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Abstract—The study of the phospholipid composition of 14 type strains of marine proteobacteria of the genus
Pseudoalteromonas showed that phospholipids are the main polar lipid constituents of membranes in these pro-
teobacteria. The phospholipid patterns of the strains studied were found to be similar and involved five phos-
pholipids typical of gram-negative bacteria, namely, phosphatidylethanolamine, phosphatidylglycerol, bispho-
sphatidic acid, lysophosphatidylethanolamine, and phosphatidic acid. The major phospholipids were phos-
phatidylethanolamine and phosphatidylglycerol, which add up to 89-97% of the total phospholipids;
bisphosphatidic acid was dominant among minor phospholipids. The prevalence of phosphatidylethanolamine
(62-77% of the total phospholipids) and the absence of diphosphatidylglycerol are the characteristic features
of most bacteria of this genus. As in Escherichia coli, the phospholipid composition of the marine proteobac-
teria depended on the presence of magnesium in the medium.
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Pseudoalteromonas proteobacteria have only
recently been classified into a separate genus. Pres-
ently, this taxonomic cluster is represented by 19 spe-
cies of marine aerobic gram-negative flagellated bacte-
ria [1]. Although the literature devoted to the taxonomic
investigations of pseudoalteromonads and molecular-
genetic methods for their systematics is fairly extensive
[2, 3], the primary classification of strains isolated from
nature presents some difficulties associated with a sim-
ilarity of the phenotypic features of marine aerobic pro-
teobacteria.

Analytical methods that underlie bacterial chemot-
axonomy are successfully used for the rapid classifica-
tion of natural isolates and in ecological studies. Along
with fatty acids and ubiquinones, phospholipids are
considered to be the most informative chemotaxonomic
markers [4-6].

In the present paper, we investigate the phospholipid
composition of the type strains of marine proteobacte-
ria of the genus Pseudoalteromonas and elucidate the
possibility of using phospholipids as chemotaxonomic
markers in bacterial systematics.

MATERIALS AND METHODS

Microorganisms and cultivation conditions. The
type bacterial strains used in this work, Pseudoaltero-
monas antarctica CECT 46647, P. atlantica 1AM
129277, P. aurantia ATCC 330467, P. carrageenovora
ATCC 12662, P. citrea NCIMB 18897, P. elyakovii

KMM 1627, P. espejiana NCIMB 21277, P. haloplank-
tis ATCC 14393 P luteoviolacea NCIMB 18937,
P. nigrifaciens ATCC 193757, P. piscicida NCIMB
6457, P. rubra ATCC 295707, P. tetraodonis 1AM
141607, and P. undina NCIMB 2128, were obtained
from the American Type Culture Collection (ATCC),
the Institute of Applied Microbiology (IAM) of Tokyo
University, the National Collection of Industrial and
Marine Bacteria (NCIMB) (United Kingdom), the Col-
lection of Marine Microorganisms (KMM) of the
Pacific Institute of Bioorganic Chemistry, or were
kindly provided by U. Simidu, M. Akagawa-Matshush-
ita, J. Guinea, and T. Sawabe.

Bacteria were cultivated at 22°C in shaken (160 rpm)
250-ml Erlenmeyer flasks containing 100 ml of growth
medium. The standard medium A contained (g/l) pep-
tone, 5.0; yeast extract, 2.5; glucose, 1.0; K,HPO,, 0.2;
and MgSO,, 0.05, dissolved in a seawater—distilled
water (3 : 1) mixture. Magnesium-deficient medium B
contained (g/l) peptone, 4.0; yeast extract, 2.0; glucose,
1.0; K,HPO,, 0.2; MgSO,, 0.05; and NaCl, 23.0, dis-
solved in distilled water. The pH of both media was
pH 7.5-7.8. Experiments were carried out with cells
from the logarithmic growth phase (18-20 h of
growth).

