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Abstract

The kinetics of hydrolysis of triolein and tributyrin and of the synthesis of ethyl-laurate by the lip&kewwhomyces lanuginoseontained
in acommercial preparation (Lipolase®), were studied in AOT/Isooctane reverse micelles. Lipolytic activity against triolein depended strongly
on the water content in the systefmrd = [H,O]/[AOT]), in a bell-shaped manner, with a maximum at@ of 15. The best conditions for
enzyme activity were pH 8.0 and 3C. The enzyme did not show Michaelis—Menten kinetics for the hydrolysis of either triolein or tributyrin.
The enzyme was unstable at temperatures of 37€6sing approximately 50% of its activity after 30 min. The catalysis of ethyl-laurate
synthesis byl. lanuginosdipase in reverse micelles was studied using factorial designs to optimize the reaction conditions. The mostimportant
variables were pH and temperature and their combined effect. The best conditions for ester syntheswvedreta a pH of 5.6, a molar
ratio of alcohol to acid of 5.0 and a temperature of G0 The specific enzymatic activity under these conditions was 2201 @ugd the
ester yield 92% after 60 min of reaction. This high yield, obtained in a relatively short time, justifies further exploration of the potential of
this system in biocatalysis.
© 2004 Elsevier B.V. All rights reserved.

Keywords:Lipases; Reverse micelleEhermomyces lanuginosdydrolysis; Synthesis reactions

1. Introduction The low water content necessary to favour the synthe-
sis reactions can be achieved by carrying out the reaction
Lipases (triacyl glycerol acyl hydrolases, E.C. 3.1.1.3), in organic solvents, either by adding the enzyme directly
which are typically thought of in terms of their hydrolysis to the organic solvent or by microencapsulation into re-
of triacylglycerols to glycerol and free fatty acids, possess verse micelles. The AOT (sodium bis 2-ethylhexyl sulfosuc-
the unique feature of acting at an interface between aqueousinate)/Isooctane system is one of the most suitable systems
and non-aqueous phases. Furthermore, they have exceptiondbr enzymatic catalysi§8—11], since the reverse micelles
characteristics for catalysis of various types of reaction with formed by this surfactant are very stable over a wide range of
high specificity, including those of hydrolysis of esters and concentrations in the absence of co-surfactants. The reversed
organic synthesis reactions such as esterification, transesmicellar AOT system is particularly attractive for lipases be-
terification and regioselective acylation, these synthesis re-cause it provides a high interfacial area of contact, allowing
actions requiring restricted water-environments in order to the enzyme to anchor at the aqueous side of the AOT in-
occur[1-7]. terface, and also because it enables the use of hydrophobic
substrates, since these will be readily soluble in the bulk
organic phase. Besides, some enzymes have been reported
+ Corresponding author. Tel55-41-361-3470; to be highly stable in reverse micelles, which is the case
fax: +55-41-361-3186. of Chromobacterium viscosulipase anda-chymotrypsin
E-mail address:nkrieger@ufpr.br (N. Krieger). [12]-
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Thermomyces lanuginosgoreviously Humicola lanug-
inosg lipase (TLL) is the enzyme responsible for the
lipolytic activity of Lipolase®, a commercial lipase prepa-
ration (Novozymes Latin America Ltd.) that has important
industrial applications. In aqueous media the enzyme is
very stable, being active over the pH range of 7.0-11.0. It
maintains activity reasonably well at 55-80 although the
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luted with the following buffers to give the desired pH val-
ues: acetate, pH 4.0-5.0; phosphate, pH 5.5-8.0; Tris—HClI,
pH 8.0-9.0, and glycine, pH 10.0. The effect of tempera-
ture was studied in the range of 23-%8 using aWp of

15 and 50 mM buffer solution, pH 8.0. To study the ef-
fect of substrate concentration, which was done at@37
with a Wp of 15, using 50 mM buffer solution, pH 8.0, ei-

recommended temperature for applications is between 30ther triolein (10-250 mM) or tributirin (10-170 mM) were

and 40°C [13]. However, its suitability for application in

used.

organic media, especially in reversed micellar systems, has

been little explored. The current work aims to characterize

the kinetics of hydrolysis and synthesis reactions catalysed

by Lipolase® in the AOT/Isooctane reversed micellar sys-
tem in order to evaluate the potential of this enzyme for
biocatalysis in organic media.

