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The role of gl ipid fatty acid a-hydroxylation as a mndulx ter ol' lycolipid ion and ics was
considered by 2H-NMR in bilayer 1 For these experil ides were prepared in which
the natural fatty acid mixture was roplaced with J d 18-carbon hyd lated or hye: lated stearic

acid. The L-stereoisomer of N-(a-OH-stearoyl-d;,)gal ! ide and its 1l ing pa-OH 1!
wem |so|:letl for md:pemlem sludy. Bilayers were formed using 10 mol% galactesylceramide in n sl-orter elmn

line, in an attempt to several fe of gl
lipid inunmons ty,mnl of cell b Spectra of de in gel phme plmspholilwd
d that a-hydrexyletion led i5 greater ional freedom and /or dor, with
no difference betw o- and L-a-OH fatty acid der in fluid phosphatidylcholine bil the
effects were modest. G ipid fatty acid ion led to of the range of order paramete’s
assuciated with methyieae groups near the surface (ft Y to as the ‘plateau region’) - this

effect being meove mavked for the ing {(p) The degree of overall molecalar order sensed
by the glycolipid faity acid chain in a flui! host matrix was mirimally affecied by e-hydroxylaiion; although the
plateau region of the p isomer was slightly iaore ordered than that of the L isomer and the non-hydroxyloted species.
These resuits suggest that a significant aspect of the a-hydruxy group eﬂ‘ect nn glycosphingulirid beh.,v-mur in
bilayer membranes with lew glycolipid coritent was interference with gly host

in the upper portion of the acyl ciaains. For ifie & stercoisomer, Ilwre was smni- evidence that the hydroxy group led
to strengthening of interlipid inters .tion near the membrane surface.

Introduction golipids is considered to have the polem:al to con-

iribute to membrane physical properties, in addition to
having an established role as recogution siics that may
beanng hplds of ammal celle, Generally they are minor mediate the interaction of the cell with its surround-

fthough resmct.nu to the ings [1,2). Subtlc gemnls of GSL physical behaviour and
cuter bnlaycr leaflet raises their ef ar have been duii ated to

tions. In a few tissues they may comprise up to 30% of b« involved with both iheir structural aad receptor
total membrane lipid. Hence, this family of sphin- rotes [1-41. Moreover they have structural features that
set them distinct! apan from p anrd wirich
infl GSL ical beh and ar

these include dosnor H-bunding groups in the curbo-
hydrate headgroup and sphingosinc backbore, a dis-
proportionately long (single) fatty acid, and often a-hy-

Glycosphingolipids ((38Ls) are the carbchydrate-

iaticas: GSL. gf ic; GulCer.
DMPC, lo-dlmynstmhlmsnb'tudyumlmc
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droxylalion of the fatty acid. Fatty acid hydroxylation,
at C-2, is & very common feature of naturally occurring
GSis. There has been considerable speculation with



regard to the possible influence of this pkh on
the carbohydrate-bearing lipids of cell membranes.
Thus Ki et al. noted that nerve conduction velocity in
Caudatu species having no «-hydroxy fatty acids in
their myelin cerebrosides was significantly reduced {5,
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hyc oxyl group at the p-x-position. These were assem-
bled into lipid bilayers composed of the {shorter) 14-
carbon fatty acid phosphatidyicholine, DMPC, since in
general glycohpnds have longu fa'ty aclds than do iheir

while Gahmberg and Hakomori have suggested \hat

a-hydroxyla'lon of the fatty aud should be id
for its p | to affect pl ion (i.c.
receptor function} of a gwen GSL "-a control of
‘crypticity’ [6,7). There exists the concept that inter-
clar b bondi Ieolinid

AT The ta
tional ordering of the GSL stearic acid residue and its
correspending hydroxy anal were d in lig-

uvid crystalline and gel state bilayers. The presence of
the spectroscopic probe on GalCer itself made it possi-
ble to focus selectively on phenomena related to the

gl pids in
mesnbravics may be a very sigaificant force controlling
their functions 1,2 |

The bases of etfects astociated with fatty acid hy-
droxylativn are unknown, Bunow and Levin have
pointed out that the hydroxyiated fraction of pure
galactosylceramide (GalCer) from beef brain forms a
more disordered gel phase than does the non-hydroxy
fraction, and suggest that this may be due to a spatially
perturbing effect of the substituent group [8). Reduc-
tion of both the p and halpy of the

§ d even at the iow concentrations reflective of
natural membranes.

