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SUMMARY

I . Title

Development of technologies for collection and utilization of deep-sea bioresources

1. Obijective and Significance

The oceans constitute more then 70% of the earth's surface, of which about
60% is covered by water more than 2,000 m deep. in the estimation of macrofaunal
species richness of the deep sea, the diversity could exceed 10 million species. The
deep sea encompasses the extremes of most environmental conditions found on
earth. Studies of the deep ocean environments have led to significant new
discoveries of unusual microbial diversity, metabolic activity, and natural products of
interest to biotechnology. Most of the metabolic and biochemical diversity of life
resides in microorganisms including the domains Bacteria and Archaea, and
unicellular members of the Eukarya. Marine microbial diversity is extremely high,
which is a direct consequence of the extraordinary variability of the marine biosphere.
This biosphere encompasses a huge thermal range (-1.57C in Antartic waters to
temperatures in excess of 100C in shallow and 350C in deep hydrothermal vent),
pressures ranging from 1 to over 1000 atmosphere, nutrient variations ranging from
eutrophic to oligotrophic, and extensive photic and non-photic zones. There are much
potential of marine biodiversity for commercial development and exploitation in every
area of biotechnology. The biotechnological implications of exploring deep-sea

environments are as follow:

- Novel and improved biocatalysts and chemicals
- High—affinity catalysts and ligands
- Thermostable and solvent-stable biocatalysts; halotolerant and psychrophilic

biocatalysts



- Surfactants, bioantifreeze

- Novel bioactive chemicals; sensing, signaling, and defense chemicals; consortia for
enhanced turnover rates

- Novel metabolites

- Bioremediation

- Anaerobic biotransformation

Deep-sea environments are usually considered as extreme environments. The
microbial communities living there are enormously diverse. The mechanisms involved
in adaptation to these conditions represent a variety of research topics. The
properties of extreme conditions may represent novel sources of valuable molecules
or bioprocesses. But the access to these deep-sea is difficult, expensive, and limited
to a small number of investigators. Much efforts in the research, accompanied by
imbroved accessibility of microorganism collections in both academic institutions and

industry, are the key in the future.

The aims of this study are the establishment of collection system for
microorganisms from deep-sea environment and the development of technologies for
utilization of the bioresources. For this, we will assess and access the microbial

diversity in deep-sea environments and develop screening system for useful bioactive

and biocatalytic properties of marine microorganisms.

. Contents and Scope

1. Access and microbial diversity of deep-sea sediment samples

Obtaining of deep-sea sediment samples of Western Pacific area

Analysis of microbial diversity in deep—sea sediments
2. Isolation and assessment for usefulness of deep-sea microbial resources

Isolation and classification of deep—sea psychrophilic microorganisms

_]O_



Screening of lipase—producing bacteria

Physiological and biochemical characterization of deep—sea microorganisms

3. Genomics of deep—sea microbes

Selection of candidate for microbial genomics

IV. Results

1. Obtaining of deep-sea samples

- Joining in—-house KORDI program 'Multidisciplinary Investigation of the Western
Pacific’ and obtaining of various deep-sea sediment samples by participating in
‘German Sonne 166 Cruise’ and '2002-Onnuri Cruise’ in Western Pacific area

- Sediment samples of dense clam beds in Edison seamount (1,500 m in depth)
of Western Pacific area located on south of Lihir Island, PNG

- Hot spring samples of Rabaul, PNG

- deep-sea sediment samples of PACMANUS area where active hydrthermal
venting activities are observed (Onnuri Cruise)

- Sediment samples of 10,000 meter in depth of Mariana Trench (JAMSTEC

Cruise, Japan)

2. Analysis of microbial diversity in deep—sea sediments

- Comparative analysis of archaeal diversity in deep-sea sediment samples (Japan
trench, East Sea in Japan coastal area)

- We have compared archaeal communities of deep-sea sediment samples
obtained at Japan Trench (#621) and East Sea (#624; bacterial mat area, #626;
volcanically active area) using T-RFLP analysis based on 16S rDNA. The major
T-RF (terminal-restriction fragment) peak of 327 base was observed in #621
and #624 sites. In #626 site, diverse T-RFs of 200, 327 and 353 base were

_11_



shown
- Cloning and sequencing of archeal 16S rDNA clones for the description of each

community component appeared in the T-RFLP analysis

#621 site 13 clones; 6 RFLP typing
- #0624 site 13 clones: 5 RFLP typing
#0626 site 15 clones; 9 RFLP typing

- 10 different types were obtained upon RFLP typing for archaeal 41 16S rDNA
clones, the 16S rDNA sequences of representative clones were determined and
analyzed 7996 ~ 98.70% in sequence homology with known sequences in
database

- Phylogenetic analysis of those seqguences have shown that most 16S rDNA
clones belonged to Crenarcheota and Euryarchaeota in domain Archaea.

Especially, the clones of #621 site were members of marine group 1 in

Crenarchaeota

- Comparative analysis of bacterial diversity in deep-sea sediment samples (Japan
trench, East Sea in Japan coastal area)
- More diverse bacterial ribotypes were obtained in T-RFLP analysis compared
with that of archaeal diverstiy
- Cloning and sequencing of bacterial 16S rDNA is under study

3. Molecular classification of deep-sea microbial strains

- We have conducted molecular classification on 16 psychrophilic strains isolated
from sediments of Japan Trench, East Sea, and Ayu Trough in 2001

- Those strains belonged to alpha and gamma subdivision of Proteobacteria,
gram-positive bacteria, and Cyfophaga-Flexibacter-Bacteroides (CFB) group

- Nine psychrophilic strains were members of Y-Proteobacteria group containing
Alteromonas, Pseudomonas, Shewanella, Halomonas geni, three strains (LT3,
KM12, and KM 23) were in a-Proteobacteria group with high similaity with
Roseobacter genus and unidentified marine. bacteria, two strains (LT1, KM26)

_12_



were members of CFB (Cytophga-Flexibacteria-Bacteriods) group, and two
strains were similar with members of geni Planococcus and Arthrobacter in

gram-positive bacteria

4. isolation of deep—-sea microbial strains

- Isolation of anaerobic and psychrophilic microbial consortia from sediments of
Edison seamont

- A mature chemosynthetic community composed of high density of clams and
other macrofauna in the southern clams beds at the summit of Edison
seamount was chosen for microbiological study on the prokaryotic diversity
because free living or symbiotic chemosynthetic microorganisms are primary
producers in hydrothermal vent and cold seep ecosystems. Anaerobic and
psychrophilic microbial consortia which can grow at 4T were isolated by
inoculation of Edison seamount sediments into anaerobic marine broth (15 ml)
containing sulfur. Analysis of sequences of several 16S rDNA clones has shown
that the members were in domain bacteria

- The sequences of 16S rDNA clones belonged to members of genus Fusobacteria
with high similarity to Clostridium rectum, Fusobacteria bacterium Ko711,
Propionigenium sp. MGP-13AN and uncultured Fusobacteria bacterium

- The nearest neighbors of the clones were Fusobacteria bacterium Ko/711 and
uncultured Fusobacteria with 99.82 and 99.28% similarity, respectively

- Isolation of aerobic psychrophiles from sediments of Edison seamont
- Fourteen microbial strains with different cotonial morphology were isolated using
ZoBell 2216e plate grown at 10C for 2 -3 weeks
- Determination of 16S rDNA sequences of the representative psychrophiles with

different RFLP typing

5. Characterization of psychrophilic deep—-sea microbes

- Physiological characteristics of psychrophiles
- Growth temperature of five strains (KM7, LT3, LT5, LT6, LT17) is in the range of



5 - 25 and optimal growth temperature was to be at 15C which indicating
that the strains were confirmed to be psychrophiles
FAME (fatty acid methyl ester) analysis of a strain LT17 has shown that the
major fatty acid components of total cell were monosaturated fatty acids (16 : 1
o7c) being characteristic in deep-sea psychrophiles and EPA (20 : 503) was
present

- The effect of high (50 MPa) pressure on the cell morphology of strain LT17
(Shewanella sp.) showed that there was a cell morphological change (long rod

form at 0.1 MPa — short rod form at 50 MPa)

6. Biotechnological application of deep—-sea microorganisms

- Screening of cold-adaptive lipase

- For the utilization of psychrophilic characteristics of deep-sea environment, a
psychrophilic lipase was chosen as a targe in enzyme screening system

- Seventy strains producing psychrophilic lipase were isolated by using enrichment
culture in marine broth supplemented with 1% hydrocarbon and positive
selection on ZoBell 2216e plate containing 1% tributyrin at 10C

- Setting-up a screening system using microplate for mass-screening

- Previous strains (LT1, LT5, LT6, LT17) contained lipolytic activity at 10T

V. Application of this Research

We will develop the storage system for obtained deep-sea samples and
microorganisms during this study, and screening system for bioactive properties from
isolated strains. Microbiological resources will be investigated continually for the
comprehensive analysis of biotechnological potential in the following area:

- Access and analysis of diverse microbial diversity in deep-sea environment

- Screening of cold-adaptive enzymes

- Genomics and proteomics of useful microorganisms

- Metagenomics for the analysis of multiple genomes of unculiured microorganisms

- Distribution and application of deep-sea microbiological resources
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3 %2l 60%= 4ol 2,000 nlEl7t W A3 F9oln 53, 44 6,000 ulE

5| Mt #Ect A 2 % (upelohyt a9
ol wel 375T oP7A EEIF EEpUte E$F
A2t e iR 1-2Tof E33t ¥ 25, uo] ¢
9l FUZAE J1 33 #Aolrt. ddf, 2o XYY MeEH-E AT fF
7 (A F19) 90% o]4d) 5T ol3te] AHHel &3t gtk AW
A £ElQl sjo e thRFE Tl AAF A sl =7 BSA |AFHL Qe
R Exolegta & + gtk 53] HE Ao 22 2-3CTH= Bty 2

Zjute] A= A2l 0T 71&tl (Baross and Morita 1978). vtz 0 & 3foko)A]

=
2% 110 MPa)t 7
=
=

o BHE 9% 7} +EDNN dolUn] ofrly AdE $71BPe 44
100-300 u]¥| xlolof Mgt &Fo] HIL 43l AFF-2&= B3 1% 7pgvto] Aedd
t} (Jannasch and Taylor, 1984). 1822 Aldoa] UARE = HMEL AL ok
IRt A E FFEI E I2ALE 4B ol ZFA AAUAE JpRl 2 Qlcka
2 4+ oo

whet FZols BEHH AP oA TSRt AEIFA L] JhedE TR o

L ogthew o® 1 4ol ekath &4 Rl ABAES WS U 3
[¢)

ttgdE Bole v, Y wuHld ZEES At} ASHH Y BE cigE(=n
d &) Ho F3 otk ole thi sl A AE, &, 2 nPE
of F2¥ EFFEEC] FASH F2 iy oz sigolA Uelby, sfgESollA
fA] AEA 7EE o+ AL ¥ olzt AEE FATHA FRY JeE o]
&Y e F&8A4EAYe] WA FHEo| /M wrla ¥ 4 Atk
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A AAe BE F cigd HrlolA T 471 10009 & 2331
3tal 9lod, O F 60 AMEE TOT AR ol FEAE o
7138 XA Z B 7Het Aol H 4 ot Mo g2 4

3 #HE 7hedE Aeid, A A 52 AME HEnz

8 o] &S & F At ol dEE A24 FFuiy 3243, TEH H&u
g3 BE

[
&) 22 Z¢0t chg2Foln], BERFE, FAYAA, WUELH
)

2 U BEAY DFRY Eu) Bt | B=RY o]8E shssith Ten A7 A
NYLEY (UTAY, Yo7l B UANES 2g 45 Qon, 42
HEAY, ¥4 MEABE o|fo| 7Hssir} (Table 1-1: Deming, 1998).

Table 1-1. Defining conditions of deep-sea habitat and the implication for

biotechnology
. Defining . . L.
Habitat .. Bioprospecting opportunities
condition
Ocean . . . .
High pressure Novel and improved biocatalysts and chemistry
trenches
deep-seas, X i
Cold-active biocatalysts:
polar seas, Low temperature X L . .
bioremediation: surfactants: bioantifreeze
cold seeps
Low nutrient . L. .
Seawater High-affinity catalysts and ligands

concentration

Hydrothermal High temperature, Thermostable and solvent-stable biocatalysts:

vents metals biohydrometal lurgy
Sediments, i . . . . . i .
bi High nutrient Novel bioactive chemicals: sensing, signaling,
epibioses, . . .
d concentration: and defense chemicals: consortia for enhanced turnover
an .
) defense mechanisms rates
symbioses
Saturated . L. .
. High salinity Halotolerant biocatalysts: novel metabolites
brines
Hydrocarbon Hydrocarbons Bioremediation, biotransformations
Deep sub-sea
floor Anaerobic Anaerobic biotransformations

sediments
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A2 A A rAE G FAA AL

1. A3l Q&3 ¥ E oty

A7 EW 60% o] Wt Mato] Yojuh thy EAH fehT wlolon)
2 B A4d B BAAe Bo Y4 s HABE el ok,
Fol HABo] Folgls We R/IBES SO nBE ZAY Byl s
SBYT}H (Aller, ef al., 1998). HZ AFIHE At ANBAN Tae} Bl
3t DY oAE 2P 53

T

.k,i

1
O
™

.{

RAL w3 dx|ut (Devereux et al.,
1994. Gray and Herwig, 1996: Llobet-Brossa et al., 1998: Munson et al., 1997:
Teske et al., 1996), A& EHHEoAe njdE ZFLZL 750 tjsjrds o}
A7t nlEE AAolrh. AABF F AsA, det, &Y nAEEIL A
gld, tiAly, ERAFes Solsirta deA oot Fjdol ohd H3H K
Hokfate] 712 E F 81x d47F (hydrothermal vents)?] UA-2 Alsjo] tf3dt A
< AE BAE siHsr] ¥ SUger RS U glon, Qzte] e
’*“%@}’%‘ cherdol CH‘H I8 AHTE A ke 2AE 47y & Os
H 38 Aol Aol A2_H oA EAstr]el 3
T 1A FARE RS0l Z3E ] dlen, ol A AeiANA FAH
Al 840 it A2 Aol E Qt}l. ‘Cold seep’ (WES)olgls ol
ge 259 d4ToA ST 2UN FEs ALHDL Y, °%M, g
4=, BUY YR 5o= AN ABYA 2 24l Tt B e
W, ElStpes T FHo] WRpo] EXY £ glon, 3o TELE, HEE
2 20 SYAYUAE 28 24l T dBS & 4 Utk oirlA FH oy
A9 wiet oot oje} T2 BUMYEES A4 (e i) & oA
Rt gjotol]l o3l 4EH 4 23 olE JIHY & ofF TIYY 4 Q. 8=
2 Y& A Y2 fluid sources} x| A2tz HHAle] WPoA & of ofF TP
4= ot dutAoz e g|ole} UM ZAlol FEZ ZA AALR opel &
WIS 124 Baes SXIE gle g2 AEX Mol 45 U=
2xehs BF & ALt o 7] "HolX FAMIE Hole AL ety
ErolAd AR EEEHs FHUY AFPEAEY i3 FrIvtA
2o A¥E Aol LY AUAE FIUCE E&F G A FAHAA U
Elet ZIAE (Olu et al., 1996) th&2] 7hgt=telo] siwste= xo& wel YA &
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N

olth. E¥t 1 xeje] xB8A (biogeochemical) o] Felmoz
ald 4 otk ATzl Wetelds HWe FABAY SULLT thehr
B MEalolo] EYTE o] MeldE ZHolN o}F He GEA

WAl 7Ic} (Barry et al., 1997).

o2

2

¢

N o
o & o
o)

it
o

2. A3l FAAAY

a2l A] £xste RE n|BAES wjUBtrlol JIEY wigrleE Ebssitis
Zo| Bxl Aefsta Ao o) T <A Ut B3], nAE ctdde A,
4ol 1ol @ 160%, Edol 1g F 6400-38000% FE7t Exjicia ofdHct
(Curtis et al., 2002). i} ch¥-2e] uBES dx9 wirleEEs S
o] 7153t Zlo] &Aloltt (Bull et al., 2000). #x] wjdo] 753t n|BERE 5
Aol Ho| & A$E HA nPFEY 1% o3l LT FFHY, uFEe ulA
B2 #Aato] 7183 2 x| FAdo] £33t} (Griffiths et al., 1996: Torsvik et
al., 1990: Whitman et al., 1998). ey} EXMIEE 7|&o] WHOE ujoto] &
z} ot uAE ZZ DNA (HEHAE)E &3t ol &3t A=st A=}
(Kim et al., 1992; Shizuya et al., 1992). ol&§ A|=of §lo] HElAE glo]
Bag Az o # A7 daf UstA 1Px{3 glch Fosmidi cosmid
ol plasmid F factorZ o]&3lel Z2H GAxle] H3IE BE UFe| cosmid
vectoro|T} (Kim et al., 1992). o|& o|&-3lo] 3o} THL HElAES dFXE
A5t ATANEL T2 nAE AefeFEd BHA o|FolA gt} (Vergin et
al., 1998: Stein, et al.,1996). ZAWe] 4 A RA £ 3 HElA S 7R
31 E fosmid library ©4 Az} Yo} I MH (Archaebacteria® B3 oL} &
A& Archaeaz} §) FHAE tLLE HlZ FAAFAHA d3x= 3y oo

(Beja, et al., 2000).
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2L ZFE n]BEZ} o]lE T4 WAL HEFu] (biocatalysis) FEofollA]
2 ujg KRt} I olf: JEQ ZAA polymer intermediates,
pharmaceuticals( 2] @A), specialty chemicals(E4= #3+E), agrochemicals(s
33hE) o] 35F Al W2 AdEEa FiE B BAF &£4Ado] dgden, &
4 e T Ahe E ABE FFHLE FAFA FRAN 27HE F
53 kg ol FHYSIA ¢ty wiFoltt. ot o|fE QIFlo, HAdE F
719kg-2] BESFuA] o] &S &3 AFAIZY whx] 2 HFo] F3tE o] gt
(Demirjian et al., 2001). =3t n]ABEL tjdst I3t HAH N E2st= n|PE
o]y, thermophiles(Z ¥4 u|P¥E), acidophiles(FZAH3 n]AE), alkalophiles
(387|143 nj]AE), psychrophiles(X-24 n]AE), barophiles (piezophiles)(Z
A8 ndE) 22 715} thE 79 njdEo] X¥E] glrh (Table 1-2). ©o]&
2 A3 47 28l B&r Az} Z2 SR ZESII]o] st o)A
Eo]lu (Ladenstein and Antranikian, 1998: Niehaus, et al., 1999) =24 H]*g
Eo] A& Est= =73 ol A 3}%‘2 F e 5 s
th ulebd FrHEQ F

