
A Strategy for 
Cost-Effective 
Capture Using 
Agarose-Based 
Protein A Resins

by Hans J Johansson

S P E C I A L  R E P O R T



2 BioProcess International     14(10)i     November 2016 SponSored report InSert

I t is well recognized that the cost of Protein A 
resins is substantial. If a developmental 
monoclonal antibody (MAb) makes it to 
marketing approval and manufacturing, the 

high cost of purification using a Protein A resin is 
amortized over a large number of purification 
cycles, and the contribution to cost of goods is 
reduced to acceptable levels. However, a high 
percentage of clinical projects will fail, and the 
Protein A resin will be used only for a small 
number of cycles. Consequently, the cost of using 
high-performance Protein A is not amortized and 
therefore will contribute significantly to the MAb 
developmental cost. One way to address this issue 
is to use a less expensive Protein A resin designed 
specifically for early phase clinical trials and 
subsequently switch to a resin designed for 
manufacturing if the product makes it through 
phases 1 and 2. To prevent an increasing 
regulatory burden from offsetting the potential 
savings, it is important that the resins perform in a 
very similar way with respect to purification 
performance. 

Another area of increasing interest is the 
subject of second sourcing. Development of 
antibody-based therapies is currently the most 
important activity in the industry. Although most 
critical materials used in manufacturing can be 
sourced from different vendors, chromatography 
resins typically are not. This is because, in many 
cases, no second-source alternatives are available. 
The material used to produce chromatography 
beads (the base matrix), whether for a Protein A 
resin or an ion exchanger, will have a significant 
impact on characteristics such as mass transfer, 
capacity, unspecific binding, selectivity, and 
chemical and physical stability. Thus, it is very 
difficult to design a downstream process that 
under identical process conditions will deliver a 
product or process intermediate with the same 
purity and yield if different types of resin are used. 

Today, the majority of therapeutic antibodies 
are purified with agarose-based Protein A resins, 
and currently only one vendor on the market has 

the capacity to supply agarose-based resins in 
volumes required by the industry. But with the 
introduction of Purolite’s new Protein A resins — 
in combination with building a full-scale state-
of-the-art manufacturing plant with the capacity 
to produce 100,000 L of agarose resin per year — 
this will soon change. The new plant will use 
CGMP-compliant equipment and is expected to 
be commissioned during the first half of 2017, 
qualified to ISO9001:2008 standards.

This report details a comparability study 
conducted in high-throughput format to support 
the strategy of switching resin between phase 2 
and 3. The three resins evaluated are based on the 
same base matrix and immobilization chemistry 
and differ only in the type and amount of 
immobilized Protein A. 

The study consisted of 20 purification cycles 
(including cleaning in place, CIP) under identical 
conditions for each of the three resins studied. 
Comparability data with respect to yield, product 
purity, host cell proteins (HCP), DNA, and leaked 
Protein A were assayed using different high-
throughput assays. The feedstock was a clarified 
CHO cell culture supernatant containing an IgG 
of subclass 1. All the resins passed the 20 cycles 
without changes in product or contaminant 
profiles. No significant difference was observed in 
performance or product quality among the three 
resins under the conditions used. Thus, from a 
scientific point of view, the three resins could be 
exchanged for each other without negative impact 
on the quality of the purified product.

The Background — comparaBiliTy

Any chromatography resin used for a large number 
of cycles will degrade over the time of use. In the 

Photo 1: Close-up of the PerkinElmer Janus BioTx Pro Plus 
workstation used in the study

Table 1: Binding capacity mg/mL

Column

Praesto 
Resin 

Variant

200-µL Atoll 
RoboColumn

600-µL Atoll 
RoboColumn

Residence Time
3.9 min 6 min

1 APc 39.8 45.4
2 AP 52.4 63.5
3 AC 41.6 52.8
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case of Protein A resins, Protein A leakage and 
fouling are the main reasons for that. For cost 
reasons in large-scale manufacturing, it is 
important to use a resin over a large number of 
cycles, typically at least a hundred and up to 200 
cycles. The most common sign of degradation is 
loss of dynamic binding capacity (DBC). The root 
cause for that most often relates to loss or 
inactivation of the ligand due to protease activity 
in the feed stock, irreversible fouling, and 
hydrolysis of the Protein A during cleaning under 
alkaline conditions. One could thus argue that the 
difference between the first cycle and the last 
cycle during the lifetime of a resin could be larger 
than the difference in performance between two 
new Protein A resins with different amounts of 
ligand immobilized onto them. In fact, there is 
little reason to believe that even if a different type 
of Protein A were used there would be any 
significant difference under process conditions 
typically used for purification of full-length 
human antibodies.

