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Why do we do proteomics?

GProteinsform the structural fabric of cells anchderpin all metabolic processes and regulatory mechar@msX ¢ K S N.
understanding protein structuigunction relationships in cell biology not only requires the identification of proteins but
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INTRODUCTION

Definitions

Proteomics large-scale studyof the functions, structures, and interactionsmbteins.

Proteome the entire complement of proteinghat is or can be expressed by a cell, tissue, or organism.
Proteoform: all of the different molecular formdn which the protein product of a single gene can be found,
encompassing all forms of genetic variation, alternative splicing of RNA transcripts, arichpskttional

modifications (PTMSs).

Posttranslational modifications (PTMs)nodifications that occur following the synthesis of the protein. Very diverse
and account for much of the proteome complexityrosphorylation, glycosylatioretcX
m/z

Bottom-up (BU) proteomicsidentify proteins and characterize their amino acid sequences andtpostlational
modifications by proteolytic digestion of proteins prior to analysis by Ri$iides.

Mass spectrometry (MS)dentify the amount and type of chemicals present in a sample
by measuring the mads-charge ratio and abundance of gplsase ions.
Mass = weight, charge= number of proton SpectraA

intensity

Top-down (TD) sequencingrotein identification that uses an ion trapping mass spectrometer to store an isolated
protein ion for mass measurement and tandem mass spectrometry anédlysist proteins.

Deconvolution transformation of a charge state series into a molecular mass. \ —
i
m/z mass

intensity

Protein mass.
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Bottom-up vs. topdown

Peptide fragments along the sequence (never 100% coverage, ¥10%) .

fragment ion

ol pepude
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~ Bottom-up proteomics (peptides
+ all MWs

- Dynamic range up

+ Most mature

+ Widely used, sufficient tools

+ Can handle complex samples
-  PTM analysis

- Protein processing

- Allelic variation

PTM2 - Protein quantitation

\

intact PTM1 Allelic variant Top-down proteomics (proteins)

+_Protein guantitation
+ Allelic variation
I + PTM analysis on protein level

: . —— + _Protein brocessing
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- Complexity of the sample prOteOformS
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Highly complementary
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Fragmentation of whole protein from-Mind Gtermini (100% coverage)

Topdown sequencing (TDS)  ~
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Bottom-up (AA segquence=protein ID)

(O

Topdown (variants & PTMSs)
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Proteoforms

Many proteoforms
In a giversample

Genetic

J

many proteins !
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Extraction

Many protocols available (e.g. TCA/acetone precipitation, Phenol/ammonium
acetate partition); most apply the same principles : denaturation and reduction
proteins (not native and not protein complexe$)subunits.

Denaturation usinghaotropes(IV and Il structures disrupted)

Urea
Thiourea Reduction oflisulfidebonds (11 structure disrupted)
GuanidineHCI DTT

TCEP \
TBP Alkylation of reduced bonds (I structure maintained)
2-ME IAA

N

CorerIex (IV, 1B, subunit (1NA denatured (1)
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Digestion (bottomup)

Aprotease(also called peptidase or proteinase) is any enzyme that performs proteolysis, by hydrolysis of the peptids
that link amino acids together in a polypeptide chain.
Trypsin(EC 3.4.21.4) is a serine protease, found in the digestive system of many vertebrates, where it hydrolyses prt

Proteases most widely used in proteomic analysis:

1.Trypsin (R, K) by far the most widely used protease in proteomic analysis.

2.0ther proteases and cleavage reagents ‘ v
Glu-C (E) gly-arg-gly-glu-leu-val-ile-ser-ile-ser-ala-leu-ile-val-glu-t yr gln-arg-pro-trp.

