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Community Analysis of Actinomycetes in Deep Seawater
using Denaturing Gradient Gel Electrophoresis (DGGE)
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Abstract

Deep seawater (DSW) pumped up from unique environments such as those with low tempera-
ture and high pressure is of interest as excellent sources of beneficial microorganisms; however,
only a few studies have been undertaken to investigate microbial community in DSW. In this
study, we examined community structures of actinomycetes in DSW and surface seawater (SSW)
samples collected from three DSW pumping stations in Japan (Izu-Akazawa and Yaizu in Shizuoka
Prefecture and Muroto in Kochi Prefecture). Denaturing gradient gel electrophoresis (DGGE)
analyses revealed that the actinomycete community structures were markedly different between
DSW and SSW samples. In addition, multi-dimensional scaling (MDS) analysis of the obtained
DGGE profiles in Izu-Akazawa indicated that the actinomycete community structures in SSW
varied seasonally and tended to be uniquely different structures in each season, whereas those in
DSW were stable throughout the year compared with the structures in SSW.
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L EKE#EK (SSW) OMBHAOBEMR AL, FORKE, DSW & SSW Ti, BEHEOHEMR
Bl KERHMESFER SN, 72, FERROBEMARESIKTRERE (MDS) TEFLLEC
A, SSW Tz HEOBEAB I KE (AL, FEHITE (3B~5H, 6 A~8HA, 9A~I11
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1. 8

i

EXEMAEOWwFERERRBK (LT, DSW &)
&, —AEAYIZ KRR 200 m UED K TH Y, KR -
HEH - EXREUREOMEERT e 0b,
ERE, BEEMOWEEE, EmiEKE k4 %
TECHHINTWY2 (H - =18, 2006). I,
L E & HhTH 15 HEaR O ¥ R B 7K HUK it 5% 25 F5 8)
L, ZhZENLE L7 DSW OFUKDThN TV 5.
DSW (&, [CHMAEWFR R o bk« 2R H
HMFEINnsh, MAEMCET2ERNmMRIIZLY
DWBKTH S (FH, 2009).

BMAIEGC (F7=r+3 by v) BEDS
T LAEERICGEINLMEATH 5205, —iME &
BREIKECELR D, INFTHEYHROAE
BIESEMEOFHU LSRR ERTH L 2 &h
o, MHREIBHECLSREAEREEWEOEE
ARFIF L 72 > T4 (Lazzarini et al., 2000). 1§
BROFTLAEBFTREIIELIETH 55 (Hayakawa
et al., 2000), T, FETEFORMBEL S OHFH
HEEESEMEORRBEERE L B L TS, 2
DEI BRI ENS, FhBERAOERELE LT,
BEFIRIESMHE A ITED S, IDRBEOBEHEEY
F6E L OBBADVTEHEIND L)1 >TET:
(Mincer et al., 2002). L22L %56, BEIZBI)
BB DA FERL A DV T RIBAD HA %
DWBIRTH 5.

Z 2T, KW TIE DSW H O B O B £ 4 AL
AR EREME L. —fRI, BEMEHO
% IE, BREMA AV BEOHETIIRETE
2\ 728 (Amann et al., 1995), %O ZHRIERATIC
& BEIVKEL 2V [EMAREAR S VESIK
ghiE] (LLF DGGE & & 5tah) (Muyzer et al., 1998)
D& B FEYFHNFEFAVLON TS, 20
DGGE & W, #REMRERHOFZTRROME
FIRBAEUK iR THRAK S N7z DSW & R K
(LLF, SSW &EEak) 122w T, BUREOBFEMAM
RIARRTAER, DSW OMMREOFEMBIZIZL A
EEMEANRONZ VO L, SSW TIEKE
CEfELTw/: (4H, 2010). 22T, F&EHIE

PREFRIRD DSW & SSW O B HE OB AR D E
b % % RITREZE (Multidimensional scaling, LAF
MDS & ftak) TR T2 L &b, HBDABIC
BeE (BRiE), ZERAMO DSW & SSW IZDonwT
b, BBREOBFEMB LT LR HRET 5.

