
EP 0 423 938 B1 Description The present invention is concerned with
improved ligand-containing media, their method of preparation and use in
the production of peptides, proteins, and the like, by chromatograptuc
separation. In a preferred 5   embodiment, the invention comprises media
having permanently attached, via a covalent bond to an inert solid
substrate, an avidin polypeptide ligand in the dissociated renatured form
which reversibly binds to certain mol- ecules (proteins, peptides,
nucleotides, oligonucleotides, and the like) and other molecules which bind
to avidin via biotinylation or by way of their secondary/tertiary
micromolecular structures. The production of certain peptides and proteins
for use in human health, animal health, industrial, food, 10  and
agricultural markets has been hampered by high cost and scarcity,
particularly in the health care area. Peptides and proteins for human
health uses are naturally synthesized by living organisms for their own
needs and, until recently, animals, plants, cadavers, serum and urinewere
the only sources from whichthese valuable biomolecules could be obtained.
For example, porcine or bovine insulin was extracted from the pancreas of
pigs or cattle for use by diabetics and HGH (human growth hormone) was
obtained in small quantities from 15  cadavers to treat infantile dwarfism.
These biomolecules were usually obtained in very small quantities be- cause
only limited amounts were produced biologically or they were rapidly
degraded by enzymes in their en- vironment. Two new technologies have been
developed which make possible the production of almost any pep- tide or
protein in relatively large quantities: chemical and biological synthesis.
The chemical route is achieved by solid phase (Merrifield technique) and
solution phase peptide synthesis; 20  this approach is usually limited to
peptides of less than 20 amino acid residues. Biological synthesis uses ge-
netic engineering and recombinant DNA technologies and production of cells
in tissue cultures or by microbial fermentation. The biological route has
been the only practical approach to the production of higher molecular
weight peptides in relatively large quantities. Since interest in these
biomolecules is based on their performance, purification of the desired
biomolecule 25  becomes a very important factor, especially in the health
care and food additive industries, where the cost of purification alone,
usually involving multiple process steps, can represent more than half of
the total cost of producing the desired biomolecules. The prior art has
taught many techniques for covalently binding materials such as proteins to
solid sub- strates as a technique for separating the bound species. For
example, U.S.-A-4,732,811 (granted 3122/88) de- 30  scribes the use of
polymers containing polyaldehyde groups as capable of binding compounds
containing pri- mary amino groups (e.g., protein, antibodies and drugs).
Regardless of the synthetic route used, purification is necessary and
liquid chromatography has been the universal tool used forthese
bioseparations. Among the chromatographicapproaches available (ion
exchange, size exclusion, reverse phase, hydrophobic interaction, and
affinity), affinity chromatography has the potential 35  for significantly
reducing the number of purification steps required. Affinity columns based
on avidin are known as being useful for the isolation of various
biomolecules (DA. Fuccillo, Biotechniques, 3 (6), 494-501 (1985)). In
particular, avidin-biotin interactions have been applied to the isolation
of proteins from biological synthetic routes. Avidin is a
basichigh-molecularweight glycoprotein found in egg whites; biotin is a
low-molecularweight molecule with a fused imidazole-thiophene ring system
which acts as a tag for recognition by avidin, resulting 40  in an
extremely stable avidin- biotin complex. Since the synthetic route chosen
usually requires isolation of the desired biomolecule from very low
concentrations in its environment, the extremely high affinity of avidin
for biotin has been exploited in the chromatographic concentration and
isolation of biotin- tagged ("biotinylated") molecules by use of avidin
affinity columns. The specificity and affinity of avidin (native tetrameric
form of 4 identical subunits) for biotin is extremely high and
chromatography columns based on this principle have been 45  used for
analytical purposes. However, proteins and peptides containing the
biotin-tag cannot be recovered from an avidin tetramer column without using
harsh conditions which invariably destroy the very biomolecule being
isolated. Attempts to overcome the strong binding of biotin by avidin
without losing the high specificity for binding biotinylated molecules have
concentrated on using solid supports to stabilize the dissociated form of
avidin; however, these columns have not been satisfactory for preparative
use because of the presence of 50  several classes of binding sites with
less than desirable binding capacities as well as other deficiencies as-
sociated with the particularsolid supportmatrices used (KP Henrikson,
etal., Analytical Biochemistry, 94,366- 370(1979)). N.M. Green, et al.,
Biochem. J. (1973), 133, 687-700 also discloses a ligand for
chromatographic 



adsorption in which avidin is linked via a chemically stable bond to
sepharose 4B. EP-A-0 295 073 discloses an avidin ligand and cross-linked
organic polymer with the ligand and the substrate linked by a non-ionic hy-
55  drophilic spacer. Various routes have been used to anchor the avidin
moiety to a solid support Most commonly, agarose activated to a proper form
for covalent coupling of the primary amino groups of avidin is used as a
support (A.D. Landman, et al., J. Chem. Educ., 53 (9), 591 (1976)).
However, these covalent linkages have not proven 2    EP 0 423 938 B1
satisfactory due to chemical instability and resultant leaching of the
avidin from the support, thus reducing the operational life of the column
and also contaminating the purified product sought. Other major
disadvantages of these particular columns include nonspecific adsorption of
proteins, compressibility of the column matrix at 5   high liquid flow
rates resulting in back pressure and reduced flow, and the sensitivity of
agarose to microbial degradation. In addition, agarose materials are not
susceptible to easy cleaning and sterilization. Other sup- ports based on
polystyrene or silica (Japanese Kokai Patent Application JP 64-003129 A)
have been used, but these suffer from even lower binding capacities than
does agarose as well as incompatibility with certain biologically important
ions. 10      For these reasons there is a need for a purification medium
which allows efficient separation and subse- quent isolation of
biologically important molecules in a form satisfactory for the critical
needs of such fields as health care and food additives. We have now found a
novel affinity chromatography media, an improved process for preparation of
the chromatographic media, and new uses of the novel media, which allow
unexpected and surprising improve- 15   ments in the isolation and purity
of natural and synthetic biomolecules. According to the present invention
there is provided a ligand-containing medium for chromatographic ad-
sorption, which comprises a chemically inert, solid, water - and solvent -
insoluble substrate of crosslinked or- ganic polymer having covalently
bonded thereto, through a chemically stable, non-hydrolyzable linking
group, an avidin polypeptide ligand in the dissociated renatured form
wherein more than 50% by weight of the avidin 20  ligand is in monomeric
form which binds with biotin to form a complex with a dissociation constant
of greater than [err] Molarand wherein the cross-linked organic polymer is
capable of maintaining the avidin in the mono- meric form, with the proviso
that the ligand-containing medium does not include a spacer which is a
substan- tially non-ionic hydrophilic polymeric spacer. According to the
present invention there is also provided a process for preparing an
improved ligand-con- 25  taining medium, which comprises: a) reacting, at a
pH near neutrality, for example a pH of from 6.5 to 8.5, an effective
amount of an avidin tetramer with functional groups of a chemically inert,
solid, water - and solvent - insoluble substrate of cross-linked organic
polymer to form chemically stable, non-hydrolyzable imino linking groups
between the substrate and the avidin until 1 to 3 covalent linkages are
formed, with the polymer functional groups, 30     for each avidin tetramer
molecule; b) separating the avidin-containing substrate and reducing the
formed imino bond to the corresponding amine bond; c) denaturing the avidin
tetramer to form monomeric avidin linked to the chemically stable
substrate; and, d) separating the denatured avidin from dissociated
subunits of avidin and renaturing the avidin-containing 35      substrate
by removal of the denaturant to form the ligand-containing medium, the pH
of the avidin affinity medium, for example, being adjusted to near
neutrality. According to the present invention there is further provided an
affinity chromatographic column, which comprises a tubular container with
inlet and outlet means at opposite ends of the tube and having housed,
within the tube, a ligand-containing medium according to the invention. 40
The ligand-containing media of the invention will often hereinafter be
referred to as avidin-affinity media. Terms "adsorption" and
"chromatographic adsorption" are intended in a broad, but perhaps not
entirely purely technical, sense to embrace any form of binding between
chemical species, other than covalent binding. 



