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This thesis is centered around life science applications of Molecular
Dynamics simulations (MD), which let us observe the movements of
molecules at atomic resolution.

- The first application is related to serotonin, often called “the happy
hormone”. Serotonin is a chemical messenger that passes specific
signals between nerve cells by binding to receptors. Most
antidepressants amplify these particular signals, but classic
psychedelics such as LSD, magic mushrooms, and ayahuasca also
activate the same receptors. Indeed, clinical evidence suggests that
psychedelics might bring rapid, long-lasting improvements in
depression. However, psychedelic antidepressants are impractical, so
developing non-psychedelic analogues would be advantageous. We
used MD simulations to study how psychedelic and non-psychedelic
compounds influence the so-called serotonin-2A receptor (5-HTza) at
atomic resolution and found that psychedelics make it behave
differently. We then propose a strategy to develop pharmaceuticals that
may treat stubborn depression without causing hallucinations.

- The second application concerns chirality: the property of some
molecules to exist in “left-handed” and “right-handed” forms, like a left
and a right glove. Just like each glove fits only one hand, these mirror-
image molecules can have vastly different effects on the body. We use
MD simulations to map these differences and predict how each may
interact with a given environment. This is important for the life sciences
because many pharmaceuticals are chiral.

- Finally, our MD simulations represent molecules using mathematical
models. These models are quite coarse because simulation speed is a
common bottleneck in life science applications. We propose a new
mathematical model to make MD simulations more accurate with only a
small sacrifice in speed.
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