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Large unilamellar vesicles were prepared by detergent removal from micelles containing 
phosphatidylcholine, phosphatidylethanolamine and phosphatidylserine. Liposomes were then 
interacted with Megathura crenulata hemocyanin, a well studied channel former. Incubation of 
the resulting proteoliposomes on one side of a phosphatidylserine-containing planar bilayer 
under fusion conditions yielded strong current increases. Such increase is due to insertion of ionic 
channels from the liposomes into the planar bilayer. Studying the effects of Ba2+ on the electrical 
properties of the channel we could show that the protein is always inserted into a bilayer during 
this process, i.e. fusion of proteoliposomes with the artificial m em brane occurs. The strong non 
linearity of the current-voltage curve of the hemocyanin pore could be used as a probe of the 
extent to which fusion preserves the orientation of the channel through the bilayer.

Introduction

M em brane fusion is at the basis o f many b io ­
logical processes such as neurotransm ission, secre­
tion and phagocytosis. In order to understand the 
m echanism of these processes much efforts have 
been done by researchers in studying fusion of 
artificial m em branes such as liposom es [1, 2], O f 
particular interest has become now the study of 
fusion of unilam ellar vesicles with p lanar lipid 
bilayers, since this is a currently adopted m ean to 
achieve reconstitution o f natural channels into the 
widely accessible artificial p lanar bilayer [3 -5 ].

Incorporation o f hem ocyanin molecules into 
artificial unilam ellar vesicles and subsequent fusion 
o f these vesicles with planar lipid bilayers can give 
at least three kind o f inform ations.

First, the hem ocyanin channel, which is known to 
bind almost irreversibly to lipid bilayers and has a 
large conductance [6 ], can be used as a conductive 
probe for the study o f vesicle fusion into electrically 
accessible planar bilayers. C onditions under which 
fusion occurs can be optim ized in this way.

Second, the hem ocyanin channel has a strongly 
non linear I - V  characteristic and binds asym ­
metrically to lipid bilayers [6 ], N on linearity o f the 
I —V curve can thus be used to m easure the extent 
to which m em brane fusion preserves the asym m etri­
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cal insertion o f the proteic com ponents o f p ro teo­
liposomes.

Third, preparation o f vesicles which are known, 
by fusion experiments, to contain active hem o­
cyanin channels, can be the basis to elucidate 
morphologically which is the structure adopted  by 
this protein when forming channels.

We present here evidences that hem ocyanin 
containing proteoliposom es can be p repared  and 
made to fuse with p lanar bilayers, and tha t this 
procedure preserves the asym m etry o f protein 
through the bilayer.

Materials and Methods

Liposome preparation

Liposomes were prepared by the detergent 
dialysis method [7, 8 ], L ipids used were either: 
phosphatidylethanolam ine, PE (P. L. B iochem icals), 
phosphatidylcholine, PC (L ipid Products), phos­
phatidylserine, PS (F id ia Res. L aboratories) mixed 
in the ratio 5 :2 :3 , preparation  1; or: sa turated  PE 
(P. L. Biochemicals), PC (P. L. Biochem icals), PS 
(Fidia Res. Lab.) in the sam e ratio  as above, 
preparations 2 and 3. The lipids, dissolved in 
chloroform, were dried at 30 °C , under N 2 flow, by 
evaporation perform ed w ith a R otavapor (Büchi). 
They were then dispersed in a lO O m M K C l 
(Carlo Erba), 0.5 m M  EDTA (M erck), 10 m M  

Bistris (Calbiochem ) acqueous solution at pH 6.5
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(buffer A) to a final concentration o f 25 m g/m l 
(preparation 1 ) and 2 0  m g/m l (preparations 2  and 
3). Micelles were produced m ixing n-octyl-/?-D- 
glucopyranoside (SIGM A) to a final lipid detergent 
m olar ratio o f 0.3, and gently stirring at ~  15 °C  for 
about 6  h. Liposomes were then prepared  using 
the flow-through dialyzer LIPO PR EP (D ianorm ) 
equipped with cellulose m em branes o f 1 0 4 m olec­
ular weight cut-off (D iachem a). D ialysis was run 
for 20 h at 18 °C. The whole procedure is designed 
to give unilam ellar vesicles o f about 2 0 0  nm d ia ­
m eter [9].