Maierials and Metkods

1,2-Dimyristoylphosphatidylchoiine (DMPC) was
obtained from Avanti Polar Lipids, Birmingham, AL;
and was uscd withoui further purification. Galactosyl-
ceramide {GaiCer) was isolated from beef brain, using

the non-pohr resicdue of a Folch extraction {i4], or

gel-to-liquid crystalline phase transition in pure GalCer
by the presence of an a-hydroxyl group [9,10] has been
related 10 its causing disruptions of the tight acyl chaln
packing characteristic of a gel phase [9]. F

] from Avanii Polar Lipids, Birmingham, AL.
The former material was. applicd to a column of Bio-
Rad silivic acid 200—400 mesi, and eluted with a

di h d GalCer

of in Isol.

of the fatty acid in GalCer was observed to raise the
kinetic energy barrier to reaching a stable bilayer gel
state [9). Ir: a study of pure sulfated GalCer (cerebro-
side sulfate), it was noted that, in this system too,
hydroxylation of the fatty acid inhibited certain organi-
zational changes necessary to give rise to the most
stablc, d phase {11). I . these authors
recorded a higher phase transition temperature and
enthalpy fo: the gel-to-liquid crystalline transition of
the a-hydroxylated material than the non-hydmyl-
ated. In this case there was the added i of

d with known material on Merck
silica gel 60 thin-layer chromatography plates eluted
with 65:15 CHCl;/CH,OH and developed with sulfu-
ric acid/ethanol. Lyso-GalCer (i.e. with fatty acid re-
moved) was produced from the above material by hy-
drolysis in stirred methanolic KCH at 97°C in a sealed
glass culture tube [15] or in refluxing butanolic KOH
{16] and was ninhydrin positive.

Preparauon of a- aceww (Derdenteraled) s!erlc
acids was via the cor a-brome i
ates. Thc a-bromo intermediates were gencrated by

repulsive effecis from the charged -ulfate group; and
the authors suggested that 'he h

might i to a hydrog di
commg thic f:‘.‘-‘-JSIOI'\ The possibiiity i interewiccular
beef brain GalCer
mnlecules with hydmxy fatty acids in fluid phospho-
lipid bilayers has also been raised [12]. However, John-
ston and Chapman found DSC evidence of greater
miscibility of a-hyd i with phosph
lipids, and considered t‘us to be the result of reduced
GSL.-GSL attractive forces when dispersed in a phos-
pholipid membrane [13).

15 the present article we have addressed by 2H-NMR
the cifect of fatty acid hydroxylation on GSL molecu!
arrangement and dynamics when 2t low i

d ic acid (dss] (MSD Isotopu Ltd.)
with liquid bromine iii the r of PCl,,
by h is of the md ch oride product 17 These
network, over- were in turn to the

caturs Uy refluxing with anhydrous sodium aceiate m
glacial acetic acid {18]. The mixiure of stearic acid
a-acetoxy esters was purified on 3 silicic acid column
eluted with CHCl,, and converted to the acid chlor:le

- form by refluxing with excess SOCI, [19]. These reac-

tions were followed by TLC on silicic acid plates eluted
with hexane/diethyl ether /formic acid (70:30: 1, v /v).
The z-acetoxy ester was identified by 'H-NMR in
C2?HCl,. Probe-labelled p- and L-a-OH GalCer were
synthesiz: ¢ by conpling the above a-aceioxy deriva-
iives of tie deuterated fatty acid chlorides with lysc-

ina holipid bilayer b Three probe-
labelled oal 1 o : d for this

GalCer, followed by hydrolysis of the acetate group
[20}. o- and L-a-OH stereoisomers of the GSL were

were
purpos2, having perdeuterated 18-carbon fatty acids
that were idientical but for the presence in one case of
a hydroxy! group at the L-a-position and in arother a

d using a silicic acid column cluted with a
CHCl,/CH,0H gradiem. the L-isomer heing signifi-
cantly faster-running in the solvent system described
{20]. Seri-syntketic non-hydroxy and s-a-hydroxy Gai-
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Cer behaved similarly, but not identically, on TLC to
ndtural beef brain GalCer non-hydroxy and p-a-hy-
droxy ively: the i hetic species

