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ESR study on synthetic glyceroglycolipid liposomal membranes 
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We previously reported that glyceroglycollp',J liposomes without cholesterol activated mouse peritoneal maerophages in 
vivo and in vitro, whereas glyceroglycolipid liposomes containing equimolar cholesterol did not. In order to characterize 
the properties of the glyceroglycolipid membranes, ESR spectroscopic studies were carried out with an acyl spin-labeled 
galactosyl ceramide (SL-GC) or a headgroup spin-labeled phospholipid (SL-6-DPPA) in 1,2-dipalmityll/~-cellohiosyl- 
( ! '  --* 3)]glyeerol (CeI-DAG) liposomal membranes. The ESR spectrum of the SL-GC in the CeI-DAG liposomes at 
3 7 ° C  was a single broad line, indicating that the SL-GC molecLles were excluded almost completely from CeI-DAG 
domains and formed clusters in the membranes. The spectrum <," SL-6-DPPA in the CeI-DAG liposomes at 37°C  
showed broad resonance lines with the central peak being the highest, while that at 6 0 ° C  gave narrow lines with the 
low-field peak being the highest. This observation and rotational correlation time analysis showed that the molecular 
motions of spin-label moiety of the SI.,-6-DPPA were extremely restricted at 37 ° C but not above T c. These results 
suggest that below T c the CeI-DAG molecules are packed tigh.qy and restric,ed in motion in the membrane. 
Incorporation of cholesterol into the CeI-DAG Iiposomal membranes gave (!) the spectra of the SL-GC triplet, and (2) 
the spectra of the SL-6-DPPA narrow resonance with the low-field peak being the highest. These results suggest that 
cholesterol disturbs the rigid-packed structure of the CeI-DAG membrane and increases the molecular motions of the 
CeI-DAG. The DSC analysis of CeI-DAG with and without cholesterol agreed well to the results of the ESR technique. 
Thus we assume that peritoneal macrophages recognize the rigid-packed carbohydrate resichles which are restricted in 
motion on the CeI-DAG membranes. 

I n t r o d u c t i o n  

Glyceroglycolipids comprise one of the most abun- 
dant  lipid classes in plant tissues, bacteria and myco- 
plasma membranes [1,2]. They are also present in 
animals in small amounts [3]. We previously reported 
that the synthetic glyceroglycolipids having disacchar- 
ides alone form liposomes and function as a barrier 
against water-soluble materials, as do phospholipids [4]. 
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We also reported that the synthetic glyceroglycolipid 
liposomes activate mouse peritoneal macrophages in 
vitro and in vivo, and show prophylactic activities 
against ascites tumor cells [5]. On the other hand, 
glyceroglycolipid liposomes containing cholesterol do 
not exhibit such activities [5]. These differences could be 
due to the alteration of properties of the glycerogly- 
colipid membranes by the incorporation of cholesterol, 
with which macrophages could distinguish active lipo- 
somes from inactive ones. The effects of the cholesterol 
incorporation on the physical properties of the 
glyceroglycolipid membranes were poorly investigated 
[6], though those of the phospholipid membranes were 
extensively studied [7,8]. Regarding the physical proper- 
ties of glyceroglycolipid membranes, several preliminary 
studies have been done by X-ray diffraction [9,10], 
2H-NMR [10] and monolayer techniques [11,12]. Since 
the materials examined in these studies were natural 
glyceroglycolipids, which contained a mixture of fatty 
acyl components, this has hampered detailed analysis of 
the physical properties of the membrane. The structure 
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Fig. 1. Temperature-dependent change of ESR spectra of SL-GC in CeI-DAG or DPPC liposomes. 2 tool% of SL-GC was incorporated into 
hposomcs composed of CeI-DAG/DCP (1:03) (a), CeI.DAG/DCP/cholesterol (1:0.1 : l) (b), and DPPC/DCP (1:03) (e). The ESR spectra were 

recorded at the temperatures shown n the figure. Relative amplitudes of signals are pre.~en:ed ;m p*-ren'.he~e- ~. 

and dynamics of synthetic glyceroglycolipids having 
monosaccharides have been extensively studied by 2H- 
NMR [13-15]. Since relatively minor changes in 
glyceroglycolipid headgroups lead to dramatic dif- 
ferences in the physical properties of glycolipid mem- 
branes [15], it is likely that the physical properties of 
monoglycosylglycerolipid membranes are rather differ- 
ent from those of diglycosyl ones. Monoglycosyl- 
glycerolipids, for instance, undergo a transition from a 
lamellar to a hexagonal structure [13,15], whereas di- 
glycosyl glycerolipids do not [9,10]. 

