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Struktura proteinu
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Primarni struktura

» Sekvence aminokyselin zapsana od N konce k C* konci

Peptide bonds

N‘konec C‘konec

Amino Amino Amino
acid 1 acid 2 acid 3



Sekundarni struktura

Definovana pomoci torznich Ghlli peptidové patere

Pro kazdou aminokyselinu Ize definovat tri uhly:
» & — Uhel kolem vazby N-Ca
» U — uhel kolem vazby Co-C . ponyn

» w — Uhel kolem peptidové vazby (180°, vyjimecné 0°)

Stabilizovana pomoci vodikovych mustku
mezi atomy peptidové kostry
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http://wiki.cmbi.ru.nl/index.php/Image:Torsionangles.jpg
http://wiki.cmbi.ru.nl/index.php/Image:Torsionangles.jpg

Ramachandranuv diagram

Kazdé aminokyseliné odpovida jeden bod v diagramu
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2D

Sekundarni struktura

» Stabilni konformace polypeptidového retézce

180 g

» Dulezité pro udrzeni 3D struktury

» Zakladni typy: (l
* a-Sroubovice (helix)

» B-skladany list (sheet)

) 180 A ST 0 1/80
¢

e otacky, smycky

» Cca 50 % aminokyselin je soucasti a a B struktur



Sroubovice (helix) :

» o-helix — nejcasté;jsi

'-.

» 3,,-helix — obvykle na zacatku nebo na konci a-helixu @é\

» 1-helix — malo stabilni, malo ¢asty
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2D

Skladany list (extended B-sheet)

Antiparalelni
» Paralelni, antiparalelni, mix . .

O H O H
| ] | ]
0 H o H
H H H H
/H 0\\ H o

Face view

Paralelni

Side view



Ostatni 2D

* Useky které nespadaji do kategorii helix nebo list
 Kombinace povolenych torznich uhlu

* Nestabilni konformace

Reverse turns.

* Nestandardni konformace (glycin, prolin) Type | Type I

e Otacky (turns), ,nahodné klubko“ (random coil) \); &3 (2\ ,QS

i“'L 'y .
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2D

Znazornéni 2D struktury

» Pismeny — H (helix), E (extended sheet), C (coil), ...
» Barevneé — napt. ¢ervenad (helix), zlutd (skladany list)
» Grafickymi elementy — spirala/vélec (helix), plocha Sipka (sklddany list), linka (ostatni)
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Déleni proteinu dle 2D struktury

Zejména pro Ucely klasifikace, hledani spoleénych rysu
Kazdy protein obsahuje mj. smycky a ohyby

» Jen a struktury

» Jen B struktury

> a/B — Motivy kombinujici a i B struktury

> a + B — 0Oddélené domény tvorené jen a nebo jen
B strukturami

» Malé proteiny — specialni pripady, napf. obsahujici ionty
kovd, stabilizované disulfidickymi muastky



Terciarni struktura

Konkrétni umisténi jednotlivych atomu polypeptidového rfetézce v prostoru

Stabilizovdna pomoci riznych typu vazeb:

» Vodikova vazba (H-mustek)
mezi polarnimi AK, mezi N-H a C=0 hlavniho fetézce

lontova interakce — nabité AK

Hydrofobni interakce — nepolarni AK

»Stacking” (-, CH-mtinterakce) — aromatické AK

Kovalentni vazba sira-sira — cystein / cystin

Vazba iontu kovu
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Absolutni souradnice

Vztazené k definovanému pocatku soustavy souradnic [0, O, O]

> Kartézské souradnice — x, v, z
£

r
» Sférické souradnice —r, 8, d nebo p, 6, ¢ 2 L Py (%, y, z) Kartézske
v L(r, 8, d) Sférické

Pro N atomu — 3N souradnic

' Xr‘f

13



Relativni souradnice

Vztazené k predchozimu definovanému bodu (atomu)

atd.
s v , cp
» Vzdalenost od predchoziho atomu @,\@/rDE
Wagep j
- Lo . Oscp
> Uhel mezi tfemi atomy . ( "ac
ABC
» Torzni uhel mezi ¢tyrmi atomy W
B Fag
C Fec NS
D Feo Oscp Waseo
E

o v . r 0 w
Pro N atomu - 3N — 6 souradnic D Qe ok Tea
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Od 2D ke 3D

Motivy

» 2-3 prvky sekundarni struktury

Foldy

» Kombinace jednoduchych motivi

Domény
» Jsou tvoreny jednim nebo nékolika motivy/foldy
» Cast proteinu s viastni funkci (nejmensi funkéni jednotka)

» Nezdvisld jednotka (alespon ¢aste¢né nezdvisla)

15



Jednoduché motivy

Helix-ota¢ka-helix B-vlasenka B-a-B

o
/
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SloZzené a-motivy/foldy

7-helix barel

4-helix bundle

17



Recky kli¢

Slozené B-motivy/foldy




SloZzené a/B-motivy/foldy

Rossmanuyv fold TIM-barel




Structural classification of proteins (SCOP)

http://scop.mrc-Imb.cam.ac.uk/

‘ geﬁy @ About Contact Download dnmt1 ‘

[The legacy SCOP websites can be accessed at SCOP 1.75 and SCOP2 prototype ]

SCOP 2

SCOP: Structural Classification of Proteins

Nearly all proteins have structural similarities with other proteins and, in some of these cases, share a common evolutionary origin. The SCOP database, created by manual inspection and abetted by a
battery of automated methods, aims to provide a detailed and comprehensive description of the structural and evolutionary relationships between all proteins whose structure is known. As such, it provides a
broad survey of all known protein folds, detailed information about the close relatives of any particular protein, and a framework for future research and classification.

Latest update on 2020-03-31 includes 44,218 non-redundant domains representing 532,428 protein structures. Folds, superfamilies and families statistics here.