2. Materials and methods
2.1. Materials

Lipolase® 100 L EX T. lanuginosalipase was supplied
by Novozymes Latin America (Araucaria, Parand, Brazil)
as an aqueous solution and was used without further purifi-
cation. Dioctyl sulfocuccinate sodium salt (AOT) of 99%
purity was purchased from Sigma Chemicals (St. Louis,
USA) and used as received. Triolein (glyceryl trioleate,
65%) and lauric acid (dodecanoic acid, 99%) were also

from Sigma and absolute ethanol was from Carlo Erba (S&o

Paulo, Brazil).

2.2. Preparation of reversed micellar solutions

2.3. Hydrolysis and synthesis studies

The reverse micelles were prepared as described in the
previous section and the reaction was started by adding
the appropriate amount of enzyme solution, except for the
esterification reactions, which were started by the addition
of the substrates. At fixed intervals, 2@Dsamples of the
mixture were collected from the reaction medium. The
concentration of free fatty acid produced in the system was
determined according to the Lowry-Tinsley methidd],
for both hydrolysis and synthesis reactions. One unit of en-
zyme activity was defined as the amount of enzyme required
to produce (hydrolysis) or consume (synthesigiiol free
fatty acid per min, under the conditions of the assay. The
yield of the reaction in terms of ester production was cal-
culated by consumption of free fatty acid from the reaction
medium.

The experiments were undertaken in such a manner to en-
able determination of the initial velocities of the reaction.
Unless otherwise stated, the activities cited for the experi-
ments done in this work are based on these initial velocities.

The standard micellar enzymatic assay was carried outin a2.4. Optimisation of the conditions for ester synthesis

stirred vessel, which initially contained 8 ml of 100 mM AOT
and 150 mM of triolein in isooctane, at the stated temper-
ature. The micelles were prepared by the injection method
[12], in which, for aWp ([H2O]/[AOT]) of 15, 216l of an
enzymatic solution, containing 312y of protein in 50 mM
phosphate buffer at the stated pH (i.e p3Pof protein per ml

of micellar solution), was added. The mixture was strongly
agitated in a vortex to give a clear micellar solut[@@] and
samples were taken at given time intervals. Note that the
concentrations refer to the total volume of the micellar so-
lution except the buffer molarity, which considers only the

To optimize the conditions for the synthesis of ethyl-
laurate, we used a*2! factorial desigr{15]. The variables
studies were water conterityp (5 and 10), pH (5.6 and
10.0), temperature (30 and 46) and the molar ratio of al-
cohol to acid (3:1, being 213 mM alcohol and 71 mM acid
and 5:1, being 355 mM alcohol and 71 mM acid). The en-
zyme concentration was constant atuprotein in 8 ml of
reaction medium. After obtaining the optimal conditions in
the above experiment, a second experiment withf &a2-
torial design was done, witthp fixed at 10 and the molar

agueous phase. Also the pH values quoted are those for theatio of alcohol to acid fixed at 5:1.

buffer solution in which the enzyme was diluted to prepare
the aqueous phase.

