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Abstract

Fusarium solani pisrecombinant cutinase was immobilized on sodium form of zeolite Y (NaY) and polyamide Accurel PA6 and used to
catalyze the alcoholysis reaction of butyl acetate with hexanol, in isooctane. The influence of some of the relevant parameters to the enzyme
alcoholysis activity, such as temperature, buffer molarity and pH of the enzyme solution, hexanol and butyl acetate concentrations, were
studied by means of a factorial design plan. By knowing the system response to the experimental design, the effects of each factor and its
interactions were determined. In the case of the preparations with NaY zeolite, the main effects are due to temperature and buffer molarity,
while pH and hexanol concentration have little effect on activity. In case of the cutinase adsorbed on Accurel PA6 the main effects are due to
temperature, buffer molarity and pH of the enzyme solution.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction ter activity @y ~ 0.97); this hydration level was used in the
following work. In this study, the influence of some relevant
Enzymatic catalysis in non-conventional media has beenreaction parameters on the alcoholysis transformation, pro-
receiving increased attenti¢h—4]. Zeolites have been used moted by the immobilized cutinase on NaY zeolite and on
as supports for enzymatic reactions carried out in organic the commonly used polyamide Accurel PA6, was analyzed
medium[5-10]. through the factorial design methodology. This methodology
Previous studies described the use of a recombinant cuti-has been recently used in system optimizafi®8+17] The
nase fromFusarium solani pisimmobilized on several ze- major advantage of studying the influence of several param-
olites to the promotion of the alcoholysis reaction of butyl eters by means of factorial design methodology is to distin-
acetate with hexan$®,11,12] in isooctane. One of the most  guish possible interactions among factors, which would not
active preparations was obtained with the immobilization of be possible by classical experimental methods. Moreover,
the enzyme on the sodium form of zeolite Y (NaY). The factorial design requires fewer experiments and allows the
water content of the catalytic system is of paramount im- study of each variable for different conditions of the others
portance in the enzymatic activity of the preparation and its [18].
influence on the observed activity, for the alcoholysis trans-  The study of reaction parameters influence on alcoholy-
formation, was previously studief]; an optimum value  sis activity was planned as &2 fractional factorial design
was observed, which depends on the particular support used[18] accommodating five variables, each one at two levels
but that always corresponds to approximately the same wa-(—1/+1), where 16 runs were performed. The design was
further expanded to a central composite design (C[1B)
mspondmg author. Tels351-21-841-9286: _by intro_ducing_ the extreme levels2/4-2. C_:onsequen'gly, it
fax: +351-21-841-0062. is possible to investigate up to a quadratic polynomial rela-
E-mail addressjmlopes@popstv.ist.utl.pt (J.M. Lopes). tionship.
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At the medium point (0), independent replicates were run at 400 rpm. Hexyl acetate formation and butyl acetate con-
to estimate the standard deviation. The variation betweensumption were followed by UV at 220 nm, using a HPLC
them reflects the variability of all design. system with a C18 reverse-phase column with isocratic elu-

After the runs, the response obtained (in this case the spe-ion and using a mixture of 60% acetonitrile and 40% water.
cific activity displayed in the alcoholysis reaction) is sub- Initial reaction rates were determined by linear regression.
mitted to the algorithm of Yates to calculate the effects of The values of the specific enzymatic activities are expressed

each factor (parameter) and the important interactjh8% as enzyme units (U)/mg of enzyme, where one enzyme unit
The response is also used to calculate the coefficients ofcorresponds to tmol of product formed per minute.
a second order polynomial equation. The obtaifed (1) Some blank tests were performed for this reaction system:
shows the dependence of specific activity on all effects andwhen no enzyme was present no substrate transformation
interactions: was detected; when free enzyme was used in isooctane, in
the absence of the support, the observed enzyme activity
y=bo + b1x1 4 box2 + b3x3 + baxa + bsxs + b12x1x2 was negligible.

