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We have used high-sensitivity differential scanning calorimetry to investigate the mixing of dipalmitoylphosphatidylcho- 
line (DPPC) with N-lignoceroylgalaetocerebroside, N-lignoceroylsulfogalactocerebrnside and l-lauroyl-2- 
lignoceroylphosphatidylcholine. These three lignoceroyl species, whose two hydrocarbon chains are quite discrepant in 
length, are completely miscible with DPPC in the liquid-crystalline state. Mixtures of all three lignoceroyl liplds with 
DPPC show phase separation in the gel state, which is observed over a limited range of compositions (from < 10 mol% 
to just over 40 tool% sulfafide) in the ease of N-lignoceroylsulfatide and over a wide range of compositions in the cases 
of N.lignneeroylcerebroside ( <  10 tool% to > 90 tool% cerebroside) and l-lauroyl-2-1ignoeeroyI-PC (roughly 10 mol% 
to 90 mol% lauroyl/iignoceroyl PC). The extensive solid-solid phase separation observed in mixtm'es of DPPC and 
I-lanroyl-2qignoceroyI-PC, which show eutectic behavior, is somewhat unexpected given the similar transition tempera- 
tures of the two components hot appears to reflect the ability of the lignoceroyl species to form an interdigitated gel 
phase. However, we find no evidence that the N-Ugnocernylsphingolipids are markedly more prone to segregate laterally 
in PC-rich bilayers than are previously studied sphingolipid species with shorter N-acyl chains. We suggest on the basis 
o[ these results that the primary biological importance of the very long N-acvl chains found in many sphingolipids may 
lie in some function other than the promotion of lateral segregation ~f sphingolipid-emiched domains in biological 
membranes° 

Introduction 

It is a striking fact that some of the lipids found in 
mammalian cell membranes exhibit structures that de- 
part strongly from the 'consensus' pattern exemplified 
by a diacylglycerophospholipid with acyl chains of 
roughly equal length. One noteworthy example of this 
phenomenon is the occurrence in mammalian cell plasma 
membranes of sphingolipids with N-acyl chains whose 
length greatly exceeds that of the hydrocarbon portion 
of the sphingosine backbone [1,2]. A variety of 'asym- 
metric' phospho- and sphlngolipids, whose two hydro- 
carbon chains differ markedly in length, have been 
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reported to form interdigitated phases, in which the 
longer of the two hydrocarbon chains extends well 
beyond the bilayer midplane [3-14]. To date, relatively 
little is known about the effects of this dramatic asym- 
metry in chain length on the abilities of such lipids to 
intermix with other lipids whose hydrocarbon chains 
are more nearly comparable in length. Lateral segrega- 
tion of interdigitated and noninterdigitated phases has 
been reported in a few binary lipid systems, including 
one in which a liquid-liquid as well as solid-solid phase 
separation has been reported [15-17]. 

In the light of the above considerations, it is of 
interest to examine the miscibility of 'asymmetric' lipids, 
such as the naturally occurring N-lignoccroylsphingoli- 
pids, with 'symmetric' phospholipids (i.e,, phospholio 
pids whose two acyl chains are of similar length) of the 
type that comprise the major fraction of natural mem- 
brane phospholipids. The potential of the former species 
to form interdigitated phases in isolation [7,10,11,13] 
could in principle favor their lateral sesregation from 
symmetrical phospholipids in mixed lipid bilayers or 
even in biological membranes. To test this possibility, 
we have examined here the mixing of a symm~!deal 
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phospholipid, dipalmitoylphosphatidylcholine (DPPC), 
with the highly asymmetric lipids N-iignoceroylga!ac- 
tocerebroside (24 : 0-cerebroside), N-lignoceroyl-3'- 
sulfogalactocerebroside (24: 0-sulfatide), and 1-1auroyl- 
2-1ignoceroylphosphatidylcholine (12 : 0 /24  : 0-PC). A 
particularly interesting phase diagram is obtained for 
the DPPC/1-1auroyl-2-1ignoceroyl-PC system, which 
exhibits clear eutectic behavior. However, we find no 
evidence that the lignoceroyl species examined here are 
significantly more prone to segregate laterally in a 
liquid-crystalline phospholipid bilayer than are other 
lipids with the same headgroups but more nearly sym- 
metrical hydrocarbon chains. 

