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Summary 

The temperature<lependent  relationship between K ÷ active influx, Mg 2÷- 
ATPase activity, t ransmembrane potential (A~)  and the membrane lipid 
composit ion has been investigated in mycoplasma PG3. Native organisms were 
grown in a medium containing 10 ~g/ml cholesterol and either oleic plus 
palmitic (chol (+), O + P) or elaidic (chol (+), E) acids. Adapted cells were 
grown in a medium free of exogenous cholesterol and supplemented with 
elaidic acid (chol (--), E). 

Arrhenius plots of  42K÷ active influx gave a linear relationship for (chol (+), 
O + P) cells (EA = - - 9  kcal). On the other  hand, when oleic plus palmitic 
acids are replaced by elaidic acid, an upward discontinuity appears between 28 
and 30°C, which is associated with a large increase in the apparent activation 
energy of  the process (t > 30°C, EA = --24 kcal; t < 30°C, EA = --40 kcal). 

Finally, a biphasic response with a break at approx. 23°C (EA = --7 kcal, t > 
23°C; EA = --44 kcal, t <: 23°C) is observed for (chol (--), E) organisms. From 
the lack of  correspondence between these effects on the K ÷ influx and the 
temperature dependence of both the Mg2+-ATPase activity and A~ ,  it is 
suggested that  changes in the membrane lipid composition affect  the K ÷ trans- 
port  at the level of  the K ÷ carrier itself. 

Differential scanning calorimetry,  steady-state fluorescence polarization of  
diphenylhexatriene and freeze-fracture electron microscopy experiments 
further suggest that  the effect  is largely due to modifications of the membrane 

Abbreviation: SDS, sodium dodecyl sulfate. 
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microviscosity and that  the K ÷ carrier is associated with the most  fluid lipid 
species present in the membrane.  

Introduction 

Experimental data accumulated from the last 10 years indicate that changes 
in the plasma membrane lipid composition affect  the activity of various 
membrane enzymes and transport systems [1--4]. Although a large part of the 
available information comes from prokaryotic organisms, the relationship 
between their membrane lipid composition and physical state and their ionic 
transport  systems remains obscure. The present study was undertaken to 
investigate such a possible lipid dependence of  the K ÷ active transport system 
in Mycoplasma mycoides sp. capri (PG3). 

Mycoplasma PG3 accumulates K ÷ against a large concentrat ion gradient [5]. 
The steady-state intracellular K ÷ level is accounted for by the value of  a trans- 
membrane potential (A~)  created by the activity of  a membrane-bound Mg 2÷- 
ATPase [6]. Membrane cholesterol concentrations and fat ty  acid composit ion 
can be drastically altered in PG3 [7]. Using this particular property,  it has been 
shown that  at 37°C, the intracellular K ÷ level of  PG3 could be modulated by 
the cholesterol content  of  the membrane [8]. This process, however, appears to 
be indirect and mediated by a modification in A~.  In the present work, the 
temperature<lependent  relationship between K ÷ active influx, Mg2÷-ATPase 
activity, A ~  and the membrane physical state has been studied. Our results 
strongly suggest that  the K ÷ carrier is associated with the molecular lipid species 
with the lowest transition temperature and is sensitive to the changes in the 
membrane physical state. 

Materials and Methods 

Organisms and growth conditions. Native and low cholesterol adapted 
organisms were grown on modified Edward's medium [9] in which 0.5% fat ty 
acid~leficient bovine serum albumin (Miles Laboratories Inc., Kankakee, IL) 
was used to replace the PPLO serum fraction. For native organisms, the 
medium was supplemented with 10 t~g/ml cholesterol and sodium salts of  
either oleic plus palmitic acids (5 t~g/ml each) or elaidic acid (10 #g/ml). The 
medium used for adapted organisms contained 10 #g/ml elaidic acid but  choles- 
terol was omitted.  

Organisms were grown statically for 14--18 h and in each case collected by 
centrifugation (8000 × g, 10 min) during the early log phase. They were washed 
once with cold 0.25 M NaC1 solution containing 0.01 M MgCl~. MgC12 was 
omit ted from the washing solution when membranes had to be prepared. 

