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molecules 

Abstract. Phloretin and structurally related neutral 
molecules adsorb to the interface of lipid membranes 
and modify the electric dipole potential of the 
membrane/water interface. The adsorption process 
has been studied using a laser-T-jump relaxation tech- 
nique in combination with an analysis of nonactin 
mediated potassium transport (see part I, Awiszus and 
Stark 1988). 

Deviations from the Langmuir isotherm were ob- 
served for most of the substances. The discrepancies 
were most pronounced at large surface densities, 
whereas good agreement was found at low concentra- 
tions in many cases. 

The partition coefficient in the limit of low concen- 
trations was compared with that of octanol/water bulk 
phases. No correlation was found. The individual val- 
ues of the two partition coefficients differed by more 
than three orders of magnitude. The contribution, b, of 
a single adsorbed molecule to the dipole potential 
could not be predicted from the dipole moment, #L, of 
the molecule measured in the bulk phase. Different 
values of b were found at identical values of #L" 

The study shows the limitations of the use of bulk 
phase data to predict molecular properties in lipid 
membranes. 

Key words: Adsorption, lipid membranes, laser-T- 
jump, Langmuir isotherm, phloretin 

Introduction 

The adsorption of phloretin to biological membranes 
was found to influence the transport of many different 
species, both electrolytes and non-electrolytes. In the 
human red blood cell inhibition of hexose (Le Fevre 
1961) and chloride transport (Wieth et al. 1973) was 
observed, as well as a lowering of the permeability to 
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glycerol and urea (Macey and Farmer 1970). Similar 
effects were found with other biological membranes. 
Andersen et al. (1976) and Melnik et al. (1977) tried to 
find a general physicochemical mechanism for the div- 
ersity of phloretin effects on membrane transport. They 
reported a marked change of the potential difference 
between the membrane interior and water (dipole po- 
tential). This is a consequence of the oriented adsorp- 
tion of molecules with a large dipole moment to the 
membrane/water interface. Following the adsorption 
of phloretin to artificial lipid membranes, a marked 
increase of the membrane conductance in the presence 
of lipophilic cations or in the presence of carrier medi- 
ated cation transport, and a concomitant decrease of 
lipophilic anion conductivity is observed. The effect 
may be used to estimate the magnitude of the dipole 
potential (McLaughlin 1973). This was performed in 
the case of phloretin by DeLevie et al. (1979). 

Phloretin binding as a function of the aqueous con- 
centration was found to obey Langmuir's isotherm. 
This was concluded indirectly from the concentration 
dependence of the dipole potential measured at planar 
lipid membranes (DeLevie et al. 1979). Spectrophoto- 
metric studies (Verkman and Solomon 1980) and fluo- 
rescence quenching techniques (Verkman 1980) at lipid 
vesicles were also interpreted on the basis of this iso- 
therm. 

There is a twofold goal of our present studies. For 
the first time we determine the interracial concentra- 
tion of phloretin as a function of the aqueous concen- 
tration at planar lipid membranes and we correlate 
our results with an analysis of the effect ofphloretin on 
carrier mediated ion transport. This is done by apply- 
ing the procedure outlined in part I of this series (Awis- 
zus and Stark 1988). As a result the contribution of a 
single adsorbed phloretin molecule to the interfacial 
dipole potential is obtained. Secondly the procedure is 
applied to a series of structurally related analogues of 
phloretin, which are compared with respect to their 
dipolar properties and their binding behaviour. 
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Fig. 1. Chemical structure of the molecules investigated: 
2,4-dichlorophenoxyacetic acid (2,4-D); 2',4',6'-trihydroxy-3-(p- 
hydroxyphenyl)propiophenone (phloretin); 2',4',6'-trihydroxy- 
propiophenone (2,4,6-OH-PP); 2',4'-dihydroxypropiophenone 
(2,4-OH-PP); 2',4',6'-trihydroxyacetophenone (2,4,6-OH-AP); 
2',6'-dihydroxyacetophenone (2,6-OH-AP). The numbers in 
brackets represent dipole moments in Debye units (1 D = 
3.34.10 -3o Asm) taken from Andersen et al. (1976) and Reyes 
et al. (1983) 

Finally, the limitations of Langrnuir 's isotherm, as 
applied to the problem under investigation, will be- 
come apparent.  

