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Are All Protein A  
Resins the Same? 
A Performance Comparison of  
Eight Different Protein A Resins

Hans J. Johansson, Daniel Cardillo, and Brian Gerwe  

P rotein A affinity chromatography continues 
to be the preferred method for commercial 
purification of antibodies due to its very 
high selectivity and robust resin 

performance over repeated purification cycles. It is 
now estimated that over US$125 billion of yearly 
sales will be generated from monoclonal antibody 
(MAb) products by 2020 (1). The clear majority 
will be purified by large-scale protein A affinity 
chromatography. With the continued growth and 
therapeutic commercial importance of MAb 
production, the availability of high-quality resin 
material and secondary sourcing are growing 
concerns. Furthermore, as the current commercial 
patents for therapeutic antibodies expire, the cost 
of manufacturing will be of increasing interest. 

In bioprocess purification, protein A leakage 
from chromatography resins must be reduced to 
acceptable levels before final therapeutic 
formulation, and it is typically monitored 
throughout the downstream process. 
Contaminating host-cell proteins can elicit an 
undesired immunological response is patients; lot-
to-lot variability of these contaminants could 
potentially cause commercial production of a 
biotherapeutic to be completely scrapped. Residual 
DNA contamination can come from either the 
production host-cell line or microbial 
contamination. Determination of DNA 
contamination at each step of a purification 
process is necessary not only to ensure the removal 
of host cell DNA, but also to evaluate sterility of 
that purification process.

In this publication, we evaluate the 
performance of eight different protein A resins 
with respect to removal of host-cell proteins 
(HCP), contaminating residual DNA, and protein 

A leakage. All resins are marketed for commercial 
MAb purification and have dynamic binding 
capacities (DBCs) between 40 g/L and 60 g/L at 
residence times relevant for batch chromatography 
(four to six minutes). Whether the objective is to 
replace an existing in-process purification step or 
validate two commercial protein A resins for one 
discrete process, it is imperative that all critical 
process parameters remain as similar as possible 
under identical process conditions. The eight 
resins tested varied with respect to their matrix 
material, particle size, and type of immobilized 
protein A. The estimated DBCs (40–60 g/L) are 
published by the respective vendors. Note that 
binding capacities of different types of antibodies 
can differ significantly. 

For quantitation of protein A, Chinese hamster 
ovary (CHO) host-cell protein, and residual DNA 

Figure 1: In an AlphaLISA assay, a biotinylated antianalyte 
antibody binds to streptavidin-coated Donor beads while 
another antianalyte antibody is conjugated to AlphaLISA 
Acceptor beads. In the presence of the analyte, the beads 
come into close proximity. Excitation of the Donor beads 
provokes the release of singlet oxygen molecules that triggers 
a cascade of energy transfer in the Acceptor beads, resulting 
in a sharp peak of light emission at 615 nm.
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contaminants, we used AlphaLISA® no-wash 
chemiluminescent assay kits. The AlphaLISA 
homogeneous, bead-based proximity assay 
technology (Figure 1) traditionally has been used 
in high-throughput screening associated with 
small molecule drug discovery, but it has been 
used in the past couple of years in the large 
molecule arena (2−4). This technology provides an 
alternative to traditional enzyme-linked 
immunosorbant assays (ELISAs) and enables 
detection of molecules-of-interest in buffer, cell 
culture media, serum, and plasma in a highly 
sensitive, quantitative, reproducible, and user-
friendly mode. 

Further analysis was performed using the 
LabChip® GXII Touch™ Protein 
Characterization System for rapid characterization 
of all eluted peaks at each respective purification 
step within the workflow. The single-sipper 
microfluidic chip technology automatically stains, 
destains, and electrophoretically separates and 
analyzes the protein samples. Denatured proteins 
are moved onto the chip from a microtiter plate 
through a capillary sipper. Samples are then 

electrokinetically loaded and injected into the 
separation channel. The protein-SDS complex and 
free SDS micelles within the separation channel 
are immediately stained and electrokinetically 
separated in the sieving matrix. At the end of the 
separation channel, the sample is diluted to reduce 
the SDS concentration to below its critical micelle 
concentration to reduce the background 
f luorescence so that protein-SDS-dye complexes 
can be detected. This platform supports multiple 
assays for characterizing proteins in reduced and 
nonreduced forms. 

