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Metody extrakce, purifikace a kvantifikace nukleovych kyselin

gPCR — princip, moderni pristupy, aplikace, predevsim v klinice

Analyza genové exprese a nastroje systémové biologie

Metody sekvenovani DNA a RNA

Priprava knihoven pro sekvenovani nové (NGS) a treti generace (TGS)
Analyza sekvencnich dat

Epigenetika — o co jde, jak to funguje a co se stane, kdyz to nefunguje
Analyza epigenetickych znacek a struktury chromatinu

Pokrocilé fluorescencni metody pfi detekci, analyze a vizualizaci biomolekul

Nové trendy v proteomice pomoci hmotnostni spektrometrie

GENOMIKA

PROTOMIKA
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e Co vSechno se dozvite o genu/proteinu z databazi
3D (terciarni) struktura protein(
* Proteinové interakce
* Proteinové komplexy (kvarterni struktura)

* Jak ziskat nove informace o proteinovych komplexech experimentalné
e Analyza komplexu
* Vizualizace komplexd ...



NGS prinasi nevidané mnozstvi dat
* rychlé sekvenovani genomu poskytuje informace o proteinech v ruznych
organismech

 proteinové databaze UNIPROT (SWISSPROT...): https://www.uniprot.org/

* potvrzuje predstavu evoluce proteint/organisml — ukazuje na velkou
konzervovanost vétsiny proteinU

* tyto podobnosti umozniuji modelovani proteinu
i z malo charakterizovanych organismu

(a jejich anotaci):

spolehlivé modelovani pro homologie >30%
(Rosetta, AlphaFold ...)

David Baker Demis Hassabis John M. Jumper



Zakladni alignment

» pokud pracujete s novou sekvenci (napf. neni v UNIPROT): BLAST — https://blast.ncbi.nlm.nih.gov/

* hledani pribuznych sekvenci vam napovi nakolik je protein evolu¢né konzervovany, jaké ma domény
... jakou maji funkci jemu podobné proteiny (napr. UNIPROT databaze) -

Web BLAST

wn B Tt bt sk A B

Enter Query Sequence
Enter accession number(s), gi(s), or FASTA sequence(s) © clear Query subrange (7]

MSSDRKRPIPLDSRSSKRARTSAIRAGDEFLPGNITEIEVHNFMTYTYLKSK ~
PGARLNLVIGPMNGTGKSSLVCAIGIGLAGEPSLLGRATSIGDYVKRGEVSG o l:l
[ ]

SIKITLQDQNPDKKISITRKINKQNKSEWLLEENKSIHSVTKKEIQEVVARFNI v
QVNMNLTQFLPQDRVCEFAKMTPIQLLEETEKAVGDPELSTQHLTLIKKNADL 4|

Or, upload file Prochdzet... | Soubor nevybran. (2]
Job Title | |
Enter a descriptive title for your BLAST search (7]

D Align two or more sequences (7]

Choose Search Set

; Try experimental clustered nr database
Databases @ Standard databases (nr etc ) O Experimental databases < ry exp Q
For more info see What is clustered nr?
Compare [ select to compare standard and experimental database @
Standard

Database [ Non-redundant protein sequences (nr) v |@

Organism

Optigonal [ Enter organism name or id—completions will be suggeste |D exclude

Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown e
Exclude D Models (XM!XP)D MNon-redundant RefSeq proteins (WP) D Uncultured/environmental sample sequences
Optional
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LhiPrat a jeho moznosti f (e
\ S
Komplexni, vysoce kvalitni a volné pristupny zdroj sekvencnich a funkcnich

informaci o proteinech

* Popis a funkce
 Zjisténi pritomnosti domén daného proteinu
* Zjisténi interakcnich partner(

» Struktura proteinu — PDB, Alphafold ... komplexy

Hledani  Souvislosti  Vjzualizace Stahovani
proteinu Tt alihales dat

Interaktom Lokalizace proteinu
Mutace




LhiPrat - vyhledavani

https://www.uniprot.org/

&« C () https;//www.uniprot.org/uniprotkb?query=H3+cerevisiae

Status

UniProtKB 552 results

% Reviewed (Swiss-Prot)

