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Translace

Aktualni koncentrace proteinu

Degradace

Pulsed SILAC
Pulse-chase SILAC

SILAC

Pulse-chase SILAC



SILAC — Stable Isotope Labeling with Aminoacids in Culture
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pulsed-SILAC (pSILAC)

Naznaceni rizné tézkymi aminokyselinami po kratSi dobu, nez
nezbytnou k uplnému proznaceni, umoznuje studovat rychlost
translace jednotlivych proteinu mezi dvéma a vice vzorky

A LIGHT
Lys-0, Arg-0

o
rartial treatment

| |
K_Jj —
diffa
MEDIUM

HEAVY
Lys-4, Arg-6 Lys-8, Arg-10

rel. intansity

— e
| = e

rel. intensity

risl, inbensity

| e extracts 1:1 |
miz miz

o LY
o =i ::,: HIM ratio reflects
| differences in
i -

rel. intansity

translation rates

F

Schwanhausser et al. Proteomics 2009, 9, 205-209



pulse-chase SILAC (pcSILAC)

Metoda umoznujici studovat zménu translace | degradace po n€jakem zasahu

Bunky jsou nejdrive kompletné naznacCeny ,tézkym“ R a nasledne preneseny
do média s ,tezkym® K.
Pouzivame vSak pro 2 ruzné ,tézké" topoizomery R i K.

Ubytek peptidt s téZkym R ——> degradace

PFibytek peptidd s t&2kym K =~ ——> translace

Fierro-Monti |, et al. PLoS One. 2013 Nov 27;8(11):e80423.
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treated control VSe kompletné naznaceno
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Media exchange t=0 Proveden zkoumany zasah a
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DalSi netradiéni vyuziti metod zalozenych na inkorporaci stabilnich izoptopu

» Vlyuziti vzorku znaCeného SILAC jako srovnavaciho standardu (Super-SILAC)

« Stanoveni intracelularni lokalizace proteina (LOPIT)



SUPER-SILAC

Expresni proteomika
pacientskych nadorovych
vzorkul. Jako kontrolni
standard slouzi
homogenat ze smési
bunecnych linii
odvozenych ze stejného
typu nadoru naznacenych
metabolicky,heavy” Arg
a/nebo Lys.

Geiger et al. Nat Methods 2010, 7, 383-385
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Metody studia subcelularni lokalizace proteinu

1) Na zakladé signalnich sekvenci a struktury
2) Mikroskopie a imunohistochemie
3) Proteomicka analyza jednotlivych izolovanych organel

4) LOPIT - Localization of organelle proteins by isotope tagging



Suspend callus

in an equal volume of
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—————————————
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Sadowski PG, et al . Nat Protoc. 2006;1(4):1778-89.
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Figure 6 | PCA analysis showing clustering of proteins according to their
distribution down the gradient. The iTRAQ quantitation data were analyzed by
PCA, resulting in a scores plot on which proteins with similar density gradient
distributions, and therefore localizations, co-cluster. Annotation of proteins
with known (filled shapes) or predicted localizations (open shapes or stars)
revealed the presence of five main clusters, corresponding to Golgi, ER,
plasma membrane, vacuole and mitochondria together with plastids (which
were not resolved in this study). Small dots indicate proteins, without known
or predicted localizations, that were assigned to an organelle using PLS-DA.
Small crosses indicate proteins that were not assigned to an organelle.
Inverted triangles, vacuolar membrane; squares, ER; diamonds, PM; circles,
known mitochondria_plastids; stars, predicted mitochondria_plastids;
triangles, Golgi apparatus.
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KLINICKA PROTEOMIKA, PLAZMA A SERUM







DYNAMIC CONCENTRATION RANGE
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@ Albumin

Transferrin
Alpha-2-macroglobulin

Clinically used biomarkers

® Proteins discovered by HUPO's

Plasma Proteome Project

@ Alpha-1-acid glycoprotein 1

Apolipoprotein C-1lI

Complement component 7

Clusterin
Apolipoprotein C-I
[ 0]

Tetranectin

EGF receptor Coagulation factor XIIl B chain

Kallikrein 11

Chromogranin A

Classical plasma proteins

Vitamin K dependent protein C

Fibronectin 1 .
Vitronectin

Cytokeratin 8
Neutrophil defensin 1

Alpha-fetoprotein Prolactin

Her2/neu

Kallikrein 6
Kallikrein 3 (PSA)

