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Immobilization of enzymes on aminated supports using the glutaraldehyde chemistry may involve three different
interactions, cationic, hydrophobic, and covalent interactions. To try to understand the impact this hetero-
functionality, we study the physical adsorption of the beta-galactosidase from Aspergillus niger, on aminated
supports (MANAE) and aminated supports with one (MANAE-GLU) or two molecules of glutaraldehyde (MANAE-
GLU-GLU). To eliminate the chemical reactivity of the glutaraldehyde, the supports were reduced using sodium
borohydride. After enzyme adsorption, the release of the enzyme from the supports using different NaCl con-
centrations, Triton X100, ionic detergents (SDS and CTAB), or different temperatures (4 °C to 55 °C) was studied.
Using MANAE support, at 0.3 M NaCl almost all the immobilized enzyme was released. Using MANAE-GLU, 0.3
M, and 0.6 M NaCl similar results were obtained. However, incubation at 1 M or 2 M NaCl, many enzyme
molecules were not released from the support. For the MANAE-GLU-GLU support, none of the tested concen-
trations of NaCl was sufficient to release all enzyme bound to the support. Only using high temperatures, 0.6 M
NacCl, and 1 % CTAB or SDS, could the totality of the proteins be released from the support. The results shown in
this paper confirm the heterofunctional character of aminated supports modified with glutaraldehyde.

1. Introduction [2,14]. To take full advantage of immobilization, it is necessary to know

the phenomena that occur between the enzyme and the support [2,15].

Enzyme immobilization is a discipline undergoing fast development
[1-3], as it has revealed itself as a powerful tool to improve many
enzyme features, such as stability (via multipoint or multi-subunit
attachment, generation of favorable environments, etc.) [4-7], activ-
ity, specificity, or selectivity [8,9]. It can also reduce inhibitions or
enzyme inactivation by harmful reagents [10]; or it can be coupled to
enzyme purification [11-13].

The final results depend on the support features, the active groups
that are present on the support surface and the exact immobilization
protocols (including immobilization, incubation and reaction end point)
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This is not always a simple goal and may be much more complex when
using supports bearing several moieties able to interact with the enzyme
[16,17]. These heterofunctional supports increase the versatility of the
immobilization of enzymes on them, but usually they can generate some
unexpected problems to understand the results, mainly when the
researcher is not considering this heterofunctionality [2].
Immobilization of enzymes on supports containing primary amino
groups via the glutaraldehyde chemistry is one of the most utilized
immobilization strategies [18-25]. The support is a heterofunctional
one and it is highly versatile [16,26]. First, the researcher can
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immobilize the enzyme via ion exchange and then treat the enzyme and
the support with glutaraldehyde under conditions where just one
glutaraldehyde molecule attaches to each external amino group [16].
The first anionic exchange may be performed under different conditions
(pH, ion strength) to alter the enzyme orientation regarding the support
surface. Due to the good reactivity between amino-glutaraldehyde
moieties, this strategy permits intense multipoint covalent immobiliza-
tion [27-30]. The final support surface will be formed by amino-
glutaraldehyde linkages, giving the surface a cationic character, a lit-
tle hindered by the moderately hydrophobic glutaraldehyde cycle.
Monsan and coworkers showed a long time ago that amino-
glutaraldehyde moieties are quite inefficient to react with another
amine group [31]. Second, the aminated support can be pre-activated
using glutaraldehyde. In this case, Monsan and coworkers showed the
convenience of having two molecules of glutaraldehyde per primary
amino group in the support [31]. This can react with non-ionized pri-
mary groups [31], but it hardly reacts with another amino-
glutaraldehyde-glutaraldehyde moiety [32]. The cationic character of
the support is maintained, but in this instance the amino group is
masked by a larger moiety, that is more hydrophobic than in the pre-
vious case.

That way, the immobilization of enzymes on aminated supports
using the glutaraldehyde chemistry is an outstanding example of
versatility due to the tri-functionality of the support: cationic, hydro-
phobic, and covalent interactions can be established between the sup-
port and the enzyme [27-30,33]. This heterofunctionality is ignored in
many papers, and in general, when the researchers use these strategies,
if the enzyme is immobilized, it is considered that it does so in a covalent
way without further analysis [2,34]. However, this may be far from
reality, in some instances, the enzyme may just be physically adsorbed,
perhaps via ionic and hydrophobic interactions [35]; and that way, the
release of the enzyme may be very difficult to achieve, even if a single
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covalent bond has not been produced, leading to wrong assumptions by
the researcher [2].

