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[MPQTEOMIKH

EIXHI'HTPIA MAPIA KONTOY

OpIoPOG MNPpWTEWMIKNAC

Avdlvon Tov GuVOLOV M Unocmvok(ov) TOV
EKQPACOUEVOV TIPOTEIVOV EVOG OPYOVIGHOY
(HOVOKDOTTAPOG) 1| EVOG KVTTAPLKOD TOTOV 1)

1670V

GE TOLOTIKO UAAQ KOl TTOGOTIKO ETITEDO

O 6pog ewodyetar to 1994 and tov Marc Wilkins
mov Vv Opioe g "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."
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Human Proteomics: many proteins originate from
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MeTa-PETOQPOACTIKEG AAANYEG TWV. TTPWTEIVWV
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AKUAIWON K.0.K.

I[MPQTEOMIKH (proteomics)

Agrrovpykn TAnpoopia (gidog, Aettovpyio &
AAANAETIOPOGELS TPOTEIVAOV TOV ATOTEAOVV LLL0L
novada) =2 Ilpotéopa

YEVOLKN =2 TOavOV

TPMTEOUIKT =2 AELTOVPYIKO

Mn otatikn] =2 SeEpel avaloyo pe To £100¢ Tov
KUTTAPOV, GTAS10 AVATTLENG Kot O10LpOoPOTOiNoNG,
TePPAALOVTIKEG GLVOTKES (TT.Y. TOPOVGIO OPLOVADV)

EvoAloktikod pdticpo RNA, peto-peta@paotikéc
TPOTOTOGELS TPMOTEIVAV, YPOVIKT pUOLIoT
TPOTEIVOSLVOEGNS, AAANAETTIOPOUOT EVOOKVTTAPI®V
LOVOTOTIOV LETOYWYNG CTILATOG KA.




UE OI0MOPETICES

ORISR DOPETIKEC OUVONKEC

Auvapiki TNS MPWTEWMIKAC

Enineda ékppaong
MEeTo-HETOPPOCTIKEG TPOTOTOW|OELG
Anovpyio GUUTAOK®OV

Aopn

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

2 dimensional electrophoresis gels
Mass Spectrometry, Microsequencing

HT Functional Assays, Ligand Chips
Yeast 2-hybrid, Deletion Analysis, Motif Analysis

High throughput X-ray Crystallography/Modeling
High throughput NMR Spectroscopy/Modeling

Katnyopiec MpwTEWMIKAC

Identidy proteins-of-

s interest and define
Profllmg state-specific
- rOleOmiC expression pattern
x Elucidate protein
Functional Structural A
A . nd estal
Proteomics Proteomics / sinucure-funetion

relationship

)

Protein & Pattern

Discovery/validation

Pharmaco- Apply knowledge
¢ gained in drug target
Proteomics identification
Clinical Apply knowledge
Proteomics gained in the clinic

Pharmaceutical &

Clinical Application




Biolatpikéc EpappoyeEg
[MPWTEWMIKNG

Xy Adyvoon, oty [lpdyvoon kat oty
(QOPUOKEVTIKT AVTILETOTION-EEATOUIKEVUEVN
Oepaneio

AvakaALY”n VEOV EOIKOV OEIKTOV N TPOTEIVIKDOV
TPOPiL

Altyv@OGTIKT] 1IGTOAOYIKT] OTEIKOVIGT] TPOTEIVOV
Yy Bacikn £pELVO-KOTAVONCT UNYOVIGLOV
GLCYETICUEVEG e ac0EveLln

NéEot 6TOYoL Yo VEX QAPLLOKOL

Jo mBavoTepa Tedia EQOpPHOYNG
TIPOYVWOTIKWY. I Kall 510y VWOTIKWY TTPWIENVBIKMV.O0KIHAGIWY.




US Food and Drug Administration-Approved Cancer Biomarkers

Medscapes www.medscape.com
Biomarker Type Source Cancer type Clinicaluse

a-Fetoprotein Glycoprotain Serum Monseminomatous  Staging
testicular

Human cherionic Glycoprotein Serum Testicular Staging
gonadotropin-f

CA19-9 Carbohydrate Serum Pancreatic Menitoring
CA125 Glycoprotein Serum Owarian Monitoring
Pap smear Ce Canix Cenvical Soresning
CEA Pratein Serum Colon Menitoring

Epidemnal growth factor Pratein Colon Colon Selection of therapy
receptor

KIT Pratein (HC) Gastrointestinal tumour GIST Diagnosis and selection of therapy
Thyreglobulin Protein Serum Thyroid Menitoring

PSA (total) Protein Serum Prostate Seresning and monitoring

PSA (complex) Pratein Serum Prostata Scresning and monitoring

PSA (free PSA %) Protein Serum Prostate Benign prostatic hyperplasia versus
cancer diagnosis

CA15-3 Glycoprotein Serum Braast Menitoring
GA2T-29 Glycoprotein Serum Breast Monitoring
Cytokeratins Pratein (HC Breast tumour Breast Prognosis

Qestrogen receptor and Protein (HC) Breast tumour Breast Selection for homnonal therapy
progestercns receptor

HER2/NEL Protein (HC Breast tumour Braast Prognosis and selection of therapy
HER2/NEU Pratein Serum Breast Menitoring

