Molekulova dynamika a jeji vyuziti pri studiu efektu mutaci




Molekulova dynamika

Forma pocitaCové simulace, kde atomy vzajemné interaguji po dany
Casovy interval na zakladeé aproximaci fyzikalni chemie.

Pdavodni zamér MD:
oblast teoretické fyziky 50. léta 20. stol.

(Alder and Wainwrigh, studium tuhych kouli)
Alder, B. J. and Wainwright, T. E. J. Chem. Phys. 27, 1208 (1957)
Alder, B. J. and Wainwright, T. E. J. Chem. Phys. 31, 459 (1959)
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1. Materialové védy a nanotechnologie: o

fyzikalni vlastnosti nano-systémc ﬂ il
Alkanethiols (-S(CH;),,C00")

Calcite (CaCO3)

2. Biovédy: Studium konformacnich zmén
molekul (foldovani), urCeni termodynamickych veliCin,
studium elasticity molekul, interakce DNA-protein,
protein-léCivo, urCené vazebné energie
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3. Refinement Xray a Nmr struktur,



Vstupem do simulace je 3D struktura

PDB databaze: archiv 3D struktur
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Stavéni modelu pro simulace: molekula + ionty + voda

Simulace na klastrech,
Analyzy na lokalnich PC.




Systém je popsan pomoci silového pole:

V(r) = ZKb(b-b0)* harmonicky potencial chem. vazeb
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Forces: Fi = -V V(r)

Fi= mai = m d2r/dt2

Derivace potencialni energie podle soufadnic atomu

Komplexni systémy MD neni mozné reSit analyticky
Integrace Newtonovych pohyb rovnic se feSi numericky..
Metoda konecnych diferenci ... reSeni y Case t+0t
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Priklad: VyuZiti MD pri studiu PAH mutaci

Non-PKU HPA/mild PKU
Wild type













Missense mutaci zpusobuji misfolding



PES - potential energy surface

Zavislost energie na geometrii
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Protein folding

Energy state of protein folding under physiological and misfolding conditions.
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Vznik amyloinich struktur

Propagace konformaénich zmén — Patologicky konformovany protein indukuje zménu konformace i u normalné konformovaného proteinu
Tento mechanismus se uplatfiuje pfedevSim u prionovych onemocnéni.

Selhani proteolytického procesu — Proteolyticky proces chybné konformovaného proteinu mize probéhnout nestandardné a zbyde Spatn:
degradovatelny proteinovy zbytek. Tento mechanismus se uplatfiuje napf. v patogenezi Alzheimerovy choroby.

Mutace genu pro prekurzorovy protein — V nékterych pfipadech je patologicka konformace
zpusobena zarode¢nou mutaci v genu. Jde o pfipad dédi¢nych amyloidéz.

Nadprodukce — Prilisna produkce fyziologického proteinu mize sama o sobé zvysit riziko vzniku kondenzacnich
jader amyloidovych fibril. Podili se na patogenezi zejm. lokalizovanych amyloiddz.

Porucha kontroly kvality sestaveného proteinu.

1. Normally folded @
proteins @

2. Environmental factors
Genetic mutations
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4. Aggregation
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https://www.wikiskripta.eu/w/Priony
https://www.wikiskripta.eu/w/Alzheimerova_choroba

Antiparallel beta-sheet: a signature structure of the
oligomeric amyloid beta-peptide.

Béhem formovani amyloidu se
a-helixy meéni na B-skladané
listy
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Amyloidni fibrily: strukturované agregaty
nerozpustné, bunka je nedegraduje

Fig.1: Cryo-EM structures of AA amyloid fibrils purified from diseased tissue.
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morphology / morphology # maorphology I morphology I
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m morphology / PF-A
®m  morphology /| PF-B
m  morphology /I PF-C

a Side views of fibril morphologies I and II: corresponding segments of the 3D maps and models,
shown as ribbon diagrams. b Models of fibrils in side view. The segment shown in a is boxed. ¢ Cross-
sectional layers of fibril morphologies | and Il. The 3D maps (gray surfaces) are superimposed with the
models, shown as sticks. d Alignment of the fibril proteins of morphology I and II (PF-A to PF-C) as
indicated in the figure. The data of morphology | is taken from a previously deposited data (PDB
6DSO: https://doi.org/10.2210/pdbédso/pdb)2.

AB zpusobuje neuorotoxicitu, ni€i
neuronove bunky



Strukturni mutace vedouci k misfolding

Misfolded protein = ne-nativni Spatné sbhalena proteinova struktura

Az /2 lidskych onemocnéni je zpusobena Spatnym sbalenim proteind,

patfi sem i mutace v p53.

