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Abstract

The bio and chemical physics of protein-polymer conjugates are related to parameters
that characterize each component. With this work, we intend to feature the dynamical properties
of Myoglobin (Mb)-poly(ethyl ethylene phosphate)(PEEP) protein-polymer conjugate, in the ps
and ns time scales, in order to understand the role of protein and of polymer size in the protein-
conjugate dynamics. We performed elastic and quasi-elastic neutron scattering on completely
hydrogenated samples with variable number of polymer chains covalently attached to the
protein. The role of the polymer length in the protein solvation and internal dynamics are
investigated using two polymers of different molecular weights to form each conjugate. We
confirmed that flexibility of the complex increases with the number of grafted polymer chains
and that a sharp dynamical transition appears when either grafting density or polymer molecular

weight is high. We proved how the protein size is crucial for the polymer structural organization
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and interaction on the protein surface and we established that the glass properties of the polymer
change upon conjugation. The resulting general picture is a better insight into the polymer

coating equivalence and of the role of water on the protein surface.
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INTRODUCTION

Protein—polymer conjugates have been developed in order to combine the complementary
advantages of each component. Polymer grafting to proteins impacts the stability, solubility,
activity, and immunogenicity of the protein. For these reasons, they are widely taken as hybrid
materials and drugs in medicine, bio- and nanotechnology.**** A convenient handling and
processing of synthetic polymers allows to change their chemical structure, functionality,
degradability, chain length, etc. according to the desired application and requested physical
properties. Therefore, the rational design links the chemical properties of a particular polymer to
its ultimate effect on the biological molecule.” New strategies and designs in protein conjugation
techniques led to outstanding alternatives of the pioneered PEGylation, i.e. the covalent
attachment of poly(ethylene glycol). In particular, polyphosphoesters (PPEs), a chemical
versatile class of polyesters that degrades hydrolytically and enzymatically, represent a
promising novel and biocompatible alternative with a maximum of synthetic flexibility. In recent
years, several research groups and our lab used PPEs® as hydrophilic and degradable
polymers®® for the preparation of various nanocarriers or protein conjugates and their

111213141 Eepecially water-soluble and degradable

biocompatibility was studied in detail.’
poly(ethylene alkylene)phosphates and — phosphonates are interesting candidates for such
conjugates as they are water-soluble and can be prepared by a living ring-opening
polymerization with high control over molar mass and dispersity.* Further, copolymers can be
prepared that alter hydrophilicity or install additional chemical functionality, *°which cannot be
achieved by conventional PEGylation strategies. As the hydrophilicity for PPEs can be adjusted
similar to PEG, they exhibit similar protein-adsorption patterns from human blood plasma
comparable to PEG (on polymeric nanocarriers). '° Taken together, PPEs are a very interesting

and versatile polymer class to be used in protein-polymer conjugates.

As we have stressed in previous publications,”®1"18

a fundamental knowledge of
molecular processes that modulate biological functions in polymer-conjugated proteins is
necessary both to improve the design and to increase potential applications. The structure-
function-dynamics relationship and biophysical properties need to be revealed to depict the

polymer impact in the protein folding and activity. In other words, it is necessary to find the



common parameters that govern the stability of polymer-protein conjugates. For example, the
way polymers can structurally organize themselves around a protein and influence its structural
stability and how polymer dynamics contribute to protein activity remain fundamentally open
questions. The degree to which polymers interact with the protein surface is governed by
parameters such as grafting density, molecular weight, physicochemical properties of

polymers more external conditions such as solvent, pH, ionic strength, and temperature.

19,20,

In the past few years, we performed a complete study of Bovine Serum Albumin (BSA) and
Maltose Binding Protein (MBP) to examine the general ability of polymers to mimic the effects
of water in the protein hydration shell.”?* Polymers at the protein interface are dynamically
active and can participate in non-covalent interactions such as electrostatic, van der Waals and
hydrogen bonds formed with the protein or between themselves. We were able to prove that
polymer interactions on the protein surface play an important role, enhancing the magnitude of
protein dynamics and demonstrated that polymer modification has the same effect on the protein
dynamics as hydration water. Further, we were able to show that polymers on the protein surface
adsorb all water molecules when hydrated. Concerning the structure, we have observed that
conjugation does not affect the secondary structure but has a role in its stability and that a
globular shape of the whole complex tertiary structure is preferred. A gradual change of the
polymer conformation as a function of grafting density, from a compact to open Gaussian chain

toward a star-like was also evidenced. *8

Among the large variety of applications, Cell-free hemoglobin (Hb)-based oxygen
carriers is one of the more interesting. The cell-free Hb has long been proposed as a potential
blood substitute but the clinical use remains hard due to problems related to inefficiency and
toxicity, while, in contrast, PEGylated Hb greatly improved its performance.? In this work,
keeping in mind biotechnological applications, we focus our attention on the dynamics of
conjugates of Myoglobin (Mb) protein in the dry state. The impact of size and secondary
structure of the protein, as well as the size and mass of the polymer chains, were evaluated and

compared to results of our previous work.