HERZ/MNEU DIMNA (FISH) Breast tumour Breast Prognosis and selection of therapy
Chromesomes 3, 7, 9and 17 DNA(FISH) Urine Bladder Screening and monitoring

NMP22 Protein Urine Bladder Soreening and monitoring
Fibrin/FDP Protein Urina Bladder Monitoring

BTA Pratein Urine Bladder Monitoring

High malecular welght CEA Pratein Urine Bladder Monitoring

and mucin {Immunoflucrescence)

ETA, bladder tumour-associated artigen: CA, cancer anfigen: CEA, carcineamiryonic anfigen: FOP: flrin degradation protsin; FISH, flucrsscant in-situ hybridization:
GIST gastrointestingl stromal tumaour; [HS, immunchistochermistry: MMP22, nuclear matrix protein 22, PSA, prostate-specific antigan,

Sourca: Nat Rev Cancer © 2005 Nature Publishing Group

[TpoANuaTa Kal QUVATOTNTEG
via high-throughput analysis
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To TTpwTEONa AVOPWTTIVOU TTAAOUATOG
>10 TageIg peyEBoug diapopa o€
OXETIKN agOovia

Classical Plasma Proteins
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Hpoteopkn) EkQpaong

AvdaAuon Twv d1a@opwV OTNV EKPPACT
TPWTEIVWV OTav £va KUTTaPO
peTaBaivel amd pia kardoTaon o€ AAAN:

Aléyepon pe KUTOKiVEG / augnTIKOUG TTOPAYOVTEG
KutTtapikni diagopoTroinon

AmoémTwon

Kapkiviki yeTafoAn




EpyaAcia

RNA
Transcriptome

DNA
Genome

COICCAACTGALG
ICTACAGGCTTAI
TTAGLGCTATAAG
TATATATAGCCCGA
AGTCATACCTIGTA
TCGCCAGTAGT
CGTGACAGTCC
TATCCACCAT

DNA Sequencing cDNA arrays

Protein
Proteome

2D PAGE / MS

HAeKTPOQOPNON KAl TIPWTEOMIKN

¥y
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Condition A

Solubilize proteins
from cells Reduction

and alkylation

Isoelectric focusing on
narrow- or broad-range pl strips

Condition B ; oy
(first dimension)

Mass spectrometric
dentification of spots
as shown in Figure 1

Excision of spots of interest

il

SDS-PAGE
(second dimension)

Staining

1. Silver

2. Coomassie

3. Fluorescent

4. Autoradiograph!

r

.
E ol

Condition A Condition B
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Agiyua

Kvttopikéc oerpéc

Buoyieg (Laser Capture Microdissection)
Iotol

Bworoywka Yypa

MoakpopoproKa cOUTAOKA

[MpocToIpacia deiypaTtog (sample
preparation)
AvYon Kuttdpov
AloAvtomoinon TpOTEVOV
ITpoctacia Evavtl TpmTeacOV
Amopdxpovon:
— NovkAekdv oEEwv
— IToAvoakyapttdv
— Aumwdiov
— AAMdtov Kot 1ovTik®v popiov yauniod MB

— AJ1GAVTOV VALKOD

[Tpo-Khaoudtmon



MEBodoI AuonG TwV KUTTAPWV

Mnyavikoi
o Yrépnyot (sonication)
o [Ticon (opoyevomomntig)
o Tpipny (ball mill)
Mn-unyavikoti
o dvowoynukoi (Ocpmtika, freeze/thaw)
o Xnuikoi (amoppumavTiko, YooTpono)
e Evlopukoi (Avooldun)




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; Opaifa, Sapt. 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; Cpalla, Sept. 24-20 2004




MNpoopitelg NpofArpata nou pokaAouv

Alata- GAAa popTlopEva
MLKPOU poplakol Bapoug
uopLa

NoukAeotidia- petafoAites-
dwodoAunidia

MoAucakyapiteg

Davolikég EVOGELS

DNA-RNA

Epmodiouv tn Stadikacia TNG LOONAEKTPLKNG EOTIAONG KoL
TPETIEL VAL ATIOMAKPUVOVTAL I] VO TTAPAUEVOUV GE OGO TO
SuvaTov XaUNAOTEPES CUYKEVIPWOELG. AAata oto IPG strip
€XOUV WG amotéAeopa thv VPNAR aywylpudtnTa Tou. H
eotiaon Twv MpwTteivwv Sev eivat Suvatn PéxpL ta Lovta
va LeTaklvnBouv ato TéNog tou strip, aufdvovtag £ToL Tov
QTTOLTOUEVO XPOVO TG IEF. H mapoucia twv aAdtwy
yivetal epdavig ota mNKTwHOTA e TN popdr oplloviiwy
paBdwoewv oto povro(horizontal streaking).

Eival ouviBwg apvnTikd GopTIoHEVA LOPLA KOL UTTOPEL va
€XouV oav amotéAeopa tn Suokolia eatiaong Twv
TPWTEIVWVY MPOG TNV avodo.

