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The binding of basic amino acids to the surface of a zwitter-
ionic phospholipid monolayer at the water—1,2-dichloroethane
interface was demonstrated by voltammetry for the ion transfer
at the liquid-liquid interface, in which the phospholipids transfer
from the aqueous side of the interface to the bulk of 1,2-dichloro-
ethane as the positively charged complex with the basic amino
acid.

Most antimicrobial and fusion peptides are known to have
the common feature of a net cationic charge due to the presence
of arginine and lysine, Arg and Lys, residues.' These cationic
peptides bind to biomembranes and disrupt the membrane
structure.'™ Their high affinity for membranes has been mainly
explained by the electrostatic interaction of the positive charge
of the peptide to anionic phospholipids.0-" These cationic
peptides also have an affinity for zwitterionic phospholipid
membranes composed of phosphatidylcholine.®!® Many works
have explained the affinity for the zwitterionic phospholipid
membrane by the amphipathic secondary structure of the cation-
ic peptide.>®!%1* In a previous work, we reported that a hydro-
philic head group of a phosphatidylcholine forms a complex
with mono-, di-, or trialkylammonium cations and not with
anions such as carboxylate.'> These results suggest that the
amino group in the basic amino acid residue binds to the hydro-
philic head group of a zwitterionic phospholipid membrane even
if the cationic peptide has a nonamphipathic secondary structure.
However, the complex formation of basic amino acids with zwit-
terionic phospholipids has been scarcely reported in the previous
work.'® In this paper, we demonstrate the affinity of basic amino
acids to the surface of a phosphatidylcholine monolayer adsorb-
ed at an aqueous—1,2-dichloroethane, W-DCE, interface on the
basis of the voltammetry for the ion transfer at the liquid-liquid
interface.

The basic amino acids employed in the study are Lys and a
dipeptide of Lys, Lys—Lys, both of which have positive charges
(14 for Lys, 24 for Lys—Lys) in the W of neutral pH solutions.
L-o¢-Phosphatidylcholine dioleoyl, PC, was used as a lipid. Since
PC is a zwitterion in a W of neutral pH, the PC monolayer
formed at a W-DCE interface is not influenced by applying an
interfacial potential, E, across the interface. If the basic amino
acid in W binds to the hydrophilic head group of the PC mono-
layer at an aqueous side of the interface, the positively charged
PC complex will form at the interface and transfer from the
aqueous site of the interface to the bulk phase of DCE by apply-
ing E across the interface. Therefore, the current for the transfer
of the positively charged PC complex would appear as a positive
current related to an adsorbed species in the voltammogram. A
W-DCE interface with the phospholipid monolayer was formed
in an electrochemical cell (35 mm diameter) with two reference

electrodes (a Ag/AgCl electrode in W and a tetraphenylarsoni-
um ion-selective electrode, TPhASE, in DCE) and two counter
electrodes (Pt wire in W and Pt net in DCE), as reported in a
previous paper.'””> The measurement of the interfacial tension,
Y, was carried out using the same electrochemical cell by the
Wilhelmy vertical plate technique.'>!” The phospholipid mono-
layer was made by setting W of Lys*Cl~ or Lys—Lys**Cl~, on
DCE containing PC and by holding E at 0.3 V until the adsorp-
tion equilibrium of PC was achieved'> (ca. 20 min with stirring
DCE). The applied E was the potential of W referred to that
of DCE. The pH of W was adjusted to 7.0 by titration of HCI.
Bis(triphenylphosphoranylidene)ammonium tetrakis[3,5-bis(tri-
fluoromethyl)phenyl]borate, BTPPATTFPB~, was added to
DCE as a supporting electrolyte.

