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Recent evidence localizing the inflammatory mediator, platelet activating factor, (PAF, l-O-alkyi-2-acetyl- 
sn-glycero-3-phosphocholine) to the membranes of stimulated neutrophils raises the possibility that PAF 
may, in addition to its activities as a mediator, alter the physical properties of membranes. Accordingly, the 
effects of PAF and related alkyl ether and acyl analogs on phase transition thermodynamics of di- 
palmitoyiphosphatidylcholine (DPPC) were studied using fluorescence polarization of the fluorescent probe, 
1,6-diphenyl-l,3,5-hexatriene (DPH). PAF, its ester analog (1-palmitoyl-2-acetylphosphatidylcholine) and 
both the corresponding alkyl and acyl lysophospholipid analogs (each at a concentration of 10 mol%) 
significantly decreased the phase transition temperature and broadened the phase transition of DPPC 
( P  < 0.05). The relative potency of the lipids in causing this effect was ester-PAF >_ PAF >__ lyso-PAF > 
lyso-PC suggesting that the fluidization of the synthetic membranes was attributable to both the 2-position 
acetyl group and the 1-position alkyl linkage. Furthermore, using various related compounds, increases in 
chain length and degree of unsaturation in the 2-position were shown to enhance the depression in transition 
temperature and broadening of the phase transition. Phase transition thermodynamics were also assessed 
using differential scanning calorimetry. Similar depression in the phase transition temperature was measured 
for PAF and both the alkyl and acyl lysophospholipids. Broadening of the phase transition for DPPC by the 
various analogs was assessed by calculation of transition peak width and cooperative unit. Data from 
fluorescence polarization and differential scanning calorimetry provide similar though not identical results 
and support the hypothesis that the unique features of PAF may alter membrane physical properties and 
could ultimately explain some of its biologic actions. 
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Platelet activating factor (PAF, 1-O-alkyl-2- 
acetyl-sn-glycero-3-phosphocholine) is an unusual 
phospholipid because of both the ether linkage in 
the 1-position and the acetyl group in the 2-posi- 
tion of the glycerol backbone. This compound 
produces biological actions at extraordinarily small 
extracellular concentrations. For example, 10 -H 
to 10 -~° M activates rabbit platelets [1] and 10 - 9  

to 10 -8 M stimulates adhesion and degranulation 
of human neutrophils [2]. More recently, activa- 
tion of neutrophils with other stimuli has been 
found to produce considerable quantities of PAF 
intracellularly, most of which is retained within 
the cell [3,4]. This intracellular PAF appears to 
partition into cell membranes and achieves signifi- 
cant concentrations in certain subcellular mem- 
branes. For example, phagolysosomal membranes 
prepared from neutrophils stimulated with 
opsonized zymosan contain PAF at a concentra- 
tion greater than 0.5 mol% [5]. These findings raise 
the question of whether PAF might alter the 
physical properties of cellular membranes. In the 
only study that has addressed this issue, Fink and 
Gross [6] found that 1.5 tool% PAF disordered the 
inner core of myocardial sarcolemmal membranes. 

Synthesis of PAF occurs concomitant with cel- 
lular activation, secretion, and extensive fusion 
and remodeling of intracellular membranes. Re- 
cent studies demonstrate that activation of leuko- 
cytes [7] and platelets [8] by certain stimuli, in- 
volve changes in membrane fluidity. Furthermore, 
membrane fusion may be dependent on lipid 
physical properties such as acyl chain ordering 
and lateral phase separations [9,10]. Thus, an un- 
derstanding of the effects of PAF on membrane 
physical properties may be important in under- 
standing the role of this lipid in cellular activation. 

In the present study, we compared the effects 
of PAF, ester-PAF, lyso-PAF, lyso-PC and other 
related lipids on the physical properties of phos- 
pholipid vesicles. These lipids were chosen be- 
cause they allow evaluation of the importance of 
the 2-acetyl group and the 1-ether linkage. The 
effects of these lipids on the phase transition of 
dipalmitoylphosphatidylcholine were studied using 
fluorescence polarization and differential scanning 
calorimetry. 
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Materials and Methods 

