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COMPOSITIONS FOR BINDING AND SEPARATING OF PROTEINS

SUBJECT OF THE INVENTION
The subject of present invention is a composition. for binding and separating proteins

characterized by the general formula (II)

SUPPORT  F{Si(R,)L-A-COCH,[N(CH,COOH)CH,CH,],, N(CH,COOH),} (1)
_FISIR)R3 ]

wherein

R, is a hydrophobic group of smalll size, preferably hydrogen, or C,-C; straight chain or branched
alkyl, or C,-Cy straight chain or branched alkenyl or alkynyl, C¢-C; aryl or aralkyl or cycloalkyl
group; or alkoxy group, preferably methoXy or ethoXy group; or acyloxy group, preferably acetyloxy
group; or chlorine,

R; is R, or a hydrophobic group of small size, preferably hydrogen, or C,-Cs straight chain or
branched alkyl, or C,-C; straight chain or branched alkenyl or alkynyl, C¢-Cg aryl or aralky! or
cycloalkyl group; or alkoxy group, preferably methoxy- or ethoxy group; or.acyloxy group, preferably
acetyloxy group; or chlorine different form R,

R, is R; or a non-reactive group which contains straight chain, branched or cyclic structures formed
by 2 — 30 covalently connected carbon, oxygen, sulfur, fluorine, chlorine, bromine or iodine atoms,
symbol = represents one, two or three covalent single bonds between the Si-atoms and the surface of
the support, in case of one covalent bond, two of the' R, — R; groups are attached to the given Si atom;
in case of two covalent bonds, one of the R} — Ry groups is attached to the given Si atom; in case of
three covalent bonds, none of the grops R, ~R; are-attached to the given Si atom,

A is an atom or group-of atoms containing.a non-bondin;g pair of electrons, preferably NH, NR;, S, O,
L is a straight, branched or cyclic structure connecting Si atoms and the A moiety comprising 2 — 22
carbon, sulfur or nitrogen atoms covalently connected to each other,

X 1s a number and 0 >x>1,

m is an integer and m=10, 1 or 2

Complexing the compositon of general formula (1I) with the appropriate metal ions e.g. Ni, Hg,
Ga, Cu, Ru, Co, Cd, Mg, Mn, Ti, In, Zn, Tc, Rh, Pd, Re, Fe, Au, Pb, Bi, Mo, W, Pt, V, Zr,
advantageously La, Ce, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu results in metal affinity |
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carrier to which proteins and polypeptides tagged with oligohistidine affinity sequences can be bound

and purified.
BACKGROUND OF THE INVENTION

Proteins are of prime interest in modemn biotechnology. Elucidation of genoms accelerated the
cloning of genes and the elucidation of the structure and function of proteins. Significant development
of the methods for the preparation of recombinant proteins facilitated their production, however, their
structure and functions can only be studied in their pure state. Either the ’classical” approach
(isolation and purification of a protein of a given function) or the “neoclassical’” one (preparation of a
prdtein of given structure and investigation its role and structure thereafter) requires the elaboration of
efficient methods of protein purification procedures.

For the implementation of protein purification both at the laboratory and industrial scale several
methods are available [Burgess, R.R; Deutsche, M.P: Guide to Protein Purification (2nd Ed.), Methods
in Enzymology, 2009; 463, Academic Press], among them a generally applied one is chromatography.
Chromatography can be utilized advantageously in various domains of biotechnology, thus also for the
purification of proteins, since with its aid precise separation of complex mixtures can be realized under
mild conditions.

For the separation and purification of protéins among several other chromatographic techniques
such as ion exchange chromatography (IEX), hydrophobic interaction chromatography (HIC), it is
metal chelate affinity chromatography (MCAC) or under another name immobilized metal ion
adsorption chromatography (IMAC) which is an especially suitable, sensitive and efficient method for
the separation of most of the polypeptides and proteins [Block, H.; et al. Methods in Enzymology,
2009; 463:439-473]. Owing to chelate formation metal ions are strongly bound to the matrix,
accordingly the adsorbed protein or polypeptide can be eluted by lowering the pH or competitive
elution. In general IMAC is used to separate proteins or molecules showing certain affinity to the
transition metals in the matrix. Proteins can associate to the matrix through histidine, cysteine or
tryptophan residing on their surface and having affinity to metal chelates. In case of some proteins the
mode of bounding is not exactly known and can be influenced by multiple factors, such as e.g. the
number, nature, relative position and accessibility to metal ions of the.side chains on the surface
capable of coordination. Therefore it is difficult to predict which protein is able to bind and how
tightly to the matrix.

Simple chelating agents have been used as ligands in IMAC, for instance iminodiacetic acid
(IDA). Iminodiacetic acid bound to agarose and chelated with a variety of metals (Cu**, Zn**, Ni*")

and used to the immobilization of proteins and peptides is available commercially. Metal chelating
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resins have been used for the purification of interferon [US Patent 4,551,271], which also contained
IDA ligands. The resin can be described by the following formula: [agarose]-O-CH,-CH(OH)-CH,-
N(CH,COO-),M**, where M is nickel or copper. In the course of protein separations based on the
IMAC principle the application of agarose based supports contéinjn_g as chelator nitrilotriacetic acid
(NTA) [Hochuli, E.; et al. Biotechnology, 1988;6:1321-1325 and US Patent 4,877,830] and the
application as metal ions Ni** or Co*" is most frequent where the matrix can be more precisely
described by the following general formula:
[support]-spacer-NH-(CH,),-CH(COOH)-N(CH,COO),Ni** (x=2 or 4)

For protein separations based on the IMAC principle tris(carboxymethyl)ethylenediamine also
proved to be operative [Porath, J; Olin, B. Biochemistry, 1983;22:1621-1630]. More recent
procedures describe also the preparation IMAC supports containing more-complex tri- and tetradentate
ligands or even their mixtures US Patent 6,623,655 ; US Patent 7,005,071; US Patent 7,709,612. The
principle of IMAC based protein binding, that is the interaction between the His-tagged protein and
the immobilized metal ion:is depicted in Figure 2.

With the aid of the advanced methods of molecular biology proteins can nowadays be easily
provided with fusion affinity segments containing one or more histidines (oligohistidine signal, His-
tag) increasing thereby their affinity to the immobilized ligands containing metal ions. |

As a consequence of this IMAC is playing an ever increasing role in the purification of proteins.
In our days the most widely applied method for the purification of proteins based on the IMAC
principle has become the purification of recombinant proteins genetically modified on the DNS
template level extended by an oligohistidine sequence fusion marker [US Patent 4,569,794].
According to a possible model, the binding of fusion oligohistidine sequences on IMAC supports
containing immobilized metal ions is based on the interaction of the metal ion with one of the histidine
side chains of the His-tag and with another to be found at a distance of two amino acids from the
former (n — n+2). This is supported by the fact that metal ions immobilized on IMAC supports such
His-tag sequences which contain histidine either in a consecutive or an alternating mode can also be
seen in some examples shown in Table 1. Since consecutive His-tags are unstructured and therefore
flexible, other patterns can also be envisaged even in a single molecule, suchase.g.n-n+1,n-+3, n -
n+4, etc.

