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Non.esterified long.chain fatty adds reduce the extent of hypotonic hemolysis at a cer~a[l[ low concentration 
range but cause hemolysis at higher concentrations. This biphasie behavior was investigated at different 
~emperatures (0-37°C) for laurie (12:0), mydstic (14:0), palmitoleic (16:1), oleic (ds-18:1) and eloldie 
(re, m-18:1) acids. The results are summarized as follows: (A) the fatty acids examined exhibit a high degree 
of sp,~.dficity in their thermotropic behavior;, (B) oleic acid protects against hypotonle hemolysis even at the 
highe,, t concentrations, up to 15 °C, when it becomes hemolytic, but only in a limited concentration range; 
(C") elL~idie acid does not affect the osmotic stability' of erythrocytes up to 20°C, when it starts protecting: 
above 30 °C, it becomes hemolytic at the highest concentrations; (D) palmitolele acid is an excellent 
protec:ing agent at all temperatures in a certain concentration range, becoming hemolytic at higher 
eoneel~,trations; (E) laurie acid protects up to 30°C and becomes hemolytic only above Sis temperature; 
myristi:, acid exhibits an extremdy unusual behavior at 30 and 37°C by having alternating concentration 
ranges ~f protecting and hemolytic effects; (G) Sere is a common critical temperature for hemolysis at 
30°C lor saturated and tram.unsaturated fatty acids; (H) the initial slope of Arrbenius plots of percent 
hemoly~ls at the concentration of maximum protection is negative for ds-mtsatuxated fa~  acids and positive 
for satw ated and tram.unsaturated fatty acids. 

|ntreducti~a 

Althou~,h the general outlh',e of the cell mem- 
brane becam~ clear with the fluid mosaic model 
suggested by :~inger and Nicholson [1], the role of 
distinct lipid domains and their specific functions 
in the membr.~,~e are still poorly understood and 

* Petma:lent address: Academy of Medicine, Department of 
Biochemistry, Pozn:n, Polqnd. 

Correspondence: A. C~ardas, Institute of Medical Chemistry 
and Biochemistry, Uniw~rsity of Innsbruck, Fritz-PregI.Strasse 
3, A-6020 I~sbruck, Au :tria. 

our knowledge of protein-lipid and lipid-lipid 
interactions is limited. 

Based on structural perturbations induced by 
free fatty acids, the plasma membrane was found 
to be heterogeneous, consisting of fluid-phase and 
lipid-phase domains, and it was suggested that 
cis-un~aturated free fatty acids intercalate into 
fluid-phase domains, whereas trans-unsaturated 
and saturated free fatty acids intercalate into gel- 
phase domains of the membrane [2,3]. It was also 
shown that only cis-unsaturated free fatty acids 
can be used to perturb membrane lipid structure 
and block capping of surface immunoglobulin on 
lymphocytes [4]. 
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Moreover, acylated proteins with a specific fatty 
acid residue suggest that the structure of fatty 
acids could play an important role in lipid-lipid 
interactions in the anchoring of proteins to the 
inner leaflet of the membrane [5-7]. 

Numerous membrane functions exhibit strong 
temperature dependence: this is either due to the 
properties of membrane proteins or to changes in 
membrane fluidity [8,9]. Therefore, abrupt changes 
in thermotropic membrane effects can be indica- 
tors for specific alterations in the conformation of 
proteins within the lipid bilayer or, alternativdy, 
for state transitions in lipid domains, and de- 
termining such critical temperatures can be useful 
in attempting to establish links between protein 
components and the lipid moiety of the mem- 
brane. 

In a previous study, it was observed that the 
effects of oleic and daidic acids on the osmotic 
resistance of erythroeytes are strongly tempera- 
ture-dependent [10]. This was especially striking in 
the case of elaidic acid, which showed no effects at 
0°C, protected against hypotonic hemolysis even 
at the highest concentrations at room temperature 
and became a potent hemolytic agent at 370C 
[10,11]. The purpose of the present study was an 
exact determination of the critical temperatures 
for the protecting and the hemolytic effects ior 
various free fatty acids. In addition, the question 
was raise~l as to whether, based on their interac- 
tions with the erythrocyte membrane, groups of 
fatty acids can be classified according to structure 
and configuration, as was found by Klausner and 
co-workers for other membrane effects [2-4]. Since 
long-chain fatty acids reduce the extent of hypo- 
tonic hemolysis in a certain low concentralion 
range but become hemolytic at higher concentra- 
tions [10-13], these distinctly different phenom- 
ena were examined in the temperature range from 
0 to 370C at different concentrations of the fatty 
acids. 

