Comparative STRUCTURE Biology
Mining the protein structural space
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March 2006 - Computing journal award to the best

RAD project.
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Spotlight Tools

" Access
4 Tool usage arcund the World.

Prophet
A tool for bullding a class predictor
PupaSuite

wie  Interactive selection of optimal sets of SNPs
for large-scale genctyping.

FatiGo+

P 1IN
Functional profiling with PubMed words,

of
umrimenu using GO, KEGG, Inluwo
Transfac, CisRed...

it CAAT
g‘:t Draw, trowse, analyze and validate
3 your ]

results.

FatiScan

Detect biocks of functionally related genes
(GO, KEGG) with significant coordinate
(aithough modest) over- or under-
expresson.

Blast2GO: A universal Gene Ontology
annotation, visualization and analysis suite
for functional genomics research,

SIDE
m Interactive design of Small interfering ANA,

Packages
GEPAS Gene Expression Pattern
Analysis Suite (v3.0).
BEBELOMICS Heopmes ooy revonst
/53 Suite of tools for molecular
olul

evolution
& phylogenetics (v1.0).

-

Data Analysis and Visualization in
Genomics and Proteomics.

Frandisco Azuaje, Joaguin Dopazo (Editors)
1S8N: 0-470-09439-7
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Comparative Modeling
AnnolLyze - AnnolL.ite
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) KAREEWS GOTKGDLGFLEGDIMEVTR IAGFY GKLLRNKK CSGYFIHH

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
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Threading
Comparative Modeling

D. Baker & A. Sali. Science 294, 93, 2001.
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protein prediction vs protein determination

X-Ray

NMR

Comparative Modeling

Experimental
data
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Threading
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Comparative modeling by satisfaction of spatial restraints

Y

Start with a
Target Sequence

Template
Search

1

N
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Target/Template
Alignment
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Build model

|
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J

Evaluate model

Output 3D Model

(1

MODELLER

Given an alignment...

|

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
ASILPKRLFGNCEQTSD

1‘7 1‘9 é1 éﬂ 25 .
G, -G, DISTANCE [A]

A. Sali &T. Blundell. |. 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.
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Comparative modeling by satisfaction of spatial restraints Types
of errors and their impact

Wrong fold S
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Marti-Renom etal. Ann Rev Biophys Biomol Struct (2000) 29, 291




Utility of protein structure models, despite errors

% 100
o APPLICATIONS
><_ studying catalytic
44 mechanism
=
= designing and improving
ligands
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11 D. Baker & A. Sali. Science 294, 93, 2001.




Structural Genomics

Characterize most protein sequences based on related known structures

1. The number of “families” is much smaller than the number of proteins.
2. Any one of the members of a family is fine.

protein space

There are ~16,000 families (90%) Sali. Nat. Struct. Biol. 5, 1029, 1998.
o . . Sali et a/.‘ Nat. Struct. qul., 7, 986, 2000.
@ 30% sequence Identlty cutoff Sali. Nat. Struct. Biol. 7, 484, 2001.

Baker & Sali. Science 294, 93, 2001.
Vitkup et al. Nat. Struct. Biol. 8, 559, 2001




Structural Genomics

Characterize most protein sequences based on related known structures
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Structural Genomics
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MODPIPE2.0
Large-Scale Protein Structure Modeling

Structure Profiles

Q
Calculate profile for
o sequence ®
w (BUILD_PROFILE) i | § ( )
= Build Nmodels for target| & 8 Fetch families of similar
w ¢ segment by satisfaction | & 2 structures
8 of spatial restraints & 5 (DBAII)
s Scan sequence profile (MODELLER) § §~ )
against structure profiles + ] 5 +
(PROFILE_PROFILE_SCAN) 5 0« (
s O Calculate structure
Evaluate and 8 'E alignments
v select models g (SALIGN)
w k
Select structure profiles i + .
(E-value thresholds) Enrich structure
alignments with
sequences
(BUILD_PROFILE)

Eswar et.al., (2003) Nucl.Acids.Res. 31(13)