Thus, binding by affinity or Van der Waals forces, while technically
distinguishable, are both intended to be included within the broad meaning
of "adsorption" as used herein. 45      As used herein, the terms
"chemically inert" and "water - and solvent - insoluble", when referring to
the substrate present in the medium of the invention, mean that the
substrate is "chemically inert" and "water - and solvent- insoluble
underthe intended use conditions described herein. Similarly, as used
herein, the term "chemically stable", when referring to the linking group
present in the medium of the invention, means that the linking group is
chemically stable under the intended use conditions described herein. 50
The present invention enables the isolation of synthetic or natural
molecules, and/or biotinylated deriva- tives thereof, by adsorption of said
molecules onto novel affinity media containing avidin fixed to a solid
inert support, and the use of compositions for the affinity media which are
based on chemically stable, non-hydrol- yzable linkages of avidin to a
polymeric substrate. As used herein, the term "column" is used in the broad
sense to define a containerwhich holds adsorption 55   media. Typically, in
chromatographic separations, the columns are made of glass, silica,
stainless steel or the like and are in the form of hollow tubes (or
capillary fibers) often wound in a spiral, or long cylindrical tubes
having, at opposite ends, inlet and outlet means. In preparative
chromatography or industrial separations the column may be a vertical
vessel, usually cylindrical, for housing a stationary bed of adsorbent The
present invention is suitable for use with any particular column
configuration.    EP 0 423 938 B1 Prior art avidin-tetramer columns
containing bound enzymes/proteins have limited lifetimes due to loss of
activity ("fouled" resin) at which point the entire resin must be discarded
due to the irreversible binding of the enzyme in question. However, when
columns containing the avidin-monomer affinity media of the present in- 5
vention are used to immobilize enzymes, the column can be regenerated
easily upon any loss of enzyme ac- tivity because of the reversibility of
the avidin-monomer enzyme complex. In one embodiment of the present
invention there is provided a medium remarkably useful for isolating
biotinylated molecules, comprising an inert, crosslinked polymeric
substrate having covalently bonded thereto through a non-hydrolyzable
linkage of the formula [err], an avidin polypeptide ligand in the
dissociated 10  renatured monomeric form. In another embodiment, the
invention provides an improved process for the prep- aration of avidin
affinity media which comprises reacting an excess of avidin with a
polymeric substrate con- taining reactive formyl functional groups,
chemically reducing the imino bonds to stable amine linkages, and
chemically denaturing and renaturing the bound avidin to its monomeric
form. A still further embodiment of the invention is an improved process
for separating synthetic or natural molecules from a fluid mixture, such as
15  fermentation broth or reaction mixture, containing various by-products
and impurities as well as the molecules, by means of adsorption elution
using the novel media of this invention. Preparation of the avidin monomer
affinity media by the process of the present Invention is based on the
attachment of avidin to a compatible, chemically inert substrate through a
chemically stable linkage which will not degrade or dissociate during
subsequent chemical treatments which are necessary to release bound bio- 20
molecules. Suitable inert solid substrates forthe improved media of the
present invention include a wide range of cross-linked organic polymeric
solids. Preferably, the substrates should be highly inert, porous and
partic- ulate (spherical preferred). Awell-known and highly preferred type
of substrate is the particulate, porous, cross- linked, organic, polymeric
adsorbent or ion exchange resin having macroreticular (precipitated)
structure. This type of particle is commonly used in chromatographic
separations as well as industrial purification techniques. 25  Illustrative
materials are the Toyopearl resins ("Toyopearl" is a trademark of TOSOH,
Japan) and Amberlite XAD series of polymers ("Amberlite and "XAD" are
trademarks of Rohm and Haas Co., USA). Acrylic and styr- ene-based polymers
and copolymers of very high porosity and surface area are a most preferred
class of sub- strates (see, for example, U.S.-A-4,382,124). Of the less
preferred substrates may be mentioned, glass beads, silica, gel polymers,
and the like. 30      Suitable linking groups used to covalenly bind avidin
to the solid substrates include those containing a carbon- nitrogen group
or a sulfur-nitrogen group, for example the -CH2NH-, -C(O)NH-, -NHC(O)NH-,
-C(O)NHNHC(O)NH- and -SO2NH- groups, wherein the -NH- moiety on the right
hand side of the aforesaid groups is contributed 



by the avidin. A highly preferred type of linkage involves the reduced
imino group of the formula [err] Linking groups may also include alkylene,
cycloalkyl, aryl, aralkylene, orcarboxyl, hydroxy oralkoxy substituted 35
derivatives thereof as spacer structures between the backbone of the
polymeric substrate and actual linking site of the avidin molecule.
Representative structures would include: [err], where n = 1 to 4,
preferably where n = 1 or 2. Linkage may involve any number of the amino
groups found in the avidin polypeptide, e.g., the E-amino group of lysine,
the imidazde group of histidine, or any of the a-amino groups of the
N-terminal aminoacids. Equations (1) and (2) are illustrative of the
chemical reactions which take place 40  to form the linkage between avidin
and the polymeric substrate (in this case, containing formyl groups): 45
Polymer-C=O + Avidin-N    [err]  Polymer-C=N-Avidin  + [err]
(1) H 50 H                                             H
Polymer-C=N--Avidin  + Reducing Agent [err]Polymer-C-N-Avidin    (2) The
amino groups of avidin chemically react with appropriate functional groups
positioned on the aforemen- tioned polymeric substrate, e.g., formyl
groups, to produce the intermediate imino linkage, -CH=N-, which is 4    EP
0 423 938 B1 subsequently treated with an appropriate reducing agent to
produce the chemically stable amine linkage of the formula -CH2NH-.
Suitable reducing agents typically include methyl hydride complexes,
NaCNBH3, NaBH4, [err]. Preferably, salts of cyanoborohydride are used to
perform the reduction to the amino linkage. 5      An important
characteristic of the avidin affinity medium is the nature of the avidin
units bound to the inert support Avidin occurs naturally in a tetrameric
form with four identical subunits, each consisting of 128 ami- noacid
residues, six mannose residues, and three glucosamine residues, for a
combined molecular weight of approximately 68,000. Tetrameric avidin, even
when bound to a polymeric substrate, such as agarose (a poly- saccharide),
forms extremely stable complexes with biotinylated molecules (dissociation
constant, K(d), of 10    [err], rendering bound biotinylated enzymes,
peptides, and the like, almost impossible to recover in high yields and
purity due to the chemically aggressive reactions which must be used to
release the bound biotinylated molecules from their complexes with the
tetramericavidin media. It is, therefore, a characteristic of the present
invention that a predominant amount of the bound avidin be present in its
monomeric form, in which the dis- sociation constant for the avidin-biotin
complex is greater than [err] more preferably not less than  [err] and 16
most preferably between [err]. Molar It is believed that the unique
combination of the chemically stable linkage of the avidin to the polymeric
substrate, chemical structure of the substrate (hydrophobic interactions,
hydrogen bonding, and the like), and the physical structure of the
substrate (porosity, crosslinking level, and the like) are responsible for
establishing the spatial constraints on a molecular level which maintain
the bound avidin in its monomeric form where its high specificity for the
biotin group is maintained, while the greater dis- 20  sociative
characteristics of the monomeric avidin-biotin complex make isolation and
recovery of biotinylated molecules truly reversible. The process
forpreparing the novel monomeric avidin affinity media of the invention is
based on the introduction of the chemically stable amino linkage between
the substrate and avidin, followed by well known denaturing and renaturing
treatments which produce the final bound-monomeric avidin affinity medium.
The f irst stage of the process involves the reaction of avidin (normally
an excess) with the functional 25  groups of the polymeric substrate. The
parameters which control the extent to which the avidin is bound to the
substrate in this step include time, pH, temperature, concentration of
reactants (avidin, substrate functional groups, reducing agent), and
composition of substrate. Reaction temperatures are limited due to the
sensitivity of most proteins to moderate temperatures; how- ever, avidin is
extremely temperature insensitive and a range of 5 to [err] may be
typically used; since most 30  reactions proceed more slowly at reduced
temperatures, [err] is preferably used to take advantage of the faster
rates allowed by avidin's good temperature stability. Reaction times of
less than 10 hrs result in lower levels of avidin fixation, while times in
excess of 15 hrs do not appreciably increase the fixation of avidin. Re-
action times of 24 hrs may be used to ensure maximum avidin uptake without
encountering counterproductive 



