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@ Objcctive

In this activity we are going to search for information about a protein using
databases of biological information on the World Wide Web. These databases
collect and store information about genes and proteins (sequence, STRUCTURE,
expression) about human inherited diseases for which the genetic cause is known,
scientific literature, etc. Many databases that are accessible via the World Wide Web
offer so called QUERY interfaces: special web pages on which you can enter and
combine search terms and restrict them to special sections or fields of the database.
In a text search you can enter a search term, (the name of a protein, a disease, a
cell type) which is subsequently compared to the textual content of the database.
You can also compare the sequence of a protein or gene to the collection of known,
annotated sequences stored in a protein or gene database. In other words, you

can search these databases to find out what is already known about your favourite
protein. As we will see the main biological databases are interconnected (through
so-called cross-references), providing links with one another and allowing the user to

access different types of information from the result of a single QUERY.

We are now going to look at the Pax6 protein from zebrafish which is involved in eye
development. By “following” this protein on the World Wide Web we can find the
human protein corresponding to the zebrafish Pax6 (its ORTHOLOG), information
about its function, STRUCTURE, sub-cellular localization, and the molecular basis of

diseases linked to mutations in its sequence.

The standard conventions to denote genes and their products (proteins) are as fol-
lows:

e PAX6 = human gene
® pax6 = gene of any other species

e Pax6 = protein

In the following text, actions are indicated in bold, and glossary terms are indicated
in SMALL CAPS.
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Activities

A.1 Compare a protein with a collection of sequences in a
database by performing a BLAST search

BLAST (“Basic local alignment search tool”) is an interactive program maintained by
the National Centre for Biotechnology Information (NCBI) that allows a rapid
comparison of a nucleotide or protein sequence against a database of sequences
using ALIGNMENTS.

Start a web browser and open a new window by clicking on the following link:
http://www.ncbi.nlim.nih.gov:80/BLAST/ (alternatively you can copy and paste it in
the URL address bar).

For our purpose, we will perform a protein-protein BLAST: under Protein, click on
Protein-protein BLAST (blastp). The following window will appear: it shows the
submission form that you will use to search a protein database called SwissProt (see
references) using the Pax6 protein sequence.

& NeBI BLAST
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» Insects, nematodes, plants, fungi, malara
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The sequence of letters below represents the amino acid (AA) sequence of the
zebrafish Pax6 protein. Each letter corresponds to a single AA (e.g. M =
methionine).

We are going to use this sequence to perform a BLAST search. From now on it will
be referred to as the QUERY sequence. Copy it and paste it in the search field of
the BLAST window.

MPQKEYYNRATWESGVASMMQNSHSGVNQLGGVFVNGRPLPDSTRQKIV
ELAHSGARPCDISRILQVSNGCVSKILGRYYETGSIRPRAIGGSKPRVATPEV
VGKIAQYKRECPSIFAWEIRDRLLSEGVCTNDNIPSVSSINRVLRNLASEKQQ
MGADGMYEKLRMLNGQTGTWGTRPGWYPGTSVPGQPNQDGCQQSDGG
GENTNSISSNGEDSDETQMRLQLKRKLQRNRTSFTQEQIEALEKEFERTHYP
DVFARERLAAKIDLPEARIQVWFSNRRAKWRREEKLRNQRRQASNSSSHIPI
SSSFSTSVYQPIPQPTTPVSFTSGSMLGRSDTALTNTYSALPPMPSFTMANN
LPMQPSQTSSYSCMLPTSPSVNGRSYDTYTPPHMQAHMNSQSMAASGTT
STGLISPGVSVPVQVPGSEPDMSQYWPRLQ

=S —~ Fg
(-)-) N C B [ protein-protein B L ;A b l

Nucleotide Protain Translations ults for an RID

Retri

—_—

ALPPMPSFTMANNLP r
MQPSOTSSYSCMLPTSPSVNGRSYDTYTPPHMOAHMNS QSMA
Search |ASGTTSTGLISPGVSVPV %

QVPGSEPDMSQYWPRLQ =

Set subsequence From:[  Te:|
Choose database | swissprot ¢|

Do CD-Search E

Sl BLAST! B wesecquen Fraseran

.

—_—

Options for advanced blasting

Limit by entrez

query I or select fmm:{ Homo sapiens [ORGN] il

Composition- —
based statistics —

Choose filter ™ Low complexit_v:' Mask for lookup table onl_v:'Mask lower case

The Pax6 sequence can now be compared to various datasets of protein
sequences in various databases. Select swissprot from the drop-down list. For
more details on the databases available for BLAST search, click on Choose
database.
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With the Options for advanced blasting we have the possibility to limit the BLAST
search to a specific parameter or combination of parameters (also called terms). This
will limit the search to a subset of the chosen database: only the entries containing
the terms entered will be searched. Change from all organisms to Homo sapiens
[ORGN] in the drop-down list to limit the search to human proteins. Click on Limit
Entrez Query for details.

The other options define the parameters for the search, such as the matrix, the
FILTERING parameters. They are set on default parameters—suitable for most basic
searches—which we will use now. Likewise, we will use the default settings for the
output options (under Format). If time allows, you can explore each parameter or
option by clicking on the corresponding links.

Finally, click on BLAST at the bottom of the page to start the search.

When the new page appears: Click on Format! to continue.

