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Attekintés

* Fehérje szerkezetek alltalanos tulajdonsagal
* Szerkezet meghatarozasi modszerek
 PDB adatbazis

» Szerkezet vizualizacio

» Szerkezet 0sszehasonlitas

e Szerkezet predikcidos modszerek



H 1958

® John Kendrew et al., published
the first structure of a globular ==~
protein, myoglobin. :

" “ Perhaps the most remarkable
features of the molecule are its

complexity and its lack of
symmetry”

o 1962

" Nobel prize in Chemistry was
awarded to Max Perutz and
John Kendrew.

H Now

" ~80,000 structures in protein
database (PDB)
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How many different sequences can a
100 amino acid long protein have?

20100 ~10130

Number of protons in the observable
universe is around 10%°

Proteins are usually longer
The longest one is around 30 000 AA



Why are we interested?

Function is related to the structure

A /

* Understand biological processes (DNA, RNS,
enzymes, hormones, receptors)

* Diseases
* Drug design, protein — drug interactions




“Protein structure is the three-dimensional
arrangement of atoms in a protein molecule”

B-Sheet (3 strands) a-helix

(a) Primary structure
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(b) Secondary structure

Hydrogen bonds between o helix
amino acids at different

locations in polypeptide a R
chain . - .




Hemoglobin




Stabilization of a protein
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Hidrogén kotés

Hidrogén kotés egy hidrogén, és egy nagy elektronegativitasu
atom kozott kialakulo kétés

Hydrogen bond

* Gyengebb mint a kovalens kotés
() (1-7 kcal/mol vs. 100 kcal/mol)

* Dominans stabilizald erd

mint a masodlagos, és igy tovabb

:G_@ » ElsOdleges szerkezet stabilabb



hidrogen atom
van E‘er WWaal sugara =

van der VVaals felszin
oxigeén atom

van der Waals sugara =
14

az O—H kovalens
kotes hossza =
0,958

polaris, dipolus momentuma
1,85 Debye

Hidroféb effektus
Entropikus erok




Hidrofob effektus

Hidrofob
aminosavak

Hidrofil
aminosavak

Vizes kOzeg

|zolalt allapot



Folanc konformacioja
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Ramachandran plot

A, | szbgeket hasznalva
elkaszithetlnk egy preferencia
terképet

* Minden masodlagos szerkezeti
elemnek megvan a maga tere

* Bizonyos aminosavak problémasak

180




Alfa hélixrek

* Globularis feherjek
~30%Ua

e 5-40 aminosav hosszu
(atlagosan 10)

* Hidrogen hid kdtések
dnmagukban gyengék

* A héelix klialakulas az

aminosavak
Osszetételétol fligg
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3 sheet conformation

* Globularis feherjek
~30%-a
* 5-10 aminosav parallel

vagy antiparallel redobre
rendezodik

* Hidrogén hidak
stabilizaljak




Hurkok és kanyarok

* Tipikusan hidrofil régiok

A molekula ktils6
reszen, oldoszernek
kitett részen

* Gyakran talalhato
bennuk kotohely, aktiv
centrum

* Hidrogén hid kotések az
oldoszerrel




Domének

Sok fehérjében talalhato kulonalld kompakt szerkezeti
egység




Domének

 Kompakt globularis szerkezetek
* Felépito egysegek
« Onall6 funkcionalis egység




Hol talalhatunk szerkezeteket?

> Adatbazis
> \Wordwide Protein Data Bank (wwPDB

RCSBPDB  Deposit Search Analyze Download Leam More

Advanced Search | Browse by Annotations

e

This resource is powered by the Protein Data Bank archive - information about
the 3D shapes of proteins, nucleic acids, and complex assemblies that heips

m un m 74
I l Z .
n ] = ] -r" BED  An Information Portal to
] DD i22500gca Search by PDB ID, author, macramolecule, sequence, or ligands
PROTEIN DATA BANK Macromolecular Structures
tudents and all aspects of d agricult
) s
™ Deposit from protein synthesis to health and disease.

