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ABSTRACT
A new label-free quantification method based on the Minora algorithm is presented and 
compared to pre-existing label free quantification methods in the Thermo Scientific™ 
Proteome Discoverer™ software framework. The results of the new algorithm were 
significantly more accurate across a wide dynamic range compared to spectral counting and 
“Top N” quantification. The new algorithm was also run on a subset of the Akhilesh Pandey 
human proteome dataset to identify proteins specific to specific tissue types.

INTRODUCTION
Proteome Discoverer software is a node-based workflow engine and study management 
platform for analysis of mass spectrometry-based proteomics datasets. The latest released 
version 2.1 fully supports isotopically-labeled quantitative workflows, such as TMTTM reporter 
ion-based quantification and SILAC precursor ion quantification, but the supported label-free 
quantification methods are significantly less sophisticated. Currently, spectral counting is 
possible but not recommended when quantitative accuracy is required.  The only supported 
label-free quantification workflow produces an average abundance of the top “N” most 
abundant peptides and this has been shown to be accurate for even highly complex datasets.  
However, “Top N” quantification results cannot be used to create ratios, scaled abundance 
values, or to be used as replicates to generate standard errors. Here we present a new 
workflow for untargeted label-free quantification using a new feature detection approach that 
provides the full suite of quantitative capabilities previously only available for isotopically-
labeled quantification. The workflow will be compared to the two aforementioned label-free 
quantification workflows available within Proteome Discoverer 2.1 software.

MATERIALS AND METHODS
A standard dataset of Arabidopsis proteasome proteins spiked into a background of E. coli 
proteins (PXD003002) was downloaded from the PRoteomics IDEntifications (PRIDE) 
repository. This dataset was originally used to evaluate a spectral counting algorithm and is 
described in reference 1. The Pandey human proteome dataset2 was also downloaded from 
PRIDE and a portions of the dataset to demonstrate untargeted label free quantification of 
data with a multi-dimensional separation.  

For quantification using spectral counts, each of the datasets with the different levels of 
Arabidopsis proteasome proteins was run separately in batch mode using a standard 
Sequest™ HT-Percolator workflow and a basic consensus workflow.  Subsequently, all 
Processing results were reprocessed using a single Consensus workflow with the “Merge 
Mode” parameter in the MSF files node set to Do Not Merge.  With this setting, the number of 
unique peptides and PSMs for each of the datasets will be represented as a separate column.  
The Sequest HT search was performed against the entire Arabidopsis thaliana and 
Escherichia coli databases. The table with PSM values for each sample was exported to 
Microsoft Excel format and ratios were calculated manually.

For the “Top N” quantification workflow, a Precursor Ion Area Detector node was incorporated 
in the Processing workflow used for spectral counting above.  The default 
“CWF_Comprehensive_Enhanced_Annotation_Quan” template was used for the Consensus 
workflow.  In the Peptide and Protein Quantifier node, the “Top N Peptides Used for 
Quantification” parameter was set to 3. Like for spectral counting, the table with the reported 
Top N protein abundances was exported to Excel and ratios were calculated manually.

New Method for Feature Detection

The new feature detection algorithm is an extension of the Minora algorithm, which had 
already been used for precursor ion quantification since the release of Proteome Discoverer 
1.2 software.  Minora had always detected all isotopic peaks in a given data set, but up to now 
only those LC/MS peaks associated with peptide spectral matches (PSMs), and their 
associated isotopic forms in the case of SILAC, were used for quantification.  In this pre-
release version of Proteome Discoverer 2.2 software, the Minora algorithm has been modified 
to detect and quantify isotopic clusters regardless of whether or not they are associated with a 
PSM.  

A typical Processing workflow for Minora feature detection is shown in Figure 1.  The new 
label-free quantification workflow can be invoked by simply attaching the “Minora Feature 
Detector” to the Spectrum Files node.  This new feature detector will also be used for the 
isotopically-labeled precursor quantification method such as SILAC.

Multidimensional LC profiling

The new untargeted label-free quantification algorithm also supports multi-dimensional label-free data.  
The processing step works as described previously for such data with the feature mapping and 
retention alignment steps only applied to the same fraction from other datasets. Fractions 11-15 for 14 
of the samples from the Pandey group human proteome data were run using the same workflows as 
shown in the previous section. For these data, a total of 5116 proteins and 60616 unique peptides were 
identified.  Unlike the previous version of Proteome Discoverer software where these data were run 
using “Top 3” protein quantification results, the pre-release Proteome Discoverer 2.2 software enables 
scaled abundance visualization of the various samples. Figure 5 shows the proteins most 
overrepresented in the frontal cortex relative to the other samples by sorting by decreasing scaled 
abundance. Many of the most overrepresented proteins are all known to be neural proteins, including 
synapsin-1, synapsin-2, synapsin-3, neuromodulin, and microtubule-associated protein tau.  Also, 
some of these neuronal proteins show no signals for any of the other samples in Figure 5 by showing 
gray boxes indicating that there were no quantification values for these proteins. This is an indication 
that the Feature Mapping is actually working correctly by not associating random features  from the 
other datasets. Also, this shows the value of the scaled abundance compared to ratio calculations. If 
any of the other samples were used as the denominator for the ratio calculations, it might be missed 
that the selected protein is found only in the frontal cortex sample due to the undefined ratios that 
would be produced.

CONCLUSIONS
A new untargeted label-free quantification workflow based on the Minora algorithm has been 
demonstrated on a dataset with proteins at known concentration and is shown to be more accurate 
and sensitive than the previously available label-free quantification approaches from previous versions 
of Proteome Discoverer software. The combination of the label-free quantification workflow integrated 
into the scaling, normalization, and study management features of Proteome Discoverer software 
provide a powerful means for analyzing highly complex proteomics data.
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New Method for Label-Free Quantification in the Proteome  Discoverer Framework

Like the other quantification workflows in Proteome Discoverer 2.1 software, the peptide group 
abundances from the new label-free quantification method are calculated as the sum of the 
abundances of the individual PSMs for a given study factor that pass a quality threshold.  The 
protein abundance is calculated as the sum of the peptide group abundances associated with 
that protein.  

RESULTS AND DISCUSSION
The database searches produced a total of 55 Arabidopsis proteins and 423 E. coli proteins.  
This is less than would be expected given the relatively high protein concentration and long 
gradient length, but the chromatography used for these data analyses was suboptimal with 
peaks up to 5 minutes wide (Figure 3). Also, as the amount of the Arabidopsis proteins added 
to the sample increased past 1 µg, the peptides from these proteasome proteins dominate the 
chromatogram and thus the number of E. coli proteins decreases dramatically with increasing 
Arabidopsis protein concentration (data not shown).

Abundance ratios were calculated using the sample with 1 µg of Arabidopsis protein as the 
denominator. The average ratio for the Arabidopsis proteins are shown in Table 1.  Additional 
columns were added to denote the number of proteins that were quantified due to a 
measurement for both samples used in the ratio. The average ratios were calculated only for 
those proteins that produced a measured ratio.

The spectral counts-based quantification results correctly indicate the direction of expression for 
the Arabidopsis proteasome proteins, but the ratios are inaccurate for the more extreme ratios. 
The response is also relatively non-linear, with the average ratio for the 0.1 µg/1 µg samples 
showing a lower value than the 0.05 µg/1 µg samples and the 3 µg/1 µg ratio measuring lower 
than the 2 µg/1 µg ratio. These results are not a surprise given that it is widely known that this 
type of spectral counting is not expected to produce accurate quantification results. Normalized 
spectral counting algorithms are a significant improvement over the basic spectral counting 
method shown here and reference 1 from which these data were obtained describes a such a 
method. Implementation of such a method using emPAI values is planned for the individual study 
factors is being considered for a future Proteome Discoverer software release. However, all 
spectral counting-based quantification methods usually provide poorer sensitivity and dynamic 
range than other quantitative techniques due to the requirement for multiple PSMs for any given 
protein. As can be seen in Table 1, less than half of the Arabidopsis proteins could be quantified 
across the full dynamic range due to lack of PSMs in the samples with lowest protein abundance.

The “Top N” protein quantification results are shown in the second set of columns in Table 1.  The 
accuracy of the ratios is noticeably improved compared to spectral counting, producing a 
response that is closer to linear.  However, there are fewer quantified proteins in the “Top N” 
method than for spectral counting, primarily due to the requirement that the same three peptides 
need to be identified across all of the datasets. This is in effect even more stringent than the 
spectral counting method above and as a result even fewer proteins are quantified across the 
samples.  Also, while the accuracy of the ratios is improved, the precision of the measurements 
are not much improved over spectral counting.  

For feature detection-based quantification, the calculated ratios were significantly closer to the 
theoretically expected values at the lowest Arabidopsis concentrations. The precision of the ratios 
was also significantly improved in almost all cases for the feature detection results. The use of 
feature mapping led to a significantly increased number of quantified proteins given that only a 
single PSM is required for a given peptide across all raw files. The accuracy and precision of this 
method also benefits from the use normalization based on the E. coli proteins, which are known to 
be equally abundant across all samples.

A screen shot of the Arabidopsis protein identification results with untargeted label-free 
quantification is shown in Figure 4. The ratios and the scaled abundances for the identified 
proteins and peptide groups are color coded based on the level of expression. Scaled 
abundances were originally introduced in Proteome Discoverer 2.1 software primarily for the TMT 
quantification workflow and are now available in the preliminary version of Proteome Discoverer 
2.2 software for feature detection-based label free quantification. The samples can be sorted by 
scaled abundance for any given sample type, as seen in Figure 4 for the highlighted 0.05 sample 
group.  It can be easily seen that each of the proteasome proteins exhibit a similar trend by simply 
looking at the pattern of blue and red boxes. Also, since the scaled abundances exhibit the same 
profile as the ratios, the need for the calculation of ratios is somewhat obviated.

