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Abstract

Aqueous solutions of crude extract of lipase fr@andida rugosgC-CRL) and of a semipurified material obtained by
treating C-CRL with propan-2-ol (PT-CRL) were used as a source of biomaterial for its adsorption onto the surface of layered
micro-crystals ofx-zirconium phosphate Zr(HPQ» and phosphonates such as Zf{gP0s)2, Zr(HPQy)(CsHsPO3) and
Zr(HOOCCHPG;)(HPQ,), which possess groups with different hydrophobic character anchored to the inorganic matrix.
Several biocomposites have been obtained by changing the temperature and the time of equilibration of the various supports
with the C-CRL and PT-CRL solutions. The biocomposites have shown different esterase activities and enantio-selectivities in
the hydrolysis op-nitrophenylacetategp(NPA), ethyl butyrate andif)-methyl-2-(4-chlorophenoxy) propionate as a function
of the nature of the support and of the time and temperature of equilibration. These results have been interpreted on the basis
of a selective adsorption of different isoforms of the enzyme. The biocomposites can be stored for more than 1 miénth at 4
and can be used for several cycles without a significant decrease in catalytic activity.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction cause itis simple, inexpensive and induces fewer mod-

ifications in the active conformation of the enzyme
The immobilization of enzymes on insoluble sup- [3,4].

ports is an interesting topic of research in enzyme Lipases are interesting enzymes because of their

technology, especially for industrial applicatidas?]. versatility in catalyzing hydrolysis and esterification

The supports employed and the methods of immobi- reactions with extremely simple processes, the supe-

lization used are chosen so as to ensure the highestior quality and high yields of the final produd&-7].

retention of enzyme activity, stability and durability. Therefore, research on lipase immobilization has in-

Among several immobilization techniques that can be creaseds].

used, adsorption seems to be the most suitable be- In a recent paper, we showed that layered zir-
conium phosphates and phosphonates are effective
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the micro-crystals which showed good catalytic ac- if used as supports for lipases. One advantage is
tivity towards the hydrolysis op-nitrophenylacetate  the possibility of functionalizing the layers with a
(p-NPA) [9]. It was also observed that the uptake large variety of organic groups (alkyl, aryl, carbox-
capacity of the supports, as well as the catalytic ac- ilic, aminoacidic, sulphophenyl,..) which changes
tivity of the biocomposites, were strongly affected the hydrophobic/hydrophilic character of the sur-
by the chemical characteristics of the surfaces of the face [16]. This allows different interactions with
micro-crystals. Based on those results, it seemed of amino-acid residues of proteins, which may lead
interest to explore the possibility of selectively immo- to the binding of isoenzymes with different surface
bilizing different isoforms of lipase by exploiting the characteristics.
different surface characteristics of layered zirconium  The present paper describes the selective immaobi-
phosphates and phosphonates. lization of isoforms ofC. rugosalipase via adsorption

Several lipase isoforms have been described in onto layered zirconium phosphate and onto various
many organisms. These isoenzymes may behave dif-zirconium phosphonates focusing on the experimental
ferently when catalyzing organic synthesis. In fact, parameters, like temperature and time of adsorption.
very slight differences in conformation (physical— The lipases used for the immobilization were ob-
chemical properties) can cause significant differences tained from the crude extract (C-CRL) and by treating
in the activity and stereospecificity towards different C-CRL with propan-2-ol (PT-CRL).
substrate$10,11] However, it may be extremely dif- The catalytic activity of the biocomposites ob-
ficult to separate these isoforms by using conventional tained was assayed in the hydrolysis reactions of
chromatographic techniques due to their structural p-nitrophenylacetate and ethyl butyrate.
similarities. The possibility of separating, or at least  The different biocomposites were also used to cat-
enriching, different isoforms by selective adsorption alyze the hydrolysis of £)-methyl-2-(4-chlorophe-
and immobilization on supports can be achieved by noxy) propionate in order to examine the effects
taking into account the nature of the enzyme—support of immobilization on the enantioselective ability of
interactions (ionic, hydrophobic, Van der Waals, etc.) CRL.
and the different rates and intensities of adsorption
obtained by varying the experimental conditions of
the uptake process such as equilibration time, pH, 2. Experimental
ionic strength and temperature of the equilibrating
solutions[12—-14] 2.1. General