1043, 3¢ nAES ’ﬂ*‘ﬂﬁ]% T e dAFHojAw
*é‘“iﬂ‘”‘:} gy Aol B4S HAsR Adste FHALE v Rt iyt

FRE0] ARE TAE S 93 tja e s A3rx] 37 Qlt} (Ladenstein and
Antranikian, 1998: Niehaus, et al., 1999: Adams and Kelly, 1998: Hough and
Danson, 1998: Robb and Maeder, 1998; Stetter, 1999). Table 1-2&= 23t n]AE
o FF, 3R 54, I 122 FF Y ol &Tofoll #Zt qofojt}. I u|HE
FolAE 53] TdAY ndEol ol tiYdt FokolA o] A=FHI Y=
S+

Ao BAHAM Y 4 9= psychrophiles(H24  u|dE)
psychrotrophs(A 2§74 njdF)oll 28] Pis= A& BALES APF
A, dE ol AAY AEIAT FUStAF ik f/APA, A2 FG
L& FZojEA-E Jeldr} (Gerday, et al., 2000).

rk.‘l

>

—

1=

e o le
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Table 1-2. Industrial applications of enzymes isolated from extremophiles

Representative
Extremophile Habitat Enzymes
applications

Thermophile High temperature  Amylases Glucose, fructose for sweeteners

Moderate Xylanases Paper bleaching

(45-65T)

Thermophi les Proteases Baking, brewing, detergents

(65-85T)

Hyperthermophiles DNA polymerases Genetic engineering

(<85T)

Psychrophile

Acidophile

Alkalophile

Halophile

Piezophile

Metalophile

Radiophile

Microaerophile

Low temperature

Low pH

High pH

High salt

concentration

High pressure

High metal

concentration

High radiation

Growth in
{21% 0,

Proteases

Dehydrogeneases

Amylases

Sul fur oxidation

Chalcopyrite concentrate

Cellulases

Whole microrganism

Whole microrganism

¥hole microrganism

Cheese maturation,
dairy production
Biosensors

Polymer degradation in detergents

Desul furization of coal

Valuable metals recovery
Polymer degradation in detergents

Ion exchange resin regenerant
disposal,

producing poly (v-glutamic and)
(PGA) and poly (B-hydroxy
-butyric acid) (PHB)

Formation of gels and starch

granules

Ore-bioleaching, bioremediation,

biomineralization

Bioremediation of radionuclide

contaminated sites

_30_



A A== 384 v E(halophiles)] F-Ax} A3
_%_

ol
= . i
3 #E 7hssdel S71E R Ak =3 E FH-EAof tist

& zshHx x Az
TE T8l WS M2 AMde] WA dley I 7 fet ¢3 W A

Zio] wtad =31 9lt} (Ventosa, et al., 1998).
18Hes 3848, 3848 B $35 A¥E 22 =23
o] AEL BRFFA F4E& vehd glon, njugte] FEZFUANNAN 1 F
31 Qlct (Norris, et al., 2000).

de]d PN AEY ¢+ JdE nBEEA I L 4t
dAezw Fgsla glony, Hlo]le HMNARZE AFREYE alkaline proteases®}
cellulase & Z& & & 4 Ur} (Horikoshi, 1999). #|Zojl S22 ctiito]
Hi S X718 udES 8714 34947i48 nlAE(anaerobic
alkalithermophiles)o|® o] 152 713 Zu|28 ERAL doubling timeo] Brl=
Aot} (Wiegel, 1998).

Hel Ty wlAEel Uy dFE el 8 2ARE 91 (operon)2] B
Qo] o] wWaoln glonf (Horikoshi, 1998), Tty ul4Ze] Ao
AL 7Hs4dol Al=% 3 Ut} (Abe and Horikoshi, 2001). & %% ZZ<o
i3t AL S50l Ut 343 JikelolA o3l 9lon (Nies, 1999),
bioremediationZ} biomining 2ol T AMZF YA EL] Aitdo] FLE gt}
(Klaus-Joerger et al., 2001).

Radiophiles(ZWrbs ulEE) e d77} ol I3t oA EL] thEZd F7/=A
gk 7jot, AtEE AEdA, W DNA &40 HAAE 2 £ & 5 oOjE
of 2| Eo] wol] AFE L Qlr} (Daly, 2000). Deinococcus radiodurans= 2|31
o] Wabs AFY BEAY Aoz oA oy, olygyt AL o] &3 s
H7lE A2 S A A7 JPHA Utk (Brim et al., 2000).

uAlge 2 3713 =24 BEEZ AsliAE 5T 44 FE2AHE AASA
213l superoxide dismutase (SOD), catalase, 18|3l peroxidase$®} & 313} &
42 Ex§7} Pasich Microaerophiles (m|27]4d n|AE)L olg g itz &4
7 BEsiA R, A2 TR B3 AlARle] Y2 it BRoME Y £
=5 Exsla gk ol gt thA] s AJARIY ExjE old FFo uAE
£ I uBEA it AYPEE Fodts 2eZ F9E gt} (Yamamoto et

al., 2000).

fot
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2. 3478 nld=

ool 71 Ze o T oelA 9= Mariana Trench Wujete] ka2 110
MPaol] o] Etl. A7 FEHY W FFol &2 UF3I BHolele Aoz &
233 Asl T n BBl disfde e Zol WAl odrh Hafe dwtzql
25+& 1-3Colulidd 3 3¢}, 22 BFE FFLE st A8 de7= ¥R
o2H 3¢ njPES 1-300C 229 0.1-110 MPa &3} 22 Y2 Hele 873
o &% Atx 9lE Zlo|t} (Abe and Koki, 2001).

‘Barophile’o]gl= & 7ZoBellZ} Johnsono] A& AMEslgon (o=
‘piezophile’) ZoBellZ} Moritat= Al3joilA Segt o] gEY ujekdol YA o]

HE Aol ZAE Halsigdch ™o HSH nAEY Hx Fele 19794
Yayanos ol 23] B IE gt} (Yahanos et al, 1979). o|F &3 o7 tioksgl 3
A AagE zta e W , ol 4FE

_E_ o, z1£A4 _'g_ol-}a n])\ﬂ%o] _Ee]g]?i
ey, §d3 5do] dAxEdct 124 T8 u gt
Fx AP0} Yrh wetAd u]EEo] Yol njA= G A AFE F2 F
712 75 A2 31U uBER 12 ZUE nBEE ol&A FHEHA
th of7lol &3he 2 & ulAEY AFEY 224 ¢S ¥ 1-34] YElCH

I ULd nBEES BEAGAAM &5t ol 8¥ + e 78S
7R AL 9,11:}. A E7FER A Fulgt MG HIATA] oI AFE HEE ALY
T+ olE e A ARSI Ut 2 2 U 52 ¢4¥YE ol + U

o|t} (Hayashi, 1996). 2| ﬁ7}% 3’4%*01]*1, oA YFo 29 thal= dof 2T
z2hgQl Aol ¥4, AE e ¥y, whude] wHAn 3 mE ALY A4 A
g ok Bx &Y + & Fojrt
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Table 1-3. Investigations of the effects of high-pressure on piezophile

microorganisms

Organisms

Optimal

growth conditions

Investigations

Psychrophilic piezophiles
Colwellia hadaliensis BNL-1
Moritella japonica DSK1
Moritella yayanosii DB21MT-5
Photobacterium profundum SS9

Photobacterium profundum DSJ4

Shewanel la benthica strains

Shewanel la violacea DSS12

Other unidentified strains

Thermophilic piezophiles
Methanococcus igneus

Methanococcus jannaschi i

Palaeococcus ferrophilus DMJ
Pyrococcus abyssi GES

Pyrococcus furiosus

Pyrococcus sp. ES4

Pyrococcus sp, GB-D
Thermococcus aggregans TY
Thermococcus barophilus MP
Thermococcus guymasensis TYS
Thermococcus peptonophilus 0Gl

Thermococcus sp. ES1

Thermosipho japonicus 1HB1
Thermotoga maritima

Thermus aguaticus
Mesophilic piezophiles

Desul fovibrio profundus 500-1

Pseudomonas sp. BT1

Pseudomonas sp. MS300

75-94 MPa at 2T
50 MPa at 15T
80 MPa at 10T
28 MPa at 2T

10 MPa at 10T
50-70 MPa at 10-15C

30 MPa at 8T
41-62 MPa at 3T

51 MPa at 90T

75 MPa at 86 - 90T,
51 MPa at 90T

30 MPa at 84T

20-40 MPa at 73-112T
45 MPa at 107.5T

45 MPa at 111T
20 MPa at 103TC
20 MPa at 75T
40 MPa at 85T
20 - 35 MPa at 85T
45 MPa at 90 - 95T
22 MPa at 91T,
22 MPa at 100TC
20 MPa at 73T
51 MPa at 95T
45 MPa at 100TC

15 MPa at 30TC
10 MPa at 30T,
20 MPa at 37T
60 MPa at 25T

Physiology

Physiology

Membrane lipids

Gene expression, membrane protein,
memebrane fatty acid

Physiology

" Physiology, gene expression membrane fatty

acid
Gene expression respiratory system

Physiology

Pressure stabilization of hydrogenase
Pressure stabilization of hydrogenase
Methanogenesis

Physiology

Protein synthesis

Pressure stabilization of GDH and

DNA polymerase

Pressure stabilization of DNA polymerases
Physiology

Physiology

Physiology

Physiology

Physiology

Physiology

Physiology

Pressure stabilization of GAPDH

Pressure stabilization of DNA polymerase

Sulfate reducing activity

Membrane fatty acid

Production of a-maltotetraohydrolase
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23 njBEAA Feliste 33 T4 (extremozyme)d] ©A A2 Thodt FA
of "Wegt YEZujAZ AME3l7] 93] o|Folx| ot E 1-4&= I3 FH A
ol AAU AT FAE JHA | o] FAA AU o] &3ty AYUF &
A5 Qo8 Zlolt}, olYPe FFol= esterases/lipases, glycosidases,
aldolases, nitrilases/amidases, phosphatases, racemases?} 3X{lxlo] Qic}
(Demirjian, et al., 2001).

A2 nBEL B o3 /I 2k BREAME 4FE F U Fekd
532 zt3n 9t} (Price, et al., 2000). AA5}s} yhge] 2% &AL H4
ohe E0% Folth olF ol Wgd LE7} TN 0T wolur
< &5& 30-80u A" 4 gl ol#3F B4 3 2x oEFQU Mg &=
g ZE3] 98], A4 nBES AN £ 5ol B4 £ M #
= dof thgt A4S JIA= R4S Ydsit (Low et al., 1973; Johnston et
al., 1975: Privalov et al., 1979). mWetH ol& R4 A2dM &2 Juf 2 &
& Ve A4S BolAgt dof Wty drh ol& nAEAdA fefsts Eas
30Col3te] 2xoA g &2 Sold I wlE EBAEE A3, BEIJT 2ok
2] A& Aol g JHsAde] &2 AL AAF L Ut} (Feller et al., 1996).

19841 Kobori Soll 3] LFH W3el uyBold duzd alkaline
phosphataseE #2|3}o] WHEI =F&, A2/ v]BE 3f = G40 £
2}Z EAo] HAH Aot} (Kobori et al., 1984). o] =FoA AHAlE= “X&
A7 gLl F 7 Fo AL AH20AY 5 5ol3 B, F2o4Y wE
B2 sy} (Kobori et al., 1984). g3, F2o]M2 wiE EF/93}
g UeE 3= AEL 7Ee BEITH AHEY + ke A& A2 ZLY
ol & 7FsA = spE 2 =stAT (Kobori et al., 1984).

2ol EALS UehlEe A2 A4S £ lipases® AH24 Aol o3 Batg

= o] EeiEIa, 1 EA w3t ZAE|e] it} (Feller et al., 1991: Feller

|y

X

—

et al., 1991; Arpigny et al., 1993: Arpigny et al., 1995). A 2/d lipases=

3CS) e LEME ANATM-EH WS Fuiste 2o e ok
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Table 1-4. Biocatalytically relevant extremozymes

Stability
Enzyme Organism Host/induction
/activity
Hyperthermophilic esterase
Pyrocoocus furiosus E. coli/heterologous Topt = 100TC
Thermophilic esterase (o pramoter)
Bacillus lincheniformis E coli Topt = 45T
Thermophilic esterase
Thermophilic esterase Bacillus acidocaldarius E. coli Active at 70C
Thermophilic lipase Archaeoglabus fulgidus E coli Active at 70T
Bacillus stearothermophilus E, c0li/IPTG Topt = 68C
Thermophilic lipase
Psychrophilic lipase Bacillus thermocatenulatus E. col iTH5a/pC18 Topt = 60-70TC
Maraxel 1a TA144 E coliAUG Topt = 35T
Psychrophilic lipase
Pseudogonas sp. Bll-1 E. coli /d)C118, IPTG Topt = 45T
Hyperthermophilic pullulanase
Thermococous aggregans E. coli Topt = 95T
Thermophilic pullulanase
Bacillus acidopullulyticus Bacillus acidopul lulyticus
Thermophilic and acidophilic
a-amylase Alicyclabacillus acidocaldarius E. coli Opt. Act.
Halophilic B-galactosidase at 75C, pH=3
Halophilic class | fructose  Haloferax alicantei Haloferax alicantei Act. only 4 M NaCl
aldolase Haloarcula vallismortis Halaarcula vallismortis Opt. activity
Hyperthermophilic at 2.5 M KC1
fructose aldolase (Type 11)  Thermus aquaticus Thermus aguaticus YT-1
Hyperthermophilic
fructose aldolase (Type 1)  Staphylococcus aureus Staphylococcus aureus Stable at 97°C for
Thermophilic 2-keto-3- 1.6 hr, Topt = 37C
deaxygluconate aldolase Sulfolabus solfataricus E coli JM109/pREC7
Psychrophilic protease nalidixic acid
Halophilic protease Bacillus TA3S Bacillus TA9 Low temp, opt.
Thermophilic nitrile Halabacterium halobium Halabacterium halabium Max act. at 4 M NaCl
hydratase-amidase Bacillus spp. Bacillus spp. opt. growth at 65°C
(vhole cell)
Thermophilic nitrile hydratase
Hyperthermophilic alcohol Bacillus pallidus Bacillus pallidus Thermostable( <557C)
dehydrogenase Pyrococcus furiosus Pyrococcus furiosus
Barophilic glutamte
dehydrogenase Pyrocoocus furiosus
Psychrophilic phosphatase
Psychrophilic alanineracemase Shewanella sp. E coli Low temp, opt.

.Bacillus ps:)dzmm_a:lm]ytials E colipYK3

Low temp. opt. (0C)
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1B P B g S ot -
(1) MAS (Detergents)

A AA ZAAR FEE 199590 39 el Zeg BaFEedx|gt 2005dd
O 357} 2ujo] o] ZAog JuEla Attt AA] FAA A 75%= sl
&7F pAEA 9o 1 F 90%7} u|AdEol s At FHaoltt m|AE
BAYH lipases?] 7hEd B4& ol&3l: 2% HUF EokE= AAFE
S 4 glch ol AAle 71B &2 FYE AEA AREEY, J13E& AZIAF o
= AgE3 gt LipaseE o] &okol]l 28317 Axpgh Z1& 19943 Winp3 9]
NOVO Co. oA Lipolase™& 28Atgt Zio] AZoltl o] A Fo] HF71E lipase:= F

for I

v x

ool el Thermomyces lanuginosusollX] -+2]¥t extracellular lipaseZ#] host #F
2 Aspergillus nigerZE ©]L£3lo] ZH3A ARE Aarxdct (Jaeger, et al.,
1994). 1 ¥|Z olo] Pseudomonas mendocinaoilA L} Lumafast™®} Pseudomonas
alcaligeneso) ] -S-23} Lipomax©] Genencor International (Jaeger and Reetz,
1998)ol o}sf AeiztElolth. el &R Novo Co. oA Lipolase™Ert A 2ojl 4
=4 Bajedo] 3¥AH LipolaseUltra™, LipoPrime™ oj@l= lipase MAF7} A
3lxlo] glom, AMAA MA FHA Procter & Gamblez} Unilever Co, oA o] A
Z L2 o]|83}3 Qth. Pseudomonas alcaligenes M-10A At zte|Ad lipase
(Gerritse, et al., 1998)¢} E3E SEH o n|ABE {3 lipases7} MAZE o]
2317] Agdt a42ta BHx o] et} (Bycroft and Byng, 1992).

(2) A 2-& vlo]eEZe|y ¥4 (New biopolymeric synthesis)

Polyphenol, polysaccharides, polyesters®} 2 Z3tA] (blopolymers)%:— Aot
gk cldgdzl BxlgE Helch d$o], o] HUESE AEIMNE 4 Jd3 JdY =}

deozie AEFA AR B 5 V] w2 o2 %%5}71 A 4

L3 olt}. Lipases®} esterasesi= mild reactiono|A] £ HolAd & A Ho|A
(stereo selectivity), x| Bo|d (regioselectivity), & Eolji]
(chemoselectivity)E& UEhHE o8& 7Fx|a Qo] Zeln] FEE 2 FujA=
de| o]853 glom (Gross, et al., 2001), AZ ¥Ho| AZE-F polyestersS
2e)3t7] ¢18] AF&El3 Qltl (Kim and Dordick, 2001), XA 0T thrlsAd vhg
71& 71x& B3 wonomers= 443 lipasesE o] &3t WL A4S BAH Znj
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gHos Zemj3t ® 4 vt Lipases® &2l librariesE Fufsts RHEE
diester £ diol monomers®} TlFZF Fofo]A] free combination, ®hg Atel, o]
248 Rolx 9t} 8|3 96 deep-well platesE ©]-&3t polyester libraries
Al wk e 2fzke] wRE3t AAHIBE JHedtAl M en, macromoleculesé]
transesterification, transacylation, lactones®} cyclic  carbonates?]

ring-opening polymerisation?] 7FsAx B 3X o] it} (Kim and Dordick, 2001).
(3) vlolerjA (Biodiesel)

455ty ofA] x| UE 49 violr]A (biodiesel)ole} F-2m, ofg 4
Bolq feitt 715 (rapeseed)& ©]-8-31o E3tdog AitHcrt ulojer)d AR
L Ad Yo sk AR duxgezd quxad EA71 glen,
ZAlof AR AREA] WY F s €09 42 sulfur oxide $& 1/32 44|
24 4 ot 223 Bgo] Fa, & AEMEE /A7) wiiol AR A7
7o §&4 B¢l A EAEHE My dEZE LY 5 gtk A
7}x132 et} (Korbitz, 1998).

