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Abstract Sulfonate sphingoids or sulfonolipids are bioac-
tive unusual compounds found in members of the Bacteroi-
detes family. The present report describes the structures of
sulfonolipids of halophilic bacteria, sharing structural simi-
larity with compounds of fungal origin inhibiting the serine
palmitoyl transferase and with capnines, known as antago-
nists of von Willebrandt factor. Two sulfonolipids (SL1 and
SL2) were isolated from the lipid extract of the halophile
Salisaeta longa and analyzed by ESI-MS/MS. SL1 and SL2
structures have in common the long chain aminosulfonate
2-carboxy-2-amino-3,4-hydroxy-17 methyloctadec-5-ene-1-
sulfonic for which the common name of halocapnine is sug-
gested. The hydroxyl group on carbon 3 of aminosulfonate
moiety is acylated: iso C15 and iso hydroxy C15 chains are
present in SL1 and SL2, respectively.ll The levels of the
two different sulfonolipids in the bacterium were found to
be modulated by the proportion of sodium and magnesium
ions in the environment.—Baronio, M., V. M. T. Lattanzio,
N. Vaisman, A. Oren, and A. Corcelli. The acylhalocapnines
of halophilic bacteria: structural details of unusual sulfonate
sphingoids. J. Lipid Res. 2010. 51: 1878-1885.
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Most extremely halophilic aerobic prokaryotes known
belong to the domain Archaea, order Halobacteriales.
However, a few years ago, a novel type of halophile belong-
ing to the Bacteroidetes branch of the Bacteria was iso-
lated: the rod-shaped, red-colored Salinibacter ruber, found
in saltern crystallizer ponds all over the world (1, 2).

Salinibacter is no less halophilic than many of the ar-
chaeal halophiles, and the haloadaptation mechanism
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used by this organism is similar to that of the extremely
halophilic Archaea. Salinibacter cells contain very high
concentrations of K" ions in their cytoplasm and they do
not accumulate organic osmotic solutes such as are used
by all other known halophilic and halotolerant aerobic
members of the Bacteria (3). The proteome of S. ruber is
highly acidic, like that of the members of the Halobacte-
riales (4).

The membrane lipids of S. ruberare typical for the bacte-
rial domain, with glycerophospholipids containing ester-
linked fatty acyl chains and not etherlinked phytanyl
chains characteristic of the archaeal halophiles (5). Modi-
fication of the membrane lipid composition is an impor-
tant aspect of haloadaptation in Bacteria to preserve
membrane integrity and function at high salt concentra-
tions (6).

Electrospray ionization-mass spectrometry (ESI-MS)
analyses (negative ion) of the total lipid extract of S. ruber
showed a prominent peak in the high-mass range of the
spectrum at m/z 660.7, which was identified as a novel sul-
fonolipid (7). This lipid, which represents about 10% of
the total cellular lipids, appears to be a structural variant
of the sulfonolipids, collectively called capnoids, found as
main components of the cell envelope of gliding bacteria
of the genus Cylophaga and closely related genera (8) and
of diatoms (9). Thus far, this novel sulfonolipid had only
been found in Salinibacter.

We have recently isolated a novel halophilic representa-
tive of the Bacteroidetes from brine collected from an ex-
perimental mesocosm at the Dead Sea Works, Sedom,
containing a Dead Sea-Red Sea water mixture (10). Plated
samples gave rise to the development of a variety of Ar-
chaea, but one colony had the typical orange color of
Salinibacter and consisted of very long (15-30 wm) slender
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rods. It grows in the presence of 50-200 g/1 NaCl with an
optimum at 100 g/1 NaCl + 50 g/1 MgCl,.6H,O, and is thus
less halophilic than Salinibacter, which requires a minimum
of 150 g/1 NaCl and grows optimally at 200-300 g/1 (1).
Characterization of this distant relative of Salinibacter
showed the presence of bacterial rather than archaeal lip-
ids. Its main fatty acids are 16:0 iso and 16:1 cis 9, followed
by 15:0 iso and 15:0 anteiso. Its red-orange pigment has an
absorption spectrum similar to salinixanthin, the carotenoid
pigment of Salinibacter (11). Intracellular K" ion concen-
trations of the new isolate were about as high as those re-
ported for Salinibacter and Halobacterium salinarum cells,
despite its lower salt requirement for growth (12). The or-
ganism has been described as a new species belonging to a
new genus, Salisaeta longa (13).

