NPQTEOMIKH

EIZXHI'HTPIA MAPIA KONTOY

Opi1ou6g MPwTEWPIKAG

Avdlvomn Tov GLVOLOL (n Dnocmvokcov) TOV
EKQPACOUEVOV TIPOTEIVOV EVOG OPYOVIGHOV
(HovoKDTTAPOG) 1| EVOG KVTTAPLKOD TOTOV 1)

16100

GE TOLOTIKO UAAQ KOl TTOGOTIKO ETITEDO

The term proteomics was coined in 1994 by Marc
Wilkins who defined it as "the study of proteins,
how they're modified, when and where they're
expressed, how they're involved in metabolic
pathways and how they interact with one another."



NpwTtéoua

transcriptome

IMPQTEOMIKH (proteomics)

Agtrtovpyn mAnpogopia (£idog, Aettovpyio &
AAANAETIOPOAGELS TPOTEIVAOV TOV OTTOTEAOVV [0
novaoa) =2 Ipotémpa

yevoukn =2 mbavov

TPOTEOUIKT > AEITOVPYIKO

Mn otatikn 2 dpépeL ovaAoya e To €i00G TOV
KLTTAPOL, GTAOI0 OVATTVENG Kol OO (pOPOTOINOTG,
nepParAovVTIKEG CLVONKES (). TOPOVGIO OPLOVDV)
EvoAdoxtikd patiopo RNA, peto-petagpaotikég
TPOTOTOOELG TPOTEIVAV, YPOVIKT pOOLIoN
TPOTEIVOGVVOESNC, AAANAETIOPOOT] EVOOKLTTAPI®V
LLOVOTIOTIDV LETOYMYNG GTLOTOG KA



Genome Transcriptome Proteome

Splicing

\

Cell membrane

Exon Exon Exon Exon Exon
Gene 1 2 3 4 :

y— |

Alternative splicing ﬂ

1 2 4 5 1 2 3 5

RNA

Translation Translation

Protein A Protein B Protein C

HETAYPAPWLA <> Yovidiwpa X ~6-7 (~200.000)



Human Proteomics: many proteins originate from

a single gene
/0000000000 gene (ONA)

~26.000
‘
— transorpton

{gene expression)

om b TomMB g mRNA
(alternative splicing)

~150.000 [ I I | || T I ]
e 1 B 4 4
8 @ translation
protein A protein B protein C
5 phosphonTOU o Confimgtig,
ey D750
proteins < B1 & AW 4 post-translational

madifications of

= known 4 proteins
= unknown @;;W' @
5 3

FROTEOMIC BASICS; Opalla, Sept. 24292004

Protein Post-Translational Modification

PI"OTE‘O]YtiC Cleavage N-term Met of all proteins removed by aminopeptidases

® N-terminal Acylation fo rmyl, acetyl, myristyl, etc. by acyltransferases

® G]}’COSYIEIﬁOH Asn, Ser, and Thr
Sulfation Tyr

® Phosphorvlation Ser, Thr, and Tvr

Carboxyl Terminal Amidation

Hvdroxvlation Pro, Lys, Asp

N—Methylation Lys, Arg, His, GIn

Carboxylation Glu, Asp
® Modifications introduced by us Met [0], Cys-acrylamide

http://abrt.org/ABRF/ResearchCommittees/deltamass/deltamass.html
Exhaustive list maintained by Ken Mitchelhill




MeTO-HETAPPOOTIKEG AAAAYEG TWY TPWTEIVWV

>300 €idn POVIPWY. | aVacTPEL KGOV AAAGY DV

€ Hn dpIve
(;7. J'__]:‘TFCJI\/‘. 4

22 810 AvBpwTiva Novidia

Bioioywa Meta-yevopukd Ipmteivikd Epotuata
e [lov

e [lote

e [Ioco

® Me motéc AAAeC OAANAETIOPEL



Auvapikry TN NPWTEWMIKAC

Enineda Ekppaong
Meta-peETOPPACTIKEG TPOTOTON|GELG
Anuovpyio GLUTAOK®V

Aopr

kind & quantity of proteins | post-translational modifications | protein-protein interactions

Kartnyopieg MpwTeWUIKAG

( Proteomics ,
Structural
Proteomics

Identify proteins-of-
interest and define
state-specific

expression pattern

Elucidate protein
function/structure
and establish
structure-function
relationship

l

Apply knowledge
gained in drug target
identification

|

Apply knowledge
gained in the clinic

Protein & Pattern
Discovery/validation

Functional
Proteomics

Pharmaco-
Proteomics

Clinical
Proteomics

Pharmaceutical &
Clinical Application




The Human Plasma Proteome
>10 Orders of Magnitude in

Abundance
inp (Corrected)
= 1
aE
4= L]
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Figure from Anderson & Anderson (2002) Molecular & Celular Proteomics 1.11, 845, hitpofwww. meponling.org

Bioiarpikéc E@apuoyég
MPWTEWHIKAG
e Ymv Awyvoon, oty IIpdyvemon kot otnv

(QOPLOKEVTIKT AVTILETOTION-EENTOUIKEVUEVN
Oepameia

® Avakdgivyn vEOV E0TKAV OEIKTOV 1) TPOTEIVIKOV
TPOPiL

® Al0yVOGTIKN IGTOAOYIKT ATEKOVIOT] TPOTEIVAOV

® XV PaciKr] £PELVO-KATOVONOT UNYOVIGUAOV
CLGYETICUEVEG LE acBEvela

® NEot 6TOYO1 Y1 VEX QAPLLOKOL



To miBavoTepa EdIa EQApPHOY.

4%
. @2%
Ahxoohiopog/E§apriioeig i
MuookeAeTika voonpara .' g
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US Food and Drug Administration-Approved Cancer Biomarkers

Medscape www.medscape com
Biomarker Type Source Cancer type Clinicaluse
a-Fetoprotein Glycoprotein Serum Nonseminomatous  Staging
testicular
Hurman cherlonic Glycoprotein Serum Testicular Staging
gonadotropin-p
CA19-9 Carbohydrate Serum Pancreatic Manitoring
CA125 Glycoprotein Serum Owarian Monitoring
Pap smear Cervical smear Canvix Canvical Sereening
CEA Pratein Serum Colon Moanitoring
Epiemnal growth factor Pratein Golon Golon Selection of therapy
receptor
KIT Protein (HC) Gastraintestinal turnour GIST Diagnosis and selection of therapy
Thyroglobulin Pratein Serum Thyrold Monitoring
PSA (total) Pratein Serum Prostate Sereening and monitoring
PSA (complex) Protein Serum Prostate Screening and monitoring
PSA (free PSA %) Protein Serum Prostate Benign prostatic hyperplasia versus
cancer diagnosis
CA15-3 Glycoprotein Serum Breast Monitoring
CAZ7-29 Glycoprotein Serum Breast Manitoring
Cytokeratins Protein (HC) Braast tumour Braast Prognosis
Oestrogen receptor and Pratein (HC) Breast tumour Braast Selection for hormonal therapy
progestercne receptor
HERZ/NEL Protein (HC) Breast tumour Breast Prognosis and selection of therapy
HER2/MEL Protein Serum Breast Manitoring
HER2/NEU DNA (FISH) Braast tumour Braast Prognosls and selsction of therapy
Chromosomas 3,7, 9and 17 DNA(FISH) Urine Bladder Screening and monitoring
NMP22 Pratein Urine Bladder Secreening and monitoring
Fibrin/FDP Pratein Urine Bladder Monitoring
BTA Protein Urine Bladder Menitoring
High melecular welght CEA Protein Urine Bladder Manitoring
and mucin (Immunofiuorescence)

BTA, bladder tumour-associated antipan; CA, cancer anligen; CEA, cardnosmmiryonic antigan; FDR, fiorn degradation protain; FISH, luorsscant in-sity hybridzation;
GIST, gastreintestingl stromal tumedr; IHZ, immunchistochemistry; NMP22, nuckar matrix proten 22; PSA, prostate-specilc antigen




EpyaAcia

DNA RNA Protein
Genome Transcriptome Proteome

CGICCAACTGALG
ICTACAGGCTTAL
TTAGDGCTATAAG
TATATATAGGCGA
AGTCATACCTGTA
ATTCGCCAGTAGT
IACGTGACAGTCC
GGCTATCCACCAT
TACCCGGGTAT

DNA Sequencing cDNA arrays 2D PAGE?

