
POROS® HQ 50 and PI 50 resins in flow-through 
polish chromatography applications 
Why and where to start?

Introduction 
Anion exchange (AEX) 
chromatography products 
are frequently used to bind 
impurities in a product flow-
through (FT) mode as a polish 
step in downstream purification 
processes. Under neutral-pH 
conditions, common process 
impurities such as DNA, 
endotoxins, and viruses are 
negatively charged and bind 
tightly to quaternary amine 
or most anion exchange–type 
resins, including POROS® HQ 
(strong AEX) and POROS® PI 
(weak AEX). POROS® HQ and PI 
resins offer a number of benefits 
in this type of application, which 
are summarized in Table 1.

Materials and methods  
DNA dynamic binding capacity 
Each column was precharged with 
20 mM sodium phosphate, 1 M NaCl, 
pH 7.0, followed by an equilibration 
with 20 mM sodium phosphate, pH 
7.0, at the test salt concentration 
(Figure 1A) or 20 mM Bis-Tris 
propane, 150 mM NaCl, at the test 
pH condition (Figure 1B). The column 
format was 0.46 cm (D) x 20 cm (L), 
3.3 mL. Each column was loaded with 
2 mg/mL herring sperm DNA (Sigma 
Cat. No. D3159) in equilibration buffer 
at 300 cm/hr. Binding capacities at 5% 
breakthrough (C5) were determined 
based on UV absorbance at 260 nm. Figure 1. POROS® HQ and PI resin DNA-binding capacity at 5% breakthrough as a function 

of (A) salt concentration and (B) pH.
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Table 1. POROS® chromatography resin attributes and process benefits.

POROS® resin attribute Process benefit

Unique bead morphology and 
convective flow properties of the 
base bead 

Allows for high mass transfer rates and more 
efficient binding, so that impurities are efficiently 
captured from the start of the load

Flow rate–independent 
performance

Increases volumetric throughput and allows for 
smaller column sizes

pH and salt tolerance Provides process robustness and flexibility when 
designing a purification scheme, eliminates unit 
operations (TFF or dilution), and improves process 
flow

Rigid and inert polymer and 
robust chemical stability of 
functional group

Allows for the use of aggressive cleaning agents, 
which can yield excellent column reuse/lifetime 
profiles

APPLICATION NOTE 
POROS® HQ 50 and PI 50 Resins
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Viral clearance scale-down model 
and experimental design 
The POROS® HQ and PI FT processes 
were optimized to achieve high 
step recovery at neutral pH and low 
conductivity, common FT operating 
conditions. Polyclonal human IgG 
(Sigma Cat. No. G4386) was used 
for the model process (155–160 
kDa; pI ~6.9). The step recovery of 
the polyclonal human IgG was >90% 
in the FT/wash 1 pool. The salt 
concentrations evaluated and the 
corresponding buffer conductivity 
values are summarized in Table 2. 
The column format was 0.46 cm (D) 
x 20 cm (L), 3.3 mL. Operations were 
conducted at 300 cm/hr at room 
temperature. The column was loaded 
at 100 mg IgG per milliliter of resin 
in FT mode, with a 5% virus spike 
(load volume: 74 mL, 3.9 mL virus). 
The columns were loaded with 5 mg/
mL IgG in 20 mM Bis-Tris propane, 
pH 7.0, with a 5% xenotropic murine 
leukemia virus (xMuLV: retrovirus, 
enveloped, ssRNA, 80–120 nm) or 
murine minute virus (MVM: parvovirus, 
non-enveloped, ssDNA, 18–26 nm) 
spike. Each column was washed with 
11 column volumes (CVs) of wash 1, 
followed by 6 CVs each of washes 2 
through 4, followed by the 2 M NaCl 
strip. The entire pool was collected 
and evaluated for each step.

Endotoxin clearance scale-down 
model and experimental design 
Since endotoxins interact with proteins 
in a process-specific manner, this 
study was run with purified endotoxin 
(lipopolysaccharide from Escherichia 
coli 0127:B8, Sigma Cat. No. 
L3129) and no protein in the load to 
determine endotoxin partitioning with 
increased salt. The column format 
was 0.46 cm (D) x 20 cm (L), 3.3 mL. 
Operations were conducted at 300 cm/
hr at room temperature. The columns 
were loaded with an endotoxin spike 
of 3.2 x 107 EU per mL resin (10.5 mg 
endotoxin per mL resin) in 20 mM 

Bis-Tris propane, 25 mM NaCl, pH 7.0, and column FT samples were taken to 
determine log removal (Table 3). Each column was washed with 11 CVs of wash 
1, followed by 6 CVs each of washes 2 through 4, followed by the 2 M NaCl strip. 
The entire pool was collected and evaluated for each step.

Results and discussion 
Both POROS® HQ and PI resins demonstrate high DNA capacity, even at 
up to 400 mM NaCl and over a wide pH range (pH 6.0–9.5) (Figure 1). Due 
to the POROS® resin surface chemistry and bead morphology, DNA, a 
large biomolecule, binds very strongly to both POROS® HQ and PI, allowing 
for increased flexibility when designing a process, since a wider pH and 
conductivity range can be used. 