Layered zirconium phosphates and phosphonates
are very insoluble, have good chemical, thermal and Lipase from C. rugosa(crude CRL E.C.1.1.13,
mechanical resistance and are easy to handle whentype VII) was purchased from Sigma Chemical
designing and preparing solids with various func- Co. Coomassie Brilliant Blue G-250 was purchased
tionalities. Different types of layered phosphates and from Bio-Rad. Ethyl butyrate,p-nitrophenol and
phosphonates are known and differ according to the raceme 2-(4-chlorophenoxy) propionic acid were ob-
structure of the layerfl5,16] The most investigated tained from Aldrich Chemical Co. Racemic methyl
ones are indicated with the Greek prefix alpha and 2-(4-chlorophenoxy) propionate was prepared as de-
have the general formula Zr(RBY, R being H, OH scribed in[17]. All the organic solvents were of
or a functional organic group. The layered structure reagent grade and used without further purification.
arises by the packing of lamellae, each constituted by 'H NMR spectra were recorded in CDCiolution
a plane of Zr(IV) atoms sandwiched between tetra- on a Bruker AC 200 MHz spectrometer. The enan-
hedral @QP—-R groups placed alternately above and tiomeric excesses (e.e.) of methyl ester3-6 3 were
below the metal plane. In many cases, compounds determined by*H NMR spectroscopy by using Eu-
can be obtained which have two different func- ropium tris[3-(heptafluoropropylhydroxymethylene)-
tional groups pointing towards the interlayer region (+)camphorate] as chiral shift reagent. The e.e. of
and a general formula Zr(RBRR_,(R'PO;s),-nS. acids (+)-R 2 were determined on corresponding
Therefore, these materials provide many advantagesmethyl esters obtained by treatment with 4D\,
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2.2. Preparation of the supports centrifuged at 3000 rpm for 10 min and the supernatant
separated from the solid.

Layered zirconium phosphates and phospho- The supernatants were collected and the protein
nates were prepared according to the method of the concentration determined according to Bradford’s
slow decomposition of zirconium fluoro-complexes method. The amount of bound protein was determined
in the presence of phosphoric and/or phosphonic indirectly by calculating the difference between the
acids [18]. Details of the synthesis, as well as the amount of protein introduced into the reaction mix-

physical-chemical properties, are reported9h ture and the amount of protein that remained in the
supernatants.
2.3. Preparation of C-CRL and PT-CRL solutions Residual free activity of the supernatant was mea-

sured as described above.
C-CRL solution was prepared as described in Activity loading (U/g support) was determined by

[9]. PT-CRL was prepared by treating C-CRL with subtracting the residual free activity (after immobi-
propan-2-ol according to the procedure reported in lization) from the original free lipase activity (before
[17]. immobilization).

2.7. Hydrolysis of £)-methyl-2-(4-chlorophenoxy)
propionate () in water in the presence of
free C-CRL

2.4. Protein assay of CRL solutions

The protein concentrations of the C-CRL and

PT-CRL solutions were measured using the Bradford In a typical experimentTable 5 entry 1), 12 ml of

method[19). C-CRL solution (55 U witlp-NPA assay) in phosphate
. buffer (20 mM, pH 7.2) were stirred for 15 min at room
2.5. Free CRL activity assay temperature and then added to substfai@14 mg,
1 mmol). The mixture was stirred and the pH was
In a typical experiment, one ml gfnitrophenyla-  maintained at 7.2 by automatic titration with NaOH

cetate solution (0.1 M in CkCN) or one ml of ethyl .2 M. When the hydrolysis reached 67% conversion,
butyrate ¢ = 0.8g/ml) was added to 10ml of phos- 3 saturated solution of NaCl (15 ml) was added to the
phate buffer (10mM, pH 7.2). An aliquot of C-CRL  reaction mixture. The pH was adjusted to 2 using HCI
or PT-CRL solution was added to the mixture thatwas gN and then the mixture was extracted with ethyl ether
maintained under vigorous stirring. As the hydrolysis (3 x 30 ml).

