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Evaluation of the Associate Constant of a Phospholipid — Ca** Complex Using
a Phospholipid Monolayer Adsorbed at an Aqueous | 1,2-dichloroethane Interface
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The complex formation of Ca®* with a phosphatidylcholine adsorbed at the interface between water and 1,2-
dichloroethane, WIDCE, was evaluated to elucidate the adsorption of ions on biomembrane surfaces. An electro-
chemical method combined with interfacial tension measurement was adopted for evaluation of the complex
formation of the phospholipid and the ion. The association constant for the complex formation of Ca** with the
lipid was three orders of magnitude higher than those of monovalent cations with the lipid. The present result
suggests that the strong complex formation of highly hydrophilic metal cations with a lipid membrane results in a

higher affinity to biomembrane surfaces.

1. Introduction

The evaluation for binding of an ion to a phospholipid
membrane surface is very important in understanding the
adsorption behavior of an ion on a biomembrane surface or a
bacterial surface. The binding of an ion to a bilayer lipid
membrane, BLM, has been investigated by NMR measure-
ment, IR spectroscopy, electrophoresis, the ion-selective elec-
trode method, the monolayer-radiotracer technique, neutron
diffraction and so on." Results obtained by these techniques
reflect not only the complex formation of an ion with the polar
head group of a phospholipid but also the hydrophobic interac-
tion caused by breaking the water structure. For example, the
binding strength of anion with a BLM corresponded to the
hydrophobicity of the anions;' e.g. tetraphenylborate > Cl1O,” >
I">SCN™ >NO; > Br >Cl > S0,

An electrochemical method combined with interfacial
tension measurement has been proposed to evaluate the
complex formation of a phospholipid with an ion.** In the
measurement, the associate constant of a phospholipid with an
ion is estimated from the interfacial potential for desorption of
the phospholipid monolayer at the aqueous|organic interface
created by the transfer of the ion associated with the phospho-
lipid. The electrochemical method has the advantage of
avoiding the effect of the hydrophobic interaction.” We have
estimated the association constants of a phospholipid with
various monovalent cations.’

In the present work, we attempted to apply the method to
evaluate the complex formation of a phospholipid with a more
hydrophilic cation such as Ca*.

2. Experimental

Chemicals. The phospholipid employed was L-a-phos-
phatidylcholine dioleoyl, PC, of analytical grade (SIGMA, Lot
No. 32k5202). Bis(triphenylphosphoranylidene)ammonium
tetrakis [3,5-bis(trifluoromethyl)phenyl] borate, BTPPA*TFPB",
was obtained as a precipitate by mixing a methanol solution of
BTPPA*CI™ with a methanol solution of Na*TFPB~, and the
precipitate was purified by recrystallization based on the
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temperature dependence of the solubility of the salt in ethanol.
Na*TFPB~ was synthesized according to the procedure described
previously.** Tetraphenylarsonium sulfate, (TPhAs*),SO,*",
was prepared by the titration of TPhAs*Cl™ (Aldrich) with
Ag,SO, in an aqueous solution.® The salt of tetraphenylborate
with TPhAs*, TPhAs*TPhB~, was prepared according to the
method of previous studies.® The 1,2-dichloroethane, DCE, was
purified according to the method described in the literature’
and then saturated with distilled water.

All other chemicals used were of reagent grade quality.

Measurement of the interfacial tension at a polarized
WIDCE interface. The interfacial tension, y, at the polarized
WIDCE interface was measured by the Wilhelmy vertical plate
technique® applying the potential difference, E, at the WIDCE
interface.” Figure 1 shows the cell used for the measurement of
y. The WIDCE interface was formed in a glass beaker (35 mm
diameter). A glass plate (width / = 23.85 + 0.05 mm, thickness
d=0.3 £0.01 mm, Kyowa Interface Science Co., Ltd.) silanized

Electrobalance

Figure 1. Cell for the measurement of interfacial tension at a polar-
ized WIDCE interface: (1) Aqueous phase, (2) DCE phase, (3) a Pt
wire used as a counter electrode in W, (4) an AglAgCl electrode used
as a reference electrode in W, (5) TPhASE used as a reference elec-
trode in DCE, (6) a Pt net used as a counter electrode in DCE, (7) a
silanized glass plate (From Ref. 3)
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with dimethyldichlorosilane was placed on the WIDCE interface,
and connected to an electrobalance.

The y value was estimated from the detaching force of the
glass plate from the WIDCE interface:

y= AW/(21 + 2d), (1)

where AW is the weight difference between the glass plate in
contact with the interface and the same plate detached from the
interface.

Ca** was added to W as a chloride salt. The pH of W was not
controlled by a buffer and was confirmed to be in the range 6-7.
0.01 M (M = mol dm™) BTPPA*TFPB", which is a supporting
electrolyte, was added with PC to the DCE.

