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Abstract

We evaluated the potential of a lipolytic extract frétanicillium corylophilurmfor use in biocatalysis. Lipolytic activity was stable when
the extract was incubated in the presence of hydrophobic solvents. In fact, when the extract was incubag¢pdane with an initial water
activity of 0.95, the activity increased by 30%. Synthesisidiutyl-oleate in different systems was compared. In ABfiéptane reverse
micelles, a 100% yield of ester was obtained within 12 h, with a water conten{idAO]/[AOT]) of 10. Several macro-heterogeneous systems
involving n-heptane as the solvent were also compared. Direct addition of lyophilised enzymatic preparation to this system gave a 100%
yield in 48 h, with an initial water activity of 0.11. Performance was poorer with direct addition of enzymatic preparation co-lyophilised with
B-cyclodextrin and with addition of enzymatic preparation immobilized on a hydrophobic gel, with yields significantly less than 100%. We
conclude that the lipolytic extract & corylophilumcan be used in synthesis reactions in low-water systems, which justifies further efforts to
purify lipolytic enzymes from the extract and to undertake an in-depth evaluation of their potential for use in biocatalysis, for the production
of fine chemicals.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction the pharmaceutical, food, environmental, and biotechnolog-
ical industried1-5].

Lipases (glycerol ester hydrolases, E.C. 3.1.1.3) have an  The use of biocatalysts in non-aqueous reaction media is
important position amongst the biocatalysts used in syn- advantageous because the water content can be controlled
thesis in water-restricted environments due to their stabil- to favour synthesis reactions and, in the case of lipases,
ity and the wide range of reactions that they can catalyse these systems provide better solubility of hydrophobic sub-
within these systems (esterification, transesterification, inter- strates. Beyond this, in comparison to aqueous systems,
esterification and aminolysis of esters), with applications in non-aqueous reaction media may activate the lipolytic en-

zyme and confer greater stabil{§—8]. The water-restricted
organic systems used in biocatalysis can be classified as

* Corresponding author. Tel.: +55 41 361 3470; fax: +55 41 361 3186.  lquid—liquid macro-heterogeneous systems, in which water
E-mail addressnkrieger@ufpr.br (N. Krieger). represents 1-5% of the reaction medium, liquid—solid macro-
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heterogeneous systems, and micro-heterogeneous system2.2. Growth conditions

In macro-heterogeneous systems there is a visible separation

of phases, while in micro-heterogeneous systems the sepa- The medium used contained, per litre, 2.0 g MND3;

ration of phases can only be observed microscopically, suchl.1g MgSQ-7H,0; 1.0g KHPOy; 0.15g ZnSQ-7H20;

as is the case with reverse micelles. In reverse micelles, the0.01 g FeS@ 7H,0; 1.0 g glucose and 2% (v/v) olive oil. The

amount of water in the system is expressed in terms of the pH of the medium was corrected to 7.0 with 0.5 M NaOH. For

parameteMp ([H20]/[AOT]), while in other systems it is  the seed culture, 1 mL of spore solution was inoculated into

expressed in terms of the water activigyj [9—12]. a 500 mL Erlenmeyer flask with 100 mL medium, without
With the upsurge in the development of applications of li- the olive oil, and incubated at 2&€ and 120 rpm. After 24 h,

pases, recently there has been much interest in the productiothe whole volume was transferred into another 500 mL Er-

of fungal lipases, which are typically extracellular and there- lenmeyer flask containing 50 mL of water and 2% (v/v) olive

fore relatively easy to recover after the fermentation. Many oil. Cultures were again incubated atZ9and 120 rpm.

