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Slozeni bakterialni bunky
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Funkce proteinu

4

Katalyza - enzymy

Metabolismus - energeticky (RuBisCo, pepsin), detoxikace (cyt P450)

Syntéza makromolekul - DNA polymeraza, reverzni transkriptaza

Signalovani a regulace - acetylcholinesteraza, proteinkinaza C, HAT/HDAC ...
Strukturni funkce - mechanicka opora

Extracelularni - kolagen, elastin; Intracelularni - tubulin, aktin; Mezibunécné spoje - occludin ...
Transport molekul

Hemoglobin, lipoproteiny, iontové kanaly a pumpy ...
Pohyb

Myosin (svaly), kinesin & mikrotubuly (pohyb organel v bunkach), dynein (biciky, brvy)...
Zasobni funkce

Feritin (jatra), kasein, ovalbumin ...
Signalni a regulacni funkce

Ristové faktory a hormony - endokrinni (insulin), parakrinni (EGF, cytokiny) ...
Transkripcni faktory - obecné (TATA-binding proteins), ,specialni“ - HSF, myc, CREB ...

Receptory - membranové (GPCR, RTK, AChR, rhodopsin), vnitrobunécné (ER, AhR, PPAR, RXR/RAR) ...

Imunita
Likvidace patogenu: Komplement, Protilatky, Host-defense peptidy (defensiny, magainin)
Ragpoznavani: MHC glykoproteiny

ace, luminiscence, toxiny ...)



Proteiny

» Proteiny = polypeptidy
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Syntéza proteinu

Ribosome

3!
tRMA from the
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amine acldls.

SER Anticodon
tRNA released GLY
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e acid GLY

Iniciace - iniciacni kodon (AUG), N-koncova aminokyselina
Elongace - prodluzovani retézce amino->karboxy smérem
Terminace - terminacni / stop kodon

http://hyperphysics.phy-astr.gsu.edu/hbase/organic/translation. htm/



Geneticky kod

» soubor pravidel pro prevod genetické informace v DNA (respektive RNA) na primarni
strukturu bilkovin - tj. poradi aminokyselin v retézci

» 64 -> 20(21) aminokyselin, 1x start kodon, 3x stop kodon

Standardni geneticky kod
; 2. baze .
1. baze U c A G 3. baze
Uuu . uUCu UAU : uGU . U
Phenylalanine Tyrosine Cysteine
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N <
STOP Tryptophan o
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C CUA CCA (Pro/P) CAA Glutamine CGA (Arg/R) A SR
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Aspartic acid Q
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http://en.wikipedia.org/wiki/Genetic_code
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Tryptophan
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Phenylalanine
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Methionine
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Aminokyseliny

sx-aminokyseliny
°L-stereocisomery

<20 proteinogennich
aminokyselin (+ Selenocystein)

*Neutralni nepolarni WFGAVILMP
*Neutralni polarni YSTNQC

‘Kyselé  DE
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«Clovék: FVTWMLIKH (RCGQPY)
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Tyrosine
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http://www.mun.ca/biology/scarr/iGen3_06-02.htm/
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* Isoelektricky bod: pH(l), pl, IEP
» hodnota pH pri které ma molekula v roztoku nulovy volny naboj
pH < pl ... kladny naboj
pH = pl ... hulovy naboj
pH > pl . zaporny naboj
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Post-translacni modifikace

» Skladani proteinu (folding)
» Stépeni (proteolyza)
» Modifikace aminokyselinovych zbytku
Glykosylace => glykoproteiny
Fosforylace => fosfoproteiny
Serin, Threonin, Tyrosin (O-, fosfoestery)
Histidin (N-, fosforamidat)
Lipidylace
N-Myristoylace, S-palmitoylace, S-prenylace
(farnesyl, geranylgeranyl), GPI-kotva
- Acylace
- Acetylace/Deacetylace (napr. histony), formyl-
, propionyl-, malonyl-, sukcinyl-, butyryl-...
- Alkylace - nejc. methylace
Oxidace, hydroxylace, sulfatace, Y-karboxylace
S-nitrosylace

- Adenylylace (Adenosinmonofosfat), Ubikvitinylace
(Ubikvitin), Sumoylace (SUMO1), ADP-ribosylace, S-
glutathionylace

- Arginylace, polyglutamylace, polyglycinilace

- Vazba prostetickych skupin (lipoat, flavinova
skupina, hem C...)

Disulfidické mustky - Cystein => ,Cystin“




PROTEOM - soubor proteint exprimovanych
genomem, organismem, tkani, bunkou v urcitém okamziku

34
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Genome Transcriptome Proteome
~20-25,000 genegs - - — - — = ——— - »  ~100,000 transcripts - —m—————— -3 »1,000,000 proteins
Alternative promoters Post-translational
Alternative splicing modifications
mANA editing

http://www.piercenet.com/method/overview-post-translational-modification#ptms



Struktura proteinu

Primarni, sekundarni, terciarni, kvartérni

(1) Primary structure {3) Tertiary structure drawn in two ways

Aminog
acid string

- helix

(2} Elements of sccondary structure
Hydrogen bond

:".-I'_l.-'ugli ibin

Pyvruvate kinase

(4) Quaternary structure

This molecule consists of four
separate proteins (symbolized by
the four colors) bonded into a
four-unit comples.

B-sheet (pleated sheet)

\ http://sites.sinauer.com/animalphys3e/boxex02.01.html




Struktura proteinu

» Primarni struktura= poradi aminokyselin v retezci

« Dana poradim nukleotidi v DNA/RNA

« Unikatni pro dany protein

e Definuje strukturu a funkci

« Kovalentni peptidova vazba

« 20 proteinogennich aminokyselin (+ seCys)
 Postranslacni modifikace

HiN*

ttp.//challieze.wordpress.com/tag/proteins-primary-sturcture-secondary-structure-tertiary-structure/




Struktura proteinu

» Primarni struktura= poradi aminokyselin v retézci

-Velikost proteind 820
. . 738 Molecular Weight Distribution of
*Od 10 az >10000 zbytku £ 656 | Human Proteins
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peptidy) Q492 T
410 +
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. 0 : : ¥ 164
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Pocet aminokyselinovych zbytk(

. http://commons.wikimedia.org/wiki/File:AminoAcid_length_distribution_2010.svq
h _\ http.//www.mad-cow.orqg/00/annotation_frames/tools/genbrow/hgwdev.html/




Struktura proteinu

» Primarni struktura= poradi aminokyselin v retézci

Isoelektricky bod 150 o .
. ] . ] - Isoelectric Point of Human Proteins
» PocCet a podil zbytku kyselych a .
bazickych aminokyselin o
. Kyselé: Asp (D), Glu (E) ° o0
. Zasadité: Lys (K), Arg R), His ="
(H) o (=10
¥ a5
e Vyznam PTM (fosforylace -> o
pokles pl) 15
» Kyselé proteiny - nizka hodnota 0 T
pl, negativni naboj pri fyziologickém pl
pH
» Bazické proteiny - vysoka hodnota
pl, kladny naboj pfi fyziologickém * Online pl / MW kalkulatory
pH

*Zohlednéni postranslacnich modifikaci:




Studium struktury proteinu

 Primarni struktura
* Predikce ze sekvence DNA nebo mRNA
« Edmanova degradace (automatizované sekvenatory)
« Hmotnostni spektroskopie

« Sekundarni, terciarni struktura
e Rentgenova strukturni analyza (X-ray crystallography)
* Protein NMR
 Elektronova kryomikroskopie

| Pratein erystals

[ %-ray dffraction pattern

http.//www.sbmp-itn.eu/sbmps/research_method/

http.//www.masontechnology.ie




Struktura proteinu

» Sekundarni struktura - lokalni prostorové usporadani

 Vodikové mustky
« Zakladni modely skladani : R skladany list

i Aol bk

oA A
S AE A A o
Al

Supersekundarni struktury / motivy:
Beta vlasenka, Recky kli¢, Omega
smycka, Helix-smycka-helix, Zn
prsty, Helix-obratka-helix...