(eas) 4. Download View: Cards O Table ® £ Customize columns < Share v
Unreviewed (TrEMBL)
(308) Entry Name . Protein Names . Gene Names . Organism .
—> O P61830 &% H3 _YEAST Histone H3 HHT1, YBRO10W, YBR0201, Saccharomyces cerevisiae (strain 136 AA
Popular organisms HHT2, SIN2, YNLO31C, N2749 ATCC 204508 / S288c) (Baker's yeast)
5: enravisias (170) 0 Q757N1 % H3 ASHGO  Histone H3 HHT1, ADL202C, HHT2, Ashbya gossypii (strain ATCC 10895 / 136 AA
Human (16) AERO013W CBS 109.51 / FGSC 9923 / NRRL Y-
Rat (7) 1056) (Yfast) (Eremothecium
gossypii)
... i lidsky

printscreen: autor



Informace o proteinu - UNPROT

Function’
. | Function Core component of nucleosome Nucleosomes wrap and compact DNA into chromatin, limiting DNA accessibility to the cellular machineries which require
DNA as a template. Histones thereby play a central role in transcription regulation, DNA repair, DNA replication and chromosomal stability. DNA accessibility
Names & Taxonomy is regulated via a complex set of post-translational modifications of histones, also called histone code, and nucleosome remodeling. Component of the UAF
(upstream activation factor) complex which interacts with the upstream element of the RNA polymerase | promoter and forms a stable preinitiation complex.
[  Subcellular Location Subcellular Location:
Phenotypes & Variants
UniProt Annotation GO Annotation
PTM/Processing
: ‘ Saccharomyces cerevisiae O Nucleus (Wcuaiad)
Xpression . Chromosome ™ curated|
. 0.
Interaction jadrO _genom =_ ) Genova’ ontologle
chromatin 20 e, ¢34 aspECT TERM
Structure / N e\ K_ e Cellular Component CENP-A containing nucleosome I3 | ™ source:sGb| | M 1 Publication |
4 Cellular Component nucleosome & [ source:ComplexPortal| [ 1 Publication|
Family & Domains Cellular Component  nucleus 7 [ sourcescn| (M 1publication|
P Cellular Companent replication fork protection complex 2 ™ source:sGb| [™ 1 Publication|
Seq uence Cellular Component RNA polymerase | upstream activating factor complex? | ¥ source:c rtal| [N 1y
Molecular Function DNA binding i (¥ D) [™ 1Publicetion
Similar Proteins Molecular Function protein heterodimerization activity 3 | sourceiinterpro|
Molecular Function structural constituent of chromatin I3 |7 Sourceinterpro|
Biological Process chromatin organization [Z | ¥ sourcescp| [ ™ 1publication |
Biological Process global genome nucleotide-excision repairi ™ sourcesep| (™ 1eublication|
Biological Process nucleolar large rRNA transcription by RNA polymerase 117 [ ™ source:ComplexPortal | [ ™ 1Publication |

upozornéni: informace nebyvaji kompletni (i chybné) — dohledat v ¢lancich
printscreen: autor



Informace o proteinu - UNPROT

B |Function Function’

Core component of nucleosome. Nucleosomes wrap and compact DNA into chromatin, limiting DNA accessibility to the cellular machineries which require

Names & Taxonomy DNA as a template. Histones thereby play a central role in transcription regulation, DNA repair, DNA replication and chromosomal stability. DNA accessibility
is regulated via a complex set of post-translational modifications of histones, also called histone code, and nucleosome remodeling. Component of the UAF
Subcellular Location (upstream activation factor) complex which interacts with the upstream element of the RNA polymerase | promoter and forms a stable preinitiation complex.
Phenotypes & Variants PTM #Acetylation
I PTM/Processing #Methylation
: #Phosphoprotein
Expression i
I 1 1 U 1 I T 1 I 1 1
) 10 20 30 40 50 60 70 80 90 100 110 120 130
Interaction 1 136
-, | - || . E= - - -
Structure = 8 E B B 3 = E
-

Family & Domains MARTKQTARKSTGGKAPRKQLASKAARKSAPSTGGVKKPHRYKPGTVALREIRRFQKSTELLIRKLPFQRLVREIAQDFKTDLRFQSSAIGALQESVEAYLVSLFEDTNLAATHAKRVTIQKKDIKLARRLRGERS

