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PDB

a more consistent and comprehensive archive,
Information about compatible browsers can be found here,

& narrated tutorial illustrates how to search, navigate,
browse, generate reports and visualize structures using this
hew site, [Thiz requires the Macromedia Flash player download.]

Comments? info@rcsb.org

Molecule of the Month: Cytochrome p450

If vou have a headache and
take a drug to block the
pain, vou'll notice that the
effects of the drug wear off
in a few hours, This happens
because you have a
powerful detoxification
syster that finds unusual
chemicals, like drugs, and
flushes them out of your
body, This swster fights all
sorts of unpleasant
chermicals that we eat and
breathe, including drugs,
poisonous compounds in
plants, carcinogens formed
during cooking, and
environmental pollutants,
The cytochrome pd&0
enzyrmes are our first line of
defense in this chemical
battle.

m More ...

m Previous Features

The RCSE PDB is supported by funds from the Mational Science
Foundation (MZF1, the Mational Institute of General Medical Sciences (MIGWS)),
the Office of Science, Department of Energy (DOE), the Mational Likrary of
Medicine (ML), the Mational Cancer Institute (NCD, the Mational Center for
Rezearch Rezources (MCRR), the Mational Institute of Biomedical Imaging and
Bioengineering (MBIE), Mational Institute of Meurological Dizorders and Stroke
(MIMNDEY, and the Mational Institute of Diabetes and Digestive and Kidney
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includes examples and
definitions provided in the
PDB Exchange
Dictionary as guides for
users depositing their
structures,

m Full Story ..
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RCSB PDB Focus:
Exploring Domains in
Protein Structure

Domains can be thought
of as the smallest
structural units from
which proteins are
assembled that retain
properties of the whole
protein, such as a
hydrophobic core,

The RCSE POB offers
various ways of exploring
domains in protein
structures.

m Full Story ..

In citing the PDB please refer
to: H.M. Berman, 1.
Westbrook, 2. Feng, &

Gilliland, T.H. Bhat, heo

Weissig, I.M, Shindyalow, P.E.
Bourne: The Protein Data Bank.
Mucleic Acids Research, 28
pp. 235-242 (20007,




#3 HI¥ Structural Database and Chem-BLAST - Microsoft Internet Explorer

File Edit ‘View Favorites Tools  Help

= Back + = - @ i | @53arch [Z] Favorites @Media @ | %' =) @; T @ !nf Microphone @Tnnls| 25 Handwiriting @"Drawing F'ad| @| :!

Address I@ http:fxpdb.nist. gowhivsdb/hivedb. html

& -

| HIV Structural Datahase and Chem-BLAST | NIST

HIV Structural Database & Chem-
BLAST

ﬁ HIY 2-D datahase ﬁ HIY BT database {a test version) I} Animation of enzyme inhibitor interactions under wiew structure in many result pages «
Inhibitor Searches

HIV Structural Reference Database (102) and Chem-BLAST

Biotechnology Division, National Institute of Standards and Technology Gaithersburg, MD 20899 7.3 A

In citing thiz work please use the following publications: http ://Xpd b . nISt. gOV/h|VSd b/hlVSd b . html

| Prasanma WD Vondtasel I, Wiodawer, A Bhat, T N, Application of InChl to curate, index and query 3-D stractures, FROTEINS: Shuchive, Function, and Bioivformatics 60, 1-4 (20057

& Prazanna M D Vondrasele I, Wlodawer &, Eodrniguez H, Bhat TIT Chemmcal compound nangator: aweb-based Chem-BLAST, chemical tazonomy-based search engy
browsmg compounds Protems 6304, S07-917(2006),

Information is available on the following topics:

+ Show credits
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National

PubChem ..z

FbmEs | Enmez | Strceare | Geneank | PubREm

PubChem Text Search
[FPubGhem Gempaund =] | ["co |

PLbChern provides information on the hiolagical activities of small moleciles. T is a
componant of NIH's Molealar | ibraries Roadmap Tnitiative. TF you wonld like to learn more
abont how o 1ise the PUbChern resolircas, please go ta or help page

PUbChem contains more than 40U BloAssays.
E4E The FUbChem DioAssay services now provide target links and bicassay
nelghboring information identified by activity overlap and target sequence similarity.