+ b13x1x3 + b1ax1x4 + b1sx1x5 4 boa3xox3 + boaxpxs

2 2.4. Protein determination
+ basxoxs + b3axsxs + b3sx3xs + basxaxs + b11x]

+ box3 + bazx§ + baax + bssxd (1) The amount of the immobilized remaining on the support,

) _ ) before and after the reaction and washing of the preparation
wherey is the theoretical response (the value predicted by vt the organic solvent, was determined by a modified Folin
the model) x; the factorsi(from 1 to 5 represents the factors) assay[22], using BSA as reference protein. Similar values,

and b; the coefficients determined by matrix calculation.  pefore and after the reaction, were obtained, indicating that
By applying this equation, two variables can be represented, significant desorption of the enzyme during the reaction

while keeping the other ones at a constant value, to obtainyrgcess occurs. Typical amounts of immobilized enzyme are,
the response surface. approximately, 15 mg enzyme/g of support.

2.5. Parameters under study
2. Materials and methods

The reaction parameters, whose influence on the enzy-

2.1. Enzyme preparation matic activity was studied, are temperature of the reaction,
o o ) buffer molarity, pH of the enzyme solution used in the im-
F. solani pisicutinase was produced byescherichia coli  mopbilization procedure, hexanol concentration and butyl ac-

WK-6, a kind gift from Corvas International (Ghent, Bel-  etate concentration. The corresponding values, at each level,
gium). The fermentation, extraction and purification were zre presented ifiable 1

carried out following a protocol developed in our laboratory
from the original procedure of Lauwereys et f0]. The 2.6. Supports
enzyme purity was controlled by electrophoresis and iso-

electric focusing. A single band was observed, correspond- NaY was obtained from Union Carbide. The reference
ing to a molecular weight of 22,000 Da and an isoelectric sypport, Accurel PA6 was obtained from AKZO (EP 700).

point of 7.9 was obtained. Further details concerning the composition, crystallite di-
mensions and porosity of these supports can be found else-
2.2. Immobilization procedure where[6].

The immobilization was accomplished, by adsorp-
tion/deposition on the supports: the enzyme solutions were '2ble 1 . .
. . Parameters studied on the planned design
prepared in sodium phosphate buffer and added to the sup-

ports (25mg of cutinase/g of support); the preparations Factor Level
were then vacuum dried after vortex mixif@). -2 -1 0 +1 +2

. . 1- Temperature°C) 20 275 35 42.5 50
2.3. Alcoholysis reaction 2- Buffer molarity (mM) 20 65 110 155 200

3- pH of the enzyme solution 7.2 8.1 9 9.9 10.8
The enzyme immobilizations were equilibrated in closed 4- Hexanol concentration 100 250 400 550 700
vessels with salt solutions at well-defined water activit (mM) .
. y 5- Butyl acetate concentration 100 450 800 1150 1500
(aw = 0.97) at 30°C, during 3 day$21] and used to catalyze (mM)
the alCOhOIy_‘Q’IS of bUtyI ace_tate Wlth_ hexanol, in I_SOOCtane' Some conditions were maintained constant: concentration of enzyme so-
The reactions were carried out in a batch stirred reac- ytion [E] = 0.25 mg/ml; 25 mg cutinase/g of support; water activigy =

tor (BSTR), at 30C, placed on an orbital stirrer operating 0.97.
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Table 2
Specific activities (U/mg of enzyme) of levels2/+2 (expansion of design)

21

Reaction Temperature Buffer molarity pH [Hexanol] [Butyl acetate] Specific activity Specific activity
(°C) (mM) (mM) (mM) of NaY (U/mg) of PA6 (U/mg)
1 20 110 9 400 800 4.0 12.6
2 50 110 9 400 800 9.2 23.7
3 35 20 9 400 800 6.8 7.2
4 35 200 9 400 800 8.5 13.0
5 35 110 7.2 400 800 10.7 19.0
6 35 110 10.8 400 800 7.5 14.3
7 35 110 9 100 800 3.0 12.2
8 35 110 9 700 800 10.8 19.9
9 35 110 9 400 100 1.6 9.6
10 35 110 9 400 1500 15.0 234
Table 3 This algorithm performs simple calculations with the ex-