This is the rationale behind Purolite’s decision to 
launch two resins that use the same Protein A 
ligand but vary in density: Praesto® AP for large-
scale manufacturing, offering a high ligand density 

that allows its use for several 
hundred cycles; and the less 
expensive Praesto APc resin for 
applications (for example clinical 
manufacturing), in which the 
anticipated use is less than 50 cycles. 
In addition, our study included an 
inexpensive Praesto AC resin for which the 
ligand is based on the native sequence of Protein A.

The STudy

The objective of this study was to demonstrate 
that switching between different Protein A resins 
will not have a negative effect on product purity or 
the contaminant profiles of process intermediates. 
The study was performed by the Centre for 
Process Innovation (CPI), an independent national 
(UK) technology and innovation center.

The following three agarose-based resins were 
packed in 600-µL RoboColumn® units (Atoll, 
Germany) and used for the cycling study:

Praesto AC resin: recombinant Protein A, 
35–50 g/L (native sequence, good binding to 
antibody fragments (Fabs) belonging to the VH3 
family)

Praesto AP resin: alkaline stabilized Protein A, 
high capacity, 50–65 g/L 

Praesto APc resin: alkaline stabilized Protein A, 
35–55 g/L.

The feed stock (clarified CHO cell culture 
supernatant) was kindly provided by Alvotech. 

meThodS and reSulTS

All chromatographic experiments were 
performed on a PerkinElmer Janus BioTx Pro 
Plus workstation (Photo 1), which is designed to 
automate multiple modes of chromatography-
based purification techniques. All resins were 

STudy ouTline 
• Equilibration 5 CV (pH 7.0)

• Load 8.9 CV (40 g/L)

• Wash A 4 CV (pH 7.0)

• Wash B 4 CV (intermediate wash buffer)

• Wash A 4 CV

• Elution 3.3 CV (pH 3.4)

• CIP 3.75 CV (0.1 M NaOH, 15 min)

• Reequilibration
  (CV = column volume)

Figure 1: Recovery for selected cycles 1, 4, 8, 12, 16, and 20
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One could thus argue that the 
difference between the first cycle 
and the last cycle during the life 
time of a resin could be larger 
than the difference in 
PERFORMANCE between 
two new Protein A resins with 
different amounts of ligand 
immobilized onto them. 
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packed by Atoll into 200- or 600-µL 
RoboColumn units.

Dynamic Binding Capacity: DBC was 
determined at two residence times (Table 1): 3.9 
and 6.0 minutes, respectively. Praesto AP was, as 
expected, shown to have the highest DBC: over 
60 g/L at six minutes residence time. To be able to 
use the same load on all resins throughout the 
study, we chose a load corresponding to 40 g/L 
resin.

Twenty Cycle Comparability Study: The 
purification sequence including CIP with 0.1 M 
sodium hydroxide was repeated over 20 times and 
is described below. All buffers used were those 

commonly used for antibody purification. A flow 
rate corresponding to a residence time of four 
minutes was used at all steps except during the 
loading step that was performed at a residence 
time of six minutes. Samples were collected and 
neutralized with 1 M Tris base before further 
analysis (see the “Study Outline” box). 

Yield: The concentration of the samples was 
analyzed by a Nanodrop UV-Vis 8000 
spectrophotometer (Thermo Scientific). This 
determination did not correlate fully with the feed 
concentration reported by the supplier. For the 
purpose of this study it was still sufficient because 
we were looking for trends and changes in yield 
rather than absolute values. The result shows no 
such trends and a consistent yield over the 20 
cycles (Figure 1). 

Purity: Purity was determined by capillary 
electrophoresis on a LabChip GXII system 
(PerkinElmer). A 5-µL sample was diluted with 
35 µL sample buffer and heated for five minutes 
at 98 °C, before analysis. The result shows 
consistent purity over all 20 cycles, including 
sanitization with 0.1 M sodium hydroxide 
(Figure 2). 

Figure 2: Elution purity by capillary electrophoresis for all 
elution pools generated in the study
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Figure 3: Protein A leakage in product pools from selected 
cycles
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Figure 4: HCP values from product pools of selected cycles, 
1, 4, 8, 12, and 20 
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Figure 5: Residual DNA content (ng/mg IgG) in product 
pools from selected cycles
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The Protein A leakage from  
all three resins was 
CONSISTENTLY LOW over 
the 20 cycles. All results were 
lower than 10 ng Protein A per 
milligram of IgG. 
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aBouT puroliTe

For over 35 years Purolite’s 
research and resulting products 
have helped advance the evolution 
of essential industries with resin 
technology to manage radioactive 
waste, arsenic removal, stringent water 
chemistry guidelines for use in a nuclear 
power plant, sugar refining, water softening, 
demineralization, ultrapure RO water production, and 
even technology to improve taste of fruit juices. 

