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Proteiny

Carbohydrato

Nudeic Acid

lllllllll

Fatty acid

https://www.chegg.com/
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— Jedna ze Ctyr skupin
biologickych
makromolekul

— Kromeé stavebni funkce,
proteiny maji jedinecnou
a nezastupitelnou roli v
Intra- a inter-celularni
signalizaci
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Proteiny

Bunécna signalizace ve vyvoji: nezastupitelna role proteinu

a) Analyza vystupu proteinovych sign. drah

WNT TGF-B

Notch
RTK

Hh

Funyama et al., 1995.
Embryonic axis induction by the

“Velka pétka”

: : armadillo repeat domain of beta-
Wnt Slgna“ng catenin: evidence for intracellular
signaling.

Hikasa et Sokol, 2013. JCB

Whnt signaling in vertebrate axis specification.
Cold Spring Harb Perspect Biol.
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Proteiny

Bunécna signalizace ve vyvoji: nezastupitelna role proteinu

b) Analyza proteinu v sign. drahach

Kanonicka signalizace WNT:

bunééna POOSOOOESOOOCOOOMHOOOCONY] 0 b AN A WFrPesorrPorerooocono0nnn

membrina aidddeodddnacssessccsesscd B K U A U B becdddadddsssssaastassdss d
Notch ° P
RTK
Dvl
destrukéni
H h komplex

“Velka pétka” VR A |
B-katenin proteazom ,
4 \ Transkripce
jaderna o

membrana

DNA
Made by James Harnos
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Proteiny

Bunécna signalizace ve vyvoji: nezastupitelna role proteinu

WNT F-B

Notch
RTK

Hh

“Velka pétka”
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a) Analyza vystupu proteinovych sign. drah:

Pokryto vesmeés prednaskami z Vyvoj. biologie

b) Analyza proteinu v sign. drahach:

Napln této pfednasky

Made by James Harnos
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Made by James Harnos

— Proteiny

— Analyza proteinu
(lokalizace, konformace, aktivita)
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— Post-translacni modifikace (PTM) — Meziproteinové interakce (PPI)
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— Vytvareni pracovni hypotezy

Dnes: analyza proteinu Dishevelled (DVL) v kanonické signalizace WNT
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dishevelled hair style

Uvod
Proc Dishevelled (DVL)?

— Dobry pfiklad proteinu fungujicim v bunécéné signalizaci (WNT)

Wallingford JB, Habas R. 2005 —>
The developmental biology of

Dishevelled: an enigmatic protein

governing cell fate and cell polarity.

Development.

— Téma meého studia za poslednich 10 let
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Osnova — —
/’g@?
<’

Made by James Harnos

— Proteiny

— Analyza proteinu
(lokalizace, konformace, aktivita)
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— Vytvareni pracovni hypotezy

Dnes: analyza proteinu Dishevelled (DVL) v kanonické signalizace WNT

Harnos et al., 2019. I\II U I\I I
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Analyza proteinu: lokalizace
Detekce?

— Fluorescence

Jev, kdy molekularni systéem absorbuje a poté emituje svétlo.

Excited state |

:’\’m Ex Em
A ¢

-
—t
n
g
. VW E
Blue light
[\ {\ \,‘ (lower energy)
\ “ =
Purple ligh
urple fight Ground state Wavelength

(high energy)

Made by James Harnos

W=
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Analyza proteinu: lokalizace

Detekce?
— Fluorescence

Jev, kdy molekularni systéem absorbuje a poté emituje svétlo.

GFP

(prednaska 13)

10 Bi1130 - Metody analyzy proteind vyuzivané ve Vyvojové biologii 1
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Analyza proteinu: lokalizace

Detekce?
— Fluorescence: druhy/typy/pojmy
— epi-fluorescence vs. imuno-fluorescence

Princip:  GFP a derivaty: prednaska 13 (znaceni protilatkami: priste)

— proteiny: endogenni vs. exogenni
Princip: klonovaci techniky, pf. CRISPR: prednaska 12 (transfekce, injikace DNA/RNA apod.: prednaska 12)

— mikroskopie zivych bunék (live-imaging®) VS. fixace vzorku

MozZnosti: pouze epi-fluorescence (prednaska 13) jak epi-, tak imuno-fluorescence

— Svetelna mikroskopie se Sirokym zornym polem (,wide-field) VS.
konfokalni mikroskopie (...vice pristé)

—
—
e
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Analyza proteinu: lokalizace

Detekce?

