* 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)




LC/MS/MS
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Peptide Fragmentation

Nomenclature

b- and y-fragments most common in ion traps, g-tof, triple quads
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B and Y Fragment lons

Y-ions from C to N terminus

B-ions from N to C terminus



T 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
orecursor ion

—requently 2+ ions are fragmented

Different types of fragmentation are
nossible. 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.




Formation of y ions
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Formation of b ions
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Formation of a and immonium ions
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b1 b2 b3 b4 b5 b6 b7 b8 b9
1141 1711 2842 431.3 5453 6164 6734 7724 8295

Ao,

862.5 8054 6924 5453 4313 360.2 303.2 2041 147.1
Yo Yg Y7 Y6 Y5 Ya Y3 Yo Y

Vb oo by

by+ Y= Dytyy=  byty, = bytye=  Detys= Dty = bty byty,= Doty =
976.6Da 9765Da 9766Da 9766Da 9766Da 9766Da 976.6Da 976.5Da 976.6 Da
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‘Neutral Losses’

Poeptides loose water (-18 mass units) y°, b©,

a

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

— Also Glu, Asp can loose water

Peptides loose ammonia : Asn, GIn, Arg,

Lys (-17 mass units) y’, b*, a’

The water/ammonia loss can be very

prominent

B ions loose CO (-28mass units): aions

Neutral loss of CH,SOH (-64 Da) from
oxidized Met




Effect of Pro

* Proline I1s an unusual amino acid

« Secondary amine used In peptide bond
formation

* Fragmentation on C-term of Pro Is very
unfavourable

strained bicyclic ion



Resume of fragmentation rules

 lons from y”and b series predominate

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

* Neutral loss of H,O (-18 Da) from Cys, Ser, Thr, Glu

* Neutral loss of NH; (-17 Da) from GIn, Asn, Lys, Arg

« Immonium ions at low m/z range characteristic of aminoacids
* Neutral loss of CH;SOH (-64 Da) from oxidized Met

* Neutral loss of PO,H; (-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

Pr in P i Ion kli
otein(s) Enzymatic eptides MS/MS spectra ons peaklists
= 340.695086
. - of peptides 676 96063
digestion ron aoas
ﬁ q b ﬁ 545.564
1171.967066
261.107346
(4 ¥ 342.51458
tl.k 456.727405
7 MUJIJILII - 363.268365
* Result:
ranked list
Match of peptide
and
- I“-SiliCO -MAIILAG f -
..MATILAGGHSVRFGPKAF | Tn-silico| - MAILAGGHSVR MAIILA 361107346 protein
AEVNGETFYSRVITLESTNM | |- ) - FGPK fraamentation 338.695086 .
FNEIIISTNAQLATQFKYPN  |[digestion| - apaeyncETFYSR g . 'm::L P 67696063 candidates
VVIDDENHNDKGPLAGIYTI q - VITLESTNMFENEIIK -MAI 498.8283
MKQHPEEELFFVVSVDTPMI - YPNVVIDDENNDK M 1045.564
TGKAVSTLYQFLYV ... - 1171.967066
-M 342.51458
-AllILAG 457.827405
263.268453
Sequence Theoretical Theoretical  ypo4 etical
d b . - fragmented -
atabase entry proteolytic peptides - peaklist
peptides



Instruments

Q-TOF 3D lon Traps

« easier to interpret  a,bandyions- less
since the spectra are easier to interpret but
less crowded (cleaner more significant since
spectra) more ions to confirm

» higher accuracy and the sequence (noisy
resolution -which spectra)

compensates for low
frequency ofaand b
lons



a,b, ¢ azEl_ C, a,b, C —|H+
0O

npe  lomMass  offset 5
Il
8 {MsMIECO -28 NHy-CH{CINHICHIC-NHICHICINHICH-C-OH
g "4 Ry 2 3| | |Ra
a° a-H,0 _46 Y, XZJZ 22 Y, :
gt ifasH)2
L L 0 P' nterm P' cterm
h* b-NH, _17
h b-H,O _18
bt i(b+H)2
¢ INIMI+NH, +17 It is very important to know the ionic series
d . ja-partial side chain produced by a spectrometer, otherwise
- lete side chai . . .
e potential matches will be missed.
X [C]+[M]+CO +28
y ‘q;‘:”]*'*2 + 2 In the other hand, if an ion-type not present
io i e %g in the original spectrum is taken into account,
e - . . . g s
Y it will contribute to get false positive
[CI+M]-NH -15 matches.

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



MS/MS based identification tools

. Tag search- Tools that search peptides based on a MS/MS
Sequence Tag
—  MS-Tag and MS-Seq, PeptideSearch

. lon 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, ProlD, ...