More PUbChern announcements

QjPubChem Compound: Search Lnique chemical Structures Lsing names,
synanyms ar keywords . Links ta available binlagical property infarmation are
provided for each compornd

PubChem Substance: Search deposited chemical substance records 1ising
names, synonyms or keywords. 1inks to bialogical property information and
depnsitor weh sites are provided

[F] PubChem RioAssay: Search hicassay records 11sing ferms from the hioassay
description, for example "cancer cell ine'. | inks to active compolinds and bioassay
resiilts are prowided

Striucture Search: Search PibhChem's Componind database 115ing a chermical
strchire as the query. Strictires may be skerched or specified by SMIFS, Mo
files, or other formats

PUbChem IS organized as three linked databases within the NCBL'S Entrez information
retrieval systermn. These are PLUbChem Substance, PUbChem Compound, and PUbChem
BloAssay. PLbChem also provides a fast chemical STructure similarity search tocl. More
behem.ncbi, im. i gav/hel assay_target

Rstart|| | 70 @ S0 B || (Simbox - outl... | ubhat &JchemBLas... | £llisand_searc..| Fi Adobe Acra... | iipapers2007 | [ElMicrosoft Pa.. [[E7The puhrh_.  [EECl) 5 2 slCTI e 2150 auz am

QT? NIAID - Division of AIDS
HIV /Ol / TB Therapeutics Database

Text Only Browser
Search by Compound Name f Author Last Mame J CAS#  (Single term only)

Simple Search: |
Literature Memos:
Select Citation
Memos
Advanced Search:
Anti-HIV/ Ol TB Chemical
Compound Database
Anti-HIY
Cellular Data
Anti-HI Enzyme
Inhibition Data
Anti-Opportunistic
Infection / TB Data
HIY /Ol/TE
Bibliographic Database
Chemical / Therapeutic
Classes
Drugs in Development: Other Links:
Anti-HIV Drugs NIAID / Anti-HIV
In Development Therapeutics Website

TE Drugs NIAID / Division of AIDS
In Development Homepage

NLM ChemiD Plus
Chemical Database
NIH Homepage

Disclaimer | Privacy Statement | Help
Comments: chemweh@niaid.nih.gov




Wiy Select DataiEremiinese
Datalases?

+ These databases have lots of chemical compeunds; thiat are i Commoen

— Databases have different types of datal fer a given chemicalfcompound

+ Therefore users would like to collate information from all el theserdatalbases
—  Without a Semantic Web), gueries for the databases arerperformedindependently
—  Without a Semantic Web, results frem diffierent databases arermanually coliated

+ Databases also have severall compoeunds unigue fior each e them

— Many of these unigue compounds' are structurally’ related tor commoniy held
compounds
+ A drug design effort involves' the study: off structurre and property. relationships amoend

compounds

— Without a Semantic Web, a user manually: collates datal fior related structuikes
+ RéSults in missed hits
+ Results in over-whelming hits
+« Jime’consuming

+ Semantic Web promises to reduce the effect of seme offthese problems




Semantic Web

There is considerable interest in Semantic Welb as al vision for the fititthe
Web;and for interoperability, stancdards

Standard names and! ontoelogy: are: criticall componEnts fior SEmantic\Wel
—  Without standard names, exchange off datais hiard
—  Without ontology, exchange off knowledge is hard
There are four important issues in developing a Semantic Web
— Data identification
+ Uniform resource identifier —URI — & strilng of chiaracters
— Data presentation
+ Ontology — defines a context-dependent meaningl for the date representeci oy anUR
— User query and interface

&5, Mast of the current technigues focus on text-based query.
+ 'Images pose special problems

— Information exchange between databases
« Common URI and/or ontology
Ontology is easy to create but hard to sell

- Most of us, use an ontology of some sort— but other may use; a different; ontelogy!
— Software issues, annotation standards, focus of the use case or the ontelegy, are
some factors that work against an universall ontelogy.