Expression proteomics

AvdaAuon Twv diIa@opwyv oTNV éK@paon
TPWTEIVWV OTaV £éva KUTTOPO
HeTaBaivel amd pia kaTdoTaon o€ AAAN:

(D)

Aléyepon pe KUTOKIVEG / au§nTiKoUg TTapAyovVTEG
KutTtapikn diagopotroinon

AmémTwOoN

Kapkivik peTafoAn



Acgiypa (KUTTAPIKO eKXUAICHA, KATT)

HAexTpo@épnon S0o SiooTdoewy  XpwHatoypagia TOAAATAWY S1d0TACEWY

ZUykpion

EvQupaTikn méywn (6puyivn)

AloXwpIop6g TeTTISiwv pe HPLC MALDI-TOF

Nanospray LC-MS (triple-quad, Q-TOF, ion-trap, etc)
Aidotraon memTidiwv pe MS/MS
ZU0YKpPIOT OTTOTEAECTUATWYV UE Bdoelg dedopévwv

TauTotroinon Tpwreivng

HAEKTPOQPOPNON KAl TTPWTEOUIKN)

f ’ > a4 P g
\4 ‘ o Solubilize proteins e ®
Condition A from cells _ Reduction
> o
= ®
‘. e BN a0 alkylation
L ]
e o o Isoelectric focusing on
Condition B narrow- or broad-range pl strips SDS-PAGE
(first dimension) (second dimension)
Staining
1. Silver

2. Coomassie
3. Fluorescent
4. Autoradiography

Mass spectrometric o 38 5 o~

dentification of spots -« : 2w 701 , . O

as shown in Figure 1 s | s S e
Excision of spots of interest Condition A Condition

Imaae analvsis



Sample preparation

Cell disruption

Solubilization

Protection against protease activities
Prefractionation

Remaoval of
> nucleic acids
> polysaccharides
> lipids
> salts, buffers, ionic small molecules
> insoluble material

PROTEOMIC BASICS; Opatla, Sept. 24-202004




YAikO

Kvttapikéc oerpég

Buoyieg (Laser Capture Microdissection)
Iotol

Bwoioyikd Yypa

MoxkpopoproKa GOUTAOKA

Mé£Bodo1 AUGNG TWV KUTTAPWYV

® Mnyavikol
Ynépnyot (sonication)
[Tieon (opoyevomomntig)
Tp1pn (ball mill)

® Mn-unyavikoti
duvooynukoi (Oopwtikd, freeze/thaw)
Xnukoi (amoppumavTiKo, YooTpomTo.)
EvQopukoi (Avooldun)



Sample Preparation

same sample processed
crude sample through the 2D cleanup kit

32 PROTECMIC BASICS; Opatfa, Sapt. 24-20 2004

Special cases

Bacteria High nucleic acid/protein ratio. Nucleic acid removal
techniques are often employed.

Yeast (and other fungi) Tough cell walls require vigorous disruption technigues.
Protease activity is high. SDS is usually used.

Cultured cells Salt carry-over from growth medium or wash solution can
be significant. Salt-free buffer/osmoticum should be used
for washing (10 mM Tris / 250 mM sucrose pH 7.0).

Plant tissue Dilute source of protein. Precipitation is usually employed.
Protease activity is high. Reductants and inhibitors are
used to prevent phenclic modification.

50 PROTEOMIC BASICS; Opalla, Sspl. 24202004



Protein solubilization

Urea (8-9.5 M), or 7 M urea / 2 M thiourea
Detergent (CHAPS,...)
Reductant (DTT, 2-mercaptoethanol)

Carrier ampholytes (0.8 % IPG buffer)

Sonication can help solubilization

Sample can be heated only prior to addition of urea

PROTECMIC BASICS; Opetfa, Sept. 24-26 2004

Protease inhibitors

PMSF Most commonly used
(phenylmethyl sulfonyl fluoride) Inactivates serine and cysteine proteases
Is inactivated by DTT and 2-mercaptoethanol

AEBSF (Pefabloc) More soluble, less toxic than PMSF,
but can cause charge modifications(?).
EDTA Inhibits metalloproteases,
but interferes with nucleases
Peptide protease inhibitors May show up in 2-D pattern

(leupeptin aprotinin etc.)

High pH Inhibits most proteases,
but avoid > 30 mM Tris base,
better: 25 mM spermine base

FROTECMIC BASICS; Cpalia, Sapt. 24-20 2004



Effect of salt

E. coli extract pH 4-7
30 mM NaCl

20 PROTEOMIC BASICS; Opatia, Sept. 24-20 2004

De-salting techniques

Dialysis Slow

Spin dialysis Detergents can
concentrate with protein

Gel filtration Protein losses

Precipitation/ Complicated,

resuspension can cause losses

PROTEOMIC BASICS; Opatfa, Sapt. 24-26 2004




Protein precipitation

Clean-up from lipids, nucleic acids, salts
Concentration of proteins
Irreversible inhibition of proteases

Prevention and dissolution of complexes

26 FROTEOMIC BASICS; Opslla, Sepl. 24-262004

Protein precipitation procedures

Ammonium sulfate

(salting out) Not efficient, de-salting necessary

TCA precipitation Can be hard to re-solubilize

Acetone and/or ethanol Leaves SDS behind, but many proteins not
precipitated

TCA plus acetone
(Damerval et al. 1986) More effective than either alone, good for
basic proteins

Chloroform and methanol
(Wessels and Flugge, 1984) Time consuming, large velumes necessary

FROTECMIC BASICS; Opatla, Sept. 24-26 2004



Extraction of plant proteins:

he

E

5 »

solubilization w/o precipitation

27

5

FROTECMIC BASICS; Opat{a, Sapt. 24-20 2004

- ot ——
o
- v -
e T N
=+ | .5 O
&-4 - ———
solubilization followed by TCA-acetone extraction

precipitation with methanol

The problem

1515 ‘m? - Concentration (mg/mL) = albumin
|

PROTECMIC BASICS; Opalla, Sapt. 24-202004.

1gG, IgA, IgM

= fibrinogan

m alpha-1 antitrypsin
alpha-2 macroglcbulin

= transfarrin

alpha-2 + bata-iipoprotains (LDL)

u alpha-lipoproteins (HDL)
haptoglobin
alpha-1 acidglycoprotein

® hamopaxin

= pra-albumin
caruloplasmin

ramaining ~1000(?) proteins



Albumin and IgG Removal Kit

Each kit contains 8.5 ml of affinity gel
— provided as 50/50 (v/v) slurry — which binds human serum albumin and 1gG

Selective removal of >95% albumin and IgG from 10 x 15ul human serum samples.

