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What is bioinformatics?

® The science of collecting, processing,
organizing, storing, analyzing, and mining
biological information, especially data from
high-throughput biology, such as genomic
sequencing or proteomics.

® Combines aspects of computer science,
statistics, biology.

e Different aspects more important at
different times, depending on the biological
question you want to answetr.



Bioinformatics is...

® The computational wing of molecular
biology.

® Just another tool in your research
repertoire.

® Remember: computers (and computer
software programs) are desighed by humans
for humans. Think about how the tool is
designed - be aware of the interface and
how it affects what you do.



Useful Texts

David Mount “Bioinformatics’

Philip Bourne & Helge Wessig “Structural
Bioinformatics”

lan Korf, et al.“BLAST”

Carl Branden & John Tooze “Introduction to
Protein Structure”



Bioinformatic data

® _.is information based on bioinformatic
analysis of experimental results, such as
large sequence databases.

® _.is based on many assumptions and

“judgement cal

® Should be usec
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ong the way.
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Questions you must answetr...

when dealing with bioinformatic data

- ® What is the origin of this information!?
® experimental! computational?
® What evidence supports it!

® VWhat are the uncertainties and
7 underlying assumptions!?



Scenario

Using 2D gel electrophoresis and mass
spectrometry, you identify a protein that is
differentially expressed in an experimental sample
(human tumor) versus a control (normal tissue).
MASCOT tells you that the best match s
SwissProt accession P31947.

Question: What is it! What is its biological role?

Accession: an id (like a social security number) for an individual record in a
sequence (or other type of) database. Each sequence (protein, mMRNA, DNA)
in a database has a unique “accession.”



Questions

What is it’s biochemical function?
Where is it localized in the cell?

What other proteins or pathways does it
interact with!?

Others!?



Expert Protein Analysis System

a8 & ExPASy Proteomics Server
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Site Map Search ExPASy

Search | Swiss-Prot/TrEMBL 2| for p31947

ExPASy Proteomics Server

The ExPASy (Expen Protein Analysis System) proteomics server of the Swiss Institute of Bioinformatics (S1B) is dedicated t
the analysis of protein sequences and structures as well as 2-D PAGE (Disclaimer / References).
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e SWISS-MODEL Repository - Automatically generated Secondary and tertiary structure prediction [SWISS-MODEL
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SwissProt/trEMBL

SwissProt, manually-curated protein
sequence database; records come from the
conceptual translations of full-length
cDNAs, usually submitted by individual labs.

records (one per protein) contain core data
(sequence & references) and annotations
(bioinformatic analysis results)

trEMBL: translated DNA sequence records
from EMBL (European Molecular Biology
Laboratory) and GenBank (US)



SwissProt record

B & & UniProt entry P31947 [14335_HUMAN] 14-3-3 protein sigma
4 » | | t_‘.’.] [ +] dils LD/ fww._expasy.org/cgi-bin/niceprot.pl?P3 1947 - (n] .C.'::nl#.a.i ,w- o .:m.l—mﬁ
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. is ExXPASY Home page Site Map Search ExPASy Contact us CINS NS~ '
Search | Swiss-Prot/TrEMBL ‘3] for “Go" (Clear ’ d

has been studied
genetically, or other family

NiceProt View of Swiss-Prot: P31947 . 7
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[Entry info] [Name and origin] [References] [Comments] [Cross-references] [Kevwords] [Features] [Sequence] [Tools

Yote : most headings are clickable, even if they don’t appear ag links, They link to the wcer manual or other documents

SNy name 14338 HUMAN
Primary accession number @
secondary accession numbers N G ene name an d

Entered in Swiss-Prot in Release 26, July 1993
vequence was last modified in Release 26, July 1993
Annotations were last modified in - Release 46, February 2005

same and origin of the protein the beSt identiﬁers

Proflein name 14-3-3 protein sigma

accession are usually

Synonyms Stratifin for cross-referencing
Epithelial cellmarker protein 1

ene name . NamCSPN 3 to other databases.
synonymaN=dAlls

oM Homo sapiens {Human) [TaxID: 9606]

[axonomy Eukaryota; Metazoa; Chordata; Cramiata; Venebrata; Euteleostomi; Mammalia; Euthena; Primates;

o TR M [ . I .




[I]NUCLEOTIDE SEQUENCE, AND PARTIAL PROTEIN SEQUENCE. E” ”!! !5 | HE' ‘!!

TISSUE=Keratinocytes:
MEDLINE=9329487;PubMed=8515476 [NCBI, ExPASy, EBI, Israel, Japan] records (red un dant)

Leffers H.. Madsen P.. Rasmussen H.H., Honore B .. Andersen A H.. Walbum E., Vandekerckhove I., Celis 1.E.;

"Molecular cloning and expression of the transformation sensitive epithelial marker stratifin. A member of a protein family that has
involved in the protein Kinase C signalling pathway.";
J. Mol. Biol. 231:982-998(1993),

[2] NUCLEOTIDE SEQUENCE.
MEDLINE=93002614:PubMed=1390337 [NCBI, ExPASy, EBI, Isracl, J:
Prasad G L., Valverius EM., McDuffie E., Cooper H.L..
"Complementary DNA cloning of a novel epithelial cell marker protein, H
Cell Growth Differ. 3:507-513(1992).

[3] NUCLEOTIDE SEQUENCE.
DOI=10.1016/51097-2765(00)80002-7:MEDLINE=98324083:PubMed=9 :
Hermeking H., Lengaver C., Polyak K., He T.-C., Zhang L., Thiagalingam nuc I eOtI d €
"14-3-3 sigma is a pS3-regulated inhibitor of G2/M progression.”, Seq uences

Mol. Cell 1:3-11(1997),
for 14-3-3 sigma

literature references
reporting
protein and

I

[4] NUCLEOTIDE SEQUENCE.
Wilson §.;
Submitted (APR-2000) to the EMBL/GenBank/DDBJ databases.
[SINUCLEOTIDE SEQUENCE.
TISSUE=Lung, and Placenta;
DOI=10.1073/pnas. 24 2603899, MEDLINE=22388257;PubMed=12477932 [NCREI, | i
Strausberg R L., Feingold E.A ., Grouse L.H., Derge 1.G., Klausner R.D., Collins F.! ngh'th rOUgh put
SF.. Zeeberg B, Buetow K. H., Schaefer C.F.. Bhat N.K .. Hopkins R .F., Jordan H., sequencin
"Generation and initial analysis of more than 15,000 full-length human and mouse ¢D q 8
projects, usually says

