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| ntroduction to Bioinformatics

Lecture 4: Bioinformatics infrastructure:
Overview of Function Prediction Techniques
and Associated Databases

Centre for Integrative Bioinformatics VU (IBIVU)



Bioinformatics

“Nothing in Biology makes sense except In
the light of evolution” (Theodosius
Dobzhansky (1900-1975))

}

“Nothing in bioinformatics makes sense
except in the light of Biology”



A genecodesfor aproten

‘ DNA ‘ CCTGAGCCAACTATTGATGAA

transcription

v

‘ mRNA ‘ CCUGAGCCAACUAUU-ALGAA

translation
) }
\ Protein \ PEPTI E

Transcription + Trandation = Expression



DNA makes mRNA makes
Protain

Trandation
happens within
the ribosome

[Erittiths et al. 144k6)

transcription + translation = expr&ssb



Ribosome structure

n In the nucleolus, ribosomal RNA
IS transcribed, processed, and
assembled with ribosomal
proteins to produce ribosomal
subunits

n At least 40 ribosomes must be
made every second in a yeast
cell with a 90-min generation

time (Tollervey et al. 1991). On ! ~210 nm !

average, this represents the

nuclear import of _ Large (1) and small (2) subunit fit
3100 ribosomal proteins every together (note this figure mislabels
second and the export of angstroms as nanometers)

80 ribosomal subunits out of the
nucleus every second. Thus, a
significant fraction of nuclear
trafficking is used in the
production of ribosomes.

n Ribosomes are made of a small
(‘2’ in Figure) and a large
subunit (*1’ in Figure)



Transcriptional Regulation
Integrated View

/ Ge‘ne //

Is linked to

Transcriptional regulation



(GGene expression Is depending on
Transcription factor binding a TFBS
and a polemerase

TF binding site

\

MRNA
transcription




Gene Expression

Transcription factors (TF) are essential for
transcription initialisation

Transcription is done by polymerase type Il
(eukaryotes)

MRNA must then move from nucleus to
rilbosomes (extranuclear) for translation

In eukaryotes there can be many TF-binding sites
upstream of an ORF (Open Reading Frame)
which together regulate transcription

Nucleosomes (chromatin structures composed of
histones) are structures round of which DNA coills.
This blocks access of TFs



Epigenectics — Epigenomics:
Gene Expression

TF binding site MRNA
(closed) transcription

TF binding site
(open)

Nucleosome



Three examples of DNA binding protein
families

Name Helix-loop-helix (Myc type) Cys-His zinc finger Leucine zipper
[DENSTAP]-K-[LIVMWAGN]-
S equence {FYWCPHKR }-[LIVT]-[LIV]-x(2)- C-x(2,4)-C-x(3)-[LIVMFYWC]- L-x(6)-L-x(6)-L-x(6)-L
[STAV]-LIVMSTAC]-x-[VMFYH]- x(8)-H-x(3,5)-H

[LIVMTAJ-{P}-{P}-[LTIVMSR]

Structure
G~ 4501
¢ '\g)
_/ NG
Function —
Example

3CRO 2DRP 1YSA

Fig. 2.14. A motif dictionary of DNA binding proteins, showing the relationships between sequence motifs, structural motifs, and functional
properties.



434 Cro
protein
complex

(phage)
PDB: 3CRO




Zinc finger
DNA recognition
(Drosophila)
PDB: 2DRP

.YRCKVCSRVY THISNFCRHY VTSH...



Zinc-finger DNA binding protein family
Characteristics of the family:

Function:  The DNA-binding motif isfound as part of
transcription regulatory proteins.

Structure:  One of the most abundant DNA-binding motifs.
Proteins may contain more than one finger in a
single chain. For example Transcription Factor
TF3A was the first zinc-finger protein discovered
to contain 9 C2H2 zinc-finger motifs (tandem
repeats). Each motif consists of 2 antiparallel
beta-strands followed by by an alpha-helix. A
single zinc ion is tetrahedrally coordinated by
conserved histidine and cysteine residues
(C2H2), stabilising the motif.



Zinc-finger DNA binding protein family
Characteristics of the family:

Binding:  Fingers bind to 3 base-pair subsites and specific
contacts are mediated by amino acids in positions -
1, 2, 3and 6 relative to the start of the alpha-helix.

Contacts mainly involve one strand of the DNA.

Where proteins contain multiple fingers, each
finger binds to adjacent subsites within alarger
DNA recognition site thus allowing arelatively
simple motif to specifically bind to awide range of
DNA sequences.

This means that the number and the type of zinc
fingers dictates the specificity of binding to DNA



L eucine zipper
(yeast)
PDB: 1YSA

.RA RKLORMKQLE DKVEELLSKN YHLENEVARL...



Divergent evolution

Ancestral sequence: ABCD

/\

ACCD (B-C) ABD (C-g)
mutation deletion
ACCD or ACCD Pairwise Alignment

AB—D A—BD



Divergent evolution

Ancestral sequence: ABCD

N\

ACCD (B-C) ABD (C-g)
mutation deletion
ACCD or ACCD Pairwise Alignment
AB—D A—BD

true alignment



What can be observed about
divergent evolution

(a) G (b) G
Ancestral sequence /x X\
G C A C

One substitution - Two substitutions -
Sequence 1 Sequence 2 onevisible onevishble

1: ACCTGTAATC (€) G () G
2: ACGTGCGATC /*
* * *
D = 3/10 (fraction different G A
A A

sites (nucleotides)) Back

mutation -
notvisble @G

Two substitutions -
none visible



Divergent evolution

«Common ancestor
eSequences change over time
*Protein structures typically remain the same

*Therefore, function normally is preserved within
orthologous families

“Structure more conserved than sequence”



Convergent evolution

n Often with shorter motifs (e.g. active sites)

n Motif (function) has evolved more than once
Independently, e.g. starting with two very
different sequences adopting different folds

n Seguences and associated structures remain
different, but (functional) motif can become
identical

n Classical example: serine proteinase and
chymotrypsin



Serine proteinase (subtilisin) and
Chymotryp5| N

Different evolutionary origins
n As proteinases these proteins chop up other proteins

n Similarities in the reaction mechanisms.
Chymotrypsin, subtilisin and carboxypeptidase C
have a catalytic triad of serine, aspartate and
histidine in common: serine acts as a nucleophile,
aspartate as an electrophile, and histidine as a base.

n The geometric orientations of the catalytic residues
are similar between families, despite different protein
folds.

n The linear arrangements of the catalytic residues
reflect different family relationships. For example the
catalytic triad in the chymotrypsin clan is ordered
HDS, but is ordered DHS in the subtilisin clan and
SDH in the carboxypeptidase clan.



