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Description

TECHNICAL FIELD OF THE INVENTION

[0001] The patent of the invention belongs to the field
of antibody support devices, which would be applied in
the preparation of affinity orimmunosensor columns, and
in the fields of biotechnology, biocatalysis, fermentation,
purification of proteins or enzymes, biomedicine, the en-
vironment, preventive detection of toxins, nutrition, water
monitoring and biosafety.

STATE OF THE ART

[0002] The high specificity of antibodies has made
them essential tools in immunoaffinity and the develop-
ment of biosensors. However, for both applications, the
antibodies must be immobilised and the immobilisation
step may define the potential applications of the immo-
bilised antibodies (see references 1-7 and 10-11).
[0003] An optimal method of immobilising antibodies
forany ofthe potential applications shouldmeeta number
of requirements, depending on the type of system where-
to it is to be applied:

1. The immobilisation should not cause great distor-
sions in the antibody’s recognition site.

2. The recognition area must be as exposed as pos-
sible to the environment. This is essential if they are
intended to be used in the recognition of biomacro-
molecules orcells, orifthe readingisto be performed
using a second antibody orbiomacromolecule, since
only molecules the active centre whereof is exposed
to the environment will be able to adsorb the mac-
romolecules, such thatthe percentage of well-orient-
ed molecules will determine the rate of adsorption
of the analyte (biosensors) or the column’s loading
capacity.

3. The final support surface must be as inert as pos-
sible, in order to prevent unspecific adsorptions of
other molecules onto the support, which would com-
plicate the final analyses. In bioaffinity columns, the
unspecific adsorption of any other compound would
drastically reduce the potential use of this type of
purification technique. In the case of biosensors, an
unspecific adsorption may also reduce the potential
applications thereof, but special emphasis should be
placed on preventing the unspecific adsorption of
any of the components involved in the reading of the
signal (e.g. protein-labelled antibodies).

[0004] Recently, a protocol has been disclosed that
makes it possible to immobilise antibodies with these
characteristics (5 and 6). The method is based on the
immobilisation of the antibody through the periodate-ox-
idised glycosylated chains: the antibody is covalently im-
mobilised on aminated supports, which are capable of
adsorbing proteins by anion exchange, and, in order to
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prevent it, a blockage step is performed using aldehyde-
aspartic-dextran; this step mustbe very strictly monitored
in order to prevent the chemical modification of the anti-
body’s recognition sites. This method makes it possible
to recover antibodies with up to 60%-70% functionality
without any adsorption of proteins of crude extracts of
different microorganisms. However, the method is com-
plex when scaling up to the industrial level, and compli-
cated if the support is to be coated with antibodies, due
to the relative low rate of the covalent reaction between
oxidised sugar and primary amines.

DESCRIPTION OF THE PATENT

BRIEF DESCRIPTION

[0005] One object of this invention is a method for the
oriented covalent immobilisation of antibodies, hereinaf-
ter method of the invention, which comprises the follow-
ing steps:

i) antibody adsorption by anion exchange on a bi-
functional solid surface or support, activated with two
types of groups: ionised amino groups from the sup-
port, composed of groups capable of acting as anion
exchangers to define the site of interaction between
the antibody and the support, and groups capable
of covalently reacting with and immobilising the an-
tibody at low ionic strength,

ii) covalent binding of the already-adsorbed antibody
and the support, the conditions whereof will depend
on the activated group, and

iii) inertisation or blockage of the support surface.

[0006] Another object of the invention is the use of the
method of the invention to produce a support device for
oriented immobilised antibodies, wherein the support is
inert.

[0007] Finally, another object of the invention is the
inert support device for oriented immobilised antibodies
prepared with the method of the invention.

DETAILED DESCRIPTION

[0008] This invention is based on the fact that the in-
ventors have observed that the oriented covalent immo-
bilisation of an antibody may be performed on a hetero-
functional aminated support (with groups that allow for
the covalent immobilisation of the previously adsorbed
antibody) at pH 5 to 9, primarily involving the antibody’s
heavy chains; this causes the recognition sitestobe com-
pletely free and capable of recognising biomacromole-
cules, whilst preserving their biological activity; further-
more, they adsorb their corresponding antigens very rap-
idly and specifically.