side reactions. 35      A pH range of 5 to 10 may be used to carry out the
avidin fixation reaction. The range of 6.5 to 8 is most suitable for
balancing the tendency of charged functional groups present in the protein
to form intramolecular bonds and the need to maximize the concentration of
free unprotonated amino groups for reaction with the substrate functional
groups, eg, formyl groups. A suitable buffer which maintains the pH in this
region is pre- ferable, with pH 6.5 to 7.5 being most preferable. 40
The concentration of avidin (mg/mL resin) charged to load the protein onto
the substrate containing func- tional groups, eg, formyl functional groups,
may range from 0.5 to 10 mg/mL. Concentrations of 2 to 5 mg/mL are
preferred in that the ratio of tetrameric avidin to amino linkages is
maintained such that subsequent con- version to bound monomeric avidin is
favored. The concentration of functional groups, eg, formyl groups, in the
substrate polymer may vary over a wide range: 10 to 100 moles functional
group (eg, -CHO)/mL resin; 45  concentrations of 35-70 moles/mL are
preferred in that a good balance is established regarding the number of
amino linkages created between the polymeric substrate and the bound avidin
while maintaining the spatial constraints within the avidin-polymer matrix
which allow ready conversion to the monomeric form of the bound avidin. The
concentration of reducing agent may vary from an equimolar to a tenfold
molar excess in relation to the functional group, eg, formyl group,
concentration. Molar ratios (reducing agent/functional group [eg, for- 50
myl group]) in excess of 5 result in less of the bound avidin being
converted to its monomeric form; ratios from 1 to 3, corresponding to about
3 to 10 mg reducing agent/mL (when using sodium cyanoborohydride at func-
tional group, eg, formyl group, concentrations of 55 moles/mL, for
example), represent a preferred range with regard to converting the bound
avidin to its monomeric form. Conversion of the bound avidin from its
tetrameric form to the monomeric form is accomplished by con- 55  ventional
denaturing/renaturing treatments using a variety of reagents: such as
aqueous DMSO (dimethylsulf- oxide), urea, lithium chloride, guanidine HCI.
Preferably, a solution of guanidine hydrochloride, containing about 10%
vol/vol acetic acid, pH 2, may be used to convert the bound avidin into its
monomeric form. "Denaturing" refers to dissociation of the avidin into its
monomeric form, and "renaturing" refers to removal of denaturant,
stabilisation of pH and maintaining the environment conducive to maintaing
the monomeric form. 5    EP 0 423 938 B1 Isolation and purification of
natural and synthetic molecules using the avidin affinity media may be ach-
leved by contacting an aqueous ororganic mixture, containing the desired
target molecule togetherwith other undesirable constituents, with particles
containing the composition of the present invention, i.e. bound mono- 5
meric avidin. Proteins, peptides, enzymes, nucleotides, oligonucleotides,
and their corresponding recombinant or biotinylated or biotinylated
recombinant versions may be isolated and purified, and quantitated for
analytical purposes using avidin affinity chromatography. In addition, the
novel affinity media may be used for the lo- calization and separation of
antigens; development of immunoassay techniques; production, purification
and/or recovery of DNA or RNA or purified probe molecules for hybridization
studies; purification or sequencing of 10  genetic information from a
variety of organisms; and other applications which would benefit from the
use of avidin affinity chromatography. Consequently, the present invention
further provides a method for isolating synthetic or natural molecules from
a fluid mixture containing the same wherein the molecules have an affinity
for avidin, or may be biotiny- lated to have an affinity for avidin, or
their recombinant versions having affinity for avidin, or biotinylated re-
15  combinant versions, which comprises passing the fluid mixture into
intimate contact with a ligand-containing medium according to the invention
and subsequently eluting the adsorbed synthetic or natural molecules from
the ligand-containing medium. The avidin affinity media may be used in
several forms to achieve the aforementioned separations. Most commonly,
media would be used in the form of particulate beads, ranging in size from
5 micrometers up to 20  about 1000 micrometers. In addition, the media may
be used either in a column operation or a batch mode. For example, in the
batch mode, fermentation broths of recombinant proteins may be treated with
a quantity of the avidin affinity media to remove secreted proteins of
interest the treated fermentation broth may be re- 



