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Feherjéek szerkezetének és dinamikajanak jelentosege

A betegség molekularis szintt oka?
A gyogyszer-koto zseb alakja?

37°C-on, oldatban nem egy szerkezet l1étezik,
hanem egy konformacios sokasag.



Szamitogepes modellezeés jelentosege

Atomi szintti informaciot ad mozgasokrol.

Kiseérletes modszerek
altalaban nem szolgaltatnak
kozvetlen informaciot az atomi szintua torténésekrol.
(pl. EPR, X-links: nem, NMR: igen, de korlatoltan)



Membranfeherjek szerkezeti modellezese

> Kisérleti adatok alapjan

> Elmeéleti modszerekkel

= homoldgia modellezés

= melytanulasos modszerek



Multidrug transport — ABC proteins
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ATP Binding Cassette (ABC) proteins

NBD
. NBD2



Conformation of ABC proteins

(Pgp-like)
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Szerkezet meghatarozas — Rontgen krisztallografia
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Szerkezet meghatarozas — krio-EM

CRYO-ELECTRON MICROSCOPY @ N
A beam of electron is fired at a frozen aoo &,
protein solution. The emerging scattered —
electrons pass through a lens to create A ggg
a magnified image on the detector, from VA, =2
which their structure can be worked out.

© nature *h

Ewen Callaway, Nature | News Feature
The revolution will not be crystallized: a new method sweeps through structural biology, 09 September 2015



TM hélixek predikcioja szerkezet alapjan

1. ,water accessible area”, lipid kettosréteg lehetséges helye, pontozas — fitnesz fiiggvény
2. molekula dinamika szimulaciok
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The MemBlob can be converted to
membrane boundaries
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Homologia modellezés I.

l /4 k 14
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Homologia modellezes II.
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Template Structure Initial Model (*.ini) Output Model(s) (*.B999*)

forras: SBCB, Oxford, UK
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TM protein structure prediction by AF2
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CFTR - disordered regions

pLDDT score - IDR prediction




fold class
Pgp-like
ABCG2-like
MalFG-like
BtuC-like
EcfT-like
LptFG-like
MacB-like
MlaE-like
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Prediction of new TM folds

MlaE-like fold ER membrane protein complex subunit 6
PDBID: 7ch0 PDBID: 6ww?7
RMSD of 1.28 A RMSD of 0.96 A



Prediction of new TM folds

AF2

MprF (PDBID: 71DUW)




Van szerkezet, mozgassuk meg!



Atomistic structures
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Describing the transport using MD

equilibrium simulation (left), metadynmics (right)




Molekula dinamika/Molecular dynamics

= valds potencialfeliilet
= mozgasegyenletek

id6-1épésenkénti numerikus megoldasa
= trajektoria
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A ,force field”

Baker (2007)
Eog =W B + Wby + W B+ W B+ W E
Vmbenv E mbenv + ‘vhbond E hbond ~ E ref
mbem EA('mf(« ACref( ) (l ]((‘u )) ( refchex _ AG;‘ef.water)

TABLE II. Atomic Contribution to the Solvation Free
Energyv in Water and Cyclohexane

Water Chex Water Chex
CR —0.890 —1.350 NH3 —20.000 —1.145
CHIE -0.187 —0.645 NC2 —10.000 —0.200
CH2E 0.372 —0.720 N —1.000 —1.145
CH3E 1.089 —0.665 OH1 —5.920 —0.960
CR1E 0.057 —-0.410 O —5.330 -1.270
NH1 —5.950 —1.145 OoC —10.000 —0.900
NR —3.820 —1.630 S —3.240 —1.780

NH2 —5.450 —1.145 SH1E —2.050 —1.855




Egyszerusitett (Coarse Grain) modellek

SRE

Figure 1. Atomistic (left-hand) and coarse-grained (right-hand) models
compared for (A) a DPC molecule and (B) a GpA helix. Colors for atoms:

Sansom, Oxford University
Marrink, Groningen, MARTINI force field



Membrane bilayer formation




Experiments for BIA site identification

pulling with AFM, HDX
Padanyi et al. Comp. Struct. Biol. 2022
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G. Lukacs Lab

BIA binding site - HDX with NBD1
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BIA binding site — in silico

Padanyi et al. Comp. Struct. Biol. 2022

pocket detection docking concluded site
fpocket AutoDock Vina




Folding/maturation/stability of the full length CFTR

Soya et al. Nat. Comm. 2023

[, MNoD,O

[ ] CFTRs and NBD1s: data analysis
S & e o nep2 + pepsin (18 °C)
. D,0-based . P
: buffer & l ok e A
5% J ~ 3
- - i —) - s Wy NS ) 8
I %_‘E&, 1‘ i ,{3’\- 2 /
é e
. R r CFTRs: Glycine-HCI +
100r 37°C aj;,%; 0.02% DDM T
(pH 2.4,0°C)
7% 1-8 8-15 15-21 17-27 27-32 33-37 3844
50 W,_:T=.—o—n / —
5| 6SS f e
0
75 4559 50-56 57-61 62-76 7782 82-87 88-93
50 —
y //‘/ 2 | e |
0 R —
s 54701 102-107 121126 130-136 137-145 144152 150-155
: 50
O 25
0 r—m———td e ——
("] 7% 158-163 160-165 164-167 164-170 167172 171-180 175-180
H 50
) /
5 e == D il
0 r ot
Q 7% 181-191 184-194 195-200 247-254 251-258 253-265 266-270
o) 0
=) 2 ﬁ = %‘7'
Q\ o _.:_-——'-«'&i [S—
i 266-276 276-280 781-284 781-288 285-294 789-294 301-304
50
25 / ; /"" /‘d
0
7% 307-307 304310 371315 316-320 320-327 328337 337-342
50 /
25
Q0
7 344-347 348-354 350-359 360-365 366-372 373-379 379-383
50 7—4
25
ib}\@p@@@p-&\@k@@\@\@a&@\@o&@ép@@\@

D,0O incubation time (s)

t
ta

4

3324



Allosteric stabilization of TM,

Soya et al. Nat. Comm. 2023 > Folded structure
» Correlated motions
> Network

» Community analysis
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MemMoRFs

Membrane Molecular Recognition Features, https://memmorf.hegelab.org




MemMOoRF prediktor
protein Language Models
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Kalcium ATP-azok (SERCA, PMCA)
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SLN
ELN
ALN

Dworf
???

Regulinok és exoregulinok

SARS Cov-2
Envelope (E) protein

* ERGIC

* viroporin
* PDZ-kotes
* egyéb PPI?



A SERCA / E protein komplex szerkezete

AlphaFold-Multimer

PIPER/ClusPro
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AlphaMissense.hegelab.org

1,600 users in March
>>> Google DeepMind contacted us

me O Search @ Hotspot . Download (@ He

Spot mutations

Identifier: @ Get

CFTR (CFTR_HUMAN, P13569, ENST00000003084.10)

. aa. ® benign @ ambiguous pathogenic mean
. @ 5:K,R,L,P,E LH 0.268

R3 3:TK,G 3:5,W,M 0.338

S4 2T,A 3L W,P 0.492

. P5 LA 5:T,R,L,S,H 0.603

L6 4:VM,QR 1:P 0.237

E7 3:0,0,G 2:V,A 1K 0.403

K8 6:T,R,N,Q,E.M 0.156

A9 1:5 1:G 4:D,V,P,T 0.622

510 4NT,CG 2I,R 0.217

Vi1 6:1,F,L,D,A,G 0.139

vi2 5:,F,LA,G 55 0.189

: S13 A 2:T,C 3:F,PY 0.525
e s.ciu anuD A 20z




Osszefoglalas

Fehérje szerkezet

Fehérje dinamika

Szamitasos modszerek igen fontosak

Fehérjék miikodésének és mutaciok hatisanak megismerése

Gyogyszertervezés

www.hegelab.org
hegedus.tamas@hegelab.org



