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Biological membranes — Energization by the proton potential difference

Biological membranes of energy metabolism in Mitochondria, Chloroplasts and micro-organisms perform their function by membrane-energization, which isthe
generation of an electrochemical proton potential difference across amembrane. This couples the energy of respiration, photosynthesis or ion transport to membrane
proteins as ATP-synthase and Cytochrome-Oxidoreductases: function by energetic coupling during proton transport.

Furthermore the membrane potential acts as an effector in the molecular regulation of several proteins: structural regulation by the physical membrane.

While the biological relevanceis clear, the effect of the electrochemical membrane potential difference on lipid and protein structure and function has to be
investigated at the molecular level. Those processes can be studied with liposomes as homogenous model membranes using time resolved methods (transient states).

Liposomes as model membranes — Reconstitution and Energization by pH-jump
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jg" 25:%:; Theenergized membrane state was estimated by spectroscopy and
TR-SANS of liposomes after alarge pH-jump (?pH > 1).
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The complex proteoliposomes are used for function investigations [1,2] , while simpler
vesicles (only 1 protein molecule/vesicle) and pure lipid vesicles with entrapped Structure dyn amics estimation by

pH-indicator dye are suitable for H*-transport and structure dynamics investigations.

Materaialsand Methods:
Liposomes (small unilamellar vesicles SUV) with reconstituted ATP-synthase from Micrococcus luteus
ATCCA4698 were prepared from DMPC-D, and matched by 85% D,O, while protein-free SUV from protona
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Phosphatidyl-Cholins (DMPC, DOePC, ShPC) were investigated in H,0-buffer (pH8, 10% glyceral). overflow
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Asnovel results we observed achangein lipid bilayer The experiments are currently extended to ATP-synthase-liposomes. In those proteoliposomes the lipid
structure upon membrane energization (? pH > 0.5). The entity was matched by contrast variation, i.e. application of D,O/H,0O-mixtures as solvent. The liposomes
thickness of the hydrophobic core shrinked by 1 Angstroem  from DMPC-Dy, were matched by 85% D,O-buffer, while the lipid contributed 98% of the particle mass.
while no swelling (liposome size change by water uptake) After subtraction of the neutron scattering of matched protein-free reference liposomes, the scattering
was observed in the choosen system (10% glycerol-buffer). contribution of the protein in situ was obtained and compared to the neutron scattering of purified ATP-
Spectroscopic experiments with pH-indicator entrapped synthase in detergent solution (5 mM TDOC, 10% glycerol).

ApH<0,3 ApH>0,4

liposomes showed an increase of the proton permeability by
an order, which is consistent with atransition of transient
hydrogen bond chain (tHBC) pores of diffusion conntrolled
type-C to type-A of longer lifetime.

TR - SANS of SBL-liposomes after a pH-jump, At = 4s

References: o
1. H.-J. Freisleben, K.Zwicker, T. Nawroth et al. (1995) Chem.Phys. Lipids 78, 137-147 ; S.
Matuschka, K. Zwicker, T. Nawroth, G. Zimmer (1995) Arch Biochem.Biophys. 322, 135-142
& B. Deisinger, T. Nawroth et a. (1993) Eur.J.Biochem. 218, 377-383

2. G. Griiber, J. Godovac-Zimmermann, T. Nawroth (1994) BBA 1186, 43-51

3. R. Pabst; T. Nawroth ; K. Dose (1984) J. Chrom. 285, 333-341 & Fresenius' Z. Anal. Chem
317, 672-673 |
4. T. Nawroth, H. Conrad; K. Dose (1989) Physica 156 B, 477-480 S0 0z o1 o5 o8 10
5. M. Réssle, E. Manakova, |. Lauer, T. Nawroth, R. Gebhardt, T. Narayanan, H. Heumann apH

loor) Feno Lt 250, vroi A Nedhardt; T. Nawroth; M. Fdtseh, K. Dose functional change + structure dynamics = --> mechanism model

Pd 110 *cn/s)
B

Membrane core thickness d [A]

time after pH-ump [s]