combined with other streams to be treated (recycled) to remove as much of
the target molecules as possible. Batch mode operation is particularly
useful for the preparative scale isolation of relatively large quantities
of 25   biomolecules. On the other hand, the column mode of operation is
preferably used for analytical and prelim- inary evaluation purposes as
well as small scale preparative needs. Once the target molecule has been
isolated, i.e concentrated onto the avidin affinity medium, it must be
removed from the media and separated. This step is carried out by any
number of conventional processes, which are well known to thosefamiliarwith
bioseparations. Among the processes used to elute target molecules 30  from
the affinity media are: treatment with solutions of urea, glycine or acetic
acid; varying salt content; treat- ment with biotin; varying pH; and the
like. Target molecules which may be isolated and purified by use of the
avidin affinity media possess one of several characteristics which allow
the separation to take place. One characteristic is the presence of the
biotin group in the molecule to be isolated. D(+)Biotin (Structure I), also
known as Vitamin H or coenzyme R, has a 35   molecular weight of 244 and
chemically reacts (by known reactions) through its carboxyl group with the
amino groups of enzymes, peptides, proteins, and the like, to anchor itself
to the target molecule through the resultant amide linkage (Equation II).
Other forms of Biotin e.g., imino biotin or lipoic acid can also aid in the
separation of biomolecules. [err] D(t) Biotin where R =0 55  Imino Biotin R
=NH-HBr 6    EP 0 423 938 B1 0 [err] 15 The resultant molecule of Equation
11 is now biotinylated, i.e. it contains the biotin group. The biotin group
acts as an identifier when this molecule is then exposed to the avidin
monomer affinity medium; the strong complexation of avidin with biotin
causes the biotinylated molecule to be adsorbed onto the medium and thus
separated from all other non-biotinylated molecules present in the
particular mixture. Conventional methods 20  (discussed previously) are
then used to remove the biotinylated molecule. In order to more fully
illustrate the nature of this invention and the manner of practicing the
same, the fol- lowing examples are presented. These examples represent just
a few of the many uses and compositions of the invention; they are intended
to be illustrative but not limiting. Various modifications, alternatives,
and im- provements should become apparent to those skilled in the art
without departing from the spirit and scope of 25  the invention. EXAMPLE 1
General Procedure for Preparing Avidin Affinity Columns 30 Acrylic resin
(particle size: 44 to 88 ) containing 55 umole formyl (-CHO) groups/mL
resin (AF-formyl Toyo- pearl(TM) 650M (TOSOH)) was placed on a sintered
glass filter and washed with approximately 10 bed vol- umes of 100 mM
potassium phosphate buffer solution (pH = 7.5). The wet resin was then
transferred to a poly- propylene bottle. Purified avidin (Sigma Chemical
Co.) was weighed out and dissolved in 100 mM phosphate 35  buffer solution
(pH = 7.5); final avidin concentration was measured by absorbance values at
282 nm (E(1%) = 15.5, where E is the extinction coefficient and denotes the
intensity of absorption. Avidin (4.0 mg/mL resin) was added to the
prewashed resin in the polypropylene bottle, the mixture stirred gently for
10 to 15 minutes, and sodium cyanoborohydride (7.5 mg/mL resin) was then
added. The bottle was capped and placed in a hor- izontal shaker (slow
speed) maintained at 23 to [err] for 24 hrs. The modified resin was then
transferred to a 40  column and then washed with 100 mM potassium phosphate
buffer at pH = 7.5, the eluate recovered and meas- ured for unbound avidin
(absorbance method); the total amount of resin-bound avidin was then
calculated by difference. 



The avidin-loaded resin was then washed with 4 M guanidine HCI solution
containing 10% acetic acid (vol/vol), pH 2, to dissociate the tetrameric
avidin into its monomeric form. Eluates were collected and the 45  amount
of avidin removed from the resin was determined via absorbance readings.
The avidin monomer af- finity-resin was then slurry packed into HPLC
columns (Upchurch Scientific, Inc.) for subsequent use in the purification
of proteins. EXAMPLE 2 50 Evaluation of Avidin Monomer Affinity Column
Performance This Example utilises the avidin monomer affinity resin column
produced in Example 1. Total biotin binding capacity was estimated by
calculation of the amount of avidin monomer immobilized 55   per ml of
resin. Biotin binding affinities and capacities were determined using
D-([err]) biotin. Crude extracts of 24 hr cultures of E. coli containing
the plasmid ptac 1.3t were used to determine the binding capacity for
biotinylated peptides (V.L. Murtif, et al, Proc. Natl. Acad. Sci., USA 82,
5617-5621 (1985)) and to evaluate the column regarding purification of
recombinant proteins. Characteristics of resin evaluated: 7    EP 0 423 938
B1 Avidin monomer capacity (calc) = 74.9 nmoles/mL Total [err] biotin
binding capacity = 58.7 nmoles/mL Reversible 14C binding capacity = 51.2
nmoles/mL 5        Revesible Biotinylated protein [err] cap = 68.4
nmoles/mL Approximately 78% by weight of resin immobilized avidin binds
biotin and 87% by weight of these do so reversibly; with the [err] peptide,
91% by weight of the avidin showed reversible binding capability,
indicating almost complete conversion of avidin to the monomeric form
(reduced/reversible binding). EXAMPLES 3 to 6 Various Conditions Used to
Prepare the Avidin Affinity Columns 15     In a manner similar to that
described in Example 1, different avidin affinity columns were prepared
under a variety of conditions and evaluated for their effectiveness in
binding proteins (according to Example 2). Con- centrations are expressed
per mL of resin. EXAMPLE 3 20 In a manner similar to that described in
Example 1. an acetate bufferwas used (pH 5.5), avidin was added at 2.3
mg/mL, and sodium cyanoborohydride was added at 7.5 mg/mL: Characteristics
of resin obtained: Avidin monomer capacity (calc) = 57 nmoles/mL Protein
[err] binding capacity = 21.5 nmoles/mL 25 EXAMPLE 4 In a mannersimilarto
that described in Example 1, a phosphate bufferwas used (pH 7.5), avidin
was added at 4.0 mg/mL, and sodium cyanoborohydride was added at 7.6 mg/mL:
30  Characteristics of resin obtained: Avidin monomer capacity (calc) = 75
nmoles/mL Protein [err] binding capacity = 64 nmoles/mL EXAMPLE 5 35 In a
mannersimilar to that described in Example 1, a phosphate bufferwas used
(pH 6.5), avidin was added at 3.85 mg/mL, and sodium cyanoborohydride was
added at 23.0 mg/mL: Characteristics of resin obtained: Avidin monomer
capacity (calc) = 161 nmoles/mL 



40        Protein [err] binding capacity = 115 nmoles/mL EXAMPLE 6 In a
mannersimilarto thatdescribed in Example 1, a
bufferoftris(hydroxymethyl)aminomethane was used 45  (pH 7.8), avidin was
added at 3.0 mg/mL, and sodium cyanoborohydride was added at 30.0 mg/mL:
Characteristics of resin obtained: Avidin monomer capacity (calc) 43
nmoles/mL EXAMPLE 7 50 Preparation of Protein Samples/Purification by
Affinity Chromatography A. Recombinant Biotinyl Subunit from E. Coli 55
A crude extract was prepared by passing a suspension of cells (10 g of
CSR26 E. coli which over express the [err] subunit) in BufferA(100 mM
ammonium bicarbonate, 1.0 mM ethylenediamine tetraacetatedisodium salt, 2.0
mM PMSF (phenylmethylsulfonyl fluoride), 0.01% by weight sodium azide, and
1.0 mM DTT (dithio- threitol), pH 8.3) through a French Press or by lysis
by sonication. This procedure was carried out twice and the cell debris
removed by centrifugation. The clear supernatant was treated with
streptomycin sulfate to re- 8    EP 0 423 938 B1 move nucleic acids and
then fractionated by differential ammonium sulfate saturation. The
resulting protein pellet from the 30 to 60% by weight ammonium sulfate
saturation contained the biotinylated [err] proteins and was dissolved in
14 mL of Buffer A. This solution was then dialyzed against Buffer B (100 mM
potassium phos- 5   phate, 0.15 M sodium chloride, pH 6.8). B.
Transcarboxylase Biotinyl Subunit from Propionibacterium Shermanii Acrude
extract of transcarboxylase was prepared as described by HG Wood, B
Jacobson, BI Gerwin, and 10  DB Northrup in Methods Enzymol. 13 215-231
(1969). EXAMPLE 8 Purification of Biotinylated [err] Subunit and
Transcarboxylase from Crude Extracts 15 In this Example, Section A
describes the general procedure used in Sections C and D, and Section B de-
scribes the affinity chromatography columns used in Sections A, C and D. A.
General Method 20 High Performance Liquid Chromatography (HPLC) was used to
characterize the quality of separation and recovery of the proteins and
peptides after the crude extracts were subjected to affinity
chromatography: Shi- madzu HPLC system with a variable wavelength
detector(monitored at 220 nm). Other chromatograptuc meth- ods were
optionally employed to further characterize the purification of the crude
extracts: reverse phase 25  HPLC (Synchropak RP-C4 column, 0.1% by weight
trifluoroacetic acid (TFA)/water and 0.1% by weight TFA/acetonitrile
solvent system); hydrophobic interaction chromatography (HI-HPLC) using
aProgel-TSK Ether 5PW (Supelco, Inc.) column with a two solvent system (2.0
M ammonium sulfate in 100mM potassium phosphate buffer (pH 6.8) and 100 mM
potassium phosphate buffer (pH 6.8)). The binding capacities of various
avidin affinity columns were evaluated by equilibrating the column with 30
Buffer B (described in Example 7) and saturating the column by multiple
injections of known concentrations of crude extracts (described in Example
7). The columns were next washed extensively with Buffer B until the
absorbencies of the eluates at 220 nm were reduced to 0.01 OD (optical
density). The columns were then wash- ed with Buffer C (100 mM glycine-HCI
buffer, pH 2.0) to elute previously bound [err] biotinyl subunit. SDS- PAGE
was used to verify identity of the subunit. 35 B. Affinity Chromatography
Columns Evaluated A column prepared according the present invention
(Example 1), designated Avidin-HPLC, and one rep- resenting prior art
technology, designated Avidin-Agarose (Sigma Chemical Co., subunit of
avidin attached to 