In view of the phylogenetic affiliation of Salisaeta with
Salinibacter and in view of the earlier finding of unusual
sulfonolipids in Salinibacter (7), we have studied the lipid
composition of Salisaeta. Here, we document the presence
of two sulfonolipids in Salisaeta, one of which is identical
to the Salinibacter sulfonolipid, the second being a hydroxyl
derivative of the first.

EXPERIMENTAL PROCEDURES

Materials

S. longa strain $4-4" (DSM 21114"; CECT 7354") was grown in
a rotary shaker (100 rpm) at 37°C in 2- Erlenmeyer flasks con-
taining 1 1 of medium of the following composition (g/1): NaCl,
100; MgCly-6H,0, 50; KySOy, 5; CaCly-2H,0, 0.1; yeast extract, 1;
casamino acids, 1; and soluble starch, 2. The pH was adjusted to
7.0 before autoclaving. When indicated, the concentration of
NaCl was modified (50, 150, or 200 g/1) and/or the MgCly,-6H,O
was increased to 100 g/1. Cells in the late exponential growth
phase were harvested by centrifugation (30 min, 5,500 g, 4°C)
and dried by lyophilization.

S. ruberM31" (DSM 13855"), used for comparison in a number
of experiments, was grown under similar conditions in medium
of the following composition (g/1): NaCl, 195; MgSO,-7H,0, 25;
MgCl,-6H,0, 16.3; CaCly-2H,0, 1.25; KCl, 5.0; NaHCO,, 0.25;
NaBr, 0.625; and yeast extract, 1.0, pH 7.0.

Lipid extraction

Total lipids were extracted using the Bligh and Dyer method
(14), as modified for the extreme halophiles (15). Dried cells
(about 200 mg) were rehydrated in 4 ml of water. For the lipid
extraction, 15 ml of methanol-chloroform (2:1, v/v) was added
to cell suspension and the mixture was gently shaken for 15
min; after centrifugation, the supernatant extract was decanted
into a separatory funnel. The residual pellet was resuspended in
7.6 ml of chloroform-methanol-water (1:2:0.8, v/v/vol); the
mixture was then shaken and centrifuged. Seven ml each of
chloroform and KCl 0.2 M were added to the combined super-
natants in the separatory funnel to obtain a two-phase system.
After complete phase separation (requiring a few hours at room
temperature), the chloroform phase, with the addition of ben-
zene (about 10% of the volume of the chloroform phase) was
brought to dryness under nitrogen. Dried lipids were weighted
and then resuspended in a small volume of chloroform and
stored at —20°C. All organic solvents used throughout the study
were commercially distilled and of the highest available purity
(Sigma-Aldrich).

TLC analyses

Total lipid extracts were analyzed by one-or two-dimensional
TLC on silica gel 60A plates (Merck, 20 x 10 cm, layer thickness
0.2 mm). The plates were washed twice with chloroform-methanol
(1:1, v/v) and activated at 180°C before use. Total lipids were
eluted with Solvent A (chloroform-methanol-acetic acid-water
85:15:10:3.5, v/v), for one-dimensional TLC, or first with Solvent
B [chloroform-methanol-29.9% (wt/vol) ammonia, 65:35:5,
v/v/v] and then with solvent A for two-dimensional TLC. The
following stains were used for the detection of lipids: @) 5% sulfu-
ric acid in water, followed by charring at 120°C for all lipids (15);
b) iodine vapor for all lipids; ¢) molybdenum blue spray reagent
(Sigma) specific for phospholipids; d) 0.5% o-naphtol in methanol-
water (1:1, v/v) and 0.5% orcinol in 2.1 M sulfuric acid specific
for glycolipids (16); and ¢) 2% azure A in 1 mM sulfuric acid for
sulfatides (17). Phospholipids were quantified using lipid analy-
sis after separation by TLC. Individual lipid spots on thin layer
chromatograms, identified using iodine vapor, were scraped into
digestion tubes, and the lipid phosphorus released as inorganic
phosphate was measured colorimetrically (15).