Untreated Human Serum “Albumin and IgG Removal Kit”
treated Human Serum

55 PROTEOMIC BASICS; Opatia, Sapt. 24-20 2004

Pre-fractionation possibilities

By solubility
> sequential extraction with increasingly strong solubilizing
agents (?77)
By chromatography
> e.g. |[EX, GF, HIC, RPC;
By centrifugal separation of subcellular components

> e.g. mitochondria, nuclei, cytosol (= information on
location of proteins!)

By affinity
> |mmunoprecipitation or affinity chromatography of
complexes or selective removal of abundant proteins

51 FROTECMIC BASICS; Opatla, Sapt. 24-26 2004




Iconiektpikn Eotiaon (IEF)

net
charge
A
+3
isoelectric
+2 [« point (pl)

+1

Awoyopilel Tic mpoteiveg avdloya
LE TO 1GONAEKTIKO TOLG oMuEio

KébBe mpwteivn éxet 1o 016 NG
GONAEKTPIKO onueio

IoonAextikod onueio opiletan o
pPH oto omoio n mpwteivn eivan
NAEKTPIKAE ovdETEP

(loog ap1Bud Betucd Ko apvnTiKd
QOPTICUEVAOV OLLAO®V)

1" AidoTaon

+|soelectric

Focussing (IEF)

+ Immobilized Gradient:

+ An immobilized pH gradient is
formed along a slab of
polyacrylamide gel by
polymerizing a gradient
mixture of acidic and basic
acrylamido buffers with

acrylamide and bisacrylamide.

+ The gradient is stable over
time.

CH: = CH—IEII—NH—R
o

R = weably acidic arbasic byflering gromp

Immobiline matrix



ZANUOTICUOC TNKTNG TOALOKPVAALUSTOV

CH,—(}:H #=CH,—CH—CH,—~CH—CH,—CH~—-
Cc=0 ¢=0 C=0 C=0
CH,=CH NH NH, NH, NH
| | ElevOepeg oileg |
c=0 ! CH, -— ) (W RUTEIES CH,
1 [ TEMED |
NH, NH NH
A%QUAGpIdLO Cc=0 C=0
(povoueotc) | '
HOVORER®S M =CH «eGH,—CH~CH;» GH—CHy—CH—---
N.N'-MeBvlrevo C=0 c=0
-dig-axguhanidio ]
(Sraotavows) NH NH,
CH;
Tyqpa 4-5

Tymuatiopds TRtV Tohvazpuiaudion.

Iooniektpikn Eotioon (IEF)

To cvotTua TEPLEYEL poKpopdplo Kot Eva epmopikd dobécio
TOPACKEVAGLO, CLULPOATOV, TO 0TOI0 GLVIOAVUEPILETOL [E TO OKPVLAAISIO

Ot apeordteg givat pikpob poplakod Bapovg moAvpep TOL TEPIEXOVY
Tuyoieg Katavouég achevav o&Emv Kat Bacemv, Kol Exovv peyoin
puouiotiky kavotnta kovtd oto pl tovg. ‘Etot dnuovpysiton pio
Bobpidwon pH.

pH4 HS H6 pH7 pH8
The new B Fad Moo wnge Peedy@re
] e
o g u
55
a7 5.9 l
39 B I




Iooniektpikn Ectioon (IEF)

O TpoTeives KivoOvTol KoTd UNKOG g
Boabpidwong pH, péxpt va pbdcovy to
LOONAEKTPIKO TOVG oMpLEio

To chompa evdveTan P
nNAektpddlo Kot epapproletol Eva
SuvapKo

2
Uy
== (]

-
==
=

WAL £
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Isoniektpikn Eotioon (IEF)

Theory “ o
A protein mixture is , e -
absorbed into the gel. ——@— g P B 7

An electric field is then
applied across the gel.

Proteins in regions below *l o b

or above their pl migrate e o & v
to the cathode or anode

respectively.

3 o
Migration rate slows as @ : J -
the proteins approach the «
region where pH = pl

Protein migration ceases
when pH = pl.

Note: proteins remain in
the native state
throughout the process

Iooniektpikn Ectiocn — Xovoyn

® Amorteiton TANPNS OTORAKPVVO] U
TPOTEIVIKOV popiev

® Awympilovrar or TpoTEiveg pe faon To goprtio

e Xp1no1pomotovvTal GR@OLVTES Yo TNV dnuiovpyia
™¢ fadpiowong pH

e Egappoéletar ol vynin taocn (10000V)

e Xpovofopa owudkacio (>10h)

e O owyopiopog eEaptdtor amd TNV kabapotnto
TOVL OELYRATOGS, TO EVPOG TNS PaBpidomonc pH km
NV £VTO61] TOL NAEKTPLKOD TEGIOV
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SDS — PAGE: NnkTA TToAUuaKpuAauidiou utrd atmmodIaTaKTIKEG OUVONKEG

Boowd cuotatikd pubpustikov dtodkvpatog deiypatog (Sample Buffer):

Avaywywodg mapayovrog: 018e100peitodn DTT, B-pepramnto-

afavorn

Awond 5160VAPLOIKOVE deopovc, Katapyet tnv 3D doun

Primary
structure

Secondary
structure

Amino acid « Helix

residues

<

Polypeptide chain

Tertiary Quaternary
structure structure
;‘;, PR -
P, PR
| i‘ ;[ j &__ J _' v
_IHF < ] .L" b, Ay

Assembled subunits

SDS — PAGE: NnkTA TToAUOKpUAauIdiou utré atrodIaToKTIKEG OUVONKEG

AvO TnKTéC:

[Inkt Xvccwpevong

[Inkt Ayopiopod

Epappoyn niektpodiov,
POPAG SOLVOLLIKOD

Negative

Eleg_[_o%e Load samples heré™"y,

| s

Buffer | %

i 3
‘ Running Gel
|

S
|
1
Positive
Electrode | "
i PR

An illustration of an
apparatus used for SDS PAGE.

v

big proteins

vl
d
+ i

- small proteins

Glass

7PI ates

— Spacer




SDS - PAGE: MNMnkTtA TToAUVOKpUAQUIdiou
UTTO ATTOBIATAKTIKEG OUVONKEG

Ikt cvooOpevong

Ta aviovta yavkivng (pH:8.3-8.8) kivovvton péca 6to deiypo kot 6Ty TNk
GLGGMPEVLONG

Zvvovtoov 1o puBuetiko Tris-HCI pH: 6.8 kot tithodotovvtan og pH: 6.9
Me 0moTéAeG IO, VO LELDVETOL TO QOPTIO KoL 1) KIVNTIKOTNTA TOVG

O npwteiveg og pH: 6.8 £xovv peyddo apvntikd @optio, LIEPTNIOVV TIg
duvapelg TpiPng Kot KivohHvTol o Ypnyopa oo o 1dvTa YALKIVIG Kot
GLGOOPELOVTL G GTEVEG (DVEC LEYOANG CLYKEVTPOGNG.

k™ Aweyopropov

Kabdg o1 mpmteiveg mepvave oy KT So®PIGHOD TITA0S0TOVVTOL GE
pH:8.8 ka1 kabvatepov AdY® TG VYNANG GLYKEVTPMONG AKPVAALUSIOD

SDS - PAGE: lNnkTtA TTOAUOKPpUAQMIdiou utrd
ATTOdIATOKTIKEG OUVONKEG

Yxéom GVYKEVTPOONG AKPLAAUIIOV e EMITEVEN KOADTEPOV
SYOPIGLOV TPOTEIVAOV OVAAOYOL LLE TO LOPLOKO TOVS BApOg

% Acrylamide | Best Resolution Range (kDa

)|
5 25-200 |
10 15-70 |
15 12-45 |

Mikpod poprokod Bépovg mpoteiveg dtoywpilovton kadd o peyding
GLYKEVIPMOOTG TNKTN OKPLALLOIOV



SDS - PAGE: MNMnkTtA TToAUVOKpUAQUIdiou
UTTO ATTOBIATOKTIKEG OUVONKEG

Inktég axpvAiapudiov pe Babuidwon cuykévipmong aKpLAaUOiov
Il.y. 4-15%

Mol koA SaywploTikn wavoTnTa cuVNO®G ayopdloviot EToya

o Aoy 0™

.....

w

A
\
W

A
X

v
==

o

v
VS \m
v W

s

Fig.1. of migration patterns of standards
(catalog #161-0317) run on Ready Gel precast gels () and TaXgels( ).