proceeded, acetic or butyric acid formed in solution  The combined ether extracts were treated with satu-
were continuously titrated with a 0.02M NaOH solu-  yated aqueous NaHG@3x 25 ml) and the layers were
tion by using the Autotitrator Mettler Toledo DL21. separated. The ether layer was dried with 8@, and

of enzyme required to liberatepdmol of acetic or (90% yield), e.e. 34%.

butyric acid per minute, under the assay conditions. The combined aqueous layers were acidified to pH
2, extracted with ether (8 30 ml), dried with NaSOy
2.6. CRL immobilization and concentrated in vacuo giving the acid){R 2:

114 mg (85% vyield), e.e. 17%.

Sixty milligrams of the chosen micro-crystals were
placed in contact with 4 ml of C-CRL solutior & 2.8. Hydrolysis of £)-methyl-2-(4-chlorophenoxy)
0.5 mg/ml) or PT-CRL solution (0.1 mg/ml)inasealed propionate {) in water in the presence of
vessel and stirred for 1.5 h (or 16 h) &t@ (or 22°C). free PT-CRL
The suspension was then centrifuged at 3000 rpm for
10min and the supernatant was separated from the In a typical experimentTable 6 entry 1), 12 ml of
solid. The solid with the immobilized enzyme was PT-CRL solution (250 U witlp-NPA assay) in phos-
washed with distilled water ( 2 ml), the suspension  phate buffer (20 mM, pH 7.2) were stirred for 15min
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at room temperature and then added to substtate In a separated experiment, we tested the super-
(214 mg, 1 mmol). The mixture was stirred and the natants for the presence of protein leaching from the
pH was maintained at 7.2 by automatic titration with support. The absence of the activity in the super-
NaOH 0.2 M. When the hydrolysis reached 45% con- natant and the negative Bradford’s test indicate that
version, the reaction mixture was worked up as de- the enzyme is not leached from the support.

scribed above and afforded-}-S 3: 106 mg (90%

yield), e.e. 67% and¥)-R 2: 76 mg (85% vyield), e.e.

83%. 3. Results and discussion

3.1. Immobilization of C-CRL on different
zirconium phosphates and phosphonates:
effect of the hydrophobic/hydrophilic
character of the support

2.9. Hydrolysis of £)-methyl-2-(4-chlorophenoxy)
propionate {) in water in the presence of
immobilized C-CRL or PT-CRL

In a typical experimentTable 5 entry 2), 180 mg

of bio-composite was added to 12ml of phosphate = We selected zirconium phosphates and phospho-
buffer (20 mM, pH 7.2) and stirred for 15 min at room nates that had different functional groups on the sur-
temperature. The mixture was then added to substrateface in order to evince their ability to recognize CRL
1(214 mg, 1 mmol), stirred and the pH was maintained isoenzymes and to preferentially take up the isoen-
at 7.2 by automatic titration with NaOH 0.2 M. When zymes that interact better with the surface groups of
the hydrolysis reached 33% conversion, the reaction a given support. The chemical nhame and acronym of
mixture was filtered. The biocatalyst was washed with the supports chosen, as well as their structural charac-

distilled water (2 2 ml) and ethyl ether(x 1 ml). The

reaction mixture was worked up as described above

and afforded €)-S 3: 128 mg (90% vyield), e.e. 24%
and (-)-R 2: 56 mg (85% yield), e.e. 48%.