Serine proteinase (subtilisin) and
chymotrypsin

H D S
—_—— e chymotrypsin

D H S
—— e SEYine proteinase

S D H
—— e Carboxypeptidase C

Catalytic triads

Read http://www.ebi.ac.uk/interpro/potm/2003._5/Pagel.htm




Chymotrypsin

alpha-chymotrypsin
(bovine)

elastase
(porcine)

trypsin

(Streptomyces griseus)

M-terminal residue (lle 16)
of active C-chymotrypsin
|FII

Tertiary structure of bovine alpha-
chymotrypsin, with detail of residues

of the catalytic triad

bovine chymotrypsinogen




Serine proteinase (subtilisin)




A protein sequence alignment
MSTGAVLI Y- - TSI LI KECHAMPAGNE- - - - -

- - - 3 LLFHRTHEL| KESHAMANDEGGSNNS

* * * *k*k*%k **%k%

A DNA seguence alignment
att cgttggcaaat cgcccct at ccggcctt aa
att---tggcggat cg-cctctacgggcc- - - -

* k% % %k %k % *xk*k*k %% *xk %k k%%



Searching for similarities
What isthe function of the new gene?

The* lazy” investigation (i.e., no biologial
experiments, just bioinformatics techniques):

— Find aset of similar protein sequencesto the
unknown seguence

— ldentify similarities and differences

— For long protein sequences: first identify domains



Intermezzo: what 1S adomain
A domainisa:
o Compact, semi-independent unit
(Richardson, 1981).

o Stable unit of aproten structure that can
fold autonomoudly (Wetlaufer, 1973).

* Recurring functional and evolutionary
module (Bork, 1992).

“Natureisa‘tinkerer’ and not an inventor” (Jacob, 1977).



Proteln domains recur in different combinations

The DEATH Domain (DD)

* Present in a variety of Eukaryotic
proteins involved with cell death.

« SX helices enclose a tightly
packed hydrophobic core.

e Some DEATH domains form
homotypic and heterotypic dimers.

DAPK — KINASE —,&— 0D —

NF-KB
- — R e DD
p100 — répeats :

NGFR p75 - cysli—TM— B0

http://www.mshri.on.ca/pawson

Fas Eﬂ_m_ Do, —



Structural domain organisation can intricate. ..

Pyruvate kinase

Phosphotransferase

3 barrel regulatory domain

a/[3 barrel catalytic substrate binding
domain

1 continuous + 2 discontinuous domains



Evolutionary and functional relationships

Reconstruct evolutionary relation:

*Based on sequence

-Identity (simplest method)

-Similarity
Homology (common ancestry: the ultimate goal)
*Other (e.qg., 3D structure)

Functional relation:
Sequence— Structure— Function



Searching for similarities

Common ancestry is mor e interesting:
Makes it more likely that genes share
the same function

Homology: sharing a common ancestor

— abinary property (yes/no)

—Iit'sanicetool:

When (an unknown) gene X is homologousto (a
known) gene G it means that we gain alot of
Information on X: what we know about G can be
transferred to X as a good suggestion.



Sequence-Structure-Function

Ab initio
prediction
and folding

Sequence

1 impossible but for

the smallest

Structure structures
Threading
1 Function

Homology Function prediction
searching from
(BLAST) structure

very difficult

We can do the knowledge-based activities designated by the green
arrows thanks to the availability of curated and annotated databases




Protein Function Prediction

The deluge of genomic information begs the
following question: what do all these genes do?

Many genes are not annotated, and many more are
partially or erroneously annotated. Given a genome
which is partially annotated at best, how do we fill in
the blanks?

Of each sequenced genome, 20%-50% of the
functions of proteins encoded by the genomes
remains unknown!



Protein Function Prediction

We are faced with the problem of predicting
protein function from sequence, genomic,
expression, interaction and structural data.

For all these reasons and many more,
automated protein function prediction Is
rapidly gaining interest among
bioinformaticians and computational
biologists



Classes of function prediction
methods

n Sequence based approaches

— protein A has function X, and protein B is a homolog (ortholog) of
protein A; Hence B has function X

n Structure-based approaches

— protein A has structure X, and X has so-so structural features;
Hence A’s function sites are ....

n Motif-based approaches

— a group of genes have function X and they all have motif Y; protein
A has motif Y; Hence protein A’s function might be related to X

n Function prediction based on “guilt-by-association”

— gene A has function X and gene B is often “associated” with gene
A, B might have function related to X



Seguence-based function prediction
Homology searching

n Sequence comparison is a powerful tool for detection
of homologous genes but limited to genomes that are
not too distant away

uery: 2  LSDGEWQLVLNVWGKVEADI PGHGQEVLI RLFKGHPETLEKFDKFKHLKSEDENKASEDL 61
LSD + V +WK+ G+ LR +P+T F + D S ++
Sbjct: 3  LSDKDKAAVRALWSKI GKSSDAI GNDALSRM WYPQTKI YFSHWP- - - - - DVIPGSPNI 57

Query: 62 KKHGATVLTALGA LKKKGHHEAEI KPLAQSHATKHKI PVKYLEFI SECI | QVLQSKHPG 121

KHG V+ + + K + + L++ HA K ++ + ++ Cl+ V+ + P
Shjct: 58 KAHGKKVMSGE ALAVSKI DDLKTGLMEL SEQHAYKLRVDPSNFKI LNHCI LVWI STMFPK 117
Query: 122 DFGADAQGAMNKALELFRKDVASNYK 147

