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— Proteiny

— Analyza proteinu
(lokalizace, konformace, aktivita)
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— Post-transla¢ni modifikace (PTM) — (Meziproteinove) interakce (PPI)

Dnes: dalSi PTM, techniky studujicich PPl a nékolik pfikladt z Vyvoj. biologie
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Posttranslaéni modifikace proteinu

mRNA
. Ribosome 3
" ‘é} , Hydroxylation Phosphorylation — G
> Attaches a hydroxyl Adds a phosphate to 8/
OH @:)‘ % group (-OH) to a side serine, threonine or o‘;{é\
Q" chain of a protein tyrosine ; N\
ij Methylation Glycosylation i ' :
4 Adds a methyl group, Attaches a sugar, usually g~
Wo‘gé% usually at lysine or toan “N” or *0” in an o'g%
; arginine residues amino acid side chain 5

Ubiquitination i D
\ Adds ubiquitin to lysine :’{
residue of a target of é%

protein for degradation ‘

as a fatty acid, to a
protein chain

f " Lipidation
. 8%/ Attaches a lipid, such
R‘?{o‘gés

Acetylation SUMOylation

Su
i ) Adds an acetyl group Adds a small protein ﬁ J <
Phc g & to an N-terminus of a SUMO (small ~8
0‘,;é§J protein or at lysine ubiquitin-like modifier) o‘gés
’ residues Disulfide Bond f j to a target protein 2
Covalently links the “S” g

atoms of two different %5_5\
cysteine residues \

J®EROCKLAND

https://www.rockland.com/
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Posttranslacni modifikace proteinu

Co jsou PTM a jaka je jejich funkce pri embryogenezi?

— Modifikace postrannich fetézcl aminokyselin v proteinech (pomoci enzym)

— Velka diverzita proteomu

— Vyznam mj. pro diagnostiku chorob:

SIGNALING PATHWAYS

a tool for cells to
communicate

DEVELOPMENT PATHOGENESIS, e.g. CANCER

LINK
1 cell =102 cells 1 cell

SIGNALING

PATHWAYS
embryo
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Posttranslaéni modifikace proteinu

a) Fosforylace

— Prvni popsana PTM protein(i (Eugene P. Kennedy, 1954) e Sl .
2
— Reverzibilni (enzymy: fosfatazy) —N
N
— Pfipojeni malé anorganické skupiny PO,* o o o Q \ />
. . O—P—0O—-P—-0O0—-P-0 N N
— Aminokyseliny: Ser, Thr, Tyr & &4 o)
— Enzymy: Kinazy + ATP (subs. a zaroven zdroj E) e

|
— Funkce: regulace + signalizace (sign. drahy) Bﬁ”

=
—
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Posttranslaéni modifikace proteinu

a) Fosforylace

— Pr. DVL + CK1 (viz minule)

Wnt OFF Wnt ON

— PF. beta-katenin (fosforylace méni konformaci) ]

Partners competing for the binding site on the ARM domain

E-cadherin (cell adhesion)

B-calern
ik

[ !
e praly "vi?
—r
Transmembpng
Sugeeanil
Axin (scaffold/degradation)
GEHT knade
Dngheg modf
-1 R - b

. APC (scaffoldfdegradation)
-l"-. Ceeslpdd [y
W'- binding moifs
fmuliple  Arn biding
AR domgn magbiz) mobls

ARM domain

TCFILEF (transcription)

HMG -box
Transectvany darmgen
mgtdy
— -
ot g NA Bageg) Made by James Harnos
www.wikipedia.org I\II I\I I
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Posttranslaéni modifikace proteinu

a) Fosforylace

PF. z Vyvoj. biologie: fosforylace pfi rustu koncéetin

WntSa A B
Wild type (WY) Wikt type

Gao et al., 2011.

Whnt signaling gradients establish planar cell polarity by

inducing Vangl2 phosphorylation through Ror2.
Dev Cell.
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Posttranslaéni modifikace proteinu

b) Acetylace

-3 typy Acetylkoenzym A
— Reverzibilni/ireverzibilni (enzymy: deacetylazy)

_ Pfipojeni zbytku kyseliny octové (CH,COO") R e ;g];g o

— Aminokyseliny: Lys HO_

— Enzymy: Acetyltransferazy + acetylkoenzym A (subs.) + ATP
— Funkce: regulace bunécného cyklu, stabilita chromatinu,

meziproteinoveé interakce
PF. Acetylace histonu

® §F ¥

Promoter region
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Posttranslaéni modifikace proteinu

b) Acetylace

— P¥. obecné histony (potom snadna
vazba TF napf. z rodiny TCF/LEF,
na uvolnénou DNA)

— Pr. samotny beta-katenin

Bi1130 - Metody analyzy proteind vyuzivané ve Vyvojové biologii 2

B-calenin
N- K¢:9
(I c
Gene repression Z Gene activation

uz12 ,

gzn AEed <

. M‘;UZ‘IZ

ed

Ez
Me3 Me3Me3Me3 w

sox1; sox3 promoter

Hoffmeier et al., 2017.

