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ATH32). F ZFNAM Desulfovibrioacea®l E0)F o8 Adsl=
SRB385 probeZ ©]8-3F FISH WHo = gale] shlala B3
AN 2 F seA ThEA YERRTHD). ©] aTllAe
AEo] 7R3l QI functional gene 5 ©|3Hg ol8AFE g
(EC 1.8.99.1; dissimilatory sulfite reductase, dsryS W22 PCR/
DGGE®} 2& zo|Heje]E Folo] Alglas) Ahase] A=
A dsr FAAE 7H AR TS EA80

> 2o

R
A XY YA E 2 F
ABE(N: 37° 17" 39.5", E: 126° 46' 33.8"0AE 200613 92
o ¥4 Scm, 40| 50cm9] core samplersS |83t HNAEZ
AFHBRIL, FZY AhaZ(N: 26° 32 31.3", E: 106° 39' 0.1l
A= 20079 429 Wang 5(33)0] AZFS core samplerE ©]&
st AHEES AHsAc AT MELS APV AT
2 eI, 4ol 0emBPE 10emZHA] 2z} tem 7HACE &
10749} A RE YR sy

DNAS| £&

WE B A|EZH5E DNAE Ultra Clean Soil DNA Kit
(MoBio, Carlsbad, CA, USA)E ©]&3}9] FZ3¥=d] 1em¥
A& AR 1gE bead solution tubeol] B3 A|FAFe] HPge o}
2} =319 th FEH DNAT agarose gelol A A719F 341,
ethidium bromideZ |43} HA|Fe)|E E<lsl)

dsr RIS PCR BE

dsr A= M35 9 Ahaso] F%E DNAZS F3os)

primer set DSRIF/DSR4R, DSRIF/DSR3R, DSR2F/DSR4R (Table
D& o83t ZE3HTh PCRYFES 1xPCR buffer, dNTP
mixture (200 uM), 200nM primer, 2.5mM MgCl,, 1% formamide,
0.1% BSA, 1unit/ul Tag DNA polymerase (Roche, Germany)S
A7bslel HZFR IV} 25017 HA 3L} PCR W2
94°CollA] 57t 27) FHEE T F, 94°Col A 177 HAA)
3!, annealing 2= Al3}E 9] AlBo)A 58°C, Ahas A|EE
S4°CE 1R W A7IR AE 98t 72°clA 90 B
3-8k 3 o] ¥h8-& 30cycle H 33 F 4°ColM Hh-S =
HAIHT PCR ZE4HES 0.8% agarose geldl A A 7]953) &

Table 1. Sequences of the primers used for amplification of dsr gene
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ethidium bromide® 413} bandZ <1813t}

DGGE £41&- 93l A3 227]9) DNA ©Ho] Bagho
2, orolla AAE dsrAB (1.9kb), dsrA (1.1kb), dsrB (1.4kb)
SRS BHS oz =771 Z4zE 243 bp, 350 bpl
primer DSR1Fgc/DSRSR (31)$F DSRp2060F/DSR4R (13)5 ©]
£3} nested PCRE 43841} Nested PCR W71 94°C
oM 58 27 XPE T F, o4°CellA 3053 WAL,
annealing >== &9 65°ColA Al&FEte] v cycler}et 0.5°C
A AseE AAFstn 45237 w-SAHT AL Y3k
72°C) A 90z FRF WEESH F o] REE-E 20cycle B THERA
th I TA] o4°Cell A 3053 HAAIZ)AL, annealing 2E+
55°CE 45%7F RFEAI7]A AES S8t 72°ColA] 90 Bt
W83 3 o] WS 10cycle B 3% & 4°CE RIS T

A ZTH24).

