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•  To	
  review	
  the	
  objec8ve(s)	
  of	
  cross	
  species	
  
comparisons.	
  

•  To	
  review	
  the	
  use	
  of	
  model	
  organisms.	
  

•  To	
  review	
  TLR’s	
  as	
  an	
  example	
  of	
  lessons	
  
learned	
  from	
  similari8es	
  among	
  species.	
  

•  To	
  review	
  LRR’s	
  as	
  an	
  example	
  of	
  lessons	
  
learned	
  from	
  similari8es	
  among	
  species.	
  	
  

Cross-­‐species	
  comparisons:	
  
Overview	
  



Why	
  compare?	
  

Cross-­‐species	
  comparisons	
  



Model	
  Organisms	
  



Model	
  Organisms:	
  
Invertebrates	
  

Saccharomyces	
  cerevisiae	
   Dictyostelium	
  discoideum	
  

Caenorhabdi6s	
  elegans	
   Drosophila	
  melanogaster	
  



Model	
  Organisms:	
  
Vertebrates	
  

Danio	
  rerio	
  

Mus	
  musculus	
  
Macaca	
  mula:a	
  
(rhesus	
  macaque)	
  



hZp://www.nih.gov/science/models/	
  



• 	
  	
  Advantages:	
  
 	
  	
  Easy	
  to	
  maintain	
  

 	
  	
  Low	
  cost	
  of	
  care	
  
 	
  	
  Rapid	
  genera8on	
  8me	
  

 	
  	
  Gene8c	
  manipula8on	
  

 	
  	
  Gene8c	
  screens	
  

Model	
  Organisms	
  



Model	
  Organisms	
  



• 	
  	
  Concerns:	
  
 	
  	
  Are	
  discoveries	
  translatable?	
  
 	
  	
  Is	
  it	
  necessary	
  to	
  use	
  NHPs?	
  
 	
  	
  Difficulty	
  with	
  administra8ve	
  approvals.	
  

 	
  	
  General	
  public’s	
  opinion	
  of	
  research.	
  

Model	
  Organisms	
  

“The	
  Na8onal	
  An8-­‐Vivisec8on	
  Society	
  is	
  a	
  na8onal,	
  not-­‐for-­‐profit	
  educa8onal	
  organiza8on	
  
incorporated	
  in	
  the	
  State	
  of	
  Illinois.	
  NAVS	
  promotes	
  greater	
  compassion,	
  respect	
  and	
  
jus8ce	
  for	
  animals	
  through	
  educa8onal	
  programs	
  based	
  on	
  respected	
  ethical	
  and	
  scien8fic	
  
theory	
  and	
  supported	
  by	
  extensive	
  documenta8on	
  of	
  the	
  cruelty	
  and	
  waste	
  of	
  vivisec8on.”	
  



• 	
  	
  Biological	
  system	
  of	
  defenses	
  against	
  infec8ons	
  

• 	
  	
  Non-­‐cellular	
  components:	
  
 	
  	
  coagula8on	
  
 	
  	
  complement	
  system	
  
 	
  	
  an8microbial	
  pep8des	
  

• 	
  	
  Cellular	
  components:	
  
 	
  	
  macrophages	
  
 	
  	
  microphages	
  (neutrophils)	
  

Cross-­‐species	
  comparisons:	
  
Innate	
  Immunity	
  



• 	
  	
  “Non-­‐specific”	
  	
  
 	
  	
  inflamma8on	
  ini8ated	
  by	
  many	
  s8muli	
  

• 	
  	
  “Adap8ve	
  Immunity”	
  
 	
  	
  T	
  and	
  B	
  lymphocytes	
  
 	
  	
  “an8gen	
  receptors”	
  on	
  surface	
  	
  
 	
  	
  Specific	
  to	
  par8cular	
  pep8de	
  or	
  carbohydrate	
  

Cross-­‐species	
  comparisons:	
  
Innate	
  Immunity	
  -­‐	
  2	
  



Innate	
  Immunity:	
  	
  Macrophages	
  



Macrophages	
  in	
  situ:	
  
Alveoli	
  and	
  distal	
  
airways	
  



Innate	
  Immunity:	
  	
  	
  
Macrophages	
  An8microbial	
  Effectors	
  

• 	
  	
  Phagocytosis	
  
• 	
  	
  Reac8ve	
  oxygen	
  species	
  
• 	
  	
  Reac8ve	
  nitrogen	
  intermediates	
  
• 	
  	
  Enzymes	
  
• 	
  	
  Acidifica8on	
  
• 	
  	
  An8microbial	
  pep8des	
  



Innate	
  Immunity:	
  	
  	
  
Macrophages	
  An8microbial	
  Effectors	
  

Nature	
  Chemical	
  Biology	
  4,	
  278	
  -­‐	
  286	
  (2008)	
  

NADPH	
  Oxidase	
  



Figure 1 Three-dimensional structures of eukaryotic defensins. 

