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Differential scanning calorimetric studies have been carried out on aqueous dispersions of cholesterol plus 
one of the pair of positional isomers, 1-arachidoyl-2-oleoylphosphatidylcholine (AOPC) or l-oleoyl-2- 
arachidoyiphosphatidylcholine (OAPC). There were some differences in the shapes of the endotherms 
obtained from the dispersions with the two positional isomers. These observations confirm the previous 
finding (Davis, P.J. and Keough, K.M.W. (1984) Biochemistry 22, 6334-6340) that positional isomers of 
unsaturated phosphatidylcholines may interact differently with cholesterol, at least in the gel state. The 
shapes of endotherms obtained here and in the previous study are consistent with the suggestion that the 
position of the unsaturated chain on the glycerol has a role in determining the nature of the phosphatidylcho- 
line-cholesterol interaction. Certain features of the endotherms seen here and previously (op. cit.) suggest 
that factors such as effective chain depth in the bilayer or efficiency of chain packing in the bilayer may also 
influence this interaction. 

The amount of cholesterol in different mem- 
branes varies from near zero to about 50 percent 
on a molar basis (for reviews, see for example, 
Refs. 1-4). Plasma membranes often contain high 
amounts of cholesterol whereas the membranes of 
subcellular organelles usually have less than 30 
mol% (see Ref. 2). The cholesterol to phospholipid 
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Abbreviations: AOPC, 1-arachidoyl-2-oleoyl-sn-glycero-3-phos- 
phocholine; OAPC, 1-oleoyl-2-arachidoyl-sn-glycero-3-phos- 
phocholine; OSPC, 1-oleoyl-2-stearoyl-sn-glycero-3-phos- 
phocholine; SOPC, 1-stearoyl-2-oleoyl-sn-glyeero-3-phos- 
phochohne; Tc, gel to liquid-crystalline transition temperature; 
Tma~, the temperature of maximum heat flow in an observed 
calorimetric event. 

ratios of some abnormal cells and their mem- 
branes are altered in comparison to those of nor- 
mal cells (see Ref. 4). Pulmonary surfactant con- 
tains up to about 15 mol% cholesterol (see Refs. 5 
and 6). 

The concept that cholesterol acts as a modula- 
tor of the order and of the motion of the hydro- 
carbon chains of membranes [7] has been sup- 
ported by a large body of evidence (see Refs. 1-3 
and 8). Aspects of sterol structure which influence 
the physical properties of membranes have been 
studied (for a review, see for example, Ref. 9). 
Also, work has been done on the effect of chang- 
ing the headgroup or the chain length on phos- 
pholipid-cholesterol interactions (see Ref. 2), and 
some evidence for preferential association between 
cholesterol and some classes of lipids exists. 
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In a recent differential scanning calorimetric 
study we found that the endotherms of gel to 
liquid-crystalline transitions were different for 
membranes composed of cholesterol plus 1- 
stearoyl-2-oleoylphosphatidylcholine (SOPC) in 
comparison to those for membranes made with its 
positional isomer, 1-oleoyl-2-stearoylphosphati- 
dylcholine (OSPC) [10]. These observations were 
interpreted as being suggestive of a difference in 
the nature of the PC/cholesterol association be- 
tween the two isomers [10]. Such a difference 
could arise because of a specific orientation be- 
tween cholesterol and each individual PC, such 
that in the case of the two isomers either a saturated 
or an unsaturated chain was adjacent to a given 
face of a cholesterol molecule [11]. The packing of 
chains in the gel state appears to vary with each 
pure positional isomer (see Refs. 12 and 13), and 
such differences in packing between isomers could 
also influence the nature of the cholesterol-lipid 
associations [10]. 

In order to determine if the behaviour observed 
with SOPC or OSPC plus cholesterol was unique 
to that pair of isomers and to shed further light on 
the nature of the interaction of cholesterol with 
positional isomers, we have studied the calorimet- 
ric properties of dispersions of cholesterol plus 
each of another pair of isomers, 1-arachidoyl-2- 
oleoyl-PC (AOPC) or 1-oleoyl-2-arachidoyl-PC 
(OAPC). For comparison, thermograms of choles- 
terol plus diarachidoyl-PC (DAPC) were also ob- 
tained. The properties of the thermograms can be 
interpreted in a manner which is consistent with 
both chain position and chain packing influencing 
the nature of the phosphatidylcholine-cholesterol 
interaction. 

