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Biomolecules, proteins and non-coding RNA, are the workhorses of the cell. For in-
stance, signaling proteins mediate cellular response to sensory input such as vision or 
taste. The ribosome, a large protein/RNA complex, synthesizes new proteins from 
genes. Biomolecules are highly dynamic, sampling a wide range of conformational re-
arrangements to interact with binding partners and perform their function. However, 
computationally accessing conformational substates, and connecting them to exper-
imental measurements, remains challenging. I will present techniques based on the 
theory of kinematically redundant manipulators to efficiently probe the conforma-
tional diversity of biomolecules, ranging from small RNAs to large protein complexes. 
When coupled with experimental data, our procedure revealed a ‘hidden’ transient 
excited state of the apical binding loop of the RNA HIV1 trans-activation response el-
ement.  For large, multi-protein complexes we observed conformational coupling be-
tween distant sites. Our computational procedure enables an integrative view of ex-
perimental data, which can provide the tools to formulate and test dynamic, motion-
based hypotheses of functional mechanisms in protein and RNA. 
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