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What is Bioinformatics ?

Bioinformatics is the use of computers for the
acquisition, management, and analysis of biological
information.

It incorporates elements of molecular biology,
computational biology, database computing, and
the Internet...

... bioinformatics is clearly a multi-disciplinary field
including: computer systems management
networking, database design, computer
programming, molecular biology

From Using Computers for Molecular Biology, Stuart M.
Brown, PhD, RCR, NYU Medical Center




Bioinformatics is a multifaceted discipline combining many scientific
fields including computational biology, statistics, mathematics,
molecular biology and genetics (Fenstermacher, 2005, p. 440).

Fig 1 Interaction of disciplines that have contributed to the
formation of bioinformatics




Bioinformatics: Origins & Definitions

Bioinformatics - a definition!

(Molecular) bio — informatics: bioinformatics 1s conceptualising biology in
terms of molecules (in the sense of physical chemistry) and applying

"informatics techniques" (derived from disciplines such as applied maths,

computer science and statistics) tounderstand and organise theinformation
associated with these molecules, on a large scale . In short, bioinformatics
1s a management information system for molecular biology and has many

practical applications .

I As submitted to the Oxford English Dictionary

Bioinformatics has many definitions

. the study of how information is represented and analyzed in
biological systems, starting at the molecular level ... concerned
with understanding how basic biological systems conspire to
create molecules, organelles, living cells, organs, and entire
organisms (Altman & Mooney, 2006, p. 763)

. application of tools of computation and analysis to the capture
and interpretation of biological data (Bayat, 2003, p. 1018)

\




) N
DO

\.‘ \ao.a..\

\\»~>oee®

. \ “,,"’

mMRNA
Gene (DNA)

Protein

Cells express different subset of the genes in
different tissues and under different conditions




DNA 1s the nature’s universal
information storage medium

ass  April 25, 1953 NATURE Adening Thymure Cylgsre '-;'.?:I}l-Er ‘

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure flor Deoxyribose Nucleic Acid

TRape

... increasingly, biological research relies
on information science




The Human Genome Project

e Produced the human genome sequence
e Spawned a new field: genomics
e Spurred new technologies

e And now provides us an unparalleled
opportunity to apply new knowledge,
technologies, and approaches to health
care

Guttmacher (2009)




Genomics

I

@ ...agcttgatattatacgcgeggcea

Transcriptomics

A

Proteomics

Fig 4 Schematic diagram representing complexity of genomic data processing. Analysis and
interpretation of biological data considers information at every level from the genome (total
genetic content) to the proteome (total protein content) and transcriptome (total messenger
RNA content) of the cell. The images numbered I-IV to the right of the diagram represent
relevant examples of DNA (image | is base pair nucleotides); RNA (image Il is a microarray
showing levels of gene expression); and protein (image Il is a structure of a single protein;
image |V is a two dimensional gel electrophoresis showing separation of all proteins of a
cell—each spot corresponds to a different protein chain)

...from Bayat (2002), p 1020.

Bioinformatics
supports
“-omics”
research




Genomics

1
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Consumer heaith Informatics: From genomics to population heailth McDanlel et al

@Makes Table 2. Genomics-related Terminology and Description of Related

Research

Term Description of Related Research

Transcriptomics
Genome An organism’s total set of genes.

Genomics The study of an organism’s enfire genome, Including the Interactions between
genes and the Interactions between genes and environment.

Functional Genomics The characterization of genes to determine thelr structure, function, and
Inferactions.

Transcriptomics The study of the expression level of mMRNA (tfranscript) In a glven cell
population under gliven condiltions.

Profeomics The study of profelns to establish thelr structure and function.

Structural Genomics The study and subsequent development of 3D structures of one or more
protelns from each proteln family.

Comparative Genomics The study of the relationship or comparison of genomes across specles.

Pharmacogenomics The study of the Influence of genetic varlation on drug response.

Translational Genomics The application or translation of genomics and genomics-related discovery
and technology Into clinically useful information and tools.

...from McDaniel, Schutte,
& Keller (2008), p. 220

Fig 4 Schematic diagram representing complexity of genomic data processing. Analysis and
interpretation of biological data considers information at every level from the genome (total
genetic content) to the proteome (total protein content) and transcriptome (total messenger
RNA content) of the cell. The images numbered I-IV to the right of the diagram represent
relevant examples of DNA (image | is base pair nucleotides); RNA (image Il is a microarray
showing levels of gene expression); and protein (image Il is a structure of a single protein;
image |V is a two dimensional gel electrophoresis showing separation of all proteins of a
cell—each spot corresponds to a different protein chain)

...from Bayat (2002), p 1020.
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Bioinformatics Data

e Bioinformatics deals with any type of data that is
of interest to biologists
— DNA and protein sequences
— Gene expression (microarray)
— Raw data collected from field or laboratory experiment
— Images, virtual models, Software
— Articles from literature and databases of citations

e Each type of data can exist in many incompatible
computer formats

e The analysis of DNA sequence data has come to
dominate the field of bioinformatics, but the term can
be applied to any type of biological data that can be
recorded as numbers or images and handled by
computers

From Using Computers for Molecular Biology, Stuart M. ,q'_';
Brown, PhD, RCR, NYU Medical Center
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An information explosion...

e |ots of data in genome

e More data in when we attempt to
— discern structure of data
— relate to transciptomics, proteomics
— relate to structure, physiology
— relate to disease
— relate to variation

e Automated discovery, experiments
e Biomedical knowledge (coming)
Clinical knowledge (coming)




|[Some] Research Projects

The Human Genome Project -- old news, 6 years ago

International HapMap Project -- www.hapmap.org
The 1000 Genomes Project - www.1000.genomes.org
Encyclopedia of DNA Elements (ENCODE) Project

The Cancer Genome Atlas (TCGA)

Human Microbiome Project (HMP) - www.hmpdacc.org

The eMERGE (Electronic Medical Records and Genomics)
Network



http://www.hapmap.org/
http://www.1000.genomes.org/
http://www.hmpdacc.org/

Common Features of Projects

e High throughput
e Use of technology, in particular
— Automation (Robotics, Al)
— Databases
— Visualization, simulation/computational models
— Groupware: Coordination and communication

e Public domain tools
Open sharing of data




Some Challenges

e Volume of data is staggering
— How to store and collect sequence information?
— RDBMSs don’t handle sequence data well
— Better handled by Object Oriented DBM

e How to analyze and display the data
— Automated algorithms
— Contextual visualization methods
* Clusters, profiles, etc
e Sequence data is meaningless without
context
— Not well suited to printed medical record




General Informatics Techniques/Tools
1n Bioinformatics

e Storage e Discovery and Analyses
— Databases — Text String Comparison
* Building, Querying + Text search
Complex data + Statistical analysis
« Annotations — Finding Patterns
+ Citations + Al / Machine Learning
Clustering
299, e Standards * Data mining
29998 — Geometric
29999 | e Interoperability * Robotics
= *  Graphics (Surfaces,
et Volumes)
200999> o Knowledgg Management Clriaraen sl 310
— C(lassification Matching (Vision,
— Vocabularies Recognition)
— Ontologies — Physical Simulation
* Newtonian Mechanics
e Communications * Electrostatics

* Numerical Algorithms
e Process Workflow * Simulation




Bioinformatics: Tools

e Annotation e \/isualization

InforMax’s BioAnnotator uses locally Structure prediction: modelling a
stored databases to find protein motifs. sequence homolog in LION’s SRS 3D.

— user friendly, in the public domain, and increasingly integrated
— commercial tools streamline tasks, access proprietary databases

. from Chicurel (2002), p 753-754. -
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Biologia, Informatica e
Biotecnologie

» Sviluppo di nuovi algoritmi e funzioni statistiche
per individuare relazioni tra informazioni
provenienti da diversi gruppi di dati

» Analisi e interpretazione di vari tipi di dati

» Sviluppo e iImplementazione di strumenti per
accedere e gestire con efficienza diversi tipi di
Informazioni



Crescita esponenziale di informazioni biologiche
(sequenziamento automatico, DNA chips,
Identificazione proteine, spettrometria di massa
ecc.) ha richiesto lo sviluppo di algoritmi che
permettessero I’analisi di dati e la loro
archiviazione (tools e database)



Central Paradigm of Bioinformatics

Genetic Molecular Biochemuical

Information~ Structure »  Function » Phenotype



L’informazione genetica ¢ ridondante
Codice genetico
Sostituzione amminoacidica
Variazioni introni-esoni
Variazione del modulo di lettura
L’informazione strutturale e ridondante
Cambiamenti conformazionali
Differenti strutture possono mostrare similare funzione
Differenti sequenze danno simili strutture
Geni singoli possono avere diverse funzioni
Agire come enzimi metabolici e regolatori
| geni hanno 1D ma la funzione dipende dalla struttura 3D
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ENTREZ

A search and retrieval system for information integration.

Maps &
Genomes

FubMed

Nucleotide
Sequences

Protein
SEqUEences

Full-text

Electronic

Journals

3D
Structures

Taxonomy




MedLine_ abstracts

It provides access to: and links to journals

The biomedical literature (PubMed iff;.fjr'ul-:..Eﬁ.-'.EiL_.DDELJ,
Sequence databases (GenBank ——

SenBank, DOBJ, EMEL, PDB,

Sequence databases PIR, Swiss- prot Ref Seq
Three-dimentional macromolecular structures

Complete genome assemblies NCEI's MMDB-
Population study data sets et R

Organisms in GenBank Graphical view,
. . . , mapping data
Online Mendelian§Inheritance in Ma

Pﬂpul-ﬂ‘hr:-r'. and

phylogenetic studies

MCBLs Taxenomy,
tree structures



National Center for Biotechnology Information

Mattonal Libmry of Medicine MNational Institutes of Health

0 fud bt Structure

| GenBank

PubMed
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Biological Information

Nucleotide sequences Protein structures Bibliographic

Gensank

1966 14976 i193& 1998 1968 1876 19fE 19496 1866 1475 19a5 1085

510 e = e W = ]

Protein saquances Mapped human gene Gaeneatic bibliography

SWISS-PROT E m

el ) el i (T

nam

196 19%7F 19856 15956 1965 1875 1085 1985 iE 1i9TE 1945 1945

* Exponential growth of biological information:
growth of sequences, structures, and literature.

+ Efficient storage and management tools were most important.




NCBI__piq_i_r]fg_rmﬂﬂcs tools - 1-

M TExonomy

Search | GenBank F | for | '

rp The Basic Local Aignment S2arch Tool (BLAST ),
li IJAS for compering gene and protein sequences against
athers In puldlic dacabases, now Comes In seversal
flavors including PSI-BLAST, PH-BLAST, and BELAST 2 sequences. Specialized
BLASTs are also available for human, microbial, and malaris genomes, as well
as for vector contamination, iImmunaglubuling, and tentative human corsensus
SoUancas,

Clusters of Orthologous Groups (COCs | currently covers 21

complets genomes from 17 mapr phylogenaetic lingages, A CCG is

a cluster of vary similar proteins found In at east three species,

The presence or absence of a protein in diffgrent genomes can

tell us about the evolution of the organsnms, = well 2= point 1o
new drug targets,

I 4 s MERViewershous e LocusLink
[I H I i l ireg raced views of —_ = o bines
chromasome maps e T descriptive and

currently for human, mouss, and sequence information on human genss
Crosophila, Used to view the MCEI through a single query Interfaca,
assembly af the complers humarn LocusLink covers information an
gername, Map Viewer i 2 valuable  official nomenclature, zgliasss,
tool for the identification and segquence accession numbers,
Iccalization of genas that chenctypes, EC numbars, OMIM
conlribute 1o human diszase, numbers, UniGens clusters, map




NCRBI bioinformatics tools -2-

A UniGane ciuster is @ non-redundant set of sequencas
that represents a unique human, mouss, ar rat gene,
Well-characterized genes, as well &s thousands of
expressed sequence tag (EST) Sequences have Deen
included. Each cluster record also containg information
such as the tissue types in which the cere has baen
expressed and map location, UniZene can assist in gene discovery, geng
mapping pro Bots, and large-scale expression analysis,

- 1 ,,
Laal- o gl = E i o =

q ORF finder identifes electronic Electronic PCR

all possible ORFs in a PCRE allows you to
DNA sequence Dy BOT101011 Al

-y 3earch your
DMNA sequence
and alternative stop for sequence tagged sites (3T5E),
and start codors, The which have been used as landmaries in
deduced amino acid various types of cenomic maps. It
sequences can then be used to comparss the query sequence against
BLAST adainst enBank. ORF Tind2r data In NCEIs UnSTS, a unifled,
Iz aleo packaged in the sequence non-reciundant wiew of 5T5z from 3
submission software Seguin. wicke range of sources,




similaricy search service, It Projct [CCAP) compiles
+ P compares 30 coordinaces information on the

or d newly cetermined CISTINCT Chromosarme
protein STructurne to thase (n che aberrationg chat are aesnclated with

MMOE/FPOE database. VAST Saarch different cancers. The identificatcn
computes a list of similar structures of chromosamal alznormalties by
that can ke browsed interactively, clinicians can enable the diagnosis
using molecular graphics o view of, classification of, and trestment
superimposEitions and allgnments. sal2ction for a fgiven cancer.

-JV VAST search i 2 The Cancer
structurg-structure %L% Chromosome Abormation

- The Human-Mouse Homology Mape compare gernes in homalogaus
seqments of DNA From human and mouse sources, sorted by

E position ineach genome. A total of 1723 loci are presented,
‘ . most of which are genes, This map should & interpreted &5 a
reflection of probable, nor caonfirmed, homalagy relationshnips due
to the lack of further information availzble for sbout half the ool

Vﬂ:ﬂ‘.inmnn iz a tool for The

Cancer
d Nucleic acid seguence Genome

that may be of vector, Ananomy
link=r ar adapter arigin Fro ot
prior to saquence analysis or (CGAP) aims to decigher the melecular
gubmizsion. VecScrean was anatomy of cancer cells, CGAP
develoged to combat the problem  develops orofikes of cancer cells by
of veclor concamination in public comparing gene expression in normal,
sequence fatabases. precanceraus, and mallgnant oslis
From a wide variety of tisgues,




Introduzione

= Esistono diverse banche dati in culi sono depositate
sequenze biologiche
- di nucleotidi (DNA)
v GenBank (National Institute of Health, Bethesda, MD)

v  EMBL (European Bioinformatics Institute, Hinxton, UK)
v DNA Database of Japan (Mishima, Japan)

- di amminoacidi (proteine)
v PIR (National Biomedical Research Foundation, Washington, DC)
v SwissProt/TrEMBL (Universita di Ginevra, CH)
v PRFDB (Protein Research Foundation, Osaka, Japan)
» Esiste la necessita di evidenziare, tramite confronto,
la similarita tra una sequenza studiata e quelle

contenute in una banca dati



BANCHE DATI DI
SEQUENZE GENOMICHE

GenBank deriva dalla
collaborazione di diversi database
di sequenze tra cut EMBL e DDBJ



Growth of GenBank

What is GenBank?

GenBank® is the NIH genetic
sequence database, an annotated
collection of all publicly available
DNA sequences (Nucleic Acids
Research 2002 Jan 1;30(1):17-20).
There are approximately
22,617,000,000 bases in 18,197,000
sequence records as of August 2002
(see GenBank growth statistics). As
an example, you may view the record
for a Saccharomyces cerevisiae gene.
The complete release notes for the
current version of GenBank are
available. A new release is made every
two months. GenBank is part of the
International Nucleotide Sequence
Database Collaboration, which
comprises the DNA DataBank of
Japan (DDBJ), the European
Molecular Biology Laboratory
(EMBL), and GenBank at NCBI.
These three organizations exchange
data on a daily basis.

Sequences {millions)
Base Pairs of DNA [millions)

mmm Base Pairs
—t=— S EUEences

1982 1986 1990 1994 1998 2002

Genetic Sequence Data Bank February 15 2003 NCBI-GenBank Flat File Release 134.00: 23035823 loci, 29358082791 bases, from 23035823 reported sequences
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SR Submit to GenBank
FubMed Entrez BELAST MM Books TaxBrowser Structure

Search | Entrez

NCEI » Submitting Sequence Data to » Submit now!!

SITE MAP GenBank

Guide to MNCEI }
tESOUrces = - ata for I 18 Sequence
n toal
AcCCassion
numkbers

For manuscript
citatian

and sim 4] [

Wecto mination
screening tool

Eanklt

Sequin suUBmit. db
SequintdacroSend o .
Upload .sgn files » Receiving an Accession Subm

directly Number for your Manuscript divisions
TBL2ASHN

Command line = ) WA E ; .
pragrarm wat appear C lbe * GenBank

Special
submissions



BANCHE DATI DI
SEQUENZE PROTEICHE

SWISS-PROT

Swiss-Prot is a curated protein
sequence database which strives to
provide a high level of annotations
(such as the description of the function
of a protein, its domains structure, post-
translational modifications, variants,
etc.), a minimal level of redundancy and
high level of integration with other
databases

TrEMBL

The TrEMBL database contains the
translations of all coding sequences
(CDS) present in the EMBL Nucleotide
Sequence Database, which are not yet
integrated into Swiss-Prot.

SP-TrEMBL (Swiss-Prot TrEMBL)
Contains the entries which should
eventually be incorporated into Swiss-
Prot and can be considered as a
preliminary section of Swiss-Prot as all
SP-TrEMBL entries have been assigned
Swiss-Prot accession numbers.

REM-TrEMBL (REMaining TrEMBL)
Contains the entries that we do not want
to include in Swiss-Prot. REM-TrEMBL
entries have no accession numbers.



Search ExPASy Contact us

Searn:h|5wiss—Pn:uta’TrEMEiL j f-::-rl Go | Clear |
ExPASy Proteomics Server

The ExP A5y (Bxpert Protein Analysis System) proteotmics server of the Swiss Institute of Bioinformatics (STB) 15 dedicated to the analysis of
protein secquences and structures as well as 2-D0 PAGE (Dhisclaimer f Eeferences).

[Announcemenis] [Joh opening] [Mirror Sites]

Tools and software packages

+ Swiss-Prot and TrEMBL - Protemn knowledgebasze + Proteomics and sequence analysis tools

PROSITE - Protem farmlies and domams @ Proteomics [Peptldent, Peptidebase, ]

SWISK-2DPAGE - Two-dimensional polyacrylamide gel electrophoresis o DDA -> Protein [Translate]

ENZYME - Enzyme nomenclature o Swndlanty searches [ELAST]

SWISS-3DIWMAGE - 5D images of proteins and other biological = Pattern and profile searches [ScanProsite]

macromolecules Post-translational medification and topolesy prediction
SWISS-MODEL Repository - Automatically generated protein models o Primaty structure analvsis [ProtParam pLIW, ProtScale]

o Secondary and terbiary stuchure predichion [EWISS-MODEL,
+ GermOnLine - Enowledgebasze on germ cell differentiation Swiss-PdbViewst]

+ Ashbya Genome Database o Alignment [T-COFFEE, SIM]

+ Links to many other molecular biology databases o Biological text analysis

s ImagelMaster / Melanie - Software for 2-D PAGE analysis
s Boche Applied Science's Biochemical Pathwways

Education and services Documentation

¢ The ExPASy FTP server + What's New on ExPAS

L ]
»
»
»




Release 41.0 of 05-Mar-2003 of Swiss-Prot contains 122564 sequence
entries,
comprising 44986459 amino acids abstracted from 103486 references.

21133 sequences have been added since release 40, the sequence data of
3251 existing entries has been updated and the annotations of
57525 entries have been revised. This represents an increase of 20%.

The growth of the database is summarized below.

2= TJEEEE”HENREN A B8
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Public Databases:

 NCBI database

* PIR International NBRF USA, MIPS Germania, JIPID Giappone

« SwissProt: Embl (European Bioinformatics Institute) and Swiss
Institute

« PDB Databases

Alignment/Similarity Search Tools:
« BLAST

« FASTA

* Clustalw and ClustalX

Pattern/Motif/Properties/Protein Family Finding Tools:
« MotifScan

* Prosite
 Psort
 Protscale
« SOSUI

 Protein strucutre classification CATH and SCOP



Molecule structure prediction & visulaization Tools:
« Cn3D

« MolMol and DeepViev

e 2D Structure Prediction Tools PHD, PsiPred, GORIV
« SwissModel

- PHYRE

Boutique banche dati specializzate:
* Proteine chinasi

* Proteasi dellHIV

* Virus icosaedrici

* |Immunologia



% NCBI National Center for Biotechnology Information

Mational Libeary of Medicine Mational Institutes of Health

Fubhded All Databases Books TaxBrowser Structure

SITE MARP
Alphabetical List
Fezource Guide

About NCEI
An introduction to
MCEI

GenBank _ ]
Seguence understanding of me
submission suppart f g human health a _
and software 1.

100 6‘!’9 abases ¥ Electronic PCR
Literature GenBank and its collaborating databases, the

European Molecular Biology Laboratory and ¥ Entrez Home
gi?ﬂz?giﬂm the DHA Data Bank of Japan, have reached a

milestone of 100 billion bases from over F Entrez Tools
165,000 organisms. See the press release or find
more information on GenBank.

Books, and Pubhded
Central

Molecular

databases "
Influenza Virus Resource ¥ Hurnan genarme

De{UENCES, - fesOUrces

structures, and The Influenzairus Resource enables

taxonamy camparison of influenza virus.strains and

provides a referencefor wiral sequences:
The resource contains data from the WIAID -
Genomic biology Influenza Genome Sequencing Project and
The hurman gename, GenBank, as well as pre-com puted
whole genames, dalignments of flu seguencess

and related



Fubhded Entrez TaxBrowser Structure

MNCEI

oite Map
Guide to NCBI
FEsSOUrCes

Entrez Help
Help documentation far
the Entrez system

Entrez Tutarial

Entrez Global
LOEny

Search a subset of
Emrezr databases 5 Homoledens
Links to advanced

P -.@l»:- d E:t..l re OhIR
Entrez tools such as

Batch Entrez and m F— : Jaurnals
E-Lltilities o

Entrez Tools

MBIl Handbook
In—depth guide to NCE| SRR
resoUrces

1,000
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=P\l Structure

YA i @B, RefSeq

SearchIAH Databases vIforl Go |
Site contents

Information

NCEBI Handbook:
Orverdew | FAQ
Accessions | Status
Entrez Queries

» MMDB - Entrez's Structure Database

MNCBI's Entrez includes a database of

experimentally determined three-dimensional

biomolecular structures. Most 3D-structure

data are abtained from X-ray crystallography
Deta and NMR-spectroscopy; they provide a wealth
- - . of information on the biological function, on
mechanisms linked to the function, and on the
evolutionary history of and relationships
between macromolecules. Cur goals in adding
structure data to Entrez are to make this
information easily accessible to biologists,
and to facilitate comparative analysis involving
3-D structure

3Ddomains

Protein

PROW

RefSeq

Conserved Domain
Structure (MMBD)

The structure INCBI Reference Sequences

database may be

queried directly, . . .

using specific fiele The Reference Sequence (BefSeq) collection aims to provide a

::;ﬁezsjﬂ‘:ﬂm comprehensive, integrated, non-redundant set of zequences,

occuring anywher including genomic DITA, transcript (RITAY, and protein products,

In the SUUCHUTE  for maior research organisms.

description. Entry FTP

points for queries

the Search Barat RefSeq standards serve as the basis for medical, finctional, and

gfﬂg; m:;:: diversity studies; they prowide a stable reference for gene

or the winiEntr identification and characterization, mutation analysis, expression

interface to the 3-[ H H H

Erchore databn studies, polymorphism discovery, and comparauve a.nals.rses.
RefSeqs are used as a reagent for the functional annctation of

A“ma“"eggﬁw some genome sequencing projects, inchiding those of human and

canusea

4-character code [ICUSE

a numetical

IWMDBE-1d to retrieve

structure summary

pages directly

PDB/MMDB

Code(s):
Go I

Linking to
MMDB

RefSeq Release
Catalog | Motes
Genomes

BLAST databases
Statistics
Release Statistics

WCEI's structure database is

called MMDEB (Molecular

Modeling DataBase), and itis a
subset of three-dimensional
structures obtained from the

Protein Data Bank (PDE). excluding

otein Feviews On The Veb

Index of information available from PROW

Current guides: expanded format including Summary Sentence and Abstract
Past guides: older guides with excellent information, some data may be dated

e

Gt Y
5 Protein

Current
Guides

Assigning
Alternate Names Workshop

R4, HTA1

R1 The protein entries in the Entrez search and retrieval system have

241, R7 been campiled from a variety of sources, including SwissProt, PIR,
R3 PRF, PDE, and translations from annotated coding regions in
3 GenBank and RefSeq.

Past Guides

Lirnits TPrewewﬂndex TH|stury Tcnpboard TDetalls ]

CD2R; E-rosette receptar, T11; LFA-2
CO3d

C03e

O3y

L3T4,; w325

Human Genome

Explore human gename resources or browse the human gename
SEfuEnce Using the Map iewer.

Conserved

Bomai I Additional protein information IRetrieve taxonomy information

9EE -

HOME

PubMed | Entrez | COD |

Structure

[ Pratein | Tazonomy

[TBLAST [ Help?

Search across Entrez databases\

I =

CDD help

NCBI
Handbook

cp-Search

@ P A Conserved Domain Database and Search Service, v2.06

Proteins often contain several modules or domains, each with a distinct evolutionary origin and
function. NCBI's Conserved Domain Database is a collection of multiple sequence alignments for|

ancient domains and full-length proteins, The CD-Search service may be used to identify the

CDART
Pfam

SMART

COG

conserved domains present in a protein query sequence:

Submit Query

Search Database I CDD w206-11630 PSSMs =

Enter a Protein query as Accession, GI, or Sequence in FASTA format:

Find CDz

in Entrez:

Read about the FASTA format description. Click here for advanced options.

In addition to Protein sequences,
other protein-related information is
available via Entrez. Search the
Structure database by choosing,
"Structure” from the Entrez pull
down menu, Conserved Domains
Database (CDD) by choosing,
"Domains", and 20 Domains by
choosing, the "20 Domains"
optiarn.