2.10. Repeated hydrolysis of
(z)-methyl-2-(4-chlorophenoxy) propionat#) (n
water in the presence of PT-CRL immobilized on
a-ZrP-BP

The operational stability of the immobilized
PT-CRL was assayed using 240 mg of biocatalyst dis-
persed in 10 ml of phosphate buffer (10 mM, pH 7.2).
The suspension was added to substrat€214 mg,

1 mmol), stirred at room temperature and the pH was
maintained at 7.2 by automatic titration with NaOH
0.2 M. When the hydrolysis reached the conversion
shown in Table 7 the reaction mixture was cen-
trifuged at 3000 rpm for 10 min and the supernatant
separated from the solid. The immobilized enzyme
was then washed with distilled water 2 ml) and
ethyl ether (1x 1 ml), the suspension centrifuged at

teristics, are illustrated ifig. 1

According to the surface properties of the vari-
ous supports, different protein-support interactions can
be hypothesized. For example, when considering hy-
drophilic materials likea-ZrP and a-ZrP-CEP that
can transfer protons to basic centers, ionic interactions
may be established between the protein and the sup-
port. Hydrophobic interactions are also possible when
usinga-ZrP-BP but only hydrophobic interactions are
envisaged forn-ZrBP.

We decided to use two different substrates to mea-
sure the immobilized catalytic activity in order to ex-
ploit the possible selectivity of the supports towards
CRL isoforms. The selected test reactions were the
hydrolysis of carboxylic acid esters, such @dPA
and ethyl butyrate, which have different chain lengths
and different sizef20].

Table 1reports the amount of protein immobilized
on the different supports and the catalytic activity of
the biocomposites towards the two test reactions. It
can be seen that lipases, that are highly hydropho-
bic compared to of conventional proteins, show the

3000 rpm for 10 min and the supernatant separated maximum affinity for the supports that have the most

from the solid which was reused for the successive

hydrophobic groupsTable 1 entries 3 and 4). With

experiment. The supernatants containing the reactionregard to the catalytic activity, 48% of the esterase

mixture were collected and worked up as described
above.

activity (with p-NPA as substrate) was immobilized
ona-ZrBP, while 28% was adsorbed orieZrP-CEP
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R R’ X Support Acronym
OH OH 0 @-Zirconium phosphate a-ZrP
Ph OH 0.38 @-Zirconium phosphate benzenphosphonate Q.ZrP-BP
CH,CH,0H OH 0.30 ®-Zirconium phosphate carboxyethanphosphonate @-ZtP-CEP
Ph Ph 0 @-Zirconium benzenphosphonate a-ZsBP

Fig. 1. Schematic representation of the layered structure of ZrgRPER'POs), micro-crystals. (a) Sequence of the layers of the structure.
(b) View of the surface of one side of the layer. The table reports the chemical composition and the acronym of the investigated supports.

Table 1
Immobilization of C-CRL on different zirconium phosphates and phosphchates
Entry Support Immobilized protein (%) Immobilized activity (%¥
p-Nitrophenylacetate Ethyl butyrate
1 a-ZrP 42 14 42
2 a-ZrP-CEP 42 28 42
3 a-ZrP-BP 74 41 52
4 a-ZrBP 78 48 46

aProtein concentration 0.5mg/ml,°€, 16 h, pH 4.0.
b Calculated from the protein remaining in solution after immobilization (determined by Bradford method).
¢ Calculated from the activity remaining in solution after immobilization.
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and only 14% ontex-ZrP. These different percentages Table 3

of immobilized activity indicate that, among the CRL  Effect of temperature on C-CRL adsorption onteZrP-BF*
isoforms, those that recognipeNPA as substrate are  Entry  t(h) T (°C) Immobilized Immobilized
preferentially adsorbed ont@-ZrBP. In contrast, the protein (%) activity (%)
immobilized activity determined with ethyl butyrate 1 15 4 40 32

as substrate was very similar in all cases. We may con- 2 15 22 70 28

clude that the different isoforms have the same enzy-  aprotein concentration 0.5mg/ml, 1.5h, pH 4.0.

matic activity in the hydrolysis of ethyl butyrate and b Calculated from the protein remaining in solution after im-
therefore this reaction is not suitable for demonstrat- mogigzﬁ‘tiolnt(fijeﬁcefm"lﬁd byt_B_ftadfOVd method). tion after |
ing selective adsorption. However, the overall results _ _-&cuiated from the activity remaining in solution after im-
indicate that this Kind of immobilization allows bip. . MOPIZaoN (Getermined by hycrolysis pENPA).

composites to be obtained that have different catalytic

properties depending on the Support used. SUCCGSSively, proteins which |aCkp€NF’A aCtiVity or
that had minor affinity for thex-ZrP-BP surface also

bonded to the support.

