Available online at www.sciencedirect.com

science (@horneer

JOURNAL OF
MOLECULAR
CATALYSIS
B: ENZYMATIC

HVINO3 10N

T =
ELSEVIER Journal of Molecular Catalysis B: Enzymatic 32 (2004) 53-59

www.elsevier.com/locate/molcatb

Enantioselective acylation of R-2-pentanol in a solid/gas reactor catalysed
by lipase B fromCandida antarctica

Valérie Leonard, Sylvain Lamare, Marie-Dominique Legoy, Marianne Gtaber

Universig de la Rochelle, Laboratoire de Biotechnologies et Chimie Bio-organicule, $tiences et Technologiesitigient Marie Curie, Avenue Michel
Crépeau, 17042 La Rochelle, Cedex 1, France

Received 13 July 2004; received in revised form 16 September 2004; accepted 17 September 2004

Abstract

The feasibility of the enzymatic enantioselective acylation of R-2-pentanol in a solid/gas reactor was demonstrated and compared to the same
reaction carried out in liquid systems. This reaction was catalysed by lipase BJaoatida antarcticg CALB) through transesterification
of methyl propionate and R-2-pentanol. In the present study, we show that there is no effect of the organic solvent on the enanti@selectivity
of CALB for this reaction neither in the solid/gas system nor in organic liquid medium. The innovative idea of this work is the replacement
of the substrates and solvent concentrations by their thermodynamic activities in order to correct the differences of substrates solvation in the
different media studied and to control the level of availability of the different chemical species for the enzyme. Finally, we established that
the solid/gas bioreactor is a suitable tool to study the influence of organic components on the enantioselectivity of lipases because it permits
to control and adjust independently thermodynamic activities of substrates, on the one hand, and of an extra-added organic component on the
other hand.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction aged. As a consequence, the development of techniques of
enantioseparation have been developed and progressed over
Chiral drugs, agrochemical, food additives and fragrances the last two decad€gl]. An alternative for preparation of
represent classes of compounds with high economic and sci-optically active compounds is to proceed through biological
entific potential. The demand for enantiopure compounds is transformation, since stereoselectivity is often a characteris-
expected to dramatically increadd, the pharmaceutical in-  tic feature of enzymatic reactions and metabolic processes.
dustry being the main contributor and driving force of this Lipases (triacylglycerol ester hydrolases, E.C. 3.1.1.3.)
tendency. can accept substrates of wide structure (lipids, sugars, al-
Indeed, for racemic mixture when administered as a drug, cohols, acids, esters,.) and can catalyse enantio-, chemo-
very often, one of the enantiomer only is biologically active and regioselective reactions. Their ability to retain activity
while the other one might contribute to side-effects, display- and selectivity in non-conventional media has enabled their
ing toxicity, or acting as antagonif,3]. Therefore, require-  use as biocatalysts to dramatically expand in enantioselective
ments for chiral drugs are now very hard to fulfil since safety synthetic reactions.
and tolerability of both enantiomers has to be demonstrated Among the most used lipases for synthesis or resolution
before the development of racemic medicine can be envis-of racemates, lipase B fror@andida antarctica(CALB)
presents the advantage to display a relatively known cat-
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cohols[6,9-12] From knowledge of enzyme structure, the [27]. Results suggest that the larger the size of the solvent
origin of this enantioselectivity can be attributed to the phys- molecule, the higher the enantioselectivity and vice versa.
ical restriction of the active site, the existence of a stereospe- In conclusion, it appears that no general rule of the effect
cific pocket, the presence of a long and hydrophobic tun- of solvent on enantioselectivity of enzymes can be estab-
nel at the entrance of the active site and to specific bindingslished and that the effects of other parameters having an in-
stabilising the tetrahedral intermediaf@sl3]. From results fluence on enantioselectivity (temperature, type of substrates,
from literature, it appears that CALB has an enantioprefer- etc.) are linked together and may modify the effect of sol-
ence for R enantiomers of secondary alcohols \Eitlalues vents.

