Bioinformatica ed applicazioni di Bioinformatica
Strutturale

Parte 2: Bioinformatica Strutturale

Sotto-disciplina della bioinformatica che comprende:
Vrappresentazione,
V deposito,
V recupero,
V analisi,
Vvisualizzazione grafica
dellastruttura in scala atomica e spaziale subcellulare di molecole biologiche.

V Ha due obiettivi:
1. Fornire metodi generali per manipolare le informazioni sulle
macromolecole biologiche;
2. Applicare questi metodi per risolvere problemi in biologia e creare nuo
conoscenze
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Origine dati strutturali

V Cristallografia Raggi X
V Spettroscopia NMR

V Criomicroscopi&lettronica

V Modellingteorico
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X- Ray

From Protein Structure and Function by Gregory A Petsko and Dagmar Ringe

refinement

X-rays

crystals (enlarged view) diffraction patterns electron density maps atomic models

@ 1999-2004 New Science Press

wAhaztdagz A2yS o6d2yl X modp )
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NMR

From Protein Structure and Function by Gregory A Petsko and Dagmar Ringe

purified, labeled protein

@ 1999-2004 New Science Press

NMR spectrometer

data
collection

IH NMRcal100aa 1°N+13C NMR¢a350aa
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. resonance assignment and
internuclear distance measurement

data
analysis

protein structure
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Criomicroscopia elettronica

Risoluzione buona34 A
Es batteriorodopsina complesso antenna dei cloroplasti, virus; ribosomi (insierddiay
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Banca dati Acidi Nucleici

V1992 specializzatanel campo della struttura di acidi nucleicj contiene
strutture di acidinucleicidasolio complessatconleganti

A=

NUCLEIC ARID A Portal for Three-dimensional Structural Information about Nucleic Acids
DATABASE As of 1-Mar-2017 number of released structures: 8773

Enter an NDE ID or PDE 1D I;._:{‘l

Welcome to the NDB

The NDB contains information about experimentally-determined nucleic acids and complex assemblies.
Use the NDB to perform searches based on annotations relating to sequence, structure and function, and to download, analyze,
and learn about nucleic acids.

Search DMNA RMA 3D Motif Atlas, a representative -
Search DNA and its complexes collection of RNA 3D internal and E s
cearch RNA hairpin loop motifs i -H,
Search for RNA structures in the NDB Non-redundant Lists of RNA-containing . =3
archive or in the Non-Redundant list 3D structures %
Advanced Search RMA Base Triple aAtlas, a collection of Ni HEM
Search for structures basad on motifs consisting of two RNA basepairs : *'-,‘“'II

structural features, chemical features,
binding meodes, citation and
experimental information

WebFR3D, a webserver for symbolic and
geometric searching of RNA 3D structures

R3D align, an application for detailed nuclectide to nuclectide
alignments of RMNA 3D structures

HelenM. Berman,RutgersUniversity,WilmaK. Olson,RutgersUniversity,DavidBeveridge WesleyanJniversity
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WORLDWI

Banche dati per strutture di proteine PDB

PRGTE]H DATA BAMNEK

V RCS PD8B ResearclCollaboratoryfor StructuraIBlomformatlcs Proteln Data
Bank http://www.rcsb.org/ vl = 1 n ¥ =

k;

PROTEIN DATA BANK

V PDBe=ProteinDataBankin Europe http://www.ebi.ac.uk/pdbe/

BPDBe

Protein Data Bank in Europe

V BMRB=BiologicaMagneticResonac®ataBank

http://www.bmrb.wisc.edu/ r‘ B M RB
V PDBj=ProteinDataBankJaparhttp://pdbj.org/ PDBJ

Protein Data Bank Japan
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http://www.rcsb.org/
http://www.ebi.ac.uk/pdbe/
http://www.ebi.ac.uk/pdbe/
http://www.ebi.ac.uk/pdbe/
http://www.bmrb.wisc.edu/metabolomics/
http://pdbj.org/

Perché e importante conoscere la struttura 3D di una proteina?