running slighily slower than their corresponding natu-
ral mixtures, which included longer fatty acids, as re-
ported previously [21).
Lipid buaver membrancs for these experiments were
d by ving all at the final
desired ratio (10 mol% glveolipid) in 3:1 CHCl,/
CH,OH, and removing the solvent under 2 N, atme-
sphere. Resaltant films were further dried under vac-
uum (rotary pump) ior 3 h at 22°C. Liposomes were
generated by hydration of such films wiit: Zeuterium
depleted water (MSD Isotopes Ltd.). Samples were
Iyophilized three times from a volume of 200 ul of
deuterium depleted water after which the hydrated
were subjecicd to eight fi thaw cycles

o~
Gal - enyin

a) éX
Gal - cuyén
b)
Fig. 1. Chemics’ of the N-fstea-

royl-d;5)GalCer 4a), and N-(u-OH-stearoyl-dy,)GalCer (b). The

following the final hydration step. Totz2l lipid used per
sample was typically 60~90 mg, and the total volume
was 206-300 ul. All samples were incubated 10°C
above the transition temperature of the host matrix for
15 min to assurc diffusional equilibrium vithir the
bilayer.

2H-NMR spectra were acquired at 30.7 MHz on a
‘h uilt’ d by a Nicolet 1280
computer. The sample was enclosed in a glass dewar
and the was el lated to
within +£0.5 C°. Spectra werc recorded using the
quadrupolar echo pulse sequence [22] with full phase

cycling [23] and quadrature detection. The 7/2 pulse
Iength varied from 2.2 to 2.5 ps-with the 5 mm solenoid

stcreoscopic dsawing (lower) illustrates 3-dimensional relationships

in the region of hydroxyl substitution, and the natures of the o and L

stercoisoriers that result: duta taken from X-ray studics of related

crystal structures [31-33), Arrows indicate the location of C-2 of the

single GSL fatty acid. In the stereoscopic drawing carbors -3 of the
sphingosine backbone are numbered.

bond order

Scp by:
vg = (3/9)(c*aQ/n)Scr

where (229C/h) is the d 1 i
(170 kHz for the aliphatic C*H, residue [29]). The
ordor parameter S¢p provide. a measure of the time

coil, and 5-6 us with the 10 mim coii. Pulse spacing was
60 ps, ond recycle time was 300 ms. Spectra were not
folded aboat the Larmor frequency. 90° criented sam-
ple (‘depaked’) spcua were calculated from the pow-
der spectra as described previously 125].

3IP.NMR specira were acouired at 121.5 Mz on a
Briker MSL-300 spectrom::ter. lhe specira were
recorded using 4 Hahn echo pulse seauence [25) with
Waliz decoupling (gated on during acquisition). The
/2 pulse length was 4.0 us (10 mm solenvid coil), the
pulse spacing was 60 us, and the recycle time was 7.5
ms.

Results and Discussion

Deuterium(*H)-NMR is a poweriul technique for
probing the structure and d! ics of b sys-

ged angular fl of the C-2H bond with
respect to the motional direcior axis. In the present
study the acyl chains were perdcuierated so that the
2H-NMR spectra are superpositions of spectra associ-
ated with each of the GSL fatty acid methylene groups.
Ciemical structures for the deuterated forms of the
glycosphingolipid studied in this work are indicated in
Figs. 12 and b. In each case the single fatty acid was a
s 'turated, 18-carbon chain: the basic structure being
that of N-(stezroyl-d,s}GalCer (1a). Modification of
this wulecule by replacement of a deuterium with a
hydroxyl group at the a-carbon (C-2) of the fatty acyi
chain leads tc the two possible stercoisomers, p- and
L-a-OH N-(stcaroyl-dM)GaICer (1b). Suggested con-
y of these is illus-

trated at the bottom of Fig. 1, based on X-ray crystallo-
graphic evidence for reloted compounds [31,32]). It
should be emphasized theugk that the conformation

tems [26-36). Anisotropic melecular motion within the
lipid bilayer resuits in incomplete averaging of the
quadrupolar interaction, giving tise to a residual
quadrupolar splitting (4»y) in the spectrum. The
quadrupoiar splitting for %0° orientation of the mo-
tional director axis (the bilayer norms*) wi-h respect to
the magnetic field, is directly related 1 the carbon-de-

played has not been proven to exist in bilayer mem-

branes.
2H-NMR spectra of the above theee deuteraied
glycolipids at 10 mol% in bilayczs of DiMPC ars shown
in Fig. 2 for the temperatures, 30°C and 50°C. DMPC
in pure bilayer form has a main transition of 23°C [24}.
To the right of 2ach spacirum is displayed the corre-
1 lculated 90° orisnted sample (depaked)
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Fig. 2. 2H-NMR spectra of galactosylceramide at 30°C and S0°C in unsonicated bilayers of DMPC. Spectra wre shown from tnp to bottom for
N-(stearoyl-d;5}GalCer (the *non-OH isomer™, uad the 1. and b isomers of N-(a-OH-stearoyld ,)GalCer, ressectively. Corrzsponding depaked
spectra are displayed to tiic right of each powder spectrum. For the 30°C non-OH spectra arrows indicate speetral feator.s assuciated with the
plateau region refesred to in the test. In ezch case the glycolipid comprised 10 mol% of total membranc lipid.