The effect ofWp (5—-20) was evaluated with the same pro-
tein concentration (3@g mi~1), but the solutions were pre-
pared, at 30C, in different volumes of 50 mM phosphate
buffer at pH 7.0 to give the requiredlp values. The opti-
misation of protein concentration was done at’GOover
the range of 39-160486g ml~1, at aWy of 15, with 50 mM
buffer solution, pH 7.0. In the pH studies, done at°’@0
and with aWp of 15, the original enzyme solution was di-

From these factorial designs, the contrast coefficiaDis (
which allow the determination of the effect of each param-
eter, were calculated accordingfa|. (1)

EL+ > EL;
SEPIESICE "
whereC; is the contrast coefficient of factor E the ester-
ification rate and_; and L, are the levels of parameteér
(+ or =).
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2.5. Validation of the use of the Lowry—Tinsley method synthesized ester, at concentrations ranging from 0.05 to
2.0mg/ml.
In order to show that the use of the Lowry-Tinsley method  Protein was determined by the method of Bradffir@l.
to follow the production of ester in the synthesis reactions is
valid even though it only measures the disappearance of the
acid, ester production under optimised reaction conditions 3. Results and discussion
(aWp of 10, a molar ratio of alcohol to acid of 5:1, a pH of
5.6 and a temperature of 3Q) was followed by both the 3.1, Kinetic characterization of lipase in hydrolysis
Lowry—Tinsley method14] and high-performance liquid  reactions
chromatography (HPLC). A number of replicate reactions
were done, each with 8 ml of micellar medium. At different 3.1.1. Effect of water content
times (0, 30 and 60 min) a reaction vessel was sacrificed with  The effect of water content\p) on triolein hydrolysis
the reaction being stopped by the addition of 8 ml of acetone. py T. Januginosdipase (TLL) in a 100 mM AOT/Isooctane
The samples were centrifuged for 10 min at 50009, evapo- reversed micellar system was determined by changing the
rated, and then purified by elution with hexane:ethyl ether w; value from 5 to 20, while keeping the other condi-
(99:1) in a column containing 75 chof activated silica gel  tions constant Kig. 1). TLL showed maximum activity
60 (Merck) with a granulometry of 0.063—0.200 mm, this be- (1092 Umg!) at aWp of 15. On either side of this opti-
ing necessary in order to remove the AOT, because in Unpu-mum the activity decreased markedly with change®vip
rified samples the AOT peak obtained by HPLC overlapped reaching approximately 50% of the maximum activity at the
with the ethyl-laurate peak. For each Sample eluted, elght lower WO of 5 and the uppeWO of 20. Many authors have
fractions of 2 ml were collected. The solvent was removed reported similar be”_shaped prof"es with 0pt|mlm val-
and the samples were analyzed by HPLC. The ethyl-laurateyes of 10—15 for hydrolysis reactions with a range of lipases
standard for the HPLC was prepared as follows. One gram produced by filamentous fungi in related reversed micelle
of lauric acid (Sigma, 99% pure) and thionyl chlorine were and emulsion system3gble 1. Crooks et al[19] reported
incubated together for 90 min at 66. After thiS, ethanol a different optimun‘NVO of 5 for Humicola |anuginosd‘|’_
was added and the mixture left Standing in an ice-bath for |anuginosa |ipase' but the substrate (pNB@)_nitropheny|
1h. Cold water and hexane were then added. The experi-pytyrate), the AOT concentration (200 mM), the solvent
ment was done twice. (n-heptane) and the pH (9.3) were different from those that
The LOWry—TinSley method estimated ester SyntheSiS with we used, so the difference is not Surprising_
sufficient accuracy: after 60 min, the yleld calculated on the The optimumWO value for enzyme activiw depends on
basis of the HPLC analysis was .94+ 1.6% while that  several factors, amongst which two of the most important
calculated on the basis of the Lowry—Tinsley method was are the dependence of the reaction rate on the water concen-

90.5+ 1.7%. tration and the effect of the water on the size of the micelles
B _ within the system. The type of reaction to be catalyzed is also
2.6. Temperature stability studies decisive, since hydrolytic reactions usually require higher

. o Wp values than do synthetic reactions. However, these fac-
Various tubes containing 100 mM AQT/Isooctane reverse tors have not been studied sufficiently to allow theoretical

micelles were prepared with 33 enzyme per ml of mi-  estimations of optimum water contents for hydrolysis. The
cellar solution, 50 mM phosphate buffer, pH 8.0, and/a

of 15. The tubes were incubated at the desired temperature.