ModBase Statistics

Large-scale modeling of the TrEMBL-SWISSPROT databases

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

2,186,210
1,340,687

4,284,570

R ———
& hitp://modbase.compbio.ucsf.edu/modbase-cgi-new/search_form.cgi

Home User Login ModBase Search Page ModWeb Modelling Server Help Current Logins
Database of Comparative Protein Structure Models
Welcome to ModBase, a database of thi protein models by odeli
General Information
Shateon ModBase search form
Nows e g
Piges Search type @ | ModeiDefault) B 3
Al available datasets.
I are selected @ Select specific dataset(s) . . . .
i University of California
Publications e f
Todo List Property | Dessse Acesson omeer %)  E— San Francisco
Related Resources Organism @ [ ALL B o
= -
VOORAS gatap ot 23n0ta1ed COMDY-RIVG DUOMIN SINCIN'D MOJ0'S, AN ASSOCAD DSOYIES a Pioper, Narayanan Eswar, Hannes Bradewp. M S. Madhusudhan, Fred Dava, Ashioy C. Stuant, Nedosa Mrkovic, Andrea Rossl. Marc A. Mar-
Renom Andras Fiser, Ben Webd. Danel Greendlatt, Conrad Huang, Tom Fermn, Ancrej Sai Nuce Acids Research 32, D217-0222, 2004

Pieper et al. NAR 34, D291 (2006)
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Can we use models to

NMR, X-RAY

comparative modeling
% SEQUENCE IDENTITY

w
o

threading

de novo prediction

100
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insignificant sequence similarity
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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

finding functional sites by
3D motif searching

structure from sparse
experimental restraints

annotating function by
fold assignment

establishing evolutionary
relationships

infer function?




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.

. Vs
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

Cancer

Research
Cannot measure the functional impact of every

possible SNP at all positions in each protein! =

Thus, prediction based on general principles of e
protein structure is needed.




Missense mutations in BRCT domains by function

cancer not cancer
associate associated

M1652K F1761S
C1697R L1657P ';;ng;f M1775E
R1699W E1660G M1775K

A1708E H1686Q 722FF17 L1780P

no transcription S1715R R1699Q 34LG173 11807S
. P s Ki1702E 8EG1743 V1833E
activation 5 Y1703HF RA1752 A1843T

17048 PF1761l

bl
transcription 16521 G1706A
activation A1669S M1775V
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
Mi689R V1736A  11766S  yigoga  A1843P
Dieg2y G1738R P1771L V1809A T1852S
Fio5L D1739E  T1773s  V1809F  P1856T
vieoeL D1739G  P1776S  V1810G P1859R
Ri699L D1739Y  py77gn  Q1811R

G1706E V1741G D1778G P1812S
W1718C H1746N  pi77gH  N1819S

M1783T




Putative binding site on BRCAT

hBRCAl-Bret-1/2
hMDC1-Bret-1/2
hPTIP-Brct-4/5
hBARD1-BRCT-1/2

hBRCAl-Bretl/2
hMDC1-Bret-1/2
hPTIP-Brcot-4/5
hBARD1-BRCT-1/2

hBRCAl1-Brect2/2
hMDC1-Bret-1/2
hPTIP-Brct-5/5
hBARD1-BRCT-2/2

hBRCAl1-Brct2/2
hMDC1-Bret-2/2
hPTIP-Brct-5/5
hBARD1-BRCT-2/2

1646
1891
826
571

1703
1937
880
620

1762
1997
940
673

1813
2046

999
728

N-terminal BRCT

ancﬂi.p PEQEKNFGFSLQDALSRARERRLL
mmchcqﬂmmmmmvwsrsmsmvsm
QEEKYEIPEGPRRS - ~RLNREQLLP

TQYIIYEDLCNYHPER

1702
1936
879
619

1761
1996
939
672

1812
2045
998
727

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.
20




The Nucleopore complex
Cell evolution (?)

Prokaryote Early Eukaryote  Modern Eukaryote

’ 37\
Nup84 % @éﬁg«
4

X

.33 B Nup8s :‘;H Q%
gié':j"j@ ;‘%‘aﬁv e Nup145C

: ‘5,,&.:
£ =)
.*;?‘E i
[y

Devos et al. PLoS Biology 2, | (2004)
21




Protein function from structure
Comparative annotation. AnnoLite and AnnolLyze.