For this reason, in this paper we focus our attention on the impact of
the modification of aminated supports with one or two molecules of
glutaraldehyde on their protein adsorption features (Fig. 1S). This study
has not been previously performed, and to eliminate the chemical
reactivity of the glutaraldehyde, we have employed sodium
borohydride-reduced glutaraldehyde supports [36-40]. As model
enzyme, the beta-galactosidase from Aspergillus niger has been used
[41-46].

This research may also have an impact on the application of
glutaraldehyde chemistry using aminated supports to coimmobilize
enzymes using different mechanisms, which is critical to solve the
problem of coimmobilizing enzymes with very different stabilities
where the least stable one can define the global combibiocatalyst sta-
bility [47,48]. This is only possible if the least stable enzyme can, after
covalent immobilization of the most stable immobilized enzyme, be
physically adsorbed on the support and, after its inactivation, be
released under conditions that do not affect the stability of the cova-
lently and almost fully active coimmobilized enzyme [49-54].

2. Materials and methods
2.1. Materials

B-galactosidase from Aspergillus oryzae (20 Units ONPG/mg of pro-
tein), o-nitrophenyl-f-galactopyranoside (o-NPG), triton X100, cetyl-
trimethylammonium bromide (CTAB), sodium dodecylsulfate (SDS), p-
nitrophenyl butyrate (p-NPB), ethylenediamine (EDA) and glutaralde-
hyde (GLU) were purchased from Sigma-Aldrich (Madrid, Spain). 4 %
CL agarose beads was from GE Healthcare (Uppsala, Sweden). All other
compounds used in this work were of analytical grade.
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Fig. 1. Immobilization course of p-galactosidase on different supports (A): MANAE (B): MANAE-GLU and (C): MANAE-GLU-GLU. The experiments were performed
using 5 mM Tris-HCI at pH 7.0 and 25 °C. Other specifications can be found in Materials and Methods sections. Solid triangles: suspension; solid squares: reference;

and solid circles: supernatant.
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2.2. Methods

2.2.1. Engymatic activity and protein concentration

The p-galactosidase activity was determined by measuring the in-
crease in absorbance at 380 nm produced by the release of o-nitrophenol
in the hydrolysis of 10 mM ONPG in 25 mM sodium acetate buffer at pH
5 and 25 °C (extinction coefficient was 10,493 M~! cm™! under these
conditions), using a spectrophotometer with a thermostatized cell and
continuous magnetic stirring. For the reaction, 50 pL of the enzyme
solution or suspension were added to 2.5 mL of substrate solution. One
unit of activity (U) was defined as the amount of enzyme that hydrolyzes
1 pmoL of ONPG per minute under the conditions described previously.
Protein concentration was calculated using the method reported by
Bradford [55], using bovine serum albumin as a standard.

2.2.2. Preparation of supports

MANAE support was prepared as previously described [56,57]. This
aminated support was treated with glutaraldehyde under two different
conditions. In the first study, 10 g MANAE-agarose was incubated in 100
mL of 200 mM sodium phosphate pH 7 containing 1 % (v/v) glutaral-
dehyde (MANAE-GLU). Under these conditions, Prof Monsan has
described that one molecule of glutaraldehyde reacted with one amino
group [31]. In the second study, 10 g MANAE-agarose was incubated
under the same conditions, but 10 % (v/v) glutaraldehyde was utilized
(MANAE-GLU-GLU). Under these conditions, Prof Monsan has described
that one molecule of glutaraldehyde reacted with one amino group [31],
confirmed in further studies [58]. The systems were stirred for 1 h or 24
h at 25 °C, respectively. Then, were filtered, washed with abundant
distilled water, and stored at 4 °C.

Reduced supports were obtained by incubating 10 g of MANAE-GLU
and MANAE-GLU-GLU in 100 mL of 25 mM sodium bicarbonate at pH
10, adding 100 mg of solid sodium borohydride [59,60]. The solution
was stirred for 30 min at room temperature. Finally, the reduced sup-
ports were filtered, washed with abundant distilled water, and stored at
4 °C. The proposed structure of the supports may be found in Fig. 1S
[61,62].