Lipids for analysis were extracted as described in
the handbook [7]. Microbial biomass was separated
from the culture liquid by centrifugation. Cells were
thrice extracted with a chloroform-methanol (2 : 1)
mixture for 20 min under continuous stirring, and the
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Phospholipid composition (%) of marine bacteria of the genus Pseudoalteromonas

O?tylff:;fi‘gs Tl‘,’ltf“ PEA PG BPA | LPEA PA DPG | APG PLA

P. antarctica 60 |70.8409(202203| 46107 | 15£03 | 29+02

P. atlantica 70 [59.240.0[31.8404| 69407 | 1.1£05 | 1.0£0.1

P. aurantia 55 [635+29]143+03]22+05 (163£09 |3.7£07

P. citrea 75 [77.5£09{17.5403| 1.7£0.7 | 20£02 | 13+ 0.1

P. carrageenovora 70 |58.5%25|19.6+07114+£22 |3.0+1.0]32+£04 43106

P. elyakovii 77 |60.9+09(285+1.0{ 56202 |23+0.1 {2502

P. espejiana 70 |84.1+03(11.1202|3520.1|04+0.1 | 09201

P. haloplanktis 75 [71.240.1]233+04| 25405 | 2.8+0.5 | 0.4+0.1

P. luteoviolacea 49 [67.8+15/198+1.4|42204 |51£05]3.1£05

P. nigrifaciens 85 |625+2.4(207422]21£02|1.1£02|20£0.1|14£02 | 1.1¢0.1

P. piscicida 70 [770£18(16.1£08| 29206 | 1.1£02 | 1.1£0.4 1.1£02
P. rubra 65 |640+12|26.1+1.1/20£02)|50+0.1|29+0.1

P. tetraodonis 80 [73.4£02(229+04|24+01|08+02 [0.4520.1

P. undina 60 |644+23]284+1.1]31207]14£02|27209

extracts were pooled. The residue biomass was
removed by centrifugation. Its extraction with a chloro-
form-methanol (1 : 1) mixture showed that the residue
did not contain lipids. Nonlipid substances were
removed from the pooled extract by washing it with
0.25 M KCl. Then the extract was filtered through a
layer of calcinated Na,SO, and evaporated under a vac-
uum at 30°C. Chloroform solutions containing 0.5%
lipids were stored at —-15°C.

Phospholipids were separated by two-dimensional
thin-layer chromatography on (6 X 6 cm) silica gel
plates (KSK, 250-300 mesh, Russia) and identified by
comparing their chromatographic behaviors with those
of reference samples in a chloroform-methanol-ammo-
nia-benzene (65 : 30 : 6 : 1) mixture (direction I) and in
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Fig. 1. Two-dimensional chromatogram of the phospholip-
ids detected in marine proteobacteria of the genus
Pseudoalteromonas.

a chloroform—methanol-acetone—acetic acid—benzene—
H,0(70:30:5:4:10: 1) mixture (direction II) [8].
Phospholipids were detected either with a nonspecific
reagent (10% solution of sulfuric acid in methanol) at
200-220°C or with specific reagents (ninhydrin [7],
molybdate [9], malachite green [10], Dragendorff
reagent, and o-naphthol [7]) and quantified by the
Vaskovsky method [9].

RESULTS AND DISCUSSION

The main limitation of phospholipids as chemotax-
onomic markers is related to the dependence of their
composition on cultivation conditions [11]. Therefore,
relevant investigations should be carried out under
strictly standardized cultivation conditions [11, 12]. In
our experiments, the cellular content of the major phos-
pholipids in particular strains varied within the experi-
mental error, which comprised 0.6-2.0% for phosphati-
dylethanolamine (PEA) and 0.5-1.5% for phosphati-
dylglycerol (PG).

The investigation of the lipid composition of marine
aerobic proteobacteria of the genus Pseudoalteromo-
nas, namely, P. antarctica, P. atlantica, P. aurantia,
P. carrageenovora, P. citrea, P. elyakovii, P. espejiana,
P. haloplanktis, P. luteoviolacea, P. nigrifaciens, P. pis-
cicida, P. rubra, P. tetraodonis, and P. undina, showed
that phospholipids were the main polar lipids of mem-
branes in most of the strains studied, amounting to
60-85% of the total lipid content of bacterial cells
(see the table). In some pigmented strains, such as
P. aurantia and P. luteoviolacea, the phospholipid
content was lower (50%). Three strains (P. aurantia,
P. espejiana, and P. undina) contained unidentified
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Fig. 2. Diagrams showing the phospholipid composition of the studied members of the genus Pseudoalteromonas.

glycolipids. Sphingolipids were not detected in any of
the strains studied.