In the present study, in order to characterize the 
physical properties of the synthetic glyceroglycolipid 
membranes and the effect of the incorporation of 
cholesterol into the glyceroglycolipid membranes on the 
physical properties, we carried out ESR spectroscopic 
studies with two species of spin-labeled lipids in the 
Cel-DAG liposomal membranes and also studied the 
thermal properties of the Ce!-DAG liposomal mem- 
branes. The results suggest that the CeI-DAG molecules 
are packed tightly and restricted in motion in the mem- 
branes without cholesterol, and that the cholesterol 
incorporation into the CeI-DAG liposomal membranes 
disturbs the tightly packed structure of the Cei-DAO 
membranes and increases the molecular motions of the 
CeI-DAU'. 

Materials and Methods 

Lipids. CeI-DAG [4], SL-GC [16], and SL-6-DPPA 
[17] were synthesized as described previously. DPPC, 
DCP and cholesterol were obtained from Sigma. 

Preparation of Liposomes. Multilamellar vesicles were 
prepared in 0.3 M aqueous glucose solution as described 
previously [18]. In most cases, liposomes contained DCP 

as a charged material at  a molar ratio of 1 : 0.1 in order 
to cause electrostatic repulsion between liposomes to 
avoid spontaneous aggregation of liposomes. The final 
concentration of liposomes was 10 mM as the Cei-DAG 
or the DPPC. The diameter of the Cel-DAG fiposomes 
ranged from 300 to 1000 nm. 

ESR measurement. ESR spectra were recorded with a 
JEOL JES-PE-1X spectrometer (X-band, 100 kHz field 
modulation, 0.25 mT modulation width) equipped with 
a temperature controller. The order parameter of SL-GC 
in liposomal membranes was evaluated as described 
previously [19]. The rotational correlation time ratio 
(~-e/~-c) and the apparent rotational correlation time 
(¢R) were calculated as described previously [17,20,21]. 

Scanning calorimetry. Calorimetric experiments were 
performed ia  a Daini Seikosha SSC-544 apparatus as 
described previously [19]. The concentration of the sam- 
ple was 50 mM CeI-DAO. 

Results 

ESR spectra of SL-GC in the CeI-DAG liposomes. 
We measured the ESR spectra of SL-OC in the 

CeI-DAG liposomes without cholesterol at various tem- 
peratures (Fig. la).  At  3 7 ° C  a single broad line was 
observed, but at 60°C,  which is higher than the phase- 
transition temperature of the CeI-DAG (56°C),  triplet 
lines appeared instead of the single broad line. In the 
spectra observed between 4 5 ° C  and 550C, the triplet 
lines seemed to be superimposed on the single line. As 
the single broad line arises from clustered SL-GC mole- 
cules and the triplet line from randomly distributed 
ones [16,19], almost all SL-OC molecules exist in a 
clustered phase at 37°C  and in a phase of random 
distribution at 600C. In the ESR spectra of SL-GC in 



the CeI-DAG liposomes containing equimolar cholester- 
ol, the triplet lines were observed even at 37 o C and the 
peak height of the triplet lines increased with an in- 
crease in the temperature (Fig. Ib). The peak height at  
3 7 ° C  was almost half  of that  at  60~C, suggesting that 
approx. 50% of the SL-GC molecules are present in the 
random distribution phase compared with those at 
6 0 ° C .  Fig. l e  shows the ESR spectra of SL-GC in the 
DPPC liposomes without cholesterol. The triplet lines 
superimposed on a single broad  line could be seen even 
at  22°C ,  which was 20 C ° lower than the phase-transi- 
tion temperature of the membrane composed of 
D P P C / D C P  (1:0 .1)  [17]. It should be noted here that 
the spectrum in the CeI-DAG liposomes without 
cholesterol at  37 ° C, which was also about  20 C ° lower 
than the phase transition temperature of the CeI-DAG, 
was in principle a single broad  line. The SL-GC mole- 
cules in the CeI-DAG liposomes tend to form clusters 
more than those in the DPPC liposomes. 