+F +A +++K L +A Y+
Shj ct: 118 EFTPEAHVSLDKFLSGVALALAERYR 143

We have done homology searching (FASTA, BLAST, PSI-BLAST) In
earlier lectures



Structure-based function prediction

n Structure-based methods could possibly detect
remote homologues that are not detectable by
sequence-based method

— using structural information in addition to sequence
iInformation

— protein threading (sequence-structure alignment) is a
popular method

VD

_____ 4 | ey : Structure-based methods could provide
a7, } more than just “homology” information




ructure-based function prediction

n SCOP ( ) IS a protein structure
classification database where proteins are grouped into a
hierarchy of families, superfamilies, folds and classes, based on
their structural and functional similarities

2 SCOP: Structural Classification of Proteins - Microsoft Internet Explorer

File Edit View Favorites Tools Help

@Badﬂ - @ - \ﬂ Igl _.:.‘ /:\‘Search n\:'Fa./ormes @Medm QT /i __; _‘I

&

address 8] I v Bee 3
Google - |scop database -| Bpsearchwed - @ searchsis @ i B EOphuns L. @SCOP @database %'
-~
Structural Classification of Froteins
=) c

Structural Classification of Proteins
Welcome to SCOP: Structural Classification of Proteins. 1.65 release (December 2003).
20819 FDBE Entries. 1 Literature Reference. 54745 Domains (excluding mucleic acids and theoretical models). Folds,
superfamilies, and families statistics here. HNew folds superfamilies families. List of obsolete entries and their
replacements.
Authors. Alexey G. MNurzin, Loredana Lo Conte, Antonina Andreeva, Dave Howorth, Bartlett &. Alley, Steven E. Bremner, Tim
J. P. Hubbard, and Cyrus Chothia. scop@mre—lmb. cam. ac. uk
Reference: MNurzin & G., Bremmer 5. E., Hubbard T., Chothia C. (1995). 300P: a structural classification of proteins
database for the investigation of sequences and structures. [ #ol Fiol. 247, 536-540. [PDF]
Bajor changes (stable identifiers, parseable files, extended searching and linking options, reclassified entries history)
are described in: Lo Conte L., Bremnsr 5. E., Hubbard T.J.P., Chothia €., Murzin & (2002). sScoF database in 2002:
refinements accommodate structural genomics. Mucl. Acid Res. 300(1), 264-267. [FDF].
Andresva &, Howorth Do, Bremmer 5.E., Hubbard T.J.P., Chothia C., Murzin A.G. (2004). 5C0P database in 2004: refinements
integrate structure and sequence family data. Micd, defd fes 32:D226-N22G.
Access methods

« Enter scop at the top of the hierarchy

+ Eeyword search of ScoF entries

» 5COP parseable files (MRC site)

+ 411 5COP releases and reclassified entry history M+ (MRC site)

e 5C0F domain sequences and pdb-style coordinate files (ASTRAL) ~

& Internet

&l function-prediction2 £ 4 Intemnet Explorer



Structure-based function prediction

n SCOP hierarchy — the top level: 11 classes

2l SCOP: Root: scop - Microsoft Internet Explorer

File Edit View Favorites Tools Help ;;’
@Badﬂ - & \ﬂ \E] _I.'| /..- ) Search .._‘ Favorites @Media v&:ﬂ‘ o= ¢ = = _;I

,-"scop berkeler edu;data ‘scop.b, htm' v =1 co Lirs ¥
GO gle - scor datsbase | Epsearchwed - @GSearchSie  §P @ - B optons - &  [Gscor [E] datsbase & -

Root: scop

Classes:

1. All alpha proteins [46456] (179)
2. All beta proteins [48724] (126) E
3. Alpha and beta proteins (a/b) [51349] (121) EXE
Hainlr paraffel beta sheets (befa—alpﬁa befa umng fs)
4. Alpha and beta proteins (ath) [53931] (234) [
Hainlv antiparalliel beta shests (segregafea’ afpf}a and heta regiuns)
5. Multi-domain proteing (alpha and beta) [56572] (38) ENE
Folds consisting of two or more a'omajns befoﬂgxﬂg ta a&ffe:f"enf t_i'asses
6. Membrane and cell surface proteins and peptides [56335] (36) E
Poes mot include proteins in the immme svrstem
7. Small proteins [56992] (66) ENEE
teual Iy domnaf&a’ b metal 1i gana' f}eme, and/or disulfide bridees
8. Coiled coil proteins [57942] (6) E
Not a true class
9. Low resolution protein structures [58:117] (18) e
Mot 2 true class
10, Peptides [58231] (105)
Feptides and fragments. Mot a trus class
11. Designed proteins [58?_88] (39) B &
Experimental structures of proteins with essemtially nonmatural sequences. Not a trus class

Enter search key: | | | Search

] pone  Internet
—_— -

+g start [ bmb3soo i g I . 3 Internet Explorer



Structure-based function prediction

All-alpha protein membrane protein Alpha-beta protein

All-beta protein Coiled-coll protein



Structure-based function prediction

n SCOP hierarchy — the second level: 800 folds

A SCOP: Class: All alpha proteins - Microsoft Internet Explorer

File Edit View Favorites Tools Help ;","
& | .. = 4 N - e
@ Back - =) \ﬂ ﬁ (B | /- ! Search .4 Favorites @Media 6‘# - 1 _I
Addr &] http: /fscon. berkeley. edu/datajscon.b.b kil v| Go! | Links 2
GOL:-S](:‘ - |SCOP datsbase LJ §p Search web  ~ @ Search Sit @ - E Options - & @ SCOP @ database % =

Folds:

1. Globin-like [46457] (2)
core: 8 helices; folded leaf partly apensd
2, Long alphahsirpin [46556] (11) EHR
Z felices; antiparallel hairpin left-fhanded twist
3. Type I dockerin domain [63445] (1) BN
tand=m repeat of two calcium—binding loop—felix motifs distinct from the FF-thand
4. LEM/SAP HeH motif [63450] (4) BN
feliz—extended loop-feliz, parallel belices
E. Cytochrome ¢ [46625] (1)
core: I helices; folded leaf. opened
6. DHA/RNA-bindine 3-helical bundle [48688] (12)
core; J-helices hundle closed or partly opensd zight-handed twist, up—and dowm
7. bnother 3-helical bundle [81602] (2) BN
topologically simiiar to the ONARNA-binding bundles; distinet packing
8. Buvh C—terminal domain-like [46928] (6) ENd
T helices, bundle, right-handed twist
9. S13-like HZTH domain [81297] (1) E5
core: 3-4 helices
10. Putative DNA-binding domain [46954] (1) EBEA
core; J helices; architecture is simifar to that of the “winged heliz” Fold but topology is different
11, Spectrin repeat-like [48965] (2) EXd
3 felices; bundle, closed Ileft-handsd twist, up-and-dosm
12, immunozlobulin/zlbumin-bindine domain-like [46996] (3) EAB
J felices; bundle closed Ieft-handed twist, up-and—domm, mirror topology to the spectrin-like fold
13. Peripheral subunit-binding domain of Z-oxo acid dehwdrogenase complex [47004] (1)
3 felices; bundle closed right-handsd twist; up-and-down
14. Protoroan pheromons proteins [47013] (1) Bl
3 Aelices: bundle, closed [left-handsd twist. un—and-dosm o

] Done & Internet
Ty

start | & bmb3soo | &b finctionprediction2 73 3 Internet Explorer  ~ | 1§ Calculator

ol |



Structure-based function prediction

n SCOP hierarchy - third level: 1294 superfamilies

A SCOP: Fold: DNA/RNA-binding 3-helical bundle - Microsoft Internet Explorer

File Edit View Favorites Tools Help ;1."

@ Back - > |ﬂ \g _;'] /.- ) Search ;1'\ Favorites @ Media @:‘ R \_“_; < ,I

K 99 ekl e datajseon 0.0 g il [ 1>

GO\.SIE - ISCOP database L] % Search Web = Q_‘g Search Site @ 0 - E Opfions - & @ SCOP @ database % =
3. Fold: DNA/ENA-binding 3-helical bundle [46688] fo

core: J-felices, bundle closed or partly opened .rigﬁf-ﬁanq’ea’ twist, up-—and domr
Superfamilies:

1. Homeodomain-like [46689] (11)
consists onlv of helices
2. Methylated DNA-protein cysteine methyltransferase, C—terminal domain [46767] (1) B2
3. ARID-like [48774] (1) B3 -
contains extra felices at both N and O—termini
4. "Winged heliz” DNA-bindine domain [46785] (36)
contains & small beta—sheet (wing)
5. C-terminal effector domain of the bipartite response resulators [46294] (3) EA
binds to DM and fMA polymerase, the N-terminal, receiver dowain belongs to the Chel Family
6. TrpR-like [48295] (2) E5
comtains an extra shaved fielix after the HTH motif
7. Bibosomal protein L1l, C-terminal demain [46906] (1) B
8. Ribosomal protein 518 [46911] (1) ENEA _ -
9, Polynucleotide phosphorvlase/susnosine pentaphosphate synthase (PWPase/GPSI), domain 3 [46915] (1) ESEd
10. N-terminal Zn bindine domain of HIV intesrase [46919] (1) B=a
11. ENA polymerase subunit RPBIO [46924] (1) E3d
12, SizmaZ and sigmad domains of RNA polymerase sizma factors [8365a] (2) BN

Enter ssarch key: | | | Search

Generated from scop database 1. 85 with scopm 1.100 on Wed Deec 3 12:23:20 2003
Copyright © 1994-2003 The scop authors / scop@mre—imb, cam ac. uk

#&] Done B Internet
vy

14 start | &% bmb3soo’ | &} function-prediction2 7 3 IntenetBxplorer  ~| 1§ Calaulator




Structure-based function prediction

n  SCOP hierarchy - third level: 2327 families

A sCoP: Superfamily: Homeodomain-like - Microsoft Internet Explorer
Fie Edit Vienw Faverites Tools Help | R¥

Q- © NEAG P drrooe @uese @ -5 B -[J -

address [ @) htipsfscop. berkeley & b.g.b.hm - BN




Structure-based function prediction

n Using sequence-structure alignment method, one can predict a
protein belongs to a
— SCOP family, superfamily or fold

folds A
superfamilies
families 04\ I\ @

n Proteins predicted to be in the same SCOP family are orthologous
n Proteins predicted to be in the same SCOP superfamily are homologous

n Proteins predicted to be in the same SCOP fold are structurally
analogous



Structure-based function prediction

n Prediction of ligand binding sites
— For ~85% of ligand-binding proteins, the largest largest cleft
IS the ligand-binding site
— For additional ~10% of ligand-binding proteins, the second
largest cleft is the ligand-binding site




Bioinformatics Databases

n There are many

n Types:
— Sequence databases
— Sequence motif databases (regulatory, functional)
— Structure databases
— Domain databases
— Protein-protein interaction databases
— Metabolic pathway databases



Domain databases

Table 1: Domain databases

Database URL Reference

Sequence

BLOCKS http://blocks.fherc.org (Henikotf et al., 2000)
COGS http://wuw.ncbi.nlm.nih. gov/COG fTatus.w et al., 2001)
DOMO http://wuw.infobiogen. fr/services/domo (Gracy and ﬁrgua 1998h)
InterPro http://wuw.ebi.ac.uk/interpro (Apweiler et al., 2000)
Pfam http://www.sanger.ac.uk/Pfam (Bateman et al., 2000)
FRINTS http://www.bioinf .man.ac.uk/dbbrowser/PRINTS (Attwood et al., 1000)
FroDom http://wuw.toulouse.inra.fr/prodom. html (Corpet et al., 2000)
PROSITE http://www.expasy.ch/prosite (Hotmann et al., 1990)
PROT-FAM  http://mips.gsf.de/proj/protfam f5r|nwa~sarao et al 1004)
SEASE http://wuwld.icgeb.trieste.it/ sbaszesrv (Murvai et al., QD{JD;
SMART http://SMART. embl-heidelberg.de fSt:hu ltz et al., 2000)
Structure