[0009] The final blockage of the support surface with
the antibody makes it inert toward the unspecific adsorp-
tion of any other type of proteins (albumin, immunoglob-
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ulins, crude extracts of Escherichia coli, etc.). This meth-
od of immobilisation may be performed on all types of
pre-existing solid supports and for all types of applica-
tions of immobilised antibodies. On the one hand, the
immobilisation of antibodies on agarose gels is useful in
the preparation of immunoaffinity supports for the selec-
tive adsorption of enzymes and proteins. On the other
hand, the immobilisation of antibodies on magnetic par-
ticles would be very useful for the detection of traces of
cells, proteins and any analytes of interest present in
complex mixtures (blood, foods, wastewaters, etc.).
[0010] This patent shows various strategies that make
it possible to recover a high antibody functionality on a
finalinert support and surface, starting from different solid
supports and activated groups. The common link be-
tween all of them is the method of immobilisation, which
takes place in 3 steps on supports activated with two
types of groups: groups capable of acting as anion ex-
changers to define the site of interaction between the
antibody and the support, and groups capable of cova-
lently reacting with the antibody. The three steps are:

i) antibody adsorption by anion exchange on a bi-
functional or multifunctional solid surface or support
activated with ionised amino groups and with func-
tional groups capable of covalently immobilising pro-
teins (this step takes place very rapidly) at low ionic
strength,

i) covalent binding between the already-adsorbed
antibody and the support, depending on the activat-
ed group, and

iii) inertisation or blockage of the support surface
(e.g.- making the support surface, which is an anion
exchanger, into a very hydrophilic surface with a net
zero charge).

[0011] These supports are activated with two types of
groups: groups capable of acting as anion exchangers
to define the site of interaction between the antibody and
the support, and groups capable of covalently reacting
with the antibody.

[0012] Therefore, one object of this invention is a meth-
od for the oriented covalent immobilisation of antibodies,
hereinafter method of the invention, which comprises the
following steps:

i) antibody adsorption by anion exchange on a bi-
functional solid surface or support activated with two
types of groups: ionised amino groups from the sup-
port, composed of groups capable of acting as anion
exchangers to define the site of interaction between
the antibody and the support, and groups capable
of covalently reacting with and immobilising the an-
tibody at low ionic strength,

i) covalent binding between the already-adsorbed
antibody andthe support, the conditions whereof will
depend on the activated group, and

iii) inertisation or blockage of the support surface.
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[0013] Another particular object of the invention is the
method of the invention wherein supports are used that
are activated with two types of groups: positively charged
groups (for example, amino groups) and groups capable
of covalently reacting with the proteins, belonging, for
illustrative purposes and without this limiting the scope
of the invention, to the following groups: epoxide, alde-
hyde or glutaraldehyde groups.

[0014] Another particular object of the invention is the
method of the invention wherein the bifunctional support
with positively charged groups is a support that is acti-
vated with a low density of glutaraldehyde-activated pri-
mary amino groups, capable of adsorbing the antibody
by anion exchange at very low ionic strength and, sub-
sequently, covalently immobilising the antibody; as a re-
sult, the support is not capable of adsorbing proteins at
moderate ionic strength.

[0015] Another particular object of the invention is the
method of the invention wherein the bifunctional support
with positively charged groups is a support that is acti-
vated with a low density of epoxide groups on a space
arm with an amino group; the amino groups are capable
of adsorbing the antibody by anion exchange at very low
ionic strength, but incapable of adsorbing other proteins
at moderate ionic strength; subsequently, the epoxide
groups are capable of covalently immobilising the anti-
body, and the remaining epoxide groups are blocked or
made inert with different molecules that lead to a neutral
final charge (for example, mercaptoethanol, Gly and Cys)
or a negative final charge (for example, Asp and Glu),
such that the final charge balance is close to 0.