* 3,0 helix, TT helix, random coil...




Struktura proteinu

» Terciarni struktura - celkové prostorové usporadani retézce

 Vodikové mustky , Hydrofobni interakce (van der Waals), lontové
sily, Disulfidové mustky

i van der Wasls infsractions
- Lt ~idisparsion forees) aet befween

ek g hydrephebic side branches.

’ -
H: CH; TH -

H5+ ‘ WAL -Palypeptide back bone

Disulfire link -
icovalent bang} P

@)-CH-CH-CH-CHr-NH; \'D-@-GH; -
*, lenie bend **

l—

http.//chemistry.umeche.maine.edu/CHY431/Proteins9.htm/
http.//challieze.wordpress.com/tag/proteins-primary-sturcture-secondary-structure-tertiary-structure/



Struktura proteinu

» Kvartérni struktura - podjednotkové usporadani

« Seskupeni tvorené nékolika polypeptidovymi retézci / proteiny

B Chains

a Chains

Imunoglobuliny Hemoglobin

http://biol 151b.nicerweb.com/Locked/media/ch05/hemoglobin.htm/
http.//homepage.eircom.net/~philipoconnell/Thesis%20PhD%20intro.htm



Studium proteinu v (eko)toxikologii

« (Eko)toxikologie: studium a predikce Skodlivych ucinkt chemickych latek na organismy

« U¢inky na vy3$ich Grovnich biologické organizace (jedinec, populace, spolecenstvo) jsou
zprostredkovany zménami na nizsich drovnich (organy, tkané, bunky, makromolekuly)

Macro-
Chemical Molecular
Interaction

Cellular Tissue Organ Organism Population

Response Effect Response Response Response

« Moderni metody (studia proteint) v ekotoxikologii
* Moderni - ve smyslu ,pouzivané v soucasnosti

e Moderni - ve smyslu snahy studovat a charakterizovat mechanismy vedouci ke
skodlivym ucinkim chemickych latek
=> porozuméni mechanismum => lepsi pfedpovéd’ tcinkl na vyssich tdrovnich
biologické organizace

=> rychlejsi, efektivnéjsi, levnéjsi a eticky méné kontroverzni metody pro
hodnoceni (eko)toxicity chemickych latek

=> identifikace novych biomarkeru a klicovych udalosti vedoucich k toxicité

=> cileny vyvoj, optimalizace a validace alternativnich testd toxicity



Studium proteinu v (eko)toxikologii

e Organismy = jsou z vyznamné casti tvoreny proteiny
« Témér jakykoli skodlivy ucinek néjakym zplsobem ovlivni proteiny/proteom

« Pfiklady moznych zmén proteomu pusobenim toxickych latek:
* Primé poskozeni (napfr. oxidacni)
 ,Globalni* inhibice proteosyntézy
» Ovlivnéni enzymatické aktivity
« Aktivace receptoru a signalnich drah
« Zmény v postransla¢nich modifikaci proteint
« Ovlivnéni lokalizace proteinu
« ZMmény v genove exprese

| « Aktivace/inaktivace proteinu v dusledku mutaci ]

!

Metody studia proteint v ekotoxikologii

- velka rozmanitost pristupu, technik, metod a jejich kombinaci
= existence alternativnich / paralelnich reseni



Metody studia proteinu

4

Extrakce a izolace proteinu
- Homogenizace vzorku a lyze bunék
- Rozpusténi a extrakce proteinu

Frakcionace subcelularnich slozek
> rozpustnost, velikost, vznasivost

Denaturace

Stanoveni vytézku / koncentrace proteint
- Biuret, Lowry, BCA, Bradford, UV spektroskopie
PreciSténi a obohaceni zajmové skupiny protein(
- precipitace, ultrafiltrace, dialyza, chromatografie (gelova, afinitni)
- Fosforproteiny, glykoproteiny, ubikvitinylované proteiny, imunoprecipitace
Separace proteint podle naboje, MW, pl
- Elektroforéza, Isoelektricka fokusace
Detekce / kvantifikace
- Hodnoceni enzymatické aktivity proteinu
- Detekce pomoci specifickych protilatek
V roztoku (EIA, RIA, ELISA)
Na membrané (dot-blot)
Na membrané po SDS-PAGE (Western blot)
,In situ” => imunocytochemie / imunohistochemie
> MS-identifikace
Stépeni protedzami na peptidy
Obohaceni zajmové frakce peptidu (napr fosfopeptidy)
Precisténi (odsoleni)
LC-MS/MS



F Cells and Tissue
Cell Lysis a L
Protein Extraction : s

L~
= Cell lysis reagents
= (ell fractionation

Cells and Tissue Bodily Fluids
# (Organelle enrichment

5 « SILAC stable isotope labeling
+ Detergent solutions * Cell surface biotinylation
* Protease inhibitors l
Cell Lysis and Abundant & Contaminant

= Dialysis devices = Phosphoproteins * Immunoprecipitation {IP) * Cell lysis reagents * Mass tlaglging reagents * Albumin depletion kit
* Desalting columns * |biguitinylation * Tag-based pull-down * Protease inhibitors * Crosslinking reagents » Abundant protein depletion

« Concentrators * Glycoproteins « Magnetic separation columns
* Detergent removal * Albumin removal * Spin columns Pre-fractionation
& Enrichment

* Phosphoprotein  » Kinase

= Biotinylation
+ Crosslinking

Determine Yield « Ubiquitin * GTPase
. . = Glycoprotein * Serine Hydrolase
* Protein assay kits « Organelle « lon exchange

Gel Electrophoresis 1
 Gels for SDS-PAGE F Sample Cleanup ﬁ
* Protein MW ladders
* Protein gel stains + Dialysis cassettes
Gel Separation * Desalting columns In-Solution Digestion
Blotting

* Coomassie stains * MS-grade trypsin
* Silver stain for MS Complete * MS-grade proteases
* Semi-dry blotter mass spec + Tryptic digestion kit
* Membranes
* Wash buffers

sample prep kit
* Blocking buffers

+ Reagents

Probing

o T

e for cultured cells
In-Gel Digestion

* In-gel tryptic digestion kit

H Peptide Enrichment

I+

e

Detection

* Primary antibodies

* Secondary antibodies
» Streptavidin conjugates
* Antibody labeling kits

* ECL substrates * Fe-NTA Phosphopeptide enrichment
® X-ray film « Ti02 Phosphopeptide enrichment
* Imager

ol

¢ C-18 columns; tips; spin tips * lon pairing reagents
* Graphite spin columns * MALDI matrices
* Protein precipitation plates * Calibration solutions

* |[mage analysis software

* Detergent remaoval columns * Instrumentation



Homogenizace vzorku a rozbiti
bunék

»Mechanicka homogenizace
> mleti, drceni, krajeni
> trepani v pritomnosti
abrazivnich materialu
(sklénené, ZrO2, ZrSiO4, o
celové kulicky)

>Ultrazvukové homogenizatory \ ‘é-]
\ ¥
» Enzymaticky - lyzozym &

> Chemicky - pouziti detergentu

» Probiha zpravidla v pritomnosti extrakcniho Cinidla
(lyzacniho pufru)

- - » Musi byt kompatibilni s navazujicim krokem

~ Casto chlazeni

~ Ledova tfist (0-4C), Chladici/mrazici stojanky (4 ... -80C)

» Rychlé zmrazeni: Chladici lazné o definované teploté (napr. suchy led &
aceton -78C), kapalny dusik (-196C)

» Skladovani: lednice, -20C, -80C, -196C
inimalizace rozmrazovani/zamrazovani (alikvoty!)