MropoUv va ppafouv Toug MOPOUG TOU TINKTWUATOG
TIPOKAAWVTAG KATOKPIVLON TWV MPWTEIVWV i alénon tou
QTTOLTOVULEVOU XPOVOU yLa TNV LOONAEKTPLKN €0TiaoN.
Oplopévol TTIOAUCaKXaPITEG Elval apvnTKa dopTLopévoLl
Kol oXNUAtilouv CUUMAEYMATA LE TIPWTEIVEG HEoW
NAEKTPOOTATIKWY AAANAETLEpACEWY, UE OMOTEAEGUA TN
SuokoAia eoTioong TWV MPWTEIVWV PO TNV dvodo. Ita
2D ninktwpato epdavifovral pe opl{dviieg papSWaOELS aTO
¢dovro(horizontal streaking).

SoumAEy Lot TPOTEVOV-MTIHIOV LELDVOLV TN
dAvtotnTa 0V Tpoteivedv ennpedlovtag to pl
Kot 70 popraxd tovg Bépoc.

Tpomomolovv Tig Tpwteives pécw piag evoopkd

KOTAADOUEVNC OEEWOMTIKNG OVTIOPUOTC.

Yyniot poplakod Bapovg voukAeikd o&éa
UTOPOVV VO pPAEOLY TOVG TOPOLS TOV
mKkToOpotog. Eniong decpevovial otig mpmteiveg
HEC® NAEKTPOCTOTIKOV OAANAETOPACEDV
eumodilovrag v goticon Tove. Téhog av&avouv
10 1EMOEG TOL delyoTog Kot epeovifovTol oTa

g povTo(streaking).

Tovtd amoppuravtikd |To wo cvuvndicpévo eivar to SDS nov oynpoartilet

CUUTAEYHLOTO LLE TIG TPAOTEIVES PopTilovTag £TOL
OAO TO GUUTAEYLOL APVNTIKG, |LE OTOTELEGLLO. VL
unv eotidlovion o1 mpwTeiveg cOLLLPVa pe To Pl
TOVG.




Sample Preparation

N
L —
same sample processed

crude sample through the 2D cleanup kit

32 PROTEOMIC BASICS; Opatfa, Sapt. 24-202004

Effect of salt

E. coli extract pH 4-7
no salt - 30 mM NaCl

PN R

I.‘. Sl ,
| 49 || "

20 PROTEOMIC BASICS; Opatia, Sept. 24-202004




De-salting techniques

Dialysis
Spin dialysis

Gel filtration

Precipitation/
resuspension

FROTECMIC BASICS; Opatis, Sspl. 24-28 2004

Slow

Detergents can
concentrate with protein

Protein losses

Complicated,
can cause losses

Protein precipitation procedures

Ammonium sulfate
(salting out)

TCA precipitation

Acetone and/or ethanol

TCA plus acetone
(Damerval et al. 1986)

Chloroform and methanol
(Wessels and Flugge, 1984)

FROTECMIC BASICS; Opatia, Sspt. 24-26 2004

Not efficient, de-salting necessary

Can be hard to re-solubilize

Leaves SDS behind, but many proteins not
precipitated

More effective than either alone, good for
basic proteins

Time consuming, large volumes necessary




Extraction of plant proteins:

.
-

solubilization w/o precipitation  solubilization followed by TCA-acetone extraction
precipitation with methanol

27 PROTEOMIC BASICS; Opatfa, Sapt. 24-202004

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 techniques.
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 phenolic modification.

50 PROTECMIC BASICS; Opsila, Sepl. 24-20 2004




The problem

Concantration (mgimL) * albumin

1gG, IgA, Igh

u fibrinogan

w alpha-1 anitrypsin
alpha-2 macroglobulin

= transfarrin
alpha-2 + beta-lipoproteins (LDL)

u alpha-lipoproteins (HDL}
haptoglobin
alpha-1 acidglycoprotain

= hemopexin

® pra-albumin
earuloplasmin

remaining ~1000(7} protains

53 FROTEOMIC BASICS; Opsifa, Sapl. 24-20 2004

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 IgG

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

T
- -
-

e

e

55 PROTEOMIC BASICS: Opatia, Spt. 24-20 2004




Pre-fractionation possibilities

By solubility

> sequential extraction with increasingly strong solubilizing
agents (7?7)

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
> Immunoprecipitation or affinity chromatography of
complexes or selective removal of abundant proteins

PROTECMIC BASICS; Opat]a, Sapt. 24-20 2004

Iooniextpikn Eotiaon (IEF)

Awoyopilel Tig mpwteiveg avaroya
L€ TO IGONAEKTPIKO TOVG oNueio

i KéBe mpwteivn £xet to 01K6 ™G
isoelectric , ,
point (p) LOONAEKTPIKO onueio

IoonAextiko onueio opiletar To
pH oto omoio n Tpwteivn elvan
NAEKTPIKE ovdETEPT

(ioog ap1Buo Betikd Ko apvnTiKd
POPTIGUEVAOV OUAO®V)




SHAMUOTIOUOC TNKTNG TOALOKPLAOLLOTOV

—CH,—CH—CH,—~CH—CH,—CH
C=0 C=0 C=0

CH,=CH NH, NH, NH

ElevOepeg piles N
C=0 CH, —_— Mohvpepég CH,
TEMED 1

NH, NH NH
AZQUAGpISLO C=0 C=0

(povoueoeg)

HOVOpEe CH,=CH : ,~CH—CH, CH—CH,—CH—--
N.N-MeBvievo C=0 C=0
-dug-axpuhauidio ]
(SraoTavows) NH NH,

CH;

Tyqua 4.5 =
ZyMHatiopds IOV ToAvaxouiaudion

1" Aicotaon

*|soelectric

Il
o

+ 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.

