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Abstract

The membrane lipid composition of living cells generally adjusts to the prevailing environmental and physiological conditions. In this

study, membrane activity and lipid composition of the Gram-negative bacterium Vibrio sp. DSM14379, grown aerobically in a peptone-yeast

extract medium supplemented with 0.5, 1.76, 3, 5 or 10% (w/v) NaCl, was determined. The ability of the membrane to reduce a spin label

was studied by EPR spectroscopy under different salt concentrations in cell suspensions labeled with TEMPON. For lipid composition

studies, cells were harvested in a late exponential phase and lipids were extracted with chloroform–methanol–water, 1:2:0.8 (v/v). The lipid

polar head group and acyl chain compositions were determined by thin-layer and gas– liquid chromatographies. 31P-NMR spectroscopy was

used to study the phase behaviour of the cell lipid extracts with 20 wt.% water contents in a temperature range from �10 to 50 -C. The results
indicate that the ability of the membrane to reduce the spin label was highest at optimal salt concentrations. The composition of both polar

head groups and acyl chains changed markedly with increasing salinity. The fractions of 16:0, 16:1 and 18:0 acyl chains increased while the

fraction of 18:1 acyl chains decreased with increasing salinity. The phosphatidylethanolamine fraction correlated inversely with the

lysophosphatidylethanolamine fraction, with phosphatidylethanolamine exhibiting a minimum, and lysophosphatidylethanolamine a

maximum, at the optimum growth rate. The fraction of lysophosphatidylethanolamine was surprisingly high in the lipid extracts. This

lipid can form normal micellar and hexagonal phases and it was found that all lipid extracts form a mixture of lamellar and normal isotropic

liquid crystalline phases. This is an anomalous behaviour since the nonlamellar phases formed by total lipid extracts are generally of the

reversed type.
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1. Introduction

The cell membrane plays an important role in many

physiological processes such as solute transport, ATP

synthesis and signaling. Many physical features of a lipid

bilayer have been suggested to be important in determining

the activity of a membrane protein embedded in the lipid

bilayer, including order and dynamics of the bilayer, bilayer

thickness, the free volume available within the bilayer, the

charge on the lipid bilayer surface and bilayer frustration

arising from the presence of lipids that prefer nonlamellar
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Abbreviations: PG, phosphatidylglycerol; PE, phosphatidylethanol-

amine; lyso-PE, lysophosphatidylethanolamine; DPG, diphosphatidylgly-

cerol; TLC, thin-layer chromatography; GLC, gas– liquid chromatography;

16:0, hexadecanoic acid; 18:0, octadecanoic acid; 14:1, cis-9-tetradecenoic

acid; 16:1, cis-9-hexadecenoic acid; 18:1, cis-9-octadecenoic acid
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structures [1–4]. In addition to these nonspecific effects,

specific phospholipids may bind strongly to a small number

of sites on a membrane protein, acting as cofactors. The

classic example is provided by cardiolipin, that is essential

for the activity of many proteins important in bioenergetics

[5].

It is well documented that all kinds of organisms

adapt their membrane lipid composition to the prevailing

environmental and physiological conditions ([4], and

references therein). In general, the cells use mainly two

different stress response strategies: adjustment of the acyl

chain composition, and/or adjustment of the polar head

group composition [6]. Studies on the Gram-negative

moderately halophilic bacteria Vibrio alginolyticus [7],

Pseudomonas halosaccharolytica [8] and Vibrio costicola

[7], and on a Gram-positive halotolerant Planococcus sp.

[9], have shown an increase in the fraction of

phosphatidylglycerol (PG) or diphosphatidylglycerol

(DPG), and a decrease in the phosphatidylethanolamine

(PE) fraction, as a result of increasing salinity in the

growth medium.

The phase structures formed by membrane lipids are

affected by several factors, e.g., the chemical structure of

the lipid, temperature and interaction with cations [10].