A Structural View of Biology November Molecule of the Month
9 As a member of the wwPDB, the RCSB PDB curates and annotates PDB data.
Q Search ) )
The RCSB PDB builds upon the data by creating tools and resources for
research and education in molecular biology, structural biology, computational

Cal Visualize biology, and beyend.
Use this website to access ourated and integrated biological macromolecular
Analyze information in the context of function, biological processes, evolution, pathways,
and disease states.
9 & Download

W Leam

> K(.jnnyen kezelhet6

See August 2014 Release Features

Publications ~

Comparison Tool for
Exploring Sequence
and Structure
Alignments

Visualize pairwise
sequence and structure

New Top Bar Menu
Providing More Space to Users

> JOl fenntartott

Gene View alignments using
Gene Structure and Mapping to different methods
PDB Eniries for Human Genes o 1021/74
Protein Feature View Upcoming Meeting: SACNAS = 10/74/14

Enhanced with New Information

ANWO =

Grystal structure of antibiotic GEB2832
bound to 70S ribosome:

Fall Newsletter Published » 10/07/14

« s o Inclusion of Large Structures in

Ramachandran Plots -
= : 5
Enhancing Protein Structure SIPIDES the Main PDB Archive

Validation = 09/18/14
wwPDB Events at IUCr (August 5-12) » 08r01/14

View in 8D

Average Temperature (B)
actor Imoroved Benresentation of | ame Struchures in the.

Facts

J CI1 Gl

of Human | 7301 Nucleic Acid Containing Structures More Statistics

PDB ataGlance 34005 Distinct Protein

The ACSB PDB (citation ) is managed by two members of the

About  AboutUs | CitingUs | Publications | Team | Careers | Usage& Privacy
Ressarch Collaboratory for Structural Bioinformatics:

Help  ContactUs | HelpSystem | Website FAQ | BrowserTest | Glossary P\
UTGERS  UCSanDiego

The RCSB PDB is funded by & grant from the National Science Foundation, the National Insttutes of Health, and the US Department of Energ

RCSB Partners  EMDataBank | Nucleic Acid Database | Structural Biology Knowledgebase
RGCSB PDB is a member of the & IS ES MDsllank
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Honnan jonnek a szerkezetek?

Rontgen krisztallografia

NMR

Electron mikroszkop




Honnan jonnek a szerkezetek?

Legtobb szerkezetet
rontgennel oldjak meg (86%)

- / X-ray
source
X-ray
beam
v
Crystal 7
AN
/TN
% ‘/' | ” \\\\ W\
Detector RS

(e.g., film)

Figure 3-42a
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company

Diffracted
beams



refinement

Where do these structures come from?

4@ crystal

x-rays‘

Alacsony hullamhossz (ca. 1.5 A),

Brag egyenleg

diffraction Elektron slrUslget kapunk
pattern

Crystallization artefaktok

Nem fizioldgias

electron Hidrogének nem latszanak

density map

atomic
model




'H-NMR (Proton Nuclear Magnetic Resonance)
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T
TH chemical shift (ppm)

data
collection

y

purified, labeled protein NMR spectrometer _ resonance assignment and protein structure
internuclear distance measurement

-

BC= 22_!5 ppm

TH chemical shift (ppm)

Oldatban
Egy csokor szerkezetet kapunk amik a megfeeld

NMR
(1 3%) kényszereket kielégitik
Csak kis molekulak ( > 35kDa)

Kevésbé pontos

Flexibilis molekulak is vizsgalhatdak



TEM (Transmission Electron Microscopy)