At different times tubes were removed, the contents added 1200

to the reaction vessel at 8T, and triolein started to initi- A 1100
ate the reaction. Samples were removed and analyzed by the £
Lowry-Tinsley method14]. 2 1000
_ ‘E 900 1

2.7. Analytical methods § 800

HPLC was performed in a Shimadzu Model LC 10 AD % 700 1
chromatograph equipped with a Micropak MCH 1@s€ol- L 600 1
umn and a refraction index detector (RID 10 A). Integration 9 500 R —
was carried out using the CLASS 10 software (Shimadzu). 486810 12 a 16 e 20
For the analysis of ethyl-laurate, a gDaliquot of the sam- Wo

ple was mpcted and acetonitrile/acetone 9:1 (V/.V) was usedFig. 1. Effect of the water conten¥\p) on triolein hydrolysis byT. lanug-
as the mobile phase, at a flow rate of 0.9 ml/min. The col- inosalipase in reverse micelles. Conditions: 100 mM AOT in Isooctane;
umn was maintained at 4€. The samples were quantified pH 7.0, 50mM phosphate buffer; triolein as substrafe= 30°C and
based on a calibration curve established with chemically [protein] = 39ugmi~! micellar solution.
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Table 1
Comparison of the optimum values for lipolytic activity bf, pH, temperature and activation energy Tolanuginosdipase (TLL) with values reported
in the literature for related systems

Lipase source Wo pH T (°C) Ea (kd/mol) System Substrate Reference
T. lanuginosa 15 8.0 37 77.4 Reverse micelles AOT/Isooctane Triolein This work
Penicillium citrinum 10-15 8.0 45 56.1 Reverse micelles AOT/Isooctane Triolein [17]

C. viscosum 11-15 7.0-75 35 82.2 Reverse micelles AOT/Isooctane Triolein [18]

C. viscosum 11-15 7.0-75 42 42.0 Aqueous (emulsion) Triolein [18]

H. lanuginosa 5 9.3 40 54.4 Reverse micelles AQilieptane pNPgL [19,20]

H. lanuginosa 5 10.4 40 62.8 Reverse micelles A®@ileptane Tributyrin [19,20]
Rhizopus arrhizus 11-15 7.0 30 29.3 Reverse micelles AOT/Isooctane Palm kernel oleif21]

C. cylindracea 11 6.5 55 131.2 Reverse micelles lecithin/Isooctane Milk fat [22]

C. cylindracea 11-15 6.3-7.3 - - Reverse micelles AOT/Isooctane Olive oil [23]

C. cylindracea 11-15 7.8 - - Emulsion system Olive oil [23]

literature only contains empirical results obtained in other 7.0-11.0[13]. In the micellar system, using triolein as the

systemq12,17] substrate, we observed a much sharper activity peak, with
a maximum of 1474Umg" at pH 8.0 Fig. 3. Perhaps
3.1.2. Effect of the protein concentration in aqueous systems the interaction of the enzyme with wa-

The hydrolytic activity of TLL within the AOT/Isooctane  ter is stronger and minimizes conformational changes in re-
reversed micellar system decreased with increasing enzymesponse to internal ionizations caused by pH changes, while
concentration Fig. 2). Such behaviour is quite different in reversed micellar systems, with their much lower water
from aqueous systems, in which the reaction rate is typically content, the stabilizing effect of water is lower, such that
first-order in enzyme concentration. This type of behaviour conformational changes with pH are more pronourj@&dl
was also found by Prazeres et @I8]. They proposed that  However, there have not been any studies done to provide
the high enzyme concentration in the system could lead to the experimental evidence about enzyme conformations that
an aggregation of the molecules, which hinders catalysis would be needed to support this idea.
and consequently decreases the specific activity. Besides, the Both lower and higher pH optima have been reported for
protein concentration interferes with the optinv; high fungal lipases in related reversed micellar and emulsion sys-
enzyme concentrations normally require high values in tems {Table 1. The lowest optima reported are pH 6.5 for
order to accommodate the protein in the core of the micelle the hydrolysis of milk fat byCandida cylindraceéipase in a

