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= Experimentalni tym
= Charakterizace protein(

= Reseni struktur

= Mikrofluidika

= Teoreticky tym
= Molekularni dynamiky
= Bioinformatika

= Strojové uceni
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Proteiny

Biosenzory

Biodegradace




= Stabilni proteiny jsou odolné&jsi

\J
"
4

Teplota Nepfiznivé pH Rozpouétédia Zivotnost

= QOdolnost proti mutacim

= Ddlezité beéhem evoluce
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= Silné spojena se strukturou proteind

= Nahodné skladani neni mozné
= Struktura proteinu zavisi pouze na sekvenci

= ZpUsobeno interakcemi mezi aminokyselinami

S

= Fyzikalné-chemickeé interakce

= Kovalentni vazby

= Nekovalentni interakce
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= Kovalentni interakce

» Sdileni elektronu

= Spojeno s primarni strukturou

= Nekovaltentni interakce

Elektrostatické interakce

Polarni interakce

Nepolarni interakce

Spojeno se sekundarni a tercialni strukturou
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= Interakce mezi naboji

= Polarni interakce

= \odikové muUstky

» Aromatické interakce

= Nepolarni interakce

= Van der Waalsovy interakce

= Hydrofobicita
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= Obecneé vzato reprezentovano zmenou Gibbsovy

volné energie pri skladani (AG)
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= Méreno v AAG nebo ATm

AAG = AGpytant — AGyt
= Zaporné AAG znaci vyssi stabilitu

= Jednobodoveé x vicebodové mutace

= Efekt na stabilitu

= Synergicke, aditivni, antagonické efekty
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= Saturacni mutageneze neni mozna

= Prdmérny protein o 300 aminokyselinach dava témér

6000 jednobodovych mutaci

= Nespocet potencialnich kombinaci

= Nutnost vypocetnich nastrojl

= Solidni presnost (~ 70-75 %)

= Pouzitelné pro prioritizaci PN 5



Strojové uceni Silova pole Evoluce

Hybridni metody
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= Nejbézneéjsi pristup

= Zalozeno na statistice a pocitacovych vedach
= Rozpoznani vzor{l nad trénovacimi daty

= S ucenim X bez ucitele

= Klasifikace

» Shlukovani

= Rozpoznani vzor{







= \lypocet volné energie
= Zalozeno na (zjednodusenych) zakonech fyziky

= Zvazuje rlzné fyzikalni a biochemické parametry
= Fyzické x statistické potencialy

= Presnost vs vypocetni naroky

= Statistickeé jsou zalozené na datech

= (Empirické potencialy)
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Navrhy zalozené na evoluci
Vyuziva vicenasobné zarovnani sekvenci
Analyza konzervovanych regionl

Dva hlavni pristupy
= Ancestralni rekonstrukce

» Back-to-consensus

iy







Kombinace nékolika pristupl
Evoluce pouzita jako filtr pro silova pole
Pouzitelné pro navrh vicebodovych mutantl

Pouze hrstka dostupnych nastroju:
= FireProt
= PROSS
= FRESCO
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NAVRH STABILNICH VICEBODOVYCH MUTANTU ANCESTRALNI REKONSTRUKCE

' FIREPROT 7—ZJFIFIEPFIDT

STABILITNI DATA IDENTIFIKACE HOTSPOTU

HOTSrPOT

D3
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FIREPROT

AUTOMATED DESIGN OF STABLE MULTIPLE-POINT MUTANTS
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= PIné automatizovany navrh stabilnich proteind

= Dva hlavni pristupy
= Energeticky (silova pole)

= Evolucni (BTC a ASR)

» Filtrovani na zakladé sekvence
= Nastroj poskytuje nékolik vicebodovych mutantl

= Uzivatelské rozhrani
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Sequence [ >
Structure bk
Conservation
Correlation
BK algor. BK algor.
_} BK algor. .(_
Results <
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C262L C128F>)

J

Energy-based mutant Evolution-based mutant Combined mutant

= \lyznamna stabilizace DhaA, LinB a FGF2

= Dalsi v literature
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Computational design of stable proteins

Submit new job Example Acknowledgements

- < s

STRUCTURE

SEQUENCE

IDDQD

MSLGAKPF

GAAIAAFVRAM
VVLVVHDWGSALRGL

SELECT TYPE OF INPUT DATA

N

Job title

JOB INFORMATION

[

Email (recommended)

[

FireProt is free and open to all users and there is no login requirement.

REFERENCES

Musil M, Jezik & Horackova J, Borko §,
Kabourek P, Damborsky J, Bednar D:
FireProt 2.0: web-based platform for
the fully automated design of
thermostable proteins. Briefings in
Bioinformatics 25(1), 2024.

USER STATISTICS

Number of visitors: -
Number of jobs: 3974

CONTACT

Loschmidt Laboratories
fireprot@sci.muni.cz

https://loschmidt.chemi.muni.cz/

ENZYME
MINER

}34: SOLUPROT

~




CALCULATION

USER-DEFINED

AUTOMATED SINGLE-POINT

Force-Field
Mutations

\
7

B-Factor Analysis

A\
4
Consensus
Mutations

\

AUTOMATED MULTIPLE-POINT

-

Low-Risk Design

\
7

High-Risk Design

A\
-

\

Ancestral Design

.0 0 O
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ASR

?-TJ FIREPROT

FULLY AUTOMATED ANCESTRAL SEQUENCE RECONSTRUCTION
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Ancestralni rekonstrukce

= Ancestralni proteiny -> stabilngjsi
= Narocné podminky na Zemi
= Nahodné mutace béhem evoluce

= Bias zplsobeny konsenzem
= Nékolik krokl vypoctu
= \yhledani homolognich sekvenci