Extrakce proteinu

» Lyzacni/extrakcni pufr
> Lyze bunék
- Rozpusténi proteinu
- Cely proteom nebo jen vybrané kompartmenty

(membrana, jadro, cytoskelet...) ci frakce (napr. fosfoproteiny)?

« Zachovdni nativni konformace / aktivity proteinu nebo
denaturace?

> Omezeni nhezadoucich zmeéen vzorku

- Stabilizace molekul, prevence oxidativniho poskozeni
- Inhibice proteolyzy, defosforylace
- Inhibice rustu bakterii




Rozpustnost ve vode

«Aminokyselinové slozeni

*Nepolarni vs. Polarni aminokyseliny
pH

Amfolyty

enizka rozpustnost v oblasti pH=pl

eminimalizace celkového naboje a
odpudivych elektrostatickych sil branicich
agregaci a precipitaci proteinu

Solubility

Salting in
Salting out

centration ——m

D

S&_Ft con

H > I.E.P.
P LEF pH < LE.P. pH =I.E.P. +

Solubility

I.E.P. pH
Salinita

*Malé mnozstvi neutralnich soli => narlst
ionizace funkcnich skupin

(tzv. vsoleni, salting-in) vede k vytvoreni
ochranného plasté iontu soli kolem proteinu
a jeho stabilizaci v roztoku

» Zvysovani koncentrace anorganickych soli
=> jonty soli odebiraji proteinim jejich
hydratacni obal, coz vede k

postupnému vysoleni (vysrazeni, salting-out)
proteinu z roztoku.




Buffer
Citric acid - NaOH
Sodium citrate - citric acid
Sodium acetate - acetic acid
Cacodylic acid sodium salt - HCI
MES - NaOH

Sodium dihydrogen phosphate - disodium hydrogen
phosphate

Imidazole - HCI
MOPS - KOH
Triethanolamine hydrochloride - NaOH
Tris — HCI
HEPES - NaOH
Tricine - NaOH
Sodium tetraborate - boric acid
Bicine - NaOH
Glycine - NaOH

pH

(zpravidla v koncentraci 20-50 mM)

. » NaCl, KCI, (NH,),SO,

Oll » 50-150 mM

» zachovani iontové sily

tion/lysis_buffer_additives/

pH range
2.2 -6.5
3.0 -6.2
3.6 - 5.6
5.0-7.4
5.6 - 6.8
5.8 -8.0
6.2 -7.8
6.6 - 7.8
6.8 - 8.8
7.0-9.0
7.2 - 8.2
/7.6 - 8.6
7.6 -9.2
7.7 - 8.9
8.6 - 10.6

http:/ /www.embl.de/pepcore/pepcore_services/protein_purification/extraction_clarifica



Detergenty

» Surfaktanty nebo jejich smési
» Lyze bunék, solubilizace (htfe rozpustnych) proteint

Neiontové: detergent +

lipids & proteins
Tween20 %(ﬁ

Triton X-100
Nonidet P40 %
Aniontové: %

Sodium dodecylsulfat (SDS)
Sodium deoxycholat
CTAB

r detergent

Zwitteriontové:
CHAPS DNA —

CHAPSO
C7BzO %Q‘ & -
ASB-14 E?

Silné detergenty mohou zptsobovat denaturaci proteinu!




Dalsi aditiva

»  Glycerol
» 5-10%
» stabilizace proteinli (nativni konformace), snizuje bod mrazu
»  Glukéza / Sukréza
» 25 mM
» stabilizace lysozomalnich membran, potlaceni uvolnovani proteaz
» Chelatacni €inidla - EDTA, EGTA
» 1-5mM
» Potlaceni oxidacniho poskozeni, metaloproteaz
» Dvojmocné kationty (Mg2+)
» 1-10 mM
» Ligandy (ATP, GTP)
»  Redukcni cinidla
» Dithiothreitol (1-100 mM), 2-merkaptoethanol (0,05%)
» Prevence oxidativniho poSkozeni, redukce disulfidickych mustka
» Chaotropni reagenty
» Mocovina (6-8M), thiomocovina (2M), guanidinium hydrochlorid (6M)
» Denaturace proteinu, vhodné pro aplikace nekompatibilni s detergenty
» Antibakterialni latky
Azid sodny (0,02-0,05%)
" oky nativnich proteint dlouhodobé uchovavané v chladu

»

http:/ /www.embl.de/pepcore/pepcore_services/protein_purification/extraction_clarifica
tion/lysis_buffer_additives/



Dalsi aditiva

» Inhibitory proteaz

Protease inhibitor = Concentration Solvent Inhibice
Aprotinin 1-2 pg/ml water serine proteases
Benzamidine 15 pg/ml water serine proteases
EDTA, EGTA 1-10 mM water metallo proteases
Leupeptin 1-2 yg/ml water cysteine and serine
proteases
PMSF 0.1-1.0 mM isopropanol serine proteases
(phenylmethylsulfonyl
fluoride)
Pepstatin A Tug/ml methanol aspartic proteases

Antipain, bestatin, AEBSF, E-64...

» Inhibitory fosfatdz

Phosphatase Concentration Solvent Inhibiton
Inhibitor
Na3VvO4 1 mM water Tyr phosphatases

5-10 mM water Ser/Thr
phosphatases

http:/ /www.embl.de/pepcore/pepcore_services/protein_purification/extraction_clarifica
tion/lysis_buffer_additives/



Nativni proteiny

Zachovani nativni struktury a aktivity proteinu

Optimalni pH, iontova sila, teplota
Nizké koncentrace detergentu:

» Neiontové 0,1-2%, iontové 0,01-0,5%

Nizké koncentrace redukcnich cCinidel

» 1-10 mM DTT nebo 0,05% 2-merkaptoethanol
Stabilizujici latky (glycerol, dvojmocné kationty, chelatacni Cinidla)

I Inhibitory proteaz, pripadné fosfataz

> Priklady lyzacnich pufrd (Abcam.com)

Tris-HCI buffer
(Cytosolové proteiny)
«20 mM Tris-HCI, pH 7.5

Tris-Triton buffer
(Cytoskeletarni proteiny)
10 mM Tris, pH 7.4

100 mM NacCl

1 mM EDTA, 1T mM EGTA
1% Triton X-100

Ty

e holat
» oxyc olate

Nonidet-P40 (NP40) buffer

50 mM Tris, pH 8.0

150 mM sodium chloride

1.0% NP-40 (nebo Triton X-100)

RIPA (RadiolmmunoPrecipitation Assay
buffer)

50 mM Tris, pH 8.0

150 mM sodium chloride

1.0% NP-40

0.5% sodium deoxycholate

0.1% SDS



Denaturace proteinu

» Naruseni nekovalentnich vazeb a interakci udrzujicich pfirozenou (nativni) konformaci
proteinu

» Naruseni S-S vazeb
=> Ztrata kvartérni / terciarni / sekundarni struktury
=> Zachovana pouze primarni struktura (rozvinuty, volné ohebny polypeptidovy retézec)

Y S O\
Nermal profein \\_,/ Denaiured protein

Renaturation

ki B Feingirn Sdumasien, g pabdiding o onanmin Dusming.



