Predikce struktury proteinu

Struktura proteinu
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Primarni struktura

» Sekvence aminokyselin zapsana od N konce k C* konci

Peptide bonds

N‘konec

Amino Amino Amino
acid 1 acid 2 acid 3

Sekundarni struktura

» Definovana pomoci torznich Ghla peptidové patere

» Pro kazdou aminokyselinu Ize definovat tfi thly:
» & — Uhel kolem vazby N-Ca
» ) — uhel kolem vazby Ca-C(karb.)
» w — Uhel kolem peptidové vazby (180°, vyjimecné 0°)

» Stabilizovdna pomoci vodikovych mustk M
mezi atomy peptidové kostry

NN

¥

Ry

C‘konec

(AR
5

2D

OH

N




RamachandranUv diagram

» Kazdé aminokyseliné odpovida jeden bod v diagramu

180

180 s o J
-180 0 180

Ramachandrantv diagram

» Kazdé aminokyseliné odpovida jeden bod v diagramu

" 180 ) 0 i 180
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Sekundarni struktura

» Stabilni konformace polypeptidového retézce
» Dulezité pro udrzeni 3D struktury
» oa-Sroubovice (helix), B-skladany list (sheet), otacky, smycky

» Cca 50 % aminokyselin je soucasti a a B struktur

Sroubovice (helix)

» a-helix — nejcastéjsi
» 3,9-helix — obvykle na zac¢atku nebo na konci a-helixu

» mi-helix — malo stabilni, malo ¢asty

2D
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Sroubovice (helix)

alpha-helix 3/10-helix Pi-helix

.»‘..
(W

3,0-helix
a-helix

I TN TR
0,..Nys OioNis O Nis

Skladany list (extended B-sheet)

N

» Paralelni, antiparalelni, mix

Paralelni

Face view

Side view




Ostatni 2D

« Useky které nespadaji do kategorii helix nebo list
* Kombinace povolenych torznich Ghl{
* Nestabilni konformace

Reverse turns.

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

» Otacky (turns), ,ndahodné klubko“ (random coil) \/; &3 K?" ‘Q3

J1 ,.i,?_ A A

i+

2D

Zndazornéni 2D struktury

» Pismeny — H (helix), E (extended sheet), C (coil)
» Barevné — napr. Cervena (helix), Zluta (skladany list)

» Grafickymi elementy — spirdla/valec (helix), plocha Sipka (skladany list), linka (ostatni)

MQVWPIEGIKKFETLSYLPPLTVEDLLKQIEYLLRSKWVPCLEFSKVGH
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351 DIYIEIEV\/G A D SYEDEDEGETEY .~ S: bend
VVVTVVV T VVVVVVV — ™~ T:tumn
10 20 YEPLTQDHVDILGPLSAQTGIAVLDMCAALKELLQNG
PS5 250 260 270 E: beta strand

G: 3/10-helix
Strand Helix Coil A/ H alpha helix



Déleni proteint dle 2D struktury

Zejména pro Ucely klasifikace, hledani spole¢nych rysu
Kazdy protein obsahuje mj. smycky a ohyby
» Jlen a struktury
» Jen B struktury
> a/B

» Motivy kombinujici a i B struktury
>a+P

» Oddélené domény tvorené jen a nebo jen B strukturami

» Malé proteiny

» Specialni ptipady, napt. obsahujici ionty kov(, stabilizované disulfidickymi
mUstky

13

Terciarni struktura

» Konkrétni umisténi jednotlivych atomu polypeptidového retézce v prostoru

» Stabilizovana pomoci:

* Vodikova vazba (H-mustek)
mezi polarnimi AK, mezi hlavnim retézcem

* lontova interakce — nabité AK

Hydrofobni interakce — nepolarni AK

* ,Stacking” (mt-mt, CH-mt interakce) — aromatické AK

Kovalentni vazba sira-sira — cystein / cystin

Vazba iontt kovu

14



Od 2D ke 3D

» Motivy

» 2-3 prvky sekunddarni struktury

> Foldy

» Kombinace jednoduchych motiv(

» Domény
» Tvoreny motivy/foldy
> Cést struktury s vlastni funkci (nejmensi funkéni jednotka)

» Nezavisla jednotka (alespon ¢astecné nezavisla)

Jednoduché motivy

Helix-turn-helix B-vlasenka

17
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Slozené a-motivy/foldy

7-helix barel

4-helix bundle

19

SloZzené B-motivy/foldy

Recky kli¢ B-meandr B-barel

20



Slozené a/B-motivy/foldy

Rossmanuv fold TIM-barel
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Databases of Protein Folds

SCOP (http://scop.berkeley.edu/) - known domain structure

* Structural Classification of Proteins

* Class-Fold-Superfamily-Family

* Manual assembly by inspection

Superfamily (http://supfam.org/SUPERFAMILY/) - predicted domain structures
*  HMM models for each SCOP fold

* Fold assignments to all genome ORFs

* Assessment of specificity/sensitivity of structure prediction

* Search by sequence, genome and keywords

CATH + Gene3D (http://www.biochem.ucl.ac.uk/bsm/cath/) - both
* Class - Architecture - Topology - Homologous Superfamily

* Manual classification at Architecture level

* Automated topology classification using SSAP (Orengo & Taylor)
PDB eFold (http://www.ebi.ac.uk/msd-srv/ssm/)

* Fully automated using the DALI algorithm (Holm & Sander)
Pfam (http://pfam.xfam.org)- domain sequences (MSA, HMM)

AlphaFold Protein Structure Database (https://alphafold.ebi.ac.uk)




Structural classification of proteins (SCOP)

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

( 5€ éyé) About Contact Download dnmt1 ‘
J

L

[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 domains rep! ing 532,428 protein Folds, ilies and families statistics here.
N

Keyword and ID search  Sequence search

Enter free text, SCOP ID, 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(alb) - Fibrous proteins

+ Alpha and beta proteins(a+b) « N insically proteins

+ Small proteins

CATH — Protein structure classification
database

2D
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»Domény jsou klasifikovany podle CATH hierarchie hitps://www.cathdb.info/

» Trida (Class)

» Podle sekundarni struktury

* Jena,jen B, aiB, minimum sekundarni struktury
» Architektura

* 3D usporadani sekundarni struktury T
» Topologie/fold g G0

A
» Jak jsou prvky sekunddrni struktury uspofadané za Q‘Q\N
sebou LWO

>0 Matching GATH Superfamilies

» Homologni nadrodina e Tee—

v 7

* V pfipadé, Ze jsou domény evolucné pribuzné
(homologni proteiny)

View all entries

24



Kvartérni struktura _4DJI

» Vzdjemna kombinace vice retézcli (monomera)

» Podle typu podjednotek:
* Homooligomery (identické jednotky)

* Heterooligomery (alespon dva riizné typy jednotek)

» Komplexy protein( s dalsimi makromolekulami

* Ribosom, proteasom, replika¢ni komplex,...

» Nadmolekularni komplexy

* Virové Castice, bunéénd membrana, organely,...

Predikce struktury

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

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

» Vstupni informace:
* Sekvence
* Fyzikalné-chemické parametry
* Informace v databazich
»Vystup:
* Model struktury (2D, 3D, 4D)

33



ProcC predikovat strukturu?

