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Acid—base equilibria at interface separating electrolyte solution
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Abstract

The dependence of the interfacial tension of a lipid membrane formed from phosphatidylcholine on the pH of the
aqueous solution has been studied. The model describingthe H and OH ions adsorption in the bilayer lipid surface
has been presented in this work. We take suitable equations to describe the dependence of interfacial tension of a
lipid bilayer membrane on H and OH ion concentrations. A theoretical equation is derived to describe this
dependence in the whole pH range.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction ture of a model membrane should be well known
but, on the other hand, they should effectively
Biological membranes are organised, layered reproduce properties of a living cell membrane. In
macromolecular systems. They are mainly com- most cases, either flat lipid bilayers spread in a
posed of lipids and proteins and they carry out Teflon diaphragm orifice or bubblefiposomes
functions necessary for life. They confer individ- are used1,?].
uality to a cell by separating it from its environ- An important property of a cell membrane is its
ment and their structure is complex. Experiments interfacial tension which determines rigidity of the
are carried out with simple models for a better membrane and, therefore, its stability. A cell
understanding of properties of natural membranes; membrane is a very complex system; it contains
synthetic phospholipid membranes, also called yarious components influencing its interfacial ten-
equivalent or model membranes, are used to this sion, |nterfacial tension is affected by some factors,
aim. The equivalent membranes are prepared ing g py pH of the medium or by the presence of

such a way that they model some properties of g,pstances able to form hydrophilic pores in the
biological membranes. The composition and struc- .o mbrane. For this reason, a study of the effect
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a better understanding of cell membrane function, aay+as-=s (5)
equilibria and processes which can occur in it.
Phosphatidylcholine(PC) is a known lipid,
often used in measurements. Its molecule is a It was assumed in the pap¢8] that surface
zwitterion; it takes part in equilibria with both excess of the H and OH ions is equal to their
H* and OH ions. Adsorption of the H and surface concentration. This assumption is common
OH~ ions at the PC bilayer surface was described in describing adsorption phenomef&6] but it is
in the paper[3,4], in which the effect of pH on  correct in the case only where the adsorption is
interfacial tension of the PC membrane has been strong and the concentration of the adsorbed ion
described in terms of the Gibbs isotherm. Maximal in the solution is low. In the present case, the
interfacial tension value was 3.53 nih at pH surface excess definition resulting from deduction
equal to 4.15. However, the dependence presentedof the Gibbs equation[7] should be strictly
there is correct in a narrow pH range only, i.e. respected.
near to the isoelectric point of the membrane. For  The equations describing surface excess of the
this reason, in this work it has been attempted to H* and OH  ions in terms of the definition
describe adsorption of the™ and OH ions at resulting from the Gibbs equation can be presented
the PC bilayer in the whole pH range. It should in the form:
explain the effect of pH of electrolyte solution on

interfacial tension of a membrane formed of PC. 1 or~ ~@sorn™Vn+dardon-
—Von-asordon- (7)

aBOH+aB+=S (6)

2. Theory

Iy+ =apn—Viu+aanan+ —Von-aeondn+ (8)

The effect of pH on interfacial tension of lipid Vy+[m°]-H* ion volume in the adsorption layer;
membranes formed of phosphatidylcholine has Vou-[Mm®-OH™ ion volume in the adsorption

been studied. layer.

The H" and OH ions are adsorbed at phos- The Gibbs equation assumes the form:
pholipid surface. _ =

Thus, adsorption equilibria can be presented in dy=— Y. Tidu, ©)
the form: If the H* and OH ions are adsorbed, then the
A~ +H" < AH (1 above equation assumes the form:
B+ +OH_ A BOH (2) d'Y: - FH+d|.IH+ - FOH*dP“_OH’ (10)

The lipid is present in the membrane only. Substitution for Eqs(7) and (8) to the Gibbs
Therefore, its concentration can be defined as its equation yields:
amount related to volume of solution or to
. daon-
membrane surface area. These concentrations and/y= — RTagoy +RTV y+aandaon-

hydrogen and hydroxyl ion concentration by vol- doH-
ume yield acid—base stability constants according _ day+
to Egs.(3) and (4): +RTVon-agordaon— RTa ax s
+RTV -+ a da +
__ apan H+dAHAAH
Ka= €) +RTV opr-asorda (11)
a Then Eqgs(3) and(4) and Eqgs(5) and(6) are
BOH . . .
Kg=—"""— 4 used to determinezny and agon resulting in
ag+*doH- . )
equations:
Denoting surface concentration of the lipid by
s, the following equations can be written in terms _Kasan- (12)

of acid—base equilibriuniEq. (1)or Eq. (2)]: 1+ Kaan+



A.D. Petelska, Z.A. Figaszewski / Biophy.

