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Abstract

Deep seawater (DSW), about which there are few microbial reports, is of interest as excellent
sources of novel microorganisms or ones with unique natures; however, only a few studies have
been undertaken to investigate the microbial community in DSW. In this study, we examined the
community structures of bacteria and fungi in DSW samples collected from the pumping stations
for DSW in Izu-Akazawa in Shizuoka Prefecture by denaturing gradient gel electrophoresis
(DGGE) analyses. DGGE analyses revealed that several kinds of bacteria and fungi were present
in DSW and the microbial community structures of attached microbes and free-living microbes
differed. In addition, multi-dimensional scaling (MDS) analysis of the obtained DGGE profiles in-
dicated that each community structure of bacteria and fungi changed throughout the year with
the exception of a few months. Furthermore, sequence analyses of the obtained DGGE profiles to
identify microorganisms indicated that bacteria belonging to new genera and novel fungi were
present in DSW samples collected from the pumping stations in Izu-Akazawa.
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1. #

i)

T, BEHEPOBAED A S OFRARHEEYE
DFERBBESBA L CELIens, FhMEY
DORFRIFE LT, BEREFEPIIEESND L)
W20, IFEEEOBKERY P26 % K OBERE
ANBESIND LY -> T &7 (Mincer et al., 2002).
L L7Zad' s, WAEYOD BRI EEHETRY) T
HEWMTHEILNVEL, WBKEDREERE T 5M4E
W, FEBEREK (LT, DSW &RLah) HIZfETE
T HMAEWIZET 2 EBENMEILZ L VO EIKT
» 5 (5H, 2009).

DSWIE [FERIZ L2 EHWAEE L) S FEHD D
RAEML, 20, SRERASCAN&HWNHREOZEN
L, MEREROGREEOES K] LIER
D SN TS (& 2000). —#K 0 IZKEL
200mLED AR TH ), FH %8 L CKRimA
, BWERELTA L, BRREENEEICHFET
BT ENS, REERE, BEAYOEEM, AEm
BEIKZ: Ei e e B CHASINTW S (BRH - &
&, 2006). T LI, BARIIBLTLHEY
BT RN 2 W DSWHIC IEFT LAY, b
VIR A - AL FENEEIR T BT A
MOFEVSEFTE 5.

Z 2T, KM TIEDSW 2 A O 7 BER & L
TIHER T 5125, DSWH O L B M %
RARBZEERBME L — &I, BEMEDOS
Cld, EREMAR W BEOFETIIREETE &
W7zed (Amannef al., 1995), ABFZETIZDSW 2> 5 i
L 7oA YIDNA & vy, A B AR AT (LA
ENTVEGTFEMFHFED—D2TH 5 [ LA
RIEARC T VEKKENE] (LT, DGGE & ftik)
(Muyzer et al., 1993) % Fl\ T, AW aEEMR %>
ANBZEE L b, BERERIZET) ¥
A =0 %) B FREEHY (Dissolved Organic
Matter, LA FDOM & feab) (2ff& L T W A AW
(Attached Microbes, LA TFA & Z2ak) & DOMIZfF &
IS L THEEL TV b AEY (Free-Living
Microbes, LATF & GCik) 2FFTEL, AL FOREM
MIIERLD I EDVHE SN TV S (Caron e d.,

1982). 2T, JLIFE3OmD T 4 VT — EIZHED
7-DSWHOBMAEW A, ZOEHRTOMED * &
SICILE02mD 7 4 VY — EIZEDIbD%EF &
IPAR$ 2 2 &2 L7e, ARBFFETIE, —ikiEBExEM
(LT, —AE e sil) BLUEREMRICL
T, DSWH DA, FOREEHMM % DGGE B L %k
JC R B (Multidimensional scaling, LL T MDS & 7
B) WL o TENENEBETLAHERE LB
DGGE 7 W 7» & 8] 0 i L 7Z2DNA/N Y KDY —7 > A
RIRAT L, MAEMERE LR RET 5.