As part of the efforts by HCLS of W3C we have developed a use case! for
Semantic Web for chemical images
— Illustrate the use and implementation of URI and ontology: fior chemicaliimages

— Illustrate how the Semantic Web concepts may be implemented and Used to

exchlange data between independently maintained databases without a common
ontology




RPart 1 URINer chemicalNiaeES

For decades scientists have been developing| namesite idenitiil/ structlies and el
iMmages
- gSimple names
+ His
+ Ala
+ DNA
+ ATP
Not so simple names
2-amino-3-methylpentanamide
4-amino-3-hydroxy-6-methylheptanoic_acid
1-[(Benzenesulfonyl-methyl-aminoe)-phenyl-butyli-piperdin=4=yi=prepyiF
carbamjic acid, naphthalen-1-yimethyl ester
Names have Jimitations

— They/areinot easily scalable — we may not know: how: ter assign names fiok arnew,
structures that we may come across

— Not suitable for machine reasoning — without a lookup;tabble machines may not
create an image from its identifier or vice versa

IUPAC International Chemical Identifier (InCRhI)

- Uses chemical connectivity to assign identifier

+« 1 2FC10H11NO2_ 2Fc11-10_2812 2913-9-5-7-3-1-2-4-8 287 296-9 2Fhi-
4 2C9H_2C5-6H2_2C_ 28H2_ 2C1i1_2C12_ 29

- But not amenable to human interpretation
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Similarity between
structures are
explicit in images
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Basjcally the use of images as URI instantly transforms a name into

knowledge!

(information on similarity, and substructures,...)

Proposal is to use images as URI




RPart | Developmeniei@nteleay,

+ Ontology defines the B e
meaning of an image Within k.
the frame work of a given
application
— Ontology defines the

meaning of a structure

represented by an image for
drug-discovery for AIDS




Defining Onielegy = aNmeaninginaiseleVaniie
(e context oiran inage

C34H48M408

topic/HCLS/ChemicalTaxonomiesUseCase

Each sub-site such as P1, P2 is a building block for drug design.

These sub-sites are used as the elements of RDF.
The fragments that bind to these sub-sites are truly Semantic and mean ‘some

thing for drug design’




Part [l UseiRieracCercn@uersy

+ S0 far we talked abotit creatinegrdata
and URI

+Third part off my: talk IS Gn presSenting
the URI and the knewledge torusers
using\images
—Construction of user interface;ana query,
by users




Queny an image ByiRierachvelyaACrEatneramn

Search for Species Data by Structure or Substructure

search. TEyou are searching for the first time, please read these inct

] B &
&L“
S has-fragrment

has fragment

&
i
e

has fragment

+ Chemical databases often provide an interface to create an image to query an image!
+ These methods are hard to use, often lead to missed or overwhelming hits

> Onehneaed to know what is there in the database to query effectively using such
metho

#f one queries simple group such as on a phenyl group every compound will be
it

+ In HIVSDB every structure has a phenyl group
If one queries a piperazine you may not get any hit




Text-lbased sealchionanNmneEgeE?

:?)\: :jki:“
4-arning-3-hydrosxy-

R
methylheptancic acid

A-armino-5-
methylhesan-2-ol

People use vocabulary based identifiers
(Phe, Val, Cas Numbers ..) because

— Text based query on names can be made

+ Text based query may not be made on
images’because
— an image\may not have a meaningful
name

Namés like Mike_April_1_2007 serve to
glorify Mike, but they are not fun for
others!

We propose to use ontology and
Semantic Web concepts to query on
images of structures

— The concept completely removes the

need to use any name at any time by a
user of the Web resource




Displaying mager @nRieiegy,

» Use of images andl ontology ©
sounds good

+ But the question is how to Use  essEEAW, Q0
IMmages and ontoelogy:?

— Compared to vecabularies;
images are huge and thus

displaying/ images may requife’ &’ & 6 r
too many Web pages .0 [; é 6 é
/"7\

# Aruser may not have patience to

go'through all' the images to find: . m; “R" k
what he wants | ’ °

— -Presenting the images in an
orderly ‘and predictable fashion

is crucial to avoid missed and
+ We propose the use of _
ontological tree for presenting

images over a Web Use ontological tree to
present images




Displaying limager@nielegy,

Chemical Ontology and Chem-BLAST Ng

Fragments of inhibitors are annotated and organized in a chemical data-tree(|?).
This data-tree facilitates a stepwise navigation using Chem-BLAST & Semantic Web
Back to tain page

& Features

Start here 0—| a@: O
P *Chemical taxonomy, ontology
-—-"-”.+-‘--“~_

Start here 2 *Layered approach for
complicated questions

*Chem-BLAST for search on
neighbors

*Query using text or 2-D

¢ Efficient global indexing using
substructures

What is ontological tree?

eOntological is tree like a matrix that
eQuantizes each data and its components
eDefines relationships between each quantum of elements
eQuantum elements are defined using the rules applicable
for a particular use case of the Semantic Web

