
Module 8: Introduction to 
synthetic biology 

CSE590: Molecular programming and neural 
computation.   
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Circuits	  
Jaques	  Monod	  (1910-‐1976):	  
Elucidated	  regula=on	  of	  gene	  
expression	  by	  proteins	  to	  
create	  feedback	  loops.	  	  

"Tout	  ce	  qui	  est	  vrai	  pour	  le	  Colibacille	  est	  vrai	  pour	  l'éléphant".	  	  
	  
“All	  that	  is	  true	  for	  the	  Colon	  bacillus	  [e.g.	  e.	  coli]	  is	  true	  for	  the	  
elephant”	  



Recombinant	  DNA	  

Chemical-‐	  or	  electropora=on.	  



Early	  Applica=ons	  

Insulin	  Produc=on	  in	  E.	  coli	  in	  1978.	  

Herbert	  Boyer	  (b.	  
1936)	  co-‐founded	  
Genetech.	  

Marc	  Van	  Montageau	  and	  Jozef	  Schell	  
founded	  Plant	  Gene=c	  Systems,	  now	  part	  of	  
Bayer.	  

B.	  thuringiennsis	  +	  tobacco	  =	  
insec=cide	  resistant	  tobacco	  for	  
cancer	  s=cks!	  	  



More	  Applica=ons	  

Dolly,	  1996	  

Biofuels	  

T-‐cell	  therapy	  (in	  trials,	  2007)	  	  
Cat	  with	  green	  fluorecent	  protein	  
from	  jellyfish	  (2011).	  



Gene=c	  Engineering	  and	  Synthe=c	  Biology	  
Gene=c	  Engineering	  is	  like	  replacing	  a	  
light	  bulb	  in	  a	  747	  and	  saying	  you	  
engineered	  a	  new	  kind	  of	  airplane.	  	  
	  
-‐Jim	  Collins	  (2010,	  paraphrased)	  

Let	  me	  now	  comment	  on	  the	  ques=on	  "what	  next".	  Up	  to	  now	  
we	  are	  working	  on	  the	  descrip=ve	  phase	  of	  molecular	  
biology.	  ...	  But	  the	  real	  challenge	  will	  start	  when	  we	  enter	  the	  
synthe=c	  biology	  phase	  of	  research	  in	  our	  field.	  We	  will	  then	  
devise	  new	  control	  elements	  and	  add	  these	  new	  modules	  to	  
the	  exis=ng	  genomes	  or	  build	  up	  wholly	  new	  genomes.	  This	  
would	  be	  a	  field	  with	  the	  unlimited	  expansion	  poten=al	  and	  
hardly	  any	  limita=ons	  to	  building	  "new	  beier	  control	  circuits"	  
and	  .....	  finally	  other	  "synthe=c"	  organisms,	  like	  a	  "new	  beier	  
mouse".	  ...	  I	  am	  not	  concerned	  that	  we	  will	  run	  out	  of	  exci=ng	  
and	  novel	  ideas,	  ...	  in	  the	  synthe=c	  biology,	  in	  general.	  

Jim	  Collins	  (BU)	  

-‐	  Waclaw	  Szybalski	  (1974)	  

Waclaw	  Szybalski	  (b.	  1921)	  

E.	  coli	  engineered	  
to	  respond	  to	  light,	  
Voigt,	  Tabor,	  et	  al	  
(2004).	  



The	  Birth	  of	  Synthe=c	  Biology	  as	  a	  Research	  Field	  



Michael	  Elowitz	  
(Caltech)	  



So	  What	  is	  Synthe=c	  Biology?!?	  
Engineering	  +	  Biology:	  
	  
SB	  is	  what	  happens	  when	  
computer	  scien=sts	  and	  electrical	  
engineers	  learn	  gene=c	  
engineering:	  They	  make	  logic	  
gates,	  amplifiers,	  oscillators,	  
communica=on	  devices,	  and	  
internets.	  
	  
The	  goal	  is	  to	  engineer	  
informa=on	  processing	  systems	  
for	  new	  living	  systems!	  



What	  Synthe=c	  Biologists	  Do	  

Current	  Boileneck:	  Culng,	  pas=ng	  and	  integra=ng	  DNA	  is	  very	  laborious.	  

Design	  

Build	  mathema=cal	  
models	  /	  simula=ons	  

Construct	  DNA	  /	  
transform	  organism	  

Get	  data	  

Figure	  out	  what	  
went	  wrong	  

Days	  to	  weeks	  for	  microorganisms,	  
longer	  for	  higher	  organsism.	  

Days	  to	  months	  

This	  course.	  



By	  2015	  or	  2020:	  
Synthe=c	  E.	  coli	  genome	  4.6	  Mbp	  x	  10-‐4	  dollars/bp	  =	  $460	  (less	  than	  an	  iPad)!	  
Synthe=c	  Human	  Genome:	  3.4	  Bbp	  x	  10-‐4	  dollars/bp	  =	  $340K	  (less	  than	  a	  house)!	  



