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Flowthrough anion exchange chromatography is commonly used as a polishing step in
downstream processing of monoclonal antibodies and other therapeutic proteins to remove
process-related impurities and contaminants such as host cell DNA, host cell proteins, endo-
toxin, and viruses. DNA with a wide range of molecular weight distributions derived from
Chinese Hamster Ovary cells was used to advance the understanding of DNA binding behav-
ior in selected anion exchange media using the resin (Toyopearl SuperQ-650M) and mem-
branes (MustangVR Q and SartobindVR Q) through DNA spiking studies. The impacts of the
process parameters pH (6–8), conductivity (2–15 mS/cm), and the potential binding competi-
tion between host cell proteins and host cell DNA were studied. Studies were conducted at
the least and most favorable experimental conditions for DNA binding based on the antici-
pated electrostatic interactions between the host cell DNA and the resin ligand. The resin
showed 50% higher DNA binding capacity compared to the membrane media. Spiking host
cell proteins in the load material showed no impact on the DNA clearance capability of the
anion exchange media. DNA size distributions were characterized based on a “size exclusion
qPCR assay.” Results showed preferential binding of larger DNA fragments (>409 base
pairs). VC 2017 The Authors Biotechnology Progress published by Wiley Periodicals, Inc. on
behalf of American Institute of Chemical Engineers Biotechnol. Prog., 34:141–149, 2018
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Introduction

Host cell DNA (DNA) is a common process-related impu-

rity derived from host cells used in the manufacturing of bio-

logics, such as monoclonal antibodies (mAbs). Host cell

DNA poses a concern related with the immunogenicity and

safety (oncogenicity, infectivity, and immunomodulatory

effects).1–3

The World Health Organization (WHO) recommends an

acceptable limit of 10 ng DNA/dose based on their overall

DNA safety risk assessment, which is widely used as a

standard in the biotech industry.4 A study performed by the

Center for Biologics Evaluation and Research showed that

DNA fragments smaller than 200 base pairs (bp) reduce the

probability of intact oncogenes and other functional sequen-

ces that may be introduced into drug product for possible

integration events.4

Host cell DNA, along with other product- and process-

related impurities, is removed in downstream purification

processes for biopharmaceuticals. These processes typically

comprised of a capture step followed by two or more polish-

ing steps, which usually includes an anion exchange (AEX)

chromatography step. DNA clearance is attained over multi-

ple process steps to acceptable levels in the Drug Substance,

according to the WHO recommendation.

Significant DNA clearance is usually achieved over the cap-

ture step, posing an analytical challenge to accurately under-

stand the capability of the AEX chromatography to remove

host cell DNA, because this step is generally used as a polish-

ing step and host cell DNA levels in the load and products are

close to the level of quantification of the analytical assay.

Thus, spiking studies were used to demonstrate and understand
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the clearance capability of host cell DNA using selected mem-
branes and resin AEX chromatography media.

mAbs of the subclass IgG1 typically have basic pIs

(around 7–9).5,6 An AEX chromatography step is often run
in flowthrough mode at neutral to slightly basic pH as a pol-
ishing step for removal of impurities such as viruses and
DNA which are expected to bind to the media while the
product is collected in the nonbound fraction.

Results demonstrate the impacts of factors such as pH,
conductivity (controlled by salt concentration), the level of

host cell protein (HCP), and the size distribution of DNA
molecules on process robustness and capability for DNA
clearance in AEX, when operated in flowthrough. All model
AEX chromatography media (Toyopearl SuperQ-650M resin
and membranes MustangVR Q and SartobindVR Q) were based
on quaternary ammonium to represent the common use of
this chemistry in biopharmaceuticals downstream processing.
The operational range for conductivity and pH was based on
conditions for which effective viral clearance was measured

(assumed to be over 4 log10 for the Xenotropic Murine Leu-
kemia Virus), based on in-house information. Several pub-
lished studies have demonstrated robust viral clearance on
various AEX chromatography media under comparable pH
and conductivity ranges studied in this article.7,8

Overall, the data presented in this study expand the under-
standing of DNA clearance over AEX chromatography

media over a broad set of operating conditions, when oper-
ated as a flowthrough.