- N * Sub-angstrom felbontasra is képes
Elektron « Bioldgiai mintakra nem hasznalhat6
mlkroszkop (1 %)  Két médszer szuletett ami kikiiszoboli a
N J

problémakat

Bioldgiai minték
* Magas vakum
* Sugarzas rezisztencia
* Bio atomok elektron szérasa nagyon

hasonlé az oldészeréhez

500 microm_e,tefs




Negative Staining

_ * A mintat egy nehés séval kristalyositjak
Cryo - EM (uranium)

e Normal k('erImények K&z Ot * Vékony rétegben felviszik egy feliletre

* GYORS fagyasztas
* Viz nem kristalyosodik —

Vitrifikalt viz
G
Vakum rezisztrens 4 u =
Sugarzas rezisztens v u
KO ntraSZt x Prepare sample Freezegrid Collectimages

https://www.ibiology.org/
Ibioseminars/techniques/eva-
noga|e5-part-]_.htm| image processing reconstruction




Nobel Prize in Chemistry 2017

Resolution ‘. “

before 2013

Resolution
at present



Number of structures

10,000 4 —— X-ray crystallography ——NMR —— Electron microscopy
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Hogyan talalunk meg egy
szerkezetet?

A PDB-ben minden SZERKEZETNEK kulon egyedi azonositoja van. 4
karakter, az elsO mindig egy szam, a tobbi 3 pedig barmi lehet

Példaul:

* 1mbn - The very first structure from 1973, the myoglobin

* 1tna - Form 1975 yeast phenylalanine transfer RNS, the first RNS structure

* 1bna - The first DNA double helix solved in 1980 with X-ray, (confirmation of the
Watson & Crick modell from 1953).

» 2hhd - human hemoglobin, (deoxy form)

* 9ins - insulin



HEADER
TITLE
TITLE
EXPDTA
AUTHOR
AUTHOR
REMARK
REMARK
REMARK
REMARK
SEQRES
SEQRES
SEQRES
ATOM
ATOM
ATOM
ATOM
ATOM
HETATM
HETATM
HETATM

A .pdb file formatum

22-JAN-98

EXTRACELLULAR MATRIX
X-RAY CRYSTALLOGRAPHIC DETERMINATION OF A COLLAGEN-LIKE
2 PEPTIDE WITH THE REPEATING SEQUENCE

X-RAY DIFFRACTION

(PRO-PRO-GLY)

1A3T

R.Z.KRAMER, L.VITAGLIANO, J.BELLA,R.BERISIO, L.MAZZARELLA,

2 B.BRODSKY,A.ZAGARI,H.M.BERMAN

350 BIOMOLECULE: 1
350 APPLY THE FOLLOWING TO CHAINS: A, B, C
350 BIOMT1 1 1.000000 0.000000 0.000000
350 BIOMT?2 1 0.000000 1.000000 0.000000
1 A 9 PRO PRO GLY PRO PRO GLY PRO PRO GLY
1 B 6 PRO PRO GLY PRO PRO GLY
1 C 6 PRO PRO GLY PRO PRO GLY
1 N PRO A 1 8.316 21.206 21.530
2 CA PRO A 1 7.608 20.729 20.336
3 C PRO A 1 8.487 20.707 19.092
4 O PRO A 1 9.400 21.457 19.005
5 CB PRO A 1 6.4060 21.723 20.211
130 C ACY 401 3.682 22.541 11.236
131 O ACY 401 2.807 23.097 10.553
132 OXT ACY 401 4.306 23.101 12.291
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A .pdb file formatum

Atomic Coordinates: PDB Format

Amino Acid

ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM

Element

oW =

\

\
\

N ASP
CA ASP
c ASP
0o ASP
CB ASP
CG ASP
OD1 ASP
OD2 ASP
\\

| o 0l o W o

/

P b e e e e e

Chain name

Sequence Number

4.060
4.042
2.668
1.987
5.090
6.338
6.576
7.065

g

=] WO 00 00 OoOod

. 307
.776
.426
.438
. 827
.761
.758
.759

oo N

Element position within amino acid

.186
.553
.644
.606
. 797
.929
.241
.948



Model

A kisérletesen kapott szerkezetek nem kozvetlenul a valésagot irjak le. Ezek a
modellek, amik tobbé kevésbé pontosak, pontatlanok lehetnek.




Felbontas

* Mennyire megbizhato egy szerkezet

Alacsony: <3.0A
Atlagos: 1.8-3.0A
Jo: 1.0 - 1.8A
Atomi: >1.0A

A felbontas a szerkezet egyes részei
kozott valtozhat!