Keyword and ID search Sequence search

Enter free text, SCOP 1D, PDB ID or UniProt ID Go

Browse by structural class Browse by protein type

« All alpha proteins « Globular proteins

« All beta proteins » Membrane proteins

« Alpha and beta proteins(a/b) « Fibrous proteins

« Alpha and beta proteins(a+b) « Non-globular/ntrinsically unstructured proteins
« Small proteins

2D

20



http://scop.mrc-lmb.cam.ac.uk/

CATH — Protein structure classification database

Domény jsou klasifikovany podle CATH hierarchie
» Trida (Class)
* Podle sekundarni struktury
 Jena,jen B, aifB, minimum sekundarni struktury
» Architektura
» 3D usporadani sekundarni struktury

» Topologie/fold

» Jak jsou prvky sekundarni struktury usporadané za
sebou

» Homologni nadrodina

e V pripade, ze jsou domény evolucné pribuzné
(homologni proteiny)

2D

https://www.cathdb.info/

> Matching CATH Superfamilies (@ nfo |

2.120.10.70
Fucose-specific lectin

@ Info

4agiA00
code i, chain A



https://www.cathdb.info/

Kvartérni struktura

» Vzajemna kombinace vice fetézcli (monomer()

» Podle typu podjednotek:
 Homooligomery (identické jednotky)

* Heterooligomery (alespon dva rtizné typy jednotek)

» Komplexy proteind s dalSimi makromolekulami

* Ribozom, proteazom, replika¢ni komplex,...

» Nadmolekuldrni komplexy

* Virové Castice, bunécna membrana, organely,...




Strukturni data (3D)



Zpusob ulozeni 3D (4D) strukturnich dat

» Verejné dostupné databaze

* Protein Data Bank (PDB), Biological Magnetic Resonance Data Bank, EMDataBank

» Nékolik typl dat:
e Koordinaty atomu
* Experimentalni data

* Doplnkové informace (meta data)

» Definovany format
* PDB

 mmCIF
24



(4

» Stdle Casty, dnes jiz zastaraly

Format PDB

» Fixni pozice sloupci, kapacitni omezeni

HEADER HYDROLASE 14-HAR-83 1HLE
TITLE CRYSTAL STRUCTURE OF THERMOTOGA MARITIMA ALPHA-FUCOSIDASE
COMPHD MOL_ID: 1;

COMPHD 2 MOLECULE: PUTATIVUE ALPHA-L-FUCOSIDASE;

COMPHD 3 CHAIN: A, B;

COMPHD 4 EC: 3.2.1.51;

COMPHD 5 ENGIMEERED: YES;

COMPHD 6 OTHER_DETAIL3: ORF THA3 06

SOURCGE MOL_ID: 1;

SOURCE 2 ORGANISHM_SCIENTIFIC: THERMOTOGA MARITIMA;
SOURCGE 3 ORGANISM TAXID: 243274;

SOURCE 4 STRAIN: HSBE;

SOURGE 5 EXPRESSION_SYSTEM: ESCHERICHIA COLI;
SOURCGE 6 EXPRESSION_SYSTEM TAXID: 511693;

SOURCE 7 EXPRESSION_SYSTEM_STRAIN: BL21;

SOURGE 8 EXPRESSION_SYSTEM VECTOR: PDESTA7

KEYUDS HYDROLASE, GLYCOSIDE HYDROLASE, ALPHA-L-FUCOSIDASE, THERHOSTABLE
EXPDTR %-RAY DIFFRACTION
AUTHOR G.SULZENBACHER,C.BIGHON,Y .BOURNE ,B .HENRISSAT

REUDAT 5 13-JUL-11 1HLE 1 UERSH

REUDAT 4 24-FEB-09 1HLS 1 VERSH

REUDAT 3 25-MAR-84 1HLE 1 JRHL

REUDAT 2 13-FEB-84 1HLSE 1 REMARK

REUDAT 1 15-JAN-84 1HLSE a

JRHL AUTH G.SULZENBACHER ,C .BIGHON,T .HISHIMURA,C.A.TARLING,S .G.WITHERS,
JRHL AUTH 2 B.HENRISSAT,Y.BOURNE

JRHL TITL CRYSTAL STRUCTURE OF THERMOTOGA MARITIMA ALPHA-L-
JRHL TITL 2 FUCDSIDASE. INSIGHTS INWTD THE CATALYTIC MECHANISH AND THE
JRHL TITL 3 HWOLEGCULAR BASIS FOR FUCOSIDOSIS.

JRHL REF J.BIOL .CHEM. U. 279 13119 2864
JRHL REFH I3SH B821-9258

JRHL PHID 14715651

JRHL Dol 18.1874/JBC _H31378320808

REMARK 2

REMARK 2 RESOLUTION. 2.4 ANGSTROMS.

REMARK 3

REMARK 3 REFINEMENT.

REMARK 3 PROGRAK : REFMAC 5.1.24

REMARK 3 AUTHORS : MURSHUDOV,UAGIN,DODSON

REMARK 3

REMARK 3 REFINEMENT TARGET : MAXIMUM LIKELIHODOD

REMARK 3

REMARK 3 DATA USED IM REFIMEMENT.

