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Abstract 

The validity of the concept of homeoviscous adaptation was tested for bacteria Bacillus subtilis. The Bacillus subtilis grown at 
20°C (referred to as Bs20) exhibit a considerable increase of branched anteiso-Cls, the major fatty acid component of membrane 
lipids, relative to membranes grown at 40"C (Bs40). The time-resolved fluorescence depolarization of 1,6-diphenyl-l,3,5-hexatriene 
(DPH) and 1-[4-(trimethylamino)phenyl]-6-phenyl-l,3,5-hexatriene (TMA-DPH) showed that these changes in the lipid composi- 
tion are accompanied by changes in a mean lipid order. In particular, the DPH order parameters (P2) and (P4) measured in 
Bs20 membranes at 18°C and in Bs40 membranes at 45°C, respectively, tend to be equal. This effect was less pronounced for 
TMA-DPH. Our observations suggest that a physical parallel to the changes of lipid composition is the maintenance of an 
optimal lipid order in the hydrophobic core of the cytoplasmic membranes. It can be interpreted as a tendency of Bacillus subtilis 
to keep the lateral pressure in its membranes at an optimal value, independent of the temperature of cultivation. 
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1. Introduction 

The bacteria serve as a suitable model for examining 
the temperature adaptation of biological membranes in 
vivo due to a high metabolic rate and a flexibility of 
their metabolic regulation. As poikilotherms they re- 
flect the changes in the ambient temperature by adapt- 
ing the composition of their cytoplasmic membranes 
[1]. The proportion of unsaturated or branched fatty 
acids in membrane lipids is increased in response to a 
lower growth temperature.  The theory of 'borneo- 
viscous adaptation' [2] suggests that the 'fluidity' of the 
lipid bilayer is maintained constant this way, thus en- 
abling vital functions to continue at an optimal condi- 
tion within a wide range of cultivation temperatures. 
However, further studies did not validate this concept 
for all microorganisms [3]. Cossins et al. [4] introduced 
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the quantitative measure of a thermoadaptation called 
'homeoviscous efficacy'. It is the extent to which tem- 
perature-induced changes of membrane fluidity are 
compensated by an adjustment of membrane lipid 
composition. The homeoviscous efficacy equal to one 
means an adaptation resulting in identical fluidity at 
different cultivation temperatures. The homeoviscous 
efficacy of different procaryotic membranes varies from 
0.1 to 1 [4] and depends not only on the physiology of 
given species, but also on the technique a n d / o r  probe 
used [5]. 

The homeoviscous adaptation of Bacillus subtilis 
was previously tested using steady-state fluorescence 
anisotropy of 1,6-diphenyl-l,3,5-hexatriene (DPH) in 
intact cells, isolated membranes and vesicles made of 
isolated phospholipids. EPR experiments with a spin 
probe 16-doxylstearate in isolated membranes and 
phospholipid vesicles were also performed [6-8]. The 
analysis of fatty acid composition and phospholipid 
classes revealed a significant difference between cells 
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cultivated at 20°C and 40°C (Bs20 and Bs40, respec- 
tively). The content of a major fatty acid component, 
branched anteiso-15, increases from 39% in Bs40 mem- 
branes to 55% in Bs20. Suutari et al. [9] have recently 
measured qualitatively the same dependence of the 
membrane composition on cultivation temperature. A 
considerably lower DPH fluorescence anisotropy was 
found in Bs40 membranes at 40°C relative to Bs20 
membranes at 20°C despite changes in the lipid com- 
position. The corresponding homeoviscous efficacy was 
approximately 0.1. Similar results were obtained with 
the 16-doxylstearate spin probe. Such data suggested 
that the temperature-induced adjustment of lipid com- 
position is reflected only in minor changes in Bacillus 
subtilis cell membrane fluidity. 

The aim of the present work was to extend the 
previous study by using time-resolved fluorescence de- 
polarization of DPH and 1-[4-(trimethylamino)phenyl]- 
6-phenyl-l,3,5-hexatriene (TMA-DPH). In contrast to 
steady-state fluorescence techniques, this experimental 
approach can distinguish between simultaneous 
changes of a probe's lifetimes, its equilibrium angular 
distribution inside a membrane and rotational diffu- 
sion. It offers a deeper insight into the origin of fluo- 
rescence signal changes accompanying thermoadapta- 
tion and helps to identify which physical properties of 
the membrane are adjusted by thermoadaptation (for 
review see e.g. Ref. 10). 