Denaturace proteinu s e

> Vysoka teplota - H-mustky, hydrofobni interakce

Organicka rozpoustédla (methanol, ethanol) - H-mustky
> lontova sila (vysolovani)
> pH (TCA, HAC) - jontové interakce ATTER DS
> lontové detergenty (2-4% v/v) = === =
> Redukcni ¢inidla (dithiothreitol DTT, dithioerythritol DTE, 2-merkaptoethanol) - S-S mustky
> Chaotropni reagenty (mocovina, thiomocovina, guanidinium hydrochlorid)

-H-mustky

> Cross-linkery (paraformaldehyd, glutaraldehyd)

Vyzaduje-li navazujici metoda studia proteinli denaturaci, je mozné ji provést jiz v extrakénim
kroku
>Priklady denaturujicich redukujicich lyza¢nich pufru
> 4% SDS, 100 mM Tris pH 7.6, 100 mM DTT (Wisniewski et al 2009, Nat Met)
> 8M mocovina, 50 mM Tris, pH 8, 100 mM NaCl, T mM EDTA
> 8M mocovina, 40 mM Tris, pH 8, 4%CHAPS, 65 mM DTT ...

» Kompatibilita jednotlivych metod:

»  SDS+DTT+vysoka teplota: OK x Mocovina+vysoka teplota: => karbamylace proteinu
=Kompatibilita s navazujicimi kroky
Wﬂgenty interferujl' pri isoelektrické fokusaci (zwitteriontové jsou OK)

\\\\\

» Vysoké kbhife rac ych detergentl interferuji s trypsinovym 3tépenim
L




Frakcionace proteinu podle rozpustnosti

Volbou lyza¢niho pufru lze prednostné izolovat frakce proteinu s
rozdilnou rozpustnosti

Lokalizace Doporuceny pufr
Cela bunka NP-40, RIPA
Cytosol (rozpustné) Tris-HCI
Cytoskelet Tris-Triton
Membranové NP-40, RIPA
Jaderné RIPA

http://www.abcam.com/index.html?pageconfig=resource&rid=11379

Mitochondridlni RIPA

Sekvencni extrakci fadou lyza¢nich pufru Ize izolovat i nékolik ruznych
proteinovych frakci

=> komercné dostupné kity ruznych vyrobcu

=> ruzné subcelularni frakce a jejich kombinace

> Priklad - izolace frakce rozpustnych cytosolovych a frakce membranovych proteint (Sigma
PROTTWO):

»Rozpustné proteiny solubilizovany v 5mM Tris pufru

»>Nerozpustné proteiny (membrana, cytoskelet) oddéleny centrifugaci (14000xG) a
nasledné solubilizovany pufrem chaotropnich reagentt a detergentu

(mocovina, thiomocovina, C7BzO)
.




Frakcionace proteinu podle rozpustnosti

> Priklad - Subcellular Protein Fractionation Kit for Cultured Cells (Pierce 78840)
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CEB MEB NEB % NEB PEB
U +MMNase

CEB Cytoplazmovy extrakcni pufr => cytosolové proteiny
MEB Membranovy extracni pufr => membranové proteiny
NEB Jaderny extrakcni pufr => jaderné proteiny

MNase Mikrokokalni nukleaza => chromatin-vazané proteiny
PEB P ellet extrakCni pufr => cytoskelet

http://www.piercenet.com/product/subcellular-protein-fractionation-kit-cells



> Priklad - Subcellular Protein Fractionation Kit for Cultured Cells (Pierce 78840)

Membrane
Nuclear
Soluble
\_ HDAC2
Cytoskeletal
cytokeratin
18

CE ME NE CB PE

>Snizeni komplexity vzorku
»0bohaceni zajmové frakce proteint
>Lokalizace proteinu

>Translokace proteinu

CE ME NE PE CE ME NE PE

Control + TNFa

CE ME NE PE

CE ME NE PE
Control + PMA




FrakEni centrifugace

«Differential centrifugation
*Déleni bunécnych slozek podle hustoty a velikosti
*Postupné zvysovani otacek / RCF pro jednotlivé kroky
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organely) celg punky, Peroxisomy VVIIrIZ'

-, ’ _ elké
jadra, Mikrosomy makromolekuly

cytoskelet

http://en.wikipedia.org/wiki/Differential_centrifugation



FrakEni centrifugace

-*'—T Filter
hemogenate

10 emove =
glumps of
| urbreken
cells,
- conneclive
' tlissue, ete. L
Centrifuge

a1 i

P"?'u“'hﬁ

Fﬁ"-l‘":'"-i.l'
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—f - N’
Retpohondria, Ftﬁﬂﬁl‘"ﬂ

Soluble
chloreplasts, membrane, wh;rm}m partion
lyspsames, nuciosamal  gmall of
and fraction polyribe: cyloplasm
pETOXisOmes (fragments af  semes {eytosal)

endhoplasmig
reticulumi,
and farge
pnlfrﬂ:gpw

http://upendrats.blogspot.cz/2012/12/the-basic-separation-technique.html



Rychlostni gradientova centrifugace

1 2 3
eRate Zonal Density Gradient ot
Centrifugation
Deleni bunécnych slozek podle
jejich rychlosti sedimentace (jejich

Sacharozy (5208 © R,
Centrifugace v hustotnim gradientu

s(Equilibrium) Density Gradient 12 3 4 5
Centrifugation BER
*Déleni bunécnych slozek podle KR
vznasivosti (hustoty) ve strmém
gradientu sacharézy (20-70%)
nebo CsCl

PN | oanwar | loeres

ttp:/ /www.expertsmind.com/topic/cellular-fractionation/equilibrium-density—gradient-centrifugation-92091.aspx
http://upendrats.blogspot.cz/2012/12/the-basic-separation-technique.html




Stanoveni celkove koncentrace
proteinu v roztoku

» Posouzeni vytéznosti extrakce, frakcionace, purifikace

» Standardizace navazujicich krokl - pouziti definovaného a pro
ruzné vzorky ekvivalentniho mnoZstvi proteint (napf. pro gelovou
elektroforézu, stépeni trypsinem..

» Enzymatické aktivity, koncentrace metabolltu ve tkanich =>
zpravidla se vztahuji na mnozstvi protein(

» Kvantifikace a charakterizace mikroorganismu a jejich spolecenstev

UV spektrofotometrie

- Absorbance zbytkd aromatickych

] : ! Spectral Scan of Aromatic Amino Acids
aminokyselin tyrosinu, tryptofanu a

fenylalaninu pri 280 nm 35 — T
> Jednoducha, rychla metoda, malé objemy :;ife
vzorku (Nanodrop etc.) — A

- Zavisla na aminokyselinovém slozeni
proteinu

Absorbance

- Lze mérit i pri kratSich vinovych délkach -
vy§§|’ citlivost, ale vyssi pravdépodobnost
renC| (pufr)

o - L
2 M = h kM W
1 I Il 1 1 1

200 225 250 275 300 325 350
Wavelength {nm)

m http://www.biotek.com/resources/articles/peptides—-amino-acids-fluorescence.html




Kolorimetrické reakce

NH; H;N

» Biuretova reakce o~ Ne
W ;s s , , "“ _.” [:
> Cinidlo obsahujici CuSO4, vinan sodno-draselny a 0= =0 _ m;ﬁﬂi;
NH; Y - H;N OH
NaOH “Cu - and
yé v s 7 s . . 7 HH .-'J/ “.‘ H H
- valkalickém prostFedi dochdzi k reakci peptidovych o— o =0 cleoon
vazeb s Cu(ll) za vzniku modrofialového zbarveni NH HH>=
0 0
- Méri se absorbance pri 540 nm NH, H;N

