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Stability studies of a recombinant
cutinase immobilized to dextran and
derivatized silica supports
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Recombinant cutinase froffusarium solani pisivas covalently attached to dextran and two derivatized silica
supports, Biosil-NH and Biosil-Dextran-NH. Kinetic parameters were determined for all three systems as well

as for soluble cutinase. Long-term stability in aqueous media was studied; dextran may have a stabilizing role
not only due to the covalent links involved but also in the same way as other polyhydroxides in aqueous media.
Differential scanning calorimetry analysis suggests an enhancement of conformational stability of the immobi-
lized forms. © 1998 Elsevier Science Inc.
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Introduction and/or other compounds,and perhaps the method of
immobilization>®
The immobilized enzyme used is a recombinant cutinase
m Fusarium solani pisi This biocatalyst presents many
interesting applications both in predominantly aqueous or
organic media for hydrolytic and esterification or transes-
terification reactions, respectively, due to the fact that it
does not possess the “lid” dom&it? typical to lipases and,
hence, does not require a water-oil interfacial activation. In
fact, this enzyme has been immobilized on solid suppbrts
as well as in reversed micelfés4with interesting results
concerning applications to organic media biocatalysis. Con-
rEidering the stabilizing effects of covalent coupling and
polyhydroxyl compounds, the present work serves as a
preliminary study toward the selection of a stable covalently
attached enzyme system for future agueous and organic
media applications.

Differential scanning calorimetry has proven to be a very
biseful tool for the analysis of conformational stability of
proteins not only in solutiol? but also in more complex
systems such as adsorbed protéf¥,in the presence of
added polymers and carbohydratés? and in organic
solventst®2921This technique provides useful information
_ ~ on the thermal stability of a protein, and in this work it was
Address reprint requests to Dr. A. M. Goncalves, Centro de Engenharia seq to measure the effects of the immobilization upon
Biol e Quimica, Instituto Superior Tecnio, Av. Rovisco Pais, 1096 Lisboa . . .

Cedex, Portugal cutinase in terms of greater or lesser imposed conforma-
Received 29 January 1998; revised 1 June 1998; accepted 24 June 1998tional rigidity.

One of the major issues in protein immobilization is
maintaining or eventually enhancing the structural stability fro
and thermostability of the catalytic macromolecule in view
of long-term application$ When enzymes are involved, the
biocatalytic behavior may indicate the efficiency of the
immobilization procedure and reflect the delicate balance
between the acquired conformational stability and the re-
sulting microenvironment created around the biocatélyst.
Immobilization of biocatalysts through covalent multipoint
attachment has been demonstrated to induce higher resis
tance to temperature, denaturants, and organic solvents i
several case’.’ Although there is a straightforward relation
between the number of enzyme-support covalent links and
its stability># the protective effect of covalent immobiliza-
tion may not be due exclusively to this characteristic and
may depend on other conditions of the system, i.e., geo-
metrical congruence between the enzyme surface and tha
of the supporf the surface charge of the supp®rthe
nature of the solvent involved, the presence of cosolvents
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Table 1 Characteristics of immobilized cutinase

Bound protein Immobilization Activity Specific activity Activity g~ support
Support (mg g~ support) yield (%) retention (%) (U mg " protein) (U g~ " support)
Biosil-NH, 2.4 6.1 85 1.3 3.1
Biosil-Dextran-NH, 2.5 6.2 82 1.6 3.9

Materials and methods

Materials

Recombinant cutinase (MW 22,000) from the furfgiisarium
solani pisi cloned inEscherichia coliwas produced and purified
at the Centro de Engenharia Bigioa e Qumica (I.S.T., Lisboa,
Portugal). Dextran-CHO 40% (MW 70,000), Biosil-NHand
Biosil-Dextran-NH, were prepared and chemically trest@dt the
Polymer Materials Research Laboratory, University of Ghent
(Ghent, Belgium). The substrat@-nitrophenyl-palmitate, was
purchased from Sigma (St. Louis, MO). Acetonitrile (99.8%
purity) was obtained from Merck (Dormstadt, Germany). All other
chemicals used were reagent grade.

