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Abstract
Introduction
Electron Transfer Dissociation (ETD) efficiency is low for
doubly and triply charged peptide precursors.
Supplemental activation of the charge-reduced
precursor by resonant-excitation CID [1] increases the
yield of c/z- ions.
However, the unreacted precursor ions typically remain
the most abundant species after ETD. We reasoned that
beam-type collision induced dissociation can be utilized
to fragment the unreacted and the charge-reduced
precursor simultaneously in order to generate extensive
peptide backbone fragmentation.

Methods
Control software of an Orbitrap Velos (Thermo Fisher
Scientific, Bremen) was modified to allow HCD all-ion
fragmentation following an initial ETD reaction in the
LTQ.[2] Human cell lysate was digested with trypsin and
Lys-N, respectively, and fractionated by low-pH strong
cation exchange (SCX). Phosphopeptide enrichment was
performed using Ti4+-IMAC.[3] Data was analyzed using
the SEQUEST algorithm embedded in Proteome
Discoverer (Thermo Fisher Scientific, Bremen).

Results
• EThcD generates dual ion series and provides for

data-rich MS/MS spectra
• Average peptide sequence coverage in EThcD is
     about 95%
• EThcD generates extensive sequence information

that facilitates sensitive phosphosite localization

References
[1] Swaney DL et al., Anal Chem. 2007
[3] Zhou H et al., Nat Protoc. 2012
[2] Frese CK et al., Anal Chem. 2012
[4] Frese CK et al., J. Proteome Res. 2013

Unambiguous Phosphosite Localization

Figure 3: Analysis of Ti4+-IMAC enriched phosphopeptides revealed that EThcD
enables unambiguous phosphosite localization.[4] Generation of dual ion series
facilitates pinpointing the true phosphorylation sites, which is challenging for
multiply phosphorylated peptides that contain several potential phosphorylation
sites (phosphoRS site probabilities: T(3), 0.0%; S(6), 100.0%; S(9), 100.0%; T(15),
0.0%). SEQUEST Xcorr 7.79). EThcD is also advantageous for proline-rich
phosphopeptides because ETD alone does not generate cleavage N-terminally to
proline residues.

Figure 1: Activation of the doubly charged Glu-Fibrinopeptide by ETD yields three z-ions (yellow
circles, A). Supplemental activation [1] of the charge-reduced precursor and leads to generation of
additional c/z-ions (green circles, B). HCD fragmentation of produces mostly y- and some additional b-
ions (orange circles, C). EThcD yields complementary b/y- and c/z-ion series (D).
All-ion HCD fragmentation generates b/y-ions derived from the unreacted precursor alongside an
increase in c/z-ions that are obtained from activation of the charge-reduced precursor. Importantly,
the z-ions generated by the initial ETD reaction are preserved (yellow circles, D).

Generation of dual ion series by EThcD

Conclusions
1. EThcD generates dual ion series that translate into a remarkable increase in 

peptide sequence coverage and SEQUEST Xcorrs compared to HCD and 
ETcaD.[2]

2. EThcD facilitates sensitive and unambiguous phosphosite localization in 
combination with phosphoRS.[4]

3. Typical EThcD spectra contain multiple b/c- and y/z “golden pairs” that 
facilitate straightforward de novo sequencing.

Full Peptide Sequence Coverage by EThcD
Figure 2:

Large-scale analysis of tryptic peptides after SCX fractionation. In
terms of peptide identification rate, EThcD performs at the same
level of HCD. EThcD generates spectra that lead to higher
SEQUEST Xcorr values compared to ETD and HCD.[2]

Full peptide sequence coverage was obtained for 68% of all
peptides by EThcD. The overall peptide sequence coverage was
94%.

EThcD generates an substantial amount of b/c- and y/z-ions, so-
called “golden pairs” that facilitate de novo sequencing.
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