Lys-C (K) ‘ ‘ ‘9

Chymotrypsin (F, W, Y)

Asp-N (N)
&
3.Non specific proteases @ S e e
. : . o\
Subtilysin § oS R
Pepsin (F, L)
Proteinase K ’
Pronase (mixture of endo- and exo-proteinases) Ser. ~lys-cys-his-arg-ile-ser-his-glu-ile-asp-his-glu-leu-pro- 9'U“359 arg:trpzala
Elastase (A, G, S, V) ﬂ Q h

Thermolysine (I, M, F, W, Y, V)
.Mg-c. Sequencing Grade &l Trypsin Gold, Sequencing Grade Modified Trypsin, Immobilized Trypsin
D Glu-C, Sequencing Grade . Chymotrypsin, Sequencing Grade

- Asp-N, Sequencing Grade . Endoproteinase Lys-C, Sequencing Grade/rLys-C, Mass Spec Grade

|




TECHNICALITIES
Separation

NanoA capillaryhA normalA analytical flow
400nL/min 3uL/min 0.2mL/min 1mL/min

4

HPLC separation columns:

RPC (C18, C8, C4), IEC, ST

-4

2-D-LC
(fraction collection) high-throughput analyses.
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Highperformance liquid chromatograpf(HPLC}eparategthe components in a mixture, to identify and quantify each
component. The componentgndto the separation column (stationary phase) and arged by increasing concentration
of solvent (mobile phase). A component is then defined byeitsntion time (min) and abundance. Great diversity of
YSGK2Ra owtX btX L9/ X {9/ X0d

(1) Solvent reservoirs, (2) Solvent degasser, (3) Gradient
@ valve, (4) Mixing vessel for delivery of the mobile phase, (5)
Highpressure pump, (6) Switching valve in "inject position",
(6") Switching valve in "load position”, (7) Sample injection
loop, (8) Precolumn (guard column), (9) Analytical column,
(10) Detector (i.e. IR, UV), (11) Data acquisition, (12) Waste
or fraction collector. (Wikipedia)

Parameters: ]
Flow rate 25000
Mobile phases 3
Temperature 7]
Stationary phase 2 ]
Length, Diameter
Particle size 10000
Gradient

Duration 5000

ol il

Time (min)
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RRHPLC

Reversed phaselPLERPHPLC) is typically used for peptides or protenm(pola). One common stationary phase is a
silica with a straight chain alkyl grospch as C18, C8 or C4. A

. Peptide

5
G n-Alkyl
i “'—h. ~ —18 Iigangs
beads usually porous order =y
to increase the surface area of %, G
the beads available for binding, ™ th -
Y e % e B \.
§4 0 o BT G Jegs SUSE N
edo 4V D Mo i i~ ) . \ Protein
e LI 2 AN
PR N C8 (AN
& 5 o 9 r_-p o \
o % o ® e = 1 L C4 2
g E«m P et ik n-Alky!
Beads A D.J;D = . ligands
g o & & e e &
| 3-5 um | :i:\; '.b \a ‘c \'t. .e ﬁb ‘&c &-r- &b Silica ‘
| I o - ) :

Aguilar Ml 2004 Methods in Molecular Biology:
HPLC of Peptides and Proteins 25229

Clean
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g

nsity (RGB)

Linear Gradient
| of Organic (B)

| || Re-Equilibrate
| | Column
[ ) \ for Next Run

L

Time

Detection

Binding/Washing Elution
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Mass spectrometry (MS)

—

Vacuum Chamber

intensity

Ly

lon formation -—=>» lon separation —> lon detection

4

@ Matix-assisted laser @ Time of Night Faracday cup
desorption/ionization Magnetic Secondary electron
Electron impact Double-focusing multiplier
Spark source Reversed geometry Scintillator
Thermal lonization Quadrupole Micro channel plate
Photo-ionization Quadrupole ion trap
Chemical lonization © Triple quadrupole
Field ionization Four sector
Fleld desorption @ Hybrid
Multiphoton ionization Radio requenc
Fast atom bombardment Fourier mm#n Covered here
Plasma desorption Magnetic sector
Infrared laser desorption Electric sector

