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SI-1. Derivation of eq. 6
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SI-2. Heavy-atom based definitions

Heavy-atom based definitions are employed to determine the average numbers of water and
glycerol molecules at increasing distances from the protein surface. We note OW the water

oxygen atom, and O1/C1/02/C2/03/C3 the glycerol heavy atoms. n5i°! are defined as

nw (R) = now(R) (57)
nsc?eﬂ(R) _ noi (R) + neo (R) + nog(R) —g nCQ(R) + nog(R) + ncg(R) (88)

where ny (R) is the number of atom Y found within the distance R from the protein.

shell

I'qp and Az are computed from the MD trajectory as

Cor(R) = () ~ {20 (g ) (50)

B <Néotal . n??ell<R>>

<N{E‘(}tal _ n?}[}eu(R» * <nsv}1}eu(R)> (S10)

and
shell _shell ulk _ <”sGheH(R)> <”}g;ulk(R)>
Azg®(R) = xg (R) — J‘% (R) = <n§}[}e“(R) I nsc?eu(R» - <na}ﬂk(R) + nkéulk(R)> (S11)
<7’L%16H(R)> <Néotal _ nsG}’1ell(R)>

(S12)

o <nsvll}eu( R) + ngleu( R)> < N&?tal _ n%l}ell( R) + N&otal _ nscl;ell( R)>

where nR(R) = Nt — ppell(R), with N©*! the total number of molecules X in the
simulation box (see Table 1). The n3! terms are distance-dependent since they depend on

the choice of rstell,
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SI-3. Comparisons of different approaches to compute I'¢p

We present in Figure S1 plots of the influence of the bulk glycerol molar fraction on the

preferential interaction coefficient I'p when it is calculated with Equation 4 and with Equa-

tion 5.! Tt appears that the values are very close (both averages and error bars) over the

considered concentration range.
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Figure S1: Comparisons of two approaches to compute the preferential interaction coefficient

Tep: (a) with Eq. 4 (this report) and (b) with Eq. 5.1

S4



SI-4. Simulation convergence

Figure S2 shows the autocorrelation function of Igp(14A) at 25 = 0.20 and 300 K. The

relaxation time is approximately 600 ps.
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Figure S2: Autocorrelation function of I'qp(14A) with z¢ = 0.20 at 300 K (averaged over
10 simulations of 100 ns).

We now compare in Figure S3 results obtained with different protocols: two independent
sets of 10 replicas of 100 ns (Setl and Set2) as well as two simulations of 1000 ns (Set3 and
Set4). For 10 multiple replicas (Set1 and Set2), we define the cumulative I'gp at time ¢ as the
gathering of all data up to time ¢/10 of the simulations. For single continuous trajectories
(Set3 and Set4), the cumulative I'gp at time ¢ is simply I'gp calculated with data up to time
t of the simulations. Thus, the same amount of data is used at each time of the four sets.

It appears clearly that using 10 independent replicas is less biased towards the initial
configurations than using single long trajectories since values of cumulative I'¢p are much
closer between the two equivalent sets, eventhough at long time scale all protocols converge
towards the same value. Igp(14A) was also calculated in independent blocks of 20 ns along
the trajectories (either gathering 10 blocks of 2 ns for multiple replicas or a single block
of 20 ns for long trajectories); the standard errors between all blocks were small for Setl

and Set2 (0.52 and 0.50) whereas they were higher for Set3 and Set4 (0.65 and 0.65). This
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Figure S 3: Comparisons of different approaches to compute the preferential interaction
coefficient Tgp with 2o = 0.10 at 14 A. Set1 and Set?2 represent two independent sets of 10
simulations of 100 ns (after 50 ns of equilibration for each). Set3 and Set4 represent two
independent simulations of 1000 ns (after 50 ns of equilibration). Error bars are in shaded
areas.

quantifies the higher variations between each time blocks obtained when using single long
trajectories. Moreover, with the current computational ressources, running 10 simulations
in parallel is straightforward. Thus, in the present paper we decided to average 10 indepen-
dent replicas since it allows to reach convergence faster than with single long trajectories by

allowing better sampling.