Tissue leakage products

Inhibin

Ep-CAM
soluble IL-2R alpha

CE Thyroglobulin

Gastrin
VEGF

Colony stimulating factor 1

Corticotropin-lipotropin
Calcitonin

Interleukins, cytokines

Kallikrein 10

Choriogonadotropin

Somatostatin
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1 Elasma

WBCs & platelets

RBCs

blood clot




10'0 Really Is Wide Dynamic Range

(Here on a linear scale)

Slide courtesy Bruno Domon, ETH Zurich
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” WBCs & platelets
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Krevni plazma a sérum

* Dosud spolehlivé identifikovano zhruba 3500 bilkovin

« Extrémni rozdily v koncentracich (10 radu)
Albumin 40 000 000 000 pg/ml
Interleukin 6 5 pg/mi
* 10 hlavnich proteinti predstavuje cca 90% bilkoviny

(Albumin, 1gG, IgA, Tf, alpha-2 makroglobulin, haptoglobin...)

« 22 majoritnich proteinu predstavuje vice nez 99 % bilkoviny

* slozeni séra se méni (nejen) pri chorobnych stavech

blood clot



Major Plasma Proteins

99% of plasma protein mass

Alpha-2-Macroglobulin Ceruloplasmin
IgG Total IgM Total

/_ Alpha-1-Antitrypsin Factor H
Ve C3 Complement C1q Complement

Fibrinogen
Transferrin ’V [ IgA Total C4 Complement Complement Factor B

Prealbumin

C9 Complement

— Haptoglobin C8 Complement

Lipoprotein(a)

Alpha-1-acid Glycoprotein

Apolipoprotein A-1
Albumin Apolipoprotein B

0 - 90% 90 - 99%
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Deplece majoritnich proteinit a chromatograficke pristupy !!!




Afinitni mechanismy deplece majoritnich proteinu

* Imunodeplece nejkoncentrovanéjsich proteini
,1op6“ , Top10“, Top12“ ,Top14“, Top20*
(albumin, transferrin, haptoglobin,antitrypsin, IgG, IgA....)
Protilatky + Cibacron Blue (albumin)+ Protein A, protein G (IgG, IgA)

- ,Ekvalizace*
knihovna nahodnych hexapeptidu slouzicich jako ligandy
,ProteoMiner”

Pri depleci jsou odstrannovany asociované proteiny a peptidy!
Cena!
Nizka reproducibilita!




Knihovna nahodnych hexapeptidui slouzicich jako ligandy

,ProteoMiner*
Apply sample Wash Elute
Proteins
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Sérum Odstranéni majoritnich (Frakcionace)
Plasma :> proteindi LC-MS

CSF (plus analyza depletovanych?)

bézna identifikace 500-1500 proteinu

Kvantifikace iTRAQ, TMT, stepéni v 018, label free




RyZovani zlata nebo prebirani odpadki ?

Dosud identifikovane ,,biomarkery* jsou
Relativne hojne serove bilkoviny nebo
jejich fragmenty !

Fibrinopeptid A
Transferin
C3a, C3f,C4
fibrinogen
haptoglobin
alpha 1-antitrypsin
transthyretin
serum amyloid A
Hb alpha, beta
apolipoprotein A-1, A-I1...apod.

....aZ na vzacné vyjimky




Jaky protein ma potencial nadorového markeru ?

* Fragmenty bilkovin pochazejici primo z nadoru nebo okolni tkané
(navazané na nosic ?)

« Fragmenty vzniklé stépenim sérovych proteinit nadorovymi protedazami
(navdazané na nosi¢ ? Nebo vzniklé ex-Vivo ?)

 Proteiny odrazejici systemovou odpoved’ na nador (protilatky...)

* dalsi?




