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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                    ?????

enzymes

catalytic signalingStructural proteins sensors
channels

Intrinsic difficulty in defining function

The protein Space
current state



January, 2003 3

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

A link between sequence,
structure and function
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Structure space
sparse

Function space
Ill-defined

20,000

    20,000
(function by GO)

The protein space
sequence, structure and function

The protein spaceThe protein space
sequence, structure and functionsequence, structure and function

Sequence space
dense

1,000,000
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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-à-vis InterPro, SCOP, FSSP etc
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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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ProtoMap                                      release  May 1997

ProtoNet - A (arithmetric)  release  July 2002

ProtoNet - G (geometric)  release  July 2002

ProtoNet - H  (harmonic)  release  July 2002

ProtoClass - Set of classifications of all
proteins

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

ProtoNet - Ver 2.1
Dec 2002

www.protonet.cs.huji.ac.il
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    Protein Sequence-Structure Space

PSI-BLAST

Cluster-hopping
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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

RootRoot
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How Pure
is your
cluster?

Additional options
complex queries..
Horizontal view..
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ProtoNet top 20ProtoNet top 20

20 largest clusters in the ProtoNet (Arithmetic) tree at pre-selected
horizontal level: Clusters including substantial fraction of  hypothetical
proteins. 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, taxonomy etc.
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Road map of Ig SuperfamilyRoad map of Ig Superfamily

Yona G., Linial N., Linial M. - Proteins 37:360-378 (1999)

Edges connect clusters
that are neighbors but
failed to merge at that
LEVEL of the graph.

Non-trivial relationships
between clusters.
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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’

Is there a non trivial structural information
hidden in the roadmap ?

The case of Globin superfamily
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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

132,8

312,17

287,15

1939,106

741,47

105,5

732,47
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The
leaving
Tree :
the most
informative
subtree

209,4

459,12

376,11

1290,21

4764,91

598,16

158,2

The 21 proteins associate with
87 PDB entries

SCOP               CATH
SF: P-loop        Rossmann fold
F: G-protein     3.40.50.300

Superfamily:
 P-loop containing nucleotide triphosphate
hydrolases
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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)

The Twilight Zone
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A roadmap with high complexityA roadmap with high complexity
multiple functions: antibiotic resistance, catalysis,multiple functions: antibiotic resistance, catalysis,
transcription regulation, transcription regulation, histone acetylationhistone acetylation....

2050 - RIBOSOMAL-PROTEIN-ALA ACETYLTRANSFERASE 1BO4
11032- HYPOTHETICAL 1CJW,1CM0
2991 - HYPOTHETICAL 1QST,5GCN
3432 - SPORULATION NEGATIVE REGULATORY 1YGH
12774- HYPOTHETICAL 1QST,5GCN
1438 - ELAA PROTEIN
4352 - GLUTAMATE-RICH PROTEIN
2136 - IAA ACETYLTRANSFERASE
2168 - N-TERMINAL ACETYLTRANSFERASE COMPLEX ARD1
3960 - GENTAMICIN 3'-ACETYLTRANSFERASE 1BO4,1B87,1CM0
1912 - DIAMINE ACETYLTRANSFERASE
12154- HYPOTHETICAL
5901 - AMINOGLYCOSIDE N6'-ACETYLTRANSFERASE 1B87
3961 - ACETYLTRANSFERASE (EC 2.3.1.-)
4823 - POLYSACCHARIDE BIOSYNTHESIS
1893 - RIBOSOMAL-PROTEIN-SERINE ACETYLTRANSFERASE
3042 - HYPOTHETICAL
3113 - PHOSPHINOTHRICIN ACETYLTRANSFERASE
4812 - SPT10 PROTEIN
4738 - RIBT PROTEIN 1B04
2144 - KANAMYCIN RESISTANCE
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The case of the GCN5 sequence group
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GCN5- Related Superfamily
(10 solved domains)

R. N. Dutnall et al. Structure of the Histone Acetyltransferase Hat1: 
A Paradigm for the Gcn5- Related N-Acetyltransferase Superfamily. 
Cell 94 pp. 427 (1998)

HISTONE
ACETYLTRANSFERASE
(1BOB) Ec: 2.3.1.48

HISTONE
ACETYLTRANSFERASE
(1BOB) Ec: 2.3.1.48

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
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Structure to Structure distance
FSSP

A structure based
graph.
All sharing the same
protein fold (according to
SCOP/ Dali map).

aaa

1CM0
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1BOB1NMT
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1CJW17%

1QST

8%16%

59%

55%

57%

5%

FSSP - using all structures (PDB)

Relationships in
ProtMap graph provide
almost identical map
despite very with very
low identity!!