Materials. 1-Palmitoyl-2-arachidonoyl- and di- 
palmitoyl-L-phosphatidylcholine (PAPC, and 
DPPC, respectively) were obtained from Avanti 
Polar Lipids (Birmingham, AL). 1-O-Alkyl-2- 
acetyl-L-phosphatidylcholine (PAF), 1-O-hexade- 
cyl-L-lysophosphatidylcholine (lyso-PAF), 1- 
palmitoyl-L-lysophosphatidylcholine (lyso-PC), 
and 1-O-hexadecyl-2-O-methyl-L-phosphati- 
dylcholine (methyl-PAF) were obtained from 
Sigma Chemical Co. (St. Louis, MO). Analysis of 
the PAF by fast atom bombardment mass spec- 
trometry indicated that it consisted of only the 
hexadecyl species. 1-O-Octadecyl-2-acetyl-L-phos- 
phatidylcholine (PAF-C18) and 1-O-(cis-9-octa- 
decenyl)-2-acetyl-L-phosphatidylcholine (PAF- 
C18:1)  were obtained from Bachem, Inc. 
(Bubendorf, Switzerland). The fluorescent probe, 
1,6-diphenyl-l,3,5-hexatriene (DPH) was pur- 
chased from Molecular Probes, Inc. (Junction City, 
OR). 1-O-H exadecyl-2-arachidonoyl-L-phos- 
phatidylcholine (HAPC) and 1-palmitoyl-2-acetyl- 
t-phosphatidylcholine (ester-PAF), were synthe- 
sized by acylation of the corresponding 
lysophospholipid with the appropriate acid chlo- 
ride. Following purification with TLC, fast atom 
bombardment mass spectrometry confirmed the 
identities of each compound and the absence of 
the lysophospholipid precursors. Approximate 
concentrations of HAPC and ester-PAF were de- 
termined by comparison of ion currents generated 
from simultaneous application of known amounts 
of DPPC. Accurate calibration of both com- 
pounds was then determined by gas chromato- 
graphic analysis of the fatty acid content of 
aliquots of the HAPC and ester-PAF solutions. 

Preparation of lipid vesicles. Lipids (90 mmol 
total, dissolved in chloroform) were mixed with 
0.1 nmol of DPH dissolved in tetrahydrofuran. All 
solutions were stored under argon at - 20 ° C. The 
mixtures of lipids and probe were dried to a thin 
film by a stream of nitrogen and stored overnight 
under vacuum. One milliliter of phosphate- 
buffered saline (PBS) (137 mM NaC1, 2.7 mM 
KC1, 1.5 mM KHzPO 4, 6.5 mM Na2HPO4, 20 
mM N-2-hydroxyethylpiperazine-N-2-ethanesul- 
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fonic acid (pH 7.4)) was added to samples con- 
taining DPH. The tubes were purged with argon 
and incubated in the dark with occasional vortex- 
ing at a temperature above the phase transition 
temperature (about 50 ° C). The samples were then 
placed in a bath-type sonicator for 1 minute. After 
vigorous vortexing, they were transferred to a 
10 × 4 mm quartz cuvette for fluorescence mea- 
surements. This method has been shown to pro- 
duce multilamellar vesicles [11]. 

Fluorescence measurements. Fluorescence polar- 
ization of DPH was measured with an HH-1 
T-format polarization spectrofluorimeter (H and 
L Instruments, Burlingame, CA). Fixed excitation 
and emission polarization filters were used to 
measure fluorescence intensity parallel (I,,) and 
perpendicular ( I . )  to the polarization plane of the 
exciting light. Polarization of fluorescence (I,, 
-I .) /(I , ,  + I j_) and intensity of fluorescence (It, 
+21±)  were calculated by an on-line micro- 
processor. The excitation wavelength was 362 nm 
and a 03FCG001 filter (Melles Griot, Irvine, CA) 
was used in the excitation beam and KV389 filters 
were used for the emitted light. The use of an 
excitation filter reduced light scattering to negligi- 
ble levels. Cuvette temperature was maintained by 
a circulating water bath and monitored continu- 
ously by a thermister inserted into the cuvette to a 
level just above the light beam. For temperature 
scans, the sample was heated to the highest tem- 
perature to be measured and cooled at a rate of 
about 0.5 C ° /min .  Temperature, polarization and 
total fluorescence data (collected only during cool- 
ing unless otherwise noted) were stored on disk by 
an Apple II computer interfaced with the fluorim- 
eter. The derivative of each individual cooling 
scan was used to determine phase transition tem- 
perature (Tm) and to calculate peak width at half 
height (W t) as an approximation of the size of the 
cooperative unit [12]. 

