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hi f /How to get everything out of an MS/MS 
spectrump

➔Mobile proton model
➔ F i h d CID (i / d l ) ECD ETD➔ Fragmentation methods: CID (ion trap/ quadrupole), ECD, ETD
➔ Peptide fragments in the MS/MS spectra
b and y ionsb and y ions

neutral losses
reporter ions
Sequence effects
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Fragmentationismainly on thepeptidebackbone
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M bil d l P i fMobile protonmodel> Protonation of 
peptidecantakeplace at different positions

N terminalN‐terminal 
amino group

Amide oxygen
Amide nitrogen
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bil d l idMobile protonmodel> Peptide 
excitationinducesionmobility

Withexcitation a proton located at the N‐terminus starts 

y

moving along thepeptidebackbone:

H N N+ N O

OOO

By protonation, the carbon atom becomes a likely target of 
nucleophilic attack.
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Suggestedmechanism ofSuggestedmechanism of 
formation of b‐ and y‐
ionsions

complementary b‐ and y‐ions
if lti l h d!ifmultiplycharged!
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Mobile protonmodel

Proton mobility classification (Kapp et al.):

• nonmobile: # of ionizing protons ≤ # of R

• partially mobile: # of R < # of ionizing protons ≤ combined # of R,K,H

• mobile: # of ionizing protons > combined # of R,K,H 

• SGSpSQELDVKPpSASPQER

• 1+: nonmobile

• 2+: partially mobile

• 3+: mobile

HUPO 2010 Palumbo and Reid, Anal. Chem., 2008



CID (CAD)> Collision‐induced (activated) 
dissociation (in ion traps)dissociation (in ion traps)
Low energy CID in iontraps

Linear iontrap LTQ‐Orbitrap

• Mainly b‐ and y‐ions
• Collision with Helium

• (‐) 1/3 cut‐off
• (‐) long activation time, loss of labile modifications, e.g. Phosphorylation
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CID Spectrum
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CID i d lCID in quadrupole
HCD – Higher‐energyC‐trap (induced) dissociationg gy p

Quadrupole Triple‐quadrupole

LTQ‐Orbitrap Q‐TOF
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• Common ions: a2, b2 ions; mainly y‐ions (also y1 and y2) 



HCD ‐ Spectrum

a2

b2
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ECD Electron capt re dissociationECD‐ Electron capture dissociation
ETD‐Electrontransfer dissociation 

ECD > FT ICR LTQ Orbitrap ETDECD > FT ICR LTQ‐Orbitrap‐ETD

ECD
•Performed in superconducting magnet

ETD
• Reaction with one‐electron donor 

• Generation of charge‐reduced radical peptides ions:MHn(n‐1)+·

p g g
• Reaction with a beam of electrons (Fluoranthene radical anion)

• Generation of charge‐reduced, radical peptides ions: MHn(n‐1)+
• Fragmentation between backbone amide and Cα c‐ and z·‐ions 
• Mainly for large, highly charged peptides.
• Ideal for peptides with labile bonds

HUPO 2010

• Ideal for peptides with labile bonds



/Identification of peptides from MS/MS spectra

Database searchDatabase search

Common search engines: SEQUEST, Mascot, X!Tandem etc.

St 1 Th h i i MS/MS t t i di id l tid i t iStep1: The search engine assigns MS/MS spectra to individual peptides in a protein 
database
Generates a list of all possible peptides in a database. 
Compares the MS/MS spectrum to all theoretically possible peptides.
(uses enzyme information, modifications and the specified mass‐range)

De‐novo sequencing

Assign the masses of the peaks to obtain a full coverage of peptide amino acid sequence
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i f /Interpretation of MS/MS spectra

1. Evaluate spectrum quality‐ intensity of the signal:

2. Evaluate spectrum quality‐ unexplained peaksp q y p p

3. Recognize the matched b and y ions

4. Recognize neutral loss fragments

5. Recognize low‐mass reporter ions

6. Recognize sequence effects

?

F I A T N P D T H G R

?

F I A T N P D T H G R
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l i f li b d i lEvaluation of spectrum quality based on signal 
intensity

1. Evaluate spectrum quality‐ intensity of the signal:

• Total ion current for the MS/MS spectrum

• Number of reported ions

• Difference in peak intensities

• Precursor total ion current• Precursor total ion current

HUPO 2010
Tabb, 2006, NatProt



Evaluate spectrum quality > unexplained peaks

Are there multiple intense unexplained peaks?
What proportion of the intensity is explained 
by this sequence

Unexplained peaks can come from 
“contaminating” peptides.