Marti-Renom et al. BMC Bioinformatics (2007) 8. $4




DBAIli..o database

http://www.dbali.orqg

Inoon DBAIli v2.0 home page
[« »|[@|e]||+]|s] @nttp:/ssalilab.org/DBAl/ ~Q-
[0 >>v Newsv Sciencev Searchv JournalClub(22)v Progr ingy Macv v Sh i v Grantsv

:l DBAIi v2.0 home page J i ,,i;

Search DBAIi. A Database of Structure Alignments.
Tools

Bl Genonuce Marc A. Marti-Renom and Andrej Sali

Help with the help of Madhusudhan M.S., E. Narayanan, B. Webb
and A. Ortiz's MAMMOTH program.

This site contains an up-to-date all-against-all comparison of protein structures.

Currently, DBAIi contains 1,210,877,705 pairwise structural alignments generated by

MAMMOTH and family based multiple structure alignments for 28,184 non-redundant

chains in PDB generated by MODELLER. The database also includes several links to
internal and external resources.

Use the links from the left frame to:

o Find structural relationships deposited in DBAII (Search)
e Analyze the data deposited in DBAIi (Tools)

o Browse special pages for Structural Genomics

« Obtain help on how-to use DBAII (Help)

Site Map :: Reference :: Downioad :: Statistics :: Suggestions :: Report & problem  Visltors: 6105 © 2003 - 2006 Mart-Renc

Uses MAMMOTH for similarity detection

v VERY FAST!!!
v Good scoring system with significance

Ortiz AR, (2002) Protein Sci. | | pp2606

23

v Fully-automatic

v' Data is kept up-to-date with PDB releases

v" Tools for “on the fly” classification of families.
v Easy to navigate

v" Provides tools for structure analysis

Does not provide a stable classification similar to
that of CATH or SCOP

Pairwise structure alignments

Last update: October 6th, 2007
Number of chains! 96,804
Number of structure-structure comparnsons:” 1,748,371,897

Multiple structure alignments

Last update: August 1st, 2007
Number ol representative chains: 34,637
Number of families: 12,732

Marti-Renom et al. 2001. Bioinformatics. |7, 746
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Special
pages

DBAIli..o database

http://www.dbali.orqg

Structural Genomics

Download

Statistics

DBAIit! L g
| :
AnnoLite E Fast annotations result E
T i
- 1
AnnolLyze : Full annotations result E
e ,'
ModClus from list (TTTTTTTToosomommmooos
—

ModClus from chain

SALIGN

ModDom jmm e

24
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For 20% protein structures
function is unknown

Structural Traditional
Genomics* methods

Annotated™* 654 28,342

Not

Annotated 506 (43.6%) 6,815 (19,4%)

Total

deposited 1,160 35,157

* annotated as STRUCTURAL GENOMICS in the header of the PDB file
**annotated with either CATH, SCOP, Pfam or GO terms in the MSD database
36,317 protein structures, as of August 8th, 2006




Annol.ite

InterPro C0S wdrolase, tamily 7
6 1 A-like lectin/glucanas
ellulose-binding region, funga
EC Number: @ 12e44 3.2.1.91 Cellulose 1,4-beta-celiobiosidase.

6.0e41 3214 Cellulase.

GO Molecular Function: ® 60035 0030248 cellulose binding £
@ B8.4e36 0016162 cellulose 1,4-beta-celioblosidase aciivity

hydroiase activity, hydrolyzing O-glycosy!
@ 1.0e35 0004553 compounds -
¢ 1.4e30 0008810  cellulase activity {
@® 3.1e20 0016798 hydrolase activity, acting on glycosyl bonds |

@ 10es0 0016787 nydrolase activity &

GO Blological Process: | ;.53 (030245  celulose catabolsm &
* 1.2e54 0000272 polysaccharide catabolism

@® 3.6e-20 0005875 carbohydrate metabolism {

GO Cellular Component: o 5,53 (005576  extracelular region £

@ Information annotated in the MSD database.
® Hgh, » medum and @ low confidence annotations not annotated in the MSD database.
@ Hgh, @ medum and @ low confidence annotations already annotated in the MSD database.