EXPERIMENTAL SECTION

Conjugates: Myoglobin (Mb) of equine skeletal muscle (Sigma Aldrich) and Bovine Serum
Albumin (BSA, Sigma Aldrich) proteins conjugated with poly(ethyl ethylene phosphate) (PEEP)
polymer were synthesized with 5, 10, 20 polymer chains. PEEP polymer chains of about 5-6.4
KDa and 12 kDa, where grafted following the synthesis and purification process described by
Wurm and co-workers °. The bio-conjugation reaction using different molar ratios Mb-polymer
brought to the formation of conjugates with 4, 7 and 10 polymer chains attached to each protein
molecule, for both 6 kDa and 12 kDa PEEP polymer (Table S2). For the conjugates BSA-PEEP
we obtained conjugates with 4, 7, and 20 polymer chains attached to each protein molecule.
However for clarity, in this work, we will adopt the following notation for the conjugates: Mb-xp
and BSA-xp, where x is the number of polymer in the synthesis ratios (5, 10, 20) rather than the
final one attached to the protein surface.

Sample preparation for neutron scattering: All the samples were dissolved in D0,
lyophilized, kept under secondary vacuum for several days and stored, in powder form, into a
dryer under vacuum in presence of P,O4, until measurements. Before the measurements, the dry
samples were inserted in a sealed standard flat aluminum holder 0.2 mm thick. A total mass of

100-200 mg per conjugate was loaded for the measurements.

Neutron Scattering Experiments: Elastic neutron scattering experiments on Mb-PEEP
conjugates were performed at the high flux backscattering spectrometer IN16B*?42>% gt the
Institute Laue-Langevin (ILL, Grenoble, France) using the standard energy resolution 0.9 peV.
Elastic and inelastic fixed windows scans were recorded in a temperature range between 10 and
300 K using a heating rate of 1.5 K/min. A quasi-elastic measurement at room temperature (300

K) was also performed. The collected signal was measured in a Q range extending from 0.1 to
1.8A*1

Quasi-elastic neutron scattering measurements, in the ps time scale, were performed using the
high flux time-of-flight (t.0.f.) spectrometer IN5?"? at ILL. Data were collected for both BSA
and Mb-PEEP conjugates at 300 and 200 K. The experiment was carried out using an incident
neutron wavelength 2 = 5 A™ corresponding to a full-width energy resolution 100 peV, and a

wave vector range from 0.2 to 2.2 A™. Preliminary data were collected on Pelican t.o.f.



spectrometer?®303!

65 peV, in a Q range from 0.2 to 1.8 A %, at 300 and 200 K

(Bragg Institut, ANSTO, Australia) and recorded with an energy resolution

All spectra were corrected for detector efficiency, subtracted of the background and normalized
following the standards procedures. QENS data were analyzed with a delta function and a
Lorentzian. Given the complexity of the systems, the experiments probe average dynamics.

RESULTS AND DISCUSSION

In this work, we studied the dynamical properties of Mb-PEEP protein-polymer
conjugates, in the ps and ns time scale, and try to unravel the role of the protein and of the
polymer size in their dynamic behavior. We have performed elastic and quasi-elastic
measurements to evaluate the dynamics in the ps and ns time scale. We compared the elastic
Mb-PEEP neutron measurements with the previously published results on BSA-PEEP dynamics
as affected by polymer coating and interactions. We measured the average relaxation time of
BSA and Mb conjugates in the ps time scale. This observation provides information about the

relation between polymer coating and water on the protein surface.

Elastic neutron scattering experiment.

