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Introduction 

Nucleic acids are large 
biomolecules necessary for 
all life. Genetic information 

is contained within nucleic acids and they are involved in several biological 
processes.1 Within nucleic acids are modified nucleosides, which are important 
for the regulation and accuracy of genetic material. Some modified nucleosides 
have been identified as biomarkers for tumors, aging, and neurodegenerative 
diseases.2 There are over 100 modifications that exist for nucleosides, more 
continually being discovered and cataloged in books and online.3 Previous 
studies suggest that LC/ESI-MS analysis of nucleosides is more specific and 
sensitive than conventional HPLC methods.4 Thus, detection and identification 
of modified nucleosides is an excellent application for UHPLC separation with 
time-of-flight (TOF) mass spectrometry (MS) detection. The AxION® 2 TOF MS, 
with a dual-probe Ultraspray™ 2 ESI source, allows for high mass accuracy by 
the infusion of calibrant ions for lock mass correction. Additionally, CID can be 
performed by increasing the capillary exit voltage and producing fragmentation, 
allowing for further identification of analytes. 
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Experimental

RNA Digestion: Two different samples of 100 µg of RNA 
were treated overnight with P1 nuclease, zinc sulfate, and 
sodium acetate at 37 °C. Following nuclease treatment, 
bacterial alkaline phosphatase and tris base were added and 
maintained at 37 °C for seven hours. The samples were then 
lyophilized to dryness. Prior to LC/MS analysis the samples 
were reconstituted in 1 mL of water (labeled A and B). 
Samples A and B contained different combinations of RNA. 
Both samples had the major nucleosides of adenosine, 
guanosine, uridine, and cytidine. It was possible for the  
rarest modifications to occur once per RNA molecule.

LC Conditions: 

Pump:  PerkinElmer Flexar™ FX-15 pump
Flow:  0.3 mL/min

Mobile Phase A:  Water containing 2 mM  
 ammonium acetate

Mobile Phase B:  Methanol containing 2 mM  
 ammonium acetate

Gradient conditions:  Linear gradient- 98% A for five 
minutes, going to 45% A in eight 
minutes and 0% A in two minutes

Injection Volume: 3 μL in pick up mode

Column:   PerkinElmer Brownlee™ SPP C18,  
2.1 x 100 mm, 2.7 μm, 25 °Cs

MS Conditions:

Mass Spectrometer: PerkinElmer AxION 2 TOF MS

Ionization Source:    PerkinElmer Ultraspray 2  
(Dual ESI source)

Ionization Mode: Positive

Drying Gas Temperature:  350 °C

Drying Gas Flow:  14 L/min

Spectral Acquisition Rate: 3 spectra/sec

Capillary Exit Voltage:  100 V

Mass Range:  90-1000 m/z

Calibrant Ions:  m/z 118.0863 and 622.0290

Results

Separation and detection of 20 different nucleosides  
was performed in 15 minutes. Total ion chromatograms  
(Figure 1) yielded several chromatographic peaks, but many 
of the identified nucleosides were present in low abundance. 
Due to their low abundance, many of the modifications were 
only visible when extracted ion chromatograms (EIC) were  
created. Additionally, many of the EICs resulted in several 
peaks per m/z examined. This is due to the large number of  
modifications that are isomers. An example of this is m/z 
245.0770, or uridine, which had three chromatographic  

peaks using a mass window of 0.01 m/z (Figure 2). The 
peaks at retention times 0.84 and 1.28 were determined  
to be pseudouridine and uridine, respectively, due to the  
intensity of each (uridine was a major component in the 
sample). Upon inspection of the mass spectrum, the peak 
at retention time 1.00 min was determined to be from the 
M+1 isotope of cytidine. The mass spectra for pseudouri-
dine and uridine (Figure 2) had excellent mass accuracy, and 
a characteristic fragment was observed for uridine (loss of 
the ribose ring). All nucleosides examined were expected 
to have either a loss of 132 or 146 mass units. The loss of 
132 units was due to the loss of the ribose ring and the 

Figure 1. Total ion chromatograms of sample A (top) and sample B (bottom).

