
Předpověď 3D-struktury/foldu/funkce

• Threading - „navlékání“
• Homology modeling
• Ab inicio metody

• Klasifikace proteinů
• Předpověď funkce
• Vytvoření modelu pro další studium



Vše začíná u PDB ...



Vše začíná u PDB ...



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)

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)

Databases of Protein Folds

http://scop.berkeley.edu/
http://supfam.org/SUPERFAMILY/
http://www.biochem.ucl.ac.uk/bsm/cath/
http://www.ebi.ac.uk/msd-srv/ssm/
http://pfam.xfam.org


SCOP Structural Classification of Proteins 
(http://scop.mrc-lmb.cam.ac.uk/scop)

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


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

Family: Clear evolutionarily relationship
Proteins clustered together into families are clearly evolutionarily related. Generally, this 
means that pairwise residue identities between the proteins are 30% and greater. However, 
in some cases similar functions and structures provide definitive evidence of common descent in the absense of high 
sequence identity; for example, many globins form a family though some members have sequence identities of only 
15%.

Superfamily: Probable common evolutionary origin
Proteins that have low sequence identities, but whose structural and functional features 
suggest that a common evolutionary origin is probable are placed together in 
superfamilies. For example, actin, the ATPase domain of the heat shock protein, and hexakinase together form a 

superfamily.
Fold: Major structural similarity
Proteins are defined as having a common fold if they have the same major secondary 
structures in the same arrangement and with the same topological connections. Different 
proteins with the same fold often have peripheral elements of secondary structure and 
turn regions that differ in size and conformation. Proteins placed together in the same fold category 
may not have a common evolutionary origin: the structural similarities could arise just from the physics and 
chemistry of proteins favoring certain packing arrangements and chain topologies.

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




http://scop2.mrc-lmb.cam.ac.uk/front.html

http://scop2.mrc-lmb.cam.ac.uk/front.html








CATH Protein Structure Classification (http:// www.cathdb.info )

CATH is a hierarchical classification of protein domain structures, which clusters 
proteins at four major levels: Class (C), Architecture (A), Topology (T) and Homologous 
superfamily (H). The boundaries and assignments for each protein domain are 
determined using a combination of automated and manual procedures which include 
computational techniques, empirical and statistical evidence, literature review and 
expert analysis

Class (C), Architecture (A) - the overall shape of 
the domain structure as determined by the 
orientations of the secondary structures but 
ignores the connectivity between the 
secondary structures., Topology (T) - the same 
overall shape and connectivity of the 
secondary structures in the domain core 
Homologous superfamily (H) - share a common 
ancestor (Similarities are identified either by 
high sequence identity or structure 
comparison)

http://www.cathdb.info/
http://www.cathdb.info/wiki/doku.php?id=glossary:class
http://www.cathdb.info/wiki/doku.php?id=glossary:architecture
http://www.cathdb.info/wiki/doku.php?id=glossary:topology
http://www.cathdb.info/wiki/doku.php?id=glossary:homologous_superfamily
http://www.cathdb.info/wiki/doku.php?id=glossary:class
http://www.cathdb.info/wiki/doku.php?id=glossary:architecture
http://www.cathdb.info/wiki/doku.php?id=glossary:topology
http://www.cathdb.info/wiki/doku.php?id=glossary:homologous_superfamily


Class
Similar secondary structure
content
All α, all β,αβ, alternating 
α/β,…
Fold (Architecture)
Major structural similarity
SSE’s in similar arrangement

Superfamily (Topology)
Probable common ancestry
HMM family membership

Family
Clear evolutionary relationship



CATH Protein Structure Classification (http:// www.cathdb.info )

http://www.cathdb.info/


CATH Protein Structure Classification (http:// www.cathdb.info )

http://www.cathdb.info/


CATH Protein Structure Classification (http:// www.cathdb.info )

http://www.cathdb.info/


CATH Protein Structure Classification (http:// www.cathdb.info )

http://www.cathdb.info/


http://supfam.org/SUPERFAMILY/cgi-bin/gen_list.cgigenome=Hs

http://supfam.org/SUPERFAMILY/cgi-bin/gen_list.cgi?genome=Hs




Structural classes of proteins

Others:
Multi-domain, membrane and cell surface, small 
proteins, peptides and fragments, designed proteins, ..