‘ Eor 2

Ac Ac %g“gf ?

t-bra promoter

Trimethylation and Acetylation of B-Catenin at Lysine 49

Represent Key Elements in ESC Pluripotency.

Cell Rep.
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Posttranslaéni modifikace proteinu

b) Acetylace

— PY. z Vyvoj. biologie: acetylace primarnich cilii

acet. a-tubulin

DAPI

Ciliary membrane

Plasma membrane

Basal body
= Ligand .. Cargo I Microtubule
B Receptor Kinesin-2
. IFT complex Cytoplasmic dynein

Nakakura T et al. 2015

The elongation of primary cilia via the acetylation of a-tubulin
by the treatment with lithium chloride in human fibroblast KD cells.
Med Mol Morphol.

W=
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Posttranslaéni modifikace proteinu

c) Methylace

S-adenosylmethionin

O
H
@O)% /N
_ Reverzibilni (enzymy: demethylazy) e Q

— Enzymy: Methyltransferazy + S-adenosylmethionin (subs.) + ATP
— Pfipojeni CH3 skupiny (hydrofobni)

— Aminokyseliny: Arg, Lys

— Funkce: epigenetické regulace u jadernych proteinu

Methylace histont
Histone

®© O O

Histone tail

Promoter regions
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Posttranslaéni modifikace proteinu

c) Methylace

— P¥. obecné histony (= zastaveni B-calenin
) . . N- K49
transkripce napf. WNT gen() * {11} <
Gene repression Z Gene activation

— Pf. samotny beta-katenin

prcal @ &
EznJE B
Me3 Me3Me3Me3 w Ac Ac Ac f ?

sox1; sox3 promoter t-bra promoter

Hoffmeier et al., 2017.

Trimethylation and Acetylation of B-Catenin at Lysine 49
Represent Key Elements in ESC Pluripotency.

Cell Rep.

=
—
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Posttranslaéni modifikace proteinu

c) Methylace

- P¥. z Vyvoj. biologie: methylace histoni béhem embryogeneze

DNA methylation

H3K27 methylation | %

Pluripotency-associated genes Developmental gen: |

Embryo and somatic cells

Ociyl
‘u’ ‘xl Reik, W. 2007
swsuces | e );Kw > @ Sebiity and flexivity
: of epigenetic gene

-:» :.: | pit | N regulatlo_n in

Qo mammalian
bGCs a development.

v ‘ Nature

% & kﬁ;z&o&+u

ES cells Embryon
: germc H

DNA methylatio /

H3K27 methylation

| Pluripotency-

associated genes Developmental genes |
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Posttranslaéni modifikace proteinu

— Reverzibilni (enzymy: deubikvitinazy — DUB)
— Pfipojeni ubiquitinu (maly protein, =80 aa, 8 kDa)
— Komplex enzymu (E1-E3) + ubikvitin (subs.) + ATP

— Aminokyseliny: Lys

— Funkce: oznaceni proteint pro degradaci v proteazomu

Proteazom

d) Ubikvitinace

Ubikvitin

Proteasome
g and ubiquitin

to be recycled
Q Proteasome g{% y

ﬂj;o """"" ;\1 _Z. (—:'

o Ublquiﬁn

"KL )3

Protein to Ubiquitinated \’\‘7\&@:: Protein

be degraded protein fragments
Protein entering a (peptides)

proteasome

I
S

U
C

|
|

|



Posttranslaéni modifikace proteinu

d) Ubikvitinace

— Pr. beta-katenin

LRP
Cadherin

.

Dvl

AXIN

APC

APC

))))2
P24

Lef-1

Tcf

I—b
FAVAVAVAVAVAVAVAVAVAVAVAYAVS
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Frizzled wnt

Kaskada enzymu E1-E3

ATP  ADP+Pi \D) \—)
Dvl \

W) &

O]
l Ub
{ E3 (
\ —
Substrate

| l
e ©)

b {m—
Substrate . B@@) Cycles Substrate
O \—/@9

AXIN

ADP 77
Pl ATp S

26S

Substrate
Proteasome
www.cisbio.eu I\II



Posttranslaéni modifikace proteinu

d) Ubikvitinace

- P¥. z Vyvoj. biologie: bunécny cyklus (a chyby v ném)

a
APC/CcPc2
* Cyclin B
* Securin
* Spindle
assembly
factors
APC/CcPH
* SnoN
*1D2
* FMRP
* SMURF1

Cyclln A

* Cortical cell
patterning
* Synapse plasticity

* Axon growth

. entry
Cyclm A
] - degradation
N %

Mutations in deubiquitylases (DUBs) cause congenital disorders

Blastocyst mutated DUB Gastrula Developmental disorder
- O : ; MIC-CAP Syndrome (AMSH)
mass }ﬁ @ T
- Hao-Fountain Syndrome (USP7)

.