Examples for more complex oligohistidine tags are in US Patent 5,594,115 disclosing a fusion
protein which can be characterized by the formula R,-(His-X),-R, where (His-X)n is a metal ion
chelating peptide (n=3 — 6, where any of X can be Asp, Pro, Glu, Ala, Gly, Val, Ser, Leu, Ile or Thr),
R, the target polypeptide, R hydrogen or additional amino acid units.
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Table 1

Known His tag sequences (with single letter amino acid codes)
Sequence His tag Reference / Vector
HHHHHH Hq US Patent 4,551,271
HHHHHHHH H; pQE-TriSystem
HHHHHHHHHH Ho pQE-TriSystem-5, -6
HQHQHQHQHQHQ (HQ)s Prot. Expr. Purif. 1999;15:389-400
HNHNHNHNHNHN (H N)g US Patent. 7,176,298
HGHGHGHGHGHQ (H G/Q)s Prot. Expr. Purif. 1999;15:389-400
HHQHHAHHG (HHX), Prot. Expr. Purif. 1999;15:389—400
KDHLIHNVHKEHAHAHNK HAT US Patent 7,176,298
(H X)3.¢" (HX), US Patent: 5,594,115
HX, HRHX,H" (HXH),R US Patent Appl.. 2004/0029781

8= XcanbeD,E,P,A G,V,S, L, 1and T;
®= X, canbe A, RNDQEILLFPST W,V;
X,canbe A,R,N,D,C,Q,E,G,LL,K,M,P,S, T, Y, V

Oligohistidine marking (His-tag) possessing chelating properties énables the purification of
fusion proteins US Patent 4,569,794. The protein marked in this way can be separated from impurities
in a way that it is passed through a column containing a metal immobilized onto an IMAC support.
The His-tag of the fusion protein is bound to the matrix by chelation with the immobilized metal ion,
while impurities having no affinity to the metal ions are eluted from the column. Thereafter by
changing the conditions, typically by lowering the pH, with competing ligands (e.g. imidazole) or
competing chelators (e.g: EDTA) the His-tagged fusion protein can be eluted from the column and can
be recovered from the eluate in a pure state.

In IMAC applications chelators binding various metal ions are typically bound to an agarose
support [US Patent 4,551,271; US Patent 6,623,655; US Patent 7,005,071; US Patent 7,709,612. The
advantage of natural polysaccharide based supports ig that by functionalization with appropriate
chelators they provide characteristically high capacity IMAC supports, while their disadvantage is that
they can only be stored under special conditions (below room temperature, in a liquid state, protected
from drying out), their recovery can only be realized in a limited way only for a couple of cycles, as
well as their resistance to pressure.and mechanical properties are also limited. As a consequence up to
the present day there is a demand for the development of both supports and chelators immobilizing the

metal ions for the purpose of IMAC applications.
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For chromatographic separations silica gel based supports can be applied advantageously
[Encyclopedia of Chromatography (3rd Ed.), CRC Press, 2009]. Silica gel based phases modified on
their surface have the advantageous property that they are mechanically sturdy and permit highly
efficient separations [Majors, R.E. LCGC, 1997; 15(11):1008-1015]. Their additional advantageous
feature is that in a dry state they can be stored for a long time, they do not swell on contact with.
solvents and they can be applied at high pressures without deformation. Owing to these advantageous
features IMAC supports based on silica gel have also been prepared. A typical example is when
iminodiacetic acid (IDA) was reacted with glycidyloxypropyl-trimethoxysilane and the surface of
silica gel was modified with the product obtained in this way [Anspach, F. B. Journal of
Chromatography A, 1994; 672 (1-2):35-49]. According to another method IMAC supports were
prepared by modifying the surface of porous silica gel and other inorganic supports (e.g. porous glass,
aluminum oxide, titanium-dioxide) with ethylenediamine tetracetic acid (EDTA) and
diethylenetriamine-pentaacetic acid (DTA) containing silanes [US Patent 4,835,269].

Silica gel based IMAC supports modified by silanes containing nitrilotriacetic acid (NTA)
chelator complexed with metal ions proved to be suitable for binding and separation of His-tagged
proteins [US Patent 7,112,552 ; US Patent 7,304,015; US Patent 7,304,016; US Patent 7,354,750 and
WO02004/035170]. It is important to mention that the above approaches modified with the chelator

containing moieties merely the surface of the inorganic support, typically the surface of porous silica

- gel.

It has to be emphasized that - as clearly shown by the examples in Table 1 - the chelating
peptide generally contains alternating His units to be found at a distance of two amino acids (n — n+2).
Conséquently, if the chelator units are situated at the surface of the support in a controlled manner, at.a
given distance from each other, then multiple chelation and a more stable and/or more specific binding
of the His-tagged protein comes into being. In a procedure involving the modification of the surface of
mesoporous silica gel it is.modified by a mixture composed of a varying ratio of para-aminophenyl-
trimethoxysilane and phenyl-trimethoxysilane followed by coupling the amino groups with fluorescent
groﬁps, demonstrated that by varying the ratio of ligand-binding and non-binding silanes the surface of
the silica gel can be modified by ligands having a controlled density and distance [Banet. P; et al.
Langmuir, 2008; 24(16):9030-9037].

At the same time it is also a known fact that with silica gel based so called reversed phase
supports the pH stability of the phase is restricted and is characteristically between pH 2-8. The phase
bourid to silica gel is less sensitive to.acidic conditions and becomes sensitive to hydrolysis only below
pH=2 [Sagliano Jr., N.; et al. Journal of Chromatography, 1988; 443:155-172], while above pH 8
hydroxide ions attack and dissolve silica gel, which results in a dramatic decline of efficiency

[Kirkland, J.J.; et al. Journal of Chromatography, A 1995; 691:3-19]. Should in the process of surface
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modification remain free silanol groups, materials with basic groups may be bound to the surface,
which entails a deterioration of selectivity [Nawrocki, J. Journal of Chromatography, A 1997; 779:29-
71]. Modification by organosilanes the parts of the surface remaining free, s.c. end capping, resulted in
supports of high stability, resistant up to pH=11.5 [Neue, U.D.; et al. American Laboratory 1999;
31(22):36-39; Cheng, Y. F; et al. LCGC 2000; 18(11):1162-1172].

Derived from the above knowledge our perception is that in contrast to IMAC supports known
so far, in which it was the elaboration.of ligand binding groups the main issue, the two advantages can
be blended by the preparation of such IMAC supports in which, besides groups suitable to bind metals
by chelation, the surface is also modified by inert groups unable to chelation. In this manner novel
IMAC supports can be obtained in which the distance of chelating groups can be controlled and at the
same time modification of an additional part of the surface by inert groups diminishes non-specific
binding and increases the stability of the support.

