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Indole-­based  inhibitors  of  MreB-­mediated  bacterial  cytoskeleton  
polymerization  discovered  in  whole-­cell  screens  employing  efflux-­

compromised  Pseudomonas  aeruginosa strains.
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Abstract

Introduction

Efflux   pumps   contribute   to   drug   resistance   in   Pseudomonas  
aeruginosa and  are  largely  responsible  for  the  failure  of  both  current  
antibacterial  therapies  and  attempts  to  discover  novel  agents  against  
this   pathogen.   Cumbre   has   employed   a   panel   of   Pseudomonas  
aeruginosa systematic   efflux   knock-­out   (SEKO)   strains   lacking   53  
individual   efflux   pumps   in   whole-­cell   screening   to   discover  
compounds   that   inhibit   the   growth   of   efflux   compromised,   but   not
wild-­type  cells.  One  active  compound   from   this   screen,  CBR-­4830,  
was  found  to  be  subject  to  efflux  by  the  MexAB-­OprM system  and  as  
such,  would  not  have  been  discovered  using  conventional  whole-­cell  
screens   employing   wild-­type   efflux   competent   bacteria.   Using  
resistance  genetics,  we  identified  an  essential  protein,  MreB,  as  the  
direct   cellular   target   for   CBR-­4830   in   mexAB Pseudomonas  

aeruginosa.  MreB is  a  bacterial  homologue  of  actin that  polymerizes  
into   cytoskeleton-­like   filaments   and   is   thought   to   interact   with  
numerous   other   proteins   to   coordinate   cell   wall   biosynthesis   with  
chromosomal   segregation   during   the   cell   division   process   (3,   5).
Combined   results   from   microscopic   examination   of   CBR-­4830-­
treated  bacteria,  the  characterization  of  CBR-­4830-­resistant  mutants,  
and   biochemical   studies   of   the   effect   of   CBR-­4830   on   in   vitro
polymerization   of   MreB,   substantiate   this   compound   (and   closely  
related  analogs)  as  a  specific   inhibitor  of   this  essential  cell  division  
protein.   SAR   development   pertaining   to   potency,   efflux   avoidance
and  “on-­target” versus  “off-­target” activities  will  be  discussed.

Despite  the  promise  that  bacterial  genomics,  combinatorial  chemistry  
and/or   target-­based   HTS   efforts   would   deliver   new   classes   of  
antibacterial   agents,   no   new   agents   based   on   these   efforts   have  
been  introduced  into  the  clinic  (2,  8).     To   inhibit  bacterial  growth,  a  
compound  that   is  active   in  vitro must  also  be  able   to  penetrate   the  
bacterial   cell   surface,   avoid   elimination   by   a   range   of   efflux  
mechanisms  and  avoid  inactivation  through  modification  by  bacterial  
enzymes.  

Pseudomonas  aeruginosa  displays  a  high  level  of  intrinsic  resistance  
to   a   variety   of   structurally   unrelated   antimicrobial   agents   due   to  
interplay   of   both   the   low-­permeability   outer   membrane   and   broad-­
specificity  drug  efflux  systems  (7).    Six  RND  efflux  pumps  have  been  
extensively   studied   and   are   functionally   involved   in   the   efflux   of   a  
variety  of  antibacterial  agents  including   -­lactams,  fluoroquinolones,  
tetracyclines,  chloramphenicol,  and  erythromycin   (9).      Although   the  
MFS,  MATE,  SMR  and  ABC  efflux  systems  have  not  been  as  well  
studied   as   the   RND   systems,   members   of   these   efflux   families  
clearly   play   a   role   in   antibiotic   efflux   in   other   organisms   (6)   and   it  
seems  quite  likely  that  they  play  a  similar  role  in  P.  aeruginosa.    

Given  that  drug  efflux  systems  have  impeded  target-­ and  cell-­based  
discovery   efforts   for   new   antibacterial   agents,   particularly   in   P.  
aeruginosa,  we  sought  to  identify  unique  compounds  that  specifically  
inhibit   the   growth   of   individual  P.   aeruginosa strains   that   are   each  
deficient   in   a   single   efflux   pump   system.      By   definition,   leads  
identified   in   this   manner   will   already   possess   cell-­based   activity  
under   specific   efflux-­deficient   conditions   and   thus   have   a   distinct  
advantage  over  compounds  discovered   in  target-­based  biochemical  
assays.      Furthermore,   these   compounds   should   be   unique   to  
Cumbre,  since  to  our  knowledge,  no  other  company  has  conducted  a
screen   in   this  manner.      Once   attractive   compounds   are   identified,  
efforts   are   focused   toward   the   identification   the   compounds’
molecular  target(s).  Thereafter,  this  knowledge  plus  the  efflux  assets  
used  to   identify   these   leads  are  employed   to  help  guide  compound
optimization   aimed   at   discovering   compound   analogues   that   have  
activity  against  wild-­type  cells  because  they  are  of  increased  potency  
and/or   otherwise   able   to   evade   the   effects   of   the   identified   efflux  
system.  

