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Calcium ion required for proper ligand 

binding conformation and free energy 

Impact of Calcium on N1 influenza 

neuraminidase dynamics and 

binding free energy 



33.4% 22.4% 13.7%

Crystal structure - closed 

most dominant MD structures 

2009 pandemic N1 reveals an open 

cavity 



N2 also reveals an open cavity 

 

6.8%

Surprising finding since N2 always before believed to 

not have a 150-cavity … how? 
Amaro, Swift, Votapka, Li, Walker, Bush (2011), Nature Communications. 



Salt bridge controls 150-cavity 

Salt bridge 

breaks in the 

150-loop, cavity 

opens 

N2-MD 

(initially closed 

150-loop) 

VN04N1-xtal 
(open 150-loop) 

Amaro, Swift, Votapka, Li, Walker, Bush (2011), Nature Communications. 



New structural understanding suggests new 

approaches to treat different infections 

Majority closed, 
treat with standard 

inhibitors 

Majority open, 
treat with 150-
cavity inhibitors 

Pharmacogenomic 
approach to predict 
cavity presence and 

treat influenza Amaro, Swift, Votapka, Li, Walker, Bush (2011), Nature Communications. 
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