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Table 1. Some application of affinity
chromatography

. Purification of enzymes
. Purification of antigens and antibodies
. Concentration of dilute protein solutions

Purification of complementary peptide fragments

1o W N

. Storage of otherwise unstable proteins in immob-

ilized form

=23

. Separation of cells and viruses

7. Purification of nucleic acids and nucleotides

8. Removal of denatured and chemically modified
proteins from native proteins

9. Separation of enzymatically inactive subunits or
mutant enzyme forms

10. Investigation of kinetic sequences and ligand in-
teraction to enzyme subunits

11. Purification of hormone-binding proteins

12. Purification of sulfhydryl proteins

13. Purification of enzyme inhibitors

14. Purification of biologically active peptides (e.g.
peptide hormones)

15. Purification of repressor proteins

16. Purification of ribosomal structures
17. Separation of lymphocyte and cell populations
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Fig. 2. Schematic representation of affinty chrom-
atography showing specificity of affinity
process during adsorption and desorption.

Sample components are separated based on
their different biological specificity, as in
antigen-antibody or enzyme-inhibitor systems.
A ligand with specific affinity for the sample
components of interest is covalently coupled
to the granulated gel matrix. When sample
is applied, only the components with an affi-
nity for the ligand are absorbed to the gel
matrix while the other components are washed
away. Desorption is obtained by a controlled
altering the pH/or salt concentration of the
ligand or by using a specific desorbing agent.

Specific desorterti-
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Fig. 4. Affinity chromatography of crude yeast
extract on Blue Sepharose 6B (5)

Dried baker’s yeast was lysed in 1 M diba-
sic sodium phosphate for 3hr at 37°C and
then centrifuged at 13,700 X g for lhr. The
supernatant was filtered through cheese cloth
and 0~75 % saturation (NH),SO, cut was
made. A 1.6 X 5¢cm bed of Blue Sepharose 6B
was equilibrated with starting buffer consist-
ing of 0.02 M Tris HCIL,pH 6.4;5 %1073 MgCl,:
4x10°¢*M EDTA;2x 107 M 2-mercaptoethanol.
A sample of crude extract containing 223 0.D.
units in 10 ml was applied to the bed aad
washed with starting buffer. Various enzymes
were eluted in starting buffer at pH 6.4 or
8.6, as noted, with the addition of selective
cofactors. Alcohol dehydrogenase(ADH), glu-
cose-6-phosphate dehydrogenase(G-6-P DH),
hexokinase(HK), and glyceraldehyde-3-phos-
phate dehydrogenase(Gly-3-POs DH) were
eluted with 5 mM NAD, 10 mM NADP, pH 8.6,
and 10mM NAD respectively.
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Table 2. Criteria for the ideal support materials

1. The matrix should have an abundant chemical functionality sufficiently general to permit reaction with

a variety of groups on proteins and ligands for affinity chromatography

The matrix should be cheep and regenerable

N oo oW N

The matrix must form a loose porous network which permits unipaired movement of large macromolecules
. The gel particles should be uniform, spherical and rigid with good flow properties
The matrix should not interact with proteins in general so that there is no non-specific adserption

The gel must be mechanically and chemically stable to the conditions of coupling, adsorption and elution

The gel should have high capacity for enzyme and ligand
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Fig. 5. Agarose adsorbents which have different
length of spacer arms for pgalactosidase
affinity chromatography (17)

The weak (Ki about 1073M) competitive
inhibitor, p-aminophenyl-g-D-thiogalactopyra-
noside, is attached to agarose through exten-
sions of varying length. The enzyme does not
bind to columns containing derivative A, is
only slightly retarded with derivative B, and
adsorbs strongly to derivative 'C.
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Table 3. Some ligands that have been immobilized
and used for affinty chromatography

References

Ligands
Substrate and substrate analogs 17,21
Inhibitors 22,23
Allosteric effectors 24
Cofactors 25,26
Nucleic acids 27
Nucleotides 28
t-RNA 29
Plant hormones 30
Steroids 31
Antibiotics 32
Enzymes 33
Protease inhibitors 34
Hydrophobic ligands 35
Chromophores 36
Antibodies 37
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E: enzyme, A and B:

reactants, P and Q: products
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Fig. 7. The importance of the mode of attachment
of the ligand to the matrix
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Fig. 8. Coupling of D-gluconate to Sepharose 6B
by various method(40)
A, Activation of the matrix with oxirane and
coupling of D-gluconate at CH,OH of C-6.
B. Activation of the matrix with BrCN and
coupling of D-gluconate at COOH of C-1.
CCD : 1~cyclohexyl-3-(2-morpholinoethyl) ca-
rbodiimide metho~p-toluene sulphonate
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Fig. 9. Affinity chromatography of glucose oxidase
on D-gluconyl-w-aminohexyl Sepharose 6B
(Fig. 8-B)(40)

Incubation mixture of Penicillium species
(2.2 1) was filtered and 60-90% saturation
(NH,),SO, cut was made. The precipitate was
dissolved in 50ml of dist. H;0 and dialyzed.
The sample containing 4x10® U of glucose
oxidase in 50 ml was applied to 1 X 10cm of
D-gluconyl-w-aminohexyl Sepharose 6B equi-
librated with water. The enzyme was eluted
with different concentrations of KCl solution
as noted after washing with 500 ml of dist w-
ater. D-gluconate, competitive inhibitor to
glucose oxidase, was used as a ligand.
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Table 4. Methods of elution from affinity matrices

Ligand competetion
Inhibitor competetion
Allosteric modification
Co-substrate elution

Ligand concentration changes

SIS A A e

Ionic strength alterations (salt concentration
changes)

Solvent changes

® =

. Temperature elution
9. Buffer and/or pH changes
10. Chaotropic reagents

11. Electrophoresis
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Fig. 10. Non-specific elution of an enzyme mixture
on N&-(6-aminohexyl)-AMP-Sepharos by
a temperature gradient(43)

The enzyme sample (100 gl), containing 5
U of each enzyme and bovine serum albumin
(1.5mg), was applied to a column (5 mmX
50 mm) containing 0.5 g N®-(6-aminohexyl)-
AMP-Sepharose (1.5 M AMP/mi) at 47°C.
The column was epuilibrated at each indivi-
dual temperature for 5min prior to elution
with 1.6 m! equilibrium buffer, 10 mM tricine~
KOH, pH 7.5, containing 10 mM glyderol, 5 mM
MgCl;, 1 mM EDTA and 0.02 % sodium azide
A ‘pulse’ (200 gl) of 5 mM NADH in the equ
ilibration buffer was added as indicated by
the arrow. Bovine serum albumin was located
in the initial column wash (0-4 ml). Ligand
AMP was used as an analog of ATP for ki-
nases or of NAD/NADP for dehtdrogenases.
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Fig. 11. Specific elution of L-asparaginase from
D-asparagine-Sepharose column(44)

Buffer during adsorption phase: 0.05 M bo-
rate, containing 0.3 M NaCl and 0. 006 % Na-
N, pH 8.6. Desorption with 107® M D-aspara-
gine in buffer started at Dj, desorption of
residual non-specifically bound material with
2 M NaCl in buffer started at D;. Broken line
indicates asparaginase activity. D-Asparagine,
competitive inhitor to L-asparaginase was used
as ligand.
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