EG

Bulletin 1099

Immunoaffinity Chromatography

with Affinity Supports

Immunoaffinity chromatography is a form of affinity chromatog-
raphy in which antigens or antibodics are immobilized on a solid
phase support. The bio-specific antigen-antibody interaction
makes it possible to obtain a high degree of purification in a single
step. However, this bio-specificity is often accompanied by ex-
tremely tight binding, making elution of active purified antigen or
antibody very difficult. The following procedures are recom-
mended to help to optimize conditions and to maximize yields.

PREPARATION FOR
IMMUNOAFFINITY
CHROMATOGRAPHY

Selection of Support for Inmobilization

It is important to choose a support which meets the requirements
listed below.

1. Porous — the matrix should be porous enough to allow both
the antigen and the antibody to penetrate the pores. Immuno-
affinity chromatography can be done on the surface of a sup-
port, but a porous matrix offers the advantage of providing a
higher capacity support.

2. Imert — the matrix should be hydrophilic and inert, and should
contain no chemically reactive groups or charged sites. This will
minimize non-specific adsorption.

3. Stable — the matrix must be stable to all reagents used in the
coupling and elution steps. Commonly used reagents include
acids, bases, chaotropic salts, and organic solvents.

4. Good Flow Properties — Immunoaffinity chromatography is
most often performed using column techniques. Flow proper-
ties are determined by the size, shape, and rigidity of the parti-
cles. Good flow properties are particularly important if rela-
tively stringent conditions are used to elute labile molecules and
exposure time must be minimized.

Bio-Rad offers a number of supports which are recommended for
immunoaffinity chromatography. Affi-Gel® Hz and Afti-Prep®
Hz hydrazide supports couple immunoglobulins via the carbohy-
drates located in the Fc portion of the antibody. This method of
coupling yields highly active, oriented IgG. Affi-Gel 10, Affi-Gel
15, and Affi-Prep 10 activated supports spontaneously couple to
primary amines. Use of these materials is described in detail in
bulletins 1424 and 1085.
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Preparing Antiserum for Inmobilization

Antiserum should be partially purified prior to immobilization. By
removing the bulk of the non-antibody proteins, a higher capacity
immunosorbent with minimal non-specific adsorption can be ob-
tained. This can be optimized further by using an affinity purified
antibody or a monoclonal antibody.

Bio-Rad has a variety of choices for immunoglobulin purification.
DEAE Affi-Gel blue gel is recommended for single step purifica-
tion of small volumes of serum, yielding a purified IgG fraction
(see bulletin 1092). CM Affi-Gel blue gel is particularly useful for
processing large volumes of serum or when maximum yields are
desired (see bulletin 1092). A total globulin fraction is obtained by
this method. Affi-Gel protein A and Affi-Prep protein A supports
are ideal for the purification of all types of monoclonal antibodies
or when the highest purity is desired.

Preparing Antiserum for
Antibody Purification

If an antibody is to be affinity purified on an immobilized antigen
support, it is also advantageous to partially purify the antiserum.
DEAE Affi-Gel blue gel and CM Affi-Gel blue gel offer the advan-
tage of removing complement factors which bind immune com-
plexes. These methods also remove protease which can destroy
valuable antibody during sample storage or decrease column life by
destroying the immobilized protein. As a minimum purification,
antiserum should be heat inactivated at 56°C for 30 minutes to
destroy the complement factors.

PROCEDURES FOR
IMMUNOAFFINITY
CHROMATOGRAPHY

Adsorption of the Sample

It is advantageous to use only the required amount of affinity sup-
port. If excess matrix is used, sample elution becomes more diffi-
cult because the sample continues to bind and elute as it passes
down the column. Stronger elution conditions become necessary,
residence time is longer, the eluted peak is broader, and there is a
greater risk of denaturation and poor recovery. If all potential
binding sites are occupied, then once a molecule is eluted, it has no
chance ot further binding.

One method to insure that only the required amount of affinity gel
is used is to apply the sample to the top of the column and elute
using reverse flow (see Figure 1).
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Fig. 1. Use of only required amount of affinity support. A) An excess of
affinity support is used. During elution, sample is exposed to excess ca-
pacity resulting in greater dilution and broader peak. B) The sample is
added to the top of the column, then eluted using reverse flow. Only the
required capacity is used, resulting in minimal dilution and a sharper peak.

Another method is to titrate the gel with sample, checking the
supernatant for unbound sample after each addition. This can be
done cither in a column or in a batch mode. Continue until the gel
is saturated. This method can be used with a small amount of gel
and sample to determine the capacity and, thus, the required
amount of gel for the purification.

