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ANALYZA PROTEINOVYCH KOMPLEXU

Afinitni purifikace komplexi
s pomoci protilatky
e pies ,,tagovane® proteiny

Proximity labeling




IMUNOAFINITNI IZOLACE PROTEINOVYCH KOMPLEXU

1) matrix s protilatkou proti jedné slozce komplexu

2) matrix s rekombinantnim proteinem (slozkou komplexu) nebo jinou ,,navnadou*

Affinity support Affinity support

Tag



AFINITNI MATRIX

Aktivované matrice:

NHS Sepharose...... lze vazat za aminoskupinu (succinimid)
CNBr Sepharose......1ze vazat za aminoskupinu

EAH Sepharose ......1ze vazat protein za karboxyl (karbodiimid)
Thiol sepharose...... lze vazat za SH cysteinu

Matrice s afinitou pro IgG (Fc fragment)
Protein G Sepharose

Protein A Sepharose

Protein A, G magnetic beads

Matrice s afinitou pro glykoproteiny
ConA Sepharose

Velké ligandy (DNA, protein) lze vazat pfimo na matrix.
Malé ligandy (nukleotid, NADP, hormon...) se vazi pies inertni ,,spacer arm*.




Typy moznych interakci pfi imunoprecipitaci

Q/g Cilovy protein

Cilovy protein
+ vazebny partner

o
o
&

Krizové reaguijici
protein
( a jeho partneri)

Protein nespecificky
vazany na Ab
( a jeho partneri)

Nespecificky
vazany na matrici
( a jeho partnefi)



TANDEMOVA AFFINITNI PURIFIKACE (TAP)

Anne-Claude Gavin et. al., (2002) Functional organization of the yeast
proteome by systematic analysis of protein complexes. Nature 415, 142-147

CBP- calmodulin-binding protein
TEV — stépne misto virove proteazy TEV

PCR product -Spacer TEV site

Gene Homologous
targeting » fecombination
Chromosome Gene Gene |—

S G




TANDEMOVA AFFINITNI PURIFIKACE (TAP

' TEV cleavage site
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TANDEMOVA AFFINITNI PURIFIKACE (TAP)

PTP tag __ProtC | TEV | ProtA

TAPa tag . 9xmyc | HRYV 3C
SF tag

S3S tag

GS tag | ProG [ ProG [ TEV | SBP
HB tag

HPM tag




Proximity labeling
(k urCeni lokalizace proteinu, mapovani kompartmentu)

APEX

APEX?2
transfect - s ‘<) "OH
wnth Nt (el biotin- phenol
ﬂ mito-APEX [/ )
OH
‘(’ e o 7—’ . .A.

Peroxidaza (APEX) je cilena HOA
pomoci signalni sekvence do neemnedopteihs
cilového kompartmentu (vnitfni

membrana MT, ER....a pod ) kde v

pritomnosti biotinfenolu ,,oznaci”

proteiny v okoli (Tyr). OznacCené

proteiny se izoluji streptavidinem.

Toxicita peroxidu, problematické

zajisteni substratu

— lyse cells
streptavidin beads
mass spectrometry

Rhee HW et al.,Science. 2013 Mar 15;339(6125):1328-31.



Proximity labeling

BiolD

PRGEE Proximal

Biotinylation radius proteins
': .::; E::--::‘ '-. c..'..‘....':.:... '...:'.- :. :"::"‘ Unbound
& \ ‘. ) '_i:,,...‘.,_“ o I y '
&y Denaturing On-bead ™ - é;’
" g protein trypsin Non-biotinylated
pulldown Capture with digestion peptides
Streptavidin beads

LC-MS/MS

Protein zajmu je exprimovan jako fuzni protein s

bakterialni biotin ligazou ktera v pfitomnosti biotinu ,oznaci“ proteiny v
nejblizSim okoli. Oznaclené proteiny se izoluji streptavidinem.

Pomala rekéni kinetika, dostateCna biotinylace v radu hodin.

Roux KJ et al. J Cell Biol. 2012 Mar 19;196(6):801-10.



