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The concept of the proteome is fundamentally different from thatThe concept of the proteome is fundamentally different from that

 

of the genome: while of the genome: while 
the genome is virtually static and can be well defined for an orthe genome is virtually static and can be well defined for an organism, the ganism, the 
proteome continuallyproteome continually

 

changes in response to external and internal eventschanges in response to external and internal events

Alternatively spliced varients

Post translational modifications

Expression in response to cellular state

Proteome:Proteome:
 

PROTEPROTEinin complement expressed by a givencomplement expressed by a given
 gengenOMEOME

What is Proteomics?



Proteomics

Bioinformatics

Chromatography

Electrophoresis

Microfluidics Microarrays
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Various culture conditions:

Temp, nutrients, pH,  etc.

OM proteins

Intracellular proteins

Extracellular proteins

Proteomic - Steps
Two-dimensional gelelectrophoresis

Second Dimension: SDS-PAGE

Spot detection:

First Dimension: IEF

Coomassie blue

2-DE problems
Extracting
Solubilise
Precipitation

Ruiz et al. 2006

G-neg. bacteria



Gel scanning and image analysis: 
PDQuest

Protein identification: MS

MS/MS

Software Functions:
Detection
Quantification
Alignement
Comparison
Matching
Guassianimage

MALDI-TOF
Samples on slides

Q-TOF MS/MS
Samples in solution

Measure mass of 
intact peptide ion
PMF

Measure mass of 
peptide fragments 
MS/MS ions – aa 
sequence data

Protein ID by peptide 
mass fingerprint (PMF)
Expensive

Protein ID by cross 
correlation algorithms
Very expensive

Good for sequenced 
genomes

Good for unsequenced 
genomes

Spot picking

Tryptic digestion



TheThe proteomicproteomic challengechallenge

TheThe proteomeproteome is is dynamicdynamic, , expressionexpression ofof
proteins proteins reflectsreflects itsits cellular cellular statestate
A given A given cellcell maymay expressexpress thousandsthousands to a to a 
fewfew tenten--thousandsthousands ofof proteinsproteins
Large Large dynamicdynamic range range ofof protein protein 
expressionexpression, at , at leastleast 5 5 ordersorders ofof magnitudemagnitude
MSMS--basedbased proteomicsproteomics needsneeds to to dealdeal withwith a a 
upup to a million to a million peptidespeptides in a given in a given cellcell--lineline



WhyWhy do 2DE in do 2DE in proteomicsproteomics

ProteomesProteomes areare highlyhighly complexcomplex, , needneed a a 
separationseparation methodmethod thatthat::

Is Is reproduciblereproducible
Is Is ofof highhigh resolutionresolution
AllowsAllows quantitativequantitative comparisoncomparison betweenbetween
samplessamples
AllowsAllows detectiondetection ofof PTMsPTMs



The protein sampleThe protein sample

EitherEither in in cellscells or in or in solutionsolution
RemovalRemoval ofof unwantedunwanted biomoleculesbiomolecules
FractionationFractionation

•• CytosolicCytosolic proteinsproteins
•• MembraneMembrane proteinsproteins
•• CytosceletalCytosceletal proteinsproteins
•• NuclearNuclear proteinsproteins

Protein Protein concentrationconcentration / / removalremoval ofof
salts/salts/detergentsdetergents

•• precipitationprecipitation



WeWe do 2D PAGE to do 2D PAGE to getget betterbetter 
protein protein separationseparation

1-DE 2-DE

3 pH 11



WhatWhat is a 2D gel?is a 2D gel?

1st and 2nd 1st and 2nd dimensiondimension separate proteins separate proteins 
onon thethe basis basis ofof differentdifferent ””molecularmolecular
propertiesproperties””

1st 1st dimensiondimension = = isolectriicisolectriic pointpoint ((pIpI))
IsoelectricIsoelectric focusingfocusing

2nd 2nd dimensiondimension = apparent = apparent molecularmolecular
weightweight

SDSSDS--PAGEPAGE



IsoelectricIsoelectric focusingfocusing

Proteins Proteins areare amphotericamphoteric, , meaningmeaning thatthat
theirtheir chargecharge variesvaries accordingaccording to to thethe pH pH ofof
theirtheir surrendingssurrendings
NowNow immobilisedimmobilised pH gradient strips (IPG pH gradient strips (IPG 
strips) strips) areare availableavailable and have and have solvedsolved manymany
problemsproblems