Experimental 

The structure of the molecules which were used is 
shown in Fig. 1. Phloretin was obtained from Sigma, 
all the other substances from Aldrich Chemical Co. 
They showed a single spot in thin layer chromatogra-  
phy and were used without further purification. The 
pK-values of all substances are greater than 7 (Reyes 
et al. 1983). Since the experiments were performed at 
p H  4 (pH 5 in the case of phloretin), the compounds  
were almost  completely in the protonated (neutral) 
form. Stock solutions in ethanol (phloretin and 
2,4,6-OH-PP) or D M S O  (all other substances) were 
used to prepare the aqueous solutions. The amount  of 
organic solvent in the latter was always less than 1% 
(w/v). Further  experimental details were identical to 
those described in par t  I (Awiszus and Stark 1988). 

Results and discussions 

The adsorpt ion of the dipolar molecules shown in 
Fig. 1 was studied via their influence on potassium 
transport  mediated by the macrocyclic ion carrier 
nonactin. The procedure, including the applied model 
with its assumptions and the theoretical treatment,  
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Fig. 2 A and B. T-jump induced current relaxation observed 
in the presence of phloretin and nonactin. Aqueous solution: 
0.1 M KC1, 0.9 M LiC1, 10mM acetate buffer (pH 5), 10-VM 
nonactin and 4.10-SM phloretin. Membrane area 0.02 cm z, 
applied voltage 50 mV, membrane conductance 6.7 • 10- 3 S cm- z. 
A record of the current transient. Oscilloscope: Vertical sensitiv- 
ity 10nA/division, the time scale was changed at the indicated 
arrows from 2ms/division to 50ms/division and finally to 
I s/division. B Analysis of the data according to Eq.(19) of 
Awiszus and Stark (1988) using two different time scales. The solid 
lines were calculated from Eqs.(15) and (20) with t t = 4001xs, 
t 2 = 4.5s, D = 5.5 • 1 0 - 6  c l 'n2 /s  and fl* = 9.04.10-4cm 

was outlined in detail in part  I (Awiszus and Stark 
1988). 

In brief, the adsorption modifies the rate constants 
of the carrier t ransport  and, as a consequence, the 
membrane  conductance. The dynamics of adsorption 
is measured via a temperature- jump induced relax- 
ation of the electric current: As the temperature is 
increased, the interfacial concentration, N, of ad- 
sorbed molecules is decreased, leading to a smaller 
membrane  conductance. F rom the time course of the 
electric current, the effective parti t ion coefficient,/3*, 
may be obtained. The analysis was performed on the 
basis of Langmuir 's  adsorption isotherm, assuming a 
fixed surface density, N o ,  of binding sites and an 
aqueous concentration at half saturation of the sites, 
Ks  (Ks  = No/f l ,  fl = concentration independent parti- 
tion coefficient at low surface densities). The measure- 
ment  of fl* as a function of the bulk ligand concentra- 
tion, CB, allows one to estimate the model parameters  
fl, K s and ND. 
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Fig. 3 A and B. T-jump induced current relaxation observed in 
the presence of p-nitrophenol and nonactin using the Q-switch 
mode of the laser. Aqueous solutions: 1 M KC1, 10 mM acetate 
buffer (pH 4), 5 • 1 0  - 7  M nonactin and 10 3 M p-nitrophenol. 
Membrane area 5 • 10-3 cm 2, applied voltage 50 mV, membrane 
conductance 1.2 • 10 -1 S cm 2. A record of the current transient. 
Oscilloscope: Vertical sensitivity 5hA/division, time scale 
200gs/division. B Analysis of the data according to Eq. (19) of 
Awiszus and Stark (1988) using two different time scales. The 
solid lines were calculated from Eqs. (15) and (20) with t 1 = 
12gs, t 2 = 16ms, D = 6.9. J 0 - 6 c m Z / s  and fl* = 1.6.10-Scm. 
Using these values, F (tl) = 0.59 and F (t2) = 0.083 is obtained. 
The error bars indicate the measurement uncertainty 
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Fig. 4 A and B. T-jump induced current relaxation observed in 
the presence of p-nitrophenol and nonactin using the fixed Q- 
mode of the laser. Aqueous solutions: 1 M KC1, 10 mM acetate 
buffer (pH 4), 5 .10-  s M nonactin and 10- 3 M p-nitrophenol. 
Membrane area 0.02cm 2, applied voltage 50mV, membrane 
conductance 5 .10-3S cm -z. A record of the current transient. 
Oscilloscope: Vertical sensitivity 10nA/division, the time scale 
was changed at the indicated arrows from 2ms/division to 
200ms/division and finally to 500ms/division. B Analysis of 
the data according to Eq.(19) using two different time scales. 
The solid lines were calculated from Eqs.(15) and (20) with 
t l = 4 0 0 g s  , t 2 = l . 4 s  , D=6.9.10-6cm2/s  and f l*= l .5 .  
lO-'*cm 