HUPO 2010
Tabb, 2006, NatProt



R i i b d i id if i hRecognizing b and y ions > identifying the 
amino acid  mass differences

To calculate peptide mass‐ add the 
mass of the terminal atoms.mass of the terminal atoms.
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Recognizing b and y ions >y1 reporter ion

y1

VAETPESVIA  R

y1y1
175.1191
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?
Recognizing b and y ions >y1, y2

y1y2

VAETPESVI A R

y1y2

Δ 71 0371

VAETPESVI A  R

y1

Δ 71.0371

y1
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Recognizing b and y ions >y1, y2, y3, y4

/

y1y2y3y4

A
L/I

V
VAETPES V I/L A R

y
y2

2 9

y3
359.2403

y4
458.3087

y1 246.1559

175.1191

HUPO 2010



y7

Recognizing b and y ions >The complete y series

/

y1y2y3y4y5y7y9y8 y6y10

V A E T P E S V I/L A R

y
y2

2 9

y3
359.2403

y4
458.3087

y1 246.1559

175.1191 y5
y6

y8 y9
y10
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R i i b d i /bRecognizing b and y ions >a2/b2 pair
a2 ion results from a neutral loss of carbon monoxide from b2 ion > loss of 28 Da

b2

a2 ion results from a neutral loss of carbon monoxide from b2 ion > loss of 28 Da 

a /b
V A E T P E S V I A R

2

143.1180

a2/b2

HUPO 2010



Recognizing neutral loss fragments > water loss 

H2Oloss @ Glu Asp Ser ThrH2Oloss @ Glu, Asp, Ser, Thr

‐18.0100 
y9

y9

H2O  V A E T P E S V I A R

HUPO 2010



R i i t l l f t i l

NH3 loss @ Asn, Gln
17 0260

y7

Recognizing neutral loss fragments > ammonia loss 

3  ‐17.0260
NH3 

y7

A N V L Q S S I L W R
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R i i t l l f t h h t

H3PO4@ pSer and pThr (98 Da) or HPO3@ pTyr and pThr (80 Da)

Recognizing neutral loss fragments > phosphate  

3 4 3 

‐98 Da
NH3NH3 

y10
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L M t iLow Mw reporter ions

R

Immonium ions +NH2=CH
Amino 
Acid

Low Mass 
Ion

Immonium ions‐ 27 Da less than the amino acid residue
Acid Ion

Pro 70

Val 72

Met 104

His 110

Phe 120Phe 120

Tyr 136

Trp 159

p‐Tyr 216

Lys y1 147

Arg y1 175

HUPO 2010
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S ff t th lili ff tSequence effects > the prolineproline effect
Proline effect‐ intense fragment ions N‐terminal of Pro

y7

V A E T P E S V I A R

y7

V A E T P E S V I A R

y
y4

458.3087

y1
y2

246.1559

175.1191

y3
359.2403

y5 y8 y9
yy6
y10
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S ff t f t ti fSequence effects > fragmentation preferences

➔Proline effect intense fragment ions N terminal of Pro➔Proline effect‐ intense fragment ions N‐terminal of Pro.

➔ Side chain of Asp can cleave the peptide bond to its C‐terminal side.

➔ Branched hydrophobic side chains Val, Ile, Leufavor fragmentation on their C‐terminal side. 

➔Gly and Ser favor fragmentation to their N‐terminal side.

➔ Peptide bond Asn‐Gly is very labile.

➔ His side chain can attack its own C‐terminal side to have the b‐ion➔ His side chain can attack its own C terminal side to have the b ion.

d b f difi i d l i id id ifi iIncreased number of modifications does not always improve peptide identification.
Fragment identification should be related to the likelihood of the reaction and
intensity of the fragments.

HUPO 2010



Tools for validation of MS/MS spectra >Tools for validation of MS/MS spectra > 
GPMAW

Click for theoretical 
fragment masses

Peptide amino acid sequence

fragment masses

HUPO 2010 Peri S, 2001, Trends BiochemSci



T l f lid ti f MS/MS t >Tools for validation of MS/MS spectra > 
GPMAW

Singly chargedSingly charged

Immonium
Ions for HCD

Doubly charged

HUPO 2010



Summary>interpretation of MS/MS spectra

➔ l li

Summary>interpretation of MS/MS spectra

➔ Evaluate spectrum quality.

➔ Identify low Mw reporter ions.

➔ Recognize b and y ions.g y

➔ Identify neutral losses.

➔ Recognize sequence effects.

➔ Ion trap data‐ y‐ions have double the intensity of b‐ions; low mass cutoff.

➔Quadrupole data‐ under‐representation of b‐ions

➔ Peptide bonds in the middle of the peptide cleave more readily than nearer to the➔ Peptide bonds in the middle of the peptide cleave more readily than nearer to the 
terminus
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