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mo&va&on	
  

Ø computa&onal	
  approaches	
  to	
  study	
  biochemistry	
  
require	
  machine	
  accessible	
  representa&ons	
  of	
  
biochemical	
  knowledge	
  

Ø exis&ng	
  representa&ons	
  adopt	
  formal	
  seman&cs	
  to	
  
varying	
  degrees	
  

Ø  limited	
  expressivity	
  and	
  ability	
  for	
  reasoning	
  



bears	
  

has_bearer	
  

par&cipates	
  

has_par&cipant	
  

is_realized_in	
  

realizes	
  

Dumon/er	
  (2008)	
  Proc.	
  5th	
  OWLED	
  Workshop	
  on	
  OWL:	
  Experiences	
  and	
  Direc&ons	
  



Ø biochemical	
  processes	
  viewed	
  as	
  
microscopic	
  molecular	
  events	
  

Ø  individuals	
  of	
  classes	
  describing	
  chemical	
  
species	
  represent	
  single	
  molecules	
  

Ø  individuals	
  of	
  classes	
  describing	
  
biochemical	
  processes	
  represent	
  single	
  
molecular	
  events,	
  i.e.	
  directed	
  transi2ons	
  
of	
  a	
  chemical	
  system	
  from	
  an	
  ini2al	
  to	
  a	
  
terminal	
  state	
  involving	
  individual	
  
molecules	
  	
  

HK	
  

glc	
   A	
  
P	
   P	
   P	
  

HK	
  

glc	
   A	
  
P	
   P	
  P	
  



Roles	
  



main	
  axis	
  of	
  classifica&on:	
  stoichiometry	
  

EquivalentTo:	
  
(realizes	
  exactly	
  a	
  (reactant_role	
  and	
  (has_bearer	
  some	
  A)))	
  and	
  
(realizes	
  exactly	
  b	
  (reactant_role	
  and	
  (has_bearer	
  some	
  B)))	
  and	
  
(realizes	
  exactly	
  x	
  (product_role	
  and	
  (has_bearer	
  some	
  X)))	
  and	
  
(realizes	
  exactly	
  y	
  (product_role	
  and	
  (has_bearer	
  some	
  Y)))	
  and	
  
realizes	
  exactly	
  (a+b)	
  reactant_role	
  and	
  
realizes	
  exactly	
  (x+y)	
  product_role	
  

aA	
  +	
  bB	
  à	
  xX	
  +	
  yY	
  

glc	
  +	
  atp	
  à	
  g6p	
  +	
  adp	
   EquivalentTo:	
  
(realizes	
  exactly	
  1	
  (reactant_role	
  and	
  (has_bearer	
  some	
  glc)))	
  and	
  
(realizes	
  exactly	
  1	
  (reactant_role	
  and	
  (has_bearer	
  some	
  atp)))	
  and	
  
(realizes	
  exactly	
  1	
  (product_role	
  and	
  (has_bearer	
  some	
  g6p)))	
  and	
  
(realizes	
  exactly	
  1	
  (product_role	
  and	
  (has_bearer	
  some	
  adp)))	
  and	
  
realizes	
  exactly	
  2	
  reactant_role	
  and	
  
realizes	
  exactly	
  2	
  product_role	
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classifica&on	
  by	
  overall	
  stoichiometry	
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EquivalentTo:	
  
(realizes	
  exactly	
  1	
  (reactant_role	
  and	
  
(has_bearer	
  some	
  glc)))	
  and	
  

(realizes	
  exactly	
  1	
  (reactant_role	
  and	
  
(has_bearer	
  some	
  atp)))	
  and	
  

(realizes	
  exactly	
  1	
  (product_role	
  and	
  
(has_bearer	
  some	
  g6p)))	
  and	
  

(realizes	
  exactly	
  1	
  (product_role	
  and	
  
(has_bearer	
  some	
  adp)))	
  and	
  

realizes	
  exactly	
  2	
  reactant_role	
  and	
  
realizes	
  exactly	
  2	
  product_role	
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…	
  and	
  catalysis	
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EquivalentTo:	
  
(realizes	
  exactly	
  1	
  (reactant_role	
  and	
  
(has_bearer	
  some	
  glc)))	
  and	
  

(realizes	
  exactly	
  1	
  (reactant_role	
  and	
  
(has_bearer	
  some	
  atp)))	
  and	
  

(realizes	
  exactly	
  1	
  (product_role	
  and	
  
(has_bearer	
  some	
  g6p)))	
  and	
  

(realizes	
  exactly	
  1	
  (product_role	
  and	
  
(has_bearer	
  some	
  adp)))	
  and	
  

realizes	
  exactly	
  2	
  reactant_role	
  and	
  
realizes	
  exactly	
  2	
  product_role	
  	
  and	
  	
  
(realizes	
  exactly	
  1	
  (enzyme_role	
  and	
  
(has_bearer	
  some	
  hk)))	
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…	
  and	
  mechanism	
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EquivalentTo:	
  
