Bioinformatics

Use of computer to analyze and archive biological data
(sequence and structural information) on a large scale

— Includes development of analysis algorithms, visualization
software, database design

e Secondary structure assignment
« Secondary structure prediction

e Sequence alignment
 Structural alignment

o Tertiary structure prediction
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Given a structure, identify the regions of secondary structure
— DSSP, Stride, DEFINE
— implementation dependent
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Secondary structure prediction

Tertiary structure prediction from the amino acid sequence is very difficult

Prediction of secondary structure is feasible and more reliable

In some models of protein folding, secondary structural elements form first
before a tertiary structure is formed
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Knowing the region of secondary structure is critical for some applications
— transmembrane domain of the membrane protein GPCR
— secondary structural info may be sufficient for some studies



Prediction methods

Use known secondary structure propensities of individual amino acids—
either statistical or experimental

— helix former, helix breaker, helix neutral, sheet former, sheet breaker, etc
— develop heuristic rules for identifying and extending a helix or a sheet
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Examine sets of adjacent amino acids (e.g. windows of 11-21 amino

acids) rather than individual amino acids
— probability of an amino acid to be in a particular secondary structure
considering the nearby residues
— HHSLCSHSHHSC less likely than HHHHHCCCSSSS
— local context is important

Secondary structure prediction services
— PredictProtein
— PHD
— JPRED
— PSSP

Limitations
— overall prediction: 60%
— beta-strands prediction: ~35%

— predictions include small secondary elements that cannot be easily
integrated into longer structures



Sequence alignment

Process of comparing two or more sequences by looking for a series of
iIndividual characters or character patterns (similar vs. identical) that are in
the same order in the sequences

Sequence alignment lies at the heart of bioinformatics
— newly discovered sequence may be related to known sequence
— models evolutionary relationship
— assist in engineering and 3D prediction
— basis to functional genomics
— population genomics—genetic variations in an isolated group (DeCode).

Ildentity vs. similarity — definition of similarity
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Multiple sequence alignment (MSA)

Incorporate evolutionary information through multiple sequence alignment

— Information on sequence conservation, substitution, and potential interaction
— Clustalw

— T-Coffee

Global multiple alignment Local multiple alighment

sequence |
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Vil Ryte NN
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sequence < _
block & block B block C black D
Aligngd . _ . _
regions :
#+ ch.EMBnet.org % ch.EMBnet.org
Services Services
T-COFFEE
ClLIStalW This program is more accurate than Clustalw for sequences with less than 30%

walid format for input is: FASTA(Pearson)
max number of sequences = 30
max total length of sequences = 10000
Help page
For more than 30 sequences please use ClustalW-¥xl

identity,
but it is slower,..
Faor any question please contact the author: Cedric Motredame



Structural alignment

Structures are more conserved than sequences

In the “twilight zone” of sequence similarity, structural alignment might help
to correctly determine the relations between two proteins

Structural alignment is more predictive of function than sequence alignment

sequence 1 DQDAQDEAQQ
sequence 2 [ | |ADQ > >QDAAQ
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Alignment v. superposition

Superposition assumes the two are related—translate and rotate one of
them to minimize the total rmsd

Alighment is a means of determining if two are structurally related by
mapping stretches of atoms from one protein to another

— Integral to structural classification

e Distance alignment matrix (DALI)

 Combinatorial extension (CE)

o Sequential Structure Alignment Program (SSAP)

o Spatial Arrangements of Backbone Fragments (SARF2)
o Structural Alignment of Multiple Proteins (STAMP)

e Structure based Alignment Program (STRAP)

Many are available as web services
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Tertiary structure prediction

» Detalled structural information is essential to model function and to

design methods to modulate function
« Experimentally determined structures are used as templates during

structural prediction

Genome Sequencing Projects
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Stevens et al, Science 294, 89-93 (2001)



NMR, x-ray

Comparative modeling
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APPLICATIONS

Studying catalytic
mechanism

Designing and improving
ligands

Docking of macromolecules,
prediction of protein partners

Virtual screening and
docking of small ligands

Defining antibody epitopes

Molecular replacement in
X-ray crystallography

Designing chimeras, stable,
crystallizable variants

Supporting site-directed
mutagenesis

Refining NMR structures

Fitting into low-resolution
electron density

Structure from sparse
experimental restraints

Functional relationships
from structural similarity

Identifying patches of
conserved surface residues

Finding functional sites by
3D motif searching

Gene i Teroet Target

database : s;';:ﬁ':: 1 prioritization

Solve
structure Validate

Stevens & Wilson, Science 291, 519 (2001)

Baker & Sali, Science 294, 93 (2001)
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Comparative Fold Recognition
Modeling