2. MREHE

2.1 BEREK (DSW) Oy 2Ty

B e L AR REARIR IS 5 (k) DHC i i i 18
KB OBUK R (2 BT, 20124F1H 225121
FT1I/7HZTEIZDSW (KE800m) #HUKL 72, %
Bk B 122012461 A26 0, 2A21H, 3A27H, 4/
25H, 5H28H, 6H27H, 7H26H, 8H27H, 9
H24H, 10290, 11H26H, B3 XU12H25HT
H5.

2.2 DNA#E

DSW 2L % L3O umD X 7 LRT 7 4 V¥ —T
TV iEBE, FOREERY S 512ILEFE02mD X 7 L
KT 74N -2 HCCERER L% &£71L
Y—% 27 ) a—Fx v IffFa—TIAN 2
DF 2—TIZTE/N Y 77 —600ul &)/ F — 4
20 uL. (Wako, 5mg/mL) % fl Z 7= %, 37C C1EE/ A
v¥aNx—Larlz kI, TurA+—+EKE
if.3 uL (Invitrogen, 20 ug/mL) & 10% N 73 L Bikk -+
N1 430uL (LLF, SDS) # Z &Nz T,
JICTIM A v Fax—Sar Lok 72/—
V-7 aaRVL-4YT INTNI—)ViRE (RE
H=25:24:1) 600 L% HxML, E=XFET FA
#'— (MS-100R, Tomy Co.) % F\>TC, HA% EREAL
B L7 (2000rpm, 15F0H). LH % RBittF
M) XFNT »EZ"7 L (CTAB) {100 uL % 12
THAIHEHEL 72, 65CTI0HMA v Fax— 3
YL, mLOoEEL (5000xg, 3057, 20C). &



HE TR B K T O A AL AT 13

L RER, BONTKBESOULEH L\ <A 2O
Fa—7 Q5mLAEF) (2B L, ZIUISDSIEHR30uL
EzuooRVA-A VT INTLI—ViRE (RS
H=24:1) 600 uL & #NF NI 2 7218, FER L5
B (20000xg, 2047, 4C) L, 2o EiEx 5L
720 TAUZIMEEBEF N ) Ty A60uL & A 7T
/=600 uL & @A L, s®L55 8 L 72 (20,000 X g,
3047, 20C). ®mLrHEfR, A U7-iLkiA 5 DNA
LY = )VTHEE L, BHK20uLIZER SR
%, —20CCTRIFL 7.

23 PCR

—fEHE 2N —H LTI, — (GCr 5T
% 1+ 5 L 72 GC341F: 5-GC-clamp-CCT ACG GGA GGC
AGC AG-3,907R: 5-CCG TCA ATT CCT TTR AGT TT-3)
(Muyzer et al, 1993) % F\» T —#Z# & @ 16S rRNA
BInF W % 308 L 72, PCRIAE X, 2XGoTaq®
Green Master Mix (Promega Co.), 5pmol® 7° 5 4
<~ —+t v b, HHEDNAOSULE L VHEKERA
L, REBULIZAMLZ. INxuC Q25H) o
M EA N B f%, 94C (143 ), 60C (143 ), 72C
(1557M) W3R T v 7 TPCR% 304 D 5K L 7214,
72C Q07 H) OMEREX Ty, 1551 7-PCRE
% DGGE (2fit L 7-.

HE 2= HVTI74~<— (GCr o7 7%
ff 5 L 7:GCNLI: 5-GC-clamp-GCA TAT CAA TAA
GCG GAG GAA AAG-3, LS2: 5-ATT CCC AAA CAA
CTC GAC TC-3) (Cocolin et al., 2000) = W\ CTEED
26S r RNAEIZF W 2 3808 L 72, PCRiEIL E&C
ERRRARE 25 WL IZFRAB L 72, 94C (5% F) o w i
k%, 94C (147M), 52C 45F0/), 72C (14
M) O3A 7 v 7#300# 1R L7k, 72C (75
) OMFRERIG %17V, 1861 7-PCREY % DGGE
WL 72

2.4 DGGEfth

8%7 7 NT I FTIVEHIZ10% BT » €
ZOLET R IAFNIFLITIT IV EENEN
HiREE06% £ 006%12% 5 L HITMAT, YVEeE
A &+ 7%, Gradient Delivery System (Bio-Rad Co.)