Folds/Architectures

Mainly α

• Bundle 

• Non-Bundle

Mainly β

• Single sheet

• Roll

• Barrel

• Clam

• Sandwich

• Prism

• 4/6/7/8 Propeller

• Solenoid

α/β and  α+β

Closed

•Barrel

•Roll, ...

Open

•Sandwich

•Clam, ...



Fold versus topology!



Předpověď 3D-struktury/ foldu

• Threading  - „navlékání“
• Homology modeling
• Ab inicio metody

• Klasifikace proteinů
• Předpověď funkce
• Vytvoření modelu pro další studium



SpsA

b3-GlcAT

TDD

GnT I

DDD

EDD

b4-GalT DVD

Inverting

▲

✸

« Rossmann-type » NBD
(100-120 aa)

✸

✸
✸

« Acceptor region »

✸

Ä Analýza 2D struktury (HCA)
identifikuje některé konzervované motivy

Ä „klasické“ metody: vícenásobné aminokyselinové přiložení
pozitivní alignment pouze mezi sekvencemi stejné rodiny

LgtC N.men CDKVLYLDIDVLVRDSLTPLWDTDLGDNWLGACID .... YFNAGVLLINLKKWR 
RfaI E.coli APKVLYLDADIICQGTIEPLINFSFPDDKVAMVVT .... YFNSGFLLINTAQWA 
RfaI S.typh QIKVLYLDADIACKGSIQELIDLNFAENEIAAVVA .... YFNAGFILIXIPLWT 
RfaJ E.coli LDRLLYLDADVVCKGDISQLLHLGLN-GAVAAVVK .... YFNSGVVYLDLKKWA 
LpcA R.leg IERLLYLDADVLAVSPVDELFTRNFQGKALAAVDD .... YFNAGVLLFDWSACR
DUGT D.mel VRKIIFVDADAIVRTDIKELYDMDLGGAPYAYTPF .... YHISALYVVDLKRFR 

Gala1,4-Galb-R
Glca1,3-Glca-R
Gala1,3-Glca-R
Glca1,2-Glca-R
Gala1,6-Mana-R
Glca1,3-Mana-R



C-
ter
m

N-term

BGT-fold

TMD

Stem

C-term

N-term

Golgi lumen

Cytoplasm

SpsA-fold (Procaryotes)
SpsA (B. subtilis) GT2 inv
a4-GalT (LgtC, N.meningitis) GT8 ret
(Eucaryotes)
b4-GalT1 (bovine) GT7 inv
b2-GlcNAcT (GnT I, rabbit) GT13 inv
b3-GlcAT I (human) GT43 inv
a3-GalT (bovine) GT6 ret
Glycogenin (rabbit) GT8 ret
a3-GalNacT (GTA, human) GT6 ret
a3-GalT (GTB, human) GT6 ret

(Procaryotes/Phage)
b-GlcT (BGT, phage T4) n.c. inv
b4-GlcNAcT (MurG, E.coli) GT28 inv
b-GlcT (GtfB, M. orientalis) GT1 inv

Dvě  pozorované topologie 3D struktur glykosyltransferas



MurG (b-GlcNAcT)
GT28
E. coli

Ha et al., 2000

BGT (b-GlcT)
n.c.

Phage T4
Vrielink et al, 1994

GtfB (b-GlcT)
GT1

A.  orientalis
Mulichak et al, 2001

Nadrodina s BGT foldem



Hum b3-GlcAT [GT43]
Pedersen et al, 2000

Rabbit GnT I [GT13]
Ünligil et al, 2000

Bovine b4-GalT [GT7]
Gastinel et al, 1999

Ramakrishnan et al, 2001, 2002

SpsA [GT2]
Charnok et al, 1999, 2001

Společná NBD

LgtC (a4-GalT) [GT8]
Neisseria meningitidis

Persson et al, 2001

Bovine a3-GalT [GT6]
Gastinel et al, 2001

Boix et al, 2001, 2002

Inv

Ret

Nadrodina s SpsA foldem



• „navlékání“ = rozpoznání a přiřazení proteinového foldu aminokyselinové    

sekvenci

• sekvence je porovnávána s databází existujících foldů (3D profilů) a na jejich 

základě jsou konstruovány 3D- modely

• 3D profil - každému reziduu v 3D struktuře je přiřazena environmentální

proměnná (obsah polárních atomů v postranním řetězci, skrytá plocha, 

sekundární elementy, apod.) vycházející z předpokladu, že okolí rezidua je více 

konzervováno než aminokyselina samotná.