Intracellular K ÷ content and unidirectional fluxes. Intracellular K ÷ of  washed 
organisms collected from the growth or the transport assay medium was deter- 
mined by flame photomet ry  after solubilization of cells by sodium dodecyl  
sulfate. Initial rates of active K ÷ exchange influx were measured under steady- 
state conditions in a buffer containing: 0.1 M phosphate;  35 mM NaC1; 2 mM 
MgC12; 1 mM KC1; 20 mM glucose, pH 7.2. After  a 5 min preincubation period 
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at the chosen temperature, the.assay was started by adding 2.5 pCi 42K÷ (CIS, 
CEA, France) per ml of cell suspension (approx. 1 mg cell protein/ml). At 
various times, from 45 s to 15 min, 0.1 ml samples of this cell suspension were 
collected, diluted in 1 ml ice-cold NaC1/Mg 2+ solution, filtered through HA 45 
Millipore filters under a negative pressure of 60--70 mmHg and washed with 
5-ml of the ice-cold solution. 5-ml H20 were added to the filters once they 
were transferred into glass scintillation vials for counting using Cerenkov radia- 
tion. Effectiveness of the steady-state conditions was checked by comparing 
the intracellular K ÷ values before and after the unidirectional flux experiments. 

Membrane preparation. Membranes were prepared by osmotic lysis according 
to the method of Rottem et al. [10], resuspended in diluted (1 : 20) ~-buffer 
0.15 M NaC1, 0.05 M Tris, 0.01 M 2-mercaptoethanol, pH 7.4) and kept at 
--45°C until used (generally within 2 or 3 days). 

Enzyme assay. ATPase activity was measured by the release of Pi from the 
reaction mixture which contained 5 mM MgC12, 50 mM Tris-HC1 (pH 8.0), 
4.4 mM NaC1 and 50--150 ~g membrane protein/ml. The reaction was started 
by adding 1.25 #M radioactively labelled ATP (h,-32P]ATP, 0.5 ~Ci/ml; 
Amersham) [8,11]. Samples of 0.15 ml were collected at various times (from 2 
to 15 min) and the reaction stopped with 0.3 ml of a solution containing 25% 
activated charcoal in 5% trichloroacetic acid. After centrifugation (10 000 × g, 
2 min), part of the supernatant was collected, directly transferred into vials 
containing Instagel (Packard R) and counted. Liberated Pi was calculated from 
the known specific activity. ATPase activity was calculated from the linear part 
of the curves. 

Fluorescence measurements. Fluorescence measurements were performed on 
2-ml samples contained in a quartz fluorescence cuvette. The cuvette was held 
in the thermostatically maintained cell compartment, connected to a Nesslab 
temperature programmable circulatory bath of an Aminco Bowman spectro- 
fluorimeter. Temperature was monitored with a thermolinear probe (YSI 729) 
immersed in the solution which was stirred with a magnetic stirrer. In some 
experiments, a Perkin Elmer MPF 44A spectrofluorimeter was used. 

Variations in the transmembrane potential were calculated from changes in 
the merocyanine fluorescence intensity as previously described [6]. Briefly, 5 • 
10 -6 M merocyanine 540 (Eastman Kodak Co., Rochester, NY) was added to 
resting organisms resuspended in the phosphate buffer (approx. 250 ~g 
protein/ml). After a 5 to 10 min equilibration period at 37°C, the fluorescence 
intensity level of resting cells was recorded (Xexc = 540 nm, kem= 582 nm). 
Addition of glucose (20 mM) induces a rapid (1--2 rain) and large (20--30%) 
drop in the fluorescence intensity of resting cells [6]. Once the plateau was 
obtained, temperature was continuously decreased to 12--15°C (1--2°C/min) 
and the fluorescence intensity simultaneously recorded. Reversibility was 
checked by returning the temperature to 37°C. Temperature-dependent deter- 
minations of the fluorescence intensity of non-energized cells were performed 
either simultaneously (Perkin Elmer) or successively (Aminco Bowman). 
Results from both methods were identical and are expressed as the percentage 
of quenching (AF/F)O at a given temperature, 0, over the fluorescence intensity 
quenching measured at 37°C (AF/F)37oc where AF = fluorescence intensity of 
resting cells minus fluorescence intensity in the energized state and F = the 
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fluorescence intensity of resting cells for a determined temperature. 
For steady~state fluorescence polarization measurements, the excitation 

