2610 Biomacromolecules 2006, 7, 2610-2615

Glutaraldehyde Cross-Linking of Lipases Adsorbed on
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Lipases fromCandida rugosgCRL) and lipase isoforms A and B fro@andida antarctica CAL-A and CAL-

B) were adsorbed on aminated supports in the presence of detergents to have individual lipase molecules. Then,
one fraction was washed to eliminate the detergent, and both preparations were treated with glutaraldehyde. The
presence of detergent during the cross-linking of the lipases to the support permitted an increase in the recovered
activity (in some instances, even by a 10-fold factor). This activity was higher even than that exhibited by the just
adsorbed lipases, suggesting that it was not a result of some protective effect of the detergent in the enzyme
activity during glutaraldehyde chemical modification. Moreover, the enantioselectivity of the different enzyme
preparations was very different if the glutaraldehyde was offered in the presence or in the absence of detergent,
in some cases increasing tRevalue (even by a 7-fold factor in the case of CAL-A in the hydrolysis-bJ-2-
hydroxy-4-phenylbutyric acid ethyl ester), in other cases even inverting the enantio preference (e.g., in the case
of CRL). The irreversible chemical inhibition of the enzyme that was immobilized and cross-linked with
glutaraldehyde in the presence of detergents was more rapid than that in the other preparations (by more than a
10-fold factor). This experiment reveals an exposition degree of the active serine in the preparation cross-linked
with the support in the presence of detergent that is higher than that in the other preparations. The results suggested
that different enzyme structures were “stabilized” by the glutaraldehyde treatment if performed in the presence
or in the absence of detergent, and that, in the presence of detergent, a form of the lipase with the serine residue
more exposed to the medium and much more active could be obtained. This strategy seems to be of general use
to improve the lipase activity to be used in macroagueous media.

Introduction phobic surface that may reduce the accessibility for large and
hydrophilic compounds?

Lipases are very likely the most used enzymes in organic  Thus, the design of protocols that could permit the im-

chemistry, based on their broad specificity coupled with a high mobilization of lipases presenting the open conformation is an
enantio and regio selectivity” These enzymes present a exciting goal.

complex catalytic mechanism, called interfacial activation. Thus,
in homogeneous systems, the enzyme exists in equilibrium
between two forms: the closed conformation, where the active
center is secluded from the medium being inactive, and the open
form, where the active center is exposed to the reaction ; : .
N ) open forms of lipase®, we intend to develop strategies to
medium&11In the presence of hydrophobic surfaces (e.g., drops P P P g

L . stabilize this open form induced by the action of detergents. If
of nonmiscible substrates, hydrophobic surfaces), the open fo.rmthis is possible, lipases should keep high levels of activity, even

Yvhen the detergent has been eliminated. This idea was previ-
ously used by Mingarro and co-worke¥®, lyophilizing the

Detergents have been proposed as being activators of
lipases?>28 suggesting that they would be able to shift the lipase
conformational equilibrium toward the open form. Using as a
hypothesis that detergents may really be able to stabilize the

the active center, shifting the equilibrium toward the open form

and promoting the “interfacial activation of the enzyni&*16 : .
. . . : enzymes in the presence of detergents and achieving a hyper-
'-'Pases immobilized on porous supports gnd.used IN aqUEOUS,ctivated form of the lipase. Unfortunately, this methodology
media may not suffer this interfacial activation, exhibiting was only useful if the enzyme remained in organic media; if

actlv!tgl thatl c_orrespolr;jds to t_he opedos_e eql_J|I_|br|bum.dOnE_ water was added, the protein recovered its flexibility, and the
possible solution would be to increase this activity by adsorbing hyperactivation effect was lost.

the lipases on hydrophobic supports at low ionic strength. This H the treatment of i iously adsorbed
has permitted researchers to greatly increase the lipase activity ere we propose the treatment of pases, previously adsorbe

against medium-small hydrophobic substrdfesd® but the on aminated supports, with glutaraldehyde in the presence of
activity is not very high Using hydrophilic and/or very large detergents to produce immobilized lipases with a stabilized open

substrates because of the proximity of the very highly hydro- form. permitting the recovery of a higher activity. This
methodology has proved to be very effective for cross-linking
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Scheme 1. Stabilization of the Open Form of Lipases by Cross-Linking of the Enzymes with Aminated Supports in the Presence of

Detergent
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enzyme. In an ideal situation, if we are able to get a rigidification
of the tertiary structure of the lipase, this should reduce the
mobility of the lipase lid, maintaining the form that each

S J CQC

K

distilled water to eliminate the detergent. In some cases, detergent was
added to the preparation after immobilization.
Cross-linking of Immobilized Lipases by Glutaraldehyde.One

molecule of lipase presented during the immobilization (Scheme gram of the MANAE-lipase immobilized preparation was added to a

1).