Proc. Natl. Acad. Sci. US.A. 99:16899-16903(2002).
6] PROTEIN SEQUENCE OF 42-49 AND 118-122. 6 : :

16 Q little about single
sequences.

TISSUE=K eratinocytes;
MEDLINE=93162043;PubMed=1286667 [NCBI, ExPASy, EBI, Israel, Japan]
Rasmussen H.H., van Damme 1., Puype M., Gesser B., Celis 1.E., Vandekerckhove ]

"Microsequences of 145 proteins recorded in the two-dimensional gel protein database of normal human epidermal keratinocytes.”
Flactranbhorecie 1% Q6 0606 1007 %



Functional Annotations
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Cross-references

X57348, CAA40623.1,-. [EMBL /GenBank / DDBIJ] [CoDingSequence]
M93010; AAAS9S46.1;-. |[EMBL fGenBank / DDBIJ] [CoDingSequence]
AFO29081; AAC52029.1; - [EMBL f GenBank / DDBJ] [CoDingSequence] known
AF029082;: AAC52030.1; -.|EMBL / GenBank / DDBJ] [CoDingSequence]

EMBL ALD34380: CAB92118.1: -. [EMBL / GenBank / DDBJ] [CoDingSequence] SSqUENCES
BC000329; AAH00329.1; - [EMBL / GenBank / DDBJ] [CoDingSequence] exc|uding
BCO00995; AAH00995.1; - [EMBL / GenBank / DDBIJ] [CoDingSequence)
BC002995: AAH02995.1; - [EMBL / GenBank / DDBJ] [CoDingSequence] ESTs
BC023552; AAH23552.1; - |[EMBL / GenBank / DDBJ] [CoDingSequence]
S34753; 534753,

PIR . i

S538956; 538956, .
HSSP P20312: 1A38. [HSSP ENTRY PrOteIn Da’ta’ Bank
SWISS-2DPAGE P31947: HUMAN.
Aarhus/Ghent-2DPAGE 9109: IEF. 3 D StrUCture
OGP P31947: -.
Ensembl ENSGO0000175793; Homo sapiens. [Contig view]
Genew HGNC:10773; SFN. Esp. useful for finding other
CleanEx HGNC:10773; SFN. Gene |nfor~mat|0n variant forms (such as due to
GeneCards SFN alternative splicing)
GeneLynx }1.]-'.‘*«3'. Homo sapiens.
GenAtlas SFN. 1 1 1
N N — Mendelian Inheritance in Man,
MIM soizonesi/gen. molecular and disease information

'R EN | JRTs allitlar cammanaent cvtanlaers Feeacaalsla et e ofafaormm and |



OMIM™ - Online Mendelian Inheritance in
Man™

manually-curated, expert-approved

Welcom MIM, Online T elian Inheritance in Man. This database 1s a catalog of human genes and genetic
disorde(s authored and edited by Dy. Victor A. McKusick and his colleagues at Johns Hopkins and elsewhere, and
developetNdar the World Wi ¢h by NCEBI, 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 NCBI and elsewhere.

You can do a search by entering one or more terms in the text box 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 information and examples of basic and advanced searches.

The links to the left provide further technical information, searching options, frequently asked questions (FAQ)), and
information on allied resources. To return to this page, click on the OMIM link in the black header bar or on the graphic at
the top of any OMIM page.

NOTE: OMIM is intended for use primarily by physicians and other professionals concerned with genetic disorders, by
aenetics researchers, and by advanced students in science and medicine. While the OMIM database 1s open to the public,
users seeking information about a personal medical or genetic condition are urged to consult with a qualified physician for
diagnosis and for answers to personal questions.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=0MIM
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= OMIM
3 i Hopkins
- PJL’BI Online Mendelian Inheritance in Man i:;z u-::m.rg

MIM 601290 ] a1 i
Gloning Search  omim : | for [E'j Clear |
Biochemical Features
Gene Function
References
Contributors {Display ) Detailed :) Show: | 20 :)(sendto) Text :)

| Limits | Preview/Index History | Clipboard Details

Creation Dale -
Edit History

All: 1 |GT:0 [%]

Entraz Gena

MNomenclatura -* EU1 290
RefSeq STRAT

G GanBank

LINKS

P Protein . :
U UniGene Alternative titles; symbols
LinkOut 14-3-3-SIGMA

TEXT

CLONING

Letfers eral, (1993) obtained peptide sequence and subsequently cloned a T-cell cDNA of the 14-3-3 family (see
113508 of conserved proteins, The protein, called stranfin, was shown o be diffusely distnbuted in the cytoplaspran
was present in cultured epithelial cells. Tt was most abundant in tissues enriched in stratified keratinizing epitheligm. 2

BIoCHEMICAL FEATURES  Links to multiple PubMed records =

The 14-3-3 family of proteins mediates signal transduction by binding to phosphoserine-containing proteins, Using
phosphoserine-oriented peptide libranies 1o probe all mammalian and yeast 14-3-3s, Yaffe et al, (1997) identified 2
different binding motifs, RSXpSXP and RXY/FXpSXP. present in nearly all known 14-3-3 binding proteins. The
crystal structure of YWHAZ (601288 ) complexed with the phosphosenne mouf in polyoma middle-T was determined
to 2.6-angstrom resolution. The authors showed that the 14-3-3 dimer binds tightly to single molecules containing
tandem repeats of phosphoseripegmons, implicating bidentate association as a signaling mechanism with molecules such
as Raf, BAD (603167), and Cpl. &




nt-2DPAGE 9109, IEF.

Gene Ontology
Annotations

601290 [NCBI/ EBI].

GO:0005737:
GO:0005615:
GO:0008426:
GO:0008283:
GO:0006469:
GO-0000074:
GO:0007165:
QuickGo view.

Cellular component: cytoplasm (rraceable author statement).

Cellular component: extracellular space (rraceable author statement).

Molecular function: protein kKinase C inhibitor acuvity (rraceable author statement).
Biological process: cell proliferation (rraceable author statement).

Biological process: negative regulation of protein Kinase activity (rraceable author statement).
Biological process: regulation of cell cycle (raceable author statement),
Biological process: signal transduction (rraceable author statement).