spectrum [30). All spectra in Fig. 2 have overall appear-

played the awally ic liquid crys-

ances characteristic of deuterated lipids in fluid bilay-
ers, and show no evidence of gel phase material. The
observation of spectra attributable tc deuterated lipid
in a liquid crystailine phase, at temperatures well be-
low the known phase transition temperatures of the
glycolipid {70°C and 83°C for «-liydroxy and non-hy-
droxy GalCer, respectively [9, I‘&]), argues tbat the Gal-
Cer molecules were unifi

the host matrix. In agrecment with thr», ;
spectra of such at the sa.ne temp dis-

tal lineshane with a 48 value of approx. 40 ppm [35],
and spin-iabei derived meiting curves {34] of the mix-
tures showed fluidization to be complete a1 30°C (data
st shown).

‘The 2H spectral features for the GSL, :ion-hydroxy
GalCer, in DMPC (Fig. 2, uppermost spectra) are very
similar to those well known for deuterated phospho-
lipids in the liquid crystal phase [30]. This observaticn
is in accord with the 2H-NMR obscrvations of Skar-

june and Oldfield {36] who concluded viat hydrocarbon

TABLE 1

2H-NMR speci=a! data irig 10 Fig. 2 jur N-
isomers, resnctirely, in yiid bilayers of dimyristoylphosphatidylcholine

Datv are listed for 30°C and $0°C Glycolipid comprised 10 mol% of memirane fipic. dvg refers to measure § specirz! quadrupviar spititings:
8. p is the calculated order parameter. ‘Carbon numbear’ refers to the location of the spectral probe on the glycolipid fatty acid chain {carboxyl
carbon as C-1°. Peak assigamcnis are based on peak intensities relarve to the integratad total, assuming 3 gradieni of decreasing motionai order
to C 18. *Plak »u regior. " refers to “inresolved resonances giving rise to the intense outermost spectral peaks. The platcau region covers C-3-C-10
at 30°C and C-3-C-» & 56°C. The peak width at half-height of this spectral feature is listed as 4 measuee of the spread in value. of quadrugs far
splitting for methylene groups in the plateau region.

wl-d ide

and - angi 1-a-hyds

Carbon number Non-OH p-a-OH t«-OH
g (ktl2)* Sco dvg (kHzy* Scp Avg (H2* Ser
30°C C-18 29 0022 24 0.019 26 0020
<7 125 £.008 K 0.093 2y £.100
C-l6 170 0.123 158 0.124 172 0.135
C-15 2.6 047/ 205 i.i6t 218 winl
Plateau region centre ity 3 .27 35.6 0.279 342 0.268
Plateau region width 22 al 32
5CC18 24 0019 L6 0013 0.5i5
c17 B 2066 84 0.066 0.068
C-16 108 0.085 102 6080 0.086
C-15 136 0.107 140 a.l110 0.114
14 158 €124 153 0.120 0.126
c13 186 0.140 193 0.151 0.153
Plateau region centre 282 0.221 27 0.233 0.220
Plateau region widih 20 4.1 27

* Values obtainei from depake spectra. Estimated error +0.5 kHz,
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chain organizatior; in pure N-palmitoylGalCer at 90°C
is similar to thai in pure DMPC at the same reduced
temperature. In particular. the piateau in methylene
group orientational order as a function of acyl cham
ion, which is ch istic for ph
clearly observed in the powder spectrum of N-(stea-
royl-d5)}GalCer as a buildup of overlapping peak in-
tensity at the outer edges. It is also apparent in the
accompanying depaked spectra as intense outer peaks.
‘This feature indicates that positions C-3 to approx.
C-10 of the GS1. non-Fydroxy fauy acid chains exhibit
very similar orientational order, and hence correspond-
ingly simifar quadrupolar splittings. Mzasured spectral
splittings taken from the depaked spectra in Fig. 2 are
fisted in Table ! along with thc calculated order param-
eters. Tentative spectral assignments of clearly re-
solved spectral peaks were made bascd on |

slightly higher than that obtained from DMPC {37} or
DPPC [38] in the liquid crystalline phase (0.22~-0.25).
This finding is consistent with our previous observation
that GSLs displayed higher order parameters than
phospholipid faity acids in a given phospholipid host
matrix [4,29).

