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Biologicke systémy su organizovane hierarchicky

. 1013 buniek . 1 bunka: 3x10° baz v DNA,
20 tisic génov
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Biologicke systémy su organizovane hierarchicky

1 bunka: 3x10° baz v DNA,
20 tisic génov

agcactctctcacttctggccagggaacgtggaaggcgcaccgacagggatccggecagggagggcgagtgaaagaaggaaatcagaaaggaaggga
gttaacaaaataataaaaacagcctgagccacggctggagagaccgagacccggcgcaagagagcgcagcecttagtaggagaggaacgcgagacgeg
gcagagcgcgttcagcactgacttttgctgctgcttctgcttttttitttcttagaaacaagaaggcgeccagecggceagcectcacacgecgagegecacgegaggcte
ccgaagccaacccgcgaagggaggaggggagggaggaggaggceggcegtgcagggaggagaaaaagcattttcactttitttgctcccactctaagaagtct
cccggggattttgtatatattttttaacttccgtcagggctcccgcttcatatttecttttctttcectetetgttcctgcacccaagttetetetgtgtccecectecgegggeccce
gcacctcgegtcccggategcetetgattcecgegacteettggeecgecgetgegeatggaaagcetetgeccaagatggagageggeggegecggecagcagece
cagccgcagccccagcagceccttcetgecgeccgceagcectgtttetttgccacggecgecagecgeggeggecgecagcecgcecgcageggcecagegcagageg
cgcagcagcagcagcagcagcagcagcagcagcagcaggcegccgcagcetgagaccggeggecgacggcecagcecctcagggggeggtcacaagtcag
cgcccaagcaagtcaagcgacagcegctcgtcttcgecccgaactgatgegcetgcaaacgecggctcaacttcageggcetttggetacagectgecgcageage
agccggcecgcecegtggegcegecgcaacgagegcgagegcaaccgcegtcaagtiggtcaacctgggctttgecacccttcgggagceacgtcecccaacggege
ggccaacaagaagatgagtaaggtggagacactgcgctcggeggtcgagtacatccgegegcetgcagcagcetgetggacgagcatgacgeggtgagege
cgccttccaggcaggcegtcectgtcgeccaccatctcecceccaactactccaacgacttgaacteccatggeeggcetegecggtetcatectactcgtcggacgaggg
ctcttacgacccgctcagccccgaggagcaggagcttctecgacttcaccaactggttctgaggggcetcggectggtcaggcecctggtgecgaatggactttggaa
gcaggtaggttgcattttggggtgggcaggggggtattcttgecttcgtectecctetgagtgtetgtggaagtggggatgtctccaaggagataaggggatttttattt
aaagaatttgtgaaagttggtcgatttcaagtcctagtttgttagtttcagcactggcctctgaaaatggcecttgcccaggtctccaaggagtgaagggtagtagtga
ggtgcagagatactggtgaaccgaatactgggacatgttaaaagagatgtctacctgacagactctttccccagacctccatctccctctaccactagcectacac
gttcaaattaacctctcctgttcttttccttatgttatagggtgatcgcacaacctgceatctttagtgctttcttgtcagtggegttgggagggggagaaaaggaaaaga
aaaaaaaaagaagaagaagaagaaaagagaagaagaaaaaaacgaaaacagtcaaccaaccccatcgccaactaagcgaggceatgectgagaga
catggctttcagaaaacgggaagcgctcagaacagtatctttgcactccaatcattcacggagatatgaagagcaactgggacctgagtcaatgcgcaaaatg
cagcttgtgtgcaaaagcagtgggctcctggcagaagggagcagcacacgcegttatagtaactcccatcacctctaacacgcacagctgaaagttettgetegg
gtcccttcacctectegecctticttaaagtgcagttcttagecctctagaaacgagttggtgtctttcgtctcagtageccccacceccaataagetgtagacattggtt
acagtgaaactatgctattctcagccctttgaaactctgcttctcctccagggceccgattcccaaaccccatggcettccectcacactgtcttttctaccattttcattatag
aatgcttccaatctttigtgaattttitattataaaaaatctatttgtatctatcctaaccagtticggggatatattaagatatttttgtacataagagagaaagagagaga
aaaatttatagaagttttgtacaaatggtttaaaatgtgtatatcttgatactttaacatgtaatgctattacctctgcatattttagatgtgtagttcaccttacaactgcaat




Explozia informacii o biologickych systémoch

‘ MnoZstvo dostupnej informacie o biologickych objektoch presiahlo analyticku kapacitu ludstva

Growth of GenBank
(1982 - 2008)
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Co je to bioinformatika?



