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Community of Practice starting point
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We started with
community
development
interactions, both
virtual and face-to-
face...
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Community of Practice starting point

innovationwell echeminfo
...and continued by holding
workshops and InterAction Meetings
in US and Europe

Oxford University, UK
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Community of Practice starting point

echemlnfo

Community of Practice for ~~__"
Drug Discovery & Development

Latest Advances .
Drug Discovery &
Planning Methods

Advanced Training Workshop
Oxford University, June 25-29, 2007

Interactive pragmatic workshops
with leading experts and industry
practitioners...

D Protein Target & Ligand Modelling
D Virtual Screening & Docking

D Structure-based Drug Design

P Pharmacophore Models

D Focused Library Design

D ADME, QSAR & Predictive Toxicology
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Community of Practice starting point

Community and
workshop interactions
created a valuable
environment and
network from which to
build collaborations
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Caprivi Delta, Namibia

While on a start-up
conservation field
trip in a remote
region of Namibia,
we visited many local
villages -- meet your
‘future patients’ for
malaria treatment.

Malaria is a common
infection in this
region which has
many wetlands and a
strong wet season.
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Caprivi Delta, Namibia

Families and village
communities form a
critical part of the
social fabric in this
region.

Unfortunately a high
HIV infection rate is
having devastating
impact on such
communities.

Infections go
untreated and many
children lose their
parents.
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Caprivi Delta, Namibia

Educational
context:

school

Education
requires
healthy
families and
children
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Caprivi Delta, Namibia

The next
generation of a
community...
who grow up
with malaria
and little
medical care
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Caprivi Delta, Namibia

A family we
interviewed with
proudly showed
us their material
possessions.

The current cost
of our anti-
malarials for just
two weeks would
exceed their
entire annual
income.
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Health, Conservation and Sustainable Development

We can work on
biodiversity
conservation (rhino
rescue work shown).

But we need a
healthy, educated
community
involvement for it to
be sustainable.

Criminal groups
exploit these
communities and
region for poaching.
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Health, Conservation and Sustainable Development

A breeding and
reintroduction
project fleeing the
chaos in
Zimbabwe.

And another
neglected disease:
Bovine TB, is
threatening lions’
genetic strength and
survival (e.g., prides
in Southern Kruger
Park).
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The (complicated) Plasmodium Life Cycle

Merozoites
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Malaria Treatment: Lack of Investment

2.5 billion people at risk

500 M cases yearly

1-3 M deaths yearly

Many child fatalities

Brain Damage, Impaired Development

Few drugs, no vaccine

e Impact on Education, Community, Income,

Conservation, Sustainability

Total: 1223

Tropical diseases: 13
Malaria: 3

Drug development outcome,
last quarter of the XXth century

Greenwood & Mutabingwa, Nature 415:670-672
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Drug Resistance is a challenge

Emergence and spread of chloroquine resistance
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malaria death children
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About 821,000 results (0.16 seconds)
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Malaria, Cases, Africa

malaria cases africa Search ‘ SafeSearch moderate v

About 240,000 results (0.29 seconds)
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figure3-2.qgif
¢ 482 x 334 - Figure lll.2: Malaria cases
. and deaths in Africa
" rbm.who.int
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Pharmaceutical, News

SafeSearch moderate v

pharmaceutical news Search ’

About 17,800,000 results (0.25 seconds) Advanced search
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FirstWord" pharma-news.jpg

S 600 x 628 - Pharma News:
No news is good news
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Pharmaceutical, Drug

pharmaceutical drug

About 8,010,000 results (0.29 seconds)
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Research ...
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Pharmaceutical, Drug, Children

pharmaceutical drug children Search | _SefeSearch moderate v

About 2,510,000 results (0.29 seconds)
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Scientists, Collaboration, Malaria

scientists collaboration malaria Boncpdl  ~atesearchmoderate:y

About 87,000 results (0.0S seconds) Advanced search
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Scientists, Collaboration, Malaria

scientists collaboration malaria e

About 87,000 results (0.05 seconds) Advanced search
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Scientists Against Malaria
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800 x 174 - Scientists Against Malaria - our first step to creating a
Collaborative ...