Protein andproteoliposome preparation
Megathura crenulata hem ocyanin (C albiochem ) 

A grade in 50% glycerol is stored at — 20 °C. Before 
use the protein was dialyzed for 24 h at 4 °C  against 
buffer A. Asymmetric proteoliposom es were p re­
pared adding hem ocyanin to the liposom e solution 
at a concentration o f 1 - 4  m g/m l and m ixing slowly 
for 12 h at 4 °C. This solution was then centrifuged 
at ~  30OOOx# for 20 m in at 5 °C . The pellet was 
then redissolved in buffer A and centrifuged again. 
To get free from the protein in solution this proce­
dure was repeated 4 to 6  tim es and then the vesicles 
were used in the electrical experim ents w ith black 
lipid membranes, p reparations 1,2. Since hem o­
cyanin incorporates irreversibly and with a well 
defined orientation in lipid bilayers, [6 ] these 
vesicles are supposed to bear oriented protein  m ole­
cules on their surface. Control experim ents were run 
also adding to the bilayer either directly hem o­
cyanin or the last supernatant o f the above proce­
dure.

Alternatively proteoliposom es were prepared  
adding hem ocyanin directly to the lip id-detergent 
micelles solution prio r to flow -through dialysis. 
Liposome preparation  by dialysis and free protein 
removal by centrifugation were then perform ed as 
above, preparation 3. This procedure is supposed to 
give unilamellar vesicles with protein absorbed, bu t 
not strictly oriented, on their walls. Control experi­
ments were run also in this case w ith the last 
supernatant and with protein which has been m ixed 
with the same concentration o f detergent used in the 
proteoliposome preparation.

Electrical measurements
Black lipid m em branes (BLM) were p repared  by 

the usual technique [10] on a circular hole, 0.5 mm

diameter, in a Teflon sept between two acqueous 
solutions. Lipids used were either a m ixture 7 :3  of 
PE and PS (Lipid Products) or saturated PC (P. L. 
Biochemicals) both 25 m g/m l in n-decane. Elec­
trolytic solution was 100 m M  KC1, 0.5 m M  EDTA. 
10 m M  Bistris pH 7.0 (buffer B). After com plete 
blackening of the m em brane since several m inutes, 
proteoliposomes or free protein were added  to one 
com partment (cis side) only. D ivalent cations, 
BaCl2 or CaCl2 , and glucose (all Carlo E rba RPE) 
were then added to the bathing solution to achieve 
incorporation of the protein into the bilayer. 
A g-A gC l electrodes provided electrical access to 
the membrane and a virtual grounded operational 
am plifier (AD 515 K) was used as I —V converter 
with a 2 x 1 0 8 Q, 10 pF  parallel feed-back circuit. 
Cis com partm ent is taken as the reference for 
voltage sign. Experiments were run at room  tem per­
ature.

Results

Addition of small am ounts of proteoliposom es 
from preparation 1 to one side of a PE/PS  black 
lipid m em brane failed to increase the bilayer 
conductance even after 38 min. U pon subsequent 
symmetrical addition of BaCl2 to the solutions in 
the range l - 4 m M  a slow conductance increase 
which occurred in discrete steps could be observed 
(Fig. 1). Conductance jum ps, m easured at — 40 mV 
in voltage clamp conditions, are alm ost all o f the 
same size, which corresponds to the conductance of 
one open hemocyanin channel in these conditions 
[11]. Nevertheless higher jum ps, whose am plitude 
was a m ultiple of the single channel conductance, 
could be seen sometimes. They rose as single steps 
at least within our experim ental tim e resolution. 
Channels form ation rate could be strongly increased 
adding 100 mM glucose to the cis, i.e. the vesicle 
containing, com partm ent, as shown in Fig. 1. Sym ­
metrical addition o f glucose to both com partm ents 
had the same effect as on the cis side only, in good 
agreement with the finding that the establishing of 
an osmotic gradient through the liposom es walls 
and not through the p lanar bilayer is the effect 
responsible for vesicles’ fusion with the p lanar 
bilayer [12], In one experim ent glucose was added to 
a bathing solution, in which proteoliposom es have 
been added since 30 min, at the same concentration  
as above but without divalent cations present. N o 
conductance change was observed w ithin 55 m in in



