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1. Introduction 

It is now well established by the work of Lucy 

et al., that various unsaturated fatty acids and other 

chemical reagents (e.g. certain esters, polyols, 
dimethyl sulphoxide) will induce cell fusion for 
different types of cell under appropriate conditions 
[l-5] . Cell fusion may also be induced by other 
means including heat [2] and high pH with a high 
concentration of calcium ions [6]. It has been 
suggested that it may be necessary, in addition to 
other requirements, for lipids in natural membranes 
to be in a fluid condition for fusion to occur [4,5]. 
Kosower et al., have suggested that some increase in 
local fluidity favours cell fusion [7] from work 

involving membrane mobility agents which promote 
motion through cell membranes [8] by inducing 
local disorder and which actively promote the fusion 
of hen erythrocytes under similar conditions to 

those used by Lucy et al. 
In the present communication evidence will be 

presented which indicates that treatment of human 

erythrocyte ghost membranes with the fusogenic 
lipid glycerol mono-oleate leads to an increase in 
the fluidity of the membrane lipids, whereas the 
chemically related nonfusogenic lipid glycerol mono- 

stearate has no effect. 

2. Experimental 

Erythrocyte membranes were prepared according 
to the method of Dodge et al. [9], from recently 
outdated blood bank blood. Each preparation was 
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haemoglobin-free as judged by its absorbance at 
414 nm. The ghost protein concentration was deter- 
mined by the method of Lowry et al. [lo] using 
crystalline bovine serum albumin (Sigma) as standard. 
The ghosts were finally suspended in phosphate buffer 
at pH 7.4. 

The stock solutions of glycerol mono-oleate and 
glycerol monostearate (Sigma) were made in absolute 
ethanol and the appropriate volumes were added to 

the samples by injection. The magnesium salt of 
1-anilino-8naphthalene sulphonate (ANS) (Eastman) 
was used as the fluorescent probe without further 
purification. The freshly prepared stock solution was 
equilibrated at 25°C for two hours prior to each 
experiment. N-phenyl-1-naphthylamine (NPN) (East- 
man) was recrystallised twice from ethanol and 

freshly prepared each day. 
Fluorescence measurements were performed on a 

Perkin-Elmer Hitachi 204 spectrofluorimeter at 25°C. 

The extrinsic fluorescence of ANS and NPN were 
excited at 388 nm and 340 nm respectively and the 
emission intensities were observed at 460 nm and 

410 nm respectively, except for experiments involving 
emission wavelength variation. The intrinsic fluor- 
escence was excited at 282 nm and the emission 
observed at 330 nm. The membrane samples for the 
ANS experiments contained 200 pg ghost protein 
per ml and 20 PM ANS; for the NPN experiments 
samples contained 53 pg ghost protein per ml and 
3 PM NPN, except for the binding experiments 
involving varying probe and membrane concentrations. 
Appropriate blanks were run on each occasion. The 
concentrations of glycerol mono-oleate used were 
calculated with reference to the amount used to 
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produce red cell fusion: 300 nmoles of fusogen per 
3 X lo8 cells [3]. The 1ipid:fusogen molar ratios 

were approximately the same for both sets of binding 

experiments. 

3. Results 

When ANS interacts with increasing concentrations 
of glycerol mono-oleate in buffer at pH 7.4, the 

fluorescence intensity is gradually increased until it 

reaches a plateau at approximately 300 /_tM glycerol 

mono-oleate, (fig. 1 A), and there is a shift in the 

wavelength of maximum emission from 525 nm to 

470 nm. Thus the glycerol mono-oleate is in the form 
of micelles in aqueous solution. 

In the presence of human erythrocyte ghosts, the 
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ANS fluorescence is greatly increased and again blue- 
shifted compared with ANS in buffer. However, when 

ANS interacts with membrane ghosts perturbed by 

increasing concentrations of glycerol mono-oleate 
(fig. 1 A) the further progressive enhancement of fluor- 

escence is accompanied by a red-shift of the emission 

maximum wavelength of magnitude 7 nm at a glycerol 

mono-oleate concentration of 336 PM. The influence 
of this perturbant to produce the red-shift in the ANS 

emission in the presence of membrane ghosts com- 

pared with a blue-shift in their absence provides 

evidence that the glycerol mono-oleate is interacting 

with the membrane as a monomer. The intrinsic 

tryptophan fluorescence intensity is unaffected by 
the presence of the fusogenic lipid. 

