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＼V≪ obtained a hundred  isolates ofbacfcria  from deep-sea  mud  samples colteoed  at various depths <1.050-10^9?  m)  Various  types ofbacieriasueh

≫s dkaliphiles. dtermophikes, psyehrophiles, and  halophitcs were  recovered  on agat piaics at a frequency  of 0.8≪1(£ -2 3 x 1C*  per I of dry sea mud

Acidophiles  were not recovered  It was  found  thai these exiremophilic  bacteria were widely  distributed, being dctectcd aieach  decp-sca site, and  the

frequency  of isolation of such exlremoplulcs  from  the deep-sea  mud  wu>  not directly influenced  by the depth of the sampling  sites Crowth  paucms

under  high liydrostaiicpressure were determined  for ih≪<Jeep-sea isolates obtained in this study. No  exrremophilic strains isolaied in this study showed

growth  ai 60 MPa  although a few  of (he other isolates grew  sligWly ≫this  hydrostatic pressure

Key  words  : Extrcmophiles,  Halophilcs, Psychrophilc*, Altaliphiks, Tliermophilcs, Deej>-sea



slｕdies aimed at further exploring t ｈｅ microbial diversity in

various deeP's ｅａ environments 、wc ａｕｃｍｐｌｃｄ １０ １s０１ａtｃ and

ｃｈａrａｃｌｅriｚｅ ａ number  of  bactcria from ｄｃｃＰ-ｓ4ごａ ｍｕd collcclcd

b ｙmeajls ｏｆｌｈｅ ｍａｎｎｅｄs ｕｂｍ ｅrｓiblesShinka12000and65006･.

lnthis ｐａｐｅらwe  record considerable bactcrial diversity and

theocc ｕrrｅｎｃｅ ofextremophilic bacteria ａt several deep･s ｅａ

siles Ｉｃｃａtｅｄ near the ｓｏｕlh part  oりapan.

2.  Materials and methods

2.1　Collection of  deep-sea mud

Samples of deep-s ｅａ sediment were collccicd from the

Nankai-Islands lheya Ridge ( ｜,0jO m dcpth; 27 °47.18' Ｎ ，

126 °54.15'E)  by means ｏrtｈｃ manned s ｕｂｍｅrsible Shinkai

2000ajldfr ｏｍthel ｚｕ･ＯｇａｓａｗａｆａＴrｃｎｃｈ(2.759m30 °Oﾌ.05'Ｎ.

139 °5S.42' Ｅａｎｄ３,400 m dcplh; 29 °04.2'N,  140'°43,3 Ｅ`)by

means  of  the manned  submersible  Shinkai  6500,  using cylin･

dcr mud samplers (Fig. |).

2.2 Isolation  of  bacteria  from  deep-sea  mud

Them ｕd ｓａｍｐ】ｅｓ were 2･fold diluted with Sterile Marine

Ｂrｏth 2216  (Difco Lab.)7)､and 100-200 111 (5-10  mg  as  dry

weight)  of  ihc suspension was spread on Marine ａｇａr plates

used  as  a basal  medium.

Fig.  1 Deep･ ｓｃｌsilc51blcolle ｔtｉａｎｏｆｍｕdsaJlplcs.

Sediment sample Ｎ０. 163 w ｌｓ collected lr ｅｍ ｌ●e

N ｓlkli-isIｓ ４s11 畤 ａＲｉ心ebyme －sof ｔ ｅ ｍｓlｓed

ｓｕbｓ ｅrｓibleShik12{ χX}.Sed117 ｘ 酸 輿11plas Ｎ０,213

●ｎｄ Ｎ９.２１４. ａ・ 碵χlilcdl¥ ｏｍ ｌ咄I ｚｓ-Ｏｇｉｌａｗａａ

ｌrｌ ●ch(3 伊07.05 Ｎ` ，139 °58.42'E) ｓｘ1129 °徊.2' Ｎ ．

140 °43.3 Ｅ`). ｓip 吠livcl ｙ ｂymean ｓｏrthc11al ・
■ed

s曲 稠cI ｓibleShilka165( Ｘ).nffP･ ｓｅａ ｍｌ 刺MI)ITgm

ibe ChallellerDecpgSio ・ ｏｆｌｉｃ Ｍ ａｆｉｌｎａＴrｃｎｃｈ

was collcclcd ■s dcscribcd ple ｖｉｏｌslys･
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1. Introduction