This strategy has been utilized with different lipases: those
from Candida antarcticgisoforms A and B) (CAL-A and CAL-
B)31-34and fromCandida rugosdCRL).3537 CAL-A and CRL
present a large If#d-38and suffer interfacial activatio??:*°Both
lipases are able to give lipasépase aggregate/s.CAL-B has
a small lid3* but is still able to become adsorbed on hydrophobic
supports at low ionic strengti8.

Experimental Part

Materials. Lipases from CAL-B (Novozym 525L) and from CAL-A
(Novozym 868) were generously donated by Novo Nordisk (Denmark).
CRL, Glutaraldehyde, Triton X-100, methyl butyrafg,((+)-mandelic
acid methyl ester2), p-nitrophenyl propionate (pNPP) and diethpyl-

10 mL sodium phosphate buffer 5 mM solution of 0.5% (v/v)
glutaraldehyde at pH ¥. The mixture was shaken at 2& and 250
rpm for 90 min, washed with distilled water, and then stored &€ 4

Spectrophotometric Activity Assay. This assay was performed by
measuring the increase in absorbance at 348 nm produced by the release
of p-nitrophenol in the hydrolysis of 0.4 mM pNPP in 25 mM sodium
phosphate at pH 7 and Z%. To initialize the reaction, 0.1 mL of
lipase solution or suspension was added to 2.5 mL of substrate solution.
An international unit of pNPP activity was defined as the amount of
enzyme necessary to hydrolyze (mol of pNPP/min under the
conditions described above.

Enzymatic Hydrolysis of Esters.The activities of different lipase-
immobilized preparations on the hydrolysis reaction of different esters
were performed by adding 0.1 g of lipase preparation to 150 mL of 10
mM of substratel, 0.2 g of lipase preparation to 10 mL of 10 mM of
substrate?, 0.5 g of lipase preparation to 6 mL of 2 mM substraje

nitrophenyl phosphate (D-pNP) were obtained from Sigma.The enzymesand 0.5 g of lipase preparation to 10 mL of 10 mM substrateith

were purified using octyl-agarose adsorption at low ionic strength,
yielding just one protein bari.(%)-2-Hydroxy-4-phenylbutyric acid
ethyl ester 8) was generously donated by VITA INVEST SA
(Barcelona, Spain).4f)-Glycidyl butyrate 4) was kindly donated by
Dr. Terreni from the University of Pavia (Milan, Italy). Other reagents
and solvents used were of analytical or high-performance liquid
chromatography (HPLC) grade.

Methods. All experiments were performed at least in triplicate, and
the experimental error was never over 10%.

Immobilization of Lipases on MANAE —Agarose Support. Ten
grams of monoaminoethyNl-aminoethyl (MANAE)-agarose beath
was added to 100 mL of 5 mM sodium phosphate buffer lipase solution
at pH 7, containing 0.5% Triton X-100. The mixture was then shaken
at 4°C and 250 rpm for 4 h. After that, the supernatant was removed

by filtration, and the supported lipase was washed several times with ammonium phosphate buffer (70%) at pH 2.95 for substratesd 3,

5% CHCN (v/v) under mechanic stirring. All experiments were
performed in 25 mM sodium phosphate at pH 7 and®@5

It was determined that, in all cases, the concentrations of substrates
were in the first order region of the different enzymes and enzyme
preparations; therefore, the differences in activities directly reflected
differences inVimadKm.

During the reaction, the pH value was kept constant by automatic
titration, and the enzymatic activity (a micromoles of substrate hydro-
lyzed per minute per milligram of immobilized protein) was evaluated
from NaOH consumption using a pH-stat instrument. The degree of
hydrolysis was confirmed via reverse-phase HPLC (Spectra Physic SP
100 coupled with a UV detector Spectra Physic SP 8450) on a Kromasil
C18 (25x 0.4 cm) supplied by Analisis Vinicos (Spain). The elution
was isocratic with a mobile phase of acetonitrile (30%) and 10 mM
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= 300 1 Table 1. Enzymatic Activity of Different CAL-A Preparations?
; 250 substrates
:E 200 - CAL-A preparations 1 2 3 4
o
g 150 - MANAE—CAL-AGLUTA 60+5 140+10 180+ 15 80 + 10
-E MANAE CAL-A 125+ 10 160+ 20 1100+30 12045
3 1009 TRITON-GLUTA
© 50
B - - - -
0 0.01 0.1 1 Experiments were performed as described in the Methods section.

