


The problem with predlctlng the future!
G¢CKS gAaS aLlsSl 1 2

k(ToIkelr)
A Did you spot Google (or Facebook, or Twitter) & and s
invest?
I So why are you not on a beach in the Bahamas

A How about the Polymerase Chain Reaction, who saw that
coming? Thermophillic bacteria, chain reactions and
cooking proteins

A Theysaid graphenecoul dndt dhet maley
think of making it with  Sellotape ! el ls

dzd GF1AY3 F RAFFSNBYOG GFO1ZX 6S | NF
The future is here. It's just not widely distributed yetWilliam Gibson

So, what pointers are there to chemical information futures?



One thing is aattigim, thescae odfChemical Dada will
contimue to in¢rease dnarmously.C.r e as e enol

K : \(Chemical data \( \
Biological data Patents

substances

Aover 800 organisms . . bages L
28,700,000 chemicakactions A150,000 applications/year

A55833protein xray crystal structures 100,000 chemical patent
501,857 xray structures h ’ R

A2 million citations inmedline _ yperstructures - -
513,000 available reagents AOver 100 countries in patent

A40 main stream databases from EB cooperation treaty (PCT)

BBielsteinhas 600,000 reaction
AEnsemble : 24 million gene predictions apstracts

\ A270,000 organicxay structures /
ACombicheniibrariesof
Billions of compounds /

The Bl G =giphovatiomre ct i on

This implies a clear need to make maximum use of this astronom
amount of data...



We have a O0wn |-\$oer S
what are the opportunities, what

* *are the bottlenecks, whils

| i possmle’? - .

A Flndlng data and knowledge & its a network° o

plbblem' e ) *
A Wh at g O éowvi@ally capdure
bl ' - AR

. .

.

~ A'What are the trends *and Where will they
’ - lead? - .. "



Finding data - Information Engineering
and The Kevin Bacon Game

Six Degrees of Kevin Bac@atrivia gamebased on the concept of \Gﬁ
the small world phenomenoand rests on the assumption that any
individual can be linked through his or Hém roles to actorKevin
Baconwithin six steps.

Its about starting from one point in information space and ending at
anotherh ¥ O2dzNBE ST Ay OKSYAOFt AYyTF2NXI GA
GKSNBE ¢SQNB FJ2Ay3 02FGSyov a2 ¢S 3I2 R

emerge!

LQ@S O2YS G2 UGKS O2yOfdz@aAzy UKFG OKS
Fy | gFdzE 20 2F A0 A0Qa SYOSRRSR AY
of 2343 0221aPPPoLIS2LI Sa KSIFIRAVDPDD |V
Inadequate.

oThus, science | s not merel y a
these ideas through a multipartite and highly differentiated
soci/ al systRaswap ( Mart i n


http://en.wikipedia.org/wiki/Trivia
http://en.wikipedia.org/wiki/Game
http://en.wikipedia.org/wiki/Small_world_experiment
http://en.wikipedia.org/wiki/Film
http://en.wikipedia.org/wiki/Kevin_Bacon
http://en.wikipedia.org/wiki/Kevin_Bacon

Where are we now? - Analysing the science citation network

TimeWalkerand Spatial Dynamics of Agin
InformationL. Lizana, M. Rosvall, and K.

Tracing Science networks based on journ
citations

¢KS LIKeaAaAolf &aals ;:
on the map reflects the fraction of time
that a random surfer spends following
citations within that module.

By analysing such networks, we can see
LI GGSNYya Ay WaOASYy
from the structure.

Suppose we are looking for a piece of
iInformation. The connection from our
starting point to the information is often a
WN} YR2Y 41t 1Qd /Yy
%ptimise the process?