species oPenicilliumproduce lipases with desirable proper-

ties, these lipases having potential applications in a number2.3. Preparation of the crude lipolytic extract

of different area$13]. Recently, we have isolated and opti-

mised the production of a lipase from a strairPehicillium After 144 h, when the lipolytic activity was maximal, the

corylophilum[14]. The strain produced the enzyme in an contents of the flask were filtered through gauze to remove

inexpensive medium (mineral salts, glucose at 0.1 g/L and the mycelium. Ammonium sulphate was added to the filtrate

olive oil at 2% (v/v)) and, after optimisation of the culture to 80% of saturation, with mild agitation in an ice bath. The

conditions and medium composition, a volumetric activity solution was then maintained under gentle stirring%at 4or

of 7.1 U/mL was achieved, with a very high specific activity 12 h, then centrifuged at 12,0809 for 10 min. The super-

(165 U/mg). natant was removed and the precipitate re-suspended in 1 mL
These results suggest the possibility of the developmentof 50 mM phosphate buffer pH 7.0. To produce sufficient en-
of a low cost system for the production of lipaseshgory- zymatic preparation for the studies, re-suspended precipitates

lophilum However, such production would only be justified from several flasks, each treated as described above, were
if the enzyme had characteristics that suited it to various ap- pooled. This suspension was dialyzed against the same buffer,
plications. The aim of the current work was to evaluate the at4°C, with two exchanges. The molecular weight cut-off of
suitability of a crude lipolytic extract d®. corylophilumfor the dialysis membrane was 14,000 Da. The dialysed fraction
possible applications in biocatalysis, using different water- retained within the bag was used. This concentrated crude
restricted media. As such, we evaluated the stability of the extract had a volume of 120 mL (after dialysis) and a protein
extract in organic solvents and also compared the results ofcontent of 1.0 mg mt2. Its activity was determined in aque-
synthesis reactions in various organic systems. ous media by thp-nitrophenylpalmitategNPP) methodl15]

(203 U/mg) and by the titrimetric methd#i6] using triolein

as the substrate to confirm lipase activity (102 U/mg).
2. Materials and methods

2.3.1. Lyophilisation of the crude extract
2.1. Microorganism The crude extract prepared as described above was

lyophilised for 12 h at-45°Cin a Jouan LP3 Lyophilizer and

P. corylophilumwas isolated locally and tested for lipase was stored at 4C. The loss of activity due to the lyophili-
production on agar plates that contained, per litre of distilled sation was determined as being 9.2% (basedphiPP-
water, 159 agar, 10 mL olive oil, 0.01 g Rhodamine B and hydrolysing activity, in aqueous medium, before and after
0.001% (w/v) Tween 80. After 7 days of incubation at#9 the lyophilisation). This material was used during this work,
the plate was irradiated with UV light at 350 nm and pro- either directly or re-suspended in pH 7.0 50 mM phosphate
duced a fluorescent halo indicating lipolytic activity. Lipase buffer.
production by this strain was further confirmed in a liquid The effect of co-lyophilisation of the crude extract with
medium (data not shown). The strain was deposited as IOCB-cyclodextrin was also investigated. This compound can
4211 in the Fungal Culture Collection, FIOCRUZ (Oswaldo protect enzymes against denaturation during lyophilisation
Cruz Foundation, Rio de Janeiro, Brazil). [17]. In this case, 1.0 mL of the crude extract and 25 mg of
The strain was maintained on potato dextrose agar (PDA). B-cyclodextrin were added to 10 mL of 50 mM phosphate

It was incubated for 7 days at 2@, after which a cube of  buffer at pH 7.0 and then lyophilised.
mycelium and medium was cut from the plate and added to
5 mL of sterile distilled water and maintained &t@. Before 2.3.2. Immobilization of the crude extract
each experiment, one such cube was inoculated into a PDA The enzymatic preparation was immobilized by absorp-
plate and incubated at 2€ for 7 days. A spore solution tion on the hydrophobic gel Octyl Sepharose 4 Fast Flow
(10° spore/mL) was then prepared by adding 5 mL of distilled (Amersham-Pharmacia Biotech). The gel, which is supplied
water containing 0.1% Tween 80. in a 20% (v/v) alcoholic solution, was washed twice with pH
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7.0, 50 mM phosphate buffer. Immobilization was achieved ent organic systems, using the synthesisfutyl-oleate