Activity is expressed in relative values, giving a value of 100 to the activity
[Triton X-100], (%) observed using the just adsorbed enzyme.

Figure 1. Effect of Triton X-100 on the activity of different prepara-

. ; . Table 2. Enantioselectivity of Different CAL-A Preparations?
tions of CAL-A. The substrate was pNPP. Experiments were carried

out as described in the Experimental Section. Squares: soluble substrates
enzyme, Triangles: agarose—MANAE-adsorbed CAL-A. CAL-A preparations 2 3 4
. L ) MANAE—CAL-A 12(S) 25(S) 27(S)
0,
and a mobile phase of acetonitrile (35%) and 10 mM ammonium MANAE—CAL-A GLUTA 32 (S) 25(5) 22(5)

phosphate buffer (65%) at pH 2.95 for substrdtend4 at a flow rate
of 1.5 mL /min. The elution was monitored by recording the absorbance
at 225 nm (substratesand4) or 254 nm (substrate? and 3). a Experiments were performed as described in the Methods section.
Determination of Enantiomeric Excess.At different conversion . . . . .
. ) : 3. preparation 1 is cross-linked with glutaraldehyde in the
degrees, the enantiomeric excess (ee) of the release acid was analyzed

% Tri -
by chiral reverse-phase HPLC.The column was a Chiracel OD-R, and presence O.f 1% Triton X-100 (V/\é)' d bed f h
the mobile phase was an isocratic mixture of 5% acetonitrile and 950%  F reparations 2 and 3 cannot be desorbed from the support

NaClO/HCIO4 0.5 M at pH 2.1 for substra2and an isocratic mixture by incubating in 500 mM sodium phosphate, Wh'.le preparation
of 20% acetonitrile and 80% NaCMBICIO; 0.5 M at pH 2.1 for 1 was almost fully desorbed under these conditions. Thus, the
substrates. The analyses were performed at a flow rate of 0.5 mL/min  €Stablishment of enzyme-support bonds may be probed.
by recording the absorbance at 225 nm. Table 1 shows that the treatment with glutaraldehyde of the
The ee of the remaining estdrwas determined by chiral phase ~adsorbed enzyme in the absence of detergent presented a
HPLC analysis. The column was a Chiracel OD, the mobile phase was different effect on the enzymatic activity for these enzyme
an isocratic mixture of 2-propanol and hexane (2:98 v/v) at a flow rate preparations, depending on the substrate. The activity slightly
of 0.4 mL/min, and UV detection was performed at 225 nm. decreased with substratésand4, while an opposite behavior
Calculation of E Values. E values were calculated as the ratio was observed with substrat@sand 3. That is, the treatment
between the percentage of hydrolyzed R and S isomers (from racemicwith glutaraldehyde did not promote a significant effect on the
mixture) at hydrolysis degrees around 15%. enzyme activity with the different substrates assayed.
Irreversible Inactivation of Immobilized Lipases in the Presence The treatment with glutaraldehyde of the adsorbed enzyme
of D-pNP. Different lipase-immobilized preparations (0.4 g) were in the presence of detergent permitted a significant increase in
suspended in 5 mL of 25 mM sodium phosphate buffer sol_ution atpH the enzyme activity, mainly with substra8¢by a 6-fold factor)
7 and 25°C. Then D-pNP was added up to a concentration of 1.45 anq more moderately with all other substrates (by a factor of
mM. .S_,amples of this suspension were withdrawn periodically, and their around 1.5), when compared with the lipase adsorbed and cross-
activities were checked using the p-NPP assay. linked with glutaraldehyde under standard conditions. In fact,
these new preparations presented higher activity than the enzyme

MANAE CAL-A TRITON-GLUTA  3.2(S) 15.0(S) 1.4(S)

Results just ionically adsorbed on the support in all cases (even by an
11-fold factor in the case where substradtes used).
Lipase from CAL-A. Purified CAL-A was adsorbed on Table 2 shows the enantioselectivity of the enzyme in the

