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INTERACTIONS BETWEEN CYTOCHROME C AND PHOSPHOLIPID  VESICLES

STUDIED BY RESONANCE RAMAN SPECTROSCOPY

P. Hildebrandt”, T. Heimburg!, and D. Marsh®

:\dax—Planck-Insdtux fur Stuahlenchemie, Stiftsur. 34-36, D—4330 Miilheim, F.R.G.
Max-Planck-Institut fiir biophysikalische Chemie, Postfach 2841, D-3400 Gottingen, F.R.G.

INTRODUCTION

Binding of cytochrome ¢ to negauvely charged surfaces such as metal electrodes, polvanions,
and phosphohpnd vesicles can produce significant conformational changes in the heme
pockel 3. Dectailed resonance Raman (RR) studies have revealed that in such complexes
cytochrome ¢ exist in a conformational equilibrium between two states (I, ). While in state
I the structure of the heme pocket is unchanged compared to the unbound protein, 1 state
Il the heme crevice opens, weakeming the coordinative bond of the heme iron with the
methionine~80 ligand. Thus, a thermal coordinauon equilibrium between a six—coordinated
low-spin (6¢LS) and a five—coordinated high-spin configuration (ScHS) is esiblished in
state II. These structural changes were also detected in complexes with the physiological
redox partner cylochrome ¢ oxidase®, sugpesting that they are of functional significance for
the biological eclectron transfer.

In the present work we have continued these studies by sysiematically analvzing
¢ with negatvely charged phospholipid vesicles. RR

the interactions of fermi—cyviochrome
spectroscopy was employed 10 determine the conformauonal equilibria in cytochrome ¢
formed in complexes with different lipid systems. The relative conuributions of the various
species of cylochrome ¢ were derermined from the relative intensities of those RR tu.nds
which have been found to be characteristc markers for the individual conrormauonJ states”

The effect on prowin binding on the lipid bilayer structure was analyzed by - T p- .\.\IR
spectroscopy. The main goal of this study was 10 find corelaons between the sectural
changes in the protein and in the Lpid upon complex formation. A detuled descripuon of
the experimental methods, daw anaivsis, and sample preparation is given elsewhere™

RESULTS AND DISCUSSION

Fig. 1 shows the so obuined concentauon rauo of ste 11 tincluding both the ScHS- and
the 6cLS—-configuration) and swte 1 of cvtochrome ¢ bound o dioleoyl phosphaudylglycerol
(DOPG) - dioleoyl glycerol (DOGh. The admixtwe of uncharged lipids (DOGH sigmificantly
lowers the fraction of state 1. Al 0% DOG, the equilibrium constant has decreased by a

factor of ~ 2, but a further increase of DOG up to 20% lowers the equalibrium consiant only
from ~ 1.6 1o ~ 1.2, On the other hand, the binding energy is approximately the same (-
39 K/M) in pure DOPG and DO:“'G DOG (70:30). Since the main contnbuuon o the
binding energy originates from the clectrosialic interactions between the anionic phophelipid
headgroups and the positively Lh.z!x_s\j Ivsine residues around the heme crevice of cytochrome
¢, these findings imply that complex formation with cytochrome ¢ induces an asymmeuic
distribution of charged and uncharzed lipids at the protein binding site. This would i ium
affect the bilayer suucture of the phospholipid vesicles which is, in fact, reflected by the
Mp_NMR spectra. While in the absence of cytochrome ¢ the HpoNAMR specua reveal the
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characteristic signature of a regular bilayer structure, admixture of DOG favors the the
formation of an inverted hexagonal phase which is prevailing at 50% DOG. In the presence
of cytochrome c, however, all the spectra are dominated by an isoropic peak which may
result from local curvatures on the bilayer structure. Such curvatures may facilitate the
electrostatic interactions with the lysine residues on the surface of the spherically-shaped
cytochrome ¢.

The state Il/state [ ratio of cytochrome ¢ in the pure DOPG system is constant in
the temperature range between 15 and 30°C (Fig. 2). On the other hand, in the dimyristoyl
phosphatidylglycerol (DMPG) system there is an abrupt increase of the concentration ratio
at ~ 25°C. This temperature corresponds to the phase transiton gel—fluid of DMPG, which
in the case of DOPG is about 20° lower. Below and above this temperature, the
concentration ratio is largely constant and in both phases of DMPG clearly larger than in
the DOPG system,

It is not possible to correlate the equilibrium constants of the
conformational equilibrium with the surface charge density of the various lipid systems since
in the absence of specific ion binding effects, the lipid surface charge density is expected
to be greater in the gel phase than in the fluid phase of DMPG and yet smaller in the fluid
phase of DOPG. Hence, there must be some other effect contributing to the electrostatic
control of the conformational equilibrium. Based on previous studies of cytochrome ¢ bound
to charged interfaces it was argued that depending on the individual lysine residues which
are involved in the complex formation either the conformational state II or I arc stabilized.
Thus, not only the number but also the specific spatial arrangement of the phospholipid
headgroups at the protein binding site may govern the conformational equilibrium. The latter
parameter should swrongly depend on the surface flexibility of the lipid bilayer which is
substantially different in the fluid and in the gel phase as well as in satraled and
unsaturated lipid systems. Thus, surface charge density and the stuuctural flexibility may
exert opposite effects on the conformational distribution of the bound cytochrome c.
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Fig. 1: Fig. 2
Concentration ratio of state II and swate [ Temperature—dependence of the conformatonal
in cytochrome ¢/DOPG-DOG, as a equilibium state [L/state [ for cytochrome ¢
function of DOG content. bound 10 DMPG and DOPG.
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