It will take a few minutes to complete the search. Then the results of the LAST page
will appear.

formatting B LA S T

Translations

<> NCBI

Nucleotide

Protein Ratrigve results for an RID

Your request has been successfully submitted and put into the Blast Queue.
Query = (437 letters)

Your search was limited by an Entrez query: Homo sapiens [ORGN]

Putative conserved domains have been detected, click on the image below for detailed results.

1 S0 100 150 200 350 400 437

PRX

The request ID is [1096230567-23304-27455319346 BLASTOA

D -

The results are estimated to be ready in 27 seconds but may be done sooner.

Please press FORMAT' when you wish to check your results. You may change the formatting options for your result via the
form below and press "FORMAT!" again. You may also request results of a different search by entering any other valid request
ID to see other recent jobs.

—_—

Format

Show gGrughical (}vcr\'iewgLinkoulgSeguence RelrievalgNCB]-gi[ Alignment il in [ HTML i’l'ormal
Use new — - - 5 : =
formatter — | Masking Chm{ Default{X for protein, n for nucleotide) Li Masking Col(}r| Black | % I

Number of: Descriptiony 500 % ] Alignmentq 250 %]
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In the window "formatting BLAST” you will see some basic information about the
sequence you have just submitted:

e The protein is 437 AA long.

e The graphic representation shows that two conserved domains (see Glossary)
have been detected in the Pax6 protein: PAX domain (paired box domain) and
homeodomain (or homeobox domain). Three low complexity regions (LCRs) were
detected as well. An LCR is a region of biased composition including
homopolymeric runs, short-period repeats and subtle overrepresentation of one
or a few residues.

Go to the results of BLAST page, which is divided into three sections:

:)_.a NCBI results of BLAST

LASTP 2.2.9 [May-01-2004]

Reference:

Altschul, Stephen F., Thomas L. Madden, RAlejandro A. Schiffer,

Jinghui Zhang, Zheng Zhang, Webb Miller, and Dawid J. Lipman {1947},
"Capped BLAST and PSI-BLAST: a new generation of protein database search
programs", Mucleic Acids Res. 25:3385-3402.

RID: 10896280567-23304-274553149348 BLASTOY

Query=
{437 lettera)

Database: Non-redundant SwissFrot sequences
156,468 seguences; 57,595,630 total letters
If you have any problems or guestions with the results of this search

please refer to the BLAST FAQs

Taxconomy reports

Distribution of 205 Blast Hits on the QQuery Sequence

|Mause—cwe¢ to show defline and scores. Click 1o show algnments

Color Key for Alignment Scores

<40 A0-50
1_23304
0 50 100 150 200 250 300 350 400

First, the graphical view shows an overview of the results where the human se-
quences detected in SwissProt by the BLAST search (the “hits”) are aligned with the
zebrafish Pax6 protein (represented as a red scale bar). The Color key for



ALIGNMENT SCORES shows the degree of similarity between the QUERY

sequence and the results.

Below the graphical overview, the detailed list of the sequences producing significant

ALIGNMENTS is given.

Score E

Sequences producing significant alignments: {bitzs) Value

gi 6174889 |sp |P26367 |PAXE HUMAN Paired box protein Pax-6 {O... 113 1.0 3
gi 3914296 |s5p (043316 |PAXY HUMAN Paired box protein Pax—4 243 e-65
gill1172022 |sp|P23760 | BAX3 HUMAN Paired box protein Pax-3 (H... 240 Be-64
gi| 82474951 |sp |P23759 | PAXT HUMAN Paired box protein Pax-7 {(H... 235 Ze-g2
gi 2506538 |sp Q02962 | PAX2 HUMARN Paired box protein Pax-2 227 Te—-a0
gi 417448 |sp| Q02548 | PAXS HUMAN Paired box protein Pax-5 (B-... 220 Be-58
gi| 5438459 |sp | Q06710 | PAXSE HUMAN Paired box protein Pax-8 219 1le-57
gi| 8247950 |sp|P15863 | PAX] HUMAN Paired box protein Pax-1 {(H... 182 2e-16 BS)

In blue you will find an identifier containing the accession numbers of each sequence
found in the SwissProt database. Click on some identifiers to explore the details of
the listed proteins: you will have access to detailed entries of these proteins in the
database.

Next to the accession number you will find a short description of the protein, and
the BIT SCORE that shows the level of similarity to the QUERY sequence and the E
VALUE assigned to each “hit”. The BIT SCORE and E VALUES are calculated from
the ALIGNMENT. Basically, the higher the BIT SCORE the greater the similarity
between the two sequences. The lower the E VALUE, or the closer it is to ,0“ the
more ,significant” the match is. (For more details see Glossary).