F. Pasquali et al. ■ Fusion of Proteoliposomes with Planar Lipid Bilayers 149

Fig. 1. Typical fusion protocol. Liposomes treated with hemocyanin, preparation 1, were added to a planar bilayer 
bathing solution where indicated. Addition of 1.25 m M  BaCl2, indicated on the figure, induced a current increase through 
the bilayer after a time lag. Subsequent instauration of an osmotic gradient through the vesicles with 100 m M  glucose cis, 
also indicated in Fig. 1, led to a strong increase of the pore formation rate. Discrete steps are usually all of the same size, 
corresponding to a single hemocyanin channel. Higher steps, which correspond to the simultaneous opening of several 
channels, are also present in the figure and they are indicated by open arrows. The percentage of multiple steps in this 
experiment is higher than usual. The opening of one reversed channel, followed by transitions to lower conductance 
values, is also indicated, full arrow. Vertical bar 30 pA, horizontal bar 6 min.

Table I. Pore formation rates expressed as number of channels appearing per second in various conditions. The effects of 
three different liposomes preparations, see materials and methods, in two kind of BLM are presented. The three columns 
refer to pore formation rates with vesicles alone in solution, after symmetrical addition of BaCl2 and after instauration of 
an osmotic gradient through the liposomes walls, respectively. W here the pore rate is zero the mean and s. d. of the time 
intervals waited, in minutes, is reported in parenthesis.

Preparation BLM
composition

Pore formation rate (Hz) N um ber of 
experiments

vesicles +  Ba2+ + glucose

1 PE/PS 0 (20 ±  10) 0(11 ±  3 )a 7.6 ±  3.6 x 10~3 4
2 PE/PS 9.5 ±  0.7 x 10“3 1.3 ±  0.5 x 10-' 1.7 ±  0.2 x IO“1 2
3 PE/PS 0(14 ± 6) 1.6 ±  0.1 x 10~2 8.1 x IO“2 2
1 PC 0(14) 0 (7 ) 0 (6 0 )b 1
2 PC 0 (60 ±  20) 5.7 ±  1.9 x 10~3 — 2

a In one experiment a pore formation rate of 2.4 x 10~3 Hz has been observed.
b Breaking the PC bilayer, painting a new one with PE/PS and restoring the osmotic gradient produced incorporation of 
channels in the new membrane.

these conditions. Subsequent addition  o f BaCl2 was 
also ineffective, but then the restoring o f the 
osmotic gradient through the vesicles, w ith 300 mM 
glucose in the cis solution, was able to induce 
channel incorporation into the bilayer w ithin a few 
minutes.

Experiments were run also using p lanar lipid 
bilayers com prised of phosphatidylcholine alone. 
No conductance increase was induced by p ro teo­
liposomes of preparation  1 into a PC bilayer even 
after addition  of BaCl2 and glucose, see Table I. As 
a control this PC bilayer was intentionally  broken
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after about 2  h and a new black film  was prepared  
with the PE/PS mixture. Also in this case restoring 
o f the osmotic gradient, with 300 m M  glucose in the 
cis side, in the presence of divalent cations, was 
necessary and sufficient to induce protein  incor­
poration into the new PE/PS p lanar bilayer.

Use of C a2+ instead o f Ba2+ gave sim ilar results 
(data not shown) but was avoided because o f the 
great effects o f C a2+ on the current voltage curve o f 
the channel which will be discussed later.

Somehow different results were obtained with 
preparation 2  which differs only slightly in the lipid 
composition of the liposom es, see m aterials. The 
incorporation rates obtained in this case are sum ­
marized and com pared to those ob ta ined  w ith the 
other preparations in Table I. Briefly: slow incorpo­
ration was observed in PE /PS  BLM w ithout 
divalent cations; the incorporation  rate was greatly

increased by addition o f 2 or 4 m M  BaCl2 bu t then it 
was only slightly enhanced by the creation o f an 
osmotic gradient through the vesicles. Experim ents 
with PC planar bilayers are also reported. N o con­
ductance increase was observed w ithin at least 
40 min from proteoliposom es addition , bu t slow 
increases followed addition  of BaCl2 to the bath ing  
solution.