KBsaOH*
Egs.(12) and (13) are substituted for Eq.11)
andaa,y andagoy are eliminated; the equation can

then be integrated for the conditiong=yma.
ay+ =apandacy- =ady* yielding the equation:

=daonH-
AJ

Veau-—
1+&
Kg

1+KBaOH*
1+KBan01ﬁ)(—
apy+

(13

apoH™=

Vi
y='ymax—sRT(l + VKWK
Ka
1+KA61H+

XIn
1+KAaﬂ§X

—sRT[

- VOHKwKBJIn

apy+
don-

max
OH~—

+ SRTVH+(aH+ - aﬂ?x)
+SRTVOH—(CZOH— - agﬁx—)

_SRTVOH—KBIn

(14
3. Experimental
3.1. Methods

The interfacial tensiony, of lipid bilayer was
determined by measuring curvature radigs,of
the convex surface formed by applying a pressure
difference,Ap, on its sides. The method used was
based on the Young's and Laplace’s equatigh

2y=RAp
3.2. Measurements

The apparatus and the measurement method
were described in the pap€s,4,9,10.

The lipid membranes were formed by the Muell-
er—Rudin method[11]. They were formed in a
Teflon diaphragm of 1.5 mm outer diameter con-
taining an orifice along its axis. Some electrolyte
solution was present on both sides of the orifice.

The convexity of the lipid membrane cap was
measured with 0.05 mm precision instrument read-
ing. This value together with the Teflon element
diameter corresponding to the lipid cap diameter
yielded the radius of curvature.
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The interfacial tension was measured on freshly
created membrane 12-15 times for each pH elec-
trolyte solution. For each membrane approximately
10 instrument readings of the lipid cap diameter
caused by pressure difference applied on both sides
were made. These measurements were made in the
whole range: from very low values of the lipid
cap diameter to those almost equal to the Teflon
element radius. From all of the instrument readings
(100-150 the arithmetic mean and standard devi-
ation were enumerated, marked in Fig. 1. Each
measurement, together with preparation of the
electrolyte solution, was made two to three times
in order to test the repeatability of measurements.

The forming solution contained 20 mgm® of
lipid phosphatidylcholine inn-decane. Lecithin
was dissolved in chloroform to prevent oxidising;
the solvent was evaporated in the atmosphere of
argon and the residue was dissolvedridecane
(POCH), which had been additionally purified by
distillation yielding £=1.991(293.15 K). The pH
of electrolyte was controlled during the
measurements.

In the measurements the bilayer lipid mem-
branes were also used in the form of liposomes.
These can be formed owing to the fact that most
phospholipids undergo spontaneous aggregation in
water or in aqueous electrolyte solutions if shaken
or subjected to ultrasounds. Bubbles of spherical
or cylindrical shape, sized from less than (.t
to a fraction of millimetre, are then formgd?2,13.
They were formed as followsf14]: 10 mg of
lecithin (99%, Fluka were dissolved in 1-2 cfn
of chloroform and the solvent was evaporated in
the atmosphere of argon until 25—pOn® of lipid
film remained in the beaker. 15 ém of 0.9% NacCl
were then added and the beaker was placed in
water bath(at approx. 280.15 K The head of
UD-20 ultrasound generator was then immersed in
the solution and the solution was subjected to
ultrasounds five times for 1.5 min. The liposomes
of 10—20 nm were obtainefl5].