The present investigation shows that the tem- 
perature-dependent effects on the osmotic stabil- 
ity of human erythrocytes exhibit a very high 
degree of specificity, as each fatty acid has its 
individual thermotropic pattern ol concentration- 
dependent interference with the osmotic resistance 
of erythrocytes. 

However, by the common critical temperature 

at 30°C for trans-unsaturated and saturated fatty 
acids, and furthermore, by a similar trend of the 
Arrhehius plots of percent hemdysis at the con- 
centration of maximum protection against hypo- 
tonic hemolysis, two groups of fatty acids can be 
distinguished, namely, cis-unsaturated on the one 
side, and trans.unsaturated and saturated fatty 
acids on the other. 

Since non-esterified fatty acids exhibit highly 
specific effet;ts on the erytt'u-ocytc membrane, they 
can be considered as useful probes for the analysis 
of the microheterogeneity of the lipid bilayer. 

Materials and Methods 

Materials. Dodecanoi¢ acid (laurie acid, Cl2), 
tetradecanoic acid (myristie acid, C~4), palmitoleic 
acid (cis-16:l), oleic acid (cis-18:l) and elaidic 
acid (trans-18:l) were from Sigma. Heparin was 
from Immuno (Wien, Austria). The salts used for 
the buffer solutions were from Merck. All reagents 
were of analytical grade. 

Buffer solutions. Phosphate.buffered saline solu- 
tion was 150 mM NaCI/50 mM sodium/ 
potassium phosphate (pH 7.4). I-Iypo-osmotie 
buffer solution was a 1:3 dilution of the phos- 
phate-buffered saline solution with distilled water. 

go,throcyte preparation. Heparinized blood was 
drawn from healthy volunteers. The cell pellet was 
washed three times in 10-20 vol. phosphate- 
buffered saline (150 mM NaCI/50 ram sodium/ 
potassium phosphate buffer (pl-I 7.4)) and the 
buffy coat was removed by aspiration. After three 
washings with the phosphate-buffered saline 
(centfifugation for 5 rain at 700 × g in a Hettich, 
Rot, Silenta/K centrifuge), the erythrocytes were 
suspended at a hematoerit of 30-40~ in the same 
buffer with 10 mM glucose and energized by 
incubation for 30 rain at 37' C. 

Hemolysis assay. Hemolysis was measured after 
an incubation period of 30 rain at the given tem- 
perature. The fatty acids were dissolved in 
methanol and the appropriate molar amounts were 
applied to the h~otonic buffer solution just prior 
to addition of the red ceils. A 5 ml portion of 
hemolysis buffer was taken, to which the different 
molar amounts of the fatty acids, dissolved in 
methanol, were added in volumes of 5, 10 and 15 
lal. Addition of these volumes of methanol did not 
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affect the osmotic fra~lity of tl~e erythrocytes. 
Hcraolysis was .~tarted by adding 50/~1 aliquots of 
the erythrocyte :Juspension to the 5 ml volumes of 
hemolysis buffe,r containing various concentra- 
tions of fatty acids. At the end of the 30 n~n 
incubation period, the suspension was centrifuged 
for 10 rain at 700 × g with the temperature of the 
centrifuge adjusted to the incubation temperature 
of the hemolysis assay. It is important that the 
centrifugation s~ep follows without delay and at 
the proper temperature. The absorbance of the 
supernatant was determined at 540 nm. The 
highest extents of fatty acid-mediated hemolysis 
were up to 10~o ~bove the absorbance values of 
100~ hemolysis, which was measured in a 1 : 100 
dilution of the phosphate-buffered .~allne solution. 