Specific activities (U/mg of enzyme) of central point (replicates)

Central Specific activity Specific activity
point of NaY (U/mg) of PA6 (U/mg)
1 154 5.1
2 17.1 6.1
3 12.6 7.0
4 13.8 7.5
5 13.8 8.9
6 17.7 8.1
7 15.2 5.5
8 16.5 6.5
9 18.9
10 16.7
11 12.6

3. Results and discussion

The specific activity for each experimental condition is
presented imables 2—-4 The responses obtained were sub-
mitted to Yates’ algorithm in order to determine the effect
of each factor and the important interactions.

Table 4
Specific activities (U/mg of enzyme) of levelsl/+1

perimental activities obtained for different values of the pa-
rameters whose influence on the activity is under study. Tak-
ing the adequate experiments, the result of the calculation
may express the effect of the variation of each parameter
on the enzymatic activity; higher effect means stronger in-
fluence of the corresponding factor changes on the activ-
ity. In a similar way, it is possible to obtain the interactions
between factors, which will express the dependence of the
influence of a given parameter for different values of other
factors.

The effects of the variables and their interactions, for the
design with NaY zeolite preparations and with Accurel PA6
preparations, are shown frables 5 and Grespectively. The
most important factors and interactions are marked in bold.

The main effects are due to temperature, buffer molar-
ity and butyl acetate concentration. In case of NaY zeolite
preparations, the main interactions are the pairs temper-
ature/butyl acetate concentration, buffer molarity/hexanol
concentration and hexanol concentration/butyl acetate
concentration. In case of Accurel PA6 preparations, the
main interactions are the pairs temperature/butyl acetate

Reaction Temperature Buffer molarity pH [Hexanol] [Butyl acetate] Specific activity Specific activity
(°C) (mM) (mM) (mM) of NaY (U/mg) of PA6 (U/mg)
1 275 65 8.1 250 1150 17.4 8.0
2 42.5 65 8.1 250 450 14.1 6.3
3 275 155 8.1 250 450 8.5 9.6
4 42.5 155 8.1 250 1150 23.4 10.3
5 275 65 9.9 250 450 55 4.2
6 42.5 65 9.9 250 1150 18.4 6.3
7 275 155 9.9 250 1150 15.8 5.8
8 42.5 155 9.9 250 450 14.8 6.1
9 275 65 8.1 550 450 7.0 5.2
10 42.5 65 8.1 550 1150 14.7 125
11 275 155 8.1 550 1150 16.3 11.4
12 42.5 155 8.1 550 450 25.1 8.0
13 275 65 9.9 550 1150 10.2 6.9
14 42.5 65 9.9 550 450 15.6 4.6
15 275 155 9.9 550 450 10.2 3.3
16 42.5 155 9.9 550 1150 235 15.2
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Table 5
Main effects and interactions analysis of factorial design with NaY zeolite
preparations

Factor Effect (U/mg) Factor Interaction (U/mg)
Mean 15.0 1-2 2.54
1 49.6 1-3 0.09
2 16.9 1-4 1.92
3 22 1-5 4.70
4 0.29 2-3 0.45
5 219 2-4 6.1
2-5 0.05
3-4 0.39
3-5 0.29
4-5 9.1
Table 6

Main effects and interactions analysis of factorial design with Accurel
PA6 preparations

Factor Effect (U/mg) Factor Interaction (U/mg)
Mean 7.7 1-2 0.69
1 84 1-3 3.19
2 9.2 1-4 5.46
3 134 1-5 3.32
4 4.2 2-3 0.07
5 31.8 2-4 0.12
2-5 0.21
3-4 0.83
3-5 0.31
4-5 16.2