3.3. Materials

3-sn-phosphatydylcholin€99%) from Fluka of
molecular formula ¢, H, NQ P.H O was used in
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Fig. 1. The dependence of the interfacial tension of lipid membrane formed from phosphatidylcholine on the pH of the electrolyte

solution.

the experiment; it had been isolated from hen egg by substituting calculated coefficients to Hd4);

yolk and had the fatty acids composition: 16:0
~33%, 18:0 ~4%, 18:1 ~30%, 18:2 ~14%,
20:4 ~4%.

the results are presented in Fig. 1 as solid line. As
it is seen, the experimental data agree with the
calculation results. Eq14), deduced theoretically,

Buffers of 2—12 pH ranges prepared according describes the experimental results in the whole pH

to Britton and Robinson16] were used as the
electrolyte. They were prepared by adding 0.2 M
sodium hydroxide to 100 ctn of solution having
the composition: 0.04 M acetic aci@0%, POCHh,
0.04 M phosphoric acigPOCh and 0.04 M boric
acid (POCh. A suitable pH of the buffer was

imposed depending on the amount of added sodi- |ate the volumes of adsorbed™H and OH

um hydroxide(at 291.15 K.
4, Results and discussion

The effect of pH on interfacial tension of a PC
lipid bilayer was studied using the Britton and

Robinson buffer. The studies were carried out at occupied by the H and OH

room temperature in the whole pH range.
The points in Fig. 1 present the experimental
data concerning the interfacial tension of the

range.

The mq, my, mg m4 mg mg andb coefficients
contain the equilibrium constants and volumes of
the adsorbed H and OH ions. Thus, having the
equation coefficients calculated and using the equi-
librium constants from papdi®4] we can calcu-
ions.
The ions are solvated from the bilayer surface.
Assuming that H and OH ions are hemispheres
can calculate the radius of such a hemisphere.

We assume that the radius of solvated ions does
depend on pH.

Eq. (14) can be used to calculate volumes
ions; they amount
to 2026 2 and 3190 A , respectively.

Assuming the most dense packing of PC mole-
cules in two-dimensional space the surface occu-

membrane formed from PC depending on pH of pied by a molecule corresponds to two equilateral

the electrolyte solution. Eq(14) is of the y=
MX1+tmax,tmxstmygdmastmg b type.
The my, my,, mg, mgy ms meg and b coefficients
were calculated by EceL 97 linear regression.

triangles of side equal to the intermolecular dis-
tance. Thus, the mean intermolecular distance of
the PC molecules on the bilayer surface can be
determined if the area per molecule is known.

Then the interfacial tension values were calculated Assuming this area to be 852A as determined in
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Fig. 2. The diagram of a H ions adsorption in the bilayer lipid membrane formed from phosphatidylcholixn@,5aH

the work [3] the mean H -OH ion adsorption assuming its hemispherical shape; the result was
centres distance amounts to 9.9 A. 9.89 A. This value is in agreement with the
As it has been mentioned, the volume occupied estimated distance between PC molecules in the
by H* ion can be calculated from Eq14). The membrane, 9.9 A.
solvated H ion in bulk solution is spherical but, The volume and radius of the solvated OH ion
if adsorbed at an active center, it loses a part of on the lipid membrane surface can be determined
its solvation layer as it is shown in Fig. 2. in a similar way from Eq.(14). However, the
Therefore, the volume of the adsorbed solvated OH™ ion is adsorbed by an active center at the
ion can be expected to be smaller than that of the end of the hydrophilic phosphatidylcholine chain.
ion in the bulk. The radius of adsorbed*H ion The chain can be bent and the active center can
was determined from the experimental volume appear at various distances from the interface. The

1(' =,
{(cH] |

\ (+)~'_--'
'-eC}lpCH/_rb{(CH3)3
f

e’

Fig. 3. The diagram of a OH ions adsorption in the bilayer lipid membrane formed from phosphatidylcholing, pH
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chain length amounts to 5-75 A7]. Therefore, be used to calculate volumes occupied by the H
the adsorbed OH ions can be imagined to be and OH" ions; they amount to 2026°A and 3190

present in two layers: a layer of ions bonded to A° respectively.
active centres at the ends of straight chains and a

layer of molecules situated at the interface at the Acknowledgments
ends of bent chains, as it is presented in Fig. 3.
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choline chains are straight and a half are bent to committee of Scientific Research No. 3 TO9A 006
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chain PC is a half of the total phosphatidylcholine
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14 A. Similar estimates can be made for the chains
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