by diluting the lyophilised crude extract in the same buffer
as that used in the washing step, to giveutgof protein per

as the model reaction. The systems studied were a micro-
heterogeneous system (AQ@iflieptane reverse micelles)

milligram of gel, which had been determined previously as and macro-heterogeneous systems, obtained by adding
the maximal adsorption capacity for the gel. After 20 min, the lyophilised enzymatic preparation (either with or without

liquid phase was removed by centrifugation at 12,Qaffor
3min, and the gel with immobilized enzymatic preparation

co-lyophilisation withB-cyclodextrin) or the immobilized
enzymatic preparation directly into the organic solvent

was washed three times with 50 mM pH 7.0 phosphate buffer. heptane. In the-heptane/enzyme macro-heterogeneous sys-

The washings were assayed uspNPP in aqueous solution
and showed no lipolytic activity.

2.3.3. Preparation of reversed micellar solution

tems, the lyophilised enzymatic preparation did not dissolve
when added to the reaction medium, but remained as visi-
ble granules. In the reverse micelles, the water content was
controlled by changin§\p. In the other systems, the water

Reversed micellar solutions with the required values of content was controlled by equilibrating the biocatalyst and

Wp ([H20O]J/[AOT]) were prepared using the injection method
[18] with 200 mM AOT (dioctyl sodium sulphosuccinate) in

n-heptane, by adding the appropriate amount of enzymatic

preparation (7L for a Wy of 5; 144pL for a W of 10;
and 216uL for a Wp of 15), prepared from the lyophilised

the solvent with different saturated salt solutions to achieve
the requireday, as described above (see SectoB.4).

2.4.1. Synthesis of the n-butyl-oleate
The standard assay of synthesisndbutyl-oleate for all

powder dissolved in 50 mM phosphate buffer at pH 7.0, to systems was carried out in 25mL Erlenmeyer flasks, us-

8 mL of reaction medium. The mixture was strongly agitated
in a vortex mixer to give a clear micellar solutift9]. The

ing 5mL of organic medium (either reversed micellar so-
lution or n-heptane, both containing the enzymatic prepa-

amount of protein was maintained constant at 0.38 mg of ration) at 37C, in a shaker at 200 rpm. The reaction was

protein per milliliter of micellar medium.

2.3.4. Stability of the crude lipolytic extract in organic
solvents

started by the addition of the substrates butanol (210 mM)
and oleic acid (70 mM). These concentrations were chosen
on the basis of previous experimefit9]. At fixed intervals,
100p.L samples of the mixture were collected from the reac-

For water-soluble solvents, the enzymatic preparation wastion medium and analysed for residual free fatty acids by the

incubated directly with different proportions (10, 20, 40, 60
and 75%, v/v) of the following solvents: ethanol, acetone,
isopropanol and butanol in water. The Bgalues for these
solvents are, respectively0.24,—0.23, 0.29 and 0.80. After
1h of incubation at 20C, samples of 100.L were taken and

Lowry—Tinsley method21], which has proved to be reliable
in previous work19]. The yield of the reaction in terms of
ester production was calculated by consumption of free fatty
acids from the reaction medium.

The protein concentration (0.38 mg mtof the reaction

their residual activities were measured using the standardmedium) and the molar ratio of butanol to oleic acid of three

pNPP aqueous assay system.

were maintained constant throughout all the experiments in

For tests with the hydrophobic solvents toluene, hexane, the different systems. In the case of the reverse micelles,

n-heptane and isooctane (IByalues of 2.50, 3.50, 4.00 and

the enzymatic preparation was diluted in 50 mM phosphate

4.51, respectively) the enzymatic preparation was previously buffer at pH 7.0 prior to encapsulation.

immobilized (see SectioR.3.2. In these tests, the immobi-
lized enzymatic preparation was incubated at@@luring