The Entrez protein database is
cross-linked to the Entrez
taxonomy database. This allows
you to find taxonomy information
for the species from which a
protein sequence was derived,
First, look up a protein in Entrez.
A "Taxonomy" link appears to
the right of each entry that is
linked to the Entrez taxonomy
database. To view all
non-redundant taxonomy links
for a search result, select
"Taxonomy Links" from the
drop-down menu above the
search results and cdlick on the
"Display" button to the left of
that menu.
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vEgtow,
soidi PIR
o Protein Information Resource

About PIR Databases Search and Retrieval Download Support

AN INTEGRATED PUBLIC RESOURCE OF PROTEIN INFORMATICS TO SUPPORT
GENOMIC AND PROTEOMIC RESEARCH AND SCIENTIFIC DISCOVERY

Since 1984, PIR has produced the Protein
Sequence Database (PSD) of functionally
annotated protein sequences, which grew out of
the Atlas of Protein Sequence and Structure
(1965-1978) edited by Margaret Dayhoff. Now a
part of the UniProt effort, sequences and
annotations in PIR-PSD have been integrated into
UniProt Knowledgebase. Release 80.00
{31-Dec-2004) is the final release for PSD.

IProClass, a central point for exploration of protein
information, provides summary descriptions of
protein family, function and structure for PIR-PSD,
Swiss-Prot, and TrEMBL sequences, with links to
over 50 hiological databases . Release 2.82
12-Dec-2005, contains 2568,372 entries.

PIR-NREF, a comprehensive database for
sequence searching and protein identification,
contains non-redundant protein sequences from
PIR-PSD, Swiss-Prot, TTEMEBEL, RefSeq, GenPept,
and PDB. Release 1.82, 12-Dec-2005, contains
3,254,342 entries.

-:Z:::I Click here to try the new
o= PIR heta site
m -
s

-
—
.

Find an Exact Peptide Match:

Type in a string of single letter amino acid
code (at least 3 letters)

a PIR has recently joined forces with EBI (European Bioinformatics Institute) and SIBE
U ni Pr‘Qt (Swiss Institute of Bioinformatics) to establish the UniProt (United Protein Databases),
the universal plo'!a:.n resource the central resource of prDtEin Sequence and function.
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PIR Search Results

Databases

N — examples

Search & Retrieval

Text Search Protein Databases: _

Site Map

Site Search

Download

Search ||NREF 7| for

All Fields

=[5 =]

All Fields

6763 protemn sequences m total

hemagglutinin

=I[#0 =]

All Fields

not null

pagel (S0page)  Mewxt I

~I[a0 =]

All Fields

" Domain Display

For sequence analyses, pick a method (radiochutton) below, select a sequence(s) {checkhox) in Pretein IT} column, and GO,
@ BLAST ¢ FASTA ¢ HMM Search ¢ Pattern Match © Multiple Alignment

_Go |

[ savEoPTIONS __ =] SAVE.. |

[T Protein ID

Matched

Protein Name

Length

Organism Name
{Taxon Group

PIRSF ID
{Family IT»

PC

D

[T MEEFNE02311104

PProClass:Q5GTHE SCATD
UniProt Q5G71é6 9CATD

Protein Name=>hemagghitinmn
Protein Name ==hemagglutinin

Putative hemagglutinin protein

Listonella pelagia

phage philSIC
Wirs

[T MEEFINE0QQ58625
{ProClassi055888 SPARA

UniProt: 055889 SPARA

Paper Title ==hemagslutinin-newraminidase

EIVA dependent RIMA
polymerase (Fragment)

Eecombmant
PIVIEPIV] wirus

Witz

=EO00E30

PEFO0946

7 IREFIE00058624

ProClass: 077222 STARA
UniProt Q77222 SPARA

Protein Name=>Hemagglutinin
Keyword=>hemagglutinin

PIRSF Name==hemagglutinin-nevraminidase
Pfam Name=>Hemagghtinin-neuraminidase
Paper Title ==hemagalutinin-neuraminidase

Eecombmant
PIVIPIV] wirus
Wirug

SF001072

PFO0423

[T MEEFINEQQQS8623
{ProClass: 055888 9PARA

Paper Title =>hemagglutinin-newramimdase

UniPret: 055888 SPARA

Fusion glycoprotein

Eecombmant
PIVEPIV] wirus

Wirug

PFO0523

[T MREFNE00244398

{ProClass: 83350 YPARA
UmProt Q23350 SPARS

Keyword==hemagglutinin
PIRSF Name==hemagglutinin
Pfam Name=>Hemagglutmin-neurarmmdase

Haemagglutirun protemn (H)

Morbillivins
Wirus

SEO03%26

PEO0A423

[T NREF NE00244855

{ProClassi 083352 9PARA
TTniProt: 083352 SPARA

Keyword==hemagglutin
PIRSF Name=>hemagglutinin
aoolutinin-neurarmimdase

Haemagglutirun protem (H)

Morhillrans

Wirus

SEO03526

PEFO0A423
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About PIR

PIR Search Results

T Ekam ples

Databases

Search & Retrieval

Bite Map

Site Search

search |[NREF

12

| for

otein sequences in total

hemagglutinin influenz:

MIEE

Al Fields

=l|AND =]

All Fields

zljanD =]

not null

All Fields

HELP

Text Search Protein Databases: _ “'

Download

7

For sequence analyses, pick a method (radiohutton) below, select a sequence(s) (checkhox) in Profein 7D column, and GO.

[__seweoPTioNs __ =] savE.. |

" BLAST ¢ FASTA ¢ HMM Search ¢ Pattern Match ¢ DMultiple Alignment ¢ Domain Display ﬂl
Organism
: . Name PIRSF ID PC Motif | PDR
[~ Protein ID Matched Protein Name Length [Taxon /Family TD Pfam I D D
Group

™ NREF NF00272830 L - " Influenza B

ProClass- Q84097 SINFE ?a"er ?ﬁ“ "::Emwmm ?’ﬂ“jﬁfg‘m‘g Kf‘;‘g’fgf 3 bemagglutinin (HA) 00 i DF00509
UniProtQ34097 9MNFR |—Eei—iEe—"umiuenza ses PR e Virus
™ NREFNF00272200 Tnfluenza B

ProClass: Q84102 SINFB Paper Title =>hemagglutinin | HA haemagghutinin precursor, genomic RMA, strain |0 | == |SF003927 |0 000
PIR-PSD:511758 Paper Title =>mnfluenza BMIB25/88 (Fragment) Vvﬂ FAROO044 68

UniProt: Q24102 SINER -
I NREFNF00263104 Paper Title —>hemazzlusinin N Influenza o | opoanon

ProClass HMIVT3 Parer Title —oi hemagglutinin precursor 363 |lwrus FAMO004463

PIR.PSD: 3 aper Title ==mfluenza Virus
I._ HIRIELD MEOOP 2 70, Paper Title ==hemagglutinm . M SE003927

ProClass HMIVTT R hemagghutinin precursor S FAMO004462

; = ;

PIR-PSD. aper Title nenFa Virus
[ NREFNEQ0263284 b Tie —>hemageiutinia . Ifenrad | spoo3027

ProClass HMIVE4 o Title —u hemagglutinin precursor 561 |wirus FAMO004462

B = i

PIR-PSD HMIVE4 =aher 2t —Afenz Virus
™ NREFNF00263110 Tnfluenza &

ProClassP13102 Paper Title ==hemagglutinin |Hemagglutinin precurser [Contains: Hemagglutinn 566 : sSF003927 PEOOS09
PIR-PSDHNIVTZ Paper Title ==mnfluenza HA chain, Hemagglutimn HA2 chan] e FAROO04463



Site Map Site Search

PIR BLAS T/S SearCh ReSUItS Text Search Protein Databases: _ (oo
About PIR Databases Search & Retrieval Download

Search ||Pr0tein Mame jl

Sort by | E-value

Query sequence:
>Tour input sSegquence:

1 ODLPGNDNS TATLC LGHHAVPNGTLVETITODQIEVTHATELVOSS S TGEICNNPHRILDGIDCTL IDALLGDPHCIVEQ
g1 NETWDLFVERSKAF SNCYPYDVPDYASLRSLVASSGTLEF ITEGF TU TGV TONGRINACKRGP GSGFFIRLNUL TESGST
161 TPVLNY THPNNDNF DEL Y IWGITHHP 2 TNOE QTS LYV OASGRY TV S TRRSCOTI IPNIGSRPUVRGLASRIZ IYUTIVERG
Z41 DVLVINSNGHNLIAPRGYFENRTGESSINRSDAP IDTCISECITPNGS IPNDEPFONVHNEITYGACPEYVEONTLELATGH
3z1 RNVFPEEQTGLFGAIAGE IENGWEGHIDGWYGFRHONSEGTGQAADLESTOAAIDO INGELNRY IEKTNEKF HOIEKEF SE
401 VEGRIQDLEEYVED TEIDLWSYNAELLVALENOHTIDLTDSEMNELFEETRROLRENAEENGN GCFEITHECDNACIES T

451 FNGTYDHDYVYRDEALNNEFQIEG

Ee-Load View Superfamily Summary

200 matchi{es) shown in the following tahle: HELP
For sequence analyses, pick a method {radiohutton) below, select a sequence(s) (checkhox) in Pretein ID column, and GO,
® BLAST ¢ FASTA © HMM Search ¢ Pattern Match ¢ Multiple Alignment ¢ Domain Display GO |
. . Taxon .
I~ Protein ID Protein Name Organism | = |PIRSF ID |e-value Length |Ov.lap |%oidn
—_— - Growp = — —
[T MEEF-NEQ026350%
. B —— Hemagglutinin precursar [Contains:
ProClass:Q3AVI6 9SYNE agglutinin p [ Influenza & ||,
Hemagglutinin HAT chamn, — Virus SEO03527 0.0 566 504 99 || e——
PIE-PSDoHMWIVEHA . ) Virns - — —
Uanrot:I—IE c Hemagglumm H‘L\Lz cham] =NFO0Z 63909 Hema?glut1n1n pl.:ecursm: [Contains: Hemagglutu.un Hal
HEMA TAATC chain; Hemagglutinin HiZ chain] [Influenza & virns]
I~ NREF NF00262744 . a hength = 586
. . uenra .
ProClass: Q5K 558 SATSA  |Hemagglutinn — Vinusg 0.0 566 504 29 Score = 1034 bits (2673), Expect = 0.0
UniProtQ67132 SINFA Virns I Identities = 502/504 (99%), Positives = SDZ/504 (99%], Gaps = 1/504 (0%)
Cuery: 1 QDLEGHDNSTATLOLGHEAVPNGTLVKTITDDOIEVTNATELVOSSSTGRICNNPHRILD &0
M MEEFIEQ01662375 Tnfl n QDLPGHDNS TATLCLGHEAVPNGTLVKTITDD QIEVTNATELV Q5SS TGR ICHNPHRILD
ProClass: Q47720 COLP3 Hemagglutinin _w& Viras 0o 366 504 99 Sbiet: 17 QDLPGNDNSTATLCLGHAAVPNGTLUKTTTDLQTEVTNATELYQSSSTGKICHNPHRILD 78
) VIS
TniProt Q9 1M AT TAHO] Query: 61 GIDCTLIDALLGDPHCDVFQNE TWDLFVERSKAFSHCTPYDVPDTASLRESLVASSGTLEF 120
GIDCTLIDALLGIPHCTVEQNE THDLFVERSKAFSNC YPYDVPD Y ASLRSLVASEGTLER
[ MEEFMFO1661952 Tofl " Shjet: 77 GIDCTLIDALLGDPHCDVFONETWDLFVERSKAFSNCYPYDVFDTASLRSLVASSGTLEF 136
. R — . uenza .
ProClass: Q457E6 COLP3 Hemagghutinin RS Vitus 0.0 366 304 28 Ouery: 121 ITEGFTWTGVTONGRSNACKRGPGSGFFSRLNVLTESGETYPVLNVTHENNDNFDELYIU 150
Uanrot:} ]9101\.15 I&HODT — ITEGFTUTGVTQNG SNACKRGPGSGFFSRLNWLTKSGSTYPYLNVTHPNNDNFDELYIH
Shict: 137 ITEGFTWTGVTONGGSNACKRGPGEGFFSRLNVLTKSGETYPYLNVTHENNDNFDELYTH 196
[T NEREF-NEQ0263705 . .
. Hetmagglutinin precursor [Contains: Cuery: 161 GIHHPSTHQEQTSLYVOASGRVIVSTRRIQOTIIFNIGSRPWVRGLSSRISITUTIVEES 240
ProClass:Q42E13 9CATID e itiin T A bnii- Influenza & GTHHPSTNQEQTSLYVOQASGRVTVATRREQOTT IPHIGERPUVRGLESRISIYUT IVERG

Shict: 197 GIHHPSTHNQEQTSLYVQASGRVIVSTRRIQOTIIFNIGIRPWVRGLSSRISITUTIVERG 256

=

DVLVINSHGHLIAPRGYFENRTGRSSIMRSDAPIDTCISECITPNGE IPNDEFFONVINET 300
DVLVINSNGNLIAPRGYFEMRTGESS IMRSDAF IDTCISEC ITPNGS IFNDEFFONVIIE T
Sbjct: 257 DVLVINSNGNLIALPRGYFEMRTGESSIMRSDAPIDTCISECITPNGSIPNDEPFOMNVINEI 316

Query: Z4

Query: 301 TYGLCPEYVEONTLELATGHRNVPEKQT-GLFGAILGF IENGWEGHIDGUYGF RHQNSEG 359
TYGACPEYVHEONTLELATGHRNVPEKQT GLFGATAGF IENGWEGHMIDGUYGFRHONSEG
Shjct: 317 TYGLCPEYVEONTLELATGHRNVPEKQTRGLFGAIAGF IENGWEGHIDGUYGF RHQONSEG 376

Query: 360 TGOAADLESTQAAIDQINGKLNRVIEKTHNEKFHQIEKEFSEVEGRIQDLEKYVEDTKIDL 419
TGRQLADLESTOALIDOINGELNEY IEKTNEKF HQIEKEF SEVEGRIQDLEKYWEDTKIDL
Sbjct: 377 TGQLADLESTOALIDOINGELNEVIEKTHEKFHQIEKEFSEVEGRIQDLEKYVEDTKIDL 436

Query: 420 WITNAELLVALENQHTIDLTDSEMMELFEKTRRQLRENAEEMGNGCFEITHECDNACIES 473
WE¥HNAELLVALENQHTIDLTDSEMNKLF EKTRROLRENAEENGHGCFETIYHECDNACTIES
Shjct: 437 WoTNAELLVALENQHTIDLTDSEMMELFEKTRROLRENAEEMGNGCFEITHKCDNACIES 496

Query: 480 IRNGTYDHDVYRDEALNNRFOIEG 503
IRNGTYDHDVYRDEALNINRFQIEG
Sbjct: 497 IRNGTYDHDVVRDELALNNRFQIEG 520



S sieMa Soarch ExPASy_—_

HTrEMBL

[Announcements] [Job opening] [Mirror Sites]

Tools and software packages

Swiss-Prot and TrEMBL - = * Proteomlcs and sequence analysm tools
! ' [ S, Findhdod,

+ GermOnLine - K
+ Ashhya Genome Database
+ Links to many other molecular biology databases

* ImageMasEer.f Melanie - :
+ MSight - |
+ Roche Applied Science's Biochemical Pathways




éia ExPASy Home page | Site Map | Search ExPASy | Contact us Swiss-Prot
| Hosted by B SIB Switzerland | Mirror sites: | Australia | Brazil | Canada | Korea | Taiwan | USA |

Search | Swiss-Prot TrEMBL =/ for [hemagglutinin Ga | Clear |

Search in UniProt Knowledgebase (Swiss-Prot and TrEMBL)
for: hemagglutinin

UniProtKB/Swiss-Prot Release 48.9 of 24-Jan-2006
UniProtKB/TrEMBL Release 31.9 of 24-Jan-2006

P

« Mumber of sequences found in UniProt Knowledgebase (Swiss-Protizze) and TrEMEBL ey 7259
+ [Note that the selected sequences can be saved to a file to be later retrieved, to do so, gotot om of this page.

+ For more directed searches, you can use the Sequence Retrieval System SRS,

Search in UniProtiKB/Swiss-Prot: There are matches to 326 out of 206586 entries

AFAF_ECOLI (Q47037)

Dr hemagglutinin AFA-Il operon regulatory protein afak . {GEMNE: Name=afaF} - Escherichia coli
FHAB_BORPE (P12255)

Filamentous hemagalutinin, {GEME: Mame=fhaB; OrderedLocusMNames=BFP 18749} - Bordetella pertussis
FrA1_ECOLI (PO8180)

Afimbrial adhesin AFA- precursor (Dr hemagglutinin AFA-I). {GEMNE: Name=afaE1; Synonyms=afakE, afaE-1} - Escherichia coli
FWDE_ECOLI [(P24093)

Dr hemagglutinin structural subunit precursor. {GENME: Name=drah} - Escherichia coli
HA1Y_CLOEBO [P46083)

Hemagglutinin component HA-17 (HA 17 kDa subunit). JGEMNE: Name=HA-17; Synonyms=antP-17} - Clostridium botulinum
HAZ3_CLOEBO [P46084)

Main hemagglutinin component (HA 33 kDa subunit) (HA 1) {GENE: Name=HA-33; Synonyms=antP-32 ha1} - Clostridium botulinum




i ExPASy Home page | Site Map | Search ExPASy | Contact us Swiss-Prot
| Hosted by B SIB Switzerland | Mirror sites: | Australis--Braritttamedal Kores | Taiwan | US|

Search I Swiss-Prat TrEMBL | fr Ihemagglutinin influgnz Clear |

Search in UniProt Knowledgebase (Swiss-Prot and TrEMBL)
for: hemagglutinin influenza

UniProtkKBiSwiss-Prot Release 48.9 of 24-Jan-2006

UniProtKB/TrEMBL Release 31.9 of 24-Jan-2006
AN

+ MNumber of sequences found in UniProt Knowledgebase (Swiss-Frotyzzy and TrEMBL 5408, 5583
+ Mote that the selected sequences can be saved to afile to be later retrieved, to do 50, Qo to om of this page.
+ Formore directed searches, you can use the Sequence Retrieval System SRS,

Search-in-tUniProtKB/Swiss-Prol: There are maiches to 177 out of 206586 entries
HEMA _[AAIC (PO3437

Senoftifin precursor [Contains: Hemagalutinin HAT chain, Hemagglutinin HAZ chain]. {GERE: Mame=HA} - Influenza A wirus (strain

AfAIchif2/68 H3N2Z)

HEMA_IABAN (PO3441)
Hemagalutinin precursor [Contains: Hemagglutinin HA1 chain, Hemagalutinin HAZ chain] (Fragment). {GENME: Mame=HA - Influenza A
wirug (strain AlBangkold1/79 HANZ)

HEMA_IABUD (P19694)
Hemagalutinin precursor [Contains: Hemagglutinin HAT chain, Hemagglutinin HAZ2 chain]. {GEME: Mame=HA]} - Influenza A virus (strain
AfBudgerigarHokkaidof 177 HANE)

HEMA_IACAD (P26142)
Hemagaglutinin (Fragment). {GEMNE: Mame=HA} - Influenza A virus (strain A/CameliMongoliaf2 H1MT)

HEMA_IACK A (P19695)
Hemagalutinin precursor [Contains: Hemagglutinin HA1 chain, Hemagalutinin HAZ chain]. {GENE: Mame=HA]} - Influenza A virus (strain
AfChicken/Alabamal1/75)




G ExvaSy Home page | Sialap | Serch xSy

ratf TrERMBL ~| for |hemagglutinin influenz ~ Gao |

UniProtKB/Swiss-Prot
entry P03437 Frinter-friendly viemw Subrnit update Cluick BlastP search

[Entry info] [Name and origin] [References] [Comments] [Cross-references] [Keywords] [Features]

[Sequence] [Tools]

Maote: most headings are clickable, even if they don't appear as inks. They link o the wser manual or other docurnents.

Entry information
/ = HEMA_IAAIC
| number P0O3437

N numkbers ane

ot in
t modified in

Name and origin ofthe protein



Cross-references

Sequence databases
EMBL JO2090; AAALZ1TE T, - Gencmi_c_RNA [EMEL / GenBank / DDEJ] [CoD@ngSequence]
VOM085, CAAZA269 1 - Genomic_ENA [EMEL f GenBanlk f DDEJ] [CoDingSedquence]
FIF AS93231T HMIVHA.
3D structure databases
TEOS; Xoray, A=17-344, B=346-520. ExPAZYy/RCSE/EEBI

[
THAD, X-ray, A=25-518. [ExPASy/RCSE /EBI
THGD, H-ray, AICE=17-344, BIOF=346-520 [ExPASy f RCSE fEEI

]
)
THGE; X-ray, AICIE=17-344, BIDIF=346-520.[ExPASy / RCSB / EBI|
THGF; X-ray, AIC/E=17-344, B/DIF=346-520. [EXPASy / RCSB / EBI]
THGG; X-ray, AIC/E=17-344, B/DIF=346-520 [EXPASY / RCSB / EBI]
THGH; X-ray, AICIE=17-344, BIDIF=346-520.[ExPASy / RCSB / EBI]
ExPASY f RCSE fEBI]
]
]
]
]
]
]
]

THGI Xoray, AMC/E=17-344 BIDF=346-520. [
THG U, Xeray, AICIE=17-344, BIDF=346-220. [BExPASy fRCSE fEEI
THTM, Xoray, AJCIE=17-43 BIDIF=383-520. [BExPASy/RCSE fEEI
1J8H; Keray, C=322-334. [ExPASy fRCSE FEE
THEN; Xoray, AJCIE=17-344, BIDIF=346-520 [ExPASy fRCSE fEEI
TQAFLL Horay, A=17-344 B=346-520. [ExPASy FRCSE FEE
10U, Xeray, ABC/DIEF=376-530. [ExFASy fRCSE fEE
ZHMG, Xoray, AICIE=17-344, BID/F=346-520 [ExFASy f RCSE fEEBI
IR Keraw C=44-375 [FxPASy FRCSEFFRN
Family and domain databases
IPRO01364 Hemagaglutn.
InterPro IPROOCT49 Hemagglutn_ 1.
Graphical view of domain structure.

FFO0S09; Hemagglutining 1.
Ffam graphical view of domain structure.

FPRO0330; HEMAGGLUTMT.
FPRO0O329, HEMAGGLUTMTZ.

FDO00225 Hemagglutn, 1.
[Domain structure £ List of seq. sharing at least 1 domain]

BLOCKS FO3427.
Other

Pfam

FRINTS

ProDom




eatures

Feature table wiewer Feature aligner

Key From To Length Description FTIdA

SIGIAL 1 16 16

CHATM 17 Sa4q 328 Hemagglutinin HA1 chain. FPRO 0000038585
CHATI 3a6 566 221 Hemagoglutinin HLZ chain. PRO 0000035556
TOPO DO 17 530 514 Extracellular (Cotentizl).

TRANSMEM 531 551 =21 Dotentizl.

TOPO DOM 55z 566 15 Cyvtoplasmic (FPotentizl).

LIFID 555 555 S—palmitoy]l cysteine [(by host) By similariév).

LIFID E&62 562 S—palmitoyl cysteine (by host) By similacisv).

LIFPID 565 565 S—palmitoyl cysteine [(by host) ((Bv similaciéy).

CAREOHYD 499 499 MN-linked [(GlcHic...).

DISULFID 30 152 Interchain (between HA1 and HAZ chains) .

DISTULFID [S3=] =293
DISULFILD S0 Sz
DIZULFILD 155
DIZULFILD S21
DISTULFID 393
STRADD 35
STRALATID 35
STRAMID 4=
STRATD a6
STRADD a5
STRALATID 53
STRALAMID 57
STRATD &0
STRADD =
STRADD G
TUERIT =
HELTIX 57
TURIN 55
HELIZX 95
TURI a7
STRAMID 99

HRoooEm MWD N W R RN W ND




Sequence information

Length: 566 AA [This is the
length of the unprocessed
precursor]

Molecular weight 63416 Da [This is
the MV of the unprocessed
precursor]

CRCB4: E395659C23CAFECA [This is
a checksum on the sequence]

10
METIIALSYI

0
S5STGEICHN

130
YASLRSLVAS

190
NVTHFNNDNF

250
GLESRISIYY

310
NG3 IFNDEFF

370
GMIDGUYGFR

20
FCLALGODLF

50
PHRILDGIDC

140
SGTLEFITEG

200
DELYIWGIHH

260
TIVEPGDVLY

320
QNVNEITYGL

380
HONSEGTGQL

30
GNDNSTATLC

20
TLIDALLGDE

150
FTUTGVTQNG

210
PSTNQEQTSL

270
INSNGNLILP

330
CPEYVEONTL

390
ADLESTQAAI

a0
LGHHAVEPMNGT

100
HCDVFQNETH

160
GSNACKRGPG

220
YVQLSGRVTV

280
RGYFEMETGE

340
KL ATGMRNVE

400
DQINGELNRV

50
LVETITDDOTI

110
DLFVERSKAF

170
SGFFSRLNWL

230
STRRSQOTII

290
SZIMRSDAPI

350
EKQTRGLFGA

410
IERTHEKFHQ

60
EVTNATELWVQ

120
SNCYPYDVPD

150
TESGSTYPVL

240
PNIGSRPWVE

300
DTCISECITP

360
IAGF IENGUE

420
IEREFSEVEG

>3p|PO3437| HEMA TAAIC Hewagglutinin precursor [Contains: Hemagglutinin HA1 chain:
METIIALSYIFCLALGODLEGHDNS TATLCLGHHAVPNGTLYETITDDQIEVTITATELVO
SESTGEICNNPHRILDGIDCTLIDALLGDPHCDVF ONETWDLFVERSKAFSNCYPYDVED
TASLRELVASSGTLEF ITEGF THTGV TONGGENACKRGPGEGFFERLNTLTREGATYPVL
NV THPNMDNFDELYIWGIHHPS THNQEQTSLYVOASGRYVTVSTRRSQOTIIPNIGSREPWVER
GLESRISIVWTIVEPGDVLYV INSNGNL IAPRGYFEMRTGESS IMREDAPIDTCISECITE
MNG3IPNDEPFONVNEITYGACPEYVEQNTLEL ATGMRNVPEEQTRGLFGATAGE IENGUE
GMIDGUYGFRHCNSEGTGOAADLES TOAATDQINGELNRVIEETNEEFHOIEKEFSEVEG
RIQDLEKYVED TEIDLWITHAELLYALENQHTIDLTDSEMNELFEKTRROLEEN LAEE MGIT
GCFEITHECDNACIESIRNGTYDHDVYRDEALNNEFQIKGVELESGYEDWILWISFAISC
FLLCVVLLGF INMWACQRGNIRCHNICI

Hemagglutinin HAZ o




':E) Tutorial About This Site
= W Getting Started
p Download Files
p Deposit and Yalidate
p Structural Genomics
P Dictionaries & File Formats
p Software Tools
p Educational Resources
p General Information
= W Acknowledgements
~ M Frequently Asked Questions
@ known Problemns
Report Bugs/Commments

a memeer of THE S IPD B
An Information Portal to Biological Macromolecular Structures
Az of Tuesday Jan 24, 2006 there are 24777 Structures (@ |

FDE Statistics @

Welcome to the RCSB PDB

The RCSB PCOB provides a variety of tools and resources for
studying the structures of biological macromolecules and
their relationships to sequence, function, and disease.

