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Abstract

We evaluated a lipase producedBgcillus megateriumvith respect to its potential for use in biocatalysis in organic solvents. After 72 h
of fermentation the enzyme was precipitated directly from the culture broth with the addition of ammonium sulphate to 80% of saturation.
It was then resuspended and dialysed. The preparation was shown to hydrolyse triacylglycerides, with further determinations of lipolytic
activity being done in aqueous systems through the hydrolyssnitrophenyl palmitate@dNPP) at 37C. The temperature for maximum
activity, based on product formation over the first minute of reaction, wa€ 56he lipolytic activity was reasonably stable during incubation
at temperatures of 40-7C, with a residual activity of 77% after 10 min incubation at’60 Stability in organic solvents was studied by
incubating the enzyme at 2@ in butanol, toluene, hexane, isooctane and heptane and in various mixtures (25, 50, 80 and 100% (v/v)) of
acetone, ethanol and isopropanol in water. Not only was it stable in butanol, hexane and toluene but it actually showed activation after being
incubated in increasing percentages of isopropanol, ethanol and acetone, which is quite unusual for lipases. For the hypXéhAset of
37°Cin AOT (Dioctyl sodium sulfosuccinate)/heptane reversed micelles, the highest specific activities were obtaigd[MisD]/[AOT])
values of 5 and 10, being 111 and 104 Uthgespectively. Th&o,a (ratio of the reaction rates for the same reaction in organic medium and
in agueous medium) was 1.91 for the hydrolysipNPP, which is notable becauBRg,a values for lipases are typically much less than 1.0.
The lipase oB. megateriunshows promise for application in biocatalysis due to its good stability at elevated temperatures and in hydrophobic
and hydrophilic organic solvents.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction mostable and maintain their activity in organic solvents if
they are to be used in these synthetic reactions. Thermostabil-
Lipases are widely used in biocatalysis due to their ability ity is required since many processes use temperatures around
to catalyse not only the hydrolysis of triacylglycerides in 50°C due to the high melting points of the lipids that are used
agueous solutions, but also enantioselective synthetic reacas substratg4]. Stability in organic solventsis required since
tions in organic media. Lipases must be reasonably ther-low-water systems, based on organic solvents, are necessary
in order to provide conditions that favour the synthetic re-
* Corresponding author. Tel.: +55 41 3613470; fax: +55 413613186,  action over the “normal” hydrolytic reaction. Systems based
E-mail addressnkrieger@ufpr.br (N. Krieger). on organic solvents can also offer other advantages, for both
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hydrolytic and synthetic reactions, such as high solubilities 2.2. Production of the crude lipolytic extract

of substrates and products, modification of the specificity

of the enzymg[2] and thermostabilization of the enzyme B. megateriunCCOC-P2637 was inoculated into 50 mL
[3]. of LB broth in a 125 mL Erlenmeyer and incubated for 8 h at

Unfortunately, despite the advantages that biocatalysis in29°C and 120 rpm, at which time it was in mid-exponential
organic-solvent-based systems can bring, the catalytic activ-phase. One mL of this culture was then inoculated into each
ities of enzymes in these systems are typically much lower of several 500 mL Erlenmeyers, each containing 150 mL
than activities in aqueous solutiof. Further, in an appar-  of a medium containing (gt!) KNO3 3.54; KoHPO41.0;
ent paradox, protein stability is lower in water-miscible sol- MgS0,-7H20 0.5; NaCl 0.38; FeS£7H,0 0.01, yeast ex-
vents than in hydrophobic solvents. The poor stability in hy- tract 5.0 and 1% (v/v) olive oil and incubated at 120 rpm and
drophilic solvents represents a problem for the use of lipases29°C for 72 h. Growth was followed by total cell counts in
in reactions involving the esterification of sugars during the an improved Neubauer chamber.
production of biosurfactants, given that in these reactions the
medium contains polar solvents such as 2-methyl 2-butanol2.3. Preparation of the crude extract
[5].