Annol.ite

Benchmark set

*data from BioMart MSD.3 (release February 2005)

**annotated with CATH, SCOP, Pfam, EC, InterPro, and GO terms in the MSD database
**not two chains can be structurally aligned within 2A, superimposing more than 60% of
their Ca atoms and have a length difference inferior to 30aa

27




‘ DBAIi tools '

Y

Method

AnnolLite results for chain 1gpi:A based on 44 structural similar chains.

Similar chains in DBAIi

RMSD < 4A

—

Fischer’s 2x2
test for statistical
significance

HTML output

AnnolLite search [<

% Seq Id variable (>15)
% Equivalent positions >75%
p-value >4

—

BioMart protein annotation

Annotations from MSD.msd

database and descriptions from
SCOP, CATH, InterPro, PFamaA,
ENZYME, and GO databases

Conf.P-value
CATH: @ 7.5e99
SCOP: @ 0.00
PFAM: @ 0.00
InterPro: @ 1.3e99
@ 6.0e-51
@ 1.0e42
EC Number: @ 1.2e44
» 6.0e-41
GO Molecular Function: o 55, 5p
@ B8.4e36
@ 1.0e35
v 1.4e¢-30
@ 3.1e-20
@ 1.0e40
GO Biological Process: 1.1e-63
1.2e-54
@ 3.6e-20
GO Cellular Component: o 5 5

@ Information annotated in the MSD database.

e Hgh,

Link

Description

2.70.100.10 1,4-Beta-D-Glucan Celiobiohydrolase |, subunit A

b.28.1.10

PF00840

IPR001722
IPR008985
IPR000254

3.2.1.91
3214

0030248
0016162

0004553

0008810
0016798
0016787

0030245
0000272
0005875

0005576

Glycosyl hydrolase family 7 catalytic core

Glycosy! hydrolase family 7

Glycoside hydrolase, tamily 7
Concanavalin A-like lectin/glucanase
Cellulose-binding region, fungal

Cellulose 1,4-beta-celiobiosidase.
Cellulase.

cellulose binding {
cellulose 1,4-beta-celioblosidase activity £

nydroiase activity, hydrolyzing O-glycosy!
compounds §

cellulase activity
nydrolase activity, acting on glycosyl bonds {

nydrolase activity ;

cellulose catabolism
polysaccharide catabolism

carbohydrate metabolism

extraceliular reglon ¢

medum and @ low confidence annotations not annotated in the MSD database.

@ Hgh, @ medum and @ low confidence annotations already annotated in the MSD database.

28




Scoring function

Fisher’s 2x2 contingency test

N 1b78A Not
NON"  gimilar  Total SCOP Similar _\° Total
similar similar
c.51.4.1

Annotated a b atb Annotated 4 2 6
Not Not

Annotated c d ctd Annotated 0 71,096 71,096
Total atc b+d n Total 4 71,098 71,102

= () /)

(a+4+b)l(c+d)a+ )b+ d)!
nlalbleld!

p=1.78¢"

29




Sensitivity .vs. Precision

Sensitivity (%)

Optimal cut-off Recall or TPR

Precision (%)
SCOP fold 1E-06 92.7 88.4
CATH fold 1E-03 95.7 90.1
InterPro 1E-03 88.4 78.2
PFam family 1E-04 90.5 82.8
EC number 1E-04 93.3 79.7
GO Molecular Function 1E-01 84.3 80.9

GO Biological Process 1E-03 85.5 74.8

GO Cellular Component 1E-02 77.6 58.6

TP

TP .
Sensitivity = Precision =
TP+ FN TP+ FP




AnnolLyze

Inherited partners

A

v.
paner 2nding Av.residue Residues in predicted binding site
ste  conservation (size proportional to the local conservation)
seq. .

;1 19205051525354 55565758 77787980
aiais mes 0w 818283848593959799134 135138142
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Benchmark

Initial set-
LigBase*
Non-redundant set-+

Initial set-
mTBase*
Non-redundant set

Number of chains

78,167
30,126
4 948 (8,846 ligands)

Number of chains

78,167
30,425

4,61 3 (11,641 partnerships)




DBAIi tools

Chain ID

AnnolLyze search

Selection based on local

similarity
% Seq Id >20%

HTML output

<

% Equivalent positions >75%

Similar chains in DBAIi

RMSD < 4A

% Seq Id >20%
% Equivalent positions >75%
p-value >4

LigBase protein
ligands

Ligands from
LigBase are
collected and
binding sites
annotated based
on the spatial
proximity to the
ligand