Sequence Acetylation of histone H3 leads to transcriptional activation. H3K14ac formation by GCN5, a component of the SAGA complex, is promoted by H3510ph.
Further acetylated by GCN5 to form H3K9ac, H3K18ac, H3K23ac, H3K27ac and H3K36ac. H3K14ac can also be formed by ESA1, a component of the NuA4
histone acetyltransferase (HAT) complex. H3K56ac formation occurs predominantly in newly synthesized H3 molecules during G1, S and G2/M of the cell
cycle and may be involved in DNA repair. (™ 13 Publications |

Similar Proteins

printscreen: autor



Informace o proteinu - UNPROT

B |Function Function’

Core component of nucleosome. Nucleosomes wrap and compact DNA into chromatin, limiting DNA accessibility to the cellular machineries which require

Names & Taxonomy DNA as a template. Histones thereby play a central role in transcription regulation, DNA repair, DNA replication and chromosomal stability. DNA accessibility
is regulated via a complex set of post-translational modifications of histones, also called histone code, and nucleosome remodeling. Component of the UAF
Subcellular Location (upstream activation factor) complex which interacts with the upstream element of the RNA polymerase | promoter and forms a stable preinitiation complex.

Phenotypes & Variants Family and domain databases

Gene3D l 1.10.20.10 7 Histone, subunit A 1 hit

PTM/Processing
IDEAL | 11D50143 2

Expression

InterPro | View proteinin InterPro 3
Interaction IPRO09072 [7 Histame-fold

IPRO07125 2 Histone_ H2A/H2B/H3
Structure IPRO00164 [7 Histone_H3/CENP-A
[  Family & Domains PROSITE | View proteinin PROSITE 2
S PS00322 7 HISTONE_H3_1 1 hit
equence

PS00959 2 HISTONE_H3_2 1 hit

Similar Proteins
Pfam | View proteinin Pfam (£

PF00125 7 Histone 1 hit

printscreen: autor



Prateinove domeny '

Protein Classification

histone H3( domain architecture ID 10794185)

histone H3 is a core component of the nucleosome that wraps and compacts DNA into chromatin, limiting DNA accessibility to the cellular machineries which require
DNA as a template

Graphical summary [BF2r R T el show extra options »

Il. 1|5 3|0 4|5 60 75 a0 105 120 135

] 1 ] I I ] 1 1 1 1 1 ] L] ] 1 " ] 1 1 1 1 I I ] I 1 i 1 1 1 ] ] ] ] ' I 1 l
Query seq, MARTKOTARKSTGGKAPRKOLATKAARKSTPSTCGYKPHRYRPGTYALREIRRYOKSTELLIRKLPFORLYREIAODFNTDLRFOSAAYGALOEASEAYLYGLLEDTNLCAIHAKRYTIMPKDIQLARRIRGERA

Specific hits

4 Histone
Superfanilies | H4 superfamily
| | Histone superfamily [ |
j 1o 2o ES 4o so =) 7o 80 So 160 1o 120 130 1
¥ 136
4 b
| = - I | | | —
MARTKQTARKSTGGKAPRKQLASKAARKSAPSTGGVKKPHRYKPGTVALREIRRFOKSTELLIRKLPFQRLVREIAQDFKTDLRFQOSSATGALQESVEAYLVSLFEDTNLAATHAKRVT IQKKDIKLARRLRGERS
List of domain hits "
Name Accession Description Interval E-value
[+ PTZ00018 PTZ00018 histone H3; Provisional 1-135 1.16e-85
[+ H3 smart00428 Histone H3; 37135 5.99e-58
[+] Histone pfam00125 Core histone H2A/H2B/H3/H4; 1-131 5.89e-49
[+ HHT1 COG2036 Archaeal histone H3/H4 [Chromatin structure and dynamics]; 43-134 8.80e-30

https://prosite.expasy.org/, https://www.ebi.ac.uk/interpro/entry/pfam

printscreen: autor



Proteinove domeny

Family: Histone (PF00125)

Summary
Domain organisation
Clan

Alignments

=

377 architectu

IEH logo

Trees

Curation & model
Species

Structures
AlphaFold Structures

trRosetta Structure

Jump to... ¥

) o |

Pfam

HMM logos is one way of visualising profile HMMs. Logos provide a quick overview of the properties
you can interpret them herer?. More...
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Informace o prateinu - UNPROT  <cndsmi srukcary

|Function 1

| —r Il I A I B -
MARTKQTARKSTGGKAPRKQLASKAARKSAPSTGGVKKPHRYKPGTVALREIRRFQKSTELLIRKLPFQRLVRE TAQDFK TDLRFQSSAIGALQESVEAYLVSL FEDTNLAATHAKRVT IQKKDIKLARRLRGERS

