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LBic Motto

Bez cile se ani Robin Hood netrefi.
Nejmenovany autor tohoto kurzu




Jtérend Osnova

e Znalost biologického cile
 |dentifikace cile

— metabolické cesty
— Metody urceni struktury

 Charakterizace cile

— Mechanismus pusobeni
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@ Big

trend

|dentifikace cile

* Protein, ktery je v metabolickeé
draze spojené s chorobou

* Zname jeho primarni sekvenci
(dnes uz skoro jisté, pokud se
nejedna o novy patogen)

e Potrebujeme znat strukturu




trend Metabolické drahy
5o

Biochemical Pathways - Metabolic Pathways

r‘ EXPASV uree Porta Biochemical Pathway Maps

A B C D

For enquiries on how to obtain a paper copy of the wall chart, please contact Roche Applied Science directly, and do not email the ExPASY staff.
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http://web.expasy.org/cgi-bin/pathways/show_thumbnails.pl
http://web.expasy.org/cgi-bin/pathways/show_thumbnails.pl

trend

Metabolické drahy Il

* Databaze
— KEGG - http://www.genome.ad.jp/kegg

— MetaCyc - http://metacyc.org

— znamé metabolické drahy

— Hledame uzké hrdlo — enzym, ktery bychom mohli
zastavit
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http://www.genome.ad.jp/kegg
http://metacyc.org/

e Jak ziskdvat strukturu

* RTG * NMR
— Xyz souradnice atom{ — torzni uhly a vzdalenosti
— krystal, rozliseni, — dynamicka informace
— interpretace mezimolekulové — zpracovani pomoci MD

interakce
* Predikce
* EM — Homologni modelovani

e Ziskani modelu ze znalosti sekvencni
podobnosti k jiz existujici strukture

— Protein threading

e Poskladani z kouskU

— De novo predikce — protein
folding

— elektronovy obal

— nizké rozliseni

— velké komplexy

— Ne pfrilis vhodné pro
drug design
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X-ray
aneb

rentgenova krystalografie




trend

Rentgenova krystalografle

\—V

2 D.:|fracn| experlment ¥ N 3 Vypocet mapy elektronove hustoty.
“i e T 5 4. Stavba modelu do mapy el. hustoty




?end v
ProC X-Ray

Elektromagnetické zareni interaguje s objekty jejichz velikost
je srovnatelna s vinovou délkou (A).
Napr. viditelné svetlo ma vinovou délku priblizné od 400 do

700 nm.

Vzdalenosti mezi atomy: C-C=1,54A,
C=C=1,23 A
1 A (Angstrom) = 0.1 nm C-N=1,45 A

1A=101m N-(H).....0=2,8 A
V laboratofi se bé7né pouziva CuKa - A = 1,54 A.
Synchrotron—A=0,5A—-2,5A.
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et Rozliseni (R)

e vjednotkach A, (vice reflexi-lepsi zesileni signal-Sum)

* schopnost rozlisit detaily na vzdalenost. Teoreticky rozlisitéIné detaily
separované nejméneé 0.7x rozliseni.

* Cim lepsi rozliseni, tim lepsi mapu dostaneme - snadnéjsi stavba
modelu! & ¢

e
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Nizke rozliseni

* Mapy s nizkym rozlisenim ukazuji pouze obecné
vlastnosti jako je napr. tvar molekuly a umisténi
elementu sekundarni struktury.
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kontrola kvality

 Model quality is assessed with Knowledge-Based (KB) and Model-vs-Data
(MvD) metrics

— KB metrics compare structural features with the database of protein
structures

— MvD metrics compare models against experimental data

 Assessment requires annotation of well-defined regions the protein
structure model

e Stereochemickd — PROCHECK 3.5

it

I
=

. Ramachandran plot
. Ramachandran plots by residue type
. Chi1l-Chi2 plots

Main-chain parameters

. Side-chain parameters

Residue properties

Main-chain bond length distributions
. Main-chain bond angle distributions
. RMS distances from planarity

— 10. Distorted geometry plots

* Ry —cCross-validace -5-10 % dat vynechano.

