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What is Electron Capture Dissociation (ECD)?
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ECD is a very fast, electronically induced
fragmentation:

From peptides and proteins, CID 
generates b- and y-type ions whereas
ECD (like ETD and ISD) results in c- and 
z-type ions

ExD Fragmentation is complete by the time analytes
fly through the ExD cell (about five microseconds), 
fast enough to work with IMS separations



ExD implementation on Waters Synapt G2 series

Tuning and control via e-MSion ExD software
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ECD-IMS IMS-ECD

Simplification of spectra by charge state
separation e.g. for large proteins

Separation of very complex samples (e.g. 
lipids)

Structural analysis of lipids and glycans
(a/b, 2,3 vs 2,6 linkage, double bonds)

Native MS/Top down

Collision-induced unfolding (CIU)



Top-down spectra simplification by ion mobility
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• On larger proteins, top-down fragmentation

can lead to overlapping isotopic patterns with

similar masses and different charge states

• This complicates the deconvolution and peak

assignement

• Ion mobility can separate the fragments by

charge and thus simplify the spectra leading to

higher rate of peak assignements and higher

sequence coverage.

Example data courtesy of e-MSion
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Fragment ion size separation by IMS – first ECD, then IMS
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Native MS – Concanavalin A

Concanavalin A is a tetrameric
complex with strong glycan
binding properties. It is known to
contain Calcium and Manganese
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Deconvoluted spectrum (MaxEnt3)

* = Sodium adduct ions

ECD fragmentation of Con A N-terminus

• No metal adducts observed under CID 
fragmentation

• Calcium adducts observed for c11 to c31

fragments

• Calcium AND Manganese adducts observed for
c17 to c28 fragments
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Adducts of Calcium AND Manganese
detected as ions of the type
´

cx
2++Ca2++Mn2+-4H+

with 17<x<28

Residues known to be involved in 
Manganese binding: Glu8, Asp10, Asp19, 
His24 and Ser34. Asp19 seems to be
critical for Manganese binding.



CID gives no indication for Calcium binding in N-terminal region whereas ECD clearly
proves Calcium and Manganese binding by fragmentation from native complex

CID versus ECD of native Con A

Structure of concanavalin 
A at 2.4-A resolution
Hardman, K.D., Ainsworth, C.F. (1972) 
Biochemistry 11: 4910-4919; PDB 3CNA

https://www.rcsb.org/search?q=citation.rcsb_authors:Hardman,%20K.D.
https://www.rcsb.org/search?q=citation.rcsb_authors:Ainsworth,%20C.F.
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Charge reduction using ECD (ECnoD)
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• Electron capture shifts the average charge of non-covalent
complexes by around 25% to lower charges without
fragmentation („ECnoD“). 

• This allows for better deconvolution of large complexes as
the mass difference between charge states increases.



15

Analysis of glycan binding
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units per Tetramer
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ECD of native Con A Tetramer without and with Saccharose

ConA, ECD-MSMS (ECD Myo_MMA, 2.5A),  Trap 20
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Summary

• The ExD cell can be installed on Waters Synapt G2 before and after the IMS cell

Thank you for your attention!

• ExD on Native Synapt can be used for e.g.

• top-down protein sequencing

• analysis of very high mass ions due to charge
reduction

• Asp/isoAsp and Leu/Ile differentiation

• Improved HDX analysis (less hydrogen scrambling)

• analysis of labile posttranslational modifications

• lipid characterization by EID