Names & Taxonomy

Subcellular Location Family and domain databases

B e e A ECET Gene3D | 1.10.20.10¢ Histone, subunit A 1 hit
S IDEAL | 1ID50143 2
PTM/Processing {‘ —~ _ o
~J \ InterPro | View proteinin InterPro 2
Expression e TP IPRO09072[Z Histome-fold
P y IPRO07125 [ Histone H2A/H2B/H3
Model Confidence: L
. / IPRO00164 7 Histone_H3/CENP-A
Interaction [l Very high (pLDDT > 90) + : s
™ PROSITE | View proteinin PROSITE [3
= T %EL PS00322 17 HISTONE_H3_1 1 hit
\ I
B structure 70) | e

PS00959 2 HISTONE_H3_2 1 hit
Low (70 > pLDDT > 50)

I Family &Domains  MVerylow (pLDDT < 50) Pfam | View protein in Pfam 2
PF00125 4 Histone 1 hit

Sequence&lsoforms Structurel terCia,rnll d kvarterni StrUktura
~ 0 . PDB 7XAY X-ray 3.30A D 2-136 PDBe - RCSB-PDB - PDB] -PDBsum
Similar Proteins
PDB 7Z00 EM 2.80A A/C 1-136 PDBe - RCSB-PDB - PDBj - PDBsum
VideO a printscreen: autor AlphaFold AF-P61830-F1 Predicted 1-136 AlphaFold




Primarnim zdrojem strukturnich informaci = PDB

voda, ATP ATP pumpa - aktin-myosin :
pump mikiotubily y chromatin

tn’olecular Machinery: a Tour of the Protein Data| Bank

§ Structure Function
w

! Small motecules

/| 8ood Plasma

lvmwm

Hormones

Channeils, Pumps
and Receptors

Photosynthesis
IEW Production
Storage
il Enzymes
| infrastructure
[ Protein synthesis

h .
acellular’Nucleus Cellular Location

Extracellular Membrane Intracellular'Cytosal

Interaktivni web PDB-101 (pro Ué|te|e) https://pdb101.rcsb.org/ printscreen: autor S p‘r’es 200 000 struktur
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Nature, 2021; neural network: transformer architecture (attention mechanism for learning)



Informace o prateinu - UNPROT

[ |Function

Names & Taxonomy
Subcellular Location
Phenotypes & Variants
PTM/Processing
Expression

. Interaction
Structure
Family & Domains
Sequence

Similar Proteins

video a printscreen:

=3

Function:

Core component of nucleosome. Nucleosomes wrap and compact DNA
DNA as a template. Histones thereby play a central role in transcriptiol

ilar machineries which require
somal stability. DNA accessibility
ieling. Component of the UAF

ns a stable preinitiation complex.

is regulated via a complex set of post-translational modifications of hist
(upstream activation factor) complex which interacts with the upstrear

Subunit’

The nucleosome is a histone octamer containing two molecules each of H2A, H2B, H3 and H4 assembled in one H3-H4 heterotetramer and two H2A-H2B
heterodimers. The octamer wraps approximately 147 bp of DNA. Histone H3 is a component of the UAF (upstream activation factor) complex, which consists
of UAF30, RRN5, RRN9, RRN10, and histones H3 and H4. | 7 1 publication |

Protein-protein interaction databases

BioGRID | 327114 918 interactors DIP | DIP-417N %
£ .
AT B A0AIsecion IntAct | P61830[7 153 interactors
ComplexPortal | CPX-1101 [Z RNA polymerase | upstream activating MINT | P61830 L2
factor complex
CPX-1610 [¥ Nucleosome, variant HTA2-HTB2 STRING I 4932.YBRO1OW X

CPX-1611[4 Nucleosome, variant HTA2-HTB1
CPX-1612 [4 Nucleosome, variant HTA1-HTB1