Materials and Methods 

Materials. Fatty acids and cholesterol (> 99% 
pure) were obtained from Sigma Chemical Com- 
pany, St. Louis, MO. Fatty acids were found to be 
pure (> 99%) by gas-liquid chromatography [11, 
14], and were used without further purification. 
Cholesterol was re-crystallized twice from 95% 
ethanol, vacuum-dried over P205 for 16 h, and 
stored at -20°C. Other materials and reagents 
were obtained and treated as described previously 
[10,12,131. 

AOPC, DAPC, DOPC, and OAPC were made 
by methods described previously [10]. OAPC and 
AOPC were crystallized from hexane/methanol 
(98:2, v/v) [10]. Thin layer chromatography and 
phosphorus assay indicated that these lipids con- 
tained 0-1.4% of a component with the mobility 
of 1,3-phosphatidylcholine. In addition, AOPC had 
a second minor component (0.8% of total P) with 
mobility slightly greater than that of 1,3-phos- 
phatidylcholine. OAPC contained less than 1% of 
its positional isomer (AOPC) while AOPC had 6% 
OAPC [12]. 

Calorimetry. Aqueous dispersions of lipids at 
33% (w/w) were prepared as described before 
[10,12]. Differential scanning calorimetry was per- 
formed using a Perkin-Elmer DSC-2 operated at 5 
deg C/min  in a manner described previously 
[10,12]. Experimental thermograms were normal- 
ized per mole of lipid phosphorus in the way 
outlined before [10]. The normalized endotherms 
were analyzed for component parts using a com- 
puter program for deconvolution which has also 
been described previously [10,15]. 

Results 

Fig. 1 shows the normalized endotherms ob- 
tained for aqueous dispersions of mixtures of 
cholesterol with either AOPC, OAPC or DAPC. 
At cholesterol concentrations up to 17 tool% the 
endotherms for AOPC/cholesterol were skewed to 
high temperature and well-described by two com- 
ponents, one narrow (at low temperature) and one 
broad (at high temperature). Endotherms for 
OAPC/cholesterol were more symmetric than 
those for AOPC/cholesterol, although resolution 
of the former endotherms into two components 
could be done. Even then, OAPC/cholesterol en- 
dotherms had one major and a variable minor 
component. The endotherms obtained from 
AOPC/cholesterol were different from those ob- 
tained for the two other mixtures in that they had 
considerable high-temperature asymmetry. Those 
for DAPC/cholesterol and OAPC/cholesterol 
were fairly symmetric, although D A P C /  
cholesterol displayed some slight low-temperature 
asymmetry. 

Table I gives a summary of values of various 
parameters obtained for the components obtained 
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with the deconvolution program. Fig. 2 shows, as a 
function of cholesterol concentration, the total en- 
thalpy of the transitions of AOPC/cholesterol and 
OAPC/cholesterol (Fig. 2A), the enthalpy of the 
narrow components (Fig. 2C) and the enthalpy of 
the broad components (Fig. 2D). Also included 

are the relative contributions of the narrow com- 
ponent to the total enthalpy of each individual 
endotherm (Fig. 2B). At 40 mol% cholesterol there 
was no observable transition for AOPC/cholester- 
ol but one was discernible for OAPC/cholesterol 
(Figs. 1 and 2A), When the relative contribution of 
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the narrow component  to the total enthalpy of 
each individual endotherm is calculated, that con- 
tribution decreases more rapidly in the case of 
AOPC/choles tero l  than with OAPC/choles tero l  
(Fig. 2B). 