J A Hoffmann et al. Science 1999;284:1313-1318 

Published by AAAS 



How	
  is	
  the	
  innate	
  immune	
  system	
  ac8vated?	
  

Cross-­‐species	
  comparisons:	
  

Toll-­‐like	
  Receptors	
  



hZp://www.anatomy.unimelb.edu.au/researchlabs/whi8ngton/index.html	
  









Water	
   Aspergillus	
  fumigatus	
   E.	
  coli	
  

Lemaitre et al.  Cell 86:973-983 (1996)"

Specificity	
  of	
  Immune	
  Defect	
  



Lemaitre et al.  Cell 86:973-983 (1996)"

Specificity	
  of	
  Immune	
  Defect	
  



Lemaitre et al.  Cell 86:973-983 (1996)"



	
  Toll	
  Conclusions	
  and	
  Ques8ons	
  

•  Drosophila	
  have	
  different	
  an8microbial	
  pep8des	
  ac8ve	
  against	
  
different	
  pathogens.	
  

•  An8microbial	
  pep8de	
  expression	
  is	
  regulated.	
  

•  Gene8c	
  muta8ons	
  alter	
  suscep8bility	
  to	
  infec8on.	
  

•  Is	
  this	
  finding	
  generalizable?	
  





Medzhitov	
  et	
  al.,	
  1997	
  Nature	
  388:394-­‐397	
  



Medzhitov	
  et	
  al.,	
  1997	
  Nature	
  388:394-­‐397	
  

	
  hToll	
  Sequence	
  



Medzhitov	
  et	
  al.,	
  1997	
  Nature	
  388:394-­‐397	
  

Sequence	
  Comparison	
  hToll	
  and	
  dToll	
  



	
  hToll	
  Gene	
  Expression	
  



Medzhitov	
  et	
  al.,	
  1997	
  Nature	
  388:394-­‐397	
  

	
  hToll	
  Func8on	
  



Medzhitov	
  et	
  al.,	
  1997	
  Nature	
  388:394-­‐397	
  

	
  hToll	
  Func8on	
  



Medzhitov	
  et	
  al.,	
  1997	
  Nature	
  388:394-­‐397	
  

	
  hToll	
  Func8on	
  

Luciferase	
  NFkB	
  binding	
  site	
  

Reporter	
  construct:	
  



	
  hToll	
  Conclusions	
  and	
  Ques8ons	
  

•  The	
  exchange	
  of	
  informa8on	
  on	
  innate	
  immune	
  studies	
  set	
  
the	
  stage	
  for	
  discovery	
  of	
  dToll.	
  

•  dToll	
  has	
  a	
  fortuitous	
  double	
  use	
  in	
  development	
  and	
  innate	
  
immunity.	
  

•  A	
  simple	
  homology	
  search	
  led	
  to	
  the	
  discovery	
  of	
  hToll.	
  

• What	
  molecule(s)	
  is(are)	
  recognized	
  by	
  hToll?	
  

•  Is	
  there	
  specificity	
  in	
  the	
  human	
  innate	
  immune	
  response?	
  



Seminars	
  in	
  Immunology	
  16	
  (2004)	
  3–9	
  

CD14 TLR8 

Initiation of Inflammation: 
Toll-like Receptors 

monocytes,	
  macrophages,	
  dendri8c	
  cells,	
  neutrophils,	
  endothelial	
  cells	
  



peptidoglycan 
Zymosan (yeast) 

CD14 

most 
bacteria 

bacteria 
with 

flagella 

most 
bacteria 

most Gram 
neg 

* viruses 
* * 

TLR8 

TLR “Ligands” 

ssRNA 

Seminars	
  in	
  Immunology	
  16	
  (2004)	
  3–9	
  



Aderem	
  and	
  Ulevitch	
  Nature	
  406,	
  782	
  -­‐	
  787	
  (2000)	
  

Toll	
  In	
  Drosophila	
  and	
  Vertebrates	
  



Seminars	
  in	
  Immunology	
  16	
  (2004)	
  3–9	
  

TLR Signaling 





Wiki	
  Commons	
  



Extension of Structural Analyses of TLR: 
Analysis of Leucine Rich Repeats 

•  Most	
  LRR	
  domains	
  consist	
  of	
  a	
  chain	
  of	
  between	
  2	
  and	
  45	
  
LRRs.	
  	