REMARK 3 RESOLUTION RANGE HIGH (ANGSTROMS) : 2_L@

REMARK 3 RESOLUTION RANGE LOW (ANGSTROMS) : 37.27

Retézec
Typ aminokyseliny

Cislo rezidua

Souradnice

ATOM 1 N 56.84 N
ATOM 2 CA ARG A 7 -25.554 -10.912 A49.663 1.680 55.29 H
ATOM 3 cC ARG A 7 -24.623 -9.995 A48.B64 1.688 53.39 H
ATOM 4 0 ARG A 7 =24 414 -10.191 47 .661 1.88 54.25 0
ATOM 5 CB ARG A 7 -24.761 -12.185 506.193 1.00 56.080 H
ATOM 6 CG ARG A 7 -25.374 -12.749 51.426 1.00 58.45 H
ATOM ¥ CD ARG A 7 -24.396 -12.945 G52.578 1.88 59.72 H
ATOM 8 HE ARG A 7 -25.048 -12.736 G53.869 1.00 61.30 N
ATOM 9 CZ2 ARG A 7 =24 .13 -12.499 55.814 1.688 61.72 H
ATOM 18 HH1 ARG A 7 -23.087 -12.440 55.865 1.080 61.85 N
ATOM 11 HH2 ARG A 7 -25.115 -12.3280 56.126 1.00 63.61 H
ATOM 12 HN TYR A 8 -24.0855 -9.8087 49.545 1.060 58.83 N
ATOM 13 CA TYR A 8 -23.096 -B.1680 A48.940 1.00 48.87 H
ATOM 14 C TYR A 8 -21.680 -8.689 49.201 1.00 47.84 H
ATOM 15 0 TYR A 8 -21.378 -9.123 50.279 1.00 47.98 0
ATOM 16 CB TYR A 8 -23.287 -6.680 A49.481 1.00 47.56 H
ATOM 17 CG TYR A 8 -24.788 -6.147 49.294 1.00 48.37 H
ATOM 18 CD1 TYR n 8 -25.123 -5.630 A48.067 1.00 49.00 C
ATOM 19 CD2 TYR A 8 -25.619 -6.1880 50.332 1.00 48.91 H
ATOM 28 CE1 TYR A 8 -26.419 -5.156 A47.889 1.00 48.83 H
ATOM 21 CE2 TYR n 8 -26.918 -5.787 56.168 1.00 50.24 H
ATOM 22 €2 TYR A 8 -27.386 -5.192 A48.936 1.00 49.98 H
ATOM 23 OH TYR A 8 -28.589 -4.719 A4B.773 1.6808 51.15 0
ATOM 24 HN LYS A 9 -20.837 -B.493 A4B.178 1.00 46.89 N




» Novéjsi, preferovany

Format mmCIF

» Bezkontextova gramatika, moznost rozsifovani o dalsi typy udaj
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Zobrazeni 3D struktury

e Zobrazovaci SW: PyMol, LiteMol, Mol*, Jmol, Chimera, RasMol, VMD, ...
* Konkrétni styl zalezi na ucelu zobrazeni

TyCky (sticks, Stuha
balls and sticks) (cartoon/ribbon)

Povrch (surface) Kulicky (spheres)




Zobrazeni 3D struktury

* Casté je kombinované zobrazeni




Zobrazeni 3D struktury 3D

* Moznost zobrazeni dalSich informaci, napf. vodikové vazby, elektronova
hustota, hydrofobicita povrchu




Predikce struktury



Predikce struktury

» Predikce struktury znamena pfirazeni strukturnich atributd
jednotlivym aminokyselinam (2D struktura, koordinaty — tvorba 3D modelu)

» Struktura 2D a 3D je konzervovana vice nez samotnd sekvence

» Vstupni informace » \lystup
* Sekvence * Model struktury (2D, 3D, 4D)
* Fyzikalné-chemické parametry e Doplnkové informace

« Informace v databézich (napr. spolehlivost predikce)

31



Proc predikovat strukturu?

» Klasifikace proteinu
» Vytvoreni modelu struktury pro dalsi studium

» Predpovéd funkce proteinu

 Homologni struktury

* Vazebna mista

» Analyza povrchu

* PFistupnost pro solvent, tunely, kavity

32



2D

Predikce sekundarni struktury

Predikce 3 zdkladnich typu: H (helix), E (B-list), C/— (smycka/vSe ostatni)
> 1. GENERACE
* ab-initio
* \lychazela z fyzikalné-chemickych vlastnosti a ze statistik pro jednotlivé
aminokyseliny

33



2D

Typické znaky a-sroubovice

Casto je ¢asteéné exponovana
« Jedna strana je otoCena dovnitr proteinu
(hydrofobni) a druha ven (hydrofilni)
e Residuum (aminokyselina) n, n+3, n+4, n+7 miri
na stejnou stranu

.

uesfturn

Transmembranovy helix
* VSechny aminokyseliny hydrofobni

I-":



Typicke znaky B-listu

Residua (aminokyseliny) se stridaji po 180°

Castecné zanoreny list
e Residua n, n+2, n+4 atd. jsou polarni
* Residua n+1, n+3, n+5 atd. jsou nepolarni

Uplné zanoreny list
* V/Sechna residua jsou nepolarni

Side view

35



a-Sroubovice nebo B-list?

?

ELKAHIRVDLTILOQ

ELKAHIRVDLTLQ

ELKAHIRVDLTILQ

Polarni

Nepolarni

o

B

2D
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a-Sroubovice nebo B-list?

?

ELKAHIRVDLTLQ

VVXXVVXXXVVXX

ELKAHIRVDLTILOQ

ELKAHIRVDLTLQ
VANV

Polarni

Nepolarni

o

B

2D
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An a Ivza hyd rOfO b n IIC h kI a St rﬁ Hydrophobic Cluster Analysis 2D suppor

2D

humana 1 antitrypsin

1D 227-- .GNATA PDEGKLQHIENE LTHD I ITKEFLENEDRR. . .z63
... ¢NAQA WEOK QHILENELOHD I IHKFLENEDRER. . .