Click for evidence, tree view

Gene Ontology - a structured, controlled vocabulary
describing gene products. There are main branches:
biological process, molecular function, and cellular
component. The GOA project is annotating human
proteins with GO termes.
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Site [S=] Database

uropean Biocinformatics Institute c Map Queries .

EBI Home About EBI Research Services Toolbox Databases Downloads Submissions
QuickGO home
Search: P3I1947 Search GO term name s [ SyTHmyms 21 Search all ontologies 21 search GO )
elilld{el8d Search results
Help ’
All annotation for the protein 1435 HUMAN (P31947). Show only manual eVI d e n Ce o
aglect |CQualifier  |Name GO ID Source T EVIOEnCeE | ReTerence pvith
process (4)
= cell proliferation GOO00RZRY  |Prolgome Ing | |TAS Pubed: 10767298
= negative regulation of protein kinase activity GOO006469  |Proteome Inc | |TAS PubMed. 8515476
=) regulation of cell cycle GOO000074  (Proweome inc | |TAS PubMed: 10767298
= signal transduction GOO00T 165 Proteame Inc TAS PubMed: 8515476
function (2)
| protein kinase C inhibitor activity GO000B426 Proteome Inc TAS PubMed: 851
= profein domain specific binding GO0019904  |InterPro ' InferPro: IPRODOI0E
component (2)
= cytoplasm GO000S737T  |Proteome Inc | |TAS Pubhed: 10767298
-] extracellular space GO0005615 Prolsome Inc TAS PubMed: 515476
Click on a link to view a GO term, or to display multiple terms in context select checkboxes and press a view button below.
[ Wiew all terms xt | [ View selected terms in context | | View unselected terms in context |
HNormal Printar Frismdly Text Simpls HTML XML Curator View
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GO tree view

Gene_Ontology

[T e

[E110) .'El.l 4
malecular_function

o005 §38
cellular_component

. ; QOB 150
bivlagical_process

O OnDY 468 0ooieE 3 D050 54 0oas 76 ) [ITELT ~ oloTEa [T
Binding cell enzyme regulator extracellilar region physielogical regulation of cellular process
activity process bivlogical process
oposLLs OoDY G2 0019307 SiTE S L ool (TR 151 Bl ] 1040 70 0004
protein binding intrace lular linase regulator enzyime inhibitor extraceliular space e llular regulation of cell communication
activity activity physiolagical ENZyme activity
process
00 L9804 CITREE T O0I9ERT T 0019z 10 T 0045655 Qo43086 T 0007 16
protein damain tytoplasm provéin lkinase linage inhibitor cell praliferation requlation of neEgative regulation slgnal transduction
specific binding regulator activity activity protein kinase of enzyme activity
activity
. : O004E60 Q00 7oHa ; l.th.lIf )
protein kinase cell cycle negative regulation
inhibitor activity of protein kinase
activity
| Parent terms |
I 15 A QOESLE ~ ooopi4
protein kinase C regulation of cell
IS:I::ted terms (7) | inhibitor activity cycle
I PART OF A

IF'rimar,-'t:rm




SR ek IULI-I:IIIIItI'I 1kl TS it et l-ﬁwrbl: lE'i'ILH:I'IH.Z!:I' | D ST Ra LA
process
= L]
= 2
— (] (]
: A mis-annotation? :
- |
= ) 2
function
— g
= protein domain specific binding GOAD0 19904 InterPro InterPro; [PRODO30A
component (2)
= cytopla GOO00DST 3T Froteome Inc TAS PubMed: 10767298
[ extracellular Epacﬁ (') GO0005615 Proleome Inc TAS PubMed: B515476
v ‘ |

Click on a link to view a GO term, or to display multiple terms in context select checkboxes and press a view button below. *

Wiew all terms in context | | View selected terms in context | | View unselected terms in context

1

click for evidence

tormal Printer Friendly Text

Simple HTML XML Curator View

Please contact EBl Suppor with any problems or suggestions regarding this site. Terms of Use

Code Meaning

IMP inferred from mutant phenotype

IGI  inferred from genetic interaction

IPT  inferred from physical interaction

ISS inferred from sequence or structural similarity
IDA  Inferred from direct assay

IEP inferred from expression pattern
IEA inferred from electronic annotation
TAS traceable author statement

NAS non-traceable author statement
NE  not recorded

E experimental evidence

P predicted/computed



Evidence for
extracellular stratifin?

Molecular cloning and expression of the transformation sensitive epithelial marker stratifin. A
member of a protein family that has been involved in the protein kinase C signalling pathway.

Leffers H, Madsen P, Rasmussen HH, Honore B, Andersen AH, Walbum E, Vandekerckhove J, Celis JE.
between 30,000 and 31,100 (1soelectric focussing sample spot proteins 9109 (epithelial marker stratifing, 9124, 9125,
9126 and 9231 in the master two-dimensional gel database of human keratinocyte proteins) that share peptide sequences
with each other, with protein 14-3-3 and with the kinase C inhibitory protein. Immunofluorescence staining of
keratinocytes showed that two of these proteins (IEF 55Ps 9124 and 9126) localize to the Golgl apparatus, while stratifin
15 distributed diffusely in the cytoplasm. Significant levels of stratifin, and in smaller amount the sample spot proteins
9124, 9125 and 9126, were detected in the medium of cultured human kKeratinocytes sugoesting that they are partially
secreted by these cells. Two-dimensional gel analysis of proteins from cultured human cells and fetal tssues showed that
polypeptides comigrating with proteins 9124, 9125 and 9126 are ubiquitous and highly expressed in the brain. Stratfin,
however, was present only in cultured epithelial cells and was most abundant in fetal and adult human tissues enriched in
stratified squamous keratinising epithelium. We have cloned and sequenced ¢cDNAs coding for members of this family.
The complete identity of the sequenced peptides from stratifin with the amino acid sequence translated from the stratifin
CDNA clone indicated that this cDNA codes for stratifin. The identity of clones 1054, HS1 and AS1 1s less clear as, with
few exceptions, none of the individual peptide sequences fits the predicted protein sequences. The polypeptides
synthesized by clones 1034 and HSI in the 1.fzuca:uua cxpn:mnn system, on Ihc mhcr hand, comigrate with proteins 9126
and 9124, suggesting JaTa : _Latabase searches indicated that
clone HS 1 corresp imilarity of clones 1054 and AS|
with the 14-3-3 bety man equivalent of the two bovine
proteins. Microseq molog of bovine 14-3-3 gamma.
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CBS Prediction Servers

| 4 » | | c | + | ces http:/ /www.cbs.dtu.dk/services/

Protein Sequence Analysis Tools

Protein sorting

ChloroP

Chloroplast transit peptides and their cleavage sites

in plant proteins.