Differential scanning calorimetry (DSC). A Per- 
kin-Elmer DSC-2c instrument was used. Lipid 
mixtures (0.2-0.3 mg) were dissolved in chloro- 
form, placed in 75 /~1 aluminum calorimeter pans 
(washed with chloroform) and dried to a thin film 
under vacuum. PBS (50 /~1) was added and the 
pans sealed. Multiple heating and cooling scans 
were performed at scan rates of 2.5 C ° /min .  The 
third heating and cooling scans were used for 

calculations. A chart recorder plotted the excess 
heat capacity as a function of temperature. The 
midpoint temperature of the phase transition was 
estimated visually, the area under the curve was 
determined by cutting and weighing the paper. 
After completing the scans, the amount of hpid in 
the sample was determined by extracting the pan 
with chloroform and determining the amount of 
phosphorus [13]. These data were used to calculate 
the enthalpy change of the transition and the size 
of the cooperative unit [12]. 

Results 

Fluorescence polarization studies 
The lipid order and phase transition behavior 

of DPPC vesicles containing PAF and related 
lipids was studied by fluorescence polarization of 
DPH. Vesicles composed of DPPC alone dis- 
played the characteristic abrupt and marked 
change in polarization at about 41°C, the phase 
transition temperature (Fig. 1). The most notable 
effect of PAF was lowering of the transition tem- 
perature and broadening of the phase transition. 
A PAF concentration of 10 tool% significantly 
lowered the transition temperature slightly more 
than one degree (Table I), while a concentration 
of 1 tool% produced a small but detectable de- 
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Fig. 1. Temperature (cooling) scan of DPPC (©) demonstrating 
the abrupt increase in fluorescence polarization at the T m of 
41°C. Addition of PAF ( ~ )  or ester-PAF (zx) (10 mol%) 
lowers the Tin, broadens the phase transition and increases 
fluidity above the phase transition. Data represent mean + S.E. 
values (n = 5 different preparations). Calculated values from 

these and other vesicle preparations are given in Table I. 



TABLE I 

EFFECT OF PAF AND RELATED LIPIDS (10 MOL%) ON 
TRANSITION TEMPERATURE (Tin) AND TRANSITION 
WIDTH (Wt) OF DPPC VESICLES 

Lipid N Decrease in T m a Increase in W t a 

Lyso-PC 3 0.484440.02 b,o 0.274440.12 b 
Methyl-PAF 4 0.634440.11 b.c 0.094440.15 
Lyso-PAF 3 1.15 4440.18 b 0.104440.20 
PAF 12 1.19+0.14 c 0.404440.09 b 
Ester-PAF 5 1.564440.20 b 0.39_+0.13 b 
PAF C18 : 1 2 1.97 0.78 
PAPC 3 2.45-t-0.08 b,c 0.494440.17 b 
HAPC 2 2.20-? (too broad) 1.25-? (too broad) 

a Values are C o expressed as mean change+ S.E, relative to 
DPPC. For DPPC, T m = 40.84 444 0.1 2 o C; W t = 0.59 444 0,07 o C 
(N = 14). 

b Significant effect of the lipid (i.e., significantly different from 
DPPC alone), P < 0.05 by t-test for unpaired samples. 

¢ Significantly different from PAF, P < 0.05, by t-test for 
unpaired samples. 

crease (not  shown). PAF  also had fluidizing ef- 
fects on D P P C  in the l iquid-crystal l ine state as 
demonst ra ted  by decreased polar izat ion at tem- 
peratures above the phase t ransi t ion (Fig. 1). These 
effects were even more p ronounced  for es ter-PAF 
(the ester analog of PAF)  at a concent ra t ion  of 10 
mol% (Fig. 1). Effects of lyso-PAF were similar to 

those of PAF.  In  contrast,  lyso-PC (at a con- 
cent ra t ion  of 10 mol%) produced only a slight 
decrease in  the t ransi t ion temperature  (Table  I) 

significantly less than  that seen with P A F  and did 
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not  alter polar iza t ion above or below the transi- 
t ion temperature.  Hence,  the impor tance  of the 
sn-2 acetyl group and  the 1-posit ion ether l inkage 
in  al tering phase t rans i t ion  characteristics were 
demonst ra ted .  Lengthen ing  of the alkyl chain to 

18 carbons  (PAF-C18)  produced similar effects to 
those of P A F  (data no t  shown), while the presence 

of unsa tu ra t ion  in  P A F - C 1 8 : l  had more pro- 

nounced  effects on phase t ransi t ion characteristics 
(Table I). Compar i sons  of the alkyl phosphol ipids  
revealed similar effects of changes in chain length 
and  degree of sa tura t ion  in the sn-2 position. 

