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TECHNOLOGY REVIEW
Achieving MAb Binding Greater 

Than 120 mg/mL With Novel, High-Flow 
Agarose Ion Exchange Resins

By HANS J. JOHANSSON, HANS BERG, PATRICK GILBERT, MARK HICKS, SERGUEI KOSVINTSEV, and CHARLOTTE VASSAY-JONES

Introduction

A
garose-based chromatography beads 
were first introduced by Stellan Hjertén in 
1962.[1] Fifty years later, beaded agarose 
    has become the dominant resin for pro-

tein purification and is extensively used, ranging from 
research-scale in sub mL volumes to full-scale manu-
facturing in > 500 L chromatography columns. Recent 
resin development work has focused on increasing 
capacity and selectivity through different grafting 
technologies and ligand developments.

Purolite is using new technologies to develop 
beaded agarose with particle sizes from 40–100 µm 
with improved pressure flow properties and a poros-
ity structure optimized for protein chromatography. 
Our work shows that it is possible to design and 
produce homogeneous agarose resins for large-scale 
manufacturing, with significantly improved pressure/
flow properties, capacity, and resolution compared to 
what is commercially available today. A set of novel 
agarose-based ion exchangers have been character-
ized, and initial application data is available. 

Designing a Platform
In recent years, much effort has been invested in advanc-

ing cell lines, bioreactors, and cell culture media formulations, 
resulting in greatly increased expression titers. The pressure 
now is on the downstream process. Despite an openness to 
change and considerable discussion, it is hard to imagine 
replacement of chromatography in the short-term. The 
technique is robust, trusted, well-established, and enjoys 
broad regulatory acceptance. Much work is being done to 
explore and realize alternate technologies, such as aqueous 
two-phase separation (ATPS), selective crystallization, novel 
membranes, etc. However, at the present time, there do not 
appear to be large-scale and commercially viable options. 

We believe chromatography can still benefit from new 
considerations and improvements on bead design. These 
might serve to adapt resins to new formats, e.g., continuous 
chromatography, or to particular separation challenges. In 
order to deal with increased productivity demands, one goal 
certainly needs to be increased efficiency. Fewer and faster 
steps can increase yield and free human and equipment 
resources. Facility utilization can be optimized, creating 
additional capacity and/or flexibility. Greater efficiency also 
leads to lower manufacturing costs.

With increased efficiency in mind, we set out to design 
a new agarose resin platform and use novel technology 
for production. Resin design is a delicate task and always 
results in a compromise between performance character-
istics such as dynamic binding capacity (DBC), resolution, 
surface properties, pressure/flow characteristics, and col-
umn packing factors. 

Several bead characteristics will have a major impact on 
chromatographic performance:

Purolite wanted to develop a new resin platform target-
ing recombinant proteins such as monoclonal antibodies 
(MAbs), and to cover applications from capture to high-
resolution polishing. For the latter, it is necessary to have 
a range of particle sizes available. The upper limit is about 
80–100 µm due to diffusion limitations. The lower limit is 
approximately 40 µm, due to back-pressure limitations.

Particle size: Affects mass transfer and pressure/
flow properties

Agarose concentration: Affects porosity and 
pressure/flow properties

Cross-linking: Affects pressure/flow, surface 
properties, and porosity

[1]   Hjertén S, Mosbach R. “Molecular-sieve” chromatography of proteins on 
columns of cross-linked polyacrylamide. Anal Biochem, 1962; 3(2): 109 -118. 
http://dx.doi.org/10.1016/0003-2697(62)90100-8.
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The traditional way to produce agarose beads is by 
batch emulsification in a stirred tank reactor. This robust 
and proven technology has been used for over 30 years for 
large-scale production. In batch emulsification, pore size 
is primarily dependent on agarose concentration, while 
bead size and distribution are determined by shear forces 
introduced by the impeller. The particle size distribution 
achieved using batch emulsification is typically wide, and 
subsequent sieving is required to narrow the distribution.

By contrast, a novel continuous emulsification technol-
ogy developed by Purolite results in a very narrow particle 
size distribution. Such “jetting” has been successfully scaled 
to commercial production of synthetic, polymer-based 
beads and is now under development for the emulsifica-
tion of agarose beads. Narrow distribution impacts both 
cost of manufacture (improved yield, reduced production 
time, more batch consistency) and product performance 
(resolution and pressure/flow properties).

Pressure/Flow Properties	
Typical pressure ratings for large-scale chromatography 

columns range from 1– 4 bar, with most columns over 1 m 
diameter at a pressure rating less than or equal to 3 bar. 
Thus, increasing bead rigidity to withstand pressures above 
4 bar is not necessary. When flow distribution and system 
contributions are taken into account, the pressure drop over 
the resin bed itself will be below 3 bar.

Figure 1 shows the pressure/flow performance char-
acteristics of the three sizes of Praesto™ resins compared 
to some commercially available agarose chromatography 
media. Wall effects disappear in larger columns, and 

pressure/flow data from small columns cannot be directly 
applied to large-diameter columns. However, direct bench-
marking with well-established products, which have a 
wealth of scale-up data available, gives confidence that the 
Praesto performance advantage seen at small-scale will be 
maintained on scale-up.