being strongly influenced by substrates structural character- In this paper, resolution of racemic 2-pentanol through
istics [14,15] Another way to change the selectivity of an transesterification catalysed by CALB both in liquid phase
enzyme-catalysed reaction is to change the reaction condi-and in the gas phase is reported. S-2-pentanol is a chiral inter-

tions, such as temperatuf&6] and reaction mediurfiL7]. mediate in the synthesis of several potential anti-Alzheimer’s
Substrate specificitfl8] and enantiopreferendé&7] of en- drugsthatinhibi-amyloid peptide release and/or its synthe-
zymes can be greatly affected, even reversed, by solvent ensis[28]. Enantioselective acylation of R-2-pentanol has been
gineering. successfully realised in the organic ph§2@]. The present
Several solvent characteristics have been shown to correstudy demonstrates the feasibility of such reaction in the gas
late with the enantiomeric ratié. The most studied are: phase and allows a comparison of th&alues obtained in

liquid and gaseous media.
Finally the advantages of the solid/gas technology as a
tool for studying the influence of the microenvironment on

- the solvent polarity, measured as BgvhereP is the par-
tition coefficient of the solvent between octanol and water;

- the solvent dipole moment and the solvent dielectric con- : . .
stant: enzyme enantioselectivity are explained.

! Indeed, this technology which permits to fix and control
- the size of the solvent molecule measured as the van der, X

Waals volume. mdepen_dently e_lll the thermodynamics paramett_ars of the en-

zyme microenvironment should lead to the possible rational-

For example, a correlation between the solvent’'s di- ization of the determining factors of enantioselectivity.
electric constant and the enantiomeric ratio was observed
by Fitzpatrick and Klibanov[19], when subtilisin was
used to resolveHf)-1-phenylethanol by transesterification 2. Experimental
with vinyl butyrate. Results suggest that enzyme’s enan-
tioselectivity decreases as the solvent’s dielectric constant2.1. Enzyme and chemicals
increases.

Sometimes, a change of solvent can lead to an inver- CHIRAZYME® L-2, Lyo (Type B lipase fronC. antarc-
sion of enzyme’s enantioselectivity. Such an example was tica lyophilised) was a gift from Roche Industry (Penzberg,
reported by Tawaki and Klibanofd7] for the Aspergillus Germany).
oryzaeprotease-catalysed transesterificatiorNedicetyl- All substrates were of the highest purity (99% minimum)
or p)-phenylalanine chloroethylesteN{Ac- (L or b)-Phe- and checked by gas chromatography before use. Chemicals
OEtCI] with 1-propanol. A similar reversal of enantioselec- were dried prior to use. Substrates and solvents were purified
tivity was observed fo€Candida cylindracedipase-catalysed  and stored under argon atmosphere and over molecular sieves.
esterification of{)-2-phenoxy propionic acid with 1-butanol (R,S)-pentan-2-ol propionate was synthesised from
according to Ueji et al[20]. Other authors observed no cor- pentan-2-ol and propionic acid in the presence of para toluene
relation whatever the parameters studied like Bovara et al. sulfonic acid (PTSA).

[21] for the resolution of £)-trans-sobrerol by transester-
ification with vinyl acetate catalysed by lipase PS or like 2.2. Chemical synthesis, general procedure
Secundo et al[22] for the resolutions of £)-sulcatol and

(£)-3-bromo-5-hydroxymethyl isoxazoline by transesterifi- Organic solvents were purified when necessary by meth-
cation with trifluoroethyl butanoate by lipase PS and porcine ods described by Perrin et §80] or purchased from Aldrich
pancreatic lipase. Chimie. All solutions were dried over anhydrous magnesium