We observed that for low molar fractions (zg < 0.60), 50 ns of equilibration are needed
(see Figure 3 of main text). However, at higher molar fractions (zg = 0.75 and zg = 0.88)
200 ns of equilibration are needed. The reason why long simulation times are needed to
obtain converged data at high molar fractions is probably linked to the viscosity as well as
the way the systems were prepared: during the initial placement of glycerol molecules, they
couldn’t be placed too close to the protein due to a steric clash criteria and the first shells
were consequently enriched in water. During the simulations, the systems equilibrate and
['gp increases. Thus, not only a single simulation is not enough to obtain proper sampling,

but equilibration should be long enough.
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Figure S4: Comparisons of I'gp calculated on successive time blocks for xg = 0.75.
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SI-5. Influence of individual residues

We present in Figure S5 the influence of each residue on Az and T'gp. At low molar

fraction (zg = 0.10), we find that some parts of the protein are preferentially hydrated
whereas other parts are preferentially glycerated (I'gp from -3.7 to 1.0). At higher molar
fraction (zg = 0.40 and zg = 0.60) all residues exhibit glycerol depletion, with different
magnitudes though (I'gp ranging from -22.4 to -3.8 for z¢ = 0.40, and from -58.2 to -8.8
for x¢ = 0.60). Overall, it seems that the observed depletion of water molecules around the
protein at these molar fractions is residue dependent. This result shows that the global effect
observed can indeed partially be explained by chemical properties of the protein surface such
as hydrophobicity or polarity. However, as stated in the main text, local residue properties
are not enough and the shape of the protein plays a role. We present in Figure S6 the scatter

plots related to data presented in Table 2 of main text.
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Figure S 5: Residue dependence on the difference of molar fractions and the preferential
interaction coefficient for lysozyme for three values of the molar fraction zq.
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Figure S6: Scatter plots of the correlation between Az and T'gp, and SASA (probe size
of 1.4A) at selected molar fractions for lysozyme.

S9



SI-6. Shell volume

The volume of the solvation shell is determined as

Vinen = {n@My « V& + (nip") « V)V (S13)
— <Nshell> % (xscl;ell % VTS + :E?/[l}ell % VTZV) (814)

where VW are the glycerol and water molar volumes, nSGheVl[l, are the numbers of glycerol

and water molecules in the shell, and N*"!! is the total number of solvent molecules in the
shell. We consider molar volumes to be constant for all water:glycerol compositions, since
for glycerol:water mixtures with no protein, they were measured to vary by less than 1.5%

for water and less than 1% for glycerol.?
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SI-7. Influence of temperature

Figures S7 and S8 show the impact of temperature on the total number of solvent molecules
in the first shell and on the shell volume. The change in the number of molecules with
temperature is very moderate (-4% between 300 and 350 K at both molar fractions); because
the preferential solvation coefficient is proportional to the number of solvent molecules in
the shell (see Eq. (6)), this result is important to discrimate the temperature effects on the
shell population and on the shell composition. The temperature effect on the shell volume
is much stronger: for example, the volume at x5 = 0.05 and 350 K is similar to the volume

at z¢ = 0.75 and 300 K.
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Figure S7: (a) Number of molecules in the first shell, and (b) first shell volume for lysozyme
at x¢ = 0.05 and at different temperatures. The scale of the plot is the same as in Figure 5
of the main text.
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Figure S8: (a) Number of molecules in the first shell, and (b) first shell volume for lysozyme
at ¢ = 0.20 and at different temperatures. The scale of the plot is the same as in Figure 5

of the main text.
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We present below the derivation of equation 8, starting from equation 6.

_ <n%1ell + ni‘l}ell> * (x%lell _ LEgulk)

Lap 1 gk (S15)
bulk shell
ootk — ¢
— (pshell 4 phelly (o xbUIkW ) (S16)
w
— (pshell 4 pshely o (1 L (S17)
= ng W T
shell ,,bulk bulk
shell |  shell nwonwo tng
= (ng® +nyS ) * (1 - nwk n%}‘}ell T nsGheu) (S18)
K
— (el 4 pyshelly (1 _ K_";) (S19)
— (pshell | sty (1 fg) (S20)

K is the ratio between two shell-bulk partition coefficients: Ky, for the exchange Wy, &
Winen, and Kx for the exchange Xy & Xspey where X is any solvent particle. We stress
that we do not make the assumption of a 1:1 exchange. We present in Figure S9 the plots

used to determine the enthalpic and entropic contributions to preferential solvation.

(a) 0.05 (b) 0.11

z¢=0.05 76 =0.20
0.04
0.10
S3 003 53
J < 0.09
~ ~
[ )
S 0.02 5
—~ ~
I | 0.08
— o.01 A
£ £
0.07
0.00
.01 0.06
0.0028 0.0030 0.0032 0.0034 0.0036 0.0028 0.0030 0.0032 0.0034 0.0036
1/T 1/T

Figure S9: Plot of 1 — Lér ot two molar fractions.
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