SDS-PAGE - Zuvoyn

® Awywpilovtor ol mpwteivec e Pdon to
uéyebog

® Agv gpappoletor moAd vynAn taon (200V)

® Amortel pukpo ypoviko drdotnua (2h)

® H napovacio tov SDS givou anapaitnn yo
TNV omooldTaln e TPMTEIVIG Ko N
KIWVNTIKOTNTA TOL popiov va givor
AVTIGTPOPMS OvAAOYN TOV ueyEOovg Ldvo

® O dywpiopnog e€aptdtor omd v %
TEPLEKTIKOTNTO TOL OKPLAAUOTIOV Kol TNV
EVTOOT TOV NAEKTPIKOV TTESIOV



HAextpopdpnon vd un anodotaktikég cuvonkeg

Awyopilet avodtmAmpEvesg TPMTEIVES, GOUTAOKA TPOTEIVOV,
GUUTAOKO TPOTEIVAOV LLE TOVG AVTIGTOL(OVG TPOGOETEG TOVG

O dywpropog Paciletar oto péyebog, optio, oYL TOV TPOTEIVOV
Epappoyég:
Atepgvvnon mbavov oAMNAETIOPAGEDV:
TPOTEIVAOV e TPOTEIVEG,

TPOTEVAOV UE TPOCGOETEC

Aviyvevon YmapEng 1IGOLOPPOV/SIUEPDY (TTOAVULEPDV)

Hlektpo@opnon vl pn amodlaTaKTIKES 6VVONKES

Awympilel Tic mpoteiveg o
(QLOIKN TOVG JALUOPPOON).

O tpmteiveg GTOUATOVY VO
Kvovvtol 6tav gOacouvv og pia
GLYKEKPLULEVT TTUKVOTNTO TNKTY|G

Av16 pmopet va amartel oA ypdvo

[Savun) pébodog yua aviyvevon
OapEng olryopep®V




Hopadeiypota NAEKTPOPOPN OGNS VTO 11| UTOOUTUKTIKES
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Aviyvevon TpOTEIVAOV

ApEcmg HETA TNV NAEKTPOPOPTOT| Ol TPOTEIVEG UTOPOVV VO KUTAKPNUVIGTOOV LUE
nmpocOnkn oAkooAng gite 1oyvpov o&éog (m.y. TCA).

Ot TPOTEIVEG EMIGNG UTOPOVV VA AVIXVEVTOVV UE XPOOTIKEG Owg 1 Coomassie
Blue 1 ne xatepyacio pe AGNO3 (silver staining)

Eivat duvotn 1 ypdon kot pe GAAovg 1yvnbéteg dnmg 1yvnbéteg mov @Bopilovv
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Aviyvevon TPpOTEIVOV

LMW bacterial lysates
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Expressional Proteomics
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Differential In-Gel Electrophoresis

(DIGE) i
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Absorbance at 254 nm
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Chromatography '

Standard
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Inlet Method Analyser D System

Nobel Prize in Chemistry for 2002

e The Royal Swedish Academy of Sciences has decided to award the Nobel Prize
in Chemistry for 2002

”for the development of methods for identification and structure analyses of
biological macromolecules”

with one half jointly to

e John B. Fenn
Virginia Commonwealth University, Richmond, USA, and

Koichi Tanaka
Shimadzu Corp., Kyoto, Japan

® “for their development of soft desorption ionisation methods for mass
spectrometric analyses of biological macromolecules”

and the other half to

Kurt Wiithrich

Swiss Federal Institute of Technology (ETH), Ziirich, Switzerland and The
Scripps Research Institute, La Jolla, USA

’Kor his development of nuclear magnetic resonance spectroscopy for determining
the three-dimensional structure of biological macromolecules in solution”.


http://nobelprize.org/redirect/links_out/prizeawarder.php?from=/nobel_prizes/chemistry/laureates/2002/press.html&object=kva&to=http://www.kva.se/

Trx

Y. 4 ¢ \ ol Trypsin
- , - + Gel punch
— p53
e i
Y o~
-
- BT Tl
v G6PDH[ Rl LU

Mass spectrometry:
Of course proteins can fly!

e With mass spectrometry we can now quickly identify a
substance in a sample by accurately determining its molecular
mass. Mass spectrometry is a very widely used method for
small and medium-sized molecules. John B. Fenn and Koichi
Tanaka showed, in different ways, that macromolecules could
also be studied. The trick was to get the proteins to fly, or as
John Fenn himself said, to give "wings to molecular
elephants”.

TauToTroTroinoN TTPWTEIVWYV




Protease Cleavage Rules

Trypsin

\

XXX[KR]--[IP]XXX

Chymotrypsin XX[FYW]--[IP]XXX

Lys C
Asp N endo
CNBr

XAXXXXK-= XXXXX
XXXXXD-- XXXXX
XXXXKXM--XXXXX

Trypsin

Robust, stable enzyme

Inexpensive, easily available/purified
Works over arange of pH & temperature
Specific and consistent in cleavage
Cuts frequently to produce “ideal” MW

peptides



Chemical Methods for Protein Characterization:
In-Gel Proteolysis

Why In-Gel Digestion Works:

1. The gel piece behaves like a sponge. It shrinks and swells
in response to addition of aqueous or organic solvent.
A gel piece shrunk with organic solvent will suck in an
aqueous buffer containing reagents, thus bringing them

“inside” the matrix to access the protein.

2. The intact protein is trapped in the gel, so many chemical
steps can be performed without significant loss.

3. Many of the peptides resulting from proteolysis within the
gel freely diffuse out of the matrix.

lonization Techniques
Most common for biological samples

(“soft” ionization methods which induce very
little fragmentation):

Matrix-assisted laser desorption ionization
(MALDI)

Electrospray ionization (ESI)



loviopég ESI / MALDI
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MALDI

Solid phase technique where the peptide sample is
mixed with a large excess of matrix material (usually
a-cyano-4-hydroxycinnamic acid), which is then
precipitated on a plate

Under vacuum, the matrix material absorbs energy
at the wavelength of the laser, resulting in emission
of heat, which vaporizes and ionizes the sample,
generally by protonation to give a (M+1)* ion

Can be applied to analysis of gel “plugs” from 2D gel



Matrix-Assisted Laser
Desorption lonization

337 nm UV laser

cyano-hydroxy
cinnamic acid

MALDI

MALDI lonization

oy €= Matrix
*:f_ * Absorption of UV radiation

& <@me=mmmm by chromophoric matrix and

_— ionization of matrix
) Analyte

* Dissociation of matrix,

phase change to super-
compressed gas, charge
transfer to analyte molecule

* Expansion of matrix at
supersonic velocity, analyte
trapped in expanding matrix
plume (explosion/“popping”)

>
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ESI

*Generally liquid-phase technique coupled with
HPLC

¢

Capillary

Evaporation
Chpaomber

lonization occurs by
spray of sample
through a highly
charged narrow-bore
capillary tip with rapid
aerosol formation into
avacuum

As the charged
droplets in the mist are
desolvated,
electrostatic repulsion
forces the droplets
apart, producing a
cloud of ionized
peptides with multiple
charges



Time-of-Flight Analyser

Hooo.