F.N. Serralha et al./Journal of Molecular Catalysis B: Enzymatic 27 (2004) 19-27

Table 7

Values of polynomial coefficients determined by adjustment
Coefficient NaY PA6

by (U/mg) 35.9 1.26

by (U/(mg°C)) —6.52x 1071 —-1.02

by (U/(mg mM)) .35 x 1071 —6.16 x 1072
bs (U/mg) —6.84 -17.8

bs (U/(mg mM)) —2.80x 1072 —5.71 x 1072
bs (U/(mg mM)) 2.43x 1072 —2.16 x 1072
b1 (U/mg°C?3)) 1.01 x 1072 —1.90 x 1073
bo2 (U/(mg mMR)) —6.34x 1074 8.37 x 10°°
bsz (U/mg) 2.37x 1071 6.70 x 1071
basa (U/(mg mMVR)) 9.16 x 1076 -9.14x 10°8
bss (U/mg mMVR)) 1.19 x 1078 2.76 x 1076
b1 (U/(mg°C mM)) 2.47 x 1073 7.93x 104
b3 (U/(mg°C)) 2.37 x 1072 8.52 x 1072
b4 (U/(mg°C mM)) 6.42 x 10~* 6.69 x 1074
b1s (U/(mg°C mM)) —-4.31x 104 2.23x 1074
bpa (U/(mg mM)) —8.64x 1073 2.12x 1073
bo4 (U/(mg mMVR)) 7.35x 10°° 1.65 x 107>
bas (U/(mg mMVR)) 7.05x 1076 9.32x 1076
bas4 (U/(mg mM)) 2.42x 1078 2.17 x 1078
bss (U/(mg mM)) 8.98x 104 5.68 x 1074
bas (U/(mg mMR)) —3.00x 10°° 2.47 x 107

up to a certain limit dependent on the structural stability of
the enzyme.

When cutinase was microencapsulated in AOT micelles,
and used to catalyze the same alcoholysis reaction, a sim-
ilar positive effect was observed in the activity, resulting
from a temperature increase up to°®&D[13]. The studies
performed with cutinase immobilized on NaY zeolite and

concentration, temperature/hexanol concentration and hex-Accurel PA6 to catalyze tricaprylin hydrolysis showed an

anol concentration/butyl acetate concentration.

The values of the model coefficients, determined by fitting
Eqg. (1)to the experimental enzymatic activities, are shown
in Table 7

3.1. Effect of buffer molarity and temperature

In the range of values that was studied (2026} the
response surfacesif. 1) show, in both cases, that an in-

optimum at 30C [5].

The activation energy was determined from the results
obtained at different temperatures, with constant values for
the other factors (medium point), through the application of
the Arrhenius’ law, and assuming that in the experimental
conditions the specific activity is proportional to the rate
constant. The values obtained are 5.07 and 5.09 kcal/mol,
respectively, for the NaY zeolite preparations and Accurel
PAG6 preparations.

crease in temperature clearly enhances the specific activity. These values are very similar, what reveals the weak in-

Usually the activity is improved by raising the temperature

fluence of the support in the enzymatic activity increase due

a
NaY PA6 10-12]
m25-30 310
O6-8
30 | 20-25 12 S
Specific 25 W L=< Specific 10
P 20 oi01s| T, 8 2%
(U/mg }(5) @510 Ug so|mo2
enzyme) 35 |®m0S5 enzyme) 35
0 o Temperature (°C)
20 oC 20 20
110 200 Temperature (°C) 110 200
Molarity (mM) Molarity (mM)

Fig. 1. Effect of buffer molarity and temperature on alcoholysis reaction using pH 9, [hexad@D mM and [butyl acetate} 800 mM.



F.N. Serralha et al./Journal of Molecular Catalysis B: Enzymatic 27 (2004) 19-27 23

to the temperature effect, at least in the range of experimen- The interaction between temperature and buffer molarity
tal conditions that was studied. These values are also closds not significant, as predicted by Yates’ algorithm.

to other values that have been determined for immobilized

enzymes on suppor{23] and microencapsulated enzymes 3.2. Effect of pH and temperature

in reversed micellef24].