2.5. Lipase assay in aqueous solution and protein

16 hin closed environments in the presence of different satu-determination

rated salt solutions to ensure the desiagd20] prior to the
stability tests (LiCl for ara,, 0f 0.11, Mg(NG) for anay, of
0.5 and KNQ for anay, 0.95). After this, 3 mg of the carrier
with immobilized enzymatic preparation (containing ¢

The pNPP method was used to determine the activity
in aqueous mediunfil5]. The coefficient of extinction of
p-nitrophenol pNP), 0.98x 10°L mol~1cm™1, was deter-

protein/mg carrier) was incubated in the presence of the sol-mined from the absorbance at 410 nm of standard solutions

vents (10QuL solvent, 30 min, 37C). After the incubation,
the material was washed twice with 50 mM pH 7.0 phos-
phate buffer and centrifuged (11,00Q), 2 min) to remove
the buffer. The residual hydrolytic activity of the immobilized
enzymatic preparation was determined agguN®P in the
standard aqueous system.

2.4. Esterification reactions in different organic systems

The performance (activity and ester yields) of Eaeory-
lophilum crude lipolytic extract was compared in differ-

of pNP at pH 7.0. One unit of enzymatic activity was defined
as the liberation of fumol of p-nitrophenol per minute at
37°C and pH 7.0 (in 50 mM phosphate buffer). The titrimet-
ric method was also used to confirm the lipolytic activity in
the crude extract, using triolein (Sigma) as the subs}i#ie
Protein was determined Bradford metH@aa].

2.6. Scanning electron microscopy (SEM)

A Hitachi S-4500 field emission scanning electron mi-
croscope (Hitachi Instruments Inc., Irvine, CA) was used to
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examine the surface morphology of the dry carrier (0.5 mg)
before and after the immobilization and after the synthesis ex-
periments. The samples were sputter-coated with gold prior
to analysis.
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3. Results and discussion
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3.1. Stability in organic solvents

0 2 4 6 8 10
The stability of a lipase in organic solvents will determine Time (h)
whethef it can be used to ,Catalyse syntheS|s_, reactions. It Ca‘r}:ig. 1. Kinetics of the synthesis ofbutyl-oleate at 37C, catalysed by
also guide solvent selection for such reactions. We, there- e lipolytic preparation fronPenicillium corylophilumin AOT/n-heptane
fore, investigated the stability of the enzymatic preparation reverse micelles. Key() W of 5; (@) Wp of 10; (¥) Wp of 15. The protein
in hydrophilic and hydrophobic solvents. concentration was 0.38 mg mt.
When incubated in hydrophilic solvents (i-e2.5 < logP
<0) for 30 min at 37C, the lipolytic activity was stable only ~ Preparations were compared in the macro-heterogeneous sys-
at a solvent concentration of 10% (v/v). At 10% (v/v), the tem, namely, direct addition of lyophilised enzymatic prepa-
residual activities were 100% for ethanol, 74% for acetone, ration, addition of immobilized enzymatic preparation and
52% for isopropanol and only 1.7% for butanol. At 20% (v/v), direct addition of the enzymatic preparation co-lyophilised
the residual activity decreased dramatically: 31% for ethanol, With B-cyclodextrin.
19% for acetone and 0% for isopropanol and butanol. At
concentrations above 20% (v/v) there was no residual activity 3.2.1. Esterification in reverse micelles
after incubation in any of the solvents tested. The Wy affected the synthesis of-butyl-oleate by the
The lipolytic activity was reasonably stable when the im- crude lipolytic extractin the reversed micellar syst&ig(1).
mobilized enzymatic preparation was incubated for 30 min at The best results after 9 h of reaction were obtainetat
37°Cinhydrophobic solvents (i.e. 2 <Id¥< 4), equilibrated values of 5 and 10, with an 80% yield. Tkl of 15 gave a
at various water activities. It was most stable witheptane yield of only 26%.
(Table 1), for which the residual activities were in fact 14% TheWp is one of the most important parameters for enzy-
and 30% higher than the original activity, after incubation matic catalysis in reverse micelles. The optimum value for
atay, values of 0.53 and 0.95, respectively. It was also quite enzyme activity depends on several factors, amongst which
stable in hexane, with 100% residual activity after incubation two of the most important are the dependence of the reaction
at anay, of 0.95. For these two solvents, the residual activity rate on the water concentration and the effect of the water
increased as the water activity was increased, whereas in then the size of the micelles within the system. The type of re-
case of isooctane and toluene, the residual activity decreasedction to be catalysed is crucial, with esterification reactions