A comparison of the spectra in Fig. 2 reveals that
the most striking dtfierence associated with spectra of
the a-OH derivatives is in the appearance of the
‘plateau region’. Whereas the methylene groups that
give rise to this spectral region in the case of non-hy-
droxy GalCer have very similar ordering leading to
sharp shoulders in the powder spectra, the correspond-
ing powder spectia of the hydroxylated GalCer deriva-
tives show varying degrees of rounding to their shoul-
dvrs at both 30°C and S0°C. This is s eanent in the

information from purc phospholipids and GalCer

deuterated in the fatty acid [27,29,30,36-38): beginning

with the sharp central doublet as C-18, and moving
D . ins a eradient of i .

ked spectra: i of the depaked spectra in
¥ig. 2 and the derived parameters in Tabie I reveals,
fco the hydroxy lipids.. a decrease in intersity in the
*rdateau region’ peak and increase in its width relative

order to C-17, C-16, C-15 and so on. More cxiensive
assngnmems were possible &t the higher P

tc that ob! d for the non-hydroxy I There
is little change in the resolved inner splittings. These

ities were with the assign-

mems shown in Table i. lie outermost intense reso-
nances resultmg from peak overlap i the plateau
region were treatec as smgle broad resor.ances for the
of p and peakwidth calcula-

tion. Integration siwwed the area involvxd to corre-
spond to some 10 methylene groups at 30°C and 9
methylene groups at 50°C. Bascd on the gquadrupolar
splittings observed for the C2H, units comprising the
“plateau region’ (35.2 kHz ai 30°C for the non-hydroxy
GalCer), a value for S, of 0.28 is calculated, which is

results indi that pcak overlap for deutcrons associ-
ated with C-3-C-10 (30°C) and C-3-C-9 (50°C) is less
complete . that thase methylene groups are no
longer diipiaying such ¢niform orientational order as
se for the non-hydroxy fatty acid. Thie obser-
vation is Consistent with a locally disruptive influence
of the hvdroxyi group on acy! chain packing near the
membrane surface.

In spite of the potential for impact on lipid dynam-
ics that onc might anticipate from introduction of a
fiydroxvt aroup in place of a hydrogen atom on the
fatty a:id chain, tic data in Table I provide little

1% "

Fig. 3. Gel phase *H-NMR specira of galactosvi ceramide at 9°C and 19°C in unsonicated bilayers of DMPC., From left to right:
N-tstearoyld 3 WalCer. N-A1L-a-OH-stearayl-d 3, )GaiCer, and N-(p--OH-stearoyi-d ;. iGalcer. In each case the glycolipid comprised 10 mol% of
the membrane {ipid.



quantitative evidence of major effects. Tu a first ap-
proximation the tabulated values of dv, and S, are
notably si-nilar for assignable spectral features cf a-OH
and non-hysroxy GalCer at a given There
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at C-2 has been considered a contributor to increased
order seen for membranss containing GSLs (reviewed
in Refs. 1 and 2), and as a possible source of GS1.-GSL

is some evidence of Crcreased Avg (and thus Scp)
values for methylene groups toward the methvl termi-
nus of the naturally occurring p-o-OH isomer ai ihe
lower (more physiological) temperature, but the diffe:-
ences found in the table are close to experimental
error. For the L-a-OH d tive average values of
to the ‘plateuu re-
glon (i.e. the centre of the pluteau region peak’ show
no obvious systematic change relative to the non-hy-
droxy form. However, the naturally-occurring p-a-OH
mtereoisomer ol GalCer shows a slightly Jarger plateau
region splitting than does the non-hydroxy or i-a
derivative at both 30°C and 50°C (Tabie I}, This feature
is visually apparent in both the powder and depaked
spectra {Fig. 2).