With IMAC based protein binding and separations the use of Ni** or Co?" metal ions is the most
common [US Patent 4,877,830; Block, H.; et al. Methods in Enzymology, 2009; 463:439-473}, while
some methods mention and protect the use of other metal ions as well. Typical examples are US Patent
6,623,65, in which the metal of the metal ion are Ni, Hg, Ga, Cu, Ru, Co, Cd, Mg, Mn, Ti, In, Zn, Tc,
Rh, Pd, Re, Fe, Au, Pb and Bi preferably Fe, Cu, Co, Au and Ni; US Patent 7,709,612 in which the
metal of the metal ion is Ga and Fe; US Patent 7,005,071, in which the metal of the metal ion is Cu,
Zn, Ni, Ca, Co, Mg, Fe, Al, Ga, Sc. Certain méthods specify in the description of the principle of the
applicability of NTA based IMAC supports the ions Fe’', Cu®*, Co®", Ni**, Zn?", Ce**, Mg**, Ca®",
Ga', Cr”*, In", La*, Lu*, S¢**, Ta¥, Yb*, Th™, U, Ag’, Au" and Cu', mentioning in the main
claim metal ions in general (M"™, where n=1-6), while in further claims as metals only the use of Ni,
Cu, Co, Fe, Zn and Ga are specified [US Patent 7,112,552; US Patent 7,304,015; US Patent
7,354,750].

In the course of the application of the most often used metal ions for binding and separation of
proteins it is a serious disadvantage that, when used in larger quantities, the ions Ni** and Co?" are
toxic and carcinogenic. According to the standard EC No. 1272/2008 [EU-GHS/CLP] nickel acetate
can be carcinogenic, it is hariful when ingested, on contact with the skin it may cause
hypersensitivity, further it is of acute and chronic aquatic toxiéity. Cobalt acetate has similar
properties, which according to the guidelines of 67/548/EGK or 1999/45/EK can cause on inhaling
cancer; can damage procreative capacity and fertility, may cause chronic health impairment, can result
in sensibility on inhaling and on contact with the skin, as well it is extremely toxic for aquatic
organisms and causing prolonged damage in an aquatic environment.

Lanthanide metals, earlier called ,rare earth elements” [La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy,

Ho, Er, Tm, Yb, Lu; which got their name from lanthan (La) the first member of the series} are, in
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contrast to their name, not at all rare in the earth’s crust, the general frequency of their occurrence s,
with the exception of the radioactive promethium (Pr) produced artificially, commensurable with those
of such elements of vital importance as iodine, selenium or cobalt [Palasz, A; Czekaj, P. Acta
Biochimica Polonica, 2010; 47(4):1107-1114]. Lanthanides are electropositive metals, in their stable
compounds their oxidation number is generally +3, only Ce, Tb and Pm are forming stable compounds
with an oxidation number of +4, while Sm, Eu and Yb with that of +2. In their compounds their
coordination numbers are higher than 6, generally 8-9. The occurrence of lanthanides in the biosphere
is rare and are unknown to be parts of biologically active compounds. Compared to other elements of
non vital importance toxicity of non-radioactive lanthanides is lower [Palasz, A; Czekaj, P. Acta
Biochimica Polonica, 2010; 47(4):1107-1114] and their ecological impact is similarly low [Tai, P.; et
al., Chemosphere, 2010; 80(9):1031-1035]. Lanthanides often exhibit special magnetic, catalytic or
optical properties and therefore are widely utilized in industry and are relatively inexpensive.

The method which employs Tb-complexes of silica particles surface-modified with an EDTA
-based chelating ligand for the luminescent detection of dipicolinic acid [Rieter, W, J.; et al, Journal of
American Chemical Society, 2007; 129:9852-9853; Taylor K. M. L.; Lin, W. Journal of Materials
Chemistry, 2009; 19:6418-6422] demonstrates, that lanthanide complexes of supports modified with
appropriate ligands are suitable for binding molecules from a solution by complex formation along

with optical change.
DETAILED DESCRIPTION OF THE INVENTION

The objective of the invention is therefore a procedure for the preparation of IMAC supports of
higher than usual stability and selectivity. Our perception is that by regulating the distance of ligands
bound to ‘the surface and suitable for binding of metal ions further by protecting an additional
proportion of the solid surface by inert groups novel IMAC carriers can be gained the metal complexes
of which, owing to the enhanced selectivity and stability of the novel IMAC supports, are especially
suitable for the selective binding and separation of proteins having an adequate affinity to the metal
ions.

We have found that the application of lanthanide ions unexplored so far for IMAC based protein
binding offers special advantages, since the higher coordination ability of lanthanide ions permits the
preparation of IMAC supports of higher than usual capacity and/or selectivity. A further advantageous
feature of lanthanide based IMAC supports is that the toxicity of lanthanide ions, the appearance of
which is unavoidable in the protein products are, compared to the usual metal ions, much less toxic,
and also that based on the change of optical properties of the complexes protein binding and/or elution

can be sensitively followed.
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According to the above teaching the invention relatés to a composition for binding and

separating proteins which is the general formula (II)

SUPPORT  [={Si(R))-L-A-COCH,[N(CH,COOH)CH,CH;].N(CH,COOH),},  (II)
=[Si(Ro)-Ry]i.«

wherein

R, i5 a hydrophobic group of small size, preferably hydrogen, or C;-Cy straight chain or branched
alkyl, or C,-Cs straight chain or branched alkenyl or alkynyl, C¢-Cs aryl oraralkyl or cycloalkyl group;
or alkoxy group, preferably methoxy or ethoxXy group; or acyloxy group, preferably acetyloxy group;
or chlorine,

R; is R, or a hydrophobic group of small siz¢, preferably hydrogen, or C,-Cs straight chain. or
branched alkyl, or C,-Cg straight chain or branched alkenyl or alkynyl, C¢-C; aryl or aratkyl or
cycloalkyl group; or alkoxy group, preferably methoxy or ethoxy group; or acyloxy group, preferably

acetyloxy group; or chlorine different-form R,

R; is R; or a non-reactive group which contains straight chain, branched or cyclic structures formed by
2 - 30 covalently connected carbon, oxygen, sulfur, fluorine, chlorine, bromine or iodine atoms,
symbol = represernts one, two or three covalent single bonds between the Si atoms and the surface of
the support, in case of one covalent bond, two of the.R, — R; groups are attached to the given Si atom;
in case of two covalent bonds, one of the R, — R; groups i§ attached to the given Si atom; in case of
three covalent bonds, none of the grops R, — R; are attached to the given Si atom,
A is an atom or group of atoms containing a non-bonding pair of electrons, preferably NH, NRs, S, O,
L is a straight, branched or cyclic structure connecting Si atoms and the A moiety comprising 2 — 22
carbon, sulfur or nitrogen atoms covalently connected to each other,
x is a number and 0 >x> 1,
m i$ an integer and m =0, 1 or 2

Further the invention relates to complexes of the compositions contain the general formula (I1)
with metal ions of general formula M™ wherein
M is.a metal, preferably a low toxicity, non:radioactive lanthanide, such as La, Ce, Nd, Pm, Sm, Eu,
Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, or other metal such as Ni, Hg, Ga, Cu, Ru, Co, Cd, Mg, Mn, Tj, In,
Zn, T¢, Rh, Pd, Re, Fe, Au, Pb, Bi, V, Zr, and
nis anumberandn> |,

In addition to the above, the invention relates to the use of metal complexes of these
compositions .for the binding of such oligopeptides or proteins which contain affinity sequences of 5-

12 amino acids long containing at least 3 histidines.
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In a preferred use of metal complexes of compositions for the binding of such oligopeptides or
proteins which contain affinity sequences of 5-12 amino ‘acids long containing at least 3 histidines in
such way that the change in the binding state of oligopepides or proteins is followed by optical change.