The intensity probed in an elastic neutron scattering experiment arises from atoms, which
are immobile on the timescale of the instrumental resolution. Elastic scans give access to the
mean square displacements and eventual transition temperatures.®**® The intensity probed during
a fixed window inelastic scan arises from atoms that are mobile within the instrumental

resolution and gives information about the relaxation dynamics at the chosen fixed energy.*

Elastic scans. We performed elastic and inelastic fixed windows scans as a function of
the temperature on the Mb-PEEP dry conjugated following the same procedure used for the
BSA-PEEP conjugates.’’” In the beginning, it was tempting to compare the integrated elastic
intensity and the mean square displacement (MSD) of native Mb, PEEP and Mb-polymer
mixture (Figure 1a, Figure 1b) in their dry preparation in order to validate previously published

results. However, we verified that results obtained for the mixture are not simple linear
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combinations of results obtained with the components, PEEP polymer and Mb native protein
(Figure S1) and that the scattered intensity due to Mb protein is dominant (Table S6 in S.I). The
behavior of the elastic intensities and the inferred MSD show that mobility increased in the
mixtures compared to the native Mb. As observed for BSA, the net effect of interactions between
the two components is the enhancement of the global dynamics of the complexes, including thus
the protein. For all profiles we observed the well-known transition of the methyl group at 130
K.*%37 |n the protein-polymer mixture, we observed a change of the slope and an important
increase of the amplitude fluctuation at ca. 220 K, before the glass transition temperature of the
pure polymer (230 K). Likely, the evolution of the polymer mobility just below Ty is enough to
boost the protein dynamics. The same phenomenon was already observed for BSA-conjugates,*’
which however show less flexibility (Figure S2a in S.I.). The protein size plays a role in the
grafting density while secondary structure plays a role in the intrinsic dynamics of the proteins,
which can be more or less flexible. These results support the hypothesis that polymer coating,
similarly to hydration water, impacts the dynamics of the protein. Non-covalent bonded
polymers can interact either with the protein or with polymer chains and their high mobility
enhances the dynamics of the protein mainly through hydrogen bonds.
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Figure 1. Temperature dependence of the integrated elastic intensity (a,c) and mean square
displacement (c,d) of protein, polymer, mixture and conjugated dry samples.(a,b) Mb protein,
PEEP polymer, and Mb-polymer mixture; (c,d) comparison between all Mb-xp conjugated and
the native Mb. The MSD of Mb-10p is not represented, for the clarity of the figure, since is very

close to 5p. Discontinuities of slopes reveal a change in the dynamical process.

The impact of non-covalent polymer interactions versus covalently attached polymer
chains to the protein surface was investigated performing complementary measurements on Mb-
PEEP conjugates with a variable number of polymer chains attached and different degrees of
polymerization (S.1., section 2). From a structural point of view, the radius of gyration of the
investigated samples increases with the number of polymers. A core-shell model describes the
structure in all cases very well: the thickness of the shell increases while the radius of gyration of
the protein remains constant, suggesting a lack of unfolding due to conjugation [SANS data not

yet published. Russo et al ].

Figures 1c and 1d represent the integrated intensity and MSD of Mb-PEEP conjugates for 6.4
kDa polymer. The data prove that the global mobility increased with the number of grafted
polymer chains with a first discontinuity of the slopes at ca. 130K and another another at 220 +/-
5 K (Figure S3) representing a major change in the whole dynamical process. As previously
speculated for BSA-PEEP,' interactions between the phosphate groups of the polymer and the
polar groups on the protein surface might enhance protein dynamics. In addition, a remarkable



outcome, such as the lack of polymer glass transition upon low-density conjugation was
observed using partially deuterated conjugates.” Mb-5p and Mb-10p exhibited equivalent
dynamics. The dominant protein scattering contribution demonstrates the effect of the
enhancement on the protein dynamics compared to the native Mb and the lack of a well-defined
dynamical transition as a consequence of the modified polymer glass transition properties (in
particular in the integrated intensity that includes the whole Q range). The polymer behaves as a
plasticizer of the dry protein. Given the absence of a well-pronounced dynamical transition at
this polymer ratio, an analogy with a low hydration water scenario is more appropriate. In fact,
comparing the MSD of Mb hydrated powder our data behaves such as the Mb hydrated with 20

% of water.*®

More importantly, in agreement with our previous investigation on BSA-PEEP, we observed
that, at equivalent polymer content, mixtures (3p) and Mb-5p have a different dynamical profile
(Figure S4), showing that the protein-polymer interaction and polymer distribution on the protein
surface play an important role and are independent of the protein size. The arrangement of the
polymer chains on the protein surface is different in the mixture and in the conjugates, and the

presence of constraint points between them reduces the dynamical impact.