Below the list of hits, the individual ALIGNMENTS for each hit are shown. For each
ALIGNMENT, the QUERY sequence (“Query”) is shown at the top and the hit
(“Sbjct”)underneath it, with the position of the AAs indicated on the right and left.
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[C.et selected sequen{esj [Selen all] [ Deselect all]

=gl | ELTABRS | sp| PIE3ET | EAXG HITAAN . Paired box protein Pax-6 {Dculorhombin) {Aniridia, type II protein)
Length = 4237

Score = 713 bits (1B4D), Expect = 0.0
Identities = 3SB/422 (B4%), Positives = 3627422 {BS%), Gaps = 4/422 {D%)

fuery: 20

Ebjct:r 1
Query: BD

KPEVATPEVY KIAJYKE
Sbjct: KERVATEEVVERTADYKE

Jquery:
Sbjck:

EQIEALEKEFERTHYPDVFAR 259
LJJ.L.‘._.LKLL- LR’LH fl-'l.'l".-l-a‘\l-':

fuery: 2
Ebjck:
duery: 260 ERLAAKI OLPEARIQVAFSNRERANARREERLIOCOCOOOO0O0000000C000000OSYOPTP 319

ERLAAKI DLPEAR IJWVAF SNERANHREEERL VYQPIP
Sbjckt: 241 ERLARKIOLPEARIQVAFSNRERANAREEERLENORRIASNT PSHI PISSSESTEVYOPTIP 300

Query: 320 Jl—'lLl—"a SETSGE

Shict: 301 §

LIMNCOOOOOUONOOOMIDME0YWER 435
f i HE CRASTYHER
EPSVNGREY DT T PP AT NS0 PET 6T L"-.-L-.._l EPGVEVPUWIVPGEEPIMSOYWER 420

fuery: 3T
Ebjckt: 3
436 LQ 437

La
Shjcr: 421 LQ 422

Juery:

-
D}:i 3014276 | sp|Od331E | BAXA HLMAN Paired box protein Pax-4
Length = 350

Score = 243 bits {62l), Expect = S
Identities = 1407276 ({S0%), Positives = 1677276 (6D%), Gaps = 497276 ({17%)
duery: 19 MAONSHSEVNOLGEVFVHEGRELEDSTROK IVELAHSGARPCDT SRILOVENGEVERTLGR TE
M 4+ 5 +MJLGGHFVNGREPLP TRMIV LA 55 RPCDISRILAVENGOWEKILGR
Shict: 1 MBADET S ESMNOLGEL FVHGRPLELOTROO IVRLAVSEME PCDT SRI LKVENGOVERILGR 60

Question Set A:

A.1- Which protein in the human dataset is the closest to the zebrafish Pax6? How
long is this protein?

A.2- What is the degree of similarity between the query and the hit?

A.3- What is the probability that the similarity between the query and the hit occurs
only by chance?

A.4- In the first alignment, what do you think the stretches XXX represent? And the

9

stretch “--

A.5- Look at the second and third most relevant hits. How similar are they to the
zebrafish Pax6 sequence?

The human sequence most similar to our QUERY is the protein Pax6. It has the
highest BIT SCORE and the lowest E VALUE in the list of hits. It is the human
ORTHOLOG of the zebrafish Pax6 protein. Its accession number in the SwissProt
database is P26367. Now let’s study the information available about it in several
relevant biological databases.



A.2 The SwissProt database: (almost) all you need to know
about your favourite protein

Open a new window at http://www.expasy.org/sprot/sprot-top.html by clicking on
the link (or copy and paste the URL into the URL address bar). You have accessed
the SwissProt-Protein (curated Protein Knowledgebase) and TrEMBL (computer
annotated supplement to SwissProt) databases hosted by ExPaSy (Expert Protein
Analysis System) proteomics server of the Swiss Institute of Bioinformatics (SIB).

These two databases are grouped in the Universal Protein resource Uniprot. More
detailed information about the databases is available through the links on this page.

| s EXPASy Home page | Site Map | Search ExPASy | Contact us
Search [ Swiss-Prot/TrEMBL ilf(}rl—|

Swiss-Prot
Protein knowledgebase ! - :
‘ TrEMBL UniProt
szS$ro Computer-annotated theuniversal protein resource
6|

supplement to Swiss-Prot

The UniProt Knowledgebase consists of:

« Swiss-Prot: a curated protein sequence database which strives to provide a high level of annotation (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 [More details / References / Linking to Swiss-Prot / User manual / Recent changes / Commercial
users / Disclaimer].

« TrEMBL: a computer-annotated supplement of Swiss-Prot that contains all the translations of EMBL
nucleotide sequence entries not yet integrated in Swiss-Prot.

These databases are developed by the Swiss-Prot groups at SIB and at EBL

UniProt Release 2.6 consists of:

Swiss-Prot Release 44.6 > Swiss-Prot headlines

of 27-Sep-2004: 159201 entries (More statistics) Annotation

TrEMBL Release 27.6 of HERV protein sequences (Read more...)

of 27-Sep-2004: 1400820 entries (More statistics)

At the top of the page, a search field is available to submit a QUERY term: type
either the accession number (P26367) or the identifier of the human Pax6 protein
(Pax6_HUMAN) in the search field, select SwissProt-TrEMBL as database and
click GO.

The result of your search is the NiceProt View of Swiss-Prot for the human Pax6é
protein.
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| &y ExPASy Home page | SiteMap | Search ExPASy | Contactus | Swiss-Prot
Search [ Swiss-Prot/ TrEMBL % | for [ muman — [Go] (Clear]

NiceProt View of Swiss-Prot:

P26367 [Printer-friendly view] [ Submit update | [ Quick BlastP search ]

[Sequence] [Tools]

Note: most headings are clickable, even if they don't appear as links. They link to the user manual or other documents.

