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The influence of sucrose, between 0 and 70% in the aqueous phase, upon multilamellar liposomes of 
dimyristoyiphosphatidylcholine was examined by differential scanning calorimetry and X-ray diffraction 
analysis. Increasing concentrations of sucrose increase the temperatures of both the main transition and the 
pretransition of the lipid. The effect is greater on the pretransition than on the main transition. At 35°C the 
interlamellar spacing in the multilamellar liposomes is reduced by increasing sucrose concentration in the 
aqueous phase and no significant effects are seen in the chain lattice of the bilayers. This result is interpreted 
as a dehydrating effect of sucrose upon the bilayer-water system at 35°C. At 5°C the interlamellar spacing is 
increased and this increase is, at high (70%) sucrose concentrations, attributable to an untUting of the lipid 
acyl chains with no change in the thickness of the aqueous layers in the multilamellae. 

The influence of water-soluble polyols upon the 
phase transition behaviour of phospholipid-water 
systems has received some attention in the recent 
literature [1-7]. Particularly, the influence of 
sugars, in solution in the aqueous phase, upon the 
lipid bilayer structure and phase behaviour is im- 
portant from a biological point of of view since 
cell membranes often have a considerable amount 
of sugars associated with their surfaces as glyco- 
proteins and glycolipids. In a recent high sensitiv- 
ity differential scanning calorimetric study, 
Chowdhry et al. [7] have shown that upto 1 M 
sucrose in the aqueous phase increases the main 
and pretransition temperatures of multilamellar 
dipalmitoylphosphatidylcholine (DPPC) lipo- 
somes. These authors concluded that the calori- 
metric results indicated a solid phase miscibility 
and a liquid phase immiscibility of sucrose in the 
phospholipid-water system. In this work we report 
our results on the effects of sucrose upon the 
phase transition behaviour, studied by differential 
scanning calorimetry, and the structural character- 

istics, studied by X-ray diffraction analysis, of 
dimyristoylphosphatidylcholine (DMPC) multi- 
lamellar liposomes. 

DMPC was from Fluka Feinbiochemica, Buchs, 
Switzerland, and sucrose was of the best commer- 
cial quality available from E. Merck, Darmstadt, 
F.R.G. The concentrations of sucrose solutions 
were determined by measuring the refractive index 
at 20°C and comparing with tables [8]. To prepare 
multilamellar liposomes, the lipid was dissolved in 
chloroform/methanol  (2:1 v /v )  and the solvent 
was evaporated in a test tube by blowing a stream 
of nitrogen over the solution. The residue on the 
walls of the tube was freed of solvent traces by 
leaving it in a vacuum overnight at room tempera- 
ture. Hydration was done by adding 2 ml (for 10 
mg lipid) of the desired aqueous solution of sucrose 
in doubly distilled water containing 0.02% sodium 
azide, warming at 35°C for 30 min and then 
vortexing vigorously to suspend the lipid. The 
suspensions were allowed to stand at 35°C for 16 
h and were then centrifuged at 10000 x g for 10 
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min. The lipid pellet or pellicle was then used for 
calorimetry or X-ray diffraction. Differential scan- 
ning calorimetry (DSC) was done using a Perkin- 
Elmer DSC-2 calorimeter. Heating or cooling was 
done at 1.25 Cdeg/min,  in the sensitivity range of 
1 mcal/s.  The sample volume was approx. 70 /~1 
and contained approx. 7 mg of lipid. Before re- 
cording the calorimetric scans, the sample was 
passed through one heating and cooling cycle be- 
tween about 0 and about 50°C. 

Diffraction studies were carried out using a 
Guinier camera the details of which are described 
elsewhere [9]. Lipid samples were sealed in glass 
capillaries (2 mm diameter, 0.01 mm wall thick- 
ness, obtained from Fa. Hilgenberg, Malsfeld, 
F.R.G.). Measurements were performed using a 
thermostated sample holder in the temperature 
range between 2 and 40°C. Before each diffraction 
experiment the sample was equilibrated for at least 
2 h at the new temperature. Diffraction spectra 
were collected with a photon counting system in- 
cluding a position-sensitive proportional counter 
(TEC model 205) designed for the detection of 
low-energy X-rays (5-20 KeV). The operating 
voltage for the best signal to noise ratio was 1700 
V and the sample to detector distance was 12 cm. 
The signal from the photon counter was fed into 
an electronic modulator system for amplification 
and digitalisation. A multichannel analyser (EG& 
G Ortec Model 7100) connected with a Hewlett- 
Packard HP86 microcomputer was used for stor- 
age and analysis of the diffraction data. Spectra in 
the low and wide angle regions were detected 
separately to avoid parallax problems. Detection 
times were usually 2 min for spectra in the low 
angle region and 3 min in the wide angle region. 