PiBase protein
partners

Interations from
PiBase are
collected and
interaction
patches
annotated based
on the spatial
proximity
between domains
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Inherited ligands: 4 :
7 me " Av.bindingste  Av.resdue  Resduesnpredctedbndngste |
n seq. d. conservation (size proportional o the local conservation)

i« MO2 53.03 0.185 48495262636667 113 116

" CRY 20.00 0111 23 29 31 37 44 48 49 83 85 94 96 103 121

i 8OG 20.00 0.111 1920 21 48 49 51 96 98 136

i+ ACY 15.87 0.163 23 29 31 37 44 45 81 B3 8554 96 98 103 121 135

; binding Av. residue
4 Rarner, site  conservation
seq. .

Residues In predicted binding site
(size proportional 1o the local conservation)

: 192050515253545556 575877 78 79 80
(di131.1 2358 03 818283848593959799134135138142




Sequence ldentity (%)

100

80
60
40
20

Scoring function

Ligands
T l T T T T 71 li
|
- ATP | -
ADP | y
- AMP | B
GDP ! .
- GTP | e
| o ovg |
. P
----- PR TR i Tl el by
o S oomm do . |" s o 1
S IR AR B N
20 40 60 80 100

Structure Identity (%)
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Partners

140

iIRMSD

20

% Sequence ldentity

B0

100




Sensitivity .vs. Precision

Optimal cut-off Sensitivity (%)  precision (%)

Recall or TPR

Ligands 30%

Partners 40%




Example (2azwA)

Structural Genomics Unknown Function
Molecule: MutT/nudix family protein

Av. binding site Av. residue Residues in predicted binding site
seq. . conservation (size proportional to the local conservation) "

pou
‘MOL_ID: 1; MOLECULE MUTT/NUDIX FAMILY PROTEIN; CHAIN: A;

53.03 0.185 484952626366 67 113 116
IMOL_ID: 1; ORGANISM_SCIENTIFIC: ENTEROCOCCUS t iy A il bbb '
(FAECALIS V583; ORGANISM_COMMON: BACTERIA; " 1
'EXPRESSION_SYSTEM: ESCHERICHIA COLL; Hy o111 Eml e e ey "
EXERESSION. SYSTEM COMMON BACTERIAS ; 15.87 0.163 2329313744 4581 838594 96 98 103 121 135 i

'EXPRESSION SYSTEM_STRAIN: BL21(DE3); "
'EXPRESSION SYSTEM_VECTOR_TYPE: PLASMID;
'EXPRESSION SYSTEM PLASMID: P!

bhdhg Av. residue Residues in predicted binding site
| Md5: 09b13d23ceaet TPTAAAS sfte  conservation (size proportional to the local conservation)
. Length: 145 seq. d.
'KTPTFGKREE TLTYQTRYAA YIIV&(P"M\ IMVLVJAPN AYFLPCEELE |

ess 818283848593959799134 135138142

Similar structures: 20 P-value diustribution:
Similar sequences: 830 Pvalue distibution for similar chains 0
Most similar structure in DBAII: 7 . . : .
Code Seqld(%) EqPos RMSD See: 6 [ b
Val e P S ] Cont.P-value Link Description
1vcd:A 2276 123 3.57 17.28 ali 4 E ,5;')3.’..';‘.‘. e o722 CATH: 1.1e20 3.90.79.10 T Py
Coversgn: 1
‘Most similar sequence in DBAII: 3r ) ﬁ%ﬁrm SCOP: 42029 d.11311  MutT-ike
s b i e s
Code Seqld(%) EqPos RMSD Val eSee 1k H ﬂl p {vighent scors axsignmers PFAM: 20¢74 PF00293  NUDIX domain
A A A 1 ;
ived:B 2459 122 3.47 17.00 ali i ° . : InterPro: 19065 IPRO00OBE NUDIX nydroiase
m——— - 0 02 0.4 06 08 1
2.7¢-20 IPRO03561 Mutator MutT
> FEELE Byaks 29014  |PRO02667 a
eyword distribution:
EC Number: e 17e4 36117 Bis(5" y (asy
14 250 P
12 F - o GO Molecular Function: 45019 0008413 8-0x0-7,8-dinydroguanine triphosphatase actvity
L - 5e- .
10 b Colar by conservation b
L g + g den et

z TR . a2+ = &Y = age1a 0004452 S

68 s s &S e 100 F 2 = 4  promin saquance coloses by conservation saa uaserinsa by comaia csor