Entry name PAX6_HUMAN
Primary accession number P26367

Secondary accession numbers QONDO6 Q99413
Entered in Swiss-Prot in Release 23, August 1992

Sequence was last modified in Release 38, July 1999
Annotations were last modified in - Release 45, October 2004

Name and origin of the protein

Protein name Paired box protein Pax-6
Synonyms Oculorhombin
Aniridia, type II protein
Gene name Name: PAX6
Synonyms: AN2
From Homo sapiens (Human) [TaxID: 9606]
Taxonomy Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia;

References

[11 SEQUENCE FROM NUCLEIC ACID.
DOI=10.1016/0092-8674(91)90284-6:MEDLINE=92103673:PubMed=1684738 [NCBI. ExPASy. EBI, Israel.
Japan]
Ton C.C.T., Hirvonen H.. Miwa H., Weil M.M., Monaghan P.. Jordan T.. van Heyningen V., Hastie N.D.,
Meijers-Heijboer H., Drechsler M.. Royer-Pokora B.. Collins F.S., Swaroop A.. Strong L.C., Saunders G.F.
"Positional cloning and characterization of a paired box- and homeobox-containing gene from the aniridia
region.";
Cell 67:1059-1074(1991).

[2] SEQUENCE FROM NUCLEIC ACID.

MENT IWNE=0A75LY 1 M-DuhAdad=1 A1 T ITWNMRT HeDA Qe WRT Toraal Tamand

This page contains information grouped in categories [Entry info], [Name and origin],
[References], [Comments], [Cross-references], [Keywords], [Features], [Sequence],
[Tools], easily identified by blue horizontal bars.

Scroll up and down the page to study the different categories of information
available and answer the Question Set B.

Question Set B:

B.1- In which tissues is the protein found and at what stage of fetal development?
Look under Comments.

B.2- How many diseases are described in relation with defects in the Pax6 protein?
Which organs are affected by mutations in the PAX6 gene?

B.3- Why does “3D-structure” appear under keywords in this entry?

B.4- What is the molecular function of Pax6 and its cellular localization? Look under
Comments.

B.5- How many bibliographic references are quoted in this entry? What are the main
topics published in these papers? Which paper describes the evolutionary con-
servation of PAX6 gene? Look under References.
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The information centralized in the Cross-references section of this SwissProt entry
provides links to other databases that contain additional information about Pax6.
They are directly accessible by clicking on the accession numbers or identifiers of
the Cross-references. For example, the gene sequence is available from EMBL
Genbank, the coordinates of the 3D STRUCTURE from PDB, the domain
composition from SMART, Prosite, InterPro and Pfam.

At the bottom of the page the sequence of the Pax6 protein is shown under
“Sequence information”. From the SwissProt entry, you could now perform a new
BLAST search or other sequence-based searches using this sequence (see Tools).

A.3 Studying the architecture of proteins with the SMART
resource

Now open the SMART home page at http://smart.embl-heidelberg.de/.

e " g o Number of :
; €, SMART HMMs = S imple
: y 667 M odular
ot saa. —hae M bl - A rehitecture
References Schultz et al. (1998) Proc. Natl Acad. Sci LSA 95, 5857-5864 QUELESTATLS. o z
Letunic et al. (2004) Nucleic Acids Res 32, D142-D144 empty esearc

HOME | SETUP | FAQ | LITERATURE | ABOUT | GLOSSARY | WHAT'S NEW | FEEDBACK T ool

Sequence analysis Architecture analysis
You may use either the Swissprot/ You can search for proteins with combinations of specific domains in
Sptrembl/Ensembl sequence identifier different species or taxonomic ranges. You can input the domains
(ID) / accession number (ACC) or the directly into "Domain selection” box, or use "GO ferms query”to get a
protein sequence itself to request the list of domains. See What's New for more info.
SMART service.
s e Ao Domain selection
equence ID or
E TyrKc AND SH3
| AND NOT SH2
Squence UNIQUE SH2
GO terms query
| Example: dedak AND. GO Query |
Taxonomic selection
Select a taxonomic range via the selection box or type it into the text
box below:
HMMER searches of the SMART [ All il
database occur by default. You may also [ T A

SMART (Simple Modular Architecture Research Tool) is based on the principle that
proteins are modular in nature, i.e. they contain functional modules (or domains)
that are detectable because they are conserved between species. SMART allows
the identification of protein domains and the analysis of domain architectures. More
than 500 domain families found in signalling, extra-cellular and chromatin-associated
proteins are detectable. These domains are extensively annotated with respect to
phylogenic distributions, functional class, TERTIARY STRUCTURES and



functionally important residues. As you can see on the QUERY interface, SMART
can be searched using a sequence (“sequence analysis” QUERY), or used to retrieve
all the proteins containing a type of domain or a combination of domain the
“architecture analysis” QUERY.

We will use the sequence QUERY to study the architecture of the human Pax6
protein: type the SwissProt accession number of the human Pax6_human protein
(P26367) in the Sequence ID or ACC field and click on Sequence SMART.

S imple
M odular
ottt e M _sbab s — a A rchitecture
References Schultz et al. (1998) Proc. Natl Acad. Sci USA 95, 5857-5864
Letunic et al. (2004) Nucleic Acids Res 32, D142-D144 R esearch
HOME | SETUP | LITERATURE | ABOUT | GLOSSARY | WHAT'S NEW |
FEEDBACK T ool

Domains within the query sequence swissprot|P26367|PAX6 HUMAN

1 100 200

PAX HOX

Mouse over domain / undefined region to see the limits; click on it to go to further annotation; right-click to
save whole protein as PNG image

Transmembrane segments as predicted by the TMHMM2 program (), coiled coil regions determined by the Coils2
program (===) and Segments of low compositional complexity, determined by the SEG program ()

Additional information
Display other I1Ds, orthology and alternative splicing data for this sequence.
Domain architecture analysis

Display all proteins with similar domain organisation.
Display all proteins with similar domain composition.