The last supernatant o f each p repara tion  was 
tested repeatedly and gave no or very low effects,
i.e. few channels in the worst case and in presence o f 
BaCl2.

Further inform ations about the m echanism s o f 
channel incorporation can be obtained studying the 
instantaneous and the steady state current voltage 
curves of the hem ocyanin doped m em branes. In­
stantaneous I —V characteristics are non linear and 
depend strongly on the electrolytic solution com po-

applied v o l t a g e  ( mV )
Fig. 2. Instantaneous relative conductance of hemocyanin doped membranes. Full circles represent mem branes in which 
hemocyanin was added directly and without BaCl2 in solution, whereas full triangles represent similar experiments in 
which 1.25 m M  BaCl2 was present in the solution. Open squares come from membranes doped by hemocyanin via 
proteoliposomes in the presence of 2 m M  BaCl2, preparation 2. Full squares in the inset are also obtained with the fusion 
technique but with preparation 3. Solid lines are least squares fit to the points using Eq. (4). The param eters obtained are: 
B = 0.203, V0 = 33.7 mV, 2  =  0.050 m V  (• ,□ ); 5  = 0.156, V0 = -  6.2 mV, Q = 0.032 mV“1 ( a ); B = 0.288, F0 =  26.8mV, 
Q = 0.045 mV-1 (■). Each point on the curves is the mean of 2 - 4  experiments.
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sition [11, 13], The conductance o f the doped 
m em brane can be calculated by dividing the in­
stantaneous current value by the applied  voltage. 
These curves are S-shaped and allow extrapolation 
of two asym ptotical conductance values, one for 
large negative potentials, Gmax, and one for large 
positive potentials, (7min.

Relative conductances, defined as:

GTd(V) = G (V )/G  „ (1)

and m easured in d ifferent conditions are plotted in 
Fig. 2 as a function o f the applied voltage. Each one 
is an S-shaped function of voltage which can be 
defined by three param eters, the lower asymptote: 
B = Gmm/G mdX, the abscissa o f the inflection point: 
V0 and the slope o f the curve at this point: Q. W hen

hemocyanin is added directly to a 0 .1m  KC1 
solution a strongly non linear Gre, -  V curve is 
obtained with a positive F0 o f abou t -I- 40 mV and 
a value of Q = 0.050 mV-1, full circles in Fig. 2. 
On the other hand even small am ounts o f d ivalent 
cations present in the bathing solution can change 
the Grei — V curve dram atically. Full triangles 
indicate experim ents perform ed with free hem o­
cyanin, in which 1.25 mM BaCl2 was present in the 
solution from the beginning. It is apparen t that the 
-G rei-F curve is strongly shifted to a V0 <  0 and that 
its slope is slightly decreased, Q = 0.032 m V-1. The 
same am ount o f Ba2+ failed to produce any change 
in the G /V  curve when added to the solution after 
channel’s incorporation, data shown in Fig. 3. This 
effect is known [14], it seems com m on to m any

Ba ( mM ) Ba (mM)
Fig. 3. Effects of Ba2+ on the electrical properties of the hemocyanin channel in different conditions. Open circles: 
hemocyanin added directly to the bilayer in the presence of BaCl2. Full circles: hemocyanin added directly, but BaCl2 
added only after the insertion of the channels into the planar bilayer. Open squares: hemocyanin added by proteolipo­
somes fusion in the presence of BaCl2. a) shift of the abscissa of the inflection point of the G-V  curve, V0, towards 
negative voltages in the presence of Ba , b) decrease in the slope of the G-V  curve at the inflection point, Q. The slope is 
expressed in e.u. in the figure making use of the relation Q =  z e /k T  valid for a two state model [11]; c) change in the 
maximum conductance of the channel, Gmax, with Ba2+ concentration. Each open circle or square represent a different 
experiment, variations of the parameters during the same experiment are within the dimensions of the symbols. Full 
circles come all from the same experiment, but the s.d. of three experiments at 4 mM BaCl2 is indicated by the vertical 
bar. Dashed lines are the mean of the values measured without BaCl2, whereas solid lines are drawn by eye.
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plurivalent cations and it has been discussed in 
detail in the case o f C a2+ and T b 3+ [15]. In ter­
estingly enough, m em branes which were doped  with 
hemocyanin via proteoliposom es, even in the 
presence of 2 mM BaCl2, give Gre\-V  curve which 
coincide within experim ental error to those ob ­
tained interacting directly the protein with a BLM 
in the absence o f divalent cations, open squares of 
Fig. 2. This fact indicates two things: first, incor­
poration of hem ocyanin into a p lanar bilayer either 
directly or via proteoliposom es gives G- V curves 
with the same degree of non-linearity; second, small 
amounts o f Ba2+ can strongly change the G-V curve 
of bilayers doped directly w ith hem ocyanin but 
leave unaffected that o f m em branes doped via 
proteoliposomes.