Removal of Unbound Solutes

Proteins or other solutes which are not bound or are weakly bound
by non-specific interactions must be washed off prior to elution.
This can be achieved by washing with mild chaotropic solutions
(IM NaSCN, 1M guanidine hydrochloride, 1M urea), with salts
(IM NaCl), or with detergents (0.5% Triton® X-100). In many
cases, the elution buffer can be used, but at a lower concentration.
This frequently neglected wash step eliminates proteins which may
complicate final elution and helps yield a more highly purified
product.

Elution Strategies

FElution is usually the most difficult step in immunoaffinity chro-
matography. Often, in an attempt to maximize yields, elution con-
ditions are chosen which denature the proteins. The objectives of
elution are to obtain high purity and high recovery of a stable and
active product.

Antigens and antibodies are bound to each other by the forces of
jonic bonding, hydrogen bonding, and hydrophobic interactions.!
The strength of antigen-antibody complexes varies widely due to
the different affinities and avidities of the antibodies. In addition,
parameters such as coupling density, steric orientation, and non-
specific interactions can become important. A wide variety of sol-
vents have been reported as eluants in immunoaffinity chromatog-
raphy and upon initial examination of the literature, the choice of
an effective eluant appears empirical. There is, however, a logical
strategy or sequence of eluants to consider when approaching a
new immunoaffinity application. A logical sequence is:

1. Specific Elution with excess antigen or antibody should be con-
sidered first because, in theory, it will always work. It is, how-
ever, frequently impractical due to the cost and availability of
the specific eluant. The other disadvantage is that an antigen-
antibody complex will be eluted and the dissociation of the com-
plex may be necessary and difficult to achieve.

2. Acid Elution is the most commonly employed desorption meth-
od and is frequently very effective. Eluants such as glycine-HCI,
pH 2.5, 0.02M HCl, and sodium citrate, pH 2.5 can be used to
disrupt the antigen-antibody interactions. In some cases, acid
elution gives low recovery due to hydrophobic interactions be-
tween the antigen and the antibody. An eluant such as 1M pro-
pionic acid, or the addition of 10% dioxane? or ethylene glycol
to the acid eluant, is more effective in dissociating such
complexes.

3. Base Elution is less frequently used than acid elution, but, in
some cases, is more effective. Elution with IM NH,OH or with
0.05M diethylamine, pH 11.5 has been shown to be effective
with membrane glycoproteins and with certain antigens which
precipitate in acid but are stable in base.? Organic solvents can
also be added to basic eluants as described above with acid elu-
tion. An example in which an antibody to dinitrophenyl-bovine
serum albumin (DNP-BSA) was coupled to an affinity matrix is
described in Reference 4. DNP-BSA could not be eluted at all
with acid or with acid plus organic solvents. Basic elution gave
69% vyield and base plus dioxane gave 95% yield of purified
antigen.

4. Chaotropic Agents disrupt the tertiary structure of proteins
and, therefore, can be used to dissociate antigen-antibody com-
plexes. Chaotropic salts are particularly useful because they dis-
rupt ionic interactions, hydrogen bonding, and sometimes
hydrophobic interactions. Chaotropic anions are effective in the
order SCN->ClO; >I>Br~>Cl- .**% Chaotropic cations are ef-
fective in the order Gu>Mg>K>Na.¢ Eluants such as 8M urea,
6M guanidine hydrochloride (GuHCl), and 6M NaSCN are ef-
fective in disrupting most protein-protein interactions. The
problem, however, is that in many cases, these strong chao-
tropes will destroy the activity of the antigen and/or antibody.
For that reason, it is best to use the mildest conditions that will
give acceptable recovery.

Once the eluant has been chosen, the elution conditions should be
refined by optimizing concentration, time, temperature, and by
combining the eluants described above.

No matter which eluant is selected, it is important to remove the
eluted antigen or antibody from the eluant as quickly as possible to
minimize the chance of denaturation. If acid or base is used, the
samples should be neutralized immediately following elution. If a
chaotrope is used for elution, it can be rapidly removed by desalt-
ing (Econo-Pac® 10DG desalting columns, catalog number 732-
2010, Bio-Gel® P-6 DG desalting gel, catalog number 150-0738).

Special Considerations for Labile Antigens

Because there is a problem of stability with some antigens, whether
immobilized or being purified, special considerations may be nec-
essary. With labile antigens, the choice of the mildest possible elu-
tion conditions is desirable, with rapid elution and short exposure
times being critical. One approach for labile immobilized antigen is
to use relatively mild elution conditions, then do a more complete
regeneration using a chaotropic salt after every fourth or fifth use
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of the column. This serves to increase the life of the column by
minimizing exposure to stringent conditions and to periodically
strip the column of bound proteins, therefore maintaining the
capacity.