Currently known microbial lipases do not have the de-  After 72 h of culture, when the lipolytic activity was max-
sirable combination of thermostability and stability in both imal, the contents of the flask were centrifuged at 10,000
hydrophobic and hydrophilic organic solvents. This has stim- x g for 20 min at £C. Ammonium sulphate was added to
ulated the search for new lipases. The present work wasthe supernatant to 80% of saturation, with mild agitation.
undertaken in this context. Thirty-six fungal and 11 bacte- The extract was then maintained under gentle stirring&t 4
rial isolates were screened with the objective of finding a for 12 h, after which it was centrifuged at 12,0609 for
lipase with both reasonable thermostability and stability in 10 min. The supernatant was removed and the precipitate re-
both hydrophobic and hydrophilic organic solvents. Early suspended in a minimal volume of 0.02 M phosphate buffer,
in the work, the lipolytic activity produced by a newly iso- pH 7.0. This suspension was dialyzed against the same buffer,
lated strain oBacillus megateriurshowed highly interesting  at 4°C. The molecular weight cut-off of the dialysis mem-
properties. The present work aimed to evaluate the potentialbrane was 14,000 Da. The dialyzed fractions retained within
of this enzyme for use in biocatalysis, including stability and the bag were stored af€, with the addition of 0.02% (w/v)
activity tests in different solvents and different temperatures, sodium azide.
and its activity against several substrates and the hydrolysis To produce sufficient enzyme for the characterization
reaction in the reversed micellar system. studies, re-suspended precipitates from several flasks, each

treated as described above, were pooled. This concentrated
crude extract had a volume of 100 mL (after dialysis), a pro-
2. Materials and methods tein content of 1.36 mgmt! and a volumetric activity of
goumL1,
2.1. Microorganism
2.4, Lipase assay in agueous solution

A bacterial strain was isolated from a contaminated fun-
gal culture that showed a high lipolytic activity. The initial The main method used for the kinetic characteriza-
assay to detect lipolytic activity was done on agar plates con-tion and stability assays was the-nitrophenyl palmi-
taining, per litre of distilled water, 159 agar, 10 mL olive tate PNPP) method[8]. Activity tests were also done
oil, 0.01 g Rhodamine B and 0.001% (w/v) Tween 80. The with other esters ofpNP (p-nitrophenol), namely,p-
lipolytic activity was indicated by a strong fluorescent halo nitrophenyl acetatepNPA), p-nitrophenyl butyrategNPB),
when the plate was irradiated with UV light at 350 nm af- p-nitrophenyl caproatepN\PC) andp-nitrophenyl caprate
ter it had been incubated for 48 h atZ®. It was character-  (pNPCA) (Sigma). The coefficient of extinction giNP) at
ized asB. megateriunthrough biochemicaltests and 16sRNA pH 7.0 ¢ = 8.0 x 10°L mol~1cm™1) was determined from
sequence analysj§,7], by the Oswaldo Cruz Culture Col- the absorbance at 410 nm of standard solution®N#. One
lection (CCOC) located at the National Institute for Qual- unit of activity (U) was defined as the production ohthol
ity Control of Health-INCQS, Oswaldo Cruz Foundation- of p-nitrophenol per minute at 3TC, under the conditions of
FIOCRUZ, Rio de Janeiro, Brazil and deposited as CCOC- the assay.

P2637. Lipolytic activity was confirmed by the titrimetric method,

The strain was freeze-dried in glass ampoules and main-using triolein, tricaprylin and tributyrin (Sigma) as substrates
tained at-20°C. Backup cultures were maintained in Nutri- [9]. An aqueous emulsion of each substrate was prepared
ent Broth medium (DIFCO 0003) with 20% (w/v) glycerolat  with 20% (w/v) of substrate, 6% (w/v) of triethanolamine
—70°C. In our laboratonB. megateriunCCOC-P2637 was  and 74% (v/v) of 0.05 M phosphate buffer pH 7.0, which was
maintained in Luria Bertani (LB) medium with 50% (w/v) strongly agitated for 30 min. One mL of enzyme sample was
glycerol at—18°C. added to 5 mL of this emulsion and then incubated &tG37
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for 20 min under mild agitation (300 rpm) with a magnetic Table 1
stirrer. Sixteen milliliters of a 1:1 (v/v) solution of ethanol Lipolytic activity of the crude extract obtained froBacillus megaterium
and acetone was then added, and this solution titrated with"! different substrates in aqueous solutions

