Microbial flora in deep-sea sites located near the

south part of Japan.
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We obtained a hundred isolates of bacteria from deep-sea mud samples collected at various depths (1,050-10,897 m). Yarious types of bacteria such
as alkaliphiles, termophiles, psychrophiles, and halophiles were recoverad on agar plates at 2 frequency of 0.8 x 1062 2% x 104 per g of dry eea muod.
Acidophiles were not recovenzd. It was found that these extremophilic bacteria were widely distributed, being detected at each deep-sea site, and the
frequency of isolation of such extremophiles from the deep-sea mud was not directly influenced by the depth of the sampling sites, Growth patiems
under high hvdrostatic pressure were determined for the deep-sea isolates obtained in this study. Mo extremophilic strains isolated inthis study showed
growth at 60 MPa although a few of the other isolates prew slightly at this hydrostatic pressure,
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1. Intreduction

The most concentrated and widespread occurrences of organ-
isms are generally in so-called “moderate™ environments with
approximately neutral pH, temperatures around 20-37°C, pres-
surcs near 0.1 MPa, adequate concentrations of nutricnts and
moderate salinity. In contrast, the deep-sea is an exireme envi-
ronment with especially high hydrostatic pressurs and low tem-
perature. Microorganisms living there presumably have devel-
aped particular characteristics that allow them to thrive in such
an environment, Bacteria bave been isolated from decp-sca mud
and from benthic organisms such as amphipods and sea cu-
cumbers 10 the bathypelagic zone ¥, However, little informa-
tion is available on bacterial diversity in sediments of the deep-
sea floor because most marine biologists have focused on baro-
philic and psychrophilic inhabitants of the deep-sea environ=
mént ¥,

On 2 March, 1996, the 3 m long unmanned submersible Kaiko
touched the bottom of the Challenger Deep in the Mariana
Trench and successfully scooped out a muod sample, the first
obtained at a depth of 10,897 m. We isolated thousands of mi-
crobes from this deep-sea mud and found that the microbial
flora there was composed of actinomycctes, yeasts, and a range
of bacterial lives including various extremephilic bacteria®, In

LAT.

stedies aimed at further exploring the microbial diversity in
various deep-sca environments, we attiempted to isolate and
characterize a number of bacteria from decp-5ea mud collected
by means of the manned submersibles Shinkai 2000 and 65007,
In this paper, we record considerable bacterial diversity and
the occurrence of extremophilic bacteria at several deep-sea
sites located near the south part of Japan.

2.  Materials and methods
2.1 Caollection of decp-sea mud
Samples of deep-sea sediment were collecied from the

Mankai-1slands Theya Ridge (1,050 m depth; 27°47.18™N,
126°54_15°E) by means of the manned submersible Shinkai
2000 and from the [zu-Ogasawara Trench (2,739 m 30°07.05'N,
139°58.42°FE and 3,400 m depth; 29°04.2°N, 140°43.3°E) by
mcans of the manned submersible Shinkai 6300, using eylin-
der mud samplers (Fig. 1),

2.2 Isolation of bacteria from deep-s¢a mud
The mud samples were 2-fold diluted with sterile Marine
Broth 2216 {Difco Lab.)®, and 100-200 pl {5-10 mg as dry
weight) of the suspension was spread on Marine agar plates
ustd as a basal medium,
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Modified Marine agar plates supplemented with 1% skim milk
or 1% potato starch, with different pH (3, 7, or 9.7) and NaCl
concentrations (0, 2, or 15%), were used for isolation, The al-
kaline and acidic media contained 1% sodiim gnrbonam and
50 miv citric acid, respectively. The sodivm carbonate and ¢it-
ric acid stock solutions, 10-fold concentrated, were autoclaved
scparately and then added to the plain or modified Marine agar
medium. The agar plates were incubated at 4 w 35°C at atmo-
gpheric pressure (0.1 MPa) for 1 to 4 weeks.

