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Sequence similarity relatioships
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Sequence similarity relatioships
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Superfamily: Common origin but maybe not traceable by sequence homology
Family: Clear sequence homology. Function can be different.
Subfamily: Clear sequence homology and same function. Sometimes arbitrary



Clustering the whole sequence space

• Yona, G., Linial, N. and Linial, M. (2000) ProtoMap: automatic classification of protein sequences and hierarchy of protein families. 
Nucleic Acids Res., 28, 49-55.
• Kaplan, N., Sasson, O., Inbar, U., Friedlich, M., Fromer, M., Fleischer, H., Portugaly, E., Linial, N. and Linial, M. (2005) ProtoNet 4.0: a 
hierarchical classification of one million protein sequences. Nucleic Acids Res., 33, D216-218.
• http://www.protonet.cs.huji.ac.il/
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Protein domains



How many protein families?

Marsden, R.L., Lee, D., Maibaum, M., Yeats, C. and Orengo, C.A. (2006) Comprehensive genome analysis of 203 genomes provides 
structural genomics with new insights into protein family space. Nucleic Acids Res., 34, 1066-1080.

http://nar.oxfordjournals.org/content/vol34/issue3/images/large/gkj494f1.jpeg


Protein Structure
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Genome sequencing

• Collins, F.S., Green, E.D., Guttmacher, A.E. & Guyer, M.S. (2003) A vision for the future of genomic research. Nature, 422, 835-847.
• Venter, J. C. et al. Environmental genome shotgun sequencing of the Sargasso Sea. (2004). Science 304, 66-74.



Experimental determination of protein structures
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High-throughput determination of protein structures – Structural Genomics

NIH Structural Genomics Centers
•The Berkeley Structural Genomics Center (BSGC)
The BSGC is pursuing an integrated structural genomics program designed to obtain a near-complete structural complement of two minimal genomes, Mycoplasma 
genitalium and Mycoplasma pneumoniae, two related human and animal pathogens. Both NMR spectroscopy and X-ray crystallography are being used for structural 
determination. 
•Center for Eukaryotic Structural Genomics (CESG)
The CESG was founded as a collaborative effort to develop the technologies needed for economical high-throughput structure determination of biologically important
eukaryotic proteins and to extend the knowledge of fold-function space. This project also aims to further the research of biologically important proteins in Arabidopsis. The 
protein structures are being determined via X-ray crystallography or NMR spectroscopy. 
•The Joint Center for Structural Genomics (JCSG)
The research focus of the JCSG is on the prokaryote Thermotoga maritima, and the eukaryote Caenorhabditis elegans, and the main proteins of interest are signaling
proteins. The goals involve discovering new protein folds, attaining complete coverage of the proteome of the eubacterium Thermotoga maritima, and creating a high-
throughput system from the point of target selection through structure determination. X-ray crystallography is being used for structural determination. 
•The Midwest Center for Structural Genomics (MCSG)
The objective of the MCSG is to develop and optimize new, rapid, integrated methods for highly cost-effective determination of protein structures through X-ray 
crystallography. This project aims to quickly solve a large number of "easy" targets, and in the process develop new, more advanced tools, methods and approaches that can 
be applied to "unsolved and difficult projects". Protein targets have an emphasis on unknown folds and proteins from disease-causing organisms. 
•The New York Structural Genomics Research Consortium (NYSGRC)
The NYSGRC aims to develop and use the technology for high-throughput structural and functional studies of proteins from humans and model organisms. The consortium 
is establishing a fully integrated, high-throughput system for protein family classification and target selection, protein expression, purification, crystallization, and structure 
determination by X-ray crystallography. 
•The Northeast Structural Genomics Consortium (NEGS)
The NEGS is focused on human proteins and proteins from eukaryotic model organisms. The project targets representative proteins to provide "coverage" of fold space, and 
also proteins that are interesting from a functional genomics perspective. In addition, the center is exploring the complementary aspects of X-ray crystallography and NMR 
spectroscopy. 
•The Southeast Collaboratory for Structural Genomics (SECSG)
The objective of the SECSG is to develop and test experimental and computational strategies for high throughput structure determination of proteins by X-ray 
crystallography and NMR methods and to apply these strategies to scan the entire genome of an organism at a rapid pace. The eukaryotic organisms, Caenorhabditis elegans, 
Homo sapiens and an ancestrally-related prokaryotic microorganism having a small genome, Pyrococcus furiosus, have been selected as representative genomes. 
•Structural Genomics of Pathogenic Protozoa Consortium (SGPP)
The SGPP consortium aims to determine and analyze the structures of a large number of proteins from major global pathogenic protozoa including Leishmania major,
Trypanosoma brucei, Trypanosoma cruzi and Plasmodium falciparum. These organisms are responsible for the diseases: leishmaniasis, sleeping sickness, Chagas' disease 
and malaria. X-ray crystallography is being used for structural determination. 
•The TB Structural Genomics Consortium (TB)
The goal of the TB consortium is to determine the structures of over 400 proteins from M. tuberculosis, and to analyze these structures in the context of functional 
information that currently exists and that is generated by the project. These structures will include about 40 novel folds and 200 new families of protein structures. The 
protein structures are being determined using X-ray crystallography. 