— Fluorescence: priklad
Protein Dishevelled (DVL)

P Recruited
unctae Even fully

pohled
shora
na bunku

Lokalizace proteinu mize mnohdy napovédét o jeho funkci

Harnos et al., 20109. I\II U I\I I
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Analyza proteinu: lokalizace

Detekce 2?
— ,Hruba" alternativa k fluorescenci: pouziti frakcionacnich kitu

(+ vizualizace frakci napf. pomoci WB — pfisté)

Cytosolic Mitochondrial
Buffer A Fractlon Buffer 8 Fraction Buffer C

——
e
Nuclear
— Fract
2 1 min 2x1 min raction
ntrifugatio ntrifugation

HEPGZ2 Total
Cyto
Mito

| E TOM22 (Mitochondria)

https://www.abcam.com/

Lokalizace proteinu mize mnohdy napovédét o jeho funkci

MUNI
oC1
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Made by James Harnos

— Proteiny

— Analyza proteinu
(lokalizace, konformace, aktivita)
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— Post-translacni modifikace (PTM) — Meziproteinové interakce (PPI)
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— Vytvareni pracovni hypotezy

Dnes: analyza proteinu Dishevelled (DVL) v kanonické signalizace WNT
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Analyza proteinu: konformace
Proc konformace?

Malé molekuly

STAGGERED

ECLIPSED
CONFORMATION

CONFORMATION

H
H H h
Ho~v dihedral angle
H H H H
H H H

least stable most stable

ENERGY (kJ/mol) kcal/mol

60 120 180 240 300 360
REAR CARBON ROTATION ANGLE (°)

www.stereoelectronics.org
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Energy

5

Folding
intermediates

Velké molekuly

f\Chaperones
_L

Partially
folded

s

Natlve

%‘3’ i Ol|gomers
45y
A |

state Amorphous
aggregates

> <

i

NS

(:ﬁ\\_\//ﬁlwf\v F ? C § /\._.
Unfolded §¥G\O &z
YOS T= |
I
[
I
Chaperones |

............

Amyloid
fibrils

<

Intramolecular contacts

www.quora.com

Intermolecular contacts

MUNI
oC1



Analyza proteinu: konformace

Detekce?
— FRET: Forster/ fluorescence resonance energy transfer

/f Danel % Neradiativni
molecule

(e.q. CFP) pfenos energie
mezi dvéma
Excited state

o% blizkymi fluorofory
“ Excited state

I
E | FRET —4
L]
— : , v
ANAA v 1 AWANW AW A
VYV "_V" b © —@ @o— "";\'\‘ Vo
Purple light Yelow light
(high energy) Ground state Ground state (lowest energy)

w =
QP e

Made by James Harnos
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Analyza proteinu: konformace

Detekce?

— FRET: Forster/ fluorescence resonance energy transfer
FRET = long range dipole-dipole interaction (QM)

1. Approximation of FRET in macroscopic world

Transfer of: Current Transfer of: Energy (kinetic)

2. Requirements
- 10-100A distance of fluorophores

- EX/Em spectra of fluorophores Nerad|at|vn |’
e O pfenos energie

mezi dvéma
blizkymi fluorofory

Wavelength

3. FRET experimental setup

a) INTERmolecular (e.g. interaction) b) INTRAmolecular (e.g. conformation)
0 o S A

Y

Terminal tagging Internal tagging

W=
QP e

Meziproteinové interakce (pristé) Konformace (dnes)
17 Bi1130 - Metody analyzy proteind vyuzivané ve Vyvojové biologii 1



Analyza proteinu: konformace
Detekce?

— FRET: Forster/ fluorescence resonance energy transfer

INTRAmoIecuIar FRET

i) )
s . 27kD
7woa gy 702 g 220 : DVL3 =~ 80 kDa
L Lz

|

Terminal tagging Internal tagging

FIAsH molecule
(Fluorescence Arsenical

Hairpin Binder) o(
c
As o .
Tetracystein tag O ey S
As T ns

As
o o OH (CC-PG-CQ)
\ O © ©
“ + @ = LLU
O ¢ COOH

COOH Q

OH

ooy Hoffmannetal,

Nature. 2005
General procedure:
1. Cloning CC-PG-CC tag into POI by single genetic engineering + testing /

2. Expressing tagged POl in cells

3. Cell labelling by FIAsH ~3i B

18 Bi1130 - Metody analyzy proteind vyuzivané ve Vyvojové biologii 1

Neradiativni
pfenos energie
mezi dvéma
blizkymi fluorofory

W=
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Analyza proteinu: konformace

Detekce?
— FRET: Forster/ fluorescence resonance energy transfer
Wnt OFF Wnt ON

“close”

% llopen”
Protein

Dishevelled
(DVL)

19 Bi1130 - Metody analyzy proteind vyuzivané ve Vyvojové biologii 1




Analyza proteinu: konformace

Detekce?