Figure 2. The EIC of uridine in sample A resulted in three chromatographic peaks 
(upper). Retention time 1.00 min was from the M+1 isotope of cytidine. 
Retention times 0.84 and 1.28 min corresponded to pseudouridine and uridine, 
respectively. The characteristic fragment at m/z 113 can be seen in the uridine 
mass spectrum (lower) but not the pseudouridine mass spectrum. 



For a complete listing of our global offices, visit www.perkinelmer.com/ContactUs

Copyright ©2013, PerkinElmer, Inc. All rights reserved. PerkinElmer® is a registered trademark of PerkinElmer, Inc. All other trademarks are the property of their respective owners.
 
011148_01

PerkinElmer, Inc. 
940 Winter Street 
Waltham, MA 02451 USA 
P: (800) 762-4000 or 
(+1) 203-925-4602
www.perkinelmer.com

loss of 146 units occurred in modified O-methyl nucleosides. 
A mass spectrum for an O-methyl nucleoside is shown in 
Figure 3, it was found when the m/z for methyladenosine 
was examined. The EIC for m/z 282.1197 (methyladenosine) 
yielded three chromatographic peaks. One peak was identified 
as 2’-O-methyladenosine due to the loss of 146 mass units, as 
described above. The other two peaks, at retention times 1.11 
and 9.99, were two isomers of methyladenosine and showed 
losses of 132 mass units (Figure 3). This approach was used to 
examine dozens of possible modifications. A summary of all the 
identified nucleosides is shown in Table 1. Due to the sample 
complexity and continued research in modified nucleosides, it 
is possible other modifications are contained in the samples, 
but were not examined. One benefit of TOF-MS is the ability to 
reprocess and examine other modifications at any time without  
re-running a sample as full spectrum data is collected.

Conclusions

The AxION 2 TOF MS was able to detect all the major  
nucleosides and many low level modifications in the same 
analysis, demonstrating the wide dynamic range capabilities. 
This analysis is an excellent example of the benefits of high 
mass accuracy. Unlike quadrupole instruments, TOF data 
contains full scan mass spectra, all the time. This allows for 
easy identification of analytes of interest and provides the 
data needed to deter from false positive chromatographic 
peaks resulting from isotopes, as shown in Figure 2. Finally, 
by performing CID, accurate mass fragments can be used to 
confirm compound identifications.

References

1. Hermann, T.; Patel, D. J. Science 2000, 287, 820-825.

2.  Lee, S. H.; Jung, B. H.; Kim, S. Y.; Chung, B. C.  
Rapid Communications in Mass Spectrometry 2004,  
18, 973-977.

3.  Agris, P. F.; Nucleic Acids Research 2004, 32, 223-238.

4.  Dudley, E.; El-Sharkawi, S.; Games, D. E.; Newton, R. P. 
Rapid Commun. Mass Spectrom. 2000, 14, 1200.

Table 1. Nucleosides present in samples A and B.

Compound   Retention  Present  Present 
  Time (min) in A in B

Adenosine 7.74 Y Y

Guanosine 2.56 Y Y

Cytidine 0.99 Y Y

Pseudouridine 0.84 Y Y

Uridine 1.27 Y Y

Methyladenosine Isomer 1 1.10 Y Y

2’-O-Methyladenosine 9.09 Y N

Methyladenosine Isomer 2 9.99 Y Y

Methylguanosine Isomer 1 1.52 Y Y

2’-O-Methylguanosine 5.42 Y Y

Methylguanosine Isomer 2 5.86 Y Y

Methylguanosine Isomer 3 7.04 Y Y

Methylcytidine Isomer 1 1.63 Y Y

2’-O-Methylcytidine 2.01 Y Y

Dimethyladenosine 11.63 Y N

Dimethylguanosine 8.72 Y Y

2-Methylthio-N6-methyladenosine 2.55 N Y

Acetylcytidine/Formyl-O-methylcytidine 1.28 Y Y

Dihydrouridine 0.83 N Y

N6-Acetyladenosine 1.11 N Y

Figure 3. The EIC of methyladenosine in sample A resulted in three  
chromatographic peaks (upper left). Retention times 1.11 and 9.99 min were 
found to be isomers of methyladenosine, and had characteristic fragments ions at 
m/z 150 (upper right and lower right). Retention time 9.09 min was determined to 
be 2’-O-methyladenosine due to the loss of 146 mass units, representative of an 
O-methyl modification (lower left).