Goldsmith-Fischman, S. and Honig, B. (2003) Structural genomics: Computational methods for structure analysis. Protein Sci, 12, 1813-1821.

http://www.strgen.org/
http://www.uwstructuralgenomics.org/
http://www.jcsg.org/
http://www.mcsg.anl.gov/
http://www.nysgrc.org/
http://www.nesg.org/
http://www.secsg.org/
http://sgpp.org/
http://www.doe-mbi.ucla.edu/TB


Characteristics of the structure space
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Leonov, H., Mitchell, J.S. & Arkin, I.T. (2003) Monte 
Carlo estimation of the number of possible protein folds: 
effects of sampling bias and folds distributions. Proteins, 
51, 352-359.

Orengo, C.A., Jones, D.T. & Thornton, J.M. (1994) Protein 
superfamilies and domain superfolds. Nature, 372, 631-634.Koonin, E.V., Wolf, Y.I. & Karev, G.P. (2002) The 

structure of the protein universe and genome evolution. 
Nature, 420, 218-223.



Characteristics of the structure space

Zhang, Y., Hubner, I.A., Arakaki, A.K., Shakhnovich, E. and Skolnick, J. (2006) On the origin and highly likely completeness of single-
domain protein structures. Proc Natl Acad Sci U S A, 103, 2605-2610.

http://www.pnas.org/content/vol103/issue8/images/large/zpq0070612660001.jpeg


Characteristics of the structure space

http://www.rcsb.org



Characteristics of the structure space

Cootes, A.P., Muggleton, S.H. & Sternberg, M.J. (2003) The 
automatic discovery of structural principles describing protein 
fold space. J Mol Biol, 330, 839-850.

Hou, J., Sims, G.E., Zhang, C. & Kim, S.H. (2003) A global 
representation of the protein fold space. Proc Natl Acad Sci USA, 
100, 2386-2390.
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Characteristics of the structure space
Relationships with sequence space

Sequence space

Chothia, C. & Lesk, A.M. (1986) The relation between the divergence of sequence and structure in proteins. EMBO J., 5, 823-826.



Characteristics of the structure space
Relationships with sequence space

P-loop ATP hydrolases FOLD



Characteristics of the structure space

P-loop ATP hydrolases FOLD
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Structural Classifications
SCOP
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Andreeva, A., Howorth, D., Brenner, S.E., Hubbard, T.J., Chothia, C. and Murzin, A.G. (2004) SCOP database in 2004: refinements 
integrate structure and sequence family data. Nucleic Acids Res., 32, D226-229.

http://scop.mrc-lmb.cam.ac.uk/scop/index.html



Structural Classifications
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Pearl, F., Todd, A., Sillitoe, I., Dibley, M., Redfern, O., Lewis, T., Bennett, C., Marsden, R., Grant, A., Lee, D., et al. (2005) The CATH 
Domain Structure Database and related resources Gene3D and DHS provide comprehensive domain family information for genome analysis. 
Nucleic Acids Res., 33, D247-251.

Dietmann, S., Park, J., Notredame, C., Heger, A., Lappe, M. and Holm, L. (2001) A fully automatic evolutionary classification of protein 
folds: Dali Domain Dictionary version 3. Nucleic Acids Res., 29, 55-57.



Relationship between structure and function spaces

Shakhnovich, B.E., Dokholyan, N.V., DeLisi, C. and Shakhnovich, E.I. (2003) Functional Fingerprints of Folds: Evidence for Correlated 
Structure-Function Evolution. J Mol Biol, 326, 1-9.



Relationships between protein sequence
structure and function spaces
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The protein “Universe”

10400 Possible sequences

1010 Sequences in the biosphere

105 Families

103-104 Folds

104 Functions (GO)

Vendruscolo, M. and Dobson, C.M. (2005) A glimpse at the organization of the protein universe. Proc Natl Acad Sci U S A, 102, 5641-5642.


