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Principles of protein structure
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Folding (physics) Evolution (rules)
Threading

ADb initio prediction _ _
Comparative Modeling

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




Comparative modeling by satisfaction of spatial restraints
MODELLER

Start with a
Target Sequence

MSVIPKR--GNCEQTSE
ASILPKRLFGNCEQTSD

Template
Search l l

Given an alignment...

! extract spatial features = A
> a6 d
( ) from the template(s) o o=
—» Tarf\ﬁ;q;rgﬂate and statistics from g e
known structures
‘ 1‘9 é1 2‘3 2‘5

C, - C, DISTANCE Al

Build model l

apply these features

as restraints on your
target sequence

Evaluate model l

|

~
J

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

Output 3D Model

(1

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

Large-scale modeling of the TrEMBL-SWISSPROT databases

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

Sequences (total)

Sequences (modeled)

Models
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- (@ | & ||+ ||e#1] @hup:/imodbase.compbio.ucsi.edu/modbase-cgi-new/search_form.cgi 3 Q-

ModBase Search Page

[l modBase search page |

General Information
Statistics

News

Project Pages
Documentation

Authors and
Acknowledgements

Publications

Todo List

ModBase Search Page ModWeb Medelling Server Help

Database of Comparative Protein Structure Models
Welcome to ModBase, a database of three-dimensional protein models calculated by comparative modeling.

ModBase search form Search

Search type | |_Modeibelal Display type @ Model Getal fgrashicall %

All available datasets are selected g Select specific dataset(s]

Search by properties

tanase Accession Numear

Property jg 2=

Advanced search

Narayanan Eswar, Hannos Braberg, MG, Madhusudhan, Fred Davs, Ashiay C. Stuan, Nabojsa Minovic, And#oa Rosst, Marc A Mart-

e 1ot Quantiatve Biomedeal Bessaren Missin Bay GonoAlesh Hat Unhersty af

1,930,692
1,084,784

3,094,542

University of California
San Francisco

Pieper et al. NAR 34,D291 (2006)
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Utility of protein structure models, despite errors

> 100
é APPLICATIONS
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ligands .
o docking of macromolecules, “_ -
£ 50 prediction of protein partners R~ ]
[ - "3
-g E virtual screening and - =
E -4 docking of small ligands —y————
L
=
2w defining antibody epitopes
T 2
E ":J molecular replacement in
o g X-ray crystallography
Eh
o 230 S designing chimeras, stable,
é crystallizable variants
2
8 supporting site-directed
< mutagenesis
o =1
= a
L] o refining NMR structures
a8 =
e fitting into low-resolution —
_.-:_, electron density
_B' finding functional sites by
5 3D motif searching
c =
S E
S 3
E E structure from sparse
a 1 experimental restraints
o
o @
2 E
o] <
< é annotating function by
QO = fold assignment
© =]
]
£
establishing evolutionary
relationships

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




Structural analysis of missense mutations
in human BRCA1 BRCT domains

Cancer _l
Cannot measure the functional impact of every 2
possible SNP at all positions in each protein!
Thus, prediction based on general principles of

protein structure is needed.

N. Mirkovic, M.A. Marti-Renom, B.L. Weber, A. Sali, and A.N.A. Monteiro
Structural analysis of missense mutations in juman BRCA1 BRCT domains
Cancer Research (2004). 64:3790




Human BRCA1 and its two BRCT domains

RING  NLS T
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[ 1 Globular regions —
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BRCA1 BRCT repeats, 1jnx

Williams, Green, Glover. Nat.Struct.Biol. 8, 838, 2001
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Missense mutations in BRCT domains by function

cancer not cancer
associated associated ?