The
 oiosi  conccntratcd  and  widespread  occurrences  of  organ-

is ｍｓ ａrｌ generally ID so-ca 】led“ ｓ ｏｄｃralc' environments ｗilh

ap 卩躙 ｘimalely ｎａ 】1『llpH､l £nlpcr ｌｌｌrｃs 酊ｃｕnd20･37 °Ｃ,pr ｃｓ･

surcs near 0.1  MPa.
 adequate ｃｏｎｏｃｎｌ朏t

ｉｏｎs ｏｆｌｕlricnl ｓｌｎｄ

moderate salinity. In  contrast､lhcdecp- ｘBis ㎜ ｃχIrene  envi-

rｃｌ ｍ ｅｎt with especially hi 汕bydr ｏstaXic pressure  and  low  Km-

perature. Ｍ ｋr ｏＱrｐ ｎｉｓflｓ living there  presumably have ｄｅｖel 一

叩ed 陟nic ｕl缸char ｌｃｌｃでislicｓlh 就allo ｗ (hem 10 thrive  in
 such

ａｎ ｅｎｖｉｍｌ ｍｃｎｌ.Ｂａｃｌｃrialla ｙｅｂａ ｎｉsclaledfr ｅｍ ｄｃｔｐ･sｅａｍｕd

aad from benthic organisms sIch as amphipods and  sea
 cu･

cumbers  in  the  badiypelagic ｚａａｅ ･･u. However,  little ｉｎｆｋｇｌｎａ･

ticm is available on bacterial  <fiversity  in  sediments  of  the  deep-

sea  floor  because  most  marine  biologists  have  fcχused  on  bare-

philic  and  psychrophilic  inhabitants  of  tbe  deep-sea  environ･

rｌｃ１１１１１｡

Ｏ ａ２ Ｍ ａｆｃｈ，1996.1he3mlol 皀 ｕｌｍ ｕ ｎｃｄ sｕbmer ｓiblcK ●iko

lo ｕched the bolt ｏｍ ｏｎ ｈｅ Challenger  Deep in Ibc Mariana

Trench and successfully scooped o ｕｌ ａ ｍｌｄ sample, lhefi 嵋

ｏｂｌａｉｌｅｄ ａｌａ＆plhof10,897m. Ｗ ｅｉsｏｌａｌｅｄｌｈｏｌsa116sofmj-

ｃrｏｂｅsrr ｏ哨this deep-sea mud and found that ihc microbial

noralher ｅ ｗａｓｃｏｍ ｐｏsedcf ｓｃｌｉｌｏｍｙｃｃｌｃs･yeasts,
 and  a range

ｏr ｂａｃｌｅrial 】ives  including  various  Cxi『ｔl捫ophilic bacteria". l ｎ



Modified Ｍａｌｉｎｅ苓flr  plates supplemented  with  l%skim  milk

orl ％ Ｐｏｌａｌｏ starch. with di 偸r ｃｎｌｐＨ(3.7, ０r9.7) 叙ｌｄＮａＣＩ

ｃｏｎｃｅｎｌrａtｉｏｎs(0,2, ０｢15%),  were  vsed  for isolation. Ttieal-

kalinc and acidic ｍｃｄｉｌ contained ｌ％sadi ｕｓcalbonale alld

50mMcilrjcEidor ｌspecliｖｌ】iy. The  sodium  carbonate  and  ch-

｢icEid ｓt()ck solutions. 10･Ｒ)ld concentrated, ｗerla ｕtｏｃ】ａｖed

separately  and  then  added  to Che  plain or  modified Marine aS 黻

mcdi ｕｍ.11ea 鈩｢pla 吮s ｗｅrｔinc りibaicd at 410  55°Ｃ ａｌａｌｍｏ-

spielic p ｓss ｕrｅ(0. １ ＭＰａ)fcrllo4 丶ｌｅｅｋｓ.