— FRET: Forster/ fluorescence resonance energy transfer
Protein Dishevelled (DVL)

CCPGCC CCPGCC CCPGCC CCPGCC
©- ® © ®-
FIAsH construct no.: l. 1. Il. V.

Position of CCPGCC tag (aa in DVL3): 190 391 570 716

1 82 249 AZII 422 49|7 TIIG

Disordered

PONDR-Fit prediction
Ordered 2
B —
-—
FRET eff. %
w &
o o

aa number -
in DVL3) 0 100 200 300 400 500 600 700 56
1.0 J
0.0
- et Number of cells  _ 14
l. I (3indep. exp’s)
Harnos et al., 2019.

6.0 4

5.0 4

INTRA INTER
> < D <

FIAsH FIAsH FIAsH FlAsH FIAsH FIAsH FIAsH FIAsH
| ] i v | Il 1l v
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Analyza proteinu: konformace

Detekce?

— FRET: Forster/ fluorescence resonance energy transfer
Protein Dishevelled (DVL)

FIAsH IlI.
Overexpressed CK1le - -+
CK1e
activity

FRET eff. %
S MR W W e B SO N @ @oe
kil e i M i

Harnos et al., 2019. IV U
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Analyza proteinu: konformace

Jen v bunkach?

— FRET: Forster/ fluorescence resonance energy transfer
In vivo!

40 pg/ml Tfn SL (ps) NFD%

AAnEn
MW le s

20 ug/ml Tfn NFD (%)

II!I--

0 2000 4000 0 500 1000 0 100 0 100

Abe et al., 2013.

Non-Invasive In Vivo Imaging of Near Infrared-labeled
Transferrin in Breast Cancer Cells and Tumors Using
Fluorescence Lifetime FRET.

Plos One
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Made by James Harnos

— Proteiny

— Analyza proteinu
(lokalizace, konformace, aktivita)

- -~
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— Post-translacni modifikace (PTM) — Meziproteinové interakce (PPI)

- -
- -
- -

- P
-~ -

- P
- -

- -

- -

- P
- -

- -

— Vytvareni pracovni hypotezy

Dnes: analyza proteinu Dishevelled (DVL) v kanonické signalizace WNT

—
—
e
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Analyza proteinu: aktivita

Co je to aktivita?

aktivita VS. caktivita“

— Vysvétleni pojmu:

PF.: Q Enzym — enzymaticka reakce

Wnt OFF Wnt ON

24 Bi1130 - Metody analyzy protein( vyuzivané ve Vyvojové biologii 1

Jiné proteiny (nékolik ptiklad():

@ Vazba na jiné proteiny (PPI — dnes/pFi&té)

@ . Scaffold" proteiny — platforma pro mnoho PPI

O Vazbana DNA (O TF)

Zmeny aktivity/“aktivity?

Uroven (pf. makroskopicka, ..., molekularni)
Kvalitativni vs. Kvantitativni

W=
QP e



Analyza proteinu: aktivita
Detekce?
— Priklad 1: duplikace telni osy (embryo Xenopus laevis)

(pozn. unikatni pro kazdou sign. drahu)

Pr. pridani DVL

—

A A §1OO’ normal (A)
= ]
% 80 axis
A = duplication (B)
3 60+
o
2 -
= 40 ]
B & _ b g: 20'
| = S
Wallingford JB, Habas R. 2005 v |
The developmental biology S % 182 50 n (embryos)

of Dishevelled: an enigmatic
protein governing cell fate and

cell polarity. Makroskopicka kvalitativni zména: duplikace téIni osy
Development.

- + myc-xDvI3 wt

Harnos et al., 2019. IVI U I\I I
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Analyza proteinu: aktivita
Detekce?