CPX-1613 [¥ Nucleosome, variant HTZ1-HTB1
More ComplexPortal links

autor



Informace o proteinu - UNPROT

kvarterni struktura

Family: Histone (PF00125) . il Lol BESEME .
Summary
Function AR HMM logos is one way of visualising profile HMMs. Logos provide a quick overview of the properties of an HMM in a graphical form. You can see a more detailed description of HMM logos and find out how
Clan you can interpret them heret?. More...
Alignments 2,357 —
&, M logo
Names & Taxonomy Trees
i Histon fold —
H Structures bt | >
Sche"u'ar Locatlon AlphaFold Structures | typICky P-P VaZba
, , s W ... vazba na DNA
Disease & Variants Jump to... EEE E-‘gé
[Crea oo | == =2
PTM/Processing 1
N . H3-H4 dimer
. bbb pEEEEE
Expression Ligsa2queeabun,
> W > W wwwuy o
g >-IVI>I>-1>_| <°|>-| >-|>-I >|>l$
. — 0o ™ N 0w M — = —
[ Interaction g%@%mﬁmaim
> Lo T noXomoommo
H3 'EAST
B structure YNG1_YEAST
FKBP4_YEAST @
. . POB3_YEAST
Family & Domains HOS2_YEAST
SET2_YEAST
Sequence & Isoforms RTQS.YERST®
SETS5_YEAST
SET3_YEAST
Similar Proteins BDF1_YEAST
STH1_YEAST
ASF1 YEAST
5 b ‘EAST
video a printscreen: autor @




Informace 0 proteinu - IntAct
ntACt J. https://www.ebi.ac.uk/intact

Molecule Molecule < = Type -~ . Host Positive Detection e Interaction
Select A B Identifier A Identifier B A Species A Species B Oraniom desaction Method Publication IDs Type
- - - ; Saccharomyces  Saccharomyces  Saccharomyces 16554755 . -
O @ UniProt UniProt Al i
H4 H3 02309 Fo1830  protein protein cerevisiae cerevisiae cerevisiae v tep 10.1038/nature04670 physical associatiol

= —
network  ..igenetické (nefyzické), funkéni ... interakce _220b0h 2h955%
sit % IS[_Jl :' U>_-'I EI E'J| :' u>'J| Eu el gj| E| l%
oGBS TL >
ZX¥XOO0OWEWWOE®
2)—&0.10)0:(00)&)(0{;
H3 YEAS
YNG1_YEAST @
FKBP4_YEAST @
chaperon POB3_YEAST
deacetylasa HOS2_YEAST
metyltransferasa SET2_YEAST
chaperon RT106_YEAST @ @)
metyltransferasa SET5_YEAST
SET3_YEAST
bromodoména BDF1_YEAST
STH1_YEAST
chaperon ASF1 YEAST @ @

video a printscreen: autor histon H4 H4 YEAST@® @ @



e Complex Portal

Protein-protein interaction databases

komplex - struktury

double-stranded dna A HTB2 .

@

video a printscreen: autor

BioGRID

ComplexPortal

)

https://www.ebi.ac.uk/com plexportal/complex

327114 918 interactors
35796 [4 705 interactors

CPX-1101 ¥ RNA polymerase | upstream activating

factor complex

CPX-1610 [ Nucleosome,
CPX-1611 [4 Nucleosome,’
CPX-1612 @ Nucleosome,
CPX-1613 [ Nucleosome,
More ComplexPortal links

Legend

DIP | DIP-417N 2

IntAct | P61830 [ 153 interactors

Description

protein - HTA2 (unspecified role)
P04912 &f
Histone H2A.2

protein - HTB2 (unspecified role)
P02294 of
Histone H2B.2

protein - HHT1 (unspecified role)
P61830
Histone H3

protein - HHF1 (unspecified role)
P02309 f
Histone H4

small molecule - double-stranded dna
(unspecified role)

CHEBI:4705 £

double-stranded DNA

MINT | P61830C2

H2B

H3

H4

Stoichiometry



AlphaFold 3 - predikee 3D struktury konplexd

* Online predikce Alphafold: https://golgi.sandbox.google.com/

Molecule type Copies >Paste sequence or fasta . "
Protein v 1 Input PN
Molecule type Copies >Paste sequence or fasta ~ G
DNA k4 1 5'--3' single strand L
Molecule type Copies >Paste sequence or fasta - >
RNA e 1 5'--3' single strand LR
Molecule type Copies A G
Ligand it 1 ~ CR
Molecule type Copies . v
lon e 1 v A

r~ i

|  + Addentity | [ Savejob

\_ J

Continue and preview job
Google Deelend About Google Google products Terms OutputTerms Privacy Prohibited use policy Release Updates

