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“Evolution” in hearts and minds 



Useful principles of evolution 

 Protein homologies 
 Conservation of biochemical pathways  
 Variation and selection  



McCune-Albright Syndrome 
 Mosaicism for constitutively 

active Gαs 
 Precocious puberty,  
 Café-au-lait hyperpigmentation, 
 Polyostotic fibrous dysplasia of 

bone 
 Other hyperendocrinopathies 
 

 3 possible mutations in Gs 
protein:  

 
 R201H, R201C, R201S 
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Cells carrying the MAS mutation 
have constitutively active signaling 
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Useful principles of evolution 

 Setting up a model system 
 Conservation of biochemical pathways  
 Protein homologies 

 Finding drug targets 
 Variation and selection  



Homologous biochemical pathways – proteins are 
conserved between yeast and humans 



Homologous biochemical pathways – proteins are 
conserved between yeast and humans 
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Normal yeast signaling 



Protein similarities 

 Blue = different 
 Green & warmer =  

similar to identical.  
 
Yeast 
3 human G-protein genes 
Nematode 
Fruit fly 



Common sequence, common structure 



Homologous mutation in yeast Gα causes same 
biochemical defect as in human protein 

α* 
GTP βγ MAPK 

cascade 

Permanent cell-cycle arrest 
No Gα-GDP inactivation of βγ  
   without a suppressor mutation 

Yeast with overactive Gα 



The MAS mutation activates yeast 
Gα like the human gene 

FOA 

Transfected plasmid: 



Useful principles of evolution 

 Setting up a model system 
 Protein homologies 
 Conservation of biochemical pathways  

 Finding drug targets 
 Variation and selection  



Homologous mutation in yeast Gα causes same 
biochemical defect as in human protein 

α* 
GTP βγ MAPK 

cascade 

Permanent cell-cycle arrest 
No Gα-GDP inactivation of βγ  
   without a suppressor mutation 

Yeast with overactive Gα 
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Variation 



Randomly mutated library screened for intragenic 
suppressor mutations of an “MAS allele” 

39 Clones remained FOAR
, 

plasmids were sequenced 

Library: 7800 unique mutants in Gpa1 R297H 
55,000 clones screened  

424 colonies grew on FOA 



14/39 suppressor mutation sites are 
conserved between Gs and the yeast GPA1 

 



Do the mutations that suppress the yeast G-
protein also suppress the human G-protein? 
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Homology is not identity,  
but it works sometimes! 
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Examining the variations at each site that 
can suppress the MAS mutation 
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McCune-Albright Syndrome 
 Mosaicism for constitutively 

active Gαs 
 Precocious puberty,  
 Café-au-lait hyperpigmentation, 
 Polyostotic fibrous dysplasia of 

bone 
 Other hyperendocrinopathies 
 

 3 possible mutations in Gs 
protein:  

 
 R201H, R201C, R201S 

 



Other MAS alleles are suppressed by 
changes at these three sites 
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Cells carrying the MAS mutation 
have constitutively active signaling 
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Choosing a target site 
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Finding molecules that bind at R231 





Dose-Dependent Relationships of 
Drugs 3 and 18 
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Conclusions: 

Protein 
homologies 

Homologous 
biochemical 
pathways 

Variation and 
selection 
processes 
applied to 
drug design 

Evolution is 
used to heal 
disease  

 McCune-Albright syndrome can be 
modeled at the cellular level using yeast 

 Several intragenic suppressors of R201H 
activity were identified, these mutations 
alone do not abolish Gs signaling. 

 The intragenic suppressors were able to 
suppress R201C and R201S mutations 

 We have identified two molecules that 
inhibit Gs-R201H in a dose-dependent 
manner 
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