Alternative procedures have been published for eluting labile anti-
gens from immobilized antibody columns. The use of deionized
water has been reported,”8 but yields are generally low. Another
method of increasing interest is electrophoretic elution.>!? An elec-
trical field is applied and the adsorbed protein is electrophoresed
away from the affinity matrix.

Renaturation of Eluted Proteins

Protcins which have been denatured during elution can often be
renatured by the addition of a chaotropic agent such as GuHCI,
followed by stepwise dialysis against decreasing concentrations of
the chaotrope. The high concentration of GuHCI puts the protein
into a random coil configuration. As the chaotrope is slowly re-
moved, the protein will return to its native form.!!

As an example of this renaturation procedure, goat anti-rabbit IgG
was denatured by precipitation with TCA. It was then neutralized
with base and GuHCI was added to make the solution 6M. It was
then dialyzed against 4M GuHCI, then 1M GuHCI, and finally
into phosphate buffered saline (PBS). Nearly all of the antibody
activity was restored as is shown in Figure 2.

Fig. 2. Radial immunoditfusion of goat anti-rabbit IgG into agarose gel
containing rabbit IgG. Wells 1, 2, and 3 represent 5, 10, and 20 A, respec-
tively, of antibody dialyzed against PBS. Wells 4 and 7 represent 10 and 20
A antibody denatured by TCA precipitation. Wells 5 and 8 represent 10 and
20 1 antibody which was denatured by TCA precipitation and dialyzed
stepwise into decreasing concentrations of GUHC! (see text). Wells 6 and
9 represent 10 and 20 4 native antibody dialyzed against decreasing con-
centrations of GUHCI.

Immunoaffinity Chromatography
with Monoclonal Antibodies

Many of the problems encountered in immunoaffinity chromatog-
raphy can be overcome by using monoclonal antibodics. Mono-
clonal antibodies provide a homogenous interaction, unlike normal
antisera which contain multiple antibodies of varying specificities
and avidities. Judicious selection of a monoclonal antibody with
the right affinity and specificity can be used to make a high capaci-
ty immunosorbent that is free of the problems often associated
with antisera derived antibodies. A monoclonal antibody with a
relatively low binding strength can be empirically chosen so that
milder elution conditions can be used and increased yields ob-
tained. When monoclonal antibodies are used, nearly all the anti-
gens dissociate under a narrow range of conditions.

Another major advantage of immunoaffinity chromatography
with monoclonal antibodies is its reproducibility. Once a cell cul-
ture is established, there is an “unlimited” supply of homogenous
antibodies. Since monoclonal antibodies bind with predictable af-
finity to a single antigenic determinant, problems of reproducibili-
ty between antisera-producing animals and from lab to lab are
eliminated.

For example, a monoclonal antibody against interferon was immo-
bilized on Affi-Gel 10 gel.!*> The immobilized antibody was then
used to purify recombinant human leukocyte interferon. The result
was 95% recovery and one thousand fold purification of the inter-

feron.

Applications
Table 1. Inmunoaffinity Chromatography
Ligand Bound to Affi-Gel 10 Applications Reference
Monospecific IgG Purification of chlamydia 1
trachomatic-specific
antigen
Serotype-specific Purification of antibodies 2
vesicles prior to ELISA
Antibody Isolation of brush border 3
aminooligopeptidase
Fibrinogen Sorption of antibodies
Antibody Isolation of microtubule
protein
Anti-CEA Antibody Solid phase radio immu- 6
noelectrophoretic assay
of CEA
p-(arsonic) phenylazotyro-  Anti-hapten antibody 7
sine hapten purification
Hen egg white lysozyme Purification of HEL-reac- 8
(HEL) tive antibodies
Anti-interferon antibody Purification of mouse 9
interferon
Antibody to Con A, goat Purification of antigens 10
anti-rat light chain anti-
body, antibody to dinitro-
phenyl-ovalbumin
Antibody to mouse Purification of mouse 11
interferon interferon
Monoclonal anti-inter- Purification of recombi- 12
feron antibody nant human leukocyte
interferon
Synaptic protein sub- Purification of antibody 13
strate for cyclic AMP
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Ordering Information