4 IS % _g H ° 5 B 3 S T 1.9e6 0016787  hydrolase actvity {

o | 3l ¢ 5 2 2 @ d 50 =] 3] J Bis(5"

e [| SR acE : HEHEE PR = sios oovomi 00

[ Top 10 keywords instructure space Top 10 keywords insequence s pace
SCOP and CATH distribution for similar structures:

1.9e2 0000287 magnesium ion binding

v — GO Biological Process: 77e-11 0008299 isoprenoid biosynthesis {
& o i3 =@ v 1.5¢-5 0006974 response 10 DNA damage stimulus {
25 1 251 o 1 i o
A r i o L 3| ] » ® 0 80 100 120 1w 1.7e5 0006260  DNA repicaton {
] ] ” : .
I 5 S 215 & g 2405 0006281  DNA repair |
0P 7 B A T 4
05 T 1 osr .
0 0
Top 10 SCOP Top 10 CATH
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Tropical Disease Initiative (TDI)
Predicting binding sites in protein structure models.

http://www. tropicaldisease.orq
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http://www.tropicaldisease.org
http://www.tropicaldisease.org

Need is High in the Talil

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

Heart diseases

Rare diseases
DALY

Disease
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http://www.who.int/whr/2004/en/
http://www.who.int/whr/2004/en/

Need is High in the Talil

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

Heart diseases

Rare diseases

Disease

DALY
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http://www.who.int/whr/2004/en/
http://www.who.int/whr/2004/en/

“Unprofitable” Diseases
and Global DALY (in 1000’s)

Disease data taken from WHO, World Health Report 2004
DALY - Disability adjusted life year in 1000’s.
* Officially listed in the WHO Tropical Disease Research disease portfolio.
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http://www.who.int/whr/2004/en/
http://www.who.int/whr/2004/en/
http://www.who.int/tdr/diseases/default.htm
http://www.who.int/tdr/diseases/default.htm

% modeled

Modeling Genomes

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

100
] % good
D % bad
90
80
M. /efrae
70 O M. tuberculosis :
60 — H. sapiens
P. falciparum
C. parvum
50 - O g OL. major
40 O P. vivax O .
C. hominis T. brucei
T. cruzi
30
©
T. gondii
10
0
l l l l l l
0 5.000 10.000 15.000 20.000 25.000 30.000 35.000
Transcripts
A good model has MPQS of 1.1 or higher
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Comparative docking

1. Expansion 2. Inheritance

co-crystalized protein/ligand model

crystalized protein template

41




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 3,886 886 183 131 28 12 (10)
C. parvum 3,806 949 219 145 30 12 (10)
L. major 8,274 1,845 488 334 84 44 (34)
M. leprae 1,605 1,321 286 189 39 29 (25)
M. tuberculosis 3,991 2,887 404 285 71 44 (37)
P. falciparum 5,363 1,057 271 191 48 20 (16)
P. vivax 5,342 1,042 267 177 37 18 (15)
T. brucei 921 1,795 440 309 94 46 (36)
T. cruzi 19,607 3,915 730 493 127 62 (52)
T. gondii 7,793 587 174 124 28 8(7)
TOTAL 60,588 16,284 3,462 2,378 586 295 (242)
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Example of inheritance (xpansion)

Template 1t64A a human HDACS8 protein.