— Priklad 2: reportérové esej (pozn. unikatni pro kazdou sign. drahu)

WNT: TopFlash P¥. pfidani DVL

Wnt ON c 2.0-
R
= C
'5 O 154
5%
= T2 10
TOPFLASH 5 N
(wt TCF binding sites) 2 é O 0.5-
o
s
0.0 Qo L

ECFP-hDVL3 ¥

Molekularni kvantitativni zména: mnozstvi B-kateninu

Harnos et al., 2019. I\II U I\I I
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Made by James Harnos

— Proteiny

— Analyza proteinu
(lokalizace, konformace, aktivita)

- -~
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_ Post-translaéni modifikace (PTM) | — (Meziproteinové) interakce (PPI)

- -
- -
- -

- P
-~ -

- P
- -

- -

- -

- P
- -

- -

— Vytvareni pracovni hypotezy

Dnes: analyza proteinu Dishevelled (DVL) v kanonické signalizace WNT

—
—
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Posttranslaéni modifikace proteinu

Fosforylace

— Prvni popsana PTM proteinl (E. P. Kennedy, 1954)
— Reverzibilni (enzymy: fosfatazy)

_ PFipojeni malé anorganické skupiny PO,3" ("€g.) 70
O-P—0O—P
— Aminokyseliny: Ser, Thr, Tyr o &

— Enzymy: kinazy + ATP (substrat i zdroj E)
— Funkce: ,rychla®“ regulace + signalizace (sign. drahy)

=7

28 Bi1130 - Metody analyzy protein( vyuzivané ve Vyvojové biologii 1

Molekula ATP
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Posttranslaéni modifikace proteinu

Fosforylace

Detekce?
— Pf. 1: elektroforeticky posun (shift) molekuly DVL pomoci WB (pfristé)

Overexpressed CK1e =2 i
CK1e Inhibitor S
CKle @@ -
activity
Velikost
- protein(
FLAG-DVL3 wt rFiacm2 @l oo
DVL3 - - L7 +
pS643 1100
—
CK1e
| 35
Harnos et al., 2019. IVI U I\I I
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Posttranslaéni modifikace proteinu

Fosforylace
Detekce?

— PF. 2: analyza PTM pomoci hmotnostni spektrometrie (prednaska 7)

A
/—‘\\
y . \\ . 64 _g
o° @h?% o N ampl Detector c
Digestion LCMS § NoR , : L
e o U e P Aty —
— Wo—; . () — ¢
o * 2Ll o |
(]
Sl I I
Protein Peptides Retention time m/z
extract Experimental MS/MS
spectrum
Chugunova et al., 2018.
Mining for Small Translated
S268 (in hDVL3) ORFs.
10.0 J Proteome Res
RE . P eded
22
< 8.0 ¢
[o= ﬁv
28 70l e
6.0 p=3
CKie - +

Harnos et al., 2019. I\I I\I I
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Made by James Harnos

— Proteiny

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

- -
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- P
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- P
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- P
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— Vytvareni pracovni hypotezy

Dnes: analyza proteinu Dishevelled (DVL) v kanonické signalizace WNT

—
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Proteinove interakce
Detekce?
a) Ko-imunoprecipitace (co-IP)

co-IP = studium fyzické interakce proteint

— 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 (pristé)

Protein complex Primary antibody #» ™ » ™
Secondary antibody ~ *r 0
- S S 5 p =
2 o . : -‘ [ . (ur Protein A, etc.] Washing Elution . SDS-PAGE or
: - R 7_ \{ Woestern blotting, etc.
L] - L 4 “_ 3 ?
- s A Agarose beads and A

magnetic beads

W=
QP e
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Proteinové interakce
Detekce?

a) Ko-imunoprecipitace (co-IP)

co-IP = studium fyzické interakce proteint

< d FLAG- = 3
Vytvareni deleCnich DNA konstrukt(: hDVL3 - -E ﬁé _ -E %’
hDVL3 LL’__Cl‘ﬂs - - -+ + +
aal 716 = FLAG |00
(DIX}—{PDZ—{DEP} wt U —
339 611 698 a | CKle - -
" om-poR pE- o AALL
351 633 710 -
| FLAG| e W |- 100
= CKlg | == —mmr| ..

w =
QP e

Harnos et al., 2019.
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Proteinoveé interakce

Detekce? —
b) Proteinové &ipy e —
— Matrice s peptidy odvozenymi od proteinu zajmu = =

— Pfidani vazebného proteinu, tzv. partnera

— Detekce partnera pomoci protilatek (priste)

Vystup:

’ P - o , , - anti-CK1e
+ Analyza velkého mnozstvi interakci zaroven antibody
+ &
- Ovlivnéni struktury a vlastnosti pfipojenim na et
seconaqar
_ rv - . o Ny antibodyy
matrici, spisSe in vitro metoda, narocna tvorba
Cipu: finance + Cas
Harnos et al., 2019. IVI U I\I I
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Proteinoveé interakce

Detekce?
b) Proteinové Cipy — DVL3

aal 82 249 321 422 497 716
| | I | 339-351 I | 611-623 698-710!