Purolite is the only globally active company that 
focuses its R&D investment exclusively on advanced 
resin technology. In addition to perfecting our 
existing products, we aim to discover new products 
for new applications by developing products that 
specifically address the challenges that customers 
face. Purolite’s team of world-class researchers and 
scientists develop novel, high-demand, and 
customized products. 

Founded in 1981, Purolite is a leading manufacturer 
of ion-exchange media, polymeric adsorbents, 
catalysts, and advanced polymers. Headquartered in 
Bala Cynwyd, PA, the company has manufacturing 
facilities in the United States, China, Romania, and the 
United Kingdom and operates dedicated R&D centers 
in the United States, China, Romania, Russia, and the 
United Kingdom. Our network of more than 40 
offices in more than 30 countries provides customers 
with easy access to the largest technical sales and 
support network in the industry. 

Started in 2012, Purolite Life Sciences supports R&D 
and production-scale applications in 
pharmaceuticals, food production, bioprocessing, 
fine chemicals, and other markets. The portfolio 
includes high-quality resins for enzyme 
immobilization, adsorption, extraction, and 
chromatography and finished products for 
biocatalysis. For over 25 years Purolite resins and 
adsorbents (made in its FDA inspected facility) have 
been used in drug formulations as active 
pharmaceutical ingredients (APIs) and excipients.

The security of supply for process-critical items is a 
key requirement that trusted suppliers need to 
address. Purolite Life Sciences’ 25 years of regulatory 
experience from its FDA-inspected plant is well 
placed to have responded to this. Work is ongoing 
through a multimillion-dollar investment to build a 
high value manufacturing plant based in Wales, UK, 
which will produce around 30% of the world’s 
agarose demand for the biologics market. The facility 
will be accredited to ISO 9001:2008 and will use 
technology that complies with CGMP (Photo 2). 

special 
report

Protein A Leakage: Product pools were analyzed 
using an Alpha LISA residual Protein A kit 
(PerkinElmer). Samples were heated at 98 °C for 
60 minutes to dissociate IgG from Protein A. 2 µL 
of denatured supernatant was analyzed using the 
high sensitivity 1250 assay protocol. The Protein A 
leakage from all three resins was consistently low 
over the 20 cycles. All results were lower than 
10 ng Protein A/mg IgG (Figure 3).

Host Cell Protein (HCP) Content: Product pools 
were analyzed for residual HCP with an 
AlphaLISA residual CHO HCP broad reactivity 
kit (PerkinElmer). A 2-µL sample was analyzed 
following the high sensitivity 1,250-point assay 
protocol. HCP content varied from very low to 
30 µg HCP/mg IgG. There was no specific trend 
or significant difference between the different 
resins or over the 20 cycles for each respective 
resin (Figure 4).

DNA Levels: Product pool samples were 
analyzed for residual host cell DNA using the 
AlphaLISA residual DNA kit. A 2-µL sample 
was analyzed using the high sensitivity 1,250-
point assay protocol. All samples showed more 
than 99% reduction in host cell DNA when 
compared with the load material (Figure 5).

The above results demonstrate that under 
identical process condition, no significant 
difference with respect to yield, purity, or 
contaminant profile could be found. This finding 
supports the strategy of switching resin between 
early clinical before moving into phase 3 and 

Table 2: Process economic example

Process 
Example

ProcessReady 
20 Praesto AC

ProcessReady  
30 Praesto AC Resin Y

Total batch 
size (kg)

3 3 3

Column 
diameter (cm)

20 30 25.1

Column 
volume (L)

6.3 14.1 10

Number of 
cycles

14 6 8

Capacity 36 36 38.5

Pool volume 
(L)

264 253.8 240

Buffer volume 
(L)

1,499 1,438 1,360

Total 
processing (h)

19.1 8.2 11.0

Column cost 
(US$)

48.000 105,500 215,000
50% 

savings
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commercial manufacturing. The economic benefits 
of this could be substantial, as shown in the 
process example provided by Table 2.

diScuSSion

As pointed out in the introduction, second 
sourcing of chromatography resins is an area of 
increasing interest as the market for 
biopharmaceuticals continues its double-digit 
growth. The logical continuation of this project 
will be to perform a direct comparison in a 
traditional column format and also include more 
resins, both agarose-based resins as well as those 
based on synthetic polymers. 

A Look into the Future of Protein A Resins: 
The first Protein A resin intended for process 
chromatography was launched in 1988 by GE 
Healthcare (then Pharmacia, Sweden). This resin 
was based on the wild type of Protein A expressed 
by a methicillin-resistant strain of Staphylococcus 
aureus (MRSA) and immobilized to a relatively soft 
agarose matrix restricted to pressures below 1 bar. 
Today, a number of resins with much improved 
performance are available from different suppliers. 
The current capacity for IgG1 reaches well over 
50 g/L, at flow rates suitable for large-scale 
manufacturing. In addition, the alkaline stability 
has been significantly improved through genetic 
engineering of the most sensitive amino acids. 