@ Nanospray ® Linear ion trap

@ Electrospray lonization lon cyclotron resonance



TECHNICALITIES
1/ 1on formation

- a=
lonisation <|

lon formation

. Matrix-assisted laser
desorption/lonization
Electron impact
Spark source
Thermal lonization
Photo-ionization
Chemical lonization
Field ionization
Fleld desorption

ionization
Fast atom bombardment
Plasma desorption
Infrared laser desorption
© Nanospray
@ Electrospray lonization
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lonisation

lonisationis the process by which an atom or a molecuigquires a negative or positive chatgyegaining or losing
electrons to form ionsln mass spectrometry (MS), ionization refers to the production of gas phase ions. lonization oc
the instrumention source

Soft ionizatiorrefers to the processes which impatrt little residual energy onto the subject molecule and as such resul

little fragmentation In proteomics, electrospray ionization (ESI), or matssisted laser desorption/ionization (MALDI) ar
commonly used.

mobile / Ry O\ Ry O Rs o
H H H
proton @ N N N
H3N N N OH
H H
0O R, 0O Ry o]
* Experimental gas phase proton affinities of the twenty free amino acids relative to HN SEQUEStEfEd
glycine, retrieved from NIST WebBook
proton
2 200 — O]
& R H,N NH,
“é ~ 150
[s]
% ‘g— 100
)
CIJ S—
£ 50 Aemcuurunlvonm
K
o=

o

Arg Lys His Trp GIn MetAsn Tyr Phe Thr Pro lle Leu Ser Glu Val Asp Cys Ala Gly



Examples of applications

T EC H N | C A |_ | T | E S 1/ Microbial identification using/aldi

Biotyper
M A L D I 2/ Protein identification following gel
SN e separation and trypsin digestion.

Matrix-assisted laser desorption/ionizati¢gMALDI) is aoft ionizatiorntechnique mostly producinginglycharged iondn

the gas phase (mass readily obtained from the m/z spectra as z=1). Thamafs®must be capable of measuring ions
with very high m/z ratios.

Workflow: 1/ the sample is mixed with a suitabteatrix (acidic) and applied to a metal plate, 2/ a pulsed laser irradiates
sample, triggeringblation and desorptioof the sample and matrix, 3/ thanalyteis ionized by being protonated or
deprotonated in the hot plume of ablated gases, and can theadueleratedinto a mass spectrometer.

Common matrices (acidic solution). ¢

N
HO Il 0 0
HO & OH
F OH OH
HO
H
0 0 _0
DHB
CHCA - v
. Lo 2,5-dihydroxybenzoic acid Sinapinic acid (SA)
S=Lyanio:A:ydroxy-cinrgmic acid MW 154,12 (E)-3-{4-hydroxy-3 5-dimethoxyphenyllacrylic

MW 189.17

MW 224.21

Spotting (32>L) on target plates. Dry spots.

Secondary ionization

[on-molecular reactions:

m : Matrix M™+A—->M+A" (charge transfer) i . Laser
- o N s -
C : Cation s e - l M"+A—M+A" 4 s
A : Anion Om .‘o L ' MH"+ A — M + AH' (protonation)
00 MNa‘+ A — M +ANa’ (cationization)
Vacuum o' o0
"~ & m
L] Primary ionisation
IM} + hy - MH*, M*", MNa*, M™, etc.
e
mm
0 AR N R e S

Sample : analyte(®) + matrix(e)
Sample Slide Sample Slide
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ESI

Electrospray ionizatio(ESI) produces ions using an electrospray in whichfavoltagds applied to aiquid to create an
aerosol ESI producesiultiply charged ionsThe maximum number of charges is roughly dependent on the number of t
AA (K,R, H). This extends the mass range of the analyser to accommoddiati®aorders of magnitude observed in
proteins and their associated polypeptide fragments. Another important advantage of ESI is that splhatseninformation
can be retained into the ggshase.