3.2. Immobilization of C-CRL oa-ZrP-BP at

different equilibration times 3.3. Immobilization of C-CRL oa-ZrP-BP at
different temperatures
Among the various supports, we selectedrP-BP,

characterized by the presence of hydrophilic and hy-  1emperature is another parameter that must be con-
drophobic groups on the surface. The hydrolysis of yqjied during immobilization because it can influence
P-NPA was selected as the test reaction to study the he siability and conformational structure of proteins.
effect of the experimental conditions on the uptake of The temperature may influence adsorption driven by
protein and on the activity of the biocomposites. When hydrophobic interactions. At higher temperatures pro-

the immobilization of C-CRL onw-ZrP-BP was 0b-  (eins tend to expose their hydrophobic amino-acid

tained after equilibration for 1.5h at°€, the bound
protein was 40% of the total amount offered to the
support, while the immobilized activity was 32% (see
Table 2 entry 1).

By increasing the contact time between the protein
solution and the support to 16 h, the bound protein
reached 74% of total amount, while the immobilized
activity was similar to the previous value. The iso-
forms that recognize@-NPA as substrate were im-
mobilized very rapidly orx-ZrP-BP probably due to
their great affinity for the hydrophobic supp¢ii2].

Table 2
Effect of the immobilization time on C-CRL adsorption on
a-ZrP-BP?

Entry t (h) T (°C) Immobilized Immobilized
protein (% activity (%)°

1 15 4 40 32

2 16 4 74 41

aProtein concentration 0.5 mg/ml,°€, pH 4.0.

b Calculated from the protein remaining in solution after im-
mobilization (determined by Bradford method).

¢ Calculated from the activity remaining in solution after im-
mobilization (determined by hydrolysis @NPA).

residues on the surface. The hydrophobic interactions
with the support should increase resulting in a greater
adsorption capacity of the supp¢2ti].

As can be seen iffable 3 the protein loading on
a-ZrP-BP at 22C was higher than that observed at
4°C. In other respects, the esterase activity immo-
bilized at these different temperatures was about the
same. The affinity of isoforms with esterase activity
for the a-ZrP-BP surface seems to be independent of
the temperature at which the immobilization process
was carried out.

3.4. Effect of CRL purification on the immobilization
onto different zirconium phosphates and
phosphonates

Recently, we reported that C-CRL treated with sim-
ple aliphatic alcohols, such as propan-2-ol, produces
a biomaterial (PT-CRL) that has greatly modified
catalytic properties towards the hydrolysis of methyl
esters of 2-phenoxy-propionic aciig]. The expla-
nation given was that the enzyme present in these
lipolytic preparations changes its native conformation
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Table 4
Immobilization of PT-CRL on different zirconium phosphates and phosphdhates
Entry Support Immobilized Immobilized activity (%Y
i 0,

protein (%} p-Nitrophenylacetate Ethyl butyrate
1 a-ZrP 40 35 20
2 a-ZrP-CEP 30 26 7
3 a-ZrP-BP 46 17 17
4 a-ZrBP 49 11 25

aProtein concentration 0.1 mg/ml°€, 16 h, pH 4.0.
b Calculated from the protein remaining in solution after immobilization (determined by Bradford method).
¢ Calculated from the activity remaining in solution after immaobilization.

