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Abstract:	
  In	
  the	
  absence	
  of	
  X-­‐ray	
  data,	
  the	
  explora+on	
  of	
  compound	
  binding	
  modes	
  
con+nues	
  to	
  be	
  a	
  challenging	
  task.	
  For	
  structure-­‐based	
  design,	
  specific	
  features	
  of	
  
ac+ve	
  sites	
  in	
  different	
  targets	
  play	
  a	
  major	
  role	
  in	
  ra+onalizing	
  ligand	
  binding	
  
characteris+cs.	
  For	
  example,	
  dibasic	
  compounds	
  have	
  been	
  reported	
  as	
  potent	
  
inhibitors	
  of	
  various	
  trypsin-­‐like	
  serine	
  proteases,	
  the	
  ac+ve	
  sites	
  of	
  which	
  contain	
  
several	
  binding	
  pockets	
  that	
  can	
  be	
  targeted	
  by	
  ca+onic	
  moie+es.	
  This	
  results	
  in	
  
several	
  possible	
  orienta+ons	
  within	
  the	
  ac+ve	
  site,	
  complica+ng	
  the	
  binding	
  mode	
  
predic+on	
  of	
  such	
  compounds	
  by	
  docking	
  tools.	
  Therefore,	
  we	
  introduced	
  
symmetry	
  in	
  bi-­‐	
  and	
  tribasic	
  compounds	
  to	
  reduce	
  conforma+onal	
  space	
  in	
  docking	
  
calcula+ons	
  and	
  to	
  simplify	
  binding	
  mode	
  selec+on	
  by	
  limi+ng	
  the	
  number	
  of	
  
possible	
  pocket	
  occupa+ons.	
  Asymmetric	
  bisbenzamidines	
  were	
  used	
  as	
  star+ng	
  
points	
  for	
  a	
  mul+stage	
  and	
  structure-­‐guided	
  op+miza+on.	
  A	
  series	
  of	
  24	
  final	
  
compounds	
  with	
  either	
  two	
  or	
  three	
  benzamidine	
  substructures	
  was	
  ul+mately	
  
synthesized	
  and	
  evaluated	
  as	
  inhibitors	
  of	
  five	
  serine	
  proteases,	
  leading	
  to	
  potent	
  
symmetric	
  inhibitors	
  for	
  the	
  pharmaceu+cal	
  drug	
  targets	
  matriptase,	
  matriptase-­‐2,	
  
thrombin	
  and	
  factor	
  Xa.	
  This	
  study	
  underlines	
  the	
  relevance	
  of	
  ligand	
  symmetry	
  for	
  
chemical	
  biology.	
  

Keywords:	
  benzamidines;	
  chirality;	
  pep+domime+cs;	
  serine	
  proteases;	
  symmetry	
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Serine	
  proteases	
  of	
  interest:	
  
!  Matriptase:	
  implicated	
  with	
  tumorigenesis	
  
!  Matriptase	
  2:	
  cri+cal	
  func+on	
  in	
  human	
  iron	
  homeostasis	
  

!  Thrombin	
  and	
  Factor	
  Xa:	
  coagula+on	
  proteases	
  and	
  drug	
  targets	
  for	
  
the	
  treatment	
  of	
  thromboembolic	
  complica+ons	
  

Common	
  target	
  features:	
  
!  Can	
  be	
  inhibited	
  by	
  arginine	
  mime+cs	
  like	
  benzamidines	
  
!  In	
  par+cular	
  dibasic	
  compounds	
  (i.e.	
  bisbenzamidines)	
  were	
  reported	
  

as	
  potent	
  inhibitors	
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S3/S4	
  