The RCSE is a member of the wwPDB whose mission is to
ensure that the PDB archive remains an international
resource with uniform data.

This site offers tools for browsing, searching, and reporting
that utilize the data resulting from ongoing efforts to create
a more consistent and comprehensive archive,

Information about compatible browsers can be found here.

& narrated tutorial illustrates how to search, navigate,
browse, generate reports and wvisualize structures using this
new site, [This requires the Macromedia Flash plaver download.]

Comments? info@rosh. org

Molecule of the Month: Topoisomerases

Each of yvour cells contains about 2
meters of DMA, all folded into the
tiny space inside the nucleus,
which is a million times smaller,
As vou might imagine, these long,
thin strands can get tangled very
easily in the busy environment of
the nucleus, To make things even
rmore complicated, DMA is a
double helix, which must be
unwound to access the genetic
inforrmation.

u More ...

B Previous Features

NEWS

m Complete News
m Newsletter

m Discussion Forum

24-1an-2006

Montville Township High
School Places First at
the NI Science
Olympiad Protein
Modeling Trial Event

Sewveral high schoal teams
competed in the protein
modeling event at the
Mew Jersey Morthern
Regional Science
Olympiad that was held
January 12, 2006 at
Maontclair State
University,

m Full Story .

17-lan-2006
Time-stamped Copies
of PDB Archive
Available via FTP

10-1an-2006
Structural Genomics
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Home| Search | Resulls.'l Queries

Results (1-10 of &7)

Refine this Search

1 Structures Awaiting Releasze
Select All

Deselect All

Download Selected

Marrow Query

Sort Results

[
[
|
|
|
[
p Tabulate
’
’
S

Results per Page

- B Show Query Details

'&) Results Help

a memeer of THE S IPD B

An Information Portal to Biological Macromeolecular Structures
As of Tuesday Jan 24, 2005 there are 24777 Structures () | PDB Statistics (@

@Al QY FDEID o rd e Fages g Author

M 1RUZ

I

M 1E08

L

M 1FYT
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Characteristics

Classification

Compound

Authors

DEE

Characteristics

Classification

Compound

Aathors
¥

Characteristics

Classification
Compound

Aathors

REE

12345 9

1918 H1 Hemaguglutinin

Release Date: 30-Mar-2004 Exp. Method: X Ray Diffraction
Resolution: 2,90 &
Virus fviral Protein

Mol. Id: 1 Molecule: Hermagglutinin Mol Id: 2

Molecule: Harnagglutinin

Gamblin, 5.1., Haire, L.F., Russell, R.]J., Stevens, D.]., Xiao,
B., Ha, ¥., Vasisht, M., Steinhauer, D.A., Daniels, R.S., Elliot,
a., Wiley, D.C., Skehel, 1.1.

INFLUEMNZA YIRUS HEMAGGLUTININ COMPLEXED WITH A
MEUTRALIZING ANTIBODY

Release Date: 12-Apr-2000 Exp. Method: ¥ Ray Diffraction

Resolution: 2,80 &

Virus/viral Protein

Mol. Id: 1 Molecule: Hermagglutinin (hal Chain] Fragment: Bromelain
Released Fragment Mol. Id: 2 Molecule: Hemagglutinin (haZ Chain)
Fragment: Bromelain Releazed Fragment Mol. Id: 3 Molecule: Antibady
(light <hain) Fragment: Fab Fragment of Antibody Bh151 Mol Id: 4

Molecule: Antibody (heavy Chain)  Fragment: Fab Fragrment of Antibody
Bhi51

Fleury, D., Daniels, R.S., Skehel, 1.1., Knossows, M., Bizebard,
T.

¥X-RaY STRUCTURE OF THE
HAEMAGGLUTININ-ESTERASE-FUSION GLYCOPROTEIN OF
IMFLUENZA C YIRUS

Release Date: 01-Mar-2000 Exp. Method: ¥ Ray Diffraction
Resolution: 3,20 &

Hydrolase

Mol. Id: 1  Molecule: Haemagglutinin Esterase Fusion Glycoprotain
Fragment: Hefl Mol. Id: 2 Molecule: Haemagglutinin Esterase Fusion

Glycoprotein Fragment: Hef2
Rosenthal, P.B., Zhanag, X

CR¥YSTAL STRUCTURE OF A COMPLEX OF 4 HUMAMN
ALPHAIBETA T CELL RECEPTOR INFLUENZA HA ANTIGEN
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Queries

- Wl R RE—aa- 1= =]
p Display Files
P Display Molecule
- W Structural Reports

p Structure Analysis

Primary
Citation

History

Experimental
fethod

Parameters

Unit Celf

Molecular
Description

Functional
Class

Sourece

Related PDB
Entries

Chemical
Component

1RUZ

1918 H1 Hemagglutinin

Skehel, 1.1., Gamblin, 5.1., Haire, L.F., Russell,
E.1., Stevens, [.]., ¥iao, B., Ha, ¥., Wasisht,

M., Steinhauer, DA, Daniels, RS,

Gamblin, S.J., Haire, L.F., Russell, R.]., Stevens,
D.]., Xiao, B., Ha, Y., VYasisht, N., Steinhauer,

D.A., Daniels, R.S., Elliot, A., Wiley, D.C., Skehel, 1.3.

The structure and receptar binding properties ofthe 1918 influenza
hemadgglutinin. Science w302 pp 1838-1842 , 2004

[Abstract] W
Deposition 2003-12-12 Release 2004-03-30

Type »-RAY DIFFRACTION Data M

Resolution[]

F-value F-Free

0.248 (obs) 0.289

Space Group

80 Pdy2q2

171.46 b
90.00  heta

17146 ¢ 153.45
80,00  gamma 90.00

Length [A] a
Angles [*]  alpha

Folymer: 1 Molecule: hemagglutinin Chains: H, J, L
Other Details: Hemagglutinin HAT chain Palymer. 2
Molecule: hemagglutinin Chains: |, K, M; Other Details:
Hemagglutinin HAZ chain

Virus fviral Protein

Palyrmer: 1

Influenza a virus =9 Cornmon Marre: Yirus

Id Details
1RWZ
1R
1RWT
1RW0
1RLY
1RLIY

1930 H1 Hemaggiutinin
1934 H1 Hemagglutinin

|dentifier Mame Formula

Images and Yisualization

Biological Molecule / Asymmetric Unit

Display Options
KiNG
Jrmnal
WabMol
Protein Workshop
QuickPDE
all Irnages

Scientific Marme: INfUENZa avirus =Y Comman Mame: Yirls Palyrmer: 2

Scientific Mame:

1934 H1 Hemagglutinin in complex with LSTC
1934 H1 Hemagglutinin in complex with LSTA
19350 H1 Hemagglutinin in complex with LSTC
19350 Swine H1 Hemagglutinin complexed with LSTA

Ligand  Ligand
Structure Interaction

Cirug Similarity




La qualita e la quantita dei dati hanno spinto gl
scienziatl a puntare verso traguardi
proporzionatamente ambiziosi:

-Comprendere gli aspetti integrativi della biologia degli organismi
osservati come sistemi complessi coerenti.

-Usare dati riguardanti organismi contemporanei come base per
viaggiare avanti e indietro nel tempo; per dedurre eventi della
storia evoluzionistica.



Scenario futuro:

Nuovo Virus altamente pericoloso> pandemie sul pianeta

confronto con la sua sequenza
con quella dei virus presenti in Banca Dati > Individuazione di
proteine patogene per 'uomo responsabili dell’infettivita e
virulenza > Determiazione della struttura tridimensionale di tali
proteine tramite Homology modeling o Modeling predittivo
confronto tramite Banca Dati con struttura di altre proteine e di
conseguenza loro funzione > Drug Design per ricerca di nuovi
farmaci o individuazioni di Anticorpi che possano neutralizzare |l
Virus.

pandemia evitata



Il confronto tra sequenze e in biologia
computazionale la base per

o Mmisurare la “similarita” tra le sequenze
< allineamento

o misurare la “diversita” tra le sequenze
< distanza di edit

o trovare parti comuni alle sequenze
< pattern discovery
< allineamento locale



INTRODUZIONE

DATABASE DI
SEQUENZE

!
7’

Y

Ricerca del record I cui campi Ricerca del record che
soddisfano determinati criteri hanno le sequenze piu
(hanno certi valori) “simili” ad una sequenza

fornita come query



RICERCA PER SIMILARITA’

el a ricerca per similarita di una sequenza contro un database di sequenze
richiede che sia possibile valutare la similarita della sequenza query contro
ciascuna delle sequenza del database. Quindi il problema da risolvere e
quello della ricerca delle similarita tra due sequenze

R )
R
| |
|
)
| | | |
R
)
DATABASE DI SEQUENZE | '
)




Quando si ottiene (in gualche modo) una sequenza di DNA o Aminoacidi
si € Interessati a capire cos’¢ quella sequenza (€ gia nota?) e a scoprire la
sua funzione.

Potrebbe anche capitare che la sequenza stessa sia presente nei database e
gia annotata (descritta la sua funzione)... Nel caso invece non si trovasse
nei database esattamente la stessa sequenza, un modo semplice di ipotizzare
(e comungue una predizione, che dovra poi essere confermata
sperimentalmente) la funzione della mia sequenza query e quello di cercare
sequenze simili che invece siano gia state annotate.

In base al grado di similarita trovato diventa possibile fare delle ipotesi
piu 0 meno probabili sulla funzione della sequenza query semplicemente
“trasferendo” ad essa la funzione delle sequenze target simili ad essa
Identificate .



QUANDO SUPPORRE LA
FUNZIONE

Se le sequenze di due proteine (DNA) sono molto simili allora lo
saranno anche le strutture e le funzioni

l STRUTTURA

SEQUENZA
SIMILE SIMILE

FUNZIONE
SIMILE

—)

Non vale il viceversa! (Funzioni e strutture simili non implicano
sequenze simili)

CI possono essere proteine con la stessa funzione, ma con struttura
e soprattutto sequenza diversa. ES. mutazioni silenti, che interessano

la terza base di un codone. .’ aminoacido rimane lo stesso ma €
cambiato il DNA!



SIMILARITA” E OMOLOGIA

Spesso si fa confusione tra similarita ed omologia!

La similarita e un aspetto quantitativo che indica (fissato
un criterio comparativo, % identita, % mutazioni
conservative...) un livello di somiglianza tra le sequenze.

[’omologia e un aspetto qualitativo che riguarda piu
propriamente la “funzione” delle sequenze ed indica
un’origine filogenetica comune




Dobbiamo ricorrere a criteri statistici per giudicare la significativita delle
similitudini e delle differenze

Proteine omologhe: proteine che si sono evolute da un comune
ancestore, nell’evoluzione la similarita di sequenza ¢ meno preservata
rispetto alla struttura terziaria

S1 possono avere proteine omologhe con un’identita di sequenza fino
al 20%

Come e possibile cio?

La maggior parte delle mutazioni avviene sulla superficie della
proteina mentre gli amminoacidi del core sono maggiormente
conservati in modo da consentire il medesimo folding alle
proteine.



Ampio ambito di variabilita della similarita, che puo
scendere al di sotto della significativita statistica

Effetto delle diverse velocita evolutive lungo i diversi
rami dell’albero evolutivo



The Genetic Code

Second letter

U

A

G

Phenyl-
alaning

Leucine

Tyrosine

Stop codon

Cystaine

' Stop codon

m

Stop codon |

Histidine

Glutamine |

Tryptophan

Arginine

-
o
vl
+
v
+=
=
ing

I

Jcodon

lealeucine

Mg'ghinniner
initiation

Valine

Asparagineé

Lyzsine
Aspartic
acid

Glutamic
acid

Serine

Arginine

Glycine

& P2 oA C|IS R AC|SE MClSE A C

The genetic code - Each amino acid is coded by 3 nucleotides, named codon.
Code redundancy - Most amino acids are coded by several codons.
- 64 triplets code for 20 amino acids & 3 stop codons.




PRINCIPI DELLA
STRUTTURA DELLE
PROTEINE

Struttura primaria: gli amminoacidi e il legame
peptidico
Struttura secondaria

Strutture supersecondarie o motivi
Struttura terziaria

Domini
Struttura quaternaria

Classificazione del folding proteico (SCOP e
CATH)

Il Protein Data Bank (PDB)



STRUTTURA
PRIMARIA

Il codice genetico specifica 20 diverse catene laterali, mentre altre possono
essere prodotte dalle prime ad opera di enzimi (modificazioni post-traduzionalr)

side chain

OH 20 a-amminoacidi

C‘l
| N standard
H

I
o

amino group  carboxyl group

O(,-(]mminOGCidOI gruppo amminico legato al € (o) adiacente al
gruppo carbossilico



STRUTTURA
PRIMARIA
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EVOLUZIONE DEI GENOMI

Vari sono | meccanismi responsabili della variabilita
genetica che oggl possiamo osservare:

Mutazioni puntiformi
Delezioni
Inserzioni
Inversioni



MUTAZIONI

Met Glu Pro Cys Trp Arg Gln
Seq 1 5/ ATG GAG CCT TGT TTG CGT CAG 3’

trunf;izimncl I transversione '[ranm;«;mm:

Seq 2 5/ ATG GAA CCT TCT TTG CGT TAG 3’
Met Glu Pro Ser Trp Arg Ter




DELEZIONI

Met Glu Cys Trp Arg Gln

Seq 1 5’ ATG GAG TGT TTG CGT CAG 3’
delezione ‘

Seq 1 5’ ATG GAG CCT TGT TTG CGT CAG 3’

l delezione

Seq 1 5/ ATG GAG CCT TGT TAG 3’
Met Glu Pro Cys Ter




INSERZIONI

Met Glu Pro His Cys Trp Arg Gln
Seq la 5’ ATG GAG CCT CAC TGT TTG CGT CAG 3’

Inserzione ‘

Seq 1 5’/ ATG GAG CCT TGT TTG CGT CAG 3’

1 Inserzione

Seq 1lb 5’ ATG GAG CCT TGA TTT GCG TCA G 3’
Met Glu Pro Ter Phe Ala Ser




INVERSIONI

Seq 1 5’ ATG GAG CCT TGT TTG CGT CAG 3’

/ inversione

Seq 1 5/ ATG GAG ACA AGG TTG CGT CAG 3’
Met Glu Thr Arg Trp Arg Gln




Qual e la corrispondenza fra gl
aminoacidi delle due sequenze che piu
probabilmente rispecchia I'evoluzione
delle due proteine?

L'allineamento tra due sequenze
biologiche e utile per scoprire
Informazione funzionale, strutturale ed
evolutiva



scrivere due sequenze orizzontalmente in modo
da avere il maggior numero di simboli identici 0
simili in registro verticale anche introducendo
Intervalli (gaps — inserzioni/delezioni — indels)

Pertanto si vogliono minimizzare le differenze o
massimizzare le similarita



Analisi della matrice a punti (
programmazione dinamica

metodo (Fasta, Blast)



DOT MATRIX

Identita

HNDP - - DX

SEQUEMNCE ANALY:
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Lnom




LE MATRICI DI SOSTITUZIONE

Nel caso dell’allineamento di aminoacidi € opportuno applicare dei criteri di
similarita che non s1 limitino a verificare 1’1dentita assoluta ma tengano conto del
fatto che gli aminoacidi possano essere pit 0 meno simili tra loro. Aminoacidi
molto simili possono essere indifferentemente sostituiti in una proteina senza
alcuna variazione apprezzabile nella struttura della proteina.

Per esempio acido aspartico (D) e acido glutammico (E) sono molto simili e
molto spesso nel corso dell’evoluzione prendono 1l posto 1’uno dell’altro nelle
proteine. Al contrario acido aspartico (D) e triptofano (W) sono molto diversi e non
sono assolutamente interscambiabili. E’ quindi ragionevole valutare
differentemente la sostituzione (in generale il confronto) di D con E e di D con W.

Cio viene descritto in matrici quadrate di 20*20 caselle in cui si attribuisce un
punteggio ad ogni possibile coppia di aminoacidi. Quanto piu alto € il punteggio
tanto piu interscambiabili sono gli aminoacidi. Punteggi negativi penalizzano
Invece aminoacidi molto differenti



metodi per la valutazione del punteggio

proposta: gli allineamenti e il calcolo della similarita potrebbero
essere notevolmente migliorati dall’'introduzione di schemi di
punteggio diversi da O e da 1 per 'appaiamento di residui
amminoacidici

si potrebbero per esempio prevedere punteggi alti per I'identita tra
coppie di residui, punteggi un po’ piu bassi ma >0 per residui simili
dal punto di vista chimico-fisico

punteggi invece negativi (o uguali a 0) per residui diversi o0 molto
diversi dal punto di vista chimico-fisico



ATTENZIONE

non bisogna confondere le matrici di punti con le matrici di
sostituzione!

le matrici di punti sono grafici che consentono di mettere Iin
evidenza zone di identita tra sequenze diverse. Se una sequenza
e lunga m caratteri e I'altra sequenza e lunga n caratteri, la
matrice di punti sara rettangolare e di dimensione mxn

le matrici di sostituzione associano un punteggio ad ogni coppia di
residui, sono matrici quadrate e simmetriche che contengono
20x20= 400 valori, parzialmente ridondanti (il valore relativo alla
coppia RK e uguale a quello della coppia KR)



Due aminoacidi I e | frequenza della loro
coppia “fij”, frequenza nella sequenza d1 1 “fi”
frequenza dij “f)”

Rapporto “fij”/”1i” x “f)” misurera quanto
Spesso | e | appaiono In posizioni
corrispondenti non dovute al caso

log2 del rapporto valore della matrice



matrici di sostituzione

PAM O 30 80 110 200 250

% identita 100 75 60 50 25 20

vediamo ora due tra le piu usate matrici di sostituzione di tipo
PAM: la PAM120 e la PAMZ250, che si utilizzano per ottimizzare

allineamenti tra sequenze che abbiano circa il 50% o il 20% di
identita di sequenza



PAM

PAM1 (con i punteggi e non con le frequenze) e molto simile alla
matrice Identita (valori quasi sempre 1 sulla diagonale e 0 altrove)

PAMZ2 e calcolata da PAML1 ipotizzando un altro passo evolutivo e
CosI Via...

PAMN e ottenuta da PAMnN-1

PAM100 quindi rappresenta 100 passi evolutivi in ciascuno del
quali si € avuto un 1% di sostituzioni rispetto al passo precedente.

PAM1 PAM100 PAM250

50 100 150 200 250
PAM



Introdotte da Henikoff & Henikoff nel 1992.

A differenza delle PAM generate iterativamente, gueste sono invece
basate su una banca dati (BLOCKYS) di allineamenti multipli di
segmenti proteici senza GAP.

Il numero associato alle matrici rappresenta la percentuale di
aminoacidi identici in un certo blocco

—
BLOSUMBS35 BLOSUMG62



RICERCA DELLE SIMILARITA’ TRA
2 SEQUENZE

Per determinare la similarita tra due sequenze e necessario
considerare due aspetti:

1- ALGORITMO DI ALLINEAMENTO

2- CRITERIO DI SIMILARITA’



ALLINEAMENTI GLOBALI E LOCALI

Consideriamo i seguenti due differenti allineamenti delle stesse sequenze

Allineamento globale:

LTGARDWEDIPLWTDWDIEQESDFEFKTRAFGTANCHK

[ (. I -1 -1 Il N I
TGIPLWTDWDLEQESDNSCNTDHY TREWGTMNAHKA

Allineamento locale:

LTGARDWEDIPILWTDWDIEQESDFKTRAFGTANCHEK

Frrrrrrr-rrrrl
TGIPLWTDWDLEQESDNSCNTDHY TREWGTMNAHKA

Nel primo caso si hanno 14 identita (evidenziate dalle linee verticali che uniscono
aminoacidi uguali) e tre sostituzioni conservative (es. A-l, S-T) distribuite su tutta la
lunghezza della sequenza. Nel secondo caso si hanno 13 identita ed una
sostituzione conservativa su una regione di 14 aminoacidi.

Quale dei due allineamenti e da considerarsi migliore?

(N.B. L'allineamento globale, secondo alcuni, dovrebbe comprendere l'intera
lunghezza di entrambe le sequenze; nell’esempio dovrebbero essere quindi
aggiunti un gap all'inizio ed uno alla fine)



ALLINEAMENTI GLOBALI O
LOCALI?

Dal punto di vista biologico generalmente vengono privilegiati gli allineamenti
locali, che riguardano regioni limitate delle proteine o di acidi nucleici.

In Biologia Molecolare avrete sicuramente sentito parlare di domini delle proteine
0 anche degli acidi nucleici. Se ad esempio siamo interessati a trovare tutte le
sequenze di proteine di una banca dati che contengono un certo dominio, allora
sicuramente si cercheranno similarita locali.

Gli allineamenti globali vengono applicati qguando si vogliono confrontare
accuratamente due sequenze in cui la similarita sia estesa per tutta la lunghezza

N.B. Un allineamento locale non é necessariamente limitato ad una piccola
regione della sequenza, ma potrebbe estendersi anche all’intera lunghezza della

sequenza.



® Fornisce l'allineamento ottimale tra due
sequenze

® semplici variazioni dell’algoritmo
producono allineamento globali o locali

® l'allineamento calcolato dipende dalla
scelta di alcuni parametri



Allineamento globale o locale?

1) scegliamo il miglior allineamento dal punto di vista
biologico, e poi...

2) cerchiamo Il modo di privilegiarlo dal punto di
vista computazionale

spesso gl allineamenti locali hanno una migliore
rispondenza con la realta funzionale



gli allineamenti globall possono comunque
essere utilizzatl per confrontare accuratamente
due sequenze la cui similarita sia estesa per
tutta la lunghezza



ESEMPIO

Proviamo a confontare le due diverse proteine derivanti dallo stesso gene “subunita
1A di rubisco” di Arabidopsis thaliana

<
<3 NCBI Entrez Gene

Evtrez AbMed

Search] Sene Go| Clear ¥ current records oy

Clipboard Detailz

Display | Surmmarny 5]:1!31.!.-':::-"':' I Send to

Entrez

SITE MAF
Entrez Help

T 1: At =s7000

Links=
Zene tibulose bisphosphate carbouylase small chain 1A / FuBisC0 small subunit 1A (RBCS-14) (ATS1A) [Arebidopsis thaliana)
Semh Other Aliases: Atlg67090, F1019.14
Gene Help C]u‘nmns_un_i_"l

GenelD): 243020



Accediamo al record del gene e attraverso i link ai due diversi record delle proteine
(hanno i codici NP_176880 e NP_974098)

Link=

Mi1: Atlgh7090 ribulose hlsphusphate carhoxylase small chain 14 / RuBisCO small subunit 1A (RECS-14)

(ATS1A i ded
Genell: 0 At updated 01-Ape-2004

= coding reqion B - untroansloted region

ic context: chromosome: 1, map: unknown, clone: CHRE1-+01212004

[ ABNEAN S0 }

ALQaEF07D AL 56 70N G1) f— AtlaE7100 AtlaE7110
Atl 46700

fhaliana ecotype: Columbia)



Codici : 15219826 e 42572015

Codicli (database composto di sequenze “pulite e verificate” di mRNA ¢
PROTEINE: NP_176880 e NP_974098

# BuBisCO s subunit 14 (RECS3-14)

JEFELEHGFYYEEHGN S
CISFIAYEPPRFTG

/ RuBisCO subunit 14 (RECS-1A)

45 PAQATHVAE a
SYLPDLTDSELAREVDYLIRNEWNIPCYEFDTDLCTWATYTHPDTH




cons
megamerger
merger

ALIGNMENT
DIFFERENCES

II ¥ by ) =
diffseq . . I T T T
ILNEWIPCVEFELEHGFVYREHGNIPGYYDER

ALIGNMENT DOT QVLE =]
PLOTS

dotmatcher
dotpath
dottup

ct a set of sequences.

= one of the following three fields:
ALIGNMENT
GLOBAL

alignwrap

equence from a data

ALIGNMENT
LOCAL

matcher
segqmatchall
supermatcher
water
wordmatch

ALIGNMENT

Alignment format:

2. SUBMIT TO NEEDLE...

fun ne




#
#
#
#
#
#
#
#
#
#
#
#
#
#
#

Aligned sequences: 2
1: WP_176880.1

Z: WP_974098.1
Matrixz: EBLOSLMEZ
Gap_penalty: 10.0
Extend_penalty: 0.5

Length: 181 i e )
Identity: 108-181 (59.7%) |Aminoacidi conservati

Similarity: 115,181 (63.5%) . Aminoacidi sostituiti in modo conservativo
Faps: 46181 [25.4%)

WP_176380. MASEMLEEATMVASPAQATMY APFHNGLESSAAFPATREANNDI TS ITEMNG

NP_974093. MARSMLEEATMY AR PAQATHMVAPFNGLERSAAFPATREANNDITEITENG

WP_176380. GEVIHCMOVWEPP IGEEEFETLEYLPDLTDSELAKEVDY L IENEWIPCVEFE

HE_S9740%945. GREVHCMOVWE P IGEEEFETLEYLPDLTDSELAREVDY L IRNEWI PCVERD

HP_176860. LEHGF?YR EHGHEPGYYDERYWIMWELPLF GCTDEAQVLEEVEECEREY

HE_S9740%945. TDLCT?ST?THPDT——MMDG————TGQDGSFPCS?&PTPLK————C

HP_176860. PHAFIRIIGFDNTEOVOCISF IAYEPPEFTG 180

HE_9740%945. 136




Quando e perché I'allineamento
locale?