Highlycompatible with HPLwhich can be coupled online with the MS ESI source.

lonised
Liquid (+)

Heated
Capillary
Nebuliser ~-50V
Gas (N,) Gas-phase lon

Formation

Taylor  Aerosol
Cone Plume G gt

Fused-Silica
Capillary ~+1.5 kV

ESI Combination Model
+

+
e "
“+ ‘
+ g 4+
+
@ o

+
+‘++ 5
o

+
+

++ + +
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2/ 1on separation

Vacuum Chamber
d

lon separation

@ Time of Might
Magnetic
Double-focusing
Reversed geometry

Quadrupole ion trap
@ Triple quadrupole




TECHNICALITIES
Mass analyser

The ions areacceleratedso that they all have theame kinetic energyThe ions are then DETECTION
deflectedby amagnetic fielcaccording to theimassesThe lighter they are, the more they

are deflected. The more the ion is charged, the more it gets deflected. The beam of ions

passing through the machinedstected electrically

How Mass Spectrometry Works ©2009 HowStuWorks

Stream of lon lon
cii e Yl Stream C :
|'—"|:'|5|t|'l.-|:.lll‘, Charged | Stream A
ons i

Electron
(3un

F
o T T #
. .,
Rt
S -

e _ : . Magnetic |
Electromagnet | 3. fleld region

*, "B out toward

*

Negative lonization Accelerating
Grid Detactor voltage applied selector
Slit

L pepe——

After ionization, acceleration,

and selection of single velocity

particles, the ions move into

a mass spectrometer region

; _ where the radius of the path and

Positive N thus the postion on the detector
Grid ¥ is a function of the mass.

lanization
Chamber

Detector
"

Detector
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Types of mass analysers

Quadru{ole Ton Trap O R B I T R A P

QIT

F ing Octapol
Electrospray ocussing Octapole Detector
- )
[ ] F

Helium Bath Gas
+ Neutral Reagent

H_/

Synthesis
Purification
QQQ Reactivity
Q1 Q2 Q3
[ I ] ] :’:y. 10bit ADC
@ MRM
@ o ve
g - !” Qv v Z| signal
.. .. . e .ﬁ ) .U @ W @ u = E
] ] - I=
e ‘e .u N e
[ I ] | ] Time
Peptide Fragmentation Fragment
Selection Selection
i Combo C-trap/
A s::,k;i:;:g B. Dl-::,l'lt"::r C. HC!:)":;otl)lisio::ell

Electrospray lon Sou S-lens Square Quadrupole  Octopole High re Cell  Low Pres: Multipole rap HCD Callision Cell

BIrE =r=re:
LTQORBITRAP
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Example oMass Spectrometers

Bruker MALDITOF/TOF
NMR 700Hz

LTQOrbitrap |
Thermo |
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Fragmentation modes (MS/MS)

Fragmentatioris a type of chemical dissociation used in MS to find the structural formula of a molecule through mas:

spectrum analysis, a process caligdictural elucidation

It can occur in the ion sourcen{source fragmentation, i.e. MALWhere it is generally not a desired effect as it is less

controlled.

Desired fragmentation is made in the collision zones{-source fragmentationof a tandem mass spectrometer. Different

types of mass fragmentation:
-collisiontinduced dissociation (CID),
-electroncapture dissociation (ECD),
-electronttransfer dissociation (ETD),
-negative electrortransfer dissociation (NETD),
-electrondetachment dissociation (EDD),
-photodissociation
-surfaceinduced dissociation (SID),
-Higherenergy Grap dissociation (HCD),

-charge remote fragmentatian

fragment
on

neutral
lost /

+ PRODUCT
) IONS
|

PRECURSOR
oNs > ././O

activated
Precursor  fragmenting
p

activated fragment ion
lor ion . 8

(continues to fragment)

CID

Collision
Induced
Dissociation (CID)
Electron ! Electron
Detachment Caplure
Dissociation (EDD) | Dissociation (ECD)
H—\-\-\-\-"‘—\-\. a t’,: c.—"/r”)

pE——

=L
ﬂf
2]
|
Y s

;

=5

(]

(]

(@]

X

HaN b
) :
[ i
o " : . o
Megative i i i
Electron E_ L L ‘El:ﬁ::?;
Transfer  ——————x ¥ g— I er
Dissociation (nETD) Dissociation (ETD)
Negative lon
InfraRed Elactron
|||LF1t|Fhﬂ‘tﬂl‘| CE”]‘I“rﬂ

Dissociation {|RMPD) Dissociation (niECD)
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3/ 1on detection

lon detection

Faraday cup
Secondary electron
rmuktipler
Scintillator

Micro channel plate

overed here
AGRICULTURE ORIA
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Mass resolution

High resolutiomd isotope patternA monoisotopicmassA high mass accurady reliable 1D
Low resolutiond isotopes not resolved, averagemassA low mass accuradd less reliable

If the mass analyser used has sufficient resolution it will allow the separate detection of the different isotopic forms c
ion.