40  4% by weight crosslinked agarose beads) were evaluated side by side. C.
Column Performance (recombinant [err] subunit from E. coli). The biotin and
protein contents of thefractions eluted with BufferC using the affinity
mediumof the present invention (Avidin-HPLC) and a conventional affinity
medium (Avidin-Agarose) were determined by the afore- mentioned methods.
Bed volumes used were 1.26 and 5.0 mL for the Avidin-HPLC and
Avidin-Agarose col- 45  umns, respectively; flow rates used were 1.0
mL/min. Operating conditions for the affinity columns included several
important parameters. Prewashing the col- umns prior to loading was
typically required: equilibration with 4 bed volumes of 100 mM potassium
phosphate buffer (pH 6.8) containing 150 mM sodium chloride and biotin (1.0
mg/mL), followed by elution with 10 bed volumes of buffer C; these
conditions were also used to regenerate new or stored columns. 50
Loading the protein sample was considered complete when column washes gave
absorbance values of less than 0.05 OD for the Avidin-Agarose column and
0.01 OD for the Avidin-HPLC column. Elution of the bound proteins was
accomplished with Buffer C and absorbance readings were again used to
determine en- dpoints for the elution process. Repeated use of the same
column resulted in signif cant differences between the two types of
columns: column shrinkage for the Avidin-Agarose system and a steady
decrease in binding 55  capacity over 6 cycles whereas no shrinkage was
observed for the Avidin-HPLC column over 10 to 15 cycles with no reduction
in binding capacity. The binding capacity of the Avidin-HPLC column was 4
times greater than that of the conventional Avidin- Agarose column and
could be operated 6 times faster (40 min versus 4 hrs per cycle, after
prewash). No deg- radation of the Avidin-HPLC column's capacity was
observed over the lifetime of these studies whereas the 9    EP 0 423 938
B1 conventional resin was less than 50% of initial capacity after 6 cycles.
A summary of the results using the re- combinant biotinyl subunit from E.
coli can be found in Table 8C. 5 TABLE 8C Column:
Avidin-HPLC          Avidin-Agarose 10       Total protein capacity (1.3S
subunit, nmoles/mL)           42              11 Fraction of capacity as
biotinylated 1.3Se subunit        0.28             0.28 15 Operation Times
(min): Prewash                      25             125 Load/wash
15             120 20              Elution                       15
60 Regeneration                 10              60 Relative binding
capacity 25       after six regeneration cycles (1.0 = no change):
1.0.          0.42 Storage Stability (Water, [err]):
Stable          Unstable** 30 ** recommended storage in 10 mM sodium
phosphate buffer (pH 6.8), 50% by weight glycerol, 150 mM sodium chloride
and 0.02% by weight sodium azide at [err]. D. Column Performance (isolation
of transcarboxylase containing the 1.3S  subunitfrom P. shermanii) Pur-
ification of the biotinyl enzyme, trans-carboxylase from crude extracts of
P. shermanii, was attempted in the 40  same manner as that of the
recombinant 1.3S subunit from E. coli. However, in this case none of the
enzyme 



was recovered by using the conventional known resin (Avidin-Agarose) while
25 to 50% byweight pure enzyme was achieved by using the Avidin-HPLC resin.
Table 8D summarizes performance characteristics of the two resins with
regard to P. shermanii transcarboxylase enzyme purification. 45 50 55 10
EP 0 423 938 B1 TABLE 8D Column:                 Avidin-HPLC
Avidin-Agarose Total protein capacity (1.3Se subunit, nmoles/ml)
42 10      Specific activity of recovered enzyme (umoles/min/mg
8-16**               0 protein) 15      ** 30 umoles/min/mg protein is
equivalent to 100% by weight pure transcarboxylase E. Discussion of Results
20 Table 8C summarizes the capacity [err] subunit from E. coli and
operation time advantages of the avidin affinity medium of the present
invention. Table 8D summarizes the enrichment in purity achieved during the
isolation of transcarboxylase enzyme (P. shermanni) using the avidin
affinity medium of the present invention. In contrast, the conventional
Avidin- 25 Agarose medium does not provide any enrichment at all. The
following specific examples illustrate variations in the synthesis of the
novel ligand-containing media of the invention. In particular, acrylic
backbone polymers containing formyl (-CHO) groups can be made by the
technique of A. Kanamorl et al., described in J-Chromatography, 363 231-242
(1986); this procedure was used in Examples 9 and 10 which follow: 30
EXAMPLE 9 Preparation of Formyl Group (CHO) Containing Substrate Based on
Acrylic Backbone Polymer 35      AF-epoxy Toyopearl 650M resin (dry, 45 to
90 micrometers, 10.0 g) containing 89 umoles/g of epoxy groups, was added
to a mixture of 5.0 g of dextrose (glucose) and 40 mLof 0.1 M sodium
hydroxide in a 113.4g (4-oz) jar. The closed containerwas then incubated at
[err] for 24 hrs in a heater/shaker apparatus (200 rpm). The resultant
resin was placed in a column, washed thoroughly with water and transferred
to a 113.4g (4-oz) jar. Sodium periodate solution (0.1 M, 15 mL) was then
added and the resultant mixture shaken in an ice bath 40 for 1 hr. The
beads were washed with water on a Buchner funnel and then incubated in 25
ml of 0.1 M HCI at [err] for 30 min in a heater/shaker apparatus. The beads
were finally washed thoroughly with water, formyl group analysis indicated
a -CHO content of 55 umoles/g (dry resin). EXAMPLE 10 45 Preparation of
Formyl Group (CHO) Containing Substrate Based on Acrylic Backbone Polymer
In a manner similar to Example 9, 10.0 g of AF-epoxy Toyopearl 650M resin
was mixed with 100 g of 0.1 M sodium hydroxide solution containing 0.020 g
sodium borohydride in a 226.8g (8-oz) jar. The mixture was 50 incubated at
[err] in a heater/shakerapparatus (200 rpm) for 24 hrs. The resultant resin
was placed in a column, washed thoroughlywithwaterand transferred to a
113.4g (4-oz) jar. Sodium periodate solution (0.1 M, 15mL) was then added
and the resultant mixture shaken in an ice bath for 1 hr. The beads were
washed with water on a Buchnerfunnel and then Incubated in 25 mLof 0.1 M
HCI at [err] for 30 min in a heater/shaker apparatus. The beads were
finally washed thoroughly with water; formyl group analysis indicated a
-CHO content of 55 



