
• WHEN PEPTIDE MASS FINGERPRINTING IS 
NOT ENOUGH TO IDENTIFY A  PROTEIN, 
AMINOACID SEQUENCE INFORMATION IS 
NEEDED

• SEQUENCE INFORMATION IS PRODUCED 
USING TANDEM MASS SPECTROMETRY 
(MS/MS) 

• SELECTED PEPTIDES ARE GIVEN ENERGY 
AND COLLIDED WITH GAS MOLECULES 
INSIDE THE MASS SPECTROMETER 
PRODUCING FRAGMENT IONS

• THIS PROCESS IS KNOWN AS COLLISION 
INDUCED DISSOCIATION (CID)





flow051202 #892 RT: 23.91 AV: 1 NL: 4.14E6

T: + c d Full ms2 500.10@35.00 [ 125.00-1015.00]
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Peptide Fragmentation 

Nomenclature
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b- and y-fragments most common in ion traps, q-tof, triple quads



B and Y Fragment Ions

Y-ions from C to N terminus

B-ions from N to C terminus



• IT AND QTOF USED FOR MOST OF THE 

FRAGMENTATION STUDIES IN 

PROTEOMICS, SO LOW ENERGY AND 

CHARGE DIRECTED FRAGMENTATION 

APPLIES

• PEPTIDE FRAGMENTATION IS A GAS 

PHASE CHEMICAL REACTION: 

UNIMOLECULAR FRACTURE

• PEPTIDE FRAGMENTATION IS 

PRODUCED BY AN INTRAMOLECULAR 

NUCLEOPHILIC ATACK



DAUGHTER IONS

• Produced by CID fragmentation of the 
precursor ion

• Frequently 2+ ions are fragmented

• Different types of fragmentation are 
possible. At low collision energy, 
fragmentation is produced mainly at the 
peptide bonds.

• Most CID peptide fragments keep either 
the N- or the C-Terminus, being 
classified accordingly.
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acylium ion protonated oxazolone

Formation of b ions

protonation at carbonyl oxigenprotonation at amide nitrogen
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b type ion

acylium ion 

protonated oxazolone

Formation of a and immonium ions
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‘Neutral Losses’

• Peptides loose water (-18 mass units) y0, b0, 
a0

– Most prominent losses from Ser, Thr side chains 
and from Glu N-terminus

– Also Glu, Asp can loose water

• Peptides loose ammonia : Asn, Gln, Arg, 
Lys (-17 mass units) y*, b*, a*

• The water/ammonia loss can be very 
prominent

• B ions loose  CO (-28mass units):  a ions

• Neutral loss of CH3SOH (-64 Da) from 
oxidized Met



Effect of Pro

• Proline is an unusual amino acid

• Secondary amine used in peptide bond 

formation

• Fragmentation on C-term of Pro is very 

unfavourable
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Resume of fragmentation rules

• Ions from y” and b series predominate

• Neutral loss of CO (-28 Da) from b ions (a ions)

• Neutral loss of H2O (-18 Da) from Cys, Ser, Thr, Glu

• Neutral loss of NH3 (-17 Da) from Gln, Asn, Lys, Arg 

• Immonium ions at low m/z range characteristic of aminoacids

• Neutral loss of CH3SOH (-64 Da) from oxidized Met

• Neutral loss of PO4H3 (-98 Da) from phosphoSer and 

phosphoThr

• Hindered Pro-Xxx

• If mobile proton is available (n. charges > n. Arg residues):

– Enhanced Xxx-Pro (and production of internal Pro series)

– Enhanced His-Xxx (and production of internal His series)

• If mobile proton is not available (sequestering by Arg)

– Enhanced Asp-Xxx and Glu-Xxx

– Enhanced Asp-Pro



Peptide fragmentation 

fingerprinting = PFF = ion search

MS/MS database matching

Enzymatic
digestion

In-silico
digestion

Protein(s) Peptides
340.695086

676.96063

498.8283

545.564

1171.967066

261.107346

342.51458

456.727405

363.268365

MS/MS spectra 
of peptides

Ions peaklists

…MAIILAGGHSVRFGPKAF
AEVNGETFYSRVITLESTNM
FNEIIISTNAQLATQFKYPN
VVIDDENHNDKGPLAGIYTI
MKQHPEEELFFVVSVDTPMI
TGKAVSTLYQFLV …

- MAIILAGGHSVR

- FGPK

- AFAEVNGETFYSR

- VITLESTNMFNEIIIK

- YPNVVIDDENNDK

…

Sequence 
database entry
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263.268453