Materials and Methods 

Materials. Galactocerebroside and 3'-sulfogalae- 
tocerebroside (sulfatide) were isolated from an acetone 
powder of bovine brain by Folch extraction, then puri- 
fied by silicic acid and ion-exchange chromatography, 
using methods described previously [18,19]. N-Ligno- 
ceroyigalactocerebroside was synthesized from brain 
cerebroside by alkaline deacylation [20] followed by 
reacylation with lignoceric acid in the presence of tri- 
phenylphosphine and 4,4'-bispyridyldisulfide [21]. N- 
Lignoceroylsulfatide was synthesized .starting from 
bovine brain sulfatide by the procedure of Koshy and 
Boggs [22,23]. 1-Lauroyl-2-1ignoceroylphosphatidylcho- 
line was synthesized, starting from dilauroylphosphati- 
dylcholine, by the procedure of Mason et al. [24]. These 
lipids were purified by silicic acid column chromatogra- 
phy followed by preparative thin-layer chromatography 
and a final precipitation from chloroform with cold 
acetone. Dilauroyl- and dipalmitoylphosphatidylcholine 
(99 + %) were obtained from Sigma (St. Louis, MO). 

Methods. Lipid samples were lyophilized from 
cyclohexane and dispersed in 156 mM NaCI, 10 mM 
Hepes, 1 mM EDTA (pH 7.4) by vortexing above the 
phase transition of the higher-melting component. Sam- 
ples containing lignoeeroylcerebroside, lignoceroyl- 
sulfatide or l-lauroyl-2-1ignoceroyl-PC were very briefly 
heated to 90 ° C, to 65 ° C or to 60 ° C, respectively, then 
cooled rapidly to 55°C and cooled from the latter 
temperature to 4 ° C  at a ra te  less than 0.3 C ° / m i n .  
Except where otherwise explicitly indicated, samples 
were then incubated at 4 ° C  for 45 to 60 days before 
calorimetric analysis. 

High-sensitivity differential scanning calorimetric 
analysis of lipid samples was carried out with a Micro- 
cal MC-1 scanning calorimeter, using a scan rate of 12 
C ° / h .  Equilibrated samples (5 #mol total lipid in 0.7 
ml buffer) were loaded into the calorimeter at tempera- 
tures below 5 °C  and were scanned to a temperature at 
least 10 C ° above the transition temperature of the 
higher-melting lipid component. In some experiments, 
samples were then recooled to 5 ° C  at a rate of roughly 

1 C ° / m i n  and rescanned within 2 h. Concentrations of 
lipid stock solutions were determined by phosphorus 
analysis [25] for phosphatidylcholines and by weighing 
thoroughly dried samples  for l ignoceroylgalac- 
tocerebroside and lignoceroylsulfogalactocerebroside. 
Phase transition boundaries were estimated from ther- 
mograms recorded for mixed-fipid samples using the 
procedure of Mabrey and Sturtevant [26]. 

Results 

DPPC / lignoceroylcerebroside mixtures 
In Fig. 1 are shown a series of calorimetric traces 

obtained for extensively preincubated samples combin- 
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Fig. 1. Heating tbermograms recorded for samples combining DPPC 
with the indicated molar percentages of lignoceroylcerebrosid¢. After 
initial dispersal as described in Materials and Methods, samples were 
incubated for 45 days at 4°C before calorimetric analysis. Other 
details of the calorimetric analysis were as described in Materials and 

Methods. 



ing DPPC with 24:0-cerebroside in varying propor- 
tions. The preparation of DPPC used in these experi- 
ments, after incubation for 45 days at 4 °C ,  exhibits 
sub-, pre- and main transitions at 20.6°C, 35.0°C and 
42.0°C, respectively. Pure 24:0-cerebroside prein- 
cubated under the same conditions shows a small endo- 
therm at 29.4°C and a large endothermic transition at 
85.2°C. Samples of 24:0-eerebroside that were in- 
cubated for shorter periods of time (up to 20 days) also 
showed a second high-temperature transition, centered 
at 82.9°C (not shown), which is probably the same as 
the 82°C transition observed by Reed and Shipley [11] 
in samples of 24: 0-cerebroside that were incubated for 
times on the order of minutes to hours. The amplitude 
of the 82.9 ° C  transition gradually decreased, while that 
of the 85.2°C transition increased, as samples were 
incubated for increasing times at 4°C.  The lower- 
temperature transition of 24 : 0-cerebroside was not ob- 
served in samples that were incubated for short times 
(hours or a few days) prior to calorimetry. 