The buffer molarity of the enzyme solution produces a  Despite the fact that the alcoholysis reaction occurs in the
strong influence on specific activity in both cases. The stud- non-aqueous phase, the pH value of the enzyme solution
ies with NaY zeolite preparations show an optimum between used in the preparation also influences the enzymatic activ-
110 and 150 mM, while the studies with Accurel PA6 prepa- ity; the pH values for the most interesting activities depend
rations show that an increase in buffer molarity proportion- on the exposed residues of the protein near the active site.
ally enhances the specific activity, in the range of studied As shown inFig. 2, the pH of the enzyme solution influ-
values. ences the specific activity of the NaY zeolite preparations to

The preparations with NaY zeolite and PA6 contain dif- a much lesser extent than the strong influence it has in the
ferent amounts of water, corresponding to the situation of case of Accurel PA6 preparations, as already predicted by
similar water activity imposed in all the immobilization the Yates’ algorithm. In this latter case, an increase of pH
experiments, and shall present different properties of the results in a decrease of specific activity, especially for low
water phase. This is a consequence of the different naturetemperatures.
of the support surface, namely the much more hydrophilic In both cases the best pH values are from 7.2 to 8, in
character in the case of the zeolite. Different water phasethe range of values under study, which are very close to the
features and adsorption properties of the support surfaceisoelectric point of cutinase, which is 7.9.
possibly induce different conformational states in the en- The minor effect for the NaY zeolite preparations can
zyme, thus affecting the resulting activity. In fact, the cuti- be explained by the fact that the zeolite presents a high
nase fluorescence emission spectra were previously used tédramework charge, compensated by the easily exchanged
detect different conformational enzyme states in a series ofcounter-ions located in the internal porous network, and
preparations, obtained as in the present study, using differ-therefore acts as a proton buffer. A similar result was ob-
ent zeolites and other reference supp¢its]. Significant tained with cutinase immobilized on zeolites used to cat-
conformational changes were observed, with important alyze tricaprylin hydrolysig5].
consequences on the enzymatic activities: native (for NaA In the case of cutinase microencapsulation in reversed
zeolite, NaY zeolite and alumina) or partially denaturated AOT micelles, an important effect of pH was observed, and
(PAB, NaZSM-5 (Si/Al= 19) zeolite) conformational states the best activity values, in the range under study, were also
have been observed for the active preparations; a strongobtained for pH 7-8, at the lowest water levels, and for pH
denaturation was observed in other cases (NaDY zeolite,11 at the highest water leve]$3].

NaZSM-5 (Si/Al= 40) zeolite and silica).

Changes in the salt concentrations of the aqueous buffer3.3. Effect of hexanol concentration and temperature
solution, probably induce different conformational alter-
ations in the enzyme adsorbed on the NaY zeolite or PA6. Hexanol concentration can play two roles concerning the
The increase of alcoholysis activity with increasing buffer effect on the cutinase activity: it has an obvious positive
molarity was also observed in studies with microencapsu- effect because hexanol is a substrate; nevertheless, it can
lated cutinasg13], where the effect of salts in the water also present an inhibitory effect, as previously repofg&d,
pool of AOT reversed micelles is of great importance and due to the formation of a dead-end complex. As evidenced
include an influence on reversed micelles radius and, con-in the proposed reaction mechanism for the alcoholysis of

sequently, on enzyme conformation. butyl acetate with hexan{®6], this complex is formed from
NaY @25-30 @ 10-12
W20-25 310
01520 068
25 010-15 O04-6
s.:c:ﬁc m5-10 H2-4
ct.
(Ulmg 50| ®O0-5 Bo-2
enzyme) 35
72 9 Temperature (°C} . Temperature (°C)
T % 108
pH

Fig. 2. Effect of pH and temperature on alcoholysis reaction using 110 mM carbonate buffer, [hex@®@mM and [butyl acetate} 800 mM.
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m25-30 012
NaY m20-25 PAG a8
01520 , ms-10
30 1 o6-8
i 10-1
Specific 95 - . Specific 10
Act. 29 w510 | O g & 04-6
(Umg 15 50 |m@0-5 U In';g 24
enzyme) 10
5 35 enzyme) o mo-2
0 Temperature (°C) 0