4 Confronto sequenze DNA “anonimo”, per
Individuare sottostringhe collegate

4 Individuazione subunita strutturali comuni a
proteine diverse



1. Ricerca di omologhe in banche dati.

2. Programmi per la ricerca:

FASTA
BLAST




Ricerca di omologhe in banche dati

« Proteina vs. proteine
« Gene (traduzione in aa) vs. proteine
« Gene vs. geni

« Proteina vs. traduzione in aa di sequenze nucleotidiche
(tutti 1 moduli)

Query: DNA Protein

L J

Database: DNA Protein




Quando confrontiamo sequenze proteiche cerchiamo la
migliore corrispondenza per 20 diversi amminoacidi

Quando confrontiamo sequenze nucleotidiche cerchiamo
la migliore corrispondenza per sole 4 basi nucleotidiche

La probabilita’ di trovare una buona corrispondenza
(allineamento con punteggio alto) per caso e piu alta per le
sequenze nucleotidiche che per quelle proteiche

Inoltre, quando confrontlamo sequenze proteiche
possiamo tener conto della similarita® tra | diversi

amminoacidi

4

Quando e possibile, e preferibile
confrontare sequenze proteiche !




Quante sequenze di proteine nelle banche dati
2

800,000

800,000 -

700,000

600,000 -

500,000 4

400,000

300,000

200,000

100,000 A

'D ] 1
Frotein sequences Globular 3D structures  Membrane 3D structures




Come possiamo “pescare” dai databases di
sequenze potenziali omologhe?




Algoritmi esatti (Smith-Waterman)
Lezione precedente

Esatto, garantisce di trovare il/i miglior allineamento/i per una
coppla di sequenze.

Per 2 sequenze: A di lunghezza n and B di lunghezza m,
Smith-Waterman inpiega n*m passi computazionali.

" Cerchiamo omologhe della sequenza query A (n=200 aa)

Cerchiamo nel DB (10° sequenze di m=200 aa)
Numero di passi computazionali = 10° x 200 x 200 = ~10"°
102 passi al sec = 107 secs = 120 giorni = 4 mesi!

Necessita di algoritmi approssimati




Algoritmi esatti (Smith-Waterman)
Lezione precedente

Esatto, garantisce di trovare il/i miglior allineamento/i per
una coppia di sequenze.

Per 2 sequenze: A di lunghezza n and B di lunghezza m,
Smith-Waterman inpiega n*m passi computazionali.

Come scartiamo gli allineamenti irrilevanti 7

g

Gli algoritmi euristici (BLAST, FASTA) servono a scartare
la gran parte degli allineamenti irrilevanti.




Programmi quall FASTA e BLAST, partendo
da una sequenza query: g

L

prima “pescano” dalle banche dati un
sottoinsieme di sequenze che sono potenziali

omologhe

poi allineano al meglio ciascuna sequenza di

guesto sottoinsieme alla sequenza query




Spesso, per risolvere un problema reale, si devono
affrontare problemi di ottimizzazione NP-difficili, e
siccome e normale che i problemi reali siano di
dimensione elevata, la risoluzione di tali problemi di
ottimizzazione puo richiedere tempi di calcolo proibitivi.
In questi casi, siccome bisogna comunqgue trovare una
soluzione, non resta che affidarsi a procedure che non
garantiscono [l'ottimalita, ma che sono veloci e
forniscono una soluzione spesso accettabile. Algoritmi
che operano In questo modo vengono detti
0 piu semplicemente euristiche.



Algoritmi EURISTICI di allineamento

Sono nati insieme alle banche dati, con lo scopo di permettere
una ricerca per similarita rapida anche se meno accurata contro
le migliaia di sequenze depositate.

Attualmente 1 programmi piu utilizzati sono:

FASTA.: Lipman & Pearson (1985)

BLAST: Altshul (1990)




Si tratta di sequenze omologhe?

Valutazione della significativita dell’allineamento

grande
molto grande
<0.01 1.9e-110 significa 10 elevato alla —

110 quindi un valore molto prossimo allo 0!

grande
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Hi|557L6030| gb| AAHESS549. 1| Hyporhstical protein LOC493609 [Ds. ..
i 1830112 | gk | BAB4SG695.,1 | BHE/SHY adaptor Srbi [Xznopus laesvis]
1| 51703756 gb| AMHE123EE.1| GrhZ-prov proteln [Xenopus tEoplos. ..

gi|4993113957: | gh| A2H7I1115.1] HEZ036024 protein [Henopus lasvi=]
i | 9250058 | gh] ABHT4118.1] TUnknown (protcin for M2 21727 [E...

1914087 | clby| Ban0Eed5.1 |  dzh-m [Fattus norvegicus)
QilT7E964902 |ref |¥P G589539.1] FPFREDICTED: similac to growch fac, ..
i 1375041 |dkbj | BALLZEEZ . 1| Grhi-3 [Muz musculuz]

gi| 28376 enb| CAAG4564.1] ash protelsn [Homo sSepiens)

gi| 50755627 |ref |HP 4148927.1] TPREDICTED: siwilar to SREEZ-relat...
01| 828994106 rel | XF 920414, 1] FREDICTED: =Simllar tad Srowcth Tac. ..

gi|d23943687 |ref | P §91337.1] FREDICTED: similac to Srowth fac...
gi| 54635129 | gh| EALAES22.1| GA1D9310-PL [DIrosophila pocudoolkacurs]

01| 3EE40103 | gh| AMHEIOZEE. 1| GREZ-relsted sdspoor protein [Homo. ..

gi| 24653406 | ref WP TE5306.1] downstcemm of receptor kinmse €5, ..
gi| 54696818 | gl L2V3I8TE1.1] GRHE-reloted adsptor protein [aynkt. ..

0gil| 76644159 | ref |XP S7Z367.1] FREDICTED: =imilar ta GREI-relat...
gi|S0174166 | gh| EALDO4O4. 2 ENZANGFOOODO02013Y [Anopheles gambo, ..
ol V39561 VE | ref [P L46553 .3 PREDICTED: gimilar to CREBZ-relat...
gi|vae44is5| ref |[¥P S65033.1] PREDICTED: Simllar to GREZ-relac. ..
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LfTine Phosphn Peptide

gi| 203150610 pedlo | 1TV & E Chain &, Zray Struccurc Jf Grhi She Domain Complexed Mich & Highly

ALfEfine Phospho Peptide
Lengbh=94&

52—47
EEFa=F:

Expect =
Positiwves =

18539 bit=
EEREEF

a5]
(100%) ,

Score =

Tdentiries = (100%), Gaps = 0792 (O%)

WFFGEIPRAKAEENLARORHDGAFLIRES EZ AP GDE SLAVEF GHLVOHF EVLED GAGETT
WEFPCEIPRAKAEENLSEORHDGAFLIRESESAPGDE SLEVEF GHLVOHF EVLED GAGETE
WFFCEIPRAKAEENLSEORHDGAFLTRESESAPGDE SLAVEF GHL VOHF EVLED GAGETE

ouery 60
Sheoce 5

LUWVEFNELNELVE YHRS TEVERNQOIFLREDL 151
LWWHEFSLNE LVD YHRS TSWSRNOQIFLEOT

LM EFMTALNELYVDYHRITISWERNOOIFLEDT 96

ey

Shicc

ii3

64

}Dgi|72081594|ref|xp PEEd30, 1) H PEHEDICTED: Zimilar to CGEO0Z3F-PA, 1zo0forw A [Strongylocentrotuz
PUrpUrSt 1]
Length=177

dococe = 176 bits (451), Expect = 1=—-435

Identities = 10372149 (43%), Poaitives = 128/214 (59%), Gaps - 43/214
EALAEYVDFEATADDELSF KRGO ILEVLNEECD QM T KAELIICEDGF IPEITY IENET HPUE
EL AF4DF + ELS2F¥+ ILEW S+
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Per ricerche 1n banche dati nucleotidiche, I'indicizzazione in w-mers
ha poca rilevanza.

[noltre 1l valore w di default di Blast per 1 nucleotidi e 11, 1l che lo
porta a non riconoscere sequenze che condividano in modo esatto
meno di 11 basi, e questo & un limite grosso.

Fasta e molto piu tollerante per sequenze che presentano gaps, visto
che gia nelle prime fasi prevede il loro inserimento, mentre Blast h

inserisce solo in fase di allungamento.

— FASTA e piu adatto a ricerche in banche dati nucleotidiche

— BLAST e piu adatto a ricerche in banche dati proteiche

Anche se questa regola e un po’ troppo arbitraria...




Perche I'allineamento multiplo?

I modo piu efficace per decifrare un testo scritto in lingua
sconosciuta e quello di confrontarlo con testi equivalenti scritti in
linguaggi noti (Stele di Rosetta 196 a.C)

Allineamento multiplo: confrontare piu sequenze ricerca di
omologhe

(carattere qualitativo): geni o proteine che hanno un
comune progenitore

divergenza di sequenza dovuta ad un evento di
speciazione (Beta-globina ratto e umana)

divergenza in caso di duplicazione genica (alfa e beta
globine umana)



Per potere affermare che due sequenze siano omologhe ci si affida
al criterio di similarita. Se due sequenze possiedono un elevato
grado di similarita sara improbabile che cio sia dovuto

esclusivamente al caso.



Determinare tutti Determinare un albero

N sequenze | possibili guida basato sui
omologhe allineamenti a punteggi di similarita tra
coppie tutte le coppie
NO

- Scegliere la coppia di sequenze (o
! '”“'t'a”'ge?”t‘te”;g cluster) con il pit alto grado di
comprende tute e similarita e raggrupparle in un cluster
sequenze . T
fissandone I'allineamento

Sl

Allineamento multiplo



Pela Blelnifermatiqua Lyennalis
Nagwerk PretEin Seguance Analysis

HPE@E is the [BCE contribution to PBIL in Lyen, France

[HOME] [WES@] [SES] [HELE] [EEFERENCES] [WEWS] [MPSA] [ANTHEPEOT] [Geno3D] [Sulde] [Posttions] [PEIL]

Wednesday, December 28th 2005: NPS(@ server will not be available from January 9th to 13th. We apologize for any inconveniences.

Wlonday, September 26th 2005 : fized secondary structure prediction meertion m Wultalin. (see news)
“When sending automatic requests on NPS@, please use HTTE POST methed not GET.

CLUSTALW

[Abstract] [NPSia! help] [Original server]

Paste a protein sequence databank in Pearson/Fasta format below : help

=sp|PO9345 | HEMA TACKS Hemagglutinin precursor [Contains: i’
Hemagglutinin HALl chain; Hewagglutinin HAZ chain] -

Influenza 4 virus (strain AfChicken/Scotland/59 HEN1) .
MERIVLLLAIVILVESDOICIGYHANKS TEQVD TINEENVTVTHAOD ILERTHNGELCSL
NGVEPLILRDCSVAGWLLGNPHCDEFLNLPEWLY IVEEDNP INSLCYPGDFNDYEELEYL
L3S TNHFEKIRIIPRISWSNHDASSGVISACPYIGRISFLENVVIL IKENNTYPTIERSY
NN THOEDLLILWGIHHPHNDAAE O TEL Y NP TTY VS VGE TS TLNORS IPEIATRPEVHN GO G
RMEFFWUTILEPNDAINFESHNGNF IAPRYAYEIVEEGDSATMESGLAYGNCDTECQTEVGE
INGSMPFHNIHPHTIGECPEYVESDRLVL ATGLENVEPQREERGLF GATAGE IEGGIJQGHVLI

All sequence names must be different |

SUBMIT | CLEAR |

Output width : IEIZI




Alignment

lignment File

LHELEVDPWVNFELL
L PENFELL
LHEVLPENFELL

HEIFIF

lignment File




|
i
sp| P01

FPhylogram

MO File

sp|P01922HBA_HUMAN
sp|P01958|HBA_HORSE
sp|P02023HBB_HUMAN
sp|PD2062HBB_HORSE

sp|PO2179|MYG_BALAC




La bonta dell’allineamento dipende dall’algoritmo ma anche dalla scelta
delle sequenze.

[’allineamento risulta problematico anche quando le sequenze sono di
diversa lunghezza.

ClustalW che ha la peculiarita di allineare una nuova sequenza ad un
allineamento precedente.

Identita amminoacidica superiore 50%
Identita nucleotidica superiore 70%




«Conservazioni di siti funzionali e catalitici noti a priori
Predizioni di struttura secondaria
*Predizioni di struttura terziaria



La struttura di PSI-BLLAST

PSI-BLAST: usa una ricerca iterativa per cui le sequenze trovate a ogni ciclo
SONo
Usate per costruire un modello di punteggio per il ciclo successivo.

Tutta l'informazione contenuta nel multiallineamento puo essere contenuta
nel suo “profilo” Tra le principali applicazioni dei profili troviamo la ricerca di
sequenze omologhe molto divergenti.

1° iterazione normale ricerca di similarita con I'algoritmo BLAST

2° iterazione individuato il profilo, seconda ricerca

Risultati inaccurati se si inseriscono nell’allineamento per il profilo sequenza
intruse

ESEMPIO: ferritina umana



Sequences with E-valune BETTEER than threshold

Eelated Structures

Score E

Sequences producing significant alignments: (Bit=s) Value

MNEW

o
Iy

gi|47125326|gb |AAHTO0484 .1 FTH]1 protein [Homo sapiens] 360 2e-98
gi|114637918 |ref|XP 001140124.1| PREDICTED: similar to Ferrit... 357 2e-37
gi|76779199 |gb |AATOS5803.1]) FTH1 protein [Homo sapiens] 354 le-39&
gi|1146453149|ref|XP 503574.2| PREEDICTED: similar to FTH1 protein 337 le-31
gi|56682959 |ref |HP 002023.2| ferritin, heawvy polypeptide 1 [H... 335 S5e-81

HEW

MNEW

HEW

= =
[y ] Ly ]

MNEW

MHEW

L]

gi|509827649 |gb |ARHTEESZ.1| Fthl protein [Rattus norvegicus] 334 le-50

gi|834049%987 |gb|AATI10759.1] Fthl protein [Rattus=s norvegicus] 334 le-80

MNEW

[y ]

MHEW

L]

gi|S847T7732 |gb |ALHESELT.1| Fthl protein [Rattus norvegicus] >... 334 le-50

gi|2289918 |pdb | 1FHA| Chain , Ferritin (H-Chain) Mutant (Lys ... 333 2e-80

gli|62900172 |=p |QSEEJT | FRIH PCNFY Ferritin heavy chain (Ferrit... 333 2e-30

gi|117558588 |gbh |ART27508.1| Fthl protein [Rattus norvegicus] 333 2e-80

MNEW
HEW

Eml':l':l':

MNEW

HEW gi|51859472 |gk |RLHE1845,1]| Frhl protein [Rattus norvegicus] 333 2e-30

-
' L)

MNEW

o
Iy

gi|28435|enk |[CARZ5086.1] unnamed protein product [Homo sapiens] _ 330 2e—-89
gi|42490866|gb|ARHER341.]1| FTH]1 protein [Homo sapien=] 330 Ze-898
gi 109085791 |ref |XP 001104405.1| PREDICTED: similar to Ferrit... 329 3e-85
gi|17367250|=p|QR9XT73|FRIH TREIVO Ferritin heavy chain (Ferrit... 323 2e-87
gi|50878756 | ref |HP 001003080.1| ferritin, heavy polypeptide 1... 322 4e—-87
gi|114326408 |ref |NP 001041616.1] ferritin heavy chain [Feli=s ... 320 2e—-36
gi|l6416389|db] |BABT0615.1| ferritin heawvy chain [Cawvia porcellu 318 Se-826

MHEW

-
)

MNEW
HEW

MNEW

B
)

HEW
MNEW
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<]

gi| 73883772 |ref |XP £54977.1| PREDICTED: =similar to Ferritim 1...
gi|106895228 |ref|ZP 01362330.1| Ferritin and Dps [Clostridium...
gi|120528|=2p|Pl8686|FRIL SHEEP Ferritin light chain (Ferritin

gl |45358722 |ref|HF 988279.1| Ferritin [Methanococcus maripalua...

gi|288834 |emb |CARETIEZ.1| ferritin 1 [Vigna unguiculata]
gi|54113875 gk |ARV2E5T71.1| HNTO2FT1048 [synthetic construct]

gl |5e707774 | ref|YP 169670.1] Ferritin-like protein [Francisel...
gi|9059087]1 |ref|ZP 01246517.1| Ferritin and Dp= [Flawvobacteri...
gl |19553724 | ref|HF 601726.1] ferritin-like protein [Corynebac...
gi|30023087 |ref|HP B2347T18.1| Ferritin [Bacillus ceresus LTCC 1...
gi|118170246|gb|ABKT1142.]1| ferritin family protein [Mycobacteri

gl |485051 |pixr]| |PQO614 ferritin 2 - cowpea (fragment)

gi|84517979 | ref|ZP 01005328.1| ferritin [Prochlorococcus mari...
gl | 89209389 |ref|ZF 01187815.1| Ferritin and Dps [Bacillus weil...
gi|l1l16074582 |ref|ZP 01471843.1| ferritin [Synechococcus =2p. R...

gi|30265087 |ref|HP 847474.1| ferritin [Bacillu=s anthraci=s =str...
gl | 53714336 | ref|YP 100328.1| ferritin & [Bacteroides fragili=s...
gi|e2263156|gb|ABXTE13T.1| unknown protein [synthetic construct]
gi|l8l48456|db] |BABE3Z64.1| ferritin-like protein [Clostridium =
gi 29346517 |ref|NPF B10020.1] ferritin & [Bacteroides thetaiot...
gi|l116671801 |ref|¥YP B832734.1| Ferritin, Dp=s family protein [&...
gl|67938798 |ref|ZF 00531317.1| Ferritin and Dp=s [Chlorobium p...
gi|39996409 | ref |HP 952360.1| ferritin [Geobacter sulfurreduce...
gl | 92908944 |ref|ZF 01277722.1| Ferritin and Dp=s [Mycobacteriua.
il42525%65 |ref|NP 971063.1| ferritin, putative [Treponemnsa

gilSEE?BﬂSElIEleP 0863549.1| ferritin [Bacillus cereus E33L]
gi|4756992\|ref|ZF 00240593.1| SA1708 [Bacillus cereus G924

[ Run P5I-Blast iteration 2 ])
4

[l 5]

MEW




Run PSl|-Blast iteration 3 ]

Hit 1list size 500

Distance tree of results MEW

Sequences with E-valune BETTER than threshold

Eelated Structures

Score E

Sequences producing significant alignments: [(Bit=) Value

0,0

@ gl |47125326|gb |ARHTO494 1| FTH1 protein [Homo =sapiens] 334 Se-91
@ gi|114637918 | ref|XP 001140124.1| PREDICTED: similar to Ferrit... 332 4e-90
@ gi|76779199|gb |ALT0OS5803.1| FTH1 protein [Homo =sapiens] 328 Te-89
@ gi|83404987 |gb |AAT11079.1| Fthl protein [Rattus norvegicus) 2e—87
@ gl |50927649 |gb |ARHTEESZ . 1| Fthl protein [Rattus norvegicusz] 2e—-87
@ gl | 58477732 |gb |AAHESE1T.1| Fthl protein [Rattus norvegicus) P 3e-87
@ gl |51859472 |gb|ARHEIE45. 1| Fthl protein [Rattus norvegicusz] qe—-87
@ gi|117558589 |gb |ARTIZ2TS508.1| Fthl protein [Rattus norvegicus) ce-3
@ gl |229918 |pdb | 1FHA]| Chain , Ferritin (H-Chain) Mutant (Ly= ... le-i
@ gl |56682959 |ref |HP 002023.2| ferritin, heavy polypeptide 1 [H...

@ gi|6e2900172|sp|QSEEJT | FRIH PONPFY Ferritin heavy chain (Ferrit...

@ gi|17367250 | sp|Q9KT73 | FRIH TRIVO Ferritin heavy chain (Ferrit...

@ gi|50978756|ref |HP 001003080.1] ferritin, heavy polypeptide 1...
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gi|30265097 |ref|HP 847474.1| ferritin [Bacillus anthracis str...
gi|76676681 |ref|XP E70469.1]| PREDICTED: similar to EGF-1like m...
gi|52140475|ref |¥YP 0B6354.1| ferritin [Bacillus cereus E33L]

gi|88711313|ref|ZP 01105401.1] Ezglk [Flavobacteriales bacteri...
gi|88804213|xref|ZP 01119733.1| ferritin 1 [Robiginitalea bifo...
gl |47569527 |ref|ZP 00240595.1]| S5A1709% [Bacillus cereus G5241]...
gi|6T791E8558 |ref|ZP 00512155.1| Ferritin and Dps [Chlorobium 1...
gi|l113461064 |ref|YP 719132.1| ferritin like protein 2 [Haemop...
gi|57241274|ref|ZP 00369221.1| ferritin [Campylobacter lari E...
gi|15602532 |ref |HP 245604.1| ERsgh [Pasteurella multocida subs...
gi|89341529 |ref|2P 01193772.1| Ferritin and Dps [Mycobacteriu...
gi|83016346|db]j |BAES3405.1] ferritin like protein-2? [Actinobacil

¢
=]

e
HEEEE

L4

gl | 34540987 |ref|HP 905466.1| ferritin [Porphyromonas gingival...
gi|89209389|ref|ZP 01187815.1| Ferritin and Dps [Bacillus wei...
gl |32030887 |ref|ZP 00133622.1| COG1528: Ferritin-like protein [H

L4

gl | 68250098 |ref |YP 249210.1] ferritin like protein 2 [Haemoph...

gi|16273294 |ref|HP 438537.1| ferritin [Haemophilus influenzae...
gi|118170246|gb|ABKT1142.1| ferritin family protein [HMyvcobacteri
gi|llee7l1801 | ref|¥P B832734.1| Ferritin, Dps family protein [A...
gl|42629321 |ref|ZP 00154868.1]| COG1l528: Ferritin-like protein...
gi|11396847E | ref|¥YP T322T71.1| Ferritin, Dps family protein [5...
gi|117619373 | ref|¥PF EB854579.1| ferritin [Aeromonas hydrophila
gi|108873403|gb|EAT3T762E8.1| ferritin subunit, putative [Aedes ae
gi|57242023 | ref | ZP 003699%63.1] ferritin VCOO0OTE [Campylobacter...
gi|89893918 |ref|YP 517405.1] hypothetical protein DSY1172 [De
gi|53732651 |ref|ZP 00154869.2| COG1528: Ferritin-like protei
gi|S7867357 |ref|YP 189000.1] ferritin family protein [Staph

[ RHun PSI-Blast teration 3
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La struttura 3D e responsabile della loro
funzione

La pressione evolutiva atta a preservare la
funzione ha un effetto importante in
contrasto con altri polimeri (formanti
globuli amorfi), le proteine hanno un‘unica
struttura tridimensionale specificata dalla
sequenza amminoacidica

Esempio:
Attivita catalitiche (enzimi che espongono
siti attivi in un determinato modo)
Riconscimento

(immunoglubilne)







Ogni aa ha una sua particolare funzione sia a livello
strutturale che di funzione gy

.« Molto flessibile (¢ e y)@ si trova soprattutto in
¢ " corrispondenza di turn, rara in eliche e sheet per
GLY I’assenza di legami H

€. Idrofobico ma allo stesso tempo puo trovarsi
esposto al solvente pertanto tipico nelle zone di
Interazione tra proteine

» Ponti a disolfuro, coordinante metalli, attivita
.«  redox (albumina)



. Dentro e fuori le proteine puo essere associato a
w*.» deboli turns per la flessibilta e la capacita di
formare legami H con il bb, puo essere
fosforilata...cascata di traduzione del segnale

s

‘I

o Proprieta simili alla Ser ma essendo ramificato e
. @ -y = . - = - . -

<. meno flessibile difficile da posizionarsi nelle

TR eliche comune negli sheet.

& . a.. o ENtrambi polari si trovano di solito sulla
= * ... superficie e siti attivi, Asn puo formare
. - legami H con il bb e indurre Ia
A "% formazione di eliche
te ! E’ unico perche imminoacido, cio restringe la
“ & sua flessibiltd impedendogli di formare alcuni

legami H induce un ripiegamento, nelle eliche...

PRO



ldrofobicl raramente In siti attivi

e, T ew
e, vedl 0 0 tipici degli sheet.
' 1Y ’
LEL IL} VAL
Jola . * Carichi — di solito esposti se Interni
¢ . formano ponti salini con aa carichi +, siti
attivi e coordinanti metalli (Zn)
. K2 Carichi + hanno la prima parte della
P +..'  catena idrofobica, possono formare ponti
~h s 8 o ) ) )
salini e interagire con fosfati (ATP)
* ., ApH fisiologico puo agire come base o acido,
[ L B - - - - - =
* + residuo ideale per centri funzionali, puo inoltre

- coordinare metalli (His Tag)






-> La Microscopia
Elettronica a Trasmissione (TEM) permette di ottenere,
da un campione sufficientemente assottigliato (< 0.1
micron), immagini ad alta risoluzione (< 10 A) prodotte
da elettroni ad alta energia (100 KeV) trasmessi su uno
schermo fluorescente o su una pellicola fotografica.






La Structural Genomics Initiative si ripromette di
determinare tra 10000 e 20000 nuove strutture proteiche
nel prossimi anni e la maggior parte di esse saranno



La sfida ovviamente e quella di determinarne la
funzione dopo la struttura.

Proteine omologhe hanno la medesima struttura
Occasionalmente proteine che non sembrano avere un
evoluzione comune hanno la stessa topologia.

Potremmo pensare di ottenere informazioni sulla
funzione dall’analisi per esempio di proteine a struttura
similare, ma ci sono almeno tre difficolta:




Alcuni ripiegamenti sono adottati da proteine che
mostrano differenti funzioni

La proteina considerata potrebbe avere un ripiegamento
NUOVO NON ancora osservato



Quali residui sono esposti e quali no

La struttura quaternaria

La struttura ottenuta sara sicuramente molto simile a
quella biologicamente attiva.

Due eliche attorcigliate per circa otto giri con Leu presenti
ogni sette residul indicano un sito di dimerizzazione di
molte proteine leganti il DNA @

Un motivo in cui lo Zn e legato a due cys e due his
separate da dodici residui zink-finger



Recentemente si e visto come molte proteine hanno piu di
una attivita

Altre hanno mostrato di ripiegarsi correttamente solo
guando si legano ad uno specifico ligando.



