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pDNA exists in several topological forms that share an 
identical nucleotide sequence but differ in their three-
dimensional conformation. Among these, the supercoiled 
(SC) form is generally preferred due to its superior transfection 
efficiency, whereas open circular (OC), linear, and multimeric 
forms may arise during manufacturing, purification, and 
storage. 

These structural changes alter the purity profile of the final 
product, making reliable differentiation and quantification 
of the individual topological forms essential for process 
development, quality control, and stability studies.

Commonly used analytical techniques for assessing pDNA 
topology include agarose gel electrophoresis (AGE) and 
capillary gel electrophoresis (CGE). In addition to these 
established methods, anion-exchange chromatography (AEX) 
has emerged as a powerful complementary technique for the 
high-resolution characterisation of pDNA topological forms. 

This Technical Note based on the study by Nguyen et al. 
describes the systematic development of an AEX method using 
a BioPro IEX QF column and demonstrates its applicability for 
the characterisation of pDNA topological forms [1].

Reliable 
characterisation 
of plasmid DNA 

topological forms 
using BioPro IEX QF The biological activity of plasmid DNA (pDNA) 

depends not only on its sequence but also on 
its topology. 
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Table 1: Overall chromatographic conditions unless otherwise stated.

BioPro IEX QF (5 μm, non-porous) 100 x 4.6 mm ID
QF00S05-1046WP
A) 50 mM Tris (pH 7.5) 
B) 50 mM Tris (pH 7.5) containing 1 M KCl
75-100%B (0-20 min), 100%B (20-22.5 min), 75%B (22.5 min – 30 min)
0.7 mL/min
20 °C
5 µL
UV at 260 nm
different in-house plasmid DNA

Column:
Part No.:
Eluents:

Gradient:
Flow rate:
TEmperature:
Injection: 
Detection:
Sample:

Figure 1: Comparison of 4 different anion-exchange columns for the analysis of pDNA [1].

Selection of the optimal AEX column

Before the actual method development several anion-
exchange columns were evaluated for the analysis of pDNA 
(Figure 1). A flow rate of 0.6 mL/min was used for all columns 
(50 or 75 x 4.6 mm ID), except for the DNAPac PA200 column 
(50 x 2.0 mm ID), which was operated at 0.2 mL/min. Among 
the tested stationary phases, YMC’s BioPro IEX QF provides 
the most favourable chromatographic performance, delivering 

sharp and symmetrical peaks while achieving improved 
resolution between the first and the main peak. The column 
also enables partial separation of an additional peak from the 
main peak that is not resolved on the other evaluated columns, 
demonstrating its high separation efficiency for complex pDNA 
samples. Therefore, the BioPro IEX QF column is chosen for 
further method development.

Table 2: Properties of different pDNAs analysed.

Sample pDNA 1 pDNA 2 pDNA 3 pDNA 4 pDNA 5

bp 3229 3220 3217 3223 3223

GC content 52.1 48.4 48.8 48.2 48.8
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Optimisation of mobile phase salt composition

Following the selection of the BioPro IEX QF column, the 
chromatographic conditions are systematically optimised to 
achieve high resolution while maintaining practical analysis 
times. The influence of the mobile phase salt composition is first 
investigated using different chloride, bromide, and perchlorate 
salts (Figure 2). The experiments are performed using a 
constant salt gradient of 12.5 mM/min, with the exception of 

sodium perchlorate (7.5 mM/min). Both, the identity of the anion 
and the counterion, influences pDNA retention and selectivity, 
demonstrating that salt composition plays an important role 
in controlling ion-exchange interactions. Potassium chloride 
provides the highest chromatographic resolution between the 
main peak and the closely eluting adjacent peak.

Figure 2: Effect of mobile phase salt composition on the chromatographic separation of pDNA [1].

Optimisation of column temperature

Column temperature is subsequently evaluated from 10-
60  °C using a mobile phase containing 1 M potassium 
bromide (Figure 3). Increasing the temperature results in longer 
retention times and gradually reduces the chromatographic 
resolution between closely eluting pDNA species. Therefore, 
a column temperature of 20 °C is selected, as it provides the 
most favourable balance between retention and separation 
performance.

Additional parameters, including gradient steepness, mobile 
phase pH, and addition of organic modifier (acetonitrile), 
are also investigated to assess their influence on the 
chromatographic separation (data not shown). While these 
parameters affect plasmid retention, they provide little or no 
improvement in chromatographic resolution and are therefore 
not adopted for the final method.
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Figure 3: Effect of column temperature on the chromatographic separation of pDNA [1].

Method applicability across different pDNAs

To assess the versatility of the developed method, several 
plasmid constructs with different sequences are analysed 
using the optimised chromatographic conditions (Figure 4). 
Similar separation patterns are obtained for all evaluated 

samples, with clear resolution of the open circular form 
and multimeric species. These results demonstrate that 
the method is broadly applicable and can be transferred to 
different plasmid products.

Figure 4: Analysis of different pDNAs using the optimised chromatographic conditions [1].
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Conclusion A robust and reproducible anion-exchange 
chromatography method for the characteri-
sation of pDNA is developed using a BioPro 
IEX QF column. Systematic optimisation of the 
chromatographic conditions result in a meth-
od that is broadly applicable across different 
plasmids and enables reliable differentiation 
of the major pDNA topological forms with high 
resolution and excellent reproducibility.

These results demonstrate that the method is well suited to 
routine pDNA characterisation during process development, 
manufacturing, and quality control, while highlighting the BioPro 
IEX QF stationary phase as a reliable and versatile tool for the 
analytical characterisation of pDNA. Further improvements can 
be expected when using the bioinert column option, YMC 
Accura BioPro IEX QF, instead of the standard hardware made 
of PEEK. The bioinert-coated YMC Accura column hardware 
reliably suppresses any interactions to which the negatively 
charged phosphate groups might be susceptible.

Differentiation of pDNA topological forms

The ability of the developed method to differentiate between 
the major topological forms is evaluated using multiple pDNA 
samples and production lots (Figure 5). Clear separation of the 
open circular (OC), supercoiled (SC), and multimeric species 

is achieved. Consistent chromatographic profiles across 
multiple pDNA samples and production lots demonstrate the 
robustness and reproducibility of the method, supporting its 
use for routine characterisation of pDNA topological forms.

Figure 5: Separation of pDNA topological forms, including open circular, supercoiled, and multimeric species, across different pDNA 
samples and lots [1].
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