LipoP

Signal peptidase | & Il cleavage sites in gram- bacteria.
MetNES - new-

Leucine-rich nuclear export signals (NES) in eukaryotic proteins.

SecretomeP

Mon-classical and leaderless secretion of eukaryotic proteins.
SignalP

signal peptide and cleavage sites in gram+, gram-

and eukaryotic amino acid sequences.

TargetP

Subcellular location of proteins: mitochondrial,

chloroplastic, secretory pathway, or other.

Post-translational modifications of proteins
DictyOGlyec

O-(alpha)-GlcNAc glycosylation sites

(trained on Dictyostelium discoideum proteins).
MetAcel -new-

M-terminal acetylation in eukaryotic proteins.

P31947 in FASTA format

Immunological features

MetChop

Proteasomal cleavages (MHC ligands).
NetMHC

Binding of peptides to different HLA alleles.

Protein function and structure

ArchaeaFun

Enzyme/non-enzyme and enzyme class (Archaea).
CPHmodels

Protein structure from sequence: distance constraints.
distanceP

Protein distance constraints.

ProtFun

Protein functional category and enzyme class (Eukarya).
RedHom

Reduction of sequence similarity in a data set.
TMHMM

Transmembrane helices in proteins.
Get ‘fasta’ format

é sequence from
SwissProt record

M ) _ - _ >sp|P31947|1433S_HUMAN 14-3-3 protein sigma (Stratifin)
Coronavirus 3C-like proteinase cleavage sites in proteins. MERASLIQKAKLAEQAERYEDMAAFMKGAVEKGEELSCEERNLLSVAYKNVVGGOE
NetNGlyc VLSSIEQKSNEEGSEEKGPEVREYREKVETELQGVCDTVLGLLDSHLIKEAGDAES
M-linked glycosylation sites in human proteins. LKMKGDYYRYLAEVATGDDKKRIIDSARSAYQEAMDISKKEMPPTNPIRLGLALNTE
NetDGlye YEIANSPEEAISLAKTTFDEAMADLHTLSEDSYKDSTLIMOLLRDNLTLWTADNAC
O-GalMAc (mucin type) glycosylation sites in mammalian proteins. EAPQEPQS

MetPhos

Serine, threonine and tyrosine phosphorylation



InterPro links - more
clues about function

InterPro

Ptam
PRINTS

ProDom

PROSITE

HOVERGEN
BLOCKS
ProtoNet
ProtoMap
PRESAGE
DIP

ModBase
SMR

UniRef
Keywords

[PROOO308; 14-3-3,

Graphical view of domain structure.

PFO0244: 14-3-3: 1.

Ptam graphical view of domain structure,

PRO03035; 1433ZETA.

PDOOOGO0O; 14-3-3; 1.

[Domain structure / List of seq. sharing at least 1 domain]

PS0O0796; 1433_1: 1.

PSO0O797: 1433_2: 1.

[Family / Alignment / Tree]

P31947.

P31947.

P31947.

P31947.

w17 Database of Interacting Proteins
AlRsT.

P31947; TFAB44E3A AS9ECES.

View cluster of proteins with at least 50% [/ 90% identity.

irect neotein cenmencinne: Multieene Famialy
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GCigdi*] 14-3-3 protein
Fﬂugﬂn: Matches: 417 proleins. View matches: Pease be aware that match virws for entses matching mors than 1000 profeins may be slow.
Detailed:  sored by AC, sorted by name, of known structure
Tabile: For all matching proteins, of known structure
Architeclures
NMame [7]| 14-3-3 protein

Signatures

Type [{!

PDOODE00: 14-3-3 (353 proteins)
PEO0Z44:14-3-3 (342 proteins )
PROD30S;1433ZETA (296 proteins)
PS00796;1433 1 (285 proteins )
ES00797: 1433 2 (260 proteins)
SM00101:14_3_3 (298 proteins)
a8l 45 14-3-3 (385 proteins)

Farmily

type is “family” - a group of proteins

Dates |

49904008 17:07:25.0 (created)

wds 00— Nistory and usually a common function

Function [
]

protein domain specific binding (GO0018004)

Abstract
i

The 14-3-3 proteins are a large family of approximately 30kDa acidic proteins which exist primarily as homo- and heterodimeric within all
eukaryolic cells [1, Z]. There is a high degree of sequence identity and conservation between all the 14-3-3 isotypes, particularly in the regions
which form the dimer interface or ling the central ligand binding channel of the dimeric molecule. Each 14-3-3 protein sequence can be roughly
divided into three seclions: a divergent aming terminus, the conserved core region and a divergent carboxyl terminus. The conserved middle
core region of the 14-3-35 encodes an amphipathic groove that forms the main functional domain, a cradle for interacting with client proteins.
The monomer consists of nine helices organized in an antiparallel manner, forming an L-shaped structure. The interior of the L-structure is
composed of four helices: H3 and HS, which contain many charged and polar amino acids, and HT and H3, which contain hydrophobic amino
acids. These four helices form the concave amphipathic groove that interacts with target peptides

14-3-3 proteins mainly bind proteins containing phosphothreonine or phosphoserine motifs however exceptions to this rule do exist, Extensive
investigation of the 14-3-3 binding site of the mammalian serine/threonine kinase Raf-1 has produced a consensus sequence for 14-3-3-binding,
RSxpSxP (in the single-letter amino-acid code, where x denotes any amino acid and p indicates that the next residue is phosphorylated). 14-3-3
proteins appear to effect intracellular signalling in one of three ways - by direct regulation of the catalytic activity of the bound protein, by
regulating interactions between the bound protein and other molecules in the cell by sequestration or modification or by controlling the
subcellular localisation of the bound ligand. Proteins appear to initially bind to a single dominant site and then subsequently to many, much
weaker secondary interaction sites. The 14-3-3 dimer is capable of changing the conformation of its bound ligand whilst itself undergoing
minimal structural alteration.

Structural

CATH 1.20.190.20.1

links [7]

PDBEMSD - click here

|



Type defines the entry as a Family, Domain, Repeat or Site. sites are classified into either PTM, post-translaticnal
medification; AS, active site or BS, binding site.