0.05M NaOH. For this method, one unit of lipolytic activity ~ Substrate Specific activity (U md)
was defined as the production ofiinol of free fatty acids p-Nitrophenyl acetatepNPA) C:2 3.5£0.2
per minute, at 37C. p-Nitrophenyl butyrategNPB) C:4 23.3:0.4
p-Nitrophenyl caproatep\NPC) C:6 43.6:0.4
L. . p-Nitrophenyl palmitategNPP) C:16 58.&1.1
2.5. Studies in aqueous media Tributyrin C:4 41.6+3.7
Tricaprylin C:8 25.3:25
2.5.1. Effect of pH on activity and stability Triolein C18:1 (A°) 10.0£0.5

Activity assays were done using thisPP method at 37C
in assay mixtures buffered to various pH values (6.0-10).
Molar extinction coefficients opNP at different pH values
were used to calculate the activity of the enzyme, as describe
in Lima et al.[10].

The method needed to be adapted in acid pH values since?-7- Lipase assay in reversed micelles
pNP does notabsorb at pH values below 6.0. In assays carried
out between pH 2.6 and 7.0, the reaction was carried outin 1 he hydrolysis opNPP in the micellar medium was done
a test tube with 4.5 mL of reaction medium pre-equilibrated With S5mL of a solution of 0.1 M AQT in heptane, contain-
at 37°C. After the addition of 0.5 mL of a 100-fold dilution ~ ing 0.01 MpNPP. The assays were done with values\of
of the concentrated crude extract, aliquots of 0.1 mL were ([H20)/[AOT]) from 5 to 20 through the addition of different
removed and added to 0.9 mL of 0.2 M phosphate buffer pH volumes of enzyme solution, containing a fixed quantity of
8,in anice bath. The absorbance was measured at 410 nm anrotein (45ulL for aWo of 5; 90uL for a Wo of 10; 135uL
the activity calculated using the molar extinction coefficient for @ Wo of 15; 180uL for a Wo of 20). The mixture was
for pH 8.0 ¢ = 1.50x 10*L mol~cm1). strongly agitated in a vortex to give a clear micellar solution.

Stability assays were done by incubating crude extract Aliquots of 0.1 mL were removed every 60s and added to
at 29°C for 1h in buffers of pH values 3.0-8.5 (citrate- 2mL isooctane and 2mL 0.1 M NaOH. The absorbance at
phosphate pH 3.0-7.0; phosphate pH 7.0 and 8.0; Tris—HCI410nm of the agueous phase was measured. The molar ab-
pH 8.0 and 8.5, all at 0.05 M). In each assaypl0of crude sorption coefficient opNP in this sodium hydroxide solution
extract was added to 990 of buffer solution. The lipase  Was determined as 3% 10° L mol~tcm ™.
activity of each sample was then measured at@7using
0.05 M phosphate buffer, pH 8.0, by thePP method. 2.8. Gel eletrophoresis and activity detection

ual activity was measured using the standpNPP assay
OIsystem.

2.5.2. Effect of temperature on activity and stability SDS-polyacrylamide gel electrophoresis (SDS-PAGE)
Activity assays were done using tipplPP method with was done according to Laenjli2]. The crude extract was
0.05 M phosphate buffer pH 8.0, at temperatures between 20dialyzed and diluted in 0.5M Tris—HCI buffer pH 6.8 con-
and 70°C. The reaction was followed during 5 min and activ- taining 10% (w/v) of SDS, 10% (w/v) glycerol, 5% (v/v) 2-
ities were calculated on the basis of the product concentrationmercaptoethanol and 0.05% (w/v) bromophenol blue. In or-
at 1 min. der to allow the detection of activity after the electrophoresis,
Stability assays were done by incubating concentrated the samples were not heated to @0 The following molec-
crude extract at 28, 37, 45 and 8D, in the absence of sub- ular weight markers were used: phosphorylase (94 kDa),
strate. Samples were removed at different time intervals andbovine serum albumin (67 kDa), ovalbumin (43 kDa), car-
assayed for lipolytic activity by theNPP standard method, bonic anhydrase (30 kDa), trypsin inhibitor (20.1 kDa) and

at 37°C. lactalbumin (14.4 kDa). After the electrophoresis, the method
of Prim et al[13] was used to detect lipolytic activity, as fol-
2.6. Stability in organic solvents lows: The gel was washed for 30 min in 2.5% (w/v) Triton