M1652K L1705PS F1761S
C1697R L1657P 1715NS1 M1775E

R1699W E1660G 722FF17 M1775K

no transcription A1708E H1686Q L1780P
P e R1699Q 34LG173 118075

activation P1749R K1702E 8EG174 V1833E
M1775R Y1703HF 3RA175 A1843T
1704S 2PF1761
I

V1665M

. D1692N
transcription T G1706A

. . D1733G
activation A1669S M1775V

P1806A

M1652T W1718S R1751P C1787S A1823T
V1653M T1720A R1751Q G1788D  V1833M
L1664P W1730S Ri758G G1788V  W1837R
T1685A F1734S | 1764p G1803A  W1837G
Ti6851 E1735K H766s  V1804D S1841N
M1689R V1736A V1808A A1843P
Digg2y G1738R  P1771L  v1809A T1852S
Fi6o5L D1739E  T1773S  V1809F P1856T
V1696L D1739G P1776S V1810G P1859R
Ri6ogoL D1739Y p177sN  Q1811R
G1706E V1741G  D1778G  P1812S
w1718Cc H1746N  D1778H N1819S
M1783T




“Decision” tree for predicting

functional impact

of genetic

variants

buried i

- exposed
¢— buriedness
neighborhood * functional site
rigidity
non-rigid (=-0.7)
rigid (<-0.7)
. e YES
~ residue rigidity
non-rigid (2-0.71 rigid (<-0.7) =~ volume change
volume change volume change >30A3 NO
3
~90A3 <90A3 >60A3 <30A
<60A3
Y
- charge change %
& NO
° 2 class
polarity change
# O or 1 class

20 mutation likelihood

l <0

non O

other information
(helix breaker, turn
breaker)

0
phylogenetic entropy %
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hBRCAl-Bret-1/2
hMDC1-Bret-1/2
hPTIP-Bret-4/5
hBARD1-BRCT-1/2

hBRCAl-Braotl/2
hMDC1-Bret-1/2
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hBARD1-BRCT=-1/2
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Putative binding site on BRCA1

N-terminal BRCT

o] -

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




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

hBRCAl-Braotl/2
hMDCl-Bret-1/2
hPTIP-Brot-4/5
hBARD1-BRCT=-1/2

hBRCAl1-Brct2/2
hMDC1-Bret-1/2
hPTIP-Brct-5/5
hBARD1-BRCT-2/2

hBRCAl-Brct2/2
hMDC1-Bret-2/2
hPTIP-Bret-5/5
hBARD1-BRCT-2/2

1646
1891
826
571

1703
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aso
620

1762
1997
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728

Putative binding site on BRCA1

N-terminal BRCT

1702
1936
879
~-==GDA 619

BRCT linker

1761
1996
939
672

1812
2045
998
727

BRCT-N ' BRCT-C

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




Comparative annotation
The AnnolLite and AnnolLyze programs

Marti-Renom et al. BMC Bioinformatics (2007) Suppl. 8 $4.
Marti-Renom et al. NAR Special Web Servers (2007) in press




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

*ann tatedasSTRUC L GENOMICS in the h ader of the B file
ted with either CAT SCO Pfam or GO terms hSd bse

6,317 protem structures of August 8th, 2




DBAIli... database

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

http://www.salilab.orqg/DBAli/

non DBAli v2.0 home page
[« »|[@][e]|+|[] @nrp://salilab.org/BAlf ~(Q-
[0 =>>+ MNewsw Sciencev Searchw juurnalcll;h (22)w Progr ingv Macw ls » Sh ingv Grantswv

»

E DBAli v2.0 home page

UCSF 1 Sall Lab 1 DBAIN | MAMMOTH

3 L,
DBAli.:. e . AH ~nt ¥
e ¥ ]
| b Y ~N . '
Home
Search DBAIi. A Database of Structure Alignments.
Tools .
e Mare 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 containg an up-io-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 generaled by MODELLER. The database also includes several links to
internal and external resources.