Appl icat ion of  this procedure  represents a test of  
the validity of  Langmui r ' s  equa t ion  for the problem 
under  study. Both, the time course F( t )  of  the relax- 
a t ion and the dependence of  fi* on the concentra t ion,  
CB, should  agree with the relevant theoretical  equa- 
tions. Fo r  the herbicide 2,4-D good  correspondence  
between theory  and experiment  was achieved (cf. 
par t  I). Deviat ions  were found, however,  with phlore-  
tin and with mos t  of  the other  chemicals. 

At  small l igand concentra t ions ,  C~, the quant i ty  

F (t)exp = ( J  ( t )  - -  J ( t 2 ) ) / ( J  ( t l )  - -  J (t2)) 

( J ( t )  = electric current  density, t 1(t2) = min imum 
(maximum) time of  measurement)  was in g o o d  agree- 
ment  with the theory  (exception see below). At large 
l igand concentra t ions ,  however,  the da ta  could no t  be 

fitted by the theoretical  equations.  This is illustrated 
for phloret in in Fig. 2. While the discrepancy between 
theory  and experiment  is apparen t  at a phloret in con- 
centra t ion of 4 • 1 0 - s  M,  theory  provides a reasonable  
descript ion of  the data  at smaller concent ra t ions  (cf. 
Fig. 4 of  par t  I). Similar behaviour  was observed for 
2 ,4 ,6 -OH-PP and 2,4,6-OH-AP. Only  for 2 , 4 - O H - P P  
were theory  and experiment  in agreement  at all con-  
centrat ions studied (not shown). In  contrast ,  disagree- 
ment  over the whole concent ra t ion  range was found 
for 2 ,6-OH-AP,  para-  and meta-ni t rophenol .  This is 
shown for p -n i t rophenol  in Figs. 3 and 4. The relax- 
at ion p h e n o m e n a  are faster in this case so that  the 
Q-switch mode  of the laser was used in addi t ion to the 
fixed Q-mode  normal ly  applied. In  the Q-switch mode  
the pulse width of  the laser beam, and concomi tan t ly  
the rise time of  the T-jump,  is reduced to abou t  40 ns. 
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Fig. 5 A and B. The effective partition coefficient, fl*, as a function 
of the concentration, CB, in water. The data points are mean 
values of at least 5 different measurements, the bars represent the 
standard deviation. The solid (broken) lines were calculated ac- 
cording to Eqs. (3) and (11) of Awiszus and Stark (1988) (values 
for the broken lines in brackets). A 2,4-OH-PP: solid (broken) line 
fitted to all (the first three) data points, fl = 2.64.10 .4 (2.9 • 
1 0  - 4 )  c m ,  N D = 1.06- 1014 (8.13 • 1013)  cm -2. B 2,4,6-OH-PP: 
solid (broken) line fitted to seven (two) data points./~ = 7.9 • 10-4 
(12.7 • 10 -4) em, N o = 4.4.1013 (2.5 - 1013) c m  - 2  
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Fig. 6 A and B. The parameter A as a function of the bulk 
concentration, C B. The data were obtained from single mem- 
branes except for CB = 0 (mean value of 19 membranes). Eq. (31) 
in combination with Eq. (2) of Awiszus and Stark (1988) was 
fitted to the data. The following values of parameters were ob- 
tained (using Vo = 0, values for the broken line in brackets): 
A 2,4-OH-PP: z o = l . 3 . 1 0  -3 (2.9.10-3), b ( 1 - a ) = l . 6 .  
10 -15 (l.4.10-1S)Vcm z, B 2,4,6-OH-PP: z o = 6 . 1 0  -3 
(3.5 • 10- 3), b (1 - a) = 3.4-10-1 s (4.2.10-15) V cmz. The values 
of/3 and N D were taken as given in the legend to Fig. 5 