Figure 1 shows voltammograms for the ion transfer at the
W-DCE interface obtained by the potential scan from the initial
potential of 0.3 V. The positive currents at 0.7 and 0.9V in the
absence of PC was confirmed to be due to the transfers of
Lys—Lys** and Lys™, respectively, from W to DCE. In the pres-
ence of the phospholipid monolayer, a positive current of about
100 mA appeared at a lower potential than the positive limit in
the cases of both Lys™ and Lys—Lys>*. The positive current cor-
rected by taking off the background current without PC, A/, is
indicated in Figure 2. Here, the Al values are those obtained
by the potential scan from 0.4 V to the positive limits of the po-
tential windows. From the definition of the current, a positive
current in the voltammogram means a cation transfer from W
to DCE or an anion transfer from DCE to W. Since the potential
range for an appearance of the positive current depended on the
species of the basic amino acid, we considered that Al was
caused by the transfer of the positively charged PC complex with
the basic amino acid from the aqueous side of the W-—DCE inter-
face to the bulk of DCE. The experimental evidences supporting
our hypothesis are as follows. (1) Al is observed only for an ion
having an affinity to PC. In our previous work, the tetramethyl-
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Figure 1. Cyclic voltammograms of (a) 0.01 M Lys™CI~ and
(b) 0.01 M LyS—Lysz+Cl_2 in W and 0.01M BTPPA*TFPB~
in the absence (----) and presence (—) of 2 x 107°*M PC in
DCE: scan rate, 200mVs~!.
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Figure 2. Dependence of Al on the scan rate, v, in the presence
of 0.01M Lys*CI~ (—, O) and Lys-Lys>*Cl™, (---, @) in W
and 0.01 M BTPPATTFPB~ and 2 x 107°M PC in DCE.
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Figure 3. The potential dependences of the interfacial tension
of 0.01M Lys*Cl~ (A, O) and Lys-Lys>*Cl~, (A, @) in W
and 0.01M BTPPATTFPB~ in DCE in the presence (O, ®)
and absence (A, A) of 2 x 107°M PC in DCE.

ammonium cation and anions such as carboxylate had little
affinity to PC while mono-, di-, and trimethylammonium cations
formed PC complexes.' Using a tetramethylammonium cation
instead of Lys* or Lys-Lys?*, AI did not appear in the voltam-
mogram. (2) Al is attributed to the charge-transfer process relat-
ed to the adsorbed species at the W-DCE interface. The Al
showed the linear dependence on the scan rate as shown in
Figure 2. The peak current of Al, Al,x, was proportional to
the scan rate in the case of both Lys* and Lys-Lys**. (3) The
PC desorption from the interface occurred in the potential range
for the appearance of A/ in the voltammograms. As seen in
Figure 3, the presence of PC reduced y in the potential range
from 0 to 0.4V (Lys-Lys*") or 0.5V (Lys™). In this potential
range, PC adsorption occurred. When E was changed to a poten-
tial more positive than about 0.4V, an increase in Yy was
observed. In this potential range, PC desorption from the W—
DCE interface occurred.'> Compairing Figure 3 with Figure 2,
good agreement exists between the potential range for the PC
desorption and that for the appearance of AI[. This result
indicates that A/ is accompanied by the PC desorption. (4) Al
was dependent on the concentration of the adsorbed PC at the
W-DCE interface and independent of the PC concentration in
the bulk phase of DCE. The PC adsorption at the W-DCE inter-
face is saturated in the PC concentration range from 107° to
107> M, since y decreased linearly with an increase of the loga-
rithmic concentration of PC, log Cpc, in DCE. From the slope
analysis of the ¥ vs log Cpc plot, the surface excess concentra-
tion of PC was calculated to be 1.96 wumol m~2, which indicates
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the PC monolayer formation.!> When the bulk concentration of
PC in DCE was changed within the range from 2 x 107° to
10> M, the Al showed little dependence on the bulk concen-
tration of PC: 149mA for 2 x 10°°M PC, 199 mA for 5 x
10~°M PC, and 203 mA for 1075 M PC in the case of Lys™.
Therefore, Al is caused mainly by the PC adsorbed at the inter-
face rather than by the PC in the bulk DCE. Experimental results
of (1)—=(4) support the conclusion that Lys™ and Lys—Lys>* form
positively charged complexes with the adsorbed PC at the inter-
face; the transfer of the positively charged PC complex from the
aqueous side of the W-DCE interface to the bulk phase of DCE
was observed as Al in the voltammogram. That is to say, Lys*
and Lys—Lys”>* have an affinity to the hydrophilic head group of
the PC monolayer because of the complex formation.

In the present work, the affinity of Lys* and Lys—Lys>* to
the PC membrane surface was demonstrated despite the fact that
these basic amino acids have no amphipathic secondary struc-
ture. This result suggests that the basic amino acid residue has
an intrinsic binding ability to the PC membrane surface. The
complex formation of an amino group with the PC membrane
surface has been considered to be negligible because of lower in-
teraction levels than other metal cations.!® However, the affinity
of the amino group to the PC membrane surface would become
significant in the case of a cationic polypeptide, which has a net
cationic charge. The present result provides an alternative con-
cept, not only for the effect of antimicrobial and fusion peptides
on biomembrane structures, but also for membrane protein
localization on the membrane surface.
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