« de novo seguencing - 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



Some PFF tools

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

Software
InsPecT

Mascot

MS-Tag and MS-Seq
PepFrag

Phenyx

Popitam

ProID (download)
Sequest*

Sonar
SpectrumMill*
VEMS

X!Tandem (download)

*Commercialized

Source website
peptide.ucsd.edu/inspect.py
www.matrixscience.com/search_form_select.html
prospector.ucsf.edu
prowl.rockefeller.edu/prowl/pepfragch.html
phenyx.vital-it.ch
www.expasy.org/tools/popitam
sashimi.sourceforge.net/software_mi.html
fields.scripps.edu/sequest/index.html
65.219.84.5/service/prowl/sonar.html
www.home.agilent.com
www.bio.aau.dk/en/biotechnology/vems.htm

www.thegpm.org/TANDEM

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
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HOME 1. gi|2190337 Mass: 69275 Total score: 760 Peptides matched: 19
MASCOT [X5839589) serum albumin [Bos taurus]
HELP [T check to include this hit in error tolerant search
WHAT'S NEW
PRODUCTS Query Obhserved Hri{expt) HMri{calc) Delta Miss Score Rank Peptide
SUPPORI = 2 464 .20 926.38 926.49 -0.10 0 40 1 YLYETAR
SITE SEARCH -
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LINKS =
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¥ an 978.40 1954 .78 1954.95 -0.17 0 40 1 DATPEHLPPLTADFAEDE
Proteins matching the same set of peptides:
gi| 415694 Mas=z: 69225 Total score: 760 Peptides matched: 15
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MHatch to:

Protein View

gi]2190337; 3Zcore:
(X35989) =zerum albumin [Bos taurus]
Found in search of C:%\WINHNT,FrofileshP31hDesktophBSAODE. pkl

Cleavage by Trypsin:
Jequence Coverade:

MEWVTFISLL
FSOTLOQCEF
VASLRETYGD
EADEKEFWGK
LLPEIETHMRE
FVEVTELVTD
CCDEPLLEES
GSFLYEYSRR
FHLVDEP QHL
RSLGEVGTRC
TESLVNRRPC
ALVELLKHEP
STOTALA

Taxonomwmy: EBoz taurus
Linkz to retrieve other entriez containinhg thiz sequence from NCEI Entrez:

gi|33536842Z from Bos taurus

22%

LLF35AY3RG
DEHVELWHEL
MADCCEEQEFR
YLYETABPHP
EVLTSZAROR
LTESWHEECCH
HCIAEVEEDA
HPEYAWSVLL
TECQHNCDOFEE
CTEPESERHNF
F3ALTFDETY
EATEEQLETW

T60

Matched peptidez zhown in Bold Red

VFRRDTHESIE
TEFAETCWVAD
EFNECFL3HE
YFYAPELLYY
LRCASTOEF G
GDLLECADDER
TPEHLPPLTA
BLAKEYEATL
LGEYGF QHAL
CTEDYLSLIL
VPEAFDEELF
HMERFVAFVDE

/ Mascot Search Results

Nominal mass iHr]: 69278; Calculated pl wvalue: 5.82

NCEI BLAST search of gi|Z2190337 against nr
Informatted sequence string for pasting into other applications

cutzs C-term 3ide of KR unlezas

ILHRFEDLGE
ESHAGCEKSL
DDSPDLPELE
ANKYNGVFQE
ERLLELWSVA
ADLAKYICDN
DFAEDKDVCE
EECCAKDDPH
IVRYTREVP(Q
NRLCVLHEKT
TFHADICTLP
CCLADDEELC

next rezidus iz P

EHFEGLVLIAL
HTLFGDELCE
PDPNTLCDEF
CCOLEDEGAC
RLSQKFPELE
ODTISSKLEE
NYQEALKDAFL
LCYSTVFDEL
VSTPTLVEVS
PVSEKVTECC
DTEKQIEKQT
FAVEGPELVY
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De-Novo Sequencing

* |f 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
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Why de novo sequencing Is difficult

1. Leucine and isoleucine have the same mass
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 guality 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

N



.

6.

Why de novo sequencing IS
difficult (1)

Certain amino acids have the same mass as pairs of

other amino acids

Gly +Gly (114.0429) Asn (114.0429)
Ala +Gly (128.0586) GIn (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)
Directionality of an ion series is not always known (are

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

Software Source website

PEAKS www.bioinformaticssolutions.com

SegMS (download) www. protein.osaka-u.ac.jp/rcsfp/profiling/SeqMS.html
Sherenga (included in N/A

SpectrumMill)

Luthefisk (download) www. hairyfatguy.com/Lutefisk

DeNovoX* www.thermo.com

PepNovo peptide.ucsd.edu/pepnovo.py

SpectrumMill* www.home.agilent.com

*Commercialized



