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* Principles of IRMPD, ECD, ETD, and PTR and
» Hardware
= Applications to Proteomics
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= Activation methods prior to ECD
= AI-ECD - (Activation by collision with background gas)

»“Plasma”-ECD (Activation by collision with background gas
and concurrent introduction of electrons and analyte ions)

= |CR cell heating (Activation by heating the ICR cell from
ambient room temperature up to 175°C)

* IRMPD Activation by absorption of photons

ThermoFisher
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Mild activation by IRMPD prior to ECD
breaks weak non-convalent bonds and
greatly enhances the number of identified
fragment 10ns.

Advantage of IRMPD over CID:
not dependent on size (MW) of the protein




= ECD

Graphical Fragment Mapper
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ProSight PC search results of 7+ charged
ECD + IRMPD molecular ion of ubiquitin

Graphical Fragment Mapper
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Introduced in 1998 by Fred
McLafferty, Zubarev and Kelleher

J.Am.Chem.Soc.120 (1998) 3265-
3266

Requires high vacuum

Thermo Fusher
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Electron capture dissociation typically involves a multiply
protonated molecule M interacting with a free electron to
form an odd-electron ion

M+ nH" +e = |[M+nH" 0| = fragments

Liberation of the electric potential energy (up to 6eV) results
in fragmentation of the product ion.




Peptide and Protein Sequence Analysis by Electron Transfer Dissociation (ETD) Mass Spectrometry
Proc. Natl. Acad. Sci. USA, 2004, 101, 9528-9533
Authors: Syka, JEP; Coon, JJ; Schroeder, MJ; Shabanowitz, J; and Hunt, DF
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[M + 3H]2*— [C+2H]™ + [Z+H]'*

C Z

a b c
Pk
O 'R
o UL H
i = | N7 ™~
| 1 1H|] o
| i
R 5
X Yy Z




H
g g
M | 1"“'?.
g o
R
CJ
H |
M
“.p-"" | MH  +
F
c-type ion

.
&

H transfer
ar lessirecapiue

O
3]
=

H j "
0 R

Z-UYDe 100




» Use of ECD
* Phosphopeptides
* Other labile PTM
 Highly Basic Peptides
« Long Peptides

* When you want more information than CID can provide

Ihermu Fisher
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FTMS Data —<

Linear lon Trap Data Actively Shielded
7 Tesla Magnet
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Requires high
vacuum

LTQ FT Ultra

- Ultra high res., Accurate Mass
- Top Down, Biomarkers, PTMs

BioWorks

SIEVE"

Automated Label-Free Differential Expression Software

ELECTRON CORPORATION

ProSightPC™

Top=Dowm identification and Charactenization
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* J]on/lon Reaction Chemistry
« ETD v.s. PTR
 ETD Fragmentation
= When Should | Use ETD
* Phosphopeptides
 Other labile PTM
 Highly Basic Peptides
« Long Peptides
« When you want more information than CID can provide
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Types of lon/lon Reactions

Radical Anion Electron Transfer
(M + 5H)5+ — (M + 5H)** + A

4 ~
Proton Transfer

(M + 5H)>* + A~ > (M + 4H)* + HA
b y

Anion Attachment
(M +5H)>* + A~ - (M + 4H + Y)**
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Peptide and Protein Sequence Analysis by Electron Transfer Dissociation (ETD) Mass Spectrometry
Proc. Natl. Acad. Sci. USA, 2004, 101, 9528-9533
Authors: Syka, JEP; Coon, JJ; Schroeder, MJ; Shabanowitz, J; and Hunt, DF

[M + 3H]3* + A- = [M + 3H]?>* + A

[M + 3H]2*— [C+2H]™ + [Z+H]'*
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ETD — chemical ionization
ECD

No need of high
vacuum/magnetic field
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= Specific information about nature and site of post-

translational modifications (phosphorylation, glycosylation,
oxidation, etc)

= New capabilities to identify & characterize very large
peptides and intact proteins

= Analyze new peptide classes: non-tryptic highly
basic peptides, MHC antigenic peptides, histones

= Dramatically increased sequence coverage for
proteins

19 SCIENTIFI C



CID

ETD

Thr, Ser Loss of water -18 amu, intense for Thr, Ser No water losses
terminal Thr
Met /MetSO Loss of CH,SH (-48 AMU)/ CH,SOH (- | Met /MetSO No loss of CH,SH / CH,SOH
64 AMU)
Ser(PO,),Thr(PO,) | Loss of H;PO,(-98 AMU) No loss of H,PO,
Pro Cleaves easily at on its N-terminal Pro No fragmentation on its N-terminal
side, resulting in dominant y-type side
ions & suppressed b-type ions
O-linked Loss of glycosylation O-linked glycosylation No loss or partial loss of
glycosylation glycosyilation, peptide backbone
fragmentation
N-linked loss of N-glycosylation N-linked glycosylation No loss or partial loss of

glycosylation

glycosylation, peptide backbone
fragmentation

20




Optimally implemented on the high
capacity, segmented, linear ion-trap

Front Center Back
ESI Cl
® — —@
Front H # H Back
Lens Lens

sHigh-capacity linear ion trap ~ WEEEE)>  Increased sensitivity
=Segmented design W/AGC mEmmE)>  Precise control of the ion/ion reaction
mEmEE)>  Purity of the ETD reagent

mEED> ~ 3 ETD/sec

=Quadrupole mass filter
»Fast duty cycle

Routine, fast, sensitive alternating CID & ETD during LC/MS"