barryhardy.blogs.com
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Drug, Design, Malaria

drug design malaria Search |
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Drug Design, Informatics, Malaria

drug design informatics malaria e NG| Safesearchiriesses

About 3,920 results (0.25 seconds)

Advanced search
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Malaria, Vaccine

malaria vaccine

About 77,400 results (0.05 seconds)

Related searches: malaria life cycle malaria mosquito malaria map
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Formation of VO from Collaboration Pool
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Neglected Disease
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Opportunity Collaboration Pool
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Drug Discovery
Pilot Project
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Virtual Organization Operational Pilots

Compound HTS Leadscope, US EPA
Repository  Screening FDA Data ToxCast

Modelling. Douglas HTS Assay SMARTCyp

: NnTox ‘Pharmatrope
& Design Connect Partners Ope 0

V' Parasite SYNERGY 4 Bioclipse SYNERGY

Scientists Against Malaria VO Predictive Toxicology VO
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SYNERGY Collaboration Services
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Operational Pilot 1 - Collaborative Drug Discovery

Target Protein Structure

Drug Design Techniques
Molecular Modelling
Virtual Screening

VO

—>

Biological Assays
Synthesis or Acquisition

ODOoO0D00DO

Testing
l{ Output result

Drug Leads

\Drl)vers g/LQJ@/ o4

- Pharmaceutical Industry pressures on R&D environment
- Progressing innovation and discoveries for Neglected Diseases

[35 12 2 35 |=yame
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Scientists Against Malaria Founding Partners

e Barry Hardy & Roman Affentranger Ruben Papoian, William Seibel &

(Douglas Connect) Sandra Nelson (Univ. of Cincinnati
e Alessandro Contini Drug Discovery Center)
(University of Milan) e Sharon Bryant (Inte:Ligand)
e Hugo Gutierrez de Teran e Andrew Wilks & Isabelle Lucet
(Public Galician Foundation of (Monash University)
Genomic Medicine) e Christian Doerig Coordinator of the
o Jeffrey Wiseman & Matt Clark FP7 MALSIG project on signalling in
(Pharmatrope) Malarial parasites
o Jeff Spitzner (Rescentris) e Matteo Dal Peraro (EPFL, Lausanne)

www.scientistsagainstmalaria.net
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http://www.scientistsagainstmalaria.net/

Plasmodium Life Cycle & Kinome .

Gerard Mann

TRENDS in Biechermical Sciences Vol 27 No.10 October 2002
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Plasmodium Life Cycle & Kinome

PlasmoDB mining

(HMM, BLAST, Gene Ontology
prediction)

Alignment with selected human PKs,
manual edition

l

\ Phylogenetic tree
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o 518 protein kinases (2% of genes)
o Involved in essentially all cellular processes
(30% of the proteome is phosphorylated)

——— MALIIPL27E
—Lek 14,0346 (PIPKG)
B vy /i
D1 aete Pt f1685w (PfPKA) \/
g ST AR DF70