ZAA oA violor] A2 9} vlasty izl 3w B wAT F
AHSE o Febstojof st VR FIMES st ZHAGol AUrks BIHE
olch 2002 u]=8 HHAFE AL = B20 (vlo]ov]d 20%et BE v|A
80%2 74E EYR)S IAFHLE FAF ¢ U X Yof 1505 A ojtE TF
sl712 Aokt Zlo] BRIt AEE ol 5YUL ZFFE 100% vio| T W{-E
TSt 333t don ZygAT 5% ulo| UIARE EUT FKE vy
stal glch AAMA Ak 19919 71E 111, 00080] E3}stg o} 1997d o=
1,286,00080 2 o} 119 F713tgdon 1998doll= ¢F 1,360, 000E0] Batsl Zo
2 B3t (o], 2000). A MAFLR 217FolA &ixa glon A&
TR ZFZE ARGY M4, FFRY 29704, 5u] 8704 Tela 71E} X9 470
& 5ol glrh ABAZEE Eoly] fls I dE B HALEREFE Hlole
t)dg ABabsis F3ol E dF £4R FE&3E At

A gollN B ZAAYE ulojer]de njZ F§ FAdA ANEY JIEE
o|-&3}o] EEHA uhyog A4t uloler|Ao] 4§ FxE| o Qlxjmt, spata WS
Zoja) RASt eI Fot WS o oUAlE RIFCH= BEL X3 k.
ol2|gt sty uhye] b & ZABI7] 93] lipasesE ©|-8%F T4AF Yo] &g
AstxpEo) ols) QFE 2 Qlt} (Iso et al., 2001). &, AEA 7]29] pethyl-

tlo Ho

e o

B
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&= short-chain alcohol ester22] AL {7]|RufjAtollA lipasesE o]&& A
3hH 9] transesterification BHg o2 Fuj¥E 4 oltl, 28y A Frg
A A FulAQd B4 2 JHFoE Aste] AHLEHA Bsia .
o] TAIE sMZ3}t7] AN A WL T4 Aalgo] JHed TL 2HFH
el s HPE 3 9l H#AH AFoA, IBHE  Pseudomonas
fluorescens lipaseE ©o]-£3}o] triglycerides®} alcohol®] transesterificationg
ARRS o, BT 1A BAE VA o|E3olx BHE 2 Wk} ¢yl
T A7 Raxo] gct (Iso et al., 2001).

.&9.—{0

E i

(4) FU3}etA|F (Fine chemicals)

oorE, FEYE 13 ¥ EHYEY YA dolA dHVt HE FT B4
ES BF S¥ACIAU = 71 HYEolth A MA ¥ & it 2000
doll HEo=2 1 X njIFeE dolich olaldt sletEY o= A #He
+&2A A7t YT ZRE TR BAEAl7] dEdd 4E EXY] R 4L
o} ultiol xojof gttt (Jaeger, et al., 2001). oA AA| oA 2gst=
FAE0] tEE R EE S o|dAAoqt Ay og wigiicks AL ongch
&, Z2 AN E Ze ok S o8 AAI ¥BA qEYE st WHe R o]
BAAE 54E g F-97) st 2 e Fe= JHedt dojtt
AE 75:1_ A ZolEAE 3dFE AdE F aryl propionic FFY FEo]
AAAE GENY 4A 548 @7 vehdie gEolch o] 4E] &Mn EY
ol A Ut X84 A4S tifE (S)-ol8dZ Ao &%t Fojtt (Shen, 1972).
HEE ke 4L 713 &5 o] 4 AA TS AFEAA Fodls Zo] 4

} o
Iz A583E 9 4 glen, d 4B + k. Iy oL 3%t

\'1
>

Ir

& 583

A whHez st Ffols FAY ol dZAI Z}E Sl AN F¥RE
ZElZ FHolglo] &4t o AAE ¥V FETL WM 5T oJEAAE A=
WAL 52 F&, ALY FF, E2 A IlE USEsjolit. gitzeoz
shfel= fEE Fol R, S o] dAAZL wvky Hogle ehdn] ERER 2 F
shuet FeElsiA AluEs o Ee] A4S vlasiRd, FelsoX oFe] gro]

1009 ol4e] ZHAAIZ Lhe g & 4 ik 2w o
ol ofelgol QIthe A€ & 4 Stk wehd Aokardely
rEel 27 728 YASHe Aol 28 Aol (Patel,

Ax 108]A 2A
Alnl S¥ES

}:l
2e)s
£ BAHoE £

SO l'
JO rlr

Of
-
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7Y BB YA Y HUBe Txol o AEZ Aol EAjrichy,
7122 B3t el ohuleh 4Al FhHQ lipases o€ s TWHYLE B
$ &3 J1Y BYBS ¢S 4 Ak TemE fe e vgs A

wof] ¢l lipasesZ7} YA ZufAE o]&H 4 9= 28 3rEo|r} (Liese et

A
+
2(_4’
Ny

o 7]% oE ’B"”]EE FEE dFoM 2u]
A 88E AE3Ia AT} (Richards et al., 1997). §7]Lujitold ZAE o] &
b Zetol A Yol 43 ez HEHd o (Klibanov, 1990), ¥4 F4 7h2
ol lipases7t YHUIgol YBE FTaeks o] Halw g

Candida cylindracea, Candida antarctica, Candida rugosa 1283 T}S Zo
A +ell8t lipases7} naproxen (Tsai and Wei, 1994), ibuprofen (Mustranta,
1992:Tsai et al., 1997), suprofen (Mertoli et al., 1996: Tsai and Huang,
1999)3} A2 ¥EF VEE A FEHIZAAE Ydsted ol&¥rh. =
Candida rugosa®t Mucor javanicusoll*] A41¥l lipasesoirls EZ Hajo] 73
ETl 4dA 9= flurbiprofeng A st= Aol R aEYr} (Bhandarkar and
Neau, 2000).

Bl BAAE LLE st UEAA PYPAZE B-lactanAE & 4 Yth o]
B-lactamA|F2] penem. (Panipenem, Sankyo Co.: Meropenem, Sumitomo Co.:
Fropenem, Suntory Co. ), carbabenem (Merck Co.) X2 M= 7] BT I
HHY UES ol 83IEE ol A7 #I3jA lipaseE o] &3 o] %4‘13}
C}. Pseudomonas AK lipaset= UAZH 7t5Ad-& 7123 9l epothilone A 4
g aste g FolM 1™ FUA 28 YAst=dl o]-8HT} (Zhu and Panek,
2001). Candida rugosa lipaset= ¥u|AE 3}3E<Q (S)- and (R)-elvirol3} o]&
o] #=A (S)-(+)- #F (R)-(-)-curcuphenol®] &4 F3|E Fujgicl of7)A
(R)-(-)- curcuphenol 8 Staphy]ococcus aureus®t Vibrio anguillarumol] th3a) 3}
uteglot #dE& Ho|A|gh, (S)-(+)-enantiomer:= gastric H/K-ATPaseZ U}EWIT}
32 B 3axo] Qlt} (Ono et al., 2001).
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(1}) Agrochemicals

Lipasest= W F3toliA 2 AHAd o|&¥ £ &= A2E AxAQY
enantiopure (S)-indanofang ®ZFH 0T AAkSl=d] o|-&Hr} (Tanaka et al.,

2002). 1 ol (S)-enantiomerfto] HZRAZH L P& Uehf7] wfFoln, o]

¥]51 glth. 4-hydroxyproline®] diastereomersi= B 71A] ‘s3atA|zle} ojoFE At
2l3t 23t TAILR 9YL 8t} (Jaeger and Thorsten, 2002).

(t}) Flavors

S Exe dadHEE 379 F8 748 H4EF sheld, ol F ufE
2 ¥ o] Yt} Lipased] Fujzhg oz §|AE:=
g7let BAH YU Fole= MY $2% HYEA (-)-menthol S YT H 7|7}
B wo] glth (-)-menthol2 peppermint 0il®] BF F rixloln], FLAU +
28  (+)-mentholo] Agatslzr gt 28y (-)-mentholZ} (-)-mentholester”}
(£)-menthol BT} © 2238 X & x#|3l2 Qlt}l. o]= (-)-mentholo] cooling=}
refreshing E}E 71X ¢l7] w&o|t}. Pseudomonas cepacia lipase (Lipase-
PS)E AREZ|AE o]8&3te] (+)-mentholS transesterificationdt ZAz}
(-)-menthol®] methacrylate esterZ& YA Fcle= BI171 Qlt) (Athawale, et al.,
2001). (E3t 3 Fto]dAA] - (-)-menthol esterd 2|3ty 93 wWiez
Burkholderia cepacia lipaseE ©|-£%t (%)-menthol?] transesterification TtA|7}
X3tx)o] glt} (Athawale et al., 2001). %|& AME<¢l menthyl methacrylate 16
sustained release perfune® ©|-§H 4 QUL E AL oT ZF3E 0|z} ¥4 A
L 7483t E o€ $2% - (-)-menthyl jasmonated 7| H2l|7} ¥
= Z7tofsiAlel (+)-(6S)-methyl 7-epicucurbated BT F 9= AR G4,
Lipase P (Amano)E o]|&3lo] HA SHSuojutg o Y 4 9t} (Kiyota et al.,
2001). X3t (z)-3-hexen-1-yl acetate: flavor esters BW2] tfFE ¢l 2ulE
71zx17] "B E3] HAL] tfato] E 3 2lth (Bourg-Garros, et al., 1998). o]
E AL Candida antarctica lipaseol] 23t #4373 PHutg oz MAMEE o] A
25|31 9t} (Bourg-Garros, et al., 1998). short-chain fatty acids®] isoamyl
esterst= A EZ YA AIIAE o] &= 582 aroma AdFo|tt. olE HEL ¥

doll ml BN AAH lipaseE o] &3te Ayt JAFHI Arh. I o2&,
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Pseudomonas pseudomallei strain 12Sm lipased ©o]-83}¢] isoamylactateZ $}AJ gt
Z (Kanwar and Goswami, 2002)2} Rhizomucor miehei} Mucor mieheiolA] *ZAFH
lipase® isoamyl alcoholz} butyric acid®] esterificationE Zunjsls

isoamylbutyrateE A¥Ad gt iji?]— 9t} (Krishna and Karanth, 2001).
(2}) Cosmetics

Lipasex tiZitE st A2F ol HEslrlo 7tzo] UF & AelolH]
o, Ago] BT oAHEE YWEske Aol lipaseZl o]-8E = Zo] ¢aA gl
T}. Unichem international Co. = A%, A-8l 38 bath oil 5 7L A2
A3AE o]-’FE = isopropyl myristate, isopropyl palmitate, 2-ethylhexylpalmitate

2 Axst=d, o]AH|E3}oll= Rhizomucor meiheiol X gt lipaseE 1% 3}s}

L E2 §Al downstream?] F|A3lel= o] gltim X dth. Wax
esters® $]2} FAISt 7jQU& A|Fol o|&E+E= EAR Candida cylindraceaol| A 23
AtE lipaseE o]23%F A RwHo| o]&E| 3 glt} (Croda Universal Co. ). A|&ZX}o

el AA] ZAtZiol sty W E 23 52 A2 AL
Aojut atctzre] ztole 2F AYEY FABRLLE B3 H 4+ k= 9gA
o|t}. I8} Rhizopus niveousollx] ABAFH lipaseE cellulose biomass Z]Zjtfe] =2
B LElZ wax ester Y WhFol HEAIA Fuf AEE U AIE EIFH
¢lt} (Chen and Wang, 1997).
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M2 & =de 7lsiig g

A 1A 2] e 9%

Al Aol Aabs @ AP WAX o s 1872-18761 Alolo] Al£H A
AR Tk 242 ARG A, AR 20 484 nlER
de AHCE, UAHOE Jea ERYHOE Bolsiy 15 Esl 249
43, £e 49, DE3 $e SE FRbo] FAE F0 B A8l o
th. ol ol e *‘3H°=‘<El°ﬂ ézﬁﬁ}h BB} *é‘%%ﬁ’ii S8l glof
2 e UEHL Qo] AAYLE Mol FEAEXY U AAXRIYY Hu
U AAEIISE AT A7 AW glon 02, YE 22 Y 5 UIF
77t 2=t itk

u]2e 1966W5E QNS 10709 AHE $Ustd AT et I7ts) ool

2 (NOAA:; National Ocean and Atmospheric Administration)ol F 5 38F= Sea Grant

¢

)

¥

College Program X Marine Biotechnology Program% C}%%t AZE T3 sfjok 3
7 BE 4 uAEEFEH FEUT FESHY Aol A AKFHA BAE 3}
Adeh 19773 Zeisias Ax FHE A I Fo| HejAE UAT o]
A s AFZ, A, ZE Y AefBH Lok oyt JdFI IFHLR
ojFolzion, A YA ERTH LdF & B S0 thE g3t Al=tE
ot 1996 0] siFAPIF4AA AFEl= 8307t Eoln, o|F o 400% Eo] &
Ful B @7E Eists ExgAc L AABRop] BUHATh HIolx A
253 |1 (Life in Extreme Environment: LExEn) T2I1WS =3 1)
u o] 3E2 Zefadd, 2) ST/ZU nAEY 2l 2 uidrle, 3) F
o] =2 % 9 "“Eﬂz" Tl A HEIIZE, 4) UABFAY} YR
47 5) 30 WA WA ABHEE TASIS el HUHo o
ﬁ 7} X% Folm, o|e} FYSl] 2000ll= oF 1,200% £2] Au|r} 2
dct. ZZ7HA] FEES o8 AduleAe, AEAER Y A e
3 MY, o7 A+ $F7e, oY I Jle & AEE Azon, HgA
BollME Alte] E3o] JPUER Ut v]F oUAG(DE)ol A= i vl
g 23 ojBE et Aol ciciFd F21E sta olew, x| A T X
g4 sl|oF u] BB (Methanococcus jannaschii, Archaeoglobus fulgidus, Thermotoga

maritima)®] | genome sequenceZ} olu] WHFon F£Al Fo nAAE AR

\

oY,
=

oy i
o

[

Mo 2 ox M o oh‘. o o



F& A3t Ak

1994‘6_01]—5— Diversa (www.diversa.com)2lil 3= ZIGAXFE L AB&u] s
A A7 dydEo] ciddt e ol nufgd ndES] FIELS
2] Pel2 RES gom, A u]PF 100 TF ool FFste +A
BH3 Zog 2FHI Q) o] #AA Ade=HE #8442 =
2%t &AM, direct-evolution 7], BEFAZMUIIYH 5L H{3512 9o
FAx dE @ FE Fobd] FEUs FHAIR Ae|ujsta drt

YE2 AFHLE SYa71YS UAleH 2T A ATEE AA S
th 2 20 od Fetole g FEREokl tidt BRI Rt vEE 5713
=71 =it sjdyEEsted 24 (MBL) 2t U337 & NH (JAMSTEC) E 4
= UARIYATE 7o AAVYOT ST Utk B3| JMSTECS 19904

_lé
)lti
i)
o

[0 oX &

109 5€ DEEPSTAR (Deep-Sea Environment Exploration Program Suboceanic
Terrene Animalcule Retrieval)gl= ZEE|o] AlFES o4t 2.4 dlo=w A]%}b‘}al
19910l 6.4 dog Fx} diito] FUlstolct. 7zt A&AE AEHES 18
309 ¢, ©FATHE A8 ABF 49 A e FASIA 200015 ax A
709 <l o]ite]l o]Exr). o] ofitels FARFHE W At P HAH v &2 X
A gkt & AFIR2 15}7‘“ d, 2etA 79, F 159208 x| 2vbA
gto] M3} Fojrt. IFL T3 R Jleiols ot} Zrl

o H

o Cultivation and morphology of deep-sea organisms
o Metabolism and physiology of deep-sea organisms
o Gene and protein of deep-sea organisms
o Support services
- Deep-Sea microorganisms collecting and cultivating systems (DMCCS)

- Management of Deep-Sea microorganism specimens

. }JsHZl- zél zLA%u@*}E] uJ Oog

Z2elo] A 19A A7 F Al TQ/EdAd nAE 2e 0wl
(DEEP BATH: Deep-sea Baro/Thermophiles Collecting and Cultivating System)&
st 24U A3 nFE AFE AN Y ML E 23 9loen, ol
MlEro 2 3% nlAE Belof wiole] g ATE +usl WS nAE 2& Tn
St Qich HelWer T A2 uleloht sl WAA sitely 18052 A%

=

Heslder, d4+28E 2394y u|BE F¢ 3luel Pyrococcus
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sp ol THRY FRE Bestel Meld At AAHT ok ARdel A 25tA)

Ae A7t Al AMBEZZA] HoEgen, 1) dsi#Fol iyt & ut
S, 2) ARl vt thabzkg W 2§73 A, Je3 3) MaAEL] A}
4 & J3¥ysta otk 53], 1995doE FUAHEAAE Flo]3rt MAlAN 713
ZL AYA A4(10,911 vlE) Y HAES A3l U2 u]BES B3/ 5}
gdch 53] 2zxtAolA = Id#eld u|ABEQ Bacillus halodurans C-1252] A
A @7IMEE iS5 ol& B3l e, Y, fAYH 5L ysln
Act. Ao FH A &S FTRFY FEWNSIE @ {2 AL S B