as the water activity was increased. requiring lowen\ values than hydrolytic reactions, in order
to shift the position of the reaction equilibrium towards the
3.2. Esterification reactions production of estdfl8,23] The poor yield obtained at thg

of 15 is therefore not unexpected. In fad values between

Synthesis ofn-butyl-oleate was studied in different or- 5 and 10 give optimal rates for many esterification reactions
ganic systems. The micro-heterogeneous system (reverse miin AOT-micellar systems. For instance, the synthesis of
celles) was studied adg values of 5, 10 and 15. For the octyl-decanoate bidumicola lanuginoséipase is optimal at
macro-heterogeneous system we used-aeptane/enzyme  aWp of 5 while the same reaction is optimal &\ of 10 for
system at water activities of 0.11, 0.53 and 0.85eptane Rhizomucor miehdipase[24], the synthesis of octyl-oleate
being selected because the crude extract was most stable ifs optimal at a\p of 7 [25], the synthesis af-butyl-butyrate
this solvent in the previous experiments. Several enzymaticis optimal at aWp of 10 [26] and the synthesis of ethyl-

Table 1
Stability of the enzymatic preparation Bénicillium corylophilumin hydrophobic solvents
Organic solvent Lo® Residual activity after 30 min incubation at 322 (%)

ay 0.11 ay 0.53 aw 0.95
Toluene 25 72 106 63
Hexane 3.5 22 66 100
n-Heptane 4.0 71 114 130
Isooctane 4.5 100 89 68

2 Residual activities were determined by the hydrolysipPP in aqueous medium.
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laurate using Lipolase (Novozyme) is optimal ata of 10
[19].

The reaction rate obtained in the present work is promis-
ing. The only shorter esterification time reported in a reverse
micelle system is 60 min for a 90% yield of ethyl-laurate,
using Lipolase in AOT/isooctane reverse mice[tEs]. Most
workers have needed much longer times in order to obtain
high ester yields. For instance, 24 h was required for a 95%
yield of butyl-laurate, using the lipase ©f cilindraceain the
AOT/isooctane reversed micelle systga7], and also for a
90% yield of octyl-oleate, using the lipase®hizopus dele-
marin a microemulsion systef26]. Even longer times have
been reported. A 95% yield of ethyl caproate required 168 h,
using the esterase @&acillus licheniformisin n-heptane at
45°C [28], while a 95% yield of isoamyl acetate required
72h, using an immobilized lipase &. mieheiat 40°C
[29].

3.2.2. Macro-heterogeneous system with direct addition
of lyophilised enzymatic preparation

In then-heptane/enzyme system in which lyophilised en-
zymatic preparation was added directly, the maximum yield
of 58% was obtained with an initialy of 0.11 ig. 2). With
increasingay, the yield and activity both decreased slightly:
with an initial ay, of 0.53 the yield was 50%, and with the
initial a,, of 0.95 the yield was 42%.

Theay is an important parameter in macro-heterogeneous
systems and the initia,, of the reaction has been controlled

in many studies of ester synthesis. Nevertheless, its effect ; o o :
SB-Cyclodextrln gave a specific activity seven times greater

on the reaction rate and on enzyme activity does not alway
follow the same pattern. Chowdary and Prap[813] studied
the transesterification af-butanol and ethyl-butyrate over
a range of initialay values from 0.11 to 0.95 and obtained
different optimaly values for different lipases. A maximum
yield of 92% after 24 h was obtained with the lipaseQf
rugosawith anay, of 0.33. Conversely, Tweddell et §B81]
synthesized ethyl-oleate, using the lipasdRohiveusn n-
hexane, obtaining the highest yield (60%) withegnof 0.75
after 192 h.