SDSSDS--PAGEPAGE

Proteins Proteins areare coatedcoated withwith SDS (SDS (anionicanionic
detergentdetergent), ), whichwhich mask mask theirtheir instrinsicinstrinsic
chargecharge
All proteins All proteins therforetherfore migratemigrate to to thethe anode anode 
whenwhen under under influenceinfluence ofof an an electricelectric fieldfield
Relative rates Relative rates ofof protein protein migrationmigration areare
determineddetermined by by theirtheir relative relative massmass and and thethe
pore pore sizesize ofof thethe acrylamideacrylamide//crosscross--linkerlinker
matrixmatrix



SDS-PAGE
2nd dimension

Isoelectric focusing
1st dimension



Sample Sample preparationpreparation

General General PrincipalsPrincipals::
PreventPrevent protein protein modificationmodification
RemoveRemove particulateparticulate mattermatter
DisruptDisrupt protein protein aggregatesaggregates and and denaturedenature
completelycompletely
KeepKeep salt salt concentrationconcentration lowlow



Samples Samples areare diluteddiluted intointo 
rehydrationrehydration solutionsolution (RS)(RS)

Most RS for IEF Most RS for IEF containcontain thethe followingfollowing::

ChaotropicChaotropic denaturantdenaturant
NonNon--ionicionic or or zwitterioniczwitterionic detergentdetergent
ReducingReducing agentagent
Carrier Carrier ampholytesampholytes
BromphenolBromphenol blueblue

A typical solution might contain:

7M urea, 2M thiourea, 4% CHAPS, 65mM DTT, 0.8% carrier ampholytes, trace 
bromphenol blue



EquilibrationEquilibration

FollowingFollowing IEF and IEF and beforebefore SDSSDS--PAGE, PAGE, 
samples samples areare equilibratedequilibrated, , thisthis serves serves twotwo
purposes:purposes:

1.1. CoatingCoating ofof eacheach protein in SDSprotein in SDS
2.2. ReductionReduction and and modificationmodification ofof cycteinecycteine 

residuesresidues to to preventprevent anomalousanomalous 
recombinationrecombination ofof disulphidedisulphide bondsbonds during during 
thethe secondsecond dimensiondimension



StainingStaining
SensitivitySensitivity
SimlicitySimlicity
SpecificitySpecificity
SpeedSpeed

CoomassieCoomassie
SyproSypro RubyRuby
Silver Silver stainingstaining
radioactivityradioactivity

silver

Coomassieμ g

nmole

pmole

fmole

amole

ng

pg

fg
1x10

4

(1 μg) (10 μg) (100 μg) (1mg) (10mg) (100mg) (1g)
1x105 1x106 1x107 1x108 1x109 1x10

10

# of cells loaded on gel
(Protein quantity)

10 copies/cell
1000 copies/cell
100000 copies/cell

Relationship between protein copy number 
and cell level



Problems Problems withwith 2DE2DE

2DE not 2DE not veryvery compatiblecompatible withwith::
HydrophobicHydrophobic proteinsproteins
Proteins Proteins withwith extremeextreme pIspIs
LowLow abundanceabundance proteinsproteins
VeryVery largelarge or small proteinsor small proteins



ProteomicsProteomics –– thethe studystudy ofof thethe proteomeproteome
TheThe collectioncollection ofof proteins proteins foundfound in a in a particularparticular cellcell
type under a type under a particularparticular type type ofof stimulationstimulation

Protein Protein expressionexpression profilingprofiling
IdentifyIdentify differentiallydifferentially expressedexpressed proteins proteins betweenbetween
proteomesproteomes ofof thethe same same cellcell to to changeschanges in in thethe
environmentenvironment
Reveal Reveal biochemicalbiochemical pathwayspathways involvedinvolved and and 
affectedaffected by by thethe parameter parameter changechange
AssignAssign newnew proteins to proteins to knownknown pathwayspathways
IndicateIndicate functionfunction to a protein to a protein ifif previouslypreviously functionfunction
is is unknownunknown



Assume
 

any
 

cell contains
 

30’000 proteins in average:

When
 

analyzing
 

those
 

30’000 proteins on a 2D-gel we
 see

 
less than

 
1’500, i. e. only

 
5 %. 

Which
 

of the proteins do
 

we
 

see??
 

Obviously, to isolate
 

individual
 

specific
 

proteins from a 

cell lysate, an efficient
 

pre-enrichment
 

step
 

must be 

applied.



Compare expression profiles
Up- and down regulated

Problem to solve?



Raw gels

Filtered gels (- faint spots etc)

Gaussian gels (Separation of overlapping spots 
and accurate calculation of 
relative amounts of protein )

Master gel (one digital gel contains 
information from all gels)

Spots 

Gaussian

Background



Functions and principlesFunctions and principles

Image fitting and Gaussian modeling. Image fitting and Gaussian modeling. 