Immobiline matrix




Iooniextpikn Eotiaon (IEF)

To ovotuo mepéyel paKkpopopla Kot £va epumopicd Stoubécipo
TOPACKEVUCLLOL 10 onoio cuvroAivpepileTon e TO aKPLAALLIOLO

Ot ap@oAbtes givat HiKpov poplakod BApovg TOAVLEPT] TOL TEPLEXOLY
Toyaieg Katavoués achevadv oEEmv Kot fAcemv, Kot £X0vV Leyoin

)

puBuotiky wavotnta Kovtd oto pl tovg. ‘Etot dnpovpyeiton pio
Bobuidwon pH.

v fr—
e rwm b e e e e

G wron v 1gh-wmck A s O

e oo 154 O vt

a7

BA

|

8100 total pH range & More data from 4 gels

ReadyStrip IPG stripe are preprinted |
to indicate anode end (+) and pH
range; in addition, a bar code iz
printed on the 24 cm strip.




Iooniextpikn Eotiaon (IEF)

Iooniextpikn Eotiaon (IEF)

To chompa evdveTon e
nAektpddo Ko epapuoletal Eva
SUVaIKO

O tpwteives KivodvTon Katd PKog g
Bobpidwong pH, péxpt va pBacovy to
LOONAEKTPIKO TOVG OMUELD




Iooniektpiki) Ectiaon (IEF)

* Theory <

A protein mixture is

absorbed into the gel. “——a—

An electric field is then
applied across the gel.

Proteins in regions below
or above their pl migrate
to the cathode or anode

respectively.

Migration rate slows as
the proteins approach the
region where pH = pl

Protein migration ceases
when pH = pl.

Note: proteins remain in
the native state
throughout the process

Video:

2D Gel Electrophoresis 1st
Electrophoresis.wmv




Iooniektpikn Eotiaon — Xovoyn

AmorTeiTol TANPNS ATONAKPLYOT UN
TPOTEIVIKOV HOPLOV

Awyopilovror o TpoTEIveS ne Paon To popTtio
XPpNopomorovvTol ap@OAVTES Y10, TNV dnuovpyia
™ Padpidowong pH

Egappéletor moid vynin taosn (10000V)
Xpovofopa dradkacio (>10h)

O Swympropog eaptatar amo v KedapoTnTOo
TOVL OELYHATOS, TO EVPOG TS Padpidomonc pH ko
NV £VTO061] TOV NAEKTPLKOV TEGIOV

Avaywyn Kal aAKuAiwon

https://www.youtube.com/watch?v=SaUlq
X37nPM




e 2" AldoTaon: SDS PAGE
Baoikég ApxEg

AAVAVAVaVAVe

Sodium Dodecyl Sulfate

SDS-PAGE

Mixture of
macromolecules

Electrophoresis
Direction of _—

electrophoresis

L Porous gel




SDS — PAGE: lNnkTA TTOAUOKPUAQNIBiou UTTG atTodIOTOKTIKEG OUVONKEG

Bookd cuotatikd pubuoetikod Stoddpatog delypotog

Avaywywdc mapayovrag 010e100peitodn DTT, B-pepxarnto-
aBavorn
Al0oTd S160VAPOKOVS decoVG, KoTapyel tv 3D doun

Primary Secondary Tertiary Quaternary
structure structure structure structure

: ~

S

MA
A\
B

Amino acid Polypeptide chain Assembled subunits
residues

SDS — PAGE: INnkTA TToAuakpuAapidiou UTTO aTTOdIOTAKTIKEG OUVOAKEG

AvO TCT]KTég Negative

Electrode | 5ad samples here™™*y,

‘T: Buffer | f ;T
O | '

[Inkt vccwpevong

J 1
| RS
i

I
|
[
|

i Running Gel
| & | Glass
:‘ Y Plates
; A ¢ Positive i
[Inkt Awyopiopod Eodltive 10N .

Epappoyn niektpodiovv,
JPOPAG SOLVOULKOD

An illustration of an
apparatus used for SDS PAGE.



SDS - PAGE: MNnkTtA TToOAUaKpUAapi1diou utrd
ATTOdIATAKTIKEG CUVONKEG

2xE0M GLYKEVIPOONG AKPLAAUIIIOV pE EMiTEVEN KOAVTEPOV
SLYOPIGLOV TPOTEIVAOV OVOAOYOL LLE TO LOPLOKO TOVS BApOg

% Acrylamide | Best Resolution Range (kDa

10 15-70

)|
5 25-200 |
|
|

15 12-45

Mikpod poprakov Bapovg tpmteiveg dlaympilovtal KaAd o HeYAANg
GLYKEVTPMOONG TNKTN OKPLAAUOI0V

SDS - PAGE: MNnkTtA TToAUVaKpUAauIdiou
UTTO aTTOJIATOKTIKEG OUVONKEG

Inktéc axpvioapdiov pe Babpidmon cvykévipoong akpvAadiov
IT.y. 4-15%

[ToA koA dtoywploTikn wavotnta cuvnbmg ayopdlovtot EToyo

Fig. 1. Side-by-skie comparison of migration patterns of broad range SDS-PAGE unstained standards
(catalog #161-0317) run on Ready Gel precast gels (- ) and Mini-PROTEAN TGX gels ().