In a preferred embodiment the composition wherein for the preparation of composition porous
or fibrous solid carriers are used, typically porous support of 1 um — 2 mm grain size and 4 — 200 nm
pore diameter, or fibrous material with 100 — 2000 nm diameter with surfaces of silica-gel, aluminium
oxide, titanium oxide, glass, cellulose or other material enabling the fabrication of structure with a
general formula (IT) by covalent bonds.

The new compositions and the procedure according to the invention is illustrated by the

following examples, without limiting the-scope of the invention to the examples given.

Example 1

Silica gel (10 g, grain size: 40 — 63 pm, specific surface : 285 m%/g) was added to methanol (95%, 100
mL) containing 3-aminopropyltrimethoxysilane (2.0 mL; 11.5 mmol; 2.05 g) followed by shaking the
suspension at room temperature for 168 hours. The product was filtered off and washed with methanol
(3x100 mL), dried and stored at room temperature.

Elementary analysis: C: 1.78%, N: 1.12% H: 1.43%

Example 2

The description according to Example 1 with the modification that the silane component is 3-(2-
aminoethylamino)-propyldimethoxysilane (2.0 ml).

Elementary analysis: C: 4.02% N: 2.40% H: 1.83%

Example 3

The description according to Example 1 with the modification that the silane component is 3-(2-
aminoethylamino)-propylmethyldimethoxysilane (2.0 ml).

Elementary analysis: C: 3.22% N: 1.74% H: 1.71%

Example 4

The description according to Example 1 with the modification that the silane component is a 1/3 (v/v)
mixture of 3-aminopropyltrimethoxysilane-and phenyltrimethoxysilane (2.0 ml).

Elementary analysis: C: 6.37% N: 0.57% H: 1.48%
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Example 5

The description according to Example 1 with the modification that the silane component is a 1/3 (v/v)
mixture of 3-(2-aminoethylamino)propyltrimethoxysilane and phenyltrimethoxysilane (2.0 ml).
Elementary analysis: C: 6.26% N: 0.95% H:'1.59%

Example 6

The description according to Example 1 with the modification that the silane component is a 1/3 (v/v)
mixture of 3-(2-aminoethylamino)propylmethyldimeth-oxysilane / phenyltrimethoxysilane (2.0 ml).
Elementary analysis: C: 5.66% N: 0.75% H: 1.48%

Example 7

The description according to Example 1 with the modification that the silane component is a 1/3 (v/v)
mixture of 3-aminopropyltrimethoxysilane and methyltrimethoxysilane (2.0 ml).

Elementary analysis: C: 1.56% N: 0.49% H: 1.37%

Example 8

The description according to Example 1 with the modification that the silane componet is a 1/3 (v/v)
mixture of 3-(2-aminoethylamino)propyltrimethoxysilane and methyltrimethoxysilane (2.0 ml).
Elementary analysis: C: 2.56% N: 1.03% H: 1.57%

Example 9

The description acéording to Example 1 with the modification that the silane component is a 1/3 (v/v)
mixture of 3-(2-aminoethylamino)propylmethyldimethoxysilane and methyltrimethoxysilane (2.0 ml).
Elementary analysis: C: 2.51% N: 0.77% H: 1.44%

Example 10

EDTA-dianhydride (300 mg, 1.17 mmol) was dissolved under inert conditions (argon atmosphere) in
anhydrous N,N-dimethlyformamide (DMF, 5.5 mL, 71.3 mmol, 5.2 g), then N,N-diisopropyl-
ethylamine (DIEA, 6 n/n%, based on DMF, 750 pl, 4.31 mmol, 557 mg) and the silica gel support
(1.00 g) containing an amine functional group and prepared according to Example | was added. The
mixture was stirred at 80 °C for 1 hour followed by the addition of distilied water (21 pl, 1.00
equivalent based on EDTA dianhydride). After continued stirring at 80 °C for 3 hours the mixture was
filtered followed by washing on the filter with DMF (3x5mL), distilled water (2x5 mL), saturated
sodium hydrogen carbonate solution (2x5 mL) and anhydrous ethanol (2x5 mL). The product was
dried in a vacuum dessicator over phosphorus pentoxide and stored.

Elementary analysis: C: 6.66% N: 2.08% H: 1.92%
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Example 11

The description according to Example 10 with the modfﬁcat‘ion that the silica component is an amine
group containing silica gel based support prepared according to Example 2 (1.00 g).

Elementary analysis: C: 10.06% N: 3.56% H: 2.47%

Example 12

The description according to Example 10 with the modification that the silica component is an amine
group containing silica gel based support prepared according to Example 3 (1.00 g).

Elementary analysis: C: 8.48% N: 2.74% H: 2.20%

Example 13

The description according to Example 10 with the modification that the silica component is an amine
group containing silica gel based.support prepared according to Example 4 (1.00 g).
Elementary analysis: C: 8.59% N: 1.12% H: 1.70%

Example 14

The description according to Example 10 with the modification that the silica component is an amine
group containing silica gel based support prepared according to Example 5 (1.00 g).

Elementary analysis: C: 9.66% N: 1.47% H: 1.90%

Example 15

The description according to Example 10 with the modification that the silica component is an amine
group containing silica gel based support prepared according to Example 6 (1.00 g).

Elementary analysis: C: 8.10% N: 1.45% H: 1.80% .

Example 16

The description according to Example 10 with the modification that the silica component is an amine
group containing silica gel based support prepared according to Example 7 (1.00 g).

Elementary analysis: C: 4.61% N: 1,14% H: 1.68%

Example 17

The description according to Example 10 with the modification that the silica component is an amine
group containing silica gel based support prepared according to Example 8 (1 .00 g).

Elementary analysis: C: 4.61% N: 1.14% H: 1.68%
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Example 18

The description according to Example 10 with the modification that the silica component is an amine
group containing silica gel based support prepared according to Example 9 (1.00 g).

Elementary analysis: C: 6.32% N: 1.72% H: 1.91% ﬂ

Example 19

The silica gel based support coupled with EDTA anhydride prepared as presented in Example 10 (1.00
g) was suspended in a nickel chloride solution (NiCly; 100 mM; 16 mL) then, after shaking for 5
minutes it was filtered off. The filtered silica gel based IMAC support was washed with HEPES buffer
(2-[4-(2-hydroxyethyl)piperazin-1-yl]ethanesulfonic acid; 20 mM; pH=7.5; 16 mL), distilled water (20
mL), imidazole solution (500 mM; pH=7.5; 9 ml), than with water (20 mL). The Ni containing silica
gel based support prepared was stored at room temperature under 20% ethanol.