Proximity labeling

TurbolD a split-TurbolD
Mutantni kvasnicné biotin ligazy — cilena mutageneze a selekce
Aktivivovny biotin difunduje z aktivniho mista do bezprostiredniho okoli

Jeden nebo dva fuzni proteiny
s rychlou kinetikou v radu minut, nizsi toxicita

TurbolD Distal

Biotin endogenous proteins

.0
@C:;:—e -

TurbolD

. Biotinylated proximal
Sp lit-TurbolD endogenous protein Distal

endogenous proteins

Reconstituted
Protein A Tb(N spln -TurbolD
‘ A-B mteractlon
J Tb(C)
Biotinylated proximal
Proteln B endogenous protein

Cho KF et al. Nat Protoc. 2020 Dec;15(12):3971-3999.



LUX-MS znaceni okolnich histidint po jejich oxidaci
(v okoli generatoru singletového kysliku - SOG)
Pro mapovani proteinovych komplext na povrchu bunky

ligand-guided and light-activated protein proximity labeling high-throughput protein capture & processing

j"j histidine
L )@ =
_T 2-oxo-histidine
Sample (light) NG N
& =D .",‘- ) -0 m)”‘"“
| ¢ ' wfv“
biotin
0G
- . | T m— -
. e i (—— Control (no light
Control (no light) 7> | -+ histidine (no light)
DDA / DIA LC-MS/MS release of proteolytic peptides

cell surface proximity network relative quantification

€ P € v O

Sample Control

. protein Y
protein X |” <<

' protein Z

Sample

Control

Mdaller, M et al. Nat Commun 12, 7036 (2021).



LUX-MS znaceni okolnich histidint po jejich oxidaci
(v okoli generatoru singletového kysliku - SOG)
Pro mapovani proteinovych komplext na povrchu bunky

ligand-guided and light-activated protein proximity labeling I

N
5\ ?, histidine

1 singlet
> 02 oxygen

- N (o]
5’,\,? 2-oxo-histidine
Sample (light)
o P biocytin- ol
\-i~- \|~‘ > . hydrazide 3‘\\\
~ N I‘.\. ™ -"/““} .
—f biotin % . g

Avidin
beads

(i

. S\jk histidine

Control (no light)

Mdaller, M et al. Nat Commun 12, 7036 (2021).
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Specialni vyuziti metod zalozenych na inkorporaci stabilnich izoptopu

» Vlyuziti vzorku znaCeného SILAC jako srovnavaciho standardu (Super-SILAC)
* Pulsed SILAC
* Pulse-chase SILAC

» Teplotni profilovani (thermal profiling)



SILAC — Stable Isotope Labeling with Aminoacids in Culture

13C-lysine
13C-arginine

Bezsérove systémy
nebo dializované
sérum !

Kvantifikace MS
Identifikace MS/MS

Heavy Light

{;’.\l
~_

® smichani
* subcell. frakcionace
 Separace
* Stépeni trypsinem
« LC-MS/MS

TR T |

AA

LIGHT
bézné AA




SUPER-SILAC

Expresni proteomika
pacientskych nadorovych
vzorkU. 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

":C‘: i :Q o".:.?. Cancer cell lines
% = . &
. |

Super-SILAC
mix

k* .
/ 1:1

Whole-proteome analysis

Quantification
PTM analysis

\ Tumor

biology

Y

Human tissue
lysate

IP or other
analyses



Translace

Aktualni koncentrace proteinu

Degradace



Pribyva Jedna izotopova znacka

Pulsed SILAC
Translace Pulse-chase SILAC

Aktualni koncentrace proteinu SILAC

Degradace Pulse-chase SILAC



THERMAL PROFILING

Vazba ligandu zvySuje teplotni stabilitu PROTEINU, posouva se teplota denaturace.