3Dee http://barton.ebi.ac.uk/servers/30Dee html (Siddigui et al., 2001)
CATH http://wuw.biochem.ucl.ac.uk/bam/cath (Orengo et al., 1907)
FSSP http://www2.ebi.ac.uk/dali/ (Holm and Sander, 1007)
SCOP http://scop.mrc-lmb . cam. ac.uk/scop (Murzin et al., 1005)




COGS Domain database

*The COGs (Clusters of Orthologous Groups) database
IS a phylogenetic classification of the proteins encoded
within complete genomes (Tatusov et al., 2001).

oIt primarily consists of bacterial and archaeal genomes.

sIncorporation of the larger genomes of multicellular
eukaryotes into the COG system is achieved by
identifying eukaryotic proteins that fit into already
existing COGs. Eukaryotic proteins that have orthologs
within different COGs are split into their individual
domains.

*The COGs database currently consists of 3166 COGs
Including 75,725 proteins from 44 genomes.

*Operational definition of orthology is based on
bidirectional best hit



COGS

Each COG consists of individual orthologous proteins or
orthologous sets of paralogs from at least three lineages.

Orthologs typically have the same function, allowing transfer of
functional information from one member to an entire COG.

Thisrelation automatically yields a number of functional
predictions for poorly characterized genomes. The COGs comprise
aframework for functional and evolutionary genome analysis.
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PRINTS database

ePRINTS is a compendium of protein fingerprints.

oA fingerprint is a group of conserved motifs used to
characterise a protein family; its diagnostic power (false
positives and false negatives) is refined by iterative scanning
of a SWISS-PROT/TrEMBL composite database.

eUsually the motifs do not overlap, but are separated along a
sequence, though they may be contiguous in 3D-space.

eFingerprints can encode protein folds and functionalities more
flexibly and powerfully than can single motifs, full diagnostic
potency deriving from the mutual context provided by motif
neighbours

ePRINTS contains the most discriminating groups of regular
expressions for each protein sequence

eRelease 31.0 of PRINTS contains 1,550 entries, encoding
9,531 individual motifs.



BETAHEAM: 2 of 5 PRINTS motifs making the fingerprint
I NI TI AL MOTI F SETS

BETAHAEML Length of notif = 17 Motif nunber =1

Bet a haenogl obin notif | - 1

PCODE ST INT
GRLLWYPWIQRYFDSF HBB1_RAT 29 29 _ _
GRLLWYPWIQRYFDSF HBB1_MOUSE 29 29 After iteration the
GRLLWYPWIQRFFEHF HBB ALCAA 28 28
GRLLWYPWIQRFFEHE HBB_ODOVI 28 28 number of
GRLLWYPWIQRFFESF HBB BOVIN 28 28
GRLLWYPWIQRFFESF HBB_ATEGE 29 29 squences for each
GRLLWYPWIQRFFESF HBB_HUMAN 29 29 motif can grow
GRLLWYPWIQRFFESF HBB_ANTPA 29 29 .
ARLL| VYPWIQRFFASF HBB_ANAPL 29 29 dramatically. Both

SRCLI VYPWQRHFSGF HBB_NOTAN 29 29 the|n|t|a| rno’ufs

BETAHAEMZ2 Length of notif = 16 Mtif nunber = 2 (examp|e here) and
Bet a haenogl obin notif |1 - 1 . .
final motifsare

PCODE ST
DLSSASAI MGNPKVKA HBB1 RAT 47 .

- provided to the
user

=

DLSSASAI MGNAKVKA HBB1_MOUSE 47
DLSTADAVMHNAKVKE HBB_ALCAA 46
DLSSAGAVMGNPKVKA HBB_CDOVI 46
DLSTADAVMNNPKVKA HBB_BOVI N 46
DLSTPDAVMSNPKVKA HBB_ATECGE 47
DLSTPDAVMGNPKVKA HBB_HUVAN 47
DLSNAGAVMGNAKVKA HBB_ANTPA 47
NLSSPTAI LGNPMVRA HBB_ANAPL 47
NLYNAEAI LGNANVAA HBB_NOTAN 47

PRRRPRPRRRRPRRR—



The PRODOM Database

ProDom Is a comprehensive set of protein
domain families automatically generated
from the SWISS-PROT and TrEMBL

seguence databases



The PRODOM Database

ProDom (Corpet et al., 2000) is a database of
protein domain families automatically generated
from SWISSPROT and TrEMBL sequence
databases (Bairoch and Apweller, 2000) using a
novel procedure based on recursive PSI-BLAST
searches (Altschul et al., 1997).

Release 2001.2 of ProDom contains 283,772
domain families, 101,957 having at least 2
sequence members. ProDom-CG (Complete
Genome) Is a version of the ProDom database
which holds genome-specific domain data.



Motif-based function prediction

Prediction of protein functions based on identified sequence
motifs

PROSITE contains patterns specific for more than a thousand
protein families.

A ScanProt

Fle Edit View Favorites Todk Help

ScanPROSITE -- it allows to scan = @ 886 e i@ o on @

tip://au.expasy.org/tocls scanprasite ~ B
Google - |prostme | Bpsemwen -Gy | & | O~ [ optons - & [grrosE & -

a protein sequence for occurrence o — :
of patterns and profiles stored in i
PROSITE

Edt Vew Favorites Took  Heb

rosoft Internet Expl

pattern [Reference / Domload pe scan, the standal
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[ e —— i “Be = « enter a sequence or a Swiss—Prot/TrEMEL accession number to scan the sequence with all patterns, profiles and rules
- PROSITE daraoes =] @ sexchvien ~ @ semch ste O - oot - & [Ereosre [ catsbace | in FROSITE. OR

B e S8, X 2 N g « fill in both fields to find all occurrences of a pattern or profile in a sequence.

i _ExPASy Homwe page ss—Prot

N Scan a protein for PROSITE matches ch Wi entry
Enter a Swiss-Prot/TrEMBL accession mumber (AC) Enter a PROSITE accession number (for exarple PSO1253), or type |

Search PROSITE
(for example PO5130) or a sequence identifier (ID) | your pattern in PROSITE format:

(for example NOTC_DROEE), or a FDB identifier, or (leave this box blank to scan a sequence with the entire PROSITE
PROSITE paste your owm protein sequence in the box below: database)

p_ » Database of protein families and domains (o515 i

and specify your search limits:
ISITE is a database of protein families and domains. It consists of biologically significant sites, patterns and BESEEY

Miles that help to relisbly identify to which known protein family (if any) a new sequence belongs [dore details /
feren / Disclaimer].