2.2.3. Immobilization

B-galactosidase immobilization on both supports was carried using 3
mg of protein per g of support. Enzyme was diluted in a 5 mM Tris-HCl
solution at pH 7 and subsequently adding the supports. The enzyme
immobilization course was followed by measuring the enzyme activity
in the supernatant and in the whole suspension at different time in-
tervals using o-NPG as substrate, as described above. After immobili-
zation, the biocatalysts were filtered and washed with abundant distilled
water and stored at 4 °C.

2.2.4. Desorption of p-galactosidase from the supports

B-galactosidase immobilized on MANAE, MANAE-GLU or MANAE-
GLU-GLU supports were incubated in a solution of 5 mM Tris-HCI con-
taining different concentrations of sodium chloride or different con-
centrations of Triton X-100. In some instances, NaCl and some
detergents (Triton X-100, CTAB, SDS) were simultaneously utilized. The
incubations were performed at pH 7.0 and 25 °C for 1 h and the activities
of both supernatant and suspension were followed using o-NPG. After-
wards, the biocatalysts were washed 5 times with 10 volumes of
desorption solution (to eliminate the free enzyme molecules contained
in the pores of the support) and 5 times with 10 volumes of distilled
water.

2.2.5. SDS-polyacrylamide gel electrophoresis (SDS-PAGE) analysis

The SDS-PAGE experiments were carried out following the Laemmli
protocol [63] with some modifications. The protein samples (including
enzyme immobilized on supports) were diluted in 4 % SDS (w/v) and 10
% mercaptoethanol (v/v) to have a protein concentration of 0.3-0.5 mg
of protein/ml solution in the samples. The samples were boiled for 8
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min, centrifuged, and finally 15 pL of the samples were loaded in 12 %
polyacrylamide gels, which was run at 100 V. The proteins were stained
with Coomassie brilliant blue dye.

3. Results
3.1. Preparation of the supports

After preparing MANAE agarose beads, they were treated with 1 % or
10 % of glutaraldehyde as detailed in Methods section. This treatment
promoted the apparition of a certain brown color in the support, more
intense for the support treated with 10 % glutaraldehyde for 16 h
(Fig. 2S) and permits to modify the primary amino groups with two
glutaraldehyde molecules (MANAE-GLU-GLU) [31]. The modification
for 1 h using only 1 % glutaraldehyde at pH 7 permitted to fully modify
the support mainly with one glutaraldehyde molecule (MANAE-GLU)
[31]. The reduction of the modified supports with glutaraldehyde pro-
moted a decrease in its color, in the case MANEA-GLU the brown color
almost disappeared (Fig. 2S). These supports almost fully lost their
reactivity versus Schiff reagent.

3.2. Immobilization of beta-galactosidase on the different aminated
supports

Fig. 1 shows the immobilization of the enzyme on the 3 supports. In
all cases, the enzyme immobilization proceeded very rapidly, although
the presence of reduced GLU or GLU-GLU moieties promoted a pro-
gressive but slight decrease in the immobilization rate. This can be
caused by the increase in the difficulties to establish a multipoint ionic
interaction of the enzyme with the support, necessary to fix the enzyme
to the support [64].

While the enzyme activity was almost fully maintained using
MANAE, a small decrease in activity after immobilization was detected
using MANAE-GLU and this reached a 20 % using MANAE-GLU-GLU.
The hydrophobic interactions promoted by the hydrophobic reduced
glutaraldehyde moieties could be responsible for this negative effect on
the enzyme activity (Fig. 1).

The reversible immobilization as confirmed by SDS-PAGE, the
amount of enzyme in the gel was similar for the 3 supports (no shown
results). Using enzyme adsorbed on MANAE and treated with 1 %
glutaraldehyde at pH 7 for 1 h [27-30], and then incubated at pH 8 for
24 h, no enzyme was detected in the supernatant after boiling in SDS
(the same treatment as in the samples PAGE preparation), confirming
the irreversible immobilization obtained by the glutaraldehyde chem-
istry (results not shown).

3.3. Release of the enzyme from the different aminated supports in the
presence of growing concentrations of NaCl

Fig. 2 shows the desorption of beta-galactosidase from MANAE,
MANAE-GLU and MANAE-GLU-GLU supports when incubated at
different concentrations of NaCl.

Using MANAE support, the increase in NaCl concentration promoted
a progressive release of the enzyme, at 0.3 M almost all enzyme activity
was released and further increases in the ionic strength almost did not
affect the results. Using MANAE-GLU, at 0.15 M NaCl there was a clearly
higher release of enzyme than using MANAE. This can be related to the
higher difficulties to establish an intense multipoint ionic exchange
between the enzyme and the support, caused by the steric hindrances
promoted by the reduced glutaraldehyde molecule located over the
amines. However, when using a concentration of NaCl of 1 M or higher,
some enzyme molecules were no released from the support. This could
be related to the moderate hydrophobicity of the reduced glutaralde-
hyde moiety, that at this high ionic strength seemed to be able to fix
some enzyme molecules to the support. This was confirmed by SDS-
PAGE analysis (Fig. 3), while at 0.3 and 0.6 no protein bands could be
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Fig. 2. Relative activity of the supernatants during the desorption tests using different NaCl concentrations of p-galactosidase immobilized on (A): MANAE support.
(B): MANAE-GLU and (C): MANAE-GLU-GLU. Experiments were performed as described in Materials and Methods. Relative activity corresponded to the percentage
of p-galactosidase activity released from the support. The total enzyme activity on suspension was considered as 100 %. Solid circle: MANAE support; Solid triangles:

MANAE-GLU; and solid squares: MANAE-GLU-GLU.
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Fig. 3. SDS-PAGE analysis of B-galactosidase preparations submitted to different treatments, immobilized on different supports (A): MANAE, (B): MANAE-GLU
support, (C): MANAE-GLU-GLU support. Lane 1: low molecular weight protein standard from GE Healthcare. Lane 2: immobilized p-galactosidase (control). Lane
3: enzyme remaining in the support after desorption of p-gal with 0.05 M NaCl. Lane 4: enzyme remaining in the support after desorption of p-gal with 0.15 M NaCL
Lane 5: enzyme remaining in the support after desorption of p-gal with 0.3 M NaCl. Lane 6: enzyme remaining in the support after desorption of p-gal with 0.6 M
NaCl. Lane 7: enzyme remaining in the support after desorption of f-gal with 1 M NaCl. Lane 8: enzyme remaining in the support after desorption of p-gal with 2

M NacCl.

visualized in the gel, at 1 and 2 M NaCl, there are clear protein bands.

Using MANAE-GLU-GLU, at 0.15 M NaCl there was a much higher
release of enzyme than using the other supports (Fig. 2), suggesting that
the difficulties to establish many ionic interactions between the enzyme
and the support were increased by the bulkier GLU-GLU moiety. How-
ever, the use of higher concentration of NaCl did not permit to release
more galactosidase from the support, maintaining similar values even at
2 M NacCl. This was confirmed by SDS-PAGE (Fig. 3).

3.4. Release of the enzyme from the different aminated supports in the
presence of growing concentrations of detergents and solvents

Using organic solvents (e.g., until 50 % ethanol and dioxane) under
5 mM Tris buffer we were not able to release any enzyme from the three
supports. This confirms that ionic exchange is a critical point in the
enzyme adsorption on the supports.

Figs. 4 and 5 show that using growing concentrations of nonionic
detergent (Triton X-100), no significant activity was released from any
of the utilized supports, suggesting that the hydrophobic interactions
were not the main cause for enzyme adsorption on MANAE-GLU or
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using enzyme immobilized on different supports (A): MANAE. (B): MANAE-GLU and (C): MANAE-GLU-GLU. Experiments were performed as described in Materials
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Fig. 5. SDS-PAGE analysis of immobilized p-galactosidase that remains on the support after different treatments, using different supports (A): MANAE support. (B):
MANAE-GLU support. (C): MANAE-GLU-GLU support. Lane 1: low molecular weight protein standard from GE Healthcare. Lane 2: p-galactosidase immobilized
(control). Lane 3: enzyme remaining in the support after desorption of p-gal with 0.1 % triton X-100. Lane 4: enzyme remaining in the support after desorption of
p-gal with 0.25 % triton X-100. Lane 5: enzyme remaining in the support after desorption of p-gal with 0.5 % triton X-100. Lane 6: enzyme remaining in the support

after desorption of f-gal with 1 % triton X-100.

MANAE-GLU-GLU. However, the previous results suggested that the
adsorption of the enzymes on the MANAE-GLU-GLU could have a mixed
character.