20

100
0 250400 550 700 Temperature (°C)

100250 400 550 799,
Hexanol (mM ) Hexanol (mM)

Fig. 3. Effect of hexanol concentration and temperature on alcoholysis reaction using 110 mM carbonate buffer, pH 9 and [buty 8Otand].

the reaction between hexanol and the enzyme, and is unable The increase of specific activity with increasing temper-

to participate in the reaction. ature is more pronounced for lower butyl acetate concen-
At low temperatures the increase of hexanol concentra- trations, when NaY zeolite preparations are used, and for

tion does not have much influence on specific activity, while higher butyl acetate concentrations, in the case of Accurel

at high temperatures an increase of hexanol concentrationPA6 preparationsHig. 4).

enhances the specific activitfFig. 3). This fact is more

significant for Accurel PA6 preparations. The observed en- 3.5. Effect of pH and buffer molarity of the enzyme solution

hancement of the hexanol concentration effect, for higher

temperatures, can be related to a possible inhibition of the The bestimmobilization conditions for NaY zeolite prepa-

dead-end complex formation. rations, in the range of values under study, are: buffer mo-
The cutinase in AOT reversed micelles system clearly larity between 110 and 155mM and pH from 7.2 to 8.1

showed an optimum value at the hexanol concentration of (Fig. 5), as previously observed. However, this interaction

490 mM. is not very significant, because the best values for one ef-
fect are independent of the other, inside the range covered

3.4. Effect of butyl acetate concentration and in this study for these parameters.

temperature For Accurel PA6 preparations, the increase of buffer mo-

larity and pH of the enzyme solution, in the range of studied
In both cases the butyl acetate concentration has a ma-alues, respectively, enhances an increase and decrease on
jor influence on specific activityHig. 4). This fact can be enzyme activity, as previously showed. This interaction is
explained by the reaction mechanism: in its first step the also not very significant.
catalytic serine of cutinase acts as a nucleophile to the car-
bonyl carbon of butyl acetate, forming a stable tetrahedral 3.6. Effect of pH of the enzyme solution and hexanol
intermediate. Therefore, increasing the ester concentrationconcentration
near the enzyme active site enhances the reaf@en This
result had also been observed in the cutinase AOT reversed For both support preparations, increasing hexanol con-

micelles systenfil3]. centration induces an increase of the specific activity, more
PA6 o12-16
NaY = 25-30 -
M 20-25
» m15-20 i
16 m0-4
Specific 25 a10-15 Specific 9
Act. 21(; 50 [m5-10 Act. 50
e 1 L o 35
enzyme) 5 enzyme) 4
0 0
100 800 20 100 20Temperature ("C)
1500 Temperature (C) 1500
Butyl Acetate Butyl Acetate
(mM) (mM)

Fig. 4. Effect of butyl acetate and temperature on alcoholysis reaction using 110 mM carbonate buffer, pH 9 and fes@daiM.
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0 15-20 M 10-12
010-15 Es-10
B5-10 068
| 0-5 O4-6
|24
200 H0-2
110
20 .
9 108 Molriy (mM) ' g Molarity (mM)

Fig. 5. Effect of pH and buffer molarity on alcoholysis reaction using [hexarciDO mM and [butyl acetate} 800 mM at 35C.

m10-12
NaY Ws-10
O6-8
J4-6
W24
Specific 15 mo-2
Act.
(U/mg
enzyme) 41
‘ 248
o)
100 72
400 700 100 400 ) 72
Hexanol (mM) Hexanol (mM) op

Fig. 6. Effect of pH and hexanol concentration on alcoholysis reaction using 110 mM carbonate and [butyl ace@ftejM at 35C.

significant for higher pH values, and stronger in the case of values that were studied, for both suppoRg( 7). This in-
Accurel PA6 preparationd=(g. 6). This stronger interaction  crease is more important for higher pH values, especially
in the case of PA6 shall be a consequence of the alreadyin the case of the PA6 preparation, in a similar behavior to
mentioned action of the zeolite as a proton buffer; the real that observed in the study of pH and hexanol concentration.
value of pH in the aqueous phase near the active site ofMoreover, specific activity slightly decreases with increas-
the enzyme adsorbed on the zeolite NaY should then not being pH value, in the entire range of butyl acetate concentra-
changed as extensively as in the case of PA6 preparation. tions, for both supports.