To determine theull width at halfmaximum(FWHM) resolution of a peak in a mass spectrum divide the m/z of the pe
the width of that peak at 50% of its intensifyn value of this number that is greater than 10,000 will give excellent
separation of isotopic peaks.

2015-03-11_GluFib_100dilution_MS90 #5751 RT: 28.38 AV: 1 NL: 8.73E7
F: FTMS + p NSI Full ms [300.00-2000.00]
apex 991.0494

88000000 — —m—m; ------------ Resolution:
E 991.0494/0.02326
=42600

70000000

auunnnnn—i
Half apex 500000003
44000000 = = == == Ho == = - = e ey == - -

240000000

30000000

0.02326

20000000

10000000

|

|

l¢
~

|

lI

U = | T T T T I T
91.04 991.05

99102 sot0z 9 ‘99105 99107 99108
991.03860 miz 991.06186
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Why does resolution matter?

z knownA accurate mass (from m/z

240K resolution peakeparated . ‘/\\ High resolution, charge state (2)

120K resolution baseling
ExampleaS1CN B

: . . Average mass = 23614 Da
60K resolution isotopicaHgesolved Accurate mass = 23600.2 Da

14 Da difference

30K resolution too low

908.800 908.855 908.900 908.955 909.00) 909.055 909.10) 909.15) 909.20) 909.25 909.30 909.35 909.40 909.45 909.50 909.55 1909.60 1909.65
m/z
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Charge state of pe

miz

35.18 NL:
100 TIC 1094.0852 fj-f;ﬂs
@ 3 30.11 2014-11-
S 807 634 3548 19_1113-
= E 18.66 AZ_Z 52 rep2
2 60 1031.9122
< ]
2 404
E 20
2542 ML:
3 EIGn e
2197 Iz 991.0447 e
=] - . _
£ 80 991.0497 WS
2 .1 2014-11-
3 60 19_1113-
< 7 AZ_2_52_rep2
z 40+
= 203
(5. .
0 ...l 10T rrrl T, T oo
0 L) 10 15 20 25 30 35 40 45
Time (min)
2014-11-19_1113-A2_2_52 rep2 #5240 RT: 2542 AV: 1 NL: 1.62E8 @
T: FTMS + p NSI Full ms [300.00-2000.00] .
SRR [ 991.0447
160000000 160000000 g g
i MS spectrum isotopic peaks
AA0000000
Element Average mass Isotope Monoisotopic mass Abundance (%)i 20000000
100000000 991.5454
Hydrogen 1.008 'H P 1.00783 4—P 99.985 =
’H 201410 0.015 5 80000000
Carbon 12.011 2c4—Pp12 98.90 " s0000000]
) l:C 13.00335 E10 8503784 40000000 2920468
Nitrogen 14.007 “N ——P 14.00307 ¢——P 99.63 0.5
5N 15.00011 0.37 1
[Oxygen 15.999 ::0 P 1599491 4—Pp 976 661.0340 e 990.4161 9907675:90 7959590.9161 99‘-”6;91 29593914163 91,6767 ngziw \as,um()slaéuad 'msgazmg
mg :gx:z g:(zxoo " aba | w06 | s | S0 sz | sn4 | oals | 9916 | 990 | wnz | w4 | e |
Phosphorus 30.974 'p 4——P 3097376 4——P 100 5 =
Sodium 22.990 B Na f——P 22.98977 4———Pp 100 n
Sulfur 32.064 S 44— 31.97207 4——Pp 95.02 o ) . ) . ) ) )
aia ;;%g;;‘; o : Need isotopic distribution to figure out peptide
Monoisotopic mass=mostapundant isQi S 2 668.3607 n .
= —— — 573 4509 w2z | Ccharge state, and therefore peptide accurate mass.
J315.2020 576.3127 7y |8s2.8814 | 10088088 | — — =
A2 | steser L. deesge [ous L 2=1h(miz)=1/0.5=2
400 600 800 1000 1200 | In this caseMmono=(m/z*z)}z=(990.5461*2P=1979.0922
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Charge state of peptide (MS1)