Materials and Methods

Preparations of DNA stock solutions for the spiking
experiments

The host cell DNA (DNA) used to spike the AEX chroma-
tography load materials in the experiments described in this
article was extracted from cell paste of a Chinese Hamster

Ovary (CHO) cell line used to manufacture the model mAb
used in this study. DNA stock solutions were extracted from
DNA produced from cell paste. The cell paste was resus-
pended in 1% sodium dodecyl sulfate (SDS), 2% polysorbate
20, 10 mM ethylenediaminetetraacetic acid (EDTA), and 20
mg/mL Proteinase K and then incubated in a rotator for 2 h
at 568C. An equal amount of phenol, chloroform, and iso-
amyl alcohol (25:24:1) was then added and mixed by inver-
sion. This solution was centrifuged to remove the aqueous

layer and then combined with an equal volume of 100% iso-
propanol. Another centrifugation was performed to obtain a
pellet of nucleic acids containing riboxynucleic acid (RNA)
and DNA. These pellets were suspended in 10 mM Tris-
HCl, 1 mM EDTA, pH 8.0 buffer where the RNA was
removed by adding 0.5 mg/mL RNAse A into the solution
followed by incubation for 1 h at 378C (except for the host
cell DNA material that was directly purified from the cell-
free culture supernatant). An equal amount of phenol, chlo-

roform, and isoamyl alcohol (25:24:1) was then added and
mixed by inversion. The solution was centrifuged to remove
the aqueous layer and then combined with an equal volume
of 100% isopropanol. The resulting mixture was centrifuged
to obtain a pellet of unsheared DNA, which was then solubi-
lized in 10 mM Tris-HCl, 1 mM EDTA, pH 8.0 buffer. All
reagents were from Life Technologies, MD, with exception
of polysorbate 20 and Proteinase K which were obtained
from Sigma Aldrich, MO and Promega, WI, respectively.

In order to characterize the DNA size distribution in the
cell-free culture supernatant and in the load material for all
the experiments, a portion of the DNA obtained from the

cell paste was sonicated until the size distribution profile
was comparable to that of the DNA from a typical sample of
the cell-free culture supernatant of the antibody process
using a Q500 sonicator (Qsonica, CT) at 50% amplitude for
10 s. The characterization of DNA size distribution was per-
formed using the Bioanalyzer 2100 (Agilent, CA). For the
spiking studies, a mixture containing equal volumes of

sheared and unsheared DNA was used to provide a wide
range in molecular size.

Monoclonal antibody, reagents, and chromatography media

The load material for all experiments used a sample of an
IgG1 mAb of concentration 7.9 mg/mL with pI of 8.9–9.1 in
approximately 76 mM phosphate buffer, 25 mM sodium
chloride containing 1.43 pg DNA/mg mAb and over 95%
monomer by high performance size exclusion chromatogra-
phy. The HCP stock solution was obtained from null CHO
cells generated from a cell line that was grown under similar

conditions to the mAb producing cells. All reagents for buf-
fers were purchased from J.T. Baker, PA.

The AEX chromatography media studied were the resin
Toyopearl SuperQ-650M, referred to as SuperQ (Tosoh Bio-
science LLC, PA), and the membranes MustangVR Q XT5
(Pall Corporation, NY) and SartobindVR Q Pico (Sartorius

Stedim Biotech, NY), referred to as Mustang Q and Sarto-
bind Q, respectively. The SuperQ column was packed at a
compression of 1.2 to a 19.6 cm bed height 3 0.66 cm bed
diameter (6.7 mL column volume). The Mustang Q XT5
used a capsule with membrane volume of 5 mL and Sarto-
bind Q Pico used a capsule with a membrane volume of
0.08 mL.

Equipment

Chromatography runs were conducted on an AKTA
Explorer (GE Healthcare, Uppsala, Sweden). Runs using
membranes were performed using a peristaltic pump Master-

flex L/S (Cole-Parmer, IL).

