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Hemoglobin solution

2 kbar high pressure cell for TOFTOF



High resolution problems with biological samples

Lit: www.bioneutron.de/publications.html

1) Availability: mg 100-200 mg required, QENS
2) biomolecule solutions: large water background, 80%
3) diffusion of water and biomolecules limit resolution

What to do?
a) Study motions via elastic scans versus T or resolution

b) D,O- hydrated samples: no diffusion effects, wide
temperature range: ,Elastic resolution spectroscopy’ (2001)

Elastic intensity Scattering function * resolution

Sk(Q, = 0, Aw) = ﬁ /w dt - 1,00, 1/7.) - R(t]Tres).

SR(O, Tres, T.) = Tros - Fr (Q, I"“‘) _ Scaling function
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Elastic Scattering Function (1):
vary temperature at fixed resolution

hydrated / dehydrated myoglobin displacement distribution function
Backscattering IN13
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Elastic Scattering Function (2):
vary resolution at fixed T

Elastic scattering function (2001) Quasielastic scattering function PNAS 2019
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Protein Solutions

Are protejg piitefssSHy Rl derendent?

related to secondary structure?



TOFTOF spectra of protein solutions
Anna Gaspar et al. EBJ 2008
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2-component analysis:
(1) internal motion and (2) global diffusion

Q =0,5/A EISF(Q)
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internal Internal dynamics
EISF depends on
Secondary structure

1,0/A relaxation times: 5 ps
Global

Diffusion

Global diffusion

Offset Q-> 0

1,5/A compact casein:

open New prqcess?
Resolution?

M=l +Q2D

Offset?



Backscattering Spectroscopy: SPHERES
B-casein solutions Nakagawa et al. Biophys.J 2022

SB-casein((q9 E) = Ssolution(an) gl Sbuffer(qa E)



Backscattering SPHERES
B-Casein in Solution
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NSE study of Bcasein solution:
diffusion + internal process (3)

lc(a, t)
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B-casein solution: NSE+NBS:

two internal processes

Arrhenius Plot
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Fourier transforms of averaged TOF and NBS
spectra put together

q= 0,6 /A

Offset?
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TOF offset agrees with process of backscattering experiment



Parameters of two component analysis

(1/A)

Internal fast process TOF internal slow TOF/NBS



Arrhenius Plot of Protein Rates

hydrated and solvated

Chain Diffusion, Residue Diffusion , Rotational Transitions
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Mean Square Displacements
Two transitions R, T: resolution effect,
CH3 rotation also in the glass
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Dynamic Softening of Protein Force

Constants from fixed resolution elastic scans

J. Zaccai, Science 2000 to QENS 2022
Walter Halg prize 2013
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