Methods

Immobilization of cutinase on Biosil-NH, and Biosil-Dextran-
NH, supports. Either support (1 g) was treated with 10 ml of 5%
(w/v) glutaraldehyde solution in 0x sodium phosphate buffer pH
7.0 for 5 min. Both supports were thoroughly rinsed with distilled
water afterwards. Cutinase solution (10 ml; 4 mg Mlin 50 mu
Tris-HCI pH 8.0 was added to the activated support. Immobiliza-
tion was performed at room temperature during 18 h in an orbital
shaker (-~80 rpm). After this time the material was filtered and
rinsed twice with 5 ml of 50 m Tris-HCI pH 8.0, and finally with
distilled water. All supernatants and washing solutions were kept
for protein determinations. The supports with immobilized cuti-

Activity assay. Enzyme activity was determined by the hydrolysis
of p-nitrophenyl-palmitate (obNPP). Each assay (adagfetf)con-
sisted of 4.9 ml of 50 m Tris-HCI pH 8.0 (4.7 ml in the case of
soluble cutinase), and a previously weighed amount of immobi-
lized enzyme (or 0.2 ml of enzyme solution). The assay was
initiated by the addition of 10Q.l of substrate solution (2.65 m

in acetonitrile; final concentration in assay is 58) and
performed at 30°C for 5 min. The activity was calculated
by measuring spectrophotometrically at 400 nm the release of
p-nitrophenol €,, = 16,630m* cm™1). An activity unit (U) is
defined as the quantity of enzyme that catalyzes the formation of
1 wmol of p-nitrophenol min™.

Activity retention. The activity retention was calculated as the
ratio between the specific activity of the immobilized catalyst
(after determining the amount of protein present) and the differ-
ence between the specific activity of the enzyme solution before
immobilization and the specific activity of the supernatant solution
after immobilization.

Stability studies of soluble cutinase aqueous mediaA stock
solution of cutinase (2Q.g mI~) in 50 mv Tris-HCI pH 8.0 was
stored at 4°C without agitation. An aliquot of 20@l was
withdrawn at predetermined incubation intervals, and enzymatic
activity was determined. A cutinase-dextran conjugate stock solu-
tion [2 mg mI~* (0.267 mg cutinase mf)] in 50 mm Tris-HCI pH

8.0, was stored in the same conditions as the above. The same

nase were snap frozen and lyophilized, and posteriously stored involume aliquots were taken at the same intervals for enzymatic

dry recipients at-20°C. Karl-Fischer titrations were done with a
Mettler DL18 Karl Fischer Titrator and the titrating reagent
(Hydranal Composite 5) was from Riedel de Haen (Spelze,
Germany).

Coupling of dextran-CHO to cutinase. Dextran-CHO (500 mg)
were weighed out and dissolved in 10 ml of 5@triris-HCI pH

8.0. To this solution were added 4 mg cutinase. The mixture
reacted fo 4 h with gentle agitation. Uncoupled cutinase was
separated from the mixture by gel filtration chromatography. The
separation was performed on a column (85 x%ni.5 cm) packed
with Sephadex G-50 (Pharmacia), elution was done with 50 m
Tris-HCI pH 8.0 at a flow rate of 0.5 ml min*. Four fractions
were collected and the protein content was determined by the
Lowry method?® The fractions containing enzyme-dextran conju-
gate were lyophilized.

Table 2 Physical and chemical properties of Biosil-NH, and
Biosil-Dextran-NH,%¢

Support Biosil-NH, Biosil-Dextran-NH,
NH, content (umol g~ ") 215 32

% water sorption 69.3 56.2
Particle size (um) 200-1,000 200-1,000
Porosity (%) 59.1 57.0

Pore size (nm) 19.4 19.1
Surface area (m2 g~ ") 85 90
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activity determinations.

Stability studies of insoluble cutinase in aqueous media?or-
tions (4—8 mg) of dry support, Biosil-NjHcutinase or Biosil-
Dextran-NH-cutinase, were stored in small sealed vessels to
which was added 5 ml of Tris-HCI buffer. Each vessel was stored
at 4°C for different periods of time without any kind of agitation.
At the end of each incubation period, the buffer solution was
filtered and a portion of wet support was used for an enzymatic
assay with fresh buffer solution. The dry weight content of each
assay was determined and the protein content was determined by
a modified Lowry method?2 The standard error for protein content
determination was<5%.

Table 3 Kinetic parameters of immobilized and soluble
cutinase

Kw Keat k (um~" min™")
Enzymatic system (M) (min~") specificity constant
Cutinase 16.9 0.478 0.0282
Cutinase-dextran 20.3 0.0969 0.00478
Biosil-NH,-cutinase 13.1 0.134 0.0102
Biosil-Dextran-NH,- 19.8 0.142 0.00718

cutinase

All parameters were calculated by a software program available
in Microsoft/Excel 95©
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Figure 1 Storage stability of cutinase (20 pg
° ml~"), cutinase-dextran conjugate (0.267 mg en-
3 zyme ml~"), Biosil-NH,-cutinase (2.42 mg enzyme

g~ " support) and Biosil-Dextran-NH,-cutinase (2.49
mg enzyme g~ ' support) in 50 mm Tris-HCI pH 8.0
at 4°C. The symbols correspond to experimental
values while the lines correspond to values calcu-
lated by Sadana’s model. For soluble cutinase (m,
—), the Sadana model parameters are: k; = 0.115
day™"; k, = 0.115 day'; B, = 1.98; B, = 0.666. For
the cutinase-dextran conjugate (), the model does
not apply to the experimental values; for Biosil-
NH,-cutinase (®, ——), the calculated parameters
are k; = 0.342 day™"; k, = 0.342 day ™ '; B, = 6.2;
B, = 0.974. For the Biosil-Dextran-NH,-cutinase (O,
——-), the calculated parameters are k; = 0.0758
0 ( v v ; " ‘ - day'; k, = 0.743 day "; B, = 10.7; B, = 0.783
0 10 20 30 40 50 60

storage time ( days )

relative activity, a / g

Differential scanning calorimetry analysis. Calorimetric analy- Characterization of cutinase immobilization

sis was performed in a PL-DSC Polymer Technologies. Conditions ) e L .

of each run were as follows: samples were weighed out into IN both immobilization systems, Biosil-Nitutinase and
aluminium “crucible” pans £5 mg); the heat flux was 10°C  Biosil-Dextran-NH-cutinase, the covalent links involved,

min~*; the nitrogen flux was 10 ml min'; an empty aluminium Schiff's bases, proved to be stable since no protein was
pan served as reference. The measuring error of the apparatus iseleased into solution during the enzymatic assays or even
1%. All data were treated with Plus V version 5.20 available with during prolonged incubation in aqueous media. Further
the DSC apparatus. stabilization of imide bonds by cyanoborohydride was
therefore not necessary as has been stated elsewhere.
Table 1shows the characteristics of both immobilization
methods. The low immobilization yields are typical of
covalent immobilization procedures; however, the activity
In the present study, we compare two types of immobiliza- retention values are high and very similar for both cases. It
tion: one in which the enzyme is directly linked to the would be expected to find a much higher value of bound
support (derivatized silica) and another in which the same protein for Biosil-NH, judging from the number of existing
solid support was treated with a layer of dextran and only amino groups compared to Biosil-Dextran-NTable 2.
afterwards attached to the enzyme. This porous support wasThe similarity in values may be due to the limitation in
treated with aminopropyltrietoxisilane in order to acquire number of free reacting amino groups on the enzyme
the proper reactive amino groups (Biosil-B]H? Cou- surface rather than the maximum protein charge per support
pling to the enzyme free amino groups was done via the surface having been reached.

bifunctional reagent, glutaraldehyde, as has been exten-

sively described:®In the second system, the enzyme was Kinetic studies

linked to the support treated with a layer of dextran

Results and discussion

(Biosil-Dextran-NH,) containing amino groups obtained Table 3shows the apparent kinetic parameters of immobi-
\ o X Fb 9 group .. lized and soluble cutinase calculated using ten different
n aS|m|Ia_r act|va}t_|on_procedure. The aim is to observe if concentrations of substrate. In all systems, a Michaelis-
covalent immobilization N a'sol|d support and the Menten kinetic behavior was observed. One may notice that
presence of a polyhydroxide (in the second case) pro-ye annarent Michaelis constants,, for Biosil-Dextran-

motes stability by inhibiting protein fluctuations leading \p_cytinase and cutinase-dextran conjugate are higher.
to unfolding. Dextran is expected to exert the same

behavior depicted by stabilizing additiv€s®° such as
polyalcohols [poly(ethylene) glycol, glycerol, sorbitol, lac- Table 4 Denaturing temperatures (Ty,) and denaturing enthal-
titol] and carbohydrates (glucose, sucrose, etc.) along with pies (ApH)

the effects encountered in chemical cross-linking of en-

zymes3! As a control, we simultaneously studied the free ApH
enzyme solution and the enzyme-polysaccharide conjugate Sample Tm (°C) (mcal mg™")
The enzyme-dextran conjugate was prepared initially by —

treating the polysaccharide with periodate, thus introducing Cutinase 118.8 87.27
aldehyde groups. This soluble polysaccharide is then pIacedﬁ“t!”ase'd‘?""?” 124.8 144.5

. . X i utinase (Biosil-NH,) 128.2 143.7

in the presence of the protein, leading to the formation of cytinase (Biosil-Dextran-NH,) 127.9 154.2

Schiff's bases.
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Figure 2 Thermal analysis of Biosil-NH, (+) and Biosil-NH,-cutinase (*) (a). Analysis conditions are described in MATERIALS AND
METHODS. Data treatment of the curves gives heat contribution given by the immobilized biocatalyst. Relative thermodynamic data are
reported in Table 4 (b)

The presence of dextran in these systems may be responsiStability studies

ble for the loss of specificity toward the substrate due to ¢ tability studies i dia. dat
mass transfer and partition resistances. Furthermore, sincd ©' Storage stability studies in agueous media, data were

cutinase has a molecular diameter of approximately 4.5 éated using the Sadana modef” considering two se-
nm? and knowing that the interior of the pores in a support duéntial deactivationsHgure 1). This model consists in a
only become accessible when their diameter is 4-5 timesSeries deactivation scheme involving two first-order irre-
that of the enzyn® (for cutinase that value would be Versible steps. The model allows the calculation of the
18-22.5 nm), it may be possible that immobilization of the activity as a weighted function of the specific activities of
biocatalyst also occurred inside the por@sifle 9. This the enzyme states. A different deactivation behavior for
occurrence will enhance mass transfer resistances. In anycutinase-dextran is noteworthy while the other three sys-
case, immobilization upon Biosil supports showed lower tems have approximately similar deactivation profiles.
specificity constants in relation to native cutinase. From the curve profiles, first-order kinetic deactivation

Enzyme Microb. Technol., 1999, vol. 24, January/February 1 63
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Figure 3 Thermal analysis of Biosil-Dextran-NH, (+) and Biosil-Dextran-NH,-cutinase (*) (a). Analysis conditions are described in
MATERIALS AND METHODS. Data treatment of the curves gives heat contribution given by the immobilized biocatalyst. Relative
thermodynamic data are reported in Table 4 (b)

constants (kand k) and activity ratios [, and 3,, ratio have a stabilization effect, minimizing possible distortion