A typical Consensus workflow for label free quantification is also shown in Figure 1. There are 
two new nodes added to this workflow that perform retention time alignment and feature 
mapping. The feature mapper groups features detected from the Processing runs into 
“Consensus Features” that are mapped and quantified across all raw files and performs gap 
filling to find features that were not initially detected in the processing workflows. The Peptide 
and Protein Quantifier node works as previously, with improvements to scaling and 
normalization that benefit all quantification workflows.

There are three new tabs for feature detection results in the consensus report: Consensus 
Features, LCMS Features, and LCMS Peaks. The LCMS features are isotopic clusters 
grouped together for a given raw dataset and consist of multiple LCMS Peaks. Ultimately, the 
release may not include the LCMS Peaks list given that as much as 10’s of millions peaks 
could be detected in complex datasets. The consensus features link directly to the associated 
peptide group as well as the list of LCMS features detected from each data files (Figure 2).  
Also, when a consensus feature is selected, the traces for each of the features are shown in 
the chromatogram traces view. When a single LCMS Feature is selected, the chromatographic 
profile for only that individual feature is displayed.

Figure 1. Typical Processing and Consensus workflows for untargeted label-free 
quantification. The Minora Feature Detector, Rt-Aligner and Feature Mapper are new nodes 
created for the untargeted label-free quantification workflow. The Minora Feature Detector 
will also replace the old Precursor Ions Quantifier node used for SILAC and other precursor 
ion quantification workflows.

Figure 2. The Consensus Features table is linked to the collection of LCMS Features from 
each raw file. The chromatographic profiles for each LCMS Feature are shown in the 
Chromatogram Traces View at the bottom.
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Figure 3. Base peak chromatograms for three of the LC/MS runs, each scaled to 2e7 
intensity.  The dataset at the bottom is dominated by Arabidopsis peptides, leading to 
significant suppression the E coli peptides. Also, the typical chromatographic peak in this 
chromatogram can be up to 5 minutes wide, also decreasing the number of peptides and 
proteins that can be identified.
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0.05 0.59±0.24 28 0.22±0.32 22 0.040±0.028 47
0.1 0.45±0.19 33 0.24±0.16 26 0.084±0.050 49
0.25 0.7±0.27 47 0.4±0.29 36 0.24±0.10 52
0.5 0.77±0.24 50 0.51±0.27 39 0.52±0.13 54
1.5 1.48±0.50 52 1.72±0.60 47 1.35±0.24 55
2 1.9±0.93 52 2.85±1.51 47 1.91±1.0 55
3 1.67±0.70 52 3.92±1.80 47 2.82±0.80 55

Table 1. Average Arabidopsis thaliana protein ratios and standard deviations using the 1 ug
sample as the denominator for the three different label-free quantitative methods. The 
number of quantified proteins associated with each quantification method is also displayed 
in the column adjacent to the ratios. There were 55 identified Arabidopsis proteins in total 
identified across the samples.

Figure 4. Untargeted label-free quantification results within the Proteome Discoverer 
software framework. Both the ratios and the scaled abundance values are color-coded to 
display significantly under- or over-expressed proteins.

Processing Consensus

Figure 5. Minora feature detection results for the subset of the Pandey human proteome 
dataset.  The features are sorted by decreasing scaled abundance for the frontal cortex 
sample.

Conclusions 
 ON product and n-1 failure sequence, were separated 

on the DNAPac RP column. High resolution orbitrap 
mass spectrometer revealed loss of each of the four 
bases. 

 RNAi ONs harboring diastereomers of 
phosphorothioate with our without 2’-O-methyl 
modifications were separated using high pH mobile 
phases.  

 CpG methylation was successfully identified using 
DNAPac RP and high resolution mass spectrometer. 
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Overview 
Purpose: Demonstrate fast analysis of oligonucleotides 
(ONs), impurities and structurally modified ONs using ion-
pair reversed phase chromatography and ESI-MS. 

Methods: Reverse phase separation of ONs were 
acheived using Thermo Scientific™ DNAPac™ RP column 
coupled with Thermo Scientific™ Q Exactive™ Plus hybrid 
quadrupole-Orbitrap mass spectrometer. TEA/HFIP mobile 
phases at two different pH values were used for 
separation of ONs. 

Results: ON product, n-1 failure sequence, 
phosphorothioate, 2’-O-methyl modified siRNA strands 
and CpG methylated ON were successfully separated and 
identified by LC/MS using short 3 or 5 minute gradients. 

Introduction 
Synthetic ONs with different functionalities including 
antisense ONs, small interfering RNAs (siRNAs), 
aptamers and immunostimulatory RNAs (isRNAs) are 
candidate therapeutic agents due to their specificity, and 
well-established synthesis and modification technologies. 
Still characterization is required to satisfy regulatory 
agencies that efficacy and safety of these therapeutic ONs 
are established. Such analyses include characterization of 
modifications to the base, sugar and backbone linkages, 
as these are commonly employed to decrease in vivo 
degradation and increase therapeutic efficacy. High 
performance LC and LC/MS are the preferred tools for 
these analyses, and are often used for more common ON 
purity assessments. Ion-pair reversed phase LC, with 
volatile mobile phase components, can be directly coupled 
to MS. Here we introduce a new polymeric reversed 
phase column and ion-pair methods for LC/MS ON 
analysis. 

Methods  

Samples 
21mer DNA: GATTGTAGGTTCTCTAACGCT 

21mer siRNA sense strand 1: 
AGCUGACCCUGAAGSUUCAUdCdT 

21mer siRNA sense strand 2: A-MeOG-C-MeOU-G-
MeOA-s-C-MeOC-C-MeOU-G-MeOA-A-MeOG-s-U-
MeOU-C-MeOA-U-dCdT 
15mer DNA: CGGCATCCTTATTGG  
CpG methylated 15mer DNA:                                        
iMe-dC/GGCATCCTTATTGG  
Liquid Chromatography 
HPLC experiments were carried out using a Thermo  
Scientific™ Dionex™ UltiMate™ 3000 BioRS system 
equipped with: 

SR-3000 Solvent Rack (P/N 5035.9200) 
LPG-3400RS Biocompatible Quaternary Rapid 
Separation Pump (P/N 5040.0036) 
WPS-3000TBRS Biocompatible Rapid Separation 
Thermostatted Autosampler (P/N 5841.0020) 
TCC-3000RS Rapid Separation Thermostatted Column 
Compartment (P/N 5730.0000) 
VWD-3400RS Rapid Separation Variable Wavelength 
Detector  (VWD) equipped with micro flow cell (P/N 
5074.0010) 
Chromatography was controlled by Thermo  Scientific™ 
Dionex™ Chromeleon™ Chromatography Data System . 

Mass Spectrometry 
The Thermo Scientific™ Q Exactive™ Plus hybrid 
quadrupole-Orbitrap mass spectrometer was used for this 
study. All data were acquired in negative ion mode.  

Results  
Analysis of failure sequences 

Synthetic ONs molecules are used as PCR primers, 
aptamers, as library adaptors for genomic studies and as 
therapeutic agents.1,2 High purity ONs in these applications 
are required. Therefore separation and identification of 
failure sequences and other impurities is critical for the 
production of ON drugs.  

In Figure 1a, a 21mer ON was analyzed using mass spec 
compatible mobile phases (TEA, HFIP). A small peak in 
front of the target peak was observed. The MS data 
confirmed the desired target product. Monoisotopic m/z 
value at charge state -4 for the 21 mer DNA was 1605.016 
with mass accuracy of 1.87 ppm (Figure 1b). The high 
resolution mass spectrometer revealed loss of each of the 
four bases in the n-1 peak. The masses of failure 
sequences with missing Guanine or Adenine or Cytosine or 
Thymine were detected (Figure 1c). 

 

Analysis of phosphorothioate and 2’-O-methyl 
modified siRNAs 

Synthetic siRNAs are important tools for gene function 
studies and as potential therapeutic agents.2 Nucleic acids 
are often modified to increase in vivo stability. A common 
modification in DNA and RNA is incorporation of 
phosphorothioate (PS) linkages. Another common, but 
RNA-specific modification is 2’-O-methylation on ribose. 
The PS linkage introduces a chiral center at phosphorus in 
addition to the chiral centers in D-ribose of the nucleic acid. 
Therefore PS modified linkages produce diastereoisomer 
pairs at each PS linkage.  

Figure 2 shows the separation of a sense strand that has 
one phosphorothioate linkage incorporated at base 14 in 
the sequence. The two possible diastereoisomers were 
baseline separated on the DNAPac RP column using high 
pH mobile phases. At -4 charge state, m/z value of first and 
the second peaks were 1655.964 and 1655.971 
respectively, indicating these molecules to be 
diastereoisomers rather than failure sequences other 
impurities. 
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FIGURE 1. LC/MS analysis of failure sequences. a) UV 
and ion current traces. b) Mass spectrum of 21mer at -
4 charge state. c) Mass spectrum of n-1 failure 
sequence at -4 charge state. 

FIGURE 2. LC/MS analysis of phosphorothioate 
modified siRNA 
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FIGURE 4. LC/MS analysis of CpG methylation. a) UV 
and ion current traces. b) Mass spectra of peaks at -3 
charge state. 

Analysis of phosphorothioate and 2’-O-methyl 
modified siRNAs 

Methylation of CpG sequences in the promoter regions 
suppresses the expression of the gene and aberrant 
methylation has been implicated in the development and 
progression of cancer.3 Therefore detection of CpG 
methylation is important for epigenetics studies and cancer 
research. In Figure 4, an unmodified ON and the CpG 
methylated ON are well resolved on the DNAPac RP 
column. Figure 4b shows the -3 charge state of unmodified 
CpG ON at m/z 1517.919 and the -3 charge state of 
methylated CpG ON at m/z 1522.593.The mass difference 
between the methylated and unmodified peaks 
corresponds to one methyl group.  