X-100 and then washed rapidly with 0.05 M phosphate buffer

A diluted preparation of the concentrated crude extract pH 7.0 and covered with a 1QM solution of methylumbe-
(20pL containing 1.6 U of activity) was adsorbed onto a liferyl butyrate (MUF-butyrate). This solution had been pre-
small disc of filter paper (3mm) and incubated at’€9in viously prepared by dissolving 2.46 mg of MUF-butyrate in
the presence of 1 mL of various water-immiscible organic 1 mL of ethyleneglycol monomethylether, to which was then
solvents Table 3, as described by Sztajer et fl1]. After added 100 mL of 0.05 M phosphate buffer pH 7.0. The blue
1h, the filters were taken out, the solvents were evaporatedfluorescent bands that indicate activity were visualized under
and 1 mL of phosphate buffer 0.05M pH 7.0 was added. For UV light at 365 nm. The same gel was then treated with silver
water-soluble solvents, the enzyme was incubated directly nitrate according to the method of Blum et @l4] to reveal
(10pL of crude extract in 99@.L of solvent). The resid- protein bands.
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3. Results
3.1. Enzyme production profile and electrophoresis of 4

the culture broth 67

N

43
B. megateriunCCOC-P2637 grown in LB broth showed

two exponential growth phases. During the first exponential
phase, from 0 to 30 h, it grew with a specific growth rate of
0.15 1, while during the second exponential phase, from 30
to 108 h, it grew with a specific growth rate of 0.05'h There
was almost no lipase production during the first 20 h. The
lipolytic activity then increased linearly, reaching 33 U miL

at 70 h, and then levelled ofF{g. 1).

These results suggest that during early growth the bac-
terium utilizes various components of the yeast extract that
both enable a high specific growth rate and cause repres 14.4
sion of lipase synthesis. However, as these components ar "
exhausted, at around 20 to 30h, the production of lipase
is induced by the olive oil, and the use of the liberated
fatty acids as substrates supports a lower specific growth
rate.

After SDS-PAGE of the crude culture medium, there
was only one band with activity, suggesting tiBatmega- Fig. 2. SDS-PAGE analysis of the crude lypolitic extract produceBauil-
ferlum CCOC P26537 sanetes anly ane ensyme wihaciiy |27t e oot oot Sou0s S,
agalngt MUF-butyratg mtp the (_:u_lture med'_um' The molecu- serumyalbumin 6’7 kDa; phosphc))/rilase B 94 kDé. (2) Fermentation t’>roth, 3)
lar weight of the protein with activity was estimated as 40 kDa  cyyge Iypolitic extract after precipitation with ammonium sulphate. The gel
(Fig. 2). Nevertheless, one cannot exclude the possibility that was stained with silver nitrate. (4) Zymogram assay performed on the crude
other hydrolases (esterases or lipases) were in fact producedypolitic extract shown on lane 3, on SDS-PAGE gel using MUF-butyrate as
but were not renaturated after SDS-PAGE. substrate.

44— 40kDa

I

b waimem

30

LR

20.1

3.2. Activity with different substrates The crude extract d. megateriunshowed increasing ac-
tivity with increases in the length of the acyl chain of esters

Use of MUF-butyrate to reveal the gel after SDS-PAGE ©Of P-nitrophenol Table J). The hydrolysis of-nitrophenol

shows only that an esterase is present and is not sufficient tPutyrate pPNPB, 23Umg?) was 6 times more rapid than
define the enzyme as a lipase, in spite of the fact that Prim that of p-nitrophenol acetatepNPA, 3.5Umg ), and the
et al.[13] used this substrate to screen for lipases. Therefore aCtivity with q—nltrop_henol palmitatefNPP) was the high-
a characterization of activity against different substrates was €St (58 Umg~) obtained amongst the variopsnitrophenol