Mental Retardation (USP9X)

OTUDGB Deficiency (OTUD6B)

15q13.3 Microdeletion
Syndrome (OTUD7A)

LINKED Syndrome (OTUDS)

— 8& e leferentuatlon Ra_pe M 2018
53 Ubiquitylation at the
degradation crossroads of development

and disease.
Nature Reviews | Molecular Cell Biology Nat Rev Mol Cell Biol.
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Posttranslaéni modifikace proteinu

e) SUMOylace

— Reverzibilni (desumoylaéni enzymy)
— Pfipojeni molekuly SUMO (Small Ubiquitin-related SILLO il Sl JlolgUId e iWss e

MOdifier protein, =100aa, 12 kDa) A
— Enzymy: kaskada E1-E3 (podobné jak u ubikvitinace) ﬁ . 7
+ SUMO (subs.) + ATP //\

— Aminokyseliny: Lys —
— Funkce: zvySuje stabilitu proteinu (ovlivauje bun.
signalizaci, expresi genu, bunécny cyklus)

MU
5 C
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Posttranslaéni modifikace proteinu

e) SUMOylace

— P¥. beta-katenin (nebo Axin)

SENP7S Present
O .
®!|seners ®‘ SENP7S
o — g—
Nmn/- /
ATy .

B-catenn

A |

ICF

ul

Nudieus
Cytosol

SENP7S Absent
® -
T
‘ i B-catenin , w— \
m R N
: / ®Menn
\ @\L
e . - TCF :m
\ cwinm
lZv'-o:ulw)uem Transformation

Karami et al., 2017.

Novel SUMO-Protease SENP7S Regulates 3-catenin Signaling and Mammary Epithelial Cell Transformation.

Sci Rep.
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Posttranslaéni modifikace proteinu

e) SUMOylace

— P¥. z Vyvoj. biologie:

Blastocyst ICM Trophoblast
development
2%
SR
I %, —»  Gastrulation
UBCE: survival SENP2 (MDM

31-5 transition

—»  Organogenesis

Lomeli H, Vazquez M. 2011
Emerging roles of the SUMO

Y Y Y

Hematopoiesis Heart development CNS development
/ ' ! f
SENP1 SENP2 Photoreceptor development

PIAS3 (M

Dendrite morphogenesis
PlASK (MEF24

19 Bi1130 - Metody analyzy proteind vyuzivané ve Vyvojové biologii 2

Y

Myoblast
differentiation

o

PlasS1-M

pathway in development.
* Cell Mol Life Sci.

Gametogenesis

Sperm: Meiotic
chromosome dynamics,
nuclear reshaping
Oocytes: Meiotic

maturatian
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Posttranslaéni modifikace proteinu
f) Glykosylace

— 6 typa (N-, O-, C-, ....)

— Reverzibilni (glykosidazy)

— Navazani molekuly sacharidu

— Enzymy: Glykosyltransferazy +
monosacharidy/polysacharidy (subs.) + ATP

— Aminokyseliny: N-gly... (Asp, Arg), O-gly... (Ser, Thr,
Tyr), C-gly... (Try)

— Funkce: bunécény transport, komponenty bunécného

povrchu, sekretované proteiny

MU
5 C
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Posttranslaéni modifikace proteinu

f) Glykosylace

— Pf. WNT ligand

Vice info — viz lipidace
dale

(acyl)

W=
QP e
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Posttranslaéni modifikace proteinu

f) Glykosylace

- P¥. z Vyvoj. biologie: embryonalni vyvoj u Tribolium castaneum

larval devlelopment metamorphosis
1

A ;: W
/

4 A A A

pupation adult eclosion

Walski T, et al. 2016
Protein N-glycosylation and
N-glycan trimming are
required for postembryonic
development of the pest

L ]
: : e
i dich : ucosid ° . beetle Tribolium castaneum.
Crucial -glycan ¢ a-glucosidase aucimannose )
process attachment activity ? High-mannose trimming \gl synthiesis 1 Sci Rep.

P-P- dollchol N

Disruption
consequences

larval development  pupation blocked pupa malformed adult eclosion adult appendages

blocked blocked malformed

W=
QP e
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Posttranslaéni modifikace proteinu

g) Lipidace

— Reverzibilni (glykosidazy)

Cysteine Residue

— Pripojeni vysSi mastné kyseliny (amfifilni 8 SalnliniCosmme + ’?. 2
charakter) G i "
— Aminokyseliny: Cys, nebo Cys-Alif-Alif-X T Tf\l/ Tpa,m“oy' A

— Enzymy: lipazy/acyl transferazy + acyl (subs.)
+ATP protem'ﬂ : " Protein
— Funkce: bunécny transport, soucast Famiosaed S
bunécnych membran T

W=
QP e
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Posttranslaéni modifikace proteinu

— Pf. WNT ligand

24 Bi1130 - Metody analyzy protein( vyuzivané ve Vyvojové biologii 2

g) Lipidace
& e 2

g i
wl

o
I Ing.