Video:
2D Gel Electrophoresis (7) 2nd
Dimension

SDS-PAGE - 20voyn

AwaympiCovtar o1t Tpoteives e fdaomn 1o
uéyebog

Agv epappoletor moAd vymAn taon (200V)
Amortel pukpo ypoviko draotnuo (2h)

H nmapovsia tov SDS eivon amapoitnn yio
TNV Ooo1dTaEnN TS TPMOTEIVIG KO M
KIWVNTIKOTNTA TOL pHopiov va eivor
AVTIGTPOPMS OvaAoyN Tov neyEBovg novo
O dwywpropog e€aptartor and v %
TEPLEKTIKOTNTO TOL OKPLAOUOTIOV Ko TV
EVTOOT TOV NAEKTPIKOV TTEAIOV




HAextpopopnon vod un amodotaxtikég cuvOnKeg

Aroywpilel avadImAOUEVEC TPOTEIVES, COUTAOKO TPMTEIVOV,
GUUTAOKO TPMTEIVOV E TOVG OVTIGTOL(OVG TPOCOETES TOVG

O dwywpropog Baciletor oto peéyedog, PopTio, oYNLUL TOV TPOTEIVOV
Epappoyég:

Atepedvnon mbovov aAAAETIOPACEDV:
TPOTEIVOV LE TPOTEIVEG,
TPOTEIVOV LE TPOGOETES

Aviyvevon VTapENG IGOLOPPDV/ISUEPDV (TTOAVLEPDV)

Hlektpo@opnon vao un amwodloTaKTIKES oVVONKES

Awyopilel Tic mpoteiveg o
(QLOIKN TOVG JALUOPPOON).

O tpwteivec oTOOTOVY VO
Kivovvtol 6tov eOdcovv cg pia
GUYKEKPLULEVT TTUKVOTNTO TNKTG

Av16 pmopel va amortel ToAD ypovo

[Savi) péBodog yia aviyvevon
VapENg oAryopep®V




Hopadeiypoto NAEKTPOPOPNGNS VTO U1) UTOOUTUKTIKES
ouvvONKeg

A Heat shock (hours)

NS 051 2 4 - + - + = 4+ - + CHPAd
HSF11B:

Trimer = ' ' ' Wy W W w

P220C dimer

'l
1@

.

R
"
Kl

Dai et al EMBO J (2003) 22, 5446-5458 Alpepiopdg KIR2DL1
Trapoucia Co?*

Qing R. Fan et al. JBC 2000

2.uvoyn 1"s kai 2" dilaoTaong

Protein pH 4.0
mixture

?::i):;?uon Isoelectric
focusing (IEF)

dimension
Apply first gel pH 10.0
to top of second /

{by charge)
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AviyvELGT TPOTEIVOV

APEG®G LETA TNV NAEKTPOPOPNOT| Ol TPOTEIVEG UTOPOVV VO KOTUKPNUVIGTOOV LIE
TpocOnKn aAkoOANG gite 1oyLPoD 0&og (.. TCA).
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AViYVELOT TPOTEIVAOV
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Video:
2D Gel Electrophoresis (10) Visible Stain

EtTavaAnyiuotnta 2D-nAekTpopopnong




Differential In-Gel Electrophoresis
(DIGE) R
“MNoooTikn MNpwTeopIKA’

Pooled internal .
standard (~ )
label with Cy™2 \___/

Protein extract 1 l-fy‘) —(o
\ - '\ “.-..'),l

label with Cy3 .2~
Protein extract 2 i...’ﬂ
label with Cy5 ~2s

Mix labelled
extracts

(" '\‘.

2-DE
separation

Cy2

=
T

| '-__.;,. %
- Cy5 o

DeCyder™
Differential
Analysis
Software

Typhoon™
Variable Mode
Imager

Teyvikéc aviyveLONG TOOTIKAV KOl TOGOTIKMV O10LPOPDV

Differential in-gel electrophoresis (DIGE).

Inpovon TpoTeivev Kabe
delypatog Tpog avaivon pe
drapopetikn Phopilovca

AvapeiEn tov derypdtov
2D HAektpopopnon

"Eheyyog onjpaveong omo Tig
pBopilovoec. IL.y. 1o Tpoteivn, pe
310 eminedo Ekppacmg divel ypdpo
and v ion avapeEn twv 6vo
yvnOeTdV.
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Video:

2D Gel Electrophoresis (9) Image Capture-
UV Light Box

Aoyiopiké avaAuong 2D-HAekTpo@oépnong
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To AOYIOMIKO UTTOPEI VO TAUTOTTOINOEI
dIaPOPEC e Bdon To MW & pl
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[Tpwteoukn avéivon
2Hvoym GUYKPLoNG TPOTEIVIKOD TPOPIA 000 KOTAGTAGEWV
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TauTtotroinon TwWv
TTPWTEIVWV

AUo péBodol xpnoipgoTtrolouvTal:

ATtroikodéunon kKard Edman

PaocparookoTria pafag (Mass
Spectrometry)
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EDMAN DEGRADATION
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AvATTTUEN QUTOMATOTTOINMEVWV
OpYAVWY yia TOV TTPOCdIoPIoHO TNG
TPWTEIVIKAG aAAnAouyiag (sequenators)
‘Evag KUKAOG atroikodéunong Karda
Edman di1apkei Alyotepo atmd 1h

EvaioOnoia pmol rpwrteivng
NMpoodiopiopudg aAAnAouyiag deiypaTog
TTPWTEIVNG TTOU EKAoUETAI ATTO pIa wvn
nAgkTpo@oépnong SDS-
TTOAUOGKPUAQuIdiou

Mpwrteivn éwg 50 apivoééa (atrédoon
™G @aong ameAeufépwong < 100%)

daouatopeTpia Madlag oTnv
[TpWTEWWMIKNA

Amiotevtn woyvpn Texvoroyia- (epyareio Tov
ANUIKOV KOl TOPO KoL TOV PLoAdYmV).

