
Given the continuing rise of human life 
expectancy and the lack of both preventive 
and curative therapeutic approaches to 
combat neurodegenerative diseases, it is 
imperative to continue the systematic 
advancement of molecular understanding 
of these diseases. The misfolding and 
aggregation of amyloid peptides are 
believed to associate with the pathological 
process of many neurodegenerative 
diseases including Alzheimer’s, 
Parkinson’s, and diabetes type II diseases.  
 
Accumulating evidence suggests the “toxic 
oligomer hypothesis” that small soluble 
amyloid oligomers are major toxic species 
responsible for neuron dysfunction and 
death. Despite the biological importance, 
atomic resolution structures of amyloid 
oligomers have not been determined 
experimentally, which leads to unsolved 
questions how these oligomers induce their 
toxic function to neuron cells and how to 
prevent the formation of these toxic 
oligomers. 
 
Here, we have developed an integrated 
platform, combining theoretical models, 
molecular simulations, and biophysical 
experiments, to (i) determine a series of 
atomic structures of Aβ, tau, and hIAPP 
oligomers; (ii) identify membrane 
disruption mechanisms of ion-leaking 
channels and membrane thinning by 
amyloid oligomers; (iii)examine the 
membrane component effects on 
interactions of amyloid peptides with lipid 
membranes; (iv) reveal a potential link 
between different amyloid diseases via the 
cross sequence interactions between 
different amyloid peptides; (v) develop 

different types of inhibitors against 
amyloid aggregation and toxicity. Our 
findings provide not only a fundamental 
understanding of amyloid structure, 
aggregation, and inhibition mechanism at 
atomic level, but also a practical design of 
structural-based inhibitors to block 
pathways to form toxic oligomers and/or to 
induce membrane disruption, which are 
critical for the future development of 
therapeutic agents against Alzheimer's and 
diabetes II disease. 
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