar system (RMS)

Reverse micelles are a system of bulk organic solvent
where an amount of water and amphiphilic molecules
(surfactant) are dissolved to form a single optically
isotropic and thermodynamically stable liquid solu-
tion. The surfactant molecules form a monomolecular
layer around the nanometer-sized water droplet with
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hydrocarbon tails facing the organic solvent and polar
head groups pointing inwards [54].

Because of the electrostatic interactions, the positive-
ly charged proteins could transfer from the aqueous
phase to the inner core of the reversed micelles, thus
effecting a separation. Reversed micellar extraction is an
attractive separation method for the large-scale opera-
tion because the process could be carried out using the
existing liquid-liquid extraction system in the chemical
and biochemical industries. Factors affecting the perfor-
mance of the reversed micelle system are rather compli-
cated, including the: nature and concentration of target
protein, pH, and ionic strength of the aqueous phase,
extraction temperature, type and concentration of the
surfactant, and the processing time [55].

In general, the recovery process is composed of two
simple steps, 1) a forward extraction process involving
the entrapment of proteins from a raw supernatant
containing the enzyme of interest into the water pools
of reverse micelles in an inorganic solvent, and a back-
ward-extraction process where the proteins are trans-
ferred from the reverse micelles into another aqueous
solvent to be recovered [56]. The application of RMS
is limited for several reasons. The higher the concen-
tration of surfactant, the harder it is to separate and
recover the protein; and the range of organic solvents
with which the technique operates efficiently are lim-
ited by the constraint to avoid protein denaturation
while enabling protein solubilization [56-58].

Nandini et al., [59], investigated lipase purification by
applying reverse micellar extraction of lipase with the
help of cationic surfactant cetyltrimethylammonium
bromide (CTAB). Complex interaction of salt concen-
tration (0.05 to 0.15 M), surfactant concentration (0.10
to 0.30 M), and pH (6.0 to 9.0) for forward extraction,
as well as, salt concentration (0.5 to 1.5 M) and pH (6.0
to 9.0) for backward extraction were studied with the
help of response surface methodology. Optimum pu-
rification conditions, such as salt concentration 0.16
M, surfactant concentration 0.20 M, and pH 9.0 for for-
ward extraction, as well as, salt concentration 0.80 M
and pH 7.23 for backward extraction, the mentioned
optimal conditions have lipase recovery of more than
78% and a purification factor of the lipase of more 4.0.
The report has demonstrated that response surface
methodology can be used for optimization of the con-
ditions for reverse micellar extraction of lipase.

The micellar systems reported by Fernandes Duarte et
al., [51], had the best results for lipase extraction with
enzyme activity balances ranging between 84.7% and
113.05%. Lipase was preferentially partitioning into
the micelle-rich phase with the partition coefficient of
lipase K., =7.76%, enzyme recovered in bottom phase
(REC,,) = 93.85% and purification factor = 1.2 at the
temperature 25.03 °C, and the pH 5.1.
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Gaikaiwari et al., [60], have purified Pseudomonas sp.
CSD3 by applying reverse micellar extraction of surfac-
tant AOT (Aerosol OT (bis 2-ethylhexyl) sodium sulfo-
succinate) - isooctane system. The lipase was purified
15-fold with 80% recovery and 2.5-fold concentration
with specific lipase activity of 23.2 U/mg. The forward
reaction consisted of crude lipase, 25 mM AOT and
isooctane, the mixture was incubated at 25 °C for 30
min. under constant stirring conditions, backward ex-
traction using 0.05 M NaCl in 50 mM Tris—Cl buffer, pH
7.0 and 15% isopropanol (1:1) at 25 °C for 30 min.

2.2.4 Aqueous two-phase flotation (ATPF)

ATPF, in general, represents an adsorptive bubble sep-
aration technique, in which, the enzyme (surface-ac-
tive compound) in aqueous phase is located on the
bubble surface of the rising, through the body of liquid
phase, nitrogen gas stream and then when the bubble
ruptures at the top phase where the polymer layer is,
the lipase is released [61].

The mass transfer of bubble adsorption in ATPF offers
more efficient separation, softer mixing and higher
concentration coefficients with very low amounts of
polyethylene glycol (PEG) usage. The objective of this
paragraph is to demonstrate how the new method of
ATPF is used nowadays to separate proteins [61, 62].

