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Crowded environment in cells

nearly all water is part of a protein hydration shell
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Why is the hydration shell biologically relevant?

△ 𝑅𝑔 < 0

△ 𝑅𝑔 ≈ 0

△ 𝑅𝑔 > 0

Radius of gyration 𝑹𝒈 100 nm3
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Restraints 
Water packing

Hydration shell effect on 𝑹𝒈 from 18 

protein and water force fields
combinations

𝑹𝒈 from SAXS relative to SANS compared

with experimental data

➢ Δ𝑅𝑔 TIP4P/2005s > Δ𝑅𝑔 TIP4P/2005

➢ Overall remarkable agreement 

for all water model/ force field 

combinations

➢ Surface composition of the 

protein influences the 

hydration shell
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Zero scattering intensity 𝐼0
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• Smallest Δ𝑅𝑔 for cTIP3P

• Highly dense hydration shell

• Δ𝑅𝑔 amber ff < Δ𝑅𝑔 charmm36 ff

• Δ𝑅𝑔 amber ff ≥ Δ𝑅𝑔 charmm36 ff

• Smallest Δ𝑅𝑔 for cTIP3P

• J.-B. Linse and J. S. Hub, 

Commun Chem 6,                    

272 (2023)

• J. Trewhella, P. Vachette et al.; Acta. Cryst. D 78(11) 

(2022)

• Chen, P. and Hub, J.S., Biophys. J., 107, 435-447 

(2014),

      http://waxsis.uni-goettingen.de/

• C. J. Knight and J. S. Hub; Nucleic Acids Res. 43 

(2015)

• Best, R. B.; Zheng, W.; Mittal, J.; J. Chem. Theory 

Comput. 2014, 10

• Piana, S.; Donchev, A. G.; Robustelli, P.; Shaw, D. E.; 

J. Phys. Chem. B 2015, 119

• Robustelli, P.; Piana, S.; Shaw, D. E.; Proc. Natl. 

Acad. Sci. U.S.A. 2018, 115 

• Izadi, S.; Anandakrishnan, R.; Onufriev, A. V.; J. Phys. 

Chem. Lett. 2014, 5 

• Berendsen, H. J. C.; Grigera, J. R.; Straatsma; T. P., 

J. Phys. Chem. 1987, 91  

• Wang, L.-P.; Martinez, T. J.; Pande, V. S.; J. Phys. 

Chem. Lett. 2014, 5

• Hockney, R.; Goel, S.; Eastwood, J.; J. Comput. 

Phys. 1974, 14

• Huang, J.; et. Al.; A. Nat. Methods 2017, 14

• Jorgensen, W. L.;  et. al.; J. Chem. Phys. 1983, 79 

• Abascal, J. L. F.; Vega, C.; J. Chem. Phys. 2005, 123 

• Best, R. B.; Hummer, G.; J. Phys. Chem. B 2009, 113 

• Maier, J. A.; et. al.; J. Chem. Theory Comput. 2015, 

11 

• Lindorff-Larsen, K.; et. al.; Proteins 2010, 78 

• Tian, C.; et. al.; J. Chem. Theory Comput. 2020, 16 

• Wang, L.-P.; et. al.; J. Phys. Chem. B 2017, 121

• Piana, S.; et. al.; J. Chem. Theory Comput. 2020, 16 

• Izadi, S.; Onufriev, A. V.; J. Chem. Phys. 2016, 145

• MacKerell, A. D. J. et al.; J. Phys. Chem. B 1998, 102

SAXS: 𝑅𝑔 depends on the electron density (ρ𝑒𝑙)

Hydration shell effect on 𝑹𝒈 differs in SAXS, SANS/𝑯𝟐𝑶, SANS/𝑫𝟐𝑶

SANS: 𝑅𝑔 depends on  neutron scattering length density (ρ𝑛𝑠𝑙)
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