I
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https://www.ebi.ac.uk/thornton-srv/software/PROCHECK/manual/examples/plot_01.html
https://www.ebi.ac.uk/thornton-srv/software/PROCHECK/manual/examples/plot_02.html
https://www.ebi.ac.uk/thornton-srv/software/PROCHECK/manual/examples/plot_03.html
https://www.ebi.ac.uk/thornton-srv/software/PROCHECK/manual/examples/plot_04.html
https://www.ebi.ac.uk/thornton-srv/software/PROCHECK/manual/examples/plot_05.html
https://www.ebi.ac.uk/thornton-srv/software/PROCHECK/manual/examples/plot_06.html
https://www.ebi.ac.uk/thornton-srv/software/PROCHECK/manual/examples/plot_07.html
https://www.ebi.ac.uk/thornton-srv/software/PROCHECK/manual/examples/plot_08.html
https://www.ebi.ac.uk/thornton-srv/software/PROCHECK/manual/examples/plot_09.html
https://www.ebi.ac.uk/thornton-srv/software/PROCHECK/manual/examples/plot_10.html

ValidatorDB

e Ligandy
* kontrola oproti DB
— kompletnost

— kontrola chirality
— substituce

Varekova,R.S., Jaiswal,D., Sehnal,D., lonescu,C.-
M., Geidl|,S., Pravda,L., Horsky,V., Wimmerova,M.
and Koca,J. (2014) MotiveValidator: interactive
web-based validation of ligand and residue
structure in biomolecular complexes. Nucleic Acids
Research, 42(Web Server issue), W227-33.

Completeness analyses

d)

SIA
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Incomplete structure
missing atom
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http://dx.doi.org/10.1093/nar/gku426
http://dx.doi.org/10.1093/nar/gku426
http://dx.doi.org/10.1093/nar/gku426
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NMR
aneb

Nuklearni magneticka rezonance
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trend  Nuklearni magneticka rezonance

A =
V=

NMR

NMR spektroskopie vyuziva magnetickych vlastnosti jader atomu.

Absorpéni(emisni) spektroskopie, podobné jako IC nebo UV. Detekuje
absorbci radiofrekvencniho zareni jadry atomu v molekule.

Radiofrekvenéni energie (AE prechodl jaderného spinu):
dovolené spinové stavy

1011 az 3 x 107 nm
106 az 1010 Hz AFE =hv =ho

Nastavenim frekvence elektromagnetického zareni (v, nebo w) na rezonanéni
podminku dojde k indukci prechodl mezi hladinami jaderného spinu

(tzn. muzeme mérit NMR spektrum!).

INVESTICE DO ROZVOJE VZDELAVANI



?end N M R

* Externi magnetické pole => energeticky rozdil
mezi spinovymi stavy jadernych magnetickych
momentd (m)

HHH B,>0 AE=hv
N

E'.:.=D I I ol

—
-
L=

* Rozdil v populaci stavu ie dan rozdilem energii
( AE | KT ]

N,/ N;=e

— napf. AE=3.8x10" kcal/mol pro *H pfi 400 MHz (B,=9.5T) Na/Np=1.000064
* Rozdily populaci velmi malé
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trend

NMR-aktivni jadra v proteinech

* Prirozena: PII PII Ci
1H, Spin % —N—CU—C1:—
31 in 1 I

P, spin % H—fi‘B—H
L iy HaZNyH

* Obohacena diky bakterialni
expresi: H H
2H, spin 1 (|3'
13C, spin % PO;

15 N . 1/
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trend

* Prirazeni sekvence (urceni

vedlejsich retézcu)

— COSY

— NOESY

— 3D-NMR experimenty

e Sekundarni struktura

— chemické posuny (backbone)
— dipolarni sprahnuti => prostor
— J-sprahnuti => torzni uhly
e Terciarni struktura (do modelu)
— NOE intenzity (neodpovidajici COSY

pro vedlejsi retézce)

evropsky
socialni

EEEEEEEEEEEEEEEEEEEEEEEEEE

Urceni struktury pomoci NMR

cosy

'H Chemicky posun

at @
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Kvalita struktury NMR

* Vysledkem NMR experimentu

= Zisk celé sady struktur, které
splnuji podminky
e Kvalita:

— Stereochemie — Ramachandran

— Ekvivalent R;,.. — vynecha se cast
dat pri urCovani struktury a pak se
to pres né kontroluje

neni standardizovano!
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Cryo-EM
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Cryo EM

A Freeze Collect data
—_— — —_—
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Sample Grid Electron microscope 2D projections
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3D model 3D map Particle alignment

and averaging



2017 NOBEL PRIZE IN CHEMISTRY

The Nobel Prize in Chemistry 2017 was awarded to Jacques Dubochet, Joachim Frank, and Richard
Henderson for the development of cryo-electron microscopy for determining biomolecule structures.