The effects o f Ba2+ concentration on the electrical 
properties of the hem ocyanin channel in th ree kind 
of experiments are shown in Fig. 3. O pen circles 
represent experim ents in w hich hem ocyanin was 
added directly to the b ilayer solution in the 
presence of Ba2+. Full circles instead are from 
experiments in which Ba2+ was added in a second 
time to a bilayer which incorporated hem ocyanin 
directly but in the absence o f divalent cations. A 
complete perfusion of the cis com partm ent before 
Ba2+ addition has been done in these cases to 
remove the excess o f free protein  present in the 
solution. This was necessary in order to avoid 
incorporation o f new channels into the bilayer. In 
this way the effects o f Ba2+ on channels w hich were 
already incorporated into the BLM have been 
tested. Finally open squares represent m em branes 
that interacted with proteoliposom es. Fig. 3 a shows 
the effects o f Ba2+ on the abscissa of the inflection 
point of the G-V curve. W ith hem ocyanin added 
directly to the bilayer V0 was strongly shifted 
towards negative voltages by Ba2+ present in the 
solution from the beginning, w hereas the sam e shift 
occurred at a considerably higher concentration 
when Ba2+ was added after channel opening.

Similar effects have been observed on the slope of 
the G-V curve at the inflection point, Fig. 3b. Also 
in this case Q was strongly reduced by add ition  of 
Ba:+ prior to channel form ation, but to a m uch 
lesser extent by Ba:+ added after protein incorpora­
tion. Remarkably, both param eters rem ained un­
changed with low Ba2+ concentrations when hem o­
cyanin channels were incorporated via liposom es,
i.e. the effects o f Ba2+ in this case were sim ilar to

those observed when it was added afte r channel 
opening. C a2+ gave stronger effects even at low 
concentrations, confirm ing that the affinity  o f this 
cation for the channel is h igher than tha t o f B a2+ 
[14,15],

Fig. 3c shows the effects o f Ba2+ on the m ax i­
mum conductance o f the channel, Gmax. This is 
strongly reduced by the divalent cation  if  hem o­
cyanin is added directly to the BLM, bu t is left 
almost unchanged if the protein is incorporated  via 
proteoliposomes.

Preparation 3 was sim ilar in the lip id  com posi­
tion to preparation 2  and indeed incorporation  rates 
before and after addition  o f BaCl2 and after in- 
stauration of an osmotic gradient were com parab le , 
see Table I. Nevertheless, since hem ocyanin  was 
present in the micelles solution during p repara tion  
o f liposomes, strict insertion asym m etry was sup ­
posed to lack in this proteoliposom es. Indeed, as 
shown in the inset o f Fig. 2, the non linearity  o f the 
G-V curve was lower with this preparation . This is 
exactly what one expect if some o f the channels are 
inserted in the reversed direction, i.e. they reach 
Gmax at high positive potentials.