Chromatography methods

Spiking studies were performed in two parts. For the study

in Part 1, the AEX chromatography load was prepared by
adjusting the purified process intermediate to pH 6 and 15
mS/cm with 1 M acetic acid and 4 M sodium chloride solu-
tions before the addition of DNA stock solution. For the
study Part 2, DNA and HCP stock solution were added into
12 mM sodium phosphate pH 8.0 buffer without any mAb.
No significant change was observed on pH and conductivity

after host cell DNA and/or HCP spike so no further adjust-
ments were needed. Load materials were prepared fresh prior
to each run.

All experiments were performed under isocratic chroma-
tography conditions. Membrane experiments were operated
at flow rates of 10 membrane volumes/minutes (MV/min)

for both parts of the study. SuperQ experiments were con-
ducted at a linear velocity of 500 cm/h for study Part 1 and
at 300 cm/h for study Part 2.

Resin and membranes were pre-equilibrated with 312 mM
sodium phosphate pH 7.5 buffer and then equilibrated with
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70 mM sodium phosphate, 90 mM sodium chloride, pH 6.0
(study Part 1), or 12 mM sodium phosphate pH 8.0 buffers
(study Part 2) to match the load pH and conductivity. At the
end of the load, the equilibration buffer was used to recover
the product. Product fractions were collected and analyzed
for host cell DNA and HCP content.

Protein load as measured by the antibody concentration was
targeted to be 200 mg/mL for the resin and 20,000 mg/mem-
brane mL-equivalent for the Sartobind Q and Mustang Q.

Experimental conditions are summarized in Table 1.

Analytical techniques

Antibody concentration was determined spectrophotomet-
rically by UV absorbance (wavelength of 280 nm).

HCPs concentration was measured by a sandwich immu-
noassay using sheep anti-CHO HCP (MedImmune, Gaithers-
burg, MD) as a capture and detection antibody. HCP level is
calculated based on a standard curve using HCP prepared
from null CHO HCP reagents. HCP was spiked at a ratio of
1.1–1.4 ng/ng of DNA.

Host cell DNA content was measured by a quantitative
PCR (qPCR) assay. This qPCR method used forward and
reverse 64 bp primers targeting highly repetitive Short Inter-
spersed Nuclear Element (SINE) regions in the CHO
genome. Prior to DNA analysis, samples were combined
with chaotropic salts and precipitated with isopropanol to
isolate nucleic acids. CHO DNA levels were calculated
based on a standard curve using purified CHO genomic
DNA.

Size distribution of DNA: two analytical methods were
used for size distribution determination based on gel electro-
phoresis (1) and a PCR based assay (2).

1. Gel electrophoresis: The method used the Bioanalyzer
2100 with DNA high sensitivity chip to provide a quanti-
tative measurement for DNA amounts in the order of
�500 pg.

2. Size exclusion qPCR: This method allows for qualitative
measurement of DNA size distribution for a sample with
residual quantity of DNA sample (�500 pg). In this
method, a series of PCR reactions targeting overlapping
targets of different sized regions of the CHO genome
were performed. The PCR targets the Long Interspersed
Nuclear Element (LINE) sequences interspersed through-
out the CHO genome. A shared forward primer FWD:
TCCATCCCAATCAAGTAGGC is utilized with two
reverse primers REV53: TCCCTGGGATGAAGCCTACT,
and REV409: ATTCCCTTGATCGCCTTTTG to generate
53 and 409 bp products respectively. The principle behind
this technique is that DNA fragments of a size smaller
than the target size cannot be amplified. A population of
DNA fragments all under 409 bp would generate no PCR
product using a primer set targeting a 409 base pair

region in the genome. For this study, the size information
is presented as an amplification ratio (AR), which is
expressed as a percentage of PCR amplification of a 409

bp target relative to that of a 53 bp target. In relative
terms, the % amplification ratio (% AR) for a DNA popu-
lation consisting of nonfragmented DNA would be 100%.

Likewise, a homogeneous population of DNA shorter than
409 bp would have a 0% AR. The principle of the method

is schematically exemplified in Figure 1.