= BTy (PPR) T }


http://images.google.co.uk/imgres?imgurl=http://www.fotosearch.com/bthumb/CSP/CSP076/0767828.jpg&imgrefurl=http://www.fotosearch.com/illustration/tick.html&usg=__1s5l7oGwrrwmX2nmhJvjtCAd47I=&h=170&w=170&sz=9&hl=en&start=45&tbnid=KUGnPCg10qh14M:&tbnh=99&tbnw=99&prev=/images?q=ticked+box&gbv=2&ndsp=20&hl=en&rlz=1T4ADBS_enGB228GB228&sa=N&start=40
http://images.google.co.uk/imgres?imgurl=http://www.fotosearch.com/bthumb/CSP/CSP076/0767828.jpg&imgrefurl=http://www.fotosearch.com/illustration/tick.html&usg=__1s5l7oGwrrwmX2nmhJvjtCAd47I=&h=170&w=170&sz=9&hl=en&start=45&tbnid=KUGnPCg10qh14M:&tbnh=99&tbnw=99&prev=/images?q=ticked+box&gbv=2&ndsp=20&hl=en&rlz=1T4ADBS_enGB228GB228&sa=N&start=40
http://images.google.co.uk/imgres?imgurl=http://www.fotosearch.com/bthumb/CSP/CSP076/0767828.jpg&imgrefurl=http://www.fotosearch.com/illustration/tick.html&usg=__1s5l7oGwrrwmX2nmhJvjtCAd47I=&h=170&w=170&sz=9&hl=en&start=45&tbnid=KUGnPCg10qh14M:&tbnh=99&tbnw=99&prev=/images?q=ticked+box&gbv=2&ndsp=20&hl=en&rlz=1T4ADBS_enGB228GB228&sa=N&start=40
http://images.google.co.uk/imgres?imgurl=http://www.fotosearch.com/bthumb/CSP/CSP076/0767828.jpg&imgrefurl=http://www.fotosearch.com/illustration/tick.html&usg=__1s5l7oGwrrwmX2nmhJvjtCAd47I=&h=170&w=170&sz=9&hl=en&start=45&tbnid=KUGnPCg10qh14M:&tbnh=99&tbnw=99&prev=/images?q=ticked+box&gbv=2&ndsp=20&hl=en&rlz=1T4ADBS_enGB228GB228&sa=N&start=40
http://images.google.co.uk/imgres?imgurl=http://www.fotosearch.com/bthumb/CSP/CSP076/0767828.jpg&imgrefurl=http://www.fotosearch.com/illustration/tick.html&usg=__1s5l7oGwrrwmX2nmhJvjtCAd47I=&h=170&w=170&sz=9&hl=en&start=45&tbnid=KUGnPCg10qh14M:&tbnh=99&tbnw=99&prev=/images?q=ticked+box&gbv=2&ndsp=20&hl=en&rlz=1T4ADBS_enGB228GB228&sa=N&start=40
http://images.google.co.uk/imgres?imgurl=http://www.fotosearch.com/bthumb/CSP/CSP076/0767828.jpg&imgrefurl=http://www.fotosearch.com/illustration/tick.html&usg=__1s5l7oGwrrwmX2nmhJvjtCAd47I=&h=170&w=170&sz=9&hl=en&start=45&tbnid=KUGnPCg10qh14M:&tbnh=99&tbnw=99&prev=/images?q=ticked+box&gbv=2&ndsp=20&hl=en&rlz=1T4ADBS_enGB228GB228&sa=N&start=40
http://images.google.co.uk/imgres?imgurl=http://images.fanpop.com/images/image_uploads/Empty-Set-Symbol-random-241186_191_160.jpg&imgrefurl=http://www.fanpop.com/spots/random/images/241186&usg=__TEwdH1JLlHdk-m1C3Pqidwgcn6o=&h=160&w=191&sz=91&hl=en&start=8&tbnid=5AG6ytjXDnCJbM:&tbnh=86&tbnw=103&prev=/images?q=empty+set+symbol&gbv=2&hl=en&rlz=1T4ADBS_enGB228GB228
http://images.google.co.uk/imgres?imgurl=http://images.fanpop.com/images/image_uploads/Empty-Set-Symbol-random-241186_191_160.jpg&imgrefurl=http://www.fanpop.com/spots/random/images/241186&usg=__TEwdH1JLlHdk-m1C3Pqidwgcn6o=&h=160&w=191&sz=91&hl=en&start=8&tbnid=5AG6ytjXDnCJbM:&tbnh=86&tbnw=103&prev=/images?q=empty+set+symbol&gbv=2&hl=en&rlz=1T4ADBS_enGB228GB228
http://images.google.co.uk/imgres?imgurl=http://malaria.ucsf.edu/linkspix/plasmodb.jpg&imgrefurl=http://malaria.ucsf.edu/comparison/comp_links.php&usg=__1YzaQ9yLfcFqzOSG5x9d32lwGLE=&h=96&w=100&sz=24&hl=en&start=8&tbnid=LkSIQDllXZDD8M:&tbnh=79&tbnw=82&prev=/images?q=plasmodb&gbv=2&hl=en&rlz=1T4ADBS_enGB228GB228

Plasmodium Life Cycle & Kinome

PlasmoDB mining

(HMM, BLAST, Gene Ontology
prediction)