Whereas shor tening the sn-2 group as in lyso-PAF 
and  me thy l -PAF had no significant effect on 
b roaden ing  the phase t ransi t ion as measured by 
peak width at half  height, chain lengthening and  
the presence of unsa tu ra t ion  produced a marked 

decrease in t rans i t ion  temperature  and  b roaden ing  
of the phase t rans i t ion  as shown for H A P C  (Table 
I). 

Differential scanning calorimetry 
Effects of PAF,  lyso-PAF and  lyso-PC on the 

phase t ransi t ion of D P P C  were also examined by 
differential  scanning  calorimetry (DSC). The ef- 
fects of es ter -PAF were not  evaluated because of 
l imited availability. All of these compounds  
broadened  the calor imetry t ransi t ions and shifted 

them to lower temperatures.  Representat ive scans 
are shown in Fig. 2, and  calculated values are 
given in Table  II. U p o n  heating, P A F  broadened  

the t rans i t ion  and  produced  a characteristic 

TABLE II 

EFFECTS OF LIPIDS ON THE PHASE TRANSITION OF DPPC AS DETERMINED BY DSC USING BOTH HEATING 
AND COOLING SCANS 

The concentration of PAF, lyso-PAF and lyso-PC were 10 tool%. Values are mean 444 S.E., N = 4-6 different preparations. 

Lipid Tm a Enthalpy b Hit c Cooperative unit o 

heating cooling heating cooling heating cooling heating cooling 

DPPC 41.44440.1 39.3: t :0.1 7.74440.3 8.04440.3 0.41+_0.04 0,454440.03 19644419 17944415 
PAF 40.6+0.1 e 38.15:0.2 e 8.44440.3 8.6_+0.3 0.90444 0.03 e 0,524440.02 90+ 3 e 155444 7 
Lyso-PAF 40.34440.2 e 38.14440.2 e 7.74440.4 7.74440.5 0.624440.05 e 0,584440.05 c 130___10 c 139444 9 ~ 
Lyso-PC 40.5+0.1 e 38.4±0.1 e 8.44440.4 8.5+0.5 0.72+0.05 e 0,79+0.05 e 112444 8 e 103+_ 9 e 

a Transition midpoint ( o C). 
b Transition enthalpy (kcal/mol). 
c Transition width at half height ( o C). 
a Number of lipid molecules in the cooperative unit. 

Significantly different from DPPC, P < 0.05, t-test for unpaired samples. 
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Fig. 2. Representative heating and cooling differential scanning 
calorimetry tracings for DPPC, lyso-PC, PAF and lyso-PAF. 
Calculated values from these and other preparations are given 

in Table II. 

shoulder on the peak. These effects were not seen 
with cooling scans (Fig. 2 and Table II). This 
difference between heating and cooling could be 
observed repeatedly with the same sample and 
was reproducible between samples. In contrast, 
lyso-PAF and lyso-PC produced similar changes 
with heating and cooling scans. None of the com- 
pounds altered the enthalpy of the calorimetric 
transitions, but all decreased the size of the coop- 
erative unit indicating that they decrease the coop- 
erative interaction between phospholipid mole- 
cules [12]. PAF was the most effective in changing 
the cooperative unit during heating scans but all 
three compounds were about equieffective in de- 
creasing the transition temperature (Table II), The 
control values (transition temperature, enthalpy 
and size of cooperative unit) obtained for DPPC 
in this study are in excellent agreement with those 
reported by Mountcastle et al. [12]. 

The data reported above for fluorescence 
polarization were obtained from cooling scans. 
However, examination of repeated heating and 
cooling scans revealed that PAF produced a simi- 
lar broadening of the transition measured by fluo- 
rescence polarization regardless of whether it was 

determined by heating or cooling (data not shown). 
Thus, the fluorescence and calorimetric studies 
show similar, but not identical, effects of PAF and 
related lipids on the phase properties of DPPC. 