An InterPro family is a group of evolutionarily related proteins that share similar domain (or repeat) architecture. One
or more signatures may define an InterPro Family and a single signature may not necessarily cover the whole
protein. A signature may also define a group of proteins with more than one function - a superfamily. A list of the
current Families in InterPro is available: Family List.

An InterPro domain is an independent structural unit, which can be found alone or in conjunction with other domains
or repeats. Domains are evolutionarily related. An InterPro entry of Type=Domain is diagnostic for a domain but does
not necessarily define the domain boundaries exactly. A list of the current Domains in InterPro is available: Domain
List.

An InterPro repeat is a region that is not expected to fold into a glebular domain on its own. For example 6-8 copies
of the WD40 repeat are needed to form a single globular domain. There are also many other short repeat motifs that
probably do not form a globular fold that have type=Repeat. A list of the current Repeats in InterPro is available:
Eepeat List.

A post-translational medification modifies the primary protein structure. This medification may be necessary for
activation or de-activation of functicn. Examples include glycosylation, phosphorylaticn, and sulphation, splicing etc.
The process of modification may be permanent or reversible and the process may be required for functicnal
activation or deactivation. To be recognised in InterPro the sequence signature must be described. Many of the PTM
sites have low specificity and the number of proteins recognised by the sequence signatures cannot be displayed.
=uch signatures also group together many functionally unrelated proteins. A list of the current PTMs in InterPro is
available: PTM List.

An InterPro Binding site binds chemical compounds, which themselves are not substrates for a reaction. The
compound, which is bound, may be a required co-factor for a chemical reaction, be invelved in electron transport or
be involved in protein structure medification. The binding is reversible and the amine acids invelved in the binding
reaction must be described for a site to be described. A list of the current Binding Sites in InterPro is available:
Binding Site List.

Active sites are best known as the catalytic pockets of enzymes where a substrate is bound and converted to a
product, which is then released. Distant parts of a protein's primary structure may be invelved in the formation of the
catalytic pocket. Therefore, to describe an active site, different signatures will be needed to cover the active site
residues. A list of the current Active Sites in InterPro is available: Active Site List.




InterPro member databases

1. Sequence-motif methods, PROSITE, PRINTS, Pfam, sMART, TIGEFAMs, PIESF and
sUPERFAMILY.

« PROSITE, home of regular expressions and profiles

e Pfam, SMART, TIGRFAMs, PIRSF and SUPERFAMILY keepers of hidden Markov models
(HMMs )

e PRINTS, provider of fingerprints (groups of aligned, un-weighted motifs)

Diagnostically, these resources have different areas of optimum application owing to the different
underlying analysis methods. In terms of family coverage, the protein signature databases are
similar in size but differ in content. While all of the methoeds share a commoen interest in protein
sequence classification, some focus on divergent domains (e.g., Pfam), some focus on functional
sites (e.g., PROSITE), and others focus on families, specialising in hierarchical definitions from
superfamily down to subfamily levels in order to pin-point specific functions (e.g., PRINTS).
TIGEFAMs focus on building HMMs for functionally equivalent proteins and PIRSF always
produce HMMs over the full length of a protein and have protein length restrictions to gather family
members. SUPERFAMILY Is based on structure using the SCOP superfamilies as a basis for
building HMMs.

2. Sequence-cluster methods, ProDom.

FroDom uses PSI-BLAST to find homoelogous doemains that are clustered in the same ProDom
entry. The clustered resources are derived automatically from the UniFrot databases. This allows
sequence-cluster methods to be relatively comprehensive, because they do not depend on manual
crafting and validation of family discriminators.



Profiles

Built from multiple alignments involving
proteins from many species (usually).

Capture probability of observing specific
amino acids at specific positions.

Compare a sequence to a profile to get an
idea of how well the sequence fits the
profile. Is it a true member of the family?

If yes, this gives you clues about the protein’s
function. This is a form of transitive
annotation. Use with caution!



RhZ5

Alignment for [4-3-3

SCHPO/5=2410

BaZd

SCHPO/6=-241

BMH1

YEAST/4=-240

143E

SHEEP/4-239

1436

VICFA/T=-242

1434

LYCES/6=243

1433

LYCES/9-246

1436

ARATH/ 7240

1432

ENTHI/4-238

1431

ENTHI/4-239

143T

HUMAN/3=236

1433

XENTA/1=-227

143%

DROME/6-23%

1433

CAFFL/5=237

143F

MOUSE/3=240

1435

HUMAN/3-238

RENSNYLAKTAFEQAERYEEMVENMEENACSHND. . .
REDAVYLAKTLAFQOAFERYEGMVENMESVASTDOD. ..
REDSVYLAKTLAEQAFRYEEMVENMETVASSGOD . .
REDLVYQAKLAFQAFERYDEMVESMEKVAGHMDY . .
RENFVYIAKTAEQAFRYEEMVDSMENVANLDV . .

KLSVEERNLLSVAYENIIGARRASWRIISSIEQEEESRG.
ELTVEERNLLSVAYENVIGARRASWRIVSSIEQKEESEG.
ELSVEERNLLSVAYENVIGARRASWRIVSSIEQEEESEEKSEHQWV
ELTVEERNLLSVAYKNVIGARRASWRIISSIEQEEENEG.
ELTIEERNLLSVGYKNVIGARRASWRILSSIEQEEESEG.

REENVYLAKTLAFOAFRYEEMIEFMEKVAKTADY . EELTVEERNLLSVAYENVIGARRASWRITISSIEQEEESRG.

REENVYMAKLADRAES DEEMVEFMEKVSNSLGS . EELTVEERNLLSVAYENVIGARRASWRIISSIEQEKEESRG .
RDOYVYMARKTLAFROAERY EEMVOFMEQOLVTGAT PAEEL TVEERNLLSVAYENVIGS LRAANRIVSSIEQEEESRE .
.ELSVEERNLISVAYKNVVGSRRASWRIISSLEQEEQAKG .
ELSIEERNLLSVAYKNVIGAKRASWRIISSLEQEEQAKG.
.ELSHEERNLLSVAYKNVVGGRRSAWRVISSIEQETDT. .
ELSHEERNLLSVAYKNVVGARRSSWRVISSIEQETEG. .