Flame-AAS: Ni: 2.00%

Example 20

The description according to Example 19 with the modification that the IMAC support was a silica gel
based support coupled with EDTA anhydride prepared in a way presented in Example 11 (1.00 g).
Flame-AAS: Ni: 2.61%

Example 21

The description according to Example 19-with the modification that the IMAC support was a silica gel
based support coupled with EDTA anhydride prepared in a way presented in Example 12 (1.00 g).
Flame-AAS: Ni: 2.71%

Example 22

The description according to Example 19 with the modification that the IMAC support was a silica gel
based support coupled with EDTA anhydride prepared in a way presented in. Example 13 (1.00 g).
Flame-AAS: Ni: 1.20%

Example 23

The description according to Example 19 with the modification that the IMAC support was a silica gel
based support coupled with EDTA anhydride prepared in a way presented in Example 14 (1.00 g).
Flame-AAS: Ni: 1.81%
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Example 24

The description according to Example 19 with the modification that the IMAC support was a silica gel
based support coupled with EDTA anhydridé prepared in a way presented in Example 15 (1.00 g).
Flame-AAS: Ni: 1.49%

Example 25

The description according to Example 19 with the modification that the IMAC support was a silica gel
based support coupled with EDTA anhydride prepared in a way presented in Example 16 (1.00 g).
Flame-AAS: Ni: 1.26%

Example 26

The description according to Example 19 with the modification that thé¢ IMAC support was a silica gel
based support coupled with EDTA dnhydride prepared in a way presented in Example 17 (1.00 g).
Flame-AAS: Ni: 1.68%

Example 27

The description according to Example 19 with the modification that the IMAC support was a silica gel
based support coupled with EDTA anhydride prepared in a way presented in Example 18 (1.00 g).
Flame-AAS: Ni: 1.79%

Example 28

Escherichia coli Rosetta (DE3) pLys (NOVAGEN) cells were transformed with pET-19b plasmids
containing a Drosophila virilis dUTPase enzymie coding. gene sequence (Dv dUTPase, 530 amino
acids, 57.9 kDa, pl 5.94) [The Drosophila Consortium, Nature, 2007; 450(7167):203-218] and
ampicillin resistance. When the enzyme is produced with this vector, the N-terminal of the protein
contains a Hise tag. The transformed cells were selected with the aid of LB agarose plates (10 g
Tripton, 5 g yeast extract, 10 g NaCl, 18.75 g microbiologic agar /1 L, pH 7.5) containing 0.1 mg/mL
ampicillin. With the plasmid containing cells we prepared cultures of 5 mL volume (200 rpm, 37 °C,
16 hours), and then this inoculum was transferred into 500 mL of culture medium. The cells grown at
37 °C and shaken at 200 rpm were induced after attaining an optical density of 0.5 with 0.6 mM IPTG
(isopropyl-B-D-1-thiogalactopyranoside). After adding the inducing agent protein production was
carried out by shaking at 25 °C (4 hours, 200 rpm). Thereafter the cells were centrifuged (3600 rpm,
20 minutes 4 °C) and the cell pellets suspended in 50 mL of a lysis buffer at 4 °C (50 mM TRIS-HCI,
pH 7.5, 300 mM NaCl, 05 mM EDTA, 5 mM p-mercaptoethanol, 1 mM PMSF
[phenylmethanesulfonylfluoride], 5 mM BA (benzyladenine), 0.1 mg/mL lysozyme, 0.1 mg/mL
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DNAse, 0.01 mg/mL RNAse A). Thereafter the suspended cells were disrupted by sonication
(Bandelin Sonopuls HD 2070 apparatus, 10x30 sec, amplitude 40%, 6 cycles/minutes) with ice
cooling. Separation of the cell debris from. the supernatant intended for the testing of the affinity
material was carried out by centrifuging (5000 rpm, 20 min, 4 °C).

Example 29

‘The Ni-containing affinity material (20.0 mg) prepared in a manner presented in Example 19 was

suspended in distilled water (1 mL) and suspended again after standing for 15 min. The sample was

centrifuged (5000 rpm, 25 °C, 10 minutes) and the water decanted. To the wet affinity material the

.supernatant of Dv dUTPase prepared as shown in Example 28 (100 uL, 7.8 mg total protein/mL

supernatant) was added, the sample suspended, centrifuged (5000, rpm, 25 °C, 10 minutes) and the
supernatant decanted (Figure 3, ,,A Flow through”). The sample was washed with Low Salt buffer
(LS, 2%1 mL, 50 mM HEPES [2-[4-(2-hydroxyétliyl)piperazine-1-yljéthanesulfonic acid], 30 mM
KCl, pH=7.5); centrifuged (5000 rpm, 25 °C, 10 minutes) and the supérnatant decanted (Figure 3, ,,A
LS”). Thereaftér the sample was washéd with EDTA solutions of incréasinig concéntration (100 ul, 5
mM, pH=8.0; 100 pl, 20 mM, pH=8.0; 100 pl; 100 mM, pH=8.0). After each washing. the suspended
sample was centrifuged (5000 rpm, 25 °C, 10 minutes) and decanted (Figure 3, ,,A 5 mM EDTA”, ,,A
20 mM EDTA”, ,,A 100 mM EDTA”). Finally the IMAC support was washed with distilled water
(3><l mL) and stofed under 20% ethanol. To the samples from the centrifuged supernatants (40 ul) dye
solution (10 pl; 250 mM Tris-HCl pH 6.8; 10% SDS [sodium dodecylsulfate]; 10% DTT
[dithiothreitol]; 50% glycerol; 0.05% bromophenol-blue dye) was added and then from this mixture
followed by heat treatment at 95 °C (5 minutes) 12.5 ul was pipétted into the sample holding wells of
the electrophoresis gel. Gél electrophoresis was carried out on a 12% acrylamide gel (€lectrophoresis
buffer: 3.03 g TRIS, 14.4 g glycine, 1.0 g SDS, Bio Rad Mini-PROTEAN® Tetra cell running tank,

PowerPac Universal power supply, voltage 200 V).

Example 30
The procedure presented in Example 29 modified in.a wajy-that the Ni-contairing affinity-material was
prepared as presented in Example 20.

(Figure 4; B Flow through”; ;B LS”; ,B.S mMM'EDTA”; , B 20 mM EDTA”; ,;B 100 mM EDTA”).

Example.31
The procedure presented in Example 29 modified in a way that the Ni-containing affinity material was
prepared as presented.in. Example 21.

(Figure 5; ,,C Flow through”; ,,C LS”;,,C'5 mM EDTA”; ,,C'20 mM EDTA™; ,,C 100 mM EDTA”).
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Example 32
The procedure presented in Example 29 modified in a way that the Ni-containing affinity material was
prepared as presented in Example 22.

(Figure 6; ,.D Flow through”; ,,D LS”; ,D 5 mM EDTA”; ,.D 20 mM EDTA”; ,.D 100 mM EDTA™).

Example 33
The procedure presented in Example 29 modified in a way that the Ni-containing affiriity material was
prepared as presented in Example 23.

(Figue 7; ,.,E Flow through”; ,E LS”; .E 5 mM EDTA”; , E 20 mM EDTA"; ,.E 100 mM EDTA”).

Example 34
The procedure presented in Example 29 modified in a way that the Ni-containing affinity material was
prepared as presented in Example 24.

(Figure 8; .,F Flow through”; ,F LS”; ,,F 5 mM EDTA”; ,,F 20 mM EDTA”; ,F 100 mM EDTA”).

Example 35

The procedure presented in Example 29 modified in a way that the Ni-containing affinity material was
prepared as presented in Example 20. ‘

(Figure 9; ,,G Flow through”; ,,G LS™; ,,G 5 mM EDTA”; ,,G 20 mM EDTA™; ,,G 100 mM EDTA”).

Example 36
The procedure presented in Example 29 modified in a way that the Ni-containing affinity material was
prepared as presented in Example 26.