S~

embrane
—

¥C
o)
3

Lipaprotein

particle
@ Exosome
O

\ t ULY) Wtless
o) 84" OM ) Porcupine
’ "* o= | @ m

[ ] wnt
nt
/ o (acylated)
B [ L% -
— e

or _— e —

—— g:f“%@“b

i
N N .o\

—_— —

=
<
©

— —

p ~ I—) Whnt gene _‘:;_/\.

nucleus

Made by Igor Cervenka
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Posttranslaéni modifikace proteinu

h) Disulfidicka vazba

A oxidoreductase cleavage

reductase
HS
— Z angl. cysteine bridges il
e . disulfide \ g
— Reverzibilni (viz vpravo) 4 /5 s
— Vazba mezi dvéma atomy siry s

B thiol/disulfide exchange clea

— Enzymy: Dsb + ATP (Zadny substrat: oxidace)

S

i
S

A =
S /180

vage

c . A oS s
— Aminokyseliny: 2x Cys Geide NS (/2' —
S &gzm; S /s E

or
shear

— Funkce: vliv na 3D konformaci proteind,

obecné zvysuji stabilitu molekuly

25 Bi1130 - Metody analyzy protein( vyuzivané ve Vyvojové biologii 2
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Posttranslaéni modifikace proteinu

h) Disulfidicka vazba

— Pr. WNT ligand

26 Bi1130 - Metody analyzy protein( vyuzivané ve Vyvojové biologii 2

MacDonald et al., 2014
Disulfide Bond Requirements for Active Wnt Ligands
JBC

H2 - e ——

A -
R ¥ N
J 'i
e ————
PDHGYCQP 1§ 1PLCTD1 AYNGT IMPNLLGHTNQEDAGLEVHOF YPLVKVQCS AELKFFLC
i S5 10 15 20 25 30 35 40 45 S0 S5 60

o T

SMYAPVCTVLEQALPPCRS LCERARQGCE ALMNKFGF QWP DTLECEKF PYHGAGELCVGQ
6l 65 70 75 80 85 90 95 100 105 N0 NS 120

Key:

Sec struc: =PIl = Helces isbelied H1, H2, ... and strands by their sheets A B
Hetix Strand

Motifs beta turn === beta hairpin

Disulphides &‘b disulphide bond

Residue contacts: " to ligand
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Posttranslaéni modifikace proteinu

h) Disulfidicka vazba
— Pr. WNT ligand (+ glykosylace + lipidace)

N263 glycan

N263g|ycan’¢5£ ) N263 glycan

=X

'index finger'

N49 glycan 5
(mFZD8 CRD) * Site 2 b4
% conservation InEkiinger 3’:
'index finger' o p
XWnts : ¥ 00 50 10 3 XWnt8
mFZD8 CRD PAM PAM | ] dwntD EQECRCKQPGAVQGECQEEECVAVLKP 185 PAM dWntD
MacDonald et al., 2014 I\II
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Posttranslaéni modifikace proteinu

1) Hydroxylace

— Reverzibilni

— Pripojeni OH skupiny (moznost tvorby

H-mustku()

— Enzymy: hydroxalazy + 2-oxoglutarat

(subs.) + ATP
— Aminokyseliny: Pro
— Funkce: vliv na strukturu, umoznuje

vySSi rozpustnost ve vodé

28 Bi1130 - Metody analyzy proteint vyuzivané ve Vyvojové biologii 2

2-Oxoglutarate
0. _OH '

AN
| H;

H=C—Co
|

—————

CH,

Succinate

IIX\(‘/ o %

H,
Proline

“samel

HO

K’,
“"9\;2(0
HO o 0
Dehydroascorbate

Fe®*, CO,

H,
Hydroxyproline

N
-~
N
HO

“ ";\\X(:f()
HO —

HO  OH

Vitamin C
(ascorbic acid)
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Posttranslaéni modifikace proteinu

1) Hydroxylace

— P¥. tentokrat mimo bun. signalizaci
Kolagen:

Viiv PTM (hydroxylace) na strukturu
proteinu — vznik H-mustku: elasticita

29 Bi1130 - Metody analyzy protein( vyuzivané ve Vyvojové biologii 2

Hydroxylation

Prolyl-hydroxylase!
Lysyl- hydroxylase

Glycocylation

Assembly of 3 pro-ot chain

Procollagen triple helix formation

o ketoglutarate
Ascorbicacid

FEZ+

co,
Succinate

|-| Fe3+

H,N ,\f}f\cocm

ORI
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— Proteiny

— Analyza proteinu
(lokalizace, konformace, aktivita)
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— Post-translaéni modifikace (PTM) — (Meziproteinové) interakce (PPI)