All ions start together
Smaller ions move faster

Measure velocity over known
distance (time of flight)

Nano - HPLC

Yypn Xpwpuatoypagia YynAng Méoswg
HE TpIXo€18eic oTAAEG (75 pm x 15 cm)
Kal po€g KATw Twv 200 nl/min

1 20oTnpa nano-LC pe autopaTo SelypHaTtoAATITH

e MeydAn BeAtiwon oTnv euaioOnoia
a 10 20 avixveuong TeNTISiwv o€ olykpion
Time (min) Me arAl HPLC



AvAAuon TTPWTEIVWV ME QACHATOMETPIO HAlag

Relative Abundance
(4,
(9]
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r£75 A 4' 1446
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Ta poplakd BAPN TWV TTETTTISIWY TTOU TTPOEPXOVTAI ATTO TV
€vQUHIKN S1G0TTACN MIAG TTPWTEIVNG ATTOTEAOUV
TO «5OKTUAIKS QTTOTUTTWHA» TNG.

Kd0e pia a1rd 11 KopuPég auTéG PTTOPEi va avaAuBei TrepaiTépw
He d1adoxik6é MS/MS yia Tnv avdyvwon Tng aAAnAouyiog Twv apIVOSEwv.

H TauTtomroinon piag TpwTEivng yiveral avaAUovTag Ta OToIXEIA AUTA
o€ TPATTEdEG SESOMEVWV.

Principles of Fingerprinting

Seguence
>Protein 1
acedfhsakdfgeasdfp
kivtmeeewendadnfek
gwfe

>Protein 2
acekdfhsadfgeasdfp
kivtmeeewenkdadnfe
gwfe

>Protein 3
acedfhsadfgekasdfp
kivtmeeewendakdnfe
gwfe

Mass (M+H)

4842.05

4842.05

4842.05

Tryptic Fragments

acedfhsak
dfgeasdfpk
ivtmeeewendadnfek
gwfe

acek
dfhsadfgeasdfpk
ivtmeeewenk
dadnfegwfe

acedfhsadfgek
asdfpk
ivtmeeewendak
dnfegwfe



Principles of Fingerprinting

Sequence Mass (M+H) Mass Spectrum
>Protein 1
acedfhsakdfgeasdf
pkivtmeeewendadnf 4842.05 ‘

ekqwfe |

>Protein 2
acekdfhsadfgeasdf
pkivtmeeewenkdadn
feqwfe

4842.05 ‘

>Protein 3

acedfhsadfgekasdf o ., o

feqwfe

pkivtmeeewendakdn “ ‘

http://ca.expasy.org/tools/peptidecutter/



Preparing a Peptide Mass
Fingerprint Database

« Take a protein sequence database (Swiss-
Prot or nr-GenBank)

« Determine cleavage sites and identify
resulting peptides for each protein entry

« Calculate the mass for each peptide
« Sort the masses from lowest to highest

* Have a pointer for each calculated mass to
each protein accession number in databank

Building A PMF Database

Sequence DB Calc. Tryptic Frags Mass List
>P12345 acedfhsak 450.2017 (P21234)
acedfhsakdfqea dfgeasdfpk 609.2667 (P12345)
sdfpkivtmeeewe ivtmeeewendadnfek  664.3300 (P89212)
ndadnfekqwfe gwfe 1007.4251 (P12345)

1114.4416 (P89212)
>P21234 acek 1183.5266 (P12345)
acekdfhsadfqea dfhsadfgeasdfpk 1300.5116 (P21234)
sdfpkivtmeeewe ivtmeeewenk 1407.6462 (P21234)
nkdadnfeqwfe dadnfequfe 1526.6211 (P89212)

1593.7101 (P89212)
>P83212 acedfhsadfgek 1740.7501 (P21234)
acedfhsadfqeka asdfpk 2098.8909 (P12345)
sdfpkivtmeeewe ivtmeeewendak

ndakdnfeqgwfe dnfegwfe



Query (MALDI) Spectrum

1007
1199
2211 (tryp)
609
2098
450
1940 (tryp)
698
I I I I

500 1000 1500 2000 2500

Query vs. Database

Query Masses Database Mass List Results

450.2201 __—>450.2017 (P21234)
609.3667 —_—> 609.2667 (P12345)

698.3100

1007.5391— " 1007.
1114.
1183.
1300.
1407.
1526.
1593.
1740.
2098.

1199.4916
2098.9909

664.3300

4251
4416
5266
5116
6462
6211
7101
7501
8909

(P89212)

(P12345)
P89212)
P12345)
P21234)
P21234)
P89212)
P89212)
P21234)

)

(
(
(
(
(
(
(
(P12345

2 Unknown masses
1 hit on P21234
3 hits on P12345

Conclude the query
protein is P12345



TauTtotroinon TpwrTeivng o€ Bdon dedopévwv
database=D:\DataBase/sprot.fasta, accession:AOPZ_MOUSE

peptide (s) =VVDSLQLTGTK KGESVMVVPTLSEEEAK VVFIFGPDKK VVDSLQLTGTKPVATPVDWK LPFPIIDDK
PGGLLLGDEAPNFEANTTIGR LIALSIDSVEDHLAWSK FHDFLGDSWGILFSHPR DLAILLGMLDPVEK

Analyzing ...

>AOP2_MOUSE (008709) ANTIOXIDANT PROTEIN 2 (1-CYS PEROXIREDOXIN)

PGGLLLGDEA PNFEANTTIG RIRFHDFLGD SWGILFSHPR DFTPVCTTEL GRAAKLAPEF AKRNVKLIAL SIDSVEDHLA
WSKDINAYNG ETPTEKLPFP IIDDKGRDLA ILLGMLDPVE KDDNNMPVTA RVVEFIFGPDK KLKLSILYPA TTGRNFDEIL

RVVDSLOLTG TKPVATPVDW KKGESVMVVP TLSEEEAKQC FPKGVFTKEL PSGKKYLRYT PQP

>average mass = 24721

position sequence (NCBI BLAST link)

162- 172 VVDSLOLTGTK
182- 198 KGESVMVVPTLSEEEAK
132- 141 VVFIFGPDKK
162- 181 VVDSLQLTGTKPVATPVDWK
97- 105 LPFPIIDDK

1- 21 PGGLLLGDEAPNFEANTTIGR
67- 83 LIALSIDSVEDHLAWSK
24- 40 FHDFLGDSWGILFSHPR

108- 121 DLAILLGMLDPVEK
Protein Coverage: 125/223 = 56.1% by amino acid count, 13647/24721 = 55.2% by mass

Search SWISS-PROT with via , or field.

