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Protein Sequences 1,000,000 pr
(static)

Protein Variants 10,000,000 pr
(dynamic)
Exon combinations, post-translation modification, p-p interaction...

Protein Function 227772




A link between sequence,

structure and function

Protein structures are much more conserved than
protein sequences

Proteins of identical (similar) Structure tend to have
identical (similar) function

Extract structural information from sequence alone
(The Holy Grail)

Assign function based on structural characterization
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January, 2003 4




The Scheme of the talk

THE TASK: Construct a map of the protein space

ProtoClass -rationale and concept
ProtoNet in brief

AND BEYOND: Functional roadmap in ProtoClass
Biological examples
THE PURPOSE: New superfamilies for SG

ProTarget - ranked list of proteins

THE APPLICATION: AraNet - SG for Arabidopsis
QUO VADIS: Quality assessment of clusters for FG
ViS-G-Vis InterPro, SCOP, FSSP etc



ProtoClass - set of automatic classifications
of all proteins

Seeking statistically significant regularities (clusters)

Reconstruct the ‘geometry’ of the-sequence
space

Guiding principle

Homologous proteins evolved from common-ancestor protein

Homology is a transitive relation that can be deduced based on
statistical similarities
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ProtoClass - set of classifications of all
proteins ,. .

ProtoClass systems generate
graphs and maps that yield
views at any levels of
granularity.

ProtoMap ¥ o™ release May 1997

ProtoNet - A (arithmetric) release July 2002
ProtoNet - G (geometric) release July 2002
ProtoNet - H (harmonic) release July 2002
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ProtoNet DATABASE

Parse Protein Pedigrees

A new Web site from Hebrew University in Jerusalern aims to simpli-
fy the analysis of protein structure and function. Along with the usual
sequence information, ProtoMet automatically clusters proteins by
similarity, creating a family tree that allows researchers to compare
individual proteins or related groups. For more than 100,000 proteins,
the site holds a data card that lists each
molecule’s amino acid sequence, identi-
fies functional regions, and charts
the taxonomy of the organism it
comes from. You can compare
each protein to other members
of its immediate family or climb
up the tree to contrast different
groups, which might help de-
duce the function of mystery
molecules or tease out evolution-
ary trends. If you don't find your fa-
varite protein here, submit its se-
guence to find out how it fits into
known clusters,
www.protonet.cs huji.ac.il/protonet/index.php

p329 (11 October 2002)

Science 298

ProtoNet - Ver 2.1
Dec 2002

www.protonet.cs.huji.ac.il




Protein Sequence-Structure Space




ProtoNet - in brief
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Protein card
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ProtoNet Perspectives

Clustering Chain
(to the root - subfamiles)

Horizontal
(to the correct level - maps)
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Clustering Chain
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How Pure
IS your
cluster?

Additional options
complex queries..
Horizontal view..

Keywords of cluster 148484
Total number of proteins in this clust

Keywords of type " InterPro™

Keyword frequency among proteins

Eeyword description Numher ofproteins in I]eql.ll{ieatl;:: ;rdum i ( E;l it child? E:;‘e;ﬂ
-] H M " mc IHc .
cluster with this keyword R ':_;1“;];1 1.364-18 1‘.";“12 ﬁw.zq@urz];c}r
size: 50 sige: 4
Calcium and sodim
FRabEl pots tog 54 1000 | 1000 1000 | 0.07
[54-36) ' ) ' ’
IPRO01682
Cation channels
inon-ligand gated) a4 @ 100.0 1000 100.0 Q.17
IPRODDG36
Cation channels T
st lnot 51 26013 54 44 96.0 75.0 0.07
potassim)
IPRODZ111
Calcmm channel
i 38 257.37 70,37 6a.0 100.0 0.04
Sadmm channel
- 3

{PRAO1GSE 15 161.68 217 0.0 1] 0.01
1) calmodulin-
binding motif’ 1 4224 20,37 22.0 0 01z
IPRDO00D4S
EF-hand family =
\PRO0Z048 ] 784 825 9499 3] 065
HIMGE-T and HWG-T
DI A-binding s

3 22.01 i s 5.99 0 oaz
domain (A+T-hook)
IPRO00G37
Woltage-dependent
potassiurn chatimel 1 629 1.85 1.99 0 0.04

IPRO03091
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ProtoNet top 20

Cluster ' Family
ID

176127 GPCE

176194 Einage

17676 Homoehox

176008 Cytochtome P450
176252 Crtochrome BABEA
174055 ABC transporter **
176475 Intermediate filamernt *
176004 Zine finger, CAH2
176689 Fas GTPase

175479 GTP-hinding elongation
176624 Eyhizco

176400 EF-hand

176407 Tyrasine kinase

176639 Imirunoglobulin C-type
176531 AaA ATPage

174961 , - | HADH-Ubiquinone
176445 . | Short Dehyrdeogenase *
173044 . | ATP synthase

176025 Serine proteases
176546 | ¢ | G-protein beta ¥

20 largest clusters in the ProtoNet (Arithmetic) tree at pre-selected
horizontal level: Clusters including substantial fraction of hypothetical
January, 2pyeteins. 7-15% (*), 15-20% (**).
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ProtoClass Road-Maps

A horizontal view provides 'distances’ between clusters.
Those are the basis for creating Road-Maps.

We test the biological content of those road maps in
term of biological information: I.e., domain, feature,
structure, function, faxonomy etc.
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Is there a non trivial structural information
hidden in the roadmap ?

The case of Globin superfamily

Many connections are
marginal

~1000 proteins in the
graph ‘
~40 solved structure
families (a la SCOP)
are within the map, all
belong to ‘globin fold’
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The
leaving

Tree :

the most
informative
subtree

The 47 proteins associate
with 377 PDB entries

SCOP
SF: Globin-like
F: Globin



The
leaving

Tree :

the most
informative
subtree

209,4 &
158,2

459,1

376,1

The 21 proteins associate wit

T IVTy I A

1290,21

598,16 @

87 PDB entries

SCoP
SF: P-loop

CATH
Rossmann fold

21



The Twilight Zone

Proteins with >30% sequence identity can be
reliably modeled and their fold may be predicted.

Remote homologues: Sequences with only 10-30%
identical amino-acids may belong to the same
structural superfamily (or fold). The Twilight Zone

State of the art search engines (PSI-BLAST, SAM-
99) fail to cross the Twilight Zone.

The sequence identity in the Twilight Zone provides
no signal for structural similarity (Rost et al., 2002)
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A roadmap with high complexity

multiple functions: antibiotic resistance, catalysis,
transcription regulation, histone acetylation..
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The case of the GCN5 sequence group
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GCN5- Related Superfamily

(10 solved domains)

All proteins in the road-map
belong to the same superfamily
(SCOP - NAT)

The road-map connect proteins
that are considered in the
twilight zone

HISTONE

|
R. N. Dutnall et al. Struct f the Hist Acetylt fi Hat1 APSILITE A RASS
. N. Dutnall et al. Structure of the Histone Acetyltransferase Hat1: i
A Paradigm for the Gen5- Related N-Acetyltransferase Superfamily. (1BOB) Ec:2.3.1.48

Cell 94 pp. 427 (1998)
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