In the schematic representation of the Pax6 protein shown on the result page,

the conserved domains detected by SMART (PAX domain and HOX domain) are
depicted as boxes and the LCRs as coloured bars. The details of the results can be
found in a table below the graphic.

Study the SMART result page and answer the Question Set C:

Question Set C:

C.1- Is the function of the paired box domain known?
C.2- Are paired box genes found in plants? In fungi?
C.3- What is the function of the HOX domain”?

C.4- Are the structures of the domains resolved? How does the structure of the PAX
domain help us to understand the structural basis of the mutations known to be
linked to diseases?

00¢



A.4 Visualizing 3D-structures using the PDBsum resource

The PDBsum database (http://www.ebi.ac.uk/thornton-srv/databases/pdbsum/) is

a pictorial database that provides an at-a-glance overview of the contents of each
3D-STRUCTURE deposited in the Protein Data Bank (PDB). It shows the molecule(s)
that make up the STRUCTURE (i.e. protein chains, DNA, ligands and metal ions)
and schematic diagrams of their interactions. Entries are accessed either by their

4- character PDB code, by the simple text search provided on the PDBsum home
page, or via any of the Browse options.

: A datab of the k 3D structures of proteins and nucleic acids

Home |, @Browse @ Contactus @ Help

Includes 676 superseded ent;

Enter PDB code (4 characters)

tbpy

Browse

—@PDB codes

Search string |

—@Het Groups

B To search all TITLE, HEADER, COMPND and SOURCE records in the PDB (eg 1o find a N profein by
—QIJgandS mame), npe the search-siring above and click on Search. For more information on searching, click here.

@ Enzymes
—@PROSITE
—@ Species

L@ Highlights

In the Search field type the PDB code for the X-ray STRUCTURE of Pax6 (6PAX)
and click FIND.



. ft @
Bl m (" Toppage | @ Protein @ DHARNA @ Links —
—

Muain view Baortom view Right view

5 7 PDB Id:  Gpax
é m ‘g s Mame: Gene regulation/DNA
Title:

Crystal structurs of the human pax-6 paired domain-DhA comples reveals a general

Contents " mosdel for pax protein-DNA interactions )
—Dascri Structure: Homeobox protein pax-&. Chain: a. : yes. |_uanit: .26
Ipﬂmmls nuclestide DNA. Chain: b. Engs M:’;es. B _uma: )
Header reconds Source; Homo sapiens. Human. Gene: pax6. Expressed inc eschesichéa coll. Synthetic: yes.

—Protein chain Synthetic: yes

I_e' i3 aa * SWISS-PROT: PAXE HUMAN |Pfam]
[~ DNA/RNA Resolution: 2504

= @ @ R-factor: 0233
—Waters x 84 Rfrea: 0.255

i P ; Authors:  H.E.Xu M.A Rould W.Xu,J A Epstein R.L Maas, C.0.Pabo

* Residue conservation analysis Date:  22-Apr-99

The result page shows the crystal STRUCTURE of the complex between the paired
domain of Pax6 and DNA. The top figures show static representations of the
TERTIARY STRUCTURE of the domain in a complex with DNA—the protein is
represented as a solid purple object.

Click on Jmol to get an interactive view of the protein-DNA complex (it rotates and
has a zoom option—rotate with mouse and zoom with “alt”).

The main components of SECONDARY STRUCTURES are ALPHA-HELICES, BETA
STRANDS, RANDOM COILS (see Glossary for definitions).

Note that in Jmol, ALPHA HELICES are depicted as pink spirals (purple cylinders in
the static view). In general, BETA STRANDS are depicted as arrows (yellow in Jmol),
and RANDOM COILS as threads. DNA chains are depicted as the typical double-
helix.

Click on Protein chain A 133 a.a under Contents. The following page will be
displayed.



@ DHNARNA @ Links

Chain ) (133 residues)

SWISS-PROT code:PAXE_HUMAN [Pfam]

| structural classification (2 domains) :

1 [Ei T3 1.10.10.10 = Mainly Alpha Orthogonal Bundie
2 [EIIE - = Mainly Alpha Orthegonal Bundie

A g A B HL H2 H1

!
S SaVROLGGVEVRARPLPDSTRQR [VEL AHSGAR BEDT SR LQVENGEVERT LaRyvaT |
[} It 15 ) ] 1B 35 4h 45 50 5§ &b
;

'
H + Ha Hi HE | {

Protein chain A highlighted 4 tem i sy o -
(click to view)
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This other graphical output shows details of the SECONDARY STRUCTURE of
the paired box domain such as ALPHA HELICES, BETA STRANDS and RANDOM
COILS, aligned on the sequence itself. The elements of the SECONDARY
STRUCTURE fold together to build the TERTIARY STRUCTURE of a protein.

A.5 The function of the Pax6 protein and its relationship to
human diseases: the OMIM database.