Summary:
Novel  efflux  sensitized  strain  panels  were  employed  in  HTS.

The   discovery   of   a   novel   compound   (CBR-­4830)   that   inhibits   the  
growth  of  an  efflux-­deficient  strain  of  P.  aeruginosa  and  that  exerts  
its  effect  by  interfering  directly  with  MreB function  substantiates  the  
utility   of   the   SEKO (Systematic   Efflux   Knock-­Out)   screening  
approach.  

Conclusions:
Use  of  an  efflux-­sensitized   P.  aeruginosa strain  panel  has   resulted  
in  the  identification  of  potential  anti-­Pseudomonas compounds.  

Preliminary   SAR   studies   with   one   series   (CBR-­4830)   identified  
features  necessary  for  retaining  “on-­target” activity,  but  have  thus  far  
failed  to  identify  critical  features  necessary  for  avoiding  efflux.

Summary  and  Conclusions
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A  portion  of  this  work  was  presented  at  the  44th ICAAC  meeting  in  Washington  D.C.

Increased  susceptibility  to  chloramphenicol or  CBR-­4830  is  attributable  to  loss  of  MexAB-­OprM.

Sensitivity  to  triclosan does  not  deconvolute to  any  one  single  RND  efflux  system  (see  also  ref.  1).

Role  of  MexAB-­OprM pump  confirmed  via  plasmid-­based  complementation  (CM336).    

Panel  3A:
Resistance  to  CBR-­4830  in   (mexAB)  arises  at  a  frequency  of  10-­9 (4-­16×MIC).

Genomic   library   from   pooled  CBR4830-­resistant   strains   used   to   identify   plasmid   conferring   heritable  
and  stable  CBR4830-­resistance  to  naïve   (mexAB)  strain.

Mutant  mreB allele(s)  necessary  and  sufficient  to  confer  CBR-­4830  resistance.  

Panel  3B:
CBR-­4830  resistance  localized  to  mreB in  14  of  14  independent  spontaneous  CBR-­4830R selectants.

Mutations  map  near  ATP-­binding  site  based  on  Thermotoga MreB crystal  structure.

MreB essentiality   in  Pseudomonas confirmed   at  Cumbre   by   inability   to   knock   out   endogenous  mreB
gene  unless  balanced  by  second  mreB+ copy  (not  shown).

Mutant  mreB,  alone  or  in  merodiploids,  confers  resistance  to  CBR-­4830  (not  shown).

Purified  recombinant  Pseudomonas MreB employed  in  biochemical  assays.

Dose-­dependent  effects  of  CBR-­4830  on  MreB (WT)  light  scattering  observed  (panel  A).

Minimal  effects  of  CBR-­4830  on  mutant  MreB (Mut)  light  scattering  observed  (panel  B).

Panel  1:  SEKO  HTS  screening  platform  and  optimization  of  leads.

Panel  2:  CBR-­4830  is  subject  to  MexAB-­mediated  efflux.

Panel  3:  Identification  of  MreB as  the  direct  target  of  CBR-­4830.

Panel  4:  CBR-­4830  MOA  validation  through  biochemistry.

Panel  5:  Preliminary  SAR  for  CBR-­4830  analogs.

Methods  to  guide  further  compound  selection:
Analogs   first   sorted   based   on   MIC   potency   and   cross   resistance   to   CBR-­4830R
mutant  alleles  (mreBMUT).

“On-­target” activity   confirmed   in   vitro through   biochemical   inhibition   of   MreB
polymerization  and  through  cell  morphological  studies  following  treatment.

Efflux  avoidance  tested  through  plasmid-­based  complementation  with  MexAB pump  
in  a  multiple  pump  knock-­out  strain.

Efflux-­compromised   and   wild-­type   strains   employed   in   whole   cell   screens   to   identify  
“Serendipity” Hits  active  against  a  single  efflux  compromised  strain  but  not  wild-­type  bacteria.

Re-­discovery  of  progenitors  of  multiple  drug  classes  validates  SEKO screening  approach.

One  series  CBR-­4830  selected  as  exploratory  ‘proof  of  concept’ for  further  optimization.  
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