[0016] Another particular object of the invention is the
method of the invention wherein the bifunctional support
with positively charged groups is a support that is acti-
vated with a high density of glutaraldehyde groups on
amino groups; the amino groups will be capable of ad-
sorbing the antibody by anion exchange at very low ionic
strength and, subsequently, the glutaraldehyde groups
are capable of covalently immobilising the antibody; in
order to eliminate the support’s adsorption capacity, it is
coated with a layer of small molecular size proteins.
[0017] A particular embodiment of the invention is the
method of the invention wherein the space arm of the
support with glutaraldehyde-activated amino groups is
an amino acid ester or similar; the amino groups will be
capable of adsorbing the antibody by anion exchange at
very low ionic strength and, subsequently, the glutaral-
dehyde groups will be capable of covalently immobilising
the antibody; in order to eliminate the support’s adsorp-
tion capacity, it is sufficient to hydrolise the ester to gen-
erate a carboxyl group that belongs, for illustrative pur-
poses and without this limiting the scope ofthe invention,
to the following groups: cysteine methyl ester, which is
made to react with an epoxide support, an ester of an
amino acid such as Lys, which is made to react on a
support activated with carboxyl groups, or an ester of an
amino acid such as Asp or Glu, which is made to react
on a suppott activated with amino groups.
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[0018] Another particular object of the invention is the
method of the invention wherein the support is activated
with a high density of epoxide groups with a space arm
that contains at least one positively charged group; this
positive charge is capable of promoting antibody adsorp-
tion by anion exchange at very low ionic strength, and,
subsequently, immobilising the antibody by covalent re-
acton; in order to eliminate the support’s adsorption ca-
pacity, it is coated with a layer of small molecular size
proteins or the epoxide groups are blocked with mole-
cules that have a net negative charge (e.g. Asp and Glu).
[0019] Another particular object of the invention is the
method of the invention wherein the support is activated
with epoxide groups, ideally one-third whereof have been
modified with diamines (e.g. ethylenediamine) with two
cationic groups; these amino groups will be capable of
adsorbing the antibody by anion exchange at very low
ionic strength and, subsequently, the remaining epoxide
groups are capable of covalently immobilising the anti-
body; in order to eliminate the support’s adsorption ca-
pacity, it is coated with a layer of small molecular size
proteins or the epoxide groups are blocked with mole-
cules that have a net negative charge (e.g. Asp and Glu).
[0020] The final blockage of the support surface with
the antibody makes it inert toward the unspecific adsorp-
tion of any other type of proteins (albumin, immunoglob-
ulins, crude extracts of Escherichia coli, etc.).

[0021] Another particular object of the invention is the
method of the invention wherein the support is porous
and belongs, for illustrative purposes and without this
limitingthe scope of the invention, to the following groups:
agarose, glass, silica and epoxy-actylic.

[0022] Another particular object of the invention is the
method of the invention wherein the support is a non-
porous magnetic nanoparticle.

[0023] Another particular object of the invention is the
method of the invention wherein the immobilised anti-
body is used in affinity chromatography or as an immu-
nosensor.

[0024] Another particular object of the invention is the
method of the invention wherein the support is used as
an immunosensor or in affinity chromatography in mix-
tures with particles in suspension; for example, mem-
branes, spores or cells.

[0025] Another object of the invention is the use of the
method of the invention to produce a support device for
oriented immobilised antibodies wherein the support is
inert.

[0026] This method of immobilisation may be per-
formed on all types of pre-existing solid supports and for
all types of applications of immobilised antibodies. For
example, the device may consist of agarose gels with
immobilised antibodies, which are useful in the prepara-
tion of immunoaffinity supports for the selective adsorp-
tion of enzymes and proteins; in magnetic particles for
the detection of traces of cells, proteins and any analytes
of interest present in complex mixtures (blood, foods,
wastewaters, etc.).
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[0027] Therefore, another object of the invention is the
inert support device for oriented immobilised antibodies
prepared with the method of the invention.

EXAMPLES OF THE INVENTION

Example 1. Antibody immobilisation on supports ac-
tivated with glutaraldehyde groups.