FIGURE 3. LC/MS analysis of phosphorothioate and 2’-
O-methyl modified siRNA. a) UV and ion current traces. 
b) Mass spectra of peaks at -4 charge state. 

In Figure 3, sense strand of the siRNA was 2’-O-
methylated on alternate bases and contains 
phosphorothioate linkages at the 6th and 14th bases. The 
UV trace and the ion current traces show the separation of 
all four possible phosphorothioate diastereoisomers. The 
high resolution MS data reveal identical masses for all four 
peaks confirming these molecules to be isomers. 
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Conclusions 
 ON product and n-1 failure sequence, were separated 

on the DNAPac RP column. High resolution orbitrap 
mass spectrometer revealed loss of each of the four 
bases. 

 RNAi ONs harboring diastereomers of 
phosphorothioate with our without 2’-O-methyl 
modifications were separated using high pH mobile 
phases.  

 CpG methylation was successfully identified using 
DNAPac RP and high resolution mass spectrometer. 
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Overview 
Purpose: Demonstrate fast analysis of oligonucleotides 
(ONs), impurities and structurally modified ONs using ion-
pair reversed phase chromatography and ESI-MS. 

Methods: Reverse phase separation of ONs were 
acheived using Thermo Scientific™ DNAPac™ RP column 
coupled with Thermo Scientific™ Q Exactive™ Plus hybrid 
quadrupole-Orbitrap mass spectrometer. TEA/HFIP mobile 
phases at two different pH values were used for 
separation of ONs. 

Results: ON product, n-1 failure sequence, 
phosphorothioate, 2’-O-methyl modified siRNA strands 
and CpG methylated ON were successfully separated and 
identified by LC/MS using short 3 or 5 minute gradients. 

Introduction 
Synthetic ONs with different functionalities including 
antisense ONs, small interfering RNAs (siRNAs), 
aptamers and immunostimulatory RNAs (isRNAs) are 
candidate therapeutic agents due to their specificity, and 
well-established synthesis and modification technologies. 
Still characterization is required to satisfy regulatory 
agencies that efficacy and safety of these therapeutic ONs 
are established. Such analyses include characterization of 
modifications to the base, sugar and backbone linkages, 
as these are commonly employed to decrease in vivo 
degradation and increase therapeutic efficacy. High 
performance LC and LC/MS are the preferred tools for 
these analyses, and are often used for more common ON 
purity assessments. Ion-pair reversed phase LC, with 
volatile mobile phase components, can be directly coupled 
to MS. Here we introduce a new polymeric reversed 
phase column and ion-pair methods for LC/MS ON 
analysis. 

Methods  

Samples 
21mer DNA: GATTGTAGGTTCTCTAACGCT 

21mer siRNA sense strand 1: 
AGCUGACCCUGAAGSUUCAUdCdT 

21mer siRNA sense strand 2: A-MeOG-C-MeOU-G-
MeOA-s-C-MeOC-C-MeOU-G-MeOA-A-MeOG-s-U-
MeOU-C-MeOA-U-dCdT 
15mer DNA: CGGCATCCTTATTGG  
CpG methylated 15mer DNA:                                        
iMe-dC/GGCATCCTTATTGG  
Liquid Chromatography 
HPLC experiments were carried out using a Thermo  
Scientific™ Dionex™ UltiMate™ 3000 BioRS system 
equipped with: 

SR-3000 Solvent Rack (P/N 5035.9200) 
LPG-3400RS Biocompatible Quaternary Rapid 
Separation Pump (P/N 5040.0036) 
WPS-3000TBRS Biocompatible Rapid Separation 
Thermostatted Autosampler (P/N 5841.0020) 
TCC-3000RS Rapid Separation Thermostatted Column 
Compartment (P/N 5730.0000) 
VWD-3400RS Rapid Separation Variable Wavelength 
Detector  (VWD) equipped with micro flow cell (P/N 
5074.0010) 
Chromatography was controlled by Thermo  Scientific™ 
Dionex™ Chromeleon™ Chromatography Data System . 

Mass Spectrometry 
The Thermo Scientific™ Q Exactive™ Plus hybrid 
quadrupole-Orbitrap mass spectrometer was used for this 
study. All data were acquired in negative ion mode.  

Results  
Analysis of failure sequences 

Synthetic ONs molecules are used as PCR primers, 
aptamers, as library adaptors for genomic studies and as 
therapeutic agents.1,2 High purity ONs in these applications 
are required. Therefore separation and identification of 
failure sequences and other impurities is critical for the 
production of ON drugs.  

In Figure 1a, a 21mer ON was analyzed using mass spec 
compatible mobile phases (TEA, HFIP). A small peak in 
front of the target peak was observed. The MS data 
confirmed the desired target product. Monoisotopic m/z 
value at charge state -4 for the 21 mer DNA was 1605.016 
with mass accuracy of 1.87 ppm (Figure 1b). The high 
resolution mass spectrometer revealed loss of each of the 
four bases in the n-1 peak. The masses of failure 
sequences with missing Guanine or Adenine or Cytosine or 
Thymine were detected (Figure 1c). 

 

Analysis of phosphorothioate and 2’-O-methyl 
modified siRNAs 

Synthetic siRNAs are important tools for gene function 
studies and as potential therapeutic agents.2 Nucleic acids 
are often modified to increase in vivo stability. A common 
modification in DNA and RNA is incorporation of 
phosphorothioate (PS) linkages. Another common, but 
RNA-specific modification is 2’-O-methylation on ribose. 
The PS linkage introduces a chiral center at phosphorus in 
addition to the chiral centers in D-ribose of the nucleic acid. 
Therefore PS modified linkages produce diastereoisomer 
pairs at each PS linkage.  

Figure 2 shows the separation of a sense strand that has 
one phosphorothioate linkage incorporated at base 14 in 
the sequence. The two possible diastereoisomers were 
baseline separated on the DNAPac RP column using high 
pH mobile phases. At -4 charge state, m/z value of first and 
the second peaks were 1655.964 and 1655.971 
respectively, indicating these molecules to be 
diastereoisomers rather than failure sequences other 
impurities. 
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FIGURE 1. LC/MS analysis of failure sequences. a) UV 
and ion current traces. b) Mass spectrum of 21mer at -
4 charge state. c) Mass spectrum of n-1 failure 
sequence at -4 charge state. 

FIGURE 2. LC/MS analysis of phosphorothioate 
modified siRNA 

High Resolution LC/MS analysis of Therapeutic Oligonucleotides on a New 
Porous Polymer-Based Reversed Phase Column 
Robert van Ling1), Julia Baek2), Jim Thayer2), Shanhua Lin2), Hongxia Wang2), Ilze Birznieks2) and Xiaodong Liu2) 
1)Thermo Fisher Scientific, Breda, The Netherlands, 2)Thermo Fisher Scientific, Sunnyvale, CA 

FIGURE 4. LC/MS analysis of CpG methylation. a) UV 
and ion current traces. b) Mass spectra of peaks at -3 
charge state. 

Analysis of phosphorothioate and 2’-O-methyl 
modified siRNAs 

Methylation of CpG sequences in the promoter regions 
suppresses the expression of the gene and aberrant 
methylation has been implicated in the development and 
progression of cancer.3 Therefore detection of CpG 
methylation is important for epigenetics studies and cancer 
research. In Figure 4, an unmodified ON and the CpG 
methylated ON are well resolved on the DNAPac RP 
column. Figure 4b shows the -3 charge state of unmodified 
CpG ON at m/z 1517.919 and the -3 charge state of 
methylated CpG ON at m/z 1522.593.The mass difference 
between the methylated and unmodified peaks 
corresponds to one methyl group.  

FIGURE 3. LC/MS analysis of phosphorothioate and 2’-
O-methyl modified siRNA. a) UV and ion current traces. 
b) Mass spectra of peaks at -4 charge state. 

In Figure 3, sense strand of the siRNA was 2’-O-
methylated on alternate bases and contains 
phosphorothioate linkages at the 6th and 14th bases. The 
UV trace and the ion current traces show the separation of 
all four possible phosphorothioate diastereoisomers. The 
high resolution MS data reveal identical masses for all four 
peaks confirming these molecules to be isomers. 
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Inj. volume: 3 µL 
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MS (Negative-ion mode)
Mass Spec: Q Exactive Plus
Sample: 21mer siRNA
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Conclusions 
 ON product and n-1 failure sequence, were separated 

on the DNAPac RP column. High resolution orbitrap 
mass spectrometer revealed loss of each of the four 
bases. 

 RNAi ONs harboring diastereomers of 
phosphorothioate with our without 2’-O-methyl 
modifications were separated using high pH mobile 
phases.  

 CpG methylation was successfully identified using 
DNAPac RP and high resolution mass spectrometer. 
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Overview 
Purpose: Demonstrate fast analysis of oligonucleotides 
(ONs), impurities and structurally modified ONs using ion-
pair reversed phase chromatography and ESI-MS. 

Methods: Reverse phase separation of ONs were 
acheived using Thermo Scientific™ DNAPac™ RP column 
coupled with Thermo Scientific™ Q Exactive™ Plus hybrid 
quadrupole-Orbitrap mass spectrometer. TEA/HFIP mobile 
phases at two different pH values were used for 
separation of ONs. 

Results: ON product, n-1 failure sequence, 
phosphorothioate, 2’-O-methyl modified siRNA strands 
and CpG methylated ON were successfully separated and 
identified by LC/MS using short 3 or 5 minute gradients. 