As far as CALB is concerned, the general trends concern- sulfate and evaporated on di¢hi rotatory evaporator. All
ing variation ofE with log P is thatE decreases while increas- anhydrous reactions were performed in oven-dried glassware
ing logP [23-25] However, other studies observe complete under an atmosphere of argon.
lack of correlatior{26] or bell-shaped relatiorf40] between
these two parameters. In a more recent work, Ottosson et2.3. Adsorption of lipase onto a solid support
al. (2002) showed a good correlation between the van der
Waals volume of the solvent molecules and the enantiomeric  Enzyme adsorption was performed onto Chromosorb P
ratio in various solvents and in supercritical carbon dioxide AW DMCS (Acid Washed DiMethylChloroSilanized); mesh
for the resolution of 3-methyl-2-butanol catalysed by CALB 60-80 (Varian, France). In a typical adsorption procedure
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for solid—gas catalysis, 10 mg of enzyme was dissolved in trifugation and cooled prior to their analysis by gas chro-
3 ml sodium phosphate buffer; pH 7.5, 20mM, and 3g of matography.

dry Chromosorb P AW DMCS were added to the solution.

In a typical adsorption procedure for organic phase catalysis,2.6. Chromatographic assays

500 mg of enzyme was dissolved in 1.5 ml phosphate buffer,

pH 7.5, 20mM, and 1.5 g of dry Chromosorb P AW DMCS For the solid/gas system analyses, the vapour phase leav-
were added to the solution. After vigorous shaking, the prepa- ing the bioreactor was sampled using a 0.25mL loop on a
rations were left 1 week under vacuum and ovgd#at room six-way valve (Valco) maintained at 15C. Samples were

temperature. automatically injected in the split injector of a gas chro-
matograph (Hewlett Packard model 5890 A) equipped with
2.4. Experimental setup for solid—gas catalysis a flame ionization detector (FID) for detection of all prod-

ucts. The column used was a Chirasil-Dex CB composed of

The bioreactor used in this study has already been de-B-cyclodextrin (25 mx 0.25mm i.dx 0.25um film thick-
scribed in a previous publicatid@1]. The packed bed biore-  ness, Chrompack, France). The injector and the detector were
actor itself was composed of a 9cm long glass tube (6 mm kept at 220 and 250C, respectively. The column tempera-
0.d., 4mm i.d.) in which a known mass of the enzymatic ture was programmed to hold 15 min at%5then to increase
preparation was packed between two glass wool layers. Sub-at 3°C min~! from 55 to 85°C and to hold 5min at 85C.
strate or solvent feeding was done by passing dried nitrogen,Carrier gas was nitrogen and the flow rate in the column was
as carrier gas, through the substrate/solvent flasks. Substrates mL min—1. The split flow was 81 mL min. Hydrogen and
and solvent were continuously flown through the bioreactor, air were supplied to the FID at 50 and 324 mL miprespec-
reacting with the lipase. Thermodynamic activities of these tively. Quantitative data were obtained after integration on a
compounds in the reactor are defined as the ratio of their par-HP 3396A integrator.
tial pressure in gas entering the bioreactor to their saturation The external calibration of the two substrates (pentan-
pressure at the working temperature. The desired thermody-2-ol and methyl propionate) was carried out by program-
namic activities were obtained by adjusting the volumetric ming a range of their partial pressures in the bioreactor and
flows of the carrier gas in the different lines at appropriate by analysing with the gas chromatograph. For the products
values, according to the calculations explained previously (methanol and propionate of pentan-2-ol), an internal calibra-
[31]. Calculations were performed considering that the gas tion was carried out by using the pentan-2-ol and the methyl
was close to an ideal one. Then fugacity was not taken into propionate as internal standards.
account. The gas leaving the bioreactor was injected into  For accurate determination &fvalues the vapour phase
a gas chromatograph for analysis. Acquisition and control leaving the bioreactor was recondensed for a period of time
of parameters (volumetric flows, molar flows, substrate and depending on the molar flows applied, and were then partially
solvent thermodynamic activities, partial pressures, temper-evaporated in order to enhance 2-pentyl esters detection and
atures) were monitored on-line using an IBM personal com- quantification. Evaporation of samples was also performed
puter. forreactions carried outin liquid systemsifnecessary. Then, a

