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Introduction 
•  Using	  computer	  to	  handle	  large	  amount	  of	  data	  
associated	  with	  chemical	  compounds	  

•  InformaFon	  on	  a	  compound:	  literature,	  physicochemical	  
properFes,	  spectra,	  structures,	  reacFons,	  etc.	  

•  The	  system	  for	  storing	  and	  retrieving	  these	  data	  is	  called	  
informaFon	  system	  –	  consists	  of	  program	  and	  database	  	  

•  Chemists	  need	  to	  search	  the	  database	  to	  find	  	  
•  ProperFes	  related	  to	  a	  structure	  
•  Compounds	  with	  similar	  structures	  
•  Compounds	  that	  contain	  certain	  funcFonal	  groups	  or	  
substructures	  
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Literature Database 
•  Chemical	  Abstract	  Service	  (CAS)	  

•  Most	  comprehensive	  databases	  of	  disclosed	  research	  
in	  chemistry	  and	  related	  sciences	  	  

•  Including	  a	  large	  collecFon	  of	  substance	  informaFon,	  
the	  CAS	  REGISTRY	  	  

•  ScienceDirect	  
•  One	  of	  the	  largest	  online	  collecFons	  of	  published	  
scienFfic	  research	  	  

•  over	  8.5	  million	  arFcles	  from	  over	  2500	  journals	  	  
•  over	  6,000	  e-‐books,	  reference	  works,	  book	  series	  and	  
handbooks.	  	  



Literature Database 

•  SCOPUS	  
•  Covering	  abstracts	  and	  citaFons	  and	  web-‐based	  
research	  tool	  

•  15,800	  peer-‐reviewed	  journals	  in	  the	  scienFfic,	  
technical,	  medical	  and	  social	  sciences	  fields.	  	  

•  ISI	  
•  Academic	  literature	  database	  
•  Provides	  access	  to	  many	  databases	  and	  other	  
resources:	  covering	  about	  8,700	  leading	  journals	  



Factual Database 
•  Beilstein	  Database	  	  

•  Covers	  organic	  chemistry	  data	  from	  1771	  to	  date.	  	  
•  Based	  on	  Beilstein's	  Handbuch	  der	  organischen	  
Chemie	  	  	  

•  Contains	  over	  10.3	  million	  structures,	  10.6	  million	  
reacFons,	  2.1	  million	  citaFons	  and	  320	  million	  
property	  records.	  	  

•  Also	  contains	  over	  900,000	  original	  author	  
abstracts	  from	  1980-‐present,	  	  

•  EcoPharm	  database	  containing	  details	  of	  bioacFve	  
compounds	  



Factual Database 
•  Gmelin	  Database	  

•  Covering	  inorganic	  and	  organometallic	  
compounds	  from	  1772	  to	  date.	  

•  Based	  on	  Gmelin	  Handbuch	  der	  anorganischen	  
Chemie,	  	  

•  Comprises	  over	  2.5	  million	  compounds,	  including	  
glasses,	  alloys,	  ceramics,	  minerals	  and	  
coordinaFon	  compounds,	  1.9	  million	  reacFons	  
and	  1.3	  million	  citaFons.	  	  

•  Also	  contains	  over	  500,000	  Ftles,	  abstracts	  and	  
keywords.	  



CAS Registry 
•  Contains	  informaFon	  on	  all	  the	  chemical	  compounds	  
published	  in	  the	  literature	  since	  1957	  

•  More	  than	  56	  million	  organic/inorganic	  substances	  
and	  more	  than	  62	  million	  sequences,	  updated	  daily	  

•  Each	  substance	  is	  idenFfied	  by	  CAS	  registry	  number	  
•  CAS	  Registry	  Number	  is	  a	  unique	  numeric	  idenFfier	  only	  
for	  one	  substance	  	  

•  Has	  no	  chemical	  significance	  	  
•  For	  example,	  58-‐08-‐2	  is	  the	  CAS	  Registry	  Number	  for	  
caffeine	  

•  Available	  from:	  SciFinder,	  STN	  	  









NCI Database 
•  Contains	  250,251	  structures	  
•  Every	  record	  contains	  at	  least	  the	  NSC	  number	  and	  
the	  chemical	  structure	  in	  connecFon	  table	  format	  

•  Enhance	  searching	  hap://129.43.27.140/ncidb2/	  
•  hap://nci.cambridgesoc.com/	  
•  DTP	  Human	  Tumor	  Cell	  Line	  Screen:	  compounds	  
tested	  for	  evidence	  of	  the	  ability	  to	  inhibit	  the	  
growth	  of	  human	  tumor	  cell	  lines	  	  

•  DTP	  AIDS	  AnFviral	  Screen:	  compounds	  tested	  for	  
evidence	  of	  anF-‐HIV	  acFvity.	  	  