S2	
  

!  Asymmetric	
  vs.	
  symmetric	
  inhibitors	
  

S1	
  

S3/S4	
  

S2	
  

S1	
  

S3/S4	
  

S2	
  

S1	
  

Symmetric	
  inhibitors	
  reduce	
  the	
  
number	
  of	
  possible	
  pocket	
  
occupa+ons	
  of	
  benzamindine	
  
residues	
  within	
  the	
  ac+ve	
  site	
  of	
  
selected	
  serine	
  proteases	
  

The	
  introduc+on	
  of	
  symmetry	
  facilitates	
  structure-­‐based	
  compound	
  design	
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!  Asymmetric	
  vs.	
  symmetric	
  inhibitors	
  

S3/S4	
  

S2	
  

S1	
   S3/S4	
  

S2	
  

S1	
  

Even	
   more	
   possible	
  
pocket	
   occupa+ons	
   of	
  
benzamidine	
   residues	
  
(S1,	
   S2,	
   and	
   S3/4)	
   were	
  
observed	
   in	
   docking	
  
studies	
  on	
  matriptase	
  and	
  
matriptase-­‐2	
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Characteriza+on	
  of	
  all	
  compounds:	
  
!  13C	
  and	
  1H	
  NMR;	
  HRMS;	
  LC/MS	
  

Varia+ons:	
  
!  Linker	
  length	
  (X=1-­‐3	
  atoms)	
  

!  Linker	
  type	
  

!  Aroma+c	
  subs+tu+on	
  (para	
  or	
  meta)	
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Matriptase-­‐2:	
  Ki	
  =	
  8,01	
  µM	
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9	
  

Arom. 
subst. 

Linker 
(X) 

Human 
Matriptase 
Ki (µM)  

Human 
Matriptase-2 
Ki (µM)  

Human 
Thrombin 
Ki (µM)  

Bovine  
Factor Xa 
Ki (µM)  

para CH2 6.62 ± 0.30  8.01 ± 0.26 14.6 ± 0.3 8.74 ± 0.42 
meta CH2 6.74 ± 0.25  45.3 ± 1.4 41.3 ± 1.0 5.26 ± 0.39 
para CH2CH2 4.23 ± 0.15  8.24 ± 0.25 35.2 ± 0.7 15.3 ± 0.5 
meta CH2CH2 10.0 ± 0.6  39.4 ± 1.2 9.04 ± 0.64 5.98 ± 0.35 
para OCH2CH2

 24.6 ± 1.2  9.09 ± 0.67 17.1 ± 1.3 21.3 ± 1.7 
meta OCH2CH2 3.39 ± 0.19  12.3 ± 1.0 2.50 ± 0.11 0.751 ± 0.029 
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S3/S4	
  

S2	
  

S1	
  

!  Virtual	
  evalua+on	
  of	
  different	
  branching	
  residues	
  (R)	
  by	
  molecular	
  docking	
  

!  Synthesis	
  of	
  candidate	
  compounds	
  and	
  biochemical	
  evalua+on	
  

!  Preferred	
  branching	
  residues	
  in	
  virtual	
  screening:	
  

!  Basic	
  branching	
  residues	
  for	
  Matriptase	
  and	
  Matriptase	
  2	
  

!  Lipophilic	
  moie+es	
  for	
  Thrombin	
  and	
  Factor	
  Xa	
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Linker (X) 
Human 

Matriptase 
Ki (µM)  

Human 
Matriptase-2 
Ki (µM)  

Human 
Thrombin 
Ki (µM)  

Bovine 
Factor Xa 
Ki (µM)  

CH2 3.11 ± 0.16 3.86 ± 0.27 18.8 ± 0.8 5.24 ± 0.34 
CH2CH2 0.393 ± 0.004 1.46 ± 0.10 10.3 ± 0.2 14.7 ± 0.5 

OCH2CH2
 4.01 ± 0.11 4.59 ± 0.28 18.9 ± 1.7 15.7 ± 0.8 
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Puta+ve	
  binding	
  mode	
  of	
  a	
  tribasic	
  and	
  trisymmetric	
  
inhibitor	
  in	
  the	
  ac+ve	
  site	
  of	
  Matriptase	
  

S2	
  

S1	
  

S3/S4	
  

Matriptase:	
  Ki	
  =	
  0.393	
  µM	
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Branching 
residue 