ExpErimEntal DEsign

Protein A Affinity Chromatography: In this study 
we used a clarified feedstock with a biosimilar 
MAb expressed in a fed-batch culture to a titer of 
approximately 3.5 g/L. All resins were packed into 
5 × 100-mm bed height columns and exposed to a 
complete blank cycle directly before use, including 
a clean-in-place (CIP) step. Each resin was used 
for three complete purification cycles including 
CIP, and samples were collected during the 
intermediate wash step (giving an indication of 
levels of unspecific binding) as well as during the 
elution step. Samples were subsequently frozen 
and stored until analysis (see the “Purification 
Protocol” box).

Eight different resins were packed according to 
the manufacturer’s instruction into 5 × 100-mm 
columns. From Purolite, Ltd. we used Praesto® 
AC 85 µm agarose beads (recombinant protein A 
of the native sequence), Praesto APc 85 µm 
agarose beads (alkali-stabilized protein A based on 
the C-domain), and Praesto AP 85 µm agarose 
beads (alkali-stabilized protein A based on the 
C-domain). “Competitor A” was an agarose resin 
using a modified B-domain of protein A. 
“Competitor B” was a methacrylic polymer bead 
using a modified C-domain of protein A. 
“Competitor C” was a cellulose resin using a 
modified C-domain of protein A. “Competitor D” 
was a glass bead resin using recombinant protein A 
of the native sequence. “Competitor E” was a 
polyvinyl-ether resin using a modified C-domain 
of protein A.

AlphaLISA Detection Immunoassays: The 
presence of three different potential bioprocess 
contaminants (residual protein A, CHO host 
proteins (CHO-P), and residual DNA) was tested 
for each resin using AlphaLISA bead-based 
chemiluminescent technology. Samples purified 
from each resin were diluted 1,000-fold in assay 

purification protocol

The purification protocol consisted of the following 
sequence (CV = column volumes): 

1. Equilibration, 3 CV (20 mM phosphate, pH 7.0)

2. Load, 3 CV (40 g MAb/L)

3. Wash, 4 CV (equilibration buffer)

4. Intermediate wash, 4 CV (proprietary buffer)

5. Wash, 4 CV (equilibration buffer)

6. Elution, 3.3 CV (50 mM acetic acid)

7. Clean-in-place (CIP) (0.1 M NaOH, 15 min).

Whether the objective is to 
replace an existing in-process 
purification step or validate two 
commercial protein A resins for 
one discrete process, it is 
IMPERATIVE that all critical 
process parameters remain as 
similar as possible under 
identical process conditions. 
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buffer and tested using the AlphaLISA residual 
protein A kit (PerkinElmer #AL287), the 
AlphaLISA CHO HCP broad reactivity kit 
(PerkinElmer #AL301), and the AlphaLISA host 
cell residual DNA kit (PerkinElmer #AL331) 
following the protocol recommended in each kit’s 
technical data sheet. All assays were run in white 
384-well OptiPlate™ microplates using a 5-µL 
sample volume. Data were collected using a 
PerkinElmer EnVision® multimode plate reader 
with standard Alpha detection settings.

The lower limit of detection (LoD) of each 
AlphaLISA assay was calculated by interpolating 
the average background counts (12 wells without 
analyte) + 3 × standard deviation value (average 
background counts + (3 × SD)) on the standard 
curve. The lower limit of quantitation (LoQ ) of 
each AlphaLISA assay was calculated by 
interpolating the average background counts (12 
wells without analyte) + 10 × standard deviation 
value (average background counts + (10 × SD)) on 
the standard curve. Sample concentrations were 
interpolated from each standard curve and 
corrected for the dilution factor.