...00000 0000070010001000110072000000...

a - "
2D = e\ \ ] P\ T fEs -
Q
N G
— G227 —p, E238 E245
N \ A \ Q

> Sekvence , se namota“ na valec (a-helix) b5 N % 5 -
» HCA graf je zobrazeni valce v roviné
> Hydrofobni aminokyseliny jsou oo [a
ohraniéeny a tvofi specifické tvary pro K
a_helixy a B-Iisty don | 24 E245
d
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2D

RPBS Web Portal — HCA

https://mobyle.rpbs.univ-paris-diderot.fr/cgi-bin/portal.py?form=HCA#forms::HCA

s RPBS Web Portal

\:\ [more] Welcome Forms Data Bookmarks Jobs Tutorials
Programs HCA X
@ Drugs
o Peptides
B Sequence HCA 1'0'2 m
Reset | Hel
o Structure ) ] P pages
B Test Hydrophobic Cluster Analysis.
Tutorials
B Data formats v Input Data
& Howtocite
@& Overview .
© PDBInput guery data seq Dexwhcs by Luc Canaed
@ Policy

@ Registration

@ Stepbystep
Data Bookmarks
Sequence : query.data
Jobs

« HCA - 04/28/21 21:50:44
Services Help Pages

& BCSearch

@ FAF-Drugs4

@ fpocket

@ Frog2

@ HHalign-Kbest

@ InterEvDock2

@ MTiAutoDock/MTiOpenScreen
@ PatchSearch



https://mobyle.rpbs.univ-paris-diderot.fr/cgi-bin/portal.py?form=HCA#forms::HCA

Predikce sekundarni struktury

»> 2. GENERACE

e Zahrnovala i vliv okolnich aminokyselin

» 3. GENERACE

* Homology-based models
* Metody strojového uceni

2D

* Vyuziva multiple sequence alignmentu a toho, ze 2D struktura je vice konzervovana nez

sekvence
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Metody zalozené na homologii (Homology-based)

2D

Vychazi z predpokladu, ze 2D struktura je vice konzervovana nez sekvence
1. Multiple sequence alignment

B oF I oI I+ I = B I B R R R

Predikce sekundarnich struktur pro kazdou sekvenci zvlast

2
3. Porovnani predikovanych sekundarnich struktur s alignmentem
4

Konsenzus sekundarni struktury

CETTACTa T CclEEE
TTTATTAATTCEAR
TCTATTAATTCEAR
TTTATTAATTCEARE
TCTACTAATTCE AR
ATTATTAATTCEAR
aTrTEcTAanTTCEAE
ATTATTAATCCG
TCTATTAATTCG

CTTATTAATTC
CTTATTAATTC
CTTATTAATTC

e Pk e PR

TOCTTTTAATTORA

AATTA
AACTA

//xECCHHCEEEECCCEE
~_— HHHHHCCCCEEECCH

> HHHHHCCEEEECCHH

¢ T HHHHCCCEEEECHHC

\‘HHHCHCCEEEECCHH

ﬁ

HHHCHCC CCHH
HHHHHCC CCHH
CCHHC cCC
HHHHHCCCCEEECCH
HHHHCCC CHHC

\

HHHHHCC CCHH
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2D

Metody strojového uceni (Machine learning)

» Model, ktery je natrénovany na zndmé sadé dat

> Neuronové sité

» Skryté Markovovy modely , Nrytéww
I\"_ -
| | N\ I
: ”"~‘; - P ' '
\ ‘:‘f v?rftHupnl vrstva
- ™ ™ x

vstupni |
vrstva

42




PSIPRED

» Predikce sekundarni struktury
pomoci 2 neuronovych siti

VvV eV 7/

> Casové naro¢néjsi

» Ve srovnani s vétsinou programu
na predikci sekundarni struktury
ma lepsi vysledky

2D

http://bioinf.cs.ucl.ac.uk/psipred/

Choose prediction methods (hover for short description)

Popular Analyses

PSIPRED 4.0 (Predict Secondary Structure)
O MEMSAT-SVM (Membrane Helix Prediction)

[J DISOPRED3 (Disopred Prediction)
O pGenTHREADER (Profile Based Fold Recognition)

Contact Analysis

O DeepMetaPSICOV 1.0 (Structural Contact Prediction)

(J MEMPACK (TM Topology and Helix Packing)

Fold Recognition

[J GenTHREADER (Rapid Fold Recognition)

] pDomTHREADER (Protein Domain Fold Recognition)

Structure Modelling

([ Bioserf 2.0 (Automated Homology Modelling)
) DMPfold 1.0 Fast Mode (Protein Structure Prediction)

[J Domserf 2.1 (Automated Domain Homology Modelling)

Domain Prediction

[J) DomPred (Protein Domain Prediction)

Function Prediction

J FFPred 3 (Eurkaryotic Function Prediction)
Help
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http://bioinf.cs.ucl.ac.uk/psipred/

PSIPRED

10 20 30 40 50

RSVPPNI SPLPOQKDDSS SLSASEYPNI ASRTAPPSPSAVRRTHSLLSET
5 GYQSLESOMEAGETT SLLGKTREMNHRGTPRRSYT SI SAI PTPDNYLRH
101 TSGSLRRSRHHSRANSOQQSLRFSRRSS| DDEQDEDLPPSAKDGMTASTFEFL
K