2. MBEFE

2.1 REBKEFRBKOY TG

SSW (K0 m) & DSW DRAMGHT % Fig. 112
Y. BRERIREBEERBKIUKMEZ T, SSW &
DSW (/K% 800 m) % 2009 4E 3 A #* & 2010 4 1
AET1lrAITEIZHRAKLA. &HKHIZ 2009 4
3A30H (SSW %3S, DSW # 3D £ £7), 4 A
21 H (4S,4D), 6 H1H (6S,6D), 6 H24H
(6S-2,6D-2), 7H27H (75,7D), 8 H25H (8S,
8D), 9 H 28 H (9S,9D), 10 A 28 H (10S, 10D),
11 A 26 H (11S, 11D), 12 B 15 H (125, 12D),
BLU201041H27H0 (1S, 1D) TH5. 7,
BEd T (BRITE) OWEIRBKIUKME Tld, SSW
& DSW (ki 397 m) #% 2009 412 A (12YS, 12
YD) KL 7. SHMBEEFTHOWEERRBKIUK
Wizt Tlx, SSW & DSW (/KiE 374 m) % 2009 4
10 H (10MS, 10MD) & 201041 B (1IMD) IZ#%
KL7.
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Fig. 1. Map of the study area, showing the location of
the DSW pumping stations. Numbers under each
station name indicate the depth for SSW and DSW
sources, respectively.
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2.2 DNA i

EHRAKMED 1L OSSW & 2 L 0 DSW % ILiE
30 um DX Z LERT 7405 —TTLig@EE, L
Z02umDXZLRT 7407 —%BAVTEBRE
BL7Z. TDTANVE—%RA7)a—F vy 7t
Fa—TIZAN, TENY 77—600pul &) VF—
2 20 uL (Wako, 5 mg/mL) %Wz 71, 37C<T
IREA > F 2= 3 LA kiZ, 774+ —
+ K & i 3 uL (Invitrogen, 20 pg/mL) & 10 %
N7 OVHEEES b)) 7430 uL (BLF, SDS) % #
neENz, 37CTLIEEA Y Fax—T 3 L7
% Z7z/—N-zO00FRNALAVITINTLI—N
Bl GREH=25:24:1) 600 uL &ML, ¥—
AFREYFA4H— (MS100R, Tomy Co.) % FHWT,
WA B0 L7 (2000 rpm, 15F0H). AR
%, BittFr b)) 2FLT7rE=7 L (CTAB)
BHE 100 L 2 M CTHAICHEBE L /2%, 65T T 10
DA Y Fax=Ta L, ®O58 L7 (20000
X g, 1577H, 20C). LkiE#xKRERE, SDSE 30
pL &7 oak Va4V 7 INVT IV a— ViR (R
&H=24:1) 600 uL % h0z 7= %, FEE.L758
(20000 x g, 207, 4TC) L, LEXZmELL 7.
COLEFEIZAY 78 =600 uL 2iRmL, £
C7:iLB» 5 DNA % A58%, #BHtK 20 pL (257
34, -20CTREFLZ.

2.3 PCR

—fE DL =/)N—H )T T 4 <— (341F, 1401
R) & Stach et al. (2003) »%axat L 7-BUAREIZHFR
W% 77 4 ~— (SC235F, SC878R) % F\» THI#R
® D 16S rRNA BIZF Z gL 7. PCRFIL, 2
X GoTaq ®Green Master Mix (Promega Co.), 5
pmol D7 T4 ~<—+t v b, i DNA 05 pL 8L
WEKEZRE L, #2825 pL IZFAR L 7. 1st PCR
Tld SC235F (5-CGCGGCCTATCAGCTTGTTG-3)
& 1401R # F\v>, 94C (2471) O#EAI#AE,
94T (30 #f), 57C (30 % M), 72C (15 77H)
DIAT v 7% 3I5MEHEYRLAE 72C (75H)
THERIE%1T>7:. 2nd PCR TiZ7 >~ 7L — b
(2 100 &AL 72 1st PCR W & A\ 7-fihid E3E

EEBRICARL, GC ¥ 5 7%+ 5 L7 GC34LF
& SC878R (5-CCGTACTCCCCAGGCGGGG-3) #*

FWwT, 94T (270/) omEAimszk, 94T (17
), 62C (14r@), 72C (157M) D327 v
7= 15[ YR L7:f%, 72C (30 ofH) DR