Atypical experimentwas run at 4&, with 5 mg ofimmo- large part of solvent (which have boiling points below 2Q3
bilised enzyme and the total flow passing through the reactorand unreacted methyl propionate (boiling point=782C9
was set at 1.3 mmol mirt. This flow as well as the quantity ~ were eliminated. Enrichment of product reaction then enables
of enzyme and thermodynamic activities of substrates were accurate measurement of the enantiomeric ratio considering
adjusted so that initial rates were measured. thatE is not affected because:

- The boiling point of propionate of pentan-2-ol is 1’10 so
its evaporation is negligible.

- Theinsignificant evaporation of ester of pentan-2-ol is sim-
ilar for the two enantiomers because enantiomers have, by
definition, the same boiling points. After this treatment the
samples could be analysed by the gas chromatograph.

2.5. Experimental setup for organic phase synthesis

Transesterification reactions run in organic media were
carried out using 1 mgmkt of immobilised enzyme so that
initial rates were measured.

Reaction mixtures were composed of the two substrates
(pentan-2-ol and methyl propionate) and a solvent. The quan-  For the analyses after reactions run in organic phase,
tities of substrates available for the enzyme were expressedanother gas chromatograph (Agilent model 6890 N Series)
in term of thermodynamic activities. These parameters were equipped with a FID was used. The column, the carrier gas,
obtained by using activity coefficients for each component, the flow rate in the column and the injector and detector’s
calculated from molar fractions thanks to the UNIFAC group temperatures were the same as the one described previously.
contribution method32]. The split flow was decreased to 20 mL minand hydrogen

The mixture was incubated at 46 for 50 minundermag-  and air were supplied to the FID at 35 and 350 mLdin
netic stirring and samples were taken at intervals. Samplesrespectively. The initial temperature (55) was maintained
were then treated in order to remove the biocatalyst by cen-15 min then programmed to increase &C3min—! to 85°C
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and finally held 1 min at this temperature. The initial pres- The enantiomeric ratio measured in the solid/gas re-
sure (60kPa) was maintained 14 min then programmed toactor in the sole presence of substrat8stan-2-oF 0.05
increase at 4 kPamit to 100 kPa and finally held 1 min at and amethyl propionate= 0.1) with nitrogen as carrier gas was
this pressure. Quantitative data were obtained after integra-equal to 176t 13. Measurement oE was performed in
tion on an Agilent 3396 Series Il integrator. Heptane was different organic liquid media, containing organic solvents
used as internal standard for the preliminary experiments, (1,4-dioxane, 2-methyl-2-butanol or hexane) at thermo-
i.e. the determination of initial rates conditions. dynamic activity equal to 0.31 and the two substrates

Elution peaks of R- and S-pentan-2-ol were identified on pentan-2-ol and methyl propionat@péntan-2-oF 0.04 and
GC chromatogram using pure commercial R- pentan-2-0l.  amethyi propionate= 0.68—0.8). Results obtained fd were

To identify the R enantiomer of sec-pentyl propionate equal to 176t 18 for 1,4-dioxane, 19& 12 for 2-methyl-
from the S enantiomer, two transesterification reactions us- 2-butanol, and 186 19 for hexane. The thermodynamic ac-
ing either 5uL R-pentan-2-ol or L racemic pentan-2-ol tivity of solvents was fixed to 0.31 in order to obtain the same
as alcohol substrate and gQ methyl propionate as acyl level of availability of added organic componentin liquid and
substrate were run in 3mL octane. The reaction was catal-in gas phase (see results below).
ysed with 20 mg Novozym during 20 min at a temperature It thus appears that the enantioselectivity of the lipase B
of 70°C. Samples were taken and analysed on GC as de-from C. antarcticafor the reaction studied is similar in or-
scribed above. The chromatograms obtained enabled retenganic liquid medium and in the solid/gas bioreactor in ab-
tion times for each enantiomers of sec-pentyl propionate to sence of water for both systems.
be determined. It also permitted to check that the lipase has

an enantiopreference for the R-enantiomer. 3.2. Influence of the type and the thermodynamic
activity of solvent on lipase enantioselectivity

