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MOTIVATION

Microscale thermophoresis (MST) hermodiffusion ch
ermodiirusion cnanges

e method to determine kinetic constant of binding
reactions

e protein’s response to thermal gradient
changes when ligand binds

e detected through change in fluorescence equilibration constants of
intensity during titration [ biochemical reactions ]
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Hydration has strong influence on
thermophoretic response.

e Can this connection be quantified?

e Can it be used to gain information
about change in hydration shell upon
complex formation?

OPEN QUESTIONS
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CONTRIBUTIONS

Aqueous systems

chem
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e aqueous systems

e St influenced by hydrogen bonds
 HB network of water
 HB between solute and water

e T-dependence of HB < thermodiffusion
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RESULTS
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Collaboration with Fernando Bresme and
Silvia Di Lecce, Imperial College London

UREA + WATER

NEMD-simulations — microscopic understanding

e non-equilibrium molecular
dynamics simulations

e T-dependence of St decreases
with rising concentration

experimental
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Collaboration with Fernando Bresme and
Silvia Di Lecce, Imperial College London

UREA + WATER

NEMD-simulations — microscopic understanding
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STREPTAVIDIN + BIOTIN

Protein-ligand system
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streptavidin tetramer
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PROTEIN LIGAND INTERACTIONS

Influence of hydration layer

AH enthalpy: forces
in the protein

VdW interactions
H-bonding
screened charges

AS entropy: number of
accessible states

protein with AS= ASprota'n + ASpydrai‘ion
hydration shell
<0 2

ligand binding determined by change of free energy

AG = GbPound _ gfree — AH — TAS
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QUASI-ELASTIC NEUTRON SCATTERING

Determination of protein dynamics in solution
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Streptavidin+Biotin

Andreas Stadler and Mona Sarter,
ICS-1, JCNS and RWTH Aachen
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Quasi-elastic scattering:

small energy exchange between
neutron and particle

processes with distribution of
energies (translations, rotations, ...)
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CONFORMATIONAL ENTROPY

Reduction of protein conformational entropy due to biotin binding

(x2 )free

AScons = 3R - In J((Xz)bound) » '

« streptavidin is more mobile than
streptavidin+biotin complex

ASconf | K] ] fast motions attributed to side-chains
measured mol K - conformational entropy negative on ps

pPS —1.8+ 0.1 to ns time-scale
100 ps —14+ 05 « entropy change free protein = complex:
ns —2.2+0.3

ASQENS = —2.0 £ 0.2k mol~t K1
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ITC
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measures free energy change upon complex
formation (protein + hydration shell)

ASTT¢=—0.1 £+ 0.1k mol "t K1
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RESULTS

Streptavidin + biotin

surface area
of biotin <2%

TDFRS

L]

QENS ITC Difference
ASQENS — ASITC: AShS = ASITC _ AGQENS _
—1.8 £+ 0.2kJ mol ' K1 —0.1 £ 0.1k mol "t K1 1.9+ 0.3k mol 1K1
_ entropy change of —> entropy of hydration shell
entropy change of protein protein + hydration shell increases when biotin binds
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SUMMARY

e Influence of hydration on S; was investigated

e Conclusion on complex formation of streptavidin: disordered
hydration layer compensates less flexible protein complex

e Clear change in AS+ when biotin binds on streptavidin,
connection to entropy change in hydration shell
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Thank you for your attention!
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SETUP

Infra-red Thermal Diffusion Forced Rayleigh Scattering (IR-TDFRS)
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Intensity of the diffracted beam
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S ETU P Measured quantity:

Signal Intensity of the diffracted beam

Molecules/colloides with higher refractive index moves to...

...cold side ...warm side m
magnitude: 3-4
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