As increasing amounts of 24 : 0-cerebroside are incor- 
porated into DPPC bilayers, the main transition of the 
latter species gradually broadens, with the upper 
boundary sift[ling to progressively high_er temperatures 
(Fig. 1). However, the lower boundary of the main 
transition envelope remains near 41.6°C for mixtures 
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containing as much as 90 mol% 24:0-cerebroside. The 
pre- and subtransition endotherms observed for DPPC 
are broadened and shifted to lower temperatures for 
samples containing 10 tool% cerebroside and cannot be 
clearly resolved in samples containing 20 mol% or more 
24:0-cerebroside. However, an apparently different 
low-temperature transition is seen at 25.0<'C in samples 
containing 50-90 molCg cerehroside and at 29.4°C in 
samples containing 100 tool% cerebroside. 

In Fig. 2A is shown the phase diagram derived from 
the data shown in Fig. I for the DPPC/24:0-cerebro- 
side system. A horizontal line of three-phase coexistence 
at 41.6 °C  extends from < 10 mol($ to over 90 molC$ 
DPPC. A second line of three-phase coexistence is 
clearly present at 25.0°C, extending from < 50 tool% 
to > 90 tool% 24:0-eerebroside. To account for the 
observed behavior of the pretransition as 2 4 : 0 -  
cerebroside is introduced into DPPC, and noting that 
DPPC and 24:0-cerebrosid¢ are almost completely 
phase-separated at temperatures just below the main 
phase transition, we suggest the existence of a third line 
of three-phase coeydstence at a temperature somewhere 
between 33°C and 25.0°C (plotted tentatively at 33°C 
on the phase diagram). This putative feature of the 
phase diagram may not be clearly resolvable in the 
thcrmograms of samples contmmng 2u mol% or more 
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Fig. 2. Phase diagrams deduced from calorimetric data for binary mixtures of DPPC with (A) N-ligncx:eroylgalactocerebroside (24:0-cerebroside). 
(B) f-lauroyl-2-1ignoceroylpbosphatidylcholine (12:0/24:0-PC) and (C) N-lignoearuyl-3'-snlfogalactocerebroside (24:0-sulfatide). Phases are 
designated as follows: La, fiquid-crystalline; P#,, "ripple" phase formed by DPPC between the pre- and main transitions; L#,, gel/,hase formed by 
DpPC between the sub- and pre-transitions; L¢, subgel phase formed by DPPC; S I, S z, upper- and lower-temperature solid phases formed by the 
lignoceruyl species (which may be different for each ligncceruyl lipid examined); L intermediate phase formed by 24: 0-solfafide between the main 
and the highest-temperature transition. Data points plotted represent the onset and completion temperatures, estimated using the ptaxedure o/ 
Mabrey amd Sturtevant 126l, for emiothesmic events associated with regions of two-phase coexistence in the phase diagram, as well as the peak 
temperatures measured for endotbermic features associated with lines of three-phase coexistence. Phase boundaries that can be. reliably assigned 
from the calorimetric data are indicated by solid lines in the phase diagrams,, while boundaries whose position cannot be assigned precisely, or 
which must be postulated in order to complete the phase diagrams in accordance with the phase rule, are indicated as dashed lines. For clarity, 

some regions of the phase diagrams are left unlabeled when the phases present can be clearly infered from the labeling of the adjacent regions. 
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Fig. 3. Heating thermograms recorded for samples of DPPC plus the 
indicated molar percentages of 12:0/24:0-PC. Samples were disper- 
sed at 60 °C and incubated for 45 days at 4°C prior to calorimetry. 
Other details of sample preparation and calorimetric analysis are 

given in Materials and Methods. 

24 : 0-cerebroside if the relevant endotherm is relatively 
broad, since the enthalpy involved is small. 

The position of the liquidus curve in the phase 
diagram in Fig. 2A indicates that DPPC and 24:0-  
cerebroside are completely miscible, albeit in a highly 
nonideal manner, in the liquid-crystalline state. The 
overall behavior of the liquidus curve is quite similar to 
that observed by Ruocco et al. [27] in the phase diagram 
for the DPPC/N-palmitoylgalactoeerebroside system. 