Further evidence for this in te rp re ta tion  com es 
from the study o f the steady-state curren t voltage 
curves. Hemocyanin doped bilayers are know n to 
show a time dependent decrease o f curren t when 
long lasting positive voltage pulses are app lied  [16]. 
This phenom enon is due to voltage dependen t 
transitions of the channel between several con­
formational states which have d ifferent conduc­
tances. Negative voltages keep the channel in the 
most conductive state, while positive voltages 
favour states of increasingly lower conductance [17], 
Steady state conductance defined as:

Gss(F) = (2)

are plotted vs. applied voltage in Fig. 4. O nce again 
membranes doped either directly by hem ocyanin or 
via proteoliposomes of preparations 1 , 2  in presence 
of 2 mM BaCl2 showed steady state conductances 
which were equal w ithin experim ental errors. In 
particular no tim e dependent current decrease was 
observed at negative voltages. On the contrary, 
incorporation of channels from liposom es of 
preparation 3 gave rise to m em brane conductances 
which decreased for positive and for negative 
applied voltages. This is shown in the inset o f Fig. 4.
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Fig. 4. Steady state relative conductance of hemocyanin doped membranes. Full circles: hemocyanin added directly to the 
bilayer without BaCl: in solution. Open squares: hemocyanin added by fusion of proteoliposomes of preparation 2 with 
2 m M  Ba:+ present. Solid line is a least squares fit to the points using eq. 4; the parameters obtained are: 5  = 0.368, 
F0 =  36.4mV, Q = 0.076 mV“ 1. Inset: fusion of proteoliposomes of preparation 3 with the bilayer. Solid line is a least 
squares Fit to the points with Eq. (5) and with the above values of B. V0 and Q. which gives a fraction of 12.2% channels 
with reversed orientation.

Anyway also in this case the non linearity was much 
stronger with positive potentials.

Discussion

We have shown that under appropriate  condi­
tions interaction o f planar lip id  bilayers with large 
unilamellar vesicles, containing negative lipids, and 
doped with hem ocyanin yields stepped increases of 
m em brane conductance. These jum ps are o f the 
appropriate height to be a ttribu ted  to the opening 
of hemocyanin channels into the bilayer [11], We 
believe that incorporation o f  channels occurs via 
fusion of pore-containing liposom es with the b i­
layer. This is strongly supported by the observation 
that divalent cations are necessary to have sub­
stantial incorporation into a PE/PS m em brane and

that instauration o f an osm otic g radient th rough the 
vesicles walls can enhance the incorporation  rate, 
Fig. 1 and Table I. Both these facts are consistent 
with the most recent studies on m em brane fusion 
[12, 18]. Furtherm ore, as one should expect [12] 
creation of an osm otic gradient alone, w ithout 
divalent cations in solution, is ineffective for 
channel incorporation. P reparation  o f the p lanar 
bilayer with pure PC inhibits the protein incorpora­
tion completely, p reparation  1 , or at least by two 
orders o f m agnitude, preparation  2 , which is also 
consistent with published data on fusion between 
vesicles and of vesicles with p lanar bilayers [19-21]. 
On the other hand the alternative explanation that 
free hemocyanin molecules are present in the vesicle 
solution and m igrates to the bilayer th rough  the 
acqueous phase in a hydrated form is m ade highly
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im probable by the following observations, a) A dd i­
tion of samples o f the last supernatant o f each 
preparation fails to give conductance increases or in 
the worst cases, produces only few channels after 
addition of Ba:+ to the solution, which m ight argue 
also for the presence o f small proteoliposom es in the 
natant. b) Incorporation rate is dependent on 
phospholipid com position of the liposom es and on 
the instauration of an osm otic gradient through their 
walls in presence of divalent cations, Table I, which 
should not be the case if free hem ocyanin is in­
volved. c) Single channel conductance is strongly 
decreased (~50% ) by 4 m M  BaCl2 if hem ocyanin 
incorporates directly into the bilayer, w hereas it 
remains constant at the sam e Ba2+ concentration if 
it is added via proteoliposom es, Fig. 3c. d) This last 
point deserves a longer discussion. Conductance 
voltage curves of hem ocyanin treated  bilayers are 
S-shaped and can be described by the following 
expression:

G ( V) = Gmin +  (Gmax -  Gmin) /(  1 +  exp Q ( V -  V0))
(3)

or. by dividing by Gmax, and putting G (V )/G max =  
Grel ( V) and Gmin/G max =  B

Gk,{V) = B + {\ - * ) / ( ! + exp ß ( K -  F0) ) .  (4)