beam was polarized by a Thompson glan prism. The emission pathway was 
equipped with polarizing film (HN 38, Polaroid Co., Cambridge, MA) mounted 
as described by Chen and Bowman [12]. 1,6-Diphenyl-l,3,5-hexatriene 
(Aldrich) was excited at 365 nm (bandwidth 11 nm) and emission observed at 
450 nm after passing through a 3-73 Coming or a 2 A Kodak cut-off filter. Cor- 
rections for the contribution of the scattered light were performed according to 
the method of Shinitzky et al. [13]. Fluorescence labelling of membranes was 
achieved by preincubating a membrane suspension (100--200 pg membrane 
protein/ml in phosphate buffer) in the presence of 2--4 pM diphenylhexatriene 
for 90 min at 37°C. 

Differential scanning calorimetry. Differential scanning calorimetry (DSC) 
experiments were performed on a Perkin Elmer DSC-2B apparatus operating at 
a scan rate of 5 or 10°C/min. Samples {0.5--1.0 mg membrane protein) from a 
thick membrane suspension obtained by centrifugation (100 000 X g, 90 min) 
were transferred into 20-#1 aluminum pans (Perkin Elmer), sealed, and scanned 
at least three times from 0 to 60°C. The reference pan was filled with either 
diluted fl-buffer or A1203. 

Freeze-fracture electron m!croscopy. Freeze-fracture experiments were 
performed on organisms fixed at 37, 27 and 7°C in a glutaraldehyde-isosmotic 
phosphate solution (final glutaraldehyde concentration 1%), as previously 
described [8]. 

Analytical methods. Lipids were extracted from whole cells or membrane 
suspensions according to the method of Bligh and Dyer [14] and treated as 
previously described [8]. Methyl esters of fatty acids [15] were subjected to 
gas-liquid chromatography in a Packard apparatus (Model 802, column: 10% 
Silar on 100/120 gas~hrom Q, Applied Science Lab. Inc., State College, PA, 
180°C, N2 = 35 ml/min). Fatty acids were identified by their retention times. 
Cholesterol was determined chemically by following the method of Wycoff and 
Parsons [16]. Proteins were determined according to the method of Lowry et 
al. [17] using bovine serum albumin as standard. 

Results 

As expected from previous reports [7,8], the membrane fatty acid composi- 
tion of PG3 organisms is dependent on the fatty acid species added to the 
growth medium (Table I). Adaptation of native cells in a medium free of 
exogenous cholesterol reduces by more than 10-fold the cholesterol content of 
the membrane. 

IC transport. Arrhenius plots of K ÷ active influx in normal- and low-choles- 
t e r o l  organisms are presented in Fig. 1. Three different patterns can be 
observed corresponding to the three different lipid compositions studied: for 
(chol (+), O + P) organisms, the apparent activation energy (EA) is low (--9.0 
kcal) and constant over the range of temperatures studied. Replacement of 
oleic plus palmitic acids by elaidic acid results in a large increase in EA asso- 
ciated with the appearance of an upward deflection at approx. 30°C. According 
to the cell batch, the width of the discontinuity varied from 2 to 5~C. EA 
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TABLE I 

MEMBRANE CHOLESTEROL AND FATTY ACID COMPOSITION OF POLAR LIPIDS 

Organisms were grown in modified Edward's medium containing 10 ~tg/ml cholesterol (chol (+)) or no 

added cholesterol (chol (--)). Fatty acids were given as sodium salts. 

Choles tero l  F a t t y  acids (mol%)  
( ~ g / m g  
m e m b r a n e  1 2 : 0  1 4 : 0  1 6 : 0  16:1  1 8 : 0  18:1  c 18 :1  t 1 8 : 2  
p r o t e i n )  