21



Thermal electrons react with fluoranthene
creating the ‘ETD reagent’

5@ F
@eQ

Fluoranthene Decreased ETD
Fluoranthene radical anion efficiency

< 10*torr (good electron donor)
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Increased ETD
efficiency

22222

Coarse Quadrupole
Mass Filter

23 SCIENTIFI C



DSQ EI/CI Source

Coarse Quadrupole Lens 1,2,3,4

Mass Filter
(Shares Q00/Q1 DC + RF) L2=Gate

Filament

Changeable lon Volume

Heated Transfer Line

Fused Silica
Front Back Heated Dual Restrictor
Section Section Enclosure

leagent 2ifieated.
inlet

zzzzzz

N2 Cl/Carrier Gas
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Step 1: Trap and isolate
Cations in center,
then move them to
front section

Step 2: Anion Injection

Step 3: lon/lon Reaction — new
charge-reduced species
created

Step 4: Remove any un-reacted
anions; scan

Rapid alternating between CID & ETD during LC/MS"

ThermoFisher
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= Precise control of reaction parameters due to lon Segregation
and AGC

» Readily Handles Multiple Reagents and Reaction Types
= High lon/Charge Capacity is required for sensitive ETD

» Rapidly alternating, sensitive CID and ETD during LC/MS for
complementary sequence information

26 SCIENTIFI C
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Relative Abundance
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ubiquitin m/ze59 (+13) Hﬁmw nt12x19
LAl ~=0
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15ms ETD
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bovine albumin ETD PTR_
“@ . 66kDa) O O~

CH C m/z 1330 +49

100 scans (infusion) ~ 1 minute
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» As Simple to Use as CID and PQD
 Just Another Dissociation Technique
 Fully Automatic
» Well controlled and optimized parameters

Define Scan @
Scan History: |ITMS + p Full ms [150.00-2000.00] - B3
Scan Description kSn Settings Scan Ranges

lza. | Mormalized At

Mass Rlange: |Nomal  ~ n| Farent A ACt Nt | colision Time: st s

Mass (m, Type (miz) Energy (M=) [MIZ)
Scan Rate: |Maormal -

2 43300 | ETD 1.0 50 0.250 100.00 1 s0.00 200000

Sean Type: |Ful b2 E oD 10 00 0250 30000

Pl
Scan Time
Microscans: |1 Ell
Max. [nject Time [me): (100,000 ;|
All...

Source Fragmentation

I On :|I [ Wwideband Activation v {Supplemental Activatiore |rput: |Fru:um£Tu:u -

Apply | ] | Cancel Help | |

mermorisher
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Effect of charge state
ETD fragmentation rules
ETD x ECD

Supplemental activation for 2+ ions




Flagellar protein fraction

Trypsinolysis/Lys-C digestion

Peptides

SCX fractions

ETD Double Play Method

Alternating CID and ETD on top 3 precursors
MS Full Scan CID/ETD CID/ETD CID/ETD

e

3 seconds

v

Data courtesy of Sarah Hart, University of Manchester ThermoFisher
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Relative Abundance
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Previous Studies:
688 proteins

Other proteomic
studies - 249

160

43
50

Bioinformatic

studies - 249 gQTOF MS - 341

1/2D-gel with LC-

This Study: 1400 proteins

ETD
Trypsin
62% :
368 1400 proteins,

20018 peptides

22 distinct peptides
Filtered for peptide Charge State vs. XCorr

Increased protein coverage with ETD and CID combined

Data courtesy of Sarah Hart, University of Manchester
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» Pairs of related scan from CID and ETD experiment provide direct and
unambiguous confirmation of results.

* CID confirms ETD or ETD confirms CID results

= ETD scores, but CID spectrum does not
 CID spectrum can simply not interpreted

» CID scores, but ETD spectrum does not

» Improved fragment ion sequence coverage for each peptide

» Increased confidence in protein identification
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Preservation of labile PTMs




CID/ETD of yeast phosphopeptides
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C1ID Intensity: 2.2 x 10°

% Phosphorylation easily identified by ETD
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A. Chi, Hunt Laboratory, U. Virginia
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Two phosphopeptides — same sequence, different PTM site
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analytical .

PNAS

The Utility of ETD Mass Spectrometry in

Proteomic Analysis
Biochim. Biophys. Acta, 1764, 1811-1822, 2006

Authors: Mikesh, LM; Ueberheide, B; Chi, A; Coon, JJ; Syka, JEP; Shabanowitz, J; and Hunt, DF

Analysis of Intact Proteins on a Chromatographic

Time Scale by ETD Tandem MS

International Journal of Mass Spectrometry 259, 197-203, 2007
Authors: Chi, A; Bai, DL; Geer, LY; Shabanowitz, J; and Hunt, DF

Supplemental Activation Method for High-Efficiency

ETD of Doubly Protonated Peptide Precursors

Analytical Chemistry, 79, 477-485, 2007
Authors: Swaney, DL; McAlister, GC; Wirtala, M; Schwartz, JC; Syka, JEP; and Coon, JJ

Analysis of Phosphorylation Sites on Proteins from
Saccharomyces Cerevisiae by ETD MS/MS

Proc. Natl. Acad. Sci. USA, 104, 2193-2198, 2007

Authors: Chi, A; Huttenhower, C; Geer, LY; Coon, JJ; Syka, JEP; Bai, DL,
Shabanowitz, J; Burke, DJ; Troyanskaya, OG; and Hunt, DF
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