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The molar fraction of bulk water in solution at a certain protein concentration depends on the number of water molecules considered in the hydration layer around the single biomolecules. In this work, we consider lysozyme as an ellipsoid with semi-axis dimensions of 2.25×1.5×1.5 nm1, and we evaluate the number of water molecules around its volume following the characterization in G. Camicasca et al.2. They report a Radial Distribution Function (RDF) study made on lysozyme solutions where the first layer of water molecules appears to be restrained within a radius of 4 Å from each protein surface. Inside this layer, at 300 K they calculate 604 water molecules. Therefore, we referred to this first layer as the hydration water component around lysozyme, while all the residual water was considered as bulk water. In Table 1, we report the values of all the volume fractions calculated for bulk water, hydration water, and lysozyme contribution. 
Table 1. Values of the volume fraction calculated for bulk water, hydration water, and lysozyme in all the samples analysed. They are calculated following the hydration model reported in the Method section.

	
	Water
	50 mg/mL
	100 mg/mL
	125 mg/mL
	150 mg/mL
	180 mg/mL
	200 mg/mL
	225 mg/mL
	250 mg/mL
	300 mg/mL

	Bulk
water
	1.000
	0.922
	0.85
	0.815
	0.783
	0.745
	0.721
	0.692
	0.665
	0.611

	Hydration
water
	0.000
	0.036
	0.069
	0.085
	0.100
	0.117
	0.128
	0.142
	0.154
	0.179

	Lysozyme

	0.000
	0.042
	0.081
	0.100
	0.117
	0.138
	0.151
	0.166
	0.181
	0.210




DHOs amplitudes

To evaluate the amplitudes of the four DHOs appearing in Figure 4 in the main text, we estimated the integral value of each oscillator. Using a Matlab script, we evaluated the subtended area between 0 and infinite.

Details of the normalization procedure with the water-glycerol mixture


To compare the response function of each sample at different lysozyme concentrations, we implemented a normalization procedure. Several previous studies normalize data based on the electronic peak. However, this method is flawed because it fails to account for the impact of concentration on the intensity of this peak. The HD-OKE signal recorded for an aqueous lysozyme solution does not exhibit distinct bands for either the solute or the solvent within the frequency range typically accessible by these measurements. Thus, direct normalization cannot be achieved. We decided to conduct a series of additional HD-OKE measurements on the water-protein solutions by introducing an external species with a well-characterized and distinct signal relative to the lysozyme-water sample. This approach allows us to directly account for the intensity effect of concentration.
We added glycerol as a 10.74% molar fraction of water solvent. Glycerol was chosen because of its low influence on the protein-water system3 and it generates contribution to the signal characterized by an intense oscillating pattern with a short period on the time scale. We acquired the HD-OKE signal at three concentrations of lysozyme in water-glycerol (100, 200 and 300 mg/mL). Our procedure is based on these data and a series of steps of rescaling of the data. The first step of this procedure corresponds to the standard normalization in the time domain on the electronic peak. Next, we transitioned the data analysis to the frequency domain: the HD-OKE signals was Fourier transformed and the instrumental function was deconvoluted in the frequency domain. In the frequency domain we can select a spectral region in which only glycerol vibrational bands are present: 750-1010 cm-1. We evaluate the integral area of these bands, the value obtained is proportional to the volume fraction of glycerol in solution and hence of the water-glycerol volume fraction. We have therefore normalised the HD-OKE signals for the water-glycerol-lysozyme samples so that the integral of the selected glycerol bands decreases proportionally with the decrease in glycerol volume fraction as the lysozyme concentration increases (see Fig. S1). We can now establish a calibration line. To do this, we return to the time domain and evaluate the integrals of the signals in this domain. Plotting the values obtained as a function of the lysozyme concentrations and using the integral of the water-glycerol signal at 0 mg/ml lysozyme as a unitary reference value, we perform a linear fitting procedure to obtain the coefficients of the calibration line. We can assume that the signals obtained from the samples without glycerol also follow this calibration law. Finally, we normalised all nine HD-OKE (water-lysozyme) sample signals so that their time integral follows the calculated calibration line. 
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Fig. S1. HD-OKE signal at three concentrations of lysozyme in the mixture water-glycerol (100, 200 and 300 mg/mL), normalized in the time domain on the electronic peak.


Modelling of the HD-OKE response function

We present here a simple phenomenological model of the sample dynamics in order to define an analytical expression of the response function needed to fit the HD-OKE signal. In fact, as seen before (equation 1), the experimental signal recorded can be expressed in the following form4-6:


                                           
[bookmark: _Hlk125541491]The response function is directly related to the time derivative of the correlation function of the anisotropic first order susceptibility of the sample4, in the classical approximation we have:





[bookmark: _Hlk125549414]where  is the Heaviside function,  is the off-diagonal component of the collective electronic susceptibility and  is the Boltzmann constant. The nuclear response function obtained from the signal can be considered composed of different contributions referring to an operative model that extrapolates from the total function the dynamic observables. In this case, we consider that the total signal is separated in the bulk contribution () and the hydration protein contribution () and, to reproduce the signal with a fitting function, we consider the nuclear response of the hydrated protein as composed by a structural and an oscillating contribution: 



The first term is reproduced by the time derivative of a bi-exponential decay: 


In equation 5 of the main paper, we consider a “rise term”  to fit the experimental signal. This term is necessary to describe the real growth of the signal which differs from a Heaviside function pure behaviour.
The second term can be described by a series of local vibrational modes  that represent an acceptable description of the dynamics of molecular liquids of different nature6 and that are related to the electronic susceptibility as4 :



This oscillating model is denoted as multi-Damped Harmonic Oscillator (m-DHO)4-5, with the coordinates of the  modes following the DHO equation of motion:



The general solution for each single DHO mode is7: 



where   and the Bn and Dn constants are defined by the initial conditions.
The combination of these modes must be reported in the time derivative of the autocorrelation function () of the susceptibility for the oscillating contribution (equation S 4.5). Considering the relative boundary conditions8:



The final function expressed by the oscillating response function for the hydrated protein contribution can be so expressed as: 
  





Spectral analysis of the oscillatory components

In Figure S2 we report the frequencies associated with the four dumped Lorentzian oscillators as a function of the concentration of lysozyme in solution. All the frequencies obtained from the fits don’t show a strong dependence on the increase in concentration. This result allows us to state that there are no evident variations in the vibrational dynamics of the samples as a function of the concentration in conditions of constant pH and temperature.
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Fig. S2. Central oscillation frequency of the damped Lorentzian functions used to fit the vibrational contribution of the hydrated protein ( ) for each Lysozyme solution. The green squares are associated to the lysozyme vibrational components, while the blue circles to hydration water vibrational components. Each value is reported with an error bar evaluated comparing the dispersion of values of numerous measurements of a same sample.

Amplitude parameters of structural relaxation

Figure S3 reports the amplitudes, Aexp1 and Aexp2, of the bi-exponential fitting function that reproduces the structural response of the hydration water (equation 3 of the main text). Both components increase with increasing lysozyme concentration. The faster dynamic, corresponding to the α-relaxation, dominates over the slower dynamic.
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Fig. S3. Amplitudes of the bi-exponential fitting function describing the structural relaxation of hydration water as a function of lysozyme concentration.
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