done in order to determine whether this enzyme was in fact eSters tested. , S
On the other hand, the hydrolytic activity with tria-

a lipase. : ! :
cylglycerols increased with decreasing length of the acyl
o6 0 chain (Table 1. The highest activity occurred with tribu-
] tyrin, the activity with this substrate being four times higher
24t . ° 130 (41U mg ) than that with triolein (10 U mg"). Since the
T?E' 1os 5 enzyme is capable of hydrolysing triolein at a lipid—water in-
S22 o S terface, it can be classified as a lipase. Hereafter, the enzyme
© / 120 £ . “ . "
So0l W 4 lis 2 will therefore be referred to as “the lipase” and the extract as
- / / 3 the “crude lipolytic extract”.
110 &
18t D
. 15
1608 _lo Table 2
0 20 40 60 80 100 120 140 Half-lives for thermal denaturation of the lipase fr@acillus megaterium
Time (h) Temperature°C) Half-life (min)
) S . . ) 30 495
Fig. 1. Growth and lipolytic activity profiles obtained during flask culture 10 123
of Bacillus megateriumCulture conditions and media: mineral salts (see 50 42
material and methods), yeast extract 5.0¢land 1% (v/v) of olive oil, 60 23
Erlenmeyers of 500 mL with 150 mL of media, 120 rpm and*€9 (H) 70 4

natural logarithm of the cell numbe®] lipolytic activity.
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3.3. Characteristics of the crude lipolytic extract in 130
aqueous solution < 120
o
The factors affecting the activity and stability of the li- -E‘ 101
pase in aqueous solution were investigated in order to allow g 100 1 b
later comparison of its behaviour in aqueous solution and in o 901 %
: >
organic solvents. £ &0
[3]
3.3.1. Effect of pH on activity and on stability of the & 70
lipase in agueous systems 60 : : : : : :
Lipolytic activity was maximal at pH 6.0Rig. 3) and high 10 20 30 40 50 60 70 80
over the range of pH 5.0-7.0. Even at more acidic pH values, Temperature (°C)

reasonable activities were obtained, the values at pH 3.0 and

4.0 being 60 and 73% of the maximum activity, respectively. Fig. 4. Effect of temperature on activity of the crude lipolytic extract of
The Iipase remained stable in the pH range of 5.0-8.0 Bacillus megateriumA;say conditions: 20—73(]C,Jr_0.05M phosphate_b_u_ffer

(_Fi_g. )] aftgr_incubation forlhat 2‘93,_ with thg residual ac- SV';Z'Sgigg?ezftzrfﬁg'gcﬁsztjzse?e"”?q‘igi (rjn i?]orgz of pNPP. The activities

tivity remaining above 100%. In fact, incubation at pH values

in the range of pH 6.0-8.0 led to an increase in the residual

activity, which was maximal (160%) at pH 7.5. Even at pH

4.0, 70% residual activity was obtained, but at pH 3.0 the

lipase was totally deactivated after incubation for 1 h.

with half-lives of 42 and 23 min for 50 and 6C, respectively
(Table 2.

3.4. Stability in organic solvents

3.3.2. Effect of temperature on activity and stability of ] ) } o .
the crude lipolytic extract The crude lipolytic extract was incubated in increasing

The lipolytic activity againspNPP, measured in terms of proportions of the hydrophilic solvents isopropanol, ethanol
the amount of product produced during the first minute of and acetone and then assayed in aqueous solution by the stan-
incubation, increased with temperature from 30 up t6G5 dardpNPP assay method. Residual activities were calculated
(Fig. 4), with a specific activity of 80 U mgt at 55°C. High in reIatipn toa c_o_ntrgl _s'amplle incubated.in phosphate buffer.
activities were also found at higher temperatures (70 Ung Re5|dual activity |n|t|aIIy_|nc_reased with solvent concen-
for 65°C and 60 Umg? at 70°C). Activity determinations tratlon,_ up to 50% (v/v) with isopropanol and up to 80%
beyond 70°C were not done because of the difficulties in rate (/) with ethanol and acetond@gble 3. In many cases the

estimation caused by the spontaneous hydrolysisNi?P, enzyme was activated, with residual activities greater than

which becomes significant above 0. 100%. The lipase maintained its activity in pure isopropanol
To determine the thermal stability of the lipase, it was (97% residual activity), but suffered significant deactivation

incubated in the range from 30 to 70, with the residual  In pure ethanol and pure acetone. L

activity being determined by theNPP method. The lipase The lipase was also stable in water-immiscible solvents,

of B. megateriunwas quite stable in the range of 30-60), showing 121% residual activity with-heptane, and main-

taining its activity in butanol, toluene and hexafalfle 3.
The lipase was unstable in isooctane, losing a third of its
activity during the incubation.

