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Abstract

Aspergillus Niger lipase (ANL) was purified from a culture medium. Pure ANL was obtained after ammonium sulfate fraction-
ation, Sephacryl S-200 gel filtration and cation exchange chromatography (Mono-Q). The pure lipase, which is not a glycopro-
tein, was presented as a monomer having a molecular mass of about 99 kDa. The lipase activity was maximal at pH 8 and at
39°C. ANL hydrolyses the long chains of triacylglycerols more efficiently than the short ones. A specific activity of 3779 U/mg
was measured on olive oil as substrate at 39°C and at pH 8 in the presence of 4 mM NaTDC. ANL was inactivated when the
enzyme was incubated at 75°C or at pH less than 4. Natural detergent (NaTDC), pH dependence of the catalytic activity of ANL
was at pH 8, which confirm that ANL present one pH profile.

o
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Abbreviations: ANL: Aspergillus Niger Lipase; EDTA:
Ethylene Diamine Tetraacetic Acid; EGTA: Ethylene Glycol-
bis (h-aminoethyl Ether) N,N,NVNV-Tetraacetic Acid; NaDC:
Aodium Deoxycholate; SDS/PAGE: Sodium Dodecyl sulfate/
Polyacrylamide Gel Electrophoresis; TC,: Tripropionin; TC,:
Tributyrin; MM: Molecular Mass.

Introduction

The enzymatic synthesis of esters, involving in particular
lipases, is an interesting alternative that allows to work under
milder operating conditions and to have a greater selectivity
which limits the formation of byproducts. The lipases, in
particular, have been the subject of several studies in which
the reactions of esterification, trans esterification and
interesterification were studied [1-6]. In a catalytic process,
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the stability and the activity of biocatalyst are considered
the key parameters affecting the viability of the system. In
order to reduce the costs associated with the use of these
enzymes. They must be active for long periods, therefore
the factors influencing their activity and stability must be
well controlled. The activity and stability of enzymes are
intrinsically related to their nature, but are also influenced
by external parameters such as temperature rise or pressure
and extreme micro-environmental pH or poorly controlled
water activity [7]. Itis interesting to note that some enzymes
better retain their catalytic activity at high temperature in a
non-aqueous medium and in the presence of hydrophobic
solvents in the presence of water [8,9]. This is due to the
fact that in an organic solvent, the enzyme is trapped in its
active conformation since water is almost absent which gives
the enzyme greater conformational flexibility [9]. The water

Med & Analy Chem Int]

Binding, Activity of Lipase at the Lipid-Water Interface Using Monomolecular Film Techniques


https://medwinpublishers.com/MACIJ/
https://portal.issn.org/resource/ISSN/2639-2534#
https://medwinpublishers.com/
https://doi.org/10.23880/macij-16000160

Medicinal and Analytical Chemistry International Journal

activity is one of the most important factors that influence
the enzyme activity. Indeed, to maintain its activity, an
enzyme requires the presence of a specific amount of water
in its microenvironment. In fact, water is involved mainly in
the maintenance of the active conformation of the enzyme
via non-covalent bonds and hydrogen bonds. This therefore
relates to the water directly related to the enzyme [8,9].

Material and methods
Enzymes and Proteins Purification

Aspergillus  niger lipase (ANL) was purified in
(Laboratoire de Biochimie et de Génie Enzymatique des
Lipases, ENIS, BPW 3038 Sfax, Tunisia) [10].

Culture Conditions

The culture medium was precultured during 12 h at 30°C
and 150 rpm in 250 ml shaking flasks containing 50ml of
medium A (17 g/l casein peptone, 5 g/1 yeast extract (Difco),
2.5 g/l glucose, 0,5 g/1 MgSO,, 2 g/l CaCl, 1,5 g/l sodium
citrate, 2 g/l KHPO,, pH (5.5). Aspergillus niger cultures
used as inocula (2%) were cultivated in 1-1 shaking flasks
containing 250 ml of medium A. The culture was incubated
aerobically during 72 h on a rotary shaker setat 150 rpm and
at a temperature of 30°C.