REDLVYLSELAEQSERYEEMVQYMEQOVAEMGT . .
REDCVYTAKLAFQSERYDEMVQCMEQVAEMESR . .
ETELIOKAKTLAEQAFRYDDMATCMEANTEQGA . .
....... AFKLSEQAERYDDMAASMEAVTELGA. .
EEELVOKAKLAEQSERYDDMAQAMESVTETGY . . .
VEELVORAKTLAFQAFERY DDMAAAMERVTEQGD . . .
REQLLORARTAFEQAFRYDDMASAMEAVNTELNE . .
RASLIOKAKTLAFQAFERYEDMAAFMEGAVEEKGE . .

ELSHEERNLLSVAYEKNVVGARRSSWRVISSIEQKTEA. |
ELSHEERNLLSVAYENVVGARRSSWRVISSTIEQKTEG. .

. PLSHEDRHNLLSVAYKNVVGARRSSWRVISSIEQETHMADG .
. ELSCEERNLLSVAYEKNVWGGORAAWRVLSSIEQESHEEG.

” Note - our original protein sequence

The coloured markup was created by Jalview (Michele Clamp)

Allgnments are colored using the ClustalX scheme in Jalview (orange:glveine (G); vellow: Proline (P); blue:
small and hydrophobic amino-acids (A, V. L, I. M, FF, W): green: hydroxyl and amine amino-acids (S, T, N,
Q). red: charged amino-acids (D, E. K, K): cyan: hisudine (H) and tvrosine(Y )).

NTROM
NTAOY

GEDEL
NDVNA
NEDHWY
NEEHWY
NDEHY
NTORWY
NDKHY

. SDXKL
.NDERO
. SARKD
. SEKEQ

NEEKEL
SEEEKG
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Alignments Grow, Secondary Structure Prediction
Improves

Darinsz Preybylski and Burkhard Rost®

Deperiment of Siachemistry ard Molecwior Biophysics, Coleoebie University, New Yordk, New Fork

ABSTRACT Using information from sequence
alignments significantly improves protein second.
ary structure prediction. Typically, more divergent
profiles yield better predictions. Recently, various
groups have shown that aceurney can be improved
significantly by using PSLEBLAST profiles to develop
new prediction methods. Here, we focused on the
influenees of various alignment strategios on fao
Hoyear-ald PHD methads. The fallowing results staod
out. (i} PHI} using pairwise alignments predicis
ahout 72% of all residues correctly in one of the
three states: helix, strand, and other. Using larger
datnboases and PELBLAST raised aceuracy to 750,
{ii} Mare than 60K of the improvement ariginated
from the growth of current sequence databases
ahout 20% resulted from detailed changes in the
alignment procedure (substitution matrix, thresh-
alds, and gap penalties). Another 200 of the improve.
ment resulted from carefully wsing iterated PRI
BLAST searches. (i) [t i= of interest that we failed
to improve prediction accuracy further when at-
tempting to refine the alignment by dynamie pro-
gramming (MaxHom and ClustalWi. (v Improve-
ment through family growih appears bo saturate at
some point. However, most families have not reached
this saturation. Henee, we anticipate that predie.
tinn accuracy will continue to rise with database
growih, Proteins S02:46: 197205
© 2N Wiley-Liss, Inc,

Key words: protein structure prediction; solvent ae.
cessihility; evolutionary informationg

achieved by applying neural networks to the problem of
secondary structure prediction.'™" Replacing single se-
quences by family profiles improved prediction aceuracy by
ahout 5%, %" The success in using evolutionary informnss
tion for secondary structure prediction was not restricted
to neural nr.-twnr]u.r"'ﬂ Furthermore, evolutionary infors
mation proved also beneficial for predicting other aspects
of protein structure ™ *% 4%

Maore divergence vields better predictions. How muach
divergence in o family i needed to improve prediction
accuracy? The more, the better! In the coreme: if we could
u=e structural alignments to identify remote homologues
and to build profiles, we would get better imprn\rcmcnh'.":'
The trouble with this promising concept is, of course, that
we cannot structurally align proteins of unknown struc-
ture. However, the iterated, profile-based PSELBLAST
program® achieved the breakthrough, in practice, of an.
other old idea: use profiles to refine database searches.
PELBLAST identifies more distant relations than pairs
wise alignment methods do."" This increased detection of
very diverged family members his been used successfully
to improve prediction accuracy by training nearal net-
works on the PELBLAST profiles. ™™ The impressive
improvement pioneered by David Jones" is based on
developing o new prediction method. Fere, we tried to
isplate the couses for the recent improvement. Although
Cuff anad Eart-un“""l':imrc:tigntcd how o new meethod could
benefit from particular alignment strategies, we wanted to
estimate how grown databases and better search tech-

Abbresimdions. BIG, databasa mpnlg EWIES.PROT + TrEMBL +
EMOEL BT ADT fFosi alivrrmaet wmabhed? Mhietal® eevofible hooed A



Genomic or gene view

Especially useful for finding alternative forms due to alternative splicing.

& 8 8 NCBI HomePage
| 4 » | | (v l [ + ] = http://www.ncbi.nlm.nih.gov/ A Q> Coogle )
« - . . .
- NCBI National Center for Biotechnology Information
" - L Mutorid Libwary of Medicine Bl Istitutes of Healih
PubMed Entrez BLAST OMIM Books TaxBrowser  Structure Entl’ez IS an Inte rfa_ce
Search ' Entrez + ! for SFN fGo) to a” Of NCBI’S
SITE MAP » What does NCBI do? Hot Spots databases and search
Alphabetical List
Resource Guide Established in 1988 as a national resource for » Assembly Archive tools
About NCBI molecular biology information, NCBI creates
At public databases, conducts research in ¥ Clusters of
esarchars computational biology, develops software arnuogoUe groupe
aducators and the tools for analyzing genome data, and b Coffea Braak
public disseminates biomedical information - all for . E: D:EE' -
-~ the better understanding of molecular enes & U1sease,
GenBank processes affecting human health and NEBI Handboak
Sequence i .
submission support disease. More... * Electronic PCR
and softwane
Entrez Genome Project \\ » Entrez Home
Literature .
databases The Entrez Genome Project database is a » Entrez Tools
l;,';w;&é‘ -IDr--nH searchable collection of large-scale
e F;m' . saquencing, assemhbly, annaotation, and b Gene expression \
v S mapping projects for cellular arganisms with b EE:EC'
PubMed Central arganism -specific overviews functioning as omnibus (GEL)
portals for browsing and retrieval.
Molecular » Human genome

