
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5 presents the TOF spectrum with mass reconstruction for SM-1 and SM-3.  The results for SM-1 (left 
two panels) show the FLP mass at 7024.4 and an impurity FLP-dG.  The results for SM-3, which represents the 
same composition but different sequence as SM-1, are shown in the two panels on the right.  The SM-3 FLP 
mass is identical to the previous isomer and the reconstructed mass reveals a FLP-T contaminant.  This level of 
sample information would not be accessible with HPLC with UV detection alone.  

RESULTS 
 

To illustrate the limitation of UV detection for closely related oligonucleotides an equimolar mixture of the four 
synthetic compounds was prepared and analyzed.  The results are shown in Figure 1.  Since they were not 
resolved by HPLC, the mixture appears as a single peak by UV detection in the top plot.  This result is 
comparable to the total ion chromatogram trace shown below the UV plot.  The TOF data reveals the combination 
of charge state distributions for all the components in the mixture.  The bottom pane shows the reconstructed 
spectrum with all four components clearly identified.  SM-1 and SM-3 appear as combined signal because they 
have the same parent mass with different base sequences. 
 
Figure 2 presents the TOF spectrum for SM-1 with an expanded scale inlay of the [M-10H]-10 charge state 
distribution.  The resolution of the TripleTOF® 5600+ System is capable of distinguishing the individual peaks that 
are spaced 0.1 Da apart.  
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ABSTRACT 
 

Truncations and misincorporations are common impurities found in synthetic oligonucleotide preparations. 
Despite the use of high concentrations of ion-pairing agents, these impurities can be hard to separate from the 
parent oligonucleotide by most LC methods and present a significant quantitative challenge for in line UV 
detectors. Accurate Mass MS coupled with MRMHR, is an alternative to absorbance detection strategies that 
enable both quantitative and qualitative evaluation of the synthetic oligonucleotide. In this presentation we 
explore intact mass measurement based quantitation strategies and evaluate the utility of additional orthogonal 
selectivity strategies such as MS/MS and differential ion mobility. 
 

INTRODUCTION 
 
Synthetic oligonucleotides have found a wide range of application in biotechnology. While they have been long 
used as key reagents in biochemical assays, their use as therapeutic molecules has grown considerably in 
recent years. DNA and RNA based oligonucleotides are being actively developed as antisense molecules, RNA 
interference based therapies, and aptamers. These molecules are often subjected several structural 
modifications and formulations that improve their stability and aid in directing the molecule to the target tissue. 
 
One of the challenges with developing oligonucleotide based medicines is confirming the desired sequence and 
synthetic purity.  Here we demonstrate an accurate mass based workflow that utilizes differential ion mobility for 
additional selectivity for the identification and characterization of several synthetic oligonucleotides.  The goal is 
to challenge and confirm analytical capabilities for evaluating this compound class as a proof-of-concept for 
therapeutic oligonucleotides.  
 
Four synthetic oligonucleotides (22 and 23 mers) were custom ordered according to specific sequences 
designed to create an analytical challenge based on sequence identity and isobaric interference.  Samples 
were analyzed by LC MS/MS on a SCIEX TripleTOF® 5600+ System with SelexION® ION Mobility Technology 
and UV detection.  Individual oligonucleotide sequences were analyzed at 5uM to confirm purity.  A combination 
of synthetic oligonucleotides was prepared in solvent to evaluate the ability to evaluate a complex mixture of 
related sequences.  Subsequent to gradient HPLC and UV detection, samples were analyzed by multiple TOF 
MS accumulations in a single method that employed a range of differential mobility settings.  Acquired in this 
way the data provides a unique map of analyte transmission vs mobility. 
 

MATERIALS AND METHODS 
 
Synthetic oligonucleotides were prepared by ACGT Corp. (ACGT Corp. Toronto, ON) according to the 
sequences requested.  The sequences of the oligonucleotides investigated and calculated molecular weights 
are given in Table 1.   
 
 
 
 
 
 
 
 
 
Data was acquired with an Acquity UPLC I-Class and UV Detection at 260 and 280 nm connected to a SCIEX 
TripleTOF® 5600+ System with SelexION® ION Mobility Technology.  Chromatographic conditions employed a 
Waters BEH C18 2.1x100mm 1.7mM with mobile phase A: DI water with 200mM hexafluoro IPA, 0.1% 
triethylamine and mobile phase B: 100% acetonitrile, column temperature 65ºC, flow rate: 0.3 ml/min, injection 
volume: 5 ml, run time: 10 min.  Acquisitions using SelexION® ION Mobility Technology employed looped CoV 
acquisition where a single separation voltage is accompanied by multiple sequential full scan TOF 
accumulations acquired over a range of CoV settings. 

 
 
 
 
 
 
 
 
 
 
A relative impurity assessment was conducted for a mixture of SM-1, SM-2, and SM4.  Concentrations for the 
major impurity were determined against a calibration curve (external calibration) derived from the target FLP.  
For example, the calibration curve for SM-1 Impurity 6431 was derived from SM-1 diluted in solvent.  The 
percentage impurity was determined in triplicate for oligonucleotide mixtures at 0.5 and 1.0 uM.  A research 
version of MultiQuant includes an algorithm to quantify intact mass reconstruction data.  In this way the entire 
charge state distribution can be used for better quantitative reproducibility and analyte signal-to-noise.  
 