Nezavisi na aminokyselinovém slozeni, ale malo

., Biuret Reaction
citliva

» Lowryho reakce

o

Lowry et al. (1951) PROTEIN MEASUREMENT WITH THE FOLIN PHENOL REAGENT. JOURNAL
OF BIOLOGICAL CHEMISTRY 193(1):265-275 =>14.10.2014: 305202 citaci (1. na WOS)

Dvoustupnova: Kombinuje biuretovou reakci s naslednym pouzitim Folinova Cinidla, které
se redukuje v pfitomnosti komplext Cul+ a zbytk( aromatickych aminokyselin (W, Y)

10-1000 ug/mL, méreni absorbance pri 750 nm
Existuji modifikace (napr. DC Bio-rad)

Step 1) Ol Step 2) OH-

\ J

+ Folin-Ciocalteu

Protein
(Peptide bonds)

Protein-Cul+
Complex

+ Cu?

http://www.labome.com/method/Protein-Quantitation.html



Kolorimetricke reakce

» BCA reakce

- Peptidova vazba reaguje s ionty Cu2+ (CuS04), které redukuje; nasledné sodna sul kyseliny
bicinchoninové (BCA) reaguje s ionty Cu(1+) za vzniku barevného komplexu

> 10-1000 ug/mL, absorbance se pfi 562 nm

Step 1) Step 2)
OH- Z BCA

\_J

Pretain
[eystalne, cysting, " “lemperat o re-de pendent - BCA-Cul+
tyrosing, tryptophan + Cu reaciion Cut Complex
amine acld rasidwas]
ca CHy Hy i
» Reakce Bradfordové <@ + Q“"*‘"@“Qf"’“‘Q
, vov s . o i i NaDy5 &0y~
- barveni rozpusténych protein(i roztokem o de Chains. ’ @
Coomassie Brilliant Blue G-250 Wi Toomudeo-20
- Narust absorbance pfi 595 nm
- Linearni pro koncentrace proteinu 20- 0t g
2000 ug/mL 465 nm
) Protein-0ve Complex
Amax = 395 1M

http://www.labome.com/method/Protein-Quantitation.html
http://piercenet.com




Kompatibilita

» Nékteré bézné slozky lyzacnich / extrakcnich pufrd nejsou kompatibilni s
kolorimetrickymi metodami stanoveni proteinti => vzdy ovéfit v tabulce
komptibility pro prislusSnou metodu, pufr a redéni vzorku

» Videalnim pripadé mit stejné slozeni a redéni pufru jak pro vzorek, tak pro
externi standard

Table 2. Compatible substance concentrations in the BCA Protein Assay (see text for details}.’

Subatance memmnn gmg:lm
; . . . e
The histed compounds were tested and found to be compatible with the Bio- —_— prmey SR o
- Ammonjum sufate 1.5M Enll-56, Enl-58 1.0%
Fad DC Protein Assay. In some cases, the presence of one or more of these rcparmane 1mh craps, crarso sox
substances will effect a change in the response of the protein to the assay e e oy oo s umte iy
reagents; therefore, the standard should always be prepared in the same buffer i sl g s g 2o
as the sa]]]_ple Calclum chionide In TES, pHT.2 10mM SDS 50%
. Ma-Carbonate’Ma-Bicarbonate (0.2 M), pH 9.4 undiuted Span® 20 1.0%
= 28382 Triton® X-100 5.0%
10% SDS 1% CHAPS 2% NP-40 o s T I e
o : T o o St Na—cll;;e [LE M), Na-Camenais (0.1 MLpH SO 1:8 r:u.rm:n' mﬂ -MILT:?:WD' Taserad ?x
1% Triton' X-100 1% CHAPSO 1% Thesit = 28353) rgen : :
. - . . - 5 1 - agents
1% Tween' 20 1% Octyl glucoside 1% Bryy™-35 et v o g TS A 0 T
o & : EPFS, pH 8.0 10amm FETA —
0.2% {.HEIB 0.1 M Tris. 5}1 8 0.5 M NaOH e s £ e o
0.5 MHC 0.5 M (NH,),50 0025 M EDTA Giyuine-HCl, pH 2.6 10amM -
N - Ta T 4 - Zuznidine-Ho! a W-acetylglucosamine In PES, pH 72 10mM
0.05 M CaCl, 0.4 M Guamdme HC1 4 M Urea HEPES, P75 toamm oo —
i . . s - . ¥midazole, pH 7.0 SOmM —
0.05% Sodium azide 1 mM DTT (dithiothreitol) MES. 6.1 camh Diioerytro (O7E) imht
MES (0.1 M), MaCI (0.9% ), pH 4.7 (#26380) undited Dithiothnettol (DTT) imM
MOPS, pH7.2 10amM :::* 1omm
Modified Dubecss's PES, pH 7.4 ($28374) undintas s -
- - - - . = [2-Mencapioethanal 0.01%
Note: The DC Protein Assay 1s incompatible with 2-mercaptoethanol (BME) o5 Pt 01 1 e (01541 e rotassium micoyznate 2ou
DH 7.2 (# 23372 Thimerosa 0.oi%
. i . R BIPES, pHES 10amm Mist. Reagents & Solvents
7 BRIJ and TWEEN are registered trademarks of Atlas Chemical THESIT is oA s e o T tSOnw e, s rcatone T
. .. .. R - - . . 0.1% 305, p Acetonitai 0%
a registered trademark of Desitin Arznemmtte]l GMBH. TRITON is a registered Sodum acetate, pH 43 20amm ot somalL
‘Sodum azidge 0.2% -
trademark of Rohm and Haas. Socum tcartanate 100m Et g
ot e g A 54 - ana oy
*octaethyleneglycol dodecyl ether Sodum phospnate 10mM e =
Trcne, pHEO 25mM Hyarigss (Na,BH, or NaCNBHy)  ——
m“"fm’"“am"*' pHTS 255;"'"” [Hyarchione Aca 100mM
! N
TES: Tris [25mM], MaCI (0,15 M), pH 7.6 (% 283785)  undiutag j-epestin 1omgt
Tris (25mM). Glycine (152mM), pH 6.0 (& 23350] 1:3 diution™

* Dilsted with wlirapure water.
+* Disargants wers tested maing highparity Threrse Scisntific Sarfact-Anps Products, which hve low parexids contans,
- Dshed-lins saay indicates ot the mataria] is icongarible with e auy.




BCA Protein Assay

Externi kalib |
T 2
» Nutna externi kalibrace ~] 1
=
> Bovinni sérovy albumin (BSA)
> Qvalbumin (OVA) .
» 'V zavislosti na slozeni aminokyselin 0 500 1,000 1,500 2,000

Protein Concentration in pg/ml

mohou mit nékteré proteiny vyssi odezvu
NEZ Jine Table 3. Protein-to-protein variation. Absorbance

ratios (562nm) for proteins relative to BSA using
the Standard Test Tube Protocol.

Ratio = (Avg “test” net Abs.) / (avg. BSA net Abs.)

