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Data in the post-genomic era

Progress in science depends on new
techniques, new discoveries and new ideas,
probably in that order.

Sydney Brenner, 1980

The introduction and popularization of high-throughput
techniques has drastically changed the way in which biological
problems can be addressed and hypotheses can be tested.

But not necessarily the way in which we really
address or test them...




he final phenotype

From
genotype to
phenotype.

...whose stru unts ...blus t

W

acctgttgatggcgacagggactgtatgctg
atctatgctgatgcatgcatgctgactactgat




. ...which can be different
Now: 22240 (NCBI build 35 12/04) Genes in the because of the variability. 10 million SNPs

50-70% display alternative splicing e ., 2P L. €
25%-60% unknown , k N e SCAE TRAL T W ...whose final
>protein kunase SR g 4
Transfrags

> ‘ = Tt \ N .
acctgttgatggcgacagggactgtatgctgatctat v ¢ “1q ffe Ct CO nfl g u re C

gctgatgcatgcatgctgactactgatgtgggggcta

‘.“‘ffgacttgatgtctatc.... . ! ' = » X : th e
R e phenotype...

..when expressed in th.e"‘"'proper
moment and place...

A typical tissue is
expressing among
5000 and 10000

genes | From genotype
to phenotype.

(post-genomics scenario)

..conforming complex
proteins... interaction networks...

...code fé?_r

That undergo post- \
translational modifications,

somatic recombination... - 7 b . | N COO |3 era t| on
100K-500K proteins . _— n , : W | t h Ot h er
P proteins...

account for function... |

8 interactions




Similar things behave similar...

VAR
nW

X A
V’:s"/‘(:’}*"‘w"v .
‘C?mn

ew concepts:

Clustering
Feature selection .. =
Functional interpretation

g

SO
CW&~

\7




Similar things behave similar...

i A A
A

WVAVAIN
N

Similar things
behave similar

~ Clustering
Feature selection .. .
Functional interpretation |

I




Similar things behave similar...

@ Not everything

behave similar @ reIe_vant

ew concepts:

rg |u. L TTTIN Y T
AN :
Clustering I
Feature selection B ' -~

Functional interpretation |

PP




N

The data has to
be transformed

into biological
information

Similar things behave similar...

<o)

Similar things
behave similar

@ Not everything
in the data is

relevant

A '
v

ew concepts:

Clustering
Feature selection B
Functional interpretation

Pepesns

1]
el AR A
U




O

nformatics Department

http://bioinfo.cipf.es

A nN -

oD Gpgib— ]

he DepatA=ert
e
Com e @ \armwmgy >0
M9 ee— .
Toods

oA wwy At ween

Occomerts A Pubicabions

S

T

m— o) =g
Meetinga A Cooramm

L el SR

-

" e -

L .

.oy

VNG aventy

S e a gt b - e o —

o v e w N e
A At () W i e

B it B e R e
atrar re woma ¥ iy (A e
A T O DO SOUDRRA T 8 ey
gy mmrwmmton P g ita te g e e -t
- M TGP e e s ¥V e T e
e wuisters "o spinme st wa eegwd ve
D R R e e e I )
oA CANONOD Oy B e e
bt o mlar Grutow (e e

Neows

Moy VP “rnr s et e e wa w ew
. o o

Agr# 3007 PavlilO o v www amw Oy
L e I e

- emm ) v

Aemaery I00T  Prgwmamn & nooa o v e
et ittt i s
Dogtommbor 3008 Propmrt 0wt b bk g

iy mt e wmad 2 Do -

mAnh <5 0
Awwr o a L A S e e wemalne meiee o
R e o ]
Ouminbae ID0T - CIV unvms mlonm aepd e
fm i wwe ~ow v e AN e -
N bl

Mare news. .,

Coogle

Tad g A Ve e

o os o=
AV B M ANG 4 T e

PLeetde

et et Wt o weg s A A
W e R ey

—ake )