Spot detection Spot detection 

Normalization and removing lines and specklesNormalization and removing lines and speckles

Matching of gels (e.g. normal, diseased, and Matching of gels (e.g. normal, diseased, and 
treated tissues)treated tissues)

Analysis of data (changes in expression)Analysis of data (changes in expression)

Annotation of spots (linking of data to spots intensity and massAnnotation of spots (linking of data to spots intensity and mass
spectrometry data etc.)spectrometry data etc.)



Spot/ Protein 

203 FlaF
209 FlaC
210 FlaE
211 FlaD
232 FlaA 1% NaCl

2.5% NaCl

Flagellin proteins are present at 2.5% NaCl (seawater-like), 
but not at 1% NaCl (physiological like) condition

Red: Low salt / low temperature
Blue:    High salt / low temperature
Green:  High salt / high temperature



Mass SpectrometryMass Spectrometry
A mass spectrometer is an analytical device that separates molecular 

ions according to their mass-to-charge ratio (m/z) in the gas phase

In order to detect/record an molecule using a mass spectrometer
•Ionize the molecule (Introduce a charge)
•Have the ion in the gas phase 

Ions can be manipulated/directed by voltage gates



The in gel digestion protocol
•Excise spots

•Protect your sample against human keratin, crosscontamination, etc.
•Wash and dehydrate

•This will remove SDS, salts, detergents, and coloring agent from the gel 
•Dehydration facilitates the absorption of active agents into the gel spots during 
rehydration
•Reduce and alkylate

•Dithiotreitol (DTT) is used to break Cys-Cys disulphid bridges
• Iodoacetamide alkylate free cysteins

•Wash and dehydrate (again)

•Add trypsin (night digestion)

•Extract peptides



Peptides

Protein

Trypsin



Purification/desalting

• Peptides are bound in a high 
content of organic solvent – 
Elution at low organic content

CH2 –N-CH2 -CH2 -CH2 -SO3

⊕
CH3

CH3

–



Ionisation Techniques
Solid Samples

MALDI – ToF MS (Matrix Assisted Laser Desorption/Ionization –
Time of Flight Mass Spectroscopy)

Samples in Solution
ESI-MS (ElectroSpray Ionization – Mass Spectrometry) 

Measuring peptide masses
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Peptide mass fingerprint (pmf)

Fragmentation spectra



914

539 4241033

914

539

424
1033

SSPEQPRPSTSK   AVSPPHLDGPPSPR   SPVIGSR   EVFLPNSNHVASGAGK

SSPEQPRPSTSKAVSPPHLDGPPSPRSPVIGSEVFLPNSNHVASGAGK

SSPEQPRPSTSK AVSPPHLDGPPSAR SPVIGSR EVFLPNSNHVASGAGK

Protein sequence

Predicted tryptic peptides

Database 

A correlation between theoretical and the actual masses obtained in a MS 
experiment would provide very convincing evidence for a database match

914539 4241033

Protein sequences

1

2



MALDI: Matrix Assisted Laser MALDI: Matrix Assisted Laser DesorptionDesorption IonizationIonization

hν 1. Sample is mixed with excess 
matrix and dried 
on a MALDI plate.

2. The matrix absorbs energy and 
therefore protects the analyte

3. Sample molecules are ionized 
by proton transfer from matrix: 

MH+ + A M + AH+.

AH+

+20 kV

Sample  plate

Laser

Molecules are brought from a surface into the gas phase (desorbed)
and ionised at the same time



InstrumentInstrument
 

OverviewOverview

+

+

+

+

Source Drift region (flight tube)

de
te

ct
or

V

Ions are accelerated in pulses

Measures the time

 

for ions to reach the detector

Small ions reach the detector before large ones



CHCA

Reproducibility



PMF PMF –– Peptide Mass FingerprintingPeptide Mass Fingerprinting

One can now search with the obtained One can now search with the obtained 
masses in protein databases via the masses in protein databases via the 
Mascot search engine. A comparison is Mascot search engine. A comparison is 
then done between the then done between the tryptictryptic profile of profile of 
proteins in the databases and peptide proteins in the databases and peptide 
profile obtained from the sample. profile obtained from the sample. 



ElectrosprayElectrospray ionization (ESI)ionization (ESI)

Liquid sample

1-3 kV
needle potential

++

+
+

+

+

++
+ +

++
+

+

+
++

Electrosprayed
‘aerosol’

+

+
+

++

+

+

++ Gas-phase ions

Mass spectrometer



What is MSMS?