- esgurcas



<5
-2 NCBI e Entrez, The Life Sciences Search Engine

HOME | SEARCH | SITE MAP PubMed | Entrez | Human Genome | GenBank | Map Viewer | BLAST
Search across databases SFN i e Help
PubMed: biomedical literature citations and i
134 TSI 2 1 E Books: online books Z
8 ﬂ :E::IES Cantral: free, full text journal kd] 2 t OMIM: online Mendelian Inheritance in Man (kd]
none (K} Site Search: NCBI web and FTP sites E
— UniGana: gene-oriented clustars of transcript
65 . Nucleotide: sequence database (GenBank) (k] 3 ;1 sequences @
L
23 l-I.l Protein: sequence database [Z]  none t, CDD: conserved protein domain database |
none I“ Genome: whole genome sequences (7 | none ﬁ 3D Domains: domains from Entrez Structure 3
Structure: three-dimensional : ! ;
7 UnisSTS: k s| dat
3 macromolecular structures il rf‘" m MAarkers and mapping data B
none A Taxonomy: organisms in GenBank = 1 uﬂ PopSet: population study data sets @
- . .ég GEO Profiles: expression and molecular
61 1 SNP: single nucleotide polymaorphism 7] 6O0B i abundance profiles [
GED DataSets: i tal sets of GEO
* 5 H Genea: gene-cantered information @  nene ﬁ data WIASELE: cxpenmental seis o @
i ) 1, Cancer Chromosomes: cytogenetic
1 4 HomeloGene: eukaryobic homaology groups @ none I/ databases &
PubChem Compound: small molecule PubChem BloAssay: bioactivity screens of
L chermical structures @ | none E chemical substances @
1 PubChem Substance: chemical substances 0 | lnone m GENSAT: gene expression atlas of mouse el
screened for bioactivity central nervous system
Genome Project: genome project
L=l information @
i~ Joumals: detsiled information about the S MeSH: detailed information about MLM's —




Entrez Gene - = Mmﬂl@m

Search  Gene

Entrez
SITE MAP
Entrez Halp

Gene
Search
ane Help

My NCBI
My MCEI help

FAQ
FTP site

Related sites
Entreéz zenome
Genomic Biology

Fefseq
UniGene
UnisTS

Feedback
Halp Desk
Comections
About GeneRIFs

subscriptions
RefSeq
>ene

Map Viewer

Muclaot X Siruciurs P KA Taxonomy Books A1
) for " (Go) (Clear) ' current records only
| Limits | Preview/index | History | Clipboard | Detalls
l:_Displa'pr_jl .. Graphics :! Show: | 5 ) :_Eend to ) Text s}
| All: 1 | Genes Genomes: 1 E
_1: SFN  stratifin  [Homo sapiens] MGC cDNA clone, Links
GenelD: 2810 Locus tag: HGNC:10773; MIM: 601290 updated 31-Jan-2005
Transcripts and products:  FelSeq below
HC_000001

[ EEEG?:]??EET: r[ﬁﬁ&.'-‘ﬁﬂii'}b N O i ntrO n S !

Very unusual.

B - coding Fesion B - unteanslabed Feglon

Genomic context: chromosome: |; Maps: [p36.11

[ 2ETH505 [ 2 ioad

FLGY ZOHHCL & HFHe FLM MO
GPATCY

Gene type: protein coding

Grene name: 5F°N

(sene description: stratifin

RelSeq status: Validated

Organism: Homo sapiens

Lineage: Eukarvoia; Metazoa; Chordata; Craniara; Vertebrata; Euwreleostomi; Mammalia; Eutheria; Primates;
Cararrhini: Hominidae: Homo

# Bibliography: Gene References into Function (GeneRIF): Submit help

PubMed links
GeneRIFs:
|. The present immunohistochemical study confirmed 14-3-3sigma as a tumor suppressor in breast PubMed
Carcinogenesis.,

2. 14-3-3 sigma is inactivated mainly by aberrant DN A methylation and may play an important role in the PubMed
pathogenesis of epithelial ovarian cancer

b




Search the genome

MM Human BLAT Search

| a4 p ] [ [+ ] [ + ] A htip: / fgenome.ucsc.edu /cgi-bin/hgBlat

Home Genomes Gene Sorter Blat PCR Tables FAQ

Human BLAT Search

BLAT Search Genome

Genome: Assembly: Query ype: Sort output: Output type:

1 = i 1 2 1
) May 2004 5 protein = query,scofre hyperlink =] [ Submit

Human
Paste in a query sequence to find its location in the the genome. Multiple sequences may be searched at once if separated by a = —\
line starting with > followed by the sequence name . :

=5p|P31947|14335_HUMAM 14-3-3 protein sigma (Stratifin)
MERASLIQKAKLAEQAERY EDMAAFMECAVEKCEELSCEERNLLSVAY KNV C GORAAWR
VLSSIEQESMEEGSEEEGIFEVREYREEVETELOCY CDTWVLCLLDSHLIEEACDAESRVFY
LEMECDYYRYLAEVATCDDEKRIDSARSAYQEAMDISKKEMPPTHNPIRLGLALNFSYFH
YEMNGPEEAISLAKTTFDEAMADLHTLSEDSYKDSTUMOQLLRDNLTLWTADNACEECE

EAPQEPCYS
Get ‘fasta’ format
sequence from

SwissProt record

Rather than pasting a sequence. you can choose to upload a text file containing the sequence.
Upload sequence: [ Choose File | no file selected " Submit File

Only DNA sequences of 25000 or fewer bases and protein or ranslated sequence of 10000 or fewer letiers will be processed. Up to 25
sequences can be submitted at the same time. The total limit for muluple sequence submissions is 50000 bases or 25 000 letiers.