Results 

The critical temperatures of oleic and elaidic acid 
for altering the osmotic resistance of human 
erythrocytes 

Fig. 1 shows the temperature-dependent effects 
of oleic and elaidic acids on hypotonic stress of 
human erythrocytes. As in a previous study, it was 
found that elaidic and oleic acids are not hemo- 
lytic at 0°C, and elaidic acid is not hemolytic 
even at room temperature but becomes hemolytic 
at 37°C [10]. In the present study, we set out to 
determine the critical temperatures at which non- 
esterified long-chain fatty acids have the ability to 
reduce the extent of hypo-osmotic hemolysis and 
also the critical temperatures for fatty acid-me&a- 
ted hemolysis. 

Oleic acid shows a strong temperature depen- 
dence concerning both the protecting and hemo- 
lytic, effects. For the sake of clarity, the diagrams 
in Fig. 1 are in two panels representing a lower 
and a higher temperature range. At the different 
temperatures, percent hemolysis is plotted against 
the concentration of the fatty acid. 

Interestingly, in the entire temperature range 
from 0 to 15°C, there is protection from hemoly- 
sis at the lowest and highest concentrations tested, 
but at 10 -4 M, there is a concentration range 
when the protection against hemolysis becomes 
t~arginal or stops altogether. Note the arrows, 
which indicate the degree of hypo-osmotic he- 
molysis without addition of the fatty acid. At the 
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Fig, I. Temperature-dependent effects of oleic and elaidic 
acids on the osmolie resistance ef human erythrocytes. The 
extent of hemolysis in the hypotonic buffer solutions was 
determined at different concentrations of the fatty acids. This 
is shown in the upper panels for oleic acid (c/s-18:l) and in 
the lower panels for elaidic acid (trans-18:1). For the sake of 
clarity, the temperatures at which hemolysis was determined 
are divided in two groups, representing a lower and a higher 
temperature range. Fi~t. the solution of the f;~tty acid and then 
50/~1 of the erythrocyte suspension were added to 5 ml of the 
buffer solution. After 30 rain of incdbation, the samples were 
centrifuged (10 rain at 700×g) and the absorbance of the 
supematant at 540 nm was determined. The arrows indicate 
the extent of hypotonic hemolysis at the given temperature 

without addition of fatty acids. 

concentration of 10 -s M, oleic acid reduces the 
extent of hypotonic hemolysis from about 90 to 
10~ at 15 o C. 

Thus, the thermotropic behavior of oleic acid in 
the lower temperature range (0-15°C) can be 
summarized as follows: there is strong protection 
against hypotonic hemolysis at i0 -s M and 3. 
10 -4 M oleic acid, interrupted at 10 -4 M by a 
concentration range of minimal protection. At 15 
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and 20°C, there is no protection at all at the 
concentration of 10 -4 M ol¢ic acid. However, it 
should be stressed that, even at these temper- 
atures, at concentrations higher and lower than 
10 -4 M, oleic acid is an excellent protecting agent. 
Observing the temperature.dependent behavior of 
oleic acid from 0 to 20°C, one cannot speak of a 
sharply defined critical temperature, but rather of 
a gradual movement from protection to less and 
less protection. In spite of the gradual changes, 
one can say that there is a critical temperature at 
10-15°C, when an entirely nonhemolytic but pro- 
tecting olcic acid becomes a hemolytic one, al- 
though hemolysis promotion by oleic acid is 
limited to a very narrow conce~tration range. 

Moving to higher tempera t~nes, from 20 to 
25°C, a rather sharp critical temperature can be 
observed: the protecting effect which is still to be 
found at 20 o C, at the highest concentration of the 
htty acid (3-10 -4 M), is not present at 25°C. 
However, i~ should be pointed out that at the 
lowest concentrations the protecting effect persists 
and oleic acid does protect against hypotonic he- 
molysis at all temperatures from 0-37 °C in this 
low concentration range (10 -s M). 