For that reason, we utilized simultaneously a 300 or 600 mM NaCl
and a growing concentration of Triton X100 to study the release the
enzyme from the support. The change in the activity of the enzyme
makes the use of these data confusing. Thus, we only present the SDS-
PAGE results (Fig. 6). Results showed that still a large percentage of
enzyme remained on the support even using these desorption solutions.

Next, we tried to release the enzyme using different ionic detergents

(SDS and CTAB) and employed different temperatures (from 4 °C to
55 °C) using 0.3 (Fig. 7) or 0.6 M (Figs. 8 and 9) NaCl. The use of higher
temperatures enabled the release of a higher percentage of enzyme, but
only using 55 °C, 0.6 M NaCl and 1 % CTAB or SDS all proteins could be
released from the support, using Triton X-100 some enzyme molecules
still remained in the support (Fig. 8). This shows the very strong
adsorption that the MANAE-GLU-GLU was able to promote, a strong
mixed ionic-hydrophobic adsorption that permitted establishing many
enzyme-support interactions that cannot be easily broken later.
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Fig. 6. SDS-PAGE analysis of p-galactosidase immobilized on MANAE-GLU-GLU submitted to different incubations using 0.3 or 0.6 M NaCl and different triton X-100
concentrations at 25 °C. 0.3 M NaCl (A): Lane 1: low molecular weight protein standard from GE Healthcare. Lane 2: B-galactosidase immobilized (control). Lane 3:
enzyme remaining in the support after desorption of f-gal adding 0.1 % triton X-100. Lane 4: enzyme remaining in the support after desorption of p-gal adding 0.25 %
triton X-100. Lane 5: enzyme remaining in the support after desorption of p-gal adding 0.5 % triton X-100. Lane 6: enzyme remaining in the support after desorption
of p-gal adding 1 % triton X-100. 0.6 M NacCl (B): Lane 1: low molecular weight protein standard from GE Healthcare. Lane 2: $-galactosidase immobilized (control).
Lane 3: enzyme remaining in the support after desorption of f-gal adding 0.1 % triton X-100. Lane 4: enzyme remaining in the support after desorption of p-gal
adding 0.25 % triton X-100. Lane 5: enzyme remaining in the support after desorption of p-gal adding 0.5 % triton X-100.
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Fig. 7. SDS-PAGE analysis of p-galactosidase immobilized on MANAE-GLU-GLU after incubation in 0.3 M NaCl and different detergents at 4 °C; 37 °C; 45 °C; and
55 °C. Lane 1: low molecular weight protein standard from GE Healthcare. Lane 2: MANAE-GLU-GLU-f-gal. Lane 3: enzyme remaining in the support after desorption
of p-gal with 0.3 M NaCl. Lane 4: enzyme remaining in the support after desorption of p-gal with 0.3 M NaCl and 1 % triton X-100. Lane 5: enzyme remaining in the
support after desorption of p-gal with 0.3 M NaCl and 1 % CTAB. Lane 6: enzyme remaining in the support after desorption of f-gal with 0.3 M NaCl and 1 % SDS.

3.5. Effect of the ionic strength on the immobilization of beta-
galactosidase on different aminated supports

Considering the fact that the galactosidase was able to establish
mixed ionic/hydrophobic interactions with the MANAE-GLU and
MANAE-GLU-GLU supports, and that this last one was able to immobi-
lize lipases via interfacial activation [65], we assayed the possibility of

immobilizing the galactosidase on the 3 supports when increasing the
ionic strength. The immobilization via these physical causes requires the
simultaneous establishment of several enzyme-support interactions
[64]. Fig. 3S shows how MANAE support was only able to immobilize
galactosidase in 5 mM Tris, the addition of 0.25 M NaCl already pre-
vented the immobilization. These results were confirmed by SDS-PAGE
analysis (Fig. 9).
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Fig. 9. SDS-PAGE analysis of f-galactosidase immobilized on different supports in 5 mM of Tris-HCI buffer at pH 7.0 adding different NaCl concentrations. (A) 8-
Galactosidase immobilized on MANAE support. Lane 1: low molecular weight protein standard from GE Healthcare. Lane 2: adsorption of p-gal adding 0.3 M NacCl.

Lane 3: adsorption of p-gal in 0.6.

Using MANAE-GLU (Fig. 4S), results was fairly similar; the enzyme
could be immobilized using 5 mM Tris, while this was not possible using
0.25 mM NacCl. Even using 1 or 2 M NaCl, conditions that cannot release
all the immobilized enzyme, there was not a significant immobilization
of the enzyme (Fig. 9).