VIVl LINPGSAYIl a@g2t3S 1 adz Fdzyl A2y
struttura

V Una proteina non ripiegata correttamente o non funziona affatto o funziona
male

V Conoscere la struttura € la chiave per avere informazioni suI meccanlsmo di
funzionamento n

V La struttura non e statica
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Legame peptidico
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Legame peptidico

Trans Cis

Trans
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(A) (B)

Alfa elica
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Foglietti beta antiparalleli
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Foglietti beta parallel

15
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Foglietti beta misti
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é € e se mancano i dati sperimentali sulla
struttura di una proteina?
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EXPAS\SIB (Swiss Institute) Bioinformatics Resource Portal
https://www.expasy.orq/

a I Bioinformatics Resource Portal

(Query all databases ) X | search help

Home About Contact

Visual Guidance

Visual Guidance Interface

DNA
Please select an element:
RNA

Protein
Cell

Organism

Population

Categories

Hesources A2 DNA RNA Protein Cell Organism  Population

Links/Documentation
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https://www.expasy.org/

Predizione della struttura secondaria di una proteina
EXPASYSIB (Swiss Institute) Bioinformatics Resource Portal

ExPASY

Bioinformatics Resource Portal

Home About Contact

( Query all databases 3] x search help
Visual Guidance ExPASy is the SIB Bioinformatics Resource Portal which provides access to scientific databases and software tools Popular resources
Categories (i.e., resources) in different areas of life sciences including proteomics, genomics, phylogeny, systems biology, )

: population genetics, transcriptomics etc. (see Categories in the left menu). On this portal you find resources from 4 UniProtkB
prolcomics many different SIB groups as well as external institutions. @ SWISS-MODEL
genomics «*» STRING
structure analysis

Featuring today ~ PROSITE
systems biology
evolutionary biology Ping pong algorithm

The Ping-Pong Algorithm is an efficient Latest News &)

populationigenetics method for finding coherent patterns across

transcriptomics
biophysics

imaging

IT infrastructure
medicinal chemistry

glycomics

11/04/2017

paired data sets.
[details]

How to use this portal?

+ Features and updates

Links/Documentation * New to ExPASy
« Experienced ExPASy users: what is different
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Protein Spotlight: A walk on the
rough side - 2017-03-01

Life can be hard. There are times when
you find yourself in the most unfriendly
circumstances and, more often than
not, the best way to deal with the
situation is to find your own solution
and wriggle your own way out... More.

UniProt Knowledgebase release
2017_02 - 2017-02-15

Release notes

553,655 UniProtKB/Swiss-Prot entries
(More..)

77,483,538 UniProtKB/TrEMBL entries
(More..)
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https://www.expasy.org/

EXPAS\SIB (Swiss Institute) Bioinformatics Resource Pontbs://www.expasy.org/
In Categories

proteomics

protein stucture

In Toolsselezionare un metodo di predizione:

VGOR

V HHPred

V Jpred

Jpred 4

Incorporating Jnet

A Protein Secondary Structure Prediction Server

Input sequence? MQVWPIEGIKKFETLSYLPPLTVEDLLKQIEYLLRSKWVPCLEFSKVGFVYRENHRSPGYYDGRYWTMWKLPMFGCTDAT

QVLKELEEAKKAYPDAFVRIIGFDNVRQVQLISFIAYKPPGC
%

Advanced options (click to show/hide)

Make Prediction Reset Form

Primary citation: Drozdetskiy A, Cole C, Procter J & Barton GJ. Nucl. Acids Res.
(first published online April 16, 2015) doi: 10.1093/nar/gkv332 [link]
More citations: link.

% '@ 25 BBSRC !

bioscience for the future
DUNDEE ‘THE BARTON GROUP


https://www.expasy.org/
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http://www.compbio.dundee.ac.uljpred/

Results

After much trouble and strife, Bob the scheduling penguin has retrieved your results! Rejoice. For your pleasure the
following viewing options are available. You may bookmark this page for future reference although data is not kept on
the server for more than two days.

e View results summary in SVG - displayed below (details on acronyms used):