55 umoles/g (dry resin).    EP 0 423 938 B1 EXAMPLE 11 Preparation of
Formyl Group (CHO) Containing Substrate based on Styrenic Backbone Polymer
5 A. Copolymer Composition A macroporous copolymer containing chioromethyl
groups was prepared by suspension polymerization of 55% by weight
vinylbenzyl chloride (VBC), 36% by weight divinylbenzene (DVB), 9% by
weight ethylvinylben- 10  zene (EVB); pentanol (40% vol) and toluene (20%
vol) were used as porogens (phase extender). The product copolymer
contained 8.2% by weight Cl. B. Conversion to Formyl Group Containing
Polymer 15      Using a procedure described by JT Ayres and CK Mann in
Journal of Polymer Science, Polymer Letters, 3,505-508 (1965), the
chioromethyl groups of the styrenic copolymer were converted toformyl
(-CHO) groups by dimethylsulfoxide (DMSO) oxidation. Ten grams ofthe
chloromethylated resin (described above) was mixed with 14 grams of sodium
bicarbonate in 200 mL of DMSO at [err] for 6 hrs. The product was filtered,
washed with DMSO, hot water, and acetone, and dried at [err] under vacuum.
20 EXAMPLE 12 Preparation of Formyl Group Containing Substrate Based on
Styrenic Backbone Polymer 25  A. Copolymer Composition In a manner similar
to Example 11, a macroporous copolymer of the following composition was
prepared: 29% by weight VBC/38% by weight DVB/9% by weight EVB/24% by
weight Styrene (S) with porogen levels the same as Example 11. The product
copolymer contained 5.4% by weight Cl. 30 B. Conversion to Formyl Group
Containing Polymer In a manner similar to Example 11, the above
chloromethylated copolymer was converted to the formyl derivative. 35
EXAMPLE 13 Preparation of Formyl Group (CHO) Containing Substrate Based on
Styrenic Backbone Polymer 40   A. Copolymer Composition In a manner similar
to Example 11, a macroporous copolymer of the following composition was
prepared: 15% by weight VBC/39% by weight DVB/10% by weight EVB/36% by
weight S with porogen levels the same as Example 11. The product copolymer
contained 2.7% by weight Cl. 45 B. Conversion to Formyl Group Containing
Polymer In a manner similar to Example 11, the above chloromethylated
copolymer was converted to the formyl derivative. 50 EXAMPLE 14 Preparation
of Formyl Group (CHO) Containing Substrate Based on Styrenic Backbone
Polymer 55   A. Copolymer Composition In a manner similar to Example 11, a
macroporous copolymer of the following composition was prepared: 7% by
weight VBC/40% by weight DVB/10% by weight EVB/43% by weight S with porogen
levels the same as Example 11. The product copolymer contained 1.6% by
weight Cl. 12    



EP 0 423 938 B1 B. Conversion to Formyl Group Containing Polymer In a
manner similar to Example 11, the above chloromethylated copolymer was
converted to the formyl 5   derivative. Claims 10  1. Aligand-containing
medium for chromatographic adsorption, which comprises a crosslinked
organic poly- mer substrate having covalently bonded thereto, through a
chemically stable, non-hydrolyzable linking group, an avidin polypeptide
ligand in the dissociated renatured form wherein more than 50% by weight of
the avidin ligand is in a monomeric form which binds with biotin to form a
complex with a dissociation constant of greaterthan [err] Molar and wherein
the crosslinked organic polymer is capable of maintaining 15      the
avidin in the monomeric form, with the proviso that the ligand-containing
medium does not include a spacer which is a substantially non-ionic,
hydrophilic polymeric spacer. 2. A medium as claimed in claim 1, wherein
the non-hydrolyzable linking group contains a carbon-nitrogen group or a
sulfur-nitrogen group, for example, the non-hydrolyzable linking group is
selected from [err] -C(O)NH-, 20      -NHC(O)NH-, -C(O)NHNHC(O)NH- and
-SO2NH-. 3. A medium as claimed in claim 3, wherein the crosslinked organic
polymer is a porous, adsorbent or ion exchange resin in particulate form,
for example, an adsorbent or ion exchange resin in particulate form and
derived primarily from an acrylic or styrenic monomer. 4. A medium as
claimed in any preceding claim, wherein the avidin aff initygroup is in a
monomerform which binds with biotin to produce a complex with a
dissociation constant of not less than [err] Molar. 5. An affinity
chromatographic column, which comprises a tubular container with inlet and
outlet means at opposite ends of the tube and having housed, within the
tube, a ligand-containing medium as claimed in 30      any of claims 1 to
4. 6. A process for preparing an improved ligand-containing medium, as
claimed in any of claims 1 to 4, which comprises: (a) reacting, at a pH
near neutrality, an effective amount of an avidin tetramer with functional
groups 35        of a crosslinked organic polymer substrate to form
chemically stable, non-hydrolyzable imino linking groups between the
substrate and the avidin until 1 to 3 covalent linkages are formed, with
the polymer functional groups, for each avidin tetramer molecule; (b)
separating the avidin-containing substrate and reducing the formed imino
bond to the correspond- ing amine bond; 40        (c) denaturing the avidin
tetramer to form monomeric avidin linked to the chemically stable
substrate; and (d) separating the denatured avidin from dissociated
subunits of avidin and renaturing the avidin-con- taining substrate by
removal of the denaturant to form the ligand-containing medium. 45  7. A
process as claimed in claim 6 wherein: i) the pH of step (a) is from 6.5 to
8.5; and/or ii) the pH of the ligand-containing medium of step (d) is
adjusted to near neutrality. 8. A method for isolating synthetic or natural
molecules from a fluid mixture containing the same wherein 50      the
molecules have an affinity for avidin, or may be biotinylated to have an
affinity for avidin, or their re- combinantversions having affinity for
avidin, or biotinylated recombinant versions, which comprises pass- ing the
fluid mixture into intimate contact with a ligand- containing medium as
claimed in any of claims 1 to 4 and subsequently eluting the adsorbed
synthetic or natural molecules from the ligand-containing me- dium. 55 9. A
method as claimed in claim 8, wherein the fluid mixture is an organic or
aqueous liquid mixture. 10. A method as claimed in claim 8 or claim 9,
wherein the synthetic or natural molecules consist of peptides, proteins,
enzymes, nucleotides, oligonucleotides, or recombinant or biotinylated or
recombinant-biotiny- 13    