N- — — P

”af \\\ ’I |‘ "’» :

’ “ ] i - "

VAKCHDESEEESI ) PELTASEIEERURY
siePSPRGCEFTLE J’ “ IR RO S FRMAMG
PSPRGCEFTLP S ', ' ROSFRMAMGN)ZIN

RGCEFTLP 3:jH=a FRMAMGNIZIN B AT

) sonTTRGGIEzmmE FRMA region
RGCF region BleLS ST RGPRERA J
|—|—|—| SSLRGPRERAIZIS

e 2501 RGPPSERSG
vr c region
Priklad 2 200
kvantifikace g ™
signalu: g
= ol ol

1 20 40 60 80 100 120 140
Position of peptides

W=
QP e

Harnos et al., 2019.
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Made by James Harnos

— Proteiny

— Analyza proteinu
(lokalizace, konformace, aktivita)
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- -
- - <

— Post-translacni modifikace (PTM) — (Meziproteinove) interakce (PPI)
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Vytvareni pracovni hypotezy

Postup 1: je Vas protein aktivni/“aktivni‘ v
signalizaci Vaseho zajmu?

a) ,aktivita® DVL b) ,aktivita® DVL
ve WNT: ve WNT:
A A £ 100; normal (A) - 20
wv [§°]
% 80 axis 5 S 15
‘ = duplication (B) e
S5 60 T o
o 0,\-‘) c 1.0
Qh.) =
s o
BRR 3 S
) B 207 z
& = 0.0- Qo
8,1
o 182 50 n(embryos)

ECFP-hDVL3 ¥

+ myc-xDvI3 wt

Kvalitativné: duplikace télni osy Kvantitativné: mnozstvi B-kateninu
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|
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Vytvareni pracovni hypotezy

Postup 2: Zavisi na nécem (znamem) jeho aktivita/“aktivita“?
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N
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56 n (embryos)

[+]
2 iJE + myc-xDvi3 wt
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o oo - + - + xCK1le

o
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o
3 g
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Vytvareni pracovni hypotezy

Postup 3: Interaguje fyzicky protein Vaseho zajmu
s pozitivni kontrolou (jiz znamy protein)?

a) co-IP: b) peptidové knihovny:
aal 82 249 321 422 407 716
5 5 N i | I 339351 [ \ 611-623 698710
FLAG- o o I A
hDVL3 - s PSPRGCF ;o em PR RS TRA,
=d =< P PSPRGCFTLE ; v ’IASPSE
CK] 3 = = = * &5k Pspigggig 2;PIR 'l “. RSN PSEFFY
wl RGCF region S R FRMA region
— | FLAG .‘ "100 e B corERAT
X 250 RGPRERAREINIe
o D ot e ey e, 5 RGPR region
& | CKle ~oanes & 0
T -35 T 150
- [}
=y N
- = 100
| FLAG| e - |- 100 e
S
= ————— z o Lol il | YL .
CKle TR °3 20 40 60 80 100 120 140
e Position of peptides

W=
QP e
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Vytvareni pracovni hypotezy

Postup 4: Dochazi ke zméneé lokalizace, PTM, €i konformace?

— 7

pf. fluorescence pf. posun na WB pf. FRET

FLAG-DVL3 wt FIASH III
Overexpressed CK1e = - + = = 4 - - +

CK1e Inhibitor . + - -

+ 5
CKle
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a — = 8.0

rLacv2 | e D™ oo

5
o
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n=3
(3x100 cells) DVL3 . .

pS643

201
Even -

— 10
CKle 00— ; .
= 135
14 15 15
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Vytvareni pracovni hypotezy
Postup 5: udelejte zaver z Vasich exper. dat:

Priklad:

DVL Closed Open
conformations: Induced by CK1e-dependent
phosphorylation

CK1e: Present and inactive Active

W=
QP e
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