Fig. 1 also shows the temperature-dependent 
interference of elaidic acid with hypotonic he- 
molysis. It is evident that the thermotropic behav- 
ior of elaldic and oleic acids is quite different. As 
depicted in Fig. 1, elaidic acid has no effect on the 
osmotic stability of erythrocytes up to 20°C, when 
a moderate protection starts. However, at 25°C, it 
becomes an efficient protecting agent against hy- 
potonic hemolysis. Note the arrow which indicates 
the extent of hypotonic hemolysis without ad- 
dition of elaidic acid at 25°C. There is efficient 
protection at 25°C against hypotonic hemolysis, 
and the extent of protection keeps increasing with 
increasing concentrations. Thus, there is a critical 
temperature for the onset of the protecting effect 
of elaidic acid around 20-25°C. It should be 
emphasized that at 25 °C elaldic acid has no he- 
molytic effect in the whole concentration range. 
There is only a small, gradual change in the pro- 
tecting effect between 25 and 30°C. A further 
critical temperature with the drastic change of 
elaidic acid becoming a hemolytic agent is be- 
tween 30 and 37°C. However, at concentrations 
of 10-U3.10 -S M, it still remains an excellent 

protecting agent. Note, for instance, t/~e decrease 
of hemolysis from 80 to 20~ at 10 -s M at 37°C. 

Critical temperatures fw the effects of palmitoleic 
acid on the osmotic resist,:!nce of human erythrocytes 

Fig. 2 shows the temp~rature-dependent effects 
on the osmotic resistar.~ce of erythxocytes for 
palmitoleic acid (cis-16:1) in the temperature 
range 0-37"C. In this e~tperiment, the question 
was raised as to whether there are any common 
features in the thermotropi~ behavior of the inter- 
action affecting the osmotic stability of erythro. 
cytes for L.is-unsaturated fatty acids with one dou- 
ble bond. Iv the temperature range 0-25 ° C, the 
effects exhibited by palmitoleic acid show a dis- 
tinctly different pattern when compared with the 
structurally very close oleic acid, and one has to 
conclude that the critical temperatures and the 
pattern of tempcrature-d~endeat behavior are in- 
dividual properties of fatty acids. As shown in Fig. 
2, palmitoleic acid is an excellent protecting agent 
for human erythrocytes against hypotonie hemoly- 
sis at a broad concentration range. The striking 
difference is that oleic acid has no hemolytic effect 
up to 15°C, and above and below this hemolytic 
concentration range there are concentration ranges 
of nleic acid with marked protecting effects. 
Palmitoleic acid shows the classical biphasic be- 
havior over the whole temperature range from 0 to 
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Fig. 2. Temperature-dependent interaction of palmitoleic acid 
(cis-16:!) with the erythrocyte membrane. Percent hemolysis 
is plotted against the concentration of palmitolcic acid. Experi- 
mer.~ ~eb,.,~ ~ "~ h~ Fig. 1. Nc'~e ',he :straws indicating the 
percent hemolysis in the hypotonic buffer solution without 
addition of palmitoleic acid. (A) temperature range 0-20°C; 

(B) 24-37 o C. 



370C, with protection in a certain lower con- 
centration range and hemolysis promotion at 
higher concentrations. This is also the ease with 
oleic acid at temperatures above 15°C, with the 
hemolytic concentration range becoming broader 
with further increasing temperatures. Thus, 
whatever structural dement of the membrane is 
responsible for the specific differences in this type 
of interaction of oleic and palmitoleic acids, it is 
not effective above 20" C. 

Temperature-dependent effects of laurie and m'yristic 
acids on the osmotic resistance of human erythro- 
cytes 

In order to see whether there are features of the 
temperature-dependent behavior characteristic of 
saturated fatty acids, the concentration-dependent 
effects on the osmotic resistance of erythroeytes 
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were determined for laurie acid (12:0) and myris- 
tic acid (14: 0). 

As depicted in Fig. 3, laurie acid (12:0) has a 

rather narrow range of protecting effect at 3.10 -7 
M, which becomes broader by moving to higher 
temperatures. Interestingly, at 10°C, there is a 
second concentration range of protection, and at 
higher concentrations, hemolysis promotion. 
Laurie and myristic acids have a common critical 
temperature for the hemolytic effect at 30. C. 