Introduction 
Synthetic ONs with different functionalities including 
antisense ONs, small interfering RNAs (siRNAs), 
aptamers and immunostimulatory RNAs (isRNAs) are 
candidate therapeutic agents due to their specificity, and 
well-established synthesis and modification technologies. 
Still characterization is required to satisfy regulatory 
agencies that efficacy and safety of these therapeutic ONs 
are established. Such analyses include characterization of 
modifications to the base, sugar and backbone linkages, 
as these are commonly employed to decrease in vivo 
degradation and increase therapeutic efficacy. High 
performance LC and LC/MS are the preferred tools for 
these analyses, and are often used for more common ON 
purity assessments. Ion-pair reversed phase LC, with 
volatile mobile phase components, can be directly coupled 
to MS. Here we introduce a new polymeric reversed 
phase column and ion-pair methods for LC/MS ON 
analysis. 

Methods  

Samples 
21mer DNA: GATTGTAGGTTCTCTAACGCT 

21mer siRNA sense strand 1: 
AGCUGACCCUGAAGSUUCAUdCdT 

21mer siRNA sense strand 2: A-MeOG-C-MeOU-G-
MeOA-s-C-MeOC-C-MeOU-G-MeOA-A-MeOG-s-U-
MeOU-C-MeOA-U-dCdT 
15mer DNA: CGGCATCCTTATTGG  
CpG methylated 15mer DNA:                                        
iMe-dC/GGCATCCTTATTGG  
Liquid Chromatography 
HPLC experiments were carried out using a Thermo  
Scientific™ Dionex™ UltiMate™ 3000 BioRS system 
equipped with: 

SR-3000 Solvent Rack (P/N 5035.9200) 
LPG-3400RS Biocompatible Quaternary Rapid 
Separation Pump (P/N 5040.0036) 
WPS-3000TBRS Biocompatible Rapid Separation 
Thermostatted Autosampler (P/N 5841.0020) 
TCC-3000RS Rapid Separation Thermostatted Column 
Compartment (P/N 5730.0000) 
VWD-3400RS Rapid Separation Variable Wavelength 
Detector  (VWD) equipped with micro flow cell (P/N 
5074.0010) 
Chromatography was controlled by Thermo  Scientific™ 
Dionex™ Chromeleon™ Chromatography Data System . 

Mass Spectrometry 
The Thermo Scientific™ Q Exactive™ Plus hybrid 
quadrupole-Orbitrap mass spectrometer was used for this 
study. All data were acquired in negative ion mode.  

Results  
Analysis of failure sequences 

Synthetic ONs molecules are used as PCR primers, 
aptamers, as library adaptors for genomic studies and as 
therapeutic agents.1,2 High purity ONs in these applications 
are required. Therefore separation and identification of 
failure sequences and other impurities is critical for the 
production of ON drugs.  

In Figure 1a, a 21mer ON was analyzed using mass spec 
compatible mobile phases (TEA, HFIP). A small peak in 
front of the target peak was observed. The MS data 
confirmed the desired target product. Monoisotopic m/z 
value at charge state -4 for the 21 mer DNA was 1605.016 
with mass accuracy of 1.87 ppm (Figure 1b). The high 
resolution mass spectrometer revealed loss of each of the 
four bases in the n-1 peak. The masses of failure 
sequences with missing Guanine or Adenine or Cytosine or 
Thymine were detected (Figure 1c). 

 

Analysis of phosphorothioate and 2’-O-methyl 
modified siRNAs 

Synthetic siRNAs are important tools for gene function 
studies and as potential therapeutic agents.2 Nucleic acids 
are often modified to increase in vivo stability. A common 
modification in DNA and RNA is incorporation of 
phosphorothioate (PS) linkages. Another common, but 
RNA-specific modification is 2’-O-methylation on ribose. 
The PS linkage introduces a chiral center at phosphorus in 
addition to the chiral centers in D-ribose of the nucleic acid. 
Therefore PS modified linkages produce diastereoisomer 
pairs at each PS linkage.  

Figure 2 shows the separation of a sense strand that has 
one phosphorothioate linkage incorporated at base 14 in 
the sequence. The two possible diastereoisomers were 
baseline separated on the DNAPac RP column using high 
pH mobile phases. At -4 charge state, m/z value of first and 
the second peaks were 1655.964 and 1655.971 
respectively, indicating these molecules to be 
diastereoisomers rather than failure sequences other 
impurities. 
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FIGURE 1. LC/MS analysis of failure sequences. a) UV 
and ion current traces. b) Mass spectrum of 21mer at -
4 charge state. c) Mass spectrum of n-1 failure 
sequence at -4 charge state. 

FIGURE 2. LC/MS analysis of phosphorothioate 
modified siRNA 

High Resolution LC/MS analysis of Therapeutic Oligonucleotides on a New 
Porous Polymer-Based Reversed Phase Column 
Robert van Ling1), Julia Baek2), Jim Thayer2), Shanhua Lin2), Hongxia Wang2), Ilze Birznieks2) and Xiaodong Liu2) 
1)Thermo Fisher Scientific, Breda, The Netherlands, 2)Thermo Fisher Scientific, Sunnyvale, CA 

FIGURE 4. LC/MS analysis of CpG methylation. a) UV 
and ion current traces. b) Mass spectra of peaks at -3 
charge state. 

Analysis of phosphorothioate and 2’-O-methyl 
modified siRNAs 

Methylation of CpG sequences in the promoter regions 
suppresses the expression of the gene and aberrant 
methylation has been implicated in the development and 
progression of cancer.3 Therefore detection of CpG 
methylation is important for epigenetics studies and cancer 
research. In Figure 4, an unmodified ON and the CpG 
methylated ON are well resolved on the DNAPac RP 
column. Figure 4b shows the -3 charge state of unmodified 
CpG ON at m/z 1517.919 and the -3 charge state of 
methylated CpG ON at m/z 1522.593.The mass difference 
between the methylated and unmodified peaks 
corresponds to one methyl group.  

FIGURE 3. LC/MS analysis of phosphorothioate and 2’-
O-methyl modified siRNA. a) UV and ion current traces. 
b) Mass spectra of peaks at -4 charge state. 

In Figure 3, sense strand of the siRNA was 2’-O-
methylated on alternate bases and contains 
phosphorothioate linkages at the 6th and 14th bases. The 
UV trace and the ion current traces show the separation of 
all four possible phosphorothioate diastereoisomers. The 
high resolution MS data reveal identical masses for all four 
peaks confirming these molecules to be isomers. 
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Column: DNAPac RP, 4 µm
Format: 2.1 50 mm
Mobile phase A: 35 mM TEA, 40 mM HFIP, pH 9.9
Mobile phase B: 35 mM TEA, 40 mM HFIP in Water / 

Methanol (75:25 v/v)

Gradient:
Time (min) %A %B
0.0 93 7
5.0 52 48
5.1 10 90
7.0 10 90
7.1 93 7

13.0 93 7 

Temperature: 30 ºC
Flow rate: 0.25 mL/min
Inj. volume: 3 µL 
Detection: UV (260 nm)

MS (Negative-ion mode)
Mass Spec: Q Exactive Plus
Sample: 21mer siRNA

AGCUGACCCUGAAGSUUCAUdCdT
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Conclusions 
 ON product and n-1 failure sequence, were separated 

on the DNAPac RP column. High resolution orbitrap 
mass spectrometer revealed loss of each of the four 
bases. 

 RNAi ONs harboring diastereomers of 
phosphorothioate with our without 2’-O-methyl 
modifications were separated using high pH mobile 
phases.  

 CpG methylation was successfully identified using 
DNAPac RP and high resolution mass spectrometer. 
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Overview 
Purpose: Demonstrate fast analysis of oligonucleotides 
(ONs), impurities and structurally modified ONs using ion-
pair reversed phase chromatography and ESI-MS. 

Methods: Reverse phase separation of ONs were 
acheived using Thermo Scientific™ DNAPac™ RP column 
coupled with Thermo Scientific™ Q Exactive™ Plus hybrid 
quadrupole-Orbitrap mass spectrometer. TEA/HFIP mobile 
phases at two different pH values were used for 
separation of ONs. 

Results: ON product, n-1 failure sequence, 
phosphorothioate, 2’-O-methyl modified siRNA strands 
and CpG methylated ON were successfully separated and 
identified by LC/MS using short 3 or 5 minute gradients. 

Introduction 
Synthetic ONs with different functionalities including 
antisense ONs, small interfering RNAs (siRNAs), 
aptamers and immunostimulatory RNAs (isRNAs) are 
candidate therapeutic agents due to their specificity, and 
well-established synthesis and modification technologies. 
Still characterization is required to satisfy regulatory 
agencies that efficacy and safety of these therapeutic ONs 
are established. Such analyses include characterization of 
modifications to the base, sugar and backbone linkages, 
as these are commonly employed to decrease in vivo 
degradation and increase therapeutic efficacy. High 
performance LC and LC/MS are the preferred tools for 
these analyses, and are often used for more common ON 
purity assessments. Ion-pair reversed phase LC, with 
volatile mobile phase components, can be directly coupled 
to MS. Here we introduce a new polymeric reversed 
phase column and ion-pair methods for LC/MS ON 
analysis. 

Methods  

Samples 
21mer DNA: GATTGTAGGTTCTCTAACGCT 

21mer siRNA sense strand 1: 
AGCUGACCCUGAAGSUUCAUdCdT 

21mer siRNA sense strand 2: A-MeOG-C-MeOU-G-
MeOA-s-C-MeOC-C-MeOU-G-MeOA-A-MeOG-s-U-
MeOU-C-MeOA-U-dCdT 
15mer DNA: CGGCATCCTTATTGG  
CpG methylated 15mer DNA:                                        
iMe-dC/GGCATCCTTATTGG  
Liquid Chromatography 
HPLC experiments were carried out using a Thermo  
Scientific™ Dionex™ UltiMate™ 3000 BioRS system 
equipped with: 

SR-3000 Solvent Rack (P/N 5035.9200) 
LPG-3400RS Biocompatible Quaternary Rapid 
Separation Pump (P/N 5040.0036) 
WPS-3000TBRS Biocompatible Rapid Separation 
Thermostatted Autosampler (P/N 5841.0020) 
TCC-3000RS Rapid Separation Thermostatted Column 
Compartment (P/N 5730.0000) 
VWD-3400RS Rapid Separation Variable Wavelength 
Detector  (VWD) equipped with micro flow cell (P/N 
5074.0010) 
Chromatography was controlled by Thermo  Scientific™ 
Dionex™ Chromeleon™ Chromatography Data System . 