51 DERNWYDQFTSTDWVHDSIADGARLRELRKRKDFREGRLLAAFDGA QSGWI L
201 vALL ech|/TAAl AYFVDVTEDFVFDLKEGFCTTRWFHNRESCCADTLDCSL
%1 WRSWSQILSPSGSDNGWVYVDHSMEVLWYVILSVISCYLTLETKTVVPSSVS
31 LTTLDENLGAGT S SRGTNHDASEDNSPASLINPKAHYPTI STRPAMTY Y SA
31 AGSGVAEVKVI NSGFVLHGYLGEKTLVIKTH/AILVFSVSSGLSLGKEGPYWV
1 Wi leAacv NI [ACRILFSKYNDNDGKRREVLISASAASGVAVAFGAPI GGVLFS
1 LEEVSY Y FPRPIKTLERTIFFCCIHAAALSLKFLNPYGT S SKI VLFQVRYVTDWE
ST FEN VVFALLGVILGG6eAAGALIFI KASSILWAKSFERKL S | kKR WPMLEVILVA
StitvTevivisEwNR Y AKLPVSELLFELAsSsPCDPESVTSTGLCPTIEDGIGENNS
ST LLVAFRVI KSLLTVVTEG!I KVPAGI YVPSMVVEGLMGRI VIGHYVAFLWVVK
51 FPNFEILIFSTCPVYSGMESCVVPEVYAMVAAGATMCEVTRL SV TILAVIILFEE
MitTesLoHVLPESLAVILCAKWTADAIEPRSIYDLLTDMNSYPFLDNKIQLL
“ SDDELGDI VRPYRKSRVI DI SESPFVPATELRSKLQHLLMAGELDSGLPI
81 LRNDI LCGI I PAPDLEYALDTI EDEEHTMCLMSMDTASAVVDSEDSNGNS
%1 WVDFRRY!I DPAPI SLDIHSPIDLVYQCFAKILGLRYLCVLRDGQYAGLVHK
M KAFVKYVKENE
1

0 20 30 40 50
Strand I Helix Coil | | pisordered

D Disordered, protein binding | Putative Domain Boundary | Membrane Interaction [ Transmembrane Helix

w T =
- 4 o

sy

Get PNG Get SVG

. Extracellular . Re-entrant Helix Cytoplasmic Signal Peptide




2D

Rozsireni predikce 2D struktury

» Predikce vice typﬁ 2D struktu I'Y (dle DSSP — Database of Secondary Structure Assignments)

» a-helix (H) » B-bridge (B)

» 3,,-helix (G) > turn (T)

» 1mt-helix (1) » bend (S)

» B-retézec, extended strand (E) » ostatni, coil (C)

» Predikce pristupnosti solventu

» Predikce transmembranovych helixt
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Predikce terciarni struktury
» Ab initio

* Homologni modelovani

* Threading (,,naviékani®)




AD initio

* Nejuniverzalnéjsi — vychazi pouze ze sekvence

Vewvys

e Zahrnuje radu kroku:
* Predikce 2D struktury
* Modelovani jednotlivych fragmentu
* Kombinace fragmentu navzajem
* Doplnéni smycek a flexibilnich Useku

* Nizka spolehlivost zejm. pro véetsi proteiny



initio 2

TTSQKHRDFVAEPGEKPVGS LAGIGEVLGKKLEERGFDKAYVVLGQFLVLKKDEDLFREW
LKDTCGANAKQSRDCFGCLREWCDAFL

20 49 60 80

Sequence  TTSQKHRDFVAEPGEKPVGSLAGIGEVLGKKLEERGFDKAYVVLGQF LVLKKDEDLFREWLKDTCGANAKQSRDCFGCLREWCDAFL
Y R a to rX Prediction CCCHHHHHHHCCCCCCCCCCTCCCCHRHHHHHHHCCCHHHHHHHHHHHHHCCCHHHHHHHHHHHHCCCHHHHHHHHHHHHHHHHHHC
Conf.Score 988899999879999987447898899999999979659999999999958889999999999968899999999999999999859

H:Helix; S:Strand; C:Coil

20 20 60 80
I | I |

Sequence  TTSQKHRDFVAEPGEKPVGSLAGIGEVLGKKLEERGFDKAYWVVLGOFLVLKKDEDLFREWLKDTCGANAKQSRDCFGCLREWCDAFL
Prediction 553330221123223321120116032002102421132002000200113232310220022102031316310010022003324
Values range from @ (buried residue) to 9 (highly exposed residue)

By dragging your mouse on the images, you rotate and zoom the structure.

Download Model 1 Download Model 2 Download Model 3 Download Model 4 Download Model 5



Homologni modelovani

* Lezi na opacném konci spektra nez ab initio

* Je zalozeno na existenci blizkého strukturniho homologu (typicky
50 % sekvencni podobnosti a vice)

* \/lyuziva skutecnosti, ze dva proteiny ze stejné rodiny a s podobnou
sekvenci maji i podobnou 3D strukturu

* Kromeé sekvence modelovaného proteinu potrebujeme znat
strukturu homologniho proteinu = templat

* Pro vysoce homologni sekvence je spolehlivost velmi vysoka



1.

2.

3.

4.

5.

Homologni modelovani

Alignment zadané sekvence a sekvence templatu

Extrakce proteinové patere ze struktury templatu a umisténi

postrannich retézcu
Modelovani otocek a smycek
Minimalizace energie

Validace vytvorené struktury
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Swiss-Model

* \\ybér modelu (manualni, automaticky)
* Podle vybraného modelu pak predikuje strukturu zadané sekvence

e Soucasti vystupu je sada parametri hodnoticich kvalitu modelu. Pri
vyuziti vice templatl je tak mozno porovnat jednotlivé modely