MANAE —agarose, and the enzyme kept its activity against resolution of a racemic mixture of substrags, and4. In all
PNPP (activity recovery was over 90%) almost unaffected.  cases, the S isomer was preferred. Adsorbed CAL-A presented
Figure 1 shows that the activity of both free CAL-A and the a low enantioselectivity value with all the assayed substrates
lipase adsorbed on MANAEagarose became strongly increased (no higher than 3), and the treatment with glutaraldehyde did
by the addition of detergent during activity determination. The not promote a great effect in tikevalues, neither in the presence
increase in the enzyme activity was more significant in the case or in the absence of detergent (a slight increment for substrate
of the free enzyme, very likely because here there are two effects2 and a slight worsening for substrate An exception was the
working in a simultaneous way: the breaking of the lipase case of substrat8, where theE value of the enzyme cross-
lipase dimer&®d and the direct interactions between the linked in the presence of detergent increased up to a value of
detergent and the individual enzyme molecules. Using lipases15.
immobilized under dissociation conditions, only direct effects  To ensure that there were no effects of detergent molecules
of the detergents on individual lipase molecules may occur. retained in the immobilized preparations, preparation 2 was, in
Using our hypothesis that the positive effect of detergents some instances, incubated with 1% Triton X-100 and further
may be derived from a shifting of the equilibrium toward the washed with distilled water to eliminate the detergent, similar
open form, we compared the properties of three different to what was performed when producing preparation 3. The
immobilized preparations: results were identical to those observed with unstarted prepara-
1. the enzyme is adsorbed on MANAfagarose in the tion 2. That is, if the detergent was offered after the glutaral-
presence of detergent to ensure the adsorption of monomers ofiehyde cross-linking, no significant “permanent” effect was
the enzyme, then washed to eliminate the detergent; found, and the washing of the detergent permitted the recovery
2. preparation 1 is treated with glutaraldehyde to have a of a similar preparation.
multipoint covalent attachment between the enzyme and the Moreover, preparation 3 was used in 10 cycles without
support, in the absence of detergent; and detecting any alteration on the enzyme properties. Incub%iBQ/
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Table 3. Activity of Different CAL-B Preparations? Table 6. Enantioselectivity of Different CRL Preparations?
substrates substrates
CAL-B preparations 1 2 3 4 CRL preparations 2 3
MANAE—CAL-B GLUTA 67 £5 110 + 10 25+5 60 £ 5 MANAE—CRL- 15.0 (S) 7.0 (S)
MANAE CAL-B 185+10 700+10 150+10 180+5 MANAE—CRL GLUTA 1.0 23.0 (S)
TRITON—-GLUTA MANAE CRL TRITON—GLUTA 4.0 (R) 10.0 (R)
a Experiments were performed as described in the Methods section. a Experiments were performed as described in the Methods section.

Activity is expressed in relative values, giving a value of 100 to the activity

observed using the just adsorbed enzyme. :\o‘ 100
Table 4. Enantioselectivity of Different CAL-B Preparations > 75
substrates E
7]
CAL-B preparations 2 3 4 8 50
©
MANAE—-CAL-B 90(R) 34(R) 25(R) _g 25
MANAE—-CAL-B GLUTA 9.5(R) 29(R) 29(R) b
MANAE CAL-B TRITON-GLUTA 9.0(R) 3.1(R) 45(R) &’ 0 % . . . .
a Experiments were performed as described in the Methods section. 0 10 20 30 40
Time, (min)
o . 4
Table 5. Activity of Different CRL Preparations Figure 2. Inactivation of different CAL-A preparations by D-pNP at
substrates pH 7 and 25 °C. The experiments were carried out as described in

the Experimental Section. MANAE—CAL-A cross-linked in the pres-
ence of Triton (triangles), MANAE—CAL-A cross-linked in the absence
MANAE—CRL GLUTA 40+2 220+10 1543 of detergent (squares), and MANAE—CAL-A (diamond).

MANAE CRL TRITON-GLUTA 50+3 500+10 25+3

CRL preparations 1 2 3

a Experiments were performed as described in the Methods section. even in the absenc.e of detergent' 'nC_re.ases the enzyme activity
Activity is expressed in relative values, giving a value of 100 to the activity against substratg, increasing the activity by a 2-fold factor.
observed using the just adsorbed enzyme. The presence of detergent during the glutaraldehyde treatment

) o of the adsorbed enzymes reduced the negative effects in
of this preparation in the absence of detergent by 1 week at 255 hstrateq and3 and increased the activity by a 5-fold factor
°C did not affect the enzyme performance. in the case of substra@(Table 5).