The behavior of Mb-20p is clearly different since it shows a more pronounced transition
at about 225 K compared to 5p and 10p conjugates. Given the high grafting density, the ratio of
the incoherent cross-section (scattering power) was slightly higher for PEEP in the case Mb-20p.
It could be tempting to associate the observed enhancement to the polymer glass transition and
attribute the downshift of about 10 K of the Ty to a conjugation effect (eventually also for the 5p
and 10p). However, even if we are aware of the fact that the polymer changes its glass transition
properties upon conjugation, we remind that the same behavior was observed for the BSA-20p at
high grafting density, although in this case, the protein scattering power was dominant (Figure
S2b in the S.I.). The Mb-20p profile provided a signature of the reciprocal and complex
influence of both components in the dynamical profile. In fact, a more realistic scenario could be
an important change in the polymer dynamics due to a large number of grafted chains, which
reflects in a more efficient increase of the protein and conjugate dynamics. When the number of
polymer chains increases, the geometrical constraints and chain-chain interactions allow the

polymer to explore conformations in the free space between conjugates and attempt to recover
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the glass transition. In this context we highlight the resemblance of the means square
displacement of the mixture and Mb-20p (Figure S4). The number of the polymers is different in
the two samples (as a result the relative scattering power ) but the interactions experienced from
the polymers are likely very similar. Therefore we believe that amplitude fluctuations (or elastic
intensity) arise from the whole system (polymer and protein) and the transition temperature is
mostly imposed by the protein dynamics as observed in BSA-20p. We provide the transition
temperatures evaluated from the integrated elastic intensities in the Supplementary Information,
Figure S3 and Table 8. We remarked that only PEEP, the Mb-20p and Mb-5p 12 kDa have well-
defined intensity transitions; while it was more challenging to define the Tonst Values for the
other samples. The effect of the polymer grafting density on the protein surface is to increase the
amplitude of the anharmonic mean square displacement and to increase the temperature of the
dynamical transition. Since it was observed that the onset temperature is hydration independent*®
we are tempted to think that the increase of the temperature transition arises on the one side,
from a confinement effect of the polymer on the protein surface and on the oher side, from the

evolvutiojn of the polymer-polymer interaction properties.

It is well-known that there is a dynamical transition of the protein when the hydration
level is around 40%.%°°** In our case, that polymer solvation, we observed that 10 or more
grafted polymers were necessary for the transition. Still, we think that not only the number but
also the length of the polymer can play a role in the whole dynamics.” To check this point, we
measured the elastic scattering of the Mb-5p conjugated with a polymer of about 12 kDa (in this
conjugate, the scattering power of protein and polymer are equivalent, as shown in S. I.) Figures
2a and 2b show a surprising well defined dynamical transition, more pronounced than that
observed with Mb-5p sample for the 6.4 kDa polymer. The dynamical process started at ca. 210
K, and the marked loss of the elastic intensity is a signature that the length of the polymer
drastically enhances the whole dynamics. This result is supported by previously published
investigation of Maltose Binding protein (43 kDa) conjugated with 5 and 10 kDa polymers
(PMeP).” In that work, using partially deuterated samples, it was shown that the increase of the
polymer molecular weight considerably affects the protein dynamics in the conjugate. It was also
shown a lack of dynamical transition, given the low grafting density (3-4 polymers) and the
larger size of MBP.

11
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Instead, comparison with Mb-20p simply suggests that the length of the polymer is more
efficient than the number of polymer chains to affect the protein dynamics in a core-shell way.

From the structural point of view, the core shell model remains valid.

T T T T T T
1.0 45 Agsriy, - 11 r r
b S SN
M 104 PEEP, dry
> Bl 09
2 08+ - 4 Mb-5p 6.4 KDa &
g 087 v Mb-20p6.4 KDa -
E Ay 074 ¢ Mb-5p12kDa o7
& 08 WW & F AP
= 'y _ 06+ "VA
2 H < 05 . ‘A“
w a "y
0.4 - i W 04
= Sl = v‘
2 PEEP, dry 03+ e
=3 02 -4
& 02{ 4 Mb5p6.4KDa 1 5 oy
= v Mb-20p 6.4 KDa 014
A  Mb-5p 12 KDa 00- B
0.0 - T T T T T 0.1 . . . . r : :
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Temperature (K) Temperature (K)
a) b)

Figure 2. Temperature dependence of the (a) Integrated elastic intensity (b) and mean square
displacement of PEEP polymer and 5p ( 6 kDa and 12 kDa) 20p conjugated dry samples. Mb-5p
12 kDa shows a MSD with larger fluctuation than the Mb-20p and Mb5p with 6 kDa polymer.