Sneppen. L. Lizana, M. Rosvall and K. Sneppen

Phys. Rev. Lett. 104:040603 (2010



The connectivity of the scienceswho cites who and where?
60,000,000 citations from more than 7000 journals over the past decade.
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(Submitted on 3 Oct 2010)

http://www.tp.umu.se/~rosvall/livemod.htmFfor some fascinating network models



http://www.tp.umu.se/~rosvall/livemod.html

The connectivity of the scienceswho cites who and where?
60,000,000 citations from more than 7000 journals over the past decade.
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Maps of random walks on complex networks reveal community structure. Mafasval] Carl T. Bergstrom

Proceedings of the National Academy of Sciences, Vol. 105, No. 4. (29 January 2008), pft1231shd

Hierarchical organization in large integrated systems, Rbsvall C. T. Bergstrom (Submitted on 3 Oct 2010)
http://www.tp.umu.se/~rosvall/livemod.htmFfor some fascinating network models
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The connectivity of the scienceswho cites who and where?
60,000,000 C|tat|ons from more than 7000 journals over the past decade.
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Autonomous
agents to
search for
personalised
information

A knowledge network Self organising networks of
finding W3Sy iaqQ dzasS f
the best route through is by establish locally connected networks
choosing the best exit routes 6-degrees of Kevin Bacon

M. Rosvall P.Minnhagen K.Sneppen
Phys. Rev. #1:66111 (2005)



http://scitation.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PLEEE8000071000006066111000001&idtype=cvips&gifs=yes

The Ecology of Chemical Information

Will Cloud computing change the way we use computers?
Within the c¢cloud wil!/ exi st a
programs. There will be an awful lot of it.

Autonomous software program. Not a virus, more like a
bacteria. Learns, mutates, inhabits its own ecosystem,
contributes to the environment  dis symbiotic.

An example currently being developed: A negotiator (which
will negotiate with other robots) for the best deal in
purchasing electronics & IBM is developing these

Could we do the same for chemical information? Also, if
really smart e.g. Design a synthesis, or at least find the _
expert. It could learn & which scientists knows this o=t

. : . / \ ~
chemistry (what works), identify uses for compounds and ¥ A T st )}

Google T— \

also find potential customers.

Chem4Word is being developed to be semantically rich dand
can identify what you O0intend
avoid errors. Could this be extended to e.g. discover

synthetic reactions or even suggest research topics based

on intuitive information networks?




Where does the data come from? Open Scienc “DrugBank
More recent developments in data availability ateanging the way
that research is performedIt has become more common for

individuals, Universities, companies, publishers, governmeat =1y =,
. . SEE . A -]
make data available on a grand scale to the communirty CROTEIN DATA BANK

Chemical information, this has been less common than say
bioinformatics, however, that is changing In interesting ways. Pu b© hem
Recent initiatives such d&ibchem which contains 63M records on
37M unigue chemical structures and 1500 bioassays is an example

of a resource that is publicly available. Another example is the “
ChEMBIdatabase, from EBI, of bioactivities of compounds and the

recent acquisition oChemSpideby the RSC to make chemical data
available freely. CCDC have made available structures and tools %:%Chem&]id{?r

teaching.
S " % weac/ [~ chEMBL :: _E
InChi chEBI 4 i\ wy e
| CchEB e » o
L Jueac, urAc—T A '
T feleEw Vg
Linked chemical data on ot

The web (Rafaebidi),
Chemspidegains prominenct

Etc.




If we have the data, how do we interact with
computers? An opportunity i
of computers. Helping humans find knowledge

Developments irNatural Language Processiiog example, means

that complex humarcreated documents can be processed by robots
to extract useful information, and in particular concepts, that can be
searched for or raised by other robots.

The publishing Industry is well aware of the potential, as are
companies interested in Intellectual Property, and the better use of
patents. This is currently a $Billion industry in patent searching. - _
{ 0N y3ISt ez A Ratentdtendtd e iwattendin/asd anf
obscure way as possible! So searching is difficult.