Lipase Activity Determination

The lipase activity was measured titrimetrically at pH
8.5 and at 40°C with a pH-stat under standard conditions
using tributyrin (0.25 ml in 30 ml of 2.5 mM Tris-HCI pH 8.2,
2 mM CaCl,, 2 mM NaDC) or olive oil emulsion as substrate
(10 ml in 20 ml of 2.5 mM Tris-HCl pH 8.2, 2 mM CaCl,, 4 mM
NaDC) [11]. Lipolytic activity was expressed as units. One
unit corresponds to 1 umol of fatty acid released per minute.

Determination of Protein Concentration

Protein concentration was determined as described by
Bradford MMA [12] using BSA as standard.

Procedure of ANL Purification

ANL was purified to homogeneity from a culture medium
after ammonium sulfate precipitation, Sephacryl S-200 gel
filtration and cation exchange chromatographie (Mono Q
Sepharose). Pure ANL was eluted as a tetrameric protein (99
kDa) [13].

Monomolecular Film Techniques

Measurements were performed with KSV-2000
Baro-stat equipment (KSV-Helsinki). The principle of the
method was described previously Verger R and De Haas GH
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[14]. It involves the use of a “zeroorder” trough with two
compartments: a reaction compartment and a reservoir
compartment connected to each other by a small surface
channel. The enzyme solution was injected only, into the
subphase of the reaction compartment when the lipid film
covered both of them. A mobile barrier, automatically driven
by the Barostat, moved back and forth over the reservoir to
keep the surface pressure () constant, thus compensating
for the substrate molecules that were removed from the film
by enzyme hydrolysis. The surface pressure was measured
on the reservoir compartment with a Wilhelmy plate
(perimeter 3.94 cm) attached to an electro microbalance,
which was connected in turn to a microprocessor
programmed to regulate the mobile-barrier movement. As
shown previously, the sensitivity of the Wilhelmy plate was
estimated to 0.2 mNm-1. The monomolecular film technique
was used to measure the difference of the surface tension
existing between the surface of an aqueous phase (y0) and
that of the same liquid covered by an amphipatic molecular
film (y). This difference corresponds to the surface pressure
() [40], m =y0-y, where YO0 is the surface tension of aqueous
phase (72.8 mNm-1 at 20°C for water) and vy is the surface
tension of the same aqueous phase covered by a molecular
amphipatic film. Two 2-cm magnetic stirrers stirred the
reaction compartment at 250 rpm. The reactions were
performed at room temperature (25°C). The surface of the
reaction compartment was 108.58 cm2and its volume was
130 ml. The reservoir compartment was 148mm wide and
249mm long. Before each experiment, the Teflon trough
used for forming the monomolecular film was cleaned
with water, then gently brushed in the presence of distilled
ethanol, washed again with tap water and finally rinsed with
double distilled water. The aqueous subphase was composed
of various buffer prepared with double-distilled water and
filtered through a 0.45um Millipore filter. Any residual
surface-active impurities were removed before each assay
by a sweeping and suction of the surface. The kinetic data
were analyzed as described previously. All the activities
measurement was performed after 10 min of lipase injection
under different substrate tested. Activities are expressed as
the number of moles of substrate hydrolyzed per unit time
and unit surface of the reaction compartment of the “zero-
order” trough for an arbitrary lipase concentration of 1M.

Measurement of the pH Dependency

The variation with pH in the ANL were measured using
rac-dicaprin monomolecular films that were maintained at a
constant surface pressure of 35 mN.m’. Assays were carried
out at room temperature in a zero-order. The aqueous
subphase was composed of various buffers that contained
150mM NaCl and 21mM CaCl,, 10mM glycine (pH 3-4),
10mM sodium acetate (pH 5-6), 10 mM phosphate (pH 7), 10
mM Tris-HCI (pH 8-9).
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Analytical Methods

Analytical polyacrylamide gel electrophoresis of
proteins in the presence of sodium dodecyl sulfate (0.3 M)
and B-mercaptoethanol (0.25 M) or DTT (0.5 M) (SDS/PAGE)
was performed by the method of Laemmli.

Effect of Free Fatty Acids

The lipase activity was measured as a function of
various substrate (TC4, olive oil) concentrations ranging
from 0-40mM. The Michaelis-Menten constant (Km) and the
maximum velocity (Vmax) for the reaction with TC,, TC, or
TC,, as substrate were calculated by Lineweaver-Burk plot.

Effect of Detergents

The lipase activity was measured using tributyrin
and olive oil as a substrate in the presence of increasing
concentrations of NaDC ranging from 0 to 10 mM, under
optimum conditions of pH and temperature.