Fixed window inelastic scan. Figure 3 depicts the integrated inelastic intensity scattered
with energy transfer ®=2 peV, by the conjugates, the mixture, and the Mb native protein.
Measurements are performed within the fixed energy window A®m=0.9 peV. Fixed windows
inelastic scans allow a better understanding and offer a different point of view from elastic
Intensity and MSD temperature dependence. The behavior of dry PEEP polymer is reported in
reference.’” All conjugates and mixtures showed a relaxation process at ca. 200 K, which
corresponds to the bump characterizing Mb dry. It confirms that attachment of polymer on the
protein surface promotes and enhances the intrinsic protein dynamics. PEEP relaxation process
observed at 150 K 7 can be related to what is discussed above, while for Mb-20p and Mb-
mixture the kink in the INS amplitude above 230 K is possibly related to the higher polymer

mobility at the glass transition.
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The emerging dynamical panorama depends on the structural and dynamical parameters
of each component of the conjugates. Unfortunately, the lack of partially deuterated samples
does not allow measurements to discriminate each component. Therefore, we naturally address
our attention to complementary measurements for a complete picture of the specific dynamical

processes of conjugates.

Quasi-elastic neutron scattering experiment.

Quasi-elastic neutron scattering (QENS) measures small energy exchanges between
neutrons and atoms of the sample, essentially hydrogen atoms. It gives information about local
diffusive motions expressed by relaxation times. Q dependence of relaxation times provides
information about geometry associated to such motions. To complete the dynamical profile of
the Mb-PEEP conjugates, we performed QENS experiments at two distinct time scales: ns (at the
spectrometer IN16B) and ps (IN5 and PELICAN).

Data generated by IN16B were fitted with one delta function, representing immobile

atoms within the instrumental resolution, and one Lorentzian that describes the global diffusive
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dynamics at the ns time scale. The native protein required only a delta function. Figure 4 reports
the half-width at half maximum (HWHM) of the fitted Lorentzians as a function of Q? for all
conjugates. They do not depend on Q, meaning that probed motions are local, likely restricted
either to rotations or very local diffusive jumps between neighboring sites. The time scale of

these motions is of the order of 700 ps.
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Figure 4: HWHM of the fitted Lorentzian functions plotted versus Q® for Mb-PEEP conjugated
and the mixture in their dry state. The error bar reported applies to all samples.

The dynamics of the samples in the picoseconds time-scale were investigated at IN5 and
PELICAN (results in S.I.) time of flight spectrometers. Again, data are fitted with a delta
function and a Lorentzian. Figure S7 shows an example of the collected data.

Figure 5a shows the HWHM of the fitted Lorentzians plotted against Q% at room
temperature, for native Mb, PEEP polymer, protein-polymer mixture, and all Mb-polymer
conjugates. Comparison with the results in Figure 4 shows two important features: 1) There is an
enhancement of the dynamics upon conjugation. The same applies to the mixture compared to
native Mb; 2) HWHM s slightly dependent on Q, corresponding to the presence of diffusive
motions. HWHM associated with the native Mb does not depend on Q in agreement with what
was observed.*? The evolution of the Mb dynamics is reported in Figure 5b, where the
correlation time (calculated from the HWHM at Q=0) drops from 9 ps for the native Mb to 5 ps
for the Mb-5p conjugate down to 4 ps for the mixture and the PEEP. The decay toward the

polymer relaxation values indicates a dominant polymer like dynamics at the ps time scale.
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Therefore, we conclude that the observed fast dynamics are due to diffusive motions of CHy
groups attached to the polymer and protein chain. We verify that the elastic contribution is
dominant compared to the quasi-elastic fraction (Figure S8) and, from the analysis of the Elastic
Incoherent Scattering Function (S.I.) we observe that the number of immobile protons decreases
as a function of polymer density although remaining dominant (Figure S9c). The geometry of the

motions shows a general homogeneity of explored space ( Figure S9c)

Preliminary experiments were performed at the PELICAN t.o.f. spectrometer and the
analysis obtained from the signal summed over all Q values are reported in S. I. A new and
important result was obtained at 200 K, when both protein and conjugates are completely
“frozen” while the bulk polymer shows a quasi-elastic signal (Figure S10), confirming the

assumption that polymers linked to the protein do change their properties.
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Figure 5: a) HWHM of the fitted Lorentzian functions plotted versus Q? for Mb protein, PEEP
polymer, the mixture and all conjugated. The error bar reported applies to all samples. b)
Correlation time inferred from the intercept of the HWHM at Q=0. The behavior is a trend

toward the polymer relaxation time.