X-RAY CRYSTALLOGRAPHY NMR SPECTROSCOPY . .
Cryo-electron microscopy (cryo-EM)is a

. technique that makes it possible to produce
‘d\ 4 4 3D images of biomolecules at atomic
“ \ \ resolution. It can be used to capture images
of biomolecules which could not be visualised

Structures of protelns Structures of small Structures of large, non- with previously existing techniques.
that form crystals proteins In solutlon crystalline protelns

<— ELECTRON SOURCE &
mq— ELECTRON BEAM
<+—— SAMPLE Y
<— MAGNETIC LENS
<«—— 2D IMAGE ® LIQUID ETHANE (-196°C) —T

Henderson pioneered the use of Frank developed an image analysis Biological samples dry out and are
electron microscopy (EM) to visualise method that allowed computers to damaged when in vacuum during
proteins. Using it, he produced the assemble a high resolution 3D image EM. Dubochet solved this by rapidly
first atomic resolution image of a from many 2D EM images, improving freezing samples in water at -196°C to
protein, bacteriorhodopsin, in 1990. the quality of biomolecule images. form an icy glass instead of crystals.

WHY DOES THIS RESEARCH MATTER?
Cryo-EM allows scientists to reveal how proteins move and interact with
b other molecules, freezing and observing them mid-process. It could
improve our understanding of drug targets and biological processes.

Nobel Prize in Chemistry Press release: https://www.nobelprize.org/nobel_prizes/chemistry/laureates/2017/press.html/

COMPOUND © Compound Interest/Andy Brunning - compoundchem.com
® OOSO

i NT E R E ST Shared under a CC Attribution-NonCommercial-NoDerivatives licence




EMDB

Protein Data Bank

in Europe

EM resources

Bringing Structure to Biology

«, Shar

The Electron Microscopy Data Bank (EMDB) at PDBe

o Home

o Statistics

o Yalidation

o EMDataBank
o EMPIAR

o Test data

EMDB

o Latest maps

o Latest headers

o Latest updates

o Search

o  Browse

o FTP archive

o Deposit EM map/model
o EMDB data model

Quick access

Click on one of these categories:

Ribosome Virus Phage GroEL Microtubule Polymerase Helicase

% \ ; y
dis ' j
o
& i S -
Human HIV Entries with Single particle Tomography Helical

fitted models reconstruction resolution

Introduction

The Electron Microscopy Data Bank (EMDB) is a public repository for electron microscopy density maps of macromo
and subcellular structures. It covers a variety of techniques, including single-particle analysis, electron tomogra
12D} crystallography.

The EMDBE was founded at EBI in 2002, under the leadership of Kim Henrick. Since 2007 it has been operated joi
and the Research Collaboratory for Structural Bicinformatics (RCSB PDE) as a part of EMDataBank which is fund
grant to PDBe, the RCSB and the National Center for Macromolecular Imaging (NCMIJ.




EMDB

* V posledni dobé
vyrazne
vylepseni
rozliseni

. High Resolution Electron Microscopy

* teoreticke limity ==
jsou v radu A

Maps achieving given resolution levels —
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Maps released
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redikce struktury
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trend

Predikce struktury proteinu

* Predikce struktury

— vychazejici ze znamych stabilnich struktur

 Homologni modelovani
— SwissMODEL, I-TASSER

* threading
— Modeller,

— vychazejici z fyzikalnich modelu
* de novo modelovani (ab initio)
— Quark, Robbeta, molekuldrni mechanika

— skladani proteinl (protein folding)
— Folding@Home, FoldlIt
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trend

Homologni modelovani

* také komparativni, nebo knowledge-based
modelovani

e strukturu neznamého proteinu sestavi na
zakladé znalosti struktury homologniho
proteinu

* Swiss-MODEL
* http://spdbv.vital-it.ch/modeling tut.html 0@
... 7T

e N NOMOCE 28

EEEEEEEEEEEEEEEEEEEEEEEEEE



http://spdbv.vital-it.ch/modeling_tut.html

trend

Obecny protokol

e vybrat protein k modelovani

* hledani homologu
— ne — ab initio, ev. threading
— ano — Clustal W —alignment

* modelovani centralniho regionu
— (analyza o¢ima — odpovida to experimentu?)
e if ano — modelovani loopu (hledani fragmentu
 modelovani vedlejsich retézcu (rotamery)
* minimalizace (molekulové modelovani, dynamika)

e stereochemicka kontrola modelu (PROCHECK,
Ramachandran plot)
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Jtérend Kdy pouzit Homolognhi modelovani

e pokud je podobnost mezi sekvenci templatu a cilové
sekvence dostatecné vysoka

RMSD vs % sequence identity (target/best template)
[bins of 10%]

20

o—o 3djigsaw
=—a cphmodels

e alespon

esypred
. 15 a—=a gdsc? .
30% IDENTITY je _ SwissModel
=
nutnou podminkou £, ]
tvorby modelu :