Protein Tested Ratio

DC Blo_Rad (Lowry Based) Albumin, bovine serum 1.00
Aldolase, rabbit muscle 0.85

o-Chymotrypsinogen, bovine 1.14

Cytochrome C, horse heart 0.83

Gamma globulin, bovine i1

lgG, bovine 121

o O B5A 1gG, human 1.09
s * oG IgG, mouse 118
?é—, + Ribonucleaseo A G, rabhbit 1.12
E & Ovalbumin gz, sheep 147
B Conalbumin Insulin, hovine pancreas 1.08

Myoglobin, horse heart 0.74

Cwalbumin 0.53

Transferrin, human 0.89

2.0 1.02

protein concentration, mg/mil Standard Deviation 0.15

\ Coefficient of Variation 14.7%




Assay absorption mechanism detection limit |advantages disadvantages

incompatible
with detergents

tyrosine and small sample and
UV absorption 280 nm tryptophan 0.1-100 ug/ml |volume, rapid, d .
: enaturating
absorption low cost :
agents, high
variability
copper compatible with low or no
Bicinchoninic reduction (Cu=* detergents and compatibilit
X 562 nm to Cu'+), BCA 20-2000 ug/ml |denaturating mp "y
acid . . with reducing
reaction with agents, low agents
Cu'+t variability 9
complex
Bradford or formation compatible with |. .
between incompatible

Coomassie 470 nm 20-2000 ug/ml |reducing agents,

Coomassie with detergents

brilliant blue brilliant blue urea, rapid
dye and proteins
copper
reduction by incompatible
proteins, Folin- high sensitivit with detergents
Lowry 750 nm Ciocalteu 10-1000 ug/ml g >HVILY o nd reducing
: and precision
reduction by the agents, long
copper-protein procedure
complex
copper

high sensitivity
and precision, |Limited
compatible with |compatiibility

reduction by
proteins, Folin-

Modified Lowry 250 nm Ciocalteu 10-1500 ug/ml

DC Biorad) reduction by the (sjome with reducing
copper-protein etergents, agents
rapid

complex

http://www.labome.com/method/Protein-Quantitation.html



Precipitace proteinu

» Zakoncentrovani proteint PE f\

» Odstranéni nezadoucich slozek lyzacniho pufru l
(detergenty, soli...) anebo odstranéni proteinu

L 4
v

» Organicka rozpoustédla, kyseliny, soli

»  Priklad: Chloroform/Methanol precipitace:

Protein Inseluble .« ap g
} . P
v Do Epp. Zkumavky napipetovat 100 ulroztoku solutuion complex recipitation
proteint
v Pridat 400 ul methanolu, vortex, krdtce stocit Phase
.. , v. ti
v Pridat 100 ul chloroformu, vortex, krdtce stocit e S
v Pridat 300 ul vody, vortex, stocit min. 13000 rom
(5 min) => proteiny budou na rozhrani dvou vrstev
kapalin.
. , S tant
v Opatrné odebrat horni kapalnou vrstvu Hpernatan
v Pridat 300 ul methanolu, vortex, stocit min 13000 \/
rom (5 min) => proteiny peletuji na dno zkumavky
v Odebrat supernatant, proteiny nechat uschnout na
vzduchu Redisolution
Rozpustit v poZadovaném objemu a typu pufru | || >

Precini
lina (TCA), TCA-aceton, TCA- recipitate

. Applications-of-calorimetry-in-
a-wide-context-differential-scanning-calorimetry-
isothermal-titration-calorimetry-and-microcalorimetry/



Ultrafiltrace

Mozny opakovany proplach vzorku

d

= »  Filtry z membran s malou velikosti poru
s »  Prachod vzorku docilen centrifugaci
Fi
- " »  Komer&né dostupné patrony ruznych
s objemu a s riznou propustnosti filtrd

Fill >3, >10, >30, >50, >100 kDa
Spin

Recover Tzv. MWCO = molecular weight cut-off
Collect

= N F
I alyza »  Semipermeabilni membrana umozhujici prichod malych

molekul -> osmoéza

»  Klasicky ,dialyzacni strivko, inzerty pro centrifugacni
zkumavky a mikrozkumavky, dialyzacni ramecky, lahve, 96
mikrodesky

»  Objemy od 20 ulL az po 250 mL, MWCO 2, 3.5, 7, 10, 20K

Dialysis bag —_

Concentrated —
solution

Buffer — |

At start of dialysis At equilibrium

[
Figure 3.2

Biochemistry, Seventh Edition https://www.emdmillipore.com

8 2012 . Eressmnt Al Compats http://oregonstate.edu/instruct/bb450/fall14/lecture/proteincharacterizationoutline.html
\ http: / [ piercenet.com




Gelova chromatografie

Gelova filtrace, size-exclusion chromatography

Vzorek je unasen mobilni fazi prochazejici kolonou naplnénou porézni
stacionarni fazi (pohyb mobilni faze: gravitace nebo centrifugace)

Stacionarni faze umoznuje vstup malych molekul do péri => zvysuje jejich

retenci

Velké molekuly nevstupuji do pért => migruji rychleji, kratsi retencni cas

Komercné dostupné kolony rtiznych velikosti (uL az mL vzorku), riznych
formata (kolonky, 96j desticky) s riznymi typy stacionarni faze s riGznym

MWCO:

o Zeba Resin (MWCO 7K, 40K)

> Polyakrylamid Resin (MWCO 1.8K, 6K)
- Dextran Resin (MWCO 5K)

> Sephadex (dextran, MWCO 0,7-600 kDa)

Large particles cannot enter
gel and are excluded.

They have less volume to
traverse and elute sooner,

Small particles can enter gel
. and have more volume to

traverse. They elute |ater.

chromatogram

flow
tire

>

http://en.wikipedia.org/wiki/Size-exclusion_chromatography



Afinitni chromatografie

» Zrnka stacionarni faze maji navazanou molekulu / jsou tvorena -
molekulami interagujicimi s cilovymi proteiny 1 ]
=> specificka vazebna aktivita ]
Protilatka rozpoznavajici dany protein nebo antigen “*9 -
(Immunoafinitni chromatografie) ® @ «——Antigen
. : .
Konkrétni protein(y) . :_ | Antibody spachfic
Soubor proteintl - protilatky proti ubikvitinu & fortha antlgen
Antigen rozpoznavany protilatkou - purifikace protilatek ) '-..—:n':.hnﬂn:nf
ra
Substrat enzymu - - e spacHicity
el |NIAFE
IMAC (Immobilized Metal lon chromatography), TiO2, Pro-Q f° matrix
Diamond - izolace fosfoproteinu ..’ 1 Nonantiboay
Concavalin A / Wheat Germ Agglutinin (WGA) - izolace o o | PROWI
glykoproteint N
Purifikace znacenych rekombinantnich/faznich proteinu 1
L

(GST, 6xHis, MBP, FLAG, ...)

» Komercné dostupné kity

http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/A/AffinityChrom.html



Imunoprecipitace & imunokoprecipitace

Cell Lysate or Incubation with

4
Protein Mixture Antibody-coupled Resin
s B
-] a & 4 @ 4 I g o
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Elektroforeticka separace

» Typicky v polyakrylamidovém gelu

» Pohyb nabitych molekul

v elektrickém poli

» Polyacrylamide Gel Electrophoresis
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salektricka fokusace

Polyacrylamide
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http://commons.wikimedia.org/wiki/File:Electrophoresis.gif



polyvacrylamide gel tunnels of different diameters
% bis/akrylamidu - ovliviiuje velikost pora a

viniditi Aaaln

IIUIUILU yCIU

= Velikost separovanych proteinu

= Jednoduché gely - konstantni

= Gradientové gely - narust koncetrace

akrylamidu smérem k anodé

B iaET:IE Vertikalni usporadani PAGE
Cathods | — —— /A *Gel
7 ; i Buffer v kazeté (mezi skly / plastovymi
Stacking--... L desti¢kami)
o
gel e *RUzné rozméry (mini cca 8 x 6
I Plastic cm, standard cca 13 x 8
— cm, velké >20 x 20 cm
Running ... frame e ) .
gel _ enaiévané v iaboratofi nebo
i komercné dostupné pre-cast gely
Anode | + —. « Vzorek do jamek (10-50 ug proteint)
@[%%m .. *Umisténi v tanku
M, - B ey , ,
s R Hﬁ%" o *Rezervoar katodového a
anodového pufru