Fig. 3 also shows the temperature-dependent 
effects of myristic acid on hypotonic stress. There 
is certainly some similarity with laurie acid in the 
temperature ~ange l'rom 0-20 o C, with the protect- 
ing effect being more pronounced. The tendency 
towards a hemolytic effect at 10°C at the con- 
centration of 10 -3 M is a further similarity be- 
tween the two saturated fatty acids. However, it 
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Fig. 3. Temperature-dependent effects of laurie (upper panels) and myristic (lower panels) acids on the osmotic resistance of human 
erythrocytes. The extent of hemolysis is plotted against the concentrat:on of the fatty acids. For the experimental set.up, see Fig. ! 
and Materials and Methods. Note the arrows, which indicate percent hemolysis without addition of the fatty acid at the given 
temperature. For the sake of clarity, for each fatty acid, the investigated temperature range is shown in two panels. The 
reproducibility of hemolysis assay was within a range of + 5~ hemolysis with the same freshly drawn blood samples on the same day. 

It is essential that the centrifugation step follows without delay and is carried out exactly at the temperature of incubation. 



160 

should be pointed out that at 20°C, myristic acid 
exhibits the most efficient protecting effect, reduc- 
ing the degree of hemolysis from 50 to almost 0~. 
The ability to protect against hypotonic hemolysis 
at 0°C seems to be a common property of 
saturated and cis.unsaturated fatty acids, in con- 
trast with the trans-unsaturated elaidic acid. 

In the higher temperature range, however, the 
picture becomes completely different for myristic 
acid. At 30°C and also at 37°C, the striking 
observation of concentration-dependent alternat- 
ing ranges of protection and hemolysis was made, 
which is unique for myristic acid. Instead of one 
concentration range with protection and subse- 
quent hemolysis promotion at higher concentra- 
tions, there are three concentration ranges with 
hemolysis promotion. Paradoxically, at 30°C, the 
highest concentrations are not hemolytic but con- 
stitute the third protecting range. Thus, myristic 
acid has a sharp critical temperature at 30 °C, 
when a fatty acid protecting over the whole con- 
centrafion range switches m its response to the 
membrane to a multiphasic behavior. It should be 
mentioned in this context that it appears unlikely 
that any of these phenomena exhibited by myristic 
acid are correlated with its critical micellar con- 
eentration, since the critical micellar concentration 
of myristic acid was found in a similar buffer (pH 
7.4) at 37°C to be 4.6-10 -7 [14], Such a multi- 
phasic behavior was not observed with any other 
fatty acid. Laurie acid, which is just two Gatoms 
shorter than myristic acid, has, in the temperature 
range 30-37" C, completely different temperature- 
dependent effects on the erythrocyte membrane, 
underlining the specificity of free fatty acid inter- 
action. 

Arrhenius plots of percent hemolysis at the fatty acid 
concentration of maximum protection against hypo- 
tonic hemolysis 

The striking individual differences between the 
fatty acids are obvious. In an attempt to find 
common features in the response of structurally 
different fatty acids to temperature-dependent al- 
terations of the erythrocyte membrane, their ther- 
motropic behavior was compared with the help of 
Arrhenius plots. 

In the Arrhenius blots depicted in Fig. 4 and 
Fig. 5, the logarithm of percent hemolysis at the 
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Fig. 4. Arrhenius plots of percent hemolysis at the concentra- 
tion of max~num protection for daidie, laurie and myristic 
acids. The logarithm of percent hemolysis at the concentration 
of 2.10 -5 mol/l of the given fatty acid is plotted against the 
reciprocal value of absolute temperature (K). The saturated 
and trans-unsaturalezl fatty acids have positive slopes with a 
rather similar pattern and some identical breaks in the 
Arrhenius plots. The diagram of elaidic and laurie acids is 
interrupted at a temperature range where experimental points 

were not determined. 

concentration of maximum protection of the fatty 
acid is plotted against the reciprocal absolute tem- 
perature (in K). The breaks in the Arrhenlus plots 
do not necessarily mean a critical temperature for 
hemolysis, but indicate rather abrupt temperature- 
dependent changes in the membrane structure, 
resulting in a different response of the fatty acid. 
Since, for the Arrhenius plots, percent hemolysis is 
taken at the concentration of maximum protec- 
tion, the breaks represent either a change in the 
direction towards more or less hemolysis, or an 
abrupt change in the same direction, However, it 
should be emphasized that not only the breaks in 
the Arrhenins plots, but also their slope and gen- 
eral pattern are relevant in trying to find common 
features among different fatty acids. 