LabChip Automated Microfluidic Capillary 
Electrophoresis Analysis: All eight resins tested 
were run and analyzed from each purification step 
on the LabChip GXII Touch Protein 
Characterization System (PerkinElmer, Inc.) using 
the Protein Express™ assay to further evaluate the 
molecular weight and concentration of the eluted 
proteins (lower LoD for the assay is 5 ng/µL). 
With minimal sample volume required (2 µL), the 
platform is ideal for protein assessment and 
characterization before downstream assay 
workflows. Multiple runs were analyzed to ensure 
statistical significance of detected peaks; the runs 
included a technical duplicate and an independent 
replicate. Sample electropherograms were overlaid 
with their respective process workflow steps to 
give a complete resin performance comparison at 
each step in the process.

rEsults

Determination of Purification Contaminants Using 
AlphaLISA Assays: Standard curves were generated 
for the residual protein A, CHO-P (broad range), 
and residual DNA AlphaLISA detection assays. 
Figure 2 shows LoD and LoQ values. Data 
indicate that each assay has a broad dynamic range 
with a large signal-to-background. All 
AlphaLISA assays exhibited excellent performance 
for detection of these bioprocess contaminants. 

Figure 3 shows the amount of each 
contaminant detected in samples using each of the 
eight resins with AlphaLISA assays. Data are 
shown for three cycles of purification. The Praesto 
AP, Praesto APC, and Praesto AC purified 
samples showed very low levels of contaminating 
residual protein A, CHO host-cell proteins, and 
DNA in the eluates. Varying levels of the different 
contaminants were seen for the competitor resins. 

Determination of Purification Contaminants 
Using Labchip Microfluidic Assays: Each 
purification step (load, intermediate wash, and 
elution) was run on the LabChip GXII Touch 
Protein Characterization System to evaluate the 
molecular weight and concentration of the proteins 

Figure 2: Standard curves generated for the (top) AlphaLISA 
residual protein A kit, (center) AlphaLISA CHO-HCP (broad 
reactivity) kit, and (bottom) AlphaLISA residual DNA kit 
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detected at each step. Figure 4 shows that elution 
electropherogram profiles were nearly identical, 
demonstrating minimal residual contaminating 
protein carry-over after the wash steps. The small 
peaks at ~29 kDa and ~54 kDa represent degraded 
MAb and not contaminating host-cell proteins. 

The peak at ~138 kDa represents the 
nonglycosylated variant of the MAb tested. 

Discussion anD conclusion

We evaluated the performance of eight different 
protein A resins with respect to the removal of 

Figure 3: AlphaLISA quantitation of protein A, CHO-HCP, and DNA contaminants in HCP intermediate wash and eluate from eight 
tested resins (showing data from all three purification cycles)
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HCP, contaminating residual DNA, and protein 
A leakage. Under the conditions described, we 
observed a significant variation with respect to 
both HCP levels in the eluate as well as in the 
intermediate wash fractions. It is likely that 
individual resin optimization of wash conditions 
would improve the removal of HCP levels 
reported within this study. However, for second-
sourcing purposes or validation of several protein 
A resins for a single purification process, there is a 
clear advantage to evaluating the resins under 
identical process conditions. Results from this 
study indicate that all agarose-based resins 
perform equally within statistical norms and are 
thus interchangeable with respect to the detection 
of assayed impurities. 

An interesting observation is that the synthetic 
polymer, cellulose, and glass-based resins displayed 
a larger variation in process performance. The 
higher levels of nonspecific binding noticed in the 
intermediate wash step (Figure 3) could also have 
a negative impact on reuse and functional lifetime 
of the respective resins. 

Today, most MAbs are produced in fed-batch 
cultures and subsequently purified using Protein A 
chromatography as the most important 
downstream step. Although most critical raw 
materials such as cell culture media ingredients, 
sterile filters, membranes, and bags are available 
readily from several vendors, that has not been the 
case for agarose-based chromatography resins. 
With the introduction of Praesto resins and the 
large-scale manufacturing capability of Purolite, 
that is no longer the case.
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Figure 4: Overlay of elution electropherogram profiles from the eight resins evaluated; profiles were generated on a LabChip GXII 
Touch Protein Characterization System using a Protein Express assay and analyzed using LabChip GX Reviewer software.
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For second sourcing purposes or 
validation of several protein A 
resins for a single purification 
process, there is a clear 
ADVANTAGE to evaluating 
the resins under identical process 
conditions.
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