(upper / lower chamber)
» Zdroj napéti

http://www.bio.davidson.edu/genomics/method/SDSPAGE/SDSPAGE.html
http://www.siumed.edu/~bbartholomew/course_material/protein_methods.htm
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*Nativni PAGE
*Nedenaturované neredukované proteiny
*Rychlost migrace zavisi na

Naboji

*Velikosti a tvaru molekuly

/Hustota naboje/

Malé s vysokym neg. nabojem >
>Malé s nizkym neg. nabojem ~
~ velké s neg. vysokym nabojem >
> Velké s neg. nizkym nabojem

Typicky Tris-Glycinovy elektrodovy pufr & Tris—HCI| PAGE
gel

v’ Separace proteint v nativhim stavu

v'OdliSeni proteinl se stejnou molekulovou hmotnosti X
neumoznuje urcit molekulovou hmotnost




SDS-PAGE
e Laemmli (1970): Cleavage of structural proteins during the assembly of the head of

Y Yy Ve Y e iU ake Yal

bacteriophage T4. Nature 227(5259):680-5
* 14.10.2014: pres 200 000 citaci, 2. nejcitovanéjsi clanek na WOS

v' Denaturované a redukované proteiny

Denaturace proteinii ve vzorku: v Uniformr,n' naboj (SD_S), rychlost migrace zavisi na
SDS & mercaptoethanol (nebo DTT) molekulové hmotnosti

& zahrati v Umoznuje urcit molekulovou hmotnost:

Molecular weight marker = Zebficek standardu proteinti o
znamé MW

ercevtostrarn « Nandseci pufr (2X):
denatures protein 4% SDS, 20% glycerol, 10% 2-mercaptoethanol, 0.004%

bromphenol blue and 0.125 M Tris HCI, pH 6.8 => smichani
% se vzorkem v poméru 1:1 a zahrati (55-100C)

« Elektroforeticky pufr: 25 mM Tris-192 mM

Glycine, 0.1%SDS pH 8.3-8.8
N@ DS hinds protein

. stoichiometrically  Diskontinualni Tris-HCI PAGE gel:
«Zakoncentrovani vzorku do uzké zény na vstupu do

DPANR  AAPAPIANS SEpAECNNOIgEll

*4% zaostrovaci gel, 125 mM Tris-HCI|-0.1%SDS, pH 6.8
eseparacni gel, 375 mM Tris-HCI, pH 8.8 (4 ...20%)

=> vsechny proteiny budou mit e tloustka 0,5-1,5 mm
zdporny ndaboj _
porny nave) 100-200V

Small molecule moves Large molecule moves more
mare guickly through gel slavvly through gel




Odhad molekulové hmotnosti pomoci SDS-PAGE

1 2
Molecular mass 'ladder' (kDa) KDa Protein:
188 | =—=| Myosin
Myosin heavy chain 200 | D
08 | Phosphorylase B
B-galactosidase 116 | ww— i [ s
Glycogen phosphatase 97 | s
Serum albumin 66 | e 42 Clutamic debydropenase
38 Alcohol delwdrogenase
Ovalbumin 45 | s
— 28 | | Carbonie anhydrase
Carbonic anhydrase 31 | = 17 |&ss | Myoglobin-Red
Soybean trypsin inhibitor 21 | e 14 [ Lysozyme
Lysozyme 14 | o
(& | Aprotinin
§ === | Insulin B chain
M Unknown

w
standard protein

*Komercné dostupné smési standardi od rtiiznych vyrobcu

*Nebarvené markery - nejpresnéjsi, nutno ale vizualizovat barvenim (Ponceau
S, Cooomassie etc.)

o .Prestained” - s navazanym barvivem, lze sledovat prubéh migrace gelem béhem
troforézy, ale odhad MW neni tak presny (barvivo ovlivhuje migraci)




Protein MW range, kDa | Recommended gel, %

I- k k I . ~b-50 18
Vliv koncentrace akrylamidu v %
I I-v s I k I s h ~10-80 14
gelu na rozliseni molekulovyc v
’ ~30-200 10
hmotnosti 050 ;
~60-300 6
., . - s ~100-400 4
Vyssi koncentrace akrylamidu - lepsi oMW 0n | Rocomardd
rozliSeni mensich molekul a opacne 5100 1020
~5-300 4-20
~10-200 816
~30-300 412
Geltype | Tris-Glycine  Geltype Tris-Acetate Bis-Tris
Gel concentration | 4-20% | 816% | 10-20% | 8% | 10% | 12% | 15% |  Gelconcentration| 38% | 7% 4-12% 0% | 2%
- Running buffer Tris-Glycine . Running buffer Tris-Acetate MOPS [ MES | MOPS | MES | MOPS | MES .
Apparent Molecular Sizes (kDa) Apparent Molecular Sizes (kDa)
P () ) e 170 10
1 — 170 —170 = }8@ =3 — 150 — 140 =140 __ 14
20 170 [T 120 [l 170 | S130 B PTISS 70 20 1agl =140 — 115 =115 == 11
- 170 | = = 100 0 130 == 100 = 70 55 — = 115] " 119|080 | gy | =80
30| = 130} =130} =70 —_T0 =% 30 =120/ =" ey [ =0 [ s |
kd M = —nl® — 150 — 80 —_ 7p | =65 ° =5
- 40 — 70 o | =55 — 3% - 40 — 85 - == 50 | w50 w40
> -7 " g > - 120 w— —50 | —
. 5ol =55 70 — A0 — 10 35 - P 50 I 50 50 40 — 10— 70
= 70 — 40 = - s =Ny |=5
80 == (= - 15 80| — 50  __ 40 B
—_15 - =5 . [==175 [&=5
90 -5 15 i 90 = 40 o
10 | =19 g 10 " 3 [S=30 pES15 A
y = 0 [0 femits [ ¥ 190) o5l 25 0 L 10 [ =215 [ [

RN, hp: percenet.com butp abeam.com



Efekt zaostrovaciho gelu v diskontinualnim systému
Laemmli SDS-PAGE

Katodovy pufr: 25 mM Tris-192 mM Glycine, 0.1%SDS pH 8.3-8.8

Gly-
Y ©

g o C ) o =
F4Stacking gel - Jﬁuﬂ e UJ [uu L Lj ﬂn Lo |_|u|_| J
125 mM Tris-HCI, o o . ] o e ' ) A
0.1%SDS pH 6.8 b . o ——————
CI_ - i QOO LeULERLeE
=] o ™ o © e ik
>4% Running gel: \&E S - ey
375 mM Tris-HClI, .t n,,“ i : 2| — e f oo ©
0.1%SDS pH 8.8 Sl e 0® © .. o

Anodovy pufr: 25 mM Tris-192 mM Glycine, 0.1%SDS pH 8.3-8.8

https://www.nationaldiagnostics.com/electrophoresis/article/multiphasic-buffer-systems




Vizualizace proteinu v gelu

Coomassie Blue

*R250, G250 ... - ruzna
citlivost, rychlost, rozliseni

*Fixace gelu: 40%MeOH-20%HAC

sinkubace s Coomassie Blue

*Odbarveni pozadi :10%MeOH-10%Hac

*Detekce 3-50 ng proteinu

«Jednoducha, kompatibilni s MS detekci
*Barveni strfibrem

eDusicnan stribrny AgNO3

*Ag-+ ionty interaguji nejvice s nabitymi

skupinami Asp, Glu, Cys, His, Lys

Vymyti slabé navazanych iontu a konverze

Ag+ na kovové stribro (formaldehydova nebo
glutaraldehydova vyvojka, stabilizator)