We next estimated order  parameters of SL-GC in the 
CeI-DAG liposomes containing various amounts  of 
cholesterol at  various temperatures (Fig. 2). At and 
above 5 5 ° C  the order  parameter  increased with an  
increase in cholesterol content,  indicating that  the mo- 
bility of the fatty acyl chain of  the SL-GC was sup- 
pressed by cholesterol (condensing effect). Conversely, 
below 5 0 0 C  the order parameter  decreased with the 
increase in cholesterol content,  indicating the enhanced 
mobili ty (fluidizing effect). 
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Fig. 2. Order parameter of SL-GC in CeI-DAG liposome., containing 
various amount of cholesterol as a function of temperature. 2 tool% of 
SL-GC was incorporated into CeI-DAG liposomes containing various 
molar ratio of cholesterol; re), 0; (m), 0.l; (~x), 0.3; (Q), 0.5; and (o), 
I. Order parameters were calculated from ESR spectra shown in Fig. 
l, as described under 'Materials and Methods'. The order parameters 
could not be calculated in the spectra of CeI-DAG liposomes contain- 
ing less than 10t/. cholesterol at below 50oco because the relative 
intensity of the triplet resonance lines was too weak to evaluate order 

parameters. 
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Fig. 3. Differential scanning calorimetry heating curves of CeI-DAG 
liposomes containing various amount of cholesterol. The samples 
contained 2.5 ~tmol of CeI-DAG in 50 FI of distilled water. Cholesterol 

content (molar ratio) is shown in the figure. 

Thermal properties of the CeI-DAG liposomes. To ob- 
tain further information about  the physical properties 
of the CeI-DAG liposomal membranes,  a different set 
of experiments was done using differential scanning 
calorimetry (Fig. 3). The liposomes composed of the 
CeI-DAG alone showed a thermotropic phase transition 
(T~ = 5 6 ° C )  as described previously [4]. The incorpora- 
tion of cholesterol into the CeI-DAG liposomal mem- 
branes suppressed the phase transition of the CeI-DAG 
in a dose dependent  manner.  When 0.5 molar  rat io of 
cholesterol was incorporated into the CeI-DAG lipo- 
somes, the apparent  thermotropic phase transition was 
completely suppressed. 

ESR spectra of SL-6-DPPA in the CeI-DAG liposomes. 
In order to study further the motional properties of 

the surface segment of the Cel -DAG liposomal mem- 
branes, ESR spectra were also observed with beadgroup 
spin-labeled SL-6-DPPA (Fig. 4). The spectrum of SL- 
6-DPPA in the CeI-DAG liposomes without cholesterol 
at  6 0 ° C  consisted of three narrow lines, suggesting that  
the spin-label moiety in the molecule exhibits a rapid 
tumbling motion in the liposomal membranes.  The 
low-field peak height ( h ( + l ) )  was higher than the 
central one (h(0)), and  the high-field peak height 
( h ( -  1)) was the lowest. The spectrum of  SL-6-DPPA at 
3 7 ° C  was quite different from the spectrum at 6 0 o c .  
The central peak was the highest and  each resonance 
line at  37 ° C was broader  than the corresponding line at 
60 ° C. This suggests that  the spin-label moiety in SL-6- 
DPPA should be relatively restricted in motion at  3 7 ° C .  
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Fig. 4. Typical ESR spectra of SL-6-DPPA in CeI-DAG liposomes. 2 tools of SL-6-DPPA was incorporated into liposomes composed of 
CeI-DAG/DCP (1:0.1) (a) or C¢l-DAG/DCP/cholesterol (1:0.1 : 1) (b). The ESR spectra were recorded at the temperatures shown in the figure. 

Relative amplitudes of signals were presenrexl in parentheses. 

The spectra in the CeI-DAG liposomes containing 
equimolar cholesterol at 3 7 ° C  showed much sharper  
resonance lines than those without cholesterol, and  the 
low-field peak was higher than the central one. At  
6 0 ° C ,  the line shape did not change drastically but  
narrowed by the addit ion of cholesterol. 

To elucidate the motional mode of the spin-label 
moiety, we calculated the apparent  rotational correla- 
tion time ( ca )  and the rat io of two different rotational 
correlation times (¢0/Tc).  These parameters for the 
spectra of SL-6-DPPA in the DPPC liposomes were 
analyzed in detail previously [17]. We compared these 
parameters in the Cel -DAG liposomes with those in the 
DPPC liposomes and also analyzed the effect of the 
cholesterol incorporation. The Ca of SL-6-DPPA in the 

CeI-DAG liposomes without  cholesterol showed re- 
markably  large values relative to those in the other  three 
liposomes, and  the value decreased with an  increase in 
temperature (Fig. 5a). As the ~'g should be correlated to 
the rate of the tumbfing mot ion of  the spin-label moiety, 
the large values of  the "r R in the Ce l -DAG iiposomes at  
the low temperature suggest the slow rate of  tumbl ing  
motion in the CeI-DAG membranes.  The incorporat ion 
of cholesterol into the CeI-DA(3 or  DPPC membranes  
lowered the ca values, resulting in the increase in the 
rate of the tumbling motion. 