Fig. 4 shows the Arrhenius plots for the 
saturated and trans.unsaturated fatty acids, 
namely for laurie, myristic and elaidic acids, which 
exhibit as a common feature positive slopes and a 
similar pattern. Laurie and myristic acids appear 
to be sensitive to a membrane transition at 10°C, 
whereas laurie and elaidic acids respond to a 
transition at 20 ° C. 
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Fig. 5. Arrhenius plots of percent hemolysis at the concentra- 
tion of mas;mum protection for elaidic, oleic and palmitoleic 
acids. Percent hemolysis was taken at 2.10-5 mol/I of daidie 
and oleie acids and at 3.10 -~ mol/l of palmitoleic acid. The 
two cis unsaturated fatty acids extfibit negative initial slopes, 
identical break points and a similar pattern in their Arrhcnius 

plots. 

In Fig. 5, the Arrhenius plots of the un- 
saturated elaidic acid (trans-18:l), palmitoleic 
acid (cis.16 : 1) and oleic acid (cis-18:1) are com- 
pared. The Arrhenius plots of the two c/s-un- 
saturated fatty acids a~e conspicuous by exhibiting 
negative initial slopes, and as a further common 
feature, they have identical break points at 10 and 
20°C. It is evident that the Arrhenius plots of the 
trans-unsaturated elaidic acid and of the two 
saturated fatty acids are quite different from those 
of the cis-unsaturated fatty acids. Thus, two groups 
of fatty acids can be recognized, namely, saturated 
and trans-ansaturated on one side and cis-un- 
saturated fatty acids on the other, as was sug- 
gested by Klausner and co-workers [2-4] for other 
membrane parameters. 

However, the pronounced differences in the 
thermotropie behavior of individual fatty acids, 
which were observed in addition to the above- 
mentioned general features, suggest that certain 

fine structures of the membrane could be sdec- 
tively recognized by individual free fatty acids. 

Discussion 

The extent to which substances alter the osmotic 
resistance of erythrocytes is a parameter of their 
interaction with the plasma membrane. The ex. 
treme specificity of the temperature-dependent 
fatty acid effects suggests different types of inter- 
actions with different domains. With a limited 
number of sites or domains for the interaction 
with non-esterified fatty acids in the erythrocyte 
membrane, one would rather expect the thermo- 
tropic effects to show a common pattern for all 
fatty acids. The results of the present investigation 
show that this is not the case and suggest that the 
acyl moiety plays a very specific role in lipid-lipid 
or lipid-protein interactions. 

Based on specific effects exhibited by different 
classes of free fatty acids on emission polarization 
of fluorescent probes, and based on investigations 
concerning the inhibition of capping in lympho. 
cytes, it was suggested by Klausner and co-workers 
[2-4] that long.chain free fatty acids can be di- 
vided in two groups, namely, the cis-unsaturated 
fatty acids on the one hand, and the trans.un. 
saturated and saturated on the other. For this 
reason, in our study of measuring the tempera. 
ture-dependent influence of free fatty acids on 
osmotic resistance, we compared the effects of 
cis.unsaturated fatty acids with those of saturated 
and of trans-ansaturated ones. The results of the 
present investigation agree with the classification 
as suggested by Klausner and co-workers [2-4], 
However, the strong individual differences in the 
thermotropic effects of individual fatty acids sug- 
gest that within those groups, further distinctions 
are to be made, and that the individual free fatty 
acid effects could be indicators for distinct fine 
structures of the plasma membrane. 