* Umoznuje i predikci 3D struktury proteinového komplexu (dimeru dvou proteint — diky jejich koevoluci)



Informace o proteinu - UNPROT

|Function

Names & Taxonomy
Subcellular Location
Disease & Variants
PTM/Processing
Expression

Interaction

Structure
Family & Domains
Sequence & Isoforms

Similar Proteins

video: autor

Structure:
PDB

PDB
AlphaFold

terciarni a kvarterni struktura

7XAY X-ray
7Z00 EM
AF-P61830-F1 Predicted

3.30A
2.80A

D 2-136 PDBe - RCSB-PDB - PDBj - PDBsum
A/C 1-136 PDBe - RCSB-PDB - PDBj - PDBsum
1-136 AlphaFold

wwwBANDIGAMYYcom

H3-H3 dimer vygeneroval alphafold jako
H3-H4 dimer — az po pouziti H3-H4+H3
umistil H3-H3 dimer spravné



nukleosom se sklada na , zac¢atku“
(replikace DNA — vznik nové DNA ...), aleiv
prabéhu Zivota bunky (oprava DNA,
transkripce) — odbaleni a sbaleni
nukleosomu reguluji chaperony,
remodelacni komplexy ...

- H3-H3 interakce = (H3-H4), tetramer video: autor



H3-H4 tetramer two dimers
bind to H3-H4
tetramer

video: autor



v

pFevzato z: Mol. biol burik

(H3-H4), tetramer — vazba na DNA

- - H3-H3 interakce =

video: autor



- H3-H3 interakce = (H3-H4), tetramer N >
video: autor - dimery -H2B (H2B — vaze H4) pFevzato z: Mol. biol buﬁk\{‘



video: autor

- H3-H3 interakce = (H3-H4), tetramer
- dimery -H2B (H2B — vaze H4)

. ’ N
pFevzato z: Mol. biol buﬁk\{‘



Modifikace histont — H3K56ac

- modifikace (napf. acetylace) mohou: vazat jiné proteiny (zméni tvar povrchu —
vaze specificky bromodoména) nebo oslabit interakce (zméni naboj povrchu —

TKXS oslabi vazbu s DNA a rozvolni nukleosom) — pozice PTM
‘ . ows "\
‘w > . 7/ H/
I N g Lysine Acetyl-lysine
r{,“‘.ll‘ (3N - _ ey
Y s : S i\ e,
Y j 4 : " 4 _,(r Ve
, g H3K9ac v N
/™ o~
i s
7
>
H3K56ac V'

video: autor



Modifikace histond — H3K9ac

- modifikace (napf. acetylace) mohou: vazat jiné proteiny (zméni tvar povrchu —
vaze specificky bromodoména) nebo oslabit interakce (zméni naboj povrchu —
oslabi vazbu s DNA a rozvolni nukleosom) — pozice PTM

FKBP4_YEAST

POB3_YEAST
HOS2_YEAST
SET2_YEAST
STH!_YEAST
ASF1_YEAST
H4_YEAST

RT106_YEAST

SETS5_YEAST
SET3_YEAST
BDF1_YEAST

YNG1_YEAST

H3_YEAST

H3 ‘EAST
YNG1_YEAST
FKBP4_YEAST @
POB3_YEAST
HOS2_YEAST
SET2_YEAST
RT106_YEAST |
SET5_YEAST
SFTR YEAST
BDF1 ‘EAST
SIH1_YEAST
ASF1_YEAST

H4_YEAST @

bromodoména vaze
acetylovany histon

video a printscreen: autor



Docking - hra

‘Bioblox 2.D Game on the Topic of Protein Docking

Simple and intuitive
touch controls.

https://www.youtube.com/watch?v=u_-8JyCWpEQ&t=7s

Bioblox 2D is a free mobile game on the Topic of Protein
Docking. Play the Proteins Docking game. Learn about the
fascinating world of bio-molecules and their interactions.
Drag, Rotate, Swipe and fit the chains together like the
components of a mechanism.