Using MANAE-GLU-GLU, results were surprisingly similar to those
obtained using the other supports (Fig. 5S). The enzyme was immobi-
lized only at low ionic strength, but the support was unable to hydro-
phobically immobilize the enzyme at 2 M NaCl, even with the fairly
hydrophobic character that can be assumed of the reduced GLU-GLU
moiety. This occurred even if the enzyme cannot be released from the
support just using ionic strength and also requires adding ionic de-
tergents and using high temperatures.

Using MANAE supports activated with glutaraldehyde (reactive

glutaraldehyde, not reduced), it has been shown that using a moderate-
to-high ionic strength, the immobilization rate of the enzymes signifi-
cantly decrease in most instances and it becomes tricky to have, as first
event of the immobilization process on these supports, the direct enzyme
covalent immobilization [56,57].

4. Conclusion

The results shown in this paper confirm the heterofunctional char-
acter of aminated supports modified with glutaraldehyde [18]. Even
after eliminating the chemical reactivity of the supports by reduction
with borohydride [18-25], the glutaraldehyde moieties were able to
establish interactions with the immobilized enzyme, making their
further release complex.
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The results clearly show that it is easier to prevent protein adsorption
that, once the enzyme is immobilized, to release the enzyme. This very
likely is caused because the protein immobilization via ion exchange or
hydrophobic interactions requires the simultaneous establishment of
several enzyme-supports interactions, and this may be not easy to reach
[64]. However, when the enzyme is already immobilized on the support,
the proximity of other moieties may enable the formation of multiple
enzyme-support interactions, making enzyme release under mild con-
ditions highly challenging [66,67]. This should be similar to different
reports on enzyme immobilization on heterofunctional supports, where
the enzyme is unable to become directly immobilized on a covalent way
on the support, while covalent immobilization proceeds very rapidly
after a previous enzyme adsorption [68-71].

From an applied point of view, it seems that the use of reduced or
inactive amino-glu-glu supports can be a way of preparing reversibly
immobilized enzymes reducing the risks of enzyme release during
operation and enabling the support reuse after enzyme inactivation
[66,67]. As the protein adsorption on these supports is a multipoint
process, if the enzyme release is to be facilitated, a possibility may be the
use of supports with a lower density of amination. This can decrease the
relevance of the adsorption (ionic exchange and hydrophobic in-
teractions) but it will also have a lower immobilization rate and a
decrease in the possibility of having multipoint covalent immobilization
(a strategy of stabilizing the immobilized enzymes) as counter-effects.

However, these results also show some problems. The first one is
academic. Using amino-GLU-GLU, the first immobilization cause uses to
be ion exchange, far faster than covalent immobilization. In most cases,
the researcher will take for granted that using this support immobili-
zation means covalent immobilization, in the best case scenario some
trials of releasing the enzyme using high ionic strength or detergent are
presented. The current results show that this can lead to misleading
conclusions, as the enzyme may be very strongly adsorbed to the sup-
port; only the SDS-PAGE analysis will show if really the all enzyme
molecules are covalently immobilized [2].

Moreover, as the release of the enzyme adsorbed on amino-glu-glu
requires the simultaneous use of moderate ionic strength, ionic de-
tergents, and 55 °C, it can be assumed that under these conditions any
immobilized enzyme may have their stability highly compromised. That
way, it does not look feasible to use glutaraldehyde preactivated sup-
ports to immobilize a stable enzyme, reduce the support and later
coimmobilize an enzyme via ion exchange (that may be far less stable
than the first one after immobilization), to establish a strategy to reuse
the most stable enzyme. However, the enzyme can be easily released
from amino-glutaraldehyde supports. It should be considered that, after
the paper by Monsan [31] (and many results from our research group), it
is well known that the reactivity of amino-Glu to immobilize enzymes is
very limited. However, the previous adsorption of the enzyme on ami-
nated support, and its further treatment with glutaraldehyde is a very
good strategy to get multipointly immobilized enzymes, and the final
support should have amino-glutaraldehyde moieties that can be reduced
[18-25]. Thus, this immobilization strategy using glutaraldehyde may
be compatible with the design of combibiocatalysts that permits the
reuse of the most stable and covalently attached enzyme [50-54,72-74].
This research is in course in our research group [72].
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