Subject ) __Predicate Object

Dclass

%
has-group @group

L]

N =
y
mernber-of-group

‘v

5
has-fragrment-member B

ey Dragment

% Y, hasfragment
N i 9
camponentot-compound 2. %

% b
~ . @compound
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For Project: @ hivsdb-single-file-org

Class Hierarchy

»a

owl:Thing (0 /30)
¥ @ Chem-datatree-layers
@ class (11/11)
' compound (303 1303
0 fragment (264 / 264)
v @ group (97 /11)
¥ E simple-groups
9 simple-group-members-of-eight-member _ring (0 /1)

122}

e simple-group-members-of-five-member_ring |
e simple-group-members-of-seven-member_ring (0 /7)
e simple-group-members-of-six-member_ring (07 23)
G simple-group-members-of-three-member_ring (0 /1)
k4 ' Clueries

9 simple-group-members-of-eight-member_ring (0 /1)

B simple-group-members-of-five-member_ring (0 /22)

9 simple-group-members-of-seven-mamber_ring (0 /7]

e simple-group-members-of-six-member_ring (0 /25)

e simple-group-members-of-three-member_ring (0 /1)

For Class: '. fragment

(Asseded |"Jn=r=rra_:f: |

Aszerted Instances

~ & & X

& _1_2FC10H14_2Fc1-9_282_295-10-6-4-3-5-7-1

& _1_2FC10H14F203_2Fc11-8-1-2-10_2812_297
& _1_OFC10H1402_2Fc1-8-4-3-5.9_282_2910_28
& _1_2FC10H1403_2Fcl1-6-10_287-12_2913-8-9
& _1_2FC10HISNO2_2Fcl-13-10-4-2-8_283-5-10
& _1_2FCI0HIGF203_2Fcl1-8-1-2-10_2812_297 |
& _1_2FC10HIEF203_2Fc11-8-2-1-7_2810_2812.
& _1_2FC10HIEF203_2Fc11-9-3-1-2-7_2810_289
& _1_2FC10H1603_2Fc11-6-10_287-12_2913-8-9
& _1_OFC10HI7FO3_2Fcl1-8-3-1-2-8_284-9_297
& _1_2FC10H1803_2Fcl1-6-10_287-12_2913-8-9
& _1_2FC10HI9CINGD_2Fe1-14-2-4-15_285-3-14_
& _1_2FC10HTNO_2Fc12-7-0-6-5-8-3-1-2-4-10_26
& _1_2FC10HB_2Fc!-2-6-10-6-4-3-7-9_2810_295
& _1_2FC10HBO4_2Fci1-5-6-1-2-7-8_2612_294-1
& _1_2FC10HES_2Fcl1-10-6-5-6-3-1-2-4-0_288 2
& 1 _2FCTIHI0_2Fc -9-6-7-10-4-2-3-5-11_2810 |
& _1_2FCUHITFS2_2Fcl-2-11_2813-7-8-14-11
& _1_2FC1IHI2N20_2Fc12-9_267-14_295.-8-6-13
@ _1_2FCT1HI2NAD2_Fcl2-10_284-8-5-13-7-14
& _1_2FC11H1202_2Fc1-9-4-2-3-5-11_289_2910
& _1_2FC11H1203_2Fc12-10-7-14-11_2813 299
& _1_OFC11H1402_2Fc12-7-6-11_285-13_298-10
& _1_2FC11H1403_2Fc12-8-7-11_2813_2914-10-

& _1_2FC10H120_2Fc1-9_288-11_297-10-53-2-4 ~
& _1_2FC10H13N_2Fct1-10-3-1.2-9_287-10_296 |
@ _1_2FC10H13N02_2Fel-11-0_287-12_296-8.2
& _1_2FC10HIINO2_2Fc11-6-5-9-1-3-10_284-2-9

F

!l 1 2FC11H1|5ND3 2Fc1-15-11-4-2-9 283-5-]11|
d P b

| - ®

@

Aszerted Types

@

. fragment

For Individual: ‘®
[

protege:inferredType

. fragment

has-iupac-name

Yalue

2 3-dihydra-1H-inden-2-yl carbamate

has-inchi-name

Yalue

1C10H11NO2/c11-10(12)13-9-5-7-3-1 -2-4-B(7)6-9h1 -4 OH 5-€

member-of-group

& cyclopentenedd
& benzenedl
& indane00

component-of-compound

& _1NPA
& 1w




<X Chem-BLAST - Microsoft Internet Explorer

File Edit Wiew Fawvorites Tools  Help

= Back - = v@ ﬁ|@SeaFth [ Favarites @Media @“%'gg ﬁ Open molecular
Address I@ http:ifbinidce4 . nist . govfSemanticweb)chemblast . do . -
=] (%" Findit @ Referoncs . Highlight | 4 | Weather - - [ @ S13blacked - |mages Il ke We
open folders in