Tan et al., [62], reported a newly constructed aqueous
two-phase flotation (ATPF) composed of PEG and sodi-
um citrate. The micellar system was used for direct pu-
rification of thermostable lipase 42 from recombinant
Escherichia coli BL21(DE3) pLysS. The optimum purifi-
cation condition of lipase by PEG 8000/sodium citrate
ATPF were determined as tie-line length (TLL) of 25.4,
volume ratio (V) of 0.3, crude loading (CL) of 20% (w/w)
at pH 7 with average flotation time (F) of 10 min. and
gas nitrogen flow rate (F,) at 20 mL/min. Lipase was suc-
cessfully purified using ATPF up to 4.05-fold with a sep-
aration efficiency of 99%. In a different study conducted
by Preshna Mathiazakan et al.,, [63], the lipase was recov-
ered and purified from the fermentation broth of Burk-
holderia cepacia using an alcohol/salt ATPF system on a
pilot scale. The parameters of ATPF, including the con-
centration of crude lipase feedstock, types of alcohol
and salt, concentrations of alcohol and salt, volumes of
buffer solution and alcohol, were investigated for their
effects on the partitioning behavior of lipase in ATPF.
ATPF comprised of 1-propanol and ammonium sulfate
was successfully established for feasible and cost effec-
tive separation of Burkholderia cepacia ST8 lipase from
the liquid fermentation broth. The alcohol/salt ATPF sys-
tem had a purification factor of 12.2, with a separation
efficiency of 93% and a selectivity of 40. Also, the team
had conducted a comparison between small-scale and
large-scale ATPF production, which showed that this
technique could be used for industrial scale processes.
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Show et al., [61], described an aqueous two-phase flo-
tation (ATPF) consisting of thermo-sensitive ethylene
oxide-propylene oxide (EOPO) copolymer and ammo-
nium sulfate. The developed system was applied for a
direct recovery of lipase derived from the fermentation
broth of Burkholderia cepacia strains ST8. Under the op-
timal conditions of ATPF, [3900 g/mol molecular mass
of EOPO, 250 g/L concentration of ammonium sulfate,
pH 6, 10 mL of initial volume of EOPO phase, 50%
(w/w) of concentration of EOPO 3900, 200 mL of total
volume of aqueous phase system, 40% (w/w) of loaded
crude feedstock, 30 mL/min of nitrogen flow rate at 60
min. flotation time; the average separation efficiency
and purification fold are 76% and 13%, respectively.
The same author continued his work with ATPFs and
reported a novel, efficient and low-cost method for re-
covery of biomolecules - recycling hydrophilic organ-
ic solvent/inorganic salt ATPF. The ATPF consisted of
2-propanol and potassium phosphate was developed
for sustainable separation, concentration and purifica-
tion of Burkholderia cepacia ST8 lipase from the liquid
fermentation broth. The optimum conditions for this
recycling ATPF were determined to be 40 mL volume
of 50% (w/w) 2-propanol, 1.0 L of 250 g/L of potassi-
um phosphate, pH 8.5, 100% (volume/volume (v/v)) of
crude feedstock, 30 mL/min of nitrogen flow rate for
30 min in 8 cm radius of colorimeter tube with a G4
porosity (5 - 15 um) sintered glass disk. A purification
factor of 14 and a lipase yield of 99 were achieved in
the optimized ATPF.

3. Conclusions

- Usually, in order to start the process of lipase puri-
fication one must ask three important questions: 1)
What quantity of enzyme and level of enzyme puri-
ty is required? 2) What is the source of lipase (micro-
organisms, cell culture or plant cells) and the type of
biomass, nutrient and other chemicals used? 3) What
equipment is available? Generally, in order to purify
the lipase with high purity and yield, a multiple step
procedure is applied. The multistep systems of lipase
purification consist of both conventional and novel
methods. The conventional methods comprise of: pro-
tein precipitation technique by ammonium sulfate or
organic solvents, chromatography (ion - exchange, gel
- filtration or affinity chromatography), ultrafiltration or
other membrane techniques. Novel methods of lipase
purification include: recombinant technologies, where
the lipase-encoding gene is recloned into an another
host cells and expressed with a specific tag, aqueous
two-phase system, aqueous two-phase flotation and
reverse micellar systems, which incorporate the usage
of two different aqueous systems.

-The new developments in both conventional and nov-
el methods of lipase purification allow both researchers

and industries to purify lipases with higher yields and
a lesser amount of purification steps needed. The in-
troduction of recombinant technologies in lipase pro-
duction had increased the purity of the enzyme as well
as its yield while bringing down the cost of the overall
procedure. The works cited here also describe devel-
oping technologies such as ATPS, ATPF, and RME that
once maturated would bring about changes in protein
purification strategies, that would allow the fastest and
cheapest way for industrial lipase production.

- Worth noticing is the fact that there is no “ready - to
- use” strategy of lipase application exists, the selec-
tion of purification steps and the lipase production
depends on the source of lipase as well as its desired
homogeneity and yield. Nevertheless, the examples of
novel purification methods such as Recombinant tech-
nologies, ATPs, ATPF and Micellar systems cited here,
are being dynamically developed, which in turn would
bring a more standardized strategy for lipase purifica-
tion that could be applied for commercial use.
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