The phospholipid composition of all the type strains
of pseudoalteromonads studied was similar and limited
to five phospholipids typical of gram-negative bacteria:
PEA, PG, bisphosphatidic acid (BPA), lysophosphati-
dylethanolamine (LPEA), and phosphatidic acid (PA).
Figure 1 illustrates a typical two-dimensional chro-
2000
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matogram of the phospholipids of pseudoaltero-
monads. As seen from the table and Fig. 2, the major
phospholipids were PEA and PG, whose content varied
from 58 to 77% and from 11 to 32%, respectively. BPA,
which is a characteristic phospholipid constituent of
marine gram-negative bacteria [11, 13], prevailed
among the minor phospholipids of pseudoaltero-
monads. In addition to the phospholipids mentioned,
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Fig. 3. Effect of magnesium ions on the phospholipid com-
position of P. nigrifaciens and P. tetraodonis.

P. nigrifaciens and P. carrageenovora also contained a
phospholipid whose chromatographic behavior resem-
bled that of acyl phosphatidylglycerol (APG), and
P. piscicida contained an unidentified phospholipid
(PLA). Diphosphatidylglycerol (DPG) was detected
only in P. nigrifaciens. Thus, pseudoalteromonads are
characterized by a relatively simple composition of
phospholipids dominated by PEA and PG (these two
phospholipids add up to 78-96% of the total phospho-
lipids) and lacking DPG.

In general, our data on the phospholipid composi-
tion of marine pseudoalteromonads are in agreements
with the relevant information available in the literature.
The high cellular contents of PEA and PG were earlier
reported for P. espejiana and P. haloplanktis, originally
classified as Pseudomonas sp. BAL-31 and B-16,
respectively [14]. However, as opposed to our data,
strain B-16 was found to contain DPG. Taking into
account that we studied the type strain P. haloplanktis
ATCC 143937, this discrepancy can be explained by an
incorrect systematic assignment of strain B-16 on the
basis of only phenotypic characteristics.

Earlier, a large group of aerobic proteobacteria lack-
ing cardiolipin synthetase was revealed among marine
gram-negative bacteria. Instead of DPG, these bacteria
synthesize acyl phosphatidylglycerol (APG) and diacyl
phosphatidylglycerol (DAPG) [15]. Probably, DPG is
not a necessary structural component of membranes in
most marine pseudoalteromonads, and its absence is
partially compensated by the synthesis of other acidic
phospholipids or by the presence of magnesium ions in
the medium, which fulfill the same structural functions
as cardiolipin [15].

Taking into account the data available in the litera-
ture that magnesium ions stabilize the cell wall of
marine (but not terrestrial) gram-negative bacteria [16,
17], we studied the effect of these ions on phospholipid
metabolism in pseudoalteromonads. In these studies,
we used two strains, namely, P. nigrifaciens, which
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synthesizes DPG, and P. tetraodonis, which does not
synthesize DPG, grown either in the standard medium
A or magnesium-deficient medium B. The experiments
showed that both strains responded similarly to magne-
sium deficiency in the medium (Fig. 3): the cellular
content of PEA increased and that of PG decreased due
to the de novo synthesis of other acidic lipids, PA and
BPA, as well as the activation of DPG synthesis in
P. nigrifaciens (DPG synthesis in P. tetraodonis was
not induced). Similar changes in the phospholipid compo-
sition of E. coli cells in response to magnesium deficiency
in the medium were observed by Gunter et al. [18].

Thus, the phospholipid composition of the type
strains of Pseudoalteromonas may serve as a character-
istic chemotaxonomic marker for the preliminarily
identification of natural marine isolates at the generic
level.
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