(30% of the proteome is phosphorylated)
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Plasmodium Life Cycle & Kinome
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Target Model

* Starting point — no protein structure,
no known ligand/inhibitor

* |nitial model of PFIMAP2 Kinase Protein
built based on existing knowledge

* Library of Potential Inhibitors created
(ca. 1.2 M structures)

* Virtual screening runs carried out at
computing centres in ltaly, Spain and
USA

* Protein expressed in Monash, Australia
and shipped to screening centre at
Univ. Cincinnati where assays were
developed and run




Homology Modelling

Alignment of Pfmap-2 with 1GOL and 1CM8
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PfMAP2 modelling

Three template pdbs selected:

3N9X_PRE-RELEASE.pdb




PfMAP2 modelling

Three template pdbs selected:

1CM8.pdb




PfMAP2 modelling

Three template pdbs selected:




PfMAP2 Crystal Structure Model Comparison

3NIE.pdb protein structure by SGC was released August 11, 2010

Overall, our model was
quite accurate

Conformation of ATP
was modelled well

Binding pocket residues
were mostly ok

s'M
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Pharmacophore-based Screening

PHORE's selection of o 5
Pharmacophoric features o
(0}
N
H
H. /‘Y\ <
N o
N H
NI - ScH
"‘-N)\N o Two hydrogen-bond donors
H H and an aromatic ring
H H

PHORE’s library of compounds

H-H 3 II.H : :<N'H &
® =] O @2

Compound-ID 001 Compound-ID 002 Compound-ID 003 Compound-ID 004
aromatic ring Only one donor No aromatic ring aromatic ring
2 donors 2 denors

PHORE's activity hits prediction: compound-IDs 001 and 004

M



Dock Screening Prediction

y-synergine bound to synergase (schematic depiction)

=== Favorable (attractive) interactions
=== Unfavorable (repulsive) interactions

11 favorable and 2 unfavorable
=>SCORE =9

Each member of DOCK's library of compounds is placed in the binding pocket of synergase
in an oreintation that optimizes the interac;}ion between the library compound and synergase

4.0

-
a

Compound-ID 002 Compound-ID 004 Compound-ID 005 Compound-ID 006
7 favorable 3 favorable 9 favorable 11 favorable
1 unfavorable 8 unfavorable 0 unfavorable 0 unfavorable

SCORE =6 SCORE =-5 SCORE =9 SCORE = 11

DOCK's activity hits prediction: compound-IDs 005 and 006

A



SAM Workflow
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. Assay
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Data Entry & Analysis

€ Rescentris CERF v2.6.0
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¢ [[) Experiments-02 TR i
o [ ] Anti-erbB2 treatment induces cardiotoxicity
o ] 9. Differential role of ICAM ligands A.
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Fig. 1. Stimulation of LFA-1 through ICAM-2 and ICAM-3 in the presence of CD3/CD28 co-stimulation does not activate caspase-3. (A) Intracellular
staining of cleaved-caspase 3 in cells treated with ICAM-1, ICAM-2, ICAM-3, CD3, CD3/CD28, CD3/CD28/ICAM-1, or CD3/CD28/ICAM-2, or
CD3/CD28/ICAM-3. Naive T cells were stimulated in 96-well coated plates and stained for CD4-PercpCy5.5 and intracellular cleaved-caspase-3-PE at l —
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File cabinets to store data etc
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Template Spreadsheets to Document Computations

;J Computational Analysis Form (Roman Affentranger, Tuesday, September 7, 2010 10:55:19 AM)
| fx:
‘ A B C D E F
1 -
2 Operator Name (if different from Notebook user): Roman Operator Organization: Douglas Connect =]
3 Computer Operating System & Version Fedora 10 Computer architecture x86_64
4 Name of computational software MODELLER Version of software 9vg
5 Analysis Performed Template Selection for PIMAP 2 step 1: get list of template candidates
6 Method (Steps - use as many as you need):
7 1. Preparation of PIMAP2 sequence in MODELLER format Q pfmap2.ali
8 2. Building a sequence profile | build profile.py
9 3. Remove template candidates with low ID or small overlap manual
10 |4. Download selected pdb files <2 get pdb.sh
11 5. Structural alignment of template candidates salign.py
12
13 Parameters used Default parameters were used for all MODELLER scripts
14 | Sample input file <2 pfmap2.ali
15 Script Input Qutput
16 | Reference Files (inputs and outputs) - attach as links <. build profile py <42 pfmap2.ali &4 build_profile prf
17 build_profile log
18 build_profile.ali
19 4 get pdb.sh &2 pdb-list dat i get pdb
20 &2 salian.py fl gt pdbs <&@ salign.log.qz
21 pfmap2-salign-templates tree
22 <2 pfmap2-salign-templates.pap
23 <2 pfmap2-salign-templates.ali
24 R
L] [»]
| sheet 1