Bioinformatika je interdisciplinarny vedecky odbor

‘ Definicia (p6vodna): Paulien Hogeweg a Ben Hesper: "the study of informatic processes in biotic systems"
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Bioinformatika je interdisciplinarny vedecky odbor

Techniky a nastroje v bioinformatike:

‘ Uchovavanie biologickej
informacie

Databazy
 Tvorba rozhrania
* Prehladavanie
* Kategorizacia
 Anotacia
» (itacia
e Validacia dat
e Aktualizacia

Interoperabilita

Standardizacia

Komunikacia

Optimalizacia
funkcnych
procesov

‘ Vyskum a Analyzy

Analyza textového retazca
* Hladanie textu
« Statistické analyzy

Hladanie vzorov
* Al/ machine learning
* Klastrovanie
* Data mining

Geometricke a fyzikalne modely



Ma bioinformatika praktické vyuzitie?



Bioinformatika ma Siroké prakticke uplatnenie

. Molekularna medicina: identifikacia genetickej variability: davkovanie warfarinu na riedenie krvi.

3-4 z 20 tisic génov
genetic defect slows
breakdown of drug

toxic concentration

. . >>> adverse reactions
administration

Drugin blood

Time (hours)



Bioinformatika ma Siroké prakticke uplatnenie

. Molekularny detektiv odhalenie generacie X-men: lakt6zova tolerancia v dospelosti
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Bioinformatika ma Siroké prakticke uplatnenie

Bioinformaticke analyzy poskytuju racionalny zaklad molekularnej mediciny

' Génova terapia

Vcasna detekcia a geneticka
predispozicia k chorobam

‘ Farmakogenetika
* Individualizovane liecCiva

« Specificky vyber lietiv
e Urcenie mnozstva/davky liekov
 Obmedzenie vedlajsich ucinkov

‘ Spresnena diagnostika chorob



Bioinformatika ma Sirokeé praktické uplatnenie

o Cisti¢ky vod
e ZniZovanie pravdepodobnosti dedi¢nych mutacii

 Biopaliva
 Detekcia polutantov
e Zmena klimy

e Uroda, rezistencia voci suchu
e ZvySovanie nutri¢nej hodnoty
* Biopesticidy

* DNA
* Hmotnostna spektroskopia




PROTEINOVE

Bioinformatika ma Sirokeé praktické uplatnenie

o
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Bioinformatika ma Sirokeé praktické uplatnenie

Cielena modifikacia vlastnosti biologickych objektov: proteinové inzinierstvo

Navrhy riesenia Sposob dosiahnutia Dosiahnuty efekt

‘ Priprava novych katalyzatorov

e Priprava biopaliv

* Syntéza novych zlucenin
* Odburavanie mikroplastov
* Databazy ) Egperim.entz,illny ' y . :
. Modelovanie b}oche.m,lcky a ZlepSovanie urodnosti
. Bigdata blt?fymkalny | |
pristup * Biodegradovatelné pesticidy

* Stratégie zvySovanie odolnosti voCi
suchu



Ako sa vyuzivaju nastroje informatiky pri rieSeni
biologickych problémov?



Priklad 1.

Priklad 2.

Priklad 3.

Priklad 4.

Priklad 5.

Molekulova evolucia proteinov
Molekularna brana ako regulator enzymovej aktivity
Analyza komplexnych sieti metabolicky drah

Jursky park na molekulovej urovni: rekonstrukcia
pravekych enzymov

Biofarmaceuticky priemysel: predikcia
rozpustnosti proteinov



Bioinformatika ako nastroj pochopenia biologickych objektov

Priklad 1. Molekulova evolucia proteinov

doc. Ing. Martin Tomasek PhD. RNDr. Gabriel Zoldak PhD
Bc. Samuel Pristiak Bc. Michal Gala
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Bioinformatika ako nastroj pochopenia biologickych objektov

Priklad 1. Molekulova evolucia proteinov

MAPQVPPLLA FPLOQPPTMDS PVOIFRGEPG PTCAPRACQL PNSSAWFPGW AEPDGNASA
METPVQLFRG EPGPTCAPSA CLLPNSSAWF PGWAESGNGS AGSEEAQLEP AHISPAIPY
MESPVQIFRG EPGPTCAPST CLLPNDSGWF PGWAEPDGNS SAGSEDAPLE PAHISPAIP
MESPVQIFRG EPGPTCAPSA CLLPNSSAWF PGWAESGNGS AGSEEAQLEP AHISPAIPV