3 8= EEs AEHRE £33 Fol Qlrh
olglol = 19626 FE, xtrleale] ¢l9E, I drs Yoz MeE
AXR TRl soFHLA (ORI: Ocean Research Institute, University of

Tokyo)& “}-§°1 3H°o*°ﬂ g Jxd+E 5}%2'14. o] 04"_/,:2] BELENF

Zgs 5d, g T FEITEL ol EolAof o] Eolol ti3t FxE
Al Ztstgltt. o] &2 EU BIOTECH-ProgramS &HAlA TEA, 4bd, ey, 22
2 F2A7E dsl FHF7 3971y dArHe] HFAste 1WA A
(1994458 3 Az 8vt & F2}) ofF, 2 ©A(1997dFE 34zt 1,2009 £

£ 61 7] HPAo] Hojste] Atdstel] 2F & whxa glct. 2 3
g3z, Feld=At, A AYRL, O SR Ao Hostes A TF
dF 2 TI38el ODP (Ocean Drilling Project), Inter-Ridge Program % <& EU
F5HY ZTZ2 I3 (European AMORES, Marflux/ATJ Project)E E3 Als] @ g4
o] BRATE FBFoln, I3 uPEL KA 4 T RopoA ]I, &
TZ e47|4S BRI gtk ZahA 5o T A(IFREMER)E= 6,000 o 2 F4
A Nautile RH3tel #8 2715 VeldTolN 71 2H AT} o Fo)

=z glom ure I3l nPES ,Ei_vﬁ}:l__ glt}. Proteus (www.proteus. fr)+= 1998

oX
oy
lo,
A

Ol
o
o

FHold AUH R LT L PR 9T HE: WA WS 7YY BE
APYES G JULE AURLLALET, GAY, TSI 2

AHEE JWUSIAIR} HT functional screening A]AEL,
©o
=2
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A 2 A S Jleid 8%

AR Aol iy el A7 4F A3zt s £PE et ol
Fool A F AFA} HFARE dF-F APF e Fujjojd AAFA A3z
A2 TPY d3FHo] AY Q= Fuolrh TVFMPATUL 1994458 At
AFAE 42 efFGAN BTAY HAE A% A3 E £¥ Foln w3y
AL W xZol AAY 483 AF L olo] mE [RYY FrrATFl FFE
ot AlAdHAATE B3 FEHoE #3849 ey A7 F3pt o=, A
Al Tlgo] ol Bx FAHE] vt ¥ 4 glrh B A7 JBI[AY
o2 F3Y A, EH A7t JAYHTA dEHo2 PEYH A1t
FREdou, BEAYE 0§ & BE37] AN FEAU AF DA EA
st Rych e AEFY Zoko AMHE T3 dut Y d= HE Y
o]-§ 7l&2 HEFH glvka & 4 glch

A7 o (EgFl, FIHch) AFL(KIST, KRIBB)oIA FRnj & e
H, SAEEHR A7 9 dihlgS AESIEL glou BEF2 FelA 77t
e g Bgwel A7y e Jjart w2 Ui A FoEch it A

) =4
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Lale R = = ol§steo] XA, Z2¥H, BE
AFZ JYHI glon AP *‘—ET"S"O‘ W2 8] £8FBEE FAFFALE
7l H32 FEHA BHY ool

, A4, Bel, =, *"Eﬂt—f&l F5E& olFALeY 19779 Zelntas
A Fr2 AN 4T vaI %iﬂ% YA ol HIZol: FEI AE
Aoz BEE HHOE A7t AYHL ddrh. FHIole n]PE 9 ety
d AFE BT IWe wAAY HE U HFAFZI &S o8 Ao F
HE& Fol B4 &5l FZ4=x girh

AlggS Fdol WE ¢QU7] wiFel Asiatdol] chgt 22t FEE 23 9
Zhgto] I FAEE U3 FEY & ik 53 ol FEE Iz HE
T A AEE Y + 3 FAAYY QE’_E*OH E}E} AEA
I B3l < olch. d&, ulF, =k, ok} 22 o AFgte

B Az
AU 2EoT od, AT Aol B UF

—

o 2 1
>
% 4

a2
ol
[}

o
>
o
o
fz
o
:.JJI
2
o

o2 Zakart FEALS AYgd AHATE 9 2N we 927} Ay
AT HIolk o] AFHA EAZ 98 Xxspy] AAsigdon n2, =a
20 e e}RISo] Y3} 3 £ sl gl AFolth oj9}t B AL
gEos Uehis AW ATEE 19989 IPHE IAGLU s QB S
2}8}7) & AE] (JAMSTEC) o] F3to]l 222 gAstulolA AHEGom 200 oW
UFET F 50% o] o] YBo] FEHOT ATE =ROE shujrjz X iz}
¢} zkx]ol it} '

A AEALT BEES AT AR Jgse AR YL, VANE B
2l © wjrlE, fRA A3, 2 A s Sol gon, ) ¢
2o Zl&$+ES MAZel uls] o 40% FET 23D Q). JPBAL ot
2 SAREIAUS] HEALS B A AT FAUMAI|E, A2 IE,
IRRFL AEY & Yt A& So] fuHL FAAs& A== ojo} 3}
o, A7]Foln e ulgo] 29HEE EFAA AY sty ARHolof T},
SHFAElAL] BERL S YRl HECIPHS B‘EI"’ olg Mg eT B}
flgh =¥ AFoT AYHI glon, ol QANAE ZHE IFEHS
FARLE] AH 28U3 Aol HIREATL F 5 ok AR B M2

BAZIsE& a7shs AEA AL 2 AL A 470 BEAEE sjPBEA

.1

H
ol
64
-

o
o
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Z2FEH 88 FE W Jido] AEITAe] FAY Hxolm ol A
A Adele] AEARIE A48 BASa Adshs Zol A ALFd tgste 2

ojct.
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02t
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0f0

o
N
B

M 3 & A7
A 1A a7 TH

1. A8 A3
7h dE3e FF AFE BT AERFHR

2001, 2002 F xSl ARSI S A (JAMSTEC) YAHE Fstel 4
6,000 nlEle] YESHT, 4 3,000uEle] F3l (Y Frlol= A2l A3}
HHEe HusAct (Figure 3-1). HFE A Azlole B3 Asto] 65002
olgstdrt. ABAAE TRzl sy ANAES B3l FuskAth (Figure
3-2). 23" ARt WY 15 0l Flol 2R F u4E Fol Age FA A
Walgn, W ARE 0T RéSTh 14dE] Hug NAHNAE NEE
olgsld 24 uAE U AL AR RS 43

&
HE ARE ol8sld ATE T TMITEY TAIZ B L8],
U, qeEe 2% o 47 e B8 e

20029 YT ZBIL{AAA ‘MelEG B oG A AN AABH
tiagt Al HAE BE AEE HESIGE. 5Y AF49 Sonne 166 AFRE
e mFolwriy 9] Lihir 24 €& 44 1,500 n]¥ Edison 3j4kx] HofA]
TVZF AX| Grab 2[3#|7] (GTVA)E o]-§3lo] clam beds®] EHAE A|EE Edrt
(Figure 3-3, 3-4). o7|A R HYHAE A5t A2 oAE E A2 A

AN EL B FF& Selst=d ol -&sigict
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Figure 3-1. Stations of deep-sea sediments for this study.
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AR RRRE i
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Figure 3-3. Stations of deep-sea sediments for this study.
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Figure 3-4. Deep-sea clams bed of Edison Seamount and TV Grab

sampler during Sonne 166 Cruise,
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2. A3l A2 ndE £l

3y

7h 27178 uAdE

2714 AL nFEL Eesh] 9% viRZ ZoBell 2216e ¥Hujx] (peptone
0.5%, yeast extract 0.1%, FePOy 10 mg/ ¢, agar 1.5% in seawater/distilled
vater (3:1), pH 7.5)& AM&stelch WIFH 34 10 o]l 1 go] EHHE Ags &
Bt F FuhfRo] 100 LE EE3t] 4TolA ujgst ¥ P4 Fere Hejot

Mol et Aested L WAE ol§, WU ZFE Bt © uirkal Adf wherst
o ¢4 Esact. Feld nPEL 10% glycerol o] §3tel -70THA B}
ot

L @718 nAdE

5Y d3de Somne 166 ZFZE T3l HFHEH Edison A Fake] 2
(Calyptogena) 3 A He HAZ ARE A3 Aol FAl Brldwia] Yps
(Holden et al., 2001)7} 20 nl Eoj2l+= WoH serum vial (head space: N2/C02
Z3d7t2)ell HEF F T BYUA Sodium sulfide (5%, w/v, NaS)S ﬂ%— =T
0.05%% AHelst] 4TCE wjorsigict. 15-30YU7F 8o E FAl{ i E el = AY
Aol 228 F3o 22 A8 817 $isted -20T o RAstgc

(1) €7178 wi=|(Yps) ]

Serun vial #-& Hungate tubeol] & 1% (w/v)EE7l EA Y3 100ColA 30
v SREAE 3ol AA A HESi Eulsigirnl. ofrle] Mx R Fujg o
AR E 20 e EF31dch AAufx]& NaCl 19.6 g, NayS0s 3.3 g, KCl 0.5 g,
KBr 0.05 g, HsBO; 0.02 g, MgCls - 6H:0 8.8 g& 33 ZF<4 970 meo] =9 The
100x Trace element solution (CuSO-5H:0; 0.01 g, ZnSO; - 7H:0: 0.1 g, CoCl, -
6H:0: 0.005 g, MnClz - 4H0: 0.2 g, NasMoOs - 2H,0: 0.1 g, KBr: 0.05 g, KI: 0.05
g, HiB03:0.1 g, NaF:; 0.05 g, LiCl: 0.05 g, Ala(SO4)s: 0.05 g, NiCls - 6H;0: 0.01
g, VOSO4 - 2H.0: 0.005 g, HoW04: 0.005 g, NaySeOy: 0,005 g, SrCl - 6H.0 : 0,005
g, BaCly: 0.005 g per liter) 10 mf, 200x 1% CaCly - 2H0 5 mé, 100x N-P = 3}o¥
10 m¢, 500x Fe EDTA 2 wf,” 0.1% resazurin (1000x) 1 m¢E #7}sto] gtE9ic) o
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o+H o] X serum viale] AAIA]S 20 nt EFE tl2oj AATIAT ¥
718 Ael2 e F UEs #HdA] (5% NaS)E 0.1 mt A 2Ap7]2 Qo] o)
A4S A3 A AS

T}, Lipase A4t n]BE

Edison 3i#| E4t zlgollA HEL A HAE 0.3 g2 TF sl5 1 w3} 2
slo] HH gxpapdto A oiadt ¥, 1% hydrocarbonso] X% ZoBell 2216e ©f
Al wf=lo] PEtste] 10TolA 743t wigstgct. ikl S serial dilution 3}
100 (£E 1% tributyrino] ¥--H ZoBell 2216e plateo] T3t F o 2%o]A
vjjoksle] A 2A] lipases A4l #FE Adslgct HA¥™ FFE= 1% hydrocarbon
o] X3¥IH ZoBell 2216e plateE o|£3ld ¢4 Eelstart Ead njygdELe 1%
tributyrineo] X3 ZoBell 2216e ZHAu=jof] HF3le] clear zoned EHQldle £

T+ @5 AUstAch

3. 7% DNA &

Aol EHAHE AR 500 mg® Y2 F 0.1M phosphate bufferE& o]L3}o] &=
228 XTI FeYL AASIATE o] AlPHe]l 2xTENS £ (100 mM Tris
0), 40 mM Na;EDTA, 200 mM NaCl, 2% SDS) 1 mfo]] EHAE A RE BiA7|2
HFH glass bead (150~212/m, Sigma) 500 mgS Y= F 3&3t bead-beating
(BioSpec Products, Inc.: 3110BX, USA)E& AlA|slgcrt dalo] I3 3ol
12,000 x g oA 103 AHESL dFAe M2 FEA ATk T3
phenol : chloroform: isoamyl alcohol (25:24:1) €& YolFn HFHE oy
HolE ThE 15,000 x g oA 2027 WA 223t & Eelsigch A9 3
3l A2 FEHO Yol& ¥ 3M sodium acetate (pH 5.2) 0.1 volume 2} 100%
isopropanol 1 volumeS Y3l -20TollA] 2A] 7t o] A wix|d}o] A }ALE A4
Zich Zde] it E3 2 PVPP (Polyvinylpolypyrrolidone; Sigma Chem. Cp., St.
Louis, MO) microspin columng o]-&3}o] A=A, F 4=t (Lee et al., 1999)
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4, T-RFLP

16S rDNA ==& 93 27F%} 1522RES AM&3}g 3l 27F primer= 5 gt
phosphoramidite dyeQl 5-hexachlorfluorescein®® X X|H HEX-521FE A|2}s}od
A}&-3+THPE Applied Biosystems, USA).

PCR ¥+ & PCR Preps DNA Purification System (Promega Crop., USA)& o]&
slo] AAstgch. FAH PR AEL 5 wnitd 4 F7INEE A3k AdaL
(Hhal: GC’ GC)&} 1x restriction buffer 128]3L deionized water® & F-3| 50
AE 3te] 37TTE 4AIZ ¥hE ¥ T 2unite] ATELE Y31 24T o AR
T}, A3EA ¥HE F 0.1 volume?d] 3 M sodium acetate (pH 4.6)2}.2.5 volume?]
95% ethanol® HAAIZl ¥ 70% ethanolE A H sl oA W v A4d ¢
th #stA= (TRF; terminal restriction fragment)?] I7|E AFFE7IAEHA
(24l 377: Applied Biosystems Instrument, Foster City, CA, USA)E AR&3le] &
25| ZAstgch

ztz}be] wigt A ZhABof loading &9 (deionized formaimde:loading dye:DNA
standard = 20:2:1) 3 S 4lo]t}. DNA standard (ROX 2500:ABI)2] Zol= ztz}
37, 94, 109, 116, 172, 186, 222, 233, 238, 269, 286, 361,470, 490, 536, 827,
1,115, 1,181, 1,722, 2,008, 2,162, 2,465, 2,481, 2,860, 4,529, 5,099, 14,079
bpolTh. o ERAS & slo] F F BT 2 B Fuslo] WAAID B4 @
& slol ETh of Eye Z 2 ME 36 cn 4.5% FejolaYolutol= Aoj
loading 3}3l GS Run 36D-2400 &Aej 4A1Z AAAN ¥ HPEAZ ¥x] " 57
gttt HgrAme] ZA7|E GeneScan T2 (version 3.1)& ©]L&3tH local
southern method ¥}l © 2 green peak 80, red peak 50 o]4tel m| 3 o] AV|E ¥|x
st} AZgsteict

5. PCR & Cloning

L
2
S
=
fl
N
o
lo
ol
of¢

E AlBelA Y F2T ted LAFF4 16S rDNA
BRo z3dsiory. ¥ FF9 AL, erildH ddFtE 50 4 TE buffer
of HEAZ F -70TolA 28, 80ToAM 284 vh&E& 3% rIE3Sto] PR 52
z8 07 AMgstgct 16S rDNA F3=} FZojl&= 27F/1522R primer set2} Arch
21F/Arch 958R primer setZ o]&3}git}. PCR &7 1x Buffer (MgCly X3), 0.2
mM dNTPs, 5% DMSO, 0.1% BSA, primer 0.2 pM, Tag DNA polymerase (Takara Shuzo
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Co., LTD, Shinga, Japan) 0.5 U, Template ¢} 100-10 ngl % 3}¢it}. ¥hg Hm
50 wf RaFeg Wit ZEy] md 2400 (PE Applied Biosystems, Foster City, CA
94404, USA)L o]-&3}o] 95TollA 587F uhg I 94 TolA 18, 55TA 1&, 7
2COA 222 F 353] ¥HE ¥bgAlZl F 72ToA] 727 o vkg x|zttt PCR AHE
S 43171 98l 0.8% ol7t2= Hof PCR REZY 5 wE A7|YF(TAE H38,
100V/cm)ste], EtBr (0.5 mg/mé)oll 1023 fAsia 1587 &4 Al F w
Iluminator (Vilber Lourmat, Cedex, France)Z #&s}gich

A7)g=3to] EQI%E PCR 4HE-S PCR Preps DNA Purification System (Promega
Corp., St. Woods Hollow, Madison, USA)E o]&3t AASlscrt. FAH DNAS
pGEM-T Easy Vector (Promega Corp., USA)oj ligation 8t & E coli JM1090) A
AfAA B ABAE <l Z2e] Fd 3] H E coli MI099] Y Fhe
A=A F8 o7 3fto] T7/SP6 vector primerS 0]%6}01 900bp 7)) A o] vector

ol Exs=3]2] o5& FHdsiglch

N

. RFLP typing

e’ #FF 9 165 rDNA 22| 165 rDVA E71 P S AAs) A ¢ F

=& RFLP typing& §3lo] A¥3sloith PCR 9hgd 5 uo] 4871E Q4]
Tt A gtF A (Haelll: GG'CC) 0.2 UE YL, 10x S$E2LAS ] 48 Yol &
& £33 10 £E 3l 37TAA 2A1% 5t HHEAIZLL. ol& E43}17] $i3to] 2%
o}7}2Z MS (Boehinger Mannheim, GmbH, Germany) o A|3t& A Azl 10 LE
50 V/cmoll A 1A]ZF 3087 A7 85(0.5% TAE 33-8)3}3 EtBr(0.5 wg/mé)ol] 10
B7b @A), 1587 gasle] Al o sln 2 @AHE Holk FFEEE IE
& A5kt