[24]. soybean lecithin/Isooctane reversed micellar sy$&sh pH
6.3—7.3 for the hydrolysis of olive oil in an AOT/Isooctane
3.1.3. Effect of pH on activity reversed micellar system and pH 7.8 for the hydrolysis of

The effect of the pH on the hydrolysis of triolein by olive oil in an emulsion system by the lipase ©f cylin-
TLL in the 100 mM AOT/Isooctane reversed micellar sys- dracea[23]. The highest pH optima reported are 9.3 for the
tem was determined over the range of 4.0-10.0. The behav-hydrolysis of pNPG and 10.4 for tributyrin hydrolysis in
ior of the enzyme was quite different from that reported for AOT/n-heptane microemulsions by the lipasethflanug-
aqueous media, in which, at 3G and using tributyrin as  inosg which is equivalent to TLL19,20]. Note that these
the substrate, the enzyme maintains a high activity from pH
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Protein [microgram.mL‘l] Fig. 3. Effect of pH and different buffers on lipolytic activity of the
lipase ofT. lanuginosa.Conditions of assay: triolein as substrate,”@0
Fig. 2. Effect of protein concentration on triolein hydrolysis hylanug- [protein] = 39.g mI~1 micellar solution; Wy = 15; buffer 50 mM: @)

inosalipase in reverse micelles. Conditions: 100mM AQOT in Isooctane; acetate (4.0, 5.0) Q) phosphate (5.5, 6.0, 7.0, 8.0)Y] Tris—HCI (8.0,
pH 7.0, 50 mM phosphatdyy = 15; triolein as substrate arid = 30°C. 9.0), (v) Glycine (10.0).
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in reverse micelles. Conditions: 100mM AQT in Isooctaié; = 15; E';' Fig. 6. Effect of substrate concentration on the rate of hydrolysis of
8.0, S0mM phosphate; triolein as substrate and [proteirg9.g ml triolein by T. lanuginosalipase in reverse micelles. Conditions: 100 mM
micellar solution. AOT in Isooctane; pH 8.0, 50mM phosphatéy = 15; 37°C and

[protein] = 39 g mI~ micellar solution.

results for TLL were obtained in reaction systems different

from that used in the current work. 77.4kImot L. This activation energy falls within the values
Inthese studies it is assumed that the pH of the water pools(22.2-100.8 kJ mof!) reported in emulsion systems, and is

within the reverse micelles corresponds to the pH values similar to that (82.2 kJmoil) obtained by Prazeres et al.

of the aqueous enzyme solutions from which the micelles [18] for the lipase ofC. viscosunin AOT/Isooctane reversed

are prepared. However, the pH inside the micelles might be micellar systemTable ).

different from the expected value due to partitioning of ionic

species. A lower intramicellar pH was reported for reverse 3.1.5. Effect of substrate concentration

micelles formed by AOT9,12,22] The effect of substrate concentration on lipolytic activity
in 100mM AQT/Isooctane reverse micelles was studied
3.1.4. Effect of temperature on hydrolysis activity using triolein and tributyrin as substrates. The maximum