VT, EUAOREIE%E30~65% (100% %
HHNETMORFZEL %D FRVLT I FEMR7zd
D) IHREL 727V 2 FRL 72 ERIKENIHED
BEEEMENT > 2 7 2 (Dcode System, Bio-Rad Co.) * H
VT, 60C, 100V T18FFH k&) L 72f%. SYBR Gold
(Invitrogen Co.) TZ IV 23075 MgE L7z, Fix,
BRI A X — 3 » 7 %i& (Molecular Imager FX,
Bio-Rad Co.) T VA BEMRF L, KENFER % HE2
L7, RICEEEST Y 7 b (Quantity One ver 4.3.0,
Bio-Rad Co.) T/N» FOEIT 21T o 7214, &£H 7
VEOBEPEXAXRD 2012, LRTREZE (U
T, MDSi) T#tat @ #r L 72 (SPSS 13.0 for Win-
dows, SPSS Co.). F7:, MAEWERET A 70D
DNANNY Fa o) L, KK THERRE,
<4 7 OERy N Fy TORITT I % YEA
7 CHEREL, DNAZHIE L 72, S he SMEmiE
RN T4 -ty N THEMIEL (PCRO
A7 VEIXIST A 2V & L), HEIREY * R
L7705, ¥ % (Wizard SV Gel and PCR Clean-Up
System, Promega Co.) % 1T\, DNA> —7 » ZIZfitL
7o, B oN7/3BEABLY) % BLAST (Basic Local Align-

ment Search Tool) (2 CTHZFE L, MAEWHEORFE%
1T-7-.
3. &R

3.1 —MMAEOEFEMEK

20124F1 A 205 6 A o R AR IRDSW H O — fix i
DFEEAR % DGGE i T L 7245 % % Fig. 1alZ,
TR S12H OER % Fig 1IbIZ/R L7z, ZO#E,
TKLZAPEULTH-TH, ALFOREEMMIL
BRI LRI NL (Fig 1), 5612, ATIE
15~2374, FTIX16~25AKRNDDNA/N Y FAHEZR S
(N FOBPRDLE» - 7-1FIZHIZ KL L 72),
FEARIRDSW I ER A8 T, tk4 &—fxil
WAFET LI AR EN (Fig 1), #EWT,
DGGE Di#EEASLDNANY FOFEIZET X, &4
Y7VHOREEMROE G (R YEHL, &
YT NOFEMM T 2RI H EOEEICEETE
BHMDS#x FIVCHREGGTIRIT L 72, 2O/ R, A0
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DGGE profiles of bacteria in DS\ collected from the

pumping station for deep seawater m Izu-Akazawa.

Fig. 1.

(a) The samples were collected from January to June,
2012. (b) The samples were collectecl from July to
December, 2012. Months when DSW was collected
represent at the top of each lane. For mstance, 1A
represents the attached bacteria collected in January
and 1F represents the free-living bacteria collected in

January.

FHINIZTI~AATIEHE D LEL Bho72h5 5H
PFfd6~7THxlp &, KECL¥ELL F72. FO
HEHALL 36-10 A 12K & A% L T 7z (Fig 2).
KIZDGGEZ W50 I L 7ZDNA /N> KD S —
T AR L. A L FOME O 5E F A 7ok R
B LAV THH E BbAL R (949% B EE) X At
mVCAHEMEZ R L. SRR o 7
DS S AL72 (Table 1).

#gou—2k

Fig. 2. MDS profiles based on the DGGE patterns in attached
bacteria (A) and free-living bacteria (IF) collected from
the pumping station for deep seawater in Izu-Akaza-
wa. Months when DSW was collected represent at the

top of each sample.