2. Materials and methods 

pellet was rehomogenized in phosphate buffer (pH 7.3) 
at a concentration of 1 g wet mass per ml. 

RNAase and DNAase were then added (both 0.5 
mg per g of wet mass) together with MgSO 4 (10 
mmol/1). Cell lysis was carried out by a 100-fold dilu- 
tion of this mixture into a hypotonic phosphate buffer 
(50 mM, pH 6.6). After 15 min (30 min) of mixing at 
40°C (20°C), EDTA (10 mmol/l) was added and an- 
other portion of MgSO 4 (10 mmol/l) was added 45 min 
(60 min) later. The cell lysate was centrifuged for 90 
min at 30 000 x g and the membrane pellet was washed 
in a phosphate buffer (50 mM, pH 6.6) containing KC1 
(1 M) and EDTA (10 mM). The last step was per- 
formed for both Bs40 and Bs20 membranes at 0°C. The 
sediment was rehomogenized in the phosphate buffer 
(50 mM) with KCI (1 M) at a concentration range of 
15-20 mg of membrane protein per ml. Protein con- 
centration was determined according to the Lowry 
method [12]. Samples were stored at -60°C. 

Membrane preparations (only thawed once) were 
used for fluorescence measurements. 

2.3. Cell membrane labelling 

Membrane suspensions were diluted in phosphate 
buffer (100 mM, pH 7.0) to the concentration of 60-100 
~ g / m l  of membrane protein. A DPH solution (3 mM) 
in acetone or a TMA-DPH solution (0.5 mM) in ethanol 
was diluted (1 : 1000 v/v) in a vigorously stirred mem- 
brane suspension. The labelled suspension was incu- 
bated for 30 min at 25°C. 

2.1. Cultivation o f  bacteria 2.4. Pulse-excitation fluorescence measurements 

Bacillus subtilis 168 trp2-cells were grown aerobically 
in a complex medium containing (in g/l): Bacto beef 
extract (Difco) 1.5, Yeast extract (Difco) 1.5, NaC1 3.5, 
KH2PO 4 1.32, Bacto peptone (Difco) 5, glucose 5 (pH 
7.0). The cultivation was terminated in the mid-ex- 
ponential phase and cells were harvested by rapid 
filtration through a Millipore filter (pore size 0.6/zm). 

2.2. Membrane preparation 

The isolation procedure was similar to that of Bohin 
et al. [11], except that the temperature was kept identi- 
cal with the temperature of cultivation in all isolation 
steps. 

The cells remaining on the filter were washed in 
phosphate buffer (100 mM, pH 7.3) and resuspended 
in the same buffer containing sucrose (0.5 M). The 
membrane suspension (about 12 /~g wet mass per ml) 
was incubated (without mixing) with lysozyme (500 
tzg/ml). The formation of protoplasts was completed 
within 20 min at 40°C or 50 min at 20°C. The proto- 
plasts were centrifuged for 30 min at 9000 x g and the 

An apparatus for time-resolved fluorescence experi- 
ments was based on a laser excitation source and a 
time-correlated single photon counting detection sys- 
tem. The excitation source was comprised of a cavity 
dumped dye laser synchronously pumped by an actively 
mode-locked argon ion laser and frequency doubler. 
The excitation pulses with a repetition rate of 4 MHz 
and duration of 10-15 ps were generated at 365 nm 
with Pyridine 1 as a laser dye. The emission wavelength 
(425 nm) was selected by a monochromator. Three 
polarized fluorescence decay curves Ill, I± and I m 
were measured with the emission polarizer oriented 
parallely, perpendicularly and at the angle of 54.7 ° to 
the direction of excitation polarization vector, respec- 
tively. All three components were accumulated quasi- 
simultaneously with a switching frequency of 6 s. The 
apparatus response function was determined from the 
time profile of the Raman scattering of concentrated 
aqueous solution of KI at 417 nm. Samples, placed in 
thermostated holder, were periodically mixed by nitro- 
gen bubbles. All experiments were immediately re- 
peated with an aliquot of an unlabeled sample in order 
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to accumulate correction curves containing background 
fluorescence and light scattering. These correction 
curves were subtracted before deconvolution analysis 
from the decays of the labeled sample. The correction, 
main contribution of which was fluorescence of buffer, 
never exceeded 2% of the total intensity. 

which is consistent with these (P2) and (P4). Accord- 
ing to the information theory [15] the Peq(0) is given by: 

Pen(O) ~ exp[, 2P22(0) + A4P24(o)] (4) 

where parameters A 2 and ~4 are calculated from Eqs. 
(3) and (4). 