Dnes: dalSi PTM, techniky studujicich PPl a nékolik pfikladt z Vyvoj. biologie
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Proteinoveé interakce

- Interakce dvou nebo vice proteinu
- Biologicky vyznam interakci

- Chemicka podstata interakci

- Reverzibilita a specifita interakce

- Poznani funkce daného proteinu
(Studium fyziologickych procesu)

Made by James Harnos

W=
QP e

31 Bi1130 - Metody analyzy protein( vyuzivané ve Vyvojové biologii

—_— =



32

Proteinoveé interakce

Role v embryogenezi

Elucidation of the Protein Interactome of Drosophila melanogaster

Protein transportiocalization

protein acetyftransterase complex_

Mediator complex
MCM compiex
RNA processi
P o T
Protoasomo complox
S
proten phasphatase
type 1 complex

helicase x‘““'/
oty

matabolic process

cycindopendent—
proten kinase

NADH dehycrogenase

CSN signalosome Aminoacyl-tRNA blosynthesis

Nuclear pore
// Flotiin complox
Snap/SNARE complex

Sterosd motabolic procoss
phosphorylase kinase complex

_—

proton-ransporting
ATP synthase complex

MANA binding

ribomuc ten

vacuolar peoton
transporting V-type

&~ Uke-Sm ribo
nucleoproteins

L
Y N ——
V-typo ATPase comphox

protein compkex
DNA repiication factor A compiex
T~ DNA replication factor C complex
Elongin (SHI) complex

Dynactin complox

A phenytalanine-tANA
Actin cytoskeleton 19898 complex

protein kinase CK2 compiex

Guruharsha, et al. 2011.
A protein complex network of Drosophila melanogaster.

Cell
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Proteinové interakce: detekce
(ko-) lokalizace

— Fluorescence: podminka 1

Fluorophore 1 Fluorophore 2

Em(Fluo 1)

Em(Fluo1)

Ex(Fluo 1)
/ A )

Intensity

Wavelength

https://www.creative-proteomics.com/
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Proteinové interakce: detekce
(ko-) lokalizace

— Fluorescence: podminka 2

— A) Svételna mikroskopie se sirokym zornym polem (,wide-field*)
VS. B) konfokalni mikroskopie

A B Widefield P Confocal
detector PTM detector
[j ocular detector D
- P h l p N E— l’
IIIIIIII ight source
filt — 0 amission A pinhole aperture
fill
dichr / 7 H I
mirror / dichroic /
light s o < H I laser
xcitation
filter excitation
- filt
_ bjective [
[ ] objective
I =" focstptanes
specimen specimen

https://www.ptglab.com/
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Proteinové interakce: detekce
(ko-) lokalizace

— Fluorescence: druhy
— epi-fluorescence VS. imuno-fluorescence

Princip:  GFP a derivaty: prednaska 12 (znaceni protilatkami: dnes)

36 Bi1130 - Metody analyzy proteint vyuzivané ve Vyvojové biologii



Proteinove interakce: detekce
(ko-) lokalizace
— Imunofluorescence:
Protilatky:

— Adaptivni imunita
— Rozpoznani antigenu
— Proteinova povaha

: . . O
— Vazba na protein naseho zajmu Db
— Struktura — tvar Y POLYKLONALNI

_ Retézce — t&Zky (H), lehky (L)
— Domény — variabilni, konstantni

\] 4
— Tridy:
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Proteinové interakce: detekce
(ko-) lokalizace

— Imunofluorescence:

Protilatky:

DIRECT INDIRECT

\ ('

VAN

https://www.oni.bio/
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Proteinové interakce: detekce
(ko-) lokalizace

— Imunofluorescence:

Protilatky:

Prima detekce: Neprima detekce:
_ Znad&ena primarni protilatka — Znacena sekundarni protilatka
_ Pavodni metoda JL — Vazba na primarni protilatku
+ rychla L + univerzalni, vys3i citlivost
- méné univerzalni, nizsi intenzita signalu - pomalejsi
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Proteinové interakce: detekce
(ko-) lokalizace

— Imunofluorescence:
Protilatky:

— Polyklonalni: rizné B lymfocyty, rizné epitopy na antigenu
— Monoklonalni: jeden klon B lymfocytul, jeden epitop antigenu
— Rekombinantni: rekombinantni DNA, bez vyuzivani zivoCichu

Polyclonal M& . :m:/m/

Monoclonal
(hybridoma) Wr
Spleen cells +
> Myeloma cells > > wr Wl/

Recombinant
monoclonal u

(rAb)
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Proteinové interakce: detekce
(ko-) lokalizace

— Imunofluorescence: zmena lokalizace ¢ceho?

A)

HA
Merge Dvl2 FLAG  Trio HA
Flag-DvI3 wt
HA-Pinl wt .