O

Relative abundance (%)

150

100

50

g

Natural state Stabilized

Lze monitorovat zménu teploty
denaturace (teplota kdy dojde k precipitaci a ,vypadnuti z roztoku®)

DHFR, intact cells d K562
Intact cells
38.0°C 62.5°C

DMSO s am e v o-DHFR

MTX, 1OLIM ————————— — - OHFR

— DHFR-DMSO

_|=—DHFR-MTX

Detekce rozpustného proteinu
40.7 46.1 51.6 57.0 62.5 \Yj Supernatantu

Temperature (°C)
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THERMAL PROFILING
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KLINICKA PROTEOMIKA
PLAZMA A SERUM a jiné télni tekutiny




Mel by byt pristupny ve snadno ziskatelné
tkani Ci telni tekutine.




60-80 g/L




60-80 g/L




Major Plasma Proteins

99% of plasma protein mass

Fibrinogen

Transferrin ’V IgA Total
[ Alpha-2-Macroglobulin

IgG Total IgM Total
/_ Alpha-1-Antitrypsin

e C3 Complement
— Haptoglobin

10%

Albumin

0 - 90%




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%




22 most abundant proteins

™~

The interesting 1%
of plasma proteome




60-80 g/L

Bez frakcionace Ize pomoci LC-MS identifkovat 400-700 proteint
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Metody relativni deplece majoritnich proteinu

* Imunodeplece nejkoncentrovanéjsich protein
,1op6“ , Top10“, Top12“ ,Top14“,Top20*
(albumin, 1gG, transferrin, haptoglobin, antitrypsin, 1gG,....)
Protilatky + Cibacron Blue (albumin)+ Protein A, protein G (IgG, IgA)
(800-1600 proteinu)

Pri depleci jsou odstranovany asociované proteiny a peptidy!
Ne vSechny proteiny jsou obohaceny pri ekvalizaci nebo na nano¢asticich!
Cenal
Reproducibilital!




Metody relativni deplece majoritnich proteinu

* Imunodeplece nejkoncentrovanéjsich protein
,1op6“ , Top10“, Top12“ ,Top14“,Top20*
(albumin, 1gG, transferrin, haptoglobin, antitrypsin, 1gG,....)
Protilatky + Cibacron Blue (albumin)+ Protein A, protein G (IgG, IgA)
(800-1600 proteinu)

» ,,Ekvalizace”
knihovna nahodnych hexapeptidu slouzicich jako ligandy
,ProteoMiner” (700-1000 proteinu)

Pri depleci jsou odstranovany asociované proteiny a peptidy!
Ne vSechny proteiny jsou obohaceny pri ekvalizaci nebo na nano¢asticich!
Cenal
Reproducibilital!




Knihovna nahodnych hexapeptidui slouzicich jako ligandy

,ProteoMiner*
Apply sample Wash Elute
Proteins
\l/ )‘ N/ .’} /
&

EPRES [ 2

® , ‘
s ® ) ProteoMiner ) )
: beads . ‘

°
] ¥ ° ® ® ..
= Flowthrough ™ 0. ¢ o0 °® Wash e @ e Eluate
@ )
® o ! L) o ® e e @
® o ) )
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Metody relativni deplece majoritnich proteinu

* Imunodeplece nejkoncentrovanéjsich protein
,1op6“ , Top10“, Top12“ ,Top14“,Top20*
(albumin, 1gG, transferrin, haptoglobin, antitrypsin, 1gG,....)
Protilatky + Cibacron Blue (albumin)+ Protein A, protein G (IgG, IgA)
(800-1600 proteinu)

» ,,Ekvalizace”
knihovna nahodnych hexapeptidu slouzicich jako ligandy
,ProteoMiner” (700-1000 proteinu)

NEM Obohaceni na povrchu smési magnetickych nanocastic (protein corona)
A ,Proteograph XT* (az 4500 proteina!!!)

Pri depleci jsou odstranovany asociované proteiny a peptidy!
Ne vSechny proteiny jsou obohaceny pri ekvalizaci nebo na nano¢asticich!
Cenal
Reproducibilital!