» Klasifikace protein(
» Vytvoreni modelu struktury pro dalsi studium

» Predpovéd funkce proteinu
* Homologni struktury

* Vazebnd mista

» Analyza povrchu

* Pristupnost solventu, tunely, kavity

Predikce sekundarni struktury

» Predikce 3 zakladnich typU: H (helix), E (B-list), C/- (smycka/vse ostatni)

> 1. GENERACE
e ab-initio

34

2D

* Vychazi z fyzikdlné-chemickych vlastnosti a ze statistik pro jednotlivé aminokyseliny

35




1. Generace — ab inicio

Relative Amino acid Propensity Values for Secondary Structure Elements Used in the Chou-
Fasman Methods o

Amino Acid (a-Helix) P (3-Strand) P (Turn)
Alanine 1.42 0.83 0.66
Arginine 0.98 0.93 0.95
Asparagine 0.67 0.89 1.56
Aspartic acid 1.01 0.54 1.46
Cysteine 0.70 1.19 1.19
Glutamic acid 1:51 0.37 0.74
Glutamine 1.11 11 0.98
Glycine 0.57 0.75 1.56
Histidine 1.00 0.87 0.95
Isoleucine 1.08 1.60 0.47
Leucine 1.2} 1.30 0.59
Lysine 1.14 0.74 1.01
Methionine 1.45 1.05 0.60
Phenylalanine 1:13 1.38 0.60
Proline 0.57 0.55 1.52
Serine 0.77 0.75 1.43
Threonine 0.83 1.19 0.96
Tryptophan 0.83 1.19 0.96
Tyrosine 0.69 1.47 1.14
Valine 1.06 1.70 0.50

Typické znaky a-Sroubovice

> Casto je ¢asteéné exponovana
* Jedna strana je oto€end dovnitr proteinu .
, , T 4 Hydrophobic
(hydrofobni) a druha ven (hydrofilni) face
* Residuum (aminokyselina) n, n+3, n+4, n+7 mifi . "N\
na stejnou stranu

» Transmembranovy helix
* Vsechny aminokyseliny hydrofobni




Typ | Cke /ZNa ky B _l |St (musi byt stabilizovan jinou ¢asti polypeptidového fetézce!)

U B -listu se stiidaji boéni fetézce po 180°

pro castecné zanoreny B -list plati, Zze kazdé liché reziduum je polarni,
kazdé sudé nepolarni, u plné zanorfeného jsou vSechna nepolarni...
tj. residua smérujici na stejnou stranu by méla mit stejny charakter

Second strand in CDS8

Polar face

|

I 4 6

Hydrophobic lace

2D

a-sroubovice nebo B-list?

ELKAHIRVDLTLQ a

ELKAHIRVDLTLQ

ELKAHIRVDLTLQ B

Polarni Nepolarni



2D

a-Sroubovice nebo B-list?

ELKAHIRVDLTLQ a X
ELKAHIRVDLTLQ
ELKAHIRVDLTLQ B v
Polarni Nepolarni

Analyza hydrofobnich
klastra (HCA)

» Sekvence ,,se namota“ na valec (a-helix)
» HCA graf je zobrazeni vélce v roviné

» Hydrofobni aminokyseliny jsou
ohraniceny a tvori specifické tvary pro
a-helixy a B-listy

40

Hydrophobic Cluster Analysis 2D suppor

2D

humana1 antitrypsin
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RPBS Web Portal — HCA

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

(guest)

“* RPBS Web Portal

‘ [more] Welcome Forms Data Bookmarks Jobs Tutorials

Programs HCA %

© Drugs

o Peptides

HCA1.0.2 Lo Lo
Hell =

Structure . X s

Test Hydrophobic Cluster Analysis.

Tutorials

o Data formats
© Howtocite
@ Overview
© PDBInput
@ Policy
© Registration
© Stepbystep
Data Bookmarks

v Input Data

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
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Predikce sekundarni struktury

» 2. GENERACE
* Zahrnuje i vliv okolnich aminokyselin

» 3. GENERACE
* Homology-based models
* Metody strojového uceni

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

nez sekvence

Metody zaloZzené na homologii (Homology-
based)

» Vychazi z predpokladu, Ze 2D struktura je vice konzervovana nez
sekvence
1. Multiple sequence alignment
2. Predikce sekundarnich struktur pro kazdou sekvenci zvlast
3. Porovnani predikovanych sekundarnich struktur s alignmentem
4

Konsenzus sekunddrni struktury

HHHHCCC CHHC

shcrcgeac \HHHHCCCEEEECHHC

TerTrraarreBaAdcTBaaTrTa Ae

AGBGCTTACTAATCCG G AATTA TC / ECCHHCEEEECCCEE HHHCHCC CCHH
JETSIATATIEESEN e~ HHHHHCCCCEEECCH HHHHHCC CCHH
A RN NS s —p CCCHHCEEFECCC

: ATTATTAATCC AATTA mc e HHHHHCCEEEECCHH HHHHHCCCC CCH

*HHHCHCCEEEECCHH HHHHHCC CCHH

44
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2D

Metody strojového uceni (Machine learning)

» Model, ktery je natrénovany na znamé sadé dat
» Neuronové sité
» Skryté Markovovy modely

skryté vrstvy

vystupni vrstva

vstupni |
vrstva

p—

46
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PSIPRED

» Predikce sekundarni struktury
pomoci 2 neuronovych siti

> Casové naroénéjsi

Popular Analyses

» Ve srovnani s vétsinou programd
na predikci sekundarni struktury
7 v s Contact Analysis
ma Iepsl Vysled ky D C)J,VLO Contact iction) MEMPACK (TM Topology and Helix Packing)

Fold Recognition

I PSIPRED 4.0 (Predict Secondary Structure) DISOPREDS3 (Disopred Prediction)
MEMSAT-SVM (Membrane Helix Prediction) pGenTHREADER (Profile Based Fold Recognition)

GenTHREADER (Rapid Fold Recognition) pDomTHREADER (Protein Domain Fold Recognition)

Structure Modelling

Bioserf 2.0 (Automated Homology Modelling) Domserf 2.1 Domain
DMPfold 1.0 Fast Mode (Protein Structure Prediction)

Domain Prediction

DomPred (Protein Domain Prediction)

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

Function Prediction

FFPred 3 (Eurkaryotic Function Prediction)



PSIPRED

10 20

2D

30 40 50

1 MPRSVPPNI SPLPQKDDSSLSASEYPNIASRTAPPSPSAVRRTHSLLSET
51 HTGYQSLESQMEAGETTSLLGKTRENHRGTPRRSYTSI SAI PTPDNYLRH
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Strand 7] Helix Coil
D Disordered, protein binding . Putative Domain Boundary . Membrane Interaction
- Extracellular . Re-entrant Helix Cytoplasmic

RozSifeni predikce 2D struktury

» Predikce vice typl 2D struktury (die pssp -

» a-helix (H)

» 3,0-helix (G)

» n-helix (1)

» B-rfetézec, extended strand (E)

» Predikce pFistupnosti solventu

» Predikce transmembranovych helixt

30 40 50

D Disordered
Get PNG Get SVG
mm b Helix

Signal Peptide
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2D

Database of Secondary Structure Assignments)

» B-bridge (B)

» turn (T)

> bend (9)

» ostatni, coil (C)

49



Predikce terciarni struktury
o Klasifikace protein(

e Predpoved funkce

e \/ytvoreni modelu pro dalsi studium

 Ab initio
* Homologni modelovani

* Threading (,,navlékani“)

ikce terciarni struktury

e \/ytvoreni modeic

* Ab initio
* Homologni modelovani
* Threading (,,navlékani“)




Metody pro predikci funkce

% klasické" metody: vicenasobné aminokyselinové priloZeni
pozitivni alignment pouze mezi sekvencemi stejné rodiny

,
6%1 4- malyzaLz:B Istru kt| CDKVLYLDIDVLVRDSLTPLWDTDLGDNWLGACID .... YFNAGVLLINLKKWR
Gleca1,3- Gli: gntlf@ ?ﬁékt‘ APKVLYLDADIICQGTIEPLINFSFPDDKVAMVVT .... YFNSGFLLINTAQWA
Gala1,3-Glca- J QIKVLYLDADIACKGSIQELIDLNFAENEIAAVVA .... YFNAGFILIXIPLWT
Glca1,2-Glca-R « ossc?f]ién LDRLLYLDADVVCKGDISQILILHLGLN-GAVAAVVK oF e YFNSGVVYLDLKKWA
Gala1,6:-Mana-R(:/| LpcA R ( 120 IERLLYLDADVLAVSPVDELFTRNFQGKALAAVDD ... YFNAGVLLEDWSACR
Glca1,3-Mana-R DUGT D. i VRKIIFVDADAIVRTDIKEL.YDMDI.GGAPYAYTPF .... YHISALYVVDLKRFR
SpsA
T s s S —-].-}-}—-}-—F-y-}———
AA AA
B3-GICAT DDD