(Figure 10; ,.H Flow through”; ,H LS”; ,H 5 mM EDTA"; , H 20 mM EDTA”; ,H 100 mM EDTA”).

Example 37
The procedure presented in Example 29 modified in a way that the Ni-containing affinity material was

prepared as presented in Example 27.

(Figure 11; ,,1 Flow through”; ,J LS”; ., 5mM EDTA"; ,,1 20 mM EDTA”; ,] 100 mM EDTA”).

Example 38

Description according.to Example 19 modified. in a way that the affinity material was a silica gel
based support (1.00 g) coupled with EDTA as chelating agent prepared in a way presented in Example
10 and into which the lanthanide metal ion was introduced with lanthanum nitrate (La(NOs);; 100
mM; 16 mL).
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Example 39

Description according to Example 19 modified in a way ‘that the affimity material was a silica gel
based support (1.00 g) coupled with EDTA as chelating agent prepared in a way presented in Example
12 and into which the lanthanide metal ion was introduced With lanthanum nitrate (La(NOs),; 100
mM; 16 mL).

Example 40

Description according to Example 19 modified in.a way that the affinity material was a silica gel
based support (1.00 g) coupled with EDTA as chelating agent prepared in a way presented. in Exanple
16 and into which the lanthanide metal ion was introduced with lanthanum nitrate (La(NO3);; 100
mM; 16 mL).

Example 41
Description according to Examiple 19 modified in a way that the affinity material was a silica gel
based support (1.00 g) coupled with EDTA as-chelating agent prepared in a way presented in. Example

18 and ‘into which the lanthanide métal ion was- introduced with lanthanum nitrate (La(NO3)s; 100

'mM; 16 mL).

Example 42
The procedure presented in Example 29 modified in a way that the La’" containing affinity material

was prepared acéording to the method presernted in. Example 38 (Figures 12-16, ,,A%).

Example 43

‘The procedure presented in Exam_ple 29 modified in a way that the. La* containing affinity material

was prepared according to the method presented in Example 39 (Figures 12-16, ,,C”).

Example 44

The procedure presented in Example 29 modified in-a way that. the La** containing affinity matérial

~ was prepared according to the method presented in Example 40 (Figures 12-16, ,,G”).

Example 45
The procedure presented in Exarplée 29 modified in a way that the La** containing affinity material

was prepared according to the method presented in Example 41 (Figures 12-16, ,I).
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Example 46

From a silica sol [a mixture in a molar proportion of 1 : 2 : 2 : 0.01 of tetraethoxysilane (TEOS),
ethanol, distilled water and HCI treated at 80 °C for 30 minutes] utilizing the disclosed method of
electrospinning in the known way [Choi, S. S.; et al. Journal of ‘Materials Science Letters, 2003;
22:891-893] employing 12 kV voltage, a tissue of 0.5 — 1 mm ‘thickness consisting of silica nano-
fibers of 500 - 1200 nm diameter was produced. |

Example 47
The déscription according to Example 4 modified in a way that the solid support was 100 mg of silica

naro-fiber tissue (accordingly, compared with Example 4, one hundredths of solvent and silane

reagent was used).

Example 48
The description according to Example 5 modified in a way that thesolid support was 100 mg of silica
nano-fiber tissue (accordingly, compared with Example 5, one hundredths of solvent and silane

reagent was used).

Example 49
The description according to Example 6 modified in a way that the solid.support was 100 mg of silica
nano-fibei tissue (accordingly, compared with Example 6, one hundredths of solvent and silane

reagent was used).

Example 50
The description according to Example 7 modified in a way that the solid support was 100 mg of silica
nano-fiber tissue (accordingly, compared with Example 7, oné hundredths of solvent and silane

reagent was used).

Example 51
The description according to Example 8 modified in a way that the solid support was 100 mg of silica
nano-fiber tissue (accordingly, compared with Example 8, one hundredths of solvent and silane

reagent was used).
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Example 52
The description according to Example 9 modified in a way that the solid support was 100 mg of silica

nano-fiber tissue (accordingly, compared with Example 9, one hundredths of solvent and silane

reagent was used).

Example 53
The description according to Example 10 modified in a way that the solid component was a silica
nano-fiber based support (100 mg) prepared according to the method presented in Exampie 47

containing an amino functional group (accordingly, compared with Example 10, applying one tenth of
solvent-and EDTA dianhydride).

Example 54

The description according to Example 10 modified in a way that the solid component was a silica
nano-fiber based support (100 mg) prepared according to the method presented in Example 48
containing an amino functional group (accordingly, compared with Example 10, applying one tenth of
solvent and EDTA dianhydride).

Example 55

The description according to Example 10 modified in a way that the solid component was a silica
nano-fiber based support (100 mg) prepared according to the method presented in Example 49
containing an amino functional group (accordingly, compared with Example 10, applying one tenth of
solvent and EDTA dianhydride).

Example 56

The description according to Example 10 modified in a way that the solid component was a silica
nano-fiber based support (100 mg) prepared according to the method presented in Example 50
containing an amino functional group (accordingly, compared with Example 10, applying one tenth of

solvent.and EDTA dianhydride).

Example 57

The description according to Example 10 modified in a way that the solid component was a silica
nano-fiber based support (100 mg) prepared according to the method presented in Example 51
containing an amino functional group (accordingly, compared with Example 10, applying one tenth of
solvent and EDTA dianhydride).
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Example 58

The description according to Example 10 modified in a way that the solid component was a silica
nano-fiber based support (100 mg) prepared according to the method presented in Example 52
containing an amino functional group (accordingly, compared-with Example 10, applying one tenth of
solvent and EDTA dianhydride).

Example 59

The description according to Example 10 modified in a way that the solid component was a silica
nano-fiber based support (100 mg) prepared according to the method presented in Example 53
containing an amino functional group (accordingly, compared with Example 10, applying one tenth of
solvent and EDTA dianhydride).

Example 60
The description according to Example 19 modified in a way that the solid support was an EDTA
functionalized silica nano-fiber based support (100 mg) prepared in a way presented in Example 54

(accordingly, compared with Example 19, one tenth of washing solution was applied).

Example 61 _
The' description according to Example 19 modified in a way that the solid support was an EDTA
functionalized silica nano-fiber based support (100 mg) prepared in a way presented in Example 55

(accordingly, compared with Example 19, one tenth of washing solution was applied).

Example 62
The description according to Example 19 modified in a way that the solid support was an EDTA
functionalized silica nano-fiber based support (100 mg) prepared in a way presented in Example 56

(accordingly, compared with Example 19, one tenth of washing solution was applied).
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Example 63
The description according to Example 19 modified in a way that the solid support was an EDTA,
functionalized silica nano-fiber based support (100 mg) prepared in a way presented in Example 57

(accordingly, compared with Example 19, one tenth of washing solution was applied).

Example 64
The description according to Example 19 modified in a way that the solid support was an EDTA
functionalized silica nano-fiber based support (100 mg) prepared in a way presented in Example 58

(accordingly, compared. with Example 19, one tenth of'washing solution was applied).

Example 65
The description according to Example 38 modified in a way that the solid support was an EDTA
functionalized silica nano-fiber based support (100 mg) prepared in a way presented in Example 53

(accordingly, compared with Example 38, one tenth of washing solution was applied).