The time resolut ion of  the method,  limited by the 
detect ion system of the m e m b r a n e  current,  is abou t  
10gs in this case. The tempera ture  stability after a 
T- jump is, however,  reduced by about  two orders of  
magni tude  in time. This is the consequence of  the com-  
parat ively small diameter  of  the laser beam (about  
0.5 mm). While beam diameters of  abou t  6 - 1 0  m m  are 
used in the fixed Q-mode  (depending on the m e m b r a n e  
diameter), the diameter  had to be reduced in the Q- 
switch mode  in order  to avoid signal dis tor t ion due to 

the presence of  shock waves. To cover the whole time 
range of  the relaxation, a combina t ion  of  a Q-switch 
and a fixed Q-experiment was used (Figs. 3 and 4). 
While the theory  adequate ly  explained the fast par t  of  
the relaxation (up to the millisecond region), there are 
clear discrepancies at longer times. This was found at 
all concentra t ions  of  para-  and meta-ni t rophenol .  In  
the presence of  any of  the other  substances, bo th  kinds 
of  experiment  (fixed Q or  Q-switch) could be fitted with 
the same value of/7*. 
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Fig. 7 A and B. Zero voltage conductance, 20 , as a function of the 
bulk concentration, C B. The data were obtained from single 
membranes except for Cn = 0 (mean value of 25 membranes). 
The solid (broken) lines represent a fit of Eqs. (30) and (31) of 
Awiszus and Stark (1988) to the data using values z o and 
b (1 - a) from the analysis of the current-voltage characteristic (cf. 
legend to Fig.6). A 2,4-OH-PP: E = 1 . 1 0  -6 (8.5-t0-7)A 
cm -2, b = 2.10 -is (2.2.10-15)Vcm 2. B 2,4,6-OH-PP: E = 
1.2 • 10 - 6  (6,8 • 10 7 ) A c m - 2 ,  b = 7.1 • 10 -15 (8.5 • 1 0 - 1 5 ) V c m  2 

The theoretical analysis of F (t) is based on the 
Langmuir  isotherm. There may be several reasons for 
the discrepancies observed: 

The shape of the adsorption isotherm might differ 
from that proposed by Langmuir. In the simplest case 
more than one class of identical binding sites could 
exist. In addition, the Langmuir  isotherm neglects the 
interaction of adsorbed molecules. Such an interaction 
could give rise to a concentration-dependent contribu- 
tion, b, of adsorbed molecules to the dipole potential, 
VD. This may be imagined as follows: At small surface 

densities, N, the adsorbed molecules are independent. 
At high surface densities, the interaction between 
neighbouring molecules leads to a change of b; i.e., 
the angle of the dipole moment  with the membrane/  
water interface becomes concentration dependent. Fi- 
nally, the presence of impurities may become impor- 
tant at high aqueous concentration, CB. 

Thus far, there is no way to discriminate between 
the different effects on F (t). In view of the observed 
discrepancies further analysis was restricted to phlore- 
tin, 2,4,6-OH-AP, 2,4-OH-PP and to 2,4,6-OH-PP, 
i.e., to those substances where agreement between 
theory and experiment was observed at least within 
the low concentration range. For  2,4-OH-PP, where 
F (t) was found to fit at all applied concentrations, the 
same procedure was used as in the case of 2,4-D (cf. 
part I). For  the three other substances, theory and 
experiments were compared in the low concentration 
range only. For  2,4-OH-PP and for 2,4,6-OH-PP the 
results are presented in detail (see Figs. 5-8).  In the 
case of phloretin and 2,4,6-OH-AP, the analysis was 
performed in the same way as described below for 
2,4,6-OH-PP. Finally, the data for all four compounds 
is summarized in Table 1. 

For  2,4-OH-PP a reasonable fit of the data over 
the whole concentration range is obtained irrespective 
of whether the complete set of experimental data is 
used to determine the parameters of the applied mod- 
el, or whether only the data at low concentrations are 
used (Figs. 5 A, 6 A, 7 A and 8 A). This is in agreement 
with the good fit o f F  (t) observed at all concentrations. 
Thus, the applied model represents a satisfactory pic- 
ture of the experimental reality for this substance. 

For  2,4,6-OH-PP (as well as for 2,4,6-OH-AP and 
for phloretin) the fit in Figs. 5 - 8  was limited to the low 
concentration range, i.e., to the range of reliable values 
for the effective partition coefficient, fl*. At larger val- 
ues of CB, the data for fl* represent the best fit ob- 
tained for k* ~ Go (cf. Fig. 2). The fit was not improved 
at lower values of k*. Extrapolation of the curves, 
adapted to the low concentration range, to the range 
of large concentrations shows clear discrepancies, if 
compared with the data (cf. Figs. 5 B, 6 B, 7 B and 8 B). 
This underlines the conclusion already reached in the 
study of the concentration dependence of F (t): Addi- 
tional effects, not included in the model used seem to 
influence the adsorption behaviour of these sub- 
stances. 

