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Synthetic libraries designed on natural sequence landscapes
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Individual adults only sample a small part of the antibody repertoire
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Humans produce dispersed receptor repertoires


Glanville et al, PNAS 2011
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Single	
  mutants	
  
(~150)	
  
	
  
	
  
	
  
Double	
  mutants	
  
(~20,000)	
  
	
  
	
  
Triple	
  mutants	
  
(~3,000,000)	
  
	
  
	
  
	
  
Quadruple	
  mutants	
  
(~500,000,000)	
  
	
  
	
  
5+	
  mutants	
  
(~75,000,000,000)	
  Comprehensive	
  affinity	
  matura1on	
  

landscape	
  from	
  100	
  people	
  

Per	
  CDR,	
  for	
  every	
  framework	
  of	
  interest	
  

(Germline	
  CDR)	
  



10^4	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  10^5	
  	
  	
  	
  	
  	
  10^9-­‐10^12*	
  	
  	
  	
  	
  	
  	
  	
  10^5	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  10^3	
  	
  	
  	
  	
  10^7	
  

Naturally	
  veTed	
  diversity	
  from	
  sorted	
  B-­‐cells	
  from	
  100	
  healthy	
  donors	
  

4VH	
  &	
  4	
  VK	
  curated	
  scaffolds	
  from	
  the	
  best	
  human	
  druggable	
  V-­‐segments	
  

*10^12	
  with	
  enzyma0c	
  expansion	
  



•  Stable	
  
•  Used	
  by	
  all	
  people	
  
•  Previously	
  used	
  as	
  drugs	
  

•  Structurally	
  diverse	
  
•  Non-­‐redundant	
  
•  Not-­‐aggrega0on	
  prone	
  



Problem	
  alleles	
  
	
  
	
  
Allele	
  varia0on	
  in	
  human	
  popula0ons	
  
	
  
Should	
  we	
  avoid	
  polymorphic	
  V-­‐genes?	
  

Missing/autoreac0ve	
  in	
  some	
  individuals	
  





	
  Building	
  and	
  using	
  the	
  SuperHuman	
  library	
  
	
  

Blood	
  100	
  
donors	
  

Lymphocyte	
  
Extrac0on	
  

Naïve	
  B-­‐cell	
  
separa0on	
  

Sequencing	
  
quality	
  control	
  

Diversity	
  
Extrac0on	
  

Diversity:	
  H3	
  

Diversity:	
  H1,	
  
H2,	
  L1,	
  L2	
  &	
  L3	
  

4	
  VH	
  &	
  4VL	
  
Frameworks	
  

Thermal	
  
tempering	
  

SuperHuman	
  
Library	
  

In-­‐vitro	
  
matura0on	
  

Panning	
  



	
   	
   	
  targeted	
  libraries	
  
	
  
for	
  many	
  targets,	
  a	
  vast	
  library	
  already	
  exists	
  
a	
  reservoir	
  of	
  exis0ng	
  func0onal,	
  matured	
  an0bodies	
  
	
  
	
  
•  Virii	
  	
  
•  Bacteria	
  	
  
•  An0-­‐venom	
  
•  Cancer	
  



An1-­‐Ebola	
  an1bodies	
  in	
  the	
  blood	
  of	
  survivors	
  



An1-­‐tumor	
  an1bodies	
  in	
  the	
  blood	
  of	
  cancer	
  survivors	
  

But	
  when	
  to	
  recover	
  them?	
  Chemo	
  damages	
  repertoire,	
  and	
  response	
  may	
  be	
  0me	
  sensi0ve	
  	
  



Vaccina1on:	
  memory	
  only	
  transiently	
  available	
  in	
  periphery	
  

Jackson,	
  Cell	
  Host	
  &	
  Microbe,	
  2013	
  



Vaccina1on:	
  memory	
  stored	
  in	
  secondary	
  lymphoid	
  organs	
  



Who	
  is	
  the	
  right	
  popula1on?	
  







Immune	
  checkpoint	
  blockade	
  &	
  induced	
  remission	
  

BMS	
  



Syndrome	
  	
  X	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  100	
  Healthy	
  controls	
  

The	
  immune	
  memory	
  of	
  10,000	
  people	
  can	
  be	
  loaded	
  into	
  a	
  barcoded	
  library	
  

DNA	
  barcode	
  in	
  
phagemid	
  

10^7	
  sublibrary	
  
for	
  each	
  donor	
  	
  



We	
  are	
  crowdsourcing	
  recruitment	
  
Donate	
  blood	
  
Share	
  the	
  video	
  
Tell	
  your	
  friends	
  



Giles	
  Day	
  
Chris	
  Smith	
  
Amy	
  Geurts	
  
Casey	
  Keyes	
  
David	
  Louis	
  
	
  
	
  
	
  
	
  
jake@distributedbio.com	
  
	
  
	
  
	
  

David	
  Louis	
  
(poster	
  session)	
  	
  

	
  
David	
  Maurer	
  
Gayathri	
  Shankar	
  
Maureen	
  Kagimbi	
  
Usha	
  Maloney	
  
	
  

SuperHuman	
  Library 	
   	
   	
   	
   	
   	
  	
  	
  	
  	
  Survivor	
  Library	
  

Giles	
  Day	
  	
  



Supp	
  slides	
  



CDR-L3


Observed frequency (NGS)


Th
eo

re
tic

al
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eq
ue

nc
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Synthe1c	
  methods	
  introduce	
  hidden	
  diversity	
  boTlenecks	
  



•  Exhaus0ve	
  heterodimer	
  coverage	
  of	
  top	
  5,000	
  clones	
  
•  Fair	
  heterodimer	
  coverage	
  of	
  top	
  50,000	
  clones	
  
•  Some	
  heterodimer	
  sampling	
  of	
  top	
  500,000	
  clones	
  

VH	
  clone	
  frequencies	
  
VL	
  clone	
  fr

equencies	
  

Heterodimer	
  copies	
  per	
  1	
  million	
  clones	
  

Immune	
  capture	
  is	
  1me	
  sensi1ve	
  