and assumes an open-form by moving the flap at 3.5. Effect of selective adsorption on different

the binding site. In particular, the flap at the binding zirconium phosphates and phosphonates on the

site moves and arranges itself in an open-form which stereoselective properties of CRL

determines the geometry of the active site, allow-

ing one substrate to be recognized more easily than The use of differently immobilized derivatives has

another. We therefore, decided to use PT-CRL bio- been shown to be a valid method for modulating the

material as the source of protein to be immobilized activity and selectivity of lipaseR2,23]

on different zirconium phosphates and phosphonates The catalytic behavior of CRL immobilized on dif-

and to study the effect of the treatment of C-CRL on ferent zirconium phosphates and phosphonates was

the affinity of the different isoforms for the supports compared with that of a free enzyme in the hydrolysis

and on the catalytic properties of the biocomposites of (+)-methyl-2-(4-chlorophenoxy) propionate-)-1

obtained. (seeFig. 2). This substrate was chosen because the
PT-CRL has a lower affinity for supports like acids obtained,«)-R 2 and ()-S2, are of great bio-

o-ZrBP and a-ZrP-BP, when compared to C-CRL logical interesf24].

(compareTable 4with Table 1, entries 3 and 4). Fur- The hydrolysis of £)-1, catalyzed by free C-CRL,

thermore, the loading of esterase activity (WithlPA was fast but the enantioselectivity was disappointing

as substrate) decreased as the hydrophobic charactefTable 5 entry 1). The immobilized C-CRL showed

of the support increased. In fact, 35% of the activ- similar reactivity and enantioselectivity towards)¢1

ity was adsorbed onta-ZrP, while only 11% were (Table 5 entries 2, 4, 6, and 8) and no significant dif-

immobilized ona-ZrBP. ferences in the enantioselectivity were observed when
On the basis of these results, we assume that thethe supernatant solution, recovered from the immobi-

treatment of the crude extract with propan-2-ol af- lization procedure, was used to catalyze the hydrolysis

fects the protein conformation, leading to a general (Table 5 entries 3, 5, 7, and 9).

decrease in the affinity of the isoforms for a given These results suggest that all C-CRL isoforms are

support. The PT-CRL immobilization on zirconium able to catalyze the hydrolysis af}-1 with low enan-

phosphates and phosphonates leads to biocompositesioselectivity, hence the selective adsorption onto zir-

with catalytic properties that are different from those conium phosphates and phosphonates does not change

obtained with C-CRL. the enantioselective properties.
A 5 Y |
OCH, CRL 5 OH %, OCHj
/©/; CHs rt, pH72 @gHs H * /©/ H CHs
Cl Cl Cl
(M1 (tR2 (-)-83

Fig. 2. Catalytic behavior of CRL.
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Table 5
Enantioselectivity of C-CRL immobilized on different zirconium phosphates and phosphonates in the hydrolysis of
(£)-methyl-2-(4-chlorophenoxy) propionaté)(in water

Entry Catalyst t (h) C (%)? ee. @ ee. B) EP
1 C-CRL free 0.7 67 17 34 2
2 C-CRLix-ZrP 15 33 48 24 4
3 Supernatant 0.5 54 31 36 3
4 C-CRL-ZrP-CEP 1.0 55 48 58 5
5 Supernatant 1.5 51 32 33 3
6 C-CRLk-ZrP-BP 2.0 53 46 52 4
7 Supernatant 1.5 52 38 41 3
8 C-CRLkx-ZrBP 5.0 44 32 25 2
9 Supernatant 3.0 59 27 39 3

aConversion of reaction.
b Enantioselectivity factof25].

On the other hand, PT-CRL is an efficient catalyst =~ The immobilized derivative prepared enzZrP-BP
in the hydrolysis of £)-1, which has been resolved showed the most significant results compared to the
with good eantioselectivityTable § entry 1). It has free PT-CRL {Table 6 entries 6 and 7). The enan-
been found that the enantioselectivity of PT-CRL can tioselectivity of the immobilized lipase increased from
be modulated by immobilization on zirconium phos- E = 22 to E = 42, while theE-value of free lipase
phates and phosphonates. T rP-CEP derivative present in the supernatant decreased to 9. This result
showed an enantioselectivity that was slightly higher could be explained considering the specific groups
than that of free PT-CRLTable § Entry 4), while a (hydrophilic/hydrophobic) present on the surface of
slight decrease in thE-value was observed when the «-ZrP-BP which selectively immobilize the CRL iso-
supernatant was useiaple § entry 5). forms that have the best enantioselectivity in the hy-

