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Learning	  objec9ves	  

•  Enzymes	  and	  their	  biological	  func9on	  
•  Ac9ve	  sites	  and	  catalysis	  mechanisms	  

•  Different	  types	  of	  Inhibi9on	  
– Compe99ve	  inhibi9on	  
–  Irreversible	  inhibi9on	  
– Allosteric	  (reversible)	  inhibi9on	  

•  Examples	  	  



Enzymes	  and	  their	  biological	  func9on	  



What	  is	  an	  enzyme?	  

•  Globular	  proteins	  ac9ng	  as	  the	  body’s	  catalysts	  
•  Nomenclature:	  

–  Root	  +	  ase	  

•  Classifica9on	  
–  Oxidoreductases	  
–  Transferases	  
–  Hydrolases	  
–  Lyases	  
–  Isomerases	  

–  Ligases/synthetases	  
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What	  is	  a	  catalyst?	  
•  Speed	  up	  9me	  for	  reac9on	  to	  reach	  equilibrium	  

•  Lowers	  ac9va9on	  energy	  
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Methods	  of	  catalysis	  

•  Provide	  a	  reac4on	  surface/suitable	  environment	  

•  Bring	  reactants	  together	  

•  Posi4on	  reactants	  correctly	  for	  reac4on	  

•  Weaken	  bonds	  in	  the	  reactants	  
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Enzymes	  as	  catalysts	  
•  Provide	  a	  reac4on	  surface	  (the	  ac4ve	  site)	  
•  Provide	  a	  suitable	  environment	  (hydrophobic)	  

•  Bring	  reactants	  together	  
•  Posi4on	  reactants	  correctly	  for	  reac4on	  
•  Weaken	  bonds	  in	  the	  reactants	  

•  Provide	  acid	  /	  base	  catalysis	  
•  Provide	  nucleophiles	  



Ac9ve	  sites	  and	  catalysis	  mechanisms	  
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The	  ac9ve	  site	  
•  Hydrophobic	  hollow	  or	  groove	  on	  the	  enzyme	  
surface	  

•  Accepts	  reactants	  (substrates	  and	  coenzymes)	  

•  Contains	  amino	  acids	  which	  
–  bind	  reactants	  (substrates	  and	  coenzymes)	  
–  catalyze	  the	  reac9on	  
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Enzyme	  catalysis	  

•  Binding	  interac4ons:	  
–  Ionic,	  H-‐bonding,	  van	  der	  Waals	  

–  strong	  enough	  to	  hold	  the	  substrate	  sufficiently	  long	  for	  the	  reac4on	  to	  
occur	  

–  weak	  enough	  to	  allow	  the	  product	  to	  depart	  	  
•  Drug	  design:	  

–  designing	  molecules	  with	  stronger	  binding	  interac4ons	  results	  in	  
enzyme	  inhibitors	  which	  block	  the	  ac4ve	  site	  



Examples	  

•  Increase	  [S]	  
–  Decreased	  levels	  of	  GABA	  cause	  seizures	  
–  GABA	  aminotransferase	  degrades	  GABA	  

–  Inhibi9on	  of	  enzyme	  raise	  GABA	  levels	  

•  Decrease	  [P]	  
–  Xanthine	  converts	  to	  uric	  acid	  with	  xanthine	  oxidase	  
–  Excess	  uric	  acid	  leads	  to	  gout	  
–  Inhibi9on	  of	  enzyme	  lowers	  produc9on	  of	  uric	  acid	  



An	  example	  reac9on:	  

•  Reduc9on	  of	  pyruvate	  to	  lactate	  
•  Homolac9c	  fermenta9on	  
•  LDH	  =	  Lactate	  dehydrogenase	  (enzyme)	  
•  NADH	  =	  reducing	  agent	  &	  coenzyme	  

•  Pyruvic	  acid	  =	  substrate	  
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Binding	  of	  pyruvic	  acid	  in	  LDH	  



Substrate	  binding:	  induced	  fit	  
•  Ac9ve	  site	  is	  nearly	  the	  correct	  shape	  for	  the	  substrate	  

•  Binding	  alters	  the	  shape	  of	  the	  enzyme	  (induced	  fit)	  

•  Binding	  will	  strain	  bonds	  in	  the	  substrate	  



Intermolecular bonds not 
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Intermolecular bond lengths optimized	

Susceptible bonds in substrate strained	

Susceptible bonds in substrate more 
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Induced	  fit	  
•  Ac9ve	  site	  alters	  shape	  to	  maximize	  intermolecular	  

aerac9ons	  
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Binding	  of	  pyruvic	  acid	  in	  LDH	  
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Binding	  of	  pyruvic	  acid	  in	  LDH	  



•  Acid/base	  catalysis	  

•  Covalent	  catalysis:	  Nucleophilic	  residues	  

Non-ionized!
Acts as a basic catalyst!
(proton 'sink')!