35.18 SI:?EQ
1094 05852 -
1005

2 7 TIC 30.11 ;cﬁfil

£ 804 634.3548 191113

= e 18.66 AZ 2 52 rep?

= 604 1031.9122

2 "

2 40

g 204

3 LI_ e
661.0339 :
1004 -

e E1Gn/z 661.0340 e sor

= = 661.0373 MS
The greater the £ o] 201211

= = 19_1113-
charge state (ESI 2 0] A2_2 52 rep2
only), the greater the 5 0]
chance to detect the e GE

. r 1 1.1 1 111 [ 1 111 1 1 1 1 1] T 1 1 1 1T 1 T 7T 1 1 1 1 1 1 T T 1 L

T
25

ion along the m/z 0 5 10 15 20 30 35 40 45
scanning window. Time (min)
Essential for large 2014-11-19_1113-A2_2_52_rep2 #5240 RT: 2842 AV- 1 NL: 162E8 24 e
mole(-;ules such as T FTMS + p NSI Full ms [300.00-2000.00] 081 047 7z=1/diff=1/0.33=3
proteins. 160000000 M S Spectru m Mmono=(M/z*z)z=(660.7007*38=1979.1021
140000000 Same mass than before, probably same peptide.
120000000 ey
A d 70000000 . .
] s isotopic peaks
100000000 Gl R
%‘ ] 3+ N 50000000
5 800000007 661.0340 2 0.33 | e
- : EZUUUDUUU* 7
60000000
: 20000000 0.33 661.7020
-flUUUUUUU—: 10000000-] 0.33  szams
_ . 660.7621 660.9738 661.0953 661.3067 661.5181_ 6615792 16679131
20000000__ 668.360? ' o SS‘DS ' T SS‘TU ' T 55‘12 ' ' I":S‘TA ' ' ' 55‘15 ' ' ' 55‘18 ' SS‘ZU '
7 8334 Frapepy e :
,J215.2020 576317 || o7 j|es28814 |1009.8088 T ?‘—';“”J“ 1514.2162 1647.6136 1840.9255 1981.0933
T T T T T T T T T T T T f T T T T T T T T T T T T T T T T T T |
400 600 800 1000 1200 1400 1600 1800 2000

miz
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Fragmentation of pe

35.18 NL:
1004 . 1094.0852 2.4TE9
] mc Ms
3 2014-11-
905 19_1113-
803 3011 A2 2 52 e
] 634.3548 p2
o 707
z ]
= 7
S 60 18.66
5 7 1031.9122
= 507
by 3
E 3
= 40
ENE
o ]
30
207
107 L ‘
0_|||||||||T| |M|||L|‘_|||
0 5 10 15 20 25 45
Time (min}
2014-11-19_1113-A2 2 52 _rep2 #5240 RT: 28.42 AV: 1 NL: 1.62E8 e
T: FTMS + p NSI Full ms [300.00-2000.00]
991.0447
P MS spectrum
140000000
120000000
1000000001 Most abundant precursor ions are
] 850.3784 ’ .
3 1 fragmented in MS/MS experiments (20
S 80000000 661,040 .
E 1 - ilons/3.6 sec).
60000000
40000000
20000000 992 5488 etc...
0311_5-_2020 576.3127 1009.8088 1514 216: 1840.9255 1981.0933
T T T T T T T T T T T T T T T |
400 600 1000 1400 1800 2000
m/z
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Fragmentation of pe

100
90
80

30.11

634.3548
70

60 18.66
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Peptide seqguencing (MS2)