2.3 Cultivation of  deep･sea isolates under high pros-

sure

A  total  of  twenty-five  isolates  including  eχaTlp 】es of

extremophiles were sclcctcd at r ａｎｄｏｍ rcprc.゛nting several

di 吮r ｃｎt dccp-sca sit ｅs(Fig. ｜).Ａ Ｍａrｉｎｃ ㎎ ａr plate ｗａs in-

oculatcd with cach isolate and overlaid ｗith low melling agar-

ｏsｅ(1 ％vy ｖ)d144 ぬlvedinlhe ｓａｍｅ ｍｅｄｉｕｍ, Ｅａｃｈａｐrplate

Category

-
Alkaliphile

Ther ｍｏphile

Pｓyfhn]phile

11･lophile

Acidoptille

Non･e χＩＲｍ叩bile

pH9.7 士Oj

25 Ｃ゙､O.t MPa,

S5  *C

pH7.31a2. 叺IＭPi

4･C

pH7.3 出 ０.2.０.1ＭPi

Is ％･ＮａＣＩ、25 Ｃ゙

ｐＨ ７.3± Ｏ､2、alMPtl.

pH  3.7土0.2

X5 °Ｃ.0.1 ＭPi

25･Ｃ.0.1MI ｀a

pH7.3 ｓ0.2

w ａ５slippedint ｏａｐｌａｓlicbagwhi ＆ ｃｏｎｌａｉｎslheair ｃｏryｔspond･

inglolheheadspaceofareg ｕlar 芦tri dish and sealed with ａ

ｈｅａtsｅａｌｃr.Ｔｈｅ air in the plastic bag is Pr ゛゙ od into lhc agar

during inc ｕbation in ihe presseure  vessel.  The bacteria were

cultivated  ai 4°C  under  pH  and  salt concentration  conditions

即 戸oprialelbrea ぐhis01aleCTible2)at30,60 0r 100 MPa fbr

4w ｃｃｋｓ.11etechniq ｕcsｅｍｐｌｏycda)r ｃｕlliｖμion at high pres-

sure ｗｅrｅ ａs descritχd pr ｅｖioｕsI)气

3.  Results and discussion

3.1 Isolation ofextrenophilic bacteria fr ｏ廁deel 卜ｓea

闥ｕd

Halophilcs, 芦tychrophi 】eSlhemlophile ｓａｌｄ ●lka】iphilcs were

isolalcd 鉞0. １ＭＰａ ａｏ● (he deep･sea mud collected 魯11hedifl

fcrcnt silcs  (Fig. |},lltho1 嵋h lcidophilicbaclcril ｗｃrｃｌｏｌ＆-

tectcd in lhe 闊ld samples in lhis study ｏr lhe previous slldy 气

Table 囗 ＳＯｌａｉＯｎＯｆａ【gmoiililic baglcrｉａｈ ｍsｃvｉrlldcip- χａsilcs

ls心'lation QcndiliQns　Origin N0. （Dep･h ）

】63(I( 加m)

２１４(ｘ75 鈿・)

213a400711)

MI(1087 ㈲ ゜

163C105M)

214(2759w ｎ)

2134340011)

MI(ICs ９７ｍ)゛

163(la5 朏)

214(2759m3

213(14a) 譱)

MIC10897m) ゛

163(10 ｓ ｍ)

214(2759w ・)

213( 城X)w ｎ)

MI(10s97m)･

163(1050m)

214{2759 譱}

213134(xMI)

Ml(l0697m)*

163(1054)ln)

214(775q ｍ)

213(3400 勦

MI{| 叫97 す１}･

:sgr ＱwtholM311sj. ゛Takぷ1miclal.(1997)

Ｂｓにiaj scoveraj

(cdoliag'ldryseamud)

