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Abstract 
solution are exposed to several different binding regions of the 
membranes. Binding of molecules to membranes, glass surfaces 
and a protein was compared. The specific structural differences 
are equally pronounced in the first two systems, although the 
protein binding is  less dependent on the structural differences 
of the hydrophilic part of the molecule. 

Molecules distributing between the membrane and 

INTRODUCTION 

Amphiphilic molecules bind to membranes in a wide range of 
tightness to several regions or domains where they can be dissolved, 
adhered or even incorporated into hydrophobic regions of the 
membrane bound proteins' . Several regions distinguished as receptor 
sites for a given type of molecules can emerge on the surface of the 
membrane. The most distinguished property is an increased binding 
strength with respect to the rest of the regions which might show 
specificity of binding. 

Lipid bilayers and other lyotropic systems per se could in 
special situations show such binding site behaviour by a convenient 
phase separation to domains with a special composition. Proteins can 
extend these binding differences due to their hydrophobic properties. 
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1 24 M. SCHARA, s. P E ~ A R  AND E. HECKER 

MATERIALS AND METHODS 

The spin labeled molecules methyl esters of dodecanoic and tetra- 
decanoic acid MeFASL(m,n) labeled with an oxazolidine group, which 
is  inserted a t  the position indicated by m and n, the numbers of CH, 
groups separating it from the terminal methyl group and from the 
carboxyl group, respectively, and the corresponding phorbol 13 acetate 
with spin labeled fatty acid a t  position 12 on PA (m,n), a biologically 
active substance, were synthesized2. 
Bovine serum albumin BSA was used as 5 and 1 % Tris HCI buffer 
solutions a t  pH 7.4. The albumin was labeled by the addition of the 
spin probes to the BSA solutions to the final concentrations of about 
5 x 10-6 mol/l. 

EPR spectrometer. 
The spectra were measured in glass capillaries on Varian E-9 

RESULTS AND DISCUSSION 

Table I shows data on the hyperfine splitting 2 A,, as well as on the 
empirical ratio R between the free and bound portion of the spin 
probe in the sample. Namely the BSA molecules do rotate slowly and 

the hyperfine splitting of the bound spin probes, which show an 
immobilized spectrum, decreases with the increasing temperature due 
to the viscosity decrease of the buffer solution and the corresponding 
increase in the rotational motion of the protein globule3. Besides to 
that,the spin probe spectra are containing the information on the 
adhered spin probe molecular mobility which is superimposed on the 
rotational motion of the globule. Therefore larger splittings mean 
stronger binding to the protein. One part of the molecules which are 
bound to BSA is strongly immobilized and their nitroxide groups are 
located deep in the protein interior. As found previously they can 
only hardly be reached by the penetrating ascorbate ions into the 
non denatured protein3. When the protein is unfolded the free mobili- 
ty of the probe's chain can be observed and explained by a tight 
binding with only a part of the molecule to the unfolded portion of 
the protein. 
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EPR OF HYDROPHOBIC INTERACTIONS 125 

TABLE I Hyperfine splitting and the ratio between the peak 
heights of the superimposed spectra pertaining to the free and 
BSA bound molecules (T = 20°C) 

1 % BSA 5 % BSA 

Spin probe 2K I I  ,mT R 2AII ,mT R 

PA (4,5) 6.20 33.0 6.27 7.10 
MeFASL (4,5) 6.31 77.5 6.03 8.71 
PA (6,5) 6.40 10.5 6.37 1.43 
MeFASL (6,5) 6.30 24.7 6.25 1.16 

The binding isotherms in Figure 1. show the concentration of 
the free monomeric buffer dissolved molecules in relation to the total 
concentration of the added spin probe. Molecular aggregation at  the 
critical micellar concentration (cmc) leads, to the disappearance of the 
EPR signal of the aggregated molecules, as their spectra are exchange 
broadened to the point beyond detection. For MeFASL (6,5) and 
PA (4,5) in the appropriate concentration range above their cmc there 
is a free component concentration decrease with the increased total 
concentration. 

In presence of selfaggregation, binding to the protein and of the 
monomeric ligand molecules and at  the constant total concentration 
of the protein c: in the buffer solution, according to Appendix A 
the concentration of the free monomeric ligand molecules cL can be 
written 

u + v + c o - ( 2 + m ) c  L m + ~ :  
CL = 

(n2 + 1 - m) 

Here m and n are the numbers of protein bound ligands and the 
aggregation number of the ligands, u = (p: - p:Lm + m p r  )/kT and 

v = ( n p t n  - n2pr ) / kT  where p : ,  p:Lm, p t  and p t n  are the 

standard free energies for the protein, ligand bound protein, liyand, 
and ligand selfaggregate. As long as the total ligand concentration c t  
increases at constant u, v, m and n then cL increases linearly with 
c t  . When m or n also increase then cL starts to get saturated-the 
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I26 M. SCHARA, s. P E ~ A R  AND E. HECKER 

c r  ( c f )  curve (Figure 1) changes the inclination which can get also 
negative. This happens if the system changes in so far that cpLm 
increases. It probably has to do with a cooperative effect, as more 
protein gets involved in the ligand bindings, due to the longer exposure 
of i t s  binding sites for the amphiphile. 