[0028] Glutaraldehyde groups are capable of immobi-
lising proteins in a direct, covalent manner, but the reac-
tivity is not very high and, at neutral pH and low ionic
strength, protein adsorption is much faster than covalent
binding, such that the antibody will bind to the support
on the area that is richest in negative charges (the heavy
chains); thereafter, given the proximity of the antibody’s
nucleophilic groups and the support’s glutaraldehyde
groups, covalent immobilisation of the antibody on the
support will take place (12). Subsequently, it will be nec-
essary to reduce these supports’ capacity to adsorb or
covalently immobilise proteins in order for the final sur-
face to be completely inert. There are several possibili-
ties:

1.1 Antibody immobilisation on 4BCL agarose (sup-
port with alow degree of activation of amino groups)
with 3 micromoles of glutaraldehyde-activated MA-
NAE groups/g.

[0029] 5 mg of anti-peroxidase antibody in 50 ml of 5
mM phosphate buffer at pH 7 were offered to 5 grams of
4BCL agarose with 3 micromoles of glutaraldehyde-ac-
tivated MANAE groups (e.g. following incubation with
10% glutaraldehyde at pH 7 for 16 hours) (12). In this
type of supports, the antibodies will be adsorbed by ionic
exchange atvery lowionic strength (10 mM of phosphate)
and, subsequently, will react with the support’s glutaral-
dehyde groups. Due to the low degree of activation, these
supports will not be capable of adsorbing proteins at 100
mM of sodium phosphate (13). Therefore, directed im-
mobilisation of the antibody is achieved in the desired
area on a reasonably inert surface.

[0030] After24 hours, 60% of the antibody had become
covalently immobilised on the support, as verified by the
non-desorption thereof at high ionic strength (although
the first step was performed via an adsorption by ionic
exchange on the support’'s amino groups). At this time,
the derivative was reduced, in order to eliminate the re-
activity of glutaraldehyde, which, albeit very slowly, could
immobilise molecules contained in the samples, by rais-
ing the pH to 8.5, and the immobilised preparation was
reduced with 1 mg/ml of sodium borohydride for 30 min-
utes.

[0031] In following this protocol, the main problem
would lie in that the rate of antibody adsorption would not
be very high, which might make it difficult to completely
coat the support surface with antibody molecules.
[0032] Subsequently, in order to verify the inertisation
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of the support, 1 gram of immobilised antibody was in-
cubated with 1 gram of proteins of a crude extract of E.
coliin 100 ml of 100 mM of sodium phosphate at pH 7,
and no adsorption of proteins was detected after 3 hours
of incubation. When peroxidase was added to this crude
extract, the former was very quickly adsorbed onto the
immobilised antibody preparation. The functionality of
the immobilised antibody was over 80% of that expected
on the basis of the immobilised antibody molecules.

1.2. Antibody immobilisation on glutaraldehyde-ac-
tivated aminated magnetic particles (100 micro-
moles of amino groups/g of support).

[0033] 5 mg of anti-peroxidase antibody in 50 ml of 5
mM phosphate buffer at pH 7 were offered to 5 grams of
glutaraldehyde-activated support (aminated magnetic
particles) (e.g. following incubation with 10% glutaralde-
hyde at pH 7 for 16 hours) (12). After 2 hours, 100% of
the antibody had become covalently immobilised on the
support (although the first step was primarily performed
via an adsorption by ionic exchange on the support’s ami-
no groups, which takes place very rapidly when per-
formed at low ionic strength). The covalent bond was
verified by the non-desorption of the antibody at highionic
strength.

[0034] However, these supports maintain their capac-
ity as anion exchangers, for which reason, even after
reducing the glutaraldehyde groups with borohydride,
this preparation was capable of adsorbing up to 90 mg
of proteins/g of support when a crude extract of E. coli
was offered thereto; consequently, it was necessary to
make the support surface inett.