DPPC /12 : 0/24: O-PC mixtures 
In Fig. 3 are shown the thermograms recorded for a 

series of mixtures of DPPC and 1 2 : 0 / 2 4 : 0 - P C  that 
were incubated for 45 days at 4 ° C  before calorimetric 
analysis. The effective chain length difference for 
12 : 0 /24 :  0-PC is similar to (albeit slightly greater than) 
that estimated for lignoceroylsphingolipids [28] and is 
of the magnitude shown by Xu and Huang [14] to favor 
the formation of mixed interdigitated phases in the gel 
state. Pure 12 : 0 / 2 4  : 0-PC after lengthy preincubation 
shows a major phase transition at 49.5 *C and a smaller 
phase transition at 26.0°C. The enthalpies of these 
transitions are 1.4-4-0.2 and 13.8 +_ 0.3 kcal-mo1-1, re- 
spectively. The larger, but  not the smaller transition is 
also observed in samples that are incubated for shorter 
times (hours to a few days) at 4 ° C  after heating to 
60°C.  

As increasing amounts of 1 2 : 0 / 2 4 : 0 - P C  are incor- 
porated into DPPC bilayers, the sub-, pro- and main 
transitions of the latter species all shift to lower temper- 
atures. The sub- and pretransitions reach new constant 
temperatures (18.7 ° C and 25.0 o C, respectively) in sam- 
ples containing > 10 tool% and > 20 tool% 12 : 0 / 2 4  : 0- 
PC, respectively. The upper boundary of the main tran- 
sition gradually shifts downward as the mole percentage 
of 12 : 0 / 2 4  : 0-PC is increased from 0 to 60 mol%, then 
gradually rises again from 70 to 100 mol% 12 : 0 / 2 4 :  0- 
PC. 

In Fig. 2B is shown the phase diagram derived from 
the calorimetric data shown in Fig. 3 for the DPPC- 
1 2 : 0 / 2 4 : 0 - P C  system. Three lines of three-phase 
coexistence can be definitely assigned, at 18.70C, 
25.0°C and 35.0°C, respectively. A fourth line of 
three-phase coexistence must be present between 25 °C  
and 35°C  to account for the behavior of the low-tem- 
perature transition of 12 : 0 / 2 4  : 0-PC; this three-phase 
line is tentatively assigned at 27.5°C. A clear eutectie 
point is seen a:i 35.0°C, corresponding to a eutectic 
composition of :oughly 63 mol~ 12: 0 / 2 4  : 0-PC. Phase 
separation is sere below 35 ° C  in mixtures containing 
from roughly 35 mol% up to at least 90 moi% 
12 ' :0 /24 :0-PC.  Phase separation at  lower tempera- 
tures, where the DPPC-rieh phase enters the L#, and Lc 
phases, is even more extensive. The two lipids are fully 
miscible in the liquid-crystalline phase. 

DPPC/  lignoceroylsulfatide mixtures 
In Figure 4 are shown a series of thermograms re- 

corded for extensively preincubated dispersions combin- 
ing DPPC with 24:0-sulfatide in various proportions. 
Pure 24:0-sulfatide shows a major endothermic transi- 
tion peaking at 52.8°C, followed by a small transition 
at 58.5°C. When the sample was coded  rapidly from 
65 ° C  after the initial heating run and then immediately 
rescanned, a similar pattern of endotherms was ob- 
served, but  the major endotherm in this case was slightly 
broader and appeared to be the sum of two transitions 
separated by 1 -2  C ° (not shown). Given the rich 
polymorphic behavior observed previously for this and 
other species of sulfatide using other conditions of 
sample preparation [13,29,30], this behavior is not 
surprising. An additional small, relatively broad endo- 
tberm is seen, with a peak at 41.8°C, in the thermo- 
grams of samples of pure 24:0-sulfatide that are in- 
cubated at 4 ° C  for either a few hours or 60 days after 
dipersal at 65 ° C. A low-temperature transition has also 
been reported by Boggs et al. [29] for samples of this 
lipid dispersed at relatively low salt concentrations. 

As increasing amounts of 24 : 0-sulfatide are incorpo- 
rated into DPPC bilayers, both the pre- and the sub- 
transition shift to lower temperatures and become less 
distinct (Fig. 4). In contrast, the main phase transition 
of DPPC broadens and gradually shifts to higher tern- 
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Fig. 4. Heating thermograms recorded for mixtures of DPPC plus the 
indicated molar percentages of 24:0-sulfatide. Samples were disper- 
sed at 60°C and incubated for 60 days at 4°C prior to calorimetry. 
Other details of sample preparation and calorimetric analysis were as 

given in Materials and Methods. 

peratures as the proportion of 24:0-sulfatide in the 
bilayers increases. The lower boundary of the main 
transition envelope remains near 410C up to 40 moi% 
24:0-sulfatide but  then progressively increases as the 
molar percentage of sulfatide increases still further. 
Interestingly, the small upper-temperature transition 
observed for pure 24:0-sulfatide is also observed for 
mixtures containing as little as 20 tool% sulfatide in 
DPPC. 