TABLE 1 - uploaded by Frank Shewmaker

Content may be subject to copyright

Protein

‘ View publication H W ‘

Disorder

Ap peptides
Transthyretin

Serum amyloid A

Amylin (IAPP)
c-synuclein
Superoxide dismutase
B2-microglobulin
Huntingtin

PrP

Ig light chain

Alzheimer’s disease
Senile systemic amyloidosis

Secondary systemic amyloidosis (infections
and chronic inflammatory conditions)

Type II diabetes

Parkinson’s disease

Amyotrophic amyloidosis
Hemodialysis-related amyloidosis
Huntington’s disease

Transmissible spongiform encephalopathies

Primary systemic amyloidosis

Examples of human amyloid peptides and proteins



Amyloidy mohou vznikat z raznych proteini a mohou se kumulovat v raznych
tkanich (ledviny, srdce, stfeva, jatra, kuze..)

Nejsou metabilizovany a odbouravany z téla, takze je jen otazkou Casu kdy
zacnou narusovat funkci organd.

Duvod toxicity amyloidnich struktur??
- Agregaty se zaclenuji do membrany a depolarizuji ji dochazi ke zméné akcniho

potencialu.

Dusledkem je programovana smrt bunky (apoptéza) nebo nekrdza, ktera muize
vést k zanetlivym reakcim.



K misfolding muize dojit z riznych diavodu

summary of protein-modifying conditions and their affected proteins or

peptides

Modifying condition

Mutations

Increased temperature
High pH

Low pH

Increased hydrostatic

pressure

High shear rate

High ionic strength
Agitation

Negatively charged
sur faces

Air-water interface

Phosphatidylserine

Glycation

Oxidation

Affected proteins

g—Syrmaclein, amyloid-p

Streptokinase, B-lactoglobulin

PARPZ, concanawvalin b

Fibroblast growth factor 0, wesicular

stomatitis wirus glycoprotein G

Lysozyme, insulin

B-Lactoglobualin

Awmyloid-p, melittin

Ppz—Microglobulin, glucagons

Ig light chain fracgments

Amyloid-P, owvalbumin

Lysosyme, insulin, mwyoglobin, G3IPD,
transthyretin, cytochrome C, histone,
g—lactalbumin, endostatin

APP, albumin, IALPP

Superoxide dismutase, LDL, ApoC-IT

Reference
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Pritomnost misfodovanych proteinu indukuje zachrané akce

Increaserate of
ERAD

chaperones production

Increase protein 1( Decrease protein

APOPTOSIS

Last resort when other|
methods of reducing
ER stress fail




Chaperony: (heat shock or stress proteins)

Klasifikace:

Podle molekulové hmotnosti (kDa):
(Hsp40, Hsp60, Hsp70, Hsp90, Hsp100 and the so-called small Hsps)

*Foldazy - HSPP60, HSP70, HSP90 foldovani pomoci ATP
(maji ATP-azovou doménu a substratovou)

*Holdazy — HSP40, HSP33 nevyuzivaji ATP



Funkce chaperonu za normalnich podminek
(neni pritomen bunéecny stres)

Chaperony asistuji pfi foldovani fady velkych proteint, (napf tubulin nebo aktin),
kde stabilizuji prechodné intermediaty, ¢imz umoziuji vznik spravné konformace.
Pri foldovani z jednoho stavu do druhého, u téchto proteinu, existuji velké
energeticke bariéery

DalSi funkce: asistence pfi transportu a proteolytické degradaci



Mechanismus ucinku chaperonu u misfolded proteins

« Chaperony vazi hydrofébni mista unfoldovaného proteinu
(samotna vazba zabranuje agregaci nebot’ stini hydrofébni mista)

* Uvolnéna E z vazby ch-p se vyuzije na naruseni vazeb v
misfodovaném proteinu, coz umozni nové preskladani nebo vyuziva
E z ATP-hydrolyzy ve své ATP-azové doméne

» Chaperon se vaze cyklicky a rtizné na misfoldované proteiny
umoznuje znovu sbaleni = iterative anealing

« Transfer entropie — neusporadany chaperon se vazbou usporada
a naopak misfoldovany protein se rozbali

Normal Diseased prion

\y | Amino acids ¢
1 in alpha helix =5
4

Amino acids
in beta helix

Prfi foldovani mohou vzniknout tzv. dead-end konformace, které se jiz nedaji
pomoci chaperonu preskladat do funkéni struktury.



Terapie — protein misfolding diseases

« Vyuziti protilatek k blokovani proteinovych agregatu

 vyroba farmakologickych nebo chemickych chaperond (malé molekuly)

L-Phe L-Tyr

Néktefi pacienti dobfe reaguji na podani
tetrahydrobiopterinu (BH4), ktery je pfirozenym
kofaktorem PAH a ktery plsobi jako farmakolo-
gicky ,chaperone®. BH4 zvySuje termalni stabilitu
a ochranu proti proteolytické degradaci a oxi-
dacni inaktivaci mutovaného proteinu,

Phenylalanine hydroxylase
=13 onemocnéni: Hyperphenylalaninemia Aktivni misto
(fenylketonurie) recesivni