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

Origen Formula Name Cov. Seq, Id. (%)
ZN X-ray Zn % Zinc ion
NA X-ray Na * Sodium ion
CA X-ray Ca? Calcium ion
TSN X-ray C17 H22 N2 O3 Trichostatin A
SHH Expanded C14 H20 N2 O3 | Octadenioic acid hudroxyamide 100.00 83.8

phenylamide
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Example of inheritance (nneritance)

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

Formula Name Cov. Seq, Id. (%) Residues
TSN C17 H22 N2 O3 Trichostatin A 100.00 90.9 | 90 131 132 140 141 167
169 256 263 293 295
C14 H2o N2 O3 Octadenioic acid hudroxyamide 100.00 90.9
SHH .
phenylamide
TSN " suberoylanilide hydroxamic acid .
o__n, Suberoyianilide hydroxamic acid LmjF21.0680.1.pdb
Pharmacological Action: Template [t64A
Anti-Inflammatory Agents, Non-Steroidal
Antineoplastic Agents SEHIEIEY) 38.00
Enzyme Inhibitors MPQS 1.47
oo 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
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=mesh&dopt=Full&list_uids=67111237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=mesh&dopt=Full&list_uids=67111237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?CMD=search&db=mesh&term=Anti%2dInflammatory%20Agents%2c%20Non%2dSteroidal%5Bmh%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?CMD=search&db=mesh&term=Anti%2dInflammatory%20Agents%2c%20Non%2dSteroidal%5Bmh%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?CMD=search&db=mesh&term=Antineoplastic%20Agents%5Bmh%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?CMD=search&db=mesh&term=Antineoplastic%20Agents%5Bmh%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?CMD=search&db=mesh&term=Enzyme%20Inhibitors%5Bmh%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?CMD=search&db=mesh&term=Enzyme%20Inhibitors%5Bmh%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?CMD=search&db=mesh&term=Anticarcinogenic%20Agents%5Bmh%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?CMD=search&db=mesh&term=Anticarcinogenic%20Agents%5Bmh%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?CMD=search&db=mesh&term=Anticarcinogenic%20Agents%5Bmh%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?CMD=search&db=mesh&term=Anticarcinogenic%20Agents%5Bmh%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?CMD=search&db=mesh&term=Anticarcinogenic%20Agents%5Bmh%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?CMD=search&db=mesh&term=Anticarcinogenic%20Agents%5Bmh%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=mesh&dopt=Full&list_uids=67012589
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=mesh&dopt=Full&list_uids=67012589
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?CMD=search&db=mesh&term=Antibiotics%2c%20Antifungal%5Bmh%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?CMD=search&db=mesh&term=Antibiotics%2c%20Antifungal%5Bmh%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?CMD=search&db=mesh&term=Enzyme%20Inhibitors%5Bmh%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?CMD=search&db=mesh&term=Enzyme%20Inhibitors%5Bmh%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?CMD=search&db=mesh&term=Protein%20Synthesis%20Inhibitors%5Bmh%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?CMD=search&db=mesh&term=Protein%20Synthesis%20Inhibitors%5Bmh%5D

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*,

TaMI M. CRUMLEY*, JOHN J. ALLOCCO*, CHRISTINE CANNOVA*, PETER T. MEINKE¥, STEVEN L. COLLETTIY,
MARIA A. BEDNAREKY, SHEO B. SINGHS, MICHAEL A. GOETZ8, ANNE W. DOMBROWSKIS,

JoN D. POLISHOOKS, 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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Models database

http://squ.bioinfo.cipf.es/services/TDIModels/

The TDIModels server

@ @ Q]http://bioinfoAcipf.es/sgu/serviceslTDIModeIs/index.pO "(Qv Google

TDIModels &

Results for 096526 (096526 Cdc2-related kinase (Cell division related protein |

Number of models: 2

JMOL

JMOL

<- new search

Jmol

This model has 1 predicted ligands.
Lipinski ZINC FDA Coverage SI%Q-

M NO3 e 100.00 100.00

SEQUENCE IDENTITY: 58.00
MODPIPE QUALITY SCORE: 1.73
TEMPLATE PDB: 1gz8
TEMPLATE CHAIN: A

TARGET LENGTH: 311

TARGET BEGIN: 20

TARGET END: 309

Download PDB file

This model has 2 predicted ligands.
Lipinski ZINC FDA Coverage ey

100.00 100.00
100.00 93.75

CONO3 e

) KCx

SEQUENCE IDENTITY: 29.00
MODPIPE QUALITY SCORE: 1.13
TEMPLATE PDB: 2cn5
TEMPLATE CHAIN: A

TARGET LENGTH: 311

TARGET BEGIN: 1

TARGET END: 311

Download PDB file

[SGU-HOME]
DBAli
Eva-CM
SeqProfCod
TDIModels

——
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