Teyvoloyia mov GuvoLALEL TNV TAVTOTOIN G
TPOTEIVOV UE TOV TOVTOYPOVO TOGOTIKO TOVG
TPOGOL0PIGLO

[TpoPAnua: Texvikég eEaépmONG Kol LOVTIGUOV




Mass spectrometer and spectrum
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Nobel Prize in Chemistry for 2002

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

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

“for 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/

DACUATOCKOTTIO HALAG:
Quoikd ol TTPWTEIVEG uTTOPOUV VA
TETAOUV!

H paopatookonio palag eival o evpémg yp1CLULOTOIOVUEVN
TEYVIKT Y10, TNV LEAETN OVOIDV HIKPOV Kol LEGOAIOV LOPLOKOD
Bapovg. H tavtomoinon yivetatl péow tov axpifods tpocdiopiopon
™mg Magag Tovg

OuJohn B. Fenn and Koichi Tanaka éde1&av, pe dtapopetikong
TPOTOVC, OTL T LOKPOUOPLOL LTOPOVV EMIGNG VO 0VOALOOVV e QLT
v 1e}viKn. To «tpuc» Nrav va e&agpmBolv ot mpwTeiveg, 1| OTwG
gime 0 John Fenn «va ddcovue QTepd 6TOVG LOPLaKoDE EAEPavVTES”.

TautoTroTroinoN TTPWTEIVWV




O£0EIC TTEYNG TTPWTEACWV

Trypsin XXX[KR]--[P]XXX
Chymotrypsin XX[FYW]--[IP]XXX
Lys C XXXXXK-- XXXXX
Asp N endo XXXXXD-- XXXXX
CNBr XXXXXM--XXXXX

Opuyivn
2100ep6 £viUupo
POnvo, EUKOAO OTNV TTAPACKEUNR

AgiToupyikd o€ peydAo Upog pH Kkai
BeppoKkpaciag
Ec101Keupévn TTEYN

Video:

2D Gel Electrophoresis (11) Mass Sample
Preparation




«AAKTUAIKO QTTOTUTTWHOY» TTETTTIOIWV
(Peptide mass Fingerprinting)

Sequence
>Protein 1
acedfhsakdfgeasdfp
kivtmeeewendadnfek
awfe

>Protein 2
acekdfhsadfgeasdfp
kivtmeeewenkdadnfe
awfe

>Protein 3
acedfhsadfgekasdfp
kivtmeeewendakdnfe
awfe

Nano - HPLC

Mass (M+H)

4842.05

4842.05

4842.05

Tryptic Fragments

acedfhsak
dfgeasdfpk
ivtmeeewendadnfek
gwfe

acek
dfhsadfgeasdfpk
ivtmeeewenk
dadnfegwfe

acedfhsadfgek
asdfpk
ivtmeeewendak
dnfegwfe

Yypn Xpwuaroypagia YnAng Méoewg
HE TpIXo€Ideig OTAAEG (75 pm x 15 cm)
Kal po€G KATW Twv 200 ni/min

20oTnpa nano-LC pe autéparto delyMaToARTrTh

MeydAn BeAtiwon oTnv evaiodnaoia
avixveuong memTIdiwv o€ oUyKpIoN
pe amAil HPLC

] i} 20

Time [min}




2uvioTwvta Mépn ®acuatoypdpou Madag

Atmosphere Vacuum
System

Sample lonisation Mass Detector
Inlet Method Analyser

[a BioAoyiKd deiypaTa ATTIEC TEXVIKEC TTOU OEV
TTPOKAAOUV Bpaucn TTETTTIOIKWY OECHWV:

Matrix-assisted laser desorption ionization
(MALDI)

Electrospray ionization (ESI)




loviopog ESI / MALDI

Protein-peptide MNozzle Sampling cone

ligquid mixture
] Spray needle |
— ® s
. e g w8 g

(XX XX

Extraction grid

TeXVIKA OTEPEAG PAONG, OTAV OTTOIA TO MiyHO TWV
TTETTIOIWV AVAPIYVUETAI UE TTEPICTEIA TOU UAIKOU
MATPOC (ouvhBwc a-cyano-4-hydroxycinnamic acid),
TO OTTOIO OTNV CUVEXEIQ EVATTOTIBETAI O€
MIKPOTPURBAIO

Y116 KeVO, TO UAIKO TNG MATPAG ATTOPPOPA EVEPYEIQ
OTO MAKOG KUPATOG TOU laser, ye atroTéEAeoua gival Ta
MOKpPOUOPIa VA 10VTIOO0UV Kal 0TV CUVEXEIQ va
eEKpoPNBoUV (UECO O€ KEVO) XWPIG va ETTENDEI
ONMAVTIKA aTToIKodONNON TOug