Denaturing gradient gel electrophoresis (DGGE)

DGGEX: D-Code System (BioRad, USA)S o]-&3ta] 4=33&}
9t} Denaturing gradient geld 0%} 100% denaturant (7 M
Urea, 40% Formamide)”} 242t X8rd 7.5% (w/v) acrylamide
stock solution (37.5:1 acrylamid-bisacrylamide)< #|2F&}e] AR
At FETHlE A3kE oA 35~65%, Aha® ol X 45~65%Z,
FEH7F A5F0 2 YAHTE geld ARSI o] o)
AZE geloll nested PCR 5% 4HES 80 i loadingdtd 0.5%
TAE buffer 4Z8H20mM Tris, 10mM acetic acid, 0.5 mM
EDTA, pH 8.0)°14 60°C, 200 VE 8A|17F < A719%5S 319
t}. A7]9%0] Bt gele SYBR Gold® 447 ¥ UVE &
¢33t

2 A HIIME Y

A5t29} Ahat ARENA dsr FHAF] A4 27 Table
20 Wt T AAA AN FEoE Tkl JE derA RS
ZE3te F2YS YT F29Yol A=A s A3t PCR
28 A] Tag DNA polymerase (Roche, Germany) U4l Pfu DNA
polymerase (Promega, USAYS A28l on, A2 433515
th ¥RE2L 95°Coll A 283 7] @AMYE § F, 80°Cr}
™ Pfu DNA polymerase (Promega, USAYS 0.5 ul Yol& &,
94°Cl| A 30237+ WA 3L, annealing L= A183 AlF A
58°C, Aha® A|BOlA 54°CE 4527t WH-A)7) o 2138 5k

Primer Sequence 5'—3' Primer combination Expected size of product (bp) ~ Reference
DSRIF AC[C/GICACTGGAAGCACG
DSR2F CTGGAAGGA[C/TIGACATCAA ggggﬁg }?gg
DSR3R GAAGAA[C/G]ATG[A/TJACGGGTT DSR2F/AR 1’ 400 32)
DSR4R GI'GTAGCAGTTACCGCA DSR2E/3R éOO
DSR1Fgc GC-clamp-AC[C/G]CACTGGAAGCACG DSR1Fec/5R 243
DSRSR TGCCGAGGAGAACGATGTC &
DSRp2060F  GC-clamp-CAACATCGTYCAYACCCAGGG DSRp2060F/4R 350 (13)
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Table 2. Results of initial PCR amplifications and nested amplification of dsr genes with the 4 different primers using initial PCR products as

templates
dsrAB dsrA dsrB
Site l?fg)h Initiall PCR ~ Nested PCR | Initial PCR ~ Nested PCR | Initial PCR  Nested PCR
1F/4R 1Fgc/5R 1F3R 1Fgc/SR 2F/4R 2060F/4R
0-1 + + + - - -
1-2 + + + - - -
2-3 + + + - - -
3-4 + + + - - -
Lake 4-5 + + + - - -
Sihwa 5-6 + + + - - -
6-7 + + + - - -
7-8 + + + - - -
8-9 + + + - - -
9-10 + + + - - -
0-1 - - w + - -
1-2 - - W + - -
2-3 - - w + - -
34 - - w + - -
Lake 4-5 - - W + - -
Aha 5-6 - - w + - -
6-7 - - w + - -
7-8 - - + + - -
8-9 - - + + - -
9-10 - - + + - -

+; visible product with predicted size
w; visible product with predicted size but weak band
-; no product

73°Col A & B REAIATE SF3SE 30 cycleo| ATH

SFHA4E-& Gel Purification Kit (Invitrogen, USA)S A}-8-5}
> 0.8% agorose gelolA] FA1H F Zero Blunt PCR Cloning
Kit (Invitrogen, USAYE ©]-8-3}] A2 e] Wi R 4=8)8}5iu).
i & ASAE white colonyS MI3F;, 5-GTA AAA CGA
GGC CAG-3’$} MI3R; 5-CAG GAA ACA GCT ATG AC-3’
primerE ©]&3}] PCR #F& A3 H insenZ FA3t5ch
Ont-shot AJF /42 7212k M13F$} MI3RT} Bye-Dye Terminator
v3.1 Cycles Sequencing KitE ©]88}91, ABI 3100 Genetic
Analyzer (Applied Biosystem, USA)C.E R84t 2419 <
719 ¥-& BLASTX (http://www.ncbi.nlm.nlh.gov/blast/Blastys %
sted S48kt

HSEH 24

AT £42 ARB softwareS ©o]-§38bo] 43191 (http://
magnum.mpi-bremen.de/melecol/arb/), ©] ATF-ollA Holzl = 68
A 28 9ol F7} dsrA F8 A= NCBI (National Center for

Biotechnology Information)®] GenBanko|4 =X 3t} A%
£ Neighbor-Joining method®]| 2]} PHYLIP distance method
E ol g8t AelHa, AZEW B2 21F % (bootstrap L)
£ ZAR] $3iAe 10082 bootstrap resampling F-43-2 2