0 1 1 1
0 20 40 60
% sequence identity

30




8 Protein threading

» Sestaveni databaze strukturnich templatu

e Sestaveni skérovaci funkce
— Meéri jak dobre odpovida sekvenci struktura

— Obsahuje moznost popsat mutace, okoli, parové interakce mezi blizkymi
aminokyselinami, sekundarni strukturu a rozdily v délkach

— Kvalita skdrovaci funkce blizce souvisi s presnosti predikce!
* Threading alignment

— lterativni porovnani (alignment) cilové sekvence s templaty struktury pomoci
optimalizace skérovaci funkce

* Threading predikce
— Nejpravdépodobnéjsi alignment => threading predikce

— Posléze se vytvori strukturni model (ev. vic model(l) umisténim atomu patere
na mista templatu.
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-
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@ Big

trend

Modeller

Program for Comparative Protein
Structure Modelling by Satisfaction
of Spatial Restraints

* homologni modelovani s constraints (napr.
NMR, EM, apod)
— pouziva tzv. i-Sites (kratké kousky, pro které zna

strukturu)
http://salilab.org/modeller/

Comparative protein modelling by

satisfaction of spatial restraints. Sali NE: —_—
A, Blundell TL. J Mol Biol. 1993 Dec gfs;xc’“ I 32

konkurenceschopnost V OLOMOUCI

5, 2 3 4 ( 3 ) . 7 7 9 - 8 1 5 . INVESTIC>E DO ROZVOJE VZDELAVANI



http://salilab.org/modeller/
http://www.ncbi.nlm.nih.gov/pubmed/8254673

trend

Kdy pouzit threading?

 Pokud nemam dost sekvencni identity k
jednomu templatu

* nejlépe po jednotlivych doménach

* nejlépe zkusit nékolik programu a porovnat,
ktery fold je nejcastéjsi — konsensus

e pouzit dalsi znalosti o proteinu (funkce) — opét
to muze napomoct vybrat spravny fold.

EEEEEEEEEEEEEEEEEEEEEEEEEE



trend « ey .
Ab initio modeling
e abinitio = bez predchozich znalosti (templatu)

* masivni hledani spravné konformace a k tomu
fyzikalni (pseudo-fyzikalni) energeticka funkce na
popis volné energie

* http://robetta.bakerlab.org/
* ab initio and comparative models of protein domains

* Nejméne presné ale jediné pouzitelné, pokud
neznam templat
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http://robetta.bakerlab.org/

@ Big

trend

FoldIt

* skladani proteinu jako hra

s z 9 (|
¥ . "
Shake Wiggle Clearlocks Reset Mouse
Sidechains Backbone andBands Puzzle Help

A Actions P History > View P File

e http://fold.it/portal/

i

G
evropsky I &

OP Vagétavani

socialni
fondvCR EVROPSKA UNIE pro keakurenceschopnost

INVESTICE DO ROZVOJE VZDELAVANI

UNIVERZITA
PALACKEHO
VOLOMOUCI

Rank: 17

48: Pro Peptide
P Group Competition
¥ Player Competition

i7 kathleen

Score:

5015

5015

9092

¥ Pull Tool
35


http://fold.it/portal/

Ktera metoda je nejlepsi?

1. X-Ray (s dobrym rozlisenim)
2. NMR

3. Modely
1. nejlepsi byva kombinace (I-TASSER)
2. Threading (Modeller — idealni pokud je dobry
templat)
3. Homologni modelovani (Swiss-Model)
4. Ab initio (Robetta)



Nobelovskeé

trend

porovnani jednotlivych metod

X-Ray

Others

1901: Wilhelm C. Rdntgen (Physics) — X-ray

1943: Otto Stern (Physics) magnetic moment of the proton (NMR)

1914: Max von Laue (Physics) diffraction of X-rays by crystals

1944: |sidor I. Rabi (Physics) resonance method for recording the
magnetic properties of atomic nuclei (NMR)

1915: William H. Bragg and William L. Bragqg (Physics) — Bragg'’s
equation

1952: Felix Bloch, Edward M. Purcell (Physics) nuclear magnetic
precision measurements (NMR)

1964: Dorothy C. Hodgkin (Chemistry) structures of penicillin and
vitamin B-12.

