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Proteinové inzenyrstvi




Pristupy proteinového inzenyrstvi

RATIONAL DESIGN

1. Computer aided design

2. Site-directed mutagenesis
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Individual mutated gene
3. Transformation
4. Protein expression
5. Protein purification

6. not applied

Constructed mutant enzyme
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7. Biochemical testing

DIRECTED EVOLUTION

1. not applied

2. Random mutagenesis
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Library of mutated genes
( >10,000 clones )

3. Transformation
4. Protein expression

5. not applied

6. Screening and selection
- stability
- selectivity
- affinity
- activity

Selected mutant enzymes



Semi-racionalni design

Identifikace aminokyselin vyznamné ovlivnujici urcitou funkci
proteind (hot-spoty)
Vytvareni chytrych knihoven pro redukci experimentalniho
screeningu
Hledani hot-spotll za Ucelem zlepSeni:
Katalytickych vlastnosti
Stability




Hot-spoty pro katalytickeé vlastnosti

= Residua v primém kontaktu s ligandem
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Hot-spoty pro katalytickeé vlastnosti

Residua vazebné kapsy
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« Residua vazebné kapsy
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Hot-spoty pro katalytickeé vlastnosti

« Residua vazebné kapsy




Hot-spoty pro katalytickeé vlastnosti

Residua v pristupovych cestach (tunelech)

Ligand

Pristupovy tunel




Hot-spoty pro katalytickeé vlastnosti

Residua v pristupovych cestach (tunelech)




Hot-spoty pro katalytickeé vlastnosti

Residua v pristupovych cestach (tunelech)

mutace
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Hot-spoty pro katalytickeé vlastnosti

Residua v pristupovych cestach (tunelech)

mutace
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Hot-spoty pro stabilitu

« Residua s vysokymi krystalografickymi B-faktory

n] =3 ECR P
Title: CRYSTLL STRUCTURE OF WIDOGEMN/LZMININ COMPLEX -
(The highest 20 averaged B values are shown only.) [j
Chain identifier of chain no. 1 : A

Residue WHame Residue seq. no. B walue Rank

RRG & 931 48.46 1

GLU & 930 46.87 2

SEE &L 151 46.50 3

ALL R 149 45.90 4

ILE & 150 45 .89 5

GLU & g8l 45.63 &

ARSH & 932 44 &7 7

GLY & a979 44,39 g

PHE & 89 44 32 9

LYS & 152 43.64 10

GLY & o980 43.33 11

HIS5 & 978 42 .84 12

LEU & 148 42 .76 13 T




Hot-spoty pro stabilitu

- Residua v tunelech a kavitach

Vyplnéni volného prostoru -> vice interakci -> lepsi stabilita




Racionalni design

= Pouziti metod molekulového modelovani pro identifikaci mutaci

zlepsujicich vlastnosti
« Nutna znalost struktury a funkce

MSLGAKPFGEKKFIEIKGRRMAYIDEGTGDPILFQHGNPTSSYLWRNIMPHCA
GLGRLIACDLIGMGDSDKLDPSGPERYAYAEHRDYLDALWEALDLGDRVWVLYY  Sekvence
HDWGSALGFDWARRHRERVQGIAYMEAIAMPIEWADFPEQDRDLFQAFRS

QAGEELVLQD

Funkce

Struktura



Racionalni design

«  Pouziti metod molekulového modelovani pro identifikaci mutaci
zlepsujicich vlastnosti

« Nutna znalost struktury a funkce

- Aplikace a metody
Predikce interakci protein-ligand (molekularni docking)
Predikce pohybu proteinu (molekulova dynamika)

Predikce reakénich barier a mechanismu (kvantovd mechanika)

Predikce stability (molekulova mechanika)



Molekularni docking ‘

Predikce komplexu proteinu s navazanym ligandem

€:4- @

Enzym Mala molekula Komplex enzymu s
(receptor) (ligand) navazanym ligandem




Molekularni docking

- Dvoukrokovy proces

Prohledavani — nalezeni konformace
v aktivnim misté enzymu

Hodnoceni — vypocet vazebné energie
na zakladé interakci ohodnocenych

skoérovaci funkci




Molekularni docking ‘

Virtualni screening

Docking mnoha ligandu -

do jednoho proteinu

« Docking jednoho ligandu DOCKV
Do mnoha proteind
Y

{

Test predictions

revw
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Virtualni screening

- DNA endonukleasa MUS81

= Ucastni se reparace DNA

= Cil pro vyvoj protirakovinnych |éCiv




Virtualni screening

= High-throughput screening
= Roboticka platforma v Centru chemické genetiky, AV CR
= Experimentalné testovano pres 23 000 molekul