EFes

>

47 o o
dsr (dissimilatory sulfite reductase) §XXl2| PCR-DGGE
okat

dsr FrAAL9] PCR A= Table 29 2t} A3laolAE A
N8 primer set & dsrAB primer set DSRIF/DSR4R¥} dsrA
primer set DSRIF/DSR3RE ©|-&3F 749 agarose gel Aol A o
2T 1,900 bpo} 1,100 bp Z7]] ME=TE Vhebar, Ahaiol A
= dsrA primer set DSRIF/DSR3RE ©]83} ZZA M=ol 4wk w)
Z(1,100 bpy7} VEFES ge1atsdn). Scholten $(29)& Monod.
oA o] A9}l L primer set2 ©]-&8le] AR Z=
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S BA R FEPIAIR o] AFaME F4H A A
o] primer set % dsrB 532 $3F primer set DSR2E/DSR4RY
M FFES 48 U T o8 dis o AT
E 7Y "ol 3t primer setdthe U Ohela B34
S 2 primer setsE 2ok o Ao = AL HojFr)

DGGEE 3}7] 943te] 27) PCRY EE FZAES 71A 1L
GC-clamp”} 5218 primer set (13, 31)& AH83}4] nested PCRS
F8% A9, AFEAME dsrAB SEAHE-S(DSRIF/DSR4R) 5
Ho = AMES A9, AbE o243 bp)e] FEAE A W=7}
UERET, AhadolAE dsrA (DSRIF/DSR3R) ZZAHE-S 33
o2 ARE3E FF AHElA M=rt BAE UK Table 2). DGGE
-8 primer set DSR1Fgc/SRE Al8t3e] HAENA dsrA 304}
£ AE317191= PCR biast & A& AR €T Crick (10)°90] 9]
1, 971-<¥E A3 (motationy> 165 rRNA gene X.C} functional
genedll Al O W3] EASITI Y 7S A0 E Kol functional
genedl| 2|3+ primer bias 5-3F & A 0.E Al HT}L

DGGEZ ©}-83}4] A|3}5.9} Aha% o] ARENA oo we
Hel= Fig 13 2t} A3l39} Ahago] AAENAN Zold 4y
ARk ME S v, AlSkErt Ahad. Hoke B
NE 75 vehlo] o thdst dsr 133237 A3 E<1skdc

dsrA REKE 0|8 HISEE 24
dsrA SRS ol 83 AT 24

o
B
&
T
b
4
N

Aha® M= 11749 SE& £ F 68719 F8S
ok dsrA A2 229 G7INEE 243 A, 2R BF @
4N EeE S8 7P dBE AT AgtEedA e

Lake Sihwa
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Deltaproteobacteria “1E, Firmicutes 159 &3]30 Desulfo-
tomaculum &3} archaeal thermophilic SRB 1&Ho| &3l
Archaeoglobus 9|, AhaB N M= Desulfotomaculum & 5o &
Gtk F 28 F 4059 84N Eed 22ES
90%°)3te] FALEE B3, B8 S22 vl 7153 E3k
FAREZ} 65~88%= wi-9- WSkt 22 HYolA Ahage Al
330 vl o 71 APRP T B F2s 417
)9 A=Y ol Ahad ol EAZhE dsr TR o] AT
oA AF&EF primer set (DSRIF/DSR3R)ON 3)A “target” ==
71X E A9 9] specificity (5¢148)0] 27] WlFole}t AlmErt.
wila], AhaBolle 97)A o] ¥ (mutation)d THE dsrAB
A7) E2AE 7Fs2del Utk ESH Als)Ee] 1~2cm 4ol
AZAEANA EE F7IMEo] Astaol de BE VMg
9] 60%% Yehho] AEES] 1~2cmol| ThFe dsrA F3HA7}
Bo| EATE BRI, £ AhaToAE 1~2 cmollA B2
22 2 Uehilt). Ahass o)) FISHE 83t 34t
A AT EXE A AT ZFHME 1~2emellA] &
2k BdAto] 71 Bel AEEA o] A7 IAHe A
< EHTHD).