• Reziduum může být také popsáno pomocí svých interakcí

• Výsledná kvalita modelu shoda je popsána pomocí Z-skóre nebo energie

• U multidoménových struktur je potřeba aminokyselinovou sekvenci rozdělit na 

jednotlivé domény a analyzovat je separátně

Threading



PLLSASIVSAPVVTSETYVDIPGLYLDVAKAGIRDGKLQVILNVPTPYATGNNFPGIYFAIATNQGVVADGCFTYSSKV
PESTGRMPFTLVATIDVGSGVTFVKGQWKSVRGSAMHIDSYASLSAIWGTAAPSSQGSGNQGAETGGTGAGNIG
GGGERDGTFNLPPHIKFGVTALTHAANDQTIDIYIDDDPKPAATFKGAGAQDQNLGTKVLDSGNGRVRVIVMANGR
PSRLGSRQVDIFKKSYFGIIGSEDGADDDYNDGIVFLNWPLG

ERDGTFNLPPHIKFGVTALTHAANDQTIDIYIDDDPKPAATFKGAGAQDQNLGTKVLDSGNGRVRVIVMANGRPSR
LGSRQVDIFKKSYFGIIGSEDGADDDYNDGIVFLNWPLGPLLSASIVSAPVVTSQTYVDIPGLYLDVAKAGIRDGKLQ
VILNVPTPYATGNNFPGIYFAIATNQGVVADGCFTYSSKVPESTGRMPFTLVATIDVGSGVTFVKGQWKSVRGSAM
HIDSYASLSAIWGTAAPSSQGSGNQGAETGGTGAGNIGGGGKLAAALEIKRASQPELAPEDPEDVEHHHHHH 



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.

http://www.sbg.bio.ic.ac.uk/phyre2
http://bioinf.cs.ucl.ac.uk/psipred/
https://zhanglab.ccmb.med.umich.edu/I-TASSER/


ARDLVIPMIYCGHGY

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

Phyre2

Homologous 
sequences

User sequence



ARDLVIPMIYCGHGY HMM

PSI-
Blast

Phyre2

Hidden Markov model

Capture the mutational propensities at each position in the protein

An evolutionary fingerprint 

User sequence



~ 65,000 known 3D structures

Phyre2



~ 65,000 known 3D structures

Phyre2



~ 65,000 known 3D structures

Phyre2

HAPTLVRDC…….

Extract sequence



~ 65,000 known 3D structures

Phyre2

HAPTLVRDC…….

PSI-
Blast

Extract sequence



~ 65,000 known 3D structures

Phyre2

HAPTLVRDC…….

HMM

PSI-
Blast

Hidden Markov model
for sequence of KNOWN structure

Extract sequence



~ 65,000 known 3D structures

Phyre2

HMM HMM HMM

~ 65,000 hidden Markov models



~ 65,000 known 3D structures

Phyre2

Hidden Markov Model 
Database of 
KNOWN

STRUCTURES



ARDLVIPMIYCGHGY HMM

PSI-
Blast

Phyre2

Hidden Markov model

Capture the mutational propensities at each position in the protein

An evolutionary fingerprint 



ARDLVIPMIYCGHGY HMM

PSI-
Blast

Hidden Markov 
Model DB of 
KNOWN

STRUCTURES

HMM-HMM 
matching

Phyre2

Alignments of user sequence to known structures
ranked by confidence.

ARDL--VIPMIYCGHGY
AFDLCDLIPV--CGMAY

Sequence of known structure



ARDLVIPMIYCGHGY HMM

PSI-
Blast

Hidden Markov 
Model DB of 
KNOWN

STRUCTURES

HMM-HMM 
matching

Phyre2

ARDL--VIPMIYCGHGY
AFDLCDLIPV--CGMAY

Sequence of known structure

3D-Model



ARDLVIPMIYCGHGY HMM

PSI-
Blast

Hidden Markov 
Model DB of 
KNOWN

STRUCTURES

HMM-HMM 
matching

Phyre2

ARDL--VIPMIYCGHGY
AFDLCDLIPV--CGMAY

Sequence of known structure

Very powerful –
able to reliably detect extremely 
remote homology

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

3D-Model



3D-fold calculation based 
on known structures

pair
residue-residue 

interactions

surface
residue-solvent 

interactions

pair/surface
residue-residue and

residue-solvent interaction

Model quality evaluation

�Quality� scores

SDVDIEAGQTLVQVVNISNGETWVAIQLPAQYRSFDLVFENVSPSTSGSVLVAQMAPQSGGVYGSNYS
GSGWGNDLGGGGFYGYSEAKWMCLWPANRSGPNSKTGIYGTCKLMNLNQSNAVPSVTSNLFAPTAY
KNEPGYANVGGCCQKIRGLASSIQFAFALHGGNVPQNTDTFSGGTIKVYGWN