The OMIM (Online Mendelian Inheritance in Man) database is a catalogue of

human genes and genetic disorders. It contains textual information and references. It
also contains links to literature and sequence records, and links to additional related
resources at NCBI and elsewhere.

Open the NCBI home page at http://www.ncbi.nim.nih.gov and click on OMIM.
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Enter one or more search terms.
Use Limits o restrict your search by search field, chromosome, and other criteria.
Use Index to browse terms found in OMIM records.
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« Use History to retrieve records from previous searches, or to combine searches.

| OMIM™ - Online Mendelian Inheritance in Man™

Welcome to OMIM, Online Mendelian Inheritance in Man. This database is a catalog of human genes
and genetic disorders authored and edited by Dr. Victor A. McKusick and his colleagues at Johns
Hopkins and elsewhere, and developed for the World Wide Web by NCBI, the National Center for
Biotechnology Information. The database contains textual information and references. It also contains
copious links to MEDLINE and sequence records in the Entrez system, and links to additional related
resources at NCBIland elsewhere.

You can do a search by entering one or more terms in the text hox above. Advanced search options are
accessible via the Limits, Preview/Index, History, and Clipboard options in the grey bar beneath the
text box. The OMIM help document provides additional mformation and examples of hasic and
advanced searches.

OMIM can be searched by entering one or more terms in the text field at the top of
the page. Advanced search options are accessible in the grey bar beneath the text
box.

Type Pax6 AND human into the Search field to search for entries containing both
terms. Click GO.

Click on the first entry:
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PAIRED BOX GENE 6; PAX6
Gene map locus 11p13

TEXT

DESCRIPTION

PAX6, a member of the paired box gene family, encodes a transcriptional regulator involved
in oculogenesis and other developmental processes. For a discussion of paired box domain
genes, see 167410,

CLONING

LinkOut Based on the map location of the aniridia type I1(106210) locus, Ton et al. {1991) cloned a
candidate cDNA (D1 13812E) that was completely or partially deleted in 2 patients with
aniridia. The smallest region of overlap between the 2 deletions. comprising less than 70 kb,
encompassed the 3-prime coding region of the cDNA. This cDNA, which spanned over 50 kb
of genomic DNA, detected a 2.7-kb message specifically within all tissues affected in
aniridia. The predicted 422-amino acid polypeptide product possesses a paired domain. a
homeodomain, and a serine/threonine-rich C-terminal domain, all structural motifs
characteristic of certain transcription factors. All evidence pointed to D1 188 12E as being the
AN2 gene. @

The PAX6 gene encodes a transcriptional regulator that recognizes target genes through its
paired-type DNA-binding domain. The paired domain is composed of 2 distinct DNA-
binding subdomains, the N-terminal subdomain (NTS) and the C-terminal subdomain (CTS),
which bind respective consensus DNA sequences. The human PAX6 gene produces 2




The following page will appear: it contains relevant information about the diseases
associated with defects in the Pax6 protein.

A.6 Exploring the scientific literature in PubMed

PubMed, a service of the National Library of Medicine, includes over 15 million
citations for biomedical articles back to the 1950s. PubMed was designed to
provide access to citations from biomedical literature. LinkOut provides access to
full text articles at journal web sites and other related web resources. PubMed also
provides access and links to the other Entrez molecular biology resources.

Open the NCBI home page at http://www.ncbi.nlm.nih.gov/.

Click on PubMed.
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PublfQed .. %[
of Medicine il
Hucleodae Prongin SENOHG STuCmg [=1"11"] FC Joumals

Search for [P e) o)

Limits Preview/Index History Clipboard
« Enterone or more search terms, or click Preview/Index for advanced searching.
« Enter guthor names as smith jc. Initials are optional.
« Enter journal titles in full or as MEDLINE abbreviations. Use the Journals
Database to find journal titles.

PubMed, a service of the National Library of Medicine, includes over 15 million
citations for biomedical articles back to the 1950's. These citations are from
MEDLIME and additional life science journals. PubMed includes links to many sites
providing full text articles and other related resources.

I Bookshelf Additions INﬂv Entrez Database

B Maiecular Biology of the Cell, 4th The NLM Catalog provides an alternate search

Ed. and The Genetic Landscape of interface to the 1.2 million journals, books,
D.\a;.f:leres are now available for audiovisuals, computer software, electronic

interactive searching on the resources, and other materials in LocatorPlus.
Bookshelf,

New Global NCBI Search Engine

NCBI's growing number of Entrez databases can now be searched
at oncel Go

PubMed can be searched by entering one or more term(s) in the Search field; for
example, the name of a protein, author or journal. The grey Features bar provides
additional search options to limit your search to a specific type of publication and/or
language, to the publication date, etc. The terms are searched in various fields of the
citation. Your search may include Boolean operators (see Glossary).

In the Search field type in Pax6 and click GO.
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© Hevningen V. Luxon LM

Deficient auditory interhemispheric transfer in patients with PAX6 mutations.
Ann Neurol. 2004 Sep 9 [Epub ahead of print]
PMID: 15389894 [PubMed - as supplied by publisher]

22: Yamada B, Mimntani-Koseki ¥ . Koseki H. Takahashi N. Redated Artickes, Links

Dev Biol. 2004 Oct 15:274(2):295-307.
PMID: 15383160 [PubMed - in process]

'_‘3. Facdo A Ouinn JC. Stoney P Long JE. Dve C. Zollo M. Rubenstein JL.
T 7" Price D]. Bulfone A.