The interfacial potential difference between the W and DCE,
E, was applied as the potential of W with reference to DCE
using two reference electrodes of an AglAgCl electrode in W
and a tetraphenylarsonium ion-selective electrode, TPhASE, in
DCE, and two counter electrodes of a Pt wire in W and a Pt net
in DCE. The configuration of TPhASE is given by eq 2.

Ag|AgCl[0AM | 5x10*M 10° M
|
LiCl | (TPhAs"),SO,> | TPhAs'TPhB~  (2)
|
(W) | (W) (DCE)

In the presence of PC, the E was held at 0.2 V until the
decrease in y stopped before starting the potential sweep. The
adsorption equilibrium of PC was achieved at 0.2 V, where
strong adsorption of PC was observed.” The potential depen-
dence of y was measured by changing E from a negative to a
positive potential.

E was related to the Galvani potential difference at the
WIDCE interface, A, as,

E=A¢p+E,., 3)

where E,; is the potential of the reference electrodes employed.
The E,¢ of TPhASE was 0.350 V with reference to the standard
potential® where the Gibbs free energy for the transfer of an
ion from W to DCE, AG,, is recognized to be zero based on
Parker’s extrathermodynamic assumption.” Using eq 3, exper-
imental data for £ was converted to A¢ and is shown as thus
hereafter.

Voltammetry for the Ca’* transfer at a micro WIDCE inter-
face. The Ca* transfer at the WIDCE interface was measured
as a voltammogram by scanning E applied at a micro WIDCE
interface and measuring the current for the ion transfer.'® !
The cell consisted of W and DCE separated by a polyester film
16 um thick with a micro hole 50 um in diameter.'" The
WIDCE interface was formed at the micro hole. The supporting
electrolyte added to DCE was BTPPA*TFPB™.

All electrochemical measurements were carried out at 25 +
0.5°C.

Apparatus. The potentiostat/galvanostat for voltammetry
at the micro WIDCE interfaces and that for the y measurement
were Model HECS-318 (Huso Electro Chemical System) and
Model HA 1010MIS (Hokuto Denko Co.), respectively. The
function generator and X-Y recorder used were Model HB-111
(Hokuto Denko Co.) and Type 3086 (Yokogawa Electric
Works, Ltd.), respectively. The electrobalance and the elec-
trobalance lift were HD-60 (A&D Company, Ltd. ) and SYLB-
7K (Sanyu Tech., Ltd.).

3. Results and Discussion

Adsorption of a PC monolayer at the WIDCE interface.
Figure 2 shows the y value at the WIDCE interface measured
as a function of A¢. In the absence of PC in DCE, the potential
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dependence of y showed the ideal electrocapillary curve of a
quadratic function, which indicates the formation of an elec-
trical double layer near the interface. Therefore, E was applied
exactly at the WIDCE interface. When PC was added to DCE,
the y value decreased to approximately 7 mN m™" at a A¢ of
—0.15 V, and remained constant at A¢ values between —0.3 and
0.05 V. In this potential range, the difference in y between the
presence and absence of PC was significant. When the A¢ was
shifted to more a positive potential than 0.05 V, the y value
increased steeply, and the difference in y between the presence
and absence of PC became insignificant. These results indi-
cate that the adsorbed PC was released from the interface at a
more positive potential than 0.05 V as described in the litera-
ture.>*'*'" The threshold of A¢ for lipid desorption, 0.05 V, is
defined as A¢ueson, hereafter.

Figure 3 shows a plot of y at -0.15 V as a function of the
bulk concentration of PC in DCE. When the concentration of
PC was in the range between 2 x 10™° and 2 x 107 M, y
decreased at the constant rate of 14 mN m™' with the concen-
tration of PC, indicating that the adsorption of PC at the WIDCE
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Figure 2. The potential dependence of the interfacial tension in the
presence (@) or absence (*) of 10~ M PC at the interface between
DCE containing 0.01 M BTPPA*TFPB™ and W containing 0.1 M
CaCl,.
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Figure 3. The interfacial tension at —0.15 V as a function of the loga-
rithmic concentration of PC, log Cpc, in DCE.
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interface was saturated. The surface excess concentration rela-
tive to both solvents, Iy, was calculated to be 2.45 pmol m™
based on the slope, and was consistent with the reported value of
2.31 umol m™ for a phospholipid monolayer in the presence of
NaCl in W.> The y decreased at lower rate when the concen-
tration of PC was higher than 5 x 10~ M, indicating that PC
was present the critical aggregation concentration.

Voltammograms for the transfer of Ca® facilitated by a PC
at the WIDCE interface. Previous studies have suggested
that the desorption of PC at A¢ >A@yesor, 1s caused by the
complex formation of a cation with PC followed by transfer
across the interface.” *'*'® In order to confirm the complex
formation of Ca** with PC, voltammograms for the transfer of
Ca®* were measured at the micro WIDCE interface.