3.０，6.1x 】(S

口.2－ｚ3xl( ｙ

0,9x 102

Cj ・|.2属叩

a8 －2,3xj【S

|.l.7.Sxl 粐

|.0・≪joai<p

0.6－15 ×１１

０.1－5.3×ll

l.４・7.sx 】・

IJO X ICP

24x101

4j ｘlOi

3.6 ×1ぴl

0.9ai 101

-

-

-

-

０.5・6i6  x Kp

0.! ，¶｡1110s

＆| －9.４x101

0.2  - 2.3 x 10s

即

ＪＡＭＳＴＥＣ Ｊ．Ｄ卵pS ・ａ Ｒｏs.，15（1 的9 ）



Lion
 of  thermophilic  and  psychroph

Ⅲic  bacteria
 among  the  three

deep･s ｇａ mud samples examined in ihis slld ｙ (Table I).  The

population  of  alkaliphilic  isolates  from  deep･sea
 sice  No.  214

(0.2-2.3 ×10*)  whs  larger  than  those  from  the  other  deep･sea

sitｅs, 郎dlhek ｑ●ｅｎｃｙ ｏri ｓQI●lionofalkaliphilesdidnol ｖａry

6e 吽ndi ㎎ ｏｌｉ ｃ＆ ｐthoflie ｔｉ －pllg ｓitｅ.０ ｎｌｈｅ ｏｌｈｅｒｉａｎｄ.

halophi 】ic bacleria were isolated ａｏｍ mud  samp 】ks
 collected

aldcplll ｓｃｎ,0jOm( Ｎ ｏ）6312,759 ｓ( Ｎ ｏ-214)aad3,400m

(Ｎ ０.213) ｕｓｊｅｉ ihe oonditioos dcscribcd  inTal 》le l whereas

hatophi 】es were not detected in
 our  previous ｓlｕ《lys'.

Ｓｏｍｅ

ｗer ｅ found lo be alkaliph Ⅲc halophiles gr Ｑｗing at pl･1 9.3

(Table  2).  The halophilic strain HTES31 (Table2) 吉rｅｗ ｏｎ

Marine agar  plates containing  2%  (0.34  My･to  23.4%  (4  M)

ＮａＣｌａ皿ds 吻inHTCO18(lable2)gia ｖｏｎ Ｍ ａrｉｌｅａｐrp 】ａｌｅs

containing. ｌｊ％{2.6M} Ｎ ａＣｌｂｌｌｎｏｌｌｈｏsｅｃｏｎｌａｉｌｉｎｇ ２％ Ｎ ａＣＩ.

芻

Other halophQes and alkali  philic halophiles isQlaled grｔｗ well

on Marine agar  plates conlaining. ２％Io 】5％ ＮａＣＩ(dala101

ｓhoｗｎ)｡

Various non-e χtremopbilic bacﾐ ｅria alsｏ ｗｅre iso】a･cdatO.l

MPa  from ｌｈｅ mud samples ａt a frequency of0.5 ・6.6 χ103

1Nc.163)t00.2 －｜.lｘ105( Ｎ０.214) ｃ０１０ｎｉｅspergr ｓTlordry

sea  mud  under  (he conditions described il Table l. The  fre･

qucncy ｏrisolalio110fnon- ｅｘ吹mophilicbacleriadidlo4ch ｓlSe

depeldingonllledepalofhabilll. Ｓｃｍｅｏｌtｈｌｍ ｗll・found  U>

bep 蹄dlcer ｓｏｆｅｎｚｙｍｅｓsｌｃｌｉａｓpfgtｅａsasｓldam)la ｓes(lable

3).ln this sIldy, it  was  found  that (he frequency  of  isolation of

ｅｘlrｅｓ ｏｐｈｉｌｉｃａｎｄｎｏｎ･exiremophilie  bacteria  at O.I MPawas

that the f¥equency of  isolation of bacteria from Ihe deep･sea

sediment a1 0.1 MPa may k influcnccd by 01her factors, such

Strain Ｎｏ.（Ｏrigin No,）p Ｈ

Alkaliphile

HTB110(214)

HTB113  (214)

ＨＴＢＨ９(214)

HTB127  (214)

ＨＴＢ】32(214)

Halophile

ＨＴＥ８３０(163)

HTB068(214)

HTB069(214)

Alkaliphi 】ic halophile

HTB 122  (214)

HTB 123 (214)

HTB １２４(214)

Neutrophil

ＨＴＥﾌﾌ7(163)

HTE807  (163)

HTE811  (163)

HTE846  (163)

HTE856  (163)

ＨＴＢ００６(214)

HTB021(214)

HTB035  (214)

HTB080(214)

HTB095(2t4)

HTC004(213)

HTC010(213)

HTC011(213)

HTC028  (213)