EP 0 423 938 81 B. Conversion to Formyl Group Containing Polymer In a
manner similar to Example 11, the above chloromethylated copolymer was
converted to the formyl 5   derivative. Claims 10  1.  Aligand-containing
medium for chromatographic adsorption, which comprises a crosslinked
organic poly- mer substrate having covalently bonded thereto, through a
chemically stable, non-hydrolyzable linking group, an avidin polypeptide
ligand in the dissociated renatured form wherein more than 50% by weight of
the avidin ligand is in a monomeric form which binds with blotin to form a
complex with a dissociation constant of greaterthan [err] Molarand wherein
the crosslinked organic polymer is capable of maintaining 15      the
avidin in the monomeric form, with the proviso that the ligand-containing
medium does not include a spacer which is a substantially non-ionic,
hydrophilic polymeric spacer. 2.  A medium as claimed in claim 1, wherein
the non-hydrolyzable linking group contains a carbon-nitrogen group or a
sulfur-nitrogen group, for example, the non-hydrolyzable linking group is
selected from -CH2NH-, -C(O)NH-, 20      -NHC(O)NH-, -C(O)NHNHC(O)NH- and
[err]. 3.  A medium as claimed in claim 3, wherein the crosslinked organic
polymer is a porous, adsorbent or ion exchange resin in particulate form,
for example, an adsorbent or ion exchange resin in particulate form and
derived primarily from an acrylic or styrenic monomer. 5  4. A medium as
claimed in any preceding claim, wherein the avidin affinity group is in a
monomerform which binds with biotin to produce a complex with a
dissociation constant of not less than [err] Molar. 5. An affinity
chromatographic column, which comprises a tubular container with inlet and
outlet means at opposite ends of the tube and having housed, within the
tube, a ligand-containing medium as claimed in any of claims 1 to 4. 6. A
process for preparing an improved ligand-containing medium, as claimed in
any of claims 1 to 4, which comprises: (a) reacting, at a pH near
neutrality, an effective amount of an avidin tetramer with functional
groups 35         of a crosslinked organic polymer substrate to form
chemically stable, non-hydrolyzable imino linking groups between the
substrate and the avidin until 1 to 3 covalent linkages are formed, with
the polymer functional groups, for each avidin tetramer molecule; (b)
separating the avidin-containing substrate and reducing the formed imino
bond to the correspond- ing amine bond; 40        (c) denaturing the avidin
tetramer to form monomeric avidin linked to the chemically stable
substrate; and (d) separating the denatured avidin from dissociated
subunits of avidin and renaturing the avidin-con- taining substrate by
removal of the denaturant to form the ligand-containing medium. 45  7. A
process as claimed in claim 6 wherein: i) the pH of step (a) is from 6.5 to
8.5; and/or ii) the pH of the ligand-containing medium of step (d) is
adjusted to near neutrality. 8. A method for isolating synthetic or natural
molecules from a fluid mixture containing the same wherein the molecules
have an affinity for avidin, or may be biotinylated to have an affinity for
avidin, or their re- combinantversions having affinityforavidin, or
biotinylated recombinant versions, which comprises pass- ing the fluid
mixture into intimate contact with a ligand- containing medium as claimed
in any of claims 1 to 4 and subsequently eluting the adsorbed synthetic or
natural molecules from the ligand-containing me- dium. 55 9.  A method as
claimed in claim 8, wherein the fluid mixture is an organic or aqueous
liquid mixture. 10. A method as claimed in claim 8 or claim 9, wherein the
synthetic or natural molecules consist of peptides, proteins, enzymes,
nucleotides, oligonucleotides, or recombinant or biotinylated or
recombinant-biotiny- 13    



EP 0 423 938 B1 lated versions thereof. 11. Amethod asclaimed in any of
claims 8 to 10, wherein theffuid mixture, containing the syntheticornatural
5       molecules, is contacted with the ligand-containing medium contained
within a chromatographic column. 12. A method as claimed in any of claims 8
to 10, wherein a liquid mixture comprising synthetic or natural molecules
is separated by liquid affinity chromatography in a column comprising a
medium as claimed in any of claims 1 to 4. 10 Pathntansprfche 1.  Ein
Ligand-enthaltendes Medium zur chromatographischen Adsorption, das sin
vernetztes organisches 15      Polymersubstratmitdaran, Obereine chemisch
stabile nichthydrolysierbare Verbindungsgruppe, kovalent gebundenem
Avidinpolypeptid-Ligand in der dissozilerten renaturierten Form umfalt,
wobei mehr als 50 Gew.-% des Avidin-Liganden in einer monomeren Form
vorliegt, die mit Biotin bindet, wodurch ein Kom- plex mit einer
Dissoziationskonstanten gr6ler als 10-10 molar gebildet wird und wobei das
vernetzte or- ganische Polymer fihlg ist der Aufrechterhaltung des Avidins
in der monomeren Form, mit der Malgabe, 20      daB das Ligand-enthaltende
Medium keinen Abstandshalter einschlieSt, der ein im wesentdichen nichtio-
nischer hydrophiler polymerer Abstandshalter ist. K....'  2.  Medium nach
Anspruch 1, wobei die nichthydrolysierbare Verbindungsgruppe eine
Kohlenstoff-Stick- stoff- oder eine Schwefel-Stickstoff-Gruppe enthalt,
z.B. istdie nicht-hydrolysierbare Verbindungsgruppe 25      ausgewihlt aus
-CH2NH-, -C(O)NH-, -NHC(O)NH-, -C(O)NHNHC(O)NH- und -SO2NH-. 3. Medium nach
Anspruch 3, wobel das vernetzte organische Polymer ein poroses Adsorbens
oder lonen- austausch-Harz in partikularer Form ist, z.B. sin Adsorbens
oder lonenaustausch-Harz in pardkularer Form ist, und das in erster Linie
von einem Acryl- oder Styrol-Monomer abgeleitet ist. 30  4.  Medium nach
einem der vorhergehenden Anspruche, wobei die Avidin-Affinititegruppe in
einer mono- meren Form vorliegt, die mit Biotin bindet, wodurch ein Komplex
mit einer Dissoziationskonstanten von weniger als 10-9 molar hergestellt
wird. 5. Affinitatschromatographiesaule, di einen rahrenfOrmigen Behalter
mit Einla& und Auslaavorrichtungen 35      an den entgegengesetzten Enden
der Rohre umfal~t und die in der Rohre ein Ligand-enthaltendes Me- dium
nach sinem der Anspruche 1 bis 4 untergebracht hat. 6.  Verfahren zur
Herstellung sines verbesserten Ligand-enthaltenden Mediums nach einem
derAnspruche 1 - 4, umfassend: 40        (a) Umsetzen bei einem pH nahe der
NeutralitAt einer wirksamen Menge eines Avidintetramers mit den
funktionellen Gruppen sines vernetzten organischen Polymer-Substrats,
wodurch chemisch stabile nicht-hydrolysierbare lmino-Verbindungsgruppen
zwischen dem Substrat und dem Avidin gebildet wer- den, bis I bis 3
kovalente Bindungen mit den funktionellen Gruppen des Polymers fUr jedes
Avidintetramer-MolekOIl gebildet werden; 45        (b) Trennen des
Avidin-enthaltenden Substrates und Reduzieren der gebildeten Iminobindung
zur ent- sprechenden Aminobindung; (c) Denaturieren des Avidintetramers,
wodurch ein monomeres Avidin gebildet wird, das mit dem che- misch stabilen
Substrat verbunden ist; und (d) Trennen des denaturierten Avidins von den
dissoziierten Untereinheiten des Avidins, und Renatu- .50       rieren des
Avidin-enthaltenden Substrats durch Entfernen des Denaturants, wodurch das
Ligand-ent- haltende Medium gebildet wird. 7. Verfahren nach Anspruch 6,
wobei: i) der pH von Stufe (a) von 6,5 bis 8,5 betragt; und/oder ii) der pH
des Ligand-enthaltenden Mediums von Stufe (d) auf nahe der NeutralitAt
eingestellt ist. 8. Verfahren zur Isolierung synthetischer oder natOrlicher
Molekile aus einem Fluldgemisch mit denselben, wobei die Molek~le eine
Affinitat zu Avidin haben oder biotinyliert sein konnen, wodurch sie sine
Affinitat zu Avidin haben, odor ihre rekombinanten Versionen mit einer
Affinitit zu Avidin oder biotinylierte 14 * ~   ~~~~~~ I
III1111111111111  