SWISS-MODEL Modelling Repository Tools Documentation Login Create Account

http://swissmodel.expasy.org/

Start a New Modelling Project @
Supported Inputs @

Target Sequence(s): S
(Format must be FASTA -
Glustal,
. b i x
plain string, or a vaiid
UniProtkB AC) |
Template Results @ Model Results o Orderby, GMQE v
Upload Target Sequence Fi & Validate Tempi Quatemary Structure ce Similarity  Alignment ed Templates  More ~
Oligo-State Ligands GMQE QMEAN
. . I1sort & Mame 4 Title # Coverage #GMGE # QSQE # Identity # Method  # Oligo State # Monomer (matching prediction) None 0.99 ERvC
Project Title: Untitled Project p
o * 2ezy1 A BARRER-TO-AUTONTEGRATION [N ©9% 05 10000 NMR homo-dimer ]
Email: Optional FACTOR # Global Quality Estimate Local Quality Estimate Comparison ~
Optiona 2oz 1A BARRERTOAUTONTEGRATON  [SEEEEEEE 0% 0% 0000 NMR  homo.dmer ovean I T Tl 147
FACTOR # o
Search For Templates ezx 1A BARRIER-TOAUTOINTEGRATION [N ©% 070 10000 NMWR cp -::1::.-1-34 i
_ wosetor+ | Alaom [RNT T Tl 073 P —cns
g 14 Barier-lo-autoiniegration factor B 0% 051 10000 NMR e ) m z
By using the SWISS-MODEL server, you agree to comply with the follol Structure solvation 081
bzt 1A BARRIER-TO-AUTOINTEGRATION I 0% 066 10000 Xeay 204 Assessment torsion -:::[__:::..1_13 Residuz Number Protein Size (Residues)
FACTOR
You are currently not logged in - to take advantage of the workspace, please log in or create 6ghd 18 Barrier-lo-autoinlegration factor T 006 9545 Xeray,21A Template  Seqldentity Coverage Description
2ezy 1A 100.00% (N BARRIER-TO-AUTOINTEGRATION FACTOR v
(There is no requirement to create an account to use any part of SWISS-MODEL, however you will gain the | e 18 bamer to auomlegration factor 64F) (N © 087 5540 Xemy23A
E i ~
8 DNAreparr and recombinatian profern 0.4¢ 2203 Xeay, 32A homo-dimer SRR AT
radA ..
B e e —— | bke 1A :w":r-u‘r‘::‘w‘l;lf?;rnw---H-wn' N 0.40 2203 Xray,32A  monomer A MTTSQRARDDVAEEMEERPUESLACICEVIERALEDRCFDRATVVLEOFLYLRADEDL PRENLRDT JCANERGIRDCPECTRENCDAFT, £

T ——
B NGLa | Cartoona  Bla

»
Q



http://swissmodel.expasy.org/

Threading

* Z hlediska narocnosti i spolehlivosti lezi mezi ab initio a homolognim

modelovanim

* Pouziva se pro pripady, kdy zkoumany protein ma nizkou homologii

s proteiny se znamou strukturou (typicky cca 15-40 %)

* Porovndvad moznost pfilozeni sekvence na proteiny znamych folda



Threading

1. S vyuzitim strukturnich databazi (PDB, SCOP, CATH) je vytvorena
databaze existujicich foldu

2. Sekvence je porovnana s potencialnimi templaty
 Alignment
 Kazdou aminokyselinu se pokusi umistit do pozice aminokyseliny v templatu
 Hodnoceni umisténi

3. Vybér templatu pro vysledny model

» Proteiny s vice doménami je nutné rozdélit a modelovat zvlast
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Phyre2

e Server pro 3D predikci struktur pomoci threadingu

* Vlysoce vykonny — pomérne spolehliva detekce foldu i

Ve ’ ’ (X ] . 0
pri nizké homologii (i pod 15%) http://www.sbg.bio.ic.ac.uk/phyre2/

Template Alignment Coverage Template Information

Conﬁ;lence % id.

%

PDB header:sugar binding protein

Chain: B: PDB Molecule:ergic-53 protein;

PDBTitle: the crystal structure of the carbohydrate recognition2 domain of
the glycoprotein sorting receptor p58/ergic-533 reveals a novel metal
hinding site and conformational4 changes associated with calcium ion

1 cirlzB
binding

Alignment

Bh ”3 Run Investigator

PDB header:sugar binding protein
Chain: A: PDB Molecule:emp47/p (form1);
PDBTitle: crystal structure of emp47p carbohydrate recognition domain2

c2a6yA (crd), tetragonal crystal form

Alignment

Zh ﬁ: Run Investigator

Fold:Concanavalin A-like lectins/glucanases
Superfamily:Concanavalin A-like lectins/glucanases
Family:Lectin leg-like

P ﬁ: Run Investigator

Phyret = =

PDB header:protein transport
Chain: B: PDB Molecule:vesicular integral-membrane protein vip36;
PDBTitle: crystal structure of vip36 exoplasmic/lumenal domain, metal-free

form

4 == Alignment



http://www.sbg.bio.ic.ac.uk/phyre2/

-TASSER

* Nékolikrat vyhodnocen jako nejlepsi predikcni server

https://zhanglab.ccmb.med.umich.edu/I-TASSER/

20 40 60 80 100 120 140
| I | I | I |
Sequence YPFFDNPNY TNTYATNEDFVCEFYFLDY YNNSQDDYRNFRGENY DFEDTEEN IENRNIEETEYEGLFRAWN PWNNLGGNITSGLGAS SWAANRI DLFARGRGGELI HNWFDNGEWNYWENLGGI LT SSPRAVSHGFNRIDVVCRGT

ICCCCCCCCCCCCS55CC555555555CCC55555CCCCCCCCCCS5CCCCCCCCCS5555CCCCC555555CCCCC555555CCCCCCCCSCCCCCCCCCCS55555CCCC555555CC
7118897768987479808596899999509009580908088259587660640680976588678993850485050088¢

Prediction CCCCCCCCCCCCCCCCCCSSCOCHE
Conf.Score 995677866 TBEEB6653677523565512600045898303601114799982572588751698988

20 40 60 80 100 120 140
| I | I | I |
Sequence YPFFDNPNY TNTYATNEDFVCEFYFLDY YNNSQDDYRNFRGENY DFEDTEEN IENRNIEETEYEGLFRAWN PWNNLGGNITSGLGAS SWAANRI DLFARGRGGELI HNWFDNGEWNYWENLGGI LT SSPRAVSHGFNRIDVVCRGT

Prediction 4010300122332334330101110541223474173143331314332310323312232132332312312303132212000002372100000003411010122332303213312232222000001372200000103

Values range from 0 (buried residue) to 9 (highly exposed residue)

Download Model 1 Download Model 2 Download Model 3 Download Model 4 Download Model 5
C-score=-2.09 C-score=-2.42 C-score=-3 44 C-score=-3 46 C-score=-3 .53

Estimated accuracy of Modell: 0.47+0.15 (TM-score) 11.3+4 5A (RMSD) (Read more about C-score of generated models)



https://zhanglab.ccmb.med.umich.edu/I-TASSER/

Jakou metodu zvolit?