[0035] In order to reduce said exchange capacity, the
support may be blocked with small inert proteins (natu-
rally glycosylated proteins or proteins chemically modi-
fied with dextrans), such that it may not adsorb any pro-
teins; more specifically, the pH was raised to 9, and 1 g
of a small or inert protein, such as chymotrypsinogen
(subject to de-activation with an irreversible covalent in-
hibitor in orderto eliminate the remaining protein activity),
was offered to the support with the immobilised anti-per-
oxidase antibody. After 16 hours, to allow for the support
surface to become coated with the small-size protein, the
immobilised preparation was reduced by adding 1 mg/ml
of sodium borohydride for 30 minutes at pH 8.5-10, in
order to eliminate the glutaraldehyde groups’ reactivity.
Subsequently, 1 g of the immobilised antibody prepara-
tion was incubated with 1 g of proteins of a crude extract
of E. coliin 100 ml of 100 mM of sodium phosphate at
pH 7, and no unspecific adsorption of proteins was de-
tected after 3 hours of incubation.

[0036] When peroxidase was added to this crude ex-
tract, this protein was very quickly adsorbed onto the im-
mobilised antibody preparation. The antibody function-
ality was over 80% of that expected on the basis of the
immobilised antibody molecules.
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1.3. Antibody immobilisation on a support coated
with amino acid esters with the amino group activat-
ed with glutaraldehyde.

[0037] Another option of this invention is the use of
supports coated with amino acid esters with the amino
group activated with glutaraldehyde.

[0038] At this point, there were several options to pre-
pare the support, such as, for example, binding of Cys
methyl ester to epoxide supports, Lys esters or similar
bound to supports carboxylated by amide bonds, Asp,
Glu or similar esters bound to supports aminated also by
amide bonds, etc. In this manner, it will be possible to
prepare supports with a high density of aminated groups
that may be activated with glutaraldehyde, thereby gen-
erating anion exchanger suppotts similar to those in the
preceding example, where adsorption of the antibody
and the covalent binding thereof will be very rapid.

1.3.1. Antibody immobilisation on a support coated
with amino acid esters (Eupergit C with 210 micro-
moles of Cys methyl ester groups) with the amino
group activated with glutaraldehyde.

[0039] In a first specific example, the support was ob-
tained by incubating a support with epoxide groups (in
this case, Eupergit C) in 3 M Cys methyl ester at pH 6
for 30 hours. Subsequently, the support was washed and
made to react with 10% glutaraldehyde at pH 7 for 24
hours. 5 mg of anti-peroxidase antibody in 50 ml of 5mM
phosphate buffer at pH 7 were offered to 5 grams of this
support. After 2 hours, 100% of the antibody had become
covalently immobilised on the support, verified as in the
preceding cases (although the first step was performed
via an adsorption by ionic exchange on the support’s ami-
no groups). At this point, the pH was raised to 8.5 (pos-
sible at pH between 8.5 and 10) and the immobilised
preparation was reduced with 1 mg/ml of sodium boro-
hydride for 30 minutes, in order to eliminate the glutaral-
dehyde groups’ reactivity.

[0040] Even after reducing the glutaraldehyde groups
with borohydride, this preparation was capable of adsorb-
ing up to 100 mg of proteins/g of support when a crude
extract of E. coli was offered thereto; consequently, it
was necessary to make the support surface inert.
[0041] In order to achieve this objective, the immobi-
lised antibody was incubated at pH 10 for 48 h (also at
pH 4 or pH 9 for 72 hours) in order to promote hydrolysis
of the methyl ester, which made it possible to create a
carboxyl group that, at pH 7, exhibited a negative charge;
i.e. for each amino acid molecule, one negative charge
will be generated, thereby creating a highly hydrophilic
support, butwithout a netcharge inthe pH range between
5 and 9. Therefore, this support will not be capable of
unspecifically adsorbing proteins under a wide range of
conditions.

[0042] Subsequently, 1 g of the immobilised antibody
was incubated with 1 g of proteins of a crude extract of
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E. coliin 100 ml of 100 mM of sodium phosphate at pH
7, and no adsorption of proteins was detected after 3
hours of incubation. When peroxidase was added to this
crude extract, this protein was very quickly adsorbed onto
the immobilised antibody preparation. The immobilised
antibody functionality was over 80% of that expected on
the basis of the immobilised antibody molecules.

1.3.2. Antibody immobilisation on a 4BCL agarose
support with 60 micromoles of glutaraldehyde-acti-
vated Lys methyl ester groups.

[0043] Asecondexample of supports coated with ami-
no acid esters was performed using glutaraldehyde-ac-
tivated Lys methyl ester groups bound to supports car-
boxylated by amide bonds.