Mass Spectrometry 
The Thermo Scientific™ Q Exactive™ Plus hybrid 
quadrupole-Orbitrap mass spectrometer was used for this 
study. All data were acquired in negative ion mode.  

Results  
Analysis of failure sequences 

Synthetic ONs molecules are used as PCR primers, 
aptamers, as library adaptors for genomic studies and as 
therapeutic agents.1,2 High purity ONs in these applications 
are required. Therefore separation and identification of 
failure sequences and other impurities is critical for the 
production of ON drugs.  

In Figure 1a, a 21mer ON was analyzed using mass spec 
compatible mobile phases (TEA, HFIP). A small peak in 
front of the target peak was observed. The MS data 
confirmed the desired target product. Monoisotopic m/z 
value at charge state -4 for the 21 mer DNA was 1605.016 
with mass accuracy of 1.87 ppm (Figure 1b). The high 
resolution mass spectrometer revealed loss of each of the 
four bases in the n-1 peak. The masses of failure 
sequences with missing Guanine or Adenine or Cytosine or 
Thymine were detected (Figure 1c). 

 

Analysis of phosphorothioate and 2’-O-methyl 
modified siRNAs 

Synthetic siRNAs are important tools for gene function 
studies and as potential therapeutic agents.2 Nucleic acids 
are often modified to increase in vivo stability. A common 
modification in DNA and RNA is incorporation of 
phosphorothioate (PS) linkages. Another common, but 
RNA-specific modification is 2’-O-methylation on ribose. 
The PS linkage introduces a chiral center at phosphorus in 
addition to the chiral centers in D-ribose of the nucleic acid. 
Therefore PS modified linkages produce diastereoisomer 
pairs at each PS linkage.  

Figure 2 shows the separation of a sense strand that has 
one phosphorothioate linkage incorporated at base 14 in 
the sequence. The two possible diastereoisomers were 
baseline separated on the DNAPac RP column using high 
pH mobile phases. At -4 charge state, m/z value of first and 
the second peaks were 1655.964 and 1655.971 
respectively, indicating these molecules to be 
diastereoisomers rather than failure sequences other 
impurities. 
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FIGURE 1. LC/MS analysis of failure sequences. a) UV 
and ion current traces. b) Mass spectrum of 21mer at -
4 charge state. c) Mass spectrum of n-1 failure 
sequence at -4 charge state. 

FIGURE 2. LC/MS analysis of phosphorothioate 
modified siRNA 

High Resolution LC/MS analysis of Therapeutic Oligonucleotides on a New 
Porous Polymer-Based Reversed Phase Column 
Robert van Ling1), Julia Baek2), Jim Thayer2), Shanhua Lin2), Hongxia Wang2), Ilze Birznieks2) and Xiaodong Liu2) 
1)Thermo Fisher Scientific, Breda, The Netherlands, 2)Thermo Fisher Scientific, Sunnyvale, CA 

FIGURE 4. LC/MS analysis of CpG methylation. a) UV 
and ion current traces. b) Mass spectra of peaks at -3 
charge state. 

Analysis of phosphorothioate and 2’-O-methyl 
modified siRNAs 

Methylation of CpG sequences in the promoter regions 
suppresses the expression of the gene and aberrant 
methylation has been implicated in the development and 
progression of cancer.3 Therefore detection of CpG 
methylation is important for epigenetics studies and cancer 
research. In Figure 4, an unmodified ON and the CpG 
methylated ON are well resolved on the DNAPac RP 
column. Figure 4b shows the -3 charge state of unmodified 
CpG ON at m/z 1517.919 and the -3 charge state of 
methylated CpG ON at m/z 1522.593.The mass difference 
between the methylated and unmodified peaks 
corresponds to one methyl group.  

FIGURE 3. LC/MS analysis of phosphorothioate and 2’-
O-methyl modified siRNA. a) UV and ion current traces. 
b) Mass spectra of peaks at -4 charge state. 

In Figure 3, sense strand of the siRNA was 2’-O-
methylated on alternate bases and contains 
phosphorothioate linkages at the 6th and 14th bases. The 
UV trace and the ion current traces show the separation of 
all four possible phosphorothioate diastereoisomers. The 
high resolution MS data reveal identical masses for all four 
peaks confirming these molecules to be isomers. 
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Gradient:
Time (min) %A %B
0.0 67 33
5.0 42 58
5.1 10 90
7.0 10 90
7.1 67 33

13.0 67 33 

Temperature: 30 ºC
Flow rate: 0.25 mL/min
Inj. volume: 3 µL 
Detection: UV (260 nm)

MS (Negative-ion mode)
Mass Spec: Q Exactive Plus
Sample: 21mer siRNA
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Column: DNAPac RP, 4 µm
Format: 2.1 50 mm
Mobile phase A: 35 mM TEA, 40 mM HFIP, pH 9.9
Mobile phase B: 35 mM TEA, 40 mM HFIP in Water / 

Methanol (75:25 v/v)

Gradient:
Time (min) %A %B
0.0 93 7
5.0 52 48
5.1 10 90
7.0 10 90
7.1 93 7

13.0 93 7 

Temperature: 30 ºC
Flow rate: 0.25 mL/min
Inj. volume: 3 µL 
Detection: UV (260 nm)

MS (Negative-ion mode)
Mass Spec: Q Exactive Plus
Sample: 21mer siRNA

AGCUGACCCUGAAGSUUCAUdCdT
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4.0 56 44
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Flow rate: 0.25
Inj. volume: 3 µL 
Detection: UV (260 nm)
Sample: 1) CGGCATCCTTATTGG 

2) /iMe-dC/GGCATCCTTATTGG 
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Conclusions 
 ON product and n-1 failure sequence, were separated 

on the DNAPac RP column. High resolution orbitrap 
mass spectrometer revealed loss of each of the four 
bases. 

 RNAi ONs harboring diastereomers of 
phosphorothioate with our without 2’-O-methyl 
modifications were separated using high pH mobile 
phases.  

 CpG methylation was successfully identified using 
DNAPac RP and high resolution mass spectrometer. 
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Overview 
Purpose: Demonstrate fast analysis of oligonucleotides 
(ONs), impurities and structurally modified ONs using ion-
pair reversed phase chromatography and ESI-MS. 

Methods: Reverse phase separation of ONs were 
acheived using Thermo Scientific™ DNAPac™ RP column 
coupled with Thermo Scientific™ Q Exactive™ Plus hybrid 
quadrupole-Orbitrap mass spectrometer. TEA/HFIP mobile 
phases at two different pH values were used for 
separation of ONs. 

Results: ON product, n-1 failure sequence, 
phosphorothioate, 2’-O-methyl modified siRNA strands 
and CpG methylated ON were successfully separated and 
identified by LC/MS using short 3 or 5 minute gradients. 

Introduction 
Synthetic ONs with different functionalities including 
antisense ONs, small interfering RNAs (siRNAs), 
aptamers and immunostimulatory RNAs (isRNAs) are 
candidate therapeutic agents due to their specificity, and 
well-established synthesis and modification technologies. 
Still characterization is required to satisfy regulatory 
agencies that efficacy and safety of these therapeutic ONs 
are established. Such analyses include characterization of 
modifications to the base, sugar and backbone linkages, 
as these are commonly employed to decrease in vivo 
degradation and increase therapeutic efficacy. High 
performance LC and LC/MS are the preferred tools for 
these analyses, and are often used for more common ON 
purity assessments. Ion-pair reversed phase LC, with 
volatile mobile phase components, can be directly coupled 
to MS. Here we introduce a new polymeric reversed 
phase column and ion-pair methods for LC/MS ON 
analysis. 

Methods  

Samples 
21mer DNA: GATTGTAGGTTCTCTAACGCT 

21mer siRNA sense strand 1: 
AGCUGACCCUGAAGSUUCAUdCdT 

21mer siRNA sense strand 2: A-MeOG-C-MeOU-G-
MeOA-s-C-MeOC-C-MeOU-G-MeOA-A-MeOG-s-U-
MeOU-C-MeOA-U-dCdT 
15mer DNA: CGGCATCCTTATTGG  
CpG methylated 15mer DNA:                                        
iMe-dC/GGCATCCTTATTGG  
Liquid Chromatography 
HPLC experiments were carried out using a Thermo  
Scientific™ Dionex™ UltiMate™ 3000 BioRS system 
equipped with: 

SR-3000 Solvent Rack (P/N 5035.9200) 
LPG-3400RS Biocompatible Quaternary Rapid 
Separation Pump (P/N 5040.0036) 
WPS-3000TBRS Biocompatible Rapid Separation 
Thermostatted Autosampler (P/N 5841.0020) 
TCC-3000RS Rapid Separation Thermostatted Column 
Compartment (P/N 5730.0000) 
VWD-3400RS Rapid Separation Variable Wavelength 
Detector  (VWD) equipped with micro flow cell (P/N 
5074.0010) 
Chromatography was controlled by Thermo  Scientific™ 
Dionex™ Chromeleon™ Chromatography Data System . 

Mass Spectrometry 
The Thermo Scientific™ Q Exactive™ Plus hybrid 
quadrupole-Orbitrap mass spectrometer was used for this 
study. All data were acquired in negative ion mode.  

Results  
Analysis of failure sequences 

Synthetic ONs molecules are used as PCR primers, 
aptamers, as library adaptors for genomic studies and as 
therapeutic agents.1,2 High purity ONs in these applications 
are required. Therefore separation and identification of 
failure sequences and other impurities is critical for the 
production of ON drugs.  