Flag-DvI3 wt
HA-Pinl wt
ONO) ONO)
ONO) OO ONO)
+ — 00O + —_—
A A
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Proteinové interakce: detekce
Co-IP + SDS-PAGE/WB

co-IP = studium fyzické interakce proteinu

— Inkubace lyzatu s protilatkou (Ab)

— Imunoprecipitace (,vychytani“) ¢asticemi/kuliCkami s proteinem A/G
— Separace Castic od zbytku lyzatu? Centrifugace vs. magnetismus
— Analyza vzorku: SDS-PAGE + Western blot

Protein complex Primary antibody » - ™ ~
Secondary antibody ..‘ e .
. N )
0t | et = . (ur Protein A, atc.] Washing S ____ SDSPAGEor
= - . Western biotting, etc.
. - . L] .7' ' ‘?- ‘{
] f Y v
- . A Agarose beads and A
magnetic beads
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Separacni techniky:
SDS-PAGE

Zakladni informace

o Dodecyl siranu sodného — polyakrylamidova gelova elektroforéza

o Biochemicka metoda pro separaci proteinu

o Rozdéleni podle hmotnosti a velikosti fetézce

Pohyb proteint

o Zaporneé nabité proteiny putuji ke kladné anodé
o Molekulova hmotnost
o MensSi molekula = vySSi rychlost = delSi vzdalenost

o VeétSi molekula = nizSi rychlost = kratSi vzdalenost
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Separacni techniky:
SDS-PAGE

Priprava vzorku — denaturace

/
o Naruseni terciarni struktury proteinu - <
A -1;:,:':\(‘ 'f ' :ko' y Q ¢ CQQ Py Q i { 'c 3
© VySOka tePIOta C : CSDS'LI"regI:ienl' cc
——> Cege
vr L S B 0D, 09,0 LR
o Pritomnost SDS - @ of %
\ ¥ - BME &2
v egs ( ﬁcwv*‘w”@
o Pritomnost 6-merkaptoethanolu U

Native protein

Molekula SDS

o Dodecyl siranu sodného

o Detergent — amfifilni vlastnosti

o Rozbiji terciarni strukturu proteinu

o Dava proteinim zaporny naboj J o
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Separacni techniky:

aa: glycin

SDS-PAGE

Systém pufrt (diskontinualni)

P o

A 0 .
H@/ n{: é’ oH ‘—-fbﬂrc-c-—p-—"*&h} j-c o

3” / 7

Py PKe
i f

73}-{ 2.3 rH a.b

The effect of buffer pH on glycine
charge
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Separacni techniky:
SDS-PAGE

Systém pufrt (diskontinualni)

Tris-Gly pH 8.3 -
/// Gly gy G Gy Gly
-~ Gly Gly Gly gy
-4 = y
a) Koncentracni gel " TasHCIpHes S oy " ay "l oy
N ¢F ¢rcror  er oor
N
N Gr gor oF or ©F
~ CF o o or cr

* pH6,8

» CI-: nejrychlejsi pohyb

. o 957 Tris-Ghy pH 8.3
« Glycin: nejpomalejsi ’ ®

« Koncentrace vzorku do uzkého prouzku

W=
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Separacni techniky:
SDS-PAGE

Systém pufrt (diskontinualni)

Tris-Gly pH 8.3

a) Koncentracni gel Trs HCl pH 6.8

b) Rozdélovacigel ————————————————— .

pH 8,8

Tris-Ghy pH 8.3

Glycin ziskava zaporny naboj

Proteiny migruji na zakladé molekulové hmotnosti
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Separacni techniky:
SDS-PAGE

DalSi analyza proteint

o Hmotnostni spektrometrie
o Barveni stribrem
o Barveni ,brilliant blue® barvivem

o Western blotting
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Separacni techniky:
Western-blotting

o Analyza, detekce a kvantifikace (?7?) proteinu

o Southern blot (1975) — pfenos DNA z gelu na membranu
o ‘Northern’ blot (1977) — ....... RNA ..........
o ‘Western’ blot (1979) — ... proteint .........

o George Stark, Harry Tobwin, Neal Burnette
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Separacni techniky:
Western-blotting

o Postup:
SDS-PAGE Transfer na membranu Blokovani Znaceni protilatkami Detekce

v J
W E S T E R N B L OT konjugovany enzym » ‘):JJJ‘)chemiluminiscenﬁni

signal
0% ./

sekundami ..o o0 S
protilatka e, .