Chol  (+), O + P 95  0 .5  0.5 57.3 0.2 4.3 35 .7  - -  1.5 
C h o l  ( + ) ,  E 8 0  0 . 6  0.7 8.9 2.4 14.7 - -  6 6 . 6  5.7 
Chol (--),  E 8.3 0.1 2.0 12.3 0.7 9.0 - -  72.9 2.4 

values ranged from --24 to --33 kcal for temperatures above 30°C and from 
--30 to --45 kcal/mol on the lower end of  the discontinuity, i.e., three to five 
times that  of oleic plus palmitic cells. In spite of comparable intracellular K ÷ 
values at 37°C (42 pg/mg protein for oleic plus palmitic acid and 40 ~g/mg 
protein for elaidic acid), the rate of  active K ÷ influx is significantly depressed in 
these elaidate organisms. Suppression of  cholesterol in the growth medium 
restores a high rate of K ÷ active influx for temperatures higher than 25°C with 
an apparent activation energy comparable to that  of  (chol (+), O + P) cells (--7 
kcal/mol). This allows the exclusion of  a specificity of either the fat ty acid 
composition or the cholesterol content  in the observed temperature depen- 
dence of K ÷ active influx. Below this temperature of  25°C, which corresponds 
to the lower end of a lipid phase transition (see below), a large increase in the 
activation energy occurs (--44 kcal/mol) which further  demonstrates the sensi- 
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Fig. 1. Ar rhen ius  p lo t s  of 42K+ ac t ive  in f lux  as func t ion  o f  m e m b r a n e  lipid c o m p o s i t i o n ,  o, (chol  (+),  
O + P); A (chol  (+),  E);  e ,  (chol  ( - - ) ,  E). Cells were  co l l ec ted  dur ing  the  ea r ly  log phase  and  assayed  f o r  

42K+ act ive  inf lux  as desc r ibed  in Methods .  
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tivity of the K ÷ active influx towards the lipid physical state. 
Mg2*-A TPase activity. The Mg2+-ATPase of mycoplasma PG3 is a membrane- 

bound enzyme the activity of which is influenced by the physical state of the 
membrane lipids [18]. In the present experiments, a change in the slope of the 
ATPase activity vs. temperature plot was observed at approx. 30°C for the 
three membrane compositions studied (Fig. 2). Activation energy for (chol (+), 
O + P) was --5 -+ --0.5, for (chol (+), E) --13 -+ 1.5 and for (chol (--), E) --4.7 -+ 
1 kcal/mol at t > 30°C; and --25.5 -+ 2.2, 26 -+ 1.7 and 28.4 -+ 3.5, respectively, 
at t < 30°C. It should be noted that nowhere was an upward deflection in the 
Arrhenius plot of the ATPase activity of (chol (+), E) cells observed, and that 
in lowCholesterol cells, the temperature of the break in the ATPase and K ÷ 
transport curves did not correspond. 

Transmembrane potential. Variations in the fluorescence intensity of mero- 
cyanine 540 can be used in PG3 native organisms to monitor the relative 
changes in /x~ [6]. Although cholesterol-depleted cells at 37°C show a / ~  
value only slightly reduced compared to that of normal cholesterol cells [8], 
attempts to monitor this A~ by using merocyanine 540 failed. This is most 
likely to be related to the changes in the membrane composition. Thus, it has 
been observed that using the same concentration of dye on (chol (+)) non- 
energized cells, the basal fluorescence level obtained with oleic plus palmitic 
acids was approx. 2-fold that of elaidate (51.2 vs. 27.5, arbitrary units). 
Similarly, attempts to monitor/X~ by using merocyanine 540 on Acholeplasma 
laidlawii organisms or membrane vesicle preparations from Escherichia coli also 
proved unsuccessful (Le Grimellec and Leblanc, unpublished data). 

In spite of the aforementioned differences in the basal level, the addition of 
glucose to (chol (+)) organisms at 37°C results in a comparable drop of the 
fluorescence intensity in oleic plus palmitic acids (AF /F  = 26%) and elaldic acid 
(AF/F  = 27%), in accordance with the observation that at 37°C, / ~  as deter- 
mined by the use of valinomycin is similar for both membrane compositions 
{--130 to --145 mV, negative inside) [8]. Temperature dependence of the 
fluorescence quenching induced by energization of the cells is presented in 
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F i g .  2. A r r h e n i u s  p l o t s  o f  m e m b r a n e  A T P a s e  a c t i v i t y  i n  n a t i v e  a n d  a d a p t e d  P G 3  o r g a n i s m s .  S y m b o l s  as 
i n  Fig .  1. 
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Fig. 3. Lowering the temperature from 37 to 30°C only reduces the relative 
quenching by 3 and 5% for elaidic and oleic plus palmitic cells, respectively. 
Below the 28--30°C range, the effect of temperature becomes more pro- 
nounced but remains limited. Values obtained at 15°C represent 75% (elaidic) 
and 63% (oleic plus palmitic) of controls. No net upward deflection within the 
30--25°C range was observed for (chol (+), E) cells. 