' Bc. Michal Gala: 1

1 A A _ A T A MESPVQIFRG EPGPTCAPST CLLPNDSGWF PGWAEPDGNS SAGSEDAPLE PAHISPAIP
Dlplomova praca Fylogeneza bakterlalnyCh B MESPVQIFRG DPGPTCAPSA CLLPMGSAWF PGWAEQDGND SASSEPAQLE PAHISPAIP
/ 7 1 £ A1 B MMESPVQIFR GEPGPTCAPS ACLLPNGSTW FPDWAEPDSK GNGTASAEDA QLETAHISP
StreSOVyCh prOteanV d ICh UIOha \ adaptaCII MESPVQIFRG EPGPTCAPST CLLPNDSGWF PGMWAEPDGNS SAGSEDAPLE PAHISPAIP

MDSPVQIFRG EPGPTCAPRA CLLPNGSAWF

SGWAESDSNG

SASPEDEPLE PAHISPAIP

na extrémne podmienKky.

e 244 baktérialnych Hsp70 proteinov
* Bioinformaticka analyza
* Konzervované/variabilné oblasti

Sekvencné
zarovnanie
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Priklad 1. Molekulova evolucia proteinov

‘ Evolucia Hsp70 proteinov: vyvoj novych nastrojov na analyzu doc. Ing. Martin Tomasek PhD.

lokalnej mechanickej plasticity Struktury Bc. Samuel Pristiak
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Bioinformatika ako nastroj pochopenia biologickych objektov

Priklad 1. Molekulova evolucia proteinov

Evolucia Hsp70 proteinov: vyvoj novych nastrojov na analyzu doc. Ing. Martin Tomasek PhD.
lokalnej mechanickej plasticity Struktury Bc. Samuel Pristiak
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Bioinformatika ako nastroj pochopenia biologickych objektov

Priklad 2. Molekularna brana ako regulator enzymovej aktivity

ritz ], Zoldak G, Sedlak E. Cofactor assisted gating mechanism in the active site of NADH oxidase from Thermus thermophilus.
Proteins. 2006 Aug 1;64(2):465-76.



Bioinformatika ako nastroj pochopenia biologickych objektov

Priklad 2. Molekularna brana ako regulator enzymovej aktivity

Q Nanostruktira enzymu NADH oxidaza
e Simulacie molekulovej dynamiky
* Fyzikalny model: klasicka mechanika, silové polia

FMN 412 Trp 47
v




[P TR P T

Bioinformatika ako nastroj pochopenia biologickych objektov

Priklad 2. Molekularna brana ako regulator enzymovej aktivity
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Bioinformatika ako nastroj pochopenia biologickych objektov

Priklad 3. Analyza komplexnych sieti metabolicky drah
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Priklad 3. Analyza komplexnych sieti metabolicky drah
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Calhoun S, Korczynska M, Wichelecki D], San Francisco B, Zhao S, Rodionov DA, Vetting MW, Al-Obaidi NF, Lin H, O'Meara
M], Scott DA, Morris JH, Russel D, Almo SC, Osterman AL, Gerlt JA, Jacobson MP, Shoichet BK, Sali A. Prediction of enzymatic
pathways by integrative pathway mapping. Elife. 2018 Jan 29;7. pii: €31097. doi: 10.7554 /eLife.31097.
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Priklad 4. Jursky park na molekulovej urovni: rekonstrukcia
pravekych enzymov
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Rekonstrukcia pravekych enzymov

EVOLUTIONARY TIMELINE FOR "Homo sapiens”, WITH DIVERGENCE TIMES (MYA)

‘ Fylogenetlcky strom

Molekularne hodiny su zname
* Ako sa menila proteinova sekvencia v

case
* Rekonstrukcia spolocného predchodcu
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Kumar S, Stecher G, Suleski M, Hedges SB. TimeTree: A Resource for Timelines, Timetrees, and Divergence Times. Mol Biol
Evol. 2017 Jul 1;34(7):1812-1819. doi: 10.1093 /molbev/msx116. PubMed PMID: 28387841.
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Priklad 5. Biofarmaceuticky priemysel: predikcia
rozpustnosti proteinov

doc. Ing. Martin Tomasek PhD. RNDr. Gabriel Zoldak PhD
Doc. RNDr. Erik Sedlak, PhD
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‘ Komplexna Struktura terapeutickych proteinov a vakcin

* Limitujuca koncentracia pre aktivne pouzitie
* Prisne regulacné kritéria pre mnozstvo/stav

terapeutika
* Predikcia na zaklade proteinovej sekvencie
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Biofarmaceuticky priemysel: predikcia rozpustnosti proteinov
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Aké su vel'ké vyzvy v bioinformatike? I.



TOP10 problémov v proteinovej bioinformatike

Algoritmy pre sekvencne zarovnavanie proteinov
Predikcia vlastnosti proteinov z ich primarnej sekvencie
Predikcia funkcie proteinov

Predikcia 3D Struktury

Membranové proteiny

Identifikacia funk¢ného/regulacného miesta
Protein-protein interakcia

Predikcia protein-mala molekula (dokovanie)

S A L - D

Proteinovy dizajn

10.Proteinové inzinierstvo



Aké su vel'ké vyzvy v bioinformatike? II.