Dalsi promenné

* renalni filtrace versus nosice
* vhodna negativni kontrola, vybér skupiny

codbér a zpracovani vzorku, plastik

« 777
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MALDI IMAGING
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70 um Image of Rat Cerebellum

White matter

Grey matter _
70 uym resolution

Granule cells



MALDI Imaging of Breast Cancer

Lymphocyte infiltration



MALDI Imaging of Breast Cancer

Carcinoma in situ




MALDI Imaging of Breast Cancer

Invasive Tumor



Clozapine Drug Imaging
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Binds to cortical D;-like dopamin receptors



http://en.wikipedia.org/wiki/Image:Clozapine.png
http://en.wikipedia.org/wiki/Image:Clozapine.png

Clozapine Dosed Rat Brain (100 mg/kg)

MS/MS

4““_¢_a&.‘.-

100 mg/kg

control

Telenoepha]un Diencephalon: Mesen- { Rhomb-{ Spinal
-:ephalon enceph- cord
: alun

Cereblgllum

Fituitary Spinal
Hypothalamus cord



http://8e.devbio.com/image.php?id=425
http://8e.devbio.com/image.php?id=425
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Proteinové Cipy - Protein arrays

* Protilatky
* Rekombinantni (izolovan¢) proteiny

* Proteiny syntetizované in situ

Moznosti studia exprese
(pritomnosti), fosforylact

a interakci protein-protein nebo
protein ligand

e | i

forward arrays reverse arrays

Zakotvena Zakotveny
protilatka nebo komplexni analyt.
specificky (lyzat, sérum a pod)
protein



ProtoArray™ Human Protein Microarray v5.0

« ~9,000 human proteins available on a single array

« All clones fully sequenced

Baculovirus Expression System
GST tagged

« Expressed in Sf9 insect cells

Alexa o- MAPKAP Buffer a-Human IgG | PKCeta
Mouse Ab

Screen:

e Interactions
 antibodies
e kinase substrates

Alexa a-

@ Mouse Ab GST Gradi

&8 Calmodulin

Alexa a-

Anti GST |m ag e PKCeta o-Biotin Ab CamK | Human IgG

| BiotinAb | | | v5-camk |
AutoAntigens




Hledani antigenl v séru

A ProtoArray® proteins
A Dilute serum (primary)

A Fluorescent anti-antibody (secondary)

A A A A A A k A A
A A A A A A A A é‘
A
—_—> A EE——— —_—>
A A A | Bock add A AX Wash, add A AN | \Wash dry,
customer Alexa Fluor® 647 and scan
serum A dye—labeled antibody \
A A A A A A for detection A A A




@) Co-array PCR DNA and cell free lysate

Coupled transcription / translation
Protein capture via tag

A e
. ,7\:1 N
A :I,

PISA ARRAY
Protein In Situ Array

DNA neni zakotvena

gt —

1Y P
,,{:,‘*:' PCR DNA E___-]’ Ribosome
é}‘ encoding protein —
"‘ AN MRNA
A Tag capture agent ’ Tagged protein
(b)
17, T-1 ORF Tag Term.
5 [_Iim s

PISA array:

Imobilizace: (His)g-Ni%*




Array avidin, plasmid and capture antibody

fyy ]

l Cover entire array with cell free lysate

2

Coupled transcription / translation
Protein capture by proximal antibodies

NAPPA ARRAY
Nucleic Acid Programmable
Protein Array

DNA je imobilizovana

25 Avidin (:—ti Ribosome
Anti-GST AN\ mRNA
Biotinylated GST-tagged

WA plasmid protein

NAPPA array:

v
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Protein arrays Cilené metody (aqua, MRM/SRM)
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Protein arrays Cilené metody (aqua, MRM/SRM)
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Protein arrays Cilené metody (aqua, MRM/SRM)

proteiny ——— V N proteiny &)
““ peptidy
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TOP-DOWN pristup — identifikace intaktnich proteint/proteoforem

<A Bottom Up ApproacD Peptide MS Analysis

| | 3712.53 Da

=, | Digestion | | T
c(’, :' cf ‘I‘_ \!
% MS/MS Analysis

(B Top Down ApproaD

ntact MS Analysis

No Digestion AA J A j‘ 29043.3 Da
_> Intact protein
, IV Yy A/ \Ana > identification and
: characterization
MS/MS Analysis

Kellie et al. Mol.Biosyst 6(9):1532-9.
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- Kellie et al. Mol.Biosyst 6(9):1532-9.