3.2 BEROMEMAM
2012431 H 26 6 A O 2 R DSW H o) B 1% o i

H MK % DGGE #: T T L 72 %6 4 % Fig 3all. 7H
MH12H O x Fig 3biZ/R L7z, TOHiKR, AT
($13~22 4K, FTIE11~24 KDODNA /3> FASERE &

AN FOEDPTRL S o 2R IR XKLL 7).
E5IZDGGENS Y K289 — > BT b iR X 4L,
GARRDSW 213Kk % 7 BRI R O A7 (L A5 &
L7z (Fig. 3). —#Heliifi & MERIZ. K> TILHO
ELR I e 0 B 2 MDS & TRal s L7z & 25,
2HOF %I &, ABLUFOMSANIE
TRECEEL T/ (Fig 4). F72. DGGE ¥ IV
25NN LZ2DNA /N > FOIEILFG % <5 72
D2, 16Ky Faey =7 2 AffrL7:& 25,
TRDIS Y FOKEEYIEFHT LI ENTET,
BLR & ) AL DIEIRTH -7, Lo Lahs
5. In'J'-/L’ = 1Lf;97-F\"C“ b TR fE & o MR 1285~
MM E oozl A, DSWHHZIZHHL 2
E\Efil'f)f"ﬁ?'{li’q“é'nIubl’iﬁ RIS A7 (Table 2).

4. £ =

DGGE#: & Hlv»C. R ARIRDSW b > — A #ll 1
B L UHEMHOMEA & TR0 — ik B &
CEME I, WA 0 CHE A B I ROTAEAUR
AL/ 2612 WAKLAAAPHLETH-TY.
ALFOM ST R S 2 L DS 2417 (Figs.
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Table 1  Bacterial taxa detected in DSW after DGGE analysis, with their best Blast match.

Band  Accession Description Size (bp) Source
1 JQ794615.1  Uncultured Ralstonia sp. clone OTU-19 317/320 (99%)  Homo sapiens, cystic fibrosis sinuses
2 (CP003293.1  Propionibacterium acnes HILO9GPAL 317/322 (98%)  Human skin
3 KC818420.1  Bacillus sp. SSLO8 320/321 99%)  Lonar Lake water sample
4 GQO29833.1 Uncultured bacterium clone nbw928al 2ca 266/282 (949%)  Homo sapiens, skin, occiput
5 EU4917521  Uncultured bacterium clone [EPR3968-0O8a-13¢84 314/331 (959%)  Seatloor lavas from the East Pacific Rise
6 JQ400761.1  Uncultured Ralstonia sp. clone CNY _00651 320/3')0(100"0) Soil
7 KC682321.1  Uncultured bacterium clone FLOCS_1301A-GWPyrrhotite_H02 ~ 303/321 (94 % Substrate mineral chips
8 JQ100758.1  Uncultured Ralstonia sp. clone CNY _00648 319/320 (99¢ /“) Soil
9  JQ400758.1  Uncultured Ralstonia sp. clone CNY_00648 320/320 (100%)  Soil
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Fig. 4 MDS profiles based on the DGGE patterns in attached
fungi (A) and free-living fungi (F) collected from the

Fig. 3a

pumping station for deep seawater in Izu-Akazawa.
M 7A 7F 8A 8F Months when DSW was collected represent at the top

of each sample

fie i B D A & FORER A DT, el ik
(Hb il 7KVES, 50, 400 m) (Acinas ef al, 1999) 75
R (7 ov b)) a3 KiR6,000m)  (Eloe
et al, 2011) T, ALFTRLL I NS il
XNTWw5b, KD M ESRIDSW (KiE800 m)
IBWTL, ALFOMFSEMIS RAD I E2RL
TEY, MFEHE & RwW—F%RLE: T/ Z
P 8b AU S O BE AL & MDS i THERHRIF L 72 & 2 3,

Fig. 3. DGGE profiles of fungi in DSW collected from the . ~ . e
: : : — AR B L OVER L L IZAB L UFOREEANIL
pumping station for deep seawater in Izu-Akazawa.

(a) The samples were collected from January to June, KT D I ENIRIE S (Figs. 2, 4). UL O

2012. (b) The samples were collected from July to AL, RIS L T L ARIRER 0 - X
- 90192 3 S as ¢ ~ G 1 - — 2
December, 2012. Months when DSW was collected ST XD DL AHE XILT VB (Yoshida ef

51‘. — g

represent at the top of each lane. For instance, 1A ot S o iR AT .
-~ . IO A AS - N e
represents the attached fungi collected in January and al, 2007). 7o, PREARIRATE L To 5 MRE T
1F represents the free-living fungi collected in January. E W77 r (vua 71 e BEFE
REICBIAT A Z & AR 41TV 4 (Hashihama
1,3). SarggasoSea THENti S AL2-Wf9eh S, ALFD  etal,2008). FD7-@, FELARRDSWHIZITEIET 5
w%&%&témmvw¢MWu'aorwt:a HARB I O B BAVEAL L. ZAUfEe. — A

SIS LT B (Caron et al, 1982) & 512, BB LUERE DICHERANLEL 2 E2 51
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Table 2. Fungaltaxa detected in DSW after DGGE analysis, with their best Blast match.

