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In this note: Characterization of polyplex
formation at millimolar concentrations of PEI.

Polyethyleneimines (PEls) are widely studied as non-
viral vectors for gene and drug delivery due to their
ability to compact nucleic acids into nanoparticles known
as polyplexes [1]. Compared to viral vectors, PEls offer
reduced immunogenicity, higher loading capacity, and
lower production costs [2].

However, their clinical translation has been limited
by relatively low transfection efficiencies [3]. One key
factor influencing transfection is the nature of polyplex
formation, which governs cellular uptake and intracellular
release. Effective delivery systems require polyplexes that
are stable enough to prevent pre-mature release of nucleic
acids, yet weak enough to release the cargo at the correct
time and location inside the cell [4].

Introduction

Understanding the intermolecular interactions and conformational
changes involved in polyplex formation and stability is essential for
optimizing PEl-based delivery platforms. As recently reported by
Mustafa et al. [5], attenuated total reflectance infrared (ATR-FTIR)
spectroscopy is well suited for this purpose. It provides molecular-
level insights into DNA structure and binding through vibrational
modes of the phosphate backbone and nucleobases. This application
note demonstrates how ATR-FTIR can be used to characterize
polyplex formation with both linear and branched PEI architectures.
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Experimental

A full description of the methods are described by Mustafa et al [5].
ATR-FTIR measurements were performed on a Bruker INVENIO
FTIR spectrometer equipped with a Harrick ConcentratlR2™ multiple
reflection silicon ATR accessory. Two PEI architectures were studied:
linear PEI (LPEI, 15 kDa) and branched PEI (BPEI, 10 kDa). Polyplexes 04 w
were formed at various nitrogen-to-phosphate (N/P) ratios from O to 1100 1200 1300 1400 1500 1600 1700 1800

. . . Wavenumber (cm™)
3 using 0.01 M phosphate buffer (pH 7.4). Final concentrations were
3 mM for LPEI, 5 mM for BPEI, and 1 mM for DNA. Samples were ) )
. bated f h . Figure 1: ATR-FTIR spectra of DNA in the presence of
Incubated for one hour at room temperature prior to measurement. LPEI () and BPEI (b) in phosphate buffer (pH = 5.0). The

To confirm spectral interpretation, additional samples were prepared black arrow indicates increasing N/P ratio from 0-3.
with increasing sodium chloride concentrations (50-250 mM)

to screen electrostatic interactions. All spectra were background

subtracted, baseline-corrected and normalized.
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Results and Discussion

Figure 1 shows ATR-FTIR spectra of DNA in the presence
of increasing N/P ratios for LPElI and BPEI. With LPEI, the
asymmetric phosphate stretching band at 1222 cm™ exhibits
a clear frequency shift as N/P increases, indicating strong
electrostatic binding to the DNA backbone. This frequency shift
alsoindicates a conformational change in the DNA structure from
the B-form to the Z-form. Moderate changes in the nucleobase
ring stretching region (1400-1500 cm™') and carbonyl band at
1680 cm™" were also observed. These changes indicate that LPEI
form weak binding interactions to the nucleobases of DNA.

In contrast, spectra of BPEI-based polyplexes showed no shift
at 1222 cm, but a significant intensity decrease and splitting
of the 1680 cm™" band, indicating interactions with nucleobases
via intercalation, without significant disruption of the phosphate
backbone.

Salt screening experiments confirmed these interpretations. As
shown Figure 2, increasing NaCl reduced LPEI binding by ~70%,
consistent with electrostatic interactions. BPEI binding, however,
decreased by only 20—-30% at the highest salt concentrations,
confirming binding is predominately facilitated by interactions
with DNA nucleobases.

Conclusion

This study demonstrates that ATR-FTIR with the Harrick
ConcentratlR2 accessory can effectively differentiate binding
modes in PEI-DNA polyplexes. The 1222 cm™ phosphate
band serves as a sensitive marker for LPEI-DNA electrostatic
interactions, while the 1680 cm™ band reports on BPEI
intercalation with DNA nucleobases. These insights provide a
foundation for designing more effective non-viral gene delivery
systems.
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Figure 2: Diagrams showing the probability of bound DNA by
polymers obtained from the ATR-FTIR spectra of LPEI and BPEI
polyplexes in the presence of varying NaCl concentrations (50-

250 mM).
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