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Deep Subsurface Biosphere of a Hydrothermal Vent Field
in the Manus Basin of the Western Pacific

Hiroyuki KIMURA P and Takeshi NAGANUMA©

Abstract
O O Occurrence and distribution of microorganisms in the subsurface of deep-sea
hydrothermal vents sub-ventsO were investigated using sub-vent rock samplesO cores,
approximately 6.5 cm in diameter(tollected by the Ocean Drilling Programil ODPI The central
parts of the corefl] subcores, approximately 1.5 cm in diameterCwere extracted in an anaerobic
chamber. The degree of contamination by drilling fluidd surface seawater in ODPOwas tested
using perfluorocarbond PFCO tracers. The test showed that PFC-traced contamination was
limited to core surfaces and was not detected in subcores. Therefore, subcores were used in
microbiological analyses for direct counts, adenosine 5-triphoshated ATPO measurements,
thermophilic incubations, and 16S ribosomal RNA genél 16S rDNAUsequences. Microbial cells
in the subcores were observed from depths shallower than 97.9 meters below the seafloor
O mbsfO by 4’ 6’ -diamidino-2-phenylindoled DAPICepifluorescence microscopy. Similarly, ATP
was detected only from depths shallower than 44.8 mbsf by the luciferin-luciferase method.
Portions of subcores from various depths, 9.7-301.5 mbsf, were directly incubated
anaerobically with a heterotrophic medium at temperatures of 6000 and 900 . After two
weeks, an increase in cell numbers was observed for 600 -cultures from 59.8 — 99.4 mbsf
samples, and for 90 O -cultures from 69.1-128.9 mbsf samples. The 16S rDNA sequences
suggest that microorganisms from the 600 - and 900 -cultures are closely related to the
thermophilic species belonging to the genera Geobacillus and Deinococcus, respectively. These
results indicate 1[existence of microbial habitats in the sub-vent region of subseafloor, and 200
habitat segregation of thermophilic bacteria over the sub-vent thermal gradient.

Key wordsO sub-vent biospherel thermophiles] deep-sea hydrothermal vent fieldd Ocean
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Fig.010 A map showing the tectonics of the
Manus Basin region and the location of
the hydrothermal active fields.
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Fig.030 Photographs showing fresh moderately
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TableO010 Depth for core recovery, the maximum temperatures and temperature gradients in the boreholes.

Hole Depth Maximum temperature emperature gradient
1188 0-387 mbsf" 313°C0 363.1 mbsfO 0.86°Cm"*
1189 0-206 mbsf” [68°C0 106.3 mbsf( 0.64°Cm"*

Y mbsf, meters below seafloor
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Table[20 Evaluation of contamination by drilling: gas chromatographic detection of per-
fluorocarbons PFCO tracers in the rock fragment from core surfaces and interiors
0 subcores[l The cotton swabs that wiped the inside of core liners and the laboratory
atmosphere were used as positive and negative controls for PFC determination,

respectively.

Samples Sample wightd gOJ Total PFC weightd g0
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Fig.040 Depth profiles of total cell countsO circlesd and ATP concentra-
tions[ triangles in subcore samples.
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Table(30 Distribution of the viable microbes detected from 2-week thermophilic
incubations, and borehole temperatures estimated by the temperature

gradient.
Depth Hole 1188 Borehole
O mbsfO
60°C 90°C temperatured °C0J
9.7 ] 0 8.3
39.1 ] 0 33.6
48.8 ] 0 42.0
59.8 oo 0 51.4
69.1 ] 0 59.4
87.9 ] oo 75.6
106.8 ] 0 91.8
126.5 ] 0 108.8
155.2 ] 0 130.1
184.2 ] 0 158.4
222.2 ] 0 191.1
224.8 ] 0 193.3
236.4 ] 0 203.3
242.2 ] 0 208.3
255.8 ] 0 220.0
283.1 ] 0 243.5
301.5 ] 0 259.3
Depth Hole 1189 Borehole
0 mbsfO
60°C 90°C temperatured °C0

31 0 0 19.8
40.5 0 0 25.9
50.2 0 0 32.1
69.8 0 0 44.7
79.1 0 0 50.6
99.4 oo 0 63.6
118.1 0 oo 75.6
128.9 0 oo 82.5
140.1 0 0 89.7
156.9 0 0 100.4
175.9 0 0 112.6

0000000000000 000000000000010%cellsm™ 000000
0000000000000 D00D010cellsml™ 00

0 : no growth, O : positive but weak growth(J final cell counts 0 10* cells ml "*(0, O O :
active growth 0 final cell counts O 10° cells mI“*0 .
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Fig.0050 Photomicrographs of microbial cells
grown during the cultures at 600 with
subcores from 99.4 mbsf in Hole 118971 Al
and the cultures at 900 with subcores
from 118.1 mbsf in Hole 11890 BU, by
DAPI-staining and epifluorescence
microscopy. Scale bars, 40py m.
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Fig.060 Phylogenetic tree based on 16S rDNA
sequences[] 1486 bpO of the monospecific
bacterial populations grown in the 600 -
cultures and genus Geobacillus.
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Fig.070 Phylogenetic tree based on 16S rDNA sequences(] 1388 bp0 of
the monospecific bacterial populations grown in the 90O -
cultures, and based on 16S rDNA sequences 577 bpO of genus
Deinococcus.
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