SAM ICT Architecture

. Collaboration : .
CO”“‘;g; ‘;ZL":;; ztte’ n B + There is a data conflict.
_ ahisd \ssistant » Method A is npt !orowdlng
» Hold a meeting! accurate predictions.
 Discuss a new strategy! * New information is
 Contact partner Y! available.
| H" Events etc.
A Data, - pelals CEPS
s Protocols, {1 Data Er . \-‘
Results nterPrlse }r— Complex Evept
CERF Cons T Service Data Pattern Service
Bus
SAM partners generate Rule .
data/protocols using external Outcome S d nﬁs?::::ﬁ"ﬂgm?o:: p—
tools and platforms (e.g. _ S 7 New Results A\ Conflicting Data
OpenTox) Data is exchanged
as ontology-based e 24212
messages m Oa .
Consensus Rule ./gy 0@
Editor
Logic-based Logic-based
CEP Dynamic
\ Engine Workflow y
\/

M
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Resolving Inconclusives

Recommendation Rules:

[y
[y

N

= = O O O =
= O = O = O
=

Hit,
high confidence

Inconclusive
results, further
study needed

Not a hit,
high confidence

—)

Synergy

K1 0 1
OpenTox




Resolving Inconclusives

OpenTox

M



Resolving Inconclusives
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SYNERGY Service Support

Collaboration Moderator Evolution

Partner KM
Pattern Service Service Service

Service

Real-time
notification on
knowledge
updates

services

Enterprise

Other bus services .
service bus

services

Event bus

Event publisher Event subscriber

_______________

data
VO Project

Knowledge & Fact base

— -



SYNERGY Service Support

Collaboration Moderator Evolution Partner KM
Pattern Service Service Service Service

— Real-time
notification on
knowledge
updates

CPats are triggered
by detected complex
events in a certain
context

Events enable mining,
maintenance and
evolvement of reactive
knowledge

PcCt
services

cvent bus

cvent subscriber l

~

Reactive Knowledge Sector Knowledge

VO Project 205050 B' Collaboration Pool
VO Knowledge NG R-A=l0d L0 5% | Knowledge

Enterprise Knowledge

cunumurueur 1000\

~ M



SYNERGY Complex Event Processing

Event Type Repository ‘
(IDs ) (ﬂpatterns\:w ( schemata ) ,"
N AN )y AN 4/
CEP Engines
ETALIS WS add/remove/
Compl ex e N modify/search
o “ “\ EventType
processing y e
N — N\
R .
“omplex Events * CPat Assistant |
E!b'er WS Service Other Services
Simple | /2\ 3‘
processing U
Event Type Repository Service
subscribe/unsubscribe C) R R publish R C) create/remove 5() 3()
input events v output events v topic
subscribe/unsubscribe
Events events
Topics | Enterprise Service Bus

s"M 1



Complex Events Stream

Showing Symbol PatternlD PatternName
-~ *ﬁ\ ‘ carbon  Carbon
~N -~ _v N’ china China

Symbol Pattern Name
DOCK stopDOCK
: - h i . ADME stopADME

M . TOX stopTOX



Collaboration Patterns

How are the Y Where are they Y Where are they ( Who are the end
building blocks of represented? put to use? consumers?
communication
(ie. events)
identified?
| e
| / CPat Editor
e |- | eveents fr
= e D) .
i dleflnl S —
« | trigger
ffff o PEtALs ESB
i Event '!'ype \\ e
\C‘Pats/— _Repository \ |
/ . N — \ -
other . E: CEP
communication 1. Identlfyer \sper
primitjyes in 2. Pattern &
SYNERGY 3. Schema )r

