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  Monoclonal antibody biopharmaceuticals continue to represent a growth area 

for new treatments of a number of problematic diseases, particularly cancer. Of 
the 26 antibody-based products approved for use thus far, two are murine, five chi-
meric, thirteen humanised and two fully human monoclonal antibodies (mAbs). 

Full length therapeutic monoclonal anti-
body molecules are expressed and produced 
in mammalian cells such as Chinese Ham-

ster Ovary (CHO) or mouse myeloma (NSO) 
cells, which provide the required post-trans-
lational modifications (glycosylation) of the 

Fc region necessary for the effector function. 
The development of antibody engineering 
has led to new types of antibody therapeu-
tics, including antigen-binding antibody 
fragments, multivalent high binding avidity 
antibodies and attachment by fusion tech-
nology or chemical conjugation to variety 
payloads such as cytotoxic agents. For anti-
gen neutralisation or receptor blockade, the 
Fc-mediated effector is not required and it 
can be removed by partial digestion of the 
intact full length antibody with proteolyt-
ic enzymes, or excised at the DNA level, 
to yield Fab fragments. Even smaller mol-
ecules such as scFv can be expressed in mi-
crobial systems, usually Escherichia coli. 

In the case of full length antibodies, Pro-
tein A-based adsorbents are by far the most 
widely used materials for capture and pu-
rification. Protein A is a natural cell surface 
protein anchored to the cell wall and mem-
brane of Staphylococcus aureus. It binds to 
antibodies at the Fc region by an interaction 
which is predominantly hydrophobic with 
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Fig. 1: Process of generating IgG binding chemical ligand libraries using chlorotriazine as the scaffold. The first chloride is displaced on 
reaction of cyanuric chloride with the PuraBead® 6XL, which is a 6% beaded agarose matrix. The 2nd and 3rd chlorines are displaced with 
various amines (R

1 
and R

2
) in a ‘split and mix’ combinatorial synthesis

some hydrogen bonds and two salt bridges. 
Most of the Protein A used for bioseparation 
applications is now made by genetic engi-
neering. Whilst the use of recombinant Pro-
tein A-based adsorbents for the purification 
of full length antibodies is common (due to 
their high selectivity and ever increasing IgG 
binding capacity) their use for engineered 
antibody fragments is limited due to their 
weak affinity for the Fab region. A cell sur-
face protein isolated from Peptostreptococcus 
magnus (Protein L) interacts specifically with 
the mouse k light chains and some human 
l light chain subclasses, and has been used 
for the purification of engineered antibody 
fragments. However, Protein L-based ad-
sorbents generally have a low binding ca-
pacity for antibody fragments, are not read-
ily available in commercial quantities and 
are very costly.

Alternative ligands for capture and 
purification of MABs

In addition to ongoing cost concerns, pro-
tein-based affinity ligands are generally con-
sidered to have poor stability with regard 
to the cleaning and sanitisation regimes re-
quired for process scale applications. Whilst 
some progress has been made by use of 
protein engineering to delete non-specific 
binding regions and increase the stability 
of antibody-binding polypeptide ligands, 
their resistance to sodium hydroxide, the 
favoured method of column cleaning and 
sanitisation, remains limited. 

To circumvent the problems associated 
with proteinaceous ligands, there has been 
sustained interest in the development of 
small synthetic ligands which bind specifi-

cally to antibodies and antibody fragments. 
A number of such ligands were developed 
in the 1980’s and early 1990’s from a vari-
ety of chemical backbones, including histi-
dine, dichloropyridine (Avid AL), thiophilic 
gel obtained from divinylsulphone activa-
tion, and a variety of mixed-mode ligand 
adsorbents possessing both hydrophobic 
and ionic groups. Many of these suffered 
from drawbacks, including lack of selec-
tivity, low capacity and the need for inclu-
sion of additives. However, these molecules 
demonstrated the promise of small synthet-
ic ligands for antibody purification, particu-
larly with respect to sodium hydroxide re-
sistance and the ability to be reused many 
times without loss of performance. 

Small peptide ligands have also been in-
vestigated for antibody purification appli-
cations. Linear peptides have shown some 
promise but remain susceptible to both 
chemical and biological (protease) degrada-
tion. Conformationally constrained, cyclised 
peptide analogs, termed peptidomimetics, 
offer increased stability, but these ligands are 
still subject to degradation due to the pres-
ence of peptide bonds. The relatively high 
cost and potential toxicity of peptide ligands 
remains a barrier to their wider use. 