2.5. Time-resolved fluorescence data processing 

The global data analysis was based on a solution of 
a convolution integral: 

I ( t )  = fo tR( t ' ) i ( t - t  ') dt '  (1) 

where I(t), R(t)  and i(t) are the observed fluorescent 
decay, an apparatus response function and a fluores- 
cent decay for an infinitely short excitation pulse, re- 
spectively. For the estimation of the impulse response 
i(t) the Marquardt-Levenberg least squares fitting pro- 
cedure was used. In order to enhance the significance 
of the fitted parameters, three different polarization 
components ill(t), i ± (t) and ira(t) were simultaneously 
fitted (see e.g., Ref. 13) to the corresponding experi- 
mental data sets: 

• = X [ A l e - t / T l + A 2 e - t / ~ 2 ] . [ l + 2 r ( t ) ]  (2a) l[I g 

i ± = X [ A l e - t / ~ l + A 2 e - t / * 2 ] . [ 1 - r ( t ) ]  (2b) 

im= [A 1 e - t / ' l  +A 2 e - t / '2]  (2C) 

Under the 'magic angle' condition the measured inten- 
sity I m equals a total component, Ill + 21±, irrespec- 
tive of a rotational diffusion of a chromophore. Thus it 
provides unbiased information about excited state life- 
times. The time-resolved anisotropy, r(t), was fitted to 
the 'general model' of DPH and TMA-DPH fluores- 
cence depolarization in membranes as previously de- 
scribed [14]. Using this approach, r(t) is a function of 
four parameters: a zero-time anisotropy r o, a rota- 
tional diffusion coefficient of the long axis of the 
probe, D± ,  and order parameters (P2) and (P4). The 
order parameters are related to the equilibrium angu- 
lar distribution function Peq(0) of the probe molecule 
and characterize the order of membrane lipid chains. 
The (P2) and (P4) can be expressed as: 

(P2> = fP22(cos o)Po (o) sin 0 dO (3a) 

= fP24(cos o)Peq(o)  sin 0 dO (3b) 

where P22(0) and P24(0) are Legendre polynomials. 
For the full characterization of Peq(0) it is necessary to 
have all order parameters (PEk) (k -- 1, 2 .... oo). Having 
only (P  E) and (P4), the distribution Peq(O) may be 
approximated by the 'broadest possible' distribution 

2.6. Steady-state anisotropy measurements 

Steady-state anisotropy was measured using a SLM 
4800S fluorometer equipped with a standard polariza- 
tion accessory. The excitation wavelength was 360 nm 
and emission was detected through cut-off filters, 50% 
transmittance at 405 nm, in both emission channels. 
The sample temperature was kept constant with a 
precision of 0.2 C °. The steady-state anisotropy was 
calculated as previously described [16]. 

The experimental data were corrected for an intrin- 
sic fluorescence of unlabeled membranes which never 
exceeded 1% of the labeled samples. Despite the low 
background signal several experiments were repeated 
at a different concentration of membranes. No signifi- 
cant changes in steady-state anisotropy value were de- 
tected. 

3. Results 

3.1. Fluorescence lifetime measurements 

The fluorescent intensity decays of both DPH and 
TMA-DPH can be satisfactorily recovered in terms 
of a double-exponential decay model, I( t )  = 
A 1 e x p ( - t / z  1) +A 2 exp(-t /72).  Improvement of the 
fit was negligibly small with a triple-exponential model 
relative to the biexponential one. Moreover, two of the 
lifetimes assessed from the triple-exponential model 
were equal to those obtained from the biexponential 
fitting and fractional amplitudes of the third compo- 
nent, A3, were always lower than 0.01. 

Biexponential decays of DPH fluorescence comprise 
a component with a lifetime of z 2 = 6-9 ns (Figs. 1 and 
2), which is close to the DPH fluorescence lifetimes in 
pure organic solvents [17] (for review see also Ref. 18). 
The lifetimes of the faster decaying component, Zl, 
were within the range of 1-2 ns. The fractional ampli- 
tudes of this decay component are depicted in Fig. 3. 