Isolation and purification of individual lipids by
preparative TLC

Cellular lipids were separated by preparative TLC on silica gel
60A plates (20 x 20 cm, layer thickness 0.5 mm) and eluted with
chloroform-methanol-acetic acid-water (85:15:10:3.5, v/v). Five
bands of polar lipids were observed. After scraping the silica in
each band from the plate, the lipid were extracted five times with
chloroform-methanol (1:1, v/v), and the combined supernatants
were brought to dryness under a stream of nitrogen (15). The
five lipid bands were then rechromatographed. Band 1 contained
a glycolipid, band 2 contained a sulfonolipid (SL2), band 3 con-
tained the sulfonolipid (SL1) plus phosphatidylcholine (PC),
band 4 contained phosphatidylethanolamine (PE), and finally,
band 5 contained cardiolipin or bisphosphatidylglycerol (CL).
Further experiments are in progress to elucidate the structure of
the lipid that gives rise to spot 1 in the one-dimensional TLC.
The lipids in the five bands were further reanalyzed by TLC using
chloroform-methanol-29.9% (w/v) ammonia, 65:35:5, v/v/v.
The components of band 3 and 4 were well separated by the re-
chromatography, whereas from the analyses of bands 1, 2, and 5
the presence of only one lipid component was confirmed.

Mass spectrometry analyses

All MS analyses were performed on a Q TRAP® MS/MS sys-
tem, from Applied Biosystems (Foster City, CA) equipped with
an ESI interface.

Analyses were carried out in the loop injection mode with
dried lipid extracts dissolved in chloroform-methanol (1:1,
v/v). Samples (2 pl), injected via a 10 pl loop, were transferred
to the MS electrospray interface (ESI) at a flow rate of 0.01 ml/
min of chloroform-methanol (1:1, v/v) delivered by a Harvard
infusion pump (model 11, South Natick, MA). Interface param-
eters were as follows: temperature, 200°C, curtain gas (nitro-
gen), 20 psi, nebulizer gas (air), 5 psi, heater gas (air), 15 psi,
ionspray voltage + 4500 V or —4500 V, for positive and negative
ions, respectively. MS/MS measurements were carried out by
fragmenting the target ions at proper collision energy between
20 and 60 eV.

For the acquisition of positive ion mass spectra, lipids were
dissolved in chloroform-1 mM ammonium acetate in methanol
(1:3, v/v) at a concentration of 5 mg/ml. For negative ion mass
spectra, lipids were first converted to the ammonium salt form
as described by Kates (15). Typically, 4.5 ml of 0.2 N HCI was
added to a solution containing about 10 mg of lipids in 5 ml of
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chloroform-methanol (1:1, v/v). The biphasic system was mixed
and centrifuged. After removal of upper phase, the lower chlo-
roform phase was washed twice with 4 ml of methanol-water
(10:1v/v). The chloroform phase containing the free acid form
of lipids were immediately neutralized by addition of ammo-
nium hydroxide to pH 7-8 and brought to dryness. The residue
was dissolved in 0.5 ml of chloroform-methanol (1:1, v/v) and
diluted with 10 ml of acetone. After cooling overnight at —20°C,
lipids in the ammonium salt form were collected by centrifuga-
tion, dried, and dissolved in chloroform-methanol (1:1, v/v).

RESULTS

Two-dimensional TLC lipid profile of S. longa

Figure 1 shows the two-dimensional TLC of a total lipid
extract of S. longa. Individual polar lipid components were
identified by staining behavior, by comparison of their Ry
values with those of the total lipid extract of the previously
characterized extremely halophilic bacterium S. ruber (5),
and by ESI-MS analyses. The main polar lipid components
are a glycolipid, the sulfonolipid (SL1), PC, PE, and CL. In
a previous study on the lipid composition of S. ruber, the
sulfonolipid SL1 has been characterized as a capnine de-
rivative (7). This lipid, the iso C15:0 fatty acid ester of
2-carboxy-2-amino-3,4-hydroxy-17-methyloctadec-5-ene-
1-sulfonic acid, is a structural variant of the sulfonolipids
found in gliding bacteria belonging to the genus Cytophaga
and other closely related genera (18); a similar sulfono-
lipid has also been found in the diatom Nitzschia alba (9,
19). Interestingly, the staining of the two-dimensional TLC
with the azure A reagent (specific for sulfate and sulfonate
groups) revealed that close to the SL1 band, another posi-
tive band is present (named SL2).