P T o W« P el o R

S wval o

P o SRR e wae
v ts sy A 0D UL ey
Larate, (nlan

AT

mew wewsa v et abere
AT e s P T C W e ey
c—

Swndoan

et P F P s ey R el g
S L e ey A b e
e e

o benns

roe

R e e L)
Wl AT A urmwnn v 0l mingn
e e Ll SN R

Avwvn Bt (w1 )

Wl SV Wy P »
Py (nd &)

Tae A e b —- -
-
A S an s

Jwa v ood Ve

L —y 8 . e——y

T el Asan e s D TS
B 2 aTe oM



http://bioinfo.cipf.es
http://bioinfo.cipf.es

Bioinformatics Department http://bicinfo.cipf.es

Functional Genomics
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Structural Genomics
Dr. Marc A. Marti-Renom
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Gene Expression Pattern Analysis Suite
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SNP Analysis Suite
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Functional Profiling Analysis Suite
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Molecular Evolution Analysis Suite
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Introduction to CM

Modeling genomes
Modeling Genes
Tropical Disease Initiative




Why is it useful to know the structure of a protein,
not only its sequence?

The biochemical function (activity) of a protein is defined by its interactions with other molecules.
The biological function is in large part a consequence of these interactions.

The 3D structure is more informative than sequence because interactions are determined by residues
that are close in space but are frequently distant in sequence.

10 20 30 40 50

YDL117W
(15-64) KARIGWS GOTKGDLGFLEGDIM EVTF!IAGHFY GKLLRNKK CSGYFiHE

In addition, since evolution tends to conserve
function and function depends more directly on
structure than on sequence, structure is more

conserved in evolution than sequence.

The net result is that patterns in space are
frequently more recognizable than patterns
in sequence.




Principles of protein structure

GFCHIKAYTRLIMVG..
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Folding (physics)

ADb initio prediction

" \"L b \‘L
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Evolution (rules)

Threading
Comparative Modeling

D. Baker & A. Sali. Science 294, 93, 2001.




protein prediction vs protein determination

NMR

Comparative Modeling

Experimental
data
elep

paJiajul

Threading

Ab-initio




Comparative modeling by satisfaction of spatial restraints
MODELLER

Start with a
Target Sequence

Template
Search

Target/Template
Alignment

Build model

Evaluate model

Output 3D Model

-

Given an alighment...

|

extract spatial features
from the template(s)
and statistics from
known structures

|

apply these features
as restraints on your
target sequence

|

optimize to find the
best solution for the
restraints to produce
your 3D model

MSVIPKR--GNCEQTSE
ASTLPKRLFGNCEQTSD

19 21 23 25
C, - C, DISTANCE [A)

A. $ali &T. Blundell. J. Mol. Biol. 234, 779, 1993.
J.P. Overington & A. Sali. Prot. Sci. 3, 1582, 1994.
A. Fiser, R. Do & A. Sali, Prot. Sci, 9, 1753, 2000.

14



Comparative modeling by satisfaction of spatial restraints
Types of errors and their impact

Wrong fold

FREQUENCY

Miss alignments

20 40 60 80 100
% SEQUENCE IDENTITY

Loop regions

-
o
o

Rigid body distortions

A Template - Target
® Model - Target

[[] Template - Target difference
[] Alignment error

% Structure overlap

Side-chain packing . . : .
20 40 60 80 100
% Sequence identity
Marti-Renom etal. Ann Rev Biophys Biomol Struct (2000) 29, 291




Utility of protein structure models, despite errors

APPLICATIONS

NMR, X-RAY

comparative modeling
% SEQUENCE IDENTITY

>
Q
<
[+ 4
=
Q
Q
<
=
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=

threading

de novo prediction
insignificant sequence similarity

D. Baker & A. Sali. Science 294, 93, 2001.



ModBase Statistics

Large-scale modeling of the TrEMBL-SWISSPROT databases

http://www.salilab.org/modbase/

Sequences (total) 2,186,210

Sequences (modeled) 1,340,687

Models 4. 284 570

Database of Comparative Protein Structure Models

Neirerms by Veelase o tamsbare o Prve Smamwrral 1o chais moders rac.lobnd by covomw et e =ocked ng

University of California
San Francisco

Pieper et al. NAR 34, D291 (2006)
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What is the physiological ligand of
Brain Lipid-Binding Protein?