In Figure 1a, a 21mer ON was analyzed using mass spec 
compatible mobile phases (TEA, HFIP). A small peak in 
front of the target peak was observed. The MS data 
confirmed the desired target product. Monoisotopic m/z 
value at charge state -4 for the 21 mer DNA was 1605.016 
with mass accuracy of 1.87 ppm (Figure 1b). The high 
resolution mass spectrometer revealed loss of each of the 
four bases in the n-1 peak. The masses of failure 
sequences with missing Guanine or Adenine or Cytosine or 
Thymine were detected (Figure 1c). 

 

Analysis of phosphorothioate and 2’-O-methyl 
modified siRNAs 

Synthetic siRNAs are important tools for gene function 
studies and as potential therapeutic agents.2 Nucleic acids 
are often modified to increase in vivo stability. A common 
modification in DNA and RNA is incorporation of 
phosphorothioate (PS) linkages. Another common, but 
RNA-specific modification is 2’-O-methylation on ribose. 
The PS linkage introduces a chiral center at phosphorus in 
addition to the chiral centers in D-ribose of the nucleic acid. 
Therefore PS modified linkages produce diastereoisomer 
pairs at each PS linkage.  

Figure 2 shows the separation of a sense strand that has 
one phosphorothioate linkage incorporated at base 14 in 
the sequence. The two possible diastereoisomers were 
baseline separated on the DNAPac RP column using high 
pH mobile phases. At -4 charge state, m/z value of first and 
the second peaks were 1655.964 and 1655.971 
respectively, indicating these molecules to be 
diastereoisomers rather than failure sequences other 
impurities. 
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FIGURE 1. LC/MS analysis of failure sequences. a) UV 
and ion current traces. b) Mass spectrum of 21mer at -
4 charge state. c) Mass spectrum of n-1 failure 
sequence at -4 charge state. 

FIGURE 2. LC/MS analysis of phosphorothioate 
modified siRNA 

High Resolution LC/MS analysis of Therapeutic Oligonucleotides on a New 
Porous Polymer-Based Reversed Phase Column 
Robert van Ling1), Julia Baek2), Jim Thayer2), Shanhua Lin2), Hongxia Wang2), Ilze Birznieks2) and Xiaodong Liu2) 
1)Thermo Fisher Scientific, Breda, The Netherlands, 2)Thermo Fisher Scientific, Sunnyvale, CA 

FIGURE 4. LC/MS analysis of CpG methylation. a) UV 
and ion current traces. b) Mass spectra of peaks at -3 
charge state. 

Analysis of phosphorothioate and 2’-O-methyl 
modified siRNAs 

Methylation of CpG sequences in the promoter regions 
suppresses the expression of the gene and aberrant 
methylation has been implicated in the development and 
progression of cancer.3 Therefore detection of CpG 
methylation is important for epigenetics studies and cancer 
research. In Figure 4, an unmodified ON and the CpG 
methylated ON are well resolved on the DNAPac RP 
column. Figure 4b shows the -3 charge state of unmodified 
CpG ON at m/z 1517.919 and the -3 charge state of 
methylated CpG ON at m/z 1522.593.The mass difference 
between the methylated and unmodified peaks 
corresponds to one methyl group.  

FIGURE 3. LC/MS analysis of phosphorothioate and 2’-
O-methyl modified siRNA. a) UV and ion current traces. 
b) Mass spectra of peaks at -4 charge state. 

In Figure 3, sense strand of the siRNA was 2’-O-
methylated on alternate bases and contains 
phosphorothioate linkages at the 6th and 14th bases. The 
UV trace and the ion current traces show the separation of 
all four possible phosphorothioate diastereoisomers. The 
high resolution MS data reveal identical masses for all four 
peaks confirming these molecules to be isomers. 
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Conclusions 
 ON product and n-1 failure sequence, were separated 

on the DNAPac RP column. High resolution orbitrap 
mass spectrometer revealed loss of each of the four 
bases. 

 RNAi ONs harboring diastereomers of 
phosphorothioate with our without 2’-O-methyl 
modifications were separated using high pH mobile 
phases.  

 CpG methylation was successfully identified using 
DNAPac RP and high resolution mass spectrometer. 
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Overview 
Purpose: Demonstrate fast analysis of oligonucleotides 
(ONs), impurities and structurally modified ONs using ion-
pair reversed phase chromatography and ESI-MS. 

Methods: Reverse phase separation of ONs were 
acheived using Thermo Scientific™ DNAPac™ RP column 
coupled with Thermo Scientific™ Q Exactive™ Plus hybrid 
quadrupole-Orbitrap mass spectrometer. TEA/HFIP mobile 
phases at two different pH values were used for 
separation of ONs. 

Results: ON product, n-1 failure sequence, 
phosphorothioate, 2’-O-methyl modified siRNA strands 
and CpG methylated ON were successfully separated and 
identified by LC/MS using short 3 or 5 minute gradients. 

Introduction 
Synthetic ONs with different functionalities including 
antisense ONs, small interfering RNAs (siRNAs), 
aptamers and immunostimulatory RNAs (isRNAs) are 
candidate therapeutic agents due to their specificity, and 
well-established synthesis and modification technologies. 
Still characterization is required to satisfy regulatory 
agencies that efficacy and safety of these therapeutic ONs 
are established. Such analyses include characterization of 
modifications to the base, sugar and backbone linkages, 
as these are commonly employed to decrease in vivo 
degradation and increase therapeutic efficacy. High 
performance LC and LC/MS are the preferred tools for 
these analyses, and are often used for more common ON 
purity assessments. Ion-pair reversed phase LC, with 
volatile mobile phase components, can be directly coupled 
to MS. Here we introduce a new polymeric reversed 
phase column and ion-pair methods for LC/MS ON 
analysis. 

Methods  

Samples 
21mer DNA: GATTGTAGGTTCTCTAACGCT 

21mer siRNA sense strand 1: 
AGCUGACCCUGAAGSUUCAUdCdT 

21mer siRNA sense strand 2: A-MeOG-C-MeOU-G-
MeOA-s-C-MeOC-C-MeOU-G-MeOA-A-MeOG-s-U-
MeOU-C-MeOA-U-dCdT 
15mer DNA: CGGCATCCTTATTGG  
CpG methylated 15mer DNA:                                        
iMe-dC/GGCATCCTTATTGG  
Liquid Chromatography 
HPLC experiments were carried out using a Thermo  
Scientific™ Dionex™ UltiMate™ 3000 BioRS system 
equipped with: 

SR-3000 Solvent Rack (P/N 5035.9200) 
LPG-3400RS Biocompatible Quaternary Rapid 
Separation Pump (P/N 5040.0036) 
WPS-3000TBRS Biocompatible Rapid Separation 
Thermostatted Autosampler (P/N 5841.0020) 
TCC-3000RS Rapid Separation Thermostatted Column 
Compartment (P/N 5730.0000) 
VWD-3400RS Rapid Separation Variable Wavelength 
Detector  (VWD) equipped with micro flow cell (P/N 
5074.0010) 
Chromatography was controlled by Thermo  Scientific™ 
Dionex™ Chromeleon™ Chromatography Data System . 

Mass Spectrometry 
The Thermo Scientific™ Q Exactive™ Plus hybrid 
quadrupole-Orbitrap mass spectrometer was used for this 
study. All data were acquired in negative ion mode.  

Results  
Analysis of failure sequences 

Synthetic ONs molecules are used as PCR primers, 
aptamers, as library adaptors for genomic studies and as 
therapeutic agents.1,2 High purity ONs in these applications 
are required. Therefore separation and identification of 
failure sequences and other impurities is critical for the 
production of ON drugs.  

In Figure 1a, a 21mer ON was analyzed using mass spec 
compatible mobile phases (TEA, HFIP). A small peak in 
front of the target peak was observed. The MS data 
confirmed the desired target product. Monoisotopic m/z 
value at charge state -4 for the 21 mer DNA was 1605.016 
with mass accuracy of 1.87 ppm (Figure 1b). The high 
resolution mass spectrometer revealed loss of each of the 
four bases in the n-1 peak. The masses of failure 
sequences with missing Guanine or Adenine or Cytosine or 
Thymine were detected (Figure 1c). 

 

Analysis of phosphorothioate and 2’-O-methyl 
modified siRNAs 

Synthetic siRNAs are important tools for gene function 
studies and as potential therapeutic agents.2 Nucleic acids 
are often modified to increase in vivo stability. A common 
modification in DNA and RNA is incorporation of 
phosphorothioate (PS) linkages. Another common, but 
RNA-specific modification is 2’-O-methylation on ribose. 
The PS linkage introduces a chiral center at phosphorus in 
addition to the chiral centers in D-ribose of the nucleic acid. 
Therefore PS modified linkages produce diastereoisomer 
pairs at each PS linkage.  

Figure 2 shows the separation of a sense strand that has 
one phosphorothioate linkage incorporated at base 14 in 
the sequence. The two possible diastereoisomers were 
baseline separated on the DNAPac RP column using high 
pH mobile phases. At -4 charge state, m/z value of first and 
the second peaks were 1655.964 and 1655.971 
respectively, indicating these molecules to be 
diastereoisomers rather than failure sequences other 
impurities. 
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FIGURE 1. LC/MS analysis of failure sequences. a) UV 
and ion current traces. b) Mass spectrum of 21mer at -
4 charge state. c) Mass spectrum of n-1 failure 
sequence at -4 charge state. 

FIGURE 2. LC/MS analysis of phosphorothioate 
modified siRNA 

High Resolution LC/MS analysis of Therapeutic Oligonucleotides on a New 
Porous Polymer-Based Reversed Phase Column 
Robert van Ling1), Julia Baek2), Jim Thayer2), Shanhua Lin2), Hongxia Wang2), Ilze Birznieks2) and Xiaodong Liu2) 
1)Thermo Fisher Scientific, Breda, The Netherlands, 2)Thermo Fisher Scientific, Sunnyvale, CA 

FIGURE 4. LC/MS analysis of CpG methylation. a) UV 
and ion current traces. b) Mass spectra of peaks at -3 
charge state. 