ESI-MS analyses of total lipid extract

The ESI-MS spectrum (negative ion) of the total lipid
extract of S. longa (Fig. 2) showed three main peaks at m/z
660.6, 418.4, and 241.2. The prominent peaks at m/z 660.6
and 418.4 are diagnostic for the presence of the sulfono-
lipid previously found in S. ruber; they correspond to the
molecular ion [M-H] and to the fragment arising from
the loss of the C15:0 fatty acyl moiety, respectively. The
peak at 671.5 is bicharged and is attributable to the major
cardiolipin species present in the lipid extract. Further-

L :

PE
SL1

* &
PC

SL2

GL
¢ [
—

Fig. 1. Two-dimensional TLC of the total lipid extract of S. longa.
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Fig. 2. ESI MS (negative ion) lipid profile of the total lipid ex-
tract of S. longa. In the m/z range 800-1000, the heights of the re-
ported signals have been multiplied x5.

more, the peak at m/z 686.7 corresponds to the major spe-
cies of PE. In the mass range of 200-300 amu, the
characteristic peaks of fatty acid anions formed during the
fragmentation of molecular ions of different lipids are
present. The peaks at m/z 241.2 and 253.4 indicate the
presence of C15:0 and C16:1 fatty acid, respectively. Previ-
ous GC-MS analyses indicated that C15:0 and C16:0 fatty
acid chains are mainly in the iso-configuration (13).

Preparative TLC and ESI-MS analyses of individual
lipid components

For a more detailed study of the polar lipids of S. longa,
different polar lipid classes were characterized by combin-
ing TLC and ESI-MS analyses. Lipid components were iso-
lated by preparative TLC in solvent system A. Five main
bands plus pigments close to the solvent front were ob-
tained (Fig. 3A); then the lipid material was extracted
from the silica gel. The purity and/or the presence of mul-
tiple components in each band were checked by chroma-
tography in the neutral solvent system B.

The purified individual lipid components correspond-
ing to bands 1-5 were first characterized by their reaction
with different staining reagents. Molybdenum blue and
azure A were used to detect the presence of phosphate
and sulfate (or sulfonate) respectively, and orcinol for gly-
colipids. A glycolipid is present in band 1; PE and CL were
found in band 4 and 5, respectively; band 2 contains the
novel sulfur-containing lipid; and band 3 is a mixture of
SL1 and PC.

To obtain detailed structural information, lipids ex-
tracted from the silica gel were analyzed by ESI-MS. The
ESI-MS (negative ion) of band 1 showed a cluster of peaks
centered at m/z 888.8, attributable to the molecular ion
[M-H] . The other peaks of the cluster at 904.8 and 876.8
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= | yellow --- 0.4mg lipid  [M-H]  [M+H]*  [M-2H]> fatty acid
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W | red ----- 0.2mg
CL 1343 - 671.5 32:2
PE 686.7 - - 32:2
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T [ SL1  660.6 15:0
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-
GL 888.8 - - 34:2

Fig. 3. A: Lipid profile of preparative TLC. Five mg of lipid extract was typically loaded on a 20 x 20 TLC
plate; the amount of lipid material extracted from each TLC band is reported; total yield was 94%. B: ESI-MS
analyses (both in the positive and negative modes) of individual lipid components isolated and purified by

preparative analyses.

m/z differ from 888.8 molcular ion by +16 and -12 amu,
respectively; these differences could result from double
bond composition and acyl chain length variations and, in
particular, the +16 difference can also be attributed to the
presence of an additional hydroxyl group. The spectrum
also showed a peak at 902.7 m/z that is also present in the
total lipid extract of S. ruber (5). The ESI-MS/MS spectrum
of the molecular ion [M-H] at 888.8 showed a peak at
179.0 m/z attributable to the deprotonated molecule of
hexose, in agreement with results obtained by orcinol
staining. The peak at 269.3 is diagnostic for the presence
of C17:1 fatty acid. Further experiments are in progress to
elucidate the complete structure of this lipid.

Staining with azure A confirmed that the purified band
2 contains a sulfate or sulfonate group. The ESI-MS spec-
trum (negative ion) showed a molecular ion peak [M-H]
at 676.4 m/z that differed from the molecular ion [M-H]
at 660.6 of SL1 by 16 amu, compatible with the presence of
an additional OH' residue in the sulfonolipid SL2.

The rechromatography of isolated band 3 in Solvent B
revealed presence of two components that stained with
azure A and molybdenum blue, respectively. Quantitative
analyses showed that SL1 represents about 10% of the to-
tal lipid extract of S. longa.