Discussion 

PAF, ester-PAF, lyso-PAF and lyso-PC all de- 
creased the phase transition temperature and 
broadened the transition of DPPC. Analysis of 
effects of these lipids on the phase transition in 
the context of ideal solution theory indicates that 
they partition preferentially into fluid phases [14]. 
Measurement of the phase transition by fluores- 
cence polarization demonstrated that the potency 
varied as ester-PAF > PAF > lyso-PAF > lyso-PC, 
indicating that both the acetyl group and the ether 
linkage increase the lipid disordering action of the 
lipids. In addition, increase in the 2-position chain 
length or degree of unsaturation in either chain 
made progressively greater alterations in phase 
transition characteristics when compared to PAF. 
These data are consistent with previous work by 
Lee and Fitzgerald [15] who showed a lower tran- 
sition temperature for a pure monoether (c~- 
hexadecyl-/3-oleoyl-GPC) in aqueous dispersion 
than its diester (a-palmitoyl-fl-oleoyl-GPC) ana- 
log and with the results of Fink and Gross [6] 
demonstrating that PAF increased the fluidity of 
myocardial sarcolemmal membranes, while lyso- 
PC did not change membrane fluidity (as mea- 
sured by electron spin resonance of doxylstearate 
probes). Furthermore, in the work of Demediuk et 
al. [16], the addition of a 1-position ether lipid 
(plasmalogen) to vesicles of diacylphosphati- 
dylcholine and phosphatidylethanolamine resulted 
in an initial increase and then decrease in mem- 
brane fluidity (as measured by electron spin reso- 
nance spectroscopy) with increasing concentra- 
tions of plasmalogen. In these latter experiments, 
relatively large concentrations of plasmalogen (20 
tool% or more) were employed and findings could 
not be attributed more specifically to either the 
ether-linkage or the double bond between carbon-1 
and -2 of the alkyl chain. 

In contrast to the above work, our DSC studies 
showed PAF, lyso-PAF and lyso-PC to be equally 
potent in decreasing the phase transition tempera- 
ture. The effectiveness of lyso-PC in reducing the 



transitions measured by both fluorescence polari- 
zation and DSC was somewhat surprising in view 
of DSC studies showing that 10-20 tool% lyso-PC 
either does not affect [17] or even increases [18] 
the transition temperature of DPPC. The shape of 
the transitions were differentially affected by the 
lipids and PAF was the most potent in broadening 
the phase transition for heating scans, but the 
least potent for cooling scans. The markedly dif- 
ferent effects of PAF during heating and cooling 
may be due to formation of PAF-rich domains in 
the liquid crystalline phase but not in the gel 
phase. It is unclear why some of the fluorescence 
and calorimetric results differ, but could be re- 
lated to technical differences, e.g., the heating and 
cooling rates were 0.5 C° /min  for fluorescence 
but the lower sensitivity of the calorimeter re- 
quired rates of 2.5 C°/min.  The faster tempera- 
ture changes could magnify metastable states. Also, 
multilamellar vesicles were used for fluorescence, 
whereas lipid films were needed for calorimetry. 

Notably, most investigation aimed at char- 
acterizing physical changes in membranes attri- 
buted to ether lipids have contrasted diethers to 
the corresponding diester analogs. In contrast to 
effects of a pure monoether [15] and our data with 
mixtures of phospholipids containing small 
amounts of 1-position monoethers, diether phos- 
pholipids appear to increase the gel to liquid- 
crystalline transition temperature as shown by 
DSC [19,20]. This increase in transition tempera- 
ture has been attributed to attractive forces result- 
ing in denser molecular packing among diether 
phospholipids than diester analogs [21]. However, 
these changes in molecular packing do not appear 
to alter the cooperative unit [20] perhaps because 
of increased water penetration in the interracial 
region of diether phospholipids [22]. Recent re- 
ports using DSC and 31p-NMR have suggested 
that the intermolecular attractive forces associated 
with the ether linkage may also promote the lamel- 
lar to hexagonal phase transition resulting in a 
rank ordering of this transition temperature for 
diether < 1-ether-2-acyl << diacyl phosphatidy- 
lethanolamines [23]. In another report small 
amounts of alkanes (< 1 mol%), while having little 
influence on the gel to liquid-crystalline transition, 
significantly decreased the lamellar to hexagonal 
transition temperature [24]. Thus, it is possible 
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that ether lipids such as PAF may promote such 
phase transition. To date, such analysis has not 
been applied to evaluate 1-position monoethers. 