(o e
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7. @714 8 2% % EAEF

HTEA ciPd EA(RFLP)E Fslo &5 2 Z8ol uiyt Felg AARsl3,
7} Feloll tiy i 35 9 FE 3l G71MEE &4, vzt @r1N4e
S BA35t7] ¢3le] ol €2 PCR 4HES PCR Preps DNA Purification System
(Promega Corp. )& o|&3te] AL HFF3= 50 L2 stsch. BAH PCR
AHEE o] H1Ee FHLOR o] &3ttt EIIMEEA O ol && primers E 3-10f
Ag)dtgdet. @7IME BML 817] $I%F PCR uhg2] Z A2 DNA sequencing kit
(PE Applied Biosystem)& o]-83}o] A|=RApe] WHtlE £33t whgo]
T 3z} FH4E 2E By 50 7t HEF wFo] 3 M sodium acetate (pH 4.6)
0.1 volumez} 95% O BN 2.5 volume H7}5}3 -20Tof 1027t wWx|3}le] DNAS
BAXNZTE o] F 70% ogh 500 E A3 AZ3IATE Loading €9 10 £
£ # 4lo] F3 95TolA 227 B3 AFIL FA A oA EZAAAch &4
2 2 G419 AARAX](ABI 3100 : Applied Biosystems Instrument, USA)E A}
£31951, 36 cm capillary 2 AJf ¥ 16S rINA F3A2Le] @7l dE& AFsiqdct

ZARZE IFY SSU RNA G7IMEE o8 /3= dolelyo]2el DDBJ
(www.ddbj.nig. ac. jp)oll A Similarity-Rank A& #433sladc}t. =3t d7Ad A
2 X2 773Ql PHYDIT (developed by Dr. J. S. Chun, version 3.2)& ©]|&3}o
pairwise alignmentd}3l Juke and Cantor distance method®} Neighbor-joining

algorithng ©|-&3lo AFT+E I3t
8. o+ 54

€ Ay "aE

=] =
US E3E= FF5 MEsto $33tsct
7}, &% 9 pH

AR 4A 2 SHL X HAHH FFE ZoBell 2216e brothE 10To)

A ujoksle] 660 nmollA] EFXT Fro] 0.0lo] HEE WIFSLE FAME T 5n09
ZoBell 2216e brotho]l ThA] HEsl3, 12417 PR o2 Hare ZAstct "I
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Table 3-1. Sequences of primers used in this study

Primer Specificity Sequence ( 5°-3') Site Reference

27F Bacteria 5'-AGA GTT TGA TCM TGG CTC AG-3° 8-27 Giovannoi, 1991

357F Bacteria 5'-GAC TCC TAC GGG AGG CWG CAG-3*  337-357 Amann et al., 1990
Stahl et al., 1989

802F Bacteria 5'-GGA TTA GAT ACC CTG GTA-3' 785-802 Lee et al., 1993
Yoese, 1987
1241F Bacteria 5'-ACA CAC GTG MTA CAA TGG-3* 1225-1241 Kato et al., 1997

518R Universal 5'-GTA TTA CCG CGG CTG CTG G-3° 534-518 Kato et al., 1997

1055R Bacteria 5'-CAC GAG CTG ACG ACA GCC AGT-3' 1074-1055 Lee et al., 1993
Woese, 1987

1088R Bacteria 5'-GCT CGT TGC GGG ACT TAA CC-3° 1171-1088 Lee et al., 1993
Woese, 1987

1522R Bacteria 5°-AAG GAG GTG ATC CAN CCR CA-3'  1541-1522 Giovannoi, 1991

F: Forward, R: Reverse

M=CA, W=AT, R=A:G N=ACGT
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2/ o] 3T ngter AR =E AASIch

& pHe] &AL 7ZoBell 2216e YAuiR] Az A] Z+ pHoll 3jwsl= bufferE
o] &3}l (22 %%, 20 mM: pH5~pHE: MES, pH6.5~pH7.0; PIPES, pH7.5~pH8.0:
HEPES, pH8.5~pH3: AMPSO [3-(1, 1 dimethyl-2 hydroxylethyl)- amino-2-hydroxy
propanesul fonic acid]) F}EIL 2% &F wo} oA E j"7] AZaL 0.018
QA BIA o] ATl 10ToA 527 vjakdt ¥ 660nmol N FREE ZAsd

ch.

otefo] oidt F¥S F3s17] #iste] 3YUZ Zobell 2216e AA|uiA]o A vt
FE (2 nt E3F)ol igdo]l 4 YAES Y2 F vt

g0l Bo7kA 4RS molFa oY e} &7l Yol e dHe=

0CollA 52t wiFstdct. 54 F v S Fsto] MERG WIS

AL AR E|F goll A syt Fab AAAn G APRBEE AT AR £

We 34, we, 4z 2wunge A% AZen AXU|ZES ISH-5410LY

(JEOL, Tokyo, Japan)& o]&3ladch 3 whAlMA 1% 0s0,E ol &3t 71E W

METH 22 O B2 SR i 00,8 ol8ROTH AZEAE Hasshrh

3t B AAMY AE AL WA|517] 93te] polycarbonate membrane filter
(pore size: 0.22 m)oll F&AA ©@E Y3t

ch AAE ARt 24

AAA Auat A siste] WA, FF w10 e 4Y EelP ok, A
22 PBS (pH 7.0)9%5 8902 28 AXsigch M¥Y AAES 1 we| FF4
Arleted WEAZ F 5 aee} iehe 3t 10 o] SEEESS sisted T o
1412} o4 ehddol WA BTt glass filterE ol &3te} $19] whgelg ofzhe}
g uvte3T} 2EREEZS) 2AUS A3 4T YAl 12425
sstgitl. BelY 222EEES st HA AB5E71E o83t SulE A
g ohe 1 o] 2EEETOE $XWL W4k ol¥A FEW WS 3=
zgow BanEel it Ayl Fdol FHAJL, ZETEE 30 ne3t obAl
= Ao WL £2AT The HEE 30 we ol§tel AXAL
gelsjoirt. 228 Ax "o WEEZEA (C19:0) 50 g F7kstel BuiE A7

Kt N o [ do m[m r_N,.
2
X
AUl
£
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ri"-’
I
[o]
K3
o,

T 0.5 o AALSE =ojA] 2t A5 E o]&313th 0.5 me Ao

X HkA A 2o 1.5% NaOH-MeOHE 0.5 m¢ HI7}3}o] 60ColA 2057 21 x]7]
1.5% HC1-MeOH 0.5 m€Z E7}8te] 60TCoA 2027 ¥ A|Zch ubgodo) 4t
w3 FFF 0.5 uts FUIsle 30 £ WA vl HAZS 3l APt £
A B2 o]&3lyrt. x|Wat B A E= GC (Hewlett-Packard GC 5890 series II)
o]- &3l VA3, Eel%E+= 8244 SPB-1 columnz} ZAdQl HP-20M column
L&Al 242t 200C et 210CE st FQIFet AEF &&= 250TCHT). =4t
2 Mo MEFA standard (Supelco Inc., USA)2} equivalent chain length (Atransky
et al., 1992)E& o|-&3}lo T3 l4r)

f lr
oE':, Ulo

2
%,
Z o~ M

i

2}, Lipase activity &%

Lipase activityi= 1% tribrutyrino] ZEFH ZoBell 2216e FHHuix|o] ¢4 &
2|8 A24 oy E2 A R n|RBE (deromonas sp. LPB#4)S A £33 £ A
el 2541 4T,10T, 25CollA] 7¢ 7 vjo¥slo] clear xone A QIO E lipase

9. A=A =Y /AN F&

3] EHEZFRE DNAG] F&2 Zhou (Zhou, et al., 1996)2] W& o]L314
t}. HA DNAS F&3517]¢l3] EFE A& 5go 0.1 M Na-phosphate buffer(pH
8 S Hrlste] ZR thE 4TolAM HUdEel (7,600 x g, 10 min)dted
AET I3l H4H FAEY FE8 U43LY 13.5 ni& FIBte] ZEM
71 T lysozyme 70 mgS B7I% F 37ColA 1A1ZF & wh-g3tgTt. wh-gdo

S 8 1.5m1& FIIst RALYHA EHTE F 60TCoA 122 7H5<t HH-gA]
Zch 3gdS A-2ojA 15657 UdEe] (2800xg)3te] A5H-E ¥ 43t o2, H
HEo F&& ¢38 4.5 nl3} 20% SIS & 0.5 nl HIste] HdEelsto] A
e FHeste A S 23 S AR E FHeH el FUdt
2] phenol:chloroform: iscamylalcohol (Phe:Chl:laa = 25:24:1)& 3A7}sle] %5}
gt IS dAdEel (12000rpm, A&, 15&)st] AFdwts 22 F 0.7
volume?] isopropanol& F7lste] ETE Thy AZolA 1A 25t WAlsch &
e ddEel (12000rpm, G2, 15&)3t] A5de AAY thE FF 70%
ethanol 2 M| H & F DNAE 37 FollA AxAZich



2274 AejAdA u|PE] tide] A A3 AT
APl ol IMFHFIL 4rtF 2
A eI e Al 7]|Ust=
1997). olo] B AFoME T3 ¥ dEA P H3MA HAE ol *ZHU}—
"Aﬂ-—nL A2 thdde B4l X mofg ez As) Ao it ol E

32} The3t gol dFE ¥t

%BH 1 JEgel B M EAEZEE A Y& FE3L AANIEF
2] 16S rDNA =mQl $Z2] primerE o] &3t} PCRE 4388ttt <F 900 bpe| 3
MNEF 165 rINAS ZE3 F, 165 rDNA SES Alon] AVELE o f3tel T
AT AW ChAd B£4E 93ttt (Figure 3-5, 3-6). 1% 3-5%= Agas
Hhal (GCG'C)eZ AelsldS Z¢ 2 A gold vehts det Agdw tigde
B3 Aztolct, #621 (L), #624 (F3)]) oA o 326 base (peak 1,
2)ollM T F3] 3 (main peak)7} UEIRLH, #626 (T8l HiHEFAY) A Ho
AL 326, 353, 201, 198 base (peak 3, 4, 5, 6)&] AVt FLvAZ ety
326 base A2 T Ay Awo] ¥A 1, 2, 32F A YA FEHoT A
g ZAog Hol 2 u|PE FHol A Ao EAF AUSS FBY + UL
ch. EZ #626 (T3] HAEERY) X GoM= #621 (YE3)olt #624 (F3))
M JHH=A| ¢ FHY tiE F ¥IAst Bl ol FFE I AR
29l Rsal (GT'AC)SE Helstel @& wWet =T A thdAd BAolNE vehd
3 9lt} (Figure 3-6). ¥ 3-60fl4 Hi= uig} o] #621 (LE23l7), #624 (5
af) ]Gl 262 base (peak 1, 2)2] ©d I} AHEYUD #626 (F3 At
F=x]o) R do| A= 262, 321, 247 base (peak 3, 4, 5) W7} T} o]
AL #626 (B8] HAHEEXA) xgo] #621 (FE3E), #624 (F3l) A|HHc} =

Z o oo 2AFF ol EXY 78S BFgrt

—~~
o}
o
=
o+
"3
i o
8
]
o+
[\
N
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Terminal restriction fragment length (bp)

40 80 120 160 200 240 280 320 J.‘!80 400 440 480 520 560
n 1 " N : A L

326bp (Arch621-4, Arch621-7, Arch621-11

/

#621

:A A :’l A

4G 07-#621-3rch-Hhg ! /

326bp (Arch624-1)

I JL

BB  5G:10-0624-arch-tiha t /

#624

353bp

{201bp (Arch626-12) 327bp (Arch626-4
{1980p (Arch626-1) 4 # 626
:k_ [ j

BB ¢G: 12-#826-arch-+na 1

Fluorescence Units

Figure 3-5. Profile of T-RFLP/Hhal analysis on the deep-sea
sediments (#621,#624, and #626).
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Terminal restriction fragment length (bp)

40 80 120 180 4200 - 240

260 520 360 400 440 480 520 660

—

-

— e roes

|

262bp (Arch621-4, Arch621-7, Arch621-11)

4
-
4
-
1
p

FIE %06:32-4521-atch-Asa §/

262bp (Arch624~-1)

EE v G:ses2s-arch-Rsd | 4

Fluorescence Units

y 247bp

] 262bp (Arch626-4) | /

| 1L

321bp

18 G §5-4626-arch-Aso | /

Figure 3-6. Profile of T-RFLP/Rsal

sediments (#621, #624 and #626).
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T-RFLP £4& B3te] 82 F8 n|3E ZAAPsta FAsHy] st aAFF2
165 rDNA EE& HEslo] 24sgnt. #621 (d&2si), #624 (B3l), #626 (53l
AEERY) 2 oA el JAFF 16S rDNA F3x} EF& 4HME HR3I}9
Tl ol& &Y RFLP s g A RAPSl 2 P& Hole SEL E71A44
23 digelqd AYAlZch 2 AGEE dE FE& dEste] oF 900 bp2] E71A4
de A3t 16S rDNAC] AT SARERHE YA E APsIATL o] &Y EAE
Fed X ZAFo UM 42y FIA dolEyo]AQ! DDBJE uv[XE RDP
(Ribosomal Database Project), NCBI (National Center for Biotechnology
Information) S3t 2L 7122 dolelslol 2ol A NE FAE ZNE $es}
dch AU A3 2t yped S WAHE RAEE 79.96~98. 7042 THISA
Uelsich, =31 JRALE NSt S of odE s Ut A3 AR L& ALt
3tod QA Hold T-RFLP Z3e] F 233 HUSIYT} (Table 3-2). E 3-20]A
B upel o] Fel¥ S ti¥E2 T-RFLP Z2}e} A3t UekAlt 489S
7IRle A& o F ok #621 (W), #624 (M)A FollA E2 S oA
oA g T o] I7]= 326 bpE T-RFLP E4jolA F2 Az ZAE HAd 37|}
dx|stol o, #626 (T3 IHHEFA )R ol L SEY o dUtATEA
A= T-RELP £4M Fa33Z H&EH 198 bp, 201 bp, 327 bpd] F7IE 71
£ A& FAstgict

zt Aol L ZE2EC tiste] 165 rDNA E7[A Gl ZAT EAEFIHE
#xle ¥ 3-79 Yepdddrh. 22 SFEES BT AHAER 28U
Crenarchaeaota 123} Euryarchaeota 152 W A& & 4 9o, #621 (¢
Bafr) Aged ¥ ZEQ Arch 621-4, Arch 621-7, Arch 621-11% MGI
(Marine Groupl)o &3t ZRE Eelstodrt Eelgt E2L5o] &3t=
Crenarchaeota 1§ A3 3|FBFNAM 71 WA A= Zlez oA
ol o (Fuhrman et al., 1992: Delong et al., 1994: Mcinerney et al., 1997),
RF thermophilesoll &3te §3& 7HAA gl EF JIAIRF 25 tE 52
o|&X= Euryarchaeota 1§ extreme halophiles, sulfur reducers, sulfate
reducers, theromphilic heterotrophs, methanogens 52 X¥3st:= w3 cleddt

HASS 713 FAMFHFE Z8st= Zez et (Bintrim et al., 1997).
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Table 3-2. Description of repersentative clone based on RFLP/Haelll

typing of the archaeal clones from the deep-sea
sediment (#621, #624, and #626)
. RFLP Repersentative T-RFs T-RFs T-RFs
Site . Clone no.
typing clone /Hha | /Rsa | /Haelll
! 9 Arch621-11 326 262 214
Il 2 Arch621-5 63 289 241
4621 H 2 Arch621-7 326 262 214
Y 1 Arch621-1 326 262 214
Vv 1 Arch621-4 326 262 214
vi 1 Arch621-8 355 291 237
| 9 Arch624-8 326 262 214
#624 I 2 Arhc624-1 326 262 71
i 2 Arch624-11 321 297 249
] 6 Arch626-4 327 609 70
] 1 Arch626-10 196 612 70
#626 Vil 4 Arch626-2 198 244 317
vill 2 Arch626-1 198 244 317
IX 2 Arch626-12 201 230 220
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Uncultured archaeon APA 4 0cm / AF119138
Arch 6214
Uncultured marinearchacon TS235C306 / AF052948
Uncultured crenarchaeote JSTB168 / AB015274
Arch 621-11
clone C6/ U71112 Mari
clone ODPB-A6 { AF121094 e GropI(MG 1)
pIVWA 101/ ABOI9722
LMA229/ U87519
ODPB-A3 / AF121093
pIVWA 3/ AB019731
pIVWA 5/ AB019728
Uncultured crenarchaeote/ AF201360
Arch 621-7

vIo3TVYILTUILD)

Uncultured aarchacon TAle6 / AF134389

Arch 626-4
env.MCA203 / ABO19737 )
Uncultured archaeon 2MT1 / AF015981 | Marine Group 1) (MG 1i1)

env.MC2A33 / AB019738

Arch 626-10
l——— clone KTK / A}133622
Uncultured archaeon / AY053472
e E—
Arch 626-1
WHARN / M88078
Arch 624-1
| { Thermopl idophilum! M38637
l———— Arch624-11
Arch 621-5
Arch 621-8
Arch 626-8

ARR2S / AI227938
Mcthanoh um frmici DSM 1312/ M36508
Methanobrevibacicr cur DSM 11111T/U62533
Mecthanosph / DSM 30917/ M59139

clone pMCA256 / AB019717

0.1

Figure 3-7. Phylogenetic tree based on 16S rDNA sequences of archaeal
clones from the deep-sea sediment (#621, 624, and #626).

vjodeydeling




2. g% A& nAdE

gl

Mz

7h. 27178 nldE

12pd ol dE3F, T3 Aol FRF HAF (#621, #624, #626)3 A
el ¥A1Y (Ayu Trough)ollM &2l 243 u|& 514F Folld AME c}E RFLP
typeg HolE 16dFol tisty BAERHE A 23 & skdch ol&2 A
Proteobacteria®] alpha 2} gamma subdivison, Cytophaga-Fleijacter—Bacteriodes
(CFB) groups, gram-positive bacteria 5 47]¢] AE¥3F a8 &3l= AL o
4+ Qg

a-Proteobacteriadl <3h= ZASZ ERt LT3, KMI2, KM232 Sulfitobacteria
o ulEZHE sfgAE E7IME FALETL o 97.15% ~ 99.10%% H|23 & H
ojdtt % 3-82 o|l5 Ee|dF a-Proteobacteria 15 U EAEHIA 23]
E BoF3 Qlr) B AoA FE 2e|E I Q= a-Proteobacteria= thA}E O

r

2 of$ tiorst okale woF 3 9o FA bacteriochlorophyll afd E§st=
phototrophic bacteriaS’—l- non phototrophic bacteria® F2% 4 9t} 2ed
229} 16S rDNA €744 vz &4 A &2 A& Bl Sulfitobacter sp.
3713 Ry F=E sulfided 43St JEE ste nBEE HaEa 9T
(Gonzalez et al. 1997).