Dvé pozorované topologie 3D struktur glykosyltransferas

BGT-fold
%4 (Procaryotes/Phage)

B-GlcT (BGT, phage T4) n.c. inv
B4-GIcNAcT (MurG, E.coli GT28 inv
-term  [-GlcT (GtfB, M. orientalis) GT1  inv

C-
ter
m
SpsA-fold (Procaryotes)
SpsA (B. subtilis) GT2 inv
a4-GalT (LgtC, N.meningitis) GT8  ret
(Eucaryotes)

B4-GalT1 (bovine) GT7 inv
B2-GIcNACT (GnT I, rabbit) GT13  inv
B3-GIcAT I (human) GT43 inv
a.3-GalT (bovine) GT6 ret

tem Glycogenin (rabbit) GT8 ret
a3-GalNacT (GTA, human) GT6 ret
a3-GalT (GTB, human) GT6 ret

N-term



Nadrodina s BGT foldem

MurG (B-GIcNACT) GtfB (B-GIcT) BGT (B-GIcT)
GT28 GT1 n.c.
E. coli A. orientalis Phage T4
Ha et al., 2000 Mulichak et a/, 2001 Vrielink et a/, 1994

Nadrodina s SpsA foldem

Spolecna NBD

SpsA [GT2] Hum B3-GIcAT [GT43] Rabbit GnT | [GT13]
Charnok et al, 1999, 2001 Pedersen et al, 2000 Unligil et al, 2000

Bovine p4-GalT [GT7] LgtC (ad-GalT) [GT8] Bovine o3-GalT [GT6]
Gastinel et al, 1999 Neisseria meningitidis Gastinel et al, 2001
Ramakrishnan et al, 2001, 200 Persson et al, 2001 Boix et al, 2001, 2002




Predikce terciarni struktury
o Klasifikace protein(

e Predpovéd funkce

e \/ytvoreni modelu pro dalsi studium

 Ab initio
* Homologni modelovani
* Threading (,,navlékani“)

Threading

* Porovnava moznost pfiloZeni sekvence na proteiny znamych foldt

* ,navlékani” = rozpoznani a pfirazeni proteinového foldu aminokyselinové
sekvenci

* Svyuzitim strukturnich databdzi (PDB, SCOP, CATH) je vytvorena databaze
existujicich foldd - sekvence je porovnavdana s touto databazi (3D profilli) a na
jejich zakladé jsou konstruovany 3D-modely

* 3D profil - kazdému reziduu v 3D strukture je pfifazena environmentalni
proménna (obsah polarnich atom( v postrannim fetézci, skrytd plocha,
sekundarni elementy, apod.) vychazejici z predpokladu, Ze okoli rezidua je vice
konzervovdno nez aminokyselina samotna.

* Reziduum muze byt také popsano pomoci svych interakci
* Vyslednad kvalita modelu shoda je popsana pomoci Z-skore nebo energie

* U multidoménovych struktur je potfeba aminokyselinovou sekvenci rozdélit na
jednotlivé domény a analyzovat je separatné



PLLSASIVSAPVVTSETYVDIPGLYLDVAKAGIRDGKLQVILNVPTPYATGNNFPGIYFAIATNQGVVADGCFTYSSKV
PESTGRMPFTLVATIDVGSGVTFVKGQWKSVRGSAMHIDSYASLSAIWGTAAPSSQGSGNQGAETGGTGAGNIG
GGGERDGTFNLPPHIKFGVTALTHAANDQTIDIYIDDDPKPAATFKGAGAQDQNLGTKVLDSGNGRVRVIVMANGR
PSRLGSRQVDIFKKSYFGIIGSEDGADDDYNDGIVFLNWPLG

ERDGTFNLPPHIKFGVTALTHAANDQTIDIYIDDDPKPAATFKGAGAQDQNLGTKVLDSGNGRVRVIVMANGRPSR
LGSRQVDIFKKSYFGIIGSEDGADDDYNDGIVFLNWPLGPLLSASIVSAPVVTSQTYVDIPGLYLDVAKAGIRDGKLQ
VILNVPTPYATGNNFPGIYFAIATNQGVVADGCFTYSSKVPESTGRMPFTLVATIDVGSGVTFVKGQWKSVRGSAM
HIDSYASLSAIWGTAAPSSQGSGNQGAETGGTGAGNIGGGGKLAAALEIKRASQPELAPEDPEDVEHHHHHH

£

EMEOSS_001 1 0

EMBOSS_001 1 ERDGTENLPPHIRFGVTALTHAARNDQTIDIYIDDDEKPAATFRGAGAQDQ s0

EMEOSS_001 1 0

EMEOSS_001 51 NLGTKVL TUMENGRPSRLGSRQVDIFKKSYEGIIGSEDGAD 100

EMEOSS_001 1 L3ASIVISAFVVTSETYVDIFGLYLDVARKAGIRD 25
(NRNRNRRRNRRRRAES!

EMEOSS_001 101 DDYNDGIVELNWPLGPLLSASIVSAPVVISQIYVDIPGLYLDVAKAGI] 150

EMEOSS_001 36 GRLQVILNVPTPYATGNNFPGIYFAIX
RN RN R RN RN RN RN RRARANE
EMEOSS_001 151 GRLQVILNVPTPYATGNNFPGIYFAIATNQ

EMEOSS_001 86 MPETLVATIDVGSGVTEVE RSV AMHIDSYASLSAIWGTAAPSSQ 135
RN NN RN RN NN RN RN RN L
EMEOSS_001 201 MPETLVATIDVGSGVTEVES RSV AMHIDSYASLSAIWGTAAPSSQ 250

EMEOSS_001 136 GSGNQGAETGGTGAGNIGGGGERDGTFNLPPHIKEGVTALTHAANDQTID 185
IERNRN RN RN RN RN ANE
EMEOSS_001 251 GSGNQGAETGGTGAGNT 271

EMEOSS_001 186 IYIDDDPRPAATFRGAGAQDQNLGTKVLE TV GS 235
111 1--1 =1
EMEOSS_001 272 SEEE) EIK- - 283

EMEOSS_001 236 RQVDIFRKSYFGIIGSEDGADDDYNDGIV]
1.z T34 ] [ ETE N
EMEOSS_001 284 -Q APEDPEDVEI 30z

Threading

PHYRE2 (3D-PSSM)

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

Threading at 2D level and scoring at 3D level :
matching of secondary structure elements, and propensities of the residues in the query sequence to
occupy varying levels of solvent accessibility

The PSIPRED Protein Sequence Analysis Workbench

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

GenTHREADER Rapid fold recognition, matching your sequence against a library of whole PDB chains.
pGenTHREADER Highly sensitive fold recognition using profile-profile comparison (whole chain library).
pDomTHREADER Highly sensitive homologous domain recognition using profile-profile comparison (domain
library).

I-TASSER

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

a hierarchical approach to protein structure and function prediction. It first identifies structural templates from
the PDB by multiple threading approach LOMETS, with full-length atomic models constructed by iterative
template fragment assembly simulations. Function insights of the target are then derived by threading the 3D
models through protein function database BioLiP.