153320+1062164 sequenze proteiche conosciute
SwissProt +Trembl

26059 strutture conosciute

Tecniche lunghe per determinare la struttura delle proteine
(NMR, Cristallografia, TEM)

Incapacita di prevedere il folding di una proteina

Questo ha portato alla necessita di sviluppare una nuova
metodologia.



Per farlo bisogna dividere il procedimento In step
successivi

Struttura secondaria e predetta a partire dalla
seguenza primaria

Gli elementi di struttura secondaria si riarrangiano
per formare la struttura terziaria



Per una sequenza di 100 aa, se assumiamo solo 2
possibili conformazioni per ogni residuo, ci sono 2190~
10%° per I’intera catena

Dal momento che la sequenza determina la struttura
bisogna determinare la struttura secondaria a partire dalla

sequenza



Sequenze simili danno differenti strutture
Mutazioni puntiformi possono alterare la
struttura

Differenti sequenze danno strutture simili
Globin fold



| metodi usati sono tre e si basano sulle informazione raccolte
dalle proteine la cui struttura terziaria e gia risolta.

-Statistico di Chou e Fasman: i 20 aa mostrano preferenze
significative per particolari strutture secondarie
(AR,Q,E,M,L,K eliche) (C,I,F T,W,Y,V foglietti)

GOR attendibilita del 56%

-Stereochimico di Lim: tiene conto delle proprieta idrofobiche,
idrofiliche ed elettrostatiche considerando il loro ruolo nel folding
(alternanza di idrofilici e idrofobici, foglietti) utile per predire eliche
anfipatiche e transmembrana. SOSUI, TMPRED, ecc.

-Neural Network: tiene conto di entrambe le precedenti e del processo
evolutivo a partire dall’allineamento.-multiplo. PHD 70%



Chou-Fasman OR Methoc

Prediction: predicted sequence is scanned
* o helix prediction: when 4/6 a.a. have a
probability > 1.03 to be a helix.
* B sheet prediction: when 3/5 a.a. have a

probability > 1 to be B sheet.
- prediction is elongated until prediction values of
4aa. arec< 1.




p——
psort "

Besources | Contact

F=ORT.arg pravides links to the PSORT family of programs for subcellular lacalization prediction as well as ather
datasets and resources relevant to localization prediction. The page is currently hasted by the Brinkman Labaratory
at =imon Fraser University, and our goal is to provide an open-source resource centre for researchers interested in
subcellular localization prediction.

Please choose from the following PSORT programs for localization prediction:

+ PSORTh v 0 (Gardy et al, 2004) {v.1.0: Gardy et al 2003) for hacterial sequences

WiolF PSORT (Horton et al., to be published) is a recently updated version of PSORT Il for the prediction
of eukaryotic sequences

F=ORT I iMakai and Harton, 1997 for eukaryotic sequences

FPSORET (Makai and Kanehisa, 1991) for plant sequences

IPSORT (Bannai et al, 200X far classification of eukaryotic N-terminal sorting signals

*

*

*

*

See also PSORTdhb, our new databhase of hacterial protein subcellular localizations.

FSORTE and PSORTdb are maintained by the Brinkman Labaratory, Simon Fraser University, Brtish Calumbia,
Canada. PSORT and PSORT |l are maintained by Kenta Makai, at the Human Genome Center, Institute for Medical
=cience, University of Tokya, Japan. IP=ORT is maintained by Hideo Bannai at the Human Gename Center.




Submit Sequences | Documentation | Besourzes | Contact | Updates

PSORT-B Results

SegIl: =coli
Analgr=i=
SCL-EL

Peripla=mic, plasmicMembrane[matched 100% 12356632 : Cytopla=mic membrane associated periplasmic protein]

Localimation Scores:
Cwrtopla=smic a_on
Crzopl asmicMembrane 1000
Peripla=mic 1000
OuterMembrane o_oo
Extracellnlar a_an

Final Prediction:
CrzoplasmicManbrane [Thi=x protein may hawe mmltiple localization =ite=x.] 10.00




TargetP 1.1 Server

Predice la localizzazione subcellulare di proteine eucariotiche .
Testato per la prima volta su Arabidopsis Thaliana (per le piante) e
Homo Sapiens (per le non piante).

La localizzazione e basato sulla presenza delle presequenze
N-terminali, cioe:

per tale predizione e utilizzato
ChloroP che predice la presenza di sequenze segnale e la potenziale
localizzazione del sito di taglio

, per tale predizione si usa
SignalP che come ChloroP predice la presenza di sequenze segnale e
la potenziale localizzazione del sito di taglio, cio lo esegue in sequenze
aminoacidiche di organismi diversi.



Come st usa TargetP?2?2?

1-Inserire i dati

FPaste a single sequence or several sequences in 4 format into the field below:
Codice ad una lettera

Submit a file in format directly from your local disk:

Percorso di directory

Organism group Prediction scope
@ Mon-plant [T] Perform cleavage site predictions
) Plant

Cutoffs
@ no cutoffs; winner-takes-all (default)
' specificity =0.95 (predefined set of cutoffs that yielded this specificity on the TargetP test sets
' specificity =0.90 (predefined set of cutoffs that yielded this specificity on the TargetP test sets)
' define your own cutoffs (0.00 - 1.00). cTP: 0.00 mTP; 0.00 sp; 0.00 other; 0.00

Submit Clear fields

Restrictions:
At most 2,000 sequences and 200,000 amino acids per submission; each sequence not more than 4,000 amino acids.




Paste a single sequence or several sequences in CASTA format into the field below:

Submit a file in FASTA format directly from your local disk:

Organism group Prediction scope
@ Mon-plant "] Perform cleavage site predictions
) Plant

@ nolutoffs; winner-takes-all (default)
' specificity =0.95 (predefined set of cutoffs that yielded this specificity on the TargetP test sets)
) splecificity =0.90 (predefined set of cutoffs that vielded this specificity on the TargetP test sets)

T define your own cutoffs (0.00 - 1.00); ¢TP; 0.00 mTp: 0.00 sp: 0.00 other; 0.00

| Submit || Clearfields |

Restrictions:
At most 2,000 sequences and 200 000 amino acids per submission; each seguence not more than 4,000 amino acids.

Cutoff
Dema_nd_ed Category
specificity Plant Mon-plant

cTP 0.¥3 =

mTP 0.86 0.78
SP 0.43 0.00
other 0.84 0.73
cTP D62 =

mTP 0.76 0.65
SP 0.00 0.00
other 0.53 0.52

Si puo definire anche il range di cutoffs per cTP, mTP e SP che va da 0,00 a 1,00
(range valori di output)




Risultati

Predizione di
localizzazione C,M,S,-*

Nome max 20 Lunghezza basata sugli score

caratteri sequenza -
Reliability class

### targetp vli.N\prediction rezsunltz ##E#H444H4HAF4PGHEFFEEEEEEEEE4EEEE

o o
POT7HDA o o
F12360 o o
P12352 0 0 .
Q01289 0 0 Predizione
FOEB17T o o
PO7263 D 0 Iunghezza
pasrae 0098 ¢ presequenza,
QD1238 o o
ra53a4 o o mostarta solo
F13086 ] 0 quando a
TargetP si
chiede la
Score finale su cui € basata la predizione localizzazione
finale. La localizzazione con un alto del sito di taglio

score e quella pit in accordo con TargetP



Esempi

>P16096; 46 FRUCTOSE-BISPHOSPHATE
ALDOLASE, CHLOROPLAST PRECURSOR

FEF faIJEfp v1l.1l prediction results FFFFFFFFFFaiaiasadaasasaaasasasss

>P00508; 22 ASPARTATE AMINOTRANSFERASE,
MITOCHONDRIAL PRECURSOR
### targetp v1.1 prediction results #33iEEEEEEERREEERRRRRRRRREEEEEENS

Humber of query sequences: 1
regdiction=s not included.




Predizioni di struttura S€CO0IN d al’ia
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0.34
1.07

CHOU & 0.90

0.8l

FASMAN 000 [1.87] 0.41

1.09

0.74
0.66
1.02
1.16
0.76
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0.34
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Natwerk Pretdin Saquenca Analusis

a NPS@ is the TBCP contribution to PEIL in Lyon, France

> &y Pola Blolnieormatique Lyecnnals
oy
L

[HOWE] [(MEPS@] [ES] [HELE] [EEFERENCES] [MEWS] [IMEPEA] [AWNTHEPECT] [Geno2D] [Sulds] [Positions] [FEIL]

Wednesday, December 28th 2005: INPS(@ server will not be available from January 9th to 13th. We apologize for any inconveniences.

Monday, September 26th 2005 © fized secondary structure prediction insertion in Multalin. (see news)
“When sending automatic requests on NPS@., please use HT'TP POST method not GET.

GOR IV SECONDARY STRUCTURE PREDICTION METHOD

[Abstract] [WPS & help] [Original server]

Sequence name (optional) : |

Paste a protein sequence helow : help

NGVEPLILRDCSVAGWLLGNPNCDEF INVPEWS VIVEKASPANDLCYPGNFND TEELEHL ;I
LERINHFEKIQIIPKSSWSNHD AS 3GV S S ACPYLGRESFFRNVV WL IKENZAYPTIERSY
NN THQEDLLVLWGVHHPND AAEQTELYONF TTY ISWVG TS TLNQRLYFPE IATRPEVINGQS G
RMEFFWTILEFNDAINFESHNGHNF IAFEYTATKIVERGDSTINEKSELEYGHCHNTECQTFHGA
INESHPFHNIHPLTIGECPEYVESHRELYLATGLEN TP ORERRREKRGLF GATAGE IEGGW
QGMVD GG THHSNEQGSCYSADEES TOEAIDGVTHEVN I I INKHNTOFEAVGREFNNLE
REIENLNEEHEDGFLDVUTYNAELLYLEENERTLDFHD SHVENLYDEVELOLRDITAEEL G
NGCFEFYHECDNECHESVENGTYDYPOQYSEEARLNREE ISGVELESNGTYQILSITITVA |
BELALAIMVAGLSLWMCSNGILOCRICT

Chutput width : I?‘EI
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PhD (Rost, Sander)

PhD3 (Rost, Sander)

COMBINE

GORIIIl (Garnier, Osguthorpe, Robson)

Chou / Fassman

PrISM (Yang)

PSIPRED (Jones)




'a The PSIPRED protein structure prediction server - Microsoft Internet Explorer

Indigtro fyanti Tetmina Aaogiorma

J Ingifzzo ﬂ it bioinf .cs.ucl ac. ulfpsipred

Bioinformatics Group

The PSIPRED Protein

David T, Jor m J. MeGuffin

PSIPRED - | : Bioinformatics Group &

Server

Help Page

PSIPRED T ' The PSIPRED Protein Structure Prediction Server
Server

History We suggest that you o not bookmark this page as it is liable to move. It is best to access the
server viathe PSIPRED home page, which has more information about the methods and a full

reference list.

Input sequence [single letter code)

+ Predict Secondary Structure (PSIPRED v2.6)
Predict Transmembrane Topology (MEMSATS)
" Fold Recognition(GenTHREADER - quick)
" Fold Recognition (mGenTHREADER - with profiles and predicted secondary structure)



052 1.0l

7
LA

1.09
0.74
0.66
1.02
1.14

PhD (Rost, Sander)

PhD3 (Rost, Sander)

COMBINE

GORIIl (Garnier, Osguthorpe, Robson)

Chou / Fassman

PrISM (Yang)

PSIPRED (Jones)




-’r{ PSIPRED Protein Structure Prediction Server - Microsoft Internet Explorer

Fil —TTrHfremiicualaza—Ducbest—TTrarti 2

9 4] A el

Indietro Termina Aggiorna  Pagina iniziale Cerca

Indirizza |§| http:ffbicinf. cs.ucl, ac.ukQgiored!psifarm. html

Sequenza formato

FASTA

£ | Operazione completata

Help
Input sequence (single letter code)

—

DASEFVGVGE I AAGGRYDNLVNNF SEASGEES TQIPCVGISFGYERIFSLIKEQRINSSTT
IEPTATOVFVHAF GGGED U TGYLPERMEVTEQLWD AGIEAEYVYEAKANPREQFDAAEEL
GCHIAVILGKEEYLEGELEVERLGOEFADDDGELVIAAD IVE IWOQEKLSQIHEDGLNEVT

RLIEGL

Help
* Predict Secondary Structure {(PSIPRED v2.6)

" Predict Transmembrane Topology (MEMSATS3)
" Fold Recognition{GenTHREADER - quick)
" Fold Recognition (mGenTHREADER - with profiles

Help
v Mask low complexity regions

[ Mask transmembrane helices

[~ Mask coiled-coil regions
Warning: Turn off all filtering if you are running MEMSAT3

E-mail address Help
|axuntal 1 @yahoo.it
Password (only required for commercial e-mail addres

Short name for sequence Help
IFBED predictior|

FPredict Clear form |

'3 The PSIPRED Serer Help Page - icrosoft

Input Sequence

Type your AMIND ACID sequence here. Please do not try to enter a nucleic
acid sequence. We recommend that you enter your sequence as a plain single-
letter string like this:

ALEENLNTPUEQLHAALKAIZQLENTHLUTT 35 FYKSEFPL P QDQPDYUN AV AKIETELS

Alternatively, you can enter your segquence in FASTA format, but the description
text will be ignored by the server.

Mate that there is an upper limit to the length of sequences which can be
submitted. For mGenTHREADER that limit is 1000 residues. For the other
methods, the limit is 1500 residues. If your sequence is longer than this, try
breaking it into likely domaing before submitting it. Our DomPred server can help
you in daing this.

Choose Prediction Method

Select which method you wish to use. See the PSIPRED home page for more
details on the different methods (and references).

Filtering Options

To reduce the false positive rate of fold recognition methods, particularly when
applied to long sequences, it is important that biased regions of the target
sequence are filtered out befare the prediction is carried out. The PSIPRED
server uses the PFILT program to perform the masking and has 3 filtering
options, which will filter out low complexity regions, likely transmembrane
segments and coiled-coil regions. The default setting is for just low-complexity

regions of the sequence to be masked out. Regions which are masked out will




PEPREDPREDICTION RLD

[

structure {H=halix, E=strand, C=coll)

g

Prad: Pradictad 22
A Targat saguance

= PSIPRED HFCPMAT (BSIPRED V146 by Danid Jonas)

Conf 0543356413331 1487702 TTRR R4 2560000000 R 3560 TRO 72033441 2800007

Pr=d:
CCCCCCCCCEEEHHHHHHHCCCC CC CHEHHHHHHHHHHHCC CCC CCCHHHHHHCCCCC
[

AA

MLER S LKEV VTS ES S5 IRM S ATAAATS AP TANAANAT KASKAPEEGEL VELETPEG
10 203040 50 60

Conf: 411 3000000000000 ot ol ol0R408TRO1 6554500 774444564 51 1060000580

Pr=d:
CCCCCHHHHHHHHHHHHHHHHHHHEC CCEEERECC CCCCHHHHCCC CCCCCHHEEEEEE
[

AA

TEDWADS DA VIREATFS TLS GLFEEHGGVTIDTPVFELR ETL AGK YGEDS ELTYNLEDQG
TORDSO 100110120

Conf SRB0T3RR 56200000000 TN TS0 1 S0E T4 M4 TR TS 450RM 5112517700648

Pr=d:

CCEEEECC CCCHHHHHHHHHCC CCCEEEEEECCEEECCCCCCCCCCCCCCEEECEEERCC
AA

GELCELRYDLTVEF AR Y VAN HIQEIEE. YHIAK VYRR DOP ANMTEGEMEEF YOCDFDVAGT
130 140 150 160170 180

Conf 0063 ET0000 000000000 T TO0E 750007 TR S AR 0D000 R 400000 D000 DO000R S

Pr=d:

CCCHHHHHHEHHHHHHHHHEC CCCCEEEEECCHHHHHHHHIHCC CCHEHHHHHHIH
HHH

A& FERMVPOEECLSILVEA TELGIETFEIEL NHR ETL DG QIAGVEDEDVEREISS AVDEL
180 200 210 220 230 240

Conf: 4020000000 0841 348 TRROO0000R R00R AR TROCIC00 R 4644 34 SRS R0000D
Pr=d:
CCCHHHHHHHHHHEC CC CCHEHHEHHHHEHHEC CCHEHEHHHHIC CCCC CCHIHEH

[ —

250 260 270 280 290 300

Pr=d:

HHHHHHHHHHHCCCCEEEEECCCCCCOCCCCCCCEEEEEEEC CCCCCCCOCCCCCOCCCCC
AA

DIATLME Y TEAFDIDEFEFDLELARGLD Y Y TGLIYEVV To AS AFPENASEL EEF AES AR
310 320 330 340 350 360

Conf 435686352 50747457TRO00R S T000 5 TR0 TT T4 TE008 | DO000D D00 T 5315776

Pr=d:

CCCCCCCCCEEEECC CHEHHEHIHC CCC CCCC CCCCEEEEEEC HHHHHHHHHHHHCCCC
C

AA DASEFVEVEEIAAGE YDNLVEME SEAS GEES TQIPCVGISF GVERIFE LIEQRTNBETT
370 380 320 400 410 420

Conf: §7RR T 10000T 8 T0566T T T RO 00000000 00T TOR (D00 DA R BE TOL00000000R T
EE.CCCEEEEB:C}HWJ}EE—EMH{CC CCEEEEECC CC CHEHHHHHHH
A

EPTATOVE VAR GECEDW TG YLPER M EVTEQLWDAGIEAE Y VY EAKANPRECFDAAE
E 440 430 460470 420

Conf: o000 DR T84T T8 T80 00D R0 TE4 S 66 R62 3BT SO0 00000000000 DRE T2 5 TRED

Pr=d:
CCCEEEEECCCHHHCCEEEEEECCCC CCC CCEEERC HEHHHHHHHHHHEEHHHHHHHHH
H

AA

GCHIAVILGEEEYT EGET EVERLGOEF ADDDGEL VE AADTVETVQEEL S QIHEDGT KEVT
480 500 510 520 530 540

Conf: 207320
Prad: HHHEHCC
AfRIIEGL

Caloulata Posthoript POF and PEG graphical outpat for this m=euk
uEHnE:
bttp: bioinfs. cz. wel ac. vk cei-bin'paipred e nph-viewd cEilic=0§1 26220345 2846 T pei




§) Adobe Reader - [082262e934524467,

File Edit View Document Tools Window Help

% Eswea Copy ; @d ﬂsurch

® % @ |10 @uen- | YW

- |8 x

Adobe Reader 7}7

SIPREDY¥iew Graphical Results - Microsoft Internet Explorer
J File  Modifica  Wisualizza  Preferiti  Strumenti 7

- = %) Q

Indietro Ay anti Termina Aggiorna  Pagina iniziale Cerca

J Indirizzo Iﬁj http:ffbininf3. cs.ucl, ac. ukfcgi-bin/psipredigrafnph-viewz, caivid=082262e23452d

PSIP

Graphical output 1

jg 082262693452d467 assunta 1 - Raccolta foto Windows

B8 Aggiungicartelaallaraccolta [ Ele v [ Coreggi & Informazioni

Bicinforma

University Colle
Click on

Format
stScript File hittpe it
FOF File hitpih
JPEG Page 1 hitpifh
JPEG Page 2 hitpifh
JPEG Page 3 hitpiifh

Jones DT (1999) Protein secondary structure pn

McGuffin LJ, Bryson K, Jones DT {2000} Th

T 1 1 e R R
Pred: — (-

Pred: CCCCCCCCCEEEHHHHHHHCCCCCCCHHHHHHHHHHHHHC
AR: NESRSLNKWTS IKSSS IIR‘MSSATAAATS‘APTANAANAL‘.

10 20 30 40

O 8 e 0 M A R
N ———

: CCCCCCCHHHHHHCCCCCCCCCCCCHHHHHHHHHHHHHHE
t KASKAPKKGI@QVSLKTPK(%TKDWADSDM\(IREAIFSTL$

50 60 70 80

O 0 e A

: HHHHHCCCEEEECCCCCCHHHHCCCCCCCCHHEEEREEECT
: GLFKIG-IGGVE‘“IDTPVFELREILAGKYGED;:KL IYNLEDQ(%

90 100 110 120

f Stampa v ansta elettronica (@ Masteriza v Creafimato [ Apri v

cont : J1TI9ma0aa000a. 3005210020200 1300000k
Pred:

Pred: CCCCCCCCCRRRHHAARAACCCCCCCHARRRRARRKAARC
AR MLSRSLNKVVTSIKSSST IRNSS ATARATSATANAANAL

10 20 30 0

11902 303033208 3011000010000 00000

| CCCCCCCHAHHRRCCCCCCCCCCCCHARRRRAARRRHARH
ARt KASKAPKKCKLOVSLKTPKGTKDRADSOMVIREAIFSTLS

50 60 0] 80

T332 133000 1082 T T 0T

| HHARACCCERRECCCCCCRARACCCCCCCCAREERRERCC
AR: GLFFXHGGVTIOTFVFELREILAGKYGEDSELI NLEDIG

9 100 110 120

cont: JTTI0IN00 303000000 00000000 0000 a0
Pred.

Pred: CCEEERCCCCCHRHHARAAACCCCCREERRECCRRECCCC
AR: GELCSLAYDLTVEFARYVANIII QSTRRYHIAKVIRROQP

130 140 130 160

Bicuniieab eSS Pk E e RHERHNRDNR Kb

! CCCCCCCCCCRRR CARRRCCCCCHRRARRRHRARRRRARR
ARt ANTKGRMR EFYQCORDVAGTERSMVEDSBCLST LVEGLTS

170 180 190 200

cone JITITATIIINAAATT I I NTTIIIO IO 00

Pred
Pred: CCCCCEERERCCH HAHRARANACCCCARKARAARRRARRN
LGIKDFKIKLNHRKILOG IEQIAGVKDEOVRKI SSAVORL

210 220 230 240

Conf

TEAHGQSEETACKIGE 1VKLNGS LKETH
260 210 2680

»

.



conf : 1o0aaandaaaana-adid=-add0000a0000000000002F
prea: o —

Frad: CCCCCCCCCEEEHHHHHHHCCCCOOOCHHHHHHHHHHHHEHS
Afb: MLERSLMEVWVTEIESSEIIEMESATARATSAPTANARNAL
1 1 1 1

14a z0 aaq 41

cont : NI00000s0000=a000000aaaa0000000000000000¢
Prad:

Frad: CCCCCOCCHHHHHHCCOCCCOOCOCOOCHH HHHHHHHHHHHHH
ARb: FASKAPKEGELOVELETPEGTEDWADSDMVIREAIFSTLS
1 1 1 1

=11 &0 Ta =14

cont : 1100003000 05a30593=00033393099aa-00000300¢
EFrad: -_ ~, - ‘ "

Fr=d: HHHHHCCCEEEECCCOCCCHHHHCOCCOCOCCCOCHHEEEEEECD
Ab: GLFFEHGEVTIDTPVFELEEILAGEYSEDSELIYNLEDQG
1 1 1 1

adq 100 110 120

cont: 1000030000090 03000900009a0000390059300¢
Frad: __ > . N

Fr=d: CCEEEECCCCCHHHHHHHHHCOCCCOCEEEEEECCEEECCCC
AR: GELCSLEYDLTVPFARYWVAMMNMIQSIKRYHIAFWVYRREDQE
1 1 1 1

120 140 150 la0

cont: 139300089a=03a000000000330000003000000003¢
i — e

Fr=d: CCCCCOCCCCCEEECEEEECCCCCHHHHHHHHHHHHHHHEHH
ARl: AMTEGRMEEFYQCDFDWVAGTFESMVEFDSECLEILVESLTS
1 1 1 1

170 180 1a0 Za0

cont: 11000030100330350330030330333003000000003¢
reds g

Fr=d: CCCCCEEEEECCHHHHHHHHHHCSCCHHHHHHHHHHHHEHH
AA: LGIKDFEIKLMHEEILDGIFQIAGVEDEDVEEISSAVDEL
1 1 1 1

210 220 230 240

cont : 19anal000000-0a 000000000 0000000a 000000t
rrod: N TS

Frad: CCCHHHHHHHHHHHCCCC CHHHHHHHEHHHHECCCHHHEHH
ARl: DESPWEAVEEEMTEERGOSEETADEIGEYVELNGSLEEIH
1 1 1 1

250 250 270 80

helix Conf : L. ol :l :| [ = confidence of prediction
- +

atrand Prad: predicted sscondary structure

= coil Ah: targst segqusncos

O o 1 11 e
- >

HHHHHCCCC OO CHHHHHHHHHH HHHHHHHHHC OO CEEEEE
1 AVLEADANITSHEFAKQGLDDIATLMEYTEAFDIDSFISE
1 1 1 1

230 300 210 320

: daa==and0=0nd0000000a0000000008assan 0030k

CCCCCCCCCCCCCEEEEEEECCCCCCCCCCCCCOCCCCCT
: DLELARGLDY ¥ TGLIYEVVTSASAPPENASELKEEAKSAE
1 1 1 1

130 340 ELTE a0

: Jon0I0aonznldndnndnd000000a=a00000000a000F
>— - —

CCCCCCCCCEEEECCCHHHHHHHHO CC OO CC OO CEEEE
: DRSEFVEVGES IARCGGRYDINLVHNMFEERASGENETQIPCWVET
1 1 1 1

370 380 90 400

:+ J03a00000000000020000000000a0000000=0a000F
> >—

EECHHHHHHHHHHHHCCCCOCOCCOCCOCEEEEEECCHHHHEH
SFGVERIFSLIEKQRINSSTTIKPTAT OWVEVMAFGEEEDWT
1 1 1 1

210 1220 430 340

e 1 1
I : &

HHHHHHHHHHHHHHHC CCCEEEEECCCCCHHHHHHHHHHET
: GYLPERMEVTEOQLWDAGIEAEYVYKAKANFREQFDAAEER
1 1 1 1

450 460 470 480

+ 1000000000300000300000000=03003=00030000¢
— >R~ >———— >

CCCEEEEECCCHHHCCEEEEEECCCCC OO CEEEE CTHHHH
: GCHIAVILGKEEEYLEGKLEVERLGOEFADDDGELVEARDT
1 1 1 1

430 Q00 510 520

conf : 110000000000003=000000002=0F
Prad:

Prad: HHHHHHHHHHHHHHHHHHHHHHHHOC
AR : VPIVOEELSQIHEDGLMEWVTERLIEGL
1 1




pr

Incorporating Jnet

JPred is not a single computer program, but is a web system. In
the original JPred, a range of different secondary structure
prediction algorithms were run and the results combined.