2.7. Determination of the enantiomeric ratio E The resolution of pentan-2-ol catalysed By antarc-
) . . i . ticalipase B, was studied with addition of five different or-
The enantiomeric ratio was calculated using the equation ganic compounds in solid/gas bioreactor (2-methyl-2-butanol

from Wescott and KlibanofA8]: (2M2B), hexane, 1,4-dioxane, acetone, cyclopentane) and in
VR three organic solvents in liquid medium (2M2B, hexane, 1,4-
E = ﬁ dioxane). These components were chosen in order to cover:
[

- alarge range of hydrophobicity, measured asHpgs this
VR and Vi are the initial rates of R-pentan-2-ol propionate  parameter was shown to have an influence on enzyme enan-
and S-pentan-2-ol propionate synthesis, respectively. tioselectivity[10,23-25](Table 1);

Methyl propionate thermodynamic activity was fixed at - alarge range of size, measured as the van der Waals volume
0.1 in the solid/gas reactor in order to allow complete acy-  of the solvent molecules, since Ottosson et al. obtained a
lation of free enzym¢33]. This assumption was verified by  correlation between this parameter and CALB enantiose-
checking thaE obtained in gas @methyl propionatée 0.1 was lectivity [27] (Table 1.
equal toE obtained at higher values @ethyi propionateand

that acylation of the free enzyme was not a limiting step for ~ However, compared with these recent publications, the
the transesterification reaction. innovative idea in the present study is the replacement of

concentrations of substrates and solvent by their thermody-
namic activities. This method appears useful for correcting
solvation effects of the different components of the system.
Indeed, when a comparison of enzyme behaviour in differ-
ent solvents has to be made, the “availability of substrate
to the enzyme” cannot be quantified using its concentration
mainly because substrate solvation is modified as the reaction
f medium changeg36,37]

3. Results and discussion

3.1. Feasibility of enantioselective acylation of
R-2-pentanol in the solid-gas bioreactor

From a previous work kinetic results for the alcoholysis o
methylpropionate witm-propanol in a continuous solid/gas

. L . . Table 1
blor_eactor shov_vec_i that the_ |n|t|al_ reaction ra_tes _f|ttgd_ _weII logP and van der Waals volume of the solvents chosen
a Ping Pong Bi Bi mechanism with competitive inhibition T
Solvent logP Volume A°)

by the alcohol. Even if mechanism determination cannot

rest on kinetic data alone, these results strongly suggest that'®xane 5 109
the mechanism of lipase-catalysed alcoholysis remains un-o - oPentane 3 82
. p. .y Y 2-Methyl-2-butanol ®9 103+ 1P
changed when using lipase with gaseous substfafgs Acetone 023 60
In the present work we compared enantioselectivity of 1,4-Dioxane -11 80

lipase B fromC. antarcticain organic liquid medium and in a From Ottosson et al. (2002).
the solid/gas bioreactor. b Estimated from COSTALD characteristic volume.
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Table 2
Influence of the quantity of solvent on the enantiomeric ratio

Organic component Average calculated with the Standard deviation calculated Relative difference (in %) between tke

four E values given irFig. 2
for each organic component

with the fourE values given
in Fig. 2for each organic

values obtained at the four different
thermodynamic activities of the organic

component component
A. Acetone 187 5 3
B. Cyclopentane 197 17 9
C.2M2B 218 4 2
D. 1,4-Dioxane 194 13 7
E. Hexane 185 11 6