o 56%0] | tdt= 9/2] FF7} v-Proteobacteria ol &3t= RS F L}EYICE
o] 158 nAdEEC] AAl uPEY ATHY AFAM XA|St= v|Fo] ¢ =
3 tiabs ER THE O3Fel &ste nldSETt TRt Abdof nFo] & w A3
M= uf-f chget nPEEC] &3t ASS Y 4 Uk EF o] 2 Fl

&3h= 99F B57} Halomonas sp., Pseudoalteromonas sp., Vibrio sp.,

rlr f‘:lJ r

—_

Shewanella sp. 2} cluster& o|F3 Q22 ¢ 4 Qlt} (Figure 3-9). E3] 2g
H LTI72 Aslfofja] 22|, Ri1¥ Shewanella sp. & 95%2] 16S rDNA @71 d FAF
E& Yehlz olgltt. Shewanella sp. = TIEAQ ASFFEAN A4 dFoly
A A B dY 2A2 27HAY B YAAME A AHE Holk
ot njAEL tfEFHQ o2 de{A 2qltt (Nuria Bozal et al., 2002). o] fjox=

Y-Protecbacteria 1-5of &3%l= tlE ¢4+ 2o #5<¢ KM2 ,KM4, LT5, LT6E 3j
oro|A] o] WAX I 9= Alteromonas sp., Pseudoal teromonas sp. &} AEstz o
2 uf$ Ftel AT U= RS & 4 drh 165 rDNA WM Pl AT A
5248 F3| KM4= Alteromonas macleodii®} 7V7}E clusterof ¥ F = 2L o
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_@leya guttiformis Ekho Lake-38 / Y16427
LT3

957
| 860 ~————— Uncultured Roseobacter 667-4 / AJ294354

707 Sulfitobacter mediterraneus / Y17387
1000 [Su{ﬁtobacter sp. EE-36 / AF007254
656 Sulfitobacter pontiacus / Y13155

721

Sulfitobacter brevis Ekho Lake-162 / Y 16425

___E———Sulﬁtobacter sp. GAI-37 / AF007260
Sulfitobacter sp. GAI-21 / AF007257

pe Vesitmentiferan symbiont TW-3AB042416

Marine bacterium SCRIPPS_101/ AF359537
KM23

Ruegeria algicola ATCC514407 / X78315

0.01

Figure 3-8. Phylogenetic tree based on 16S rDNA sequences of the

alpha subdivision members of the Proteobacteria (LT3,
KM12, and KM23).
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Alicromonas sp. NIBH PIM3/AB016268
Psychrophilic marinc bacicrium PS39/ AF200216

Altcromonas sp. MS23 / AF237977
Moritclla marina ATCC153817/X74709
KM2

LTé
Pscudoslieromonas ERT2M2 / AF155038

1000 Pscudoalicromonas ruthenica KMM290 / AF316890
Pscudoalteromonas denitrificans ATCC433377 / X82138

996Glacicclot:l sp. / AB049729
___EC— Arctic scawater bacterium R7215 7 AJ293820

930 KM4

Glaciecola pallidula ACAM6157 / U8S5854
Alteromonas macleodii 1AM 129207 / X82145

———— KM1
~L1000 .

Uncultured gamma proteobacterium BD1-9/AB015521
9:S'hcwanella baltica KT0246 / AF173966
Vibrio sp. 0S53 / AB038028
Shewanclia japonica KMM3299 / AF145921

1000

LT1?
%Shcwanclla baliica KT0246 / AF173966

Shewanclla putrefacicns LMG22687 / X81623
Shewanella frigidimarina NCIMB400 / Y 13699
Shewanella gelidimarina ACAMA456 / U85907
Shewancella sp. D1Mn 7/ AJ271657

95, Halomonas variabilis | U85873

1aon KM7

—— 4xs "~ Halomonas variabilis DSM3051 / AJ306893
Halomonas pacifica ¥ 1 L42616

1000 Halomonas salina F8-117 [ AJ295145

o1 KM9
To0u Halomonas marina DSM4741 / AJ306890

Halomonas sp. KMM3550 / AF316143
J'l'("“!.,TZ

Pscudomonas stuszeri KC / AF063219
Xanthomonas campestris | AF)159581

1 790

739

Figure 3-9. Phylogenetic tree based on 16S rDNA sequences of
the gamma subdivision members of the Proteobacteria

(LT2, LT5, LT6, LT17, KM1, KM2, KM4, KM7 and KM9).
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4= Qth. Alteromonas sp. = FZ FFol Wol Malsin T Feld s+=2 o
2{A At (Ivanova et al., 1998). ¥bHo| KM2, LT5, LT6 o|&}:= 22 Hol3
Pseudoalteromonas 1§ ol ME FABJ/AE 7R E AL U & 5 Q). &
3] Pseudoal teromonasdy> Alteromonas<oll YT = RO g X7|o] o]s]x] =]
23 Zeio SoA AMELR H(genus) 2B EJ31A =Qlcl. Pseudoal teromoans
sp. o F2 Feld2 oigd ALGB/TE G, AMYE =F, LYY FE)olA 3o}
£ 4 9t} (Gauthier et al. 1995).

2|3 Cytophaga 49°] X¥H CFB (Cyotophaga-Flexibacteria-Bacteriods) 1S
of = LT12} KM26°] <43} rHFigure 3-10),

KM212} KM22+= Planococcus, Arthrobacter <o) E¥Eo] ¢l gt ok
Gge] &sls 2 WASYT (Figure 3-11). KM21o] &3t 7o Uehd
Planococcus 4& low G+C mol%E XY= I 9G4 MFoly, KM227} &31= Ao
2 UEeld Arthrobacter 42 high G+C mol%E UL 8 oA xFo|t), oukd
o8 aztdd NFd ZFOAME high G+C molx @ UG HZFL e oyt
radiotolerant® &a# Qlt} (Kausar et al. 1997).

2xpdxof Edison 34tz gol ] HEF HAEE ZoBell 2216e 3Hdufx]ol
St} 10ColA wigstd A Tt F2UE Eact ol& Z7] HZ tfE g
of Mzl wel &Eel3til 10TolA 2~3Y ol AL = A4 +Fue
#HZ HHESIYHTh oA €& FFE ¥ 14FFolnd o|EL RFLP typingS 53l
ME ThE 5719 typed ¥4l Z type uith ti®E FFE 3 Ji2 AEsto] 16S
rDNA @71 8& Z33stgith(Table 3-3). PNPO042] 9= Al ALy F32 o
&2 Shewanella gelidimarina ACAM4563} 16S rDNA €7]M Q48] §ALE 7} 99%= uj
$ &A uYelgieu} PNPO01, PNP002, PNP005-12 uba o g Eoroji} ztad®t7 o
dg] ¥ X3}= Pseudomonas sp. &} 16S rDNA E714Qd §AIS7} 99% ~ 100%E L}E}
gt FuEE A2 AaALE 5 G7IAYE AR A4 JEld 22 73
2] AS lipase activityE U™ = ¢ ¥R, Pseudomonas sp. $t GAFE7}

= 2o 59 F$E 52 lipased] o] Lielylt}.

(L
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Psychroserpens burtonensis T/ U62913

Cytophaga sp. JTB244 / AB015262

Uncultured cytophagales bacterium / AF354619

LT
Marine bacterium SCRIPPS_413 / AF359548

Oytophaga maringflava ATCC193626/ M58770

700

Flavobacterium salegens DSM5424T / M92279

KM26

Sphingobacterium spiritivorum ATCC338617 / M58778
0.1

Figure 3-10. Phylogenetic tree based on 16S rDNA sequences of the
Cytophaga-Flexibacter-Bacteriodes phylum members (LTl
and KM26).
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Arthrobacter sp. MB90 / U85893

KM22

Arthrobacter protophormiae DSM201687/ X80745

Arthrobacter creatinolyticus T / D88211

& Arthrobacter nicotianae SB42 / A1315492
Arthrobacter nicotianae DSM 201237/ X80739

l_ Arthrobacter uratoxydans DSM20647T / X83410
~— Arthrobacter sulfureus DSM201677/ X83409
Planomicrobium okeanokoites IFO12536T / D55729
674 KM21
Planococcus memeekinii ATCC700539T / AF041791
Planococcus kocurii NCIMB629 / X62173
1000 Planococcus citreus NCIMB 14937 / X62172

Planomicrobium koreense JGO7 / AF144750
676
Blackwater bioreactor bacterium BW21 / AF394173

Atopobium minutum NCFB2751 / X67148

0.1

Figure 3-11. Phylogenetic tree based on 16S rDNA sequences of the
gram-positive bacteria members (KM21 and KM22).
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Table 3-3. Analysis of 16S rDNA sequences for the psychrophilic

strains from the deep-sea sediment (Edison Seamount)

Similarity

Strain Nearest Phylogenetic Neighbor (%)

PNP001 Swine manure bacterim (AV167969) 99,078

PNPQ0O2 Unidentified gamma proteobacterium (AB015557) 99,745

PNP004 Psychrobacter fozii IMG21280 (AJ312213) 98. 420
PNPQ05-1  Pseudomonas sp. 16S rDNA (AB013843) 99,623
PNP005-2  Shewanella gelidimarina ACAM456 (U85907) 99, 377
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U874 e

Aol E&r AL Y EH & FIF4LE o] &3l vlojonjaz AR
A7le H3YE YA Sl EXists Ao=E odeA gt Fipeirt P )
ol BAY £t N AL njAE BaE A=stdct. ¥r14 A YPS
ajxlof] HAES FFolo] 4TolA g, AN 22 714 wiAE o]
|3t AchuidE st Fabe AjujdE 3t & 2™ U148 A2

o] JES NBOOIoj2} BW3tal 165 rDNA @riMEE AXsidch. #4 A
Fusobacteria <ujoll V712l E7F71 BH3HA =HA 42 IF Ul &3k A&
Ay 4 2t (Figure 3-12).

o] 182 tl¥EZH T C(Clostridium rectum, Fusobacteria bacterium Ko711,
Propionigenium maris®} uncultured Fusobacteria bacteriumo] E¥Elo] Qlom o]
Z NBOO1©] Z|Zof d4F-olA Ee|xo] AA7ztx] WREI} HR] ¢& Fusobacteria
bacterium Ko711, uncultured Fusobactera bacterium} 16S rDNA @7]1AQd AtEA
o] 99.82, 99.28%% < HE4& Z+E ZLoE ZAFHAh EE ATHE F4&
E3)] gtEolz AlE XA X NB00l©] Fusobacteria bacterium Ko711, uncultured
Fusobactera bacterium®} dL}2] 18T Bol= Zlog Folxgc) o|g} @2
16S rINAG 7MY 4583 AT £4Z224E EdE /¥ NBoOlo] 82 &

A A7t BEH3A EHoAUs WU Fusobacteria 1F ol AE2L FTUS FFHY “r':
glgon AFUE T ddsiMe iy EFYHE Bl o "W E4&
F¥sfjor & Zlojr}
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llyobacter tartaricus DSM 2382 T /A1307892

Ilyobacter polytropus DSM 2926 T /AJ307981

Ilyobacter insuetus DSM 6831 T /AJ307980

[Propionigenium maris 10succl /X84049

Propionigenium maris ML-1 /Y16800

tF usobacteria bacterium Ko711 /AF550592

NB001

uncultured Fusobacteria bacterium /AJ441229

Fusobacterium equinum horse /AJ295750

' Clostridium rectum NCIMB 10651 /X77850
0.0}

Figure 3-12. Phylogenetic tree based on 16S rDNA sequences of

an anaerobic isolate (NB0O1).
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tl. Lipase A4t n] R E

Edison si4tz|de] A3l EHHEZFH <4 2e¥ AZEEL i 3=
70FFg o, Eeld FF FollA RFLP/Haelll typing& E3lo A E tl2 yjuig
Holx= 8718 FFE AEsldrh. ol& F52| 165 rINA E7INES AA3t &

BE80l B2 474 4F4S E 3-49 Uehyich
8|3 o]E £ SL013, SL025, SL027, SL0352] AEE=E vlepd Zlol a7 3-13
olth. 18] 47} FF (SL013, SL025, SLO27, SLO35): Hyphomicrobium sp.
Ddeep-1, Hyphomicrobium indicum MBIC31572} 16S rDNA &7A4g ArxAo]
99.0-99.5%% uf-¢ &2 ZoT UL EZ AFTHF EHS F3j w50
AL E 471R] FF7} t}E t|2FF4= e] Hyphomicrobium sp. Ddeep-1,
Hyphomicrobium indicum MBIC3157 thZdF& 3o 01508 Bolk o7 Hd
At} (Figure 3-13). o|& tUtiRIFF £ Hyphomicrobium indicum MBIC3157S
Hyphomicrobium® 2= el 2733 9 X7} Photobacteriumész} AS3H o2 o
 WHY WA Q& Aos Fasigon od s A2y WYyl
Photobacteriunz} nf-$- HSU% Aoz de]AHt} (Johson and Weisrock, 1969).
&L Radjasa & (2001)o] 2J3l 2ol M3lE)| Y Z oA Ee|¥ Hyphomicrobium
sp. Ddeep-1 thZaFof tisjr = Photobacteriumz} AEA ST u]d A3 A
AZ=ollct. o]8} o] PhotobacteriumE A EHOE Vibriodt vf-$ A3
BAE o|F 3 QO Vibrionaceae ol F4=Eo] Qz]gt (Ruimy et al., 1994)
Hyphomicrobium sp. Ddeep-1, Hyphomicrobium indicum MBIC3157-& o}Rizlx|& =%
A SR A7 AB" AL oplth et E2H Uhx] IR A R
7t BEsHA HoUA] WU Vibrionaceaezt o T o] ZFUHLA7 AR
2] ¢+L Hyphomicrobium sp. Ddeep-1, Hyphomicrobium indicum MBIC31573} uj-$ &
< d71ME A58 % ol Y ZFE BAE JREE FeH R #F
7} Photobacterium& o] T lipaseE PFAlst= A2 2UL 5A517])2)80

ME W g ThhE 2RPe ol8ste 248 4usjol ¥ o)
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Table 3-4. Analysis for 16S rDNA sequences of the lipase producing

strains from the deep-sea sediment (Edison Seamount)

Strain Nearest Phylogenetic Neighbor Similarity (%)
SL12 Psychrobacter glacialis strain DD43 99
SL13 Hyphomicrobium sp. Ddeep-1 98
SL17 Marine psychrotrophic bacterium MstK25 98
SL22 Psychrobacter glacialis 100
SL25 Hyphomicrobium indicum MBIC3157 98
SL27 Vibrio sp. strain NIBH P2K5 : 96
SL29 Marine psychrotrophic bacterium MstK25 99
SL35 Hyphomicrobium sp. Ddeep-1 98
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SL025
SLO013
SL035
Hyphomicrobium sp. Ddeep-1 /AB055793
SL027
Hyphomicrobium indicum MBIC3157 /AB016982
Photobacterium sp. HAR72 /AB038032
Photobacterium phosphoreum ATCC 110407 /D25310
Photobacterium angustum ATCC 259157 /D25307
Vibrio salmonicida ATCC 438397 /X70643
Vibrio logei ATCC 15382 /X74708
Vibrio wodanis NVI 88/4417 /AJ132227
Vibrio fischeri ATCC 7747 /X74702

| Aeromonas salmonicida subsp. salmonicida NCIMB 11027 /X60405
L deromonas salmonicida subsp. achromogenes NCIMB 11107 /X60407

I Shewanella putrefaciens LMG 2268 /X81623
Shewanella baltica NCTC 107357 /AJ000214

Escherichia coli ATCC 117757 /X80725

—

0.01
Figure 3-13. Phylogenetic tree based on 16S rDNA sequences of the
lipase-producing strains (SLO13, SL025,SL027,and SL035)

from the deep-sea sediment (Edison Seamount).
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3. 2™ A EY EA4E
7l &5 9 pH

Agd nFEL dutdos 20T ol3te] =oA FAdAA FSE Roj= F
T2 oo gt £ dFdAME AR nAES dYF ez Fe3y] sl
4T 10CAAM Fel3gE w334l 1AdE 7] Y tEFF 167 #+F&
o 23y Jyers &3 4—% E 3-50] Uehlglch ZAxfoA BE u}
o} o), 2™ A4 FF F 5735 KM7, LT3, LT5, LT6, LT17%to] AA =
4 uBELUS HA alzit} 53] A8l 31f FFQ Shewanella sp. 2t @7
Ad FAIZ7E 7H8 B UY LTI72 15ColA Hol 43S BTl (Figure 3-14).

Lh Alaze] Fefoll thdt ¢hge] 4

AYPAA HalulBEA Shewanella &ofl EUHE FF LTI70] tfdie] ¢e

Qurg FARAYUDZ AN BASIUTL YWHOE Shevanella & ul BB ¥
Geid S4e A% ZAAAE 229 Helelda st ztel doldel e ol

el M7t ZAA filamentous FEfE UERdT}. LTI7 GA] thr] (0. 1MPa) ol A
ujedgt ME RS d FeldS #d ¥ 4 dch(Figure 3-15, A). Iy

50MPag] ¢&-& FAE wE LTI7TY REYo] RF Folx ZH4¥el= A dr)
(Figure 3-15, B).