[0044] More specifically, the support was prepared
from carboxymethyl agarose, activating the carboxyl
groups with 100 mM of carbodiimide at pH 7 in the pres-
ence of 3 M of Lys methyl ester.

[0045] Subsequently, the support was made to react
with 10% glutaraldehyde at pH 7 for 24 hours. 5 mg of
anti-peroxidase antibody in 50 ml of 5 mM phosphate
buffer at pH 7 were offered to 5 g of this support. After 2
hours, 100% of the antibody had become covalently im-
mobilised on the support (although the first step was per-
formed via an adsorption by ionic exchange on the sup-
port’s amino groups). At this point, the pH was raised to
8.5 and the immobilised preparation was reduced with 1
mg/ml of sodium borohydride for 30 minutes, in order to
eliminate the glutaraldehyde groups’ reactivity.

[0046] Even after reducing the glutaraldehyde groups
with borohydride, this preparation was capable of adsorb-
ing up to 40 mg of proteins/g of support when a crude
extract of E. coli was offered thereto; consequently, it
was necessary to make the support surface inert. In order
to achieve this objective, the immobilised antibody was
incubated at pH 10for 48 h in order to promote hydrolysis
of the methyl ester, which made it possible to create a
carboxyl group that, at pH 7, would have a negative
charge.

[0047] Subsequently, 1 g of the immobilised antibody
was incubated with 1 g of proteins of a crude extract of
E. coliin 100 ml of 100 mM of sodium phosphate at pH
7, and no adsorption of proteins was detected after 3
hours of incubation. When peroxidase was added to this
crude extract, this protein was very quickly adsorbed onto
the immobilised antibody preparation. The immobilised
antibody functionality was over 80% of that expected on
the basis of the immobilised antibody molecules.

Example 2. Amino-epoxide supports.

[0048] Epoxide groups are capable of reacting with a
large number of protein residues, but in an extremely
slow manner. However, if the proteins are adsorbed onto
the support by any other mechanism, the proximity be-
tween the epoxide groups and the support’s nucleophilic
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groups will allow for covalent binding between the sup-
port and the antibody (8). Thus, if the first step is via
cation exchange using amino epoxide supports (8, 9), it
will be possible to obtain the same orientation as that
described above. Finally, the support would have to be
as inert as possible.

[0049] Once again, there are various possibilities to
obtain these results.

2.1. Antibody immobilisation on Eupergit C with 70
micromoles of MANAE groups and 140 micromoles
of epoxide groups (support with aminated groups
and epoxide groups).

[0050] The support was prepared in accordance with
the protocol described by Mateo et al. (8). Thus, an epox-
ide support such as Eupergit C was used, wherein 30%-
35% of diamine groups (e.g. ethylenediamine) were in-
troduced, with two amino groups per substituted group.
In this manner, a support was obtained with a large
number of epoxide groups and, simultaneously, with a
relatively large number of amino groups capable of caus-
ing antibody adsorption by ionic exchange, the antibody
subsequently reacting with the support’s epoxide groups.
[0051] 5 mg of anti-peroxidase antibody in 50 ml of 5
mM phosphate buffer at pH 7 were offered to 5 grams of
this Eupergit C amino-epoxide support. After 24 hours,
100% of the antibody had become covalently immobi-
lised on the support, as verified by the non-desorption of
the antibody at high ionic strength (although the first step
was performed via an adsorption by ionic exchange on
the support’s amino groups). Subsequently, the epoxide
groups were blocked or modified by incubation with 3 M
of Asp (it is also possible to use glutamic acid), introduc-
ing a net negative charge for each modification, which
results in a support that has practically no net charge
and, therefore, no capacity to adsorb proteins by ionic
exchange at moderate ionic strengths and pH 7 (e.g. 100
mM sodium phosphate).

[0052] Subsequently, 1 g of the immobilised antibody
was incubated with 1 g of proteins of a crude extract of
E. coliin 100 ml of 100 mM of sodium phosphate at pH
7, and no adsorption of proteins was detected after 3
hours of incubation. When peroxidase was added to this
crude extract, this protein was very quickly adsorbed onto
the immobilised antibody preparation. The immobilised
antibody functionality was over 80% of that expected on
the basis of the immobilised antibody molecules.