Figure 4 shows voltammograms for the transfer of Ca’* in
the presence of PC in DCE. In the absence of PC in DCE, the
Ca** transfer from W to DCE was observed as the positive
current at 0.45 V in the voltammogram (line 1). When PC was
added to the DCE, a new positive current appeared in the
voltammograms at negative potentials greater than 0.45 V (line
2-5). The new positive current increased with the increase of
the concentration of PC in DCE and shifted by about —0.060 V
for a tenfold increase in the Ca®* concentration. Considering the
previous study of ion transfer facilitated by a neutral ligand,"
the new positive current is found to be due to the Ca** transfer
facilitated by the addition of PC to DCE. The facilitation of the
Ca® transfer by the addition of PC results from the complex
formation of PC with Ca*.

The potential range allowing the Ca® transfer facilitated by
PC was greater than 0.05 V. The potential range agreed with
that observable for desorption of the PC monolayer from the
interface, Ag > 0.05 V (A@yeson), as shown in Figure 2. Therefore,
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Figure 4. Voltammograms measured at micro interfaces between W
containing 0.1 M CaCl, and DCE containing 0.01 M BTPPA*TFPB~
and (1) 0, (2) 107, (3) 2 x 107, (4) 5 x 107, and (5) 10 M PC. Scan
rate was 1 mV s

A(p < A(Ddesorb A(D > A(pdesorb

Figure 5. Potential dependence of the PC adsorption at the WIDCE
interface.
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the Ca** transfer facilitated by the complex formation with PC
causes desorption of the PC monolayer at A¢ > A@yesor,. The
process of the adsorption-desorption behavior of PC in Figure
2 is illustrated in Figure 5.

An association constant of Ca** with a PC monolayer
adsorbed at the WIDCE interface. The adsorption-desorp-
tion behavior of PC follows from transfer of the complex of PC
with a hydrophilic cation, M”. The behavior can be expressed
as eq 42318

PC o) =5 PCy) + M == MPC? g, <= MPC?,, 4)

Here, the subscripts (O) and (ads) denote the species in the
bulk organic phase and the adsorbed species at the interface,
respectively. Samec et al. proposed a theory for the potential
dependence of y by assuming the reaction in eq 4 and using
two Frumkin isotherms for adsorption of PC and MPC“” The
theory suggests that the onset of the increase in interfacial
tension such as A@geson 1S determined mainly by the transfer
potential for M?, A¢y", the bulk concentration of hydrophilic
salts, MX, in W, C%x, and the association constant in O, K, =
CMPC(O)/ CPC(O)CM(O)~

Aduesors = AP°w = (RT/ZF) In (Koo COvixDyivc *Dec™ ), (5)

where D is the diffusion coefficient.

The K, value was evaluated from Ay in Figure 2. By
using eq 3, the log K, of Ca®* with PC was calculated to be
19.3 mol™' dm®. In calculation, the following points were
assumed: the lipid/ion stoichiometry of the complex was 1:1,
and D of CaPC?** was equal to that of PC. The value of A¢° for
Ca®* was estimated to be 0.59 V based on A¢” for Mg*,” the
potential difference between the positive current for the
transfer of Ca** and that for the transfer of Mg**in the voltam-
mogram recorded in the absence of PC.

Figure 6 shows the K, of PC with cations estimated from
A@yesor,- The values of K, for monovalent cations other than
Ca’* are the values reported in our previous work® which was
estimated according to a procedure similar to the present work
The log K, of PC with Ca?* was higher by 3 times than those
of PC with monovalent cations. It has been reported that the
association of BLM with a metal cation is stronger with the
increase of the surface charge density of the metal cation." The
complex formation between cations and the PC monolayer
adsorbed at the interface demonstrates a trend similar to that
reported in the study of BLM.
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Figure 6. The association constants, K,, of PC with the cations in
DCE evaluated from the onset of the increase in the potential depen-
dence of ¥, Adgesorr- The K, of cations other than Ca** were calculated
in Reference 3. Arg" indicates the arginine cation. The value of K
for (CH;3),N* was too small to determine.
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4. Conclusion

An associate constant for the complex formation of a phos-
pholipid with Ca® was evaluated from the interfacial potential
for desorption of the phospholipid monolayer from the W|DCE
interface. Based on this method, the log K, of Ca** with PC
was calculated to be 19.3 mol™ dm®: higher by 3 times than
those of PC with monovalent cations. The affinity of the PC
monolayer adsorbed at the W|DCE interface to a metal cation
is almost similar to that of BLM. Therefore, localization of
metal cations on the BLM surface may be responsible for the
complex formation of the cation with PC.
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