Differential scanning calorimetry. Thermograms of membranes prepared 
from organisms grown in the three different media are presented in Fig. 4. A 
large and broad reversible endothermic transition between 20 and 48°C is 
observed for low-cholesterol elaidate membranes. The presence of 10% stearic 
acid in the membrane probably accounts for the shift in the transition tempera- 
ture range which is 5 to 8°C higher than that reported for A. laidlawii enriched 
with 18 : 1 t [19]. On the other hand, no clear phase transition could be 
detected within the 10--50°C range for native cells grown with either elaidic 
or oleic plus palmitic acids. 

Fluorescence polarisation. Steady-state fluorescence polarization results of 
1,6<liphenyl-l,3,5-hexatriene in membranes of native and adapted cells are 
illustrated in Fig. 5. The parameter used, ( ( ro / r ) -  1) -1, has previously been 
demonstrated to be directly proportional to the rotational relaxation time 
[20], where the term, r0, represents the maximal limiting anisotropy with an 
experimental value of 0.362 [21]. In native organisms, the ((ro/r) -- 1) -1 values 
are significantly higher for elaidate than for oleate plus palmitate organisms 
throughout the temperature range studied. This observation indicates that the 
apparent microviscosity of elaidate membranes is higher than that of oleate 
plus palmitate. Approximate calculation of viscosity according to the method 
of Shinitzky and Barenholz [22] results in respective values of 4.6 and 3.5 P at 
37°C. For both membrane compositions, plots of log ( ( ro / r ) - - l )  -1 vs. the 
reciprocal of the absolute temperature yield biphasic curves with changes in 
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Fig .  3.  Effect  of  temperature  o n  ~ l J  in ( cho l  (+))  organisms.  Glucose - induced  f luorescence  intens i ty  
q u e n c h i n g  a t  a g iven t e m p e r a t u r e  (AFIF)tOc divided b y  the  value obta ined  at 3 7 ° C  ( F / F ) 3 7 ° C  (see 
Methods) .  D (chol  (+) ,  O + P) i  o ,  ( cho l  (+) ,  E).  
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Fig.  4.  T h e r m o g r a m s  o f  PG3 m e m b r a n e s .  T h i c k  m e m b r a n e  suspens ions  in di luted H-buffer were  scanned  
at 5°C per  rain. T he  lipid phase  trans i t ion  was  r e c o r d e d  at a range o f  0 .5 .  a, ( cho l  (--),  E); b.  ( cho l  (+), E); 
c ,  ( cho l  (+) ,  O + P). 

slopes, and are indicative of  the occurrence of  a phase separation between 29 
and 31°C. Two of  the three experiments on elaidate native cell ((ro/r)- 1) -1 
values at 29°C were comparable to those obtained at 31°C (Fig. 5). 

In spite of  the presence of  non-negligible amounts of  membrane lipids in the 
gel state (as judged from DSC and freeze-fracture experiments),  the mean 
microviscosity of  low cholesterol elaidate organisms is significantly lower (7 = 
3.2 P) at 37°C than that of  native cells. This difference rapidly vanishes when 
the temperature is lowered, so that at 27°C, where a first break occurs, the 
reverse is observed. A large increase in the ((ro/r)--1) -1 value is further 
obtained between 21 and 18°C and corresponds to the lower end of  the phase 
transition as detected by DSC. 
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Fig. 5. Temperature d e p e n d e n c e  o f  t h e  f l u o r e s c e n c e  p o h t ~ z a t i o n  o f  c~pheny].hexat~'iene in PG3 mem- 
b r a n e s ,  o,  ( cho l  (+),  O + P); z~ (cho]  (+),  E);  A (chol  ( - - ) ,  E) .  T = absolute  t empera ture  × 1 0  - 3 .  
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Fig. 6. 