Results and Discussion

Experimental design selection

Several published studies have demonstrated the effective-
ness of AEX chromatography media for DNA removal,9–12

either as resin or as a membrane format. These studies were
conducted using DNA that was not host cell specific or not
representative for size distribution of the DNA generated in

the cell culture process. In a specific study, Butler et al.13

conducted DNA spiking studies using both commercial DNA
and host cell specific DNA on an AEX chromatography resin

at conditions that favor DNA binding (pH 8 and low conduc-
tivity). The DNA stock solution was sheared to have repre-

sentative DNA size distribution to that typically seen in the
process. However, their study was limited to a single favor-
able condition for DNA binding. This study determined the

robustness of AEX chromatography for DNA clearance
under less favorable operating conditions such as lower pH
and higher conductivity values, or in presence of competing

binding HCPs.

The mode of separation of an AEX chromatography resin

is based on electrostatic interactions between negative
charges (such as viruses, HCP, and DNA) and the positively
charged ligand. Consequently, load pH and conductivity

were identified as parameters that may have impact on the
clearance of virus, DNA, and HCP. The pH and conductivity
ranges were selected based on the region where viral clear-

ance capability for Xenotropic Murine Leukemia Virus was
greater than 4 log10 reduction value (LRV), as indicated by

the dotted line in Figure 2. A full factorial design would
determine the interactions between the pH and conductivity
at all four corners of the regions, which would result in four

runs in addition to one center point condition. The study was
simplified by using a bracketing strategy, aiming at the two
experimental conditions to cover the least and most favoring

conditions for DNA binding, based on minimal and maxi-
mum interactions with the resin, as determined by the pH

and conductivity of the load material.

The spiking study was divided into two parts: Part 1 was
the least favorable conditions for DNA binding (lowest pH

and highest conductivity) within the experimental range to
determine the minimum DNA clearance capability of the
AEX chromatography step. DNA binding in AEX matrices

Table 1. Summary of Experimental Conditions Bracketing the Least and Most Favorable Binding Conditions of Host Cell DNA to the Anion

Exchange Media Within the Studied Range

Process Parameter
Part 1: Least Favorable Conditions

for DNA Binding
Part 2: Most Favorable Conditions

for DNA Binding

Pre-equilibration buffer 312 mM sodium phosphate pH 7.5

Buffer composition 70 mM sodium phosphate, 90 mM sodium chloride, pH 6.0 12 mM sodium phosphate, pH 8.0

Conductivity (mS/cm) 15 2

Flow rate (min) 500 cm/h (resin)
10 MV/min (membranes)

300 cm/h (resin)
10 MV/min (membranes)
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has been shown to be favored at high pH and low conductiv-
ity conditions.10,13,14 Combination of low pH and high con-
ductivity would be expected to reduce the electrostatic
interactions between DNA and the ligand, by potentially
reducing the effective charge of DNA. SuperQ is typically
run at a linear velocity ranging from 200 to 500 cm/h. In
this study, the flow rate for SuperQ was set at the highest
value to minimize the residence time and, theoretically,
increase the mass transfer resistance for DNA transport into
the pores. The membranes were run at target flow rate as
dynamic binding capacity is typically independent of flow
rate due to the convective flow nature of a membrane.15 Part
2 of the study used the most favorable conditions for DNA

binding (highest pH and lowest conductivity). At these con-

ditions, HCPs will tend to bind more strongly, thus increas-

ing the chance for competitive binding between HCPs with

DNA. SuperQ flow rate was set at the linear velocity of

300 cm/h. The mAb load concentration was smaller for the

chromatography resin than that used for membranes, based

on the maximum mAbs load values used in-house for these

two AEX media.

DNA stock characterization

Results from DNA characterization are shown in Figure 3.

Host cell DNA from the cell-free culture supernatant has a

typical size distribution of 700–10,000 bp with peak maxi-

mum at around 4,000 bp (Figure 3a). The host cell DNA

extracted from the cell paste has size distributions from

2,000 bp to greater than 10,000 bp fragment size (Figure

3b). Figure 3c shows the size distribution profile of host cell

DNA extracted from the cell paste which was sheared to bet-

ter match the typical profile of host cell DNA from the cell-

free culture supernatant. In this study, the host cell DNA

spiked into the AEX chromatography load was prepared by

combining equal volumes of sheared and unsheared DNA

stock solution. This combination resulted in DNA with wider

size distribution than typically seen in the process to cover a

broader range of DNA fragment size. The size distribution

profile of the DNA spike solution is shown in Figure 3d.