The ~'2 lifetimes of DPH, as well as the related 
fractional amplitudes are sensitive to the cultivation 
temperature of bacteria. The Bs20 membranes exhib- 
ited • 2 lifetimes that were significantly lower than 
those of Bs40 membranes, Fig. 1. The fractional ampli- 
tudes, A2, of this longer component were also smaller 
in Bs20 membranes. In contrast to ~'2, there was no 
significant difference between ~1 values of Bs20 and 
Bs40 samples. An increase in temperature decreases r 2 



10 

25 

Q) 

o ~  

8 

6 

4 

2 

0 
18 45 35 

lOO 

90 

80  

7o 

6o 

5 0  

4 o  

30 

20 

10 

0 

T e m p e r a t u r e  (*C) 
Fig. 1. Fluorescent lifetimes of DPH in cytoplasmic membranes of 
Bacillus subtilis; membranes Bs20 (shaded bars), membranes Bs40 
(open bars), 71 (short bars), 72 (long bars). 
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Fig. 3. Amplitudes A 1 of the shorter fluorescent component 71; 
DPH in Bs20 membranes (cross-hatched bars), DPH in Bs40 mem- 
branes (coarse hatched bars), TMA-DPH in Bs20 membranes (open 
bars), TMA-DPH in Bs40 membranes (fine hatched bars). 

,vhile changes of "r 1 do not exceed a limit of  an 
exper imenta l  error .  The  t e m p e r a t u r e - d e p e n d e n t  
changes of ~'2 are more pronounced in Bs20 mem- 
branes relative to those of the Bs40 (Fig. 1). 

T M A - D P H  fluorescence decay characteristics differ 
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Fig. 2. Fluorescent lifetimes of TMA-DPH in cytoplasmic mem- 
branes of Bacillus subtilis; membranes Bs20 (shaded bars), mem- 
branes Bs40 (open bars), 71 (short bars), 72 (long bars). 

from the results of D P H  assays (Fig. 2). The main 
differences can be summarized as follows: 
(i) the temperature-dependent  decrease of the TMA- 
D P H  lifetime ~'2 is faster, 
(ii) the fractional amplitudes of  the faster decaying 
component  are lower than those of D P H  fluorescence 
(Fig. 3) and 
(iii) T M A - D P H  fluorescence decay parameters  do not 
indicate any remarkable differences between Bs20 and 
Bs40 membranes.  

3.2. Steady-state fluorescence anisotropy measurements 

Steady-state fluorescence anisotropies, rss, were 
measured in the temperature  interval from 5°C to 
60°C. A gradual decrease of r ,  was observed with 
increasing temperature.  This trend was more pro- 
nounced in DPH-labeled membranes  (Fig. 4). For both 
probes the r~ value was significantly lower in Bs20 
membranes  compared to the Bs40 ones. The difference 
in rs~, between Bs20 and Bs40 membranes,  was larger 
in the case of D P H  which is similar to the analysis of 
lifetimes. 

3.3. Time-resolved fluorescence depolarization experi- 
ments  

T h e  analysis o f  t ime- reso lved  f luorescence  
anisotropy was carried out by two different methods. In 
the first method the zero-time anisotropy r 0 was fixed 
to the value of 0.38 (the fluorescence anisotropy of 
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Fig. 4. Steady-state fluorescence anisotropy of DPH ( • )  and TMA- 
DPH ( • )  in the Bacillus subtilis Bs20 (open symbols) and Bs40 
(closed symbols) cytoplasmic membranes. 

DPH immobilized in frozen glycerol [19]) but in the 
second method the r 0 was optimized as a floating 
parameter. Results of the latter approach were found 
to be more satisfying. The first approach resulted in an 
unacceptably poor fit in some cases. 

The fitted values of r 0 are shown in Table 1. They 
fall within the range of zero-time anisotropies reported 

Table 1 
Zero-time anisotropies r o of DPH and TMA-DPH in Bacillus subtilis 
cytoplasmic membranes 

Probe/Sample Sample temperature/limiting anisotropy r o 

18°C 25°C 35"C 45°C 

DPH/Bs20 0.36 (0.02) 0.35 (0.01) 0.37 (0.01) 0.33 (0.02) 
DPH/Bs40 0.38 (0.01) 0.37 (0.01) 0.34 (0.02) 0.33 (0.02) 

TMA-DPH/Bs20 0.40 (0.02) 0.36 (0.01) 0.36 (0.01) 0.37 (0.01) 
TMA-DPH/Bs40 0.38 (0.01) 0.40 (0.02) 0.38 (0.01) 0.38 (0.01) 

Numbers in parentheses represent standard deviations of r 0 fitted as 
a floating parameter. 

for the DPH and TMA-DPH fluorescence in a variety 
of frozen solutions (see e.g., Ref. 19 for review) and 
tend to decrease with increasing temperature. This 
tendency was found to be significant for DPH in Bs40 
membranes. 