Phyre2

» Server pro 3D predikci struktur pomoci threadingu

* Vysoce vykonny — pomérneé spolehliva detekce foldu i

pfi nizké homologii (i pod 15%) o
http://www.sbg.bio.ic.ac.uk/phyre2/

Template lignment Coverage ‘onfidence id. Template Information

PDB header:sugar binding protein
Chain: B: PDB Moleculezergic-53 protein

PDBTitle: the crystal structure of the carbahyciate recogniton? domaln of
the glycoprotein sorting receptor pS8/ergic-533 reveals a novel metal

1 clrizB 31 b d g site and conformational4 changes associated with calcium ion
PDB header:sugar binding
Chain: A PDB Molecules emp47p (forml)
PDBTitle: crystal structure of emp47p carbohydrate recognition domain2
5 Qa6A 21 (crd), tetragonal crystal form

Fold:Concanavalin A-lke lectins/glucanases
Adike

Family:Lectin leg-like

nnnnnnnnn

<

—;-
\
D

N

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

Alignment

ARDLVIPMIYCGHG- —— —  Homologous
pr— sequences

User sequence

Search the 10 million known
sequences for homologues
using PSI-Blast.



Phyre2

ARDLVIPMIYCGHG‘ — HMM

User sequence PSI-
Blast Hidden Markov model

Capture the mutational propensities at each position in the protein

An evolutionary fingerprint

~ 65,000 known 3D structures

- J




oy
U L

~ 65,000 known 3D structures

- /

Phyre2

-«  Extract sequence

~ 65,000 known 3D structures

- /




Phyre2

~ 65,000 known 3D structures |
PSI-
Blast

— =

~ 65,000 known 3D structures |
PSI-
Blast

e @ —-=

HMM

Hidden Markov model
for sequence of KNOWN structure



Phyre2

~ 65,000 known 3D structures

N /

~ 65,000 known 3D structures

N /

~ 65,000 hidden Markov mode

o J

Hidden Markov Model
Database of

Is



Phyre2

ARDLVIPMIYCGHG- ‘

PSI-
Blast

Hidden Markov HMM-HMM
Model DB of matching

Alignments of user sequence to known structures ARDI,--VIPMIYCGHGY
ranked by confidence. AFDLCDLIPV--CGMAY

Sequence of known structure

Phyre2

ARDLVIPMIYCGHG-

PSI-
Blast

-

Hidden Markov HMM-HMM
Model DB of matching

ARDL--VIPMIYCGHGY
AFDLCDLIPV--CGMAY

Sequence of known structure

3D-Model




ARDLVIPMIYCGHG-

PSI-

Blast
Very powerful — Hidden Markov HMM-HMM
able to reliably detect extremely Model DB of matching

remote homology

Routinely creates accurate models even
when sequence identity is <15%

ARDL--VIPMIYCGHGY
_ AFDLCDLIPV--CGMAY

Sequence of known structure

3D-Model

Fold library last updated: 20 Apr 2019 | UNIREF50 protein sequence database updated: 7 Feb 2017 | SCOP version 1.75

SDVDIEAGQTLVQVVNISNGETWVAIQLPAQYRSFDLVFENVSPSTSGSVLVAQMAPQSGGVYGSNYS
GSGWGNDLGGGGFYGYSEAKWMCLWPANRSGPNSKTGIYGTCKLMNLNQSNAVPSVTSNLFAPTAY
KNEPGYANVGGCCQKIRGLASSIQFAFALHGGNVPQNTDTFSGGTIKVYGWN

3D-fold calculation based
on known structures

Model quality eva/uaton

!

pair surface pair/surface
residue-residue residue-solvent residue-residue and
interactions interactions residue-solvent interaction
— _
N

“Quality” scores



Glykogensynthasa — rodina GT3 (v rodiné v dobé analyzy nebyla vyfeSena
3D-struktura)

http://www.sbg.bio.ic.ac.uk/phyre/gphyre output/95cbaa7600a9bfff/su
mmary.html

) Quickphyre results for job synt - Mozilla Firefox

Soubor Uprgvy Zobrazit Historie Zalozky Nastroje Napovéda

v c 4y [ ¢ | http://www.sbg.bio.ic.ac.uk/phyre/qphyre_output/95cbaa7600a9bfff/summary.html Y ' Google

-

2 Nejnavitévovanéjsi P Jak zadit 5 Prehled zprav & http://www.ncbi.nim....

http://www.glycoscie.. ** CHMIRadar Departme...
§ Quickphyre resultsforjobcand____ % | ¢ Quickphyreresultsforjobsynt_ < | ¢ Quickphyre results forjobsynt___ X

To predict functional residues and GO classification, try ConFunc
Fold Recognition

VEFACLIGENEY SCOP Code JRAVETAGLEIM E-value E,fz::lt:: BioText Fold/PDB descriptor Superfamily

d2b|sa ) 306.36 o UDP-Glycosyltransferase/glycogen UDP-Glycosyltransferase/glycogen
id e phosphorylase phosphorylase
AN dirzua
i Tyl 6.16-36 oA UDP-Glycosyltransferase/glycogen UDP-Glycosyltransferase/glycogen
-a I 14%i& ¢ phosphorylase phosphorylase
Chain: A PDB
6.1e-31 na  PDB header:fransferase Molecule:predicted
glycosyltransferases;

C
fr

=== )

7= e I = Y =

m




A co protein, ktery nema v sekvencnich databazich Zzadny homolog




%) Quickphyre results for job rs20. - Mozilla Firefox

Soubor Uprgvy Zobrazit Historie Zaloiky Nastroje Napovéda

v c Q | ¢ | http://www.sbg.bio.ic.ac.uk/phyre/qphyre_output/964f0704319f5953/summary.html

2, Nejnavitévovanéjsi P Jak zacit 3 Prehled zprav

Fold Recognition

VT e SCOP Code UL N E-value f,fg:l‘:lte: BioText

d1eh9a2
(length:67)
24% i.d.

c2fsdA
(length:142)
19% i.d.

c2ct4A
(length:70)
1% id.

http://www.ncbi.nlm....

50
50

56

I nja
I n/a
I )
]

Fold/PDB
descriptor

Glycosyl
hydrolase domain

PDB
header:virus/viral
protein

PDB
header:signaling
protein

AB2L structure overview

Structure: 4 helical bundle

http://www.glycoscie.. ** CHMIRadar Departme...

Superfamily Family

Glycosyl hydrolase
domain

Chain: A: PDB
Molecule:putative
baseplate protein;

Chain: A: PDB
Molecule:cdc42-
interacting protein 4;

alpha-
Amylases,
C-terminal
beta-sheet
domain

PDBTitle: a
common fold for
the receptor
binding
domains of2
lactococcal
phages? the
crystal structure
of the head3
domain of
phage bil170

PDBTitle:
solution
strutcure of the
sh3 domain of
the cdc42-2
interacting
protein 4

AR

(beta-test)

n‘a

n/a

n/a



Top model

Model (left) based on template
d2ja%ail

Fold:OB-fold
Superfamily:Nucleic acid-binding
proteins

Family:Cold shock DNA-binding
domain-like

Confidence and coverage
Confidence: Coverage:

38 residues ( 20% of your sequence)
have been modelled with 24.1%
confidence by the single highest
scoring template.

@

Phyre
| alarm
You may wish to submit your sequence
to Phyrealarm. This will automatically
scan your sequence every week for
new potential templates as they
appear in the Phyre2 library.

Please note: You must be registered
and logged in to use Phyrealarm.