Refinement

~ 3DMODEL

Direct prediction

de novo or heuristic
fundamental or

phenomenological
MC or MD

arbitrary set of rules



CASP

Critical Assessment of (Protein) Structure Prediction | 58 _\_, SN

Bi-annual competition for testing the current state of structure prediction
capabilities

Contestants are given protein sequence and need to submit model
structures to be compared against experimental structures

No limit on the technique

Judging the success of a prediction -- Global and local rmsd

Would like it to be high throughput to cover the full genome

A lot of experimental information cannot be modeled in high throughput,
e.g. thermostability and functional site residues

Lack of resolution prevents mutagenesis data, information regarding solvent
accessibility (e.g. H/D exchange, fluorescence) to be properly modeled

Domain arrangements (quaternary structure) are also difficult to model
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Protein Structure Prediction Center

Genome Center
University of California, Davis

Welcome to the Protein Structure Prediction Center!

Our goal is to help advance the methods of identifying protein structure from sequence. The Center has been organized to
provide the means of objective testing of these methods via the process of blind prediction. In addition to support of the
CASP meetings our goal is to promote an evaluation of prediction methods on a continuing basis.

CASP experiments aim at establishing the current state of the art in protein structure prediction, identifying what progress
has been made, and highlighting where future effort may be most productively focused. The organizers are thankful to CASP
assessors for their valuable contribution to this field.

There have been seven previous CASP experiments.

CASP1 (1994) | CASP2 (1996) | CASP3 (1998) | CASP4 (2000) | CASP5 (2002) | CASP6 (2004) |
CASP7 (2006)

Proceedings

Click on the logo below to proceed to the main page of the latest CASP experiment.
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Tar-id Name Nres|Method|Entry-date| Expiry-date/cancel Description

10283 |BH3980 112 X-ray 10 May 51 Jun ggsgdtjggﬁg‘: 10176605, Bacillus halodurans
T0284 PA4BT2 287 |X-ray 11 May 1.1 Eggcitheal protein, Pseudomonas aeruginosa
10285 |AbfS 9% |[Hmy 15 May 56 Jun Eéll:ll?itl:)}lf_li:gﬁlaa;)scmii((::lflsomain from histidine kinase,
T0286 |CelX 205 |X-ray 15 May 56 Jun Et?ét%%iiﬁjrﬁmse family, Clostridium

10287 |cags 100 |X-ray 11 May it :epﬁgst;'gciaeig I?‘?Ig:?genicity island protein,
T0288 PRKCAB 93 X-ray |16 May |9 Jun SGC target ERKEAB. Homosapiens

T0289 AAH7881 312 X-ray (16 May |9 Jun S d?ﬁtf RALEUs norvegicus

T0290 PPI64 173 X-ray 17 May |10 Jun Sat g et RIS, Hamarsaplens

T0291 [EPHA3 310 X-ray (17 May 11 Jun So target PRHA; Hemosaplens

T0292 INEK2A 277 X-ray 17 May 11 Jun SGE rgel NEKZA, Homosaplens

10293 MGC3329 250 |X-ray |18 May |12 Jun S5 Wrgel NGCs329, HomaSaplens

. . . .
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1. Protein Name
BH3980
2. Organism Name
Bacillus halodurans
3. Number of amino acids (approx)
112
4. Accession munber
10176605
. Sequence Database
NCBINR
6. Amino acid sequence
MSFIEKMIGSLNDEREWEKAMEARAKAT PKEYHHAYKAIQKYMWTSGGPTDWQDTERIFGG
ILDLFEEGAAEGEKKVTDLTGEDVAAFCDELMED TEKTWMDKYRTELNDSIGRD
. Additional information
DUF1048, more info available at hitp://www1.jesg. org/cg-bin/psat/analyzer. cgi?acc=10176605
§. X-ray structure
yes
9. Cwmrent state of the experimental work
refined model
10. Interpretable map?
yes
11. Estiinated date of chain tracing completion
complete
12. Estilnated date of public release of structure
Tuly
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Functional Genomics Consortium Datasheet

S Accelerating Target Discovery
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Bioinformatics and protein engineering

« Information required for specifying the tertiary structure is contained in
the amino acid sequence

« Can we extract the information and use it to specify a protein fold?
e Use statistical information encoded in a multiple sequence alignment

Hypothesis: structural coupled residues would appear more often together

than statistically expected
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Designing a fold from sequence conservation

Apply statistical analysis to 120 WW domain proteins to identify which
residues are structurally coupled

Using simulated annealing Monte Carlo, design sequences that reproduces
1) intrinsic amino acid distribution at each position, or
i) both the sequence conservation and statistical coupling  wata Coupled conservation
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