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1. Introduction 

Membrane fluidity seems to play an important 
role in cellular processes such as regulation of enzyme 
activity [1,2], permeability [3], transport of 
nutrients [4], lateral motion of membrane consti- 
tuents [5], and osmotic stability of cells [6]. In this 
communication we report that the microorganism 
Acholeplasma laidlawaii is able to maintain a virtually 
constant membrane lipid fluidity at the growth tem- 
perature when the growth temperature and the exoge- 
nous fatty acid source are varied. 

2. Materials and methods 

Acholeplasma laidlawii (oral strain) was originally 
from Dr. S. Rottem's laboratory. Cells were grown in 
a lipid extracted tryptose broth supplemented with 
an appropriate fatty acid (5 mg/1) [7]. Cultures were 
harvested by centrifugation at their late log phase 
(about 20 and 48 hr for 37°C and 28°C grown 
cultures, respectively). Part of the collected cells were 
lysed by osmotic shock in deionised water, and their 
plasma membranes were isolated according to the 
method described by Razin et al. [8]. The rest of the 
cell pellet was used for lipid extraction with chloro- 
form-methanol (2:1, v/v) [9]. The preparation of 
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methyl esters of fatty acids and the subsequent analy- 
sis by gas chromatography has been described [7]. 
The isolated plasma membranes were mixed at room 
temperature with an aqueous dispersion of the spin 
label 2-(3-carboxypropyl)-4,4-dimethyl-2-tridecyl- 
3-oxazolidinyloxyl (abbreviated as 5 NS, obtained 
from Synvar, Palo Alto, Calif.) as reported [10]. The 
final concentration was about I0 mg membrane 
protein/ml and 0.1-0.2 mmoles 5 NS/ml. Electron 
paramagnetic resonance (EPR) spectra were recorded 
at various temperatures. The amount of carotenoid 
pigments in the lipid extra& was spectrophotometri- 
cally determined (optical density at 450 nm, in 
chloroform-methanol 2:1, v/v) [10]. Protein con- 
centration was measured according to Lowry et al. 
[I1]. 

3. Results 

The organism was originally grown in a medium 
supplemented with oleic acid, at 37°C. After 5 -10  
daily transfers, the cells could be adapted to media 
supplemented with either arachldic or lauric acid [7]. 
These 37°C-grown cultures were then adapted to 
grow at 28°C after approximately five transfers. The 
evidence for adaptation rather than mutation came 
from the fact that these cells grew up immediately 
after being transferred back to the original tempera- 
ture. 

A typical EPR spectrum of the 5 NS spin label 
has been shown elsewhere [12]. A greater value of 
the hyperfine splitting 2 T II reflects restricted rota- 
tional motion and therefore indicates a more viscous 
environment around the spin probe [13]. The value 
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Fig. 1. Temperature dependence of the hyperfine splitting ofAcholeplasma laidlawii membranes labelled with 5 NS. Cells were 
grown at (a) 37°C, (b) 28°C, in a nutrient medium supplemented with either arachidic acid (o-o-o), or laurie acid (A--A--A), or 
oleic acid (z~-z~-z~). 

of the anisotropy parameter 2 T U was temperature 
dependent (fig. 1). Cells grown at 37°C in a medium 
containing lauric acid showed the lowest lipid fluidity 
in a temperature range from 5-25°C. At temperatures 
above 25°C, the difference in fluidity became smaller 
for the three types of membranes studied (fig. 1). At 
the growth temperature of 37°C, the value of 2 T II 
varied only within one gauss (between 53 and 54 
gauss) for the three types of membranes investigated. 
Above the growth temperature, the variations 
increased. 

For cells grown at 28°C, the membranes were 
more fluid at a given temperature compared to the 
corresponding cells grown at 37°C (fig. 1). Although 
the membrane lipid fluidity of the cells differed a 
great deal both above and below the growth tempera- 
ture (28°C), the values of 2 T II again varied within 
one gauss (about 53 to 54 gauss). Note that the 

values of 2 T II at the two growth temperatures are 
very close to each other. These results indicate that 
Acholeplasma laidlawii cells are able to maintain thek 
membrane lipid fluidity within a narrow range. 

Acholeplasma laidlawii cells are known to incorpo- 
rate a large amount of fatty acid supplied exogenously 
into their polar lipids [14]. When cells were cultured 
at 37°C, the lipids were enriched (50-60 mole %) 
with the fatty acid supplemented to the medium, 
either arachidic or oleic acid (table 1). If laurie acid 
was supplemented to the medium, the lipids were 
enriched with myristoyl (C 14:0) and palmitoyl 
groups (C16:0). After adaptation to 28°C, there was 
a pronounced decrease in arachidoyl (C20:0) groups 
in cells grown in a medium supplemented with 
arachidic acid. When cells were grown at 28°C in a 
lauric acid supplemented medium, the percentage of 
myristoyl groups increased and that of the palmitoyl 
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groups decreased. Thus, upon lowering the growth 
temperature, the average chain length of acyl groups 
was shortened for cells grown in a medium supple- 
mented with saturated fatty acids. For oleic acid 
supplementation, however, no change in fatty acyl 
composition was observed. 

Acholeplasma laidlawii cells protein carotenoid 
pigments in their plasma membrane. Higher levels of 
these pigments lead to a more rigid lipid packing (10). 
For cells grown in arachidic or lauric acid, there was 
no change in membrane carotenoid content upon 
lowering the growth temperature (table 1). In case of 
oleic acid supplementation, however, the pigment 
content decreased by about 40%. Such a change is 
probably too small to account for the entire mem- 
brane fluidization, since previous results [10] showed 
a decrease of 2 TII by 2.5 gauss (22°C) when the caro- 
tenoid content was lowered by one order of magni- 
tude. In case of cells grown in an oleic acid supple- 
mented medium, the microorganisms therefore seem 
to regulate the membrane lipid fluidity by a mecha- 
nism yet unknown. 

4. Discussion 

Acholeplasma laidlawii cells were shown to be 
capable of maintaining their membrane lipid fluidity 
when the growth medium is supplemented with either 
a long chain or a short chain saturated fatty acid 
(C2o, C~2), even if the growth temperature was 
reduced from 37°C to 28°C. These cells are also able 
to regulate the fluidity when the carotenoid pigment 
content of  the membrane was drastically altered 
[ 10]. This capability allows the organism to survive 
in a broad spectrum of living conditions. The regula- 
tion of the lipid fluidity is achieved by modifying 
the membrane fatty acyl composition, when the cells 
are grown in a medium containing saturated fatty 
acids. If the medium contains oleic acid, the pigment 
content is somewhat varied whereas the fatty acyl 
composition seems to remain constant. 

In various microorganisms larger quantities of 
unsaturated fatty acyl groups in the membrane lipids 
are found upon lowering the growth temperature 
[ 15-18].  A regulatory mechanism has been proposed 
for E. coli which controls the composition of satura- 
ted vs. unsaturated acyl groups in lipids [16]. Further- 

more, E. coli incorporates higher proportions of  
saturated and long chain fatty acids into phospho- 
lipids upon increase of the growth temperature. 
Phospholipids are synthesized which have identical 
viscosities at the growth temperature of the cells [19]. 
For the temperature control of  the phospholipid 
biosynthesis in E. coli, the acyl-Co A; glycerol-3-phos- 
phate transacylase seems to be important [20]. A 
similar mechanism may be involved in the regulation 
of fluidity of Acholeplasma membranes. 
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