(realizes	
  exactly	
  1	
  (reactant_role	
  and	
  
(has_bearer	
  some	
  glc)))	
  and	
  

(realizes	
  exactly	
  1	
  (reactant_role	
  and	
  
(has_bearer	
  some	
  atp)))	
  and	
  

(realizes	
  exactly	
  1	
  (product_role	
  and	
  
(has_bearer	
  some	
  g6p)))	
  and	
  

(realizes	
  exactly	
  1	
  (product_role	
  and	
  
(has_bearer	
  some	
  adp)))	
  and	
  

realizes	
  exactly	
  2	
  reactant_role	
  and	
  
realizes	
  exactly	
  2	
  product_role	
  and	
  
(realizes	
  exactly	
  1	
  (enzyme_role	
  and	
  
(has_bearer	
  some	
  hk)))	
  and	
  

(has_proper_part	
  …)	
  
	
  



partonomy	
  of	
  processes	
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process	
  types	
  

catalyzed by multi-enzymes 

“pathways” 

A +B  à (AB) 



shared	
  reactants	
  &	
  products:	
  sequence	
  of	
  processes	
  

atp-­‐hk-­‐complex-­‐associa/on	
  

hk	
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re
ct
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loca&on	
  of	
  processes	
  and	
  transport	
  

EquivalentTo:	
  
(realizes	
  exactly	
  1	
  (reactant_role	
  and	
  (has_bearer	
  some	
  glc)))	
  and	
  
(realizes	
  exactly	
  1	
  (reactant_role	
  and	
  (has_bearer	
  some	
  atp)))	
  and	
  
(realizes	
  exactly	
  1	
  (product_role	
  and	
  (has_bearer	
  some	
  g6p)))	
  and	
  
(realizes	
  exactly	
  1	
  (product_role	
  and	
  (has_bearer	
  some	
  adp)))	
  and	
  
(realizes	
  exactly	
  2	
  reactant_role)	
  and	
  
(realizes	
  exactly	
  2	
  product_role)	
  and	
  
(occurs_in	
  some	
  (cytosol	
  and	
  (part_of	
  some	
  (cell	
  and	
  (part_of	
  some	
  (liver	
  and	
  (part_of	
  
some	
  Homo_sapiens))))))	
  

glc	
  +	
  atp	
  à	
  g6p	
  +	
  adp	
  in	
  the	
  cytosol	
  of	
  human	
  liver	
  cells	
  	
  



loca&on	
  of	
  processes	
  and	
  transport	
  

mitochondrion	
  

2kg	
   mal	
  

2kg-­‐mal-­‐an/port	
  

located_in	
  

2kg	
   mal	
  

reactant	
  
product	
  

cytosol	
  

located_in	
  

located_in	
  

located_in	
  

EquivalentTo:	
  
(realizes	
  exactly	
  1	
  (reactant_role	
  and	
  
(has_bearer	
  some	
  (2kg	
  and	
  (located_in	
  
some	
  mitochondrion))))	
  and	
  

(realizes	
  exactly	
  1	
  (reactant_role	
  and	
  
(has_bearer	
  some	
  (mal	
  and	
  (located_in	
  
some	
  cytosol))))	
  and	
  

(realizes	
  exactly	
  1	
  (product_role	
  and	
  
(has_bearer	
  some	
  (2kg	
  and	
  (located_in	
  
some	
  cytosol))))	
  and	
  

(realizes	
  exactly	
  1	
  (product_role	
  and	
  
(has_bearer	
  some	
  (mal	
  and	
  (located_in	
  
some	
  mitochondrion))))	
  and	
  

realizes	
  exactly	
  2	
  reactant_role	
  and	
  
realizes	
  exactly	
  2	
  product_role	
  



inference	
  of	
  process	
  and	
  en&ty	
  characteris&cs	
  



inference	
  of	
  process	
  and	
  en&ty	
  characteris&cs	
  

•  loca&on	
  of	
  reac&on	
  par&cipants:	
  
biochemical_process(?p),	
  occurs_in(?p,?l),	
  
has_par/cipant(?p,?o)	
  -­‐>	
  located_in(?o,?l)	
  

•  sequence	
  of	
  processes	
  within	
  same	
  loca&on:	
  
product_role(?r1),	
  reactant_role(?r2),	
  has_bearer(?
r1,?o),	
  has_bearer(?r2,?o),	
  realizes(?p1,?r1),	
  
realizes(?p2,?r2),	
  occurs_in(?p1,?l),	
  occurs_in(?p2,?l)	
  
-­‐>	
  directly_precedes(?p1,?p2)	
  	
  



outlook	
  

•  integrate	
  with	
  ontological	
  descrip&ons	
  of	
  chemical	
  
en&&es,	
  cell-­‐types,	
  &ssues	
  

•  implement	
  design	
  pa@erns	
  /	
  rules	
  for	
  classifica&on	
  
according	
  to	
  taxonomies	
  of	
  chemicals,	
  loca&ons,	
  
reac&on	
  mechanisms,…	
  

•  add	
  support	
  for	
  quan&ta&ve	
  descrip&on	
  of	
  reac&ons	
  /	
  
par&cipants	
  

•  expand	
  on	
  other	
  molecular	
  interac&ons	
  

•  use	
  for	
  biochemical	
  network	
  reconstruc&on,	
  integra&on	
  
of	
  pathway	
  datasets,	
  inference	
  of	
  molecular	
  
associa&ons…	
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