70
60
50 1
40
30
20
10

Esterification (%)

4 6
Time (h)

10

Fig. 2. Kinetics of the synthesis @fbutyl-oleate at 37C, with different
water activities, by the lipolytic extract dfenicillium corylophilumin the
macro-heterogeneous systerheptane/enzyme in which lyophilised enzy-
matic preparation was added directly. Ke®)(ay of 0.11; (O) ay of 0.53;
(V) ay of 0.95. The protein concentration was 0.38 mgThL
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Fig. 3. Kinetics of the synthesis ofbutyl-oleate at 37C and with an initial

ay 0f 0.11, by the lipolytic extract dPenicillium corylophilurin the macro-
heterogeneous-heptane/enzyme systems. Ke@)(addition of enzymatic
preparation co-lyophilised witB-cyclodextrin; (O) addition of enzymatic
preparation immobilized on octyl-sepharose. The protein concentration for
both assays was 0.38 mgmb

Since the studies with direct addition of the enzymatic
preparation to th@-heptane/enzyme system gave the high-
est ester yield at an initiad,, of 0.11, thisa,, was used in
studies involving the same system, but with addition of the
enzymatic preparation co-lyophilised wighcyclodextrin or
with addition of enzymatic preparation immobilized on octyl-
sepharose gel.

Addition of enzymatic preparation co-lyophilised with
B-cyclodextrin gave an ester yield of only 20% at 9h
(Fig. 3. In contrast, for hydrolysis opNPP in aqueous
medium, the same enzymatic preparation co-lyophilised with

than that of the free lyophilised enzyme (data not shown).
Little information is available about the activity of enzymes
co-lyophilised with cyclodextrins. Hasegawa ef{alf] stud-

ied transesterification reactions catalysed by proteases co-
lyophilised with cyclodextrins and found that the enzyme-
B-cyclodextrin complex had a much higher catalytic activity
than the free protease. Fluorescence spectroscopy suggested
that the co-lyophilisation increased the stability of the pro-
tease in their acetonitrile—water system. In our case, we added
the enzymeB-cyclodextrin complex to the non-polar solvent
n-heptane, so the difference in results is not surprising.

3.2.3. Macro-heterogeneous system with addition of
immobilized enzymatic preparation

The synthesis ofi-butyl-oleate was very poor when en-
zymatic preparation immobilized on octyl-sepharose gel was
added ton-heptane, with a yield of 9% after 9 Hrig. 3.
To verify changes in the immobilized enzymatic prepara-
tion during this reaction, an SEM image obtained after 9h
of reaction was compared with images obtained for the sup-
port before and immediately after immobilization. After im-
mobilization, the surface cavities of the original gel beads
(Fig. 4a) were filled by rounded structures, which are pre-
sumably protein aggregateBig. 4b). After 9 h of reaction
in then-heptane system, the appearance of the bead surfaces
had changedHig. 4c). It is possible that the hydrophilic sub-
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(c)

Fig. 4. Photomicrographs of the octyl-sepharose support (a) before immobilization; (b) after immobilization and (c) after 9 h of esterifiehtityt-ofeate
in n-heptane. The scale bars represent 10, 20 apdlh (a), (b) and (c), respectively.

straten-butanol, present in the reaction medium at an initial acid to 210 mM of alcohol), using the best conditions identi-
concentration of 210 mM, dehydrated the superficial layer of fied in the previous studies: AOT-heptane reverse micelles
immobilized material, thereby causing the low activity. Note at aWp of 10 (obtained with 50 mM phosphate buffer pH 7.0)

that in the results for solvent stability (Sectidri) the resid- andn-heptane macro-heterogenous systems at an iaijtial
ual activity was only 1.7% after incubation of the enzymatic of 0.11.
preparation for 1 h in a 10% (v/v)-butanol solution. A vyield of 100% was obtained after 12h in the re-

