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Abstract

Lipases from different sources have distinct properties, such as specificity, stability and
optimal operational conditions. Moreover, different conditions of lipase production may alter
these enzyme properties. Therefore, the aims of this study were related to the evaluation of
lipase activity of Yarrowia lipolytica IMUFRJ 50682 (isolated from Baia de Guanabara,
Brazil) produced under submerged fermentation, and its characteristics determination.
Characterization studies under pH 3-10 (at 37 °C) and temperature 25-55 °C (at pH 7)
in the p-nitrophenyl laurate hydrolysis revealed that the enzyme is active in a pH
range of 7-9, with a maximum lipase activity at pH 7, and between temperatures of
25-55 °C with an optimum temperature for the lipase activity at 37 °C. The Y. lipolytica
enzyme was incubated in dry bath at 25°C, 37°C and 60°C and the residual activities were
measured under standard conditions. It became completely inactive after incubation for 15
minutes at 60°C but was quite stable at 25°C and 37°C. The half-lives were 156.5 h, 106.8 h
and 0.058 h at 25°C, 37°C and 60°C, respectively. Regarding storage stability at -10°C, Y.
lipolytica lipase was very stable, keeping 100% of residual activity after seven months.
Finally, initial rates of hydrolysis were obtained and the Michaelis-Menten constant and
Vmax Were calculated as 0.234 mM and 0.033 pM/mL/min, respectively.

Keywords: Yarrowia lipolytica, lipase, characterization, p-nitrophenyl laurate,
hydrolysis reaction.

1. Introduction

Lipase (triacylglycerol ester hydrolases, E.C. 3.1.1.3) constitutes a group of
enzymes having as main biological function the hydrolytic catalysis of lipids. At low
water content, theses enzymes are also able to catalyse synthesis reactions, achieving
esterification, transesterification, aminolysis, oximolysis and thiotransesterification
[1]. Somes studies have reported the yeast Yarrowia lipolytica, formerly known as
Candida, Endomycopsis or Saccharomycopsis lipolytica, as a good lipase producer.
This yeast is able to produce extracellular, membrane-bound and intracellular lipases
encoded by approximating, eighteen genes [2].

The major level of lipase produced by Y. lipolytica is an extracellular lipase
(YILip2) encoded by Lip2 gene [3]. A mutant (LgX64.81) that possesses high level of
YILip2 expression, produced by chemical mutagenesis on Y. lipolytica CBS6303, is
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able to produce 1,000 U/mL of lipase activity in a 15 L bioreactor and 1,118 U/mL in
a 2,000 L bioreactor using an optimized medium [4]. Beyond YILip2, other Y.
lipolytica lipases were identified, purified and characterized. Some characteristics as
optimum pH and temperature for YlLipl, YILip2 [5], YILip7 and YILip8 [6] were
defined.

In Brazil, a Yarrowia lipolytica strain (IMUFRJ 50682) was selected from an
estuary in the vicinity of Rio de Janeiro State [7]. This strain showed to be a good
lipase producer both in shaking flasks [8, 9, 10] and in a 1.5 L bench bioreactor [11,
12]. However, the characteristics of these enzymatic extracts are hardly studied. Thus,
in this study, lipase characterization was performed with the enzymatic extract
produced under the previous conditions studied [12]. Characteristics as optimum pH
and temperature was compared to data published by Pereira-Meirelles et al. [8] for
lipase extract obtained by the same Y. lipolytica strain (IMUFRJ 50682) and to a
commercial extract of Candida antarctica lipase type B.

2. Materials and Methods

2.1. Materials

Commercial Candida antarctica lipase type B (CALB) was kindly donated by
Novozymes Latin America Ltd. Methyl butyrate and bovine serum albumin was
purchased from Sigma-Aldrich Chemical Co. Perfluorodecalin was obtained from F2
Chemicals Ltd. (Preston, Lancashire, UK). Folin-Coicalteau’s phenol and p-
nitrophenyl laurate were purchased from Fluka. Peptone, yeast extract, and glucose
were obtained from Merck, Oxoid, and Isofar, respectively. Other chemicals were of
analytical grade.

2.2. Microorganism and maintenance of cultures

Yarrowia lipolytica IMUFRJ 50682 was used. It was stored at 4°C on YPD-
agar medium. For pre-inoculum, cells were cultivated at 28°C in a rotary shaker at
160 rpm, in 500 mL flasks containing 200 mL YPD medium (w/v: Yeast Extract 1%;
Peptone, 2%; Glucose, 2%).