Image coloured by rainbow N — C terminus
Model dimensions (A): X:24.236 Y:23.853 Z:38.403

I-TASSER

* Nékolikrat vyhodnocen jako nejlepsi predikéni server

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

20 40 60 80 100 120 140
1 1 | 1 1 1
Sequence  YPFEDNPNYINTYATNEDEVCPYFLDYYNNSQDDYRNFRGENYDFEDTEENIENRNIEETEYEG! L L L

Prediction cC

Conf.Score 995677 6653677523565512600

20 10 50 80 100 120 140
I 1 ] I I 1
Sequence  YPEEDNENYTNTYATNEDEVCPYFLDYYNNSQDDYRNFRGEN ANRIDLEARGRGGELT RS

Prediction 401030012233233433010111054122347417314333; 3231032331223213233231231230313221200000237210000000341101012233230321331223222200000137220(

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

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

C-score=-2.09 C-score=-2.42 C-score=-3.44 C-score=-3.46

Estimated accuracy of Modell: 0.47+0.15 (TM-score) 11.324.5A (RMSD) (Read more about C-score of generated models



Prozkoumani moznosti a principl fungovani I-TASSERu
bude domacim ukolem

Homologni modelovani

* Je zaloZeno na existenci blizkého strukturniho homologu (typicky 50 %
sekvencni podobnosti a vice, minimalné 30%)

* Vlyuziva skutecnosti, Ze dva proteiny ze stejné rodiny a s podobnou
sekvenci maji i podobnou 3D strukturu

* Kromé sekvence naseho proteinu potfebujeme znat strukturu
homologniho proteinu = templat

* Pro vysoce homologni sekvence je spolehlivost velmi vysoka

MODELLER

Mostly used program in academic environment for serious homology
modeling

SWISS-MODEL
An automated knowledge-based protein modelling server



Homologni modelovani

1. Alignment zadané sekvence a sekvence templatu

2. Extrakce proteinové patere ze struktury templatu a umisténi

postrannich fetézcli
3. Modelovani otocek a smycek
4. Minimalizace energie

5. Validace namodelované struktury

85

Swiss-Model

* VVybér modelu (manualni, automaticky)

* Podle vybraného modelu pak predikuje strukturu zadané sekvence

* Soucasti vystupu je sada parametr( hodnoticich kvalitu modelu. Pfi
vyuziti vice templatu je tak mozno porovnat jednotlivé modely

" __SWISS-MODEL

lodeling Project o

Supported Inputs ©

l http://swissmodel.expasy.org/

Model Results @

“ Upload Target Sequence File... [ICACIEES
tited P

EEEEE

on
Search For Templates
8y usrg e s tre ot




SWISS-MODEL
An automated knowledge-based protein modelling server

- Start SMR-Pipeline in automated mode on BCZ2-cluster at Thu May 2 08:51:47 2013
- Start BLAST for highly similar template structure identification
- No suitable templates found!

- Run HHSearch to detect remotely related template structures
- Unfortunately, we could not identify useful template structures

- For troubleshooting, please see our article in Nature Protocols:

- Bordoli, L., KRiefer, F., Arnold, K., Benkert, P., Battey, J. and Schwede, T. (2009).
Protein structure homology modelling using SWISS-MODEL Workspace. Nature Protocols, 4, 1.

Computation of this workunit has stopped.

Please see the following log report for details:
Started: Wed May 13 06:59:31 2009 (sms_automode) Reading user input sequence No Templates
found.

Simple automated template selection could not identify suitable templates. Please use advanced
Template Selection under [Tools] to select a template and prepare a workunit using the project mode.

Ab initio 3D|

* Nejuniverzalnéjsi — vychazi pouze ze sekvence
* \/lypocetné nejnarocnéjsi
 Zahrnuje radu krok(:

* Predikce 2D struktury

* Modelovani jednotlivych fragment(

* Kombinace fragmentu navzajem
* Doplnéni smycek a flexibilnich Gsekl

* Nizka spolehlivost zejm. pro vétsi proteiny



ADb initio EI

TTSQKHRDFVAEPGEKPVGSLAGIGEVLGKKLEERGFDKAYVVLGQF LVLKKDEDLFREW
LKDTCGANAKQSRDCFGCLREWCDAFL

20 40 60 80

* Quark
Sequence TTSQKHRDFVAEPGEKPVGSLAGIGEVLGKKLEERGFDKAYVVLGQF LVLKKDEDLFREWLKDTCGANAKQSRDCFGCLREWCDAFL

[ ] R a to rX Prediction CCCHHHHHHHCCCCCCCCCCCCCCCHI HHCCC! H I CC L CC
Conf.Score 7999998744

H:Helix; S:Strand; C:Coil

* Rossetta

20 40 60 80

Sequence TTSQKHRDFVAEPGEKPVGSLAGIGEVLGKKLEERGFDKAYVVLGQFLVLKKDEDLFREWLKDTCGANAKQSRDCFGCLREWCDAFL
Prediction 553330221123223321120110032002102421132002000200113232310220022102031310310010022003324
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 §

De novo modelling with Rossetta

(David Baker lab, Univ. of Washington)

¢ In contrast to threading, Rosetta does de novo prediction — doesn’t use
templates/homologous structures

+« instead performs Monte Carlo search through space of conformations
to find minimal energy conformation



De novo modelling with Rossetta

» fragments are selected from
known structures

» the window-fragment matches
are calculated using
— PSI-BLAST to build a profile
model of the sequence
— the predicted secondary
structure of the sequence

1-9  10-18 19-27 28-36 37-45 46-54

Native----- >|

Structures of]
similar local
sequences-->|
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De novo Modeling with Rosetta
Stage I. Fragment
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De novo Modeling with Rosetta
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Stage Il. All-atom
refinement

Ingredients of a high resolution potential

1. Van der waals packing
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-0.2

3 4 5 6 74 8
Atom-atom distance

3. Manifestations of water
3

2 2 The cost of desolvation|
% Q
c 1
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8 o
2 Non-polar atoms
w4 The hydrophobic effect
0 2 4 6 8

Atom-atom distance

2. Hydrogen bonds

0 1
-180 -120 -60 0 60 120 180
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Scoring Function Takes Into Account

» residue environment (solvation)

» residue pair interactions (electrostatics, disulfides)
» strand pairing (hydrogen bonding)

» strand arrangement into sheets

* helix-strand packing

« steric repulsion

+ etc.

« scoring function search progressively adds terms during
search

« initially on the steric overlap term is used
 then all but “compactness” terms are used
+ etc.

» search is initiated from different random seeds

WEB server - Robetta

http://robetta.bakerlab.org

Response Times

To prevent unnecessary usage we require two manual steps for full structure predictions. The first step is
to submit your sequence for domain and template detection. The second step is to continue for 3-D
models. You may only select one domain at a time for structure predictions. The second step is
computationally expensive so please continue with this step only if necessary. You may help increase
computing resources for this service by joining our distributed computing project Rosetta@HOME and
spreading the word out to friends and colleagues.

e ~10 minutes - hours for domain and template detection.

e ~1 day - weeks for high accuracy homology models (templates detected with high confidence > 0.8 and
sequence identity > 40%).

e ~1 week - months for difficult targets.



Zhang Lab - QUARK

@ ® QUARK ONLINE

() 25 Qnitio Protein Structure Prediction

QUARK is a computer algorithm for ab initio protein structure prediction and protein peptide folding, which aims to construct the correct protein 3D model from
amino acid sequence only. QUARK models are built from small fragments (1-20 residues long) by replica-exchange Monte Carlo simulation under the guide of an
atomic-level knowledge-based force field. QUARK was ranked as the No 1 server in Free-modeling (FM) in CASP9 and CASP10 experiments. Since no global
template information is used in QUARK simulation, the server is suitable for proteins that do not have homologous templates in the PDB library. Go to example to

view an example of QUARK output. The server is only for non-commercial use. Questions about the QUARK server can be posted at the Service System
Discussion Board.