Figure 2= dsr RS 7HAe WA E] AT 245 Y
ERd Zlolt). & 68719] G7IMES 88% FAKEE VISR ¥
9709 cluster I~DX)E WAATE AlstzolA 2 E85L )
9] FQ IF(, I, VI, VI, VI E WHAR 1 F 713
2o Z28 ¥l JE IFL DSRVIE, £ 177]9 §2
o] 23] Qlt}. o] HWIIMEELR Desulforomaculum sp. Lac2
9} 60~63%2 FAKEE B, Y& Ao AZEASIM &
A9 F29 A7IXE= 7A=Y DSRI 152 A&
B EE ZHoldA AEd 1509 F8& X3}, Desulfacinum
infernum EIE 69~71%] FAEE YR o] 282 74

Lake Aha

4 5 6 7.8 9 10

11 12 13 14 15 16 1718 19 20

Fig. 1. DGGE band patterns of dsrA genes from sediments of Lakes Sihwa and Aha.
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New England salt marsh clones (1173)
Japan Deep-sea sediment clone N'T'd-127, AB263151

52-18
DE)ecpvsea hydrothermal clone INDO-40, AB124917
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52-23

Japan Deep-sea sediment clones (n=5)

Japan Deep-sea sediment clon NTd-114, AB263138

Olavius algarvensis sultate-reducing endosymbiont, AF244995

L Desulfobacter halotolerans, AF388210

[T Desuifomicrobium sp. CME2, AF360647

L Desulfovibrio vulgaris, AY6$6570
5 Mudflats of the Seine estuary clone VNI, AY953403

52-29

g Desulfuromonadales bucterium Te37, AB26007 1
X — Desulfocella halophila, AF418200

Desulfobotulus sapovorans, US8120
UASB bioreactor clone GranDSR12. AY929605
Desulfonatronum lacusire, AF418189

Japan Decp-sea sediment clones (n=3)

Japan Deep-sea sediment clone NTd-IV04, AB26316%

Landfill of the China Sea clone LGWG L6, EF065020

Marine sediment, Black Sea clone BSI11-4, AM236170
Landfill of the Ching Sea clone LGWG16, EF065029

. A2-01 —_1DSR-I
—+

A2-03
Mudflats of the Seine estuary clone VO6, AY 953409
Landfill of the China Sea clone LGWIOK, EF065046
Landfill of the China Sea clone LGWI17, EF065063
£ Marine sediment, Black Sea clone BSI-7, AM236160
e Muarin sediment, Denmark clone AB-07, AM408824
New England salt marsh clone PEIMO2F0S5, AY 741568
Lo Hypersaline sediment clone GSL AS, DQ386228
e Deep-sea hydrothermal clone NBC-7, AB124921

Desulfovibrio baarsii, AF334600

510-01

516-02

810-06
$10-08

510-04

$10-05

$10-69

$10-07 DSR-II
New England salt marsh clone PIMOSCI12, AY 741577

83-03

53-04

52-14

82-04

New England salt marsh clone PIMO2A11, AY741563

$10-11

S10-03

' 8$3-10

.r' Victoria Harbout sediment clone VHS061, DQ112198

[“k:“* Japan Deep-sea sediment clone NTd-1104, AB263155

Water column of the Mariager Fjord clone MAF36G, AY863327
Marine sediment, Black Sca clone BSI-1. AM236154
Marine sediment, Black Sca clone BS1-12, AM236165

Low-sulfate hot spring clones (n=3)

Mudflats of the Scine estuary, France clone VO10, AY 953413
Low-sulfate. acidic fe tone SbI-36, AY 167469
Mudflats of the Seine cstuary, France clone VOS5, AY953408
Thermodesulfobiyvm narugense, ABOT7818

Peptococcaceae (n+=14)

Yellowstone hot springs clone BSP-37, AY237254
4 Low-sulfate hot spring clone MS3.151, EF420285
Hot springs clone OP-A2.28, AY237263
]_F‘ Archacogiobus (a=5)
ih Deep-sea hydrothermal vent clone INDO-30, AB124913
L Japan Deep-sea sediment clone NTd-V10i, AB263179
: Marine sediment, Black Sea clone BSII-8, AM236178
Low-sulfate hot spring clones (n=4)

hermodesulfovibrio vellowstonii, TYUS58122
L Deep-sea hydrothermal vent clone NBC-17, AB124925
S Low-sulfate, acidic fens clone dsrSbli-39, AY 167472