Although dehydration must have also occurred when verse micellesKig. 5, confirming this system as the best
lyophilised enzymatic preparation was added directly to the for n-butyl-oleate synthesis. Theheptane/enzyme system
reaction medium, the higher activities obtained in that sys- to which lyophilised enzymatic preparation was added di-
tem can be explained by the denaturation being limited to the rectly also reached completion, but only at 48 h. Forrhe
surface of the solid aggregates, leaving the enzymes in theheptane/enzyme system to which enzymatic preparation co-

interior active, as suggested by Goldberg efa#]. lyophilised with3-cyclodextrin was added, the reaction was
still proceeding after 48 h, whereas for tveptane/enzyme
3.3. Comparison of water-restricted systems system to which immobilized enzymatic preparation was

added the reaction had stopped by 12 h, with a yield of only
The reversed micellar system was the best for the synthesisl4%, probably due to enzyme denaturation by dehydration
of n-butyl-oleate, but even in this system the reaction was not as discussed above.
complete after 9 h. In order to see whether any of the systems  Table 2compares our results with the two previous com-
were capable of giving yields of 100%, reactions were fol- parative studies of lipase-catalysed reactions in different or-
lowed for 48 h at 37C, with a molar ratio of 1:3 (7OmM of  ganic systems. Tweddell et §81] compared the production

Table 2
Comparison of ester synthesis reactions catalysed by lipolytic preparations in different organic reaction systems
Source, conditions, substrates and reaction media [refefencepystem8 Water content Best yield and conditions
Rhizopus niger40°C, enzyme 10% (m/v); MHB-LL surfactants free enzyme 5-50% 85%, 6 h with a 10% (v/v)
oleic acid and ethanol 1:1.5;hexang31] aqueous phase
MHB-LL free enzyme 5-50% 85%, 12 h with a 10% (v/v)
aqueous phase
MA-SL lyophilised enzyme ay 0.52-0.98 60%, 192 la, 0.52
Mucor miehej40°C, enzyme 0.7 mg mt?; MA-SL lyophilised enzyme 0.05%, (m/m) 100%, 25h
butyric acid and butanol 1:h-hexang25]
RM-AQOT/hexane free enzyme Wp 5-30 70%, 30 AW\Vp 5
MHB-LL free enzyme 2.5-40%, (v/v) 90%, 25 h, 5% water (v/v)
Penicillium corylophilum37°C, enzyme 0.38 mg mt?, RM-AQT/heptane free enzyme Wp 5-15 100%, 12 hwp 10
oleic acid andh-butanol 1:3n-heptane [This work]
MHB-SL lyophilised enzyme ay 0.11, 0.53, 0.95 100%, 48y 0.11
MHB-SL enzyme co3-cd ay 0.11 63%, 48 hay, 0.11
MHB-SL enzyme immob ay 0.11 14%, 48 ha,, 0.11

a The ratios represent molar ratios of acid to alcohol.

b Key: MHB-LL, macro-heterogeneous-biphasic liquid-liquid; MHB-SL, macro-heterogeneous-biphasic solid—liquid; MA-SL, micro-aqueoirpsd]id—|
RM-AQOT/hexane, reverse micelles AOFhexane; RM-AOT/heptane, reverse micelles A®Méptane; c@-cd, enzyme co-lyophilised witR-cyclodextrin;
immob, enzyme immobilized in octyl-sepharose gel.
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120 direct addition of the lyophilised enzymatic preparation. The
water content of the systems, expressed eithe@ser as

ay, was of prime importance. Although the lipolytic enzy-
80 | matic preparation had poor stability in high concentrations
of hydrophilic solvents, it did show itself as promising for
the biocatalysis of synthesis reactions in systems containing
hydrophobic solvents. The 100% yield mbutyl-oleate ob-
tained in 12 h in the AOT-heptane reversed micelle system
was especially promising, as the rate and yield compared
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n
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o o 30 30 40 =0 favourably to those obtained in previous studies.
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