1|0 2:0 C?O t}O 5|0 SIO T:O
jp_OTYEJXu/1-122MQVWP | EGI KKFETLSYLPPLTVEDLLKQI EYLLRSKWVPCLEFSKVGFVYRENHRSPGYYDGRYWTMWKLPMF
e T - B T I I I
Lupas_14 - - = - - = m - o st e e st e e e e et e e st e s et s et s et st seeeesees st ssses .-
Lupas_28 - = = = = = = = - s s s e s s e e s s s e s s s e s s s s s s m s
jnetpred D
JNETCONF
885355677523211777776278999999098745872667743677765458667777777766533567656
JNETSOL25 - - - - - - - - - - - BBEBBBBBB-B----B--BB-BBB--- BBBBBBBB---- BBB-B-B-B--B--BBB- BB- BBBB
JNETSOLS - - - - ---=-=->- - -~ BB--B------- B---B--BB---B-BBB------------------ B---B--BB--B--
JNETSOLO - - - - - - - - m s e e e s e e e e e e e B--B-------- - R I R I I B
JNETHMM D
JNETPSSM D
JNETJURY rEwEx

o View full results in HTML

¢ View simple results in HTML

¢ View results in PDF

e View results in Jalview (Link to a separate page with the Jalview Java Desktop application)

e View everything in a results directory (details on data each file contains are available through README file)

¢ Get all (but PS) files in TAR.GZ archive

e View results using in-browser Jalview Java applet (light version, limited functionality w.r.t. Jalview Desktop version
linked above)

This Jpred prediction was made with following. a

BIOINFORMATICA ed APPLICAZIONI di BIOINFORMATICA STRUTTURALE
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CASP, Critical Assessment of protein Structure
Prediction

Protein Structure PredictionCenter
http://predictioncenter.org/

V Competiziondiffusain tutto il mondo che haluogo ogni?2 annia partire
dal1994(CASP (1994 ¢ CASP2 (2016

V Applicazionadi metodi predittivi messialla prova su proteine di struttura
nota manonancorapubblicata

V Incentivopert QI @I v lelo ¥ifigptd2metodidi identificazionedella
struttura delle proteine a partire dallasequenza
BIOINFORMATICA ed APPLICAZIONI di BIOINFORMATICA STRUTTURALE
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http://predictioncenter.org/

Modelling per omologia

VEQuna tecnica utile quando si vuole predire la struttura di una proteina
bersagliodi sequenzanota, correlataad almenodzy” Q I pfotgihaldi sequenza
e struttura nota.

V Nelle famiglie di proteine, le strutture hannoregionirelativamentecostanti
ed altre piu variabili Il nucleodella struttura conservala topologiadel folding
mentre la periferiapuo ripiegarsicompletamente

V! vy Qdzgtiuttola & 3 S Y A pe@niitisra un modelling ragionevole della
regione conservatama spessofallira nel produrre un modello soddisfacente
dellaregionevariabile

VIl modello & migliore se vi sono piu strutture note di proteine correlate da
usarecomed LIN2 I Sy A U 2 NA



Alcunisoftwareadisposizionger effettuare il modellingper omologia

SWISSMODEL(ttp://swissmodelexpasyorg)

PHYRE (http://www .sbg bio.ic.ac.uk/phyre?2)

MODELLER (https://salilab.org/modeller/)

Modeller

Program for Comparative Protein
Structure Modelling by Satisfaction
of Spatial Restraints
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Struttura proteine nella Protein Data Bank

RCSB PDB Deposit + Search~ \Visualize + Analyze + Download + Learn v More ~

(o an |

An Information Portal to
$ P D B 127823 Biological Search by PDB ID, author, macromolecule, sequence, or ligands H
(e

PROTEIN DATA BANK Macromolecular Structures

Advanced Search | Browse by Annotations

= ST Ee EMDataBank StructuralBiology il
e 3PDE @ooees ilDmme Lo P D

Foundation

A Structural View of Biology

R Welcome This resource is powered by the Protein Data Bank archive-information about
the 3D shapes of proteins, nucleic acids, and complex assemblies that helps
students and researchers understand all aspects of biomedicine and agriculture,
from protein synthesis to health and disease.

# Deposit

As a member of the wwPDB, the RCSB PDB curates and annotates PDB data.

