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Experimental	
  setup:	
  The	
  LuxIR	
  quorum	
  sensing	
  	
  system	
  of	
  Vibrio	
  fischeri	
  was	
  	
  divided	
  into	
  Transmi(er	
  and	
  Receiver	
  components	
  and	
  expressed	
  
in	
  E.	
  coli.	
  	
  In	
  the	
  transmi(er	
  bacterium,	
  addiBon	
  of	
  IPTG	
  acBvates	
  transcripBon	
  of	
  T7	
  RNA	
  polymerase	
  (T7	
  RNAP).	
  	
  T7	
  RNAP	
  then	
  acBvates	
  the	
  
producBon	
  of	
  LuxI,	
  which	
  chemically	
  generates	
  the	
  signaling	
  molecule	
  	
  N-­‐(3-­‐Oxohexanoyl)-­‐L-­‐homoserine	
  lactone	
  (C6-­‐HSL)	
  which	
  freely	
  diffuses	
  
through	
  the	
  bacterial	
  membrane.	
  T7	
  RNAP	
  also	
  acBvates	
  producBon	
  of	
  T7	
  lysosyme	
  	
  (lysS)	
  which	
  binds	
  to	
  T7	
  RNAP	
  and	
  inhibits	
  its	
  acBvity.	
  	
  T7	
  
RNAP	
  is	
  encoded	
  on	
  the	
  genome	
  while	
  the	
  T7	
  controlled	
  LuxI	
  and	
  LysS	
  are	
  	
  encoded	
  on	
  two	
  separate	
  plasmids.	
  	
  The	
  plasmid	
  expressing	
  LysS	
  
also	
  carries	
  an	
  inhibitor	
  of	
  T7	
  RNAP	
  transcripBon.	
  	
  ProducBon	
  of	
  C6-­‐HSL	
  can	
  be	
  measured	
  using	
  a	
  receiver	
  bacterium	
  that	
  expresses	
  LuxR.	
  	
  Upon	
  
binding	
  of	
  C6-­‐HSL,	
  LuxR	
  acBvates	
  producBon	
  of	
  a	
  reporter	
  green	
  fluorescent	
  protein	
  (GFP).	
  

The	
  transmi(er	
  bacteria	
  produce	
  C6-­‐HSL.	
  	
  Transmi(er	
  
bacteria	
  with	
  the	
  indicated	
  genes	
  were	
  grown	
  overnight	
  
in	
  the	
  presence	
  of	
  absence	
  of	
  IPTG.	
  	
  Following	
  growth	
  
the	
  bacteria	
  was	
  removed	
  and	
  the	
  growth	
  medium	
  was	
  
filter	
  sterilized.	
  	
  These	
  cultured	
  supernatants	
  were	
  
diluted	
  1:4	
  with	
  fresh	
  medium	
  and	
  used	
  to	
  grow	
  
cultures	
  of	
  receiver	
  bacteria.	
  	
  GFP	
  levels	
  were	
  measured	
  
on	
  a	
  fluorescence	
  plate	
  reader	
  aYer	
  10	
  hrs.	
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Some	
  components	
  of	
  the	
  transmi(er	
  create	
  a	
  wave	
  
shaped	
  pulse.	
  	
  E.	
  coli	
  transmi(er	
  bacteria	
  	
  expressing	
  
both	
  LysS	
  and	
  LuxI	
  were	
  grown	
  to	
  exponenBal	
  phase	
  
and	
  then	
  induced	
  with	
  IPTG.	
  	
  Samples	
  were	
  taken	
  every	
  
hour	
  and	
  subjected	
  to	
  SDS-­‐PAGE	
  analysis	
  followed	
  by	
  
western	
  blot	
  with	
  an	
  anBbody	
  that	
  recognizes	
  and	
  
epitope	
  tag	
  on	
  both	
  LuxI	
  and	
  LysS.	
  	