The ¢./~'c values, on  the other  hand,  could be a 
good parameter  for the degree of anisotropy of  the 
motion and  the direction of  the preferred axis [17]. In 
the DPPC liposomes, the rat io was larger than 1.0 even 
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Fig. 5. Temperature dependence of (a) the apparent rotational correlation time (Tg) and (b) the rotational correlation time redo (~'a/'rc) of 
SL-O-DPPA in CeI-DAG or DPPC fiposomes. The 'r R and the ¢B/¢c values were calculated from the ESR spectra of SL-6-DPPA shown in Fig. 4, 
as described under "Materials and Methods" and were plotted against the temperature, e, CeI-DAG/DCP (1:0,1 ); o, CeI-DAG/DCP/cholesterol 

(1:0.1:1); II, DPPC/DCP (1:0.1); [3, DPPC/DCP/cholesterol (1:0.1 : 1). 



at 25°C (Fig. 5b), indicating that the spin-label moiety 
of SL-6-DPPA rotates predominantly about the x-axis 
(the direction of N-O bond, which aligns along the long 
axis of the molecule). The ratio in the CeI-DAG lipo- 
somes at 25 °C  was smaller than 1.0, which suggested 
that the axial rotation about the x-axis in the CeI-DAG 
membranes was restricted and that the segmental mo- 
tion of the spin-label moiety became isotropic. In both 
liposomes the ratio increased with an increase in tem- 
perature and the steep increases around the phase tran- 
sition temperatures were observed. Above 55°C, the 
ratio in the CeI-DAG liposomes became larger than 1.0. 
The ratios in the DPPC or CeI-DAG liposomes contain- 
ing equimolar cholesterol were always larger than 1.0 
above 250C. In both cases the temperature dependent 
increase was also observed, whereas the steep increase 
could not be found. 

Discussion 

We previously reported that glyceroglycolipids in- 
eluding the CeI-DAG formed liposomes as did phos- 
pholipids [4]. The fundamental properties of the 
glyceroglyeolipid membranes were quite similar to those 
of the phospholipid membranes, though a higher 
phase-transition temperature [4,22], a higher permeation 
rate of water [4], and lower fluidity at the surface [22] 
were demonstrated. We also reported that the liposomes 
composed of the glyceroglycolipids enhanced a protec- 
tive immunity against transplantable tumor cells [5]. In 
order to characterize further the properties of the 
glyceroglycolipid membranes, ESR spectroscopic stud- 
ies were carried out with two species of spin-le, beled 
lipids in the CeI-DAG and DPPC liposomes. 

The spectrum of SL-GC in the CeI-DAG liposomes 
at 37"C was a single broad line, indicating '~hat the 
SL-GC molecules formed clusters in CeI-DAG mem- 
branes. On the other hand, the spectrum in the DPPC 
fiposomes showed the triplet lines superimpo'sed on the 
single broad line, even at 220C, which indicated that 
some $L-GC molecules were present in random distri- 
bution phase. When higher concentrations of SL-GC 
were incorporated into the DPPC liposomes, the spectra 
became to nearly a single broad line because of the 
formation of the SL-GC rich domains as described 
previously [16,19]. Therefore the SL-GC molecules in 
the Cel-DAG membranes are segregated more com- 
pletely than those in the DPPC membranes. The Cel- 
DAG molecules might interact with each other more 
strongly and exclude other lipids more completely than 
do the DPPC molecules. 

The spectra of the other spin-labeled lipid, SL-6- 
DPPA, in the CeI-DAG liposomes were very interesting. 
The rotational correlation time ratios (1-s/~-c) of the 
SL-6-DPPA in the CeI-DAG membranes above 55°C 
were greater than 1.0, indicating that the rate of x-axis 
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rotation of the spin-label moiety was more predominant 
than that of the tumbling motion of the rotational axis. 
On the other hand. below 50°C,  the ratios were less 
than 1.0. and the apparent rotational correlation time 
(~'R) was remarkably great at lower temperature. These 
facts indicate that the motion of the spin-label moiety 
became isotrooic and greatly restricted in the CeI-DAG 
membrane at the low temperature. 