Recent investigation using Raman and NMR 
spectroscopies [25] has shown that PAF-C18 and 
related compounds (both the ester-linked analog 
and lyso-PC-C18) in pure aqueous dispersion un- 
dergo a lamellar to micellar transition at around 
21°C. Greater rotational freedom along the 
glycerol backbone was noted at temperatures be- 
low the phase transition for PAF-C18 and attri- 
buted to the lack of an anchoring carbonyl group 
in the 1-position. However, these differences be- 
tween the analogs were not noted at 25 °C in the 
micellar phase. Rotational freedom of PAF in 
DPPC bilayers undergoing phase transition has 
not been determined, but a high degree of rota- 
tional freedom is consistent with the shifts in 
phase transitions observed in the present study. 

The present demonstration of effects of PAF 
on membrane phase transition properties raises 
the question of the possible physiological impor- 
tance of these changes. One critical issue is whether 
the membrane concentrations used in these studies 
are achieved in vivo. Phagolysosomal membrane 
preparations from stimulated neutrophils contain 
concentrations of PAF in the range of 0.5-1 tool% 
[5], and we demonstrated small effects of 1 mol% 
PAF in the present studies of phase transitions. In 
addition, it is likely that improved membrane sep- 
aration techniques will reveal membranes that 
contain higher concentrations of PAF than those 
measured thus far. As PAF is concentrated in 
some membranes and very low in others (Ref. 5, 
and Riches, unpublished), the measured con- 
centrations are highly dependent on membrane 
purity. In addition, the phase transition studies 
indicate that PAF selectively partitions into fluid 
phases suggesting that the concentration in these 
domains will be larger than the bulk membrane 
concentration. 

In view of the possibility that stimulated cells 
may accumulate sufficient PAF to alter the physi- 
cal properties of cellular membranes, it is of inter- 
est to consider the functional consequences of 
membrane changes. PAF is produced in neu- 
trophils (activated by various stimuli) during endo- 
and exocytosis and may be involved in membrane 
fusion. Its ability to fluidize membranes is con- 
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sistent with promotion of membrane fusion by 
fluid phases [26,27]. Furthermore, the formation 
of hexagonal phase lipids may be important for 
fusion to occur and other ether lipids have been 
shown to promote the lamellar to hexagonal tran- 
sition [23], suggesting that PAF may also enhance 
fusion by promoting this transition. Finally, 
changes in membrane fluidity can alter the activity 
of membrane-bound enzymes and transmembrane 
ion channels [28,29]. In this context, it is im- 
portant to consider consequences of metabolism 
of ether lipids. Recent work with intact cells 
(hepatocytes) suggests that the net loss of 
arachidonic acid results in decreased membrane 
fluidity [30]. The precursor of PAF in neutrophils 
is 1-hexadecyl-2-arachidonyl-PC (HAPC) which is 
cleaved by phospholipase A 2 to release arachidon- 
ate and lyso-PAF which is then converted to PAF 
[31]. Therefore, the conversion of HAPC to lyso- 
PAF with loss of arachidonate could produce a 
marked decrease in membrane fluidity that would 
be partially offset by conversion and accumulation 
of PAF. Thus, formation of PAF may serve to 
maintain a fluid membrane despite the release of 
arachidonic acid. This model, however, assumes 
that these lipids do not move to other membranes 
or membrane domains during their metabolism; 
the validity of this assumption remains to be 
tested. The effects of PAF and related lipids on 
the physical properties of model membranes sug- 
gest several possible mechanisms for regulation of 
cellular function by these lipids, but studies with 
biological membranes will be required to define 
the physiological significance of the membrane 
actions of PAF. 

Acknowledgement 

This study was supported in part by funds from 
the Veterans Administration and U.S. Public 
Health Service, grants AA06399, AM34914 and 
NIH grant HL 34303. We thank Sue McQuilkin, 
Anne McClard, and Larry Zacarro for excellent 
technical assistance, Helga Cole, Julie Gunnerson 
and Judy Franconi for typing the manuscript. 