In Fig. 2C is shown the phase diagram infered from 
the above calorimetric results for the D P P C / 2 4 : 0 -  
sulfatide system. The presence of multiple upper-tem- 
perature transitions for 24: 0-sulfatide complicates sub- 
stantially the complete assignment of all features in the 
phase diagram. However, the position of the liquidus 
curve, and the fimits of the phase separation im- 
mediately below 40°C,  can be assigned fairly accu- 
rately. DPPC and 24:0-sulfatide show a limited region 
of gel-state immiscibility, extending from < 10 tool% to 
just over 40 tool% sulfatide. The liquidus curve, which 
we define from the upper boundary of the high-temper- 
ature transition, indicates complete (but not ideal) mis- 
cibility of the two lipids in the liquid-crystalline state. 
The remainder of the phase diagram for this system 
above 40"C  is plotted to rationalize the behavior of the 
major and the high-temperature transitions in samples 
containing 20 tool% to 100 tool% 24: 0-sulfatide, on the 
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assumption that an intermediate phase (designated ' I ' )  
intervenes between the gel and the liquid-crystalline 
s~ates in these samples. The behavior of the lower-tem- 
perature transition of 24:0-sulfatide-rich mixtures is 
aise included in the phase diagram, as phase boundaries 
related to this transition appear to intersect the solidus 
curve. However, the pre- and subtransitions of DPPC 
are not included in this phase diagram, since they 
cannot be mapped accurately in samples containing 20 
mol% or more 24:0-sulfatide but do not appear to be 
involved in determining the position of the solidus 
curve. 

Discu.~sion 

Wtule the formation of interdigitated lamellar phases 
in a variety of single-component lipid systems is well- 
documented [3-17,29--37], less is known about the 
potential for such phases to form in lipid mixtures, 
particularly in mixtures that contain both lipid species 
that form interdigitated phases in isolation and species 
that do not. Coexistence of interdigitated and nonin- 
terdigitated gel phases has been observed in the di- 
hexadecyl-PC/dipalmitoyl-PC system [15,16], and Ma- 
son [17] has reported intriguing evidence for a limited 
liquid-liquid phase separation, as well as segregation of 
interdigitated and noninterdigitated gel phases, in mix- 
tures of distearoyl-PC with 1-stearoyl-2-decanoyI-PC. It 
has been suggested [9,17] that naturally occurring lipid 
species with highly discrepant hydrocarbon chain 
lengths, such as very long-chain sphingolipids, may 
form segregated interdigitated domains at physiological 
temperatures in mixed-lipid bilayers and even in some 
biological membranes. However, little direct evidence 
has been provided to assess this possibility. 

Dipalmitoyl-PC and 1 2 : 0 / 2 4 :  0-PC show complete 
miscibility in the liquid-crystalline s t a e  but extensive 
phase separation in the gel state, leading to the ap- 
pearance of a eutectic point. The acyl chains of 
1 2 : 0 / 2 4 : 0 - P C  show a mismatch in their effective 
lengths, quantitated by the parameter (AC/CL)  defined 
by Huang and Mason [91, of almost exactly 0.5. Xu and 
Huang [14] have shown that phosphatidylcholines 
manifesting this degree of acyl chain mismatch form 
mixed interdigltated bilayers in the gel state. The gel- 
phase immiscibility observed between 12 : 0 / 2 4 :  0-PC 
and DPPC thus presumably reflects the incompatibility 
of a interdigitated and noninterdigitated gel phases, as 
has been observed for the dihexadecyl-PC/DPPC and 
the distearoyI-PC/1-stearoyl-2-deeanoyI-PC systems 
[15-17]. A similar conclusion has very recently been 
reported by Lin and Huang [47] to explain the eutectic 
behavior observed in mixtures of dimyristoyl-PC and 
1-stearoyl-2-caproyi-PC, 

