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Antibody–oligonucleotide conjugates (AOCs) are an emerging 
therapeutic modality that combines the cell-targeting ability of 
monoclonal antibodies (mAb) with the gene-modulating 
activity of oligonucleotides. Oligonucleotide therapeutics have 
traditionally been limited to hepatic targets via lipid 
nanoparticle (LNP) delivery or GalNAc-mediated uptake, due to 
their extremely poor membrane permeability. Conjugation to a 
mAb, with its prolonged circulation half-life and capacity for 
receptor-mediated internalisation, enables more e�ective 
delivery of these therapeutic oligonucleotides.

Compared with oncological antibody–drug conjugates (ADCs), 
which typically incorporate small, hydrophobic cytotoxic 
payloads, AOCs present a fundamentally di�erent analytical 
approach. Oligonucleotides are large, hydrophilic, and highly 
negatively charged, requiring alternative analytical strategies.

To evaluate suitable analytical methods for AOC 
characterisation, trastuzumab was enzymatically modi�ed 
using the Genovis GlyCLICK® kit to introduce two site-speci�c 
azide groups on the heavy chains. It was then conjugated with 
either three or one molar equivalents of DBCO-siPLK1 to 
produce fully conjugated and under-conjugated AOCs (Figure 
1). DBCO-siPLK1 is an siRNA duplex targeting polo-like kinase 1 
(PLK1), with the 5�•��sense strand modi�ed with DBCO and 
duplexed to the antisense strand. The resulting AOCs were 
analysed in crude form using a range of platform methods. 
Oligonucleotide-to-antibody ratios (OAR) were calculated 
where possible (Table 1).

Introduction

Size-based methods such as CE-SDS (Figure 2) and SEC-HPLC 
(Figure 3) successfully separated unconjugated mAb from 
conjugated species, re�ecting the relatively large mass of 
DBCO-siPLK1 (~14 kDa). CE-SDS analysis was performed under 
both reducing and non-reducing conditions. Increasing levels 
of conjugation resulted in longer migration times, and OAR 
values calculated under both conditions were comparable.

Reducing CE-SDS con�rmed the site-speci�c nature of the 
conjugation, with siPLK1 attached exclusively to the heavy 
chain. SEC-HPLC analysis showed an approximate retention 
time shift of ~0.8 minutes per siPLK1 addition. With further 
optimisation, this method could be used for OAR 
determination. Free siPLK1 was also detected at 20.2 minutes, 
identi�able by its characteristic absorbance at 260nm. No 
increase in dimer or higher molecular weight species was 
observed following conjugation.
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Figure 1 AOC modi�cation process: The native IgG N297 glycan is removed and 
replaced with an azide activated sugar. The activated IgG is then coupled to the DBCO 
activated siRNA using click chemistry (one shown for clarity).

This study demonstrates that a range of complementary 
analytical methods are required for comprehensive AOC 
characterisation.

SEC-HPLC remains essential as a compendial method for 
size distribution and aggregation analysis

SAX-HPLC provides the most quantitative data for OAR 
determination, conjugation distribution, and free 
oligonucleotide

Native SEC-MS enables de�nitive con�rmation of intact 
AOC structure and identity

Subunit-level techniques (e.g., reducing CE-SDS and RP-MS) 
con�rm conjugation site speci�city

Overall, analytical methods that exploit the unique 
physicochemical properties of oligonucleotides, charge, size, 
and hydrophilicity, provide the most accurate and informative 
characterisation of AOCs.

Conclusion

OAR

3 eq.

1 eq.

Reducing 
CE-SDS

1.7

0.8

Non-
reducing 
CE-SDS

1.6

0.7

SAX

1.8

0.9

Reducing 
RP-HPLC

1.8

0.9

nSEC-MS

1.6

0.6

Non-
reducing 
RP-MS

1.6

0.8

Reducing 
RP-MS

1.3

0.5

Table 1 OAR calculations

SIZE-BASED SEPARATION METHODS

Figure 2 CE-SDS
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Figure 3 SEC-HPLC

Hydrophobic interaction chromatography (HIC) and reducing 
RP-HPLC are standard release assays for traditional ADCs. Given 
the hydrophilic nature of the AOC payload, their applicability 
was assessed.

By HIC (Figure 4), no retention time shift was observed with 
increasing siPLK1 loading. However, the relative absorbance at 
260nm increased proportionally with siPLK1 content. This 
indicates that hydrophobicity-based separation is not e�ective 
for AOCs.

Reducing RP-HPLC (Figure 5) showed a slight increase in 
retention time with higher conjugation levels. However, 
resolution was poor, and although OAR values aligned with 
other methods, con�dence in quantitative accuracy is low.

HIC AND RP-HPLC ANALYSIS

4

Figure 4 HIC-HPLC
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Figure 5 RP-HPLC

Due to the highly negatively charged phosphate backbone of 
siRNA, strong anion exchange (SAX) chromatography was 
expected to provide e�ective separation. As shown in Figure 6, 
the unconjugated mAb did not bind to the column and eluted 
in the breakthrough peak. In contrast, OAR1, OAR2, and free 
siPLK1 were well resolved.

This clear separation enabled straightforward OAR 
determination and quanti�cation of conjugation levels, 
highlighting SAX as a highly suitable method for AOC analysis.

STRONG ANION EXCHANGE CHROMATOGRAPHY
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Figure 6 SAX-HPLC

MASS SPECTROMETRY ANALYSIS

Mass spectrometry was used to characterise conjugation at 
varying levels of structural resolution, including reducing 
RP-MS (Figure 7), non-reducing RP-MS (Figure 8), and native 
SEC-MS (Figure 9). 

While mAbs and ADCs are typically analysed in positive ion 
mode and oligonucleotides in negative ion mode, positive 
mode was selected due to the dominant mass of the mAb. 
However, increasing conjugation was expected to suppress 
ionisation e�ciency.

In reducing RP-MS, the site-speci�c conjugation to the heavy 
chain was con�rmed, consistent with CE-SDS data. Due to the 
energetic ionisation conditions, only the DBCO-modi�ed sense 
strand was detected, with the antisense strand lost.

Non-reducing RP-MS produced complex spectra, with multiple 
partially intact duplex species observed, complicating 
interpretation.

Native SEC-MS provided the most representative analysis of the 
intact AOC. Three species were clearly observed: unconjugated 
mAb, OAR1, and OAR2. Mass shifts corresponded to the full 
siRNA duplex, con�rming intact conjugation.

7

Figure 7 Reducing RP-MS
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Figure 8 Non-reducing RP-MS
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Figure 9 Native SEC-MS