Use the links from the lef frame to:

Find structural relationships deposited in DBAI (Search)
Analyze e data deposited in DBAII (Tools)

Browse special pages for Structural Genomics

Obtain help on how-to use DBAII (Help)

pen Viglors: G105 © 2003 - 2008

Uses MAMMOTH for similarity detection

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

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

v Fully-automatic

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

v Tools for “on the fly” classification of families.
v

v

Easy to navigate
Provides tools for structure analysis

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

Palrwise structure alignments
Last update: June 21st, 2007
Number of chains: 92, 806
Number of structure-structure comparisons.® 1,600,024 693

Multiple structure allgnments

Last update: March 22nd, 2007
Mumbar of representative chains: 31,848
Number of families: 11,3900

Marti-Renom et al. 2001. Bioinformatics. |7, 746
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http://salilab.org/DBAli/
http://salilab.org/DBAli/
http://salilab.org/DBAli/
http://salilab.org/DBAli/

DBAIi.-. database

http://bioinfo.cipf.es/squ/sexrvices/DBAli
http://www.salilab.org/DBAli

Fast annotations result

Full annotations result
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http://salilab.org/DBAli/
http://salilab.org/DBAli/
http://salilab.org/DBAli/

DBAIi.-. database

http://bioinfo.cipf.es/squ/services/DBAli/
http://www.salilab.org/DBAli/

3

Full annotations result

ModClus from list

N -
Moc
‘. Structural Genomics '

1\

. Download '
1\

. Statistics'
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AnnolLite

InterPro de hydrolase, famiy 7
6.0e-5 Concanavalin A-like lectin/gluc
Qo-42 Gallulse-binding region, tunga
EC Number: @ 12e4s4 3.21.91 Cellulase 1,4-beta-celabiosidase.
6.0e41 J.2.1.4 Cellulase.

GO Molecular Function: o = no0p 0030248 celiulose binding

@ B4e36 0016162 cellulose 1,4-beta-celoblosidase activity §

hydrolase activily, hydrolyzing O-glycasyl
@ 1.0e35 0004553 compounds :
@ 1430 0008810  celulase actviy |
@ 31e20 0016708 hydrolase activity, acting on glycosyl bands

@ 10e+0 O0167B7 hydrolase activity

GO Blologlcal Process: 11e-63 0030245 calulose catabalism 2
®  12e-54 0000272  polysaccharide catabolism J

@ 36e-20 0005975 carmbohydrate metabolism

GO Cellular Component: o ;5,53 (OO5576  extracellular region 2
@ Information annotated in the MSD database.

@ High, medum and @ low confidence annotations not anmolated in 1he MSD databass.
@ Hgh, & medum and @ low confidence annotations already annotated in the MSD database.
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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




‘ DBALIi tools '

Chain ID

AnnolLite search

—

Fischer’s 2x2
test for statistical
significance

HTML output

Method

Similar chains in DBAIi

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

—

BioMart protein annotation

Annotations from MSD.msd
database and descriptions from
SCOP, CATH, InterPro, PFamA,

ENZYME, and GO databases

Conf. P-value

CATH: ® 7549
SCOP: @ o000
PFAM: ® o000

InterFro: ® 1.3eas

@ 6.0e-51

@ 1.0e42

EC Murmbser: @ 17044

5.00-41

GO Molecular Function: @  6.0036

@ B8.4e-36

@ 1.0e35

1.42-30

@ 3d1e20

@ 10840

GO Biologlcal Process: 11863

1.28-54

@ 36e-20

GO Cellular Compomem: @  12e23

@ |nformation annotated in the MSD database.

Link

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

Description

27010010 1,4-Beta-D-Glucan Celiobiohydrolase |, subunit A

b.291.10

PEO0840

IPROO1722
IPRO0OBIABS
IPRO00254

2.1.91

0030248
0016162

0004553

0008810
0016798
0016787

0030245
0000272
0005875

0005576

Giyeosyl hydralase family 7 catattic core

Ghycosyl hydralase famity 7

Ghycosikde hydrolase, tamily 7
Concanavalin A-like lectin/glucanase

Cellulose-binding region, fungal

Cellulose 1,4-beta-celiobosidase.
Cellulase.

cellulose binding §

celiulose 1.4-beta-celioblosidase activity o

hydrolase activity, hydratyzing O-glycasyl
compaunds

collulase activity |
nydrolase activity, acting on glycosyl bonds

hydrolase activity

cellulose catabolism
polysaccharide catabolism {

carbohydrate metabolism

extracellular region

High, medum and @ low confidence annotations nmot annctated in the MSD databass.