EP 0 423 938 B1 rekombinante Versionen, umfassend das Passieren des
Fluidgemisches in innigem Kontakt mit einem Li- gand-enthaltenden Medium
nach einem der Anspruche 1 bis 4 und anschliesendem Eluieren der adsor-
bierten synthetischeri oder naturlichen Molekile aus dem
Ligand-enthaltenden Medium. 5 9. Verfahren nach Anspruch 8, wobel das
Fluidgemisch ein organisches oder wassriges Fluidgemisch ist 10. Verfahren
nach Anspruch 8 oder 9, wobei die synthetischen oder natfrlichen Molek~le
aus Peptiden, Pro- t-inen, Enzymen, Nukleotiden, Oligonukleotiden oder
rekombinanten oder biotinylberten oder rekombinant-biotinylierten Versionen
davon bestshen. 10 11. Verfahren nach elnem der Anspruche 8 bis 10, wobei
des die synthetischen oder natOrlichen MolekOle enthaltende Fluidgemisch
mit dem in einer Chromatographiesaule enthaltenden Ligand-enthaltenden
Medium kontaktiert wird. s   12. Verfahron nach einem der Anspruche 8 bis
10, wobei ein Flissigkoitsgemisch, umfassend synthetische oder natfirliche
Molekile, durch FlRssigkeitsaffinitAts-Chromatographie in einer Saule,
umfassend sin Medium nach elnem der AnsprOche I bis 4, getrennt wird. 20
Revendications 1. Un milieu contenant un ligand pour une adsorption
chromatographique, qui comprend un support poly- mere organique reticule
ayant un ligand polypeptidique de type avidine sous forme renature et
dissocie li6 de maniere covalentb A celui-ci par un group. de liaison non
hydrolysable et chimiquement stable, dans 25      lequel plus de 50% en
poids du ligand de type avidine est sous forme monomere qui so lie avec la
biotine pour former un complexe avec une constants de dissociation
superieure a 10-61 molaire et dans lequel le polymbre organique reticule
est capable de maintenir l'avidine sous forme monomere, a condition quo le
milieu contenant le ligand no comprenne pas un bras espaceur qui soft de
type polymbre hydrophile essentiellement non ionique. 30 2. Un milieu tel
quo revendiqu6 dans la revendication 1, dans lequel le groups de liaison
non hydrolysable contient un groups de type carbone-azote ou un groupo de
type soufre-azote, ce groups de liaison non hydrolysable etant par exemple
choisi parmi -CH2NH-, C(O)NH-, -NHC(O)NH-, -C(O)NHNHC(O)NH- et -SO2NH-. 35
3. Un milieu tel quo revendique dans la revendication 2, dens lequel le
polymere organique reticule est une resine de type echangeuse d'ions,
adsorbantb ou poreuse sous forms particulaire, par exemple, une re- sine de
type echangeuse d'ions ou adsorbante sous forme particulaire etderiv6e
principalementd'un mo- nomere-acrylique ou styrenique. 40 4.  Un milieu tel
que revendiqu6 dens l'une quelconque des revendications precedentes, dens
lequel le grou- pe d'affinite pour l'avidine est sous forms monomere qui se
lie avec la biotine pour produire un complexe avec une constants de
dissociation suphrieureou egale A 10-9 molaire. 5. Une colonne de
chromatographie d'affinit6, qui comprend un conteneur tubulaire avec des
moyens d'en- tres et de sortie aux extremites opposees du tube et ayant
insere, A l'interieur du tube, un milieu contenant un ligand tel que
revendique dens l'une quelconque des revendications I A 4. 6. Un procede
pour la preparation d'un milieu amrliore contenant un ligand, tel que
revendiqu6 dans l'une quelconque des revendications I A 4, qui comprend:
(a) la riaction, A un PH proche de la neutralite, d'une quantite efficace
d'un tetrambre d'avidine avec des groupes fonctionnels d'un support
polymbre organique reticule pour former des groupes de liaison de type
imino non hydrolysables et chimiquement stables entre le support et
l'avidine jusqu'a ce quo 1 A 3 liaisons covalentes se solent form6es, avec
les groupes fonctionnels polymbres, pour chaque molecule tetrambre
d'avidins; (b) la separation du support contenant l'avidine et la reduction
de la liaison imino formee en une liaison 



amine correspondents; (c) la denaturation du tetramere d'avidine pour
former une avidine monombre lide au support chimi- quement stable; et 15 1*
I 1111!  HE 1I1I 11 1111    EP 0 423 938 B1 (d) la sbparation de l'avidine
denatur6e A partir de sous-unitea dissociees d'avidine et la renaturation
du support contbnant l'avidine par elimination du denaturant pour former le
milieu contenant le ligand. s   7.  Un procde tol quo revendique dans la
revendication 6 dans loquel: 1) le PH A l'btape (a) est de 6,5 A 8,5; et/ou
ii) le PH du milieu contbnant le ligand A l'etape (d) est ajuste a un PH
proche de la neutralite. 8. Un procede pour isoler des molecules
synthetiques ou naturolles A partir d'un melange liquide lea conte- 10
nant dans lequel les mol~cules poss dent une aff initb pour l'avidine, ou
peuvent Atre biotinylees pour avoir une affinite pour I'avidine, ou leurs
homologues recombinants biotinyles, qui comprend le fait de passer le
mblange liquids en contact intime avec un milieu contonant le ligand tel
quo revendiqu6 dans l'une quel- conque des revendications 1 A 4 et le fait
d'6luer posterieurement les molbcules synthetiques ou naturelles adsorb6es
A partir du milieu contenant le ligand. 15 9.  Un procbd6 tel quo
revendique dans la revendication 8, dans lequel le m6lange liquids est un
melange liquide aqueux ou organique. 10. Un procede tel qua revendique dans
ia revendication 8 ou 9, dans lequel lea molecules synthetiques ou
naturelles comprennent des peptides, des protbines, des enzymes, des
nucleotides, des oligonucleotides 20      ou leurs homologues recombinants,
biotinylbs ou recombinants-biotinyl6s. 11. Un procede tol quo revendique
dans l'une quelconque des revendications 8 A 10, dans lequel le melange
liquide, contenant lea molecules synthbtiques ou naturolles, est mis en
contact avec le milieu contenant le ligand contenu A l'intbrieur d'une
colonne chromatographique. 25 12. Un procde tel quo revendique dans l'une
quelconque des revendications 8 A 10, dans lequel un melange liquide
compronantdesmoleculessynthbtiques ou naturelles est sbpare
parchromatographie liquide d'af- finite dans une colonne comprenant un
milieu tel quo revendiqu6 dans l'une quelconque des revendica- tions I A 4.
30 35 40 45 50 55 16 *   C   L  M   S  *    