Further information on the nature of these fractions
was obtained from the ESI-MS spectrum (negative and
positive ion). The ESI-MS spectrum (negative ion) of band
3 showed the prominent peak at m/z 660.6 and the peak of
m/z418.3 diagnostic for the presence of the molecular ion
[M-H] of the sulfonolipid SL1 and a fragment arising
from the loss of the C15:0 fatty acyl moiety (peak of m/z
241.3). The ESI-MS/MS of the peak at 660.6 confirmed
this structure. The ESI-MS spectrum (positive mode) of
band 3 showed a molecular ion [M+H]" at m/z 758.0, con-
sistent with the molecular weight of a PC 34:2. The ESI-MS
spectrum of band 4 showed a peak at 686.7 m/z, assigned
to the molecular ion [M-H] of a PE 32:2.

Finally, band 5 contained a CL. Having two phosphate
groups in the polar head, CLs have a greater tendency to
form sodium adducts as compared with other lipids. Thus,
before the ESI-MS analyses the isolated lipid was converted
to the ammonium salt, which is an easily ionizable form.
Due to the presence of the two phosphate groups in the
molecule, CL forms a bicharged molecular ion [M—QH]%
during the ionization phase. This characteristic behavior
allows easy identification of CL peaks in the mass spectrum
of lipid extract. A bicharged peak at m/z 671.5 strongly
supported the presence of a CL having a molecular weight
of 1343. The peaks at m/z 253.3 in the low mass range of
the spectrum indicated the presence of C16:1 fatty acid.
Therefore, unlike the CL of S. ruber, which is not a sym-
metrical molecule, CL of S. longa presents four C16:1 fatty
acid chains as hydrophobic chains.

The main ESI-MS peaks of the polar lipids identified in
the total lipid extract of S. longa are reported in Fig. 3B.

ESI-MS/MS analyses of the minor sulfonolipid of S. longa

The proposed structure for SL2 together with its frag-
mentation pathway is shown in Fig. 4A, and the MS/MS
spectrum of the isolated and purified band 2 lipid is pre-
sented in Fig. 4B. The ESI-MS/MS spectrum of the peak at
676.4 showed a peak at m/z 257.3, representing a C15:0
fatty acid with an OH group that may be bound in position
2 or 3 of the iso chain; iso-branched 2- and 3-hydroxy
fatty acids are indeed abundant in representatives of the
genera of the Cytophaga-Flexibacter group (20). The peak at
418.3 is a fragment arising from the loss of the fatty acid
moiety and is identical to that obtained by fragmentation
of the sulfonolipid SL1. This fragment has the structure of
a capnine analog, which until now has been found only in
Salinibacter. Furthermore, it can be seen that the peak at
m/z 374.3 corresponds to the neutral loss of CO, from the
peak at 418.3 having a capnine like structure, the peak at
336.4 arises from the same fragment after neutral loss of
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Fig. 4. The minor sulfonolipid of S. longa. A: Fragmentation pathways; B: ESI MS/MS of the isolated and purified minor sulfonolipid SL2;
C: comparison of the ESI MS/MS peaks of the two sulfonolipids SL1 and SL2; D: modulation of the membrane level of the sulfonolipid SL.2
by the concentrations of magnesium and sodium ions in the growth medium.
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Fig. 5. The structures of capnine, halocapnine, N-acyl capnines and O-acyl halocapnines.

HySO;, and that the peak at 292.4 can be explained by the
neutral loss of both CO, and HySOjs. Also these fragments
are present in the MS/MS profile of SL1 (Fig. 4C).

The level of the minor sulfonolipid SL.2 is modulated by
the proportion of sodium and magnesium ions in the cul-
ture medium. Cultivation of S. longa in a medium contain-
ing relatively low concentrations of sodium and high
magnesium ions concentration led to an increase in the
amount of the minor sulfonolipid SL2 in the total lipid
extract (Fig. 4D).

DISCUSSION

The data presented above document the lipid composi-
tion of S. longa, a halophilic member of the Bacteroidetes
(13), isolated from a mesocosm experimental system filled
with a mixture of Dead Sea and Red Sea water (10). Sali-
saeta is a distant relative of Salinibacter, an organism wide-
spread in saltern crystallizer ponds worldwide (1, 2). S.
longa grows optimally at 100 g/1 NaCl and is therewith
markedly less halophilic than S. ruber, which prefers salt
concentrations approaching saturation.

The most characteristic lipids of these two halophilic
members of the Bacteroidetes are undoubtedly the sul-
fonolipids, which are analogs of capnine. Capnine can be
considered as the sulfonic acid derivative of an iso-branched
sphingoid base, in which the -CHy-SOg4 group replaces the
—CH,OH group. In contrast to the sulfolipids-sulfatated
lipid compounds in which sulfate is bound by ester link-
age, capnine and capnoids (i.e., capnine derivatives) con-
tain sulfur in direct covalent linkage with carbon. Such
compounds are commonly named sulfonolipids.