With «a-ZrP anda-ZrBP derivatives the enantiose- drolysis of &)-1, while leaving the isoforms that have
lectivity decreased when either the biocomposites or the worst enantioselectivity in the supernatant.

the supernatant solutions were us@dtle 6 entries Furthermore, the binding of protein and support
2,3,and 8, 9). seems to be strong because the enantioselectivity of
Table 6

Enantioselectivity of PT-CRL immobilized on different zirconium phosphates and phosphonates in the hydrolys)snutityl-2-(4-
chlorophenoxy) propionatel) in water

Entry Catalyst t (h) C (%)? ee. Q) e.e. B EP

1 PT-CRL free 1.3 45 83 67 22
2 PT-CRL&-ZrP 1.0 27 87 31 15

3 Supernatant 1.0 52 63 79 9
4 PT-CRL&-ZrP-CEP 1.0 48 82 76 24
5 Supernatant 1.5 54 64 76 10
6 PT-CRL&-ZrP-BP 2.0 51 85 90 42

7 Supernatant 0.6 55 62 75 9
8 PT-CRL&-ZrBP 3.0 27 80 29 11

9 Supernatant 1.5 51 71 74 13

aConversion of reaction.
b Enantioselectivity factof25].
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Table 7

Enantioselectivity of PT-CRL immobilized on-ZrP-BP in the
hydrolysis of ()-methyl-2-(4-chlorophenoxy) propionatd)(in
successive cycles

No. of t (h) C (%)? ee. Q) e.e. B) EP
cycle

1 2.0 51 85 90 42
2 2.5 50 84 86 37
3 3.0 51 84 88 35
4 4.0 52 82 89 30
5 4.5 47 85 75 27

aConversion of reaction.
b Enantioselectivity factof25].

immobilized PT-CRL is similar even after repeated
assaysTable 7.

Finally, Fig. 3reports the results of a set of exper-
iments designed to study the effect of treating CRL
with propan-2-ol during and after the immobilization
protocol.

G
1)

55

In the first experiment (a), the immobiliza-
tion of C-CRL on «-ZrP-BP was carried out in
water/propan-2-ol medium for 16 h at’@. The re-
sulting biocomposite was used in the hydrolysis of
(£)-1; anE-value of 9 was obtained.

In the second experiment (b), the immobilization of
C-CRL was carried out as previously described (water,
16 h, 4°C). The immobilized derivative was treated
with water/propan-2-ol at 4C for 6 h and then used
in the hydrolysis of £)-1. The enantioselectivity in-
creased from 4 to 9.

In the third experiment (c), after the adsorp-
tion of C-CRL ontoa-ZrP-BP for 16 h at 4C, the
derivative was used in the hydrolysis ot)-1 in
water/propan-2-ol medium. The reaction was very
slow but the enantioselectivity increasedBc= 9.

In all the experiments carried out, tlevalue sur-
passed that obtained with the C-CRL derivative im-
mobilized ona-ZrP-BP (E = 4), but the value never
reached that obtained with the immobilized PT-CRL

T

Propan-2-ol

C-CRLfree > PT-CRLfree

a) Support

+
Propan-2-ol
Support
S rt
<): PT-CRL *jmmab uppo
b) Propan-2-ol A 4

C-CRLimmob PT-CRLimmob

¢) Propan-2-ol

<

Fig. 3. The effect of propan-2-ol on the enantioselective properties of free and immobilized enzyme&®BP CRL in the hydrolysis

of (+)-methyl-2-(4-chlorophenoxy) propionaté)(
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(E = 42). These results suggest that the active pro-
tein is quickly immobilized on the support and then
undergoes a structural change due to the effect of
propan-2-ol with a consequent increase of enantiose-
lectivity.

One possible explanation for this behavior is that
the mechanism of immobilization involves the interac-
tion between functional groups present on the surface
of the support and functional groups from amino-acid
residues on the surface of the enzyme far from the ac-
tive site. In this way, the immobilized enzyme prob-

F. Bellezza et al./Journal of Molecular Catalysis B: Enzymatic 26 (2003) 47-56
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