2.3 Cultivation of deep-sea isolates under high pres-
sure

A total of twenty-five isolates including examples of

extremophiles were selected at random representing several

different deep-sea sites (Fig. 1), A Marine agar plate was in-

oculated with each isolate and overlaid with low melting agar-

ose { 1% viv) dissolved in the same mediem. Each agar plate

was slipped into & plastic bag which contains the air comespond-
ing o the headspace of a regular petei dish and sealed with a
heat sealer. The air in the plastic bag is pressed into the agar
during incubation in the presseure vessel. The bacteria were
cultivated at 4°C under pH and salt concentration conditions
appropriate for each isolate (Table 2) at 30, 60 or 100 MPa for
4 weeks, The techniques employed for cultivation at high pres-
sure were as deseribed previously™,

3. Results and discussion

3.1  [Isolation of extremophilic bacteria from deep-sea
miud

Halophiles, psychrophiles, thermaophiles and alkaliphiles were
isolated at (. 1 MPa from the deep-sea mud collected at the dif-
ferent sites (Fig. 1), although acidophilic bacteria were not de-
tected in the mud samples in this study or the previous study®,
There was no substantial differsnce in the frequency of 1sola-

Table 1 Izolation of extremophilic bactenia from several decp-sea siles

Bacterial recovered

Cat ati i igin i
egOry 1sslation condetians Origin Mo. (Depth} {eolonics g+t dry sea mud)
Alkaliphile 163 (1050m) J0-61x 108
pH 9,703 214 (2755m) 02-23x 104
G ME 213(3400m) 09 102
W L1089 T )= G- 1.2 % 109
hil
Thermophile 163 (1050w) 0.8-23x 10¢
s5°C 214 (2759m) E1-78x L2
pH 7.3% 02, 0.0 MPa 213(3400m) 10-80x 108
M 1105 Tm)* 06 - 3.5 % 107
Peychrophile
L 163 (1030m) 08-53x 100
4 214 (2758m) 14-78x 102
pH 755 0.2, 0.1 MPa 21 3(3400m) 105 10t
BIC 108 Tm)* 20x 108
Halophile
P 163 {1050m) 46 % 102
15%MaCl, 25%C 214 {275%m) 365 108
HT.3+ 0.2 0. MPa,
P 213(3400m) 0.9 x 107
M 1089Tm)* SotiamEs
ARAChRIL 163 (1050m)
pH 3.7:£0.2 214 (27 30m) ===
5. 01 P 213{3400m) —
M 108 0Tm)*
Mon-extremaophile
163 (1050m) 05 - 6.6 108
250 61 MPe 214 (2759m) 02~ 1.1 % 008
priTiel2 21 3(3400wm) 8.0 -94 1 102
ML O80T 0.2-23% 006

1w growth obdained, *Takami et al.( 1997)

JAMSTEC J. Deep Sea Res., 15 (1995)

37



tion of thermophilic and psychrophilic bacteria among the three
daeep-sea mud samples examined in this study (Table 1), The
population of alkaliphilic isolates from decp-sea site Mo, 214
{0.2- 2.3 x 10%) was larger than those from the other deep-sea
gites, and the frequency of isolation of alkaliphiles did not vary
depending on the depth of the sampling site. On the other hand,
halophilic bacteria were isolated from mud samples collected
at depths of 1,050 m (MNo. 163), 2,759 m (No. 214) and 3,400 m
(™o, 213) under the conditions described in Table | whereas
halophiles were not detected in our previous study™. Sorme
were found to be alkaliphilic halophiles growing at pH 9.3
{Table 2). The halophilie strain HTES3] (Table 2) grew on
Marine agar plates containing 2% (0.34 M) 1o 23,49 (4 M)
MaCl and strain HTCO01 8 {Table 2) grew on Marine agar plates
containing 15% (2.6 M)MaCl but not those containing 2% MaCl.

Other halophiles and alkaliphilic halophiles isolated grew well
on Marine agar plates containing 2% to 15% MNaCl (data not
shaownl).

Various non-exicemophilic bacteria also were isolated at 0.1
MPa from the mud samples at a frequency of 0.5 - 6.6 x 103
{(Wo. 163) 10 0.2 - 1.1 x 103 (No. 214) colonies per gram of dry
sea mud under the conditions deseribed in Table 1. The fre-
queney of isolation of non-extremophilic bacteria did not change
depending on the depth of habitat. Some of them were found to
be producers of enzymes such as proteases and amylases (Table
3). In this stody, it was found that the frequency of isolation of
extremophilic and non-extramophilic bacteria at 0.1 MPa was
not directly related to the depth of sampling sites. We presume
that the frequency of isolation of bacteria from the decp-sea
sediment at 0.1 MPa may be influcnced by other factors, such

