APPLICATION NOTE YMC

The Perfect Circle: Unlocking the Potential of Plasmid
DNA through Efficient Purification

Abstract

Plasmid DNA (pDNA) is a small, circular DNA molecule found in bacteria. Unlike chromosomal DNA, it replicates independently.
These unique properties make pDNA an indispensable tool in biotechnology and pharmaceutical research, used for gene
transfer, vaccine development, and recombinant protein production. To meet the growing demand in these fields, large
quantities of pDNA are required. Specifically in its supercoiled form, which offers the highest biological activity and transfection
efficiency. However, not all isoforms are equally functional. Open circular and linear forms often result from mechanical or
chemical stress and are significantly less effective. In addition, impurities such as endotoxins, RNA, genomic DNA, or host cell
proteins can compromise the safety and efficacy of pDNA, particularly in therapeutic applications. Achieving high purity and
isoform integrity is therefore not optional. It’s essential. Supercoiled pDNA must be enriched under nuclease-free conditions
and be virtually free of host cell residues. The purification strategy becomes a decisive factor for success. Choosing the right
ion exchange resin plays a critical role in this process. Resins with high flow capacity and strong isoform selectivity not only
improve recovery of the supercoiled form but also reduce processing times and simplify downstream analytics.

In this context, a macro-porous strong anion exchanger such as MacroSep IEX Q offers a powerful solution - enabling
efficient, high-purity isolation of supercoiled pDNA for demanding applications in gene therapy and vaccine development.

YMC Europe GmbH - Schottmannshof 19 - 46539 Dinslaken - Phone +49 2064 427-0 - Fax +49 2064 427-222 - Email info@ymc.eu - www.ymc.eu
Page 1/6



APPLICATION NOTE

YML

Need for a Macro-Porous IEX Resin

While IEX is an established method for pDNA purification,
conventional IEX resins often reach their limits when applied
to large biomolecules such as plasmids. One of the main
challenges lies in the molecular size of pPDNA, which canrange
from several kilobases (kb) up to over 20 kb —resulting in large,
supercoiled structures withasubstantialhydrodynamicradius.
Traditional IEX resins typically have pore sizes optimised
for proteins or small nucleic acids. These small pores are
often insufficient to allow pDNA to penetrate the resin
matrix and access the internal functional ion exchange
groups. As a result, the interaction between pDNA and
the stationary phase is limited to the outer surface of the

resin particles. This not only reduces binding capacity and
separation efficiency but can also lead to poor selectivity
and low yields. In contrast, an IEX resin with a macro-porous
structure offers a substantial advantage. Its larger pore
allows even large plasmid molecules to diffuse into the inner
structure of the resin beads and interact effectively with the
functional groups. This increases dynamic binding capacity
and facilitates isoform-selective purification. The result is a
more efficient and scalable purification process that yields
high-purity pDNA, tailored to the requirements of advanced
therapeutic and diagnostic applications. For the following
investigations a 2.7 kb model plasmid (pUC19) was used.
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Practical Example: Separation of supercoild pDNA

In the following example, two different resins were
evaluated for the purification of a model plasmid. The
results clearly demonstrate that MacroSep IEX Q
enables efficient isolation of the supercoiled pDNA, while

the alternative material fails to achieve comparable
separation. Furthermore, the peak shape obtained with
the comparison resin shows significant distortions and
broadening, indicating poor resolution and limited selectivity.
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Columns: MacroSep IEX Q (30pm) 100x4.6mm ID
POROS 50 HQ (50pum) 100x4.6mm ID
Eluent: A) 20mM Tris-HCI (pH 8.5) containing 0.7 M NaCl
B) 20mM Tris-HCI (pH 8.5) containing 1.0M NaCl
Gradient: 40%B (0-1.5min), 40-53%B (1.5-22.5min), 100%B (22.5-30min), 40%B (30-40min)
Flow rate: 0.8 mL/min
Temperature: 25°C
Detection: UV at 260nm
Injection: 10uL
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In a second example, the separation of supercoiled pDNA  cross-contamination, and reducesthe cleaning effortbetween
from open circular pDNA is shown. The chromatogram shows  runs. Atthe sametime, theresin’s consistent chromatographic
a blank run without detectable carry-over, demonstrating  behavior facilitates efficient method development and
the low non-specific binding capacity of MacroSep IEX Q. It  supports consistent product quality over many cycles.
significantly enhances process reliability, minimises the risk of
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Column: MacroSep IEX Q (30 ym), 50x4.6 mm ID
Eluent: A) 20mM Tris-HCI (pH 8.5)

B) 20mM Tris-HCI (pH 8.5) containing 1.0M NaCl

Gradient: 82%B (0-1.5min), 82-86%B (1.5-22.5min), 100%B (22.5-30min), 82%B (30—-40min)
Flow rate: 0.4 mL/min
Temperature: 25°C
Detection: UV at 260nm
Injection: 10pL
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Mastering the Challenges of pDNA Purification

The breakthrough curves of two different process resins
for a Plasmid with a size of 4.9 kbp are measured. Due
to its size, resins with a standard pore size are unsuitable
for purification of pDNA. This is also shown by the results:
MacroSep IEX Q shows a later breakthrough of the

MacroSep IEX Q

pDNA compared to the alternative material exhibiting
a pore size of about 900 nm. Therefore, the resin from
YMC enables a significantly higher loading and thus
contributes to a higher productivity of the overall process.
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Column: MacroSep IEX Q (30 pm), 26 x 7 mm ID
Fractogel® EMD DEAE (M) 20 x 8 mm ID
Eluent: A) 100mM CH,COONa-CH,COOH (pH 5.0)
B) 100mM CH,COONa-CH,COOH (pH 5.0) containing 1.0M NaCl

Flow rate: 0.5 mL/min
Temperature: ambient
Detection: UV at 260nm
Injection: 10pL
Sample: 0.2 mg/mL pDNA in 100 mM CH,COONa-CH,COOH, 150 mM NaCl (pH 5.0)
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High Productivity With Improved Pressure-Flow Characteristics

In addition to high purity, process productivity is a key
factor in pDNA purification. One crucial aspect is the
pressure-flow characteristics of the chromatography
resin. MacroSep IEX Q, based on hydrophilic polymer
beads, offers outstanding flow properties and can be
operated at high flow rates while still maintaining excellent
resolution. Its pressure-flow curve shows a fully linear
relationship, with a typical operating pressure of 2-3 bar.

Although originally developed as a polishing resin with
a 30 um particle size, MacroSep IEX Q demonstrates
remarkable separation efficiency. This enables a high
level of purity to be achieved even in the initial purification
step, potentially eliminating the need for multi-step
processes. The favorable pressure-flow profile further
confirms its suitability for large-scale applications.

5,0

Pressure [MPa]

600 800
Linear flow rate [cm/h]

1000 1200

Column: 600 x10mm ID
Eluent: water
Temperature: ambient

Supporting Your DSP Optimisation

With its innovative design and demonstrated performance,
MacroSep IEX Q represents a robust tool for the purification
of large biomolecules. By addressing key priorities such
as loadability, resolution, and process productivity, this
resin offers a practical solution for optimising downstream

processes. For further insights or technical support, we
invite you to explore how MacroSep IEX Q can enhance your
purification processes. Contact our team for detailed data or
to discuss potential applications in your workflows.
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