2.3. Production of lipase

Cells from the pre-inoculum were harvest (26,000 g) from the exhausted
medium and used to inoculate 1,200 mL YPD medium (w/v: Yeast Extract 1%;
Peptone, 0.64%; Glucose, 2%) in sufficient amount to obtain 1 mg d.w. cells.mL™,
This inoculated medium was used in the bioreactor along with 300 mL of
Perfluorodecalin, as an oxygen carrier. Fermentation was carried out for up to 48 h at
25°C in a 2 L bioreactor using 1.5 L of total volume of working medium, maintaining
250 rpm and with a 1.5 m*s™ of oxygen outflow. After 48 h, the cells were separated
by centrifugation (26,000 g x 15 min) at 10 °C in a refrigerated centrifuge.
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2.4. Assay of hydrolytic activity: p-nitrophenyl laurate

The hydrolysis of p-nitrophenyl laurate was defined as standard method to
determine lipase activity from crude extract of Y. lipolytica (LYL) in this work. The
reaction occurs at 37 °C by the addition of 0.2 mL of enzyme solution to 1.8 mL of
560 UM p-nitrophenyl laurate (pNP-laurate) dissolved in 50mM potassium-phospate
buffer (pH 7.0), containing 1% (v/v) of dimethyl sulfoxide (DMSO). The reaction
was followed along 100 seconds in a spectrophotometer (HACH, DR/4000U) at A=
410 nm. One lipase unit (pbNPLU) is defined as the amount of enzyme which releases
1 umol of p-nitrophenol per minute at pH 7.0 and 37°C [9].

2.5. Assay of hydrolytic activity: methyl butirate

In this work, methyl butyrate hydrolysis was used to determine the LYL
esterase activity. Experiments were performed using an automatic titrator (pHstat) and
50 mM NaOH as titrating agent. The pH was set at 7.0. The reaction was initiated by
the addition of 0.1 mL of extract to 30 mL methyl butyrate solution dissolved in 25
mM phosphate buffer pH 7.0 [13]. One unit (MBU) of enzymatic activity was defined
as the amount of enzyme that hydrolysis 1 umol of methyl butyrate per minute at pH
7.0 and 28 °C.

2.6. Determination of protein

Protein was estimated by the Folin-Ciocalteau’s phenol reagent as outlined by
Lowry et al. [14], at 660 nm, using bovine serum albumin (BSA) as standard.

2.7. Biochemical characterization of Yarrowia lipolytica lipase extract

2.7.1. Effect of pH and temperature on enzyme activity

The pH effects on lipase activity were measured using buffers of different
pH’s (3 — 11) at 37°C. The employed buffers were as follows: 50 mM citrate buffer
(pH 3 - 6); 50 mM Na-phosphate buffer (pH 6 — 8); 50 mM K-phosphate buffer (pH
7); 50 mM sodium bicarbonate buffer (pH 9.2 — 10.7). The pH stability was checked
by incubating lipase extract at 37°C at different pH values for 2 h and 24 h.

Temperature influence on lipase activity was determined by carrying out the
enzyme assay at different temperatures (25 — 55°C) and pH 7.

2.7.2. Thermal stability

Lipase thermal stability was determined by incubating the biocatalyst at 25, 37
or 60 °C. Periodically, samples were withdrawn and its residual activities were
assayed by pNPL hydrolysis. Residual activity is given as percentage of activity taken
as 100% the enzyme activity before incubation. Thermal deactivation profiles have
been explained following the first-order deactivation model [15], as described in
Equation 1, and the respective coefficients (ky) were estimated from the experimental
data.

In(A) = In(A) — K, t 1
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where A is the initial activity, A is the residual activity in time t and kg is first-order
deactivation rate coefficient.

Biocatalyst half-life (t1,) was estimated with the aid of Equation 2 using the
previously estimated parameter kg.

_In(0.5)
be = @

2.7.3. Storage stability

To evaluate the storage stability of the lipase crude extract, it was stored at -
10°C in a freezer and the residual hydrolytic activity was determined along time
(every 24h).

2.7.4. Determination of kinetic parameters

The effect of pNP-laurate concentration (0.05 to 3.00 mM) on the initial
hydrolysis rate was assayed under the standard conditions. The Michaelis-Menten
constant (Ky) and respective maximum reaction velocity (Vmax), with pNPL as
substrate, were estimated by fitting the experimental data to Michaelis’ Equation.

2.7.5. Effect of additives on lipase activity

To determine the effect of some chemicals on lipase activity, different
compounds as metal ions (1 mM) and organic solvents (9%, v/v) were added to the
reaction mixture and the lipase activity was assayed under standard conditions.

