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The electrical conductivity of black phosphatidylserine membranes, in solutions of 100 mm NaCl,
10 mMm sodium phosphate (pH 7.1), is strongly increased by the intrinsic proteins (“strongly
bound” protein fraction) from human erythrocyte membranes. The magnitude of the conductivity
increase is highly dependent on the maximum pH-value pH* used during the preparation of the
protein (8.0 < pH* < 11.8). For each pH*, membrane conductivity A¢ and protein concentration c
are linked by the equation At=Fk-cS, k and s being functions only of pH*. The value of s varies
between 1.0 (pH* 8) and 4.0 (pH* 10). It is assumed that the protein-induced conducting sites,
at least for protein pretreatment at pH* < 10, are assembled from four protein subunits. The in-
corporation of the subunits into the lipid bilayer is supposed to occur either as the final tetramer
(pH* 8) or as monomers (pH* 10) and possibly dimers (pH* around 9).

Introduction

Protein-lipid membranes formed by association
of solubilized membrane proteins with black lipid
membranes (BLM) have become a frequently used
model system in studies on biomembrane ion per-
meability. Generally, these protein-lipid membranes
were found to have a much higher electrical con-
ductivity than their parent lipid membranes, the
difference reaching up to a factor of 10* (e. g. 175).
Little is known, however, about the influence of a
possibly important parameter of the experimental
system: the way of isolating and handling the pro-
tein before addition to the film compartments. Ap-
parently, most authors have assumed that the effect
on BLM conductivity is a unique property of the
protein used.

As an extension of earlier work on BLM-protein
systems > %, we have tried to study the interactions
between black phosphatidylserine (PS) membranes
and the “strongly bound” protein fraction from
human erythrocyte membranes® 7. This protein
fraction consists essentially of the two integral pro-
teins of the erythrocyte membrane: the protein (s)
of molecular weight 100,000 (“band 3-protein” 8)
and “glycophorin”, the main membrane sialo-
protein, the band 3-protein being the predominant
component ?. During our studies, we found that
slight variation of the conditions of protein prep-
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aration could lead to profound changes in the prop-
erties of the BLM-protein system. On the other
hand, it showed up that this variability of the ex-
perimental data can yield informations on the struc-
ture and assembly of the conducting sites in the
membrane. Our findings are described below.

Materials and Methods

Lipid stock solution

The lipid: monosodium phosphatidylserine from
bovine spinal cord, was purchased from Lipid Pro-
ducts, South Nutfield (Surrey), England (solution
in chloroform: methanol, “grade I”’). According to
the data of the manufacturer and to thin layer chro-
matography in our laboratory, its purity was above
99%. It was dried under a nitrogen stream and then
dissolved in one part of chloroform and ten parts
of decane at a final concentration of 9 mg/ml. The
solution was then warmed up for about 10 min to
45 °C. Afterwards, it was stored at room tempera-
ture and used within 4 hours.

Protein stock solution

The preparation of the “strongly bound” protein
fraction from human erythrocyte membranes was
performed as described earlier & 7. However, dialysis -
of the protein after gel filtration in 90% acetic acid
was done against 10 mM acetic acid instead of
water. After dialysis, the protein was brought to
pH 7 —8 by addition of 0.1 M NaOH (thus crossing
the isoelectric pH range of the protein). Then,
100 mM glycine was added to a concentration of
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10 mM, and the pH was made more alkaline by
further addition of NaOH up to a value pH*. Pro-
tein concentration in these stock solutions, as deter-
mined from the absorbance difference at 280 and
320 nm?, was about 300 xg/ml.

Before being used for the BLM experiments, the
protein was kept at the pH value pH* for at least
10 min. At pH* < 11.0, this incubation time could
be extended to more than 3 h, without significant
influence on the results of the BLM measurements.
At pH* 11.8, however, it had to be restricted to
no more than 20 min.

After gel filtration and dialysis against 10 mm
acetic acid, the protein could be stored for up to
one week, without noticeable influence on the results
described below. However, when stored as an iso-
electric precipitate® (as was done in our earlier
studies ®), storage for more than 3 days distinctly
impaired the ability of the protein to increase BLM
conductivity.