CONCLUSIONS 
  
1) Intact mass measurements employing a SCIEX TripleTOF® 5600+ System allow detection and quantitation 

of truncations under the same chromatographic peak. 
2) In source degradation was not observed using typical parameter settings. 
3) Wider Q1 isolation as implemented with SWATH® acquisition results in enhanced MS/MS spectral 

quality/ion current. 
4) SWATH generated MS/MS enables identification and quantitation of isobaric misincorporations. 
5) SelexION® ION Mobility Technology imparts substantial mobility to this class of analytes and can be 

effective in reducing background interference. In the context of the present experiment, DMS does not 
enable complete separation of single nucleotide substitutions, though modest shifts in mobility were 
observed in the truncations. 

6) MultiQuant™ 2.1.2 +Research Features Software can measure relative abundance of impurities quantitated 
using mass reconstructed peak areas.  

  
Accurate mass provides a powerful quantitative strategy for quantification  and profiling of synthetic impurities in 
synthetic oligonucleotides. Future work can be directed towards understanding the effect of DMS in the mobility 
separations in biological matrices and with oligonucleotides that contain therapeutic structural modifications. 
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ID Sequence Calc. Molecular Wt. (g/mol) 

SM-1 TCG TCG TGT TTT CGT TTT GTC GT 7024.6 

SM-2 TCG TCG TGT TTT CGT TTT GTC G 6720.4 

SM-3 CG TCG TGT TTT CGT TTT GTC GTT 7024.6 

SM-4 G TCG TGT TTT CGT TTT GTC GTT 6735.4 

Table 1.  Synthetic Oligonucleotide Sequences Used for this Study 

Figure 5. TOF Spectrum with mass reconstruction for SM-1 (2 left panels) and SM-3 (2 right panels) 

Calculated Full 
length parent 
(FLP) m/z 7024.4 m/z 6695.3 

synthetic impurity 
(FLP-dG)  

Calculated FLP 
m/z 7024.4 

Contaminant 
m/z 6720.2 
FLP- T 

Figure 1. An equimolar mixture of four 
oligonucleotides analyzed by LC UV TOF MS. 

An important consideration with impurity analysis and characterization is confirming detected impurities are real 
and not an artifact of the ionization process.  Figure 3 shows the XIC of one charge state [M-9H]-9 for full length 
parent (FLP) and FLP-dG as a function of declustering potential (DP).  If the ionization process were causing the 
cleavage to form this impurity, the DP ramps would show impurity formation at higher DP values.  As observed 
here, the DP ramps are similar in shape indicating FLP-dG is not arising from in-source fragmentation of the FLP 
but is, in-fact, an impurity present in the sample solution. 
 
Figure 4 shows the region for depurination of SM-1 at low (-15) and high (-185) DP on the top and bottom plots, 
respectively. The peak at 6873, corresponds to in-source fragmentation, specifically the loss of Guanine. Based 
on the spectra shown, in-source fragmentation is minimal at normal operating declustering potentials. 
 
 

Figure 2. TOF Spectrum of SM-1 with expanded 
scale inlay [M-10H]-10 

Figure 3. Declustering potential ramp of SM-1 full 
length parent (FLP) and synthetic impurity FLP-dG 

Figure 4. Mass reconstruction for SM-1 infused at 
low DP (-15) top plot and high DP (-185) bottom plot. 

TOF TOF 

Figure 6. Looped TOF experiment of an equimolar 
mixture of four oligonucleotides using SelexION® 

SelexION® Ion Mobility Technology has the ability to 
provide additional selectivity which can simplify the 
spectrum and improve the ability to identify low level 
impurities.  Figure 6 provides an example of a looped 
TOF analysis (fixed SV with varying CoV values) of an 
equimolar mixture of four oligonucleotides.  The panels 
on the left display the TOF and on the right the mass 
reconstruction at (from top to bottom) CoV=12, 14, 16, 
and 18 volts. The resulting CoV values for the 
oligonucleotides are relatively large and indicate 
SelexION is imparting mobility.  However the structures 
were not different enough to allow for complete 
separation.  This level of ion mobility would result in 
adequate selectivity for formulations and possibly 
modified oligonucleotides.  
 
Figure 7. High Resolution Product ions generated 
from a SWATH® acquisition of SM-1 and SM-3 

Oligonucleotides with identical sequence composition 
require additional selectivity in order to differentiate or 
confirm their identity.  Figure 7 shows the results of a 
SWATH® acquisition for SM-1 and SM-3.  While unable 
to distinguish their identity with intact mass 
reconstruction, they do contain product ions that are 
unique.  The top left plot is the product ion spectrum for 
SM-1 and the bottom left trace is the XIC for m/z 
1323.218 for SM-1 (blue) and SM-3 (pink) collected 
from the SWATH window m/z 1099-1175. The top right 
plot is the product ion spectrum for SM-3 and the 
bottom right trace is the XIC for m/z 625.095 for SM-3 
(blue) and SM-1 (pink) collected from the SWATH 
window m/z 1099-1175.  SWATH acquisition provides 
an advantage for generating product ions for multiply 
charged species because it transfers the entire charge 
state envelope into the collision cell.  Resulting product 
ion spectra has a more complete distribution and 
stronger signal than would be possible with single 
Dalton Q1 mass selection, such as data acquired with 
IDA methods. 

Table 2. Relative quantitation data for impurities found in SM-1, SM-2, and SM-4.  Impurity % 
WRT FLP refers to impurity percent with respect to full length parent concentration..     

MP 342 

Component Name FLP Conc. (uM) Num. Values Mean Standard 

Deviation 

Percent CV Impurity % 

WRT FLP 