References 

1 Demopoulos, C.A., Pinckard, R.N. and Hanahan, DJ.  
(1979) J. Biol. Chem. 254, 9355-9358. 

2 Goetzl, E.J., Derian, C.K., Tauber, A.I. and Valone, F.H. 
(1980) Biochem. Biophys. Res. Commun. 94, 881-888. 

3 Ludwig, J.C., McManus, L.M., Clark, P.O.,Hanahan, D.J. 
and Pinckard, R.N. (1984) Arch. Biochem. Biophys. 232, 
102-110. 

4 Lynch, J.M. and Henson, P.M. (1986) J. Immunol. 137, 
2653-2661. 

5 Riches, D.W.H., Young, S.K., Seccombe, J.F., Lynch, J.M. 
and Henson, P.M. (1985) Fed. Proc. 44, 737. 

6 Fink, K.L. and Gross, R.W. (1984) Circ. Res. 55, 585-594. 
7 Bultmann, B.D., Allmendinger, P., Raus, R.U., Melzner, I., 

Haferkamp, O., Eggers, H. and Gruler, H. (1984) Am. J. 
Pathol. 116, 46-55. 

8 Steiner, M. and Luscher, E.F. (1984) Biochemistry 23, 
247-252. 

9 Hoekstra, D. (1982) Biochemistry 21, 2833-2840. 
10 DiJzgiine~, N., Paiement, J., Freeman, K.B., Lopez, N.G., 

Wilschut, J. and Papahadjopoulos, D. (1984) Biochemistry 
23, 3486-3494. 

11 Tillack, T.W., Wong, M., Allietta, M. and Thompson, T.E. 
(1982) Biochim. Biophys. Acta 691,261-273. 

12 Mountcastle, D.B., Biltonen, R.L. and Halsey, M.J. (1978) 
Proc. Natl. Acad. Sci. USA 75, 4906-4910. 

13 Rouser, G., Siakotos, A.N. and Fleischer, S. (1966) Lipids 
1, 85-86. 

14 Sturtevant, J.M. (1984) Proc. Natl. Acad. Sci. USA 81, 
1398-1400. 

15 Lee, T.C. and Fitzgerald, V. (1980) Biochim. Biophys. Acta 
598, 189-192. 

16 Demediuk, P., Cowan, D.L. and Moscatelli, E.A. (1983) 
Biochim. Biophys. Acta 730, 263-270. 

17 Klopfenstein, W.E., De Kruyff, B., Verkleij, A.J., Demel, 
R.A. and Van Deenen, L.L.M. (1974) Chem. Phys. Lipids 
13, 215-222. 

18 Papahadjopoulos, D., Hui, S., Vail, W.J. and Poste, G. 
(1976) Biochim. Biophys. Acta 448, 245-264. 

19 Vaughan, D.J. and Keough, K.M. (1974) FEBS Lett. 47, 
158-161. 

20 Bittman, R., Clejan, S., Jain, M.K., Deroo, P.W. and 
Rosenthal, A.F. (1981) Biochemistry 20, 2790-2795. 

21 Lakowicz, J.R. and Hogen, D. (1981) Biochemistry 20, 
1366-1373. 

22 Massey, J.B., She, H.S. and Pownall, H.J. (1985) Biochem- 
istry 24, 6973-6978. 

23 Boggs, J.M., Stamp, D., Hughes, D.W. and Deber, C.M. 
(1981) Biochemistry 20, 5728-5735. 

24 Epand, R.M. (1985) Biochemistry 24, 7092-7095. 
25 Huang, C. and Mason, J.T. (1986) Biochim. Biophys. Acta 

864, 423-470. 
26 Silvius, J.R. and Gagne, J. (1984) Biochemistry 23, 

3232-3240. 
27 Wilschut, J., D~zgiine§, N., Hoekstra, D. and Papahadjo- 

poulos, D. (1985) Biochemistry 24, 8-14. 
28 Sandermann, H. (1978) Biochim. Biophys. Acta 515, 

209-237. 
29 Harris, R.A. and Bruno, P. (1985) J. Neurochem. 44, 

1274-1281. 
30 Storch, J. and Schachter, D. (1985) Biochim. Biophys. Acta 

812, 473-484. 
31 Chilton, F.H., Ellis, J.M., Olson, S.C. and Wykle, R.L. 

(1984) J. Biol. Chem. 259, 12014-12019. 


