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Abstract	
  
	
  
Biosynthesis	
   of	
   high	
   value	
   chemicals	
   by	
   engineered	
  microorganisms	
   is	
   an	
  
applicaKon	
   of	
   syntheKc	
   biology	
   that	
   offers	
   both	
   economic	
   and	
  
environmental	
  advantages.	
  This	
  applicaKon	
  is	
  increasing	
  the	
  need	
  for	
  high-­‐
throughput	
   screening	
   tools	
   that	
   can	
   facilitate	
   the	
   detecKon	
   of	
   the	
   best	
  
performance	
  among	
  a	
  library	
  of	
  designed	
  microbes.	
  For	
  this	
  reason	
  we	
  are	
  
developing	
   a	
   high-­‐throughput,	
  miniaturised	
  Mass	
   Spectrometry	
   (MS)	
   tool	
  
for	
  profiling	
  syntheKc	
  designed	
  libraries.	
  	
  
Combining	
   microfluidics	
   based	
   picodroplet	
   technology	
   for	
   cell	
  
encapsulaKon	
   and	
   sorKng	
   together	
   with	
   Mass	
   Spectroscopy	
   we	
   aim	
   to	
  
rapidly	
   screen,	
   idenKfy	
   and	
   retrieve	
   the	
   best	
   cell	
   “hits”	
   among	
   syntheKc	
  
metabolic	
  pathway	
  libraries.	
  Based	
  on	
  this	
  novel	
  approach	
  we	
  will	
  be	
  able	
  
to	
  determine	
  which	
   construct	
  has	
   the	
  geneKc	
   combinaKon	
   that	
   gives	
   the	
  
best	
   biosynthesis	
   performance.	
   	
   To	
   test	
   this	
   new	
   tool	
  we	
   have	
   designed	
  
three	
   libraries	
   of	
   two	
   syntheKc	
   metabolic	
   pathways	
   using	
   molecular	
  
engineering	
  techniques	
  (1,2,3).	
  
	
  	
  
We	
   chose	
   two	
   previously	
   described	
   syntheKc	
   pathways	
   to	
   produce	
   non-­‐
natural	
  amino	
  acids	
   (4,	
  5)	
  and	
   focus	
  on	
   improving	
  their	
   level	
  of	
  expression.	
  
Various	
  strategies	
  have	
  been	
  explored	
  such	
  as	
  the	
  use	
  of	
  homologue	
  genes	
  
from	
  other	
  organisms,	
  varying	
   the	
  DNA	
  copy	
  number,	
   transcripKon	
   levels	
  
or	
   translaKon	
   acKvity.	
   Then,	
   using	
   a	
   pioneering	
   picodroplet-­‐based	
  
technology	
   (6)	
   that	
  enables	
  not	
  only	
   the	
   tesKng	
  of	
  up	
   to	
  200,000	
  samples	
  
per	
  day	
  by	
  MS,	
  using	
  miniaturised	
  input	
  volumes	
  (400-­‐700	
  pL),	
  but	
  also	
  for	
  
retrieving	
   idenKfied	
   ‘hits’	
   in	
   a	
   reproducible	
  manner,	
  we	
  will	
   select	
   single	
  
cells,	
   analyse	
   their	
   producKon	
  of	
   this	
   non-­‐natural	
   amino	
   acids	
   and	
  finally	
  
select	
  and	
  recover	
  the	
  best	
  performing	
  clones	
  among	
  the	
  different	
  profiles	
  
obtained	
  for	
  further	
  studies.	
  	
  
This	
   will	
   enable	
   new	
   scienKfic	
   breakthroughs,	
   higher	
   throughputs,	
   lower	
  
screening	
  costs,	
  shorten	
  design-­‐build-­‐test	
  cycle	
  and	
  thus,	
  be	
  of	
  interest	
  to	
  
the	
  current	
  MS	
  user	
  base	
  in	
  the	
  syntheKc	
  biology	
  market	
  and	
  other	
  sectors.	
  	
  
	
  

DESIGN	
  OF	
  SYNTHETIC	
  LIBRARIES	
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Picodroplet	
  MS	
  Biochip	
  
Picodroplet	
   MS	
   biochip	
   (micrograph)	
   showing	
  
picodroplets	
  being	
  split	
  with	
  the	
  larger	
  sibling	
  going	
   	
  in	
  
to	
  the	
  metal	
  MS	
  emiber.	
  The	
  smaller	
  sibling	
  picodroplet	
  
is	
   retained	
   on	
   the	
   biochip	
   and	
   can	
   be	
   selected	
   and	
  
dispensed	
   into	
  a	
  microKtre	
  plate,	
   for	
   subsequent	
  DNA	
  
analysis,	
  should	
  its	
  larger	
  sibling,	
  that	
  is	
  being	
  analysed	
  
by	
  the	
  MS,	
  proves	
  to	
  be	
  interesKng.	
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Conclusions	
  &	
  Future	
  perspecKve	
  
	
  
•  It	
  has	
  been	
  previously	
  shown	
  that	
  microfluidic	
  picodroplets	
  can	
  be	
  used	
  as	
  

reactors	
  to	
  study	
  single	
  bacterial	
  proliferaKon	
  (7,	
  8).	
  The	
  use	
  of	
  microfluidics	
  
in	
  bacterial	
  growth	
  allow	
  us	
   to	
   reduce	
   the	
  compartmentalizaKon	
  volume	
  
of	
  bacterial	
  cultures	
  down	
  to	
  500	
  pL.	
  We	
  have	
  observed	
  that	
  picodroplet-­‐
based	
  bacterial	
   cultures	
  do	
  grow	
   to	
  a	
  higher	
  density	
   than	
   in	
  3	
  mL	
   shake	
  
flasks.	
   This	
   technique	
  will	
   help	
   to	
   save	
   screening	
   costs	
   and	
   increase	
   the	
  
number	
  of	
  samples	
  that	
  can	
  be	
  screened	
  in	
  a	
  short	
  period	
  of	
  Kme.	
  	
  

•  We	
   are	
   currently	
   increasing	
   the	
   variability	
   of	
   the	
   syntheKc	
   libraries,	
  
opKmising	
   the	
   microfluidics,	
   growth	
   media	
   and	
   developing	
   the	
   opKcs,	
  
barcoding	
   strategy	
   and	
   sofware	
   to	
   analyse	
   individual	
   bacterial	
  
phenotypes	
  that	
  are	
  producing	
  	
  non-­‐natural	
  amino	
  acid.	
  	
  

•  UlKmately,	
   the	
   recovery	
  and	
  analysis	
  of	
   the	
  best	
  hits	
  afer	
  screening	
  will	
  
allow	
  to	
  understand	
  what	
  combinaKon	
  of	
  elements	
  used	
   in	
  the	
  syntheKc	
  
library	
   design	
   is	
   best	
   for	
   producKon	
   and	
   will	
   help	
   in	
   further	
   rounds	
   of	
  
opKmizaKon.	
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