Resolution

Resolution Meaning

0.5-15 | Ingeneral, structures have almost no errors at this resolution.
Structures used for Rotamer libraries and geometry studies.

15-2.0 | Fewresidues have wrong rotamer. Many small errors can
normally be detected. Folds are extremely rarely incorrect.

3.0-4.0 |Foldpossibly correct, but errors are very likely. Many
sidechains placed with wrong rotamer.

>4.0 Individual coordinates meaningless




Mennyire |0 egy szerkezet?

Felbontas? (In case of X-ray)

R-factor/FreeR-factor (X-ray)
Mennyire illik az adat korabbi ismert adatokra?

NMR meérésekre nincs standard

Ramachandran Plot
Clashes



Metric Percentile Ranks Value

Rfree I 0.189
Clashscore IR [ I
Ramachandran outliers I 0
Sidechain outliers NN [ W 2 .4Y%
RSRZ outliers I 0
Worse Better

0 Percentile relative to all X-ray structures

[ percentile relative to X-ray structures of similar resolution

Metric Percentile Ranks Value
Clashscore l D 44
Ramachandran outliers | T 6.2%
Sidechain outliers l N 9.2%
RSRZ outliers IS I T 0.6%
Worse Better

I Percentile relative to all X-ray structures

[ Percentile relative to X-ray structures of similar resolution



Visualization of structures

1. PDB file

.y

[ Ta S

4. Picture of a
molecule

2. Program for visualization

F.E.: Rasmol, Pymol, Chimera,
VMD, Jmol, Swiss PDB viewer



Mennyire hasonloak
szerkezetek?

Superposition: Minimizing the distance of positions



Root Mean Square Deviation —

p— RMSD = |+ 5" &2
N ="

The most common function used \ i=1

to measure structural similarity

RMSD is the average distance
between equivalent atoms of
superimposed proteins
(generally Ca).




Number of sequences x 1047

2.0

1.5

1.0

0.5

0-

Szekvencia-szerkezet lyuk

2000

2002 2004 2006 2008 2010 2012
Year

Structures 100,000



Structure prediction

>Protein

RESKSENEATNITPEHNMEAF LDELKAEN IKKFLYNFTQIPHLAGTEQNFOLAKDIQSOWKEFGLDSVELAHYDVLLSY PN
KTHPNYISIINEDGNEIFNTSLFEPPPPGYENVEDIVPPFSAFSPOGMPEGDLYVYVNYARTEDFFELERDMEINCSGE IV
IARYGKVFRGNEVENAQLAGAKGVILYSDPADY FAPGVKS Y PDGWNLPGGGVORGNI LNLNGAGDPFLTEPGYPANEYAYRR
GIAEAVGLESIPVHPIGYYDAQKLLEEMGGSAPPDSSWRGSLEKVPYNVGEGFTGNFSTOEVEMHIHSTNEVTRIYNVIGT
LEGAVEPDRYVILGGHRDSEWVEFGGIDPOSGAAVVHE IVRSFGTLEKEGWRPRRTI LFASWDAEEFGLLGSTEWAEENSEL
LOERGVAYINADSSIEGNY TLRVDCTPLMY SLVHNLTEELESPDEGFEGKSLYESWTEKSPSPEFSGMPRISKLGSGNDE
EVFFQRLGIASGRARY TKNWETNKFSGY PLYHSVYETYELVEKFYDPMFEYHLTVAQVREGGMVFELANSIVLPFDCRDYA
VVLREKYADKIYSISMKHPOEMKTYSVSFDSLESAVENFTEIASKFSERLODFDEKSNPIVILEMMNDQIMFLERAFIDPLGL
PDRPFYRHVIYAPSSHNKYAGESFPGIYDALFDIESKVDPSKAWGEVERO IYVAAFTVQAAAETLSEVA




Protein folding

GFCHIKAYTRLIMVG...