Q Search _ _
The RCSB PDB builds upon the data by creating tools and resources for

research and education in molecular biology, structural biology, computational
Ca Visualize biology, and beyond.

i Analyze A Molecular View of HIV Therapy

& Download PR s g | I%?S(EB

: 3 BioArt
W Learn . il 7™ . Winner
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PDB http://www.rcsbh.orqg/
Processamento dati nella PDB

Step 2 Annotate
- Validation Report [ Archival Data

Step 1 DeposrlI

Step 3 Cormrect

Correspondence
Archive

Distribution
Site

@—» Validation PDB Entry
A

Step 4 Approve
{ Depositor Approval l

Core Database

Figure 9.1. The steps involved in PDB data processing. Ellipses represent actions and rectangles define content. Figure reprinted from Berman et al. (2000b)
with permission from the International Union of Crystallography.
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http://www.rcsb.org/

6% H.M.Berman J.Westbrook Z.Feng G.Gilliland T.N.Bhat H.
E’é Weissigl.N.ShindyaloyP.E Bourne

PROTEIN DATA BANK (2000) TheProteinDataBankNucleicAcidsResearch28: 235242.

1971, BrookhaverNationalLaboratory archivio di strutture cristallografiche di
macromolecole biologiche.
1976 7
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC102472/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC102472/
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Contenuto dei dati nella PDB

Origine:genere, specie, variante del gene, vettore , ospite, descrizione metoc
di sintesi chimica;

Sequenzacompleta di tutti i componenti macromolecolari

Struttura chimicacofattori/gruppi prostetici

Nomidi tutti componenti

Descrizione qualitativaelle caratteristiche strutturali

Citazioni bibliografichalella struttura sottomessa alla PDB

Coordinate tridimensionali

Dati agqgiuntivi struttura&-Ray
Acattori di temperatura e posizione di ogni atomo;
ACondizioni di cristallizzazione (pH, solvente, temperatura, metodo)
Mati del cristallo (dati cella elementare, gruppo spaziale simmetria)
Anformazione sul raffinamento della struttura

Dati aggiuntivi struttura NMR
o Y2ZRStE{2 RStf{QAYaAaASYS RA & NYz
Anformazioni sperimentali/strumentali
A ista esperimenti NMR
Acile dei vincoli NMR usati per il calcolo




Insulina

(gene INS, 110 aa)

Islet of Langerhans
Delta cell

Pancreatic acini

Pancreas (isole diangerhank
Celluleb: insulina

Cellulea: glucagone
Celluled: somatostatina

Cellule PP: peptide pancreatico PP
S S

Catena A

Preproinsulin Proinsulin Mature Insulin
NHz+
Signal
A Chain SéngLHE“[E NHz+ +HaN- NHa+
€ Chain I I
Proteolysis Proteolysis
| | I
CO0- COO0- COO0-
B Chain -00C
/Sinal .
Se?quence ( peptide

I |
Gly-lle-Val-Glu-GIn-Cys-Cys-Ala-Ser-Val-Cys-Ser-Leu-Tyr-GlIn-Leu-Glu-Asn-Tyr-Cys-Asn

5 | 10
S

Catena B ?

15 |21
S
/

S
|

Phe-Val-Asn-GIn-His-Leu-Cys-Gly-Ser-His-Leu-Val-Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe-Phe-Tyr-Thr-Pro-Lys-Ala

5 10

15 20 25 30
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Catena A
Catena B

4INS 3nsulina di maiale

/ 2HIU= insulina umana

insulin

proinsulin

alanine threonine

Insulinadi maiale (1 aa) e insulina
di mucca (3 aa) per la loro
somiglianza con quella umana
possonoessereutilizzate in terapia
In quanto riconosciutedalle nostre
cellule

pig insulin human insulin
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Monomere< 0.1 niM

Esamero > 0.2 mM o con Zr¢*
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Phenolic

preservative
0Q® $ o e & o
Insulin Insulin Insulin Insulin Insulin
monomer dimer higher-order hexamer hexamer
associated states (T6) (RE)
Insulin concentration
103 M 102M 10°M 10°M
0] o o
¢ o * L & o
bopo ’ 0 ‘ ! ¢ o® ° o
somministrazione o 6 Q -~ A -, .
o
b 1) ® L
o o O O A o
. ¢ ¢ ¢
Formulation
£ f i i i — i i i | —7
e ¢ Y