Theoretical 
peaklist

Theoretical 
proteolytic peptides

Match

Result: 
ranked list 
of peptide 

and 
protein 

candidates

Theoretical 
fragmented 

peptides
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-M

-M

-AIILAG

In-silico
fragmentation



Instruments

Q-TOF 

• easier to interpret 
since the spectra are 
less crowded (cleaner 
spectra)

• higher accuracy and 
resolution -which 
compensates for low 
frequency of a and b 
ions

3D Ion Traps

• a, b and y ions- less 
easier to interpret but 
more significant since 
more ions to confirm 
the sequence (noisy 
spectra)



P' nterm P' cterm

offset
-28
-45
-46

0
-17
-18

+17

[N] is the mass of the N-term group
[M] is the mass of the sum of the neutral amino acid residue 
masses

It is very important to know the ionic series 
produced by a spectrometer, otherwise 
potential matches will be missed.

In the other hand, if an ion-type not present 
in the original spectrum is taken into account, 
it will contribute to get false positive 
matches.

Ion-types

+28
+ 2
-15
-16

-15



• Tag search- Tools that search peptides based on a MS/MS 

Sequence Tag
– MS-Tag and MS-Seq, PeptideSearch

• Ion search or PFF - Tools that match MS/MS experimental spectra 

with “theoretical spectra” obtained via in-silico fragmentation of 

peptides generated from a sequence database

– Phenyx, Mascot, Sequest, X!Tandem, OMSSA, ProID, …

• de novo sequencing - Tools that directly interpret MS/MS spectra 

and try to deduce a sequence

– Convolution/alignment (PEDENTA)

– De-novo sequencing followed by sequence matching (Peaks, 

Lutefisk, Sherenga, PeptideSearch)

– Guided Sequencing (Popitam)

In all cases, the output is a peptide structure per MS/MS spectrum

MS/MS based identification tools



Some PFF tools

Software Source website

InsPecT peptide.ucsd.edu/inspect.py

Mascot www.matrixscience.com/search_form_select.html

MS-Tag and MS-Seq prospector.ucsf.edu

PepFrag prowl.rockefeller.edu/prowl/pepfragch.html

Phenyx phenyx.vital-it.ch

Popitam www.expasy.org/tools/popitam

ProID (download) sashimi.sourceforge.net/software_mi.html

Sequest* fields.scripps.edu/sequest/index.html

Sonar 65.219.84.5/service/prowl/sonar.html

SpectrumMill* www.home.agilent.com

VEMS www.bio.aau.dk/en/biotechnology/vems.htm

X!Tandem (download) www.thegpm.org/TANDEM

*Commercialized

Same principle of a PMF, but using MS/MS spectra 

Non exhaustive list!



Searches with MS/MS Data

• In a similar fashion to peptide mass 
fingerprinting, the predicted 
fragment ion mass from each peptide 
of a database sequence are 
calculated

• The calculated and observed ion 
masses are compared and given a 
score

• Individual peptide scores are 
combined to give a protein score















De-Novo Sequencing

• If the protein is still not identified, the 
sequence of a peptide has to be 
reconstructed from the MS/MS data

• Very time consuming and demands a 
great deal of skill, noisy data is very 
problematic

• Sequencing is carried out by finding 
mass differences between peaks that 
correspond to amino acid masses











Why de novo sequencing is difficult

1. Leucine and isoleucine have the same mass

2. Glutamine and lysine differ in mass by 0.036Da

3. Phenylalanine and oxidized methionine differ in mass 
by 0.033Da

4. Cleavages do not occur at every peptide bond (or 
cannot be observed on the MS-MS
– Poor quality spectrum (some fragment ions are below noise 

level)

– The C-terminal side of proline is often resistant to cleavage

– Absence of mobile protons

– Peptides with free N-termini often lack fragmentation between 
the first and second amino acids



Why de novo sequencing is 

difficult (II)
5. Certain amino acids have the same mass as pairs of 

other amino acids

– Gly +Gly (114.0429) Asn (114.0429)

– Ala +Gly (128.0586) Gln (128.0586)

– Ala +Gly (128.0586) Lys (128.0950)

– Gly + Val (156.0742) Arg (156.1011)

– Ala + Asp (186.0641) Trp (186.0793)

– Ser + Val (186.1005) Trp (186.0793)

6. Directionality of an ion series is not always known (are 

they b- or y-ions?)
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Summary of de novo

sequencing tools

Software Source website

PEAKS www.bioinformaticssolutions.com

SeqMS (download) www.protein.osaka-u.ac.jp/rcsfp/profiling/SeqMS.html

Sherenga (included in

SpectrumMill)

N/A

Luthefisk (download) www.hairyfatguy.com/Lutefisk

DeNovoX* www.thermo.com

PepNovo peptide.ucsd.edu/pepnovo.py

SpectrumMill* www.home.agilent.com

*Commercialized