Identification of Post-translational Modifications (PTMs)

* Phosphorylation, methylation, demethylation,
deamidation, glycosylation

* Phosphorylation is the most prevalent and dynamic
form of protein regulation in cells

* >30% of all proteins are phosphorylated during their
functional life cycle

» Aberrant phosphorylation is a hallmark of human
disease

* Specific kinases (and in some cases phosphatases)
are major drug targets



How to find PTMs, e.g., phosphorylations?

* Compare peptide mixture with and without phosphatase
treatment by MALDI-TOF (mass difference of 80 amu)

* Also most phosphopeptides show a characteristic loss of
phosphate in the reflectron mode of TOF

* Once the phosphorylated peptide is identified, MS/MS
sequencing localizes the site

* Important question: to what extent is any one site
phosphorylated

« If identification of phosphopeptides is the task, these can
be selectively concentrated by the use of immobilized
metal affinity chromatography (IMAC), and subsequent
analysis of phosphopeptides by MALDI-TOF

Imaging

e MALDI Imaging Mass Spectrometry is a
technology that allows one to simultaneously map
hundreds of molecular components that are
present in thin tissue sections with a lateral
resolution as high as 30-50 um.

e An extension of the protein profiling technique,
imaging allows one to visualize the localized
distribution of peptides, proteins, lipides, drugs,
etc. within the tissue. The preparation of a sample
for imaging is illustrated below:



el ﬂi Laser Capture Microdissection (LCM)
' eppendorf tube
digestion buffer

crude extract

1: Frozen tissue sample is cut 2: Matrix is regionally deposited on
and thaw-mounted onto a sample the sample

plate; additional sections are cut

and stained for histology

NNNTTTTT

Laser

3: Each spot is 4. Computer algorithms 5: Software classifies
analyzed on a MALDI are used to process each non-tumor and tumor
TOF MS instrument spectrum spectra




MeAAovTIKEG KOTEUOUVOEIG

AuTOopATIONOG, SIEKTTEPAiWGOT TTOAAWYV delyHATWV
KaAutepeg pé€Bodoi S1axwpiopol Kal aviXveEuong TTPWTEIVWV
KaAUTepn ToooTIKOTTOING S10QOPIKAG £KPPACNS

KaAutepa epyaleia BIoTTAnPO@OPIKAG

Zuvduaou6g: > HIKpoouoToIXIwV TpwTeivwy (high-throughput, autopariop6g)
»BroaicOnTApwWY (avixveuon xwpig onuavon)

> @aoparoypd@wy padag (evaiocbnaoia)

MeAETN TTPWTEIVIKWV
aAANAemdpacEwWV



-H pelém 1ov npoteivikdv aAAMAETOPAGEDY (VAL CNLOVTIKY Y10
TNV KOTavonom ToAA®V BLoAOYIKGV AELITOVPYLOV (GTN HETAYWYN
ONHOTOC, OTOV GTULATO OO TO EEMTEPIKO TOL KLTTAPOL LETOPEPOVTOL
0TO E0MTEPIKO TOL PHECH OAANAETOPACEWDV TPMTEIVIKMOV HLOPimV).

-H aAAnAenidpaon avt) uropei va givor otrypado ( 7.y, ot Kivaoeg
£PYOVTOL GE EMAPN UE TO VITOCTPOLLA TOVS, TO POCPOPVAIDVOLV Kot
AmodEGEVOVTAL OO OVTO),

EVD VILAPYOVV KOl TEPUTTAOGCELG TTOL SO 1) TEPIGGOTEPEG TPWOTEIVES
deopevovtal HeTa&l TOVG Yo EKTEVEGTEPO YPOVIKA SOGTALATO LEYPL
Vo OMOKANPAOGOLY TN PloAoyikn Toug dpdom (7., ot IUTopTives Tov
LETOPEPOVV TPMOTEIVES OO TO KVTTOPOTAUGLO GTOV TUPTVOL).

TEXNIKEX MEAETHE ITPQTEINIKQN
AAAHAEIIIAPAXEQN:

* ZVotnpa Stmhov uBpLdiov Qoung (Yeast Two-Hybrid system)

* Zuv-avoookatakpripvion (Co-IP, Co-ImmunoPrecipitation)

* Juykatakprjpvion (Pull-down assay)

* KabBapiopog Awdoyikng Zvyyévelag (TAP, Tandem Affinity Purification)

* ®Boplopd-Metadepdpevn Evépyeta Zuvtoviopou (FRET, Fluorescence
Resonance Energy Transfer)

* MikpoBepudopetpio Iod0epung Tithoddmong (ITC, Isothermal Titration
Calorimetry)

* Zuvtovioudc Emoaveiakdv IMaouoviov (SPR, Surface Plasmon
Resonance)
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Drosophila
Protein Interaction Map

7048 proteins — 20405 interactions

Refinement
with software

4679 proteins — 4780 interactions

From Giot et al., Science
302: 1727-36, 2003

Preliminary Human
Protein Interaction Map

Yeast two-hybrid:

8100 proteins — 2800 interactions

Verification with co-
precipitation assay: 78%

Overlap = 2.3% of LCI

300 new connections to over 100
disease-associated proteins

LCl-core CCSB-HI1

Overlap of LCI-core
LCl-hypercore CCSB-HI
Overlap with

Overlap = 8.4% of LGI-hypercore published interactions From Rual et al., Nature 437, 1173-1178

(2005)



Protein Interaction Maps and Drug Discovery

«ldentify proteins, complexes or pathways involved in a specific
disease

*Predict and avoid side-effects

Highly connected protein Good target for
(hub) antibiotics

Peripheral proteins with few Good target for highly specific
Interactions drugs with no side effects

-H 1eyvucn Baciletoar oy emAoyn ToV KOTAAANAOL OVTICONOTOG OV Ba
AVOYVOPICEL ETAEKTIKA TV TPOTEIVI-GTOXO (AVTLYOVO), LEGH O £VO. ETEPOSIUEPEG
N évol LeYaADTEPO TOAVTPMOTEIVIKO GOUTAOKO.

-To avticopa enoaletol TAve oo aKynToTouéva popta tpoteiving A G mov
givon tomoBetnpéva og o emeaveta (gel ayapolng).

-To xvuttapid ekyOMGHO ETOACETAL TAVO GTO AVTICMLLO KOL 1] TPOTEIVN-AVTIYOVO
pali pe Tig TpOTEIVES TOL Elval EVOUEVES e 0VTH dEGUELOVTAL GE QLTO.

-H empdveio Eemiévetan kot OAEG Ol TPMOTEIVEG TOV JEV SEGUEVTIKAV OO TO
avticopo eevyYoLV.

-To GOUTAOKO AVTLYGVOL-ALVTICMULATOC EKAOVETAL PE OMOSIUTAKTIKG SiiAvpaL
yopmiot pH.

-Ot TpoTEives TOL CAAAETISPOHV LE TNV TPAOTEIVI-AVTIYOVO OVAADOVTOL LE
niektpopdpnon, anotonwon katd Western, pacpatookonio palog.



Cell Lysate or Incubation with

Protein Mixture antibody coupled resin
\ 4 * 0] 0
4 .‘00 O‘ .O. 8 O‘
0

o*'t of 8 o

oal® 0 000 0 ‘ 5 ‘

O‘ ’. ‘ OO‘. 0 ‘

_ 1 Wash 1 Elute
0 Coupled antibody o0 &
A Antigen 0 ’. * “‘ ‘ 'ﬂ
0

) ProteinInteracting [ ®® o 0.0 ‘ ‘ ‘

with Antigen Analyze

Arnotdnwon katd Western

Proein A 8 Xpfion aviicdpotog A7 gty smpePaioon
™G oA AeTiOpaong

Protein B == Xpnon oviioopartog B



-H ypnon kuttapikod ekyviicpoartog xet ta e€ng 000 TAEOVEKTLOTA:

1. Téco N TpwTEIVY AVTLYOVO, 0G0 KOl 0L AAANAETIOPOVGES LLE OTHV TPMTEIVEG
Bpickovtar oty avaroyio 60mov Ppickoviol Kot ota {OVTave KOTTOPO.

