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Introduction

• CID and ETD produce complementary fragmentation data.

• Performing both types of fragmentation sequentially on 
the same precursor should allow identification of a 
higher percentage of precursor ions.

• The two types of data produce different fragment ion 
types, so must be searched with different parameters.

• It would be useful to be able to correlate/combine the 
results from the two fragmentation types.



Experimental

In-house peak-picking software separated the ETD and 
CID peaklists which were then searched by the Protein 
Prospector Batch-Tag program. The data set, from a 
recently published study of the murine postsynaptic 
density pseudoorganelle1, consisted of 32500 spectra 
from each fragmentation type. The database search 
algorithm has been modified to take account of additional 
fragmentation sometimes found in ETD spectra.

After database searching the results can be displayed in 
a single report using the Protein Prospector Search 
Compare program. 

Results



Separated and Merged 
CID/ETD Protein Report

There is now a 
preferred species 
option in Search 
Compare for 
selecting hits 
from particular 
species or 
taxomonies in 
favour of others if 
the hits are 
equivalent. Here 
the preference is 
MOUSE in a 
RODENT search.

CID ETD

Merged CID/ETD

Separated and Merged CID/ETD 
Peptide Report

CID ETD

The merged report can 
either show the best 
peptide (CID or ETD) or 
all the peptides 
identified.



Peptide Difference Results

The peptide difference report only shows peptides that 
are unique to a particular seach.

This type of report makes it possible to see which amino 
acids are favoured by CID or ETD.

Preferred by ETD Preferred by CID

Complementary Fragmentation 
in Proline Rich Peptides

CID

ETD



O-GlcNAc Modifications

O-GlcNAc modifications can be searched for in Protein 
Prospector by specifying HexNAc as a variable 
modification. This can either be as a modification to 
Serine or Threonine or as a single/multiple neutral loss 
from the precursor ion.

58 exact modification sites were found in addition to 
several more where it wasn’t possible to locate the site 
unambiguously. 28 of the sites were found on the protein 
bassoon (O88737).

Fully Annotated O-GlcNAc 
Modified Spectra

MS-Product can now annotate multiple spectra simultaneously 
thus allowing O-GlcNAc modified peptides to be fully labelled.



Comparison of Alternative 
Modification Sites

Annotating multiple peptides simultaneously can also be 
used to compare matches from different modification 
sites. In this case the green sequence is preferred 
because of the c4, c5, c6, c7, z7, z8 and z9 ions. The CID 
spectrum for this peptide is shown on the previous slide.

Other Potential Applications

Assuming sufficient computer memory there is no limit to 
the number of searches that can be merged. Thus the 
following applications are possible:

• Compilation of spectral libraries
• Large scale studies of spectral fragmentation
• Identification of sections of proteins that are not 
detected in MSMS experiments – maybe because they 
are modified
• Stable isotope and label free quantitation 



Compilation of Spectral Libraries

Best spectrum of a particular peptide from several hundred 
searches.

Undetectable Parts of Proteins

Coverage map for BOVINE Serum Albumin for 90 
combined searches. The coverage is 91% compared 
with a maximum coverage of 80% for any individual 
search. The undetectable regions may because of the 
signal and propeptide regions of the protein and the 
prevalance of tryptic cleavage amino acids in some 
regions.



Conclusions

• Combined CID/ETD search identified around 15% more 
proteins 
• Peptides containing basic amino acids often fragment better 
ETD
• Peptides containing cysteine often fragment better with CID
• Sequential CID/ETD fragmentation is particularly useful for 
locating O-GlcNAc modifications
• Protein Prospector can often facilitate O-GlcNAc site 
assignment 
• The ability to merge search results is also useful for other 
applications such as compiling spectral libraries
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