¢+ The Swiss—Prot [ TrENBL [] TrEMBLnew [J FLB databases
(You may also specify a protein in the box to the left)

lease 18.24, of 22-Nar-2004 (contains 1250 documentation entries that describe 1699 different patterns, Mincluding splice variants
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4 Internet
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Motif-based function prediction

n Search PROSITE using ScanPROSITE

MSEGSDNNGDPQQQGAEGEAVGENKMKSRLRK
GALKKKNVFNVKDHCFIARFFKQPTFCSHCKDFIC
GYQSGYAWMGFGKQGFQCQVCSYVVHKRCHEY
VTFICPGKDKGNETLIDSDSPKTQH ........

n Thesequence has ASN_GLY COSYLATION N-glycosylation site:
242 - 245 NETL



The PROSITE Database

PROSITE is a database of protein families and domains. It consists of
biologically significant sites, patterns and profiles that help to reliably
identify to which known protein family (if any) a new sequence belongs

PROSITE (Hofmann et al., 1999) is a good source of high quality
annotation for protein domain families. A PROSITE sequence family is
represented as a pattern or profile, providing a means of sensitive
detection of common protein domains in new protein sequences.

PROSITE release 16.46 contains signatures specific for 1,098 protein
families or domains. Each of these signatures comes with documentation
providing background information on the structure and function of these
proteins.



The PROSITE Database

A PROSITE sequence family Is represented as a
pattern or a profile.

A pattern is given as a regular expression (next
slide)

The generalised profiles used in PROSITE carry the
same increased information as compared to
classical profiles as Hidden Markov Models
(HMMSs).



The PFAM Database

Pfam is a large collection of multiple sequence
alignments and hidden Markov models covering
many common protein domains and families. For
each family in Pfam you can:

n Look at multiple alignments

n View protein domain architectures
n Examine species distribution

n Follow links to other databases

n View known protein structures

n Search with Hidden Markov Model (HMM) for
each alignment



The PFAM Database

Pfam is a database of two parts, the first is the
curated part of Pfam containing over 5193 protein
families (Pfam-A). Pfam-A comprises manually
crafted multiple

alignments and profile-HMMs .

To give Pfam a more comprehensive coverage of
known proteins we automatically generate a
supplement called Pfam-B. This contains a large
number of small families taken from the PRODOM
database that do not overlap with Pfam-A.

Although of lower quality Pfam-B families can be
useful when no Pfam-A families are found.




The PFAM Database

Sequence coverage Pfam-A : 73% (Gr)
Sequence coverage Pfam-B : 20% (Bl)
Other (Grey)



CYB_TRYBB/ 1- 197
CYB_MARPQ 1- 208
CYB_HETFR/ 1- 205
CYB_STELQ 1- 204
CYB_ASCSU 1- 196
CYB6_SPI OL/ 1- 210
CYB6_MARPQ 1- 210
CYB6_EUGGR/ 1- 210

CYB_TRYBB/ 1- 197
CYB_MARPQ 1- 208
CYB_HETFR/ 1- 205
CYB_STELQ 1- 204
CYB_ASCSU 1- 196
CYB6_SPI OL/ 1- 210
CYB6_MARPQ 1- 210
CYB6_EUGGR/ 1- 210

CYB_TRYBB/ 1- 197
CYB_MARPQ 1- 208
CYB_HETFR/ 1- 205
CYB_STELQ 1- 204
CYB_ASCSU 1- 196
CYB6_SPI OL/ 1- 210
CYB6_MARPQ 1- 210
CYB6_EUGGR/ 1- 210

A PFAM alignment

M .. LYKSG. . EKRKG . LLMSGC. . . .. LYR .. .. | YGVGFSLGFFI ALQ | C. . GVCLAW.FFSCFI CSNWYFVLFL
M ARRLSI LKQPI FSTFENNHLI Dy. . . .. PTPSNI SYWNGFGSLAGLCLVI Q LTGVFLAMHYTPHVDLAFLSVEHI MR.
MATNI RKTH. . PLLKI I NHALVDL. . . .. PAPSNI SAWMNNFGSLLVLCLAVQ LTGLFLAMHYTADI SLAFSSVI HI CR.
M TNI RKTH. . PLMKI LNDAFI DL. . . .. PTPSNI SSWANFGSLLGLCLI M) LTGLFLAMHYTPDTTTAFSSVAHI CR.
........... MKLDFVNSMWVSL. . . . . PSSKVLTYGMWNFGSM.GWLGFQ LTGTFLAFYYSNDGALAFLSVQYT M.
M SKVYDWF. . EERLEI QAl ADDI TSKYVPPHVNI FYCLGA TLT. . CFLVQVATGFAMIFYYRPTVTDAFASVQYI M.
M GKVYDWF. . EERLEI QAl ADDI TSKYVPPHVNI FYCLGA TLT. . CFLVQVATGFAMIFYYRPTVTEAFSSVQYI M.
M SRVYDWF. . EERLEI QAl ADDVSSKYVPPHVNI FYCLGA TFT. . CFI | QVATGFAMIFYYRPTVTEAFLSVKYI N