Jh\  substrat
primarni
protilatka / \

\QQ\ protein

\ /’VTzaa/ﬁ_;lce primarni protilatky

membrana navazané na protein
prenos
na membranu —_— = =
—> —>
/1 2
LSk al /‘
+ [ / Barveni celkovych proteinti Imunologicka detekce proteinu
SDS-PAGE electroforéza na membrané I\II
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Separacni techniky:
Western-blotting

o Postup:
SDS-PAGE Transfer na membranu Blokovani Znaceni protilatkami Detekce

o Elektroforeticky transfer L % |

o Membrany — polyvinylové (PVDF), P )
. , ( )y «— Membrane
nitrocelulosové Blot PERRY ¢ ) — Gel

o Podminky dle vyrobce l )

e

o Vizualizace proteina: pf. Ponceau S red

———

- g—

W=
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Separacni techniky:
Western-blotting

o Postup:
SDS-PAGE Transfer na membranu Blokovani Znaceni protilatkami Detekce

o Proti nespecifickym vazbam
o Blokovaci roztoky
o BSA, suSené mléko

—
—
e
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Separacni techniky:
Western-blotting

o Postup:
SDS-PAGE Transfer na membranu Blokovani Znaceni protilatkami Detekce

©

o Promyvani — PBS, TBS goatantimouss

o Primarni protilatka o
lﬁ\\ mouse anti-human
1° antibody

o Sekundarni protilatka
ooooqqqqoooo 000000000000
000000000000000000000000000

-

W=
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Separacni techniky:
Western-blotting

o Postup:
SDS-PAGE Transfer na membranu Blokovani Znaceni protilatkami Detekce

o Radioizotopy

o Enzymatické reakce — alkalické
fosfatazy, kfenové peroxidazy

o Chemiluminiscence

o CCD kamera

—
—
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Krenova peroxidaza

,,Horseradish peroxidase*®

Metaloenzym Light
Substrat: H,0, T o
1,2-diaminobenzen é;z % Y J
Zlutooranzovy produkt ‘ Z:'C_:,‘

2 A N Hor_ser:gfiiih
Detekce: pomoci CCD kamera .o, enhancer ‘f, SAE peroxidase

O O O O O O

Secondary
antibody

Primary
antibody

Protein of interest

-—

Membrane

! e B
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Separacni techniky:
Western-blotting

o Vysledek — jak vlastné vypada vystup?

De s 8ee

FT. W E L
- @ === | Phospho-MAPK T202/Y204

"' Phospho-PTEN S380

‘ Phospho-GSK3p S9 n

=== B =5 | phospho-MAPK T202/Y204

Hela + EGF

B | Phospho-Akt S473

Phospho-Src Y527

NIH3T3 + PDGF
" :
1
I

Cytochrome C

b C—
R 1

—
—
I
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Proteinoveé interakce: detekce — dalsi metody
Blizkosti indukované znaceni

Proximity biotinylation (BiolD)
~10 nm radius

— In vivo metoda Q O :
— Fuze proteinu s enzymem BL .

— Znaceni okolnich proteinu

— PF¥. Znacka: biotin i QD
HN)LNH

— Detekce: (WB) + MS © Biotin

MS analysis

W=
QP e
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Proteinoveé interakce: detekce — dalsi metody

Blizkosti indukované znaceni

- Pt MRNA Injection Transgenics
(@) ;
17 Cell % Cell
0 (79}
o) 1-3 2-4 o
§ S hours months i =
) o
= o]
& ! I
"5 (75}
% ey e
[ ol

|

|[ ‘\

m/z
In vivo Purification of Protein
labeling labeled proteins identification
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Rosenthal SM, et al. 2021

A Toolbox for Efficient Proximity-
Dependent Biotinylation in
Zebrafish Embryos.

Mol Cell Proteomics.
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Proteinoveé interakce: detekce — dalsi metody

Blizkosti indukovana ligace (PLA — Proximity ligation assay)

— In vivo metoda

— Kovalentni provazani komplexu — bifunkcni Cinidla
— Komplex se pfi izolaci nerozpada

— Nebezpedi vazby nahodnych proteinu

“FC:(\({

G
N
Qape
2
- e
‘,\,

59 Bi1130 - Metody analyzy protein( vyuzZivané ve Vyvojové biologii

w
QDI e



Proteinoveé interakce: detekce — dalsi metody

Blizkosti indukovana ligace (PLA — Proximity ligation assay)

— PE.

Bedzhov I, Stemmler MP. 2015

Applying the proximity ligation assay (PLA)
to mouse preimplantation embryos for
identifying protein-protein interactions in
situ.

Methods Mol Biol.

W=
QP e

proximity ligation assay
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Proteinoveé interakce: detekce — dalsi metody

FRET: intermolekularni

Wong KL, et al..2018

ERK Activity Dynamics during
Zebrafish Embryonic
Development. Int J Mol Sci.