State	  of	  the	  art	  in	  genome	  synthesis	  
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Synthetic genome
“new operating system”

Host cell Install

Mycoplasma mycoides capri

Step 1: Complete synthesis of the genome from Mycoplasma genitalium, 580K basepairs

Step 2: Genome transfer from one cell to another (similar) cell

Mycoplasma capricolum

Craig Venter
Hamilton Smith
and others

Installing a synthetic genome



The	  Goal:	  Programming	  Life	  
  rate(k1) : {!
    emit_signal ( ahl, se )!
  }!
!
  r.t > tr & get_signal ( ahl ) > sd : {!
    emit_signal ( ahl, se ),!
    r.t := 0!
  }!

ATCTACGGATCGACTAGGACTACGGACTAGGCTACGGATCGGATGAGTACAGCTAC!
AGCTAGCGACTTTTAVCACGCGGCGAGCTTAGCTAGCAGGAGCGATCGTAGGATCG!
ACGTATCGATCGATGCTGTAGCGGCGCGAGGATGATGCATCGATCGACTACGCTAC!
ACTTACACGACGACGATCGTAGGACGAGCGACGACTACGGAGAAAGAGCGCGAGCG!
GGACTAGGCTACGGGACTAGGCTACGGGACTAGGCTACGGGACTAGGCTACGGGAC!
GGACTAGGCTACGACATTACGGACTAGGCTACGCTTTTACTGGACTAGGCTACGTT!
TCTACGGATCGACTAGGACTACGGACTAGGCTACGGATCGGATGAGTACAGCTACA!
GCTAGCGACTTTTAVCACGCGGCGAGCTTAGCTAGCAGGAGCGATCGTAGGATCGT!
CGTATCGATCGATGCTGTAGCGGCGCGAGGATGATGCATCGATCGACTACGCTACC!
CTTACACGACGACGATCGTAGGACGAGCGACGACTACGGAGAAAGAGCGCGAGCGG!
GACTAGGCTACGGGACTAGGCTACGGGACTAGGCTACGGGACTAGGCTACGGGACA!
GACTAGGCTACGACATTACGGACTAGGCTACGCTTTTACTGGACTAGGCTACGTTT!

Compile	  

Synthesize	  

Transform,	  
boot	  up,	  	  
run	  



Biological inspiration 
Zebrafish Development Regulatory Circuitry DNA Genome 

...GTGGTACAGGTG
AATTTGGGTAGGCTA
AATTGTCCATAGTTT
ATGTGTGTGAATGAG
GGTGTATGGATGTTT
CTCAGAGATGGGTTG
CAGCTGGAAGGGCGT
CCATTGTGCAAAACA
TATGCTGGAGAAGTT
GCCGGTTCATTCTGC
TGTGGCGACCCCAGA
TTAATAAAAGGACTA
AGCCGAAAAGAAAAT
GAAACATATATATAT
ATATATATATATATA
TATATATATA...!

Can we learn how to write such a program? 



State	  





Tuning	  the	  Bistable	  Switch	  

pLac	  

gfp	  lacI	  

LacI	   GFP	  

atc	  

tetR	  rfp	  

IPTG	  

TetR	  RFP	  
pTet	  

RBSSR	  

lacZ13(Oc),	  lacI22,	  rpsL135	  (strR),	  malT1	  (λR),	  
xyl-‐7,	  mtl-‐1,	  thi-‐1	  
	  

tetR	  strength	   +	  -‐	  

la
cI
	  st
re
ng
th
	  

+	  
-‐	  

∆(araD-‐araB)567,	  ∆lacZ4787(::rrnB-‐3),	  λ-‐,	  rph-‐1,	  ∆(rhaD-‐
rhaB)568,	  hsdR514,	  ∆lacI	  

tetR	  strength	   +	  -‐	  

la
cI
	  st
re
ng
th
	  

+	  
-‐	  

Egbert	  and	  Klavins,	  Fine	  Tuning	  with	  Simple	  Sequence	  Repeats,	  Proceedings	  of	  the	  NaLonal	  Academy	  of	  Science,	  Aug.	  2012.	  



The Repressilator 
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A biological oscillator 
(Elowitz, 2001) 
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A biological oscillator 
(Elowitz, 2001) 



Rhythm	  

Human	  Clock	  

Plant	  Clock	  

Cyanobacterial	  Clock	  
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A biological oscillator 
(Hasty lab) 
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Applica=ons	  
•  Tissue	  Engineering	  
•  Diagnos=cs	  
•  Therapeu=cs	  
•  Chemical	  Synthesis	  
•  Materials	  



Not	  much	  about	  metabolic	  
engineering	  in	  this	  course.	  



Diagnos=cs	  and	  Imaging	  

N
ature	  BioTech,	  2010	  

Science,	  2010	  

Science,	  2006	  



Therapeu=cs	  

PNAS,	  2010	  

Science	  Trans	  Med,	  2011	  

PNAS	  2010	  

Not	  much	  about	  human	  
cells	  in	  this	  course.	  





hip://www.nature.com/nature/focus/synthe=csytemsbiology/index.html	  