W HE AEE FHEEQ AxA AW ulgEuit) Solgt =24e sAZ
gom 1 24 ulg oA nAZultt 27| Th2Rg n4E 53 A dxF Ay
2 24 2ol 223t ol 8H T gtk UMM ALy nMES Az 74
AW A utat Fof BEH Alato] AAsHe ulFo] Er}. MEute] B3t x4
o] W HIEE XA ot WF ALoME MET FANES fA Y £
g Aoz Holx: gtk Usjold B, B3 ¥ HegoldM Ty
ESold 3BOT WA Y £ Uk B Fol shizt AT AxA Ayt =
B Zolq BE3} xubate] uFo| RTH= ARolH o 4+ So] AET 24

o Zs} x| ate] v|ZL nlgEe] Aol Tigt W oz

X
m
X
of

™
ol
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Table 3-5. Growth temperature of the isolated psychrophilic strains

from the deep-sea sediments (Ayu Trough and JAMSTEC)

Strain 5T 10T 25T 35T
KM 1 - + +44 +
KM 2 - ,+ + -
KM 4 - - - -
KM 7 - ; - -
KM 9 - ‘e ++4 +
KM 12 - + ' -
KM 21 - ; ; -
KM 22 - ++ P -
KM 23 - ‘ . -
KM 26 - - ‘ :
LT 1 - ++ + -
LT 2 - + - -
LT3 - . - -
LT 5 - + - -
LT 6 - - - -
LT 17 : +4s - -
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15 /
05 05 /
— ! ! | ravowesc | L F oot |
0 oLn ‘4:_. : -

5.C 15°C 25.C 35°C Ohr 12hr 24hr v T3
Al 2Zb —+1C —&-3C

ODesso

Figure 3-14. Determination of optimum growth temperature for strain

LT 17.
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A. Atmospheric B. High barometric
pressure (0.1 Mpa) pressure (50 MPa)

Figure 3-15. Effect of high barometric pressure (50 MPa) on the
strain LT17.
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v =20 € F gt} olo] & AN LT174]
I A At 243& RAlSte 7|Eol B THE Shewanella sp. &4 ¢!
Wit 243 viagich £ 3-69] AE BY, FE¥ #F L1179 AxA
At 4E Foll EXIAYAIQI palmitoleic acid (16:107)7F AA] A=A =%
At AR o 20%2 xIR|FIe AL HAY 4 olrt. 7|E9] R 1H Shewanella sp.
ZME H2AHY IYHE BF A S frigidimarina?t S, gelidimarina®] 7
£ palmitoleic acid (16:107)8] H|Fo] 37%0llA WAE 55%7Hx] Uehhes RA&
2 4 olc). whHof Shewanella sp. FollA $2732 S algadl 73-¢£ o] 8xX3%]
wito] AEEA UGS ¢ 4 otk Tel: LTI7el AN AP Edel =
s} Zn| 28 A Flexibacter, Vibrio, Shewanella 42} Z+2 s|YAQ n|BE
oJA] AHZtH o7 AAETI ‘?a}a]’ﬂ eicosapentaenoic acid (20:503: EPA)7} T}E
Shewanella < 3] T FFolN AEHE e ¥l =Hgrhe ot

2}. Lipase activity

Halg7 el SAU A2gol HE w5o] A2 BEE = FERLY
Aug ¢lsl AdAes 8ol 2 ANALMNELE FHREELE A3
th ol £ AFoME SFuPYS Bilo] HLolx Ao f43 AR
A Mat FFE Eeslgdct. el 1% tributyrin plate 2 E 4T, 10T 25T
wjdrloll A vigstEA 2ol thyt 5443} lipase 34h
SL25, SL27, SL35@F7F A28 FFoln lipase BAUAEE &2 & HUY + 3

or
fllo
e
od
o
i1%)
i}
£
%

Art (Figure 3-16). EZF tiake] FFoll tigt lipase 1S AN3P7] 2l8l PNPP
(p-nitrophenylpalmitate)& ©]-£3%} microplate ¥4 T34l

4. A3 fAA AR BR

chobt xlode] A RE BRY HAB §AA NS LYo BN
o3 DNA 22 W 224 7142 FUstdrh Hal HHEZEE DME 33l
23 kbpol4te] DNAS ATl 32 DNAL fosmidE o] &3l S elolmaizl g

F&313 Qlth
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Table 3-6. Comparison of fatty acid composition of LT17 and Shewanella

species
% composition
Strain

14:0 16:0 i13:0 i15:0 16:107 20:503

LT17 7.11 17.19 12.54 9.92 19.57 11.27

S. frigidimarina ~ 2.7-4.1 4.5-16.9 3.1-83 5.6-10.7 37.6-55.1 1.7-6.8
8. gelidimarina 3844  64-11.1 54-158 83-11.6 274-370 11.7-16.0
S'. benthica 11.0-119 10.6-11.6 2.8-89 44-62 24.0-439 15.8-18.5
S . hanedai 7.6-10.1 12.2-15.0 5.1-7.7 7.9-82 25.0-33.1 19.2-222

25.2-314 -

S . putrefaciens 1.5-5.9. 279-31.0 1.0-3.6 8.8-242

S. alga 0.7 13.3 0.5 17.8
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25C

Figure 3-16. Lipolytic activity of the lipase-producing psychrophilic

strains from the deep-sea sediment (Edison Seamount).
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Figure 3-16. Lipolytic activity of the lipase-producing psychrophilic

strains from the deep-sea sediment (Edison Seamount).
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Appendix 1. The 16S rRNA sequences of isolated strains from this study

0001
0061
0121
0181
0241
0301
0361
0421
0481
0541
0601
0661
0721
0781
0841
0901
0961
1201
1261
1321
1381
1441
1501
1561
1621
1681

UGCUCAGAUU
GCUUCUCUUG
AUAACGUUCG
UCGGGCCUUG
CACCAAGGCG
ACGGUCCAGA
AUCCAGCCAU
GGARGGGCAG
AACUCUGUGC
CGUAAAGCGC
GAACUGCAUU
GCGGUGAAAU
UACUGACACU
CACGCCGUAA
GCAUUAAGUU
GGGCCCGCAC
GGCCUUGACA
GGUGCUGCAU
CGCAACCCUU
GACAAACCGG
CACACGUGCU
CAARACCGAU
AGUAAUCGCG
UCACACCAUG
CCACGGUGUG
GUGGAUCACC

GARCGCUGGC GGCAGGCCUA CCAUGCAAGU

AGAGCGGCGG
GAAACGGACG
CGCUAUCAGA
ACGAUCCGUA
CUCCUACGGG
GCCGCGUGUG
UARAUUAAUA
CAGCAGCCGC
GCGUAGGUGG
CAARACUGAC
GCGUAGAUAU
GAGGUGCGAU
ACGAUGUCAC
GACCGCCUGG
ARGCGGUGGA
UCCAAUGAAC
GGCUGUCGUC
GUCCUUAGUU
AGGARGGUGG
ACAAUGGUCG
CGUAGUCCGG
ARUCAGAAUG
GGAGUGGGUU
AUUCAUGACU
UCCUUA

ACGGGUGAGU
CUAAUACCGC
UGAGCCUAGG
ACUGGUCUGA
AGGCAGCAGU
UGAAGAAGGU
CUUUGCUGUU
GGUARUACAG
UUAGUUAAGU
UGACUAGAGU
AGGAAGGAAC
AAGCGUGGGG
UAGCCGUUGG
GGAGUACGGC
GCAUGUGGUU

AAUGCCUAGG
AUACGUCCUA
UCGGAUUAGC
GAGGAUGAUC
GGGGAAUAUU
CUUCGGAUUG
UUGACGUUAC
AGGGUGCAAG
UGGAUGUGAA
AUGGUAGAGG
ACCAGUGGCG
AGCAAACAGG
GAGCCUUGAG
CGCAAGGUUA
UAAUUCGAAG

CGAGCGGUAG AGAGAAGCUU
AAUCUGCCUG GUAGUGGGGG
CGGGAGAAAG CAGGGGACCU
UAGUUGGUGG GGUAAUGGCU
AGUCACACUG GARCUGAGAC
GGACAAUGGG CGAAAGCCUG
UAAAGCACUU UAAGUUGGGA
CGACAGAAUA AGCACCGGCU
CGUUAAUCGG AAUUACUGGG
AAUCCCCGGG CUCAACCUGG
GUGGUGGAAU UUCCUGUGUA
AAGGCGACCA CCUGGACUGA
AUUAGACUAC CCUGGUAGUC
CUCUUAGUGG CGCAGCUAAC
AAACUCAAAU GAAUUGACGG
CAACGCGAAG AACCUUACCA

UUUCUAGAGA UAGAUUGGUG CCUUCGGGAA CAUUGAGACA

AGCUCGUGUC
ACCAGCACGU
GGAUGACGUC
GUACAGAGGG
AUCGCAGUCU
UCGCGGUGAA
GCACCAGAAG
GGGGUGAAGU

16S rRNA sequence of PNP0OO1

- 117 -

GUGAGAUGUU
AAUGGUGGGC
AAGUCAUCAU
UUGCCAAGCC
GCAACUCGAC
UACGUUCCCG
UAGCUAGUCU
CGUAACAAGG

GGGUUAAGUC CCGUAACGAG
ACUCUAAGGA GACUGCCGGU
GGCCCUUACG GCCUGGGCUA
GCGAGGUGGA GCUAAUCCCA
UGCGUGAAGU CGGAAUCGCU
GGCCUUGUAC ACACCGCCCG
AACCUUCGGG AGGACGGUUA
UAGCCGUAGG GGAACCUGCG



0001
0061
0121
0181
0241
0301
0361
0421
0481
0541
0601
0661
0721
0781

AGAGUUUGAC
GUAGAGAGAA
CCUGGUAGUG
AARGCAGGGG
GUGAGGUARU
ACUGGAACUG
UGGGCGAAAG
ACUUUAAGUU
ARUAAGCACC
UCGGAAUUAC
GGGCUCAACC
AAUUUCCUGU
CCACCUGGAC
cC

CCGGCUCAGA UUGAACGCUG GCGGCAGGCC UAACACAUGC AAGUCGAGCG
GCUUGCUUCU CUUGAGAGCG GCGGACGGGU GAGUAAAGCC UAGGAAUCUG
GGGGAUAACG UUCGGAAACG GACGCUAAUA CCGCAUACGU CCUACGGGAG
ACCUUCGGGC CUUGCGCUAU CAGAUGAGCC UAGGUCGGAU UAGCUAGUUG
GGCUCACCAA GGCGACGAUC CGUAACUGGU CUGAGAGGAU GAUCAGUCAC
AGACACGGUC CAGACUCCUA CGGGAGGCAG CAGUGGGGAA UAUUGGACAA
CCUGAUCCAG CCAUGCCGCG UGUGUGAAGA AGGUCUUCGG AUUGUAAAGC
GGGAGGAAGG GCAUUAACCU AAUACGUUAG UGUUUUGACG UUACCGACAG
GGCUAACUCU GUGCCAGCAG CCGCGGUAAU ACAGAGGGUG CAAGCGUUAA
UGGGCGUARA GCGCGCGUAG GUGGUUUGUU AAGUUGGAUG UGAAAUCCCC
UGGGAACUGC AUUCAAAACU GACUGACUAG AGUAUGGUAG AGGGUGGUGG
GUAGCGGUGA AAUGCGUAGA UAUAGGAAGG AACACCAGUG GCGAAGGCGA
UAAUACUGAC ACUGAGGUGC GAAAGCGUGG GGAGCAAACA GGAUUAGAUA

16S rRNA sequence of PNP0O02

- 118 -



0001
0061
0121
0181
0241
0301
0361
0421
0481
0541
0601
0661
0721
0781
0841
0901
0961
1201
1261
1321
1381
1441
1501
1561
1621
1681

AGAGUUUGNU
GCGGAAACGA
GAAUCUACCU
ACGGGAGAAA
AGAUGGUGGG
GCCACACCGG
GACAAUGGGG
AAAGCACUUU
UGCAGAAUAA
GUUAAUCGGA
UCCCCGGGCU
GGUAGAAUUC
GGCAGCCUUC
UUAGAUACCC
GGACUUAGUG
AABRACUCAAA
GCAACGCGAA
GCCUUCGGGA
UGGGUUAAGU
ARCUCUAAGG
UéGCCCUUAC
AGCGAUGUGA
CUCCAUGAAG
GGGCCUUGUA
UAACCUUCGG
GUAGCCGUAG

UCCCNNGCUC AGAUUGAACG CUGGCGGCAG GCUUAACACA UGCAAGUCGA
UGAUAGCUUG CUAUCAGGCG UCGAGCGGCG GACGGGUGAG UAAUACUUAG
AGUAGUGGGG GAUAGCACGG GGAAACUCGU AUUAAUACCG CAUACGACCU
GGGGGCAGUU UACUGCUCUC GCUAUUAGAU GAGCCUAAGU CGGAUUAGCU
GUAAAGGCCU ACCAUGGCGA CGAUCUGUAG CUGGUCUGAG AGGAUGAUCA
GACUGAGACA CGGCCCGGAC UCCUACGGGA GGCAGCAGUG GGGAAUAUUG
GAAACCCUGA UCCAGCCAUG CCGCGUGUGU GAAGAAGGCC UUUUGGUUGU
AAGCAGUGAA GAAGACUCUU CGGUUAAUAC CCGGAGACGA UGACAUUAGC
GCACCGGCUA ACUCUGUGCC AGCAGCCGCG GUAAUACAGA GGGUGCAAGC
AUUACUGGGC GUAAAGGGAG CGUAGGUGGC UCGAUAAGUC AGAUGUGAAA
CAACCUGGGA ACUGCAUCUG AUACUGUUGA GCUAGAGUAU GUGAGAGGAA
CAGGUGUAGC GGUGAAAUGC GUAGAGAUCU GGAGGAAUAC CGAUGGCGAA
UGGCAAUAAU ACUGACACUG AGGCUCGAAA AGCGUGGGUA GCAAACAGGA
UGGUAGUCCC ACGCCGGUAA ACGAUGUCUA CUAGUCGUUG GGUCCCUUGA
ACGCAGCUAA CGCAAUAAGU AGACCGCCUG GGGAGUACGG CCGCAAGGUU
UGAAUUGACG GGGGCCCGCA CAAGCGGUGG AGCAUGUGGU UUAAUUCGAU
GAACCUUACC UGGUCUUGAC AUAUCUAGAA UCCUGCAGAG AUGCGGGAGU
AUUAGAAUAC AGGUGCUGCA UGGCUGUCGU CAGCUCGUGU CGUGAGAUGU
CCCGCAACGA GCGCAACCCU UGUCCUUAGU UACCAGCGGG UUAAGCCGGG
AUACUGCCAG UGACAAACUG GAGGAAGGCG GGGACGACGU CAAGUCAUCA
GACCAGGGCU ACACACGUGC UACAAUGGUA GGUACAGAGG GCAGCUACAC
UGCGAAUCUC AAAAAGCCUA UCGUAGUCCA GAUUGGAGUC UGCAACUCGA
UAGGAAUCGC UAGUAAUCGC GGAUCAGAAU GCCGCGGUGA AUACGUUCCC
CACACCGCCC GUCACACCAU GGGAGUUGAU UGCACCAGAA GUGGAUAGCU
GGGAGCGUUC ACCACGGUGU GGUUGAUGAC UGGGGUGAAG UCGUAACAAG
GGGAACCUGC GGNUGGAUCA CCUCCUUAA

16S rRNA sequence of PNP004

- 119 -



0001
0061
0121
0181
0241
0301
0361
0421
0481
0541
0601
0661
0721
0781
0841
0901
0961
1201

AGAGUUUGAU UCNUUGCUCA GAUUGAACGC UGGCGGCAGG
CGGUAGAGAG AAGCUUGCUU CUCUUGAGAG CGGCGGACGG
UGCCUGGUAG UGGGGGAUAA CGUUCGGAAA CGGACGCUAA
AGAAAGCAGG GGACCUUCGG GCCUUGCGCU AUCAGAUGAG
UGGUGGGGUA AUGGCUCACC AAGGCGACGA UCCGUAACUG
ACACUGGAAC UGAGACACGG UCCAGACUCC UACGGGAGGC
ARUGGGCGAA AGCCUGAUCC AGCCAUGCCG CGUGUGUGAA
GCACUUUAAG UUGGGAGGAA GGGCAGUAAA UUAAUACUUU
AGAAUAAGCA CCGGCUAACU CUGUGCCAGC AGCCGCGGUA
ARUCGGAAUU ACUGGGCGUA AAGCGCGCGU AGGUGGUUAG
CCCGGGCUCA ACCUGGGAAC UGCAUUCAAA ACUGACUGAC
UGGAAUUUCC UGUGUAGCGG UGAAAUGCGU AGAUAUAGGA
CGACCACCUG GACUGAUACU GACACUGAGG UGCGAAAGCG
AUACCCUGGU AGUCCACGCC GUAAACGAUG UCAACUAGCC
AGUGGCGCAG CUAACGCAUU AAGUUGACCG CCUGGGGAGU
CAAAUGAAUU GACGGGGGCC CGCACAAGCG GUGGAGCAUG
CGAAGAACCU UACCAGGCCU UGACAUCCAA UGAACUUUCU
GGGAACAUUG AGACAGGUGC UGCAUGGCUG UCGUCAGCUC

16S rRNA sequence of PNP00O5-1

- 120 -

CCUAACACAU GCAAGUCGAG
GUGAGUAAUG CCUAGGAAUC
UACCGCAUAC GUCCUACGGG
CCUAGGUCGG AUUAGCUAGU
GUCUGAGAGG AUGAUCAGUC
AGCAGUGGGG ARUAUUGGAC
GAAGGUCUUC GGAUUGUAAA
GCUGUUUUGA CGUUACCGAC
AUACAGAGGG UGCAAGCGUU
UUAAGUUGGA UGUGAAAUUC
UAGAGUAUGG UAGAGGGUGG
AGGAACACCA GUGGCGAAGG
UGGGGAGCAA ACAGGAUUAG
GUUGGGAGCC UUGAGCUCUU
ACGGCCGCAA GGUUAAAACU
UGGUUUAAUU CGAAGCAACG
AGAGAUAGAU UGGUGCCUUC
G



0001
0061
0121
0181
0241
0301
0361
0421
0481
0541
0601
0661
0721
0781
0841
0901
0961
1201
1261
1321
1381
1441
1501
1561
1621

ARCACAAGGG
UCUGCCCAAU
GGGGAAAGGA
GUUGGUGAGG
CCACACUGGA
ACARUGGGCG
ARGUACUUUC
GCAGAAGAAG
UUARUCGGAA
CCCCGGGCUC
GUAGAAUUUC
GCGGCCCCCU
GAUACCCUGG
GGGUUCUCAA
UCARAUGAAU
GCGAAGAACC
CGGGAACUGU
URAGUCCCGC
UAGGGAGACU
CUUACGAGUA
GGUGUAGCUA
UGARGUCGGA
UUGUACACAC
UUCGGGAGGG
CCUAGGGGAA