IEZ 1TV, 5517 2nd PCREW % DGGE |2t L7z,

2.4 DGGE f##h

DGGE EI3ERIKBIED—HETH Y, N> FOk
IHEMEOREERL, NV FORSIIEHMEDE
DHEENE 2R L Tb. Z0D7:®, DGGE it
2 T VE O A YRR % BRI B L TR
52 LNTEETHS. 7272L, PCRIZIINA TR
NHHNDTHFEEBNTH ), ERKEED DI
FRIREEIIIRA D HD D 5. FVOERAE, K
B, MMEHEUTICRT. 8% T2 ) VT
I FTFVBERIC1I0% BT v E=vaET bT
AFNVIFLIIT IV e ZNENHEIRE06% &
006%\27%5 X HIZMAT, YVEEGSEK
Gradient Delivery System (Bio-Rad Co.) % I\,
EWH DREAR % 30-65% (100% ZMHH] 13 7M
DRFELOBDENVLT I FEMRAIZDD) (2
LTS VEERLZ ERKBNIIBEDIFER
#r A7 & (Dcode System, Bio-Rad Co.) % H\»,
60 C, 100V T 18 I [ ik 8) L 7 %, SYBR Gold
(Invitrogen Co.) T# V% 30 gt L. geffk,
ERETH A A — 2~ 7% & (Molecular Imager
FX, Bio-Rad Co.) TT V2 BEEEE L, kEI#ER%
FEFRL 72, EfE#E Y 7 b (Lane Multi Screener
ver. 30, ATTO Co.) TEF ¥ 7NN Ntk
L7-f%, BEfREEHTY 7 & (Quantity One ver. 4.3.0,
Bio-Rad Co.) T/N» FOEF 21T, ¥ FIVH
DR L FARD 7202 — MBI 2 T R § —RHTIC
Hwo T2 IEMERKEE (LUF, UPGMA %)
BLUOSRITRERE (LT, MDS k) CHatEm
L 7: (SPSS 130 for Windows , SPSS Co.).
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3. & x

3.1 RIEHKRODSW & SSW OHMREADRE KM

54

fRZARIRD DSW & SSW o B R o B A 0 %
DGGE #: CHi#T L 72459, M&E & L 2 ~10 RIERE
DN Y RHFERSALzAY, BEMBIZ TR E 2R
N4 bt (Fig 2). /N> F1-513# %D DSW
TN THR SN AS, SSW Tl R b L <
E—&oHr Tursomilic®B -7 £27T,
%4 7V OB % UPGMA i 8 L U8 MDS

(a 35S 4S 6S 6S-2 7S 8S

(b) 9S 10S 11S 12S 1S

g W ILmERA - EE

SHFBk

L CREEHIRT L 7o, 2 o#E R, BEERTT 2 o SRl
e 3% UPGMA T DSW & SSW T2 7 2% —
W 222 & s, DSW & SSW
DA DOBEEMMATKE CH% D LRSI
72 (Fig. 3). $72. SSW D 7 5 28 — x4 Hh i
AR, DSW 2T SSW O FU# I O B S HLK
EEHEERE N EDb2 o7z, 512 Fig 4 127k
FTLHIZ, FH T BoMEEE 2 RICFER LS
%% T &2 MDS k205 b ZOff[A A S, DSW
TIERMWFE L F o725 Mixm L, DSW O R E
OFEMBUIFM LML ThH T HBIAR S

3D 4D 6D 6D-2 7D 8D

90 10D 11D 12D 1D

Fig. 2. DGGE profiles of actinomycetes in DSW (D) and SSW (S) collected from the pumping station for deep
seawater in Izu-Akazawa. (a) The samples were collected from March to August, 2009. (b) The samples were
collected from September 2009 to January 2010. Months when DSW and SSW were collected represent at the
top of each lane. For instance, 3S represents the surface seawater collected in March and 3D represents the

deep seawater collected in March.
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Fig. 3. Dendrogram derived from DGGE analysis of the actinomycetal community structures in DSW and SSW
collected from the pumping station for deep seawater in Izu-Akazawa. Months when DSW and SSW were col-
lected represent at the top of each lane.
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Fig. 4 MDS profiles based on the DGGE patterns in DSW and SSW collected from the pumping station for deep
seawater in Izu-Akazawa, showing the actinomycetal community structures in DSW were stable throughout
the year, whereas those in SSW represented seasonal change. Months when DSW and SSW were collected
represent at the top of each lane.
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CENbrort. —h, SSW TILHUERE o B £ H
AZIEFE LR s, FEHITE (3H~5
H. 68B~8H., 93~I11H. 12/1~1H) 2%
EF oM S AL, Fig 2 1275 L7z kB
BTk, 72& 218108 205 1S OB EMK AR —T
HDHEINIHRZDHN, SSW D/ FIRIRILEL, %
CORGRARD SR SN TV D, HEHEITIZL »
T, ZOWEMNSEL->TBY), HREDOL M
ADSW IZHANTREV D EATR ST,

3.2 fEiEH (BERB), EFRMP, RIEHKRRODSW
& SSW DB D BERFAMK
BEdEm (BRA[E) L EA MO DSW & SSW 128
VA BRE ORFEM A 31 & R BRI L 724G
R EDH TS I0ARBEED /N FAFEE