  Strains	
  expressing	
  
individual	
  components	
  are	
  indicated	
  at	
  leY	
  as	
  controls.	
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   Transmission	
  and	
  recep9on	
  of	
  informa9on	
  encoded	
  in	
  molecules	
  
•  Natural	
  intra-­‐	
  and	
  inter-­‐cellular	
  communicaBon	
  
•  Candidate	
  for	
  nanoscale	
  machine	
  communicaBon	
  
•  Tool	
  for	
  nanoscale	
  machines	
  to	
  interact	
  with	
  biological	
  processes	
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Establish	
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  founda9ons	
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•  GeneBcally	
  engineered	
  E.	
  Coli	
  
bacteria	
  
Ø Molecular	
  transmi(ers	
  
Ø Molecular	
  receivers	
  

•  Microfluidic	
  device	
  
Ø  Incubates,	
  confines,	
  controls	
  the	
  
bacteria	
  number	
  

Ø To	
  sBmulate	
  and	
  observe	
  the	
  bacteria	
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(a) PDMS Device (b) Flow paths (c) Dimensioned schematic

Figure 82: Design of the microfluidic validation platform for the receiver bacteria. (a) shows the PDMS block
on a glass coverslip. (b) shows the microfluidic channels, the bacteria chamber, and the fluid port configuration.
(c) shows the dimensions of the flow channel and the bacteria chamber.

(a) Immediately after seeding (b) 11 hours after seeding

(c) Fluorescence immediately after
seeding

(d) Fluorescence 11 hours after
seeding

Figure 83: (a) and (b) are white light images of the growth in the bacteria chamber and (c) and (d) are fluores-
cence microscope images showing the fluorescence due to GFP production.
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(a) PDMS Device (b) Flow paths (c) Dimensioned schematic

Figure 82: Design of the microfluidic validation platform for the receiver bacteria. (a) shows the PDMS block
on a glass coverslip. (b) shows the microfluidic channels, the bacteria chamber, and the fluid port configuration.
(c) shows the dimensions of the flow channel and the bacteria chamber.

(a) Immediately after seeding (b) 11 hours after seeding

(c) Fluorescence immediately after
seeding

(d) Fluorescence 11 hours after
seeding

Figure 83: (a) and (b) are white light images of the growth in the bacteria chamber and (c) and (d) are fluores-
cence microscope images showing the fluorescence due to GFP production.
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   Tunable	
  pulse	
  shape	
  in	
  emission	
  of	
  molecules	
  at	
  transmiYer	
  bacterium	
  
   à	
  Dynamic	
  response	
  of	
  Incoherent	
  Feed-­‐forward	
  Loop	
  of	
  Type	
  1	
  (I1-­‐FFL)	
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pin[ ]
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−γ x px[ ] d pout[ ]

dt
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c3=0.1
c3=1
c3=10
c3=100 d py⎡⎣ ⎤⎦

dt
=

τ yb1 px[ ]
1+ b1 px[ ] −γ y py⎡⎣ ⎤⎦

•  Directly	
  detect	
  C6-­‐HSL	
  producBon	
  over	
  Bme	
  by	
  sampling	
  
media	
  from	
  bacteria	
  in	
  conBnuous	
  flow	
  condiBons	
  

•  Implement	
  sender	
  and	
  receiver	
  communicaBon	
  in	
  
microfluidic	
  device	
  

•  Shape	
  curve	
  by	
  altering	
  parameters	
  such	
  as	
  protein	
  stability,	
  
translaBon,	
  and	
  affinity	
  between	
  proteins	
  and	
  promoter	
  
regions	
  (a1,	
  a2,	
  a3,	
  b1,	
  c1,	
  c2,	
  c3)	
  

•  Engineer	
  further	
  levels	
  of	
  control	
  of	
  both	
  transmi(er	
  and	
  
receiver	
  

•  Design	
  more	
  complex	
  biological	
  circuits	
  for	
  a	
  complete	
  
molecular	
  signal	
  processing	
  both	
  at	
  transmi(er	
  and	
  receiver	
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(a) PDMS Device (b) Flow paths (c) Dimensioned schematic

Figure 82: Design of the microfluidic validation platform for the receiver bacteria. (a) shows the PDMS block
on a glass coverslip. (b) shows the microfluidic channels, the bacteria chamber, and the fluid port configuration.
(c) shows the dimensions of the flow channel and the bacteria chamber.

(a) Immediately after seeding (b) 11 hours after seeding

(c) Fluorescence immediately after
seeding

(d) Fluorescence 11 hours after
seeding

Figure 83: (a) and (b) are white light images of the growth in the bacteria chamber and (c) and (d) are fluores-
cence microscope images showing the fluorescence due to GFP production.
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