Glykogensynthasa – rodina GT3  (v rodině v době analýzy nebyla vyřešena 
3D-struktura)

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

http://www.sbg.bio.ic.ac.uk/phyre/qphyre_output/95cbaa7600a9bfff/summary.html




A co protein, který nemá v sekvenčních databázích žádný homolog



RS-20L
No sequence homology
in databases !





AB2L structure overview

Structure: 4 helical bundle





Prozkoumání možností a principů fungování I-TASSERu bude domácím ůkolem



•přiložení cílové sekvence se sekvencí homologního proteinu se 
známou 3D strukturou 

• extrakce uhlíkové páteře ze struktury templátu a umístění 
postranních řetězců

•modelování otoček a smyček

•minimalizace energie

•validace modelované struktury

Homology modeling



SWISS-MODEL 
An automated knowledge-based protein modelling server

MODELLER
Mostly used program in academic environment for serious homology 
modeling







SWISS-MODEL 
An automated knowledge-based protein modelling server

MODELLER
Mostly used program in academic environment for serious homology 
modeling

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. 



Ale!

! pozor na domény ! 



NCBI – Blast (Basic Local Alignment Search Tool)
(National Centre for Biotechnology Information)
Prohledávání databází známých aminokyselinových sekvencí
Ø celý protein



NCBI – Blast
Prohledávání databází známých aminokyselinových sekvencí
Ø celý protein



NCBI – Blast
Prohledávání databází známých aminokyselinových sekvencí
Ø celý protein



NCBI – Blast
Prohledávání databází známých aminokyselinových sekvencí
Ø celý protein



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/



•Prohledávání sekvenčních databází bez predikce domén může být 

neúspěšné

•Automatická predikce struktury se zaměří jen na nejlépe 

„definovanou“ část

•….

Proč potřebujeme predikci domén



Phyre – whole protein http://www.sbg.bio.ic.ac.uk/phyre2/phyre2_output/a132b051273537c4/summary.html

http://www.sbg.bio.ic.ac.uk/phyre2/phyre2_output/a132b051273537c4/summary.html


NCBI – Blast
Prohledávání databází známých aminokyselinových sekvencí
Ø celý protein



Phyre – C-term http://www.sbg.bio.ic.ac.uk/phyre2/phyre2_output/e332b1ecabb8d0a6/summary.html



Phyre – n-term http://www.sbg.bio.ic.ac.uk/phyre2/phyre2_output/e332b1ecabb8d0a6/summary.html



Swissprot – whole protein

http://swissmodel.expasy.org/workspace/index.phpuserid=michaw@chemi.muni.cz&key=0f449e99bc01
76edfa75fba19b2d96e4&func=workspace_modelling&prjid=P000007

http://swissmodel.expasy.org/workspace/index.php?userid=michaw@chemi.muni.cz&key=0f449e99bc0176edfa75fba19b2d96e4&func=workspace_modelling&prjid=P000007


Swissprot - only N terminal part



Prediction of protein structure 
from scratch

ab initio approaches



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











WEB server - Robetta
http://robetta.bakerlab.org



Zhang Lab - QUARK





CASP 11 (2014)

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

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


CASP 11 (2014)

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

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


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

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








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!

http://boinc.bakerlab.org/rosetta/join.php


http://fold.it/por
tal/



Just a game?



Automating Structure Classification,Fold & Function 
Detection

Growth of PDB demands automated techniques for classification and 
fold detection

Protein Structure Comparison
• computing structure similarity based on metrics (distances)
• identifying protein function
• understanding functional mechanism
• identifying structurally conserved regions in the protein
• finding binding sites or other functionally important regions of the 

protein



Structure Superposition

The key is finding corresponding points between 
the two structures



Structure Superposition

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/



An intra-molecular distance plot for myoglobin

DALI



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 residues 
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
• Uses a graph theory algorithm to find maximal subset 

of similar vector pairs
• Overall alignment score is based on the number of 

similar pairs of vectors between the two structures



LOCK2

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 
query 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/