The diagram below illustrates how peptides aszjuencedusing MS/MS data.

b ionsEGVNNEEGFFSAR

2015-03-11_GIuFib_10dilution_phaseA #1075 RT. 1 2+ IL: 5.31E8 MS & oy
1-letter . ) F- FTMS + p NS! Full ms [300.00-2000.00] Y i V D ( 'h! ) hI IJ_;
Monoisotopic - == S
cﬂde 500000000% l \ \ \
- o I ! CID on most abundant ion
s e V'm/z 785.84 EGVIONEEGRAR
D 11502694 gZSﬂﬂDﬂUﬂﬂé I I
C 10300515 tsmmé | I 1+ N“Ei‘mi"“f'L L L C-terminus
E 125.04259 WUUUUUUUUE ‘ ’ 1570 6754 . . .
Q 128.03838 5““““““; 376.3020 5§2;:; TR0 | 5133 o 1285.6432_1396.6635 l 16590654 1885.2189 1964.0958 " Y2 ¥t
G 57.02146 400 600 \snn/ 0 m/zwznn 1400 1600 1800 2000 EGVN D N E Em Io nS
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T 10104768 bions 3 400 515 629 758 887 944 1091 1238 | 1325 1396 1552
W 186.07931 . - — \
Y 163.06333 100000000 D N = — G F = E) A R
v 9906841 = . 115 114 & 19 1p9 57 R L 87 : 71 156
E 80000000+ % k
= . : 21 566
. -4 333.3608 i
Not every spectral 60000000 7
peak is annotated for ] = 1171{5087; 1285 5425
5 0 40000000 62T 4506 -
this peptide, hence . 497 2914 (7] o
the need for 2UUUUUUU_: 382.3579 0] i 1 l J l I \ 0‘ 1325 4844 JRIA
. n i == 1452 1954
powerfu| a|gor|thm o .I.Jl TN 5 "l'lu' .ll. PN O R i YA R it Il P o=t
g 3 400 600 a0o0 1000 1200 1400 1600
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Charge state of protein (MS1)

RT-213-2505 SM: 7B E
100+ 2149 21.58 NL: 2.06E6
B P C Base Peak F. FTMS +p
ESI Full ms
90 .14 [600 00-2000 00] MS
5 P 2252 2018-04-
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120K _SID0eV_39min_28-
40B

Diff= 1027.65702027.61361=0.04341
z=1/diff=1/0.04341=23.03617 ~23
Mavg=(m/z*z)z=(1027.65702*23p3=23613.11 Da (Av. aS1CI8r
M,,=(15t m/z*z)-2=(1027.09142*23)3=23600.10 Da (Mo. aS1CI$®)
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Fragmentation of a
aS1CN BP 23600.1 Da
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TECHNICALITIES

Fragmentation of a protein (MS2)

aLAB 14177.23 Da
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TECHNICALITIES

Protein databases

Proteomics immensely benefits from genomics and geneawiencingrojects as theiannotationsteps include defining
gene modeldrom which protein sequences are inferred. Since more genomes are being sequenced all the time, prot

databases keep on growing.

- UniRef UniParc Proteomes Hidden Mearkov Models wm

Sequence clusters Sequence archive
Swiss-Prot o - % 1\ @
(548,208) 5.5 =
!i Manually annotated
and reviewed. Suppo[‘hng data
(4;;‘51“:2';6) theralure::itatiuns Tax.:In:my Subcellular locations
Automatically é é
annotated and not Cross-ref. databa: Disea: Keywords F i I tati Frairiilles] Protein
reviewed. =, Structural unctional annotation or ramilies;
= XX domains domains f(;:::gse)s

I
UniProtprovides the scientific community with a i

comprehensive, higiquality and freely accessible resource of
protein sequence and functional information. 9 |nter

Protein sequence analysis [ & classification

Interl?rois a bioin]‘ormatlcs resource that provides. _
- = = functional analysis of protein sequences by classifying
Protein [ Protein vl them into families and predicting the presence of
Advanced domains and important sites. Linked witmiProtKB

S AQE’E Protein

NCBI Protein databads a collection of sequences from several

sources, including translations from annotated coding regions in DS y S Y2RSf3 R2 Y Q ii
GenBankRefSe@qnd TPA, as well as records fr@wissPrqtPIR, PRF, (phosphq glycoproteins..)

and PDB. Protein sequences are the fundamental determinants of
biological structure and function.
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Automated search algorithms

Peptidesare identified from mass spectra by using search algorithms wihictpare experimentally obtained mass spect
peaksto the theoretical massederived from protein sequences.