3. Results and discussion

3.1. Lipase production

Lipase production was followed by the measurement of enzyme activity along
Y. lipolytica cultivation and lipase maximum activity was detected after 48 h of
process [12]. The lipase extract showed a specific activity of 22.4 pNPLU/g protein.
However, in methyl butirate hydrolysis, only 3 MBU/mL of extract was found, which
is a low activity value for this method. In diluted solutions of lipase B from C.
antarctica (1%, v/v), for example, there is 40 MBU/mL. It is known that lipase B
from C. antarctica have esterase activity, thus accepting short acetyl moieties [16]. In
parallel, previous characterization studies of YILip2 available in literature, it showed
that this lipase has higher specificity to triglycerides than hydrophilic esters (methyl
fatty acid esters). In case of hydrophilic esters, it possesses maximum specificity to
methyl mystirate, with lower activity toward methyl butyrate [17]. Although it has
been reported that Y. lipolytica secrete not only lipase but esterase too [18], according
to these results it is possible to assume that the amount of esterase in the produced
extract is minimum or null. Therefore, the activity expressed for pNPL hydrolysis is
essentially due to the lipase presence.

3.2. Effect of pH on lipase activity and stability

The pH effects on pPNL hydrolysis catalysed by lipase from Yarrowia
lipolytica IMUFRJ 50682 (LYL) and from Candida antarctica lipase type B (CALB)



Characterization of an extracellular lipase from Yarrowia lipolytica

and on both enzyme stability are shown in Fig. 1 and 2, respectively. LYL was found
to be active between pH 7 and 9, while CALB showed activity between pH 7 and 11.
The optimum pH was found to be 7 and 9.2 for LYL and CALB, respectively. Such
observed pH range for LYL is similar to YILip2 purified, 5.5 — 9.0, in olive oil
hydrolysis [17, 19]. Optimum pH values for lipases of Y. lipolytica produced from
different strains and available in the literature were as follow: 7 for Y. lipolytica
LgX64.81 [4], 8 for Candida sp 99-125 [17] and 6-7 for Y. lipolytica 681 [20].
Despite some similarities, these values are not comparable since the reactions used for
enzyme activity assay are different. Ota et al. [21] studied the pH optimum of a lipase
from Saccharomycopsis lipolytica strain (Yarrowia lipolytica) in three different
substrates (olive oil; tributyrin and oleic acid; triolein and oleic acid) and obtained
distinct values (7, 7.8 and 8, respectively).

Hydrolytic Activity (pNPLU/L)

Figure 1: Effect of pH on lipase activity from Y. lipolytica (a) and C. antarctica (b).
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Figure 2: Effect of pH on the stability of lipase produced by Y. lipolytica (a) and C.
antarctica (b).

After enzyme incubation for 2 hours in different pH’s, LYL and CALB
showed a good stability in pH range of 4-7 and 4-10, respectively. For pH 7, LYL had
higher stability when incubated aong 24 h at 37°C, retaining 75% of initial activity.
CALB was stable at pH 5 and 9, where decreases of circa 10 and 15 % in its original

12
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activity were observed after 24 h. Lipase | and Il from Saccharomycopsis lipolytica
(CBS 6303) were stable in pH range from 4.5 to 8 for 22 h at 5 °C [21]. For lipase
from Y. lipolytica 681, higher stability was obtained at pH 6 [20]. Moreover, a
purified extract of YILip2 showed good stability in pH range of 4-7 for 1 h at 37 °C,
with similar profile to found to crude extract herein studied [19]. These results can be
an indicative of the predominance of lipase YILip2 in the obtained extract.

3.3. Effect of temperature on activity of extract of lipase

The lipase activities of both LYL and CALB were assayed at different
temperatures ranging from 25 to 65°C at pH 7 (Fig. 3). For LYL, the enzyme activity
increased with temperature in the range of 25 - 37°C, presenting a decrease at
temperatures above 37°C, while the optimum temperature range observed for CALB
was between 26 - 37°C. The optimum temperature of Y. lipolytica IMUFRJ lipase
extract was 37°C, which is similar to that described for other lipases from different Y.
lipolytica strains [4, 20]. However Pereira-Meirelles et al. [8], using this same strain
but in different production conditions (with olive oil), determined 55°C as the
optimum temperature for the crude lipase extract of Y. lipolytica catalyzing the pNPL
hydrolysis. Such difference for optimum temperature value using the same
microorganism and reaction can be justified by the possible production of multiple
lipase forms, depending on the cultivation conditions [5].
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Figure 3: Effect of temperature on lipase activity from Y. lipolytica (a) and C.
antarctica (b).