Matrix-Assisted Laser
Desorption lonization

337 nm UV laser

cyano-hydroxy
cinnamic acid

MALDI

lovrionog MALDI

Atroppoenon Tng
akTivofoAiag armrd To

Laser XPWHOPOPO UAIKO Kal
IOVTIONOG TG MATPOG
AidoTaon Tou UAIKOU UN\TPAG,
aAAayn @aong o€ UTTEP-
OUMTTIEOMEVO AEPIO Kal
METAQOPG POPTIOU OTA UTTO
avaAuon popia

Exkpoé@non Tou UAIKOU NATPAG
ME TTOAU peydAn TaxuTnTa Kal
egarpion Twv uTré avdaAuon
MOpiwvV TTOU Eival
TTay1deupéva pEca oTo UAIKO
pATPOg (explosion/“popping”)

Matrix

Analyte




Video:

2D Gel Electrophoresis (12) Mass

Analysis

Time-of-Flight Analyser

Ta 16vto emttaydvovTal vVd TV ENIOPOOT EVOG NAEKTPIKOD
1ediov, T0 01010 TPoGdidel 6 KAOE 10V KIVNTIKN evEPYELL

ETNV GUVEKELD T LOVTOL ELGEPYOVTOL OTNV AVEL TTESIOV TEPLOYN
elevBepng mtong, Tnv otryun mov eleépyovtor, OAa To 1OVTOL
GUYKEKPIUEVOL QopTiov Bo. Exovv TNV id1a KNTIKY EVEPYELD,
ave&hpmra omd To PEyedoc Toug.

Avt n kivnTikn evépyeta Ba kabopicel v TayvTTA HE TNV
omoia Oa KtvnBovv otV cLVEKELX KATE KOG TNG TTEPLOYNG
€\evlepng TTHONG TPOG TOV AVIYVELTY], GOLPMOVA LE TNV GXECT

K =mv?/2, 6mov m 1 péla Tov 16vTog Kat v N TaydTnTd T0V.

Apa, ta mo Bapld WdvTo, EPOGoV EYovv TNV 110 KIVNTIKN
EVEPYELD LLE TOL IO EAALPPLE, O KivnBovV pe pikpoTepn
TayOTNTO.

0




Tovtiopdg pe niektpoyekaoud (electrospray
ionization, ESI)

[ 'evIK& TEXVIKA UYPNAG GACNGH TTOU ouVvOUAleTal UE
HPLC

Video:
Mass spectrometry proteomic

® To pikpootayovidia, To omoia
TEPLEYOVV TOL LEAETOVUEVO, LLOKPOUOPLAL,
yekalovtal 6Tov aoHaTOYPapo LAlug
HEG® EVOG POPTICUEVOL OKPOPLGIOV.
Mze tov TpdTo 0VTO T GTAYOVidLo
Capillary wovrifovtal katd v €000 TOVG 0O TO
aKPOPVO1O.
3TNV GUVEYELD, TO. GTOYOVIOLOL OV TE
EMLTOYOVOVTOL, OAAG KOTA TNV Kivnom
TOVG 0VTN 0 SV TG €oTpileTan
HEXPIG OTOV KO0 GTLYUN M
TUKVOTNTO POPTIOV YiveTal TOCO
VYNAN, TOV Ol NAEKTPOCTOTIKEG
ATMGELS VIEPVIKOVV TNV EMPOVELNKT|
Tdon TG oTayOVOC, LE ATOTELECHA M
apYIKT 6TOYOVa Vo Slocmdton o8
UIKPOTEPO GTOYOVidLO.
Ta otoyovidio cuveyilovy va
g€atpifovron Ko S1CTMOVTOL PUE TV
GELPA TOVG GE OKOLLOL IKPOTEPX.
oToyoviola, péxpt teMka va eatpcel
OAOG 0 SIHADVTNG, OPTVOVTOG LLOVOL TOL
UOKPOTOVTOL Y10l AVOALGT

¢




AvaAuon TTPWTEIVWV ME POACHATOMETPIO HAlOG

Relative Abundance

1199

1204 1275

1400 m/z

oTa poplakd Bdpn TwV TEMTISiWY TTOU TTPOEPXOVTAI ATTO TRV

€VQUHIKN 81A0TTaCN HIaG TIPWTEIVNG aTToTEAOUV

TO «SAKTUAIKO OTTOTUTTWHA» TNG.

o KdBe pia a1rd TIG KOPUPEG AUTEG MTTOPEI VO avaAuBEi TrEpaITEPW
pe S1adoxiké MS/MS yia Tnv avdyvwaon TG aAAnAouxiog TwV apIVOEEwy.

®H TauToTroinon piag TPWTEIVNG YiveTal avaAlovTag Ta OTOIXEIO AUTA

o€ TpaTedeg SeSopévwy.