Identification and characterization of a novel transcript down-regulated in Dix 1/Dix2

Requirement for Mab2 112 during development of murine retina and ventral body wall.

and up-regulated in Pax6 mutant telencephalon.

Dev Dyn. 2004 Sep 16 [Epub ahead of print]

PMID: 15376329 [PubMed - as supplied by publisher]
'_‘4. Linning KD, Tai MH. Madhukar BV, Chang CC. Reed DN Jr. Ferber S, Related Articles, Links
— " Trosko JE. Olson LK.

Redox-mediated enrichment of self-renewing adult human pancreatic cells that

possess endocrine differentiation potential.
Pancreas. 2004 Oct;29(3):e04-T6_
FMID: 1536789 [FubMed - in process]

The result page shows the papers containing the terms used to search the
database. By default the most recent papers are usually shown at the top of the

page.

Your search will retrieve over 770 articles (the number will vary as new articles are
added). Click on the yellow icon on the left to retrieve the abstract and, when
available, the full text of the article.

The abstract view displays the information about the journal in which the article is
published, the authors names and the laboratory, company or institute where they
work. The title of the article and a summary of the paper are shown. The abstract is
written by the author(s) and is part of the original paper. Finally, each PubMed entry
has a unique identifier, the PMID.

By connecting to publishers web sites, it is possible to access the full text version of
some articles. The article can then be downloaded for printing. Some useful links are
also provided by the publisher (which articles quoted this paper for example).

Type Pax6 AND eye AND development AND human in the Search field.
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A susceptibility locus for myopia in the normal population is linked to the PAX6 gene
region on chromosome 11: a genomewide scan of dizygotic twins.

Am ] Hom Genet. 2004 Aug:7512):294-304. Epub 2004 Jun 24_

PMID: 15307048 [FubMed - indexed for MEDLINE]

Dz: Klassen H. Ziseian B. Kirov I, Young MJ. Schwartz PH.

Isolation of retinal progenitor cells from post-mortem human tissue and comparison
with autologous brain progenitors.

J Neurosci Res. 2004 Aug 1:77(3):334-43_

PMID: 15248289 [FubMed - indexed for MEDLINE]

[]3. Martinez-Morales JR. Rodrigo 1. Bovolenta P. Related Aticles, Links

Eve development: a view from the retina pigmented epithelium.

Bioessavs. 2004 Jul:26(7):766-77. Review .

PMID: 15221858 [PubMed - indexed for MEDLINE]

[]4. Rodrisues AB. Moses K. Related Articles, Links

functions.
Bioessavs. 2004 Jun:26(6).600-3. Review.
PMID: 15170856 [PubMed - indexed for MEDLINE]

Growth and specification: fly Pax6 homologs evegone and eveless have distinct

Now you will have retrieved 115 papers or more focused on eye development. Click
on the yellow icon to read one or two abstracts.

For each entry in PubMed, links to related articles and other databases (for genes,
proteins, etc.) are provided on the right-hand side of the result list.

Of course, your search could go on forever, but we have now reached the end of
our bioinformatics tour...
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€) Glossary

Alignment:

The process of lining up two or more sequences to achieve maximal levels of identity
(and conservation, in the case of amino acid sequences) for the purpose of
assessing the degree of similarity and the possibility of homology.

Alignment Score:

The raw score S for an alignment is calculated by summing the scores for each
aligned position and the scores for gaps. In AA alignments, the score for an identity
or a SUBSTITUTION is given by the specified substitution matrix, e.g. BLOSUM62
(see NCBI tutorial for more details).
http://www.ncbi.nim.nih.gov/Education/BLASTinfo/Alignment Sc ores2.html

Alpha helices:

a common secondary structure in proteins where the polypeptide backbone is
folded into a spiral that is held in place by hydrogen bonds between the oxygen and
hydrogen atoms of the backbone. The outer surface of the helix is covered by AA
side-chain groups.

Beta sheet:

formed by the hydrogen bonding between backbone atoms of adjacent beta
strands, belonging either to the same chain or to different chains. The beta strands
can be oriented in the same (parallel) or opposite (anti-parallel) direction (as defined
by the orientation of the peptide bond) with respect to each other.

Beta strand:
short (5 to 8 AA) polypeptide segment, nearly fully extended.

Bit score:

The bit score shown on the result page (S°) is derived from the raw alignment score
S in which the statistical properties of the scoring system used have been taken
into account. Because bit scores have been normalized with respect to the scoring
system, they can be used to compare alignment scores from different searches.

Boolean:

Boolean is a logic system. Using the ,AND* operator between terms retrieves
documents containing both terms. ,,OR" retrieves documents containing either term.
,NOT* excludes the retrieval of terms from your search. Use ,NOT* with caution, in
particular, for PubMed searches.

Conservation:
Changes at a specific position of an amino acid or (less commonly, DNA) sequence
that preserve the physico-chemical properties of the original residue.
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Domain:
A discrete portion of a protein assumed to fold independently of the rest of the
protein and possessing its own function.

E value:

The Expect (E) value is a parameter that describes the number of hits one can
~expect” to see just by chance when searching a database of a particular size. It
decreases exponentially with the Score (S) that is assigned to a match between two
sequences. Essentially, the E value describes the random background noise that
exists for matches between sequences. For example, an E value of 1 assigned to a
hit can be interpreted as meaning that in a database of the current size one might
expect to see 1 match with a similar score simply by chance.