To take into account such corrections in liquid media, ac- molecule was similar to what was obtained in liquid sys-
tivity coefficients § values) of substrates are needed. In our tem.
study they are estimated by using the UNIFAC group contri-  Then, we did not find any real effect of the type of solvent
bution method32,38] When performing studies concerning on the enantioselectivity of the lipase B frgth antarctica
the effect of solvent on kinetic parameters of enzymes, with for the studied reaction.
correction for solvation of substrates, authors frequently call  Complementary studies in the solid/gas bioreactor were
UNIFAC predictions into question, as sources of inaccurate performed in the presence of higher thermodynamic activ-
y values, being the cause of differences in enzyme perfor-ities of solvents. Then, in the presence of 2M2B, hexane,
mance observed in various solvef@8—40] Deviations in 1,4-dioxane, acetone, or cyclopentaBe/alues were deter-
the UNIFAC calculations up to a factor of 2 have been re- mined for four thermodynamic activities of organic compo-
ported[39], rendering correction for solvation of substrates nents equalto0.3,0.5,0.6and 0.7. Results are shoRigi2
far from being straightforward. and summarized ifiable 2

Contrary to liquid systems, the gas phase reactor offers  On inspecting the values ifable 2it appears that the rel-
the possibility to control and adjust perfectly thermodynamic atives differences between the fauvalues for each organic
activities of reaction species, on the one hand, and of ancomponent, corresponding to four different thermodynamic
extra-added component on the other hand, by varying theactivities of the organic component, are still very low (around
partial pressure of each compound in the carrier gas. Prob-9%).
lems encountered in studies performed in liquid organic me-  As a result, this relatively low difference is consistent to
dia, to evaluate differences in solvation of the substrates, in affirm that the level of availability of solvent has no effect on
particular in determining activity coefficients, are therefore the enantioselectivity of CALB in the case of this particular
avoided. alcoholysis reaction.

Then,E was determined in presence of the different com-
ponents listed above at a constant thermodynamic activity

of 0.3, both in the solid/gas reactor and in liquid medium. o 2404
Results obtained are shown Big. 1 g 207

The average of the ninE values obtained in presence B 28
of the different organic components either in gas or in lig- g zég:
uid phase and in gas without any added component in the ~ § g4
gas phase, is equal to 18815. This corresponds to a rel- £ 180
ative difference between thE values obtained in all the g 1704
experiments of 8%. This value appears much lower than 160 4
relative differences obtained in other studies. For exam- 18 YT
ple, results reported by Ottosson et f7] showed that Q)@% e@?% G@'f a@"’c“ Qj\&% &c@b & & &
the average of the eigli values obtained in liquid phase ,,;@9’ 0+'z>° _0+'b° 5 é@\ “9‘3’ +,§“ & 5
in presence of the eight different organic components (de- T T \\E}DQ i - . ° @0&%

(@) A N

caline €=890), hexaneK=2810), cyclopentaneE=820),
1,4-dioxane E=580), tetrahydrofuranH=710), acetone
(E=650), dicholoromethandeE 580) and carbon disulfide
(E=600)) is equal to 705 122. This corresponds to a rela-
tive difference between the eighBtvalues obtained of 17%.
Moreover, in supercritical carbon dioxide without any addi- ) s e
tion of solvent molecules, a much lowEralue was obtained ~ (/-74molL™) for 2-methyl-2-butanol (2.06molL) (@penian-2-o~0.04

. i (0.16 molL=*) and amethylpropionate= 0.8) (7.67 mollC) for hexane
(E=330) by the same authors. Conversely in the solid/gas (1 g4 mol 1) (apenan-2-o=0.03 (0.17 mol LX) andametny propionate= 0.68
system theE value obtained in absence of non reacting (7.29 molL-1)) for 1,4-dioxane (3.26 moltl).