Example 66
The description according to Example 38 modified in a way that the solid support was an EDTA
functionalized silica nano-fiber based support (100 mg) prepared in a way presented in Example 54

(accordingly, compared with Example 38, one tenth of washing solution was applied).

Example 67
The description according to Example 38 modified in a way that the solid support was an. EDTA
functionalized silica nano-fiber based support (100 mg) prepared in a way presented in Example 55

(accordingly, compared with Example 38, one tenth of washing solution was.applied).

Example 68
The description according to Example 38 modified in a way that the solid support was an EDTA
functionalized silica nano-fiber based support (100 mg) prepared in a way presented in Example 56

(accordingly, compared with Example 38, one tenth of washing solution was applied).

Example 69
The description according to Example 38 modified in a way that the solid support was an EDTA
functionalized silica nano-fiber based support (100 mg) prepared in a way presented in Example 57

(accordingly, compared with Example 38, one tenth of washing solution was applied).
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The description according to Example 38 modified in a way that the solid support was an EDTA

functionalized silica nano-fiber based support (100 mg) prepared in a way presented in Example 58

(accordingly, compared with Example 38, one tenth of washing solution was applied).

Example 71

The description according to Example 1 with the modification that the silane component is a 1/2.6
(v/v) mixture of 3-(2-aminoethylamino)propyltfimethoxysilane and methyltrimethoxysilane (2.0 ml).
Elementary analysis: C: 2.76% N: 0.85% H: 1.58%

Example 72

The description according to Example 10 with the modification that the silica component. is an amine
group containing silica gel based support prepared according to Example 71 (1.00 g).

Elemeritary analysis: C: 5,09% N: 1.26% H: 1.85%

Example 73

The description according to Exarnple 19 with the modification that the IMAC support was a silica gel
based support coupled with EDTA anhydiide prepared in a way presented in Example 72 (1.00 g).
Flame-AAS: Ni: 2.21%

Example 74

The description according to Example 19 modified in a way that the affinity material was a silica gel
based support (1.00 g) coupled with EDTA as chelating agent prepared in a way presented in Example
72 and into which the metal ion was introduced with cobalt chloride (CoCl,; 100 mM; 16 mL).

Example 75

The description according to Example 19 modified in a way that the affinity material was a silica gel
based support (1.00 g) coupled with EDTA as chelating agent prepared in a way presented in Example
72 and into which the lanthanide metal ion was introduced with lanthanum sitrate (La(NO;)3; 100
mM; 16 mL).

Example 76
The description according to Example 19 modified in a way that the affinity material was a silica gel

based support (1.00 g) coupled with EDTA as chelating agent prepared in a way presented in Example



10

15

20

25

30

35

WO 2013/179072 PCT/HU2013/000050

22

72 and into which the lanthanide metal ion was introduced with europium acetate (Eu(OAc);; 100
mM; 16 mL).

Example 77
Description according to Example 19 modified in a way that the affinity material was a silica gel
based support (1.00 g) coupled with EDTA as chelating agent prepared in a way presented in Example

72 and into which the lanthanide metal ion was introduced with terbium acetate (Tb(OAc);; 100 mM;
16 mL).

Example 78

Escherichia coli Rosetta (DE3) pLys NOVAGEN) cells were transformed with pET-19b plasmids
containing a Homo sapiens dUTPase enzyme coding gene sequence (Hs dUTPase, 184 amiino acids,
19.9 kDa, pl 7.13) (Miyahara, S.; et al. Journal of Medicinal Chemistry, 2012; 55(11):5483-5496] and
ampicillin resistance. When the enzyme is produced with this vector, the N-terminal of the protein
contains a Hiss tag. The transformed cells were selected with the aid of LB agarose plates (10 g
Tripton, 5 g yeast extract, 10 g NaCl, 18.75 g microbiologic agar /1 L, pH 7.5) containing 0.1 mg/mL
ampicillin. With the plasmid containing cells we prepared cultures of 5 mL volume (200 rpm, 37 °C,
ca. 12 hours), and then this inoculum was transferred into.500 mL of culture medium. The cells grown
at 37 ° C and shaken at 200 rpm were induced after attaining an optical density of 0.5 with 0.1 mM
IPTG (isopropyl-p-D-1-thiogalactopyranoside) at 30 °C. After adding the inducing agent protein
production was carried out by shaking at 28 °C (6 hours, 200 rpm). Thereafter the cells were
centrifuged (3600 rpm, 20 minutes 4 °C) and the cell pellets suspended in 50 mL of a lysis buffer at 4
°C (50 mM TRIS-HCI, pH 7.5, 300 mM NaCl, 0.5 mM EDTA, 5 mM PB-mercaptoethanol, 1 mM
PMSFE [phenylmethanesulfonylfluoride], 5 mM BA (benzyladenine), 0.1 mg/mL lysozyme, 0.1
mg/mL DNAse, 0.01 mg/mL RNAse A). Thereafter the suspended cells were disrupted by sonication
(Bandelin Sonopuls HD 2070 apparatus, 10X30 sec, amplitude 40%, 6 cycles/minutes) with ice
cooling. Separation of the cell debris from the supernatant intended for the testing of the affinity

material was carried out by centrifuging (5000 rpm, 20 min, 4 °C).

Example 79

The Ni**-containing affinity material (20.0 mg) prepared in a manner presented in Example 73 was
suspended in distilled water (1 mL) and suspended again after standing for 15 min. The sample was
centrifuged (5000 rpm, 25 °C, 10 minutes) and the water decanted. To the wet affinity material the
supernatant of Hs dUTPase prepared as shown in Example 78 (100 pL, 7.8 mg total protein/mL
supernatant) was added, the sample shaked for 2 h, centrifuged (5000 rpm, 25 °C, 10 min) and the
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supernatant decanted (Figure 17, ,,A4 Senes: Flow through”, Lane Ni). The sample was washed with
Low Salt buffer (LS, 2x1 mL, 50 mM HEPES [2-[4-(2-hydroxyethyl)piperazine-1-yl]ethanesulfonic
ac¢id)], 30 mM KCl, pH=7.5), centrifuged (5000 rpm, 25 °C, 10 minutes) and the supernatant decanted
(Figure 18, ,,A4 Series; LS”, Lane ,,Ni*). Thereafter the sample was washed with EDTA solutions of
increasing concentration (100 pl, 5 mM, pH=8.0; 100 pl, 20 mM, pH=8.0; 100 pl, 100 mM, pH=8.0;
100 ul, 200 mM, pH=8.0). After each washing the suspended sample was centrifuged (5000 rpm, 25
°C, 10 minutes) and decanted (Figure 19, ,,A4 Series; 20 mM EDTA", Lane ,Ni”; Figure 20, ,,A4
Series: 100 mM EDTA”, Lane ,Ni”; Figure 21, ,,A4 Series: 200 mM EDTA”, Lane ,,Ni”"). Finally the
IMAC support was washed with distilled water (3x1 mL) and stored under 20% cthanol. To the
samples from the centrifuged supematants (40 ul) dye solution (10 ul; 250 mM Tris-HC! pH 6.8; 10%
SDS [sodium dodecylsulfate]; 10% DTT [dithiothreitol}; 50% glycerol; 0.05% bromophenol-blue dye)
was added and then from this mixture followed by heat treatment at 95 °C (5 minutes) 12.5 pl was
pipetted into the sample holding wells of the electrophoresis gel. Gel electrophoresis was carried out
on a 12% acrylamide ge! (electrophoresis buffer: 3.03 g TRIS, 14.4 g glycine, 1.0 g SDS, Bio Rad
Mini-PROTEAN® Tetra cell running tank, PowerPac Universal power supply, voltage 200 V).