2.2. Antibody immobilisation on 4BCL agarose acti-
vated with 60 micromoles of amino-epoxide groups
(epoxide support on a space arm containing an ami-
no group).

[0053] This strategy uses supports with epoxide
groups the space arm whereof contains an amino group
that is capable of acting as an ionic exchanger with the
antibody; i.e. wherein, for each epoxide group, there is
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at least one amino group (if a diamine bound by a sec-
ondary amine is used, there could be two amines). These
supports will be capable of adsorbing the antibody even
more rapidly than in the preceding case, and, further-
more, the covalent bond with the epoxide group could be
achieved even faster than in the preceding case. The
support was produced by reaction of an aminated sup-
port, such as those obtained by the modification of the
carboxyl groups of carboxymethyl agarose with ethylen-
ediamine in the presence of 100 mM of carbodiimide,
with a diepoxide (e.g. 1,4-butanediol-diglycidyl ether) or
other bifunctional epoxide reagents with a group that is
more reactive than the epoxide itself (e.g. epichlorhydrin)
(18). Although they may produce good results, other
groups that introduce two amino groups per epoxide will
require a more careful blockage or using a higher pH, in
order to cancel one of the charges of the secondary
amines.

[0054] This made it possible to obtain a support with
a dense layer of aminated groups with an epoxide group,
as described in Mateo et al. (13).

[0055] 5 mg of anti-peroxidase antibody in 50 ml of 5
mM phosphate buffer at pH 7 were offered to 5 g of this
support. After 24 hours, 100% of the antibody had be-
come covalently immobilised on the support (although
the first step was performed via an adsorption by ionic
exchange on the support’s amino groups, which took
place in only 1 hour). Subsequently, following the cova-
lent immobilisation of the antibody, the epoxide groups
were blocked by incubation with 3 M of Asp (it is also
possible to use glutamic acid), introducing a net negative
charge for each modification, which eliminated the sup-
port’s capacity as an anion exchanger. In those cases
where the support has two amino groups, other com-
pounds that introduce two net negative charges will be
used. Thus, once again the antibodies will be covalently
immobilised with the orientation obtained by anion ex-
change at pH 7, with a final support surface that is inca-
pable of adsorbing proteins by ionic exchange.

[0056] Subsequently, 1 g of the immobilised antibody
was incubated with 1 g of proteins of a crude extract of
E. coliin 100 ml of 100 mM of sodium phosphate at pH
7, and no adsorption of proteins was detected after 3
hours of incubation. When peroxidase was added to this
crude extract, this protein was very quickly adsorbed onto
the immobilised antibody preparation. The immobilised
antibody functionality was over 80% of that expected on
the basis of the immobilised antibody molecules.
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Claims

Method for the oriented covalent immobilisation of
antibodies, characterised in that it comprises the
following steps:

i) antibody adsorption by anion exchange on a
bifunctional solid surface or support activated
with two types of groups: ionised amino groups
from the support, composed of groups capable
of acting as anion exchangers to define the site
of interaction between the antibody and the sup-
port, and groups capable of covalently reacting
with and immobilising the antibody at low ionic
strength,

i) covalent binding of the already-adsorbed an-
tibody and the support, the conditions whereof
will depend on the activated group, and

iii) inertisation or blockage of the support sur-
face.

Method, as claimedin claim 1, characterised in that
the support is activated with two types of groups:
groups with a positive charge, preferably amino
groups, and groups that are capable of covalently
reacting with the proteins, preferably pertaining to
the epoxide, aldehyde or glutaraldehyde groups.

Method, as claimedin claim 2, characterised in that
the bifunctional support with positively charged
groups is a supportthatis activated with a low density
of glutaraldehyde-activated primary amino groups,
capable of adsorbing the antibody by anion ex-
change at very low ionic strength and, subsequently,
covalently immobilising the antibody, with the result
that this support is not capable of adsorbing proteins
at moderate ionic strength.

