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• Proteins in solution are surrounded by a hydration shell
• A hydration shell consists of several hydration layers (HL)
• HL are formed by the water molecules near the protein surface
• HL influences the structure and activity of a protein
• SAXS or SANS provide information on the hydration shell
• SAXS/SANS curves were computed for several proteins:

• Xylanase, Lysozyme, GB3 domain, and RNaseA
• Protein force fields
• Water models.

• Using MD simulations & explicit-solvent SAXS/SANS calculations to inves-
tigate how variations of the hydration shell manifest in variations of Rg & I0

Introduction

Fig. 2 The first (orange) and second (light blue) hydration layer
that form the hydration shell around the protein.

Fig. 1 Water inside the envelope (blue surface)
contribute to calculated SAS curves.

• Different proteins exhibit different hydration layer contrasts
• The water model significantly influences the hydration layer
• Our calculation provides a novel route for comparing hydration layers between simulation and

experiments, for validating water models, and, thereby, for scrutinizing the hydration layer of
proteins.

Conclusion

Results

Fig. 4 𝑅𝑔, ∆𝑅𝑔 and ∆∆𝑅𝑔 for the four different
proteins and the three different water
model/force field combinations
(amber99sbws & TIP4P/2005s, charmm36 &
cTIP3P, and charmm36 & oTIP3P).

Fig. 5 Density of the solvent versus the
distance R from the protein atomic centers
for the four different proteins and the three
different water model/force field
combinations
.

Three- and four-site models for heavy water

Results
• Developed on the basis of three- and four-site water models for light water: SPC/E, TIP3P, and

TIP4P/2005
• H2O models were modified as little as possible, only to the extend needed to reproduce

experimental properties of D2O.
• Specific characteristics of the H2O models were maintained.

Fig. 6 Density of the solvent versus the
distance R from the protein atomic
centers for the four different proteins and
the three different water model/force field
combinations.
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SPC/E-HW TIP4P/2005-HW TIP3P-HW Expt.

Density kg/m3 1106.169(5) 1103.998(5) 1092.168(6) 1104.4a

−𝐸𝑝𝑜𝑡
𝑀𝐷 kJ/mol 48.486(2) 48.660(2) 41.215(2)

𝐸p𝑜𝑙 kJ/mol 5.74264 4.51086

−𝐸pot kJ/mol 42.774(2) 44.149(2) 41.215(2) -

Δ𝐻vap kJ/mol 45.223(2) 46.629(2) 43.694(2) 45.138b

Diffusion coefficient 10-5 cm2/s 1.691(2) 1.613(2) 4.246(4) 1.87-1.9c

Compressibility 10-6 bar-1 44.2(1) 47.0(2) 57.7(3) 46.5d

< #H-bonds > 3.65617 3.68684 3.403227 3.76±0.1e

Tab. 1 Experimental and calculated parameters of liquid heavy water at 298.15 K and 1 bar.

Fig. 8 Mass density (left) and electron density (right) of normal and heavy water as a function of
temperature at 1 bar.
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Motivation
• Heavy water is frequently used in biophysical experiments (SANS,

NMR, …)
• Modeling such experiments requires force fields for heavy water

Fig. 5 Calculated SAXS and SANS curves from
MD simulations. Guinier plot together with linear

fits ln 𝐼
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(dashes black line) that gives 𝑅𝑔.

Fig. 7 𝑅𝑔, ∆𝑅𝑔 and ∆∆𝑅𝑔 for the four different
proteins and the three different water
model/force field combinations (amber99sbws
& TIP4P/2005s [3], charmm36 & cTIP3P [5], and
charmm36 & oTIP3P [4]).

Calculate SAS curves from MD simulation
1. Run Free MD 
• Free MD simulations, one for each replica with the protein-RNA

complex in solution.
• To get the scattering from the pure-solute, one free MD simulation

with pure solvent is conducted.

2. Calculating SAXS/SANS curves from MD
• Built an envelope around the solute, which includes all solvent atoms of the hydration

shell (Fig. 1).
• All atoms inside the envelope are taken into account during the SAXS/SANS

calculations.
• No free parameter in the SAS calculations
• Scattering curves are calculated from the MD trajectories with an in house Gromacs

version [1, 2].

Fig. 3 Schematic representation
of the experimental setup of a SAS
measurement (left) and the post-
processing of the scattering data
(right).
To get scattering from pure-
solute: subtract pure solvent
scattering from solute in solution
scattering.
Experimental data in the two
plots are taken from Ref.7.

Fig. 4 Simulation box with
protein in solvent.
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