175 ¢
150 ¢
125
100 ¢
75
50
25 1
0

3.5. Hydrolytic activity in reversed micelles

The synthetic substragNPP was chosen for studies of
activity in reverse micelles due to the high activity of the
enzyme with this substrate in aqueous medium. The system
used was AOT/heptane, given that the enzyme had shown it-
11 self to be very stable in heptane. Experiments were done at

values ofWp from 5 to 20, at 37C, following the release of
p-nitrophenol at 410 nm. Specific activity was high
Fig. 3. Effect of pH on activity ) and stability @) of the crude lipolytic values of 5 and 10Fjg. 5), (111 and 104 U mg', respec-
extract ofBacillus megateriuntor stability studies, residual activities were  tively). The specific activities b values of 15 and 20 were
measured after 1 hincubation atZ9Buffers: pH 2.6-7.0 citrate-phosphatg; less than 50% of the activity at\ilp of 5. Using the activity
pH 6.0-8.0 phosphate: pH 80 and 9.0 Tris HCL pH 9.0 and 10 glveine- ¢ 4\ of 5, the value 0Roya, which represents the ratio
NaOH, all buffers at 0.05 M. Assay conditions: 37, 3.8.g of protein per R . /A P )
assay, 0.03mg mt! of pNPP. The activities were compared to the activity ~ Of the activity in organic medium to that of the same reaction
determined in phosphate buffer, pH 7.0, without incubation. in aqueous solutiofd], was 1.91.

Relative activity (%)
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Table 3
Stability of the crude lipolytic extract obtained froBacillus megateriunafter pre-incubation in various solvefits
Organic solvent Lo % Residual activity after incubation in solvent—water mixture (% v/v)
25% 50% 80% 100%
Water miscible solvents
Isopropanol —-0.28 166+ 13 1764+ 33 83+8 97+18
Ethanol —0.24 111+ 20 130+ 12 195+ 23 44+7
Acetone -0.23 128+2 122+17 127+ 2 21+2
Pure solvents
Phosphate buffer pH 8.0 100
Butanol 08 102+ 16
Toluene 25 107+8
Hexane b 101+4
n-Heptane D 121+6
Iso-octane 61 67+£5

@ The lipolytic extract was incubated in the presence of the solvent for 1 h°@.Zesidual activities were determined by the standard assay for hydrolysis
of pNPP. The activities are expressed as percentages of that obtained for incubation of the extract forChHm02® M phosphate buffer, pH 8.0.

4. Discussion strates -nitrophenyl butyrate). Jung et dlL5] detected a
fourth enzyme in cell extracts of an isolateRxfmegaterium
In this paper we have characterized the lipolytic activity Its molecular weight was 38 kDa, as determined by SDS-
of alipase within a crude extract froBh megateriun€COC- PAGE, and it was shown to hydrolyse tributyrin. They ex-
P2637. As discussed below, the lipase has activity and stabil-tracted the genomic DNA and prepared a library of inserts,
ity properties that justify future efforts to purify the enzyme which were then cloned int&scherichia coliand expressed.

for a more detailed characterization of its properties. The transformed cultures were screened for hydrolysis of
tributyrin. This resulted in the identification of a transfor-