Typical calorimetric scans with water and 70% 
sucrose as the aqueous phase are shown in Fig. 1 
and the calorimetric results for several concentra- 
tions of sucrose in the aqueous phase are shown in 
Fig. 2. It is seen that with increasing sucrose 
concentration, the lipid bilayer main transition 
and pretransition temperatures are increased. This 
rate of increase with sucrose concentration is 
greater for the pretransition than it is for the main 
transition so that the difference in temperature 
between the two transitions is only approx. 3 Cdeg 
in the presence of 70% sucrose in comparison with 
approx. 11 Cdeg in water. Small but noticeable 
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Fig. 1. Differential scanning calorimetric 'traces for DMPC 
(approx. 8 mg) in approx. 70 /~1 of deionized water (A), and 
approx. 70 /~1 of 70% sucrose (B). The heating rate was 1.25 
Cdeg/min  in the sensitivity range of 1 mcal/s .  

effects are also seen in the transition widths but no 
significant changes in the transition enthalpy are 
observable. Except for this last observation our 
results are in agreement with those recently pub- 
lished by C h o w d h r y  et al. [7] for  di- 
palmitoylphosphatidylcholine and disagree with 
the results of Chen et al. [6]. 

In order to obtain an understanding of what 
was occurring at the structural level of the DMPC 
bilayers we undertook an X-ray diffraction study 
of the system. Typical diffraction results for DMPC 
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Fig. 2. Effect of sucrose in the aqueous phase upon the phase 
transition characteristics of DMPC multilamellar liposomes. 
O, main lipid bilayer phase transition temperature; A, pretran- 
sition temperature; O, enthalpy change for the main lipid 
bilayer phase transition; A, enthalpy change for the pretransi- 
tion. 
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Fig. 3. X-ray diffraction pattern in the wide-angle region of (A) 
DMPC in deionized water; (B) DMPC in 70% sucrose; (C) 70% 
sucrose. The temperature was 5°C. 

multilamellar liposomes in water and in 70% 
sucrose are shown in Fig. 3. In Fig. 3A the diffrac- 
tion pattern for DMPC/wate r  at 5°C with a sharp 
reflection at 4.15 A and a shoulder at 4.08 A, 
characteristic of the L#, phase, is seen. In the 
presence of 70% sucrose (Fig. 3B) only a sharp 
reflection at 4.15 ,~ is observed indicating that the 
acyl chains in DMPC/70% sucrose are not tilted. 
The broad reflection at approx. 10 ,~ (approxi- 
mately channel No. 650 in Fig. 3B) is attributable 
to the sucrose (see Fig. 3C). 

The results for various concentrations of sucrose 
in the aqueous phase are summarized in Fig. 4. In 
the upper panel of this figure the effect of aqueous 
phase sucrose upon the interlamellar spacing 
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Fig. 4. Summary of X-ray diffraction results for DMPC multi- 
lamellar liposomes as a function of sucrose concentration in the 
aqueous phase. Upper panel: Long spacings (low-angle region); 
Lower panel: Short spacings (wide-angle region). The circles 
are for results obtained at 5°C and the triangles are for results 
obtained at 35°C. The errors are +0.5 ,h, and -I-0.01 ,i, in the 
low-angle and wide-angle regions, respectively. 

(low-angle region) in the DMPC multilamellae is 
shown for temperatures of 5 and 35°C. At 5°C an 
increase in the interlamellar distance is observed 
between 0 and 70% sucrose. The value at approx. 
50% sucrose falls reproducibly outside of an other- 
wise monotonic increase. At 35°C a decrease in 
the interlamellar spacing with increasing sucrose 
concentration in the aqueous phase is evident. 
Again, the value at approx. 14% sucrose falls re- 
producibly outside of an otherwise monotonic de- 
crease. A similar result was obtained by Le Neveu 
et al. [3] for L ,  phase egg yolk phosphatidylcho- 
line in excess water (aqueous sucrose). In the lower 
panel of Fig. 4 we show the short spacings (wide 
angle region) at 5 and 35°C. At 35°C the short 
spacings are constant (4.45 h,) at all concentra- 
tions of sucrose. At 5°C two reflections are seen, a 
sharp reflection and a shoulder, which is typically 
interpreted as being due to tilted acyl chains 
[10,11]: At 70% sucrose only one sharp reflection 
(4.15 A) is seen, indicating that the chains are no 
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longer  til ted. In the region between 14 and 50% 
sucrose the tilt  a t ta ins  a m a x i m u m  at approx.  30% 
sucrose. The difference between the long spacings 
at 0% sucrose (62 A,) and  at 70% sucrose (68.5 A) 
could  be expla ined  as being due to an unt i l t ing  of 
the acyl chains  with no change in the thickness of 
the aqueous  layer  between the l ipid layers. How-  
ever, the behav iour  be tween these two extremes is 
not  uniquely expl icable  by  this a rgument  since the 
tilt  reaches a m a x i m u m  at approx.  30% sucrose 
and it may  be expected that  under  these condi-  
t ions the long spacings should decrease.  At  35°C 
the simplest  exp lana t ion  for the decrease in the 
long spacings is a dehydra t ion  of the mul t i lamel lae  
p rovoked  by  sucrose in the bulk aqueous  phase.  

This work  was suppor ted  in par t  (J.S.) by  the 
Deutsche  Forschungsgemeinschaf t  through grant  
No.  Ei78/4-2 .  
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