9.5

9j
9.5

9.5
9.5

7.4

7.4
7.4

9.3

9.3

9.3

7.6

7.6

7.6
7.6

7.6
7.6

7.6
7.6

7.6

7.6

7.6

7.6

7.6
7.6

0｡1
-

十十

十十十

十十十

＋＋

十十十

＋＋

＋＋＋

＋＋＋

十十十

＋＋

十十

十十

＋

＋

＋＋＋

＋

＋＋＋

＋＋斈

＋＋＋

＋＋＋

十十十

＋

＋＋＋＋

＋＋＋

十十

GrＯｗth under

30　　60　　100  (MPa)

＋

＋

十十十

十十十

十斈

十十

十

＋＋

＋＋

一

十十十

＋＋＋

－

＋＋＋

＋＋

十

十

十

十

＝

＋

＋

All isolates ｗｅrｅ incubated a1 4°Ｃ under bigh hydrostatic pr ｅssｕrｅ･

Symbols:- ，ｎｏ growth ； +, slight growth ； ＋÷T growth ； ＋＋＋，900d growth ；

十十ｆ÷, very gc}{}dgro ｗlh.

ＪＡＭＳＴＥＣ Ｊ．０帥p 鈿 ● Ｒ●S.，15(1989 り



as  (he  size an<j kind  of  sediment  panicles,  nutrient  conditions

in  ilie sediment,  and  the  spved  ofthe  bottom  cuncnt  All  iso-

lates  have  been  stored  in the gas  phase  area  of a nitrogen  fevezer

(-165  to-i71 °C)  for further  investigation.

3.2  Growth  patterns  of  deep-sea  isolates  under  high

pressure

Twcnry ≪five isolates described  in Tabic  2 were  cultivated  at

4 °C (the  in situ temperature  of  the deep-sea  floor)  under  high

hydrostatic  pressure  to examine  the  growih  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

MPa  during  a four  week  period  of  cultivation,  although  two

strains  (HTB113  and  HTB119)  grew  slight ly at 30  M  Pa. Two

moderately  halophilie  isolates. HTB068  and  HTB069,  grew  well

at  30  MPa  but  another  one. HTES30,  showed  no  growth  at the

same  hydrostatic  pressure.  Two  of three alkaliphil ic hatobactcria

did  not  grow  at pressures  greater  than  30  MPa.  the  same  as

observed  with  alkaliphilcs.  whereas  strain HTB  122  grew  at 30

MPa  (Tabic  2). Eight  of  fourteen  neutrophilic  stminsgrewai

30  MPa  and,  of  these, only  three  strains  grew  slightly  at 100

MPa.  Alkaliphilcs  were  more  sensitive  to inhibition  by  pres-

sure  at 30  MPa  than  the  ncutrophiles  although  two  of  them

(HTB)  13 and  HTB)  19) grew  slightly, the same  as obsen'cd  in

our  previoiks study  on  isolates from  deep-sea  mud  of  the Mariana

Trench".  It was  found  that some  Mariana  isolates grew  slowly

at  100  MPa,  which  is similar  to the in situ pressure  conditions

In  the Mariana  Trench  and  they  presumably  had  bccomc  adapted

to  such  hydrostatic  pressure  over  a long  period  of  time  In  the

present  study,  most  of  the isolates from  the  decp-scn  niud  col-

lected  at depths  of  1,050  n>, 2,759  m  and  3,400  m  were  sensi-

tive  to hydrostatic  pressures  higher  than  30  MPa.  Thus,  mamy

of  bacteria living in the  deep-sea  sediment  may  be well  adapted

to  the  in situ hydrostatic  pressure  of  their deep-sea  environ*

ment  but  some  may  not  be  indigenous.
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4.  Conclusion

We  isolated many  bacteria  from  deep ≫sea  sediments  and  char-

acterized  their  properties.  It was  found  that deep-sea  isolates

were  composed  of  various  species  based  on  the analysis  of 16S

rDNA  sequences  (data  not  shown).  Some  of  isolates might  be

novel  species.  These  findings  demonstrate  lhat various  types

ofextremophilic  bacteria  arc widely  distributed  in the  deep*

sea  mud  at depths  of  1050  ･ 10S97  m  near  the  souih  pan  of

Japan  (Fig. I).
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