The drastic and specific membrane effects ex- 
hibited by free fatty acids underline that die het- 
erogeneity of the cell membrane is given not only 
by its protein content but also by its lipid com- 
position. The association of proteins with lipids in 
the plasma membrane means that protein-lipid or 
alternatively, lipid-lipid interactions might be af- 
fected by the interference with free fatty acids. In 
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the effort t.o distinguish between protein and lipid 
effects, considerable progress has been made by 
inve~tig,~tions of the ,.he.nnotropic effects ot the 
erythrocyte membrane. The osmotic resistance of 
erythrocytes per se is temperature-dependent and 
keeps increasing with increasing temperature 
[15,16]. For the critical temperatures of the free 
fatty acid effects measured in the present study, 
the most relevant data are the critical tempera- 
tures for hemolysis and resealing of human 
erythroeytes which were measured without ad- 
dition of free fatty acids. A common critical tem- 
perature for both lysis and resealing processes 
appears to be at 7-10°C [17,18]. This critical 
temperature is also seen in the Arrhenius plots of 
the fatty acid effects in the present investigation 
as a break. Forte et al. [19] found, using a spin- 
labeled stearic acid, that protein 4.1 is involved in 
a structural thermotropie transition of the 
erythrocyte membrane, and suggested that interac- 
tions of this protein with the membrane contribute 
significantly to the thermotropic properties of 
erythrocytes. Moreover, Ca '-+ caused a disap- 
pearance of the 8°C temperature break and the 
appearance of two breaks at 32 and 15°C. These 
two critical temperatures are also seen in the 
present study as critical temperatures of some 
fatty acid effects. 

The nature of phase transitions of erythrocyte 
membrane lipids between 0 and 37°C is still a 
matter of discussion. Some investigators reported 
a phase transition occurring around 20 °C [20-22], 
but with the technique of deuterium magnetic 
resonance, no phase transition of acyl chains in 
the e~throeyte lipids was detected [23]. Structural 
transitions for plasma membranes of mammalian 
cells are not well-understood due to the high level 
of complexity which is reflected in the high level 
of anisotropy of these membranes. It is not likely 
that the entire membrane exhibits a phase transi- 
tion analogous to lipid phase transitions, but in- 
teraction between lipids surrounding, for instance, 
a protein channel and the protein complex could 
lead also to abrupt changes in membrane permea- 
bility. Conformational changes of proteins and 
cooperative processes are also possible. Several 
membrane processes have been reported to show 
discontinuities as a function of temperature 
[24-26], which could be explained by conforma- 

tional changes of the membrane proteins induced 
by a tempcraturc-dependent phase change in the 
membraJle (fer reviews, see Rcfs. 27 and 28). 

Structural transitions of the erythrocyte mem- 
brane in the 0-50°C range have been measured 
by a variety of physicochemical techniques [29-32]. 
The exact nature of structural changes involved in 
these transitions has not been elucidated, but it 
was observed that the lateral mobility of glycopro- 
teins, which changes discontinuously with temper- 
ature [29], appears to be controlied by skele~ 
proteins [33,34], and Minetti et al. [32] found 
evidence for a role of proteins in these tempera- 
ture-dependent structural transitions. 

Major contributions to our understanding of 
the thermotropic behavior of the erythroeyte 
membrane have been made by Morariu et at. [35] 
with nuclear magnetic resonance teclufiques. In a 
study performed with human erythrocytes, a break 
in the Arrhertius plot of the water exchange time 
was found at pH 7.4, at 26°C [35]. Based on this 
and other observations, it was suggested that con- 
formational changes of proteins, as well as cooper- 
ative state transitions of the membrane, are in- 
volved in this transport process. 

Phase transitions occurring at 19-25°C were 
found in erythrocyte membrane parameters, such 
as microviscosity [21,36], osmotic fragility [15], 
incorporation of 32p into polyphosphoinositides 
[37], transport of chloride [38] and exchange trans- 
port of glucose [39]. However, from Raman spec- 
troscopical studies, it has been concluded that 
erythrocyte membranes undergo pH-sensitive co- 
operative transitions in the physiological tempera- 
ture range [40]. It should be pointed out that one 
critical temperature we observed with several fatty 
acids was at 20 ° C, which could be identical with 
the phase transitions mentioned above, all occur- 
ring around 19-25 ° C. 

The drastic and specific influence of tempera- 
ture on the interaction of structurally closely re- 
lated fatty acids with the e rythrocyte membrane 
represents a basis for further investigations, in an 
attempt to unravel the poorly understood processes 
involved in the interaction of the lipid bilayer with 
proteins of the membrane and of the cytoskeleton. 
Experiments with erythrocytes from which pro- 
teins have been selectively removed and with lipo- 
somes of defined composition, should enable one 



to test which components of the membrane and/or 
the cytoskcleton are responsible for the observed 
specific effects of non.esterified fatty acids. 
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