The effect of the temperature of the 100 mM AOT/Isooctaneactivities for triolein Fig. 6) and tributyrin Eig. 7) hydrol-
reversed micellar system on triolein hydrolysis by TLL was ysis were obtained at substrate concentrations of 150 mM
studied over the range of 23-58. The enzyme presented (1935Umg?!) and 120mM (1485 U mgt), respectively.
maximum activity at 37C (Fig. 4). This optimum is typ- In the case of triolein, the activity decreased at substrate
ical of fungal lipases in emulsions and in AOT reversed concentrations above 200 mM. This could be caused either
micellar systemsTable 1. At higher temperatures, the in- by the direct influence of the substrates on the lipase or by
terface is more fluid and disordered, which could cause aa change in the micellar structure. It has been reported that
faster inactivation, with low or no activity detected after the triglycerides can act as co-surfactants and cause a decrease
microencapsulation. in micellar size independently of thap value[9].

The energy of activation|,) for the hydrolysis reaction, Literature data show that the kinetics of reactions catal-
calculated from the Arrhenius plot of the three tempera- ysed by enzymes microencapsulated in reverse micelles
tures for which the activity was increasin§ig. 5, was

1600
—
78 5 1500
£
L S 1400
o > 1300 |
S 2 1200 1
o Q
g 4 < 1100 |
c o
— = 1000 -
7.2 S
L 900
[9)]
800 ———
7.0 . 0 20 40 60 80 100 120 140 160 180
0.0032 0.0033 0.0034

Tributyrin [mM]
1T (K
Fig. 7. Effect of substrate concentration on the rate of hydrolysis of
Fig. 5. Arrhenius plot ofT. lanuginosdipase activity in reverse micelles. tributyrin by T. lanuginosdipase in reverse micelles. Conditions: 100 mM
Conditions: 100mM AOT in Isooctandyp = 15; pH 8.0, 50 mM phos- AOT in Isooctane; pH 8.0, 50mM phosphat&), = 15; 37°C and
phate; triolein as substrate and [proteiaB9ug mi~! micellar solution. [protein] = 39 g mI~1 micellar solution.
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Table 2
= 120 2*-1 Factorial design to optimize the production of ethyl-laurate uding
S 100 § lanuginosalipase: experimental conditions and results
>
S 80 | Run W, pH T(°C) M.R& Ester yield at 60 min
b (% of theoretical maximum)
< 60 - 1 5 56 30 3.0 83
S 2 10 56 30 5.0 92
o 409 3 5 10 30 5.0 325
&J 20 1 4 10 10 30 3.0 37
5 5 56 45 5.0 91
0 T T T T T 6 10 5.6 45 3.0 73 2
0 10 20 30 40 50 60 7 5 10 45 3.0 0
8 10 10 45 5.0 0

Time (min.)

. . a8 M.R. = Molar ratio (alcohol:acid), Run 6 was done in triplicate.
Fig. 8. Loss of enzyme activity at temperatures from 30 t6®0Incu-

bation conditions: 100 mM AOT in Isooctane; pH 8.0, 50 mM phosphate;

[protein] = 39ugmi~! micellar solution; Wy = 15 and temperatures:  terest, firstly, because lauric acid can be obtained easily and
(@) 30°C, (O) 37°C, (V) 50°C, (v) 60°C. at low cost in Brazil, from babassu oil, and secondly, be-

cause esters of lauric acid such as ethyl-laurate, butyl-laurate
. , , and isoamyl-laurate are produced and sold commercially as
generally obey the classical Michaelis—-Menten model. fruit aromas in Europé26].