Capillary membrane
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( MMR Ensembile

Macromolecule Content

+» Unigue protein chains: 2

Macromaolecules

Classification: HOEMONE
Total Structure Weight: 5817.52 @

Macromolecule Entities

Molecule Chains

IMSULIM A

IMNSULIMN B
11/04/2017

BIOINFORMATICA ed APPLICAZIONI di BIOINFORMATICA STRUTTURALE

> 2HIU

MMRE STRUCTURE OF HUMAMN INSULIM IMN 20% ACETIC ACID, ZINC-FREE. 10
STRUCTURES
DOL 10.2210¢pdbZhiuipdb  Entry 2HIU supersedes 1HIU

Classification: HORMONE
Deposited: 1998-10-08 Released: 18987-04-01
Deposition authors): Hua, Q¥ Gozani. S M., Chance, R.E.. Hoffmann, 1A  Frank, B H. Weiss, M_A

Organism: Homeo saplens
Structural Biology Knowledgebase: 2ZHIU (=15 annotations)

Experimental Data Snapshot wwPDE Validation & 3D Repoat | Full Report
Method: SOLUTICON MMR Meiric Percentile Banks Value
Conformers Calculated: — Clashecare —

Conformers Submitted: 10
Selection Criteria:

s
R EEEE

Worss Batiur
BPermantie reiatias 13 all srsctsres

Famachandran oulliess
Sidechain oulliers
Drurcentin reletier 2 a8 HMB sirscbres

Literature

Structure of a protein in a kinetic trap.
Hua, QX Gozrani, S.H. Chance, RE. Hoffmann, J A, Frank, B.H. Weiss, MA
{1995) Mat. Struct.Biol. 2: 129-138

PubMed: 7742917
Frimary Citation of Related Strectures: 1205L ZHIU

FPubMed Abstract:

Length Organismi Details
21 Home sapiens S Cene View |

INS Gene View

PLS Biotecnologie 11 aprile 2017
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[
o An Information Portal to
L

LLP B (T3S BRI et http://www.rcsb.org/pdb/gene/INS

INS - insulin

(=) cene view

The Gens Browsar Jliows o navigate the hieman genome and investigate the relationship bebaeen PODE entries and genas.

Mumber of PDS entiies (wnigue chalns) for this gene: 482 l i \i=w 15107 3l curTent NUMEN gene IS ]

Wiew pratein naanureal K Proteln Feature View

Cross References
UniPnot: POT308 HGMC Approwved Gene Symbol INS
Pravicus Symbols: IDDM2, IDDMA Ensembl EMSGOI000252E4T

Presdious Hames: "Insulin-gependant diabetes melius 27

Hgncld : HGMNCEOS1 Denim: 175730
Refseq: NM_00D207 GenBank: X70506
Eenomic coordinates: Cytogensiic location: 11p15.5 & reset view

chri1:2,181 DE1-2, 182,201 | chromosome Location «

Genome Assembly GRON3AT -

C T T TR PR (e [T T T TOUUN] M RN NN ORNNNNNN O[] [OU [N

=% Fullscresn
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Insulin - PO1308 (INS_HUMAN)

[E Protein Feature View of PDB entries mapped to a UniProtKB sequence

Number of PDB entries for PO1308: 240

Insulin decreases blood glucose concentration. it increases cell permeability to monosaccharides, aminoe acids and fatty acids. It accelerates

Function glycolysis, the pentose phosphate cycle, and glycogen synthesis in liver. [ uniemot
Subunit Structure Heterodimer of a B chain and an A chain linked by two disulfide bonds (PubMed:25423173). [ uniProt |
10 20 30 40 50 &0 7 B0 o0 100 110
- - - - - - - - - - - -
1308
Processing
jation
Pfam




Recettore per | 01 nsul

3wl4

11/04/2017 BIOINFORMATICA ed APPLICAZIONI di BIOINFORMATICA STRUTTURALE 37

PLS Biotecnologie 11 aprile 2017