Capnine was first discovered in large quantities in bacte-
ria of the genus Capnocytophaga, which are rod-shaped,
chemoorganotrophic members of the Bacteroidetes, re-
quiring CO, for growth and exibiting gliding motility (18).
Earlier studies of the lipids of the diatom Nitzschia alba had
revealed the presence of a sulfonolipid closely resembling
capnoids, having the structure of 1-deoxyceramide-1-sulfonic
acid (9) (Fig. 5). More recently, N-acyl capnine was found
in the soil bacterium Chryseobacterium sp. and in a marine
Flavobacterium sp. (21). Such compounds, also named sul-
fobacins, can also easily be synthesized (22). Interestingly,
both diatoms and representatives of Flavobacteria display
gliding motility. The localization of N-acyl derivatives of
capnine in the outer membranes of bacteria was brought
forward as an argument in favor of the possible role of this
lipid in the bacterial motility (23, 24).

Table 1 summarizes the information available on the dif-
ferent acylated capnines detected in the microbial world,
and Fig. 5 illustrates their structures. The capnine analog
constituting the backbone of the two sulfonolipids of the
red halophilic members of the Bacteroidetes is slightly dif-
ferent from the capnine of Capnocytophaga and Flexibacter
(Fig. b), as it corresponds to an iso branched unsaturated
sphingoid base containing an additional hydroxyl group in
C, and an additional COO  group in C,. To distinguish the
capnine of the halophilic bacteria from those previously
found in other organisms, we propose the common name
of halocapnine. The polar head of the sphingoid base of
halophile members of Bacteroidetes shows features similar
to those of sulfamisterin, an inhibitor of serine palmitoyl
transferase, the key enzyme in the route of sphingoid bio-
synthesis (25). Both sulfonolipids of Salisaeta are fatty acid
esters (and not amides) of halocapnine. One is identical to
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TABLE 1.

Reports on the occurrence of acylated capnines in the microbial world

Species Compounds References

Diatoms, marine

Nitzschia alba Ceramide sulfonic acid (9,19)
Bacteroidetes Capnocytophaga ochracea Capnine, (8,18,30,31)
non -halophilic or marine Capnocylophaga sputigena N-acyl capnine

Capnocytophaga gingivalis

Sporocytophaga myxococcoides  N-acyl capnine (8,30)

Flexibacter sp.

Flavobacterium spp.

Flectobacillus major Sulfonic acid analogs of ceramide (32)

Chryseobacterium sp. Sulfobacins (21)
Bacteroidetes, halophilic

Salinibacter ruber Acylhalocapnine (7)

Salisaeta longa Acylhalocapnine this study

that of Salinibacter, the other contains an additional hy-
droxyl group on the fatty acid moiety and is more abun-
dantin bacteria grown at high magnesium concentrations.
Hydroxylated fatty acids have also been found in the N-
acyl capnine of Flavobacterium (26, 27). Unusually long-
chain sulfur-containing compounds were also found in the
phytoflagellate Ochromonas danica (a chrysophyte alga) (28).

The interest in sulfonolipids stems not only from the
fact of these being relatively rare lipid compounds, but for
other reasons as well. First, sulfonates are frequently toxic
to animal cells; it has been proposed that sulfonate lipids
might play a role in the inflammation of oral cavity caused
by Capnocytophaga sp. (18); sulfonate glycolipids have been
shown to be potent inhibitors of mammalian DNA poly-
merases (29). Second, due to their peculiar chemical
structures, capnine derivatives may confer special proper-
ties to the bacterial membrane.

The presence of the sulfonolipids among the cellular
lipids of Salinibacter and Salisaela raises questions regard-
ing their precise localization and their possible functional
role. It is as yet unknown whether these sulfonolipids are
located in the outer membrane. A function in cellular mo-
tility is not very probable. S. ruber is motile by means of
flagella (4) and not by a gliding mechanism as displayed
by Cytophaga, Flexibacter, and relatives; no motility has ever
been observed in S. longa. Whatever their importance to
the cell may be, the discovery of the halocapnines in the
first two truly halophilic representatives of the Bacteroi-
detes shows that more unusual types of lipids may be wait-
ing to be discovered in this physiologically and ecologically
disparate group of prokaryotes. il
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