values of the residual activity at that state to the initial effects imposed upon the active site of cutinase. Addition-
activity at t = 0) suggest that the immobilization upon the ally, it may be possible that dextran exerts a protective
solid supports slightly enhanced the long-term stability effect on cutinase, protecting the microenvironment of the
relative to the soluble cutinase. At 50 days of incubation, immobilized enzyme and leading to a higher retention of its
Biosil-NH,-cutinase exhibited an activity retention of 1.0 hydration level. Dextran may thus delay the mild denaturing
while Biosil-Dextran-NH-cutinase exhibited a value of effects that water has on biocatalysts. Karl-Fischer titration
0.80 compared to 0.70 for soluble cutinase. By comparing showed that both solid supports with immobilized cutinase
Biosil-NH,-cutinase and Biosil-Dextran-Nitutinase, it had a very low water content (1-2% w/w) after freeze-

may be seen fronfrigure 1 that it took 48 h and 5 days, drying which corresponds to the monolayer of hydrating

respectively, for each system to achieve its most active form. water of the biocatalyst and a thin layer of water associated
The presence of dextran in Biosil-Dextran-Neutinase may  with the support surface. It may be that dextran, acting

64 Enzyme Microb. Technol., 1999, vol. 24, January/February 1
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Figure 4 DSC analysis of cutinase (—) and cutinase-dextran conjugate (—-—)
through preferential hydratiot?,=° “controls” the hydra- curve with immobilized protein, thus giving the data exclu-

tion layer of the enzyme as it gradually gains a new sively for the biocatalystRigures 2and 3). For cutinase-

conformation and mobility imposed by the aqueous media. dextran, the heat contribution from dextran was subtracted
The two-step deactivation model proposed for the other from the total observed for the conjugateidure 4). All

three cases did not apply for the values of activity retention data manipulation was done by means of software programs

given by the cutinase-dextran conjugate. Although there is included in the DSC apparatus.

not any indication of the polysaccharide/cutinase ratio for  Immobilization onto dextran and both solid supports

Biosil-Dextran-NH-cutinase, for the cutinase-dextran con- made cutinase more resistant to heat, implying that the

jugate the ratio is 6.5 (w/w) which corresponds to 2.04 mol covalent bonds generated conveyed a higher conformational

of dextran for each mol of cutinase. Since the polysaccha- stability to the enzyme.

ride has a 40% content of oxidized glucoside units, three out

of five units have an intact structure containing three i

OH-groups; the other two units contain two dialdehyde Conclusions

groups. It is therefore quite possible that dextran may |n aqueous media Biosil-Njcutinase and Biosil-Dextran-
display preferential hydration upon the biocatalyst as well NH,-cutinase have a similar catalytic behavior as well as a
as conferring to it a certain rigidity by means of the covalent gimijjar stability behavior; however, the presence of the
bonds involved. _The stability observed in thls system IS polysaccharide on the support surface and its potential
probably a combined result of the double action of dextran action of preferential hydration of the enzyme microenvi-
on the enzyme. FronFigure 1, the microenvironment  ronment make this support attractive for nonconventional
surrounding the biocatalyst may be responsible for the media applications, in particular for synthesis reactions
different profile of deactivation since there is most probably (esterification and transesterification reactions). As calori-
a higher ratio of dextran/cutinase in the conjugate than in metric analysis demonstrated, immobilization on both solid
Biosil-Dextran-NH-cutinase, and therefore a higher num-  sypports made cutinase more heat resistant. The increment

ber of free-OH groups. in T,, observed for Biosil-Dextran-Njicutinase (9°C) is
. . . . . greater than that observed for cutinase-dextran (6°C) which
Differential scanning calorimetry studies is most probably related with the number of covalent bonds

differential 'scanning calorimetry. This technique provides The increments observed fdr, in all three cases may
information on the thermal stability of the protein by means eflect a gain in the conformational stability acquired by
of the transition temperatures resulting in the conforma- Cutinase, resulting in an enhancement of long-term stability
tional changes the protein experiences when undergoing@nd potential for applications at higher temperature.
transition from the native state to the denatured sfEable
4 shows the values of,, andApH of all four systems.

The determination of the thermodynamic values for the
two immobilized systems was done by subtracting the curve A. M. Gongalves gratefully acknowledges a fellowship
of each support without protein from the correspondent from PRAXIS XXI (BM/613/94).
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