The use of a wider span of host cell DNA sizes than that

typically found in the cell-free culture supernatant intended

to better understand the impact of size on DNA clearance by

the AEX chromatography media and cover wider distribu-

tions in the load material.

DNA spiking studies

The DNA binding capacity values measured in this study

were lower compared to published spiking studies on AEX

chromatography membranes using commercial herring sperm

DNA (hs-DNA).11,12 The differences could be attributed to

Figure 1. Illustration of the principle of “size exclusion qPCR method” for qualitative measurement of DNA size distribution.
Increasing degree of DNA shear shifts the distribution to smaller fragments, decreasing the AC/AB ratio.

Figure 2. Historical data for Xenotropic Murine Leukemia
Virus clearance for the SuperQ resin. Solid triangles
(�) indicate LRV> 6, while solid squares (�) indi-
cate measurements between 4 and 6 LRV. Dotted
lines represent the risk assessment and process char-
acterization ranges for DNA spiking study. Point 1
corresponds to the least favorable conditions for
DNA binding—experimental conditions for Part 1
study. Point 2 corresponds to the most favorable
conditions for competitive bindings of DNA and
HCP—experimental conditions for Part 2 study.
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several factors including operational conditions and the dif-
ferent types of DNA used for the spiking studies. For exam-
ple, DNA binding to AEX at a higher pH can be expected to
result in a higher binding capacity. The larger and broader

size ranges of DNA fragments used in our study may
“cover” more binding sites, thus reducing the “available”
binding capacity compared to studies with smaller DNA
fragments such as hs-DNA. However, the LRVs obtained in
this study are relatively higher compared to the published

studies because the qPCR assay used in this study was very
sensitive to DNA content in the load and, more importantly,
the product. The DNA used in this study was obtained
through purification from the host cell paste. (Preparation
from the cell-free culture supernatant was not practical due
to the large volume required. Host cell paste was used

because of its significantly higher DNA content). The DNA
was then sheared to a representative size distribution of the
cell-free culture supernatant.

DNA spiking study: Part 1 (pH 6, conductivity of 15 mS/cm)

Table 2 lists the experimental conditions of DNA spiking
studies (Part 1) on three AEX chromatography media. For each
AEX media, three runs were conducted with varying DNA
concentration in the AEX chromatography load. The target

runs were performed without any DNA spiking to provide a
baseline for step mAb yield and chromatograms profiles. No
impact on step yield and chromatograms were observed with
DNA spiking (results not shown). The low spike (LS) and high
spike (HS) runs had DNA concentrations of 95 6 10 and
320 6 30 ng DNA/mg mAb, respectively. For these runs, the

amounts of mAb load were fixed to 211 6 12 mg/mL of col-

umn volume and 216 1 g/mL of membrane volume for the

resin and membranes, respectively.

The LRV for DNA clearance was calculated according to

log10 reduction value ðLRVÞ5log10

CDNA;load3Vload

CDNA;product3Vproduct

� �

(1)

where C is the concentration and V is the volume of the feed

load or product collected, as noted.

DNA breakthrough was not observed for the SuperQ runs

for either the LS or the HS conditions (Table 2). Therefore,

an additional run with DNA spike of 12,000 ng DNA/mg of

mAb was conducted to see if DNA breakthrough at higher

DNA load would be observed. No breakthrough was seen at

this very high spike level either. Results show that SuperQ

resin provides �6.9 LRV of DNA clearance for a load chal-

lenge up to 2.3 mg of DNA/mL column volume. This bind-

ing capacity exceeded that of both membranes for the same

load pH and conductivity.

Figures 4 and 5 show the DNA breakthrough curves for

DNA load challenge up to 7 mg DNA/mL of membrane vol-

ume for Sartobind Q and Mustang Q, respectively. For Sar-

tobind Q, DNA started to breakthrough at approximately

0.8 mg DNA/mL membrane volume for both low and high

DNA spike runs. Both runs had similar DNA profiles and

overlaid when plotted against the amount of DNA loaded.