AG =AH -TAS
- 0 +

_TAS >
Conformational
N g entropy

< AH

Internal
interactions

{  -TAS

Hydrophobic
effect
Net. . [
< AG
Folding
F Id' Figure 6.22, C.K. Mathews & K.E. van Holde,
0 I ng Biochemistry, 2nd edition (1996)

(physics)



Fehérje folding

A fehaérjék szerkezete nem statikus
Egy fehérje atmehet kilonb6z6 konformacidkba

Szerkezet mindig a legalacsonyabb allapot fele
mMozog *

Lokalis minimumok
lassitjak a feltekeredést




Fizikal modellek

* Rengetek konformacid, hatalmas konformacios
ter

* Afizikai energia fuggveny rendszer (force field)
nem teljesen ismert



Szerkezet predikcio

 Homologia modellezes
* (Threading)

 Ab-Initio modellezés



Comparative Protein Structure Modeling

C. RMSD A (% EQV)

2 (50) 1(80) 0 (100)
T T 1

Flavodoxin family

Anacystis nidulans

Anabaena 7120

/ COMPARATIVE
e’ MODELING

S

KIGIFFSTSTGNTTEVA..

Condrus crispus

Desulfovibrio vulgaris

Clostridium mp.

f T 1
20 50 100

% SEQUENCE IDENTITY



Steps of homology modelling

q TARGET TEMPLATE

ASILPKRLFGNCEQTSDEGLK
TIERTPLVPHISAQNVCLKIDD
: '[ Template Search ] VPERLIPERASFQWMNDK
: Target —_ Template ASILPKRLFGNCEQTSDEGLKIERTPLVPHISAQNVCLKIDDVPERLIPE
: MSVIPKRLYGNCEQTSEEAIRIEDSPIV---TADLVCLKIDEIPERLVGE
Alignment

1

i |
Model Building |
1 |

Model Evaluation

g“-cei}

o (ok? SIS
ol et

100 120

0 20 80 BO
YeS AESIDUE NDEX




Modellez0 csomagok

Modeller

Program for Comparative Protein
Structure Modelling by Satisfaction
of Spatial Restraints

?ﬂfmw siozénrrum (ﬂ SWISS-MODEL

SWISS-MODEL s a fully automated protein structure SWISS-MODEL Team
homology-modeling server, accessible via the ExPASy Torsten Schwede Project Leader
myWorkspace web server, or from the program DeepView (Swiss Pdb- Flonan Kiefer SWISS-MODEL Repository
Viewer). The purpose of this server is to make Protein Lorenza Bordoli Method Development and user
Automated Mode Modelling accessible to all biochemists and molecular support
biologists worldwide Konstantin Amold SWISS-MODEL Workspace

Alignment Mode



Sources of 3D structural information Sequence identity of these
for all known sequences comparative models

@ Experimental Structure ® Under 30%
® Comparative Model ® 30-40%
® Unknown/Other ® Over 40%




Homology
modeling

\

Threading

KN
X
V)

X

'

Ab initio

Rosetta, Gromacs ...



Number of mutations

P53 feherje

= I-“" “y - 4

1800 - R248] [R273] t"’ &
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1200 - L6 E
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0 50 100 150 200 250 300 350 393 g

Ezekr6l a részekrdl csak olyan szerkezet van, ahol kdlcsonhategy masik fehérjével.
Miért?
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Structure function paradigm

* Nem mindig igaz

* Azon fehérjek is lehetnek funkcionalisak amelyek nem
rendelkeznek jol definialt haromdimenzios szerkezettel

* A human proteom tobb mint 50%-a teljesen, vagy reszben
rendezetlen

* Regulacio, apoptozis, jelatvitel...
* Fontos betegsegekhez kdtheto
- p53 - Rak
— T protein - Alzheimer
- Synuclein - Parkinson
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Molekularis bioldgia centralis
dogmaja

DNA RNA Protein

/ 1  transcription translation
— - -'-.'-h I:-EE'::I::-
* \

Szerkezet Rendezelen feherjék
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