WDFDLGFVI RSVHI CFTSLLYLLLY!I H FKSI TLI | LFDTH. . I L. . . . VWFI GFI LFVFI | 1 | AFlI GYVLPCTMVBYWG

. DVKGGW.LRYMHANGASMFFI WYLHFFRGALY. . . . YGSY. . ASPRELVWACLGVVI LLLM VTAFI GYVLPWEQVEFWG

. DVNYGWLI RNl HANGASLFFI Cl YLHI ARGLY. . . . YGSY. . LLKE. . TWNI GVI LLFLLNATAFVGYVLPWEQVEFWG
. DVNYGWFI RYLHANGASMFFI CLYAHMGRGALY. . . . YGSY. . MFQE. . TWNI GVLLLLTVNATAFVGYVLPWEQVEFWG
. EVNFGW FRVLHFNGASLFFI FLYLHLFKGLF. . . . FMSY. . RLKK. . VW/SG VI LLLVMVEAFMGYVLVWAQVSFWA
. EVNFGALI RSVHRWEASMWLMM LHVFRVYL. . . . TGGFKKPREL. . TW/TGVVLGVLTASFGVTGYSLPVWDQ GYWA
. EVNFGALI RSVHRWEASMWLIMM LHI FRVYL. . . . TGGFKKPREL. . TW/TGVI LAVLTVSFGVTGYSLPVWDQ GYWA
. EVNFGALI RSI HRWEASMWLMM LHVCRVYL. . . . TGGFKKPREL. . TW/TG | LAl LTVSFGVTGYSLPVWDQVGYWA

LTVFSNI | ATVPI LG W.CYW WGSEFI NDFTLLKLHVLHV. LLPFI LLI | LI LHLFCLHYFM
ATVI TSLASAI PWGDTI VTW.WGGFSVDNATLNRFFSLHY. LLPFI | AGASI LHLAALHQYG
ATVI TNLLSAFPYI GDTLVQW WGGFSI DNATLTRFFAFHF. LLPFLI | ALTMLHFLFLHETG
ATVI TNLLSAI PYI GTTLVEW WGGFSVDKATLTRFFAFHF. | LPFI | TALAAVHLLFLHETG
SWVI TSLLSVI PWAGFAI VTW WEGFTVSSATLKFFFVLHF. LVPWGELLLLVLLHLVFLHETG
VKI VTGVPDAI PVI GSPLVELLRGSASVGQSTLTRFYSLHTFVLPLLTAVFMLVHFLM RKQG
VKI VTGVPEAI Pl | GSPLVELLRGSVSVGQSTLTRFYSLHTFVLPLLTAI FMLMVHFLM RKQG
VKI VTGVPEAI PLI GNFI VELLRGSVSVGQSTLTRFYSLHTFVLPLLTATFMLGHFLM RKQG



INTERPRO combined database

Because the underlying construction and analysis methods of
the above domain family databases are different, the
databases inevitably have different diagnostic strengths and
weaknesses.

The InterPro database (Apweller et al., 2000) is a
collaboration between many of the domain database curators.

It aims to be a central resource reducing the amount of
duplication between the databases.

Release 3.2 of InterPro contains 3,939 entries, representing
1,009 domains, 2,850 families, 65 repeats and 15
posttranslational modification sites. Entries are accompanied
by regular expressions, profiles, fingerprints and Hidden
Markov Models which facilitate sequence database searches.



Databases integrated in INTERPRO:

UniProt The UniProt (Universal Protein Resource) is the world's most comprehensive catalog of
u;.«,:mpmn information on proteins. It is a central repository of protein sequence and function created
by joining the information contained in Swiss-Prot, TrTEMBL, and PIR.

PROSITE is a database of protein families and domains. It consists of biologically
FL‘@.Q significant sites, patterns and profiles that help to reliably identify to which known protein
family (if any) a new sequence belongs.

Pfam is a large collection of multiple sequence alignments and hidden Markov models
covering many common protein domains.

PRINTS is a compendium of protein fingerprints. A fingerprint is a group of conserved
motifs used to characterise a protein family; its diagnostic power is refined by iterative
scanning of UniProt. Usually the motifs do not overlap, but are separated along a sequence,
though they may be contiguous in 3D-space. Fingerprints can encode protein folds and
functionalities more flexibly and powerfully than can single motifs, their full diagnostic
potency deriving from the mutual context afforded by motif neighbours.

e— The ProDom protein domain database consists of an automatic compilation of homologous

ProDom) domains. Current versions of ProDom are built using a novel procedure based on recursive
PSI-BLAST searches (Altschul SF, Madden TL, Schaffer AA, Zhang J, Zhang Z, Miller W &
Lipman DJ, 1997, Nucleic Acids Res., 25:3389-3402; Gouzy J., Corpet F. & Kahn D., 1999,
Computers and Chemistry 23:333-340.) Large families are much better processed with this

new procedure than with the former DOMAINER program (Sonnhammer, E.L.L. & Kahn, D.,
1994, Protein Sci., 3:482-492).
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SuperFamily

Superfamily

Databases integrated in INTERPRO (Cont.):

SMART (a Simple Modular Architecture Research Tool) allows the identification and annotation
of genetically mobile domains and the analysis of domain architectures. More than 500 domain
families found in signalling, extracellular and chromatin-associated proteins are detectable.
These domains are extensively annotated with respect to phyletic distributions, functional class,
tertiary structures and functionally important residues. Each domain found in a non-redundant
protein database as well as search parameters and taxonomic information are stored in a
relational database system. User interfaces to this database allow searches for proteins
containing specific combinations of domains in defined taxa.

TIGRFAMSs is a collection of protein families, featuring curated multiple sequence alignments,
Hidden Markov Models (HMMs) and annotation, which provides a tool for identifying functionally
related proteins based on sequence homology. Those entries which are "equivalogs" group
homologous proteins which are conserved with respect to function.

PIR Superfamily (PIRSF) is a classification system based on evolutionary relationship of whole
proteins. Members of a superfamily are monophyletic (evolved from a common evolutionary
ancestor) and homeomorphic (homologous over the full-length sequence and sharing a common
domain architecture). A protein may be assigned to one and only one superfamily. Curated
superfamilies contain functional information, domain information, bibliography, and cross-
references to other databases, as well as full-length and domain HMMs, multiple sequence
alignments, and phylogenetic tree of seed members. PIRSF can be used for functional
annotation of protein sequences.