AGCUUGCUCC UGAGGUGUCG
CGUGGGGGAU AACAGUUGGA
GGGGACCUUC GGGCCUuCCG
UAAUGGCUCA CCAAGGCGAC
ACUGAGACAC GGUCCAGACU
ARAGCCUGAU GCAGCCAUGC
AGCGAGGAGG AAAGCUCARG
CACCGGCUAA CUUCGUGCCA
UUACUGGGCG UAAAGCGUAC
AACCUGGGAA CUGCAUUUCG
AGGUGUAGCG GUGAAAUGCG
GGACAAAGAC UGACGCUCAU
UAGUCCACGC CGUAAACGAU
GCUAACGCAU UAAGUAGACC
UGACGGGGGC CCGCACAARGC
UUACCUACUC UUGACAUCCA
GAGACAGGUG CUGCAUGGCU
AACGAGCGCA ACCCUUAUCC
GCCGGUGAUA AACCGGAGGA
GGGCUACACA CGUGCUACAA
AUCUCACAAA GCCGGUCGUA
AUCGCUAGUA AUCGUGAAUC
CGCCCGUCAC ACCAUGGGAG
CGUUUACCAC GGUGUGGUUC
CCUGCGGCUG GAUCACCUCC

16S rRNA sequence of PNP005-2

121

AGCGGCGGAC
AACGACUGCU
CGAUUGGAUG
GAUCCCUAGC
CCUARCGGGAG
CGCGUGUAUG
CGUUAAUAGC
GCAGCCGCGG
GCAGGCGGUU
ARCUGGCAAA
UAGAGAUCUG
GUACGAAAGC
GUCUACUCGG
GCCUGGGGAG
GGUGGAGCAU
CAGAAUUUUC
GUCGUCAGCU
UUAUUUGCCA
AGGUGGGGAC
UGGUCGGUAC
GUCCGGAUCG
AGAAUGUCAC
UGGGCUGCAC
AUGACUGGGG
UUAA

GGGUGAGUAA
ARUACCGCAU
AACCUAGGCG
UGGUCUGAGA
GCAGCAGUGG
AAGAAGGCCU
GAUUGGGUGU
UAAUACGAGG
UGUUAAGCGA
CUAGAGUCUU
AAGGAAUACC
GUGGGGAGCA
AAUUUGGUGU
UACGGCCGCA
GUGGUUUAAU
CAGAGAUGGA
CGUGUUGUGA
GCACGUAAUG
GACGUCAAGU
AGAGGGUCGC
GAGUCUGCAA
GGUGAAUACG
CAGAAGUAGA
UGAARGUCGUA

UACCUAGGUA
ACGCCCUACG
GGAUUAGCUA
GGAUGAUCAG
GGRAUAUUGC
UCGGGUUGUA
GACGUUACUC
GGUGCAAGCG
GAUGUGAAAG
GUAGAGGGGG
GGUGGCGAAG
AACAGGAUUA
CUUGAACACU
AGGUUARAAC
UCGAUGCAAC
UURGUGCCUU
AAUGUUGGGU
GUGGGAACUU
CAUCAUGGCC
ARAGCCGCGA
CUCGACUCCG
UUCCCGGGCC
UAGCUUAACC
ACAAGGUAGC



0001
0061
0121
0181
0241
0301
0361
0421
0481
0541
0601
0661
0721
0781
0841
0901
0961

AGAGUUUGAU
UAACAGGAAU
UAUGCCUUAG
ACCAMAGAGG
GUUGGUGAGG
CCACACUGGA
ACAAUGGGGG
AAGUACUUUC
AGAAGAAGCA
AAUCGGAARUU
CGGGGCUCAA
AGAAUUUCAG
GGCCCCCUGG
UACCCUGGUA
CUUUCGGGAG
CARAUGAAUU
CGAAGAACCU

CCUGGUUCAG AUUGAAACGU
UAGCUUGCUA AUUUCGCUGC
UGUGGGGGAU AACUAUUGGA
GGGACCUUCG GGCCUCUCGC
UAAAGGCUCA CCAAGGCAAC
ACUGAGACAC GGUCCAGACU
AAACCCUGAU GCAGCCAUGC
AGUCGUGAGG AAGGGUGUGU
CCGGCUAACU CCGUGCCAGC
ACUGGGCGUA AAGCGCAUGC
CCUCGGAACC GCAUUUUGAA
GUGUAGCGGU GAAAUGCGUA
ACAAAGACUG ACGCUCAGAU
GUCCACGCCG UAAACGAUGU
CUAACGCGUU AAGUAGACCG
GACGGGGGCC UGCACAAGCG
UACCU

16S rRNA sequence of SL013

GGGGCAGGCC
GAGCGGCGGA
AACGAUAGCU
GCUAAGAUUA
GAUCCCUAGC
CCUACGGGAG
CGCGUGUAUG
AGUUAAUAGC
AGCCGCGGUA
AGGCGGUCUG
CUGGCAGACU
GAGAUCUGAA
GCGAAAGCGU
CUACUUGAAG
CCUGGGGAGU
GUGGAGCAUG

- 122 -

UAACACAUGC AAGUCGAGCG
CGGGUGAGUA AUCCUGGGAA
AAUACCGCAU AAGUCUUCGG
GCCCAGGUGG GAUUAGGCUA
UGGUCUGAGA GGAUGAUCAG
GCAGCAGUGG GGAAUAUUGC
AAGAAGGCCU UCGGGUUGUA
UGCAUCCUUG ACGUAGCGAC
AUACGGAGGG UGCGAGCGUU
UUAAGCAAGA UGUGAAAGCC
AGAGUCUUGU AGAGGGGGGU
GGAAUACCGG UGGCGAAGGC
GGGGAGCAAA CAGGAUUAGA
GUUGUGGCCU UGAGCCGUGG
ACGGUCGCAA GAUUAAAACU
UGGUUUAAUU CGAUGCAACG



0001
0061
0121
0181
0241
0301
0361
0421
0481
0541
0601
0661
0721
0781
0841
0901
0961
1201
1261
1321
1381
1441
1501
1561
1621

AAUUAGCUUG CUAAUUCGCU
GCCUUAGUGU GGGGGAUAAC
UGACCARAGA GGGGGACCUU
UAGCUGAGUU GGUGAGGUAA
UGAUCAGCCA CACUGGAACU
AUAUUGCACA AUGGGGGAAAR
GGUUGUAAAG UACUUUCAGU
GUUAGCGACA GAAGAAGCAC
GCGAGCGUUA AUCGGAAUUA
GUGAAAGCCC GGGGCUCAAC
GAGGGGGGUA GAAUUUCAGG
GGCGAAGGCG GCCCCCUGGA
AGGAUUAGAU ACCCUGGUAG
GAGCCGUGGC UUUCGGAGCU
UUAAAACUCA AAUGAAUUGA
AUGCAACGCG AAGAACCUUA
GUGCCUUCGG GAACUCUGAG
GUUGGGUUAA GUCCCGCAAC
GGAACUCCAG GGAGACUGCC
CAUGGCCCUU ACGAGUAGGG
CCAGCGAUGG UGAGCGAAUC
GACUCCGUGA AGUCGGARUC
CCGGGCCUUG UACACACCGC
CUUAACCUUC GGGAGGGCGU
AGGACUAAGG UAGCCCUAAG

GCACGAGCGG CGGAGCGGGU
UAUUGGAAAC GAUAGCGUAA
CGGGCCUCUC GCGUCUAAGA
AGGCUCACCA AGGCAACGAU
GAGACACGGU CCAGACUCCU
CCCUGAUGCA GCCAUGCCGC
CGUGAGGAAG GGUGUGUAGU
CGGCUAACUC CGUGCCAGCA
CUGGGCGUAA AGCGCAUGCA
CUCGGAACCG CAUUUUGAAC
UGUAGCGGUG AAAUGCGUAG
CAAAGACUGA CGCUCAGAUG
UCCACGCCGU ARACGAUGUC
AACGCGUUAA GUAGACCGCC
CGGGGGCCCG CACAAGCGGU
CCUACUCUUG ACAUCCAGAG
ACAGGUGCUG CAUGGCUGUC
GAGCGCAACC CUUAUCCUUG
GGUGAUAAARC CGGAGGAAGG
CUACACACGU GCUACAAUGG
CCACARAGUA CGUCGUAGUC
GCUAGUAAUC GUGAAUCAGA
CCGUCACACC AUGGGAGUGG
UUACCACGGU GUGGUUCAUG
GGGAACCUGC GGUGGAUCAC

16S rRNA sequence of SLO25

123 -

GAGUAAUGCC ACGGGAAUAU
UUGACCGCAU AAGGUCUUCG
UUAGCCCAUG GUAGGGUAUA
CCCUAGCUGG UCUGAGAGGA
ACGGGAGGCA GCAGUGGGGA
GUGUAUGAAG AAGGCCUUCG
UAAUAGCUGC AUACCUUGAC
GCCGCGGUAA UACGGAGGGU
GGCGGUCUGU UAAGCAAGAU
UGGCAGACUA GAGUCUUGUA
AGAUCUGAAG GAAUACCGGU
CGAAAGCGUG GGGAGCAAARC
UACUUGAAGG UUGUGGCCUU
UGGGGAGUAC GGUCGCAAGA
GGAGCAUGUG GUUUAAUUCG
ARUUCGCUAG AGAUAGCUUA
GUCAGCUCGU GUUGUGAAAU
UUUGCCAGCA CGUAAUGGUG
UGGGGACGAC GUCAAGUCAU
CGUAUACAGA GGGCUGCCAA
CGGAUCGGAG UCUGCAACUC
AUGUCACGGU GAAUACGUUC
GCUGCACCAG AAGUAGAUAG
ACUGGGAGUG UACAGUACGU
Cuccuua



0001
0061
0121
0181
0241
0301
0361
0421
0481
0541
0601
0661
0721
0781
0841
0901
0961
1201
1261
1321
1381
1441
1501
1561
1621
1681

AGAGUUUGAU
GGUAACACGA
AAUAUGCCUU
CGGACCAAAG
AGUUGGUGAG
CCACACUGGA
ACAAUGGGGG
AGUACUUUCA
AAGAAGCACC
UCGGAAUUAC
GGGCUCAACC
AAUUUCAGGU
CCCCCUGGAC
CCCUGGUAGU
UUCGGAGCUA
AUGAAUUGAC
AGAARCCUUAC
AACUCUGAGA
UCCCGCAACG
GAGACUGCCG
CGAGUAGGGC
GGAGCGAAUC
AGUCGGAAUC
UACACACCGC
GGGAGGGCGU

CCCUGCUCAG AUUGAACGCU GGCGGCAGGC

GUUAGCUUGC
AUCUGUGGGG
AGGGGGACCU
GUAARGGCUC
ACUGAGACAC
AAACCUGAUG
GUAGGAGGAA
GGCUAACUCC
UGGGCGUAAA
UCGGAACCGC

UAAUUAGUGA
GAUAACUAUU
UCGGGCCUCY
ACCAAGGCAC
GGUCCAGACU
CAGCCAUGCC
GGUGUGUAGU
GUGCCAGCAG
GCGCAUGCAG
AUUUUGAACU

CGAGCGGCGG
GGAAACGAUA
CGCGCUARGA
GAUCCCUAGC
CCUACGGGAG
GCGUGUAUGA
UAAUAGCUGC
CCGCGGUAAU
GCGGUCUGUU
GGCAGACUAG

GUAGCGGUGA ARUGCGUAGA GAUCUGAAGG

ARAGACUGAC
CCACGCCGUA
ACGCGUUAAG
GGGGGCCCGC
CUACUCUUGA
CAGGUGCUGC
AGCGCAACCC
GUGAUAAACC
UACACACGUG
CCACAAAGUA
GCUAGUAAUC
CCGUCACACC
UUACCACGGU

GCUCAGAUGC
AACGAUGUCU
UAGACCGCCU
ACAAGCGGUG

GAAAGCGUGG
ACUUGAAGGU
GGGGAGUACG
GAGCAUGUGG

CUAACACAUG
ACGGGUGAGU
GCUAAUACCG
UUAGCCCAGG
UGGUCUGAGA
GCAGCAGUGG
AGAAGGCCUU
AUGCCUUGAC
ACGGAGGGUG
AAGCAAGAUG
AGUCUUGUAG

CAAGUCGAGC
AAUGCCUGGG
CAUACGUCUU
GGGAUUAGCU
GGAUGAUCAG
GGAAUAUUGC
CGGGUUGUAA
GUUAGCACAG
CGAGCGUUAA
UGAAAGCCCG
AGGGGGGUAG

CAUCCAGAGA AUUCUCUAGA

AAUACCGGUG GCGAAGGCGG
GGAGCAAACA GGAUUAGAUA
UGUGGCCUUG AGCCGUGGCU
GUCGCAAGAU UAAAACUCAA
UUUAAUUCGA UGCAACGCGA
GAUGGAUUAG UGCCUUCGGG

AUGGCUGUCG
UUAUCCUUGU
GGAGGARGGU
CUACARUGGU
CGUCGUAGUC

UCAGCUCGUG
UUGCCAGCAC
GGGGACGACG
GUAUACAGAG
CGGAUCGGAG

GUGAAUCAGA AUGUCACGGU
AUGGGAGUGG GCUGCACCAG
GUGGUUCAUG ACUGGGGUGA

UUGUGAAAUG
GUAAUGGUGG
UCAAGUCAUC
GGCUGCCAAC
UCUGCAACUC
GAAUACGUUC

UUGGGUUAAG
GAACUCCAGG
AUGGCCCUUA
CAGCGAUGGU
GACUCCGUGA
CCGGGCCUUG

AGGGGAACCU GCGGCUGGAA

UCACCUCCUU

16S rRNA sequence of SL027

- 124

A

AAGUAGAUAG CUUAACCUUC
AGUCGUAACA AGGUAGCCCU



0001
0061
0121
0181
0241
0301
0361
0421
0481
0541
0601
0661
0721
0781
0841
0901
0961
1201
1261
1321
1381
1441
1501
1561
1621
1681

AGAGUUUGAU
CGGUAACAGG
GGAAUAUGCC
UCGGACCAAA
CUAGUUGGUG
AGCCACACUG
UGCACAAUGG
GUAAAGUACU
GCGACAGAAG
GCGUUAAUCG
ARAGCCCGGG
GGGGGUAGAA
GARAGGCGGCC
AUUAGAUACC
CCGUGGCUUU
AAACUCAAAU
CAACGCGAAG
CCUUCGGGAA
GGGUUAAGUC
ACUCCAGGGA
GGCCCUUACG
GCGAUGGUGA
UCCGUGAAGU
GGCCUUGUAC
AACCUUCGGG
UAGCCCUAGG

CCUGGCUCAG
ARUUAGCUUG
UUAGUGUGGG
GAGGGGGACC
AGGUAAAGGC
GAACUGAGAC
GGGAAACCCU
UUCAGUCGUG
AAGCACCGGC
GARUUACUGG
GCUCAACCUC
UUUCAGGUGU
CCCUGGACAA
CUGGUAGUCC
CGGAGCUAAC
GAAUUGACGG
AACCUUACCU
CUCUGAGACA
CCGCARCGAG
GACUGCCGGU
AGUAGGGCUA
GCGARAUCCCA
CGGAAUCGCU
ACACCGCCCG
AGGGCGUUUA
GGAACCUGCG

AUUGAAACGC UGGCGGCAGG
CUAAUUCGCU GACGAGCGGC
GGAUAACUAU UGGAAACGAU
UUCGGGCCUC UCGCGCUARAG
UCACCAAGGC AACGAUCCCU

CCUAACACAU
GGACGGGUGA
AGCUAAUACC
AUUAGCCCAG
AGCUGGUCUG

GCAAGUCGAG
GUAAUGCCUG
GCAUAAGUCU
GUGGGAUUAG
GAGGAUGAUC

ACGGUCCAGA CUCCUACGGG AGGCAGCAAG UGGGGAARUAU

GAUGCAGCCA UGCCGCGUGU
AGGAAGGGUA UGUAGUUAAU
UARCUCCGUG CCAGCAGCCG
GCGUAAAGCG CAUGCAGGCG

GGAACCGCWU
AGCGGUGAAA
AGACUGACGC
ACGCCGUAAA
GCGUUAAGUA
GGGCCCGCAC
ACUCUUGACA
GGUGCUGCAU
CGCAACCCUU
GAUAAACCGG
CACACGUGCU
CAARGUACGU
AGUAAUCGUG
UCACACCAUG
CCACGGUGUG
GAUGGAUCAC

16S rRNA sequence of SL035
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UUUGAACUGG
UGCGUAGAGA
UCAGAUGCGA
CGAUGUCURC
GACCGCCUGG
AAGCGGUGGA
UCCAGAGAAU
GGCUGUCGUC
AUCCUUGUUU
AGGAAGGUGG
ACAAUGGCGU
CGUAGUCCGG
AAUCAGAAUG
GGAGUGGGCU
GUUCAUGACU
cuccuua

AUGAAGAAGG
AGCUGCAUAC
CGGURAUACG
GUCUGUUAAG
CAGACUAGAG
UCUGRAGGAA
AAGCGUGGGG
UUGAAGGUUG
GGAGUACGGU
GCAUGUGGUU
UCGCUAGAGA
AGCUCGUGUU
GCCAGCACGU
GGACGACGUC
AUACAGAGGG
AUCGGAGUCU
UCACGGUGAA
GCACCAGARG
GGGGUGAAGU

CCUUCGGGUU
CUUGACGUUA
GAGGGUGCGA
CCAAGAUGUG
UCUUGUAGAG
UACCGGUGGC
AGCAAACAGG
UGGCCUUGAG
CGCAAGAUUA
UAAUUCGAUG
UAGCUUAGUG
GUGAAAUGUU
AAUGGUGGGA
ARGUCAUCAU
CUGCCAACCA
GCAACUCGAC
UACGUUCCCG
UAGAUAGCUU
CGUAACAAGG
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