Development of the JNet algorithm showed that this was more
accurate than JPred, so this is now the default and only algorithm
thatis run.



http://www.compbio.dundee.ac.uk/~www-jpred/faq.html#Q1#Q1
http://www.compbio.dundee.ac.uk/~www-jpred/faq.html#Q2#Q2

1. Multiple sequence If you already have a set of aligned sequences you
may submit them as either MSF format or BLC format, and the
predictions will run. Your alignment will be modified so that it does not
contain gaps in the first sequence. The first sequence should therefore
always be your target sequence.

. Single sequence For single sequences a multiple alignment is
constructed. It is created by the PSI-BLAST algorithm with 3 iterations.
Redundant sequences are removed and gaps that have appeared in the
query sequence are removed along with the aligned positions in the
sequences. The prediction algorithms are then run.




4formati

RaW/FASTA BLGC
VIS BATCIH

~ - B B =
@\'M\/i\ ¥y VWV al (T B '/A\'A,@/‘A 'Z'm'@@
LA B B AYARLAYAY I BAY J | CARYAC R IAY4A N AY

Six different prediction methods (DSCH[King & Sternberg, 1996], THD>
[Rest & Sander, 1093} NNSSP{Salamov & Solovyev, 1995], PREDATOR{Frishman & Argos,
@PRED)[Zvelebil et al., 1987] and MULPREDBarton, 1988, unpublished)

are then run, and the results from each method are combined into a simple

file format.




OUTPUT

Physico-chemical properties

Solvent accessibility
Prediction reliability

Conservation number values



Structu PIt‘dl(tlDH" PR .
Genetics, 40:502-511. [Pubﬁ-ied] (EBD

This paper describes the JNe I

algorithm. JNet gives over© vin a mmpl ehenm e
blind test and also predicts burial of residues and assigns
confidence levels to predictions. The JNet software is available for




.,\\“‘ el s

=3 Jpre: 3 narton

ops at . Group
DUNDLL orporating Jne

Advanced Jpred

fasta

cdata here: wew

PVIMSSSLSIILVILVSLRTALSELCNPQDKQALLQIKKDLGNPTTLS :
DCCNRTWLGVLCDTDTQTYRVNNLDLSGHNLPKPYPIPSSLANLPYLNFLY IGGINNLVG
1P ATAKL T QLAY LY ITATNVSGAI PDFLSQIKT LVI LDFSYNALSGTLPPSISSLENL

GITFDGNRISGAIPDSYGSFSKLFTAMT ISRNRLTGKIPPTFANLNLAFVDLSRNMLEG
FCSDKNTXKKIHLAKNS LAFDLGKVGLSKNLNGLDLRNNRIYGTLPQGLTCLS

FDVSSYANNKCLCGSPL2SCT

Or upload a file: uae

| Stoglia__ |

Select type of Input! wele
Single Seqguence: # Raw/Fasta © Batch Mode
Multiple Alignrment: © MSF © BLC © Fasta

El I lall I~ Skip searching PDE before prediction s

Emall address (optional): yee

J

Query name (optional): wwe
I

Mako Prediction | Resst Form |




atch found in PDB

ou might want to reconsider the accuracy and what you might gain from
secondary structure prediction, if close seguence homologues exist in the
structural database.

[f wou still want to carry out a Jpred prediction click

its found

Blast E-
value

ACTIMNOXAMNTHIMN 3e-27
Apoprotein of C1027 de-25
Apoprotein of C1027 da-25
C-1027 APOPROTEIMN de-25
C-1027 APOPROTEIMN de-25
MNEQCARZIMOSTATIMN 8e-07
MNecocarzinostatin Be-07
MNecocarzinostatin Be-07
NEQCARZIMOSTATIMN 8e-07
HOLO-MECQCARZINOSTATIMN 8e-07
HOLO-MECQCARZINOSTATIMN 8e-07
1i5i FROTEIM (Apo-MNeocarzinostating 8e-07
1i5h Lpo-MNeocarzinostatin Se-07
ZImcm &, M A CROMOMY CIMN

Zcbt B MNEQCARZINOSTATIM

2cbt A, MNEQCARZIMNOSTATIN

Description

1j48
1i48
1hzl

1hzk
2g0|

200k
loSp
1noa
1nco
1nco

A
B
A
A
A
A
A
A
A
B
A
A
A

FDE |last upated on: 2008-05-21




lignment of PDB hits to your sequence

»imew_k h-:-llpml:nl. ltMthI!J
Length =

Score =
Itlad = I3y I:I.I:H:IHr FeaiElvae = 330

Tyl & APAFEVEFAIGASDGIEEVIVALAGETY Y IACC APVOGIDACRFATATEFTTRARGA 58
AP AFSCIF ARG RAD GV R AL GETYY ] RO APV GO ACRF RTATAFTTRASGE
Shjct: ! APAFESTEFIGAADGE NIV AL AGETY Y I ACC AFVGERACRFATATAFTTRASCL 56

*1348 _F molipretels Lengehilld Apoproteis of CLOIT
Length = 110

Scorw = 110 Bite (I7%5), Espact = dsg-31%

Rl 1 RFAFEVEP RIS DOEIVEY - - RARIETY Y I ACE APV ACHPATATAF TTRARER
LPAFTVEFLEG ADGOEITIVEV  LLAGETTTIACS AFVGSOSACHE LTATAF TTRASGE
et 1 AFAFSVSPLTCLE GO TN TS G AL LG TYY LIS APVCCOR ACHPATATIF TTILSCA

#ikel L mol:protein length:ii0 C-3027 APOFROTEIM
Lasgth = 110

Booge = 150 bice (E75). Espsor = d@=15
Jdambitiaw = S7/E0 (PS4}, Feaibivews = S7/E0 (D5h), Gapa = 2780 [I%]

ety 1 AFAFTVEPASGAA DGRV - - RARGETYY TR APV ACHFATATAF TTHATGA
AFAFTVEFLS: SHGETIVEY  LLRGETYTILCC AFVNGEBACHPATATAN TTOASCE
Hejett 1 APAFOVEPASGL O IOV EGRLAGE TT T IR APV R ACHFATATAF TTI AL

#1hck A mol:protein length:510 ©C-31027 APROFROTEIM
Lemgeh = 210

Hcoge = 110 bite (Z275), Eapect = da<IS
Idsntitiss = TS8O0 (93%); Poaltives = 0S80 (938} ; Caps = /40 [Iw)

gusryr 1 LFAFTVEPLSGLA DGRV - - LLLGETTY LLOC APVGSS A CHP A TATAF TTOASGE
LPAFSVEPLSS SHOGESTIVEY  LLLGCETTYIAGC APVECOSICHPATATAF TTOASCA
Bpjenl 1 APAFEVEPASGLEREEEVEVEORLIE TY Y T ACE APV ACHPATATAF TTOAREA

g0l _k weliprocein lengrhilil HECCARTIMNOGTATEN
Lergrh = 1Z2

Beace = 49.7 BiEs (117, Expeck = Ba00
TdenEities = IOFE1 (4594, Positiwes = JBFEL (82%], Gaps = 37/&1 (4%}

dueryl 1 APAFERVAPAAGARIGENVEIVEVAL- - LGETYY TACC AP G- GOl ACHPATATIFTTDARG §7
AP VP83 230 YV Ve 4 M Y ¢+ AV d AMHPAL =2 T Died
Epsyer: 11 AFTATTPSSSLARC TGOS LEL QLS TAYEAGGS AW TEVL LGP ADF SSVTADAMSG T0
duscyi 3 & 0
-
Enyee)l T E Ti

*»3g0k_A meliprocein langthi:lil HeooaTZiTOBCACLE
Laranrh = %2

Zeore = 9.7 bies (11T, Expect = Ba=07
Tdeneiries = J0/61 [49%), Posicives = RB/6L (6Xw), daps = 3761 (44

Cumryi 1 AFAFTVIPAFG AR DRIV AL - - KGR TTT LAOC AFVG-FODACHFATATIF TTRASG 57
AR aVePsRC ZDGC V Ve L A T & QCA W & ACNPA 45 T DL4G
Sbser: I AFTATVTRESILEDETVWEVLILILQAGTATIVEIC AWETEVLACHPADFESVTADANG 61

Cusgy: 500 & 50
*

Bbhjer: &2 8 62

}:In.l:\-:l_t mHlipestain langthillld HOLO-NEOCARIINCSTATEN
Length = 113

Score = 49,7 bits (117, Expect = De-07
Tdeneitiea = A0/61 (494, Poaitives = I8/81 (€2%), Saga = 3741 (dn)

Query: 1 AFAFIVEFABGASGIEVEVEVAL=--AGFETTY IR AFR G- GO0 ACHFATATEF TTDASSG 57
AF #V4PsS0 5D OV Ve A AF T+ QCA W & ACHFR +3 T DA+D
EBjeE: T APTATVTPISSCLEDCTVIEW ACLOLGAGCTATRAVGOS ANV TEVL ACHPAD P SSVTADANG £1

Query: 50 & 30
®

Epjocy 52 B &L

#1351_A moliprotein lenguhilil FROTEIR (Apo-Neccsrcincsoatin
Langth = 132

Joore = 48,7 bice [117), Eupeoc = Be-07
Identiciea = 3041 (d48%]), Poaitives = JB/d1 [din), Gaga = I/d81 (dx)

Query: 1 AFAFIVIFASGASDEOTVIVIVAL-~AGETTT TACC AR O-GIDACHFATATIF TTDASG 57
AF  sNaPeEG EBG VW We & AR F o 2L W & ACHPL +8 T DLl
Bpjocy 10 AFTATVTRIEGLIDGTVVEY AGAGLIAGT ATRVGOD ANYD TOVLACHFADF ZEVTADANG 70

uscy: 58 L 58
&
Shjee: 71 5 TL

*1355_L mal:preteis lepgehilil Apo-Hescazpincararin
Lesgeh = 1332

Scare = 49.T Bies [117), Expect = Se=0T
Ideneieies = 30761 (4945, Pasieives = 18761 (624%), Saps = 3781 [dw)

usey: 1 APAFSWERASGASDEENIV N AL == ACETY T I AOC APV G=C0DACNPATATEF TTDASS 5T

AP aVePaSd ZhE W We & A2 YW 4 QCA W @ ACNPR 2 T Dked

Smyerd 11 APTATVTPESSCLSDETIWEN WS ACLOAST AYRVGOC ANVETEVLACHNPADFISSUTAD ARG 70

REEy: 58 L £8




2 PDEswm eniry: 1acx - Microsofl Internet Explorer

e Modfa Yeuskiza Preferti  Rrumects 2 77
9 Q- HWEABR Powa forwm @ (3-5 ¥ - K 3
Ingeiz2o | 80 hetp: e, b ac abfpdbsumdl acx i B vai  Colegumens *

Toppage | @ Proton @ Qefts @ Loks ———
Antocterial profein POB 1acx .

Bottom veew Raght vaews

Jmel &7 & s
: Nomes Antibacter ol peotein
m TRie: Actinoxanthin struchue at the atomic leved (russian)

L Stiuctuwe: Actinoxanthin. Chain. a Engineered yés
omm‘:& il Sowce: Streplomyces giobisporus
Header records UniProt: po 1551 (ATea_sTROLED @ (Pl
Befences Seq. 143 aa
“PROCMECK m
ll’tololn chain Stmac W3 aat
102 2230
0 FAY ™ PIITUA 40 In = 54 00N Aary Ttrictare
*POB 2048 UniPsol 2ege dfer 25 ratidue pantions (Mot cromer)
‘ v Resohsioss: 2 00A
lirrge Gervedtion
RAactor: not given
AsteMiawal “AMED €LY Authors: V.Z Pletnev AP Kigin
Bun PEOCHECK Koy ref:  [PubMad 10 ] vz pletney e13 (1982) Actinoxanthin Stuctuere o1 the
Alomic Level (Russian). Bloovg Xhwnm , 8, 1637
Date: 17-Dec-82

’ 3 Release date: 09-Mar-83

Incomoratma Inet



806 Jored secondary structure prediclion results |—£. l-l' ITI‘ITM-L-V:e; l
ol - “3 ’.‘ 3 b £ www.comab o dundee ACuk/ ~waw-jpredd fresuts flo.mPV Y e
QUERY ¢ LNDPLDSGRFSREQLOKEKYEF —-— e e e —
UniRel90 AODITAS + -~SDPLDSCRFTREQLOEXFKE Q 0 6 hitp: IImmww.duﬂdnmklwpndlmﬂwp-mwm-m JaMew
Unifefs0 0171937 : ~NEP-ETLSISRROLOEXTED N
UniRef30 UPIOOQOSE7TDEL & ===««DSIVFSTEQLOXXFRE)UERY LNDPLD .
UniBaf90_AOUNI4 i wee e LPNTSFTINKLOEEFKICA R oS 0_ANTAS , X , !
UniRefS0 QATPI2 P wee = LPNTEITSS KLOBEWKI R o3¢0, QI 727 . . : PEESKMAFQFCUVTITEENPETLSQFE AINEN POMGT Y CEVIS
UniRat?0 ALRD4D § mee LEEMFRICAR /90 DFNIISF70EY - - - - - ETROLDKKEEHAVD VITKR 3 . MO 2 IRGTY CEVYED
I g 11 =m === = LRed$0 QFTF72 cocs v
OrigSeq : uonnsm'snomnrm BRI = 2 i s o e S m e 2 VS e 1 i i 1 e ' e S
Jnet } me—— HEHEHHEHE - {:::;:’,:ffI:IZZZ:IIZIZZZIfZZIZIIZIZIZZ:ZIIZf::f::f:ff:ZZZZZZZZZIZIZIZZZI
jhean : wenscoseslecBHEHHRH . jaccpred :
ipssm R RHEHEHHRHR --
e ”* H ﬂr W &y
Lupas 21 | merer s —————t ’
~ AR RRSIR AR | 0 lllo pzo0ay
Lopas 28 = INITSOL2S sleBPeccleccdoccccleProcnccvscsleoclaochlhechhrccns 111 I
’n.k_:’ ' —"'a"b‘sn"'n"'s" m‘mLs.l...........-B...‘...-......-..-.I..-.B...:........-a-..'....-.
Jnet S . Bemamas IEISOAP vy ® (= a e rxr ene Fat A uv e vyvy PR 2 sy e AN T T v SN p e s v
Jnet 0 PR e S S TG R INITHN o o— e a=n
Jnet Rel t 59382A76300293958703° JNETPESM — ——— =t
‘Tn] - - - A - e
- »
e Sequence S 1D: UnRofS0 ACUWM
Key:
t.::'.o'u code for Qliqna:r.:: ST R i b 10 0 0 (e _l
bt - Complete identity et & pos ND P RESAK KKYKHA F 1K
Shades of red « The more red a position 1:,&&mm9 sBDHg RF?RKS BKKFKvA FS BTK| PDF View
conpesvation of chemical p:u.mom,omsv NEP 87 SARAORLIDKKFKHAFDFG TKKRFETLBOF
Jnet - Final secondary structure y&w WF‘JDE' pa ?@:2 ﬁg:: :-: :8 GIKKW”'%@}’ K Y
jalign - Jaet a.l-qmu!. prediction
o - gt St et Sl H O R b
ipson - Jnet PSIBLAST pssm profile Retio_
lupes = Lupas Coil prediction (wind
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© = botweon Mo 28
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C « graater a" POOS8ETEIN0R0020ETO3T7 0881000045887 E4TRNE
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Joet_5S « Jnet prediction of burial, b
Jnet 0 - Jnet prediction of burial, -
Jnet Rel « Jnet reliablilicy of predict E
[ = e —— = - - - - - - —— ) IS
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conclusion

They represent extended (E), helical (H) and other (-) types of secondary
structure respectively. In the solvent accessibility predictions they represent

buried (B) and exposed (-) for each of the 0%, 5% and 25% solvent
accessibility cut-offs.

What do the colours mean in the Postscript/PDF output from Jpred?

Character Property Colour Meaning
p conserved polar Paleblue  hydrophobic

h conserved hydrophobic Pale green conserved polar
+ conserved positive charge Small letters small residues

conserved small residues Red fullv conserved

u]

Blue text Proline
Red text Histidine
Boxed Aliphatic (L. I or V)

Yellow Cystine
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TMpred output for unknown

[ISREC-Server] Date: Tue Nov 28 12:46:27 Europe/Zurich 2006

Sequence: MING .. APA | length- 348
Prediction parameters: TM-helix length between 17 and 33

1.) Possible transmembrane helices

The sequence positions in brackets denominate the core region.
Only scores above 500 are considered significant.

Inside to outside helices : 6 found
from to sCcore center
41) o5 59) 24249 S0
T4) 99 96) 1598 g6
117) 139 134) 1008 126
153) 175 173) 2552 l1e4
205) 222 222) 2341 214
253) 274 274) 3298 264

37
TG
117
153
205
253

(
(
(
(
(
(

(
(
(
(
(
(

Cut=side to inside helice=s : 7 found
from to Ecore center

3T [ 39) 63 | 56) 24497 47
75 ( T8) 99 (| 95) 1617 g6
115 ( 118) 140 ( 140) 1441 127
153 ( 157) 176 ([ 173) 1808 185
203 ( 203) 221 ( 221) 2960 213
253 ( 253y 273 [ 271) 2684 263
286 ([ 290) 309 ( 309) 1023 298




TMpred output for unknown

[ISREC-Server] Date: Tue Nowv 28 12:46:27 Ewrope/Zurich 2006

Sequence: MNG___APA  length: 348
Prediction parameters: TM-helix length between 17 and 33

1.) Possible transmembrane helices

The sequence positions in brackets denominate the core region.
Only scores above 300 are considered significant.

In=side to outside helices : 6 found

from = score center
41) S 59) 2429 =0
T4) 93 9&) 1558 g6
117) 134) 1008 128

37
T4
117

205
253

205)
253)

222 2341 214
274) 3258 264

( (
( (
( (
153 { 153) 175 { 173) 2552 164
( (
( (

Cutside to inside helices : 7T found
from To score center

37 { 39 63 [ 5&) 2497 47
75 ([ 78) 99 ( 95) 1617 86
115 ( 11s) 140 ( 140) 1441 127
153 { 157) 17&e { 173) is08 1&5
203 ( 203) 221 ( 221) 2960 213
253 ( 253) 273 [ 2T71) 2684 263
286 ([ 290) 309 ( 309) 1023 298




THpred output for unknown

You can get the prediction graphics shown above in one of the following formats:

+ GIF -format
* Postscript-format
+ mumerical format




RESEARCH CBS PUBLICATIONS BIOINFORMATICS
EEBTB [E_EFGE: GROUPS PREDICTION EDUCATION
Ay SERVERS SETS PROGRAM
CALSEQU
E N C E.l‘jl. NJ:". STAFF CONTALCT INTERNAL CBS CES OTHER
L»Y- S | S CBE BEIOINFORMATICS COURSES BIOINFORMATICS

TOOLS LINKS

BS »» CBS Prediction Servers >> TMHMM

TMHMM Server v. 2.0

Prediction of transmembrane helices in proteins
Lpdate Mov. 29 2001: Minar change to the html output.

MOTE: You can submit many proteins at once in one fastafile. Please limit each submission to at most 4000 proteins. Please tick the ‘One line
per protein’ option. Please leave time between each large submission.

SUBMISSION

Submission of a local file in FASTA format (HTML 3.0 or higher)
| ” Browse... ]

OR by pasting sequence(s)in FASTA format:

MNGTEGPNEYVEPFSHETGVVERESPFEAPQY Y LARPWQF SMI AR YMFLL.IVLGFFINFLTLY VI VQHEELRT
PLHYILLNLAVADLFMVEGGF I T T LY T SLHGYFVFGFTGCHLEGFFAT LGGEIATWSLVVLATERYVVVC
EPMSHFRFGENHATMGVAFTWVHMALACAR PPLYVGH SEY IPQGHMOCSCEALYFTLEPETHNESFVIYMEVY
HFESIPLIVIFFCYGLVEFIVEERAAOOOESATTORARKEVIEMVITMVIAFLICWLEFYAGVAFYTIFTHQG
SDFGPFIFMTIPAFFAKSSSVYNEVIY IMMNEQFRNCHLT TLCCGENFLGDDEASTTIVSETET SQVAFPA

QOutput format:
@E}{tensiue, with graphics
O Extensive, no graphics
O One line per protein

Other options:
[Juse old model (version 1)

| Submit || Clear |




Sequence Length: 348

Sequence Number of predicted THMH=: 7

Sequence Exp number of AkAs in THMH=: 1537.8625

Sequence Exp number, first 60 Als: 21.49327

Sequence Total prob of H-in: 0.00024
F# Sequence POSSIELE N-term =signal sedquence
Sequence THHMMZ . 0 outside
Sequence THHMMZ . THhelix
Sequence THHMMZ . inside
Sequence THHMMZ . THhelix
Sequence THHMMZ . outside
Sequence THHMMZ . THhelix
Sequence THHMMZ . in=side
Sequence THHMMZ . THhelix
Sequence THHMMZ . outside
Sequence THHMMZ . THhelix
Sequence THHMMZ . in=side
Sequence THHMMZ . THhelix
Sequence THHMMZ . outside
Sequence THHMMZ . THhelix
Sequence THHMMZ . in=side

[ T e R e N e Y e Y I O e O e Y e Y O e O o

TMHMM posterior probabilities for Sequence

probability




Protein Classification

(OPM)
membranes

D0 OAD OF

1qjp » Outer membrane protein A (OMPA)

| [SEarch OPM

POE ID or protein name

Types (3 types)
Classes {10 classes)

Superfamilies (168
superfamilies)

Families {238 families)
Species {237 species)

Localization (22

types)

All proteins in OPM
{529 entries)

Protein Links

PDB Sum, PDB, MSD,
SCOP, Swiss-Prot, Pfam,
OCA, MMDB, FSSP, HSSP

» Type: 1. Transmembrane (2 classes)

m Class: 1.2. Beta-barrel transmembrane (13

superfamilies)

m Superfamily: 1.2.01. OMPA-like (n=8,5=10) (2

families) 1.B.6 (TCDB) &

m Family: 1.2.01.01. OMPA-like proteins (4
proteins) 1.B.6 (TCDE) &

» Species: Escherichia coli (60 proteins)

» [ocalization: Bacterial gram-negative outer

membrane (42 proteins)

1gjp » Outer membrane protein A (OMPA)

Hydrophobic
Thickness

Tilt Angle

AGtransfer

Links to 1qjp

Topology

Resolution

249+ 2.2 4

8 + &°
-36.7 kcal/mol

PDE Sum &, SCOP @7, M3D &,
oCA &, MMDB I, Dali &,
HSSP

subunit & (N-terminus
periplasmic)

1.65 &

30 view in Chime, Jmol & or Webmaol

Cownload Coordinates

Tepology in Bacterial gram-negative outer
membrane

extracellular side

periplasmic side

CEM rele




it ExPASy Home page ‘ Site Map | Search ExPASy | Contact us | Swiss-Prot ‘ Proteomics tools
| Hosted by B SIB Switzerland | Mirror sites: | Australia | Brazil | Canada | Korea | Taiwan | USA |

Search | Swiss-ProyTrEMBL = for| Go | Clear |

ProtScale

ProtScale [Reference / Documentation] allows you to compute and represent the profile produced by any amino acid scale on a
selected protein.

An amino acid scale is defined by a numerical value assigned to each type of amino acid. The most frequently used scales are the
hydrophobicity or hydrophilicity scales and the secondary structure conformational parameters scales, but many other scales exist which

are based on different chemical and physical properties of the amino acids. This program provides 55 predefined scales entered from
the literature.

Enter a UniProtkKBrSwiss-Frot or LniProtKB TTEMEL accession number (AC) [e.g. POS130) or a sequence identifier (ID) (e.g.
KPC1_DROME):

r you can paste your own sequence in the box below;

LARINHFEEIQIIPKIEWSHNHD ASE VIS ACPYLGRISFFRINVVIIL IKKNE;I
MNTHNQEDLLVLWGVHHFND AAEOTELYONP TTY ISVGTS TLNOQRLWPETI A"
RMEFFWTILEFNDATINFESNGNF IAPEYAYKIVEEGDSTINEIELE VGINCI
INEEMPFHNIHPLTIGECPEYVESNELVL ATGLFNTPORERRREERGLF G,
QG DG Y GYHHSNEQGICYIADKESTORKATID GV THNEVNI T INKEMNTOF E.
RRIENLNEEMEDGFLDVWTYNAELLVLMENERTLDFHDSNWVENL YD EVEL:
NGCFEFYHECDHE CHESVENGTYDY POV SEEARLNREEIZGVELESMGTY!
S3LALATMVAGLILWHCANGILOCRIC Ii

< |




JEQUENCE LEMGTH: 633

TTzing the scale Hphoh. / Eyte & Doolittle, the indimdual walues for the 20 amino acids are:

Lla: 1.500 Arg: —-4.500 Asn: -3.500 Asp: -3.500 Cys: 2.500 Gln: -3.500
elu: -3.500 Gly: —-0.400 His: -3.200 TIle: 4.500 Leu: 3.800 Lys: -3.900
Het: 1.9200 Phe: 2.8500 Pro: -1.600 3Jer: -0.500 Thr: -0.700 Trp: -0.200
Tyr: —-1.300 Val: 4.200 A4Asx: —-3.500 Glx: -3.500 Zaa: -0.420

‘Weights for window posttions 1,9, using linear weight variation model:

1 Z 3 4 5 f 7 g 3
1.00 1.00 1.00 1.00 1.00
ceEnter

MIN: -3.3E22
MAX: 3.122

FrotScale output for user seguence
4 T T T T T

Hphok. « Kyte B Doolittle —

Profilo idropatia
ProtScale

jed= )
Position




l@ € ScanProsite

Home ScanProsite ProRule Documents Downloads Links

The ScanProsite tool [Help / Commercial users] allows to scan protein sequence(s) (either from UniProt Knowledgebase
(Swiss-Prot/TrEMEL) or PDB or provided by the user) for the occurrence of patterns, profiles and rules (motifs) stored in the PROSITE

database, or to search protein database(s) for hits by specific motif(s) [ Reference / Download ps_scan, the standalone version]. The
program PRATT can be used to generate your own patterns. You may either:

+ Enter one or more PROSITE accession numbers and/or patterns [1 by line] to search the UniProt Knowledgebase

(Swiss-Prot/TrEMBL) and/or PDB databases, OR

+ Enter one or more sequences [raw, Swiss-Prot or fasta format] and/or UniProt Knowledgebase (Swiss-Prot/TrEMBL) accession
numbers and/or PDB accession numbers [1 by ling] to be scanned with all patterns, profiles, rules in PROSITE, OR
+ Fill in both fields to find all occurrences of specified motifs in specified sequences.