The enhancement of the probe fluorescence inten- 
sity in the presence of glycerol mono-oleate may 
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Fig.l(A). Effect of glycerol mono-oleate on the fluorescence of ANS (20 PM) in buffer and in the presence of erythrocyte mem- 

brane ghosts. 1. ANS in phosphate buffer, pH 7.4. 2. ANS with membrane ghosts (0.2 mg/ml protein) in pH 7.4 buffer. (B) Double 

reciprocal plots of ANS fluorescence (20 PM) as a function of membrane protein concentration. 1. In the absence of glycerol 

mono-oleate; 2. in the presence of 336 MM glycerol mono-oleate. 
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result from a change in the quantum yield of the 
bound dye, or from an increase in the number of dye 
molecules bound which could arise from the creation 

of new sites or from tighter binding [ 111. In order 
to estimate the limiting ANS fluorescence enhance- 
ment when all the probe is bound to the membrane, 
the membrane protein concentration was varied at a 
fixed concentration of ANS and the double-reciprocal 

plot extrapolated to infinite protein concentration 

[ 121. The quantum yield of ANS decreases on 
perturbation of the membrane by 336 PM glycerol 
mono-oleate (fig.1 B). 

To determine the number of binding sites for the 

ANS and the binding constants, the data can be 

analysed by a Scatchard plot [ 131 involving variation 

of the probe concentration at constant membrane 

concentration, using the values of the fluorescence 
of the ANS bound determined from the double- 

reciprocal plot. This approach requires the substantial 

assumptions that all the binding sites are identical in 

dye binding properties and that all the sites are 
independent. The results (fig.2) show that the 

influence of 336 PM glycerol mono-oleate is to 
increase the number of binding sites from 30 to 

65 pmol/g and the affinity of the membrane for the 
probe, as shown by the lowering of the dissociation 
constant from 17 PM to 9 ,uM. The addition of the 

nonfusogen glycerol monostearate has no effect on 

the quantum yield, the fluorescence intensity or the 
wavelength of maximum emission of the probe bound 
to membrane ghosts. 

The fluorescence of NPN in phosphate buffer at 
pH 7.4 is gradually increased and blue-shifted by 
increasing concentrations of glycerol mono-oleate 
(fig.3A). When NPN interacts with human erythrocyte 
ghosts the fluorescence is enhanced approximately 
80-fold compared with the value for the probe in 
buffer and the emission maximum is blue-shifted by 
58 nm. Perturbation of the membrane ghosts by 
92.5 MM glycerol mono-oleate further increases the 
emission intensity of the probe (fig.3A) and the 
emission maximum is shifted by 10 nm to longer 
wavelengths. This red-shift is accompanied by a 
decrease in the quantum yield of the probe (fig.3B). 
A Scatchard analysis was performed on the data 
(fig.4). The affinity of the membrane for the probe 
is increased in the presence of 92.5 /.LM glycerol mono- 
oleate, the dissociation constant decreasing from 

7.8 PM to 0.65 PM, and the number of probe mole- 

cules bound increases from 40 to 92 pmol/g. The 
presence of the fusogen has no significant effect on 

the conformational state of the membrane proteins 

as indicated by the unchanged intrinsic tryptophan 

fluorescence. 