3.4. Thermal stability

The thermal stability were studied at room temperature (25°C), at optimum
activity temperature (37°C) and at an extreme condition (60°C) for both LYL (Fig. 4)
and CALB (Fig. 5). The experimental profiles achieved for residual activity along
incubation time were fitted to the decay model (Equation 1) and allowed to determine
the respective half-lives (t1/2) and deactivation constants (Kg) as shown in Table 1. At
room temperature, CALB presents higher stability, retaining 85% of its original
activity along 525 hours while LYL retained only 20% after 300 hours. Despite of
such different behavior between CALB and LYL, at 37°C showed similar
deactivation profiles, presenting half-lives of 100.2 h and 106.8 h, respectively.
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Nevertheless at an extreme condition (60°C), CALB revealed to be more stable. Thus,
comparing LYL performance with that one demonstrated by the commercial enzyme
CALB, it is possible to say that both are similar when used at 37°C.
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Figure 4: Thermal stability of lipase from Y. lipolytica at 25°C, 37 °C or 60 °C.
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Figure 5: Thermal stability of lipase B from C. antarctica at 25°C, 37 °C or 60 °C.

Face to these results, YL lipase extract cannot be rich in YILip7 or YILip8
since these heterologous lipases present higher thermostability and are capable to
retain over 85% activity after incubation at 65°C for 3 h [6]. On the other hand, lipase
extract herein characterized revealed to be quite similar to the data described for

YILip2 [17], since it is capable to retain 86% activity for 5 h at 37°C while YILip2
retained 83% for 4 h at 35°C.



A. . S. Brigida et al.

Table 1: Kinetics parameters of thermal deactivation, at 25°C, 50°C and 60 °C of
lipase from Yarrowia lipolytica (LYL) and from Candida Antarctica (CALB)

Enzyme Temperature (°C) kq (h™) t1, (h)
25 0.00443 156.5
LYL 37 0.00649 106.8
60 11.9267 0.058

25 - -
CALB 37 0.00692 100.17
60 3.2932 0.2105

3.5. Storage stability

Storage stability at -10°C of lipase extract was determined and the results are
presented in Fig. 6. It can be observed that it presents a high stability at -10 °C: after
seven months, the enzyme retained 100% of its initial activity. This behavior is
similar to that obtained by Pereira-Meirelles et al. [8] for storage stability at 5°C
during 370 days, retaining 100% activity.

140 -

T
.%iﬁ ;

60

=

o

o
|

o]
o
1

Residual Activity (%)

40 4

20

0

T / T T
0 50 200 250

Time (days)
Figure 6: Storage stability, at -10°C, of lipase extract produced by Y. lipolytica.

3.6. Effect of substrate concentration

The effect of pNP-laurate concentration (0.05 to 3.00 mM) in the initial
hydrolysis rates was assayed. The experimental data obeyed classical Michaelis-
Menten kinetics (Fig. 7). Michaelis-Menten constant and V. were determined as
0.234 mM and 0.033 pM/mL/min for Y. lipolytica lipase and 0.192 mM and 0.042
uM/mL/min for C. antarctica lipase type B, respectively. Ky, value obtained for LYL
is slightly higher than that one described for YILip2 (0.19 mM) and lower than YILip1
Kn (0.5 mM) [5]. This observation implies that the lipase produced in the present
work presents more affinity for the substrate than YILipl, and almost similar affinity
than YILip2 and CALB.
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Figure 7: Initial hydrolysis rate of p-nitrophenyl laurate by soluble lipase from
Yarrowia lipolytica and from Candida antarctica. The lines represent the Michaelis-
Menten model adjustment to experimental data.

3.7. Effect of some additives on lipase activity

The effects of some metals salts and solvents on the activity of Y. lipolytica
lipase and C. antarctica lipase type B were investigated (Fig. 8). For LYL, only
ethanol and CaCl, had not caused a reduction in activity, whereas CALB activity was
reduced only by ethanol, hexane and NaCl 100 mM. Since no activation profile was
observed in both cases, these results suggest that both lipases do not require any of
these ions for catalytic activity. Yu et al. [17] observed similar relative activity for
YILip2 after contact with ethanol, 88.6 = 2.00, but it did not present similar behavior
for metals ions.

4, Conclusions

According to the data presented above, the crude lipase extract from Y.
lipolytica IMUFRJ 50682 showed to have similar characteristics to other purified
lipase extracts from Y. lipolytica, mainly for YILip2 producers. LYL, produced under
conditions herein reported, demonstrate a hardly similar behaviour to that obtained by
Pereira-Meirelles et al. [8], using the same strain. This can be an indicative that Y.
lipolytica IMUFRJ 50682 strain is capable to produce lipase isoforms, concerning to
the production conditions, denoting that further studies aiming to purify the lipase are
necessary.
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