Protein(s) to be scanned:

PROSITE pattern{s)/profile(s) to scan for:

Enter one or more Swiss-Prot/TrEMBL accession number(s)
[AC] (e.g. P00747) and/or sequence identifier(s) [ID] (e.q.
ENTK_HUMAN), and/or PDB identifier, and/or paste your
own protein sequence(s) in the box below:

(leave this box blank to scan PROSITE entrie(s) against
selected protein databases)

Enter one or more PROSITE accession number(s) (e.g.
PS50240), and/or identifier(s) (e.g. CHEB), and/or type your
pattern(s) in PROSITE format in the box below:

(leave this box blank to scan sequence(s) against the entire
PROSITE database)




Se si vuole testare la propria sequenza contro tutti i motivi di
PROSITE

Oppure un codice di Swiss-Prot o TREMBL/PDB contro tutti i
motivi di PROSITE

LATO GIALLO

Se si vuole testare il proprio PROSITE pattern o Profilo sul
database
LATO AZZURRO

Si possono provare piu sequenze contemporaneamente 8 o
16, stessa cosa per i motivi



CLASSIFICAZIONE delle

proteine

Globulari

Biochimica— >  di Membrana

Fibrose

Strutturale

— — Substrutture:

BANCHE DATI
SCOP
CATH



SCOP:
Structural Classification Of

Proteins
(http://scop.mrc-Imb.cam.ac.uk/scop)

Classificazione e descrizione delle
relazioni strutturali ed evolutive tra tutte
le strutture proteiche conosciute



SCOP:
Structural Classification Of

Proteins
(http://scop.mrc-Imb.cam.ac.uk/scop)

Organizzato secondo dei livelli gerarchici:
Classe (strutturale)
Ripiegamento (strutturale)
Superfamiglia (evoluzionistico)
Famiglia (evoluzionistico)



SCO
P

Unita di categorizzazione: DOMINIO (domain)



SCOP: FAMIGLIA

* Insiemi di domini omologhi NP FAMIGLIA
(family)

!

Proteine con:

Identita di sequenza > 30%
Funzioni e strutture molto simili



SCOP: FAMIGLIA

* Insiemi di domini omologhi IEp FAMIGLIA
(family)

!

Proteine con:

Identita di sequenza > 30%
Funzioni e strutture molto simili



SCOP:
SUPERFAMIGLIA

* Famiglie di proteine con:
Bassa identita di sequenza
Funzioni e strutture simili

!

SUPERFAMIGLIA
(superfamily)




SCOP:
SUPERFAMIGLIA

* Famiglie di proteine con:
Bassa identita di sequenza}

Funzioni e strutture simili

!

SUPERFAMIGLIA
(superfamily)




SCOP: RIPIEGAMENTO

* Due o piu superfamiglie con
una comune topologia di
ripiegamento per un‘ampia
frazione della struttura

!

RIPTEGAMENTO
(fold)



SCOP: RIPIEGAMENTO

* Due o piu superfamiglie con
una comune topologia di
ripiegamento per un‘ampia
frazione della struttura

!

RIPTEGAMENTO
(fold)



SCOP: RIPIEGAMENTO

* Due o piu superfamiglie con
una comune topologia di
ripiegamento per un‘ampia
frazione della struttura

!

RIPTEGAMENTO
(fold)

Ragioni
chimico-fisiche




SCOP: CLASSE

* Ogni ripiegamento fa parte di una delle CLASSI
(Class) generali.

Classi SCOP:
Tutto a
Tutto 3
o+[3
o/f3
Multidomain protein
Membrane and Cell Surface Protein
Small protein



SCOP:
Structural Classification Of
Proteins

Scop Classification Statistics

SCOP: Structural Clasgification of Proteins. 1.71 release
27599 PDB Entries (18 Jan 2005). 75930 Domains. 1 Literature Reference
{excluding nucleic acids and theoretical models)

Class Number of folds Number of superfamilies Number of families

All alpha proteins | 392 645

All beta proteins




SCOP

ESEMPIO:
Classificazione
dell’emoglobina

umana (catena a)
Protein: Hemoglobin, alpha-chain
from Human (Homo sapiens)

Root: scop

. All alpha proteins
. Globin-like core: 6 helices; folded leaf, partly opened
. Globin-like
. Globins Heme-binding protein

Protein: Hemoglobin, alpha-chain
Species: Human (Homo sapiens)




CATH:

Class Architecture Topology and Homologous

superfamily

(http://www.biochem.ucl.ac.uk/bsm/cath/)

Database di Classificazione delle strutture
proteiche presenti nella Protein Data Bank (PDB)



CATH:

Class Architecture Topology and Homologous

superfamily

(http://www.biochem.ucl.ac.uk/bsm/cath/)

Organizzato secondo dei livelli gerarchici:
Classe (class)
Architettura (architecture)
Topologia (topology)
Superfamiglia Omologa (homologous superfamily )



CATH:
CLASSE

* Determinata dalla composizione della
struttura secondaria e dell'impaccamento

!

CLASSE (C-level)




CATH:

CLASSI
mainly o
mainly 3
ap : o/ e a+P3

Basso contenuto di struttura secondaria



CATH:
ARCHITETTURA
(A-level)

* Descrive la forma complessiva del dominio

* E' determinata dall'orientamento delle
strutture secondarie nello spazio 3D,
senza tener conto delle loro connessioni

Esempio: struttura a botte



CATH: TOPOLOGIA
o famiglia di ripiegamento
(T-level )

* Descrive il ripiegamento proteico tenendo
conto dell'orientazione delle strutture
secondarie e delle connessioni tra esse



CATH: SUPERFAMIGLIA OMOLOGA
(H-level')

* Proteine con relazioni evoluzionistiche
(antenato comune) = omologhe:

Similarita strutturale e/o funzionale
Alta identita di sequenza



LISEr.

Motif Scan anunémnuz

Protein Sequence
Input

input
-Prot fo lrrr|:|1'

- or dbID
identifier

Matif scanning means finding all known motifs that occur in a sequence. This form lets you paste 3
protein sequence, select the collections of motifs to scan for, and launch the search. Some general
documentation is available about the Prosite and Pfam collections of motifs. Another document

deals with the interpretation of the match scores, ¥You should consult the home pages of Prosite on
ExP&Sy, Pfam and InterPro for additional information,

The scan might take a few minutes, thus if your proteins of interest are already in the
sequence databases (see list), the Query by Protein form is much faster, and the Protein Hub
provides a collection of tools that you might find useful.

Parameters

SITE patterns
SITE patterns (frequent match

Database of motifs

{db description}
: |=|r'r'u=-l prafiles

AP "_Ir |_|T|| B5
W Pfam HMMs (loc:
W pfam HM! bal moc




CATH: FAMIGLIA DI SEQUENZA
(S-level )

* Proteine di uno stesso H-level.
identita di sequenza > 35%
similarita strutturale e/o funzionale

Level HName Sequence ldentity Owverlap

35% 80%
AO0% | 80%
L H% B0%

| 100% | 80%




CATH: Esempio di livelli
gerarchici

L
§ ""«_ {
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TIM barrel  Sandwich  Roll

b " !
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flavodoxin B-lactamase
{4fxn) {(1mblA1)




CATH:

Class Architecture Topology and Homologous

superfamily

CATH v3.1.0

Version 2.1.0

Date 19-01-2007
Humber of Domains 93!
Humber of Chains

Humber of PDBs 30023

9 )

Mainly Alpha a] 152 329 3001

Mainly Beta 20 |- 415 1860|2531 3846
Alpha Beta
Few Secaondary Structures |1 |92 (102 162 274 403 | 1426

Total : F794 10363 13781 | 25491 93885




CATH

ESEMPIO:
Classificazione dell'emoglobina umana (catena o)

CATH Domain 1spgA0

Classification

9 Class
Mainly Alpha

o Architecture 1.10
Orthogonal Bundle

O Topoiogy 1.10.490
Globin-like

J Homologous Superfamily 1.10.490.10
Globins

& Sequence Family (535) 1.10.490.10.3
Globins

W Non-identical (595) 1.10.490.10.3.7
Globins

O identical (S100) 1.10.490.10.3.7.1
Globins




Query Protein

Database of
motifs

Reference

Original output

Matches map
(features from query
are above the ruler,
matches of the motif
scan are below the
ruler)

Motif Scan Results

temporarily stored here.

equent match
(local models) ,

PROSITE patterns, PROSITE patterns
producers), PROSITE profiles,

Pfam HMMs (glcobal models).

(fr
Pfam HMMs

Falguet L, Pagni M, Bucher P, Hulo N, Sigrist CJ, Hofmann K & Bairoch A. {2002)
The PROSITE database, its status in 2002. Nucleic Acids Res. 30:235-238
searchin
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T image ™

Status: ?
pos.: 31-38

Status: !
pos.: 163-175

freq patTYR_PHOSPHO SITE
Tyrosine kinase
phosphorviation site.

[ entry ]

Legerd=s: 1, phosphorylation.

patPROTEIN KINASE ATP
roreng kinases ATP-binding

patPROTEIN KINASE ST
Serine/Threonine protein
kinases active-site
signature.

[ entry ]




A strong match: it is very unlikely that this match is a false positive.

Rescued match: despite the low score, it is considered to be a strong match.
This concerns primarily domains known to be repeated and that are unlikely to
oCcur as a single copy in a protein.

Questionnable or weak match: determining the true or false negative status of
this match requires additional biclogical evidences.

Strong match for a family-specific motif: it is very unlikely that this match is a
false positive, in addition it is very likely that this match belongs to the targetted
sub-family.

Accepted match for a family-specific motif: it is very unlikely that this match is a
false positive for the motif, but determining its family assignment requires
additional biological evidences.

Questionnable or weak match for a family-specific motif: determining the true or
false negative status of this match requires additional biclogical evidences.

Mot Available. The above interpretation rules make no sense (e.g., for a
low-complexity region).




Prosite pattern e profile permette di caratterizzare la funzione di una proteina
non caratterizzata database di siti e pattern biologicamente significativi.

Pfam e un database in cui vengono raccolte famiglie e motivi di proteine
PfamHMM

InterPro database di famiglie di proteine

HAMAP profile raccolta di famiglie di proteine ortologhe microbiche

TIGRfam raccolta di famiglie di proteine



Home ScanProsite ProRule Documents Downloads Links

pr '@- € Nicesite View of PROSITE: PS00128

General information about the entry
Entry name LACTALBUMIN_LYSOZYME
Accessionnumber  P300128
Entry type PATTERN
Date APR-1990 (CREATED);, NOV-1997 (DATA UPDATE); OCT-2006 (INFO UPDATE).
BLEE PDOC00119
documentation
Name and characterization of the entry
Description Alpha-lactalbumin / lysozyme C signature.
Pattern C-x(3)-Cx(2)-[LMF]-x(3)-[DEN]HLN-x(5)-C.
Numerical results
+ UniProtKB/Swiss-Prot release number: 51.1, total number of sequence entries in that release: 241365.
+ Total number of hits in UniProtkB/Swiss-Prot: 129 hits in 129 different sequences
« Number of hits on proteins that are known to belong to the set under consideration: 128 hits in 128 different sequences
+ Number of hits on proteins that could potentially belong to the set under consideration: 0 hits in 0 different sequences
+ Number of false hits (on unrelated proteins): 1 hits in 1 different sequences
+ Number of known missed hits: 2
+ Number of partial sequences which belong to the set under consideration, but which are not hit by the pattern or profile because they
are partial (fragment) sequences: 7
+ Precision (true hits / {true hits + false positives)). 99.22 %
+ Recall (true hits / (true hits + false negatives)): 98.46 %
Comments

+ Taxonomic range: Eukaryotes




Evento fondamentale del folding
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Zona Certa Sequenze con similarita superiore al 40% per il 95% dei
casi sono omologhe.

Zona ambigua In cui la similarita e tra il 20% - 30% solo il 20% dei
casi le proteine sono omologhe

C’é poi una zona in cui la percentuale di similarita e inferiore al
20% ed in cui non si trovano pochissime sequenze omologhe



Alpha/beta proteins characterized as different superfamilies
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Ci sono circa 1000 famiglie di proteine composte da membri
di proteine che mostrano una certa similarita di sequenza

Una nuova sequenza mostrera quasi sicuramente similarita di
sequenza con altre e componenti strutturali simili.

C’e un limitato numero di ripiegamenti, nuove sequenze di
solito mostrano ripiegamenti similari con strutture gia note



Ci sono 3 metodi di approccio per predire
la struttura proteica

Metodi Ab-initio
Modeling comparativo

Fold Recognition



La predizione e basata su un calcolo
computazionale proveniente dalla
posizione di ogni atomo nello spazio e le
sue relazioni chimico-fisiche con altri atomi

Teoreticamente possibile

Praticamente poco possibile



SWISS-MODEL

An Automated Comparative Protein Modelling Server

SIB - Biozentrur Basel site provided by

g
BIOZENTRUM  SIB "3
mafeesssmmms L. . o5

P
Ao _-"i

SWISS-MODEL is a fully automated protein structure homology-modeling server, accessible via the ExPASy web server, or from the program
Deep¥iew (Swiss Pdb-Yiewer), The purpose of this server is to make Protein Modelling accessible to all biochemists and molecular biologists
World Wide,

The present version of the server is 3.5 and is under constant improvement and debugging. In order to help us refine the sequence analysis
and modelling algorithms, please report of possible bugs and problems with the modelling procedure.

SWISS-MODEL was initiated in 1993 by Manuel Peitsch, and is now being further developed within the SIB - Swiss Institute of Bioinformatics
in collaboration between Torsten Schwede at the Structural Bioinformatics Group, Biozentrum (University of Basel) and Nicolas Guex at
SlagaSmithkline.

The computational resources for the SWISS-MODEL server are provided in collaboration by the Biozentrum {University Basel) and the
Advanced Biomedical Computing Center (MCI Frederick, USAY.

Disclaimer

The result of any modelling procedure is NON-EXPERIMEMTAL and MUST be considered with care. This is especially true since there is no
human intervention during model building. Carefully read the header section of the files to know what templates and alignments were used
during the model building process.




SWISS
MODEL

E’ un server automatizzato e
comparativo per 11 modelling proteico
nato nel 1993 da Manuel Peitsch

Reference

Arnold K., Bordoli L., Kopp J., and Schwede T. (2006). The SWISS-MODEL Workspace: A web-based environment for
protein structure homology modelling. Bioinformatics, 22,195-201.

Kopp J. and Schwede T. (2004) The SWISS-MODEL Repository of annotated three-dimensional protein structure homology
models Nucleic Acids Research 32, D230-D234.

Schwede T, Kopp J, Guex N, and Peitsch MC (2003) SWISS-MODEL: an automated protein homology-modeling server.
Nucleic Acids Research 31: 3381-3385.

Guex, N. and Peitsch, M. C. (1997) SWISS-MODEL and the Swiss-PdbViewer: An environment for comparative protein
modelling. Electrophoresis 18: 2714-2723.

Peitsch, M. C. (1995) Protein modeling by E-mail Bio/Technology 13: 658-660.
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ATTENZIONE!!

The result of any modelling procedure is
NON-EXPERIMENTAL and MUST be
considered with care.This is especially true
since there is in human intervention during
model building. Carefully read the header
section of the files to know what templates
and alignments were used during the model
building process



Step 1

Serch for suitable template
throught BLASTp2.

Database : ExXNRL-3D



Step 2

Check sequence identity with
target

Programma : SIM



Step 3
Generate models with ProModlIl

Programma: ProModlI
Database: ExPDB



ONOORON=

ProModil

At least one known 3D-structure of a related protein.
Good quality sequence alignement; the reliability of the model is
determined by the degree of sequence identity

Superposition of related 3D-structure

Generation of a multiple a alignement with the sequence to be modelled.
Generation of a framework for the new sequence.

Rebuild lacking loops.

Complete and correct backbone.

Correct and rebuild side chains.

Verify model strucure quality and check packing.

Refine structure by energy minimisation and Molecular Dynamics.

Ay



Step 4

Energy minimisation with
Gromos 96





http://swissmodel.expasy.org/workspace/smtl/index.php?method=results&wt=1&pdbid=2yquB
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P03 Bolniommadeue Wenmels

GEene3 Db

is the contribution to PEIL in Lyon, France


http://geno3d-pbil.ibcp.fr/
http://www.ibcp.fr/
http://pbil.univ-lyon1.fr/

Server utilizzabile per generare modelli proteici 3D non sperimentali, tramite modelling per
omologia;

E' possibile utilizzare modelli con basso grado di identita (fino al 20%);
Genera modelli fino a 500 amminoacidi;
E’ possibile fare allineamenti multipli (fino a 3 contemporaneamente).

L 'operatore fornisce la query che viene confrontata e allineata, tramite PSI-BLAST, con tutte le voci
presenti nella banca dati di PDB;

L'utente seleziona le voci che vuole siano utilizzate nella modellizzazione molecolare.

Il server calcola la predizione di struttura della query basandosi su ciascun templato e ne calcola la
percentuale di accordo.

In caso di selezione di piu templati e visualizzato lo scarto quadratico medio tra il carbonio a € i
vari templati.

Le restrizioni degli angoli e le distanze tra gli atomi vengono calcolati a partire dall'allineamento
con i templati 3D, per poi essere applicati sulla sequenza query. Per i gap vengono utilizzati calcoli
statistici.

Il software utilizzato per calcolare le restrizioni € CNS.

Alla fine del processo di modellizzazione molecolare si riceve una e-mail in cui e fornitoun
indirizzo internet dove sono presenti i risultati (disponibili per 7 gg). E' possibile utilizzare questi
risultati on line o scaricarli sul proprio pc in formato .archive.tar.gz

In output vengono rilasciati i modelli 3D che soddisfano le restrizioni nel migliore dei modi.

Vi possono essere porzioni che non vengono risolte basandosi sui templati; queste possono essere
particolari domini che vengono ricostruiti usando templati di proteine omologhe.
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9 GENO3D:AUTOMATIC MODELING ... [J |

Pala Blolniermaticque Lyennals
GeneSDh

NIbGpYT, Geno3D is the IBCP contribution to PBIL in Lyon, France

v
L

[HOME] [GENO3D] [HELP] [REFERENCES] [NEWS] [NPS@)] [SuMo] [PBIL]

Tuesday, April 8th 2008: more options for PSI-BLAST search (see news)

GENO3D Release 2 : AUTOMATIC MODELING OF PROTEINS THREE-DIMENSIONAL STRUCTURE

[Abstract] [GENO3D help] [Original server]

Database : | Non-sdundantproteinsequences

Mon-redundant protein sequences
Sequence 1 NPS@ 30 SEQUENCES AT 95% IDENTITY (from PDB)

Paste prote PS@D EOUECIlESch FDB

MTMDESELVQRARLAEQAFERYDDMAAAMEAVTEQGHELSHEERNLLSVAYRNVVGARRSS
WEVISSIEQRTERNEREQOMGKEYRERKIEAELQDICNDVLELLDEYLIFNATQFESKVEY
LEMEGDYFRYLSEVASGDNRQITVSNSQQRYQEAFE I SKREMQFTHPIRLGLALNFSVEY
YEILNSPERACSLAKTAFDEAIAELDTLNEESYRDSTLIMQLLEDNLTLWI SENQGDEGD
AGEGEN

Filter query sequence (-F) :(DUST with BLASTN. SEG with others)

Expectation value (-e, real) -

Number of on-line description (-v, inf) -

Number of alignments to show (-b, int) :

Matrix (M)

Expectation value threshold for inclusion in multipass model(-h, real) -
Maximum number of passes to use in nmltipass version (i, int) - to 10}

[ SUBMIT | [ CLEAR |




¢-9-u | & http: ffgeno3d-pbil.ibcp. fr fogi-bin/d3_geno3d2.pl |v| I}I A+ | Geno3D
’_0 .?khth:l:ﬂwww.expasy...nipmt,.'P31946.fas I # GENO3D :Geno3D2 START TORU.. [ I Geno3D & GENOD : GENO3DZ RESLLTS

Pola Bleolntermatique Lyennais
EEnesy

Geno3D is the IBCP contribution to PBIL in Lyon, France

[HOME] [GENO3D] [HELP] [REEERENCES] [NEWS] [NPS@)] [SuMo] [PBIL]

Tuesday, April 8th 2008: more options for PSI-BLAST search (see news)

Job GENO3DZ (ID: 17093) is running on GENO2D server (started on 20030329-122822).
Results will be shown below. Please wait and don’t go back.

Run GENO3D2

FIRST STEP :
Select template(s) to use for each chain in one or more pdb target -

segmento modelling

PSI-BLAST run 3 for UNK_170950_0

emplato selezionato % identita

Link del'allineamneto Link NPSA

EMPLATE  E FIRST LAST ID ALIGXEMENT COMMENT

@ pdb2br94-0 2.000000e-91/4  [231 |67.000000 see alignment | CELL REGULATOR PROTEIN 03-MAY-05 2BR9 CROSS_PDB

|0 pdb2bg0B-0 2.000000e-91/3 233 | 100.000000 see dipnment |CELL REGULATOR PROTEIN 25-APR-05 2BQ0 CROSS_PDB

|0 pdb2bq0A-02.000000e-91/3 232 |100.000000 see dipnment |CELL REGULATOR PROTEIN 25-APR-05 2BQ0 CROSS_PDB

|0 pdblgibB-0 |6.000000¢-913 88.000000 |sce alignment | COMPLEX (SIGNAL TRANSDUCTION/PEPTIDE) 23-JUN-99 1QJB CROSS_PDB NPSA
|0 pdb2btpA-0 ||1.000000e-90 2 83.000000 | see alignment | COMPLEX (SIGNAL TRANSDUCTION/PEPTIDE) 05-JUN-03 2BTP CROSS_PDB| NPSA
|0 pdb2c1iA-0 |2.000000e-90 3 88.000000 |sce alignment |SIGNALING PROTEIN/COMPLEX 13-SEP-03 2C1] CROSS_PDB INPSA
|0 pdb2cliB-0 |2.000000e-90 3 88.000000 | see alignment | SIGNALING PROTEIN/COMPLEX 13-SEP-05 2C1] CROSS_PDB NPSA
|0 pdb2002B-02.000000e-90 3 88.000000 | see alignment  PROTEIN BINDING/TOXIN 27-NOV-06 2002 CROSS_PDB INPSA
| pdb2c23A-0 5.000000e-90 3 97.000000 |see dignment | SIGNALING PROTEIN/COMPLEX 24-AUG-05 2C23 CROSS_PDB NPSA
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|0 pdb2cT4B-0 6.000000e-84/4 232 |76.000000 sce alignment  SIGNALING PROTEIN/PEPTIDE COMPLEX 17-NOV-05 2C74 CROSS PDB  |NPSA
|0 pdb2b0SE-0 | 7.000000e-84/4 231 |76.000000 see alignment |CELL CYCLE 13-SEP-05 2B05 CROSS_PDB NPSA
|0 pdb2b0SE-0 2.000000¢-83 5 31 |76.000000 |see dlignment |CELL CYCLE 13-SEP-05 2B05 CROSS_PDB NPSA
|0 pdb2c63A-0|2.000000e-83 4 76.000000 | see alignment | SIGNALING PROTEIN/PEPTIDE COMPLEX 07-NOV-05 2C63 CROSS_PDB | NPSA
|0 pdb2c63B-0 | 2.000000e-83 4 76.000000 |sce alignment |SIGNALING PROTEIN/PEPTIDE COMPLEX 07-NOV-05 2063 CROSS_PDB | NPSA
|0 pdb2c63C-0 2.000000e-83 4 76.000000 |sce alignment |SIGNALING PROTEIN/PEPTIDE COMPLEX 07-NOV-05 2063 CROSS_PDB | NPSA
|0 pdb2c63D-0 2.000000¢-83 4 76.000000 |see dignment |SIGNALING PROTEIN/PEPTIDE COMPLEX 07-NOV-05 2063 CROSS_PDB | NPSA
|0 pdblvz5B-0 |2.000000e-82 4 68.000000 |see dignment | SIGNALING PROTEIN 28-FEB-05 1YZ5 CROSS_PDB NPSA
|0 pdblywiB-0 |4.000000e-82 3 67.000000 |see dignment |SIGNALING PROTEIN/DE NOVO PROTEIN 1§-FEB-05 IYWT CROSS PDB | NPSA
|0 pdblywiA-0 |6.000000e-82 3 67.000000 |see lignment |SIGNALING PROTEIN/DE NOVO PROTEIN 1§-FEB-05 IYWT CROSS PDB | NPSA
|0 pdblvzSA-0 |2.000000¢-81 3 66.000000 |sce alignment | SIGNALING PROTEIN 28-FEB-03 1YZ5 CROSS_PDB NPSA
|0 pdb20pmB-03.000000¢-81 5 62.000000 |see dlionment  PROTEIN BINDING 27-OCT-06 2NPM CROSS_PDB NPSA
|0 pdb20pmA-07.000000¢-81 5 62.000000 |see dlionment |PROTEIN BINDING 27-OCT-06 2NPM CROSS_PDB NPSA
|0 pdb137A-0 | 7.000000e-73 3 75.000000 |see dligmment | COMPLEX (SIGNAL TRANSDUCTION/PEPTIDE) 28-JAN-98 1437 CROSS_PDB NPSA
|0 pdbla37B-0 |7.000000e-73 3 75.000000 see alignment | COMPLEX (SIGNAL TRANSDUCTION/PEPTIDE) 28-JAN-98 1437 CROSS_PDB NPSA
|0 pdbladoA-0 | 1.000000e-72 3 76.000000 |see alignment |SIGNAL TRANSDUCTION 01-FEB-98 1440 CROSS_PDB INPSA
|0 pdbladoB-0 |1.000000e-72 3 76.000000 | see alignment | SIGNAL TRANSDUCTION 01-FEB-98 1440 CROSS_PDB NPSA
|0 pdbladoC-0|1.000000e-72 3 76.000000 | see alignment | SIGNAL TRANSDUCTION 01-FEB-98 1A40 CROSS_PDB INPSA
|0 pdbladoD-0||1.000000e-72 3 76.000000 | see alignment | SIGNAL TRANSDUCTION 01-FEB-98 1A40 CROSS_PDB INPSA
|0 pdb2ipB-0 |8.000000e-40 6 424000000 |see dlionment |SIGNALING PROTEIN 30-SEP-06 2P CROSS_PDB INPSA
|0 pdb2ipA-0 | 4.000000e-35 20 23.000000 see alignment | SIGNALING PROTEIN 30-SEP-06 21JP CROSS_PDB NPSA
|0 pdb2iipD-0 |5.000000¢-35 11 24000000 |see dliomment | SIGNALING PROTEIN 30-SEP-06 2I/P CROSS_PDB NPSA
¥ pdb2ipC-0 |8.000000e-3521 236 23.000000 |see dipnment | SIGNALING PROTEIN 30-SEP-06 21P CROSS_PDB NPSA
PSI-BLAST hasn't converged in 3 mumns.