Public Access Databases 
1.  	  	  ChemDB	  	  
2.  	  	  ChemSpider	  	  
3.  	  	  eMolecules	  	  
4.  	  	  NIST	  Chemistry	  WebBook	  	  
5.  	  	  Zinc	  	  
6.  	  	  PubChem	  	  
7.  	  	  RCSB	  Protein	  Data	  Bank	  	  
8.  	  	  TOXNET	  	  
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•  Similarity	  property	  principle	  
•  Structurally	  similar	  molecules	  are	  expected	  
to	  exhibit	  similar	  physical	  properFes	  or,	  
similar	  biological	  acFviFes	  
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Substructure Searching 

Query

N

O

O

N N
O

O

O

O

N N
N

N
NN

N

N O

N

N

O

O

N
O

O

N

O
O



Substructure Searching 
•  IdenFfies	  all	  the	  molecules	  in	  the	  database	  that	  
contain	  a	  specified	  substructure	  

•  Example:	  idenFfy	  all	  structures	  that	  contain	  a	  
parFcular	  funcFonal	  group	  such	  as	  carboxylic	  acid,	  
benzene	  ring	  or	  C5	  alkyl	  chain	  

•  The	  first	  step	  of	  a	  substructure	  search	  is	  a	  screening	  
process	  to	  eliminate	  molecules	  that	  cannot	  possibly	  
match	  the	  substructure	  query.	  One	  method	  of	  
screening	  is	  by	  the	  bitstrings	  representaFon	  of	  query	  
structure	  with	  molecules	  in	  the	  database	  



Structure Searching 
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Structure Searching 
•  Molecules	  that	  are	  similar	  in	  structure	  probably	  have	  
similar	  properFes.	  

•  We	  can	  use	  similarity	  coefficient	  as	  a	  measure	  of	  
similarity	  between	  two	  structures	  

•  Example	  of	  similarity	  coefficients:	  Euclidean	  distance,	  
Tanimoto	  coefficient,	  Manhaaan	  distance	  

Reference:	  	  
•  Willea,	  P.,	  Barnard,	  J.M.,	  Downs,	  G.M.	  “Chemical	  
similarity	  searching”	  J.	  Chem.	  Inf.	  Comput.	  Sci.	  1998,	  
38,	  983-‐996.	  



The Similarity Problem 

How	  similar?	  



The Fingerprint Approximation 

•  Fingerprint	  bit	  similarity	  approximates	  chemical	  feature	  
similarity.	  



Similarity Measures 

•  There	  are	  many	  ways	  of	  measuring	  similarity	  
(or	  distance)	  between	  bit/count	  vectors:	  
•  Euclidean	  	  
•  Cosine	  
•  ExponenFals	  
•  Tanimoto/Jaccard	  
•  Tversky	  
•  MinMax	  
•  Hamming/Manhaaan	  



Similarity Measures: Tanimoto 

•  Tally	  features:	  
•  Unique	  (a,b)	  
•  Both	  on	  (c)	  
•  Both	  off	  (d)	  

•  Similarity	  Formula	  
•  Tanimoto=c/(a+b+c)	  
	  

a c b 

A B



Tanimoto example 

0	   0	   1	   0	   1	   1	   0	   1	   0	   0	   1	   1	  

1	   0	   1	   1	   0	   1	   0	   1	   1	   0	   1	   1	   a=3 

b=1 

c=5 

A 

B 

SAB = 5/(3 + 1+ 5)=0.56 



Similarity Measures: Tversky 

•  Tally	  features:	  
•  Unique	  (a,b)	  
•  Both	  on	  (c)	  
•  Both	  off	  (d)	  

•  Similarity	  Formula	  
•  Tanimoto=c/(a+b+c)	  
•  Tversky(α,β)=c/(αa+βb+c)	  

a c b 

A B



Similarity Measures 

Measure	   Range	   Formula	  

Cosine	   0.0,1.0	  

Dice	  	   0.0,1.0	  	  

Euclidean	  	   0.0,1.0	  	  

Hamming/Manhaaan	  	   1.0,0.0	  	  

Tanimoto/Jaccard	  	   0.0,1.0	  



Distance Measures 
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