TOP-DOWN identifikace
cca 1000 proteinu/3000 proteoforem

Mapping intact protein isoforms in discovery mode
using top-down proteomics

a - Isoelectric Focusing b - Multiplex GELFrEE C - NanoCapillary LC-MS
(5 Fractions) (45 LC MS/MS runs)
m__.‘: """ AT
- .L il
5122 W TR 3 g SIEF Fr.6
kDa S 1+2 5 6748 s kDa 8 5 Mass Fr.—150 kD
el E 1 S
I e &—-""2’-—--_'J 50~ -
37——; e 37 = .
e e 2 »
15 e BB T TSNS 15 E T
- -— - 108 ' 22 24 26 28 30 32 34
Time (min)

(GELFrEE) - gel-eluted liquid fraction entrapment electrophoresis
Tran et al Nature 2011, 480, 254-258



(GELFrEE) - gel-eluted liquid fraction entrapment electrophoresis

— Cathode ‘ + Anode
SDS-PAGE

Column

Time
(60-90 min)

Collection

Eharibar Membrane Trap

Tran et al Anal. Chem. 2008, 80, 1568-1573




TOP-DOWN identifikace

cca 1000 proteinu/3000 proteoforem

Mapping intact protein isoforms in discovery modeusing top-down proteomics

a - Isoelectric Focusing

(5 Fractions)

b - Multiplex GELFrEE

(5 x 9 Fractions)

g sIEF Fr.6
kDa & 5«— Mass Fr.—150 kDa

100 %=
75>~
50— -

C - NanoCapillary LC-MS

(45 LC MS/MS runs)
-

/

1 T T T T 1 T
22 24 26 28 30 32 34
Time (min)

(GELFrEE) - gel-eluted liquid fraction entrapment electrophoresis

Tran et al Nature 2011, 480, 254-258



a - 2D Gel View b - Modification View

— . .
TMS Isoelectric Point (pl), from sIEF B Mono-/ Di-Phosphorylation

Intensity <5 6 7 =8 [[] Trimethylation / Acetylation
. ae® p & o g ] Mono-/ Di-Methylation

Protein Mass (kDa)
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180D
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Da
1) GRP 78: 70550 Da  2) Metaxin-2: 30905.7 Da  3) PKCI-1: 13818.0 Da 5) Methylation
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<
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Maximalni pocet bilkovin identifkovanych MS v

12000 jediném experimentu

10000 -
8000 -
6000 -
4000 - I
2000 - II
ol — = [ O O B B

1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

ICAT SILAC ITRAQ Label free
1996 2004 MRM/SRM | 2015

Zavody v poctu
ID
nebo detailni
analyza vSech
proteoforem?

?
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Pocet publikaci s proteomickou tématikou (Entrez/PubMed)

5886 5887
5567

5130

4748
4609

3909
3584

3027

2581

1656

1231

747

6547




PUBLISH OR PERISH...

Molecular and Cellular Proteomics (IF 6.6)
Journal of Proteome Research (IF 4.2)
Journal of Proteomics (IF 3.9)
Proteomics (IF 3.8)

Expert Reviews of Proteomics (IF 2.9)
Protomics — Clinical Applications (IF 2.9)
BBA — Proteins and proteomics (IF 2.7)

Proteome Science (IF 1.7)
IF 2014




HUPO — HUman Proteome Organization
EuPa — European Proteomic Association

Proteomicka sekce CSBMB (wWww.czproteo.cz)



LABORATOR KLINICKE PROTEOMIKY
A HMOTNOSTNI SPEKTROMETRIE

Ustav patologickeé fyziologie 1. LF UK

BIOCEV

http://patofyziologie.lf1l.cuni.cz/proteome



Prezentace z prednasek budou ke stazeni na adrese:

http://patf.Ifl.cuni.cz/proteomika




ZKOUSKA

Podminkou piipusténi ke zkouSce je vypracovani eseje na zadané téma
a odevzdani eseje (jpetr@Ifll.cuni.cz) nejpozdéji 2 dny pred zkouskou.
Téma obdrzite po piihlaseni na zkousku.

Predpokladané terminy po 10/1/2015 a dale dle potfeby

Zkouska probiha na Ustavu patologické fyziologie 1. LF UK,
U Nemocnice 5, Praha 2.
(po schodisti nahoru a doprava za roh)

PRAKTIKA Z PROTEOMIKY - max. 12. zajemcu, duben nebo kvéten