Effect of pH and Temperature on ANL Activity
and Stability

ANL activity was tested in various buffers at different pH
(5-10.5) at 40°C. Furthermore, the pH stability of the lipase
was measured by incubating the enzyme at different pH
(3-12) for 24 h at room temperature. The residual activity
was determined, after centrifugation, under standard assay
method. Moreover, the optimum temperature for the ANL
activity was determined by carrying out the enzyme assay
at different temperatures (25-60°C) at pH 8.5. Finally, the
effect of temperature on lipase stability was determined by
incubating the enzyme solution at different temperatures (30-
80°C) for 30 min and the residual activity was determined,
after centrifugation, under standard assay method.

Kinetic Study

Lipase activities were measured by using a various
substrate (TC,, TC, or TC,,) concentrations (0-40 mM). The
Michaelis-Menten constant (K app.) and the maximum
velocity (Vmax) were calculated by Lineweaver-Burk plot.

Results and Discussion
Lipase Production

The ANL maximum activity (14 U/ml) was obtained
after 48 h incubation (Figure 1). The lipase activity was
measured titrimetrically at pH 8 and 39°C with a pH-stat and
the time course of lipase production was followed at 30°C
with cell growth (Figure 1). Moreover, ANL production was
not induced by the presence of triacylglycérols (TC, or olive
oil) or esters (Tween-20) (data not shown).

-

Figure 1: The time courses of lipase production. The
culture was carried out at 30°C in shaking at 200rpm in
the presence or in the absence of triacylglycerols or esters.

o

Purification of ANL

The purified lipase was homogenous when tested by the
coomassie blue staining in SDS-PAGE (Figure 2). This figure
shows that one band was revealed for ANL with a molecular
mass of 99 kDa. The purification flow sheet is shown in Table
1. The specific activity of the pure lipase reached 3779 U/
mg when using olive oil emulsified with gum Arabic as
substrate at pH 8 and 39°C. Under the same conditions, a
specific activity of 3779 U/mg was obtained when using TC,
as substrate.

o P o e Toaajl/:zi)\;ity Pg:lt;)i:s Specefic I:;;ivity (u/ Activit;(l(;:()ecovery Pulr‘:i:icct::l)trion
Culture Supernantant 14000+330 1400+0,5 10 100 1
(NH,),SO, precipitation 11900170 910+0,75 13+0,35 76+0,7 1,4+0,03
Sephacryl S 200 10170490 60+0,5 169+0,25 56+0,6 12+0,4
Mono-S chromatiography 7975+55 2,11+0,7 3779+0,33 37+1,9 430+1,55

Table 1: ANL Flow sheet purification.
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Figure 2: (A) Chromatography of ANL on Sephacryl S-200 gel filtration and cation exchange chromatography (Mono-Q). The
colomn (3 x 100 cm) was equilibrated with buffer a (20 mM sodium acetate pH 5.4, 20 Mm NaCl, 1 mM benzamidine). The
elution of lipase was performed with the same buffer at a rate of 30 ml/h. Lipolytic activity was measured under standard
conditions at pH 8.00 and 50°C using a pH-stat. (B) SDS/PAGE (15%). Lane 1, molecular mass markers (Pharmacia); lane 2,
characterisation of the ANL obtained after Sephacryl S-200 chromatography and (Mono-Q).

pH Dependence of the Catalytic Activity of ANL of 35 mN.m™. From the figure 3, we noted that the maximal
activity of ANL is reached at pH 8, similar results were

We tested the pH influence of the aqueous subphase on obtained using olive oil emulsion as a substrate with the pH-

the ANL activity (Figure 3) using rac-dicaprin monomolecular stat assay. Comparable results were obtained by using ANL
films that were maintained at a constant surface pressure [15]. These results confirm that ANL present one pH profile.