1982: Aaron Klug (Chemistry) crystallographic electron microscopy
(EM)

1985: Herbert A. Hauptman and Jerome Karle (Chemistry) phase
problem

1986: Ernst Ruska, Gerd Binnig, Heinrich Rohrer (Physics) TEM, STM

1954: Linus Pauling (Chemistry) — chemical bond, peptide bond, and
the structures of the alpha helix and beta strand

1991: Richard R. Ernst (Chemistry) high resolution nuclear magnetic
resonance (NMR) spectroscopy

1962 Francis H.C. Crick, James D. Watson, Maurice H.F. Wilkins
(Physiology or Medicine) — DNA

1994: Bertram N. Brockhouse and Clifford G. Shull (Physics) neutron
scattering

1962: Max F. Perutz and John C. Kendrew (Chemistry) globular
proteins — myoglobin, hemoglobin

1998: Walter Kohn a John A. Pople (Chemistry) — computational
methods in quantum chemistry (in silico)

1988: Johann Deisenhofer, Robert Huber, and Hartmut
Michel (Chemistry) photosynthetic reaction centre (1PRC).

2002: John B. Fenn, Koichi Tanaka (Chemistry) soft ionization mass
spectrometry (MS)

1996: Paul D. Boyer, John E. Walker, and Jens C. Skou (Chemistry)
F1-ATPase (1bmf, 1cow)

2002: Kurt Wathrich (Chemistry) nuclear magnetic resonance (NMR)

2003: Peter Agre and Roderick MacKinnon (Chemistry) membrane
channels (1bI8, 2f2b, 2evu)

2003: Paul C. Lauterbur, Peter Mansfield (Physiology or Medicine)
magnetic resonance imaging (MRI)

2006: Roger Kornberg (Chemistry) molecular basis of eukaryotic
transcription (1i3qg, 1i50, 1i6h)

2013: Martin Karplus, Michael Levitt and Arieh Warshel (Chemistry) -
multiscale models for complex chemical systems (in silico)

2009 Venkatraman Ramakrishnan, Thomas A. Steitz, and Ada E.
Yonath (Chemistry) ribosome (1ffk, 1fig, 1fka, 1qgix, 1giy)

2017: Jack Dubochet, Joachim Frank, Richard Henderson
(Chemistry) cryo-electron microscopy for macromolecules (CryoEM)

2012 Robert J. Lefkowitz, Brian K. Kobilka (Chemistry) GPCR (3sn6,
3uon, 4daj, 4dkl)



http://nobelprize.org/nobel_prizes/physics/laureates/1901/
http://nobelprize.org/nobel_prizes/physics/laureates/1914/index.html
http://nobelprize.org/nobel_prizes/physics/laureates/1915/index.html
http://nobelprize.org/nobel_prizes/chemistry/laureates/1964/
http://nobelprize.org/nobel_prizes/chemistry/laureates/1982/index.html
http://nobelprize.org/nobel_prizes/chemistry/laureates/1985/index.html
http://nobelprize.org/nobel_prizes/chemistry/laureates/1954/index.html
http://nobelprize.org/nobel_prizes/chemistry/laureates/1991/index.html
http://nobelprize.org/nobel_prizes/medicine/laureates/1962/index.html
http://nobelprize.org/nobel_prizes/physics/laureates/1994/press.html
http://nobelprize.org/nobel_prizes/chemistry/laureates/1962/index.html
http://nobelprize.org/nobel_prizes/chemistry/laureates/1988/index.html
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 Brian K. Kobilka
e Robert J. Lefkowitz

Figure 3. Illustration of Kobilka's crystal

structure of an activated B-adrenergic receptor
[blue). A hormone [orange) attaches to the out-
side and a G-protein [red) couples on the inside.

The image, published in Nature, reveals new details about GPCRs, for instance, what the activated
receptor looks like when it opens up a void where the G-protein likes to bind (figure 4). Such knowledge
will be very useful in the future for the development of new pharmaceutical drugs.

"for studies of G-protein-coupled receptors”
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Chemicky posun

e RUzna jadra maji ruzné rezonancni frekvence

 Magnetické pole, ve kterém se jadro nachazi neni rovno
vnejsimu magnetickému poli.
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Klasické rozliseni proteinu

 béZné rozlideni u proteinovych struktur pod 2.5 A

* Pritomto rozliseni je snadné sledovat prabéh hlavniho retézce a
rada postranich retézcl ma také dobre definovanou hustotu. U
proteind je limit pro publikaci struktury rozlieni 3.0 A.

e Pod 2.5 A vétginou lze pouzit pro drug design (dokovani)

R=26A
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Vysoké rozliseni

Mapa elektronové
hustoty s velmi
vysokym rozlisenim
jasne ukazuje pozice
jednotlivych atomu.

* |dealni pro drug
design

R=1.2A
H-vazby (fialova) mezi N a O atomy.
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