Freeze-fracture electron microscopy. At 37°C, the PF face of native 
organisms grown with oleate plus palmitate always displays uniformly distri- 
buted intramembranous particles (Fig. 6a). This distribution is clearly less 
uniform in the case of native elaidate organisms (Fig. 6b). In accordance with 
previous results [8], large areas devoid of particles are present in low-choles- 
terol cells (Fig. 6c) which nevertheless show quite a satisfactory growth rate at 
this temperature. At 7°C, small areas devoid of particles are observed in native 
oleic plus palmitic organisms (Fig. 6d). This phenomenon is much more 
pronounced for normal-cholesterol elaidate cells (Fig. 6e) although no phase 
separation comparable to that  observed in the low-cholesterol adapted 
organisms can be seen (Fig. 60 .  

Finally, no clear difference appears between the particle distribution of 
native elaidate cells fixed at 37 and 27°C (Fig. 6b, and g). 
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Fig. 6. Freeze-fracture photograph of Mycoplasrna PG3. Fixation at 37°C: A, (chol (+), O + P) (X46 800); 
B, (chol (+), E) (X29 700); O, (chol (--), E) (X37 800). Fixation at 7°C: D, (chol (+), O + P) (X37 800); 
E, (chol (+), E) (X37 800); F, (chol (--), E) (X37 800); G, (ehol (+), E), fixed at 27°C (X 37 800). 

Discussion 

Our measurements of  the exchange K + active influx as a function of  
temperature clearly show that in mycoplasma PG3, this influx is affected by 
changes in the membrane lipid composit ion.  In order to interpret these results, 
however, it should be kept  in mind that  K ÷ accumulation by this organism is 
dependent  on the existence of  a transmembrane potential created through the 
activity of  the membrane-bound Mg2+-ATPase [6].  Factors able to affect 
ATPase activity, Aq~, or both are therefore also susceptible, a priori, to affect 
the K ÷ transport  properties. This is particularly true for the Mg:+-ATPase(s) 
of  mycoplasmas which has repeatedly been shown to be an integral membrane- 
bound  protein the activity of  which is dependent  on the membrane lipid 
physical state [18,19,23,25] .  

Comparison of  Arrhenius plots demonstrates that  the changes in the K ÷ 
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active transport  cannot  be accounted for by variations in the ATPase activity: 
for the three membrane composit ions studied, a change in the slope of  the 
Arrhenius plots of  the Mg2+-ATPase occurs between 28 and 32°C. On the 
other  hand, for  K ÷ transport  we observed: (1) a significant upward deflection 
for native elaidate-enriched cells; (2) a 'break'  at approx. 23°C for adapted 
organisms; (3) no 'break'  for native organisms grown with oleate plus palmitate. 
The existence of  a 'break'  in the ATPase activity of  adapted organisms at a 
temperature approx. 10~C higher than that of  the lower end of  the lipid phase 
transition as determined by DSC is in accordance with previous data obtained 
on A.  laidlawii  [25].  Plots o f  log ((ro/r) - -  1) -1 vs. the reciprocal of  the absolute 
temperature further indicate that  this break is associated with a lipid phase 
separation phenomenon [22].  By analogy with A.  laidlawii  the Mg:+-ATPase 
activity of  which is dependent  on phosphatidylglycerol [24],  it can be 
suggested that  the observed lipid-phase separation corresponds to the liquid-gel 
transition of  the phospholipid species preferentially associated with the Mg 2÷- 
ATPase of  the PG3 strain. The presence of  'breaks'  in the Arrhenius plots of  
the ATPase activity of  native organisms was not  previously detected by Rot tem 
et al. [ 18]. Comparing our data with theirs, we can postulate that  this probably 
is due to the relatively lower cholesterol content  of  our membrane prepara- 
tions. Although the amount  of  cholesterol in the present experiments is suffi- 
cient to reduce the energy content  of  the transition to an undetectable level by 
DSC, the fluorescence polarization data indicate that  a phase separation or 
transition must occur at approx. 30°C in our membrane preparations. Freeze- 
fracture photographs obtained from native cells fixed at 7°C show a non- 
uniform distribution of  intramembranous particles which, although much less 
pronounced than that observed for low~holesterol  adapted cells, support  the 
hypothesis of  a lipid phase change in the range of  temperatures studied. A 
possible exclusion of  cholesterol from the environment of  the ATPase [26] 
could have contr ibuted to the observed effect.  

