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The so called «Protein dynamical Transition» 



How do we measure MSD ? 
 
1) Measure elastic neutron  
    scattering :  S(Q,ω=0) 
 
2) Plot ln S(Q,ω=0) vs. Q2 

 
3) Slope ~ MSD  
    (Gaussian  approximation) 
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Several open questions: 
 
-   Hydration (h = gr H2O / gr dry protein) dependence of PDT  
 
- Molecular origin of MSD (heterogeneity) 
 
- How to locate the PDT onset temperature in an «objective » way 

 
- Resolution dependence of the PDT onset temperature 

 
- Physical origin of PDT 
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Three steps: 
 
a)  Measure MSD at various h 
b) Subtract the h=0 data 
c) Normalize to high T 

 
 
 
 
The MSD amplitude depends 
on hydration 
 
The PDT onset temperature 
doesn’t 
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Low temperature anharmonic onset: Methyl Groups Activation  (MGA) 
High temperature anharmonic onset: Protein Dynamical Transition (PDT) 
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How to locate the onset temperatures in an «objective » way? 
Purpose: study the dependence of the PDT onset temperature on  
the spectrometer energy (time) resolution  
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Just to show that the procedure works also for real proteins 
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Onset temperature 
dependent on the energy 
resolution  

Onset temperature 
independent on the energy resolution 



Water and Water Systems – July 22-31, 2016, Erice (Italy) 



Water and Water Systems – July 22-31, 2016, Erice (Italy) 





Water and Water Systems – July 22-31, 2016, Erice (Italy) 



Water and Water Systems – July 22-31, 2016, Erice (Italy) 

«Protein» dynamical transition ? 
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The same PDT is observed 
in Mb and in the aa mixture 
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Physical origin of the PDT 
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Experimental evidence on the connection between 
PDT and FSC in protein hydration water using 

different experimental techniques 
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a) DSC upscans 
 
 
 

b) Dielectric spectroscopy 
 
 

c) Dielectric spectroscopy 
 
 

d) Elastic neutron scattering 
 

Note: same samples; same 
experimental protocol 
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Water confined in silica Xerogels: DSC upscans 

h = 0.19 h = =.42 



EXPECTED (no FSC) 
Exp. data from Prielmeier et al 1988 
Simulations from Starr et al 1999 
 

MEASURED 
R(P) = MSD(P)/MSD(0) 
From the Einstein relation: 
MSD = 6Dτres 
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Testing the FSC hypothesis via the water pressure anomaly 
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Testing the FSC hypothesis via the Boson peak 

h = 0.19 
 
 
 
 
 
h = 0.42 

The Boson peak “disappears” at temperatures between 215K (green) 
and 235K (blue) .  However, uncertainties are introduced by the 
presence of quasi-elastic broadening 



Quantitative analysis 
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h = 0.19 

h = 0.42 
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Quantitative analysis 

R-VDOS = g(E)/E2 

Open  circles : h = 0.19 
Full triangles : h = 0.42 
 



SUMMARY 

-Two anharmonicity onsets are detected in protein dynamics by 
elastic neutron scattering: 
1) MGA ; hydration independent ; its onset temperature depends 

on energy resolution 
2) PDT ; hydration dependent ; its onset temperature does not 

depend on hydration and energy resolution while the MSD 
amplitudes do 

-The PDT is not a mere resolution effect but reflects a real physical 
effect clearly related to hydration water 

-Possible connection with the LDL->HDL crossover in hydration 
water at about 220 K 

-Experimental evidence on the FSG crosssover in water confined in 
silica hydrogel and mimicking protein hydration water obtained 
through the pressure anomaly and the boson peak 
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A Deep Inelastic Neutron Scattering Study on water 
confined in a silica hydrogel: preliminary results 

V. De Michele 
G. Romanelli 
A. Cupane 
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Proton NCP at 250 K (red) 
and at 210 K (black) 

Proton momenum distribution 

< EK > = 135 ± 2 mev  T = 250 K 
< EK > = 136 ± 2 mev  T = 210 K 
 



Water and Water Systems – July 22-31, 2016, Erice (Italy) 

The fact that < EK > (210K) = < EK > (250K) is an unexpected and 
puzzling result. Indeed, a decrease of < EK > with decreasing T 
would be expected. However, more experimental data are 
needed before speculating 
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Aim : to investigate water dynamics in biological systems 
more complex than protein powders 
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Samples: 
Cell pellets of 
E. Coli ; 38% H2O 
Yeast   ; 52% H2O 
PC12   ; 34% H2O 
Glioma 9-L ; 39% H2O 
 



The summed elastic intensities decay slower for cancer cells 
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Simultaneous fitting of spectra measured at all Q values 
and at 2 different instrumental resolutions 



A typical fit 
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Some results 

G9-L tumoral cells show a higher water mobility with respect to 
normal cells 


