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Mechanism of Collagen Degradation 
•Collagen is an important structural 

biomolecule, and improper degradation of 

collagen is involved in many disease 

processes such as atherosclerosis, 

cancer metastasis, and arthritis.  

•We use molecular dynamics and free 

energy calculations to understand the 

degradation mechanism for native 

collagen fibrils. 

•Our data suggests that local regions 

along collagen fibrils adopt different 

conformations due to thermal fluctuation, 

with the true cleave site adopting highly 

dissociated conformations. These 

structures expose the scissile bond atoms 

to solvent, and may allow binding of 

collagenases that cleave collagen. 
 

•Schematic of Collagen Fibrillar Surface 
•Local Collagen Regions Adopt 

Different Conformations 

Structural characterization of intrinsically disordered proteins 
• Intrinsically disordered proteins 

(IDPs) are a class of proteins that 

lack well-defined three-dimensional 

structure. 

• IDPs are associated with a variety of 

neurodegenerative diseases (e.g. 

Alzheimer’s and Parkinson’s 

diseases) 

•Experimental measurements 

correspond to averages over  many  

structurally dissimilar conformations 

•We  incorporate molecular dynamics 

simulations and experimental (NMR) 

restraints  to generate conformational 

ensembles of these proteins 

•Using these ensembles we are able to 

generate atomic level descriptions in order to 

study their disease-related structural properties 
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Morphologic Variability (MV) 

 Computational biomarker developed with 

the Guttag group at CSAIL 

 Based on 24 hours of ECG data 

 Quantifies beat-to-beat variability in a 

specific diagnostic frequency: 0.3~0.55Hz 

 High risk: MV > 52.5 

 Tested on >4500 patients (~200 deaths) 

 Hazard Ratio of 3.3 (p < 0.001)  

Percentage deaths in high and low MV 

populations as a function of time. 

Vertical lines denote censoring 

(patients who drop out of the study for 

various reasons.) Patients with high 

MV have significantly higher rates of 

death. 

Cardiovascular risk stratification 