  

•  Each	
  repeat	
  in	
  turn	
  is	
  typically	
  20	
  to	
  30	
  residues	
  long.	
  	
  
•  can	
  be	
  divided	
  into	
  a	
  highly	
  conserved	
  segment	
  (HCS)	
  followed	
  
by	
  a	
  variable	
  segment	
  (VS).	
  	
  

•  The	
  HCS	
  usually	
  consists	
  of	
  either	
  the	
  11-­‐residue	
  sequence	
  
LxxLxLxxNxL	
  or	
  the	
  12-­‐residue	
  sequence	
  LxxLxLxxCxxL,	
  where	
  L	
  
is	
  Leu,	
  Ile,	
  Val,	
  or	
  Phe;	
  N	
  is	
  Asn,	
  Thr,	
  Ser,	
  or	
  Cys;	
  and	
  C	
  is	
  Cys,	
  
Ser,	
  or	
  Asn.	
  

Ng	
  A	
  C	
  Y	
  et	
  al.	
  PNAS	
  2011;108:4631-­‐4638	
  



Wei	
  et	
  al.,	
  J	
  Molecular	
  Modeling	
  2011,	
  17(1):27-­‐36	
  



Wei	
  et	
  al.,	
  J	
  Molecular	
  Modeling	
  2011,	
  17(1):27-­‐36	
  



Wei	
  et	
  al.,	
  J	
  Molecular	
  Modeling	
  2011,	
  17(1):27-­‐36	
  



Wei	
  et	
  al.,	
  J	
  Molecular	
  Modeling	
  2011,	
  17(1):27-­‐36	
  





Ng	
  A	
  C	
  Y	
  et	
  al.	
  PNAS	
  2011;108:4631-­‐4638	
  

LRR Proteins in Public Databases 



Ng	
  A	
  C	
  Y	
  et	
  al.	
  PNAS	
  2011;108:4631-­‐4638	
  

LRR Sequence Classes 



Examples of annotated LRR proteins. 

Ng A C Y et al. PNAS 2011;108:4631-4638 
©2011 by National Academy of Sciences 



Clustering of annotated LRR proteins. 

Ng A C Y et al. PNAS 2011;108:4631-4638 
©2011 by National Academy of Sciences 



Heat maps indicating the species for which 
orthologues exist for human proteins containing LRR, 

PDZ, and SH2 domains. 

Ng A C Y et al. PNAS 2011;108:4631-4638 
©2011 by National Academy of Sciences 



Ng	
  A	
  C	
  Y	
  et	
  al.	
  PNAS	
  2011;108:4631-­‐4638	
  

LRR Protein Conservation 



Ng	
  A	
  C	
  Y	
  et	
  al.	
  PNAS	
  2011;108:4631-­‐4638	
  

LRR mRNA Expression 



LRR proteins involved in immunity  
and antibacterial autophagy. 

Ng A C Y et al. PNAS 2011;108:4631-4638 ©2011 by National Academy of Sciences 



Ng A C Y et al. PNAS 2011;108:4631-4638 ©2011 by National Academy of Sciences 

LRR proteins involved in immunity  
and antibacterial autophagy. 



	
  LRR	
  Domain	
  Proteins:	
  
Conclusions	
  and	
  Ques8ons	
  

•  Searching	
  for	
  LRR	
  domains	
  greatly	
  expanded	
  the	
  list	
  of	
  
proteins.	
  

•  A	
  wide	
  range	
  of	
  organisms	
  express	
  orthologous	
  LRR	
  proteins.	
  

•  Previously	
  unknown	
  LRR	
  proteins	
  influence	
  inflamma8on	
  and	
  
host	
  defenses.	
  	
  

•  The	
  set	
  of	
  murine	
  and	
  human	
  LRR	
  proteins	
  is	
  not	
  overlapping.	
  

• What	
  are	
  the	
  func8ons	
  of	
  LRR	
  proteins	
  within	
  and	
  between	
  
organisms?	
  