3.7. Effect of pH of the enzyme solution and butyl 3.8. Effect of hexanol and butyl acetate concentrations
acetate concentration
As predicted by Yates’ algorithnkig. 8 shows a strong
The increase of specific activity with increasing butyl ac- interaction between the concentrations of both substrates.
etate concentration takes place in the entire range of pHIn the case of the preparation with NaY, the induced

W20-25 012-16
NaY 01520 P45 0s-12
a10-15 m4-8
25 510 W04
Specific 20 Lo .
Act. 10.8 Specific 12 10.8
(Uimg Act.
enzyme) H (U/mg
P enzyme)
pH

72
800 4500
Butyl Acetate (mM)

100
800 ;500
Butyl Acetate (mM)

Fig. 7. Effect of pH and butyl acetate concentration on alcoholysis reaction using 110 mM carbonate and [keX&@ijM at 35C.
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@25-30 m20-25
m20-25 01520
o 15-20 o10-15
01016 m5-10
m510 m0-5
m05

Hexanol Hexanol
(mM) (mM)

Butyl acetate (mM) Butyl acetate (mM)

Fig. 8. Effect of hexanol and butyl acetate concentrations on alcoholysis reaction using 110 mM carbonate and pHC9 at 35

enhancement of the butyl acetate concentration in the en-torial methodology, requiring a limited number of experi-
zymatic activity, decreases as the hexanol concentrationments, when compared with classical methods.
increases; this might be a consequence of the hexanol Inthe case of NaY zeolite preparations, the main conclu-
inhibitory effect. The opposite behavior is observed for sions on the factors that influence the observed activity, and
the PA6 immobilization. Taking into account the low hy- on their interactions are:
drophilic character of PA6, and being the enzyme adsorbed
on the particle internal walls of its porous network and
not only on the external surface, as in the NaY support, . . o
. o e the maximum enzymatic activity occurs for values of

the hexanol partition between the vicinity of the adsorbed . )

A : buffer molarity between 110 and 150 mM;
enzyme active sites and the bulk organic phase shall be Iess. the largest values for the enzymatic activity were observed
favorable in PA6 relative to NaY. For the lowest hexanol g y y

. ; L for values of pH of the enzyme solution between 7.2 and
concentrations the reaction should then be strongly limited. o -
8, although the pH value has little influence on activity;

the hexanol concentration does not significantly influence
the specific activity.

o the temperature increase, in the range 20:5@&nhances
the specific activity of the supported cutinase;

3.9. Statistical analysis of the model °

The independent replicates at the medium point were o accurel PA6 preparations, the main conclusions on

perform(_ad on different days, along the p.eriod of time cor- the factors that influence the observed activity, and on their
responding to the complete set of experiments, so that thej,iaractions are:

estimated standard deviation reflects the variability of all
design. o the temperature increase enhances the specific activity;
The values of standard deviation obtained for NaY ze- e the enzymatic activity increases with increasing buffer
olite and Accurel PA6 designs were 2.1 and 1.3U/mg, molarity;
respectively. The lower variability associated with the PA6 ¢ the maximum enzymatic activity was observed for values
preparations is a consequence of the lower sensibility of 0f pH of the enzyme solution between 7.2 and 8, and
their enzymatic activities relative to the water amount; decreases rapidly for higher pH values;
slight differences in the water amount present in the final ® the increase of enzymatic activity with increasing hexanol
immobilization samples induce more significant changes on ~ concentration is more relevant at higher temperatures.
the activity of the NaY zeolite preparatiofy].
The correlation parameter is 0.936 for NaY zeolite prepa-
rations and 0.945 for Accurel PA6 preparations, thus ex- Acknowledgements
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