Consequently, the data summarized in Table 1 
refer to the low concentration range. There, deviations 
from the ideal Langmuir behaviour can obviously be 
neglected. As far as the high concentration range is 
concerned (e.g., the maximum number ND of adsorp- 
tion sites) the values represent extrapolations, which 
differ in a unpredictable way from the true values. 
Only for 2 ,4-OH-PP do the data reliably reflect the 
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Fig. 8 A and B. The reduced relaxation amplitude I AJ/JI/A Tas 
a function of the bulk concentration, CB. The solid (broken) line 
was calculated according to Eq. (32) of Awiszus and Stark (1988) 
using values for the parameters given in Table 1. The only free 
parameter is Aft~AT. A 2,4-OH-PP: Aft~AT=2.10 -s (2.9. 
10-5)cm/K; B 2,4,6-OH-PP: Aft/AT= 5.1-10 -5 (9.1.10 -5 ) 
cm/K 

experimental behaviour over the complete concentra- 
tion range. 

In spite of their limited reliability, the data in vari- 
ous respects extend our knowledge on the interracial 
adsorption of the substances studied. To date only the 
aqueous concentration at half saturation of the bind- 
ing sites, KnA, as well as the maximum change, V~ ax, 
of the interfacial dipole potential has been known. Our 
data agree with those of Reyes et al. (1983), obtained 
for phosphatidylethanolamine bilayers, within a factor 
of 2. Verkman and Solomon (1980) studied the kinetics 
of adsorption of phloretin to unilamellar lipid vesicles 
using a conventional T-jump technique developed 
for homogeneous solutions. A dissociation constant, 
KHA, of 8 #M and a lipid/site ratio of 4 was obtained. 
The last value corresponds to a maximum density of 
sites, ND, of about 4.10~3cm -2, in approximate 
agreement with our data for planar bilayers. The au- 
thors were also able to measure the rate constant of 
desorption (knA = 2900 s-a). This is the consequence 
of the three-dimensional (spherical) diffusion problem, 
which allows the determination of larger values as 
compared to the one-dimensional problem encoun- 
tered at planar membranes. In the latter case unstirred 
layer diffusion permitted us to determine only the low- 
er limit for kna (kna > 1 s-~ for phloretin). 

The main advantage of the planar membrane sys- 
tem is the combination of kinetic and electric measure- 
ments. As a consequence, the contribution, b, of a sin- 
gle adsorbed molecule to the dipole potential was 
obtained, b depends on the dipole moment, #, perpen- 
dicular to the membrane interface through adsorption 
of a single ligand molecule and on the dielectric con- 
stant, e, within the adsorption layer (b = #/e %). # in- 
cludes contributions from the dipole moment, #L, of 
the ligand molecule as well as changes of the dipolar 
structure of the membrane/water interface which are 
induced through ligand adsorption. The effect of the 
latter (including contributions of oriented water 
molecules) cannot be neglected. This is apparent from 

Table 1. Model parameters for the adsorption of phloretin and analogous substances to the membrane/water interface of dioleoyl- 
lecithin membranes (for a definition of the symbols see Awiszus and Stark 1988). The number in brackets refer to the broken lines in 
Figs. 5 -8  

2,4,6-OH-AP 2,4-OH-PP 2,4,6-OH-PP Phloretin 

104flna/cm 5.4 2.6 (2.9) 7.9 (12.7) 45 
10-1aND/cm-2 4 10.6 (8.1) 4.4 (2.5) 2.2 
IOaKnA/M 1.2 6.7 (4.7) 0.9 (0.3) 0.08 
1015b/Vcm 2 3.9 2 (2.2) 7.1 (8.5) 12.7 
btL/Debye ~ 5.5 3.7 5.5 5.6 
a 0.3 0.2 (0.36) 0.5 (0.5) 0.6 
AHo(fl)/kJmo1-1 --84 - 5 5  (--74) --47 (--53) - 4 0  
106 D/cm 2 s-  1 b 6.2 6.5 6.1 5.5 

a taken from Andersen et al. (1976) and Reyes et al. (1983) 
b estimated from experimental values of similar substance using Stoke's law. The data are necessary for the calculation of r ,  (cf. Eqs. (9) 
and (10) of part I) 
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Table 2. Comparison between the partition coefficients of octanol/water (7o/w) and of the membrane/water interface of dioleoyllecithin 
membranes (Tin/w) 