Getiton

| O I VEV o PLAY ONLINE

https://www.doc.gold.ac.uk/bioblox/ printscreen: autor



Predikce proteint a komplexd - nanostruktury

Nobelova cena
za chemii 2024
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Huddy et al., Nature, 2024



Predikce protein( a komplexd - nanoklece

Nobelova cena
za chemii 2024

Huddy et al., Nature, 2024



Pokrocilé metody v analyze proteinovych komplex

* Jak ziskat nové informace o proteinovych komplexech experimentalné
1. - identifikace gen(/proteinu ... jejich partner( (PPI) ... izolace komplexu
- funkce podjednotek (geneticka analyza, lokalizace v bunce ...)
2. - charakterizace komplexu
- vzajemné PPI podjednotek — architektura komplexu
3. - rekonstituce, struktura a analyza aktivit celého komplexu in vitro

- strlqktura: crosslink MS, X-ray, (cryo) elektronova mikroskopie, modelovani, integrativni
analyza

4. - vizualizace komplexd ...



- Ko-purifikace - ovéreni

silné interakce/komplexy — proteiny Ize ko-exprimovat a nasledné ko-purifikovat

2 g8
Nse1 3 Nse3 o & Nse4
1. His-tag Nse3 2. Strep-tag Nse4
S
8 8  (Nse3vice nez Nse4) (srovnal se pomér Nse3:Nse4)
(E:; £ Elution fractions — 10ml = Elution fractions — 1.5ml
5 §E BRGNSl S T o = 1,92, 3L Y6, B 17,8900 iy
R —— -
‘ Nsed T
se
;Q;— - - Nse3 - - N LS8 -
- RS ¥
- -~ - .
_:s:—- “ Nse1t ¥ T SR PP WP W == S
a —— R
—agy ‘ T 1Y

Znacky na ruznych podjednotkach komplexu —
postupna purifikace => kompletni komplex
(pfirozeny pomér podjednotek v komplexu)

prevzato ze: Zabrady et al, NAR, 2016




| Ko-‘purifikace - priprava
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Detailni mapovani komplexu - crosslinking

Protein complexes in live cells Fixed protein complexes

%

— crosslinking —»

Chemical i

in vivo
Affinity purification
Generate peptides ¢
by digestion

al

v
Identification of

complex constitients

N
S—— -

——

WN

|dentifikace
podjednotek
komplexu

Determination of
protein interface sites

- O
. S

Mapovani
interakci
podjednotek

prevzato z: Roux, CMLS, 2013; Sinz, MS Reviews, 2006

crosslink propoji podjednotky - stabilizuje komplex

a9

0 0

NaO3$ /{ OL (i‘“
W N—O&/\‘\g o-N" ]
{ D DD >

\! ’ 2()-N-
0 0/ SO3Na

- estery reaguiji s Lys (s-amin)

- homofunkéni - spoji proteiny
dohromady v jednom kroku

- heterofunkénich - postupna aktivace

Reactive group 1 Reactive group 2

o— )

Reactive group 3
(e.g. biotin)




- krosslink pomize upresnit strukturni model (Nse1-Nse3)

SMC5 SMC6

(c)

prevzato z: Adamus et al, JMB, 2020



Integrativni modelovani -

remodelaéni komplex

krosslink podjednotek a mapovani na pfipravené ' 1 i S

modely

A B

Strategy for BAF complex
purification mass spectrometry and Cryo-EM

HA-tagged BAF subunit HEK-293T stable cell lines

Mechanical nuclei isolation/purification

Cytoplasm®” |
High salt extraction
Chromatin # |

IP of nuclear extract with HA magnetic beads

HA poptido olution <
10-30% GraFix glycerol gradient Dialysis

Fraction collection and concentration Co-incubate with NCP and AMP-PNP —s BS3 crosslinking

|

Cryo-EM 10-30% GraFix

glycerol gradient

10-30% glycerol grad

Fraction collection and concentration
Fraction collection and concentration

l CX-MS
Cryo-EM

E F

CX-MS (NCP-bound endogenous cBAF)
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prevzato z: Mashtalir et al, Cell, 2020



Auto-picking

Consensus map and masks

4,866 2D classification 596,957 3D classification
micrographs particles
Initial reference
from CryoSPARC
22% 27%
|
F ed 3D classifica | aki ni v s
| — remodelaéni komplex
- 7 Mask for focused i £ i
N 20 classicaten sbér velkého poctu
castic, klasifikace a
e rekonstrukce struktury
R H komplexu
:} 2 g 0e 78A
Global 3D refinement 3 ; 02
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for multi-body refinement -
eigenvectors