12 

6 

4 

2 

FIGURE 1. The free component intensity I ,  plotted against 
the total concentration of the spin probe c t .  Both quantities 
are normalized with respect to the corresponding starting 
intensities I ,  and concentrations c, . 

The inclination of the binding isotherms from Figure 1 can be 
written 

(2 1 - ( 1  + m) - d c ~  - ~ C L  d c p ~ m  + 

d c: a ' p ~ m  d C: acO,  n 2 + 1 - - r n  

and the condition for a negative inclination is  in2 + 1)  > m. Therefore 
the membrane - solution partition coefficient, obtained when the 
measurements are performed a t  higher concentrations of the 
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EPR OF HYDROPHOBIC INTERACTIONS 127 

amphiphiles, are exposed to large variations, as in addition to the 
problems of molecular aggregation4 the proteins can be also involved 
in binding. 

The influence of the specific groups can be substantial when 
molecular distributions are concerned. For a membrane where the 
molecules are assumed to distribute homogeneously within the lipid 
bilayer the partition coefficient K = c,/c, can be defined as the ratio 
between the concentrations of the concerned type of molecules in the 
membrane c, and the buffer solution cs. If the molecules are dis- 
tributed between the glass surface adherent and the buffer dissolved 
portion then an adsorption coefficient 

defined as the ratio between the surface density to the buffer concen- 
tration of the molecules. Here N, S and V stand for the number of 
molecules, glass surface area and buffer solution volume, the indices g 
and s are for glass and solution. 

For erythrocytes the ratio of the partition coefficients for 
PA (4,5) and MeFASL (4,5) is 5 and the ratio for the glass adsorption 
coefficients i s  5.9 as it was determined previously5. These data are in 
agreement with the ratio of the partition coefficients, which were 
derived by the methods described by Rekker' where the contribution 
of the particular groups and their mutual inductions were considered, 
for the same pair of molecules and KPA(4,5)/KMeFASL(4,5) = 5.1. 

this pair of molecules in such diverse systems as the membrane, glass 
surface and the calculated value for octanol-water indicate that there 
must be a similar type of binding difference in all the three systems. 

It was shown previously7 that the CH, groups adjacent to the phorbol 
moiety stay in the hydrophilic environment when the PA molecules 
are bound to erythrocyte membranes and the rest of the hydrophobic 
ta i l  dips into the lipid bilayer. If it i s  assumed that the molecules 
adhere to the glass surface primarily in al l  trans conformations of the 
hydrocarbon ta i l s  then again both molecules differ essentially in their 

The fairly comparable partition coefficient ratious derived for 
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128 M. SCHARA, s. PECAR AND E. HECKER 

head group binding or to be more precise in their free energy differ- 
ences for both environments. This difference between the phorbol - 
and methyl - ester head group is  about 4 kJ/mol. 

This difference must be substantially smaller for the binding of 
these molecules to albumin as here the ratio 
about 2.3 when the smaller BSA concentration results of Table I are 
used. Here the involvement of the head groups should be different 
and it might depend on sterical differences between the phorbol and 
methyl group. 

could depend in addition to the structural features of the concerned 
molecules and their concentrations also on the properties of the 
membrane domains and the involvement of their components in the 
process of binding. 

RMeFASL /RPA is only 

I t  was shown that the membrane - solution partition coefficients 
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EPR OF HYDROPHOBIC INTERACTIONS 129 

APPENDIX A 

The free energy for the system composed from No solvent molecules, 
N, monomeric amphiphiles, NLn lipid aggregates with the aggregation 
number n, N 
with the aggregation number m lipide or ligand molecules bound,, can 
be written : 

protein molecules and NpLm lipid protein aggregates 
P 

N. N. 
r$ = C (pYNi + In 1) 

I kT N, 

Here pY are the standard free energies per molecule for the molecules 
identified with the corresponding indices as shown above and N, i s  
the sum of all molecules in the sample. 

Using the relations 

N r  = N, + nNLn + mNpLm 

and 

N i  = Np + NpLm (3A) 

as constraints in the free energy minimum determination from 

$J - XIN,O - X No = 0 (4A) 
2 P  

where h ,  and X 2  are the Lagrange multipliers and solving the system 
of equations a @ / a  Ni = 0 where i = L, Ln, p, and pLm and using the 
expression c i  = Ni/N, for the concentrations the following relation 
between the free component and the total added ligand is 

here u = (p: - p i L m  + mpO,)/kT and 

v = (npfn - n 2 p r ) / k T .  D
ow
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