Cut and paste your sequence (in FASTA format, less than 200 AA. Example input

Driving innovation in
protein structure
prediction:
“CASP”

Critical Assessment of
Structure Prediction

CASP1 (1994)

Five blind

CASP1 TARGET  “successful” fold recognition

predictions per (trsy) 2tov
target RMSD: 16.0 A



CASP 11 (2014)

CASP11 in numbers

Number of groups registered 208
including: expert groups 123
prediction servers 85
Number of regular targets released 100
including all-group (human) targets 55
Targets canceled for all/manual prediction 7/ 10
Number of refinement targets released 37
Number of assisted prediction targets released 71

Number of targets received from
Joint Center for Structural Genomics (JCSG):
Structural Genomics Consortium (SGC):
Midwest Center for Structural Genomics (MCSG):
Northeast Structural Genomics Consortium (NESG):
New York Structural Genomics Research Center (NYSGRC):
Non-SGI research Centers and others (Others):
Seattle Structural Genomics Center for Infectious Disease (SSGCID):
NatPro PSI:Biology (NatPro):

rhBounmasP

http://predictioncenter.org/casp11/results.cgi

12th Community Wide Experiment on the

Critical Assessment of Techniques for Protein Structure Prediction

CASP12 in numbers

Number of groups registered 192
including: expert groups 112
prediction servers 80
Number of regular targets released 82
including all-group (human) targets 56
Targets canceled and not re-released for all/manual prediction 11/ 11
Number of refinement targets released 42
Number of assisted prediction targets released 14
Prediction category Number of groups/servers contributing ber of del: i as 1 Total number of models
Tertiary structure predictions 128 / 43 8362 37672
Data assisted predictions 16/1 109 528
Residue-residue contacts 38 /30 3077 3077
Accuracy estimation 47 / 32 3700 7400
Interface accuracy 3/0 65 66
Refinement 39/5 1457 6227
All (unique): 188 / 80 16770 54970

http://predictioncenter.org/casp12/results.cgi




13th Community Wide Experiment on the

Critical Assessment of Techniques for Protein Structure Prediction

CASP13 in numbers

Number of groups registered 210
including: expert groups 123
prediction servers 87
Number of tertiary structure prediction targets released 90
(including all-group targets) (82)
Number of hetero-multimer targets released 13
Number of refinement targets released 31
Number of assisted prediction targets released 60
Targets canceled (all / human) (10 / 12)
Targets available/expired for manual non-QA prediction 0/72
Targets available/expired for server non-QA prediction 0/ 80
Targets available/expired for QA prediction 0/80
Targets available/expired for assisted prediction 0/59
Targets available/expired for multimer prediction 0/12
Prediction category Number of groups/servers contributing Number of models designated as 1 Total number of models
Tertiary structure predictions 107/ 39 7542 35982
Oligomeric predictions 40/9 662 2861
Data assisted predictions 24/5 456 2017
Residue-residue contacts 46 / 25 3914 3914
Accuracy estimation 52 /41 4332 8687
Refinement 33/6 847 3788
All (unique): 185/ 87 17753 57249

http://predictioncenter.org/casp13/results.cgi

De novo successes: all-

CASP7 target TO316 (domain 3)

Native Model
2.0 A over 61 residues



De novo successes: all-a

€ ) CASP7 target T0283 (112 residues)
¢ .
£

wd‘\'

Native

1.4 A over 90 residues

Is protein folding solved?

“"NO! -

e Success in <1/3 of

cases.
e Conformational

sampling still a huge
issue




template-

CASP 14 (2020) Ranking of participants in CASP14, as
per the sum of the Z-scores of their

predictions (provided that these are
_ greater than zero). One group, 427,

| named AlphaFold 2, shows an
incredible improvement with respect to
" the second best group, 473 (BAKER).
This figure was obtained from the
o official CASP14 webpage on Tuesday 1st
December, 2020.

Sum(Zscore>0.0)

W Groups

Models based on templates identified by sequence similarity remain the most accurate. Over the course of the CASP experiments
there have been enormous improvements in this area. However, the overall accuracy improvements that we have seen in the first
10 years of CASP remained unmatched until CASP12 (2016), when a new burst of progress happened [Kryshtafovych et al, 2018].

In two years from 2014 to 2016, the backbone accuracy of the submitted models improved more than in the preceeding 10 years.
The next CASP continued the trend [Croll et al, 2019], and the 2014-2018 model accuracy improvement doubled that of 2004-
2014 (see left plot). Several factors contributed to this, including more accurate alignment of the target sequence to that of
available templates, combining multiple templates, improved accuracy of regions not covered by templates, successful refinement
of models, and better selection of models from decoy sets due to improved methods for estimation of model accuracy.

CASP14 marked an extraordinary increase in the accuracy of the computed three-dimensional protein structures with the

emergence of the advanced deep learning method AlphaFold2. Models built with this method proved to be competitive with the
experimental accuracy (GDT_TS>90) for ~2/3 of the targets and of high accuracy (GDT_TS>80) for almost 90% of the targets
(middle plot). The accuracy of CASP14 models for TBM targets significally superseeded accuracy of models that can be built by

g’ simple transcription of information from templates, and reached the level of GDT_TS=92 on average, which is significantly higher
E = than the corresponding averages in previous two CASPs (right plot).
nwo
83
'n Template-based modeling targets AlphaFold2 results on CASP14 targets Best model vs best structural template
E 100 TBM and FM/TBM targets
n 100
I-‘ 100 N %o ocn@p% ooo
E L © 0.
>0 80 90 &°
v o,
& \ 80 % :
§'§ 80 < CERAERD °e 77.6,79.4
: § 60 Il E w /,
s E EI 70 - o 66.0,70.2
2& ] 3
® S 40 @
o9 60 | 40
52 5
22 .
=3 20 . 2 o CASP14 & CASP13_avg
IS O CASP12_avg O CASP14_avg
S 40 ———CASP14 e CASP13
. 0%  20%  40%  60%  80%  100% 0 oo AR
Target Difficulty 0 20 4 60 L 100

. N Cumulati t f target
combined rank by seq.id. and coverage of the best template Amuativeperceniage oriargets LGA_S, best template



CASP15 (2022) showed enormous progress in modeling multimolecular protein complexes.

The assembly modeling (a.k.a. quaternary structure modeling, oligomeric modeling, multimeric
modeling) has been assessed in CASP since 2016 (CASP12). Typically, models were of good accuracy
when templates were available for the structure of the whole target complex. After the success of
AlphaFold2 in CASP14 (2020), it was expected that deep learning methodology that brought
monomeric modeling to qualitatively new level will be extended to multimeric modeling. Indeed,
CASP15 showed that newly developed methods are capable of accurate reproducing structures of
oligomeric complexes and outperform CASP14 methods by a large margin. In particular, the accuracy
of models almost doubled in terms of the Interface Contact Score (ICS a.k.a. F1) and increased by
1/3 in terms of the overall fold similarity score LDDTo (left panel). An impressive example of
multimeric modeling is shown in the right panel below.

0.8
0.6
0.4
0.0
F1

LDDTo

assembly
modeling

H CASP15 mCASP14

CASP15: T11130
model 239_2: F1=92.2; LDDT0=0.913

Jakou metodu zvolit? E

1. Mam homologni protein se zndmou strukturou - homologni
modelovani

2. VyuZiji experimentalni data
» Threading
» Kombinace vice templatd pro jednotlivé ¢asti struktury
» RGzné predikéni nastroje

3. Ab initio modelovani smycek a Casti sekvence bez vhodného
templatu

4. Mam unikatni sekvenci — ab initio
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N
Predikce kvartérni struktury _4Djl

Zahrnuje rdzné urovné, napf.:

* Predikce vazebnych mist

* Predikce aminokyselin podilejicich se na interakci

* Odhad oligomerniho stavu

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

» SW dosud ¢asto nedokonaly, nizka spolehlivost predikce
» SloZitéjsi postupy vétsinou nejsou automatizované
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T
Predikce kvartérni struktury 4Dj|

Programy vétSinou vychazeji z podobnosti sekvence a/nebo 3D struktury
se znamymi proteiny

Priklady SW: l

- Quatldent et et ety ] B
* QuaBingo ”
* M-TASSER
* Quad-PRE

\\\\\\\

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




Hodnoceni kvality predikénich nastroj - CASP

» Critical Assessment of Techniques for Protein Structure Prediction
» 2020 - CASP14
» Predikce vyfeSenych, ale zatim nepublikovanych struktur

» Rozsahla analyza predikénich programu

> Predikce terciarnich struktur

RR Assessment Results

» ldentifikace neusporadanych oblasti
» Funkéni predikce (predikce vazebnych mist)

» Interakce mezi doménami, podjednotkami
a proteiny
» Hodnoceni spolehlivosti

Alel

| pozor na domeény !