Low-sulfate, acidic fens clones (n+7)
Desulfobacea acetoxidans, AY 167463

Fig. 2. Phylogenetic tree based on dsrA amino acids from sediment of Lake Sihwa and Aha. The tree was constructed using the neighbor-joining
method in ARB. The amoA amino acid sequence of Nitrosomonas europaea (NC_004757) were used as an outgroup. Clones from this study are
shown in bold and designated as S in case of Lake Sihwa and A in case of Lake Aha. Clones are coded as follows, using S2-01 as an example:
S=Sihwa; 2=sediment depths of 1~2 cm; 01 =number of assigned to the clone. Bootstrap values are indicated at the branch points by circles:
black (100%), gray (95 ~99%), white (90 ~94%), and square with white (<90%).
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g SN

§2-09
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S10-10
S2-16
52-26
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New England salt marsh clone PIMOEO1, AY741559%

Mesophilic sulfide-rich spring clone ZDSR3, AY327243
New England salt marsh clone PIMO3CO1, AY 741571
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DSR-VII

Victoria Harbout sediment clone VHS105, DQ112200
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RS A AL+ B

Fig. 2. Continued.

A= FAAA EeE FEG)H 78~100%2] FAIES BT}
o] %—, EE $3-037 S10-09= FASH=2] FA| @)l EaF
PIMOSC12 (AY741577)¢} 100%2] AI=E vteldT)h &3]

enropaea ATCC 19718, NC_004757

DSR-IIT 7152 Y931 A13E 1~2 cm, 2~3 cmol| A9 HEH
£ $3-11, $3-12% Guaymas Basin®] A&

[e) ==
&g x5y, 38

E12)4 2 B04P026 (AY197455) 76%2] A=, v
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A 370e] FE(82-25, $3-01, S3-07y Victoria BT AAE0
A EaE VHSlO4 DQ112195)9} 75%2] FAIES e}
DSR-VII 7ZE<2 DSR-VI Z1E% SY35}A Desulfotomaculum

3 62~64%2] v/\} £ Rtk DSR-VID 152
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ABSTRACT : Comparative Analysis of Dissimilatory Sulfite Reductase (dsr) Gene from Sediment of
Lake Sihwa, Korea and Lake Aha, China
In-Seon Kim', Ok-Sun Kim?*3, Sun-Ok Jeon!, Karl-Paul Witzel’, and Tae-Seok Ahn'*
(1Department of Environmental Science, Kangwon National University, Chunchon, 200-701,
Republic of Korea, “School of Biological Sciences, Seoul National University, Seoul, 151-742,
Korea, *Max Planck Institute of Evolutionary Biology, Plon, 24306, Germany)

The diversity of sulfate reducing bacteria was investigated in different depths of sediments in Lake Sihwa,
Korea and Lake Aha, China by PCR amplification, denaturing gradient gel electrophoresis (DGGE) and clone
libraries targeting dissimilatory sulfite redectase (dsr) gene. In the analysis of DGGE band patterns, the com-
munity compositions of dsr gene in the sediments of both lakes were significantly different whereas bands in all
depths of each environment revealed similar patterns. Bands from Lake Sihwa were produced much more than
those from Lake Aha, demonstrating a higher diversity of dsr gene in Lake Sihwa. Total 68 clones containing
dsr gene were obtained to analyze their sequences. Sequences from the sediment of Lake Sihwa were affiliated
to Deltaproteobacteria, the Gram-positive thermophilic sulfate reducers belonging to the genus Desulforo-
maculum and archaeal thermophilic SRB belonging to the genus Archaeoglobus, whereas sequences from the
sediments of Lake Aha were related to genus Desulfotomaculum. Clones retrieved from sediment of Lake
Sihwa revealed a higher numbers than those of Lake Aha, demonstrating a higher diversity of dsr gene in Lake
Sihwa. Most of clones (59%) were distantly related to the known cultivated SRB with 60 ~65% of similarity,
which were clustered only the sequences from the environments showed less than 90% similarity. These habitat
specific sequences suggested that the clustered dsr sequences represent species or groups of species that were
indigenous to these environments. This study showed that these lakes have a specific bacterial communities hav-
ing dsr gene distinct from those in other environments such as soil and marine ecosystems around the world.