Alternativy k MS-proteomice plazmy/séra
zalozeneé na protilatkach nebo aptamerech

 OLINK

e Soma Scan



OLINK

Proximity extension assay
(pokud se na protein navazou dvé specifické protilatky,
dojde ke vzniku unikatni DNA reportérové sekvence, ktera je amplifikovana PCR a
jejiz vysledné mnozstvi je funkci koncentrace detekovaného proteinu)

IMMUNO REACTION EXTENSION REACTION PRE-AMPLIFICATION

Each sample produces
one fluorescence curve,
fromwhich cne number
(Ctiis detemined
Samples

e , : 3 | Ct-vaiues

[RiwTaT ' A7
Ly 414,—’

5iatals

1 2 3 4 s § 7 8 L] w " 2 9 No. MPCR-CY*I

DETECTION QC and GENERATION OF NPX
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OLINK
Proximity extension assay

Detekce PCR nebo NGS

V ruznych tematickych
panelech (po 48, 96 nebo
386 protilatkovych parech)

celkem 5400 proteinu

aleteede



SOMAScan

Specificka vazba aptameru (ssDNA, modifikované nukleotidy)
na protein a nasledna
detekce fluoroforu na aptamerech

O—

SOMAmer
Aptamer-fluorofor-fotocleavage site-biotin



Capture I Biotin Labeling '

Photocleavage

\n

006

L3

Proteins SOMAers

€ LT _ P
T

Streptavidin
beads

sJoadwon
oluojuekjod

Fl Int ty SOMAer Streptavidin
uorescence intensi Detection » Elutlon Re-capture
4— 4—

by DNA Microarray F@

M@

SOMAScan
1300 proteinu v jedné anayze
celkem az 7000 proteinu

SIBWYINOS
punoqun

ysem



Dalsi télni tekutiny:

Moc¢: 0-0,2 mg/ml (roste napr. pfi onemocneni ledvin)
Mozkomisni mok: 0,5-1 mg/ml (lumbalni punkce)
Plodova voda: 3-4 mg/ml (aminocentéza, porod)
Sliny: 0,8-1,5 mg/m|

Slzy: 4-6 mg/ml

Dechovy kondenzat: 1ug/ml

Pot, hlen, vypotky, synovialni tekutina, nitrooCni tekutina...
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Potencialni sérové markery identifikované OLINK
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25 0.0

Fold Change L([ogz)



Protein XY concentration (ng/mL)

'60 270 280 290 300 310 320 330

~

Cut-off value

Negative Test Positive Test




Specificita a Senzitivita biomarkeru

_ TN
TN +FP

5p

TP — true positive

Kolik procent ze
zdravych bude mit
negativni test?

'60 270 280 290

FN — false negative

300 310 320 330

Se — IP

TP+ FN

Kolik procent
nemocnych
test zachyti ?

Negative Test

i Healthy

(x)
77N

™

Cut-off value

Positive Test

7\ Disease

\ f(x)
)
Se ‘\‘/(

’

\\
—

Sﬁecificita

Senzitivita




ROC curve of a biomarker
(Receiver Operating Characteristic)
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OLINK Cilené metody (MRM/SRM)
SOMAScan




IF 2023

Molecular and Cellular Proteomics (IF 6,1)
Journal of Proteome Research (IF 3.8)
Expert Reviews of Proteomics (IF 3,8)

Proteomics (IF 3,4)
Clinical Proteomics (IF 2,8)
Journal of Proteomics (IF 2,8)
BBA — Proteins and proteomics (IF 2,5)
Cancer Genomics & Proteomics (IF 2,5)
Protomics — Clinical Applications (IF 2,1)

Proteome Science (IF 2.1)




HUPO — HUman Proteome Organization
EuPa — European Proteomic Association

Proteomicka sekce CSBMB (Www.czproteo.c?)

Ceska spole¢nost pro hmotnostni spektrometrii


http://www.czproteo.cz/

PROTEOMICKA LABORATOR 1. LF UK
(Clinical Proteomics)

BIOCEV

http://petraklab.cz/



ZKOUSKA

Studijni materialy: https://petraklab.cz/teaching

Podminkou pfipusténi ke zkousce je vypracovani eseje na zadané téma
a odevzdani eseje (jpetr@Ifl.cuni.cz) nejpozdéji 2 dny pied zkouskou.
Téma obdrzZite po zapsani na zkousku v SIS.
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