The phase diagram determined for the DPPC/24  : 0- 
eerebroside system reveals extensive phase separation in 
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the gel, but not in the liquid-crystalline state. In view of 
the results discussed above, it might seem reasonable to 
conclude that this extensive gel-phase separation is 
primarily attributable to the incompatibility of a nonin- 
terdigitated PC-rich gel phase and an iuterdigitated gel 
phase rich in 24:0-cerebroside. However, this conclu- 
sion can be questioned on several grounds. First, Ruocco 
et al. [27] have reported that mixtures of DPPC and 
N-palmitoylcerebroside exhibit phase separation in the 
gel state over a wide range of compositions. Other 
PC-cerebroside mixtures, including mixtures of egg PC, 
DPPC or 1-palmitoyl-2-oleoyl-PC with bovine brain 
cerebroside, have also been found to exhibit extensive 
phase separation in the gel state [38-41]. The marked 
tendency of 24:0-cerebroside to phase-separate from 
DPPC in the gel state may thus be determined more by 
its headgroup structure than by its potential to form an 
interdigitated solid phase. Second, Reed and Shipley 
[11] have reported evidence that 24: 0-cerebroside forms 
partially interdigitated solid phases, in which neither 
acyl chain extends completely across the lipid bilayer, 
rather than mixed interdigitated solid phases, in which 
the longer acyl chain would span the entire thickness of 
the hydrocarbon region. It is thus difficult to interpret 
the phase separation in the DPPC/24:0-cerebroside sys- 
tem as analogous to that observed in mixtures of DPPC 
with 12 :0 /24 :0 -PC,  where the gel phase of the ligno- 
ceroyl component is expected to adopt a mixed interdig- 
itated structure. The limited solid-solid phase separation 
that we observe in mixtures of DPPC with 24:0-sulfa- 
tide, which forms a mixed interdigitated gel phase [13], 
likewise cannot be attributed purely to the incompatibil- 
ity of interdigitated and nonil~terdigitated gel phases. 
Rintoul et al. [42] have reported that mixtures of di- 
elaidoyl-PC with natural brain sulfatide, which does not 
form an interdigitated gel phase [43], show a solid-phase 
separation that is similar in extent to that observed here 
for the DPPC/N-lignoceroylsulfatide system. 

In the liquid-crystaUine state 12 : 0 / 2 4  : 0-PC, 24 : 0- 
-cerebroside and 24:0-sulfatide are all fully miscible 
with DPPC. Moreover, the general behavior of the 
l iquidus curve in the phase diagram for the 
DPPC/24:0-cerebroside system is very si,-rdlar to that 
observed previously in the phase diagrams for other 
PC/cerebroside mixtures [27,38-41], allowing for dif- 
ferences in the transition temperatures of the lipid com- 
ponents in the different systems. It is clear that the 
lignoceroyl lipid species studied here, with highly dis- 
crepant hydrocarbon chain lengths, can readily accom- 
modate to the fluid matrix formed by a symmetric-chain 
lipid such as DPPC. Grant and co-workers [44,45] have 
presented evidence that the long acyl chains of several 
spin-labeled N-lignoceroylgiycosphingolipids extend 
across the bilayer midplane, penetrating substantially 
into the opposing monolayer, when low mole per- 
centages of the sphingolipid labels are incorporated into 

bilayers composed of symmetrical phospholipids. It 
would appear from our present results that such inter- 
digitation allows good mixing of lipids with symmetrical 
and asymmetrical hydrocarbon chains in the liquid- 
crystalline state. This result agrees with the findings of 
Grant  and co-workers [44,45] that spin-labeled N- 
lignoceroylglycosphingolipids reveal no special tend- 
ency to cluster when present at low mole fractions in 
bilayers of lipids such as egg PC and dimyristoyl-PC. 

The phase diagrams presented in this study, when 
compared to those reported previously for other phos- 
pholipid/glycosphingolipid mixtures [27,38-42], pro- 
vide no evidence that N-lignoceroylsphingolipids are 
markedly more prone to segregate laterally from liquid- 
crystalline phospholipids than are the corresponding 
sphingohpids with shorter acyl chains. These results 
raise some question concerning the suggestion that the 
primary biological function of the very long N-acyl 
chains of some sphingolipids is to promote the lateral 
segregation of sphingolipid-en~ched domains in the 
membrane plane. We suggest instead that very long- 
chain sphingolipids may serve to confer special physical 
properties (e.g., greater stability or enhanced mechani- 
cal coupling between the bilayer leaflets [46]) to the 
membrane as a whole, or possibly to sphingolipid-en- 
riched domains that ma? segregate in the membrane 
plane on the basis of properties other than the length of 
the lipid acyl chains. 
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