@ High, 3 medum and @ low confidence annatations already annolated in the MSD datebase.




Scoring function

Fisher’s 2x2 contingency test

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

Annotated a b at+b Annotated 4 2 6
Not Not

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

) /)

(a+b)lc+ d)lat+ )b+ d)!
nlalble!d!

0=1.78¢"




Sensitivity .vs. Precision

Sensitivity (%)

Optimal cut-off Recall or TPR

Precision (%)
SCOP fold 1e-6 92.7 88.4
CATH fold 1e-3 95.7 90.1
InterPro 1e-3 88.4 78.2
PFam family 1e-4 90.5 82.8
EC number 1e-4 93.3 79.7
GO Molecular Function 1e-1 84.3 80.9

GO Biological Process 1e-3 85.5 74.8

GO Cellular Component 1e-2 77.6 58.6

TP

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




AnnolLyze

15.87 23293137 44 45 81 B3 85 94 96 9B 103 121 135
Inherited partners:

A

V.
padngr  Dnding Av.residue Rasiduas in predictad binding site
: site  conservation (size prapartional to the local conservatian)
s8q. id.

a; 19205051525354 55565758 77787980 |
911911 e 0an  818283848593959799134 135138142

____________________________________________________________________________________________
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Benchmark

Initial set-
LigBase*
Non-redundant set--

Initial set*
mmBase+
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 lnheried ligands:s ]
| lgang Avondngste  Av.esdue  Fesducsnpedeiedbindngste
o seq. . conservation (size proportional to the local conservation)
i+ MO2 53.03 0.185 48 49 52 62 63 66 67 113 118
i CRY 20.00 0.111 232031 37 44 48 49 83 85 54 96 103 121

Chain ID Similar chains in DBAIi i BOG 20.00 PRER 19 20 21 48 49 51 86 98 136
CY 15.87 0.163 23293137444581 B3 859496 98 103 121 135
RMSD < 4A
—>
% Seq Id >20%
Y

% Equivalent positions >75%
p-value >4

AnnolLyze search [«

PiBase protein

LigBase protein partners

ligands

Interations from
PiBase are

Ligands from

> E: EnaT Residues in predicted binding sie
ngBase are collected and b consenvation (size proportional to the local conservation)
. —  collected and ; . wegid
Selection based on local binding sites interaction 19205051525354 555657 58 77 78 79 80
similarity patches

% Seq Id >20%

HTML output

% Equivalent positions >75%

annotated based
on the spatial
proximity to the
ligand

annotated based
on the spatial
proximity
between domains

23

Eid.113.1.1 23.68 0.948

818283848593959799134 135138142




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 (%)

24

Partners

140

iIRMSD

20

% Sequence ldentity

B0

100




Sensitivity .vs. Precision

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

Recall or TPR

Ligands

Partners 40%




Example (2azwA)

Structural Genomics Unknown Function
Molecule: MutT/nudix family protein

:I Av, binding site Av. residue Fesdues in predicied binding sie

g L seq. id. consenation (size propontional 1o the local conservation)
IMOL_ID: 1; MOLECULE: MUTT/NUDIX FAMILY PROTEIN; CHAIN: A; u
ENGINEERED: YES » MO2 53.03 0.185 48 49 52 62 63 66 67 113 118
IMOL_ID: 1; ORGAMISM._SCIENTIFIC: ENTEROCOCCUS » CRY 20.00 o111 Sl AR R R R 4 L
FAECALIS V583; ORGANISN COMMON: BACTERIA; i |
EXPRESSION_SYSTEM: ESCHERICHIA COLI; " 80G Hrimy - e
EXPRESSION SYSTEM COMMON: BACTERIA; |
[EXPRESSION_ SYSTEM_STRAIN: BL21 (DEA) ACY 15.87 232831 37 44 45 81 B3 8554 DB 98 103 121 135

(EXPHESSION SYSTEM VECTOR TYPE: PLASMID,
'E)CF'HESSICIN SYSTEM_PLASMID: PET158

Iﬂndmg Ay, residue Resdues in predicted binding sie
site  consenaton (size proportional 10 the lacal consernvation)

