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Introductory remarks

Protein-ligand binding (reaction) volume

m Definition: the change in protein volume observed upon protein-ligand
binding;

m Motivation: fundamental knowledge about protein-ligand interaction
and pressure-induced protein denaturation.

8AGb) _
TI

m Protein-ligand binding volume: AV}, = ( 9P
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Introductory remarks

Heat shock protein 90 and carbonic anhydrases

N-terminal domain of human Hsp90  Human carbonic anhydrase (CA) Il
(229 a.a.), PDB ID: 2Y16 (260 a.a.), PDB ID: 3HS4
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Experimental set-up of high-pressure spectrofluorimetry

| ——— -

Spectrofluorimeter’
Hydrostatic ISS PC1
pump i High |
0.1-380 MPa I Emitter pressure Detector | 1
cell
L _ _ - 1
Circulating water
heating bath Computer
10-95°C

Pressure range: (0.1 — 380) MPa;

Temperature range: (10 — 95) °C;

Fluorescence probe: intrinsic tryptophan (exited at 295 nm);
Emission spectra range: (320 — 400) nm.
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Description of pressure-induced unfolding profiles

Equations
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Pressure-induced unfolding profiles of CA Il and CA |

Intrinsic tryptophan fluorescence spectra at various pressures
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The shift in P,, and dosing curves

Fluorescent Pressure Shift Assay (FPSA)
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Description of dosing curves

Mathematical background

P; and L; — the bulk concentrations of protein

d ligand;
P: = N¢ + Np + U, 2ndgand,
‘ f b N¢ and Np — concentrations of native ligand-free

Le= L+ Np, and bound protein;
K — ﬂ U — concentration of unfolded protein;
U= 37> e .
Nf Ky and Kp— equilibrium constants of protein
K, = Np unfolding and protein-ligand binding reaction;
NeLf At melting pressure pp,, U = P;/2.

The final form of dosing curve equation:

1 P

< AGb>_ AGo, + AVo,(Pm — po) + —52(Pm — Po)?
| RT
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Hsp90N protein stability diagram in P—T coordinates

With added ligand
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[§ Petrauskas et al. Eur Biophys J 42 (2013) 355-362.
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Hsp90ON protein stability diagram

The Gibbs energy dependence on pressure and temperature
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Binding volume correlation with affinity

Affinity was determined by ITC and Fluorescent Thermal Shift Assay
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NMR experiments

m Preliminary results of Hsp9ON interaction with two ligands by NMR;

)
|
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NMR data

'H-'5N-HSQC spectra of Hsp90N (red) and Hsp9ON-+-ICPD9 (blue)

105F

130}
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NMR data analysis

Analysis of dosing curves

JAN 0.15+ val92
AV, = <8 Gb> : a .
op )+ »
AG, = —RTln(Kb) = RTln(Kd) 3 0lr
Q
Experimental changes in chemical shifts: g [ p (MPa) K, (mM)
0.05 |- A 30 0.3
AN 2 A ® 120 0.4
AS = \/((564 _ 5H)2 + (H) (56V _ 5N)2 I m 150 0.5
Y

0 0.5 1 1.5 2 2.5
[ICPDI] (mM)

(Lt + Pt + Kg) = \/(Lt + P: + Kgq)? — 4P:L;
2P,

do — chemical shift without ligand.

A6 = Admax
Chemical shift equation reference:

[d Morton et al. Structure 4 (1996) 705-14.
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Gibbs energy as a function of pressure

A
AGp = AGp, + AV, Ap + %(Ap)?
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Gibbs energy as a function of pressure

A
AGp = AGp, + AV, Ap + %(Ap)?
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Binding volume correlation with affinity

Including NMR data (blue points)
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Concluding remarks

m Our results suggest that weak ligands of Hsp90N protein induce
smaller changes in volume than tight-binding ligands.

m Both techniques FPSA and NMR provide similar values of binding
volume.
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FTSA and FPSA methods

Examples of Hsp90N protein stabilization by ligand against T and P denaturation
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FTSA and FPSA methods

Expressions for the Gibbs energy

fu—fn

f=f
N ep(AyG/RT)

Ay G as a function of temperature at a constant pressure:

T T
AyGr =AyGy — AUC,, |:T (In ? — 1) + T0:| — (AuHo — AuGo) (T — 1)
0 0

Ay G as a function of pressure at a constant temperature:

A
AyGp = AyGy+ AyVo(p — po) + TUﬂ (p— po)’
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The Gibbs energy change

The full differential of the Gibbs energy change AG = Gy — Gy
d(AG) = —-ASdAT + AVdp
as a function of temperature T and pressure P.
86 =57 (o~ po)? + AVo(p — o) + Aap — po)(T ~ To)-

T T
ACP T{ln=-1)+Tg —(AHo—AGo) — —1)+AGy
To To
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Hsp90N protein stability diagram in P—T coordinates

With added ligand
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Hsp90N stabilization by ligands

The use of guanidine hydrochloride — a protein destabilizing agent

[GndHCl] =0 M

Pn=0.1 MPa
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o
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Protein stabilization by ligands
Hsp90N -+ radicicol

Hsp90N melting temperatures T,
[Hsp90N] = 14 pM

[Radicicol] pM T, (°C)

0 51.6
2 61.1
20 64.9

[§ Zubriene et al. Int J Mol Sci 10 (2009)
2662-2680.

Hsp90N + radicicol
PDB ID: 4EGK
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