= MSA a konstrukce stromu

= Ancestralni rekonstrukce a mezery

= Vyzaduje expertni znalosti




FireProt-ASR

= PIné automatizovana metoda pro ASR
= Vybér pocatecniho setu homologd
= Redukce datasetu

= MSA a konstrukce stromu

= Zakoreneéni a ancestralni rekonstrukce

= Doplnéno interaktivnim uzivatelskym rozhranim
= Vizualizace struktury

= Navrh novych ancestrall




Input sequence Homology search

= Hledani homolognich sekvenci 6 - Q _

= Redukce vychozich dat oretesucton Seqenc s

» Konstrukce MSA a stromu _*

Alignment construction

= Zakorenéni pouzitim MAD

= Ancestralni rekonstruce s ML

Ancestral reconstruction

= Rekonstrukce mezer _{{_E «ﬁ*

Gap repair

 EETIED —p

y-Ja

Phylogenetic tree

R

Output report

‘|
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: Expression
Protein code (%)
DhaA wt 17
DhaA 172Loc 23
DhaA 21
172Glob
DhaA 230Loc 20
DhaA 23
230Glob
DhaA 238Loc 23
DhaA 19
238Glob

Solubility
(%)

83.1
85.5
65.2

n.d.
84.8

63.2
83.3

Yield (mg/l)

91.1
74.9
88.2

n.d.
108.5

74.9
94.4

T (°C)

50.56+2.4
71.60+0.7
70.04+£1.5

n.d.
72.14+04

70.36+0.6
76.19+£0.2

= ZlepSeni stability o 20 — 26 °C

= Zachovani vytézkl a aktivity

HLD act.
(Mmol/mg-s)

0.032+0.006
0.038 £0.001
0.061 £0.005

n.d.
0.061+0.012

0.014 £0.002
0.030 £0.002

LUC act.
(RLU/mg-s)

n.a.
1.41+0.26

n.a.

n.d.
n.a.

353.5+14.58
3.18+0.33
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ASR

I - - P
o I HE HO 1 v1.1 Fully automated ancestral sequence reconstruction

Submit new job Help Example Use cases Acknowledgement Job ID :

SELECT THE STARTING POINT REFERENCE

Musil, M., Khan, R., Beier, A., Stourac,
J.. Konegger, H, Damborsky, J.,
Bednar, D. 2020: FireProt-ASR: A Web
Server for Fully Automated Ancestral
Sequence Reconstruction. Briefings in
Bioinformatics, 2020, bbaa337

Pubmd OPEN 8 ACCESS
‘COMMERCIAL VERSION

License for commercial use

SEQUENCE USER DATA

..

STARTING FROM SEQUENCE

Load example

(@) Enter own sequence

Source :
() Upload sequence file Contact us: enantis@enantis.com
Sequence :
Enantis

- USER STATISTICS

« Number of visitors: 25917
« Number of jobs: 11083

JOB INFORMATION

Job title (optional) : CONTACT

Loschmidt Laboratories

E-mail (optional) :

« fireprot@scimunicz

« hitps:/fleschmidt chemi.muni.cz

Pravious l Next I SUPPORTED BY

| agree with the academic license agreement and confirm that | will use the software exclusively for non-commercial purposes.
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Sequence information: node 246
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FIREPROT

MUTATIONAL DATA FOR PROTEIN STABILITY
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= Databaze pro uchovani stabilitnich dat

= Pres 15,000 experimentd
= 242 protein

= Sekvencni a strukturni predikce

= Interaktivni uzivatelskeé rozhrani

= Pokrocilé vyhledavani, statistiky, vizualizace, ...
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Uzivatelske rozhrani

MATURAL VARIANTS
AMINO ACID CHARGE »
MuTATIONS
CATALYTIC POCKET »
ToNNELS >
B-ACTORS
coNsERVATION

BTG MUTATIONS

STRUCTURAL FEATURES

Select structure:

Structure: 1FEP
Methad: X-ray
Resolution: 2.4 A

MUTATIONS LIST

REseT sEcTION

Salect slider p

Q % m

Mutation Curated BAG (keal/mol) + A&Tm (°C) Publication
979 L2



HOTSPOT
WIZARD

DESIGN OF MUTATIONS AND SMART LIBRARIES
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= Jdentifikace rezidui pro mutagenezi

= Ctyfi strategie proteinového inzenyrstvi
= Funkcionalni hotspoty
= Analyza flexibility
= Back-to-consensus

= Analyza korelovanych pozic

= Predikce vlivu mutaci na funkci proteinu
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JOB INFO

Structure: 1CV2 v c
Title: Example
ID: wéizlk

You can now explore results of individual protocols in the section below.

REPORT

« Assigning secondary structure
«” |dentification of flexible residues

v C ion of ible surface area

RESULTS OF PROTEIN-ENGINEERING STRATEGIES

«” Calculation of pockets

FUNCTIONAL HOT SPOTS

STABILITY HOT SPOTS
STRUCTURAL FLEXIBILITY

« C ion of tunnels

 C ion of multiple seq

« Calculation of conservation scores

« |dentification of

v C ion of i of

CORRELATED HOT SPOTS

STABILITY HOT SPOTS
SEQUENCE CONSENSUS

DOWNLOAD

Raw data (zip archive)

v C iooh d positi

" Quality assessment of structure

EBEBEEEGBEBEBBEE
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= Nutnost zlepSeni stability proteinl

= Nakladné a zdlouhaveé laboratorni experimenty
= FireProt: navrh stabilnich mutantd

= FireProt-ASR: ancestralni rekonstrukce

= FireProt-DB: uchovani stabilitnich dat

= HotSpot Wizard: identifikace hotspotd
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