Vyvoj software v Loschmidtovych
laboratorich

Jan Stourac




1. Nové algoritmy a metody

2. Komplexni bioinformaticka workflow




1. Nové algoritmy a metody

2. Komplexni bioinformaticka workflow




= Novy napad ©

= Problémy existujicich program
= Nizkd/nedostatecnd presnost
= Nespolehlivost
= Zastaralost

= \lypocetni naroCnost
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Automaticka analyza transportu
malych molekul tunely v proteinech s vyuzitim

molekulového dokovani.

CAVEADOCK













CaverDock
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1. Nové algoritmy a metody

2. Komplexni bioinformaticka workflow
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Motivace
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Energy-based
approach

Target protein

Conservation and correlation
analysis

FoldX prediction

Rosetta prediction
Interaction analysis

Computational

Antagonistic effect prediction

Multiple-point mutant design

Structure and activity check Structure and activity check
Stability determination Stability determination

Experimental

| Combined mutant
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{Cb Tool & method

UniRef90
BLAST {{g}} S Database ) .
a2l Mutant protein 1 5 n a St rOJ u

@Library
2 databaze

Conservation

Back-to-consensus analysis {é}-
Rosetta {é}
Energy-based single-point mutations Evolution-based single-point mutations

Non-antagonistic mutations pairs Non-antagonistic mutations pairs

Rosetta {c}}
Rosetta {@} Rosetta {c:)}
Non-antagonistic mutations pairs

Energy-based multiple-point mutant Q Evolution-based multiple-point mutant @
Combined multiple-point mutant @ User-defined mutant @
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= Narocna instalace

= VétSinou podpora pouze pro Linux

= Nedostupnost bali¢k( v repozitarich =2 nutnost kompilace

Zastaraly zdrojovy kad

= Obskurni knihovny

Velké mnozstvi (desitky) ndstrojl




V4 v

= Narocné pouzivani

= Casto 74dné uZivatelské rozhrani
= Velké mnozstvi konfiguracnich parametra (i stovky)

= Kazdy nastroj ma své “hacky”

= \lystupy vétSinou textové nebo binarni soubory




= Narocné propojeni a analyza vysledk

= \ystupy a vstupy Casto nejsou kompatibilni

= Vysledky je nutné manualné kombinovat a vizualizovat




= Nedostatek vykonu

= Malokdo ma k dispozici velké vypocetni zdroje

= Narocné na spravu a pouzivani

= ] vypocet FireProt = ~3 000 CPU hodin

= - na béZném notebooku cca 31 dni




Motivace

; ' FI HE PROT v1.0 Computational Design of Thermostable Multiple-Point Mutants

Submitnew job Help Example Usecases Acknowledgement <, Find jobl

INPUT STRUCTURE Load example

o Enter PDB code Musil M Sloura_c J, BendlJ, Brezovsky

Source : J, Prokop Z, Zendukka J, Martinek T,

Upload PDB file Bednar D, Damborsky J: FireProt:

Web Server for Automated Design of

PDBID: 4ed46 9 Process structure v Thermostable Proteins. Nucleic Acids

Research - Web Issue (submitted)
molecule chains quaternary structure
Biological unit :
1 A Monomeric (B8 B | 9
[ Specify chains manually « Number of visitors: 177
Details about biological unit 0 X!}
JOB IMFORMATION . ) Biomolecule: | 1
Burried surface area [A2): |-
Job title (optional) : Lyl ries
Surface area [A?): | -
E-mail (optional) : Change in solvent free energy [kcalimol]: - i muni cz
chain original chain residues atoms
A A 4-2542 1-3073
¥ cAaven
TSNP
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Motivace

Viewer

JSmol

Visualization settings

Structure visualization style:
Wireframe Cartoon
Sticks Trace
Balls & sticks Backbone

Balls

Hide all visualized residues
Save image

Reset view

Visualization quality:
1

FireProt protocol design
PDB ID:
Length: 2
Evolution mutant: | -3.7 kcal/mol (6 mutations

-20.85 kcal/mol (8

Energy mutant: mutations

Mutant designer

Original selection Save mutant

Download all designs (.zip)

chain position “ foldx rosetta

= A
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Automaticka identifikace rezidui vhodnych k
mutagenezi a navrh ,,chytrych knihoven” pro

proteinové inzenyrstvi.

HOTSrPOT
WIZARD







zvysena termostabilita
024°C




HotSpot Wizard
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| Library designer o ‘
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—-| RAPHYD QH TopLib
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| Mutations designer
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Legend

{E)} Tool & method
@ Database

Single-point mutant @ Strategy
@ Library
Multiple-point mutant




HotSpot Wizard

Vstupni data

Funk¢ni hot spoty

Stabilitni hot spoty
(flexibilita)

Korelované hot spoty

Stabilitni hot spoty
(evoluce)

Navrh knihoven

29 néstrojt
12 databdzi

Teplotni stabilita

Jednobodové mut.
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HotSpot Wizard

Functional hOt SpOtS Of 1CV2 Return to Results browser

Viewer Visualization settings

Tunnels
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;s’ CAVER

(:>CAVI§IDOCK

HOTSrOT
WIZARD

'& FIREPROT

ENZYME
(f MINER

}‘t‘{ SOLUPROT

c CALFITTER

Caver 3.0, CaverAnalyst 2.0
analysis of protein tunnels and channels

CaverDock 1.0
energetic analysis of passage of ligands

Hotspot Wizard 3.0
safe mutagenesis and smart libraries

FireProt 1.0
design of thermostabilizing mutations

EnzymeMiner 1.0
mining of novel enzymes in genetic databases

SoluProt 1.0
prediction of protein solubility

CalFitter 1.0
analysis of thermal denaturation data




" Frontend
= HTML, CSS, JavaScript (TypeScript)
= React, Redux, d3.js

= Backend

= Java, Python

= Spring, Hibernate, Lombok

= MySQL/MariaDB

) spring




= Deployment
= Git, Gitlab

= Redmine,

= Jenkins

4%
= CentOS, Docker M I N E
P flexible project management
C .
Q@, mEmEn
~ 7‘
2 oo

!‘5 docker

CentOS




= Vlastni produkcni a vyvojové prostredi

= 47 serverU
= 1500 CPU jader

= 24 TB RAM

= MetaCentrum

= > 200 serverl
= 20000 CPU jader

= 19 PB ulozisté
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/7 V4

Statistiky pouzivani

26.126.00

20,320.44

17.417.67

14.514.89

11.612.11

8.709.33

5.806.56

2,903.78

1.00

>100 000 uzivatelU >111 000 uloh
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= Co nabizime

= Veédecky atraktivni témata na pomeazi biologie, chemie a

informatiky s celosvétovym dosahem

= Moznost podilet se na:

= Navrhu algoritmu nebo workflow a jeho validaci

= \/yvoji a testovani software

= Moznost pracovat s modernimi technologiemi

= \/Cetné zaskoleni

= Uzkd spoluprace s modelafi a experimentatory




= Co oCekavame

= Praktické zkusSenosti se:

= Skriptovanim — vyvoj a validace workflow a metod

= Programovanim — vyvoj software

= Ochotu se vzdélavat (v informatice i biologii)

= Ochotu na praci stravit vice nez posledni semestr




Jan Stoura¢

= UCO: 113869
= Budova Al13, mistnost 108

®» E-mail: stourac@mail.muni.cz

= Web: loschmidt.chemi.muni.cz/peg/



mailto:stourac@mail.muni.cz
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