Lipase from CAL-B. The same immobilized preparations  The studies on thE values offered surprising results (Table
described above were prepared using CAL-B. Again, covalent 6). Adsorbed CRL preferred the S isomer of substratesd
immobilization in preparations 2 and 3 was probed by incubation 3 \ith E values of 15 and 7, respectively. The treatment with
at high buffer concentrations. In this case, the treatment with g|ytaraldehyde in the absence of detergent annulled the enan-
glutaraldehyde in the absence of detergent produced a significantjpselectivity of the enzyme toward substrae whereas it
decrease in the enzyme activity against all substrates excep%ignificantly increased thE value using substrate (reaching
for substrate2 (Table 3). a value higher than 20). The presence of Triton during the

However, if the treatment with glutaraldehyde was performed glutaraldehyde cross-linking produced the inversion of the
in the presence of Triton X-100, in all cases, more activity was preferred isomer, giving aB value of 4 for substratg and 10
recovered, even more than when using the just adsorbedfor substrate3, but toward the R isomer.
enzymes. For substraf this increment was 7-fold, whereas,  again, preparation 2 was incubated in the presence of Triton
for the other substrates, this increase was less than 2-fold.  and washed with water. This treatment did not have any effect

Regarding theE value (Table 4), all preparations presented on the enzyme properties.
similar values, preferring the R isomer, with &value of Moreover, preparation 3 was used in eight cycles without
around 9 for substrat2 and 3 for substrat8. In the case of  detecting any alteration of the enzyme properties. Incubation
substrated, a slight increment in th& value from 2.5t0 4.5 of this preparation in the absence of detergent for 1 week at 4
could be found if the glutaraldehyde treatment was performed °c did not affect the enzyme performance.
in the presence of detergent. Irreversible Inhibition of Different Preparations of CAL-A

Again preparation 2 was incubated with detergent and then py D-pNP. Irreversible serinehydrolase inhibitors inactivate
washed. We did not find any effect of the detergent in the the enzyme by direct reaction with the reactive serine; that way,
enzyme properties. the inhibition rate of lipases by this kind of compound is a direct

Moreover, preparation 3 was used in 15 cycles without consequence of the exposition of the serine. If the lipase is in
detecting any alteration on the enzyme properties. Incubationan open form, the inhibition should proceed in a more rapid
of this preparation in the absence of detergent for 20 days at 4fashion. The three different preparations of the three different
°C did not affect the enzyme performance. enzymes were incubated in the presence of an excess of D-pNP.

Lipase from CRL. We prepared the same three different In all cases, inhibition of the lipase cross-linked in the presence
immobilized preparations. Covalent immobilization in prepara- Of detergent was more rapid than the inhibition of the other
tions 2 and 3 was checked by incubation of the immobilized two immobilized preparations.
preparations at high buffer concentrations. The treatment with  Figure 2 shows the case of the CAL-A: the enzyme treated
glutaraldehyde in the absence of detergents presented a morevith glutaraldehyde in the presence of detergent was fully
negative effect when compared to the other lipases studied,inactivated in less than 5 min, while the other two preparations
reducing the activity up to 40% for substrdtend up to 15% maintained around 26830% of the activity after 30 min. That
for substrate8 (Table 5). However, the glutaraldehyde treatment, is, lipases adsorbed on aminated supports and treated CVB@
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glutaraldehyde in the presence of detergents presented a much (2) Schimd, R. D.; Verger, RAngew. Chem., Int. Ed. Engl998 37,

higher exposition of the reactive serine residue to the medium.

Discussion

Detergents are able to increase the activity of free and
immobilized lipases?>~28 Detergents are suggested to be able
to shift the open/close equilibrium of lipases toward the open
conformation, by coating the hydrophobic areas of the lipases
that surround the active center of the enzyme. This coating
would reduce the negative interactions between this large and
highly hydrophobic pocket and the environment.

It has been found that the glutaraldehyde cross-linking of the
lipases with aminated supports in the presence of detergents
permits a significant increase in the activity of the lipases (even
by more than a 10-fold factor) in homogeneous aqueous medium
and also alters or even reverses its enantioselectivity, compared

1609.