The strong MVM and xMuLV viral clearance performance for POROS® HQ 
and PI resins under neutral-pH and low-conductivity loading conditions is 
summarized in Table 2. No virus was detected in the FT/wash 1 pools for 
XMuLV on POROS® HQ resin (and 2 other model viruses: pseudorabies virus 
and respiratory enteric orphan III, data not shown). The conductivity ranges 
with significant viral clearance are higher than currently reported for other 
anion exchangers. For example, viral clearance of >3.8 LRV was reported 
for MVM at up to 100 mM NaCl (~13 mS/cm, pH 7.0) and >3.3 LRV for xMuLV 
at up to 200 mM NaCl (~22 mS/cm, pH 7.0). Viral clearance with higher 
conductivity allows for increased flexibility when designing a purification 
scheme. Improved salt tolerance decreases the need for dilution of the feed 
stream or inclusion of a diafiltration step prior to loading on the AEX column, 
making processes more efficient and cost-effective. With POROS® AEX 
resins, robust viral clearance can be attained under high-salt conditions. 

Step
NaCl 
concentration

Conductivity 
(mS/cm)

Endotoxin log removal

POROS® HQ POROS®  PI

FT/Wash 1 25 mM 5 1.7 1.7

Wash 2 50 mM 8 2.3 3.0

Wash 3 100 mM 13 1.6 2.1

Wash 4 200 mM 23 1.3 1.6

Strip 2 M 153 0.1 0.1

Step
NaCl 
concentration

Conductivity 
(mS/cm)

MVM log removal xMuLV log removal

POROS® 
HQ

POROS®  
PI

POROS® 
HQ

POROS®  
PI

FT/Wash 1 25 mM 5 5.9 3.6 >5.0 4.7

Wash 2 50 mM 8 6.8 6.1 >5.7 >5.5

Wash 3 100 mM 13 5.2 3.8 >5.7 5.2

Wash 4 200 mM 22 1.0 2.6 5.0 3.3

Strip 2 M 155 1.1 0.7 0.5 0.5

Table 2. Viral clearance on POROS® HQ and PI with increasing conductivity. 
Shaded area shows conditions with 3.0-log removal or higher.   

Table 3. Endotoxin clearance on POROS® HQ and PI resins with increasing conductivity. 
Shaded area shows conditions with 1.0-log removal or higher. 



Protein pI Net charge at pH 7 Partitioning on   
POROS® HQ and PI

Human IgG 7–9 Neutral to positive Flows through

Albumin 4.7 Negative Binds

Transferrin 5.4–5.6 Negative Binds 

IgA 4.6–5.2 Negative Binds 

DNA <2 Negative Binds

Endotoxin ~2 Negative Binds

Total recovery of the virus was fairly low for the entire process, indicating 
the virus bound tightly to the resin at the test conditions (data not shown). 
POROS® resin has robust stability due to the chemical nature of the base 
bead (polystyrene-divinylbenzene) and the covalent chemistry used for 
functionalization. Chemical stability allows for aggressive cleaning and 
sanitization, yielding excellent cycling and reuse performance. For example, 
0.5–1 M NaOH is commonly used for column cleaning and has been shown to 
be effective to denature and inactivate microorganisms, endotoxins, and virus 
particles.

POROS® HQ and PI resins show significant endotoxin clearance when tested 
with purified lipopolysaccharide, as summarized in Table 3. Both resins exhibit 
endotoxin capacity of >10.5 mg per mL resin (3.2 x 107 EU per mL resin) at 
up to 200 mM NaCl, since no endotoxin was noted in the FT and wash and 
subsequent washes up to 200 mM NaCl (23 mS/cm). Both resins demonstrated 
2-log removal of endotoxin. Endotoxins can interact with proteins, so this must 
be repeated with the target molecule under specific process conditions to 
determine actual process-specific endotoxin clearance. 

Where to start and how to optimize FT chromatography on  
POROS® HQ and PI 
An AEX FT step is usually used for polishing in a downstream process as the 
second or third chromatography step, once the product is fairly pure. The 
binding of impurities can be optimized against the binding of the target protein, 
allowing for smaller column sizes relative to the size required for binding a 
monoclonal antibody. It is important to adjust the load conditions of the feed 
stream such that the protein of interest is neutral or slightly positively charged 
and will not interact with the positive charges on the resin but partition into 
the column flow-through instead. It is also important to balance the buffer 
conditions so that the impurities are negatively charged, allowing the product to 
flow through and the impurities to bind to the column. 

Column loads must be 0.22 µm or 0.45 
μm filtered before loading to reduce 
fouling of the column screens. 