Not all membrane lipids form bilayers at the growth

temperature of the cells. Lipids with small and/or poorly

hydrated head groups, like PE and monoglucosyl lipids,

tend to form aggregate structures with negatively curved

monolayers [10], while lysophospholipids tend to form

aggregate structures with positive curvature [11,12]. Such

nonbilayer forming lipids introduce a packing stress when

incorporated into a lipid bilayer [3,13]. It is generally

accepted that most cells have a high fraction of lipids

forming reversed nonlamellar phases in their membranes

and it has been shown for several bacteria that they adjust

their membrane lipid composition in order to maintain a

proper balance between the lipids forming a lamellar phase

and the lipids forming reversed nonlamellar phases

[4,6,14–19].

The membrane lipids present in Vibrio species are PG,

DPG, PE and lyso-PE [7,20]. High concentrations of

NaCl have been shown to induce the formation of a

reversed hexagonal phase for DPG [21,22] and PE [23,24]

and a study has been performed with the aim of

investigating if the salt-induced changes in the membrane

lipid composition of V. costicola preserve the structural

integrity of the lipid bilayer and thus the membrane

function [24].

In this study, the marine bacterium Vibrio sp.

DSM14379 was grown at different salt concentrations.

Previous unpublished work in the laboratory showed that

Vibrio sp. DSM14379 has a relatively high concentration

of lysolipids at optimal salt concentrations. Therefore, the

effects of the salinity on the growth rate, the membrane

spin label reduction pro perties, the polar head group and

acyl chain compositions, as well as on the lipid phase

structures were studied. Two lipids (i.e., PE and lyso-PE)

in model systems that can shift the phase equilibria in

opposite directions were always present in the cell

membrane and it is of interest to investigate how the

phase properties of these lipids are balanced in total lipid

extracts.

2. Materials and methods

2.1. Cell growth

The Vibrio sp. DSM14379 was isolated from the

Adriatic sea. The cells were grown under aerobic

conditions in a peptone-yeast extract medium consisting

of 5 g of peptone, 1 g of yeast extract, 2 g of

MgCl2�6H2O per liter of distilled water and supple-

mented with either 0.5, 1.76, 3, 5 or 10% (w/v) of NaCl.

Cells were incubated in an Innovai 4300 Incubator

Shaker (New Brunswick Scientific, Edison, NJ) at 28 -C
and 200 rpm. The fresh growth medium was inoculated

with 1% (v/v) of an overnight Vibrio sp. DSM14379

culture grown at an appropriate salt concentration. The

cells were grown until late exponential or early stationary

phase, harvested by centrifugation at 10,000�g for 15 min

at 4 -C and washed twice in a 20-mM Tris–HCl buffer

(pH 7.4) with the appropriate salt concentration. The effect

of salinity on the growth rate of Vibrio sp. DSM14379 was

determined by measuring OD650 of the bacterial cultures

during the incubation. The bacterial growth rates were

obtained by fitting the experimental data with the logistic

equation:

OD650 tð Þ ¼ KOD650;t0

OD650;t0 þ e�lt K � OD650;t0

� � ð1Þ

where K is the carrying capacity, l is the growth rate and

OD650,t0
is the optical density at t =0.

2.2. EPR spectroscopy

Cells in the late exponential or early stationary phase

were centrifuged at 10,000�g for 10 min and resuspended

in a Tris–HCl buffer with the appropriate salt concentration.

The cell suspensions were mixed with 1.18�10�2 M

2,2,6,6-tetrametyl-4-piperidone-1-oxyl (TEMPON) solu-

tion. Typically, 100 Al of cell suspension was thoroughly

mixed with 1 Al of spin label solution. The labeled sample

was transferred into a quartz-glass capillary (1-mm inner

diameter) and the EPR spectrum was recorded on a Bruker

ESP 300 E spectrometer (Karlsruhe, Germany) with micro-

wave frequency of 9.59 GHz and power of 20 mW,

modulation frequency of 100 kHz and amplitude of 0.5 G.

The scan was 20 s, the integrator time constant was 20 ms

and the center of the magnetic field was 0.3415 T. The

spectra were recorded at 20 -C continuously until the signal

had disappeared due to spin label reduction. The spin label
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