Predicting features of a model that are not present in the template

BLBP/oleic acid BLBP/docosahexaenoic acid
Cavity is not filled Cavity is filled

Ligand binding
1. BLBP binds fatty acids.

2. Build a 3D model.

3. Find the fatty acid that
fits most snuggly into the
ligand binding cavity.

r— . LA
L. Xu, R. Sanchez,; A. Sali, N. Heintz, J. Biol. Chem. 271, 24711, 1996.




Structural analysis of missense mutations
in human BRCA1 BRCT domains

Nebojsa Mirkovic, Marc A. Marti-Renom, Barbara L. Weber,
Andrej Sali and Alvaro N.A. Monteiro

Cancer Research (June 2004). 64:3790-97

Cannot measure the functional impact of every
possible SNP at all positions in each protein!
Thus, prediction based on general principles of
protein structure is needed.




Missense mutations in BRCT domains by function

cancer not cancer
associated associated

M1652K F1761S
C1697R L1657P L1705PS1 M1775E
R1699W E1660G 715NS172 M1775K
A1708E H1686Q 2FF1734L L1780P
inti S1715R R1699Q G1738EG 11807S
no transcrlptlon P1749R K1702E 1743RA1 V1833E
activation M1775R Y1703HF1 752PF176 A1843T
704S
11

D1692N
transcription . L]
activation A1669S D1733G
P1806A

M1652T W1718S R1751P C1787S A1823T
V1653M T1720A R1751Q G1788D V1833M
L1664P  W1730S R1758G  G1788V W1837R
T1685A F1734S L1764P G1803A W1837G
T16851 E1735K V1804D S1841N
M1689R V1736A 11766S V1808A A1843P
Dieo2y G1738R P1771L V1809A T1852S
Fieo5L D1739E T1773S V1809F P1856T
viegeL D1739G p1776S  V1810G P1859R

RisooL D1789Y  py7zgy  G18NIR
G1706E V1741G D1778G 8
M1783T




Putative binding site on BRCA1

RBRCAL-Brot-1/2
OCL-Brot-1/2
BPTIP-Rrot-4/5
BBARD] -BRCT-1/2

MORCAL-Bretl/2
ROCLi-Bret-1/2
BPTIP-Brot-4/5
BBARDL -BRCT-1/2

BONCAL-Dzet2/2
MOCL-Beot-1/2
BPTIP-Beot-5/5
BEARDL ~BRCT~2/2

BRRCAL-Rrot2/2
NOCL-Rrot-2/2
APTIP-Nrot-5/5%
BIARDL ~DRCT-2/2

Putative binding site predicted in 2003
and accepted for publication on March 2004.

Williams et al. 2004 Nature Structure Biology. June 2004 11:519
Mirkovic et al. 2004 Cancer Research. June 2004 64:3790




S. cerevisiae ribosome

Fitting of comparative
models into 15A cryo-
electron density map.

43 proteins could be
modeled on 20-56%
seq.id. to a known
structure.

The modeled fraction of

the proteins ranges from
34-99%.

C. Spahn, R. Beckmann, N. Eswar, P. Penczek, A. Sali, G. Blobel, J. Frank. Cell 107, 361-372, 2001.




The Nucleopore complex
Cell evolution (?)

Prokaryote Early Eukaryote  Modern Eukaryote

Devos et al. PLoS Biology 2, | (2004)
23



Tropical Disease Initiative (TDI)
Predicting binding sites in protein structure models.

9
Duk ke
M U N VIZ]; : | Q PRINCIPE FELIPE
o CENTRO DE INVESTIGACION

http://www. tropicaldisease.orq
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Need is High In the Talil

Bl DALY Burden Per Disease in Developed Countries
B DALY Burden Per Disease in Developing Countries

Heart diseases

Rare diseases

hlu..........