To better understand the role of the size and protein secondary structure on the conjugates we
also compare the measurement of the fast dynamic of BSA-PEEP with that of Mb-PEEP (Figure
S11, S12). Similarly to previously discussed Mb results, BSA shows as well a high percentage of
immobile protons and confined motions. Analysis of the mean square displacement of BSA and
its conjugates present a longer correlation time (13-6 ps) that smoothly decreases toward the

polymer values (4ps), in contrast with the sudden drop observed in Mb conjugates. This result
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proves that the protein size is crucial for the polymer structural organization and interaction on
the protein surface. In fact, the BSA being larger than the Mb, the same number of grafted
polymer chains will not be distributed in the same way and the local crowding will be less
important. In both cases, the correlation time in the mixture is equivalent showing how the side

grafting has still a non negligible impact in the polymer-polymer interaction.

Conclusion

Protein-polymer conjugates are a new class of bio-hybrids materials. Despite their great
potential for biomedical and technological applications, the majority of the works present in
literature are focused on the synthesis of new conjugates and their biochemical evaluation. Very
few studies on their biophysical properties, focusing on the structure-dynamics-function
relationship, have been reported.

Here, we have considered the evolution of protein-polymer conjugates internal dynamics
as a function of polymer grafting density and polymer chain lengths. The ultimate goal of this
work is the study of the impact on dynamics of a polymer coating compared to that of hydration
water. For this purpose, we investigated only dry samples. Single-particle dynamics experiments
reveal a consistent dynamical picture where the general effect of polymer-protein interaction
interaction promotes and enhances the protein dynamics. However, the puzzle is not trivial and
we understood that the number of attached polymer chains, the size of the polymer and of the
protein together with the kind of interaction, have a role and different impact in triggering the
protein dynamical transition. We find indication that non-covalent protein-polymer interaction
does not change the polymer glass transition properties, explaining its pronounced mean square
amplitude. We confirmed that polymers under conjugation (with covalent bonds) change the
glass transition properties but still have a macroscopic evolution able to influence the whole
conjugate dynamics. Increasing polymer chain length reduces the effect of grafting. The impact
is similar to a higher grafting density.. The impact of the protein size is clear when comparing
the Mb to the BSA protein. At low polymer grafting density, the protein dynamical transition is
observed in Myoglobin protein, while not for the BSA. The mean square fluctuation of the BSA

reveals the presence of a dynamical transition only when the number of attached polymers is
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high. Observation of fast ps dynamics of conjugates provided interesting information about

homogeneous confined polymer like motions.

An important outcome compares to the effect of hydration water on the protein dynamics
and activity is that protein-polymer solvation has a variety of control parameters allowing a
higher degree of investigation. It is established that hydration water promotes the protein
dynamics and once a first hydration shell is attaint the protein dynamics transition occurs.
Hydration water rotation and diffusion dynamics need to be enabled at the water glass transition.
With our work we established that also polymer solvation enhances protein flexibility and
dynamics putting in evidence that the process can be induced not only by the density
(conjugates) of the polymer on the protein surface but also by its chain length and the local
interactions (mixture vs. conjugates). To control the threshold of the protein dynamics and
activity it is possible to control the polymer Ty properties varying the grafting density (glass
transition properties modified by the conjugation) or simply choosing a polymer with a different
Tg. In addition polymer solvation act as a confinement medium and its effect is single out in the
fast dynamics profile. In the solid-state conformation the polymer solvation allows a storage
whiteout changing the intrinsic enhanced dynamical properties which are not straightforward in
hydrated protein. Finally, protein-polymer conjugates can be also hydrated, and the properties of

the polymer (hydrophilic and hydrophobic sites) will play an important role.*’

Associated Content

Supporting Information: Sample preparation, sample composition, Neutron scattering cross-
section calculation, Elastic Intensity and MSD Comparison between BSA and Mb protein

conjugated, Determination of the Transition temperature, DSC.
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