Md5: 090 13d23ceac0idicaddecsase2ddlasK TP TAAAS
Length: 148

s04q. .
19205051525354 555657587778 7980
411311 2368 0ses  818283848593959799134135138142

145

Similar structures: 20 P-value diustribution:
Similar sequences: 530
Most similar structure in DBAII:

P-value distribution for similar chaire

7 T T T T
Cod s d
0 Seqld(%} EQPOS RMSD Vﬁ' See 5 F 4 Conl.P-value  Link Description
lved:A  22.76 123 3.57 17.28 ali 4 F B E::}Li’rf?ﬂ selecia: 5753 KATH: 1.1e20 3.90.79.10 T Py v
Most similar sequence in DBAII: ;;;‘e":e""ﬂfm05~7?h Scop: 4z2e23 dA1314  MulT-lke
s b 4 mative assignments: here
Code Seqld(%) EaPos AMSD § Value S 1r H ‘I-H . il ¢ REAL 20074 PEO0293  NUDIX doman
\ L \ . 2113115147
Longth: 145 E
ived:B  24.59 122  3.47 17.00 ali 0 . o an - a ; Condorvaton: 508.43 InterPro: 13065 |PROO00OBE NUDIX nydrolase
’ ’ ’ ’ 27e20 |PRO035SG1 Mutator MutT
Pvalu 29014 IPROO2BE7 lsoponienyldinasanato def
Keyword distribution:
" EC Number: ® 17+ JB1AT Bis(5" ¥ ¥
230
12 F - GO Molecular Function: 0008413 B-0x0-7 B-dinydraguaning riphospnatase activity
200 T ] s5e-13  000B413 .
wr 7 Color by conservation :
P B r 1 Color by d delta activit
L 0 o - 150 - olor by domains ase1s 0004452 yhdio y
6 [ g - £ 88 E 7 |k P = 7o i s e By s R A SRR By Al S )
4|2 % é g % - & 9 -] £ 1966 0016787  hydrolase aciviy §
LBl = 5 2 2 2 4 50T 5 = 1 - - - - = = .
2 [| Pererertacy, =
, | 3 A & saed  000A0B1 ot
Conservation profiie:
Top 10 keywords in structue s pace Top 10 keywords insequence s pace 250 1.9e-2 0000287  magnesiumion binding
SCOP and CATH distribution for similar structures: § 20
5 5 g 150 GO Blological Process: 77e-41  000B299 leaprenoid blosynthesis ;
§ w0 T
. S s0 1.5e-5 0006974 response to DNA damage stimulus {
25 T 1 25T & B .
o b B i a | ; i 0 20 i) 80 80 100 120 140 180 1.7e-5 0006260 DNA replication {
: Residie
= 15 + ) L o5 | X i 2405 0006281  DNA repalr
d C . i
ir =} 4 i F 7 4
05 [ 1 05T 9
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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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

||\||u.................._.

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

46,486

7,074

5,777

4,200

2,329

2,090

1,817

1,702

1,525

1,006

709

667

616

484

199

185

151

59

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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% modeled

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

Modeling Genomes

100
] % good
D % bad
90
80
M. /efrae
70 — O M. tuberculosis :
60 — H. sapiens
P. falciparum
C. parvum
50 - 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

N
. - o &
[' £ Al
aor o ‘
. 7 VY 7 _.; —

crystalized protein template
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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 H20 N2 O3 Octadenioic acid hudroxyamide 100.00 90.9
SHH .
phenylamide
TSN 7 ili ic aci
suberoylanilide hydroxamic acid .
o b suberoylanilide hydroxamic acid LmjF21.0680.1.pdb
Pharmacological Action: Template |t64A
Anti-Inflammatory Agents, Non-Steroidal
Antineoplastic Agents Seq. Id (%) 38.00
Enzyme Inhibitors MPQS 1.47
. Anticarcinogenic Agents

Inhibits histone deacetylase | and 3

SHH 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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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 DOTI: 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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