Human 
Matriptase 
Ki (µM)  

Human 
Matriptase-2 
Ki (µM)  

Human 
Thrombin 
Ki (µM)  

Bovine  
Factor Xa 
Ki (µM)  

12.3 ± 0.2 15.1 ± 0.3 21.6 ± 1.4 10.1 ± 0.6 

6.79 ± 0.20 4.98 ± 0.37 38.3 ± 1.6 33.4 ± 2.2 

287 ± 17 134 ± 3 210 ± 16 81.7 ± 5.9 

9.92 ± 0.27 5.73 ± 0.20 9.78 ± 0.58 1.46 ± 0.13 

17.0 ± 1.4 15.6 ± 0.9 14.0 ± 0.7 13.8 ± 0.4 

1.32 ± 0.05 3.71 ± 0.40 57.8 ± 2.7 33.7 ± 3.1 
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Ki	
  =	
  1.32	
  µM	
   !  Best	
  aroma+c	
  subs+tu+on	
  

!  Best	
  linker	
  type	
  
!  Best	
  branching	
  residues	
  

Ki	
  =	
  0.0385	
  µM	
  

Matriptase:	
   Thrombin:	
  

X	
  =	
  CH2	
  and	
  para	
  subs+tu+on	
  

Ki	
  =	
  6.62	
  µM	
   Ki	
  =	
  14.6	
  µM	
  

Ki	
  =	
  9.78	
  µM	
  

Ki	
  =	
  0.0515	
  µM	
  



Matriptase	
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Ki	
  =	
  0.0385	
  µM	
  

12-­‐100	
  fold	
  selec/vity	
  
over	
  matriptase	
  2,	
  
thrombin	
  and	
  factor	
  Xa	
  

S1	
  

S2	
  S3/S4	
  

Puta+ve	
  binding	
  mode	
  of	
  op+mized	
  and	
  branched	
  
inhibitor	
  in	
  the	
  ac+ve	
  site	
  of	
  Matriptase	
  



Thrombin	
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Ki	
  =	
  9.78	
  µM	
  

S1	
  

S2	
  

S3/S4	
  

Puta+ve	
  binding	
  mode	
  of	
  non-­‐op+mized	
  and	
  branched	
  
inhibitor	
  in	
  the	
  ac+ve	
  site	
  of	
  Thrombin	
  



Thrombin	
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Ki	
  =	
  0.0515	
  µM	
  

0.440	
  µM	
  inhibitor	
  for	
  factor	
  Xa	
  

15	
  -­‐	
  65	
  fold	
  selec/vity	
  over	
  
matriptase	
  and	
  matriptase-­‐2	
  

S1	
  

S2	
  

S3/S4	
  

Puta+ve	
  binding	
  mode	
  of	
  non-­‐op+mized	
  and	
  branched	
  inhibitor	
  in	
  
the	
  ac+ve	
  site	
  of	
  Thrombin	
  with	
  improved	
  binding	
  proper+es	
  



Summary	
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!  Applica+on	
  of	
  structure-­‐based	
  design	
  techniques	
  led	
  to	
  the	
  design,	
  
synthesis	
  and	
  biochemical	
  evalua+on	
  of	
  novel	
  inhibitors	
  for	
  selected	
  
serine	
  proteases	
  

!  Micromolar	
  inhibitors	
  were	
  subsequently	
  op+mized	
  to	
  nanomolar	
  
compounds	
  with	
  selec+vity	
  over	
  related	
  targets	
  

!  Incorpora+on	
  of	
  symmetry	
  facilitated	
  compound	
  design	
  and	
  synthesis	
  
efforts	
  

-­‐  Furtmann,	
  N.;	
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  Scheidt,	
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  Limi+ng	
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  poten+al	
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  by	
  introducing	
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  into	
  ligands:	
  structure-­‐based	
  design	
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proteases.	
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