Sequeswas first such algorithm wherein scoring for matches is based on numispeoctral peaks that
are common to theoretical and experimental spect(&nget al 1994).Customised libraries.

X! tandemgenerates theoretical spectra for peptide sequences using information abtaurtsity
associated with amino acidsThese spectra are compared with experimental data to generate an
expectation value (Craig and Beavis 2003; Craig and Beavis 2004).

Mascot a probabilistic algorithm, estimates the probability thgtr@dicted peptide sequence
generated the experimentally observed peptide by chan@éppetial 2005).Uniprot libraries
maintained byMatrixScience

Scaffolds a computer program that integrates search results fromaheve three algorithmgSequest
X! tandem and Mascot) to generate peptide identification and protein identification probabilities.

Phenyxuses a scoring scheme based on signal detection theory and pattern recognition to calculate a
likelihood ratio that distinguishes true from false peptide identificatior{€olingeet al2003).

Paragon a search algorithm that is a part®foteinPilotsuite of softwares, useSequence Temperature
Values along with feature probabilitieor identification of peptides from a databas8Hilovet al2007).
ForiTRAQexperiments.

OMSSA, Sonand Spectrum Mill.. different approach to identify peptides.
' !



TECHNICALITIES

Search algorithms

Search algorithms all implement different methods which therefore will lead to slightly different results (different pept

hits A different proteins). Best to use several algorithms and use the common hits as the list of identified proteins.
Algorithmmost commonly uset Mascot

Venn Diagrams representing the distribution of peptide assignments at 1% FPR by multiple search algorithms.
- Mascot

[ paragon
Il Phenyx
-Soquut i
] Xt tandem P

Bl Mascot o 33
B Phenyx 196 =
1 x1 tandem

354

126

Bdellovibrio Nagellar dataset

Human lung cancer Bdellovibrio membrane dataset
time course dataset

Kappet al2005 and Balglegt al2007
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Protein identification

For 1 peptide:
Accurate mass of the precursor i@R m/z ses.38
Accurate masses of the MS/MS fragment i
(y- and bions)

Great confidence in the peptide sequence

Several peptides per protein:

Lots of masses!
The more peptides, the greater the confide

Usually, at least 2 different peptides/proteins

(unless proteins are of low MW).

Limitations:

Only enzymeeleased peptides are searched
Assumption that protein is intact (could be truncated)

Real exampleBovine Serum

Albumin

MS/MS spectra 868.38 m/z mass db ion
868.38 seditpep precursor
868.38 eppdesit precursor
100
) 90 P E P T I D E S 868.38 tippeesd precursor
0161 868.38 peptides precursor
70
60 U
50 %
40
30 :|
. | I e
10 I
0 | ®
W © @ 9 0 o > © 3 9 © >
G U SRR, i ' S SR, L SR
A %"?’l\/ B &Fy A S I A

nce in protein identity

Database search:
THISPROTEINISMADEOFL

o%

MS/MS spectra 831.42 m/z anass nisgsn roaursor

831.42 nytirsp  precursor

1:2 T Q Y P S I N 831.42 tripsyn  precursor
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0 101.05  t bl
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Q\P@ .\ys(’v ’9,;» 4\')"h \9:;’ N\?’\' .19’—"\’ \"\7‘?’ ,\b:;\ @7‘9 ,;\?’q’ @"’;\ f;\,@’ 604.30 TRYPS b5
RS A R A A - A R 71738 TRYPS b6
730.38 RYPSIM y6
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15/60 = 25% sequence coverage
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