More recently, techniques such as com-
putational chemistry and high-throughput 
screening have evolved which enable the 
design and selection of small affinity lig-
ands with high selectivity and capacity for 
antibodies. One of the first examples to be 
reported used the crystallographic struc-
ture of the B domain of Protein A com-
plexed with human IgG as a starting point 
for modelling a small synthetic ligand. A 
dipeptide motif (Phe-132:Tyr-133) was iden-

tified as the key component of Protein A 
responsible for binding to the Fc region of 
IgG and provided the template for design, 
synthesis and testing of equivalent mimic 
ligands (biomimetic ligands). The lead lig-
and compound identified from this work 
was further refined by using combinatori-
al chemistry. Triazine ligand libraries pro-
duced by solid-phase chemistry were syn-
thesised on agarose beads (Figure 1), as-
sessed for binding to pure IgG and the se-
lected ligands further tested for their abil-
ity to purify polyclonal IgG from human 
plasma. This work led directly to the de-
velopment of the affinity adsorbent MAb-
sorbent® A2P (Fig. 2) which is used com-
mercially for the purification of polyclonal 
IgG from plasma. 

MAbsorbent® A2P can be used to purify 
polyclonal antibodies from different spe-
cies and can withstand exposure to 1M 
sodium hydroxide, which is an impor-
tant advantage over Protein A based ad-
sorbents. However, MAbsorbent A2P has 
found only limited application for the pu-
rification of monoclonal antibodies due to 

Fig. 2: Structure of MAbsorbent A2P on 
agarose beaded matrix
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the presence of Pluronic F68 in most mam-
malian cell culture media (added to pre-
vent shear-induced cell damage) which 
severely compromises the binding capac-
ity of this adsorbent. If Pluronic F68 is re-
moved first by chromatography or hydro-
phobic adsorption, then MAbsorbent A2P 
is effective for Mab purification. As part of 
the European FP6 Integrated Project to in-
vestigate improved approaches to down-
stream processing of biopharmaceuticals 
– Advanced Interactive Materials by De-
sign (AIMs), chemical combinatorial li-
braries constructed on triazine scaffolds 
were screened for antibody binding from 
feedstocks containing Pluronic F68. A 
number of ligands suitable for whole mol-
ecule IgG capture and purification were 

such as Fab, F(ab’)2 and scFV fragments. 
Unlike Protein L, this ligand binds to both 
k and l light chains. There is also some in-
teraction with the Fc region, though con-
ditions for elution differ for Fab fragments 
compared to Fc fragments, so both can be 
successfully separated and purified from 
papain digests (Fig. 3). 

Conclusion

Whilst Protein A-based adsorbents remain 
the materials of choice for purification of 
full length monoclonal antibodies, new 
generation adsorbents based on small, ul-
tra-stable, synthetic ligands are emerging 
which are increasingly finding applications 

in areas where Protein A is not applicable. 
Such applications include the purification 
of polyclonal IgG from mammalian plasma 
and the purification of antibody fragments 
devoid of the Fc region. However with con-
tinued development, synthetic ligands are 
likely to approach the performance of Pro-
tein A for full length antibodies, but with 
the added advantages of lower cost and 
significantly increased stability. � D
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Fig. 3: Capture and purification of Fab and 
Fc fragments on Fabsorbent F1P HF, Lane 
1 – Molecular weight marker, Lane 2 – Papain 
digested IgG, Lane 3 – pH 4.0 elution. Human 
polyclonal antibody was digested with 
immobilised papain (Pierce) and applied to 
a column of Fabsorbent F1P HF at pH 7.50. 
Fab fragment was eluted at pH 4.0 and Fc 
fragment/intact undigested antibody elutes 
during the column cleaning procedure.

identified that gave high binding capaci-
ties in the presence of Pluronic F68. This 
work is currently continuing at ProMetic 
Biosciences.

Furthermore, a small synthetic ligand ca-
pable of binding to the antibody light chain 
has also been identified and the resulting 
adsorbent, Fabsorbent™ F1P HF, is capa-
ble of binding and purifying a wide range 
of antibody types ,including antibody frag-
ments that do not contain the Fc region 
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