=
I

)
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Proteinoveé interakce: detekce — dalsi metody

Afinitni purifikace (AP)

— Afinita proteinu zajmu k ligandu
— Levna a jednoducha metoda
— Mala specifita a senzitivita

In vitro AP In vivo AP
— Pfipojeni proteinu na pevnou matrici — Znaceni proteinu — protilatky, geneticka
— Aplikace bunécénych proteint na matrici modifikace (FLAG, HA, GFP)
— Zachyceni proteinu interagujicich s — Matrice s afinnimi molekulami
proteinem na matrici — Aplikace bunécného lyzatu
— Analyza zachycenych proteinu — Eluce a analyza

(hmotnostni spektrometrie)
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Proteinoveé interakce: detekce — dalsi metody

Kvasinkovy dvouhybridovy systém - o
N "“’" - X P:zjl—’
Mata Mata
— Umelé genove konstrukty — fuzni proteiny: :
— DNA-vazebna doména + ,,bait*
— Aktivaéni doména + ,,prey” Q D
. ars —— Rc. porter
— Interakce — transkripce urcitého genu (lacZz) e
Mataa e

Gal4 g’ojaj
AD ‘,
» é @ » nnnnnnnnnnnnnnn
- Reporter gene (LacZ)] |

— eporter gene ( LacZ), |
B. One fusion protein onIy (Gal4-BD + Bait) -

A. Regular transcrlptlon of the reporter gene

no transcription

Galq
Prey —

P
o A@ d
’,:%amb% B &, ,Zl
(@ 2\ L7254 + )
él ) » ¥ Q-E-Bg
\— < & 9
P

[ UAS ; Reporter gene (LacZ): | Reporter gene (LacZ)!
C. One fusion protein only (Gal4-AD + Prey) - no transcription -

/\6514 S\

D. Two fusion proteins with interacting Bait and Prey

MUNI
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Proteinoveé interakce: detekce — dalsi metody

Kvasinkovy dvouhybridovy systém

— Proteinova interakce

— Navazani vazebné domény pobliz reportérového
genu

— Aktivacni doména zpusobi aktivaci jeho transkripce

— Exprese reportérového genu (zména barvy

kvasinkové kolonie)

MU
5 C
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Proteinoveé interakce: detekce — dalsi metody

Proteinové Cipy hAXin1

{ RGS ', DAX

Q000CO00

e |
13aa

é: ‘E’ TOS-/;.;.,_.-

, 7 v ’n , , - protein of #4
+ Analyza velkeho mnozstvi interakci zaroven interest ﬁ
- Ovlivnéni struktury a vlastnosti pfipojenim na [e0ee]

€,
matrici, Narocna tvorba Cipl (finance+cas) ” dy% >

— Matrice s mnoha navazanymi proteiny
— Detekce — fluorescence/HRP

o fluorescent
antibody
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Manipulace funkce proteinu

Optogenetika

How optogenetics works

..and insert the DMNA into

A light-sensitive
specific neurons in the brain

protein from algae Take the gene for

this pmte| .
Meurons communicate by “firing.” This is an electrical

Thls protein is an ion channel that signal created by opening & closing ion channels.
opens in response to blue light

+
1-—L“|‘ + So now you can cause
neurons to fire just by

flashing blue light!

With the right combination of neurens, you can activate an
entire brain circuit to control specific behaviors (like movement)

Photo courtesy of Neurobyn.
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Manipulace funkce proteinu

Optogenetika: nejenom neurony

A B C D

Localization Clustering Sequestration Photo-uncaging
Dark QO O QO j

nght

@ @ %' 0\

WO Photosensor (dark) O Photosensor (excited) 6) Interaction partner
. Inactive target protein . Active target protem@ LOV2-based photosensor
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Manipulace funkce proteinu

Optogenetika: nejenom neurony
-

. genetic loss loss of function
wild type of function + opto-rescue
Essential spatial Signaling pattern Rescue development &
pattern of signaling eliminated systematically perturb pattern

simple patterns of light & gene expression rescue the complete life cycle

light
intensity T »

position

Johnson HE et al., 2020.

! Optogenetic Rescue of a Patterning
ol Mutant.

= Curr Biol.

distinct phenotypes are corrected as light duration increases

AT e T S TR e
= = {3 2\ g [ :
& > ¥ ‘::J%‘WP)T IR
e S B Sy § S
123456 12345678 s
5 min: tail structures 20 min: segmentation 45 mila: tad st(uctures
+ gastrulation
light duration
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Shrnuti — —
%
<’

Made by James Harnos

— Proteiny

— Analyza proteinu
(lokalizace, konformace, aktivita)

- -
- -
P -
- -
- -
- -
P -~
- -
- -
- -
- -
. -

— Post-translacni modifikace (PTM) — (Meziproteinove) interakce (PPI)

Dnes: dalSi PTM, techniky studujicich PPl a nékolik pfikladt z Vyvoj. biologie

—
—
e
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Dekuji Vam za pozornost

MUN I
oC 1

USTAV EXPERIMENTALNI BIOLOGIE

ODDELENI FYZIOLOGIE A IMUNOLOGIE
ZIVOCICHOD (OFIZ)

TEON B, A
AL
o 3 &

STUDIJNI PROGRAM:
EXPERIMENTALNI A MOLEKULARNI BIOLOGIE

s PELCT AT ZACE

EXPERIMENTALNI BIOLOGIE ZIVOCICHU
A IMUNOLOGIE & BUNECNA BIOLOGIE
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