Selecttemplate

User : publici@l31.81.11.42. Last modification time : Thu May 20 12:30:14 2008. Current time : Thu May 29 12:30:14 2008 This service is supported by Ministere de la recherche',
‘Programme Bioinformatique inter-EPST", CNRS (IMABIO, COMI, GENOME) and Région Rhéne-Alpes (Programme EMERGENCE) . Comments.
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GENC3D

Geno3D is the IBCP contribution to PBIL in Lyon, France

[HOME] [GENO3D] [HELP] [REFERENCES] [NEWS] [NPS@] [SuMo] [PBIL]

Tuesday, April &th 2008: more options for PSI-BLAST search (see news)

Job TEMPLATES VALIDATION ... (ID: 19230) is running on GENOQ3D server (started on 20080329-123248).
Results will be shown below. Please wait and don't go back.

SECOND STEP :

Enter your e-mail address :‘IucagenoveseTD|@virgi|ia.it

THIRD STEP :
Choose number of model to generate :

EXPERT OPTIONS :

Inter/intra restraints ratio -

Distance restraints cut off (Angstrum):
Margin in distance restraints (Angstrum):

Margin in angle restraints (degree) -
20000
Save fill template in superposition - @ No O Yes

Maximal number of distance restraints -

LAUNCH Geno3D

User : public@l31.81.11.42. Last modification time : Thu May 20 12:32:37 2008. Current time : Thu May 29 12:52:57 2008 This service is supported by Ministere de la recherche’, Programme
Bioinformatique inter-EPST', CNRS (IMARIO, COMI, GENOME) and Région Rhéne-Alpes (Programme EMERGENCE) . Camments.




-Sequence of this chain :

MDKSELVQKA KLAEQAERYD DMAAAMKAVT
EQGHELSNEE RNLLSVAYKN  VVGARRSSWR
VISSIEQKTE RNEKKQQMGK EYREKIEAEL
QDICNDVLEL  LDKYLIPNAT QPESKVFYLK
MKGDYFRYLS EVASGDNKQT TVSNSQQAYQ
EAFEISKKEM QPTHPIRLGL ALNFSVFYYE
ILNSPEKACS LAKTAFDEAI AELDTLNEES
YKDSTLIMQL LRDNLTLWTS ENQG

- Template at each amino acid position :

Template Alignment | Secondary
information Identity

(Sov)

pdb2bro9A 0 68.0%

pdb2c23A_0 100.0%

pdb2ijpC_0 26.0%




Modell core allowed generously disallowed

83.7% 14.0% 1.8% 0.5%
-ramachandran plot :

-ramachandran plots for all residue types :
-main-chain parameters :
-side-chain parameters :

-residue properties :

Model 2 86.4% 11.3% 1.8% 0.5%
-ramachandran plot :

-ramachandran plots for all residue types :

-main-chain parameters :

-side-chain parameters :

-residue properties :

Model 3 84.2% 14.0% 0.5% 1.4%
ramachandran plot :

-ramachandran plots for all residue types :
-main-chain parameters :
-side-chain parameters :

-residue properties :


http://www.biochem.ucl.ac.uk/~roman/procheck/procheck.html
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_1_01.jpg
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_1_01.ps
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_1_02.jpg
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_1_02.ps
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_1_04.jpg
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_1_04.ps
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_1_05.jpg
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_1_05.ps
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_1_06.jpg
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_1_06.ps
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_2_01.jpg
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_2_01.ps
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_2_02.jpg
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_2_02.ps
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_2_04.jpg
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_2_04.ps
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_2_05.jpg
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_2_05.ps
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_2_06.jpg
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_2_06.ps
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_3_01.jpg
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_3_01.ps
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_3_02.jpg
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_3_02.ps
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_3_04.jpg
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_3_04.ps
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_3_05.jpg
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_3_05.ps
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_3_06.jpg
http://geno3d-pbil.ibcp.fr/tmp/MODELING/2008052912542721280/model_3_06.ps

Ramachandran Plat

PROCHECK
Page 1

Residue properties
model 1

a. Absolute deviation from mean Chi-1 value (excl. Fro)

Ramachandran plots for all residne tvnes

model_1 EROSHICK

Ala (20) R Ma:

Chi-1 abs. memn dev.

b. Absolute deviation from mean of omega torsion

Standard deviation (degrees)
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Deviation CAngstrom? on carkbon alpha

Violation repartition X3

T T
MChain

Other

Deviation on carbon alpha CAngstraom?

1 1
166 1568

Amino acid position




-Structural agreement between models

(RMSD in angstrom) :

Model | Model Model

1 2 3
Model 1 | 0.00 0.75 0.78
Model 2 | 0.75 0.00 0.69
Model 3 | 0.78 0.69 0.00

- Number of violation of these intrachain

restraints :

MChain Other
Model 1 | 205(2.70%) | 111( 1.40%)
Model 2 | 114(1.50%) | 65(0.80%)
Model 3 167(2.20%) | 95( 1.20%)

Models energy (kcal/mol):
. model 1: -11081.70
. model 2: -11577.00
. model 3: -11479.00



Sviluppi futuri:

- modellizzazione di dimeri;

-Includere il ligando nel processo di modellizzazione molecolare;
-possibilita di caricare allineamenti personali.



Se ci troviamo nella situazione intermedia
dobbiamo fare altre valutazioni

Confronto della predizione di struttura secondaria
Residui idrofobicl interni conservati
Ponti a disolfuro conservati

Pattern funzionali conservati



Modellizzazione cotmparativa
(o per similarita di sequenza)

Permette di costruire la struttura
tridimensionale di una proteina

sulla base della SIMILARITA DI SEQUENZA con
un’altra proteina

di struttura NOTA

che viene usata come STAMPO.



Passi fondamentali

1. Allineamento di sequenza con la/le proteina/e

“stampo”

.aa simili

dmdh . aa
11BMD

4dmdh.aa
11BMD

4dmdh . aa
11BMD

4dmdh.aa
11BMD

4dmdh . aa
11BMD

4dmdh . aa
11BMD

dmdh . aa
11BMD

51
51

101
101

151
151

201
201

251
246

301
295

SEPIRVLVTG
KAPVRVAVTG

GVLMELQDCA
GVVMELEDCA

LKANVKIFKC
LOVNGKIFTE

FSCLTRLDHN
FTAMTRLDHN

DHVRDIWEGT
EHIRDWALGT

GLPINDESRE
GLEINEFARK

AAGQIAYSLL
AAGQIGYSLL

LPLLKDVIAT
FPLLAGLEAT

QOGAALDKYAK
QOGRALAEVAK

RAKAQIALKL
RAKAQLAKKT

AVKD, KG
LVD K

PEGEFVSMGI
PEGDWVSMAV

KMDLTAKELA
RMEITAQELL

YSIGNGSVEG
FRIAAGEMLG

DKEEIAFKDL
DDPDVAFKDA

KSVKVIVVGN
KDVKVLVVGN

GVTSDDVKNV
GTGVDRIRRM

EFITTVOQORG
VEIPTVAQRG

ISD VP
PSO P

EEKETAFEFL
DEMEQVKALG

KDQPIILVLL
KDQPVILOLL

DVAILVGSMP
DYALLVGAAP

PANTNCLTAS
PANTNALTIAY

ITWGNHSSTQ
TVWGNHSSTM

AAVIKARKLS
AATIQARGAS

DDLLYSFEFPVT
EGIVYSEPVT

SSA
LT

DITPMMGVLD
EIPQAMKALE

RRDGMERKDL
RKAGMERRDL

KSAPSIPKEN
KNAPGLNPRN

YPDVNHAKVK
FPDLFHAEVD

SAMSAAKAIC
SAASAANAAT

IKDKTWKIVE
AKDGAYRVVE









V206

dmdhoon HAKY K LOAKEVGYYEAYEDDSWLEGEF
llbad HAEYDG===-RPALELYD-MEWYEKYF




5. Ottimizzazione del modello

Regolarizzazione
di legami, angoli e
torsioni

Eliminazioni di
clash strutturali

Minimizzazione
energetica




6. Controllo della qualita del modello
8
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Le proteine cambiano molto rapidamente la loro sequenza.
Difficile indicare il grado di similarita necessario per
dimostrare in modo non ambiguo che due proteine siano
OMOLOGHE.

Doolittle dichiara:

2. Se I’identita e tra il 15-25 % potrebbero essere correlate

3. Se I’identita e sotto il 15% probabilmente non sono
correlate
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=== Deep View

el Swiss-PdbViewer

b

MNicolas Guex , Alexandre Diemand , Manue! C. Pelfsch | & Torsten Schwede

News:

+ Please update your preferences for the DeepView Network Service
+ Current version: Deep View - spdbv 3.7







“r DeepView / Swiss-PdbViewer 3 7 [SPS]
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%ﬂc Deepvlew / Swiss- devlewer 3.7 [SPS]

'\" Wi |'-]

W Alignment

M$ECEKLSNYNADKKLFSGI DKLFRI V- KGSYGRKQS- WSPTSFFKERGF YAI SATELSNSYENLGVDF AKAM
L e IO A L.




» DeepView / Swiss-PdbViewer 3.7 (SP5)
Fil= Edit Select Buid

SwissModel  Window  Help

PE Moveal
i hsp60 (975 x 768 )




iz DeepView / Swiss-PdbViewer 3.7 (SP5)
Fle Edt Selec ools  Fit  Display
= [
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»E

% hsp60_9 (975 x 768 )
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iz DeepView / Swiss-PdbViewer 3.7 (SP5)
Fle Edt Selec ools  Fit  Display
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= DeepView / Swiss-PdbViewer 3.7 (SP5)
File Edit t Build Tools Eit O olor  Bref 5 SwissModel  Window  Help

% hsp60_9 (975 x 768 )
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# PROCHECK v.3.5.4

Roman A Laskowski, Malcolm W MacArthur, David K Smith, David T Jones, E (7ail Hutchinson, A Louise Iorrs, David § Moss & Janet I
Thornton

Checks the stereochemical quality of a protemn structure, producing a numnber of PostScript plots analysing its overall and residue-by-residue geometry.

The plots can be m colour, £ required.

_ﬁ How to run the program

ﬁ] Operating Manual

m’ Checls carried out

Availability

Avatlable by anonymous ftp on e Mochem.uclac.adk
source code can be picked up from one of twe directories:-

pub/procheck/tar3 5
pub/procheck/source3 5




i Ramachandran Plot il Ramachandran Plot
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Quando [I’identita di sequenza fra proteine si
trova sotto 1l 25%

un altro metodo di procedere e quello di
utilizzare metodi di riconoscimento di fold
basati su e quelli detti di THREADING



Ciascun aa ha delle proprieta che possono essere derivate
dall’analisi di proteine a struttura nota per ogni aa

Frequenza relativa ad essere presente nelle strutture secondarie
note

Frequenza con cui e osservato sulla superficie di una proteina
Frequenza con cui e osservato in un ambiente idrofobico

Ci sono 18 combinazioni 3 per struttura secondaria 3 per
I'esposizione 2 per 'ambiente

Per cui 'amminoacido nella sequenza sara sostituito da una lettera
corrispondente ad una delle 18 combinazioni

Se l'operazione viene applicata per tutte le sequenze di struttura
nota la banca dati diventera lineare



Questl metodi fanno qualcosa di molto simile
a Inflare una sequenza nella catena
principale delle strutture note. Si ottengono
cosl tanti possibili modelli della proteina
usando come templato le proteine di struttura
nota. | passi successivi sono la valutazione
della “bonta” dei modelli approssimati e la
selezione di uno o piu con punteggio minore

da un punto di vista energetico.



[ ExPASy - Tools - Windows Internet Explorer (=
@ @ Cl ik hitp://www.expasy.org/tools/ - u Live Search

- ‘\C.erca|7| B~ Traduci la pagina ~ | &7 Entra | (=] Mail Answers + IEII Mio Yahoo! - otizie + i3 Sport = [EFinanza -

‘|’ 4'." * [7] » %' v i Preferiti v &5 Spaces ¥ - / = v
: - - . . »
v 4R il ExXPASy - Tools [ v B v @ v |k Pagina ¥ {C} Strumenti ¥

« Seq2Struct - A web resource for the identification of sequence-structure links
« STRAP - A structural alignment program for proteins
« TLSMD - TLS (Translation/Libration/Screw) Motion Determination
Tertiary structure prediction
Comparative modeling
+ SWISS-MODEL éi - An automated knowledge-based protein modelling server
« 3Djigsaw - Three-dimensional models for proteins based on homologues of known structure
« CPHmodels - Automated neural-network based protein modelling server
« ESyPred3D - Automated homoelogy modeling program using neural networks
« Geno3d - Automatic modelling of protein three-dimensional structure
« SDSC1 - Protein Structure Homology Modeling Server
Threading
« 3D-PSSM - Protein fold recognition using 1D and 3D sequence profiles coupled with secondary structure information (Foldfit)
« Fugue - Sequence-structure homology recognition
« HHpred - Protein homology detection and structure prediction by HMM-HMM comparison
« Libellula - Neural network approach to evaluate fold recognition results
« LOOPP - Sequence to sequence, sequence to structure, and structure to structure alignment
« SAM-TOZ2 - HMM-based Protein Structure Prediction
« Threader - Protein fold recognition

« ProSup - Protein structure superimposition

« SWEET - Constructing 3D models of saccharides from their sequences
Ab initio

« HMMSTR/Rosetta - Prediction of protein structure from sequence
Assessing tertiary structure prediction

« Anolea - Atomic Non-Local Environment Assessment

protetta: attivata

“u
.

—————————— r
T GS2.ppt [modalita c... i diapositive /2 ExPASy - Tools - Wi... W= 1639

—————/——————————
[ < B MD-@ PC'Manager T presentazione spiga...



[ Choose your system - Windows Internet Explorer (=
@ @ Ll ¢ http://www.sbg.bio.ic.ac.uk/~3dpssm/

— » ; - L_»
M v B v = v [k Pagina ¥ {(} Strumenti

You are advised to use the NEW Phyre fold recognition system. It is
more accurate and more up to date than 3D-PSSM

Features in Phyre include:
S . . o
Dew cleanerinterface
e Eulluododate fold |

Any comments/criticisms/praise/problems please contact Lawrence Kelley

3D-pssm

e Internet | Modalita protetta: attivata

i diaposttive /2 Choose your system...

:: '} presentazione spiga.... T GS2.ppt [modalita c... T ¢ WEe 1636

[ MD-@ PC' Manager



ff PHYRE Protein Fold Recognition Server - Windows Internet Explorer |I =Er e

-

Version 0.2

Protein Homolo,
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Il benchmark di un metodo predittivo

Farlo da soli utilizzando 1 vari metodi richiederebbe
molto tempo e spazio di calcolo.

EVA e un server che ogni giorno scarica dal PDB le
nuove strutture ne estrapola la sequenza e prova
usando 1 varl metodi predittivi ad ottenere una
struttura usando similitudine di sequenza non
superiore al 33% solo automatic servers

CASP (critical assessment techniques for protein
structure prediction)



SARS 1

Comparsa nel 2003 di un nuovo virus
Seqguenziamento del genoma completo
Ildentificazione della classe di appartenenza

Identificazione delle proteine espresse

|dentificazione delle proteine responsabili
dell'attacco alla cellula ospite

ldentificazione della struttura delle
proteine di interesse

?

NC_ 004718

Coronavirus ssRNA

14 proteine

Spike protein

S1+S2



Cosa si puo fare con la bioinformatica

ldentificazione di una nuova specie Sars CoVirus

Determinare in tempi brevi la struttura Spike protein

di alcune proteine Peplomero
Elicasi

Drug designe
Diagnostic kits
Vaccine



Sequenza nucleotidica

e

Sequenza amminoacidica

|

Metodi bioinformaticidi predizione strutturale

§

Modelling

|

Struttura Tridimensionale



1G9D neurotoxin B of Clostridium botulinum

15% identity
49% positivity
5% gaps

S11Q4Z S2 1Q4Y



SARS 2

SEM Scanning Electron Microscopy Struttura
quaternaria

Trimero della spike protein sulla superficie

Ricostruzione del trimero con approccio bioinformatico



Struttura di S1 ed S2 precedentemente modellate

Docking molecolare tra le due subunita

S1 testa globulare del peplomero con attivita di legame al
recettore cellulare
S2 gambo del peplomero

1 step: modelling del gambo di S2 coiled coil e HRregion
2 step: allineamento di 253 sequenze di S1
alcuni residui sono sempre conservati

3 step: tasca idrofobica necessaria per I'assemblaggio del
peplomero






Ricostruzione del
peplomero

Orientazione di
S1+S2

Siti glicosilazione
esterni

Siti idrofobici
interni









L'analisi della sequenza mostrava due
domini funzionali

Metal Binding Domain + Hel domain

MBD ricco di cisteine e istidine complessante
lo zinco > inibita dal bismuto > come ?




Confronto con altre elicasi che presentavano un MBD

Arterivirus helicase possiedono un MBD complessante
4 atomi di zinco

Possibili modelli presenti in altre proteine
Zn2Cys6 GAL4-like protein
Zn2Cys4His2 RAG1 domain

Ricostruzione della struttura geometrica tetraedrica












ALBUMINA

Albumina umana > cristallo

Albumina bovina > modello

Albumina ratto > modello

Albumina suino > modello

Valutazione sperimentale della loro
reattivita nei confronti di diversi tioli

Sequenze molto simili spiegazioni
attraverso le strutture
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Quali sono le differenze strutturali che spieganio il

differente comportamento delle 4 albumine?
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ADP

Due proteine:

Adenosina Kinasi che lega ATP+Adenosine da ADP +AMP

Adenilato Kinasi che da ATP + AMP fornisce 2 ADP

Sistema in cui ¢c’é una miscela delle due proteine ma non c'é ATP
viene fornito solo AMP si forma ADP ?
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Adenosina



Adenilato
Prima e dopo
la dinamica































INTEGRATED PROJECT
@7 MUCOSAL VACCINES FOR POVERTY-RELATED DISEASES
Project coordinator: R. Rappueli, Chiron Srl EC contribution : MWA PRED

15.250.000 Euro
Starting date: 1st December 2003
Duration: 5 years

Participants: 24 from 10 countries Proiect Summam

Human Immuneodeficiency Virus and Mycobacterium tuberculosis enter the human
bedy at muceosal sites. The aim of the present project is to develop mucesally

Phase | trials

Vaccine candidates

delivered vaccines against HIV and TB which will induce local immunity able to in €V : . :
neutralise the pathogens at their port of entry and systemic immunity able to prevent v
systemic spread of the infection. The pessible development of mucosal vaccines Phase | trials in AV
against malaria will be also investigated. The trust of the project derives from the Africa Pre-clinica
recent proof of cancept that mucesal vaccines are feasible in humans. v e
Vaccine Guinea Pigs (TB)
While the first trials are performed, new systems to deliver mucosal vaccines and candidates v
basic mechanisms of mucosal immune responses and memory in humans will be for EDCTP S
studied. This will allow better understanding of the clinical results and eptimisation of .
second generation vaccines to be tested in Developing Countries during the second €W Vaccines ior pove
phase of the project.
Proiject structure
e —
m  Sub-project2 Sub-project 3
accine Candidates Animal studies Human studies
* m * " Mice | Guinea Monkeys %?;{glc?itgﬁ GMP Phase |
WP3 WP4 WP5 WP6 WP7 WP8 WP9

ORECHVES!

Development of new promising vaccine candidates ) htat s a SN I Y T TN P "
‘ o Phizse | eliniezl irlzls in Europe
omparative testing
Phase | trials in EU with available candidates
Clinical trials in Africa

Szcaned canaraiion, ootimissd vaeeine candielzies

Phase | clinical trials with new vaccine candidate:

mosi orormisine vaceine cancdidzies

YEARS 1 2 3 4 5

Phrase | clinical trizls in Eurags witn nsw vaceines cancicaies

o

Prase | clinical trizls in Africa
Pariigioznis
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P. Andersen
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Functional and Structural Genomics of Yiral RNA

‘;’ 6th Framework Program EU

Home | Project | Partners | Meetings | Results | Contact | Links

The current project joins, in an
interdisciplinary fashion, leading
European labs to integrate their
equipment and expertises on:

»» The structural, functional and
virological analysis of RNA and
RMA-protein complexes from viruses.

» The evaluation of these viral ENAs as
targets for novel types of drugs, either
small RNA binding compounds, or
antiviral RMAs.

Legal disclaimer | Webrnaster | Last update: January gth, 2007




Acronym: FSG-V-RNA

Research Topic: Life sciences, genomics and biotechnology for health, LSH-2002-1.1.0-1: For
STREP and CA, research should focus on multidisciplinary functional genomics approaches,
Proposals concerned with the development of new tools and approaches, including the
standardisation of protocols, to facilitate generation of new knowledge in functional and
structural genormics are also envisaged.

The STREP will develop and improve tools and approaches to facilitate the generation of new
knowledge in functional and structural genormics of viral RMAs, Specifically, (i) new methods and
tools for the rapid and efficient structural analysis of RNA and RMA-protein complexes will be
developed, (i) these optimised toaols will be applied to essential RMA elerents that are vital for
the function of HBW, HCY and HIY wviruses, and (i) complementary screening techniques and
structure analysis of RNA-ligand complexes will be implemented to promote the identification of
antiviral compounds targeting these RNA structures, The project exploits available RMA
sequence data but will also expand our knowledge of viral RMA sequence elements and their
wariations,

The biormedical importance of RMA as a research target is stressed by the fact that wiral
infections, such as HBW, HCW and HIWV are major global public health problems. The outcomes of
the project are expected to initiate the developrment of novel drugs that target viral RMNA
rmaolecules and have thus strang implications for public health, The research consortium is
strengthened by the involverment of an SME, which contributes a proprietary RMNA screening
rmethad. This SME will also function as a staleholder to support the downstrearm application
development towards RMA targeting drugs - even though this is beyond the scope of the current
project,

The project involves multidisciplinary research which is only possible by integrating, in an
interdisciplinary fashion, the research capacities of a number of leading European labs, i.e. their
equipment and complementary expertise on the structural, functional and virological analysis of
RMA and RMA-ligand complexes. The innovative tools developed will be made available to other
researchers throughout Europe and open the way for efficient analysis of 5 wide range of
RMia-based processes extending far bevond analysis of wiral RNAS,

Work packages

RNA preparation
(WP1)

RMNA targeting compounds RNA/ligand and RNA/protein
(WP4) structures(WP3)

L
NMR Tools & RNA Structure

(WP2) _ P‘doﬂ‘:'“
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In the last two decades biological science has made huge progress in many areas. We live in an era when the entire genetic code of many organisms has Cellul_ar Machmes in
been established. However, to make full use of this treasure of information, we need to bring it together with the knowledge of what the products of all z

these genes, the proteins, are doing. At present, even though we appear to have a vast amount of information at our disposal, it would be unreasonable

to expect that in the near or medium term we could reach this level of understanding for an entire cell. So, a pre-requisite for this goal is comprehensive

knowledge of the biological functions of the complete set of genes and proteins within a genome (post-genomic biology).

Introduction

Proteins rarely act alone: they typically interact with other macromolecules to perform particular cellular tasks, The resulting functional assemblies (complexes)
achieve more than the sum of their parts and these complexes have functions that cannot easily understood by even the most systematic analyses of
individual proteins, So, the discovery and analysis of particular cellular protein complexes under physiological conditions provides key insights into their function
and takes characterisation of cellular systems well beyond the limits of other experiments. Prominent examples incude the ribosome, the chaperanin
GroEl/GroEs, the spliceosome, the cyclosome, the proteasome, the nuclear pore complex and the synaptosome. Analyses of results from genome-scale
interaction experiments in yeast show a clear tendency for many yeast assemblies to mirror their equivalents in animals, including the model organisms and
man, Complexes essential for normal cell activitiy overlap significantly and represent the building blocks of a Eukaryotic core proteome, covering basic cellular
function, More importantly, those conserved between yeast and man contribute significantly to the understanding of multfactor diseases, particularly those —
related to key cellular processes, Elucidation of three-dimensional (30) structures for protein complexes will open new avenues to unravel the molecular wmm“{f@
pathology and physiology of human diseases, leading to rational, target-oriented therapeutic approaches, Moreover developments in 30 tomography show i
that it will soon be possible to fit such structures into a whole cell tomogram. This will be a great leap for systems biology, since it will place complexes in their
precise cellular context and provide critical concentration information essential for the quantitative understanding of a living cell. However, without the
individual complexes, it will be exceedingly difficult to understand such whole cell images.

News
2nd Annual Meeting,

30-Repertoire is an integrated project funded by the European Commission under Framework 6. It brings together scientists from 14 institutions and private 22'2%{0250?
companias, in seven countries across Europe, with the aim to resolve structures for all amenable protein complexes from budding yeast (or where necessary g

equivalents from other species) at the best possible resolution by electron microscopy, ¥-ray crystallography and in silico approximations, The team of top

scientists formed through 3D-Repertoire covers the wide range of expertise needed for such an ambitious undertaking and we have secured access to the

yeast constructions used to do the complete pull-down study of complexes in Yeast (given to Euroscarf by Cellzome). ﬂmw,.,,;,;‘]ﬁ_,',g

2" 30 Repertoire Annual Meeting




