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Summary

A new obligate halophilic methane-producing bacterium has been isolated from the
sediment of solar salt ponds. This isolate was unable to grow at or below 12 % salt
concentration and used H, /CO, (80/20) as energy and carbon source. No growth or
methanogenesis was observed with other reduced substrates. This is, to our knowledge,
the first obligately halophilic methanogenic bacteria described. Since the phylogenetic
nexus between methanogenic and halobacteria seem to be relatively close, the study of this
organism could help to understand the relations between these two groups of archae-
bacteria.
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Resumen

Una nueva bacteria productora de metano y halofila obligada ha sido aislada a partir
del sedimento de una salina solar. Este microorganismo fuel’tapaz de multiplicarse a
concentraciones salinas del 12 % o inferiores y utilizaba H, /CO, (80/20) como fuente
de energia y carbono. Con otros substratos reducidos no se observo ni. multiplicacion
celular ni metanogénesis. Este es el primer caso de bacterias metanogénicas, halofilas
obligadas descrito hasta la fecha. Dado que las bacterias halofilas y metanogénicas
parecen estar filogeneticamente bastante relacionadas entre si, el estudio de este
microorganismo podria ayudar a comprender las relaciones existentes entre dos grupos
de arquebacterias.

Introduction

Archaebacteria are composed basically of three groups: methane-producing bacteria,
thermoacidophilic bacteria and halobacteria which usually live in extreme habitats. The
first group is able to grow in a reduced atmosphere using very reduced substrates to form
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CH, under strictly anaerobic conditions (11). Most of the members of the second group
habe been isolated from continental volcanic areas and grow optimally between 70°C or
above (8). The last group grows optimally between 25 % and 30 % salt concentration at
40°C (2). Phylogenetically, there are more similarities between methanogens and
halobacteria than either of these two groups have with thermoacidophilic bacteria (10).

Very few attempts have been made to isolate halophilic\methane-producing bacteria,
in spite of the existence of abundant anaerobic populations in highly hypersaline environ-
ments (7). Zhilina (13) characterized a halotolerant methanogen isolated from cyano-
bacterial mats in Australia. In the present work we have isolated an obligately halophilic
methanogen from the anaerobic sediment below the gypsum crust of a multi-pond saltern.
Some characteristics of the isolate are described.

Materials and Methods

The samples were collected in sterile hermetical containers from 20 c¢m under the
sediment surface in a multi-pond saltern (Alicante, Spain), the water of the two ponds
sampled contained 27 % and 30 % (w/v) total salts, as was shown by weighing the
remaining salt after drying the water. The samples were spurged with N, to maintain
anaerobic conditions during their transport. Aliquots of ca. 1 cm? of the sediment from
the bottom of the sample containers were transferred to serum vials (Wheaton Scientific,
Millville, N.J.) with 25 ml of the following medium (w/v): NaCl 23.4 %, MgCl, 1.95 %,
MgSO, 2.9 %, CaCl, 0.11 %, KCI1 0.06 %, NaHCO, 0.02 %, NaBr 0.08 %. The
atmosphere of the vials was H,/CO,(80/20) and they were incubated at 37°C. Methane
production was detected by gas chromatography in a Carle 9500. From the vials where
methane was detected after incubation, 5 ml were transferred to 160 ml serum vials that
contained 45 ml of enrichment medium (w/v): salts as above, 0.02 % ycast extract
(Difco), 1 % mineral mix (1) and 0.0001 % resarzurin. All.compounds were dissolved and
the pH adjusted to 6.5. The medium was boiled prior to inoculation to remove O, The vials
were incubated at 37°C and checked twice a day for methane production. To isolate pure
cultures, serial dilutions were carried out from 10" to 10~ and cclonies were isolated by
the roll-tube technique (3) with the same medium as in the enrichment supplemented also
with vancomycin (100 mg/L) to inhibit the growth of non-methanogenic organisms, and
agar 2 % (w/v). Colonies were picked with a bent, sterile Pasteur pipette. The plugs of
agar containing the colonics were transferred to 50 ml liquid media of the same
composition. Part of the colony was examined with a Zeiss Universal Microscope
equipped with an epi-illuminant ultraviolet lamp and a x100 Neofluor objetive lens to
detect the F;, coenzyme (4). Aliquots 2 ml of the liquid culture were transferred to 4
serum vials with 0.02 % (w/v) yeast extract, | % (w/v) mineral mix, 0.0001 % (w/v)
resarzurin and N,S 0.025 % (w/v) containing: 50 mM trimethylamine, 50 mM sodium
formate or 50 mM sodium acetate (Sigma) under N,/CO, (80/20) atmosphere and
H,/CO,(80/20). All the substrates were tested with a total salt concentration of 30 %.
Different salt concentrations (12 %, 17 %, 25 %, 30 %) were assayed with a medium
containing (w/v): 0.02 % yeast extract, 1 % mineral mix, 0.0001 % resarzurin, 0.025 %
Na,S and H,/CO, (80/20) incubated at 40°C. Diferent temperatures (20°, 30°, 37°,
40°) were also assayed with a medium containing (w/v): 0.02 % yeast extract, 1 %
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mineral mix, 0.0001 % resarzurin, 0.025 % Na,S, 30 % salt concentration and H,/CO,
(80/20).

The growth was followed measuring the total protein content (9) in a Beckman DU-7
spectrophotometer and measuring also the increase of methane.

For scanning electron microscopy examination of the cells, they were collected on
polycarbonate membrane filters and fixed with 2 % glutaraldehyde. The specimen was
then placed in a small vial and with a Pasteur pipette all the liquid was removed and
replaced with ca. 2 ml of acidulated 2,2-dimethoxypropane for 5 minutes. The 2,2-
dimethoxypropane was replaced with 100 % ethanol dried over anhydrous CuSO, then
the ethanol was replaced with liquid CO, The filter was then placed on a stub and
observed in a Philips P-SEM scanning microscope.

Results and discussion

Methane production was detected in three out of six vials containing the sediments
plus salts. All the enrichments inoculated from them showed growth after 12 days of
incubation with increase of the protein content and methane production. The microscopic
examination of the enrichments showed the presence of irregularly shaped bacteria
occurring in groups, which fluoresced blue-green when examined by UV light. From
each enrichment colonies were isolated in roll-tubes, all were white, circular to oval in
shape with irregular margins. Some were isolated and one of the isolates was submitted to
further study. This isolate produced methane from H,/CO, or trimethylamine, but not
from acetate or formate, although growth was detected with all but formate. The salt
response of this isolate can be classified as extremely halophilic. Growth occurred
between 17 % and 30 % salt concentration, showing the highest methane production at
30 % total salts (Fig. 1).Neither growth nor methanogenesis was detected at 12 % salts
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Fig. 1. Methane and protein amounts produced by the halophilic methanogenic isolate after 20 days of growth at.
different salt concentration. ®, methane; O, protein.