SN RERIRE MR DSW & SSW TR
FR IR E edhED A S (Fig 5). £2 T,

RERIRD DGGE 7 — % (2009 4 10 A ~2010 4F
1 H) $ Iz CUPGMA i CTHEEML N & HEH AT
L7 ZO#E Fig 6 1R S5ALA L 5 (B
(BT %) o SSW x b &, DSW & SSW D 7 5 2

FHNT. TOTENS, LDz EWY
TL DSW & SSW OB E O R EMM A RL 5 2
E DRI S ALY

4. & ®

DGGE #:%& FvC, R RiR - Bedteh (BkifiE) -
ZP D DSW & SSW th & BB H O i 4 MR &
X7:AE R, DSW & SSW T FU#t il o #F M1
RapMhgr@Bonsl e xWoiz Lz BAR
PR BT 5 MR R O TEERML AL BE 3 2 IR
Bl 73, K5 RIL Yoshida et al. (2008) &
Bu—3%R L7 WREORL ST MR Of
ML REERME %77 L (Yoshida et al., 2007),
KBREFHEZORT LI L K2 HLEL TS
FLRE T O E R EAUAE Y O BEEM M 12588
Br 5252l i s T b (Yoshida et al.,
2007, 2008). ¥ 7=, DGGE #: o # % & #at g #r L
7ok A, BEdM (BRIE) o SSW &, DSW

WA - 4

VR - A RITRK

10MS 10MD 12YS 12YD 1MD

Fig. 5. DGGE profiles of actinomycetes in DSW (D)
and SSW (S) in the pumping stations for deep sea-
water in Izu-Akazawa and Yaizu (Y) in Shizuoka
Prefecture and Muroto (M) in Kochi Prefecture.
Months when DSW and SSW were collected rep-
resent at the top of each lane. For instance. 10MS
represents the surface seawater collected from
Muroto in October and 10MD represents the deep
seawater collected from Muroto in October.

ESSW D7 5 28— mit: (Fig 6). B&iE
AT F TRIBEAMEL L TV 5 BR DMK
W TaH Y, ZoiKinidlERI A S KER 300 m
FCTI3-15CCTIEF—FETH DL I &M H, FEHH
4 UCRBEYARMNE TiF L LT 52 EPHRE
SNTw5E (ARES, 2008). B2ii& D DSW O
MR O ERMICL VRO EFTIFLTHILIILD,
SOHIIAFHIIHEISMEREOREBIZLD, B
dop (BRimE) Tld SSW & DSW D KUHEH o £
HAHML, DSWD s 525 —2&8FEN/-0
EownrtEIHNDS,

F 7:. (F2 /iR DGGE # £ % MDS f##7 L 72
EZ A, DSW TII4E Wz U CHEMARIZH T Y
EALS W SN o 7202 % L. SSW TIEFHI £
{LAVRIE SAL, FEIZEI12F & T o 7oA EMA D A
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Fig. 6. Dendrogram derived from DGGE analysis of the actinomycetal community structures in DSW and SSW
collected from the pumping stations for deep seawater in Izu-Akazawa, and Yaizu (Y) in Shizuoka Prefecture
and Muroto (M) in Kochi Prefecture. Months when DSW and SSW were collected represent at the top of each

lane.

L7z (Fig 4). RERIRIZAEKEEIZE L TWADS,
FRED SSW L, i, RREK, ks L
INODREKOEE 2T\ T D720, BZEHEE)
KREWEEZONL, 72, HIEEDSSW Tldtl
M7S> s vy (20074 0Va) BEFEEKFEIC
AT LI EPHmESINTWS (Hashihama et al.,
2008). MUKWV, BT T U2 b oOKIEED
RondH, ZOHINGDFREIZL > TSSW H
DEEMENIELT 27012, BHRHEOBEMARKIC
FEEDE LD TII VA LHERINS,

DX H 2 DSW H O #RE O B LML SSW
ERELSERDZEDRBEINA, ZTOHIZDON
TIIEIRLED, SH LML TRET 2 LEDN
HHEEZTND, FEMEALTHBEH—ETH,
WARKOBHIIKESEZEIND Z %<, DSW
DR LMENOTEEDNTRETHL L) T e
DSW (5 A FH Rt & & 4k % 57 8EIRE <
HHLEBDbDNS.

#t 32

REBKB L CRBKOTRAKIZHB I 7272728
i (BRE) OWlERBAKIUKER, ERTOMHE
FIRBKIUK R CEHOBELERT .
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