Example 80
The procedure presented in Example 79 modified in a way that the Co®" containing affinity material

was prepared according to thé method presented in Example 74 (Figures 17-21, Lanes ,,Co”).

Example 81
The procedure presented in Example 79 modified in a way that the La®" containing affinity material

was prepared according to the method presented in Example 75 (Figures 17-21, Lanes ,,La”):

Example 82
The procedure presented in Example 79 modified in a way that the Eu™ containing affinity material

was prepared according to the method presented in Example 76 (Figures 17-21, Lanes ,,Eu”).

Example 83
The procedure presented in Example 79 modified in a way that the Tb* containing affinity material

was prepared according to the method presented in Example 77 (Figures 17-21, Lanes ,,Tb”).
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CLAIMS

1.. A composition for binding and separating proteins characterized by the general formula (II)

SUPPORT  |={Si(R,)-L-A-COCH,[N(CH,COOH)CH,CH,],N(CH,COOH),},  (I)

=[Si(R;)-R3] )«

wherein

R, is a hydrophobic group of small size, preferably hydrogen, or C,-Cy straight chain or branched
alkyl, or C,-Cg straight chain or branched aikenyl or alkynyl, C¢-Cs aryl or aralkyl or cycloalkyl group;
or alkoxy group, preferably methoxy or ethoxy group; or acyloxy group, preferably acetyloxy group;
or chlorine,

R, is R; or a hydrophobic group of small size, preferably hydrogen, of C,-Cg straight chain or
branched alkyl, or C,-C; straight chdin or branched alkenyl or alkynyl, C¢-Cg aryl or aralkyl or
cycloalkyl group; or alkoxy group, preferably methoxy or ethoxy group; ot acyloxy group, preferably
acetyloxy group; or chlorine different form R,

R; is R; or a non-reactive group which contains straight chain, branched or cyclic structures formed by
2 — 30 covalently connected carbon, oxygen, sulfur, fluorine, chlorine, bromine or iodine atoms,
symbol ='represents one, two or three covalent single bonds between the Si atoms and the surface of
the support, in case of one covalent bond, two of the R, — R groups are attached to the given Si atom;
in case of two covalent bonds, one of the R — R, groups is attached to the given Si atom; in case of
three covalent bonds, none of the grops R; —R; are attached to the given Si atom,

A is-an.atom or group of atoms containing a non-bonding pair of electrons, preferably NH, NR;, S, O,
L is a straight, branched or cyclic structure connecting Si atoms and the A moiety comprising 2 — 22
carbon, sulfur or nitrogen atoms covalently connected to each other,

X is a number and 0 >x> 1,

m is an integer and m= 0,1 or 2

2. Complexes of the compositions characterized by general formula (IT) as claimed in Claim 1 with
metal ions of general formula M"™

wherein

M is a metal, preferably a low toxicity, non-radioactive lanthanide, such as La, Ce, Nd, Pm, Sm, Eu,
Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, or other metal such as Ni, Hg, Ga, Cu, Ru, Co, Cd, Mg, Mn, Ti, In,
Zn, Tc, Rh, Pd, Re, Fe, Au, Pb, Bi, V, Zr, and

nis anumberandn=> 1.
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3. Use of metal complexes of compositions as claiméd in Claim 2 for thé binding of such
oligopeptides or proteins which contain afﬁnity sequences of 5-12 amino acids long containing at léast
3 histidines. '

4. 'Use of metal complexes of compositions. as claimed in Claim 2 for ‘the binding of such
oligopeptfdes or proteins which contain affinity sequences of 5-12 amino acids long containing at least
3 histidines in such way that the-change in the binding state of oligopepides or proteins is followed by
optical change.

5. A composition as ¢laited ity Claim. 1 wherein for the preparation of composition porous or fibrous
solid carriers are used, typically porous support. of 1 um — 2 mm grain size and 4 — 200 nm pore
diameter, or fibrous material with 100 — 2000 nm diametef with surfaces of silica-gel, aluminium
oxide, titanium oxide, glass, cellulose or other material. enabling the fabrication of structure with a

general formula (II) by covalent bonds.
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AMENDED CLAIMS
received by the International Bureau on 18 November 2013

1. A composition for binding and scparating proteins characterized by the general formula (11)

complexed with a lanthanide metal ion M™

SUPPORT _ |={Si(R))-L-A-COCH,[N(CH,COOH)CH;CH,],N(CH,COOH)},  (II)
=[Si(R5)-Rs}) .«

wherein

R, and R; are C;-C; straight chain or branched alkyl, or C,-Cg straight chain or branched alkenyl or
alkynyl, Cs-Cs aryl or aralkyl or cycloalkyl group; or alkoxy group,

Rj is R; or a non-reactive group which contains straight chain, branched or cyclic structures formed by
2'-— 30 covalently connected carbon, oxygen, sulfur, {luorine, chlorine, bromine or iodine atoms,
symbol = represents one, two or three covalent single bonds between the Si atoms and the surface of
the support, in case of one covalent bond, two of the Ry ~ R, groups are attached to the given Si atom;
in case of two covalent bonds, one of the R; — R, groups is attached to the given Si atom; in case of
three covalent bands, no R, — R; groups are attached to the given Si atom,

A is an atom or group of atoms containing a non-bonding pair of electrons, preferably NH, NR3, S, O,
L is a straight, branched or cyclic structure connecting Si atoms and the A moiety comprising 2 — 22
carbon, sulfur or nitrogen atoms covalently connected to cach other,

x is a number and 0.05 >x> 0.90,

m is an integerand m =0, 1 or 2,

M is a lanthanide metal chosen from La, Ce, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu atoms
and

nisanintegerand n = 2,3 or 4,
2. Usce of lanthanide metal complexes of compositions as claimed in Claim 1 for the binding of such
oligopeptides or proteins which contain affinity sequences of 5-12 amino acids long containing at lcast

3 histidines.

3. Use of lanthanide metal complexes of compositions as claimed in Claim 1 for the binding of such

oligopeptides or proteins which contain affinity sequences of 5-12 amino acids long containing at least

AMENDED SHEET (ARTICLE 19)
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3 histidines in such way that the change in the binding state of oligopepides or proteins is followed by

optical change.

4, A composition as claimed in Claim 1 wherein for the preparation of composition porous or fibrous
solid carricrs are used, typically porous support of 1 um — 2 mm grain size and 4 — 200 nm pore
diameter, or fibrous material with 100 - 2000 nm diameter with surfaces of silica-gel, aluminium
oxide, titanium oxide, glass, cellulose or other material enabling the fabrication of structurc with a

general formula (I11) by covalent bonds.

AMENDED SHEET (ARTICLE 19)
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Preparation of composition general formula (IT) containing at its surface a mixture of ligands suitable

for complexing metal ions and inert modifying groups.
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