Windows

View

‘23 Chem-BLAST

E{] amino acid

Fragments of inhibitors are annotated and organized in a chemical data-tree{|?).
D @ double fused rit This data-tree facilitates a step'mse na\ngatmn usmg Chem-BLAST & Semantic Weh

-{3 Fragment
B{] Fragment_
{1 eight-member r
=3 five-member rir

: . f 1 Features
=4 Subgroup_1 =

E'@ Fragment_ Start here 0 O O
'G IDPage_

* Chemical taxonomy, ontology
D Fragment— Apyridire) MMD Iewleiwuwl
EHZY Fragment Start here

* Layered approach for
=53 1DPage. o & complicated questions
. N N * Chem-BLAST for search on
nitrogen contai :
e Stal neighbors
oxygen contain E i»/@ * Query using text or 2-D
seven-member

six-member ring /’/N = Efficient global indexing using
sulfur containin

-, 1 o o substructures
three-member | o & 2 i
Start heEe 9 E 4 f 4 6\§

http://bioinfo.nist.gov/SemanticWeb_hiv3d/chemblast.do




http://bioinfo.nist.gov/SemanticWeb_hiv3d/chemblast.do

Back » = - &Y (2] &3 |-@Seqrch [E]Favarites @'Media ®| %v = = 5

Address I@ http:fbicidced. nist. goviSemanticvWeb chemblast. do

* -

=] e Fndit @

Reference

. Highlight | 4 | weather - - | @ 313blocked -

Tree
View

23 Chem-BLAST
B3
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B
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double fused rit
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nitrogen contai
25 |
2R |
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1
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Images of subgroups
are displayed under the
folder six-member rings
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Address I@ http:/binideé 4. nist. gov/ Semanticsh/chemblast .do
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Fragments of folder

benzene within folder six-
member-ring are displayed
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Part |\/: Handshakes BetWween\Vvern
BroWSEers

Efficient exchange off Infermation beEtWeEER
Web browsers requires thie; use identical
standards in URT by’ all-participating el
Drowsers

Often database providers use different
standards in URI

— Annotation standards, software needs) focus
of the Web pa%e are just a few reasons that
work against the use of common ontolegy.
among Iindependently maintained Web
Browsers

Therefore 'we sub-divide; URIs intoe two
types
— Ontology-independent, Ontology dependent Once a query reaches the
(OURI) end of ontological tree
+ OURI standards for ontological tree control is passed on to
+ Global URI standard for complete compoumnds other Web Browsers (such

+~ As more and more database providers use the as the AIDSDB maintained
same local standards in URI, a local URI can by NIAID or PubChem)
become a global URI using URI
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SUMIMZR

+  Semantic Web page for chemical images)isidescribed

—  Chemical images are organized inte’ an ontelogical tree using the CONCEPLS USEd
in drug-discovery.

—  The images are indexed using ontelegicall concepLs: that may adeValllE o
human use of the images

incrementall approach for Semantic Webris described
A global URI and local ontologicall OURI for chemicalfcompounds are presented
Concepts are implemented in a database; (ORACLE & MySQ@IL) environmeEni:

The implementation is Web friendly: andiit reduces; missed hits wWitheut
producing overwhelming result pages

In this approach a user need not wean threugh ailarge set off images
Web\pdge lays out the imagesi in an orderly: fashion fior pick andlchoese like
searchimg files'in a Windows environment

This appreach makes the contents of the database tramnsparent to: the USErRs
using the pictures of the molecules that are indexed with the commonly: tused
concépts
Sample data from four major independently maintained databases (PDB; HIVSDE)
AIDSDB, PubChem) are used to illustrate the concept
http://xpdb.nist.gov/hivsdb/advanced files/slide0002-tm

Using the technology a user can go back and forth between the independently.
maintained HIVSD and AIDSDB

http://bioinfo.nist.gov/SemanticWeb hiv3d/chemblast.do