Figure 3: (A) pH dependency of the catalytic activity of ANL. Variations with pH in ANL activity using 1,2-rac-dicaprin
monomolecular films. The 1,2-rac-dicaprin monolayer was spread and maintained at a constant surface pressure of 35mN/m.
Assays were carried out at room temperature in a “zero order” trough (volume, 130 ml; surface, 108.58 cm?). The final enzyme
concentration was 0.3 nM. The aqueous subphase was composed of various buffers that contained 150 mM NaCl, 21 mM CaCl,,
and 1 mM EDTA: 10 mM glycine (pH 3-4), 10 mM sodium acetate (pH 5-6), 10 mM phosphate (pH 7), 10 mM Tris-HCI (pH 8-9),
or 10 mM borate (pH 9-10). Activity is expressed as the number of moles of substrate hydrolysed by unit time and unit surface
of the reaction compartment of the “zero order” trough for an arbitrary lipase concentration of 1 M. (B) Variation with surface
pressure in ANL activity using pure dicaprin (diC10) isomers. Assays were carried out in a “zero-order” trough (volume, 130
ml; surface, 108.58 cm?). The final enzyme concentration was 0.4 nM ANL. Buffer: 10 mM Tris-HCI, pH 8, 150 mM NacCl, 21 mM
CaCl,, and 1 mM EDTA. Activity are expressed as the number of moles of substrate hydrolysed by unit time and unit surface of
the reaction compartment of the “zero order” trough for an arbitrary lipase concentration of 1 M.
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ANL Kinetic Studies

It has been established that somemicrobial lipases [16]
may lost enzymatic activity in the absence of amphipathic
reagent when TC, is used as substrate. The irreversible
denaturation caused by the high energy made at the
tributyrin/water interface [17]. ANL is able to hydrolyse
the TC, or the olive oil emulsion without any addition of
amphipathic reagent (NaDC, Triton X-100 . . .) (Figure 4).
The kinetic of substrate hydrolysis remains linear for more
than 20 min. Accordingly, ANL probably presents a three-
dimensional structure which allows the hydrolyse of its
substrate efficiently and without any denaturation at the
lipide/water interface. The kinetic parameters of ANL were
also studied by determining the rates of hydrolysis of different
concentrations of pure TC,, TC, or TC,,. The Lineweaver-
Burk curves were plotted. The apparent substrate affinity
constants (K,,app.) and the maximum velocity values (Vmax)
of the purified lipase were obtained and shown in Table 2.
Our results showed that the K app. Value increased when
TC, used as substrate. In contrast, the kcat value decrease
on TC, and TC . The deduced value of the catalytic efficiency
(kcat/K app.) of ANL was 1226 when using TC, as substrate.
However, 4.1 or 14.7-fold decrease in catalytic efficiency was
observed when using TC, or TC,, as substrate, respectively.
This result confirms that ANL hydrolyses efficiently short
triacylglycerols than long-chain [18].

-
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Figure 4: Kinetic of hydrolysis of olive oil or tributyrin
emulsions by ANL.

o

Effect of Detergents

NaDC has no inhibitory effect on the activity of lipolytic
enzymes even at a high concentration (10mM) (Figure 5).
This result confirms that the pure ANL is able to reach its
substrate even in the presence of certain surface active agents
such as bile salts. These results corroborate those obtained
by Sayari A, et al. [16]. Similarly, Simons, et al. [19] showed
that ANL was not inhibited by detergents such as NaDC, it
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can be deduced that ANL penetration power is higher than
those of other microbial lipases that enables it to hydrolyse
the olive oil or TC, in presence of bile salts.

Figure 5: Effect of increasing concentration of NaDC on
the rate of hydrolysis of tributyrin and olive oil emulsion
by ANL. lipolytic activity was measured under standard
conditions using a pH-stat.

Effect of pH and Temperature on the Activity
and Stability of ANL

ANL maximal activity was obtained at pH 8.0 and a
temperature between 40 and 45°C. The optimum pH for ANL
activity was similar to other Aspergillus Lipases [20-22].
ANL was stable at pH 5 and 8. This enzyme maintains about
100% of its activity after 30-min incubation at 60°C (data
not shown). Just few fungal lipases reported in other studies
presented as a thermophilic behavior [23].

Conclusion

ANL was isolated to electrophoretic purity from a
culture medium. We showed that the pure enzyme, which is
not a glycoprotein, is a monomer having a molecular mass
of 99kDa. ANL was found to hydrolyse the short chains
triacylglycerols more efficiently than the long ones. The
enzyme was inactivated at 60°C and not stable at pH less
than 4. Natural detergents (NaTDC, NaDC) were shown to
not act as strong inhibitors of ANL as observed when bile salt
was used, pH dependence of the catalytic activity of ANL was
at pH 8, which confirm that ANL present one pH profile.
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