4.1. Production of esterases and lipases by B. mant that produced an enzyme of 34 kDa that hydrolysed

megaterium short-chain esters, but hydrolysis of long-chain esters was

not tested. The stability and activity characteristics of this
The production of hydrolases (lipases and esterases) byenzyme were different from those found in the present work.
B. megateriunmhas recently been reportétl5,16] Ruiz et Activity was maximal between 25 and 36 and at pH 8.0,
al. [16] showed, through electrophoresis and zymograms of and it was reasonably stable over the pH range of 6.0-9.0,
culture broth and cell extracts, the presence of three en-when incubated at 4.
zymes with activity against MUF-butyrate, these enzymes In the current work we have shown that a crude ex-
having molecular weights of 19, 58 and 65 kDa. The 19 and tract obtained from the culture medium Bf megaterium
65 kDa enzymes were secreted into the culture broth. TheyCCOC-P2637 has lipolytic activity, based on the ability of
isolated the 19kDa enzyme and characterized it as an esthe crude extract to hydrolyze triolein at a lipid—water in-
terase, based on its greater activity against short chain subterface[17] and the fact that the activities obtained with the
acyl esters op-nitrophenol increased with increasing chain
140 length of the acyl moiety. We have presumptively ascribed

120 | this lipolytic activity to an enzyme with a molecular weight
- of 40 kDa, which showed activity against MUF-butyrate af-
£ 100 1 ter SDS-PAGE. However, given the possibility that other es-
=) 80 | terases or lipases might have been present in the crude extract
2 but not renatured after SDS-PAGE, it is not possible to as-
-% 60 - sign the lipolytic activity conclusively to the 40 kDa enzyme.
< .0l Further work, involving purified enzyme, is currently being
undertaken to clarify this matter.
20 e
4 6 8 10 12 14 16 18 20 22
Wo 4.2. Specificity of the lipase of B. megaterium
Fig. 5. Activity of the lipase oBacillus megateriunin reverse micelles in The lipase fronB. megateriunCCOC-P2637 was most

differ_entWo values. As§ay conditions: 3T, micellar medium with 0.1 M active with Iong chain esters @NP (16 C) and showed the

AQT in heptane, containing 0.01 M gi&NPP. The assays were done with ite behavi inst tri lal id Th t
values ofWy ([H2OJ/[AOT]) from 5 to 20 through the addition of different opposite be avu_)ur against triacyiglyceriaes. € same pat-
volumes of enzyme solution (48 for a Wo of 5: 90u.L for a W of 10: tern for hydrolysis opNP-esters has been reported for other

135u.L for a Wp of 15; 180uL for a Wy of 20). microbial lipases, such as the lipase8atillus subtilid18],
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Penicillium aurantiogriseunil 0], Pseudomonas aeruginosa mon amongst the lipases produced by bacteria, which in gen-

LST-03[19], Pseudomonasp[20] andPseudomonas cepa- eral are moststable and active at neutral or alkaline pH values.

cia[21]. However, there are some exceptions. The lipases produced
In the case of the genBacillus the substrate preference by B. stearothermophiluandB. licheniformisare stable at

of lipases s variable with relation to the hydrolysis of both es- pH 3.0[41] and the lipases oAcinetobacter calcoaceticus

ters ofp-nitrofenol and triacylglycerols. While in the current  LP009 ands. simulansire stable at pH 4 [d2,34] The char-

work the lipase oB. megateriunCCOC-P2637 was more  acteristics of the lipases &. megateriun€CCOC-P2637 are

active withpNPP (C16) and tributyrin (C4), the preferences similar to those of lipases of fungi and yeasts, which gen-

were pNP-caprate (C10) and tricaprylin (C8) for the lipase erally have activity optima in acid or neutral pH values and

of B. stearothermophiluB1[22], pNP-caprylin (C8) and tri- show stability over the pH range of 4.0-10.

laurin (C12) for the lipase dB. stearothermophilukl [23],

pNP-caproate (C6) and tricaprylin (C8) for the lipaseBof 4.5. Stability in organic solvents

thermoleovoran§24] andpNP-caprate (C10) and tributyrin

(C4) for the lipase oB. thermocatenulatug5]. The lipase produced b. megateriunCCOC-P2637 is
remarkably stable in both hydrophilic and hydrophobic or-