Fitted order parameters and their standard devia- 
tions are shown in Fig. 5A (DPH) and Fig. 5B (TMA- 
DPH). Corresponding distribution functions Peq(O) 
were also calculated (Eqs. (3) and (4)). However, esti- 
mations of Peq(0), based on (P2) and (P4) only, was 
found to be incredibly sensitive to an experimental 
error of (P4). Fig. 6 shows the difference between 
distribution functions calculated for one of the experi- 
mental conditions using the same (/ '2) and three dif- 
ferent (P4) values, which were chosen from the inter- 
val of ( /4)  experimental error. Changes in the shape 
of Peq(0) were so large that such a representation loses 
informational value. We have therefore preferred the 
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Fig. 5. Order parameters (P2) and (P4) of DPH (A) and TMA-DPH (B) in the cytoplasmic membranes of Bacillus subtilis at different 
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Fig. 6. An equilibrium angular distribution of TMA-DPH in Bs40 
membranes at 45°C and its dependence on the error of the (P4) 
assessment. Distribution functions were calculated for (P2)= 0.57 
and mean value (P4)= 0.75 (solid line), upper confidence limit 
(P4) = 0.81 (dotted line), lower confidence limit (P4) = 0.69 (dashed 
line). 

overlap of the confidence areas demarcated by the 
confidence intervals of the each point. Particularly, the 
order parameters (/ '2) and (P4) within an experimen- 
tal error are the same for Bs20 at 18°C and Bs40 at 
45°C. The difference in the membrane order becomes 
significant when different membranes are compared at 
the same temperature. Such a behavior seems to be the 
most interesting feature of the temperature-dependent 
changes of the order parameters. 

This effect is less remarkable for TMA-DPH. The 
larger deviation of experimental temperature from the 
temperature of cultivation results in approximately the 
same order of Bs20 and Bs40 membranes, respectively. 
(See the overlap of confidence areas between Bs20 and 
Bs40 membranes, respectively; Fig. 5B.) 

Values of the rotational diffusion coefficient D ±, of 
both DPH and TMA-DPH ranged from 2.6.108 to 
2.0.109 s -1. The confidence intervals of D± was 
found to be the largest of the all fitted parameters. 
Relative errors ranged from -70  to + 300%. There- 
fore the observed changes of D± are not significant 
within this experimental error. 

4. Discussion 

position of a [(P2),(P4)] point in the (Pa) vs. (P4} 
diagram as more reliable characteristics of the probe 
angular equilibrium distribution in membranes. 

The information derived from the (P  E) VS. (P4) 
diagrams is summarized below: 

(i) (P2) order parameters of DPH are lower than 
those of TMA-DPH in both Bs20 and Bs40 mem- 
branes. The comparison is made for the same mem- 
brane system at the same temperature. 

(ii) Both (PE) and (P4) order parameters of DPH 
tend to decrease with increasing temperature. A mag- 
nitude of the change of (P2) seems to be smaller in 
Bs40 membranes than that in Bs20 membranes (Fig. 
5A). Such effects were not found for TMA-DPH (Fig. 
5B). 

(iii) Both (P2) and (P4) order parameters for DPH 
are systematically lower in Bs20 than in Bs40 mem- 
branes when the different membranes are compared at 
the same temperature. A similar systematic difference 
was observed for TMA-DPH, but it was found to be 
less significant. In particular, (P2) order parameters of 
TMA-DPH in both types of membranes are very simi- 
lar. 

(iv) The order Of Bs20 and Bs40 membranes, re- 
spectively, probed by DPH and characterized by a 
localization of the [(P2),(P4)] poiflt in the (P2) vs. 
(P4) diagram (Fig. 5A), exhibit a tendency to coincide 
when the experimental temperature approaches the 
temperature of cultivation. This i s  indicated by an 

4.1. Fluorescence lifetime measurements 

The biexponential decay of DPH fluorescence ob- 
served in membranes of Bacillus subtilis is in accord 
with typical characteristics of DPH fluorescence in 
other membrane systems. The fact that in Bs20 mem- 
branes the ~'2 lifetimes of DPH are lower than those in 
Bs40 ones, Fig. 1, suggests that there exists a difference 
in physical properties of the respective probe microen- 
vironments. It was demonstrated earlier that the DPH 
fluorescent lifetimes in synthetic lipid vesicles tend to 
decrease with increasing lipid unsaturation [20]. We 
therefore conclude that the observed difference be- 
tween lifetimes in Bs20 and Bs40 membranes is consis- 
tent with known variations of branched and unsatu- 
rated fatty acids in the phospholipids of these mem- 
branes [6]. 