= |dentifikovan inhibitor: IC., = 50 uM




Virtualni screening

= Virtualni screening
= Dockovano vice nez 140 000 molekul
= Experimentdlné testovano 19 potencialnich inhibitort
= 6 inhibitord s IC;, < 50 uM
= Nejlepsi inhibitor: IC;; =5 pM




Virtualni screening

= porovnani

Experimentalni Virtualni
vybaveni (Kc¢) Desitky mil. 1 mil.
Testovani
Vypocetni - 140 000
Experimentalni 23 000 19
Cena (Kc) 2 000 000 40 000
Cas Tydny Dny
Results
Pocet inhibitoru 1 6
Nejlepsi IC, (LM) 50 5




Molekulova mechanika

- Aproximace atomu jako kuli¢ek a vazeb jako pruzin
= Silu interakce popisuji jednoduché rovnice — silové pole

Vypocet energie jako soucet vsech interakci

Bonded Non-bonded

)t

4 N 7 5, A
= 2 K(r- 1’) + 2K (0- 9) +2 " [1 + cos(ng — y)]+2 R],— +qqu

bonds angles dzhedrals i<j

% o o0 @l

total



Inzenyrstvi stability

Stabilizace dehalogenasy DhaA

Odbouravani toxickych latek
a produkce cCistych chemikalii
T.= 49°C

Polocas rozpadu v 60 °C t,,, ~ 5min




Stabilizace dehalogenasy DhaA

Experimentalni pristup
Projekt spolecnosti Diversa a DOW Chemical
Gene Site Saturation Mutagenesis
19 mutaci na vSech 300 pozicich zkonstruovano experimentalné
— 120,000 testovanych kolonii
10 bodovych stabilizujicich mutaci
Finalni mutant
T .= 67°C(18°C1)
T,,=36h(ca.36 h T)




Stabilizace dehalogenasy DhaA

Racionalni design

= In silico metoda FireProt

Target protein

= Strukturni a sekvencni analyzy |
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Stabilizace dehalogenasy DhaA

Racionalni design

= In silico metoda FireProt

[ Target protein
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Stabilizace dehalogenasy DhaA

Racionalni design

= In silico metoda FireProt

[ Target protein
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Stabilizace dehalogenasy DhaA

Racionalni design

= In silico metoda FireProt

[ Target protein

>

Computational

<

| Structure and activity check | | Structure and activity check

HH

I Stability determination | | Stability determination
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| Combined mutant ]
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Experimental




Stabilizace dehalogenasy DhaA

Racionalni design

In silico metoda FireProt

V »; ‘ X ’ ) § D, “1
p266F- S5k J @ 176

| Structure and activity check | | Structure and activity check
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Stabilizace dehalogenasy DhaA

Racionalni design

In silico metoda FireProt
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Stabilizace dehalogenasy DhaA

Racionalni design

In silico metoda FireProt

[ Target protein

Strukturni a sekvencni analyzy

5500 moznych mutant( @ h
5 experimentalné ovérenych Tg" *
3 mutanti stabilnéjsi ;; !

Finalni mutant: § R —
T = 74°C(25°C 1) N *
11/2=72h(ca. 72 h) [ Structure and activity check | | Structure andfctivity check

I Stability determination | | Stability determination

~

| Combined mutant ]

A

Experimental




Stabilizace dehalogenasy DhaA

= porovnani

GSSM FireProt
Vybaveni (K¢) Desitky mil. 1 mil.
testovani
Vypocetni - 5500
Experimentalni 120 000 5
naklady (KcC) 1 000 000 80 000
cas mesice tydny
vysledky
FindIni mutant AT (°C) 18 25
Ty, (h) 36 72




Molekulova dynamika

« Popis systému v Case

« Informace o energii, amplitudach a ¢asech pohybu




Molekulova dynamika

=3 "

Protein-proteinové interakce Interakce peptidu s membranou



Kvantova chemie

= Modelovani reakci

= \lypocet rychlosti enzymatické reakce

A

Energy

Reaction Coordinate




Kvantova chemie

= Modelovani reakci
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Kontakt ‘

David Bednar

Loschmidtovy laboratore

Ustav experimentalni biologie a RECETOX
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