blat results

™My rm Human BLAT Results

! 4 B ] [ [ ] [ 5= ] A http: / fgenome.ucsc.edu /cgi-bin/hgBlat =] - (=5X

Home - Genomes - Gene Sorter - Blat - PCR - Tables FAQ - Help

Human BLAT Results query Sequence
» .S .., target sequence
BLAT Search Results strand” (always '+, " -
: strand” (genomic)
for protein
BCTIONS QUERY SCORE START EHMD QSIZE IDENTIT CﬂkgtﬁTstD START END SPAN
browser detaills 14335 HUMAR T44 1 248 248 100.0% L &4 2EETIR4E 26874589 T44
browser details ldJSE_HUHﬁH 331 6 233 248 T73.7% 10 L 23465874 23466551 6TH
browser detaills 14335 HUMAR 327 6 228 LY BD.2% 8 = 102005359 102030278 24920
hbrowser details 14335_HUHAH 321 1 228 248 TE.T% 2 - 9678141 9721179 4303%
browser details 14335 HUMAR 304 & 238 248 T1.2% X #= 41291294 41291986 693
browser detaills 1433S_HUHRH 273 [ 238 248 EE.59% 2 = 127031267 1270318957 E91
browser details 14335 HUMAHN 257 & 228 248 BED.4% 20 & 42963610 42968151 4542
browser detalls 1433S_HUHAN 256 [ 233 248 72 . 4% 3 - 34912226 34912903 ETH
browaseyr details 14335 HUMAHN 245 & 233 248 T1.7% 15 - 43132285 43132938 =T
browser details 14335 HUMAHN 245 1 233 248 67 .0% 10 4 107436070 107436761 692
browser details ldJEE_HUHAH 242 34 241 4B T6.9% Fi - - T5603557 TS604186 &30
browser details 14335 HUMAN 236 34 241 248 T76.3% 22 ++ 30676695 30677324 630
browser details ldJEE_HUHﬁH 207 35 233 248 TE.4% 17 L. 1204268 1215061 10794
browser details 14335 HUMAN 178 10 233 248 66.0% 2 +- 138879394 138880065 672
browser details ldJSE_HUHﬁH 157 72 233 248 67.9% & L e 127718799 127719582 TH4
browser detalls 14335 HUMAR 147 11% 223 24 75.7T% 11 = 18468427 1268744 318
hbrowser details li]SS_HUHﬂH 143 115 238 248 6E9.4% @ L 2 165211610 165211982 373
browser details 14335 HUMAR 139 il 189 248 &7.8% X #= 6IBLS655 BIGLIGLET 473
browser details 1433S_HUHRH 109 BT 236 248 62 .9% 8 4 JHE3IZ2EEB IB63ITIT 450
browvaser details 14335 HUMAHN 100 B4 179 248 67.9% 12 & 55551981 55552266 LHE
browser detalls 14335_HUH&H BE £ 176 248 c4.4% 7 - 63338498 631338923 426
browaseyr details 14335 HUMAHN H4 115 238 248 61.3% A T22T 1975 T2278346 372
browser details 14335 HUMAHN 75 133 215 248 65.1% 11 4+ E9E02127 59602375 249
bBrowser details ldJEE_HUHiH =T 16 53 248 13.7% b - - 100252422 100252535 114
browser details 14335 HUMAHN 54 217 238 248 31.0% 3 += 142801837 142801902 [



A potential variant form?

o Human chrl: 26,873 B46-26 874 589 - UCSC Ganome Browser va7

« I & || + | @ hup://genome.ucsc.edu/cgi-bin/hgTracks?position=chr1:26873846-26574589&db=hg17.& = Q-
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Home Genomes

Genome Browser

Gene Sorter

Blat

PCR Tables FAQ

Help

Human Gene SEN Description and Page Index

Description: stratifin

Representative mRNA: BCO23552  Protein: P31947 (1435_HUMAN)

SwissProt Comments

Sequence

Microarray | RNA Structure

Quick Links
Protein Structure | Other Species

GO Annotations

MRNA Descriptions

Pathways |Methods

;

Quick Links to Tools and Databases

Genome Browser | Proteome Browser | Gene Sorter| SwissProt | Entrez Gene

PubMed

OMIM

GeneLynx

GeneCards | CGAP

Stanford SOURCE | ExonPrimer

Ensembl

Jackson Labs

H-INV

Comments and Description Text from SwissProt

ID: 1435 HUMAN

DESCRIPTION: 14-3-3 protein sigma (Stratifin) (Epithelial cell marker protein 1).
FUNCTION: P53-regulated inhibitor of G2/M progression.
SUBUNIT: Homodimer (By similarity).

SUBCELLULAR LOCATION: Cytoplasmic or may be secreted by a non- classical secretory pathway.
TISSUE SPECIFICITY': Present mainly in tissues enriched in stratified squamous keratinising epithelium.

SIMILARITY: Belongs to the [4-3-3 family.



a8

h_EfpPathway

| 4 ] [ & ] [ + ] & htip: / fegap.nci.nih.gov/Pathways /BioCarta/h_EfpPathway

()
T

. #

“z
Pathways

Pathways and Tools

e BioCarla
o KEGG
» Pathway Searcher

Related Links

L

ExPASyY
o MAPK signalling
e SPAD

Quick Links:

ICG
NCI Home
NCICE Home

L O O

Estrogen-responsive protein Efp controls cell cycle and breast tumors growth
P athway Jnf::lrr'natmn _nm-eidecl by BioCarta

ChDKs
=yelin B1/2

~Up * El

L\

Legend

e
BIOCARTA

=2

i

CDKs —
Cyclin B1/2

CDE=

Cyelin B1/2

CDEs
Cyelin B1/2

Proteasome

other
players
P53,
astrogen,
etc.



Proteome Page

structure
prediction

exon structure

AR Ecale |1 'eg

AR Sequence MEREAZL IGKAKLAEGAERYEDMAAFMKGAVEK GEEL ZCEERHLL EVAYKHVYGGARAAMREYLEEIEQK EHEEGS

Cenome Brouser Frewious position in UCEC Genome Browser: chrl26573545-26574559

Exans
F“n:-lar*it-=|+ l__l_l_ _l _l_l__ l__l_l | _l _
Hudrophokicity - — L ]
CUSTEines e ..

AR Anomalies

AA Scale L1 =1

compare to other proteins/genes

Pl Malecdlar Weight Mumkber of Exons Aming AcCid Fregquencies
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VVeb pages versus

“bulk” download

Web pages (HTTP) usually for “one at a
time” retrieval.

Bulk download (FTP) usually for fetching
entire databases, large files of data needed
to answer genome-scale questions.

NCBI: http://www.ncbi.nlm.nih.gov/Ftp/
index.html

SwissProt: ftp://us.expasy.org/



Build your own!

Programming toolkits for bioinformatics
® www.biopython.org, www.bioperl.org
python, perl (python is easier!)

most tools have “command-line” versions

a topic for another lecture

THANKYOU!