2. Ot mpwteiveg Exovy VITOGTEL OAES TIC OTAPUITITEG LETA-LETAPPOUOTIKEG
TPOTOTOOEL,

...[l€ amoTéLESLO 1] CAANAETIOPAIOT TOV TTapaTNPETAL, VO PNV 0PElAeTOL OE KEVA
g TeXVIKNG (modd Mydtepa false positive).

-H ypnon tov avtiocdpatog tpocdidel oty vk TV EEISIKELGT TOV amaLTEiTOL,
OAAGQ M TOPOY®YN TOV Uwopel va lvan emimov).

-EEGAAoV, 1 60VOEGT OVTIYOVOL-AVTICMUOTOG UTOPEL VO AVOOTEALEL T1 GVUVOEST
TOV avTLYOVOU WE TIG OAANAETIOPOVGESG LE OVTO TPMTEIVEG.

-Ortav axdpa kot 1 apyn otv onoia Paciletor n teyvikn apeiopnreitol, onAadn
OTOV TO AVTICMLLO. eV EIVOL aPKETE E151KO, TOTE BPICKOVV EQAPLOYT Ol TPWTEIVEG
‘obvméng’ e GST, MBP, ...etikéteg evavtiov Tmv omoimv &xovv mapaydei
LOVOKA®VIKG OVTIGO AT

-H teyvicn eivar mapdpota pe ekeivn g GLV-0VOGOKOTUKPVIONG LE TN S0popd
ot Béom Tov avTiocdpoTog maipvel P tpoteivn B (bait).

-H mpwteivn B ekppdleton mg fusion -H mpwteivn P ekppdleton gite and

mpoteivn pue GST etucéra and KkOTTOpa Onhactikodv gite and

AVOSLVOLAGUEVA BOKTIPLOKA AvacLVOLAGUEVA BOKTNPLOKA KOTTAPO

KOTTOPOL. Kot AapPaveTor wg KLTTOpKd
EKYOAMCLOL.

-Ta dvo evarmprpoto erwalovtor padi yio va aAlniemidpdoet n tpoteivn B pe
mv TpoTeivn P, anopakpivovTol e EKTAVoN 01 TPOTEIVES OV SV AAANAETOPOVY
pe v npoteivn B kot telikd exhoveton  GST fusion npmteivn B cvlgvypévn pe
v Tpoteivn P kot tovtomoteitan pe anotonmon kotd Western.



Endogenous Bait is expressed as

expressed Prey protein GST fusion in E. coli _
from mammalian cells /Ba|t
[FGSTa =
«~Mammali Glutathio l
an Cell \
\ Partlcle
Prepare Cell Mix and aIId{
Extract interaction to
occur
| WS

l Wash and Elute

Complex
- . Analyse by
Western Blot

-H ovykoatakpnpvion ypnoylomoteitar kupimg wg péBodog
emPePainonc g aAANAenidpaong TPMOTEIVAOV.

-Amo@eHYETOL 1) YPT|ON OVIIGAOUATOG, TOL B LTOPOVGE VoL
nopeUPAndet 6T GVVIEST TOV AVTIYOVOL LE TIC OAANAETIOPOVGCES
LE 0VTO TPMTETVEG.

-H ovykotakpnpvion, dpmg amaitel peydin mosotnto Kabopng
OVOGVVOVAGUEVIC TPMTEIVG.



Kot n teyvikn avth mepthapPdvetl Ty mopoymyn Hog TpoTeivng
mov €yl ocvvtnyOel 610 KapPoELTEMKO TG AKPO, LLE L0 ETIKETOL
oV TEPAAUPAVEL, £V TENTIOWO TOL dECUEVEL
acBeotiotporonomrivny (calmodulin binding peptide, CBP),
0éom xommg and TEV mpwtedon kot Ty tpwteivn A.

Camoduln-tinong TEV protease ceavage ste
LeOH0e
Proton A
TAF 'ng

-H fusion npoteivn B etodyetan ota kdTTopa Tov EEVIGTH Kol OAANAETISpA
LLE TIG TPWTEIVES TOVG.

-Ta kOTTOPO ADOVTOL KoL TO EVOLDPTILOL SIEPYETAL OO GTHAN GLYYEVELNG LE
1gG cparpidia 6mov decpedetar | TpmTEIV A

-X11g deopevpéveg mpateiveg mpootifetan TEV mpwtedon pe amotéhecua n
eticéta g fusion tpwteivig B va koBetan otn B6om xomng and TEV
TpOTEQON.

-H gvamopeivaco fusion mpmteivn B diépyetar amd devtepn othin
GLYYEVELNG LE GPaLPIdLo KAALOOOVAIVIG, 6TT0V cuvdéeTal péow Ttov CBP.

-Telikd, ot aAAniemdpovceg mpmteiveg exkhovovtar pe EGTA kot
avaAvovtol pe anotdnwon katd Western. (Tati EGTA??)



TAP

Caimoduln-bingng TEV protease deavage ste W S
peptde B =
Proten A ,"‘—) i 8
o ( {
=D - Og0O
TAP tag - 4 O

€ TEV protoase cleavago
Specitic binding partner First affinity
> S column
Contaminant —{- ) =
. o

*j -

Nature Reviews | Molecular Cell Biology

-H xovotopio g teyvikng éykettal oty €160ywyn TS TPMTEIVNG GTO KOTTOP TOV
Eeviotn (empdivvon). Me tov Tpomo avtd N Tpwteivn aAAniemidpd pe GAleg
TPOTEIVEG GTO PVOIKO TEPIPAALOV TOV KVTTAPOV KOBIGTAOVTOG TNV TEXVIKY OLTH
Wwitepa a&dmo.

-Qo1660, 1 YPNOT HOG TOGO HEYAANG ETIKETOG, TOPOAO OV Elval amapaitnTn Yo
TNV EQAPUOYT TNG TEYVIKNG UTOopEl va dnpuovpynoet TpofAnpata 1060 ot enineda
£KQpaong TG TpOTEIVIG B, 660 kot oty aAANAenidpact| g 1e GAAec TpwTEiveg
(av KoL VTEAPYOVY TEPUTTMGELG TOL 1) AVETOPKNG EkOEGN TG T GEUIPIdIL
GLYYEVELNG OLOYEPAIVEL TNV EPAPLOYT).

-ITpoPAnpa pmopet vo, dnuovpyndei ko pe v aveEédeykm dpaon g TEV
TPWTEAOTS, OTAV 0Vt dev gvtomileTon povo ot Bon konng omd TEV mpwtedon.