MS/MS means using two mass analyzers (combined 
in one instrument) to select an analyte (ion) from a 
mixture, then generate fragments from it to give 
structural information

Ion 
source CIDMS-1

Mixture of 
ions

Single 
ion

Fragments

MS-2



TandemTandem Mass SpectrometryMass Spectrometry

S#: 1708 RT: 54.47 AV: 1 NL: 5.27E6
T: + c d Full ms2 638.00 [ 165.00 - 1925.00]
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MS/MS

Ion
Source

MS-1
collision

cell MS-2



MS/MS

y3

b1

x3

a1 

H - NH - CH - CO - NH - CH - CO - NH - CH - CO - NH - CH - CO -  
OH

R
1

R
2

R
3

R
4

z3

c1 

y2

b2

x2

a2 

z2

c2 

y1

b3

x1

a3 

z1

c3 



a, b and c fragments carry the charge at the N-terminus

x, y and z fragments carry the charge at the C-terminus

Softwares are used to 

interprete spectrums!





Using Mascot to search Using Mascot to search 
your datayour data



Freely available onlineFreely available online

A version of the searchA version of the search--software Mascot is software Mascot is 
available online, at available online, at 
www.matrixscience.com
Proteomics labs typically have their own Proteomics labs typically have their own 
license, and own serverslicense, and own servers
Mascot is the most widely used program Mascot is the most widely used program 
for searching MS/MS data. Can also be for searching MS/MS data. Can also be 
used for PMFused for PMF

http://www.matrixscience.com/


Choose correct database 
and taxonomy

Fixed modifications HAS to 
occur on ALL amino acids. 
Example: 
Carbamidomethyl(C) as a 
result of alkylation by 
iodoacetamide

Variable modifications are 
the ones that CAN occur. 
In vivo or artifactual 
modifications

Very important not to set 
these too high.

Choose the right 
instrument



How does Mascot work?How does Mascot work?
The user enters a set of input spectra (OR only The user enters a set of input spectra (OR only 
one) and search parameters.one) and search parameters.
Mascot then presents the user with a list of hits. Mascot then presents the user with a list of hits. 
For MS/MS searching, Mascot identifies the For MS/MS searching, Mascot identifies the 
peptides peptides but organize them according to but organize them according to 
proteins.proteins.
Each peptide has a score (numeric value). For Each peptide has a score (numeric value). For 
example 45. Mascot supplies an example 45. Mascot supplies an identity identity 
threshold. threshold. IF the score is above the threshold, IF the score is above the threshold, 
the score of this peptide is statistically the score of this peptide is statistically 
significant.significant.







What identifies a proteinWhat identifies a protein

For MS/MS data, at least one peptide For MS/MS data, at least one peptide 
must be identified with a significant must be identified with a significant 
threshold.threshold.
Often, people (journals etc.) require two Often, people (journals etc.) require two 
peptides per protein. Depends on the peptides per protein. Depends on the 
application.application.







A single peptide identificationA single peptide identification



peptide mass fingerprinting is limited to the peptide mass fingerprinting is limited to the 
identification of proteins for which identification of proteins for which 
sequences are already knowsequences are already know
If you are working with an organism which If you are working with an organism which 
genome is not sequenced you would genome is not sequenced you would 
probably get more significant results from probably get more significant results from 
MS/MSMS/MS

de de novonovo sequencingsequencing



YouYou have have highhigh qualityquality MS data, MS data, butbut 
cannotcannot getget a a highhigh--confidenceconfidence hithit
Protein Protein maymay be absent from be absent from thethe databasedatabase
UnknownUnknown or or unanticipatedunanticipated postpost--
translationaltranslational modificationsmodifications
NonspecificNonspecific proteolysisproteolysis
ContaminatingContaminating proteinsproteins



False identificationsFalse identifications
If the user submit 100 MS/MS spectra, and 30 of If the user submit 100 MS/MS spectra, and 30 of 
these are identified, are any of these wrong?these are identified, are any of these wrong?

Yes. Most likely. The standard error rate for Mascot is Yes. Most likely. The standard error rate for Mascot is 
estimated to be 5% (at the 95% confidence setting). estimated to be 5% (at the 95% confidence setting). 
This can be changed.This can be changed.
So, from the 30 identified spectra, 30x0.05=1.5 false So, from the 30 identified spectra, 30x0.05=1.5 false 
hits can be expected.hits can be expected.

In practice the real number of false hits is often In practice the real number of false hits is often 
estimated using estimated using decoydecoy databases. The same databases. The same 
spectra are searched against a spectra are searched against a ““normalnormal”” and a and a 
““randomizedrandomized”” database. database. 



Some guidelinesSome guidelines

Choice of database:Choice of database:
Prefer small databases when possible.Prefer small databases when possible.

Modifications:Modifications:
Add the relevant ones, take care not to include too Add the relevant ones, take care not to include too 
many (unmany (un--necessary) variable modifications.necessary) variable modifications.

Reason:Reason:
Mascot`sMascot`s identity threshold identity threshold increaseincrease with larger with larger 
databases and more variable modificationsdatabases and more variable modifications
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