It is very. interesting that the shape of the spectrum, 
the "%/~'c "atio and the ~'R value of SL-6-DPPA in the 
CeI-DAG liposomes at 37°C are quite similar to those 
in the DPPC liposomes at 2 ° C  [17]. As the difference in 
diameter between liposomes does not influence these 
parameters under the present experimental conditions. 
the state of the CeI-DAG membranes at 37°C  could 
resemble the rigid packed structure of the DPPC mem- 
bra~aes in the Lc phase at 2°C.  Taken together, we 
as~,ume that the CeI-DAG molecules are packed tightly 
aad restricted in motion in the membrane at 37 ° C. 

We previously reported that the haptenic activity of 
globoside incorporated into glyceroglycolipid liposomes 
was reduced as compared to that in phospholipid lipo- 
somes, whereas the haptenic activity of cardiolipin was 
not changed [23]. We also reported that the haptenic 
activity of Forssman glycolipid was affected by glyco- 
phorin, and the interaction of the glycophorin with 
lectins was also affected by the glycolipids when they 
were incorporated into the same phosphatidylcholine 
liposomes [24]. The interaction between ganglioside 
headgroups has been suggested by using spin-labeled 
gangliosides [25]. Furthermore it was suggested that the 
interaction between headgroups of glyceroglycolipids is 
stronger than that in the DPPC by X-ray diffraction 
[10], monolayer [11] and fluorescence studies [22]. These 
observations suggest the presence of 'carbohydrate-car- 
bohydrate interaction' between sugar residues of the 
molecules described above. Thus, carbohydrate-carbo- 
hydrate interaction between sugar residues of the Cel- 
DAG molecules might exist, which results in the com- 
plete exclusion of the SL-GC and the motional restric- 
tion of the SL-6-DPPA in the CeI-DAG membranes, 
and higher phase-transition temperature than the DPPC. 

When cholesterol was incorporated into the CeI-DAG 
liposomes, the motional state of the CeI-DAG was 
drastically changed. The amount of SL-GC in the ran- 
dom distribution phase in the Cel-DAG membranes 
increased with an increase in cholesterol content. The 
order parameter analysis suggests that the molecular 
motion of acyl moiety of SL-GC is increased at 37°C  
with the increase in cholesterol content, although the 
order parameter in the CeI-DAG liposomes without 
cholesterol could not be evaluated. This effect is con- 
firmed by .:he calorimetric study. The apparent thermo- 
tropic oh,~.sc transition was suppressed with the increase 
in cholesterol content in the CeI-DAG liposomes. The 
ESR spectra of SL-6-DPPA in the CeI-DAG liposomes 
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were  also influenced by  the incorporat ion of  cholesterol. 
In the C e I - D A G  liposomes,  the ~'R value of  S L - 6 - D P P A  
was reduced and  the ~'s/~'c rat io  was  increased, and  
they became  to s imilar  values to the cor responding  ones  
in the  D P P C  l iposomes at 3 7 ° C .  These  observa t ions  
sugges t  that not  only  fat ty  acyl chains  bu t  also carbo-  
hydra te  d o m a i n  of  the C e I - D A G  m e m b r a n e s  are re- 
mobil ized and  the t ightly packed  s t ructure  o f  the Cel- 
D A G  m e m b r a n e s  are dis turbed by  the incorpora t ion  of  
cholesterol. Since the ac t ivat ion of  mac rophages  was  
observed with cholesterol-free C e I - D A G  l iposomes but  
not  wi th  phosphol ip id  l iposomes o r  cholesterol-contain-  
ing  C e l - D A G  liposomes,  the s tate  of  the  ca rbohydra te  
residues of  the C e l - D A G  l iposomes could be  impor t an t  
for the activit ies [5]. W e  a s sume  that  mac rophages  can  
recognize only  the cholesterol-free C e I - D A G  l iposomes  
with the r ig id-packed regularly a r ranged  a r ray  o f  
ca rbohydra te  residues which are ext remely  restr icted in  
mot ion  on the  surface  of  the m e m b r a n e s ,  resul t ing in 
the a c t i w t i o n  to the  tumor ic ida l  state. Thc  C e I - D A G  
l iposomes con ta in ing  an  equ imola r  cholesterol would  
not  be  recognized by  mac rophages  because  such lipo- 
somes  does  not  have  the  r ig id-packed ca rbohydra te  
residues on  the surface  and  the molecular  mo t ion  of  the  
ca rbohydra te  residues are great ly  increased.  