There is significant investment going into enhanced search methods
to utilise language approaches to finding informatidhe semantic
processing of legacy data is the immediate need, but over the long ™\, w
term much effort will be devoted to tools that can enhance content N\ i §
during the publishing process, so that later use is better facilitated. Q\ ;

Much of this work in Chemistry was spearheaded by Peter Murray

wdza 0 Q4 3INRdzL) YR KF&a 3IAPBSY dzd 6aARS waaanoAf Al

Project Prospect is now a major RSC initiative along @hmSpider
http://www.rsc.org/Publishing/Journals/ProjectProspect/Examples.asp



http://www.rsc.org/Publishing/Journals/ProjectProspect/Examples.asp
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Introduction Fl= Edt View Go Bookmarks Took Help 4 R3C- hdvmcmg the Chemical Sciences - ~
7 PERTIrIT] DOL10.1039/kA1 2538
- - L 1e->-80Hrve A e STz

To explott certain types of surface and mterfacial techmiques i biold - = ————plag
planar systems have allowed the application of AFM ! mmpedance 4D L) Customize Links || Free Hotmai * Bed Compound Information for cholesterol
systems range from single billayers adsorbed or deposited onto sub ela
with one leaflet of lipids and the other of alkanethiols 1 Synenyms:

One of the mam advantages of single bilayer samples compared) i o cholesterol
thousands of bilayers. Another advantage 1= that very low concentr o Cholesterin
studied. Often the main disadvantage of single bilayer systems 1s thd o Cholesterol

disadvantage is that only a very thin water layer separates the biay
of the bﬂa.ycr.h

To ewvercome some of the problems associated with single biay
another bilayer that is in close proximity to the substrate 2 Fabricati
enable the fabrication of asyrmmetric bilayers where the compositio
samples the upper bilayer 15 less constramed and 15 open to alarge
double bilayers are fabncated with phosphatidylcholnes, the upper JuChI:
from the substrate by a water layer of 5-10 AY The upper bilayer] Done \lﬁ _
studies, the main water layer was found to swell around the main transition temperature, This was mterpreted in terms o InChI=1/C2Z7HA60/c1-18(2)7-6-8-13(3)23-11-12-2¢
membrane fluctations and used to estimate the bending nigidity of the bilayer 2 Off-specular synchrotron radiation meaﬂ\ CML (Chemical Markup Language Representation)
modulus and tension of the Soating bilayer 2 Incorporation of low concentrations of SHGIEHIRFGI (1-6 molb%) was found f] © — o oice —avcio ~anduaze Sepresentahon)
concentration of 10 mol% swelling was completely removed

Together with phosphatidylcholines, phosphatidylethanolamimes are one of the most abundant corpones
up to a third of the total percentage of ipids present, as i the caze of human and the rat erythrocyt® plasma mmnbims. Other articles referencing this compound:
membranes, being predominantly located in the mner cytoplasm-facing leaflet. Az wellagBeing one of the major bulding

+ cholest-5-en-3beta-of
+ CHOLESTEROL

SMILES:
[HIC@@(CCIC@@I2(HDC@)3(HPCC=CAC]

¥ 2.D Image

supporting achve transport by the lactose permease. They also act as a chapefone durmg the assembly of membrane pro * DO‘I}D 13??.-’1*;(%1?’5??
from the eytoplasmic to the membrane environment. In comparisen o phosphatidylcholines, the smaller head-group of p + DOL : 0 1535_"-’*3"3] 14877h =
berween the phosphate oxygen and the primary amineparts of the lipids * Despite their predominance, phosphatidyletha ¢ 10 1033/MA14A1h -

phosphatidylcholines in the bterature, prase-behaviour of phosphatidylethanolamines vesicles has been well characted pyin. . rsc.orgfdelvery]_ArticleLinkingfimg. asprid=1500

multilamellar bilayers is rather Jusited, "With a wiew to the application of phosphatidylethanclamine double bilayers as plan oo A e O T T o s
single and double bilayers was imvestgated by neutron reflectivity. Double bilayers with a ratio of 9 : 1 DPPE/cholesterol were alzo studied with the dual purpose of assessing the
stabihsing effect of cholestercl on the upper bilayer and to mcrease the realism of the mimic by mereased number of components. We have already shown that asymmetric double

bilayers containing DPPE can be prepared and are stable in both the gel and fluid phases 2




Example: a search @ubMedfor ccompounds in

grapefruit ¢ fetched 200 abstractschemistry marked up

Reparse this directo
¢ Cecal parameters of rats fed diets containing grapefruit polyphencls and inulin as single

supplements or in a combination.

e Interaction of grapefruit juice and calcium channel blockers.