It has previously been demonstrated that  modifications of  the membrane 
lipid composi t ion can affect the intracellular K ÷ level of  PG3 organisms via an 
effect  on A ~  [8].  However, comparison of  the K ÷ transport  and glucose- 
induced merocyanine fluorescence quenching curves clearly shows that the K ÷ 
active influx temperature<lependent  patterns are not  due to parallel variations 
in A~.  In accordance with the ATPase data, the decrease in A~ ,  although 
limited, becomes more pronounced for temperatures below 30°C. The effects 
of  temperature variations on the glucose-induced fluorescence quenching are, 
however,  less marked than those of  the ATPase activity. We can hypothesize 
that  lowering the temperature would result in a decreased H ÷ permeabili ty and 
consequently,  in the proton backflux. This in turn would increase the 
efficiency of the proton pump and result in a partial compensat ion for the 
decrease in the ATPase activity. The finding that  AM is less sensitive to 
temperature variations in the elaidate organisms, the membrane microviscosity 
of  which is enhanced, supports this hypothesis.  

The lack of  a direct correlation between the variations in either the Mg 2÷- 
ATPase activity or A ~  and the K ÷ active influx seems to indicate that  in PG3 
the K ÷ carrier cannot  be identified with the Mg2÷-ATPase. This contrasts with 
recent  data obtained on E. coli  showing that a K÷-stimulated membrane ATPase 
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serves as the K ÷ carrier in the K+-dependent system [27,28]. Although the pos- 
sibility of the existence of another membrane-bound ATPase species cannot be 
excluded, a priori, it seems unlikely in view of our previous experiments which 
failed to demonstrate any K÷-stimulated ATPase activity [6]. 

Independently of its nature, our results strongly suggest that the changes in 
the membrane lipid composition affect the K + transport at the level of the 
carrier itself. This effect cannot be explained in terms of a specificity towards a 
fatty acid species or a concentration of cholesterol in the membrane: native or 
adapted elaidate~nriched organisms have a comparable membrane fatty acid 
composition but show a quite different pattern for the temperature depen- 
dence of K + active influx. This holds true for native organisms of which the 
cholesterol concentration is comparable but of which the fatty acid composi- 
tion differs. This is more than likely due to the associated changes in the 
membrane microviscosity. This is supported by the fluorescence polarization 
data which show that the microviscosity of native cells is higher for elaidate 
than for oleate plus palmitate enriched organisms. For example, it can be 
calculated from Fig. 5 that the microviscosity of elaidate membranes at 31°C is 
equivalent to that of oleate plus palmitate at 15°C. The observation in low- 
cholesterol elaidate cells of a 'break' in the K ÷ active influx at a temperature 
corresponding to the lower end of the lipid phase transition further suggests 
that in contrast with the ATPase(s), the K ÷ carrier is associated with the more 
fluid lipid species. Although this would explain the absence of a 'break' in the 
Arrhenius plot of K ÷ active influx of oleate plus palmitate enriched organisms, 
additional hypotheses are needed to explain the results obtained on native 
elaidate cells. One must first admit that the presence of cholesterol, even at a 
suboptimal concentration, increases the microviscosity of those fluid lipid 
species surrounding the K ÷ carrier. Such an assumption appears reasonable in 
view of results obtained on model systems showing that cholesterol preferen- 
tially interacts with the most fluid species in mixtures of synthetic phospho- 
lipids [29]. Secondly, because the existence of a discontinuity in Arrhenius 
plots is only evident for K ÷ active transport it must originate from a local event 
that  affects the K ÷ carrier itself. As the temperature at which it occurs 
corresponds to that  of  the phase separation it could originate from the 
existence of  boundary zones between a lipid species in the gel phase and the 
most  fluid lipid species of  the membrane. A defect in membrane organization 
brought on by such a situation could favor the activity of the K ÷ carrier [30]. 
Finally, the absence of  a deflection for native organisms grown on oleic plus 
palmitic acids would result from the higher degree of  fluidity of the membrane, 
thus allowing a sufficient penetration or motion of the K ÷ carrier. 

In conclusion, the present experiments support the idea that  in PG3 
organisms, the K + carrier is associated with the lower melting lipid species and 
is sensitive to modifications in their microviscosity state. Combined with our 
previous work [8], this implies that  both active K ÷ influxes and intraceUular 
steady-state K* levels are dependent  on the membrane lipid composition. The 
mechanisms involved are however completely different as the effect on intra- 
cellular K ÷ levels is indirect and primarily mediated by modifications of ~ -  
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