Table 2 Growth patteens of decp-sea isolates under high hydrosialic pressure

Growth under

Strain No.(Origin No.)  pH

0.1 30 6l 100 (MPa)
Alkaliphile
HTB11O( 214) 9.5 ++ - = g
HTB113 ( 214) 9.5 +++ + - -
HTB119( 214} 9.5 e + - -
HTB127 { 214} 95 ++ = - .
HTB132 (214) Q.5 it g = g
Halophile
HTEB30{163) 74 ++ 3 5 -
HTEOGE (214) 7.4 +++ o+t - =
HTBOED (214) 7.4 +++ e - - -
Alkaliphilic halophile
HTB 122 (214) .3 +++ ++ . =
HTE 123 (214 6.3 i = . &
HTB 124 (214) 9.3 +F - - -
Neutrophile
HTE777 (163) 7.6 ++ . - =
HTEZ07 (163) 1.6 + 2 = "
HTEE11 (163) 7.6 + : z -
HTES46 (163) 7.6 - e = )
HTEZ56 {163) 7.6 + 3+ 4 +
HTBOOG (214} 7.6 +++ Fry + -
HTBO21 (214) 7.6 ++4+ s + +
HTBO35 (214) 7.6 +++ - & 4
HTBOS0 (214) 16 - - .
HTBOGS {2 l4:| 7.6 ++4 A + +
HTCO04 (213 16 + : = .
HTCO10 (213) 7.6 = (SO .
HTCO11 {213} 7.6 44 ++ . -
HTCO28(213) 1.6 ++ - - %

All isolates were incubated at 4°C under high hydrostatic pressure.
Symbols : -, no growth ; +, slight growth ; ++, growth ; +++, good growth ;

+4+++, very good growth.
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as the size and kind of sediment particles, nutrient conditions
in the sediment, and the speed of the bottom current, All iso-
lates have been stored in the gas phase arca of a nitrogen freezer
(-163 1o -171°C} for further investigation.

3.2 Growth patterns of deep-sea isolates under high
pressure
Twenty-five isolates described in Table 2 were cultivated at
4°C (the in situ temperature of the deep-sea floor) under high
hydrostatic pressure 1o examine the growith patterns of the iso-
lates obtained from different depths. As shown in Table 2, the
alkaliphilic bacteria did not grow at pressures higher than 30
bMPa during a four week period of cultivation, altheugh two
strains (HTB113 and HTE 1 9) grew slightly at 30 MPa, Two
migderately halophilic isolates, HTE068 and HTBOGD, grew well
at 30 MPa but another one, HTES30, showed no growth at the
same hydrostatic pressuee. Two of theee alkaliphilic halobacteria
did not grow at pressures greater than 30 MPa, the same as
ohserved with alkaliphiles, whereas strain HTB 122 grew ag 30
MPa (Table 23, Eight of fourtcen neutrophilic strains grew at
30 MPa and, of thege, only three straing grew shightly at 100
MPa_ Alkaliphiles were more sensitive to inhibition by pres-
sure at 30 MPa than the neutrophiles although two of them
(HTB113 and HTB119) grew slightly, the same as observed in
our previows study on isolates from deep-sea mud of the hariana
Treneh®™, Tt was found that some Mariana isolates grew slowly
a 100 MPa, which is similar to the in situ pressure conditions
in the Mariana Trench and they presumably had become adapted
to such hydrostatic pressure over a long pericd of time. In the
present study, most of the isolates from the deep-sea mud col-
lected at depths of 1,050 m, 2,739 m and 3,400 m were sensi-
tive to hydrostatic pressures higher than 30 MPa. Thus, mamy
af bacteria living in the deep-sea sediment may be well adapted
to the in situ hydrostatic pressure of their deep-sea environ-
ment but seme may not be indigenous.

4. Conelusion

We isolated many bacteria from deep-gea sediments and char-
acterized their properties. It was found that deep-sea isolates
were composed of various species based on the analysis of 165
TDMA sequences (data not shown). Some of isolates might be
novel species. These findings demonstrate that various types
of extremophilic bacteria are widely distributed in the deep-
sea mud at depths of 1050 -10897 m near the south part of
Japan {Fig. 1).
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