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Solvation in biology: importance & challenges
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A 2-step thermodynamic cycle for solvation

1. Create cavity 2. Insert solute
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THz fingerprints of the 2-steps: 1. cavity-wrap
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THz fingerprints of the 2-steps: 2. Bound water
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From Aa to AS and AH: the equations of THz-calorimetry
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From Aa to AS and AH: the equations of THz-calorimetry
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From Aa to AS and AH: the equations of THz-calorimetry
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What can we do with THz-calorimetry?

v Accurate solvation free energies
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What can we do with THz-calorimetry?

v Accurate solvation free energies

v Molecular interpretation

100

W
o

Intensity

=]

100 200 300 400 500 600
Frequency (cm™)

S. Pezzotti et al. Angewandte, €202203893 (2022)



What can we do with THz-calorimetry?

v Accurate solvation free energies

v Molecular interpretation

100
250 e 3
%) — a
. z
S 0 6
n
4 <
501 |
100 200 300 400 500 600 -20 L * * 1
Wrap Bound Wrap Bound

Frequency (cm™)

A" 4

S. Pezzotti et al. Angewandte, €202203893 (2022)



What can we do with THz-calorimetry?
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What can we do with THz-calorimetry?

v Accurate solvation free energies

v Molecular interpretation

v Watch free energy changes in real-time
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Liquid-liquid phase separation (LLPS)

Protein buffer Protein-rich droplet
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Diluted phase

fluorescence microscopy of Fused in Sarcoma (FUS) — 10 mM
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Liquid-liquid phase separation (LLPS)

Protein buffer Protein-rich droplet

solution

Diluted phase

Tune LLPS
Concentration, temperature, co-solutes, mutations

- Biological relevance: membran-less compartmentalization

« Medical relevance: pathological protein aggregates




Liquid-liquid phase separation (LLPS)

Protein buffer Protein-rich droplet

solution

Diluted phase
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Liquid-liquid phase separation (LLPS)

Protein buffer Protein-rich droplet

solution

Diluted phase

Tune LLPS
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Liquid-liquid phase separation? Ask the water!
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Liquid-liquid phase separation? Ask the water!
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Liquid-liquid phase separation? Ask the water!
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Tuning the hydrophilic/hydrophobic balance
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Increasing efficiency of a supramolecular catalyst
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Increasing efficiency of a supramolecular catalyst
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Increasing efficiency of a supramolecular catalyst
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Conclusions on THz calorimetry

We can directly correlate solvation structure-spectroscopy-thermodynamics

« We can dissect local hydrophobic & hydrophilic hydration contributions
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Conclusions on THz calorimetry

We can directly correlate solvation structure-spectroscopy-thermodynamics

We can dissect local hydrophobic & hydrophilic hydration contributions
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« We can reveal solvation driving forces to catalytic and biological processes in real-time
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