This expression comes from a two state m odel o f 
the channel [ 1 1 ] but we can use it here as an 
empyrical one. Three param eters describe the 
voltage dependence o f the hem ocyanin channel 
conductance: the lower asym ptote, 5 , the slope of 
the curve at the inflection point, Q , and the abscissa 
of this point, V0. Fig. 2 and 3 dem onstrate that the 
presence of BaCl2 in the bathing solution strongly 
affects the values o f the param eters F0 and Q when 
free hem ocyanin is added. On the o ther hand, no 
change of these param eters occur if 4 m M  BaCl2 is 
added in the solution after the incorporation  o f free 
hemocyanin has already been accom plished in a 
divalent cation-free solution. This indicates that 
Ba:+ at this concentration does not interact with 
the protein already inserted into the lipid bilayer. 
Notably the presence of up to 4 m M  Ba2+ in the 
solution when proteoliposom es are used to in­
corporate hem ocyanin into the BLM fails to change 
the param eters o f the m any-channel G-V curve. This 
gives an evidence that no free m olecules are present 
but only molecules already incorporated into a lipid 
bilayer, i.e. those absorbed on the liposomes.

The most puzzling result to us is that incorpo­
ration usually occurred through single channel 
openings, and m ultiple sim ultaneous insertions were 
only rarely observed even when we tried to augm ent 
their probability increasing vesicle size an d /o r  
protein concentration during vesicle treatm ent. We 
think that this m ight be due to a destabilization  
of vesicles containing more than one channel due to 
the large size of this pore [2 2 ],

Divalent cations-induced fusion of PE/PS con­
taining vesicles is thought to occur through a 
bilayer to hexagonal phase transition  of the lipid 
mixture at the contact region [19, 23]. This transi­
tion introduces a local d isorder into the bilayer. 
Accordingly it is interesting to see if fusion of 
protein-containing vesicles with a planar b ilayer can 
save protein orientation, and to w hat extent. H em o­
cyanin treated liposomes are suitable from  this 
point of view, because hem ocyanin channels have a 
strongly non linear I-V  curve, and are known to 
incorporate all with the same orientation  into the 
bilayer and to m aintain this o rien tation  w ith tim e
[6 ]. An upper lim it o f 2% reversed channels has been 
given for incorporation o f hem ocyanin into a 
bilayer in asymmetrical conditions [6 ] like those 
adopted for preparations 1 , 2 .

Given the almost perfect coincidence o f the con- 
ductance-voltage curve of m em branes doped adding 
the protein directly to the solution and m em branes 
in which fusion with hem ocyanin-containing lipo ­
somes was achieved. Fig. 2, we can say that fusion 
preserved orientation w ithin the initial m argin of 
error, the outer face of the liposom es rem aining on 
the cis side of the planar b ilayer after fusion. T hat 
this method can detect the presence o f reversed 
channels is shown by the effects o f proteoliposom es 
from preparation 3. As shown in the inset o f Fig. 2, 
G-V curves with this preparation , which is not 
strictly asymmetrical, have a h igher value o f the 
lower asymptote B. which is consistent w ith the 
presence of 8 - 1 0 % reversed channels in those 
experiments. A more quantita tive analysis is given 
in Fig. 4, where the steady state properties o f the 
modified m em branes are presented. The steady 
state relative conductance, Eq. (2), o f the hem o­
cyanin channel can also be described em pirically  by 
the sigmoid curve of Eq. (4). As in the case o f the 
instantaneous G-V curve incorporation o f free 
hemocyanin or of proteoliposom es o f p rep a ra­
tions 1. 2 into a BLM gives steady state conductances
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which are coincident w ithin experim ental error, 
Fig. 4. This allows us to ob ta in  the param eters B, Q 
and F0 by a least squares fit o f Eq. (4) to these 
points. Proteoliposomes of preparation 3 instead show 
a slight non linearity at negative voltages besides that 
large at positive ones, inset o f Fig. 4. Assumig that 
this is due to the presence o f reversed channels in 
the m em brane one can w rite the following expres­
sion for the steady state conductance in this case:

Gs s = ( l - / ) [ £  +  ( l - 5 ) / ( l + e x p 0 ( K -  V0))]
+ f[B  + (1 -  B)/( 1 +  exp Q ( -  V — V0))] (5)

where /  is the probability  to have a reversed 
channel.
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