Band  Accession Description Size (bp) Source

1  FR865753 Planophila sp. CCAP 462/1 119/127 (94%)  Antarctica: Signy Island, South Orkney Islands
3 EU327088  Candida haemulonii strain T]Y2a 170/189 (90%)  Research on the diversity of marine yeast
6  AY026374  Monosiga brevicollis 105/118 (89%) —
8 GU991571  Skeletonemna tropicum clone 8 137/157 (87%)  Coastal water of Mangalore, India
9  HQ651782  Cladococcus viminalis isolate 302 144/168 (86%)  Ocean water

10 JN637172 Rhodotorula dairenensis strain GM-15 94/104 (90%)  Surface of wine grapes

11  HQ651782  Cladococcus viminalis isolate 302 133/155 (86%)  Ocean water

)

12 JN890532 Uncultured fungus clone PFG10GadID

15 HQ65178 isolate 302

88/103 (85%

177/197 (90%)

Ectomycorrhizal monodominant lowland tropical rainforest;
soil 0-20 cm
Ocean water

% Band 2,4, 5,7, 13, 14, 16: Not read.

5. 7272L, DGGEiE T 24 & 15 (Hetero du-
plex) VL, EBEINLZ DNy FAE S
WREMED S 5 (AFH 5, 2000). MMz T, EHL
L 72rRNABEFIAEMIZ LDV I E—ENRL 2
UEFEELCEEMT A ENVLETH S (Far-

relly et al., 1995)..

DGGE /N ¥ K7 & DSWH @ — izl i O [[] 78 % &
AIoAER, DSWHO—MEICIZREE O— >

%, DSWISIZEREEHMEIFAEL T b2
EDTRMEE NS (Tablel). L2*L7%&2%%, DGGE/N
Y FOBIES 5 TIERVD, ZOHIZDNT
37 0—=r9477) —iEx W72 (Acinas et
al.,1999) (g, SiRbru—r 54 75) —ikn
EOBEFICED, #HRLTEANIIRAET ALEN
HHrEEZTWAE, T/, REE/O-VERES
N7:DGGE/N v FOFEHO BRI EIETH D
(Table 1), DSWH IZHF1EY 2 M E (X HEP OME
CAIAEHE - ELFMREERDS R AL ENEZ SN
H7:%, DSWHO—#lli % 78 52 & T, #
WMo WITFRM LA - AMLFNEEREZET S
— iR AF O NS EHIF SN S,

/7, ERBEEODGGENY FEHBrLIE S
A, BHERESNZDIEIRTHY), HBHDOTK
IR 2 RS A 2 eI TE o7,
X DGGE i DR (& ORI TDGGE D /3 » RS —
Tl %Dzt ZZO6N5E. LELEDS, FES
N7-9AR T H i L OMEMEIL85~94% 128 & 7
Motzl s, DSWIZIRFHLZ2EHIPHFEL T
WBHZEDTRE SN (Table 2). %3, HEREILE

ZDHE

H30um EOKZETHD, ILE3OumD 7 1V

WKIRTOERPHREINLZ EEZOND
7%, DGGED#EE, fLEFE02umD 7 4 V5 — EiZd
WRIN T2, BERORFIZIE, KES2°30um
Ko b o (72 & 2L, Aspergillus niger D K IR
F 1 2.93+0.15 um (Bizukojc and Ledakowicz, 2006),
Aspergillus fumigatus D 577HF © 1.8~4.0 um (Fuller et
al, 2009)) WEHRESNTWEI AL, DSWHOE
FIIRBE V) WHEZIRECTOAEZEVL L0120
FELLTHFELTBN, £207HIZILE2mD
TANE—EIZAHRINZOTERVPLEERZDL
n5.

CDOXHIIDSWHIZIE, B4 L—RME B LV
BRSEEL, FHEEITSOBAEY R HEE A
LHELTVDZ EDREINA, ZDHIZON
TIIHRAEZED, SHO#HEL GRET 2 LED°
HHEEZTWD, BARAFRIIBWTHRAEMIZET
B % WDSWIT X R FMAE, & 5\ I35
B A - ELFAEER Y BT 5O
WREINZZ &b, DSWIEICHABMAEY FHIR
o b ERETREIRE 25 2 LI NS.

SEM

Acinas, S. G., ]. Anton and F. Rodriguez-Valera (1999) Diver-
sity of free-living and attached bacteria in offshore
western Mediterranean waters as depicted by analysis
of genes encoding 16S rRNA. Appl. Environ. Microbi-
ol., 65, 514-522.

Amann, R. I, W. Ludwig and K. H. Schleifer (1995) Phyloge-



IR I8 K Hh D T A W B SR AL P A 17

netic identification and in situ detection of individual
microbial cells without cultivation. Microbiol. Rev.,, 59,
143-169.

Bizukojc, M. and S. Ledakowicz (2006) A kinetic model to
predict biomass content for Aspergillus niger germinat-
ing spores in the submerged culture. Process Biochem.,
41(5), 1063-1071.

Caron, D. A, P. G. Davis, L. P. Madin and ]. M. Sieburth
(1982) Heterotrophic bacteria and bacterivorous proto-
zoa in oceanic macroaggregates. Science, 218, 795-797.

Cocolin L, L. F. Bisson and D. A. Mills (2000) Direct profil-
ing of the yeast dynamics in wine fermentations.
FEMS Microbiol,, 189, 81-87.

Eloe E. A, C. N. Shulse, D. W. Fadrosh, S. J. Willamson, E. E.
Allen and D. H. Bartlett (2011) Compositional differenc-
es in particle-associated and free-living microbial as-
semblages from an extreme deep-ocean environment.
Environ. Microbiol. Reports, 3, 449-458.

Farrelly V, F. A. Rainey and E. Stackebrandt (1995) Effect
of genome size and rrn gene copy number on PCR am-
plification of 16S rRNA genes from a mixture of bacte-
rial species. Appl. Environ. Microbiol,, 61, 2798-2801.

FEHE KA - SAGIEAE (2006) R BAKF ¥ @ &
BEPGINH - EBEE T BRILEESE HE
209 pp.

Fuller, K. K., W. Zhao, D. S. Askew and J. C. Rhodes (2009)
Deletion of the protein kinase A regulatory subunit

leads to deregulation of mitochondrial activation and

nuclear duplication in Aspergillus fumigatus. Eukaryot.
Cell, 8(3), 271-277.

Hashihama, F., N. Horimoto, J. Kanda, K. Fukuya, T. Ishima-
ru and T. Saino (2008) Temporal variation in phyto-
plankton composition related to water mass properties
in the central part of Sagami Bay. J. Oceanogr., 64, 23-
37.

A HFFk (2009) 5 fAE M 09 Rt A & B 7 ifgiE
R L BEEEOBRFIE. BEM, 10,
33-40.

AFHE - RNED) - BH F (2000) A A RE
FANOEMHBREAR TV ESIKENEOEH.
Microb. Environ., 15, 59-73.

Mincer, T. ], P. R. Jensen, C. A. Kauffman and W. Fenical
(2002) Widespread and persistent populations of a ma-
jor new marine actinomycete taxon in ocean sediments.
Appl. Environ. Microbiol., 68, 5005-5011.

Muyzer, G., E. C.De Waal and A. G. Uitterlinden (1993) Pro-
filing of complex microbial populations by denaturing
gradient gel electrophoresis analysis of polymerase
chain reaction-amplified genes coding for 16S rRNA.
Appl. Environ. Microbiol., 59, 695-700.

B IEAE (2000) iEIZAQtr &R BEREBK. H
TAER, ®H, 189pp.

Yoshida, A., M. Nishimura and K. Kogure (2007) Bacterial
community structure in the Sulu Sea and adjacent ar-
eas. Deep-Sea Res., 54, 103-113.

(201445 B 13 HZ4F 5 201445 A 14 H % H)