Analysis of phosphorothioate and 2’-O-methyl 
modified siRNAs 

Methylation of CpG sequences in the promoter regions 
suppresses the expression of the gene and aberrant 
methylation has been implicated in the development and 
progression of cancer.3 Therefore detection of CpG 
methylation is important for epigenetics studies and cancer 
research. In Figure 4, an unmodified ON and the CpG 
methylated ON are well resolved on the DNAPac RP 
column. Figure 4b shows the -3 charge state of unmodified 
CpG ON at m/z 1517.919 and the -3 charge state of 
methylated CpG ON at m/z 1522.593.The mass difference 
between the methylated and unmodified peaks 
corresponds to one methyl group.  

FIGURE 3. LC/MS analysis of phosphorothioate and 2’-
O-methyl modified siRNA. a) UV and ion current traces. 
b) Mass spectra of peaks at -4 charge state. 

In Figure 3, sense strand of the siRNA was 2’-O-
methylated on alternate bases and contains 
phosphorothioate linkages at the 6th and 14th bases. The 
UV trace and the ion current traces show the separation of 
all four possible phosphorothioate diastereoisomers. The 
high resolution MS data reveal identical masses for all four 
peaks confirming these molecules to be isomers. 
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Column: DNAPac RP, 4 µm
Format: 2.1 50 mm
Mobile phase A: 35 mM TEA, 40 mM HFIP, pH 9.9
Mobile phase B: 35 mM TEA, 40 mM HFIP in Water / 

Methanol (75:25 v/v)

Gradient:
Time (min) %A %B
0.0 93 7
5.0 52 48
5.1 10 90
7.0 10 90
7.1 93 7
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Temperature: 30 ºC
Flow rate: 0.25 mL/min
Inj. volume: 3 µL 
Detection: UV (260 nm)

MS (Negative-ion mode)
Mass Spec: Q Exactive Plus
Sample: 21mer siRNA

AGCUGACCCUGAAGSUUCAUdCdT
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Conclusions 
 ON product and n-1 failure sequence, were separated 

on the DNAPac RP column. High resolution orbitrap 
mass spectrometer revealed loss of each of the four 
bases. 

 RNAi ONs harboring diastereomers of 
phosphorothioate with our without 2’-O-methyl 
modifications were separated using high pH mobile 
phases.  

 CpG methylation was successfully identified using 
DNAPac RP and high resolution mass spectrometer. 
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Overview 
Purpose: Demonstrate fast analysis of oligonucleotides 
(ONs), impurities and structurally modified ONs using ion-
pair reversed phase chromatography and ESI-MS. 

Methods: Reverse phase separation of ONs were 
acheived using Thermo Scientific™ DNAPac™ RP column 
coupled with Thermo Scientific™ Q Exactive™ Plus hybrid 
quadrupole-Orbitrap mass spectrometer. TEA/HFIP mobile 
phases at two different pH values were used for 
separation of ONs. 

Results: ON product, n-1 failure sequence, 
phosphorothioate, 2’-O-methyl modified siRNA strands 
and CpG methylated ON were successfully separated and 
identified by LC/MS using short 3 or 5 minute gradients. 

Introduction 
Synthetic ONs with different functionalities including 
antisense ONs, small interfering RNAs (siRNAs), 
aptamers and immunostimulatory RNAs (isRNAs) are 
candidate therapeutic agents due to their specificity, and 
well-established synthesis and modification technologies. 
Still characterization is required to satisfy regulatory 
agencies that efficacy and safety of these therapeutic ONs 
are established. Such analyses include characterization of 
modifications to the base, sugar and backbone linkages, 
as these are commonly employed to decrease in vivo 
degradation and increase therapeutic efficacy. High 
performance LC and LC/MS are the preferred tools for 
these analyses, and are often used for more common ON 
purity assessments. Ion-pair reversed phase LC, with 
volatile mobile phase components, can be directly coupled 
to MS. Here we introduce a new polymeric reversed 
phase column and ion-pair methods for LC/MS ON 
analysis. 

Methods  

Samples 
21mer DNA: GATTGTAGGTTCTCTAACGCT 

21mer siRNA sense strand 1: 
AGCUGACCCUGAAGSUUCAUdCdT 

21mer siRNA sense strand 2: A-MeOG-C-MeOU-G-
MeOA-s-C-MeOC-C-MeOU-G-MeOA-A-MeOG-s-U-
MeOU-C-MeOA-U-dCdT 
15mer DNA: CGGCATCCTTATTGG  
CpG methylated 15mer DNA:                                        
iMe-dC/GGCATCCTTATTGG  
Liquid Chromatography 
HPLC experiments were carried out using a Thermo  
Scientific™ Dionex™ UltiMate™ 3000 BioRS system 
equipped with: 

SR-3000 Solvent Rack (P/N 5035.9200) 
LPG-3400RS Biocompatible Quaternary Rapid 
Separation Pump (P/N 5040.0036) 
WPS-3000TBRS Biocompatible Rapid Separation 
Thermostatted Autosampler (P/N 5841.0020) 
TCC-3000RS Rapid Separation Thermostatted Column 
Compartment (P/N 5730.0000) 
VWD-3400RS Rapid Separation Variable Wavelength 
Detector  (VWD) equipped with micro flow cell (P/N 
5074.0010) 
Chromatography was controlled by Thermo  Scientific™ 
Dionex™ Chromeleon™ Chromatography Data System . 

Mass Spectrometry 
The Thermo Scientific™ Q Exactive™ Plus hybrid 
quadrupole-Orbitrap mass spectrometer was used for this 
study. All data were acquired in negative ion mode.  

Results  
Analysis of failure sequences 

Synthetic ONs molecules are used as PCR primers, 
aptamers, as library adaptors for genomic studies and as 
therapeutic agents.1,2 High purity ONs in these applications 
are required. Therefore separation and identification of 
failure sequences and other impurities is critical for the 
production of ON drugs.  

In Figure 1a, a 21mer ON was analyzed using mass spec 
compatible mobile phases (TEA, HFIP). A small peak in 
front of the target peak was observed. The MS data 
confirmed the desired target product. Monoisotopic m/z 
value at charge state -4 for the 21 mer DNA was 1605.016 
with mass accuracy of 1.87 ppm (Figure 1b). The high 
resolution mass spectrometer revealed loss of each of the 
four bases in the n-1 peak. The masses of failure 
sequences with missing Guanine or Adenine or Cytosine or 
Thymine were detected (Figure 1c). 

 

Analysis of phosphorothioate and 2’-O-methyl 
modified siRNAs 

Synthetic siRNAs are important tools for gene function 
studies and as potential therapeutic agents.2 Nucleic acids 
are often modified to increase in vivo stability. A common 
modification in DNA and RNA is incorporation of 
phosphorothioate (PS) linkages. Another common, but 
RNA-specific modification is 2’-O-methylation on ribose. 
The PS linkage introduces a chiral center at phosphorus in 
addition to the chiral centers in D-ribose of the nucleic acid. 
Therefore PS modified linkages produce diastereoisomer 
pairs at each PS linkage.  

Figure 2 shows the separation of a sense strand that has 
one phosphorothioate linkage incorporated at base 14 in 
the sequence. The two possible diastereoisomers were 
baseline separated on the DNAPac RP column using high 
pH mobile phases. At -4 charge state, m/z value of first and 
the second peaks were 1655.964 and 1655.971 
respectively, indicating these molecules to be 
diastereoisomers rather than failure sequences other 
impurities. 

 

  

 

List all non-Thermo trademarks and registered trademarks that appear in the poster.  Examples include TMT, 
SEQUEST, ActiveX, Eksignet, Mascot.  Follow this with:  All other trademarks are the property of Thermo Fisher 
Scientific and its subsidiaries. 

This information is not intended to encourage use of these products in any manners that might infringe the intellectual 
property rights of others. 

FIGURE 1. LC/MS analysis of failure sequences. a) UV 
and ion current traces. b) Mass spectrum of 21mer at -
4 charge state. c) Mass spectrum of n-1 failure 
sequence at -4 charge state. 

FIGURE 2. LC/MS analysis of phosphorothioate 
modified siRNA 

High Resolution LC/MS analysis of Therapeutic Oligonucleotides on a New 
Porous Polymer-Based Reversed Phase Column 
Robert van Ling1), Julia Baek2), Jim Thayer2), Shanhua Lin2), Hongxia Wang2), Ilze Birznieks2) and Xiaodong Liu2) 
1)Thermo Fisher Scientific, Breda, The Netherlands, 2)Thermo Fisher Scientific, Sunnyvale, CA 

FIGURE 4. LC/MS analysis of CpG methylation. a) UV 
and ion current traces. b) Mass spectra of peaks at -3 
charge state. 

Analysis of phosphorothioate and 2’-O-methyl 
modified siRNAs 

Methylation of CpG sequences in the promoter regions 
suppresses the expression of the gene and aberrant 
methylation has been implicated in the development and 
progression of cancer.3 Therefore detection of CpG 
methylation is important for epigenetics studies and cancer 
research. In Figure 4, an unmodified ON and the CpG 
methylated ON are well resolved on the DNAPac RP 
column. Figure 4b shows the -3 charge state of unmodified 
CpG ON at m/z 1517.919 and the -3 charge state of 
methylated CpG ON at m/z 1522.593.The mass difference 
between the methylated and unmodified peaks 
corresponds to one methyl group.  

FIGURE 3. LC/MS analysis of phosphorothioate and 2’-
O-methyl modified siRNA. a) UV and ion current traces. 
b) Mass spectra of peaks at -4 charge state. 

