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Make biology easier to engineer. 
 



 

Make biology easier to engineer. 
 



 

Make property rights easier to navigate. 
 



ABSTRACTION 
 

DECOUPLING 
 

STANDARDIZATION 



ABSTRACTION	
  
	
  a	
  tool	
  for	
  managing	
  complexity	
  

SYSTEM 

DEVICE 

PART 

DNA 

Technical	
  Advantage:	
  A	
  system	
  engineer	
  could	
  program	
  a	
  tumor	
  destroying	
  
bacterium	
  without	
  needing	
  to	
  know	
  that	
  DNA	
  is	
  comprised	
  of	
  four	
  bases.	
  



Public	
  registries	
  of	
  biological	
  parts	
  are	
  important	
  for	
  
synthe+c	
  biology	
  research	
  



Establishing	
  Freedom-­‐to-­‐Operate	
  for	
  	
  
biological	
  parts	
  is	
  expensive	
  

Green	
  
Fluorescent	
  
Protein	
  

Yellow	
  
Fluorescent	
  
Protein	
  

A	
  search	
  for	
  all	
  U.S.	
  patents	
  that	
  include	
  	
  
“green”	
  and	
  “fluorescent”	
  and	
  “protein”	
  	
  

(appropriately	
  truncated)	
  in	
  the	
  same	
  claim	
  

~1000	
  hits	
   ~1000	
  hits	
  

	
  	
  	
  	
  $8,000	
  =	
  cost	
  for	
  this	
  informa+on	
  
>$50,000	
  =	
  cost	
  for	
  FTO	
  opinion	
  



Royalty	
  stacking	
  can	
  make	
  it	
  difficult/impossible	
  	
  
to	
  bring	
  products	
  to	
  market	
  

$$$$$$$	
  
$$$$$$$$$	
  

$$$$$$$$$$$	
  

$$$$$$$$$$$$$$$$$	
  



DECOUPLING	
  
	
  separate	
  design	
  from	
  fabrica+on	
  

Technical	
   Advantage:	
   Decoupling	
   DNA	
   sequence	
   design	
   from	
   DNA	
   synthesis	
  
exponen+ally	
  increases	
  the	
  rate	
  at	
  which	
  DNA	
  molecules	
  are	
  produced	
  &	
  tested.	
  

Computer	
  aided-­‐design	
  	
  
of	
  DNA	
  sequences	
  

Synthesis	
  and	
  assembly	
  
of	
  DNA	
  molecules	
  

Func+onal	
  test	
  of	
  DNA	
  	
  
in	
  living	
  systems	
  



Decoupling	
  DNA	
  sequence	
  design	
  from	
  	
  
DNA	
  synthesis	
  alters	
  market	
  dynamics	
  

Computer-Aided Design (CAD) 
of DNA sequences DNA synthesis and assembly 

	
  



DNA	
  synthesis	
  companies	
  may	
  	
  
unknowingly	
  infringe	
  patents	
  

35	
  U.S.C.	
  271	
  Infringement	
  of	
  patent	
  
…whoever	
  without	
  authority	
  makes,	
  uses,	
  offers	
  to	
  sell,	
  or	
  sells	
  
any	
  patented	
  inven+on...	
  

Please	
  
synthesize	
  
this	
  DNA	
  

Companies offering services for 
custom DNA synthesis 



STANDARDIZATION	
  
coordina+on	
  of	
  labor	
  over	
  +me	
  &	
  space	
  

Technical	
   Advantage:	
   Standardiza+on	
   leads	
   to	
   geometric	
   increases	
   in	
  
the	
  quan+ty	
  of	
  biological	
  parts	
  being	
  produced,	
  distributed,	
  and	
  reused.	
  



Technical	
  standards	
  for	
  synthe+c	
  biology	
  
are	
  under	
  development	
  

UNITS OF MEASURE 
Relative Promoter Unit (RPU) 

PHYSICAL COMPOSITION 
BioBricks assembly, BglBricks assembly, etc. 