1. Mam homologni protein se znamou strukturou - homologni
modelovani

2. Vyuziji experimentalni data

» Threading
» Kombinace vice templatl pro jednotlivé ¢asti struktury

» RuUzné predikeni nastroje
3. Ab initio modelovani smycek a casti sekvence bez vhodného
templatu

4. Mam unikatni sekvenci — ab initio
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Kombinace strukturnich dat, alignmentu a neuronovych siti

AlphaFold

Prvni verze AlphaFold — spolehlivost predikce < 60 %
Od roku 2020 AlphaFold2 — spolehlivost predikce > 90 %

e (G rert
CXRAK,
dgfarglsce - (& rrt
serﬂrc:h ﬁ'{& Tt
MSA
@ T & " "-:.:
Input sequence
R g e
\.__.,([’E:’t_;{:tum —_—— .
database
je-ﬂmh 1 I

Evoformer
(48 blocks)

i i i
%—-
—=

Structure
module
(8 blocks)
il il i
Pair
—_— WBSHI'I.I‘,EII[I'I —_—
ir.r.c)
N ——

High
confidence

o IRARS

3D structure

|

+ Recycling {three times)

|




AlphaFold Protein Structure Database

2021: Predikovana struktura proteomu clovéka a 47 dalsich klicovych
organismu (celkem 992 316 predikovanych struktur)

2023: > 200 000 000 predikovanych struktur
https://alphafold.ebi.ac.uk/

AlphaFold Protein Structure Database Home About FAQs Downloads

AlphaFold
Protein Structure Database

Developed by DeepMind and EMBL-EBI

=0
Id DB search help
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https://alphafold.ebi.ac.uk/

AlphaFold

Vyhody Rizika

* \Vlysoka presnost urceni foldu * Nizka presnost urceni pozice

« Zndmé sekvence jsou jiZ bocnich retezcu

predikovany * Presnost klesa u unikatnich

« Dostupny pro &irokou vefejnost ~ Sekvenci

* Bez posttranslacnich modifikaci

* Nevhodné pro komplexy
(aktualné v reseni)
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Predikce kvartérni struktury

Zahrnuje rizné Urovnég, napr.:

* Predikce vazebnych mist

* Predikce aminokyselin podilejicich se na interakci
* Odhad oligomerniho stavu

* Protein-protein docking (protein-nukleova kyselina docking)

» SW dosud casto nedokonaly, nizka spolehlivost predikce

» Slozitéjsi postupy vétsinou nejsou automatizované

4Dl|
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Predikce kvartérni struktury

4D |

Programy vétsinou vychazeji z podobnosti sekvence a/nebo 3D struktury

se znamymi proteiny

Journal List = Biophys J = v.

); Feb 1, 2008 = PMC2185260

Pxﬁklady SW: Biophysical Journal

Biophys J. 2008 February 1; 94(3) 918-928.
doi: 10.152%/biophysi107.114280

Qu a t I d e n t M-TASSER: An Algorithm for Protein Quaternary Structure Pri

Huiling Chen and Jeffrey Skolnick™®

Author information m Article notes » Copyright and License information &

This article has been cited by other articles in PMC.

L]
* QuaBingo
Abstract
IVI - I AS S E R In a cell, it has been estimated that each protein on average interacts with rough

in tens of thousands of proteins known or suspected to have interaction partners;
fraction have solved protein structures. To partially address this problem, we hav
TASSER, a hierarchical method to predict protein quaternary structure from seqr

Qu a d - P R E template identification by multimeric threading, followed by multimer model ass
The final models are selected by structure clustering. M-TASSER has been tested

comprising 241 dimers having templates with weak sequence similarity and 246
°
* AlphaFold-Multime
-iviuitiimer

ra . 4 |

PMCID: PMC2188260

Hindawi Publishing Corporation
‘Computational and Mathematical Methods in Medicine

Volume 2014, Article ID 715494, 9 pages
http://dxdoi.org/10.1155/2014/715494

Hindawi

Research Article

Quad-PRE: A Hybrid Method to Predict Protein
Quaternary Structure Attributes

Yajun Sheng," Xingye Qiu,' Chen Zhang,' Jun Xu,' Yanping Zhang,'
Wei Zheng,I and Ke Chen’
! School of Mathematical Sciences and LPMC, Nankai University, Tianjin 300071, China

* School of Computer Science and Software Engineering, Tianjin Polytechnic University, No. 399 Binshui Road,
Tianjin 300387, China

Correspondence should be addressed to Ke Chen; kchen.tj@gmail.com
Received 27 February 2014; Revised 24 April 2014; Accepted 27 April 2014; Published 18 May 2014
Academic Editor: Tao Huang

Copyright © 2014 Yajun Sheng et al. This is an open access article distributed under the Creative Commons Attribution License
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited

‘The protein quaternary structure is very important to the biological process. Predicting their attributes is an essential task in
computational biology for the advancement of the proteomics. However, the existing methods did not consider sufficient properties
of amino acid. To end this, we proposed a hybrid method Quad-PRE to predict protein quaternary structure attributes using the
properties of amino acid, predicted secondary structure, predicted relative solvent accessibility, and position-specific scoring matrix
profiles and motifs. Empirical evaluation on independent dataset shows that Quad-PRE achieved higher overall accuracy 81.7%,

-




Evaluace kvality struktur a modelu



Evaluace kvality struktur a modelu

» Shoda strukturniho modelu a vstupnich dat

» Zakladni fyzikalni principy

» Spravneé ziskana Experimentalni struktura vs. Predikce
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PDB — validace dat E