qu;/]ev?_r, Inour (ta)x;;]erlmer;ts, Tf'}"‘ d'% not prehsel_ﬂt 8 In the preliminary experiments for the synthesis of
Michaelis—Menten behavior for either substrate. The inter- oy 13 rate, only 50% of the acid was esterified after

pretation of the kinetic behaviour of lipases microencap- gqmin representing an average specific activity of 66
sulat_ed in reverse micelles is rather d|ff|cu_lt. Evgn if it is mg-1. To maximize the esterification rate and to evaluate
possn_ale to Calcu_late the constants of the M|chgells—Mententhe effect of the main experimental parameters involved in
equation, they differ from the ones observed with the same the esterification process\f, pH, temperature and alco-

enzyme in aqueous media due to partition effects and dif- . 54 molar ratio, MR), a fractional factorial desigf2

fusmnql limitations, and also due to alterations in the con- was usedTable 2. The contrast coefficients (Cobtained
formational structure of the enzyme. Therefore, the values from these results are shownTable 3 The most important
of the kinetic parameters obtained from studies in these .i-pies were pHQ; = —67), temperature; = —20)

systems must be treated as apparent vlLed.8} and the combined effect of pH and temperat@te£ —15).
bil The highest specific activity (220Um§g) and reaction
3.1.6. 3.1.6. Temperature stability yield (92% at 60 min) occurred at 3C, aWp of 10, with

Fig. 8 shows the residual activities as a function of time 3 -o1a10 puffer pH 5.6 and a molar ratio of ethanol to lauric
for incubation of the enzyme in the reverse micelle system at acid of 5

temperatures between 30 and’@D Loss of enzyme activity Given that a significant combined effect was observed

was not described by a simple first order model, nor by between pH and temperature, and th# and MR did
the more flexible sequential deactivation model of Henley not have a significant effect on’ the response, a spedific 2

and Sadan§25], therefore it was not possible to calculate factorial design Table 4 was carried out, fixing\o at 10
rate constants for the denaturation reaction. However, given(LeveI +) and the molar ratio of acid to alcohol at 1:5

that in aqueous SOIU“Q” at pl-_| 8.0 the enzyme r(‘)etain_s 95%(Level +). The contrast coefficients obtained for this sec-
of its activity afte 2 h incubation at 55C and 80% of its ond factorial experiment (pH;; = —52; T, C; = —38: and

activity after 2 h incubation at 60C [13], it is possible to pH x T, C; = +24) confirmed that for high ester yields,

conclude that the thermostability of the enzyme is reduced low pH (5.6) and temperature values (3T) must be used
in the micellar system, since even after only 30 min atG7 ' '

the residual activity was only 60%.

Table 3

3.2. Optimisation of the conditions for ester synthesis Contrast coefficients (§ calculated from the factorial desigrf2 of

- Table 2

Using experimental conditions extracted from a prelim- Variables Level ¢
inary study (37C, aWp of 5, 50 mM phosphate buffer at Ly (=) Ly (+)
pH 8.0), a screening for an appropriate esterification reac-
X X . b (L) 5 10 -1
tion was carried out with the glcohols ethanol, propanol anq pH (2) 5.6 10 _67
butanol and the acids ethanoic, propanoic, butyric and lauric T (3) 30 45 -20
in the AOT/Isooctane reversed micelle system. Under theseM.R2 (4) 3 5 +6
experimental conditions only the reaction between ethanol PH> 7 - - -15

and lauric acid occurred. In fact, ethyl-laurate is of some in- 2 M.R. = Molar ratio (alcohol:acid).
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Table 4

Experimental results of the second factorial desi§fo2 the production of
ethyl-laurate byT. lanuginosalipase: experimental conditions and results
at fixed values of\y (10) and molar rati® (5)

Run pH T (°C) Ester yield at 60 min
(% of theoretical maximum)
1 5.6 30 89
2 10 30 28
3 5.6 45 56
4 10 45 0
5 (duplicate) 5.6 30 9a: 3

a8 M.R. = Molar ratio.

The best conditions for ester production were identical with

those identified in the previous factorial design experiment

(Table 2, with an 89% yield of ester. This yield of approx-

imately 90% was confirmed when the same reaction was

repeated and analyzed by HPLC, as describ&kition 2.5

The results for ethyl-laurate synthesis obtained in the

present work (60 min for a yield of 90%) are superior to

those reported in the literature either for micellar systems
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