*Nejcitlivési technika - 0,5 ng proteinu

*Cross-linky, ireverzibilni, Spatna kompatibilita
MS. detekci, nutno optimalizovat

\;\VX xS s /5 /56 /figure/F22highres=y
AR

----- 97653 pone.0026495.9002&req=4

250kDa

75kDa

35kDa

25kDa

Marker = BAC

— S—

-
|

Control

= BAC injected

- —

.-.- - -

—

Mild

+ BAC

-_‘
-
—

Severe

MW (kDa)HZ C1 C2 C3 M1 M2 M3 S1 S2 83




Vizualizace proteinu v gelu

eBarveni zinkem nebo médi
*Negativni metoda pro SDS-PAGE

*Nerozpustné komplexy Zn nebo Cu s
polyakrylamidem vytvareji mlécné zbarveni
okolo mist obsahujicich proteiny-SDS, které
odpuzuje Zn/Cu

Citlivé - 1 (5-10) ng proteinu

*Bez fixace, snadné odmyti
barveni, kompatibilni s MS aplikacemi

*Fluorescencni barvy
*Krypton Stain, SYPRO-Ruby, Flamingo, Oriole

-Interaguji a barvi mista s proteiny-SDS E ; :-: E : : : : : ; :
« Rychlé, jednoduché

* Vysoce citlivé 0,25-1 ng proteinu _
« Nutny nakladny dokumentaéni systém e T DS S
schopny detekovat fluorescenci (Ex/Em) - SR

padné odbarveni, kompatibilita s
magplikacemi




Vizualizace proteinu v gelu

« Specifické fluorescencni barvy
*Glykoproteiny (Pro-Q Emerald), fosfoproteiny (Pro-Q Diamond)

Stain-free technologie TGX Stain-Free™ Gels (Bio-Rad)

 gel obsahuje specialni trihalo slouceninu, ktera se po aktivaci UV zarenim vaze na rezidua
tryptofanu a dochazi k vizualizaci barvy

« Citlivost podobna Coomassie, kompatibilni nejen s MS, ale i imunodetekci

Dokumentacni systém

* Gel Doc

e UV-VIS Transiluminator (event. i epiiluminace) & CCD kamera
« Klasické vybojky nebo LED-excitace

*Ex/Em filtry pro fluorescenci

e Nékteré systémy umoznuji také snimani chemiluminiscence

« software pro denzitometricka vyhodnoceni a kvantifikaci




Vizualizace proteinu v gelu - Bio-Rad

Sensitivity
Total Protein Stain (Lower Limit) Time Comments Imaging
Similar to Coomassie No staining or N/A |Fast and reproducible; visualize proteins in
and dependent upon 5 minutes or less with a stain-free enabled
tryptophan imager; no staining required
Densitometer
Bio-Safe Coomassie G- 8-28 ng 1-2.5 hr Nonhazardous staining in aqueous solution;
250 premixed, mass spectrometry compatible
Coomassie Brilliant Blue 36-47 ng 2.5 hr Simple and consistent; mass spectrometry
R-250 compatible; requires destaining with
methanol
Colloidal endpoint stain; premixed,
QC Colloidal Coomassie 3 ng 1-20 hr nonhazardous formulation — no methanol
required
Densitometer
Silver Stain Plus™ Kit 0.6-1.2 ng 1.5 hr Simple, robust; mass spectrometry
compatible (Gottlieb and Chavko 1987)
CCD and Laser-Based
Scanners
Oriole Fluorescent Gel 0.5-1 ng 1.5 hr Rapid protocol, requires no destaining,
Stain* mass spectrometry compatible; compatible
only with UV excitation
Flamingo Fluorescent 0.25-0.5 ng 5 hr High sensitivity; broad dynamic range;
Gel Stain simple protocol requires no destaining;
mass spectrometry compatible; excellent
for laser-based scanners
SYPRO Ruby Protein Gel 1-10 ng 3 hr Fluorescent protein stain; simple, robust
Stain protocol; broad dynamic range; mass
spectrometry compatible




|Isoelektricka fokusace

» Separace proteint (peptid) podle jejich izoelektrického bodu (pl)

» 'V pH gradientu proteiny v elektrickém poli migruji do oblasti pH, kde
budou mit celkovy nulovy naboj (pH=pl)

o aepioRdent pH gradient vytvofen pomoci amfolytu:
o »  Preparativni IEF - rozdéleni proteinl v kapalné fazi
do frakci proteinu v rozmezi urcitych hodnot pl

© . » Rotofor (Bio-Rad)
o | » ZOOM (Life Tech)
at high pH, at low pH, » Agilent OFFGEL
the protein the protein
i5 negatively is positively
dinrded e » ,Analytickd" IEF - v kombinaci s SDS-PAGE
" => tzv. 2D-ELFO
S
» Metoda ,carrier ampholyte IEF* - amfolyty
aplikovany na polyakrylamidovy gel v
trubicce, zafokusovany, nasledné aplikace vzorku
© » Immobilizovany pH gradient IPG - IPG stripy s
kovalentné vazanymi amfolyty v tenké vrstvé gelu

The protein shown here has an isoelectric pH of 6.5. (komercné dostupné, ready-to-use)

\ http://www.channelwolf.com/lvv/sem6/index_files/Page1942.htm



ZOOM IEF Fractionator (LifeTechnologies)

Configuration for fractionation from pH 3.0 to pH 10.0

arm hambe
(+) ) Sample C rs | (_)
N . \ N W v
| N N ! . N N |
A M N 5 % N
5 % N [ ] L]
Anode | N : \ : : Cathod
% Cathode End ; 1 5 Y 5 athode
‘.97 Scaew Cap Reservoir E 1 N 2 ':‘ 3 N 4 E 5 E 6 7 Reservoir
ek k\Cathﬂde End Sealer h N . N . N
) Sample Chamber Caps N v '
Chamber Assembly Tube Sample Chambe I » N Y I
with Anode Resenvoir ing Sea " 5 . N . Rk .
e o Disks Disk Disk Disk Disk Disk Disk
J / Spill Trougk wih pH3.0 pH46 pHS4 pHE2 pH7.0 pH10.0
Cathode Resenair L 1 1L

1L
Fractions pH 3.0-4.6 pH 4.6-5.4 pH 5.4-6.2 pH 6.2-7.0 pH 7.0-10.0 Blank

P,

OFFGEL 3100 (Agilent)

g R
IPG gel stnp : : :




2D elektroforéza

1.dimenze - Isoelektricka fokusace - pl
2.Dimenze - SDS-PAGE - MW

IPG Stripy (pro rtuzné oblasti pH) Isoelektricky fokusator pro IPG stripy
= \
e =
S i e & z

Arman Techeology Greug




Vizualizace proteinu ve 2D gelu

Flamingo

2D elektroforéza

Coomassie Blue

SYPRO Ruby

Silver

. o
proteinu
Mr pH4 7
FT
a7kD |- <
66kD |# . e
i ARty L
45kD 2 Ty, "": ty i
‘*L e l"" ."_,‘ t L
= 8 l i e i :
-“‘ % l.. # »
30kD |* , £ 4 iz il
.“-l" !"o :
A
.... & '
s -
20kD
14kD i -
"".’ - = ] =

Mozné rozliseni az na
uroven jednotlivych

Commassie Blue Stain bacteria 2D Gel Electrophoresis

ldentita proteinu?
Zpravidla LC-MS