Comparable experiments involving the nonfusogen 

glycerol monostearate as membrane perturbant show 

no change in the quantum yield, fluorescence inten- 

sity or emission maximum wavelength of the probe. 
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Fig.2. Scatchard plots for the binding of ANS (O-40 PM) to 
erythrocyte membranes (membrane protein concentration 
0.2 mg/ml). 1. In the absence of glycerol mono-oleate; 
2. in the presence of 336 PM glycerol mono-oleate. 
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F&.3(A). Effect of glycerol mono-oleate on the fluorescence of NPN (3 NM) in buffer and in the presence of erythrocyte mem- 

brane ghosts. 1. NPN in phosphate buffer, pH 7.4; 2. NPN with membrane ghost (0.053 mg/ml protein) in pH 7.4 buffer (B) Double 

reciprocal plots of NPN fluorescence (3 PM) as a function of membrane protein concentration. 1. In the absence of glycerol mono- 

oleate; 2. in the presence of 92.5 MM glycerol mono-oleate. 
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Fig.4. Scatchard plots for the binding of NPN (O-3 PM) to erythrocyte membranes (membrane protein concentration 0.053 mg/ 
ml): in the presence of 92.5 PM glycerol mono-oleate, and, inset, in the absence of glycerol mono-oleate. 
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4. Discussion 

There is good evidence that the negatively charged 

probe ANS binds to the membrane surface and orients 
with its sulphonic acid group in the aqueous phase 
[ 14,151. The observation that ANS interacts with the 
erythrocyte membrane to produce an enhanced fluor- 

escence and a blue-shift in the emission maximum 
compared with ANS in buffer is well documented and 
is consistent with the transfer of ANS to a more non- 
polar environment [ 161. 

Changes in the packing of ANS between the polar 
headgroups and changes in the polar headgroup 

mobility express themselves through changes in the 
accessibility of water to the ANS and the reduction 

of the quantum yield [17] . An interpretation of the 

influence of the fusogen is that the decrease in quantum 

yield and the red shift are not simply a polarity 
effect but may be a result of the increased ability of 

the solvent molecules to rearrange during the lifetime 
of the excited state, that is, a decrease in the con- 

straint around the probe molecules [ 111 producing 

a less ordered structure in the headgroup region. This 

is borne out by the observed increase in the affinity 

of the membrane for the probe, in the number of 
probe molecules bound and the enhancement of the 
fluorescence intensity. 

The binding of ANS to membranes is strongly 

dependent on the surface charge of the membrane 
[ 181 and consequently may be used to indicate 

changes in surface potential [ 191. Recent studies 
[20,21] have shown that the mean surface area per 
molecule and the mean surface potential per molecule 
of mixed phosphatidylcholine monolayers decreases 

as the content of glycerol mono-oleate in the mono- 
layer increases due to a modification of the orienta- 

tion of the polar groups of the choline-containing 
phospholipids. This is consistent with our observatians 

on human erythrocyte ghosts of the increased binding 
of the amphiphilic probe at the membrane surface 
and the increased affinity of the membrane for the 
probe in the presence of glycerol mono-oleate. 

The nonfusogen glycerol monostearate produces 
no effect on the quantum yield of ANS or its binding 
to erythrocyte membranes, but this may be accounted 
for by its possible inability to enter the membrane, in 
contrast to the fusogen. Furthermore it has been 
shown that this nonfusogen behaves ideally in mixed 

monolayers with phosphatidyl choline and has no 

effect on the membrane surface area and the surface 
potential [21]. 

NMR studies have shown that the fluorescent probe 

NPN penetrates deeply into the hydrocarbon region 
of the membrane [22]. The insertion of 92.5 MM 

glycerol mono-oleate into erythrocyte ghosts produces 

a decreased overlap between the emission and absorp- 

tion spectra resulting in a lowered fluorescence 

quantum yield. However, fluorescence intensity is 

enhanced, the affinity of the membrane for the probe 

increases and more probe is bound. These observa- 

tions support the suggestion that the glycerol mono- 

oleate is producing a less ordered structure in the 

membrane decreasing the constraint around the 

environment of the probe. Glycerol monostearate 

exerts no influence on the interaction of NPN with 

erythrocyte membranes. 

We suggest that the insertion of glycerol mono- 
oleate into erythrocyte membrane ghosts increases 

the proportion of the hydrocarbon chains in the 
membrane that are in a relatively liquid state. Although 
no data have yet been published on the ability of 
glycerol mono-oleate to fuse ghosts, this work supports 
the suggestion that the role of the fusogenic lipid is at 
least partially a fluidising one. 
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