GRAND CHALLENGES IN COMPUTATIONAL BIOLOGY

* Protein structure prediction

* Homology searches

* Multiple alignment and phylogeny construction
* Genomic sequence analysis and gene-finding

MODELING OF BIOLOGICAL SYSTEMS

Integrating data and developing models of complex systems

across multiple spatial and temporal scales
1. Scale relations and coupling
2. Temporal complexity and coding

3. Parameter estimation and treatment of uncertainty

4. Statistical analysis and data mining

5. Simulation modeling and prediction
1.Structure-function relationships

1. Large and small nucleic acids

2. Proteins

3. Membrane systems

4. General macromolecular assemblies

5. Cellular, tissue, organismal systems

OPPORTUNITIES IN MOLECULAR BIOMEDICINE IN THE
ERA OF TERAFLOP COMPUTING

Study protein-protein and protein-nucleic acid
recognition and assembly

Investigate integral functional units (dynamic form and
function of large macromolecular and supramolecular
complexes)

Bridge the gap between computationally feasible and
functionally relevant time scales

Improve multiresolution structure prediction

Combine classical molecular dynamics simulations with
quantum chemical forces

Sample larger sets of dynamical events and chemical
species

Realize interactive modeling

Foster the development of biomolecular modeling and
bioinformatics

Train computational biologists in teraflop technologies,
numerical algorithms, and physical concepts

Bring experimental and computational groups in
molecular biomedicine closer together.



4. NEXT-GENERATION BIOLOGY: THE ROLE OF NEXT-

1. Ecological and evolutionary systems
GENERATION COMPUTING

1.Image analysis and visualization
1. Image interpretation and data fusion
2. Inverse problems
3. Two-, three- and higher-dimensional visualization
and virtual reality
2.Basic mathematical issues
1. Formalisms for spatial and temporal encoding
2. Complex geometry
3. Relationships between network architecture and
dynamics
4. Combinatorial complexity
5. Theory for systems that combine stochastic and
nonlinear effects often in partially distributed
systems

Exemplar Challenges for Bioinformatics and
Computational Biology

1.Full genome-genome comparisons

2.Rapid assessment of polymorphic genetic variations
3.Complete construction of orthologous and paralogous
groups of genes

4.Structure determination of large macromolecular
assemblies/complexes

5.Dynamical simulation of realistic oligomeric systems
6.Rapid structural /topological clustering of proteins
7.Prediction of unknown molecular structures; protein

3.Data management folding _ _ :
1. Data modeling and data structure design 8.Computer simulation of membrane structure and dynamic
function

2. Query algorithms, especially across heterogeneous _ _ e
9.Simulation of genetic networks and the sensitivity of these

data types
3. Data server communication, especially peer-to-peer ~ Pathways to component st.()lchlometry and kinetics
replication 10.Integration of observations across scales of vastly

different dimensions and organization to yield realistic

4. Distributed memory management and process A _
environmental models for basic biology and societal needs

management



GRAND CHALLENGES IN BIOMEDICAL COMPUTING:
Biomedical Applications from Coupling Imaging and
Modeling

* Real-time noninvasive three-dimensional imaging of
many body systems

* Real-time generation of three-dimensional patient-
specific models

e Multiple-technology (multimodal) imaging and modeling

* Whole-organ modeling

* Multiple-organ system modeling

» Patient-specific modeling of organ anomalies

* Model support for (partial) restoration of hearing, coarse
vision, and locomotion (via both paralyzed and artificial
limbs)

» All of these applications make use of:

* Three-dimensional models

* Increasingly refined grids and increasing levels of tissue
discrimination

* Anatomically realistic models

* Special-purpose hardware for visualization

* Distributed computing techniques.

EMERGING FIELDS IN BIOINFORMATICS

1.Data storage and retrieval, database structures, annotatior
2.Analysis of genomic/proteomic/other high-throughput
information

3.Evolutionary model building and phylogenic analysis
4.Architecture and content of genomes

5.Complex systems analysis/genetic circuits

6.Information content in DNA, RNA, protein sequences and
structure

7.Metabolic computing

8.Data mining using machine learning tools, neural nets,
artificial intelligence

9.Nucleic acid and protein sequence analyses

HIGH-PERFORMANCE COMPUTING, COMMUNICATION,
AND INFORMATION TECHNOLOGY GRAND CHALLENGES
* Understanding protein folding

* Predicting structure of native protein

» Exhaustive discovery and analysis of cancer genes

* Molecular recognition and dynamics

* Drugdiscovery
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