2,4,6-OH-AP 2,4-OH-PP 2,4,6-OH-PP Phloretin 2,4-D 

a 7~/w b 2160 1040 3160 18 000 1880 
7o/w 1.2 12.6 4.2 - 646 

a calculated from Table 1 (Tin/w) = 2 fina/d, d = membrane thickness (50 ,~)) 
b according to Cousin and Motais (1978) and Hansch and Leo (1979) 

a comparison of b and ~A L (Table 1). While #L is largely 
identical for three of the four substance, b shows large 
differences. The data for #L represent weighted aver- 
ages of the squares of the dipole moments of all molec- 
ular conformations. Thus, the differences in the behav- 
iour of b as compared to #L might also be due to 
special conformations at the interface as well as to a 
different angle between #L and the membrane interface 
for the individual substances. In conclusion, the effect 
of ligand adsorption on the dipole potential cannot be 
predicted from the dipole moment measured in bulk 
solutions. 

A similar conclusion holds for the partition coeffi- 
cient (at low surface densities). Since the classical stud- 
ies of Collander and B/irlund (1933), the partition coef- 
ficient of neutral substances between membrane and 
water is usually estimated via the oil/water partition 
coefficient (recently reviewed by Lieb and Stein 1986). 
There seems to be general agreement about a positive 
correlation between the two kinds of partition coeffi- 
cients, if the average of many experimental values is 
considered. A comparison of the partition coefficients 
for individual substances may, however, show enor- 
mous differences. This is illustrated in Table 2. The 
dimensionless partition coefficient 7m/w (calculated 
from finA) is compared with the octanol/water coeffi- 
cient 7o/w- The values for the latter were either deter- 
mined experimentally (Hansch and Leo 1979) or were 
calculated from experimental values of similar sub- 
stances assuming well established values for substitu- 
ents, such as OH-groups (Cousin and Motais 1978). 
While the values for 2,4-D agree within a factor of 
three, differences of more than three orders of magni- 
tude are obtained in the case of 2,4,6-OH-AP. Differ- 
ences are observed in the effect of an OH-substituent, 
too. Vo/w is larger for 2,4-OH-PP as compared to 
2,4,6-OH-PP, i.e. the addition of an OH-group favours 
the concentration in water as compared to octanol. 
The opposite behaviour is found for 7m/w" 

The clear discrepancies obtained for the two parti- 
tion coefficients may be interpreted as follows. In addi- 
tion to the fundamental structural differences between 
a membrane/water-interface and a bulk phase, such as 
octanol, 7m/w is influenced through the electrostatic 
interaction between the dipole moment of the ad- 

sorbed ligand and the intrinsic dipole potential of the 
membrane/water-interface. The latter is of the order 
100-300 mV (positive towards the membrane interi- 
or) depending on the kind of lipid. It is responsible for 
the enhanced membrane permeability of negatively 
charged hydrophobic ions as compared to positively 
charged ions (Liberman and Topaly 1969; Szabo 1976; 
Pickar and Benz 1978; Flewelling and Hubbell 1986). 
The existence of dipole interactions at the membrane/ 
water interface complicates the interpretation of parti- 
tion coefficients considerably. This is evident from the 
above mentioned difference between 2,4-OH-PP and 
2,4,6-OH-PP. Contrary to the prediction from bulk 
phase data, the addition of a hydrophilic OH-group 
gives rise to a threefold increase of the partition coeffi- 
cient 7m/w. This is an effect of the considerably larger 
value of the contribution, b, to the dipole potential for 
2,4,6-OH-PP (see Table 1). Thus the negative energetic 
effect which is due to the presence of the additional 
OH-group, is more than compensated for by a positive 
electrostatic contribution, which is due to a modified 
dipole moment of the molecule. 

In view of the structural and energetic differences 
between the membrane/water system on the one hand 
and a bulk phase equilibrium on the other hand, there 
is no reliable a priori prediction of membrane/water 
partition coefficients from bulk phase data so far. The 
development of a theoretical framework for the calcu- 
lation of permeability data of hydrophobic com- 
pounds in biological membranes requires an extensive 
base of experimental data from lipid membranes. 
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