Dynamic Binding Capacities
Praesto base matrices have porosities optimized for 

medium-sized proteins, resulting in very high and robust 
binding capacities. Work comparing dynamic binding capac-
ities was performed independently by Professor Anurag 

FIGURE 1. Pressure flow properties. Pressure/flow performance of Praesto SP90, 
Product A, Product B, Praesto SP65, Product C, Praesto SP45, and Product D.

Production Technologies

Performance Comparison Results
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Rathore at the Department of 
Chemical Engineering, Indian 
Institute of Technology, Delhi 
(Figure  2). Results show that 
Praesto   SP45, for example, 
has a dynamic binding capac-
ity in excess of 120 mg/mL for 
both MAbs used in the study. 
Praesto ion exchangers com-
bine the properties needed to 
accomplish fast and efficient 
processing of large quantities 
of protein. 

Process conditions for DBC 
studies were based on experi-
ence from a range of different 
strong cation exchangers and 
not individually optimized for 
each specific resin. Product E 
is, however, a new polymer-
graf ted agarose resin that 
might benef it from a more 
individual optimization for dif-
ferent MAbs.

Praesto  Q anion exchang-
ers also compare favourably 
in terms of capacity with com-
mercial ly  avai lable resins , 
especially at the high flow rates 
required for efficient process-
ing. At 2.4 min residence time 
(RT), Praesto Q65 shows a DBC 
of >50 mg bovine serum albu-
min (BSA)/mL (>75 mg/mL at 
6  min RT), while Praesto  Q90 
a n d  a n o t h e r  c o m m e r c i a l 
90 μm Q resin are comparable 
at ca. 35 mg/mL (60 mg/mL at 
6 min RT). For polishing steps, 
Praesto   Q45 demonstrates 
superior DBC at both 2.4 and 
6 min RT, 70 and 95 mg BSA/mL, 
respectively. By comparison, a 
commercially available 40 µm 
Q resin achieved only < 50 mg 
BSA/mL DBC at 2.4 min RT.

 A

FIGURE 2. Achieving MAb binding >120 mg/mL with novel, high-flow agarose ion exchange resins. (A) 5% DBC for MAb A at 
two residence times on Praesto SP65, Praesto SP45, Product C, and Product E. Running buffer for MAb A: 20 mM sodium acetate, 
pH 5.5. (B) 5% DBC for MAb B at two residence times on Praesto SP65, Praesto SP45, Product C, and Product E. Running buffer for 
MAb B: 20 mM sodium acetate, pH 5.0. 

 B
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Praesto Q anion exchangers
Praesto SP cation exchangers
Praesto Pure base matrix

Consistency. Quality. Performance. Economics.

• Excellent dynamic binding capacity and pressure-flow  
properties allow easy scale up

• High resolution and long functional life reduce  
operational costs

• Choose from 45 µm, 65 µm and 90 µm particle sizes 

• Now available online – bulk resins or pre-packed 
Praesto columns for process development 
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Selectivity 
The charged groups of the SP and Q ligands used in 

Praesto media are identical to those used in many other ion 
exchange resins. Minor differences in selectivity still occur 
due to differences in base matrix, ligand density, and the 
presence or absence of surface extenders. A comparison 

of five different cation exchange agarose resins, at moder-
ate protein loads, was carried out (Figure 3). Results show 
only minor differences in selectivity between the different 
homogenous agarose resins. The dextran-grafted resin 
(Product A) displays very different selectivity behaviour.

With regulatory hurdles unchanged and paradigm-
changing technologies not yet market-ready, increasing 
chromatographic process efficiency via improved resin 
platform design is a viable route for dealing with produc-
tivity pressures.

Purolite has successfully developed homogenous 
agarose resins using two different emulsification tech-
nologies. Testing after cross-linking and functionalization 
of batch-emulsified beads to ion exchangers shows that 
the resins are equal or better than other commercially 
available resins, with respect to several key performance 

parameters, including pressure/flow properties, dynamic 
capacity, and resolution. Pressure/flow properties allow 
for wide flexibility in process design, with flow rate and 
bed heights selectable for easy optimization and scaling. 

For the 45 µm cation exchange resin, Praesto  SP45, 
MAb DBC of >120 mg/mL at 6 min residence time was 
seen, and efficient aggregate removal at high MAb loads 
was achieved. The high binding capacity and resolution, 
combined with the ability to operate at high flow rates 
and bed heights, increases productivity and flexibility in 
protein purification process design.

FIGURE 3. Resolution. Comparison between five different agarose-based ion exchangers at moderate protein 
loads (25 mg [human immunoglobulin G] hIgG and 5 mg lactoferrin/mL resin).  The results indicate very small 
differences in selectivity between the various agarose resins.  The dextran-grafted resin, Product A, displays 
a very different behavior with poor resolution between hIgG and lactoferrin under the chosen conditions.

Summary and Conclusion
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