<

ETALIS iCEP

P

~




Preliminary Results

Pharmacophore Search

o Found 696 fits in library of
>300,000 compounds

o Evaluated energies by free energy
simulations

50 Example hit:
AC50=1.735uM

o Binding assays run for 588
compounds

r-Y

T

. _ Docking predictions

Activity [%]

e 996 compounds predicted as
.8 consensus between three docking
] _ screens (AutoDock, Vina, Glide)
=100+ e
- 3 o Binding assays are currently in
progress

R

log Concentration [M]

s"M 1



Incorporation of Holistic Predictive ADME & Toxicity

e
Compound Target
Library Selection
Library Target
Prep. Modelling
Compounds Binding
in Electronic Affinity
Format Prediction

Computational

s'M

Protein

—» Expression

Assay
+ Purification BRI

Experimental

ADME and

>—>»  Toxicity

e
[ )l )
T

Prediction

Binding
Affinity Assay

—<00@®

Toxicity
Assay

Move to
next
iteration

o



Predictive toxicology model building

S

E
1@ Models - Mozilla Firefox

el e |

File Edit View History Bookmsrks Tcok Hlelp

@ - o http-//apps.idezconsult.net:E180/ TorPredict/user/4996263h-0 7 c-1fec-8 ba8-15278 2967/ Alstep3 7 v | |~ Gaogie 2
(@ Disabler £ Cookiess | C88+ = | Forms= | Imagess () Information= ) Miscellaneouss . Qutline= | & Resizer . Tocls {2] View Sourcer 7 Options- OO
Models -
H guest
oxrreaic erp
OpenTox demo application Admin
Step 1: Search Step 2: Verify Step 3: Models
Select structura(s) structure Select prediction
Verify structure models N EXT
. . Training .
Endpoint Model Descripters o o Algorithm
ES) i W =
TUM,SD:&’J:':;‘E‘;?FJHC’:ZLZ‘: with vis & @ G B ®hup://opentox.informatik.tu-muenchen.de:8080
T ; ; : .
= 0OpenTox-dev/algorithm /kNNragression
learning web service. L ": 4 rop /=l9 / a
oxTree: Benigni/Bossa rules S - oo
= = ToxTree: BenignifBossa rules for carcinogenicity and
arcinogenicity for carcinogenicity and - enia / & iy
. mutagenicity
mutagenicity
Dissociabon constant g R Pk
(pKa)
ndpoints ﬂﬁrox:rrEE: .Structure Alerts fo.r _ ToxTree: Structure Alerts for the in vivo micronucleus
P the in vivo micronudeus assay in assay in rodents
rodents
ndpoints #“ ToxTree: Michael acceptors - loxIree: Michael acceptors
Y= . . - ~ - =T
Htation/corrasion [ ToxTree: Eye irritation ToxTree: Eye irritation
w4 .
uman health effects ruﬁmwme. Extended Cramer ToxTree: Extended Cramet rules
uman health effects f‘“qj'l'ox'rree: 1LSI/Kroes decision ToxTree: ILSI/Kroes decision tree for TTC
tree for TTC
kin irritztion . P
i - Skin irritati - -
‘carrosion ¥ ToxTree: Skin irritation ToxTree: Skin irritation
Done @

Simple building of predictive toxicology
applications based on well-established
methods and databases

www.opentox.com

-
ey
_—

OpenTox

=

Applications and
Models based on
OpenTox Web Services
will be applied
holistically to drug
design libraries to help
guide decisions on
chemistry directions
and classes...
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Predictive toxicology model building
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Predictive toxicology model building
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Current Realities (we can impact on):

1) Nearly half of the parents of these children in Namibia will die of AIDS
2) These children will be infected with malaria

3) They will not receive medical care or drugs for either of these diseases

If you would like to get involved in our Scientists Against Malaria work,
please contact us!

barry.hardy -(at)- douglasconnect.com
www.scientistsagainstmalaria.net

sM yNERGY %
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