This result suggests that the binding capacity of DNA is

independent of the DNA load concentration for the range

Figure 3. DNA size distribution profile from gel electrophoresis analysis of (a) typical nucleic acid size distribution from a cell-free
culture supernatant, (b) unsheared host cell DNA extracted from cell paste, (c) sheared DNA extracted from the cell paste,
and (d) DNA spike solution containing 1:1 mixture of sheared and unsheared starting DNA from cell paste.
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studied. Data suggest a clearance capability of approximately
6 LRV, up to 1 mg DNA loaded/mL of membrane.

Similar DNA profiles were also seen in Mustang Q,
although the breakthrough was observed at higher DNA load
(around 1.5 mg DNA/mL membrane volume). This differ-
ence in DNA binding capacity could be attributed to larger
pore size of the Sartobind Q membrane which translates to
less available surface area for binding.9 LRV greater than 5
can be obtained if DNA load is limited to less than 0.8 and
1.5 mg/mL, respectively, for Sartobind Q and Mustang Q.

Table 3 summarizes the DNA clearance capability for the
AEX chromatography media evaluated. At the least favorable
conditions for DNA binding, SuperQ resin resulted in the high-
est binding capacity for DNA and provided a higher LRV com-
pared to both membranes. Assuming 100 ng DNA/mg mAb in
the cell-free culture supernatant and a maximum mAb load
onto the AEX chromatography of 200 mg/mL resin, the maxi-
mum DNA load is 20 lg DNA/mL of column. The binding
capacity of DNA is greater than 2.3 mg DNA/mL of column,
which provides a safety factor for the SuperQ resin of more
than 6.9 LRV of DNA. This analysis gives confidence on the
AEX chromatography capability to clear DNA, even at the
least favorable conditions for DNA binding. As a polishing
step, the AEX chromatography is preceded by a capture step
that by itself can typically provide a minimum of 1–3 LRV,
providing a redundant step for DNA removal.

DNA spiking study: Part 2 (pH 8, conductivity of 2mS/cm)

A higher LRV is anticipated when running conditions at
higher pH and lower conductivity through enhanced electro-
static attraction and lower charge competition with buffer
species. In Part 2 study, while the pH and conductivity are
the most favorable for DNA binding, these conditions could
also be favorable for HCP binding. These conditions can
result in binding competition between HCP and DNA and
theoretically compromise DNA clearance.

The impact of HCP on DNA clearance was determined by
spiking both HCP and DNA into a phosphate based buffer
and running the material through SuperQ and Mustang Q.
The membrane Sartobind Q was not pursued because it
showed a lower binding capacity than Mustang Q. Antibody

Table 2. Experimental Details for DNA Spiking Study at pH 6.0 and 15 mS/cm

Matrix Run
IgG Load

(mg/mL CV or MV)
DNA Concentration in Load

(ng/mg mAb)
DNA Load

(lg/mL CV or MV)

SuperQ Target 220 1.43 3 10–3 3.20 3 10–4

Low spike (LS) DNA ratio 216 9.30 3 1011 2.01 3 1011

High spike (HS) DNA ratio 216 2.91 3 1012 6.27 3 1011

Very high spike DNA ratio 194 1.20 3 1014 2.33 3 1013

Sartobind Q Target 21,300 1.43 3 10–3 3.11 3 10–2

Low spike (LS) DNA ratio 21,700 8.80 3 1011 1.90 3 1013

High spike (HS) DNA ratio 22,000 3.20 3 1012 7.05 3 1013

Mustang Q Target 20,600 1.43 3 10–3 3.10 3 10–2

Low spike (LS) DNA ratio 20,700 1.04 3 1012 2.27 3 1013

High spike (HS) DNA ratio 20,800 3.51 3 1012 7.67 3 1013

CV 5 column volume; MV 5 membrane volume.

Figure 4. DNA breakthrough and DNA clearance as log10

reduction value for Sartobind Q at pH 6.0 and 15
mS/cm conductivity. Solid diamonds (�) and solid
triangles (�) indicate DNA concentrations (C) in the
flowthrough fractions relative to initial DNA con-
centration in the load (C0) for low and high DNA
spike ratio, respectively. Open circles (�) and open
triangles (D) indicate log DNA clearance for low
spike and high spike ratio, respectively.