Acknowledgement  

The  au thors  thank  M. Shimizu for p repa ra t ion  of  the  
manuscr ip t .  Th i s  s tudy  was  suppor ted  in par t  by  grants -  

in-aid for scientific research f r o m  the  Min i s t ry  of  Edu-  
cation.  Science and  Cul ture  of  Japan .  

References  

! Gounafis, K. and Barber, J. (1983) Trends Biochem. Sci. 8, 
378-381. 

2 De Kruijff, B., Demel, R.A. and Van Deenen, LL.M. (1972) 
Biochim. Biophys. Acta 255, 331-347. 

3 Ishizuka, I. and Yamakawa, T. (1985) in Glycolipids, pp. 101-197, 
Elsevier, Amsterdam. 

4 Endo, T., Inoue, K. and Nojima, S. (1982) J. Biochem, 92, 953-9fi0. 
5 Naito, M., Kudo, I., Sato, Y.M., Tsushima, S., Nomura, H., 

Nojima, S. and Inoue. K. (1987) Cancer Immunol. Immunother. 
24.158-164. 

6 De Kruijff, B., Demel, R.A., SIotboom, A.J., Van Deenen, L.L.M. 
and RosenthaL A.F. (1973) Biochim. Biophys. Acta 307, 1-19. 

7 Mabrey-Gaud, S. (1981) in Liposomes: From Physical Structure 
to Therapeutic Applications (Dingle, J.T. and Gordon, J.L., eds.), 
pp. 105-138, Elsevier, Amsterdam. 

8 Browning, J,L. (1981) in Liposomes: From Physical Structure to 
Therapeutic Applications (Dingle, J.T. and Gordon, J.L., eds.), pp. 
189-242, Elsevier, Amsterdam. 

9 Shipley, G.G., Green, J.P. and Nichols, B.W. (1973) Biochim. 
Biophys. Acta 311,531-544. 

10 Wieslander, A., UImius, J., Lindblom, G. and FonteU, K. (1978) 
Biochim. Biophys. Acta 512, 241-253. 

l l  Bishop, D.G., Kernick, J.R., Bayston, J.H., Macpherson, A.S. and 
Johns, S.R. (1980) Biochim. Biophys. Acta 602, 248-259. 

12 Oldani, D.. Hansen, H., Nichols. W. and Phillips, M.C. (1975) 
Biochim. Biophys. Acta 382,1-9. 

13 Jan'ell, H.C., Giziewic'z. J.B. and Smith. 1.C.P. (1986) Biochemistry 
25. 3950-3957. 

14 Jarrell, H.C., Jovall, P.A., Giziewicz, J.n., Turner, L.A. and Smith, 
LC.P. (1987) Biochemistry 26,1805-1811." 

15 Jarrell, H.C., Wand, A.J., Giziewicz, J.B. and Smith, I.C.P. (1987) 
Biochim. Biophys. Acta 897. 69-82. 

16 Suzuki, T., Utsumi, H., lnoue, K. and Nojima, S. (1981) Biochim. 
Biophys. Acta 644,183-191. 

17 Takeshita, K., Utsumi, H. and Hamada, A. (1987) Biophys. J. 52, 
187-198. 

18 Inoue, K. (1974) Biochim. Biophys. Acta 339, 390-402. 
19 Utsumi, H., Suzuki, T., Inoue, K. and Nojima, S. (1984) J. 

Biochem. 96. 97-105. 
20 Schreier, S., Polnaszck, C.F. and Smith, LC.P. (1978) Biochim. 

Biophys. Acta 515, 375-436. 
21 Keith, A., Bulfield, G. and Snipes, W. (1970) Biophys. J. 10, 

618-629. 
22 lwamoto, K., Sunamoto, J., Inoue, K., Endo, T. and Nojima, S. 

(1982) Biochim. Biophys. Acta 691, 44-51. 
23 Endo, 2"., Nojima, S. and Inoue. K. (1982) in New Vistas in 

Glycolipid Research (Makita, A., Handa, S., Taketomi, T. and 
Nagai, Y., eds.), pp. 353-364, Plenum, New York. 

24 Endo, T., Nojima, S. and Inoue. K. (1982) J. Biochem. 92, 
1883-1890. 

25 Sharom, FJ. and Grant, C.W.M. (1978) Biochim. Biophys. Acla 
507, 280-293. 