Method, as claimedin claim 2, characterised in that
the bifunctional support with positively charged
groupsisasupportthatis activated with alow density
of epoxide groups on a space arm with an amino
group; the amino groups are capable of adsorbing
the antibody by anion exchange at very low ionic
strength but incapable of adsorbing other proteins
at moderate ionic strength, and, subsequently, the
epoxide groups are capable of covalently immobilis-
ing the antibody and the remaining epoxide groups
are blocked or made inert with different molecules
that produce a neutral or negative final charge, such
that the final charge balance is close to 0.
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10.

11.

Method, as claimedinclaim 4, characterisedinthat
the blocking molecules used to produce a neutral
final charge belong to the following groups: mercap-
toethanol, Gly and Cys.

Method, asclaimedinclaim 4, characterisedin that
the blocking molecules used to produce a negative
final charge belong to the following groups: Asp and
Glu.

Method, asclaimedinclaim 2, characterised in that
the bifunctional support with positively charged
groups is a support that is activated with a high den-
sity of glutaraldehyde groups on amino groups; the
amino groups will be capable of adsorbing the anti-
body by anion exchange at very low ionic strength
and, subsequently, the glutaraldehyde groups are
capable of covalently immobilising the antibody; in
order to eliminate the support’s adsorption capacity,
it is coated with a layer of small molecular size pro-
teins.

Method, asclaimedinclaim 7, characterised in that
the space arm of the support with glutaraldehyde-
activated amino groups is an amino acid ester or
similar; the amino groups will be capable of adsorb-
ing the antibody by anion exchange at very low ionic
strength and, subsequently, the glutaraldehyde
groups will be capable of covalently immobilising the
antibody; in order to eliminate the support’s adsorp-
tion capacity, it is sufficient to hydrolise the ester to
generate a carboxyl group.

Method, as claimedinclaim 7, characterised inthat
the ester belongs to the following groups: cysteine
methyl ester, which is made to react with an epoxide
support, an ester of anamino acid such as Lys, which
is made to react on a support activated with carboxyl
groups, or an ester of an amino acid such as Asp or
Glu, which is made to react on a support activated
with amino groups.

Method, asclaimedinclaim 2, characterisedin that
the support is activated with a high density of epoxide
groups with a space arm that contains at least one
positively charged group; this positive charge is ca-
pable of promoting antibody adsorption by anion ex-
change at very low ionic strength and, subsequently,
immobilising the antibody by covalent reaction; in
order to eliminate the support’s adsorption capacity,
it is coated with a layer of small molecular size pro-
teins or the epoxide groups are blocked.

Method, as claimed in claim 10, characterised in
that blockage of the epoxide groups is performed
using a molecule with a net negative charge pertain-
ing to the following groups: Asp and Giu.
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Method, as claimedin claim2, characterised in that
the support is activated with epoxide groups, ideally
one-third whereof have been modified with di-
amines, preferably ethylenediamine, with two cati-
onic groups; these amino groups are capable of ad-
sorbing the antibody by anion exchange at very low
ionic strength and, subsequently, the remaining
epoxide groups are capable of covalently immobilis-
ing the antibody; in order to eliminate the support’s
adsorption capacity, it is coated with a layer of pro-
teins of small molecular size or the epoxide groups
are blocked with molecules that have a net negative
charge (e.g. Asp and Glu).

Method, as claimedinclaims 1 to 12, characterised
in that the support is porous.

Method, as claimed in claim 10, characterised in
that the porous support belongs to the following
groups: agarose, glass, silica and epoxy-actylic.

Method, as claimedinclaims 1 to 12, characterised
in that the support is a non-porous magnetic nano-
particle.

Method, as claimedin claims 1to 12, characterised
in that the immobilised antibody is used in affinity
chromatography or as an immunosensor.

Method, as claimedinclaims 1 to 12, characterised
in that the support is used as an immunosensor or
in affinity chromatography in mixtures with particles
in suspension; for example, membranes, spores or
cells.

Use of the method, as claimed in claims 1 to 17, to
produce a support device for oriented immobilised
antibodies, wherein the support is inert.

Inert support device for oriented immobilised anti-
bodies prepared using the method of the invention.
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