solvent (type of study)

Fig. 1. Influence of the type of solvent on the enantiomeric ratio for a ther-
modynamic activity of solvent equal to 0.3. For the reaction in the solid/gas
bioreactor @pentan-2-oF 0.05 andamethyi propionate= 0-1). For the reaction in
liquid medium @pentan-2-oF 0.04 (0.25 mol I:l) and amethyl propionate= 0.8
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Fig. 2. Influence of the quantity of solvent on the enantiomeric ratio. These experiments were made in the solid/gas baygagsioni 0.05 and
amethyl propionate= 0.1). Solvent studied: (A) acetone; (B) cyclopentane; (C) 2-methyl-2-butanol; (D) 1,4-dioxane; (E) hexane.

4. Conclusion alcohol moieties are thereby brought close in space during
catalysis, which could explain CALB’s sensitivity to the acyl

In conclusion, the feasibility of the enzymatic enantiose- chain length.
lective acylation of R-2-pentanol in a solid/gas reactor was  Because solvent molecules can be present in the active
demonstrated. Besides when an extra non reactant organisite and can modify bindings of bigger substrates, effect of
component was added in the solid/gas system, we did notsolvent availability orE values could be obtained with longer
find any real effect neither of the type of component nor of chain acyl donors.
the level of availability of it on the enantioselectivity of the li- Then, this work constitutes the starting point for a se-
pase B fronC. antarcticafor the alcoholysis reaction studied. ries of experiments performed in solid/gas catalysis, con-
Moreover, similarE values were obtained in gas and liquid cerning the effect of non reactant organic species on enan-
systems containing the same level of availability of added tioselectivity of lipases, since the solid/gas technology en-
organic component. ables an accurate thermodynamic approach for studying the

Further investigations are currently in progress with others effect of the microenvironment on enzymatic activity and
achiral acyl donors with longer acyl chains. Indeed, in arecent specificity. Besides the feasibility of enzymatic enantiose-
study Ottoson and Hult showed that the enantioselectiyity lective reaction in a solid/gas reactor was demonstrated and
of C. antarcticalipase B (CALB) was strongly influenced by  our results seem to indicate that the very fact that the Ii-
the chain length of the achiral acyl donor employed in the pase works in the gaseous phase does not modify its enan-
transesterification of 3-methyl-2-butajdll]. These authors  tioselectivity. This last point would allow to generalise re-
explained that CALB has a deep narrow active site into which sults obtained in solid/gas to other types of reaction me-
the substrate ester binds in a hairpin struci8}erhe acyland dia.



V. Leonard et al. / Journal of Molecular Catalysis B: Enzymatic 32 (2004) 53-59

59

Furthermore, solid/gas catalysis appears probably as theg19] P.A. Fitzpatrick, A.M. Klibanov, J. Am. Chem. Soc. 113 (1991)

most appropriate and the most complementary experimental

tool for validating molecular modelization experiments.
Molecular modelling experiments, taking the solvent

molecules into account, are envisaged and might give better
understanding of the experimental results. This could pro-

vide interesting informations about the positioning of solvent

molecules in the active site of the enzyme and about inter-

3166-3171.

[20] S. Ueji, R. Fujino, N. Okubo, T. Miyazawa, S. Kurita, M. Kitadani,
A. Muromatsu, Biotechnol. Lett. 14 (1992) 163-168.

[21] R. Bovara, G. Carrea, L. Ferrara, S. Riva, Tetrahedron Asymm. 2
(1991) 931-938.

[22] F. Secundo, S. Riva, G. Carrea, Tetrahedron Asymm. 3 (1992)
267-280.

[23] A. Ducret, M. Trani, R. Lortie, Enzyme Microb. Technol. 22 (1998)
212-216.

actions between these molecules and the amino-acids of th?24] R. Morrone, A. Nicolosi, M. Patti, M. Piattelli, Tetrahedron Asymm.

active site.
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