Ligand Binding to Myoglobin:
The role of cavities and volume changes

W. Doster

Question:
What do volume changes tell us about biomolecular reactions?
A->B
1) Measurement by applying pressure, chemical potential:

dApgp = - Asga (T - Ty) + Avg, (P - Py)

Pressure enhances the energetic relevance of volume changes
from << kgT (1 bar) to = kgT (1 kbar)

2) Do we understand bio-molecular volume changes? model reactions

3) Transfer of water in protein processes, protein-internal cavities ‘

Ligand Binding, Protein Unfolding, Dissociation of ProteinComplexes



Water in Protein Cavities

CO-myoglobin
pH 4-6
lysozyme
B. Halle 1996
X-ray/NMRD
7 integral waters
Empty cavity

Deoxy-myoglobin
pH 4-6

Takano 1977 JMB
Yang, Philipps 1996

Met-myoglobin
Empty cavities
X-ray: 1 water molecule
NMRD: several



Myoglobin: Xe- docking sites, Kinetic
model
Scott, Gibson, Olson, JBC 2001



Time-Resolved X-ray of CO binding to

myoglobin
Schotte et al. Science (2003) 1944
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Flash Photolysis at high pressure:
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Flash photolysis at high pressure:
population evolution
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Flash Photolysis at high pressure:
Mb-CO

Microscopic rates
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Ultra-fast ligand binding
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Conclusions

1) bond formation: Mb+CO -> Mb-CO
native structure: rate independent of pressure
Unfolding: ultra- fast rebinding (low spin state)

2) Inter-cavity transitions independent of pressure: B ->C, C->B
protein incompressible, no change of water occupancy in cavities

3) Protein-solvent interface:

AV* g g = +32 ml/mol » V5 CO- cavity created, AV, small !!

AV* g5 =+ 9 ml/mol = Vo — V}y,0 2 intra-molecular water molecules replacec
Association reaction is different from dissociation reaction!

Doster et al. Biochem. 37 (1998)

4) Unfolding: 2-state system, regular kinetics with loss in amplitude (reversible)
AV, = 60— 100 ml/mol



Collaborators

X. Cai

R. Gebhardt Physik E 13 TU-Munchen

H. Leyser

N. Takeda

A. Ogrodnik Physikalische Chemie TUM
. Naydenova

J. Friedrich Physik TU- Weihenstefan

J. Wachtveitl Physikalische Chemie

R. Huber Univ. Frankfurt



Thermodynamics of Unfolding
Phase diagram and unfolding volume

Why does a compact protein structure unfold under pressure?

Pressure Le Chatelier Principle: AV < 0
Expected: stabilisation of native state: AV>0
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The Protein-Unfolding Volume Puzzle

Experiment: AVIV = -0.5%

V = V(atom) +V(cavities) + AV (surface) +AV (hydr)
AVpy: 0% -2% +2.2% -2.5 %

Theory: AVIV ~ -2.3 %

Cavities:

Myoglobin: V =12 500 ml/mol,
Vcav = 260 ml/mol

AV (theor) AV(exp) ml/mol
Myoglobin -260 -60 (Prehoda et al.)
Ribonuclease -225 -35

Lysozyme -237 -20



Kinetic volume changes:
activation volumes

Association-dissociation reactions

E+S ES EP E+P
E+S ES EP E+P
0 (Inky®) 0P =-AVi"IRT — A\y* _(Hb+CO) = - 32 mlimol (T-state)
CO 32-36 ml/mol -9 (R-state) Morishima 199¢



Protein

Chemical Potential
W. Doster and J. Friedrich in: Handbook of Protein Folding (1994):
Pressure-temperature phase diagram of proteins

+ du=-SdT P =const t du=VdP T=const
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real time observation of low frequency
vibrations
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dissociated fraction

Dissociation of Protein Complexes

casein micelles

Dissociation

o(InK,)/oP = -AVON/RT

-
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8(INK,)/oT = ASPN/RT
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AV = 220 ml/mol
V(H,0) = 18 ml/mol

Hydrophobic Solvation
10 water molecules

2 Posters: Casein/Hemocyanin (R. Gebhardt)



Pressure-induced dissociation of charges

5 6 FTIR- Spectrum of Ca-Casein

4 . - .
HPO .2 P in diamond-anvil cell
! 0", O-CH,-

\ Serine
el N. Takeda

bs
or

nc

Wavenumber [cm™!]

700 MPa
550
430
320
220

\ Pr
es
su
re
in

100
0.1

Ccr
ca
S€

Ca-PO,-Ser -> Ca?* +PO0O,* Ser

pressure



	Ligand Binding to Myoglobin:�The role of cavities and volume changes� W. Doster
	 Water in Protein Cavities�
	� Myoglobin: Xe- docking sites, Kinetic model�Scott, Gibson, Olson, JBC 2001
	Time-Resolved X-ray of CO binding to myoglobin�Schotte et al. Science (2003) 1944
	Flash Photolysis at high pressure:� Myoglobin-CO�
	Flash photolysis at high pressure:� population evolution�
	Flash Photolysis at high pressure:� Mb-CO�
	 Effect of pressure on�kinetic amplitude
	 Ultra-fast ligand binding
	Conclusions
	Collaborators
	��Thermodynamics of Unfolding�Phase diagram and unfolding volume
	The Protein-Unfolding  Volume Puzzle��
	�Kinetic volume changes:�activation volumes �
	Protein�Chemical Potential�W. Doster and J. Friedrich in: Handbook of Protein Folding (1994):�Pressure-temperature phase diagram of proteins�
	real time observation of low frequency vibrations�
	� Dissociation of Protein Complexes
	�

