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Intriduction

Molecular analysis of natural bacterial assemblages has provided us knowledge of bacterial
community structure directly and precisely without cultivation bias, which leads a concept of
bacterial diversity in various environments and predominance of a certain bacterial population
under a certain milieu. One of preceding studies revealed difference in bacterial community
constituents between aggregates-attached and free-living bacterial assemblages (DeLong et al.
1993). Findings as alpha-Proteobacteria are abundant in estuarine and coastal environments
(Gonzalez & Moran, 1997) and abundance of Archaea in coastal waters were obtained
(Murray et al. 1998) through molecular analyses. Environmental control of bacterial
assemblage (Casamayor et al. 2002; Nishimura & Nagata, 2005) and relation between aquatic
environment and distribution of functional bécterial group (Cottrell & Kirchman, 2000;
Langenheder et al. 2005) are also shown by molecular analysis of bacterial community.
Among molecular analyses fluorescence in situ hybridization (FISH) techniques given by
DeLong et al. in 1989 (DeLong et al.1989) provides quantitative information of bacterial
community structure with cell abundance of individual population. Direct comparison of
bacterial community structure quantitatively thus became to be possible (Glokner et al. 1999).
Population shift responding to environmental change as enrichment of nutrients is also
revealed by using this technique (Eilers at al. 2000). In coastal environment, e.g., a trend of
the distribution of individual bacterial group shown by FISH as alpha-, beta- and
Cytophaga-like group is explained salinity (Kirchman et al. 2005). Following these findings,
we attempt to reveal an environmental regulation of bacterial abundance focusing in particular
on temperature and salinity. Impact of temperature on bacterial community structure might be
greater according to its increasing caused by Earth warming. When consider the influence of
terrestrial origin bacteria on marine microbial community is probably under the effect of

freshwater dilution thus to be shown by salinity.

Materials and Methods
Study site and sample collection

Observation of natural environment and water sampling were carried out from December
2001 to August 2005 in Simizu-Port of Suruga Bay (Fig. 1). Water samples were collected
from surface and 10 m deep at St. 1 (35°00°55.9°N, 13830°58.3°’E) which locates inside the
port and St. 2 (35° 00°46°°N, 138° 33°12”’E) of outside the port. Surface water was collected
with a sterilized Pyrex bottle at each sampling site. Water of 10m deep was collected with a
10-litter Niskin sampler and sampled water was immediately subsampled into sterilized a

Pyrex bottle for microbial analysis, measurement of chlorophylla and chemical analysis. All



samples were transported to the laboratry on ice within a few hours.

Sample processing

In laboratory, a sub-sample was fixed with neutralized formaldehyde (pH 7.4, final:
concentration 5%) for total bacterial direct count. Sub-sample for FISH analysis was fixed
with paraformaldehyde (pH 7.4, final concentration 3%) for up to 24 h at 4°C. Fixed sample
was then filtered gently on a 0.22-um Nuclepore filter (25 mm diameter). Cells trapped on the
filter were rinsed 3 times with PBS and dehydrated with 1 mL of 50%, 80%, and 99% ethanol
for 3 min each, and the filter was air-dried. Filters were stored at —20°C until hybridization.

Measurement of environmental parameter

Surface and 10m depth water temperature, salinity, pH, conductivity and dissolved oxygen
(DO) were measured at the site by using a WATER QUARITY CHACKER U-10 (HORIBA,
Co Ltd, Tokyo, Japan). Chlorophyll a was measured after UNESCO method. Dissolved
organic carbon (DOC) was analyzed with Total Organic Analyzer, TOC-5000 (Shimadzu, Co
Ltd, Japan).

Total bacterial direct count

Fixed sample was stained with 4°, 6-diamidino-2-phenylindle (DAPI, final concentration,
0.01pg mL™) and bacterial cells were enumerated by using epifluorescence microscopy
(BX50-FLA, Olympus, Co, Ltd, Japan).

Whole cell in situ hybridization

The 16S rRNA targeted oligonucleotide probes used in this study are shown in Table 1.
They comprised a domain-specific probe for Bacteria (EUB338) and Archaea (ARCH915),
phylogenetic-group-specific probes for y-Proteobacteria (GAM42a,). These probes were
labeled with rhodamine obtained from Nihon Bioservice Co, Ltd.

Hybridization stringency was adjusted by varying the concentration of formamide in the
hybridization buffer and NaCl in the washing solution. Hybridizations were performed at
46°C for 90 min on filters placed on slides coated with gelatin, with hybridization buffer
containing 0.9 M NacCl, 20 mM Tris-HCI (pH 7.4), 0.01% SDS, formamide (20% for EUB338,
35% for ARCH915 and GAM42a), and 5 ng uL™" of the respective labeled probe. Each filter
was washed at 48C for 15 min in prewarmed washing buffer containing NaCl (0.225 M for
EUB338, 0.070 M for ARCH915, and 0.080 M for GAM42a), 20 mM Tris-HCI (pH 7.4), 5
mM EDTA, and 0.01% SDS, rinsed with distilled water, and air-dried. The preparations,
which were counterstained with 0.1 pg mL™ DAPI on glass slides for 5 min, were observed

under a universal epifluorescence microscopic system, BX50-FLA with a digital camera



(DP-70, Olympus, Co Ltd, Japan) with an image analysis system (DP controler, Olympus).

Results

In situ observation with sampling for chemical and microbial analyses were carried out nine
times from December 1 of 2001 to August 2 of 2005 at inside and outside of Shimizu Bay
(Fig.1). Environmental fluctuation throughout the observation is summarized in Fig. 2.

Salinity(Fig.2 a)

Salinity fluctuated large at surface both inside and outside the bay ranging from 25.4~31.2
psu while it fluctuated from 29.7 to 33.0 psu at 10 m deep. Except unusually low salinity
observed on 6 August 2002 at surface outside the bay, fluctuation pattern of salinity was
similar between inside and outside, which leads an idea that the deep water was not strongly
affected by freshwater supply from the river even inside the bay.

Temperature(Fig. 3 b)

The observed water temperature ranged from 12.5 to 28.9°C, without significant difference
between inside and outside the bay. Water temperature was relatively high at surface in
summer, while it was high at 10 m deep in winter.

PH

The observed pH fluctuated between 7.4 and 8., being stableat pH 8 except that measured
somewhat lower value twice at surface inside the bay on November8, 2002 and August 30 in
2003.

Chlorophyli a (Fig.2 ¢)

Chlorophyll a concentration fluctuated widely at surface from 0.29 to 16.31 mg Chla./m3,
being high numbers were not necessarily measured in summer. Compared the density
between surface and 10 m deep higher numbers were sometimes observed outside the bay as
was on February 28 in 2004, when relatively high values were observed at both sites.
Dissolved ozygen (Fig.3 d)

Dissolved oxygen concentration did not fluctuate widely so far observed, while relatively
higher number was observed at surface.

NO; (Fig.3)

High concentration of nitrate ion was observed at surface inside the bay in general ranging
from 0.49 to 17.91pM. But any significant correlation was found between NO; and
Chlorophyll a.

NO, (Fig.3)
The value was not high ranging between 0.17 and1.27 1t M.
NH, " (Fig.3)
High number was sometimes observed at surface inside the bay, but clear tendency was not
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found in general being 0 to 11.33 u M.

PO~
If compared the two sites observed relatively high concentration was found inside(St.l) but

the measured concentration was low being 0.01~1.05 1« M.
Si(OH),4
~ Concentration of Si(OH)4 showed high at surface fluctuatingh between 3.10 and 28.82 1 M,
but any significant correlation was found between Si(OH), concentration and that of Chla.
DOC

Except the high concentration measured on August 6 2002 being 164.7~206.6 ;t M, other
samples showed relatively stable numbers being 61.7 and 107.4 £ M. Any good correlation
between DOC concentration and that of Chla, major supply of DOC, was not found so far
examined. Supply of DOC from terrestrial environment through rivers are to be considered.

Characteristics of observation sites
Horizontal comparison: Inside the bay (5t.1)
Nutrients and Chlorophyll a concentrations showed high valu in particular at surface, being
salinity was low compared with outside the bay.
QOutside the bay (St.2)

A similar fluctuation pattern with St.1 was observed at St.2 for temperature, salinity and
dissolved oxygen concentration.
Vertical comparison

Surface water showed large fluctuation for temperature and salinity and high numbers were
found for nutrients, Chlorophyll a and DO.

Bacteria

Total direct count (Fig.4)

The total direct count (TDC) was generally ca. 1 x 10° cells/mL, except on August 6, 2002,
with 2-3 x 10°. Total number of bacteria did not fluctuate seasonally, the TDC number at
surface showed a tendency to be higher than 10m deep both for St.1 and St.2.

Total bacterial number in St.1 showed larger number than that in St. 2

The ratio of hybrized cell to TDC (Fig.4) ‘

About 10 to 75 % of total bacteria identified with their DNA were hybridized with 16STRNA
targeted gene probes, which suggests that constituents of active bacteria certified with FISH
fluctuated widely from 10 % being only minority was active to 75 % which meant the most
bacteria were active. It is remarkable that summer bacteria sampled in August did not
necessarily show high proportion of FISH reactive bacteria. Generaliy surface bacteria



showed higher proportion of FISH reactive than 10 m deep ones both for St.1 and St. 2.
Apparently low hybridization ratio was observed on August 30 in 2003, which seemed to
relate with low phytoplankton biomass (Table 1).

domain Bacteria (Fig.4)

The number of domain Bacteria fluctuated between 1.0 x 10° and 1.0 x 10° cells/mL
throughout observation period. Domain Bacteria showed was high number at surface when
compared vertically. Domain Bacteria shown by FISH comprised from 11.8%~76.1% of
total bacteria. The proportion of domain Bacteria was high at surface than at 10 m deep.
When compared the same depth of 10 m St. 2 being outside of the port showed higher than
that of St.1 being inside.

A remarkably large number of domain Bacteria was found on August 6 of 2002 being 2.6 X
10%cells/mL, but the ration to total bacterial number was not large as 47 %.

The ratio of domain Bacteria to TDC was highest on June 14 in2003 among any other
sampling days, except at surface in St. 1. The ratio of domain Bacteria to TDC did not

fluctuate seasonally.

T —Proteobacteria (Fig. 4)

The number of y-Proteobacteria fluctuated between 1.0 x 104 and 1.0 x 105 cells/mL
throughout observation period. The ratio of y-Proteobacteria detected by FISH to TDC ranged
from 1.0 to 10.8 % except that in St.1 at surface on December 1 in 2003 of
20.8%.y-Proteobacteria did not dominate in the bacterial community of the seawater because
the ratio of y-Proteobacteria to TDC did not exceed 6% except three cases. The ratio of
domain Bacteria ranged from 1.9 to 30.4%, the highest number was found on August 30,
2003.The proportion of y-Proteobacteria at 10m depth in St.1 showed a tendency to be higher
than any other sampling points. Both of the number and the proportion of y-Proteobacteria did

not fluctuate seasonally.

domain Archaea (fig. 4)

The number of domain Archaea fluctuated between 2.0 x 10° and 3.0 x 10* cells/mL. The
number of domain Archaea was very low but we detected domain Archaea from all samples
so far examined. The ratio of domain Archaea detected by FISH ranged from 0.1 to 3.2 % of
total bacteria except in St.2 at surface on December 1 in 2001 of 12.0%. Both of the number
and the proportion of domain Archaea did not fluctuate seasonally.

Discussion
1. When we compared the whole data set of bacterial abundance with related environmental,



1) Temperature showed positive correlation with total bacterial ﬁumber (P<0.01) and domain
Bacteria (P<0.05). 2) Negative relationship with salinity were found for total bacteria
(P<0.01), domain Bacteria (P<0.01), gamma-Proteobacteria (P<0.01) and domain Achaea
- (P<0.05). 3) Phytoplankton abundance represented by Chl.a showed higher correlation with
domain Bacteria (P<0.01) and that of somewhat lower correlation with gamma-Proteobacteria
then total bacterial number (P<0.05).

2. These finding give us an overview of planktonic bacterial abundance in studiesd coastal
area were governed by fresh water supply with rivers and bacterial abundunce was affected
by the shift of temperature, though this didn’t affect Archaeal abundance. Phytoplankton
were then another regulator of bacterial abundance.

3. When analyzed relation between bacterial abundance and environmental at each observed

site a correlation between temperature and total bacterial number became weak in Stn.1 at

surface (R2=0.389, P<0.10) and 10 m deep (R2=0.521, P<0.05), and in Stn.2 at surface

(R2=0.375, P<0.10) and 10 m deep (R2=0.394, P<0.10). '

4. A strong correlation between dissolved organic carbon (DOC) and total bacterial number
(R2=0.732, 0.853, 0.856) were found except the sample taken from 10 m deep at Stn.2.
When analyzed bacterial dynamics at individual population.

5. Another apparent correlation was found between salinity and total bacteria (R2=0.751) and
domain bacterial group (R2=0.656).

6. An interesting negative correlation was found between salinity and the abundance of
domain Archaea inside of the harbor: R2=0.587 at surface and R2=0.891 at 10 m deep.
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Primer target Sequence (Chun et al. 1999)
VC-F Vibrio cholerae ~TTAAGC STT TTC RCT GAG AAT G-3'
VCM-R 16S-23S ITS 5-AGT CAC TTA ACC ATA CAA CCC G-3'
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= V cholerae % cellsimL DfE CEE
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EEPCRDRE ® e
Bl i =4
@DNAMENET 5 & ° > @éggéﬁ%’f;’ L
ﬁi’:é?ﬁb‘%& L PCR ¢ .
ERAHDT 5. EMLERERS
o ® F=—U ¥y
T =
© #tt(95C 72C)HE o 2
J_JFI_I_!_ T T
A 0100507 x»mx»m @OBERGHRTTHE
@HEAXEFK(SYBR Green)id ﬁﬁ ﬁ:’c@,#liﬁﬁ&‘.éht
2ASEDNAICHAT 2 & : ?ﬁf"ﬁ BiCELe®
WRERTD.
- PCRHA 2 LA ESC EHAXBEL T
- HABOEMNEY PILEA LTRETS.

X 2. & PCR D[RE #H.

. HFREBR

3-1. PCR

: Vibrio cholerae ¥

V. cholerae # (HiE#L : 2.51 X107 cells/mL) = X102~107 %R

(= 2.51X105~10° cells/mL.)

PCR (V cholerae 16S-23S ITS $&E1%)

M@@@@@@ N M

¥ S

%

488 Humg
$HE RA

(D105, @104, 3103, @102,

®101, ®100°
N: 2 AHTF47a>ka—)L .
| M ?—73——

cells/ulL .

+ 105~102 cells/mL T/ KZEHH.
+ 102 cells/'mL LA ETHiiL PCR THH FIEE.

|

V. cholerae #&7> 5 L7= DNA %
OF 74— T EIRIT 4 7ar ba—n
Q@ERPCRIZBIIAAZVF— K

& LTHEA.

[gl 3 V cho/erae 168 23S ITS bﬁml-ﬁﬁﬂ’]&
TFS54<w—%HMl\- PCR EYMOEZXEE (V.

cholerae ¥§).
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3-2. BEH )L

® 2. HABS JVBET—4.

H Ak Kie &S pH  EBRERE DO LEHK
5C %o mS/cm mg O,/L cells/mL
Sto(BJI) 153 150 7.86 28.6 4.77 4.14% 108
St1(&M) 151 307  8.41 51.0 14.29 1.38 % 108
St2(#5) 146 307 840 51.3 12.29 1.59 x 10°
St3(#&) 142 312 8.14 52.8 11.91 1.52 x 108

- BJIRRDIIZK TR b HIEE AL (MBED 2.6~3 £3).

3-3. BMEEH>FILD PCR
PCR (V cholerae 16S-23S ITS 483%)

MO 2220 O NM

f o @ S0 w2 W W B0 G2 4B S W0 G0

L R L Rl (DSt.0 x 1, @St.0 x10

- . ®St.0 x50, @St.1 x 1

®St.1 x 10, ®St.1 x 50
@st.2 x1, ®St.2 x10

©St.2 x50, (St.3 x1

@st.3 x 10, @St.3 x 50
P: ROF4Farba—)L

- N: R HT47a0bA—)L
M:"—Ah—

X 4. V. cholerae 165-23S ITS fEELICIFBHLT 54~ —
ZFLV/- PCR EMDERKEIR GBEYTIL).

RO TF 4T ay ha— )L TDHN REHER.
- & TOBEY TN V cholerae R TE e o7k,

l

BREOEWY 7/ Z 4 - PCR CTHERHZRAZS. (X1, 5, 10, 50 7HR)
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3-4. Y7 JLAA L PCR

1x101
IREBH T
104 St0 10f57 M
103
5 AAH—R || 102
12410 (cells/uL) Toy
- 100 ’
A [0-1 ~ /|
i3 ™ W
. CtLine / LA 7]
1x 10" hini T
1x102 | : 0]
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 23 25 256 27 28 29 30 31 32 33 3¢ 35 35 37 33 39 40
PCRY 1)L #

X 5. V. cholerae 16S-23S ITS IR RHNALTSAY—%2ALV-E= PCR D{EE.
+ St.0 10 {27 IRY- > Z IV TDH V. cholerae % ¥t

BEH (2.51 x104~10-" cells/uL)

o
N R?=0.997|
102
CHE 10! 10-1cells/mL T % B Hi AIEE.
5 © V. cholerae ® 165-23S ITS #Rigkid
DNA I 10 T dH 5.
1 o’ - EEPCRICEVEEEFD V cholerae
D FE R FTHE.
#HEE% (Log cells / uL)
® 6. V. cholerae #kEARA A —FRELTHW=EED
SER PCR DIRER.

BRIV A RN, BRI Bz sl 5 V cholerae
St.0 (BEJIFTIZK) iCBWNT DI V cholerae % ¥
= 5.76 X102 cells/L. ® V. cholerae W 1F1E
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3-5. Vibrio cholerae D&
« BJIRAHAIZIBWNT V cholerae %1 H
- BRI BIBEERB/KTIX V cholerae I3 Shieh -7,
=>HS0 V. cholerae DRHICEEEL 52 T 5.
L2 L,
« BJIROBk L MBELRB L TIEDOC, REHEDEEICKERERDS.
DOC (mM) : ¥R, #4 76~77 ©B)IwA 216) (HBALRE. 2004)
* Vibrio cholerae /3Rt B EHE

l

DT 7 7 Z— (BRI DOC, H#EH) DWW Th V cholerae #ith & DEREE 5T
B LB,

4. FLoH
« B8 PCR IZ X WY®RIEP D Vibrio cholerae ##H, EEITIHE
« BJIRAJNFKIZINT V cholerae %#H (5.76 X 102 cells/L)
- BRI YEERB/K TiX V cholerae (I Shizh o 7=,
=D V. cholerae DRIMITHEEE 5 X TV 5 AJREM.

5 SHROFE
cBHUSNOY A MEOBNERETT S (DOC, REHE).
« KT H B IRL MO OO\ T V cholerae DR R4 5.
* Enterobacteria, Vibrio spp oW T HBRHERAER, BHENOBELENT5.

6. HiEE

AR EITIITHTY, Vibrio cholerae BRZEHE L TV 15\ BUR K F VG EER 22T
FEARRREBEH AR —EHE, BNEERT, GAAEFRAICELHLBLETET.
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I, [ZU D Zseecessccceccccnns L R 1
O. HHEEM B creoeeens ceeceecesssctersnsscersssscnesas 2
1. oY T eeeeeennes e esesesescs s s s s s s es et e s e s 2
2. BRETF—HFDOHEE serrecveseeccons cseesssese et s oo 2
3, HEEEBR et B 2
3—1. %ﬁggﬁ@ﬁg...... ceeseseacennn 2
3—2. f,f Y 2 N S ) A R R R R R I I IR 3
4, 2 EE DB FE sevoeerecereestercetcsrsccsscrscnnnne 3
4—1., U TNV DEFE cccersoserescccnncen ceesrsstscssces 3
4—2. DAPI(4,6-diamidino-2- phenyllndole)ﬁ%@
FUNRTG —FDIERL cvcvvevevetetcenctctccccncosonns 3
4-3. ﬁ%iﬁﬁ@%?fmimwwi’ri& ----------------- 3
5. MMEOHEBEDRBIT coreeerercaes s eeessssssecsso e 4
5—1. V2T ILDEFE soecevees I R A AR SR R I IR ) 4
5—2. ME OB LA cecoes- ceceectettertarstenann 4
5—3. B F 7O — T certcectettttttectcsrtcccsssccncns 4
5—4. Whole cell in situ hybridizationese+eccecccee-- ceeeen 4
5—5. RE DB E eoeeececannn R I I I IR 4
6. B IEE DR TE cooecoces R I A I IR I 5
1 R R 5
1. RIBE T —Heeeeoeacscnn R I P I R I I IR I AP AP 5
2. A B DTS L eeovrereoesosssssscesssasoansonnas 5
3. A E ORI EE D[ seeeererecctctcancsccane . 6
4. FISHIEIC XM A DB EBBE ORI cccvveereee-s . 6
5. ZH TNV —T OB EEDE L secceeeercccccenconcens 7
IV, BBl eceeeeeenettesonttecostoccssoscccscsosscsnossocnos 8
1. BIET —Heeeoes ceeecsecsssesecn .o . ceescesns 8
2 AMEICHTAAKE FHDEE ittt 8
3. ﬁﬁ%@ﬂiﬁ*ﬁﬁ@ﬁgﬁ ..... R I R 8
4 AERELERBICBIOMBOREMEOLB - 0
5. BN —TICHTEIKBLAOEE cooeeeeceecnenn. 10
V. Flhoeeoeeeeceststtscocstssccososstscsccosssosscsscssscs 10
VI. A DB B eeroecccscctsscssssssnns 11
VI. Bl FH TRk esesesecececceccnns cesssson ceae .o . 11
PONS IS
Bl1. VoV TR heeereseecens ceeessese R 1
K2 KEEBROBEAE s ooreeeeees D I I IR A IR AP 1
& 3. 7471‘“‘/9/9:'\’//\“0)1'§_t|2 ................. 2
4. T47a—~/a/aﬂar//\-m«®-ﬂ~amAc@#%&c@f" 2
K5 HRERICBIIEMEABMORIE[ oo 3
M6 HEERICIVAELZSFRECEITIIEMAE
Y B i I R R I IR 3
7. 20024 11 A 8 HIZfT o5 ERICBITOME
D EEE v eevcesn I I I I R IR ST R I P O 3
8. 20034 4 7 18 HIAToHRERIZHITOME ©
FEEE E coccececccnnnan, teessssscecesessssans 4
B19. 2003 4 8 A 30 HICAT o R ERICKIDME O
iz N - A R R I R 4



K 10, FEEEERICBIBZ IV LD GBEERE ceeeeeee. 5
K 11. AP REFEICBIZE TV —TOM E B L5 E E

@Bﬁgﬁ ........................................ 5
K 12. FISHIECEZVEW LERAL Y - NIFIT D

B Y T G B B cevrveecesseossacsstsssscssscccens 6
K 13. FISHIERZIVBIFTLERAS Y - T—%T7 O

B Y G B Bl ceecvreeesssoccssssosssssssssnoonns 6
X 14. FISHERCRV@EW LIz -7 0T NI0F70VT7 0 ,

B N PGS B B cevceceeossotssscsstcssesssnsccans 6
K 15. FISHEICIVBIT LEZB-uFEd _RrF 070

o & = N N 7
K 16. FISHIEIWCKVBT Ly -TaTFF 07070

B N TGS B B voeeeveecssosssccarsossscassnnccnss 7
X 17. FISH EICXVAg T L= CytophagalFlavobacterium gloup O

B Y T S B Bl coereeesecsssrtssscorsosssssssnnonns 7
Xl 18. FISH {EIZXVEHr L7z Vibrio cholerae @ ‘

B TP B Bl ceeeveresceessctocsarsosssossosnocnns 8

XDOBK

K1.FISHETHWEZTo—T O BB F|cocerecceetcccenns 1
K2 FUFI TR ICBI O K ERNREOBRIE T —F oo 1
R BEERIBITI2EMEAEABDOE L ceecececeetacnns 1
K4 EEERICBUZ2EMBE OB FEEE ccovrereecccannns 2
RS BHREBRIZBITOME O EMEE coocevrerreeeee 2
%6, BEERIEBIIBI NN = DB R EE cooeeoeecenns 3
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I. LIz

ML, AKBARRIZBOTEERREIZESTWS. FIZIE, MEIIM LR ERIGREIZXYE
FRBREMAESE TS, MBI ST 7 DA BRI KRB~ ESNE AT, A
WX SN A HEEEZRVIA L, ThOEE#ET5. TOEBERELAWTEDT I IR R
REL, ThZ2BREEEMHEETS. I, MEIM/NES RICHARSh, ThEEbIiERIEEE
BDEETD. ZOLRBAYN—TIZBNT, MBEIIMNERTR THD. TMEIECRARE DO
WHEEDICHLT, FERACHLUTRENEEZRT. ZOINCHEN KB AERICBWTEER&EZ
BEL TR0 obT, 90 FERICASETIE, BGREIZBO THE O BB CHEZ ERER
FELDZERRE ThH T D, KEBRBEIZBITAME ORHEMIERCZTDEEIZ >V TELI DL
B CERDoT. ZNETIE, MADARE T, MEZFICSRIELEBRAICLIEEFEICLIR
HUCE. BEREIIERAMFCBLEMEL TR 35720, REBEICERTHMED 1%L FLMKR
HTERNEW DI TUVA(Cottrell and Kirchman, 2000). 77, HEARAIZIDERER L, BEDICE
ETHEMEZRHTERR, DESZNTNOMBEDTEMIZ ONWTOFEHRE 52720, LR,
90 ££X1Z Fluorescent in situ hybridization(FISH)#%=(Delong et al., 1989; Amann et al., 1990)\Z L BB 25t
#1=° denaturing gradient gel electrophoresis analysis (DGGE)#&(Muyzer et al., 1993)728 D43 F A=Y
FEPRELZLILLY, BREZLELETEERGREICBTIMEDOSIEEHIZ OV TOBHR
ERDHIENTERIIINIRoTE.

B EMFERFENREELZZLCIVKBREICBIT2HEOBERENADINI - TER. K
BRBEIZBIIDHEIIR AL NI TFTVTERAL Y T —FTIZKRBEN, TDRKEDERAL R TTFY
THEDD. RALL  RIFVT ORI OND I N—TBNFEL, BEOBWICIVZO#ENER
%. Glockner et al. (1999)i%, #£<DKBBREIZRITDHIE OEEMEES, FISH &2 AVVCENTL, I
JIRHIBIZBOWTE B -TaT AN\ TITHRESL, —FBEZBO U e -Ta7d"I7ITE
CytophagalFlavobacterium gloup 2ME 5352 LEHEL TS,

MEOECHEBEELROIERIT, F#ELITDD > TRV, 5FE (Pinhassi and Hagstrom,
2000), 5774 # ¥ E (Cotirell and Kirchman, 2000a), ¥54y (Bouvier and del Giorgio, 2002), 7KiE
(Heidelberg e al., 2002a), B LD A (Suzuki, 1999; Hofle, 1999) ASHIE DB EERBEIZE
BEE2DL0bh TN,

B O ERFERER O— DI/ MNEE B O FABYIC L MR THS. KBREICBVWTRA
B}WiL, SN AXOHE LV RENWTAXOMEZ A TDZEN IS TS (Chrzanowski and
Simek, 1990). 7=, Sherr e al. (1992)i%, RAEBMITIH P OMEZRIRAITIHAETHIL, del Giorgio
et al. (1996)1%, RABMICLSHEENEHDOERVIENEETHLEIVEROBWHENTFETS
IEIBIRNZLEEHREL TS, IhHDMERR, KEREOMEIIHAENOIRNI/ NI A XD
o7l RWARZRFHMRIBIZH S L) Kjelleberg et al. (1987)DRFE X £F9 5. Fi- FISHEE
WEBFRIZEY, o -7aTA N \IT7ITE B -TaTA N \IT VT RER-T- I CHENOERNDIZ L0 H
E& 7= (Pernthaler et al., 1997).

FIBITRFEROEEICB O TEEHIIET T 20°0CaE 8175, KIBOEHIEEREICB W TYHE
B, \LZREIIIEDZOICEE TS, fIXIIRBOW/KIRD EFIZIVKBERBESE RSN, T
WIZRBOWKBENET THILICIVEABRE SN, TKBILRBESIMUASNS. E2iEKIED
EENIKBREICA B TMEDORBHIHEE RIZT THA).

IR ZEZ RN RO L A MERRE(LIZEY, KBS EFT5ERICHS. EKIED EF 2,
I OFCOTEM:, BERSEITHEBL 52T LIIRVIZEZLNS. BIUEREICOWTIRERSh
T3, KEBEECEISHL, WEETHY, v-TaFF A IFITIZB TS Vibrio cholerae 1P
B CTHDHW, BRI BT ABEDHEKIBLVEVKIEDIFINHEFAICEL TWAIENRE LS. %
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2

D7, MEIERIGIZE > TRREICLDRBIVEN R P CEETAERIHD. EEE, N ITF7F 4y
VAl BOTHEABEDBVEIZIL T OREBINS N L RS ST B(Colwell 1996). F7z,
Heidelberg et al. (2002a)i Chesapeake ¢ Choptank JI| ¢ FISH 15124V 9 » A BT -l O L 8
EHEETEL, BAKBORWEIIRA < /ITFYUT, Vibrio cholerae-Vibrio mimicus, Vibrio vulnificus
DHBBENZ NI EEBHREL TS,

T TAMZETIE, MBELKIBLDOBREFELIARDEDIZ, MIARRIZBWTHRERE 2002 £ 11
A 8 H,20034=4 A 18 H,2003 45 8 A 30 BiZITV, E/KIED LB PSHMEOHEIEICE D L5 B E% 5
ZAODEEBEL. KR EAPHERECEAIREOREEZER IO, KB 2HBEKE,
BSWAKIRT IR 5°C, BBHEKBET 7R 10°CE 3 BRBSICELES TR EREITo7-. #BEIX, FISH
BIZEY, RA( RO TVT, RAL T —XT, «-70TF N \IFVT, B-7aFA \IFUT, v-7u
TANIT VT, CytophagalFlavobacterium gloup, Vibrio cholerae \Z533EDTEN, TN END T N—F
(ZDWTDKIE EFIT I DHEFEEE DAL E T~

0. HikLsrsh

1. 37

20024211 H 8 A, 200344 A 18 A, 2003 4E 8 A 30 A (28 M IR & M mHiE A #m (AL 35° 007 55”7,
W% 138° 30" 58" ) DRBUEKEEILI=(K1). REAEZHZRIKREL T 20L RYF 2T, BEFT
V&L T500mL /SALy 7R (SCHOTT DURAN, Germany) & 1L /SAL 7 AL UAZ, Jaar )b a, 5
I (NO;™, POS) FY A ELT I0L RIF 21T, YA HRE (Dissolved Organic Carbon [DOC])
AP 7NELT 500mL NAV I RAEAZENENERRLTE. BB 7 VR R BREL THIZE=E
~ELRY, ENThOV LB L.
2. BETF—FOHE

11 A 8 BV TV TIZBWTUL, VTV TRANRBDOKIE, pH, EREEEEZKEF =vb
— U-10(HORIBA, Ltd., Tokyo, Japan), ¥&77EA5RIEE% YSI DO A—#— 58 %! (Nikkaki, Ltd., Kyoto,
Japan), 5 ER—FT NVERIEEREEF CM-14P(TOA, Ltd., Tokyo, Japan) TEHHIL/-. 4 A 18 RDY
TIVTIZBNUL, P TV TRANRBDKIR, pH, BRMEEE, BERREELZKEF =y hi—
U-10, 5 ER—FT NV EKISEREF CM-14P TEHEILZ. 8 A 30 AP AV zBnWTi, o7
Vo TRANREDKIR, pH, BERICEE, BHFBRRRE, ENE2/KEF =y h— U-10 THEILE.

rana7 ) a %, FREIZBW T RAIEERE=Z AR, 1995 THIELEZ. 11 H ORBHEOHIE
IZiE, Zaaz v a BIFEICRIT HI8KE AV, BE DKK RSz WA/ 7a< /5 7% VT
fEHTLT=. DOC Y7 V% 450°C CIRE L7z GF/F CIRIBAIEL, DK% 500°C TRELE=T 7
JZANT, BERELEZ. TT0BRVE 4 B L8 BOEBEOV T L ELTRIE AT AN THEIR
#L72. DOC, 4 A & 8 B OFEBEIIEZMBTSH TR,
3. BEEER
3—1. ERERDOFIE

REEERE 20024 11 A 8 A, 200344 A 18 H, 2003 £ 8 A 30 RiZ{ToT-. BRASMZLIHA
DEEBETVRTZD, BRSNTZER VI NVEZAE 10um, BHE 47Tmm OXIVRT TANE—
(Whatman, Ltd., Maine, UK.) CIEBL7%Z. IERAEEIToERY L TN ET AT 2—VarF o\ —
BEIZE AL, BRAOV I AERBR L. HABERL, KiBELRE TES2=yMEREY—EI
> % —SD mini(TAITEC, Ltd., Saitama, Japan)% 3 DEL, HERKLL CTERRL-RIBBORBIEK 7L
ZENENIIAN, KIBZBEEKR, BIGEKIRETIR 5C, BGHEKIESTA 10°CIZREL. B
WAL IR Y TINEHALILT A 72—V a F o N —2 T NFNDA L FaX—F— [T ER
BL THBRERE2IT o/, 8T (70~80 p mol)Z AT 12 BRI LIC AR 2 5102 7-. 11 B 8 A
&8 A 30 HDREEERIZBWTIZ 12, 24 BrfRIZ 1 790, 48 BEfiRIZ, 20T 2F N EhDA %=
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3

R—F—NET AT 2 —VarFx o "—ZBOHL, 3TV AE2ERLI-. 4 A 18 BOBEERICE
WTIE, 12 BERIARIT 1D, 24 BERRIZ 2 DT 47 2—Var FX o N—EBOHL, 37T AERERL
e BHEBRERITBNT, BRMLTXTOPT I TR 2 2MEHERELE. 11 A DERER
IR WTIEREERRTL 48 BRRIESR B IR T 7 MIHLT, 4 B 8 A DERERIZBVLTT
FERBTL ISR 24 BRI OV TV 7 MR T FISH I X B MIE OB ERE DT 21T~ 1.

3—2. FATa—TVarFyx/\—

KEBREIZRBWT, BEEOARICIIMBNA~DEBET 0K, RESMICI MEOHAL
HEBEGORBEOMLD, MEOHEITEEE BEXHILNEZ LN IBRIEKE AR ER
ZRWTIL, HBRELERBEOM TRBIREBOEREVRAE TS, 22T, AFRIZBWTIL, BB
Br LR FEERTAIDIBE Y TNV EH AL T AT 2 —Va F v\ —(M3) 2 BB K IS
LTHBEREITo/. TA72—VarFro"—0RMME, IR 02um, ER 47mm OXILVET 74
JV#—(Whatman, Ltd., Maine , UK)IZIVESNTNS. DFVF 4T 2 —VarFro N"—HNEN T,
02pm P EDYARXOMEIBEI TRV, 02 um AT OREE BT LI BEEHIzLY
BEITED. TA472—TarFy/\—DIRGEE S 5T 8 12000 DFh7u b Cx AW CHERELEZ. Fh
7ahl C KBFBD AT B2DP~EBKEFHALLT AT 2—Var Fro "= AN, TAT 22—V
TN RBITBTF M A CEEORFECERN. TORRT AT 2—Val F o N"—5+4
B EPLEL QBRI L b oT2(K4).

4. EHEEORE
4—1. I NLOEE

YU T INTTRHBE 2% 725592 IRB LTz L~ ) IR (VA 7 )V 7 e R[Wako, Lid., Osaka,
Japan|iZ~F % AF L7 73 [Junsei chemical, Ltd., Tokyo, Japan]% /> &%, pH7.0 {ZFHET3)N%,
BELE. BELEY IR ChRBIRGESNE.

4—2. DAPI(4, 6-diamidino-2-phenylindole) iz kD7 L /37— DIERK

AR LD BT D7=3HIZ DAPI Yefa% Porter and Feig (1980)DH E2 % B LT o7-.

Ty ZIRIBEHIFLAR 1.2 p m B/ m—R7 )L Z—(MILLPORE Co., Ltd., Massachusetts, U.S.A.) %
D, TRIBHERIEER (LAF F-PBS £%358) (Dulbecco’s PBS (-)[NISSUI, PHARMACEUTICAL, Co.,
Ltd., Tokyo, Japan] 9.6g/L) ZHK5|SE, EOE TRV, €D LITHE 0.2 pm, EE 47mm DXILR
77 4/VZ— (Whatman, Ltd., Maine, UK.) #1/4 {Z%v kL, 6.7%Sudan black ¥&# (Wako, Ltd., Osaka,
Japan) TRALIZTANZ—ZEBEIDIX TRV 2y M AWTOR, £OEIZT77o 20
ZDORETIVYFCEELE. NP OMEBELZEEIIHBIEED, VP TeETLoF—CHEEL,
RABLEZ 7RI AN, U7 VENImL T3 ECRIBLEZ. ZIIZRE 0.1 4 g/mL @ DAPI %
(Nacalai tesque Inc., Kyoto, Japan)Z 0.1mL Nz, 77 RN EDT > TEH—IZRE, 5~7 HMZOEED
RECTHEZRAL, TORIBBLL. Z0H8, XTVLRTIANZ—2E vy TRVHL, ARG
A (Matsunami glass Ind., Ltd., Osaka, Japan) @ _FiZJE@E%Z LIZL TEE, B tDM~v—a A AL
(OLYMPUS, Co., Ltd., Tokyo, Japan) % —7ANZ —IZHEDLL, H/N—7FA (Matsunami glass Ind.,
Ltd., Osaka, Japan)& 48 TV By MR TAANZ BT B IHNTEIIPEZ -

4—3. EOLTME T COEMBE DRI

ERR LTV G —NMIA~v—VarFANERTL, BIRIZur—F—% AN 5 R 80 8
BX50(OLYMPUS, Co., Ltd., Tokyo, Japan)Z Fi VT, %3 100045, UV Bhitd Yt (& 330~385nm) T, 100
ZVyRAIZISIT5 DAPI CREINHIEZFHE U, ARFFRIZEBU T, 20 185 C 900 ARFI LA _E&5
U, 100 VR Y- DEB EE KD,

S (YT ImL SV DEEE) Z L FOIHIEHEL-.

2H 3 (cells/mL) =nX A/aX1/V X 20/19
n 1% 100 7V R Y700 FH M, A IZRIBEE(wm®), a 1% 100 2V yRYSZ0OMEE (1w m?), ViX
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Y7 NOIIEE (mL) 2777
5. MIBEOREERE OMAT

FISH i%(Amann et al., 1995)% v \’C/Fiﬂr*_’lﬂ)ﬁﬁ%ﬁ‘%ﬁ@ﬁbt
5—1. VI NADEE

BT IWREBEDR 3% BLCIRBLIZ/ TRV LT LT ER ?*{&(4% RIFIV BT ITER
[Wako, Ltd., Osaka, Japan], PBS 9.6g/L, NaCl 15.9¢/L )& /0%, BEELK. EEIL 5~8 B, REET, MR
KEETITON-.
5—2. MBI

JEIBEHTIB S E R 25mm ¢ GF/C (Whatman, Ltd., Maine, UK )2 B %, 0 EIZ3 5D 11IZHvh
LFLBR0.2 pm, BB 4Tmm DXIVRT 7 V¥ —(Whatman, Ltd., Maine, UK )2 D, IEiRgRL7 7
INELODEIY YT CEELEL. ZIBER LY I AL E Y ERIBLZ%, F-PBS 1mL T 3 Elj
L. RIZ, 50%T% /—/\ (Wako, Ltd., Osaka, Japan)lmL %7 7> FAERGITH TLT, 2~3 43
BLERIRELZ. FROIEEE 80%, 99.5%TF /) — V& RAWTITY, BKLE Z0RTINEZ—EE
B CHRSE. ZOTANE—%, N"ATVEALB—TalBITHET—20°C THERFEFLE.

5—3. BfsFu—7

AT, FAL - AIFVT, KA T—%T, a-F E!Tﬁ‘/\??‘)? B-TaTANITIT, ¥
-FaT AT YT, CytophagalFlavobacterium gloup, Vibrio cholerae DrRNA %% —/4 v MIL7Z
EUB338, ARCO15, ALF1b, BET42a, GAM42a, CF319a, CHO.1 7u—7 % Fl\V=(3&1). ZhbD7a—
{3 5%3% (Takara Biotechnology (DALIAN) Co., Ltd., Kyoto, Japan) CYERRS . AV m—T 13~
T—4# I (tetramethylrhodamine isothiocyanate $721% X-rhodamine isothiocyanate) CAEFRS 4172,

5—4. Whole cell in situ hybridization

Yo I NERNE, BALET V2 —% 6551, RIENEHTZDIZ0.2%EF5F 2 (Wako, Ltd., Osaka,
Japan)Z B A7 L1 A7 AR 45 A(Giovannoni et al., 198IZEX, BB TRWINATVE A E— a2
¥&(HB:0.9M NaCl, 20mM Tris-HCI[pH7.4], formamide[EUB338, ALF1b, CF319a i¥ 20%, ARC9IS,
BET42a, GAM42a 1% 35%], 0.01% SDS)16 1 L L&EF70—7 2 p LEEHEI AN F— L CRALE. &
BT, 50mL RV 7 L R E (Iwaki, Co., Ltd., Tokyo, Japan)iZ HB2mL ZE L7 AR 74
AN, HONEH 46 CITRDTRE, T LRDATFARHFAERRELAN, 46°CT 90 A F=
NR—RLiz. ArFaX—kbol7 N F—RBE, HOENTH 48°CITIRD TRV EHEEER(WS:
NaCI[EUB338, ALF1b i 0.225M, ARC915 {% 70mM, BET42a, GAM42a, CF319a (% 80mM], 20mM
Tris-HCI[pH7.4], 5mM 4H EDTA, 0.01% SDS) CEEBEV L4512, ZRVDEERAIKICIZL, 48°CT 15
DA Fa_X— iz, D%, T4NF—E&H EIZHL, ZZ8K 100mL TRBEEZHEFL TR Y
—CHARSET, TANF—"ATART FRZOR T, ZZIZ DAPLZE# 34 L TL, 50RHKEETC
Yufath KRS, <UL b antifade reagent in glycerol buffer(Moleculer Probes Inc., Oregon, U.S.A.)%
TANF—ITHYER FL, IN—HFACET.

723, Vibrio cholerae ™ Whole cell in situ hybridization {Z-2V YT} Young-Tae ef al. (1996)DF1E%
WTCITolz. LR FISH kL BB i, NT VT A B —Ta LEEOREN 39CTHHZL, NAT
VEAB—ar DRENZ, 7402 —IZHB2 u L 2L, 15 %5/, 39 CTHUNATVEAB—T 2 %17D
Z&, HB DO#AELAS 0.9M NaCl, 50mM sodium phosphate buffer(pH7.0), 5SmM EDTA, 0.1% SDS, poly (A)
0.5mg/mL, 10X Denhard’s solution THBHZ&, WS DFERRA 0.9M NaCl, 0.1% SDS, 50mM sodium
phosphate buffer(pH7.0) TH B /R TH 5.

5—5. ABDBILE

NATYVEAL =2 a BTl PN R FTELERMEE BX-50 (28T, fF3 1000 f# CEEE
221, 3CCD »AF C5810(Hamamatsu photonics, Shiznoka, Japan) CRI—#REF D UV FhiE(KE 330~
385nm)Eif L 1G FHEE(IEE 520~550nm)Ei5R % BVIAAL, EEMEITER SP500F(Olympus, Co, Ltd.,
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Tokyo, Japan)% Fi W\ CHENTZ 1T o7z, UV BHEEIRIZIB WO TEEF 500~4000 gz v Niz. UV Bhid
HE#IZI\ T DAPI 2k ash, 2 F—HREFD IG BiREBIZBWOTALTIFAXEN =D
HaTa—7 CRIHSNFREAR L. EOMBEIZR5 UV BiEEBRIZISITS DAPIL 2Kt
Ehi-fREOEIAEZFHEL, R

BB, To—7 TRIESNEMEREZ LT OINCHEL TR

N=nXP,/D

N7 o—7 CRHINMES, nid DAPIREIZ LA EEEFH T TR T MBI H2HE K,
PiZ UV B2 EBIZI VT DAPL 2LV REaIh, HoF—HEO IG IEJEE@L%U\'C/VW VEARX
Shi-Ha%k, D i3 UV B2 B2V T DAPI Citash - iz rd.
6. HFEHEOHIE

Stanier et al. (1989) DLLTFDOXEHAWT, %ﬂ%ﬂ@i“%%’?ﬁkkﬁééﬂ]@ FEREITN—T D
HESEE &R 7z

k=(InZ —InZ)/(t—t,)
K ITHTEEE M), Z BEO Z, DEIFZNEI t BIO BRI 3 HMaEIHE Y 5.

Im. #8

1. RET—%

YTV T EOEKENERBORET — #2217 7. KR 164°C~256CThoiz. 11 AL 4
ADKBORBNZIX 1.4CLIENRD-T20, 8 ADKIRIX, 11 AL 4 AXY 7~9CEWMEEZRLT-.

a7 4l a EEEIE 1.90~10.26mg chl-m > Th-o7-. 4 BDrau7 )V a BEIF 11 AL 8 BTk~
5 fFEVMEZ R LT,

pH 1% 7.39~8.04 Th-olz. IBIFEARIBEIL 7.85~10.26mg/L ThHolz. 4 AD pH LIAFREREIX
11 AL 8 BIVEWEELRLZ.

EREEIL 43.5~73.4mS/cm ThoTz. H53Z 28.1~31.6%0 Th-o7z. 8 BDEREEELE NI,
11 A& 4 BIvEVWMEEZRLT
2. EMEROE

11 A,4 B,8 B&3 EfTol- & EZRICBIT M E R ORFHZELERIBITRUE.

11 A OERERIZIBWT, BEEIMOSHMESIT 0.720(£0.195) X 10%cells/mL Tih-7z. 12 BEIZIC
i, Bl/KIR(16.4°C)8538 Tl 1.79(£0.255) X 10%ells/mL, 75 5°C(21.4°C)E53 Tl 4.82(£1.48) X
10%ells/mL, 7°52 10°C(26.4°C)5%2& Tl 5.16(£0.928) X 10%ells/mL ~&-HEEASHEIN L/~ 24 BefH
I, FIBKIEEEHE TIX 1.88(20.774) X 10%ells/mL, 7*FR 5°CHE#E TiZ 8.14(£2.75) X 10%cells/mL
~EEMEEAENMLT.. TR 10°CHEERD 24 REBROSMERIL, T472—ValFri/—D74
WE—BEN, VTV TN TCERDP Tl DITRTIENTERY, 48 FFF#IZIE, RLEME
BBRELRY, BBKIBEERE TIE 3.65(£1.22) X 10%ells/mL, 7T & 5°CH#3# Tix 9.42(£2.04) X
10%ells/mL, "2 10°CH52 TlZ 7.39(£1.38) X 10%ells/mL ~& & HAEE A L7z

4 B OERIZBWT, EEFTOSMBERIX1.59(£0.197) X 10%cells/mL THh-o7-. 12 BRI IZIZ, H5
KB (18.0°C) 553 TIZ 2.90( £ 0.250) X 10%¢cells/mL, 75 Z 5°C(23.0°C)553# Tid 4.04(F 0.475) X
10%ells/mL, "2 10°C(28.0°C)5%2 Tl 4.41(£0.438) X 10°%ells/mL ~LEHAE AL 7=, 24 BEfE
BT, BLEMEENEY, FRKIRREEETIT 3.77(£0.335) X 10%ells/mL, 752 5°CH5# Tl
4.80(£0.413) X 10%ells/mL, 752 10°CH53 Tl 5.20(£0.487) X 10%cells/mL ~EEHE AL 7.

8 A DEERFERIZBWT, BEROSMERIL 1.17(£0.147) X 10%cells/mL Th-o7z. 12 BERIHEIZIL,
BB /KIR(25.6°C)5E3 TiX 6.95(£1.85) X 10%cells/mL, 7*F & 5°C(30.6°C)#53# Ti% 8.45(£1.14) X
10%ells/mL, 752 10°C(35.6°C)#53& Tl 7.92(£1.85) X 10%ells/mL ~EEABE AL 7. 24 BERE
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BITIZ, JROLEMERENERY, FHPKIBEEEE TIZ 10.6(E£1.84) X 10%ells/mL, 75 5°CH#E Tl
10.3(£2.07) X 10%ells/mL, 752 10°C#53& Tl 8.85(1.04) X 10%ells/mL ~&2HEEASEINL 7=, 48
BRI, BB KIBEERE TIX 5.08(£1.02) X 10%ells/mL, 75 R 5°CH#E TiX 5.66(% 1.69) X
10%ells/mL, 752 10°C#53 Tl 5.87(£1.63) X 10°%ells/mL ~& £ HHBE B LTz

3. &MEOHEEEDE/

FTRTOERIZBNT, RIS 12 FHEOM CEME OHEIEEE N RLREN T H(F4),
Z DHEFEHR B LAKIRE D EHRE K 6IR L.

11 AOREERICBI2EMEORIEEEX, BY/KREE T 0.0761h7, 75X 5CHEETIE
0.159h", 7SR 10°CEE2 T 0.164h7 Thotr, 4 B DBRERIZHITIZLMEOHIHEEIL, BiEK
BT 0.0504h7, TR 5CHEHETIZ 0.0780h7, 7'F% 10°C T 0.0852h Tho7, 11 AL 4 B 0EaE
ERIZEBWTUL, BHEKERERIZHAKIEE EF S TR DI M OHEFEEEN K EA o7
B, T7AS5CET TR 10°CHRITRIT HEME OISR E O RMITINE LA L EN Rbhiehole. —7,
8 H OEBEERIZBIIBEMBEOHEREEE, BPAIRTIZ 0.149h7, 75X 5CHETIZ 016507, 7
T A 10°CH52 TIX0.1600 L RS\ MEFEEEDEL R LIZAS, 3 DOEEIR T3 5 2A0 8 D HE G
DOFRITIZEA L ER RO T ’

11 A& 4 B OBERFERIT, 7SR E TiThizss, 11 AOFBNRE EFIZR 5 0TS
EDBERBALNITRKEN T
4. FISH I L5 OFEERSEDIET

11 BIATo s ERICI T AME OREREE T, 4 B Tor 8 ERICRII DB ORHER
EZ X8, 8 HIATo/ iR ERITBIIAME OHEMELRINIR L. BBRAL 77 YT % EUB,
RAL 7 —%T% ARC, o-7uF A IFYT% ALF, B-7u5A 757V 7%BET, y-7uFd/\/5
U7 % GAM, CytophagalFlavobacterium gloup % CF, Vibrio cholerae % CHO.1 L3RFLT 5.

BRI AME OREMIE LB KRER TR AME OREREL LB T 5L, REREWVA
HoTz.

FEERIIZI1)5D EUB & ARC DEIA DA (LA FISH B HHEREFEOIT, 11 A OEERER TIX 64%, 4
B OEEFEERTIE 62%, 8 H DREERERTIT 15% Thorz. B/KIBRRIZHITS FISH BH=RIZ, 11
B DEEFEERTIZ 91%, 4 A DEEERERTIZ 78%, 8 A DB/ ER TIX 71%L RN _E VEE R
L7=(®7, 8, 9).

11 B o8N, CF 28 14.9%, BET A8 12.1%, ALF 3 9.32%: 5\ &5 %R L, ARC 78 3.78%, GAM
B 324%LIEWEISE R, BIG/KIBRERRIY, HERANICEIANEI o/ BET & ALF BNEhTh
6.58%& 3.79%~LIEL 72V, BERANIZEIRDIENo7= ARC & GAM DEIERZENEH 10.5%E 20.4%~
LR EST. CF DEIBITHEER 16.8%&00lML=(X7).

4 A ORI, 7N —TOEIENIELALRLTH-N, CF DEIE 8.0%L%ETFE<, BET DEIA
N3 5%LETEN o7, BEKIREEEELDEIEILGAM 28 5.7%55 12%~, CF 73 8.0%75>5 16%~, BET
23 3.5%035 5.9%~LEED, ALF DEISITEERR1(6.2%) L 55381£(6.4%) TIZ LA LB L h e b o 7=(8).

8 H OREEANEL, ALF 23 7.5%, CF 23 4.3%L B W EIR%Z R L, GAM 28 1.0%, BET 28 0.83%L &V EI &%
RUTz. BEGKIBREZOEIATE ALF 28 15%~, BET 2° 24%~, GAM 8 26%~¢ & £-o7=. CF DEIE
1% 2.3%~EIE T L2(9).

RIZEER B OB BEICRB T AMEOHEREE LET 3.

11 B OERFERIZBITDT TR 5SCREOHMBE OREMIEIX, BLG/KIRERIZH~, ALF OEIERN
14.5%L <, ARC 78 3.02%, CF 28 11.1%& 180 o7, 75 10°CIERDOME OREEREIX, 5R5CHE
FITHE, GAM DEIAH 33.3%E <, ARC 25 0.944%, CF 28 3.91%L1E23o7-( 7).

4 BOBRERIIBIIZTIR SCTEEDOHEDOHEMIER, BG/KRREIZH T ALF OFIAM
10%&E <, CF DEIE N 13%EE =72, TR0 CREOMBEOREMEY, IR 5SCREOHME®D
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BEEERETEL L, GAM 78 30%, BET 28 12%& %<, ALF 23 6.3%, CF % 7.6%L KA 7(1X8).

8 H OB ERICBIIB T TR S CHEDMBEOREREY, HGHKRIERELS, GAM A 51%LRX,
BET 28 15%&1& o 7. 77X 10°CHBOMBEOREMEIL, 77X SCHERITH~TBET 28 23%:%E
T Bl CRERBNNIR-T2(X9).

CHO.1 1% 3 BIOERIZIBNT, BHBRL T Tholz., Fiz, ARCIZ 4 AL 11 B OFEEERITINT
RHFRFLLT ChH-o72(3%5).

8 A DIEEERRICBITIA S TR 5CLF TR 10°CHEEIZBUW T, EUB Th5 ALF & BET & GAM & CF
DEEDEEHL, EUB OEIEEVEL o712 (FF R 5C: EUBT1%, 7 V—TD4EF 86%, 77X 10C:
EUB73%, 7 /V—7 D45 89%) (K7, 8, 9).

8 B DEERERRITIITAEEERTO FISH R HERIZ, 11 AL 4 B ~02hEh-72(11 A: 64%,4 A:
62%, 8 A: 15%) (X7, 8, 9). ‘

5. BIN—F OHFEHEEDEAL

BIERERIZBITBIN—FZ L OEEEEZK 10 IR LT,

11 B OBEKIBRE164CNIBITEES N —T OHFEHEL, £HIEE0.03390")IZH<, GAM 23
0.0722h™, ARC 4% 0.0599h™", CF 7% 0.0364h™" &<, BET £30.0212h, ALF 28 0.0151 b &/h&inotz, 7
SR SCEEEICBITBE I N —T OEIEEET, £MEE0.05420")I2k~, GAM 28 0.0914h7, ALF A3
0.0634h" 2 5cx<, CF 2% 0.0497h, BET 2% 0.0270h, ARC 78 0.0212h" &/h&h o7z, 7T R 10°CHEIT
BIIBEY N—T OHERHEEE, SHIE(0.0485h7)IZEE~, GAM 7% 0.0969h™, ALF 4% 0.0590h" 2K EL,
BET 73 0.0338h™, CF 23 0.0207h", ARC 2% 0.0147h! &/h&hsotz. IR SCHEBIZBIIHE I N—TD
HETESE Y, B KIRREIRIZH~, ALF, BET, GAM, CF 8K &L, ZOH THHRIZ ALF BREB/KIEEE
IR ARC OHIFEEEEIT/INSA ol F5R 10CERITBIT B EN, 7R SCH&RICT
~R BET & GAM OHEFEEEEIIRED 7228, CF & ARC & ALF OHFEEEIL/NEL, EDOHF THHAZ CF
D BREREE 1T B KIR R Tt~ NS0Tz

4 B OBEKRIERICBIBE SN —T ORFEEEL, 2HE(0.0361h7)IZE~ GAM 2% 0.0666h,
CF 73 0.0656h™, BET 3 0.0573h" £ K &<, ALF 23:0.0344h! 2/ &hsotz. TR SCHRERIZBIIDE TV
—F O EIY, GAM 23 0.0771h", BET 430.0700h”, CF 7%0.0663h", ALF 78 0.0662h™" & 4 207
T TSI DBIFEREE (0.04620 YLV KX hrsote. TTA 10CERITBITEE T N —TDH
FEOH BRI, 2MEI(0.0495h )T~ GAM 2% 0.118h, BET 2% 0.100h" L 2HME LV KEL, ALF A3
0.0489h", CF 23: 0.0472h! &/h&holz, FTR STHREIZRITEET N —T7 OEFEEEL, BKIER
2k~ ALF, BET, GAM OHFEHEENKEL, ZOHF THHFIZ ALF OHEFHEENBG/KIRIER T
_RFE) 7o, CF OHFEEEIXIZLAEE bR o7z, TR 10°CREIZRBIBEI N—T OWFER
BEI3, 7T 5CHEH# L GAM & BET #8k%<, ALF & CF 2V/h&h otz

8 B OBEEKIRICBI S N —7 OHRFEEEIT, £HE(0.0918h")iZt~ BET 2% 0.233h, GAM #3
0.227h', ALF 73 0.120h™ 2k, CF 28 0.0647h! &/ &0tz 7TA SSCHRIZBITHE T NV—T DI
FEEEE LY, SHIEE(0.0908h)IZ L GAM 23 0.254h7, BET 2% 0.211h7, & ALF 28 0.125h" &K<, CF
3% 0.0825h L/hEh otz FTR 10°CEERITIIT BT N — T OHIFEHEE, 2HIEE(0.0844h W EE~
GAM 75 0.247h", BET 23 0.223h™, & ALF 2% 0.107h K%<, CF 28 0.0726h" &/h&hsotz, 7FA 5CH;
HICBTBE S N—F DRI, HBKIEREHE L GAM & CF K&, ALF IHIRIERIT T, BET
DOWFEHEEIT/NEhoTe. TITR 10°CHEERITRIIHHEFEEX, 77X 5CHRITEL~ BET 23KED
B, BEKIRLERBE/NED 0T, F2 GAM IHISIEFTMEZRL, ALF & CF l3/h&h o7z, 8 BD%
T N—F ORI, 11 A& 4 BT, 12 GAM & BET OHFEEE R K EL, ALF & CF DOFFEHE
BELOENPRED T

P EDREREFLDHE, 1)GAM 13 16.4°C~30.6°C, 2)BET i% 16.4°C~28.0CC, 3) ALF I% 16.4C~
23.0°C, 4)16.4°C~214°CETOKIE EFITIVIEFHEE KL, 5)ARC 1% 16.4C~26.4CHKIE
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R RV S/ NS e otz 6)MEKIES ERTBIZoN T, GAM & BET DOHEFEEEIERL,
ALF & CF OHEFEHEE LD ZENKELB .

V. B%

1. BIEFT—%

4 Aoraur v aBEX 11 BE 8 ALl S fERVMER R L. Fz, iﬁﬁﬁﬁ%ﬁ%&_m\f E24?,
BEMBEINE. ZhDHORBRND, 4 ADEKEBRAZBIZBWTTIL 77— PR EE WD
EWEBLZOND. TOWYT T IR DRERIZEV4 A @?*M%W%J%uow‘é pH LIATFBRIBEIL,
11 B& 8 BITHABWMEZRLZEE ZHNA.

8 ADKIRIZ 11 B4 Izl _T~9CEVMERTRLEZ. £, 8 BOESLESEHEEIZ 11 AL 4 A
IZEEANTEVMEZ R L. DL EDOFERDS 8 B OFEKENRBOUE KBS BYDITKADRERE
DIEZBT, TS LOME S DRV IKBER AL T TIERUVMEE ZBRS.

2. MBI 5KIR EROFE

3 EfT o1 RZRIZBNT, HRICIVASMERIT T X COEBRRTHEMNLZ. FERRHAND 12 R
MO ThebSMELRAHEHL, ZlEIL, SMEOEFHEINERITR o, 8 A OB ERIZBY
TIX, 24 55 48 BRI R CRMBEE RSB LI2(R5). Zhud, SHBEORIER, EEOHIBRLmED
BARLIZI05EY, MBEORRBRERNENE LB S22 7E¢E L2 bND. AFFROEEEER TIXFALER
1.0um DT7ANE—TIRBLEEZITo TS, ZZTEIRRERIL, RABMIZLIAEETIIRL,
TANAZELDEE CThHDHEB XL TNB (VAN ARIZDW TR TVRNY).

IR E R LD SR OHEFEE ESBIFITHE KLU0, 11 H 0BEERIZEITS 164C~21.4 Cd)
KB EFE 4 BoOEEERIZBIIS 18.0C~23.0CHOKIE ER THot-. TREVLEVKIE LR Tk
ETHEREESERTHET Thote., Fiz 8 A DRERERITKIT 2 EHE OERLEEII R EVVEE R
L7283, KB EFIZL D2 ME OEIEHEDEITIZEA L REN)-T2(K6). ZDZinb, HigHR
BIZBITMEBEDOHEME KT 21C~23 CHHEDKIR ERIZIVABITHE R T8, ZhEEN
KR L FIIBIGREICI A EBEE OREIEE E I L CRERIBEREERIZRORNIENEZ XD
na. ez ORI, EKBOBENEUNOEE T, KBESHEKEZa ba—L L, BABROEN
E I EEOHIBAME S E T Ma—/L T 5D EE L) Shiah (1993)DIREEZIERT5.

11 A L4 A OREEERIZBITB/KIE LRI 52ME OBIESEEOEbE LB, FLL2RK

BRE THoTDITHNDLT, 4 BT~ 11 BDIEIAR, KB G+ BHEFEEEEDH KDOREH
jt%ﬁsot(lﬁ). 11 BI3KBERENEZRRL, TIOOKIBMET T2EMEICHD. —F 4 AldkiR
PMENAZRERL, ZI0DKIEN EFTHEBICHD. 22D, 11 B TIEEVKBIZESLL TV
BERELZELTVT, 4 A TIXENLN D olziz, 4 BITHA 11 A DIRHDBKIE LG5 H85E
BEDHEROBENRKENoILEZLND. EBE, BEFOMEOREEEIZBNT, KEERIZE
DIBFEEEEASHE K L72 ALF & BET & GAM DOEIEZEF LIZEIL, 4 A (15.6%)XY 11 B (24.7%)D1E5H
o T(X7, 8).

3. HMEOBEREE O

CHO.1iZ3 B0 ERIZBVTETOY 7 I FA P CRIBBAL T Thote. £k, ARCIZ4 AL, 11
A OEBRTHRHRALLT Th-o7=(3K5). FISH {EIZ L ABEREOMATIX, DAPI CRE-o7-MEZ 1 7
FHZ-OEH 100 AR, 20 1REFTH 2000 MDY TR, EOFRTTa—TNATIVFAXSNIAHEZ
2RI THEIRLL TRD TS, £ZT, bL20REFFIIAATVENIARED 1 L7220 > T REF A
11 REFLLEDHSIBE, TV T NAHIINAT VARSI ARE D2y \E%ﬁwbivz‘»ﬁb\ £oT
AT 0.5%KRMOEIERIZNEB Z TS,

F P —IBIZBITMEOFHNEILE BT E (Heidelberg et al., 2002a)i23 T Vibrio
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cholerae-V. mimicus DHIFIENZ, 32cells/mL~4.3 X 10%cells/mL TRALL « _ZFUT D 0.01~0.3%%H
L7z, 77, Glockner et al. (1999)i, Baltic Sea, North sea, Pacific Ocean, Antarctic Ocean {233\ YT FISH
EIZ LD ME OBEREE DT EITV, FAL T —X T KBEREHICAFET D, MiaiidE
#1272, North Sea C 3%, Pacific Ocean T 2%, Z DO HIR CIIBRHERRLL T Cholel LEHEL
T3, ZRHDMEND, BEPIZAERTD V. cholerae LKA« T —X% T ORIBREIIIER 12720
LMD, ARICIBIT ARG IEDL, SHMBEOIT MER DD o778, BHRALTF L5
BRiZgot-Z 20D, 51 V. cholerae YR ALY« T—X% T OBMEITISE, JVEIDMEE B
TRDUENDD. Eiz, Vibrio cholerae IXEEHDORE PIZHFET DI L(Islam et al., 1994)%°, BT F. 7
MAZSTEL TWBZ E(Heidelberg et al., 2002b) 3551 TWA, 51, BEHIZISUNT Vibrio cholerae %
BT 558, BT I IR R T T I NATH T BN EICHEE T RETHS.

8 H OREREBRIIBIIET TR 5CLT TR 10°CHEIZIBVTC, EUB Thd ALF & BET & GAM & CF
DEIGDEEE, EUB DEIELVELR-7=(K7, 8, 9). ZhiX, EUB338 7u—71% 1 27 u—7 ¢
SRESHFIRMEREE Y — 7 Y NIL TCWBT, NATVEMIZA 0 EUB 2 H T&§°, EUB 23K
LB/ FHEL Tz d b LinZpvy. F720%, BET42a By -7 074777, GAM42a 23 B -7as
ARIFITICENENRER GER L(Manz et al, 1992), ZD#EE GAM & BET ZEBELVBREHEL
TW=b LR,

4. BURBREELEERBITIT DM OBEERSED Lk

BG/KIREE#IZ1)5 FISH BRI, 11 A OREEERTIX 91%, 4 A DEERERTIX 78%, 8 AD
BRERTII 71%THY, KEANTISITS FISH ML A: 64%, 4 A: 62%, 8 A: 15%)IZH~, @
fEERLE(KT, 8, 9). ZHiZ, HERIZLVMED RNA EFENE T, 0%, BEREOMER
EITHR, BREH TOMEBEOTEMEN B ol LE R T2, BGRE CIIRBAEENFEL T
TEDIZHRL T, BEESEE T CIIEAEEBRETHS. del Giorgio ef al. (1996)i%, AL DHEE
IHEHEOENIEBFEETHLELY, EHEOBVMESFETHIIINNENILEREL TS, Zhb
OFERLHEND, FGREIZB O THEENEEOEWHEZERICHRL TV akdlz, HGR
BEOMEREDIEEMEL, BERELETICBWTIBRZEBTE ThololodIZIEED BV 51
2B ZLND.

FREBRIZBWT, HG/KRCHETIILICLY, MEOREMENRKEE L. EEHTREAT,
BERANIRLEIG DR TN —T 0, BREFELKREVEIEZ HDATHH(H7, 8, 9). £ZT,
ERINCE T N —T DRI OME R LB /KIRICBT SR E LOBRER 11 [TRL. EDE
BRIZBWTh, HEBEENREIVI N —71ZE, BRREICRITHMEOREREICBWTE 5958
BiTidebixdor-. 11 B, 8 A, 4 ADEBEERIZEITS GAM & 8 AL 4 A DEEHEERIZIITS BET
1%, BTEEEARKE DI ST EBREIZBV T 7 L —7 JOMEE D22 o 12(F). —0
Z&Mb, GAM & BET i3RERICE IS UEFESMEEL Tb, BGREILBVWTIVEBERELZIT 5720,
RREL THEOHEREITRBITA/NIVESE HDDELELOLND. T, WIEEEN/NINWITL—TF
BB B EE D RZ WD % (G T-(FF). ZDZEhnh, HIHEEN/NSWIL—T 1%, HREND
ENOT, HEREICRIIAMBEOREMED LB REVETSE LDDEEZLNS. —F, 11 AL
4 B DFEREBRITIITS CF, 8 A DOERERITISITS ALF 13, HEFESEES LB R XV DI HIE DB
EEEIZBWTE SLIZER). ZoZihb, CF & ALF IHERENSEND DDA LD EED,
BHERBEICBOWTCHERED KREWEDE HHDEE X S, Pernthaler et al. (1997)1%, K%z AT
EREREITD, REBMICLOMEREIITOHEOREBLEZEL, B-TarA "\ I7ITH,
RIEZZITDHILIZIVTATAVMRIZRDZE THAENDENDZ LEWE L. AFROHMAES AN TH
HIEKEARE THELDT74TAMRIER b, £k CF Thok (E14~17). CFiZ74F A
RITRDZLTHRAEEI ORI, FEREL GRERREICRBIIDMEOHEREIZBWTE SLTHWEDHMn
HLAZRWY, '
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FISH HEICX BT CIX, VARY —AEFEOERWHIEZ R T2 LN TERV, BGEREICKITS
FISH #HZRIIEEF B2 5 FISH MHBIVE) 722 0D, BIBREEIZIITS FISH HRICZL0RAT
LIRS B/ NEEL QOBIERE XSS, Eilers et al. (2000)1%, FLIR 12 4 74052 —TIRBL
YK, BRI 2% 35 nalidixic acid ZFRIIL CHEEL, MBEOREREDELE
FISH &I XV, ZORER, GAM OHIEETZ T RER AT L~ THMNL 228, ALF & CF ORI
EELRWD, FERiTRbDeho7c GAM BER#ERLE IR0t ZOZEMLRBREICRITS
GAM DHEIEEIE, D7 N —TF0ZVN, EHEMEY IRFE TEIFET S8, FISH LI LB T
IR GAM ZIB/NHEBL CAZERE X HND. AR TIE, GAM DEIAIXRERRITEIA MRV,
BERBRELEIENERole. THITHLA LD, BRICIVEMEX bl TidZ, BRANCEED
B o HEDIEMERE Eololnd, RHEERE FoONBLIAR. TDI2, GAM DIEHHE S
BRFAEL TWBATREMED S D, 7z, Eilers et al. Q000)DFEREZEETHL, GAM ITHBEEDTFETS
BHREIZBV T, EHOEVIRRBIZR SZETHRE|EI ORI, BREOHISRVEREIZRBWT
i, EHEEEOEIEZR > TVB0b LR,

TR, R E AW R ERICBITAHEREDE/ND, HEREIZBIIZE I NL—TIZ
AT AR LTI TR AL TS, LHLRRD, EEIZZALBPHRSNTHENED
PEBEERARI TRV, HLSETHRIZBE R\,

5. HIN—FZxTHKR EFORE

GAM i 16.4°C~30.6°C, BET i 16.4°C~28.0°C, ALF I 16.4°C~23.0°C, CF i% 16.4°C~214C%T
DB EFIZRVHEFEEENERL, ARC 1Z 16.4°C~26.4°CDKIE _EFIZ L VHEIEEN /NS 2oz,
Fiz, WEKIRN EF 51221 T, GAM & BET DOHEFEEE S AL, ALF & CF OIEFEEELDENK
ZBAVE( 11).

ZORERIY, MBERIBBCICHOMEKIBED ERBSEISL, PER ADINBEIEEIZBTHME OREEME
ETIZ, GAM & BET 2B 5752 ERFHEIND. LrLANs, KBREICRITHMEORE#SE,
HTEE BT IR cE RV, REREICBWTHEIIRASYIZIVHERIN TS THS.
ABFZRIZEBWT, GAM & BET 3EBBREIZBVT, BAEEZARIZITTCOEIERBEN-. HiZ
ALF & CF IZBREETHZIIB-LNRRSNE. ZhbDrlhd, YKIED EFizkY), GAM & BET
BRI E AMEEI N DD T N —T LR EZTRZITHT L, CF & ALF 137KiR EFIZ XI5
HEVRESNRVD, BREZHFVZ IRV, BRILTEKES ERL T, MEORERSIX
EHLZVDO T 20 FHREINS. L, ZHEHETTFRICES 2. Z2hu, RABMIZLS
HEESHBEICH L TEDREZELZRIFLTWAEDN, Fir, WAKROLRICLY, HEHRAETHS
JRAEBMNE DLI72EB 2R T ODDH>TORVNS THS,

V. ¥t

WARD ERIZLY, SMEORIEEIZEALE. BSREICRT 3B RSO ML
21°C~23CHHEDKIR ERICEV AT K20, ThivEyv kiR R BBRECRT5H
B BEAE DO FE IR IS0 L TR SRR E B R ZRDRNZER B L HNS.

BBV T, HIEENREVWT L —78, MEREDOE SBT3z, Zhit
HEREEE N REVGAM & BET IZBBRIEICB W TLUEHE A E L2, BAEEIN NSNS L—
7, BRIENLENRTL, CF & ALF [3BEFEE S B R &L CHOIBRENDRENBMEHD
B Z o CWBIH B bND.

KR EFIZE BT N—TZ L DHEREE OEALIZ R -T2, GAM X 16.4°C~30.6°C, BET i 16.4°C
~28.0°C, ALF % 16.4°C~23.0°C, 16.4°C~21 4°CETD/KIR _FFICLVEFHEE I KL, ARC i
16.4°C~26 4°CDKIR LG XV E /NS ot e, KRR EFT3iI2oh T, GAM
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& BET DHEFEEEAE KL, ALF & CF LDZENREFN=Z LD, MKIRD _EFITIVHEFEALY
RESNDDIX GAM & BET 7L ZENRE 2 HA.

VI. 5% 0OHRE |

8 H DREEEBRIZBITETTASCTLTFTA 10 CEEIZIVYT, EUB Thd ALF & BET &£ GAM & CF
DEIEDEE N EUB OEIA LV EL 2otz b, BET42a By -7'07 4377 YT, GAM42a 73 8 -
FaFFNIFITICENETNRZER G E R U(Manz et al, 1992), GAM & BET 3@ ML Tz
FIREMENREZ 2 BhD. 22T, GAM42a & BET42a IZENENENERETILLRV BET42a &
GAM42a(competitor) & M2 TNATVF AL =L al 24TV, RERIGHHOT-DNEINEHERT
3.

Vibrio cholerae DFEHIX Young-tae et al. (1996)ZX551E% iV TiTolz. LM LEZEMNBZ D HB
IXEWRLEZSBIZL TNAS, Tris «X—AD HB ZAWZIEHN BV EEESz. £ZCCHO.1
Ta—7 OEEEFINONATIFTAXDIREL Tris ~—2ZD HB & WS OHEEFEL, Vibrio
cholerae DERIZH L TNAT VT A B — al BITVIRETT3.

AT W CIIRIEEAE AV TOKBREZELES R BB ERETolz. TD), KIBE/LIZH
THMEDBIEEEDOEE RDIENTE. LiL, BBRECRBVWTHEIIRABYICHAS
NCNB7, KR EFICI2BEMREOEBE RELSHITE, KB LFICIVREBHOHE
EREDIHNEDLBOD, MATHE A ZBEDINZELTENERIDILBNLETHS.

AR DR EBR CIRIRRMEKE VTS, BFEEHE LN —F Yy NMILTWR, 35
BIZBWTE STV —T Xy -7 07477V T & Cytophaga/Flavobacterium gloup ThHD
(DeLong et al., 1993). F7=, T AXRINHEROBRNOE 2HL, HEMEIIRATHIOLOMEE
ZTWESD, SRIIMEMEICER TAZLLEETHS.
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B 12. FISH EICEUBHLIER A =N\ OTFY) 7 DR ABEMKSE (88, +5CIEER).
A5 WIG [ ER, E£H UV EEEERT.

X 13. FISH i ICkUBHT LIZR AL 7—X 7 DRABEWMBEEE(1 B, BEKEEER).
A5 WIG Bhi2Ei{g, £A% UV MitEEERY.

X 14. FISH &I KYBH L= a-FBaTAN\OT) 7 OHNBEMHBSEB A, +5CHRER). AAWIG
FERE R, 5 UV EE$ERT.
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& 15. FISH ZIZ&YEEHLI- B -TOTA N\ OTU7 DR ABEMBESEB A, BBKERIERRE).
AHWIG FhEEE{&, £A% UV BiEE{E%ERT.

E 16. FISH £ kYBH LT ¥ -FRFANITUT DEAFEMBSE (8H, +5CHE).
A5 WIG i2E R, £A UV i EERETRY.

B 17. FISH ;£IC &Y ###TLT= Cytophaga/Flavobacterium gloup DHABEHESTE.
HH WIG FIiEE (g, £4% UV EE#RERT.

-45 -



[ 18. FISH j&I= kY f#HTLT= Vibrio cholerae M A IBMIBEES E (85, LEERD).
145 WIG FIEEHR, 45 UV BIEEEERT.
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1. ASHECANV-REFTO—TDIEREER

- 1_ target site”

Probe Specificity Probe sequence(5'-3) /RNA Position Reference
EUB338 domain Bacteria 5-GCT GCC TCC CGT AGG AGT-3' 168, 338-355 Amman et al., 1990
ARC915 domain Archaea §-GTG CTC CCC CGC CAA TTC CT-3' 168, 915-935 Stahl and Amann. 1991
ALF1b @ —Proteobacteria 5-CGT TCG (C/T)TC TGA GCC AG-3' 168, 19-35 Manz et al., 1992

Manz et al., 1992

BET42a  B-Proteobacteria 5-GCC TTC CCA CTT CGT TT-3' 235, 1027-1043

GAM#2a 7 -Protechacteria §-GCC TTC CCA CAT CGT TT-' 235, 10271043 Manz et al, 1992

CF319a  Ovtophaga/Flavo 5'-TGG TCC GTG TCT CAG TAC-3' 168, 319-336 Manz et al, 1996
-bacterium group

cHo.1 Vibrio cholerae §'-CGT CAA ATG ATT AAG GT-3' 16S, 468484  Nishimuma et al., 1992

*Escherichia coli numbering(Brosius et al.. 1981)

£2. HTVITBICHIT R KANREOBET—4. ndidno dataZRT.
SRENE BERRBRE so0v40la NOs (g/D PO (g/L)

Date RECC) iﬁﬁf’ﬁ) ©opH S o (me/L) (ng-chia-m-9
2002/11/8 164 31 71.39 60.2 8.30 190 1225 271
2003/4/18 180 31.6 8.04 734 10.26 10.90 nd. n.d

2003/8/30 256 28.1 7.56 43.5 7.85 2,07 nd. nd

3. BRRRAICHE T2 HEROERHELL. nd.ldno data%RY.

bt 3 303

ERGIOMEN R 125 AR OME N R R24R Rtk )M B 15 XS 1tk (M B

(10°cells/mL) (10°cells/mlL) (10°cells/mL) (10°cells/mL)
2002411 A8H
BUPKiR(164°C) 0.720+0.195 1.79+0.255 1.88+0.774 365122
BPKA+5C@14C)  0720+0.195 482+148 8.14+2.75 9.72+2.04
BHRKE+10°C(264°C)  0.7200.195 5.160.928 nd. 7.39+1.38
20034744188
BiSKE180°C) 1.59+0.197 2.90+0.250 3.77+0.335 n.d.
TRk +5°C(230°C) 1.5940.197 4.04+0475 4.80+0.413 nd.
BRiRK:E +10°C(28.0°C) 1.59+0.197 4410438 5.20+0.487 nd.
200348 30R _
FHKE(256°C) 1.17£0.147 6.95+1.85 10.6=1.84 5.08+1.02
H57Kia +5°C(30.6°C) 1.17+0.147 845+1.14 10.3+207 5.66-:1.69
BIRAKE+10°C356°C)  1.1720.147 7.92+1.85 8.85+1.04 5.87+1.63
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£4. BRERICBTDLMBOEREE. nd.ldno data®R Y.

—— o~12ﬁ@ o~24Wm_ o~4sﬁﬁ
DR EE(h) DIEREEEE(h ) DIETEEREW)
20024F11 A8H
BRIgKiR164°C) 00761 0.0400 0.0339
BIBKE+5°C(21.4°C) 0.159 0.101 0.0542
BIRKiR+10°C(26.4°C) 0.164 nd. 00485
20034E4 5 18H
BiBkiE(18.0°C) 0.0504 00361 nd.
BRIgAE+5°C(23.0°C) 0.0780 0.0462 n.d.
BIEK:E+10°C(28.0°C) 0.0852 0.0495 nd.
20034E3 30H
BRIEKiRE(25.6°C) 0.149 00918 0.0306
BUE AR +5°C(30.6°C) 0.165 0.0908 00329
BIEKR+10°C(35.6°C) 0.160 00844 00336

R®5. BRERICET MR OFERME. nd.[Inot detected®R Y.

EREH EUB338(%) ARC915(%) ALF1b(%) BET42a(%) GAM42a(%) CF319a(%) CHO1(%)
20024F11618H
b3 301 60 387 9.32 121 324 148 nd.
BHkR16.4C) 80.1 105 3.79 6.58 204 16.8 nd.
HRASETI® RPKR+5C214C) 873 302 145 326 193 110 nd.
BAKR+H10C(264C) 836 0.944 154 5.94 330 391 nd.
2003448180
ERHT 62 nd. 6.4 35 5.7 8.0 nd.
BRKE(18.0C) 78 nd. 6.2 59 12 16 nd.
HR24BEIAH BPAR+sCE30C) 77 n.d. 10 6.3 12 13 nd.
BKR+10°C(80C) 81 n.d. 6.3 12 30 76 nd.
20034£8A 300
tE 0] 15 nd. 15 0.83 10 43 nd.
BPKR(256°C) n nd. 15 24 26 23 nd.
HRFEME  RIRARH5C(306T) n nd. 17 15 51 36 nd.
BBKE+10CE56C) 73 nd. 13 23 50 33 nd.
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6. BRERIZBITDRT N—TZEDERERE. nd.lInot detectedZRT .

ALF1b BET42a GAM42a CF319a ARC915

BEEN
KSR RE(n) SR AE(n ) SR RE(h ) IE MR E(h ) IS ()
20024E11A8H
Bi5HKiR(164°C) 0.0151 0.0212 0.0722 0.0364 0.0599
BIRKR+5°C(214°C) 00634 0.0270 00914 00479 0.0212
BIZKE+10°C(264°C)  0.0590 0.0338 0.0969 0.0207 0.0147
2003fF4F 188
BIRKiR(18.0°C) 0.0344 0.0573 0.0666 0.0656 n.d.
BIRKIE+5°C(23.0°C)  0.0662 0.0700 00771 00663 nd.
BURKE+10°C(280°C)  0.0489 0.100 0.118 00472 n.d.
200348 30H
BiRKiR(25.6°C) 0.120 0.233 0.227 0.0647 nd.
BISKE+5°C(306°C)  0.125 0.211 0.254 0.0825 n.d.
BURKR+10°C(356°C)  0.107 0.223 0.247 00726 nd.
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The ecology of planktonic Archaea in the coastal marine

Abstract

Recently, cultivation independent ribosomal RNA gene analysis have indicated that
marine planktonic archaea distributed ubiquitous all ocean. But planktonic archaea have resisted
all attempts at culture. Consequently, nothing is known about their metabolic requirements and
ecology. To better understand the ecology of planktonic archaea, we investigated the abundance
and vertical distribution of planktonic archaea by Fluorescence in situ hybridization (FISH) in
the Simizu Port coast and the Suruga Bay. Sampling was conducted throughout the water
column (Om to 90m) in the Simizu Port coast and Om to 1000m in the Suruga Bay. Archaea
were detected in all samples. In the Simizu Port coast the abundance of planktonic archaea
amounted 1.0x10°-9.6x10%cells/ml and the relative abundance of planktonic archaea was 0.2~
16.7% of total DNA-containing picopankton detected. In the Suruga Bay the abundance of
planktonic archaea amounted 1.3x10-5.7x10%cells/ml and the relative abundance of planktonic
archaea was 1.1~2.4%. Both in the Simizu Port coast and the Suruga Bay, the abundance of
planktonic archaeca was lower than examples taken from other ocean. In the Simizu Port coast
vertical distribution of domain bacteria had a certain trend, but planktonic archaea didn’t show
any relation and the relative abundance of planktonic archaea was as same as domain bacteria or
more abundant at some depths where all bacterial activity was low. Thus, planktonic archaea
were detected both in the Simizu Port coast and the surface to the depth of Suruga Bay. In the
Simizu Port coast planktonic archaea might play a significant role as same as domain bacteria or

more significant at some depths where all bacterial activity was low.

Key word: planktonic archae, FISH, vertical distribution, coast, activity
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1970 £ 4% Woese* Fox [ZURY— <)L RNA(LA T rRNA LR D) DMEHTNS LM = KEMFITH
FeNBIEEFERL, CO=REMBITHL THEZ EO R (Kingdom)&D LDk EL T domain 24l
L, RAL - 7 —F T ENILFHREIRE L7z (Woese and Fox, 1977). RAT> -7 —F 7130 FRFEE T
RAL > INIFUT KOBRAL - L= BT DFEIAEBL TR, £AY L EREITIRERA L < NTTF
V7, RA L= AUTIZIEH SR BB LB 2R > T 5. ERIEFE OB ET REMTO
R, WHOAMRRIEENVONAEIE, BENREDRES, TOMIEFIERREICERL TNAETE
M5y TEF=(Delong, 2003). ZOIINT, R TOME, E(LFHAIRENE, EFRBEOREE( K
1FD, 1996)72E D7zDIZRAT Y - 7 —F T IEARICE LN SN, ZNIEEMOEL, RFITEZEY
INSERZAENDELIT DN TORED/=DDFINMDEIRBIENE Z 51 5.

HEICBNTHRA - 7 —F 73 EKE H FLO LR IR BN S FE B S T&E /2. 1980 4ERATHIC
RV ®D Segerer 5D FVUY DEMEHIKFLED 100°CHIZIC EBIBIEEREEZDDRATY 7 —F 7 &2/ BE
L7=(Segerer et al., 1985). LML, 90 E4RIZ A D Fluorescence in situ hybridization(FISH){%(DeLong et al.,
1989; Amann et al., 1990)IZ K5E £ E£1ENHE U720, Denaturing Gradient Gel Electrophoresis
analysis(tDGGE){%(Muyzer et al., 1993)/28 D4 T-EWFENTHEOFRRZIC IS T, BEAVEETTEE
HRIGRE TOME DO M ESIEEIZ DN TOBHRER/LTENTELLINTBDE, RAMY 7 —F 7 I3H0R
REZ T Tl R P OMEEIZRIEL TCABIENIHSMNIZ /2o TE/=(Delong, 2003). /= rRNA D%
RIBHTINARAL S 7 —F 7, ZL o7 —FF4—4, 1—U7—FF—FD 2 DOF I —TITRKEHEE
SN, WENSRHE SN TEZRA -7 —FT7HID 2 DDT N —TIZETHbDTH5.

YUIN—NITHFIZBWTE, REEYOHGEEPRAI -7 —F 70 5D5FETERE T
2-10%&E (KN 7278, 100m PARIZIRDE 20-30%% HD TNBZE, ERAL - T —F TN TIEHEBEITH
WTA—UT7—FF—FD EDHEEMKEL, REUBEIBNWTEIIL Y —FF =D 5D 5EEN
KENZ EMFRE SN 77 (Massana et al., 1997). Massana 51 8 D DYFEE 2 D DIKIENS Y > T UL T 2T
VY, R, REEEE, QRS OEFEICBVWTERE TL—UY —FF —FNRA( - 7T —FTNT
BELTRY, EETIL T —FF—INRA - T —FTHTEELTNDIE, £/-rmmYE, R
HOWEIIBN I —FF —F i s ah - =l E & U7z (Massana et al., 2000). Karner
SIINTAMTY Y FULTEITN, BIBEIBNTRA - NIFUT OBRERIE 3.1X10% cells THS
DITHLUT, RA(> -7 —F 7 DEEEIL 1.3X 108 cells ITb RAELON, FHAEMOR 35D 125D
ZLEHEL /- (Karner et al., 2001). £RBELIRIZBWT, JL 27 —F A4 —FIIREZEYN TR ERE]
BELDTABIEDIRELE. LEDIINTRAT -7 —F7, BT > 7 —FF —F3WBHEICBIT 5
BAMOBREED TREREIGZ2EDTEY, TZREH I TOREBRNEBMATENEIEND
Mo TEZ.

WEEICBWTRA Y - 7 —F 7 DHEBIIRENIEND DN TEN, BEDRATY <7 —F 7 D5
FEIZEODDFFDQERNDN D THRNWD TR THS. DD O AEBZEHH AT 7EL, KA
BESMZNONEIRTHS. UL, RiEIROBEDIL T —FF—F TN —T BT 57 EDT
B LIS DN BB AN, VL o7 —FF =0 HIER FORFE, ERBRICBVWTEERBREZREZL
TN B R BEME N RIZ 3N /= (Konneke ef al., 2005). ZDHEEEMER L TOREMENSHEDORAC T
—F7I3EE SN, EOERBIIINNEDATEEIN TN THAD.

YT RICBN THREDZENS, MEERE TN EKEBREORBITBNWTRAT -7 —F7
B IN TE. FOREFEIIEL, 2EHTHTIEIES 0.24-1.87%E KN 72 ANE K B O FIERIC
BRA L 7T —FFEEEL TBBIENRSIN . EERET —F MBI RSN S (B AR,
2004MS). . |

PLEDEINT, BALY + 7 —F 7 DMER P OUFEIRIEL T BZE, TOFREECHERRIHEDN
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WL TABZE, EEKERRORB THORATY - 7 —FFIREEL T AIENREINTEZ. R
AT —FT DIRIEME LR ENRBEB RO E 2L 13D DR EREG SN TEMN, BEICBITE
BARDHPTRA L -7 —FTPNREZL TABHER, ZOEEMLEOEEBFNHERIIFEAERES
NN, ZITEHEIOMEIIRAL S T —F7 QLRI OO, YHFEEICB T8 EDIEK
B OWFELDBLOBEN KBNS Y > TIVERBURATY « 7 —F7 D22, ZHNDHEFNDIEE
HHEL 2. 827U T3 RSN AT —a> 3(BAF St. 3 EED)NSIKEE 0-90m, BRAEAT—
ar 4LLF St 4 ERFEL)MBKEE 0-1000m DOHFKEERAKLZ. RET —F2HIEL, HIEORERGH
i FISH 2 W Tiro 7=,

7k

1. Y7

2004 4E 8 A 31 H, 2004 4E 12 A 1 H, 2005 4E 1 B 15 H, 2005 4F 1 B 2 H I i L 5 i T 15 7K
& St 3(ALHE 357 00467, FRE 138° 337127, [XI 1) T/KIE 0, 10, 30, 60, 90m DK% =AF K
FREE 10L)Z W TEKUZ. £72 2005 4£ 12 A 13 25 18 HICRE AL KT-05-32 KB FeiiiE(E R
BN FEHRNITBW TR St. 4(AL#E 35° 007047 , BRE 138° 597957, [ 2)D /K 0, 100, 300,
500, 1000m DFKZEZAF KM THRA L. #BKIZTNZI/ AL vZAE > (SCHOTT DURAN Co.
Ltd., Germany)IZ FRERNUBZE I K B IR DAL 2175 /2.

2. REFT —HOHIE

2004 4F 8 A 31 H, 2004 ££ 12 A 1 H, 2005 4£ 4 H 15 H, 2005 4F 8 A 2 HDiE/KEHENIZBITS
YTV TTR, YTV TRAD MO EKRFEDOKIE, BELEEE, pH ZKEFzvhi—
U-10(HORIBA Co. Ltd., Tokyo, Japan), {ATFEERIEREZ YSI DO A—4%— 58 HI(Nikkaki Co. Ltd.,
Kyoto, Japan), 73 (Salinity)& R —4 7 )L B R (=#EFH CM-14P(TOA Co. Ltd., Tokyo, Japan) TaHRIL /.
VS 2 B i #A (dissolved organic carbon, EAF DOC &% z0)AY > 7 )L % 450°C TULEEL RETU—EL T
GF/C 74V H—TIBAIEL, ZDIERKE 500°C TULE L RFET)—ELET > T INTNIT20C THREE
REFELz. El220R0EFJH(NOS, NO,, NH,, PO )DH L T IVEL TRUE W TRELZ. 7
a074)V a &8> 7 )V % GF/IC T4NF—I12 1 B2 T I DN T3 BIEEL, ERE7 IV IRIVITES,
20C THEHERGFLUZDE, I3 236 =HF, 1995 THRIELZ. 2005 4E 12 A 15 H OBEFEIC
BUFB YT Tl Conductivity Temperature and Depth profiling system(CTD)IZ &> TR IKIEDKIR,
BRIZGE, ISERBRBRE, 17, 70n74)) o BEERIELZ. DOC AH > 7 IVER/KERICE B IER
#EWOMNT, GF/IC 74)V 57— TIEMAL, BKRE/NA T IR AN -20C THERRGE Lz, RBET 7
JNEIEIEZRUEIC AR-20°C TR EAREL 2. DOC 13IRER A B RHME R ZE =, RBRIENO;,
NO,, NH,", PO # A S BT AR ZIc B0 THIE Sh .

3. REROE K

3-1. BTNV OEE

U2 Y P INEENENRIT O L 2 EILE (SARSTEDT AG & Co. Ltd., Numbrecht, Germany)
AN, YD 19 5D 1 BO 4%FHERIL UL ER(FIV AT LT ER(Wako Co. Ltd. Osaka,
Japan)iCA\FH AFL > hF732 (Junsei Chemical Co. Ltd., Tokyo, Japan)Z/>8NZ, pH7.0 IZFHRET
BYMA, BELk. EEUEY T IIREFNT T 4°C THEREELE.

3-2. DAPI 312 LB LNT— R DVER
Ll R EBEHR D201 DAPI Je 8% Porter and Feig (1980)D HiEE KA L TITHo 7.
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JEEERICFLEE 1.2um BILEO—ZX T 1)V & —(RAWP02500, MILLIPORE Co. Ltd., Massachusetts, U.S.A)
AEOW, 8BRS K (Filtrate phosphate buffer saline, F-PBS, Nisssui Co. Ltd., Tokyo, Japan)(PAF
F-PBS &£ 70 TES R 2. ZD BT 400 117y N AL 0.2um, DXILRT 7 1)1 % —(Whatman Co.
Ltd., Maine, U.K)% sundan black(Wako Co. Ltd., Japan)i&i& TRELE TN F—EJEBHEICE > 2y e
TR, 20 L7722V EDQR TI/Uy T TEE L. 32 7V OMBEZEIEFIC MIE 5720
YT NETV I —THRAEL, Y17OERYNTED, ABLZT 7> RIVICAN, BYRIEELE. £
DORICHEEEL T, F-PBSImL 27170 RYNTT7 7 )UVZEILARN, Bz, 2Nz 3 EHEDIRL
7=. FD#% F-PBSImL LB 0.1pug/mL O DAPLIFWKEEID 10 50 1 &(0.1mL ) X, REZ2H—
5077 xRS TRY, 7 BT 0OEE0RETHEEZRAL, TORERLZ. TD%E, X
DVRT T4 —%E 2y NTBROHL, 74NV —DENSRIAY—2H TTENLIZ. AFTRHS
A (B X 1.2-1.5mm, 76 X 26mm, 7KE)H 7 TIAN, Matsunami glass Ind. Co. Ltd., Osaka, Japan)?® b IZ i@
& iU TEE, IO~ —a>F1)L(OLYMPUS Co. Ltd., Tokyo, Japan)Z—{§ 74 )7 —IT
5L, IN—FFZ(EE 0.12-0.17mm, 24 X 50mm, Matsunami glass Ind. Co. Ltd., Osaka, Japan)Z# & T,
Yy DB THAINVINERITITEESIITBRSHEZ .

3-3. HMABEMBE T CORERDEK

VERRLI= TV INTG—NCA—2as A1V & FL, #IRIV0A—F—% ANT=7% 5 Bl 8 M S (2
SNV ESEOEEEE BX50-FLA, OLYMPUS Co. Ltd., Tokyo, Japan)Z W T, #HEEL-> X 10 5,
LA 100 £, UV BIEEARE 330-385nm) THIE, EHEL7=. 3HEGZ 100 Uy NT Uy N &
100um?)20 B 3135 DAPT THREINMEEFHK LIz, ARFZEICBN T, %9 1000 KIALL &5
U7~

3-4. 2EBORDH
SHERERNSEHE TV ImL HEDDEHM ER)EL T 0L ;airﬁb Rz
2B £ ( cells/mL y=n X A/aX 1/V X 19/20
n 1 100 27w N 720D KM R, A RIS E DY), a id 100 77Uy Np7=0DEFE(Em’), VIZs> 7
JVOIEIBEMmL )2RT . 1920 FEEREFERIL I OHE I THS.

4. FISH BT ZHHI B D BEEE M IE D AT

FISH i (Amann et al., 1995)% FiV > THll @@ﬁ%%;;%ﬁﬂﬁ L7z,
4-1. YT IVDEE

VT INCERIKEEDN 3%IRAIINTIEBLIZ/STTIV AT IV T EREE 4% NIFIVLT IV TER
(Wako Co. Ltd., Osaka, Japan), PBS 9.6g/L, NaCl 15.9g/L} &8> 7N ® 3 fE&MA, EELZ. EEX
2-24 R, BERTIC C-AC OB EIREE TIrbN 2. NTRIVAT IV T ERBIRIZZEEN RS, 1ERENS 24
B RS AP R L7 ARSI DT, ERRIZIZZOH EER T 5.

4-2. M O EMEEBIAK

TEEERTIES B /-EA 25mm @ GF/C(E £ 25mm Whatman Co. Ltd., Maine, UK)ZE&EE, 0 £iZ 3
D 1ITHYNTZR IV RT 74V 5 —(FLEE 0.2um, E£E 47mm, Whatman Co. Ltd., Maine, UK.)ZD
H/, BREL TR EL-NO)y T TREELE. FIREELEY S TV EE Y BIEEL 25, T
%&UTC F-PBSImL ZEIUANEBL, 2% 3 [EHEDRLZ. KIT, 50%T5 /—)V(Wako Co. Ltd.,
Osaka, Japan)ImL 277 > RIVERMCH FLUT, 3 2 EEELZRIERUZ. FROIEREZ 80%, 99.5%
TH)—=IVERANTTY, BAKLE. 2OBTIVI—ZERIRTHESEL. TDTINI—%, NATY
F A — 3 #f75ET20C TR R ELZ.
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3. BEALBLIEIC BB T OERE o .
2005 £F 12 F BRI St 4125 HHEALONHEC B T, FISH 03> TVERZIMR LB T

LBD /XTI LT VT EROIERAEEE T o/ A LIZ RBBTETIT o /2.

ETRIUZ Y TV EE SRS CHRIGE, RHLC. B, YadOL IR 42 DL IELFAR TS
5. KIC, HIAS v —LICIEREZEDEZIIZ/STHRIVAT IV T EREK (4% /NTRIV AT IIVTER, PBS
.6¢/L, NaCl 15.9¢/L) SmL ZfiZA =60 &AEL, ZOEMO LICHEBEZ EIcL Ty —20 8@
EL7=. HIAT v—L1dEEL, AEEE Z—I) 77— THEBUZ. BEEIL2-24 [, BT, BEIRET
Thhiz. BELEETOVI—ZRMOHL, BOEBERERELTES, BUKE o7k, W, Bikosk
142 DHEEFRRTHS.

-4. B 0—7

AWE T, HREME St 31TB175 2004 458 A 31 H, 200445 12 A 1 H, 200544 A 15 H,
0054 8 A 2 HOB L TIVTIIRAI L NIFUT, RA > -7 —FF, v~TOFANITIT 85—
IZU7z EUB338, ARCH915, GAM42a( 1), 2005 4E 8 H 2 HOY > 7L TIIZD 3 DIcinz1—y7
“FA =5, LT —FA—5%I—5y L7z BURY498, CREN499(E 1) 70— 7 &\ /. Fri—
T RTO—F 3 TEBESNZbO 2. BRI St. 4 DY 7)1 Tl EUB338 & ARCHO15 % {8
L7z,

5. Whole cell in situ hybridization

YT EERE, BAKLZT VS —ZHE0.5-1.0em? 12725590 6 0L, IENEH<THIZ 0.2%
DF BB ATARATAEL. T 0= T ICH BT BN TVT A — 2 a AR EW, Pel AR,
>FaR—bOKH, BERER2ITRUEZ. £F, 10FaN— NOEELFRCEE TED TBWENTT
FAYE— a 4B (0.9M NaCl, 20mM Tris-HCI(pH7.4), 0.01% SDS, formamide(EUB338 12 20%m,
RCH915, GAMA42a [ 35%, EURY498, CREN499 13 0%)} 16uL &3&E (5 F 70— 7 2uL & T ()L —
TCRAUZ. B20<2012, SomL RUTOVL 2 BN N\A TS Y — a AR HiK 2mL &2
IETARIAZAN, BENUDALFar—rORELFCEE TED TEE, 221 LEOZIARHS
ZALL 46CT 90 > FaR—N/z. RS OCL > BB 2RO TBAREE, 12 %2 —kD
BELR§EIZ7 0—7 EUB338, ARCHO15, GAM42a ZEfLZEIT 46'CT 90 47, FOo—F
JRY498, CREN499 ZfE L7z 45C T 120 HHITH . 1> FaN—NWkbo= Ty —a3 %,
ST A8TITIRD TV 72 PR (4H EDTA, 20mM Tris-HCI(pH7.4), 0.01% SDS, NaCl (EUB338
0.225M, ARC91513.0.07M, GAMA42a I3 0.08M, EURY498, CREN499 13 0.9M) } TR P L 724812,
DOPFIRIRITIRL, 48°CT 15 DRI FaN—N 72, ZOWRBEIEDIRES A F 2R — OB
O—7 Z LI 873> THY, 70— EUB338, ARCHO15, GAM42a 24 L 7= 13 48°CC 15 47578,
00— BURY498, CREN499 % L 7213 48°C T 20 43 THD. ZDK, T4y —%&fE EICHL,
B TRBEZHRIL TIANI—EXTIRT SACOR, TS, 210 DAPIZE R 3uLiE FL
92, TORELMBSE, YU N antifade reagent in glycerol buffer 7.4 )L ¥ —IC 4 BIE FL,
N=AIAZHY, B2y hDE T NN RIC T EED IS < % 7.

. Bl EER

\TTUTAE =2 a &7 o7t > 7 )L &R R A B S BX-50 1B THARL > X 10 £, H4L
100 5 TEEBIRL, 3CCD HAS C5810(Hamamatsu photonics, Co. Ltd., Shizuoka, Japan) C & —15
D UV hiEe ¥ & 330-385nm) B & 1G FHAZ(IE £ 520-550nm) AT OA B, FiefEATEEE SPSOOF
AW Z T o7, UV BiEE GBI 50 TEEF 500-4000 #liazH> N7, UV BieEi&ls B0 T
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DAPIIZ&DBA 3N, HDOR—EHD IG FIEERICBN TN TUFALEINEMDOH &7 01—
RSN MR ES U . ZOMIBEICH T2 UV B E&ICE 15 DAPLIC K0S SN M 5 o
HHEFHELURDE. 28, 70— 7 TRESNAMEREU FOINCEELTRD.
N=nXP/D
N 370~ 7 TR SN, nld DAPI @I KBE B ROV TN BTS2 B,
P13 UV B E £I2HB W TDAPLICKDRE SN, N DR —HE D IG BiiEBEAICBW TN TUT L XX
NI-HIREL, D1 UV B EAICHN T DAPL IZKDR A EN - ErRT.

kR

1. RET—%
1-1. FEAKREFEW St. 3

EKETEW St. 31ITRBITHKIE, pH, BEFBEFIRE, H5, BRREEIIN 3, £3 12, BEAHEEK
R, REHBEEIIX 4, X41TRT.
O7Kig

KBRS RERENRON, ERICEERNITE T2 Tz, FKENERBITDOIEL R
S TWLBEBR RSN, KE 0m EKEE 90m TIEIRERENRSNZ. —F, KECEZTIRIEERNTK
LB THY, KECEDESLDEIFIE—EDEERL Tz,

BEFHIC BT AMEIT 14.5C-28.8°CThHo7z. 2004 4F 8 A 31 H1d 28.8-22.1°C THOMM DI fE bk
HERKETRDEWEERRL T2, F727KEE 0-30m T 27.0-28.8°C, /K 60-90m T 22.1-25.1°CEKE
MELBBIZ DIURL AN RSN, 2004 4 12 A 1 BIKESEOZEINEL, 18.3-20.5COT
Holz. 2005 4E 4 A 15 HEKIBEZEDZEN/NEL 14.5C-15.3CTh o7z, Fl-fMORFHIE LT HE &K
ETELENEZRL TN, 2005 4E 8 H 2 A 17.3-26.9CTHY, /KIENFELZBIT D KEMELS /2
STz,

@pH

pH 3B, SKETEIIZEAE RSN o7z. ffild 7.98-8.88 THo7x.
CUBHFHRFRIBE

B REE ISR HEHKIENEZDIZ DNBAL T e, B SO Z B KETIEEAE M
>7z. {EIL 2004 4E 12 A 1 H T 8.27-5.8mg/L, 2005 ££ 4 A 15 H T 8.23-5.58mg/L, 20054 8 H 2 HT
8.71-6.70mg/L TH-7=. 2004 ££ 8 A 31 HII/KIE 0-30m ﬂzunﬂiﬁ EDHBT —F /O,
@HE 5

HMIAEEHTAEE 0m OEN/KE 10-90m OfEIC AR TEL R T 7z, fEIZZ3EN 2004 4F 8
A 31 HDKEE 0m T 30.7, 7K 10-90m T 31.1-32.1, 2004 4E 12 A 1 H DK 0m T 30.7, 7K 10-90m
T 32.5-32.7, 2005 4E 4 B 15 HDO/KEE 0m T 30.1, K% 10-90m T 33.1-33.3, 2005 4E 8 A 2 H DK
0m T 27.3, 7K 10-90m T 32.4-32.7 THo/z.

OBREEE :

ESEEEDE N EFREICKE 0m DEDKE 10-90m OEIC X TEL 2> T =, [l FNnE8
2004 4 12 B 1 HO/KEE 0m T 47.1mS/cm, 7K 10-90m T 50.1-50.8mS/cm, 2005 4E 4 A 15 HDIKE
Om T 46.6mS/cm, 7K 10-90m T 51.0-51.1mS/cm, 2005 £E 8 H 2 HD/KEE Om T 42.8mS/cm, /K%
10-90m 1 49.3-49.7mS/cm THo7z. 2004 4 8 A 31 HIIEHMEDH BT —FE2ESNZM T,
CBEGEAEBKE

DOC & RN BV TKER 0-60m TRIFEDRSIZDIT DR L TR RSNz, L, &l
HEBHKEGE 90m THUBEML Tz, %Hvﬁﬁkm%m;? 31.9-103.8uM C TH-o7z.
OB EIRE
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B> (LAF NOy ER NI A REHAS BRI 0-10m THAL, 7K 10-90m THEEEINL TBERMN R
537z, 2004 4 8 A 31 HD/KE 10, 30m, 2005 4E 4 A 15 HDKEE 90m, 2005 4E 8 A 31 H DK 10m
WEF =R EeNsinoiz. ZREICBITBMEIL 0-12.52uM TH - 7=, BEEEF (LT NO, EE DI
0.01-0.85uM EERIYICTERNETH o /2. 7 BEZULAA 2 (LUF NH T ERF)NE 2004 48 12 A 1 HOK
&k Om T 2.76uM, 2005 4F 4 A 15 H DK Om T 1.40uM DK RE T BERE/RMEERLIZ. &
RN 3BT BMEIZ 0.10-2.76uM THo7z. U BT 2 (BAF PO EER NI SR Diaino 7278, &
HEBHIKEE 10m AR THEML TA<BERR RSNz, SR ENCHBITSMEIT 0.01-0.90uM TH o7z,
®@ruuT4)l a BE |

a7 4)b a RERFARADE TR LD, IR AEIEAR RHERE THEA SN Th S0 EIC
IEEL TBS T EHEDH BT —INESNRN- =0T, SEEKEHAN St 31I2DonToranr4
WV a BEIZDWTIEERLN.

1-2. BE{FITE St. 4

BRITIVE St. 4 17B 2K, BEERRIEE, BRAEERE, a, yoar )l a BEIRK S5, #5127, X8
HIREIIX 6, & 51TRT. '

KR, BEBREE, EREEEIIKENEIRDICONTRDL T, KiglE 16.8-3.5CTH K
& 1000m TIL 3.5CHENETH -7z, EHFEHRFIRET 4.97-1.45mg/L THY, /K& 0m Tl 4.97mg/L
EHEKREBIA St 3 LHEBTIERNETH /2. BLRILEEL 44.3-32.1ms/em THH 2. WO
34.3-34.6 LIFIF—E DEERL T =, 70074V a BEEIZIKIE 0-100m TR ELFAL 100m BLE T
FE—EDIETH -7, 81X 0.228-0.030mg Chl.am™ ThHo 7.

FEMIBEIT NOyE PO DKENEZBITDNEIL TV . NOyIE 6.27-40.43uM, PO 13
0.51-3.00 THo7z. NO, 13 0.01-0.39uM EFEH I /NS/2ETH 577, NH, 5 0-0.17 LIEEIT/NS/ETD
o7z,

2. MBS DR EERE TS
2-1. FEAKREMAW St. 3
HERKEBHENWIIBUIAME OREMEIIN 7, £ 612, RMEOLFEIKICHITIEIEIINS, £ 7, 1
R ‘
@2004 48 A 31 H

LEHIKEE 0m T 9.7X10°+ 1.7X 10° cells/mL (EEHEMRZ I FH B ENSE H), K 10m T7.3X
10°£1.6X 10° cells/mL , 7KIE 30m T 5.7X10°+1.7X 10° cells/mL , 7K 60m T 5.0X 10°+1.4X 10°
cells/mL , K% 90m T 1.8 X10°+6.8 X 10* cells/mL TH- 7. REEIIKIENE DI ONEALT
/=, :
RAT> «NZFUT DRIBEEIIAZE 0m T 55X 10* cells/mL , 7K 10m T 6.9X 10* cells/mL , 7K
30m T 2.5X 10" cells/mL , 7K¥E 60m T 1.6X 10* cells/mL , 7K%E 90m T 2.7 X 10° cells/mL THo7=. B
A2 NI TUY DEEBITH T BEIE1I/KEE 0m T 5.6%, 7KiE 10m T 9.5%, /K 30m T 4.3%, KiE
60m T 3.1%, /K& 90m T 1.5% Th o7z, MIEEIIKIE 10m THRAEZS M, SRRNTKENELS S
KOTRD T DDA, EEBITH T HEIEBKER 10m TRALRD FZINRRIIC 1.5-9.5%&
BNETH 7.

7 -7 OFANTTUT OB EBIIAKZE 0m T 4.9X10* cells/mL , 7K¥E 10m T 5.1 X 10* cells/mL , 7K
€ 30m T 9.0X 10 cells/mL , 7KIE 60m T 4.7 X 10* cells/mL , 7K 90m T 3.7X 10’ cells/mL TH 7=
7 -TOTFANTTUT DEE I T BEE1EKEE 0m T5.0%, K 10m T 7.0%, 7K 30m T 15.8%,
KB 60m T 9.4%, KIE 90m T 21.0% THolz. v-FTOTFANITUTIEZRALL NIFUTHD 1 F)—
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TTH5B. EDTZORA 2 NIFIT OMERZE v -7 0T A NI7)7 OB LRSI EE7RN. U
MUK 30-90m 12BN Ty -7 07 FANTFUT DRI N EAL S - N\NIF7U7 OMEEZE LBl Tha.
ZDHITDNTIIERTIRANS.

RAA> 7 —F 7 B ETIKEE 0m T 9.6 X 10* cells/mL , 7KIE 10m T 3.4 X 10* cells/mL , /K% 30m
T 3.5%10* cells/mL , 7K 60m T 4.8 X 10* cells/mL , 7K¥E 90m T 4.4X10° cells/mL THo7=. KA
2T —F T OLEBITH T BEIEIEIKIE Om T 9.9%, 7K¥E 10m T 4.7%, 7K 30m T 6.1%, /K& 60m
T 9.6%, JKIE90mM T2.5%THo/z. BATY -7 —F 7 DLW EITH T 2HIEIEE DKED 10%LL T &K
WETHo 7. '
® 200412 H1H

LEBIIKIE 0m T 1.2X10°+£1.8X10° cells/mL , 7K¥%E 10m T 52X 10°+1.4X10° cells/mL , 7K
30m T 5.2X10°£1.7X10° cells/mL , 7K¥E 60m T 2.0X 10°£4.2X 10 cells/mL , 7K¥E 90m T 1.7 X 10°
+4.6X 10 cells/mL. THo7z. EEEIIKFENE 2B DONBAL TV .

RALS N7 DRI EAIKE 0m T 6.2X10° cells/mL , 7K 10m T 1.3X10° cells/mL , 7K
30m T 9.5X 10* cells/mL , 7K 60m T 3.4X 10 cells/mL , 7K¥E 90m T 1.5X 10 cells/mL. THo7=. R
A2 NTTVT DEFEEITHTTHEIETIKEE 0m T 52.9%, /K 10m T 25.3%, K% 30m T 18.5%,
JKEE 60m T 17.3%, 7KEE 90m T 9.3% TH>7z. 2005 4E 12 A 1 HORAT NIFUT OMIE R EEE
BT AEI BRI KETHOR LS R EREERLUZ. HHITKE 0m TREFEEITHT3EIEH0
52.9%E R E/EERLT=.

7 -FOFANIFUT OB EIIKE 0m T 3.1X10* cells/mL , 7K¥%E 10m T 1.3X10* cells/mL , 7K
¥ 30m T 5.7 X 10° cells/mL , 7K¥E 60m T 5.7 X 10° cells/mL , 7K 90m T 2.2X 10’ cells/mL. THo 7.
7 -TOFANTTIT DEEBITH T HEIEIIKEE 0m T 2.7%, /K 10m T 2.6%, /K 30m T 1.1%,
7K 60m T 2.7%, 7K 90m T 1.3% THo7z. EEEIIHTE2EIEI 1.1-2.7%EENETH - 7Z.

RALS + 7 —F 7 DHIEFIIKEE Om T 2.6X10* cells/mL , 7K 10m T 4.3X10* cells/mL , 7K
30m T 8.6 X 10* cells/mL , 7K 60m T 3.8 X 10° cells/mL , 7K¥E 90m T 2.8 X 10° cellsymL TH-7z. B
AT —F 7 DLEREEITH T HEETIKEE 0m T 2.2%, KIEE 10m T 8.4%, /K 30m T 16.7%, KiE
60m T 1.9%, K% 90m T 1.7% Th oz, ZEEICHTEHEIFIIRAC - NIFUT INRERE| &% 5D
TWE—FT, RAM 7 —F 7N EDBEGIIEL, KE30m LN TIL 10%LL T THo7z. LU, KE
30m Tl 16.7%& BN EZERUTZ.

@ 200444 H15H

SEEIIKGE 0m T 7.5%X 10°+6.5X 10* cells/mL , 7KZE 10m T 7.2X 10°£1.1X 10° cells/mL , 7K
30m T 5.5X10°£7.5X 10% cells/mL , 7K¥E 60m T 5.5X 10°£5.8 X 10* cells/mL , 7K 90m T 4.7 X 10°
+4.4X10% cells/mL TH->7=. 2004 4 B3R KEMDZENMEO AL LT 2L /N 3o T2,

RAA >« INTFUT DRI EIIKIE 0m T 1.7X10° cells/mL , 7K 10m T 2.5X 10* cells/mL , /K&
30m T 2.5X10* cells/mL , 7K 60m T 2.0 X 10* cells/mL , 7K¥E 90m T 1.7 X 10* cellsymL TH-7=. B
A2 NTFUT OB T BEIRIIAGE 0m T 22.8%, /KTE 10m T 3.5%, /K 30m T 4.6%, 7k
% 60m T 3.7%, 7K{E 90m T 3.5% CTHo/z. RN T 2ESIIKE 0m T 22.8%EEm W EZRLIZ
N, 7K 10-90m Tl 3.5-4.6 % EHENETHo 7=,

7 -TOFFANTTFIT OREENIKE 0m T 8.4X10* cells/mL , 7K¥E 10m T 3.2X10* cells/mL , 7K
¥ 30m T 1.3X 10° cells/mL , 7K¥E 60m T 4.1 X 10 cells/mL , 7K{E 90m T 2.8 X 10° cells/mL THo7z.
v -TOFFNTTVT DEEBITH T AEIE1I/KEE0m T 11.1%, /KZE 10m T4.4%, K% 30m T23.5%,
IKEE 60m T 0.7%, 7K¥E 90m T 0.6% TH-7=. 2005 4£ 4 A 15 HH/KIE 10, 30m Tr -7 OTFFNTTY
T DHIEEAEA > NIFUT EZ TUEIME R T2 |

RAL> 7 —F7 DRIEEIIKE Om T 4.3X10* cells/mL , 7K 10m T 5.5X10* cells/mL , K7
30m T 2.1 X 10" cells/mL , 7K 60m T 2.0X 10* cells/mL , 7K 90m T 1.9X 10* cells/mL TH-7=. B
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AT —=F 7 DEFEHITH T HEIEIIKEE 0m T 5.8%, /KIE 10m T 7.6%, /K% 30m T 3.7%, KIE
60m T 3.6%, 7Ki& 90m T 4.0% CTHo7z. 7K 30m LUETIERATY - NIFUF, AL T —FT7 DL
EHITKT2EEIEE 1:1 THorz. UhLERICEIEI/NELK 3%IFE TH -7~
@ 200548 H2H

L EIIKEE 0m T 9.3X10°+2.0X10° cells/mL , 7K 10m T 8.4X 10°+8.5X 10* cells/mL , 7KIE
30m T4.8X10°£1.0X10° cells/mL , 7K¥E 60m T 4.2X 10°+5.7X 10* cells/mL , 7K 90m T 3.7X 10°
+7.0X10* cells/mL THo7=.

RAL >« INTTUT7 DHIFE $IIKEE 0m T 1.5X10° cells/mL , 7K 10m T 2.5X 10* cells/mL , 7K
30m T 1.2X 10" cells/mL , 7K 60m T 5.8 X 10° cells/mL , 7K#E 90m T 1.1 X 10* cells/mL THo7=. K
A2 NITUT DEEBITH T HEIETIKEGE 0m T 15.7%, /K 10m T 3.0%, K 30m T 2.5%, K
R 60m T 1.4%, 7KK 90m T 3.0% THo7z. EEEKITHTHEIEWIZAKEE 0m T 15.7%E MO K EE
BRI DEREREEEED TN,

7 -7 OTANTFUT DB EIIKEE 0m T 5.7X10° cells/mL , 7K 10m T 1.8 X 10* cells/mL , 7K
% 30m T 2.0X 10 cells/mL , 7K 60m T 8.7 X 10° cells/mL , 7K 90m T 5.8 X 10° cells/mL THo7=.
T-TOTFANTFUT OEEFITH T BEIETIKE 0m T 0.6%, 7KEE 10m T 2.1%, 7K 30m T 0.4%,
KT 60m T 2.1%, KIEE 90m T 1.6% THo7z. BEEITTTIEIET 0.4-2.1%E{ENETH - 7=,

RAAL> + 7 —F7 OHIEEII/KEE 0m T 9.1X10° cells/mL , 7K 10m T 1.4X10* cellsmL , 7K{E
30m T 1.0X 10° cells/mL , 7K 60m T 2.9X 10* cells/mL , 7K 90m T 4.6 X 10° cells/mL. TH-7=z. K
A2 T —F7 DEEHITH T ZEIEIIKE 0m T 1.0%, /KZE 10m T 1.6%, K 30m T 0.2%, K&
60m T 6.7%, /K& 90m T 1.3%TH o7z, RAT -7 —F 7 OMEE, SEBICHTEEEILZKET
(&<, MIEEIE 1.0X10°-2.9X 10* cells/mL , REEITH T2EIEIE 10% 2L F THH I~

2005 4 8 H 2 HOY > 7))V Tld 7 0—7 EURY498 & CREN499 ZFHL T1—U7 —FF—FE7L
2T —=FF =IO ERD 2. UNLSENIEBRFIEICHEND > i TEiaho 7z,

2-2. BRI St. 42005 4E 12 A 15 H)
BRITYS St 4 B A OBEEMIGIIN 9, 81, HSMEORHEICHT2EAIIR 9, FKIKFRT.

LEHII/KIE 0m T 5.4X10°+£8.3X10* cells/mL , 7K 100m T 1.2X 10°+3.7X 10* cells/mL , 7K
300m T 6.0X 10°+9.3X 10 cells/mL , 7K 500m T 5.8 X 10*+£6.5X 10 cells/mL , 7K%E 1000m T 4.2
X10°+£7.5X10° cells/mL. THo7z. REEIIKEINESBI DNIAL T/, KT 300mELEE T
10° cells/mL. TH-7=. ' ,

RATZ s NZFUTVEKEE 0m T 1.5X 10° cells/mL , 7K 100m T 1.3 X 10* cells/mL , 7K 300m T 5.4
X 10° cells/mL , 7K 500m T 4.4 X 10° cells/mL , 7KZE 1000m T 9.3 X 10° cells/mL. THo7=. KA+
NITVT DEEBITH T HEIEIIKEE 0m T 28.0%, /K 100m T 11.4%, 7K 300m T 9.0%, 7K
500m T 7.6%, 7Kg 1000m T 22.2% THo 7. EREFITHTHEIENL, BKEHEW St. 3 TO 2004 £
12 A 1 B3RS BT BERAL S - NI FUT D E BE DO TAEZREGZ LD THY, SED
BRI St. 4 THREIBKIC 7.6-28.0%& LB R E/ 2R T 2. F727KEE 1000m T 22.2%EHEHIL T
7. .

RALZ 7 —F 713K HE Om T 5.7 X 10° cells/mL , 7K 100m T 2.8 X 10° cells/mL , 7K 300m T 8.8
X 10 cells/mL , 7K 500m T 1.3X 10° cells/mL , 7KIZE 1000m T 8.0 X 102 cells/mL T&Ho7%. KA+
T —F7 DEEEIN T BEETIKE 0m T 1.1%, K 100m T 2.4%, 7K%E 300m T 1.5%, 7K 500m
T2.2%, 7K 1000m T 1.9% TH o7z, RAL> -7 —F 73 ELE, BT 25 &N HITE N EZE
RUTH =, ‘ :
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1. BET—%
1-1. FEREBIHE St. 3 |

7kiEIZ 2004 4E 8 B 31 H, 2005 4E 8 A 2 HITMDEE AL L I 2E K KETELIRD, IKIEREL/25
12 DN TKIABEL 2o T 5. BERICHEE/KEN HFICE> TERL, BNSEEOFER/KIRRE B
RENDZENHREZINTBOE - BB, 19965 BIOFHERBIOFHNKIRREDOZEIELZEALNS.
2004 £ 12 B 1 H, 2005 1E 4 A 15 A TR KIEMESROKBEZ EDZEEH/NEBo TN D, AF
WZRNTREDIEK DB HBIEED, FHRKIREBNEINAIENRE SN TE(E - &E, 1996), D
B EEANE Z 55, F77 2004 4E 12 A 1 HOKEE 10m, 2004 £E 8 A 31 H DK 10, 30m i3 -23K
T 0m EDBKIBNELZS TS, ZHUIE KBTS St. 3 THKDIEEEI > TnhadEE 25N
5. »
pH 13ZEHIMICHRHINICHRERBMIRIZEAE RO . BERRREOFHNLMITZLALR
Mo 7208, B RGHT/KIEDE BB DN TEAL T 2. ZHEERBMS OB RO RENEAL Th S
T EEZOLNS. BALBESGEERFHMNREMITFEAE R 72, £RIE H TKE 0m OfEI
D K IEE ELERL TIRWEZRLUZ. KR Om TIEREK WK 72E QRN DEEEZITOT W
DA EIDRERITE-EE Z6NS. LNLAEND, TOREERT T —FIdRN.

DOC X RHIE HIZHB W TKRE 0-60m IZE W TRIFENE T IZ OB L Th<KERA RSNz, KET
RIS DT AR EMNT Lo TEESNZ DOC WNMYUEYIN — 72 Eo THESN, HEINLM>—
A MESITEBANEILEL TALZENRE SN TAB(EH 4, 2005). SEHMENN — T THES
Nnah-7 DOC BEEL TV o el DX RICIR-72EE 26N 5. El&RAIEDH/KIE 90m T
BHIL TWBZ LI DWW T, EENSDERROZENE ZSNDED, TOFEERT T —Fdan.
F7- DOC D& THAENITI> THEIND DI TIIEL, DOC OFEHICI> TIEEE SNV BDHH
%, ZNHHBE I 572 DOC H37KEE 90m TE<RH SN2 RIREHEDE 256N 5.

SRR~ DU T NOs 7Y 2004 4E 12 A 1 H&2005 48 4 A 15 H O7KEE 0m ZFRW TR EAE
T oONTHEML TOLERR RSN, BHBITBWTHEY T 5> IR 708 NHyHED<S > T LT EE
BABRICHBTE, TOEZTBILHIBE N HICIOE LHEZZITAIENHES TN S(AH - EH,
2005). ZDESIC NOy AIKIEDPELZBIT DIUED L TALK DI, NOyHEH T 52 Iz do THE S
N, ETEREMIEICED NH, OMEBIThN T RN D EE 256N5. LMLAE, L#E, 7€
7 EBAGHIE OB T T, £ ThREBREZZEURBASDEFROZEDE X150
%. NH,T13 2004 48 12 A 1 HE 2005 4E 4 A 15 HDKEE 0m 20 TR o 72, NH IE TR
NE-HED E TR IOSE R THEEDITHY T T2 7 R E S #R EYNTIE R ITRAEN TN
BENIHRERHO(EH -, 2005), SEH NH, DWEH T 52 IR e B RBEYNTIDAENTT
DEITIERITo I EME Z5NS. 20044 12 A 1 HE 20054 4 A 15 H DK 0m TNH, ", NOs™
DD IKIE LD N T EVIRE KD K72 E DREENS D ENE Z 5N, INHTOHEEZRT T
— FIFESN TN, PO, NO, ™, NH IR ICEN DL, FHin, Z2RIMaEmdAsnmhno
7.

PLEDQZEMSTEKEEINAL St 3 DEREL, ZHIITKENRESEMLTHY, 2EMIICIIRB DK
% om TIIES, BREERE, 5B, DOC REENS DEEEZIT TH L AREENHD, I5ITHRE
. DOC MM S5 IR R EREME, EEOSDBFAROEELE X515, FKENETT
L2 DOC s A L, NOy 13N BHAARD HEN 25,

1-2. BRIV St. 4 ’ .
BRI St. 4 TII/KIR, IAEIERIBE, EREEENKENEIRBIZONTEAL Tz, DOCIZD

-63-



10

W TIRBIEATT O TARNA, S HEIEEIT DWW T NOy, PO DSKIENELRBIC DN THEINL T
Wiz, BB TR T 5 7RIS REEMNIEAETON TARN =0 Tl w BB E
138725, SEOHERHEOIICFEILLDOIEEE ZSNS. 27007 4)) a BEEII/KEE 0-100m
THAL 100m R TIIFEAERHTERN - 2. BPEICBIDE I 150m THY, SR
NS BRI St. 4 12BN TH 100m PR TIKEEAETEY 75> IR INEHEL TH RN EE 2515,

2. MHE OREERE
2-1. 2HEE

BRI AW St 31BN TREEIZ/KZEO0m T 10° cells/mL THNAKE 10m BLHETIX 10° cells/mL T
Holz. BEEIIERMNICHETHICHDEAENI/NSNFER o 2. BRERE St 3 1280 TKE
0-100m TREHIITHZRIMICHRE R 10°-10°  cellsymL TEEL TNDEN X5,

RITZEMBEITTER T 5L, BRHIEBKENEBDIZONTRAL T <FEREL>TH 5. ¥
HHOME O RKE NI KITE T T DB EFEEEMZFIHL T2 EREBHE TH 5. ZOBETFE
BEHEMOHRELTEZSNDDZMEN T T2 IR DHBRICIDEEMDEFE, TV AT LHAHE
IREMEZZ5ND. TS5 IR INEELUEEIIOIBH S0%MNEEE YER Tt rEEiE
NERNBERFBELLN TNBAMEBH (A H KM, 2005). FO7=DHEY T 5> I HROIBEFEKEY)
WBEETHS. SEEIELE DOC WEKENEBBIZ DN T BN RSN, £, SENE
BEEOHZHIO074)) a BEDT —FIIESNBN70, BE St. 4 TOT—YEBRTHEKGE
0-100m Tr/OO7.¢)L a BENBDL Tz, ZOTENSTEREFEN St. 3 I0BW THKIENELRS
WOIWE TS 7R BIZEAL TAKZERE ZENS. UL EDIIRZ NS T I 72k B—
RKAEEBOREDN, EEEOBNICEELEZ TADNRRENDS. T-RET —FHTKIBIZZHM
BALISKED TN, BREBROEEHNAIIE MR BbE T 5E/M S, EKBEEE RO MIC
FESS RSN/ ENS, KIBOBLIIEEEITHU THEVFEL L Z TARNEE 25N 5.

BRI St. 4 10B W TKIE 0-100m TIXEE L 10°  cells/mL TH 7243, 7K 300-1000m Tk 10
cells/mL THo7z. BEFE St. 4 TII/OO7 )b a BEDERNSHEY T2 713 100m LLEIZB W
TEEAEEREL TWANEE 256015, TOZ0BRAE St 4 TIEHKE 300m IETEEEN 10
cells/mL, ERBELHLBL THRKBo T 2EE 250 5.

KICEFBFOBEGTTO—T & TRIESNZEIG(RATY  NTTUT+RAL L+ 7 —F 7T DN
THEHT3E, BKEMRAN St 3 7K 10-90m 12BN TEDEE1E2.7-35.2% TH - 7=, {B/KERETIX
HWEDHENSZEDEIEI 14.1-76.7% TH o I=(BALR, 2004MS). £z, JLHHRFEDIKEE 0-200m Tl
) 80% THBHIEMHE I TV B(Pemthaler ef al., 2002). ZNSELLEET BE45 ENTM H SN E &0
DIRNFEREI2 o 72, FISH 13 rRNA 25—V N T 57280, IEHOBENHDIFE IR B ENS. DF
DA EIOQT —FTIIEKEFEN St. 3 ITBW THESEDEENMENIREBICH - 2EN R 5. Tz, 5
EIEDHE O FER IS EL 5 Z 5 5B E SN T 5 (Pinhassi and Hagstrom, 2000). 4B DOC,
SRBIET —HIEKEEEERN, B EILETBEMAW St 3 T L Tz, ZHUdiféy St 3 05N
PRBOZELZININEDEEEZLNS. ZNHDOIENS DOC, KEHOR/DIHIE 2ROTE T
DEDICHEL TNBEIENEZSND. B AT O—TIC&o TR SN ZE &3 RIS B
O0m THROLREREIGZED TNz, ZIKENE 22L& T, 772 I O—RAEEEN
WAL EE 2505, BBIFNE St. 4 IZBUSBRT I O—7 12 ds TR ESNZEE138 10-30% T
Holz. ALRFEEEDIKZE 0-1000m TIEEEID FISH LIS REZE D 5B CTRTZTo 2R,
70-80% TH BT EMNIRE SN TV B (Teira et al., 2004). ZDIINTELIIE St. 4 BDWGEEL BT BEZFD
ZIETHEL, MESEMNEEOEVIREETH o728 2 5.
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2-2. RAL < NIFUY

BB AW St 3ITBIBRA Y NIFUT OMIEEIT 10°-10° cellsml THolz. TELHEEKER
BRI SR TRIEMNE DI DR AL T <EMN RSN /2. LML ZDRADL THKEI SIS R
DFNEBET BERENEER L2572, A[E, 2 5%K1E DAPI REICIOBRHEINTALH, AT NT
FUTIIFISH L&D TIRNA 25—y U TRIHSN TN S, 20728 FISH A TR SN ZRA2 -
INTTUT DIFSNREDOEITHL TR KIS T L5 Z5N5. ZOZENRAL L NITUT DIFAD
LB ENEE BRIV RENTEITEE L TN REE 25015,

RAL 2 < NZFVT7 DEFEEITH T HEI G KEM AW St. 3 D 2004 4 8 A 31 H, 2005 4£ 12 A 1
H, 2005 4 8 A 2 H'T 1.4-22.8%, 2004 4F 12 A 1 H1Z 9.3-52.9% TH > 7z. {EKEBIRETEZOEIGR
18.1-74.9% THD(EALR, 2004MS), JL¥#EFIR 7 Tl 60-80% TH DI E(Pernthaler et al., 2002)7 5 I
T3, FF o7 OOERBIZBN TR 45% THDHIENHRE I TV B(Yokokawa and Nagata,
2004). ZNSMDUFED Bl LB T HEE KB EL St. 3 RFiZ 2004 45 8 A 31 H, 2005 44 A 15 H,
2005 £ 8 A 2 HIZRAT < N\IFVT OEWHITKH T 2EIG0HEY, DENEENMENZEN NS, I
A St 3 RITHIRARI=IINTIR RIS LT HERERNS D FEEZIHI<W=®), DOC, FEENR
BT BED7aTao TN B, ZOZEMRAL L < NIFUT DIEENR R E BT 5LK</2>T
NWBTEICEEBLTNDEEEZZONS. B St 4 ITBWTHBNZFTUTOLEFHKITH T 5E &1
7.6-28. 0% ARV EZRL THY, IEHEMENZEN NS,

KICRAL 2« NTFVT DEFEITKT2E & O ZERNRE I DN TERT5L, ERKEBHEN St
312BIF5 2004 4E 12 A 1 H, 20054 4 A 15 H, 2005 4 8 A 2 HTII/KEE 0m, 2004 £ 8 H 31 T
1Z/KE 10m THeAE RS T 5, E/-ERIE St. 4 THKEE 0m THRALES Tz, SEIOBERE St. 4
WCBIFBO074)) a EEEIIKEE 0m TRAERSTHD, HAREBIHAN St. 3128115 DOC OEIEH
BB EANCBN TKEE 0m, 10m TREREZRL TNS. ZNSDIENSRBIIWEY T I D—
KEEEBMEBELET2E2VWEE Z5N5. DED, EKEHREW St. 3, B St. 4128\ T, £F
TELBEEL TN BIATE A M ERAY - NI FUT DS REEF AL T BT kD, DML KR
FOBEL B TNBEEZBIENTES, UNLHIEOREEEICEEEZLE A TNWAbDIAEEEIO.
ftic, 7KiR(Heidelberg et al., 2002), ¥4 (Bouvier and del Giorgio, 2002), 5, RAEBMICIHE
(Suzuki, 1999)2E NIREZNTHY, SEIOHRBIRTEEMIZ T TRMITbIEIERERVEEL
TNBEEZ5N5. [EKEREW St 3 12BN TIEKE 30m IR TIIESRHIEDRAT  NIFUT D4
BT 2EIA AL THY, 2004 45 8 H 31 H, 2005 £ 4 A 15 H, 20054 8 A 2 HIZBWTIE
ZOMEM 5%LL T EFEEITIRNBEZRL TS, FZERATE St. 4 THIKEE 100-500m T 12%LL F THo
7. DED, {EKEETR AW St 3 /KEE 30m LAE, BETRITE St. 4 7KK 100-500m TIERAL > < NIFUTIIIER
WZIEMEDMENIREEIC B DEN 25, TEKETHAW St. 3 D/KYE 30m LUE TIIMEY 75> 7 BHBALT
WE, BEBBEYIREDRA 2 NITUT INREIREL TR AT 2MBEN DB T ATENE A
N5, SEHIELZ DOC HIE/KEM AL St 31281 T 2004 £ 8 A 31 HDI/KE 90m & 2005 4E 8 A
31 HDO7KEE 90m ZR TSN KR IERE TIC DN L ThKBERN RSNz, ZNSDOERNSTE
IKEEFR AW St. 3 DK 30m LAE TR AT NI FUT DRBIREIZDMEAKIR 0, 10m LLEETT &
HIRINS T2 D RA S NI TFUT DIFEWEIMEL /a0 e & 25N 5. BEFE St. 4 DKEE 1000m THURA
A2 NTTUT DEIEIN 22.2%E755 TH I EIT DN TIIRBEHEZSEORBKOZERENE 25
NBA, G ENIHIF TETAIRN.

2-3. v-7UTFNITIT

7 -TOTFANITIT OEEBITHK T HEIGIIEKEMNEN St. 3 DBTS 2004 4 8 A 31 HOKE
10, 30, 90m, 2004 ££ 12 A 1 HD7KE 0, 60m, 2005 £ 4 A 15 HD/KE 0, 30m, 2005 4 8 A 2 HDK
P10, 30, 90m TRAT NIFUT DEIGEIATUEMERE 8o T2, 4 EFT> 2 FISHIE T, 7414
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—WiA 1 BUCENW L GEETF 00— 71 1 DL TUFT A RIS’ TR, FD7=D T4V F— iy
SINDEEDENBDBETNT—WiH 1 T EIT T O—T 10k TR SN A E DR /> TL5. 5§
ENIZDTAINEI— EDY TN DIXEDENEEL=EEZONS. E-HET I fEE DB LR
STHBY, BEFIO—TICdo TRESINZEIRIIMET LICE RS, 207 0—7 EUB338,
GAM42a N7 —" v L T BRI IZENLSBN DREE TN TVFT A XL TABDINEFEN D DT LB
Blizo 5. INGZHERT 2720DICd, 70— EUB338, GAM42a DR H 747 a2 Ma— IV &1,
T—IDEENEERDIIENLETHS.

2-4. FA2 -7 —F7

BEDHFENSTEREIR R TR SN TEZRA - 7 —F 712, &H, EAKEHEW St. 3, BBIFE
St. 4 DEBBIKENSRHE SN, RATY -7 —F7 OMBEEIITE K EMESN st 3 1B T 10°-10°
cells/mL THY, BEIE St. 4 1BV T 10-10° cells/mL THor=. WEKEEEEPRN, B TS 10107
cellsymL THAEZENIHE SN TBO@EALR, 2004MS), THEKEMEW St 31X, EALEIEZHEORE
B2 TR T, T AN ZT WEAT LT 42 T IRFEDKEE 0-100m T 10°-10° cells/mL THY
(DeLong et al., 1999), N1 DK EE0-100m T 10° cells/mL T - 7=(Karner et al., 2001). T3S HE
FEOBI LT 5L, {EKEIAWN St 3, BRI St. 4 TORATY -7 —F 7 DRI B BT A7 kiR E
D7z BB S St 3 IZBNTY —F 7 OMIBE RO HICE, EEEPRATY < NIFTUTITHS
NI EZIKRINELTEBIT DI L T RIS NN 72, El-BRET —& DD A5
NoTz.

FAZ 7 —F7 DEEHITH T 2E S1EKEH SN St 3 12BN T 0.2-16.7% TH o7z, H/KER
R TIIKEE 0-10m TEDEIEE 0.2-1.0% TH oI ENRME SN TN B(EALE, 2004MS). 5 EIDHE
RELETDEDU TS ZHEN St. 3 DIEINEIETIIINL TO B, HKETIHIR RIREDBIHFEN
St. 3 TEWBITH T HEIENCRRENIENREIN. E2ILEOR RS TIZZDOE| & 13K EE 0-100m
THI 10-20% THBHZ E(Pernthaler et al., 2002), ¥ > 7)N—)NFIRFETIEZKEE 0-100m THJ 3-20% THHZ
Y (Massana et al., 1997), £7/2/\T71 1 THKEE 0m-100m TIERALY 7 — 57 AN 2 BELE N % 5 6D B E]
E13HI 10%LA T TH o /= (Karner et al., 200)ZENIREZIN TN S, ZNSELLET 25 EIOTEKEMH
AW St. 3 DFERITODENFERERo77. £772 2004 4 12 H 1 HOKEGE 30m T 16.7%m W EERLUZ
O, TOEEIZDOW TS EIOT —F0NE TR TERh-o 2. BARKEHREW St. 3 12BN TIEEEK
TR DEIEDOELITDON TR, 2ERERIIRSNENo 7. T2, HEAREBHEW St. 3 12BN
THIE2MAROTEEDMEN 2004 4 8 A 31 HDKEEO0, 30, 60, 90m, 2004 4F 12 A 1 H D 7K 30m, 2005
£ 4 H 15 HOKE 10, 30, 60, 90m, 2005 £E 8 A 2 HDKEE 60mTIERATY « 7 —F 7 D 2B EITHK
§REIGMRAL L NI FITERUNENLL L OEER TR R8T,

M S EREEDIENKIEOBNTIE, RA 7 —F 7 W20 KRECBITSEERDF TRELT
NBREIINEALZ < NITUT DEB|IERUNENLL EOBELZH D RIAEENH HEE ZDHIENTES
PHLIRN. 2005 4E 8 A 21NV > 7 —FF—FE1 U7 —F A —F DR EA BTN, T IND
SBENDIEL, T4 — LITRA S -7 —F T BRI Doz, 20RO 7 —FA—FEL
—U7 —FF —Fea B T THEIT2IENTET, REBALUTEWSERIC/> /2.

BRI St. 4 TOR ESNTZRATS - 7 —F 7 O L H IR 3 2E & 137K 0-1000m T 1.1-2.4% THY,
RIS St. 4 TIFIKER 0-1000m THIE BEENIC —RRICHETEL T 2. £ E D F &Ll d 58, N
7 TIEKEE 100-1000m THJ 10-30% TH B E(Karner ef al., 2001) , ILARFEETIXS[ED FISH #£EX
VORI RNE N S E TR EIT o /R, 100m DR TIERALY - 7 —F 7 DEIE DS 50% % 8 A Tz
“&(Herndl et al., 2005)Z &M E INTHY, TNSORERELL BT B EBIAE TOMIZ/NINHD TH

S
—e
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ES S

SEIRA > 7 —F T IIEKREIR A St. 3, BBFIE St. 4 DRBMSEBICBW ThiRH &N, HKE
IR RS BB INT TRATY « 7 —F T L T B EN RSNz, R BEIAWN St 312D
TIZEOMEENL 10°-10% cells/mL TH, HEKEEEN, EIERSRZEIRNS 720, MOWHEDOHIE
T AENSNETH 72, TEEEE, RAT NTTUT OHIE K ENES LB DO NHEAL T
WERNBHENTN, BATS 7 —F T I DN T ZOIIRMERNASNEN 2. ERET —4E
OHEEBRN o7z, HKEETR AW St. 3 12BN THE 2 ROTEENMEN KIEIZB N TEIRAT Y - T —F7
DA TBEIENRAT Y NI TFIT EFUNENLL EDEERTEANH T2, ZOTEMBIE,
MBS EROIEMEMEVVIREE TIIRATS - 7 —F 7 N ZE D KIBIC BT DERER RO P TRAZL TABEEN
RAL> N FUT7 ERIUNENLL EOEEWZEHD AJREMENH HEE ZHZEMTELNBLIRN.

BRI St. 4 THRAM 7 —F 7 IHEBMSBMR H EN/2. MIEEIT 10%-10° cellsmL THY, O
FEDFI LT BENSNVETH o7z, EEEICHTHEIEE 1.1-24% THo 2. EIFNSNEEFET
RAL 7 —F 7 IIHIEREN T HRICHFEEL ThBZENRER SN . -

SRORRE

4 EIOWFE TIHBEKER BN S B BEBICNT THORA Y « 7 —F 7 NEEL Th BT LI HERR
XNz LOLZEDO DA ORI —E QHEMIES B O T — NS TIEALNRMN o 72, WTEDRAT T
— 7 QEBZ MR DN TILRMRBEHNEZN, TOIDWHFEERROF TEDIIREEER
2L TN BOMNEMEIAT BITITEEERE LEREENNDBIR-> T 5.

FZTEHBOMBEEL T, £9 FISH HEORHERE LIFAZENBRETHS. RALY -7 —F7 Ol fnsE
WERA D NI FUTERRD, 2 a—RALA U HEEEFDODRENEENTNS. ZDIDRA N
FUT 728 LT BE8 % D FISH & TR BIMELRBEZ A5 5. FEIOFEROIAT 7 —F7
O RIZEEMITENETH o7z, ZOTEEHET BT ML ICBERLEEITOIET, Yo—
TN RNA ENATVITAXLRGLIBE L7z CARD-FISH(Catalyzed Reporter Deposition-FISH)i%
(Pernthaler et al., 2002)%47 > TAMENH 5. I5IT CARD-FISH EEFRICE A FHAFTHITWY, O
FIEHTo TNERN. BOFEETBIEIED, LNV TOWED AL 7 —F 7 DB TES
I BEZEZEND. 2, RA -7 —F 7 MEHR THEREZZIT T 2 8EEDE 25N, TN2H
BRI BIHDEBRERBITINENDS. BEEEDORATY -7 —F7 DRBEEEITONWTIITI /B
EBEL TWBEN 53 % (Ouverney et al., 2000)72E 3B 2HNEEAE 573705 T TE . CARD-FISH i FE
LRIVTOEBENTABEIICE S, 7T—F7ORB|EHEITHEBHL T ELZL., BHTE
Microautoradiography & CARD-FISH EZMASHE T, BHREICH T DM E O 2 HERBTE EZ[F
12175 MICRO-CARD-FISH % (Microautoradiography-CARD-FISH)7&&E B35 25 X431 T B(Teira et al.,
2004). LNLZD LI HIEEBERALUTRAL Y -7 —F 7 O 5040, REEEREZEHL THOTOMER
B TOARBMIICIIEZESAN . BHFICEMERECR L5 X IESERRBERIDY, £z
HEBENITBIIERA -7 —F 72NN OME LOBREIEFEICEE THS. L EDIINTHEE
DAY« 7 —F 7 DEBEMRHENIDIZIEFEICKRERT—ITHY, HEITN<DBE-> TS, UL,
NS EZDT—IFHERL N DHLFEKIRN T — Y EBN ZHD TH 5.
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« Amann, R. L, Binder, J. D., Olson, R. J., Chrisholm, S. W.,Devereux, R. and Stahl, D. A., 1990,

-67 -



14

Conbination of 16SrRNA-targeted oligonucleotideprobes with flow cytometry for analyzing mixed
microbial populations. Applied Environmental Microbiology, 56, 1919-1925.

+Amann, R .I., Ludwing, W. and Schleifer, K-H., 1995, Phylogenetic Identification and in situ detection of
individual microbial cells without cultivation.Microbiological Reveiws, 59, 143-169.

*Bouvier, T. C. and del Giorgio, P. A., 2002, Compositional changes in free-living bacterial communities
along a salinity gradient in two temperate estuaries. Lomnology and Oceanography, 47, 453-470.

*Burggraf, S., Mayer, T., Amann, R., Schadhauser, S., Woese, C. R. and Stetter, K. O.,1994, Identifying
members of the domain Archaea with rRNA-targeted oligonucleotide probes. Applied and
Enviromental Microbiology, 60,3112-3119.

*DeLng, F. E., 1989, Phylogenetic stains: ribosomal RNA-based probes for the identification of single cells.
Science, 243, 1360-1363.

*Delng, F. E., 2003, Ocean of Archaea. ASM News, 69, 503-511.

*DeLong, F. E., Taylor, L., Marsh, L. M. and Preston, M. C.,

1999, Visualization and enumeration of marine planktonic archaea and bacteria by using
polyribonucleotide probe and fluorescent in situ hybridization. Applied and Enviromental
Microbiology, 65, 5554-5563. ‘

*Heidelberg, J. H., Heidelberg, K. B. and Colwell, R. R., 2002, Seasonality of Chesapeake bay
bacterioplankton species. Applied and Enviromental Microbiology, 68, 5488-5497.

-Herndl, J. G, Reinthaler, T., Aken, V. H., Veth, C., Pernthaler, A. and Pernthaler, J., 2005, Contribution of
Archaea to total prokaryotic production in the deep Atlantic Ocean. Applied and Enviromental
Microbiology, 71, 2303-2309.

G TER - MR E, 2005, HEOBEMAYS, 185EHEAER, 47-96.

+Karner, M. B., DeLong, F. E. and Karl, M. D., 2001, Archaeal dominance in the mesopelagic zone of the
Pacific Ocean. Nature, 409, 507-510.

+Konneke, M., Bernhard, E. A., de lavTorre, R. Jose., Walker, B. C., Waterbury, B. J. and Stahl ,A. D., 2005,
Isolation of an autotrophic ammonia-oxidizing marine archaeon. Nature, 437, 543-546.

-HEVET, 1988, EAlE, RAEUKZEHIAR, 134-143.

*Manz, W., Amann, R., Ludwing, W., Wanger, M. and Schleifer, K.H., 1992, Phylogenetic
oligooxynucleotide probe for the major subclasses of proteobacteria;problems and solutions.
Systematic and Applied Microbiology, 15, 593-600.

*Massana, R., DeLong, E. F. and Pedros-Alio. C., 2000, A few cosmopolitan phylotypea Dominate
Planktonic Archaeal Assemblages in widely different oceanic provinces. Applied and Enviromental
Microbiology, 66, 1777-1787.

*Massana, R., Taylor, T. L., Murray, E. A., Wu, Y. K., Jeffrey, H. W. and Delong, F. E., 1998, Vertical
distribution and temporal variation of marine planktonic archaea in the Gerlache
Strait,Antarctica,during early spring. Limnology and Oceanography, 43, 607-617.

*Massana, R., Murray, E. A., Preston, M. C. and DeLong, F. E., 1997, Vertical Distribution and Phylogenetic
Characterization of Marine Planktonic Archaea in the Santa Barbara Channel. Applied and
Environmental Microbiology, 63, 50-56.

*Muyzer, G., del Waal, E. C. and Uitterlinden, A. G., 1993, Profiling of complex microbial populations by
denaturing gradient gel electrophoresis analysis of polymerase chain reaction-amplified genes coding
for 16S rRNA. Applied and Enviromental Microbiology, 59, 695-700.

MR\, —HMREER, 1995, #rim HIEFAZEE. #t, 189-191.

*Ouverney, C. C. and Forman, A. J., 2000, Marine planktonic archaea take up amino acids. Applied and

- 68 -



15

Enviromental Microbiology, 66, 4829-4833.

+Pernthaler, A., Pernthaler, J. and Amann, R., 2002, Fluorescence in situ hybridization and catalyzed reporter
deposition for the indentification of marine bacteria. Applied and Enviromental Microbiology, 68,
3049-3101.

+Pernthaler, A., Preston, M. C., Pernthaler, J., DeLong, F. E. and Amann, R., 2002, Comparison of
fluorescently labeled oligonucleotide and polynucleotide probe for the detection of pelagic marine
bacteria and archaea. Applied and Enviromental Microbiology, 68, 661-667.

+Pinhassi, J. and Hagstrom, A., 2000, Seaaonal succession in marine bacterioplankton. Aquatic Microbial
Ecology, 21, 245-256.

-Porter, K. G. and Feig, Y., 1980, The use of DAPI for identifying and counting aquatic microflora.
Limnology and Oceanography, 25, 934.

B SCEL-RIE 3R,1996, EYREGEF A, B, 12-26.

- Segerer, A., Stetter, K. O. and Klink, F., 1985, Two contrary modes of chemolithotrophy in the same
archaebacterium. Nature, 313, 787-789.

+Stahl, D. A. and Amann, R., 1991, Development and application of nucleic acid probes.
In:Stackebrandt,E.and Goodfellow,M.(eds.) Nucleic acid Techniques in Bacterial Systematics,John
Wiley & Sons,New York, 205-248.

«Suzuki, M. T., 1999, Effect of protistan bacterivory on coastal bacterioplankton diversity. Aquatic
Microbial Ecology, 20, 261-272.

- B A 5RE, 2004, Fluorescence in situ hybridization(FISH)E % Fi V) /= BRTABIE /KN, EAMNCBITS
B ORELREEROBIR. BMRFRZIEYHERRR R AR R KR

+Teira, E., Reinthaler, T., Pernthaler, A., Pernthaler, J. and Herndl, J. G., 2004, Combining catalyzed
reporter deposition-fluorescence in situ hybridization and microautoradiography to detect substrate
utilization by bacteria and archaea in the deep ocean. Applied and Enviromental Microbiology, 70,
4411-4414.

*Woese, R. C. and Fox, E. G., 1977, Phylogenetic structure of the prokaryotic domain: The primary
kingdoms. Proceedings of the National Academy of Sciences of the United States of America, 74,
5088-5090.

Yokokawa, T. and Nagata, T., 2004, Growth rate of the major phylogenetic bacterial groups in the Delaware
estuary. Limnol and Oceanography, 49, 1620-1629.

J\KEE—, /NBEVRE, IR, HEEE, 1996, EYFEH 5 4 IR, SIEEIE, 433-434.

- 69 -



2. BERIBICHBTR YTV Tt

=il



KiB(C)

o120 B 30

20 1

7KER(m)

60 |

80T

100

24

0
201

401

K B(m)

60 |

80t

- o
:-'l
::I
|
| il
d ik
=43 (psu)
6 2830 32 34
............. '\‘,‘fvr
-+
Al
’;E“ﬂ'
i
!

100

100

BREEE(S/cm)
w0 4 46 a9

0

20
40

KB (m)

60

80

)
:\l
1

100

BERRERE (me/L)
M S
. e
w00 .- T
40 A ¢
¥ H
% I 9 \\'l'"/ <
60 |'/
80" ’I/ ><
100
* :2004%8A31H
= 20044 12A 1H
> :20055F4H15H
> 120055F831H

K 3. FkEFEL St 3 ICBFBKE, oH, BEERRRE, 8, ERCEEORES .

DOC(uM)
20 40 60 80 100 120
0 i
i
200 | | 1
g i
2 R
g1
B 60 tr/ -:"
\’\ .........
sor 7
"N T
100

4.5

15

100

0

1.5

on
20 f

40}

IKIE(m)

0 |

80

100

120045F8A31H
120044 12H 1H
2005448 156
:20055F8 A 31H

x V0o

B4. FkEHEL St 3 ICHIFBAFHMREDOC), K #iE IR E (NO,,NO,",NH,

L PO)DIMERD .

-72-



EREEEMS/cm)
35 40 45 50

//

NH,* (uM)
0.5

1.0

800 |

1000

7Kim(°C) BFEEREme/L)
5 10 15 20 23 4 s 30
0 el 0 0
200 | ,,/”)‘ 200 | /| 200 |
2400 | E 400 / g 400
g & 53
2 ool % 600 2 600
500 | / 300 800
c 1000
1000 1000
15 (psu) H0O074)) a fEE(mg Chla m™)
330 335 340 345 350 o o1 o2 03 o4
0 } : 0 ———
200 200 ,
E <
& 400 2 400
% ¥ 4
600 I _ﬁ 600 L
800 800 |
1000 1000
B5. BERIE St. 4 ICBITBKE, BHEERRE, BREEE, 89, /00740 a RE
DIRBER.
NO, (M) NO, (M
0 10 20 30 40 50 0 05 () L0
0 ‘\\\\\\ 0
200 \\\\\ 200 [’——‘————'
E 400 & 400
% K 4
600 [ 600
800 800
1000 1000
PO, (uM)
b0 10 20 30 40
N
200 \\\\
E 400
53
X
600 |
800 |
1000

BI6. BT St 4 ICHI7 B B # B (NO,, NO, ", NH,*, PO, ) DR E 4 7 .

-73 -



20044E8A31H0
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RAL - NNOFTVUT

0.83S

11. FISHRICEVUBRRUIER AL - NOTUT O H L BEHER B 152004 & 12 A7KEZR 0m).
S 1G i E &, T A UW R E{RERT.

RAA T =T
e

12. FISHRICE VBB UIER A - 7 —F 7 O E N FEHIRE (2004 F 12 B7KIR 30m).
A5G Fh#iE &, T H UW Rt EfRERT .

y —7OFANGFUT

1.2S

13. FISH 3k IC&YURRIF L v - 7ATA/NITUT OB EHEFEE (2004 5 12 A7KR 0m).
5 1G BB &, A UW it E{gERd .
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1. FISHECTRAWBEFIO—T OIEEES.

probe specificity probe sequence(5'-3’)
EUB338 domain Bacteria 5'-GCT GCC TCC CGT AGG AGT-3
ARCY915 domain Archaea 5-GTG CTC CCC CGC CAA TTC CT-3'
GAM42a ¥ -Proteobacteria 5-GCC TTC CCA CAT CGT TT-3’
EURY498 Euryarchaeota §'- CTT GCC CRG CCC TT -3
CREN499 Crenarchaeota 5'—- CCA GRC TTG CCC CCC GCT -3’
probe target site rRNA references

position
EUB338 168, 338-335 Amman et al, 1990
ARC915 168, 915-935 Stahl and Amann., 1991
GAM42a 23S, 1027-1943 Manz et a/., 1992
EURY498 168, 498 - 511 Burggraf et a/., 1994
CREN499 168, 499 - 616 Burggraf et a/., 1994

x®2. %jn 7’0)“47‘)9'4‘&-‘/3/%@?7&(” lﬁl%lg;ﬁa)ﬁm(Z)
Hybridization, Washing&e{4(3).

1
probe specifictiy NAINFAB—— 3 R IA R
NaCl |Tris-HCI| SDS | formamide
EUB338 |domain Bacteria 20%
ARCH915 {domain Archaea 0.9M 20mM 001% | 35%
|GAM42a__ | ¥ —proteobacteria
|CREN499 |Crenarchaeota 0%
EURY498 |Euryarchaeota
(2)
probe specifictiy A R
NaCl |Tris—HCI| SDS 4H EDTA
EUB338  |domain Bacteria 0.225M
ARCH915 |domain Archaea 0.07M | 20mM 0.01% 5mM
GAM42a__| v -proteobacteria | 0.08M
CREN499 |Crenarchaeota 0.9M
EURY498 |Euryarchaeota
3 :
probe specifictiy Hybridization Washing
temp(°’C)| _time [temp(°C)| time

EUB338 |domain Bacteria
ARCH915 |domain Archaea 46 90min 48 15min
GAM42a | v —proteobacteria

REN499 |Crenarchaeota 45 120min 48 20min
EURY498 |Euryarchaeota
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&3, AKEFELS AHBITHKIE, pH, BHERRRE, B2, EXIEEE.
n.d.no data.

- IK:BCC)
K 20044F 20044F 20054E 20054
88318 12818 48158 8H2H
Om 27.0 18.9 15.0 26.9
10m 273 20.5 15.1 242
30m 2838 19.6 148 19.2
60m 25.1 18.7 15.3 178
90m 22.1 18.3 145 17.3
_ pH
KZE 20044 20044 20054 20054
88318 12A18 4H15H 882H
Om 8.22 ' 7.98 nd 8.39
10m 8.20 8.07 851 8.26
30m 8.21 8.06 8.88 8.19
60m 8.19 8.02 8.27 8.14
90m 8.14 7.99 8.25 8.12
- BB R E(mg /L)
KE 20044F 20044F 20054F 20054E
88318 12818 4H15H 8H28
Om nd. 8.27 823 8.71
10m nd. 7.63 7.94 7.89
30m nd. 5.01 7.16 6.76
60m 4.98 5.67 6.05 7.00
90m 5.44 5.58 5.58 6.70
B9 (psu)
IKE 20044F 20044F 20054 20054
: 88318 12A18 48158 8H2H
Om 307 30.7 30.1 27.3
10m 311 n.d. 33.1 32.4
30m 315 32.5 332 327
60m 317 32.9 33.2 325
90m 32.1 32.7 33.3 32.4
BRIEBEmMS/cm)
K 20044 20044 20054 2005
8H31H 12A18 481580 8H2H
Om nd. 47.1 46.6 428
10m nd. 50.1 51.0 493
30m nd. 50.2 510 49.7
60m nd. 50.8 510 496
90m nd. 50.5 51.1 49.7
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&4, FKEhAL St BT HBFHMRFEDOC)

E IS A (NO,”, NO,~, NH, 7, PO,®).

n.d.:no data.
DOC(uM)
KE 20044 20044F 20054 20054
8831H 12A1H 48158 8828
Om 89.2 59.5 92.3 103.8
10m 51.1 n.d. 89.6 97.2
30m n.d. n.d. 68.1 57.1
60m 425 56.7 319 57.9
90m 63.9 n.d. 45.4 99.8
. NO:;(HM)
KiE 20044 20044F 20054 " 20054
88318 12818 48158 882H
Om 0.65 9.15 7.38 0.00
10m nd. 1.82 0.13 n.d.
30m n.d. 3.64 2.29 7.29
60m 0.1 3.70 5.28 10.94
90m 4.00 6.23 n.d. 12.52
NO{(HM)
KiE 20044 20044 20054 20054
8H31H 12418 48158 8H2H
Om 0.02 0.36 0.27 0.01
10m 0.01 0.13 0.10 0.00
30m 0.02 0.25 0.53 0.34
60m 0.06 0.28 0.17 0.13
90m 0.85 0.68 n.d. 0.07
NH, T (uM)
KR 20044 20044 20054 20054
88318 12818 48158 8828
Om 0.29 2.76 1.50 051
10m 0.25 0.70 0.75 0.94
30m 0.63 1.07 0.64 0.14
60m 1.07 1.10 0.42 0.33
90m 0.90 0.58 n.d. 0.20
PO (uM)
KiE 20044F 20044F 20054 20054
8g31H 12818 4815H 8828
Om 0.03 0.33 0.03 0.02
10m 0.04 0.20 0.05 0.05
30m 0.01 0.35 0.10 049
60m 0.08 0.30 0.18 0.71
90m 0.23 0.51 n.d. 0.90
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6. BKE DL St BT HHE D B EE L (cells/mL).
- 20048310
KR SEH BAL - 139TVTF KA -F—F%F v~-TAFANITYT
Om 97x10°+1.7x10° 5.5 x 10°* 9.6 x 10° 49x10°
10m  73x10°+1.6x10° 69x10° 34x10* 51x10*
30m 57x10°+1.7x10° 25x%10* 35x10* 9.0 x 10*
60m 50x10°+1.4x10° 1.6x10* 48x10* 47%10*
90m 1.8 x10°+6.8 x 10° 2.7x10° 44x%10° 3.7x10
- — 200412818
KR 2HEH BAL 139 TIT _ KA -FP—%F y-FOFAN\TY7
Om 12x10°+18x10° 6.2x10° 26x10* 3.1x10*
10m 52x10°+1.4x10° 1.3x10° 43x10* 13x10*
30m 52x10°+1.7x10° 9.5x 10 8.6x 10* 57%10°
60m 20x10°+4.2x10° 2.5x 10°* 3.8x10° 57x10°
90m 1.7 x10°+4.6 x 10° 1.6 % 10* 2.8x10° 2.2x10°
- _ 2005%4815H
IKZE SEH BALY 1M TVFP _EA - P—%F y-FOFA 1 \H9TY7F
Om  75x10°+6.5x10* 1.7%10° 43x10* 8.4x10°
10m  72x10°+1.1x10° 25%x10* 55x% 10 32x10*
30m 55x10°+75x10° 25x10* 2.1x10% 1.3x10°
60m 55x10°+5.8%10° 20x%10* 20x10° 41x10°
90m _ 4.7x10°+4.4x10* 1.7x10° 1.9x 10* 2.8x10°
200558 A 20
KR 2EH BAL1M)TVIYTF _ BA 2 F—%F y-FOTANITFYIT
Om  93x10°+20x10° 15x10° 9.1x10° 5.7x%10°
10m 84x10°+85x10* 25%x10* 14%x10* 18x10*
30m 48x10°+1.0x10° 1.2x10° 10x10° 20x10°
60m 42x10°+5.7x10* 58x10° 29x%10° 8.7x10°
90m _ 3.7x10°+7.0x10* 1.1x10* 46x10° 5.8 x 10°
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2004¢8ﬁ 31 Iz]
KR _BA-INDTITF  EA-F—XF ¥y —TATANITUF

Om 5.6 9.9 50

10m 9.5 47 70

30m 43 6.1 15.8

60m 3.1 9.6 9.4

90m 1.5 2.5 21.0

2004212818

KB FA-1NITIT A -7—%7 vy —=20T4/\IFUTF
Om 529 22 217

10m 253 84 2.6

30m 18.5 16.7 1.1

60m 17.3 1.9 217

90m 9.3 1.7 1.3
- 2005548150 _
KR FAIRITFIT  EAF—XF v —FOTFNNIFUT
Om 22.8 5.8 111

10m 35 76 44

30m 46 3.7 23.5

60m 37 36 0.7

90m 3.5 4.0 0.6

200548 H2H I

KRB BAL-INOTIT  FAF—%F y—70FFNITIYF
Om 15.7 1.0 0.6

10m 30 1.6 2.1

30m 25 0.2 04

60m 14 6.9 21

90m 3.0 1.3 1.6

8. B =St AlsH T 5E OB EEE (cells/mL).

K LEH RAL = INDTUTF  FAF—F7F
Om 54x10°+8.3 x 10* 15x10° 5.7x10°
100m 12x10°+3.7 x 10* 13%x10° 28x10°
300m 6.0x 10*+9.4 x 10° 54x10° 8.8 x 107

- 500m 5.8x 10*+6.5 x 10° 44%x10° 1.3x10°
1000m 4.2 x10*+7.5x 10° 93x10° 8.0x10°

71(;% h%'f./ NITYF FAL - 7—-3:’—7
Om 280 1.1
100m 114 24
300m 9.0 1.5
500m 7.6 2.2
1000m 22.2 1.9
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Abstract: Since core samples obtained by deep drilling are likely to be
contaminated with mesophilic microbes in drilling fluid, a novel method for
eliminating ribosomal RNA genes PCR-amplified from the mesophiles and for
phylogenetic analysis of rRNA genes of thermophiles in core samples recovered
from deep-subsurface geothermal environments has been developed (H. Kimura, M.
Sugihara, K. Kato, and S. Hanada, Appl. Enviroh. Microbiol. 72:21-27,2006). The
method consists of thermal denaturation and digestion with exonuclease I (Exo I),
based on a strong correlation between optimal growth temperatures of prokaryotes
and the G+C (guanine + cytosine) nucleotide contents of their 16S rRNA genes. In
this study, deep-sea hydrothermal fluid (117°C) and surface seawater (29.9°C) were
used to mimic even deep-subsurface geothermal samples and drilling fluid,
respectively. Bulk DNAs were extracted from two environmental samples, and
archaeal 16S rRNA genes were amplified by PCR separately. | The PCR amplicons
from the surface seawater were denatured at 82°C and completely digested by Exo I,
while PCR amplicons from the deep-sea hydrothermal fluid remained intact after
denaturation at 84°C and subsequent digestion. Equal amounts of bulk DNAs
extracted from two samples were further blended and used as template for PCR of
archaeal 16S rRNA genes. The PCR amplicons from the DNA mixture were
denatured at 84°C and digested with Exo I, and clone library was constructed. The
results demonstrated that archaeal 16S rRNA genes from the surface seawater were
completely eliminated by thermal denaturation and digestion with Exo I, and all
clones agreed with clones derived from 16S rRNA genes of hyperthermophilic
archaea in deep-sea hydrothermal fluid. This method showed a quite effective for
phylogenetic analysis of 16S rRNA genes of hyperthermophilic microbes, which
ought to exist in core samples recovered by deep drilling from deep-subsurface

geothermal environments such as over 100°C.
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INTRODUCTION

The temperature of subsurface environment increases steadily with the depth
and at a fairly uniform rate. The thermal gradient is between approximately 15°C and
30°C per kilometer of depth in non-volcanic regions (Gold, 1999). The deep-
subsurface crusts are therefore considered to be extremely hot environments. To date,
a number of thermophilic and hyperthermophilic prokaryotes have been isolated from
geothermal and hydrothermal environments such as terrestrial hot spring and deep-sea
hydrothermal vent fields (reviewed by Reysenbach et al. [2002]). The most
hyperthermophilic prokaryotes, Pyrolobus fumarii, are known to have maximum
growth temperature of 113°C (Blochl et al., 1997). In addition, archaeal strain that is
closely related to Pyrodictium occultum and Pyrobaculum aerophilum keeps a record
of the highest growth temperature of 121°C (Kashefi and Lovley, 2003). This means
that life can survive down to a depth of 8 km in regions of crust that exhibit the low
thermal gradient (15°C per kilometer or less) and 4 km where the thermal gradient is
high (30°C per kilometer). Many microbiologists have been therefore interested in
subsurface biosphere in the deep-subsurface geothermal environrhents (Gold, 1992).

In recent years, international deep drilling projects have been expanded for
scientific study including microbiology. Geothermal core samples have been already
recovered from extremely hot subsurface environments such as over 250°C, e.g., in the
German Continental Deep Drilling Project "KTB" (Descher et al., 1998; Emmermann,
1995) and in the Ocean Drilling Program Leg 193 cruise (Shipboard Scientific Party,
2002; Kimura et al., 2003; Lackschewitz et al., 2004). In the study of subsurface
microbial communities with core samples obtained by drilling, a major problem is
contamination with mesophilic microbes in the drilling fluid, which consists primarily
of surface seawater or river water. The cell density of the mesophiles in drilling fluid
is likely to be much higher than fhe cell density of thermophiles and
hyperthermophiles  in core samples recovered ’from deep-subsurface geothermal
environments.. This contamination by mesophilic microbes invalidates especially
culture-independent phylogenetic analysis based on sequences of ribosomal RNA gene,
‘because PCR targeted at rRNA genes tends to amplify genes from indigenous
thermophiles as well as genes from contaminating mesophiles. At present, tracer

monitoring with perfluorocarbon chemicals or fluorescent microspheres has been used
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to test for microbial contamination (Smith et al., 2000a, 2000b). However, this type
of tracer monitoring is only applicable to the investigation of complete and dense core
samples. Since deep-subsurface materials are likely to be frequently altered and
cracked by heat from magma, the tracer monitoring is difficult to apply for
determining microbial contamination in deep drillihg.

Kimura et al. (2006) have reported a novel method for eliminating 16S
rRNA genes of the contaminating mesophiles into core samples in drilling process.
This method is based on the following findings that optimal growth temperatures of
prokaryotes are strongly correlated with G+C contents of 16S rRNA genes (Galtier et
al., 1999); the rRNA genes of thermophiles and hyperthermophiles show high G+C
contents; and these high-G+C-content TRNA genes are indicative of higher melting
temperatures (7,,) than those of mesophiles. Because of the differences in T3, values,
the 16S rRNA genes of mesophiles can be selectively denatured by moderate heat
treatment, followed by digestion with exonuclease I (Exo I) that has a strict specificity
for single-stranded DNAs. Kimura et al. (2006) has attempted a test of this technique -
by using a mixture of terrestrial hot spring (76°C) and river water (14°C) to mimic a
deep-subsurface geothermal sample contaminated with drilling fluid. The PCR-
amplified 16S rRNA genes from the mixture of bulk DNAs extracted from hot spring
and river water are denatured and digested with Exo I, and clone library is constructed.
The result has indicated that almost 16S rRNA genes of mesophiles originated from
the river water can be removed, however, some clones (7% of all clones) have
survived the heat treatment and digestion with Exo .

Here, we describe a selective phylogenetic analysis (SEPA) targeted at 16S
rRNA genes of hyperthermophilic archaea, which are likely to inhabit the deeper and
hotter subsurface environments. In this study, we used deep-sea hydrothermal fluid
(117°C) and surface seawater (29.9°C) to simulate deep-subsurface geothermal
samples and drilling fluid, and elucidated whether 16S rRNA genes of mesophilic

archaea derived from surface seawater were perfectly eliminated by the SEPA.
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MATERIALS AND METHODS

Sample collection. Samples of deep-sea hydrothermal fluid were collected from a
white smoker with maximal fluid temperature’ of 117°C in Archaean site (12°56.34'N,
143°37.89'E, depth = 3,001 m) that was located at off-axial seamounts of back-arc
spreading in the southern Mariana Trough. During the YK05-09 cruise in July to
August 2005 using deep-sea submersible vehicle (DSV) Shinkai 6500 and R/V
Yokosuka, the hydrothermal fluid was sampled with a water pumping system (Sakai,
1990) that was equipped with the DSV. In addition, surface seawater (29.9°C) was
collected at the southern Mariana Trough area from the deck of R/V Yokosuka. The
surface seawater was obtained with a clean plastic bucket that was pre-washed with
distilled water and re-rinsed with the surface seawater. Exactly four liters of water
samples were each aseptically filtered with a Sterivex-GV filter unit (pore sizé, 0.22
mm; Millipore, Bedford, MA) via sterile silicon tubes and tubing pumps. The
microbial cells trapped in the filter units were frozen immediately at -80°C in the

shipboard laboratory until DNA extraction.

DNA extraction, real-time PCR, and melting curve analysis. The bulk DNAs of
microbes trapped by the filter units were extracted according to the method previously
described by Somerville et al. (1989). The filters were washed with 10 ml of SET
buffer (20% [wt/vol] sucrose, 50 mM EDTA, 50 mM Tris-HCI, pH 8.0), and 1.8 ml of
SET buffer was added into the filter units. The microbial cells were lysed with a
lysozyme and proteinase K solutions in the filter units. The bulk DNAs were then
purified with phenol-chloroform-isoamyl alcohol mixture (25:24:1 [vol/vol/vol], pH
8.0) and concentrated by ethanol precipitation.

The‘archaeal 16S rRNA genes were PCR-amplified with archaea universal
primer set, Arch109F (Grofikopf et al., 1998) and Arch915R (Stahl and Amann, 1991),
and real-time PCR reagents (SYBR Green PCR Master Mix; Applied Biosystems,
Foster City, CA). To measure the T, value of the PCR amplicons, melt-curve
analysis were performed immediately after the real-time PCR. Fluorescence signals
during the real-time PCR and melting curve analysis were monitored by using a 7300

Real-Time PCR System (Applied Biosystems, Foster City, CA).
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PCR, cloning, and sequencing. The archaeal 16S rRNA genes from bulk DNAs
extracted from the deep-sea hydrothermal fluid and the surface seawater were PCR-
amplified using KOD DNA polymerase (TOYOBO, Osaka, Japan) and the archaea
universal primer set that was used in the real-time PCR. The resultant PCR
amplicons were cloned using the Zero Blunt TOPO PCR Cloning Kit (Invitrogen,
Carlsbad, CA); clone libraries of archacal 16S rRNA genes were constructed
separately.

The sequences of insert PCR amplicons selected from recombinant colonies
determined with a capillary DNA sequencer (RISA-384 system; SHIMADZU, Kyoto,
Japan). The vector-specific primers (T7 and T3) were used for the sequencing
reactions. The sequences of archaeal 16S rRNA gene were checked for chimera
formation by using the CHIMERA_CHECK program of the Ribosomal Database
Project II website (Maidak et al., 2001). Nonchimeric sequences wére aligned, and
pairwise similarity values were calculated with GENETYX-MAC (GENETYX, Tokyo,
Japan). A similarity of 99% was used as a cutoff value for grouping the sequences
into different operational taxonomic units (OTUs). The representative sequences in
each OTU were homology-searched using the FASTA program (Lipman and Person,
1985; Person and Lipman, 1988) in the DNA Data Bank of Japan (DDBJ;
~ http://www.ddbj.nig.ac.jp/).

Heat treatment and digestion with exonuclease I (Exo I). Archaeal 16S rRNA
genes were PCR-amplified from bulk DNAs in the deep-sea hydrothermal fluid and
the surface seawater using the archaea universal primerﬁ set, Arch109F and Arch915R.
In addition, a DNA mixture was prepared in which equal amount of bulk DNAs
extracted from each of two environmental samples was blended. The archaeal 168
rRNA genes in this DNA mixture were then amplified using the same primer set.
These three PCR amplicons were purified with the QIAquick PCR purification kit
(QIAGEN, Valencia, CA) aﬁd were resuspended in sterile distilled water. The
purified PCR amplicons were denatured at various temperatures between 78°C and
86°C for 30 s, and immediately chilled on ice in order to prevent re-hybridization of
denatured PCR amplicons. Exo I (TaKaRa, Kyoto, Japan) was then added to the
chilled reaction tubes followed by incubation at 37°C for 30 min to allow for sufficient

digestion of the denatured PCR amplicons. Since Exo I is a 3' to 5' exonuclease
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specific to single-stranded DNA (ssDNA) (Brody et al., 1986), all ssDNAs in a
reaction tube were completely digested, leaving any double-stranded DNA intact
(Flow chart of this method is shown in Fig. 1). - Prior to the cloning of the surviving
PCR amplicons, the Exo I was inactivated by heating the sample at 80°C for 15 min.
Subsequently, the PCR amplicons that were amplified from the DNA mixture and
survived the heat treatment and digestion with Exo I were cloned by using the Zero
Blunt TOPO PCR Cloning Kit (Invitrogen, Carlsbad, CA) and sequenced with a
capillary DNA sequencer F(RISA-384 system; SHIMADZU, Kyoto, Japan). The
sequencing was performed using the vector-specific primer T7, determining
approximately 600 bp. The obtained sequences were aligned with GENETYX-MAC
(GENETYX, Tokyo, Japan), and pairwise similarity values were calculated for
grouping them into OTUs. | The similarity described above was used as cutoff value
for grouping the sequences into different OTUs. The at least one representative in
each OTU was homology-searched using FASTA program in the DDBJ, and were
compared with sequences obtained from the original deep-sea hydrothermal fluid and

surface seawater.

Nucleotide sequence accession numbers. The archaeal 16S rRNA gene sequences
obtained from deep-sea hydrothermal fluid and surface seawater have been déposited
in the DDBJ/EMBL/GenBank database under the following series of accession
numbers: AB257406 to AB257411 (deep-sea hydrothermal fluid) and AB257412 to
AB257418 (surface seawater).

RESULTS AND DISCUSSION

Melting curve analysis of archaeal 16S rRNA genes. The archaeal 16S rRNA
~ genes from the bulk DNAs in deep-sea hydrothermal fluid (117°C) and surface
seawater (29.9°C) were P‘CR-ampliﬁed and their T, values were measured by melting
curve analysis (Fig. 2A and 2B).  The T}, value of the 16S rRNA gene fragments from
the deep-sea hydrothermal fluid was 90.2°C (% 0.1°C) on average, whereas T, value of

the 16S rRNA gene fragments from the surface seawater was much lower, namely,
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85.2°C (+ 0.2°C). These two peaks of the melting curves were completely separated,.
which showed that there was a great difference between G+C contents of the archaeal
16S rRNA genes derived from the deep-sea hydrothermal fluid and the surface
seawater. o |

The archaeal 16S rRNA genes from a DNA mixture that blended equal
amounts of the bulk DNAs extracted from the deep-sea hydrothermal fluid and the
surface seawater were PCR-amplified, and the melting curve of the PCR amplicons
was plotted (Fig. 2C). Two peaks of the melting curve were consequently detected
and they were completely consistent with the 7, values of the PCR amplicons from the
surface seawater and the deep-sea hydrothermal fluid. The result clear indicated that
the polymerase chain reaction using the DNA mixture as templates amplified archaeal

16S rRNA genes derived from both surface seawater and deep-sea hydrothermal fluid.

Archaeal community in deep-sea hydrothermal fluid. Approximately 800 bp of
archaeal 16S rRNA gene fragments from the bulk DNAs in deep-sea hydrothermal
fluid were amplified. A clone library was constructed, and then 53 clones were
randomly selected and sequenced (Table 1). The clones were divided into 6
operational taxonomic units (OTUs) based on alignment analysis of the sequences
(ARCS-01 to ARCS-06). The phylogenetic analysis revealed that these OTUs
belonged to the genera Vulcanisaeta, Archaeoglobus, Methanotorris, and
Thermococcus. ARCS-01 and ARCS-02 were closely related to Vulcanisaeta
distributa belonging to Crenarchaeota, which is known to be a heterotrophic,
anaerobic hyperthermophilic archaea isolated from terrestrial hot springs (Itoh et al.,
2002). The clones in ARCS-01 and ARCS-02 comprised 79.2% of the total clones.
ARCS-03 and ARCS-04 showed the highest homology to Archaeoglobus profundus
belonging to Euryarchaeota (Kashefi et al., 2002), and accounted for 15.1% of the
total clones. ARCS-05 showed the closest match to Methanotorris sp. Mc-I-70,
which was obtained from deep-sea hydrothermal vents field (Takai et al., 2004). The
clones in ARCS-05 accounted for 3.8% of the total clones. ARCS-06 was closely
related to Thermococcus kodakaraeensis obtained from the terrestrial geothermal area
(Fukui et al., 2005), and the clone number was the lowest percentage in the all OTUs.
The phylogenetic analysis indicated that all clones belonged to the clusters primarily

composed of hyperthermophilic archaeal strains or environmental clones that were
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collected from the geothermal and hydrothermal hot environments.

The G+C nucleotide contents of the 16S rRNA gene sequences ranged
between 65.5% (ARCS-05) and 68.0% (ARCS-01), with an overall average of 67.3%
(Table 1), the extremely high G+C contents reflected the high 7, value, which was

actually measured by the melting curve analysis (Fig. 2A).

Archaeal community in surface seawater. A 16S rRNA gene clone library was
constructed in the same manner as clone analysis of the deep-sea hydrothermal fluid
sample, and 52 clones in the library‘were analyzed (Table 1). The clones were
divided into 7 OTUs based on alignment analysis of their sequences (SURF-01 to
SURF-07). The phylogenetic analysis indicated that the 7 OTUs could not be placed
within currently known archaeal divisions, as the closest database match was <82%
similarity to the clone sequence SRI-298 (S’kirnisdottir et al., 2000) and DJ3.25-13
(Cytryn et al., 2000). These clones may be therefore candidates for novel archaeal
divisions. The G+C nucleotide contents of the 16S rRNA gene sequences ranged
from 54.0% (SURF-01) to 56.4% (SURF-06), with an overall average of 54.5% (Table
1). The overall average G+C content was much lower than that of archaeal 16S
rRNA genes originated from the deep-sea hydrothermal fluid. The low G+C content
ought to lead to the low 7, value of 16S rRNA gene fragments, which were

determined based on melting curve analysis (Fig 2B).

Heat treatment, digestion, and cloning of archaeal 16S rRNA genes. The
respective archaeal 16S rRNA genes derived from the hydrothermal fluid and surface
seawater were again amplified. In addition, a DNA mixture of equal amounts of bulk
DNA extracted from the deep-sea hydrothermal fluid and the surface seawater was
prepared, and the archaeal 16S rRNA genes in the DNA mixture PCR-amplified under
the same conditions as before. The PCR products from these three amplifications
were purified and resuspended in sterile DW. They were then heat-denatured
between 78°C and 86°C and digested by Exo I. The extent of survival 16S rRNA
gene fragments was visualized by electrophoresis (Fig. 3). The PCR products
amplified from the surface seawater were denatured by heat treatment at 82°C, 84°C
and 86°C, and were completely removed by the subsequent digestion with Exo I. In

contrast, the 16S rRNA gene fragments from the deep-sea hydrothermal fluid survived
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heat treatment even at 84°C, as well as subsequent digestion. Furthermore, part of
the PCR amplicons from the deep-sea hydrothermal fluid could also survive the heat
treatment at 86°C and digestion with Exo I.

In PCR-amplified 16S rRNA genes from the DNA mixture that was blended
bulk DNAs extracted from surface seawater and deep-sea hydrothermal fluid, the
survival pattern of the heat treatment and digestion with Exo I almost agreed with that
of PCR products derived from fhe deep-sea hydrothermal fluid (Fig. 3). A clone
library was constructed from 16S rRNA gene fragments originated from the DNA
mixture and survived heat treatment at 84°C and digestion with Exo I. Seventy
clones in the library were analyzed and divided into 6 OTUs (MIX-01 to MIX-06)
based on alignment analysis of the 16S rRNA genek sequences (Table 2). The
phylogenetic analysis suggested that these OTUs belonged to the genera Vulcanisaeta,
Archaeoglobus, Methanotorris, and Thermococcus. The composition of these OTUs
was very similar to that of the OTUs of hyperthermophilic archaea obtained from the
deep-sea hydrothermal fluid. The results lead to the cbnclusion that 16S rRNA genes
of mesophiles in the surface seawater were completely eliminated by heat treatment at

84°C and subsequent digestion.

Elimination efficiency of 16S rRNA genes of mesophiles. Kimura et al. (2006) has
reported the selective phylogenetic analysis (SEPA) using terrestrial hot spring (76°C)
and river water (14°C). The approach almost removed 16S rRNA gene fragments of
mesophilic bacteria in the river water, and the 16S rRNA genes of thermophilic
bacteria in the hot spring were selectively cloned and sequenced. However, some
clones originated from mesophilic bacteria in river water have survived heat treatment
and subsequent digestion with Exo I, namely, 7% of clones in the library were not
removed by SEPA. The reason for the imperfect elimination of mesophilic rRNA
genes seems that there is not a serious difference between T,  values of 16S rRNA gene
fragments of thermophilic bacteria in hot spring and mesophilic bacteria in river water;
namely, 86.8°C and 84.5°C, respectively (Kimura et al., 2006).

In contrast, the approach in this study could completely eliminate the 16S
rRNA gene fragments of mesophilic archaea in surface seawater. This perfect
elimination is likely to result in a great difference in 7, values of 16S TRNA genes of

~hyperthermophiles in deep-sea hydrothermal fluid and mesophiles in surface seawater.
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These T, values are mainly determined by the G+C contents of PCR amplicons.
Since the G+C contents of the 16S rRNA genes strongly correlated with the optimal
growth temperatures of prokaryotes (Galtier et al.ﬂ, 1999; Kimura et al., 2006), a
difference in the optimal growth temperatures of microbial communities is essential to

efficiency for SEPA that has been developed in the series of studies.

Applicability of the SEPA to deep drilling. In recent years, deep drilling projects
targeted at deep crust, such as the Integrated Ocean Drilling Program (IODP) and
International Continental Scientific Drilling Program (ICDP), have been expanded for
the scientific study. In the microbiological study targeted at subsurface biosphere, a
major problem is contamination of mesophilic microbes in drilling fluid. Since deep-
subsurface materials are likely to be frequently altered and cracked by heat from magma,
deep drilling has a great risk of such contamination compared with shallow drilling
targeted at cold and hard crust. On the other hand, a difference in temperatures
between subsurface environments and drilling fluid, which consists of surface seawater
or river water, is widening with drilling depth. In addition, a difference in optimal
growth temperatures of prokaryotes inhabiting subsurface environments and drilling
fluid is also likely to increase with the depth. This method is therefore useful for
phylogenetic analyses targeted at hyperthermophilic prokaryotes in contaminating core
samples, which are recovered from deep-subsurface geothermal environments such as

over 100°C.
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TABLE 1.

(117°C) and surface seawater (29.9 °C) in south Mariana area

Kimura et al., 15

16S rRNA gene sequences obtained from deep-sea hydrothermal fluid

Library OTU No. of _ 168 ribosomal RNA gene Archaeal division ~ Closest database match (%)
clones  Length (bp) GC cont. (%) .
Hydrothermal ARCS-01 24 810 68.0 Crenarchaeota Vulcanisaeta distributa IC-065 (95.2)
fluid ARCS-02 18 810 67.2 Crenarchaeota Vulcanisaeta distributa 1C-065 (95.3)
ARCS-03 6 314 66.2 Euryarchaeota Archaeoglobus profundus (98.5)
ARCS-04 2 814 66.0 Euryarchaeota Archaeoglobus profundus (97.5)
ARCS-05 2' 794 65.5 Euryarchaeota Methanotorris sp. Mc-1-70 (97.3)
ARCS-06 1 797 65.6 Euryarchaeota Thermococcus kodakaraensis (99.8)
Total 53
Surface SURF-01 18 789 - 54.0 ‘Crenarchaeota SRI-298 (81.1)
seawater SURF-02 11 791 544 Crenarchaeota SRI-298 (78.7)
SURF-03 8 791 54.7 Euryarchaeota DJ3.25-13 (82.1)
SURF-04 7 778 549 Crenarchaeota SRI-298 (81.4)
SURF-05 4 791 542 ‘Euryarchaeota DJ3.25-13 (81.4)
SURF-06 2 792 56.4 Crenarchaeota SRI-298 (78.0)
SURF-07 2 792 56.1 Crenarchaeota SRI-298 (78.5)
Total 52

TABLE 2. Frequency and homology of 16S rRNA gehes that were amplified from a

DNA mixture (bulk DNAs extracted from deep-sea hydrothermal fluid and surface

seawater) and that survived heat treatment at 84°C and subsequent digestion by Exo I

No. of Closest database
OTU Archaeal division
clones match (%)
MIX-01 23 Crenarchaeota ARCS-02 (100)
MIX-02 29 Crenarchaeota ARCS-01 (99.9)
MIX-03 8 Euryarchaeota ARCS-03 (99.8)
MIX-04 7 Euryarchaeota ~ ARCS-04 (100)
MIX-05 2 Euryarchaeota ARCS-05 (99.8)
MIX-06 1 Euryarchaeota ARCS-06 (99.8)
Total 70
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FIG. 1.

FIG. 2.
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FIGURE LEGENDS

Flow chart showing the concept of the approach used for elimination of low
G+C 168 rRNA genes, generally found in mesophilic archaea, and for selective
phylogenetic analysis of higher G+C 168 tRNA genes derived from
thermophilic and hyperthermophilic arch_aea.

Melting curve profiles of the PCR products amplified from bulk DNAs that
were extracted from deep-sea hydrothermal fluid (A); surface seawater (B); and
a DNA mixture that was a blend of equal amounts of bulk DNAs extracted
from surface seawater and deep-sea hydrothermal fluid (C). The profiles
display the negative first derivative of relative fluorescence units (RFU) [-

d(RFU)/dT] against temperature.

FIG. 3. Heat denaturing and digestion with exonuclease I of archaeal 16S rRNA genes,

as visualized in 1.0% agarose gel. Lines: 1, archaeal 16S rRNA gene
fragments obtained from surface seawater; 2, archaeal 16S rRNA genes derived
from a DNA mixture that was a blend of equal amount of bulk DNAs obtained
from deep-sea hydrothermal fluid and surface seaWater; 3, archaeal 16S rRNA
gene fragments obtained from deep-sea hydrothermal fluid; M, DNA marker
(1kb DNA Ladder, Promega, Madison, WI). The temperatures of the heat
treatments are indicated at the top of the lines. The size of each 16S rRNA

gene fragments was approximately 800 bp (arrow).
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FIG. 3
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