Figure 5. DNA breakthrough and DNA clearance as log10

reduction value for Mustang Q at pH 6.0 and 15
mS/cm conductivity. Solid circles (•) and solid tri-
angles (�) indicate DNA concentrations in flow-
through fractions (C) relative to initial DNA
concentration in the load (C0) for low and high
DNA spike ratio, respectively. Open circles (�) and
open triangles (D) indicate log DNA clearance for
low spike and high spike ratio, respectively.

Table 3. DNA Clearance Capability at pH 6.0 and 15 mS/cm

Conductivity

Media

Capacity Before DNA
Breakthrough

(mg DNA/mL CV or MV)
DNA

Clearance (log10)

SuperQ >2.3 >6.9
Mustang Q 1.5 6.0
Sartobind Q 0.8 5.9

CV 5 column volume; MV 5 membrane volume.
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was not included in the load material because it was visibly
precipitating upon HCP spiking. This effect is not observed
during routine manufacturing, likely related with the much
lower HCP content in a typical AEX chromatography load
material relative to the spiking solution and the potential
electrostatic interactions between the negatively charged
HCP (which tends to be acidic16) and the positively charged
antibody. Another reason that may explain the absence of
precipitation in routine purification processes is related with
the much wider HCP distribution of the HCP spiking solu-
tion as this population was not partially minimized in a prior
affinity chromatography step, as it is typically implemented
in an actual purification process. Another possible factor that
may explain the precipitation seen in the HCP spiking study
that is not observed under normal process conditions could
be that the HCP spiking material had not been passed
through other purification steps, and might therefore contain
less soluble species not normally present at this stage of the
process. It is possible that specific HCPs that would other-
wise have been minimized in affinity chromatography, for
example, may now be present at a concentration sufficient to
induce visible precipitation. However, the conclusions of the
study are not expected to be impacted by the absence of
mAbs product. The antibody passes through the AEX col-
umn or membrane unbound, and therefore the presence of
antibody in the load material is expected to have negligible
influence over the interactions of the DNA and HCP with
the anion exchanger. A spiking study with DNA only was
conducted as a control run. The study results are summarized
in Table 4.

For SuperQ, no impact on DNA clearance was observed
when the load material was spiked with approximately 1–1
mass ratio of HCP and DNA. DNA LRV� 8 was obtained for
both DNA spiking with and without HCP spike at DNA load
of 0.6 mg of DNA/mL column volume. No DNA breakthrough
was observed in both runs. HCP LRV was �2.4, which was
noticeably lower than DNA, indicating that DNA is preferably
bound to the resin. It is likely that some subset of HCP popu-
lations such as basic proteins were not bound to the column.

A similar result was obtained for Mustang Q where pres-
ence of HCP spike has no impact on the DNA clearance.
DNA broke through at a DNA load of 4.8 mg/mL (DNA
spike only) and 4.2 mg/mL (DNA and HCP spikes). Simi-
larly to SuperQ, Mustang Q also showed a stronger prefer-
ence for DNA binding (8 LRV) over HCP (0.5 LRV), and
higher DNA binding capacity relative to Part 1 study, consis-
tent with the anticipated favorable DNA binding conditions.

Determination of preferential binding of DNA based on
size

The size distribution of the load and selected samples of
the flowthrough fractions from DNA spiking study Part 1

were analyzed by size exclusion qPCR to identify any trend

of DNA binding on the AEX chromatography matrices. As

described above, the size distribution of the DNA in the load

to the AEX chromatography runs was comparable to Figure

3d. Upon analysis, it resulted in a 73% AR, indicating that

most DNA fragments present in the load were longer than

409 bp, relative to all DNA in the solution (>53 bp), consis-

tent with the size distribution profile obtained by gel

electrophoresis.