» Struktury vytvari lidé - muzou obsahovat chyby
» Kontrola pfi nahravani struktur do databdze
» Informace o kvalité u kazdé struktury

Metric Percentile Ranks Value
Rfree | W o 250 < Shoda
Clashscore [ ENENGEGN [l Bk modelu a dat
Ramachandran outliers D s
Sidechain outliers L BEEM antFnl' kvalita
RSRZ outliers NG S oo modelu
Worse Better

I Percentile relative to all X-ray structures

[l Percentile relative to X-ray structures of similar resolution 64



ValTrends DB

https://webchem.ncbr.muni.cz/ValTrendsDB/

Prehledova analyza struktur v PDB databazi

The plot below shows a relationship between clashscore structure quality factor and structure resolution factor. Values of 13 PDB entries that have been
deposited to the PDB database by Dr. Josef Houser are visualized in the plot by blue points. The plot demonstrates that structures deposited by Dr. Houser
have markedly better quality than average.

45:
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http://webchem.ncbr.muni.cz/ValTrendsDB
https://webchem.ncbr.muni.cz/ValTrendsDB/

MotiveValidator

e Kontrola struktury malych
molekul — ligand

* Uplnost struktury
e Spravna chiralita

* Anotace

http://webchem.ncbr.muni.cz/Platform/MotiveValidator

MotiveValidator
Validate ligand and residue structure in biomolecular complexes.

MotiveValidator is a platform for a set of applications designed to help you determine whether a residue or a ligand in a biomolecule or biomolecular
complex is structurally complete and correctly annotated according to its models stored in the wwPDB Chemical Component Dictionary (wwPDB
CCD).

The applications provided within the MotiveValidator platform cover all residues and ligands defined in the wwPDB CCD, and available via
PDBeChem. In addition, you may specify your own model residue if it is not available in wwPDB CCD.

Are you interested in validating ligands and non-standard residues in existing PDBe.org entries? Check out Validator™®.

Quick Help Residue Validation Sugar Validation Motif/Fragment Validation Command Line Version

Automatic custom residue validation in one or more biomolecules
» Reads the structure of an input biomolecule or biomolecular complex, and an input model residue to serve as reference template for validation.
» Scans the entire biomolecule(s), automatically detects all residues in the input biomolecule(s) with the same annotation (i.e., the same 3-letter
code) as the model residue, and subsequently validates them by comparison to the model.

Model Residue(s): | From wwPDB CCD | Residue 3-letter codes (]

From File Select file

Select a single file or a ZIP file containing model residues(s) (a model must contain exactly one residue) in PDB or PDBx/mmCIF format.
When using the PDB format, it is recommended that the input is a ZIP archive with both PDB and SD/SDF/MOL (for bonds) versions present

Biomolecule(s): | From File Select fils
Select a single file or a ZIP file containing entire biomelecule(s) in PDB or PDBx/mmCIF format (300ME limit)
From PDBe.org | PDB 4-letter identifiers_ . o

PDE identifiers are used only if no file is selecied. Loaded from PDBx/mmCIF format.

@ Upload and Compute


https://cs.wikipedia.org/wiki/Chiralita
http://webchem.ncbr.muni.cz/Platform/MotiveValidator

MotiveValidator

NAG [ PDBeChem | PDB @ ][ 229 molecules in 46 PDB, eniries.| 3 warnings |
[ CaH15NOg | n-acetyl-d-glucosamine | [ Chiral Atoms (5). C1, C2, C3, C4, C5 ][ Experimental Coordinates ]

Analyzed
Incomplete Structure I

Missing Only Atoms l

Complete Structure

Correct Chirality

Atom Substitution _
Foreign Ao |

Alternate Conformation I

] 20 40 60 80 100
% of residues csv

Incomplete Structure Complete Structure

o o . Correct Chirality o o ) _ )
Missing Only Atoms Missing Rings Degenerate (Tolerant) Wrong Chirality Afom Substitution Foreign Atom Different Naming
oleral

Missing Atoms in 4 molecule(s)

C2 25.0% 1 C3 25.0% 1 C4 25.0% 1 C5 25.0% 1 C6 25.0% 1 01 100.0% 4

Chirality Errors in 1 molecule(s)
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Kontrola predikovaného modelu

> Programy vytvofi néjaky model vidy > NUTNA KONTROLA

» Vizualni kontrola struktury
e Jeroztrzena?

* Dochazi k prekryti aminokyselin?
Confidence Key
’ High(9) Low (0)
> Nastaveni programu ? D!’Drd!!edﬂ'zd%)
* Obsahuje model celou zadanou sekvenci? AA Alpha helix ( 57%)
i Beta strand ( 9%)

V4 7
* Byl zvolen smysluplny templat?
MY Y AKASQHALS GDWTGLLAEVSYERFRYADSDDEDALAAALADPLVLDAVLFEGGAFAEFL
Secondary. o u AAAAAAAAAAAAAASAAAAAAAAAA — AAASAASAAAAAAARAAAAA — RARAAA
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Hodnoceni kvality predikcnich nastroju - CASP

» Critical Assessment of Techniques for Protein Structure Prediction
» 2022 — CASP15
» Predikce vyresenych, ale zatim nepublikovanych struktur

» Rozsahla analyza predikcnich programu

» Predikce terciarnich struktur

» |dentifikace neusporadanych oblasti

» Funkéni predikce (predikce vazebnych mist)

» Interakce mezi doménami, podjednotkami
a proteiny

» Hodnoceni spolehlivosti
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Zaverem

» Struktura je klicova pro spravnou funkci proteinu
» Predikovat na zakladé sekvence (1D) Ize 2D, 3D i 4D strukturu
» Vzdy je nutné kriticky kontrolovat vystupy program

» |dedlIni je vyuzit vice predikénich program( s rliznou metodologii a

porovnat vysledky
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