Filtering:
Also known as Masking. The process of hiding regions of (nucleic acid or amino
acid) sequence having characteristics that frequently lead to spurious high scores.

Homology:
Similarity attributed to descent from a common ancestor. Identity: The extent to
which two (nucleotide or amino acid) sequences are invariant.

Orthologous:
Homologous sequences in different species that arose from a common ancestral
gene during speciation; may or may not be responsible for a similar function.

Paralogous:
Homologous sequences within a single species that arose by gene duplication.

Primary structure (of a protein):
its linear arrangement of amino acids.

Query:
The input sequence (or other type of search term) with which all of the entries in a
database are to be compared.

Random coil:

in the absence of stabilizing non-covalent interactions, apolypeptide adopts a
random coil structure. This flexible region can be rich in functionally important
determinants like short linear motifs.

Secondary structures:
various spatial arrangements from the folding of localized parts of a polypeptide
chain.

Substitution:

The presence of a non-identical amino acid at a given position in an alignment. If the
aligned residues have similar physico-chemical properties the substitution is said to
be ,conservative*.



Tertiary structure:

refers to the overall conformation of a polypeptide chain, i.e. the 3D-arrangement of
all its AAs. In contrast with secondary structures, which are stabilized by hydrogen
bonds, tertiary structure is primarily stabilized by hydrophobic interactions between
the non-polar side chains, hydrogen bonds between polar side chains and peptide
bonds. These stabilizing forces hold elements of the secondary structure compactly
together.
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Question Set A
A.1- Which protein in the human dataset is the closest to the zebrafish Pax6? How long is this protein?

The human Pax6 is the closest to the zebrafish protein. It has the highest score (713 bits). It is 422 AA long. and
its gene identifier is: gi 6174889. Its SwissProt accession number is P26367 and identifier PAX6_HUMAN.

A.2- What is the degree of similarity between the query and the hit?

The 2 sequences share 84% identity (358 AA out of 422 are identical).

A.3- What is the probability that the similarity between the query and the hit occurs only by chance?
The E value is 0.0. This means that the 2 sequences are orthologs.

A.4- In the first alignment, what do you think the stretches XXX represent? And the stretch “---*?

XXX represents the low complexity regions (LCRs) which are taken into consideration during the alignment
because they are masked by the low complexity FILTERING selected in the search. There are 3 LCRs, as
depicted on the graphical output on the formatting BLAST page.

The “---" stretch represents “gaps” in one of the sequences, i.e. regions present in only one of the two aligned
sequences. There are 4 gaps (i.e. 4 AA are missing in the zebrafish proteincompared to the human one).

A.5- Look at the second and third most relevant hits. How similar are they to the zebrafish Pax6 sequence?

The next hits are human Pax4 and Pax3 proteins, which are only 50 and 39% identical to zebrafish Pax6,
respectively. These proteins belong to the PAX family of proteins. Their sequences are more divergent than that
of Pax6, hence their lower Scores and higher E values.

Question Set B
B.1- In which tissues is the protein found and at what stage of fetal development? Look under Comments.
Pax6 is expressed in the eye, brain, spinal cord and olfactory epithelium during foetal development.

B.2- How many diseases are described in relation with defects in the Pax6 protein? Which organs are affected by
mutations in the PAX6 gene?

Nine diseases are associated with defects in Pax6 protein function, affecting the eye or optic nerve.
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B.3- Why does “3D-structure” appear under keywords in this entry?

Because the tri-dimensional structure of Pax6 has been resolved experimentally by X-ray crystallography. Its
coordinates are available in the PDB database.

B.4- What is the molecular function of Pax6 and its cellular localization? Look under Comments.

Pax®6 /s a transcription factor (defined as any protein required to initiate or regulate transcription, includes both
gene regulatory proteins as well as the general transcription factors). It is localized in the cell nucleus.

B.5- How many bibliographic references are quoted in this entry? What are the main topics published in these
papers? Which paper describes the evolutionary conservation of PAX6 gene”? Look under References.

The entry contains 25 references. They contain information about the sequence of the nucleic acids encoding the
protein, alternatively spliced isoforms of the protein (2 articles), DNA-binding properties (1 article), variants linked
to diseases (17 articles) and three-dimensional structure of Pax6 (1 article). Ref [2] describes the genomic
structure, evolutionary conservation and aniridia mutations in the human PAX6 gene.

Question Set C

C.1- Is the function of the paired box domain known?

The exact function of the PAX domain is unknown.

C.2- Are paired box genes found in plants? In fungi?

FPAX genes are not found in plants or fungi. They are restricted to animals.
C.3- What is the function of the HOX domain?

It is involved in the regulation of transcription. It has DNA-binding properties

C.4- Are the structures of the domains resolved? How does the structure of the PAX domain help us to
understand the structural basis of the mutations known to be linked to diseases?

Yes. 4 structures are collected in PDB for PAX domain representatives, and more than 40 for HOX genes. Under
“Literature”, you can find an article showing that all known developmental miss-sense mutations in the paired
box of mammalian pax genes map to the N-terminal sub-domain, and most of them are found at the protein-
DNA interface. Thus, the mutations affecting the development of the organs expressing pax genes are located
in a region of the protein involved in an important function namely interaction with DNA.
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