Disease
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Need is High In the Talil

Bl DALY Burden Per Disease in Developed Countries
B DALY Burden Per Disease in Developing Countries

Heart diseases

Rare diseases

Disease
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Modeling Genomes

data from models generated by ModPipe (Eswar, Pieper & Sali)

100

[J % good
D % bad

M. /efrae
O M. tuberculosis

H. sapiens
P. falciparum
C. parvum

L. major

C/ P. vivax O .
C. hominis T. brucei

T. cruzi

o
K
)
o
<]
£
32

15.000 20.000 25.000 30.000 35.000
Transcripts

A good model has MPQS of 1.1 or higher

26



Comparative docking

1. Expansion 2. Inheritance

co-crystalized protein/ligand model

crystalized protein template




Summary table

models with inherited ligands

from 16,284 good models, 295 inherited a ligand/substance with at least one

compound already approved by FDA and ready to be used from ZINC

Transcripts

Good

Ligands

Lipinski

Lipinski+ZINC

FDA+ZINC

C. hominis

3,886

28

12 (10)

C. parvum

3,806

30

12 (10)

L. major

8,274

84

44 (34)

M. leprae

1,605

39

29 (25)

M. tuberculosis

3,991

71

44 (37)

P. falciparum

5,363

48

20 (16)

P. vivax

5,342

37

18 (15)

T. brucei

921

94

46 (36)

T. cruzi

19,607

62 (52)

T. gondii

7,793

8(7)

TOTAL

60,588

295 (242)




Example Of inheritance (inheritance)

LmjF21.0680 from L. major “Histone deacetylase 2” (model 1)

Formula Name

Cov.

Seq, Id. (%)

Residues

C17 Hae N2 O3

Trichostatin A

100.00

90.9

C14 H2o N2 O3 Octadenioic acid hudroxyamide

phenylamide

100.00

90.9

90 131 132 140 141 167
169 256 263 293 295

suberoylanilide hydroxamic acid

Pharmacological Action:

Anti-Inflammatory Agents, Non-Steroidal

Antineoplastic Agents
Enzyme Inhibitors

Anticarcinogenic Agents

Inhibits histone deacetylase | and 3

trichostatin A

Pharmacological Action:
Antibiotics, Antifungal
Enzyme Inhibitors
Protein Synthesis Inhibitors

chelates zinc ion in the active site of histone deacetylases,
resulting in preventing histone unpacking so DNA is less

available for transcription

29

LmjF21.0680.1.pdb

Template

[t64A

Seq. Id (%)

38.00

1.47
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Example Of inheritance (CDD-Roos-literature)

LmjF21.0680 from L. major “Histone deacetylase 2” (model 1)

Proc. Natl. Acad. Sci. USA
Vol. 93, pp. 13143-13147, November 1996
Medical Sciences

Apicidin: A novel antiprotozoal agent that inhibits
parasite histone deacetylase

(cyclic tetrapeptide /Apicomplexa/antiparasitic/malaria/coccidiosis)

SANDRA J. DARKIN-RATTRAY*T, ANNE M. GURNETT*, ROBERT W. MYERS*, PAULA M. DULSKI*,

TaMmI M. CRUMLEY*, JOHN J. ALLOCCO*, CHRISTINE CANNOVA*, PETER T. MEINKE¥, STEVEN L. COLLETTI,
MARIA A. BEDNAREKE, SHEO B. SINGHS, MICHAEL A. GOETZS, ANNE W. DOMBROWSKIS,

JoN D. PoOLISHOOKS, AND DENNIS M. SCHMATZ*

Departments of *Parasite Biochemistry and Cell Biology, ¥Medicinal Chemistry, and $Natural Products Drug Discovery, Merck Research Laboratories,
P.O. Box 2000, Rahway, NJ 07065

ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Apr. 2004, p. 1435-1436 Vol. 48, No. 4
0066-4804/04/$08.00+0 DOI: 10.1128/AAC.48.4.1435-1436.2004
Copyright © 2004, American Society for Microbiology. All Rights Reserved.

Antimalarial and Antileishmanial Activities of Aroyl-Pyrrolyl-Hydroxyamides, a
New Class of Histone Deacetylase Inhibitors
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