4.3. Temperature activity and stability in aqueous ganic solvents. Stability in organic solvents is desirable if

solution lipases are to be used in synthesis reactions, which are car-

ried out in systems with low water contents, these low water

The activity and stability of the lipase produced By contents being obtained through the use of organic solvents.
megateriunCCOC-P2637 at temperatures of 50-260could Hydrophilic solvents 2.5 < logP < 0), such as acetone

make it suitable for application in biocatalysis. Activity and and ethers, are generally incompatible with enzymatic activ-

stability in this temperature range is not common for lipases ity because they remove the solvation water layer from the

of mesophilicBacillus species such &3. megateriumThe surface of the enzyme, thereby destabilizing the protein and
lipase of the mesophilB. subtilis for example, hydrolyses  causing high denaturation ratdd,43,44] Interestingly, the
pNPP at 35C and is stable only up to 4@ [26]. In fact, lipolytic extract obtained fronB. megateriunCCOC-P2637

the characteristics observed in the present work for the lipasepresented an opposite behaviour: it was activated with sol-
of B. megateriunare similar to those found for thermophilic ~ vents with low log P values (i.e. aroured.2).

Bacillusspecies such &. stearothermophilug7], B. ther- Good stability of bacterial and fungal lipases in hy-
moleovoran$l] andB. thermocatenulaty28] and for some drophilic organic solvents is rare, and the activation of ac-
strains ofPseudomonasuch a$. cepacigd21], P. fragi[29], tivity by these solvents is even rarer. In previous work, we
P. luteola[30] and Pseudomonasp. LP731531]. The li- tested the stability of the lipases Bf aurantiogriseunand

pases produced by thermophilic specieBafillusare active Penicillium corylophilurrin organic solvents, using the same
between 50 and 8CC, with good stability between 50 and methods and under the same conditions as those used in the
65°C, while the lipases of species BEeudomonaare ac- current work[10,45]. Both enzymes showed less than 50%
tive between 50 and 7T and stable between 55 andl& residual activity after incubation in 20% (v/v) solutions of the
Apart from these two genera, there are only few examples hydrophilic solvents tested in the current work. No residual
of microorganisms reported to produce lipases that are activeactivity remained after incubation at higher concentrations
and stable above 5. The known lipases produced by the of these solvents. The lipase frddseudomonas mendocina
genusAcinetobacteare active between 40 and 50 but are PK12CS[46] is the only reported example of a microbial li-

not stable above 48C, with the exception of the recombi- pase that is reasonably stable against a hydrophilic solvent;

nant lipase of strain RAG-[32], which is stable at 70C. when incubated for 2.5 h in 100% ethanol, the residual activ-
Lipases ofStaphylococcus aure(i33], Staphylococcus sim- ity was 83%.
ulans[34] and Staphylococcus haemolytic[85] have their According to Sugihara et a[21], the activation of Ii-

best activities between 28 and 42, although they are stable  pases in the presence of some organic solvents, such as iso-
at temperatures between 50 and®60 Amongst fungi and propanol, can be explained by the disruption of aggregates
yeasts, thermostable lipases are even rarer. The lipases oformed between the enzyme and lipids of the fermentation

P. aurantiogriseuni10], Aspergillus nigel{36] and Fusar- medium or between the enzyme molecules themselves. In

ium heterosporuni37] show good activity at temperatures fact, gel filtration chromatography of the crude extract ob-

around 50 C while the lipases dflumicola lanuginos#38], tained fromB. megateriunCCOC-P2637 has shown that the

A. niger[39] andAspergillus terreu§40] have been reported  lipolytic activity is produced in a form of a high molecu-

to be reasonably stable up to 85. lar weight aggregate that is already present in the fermen-
tation broth (data not shown). Disruption of this aggregate

4.4. pH activity and stability in aqueous solution by the polar solvents tested could have led to the activations
observed.

The activity and the stability shown by the lipase Bf The activation obtained in this work with the hydropho-

megateriunCCOC-P2637 at acidic pH values are not com- bic solvent n-heptane (a residual activity of 121%) has
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previously been reported for lipases. For example, the li-
pases of bothp. aurantiogriseunandP. corylophilumwere
activated by incubation in-heptane (113% of residual activ-
ity for P. aurantiogriseumand 130% forP. corylophilun)
[10,45] The activation by hydrophobic solvents could be

due to the presence of residues of these solvents, taken
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