» Identification of isomeric flavonoid glucuronides in urine and plasma by metal complexation
and LC-ES|-MS/MS.

* UV-Irradiated Grapefruit |uice Loses Pharmacokinetic Interaction with Nifedipine in Rats.

» Effect of surface waxes on the persistence of chlorpyrifos-methyl in apples, strawberries and

ra uits.

» Does gender, food or grapefruit juice alter the pharmacokinetics of primaquine in healthy
subjects?

» Development and validation of an HPLC/UV/MS method for simultaneous determination of 18
preservatives in grapefruit seed extract.

+ Delayed effect of grapefruit juice on pharmacokinetics and pharmacodynamics of tacrolimus in

a living-donor liver transplant recipient.

e A new simple HPLC method for measuring mitotane and its two principal metabolites Tests in o Chemical (etc.) with structure
animals and mitotane-treated patients. « Chemical (ete.). without structure

» Therapeutic drug monitoring: A pharmacotherapeutic tool in psychiatry

& A furanocoumarin-free grapefruit juice establishes furanocoumarins as the mediators of the
grapefruit juice-felodipine interaction.

» Effect of grapefruit juice on the disposition of manidipine enantiomers in healthy subjects.

# Biological and physical approaches to improve induced resistance against green mold of stored
citrus fruit.

* Naringin does not alter caffeine pharmacokinetics, energy expenditure, or cardiovascular
haemodynamics in humans following caffeine consumption.

# Design, synthesis and evaluation of furanoccoumarin_monomers as inhibitors of CYP3A4.

# The effects of gra uit on weight and insulin resistance: relationship to the metabaolic
syndrome.

» Modelling intestinal abserption of salbutamol sulphate in rats.

e Grapefruit juice and potential drug interactions.

» Nonvolatiles of commercial lime and qra uit oils se

]

rated by high-s countercurrant

+« Pomelo juice, but not cranberry juice, affects the pharmacokinetics of eyelosporine in humans.
» Effect of extended exposure to grapefruit juice on cytochrome P450 34 activity in humans:




A similarity search for compounds

G A1 S

[ AY2YSY

Search Results

Results 1 to 5 of 7: next

Bioactive compounds of grapefruit {Citrus paradisi Cv. Rio Red) respond
differently to postharvest irradiation, storage, and freeze drying.

ced (P < or = 0.05) the lycopene content, but the reduction (P < or = 0.05) in beta-carotene
content occurred only in the control fruit. Reduction in d-limonena and myrcene was observed in
the irradiated fruits at 6 days after harvest and in the freeze-dried samples. These results warrant
testing of the effect of posthar

More like this

Use of novel compounds for pest control: insecticidal and acaricidal
activity of essential oil components from heartwood of Alaska yellow

cedar.

laris Say nymphs, Xenopsylla cheopis (Rothchild), and Aedes aegypti (L.) adults. Four of the
compounds from the essential oil have been identified as ‘ five as eremophilane
sesquiterpenes, five as eremophilane sesquiterpene derivatives from valencene and nootkatone,

- .
» Chi ith
« Chemical (etc.), without structure

and one as a sesquiterpene outside the eremophilane parent group. Carvacraol 1["“ the anlw

#: typ# = CM; SMILES = CClccc=cacliccicc2)cl... |

moncterpene that demonstrated biocidal activ ST i

efruit extract exhibited the greatest biocidal activity against fleas (LC50 = 0.0029%). Mosquitoes
were most susceptible to one of the derivatives of valencene, valencene-13-aldehyde (LC50 =
0.0024%), after 24 h. Bicassays to determine residual activity of the most effective products were
conducted at 1, 2,

More like this

Volatile constituents of redblush grapefruit (Citrus paradisi) and pummelo

Citrus dis) peel essential oils f en

Of course, natural language processinqusite

challenging; my favourite,

Time Flies Like an Arrow :  Fruit Flies like a Banana




But, what is chemistrg how can chemistr

be represented a difficult problem!