Apparent lifetimes of TMA-DPH fluorescence in 
Bacillus subtilis membranes are basically independent 
of variations in the lipid composition. The different 
behavior of DPH and TMA-DPH could be explained 
by their different localization in membranes. The 
TMA-DPH, which is anchored by the trimethylammo- 
nium moiety to the polar head region, selectively probes 
a membrane structure near the membrane surface while 
the DPH mainly probes a lipid structure inside the 
membrane core. Therefore the similarity of TMA-DPH 
lifetimes in Bs20 and Bs40 membranes indicates that 
the thermoadaptive control of the lipid composition is 
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not accompanied by significant changes in physical 
propert ies of  the probe microenvironment near  the 
polar head region. 

4.2. Steady-state anisotropy 

The steady-state anisotropy experiments indicate 
that Bacillus subtilis has a tendency to fluidize its 
cytoplasmic membrane  during the process of ther- 
moadaptat ion,  as was already demonstrated for D P H  
[6]. The difference in respective rss values of Bs20 
membranes  at 20°C and Bs40 membranes  at 40°C (Fig. 
4) is consistent with the fact that both the steady-state 
anisotropy of D P H  fluorescence and spin probe spec- 
tra do not reveal a complete homeoviscous adaptation. 
However, our present  analysis of fluorescent decays in 
these systems suggests that the results of the steady- 
state D P H  fluorescence depolarization assays could be 
significantly affected by parallel variations in D P H  
fluorescent lifetimes. Thus the simple technique of 
steady-state fluorescence depolarization becomes un- 
suitable for a reliable examination of physical aspects 
of the lipid control during thermoadaptat ion.  

Similarly, no explicit conclusions on the physical 
propert ies of lipid membranes  can be easily made from 
single changes of  line intensities in E P R  probe spectra 
mentioned above [6]. An interpretation of a spin probe 
spectra requires complex simulations including order 
parameters  and correlation times for rotation around 
the main molecular axis and for rotation of that axis 
[21]. This technique, however, has not been elaborated 
yet to an extent comparable  with the method of time- 
resolved fluorescence depolarization. Currently, the 
latter approach can provide the most explicit informa- 
tion about rotational diffusion of the probe and its 
angular equilibrium distribution inside the membrane.  

4. 3. Time-resolved fluorescence depolarization 

The difference between order parameters  in Bs20 
and Bs40 membranes  reveals that the thermoadaptive 
changes of their lipid composition are accompanied by 
changes in a lipid order. In particular, it can be con- 
cluded that the modification of lipid composition at the 
low cultivation tempera ture  induces a decrease in the 
membrane  lipid order. Moreover,  the D P H  order pa- 
rameters  determined in Bs20 membranes  at 18°C and 
Bs40 membranes  at 45°C tend to be equal, Fig. 5A. 
This fact suggests that the physical parallel to the 
thermoadaptive changes of the membrane  lipid compo- 
sition is the maintenance of an optimal lipid order. The 
lower sensitivity of T M A - D P H  order parameters  to the 
thermoadaptat ion indicates that the latter conclusion is 
valid particularly for the core of the membrane.  Lower 
order parameters  for DPH,  compared to TMA-DPH,  
reveal the well-known existence of the lipid order 

gradient between the membrane  core and its surface 
[22,231. 

Our  analysis of  D P H  and T M A - D P H  order parame-  
ters in Bacillus subtilis membranes  seems to support  an 
idea that a possible function of the thermoadaptive 
exchange of membrane  lipids is to preserve an optimal 
order of the lipid bilayer. It has been demonstrated 
earlier that the lipid order can be directly related to a 
lateral pressure which is experienced by other mem- 
brane components [24]. The lateral pressure, which 
increases with decreasing lipid order, can modulate  an 
activity of certain membrane  enzymes [25,26]. From 
this point of view the changes of the lipid order of 
Bacillus subtilis, mediated by changes in membrane  
lipid composition, could be eventually interpreted as a 
tendency for maintaining an optimal value of the lat- 
eral pressure in plasma membranes.  
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