AQKTUAIKGQ QTTOTUTTWPOTA

AAAnAouyia

>Protein 1
acedfhsakdfgeasdfp
kivtmeeewendadnfek
awfe

>Protein 2
acekdfhsadfgeasdfp
kivtmeeewenkdadnfe
awfe

>Protein 3
acedfhsadfgekasdfp
kivtmeeewendakdnfe
awfe

Maga(M+H)

4842.05

4842.05

4842.05

MemTidia perd amwoé wéwn pe Bpuyivn

acedfhsak
dfgeasdfpk
ivtmeeewendadnfek
gwfe

acek
dfhsadfgeasdfpk
ivtmeeewenk
dadnfegwfe

acedfhsadfgek
asdfpk
ivtmeeewendak
dnfegwfe




AOKTUAIKA OTTOTUTTWHOATO

AAAnAouyia Mdda (Mm+H) Pdopa Malag
>Protein 1
acedfhsakdfgeasdf
pkivtmeeewendadnf
ekgwfe

4842.05

>Protein 2
acekdfhsadfgeasdf
pkivtmeeewenkdadn
fegwfe

4842.05

>Protein 3
acedfhsadfgekasdf
pkivtmeeewendakdn
fegwfe

4842.05

Mpo6BAeyn BEcewyv TTEYNGS Kai
TTETTT EIVWV

Srepiiaec EER
e 0

¥ 8=

predicts poseniial cleaage sites deaved by proteases or chemicals m a given proten sequence: This sequence etbes
at be entered by the user. Peptids Cutter retuns the query sequence with the posshie clesvage sites

et WTYEMEL protes idertifer, ID (e.g ALBU_EUMAN). or accession camber, AC (e.g F04406), or an arsino acid sequence (e.g
‘SERVELATY

the protein. [FERE1] th felds

2 PacoCuter - b Froteomca X1 Frotecmis2.3 8 w2 S w ol R sem

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




Bdon 5£00uéEVWV SAKTUAIKWY ATTOTUTTWHATWY
(Peptide Mass Fingerprint, )

[Nla oTTo100NTTOTE TTPWTEIVN ATTO BAcn
OEQOUEVWV TTPWTEIVWV 1] YovIdiwv (Swiss-Prot or
nr-GenBank)

Me Bdon Tnv TTpwToTayr dour TTPOBAETTOVTAI OI
Béocig TTEYeIg >

YTtroAoyiletal n BewpnTikA pala KAOe TreTTTIdIOU
NioTta palwv atrd Tnv xapnAdTepn TTPOC TNV
uwnAOTEPN Kal oApavon otnv Baon 0edoNEVWIV

Kartaokeur Baong dedopévwyv PMF

AAAnAouyia DB MemrTikad Bpavopara Mala

SELZIAY acedfhsak 450.2017 (P21234)
ceeditiise.siliigee dfgeasdfpk 609.2667 (P12345)
sdfpkivtmeeewe ivtmeeewendadnfek 664.3300 (P89212)
EEEMILEILeNTLe gwfe 1007.4251 (P12345

1114.4416 (P89212

acek 1183.5266 (P12345
acekdfhsadfqgea dfhsadfgeasdfpk 1300.5116 (P21234

)

)

)

: )
sdfpkivtmeeewe ivtmeeewenk 1407.6462 (P21234)
)

)

)

)

(
>p21234 (
(
(
hulsdlaeiieguie dadnfequfe 1526.6211 (P89212
(
(
(

1593.7101 (P89212
sEenzls acedfhsadfgek 1740.7501 (P21234
acedihisadliosle asdfpk 2098.8909 (P12345
sdfpkivtmeeewe ivtmeeewendak
ndakdnfegwfe dnfegwfe




®aopa (MALDI) Tng dyvwoTng
TTPWTEIVNG

2211 (tryp)

2098
1940 (tryp)

500 1000 1500 2000 2500

NMapaBoAn pe Baon dedouévwv

Query Masses  Database Mass List Results

450.2017 (P21234)
609.2667 (P12345)
664.3300 (P89212)
1007.4251 (P12345)
1114.4416 (P89212)
1183.5266 (P12345)
1300.5116 (P21234)
1407.6462 (P21234)
)
)
)
)

450.2201
609.3667
698.3100
1007.5391
1199.4916
2098.9909

2 Unknown masses
1 hit on P21234
3 hits on P12345

Conclude the query
protein is P12345

1526.6211 (P89212
1593.7101 (P89212
1740.7501 (P21234
2098.8909 (P12345

(
(
(
(
(
(
(
(




TauTtotroinon Tpwrteivng o€ Bdon dedouévwv
database=0: \DataBase/sprot. fasta, accession=AOP2_ 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)

VVDSLQLTGTK
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 AOP2 MOUSE via accession, descr./ID, or full text field.

*H pwao@opuAiwon gival n 1o ocuvnBIouévn Kal
QUVAUIKA HOP@N TTPWTEIVIKAG pUBUIONG OTA KUTTOPA
*>30% TWV TTPWTEIVWV Eival QuOPOPUNIWPEVES O€
KA1To10 0TAdI0 TNG (WNAG TOUG JECA OTO KUTTAPO

* 2UyKplon Tou PMF 11pIv KaI HETA QTTO £€TTWAON ME
ewoeataon (dlagopd puadag 80 amu)

*Xpron €10IKWV XPWHATOYPAPIKWY TEXVIKWYV YIa
ATTOMOVWON TWV TPOTTOTTOINUEVWYV TTETTTIOIWVY (TTX
immobilized metal affinity chromatography , Kal
oTnVv ouvéxela availuon ue MALDI-TOF