NCBI — Blast (Basic Local Alignment Search Tool)
(National Centre for Biotechnology Information)

Prohledavani databdzi znamych aminokyselinovych sekvenci
> cely protein

Putative conserved ins have been click on the image below for detailed resuits.
1 S0 100 150 200 250 288
Query seq. ittt ————
Superfanilies ( PA-TIL superfamily )

Mole~donains - (I PR

Distribution of 100 Blast Hits on the Query Sequence &

[Mouse over to see the defline, click to show alignments ]

Color key for alignment scores

<40 40-50 50-80 80-200 >=200
@ u e ry | —
| | 1 1 1 |
1 50 100 150 200 250

NCBI — Blast

Prohledavani databdazi znamych aminokyselinovych sekvenci
» cely protein

Conserved domains on [ic15110] View concise resuf:
Lozal query sequence

Graphical summary show options » ?

1 s0 100 150 200 250 288
Query seq. e i ——————
Non-specific PA-TIL
hits
Superfanilies PA-IIL superfamily

alti-donains - (A

Search for similar doman architectures | @ Refine search |
List of domain hits ”
Description Pssmid Multidom E-value
["’]PA -lIL[pfam07472], Fucose-binding lectin Il (PA-IIL); In P the fi g lectin Il (PA-IIL) contributes to the 203639 no 3.60e-45

[HPixA[pfam12306], Inclusion body protein; This family of proteins is found in bactena Protems in thls family are typically ... 204875 yes 4.88e-43



NCBI — Blast

Prohledavani databdzi znamych aminokyselinovych sekvenci
> cely protein

| (=)

pubted References @

Sttrd boa ke deemfe e dsict sifcaon o Fruloronsasrgnaas e Lga Sy tefraa
stcma Bt She 50 200208 F2r13021

Pram07472 iz a member of the suparfamily CI05485

Fomat: | Comaact isecee

V¥ Tyze Seazzon: e moat Svecse maToes v

o3 A
@1 BiE38228

34 TI6E3312 I36
34 173486540
Si 123370083
st 123383138

NCBI — Blast

Prohledavani databdazi znamych aminokyselinovych sekvenci
» cely protein

PubMed References O

=A rdac balypmtn X le arcmetehik. J Sxivbl 200 Ay BT 00T 10

Pram12306 is classifad a5 3 modal that may 553N more than ana domain.

pram12306 is not assignad to any domain supartamily.

:a-nx [ — Row Dieslay: w3 &5 10 Colo-@Rs: 2035% Tyoe SHecton: e Tt SVeTTe TATSeT
@i 173633921 2 . 5. [2) [7] . VIXVARRD. [7) .GSILAVELRQSD 56
@i 1I3464893 13 . w - TRGLELNVGD TT
s4 123180 w®. 1A -TADLXITAYPGD TS
S1 SST1TERY ® . a -IEILITRASNGD TS
S1 236263306 27 . T -PADFVLILYPZD 31
@1 1TOTS6EZY 2 . A -DELYIGLSPED 63
S1 B576B382 15 . ]

@1 136279425 22 T
@i 17TOTOZIS® 12 R
S1 T366242 22 -QIVEMCLVITAY x




InterPro protein sequence analysis & classification

InterPro is an integrated database of predictive protein signatures used for the classification and
automatic annotation of proteins and genomes. InterPro classifies sequences at superfamily,
family and subfamily levels, predicting the occurrence of functional domains, repeats and
important sites. InterPro adds in-depth annotation, including GO terms, to the protein
signatures.

European Bioinformatics Institute - http://www.ebi.ac.uk/

Research Training Industry

InterProScan Results

Summary Table Tool Output RYUENENEIINY  Submission Details ~ Submit Another Job
InterProScan Visual Output

Download in SVG format

InterProScan (version: 4.8) Launched Wed, May 16, 2012 at 17:31:03
Sequence: Sequence_1 Finished Wed, May 16, 2012 at 17:35:39
Length: 288

CRC64: 3FAE4CA0C2498864

InterPro Match ! Query

Description
288

IPRO10907 Caldum-mediated lectin

C3DSA:2.60.120.400» —— W 70 description
PFO7472» A [ PA-IIL
SSFE2026» ———

Caloum-mediated lectin

IPRO21087 Uncharacterised protein family PixA/AldA
PF12306»

| A

@ PRODOM @PRNTS @ank | L W SMART BTCRAM @PROALE
O HAMAP DPROSITE W SUPERFAMILY @SCNALY [ Al W PANTHER WCOINEID

© European Bioinformatics Institute 2006-2012. EBI is an Outstation of the European Molecular Biology Laboratory.

ProcC potrebujeme predikci domén

*Prohledavani sekvencnich databazi bez predikce domén muze byt neldspésné

*Automaticka predikce struktury se zaméfti jen na nejlépe ,, definovanou” cast



Phyre - Wh0|e prOteln http://www.sbg.bio.ic.ac.uk/phyre2/phyre2 output/a132b051273537c4/summary.html

E e e

PDB header:sugar-binding protein

c2vnvC hain: C: PDB Molecule:bdla;
B omn PDBTitle: crystal structure of bdla lectin from burkholderia2 cenocepacia in
omplex with alpha-methyl-mannoside at 1.73 angstrom resolution
OxraA — PDB header:sugar binding protein
2 o0 hain: A: PDB Molecule:lectin;
PDBTitle: c-terminal domain of bc2k-c lectin from burkholderia cenocepacia
d2chhal e Fold:Calcum-mediated lectin
3 o0 Alignment 37 Superfamily:Calcum-mediated lectin

Family:Calcum-mediated lectin

NCBI — Blast

Prohledavani databdazi znamych aminokyselinovych sekvenci
» cely protein

Conserved domains on [ic15110] View concise resuf:

Lozal query sequence

Graphical summary show options » ”?

1 s0 10 150 200 250 288
Query seq. e i ——————
Non-specific PA-TIL
hits
Superfanilies PA-IIL superfamily

alti-donains - (A

Search for similar doman architectures | Refine search |
List of domain hits ?
Description Pssmld Multidom E-value
[+]PA -lIL[pfam07472], Fucose-binding lectin Il (PA-IIL); In P na: the fi g lectin Il (PA-IIL) contributes to the 203639 no 3.60e-45

[HPixA[pfam12306], Inclusion body protein; This family of proteins is found in hactena Pmtelns in thls family are typically ... 204875 yes 4.88e-43



Phyre - C'te rm http://www.sbg.bio.ic.ac.uk/phyre2/phyre2_output/e332blecabb8d0a6/summary.html

H Alignment Coverage 3D Model plate Information

PDB header:sugar binding protein

1 % hain: DB Molecule:lectin;
PDBTitle: c-terminal domain of bc2l-c lectin from burkholderia cenocepacia
PDB header:sugar-binding protein
c2vnvC - hain: C: PDB Molecule:bcla;
= Al
2 ) PDBTitle: crystal structure of ’bcla lectin from burkholderia2 cenocepacia in
icomplex with alpha-methyl-mannoside at 1.73 angstrom resolution
e e —————————————————————— mld:cakum_medlated bmn
3 &) 30  Superfamily:Calcium-mediated lectin

Family:Calcum-mediated lectin

Phyre - n'term http://www.sbg.bio.ic.ac.uk/phyre2/phyre2_output/e332blecabb8d0a6/summary.html