SUPERFAMILY is a library of profile hidden Markov models that represent all proteins of known
structure. The library is based on the SCOP classification of proteins: each model corresponds
to a SCOP domain and aims to represent the entire SCOP superfamily that the domain belongs
to. SUPERFAMILY has been used to carry out structural assignments to all completely
sequenced genomes. The results and analysis are available from the SUPERFAMILY website.



Domain structure databases

Several methods of structural classification
have been developed to classify the large
number of protein folds present in the PDB.

The most widely used and comprehensive
databases are CATH, 3Dee, FSSP and SCOP,
which use four unigue methods to classify
protein structures at the domain level.



Examples of domain structure
databases

n SCOP
n CATI
n 3DEE
n FSSP




SCOP

The SCOP database (Structural Classification of Proteins) is a
manual classification of protein structure (Murzin et al., 1995).
The classification is at the domain level for many proteins, but
In general, a protein is only split into domains when there is a
clear indication that the individual domains may have existed
as independent proteins.

Therefore, many of the domain definitions in SCOP will be
different to those in the other structural domain databases.
The principal levels of hierarchy are family, superfamily and
fold, split into the traditional four domain classes, all-a, all-f3,
a+p3 and a/f3 .

Releasel.55 of the SCOP database contains 13,220 PDB
entries, 605 fold types and 31,474 domains.



CATH

The CATH domalin database assigns domains
based on a consensus approach using the
three algorithms PUU (Holm and Sander,
1994), DETECTIVE (Swindells, 1995) and
DOMAK (Siddiqui and Barton, 1995) as well as
visual inspection (Jones et al., 1998). The
CATH database release 2.3 contains
approximately 30,000 domains ordered into five
major levels: Class; Architecture; Topology/fold,;
Homologous superfamily; and Sequence family.



CATH

Class covers a, 3, and a/f3 proteins

Architecture is the overall shape of a domain as defined by the
packing of secondary structural elements, but ignoring their
connectivity.

The topology-level consists of structures with the same
number, arrangement and connectivity of secondary structure
based on structural superposition using SSAP structure
comparison algorithm (Taylor and Orengo, 1989).

A homologous superfamily contains proteins having high
structural similarity and similar functions, which suggests that
they have evolved from a common ancestor.

Finally, the sequence family level consists of proteins with
sequence identities greater than 35%, again suggesting a
common ancestor.



CATH

CATH classifies domains into approximately 700 fold
families; ten of these folds are highly populated and
are referred to as ‘super-folds’.

Super-folds are defined as folds for which there are
at least three structures without significant sequence
similarity (Orengo et al., 1994).

The most populated is the a/[3 -barrel super-fold.



3Dee

3Dee structural domain repository (Siddiqui et al.,
2001) stores alternative domain definitions for the
same protein and organises the domains into
seguence and structural hierarchies. Most of the
database creation and update processes are
performed automatically using the DOMAK (Siddigul
and Barton, 1995) algorithm. However, some

domains are manually assigned. It contains non-
redundant sets of sequences and structures, multiple
structure alignments for all domain families,
secondary structure and fold name definitions. The
current 3Dee release is now a few years old and
contains 18,896 structural domains.



FSSP

FSSP (Holm and Sander, 1997) is a complete comparison of
all pairs of protein structures in the PDB. It is the basis for the
Dali Domain Dictionary (Dietmann et al., 2001), a numerical
taxonomy of all known structures in the PDB.

The taxonomy is derived automatically from measurements of
structural, functional and sequence similarities.

The database is split into four hierarchical levels
corresponding to super-secondary structural motifs, the
topology of globular domains, remote homologues (functional
families) and sequence families.



FSSP

The top level of the fold classification corresponds to
secondary structure composition and super-secondary
structural motifs. Domains are assigned by the PUU algorithm
(Holm and Sander, 1994) and classified into one of five
‘attractors’, which can be characterised as all-a, all-§3, a/3 , a-
B meander, and antiparallel 3-barrels. Domains which are not
clearly defined to a single attractor are assigned to a mixed
class.

In September 2000, the Dali classification contained 17,101
chains, 1,375 fold types and 3,724 domain sequence families.
The database contains definitions of structurally conserved
cores and a library of multiple alignments of distantly related
protein families.



Gene Ontology (GO)

n Not a genome sequence database

n Developing three structured, controlled
vocabularies (ontologies) to describe gene
products in terms of:

— biological process
— cellular component
— molecular function

IN a species-independent manner



The GO ontology
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Gene Ontology Members

n FlyBase - database for the fruitfly Drosophila melanogaster
n Berkeley Drosophila Genome Project (BDGP) - Drosophila informatics; GO database & software,
Sequence Ontology development

n Saccharomyces Genome Database (SGD) - database for the budding yeast Saccharomyces
cerevisiae

nMouse Genome Database (MGD) & Gene Expression Database (GXD) - databases for the
mouse Mus musculus

n The Arabidopsis Information Resource (TAIR) - database for the brassica family plant Arabidopsis
thaliana

nWormBase - database for the nematode Caenorhabditis elegans

n EBI GOA project : annotation of UniProt (Swiss-Prot/TrTEMBL/PIR) and InterPro databases
nRat Genome Database (RGD) - database for the rat Rattus norvegicus

nDictyBase - informatics resource for the slime mold Dictyostelium discoideum

nGeneDB S. pombe - database for the fission yeast Schizosaccharomyces pombe (part of the
Pathogen Sequencing Unit at the Wellcome Trust Sanger Institute)

n GeneDB for protozoa - databases for Plasmodium falciparum, Leishmania major, Trypanosoma
brucei, and several other protozoan parasites (part of the Pathogen Sequencing Unit at the
Wellcome Trust Sanger Institute)

n Genome Knowledge Base (GK) - a collaboration between Cold Spring Harbor Laboratory and
EBI)

nTIGR - The Institute for Genomic Research

nGramene - A Comparative Mapping Resource for Monocots

n Compugen (with its Internet Research Engine)

n The Zebrafish Information Network (ZFIN) - reference datasets and information on Danio rerio