A 500 years of reductionism

A D2AYy3 FTNBY WLHifOKSYe&Q 2 S 0 A
NELINEASYUAY3d WARSFI{tAASRQ OKSYAAL

A Notice the yellow film
- this is a chemicd

-\

Actually, its a purified (>95%)

mixture of (mostly) one

adzoaidl yoSo wSIt OK
exist as connection tables.

The next generation of chemical information tools
should capture the history of the materials

which went to make up the substance, as

well as its measured and predicted properties. Including
Human/robotic senses & video, scene interpretation, spectroscopy...

To do this, we will need a robot chemist (of sorts) to help capture data



Produced by Sankar Viswanathan, Greg Weeks, and the Online Distributed Proofreading Team at http://www.pgdp.net

Astounding Stories,
March, 1931

ROBOT CHEMIST

robot chemist with an electric eve, radio brain and magnet hands functioned without
human supervision in an improvised laboratory recently before members of the New
York Electrical Society.

The automatic chemist performed several experiments. Its work was explamed by William C.
MacTawvish, professor of chemistry at New York University, and was part of a program in which
cold light was reproduced. a sample weighing a milionth of a gram analyzed. a photo-electric cell
used to control analysis and new scientific apparatus demonstrated.

"The ability of the antomatic chemist to control chemical operations is due to its sensitivity to shght
variations in color and light intensity_ Its working parts are very simple. They consist of a standard
hight source, in this case an electric hight, a photo-electric cell which detects differences in the
amount of light immpinging on it, a radio tube which amplifies the signal received from the photo-
electric cell and which operates the relays controlling the automatic valves.



When we look at this scene, we add a huge amount of information from
our senses and knowledge 0 but it nearly all gets lost!

Representing chemistry needs to be re -engineered to represent materials
and processes

Not a smiles string or a
connection Table !!




When we look at this scene, we add a huge amount of information from our ser
and knowledgeg but it nearly all gets lost!

Representing chemistry needs to beargineered to represent materials and
processes
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Not a smiles string or a
connection Table !!
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an art and a craft. At one level it can be seen as

a process to deliver materials in appropriate
guantities and purities for further functional
evaluation. At its best, however, it is an
exquisite masterpiece that bears both the
hallmark and signature of its creator and
aidlyRa GKS GSad 2F GAYSq
Steve Ley, Organic Chemist




The first step is the automated lajodata capture using the human senses integrated in

robotics. Integrating the real and virtual worlds.

Microwave

heating/cooling
(networked)

Data Capture
Semantification
Presentation...

" Video camera (Networked

Novel reactors
- instrumented

B = =3
&

- " .

2t =

S

| Flow chemistry controlle
4 Precisely controlled
Chemistry (networked)

Data capture
(Networked)

\°J

‘ Supported reagents
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A Pervasive computing now arriving

I Allows acquisition and access to information, data,
knowledge, decisions at all times

I For example: intelligent fume cupboards, safety
monitoring, reaction monitoring and contrq|
design experiments (e.g. In flow chemistry)

I Electronic Lab notebook is a start in this direction,
we recently implemented one.

i/ Yy | O0Saa FieRYChdmgpideattR S
SciFindenre accessible onsmartphone

I Information is retained major plus!!

I What can we do in this areahew devices?

I http://sinqularityhub.com/2009/03/04/thenext-
generatiorin-humancomputerinterfaces
awesomevideos/

i ¢CKAA FTAOA Ay \drthahlKbotdeNI A
b2 S0 22 lastepdutttieb 0 Q
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A PetabyteO2 YLIJdzOA Y3 oDt ! Qao =
Web, infiniband(300-1000Gb/sec)...
A Chemical information should not be statj¢che

dynamic properties of molecules and materials
are increasingly seen as important data

A Millisecond simulations of complex biological
phenomena are now possible

A There will be an increasing use of simulation to
check, predict and design materials

A This is a challenge to discover, archive, select
appropriate knowledge/data

Maragakiset al., Microsecond Molecular Dynamics Simulation Shows Effect of Slow Loop Dynamics on
Backbone Amide Order Parameters of Protethd?hys. Chem.2B08, 112, 615%158