Catalog

Number Product Description

Products for Antibody Purification

153-7307 DEAE Affi-Gel Blue Gel, 100 m|
153-7304  CM Affi-Gel Blue Gel, 100 ml

732-2027 Econo-Pac Serum IgG Purification Kit
732-2026  Econo-Pac Serum IgG Purification Columns, 5
153-6159  Affi-Gel Protein A MAPS |l Kit
153-6160  Affi-Gel Protein A MAPS i Buffers
153-6153  Affi-Gel Protein A Gel, 5 mi

153-6154  Affi-Gel Protein A Gel, 50 mi

156-0006  Affi-Prep Protein A Support, 5 m|
156-0005  Affi-Prep Protein A Support, 25 m|
153-6164  Affi-Prep Protein A MAPS li Buffers

Products for Immunoaffinity Chromatography

153-6060  Affi-Gel Hz Immunoaffinity Kit

153-6047  Affi-Gel Hz Gel, 25 m|

153-6048  Affi-Gel Hz Gel, 4 x 25 m!|

153-6049  Affi-Gel Hz Gel, 500 ml

156-0015  Affi-Prep Hz Gel, 5 mi

156-0016  Affi-Prep Hz Gel, 25 mi

156-0017  Affi-Prep Hz Gel, 500 ml

153-6046  Affi-Gel 10 Gel, 4 x 25 m|

153-6052  Affi-Gel 15 Gel, 4 x 25 m|

153-6098  Affi-Gel 10/15 Combination, 2 x 25 m! each gel
156-0001  Affi-Prep 10 Support, 4 x 25 m|

156-0003  Affi-Prep 10 Support, 500 mi

156-0004  Affi-Prep 10 Support, 1,000 mi

125-0450  Affi-Prep 10 Cartridge, 30 x 4.6 mm, requires 125-0131
125-0452  Affi-Prep 10 Cartridge, 5 x 25 mm, requires 155-0130
125-0131  Standard Cartridge Holder, for 30 x 4.6 mm cartridges
155-0130  Preparative Cartridge Holder, for 15 x 256 mm

cartridges

Eastern Regional Office, PO. Box 708, 220 Maple Avenue, Rockville Centre, New York 11571 @ Phone (516) 764-2575 ® Fax 516 764-2186
Canada, Bio-Rad Laboratories (Canada) Ltd., 5149 Bradco Boulevard, Mississauga, Ontario L4W 2A6 @ Phone (416) 624-0713 ® Fax 416 624-3019

Chemical
Division

3300 Regatta Boulevard
Richmond, California 94804
Telephone 415 232-7000
Fax: 415 232-4257

Australia, Bio-Rad Laboratories Pty Limited, PO. Box 371, North Ryde, N.S.W. 2113 ® Phone 008-224354 @ Fax 61-2-805-1920

Austria, Bio-Rad Laboratories Ges.m.b.H., Auhofstrasse 780, A-1130 Vienna @ Phone (0222) 82 89 01 ® Fax 43-222-828-5629

Belgium, Bio-Rad Laboratories S.A./N.V,, Begoniastraat 5, B-9731 Eke ® Phone (091) 855511 @ Fax (097) 856554

France, Laboratoires Bio-Rad S.A., 5 Bis Rue Maurice Rouvier, F-75014 Paris ® Phone 33/1/45.45.50.10 ® Fax 33-14-545-3319

German Federal Republic, Bio-Rad Laboratories GmbH, Dachauer Str. 511, D 8000 Munich 50 ® Phone 089-1499050 ® Fax 49-8971-49905-14
Hong Kong, Bio-Rad Laboratories, No. 1, Des Voeux Rd. West, 12/F, Sincere insurance Bidg Phone 5-470333/470616 ® Fax 852-5-8581464
taly, Bio-Rad Laboratories SRL, Via Morandi, 66, 20090 Segrate (Milan) ® Phone 02-21 38 751 ® Fax 39-2-213-9032

Japan, Nippon Bio-Rad Laboratories, K.K., 3-6 Kachidoki 5-Chrome, Chuo-Ku, Tokyo 104 & Phone 03-534-7665 & Fax 81-3-534-8497

The Netherlands, Bio-Rad Laboratories B.V,, PO. Box 222, 3900 AE Veenendaal @ Phone 31-8385-40666 e Fax 31-30893914

Spain, Alfredo Marquerieg, 45, E-28034, Madrid ® Phone 34-1-7383310

Switzerland, Bio-Rad Laboratories AG, Kanalstrasse 17, 8152 Glattbrugg ® Phone 07 810 16 77 ® Fax 41-1810-1933

United Kingdom, Bio-Rad Laboratories Ltd., Bio-Rad House, Maylands Avenue, Hemel Hempstead, Herts HP2 7TD @ Phone 0442 232552 ® Fax 0442 59118

490 90-0296 Printed in USA

4