Ionized!
Acts as an acid catalyst!
(proton source)!

L-Serine! L-Cysteine!

Catalysis	  Mechanisms	  



Serine	  as	  a	  nucleophile	  



Different	  types	  of	  inhibi9on	  



Compe99ve	  (reversible)	  inhibitors	  

•  Inhibitor	  binds	  reversibly	  to	  the	  ac9ve	  site	  	  

•  No	  reac9on	  takes	  place	  on	  the	  inhibitor	  

•  Inhibi9on	  depends	  on	  the	  strength	  of	  inhibitor	  binding	  and	  inhibitor	  
concentra9on	  

•  Substrate	  is	  blocked	  from	  the	  ac9ve	  site	  	  
•  Increasing	  substrate	  concentra9on	  reverses	  inhibi9on	  

•  Inhibitor	  likely	  to	  be	  similar	  in	  structure	  to	  the	  substrate	  

•  Examples:	  
–  Ethylene	  glycol	  or	  methanol	  poisoning	  

–  Sulfonamide	  an9bacterial	  agents	  (sulfa	  drugs)	   fomepizole	  
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Irreversible	  inhibi9on	  

•  Inhibitor	  binds	  irreversibly	  to	  the	  ac9ve	  site	  	  
•  Covalent	  bond	  formed	  between	  the	  drug	  and	  the	  enzyme	  
•  Substrate	  is	  blocked	  from	  the	  ac9ve	  site	  	  
•  Increasing	  substrate	  concentra9on	  does	  not	  reverse	  inhibi9on	  
•  Inhibitor	  likely	  to	  be	  similar	  in	  structure	  to	  the	  substrate	  
•  Examples:	  

–  Aspirin	  
–  Penicillins	  



Penicillin	  

•  Penicillin:	  an9bio9c	  binding	  
bacterial	  transpep9dase	  
(discovered	  by	  Sir	  Alexander	  
Fleming)	  

•  Pep9doglycan	  cell	  wall:	  
overlapping	  lafce	  of	  2	  
sugars	  -‐	  N-‐acetyl	  
glucosamine	  (NAG)	  and	  N-‐
acetyl	  muramic	  acid	  (NAM)	  	  -‐	  
that	  are	  crosslinked	  by	  
pep9de	  bridges	  
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Mechanism	  of	  ac9on	  of	  penicillin	  
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Bacterial	  cell	  wall	  synthesis	  



Normal Mechanism:	


Bacterial	  cell	  wall	  synthesis	  

Mechanism inhibited by penicillin:	




From	  The	  Organic	  Chemistry	  of	  Drug	  Design	  and	  Drug	  Ac7on	  by	  Richard	  B.	  Silverman,	  Academic	  Press,	  1992.	  
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Alterna9ve	  “umbrella”	  mechanism	  
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Allosteric	  inhibi4on	  (reversible)	  

•  Inhibitor	  binds	  reversibly	  to	  allosteric	  site	  	  

•  Induced	  fit	  alters	  the	  ter9ary	  structure	  of	  the	  enzyme	  

•  Ac9ve	  site	  is	  distorted	  and	  is	  not	  recognized	  by	  the	  substrate	  

•  Increasing	  substrate	  concentra9on	  does	  not	  reverse	  inhibi9on	  

•  Inhibitor	  is	  not	  similar	  in	  structure	  to	  the	  substrate	  
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Allosteric	  inhibi4on	  (reversible)	  

•  Enzymes	  with	  allosteric	  sites	  olen	  at	  start	  of	  biosynthe9c	  pathways	  

•  Enzyme	  is	  controlled	  by	  the	  final	  product	  of	  the	  pathway	  

•  Final	  product	  binds	  to	  the	  allosteric	  site	  and	  switches	  off	  enzyme	  

•  Inhibitor	  may	  have	  a	  similar	  structure	  to	  the	  final	  product	  



Examples	  	  



Drugs	  ac4ng	  through	  altera4on	  of	  enzyme	  
reac4ons	  