(3) Murakami, M.; Kamaya, H.; Kanebo, C.; Sato, Metrahedron:
Asymmetn2003 14, 201.

(4) Wong, C.-H.; Whitesides, G. MEnzymes in Synthetic Organic
Chemistry Pergamon Press: Oxford, 1994.

(5) De Gonzalo, G.; Brieva, R.;"8ahez, V. M.; Bayod, M.; Gotor, V.
Tetrahedron: Asymmetrg003 14, 1725.

(6) Faber, KBiotransformations in Organic Chemistr@pringer: Berlin,
2004; p 92.

(7) Solares, F. L.; Diaz, M.; Brieva, R.; Sanchez, V.; Bayod, M.; Gotor,
V. Tetrahedron: Asymmetrg002 13, 2577.

(8) Nobel, M. E. M.; Cleasby, A.; Johnson L. N.; Egmond, M. R.;
Frenken, L. G. JFEBS Lett.1993 331, 1265.

(9) Derewenda, Z. S.; Derewenda, IJ.Mol. Biol. 1992 227, 818.

(10) Van Tilbeurgh, H.; Egloff, M. P.; Martinez, C.; Rugani, N.; Verger,
R.; Cambillau, CNature (London)1993 362, 814.

(11) Lowrier, A.; Drtina, G. J. J.; Klibanov, A. MBiotechnol. Bioeng.
1996 50, 1.

(12) Sarda, L.; Desnuelle, Biochim. Biophys. Actd958 30, 513.

with both adsorbed or adsorbed and cross-linked in the absence (13) Brady, L.; Brzozowski, A. M.; Derewenda, Z. S.; Dodson, E.; Dodson,

of detergent immobilized preparations. This effect is only
significant if the detergent is presented in the moment of the
cross-linking: the adsorption on aminated supports is performed
in the presence of detergent to avoid lipase dimM&rs.
Moreover, incubation in the presence of detergent of the
adsorbed enzymes previously treated with glutaraldehyde did
not have a significant effect.

The fact that irreversible inhibition with D-pNP was much
more rapid on the enzymes treated with glutaraldehyde in the

G.; Tolley, S.; Turkenburg, P.; Christiansen, L.; Huge-Jensen, B.;
Norskov, L.; Thim, L.; Menge, UNature (London)199Q 343 767.

(14) Brzozowski, A. M.; Derewenda.; Derewenda, Z. S.; Dodson, G. G.;
Lawson, D. M.; Turkenburg, J. P.; Bjorkling, P.; Huge-Jensen, B.;
Patkar, S. A.; Thim, LNature 1991, 351, 491.

(15) Derewenda, U.; Brzozowski, A. M.; Lawson, D. M.; Derewenda, Z.
S. Biochemistry1992 31, 1532.

(16) Miled, N.; Beisson, F.; de Caro, J.; Arondel, V.; VergerJRMol.
Catal. B: Enzymati2001, 11, 165.

(17) Ampon, K.; Basri, M.; Salleh, A. B.; Wan Yunus, W. M. Z.; Razak
C. N. A. Biocatalysis1994 10, 341.

presence of detergents suggested that the reactive serine residugig) erzel, P.; Mersmann, Al. Chromatogr.1992 584, 109.

was more exposed to the medium in this case than it was in the
other two immobilized preparations.

Thus, our results suggest that the glutaraldehyde enzyme-
support cross-link, reported to be able to produce an intense
enzyme-support reaction that leads to a great increase in the
enzyme stability® may be able to keep the conformational
changes induced by the detergent and permit the production of
enzyme molecules with higher activity and, in some cases, very
different enantioselectivity. The changes induced by the presence
of the detergent seem to present a slightly different shape of
the active center of the lipases, yielding an enzyme form with
an increased activity and altered selectivity (in a similar way
to the altered specificity obtained by immobilizing lipases using
different strategies}®

Mingarro et al. found an interfacial activation-based molecular
bioimprinting of lipase while lyophilizing lipases in the presence
of amphiphile€®® The lack of a covalent stabilization of these
“open” structures made certain that the hyperactivated forms
achieved only remained in anhydrous media, where enzyme
flexibility was low. Incubation in an agueous medium promotes
the loss of this “hyperactivated” form. Our cross-linking strategy
permits one to keep these hyperactivated forms of lipases, even
in agueous media, for long time periods. On the other hand,
the alteration of the lipase properties by the presence of
detergents (altering both activity and enantioselectivity) has been
recently published?#4
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