XapaKTNPICHOG TTPWTEIVIKWY CUMTTAOKWYV
Me Tn péBodo TAP kal pacuaToypagio pajwv

Znueio TpwTOAucng

(Tpwredon TEV) /
Protein A

Mpwreiveg
OUpTTAGKOU

«ASAwpa»

SDS-PAGE
Qaoparoypagio pagwv

Bait  Vector

MIKPO®EPMIAOMETPIA [XO®OEPMHX

TITAOAOTHXHX

-H pkpoBepudopetpio 1060epung tithodotnong (ITC) ypnoyomoteitan
Yo TV TopakoAovdnon avidpdoemv HETaEL Propopimv, OTmg
TPOTEVAOV UE TENTIOW 1] AALEG TpwTEIVES Ko PacileTon otnv apyn 0Tt
OAEG O1 YMUKESG KOt PLOAOYIKES dLadIKaGie GVVOOEVOVTAL OO EKAVOT
(e&mBeppeg) N amoppdenon (evodbeppeg) BeppoTntoc.

-To Bepudopetpo amotereitor amd T0 KEAL TOV dEIYHOTOC KO TO KEM
avaopds (e undevikt dapopd Beprokpaciog avipesa Tovg),
oLPLYYO CVTOUOTOTOUNUEVIG £YXVONG, TO GUGTN O ETAVATPOPOSOTNONG
Beppomntog kot to cvoTna péTpnong fepudtnrac.

-H tithod0tnon apaiod TpmTeivikod SIAVIOTOS TOV TEPLEYETAL GTO
KeM Tov Seilypotog pe dtdhvpo (10°°M) tpwteivg Tpayuotonoteiton pe
OEPA EYYVOEDV TG TPMTEIVIG HEG® TNG SVPLYYOG OTO KEAL o€
adaPotikég cuVONKES.



OEPMIAOMETPO IXOGEPMHX
TITAOAOTHXHX

Computer controlled
injections

Injection syringe
containing reactant A
Sample cell
containing reactant B

Thermal shield M)l [entns

> Data analysis
AH K N

Detection
= of heating power

Reference cell

Feedback

MIKPO®EPMIAOMETPIA [XO®OEPMHX
TITAOAOTHXHX

-Av 1 avtidpaomn ™G TPOTEIVNG TOL EYYXEETOL OO TN CVPLYYA LUE
gkelvn mov vrdpyel oto ke etvan EdBepu, T0TE TO BEPIOOUETPO
Ba xpnoomooel AydTEPT EVEPYELD Y1l VO SLOTNPNOEL GTAOEPT TNV
Bepuokpaciao, evd av 1 avtidopacn etvar evoodepun, to Bepuidopetpo
0o xPNOLOTOM|GEL TEPIGTOTEPT) EVEPYELCL.

-H axpipng pétpnon mg evépyetlag mov amarteitat yio t dotpnon
¢ Beppokpaciog Tov KeAoh Ko’ OAN T StpKELD TOV
OAAETAAANA®V £yYOGE®V 001YEL GTOV VTOAOYIGHO BEPLOSVVOKDY
TopapETPOV OGN EAeVBePN evépyela, N evBaATia, ) evipomia, 1
otafepd oUVOEST|G KOOMG KOl 1) GTOLXEWOUETPIO TG GVVOESTG.
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Isothermal Titration Calorimetry
4+ Typical ITC Data

0 ‘ = _‘:
e |- o |
< NI I AN £ :

- H AH &
g £+1| Mechanism f‘\ 1
g ¢ ’ % . / Affinity
* <10 l i

7
A 12 4 // ‘ \ 4
s el o 4 7 PR Stoichiometry :
42 00 a8} KBF B0 VB 4.F DO BB GF B0
Tive i) 7 , . : -
Molar Ratio

Ultrasensitive Calorimetry j{o] s{s{=% B} {-9 e[y [« @

Limitations

Window of binding strength typically 103-10° M1

Examples of variable binding constants. AH=13kJ/mol, n=1
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MIKPO®EPMIAOMETPIA [XOOEPMHX
TITAOAOTHXHX
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Stoichiometry .

MiIKpoOouGTOIXiEC TTPWTEIVWV / TTETTTIOIWV

2UvOUACOUV TO TTAEOVEKTAUATA TWV HIKPOCUGCTOIXIWV
(MEYAAN TaxUTNTA KAl OYKOG aVOAUCEWY, euaiobnaoia, KATT)

ME TNV IKAVOTNTA aVAAUONG TTPWTEIVWV

2 UVOAIKN avA@Auon o€ KUTTAPIKA EKXUAIOUOTA TOU
OXNMATIOPOU OUUTTAOKWV
N TNG eVCUUIKNAG OPAOTIKOTNTAG
Mapadeiyuara:
*[MpoadiopIoPOS AAANAETTIOPACEWY HETAEU TTPWTEIVIOV
*AvAAuon UTTOOTPWHATWY KIVAoWV Kal GAAwV evCUPWYV

*Avayvwpion TIPWTEIVIKWY OTOXWV QAPHAKEUTIKWY OUCIWV
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XYNTONIZEMOX EIIIPANEIAKQN
IHAAXMONIQN

-AlBroon yapaxmpiletar n ektpom ™G d1eVBVVONG TOL PMTOC OTAV AVTO TEPAGEL
a6 ™ demipdvela wov Y®pilel GVo VAMKAE SLOPOPETIKNG OTTIKNG TUKVOTNTOG.

-OMKY| E00TEPIKN AVAKAQGT GLUUPAIVEL OTAV TO POC, TTOL d1adIdETOL LECH EVOC
OTTIKG TUKVOTEPOV VAIKOV TPOCTIRTEL OT| SIEMPAVELD, ILE EVOL DAIKO LUKPOTEPTG
OTTIKNG TLUKVOTNTOG, LE YOVia TpooTTwong 0 peyaldtepn g kpiowng yoviog Oc.
(Qc B¢ opileton 1 yovia TpdonTmong yio TV omoia 1 dStbAdpevn aktivofoiio
POTOC EEPYETOL EPUTTOUEVIKE TPOG TNV EMPAVELR).

-Otav o Aent) otpdomn xpvcov (50 nm) torobetnBel ot dempaveln Twv dvo
VAMKOV, TOTE 1 evEPYELD atd TO PG dleyeipel Ta EAeVOepa NAEKTPOHVIO TOV YPLGOD,
T0. omoio KohoOvtan emipovelokd Thacpovia (surface plasmons).

-ZuVToVIGUOG cupPaivel 6Tav 1 opu TOV TAAGHOVIMV Yivel ion pe TV opun TV
gloepyopevev eoToviov (LEYIOTN amoppdPNoN TS TPOCSTINTOVCAS AKTIVOPOAING)
Ko yovio GUVTOVIGHOV glvar eketvn dmov glayiotomoteiton 1 £vtaon g
OVOKADUEVNG OKTIVOPOALOC.

BIOAIZ®HTHPAX XYNTONIZMOY
EINTOANEIAKQN I[TAAXMONIQN

-0 BroasOnmpog SPR gival éva cOGTNUE GUVTOVIGUOD ENLPOVELNKDY TAAGLOVIOV,
OOV L0, TPAOTEIVI TPOGOETNG EYEL AKIVIITOTTOMOEL GTNV EMPAVELL TOV YPLGOV.

-0 BroasOnmpog SPR petpdet ariayég otn Yovio GUVIOVIGHOD GE TPAYUATIKO
xpoVo.

-H addayn g yoviag cuvtoviopod oyetiletot GQUUESH [LE TNV TOCOTNTA TPOTEIVIG
OV AVTEDPOCE LLE TNV TPOTEIVN TPOGIET.

Optical
detection
Light- unit Inlenr.ny
source
Polarized Ang\e
light
Prism Resonance
signal
Sensor surface -
with gold film Time

Sensorgram
Samp\e-P Flow channel
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