DATA EXCHANGE 
SBOL, DICOM-SB, JBEI 

FUNCTIONAL COMPOSITION 
Expression Operating Unit (EOU) 



Technical	
  standards	
  may	
  be	
  covered	
  
by	
  background	
  patents	
  

Request for Comment (RFC) process 

BBF	
  RFC	
  19:	
  	
  Rela+ve	
  measure	
  of	
  promoter	
  ac+vity	
  
	
  
Ø  BBa_J23101	
  –	
  in	
  vivo	
  reference	
  promoter	
  

Ø  indirect	
  measure	
  using	
  Green	
  Fluorescent	
  Protein	
  (GFP)	
  



Uses	
  of	
  GFP	
  are	
  patent-­‐protected	
  

US	
  Patent	
  5,491,084	
  
Inventors:	
  Mar+n	
  Chalfie	
  &	
  Douglas	
  Prasher	
  	
  
Filed:	
  September	
  10,	
  1993	
  



Once	
  a	
  standard	
  is	
  widely	
  adopted,	
  	
  
patent	
  “hold-­‐up”	
  may	
  occur	
  

Without agreement to license under F/RAND terms 
(Fair/Reasonable And Nondiscriminatory), patent 
owners could charge disproportionate, exorbitant fees. 

Standard	
   Pre-­‐compe++ve	
  
innova+on	
  

Commercial	
  product	
  



Engineering	
  biology	
  exacerbates	
  tensions	
  	
  
within	
  the	
  exis+ng	
  property	
  rights	
  framework.	
  	
  

ABSTRACTION Freedom-to-Operate 
Royalty Stacking 

Patent Infringement 
by intermediaries 

DECOUPLING 

Patent Hold-up STANDARDIZATION 



www.biobricks.org/survey	
  



Linda	
  Kahl	
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A	
  Survey	
  of	
  Enabling	
  Technologies	
  in	
  Synthe7c	
  Biology	
  



Academia	
  
64%	
  

Both	
  
6%	
  

Industry	
  
31%	
  

162	
  so	
  far…	
  (results	
  from	
  120)	
  
•  Australia	
  (3)	
  
•  Belgium	
  (2)	
  
•  Brazil	
  (2)	
  
•  Canada	
  (6)	
  
•  China	
  (2)	
  
•  France	
  (5)	
  
•  Germany	
  (10)	
  
•  Hungary	
  (1)	
  
•  India	
  (6)	
  
•  Israel	
  (1),	
  
•  Italy	
  (1)	
  
•  Japan	
  (3)	
  
•  Malaysia	
  (1)	
  
•  Mexico	
  (4)	
  

•  Netherlands	
  (3)	
  
•  New	
  Zealand	
  (3)	
  
•  Norway	
  (1)	
  
•  Poland	
  (1)	
  
•  Russian	
  Federa+on	
  (2)	
  
•  Singapore	
  (1)	
  
•  Spain	
  (4)	
  
•  Switzerland	
  (3)	
  
•  Taiwan	
  (1)	
  
•  Ukraine	
  (1)	
  
•  United	
  Kingdom	
  (17)	
  
•  United	
  States	
  (77)	
  
•  Uzbekistan	
  (1)	
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Sharing	
  by	
  Academia	
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Requests	
  from	
  Academia	
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KEEP CALM 
AND 

IMAGINE 
a collection of  genetically encoded functions that are 

free to use and compose. 
 

FREE of  
 

²  fear of  liability for property rights infringement  
 

²  encumbrances limiting constructive, commercial use 
 

²  overwhelming transaction costs associated with use 



June	
  13,	
  2013	
  



The	
  inventors,	
  ac+ng	
  collec+vely	
  where	
  there	
  is	
  more	
  than	
  one,	
  
ARE	
  FREE	
  TO	
  PLACE	
  THEIR	
  INVENTIONS	
  IN	
  THE	
  PUBLIC	
  DOMAIN	
  
if	
  they	
  believe	
  that	
  would	
  be	
  in	
  the	
  best	
  interest	
  of	
  technology	
  
transfer	
  and	
  if	
  doing	
  so	
  is	
  not	
  in	
  viola+on	
  of	
  the	
  terms	
  of	
  any	
  
agreements	
  that	
  supported	
  or	
  related	
  to	
  the	
  work.	
  

	
  

Paragraph	
  3,	
  Stanford	
  Patent	
  Policy:	
  



Volume	
  499,	
  Issue	
  7456	
  
Heidi	
  Ledford	
  
03	
  July	
  2013	
  







Share	
  your	
  parts	
  at	
  biobricks.org/bpa	
  	
  



 

Make property rights easier to navigate. 
 



Linda@biobricks.org 

THANK YOU! 