Optimize impurity-binding condition 
• pH—The load solution and the 

column equilibration buffer pH 
should be matched. If the operating 
pH is slightly below the protein pI, 
the protein will be slightly positively 
charged and will be less likely to 
bind to the positively charged resin. 
For example, most monoclonal 
antibodies are basic, with 
isoelectric points around 8.0–9.5. 
Therefore, loading conditions that 
are ±0.2–0.5 pH units from the pI 
of the target molecule (pH 7–9 for 
most monoclonal antibodies) are 
common. The dynamic binding 
capacity (DBC) of impurities 
typically increases as the loading pH 
increases. The difference between 
isoelectric points of monoclonal 
antibodies and those of impurities 
(albumin, transferrin, IgA, DNA, 
endotoxins, etc.) can easily be 
exploited. The isoelectric points of 
these biomolecules, their relative 
charge in a pH 7 buffer system, and 
their partitioning on POROS® AEX 
resins are summarized in Table 4. 

• Buffer system—Although no buffer 
system has proven advantageous 
over another on POROS® AEX resins, 
Tris and sodium phosphate are 
commonly used buffers capable of 
buffering in the required pH range. 
Other biological buffer systems 
that function well in this pH range, 
but are typically more expensive, 
are Bis-Tris propane and HEPES. 
When choosing buffer systems, 
consider molecule stability, binding 
optimization, and the ability of the 
buffer to control pH in the desired 
operating range. Use a buffer 
concentration that is strong enough 
to provide adequate buffering 
capabilities to maintain the desired 
pH throughout the process; 
20–50 mM is usually adequate.  

Table 4. Charge and binding characteristics of common impurities found in a
monoclonal antibody process. 



• Conductivity—Although DBC 
typically decreases as load 
conductivity increases, POROS® 
HQ and PI resins have increased 
salt tolerance in this application, 
so that high impurity DBC can be 
obtained under higher-conductivity 
conditions. This reduces the 
need to dilute or buffer-exchange 
column loads. The load conductivity 
should be 2–15 mS/cm, or about 
25–150 mM NaCl; however, the 
optimum buffer condition depends 
on the target molecule and buffer 
pH. Most monoclonal antibodies 
require some salt for stability. 
These conditions are driven by the 
physical characteristics and stability 
of the protein. When optimizing 
the load conductivity, you can use 
the POROS® HQ and PI resin data 
presented here to determine the 
target conductivity range.  
 

• Capacity—DBC needs to be 
experimentally determined, but 
as this chromatography step 
is designed to bind low-level 
impurities in a product flow-through 
mode, a capacity of 100–250 mg 
monoclonal antibody per mL of 
resin could be a conservative 
starting point. The capacity for each 
impurity can then be determined 
using breakthrough analysis under 
the desired load pH and conductivity 
conditions. 
 

• Flow rate—The target operating 
flow rate is flexible. With POROS® 
HQ and PI resins, good impurity 
binding has been demonstrated 
at flow rates up to 1,000 cm/hr 
(residence time 0.3 min).  

• Column bed height—
Typically 5–30 cm. 

Conclusion 
POROS® HQ and PI have been shown to have high impurity-binding capacity and 
clearance capability over a range of process conditions, including high-conductivity 
conditions. This performance flexibility decreases the need for dilution of the feed 
stream or inclusion of a diafiltration step prior to loading on the AEX column, 
making the process more efficient and cost-effective. The convective nature of 
the base bead and the flow rate–independent performance allows for increased 
throughput and makes it possible to use a properly sized column for impurity 
clearance rather than an over-sized column that is scaled for throughput. If 
disposability is a factor, Life Technologies now offers Go-Pure™ Pre-Packed 
Chromatography Columns for maximum convenience, offering faster processing 
times and faster time between processes. Packed bed chromatography with 
POROS® resins allows for reusability at commercial scale, ease of packing at 
different scales in traditional column formats, and the ability to design once at an 
early clinical phase for commercial scale to reduce redevelopment costs. 
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Ordering information
Product Quantity Cat. No.

POROS® HQ 50 – Strong anion exchange resins

POROS® HQ 50 µM Quaternized Polyethyleneimine 50 mL 1-2559-06

POROS® HQ 50 µM Quaternized Polyethyleneimine 250 mL 1-2559-11 

POROS® HQ 50 µM Quaternized Polyethyleneimine 1 L 1-2559-07 

POROS® HQ 50 µM Quaternized Polyethyleneimine 5 L 1-2559-09 

POROS® HQ 50 µM Quaternized Polyethyleneimine 10 L 1-2559-08

POROS® PI 50 – Weak anion exchange resins

POROS® PI 50 µM Polyethyleneimine 50 mL 1-2459-06

POROS® PI 50 µM Polyethyleneimine 250 mL 1-2459-11

POROS® PI 50 µM Polyethyleneimine 1 L 1-2459-07

POROS® PI 50 µM Polyethyleneimine 5L 1-2459-09

POROS® PI 50 µM Polyethyleneimine 10 L 1-2459-06
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Speak to a technical specialist about how these resins can improve your current process at bp@lifetech.com.
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