H Alignment Coverage 3D Model Template Information

c1sddB ’ PDB header:blood clotting
1 S 9 Chain: B: PDB Molecule:coagulation factor v;
PDBTitle: crystal structure of bovine factor vai
3cdzB PDB header:blood clotting
2 on 6 Chain: B: PDB Molecule:coagulation factor vii light chain;
PDBTitle: crystal structure of human factor vii
dikbva2 E'JFO Cupredoxin-ike
o2 13

:Multidomain cupredoxins



Swissprot — whole protein

e R ~ SWISS-MODEL Workspace
e Modeliing Tools  Repository  Documentation
[ myWorkspace | [ login ]

Workunit: P000007 - Overview
3 288

Print/Save this page as )
Model Summary o

Model information: Quaternary structure information: [details]
> Modelled residue range: 169 to 288 Template (2vnv): DIMER

Based on template: [2vnvD]* (1.7 A) Model built: SINGLE CHAIN

Sequence Identity [%]: 56.35

Evalue: 0.00e-1 Ligand information: [details]«

Ligands in the template: CA- 3, MMA: 1, SO4: 1.
Quality information: [details]s Ligands in the model: CA: 2
QMEAN Z-Score: -0.71 |

logs: [Templates]» [Alignment]x [Modelling]»
display model: as [pdb]» - as [DeepView project]» - in [AstexViewer]x
download model: as [pdb]+ - as [Deepview project]s - as [texi]+

Global Model Quality Estimation o =1

=0f449e99bc01

76edfa75fbal9b2d96e4&func: i jid=P000007

Rosetta@home b Project v Computing~  Community v  Site ~ SignUp  Login

You don't have to be a
scientist to do science.

By simply running a free program, you can help advance research
in medicine, clean energy, and materials science.

Join Rosetta@home

P, N R UNIVERSITY OF
@ £ HHMIL @ ProteinDesion  TTWASTINGToN 8

Rosetta@home needs your help to determine the 3-dimensional shapes of
proteins in research that may ultimately lead to finding cures for some major
human diseases. By running the Rosetta program on your computer while you
don't need it you will help us speed up and extend our research in ways we
couldn't possibly attempt without your help. You will also be helping our efforts
at designing new proteins to fight diseases such as HIV, Malaria, Cancer, and
Alzheimer's. Please join us in our efforts!



4 fold ..

Solve Puzzles PUZZLES » CATEGORIES GROUPS PLAYERS RECIPES CONTESTS
for Science BLOG » FEEDBACK FORUM WIKI FAQ ABOUT CREDITS
The Science Behind Foldit GET STARTED: DOWNLOAD
P , :
Folditis a { y g p game ing you to il to 'y ‘ “*
important scientific research. This page describes the science behind Foldit and how your Win Beta Mac Beta Linux Beta
playlng cen help: Windows 0SX Linux

Pags Conters: (XP/Vista/7/8) (10.7 or later) (64-bit)

What is protein folding?
Why is this game important?
Foldit Scientific Publications
News Articles about Foldit )
News Articles about Rosetta http . / / fold .It/ por Are you an educator? Click here.
Rosetta@Home Screensaver

Community Rules ta l/
Let's Foldit Podcast

Instructions for Educators

Terms of Service and Consent Google Search Only search fold.it
Credits

Are you new to Foldit? Click here.

Are you a student? Click here.

SEARCH

What is protein folding? RECOMMEND FOLDIT

What is a protein? Proteins are the workhorses
in every cell of every living thing. Your body is
made up of trillions of cells, of all different kinds:
muscle cells, brain cells, blood cells, and more.
Inside those cells, proteins are allowing your body
to do what it does: break down food to power your
muscles, send signals through your brain that
control the body, and transport nutrients through
your blood. Proteins come in thousands of
different varieties, but they all have a lot in

USER LOGIN
Username: *

Password: *

Log in

Ear i . Folded up Streptococcal Protein Puzzle
~omman Eor inetance, they're made of the same (+) Enlarge This Image . Create new account
ittps:/fold.it/portal/” sonsists of a long chain of

Just a game?

= ™= What other good stuff am | contributing to by
playing?

Proteins are found in all living things, including
plants. Certain types of plants are grown and
converted to biofuel, but the conversion process is
not as fast and efficient as it could be. A critical
step in turning plants into fuel is breaking down the
plant material, which is currently done by microbial
=g enzymes (proteins) called "cellulases". Perhaps

This is an example of a puzzle that a human cansee  we can find new proteins to do it better.
the obvious answer to - fix the sheet that is sticking out!

() Enlarge This inage Can humans really help computers fold

proteins?

We're collecting data to find out if humans' pattern-recognition and puzzle-solving abilities make
them more efficient than existing computer programs at pattern-folding tasks. If this turns out to be
true, we can then teach human strategies to computers and fold proteins faster than ever!



Structure Superposition

TSN

o
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The key is finding corresponding points between
the two structures

Structure Superposition

/
Vivw
®

The key is finding corresponding points between
the two structures




Algorithms for Structure Superposition

Distance based methods:

DALI (Holm & Sander): Aligning scalar distance plots

SSAP (Orengo & Taylor): Dynamic programming using intra-
molecular vector distances

MINAREA (Falicov and Cohen): Minimizing soap-bubble surface area
CE (Shindyalov & Bourne)

Vector based methods:

VAST (Bryant): Graph theory based secondary structure alignment
3D Search (Singh and Brutlag) & 3D Lookup (Holm and Sander): Fast
secondary structure index lookup

Both

LOCK (Singh & Brutlag) LOCK2 (Ebert & Brutlag): Hierarchically uses
“Adaptive”

FATCAT(Flexible structure AlignmenT by Chaining Aligned fragment
pairs allowing Twists, Ye & Godzik) — not further maintained?
http://fatcat.godziklab.org/fatcat/

DALI

100 120
1 1

B0

0 20 40 60 8o 100 120 140
An intra-molecular distance plot for myoglobin



DALI

Based on aligning 2-D intra-molecular distance
matrices

Computes the best subset of corresponding residues
from the two proteins such that the similarity

between the 2-D distance matrices is maximized

Searches through all possible alignments of re5|dues

using Monte-Carlo and
Branch-and-Bound algorithms

VAST — Vector Alignment Search Tool

Identifying similar structures by purely geometric criteria
(and to identify distant homologs that cannot be
recognized by sequence comparison). Find similarly

shaped individual protein molecules or 3D domains
(VAST+: similarly shaped macromolecular complexes)

* Aligns only secondary structure elements (SSE)

* Represents each SSE as a vector

* Finds all possible pairs of vectors from the two
structures that are similar

e Uses a graph theory algorithm to find maximal subset
of similar vector pairs

e Overall alignment score is based on the number of
similar pairs of vectors between the two structures



Superimpose vectors and score lignment
using both orientation independent and
orientation dependent scores

Compare internal distances in order to find
equivalent secondary structure elements

FoldMiner: Structure Similarity Search Based on
LOCK2 Alignment

FoldMiner aligns query structure with all database
structures using LOCK2

FoldMiner up weights secondary structure elements in
qguery that are aligned more often

FoldMiner outperforms CE and VAST is searches for
structure similarity



The best to test as first:

Distance based methods
DALI
http://ekhidna2.biocenter.helsinki.fi/dali/

Vector and distance based method
FoldMiner (LOCK2) — local installation needed

“Adaptive”
FATCAT
http://fatcat.godziklab.org/fatcat/

Zaverem

» Struktura je kli¢ova pro spravnou funkci proteinu
» Predikovat na zakladé sekvence (1D) Ize 2D, 3D i 4D strukturu
» Vidy je nutné kriticky kontrolovat vystupy programu

» ldedlni je vyuzit vice predikénich programu s riznou metodologii a

porovnat vysledky
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