The analysis of flowthrough samples for SuperQ was per-

formed by size exclusion qPCR only because the fractions

contained a residual level of DNA< 500 pg, are not detect-

able by gel electrophoresis. The samples showed a 20–30%

AR, indicating considerably smaller DNA size distribution

compared to the load material (73% AR), as shown in Figure

6. This result suggested preferential binding for larger DNA

fragments, which further assures DNA control because

smaller DNA fragments have a greater safety margin.4

Figure 7a shows the size exclusion qPCR results for Sarto-

bind Q fractions. Since the DNA profiles from both LS and

HS coincide, the combined data points from the two runs

were treated as a single profile for the size distribution char-

acterization. The % AR increased gradually as DNA broke

through and reached a plateau at 100% DNA breakthrough.

The first fraction (corresponding to a point prior to DNA

breakthrough) contained residual DNA level with a low 18%

AR, consistent with the results obtained with SuperQ. When

DNA started to breakthrough, the % AR increased to 30%

and then approximately 40% at 100% DNA breakthrough.

Table 4. Summary of Part 2 DNA Spiking Study at 2 mS/cm Conductivity and pH 8.0

SuperQ Mustang Q

Without HCP Spike With HCP Spike Without HCP Spike With HCP Spike

DNA load (mg/mL CV or MV) 0.58 0.60 11.9 12.5
HCP load (mg/mL CV or MV) N/A 0.84 N/A 13.9
DNA binding capacity at

breakthrough (mg/mL CV or MV)
No breakthrough No breakthrough 4.8 4.2

DNA clearance at breakthrough (log10) �8.0 �8.0 7.7 8.0
HCP clearance at breakthrough (log10) N/A �2.4 N/A 0.5

Figure 6. DNA characterizations by “size exclusion qPCR” for
selected SuperQ (high spike ratio run). Solid squares
(�) correspond to the y-axis for DNA concentration
in flowthrough fraction (C) normalized to the initial
load DNA concentration (C0). Dotted and solid bars
indicate the % of amplification ratio for selected
flowthrough and load sample, respectively.
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This result suggests that the host cell DNA may be partially
fragmented upon running through the chromatography bed,
or there may be partial displacement of lower molecular
weight fragments by larger DNA molecule sizes, as the
media is saturates and the DNA is breaking through. Figure
7b shows the size distribution profile of a fraction with 40%
AR. The profile shows a resolved peak maximum at approxi-
mately 8,000 bp compared to the load material (Figure 3d),
indicating that the unbound DNA has smaller size distribu-
tions compared to the DNA profiles of the load material. A
similar study performed with Mustang Q yielded comparable
results.

Conclusion

We have evaluated the impact of process parameters (pH
and conductivity), DNA size distribution and competition by
HCP on DNA clearance capability and binding behavior on
AEX chromatography media in the flowthrough mode. A
LRV� 5.9 and 8 were obtained for all AEX chromatography
media evaluated under nonfavorable binding conditions for
DNA (pH 6.0 and 15 mS/cm) and favorable DNA binding
conditions (pH 8.0 and 2 mS/cm), respectively. The resin
showed higher binding capacity for DNA, likely related with
the larger available area for binding of a resin, compared
with the same volume for a membrane. Membranes were

capable to bind a minimum of 0.8 mg DNA/mL membrane

volume. In presence of HCP, DNA was preferably bound by
AEX chromatography media, when similar amounts of HCP
and DNA were spiked in the load material.

Characterization of the DNA size distribution in the load
and the flowthrough fractions suggested preferential binding
of larger (and therefore less safe) DNA fragments, further

supporting the AEX chromatography capability to control
DNA, independently of being a resin or membrane.

Overall, the AEX chromatography showed robust DNA

clearance under a wide range process parameters and compet-
ing conditions for binding, thus expanding the platform knowl-

edge for this media. From a control strategy standpoint, this
study supports the high level of assurance for DNA clearance
by the AEX chromatography media, typically used as a polish-

ing step in downstream processing, after other chromatography
steps (typically a capture and/or polishing) The use of AEX
chromatography media in purification processes for biopharma-

ceuticals as a flowthrough provides step clearance redundancy
and assurance that DNA can be cleared to the WHO acceptable

safety level, while predominantly clearing larger, potentially
oncogenic DNA fragments.
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