Alkaline stability is important because the ability to 
clean and sanitize the resin with sodium hydroxide 
has a huge impact on the functional life time of 
chromatography resins. Fouling is frequently caused 
by precipitation of the product itself, and it is well 
known (for example from the dairy industry) that 
sodium hydroxide is the most efficient way to 
dissolve and remove protein deposits. By contrast, 
acid tends to petrify precipitated proteins and make 
them almost impossible to remove.

So what will the next generation of Protein A 
resins look like? With respect to alkaline stability 
there is some room for further improvement. 
However Protein A is a protein, and there is an 
inherent limit for alkaline stability. With today’s 
modern Protein A resin, it is already in most cases 
possible to use resin for up to 200 cycles, and there 
are few significant economic gains to further 
increasing its life length. Volume throughput was 
the driving force 20 years ago when state-of-the-
art expression levels in cell culture were 0.5–
1.0 g/L. Today, IgG titers in manufacturing 
typically are 3–5 g/L and will probably reach 
7–10 g/L in the nearby future. Thus later 
generations of Protein A resins typically target 
high capacities. 

However, dynamic binding capacity is a 
complex function of particle size, porosity, 
available surface area, ligand design, ligand 

Today, IgG titers in manufacturing 
typically are 3–5 g/L and will 
probably reach 7–10 g/L in the 
nearby future. Thus later 
generations of Protein A resins 
typically target HIGH 
CAPACITIES. 

Photo 2: Conceptual picture of part of the interior of new 
agarose resin plant 

Figure 6: (left) Continuous manufacturing of agarose beads and (right) batch production of agarose beads
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immobilization chemistry, and amount of ligand 
immobilized to the surface. For traditional large-
scale facilities based on column chromatography, a 
useful particle size is likely to stay >60 µm because 
of pressure restraints, and it is unlikely that 
capacities above 70 g/L could be achieved at 
relevant f low rates. But for semicontinuous 
processes based on packed columns such as 
simulated moving bed (SMB) or novel “column-
free” processes such as ChromaTan Inc.’s 
countercurrent tangential chromatography 
(CCTC), the resin restraints can be quite different 
compared with traditional process-column–based 
chromatography. 

A number of SMB technologies are on the 
market. The main drive for this technology is to 
reduce cost by reducing buffer consumption and 
used resin volumes as well as to better match the 
increasing use of continuous cell culture 
technologies. For this application, smaller column 
sizes with higher pressure specifications than 
those for large-scale columns will be of interest. 
This would allow the use of smaller particle sizes. 
The SMB principle also will result in use of the 
resin over a large number of cycles under 
overloading conditions. Such tough operating 
conditions will increase the need for efficient 
cleaning and regeneration protocols. In addition 
the use of several columns increases the need for 
reproducible packing.

For column-free solutions there are no pressure 
restraints with respect to the resin. The 
adsorption/desorption process follows batch 
adsorption kinetics and would thus greatly benefit 
from the use of small, robust beads. In this case 
the lower limit of particle size is a function of the 
devices needed to separate the bead from the 
process liquid and the ability to manufacture 
small–particle-diameter beads at scale.

The vast majority of chromatography resins 
designed for large-scale chromatography are 

produced by batch processes in 
conventional stirred reactors. In 
such cases, the size of the beads 
formed in the reactor is a function 
of stirrer speed. The higher the 
speed, the smaller the beads. This 
results in beads with a wide size 
distribution, and that requires screening to 
remove out-of-size-specification beads — a time-
consuming and costly process that also creates 
large volumes of waste. After screening, the resin 
will still have a relatively wide size distribution 
(Figure 6 right).

Several years ago Purolite developed and 
introduced proprietary jetting technology for 
continuous manufacturing of uniform particle size 
synthetic polymer beads. These do not require 
extensive screening. The introduction of jetting 
has been very successful. Today, Purolite produces 
1,000 m3/year of synthetic resins with uniform 
particle size. These resins are used in a range of 
different applications including industrial and 
analytical chromatography, as pharmaceutical and 
food catalysts, and for generation of high-purity 
water.

Purolite is now developing jetting technology 
for manufacturing of agarose beads. The resins 
will have better pressure/f low properties, 
improved resolution, and tighter specifications 
(Figure 6 left). That will provide for a more 
efficient way of manufacturing with considerably 
less waste. c

Hans J Johansson has over 30 years in the biotech 
business having spent 25 years with Pharmacia/
Amersham/GE Healthcare. He holds more than ten 
patents in the area of resin design and large-scale protein 
purification. Hans leads the applications group in Purolite 
Life Sciences.
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The main drive for SMB 
technology is to reduce cost by 
reducing buffer consumption and 
used resin volumes as well as to 
better match the increasing use of 
CONTINUOUS cell culture 
technologies. 
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