We now turn our attention to the gel phase spectra
of GalCer in DMPC (Fix. 3). These spectra were
acquired at 9°C (below the 15°C preotransition of pure
DMPC) and 19°C (betweei: the pretransition and the
23°C gel-te-liquid crystalline transition of pure DMPC).
The specisa of non-hydroxy GalCer at 9°C are brad,
with considerable intensity |n the region of +63 kiz.
The iatter results are i of the ! fea-

for GalCer in fluid DMPC [12]. Indeed a
network of .nter- and int -amolccuiar H-bends mvalvmg
the carbuhydi portion, fi 1 groups,
and bound water, has been demonstrated to play an
important role in determining tbc physical properties
of pure glycohpld bilaycrs {1.2]. X-ray studies of p-a-
OH lipid crystals noted iecular H-bond-
iny, iv the fatty acid hydroxyi function, which has been
suggested to have thc poteniiai foi controlling GSL
conformation [31-33,441. Another consideration is the
pussible steric effect of \he hydroxyl group.

At the 10 mol% GSL concentrations utilized in our
experiments, it was expected that GalCer would be
dispersed in a liquid crvstalline (DMPC) matrix at 30°C
and above, although perhaps somewhat phase sepa-
rated in the gel phase [40-42]. Our observation of only
liquid crystal spectra ‘or the deuterated forms of Gal-
Cer at 30°C and 50°C is consistent with such an expec
tation, and echoes the earlier similar finding of Skar-
june and Oldfield for deuterated glucosylccramide at
17% in DMFEC [40}. Thus our spec:: ml findings at 30°C
and above ictate to the behaviour of GSLs at fcw
oor-c‘-ntratlon in fluid pho:ni:olipid host n:atrices. The

tures ob d for dipalmitoy'ph idylcholine with
perdeuterated acyl chains in the gel phase [38]; and
indicate thai the lipid molecules are still rotating abont
their long axes, and that there is some chain disorder
present. The gel phase spestra of L- and p-a-hydroxy
GalCer arc ideatical {0 one another within experifien-
tal error, bux they diifer from that of the non-hydroxy
d: the shoulders reach baseline at +6( kHz,
suggesting that the glvcolipid rotational rate is slowcr
for the non-hydroxy analogue a2nd/or that therc is a
slight i in gauche lation for the a-OH
species. As well, there is a sizeable increase of spectra!
intensity in the center of the spectrum, which may
indicate increased chain motion or disordering. Warm-
ing the samples to 19°C led to narrowing of the spectra
and to mcrease m the cemral intensity consistent with
without ition t0 a
fully fluid phase. There remained no apparent difier-
ence b the a-OH i in this matrix
since the spectra were indistinguishable from one an-
other; and once again the linewidth was substaatially
narrower than that of N-(stearoyl-d;5)GalCer.

Conclusions

One might that in phospholipid mem-
branes the presence of a fatty acid OH gronp could
lead to interlipid attraction and hence to increased
order within the bilayer. Indeed the hydrusy! {unction

with regard to lipid lateral arrangement be-
low 23°C is less clear, although these temperatires
provided systems with ;ei phase character. Ia the fuid
membranes it would appear that insertion cf a hydroxyl
group at the a-position of the glyeolipiad £aity acid led
to some di jon of the Uy highly

meihylene group ordar near tiie GSL headgroup (.
breakdown of the ‘platear’ of uniform order). The
plateau region of the natural (p) isomer displayed a
generally slightly higher degree of <.sder than did either
the L isomer or the non-hydroxy . Apart from this,
the dynamic and orientational bchaviour of the hy-
droxy and non-hydroxy GalCer speciss, examined ix a
fluid phase phospholipid host matrix, were very similar.
In the gel phase the result of hydroxylation was an
increase in motion and/or decrease in order.

A r2asonable partial exiflanation of the above obser-
vations would seem to be that GSL fatty acyl chains in
which a hydrogen ias been replaced by the bulkier and
more rolar OH group have greater local area require-
ments in the membrane. The acyl group plateau region
of the a-hydroxy GalCer appears not to pack as uni-
formly into the lipid matrix as does its non-hycroxy

This is i with previous studies of
pure GalCer which found that lhe presence of an
a-OH group in the fatty acid lowere: the temperature
and enthalpy of the phase transition, and reduced the
order in the gel paase [R-10, 43]. We cannot excludc
the possibility that the narrower gel phase spectra, and
the wider plateau regions in the liyuid cry:tal spectia,
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seen for the «-OH derivatives in this work, were medi-
ated by confi ional differences ast the three
GalCer species, arising from intramolecular H-bonding
suggested in x-ry studics [31-33,44] rather than from a
direct steric effect of the OH group. lnterlipid attrac-
tive forces involving the a-OH group appeared not to
play a very large role in the sysiems studied.
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