Membrane formation and measuring technique

Black membranes were formed from the lipid
stock solution by the brush technique ?, across a hole
(approx. 1 mm diameter) in a teflon partition sepa-
rating two buffer compartments (V' = 6 ml). The
compartments were filled with 100 mm NaCl, 10 mm
sodium phosphate (pH 7.1) to which, before mem-
brane formation, up to 0.05 volumes of the protein
stock solution had been added. Buffer temperature
was 28 — 29 °C. Membrane conductivity was mea-
sured in a current clamp circuit using Ag— AgCl
electrodes. Voltages were kept in the linear range
of the current-voltage characteristic (normally below
10mV for 1>5x107702 1em™2, up to 100 mV
for smaller values of 1).

Chemicals

All chemicals were obtained from Merck (Darm-
stadt). n-Decane was of reagent grade (purity 99%),
the other chemicals were of analytical grade.

Results

Black lipid membranes made from PS, at pH
values near 7 and an ionic strength of approx.
0.1 M, in our hands have a specific electrical con-
ductivity of 2=1-5x1071Q 1e¢m~ 2 This con-
ductivity value, which is distinctly lower than those
given by other investigators!® 1!, is practically
time-independent. However, if the membranes are
formed in solutions containing the strongly bound
protein fraction, an increase with time in membrane

conductivity is observed which is very rapid during
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the first minutes but vanishes or at least becomes
negligibly small after about 20 minutes. This effect,
together with its experimental scatter, is demon-
strated in Fig. 1. The highest values of 4 thus ob-
tained were around 1x 1076 Q2 1cm ™2, Conditions
promising still higher conductivity values in nearly
all cases led to membrane rupture.
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Fig. 1. Typical time course of membrane conductivity 4 in
the presence of the strongly bound proteins. Conditions:
protein concentration ¢=5.0 ug/ml; pH*=10.0. Out of 8
films studied, one with an “average” behaviour, the one
with the highest and that with the lowest final value of 1
are shown. Dotted area: range of A in the absence of protein.

The final value Z4; of BLM conductivity which is
induced by the protein increases with increasing
protein concentration c¢. It is, however, also in-
fluenced by another parameter: the highest pH-value
pH* applied during the preparation of the protein.
This is demonstrated in Fig. 2. As can be seen from
this figure, variation of pH* at a fixed value of ¢
can lead to variations of Z; (as measured at pH 7.1)
up to a factor of 100. Apparently, in the range 4; =
1072—-10"% Q2 'em™ 2, the data for each value of
pH* in the double-logarithmic plot of Fig. 2 can be
fitted by straight lines, i.e. in this range the re-
lationship between Z; and ¢ can be described by the
equation

/‘lf =k-c. (1)

Interestingly, not only the constant & but also the
slope s of these straight lines are dependent on pH*.
The variation of s with pH* is shown in Fig. 3.
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Fig. 2. Final membrane conductivity At as a function of pro-
tein concentration ¢ and of pH*. The values of pH* are 8.0
(@) and 10.0 (M) [Fig. 2a]; 9.0 (A), 10.0 (W) 11.0
(O) and 11.8 (A) [Fig. 2b]. Each data point is the
mean of at least 5 measurement. Bars: standard deviation
of a single measurement. For reasons of comparison, the
data for pH* 10 are shown in both drawings.
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Fig. 3. The exponent s from equation (1) (i.e. the slope
of the straight lines in Fig. 2) as a function of pH*. Bars:
estimated maximum error.

Discussion

The results described in this paper confirm the
earlier finding that the strongly bound protein frac-
tion of the human erythrocyte membrane is able to
recombine with black lipid membranes, thus in-
ducing a strong increase in membrane electrical
conductivity » 2. However, they also demonstrate
that the properties of the system BLM-strongly
bound proteins are highly affected by the pretreat-
ment of the protein. The distinct response of the
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BLM system to changes in the parameters conected
to this pretreatment may, however, also help in
studying the structure and assembly of the protein-
induced conducting sites in the membrane.

Concerning the latter aspect of our findings, the
data shown in Fig. 2 seem to be especially useful.
Equation (1), which is obeyed by these data, is
equivalent to that describing the formation of a
complex of s molecules. Therefore, one interpreta-
tion of the results is that s protein particles must
combine with each other in order to assemble a con-
ducting site. However, according to Fig. 3 s is not a
fixed number, but, depending on the maximum pH-
value pH* used during protein preparation, varies
between approx. 1.0 (pH* 8) and 4.0 (pH* 10).
The pretreatment of the protein preceeding the
insertion into the lipid membrane at pH 7.1 thus
seems to lead to the formation of different types of
building blocks of conducting sites, the relative
amount of these building blocks depending on pH*.
Apparently, there must be at least two types of
building blocks, and it seems probable that there is
also more than one type of conducting site. The fol-
lowing hypothesis is consistent with the experimen-
tal data:

(1) After pretreatment at pH*8 to pH* 10, only
one predominant type of conducting site is formed at
pH 7.1. It is an aggregate of four subunits (which
may or may not be identical and which may be
aggregates themselves, the number of polypeptide
chains per site thus being = 4). These tetrameric
sites can be assembled from different kinds of
building blocks: after pretreatment at pH* 10, the
building blocks passing from the aqueous buffer into
the membrane are the subunits, the tetrameric con-
ducting site thus being assembled only in the mem-
brane. This gives rise to s=4. After pH* 8-pre-
treatment, the tetrameric aggregate already exists
in the buffer and passes into the membrane without
changes in its state of aggregation (s=1). After
treatment at pH* 9, both subunits and tetramers
can act as building blocks, a contribution of dimers
also being possible.

(2) After pretreatment of the protein at pH* 11
and 11.8, in addition to the tetramer discussed
above, a second type of conducting site occurs.
These sites consist of only one or two subunits, thus
leading to a decrease of s. Their occurrence may
be a consequence of unfolding of the polypeptide

chains at high pH.
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Obviously, the essential assumption in this hypo-
thesis is that the conducting sites formed after pro-
tein pretreatment at pH* 8 and pH* 10 are identical
to each other. It is clear that, in the absence of data
confirming this assumption, our hypothesis is only
one of various possibilities.

Concerning the structure of the “subunits” men-
tioned above, we have recently shown that, after
pH* 10-pretreatment, that part of the protein which
is responsible for the conductivity effects has an s,

value of approx. 4.3 13. This value agrees with that

reported for the monomer of the band 3-protein 4,

the main component of the protein fraction used by
us. In addition, preliminary BLM experiments using
purified band 3-protein (purity approx. 97%) 1* in-
stead of the strongly bound protein fraction have
given results very similar to those of the latter pro-
tein sample (pH* 10). Thus, the hypothesis de-
scribed above can be extended such that the con-
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ducting sites assembled after protein pretreatment
at pH* 8 —10 are assumed to be tetramers of the
band 3-protein. Interestingly, Wang and Richards
have claimed that this protein exists as a tetramer
in the native erythrocyte membrane 6. (Other
authors, however, could detect only dimers of the
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solubilization by Triton X-1001!718.) Since the
band 3-protein most probably is involved in anion
transport through the erythrocyte membrane
(e. g-19721), it seems worthwhile to study in more
detail the properties of the conducting sites de-
scribed, especially with respect to their ion spe-
cificity and its relation to that of the “conductance
pathway” in the erythrocyte membrane 2.

We are grateful to Professors H. Passow and R.
Schlogl for their kind support of our work and for
helpful discussions. We are also indebted to Mrs. B.
Domning for skilful technical assistance.

12 D, Schubert, R. Brennecke, O. Lossen, J. Poensgen, and
G. Werner, Erythrocytes, Thrombocytes, Leukocytes (E.
Gerlach, K. Moser, E. Deutsch, and W. Wilmanns, eds.),
p. 21, Thieme-Verlag, Stuttgart 1973.

13 D. Schubert, H. Bleuel, B. Domning, and G. Wiedner,
FEBS Lett. 74, 47 [1977].

14 S, Clarke, J. Biol. Chem. 250, 5459 [1975].

15 D. Schubert, to be published.

16 K. Wang and F. M. Richards, J. Biol. Chem. 249, 8005
[1974].

17 T. L. Steck, J. Mol. Biol. 66, 295 [1972].

18 J. Yu and T. L. Steck, J. Biol. Chem. 250, 9176 [1975].

19 7. 1. Cabantchik and A. Rothstein, J. Membrane Biol. 15,
207 [1974].

20 M. K. Ho and G. Guidotti, J. Biol. Chem. 250, 675
[1975].

21 1. Zaki, H. Fasold, B. Schuhmann, and H. Passow, J.
Cell. Physiol. 86, 471 [1975].

22 D. C. Tosteson, R. B. Gunn, and J. O. Wieth, Erythro-
cytes, Thrombocytes, Leukocytes (E. Gerlach, K. Moser,
E. Deutsch, and W. Wilmanns, eds.), p. 62, Thieme-
Verlag, Stuttgart 1973.