Fig. 3 shows data on the enthalpy of the mix- 
tures of DAPC and cholesterol. Data  for D O P C /  
cholesterol are published in Ref. 10, as are data for 
SOPC/cholesterol  and OSPC/cholesterol .  DAPC 
and OAPC are similar when mixed with cholesterol 
in that the proportion of the total enthalpy of any 
endotherm contributed by the narrow component  
is relatively high (Figs. 3B and 2B) in comparison 
to the contribution by the narrow component  to 
the total enthalpy in AOPC/choles tero l  (Fig. 2B). 

The temperatures of maximum heat flow for the 
components of the endotherms were nearly inde- 
pendent of cholesterol concentration for both the 
mixed-acid lipids. There was a decrease in the 
maximum temperature for the broad component  
of DAPC/cholesterol .  This latter property was 
like that seen for DOPC/cholesterol .  

Discussion 

The absolute enthalpies of pure AOPC and 
pure OAPC are low considering the length of the 
chains. We have not found any analytical dif- 
ference by thin-layer chromatography, gas-liquid 
chromatography or positional analysis which 
would suggest substantial contamination of either 
lipid. The transition temperatures of AOPC (T~ = 
11.9°C, Tm~ , = 12.2°C) and OAPC (T~ = 15.9°C, 
Tm~ , = 16.3°C) followed the trend seen in other 
mixed-acid PC; that is, the isomer with the 1-1ong- 
2-short configuration had the lower transition tem- 
perature [12,13]. The enthalpies of other mixed-acid 
PC containing unsaturated chains were also rela- 
tively low considering their chain lengths [13]. The 
patterns of the relative enthalpies exhibited by 
AOPC and OAPC were consistent with those seen 
before [13] in that the 1-1ong-2-short isomer had 
the lower enthalpy. 

The shapes of the endotherms for A O P C /  
cholesterol are not the same as those for O A P C /  
cholesterol, implying some difference in the associ- 
ation between cholesterol and the two isomers, at 
least in the gel state. The shapes of the endotherms 
for AOPC/choles te ro l  (Fig. 1) and S O P C /  
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cholesterol (Fig. 1 of Ref. 10) were similar, as were 
those from OAPC/choles terol  (Fig. 1) and 
OSPC/cholesterol (Fig. 1 of Ref. 10). The former 
group of endotherms were skewed to high temper- 
ature and readily resolvable into two components. 
Those in the latter group were almost symmetrical, 
were resolvable into two components, but could be 
described almost as well by one component. This 
pattern is consistent with the interpretation that 
the position of the unsaturated chain on the PC 
influences the interaction between PC and choles- 
terol [11]. Such a difference resulting from the 
interaction of the different positional isomers with 
cholesterol may be related to the observations that 
the membranes of some mycoplasmas [16,17] and 
some hepatomas [18-20] have high cholesterol 
contents and high contents of phospholipids with 
unsaturated chains in the sn-1 position of glycerol. 

While there are overall similarities between the 
endotherms for SOPC/choles terol  [10] and 
AOPC/cholesterol,  and between those for O S P C /  
cholesterol [10] and those for OAPC/cholesterol,  
there are some quantitative differences between 
the endotherms also. These are in the rates at 
which the endotherms broaden as a function of 
cholesterol concentration, the relative proportions 
of the enthalpies contributed by narrow compo- 
nents, and the ability to discern a transition at 
higher cholesterol concentration in OAPC than in 
OSPC (compare Figs. 1-3 of Ref. 10 and Figs. 1 
and 2 of this paper). These small but potentially 
significant differences suggest that, in addition to 
the position of the saturated and unsaturated 
chains, the absolute chain lengths (see Refs. 10 
and 21-24) and the relative difference in chain 
length and effective bilayer penetration (see Refs. 
10 and 12-13) may also influence the shape of the 
endotherms. 

The results obtained here, and those observed 
for mixtures of SOPC or OSPC plus cholesterol 
[10], suggest that the position of the unsaturated 
chain on the glycerol backbone of a phosphati- 
dylcholine may have an influence on the nature of 
the PC-cholesterol interaction, at least in the gel 
state. The potential effectiveness of packing of the 
lecithin chains in the bilayer may also serve to 
modulate the interaction between the phospholipid 
and cholesterol. 
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