-16-10 -5 0 5 10 15
Amplitude along
eigenvector 1

0 5 0 5 10
Amplitude along
eigenvector 2

prevzato z: Mashtalir et al, Cell, 2020



remodelaéni komplex

sbér velkého poctu
¢astic, klasifikace a
rekonstrukce struktury
komplexu (crosslinky,
krystaly — integrativni
modelovani)

prevzato z: Mashtalir et al, Cell, 2020




Cross-links Gained/Lost
A BAF complex (unbound, BAF complex (NCP-bound state) B batwaan NCPunboand and -Bound Sisios

free state) -
D SWARCA QLY
SMARCA A2
o |
SMARCA A3
SMARCA BRK
SWARCA A4

1 SMARCA Mierm i 2
- remodelacni komplex
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SMARCA 17
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e krosslinku = dynamika
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BAF (NCP-bound)

Dynamic motion,

Core
module
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Motion 1 Motion 2 Motion 1 Motion 2

pievzato z: Mashtalir et al, Cell, 2020



Nucleosome remodelacéni
search/recruitment
Swing/ h
ATPas6 motion komplex

— acetyiated H3 tal
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prevzato z: Mashtalir et al, Cell, 2020

DNA exit



Strukturni metody

- krystalografie — nejvhodnég;jsi
(boom v 1. dekadé diky
sekvenacnim projektiim)

- NMR je limitovana velikosti

- cryoEM je vhodna pro velké
komplexy (boom v soucasnosti)
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pfevzato z: Marsh et al, ARB, 2015



Anaiyza proteinovych komplexii

viz doc. Hofr
Structural analysis Molecular interactions studies
1
0.1 §
g
0.01 '§
8
Nucleosome targeting, o
0.001 complex formation and 8
| | | | | architecture §
0 005 01 015 02 025 T
q(A7) Protein concentration
NMR, crystallography, SAXS, Fluorescence polarization, FRAP, HI-FI, FRET,
electron microscopy microscale electrophoresis
Viz pFOf_ Zdréhal Analytical methods Chemical probes and libraries
2| %
£f T
S o ™ e
i : 3
EELI = 4
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s -

Mass spectrometry, pull-down assays,
electrophoretic-shift assays,
analytical ultracentrifugation Photochemical probes,

barcoded DNA, nucleosome libraries <

e

prevzato z: Speranzini et al, EMBO J, 2016



specialni biofyzikalni

metody

prevzato z: Birnie et al, ACS nano, 2020

Passive DNA-binders
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Contact mode
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prevzato z:
Ando et al, Annu Rev BioPhys, 2013 e
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prevzato z: Ganiji et al, Science, 2018; Takahashi, CO in CB, 2019



to z: Ozer et al, CO in SB, 2015
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prevza

urovné proteinovych komplexut

DNA to CHROMOSOME
Challenges and Methods
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Current Opinion in Structural Biology




Visualizace proteinovych komplexu

Existuje mnoho
nastroju na
visualizaci
komplexu (i v
bunééném
prostredi)

od PYMOL pro
pfimou visualizaci
krystalovych
struktur

... az po CellPACK
pro interaktivni
nahled do bunky a
jejich procesu

...vychazi z hernich
a animacnich
algoritmu ...

pfevzato z: Johnson et al., Nat Meth, 2015



Visualizace proteinovych komplexu

BY NICOLA JONES

Existuje mnoho
nastroju na
visualizaci
komplexu

ol

-

od PyMOL pro
pfimou visualizaci

krystalovych
struktur ... 3D tisk

[ 3dprint.nih.gov,



Visualizace proteinovych komplexu

Molecular

ingredients i
X £

\lwl*-*' |
,- . %
cellPACK
Surface Mesoscale ‘
containers molecular model

Current Opinion in Structural Biology

Pro lepsi pfedstavu (virové ¢astice) se integruji ... (nakopirované) struktury,
data z molekularni dynamiky (simulaci), koordinaty pohybu ,objektu“ ve
svételném mikroskopu ... animovat i bunéény kontext — namichat v ,realnych*

pomérech do ,organel® a na ,membrany“ — CellPack ...

Lze pouzit k testovani modeld ...

Johnson et al., Nat Meth, 2015; lwasa, CO in SB, 2015



Maly prUIet hastinl bunky hhm Biolnteract;%e

vétsina ... proteinové komplexy ...

The Molecular

Jaké proteinové komplexy poznate?

Machinery of Life

dostupné: https://www.youtube.com/watch?v=FJ4NQiSeR8U