In Figure 3, sense strand of the siRNA was 2’-O-
methylated on alternate bases and contains 
phosphorothioate linkages at the 6th and 14th bases. The 
UV trace and the ion current traces show the separation of 
all four possible phosphorothioate diastereoisomers. The 
high resolution MS data reveal identical masses for all four 
peaks confirming these molecules to be isomers. 
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Column: DNAPac RP, 4 µm
Format: 2.1 50 mm
Mobile phase A: 35 mM TEA, 40 mM HFIP, pH 9.9
Mobile phase B: 35 mM TEA, 40 mM HFIP in Water / 

Methanol (75:25 v/v)

Gradient:
Time (min) %A %B
0.0 93 7
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Temperature: 30 ºC
Flow rate: 0.25 mL/min
Inj. volume: 3 µL 
Detection: UV (260 nm)

MS (Negative-ion mode)
Mass Spec: Q Exactive Plus
Sample: 21mer siRNA

AGCUGACCCUGAAGSUUCAUdCdT
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Conclusions 
 ON product and n-1 failure sequence, were separated 

on the DNAPac RP column. High resolution orbitrap 
mass spectrometer revealed loss of each of the four 
bases. 

 RNAi ONs harboring diastereomers of 
phosphorothioate with our without 2’-O-methyl 
modifications were separated using high pH mobile 
phases.  

 CpG methylation was successfully identified using 
DNAPac RP and high resolution mass spectrometer. 
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Overview 
Purpose: Demonstrate fast analysis of oligonucleotides 
(ONs), impurities and structurally modified ONs using ion-
pair reversed phase chromatography and ESI-MS. 

Methods: Reverse phase separation of ONs were 
acheived using Thermo Scientific™ DNAPac™ RP column 
coupled with Thermo Scientific™ Q Exactive™ Plus hybrid 
quadrupole-Orbitrap mass spectrometer. TEA/HFIP mobile 
phases at two different pH values were used for 
separation of ONs. 

Results: ON product, n-1 failure sequence, 
phosphorothioate, 2’-O-methyl modified siRNA strands 
and CpG methylated ON were successfully separated and 
identified by LC/MS using short 3 or 5 minute gradients. 

Introduction 
Synthetic ONs with different functionalities including 
antisense ONs, small interfering RNAs (siRNAs), 
aptamers and immunostimulatory RNAs (isRNAs) are 
candidate therapeutic agents due to their specificity, and 
well-established synthesis and modification technologies. 
Still characterization is required to satisfy regulatory 
agencies that efficacy and safety of these therapeutic ONs 
are established. Such analyses include characterization of 
modifications to the base, sugar and backbone linkages, 
as these are commonly employed to decrease in vivo 
degradation and increase therapeutic efficacy. High 
performance LC and LC/MS are the preferred tools for 
these analyses, and are often used for more common ON 
purity assessments. Ion-pair reversed phase LC, with 
volatile mobile phase components, can be directly coupled 
to MS. Here we introduce a new polymeric reversed 
phase column and ion-pair methods for LC/MS ON 
analysis. 

Methods  

Samples 
21mer DNA: GATTGTAGGTTCTCTAACGCT 

21mer siRNA sense strand 1: 
AGCUGACCCUGAAGSUUCAUdCdT 

21mer siRNA sense strand 2: A-MeOG-C-MeOU-G-
MeOA-s-C-MeOC-C-MeOU-G-MeOA-A-MeOG-s-U-
MeOU-C-MeOA-U-dCdT 
15mer DNA: CGGCATCCTTATTGG  
CpG methylated 15mer DNA:                                        
iMe-dC/GGCATCCTTATTGG  
Liquid Chromatography 
HPLC experiments were carried out using a Thermo  
Scientific™ Dionex™ UltiMate™ 3000 BioRS system 
equipped with: 

SR-3000 Solvent Rack (P/N 5035.9200) 
LPG-3400RS Biocompatible Quaternary Rapid 
Separation Pump (P/N 5040.0036) 
WPS-3000TBRS Biocompatible Rapid Separation 
Thermostatted Autosampler (P/N 5841.0020) 
TCC-3000RS Rapid Separation Thermostatted Column 
Compartment (P/N 5730.0000) 
VWD-3400RS Rapid Separation Variable Wavelength 
Detector  (VWD) equipped with micro flow cell (P/N 
5074.0010) 
Chromatography was controlled by Thermo  Scientific™ 
Dionex™ Chromeleon™ Chromatography Data System . 

Mass Spectrometry 
The Thermo Scientific™ Q Exactive™ Plus hybrid 
quadrupole-Orbitrap mass spectrometer was used for this 
study. All data were acquired in negative ion mode.  

Results  
Analysis of failure sequences 

Synthetic ONs molecules are used as PCR primers, 
aptamers, as library adaptors for genomic studies and as 
therapeutic agents.1,2 High purity ONs in these applications 
are required. Therefore separation and identification of 
failure sequences and other impurities is critical for the 
production of ON drugs.  

In Figure 1a, a 21mer ON was analyzed using mass spec 
compatible mobile phases (TEA, HFIP). A small peak in 
front of the target peak was observed. The MS data 
confirmed the desired target product. Monoisotopic m/z 
value at charge state -4 for the 21 mer DNA was 1605.016 
with mass accuracy of 1.87 ppm (Figure 1b). The high 
resolution mass spectrometer revealed loss of each of the 
four bases in the n-1 peak. The masses of failure 
sequences with missing Guanine or Adenine or Cytosine or 
Thymine were detected (Figure 1c). 

 

Analysis of phosphorothioate and 2’-O-methyl 
modified siRNAs 

Synthetic siRNAs are important tools for gene function 
studies and as potential therapeutic agents.2 Nucleic acids 
are often modified to increase in vivo stability. A common 
modification in DNA and RNA is incorporation of 
phosphorothioate (PS) linkages. Another common, but 
RNA-specific modification is 2’-O-methylation on ribose. 
The PS linkage introduces a chiral center at phosphorus in 
addition to the chiral centers in D-ribose of the nucleic acid. 
Therefore PS modified linkages produce diastereoisomer 
pairs at each PS linkage.  

Figure 2 shows the separation of a sense strand that has 
one phosphorothioate linkage incorporated at base 14 in 
the sequence. The two possible diastereoisomers were 
baseline separated on the DNAPac RP column using high 
pH mobile phases. At -4 charge state, m/z value of first and 
the second peaks were 1655.964 and 1655.971 
respectively, indicating these molecules to be 
diastereoisomers rather than failure sequences other 
impurities. 
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FIGURE 1. LC/MS analysis of failure sequences. a) UV 
and ion current traces. b) Mass spectrum of 21mer at -
4 charge state. c) Mass spectrum of n-1 failure 
sequence at -4 charge state. 

FIGURE 2. LC/MS analysis of phosphorothioate 
modified siRNA 

High Resolution LC/MS analysis of Therapeutic Oligonucleotides on a New 
Porous Polymer-Based Reversed Phase Column 
Robert van Ling1), Julia Baek2), Jim Thayer2), Shanhua Lin2), Hongxia Wang2), Ilze Birznieks2) and Xiaodong Liu2) 
1)Thermo Fisher Scientific, Breda, The Netherlands, 2)Thermo Fisher Scientific, Sunnyvale, CA 

FIGURE 4. LC/MS analysis of CpG methylation. a) UV 
and ion current traces. b) Mass spectra of peaks at -3 
charge state. 

Analysis of phosphorothioate and 2’-O-methyl 
modified siRNAs 

Methylation of CpG sequences in the promoter regions 
suppresses the expression of the gene and aberrant 
methylation has been implicated in the development and 
progression of cancer.3 Therefore detection of CpG 
methylation is important for epigenetics studies and cancer 
research. In Figure 4, an unmodified ON and the CpG 
methylated ON are well resolved on the DNAPac RP 
column. Figure 4b shows the -3 charge state of unmodified 
CpG ON at m/z 1517.919 and the -3 charge state of 
methylated CpG ON at m/z 1522.593.The mass difference 
between the methylated and unmodified peaks 
corresponds to one methyl group.  

FIGURE 3. LC/MS analysis of phosphorothioate and 2’-
O-methyl modified siRNA. a) UV and ion current traces. 
b) Mass spectra of peaks at -4 charge state. 

In Figure 3, sense strand of the siRNA was 2’-O-
methylated on alternate bases and contains 
phosphorothioate linkages at the 6th and 14th bases. The 
UV trace and the ion current traces show the separation of 
all four possible phosphorothioate diastereoisomers. The 
high resolution MS data reveal identical masses for all four 
peaks confirming these molecules to be isomers. 
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MS (Negative-ion mode)
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Column: DNAPac RP, 4 µm
Format: 2.1 50 mm
Mobile phase A: 35 mM TEA, 40 mM HFIP, pH 9.9
Mobile phase B: 35 mM TEA, 40 mM HFIP in Water / 

Methanol (75:25 v/v)

Gradient:
Time (min) %A %B
0.0 93 7
5.0 52 48
5.1 10 90
7.0 10 90
7.1 93 7

13.0 93 7 

Temperature: 30 ºC
Flow rate: 0.25 mL/min
Inj. volume: 3 µL 
Detection: UV (260 nm)

MS (Negative-ion mode)
Mass Spec: Q Exactive Plus
Sample: 21mer siRNA

AGCUGACCCUGAAGSUUCAUdCdT
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Column: DNAPac RP, 4 µm
Format: 2.1 50 mm
Mobile phase A: 15 mM TEA, 400 mM HFIP, pH 7.6
Mobile phase B: 15 mM TEA, 400 mM HFIP in 

Water / Methanol (50:50 v/v)

Gradient:
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0.0 75 25
4.0 56 44
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6.0 10 90
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11.0 75 25

Temperature: 60 ºC
Flow rate: 0.25
Inj. volume: 3 µL 
Detection: UV (260 nm)
Sample: 1) CGGCATCCTTATTGG 

2) /iMe-dC/GGCATCCTTATTGG 
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