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AtHB2). F 5504 Desulfovibrioacead] Ec]& o2 Agtsh=
SRB385 probes ©|-8-3+ FISH W o2 34t ShelAl B2
ZAR A T 5004 ThEA YERtthl). o] ATtelae
A Eo] 7FA)31 Q& functional gene = ©]3H43 o}t S E A
(EC 1.8.99.1; dissmilatory sulfite reductase, dsr)S 22 PCR/
DGGES} S& o2 g & F3l Alglae} Ahase] AZEo
A da FRARE 7H mAEe] FTRE B

Hibd

Mz o gy

ZAL X Y AR 2 F

AlBLE(N: 37° 17 395", E: 126° 46 33.8")°lA= 2006 9¥
o] ¥ 5cm, Zo] 50cme] core samplerE o] &3l AHEE
AHASIFIL, T2 Ahas(N: 26° 32 31.3", E: 106° 39' 0.1l
A= 2007d 499 Wang 5(33)°] AZFet core samplers: o8-
sto] ADES AFH sk AT HES APA7A] B3
2 2ukskar, Zo] 0emiE 10em7HA] 4 1em HFeE &
10719] A5 WEEH 33Tt

DNAZS| =&

YE B A2 25E DNAE Ultra Clean Soil DNA Kit
(MoBio, Carlsbad, CA, USA)E ©]83te] FE3d=d 1em¥
A2 A8 1¢5 bead solution tubed] Bir A|ZAR] ol u}
2} 31dth. 552 DNAE agarose gdollA] A719% sk,
ethidium bromide2 A35te] AANEIS 15ttt

dsr f&Xte| PCR E=

dor FAAE 23359} Ahasol 5% DNAS F3o=
primer set DSR1F/DSR4R, DSR1IF/DSR3R, DSR2F/DSR4AR (Table
1)< ol &3t FE3 . PCRUFS-2 1x PCR buffer, dNTP
mixture (200uM), 200nM primer, 25mM MgCl,, 1% formamide,
0.1% BSA, 1unit/ul Tag DNA polymerase (Roche, Germany)E
A7¥ste] HFH-97F 507t A Ao PCR ¥HEE2 S
9°CoAA 5EZE 7] SAYE T F, 9°ColA 187 HAAAT
I, anneding 5= Al3t39] A]|go)A 58°C, Ahad A&
54°CE 1w3F Whg Al7]aL AE flete] 72°CollA] 90 &
HRS-E B o] W8-S 30cyde U 33 F 4°CollA WhS-S
DA ZTE PCR SZA1ME-2 0.8% agarose geloll ] 71953

2 orr

ot o

Table 1. Sequences of the primers used for amplification of dsr gene
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ethidium bromide2 343} bandE &213515ch.

DGGE £4& 9J3lolE 233k =7]2] DNA ©o] Bagho
2, oA AAE dwrAB (L9kb), dsrA (1.1kb), dsrB (1.4 kb)
FrAte]l GRS ooz Z77F 42 243 bp, 350 bp<l
primer DSR1FgC/DSRER (31)2F DSRp2060F/DSRAR (13)E ©]
83} neted PCRE ~3J3}$1T}. Nested PCR WH3-3271-2 94°C
oA 5zt 7] EHEE g ¥, 94°CollA] 3057t WAAI7] A,
anneding &=+ %7]9 65°CollA Al2Fsle] vl cyderlth 0.5°C

A ardtEs ARsta 4627 WA T 2S935t
72°ClA 90z T W § o] ¥R-S 20cyde U 313

o} I Al 94°CollA 30%7F WHAAAIZ]AL, anneding &%
55°CZ 4537k HHEA|Z]aL A4S 98k 72°ColA] 90% &<t
1S3k & o] kS-S 10cyde B Y3+ & 4°CE T2 T

AIATH24).

Denaturing gradient gel electrophoresis (DGGE)

DGGEE D-Code System (BioRad, USA)S- o]&3fo] =83}
ST}, Denaturing gradient gd-& 0%%} 100% denaturant (7 M
Urea, 40% Formamide)7} 27+ *E&H 75% (wiv) acrylamide
stock solution (37.5:1 acrylamid-bisacrylamide)S A 2+3he] A&
SIAh FETHlE Al3kEol A 35~65%, Ahawoll A 45~65%%,
SETH7E A&H 0 R FAEES gds ARSIt o9k 2ol
A2 geloll nested PCR 5% AHE-S 80 ul¥ loadingdte] 0.5%
TAE buffer &+5-8(20mM Tris, 10mM acetic acid, 0.5 mM
EDTA, pH 8.0)°ll4] 60°C, 200V& 8X7F B¢t #7952 3519
o} A71g9%0] B gde SYBR Gold=Z @447l & uvE &
S A=

22d Y ¥ ML 2N

ABtEst Ahas AAENAM dar F-AA2] 44 A Tale
20wkt T MR FEo 2 FFIL = daA FAAE
FEse] 2L 3N F290) 2HA 7] Y3k PCR
<3 A] Taq DNA polymerase (Roche, Germany) t4! Pfu DNA
polymerase (Promega, USA)E A18-3t1om, shll= =3319]
ok WRER1L 95°CellA 287t 7] EAEE & &, soCrt
=W Pfu DNA polymerase (Promega, USA)E 05l 2olF 3,
94°Col A 3027+ WAIAIZ) AL, anneding &= A13LE Al Bl
58°C, Aha@ A 80|l 54°CE 4537 WHE-A)7)aL A4S 9138t

Primer Sequence5' — 3 Primer combination Expected size of product (bp) Reference
DSR1F AC[C/G]CACTGGAAGCACG
DSR2F CTGGAAGGA[CIT]GACATCAA Bssgizgg 1288
DSR3R GAAGAA[CIG]JATG[A/T]ACGGGTT DSROF/AR 1’ 100 32)
DSR4R GTGTAGCAGITACCGCA DSR2F/3R 500
DSR1Fgc GC-clamp-AC[C/G]CACTGGAAGCACG DSRIFAC5R 243
DSR5R TGCCGAGGAGAACGATGIC g
DSRp2060F  GC-clamp-CAACATCGTY CAYACCCAGGG DSRp2060F/4R 350 (13)




Vol. 44, No. 2

olshy olgitd TR A FHIAR] HlaL 149

Table 2. Results of initid PCR amplifications and nested amplification of dsr genes with the 4 different primers using initid PCR products as

templates

dsrAB

dsrA dsB

Site Depth

Initial PCR~ Nested PCR
(cm)

Initial PCR Nested PCR Initial PCR Nested PCR

1F/4R 1Fgc/5R

1F/3R 1Fgc/5R 2F/4R 2060F/4R

01 + +

12

23

34

Lake 45
Sihwa 56
6-7

7-8

89

9-10

+ o+ o+ o+ o+ o+ o+ o+ o+
+ + + + + o+ o+ o+ o+

+ - - -

01
12
23
34 - -

Leke 45 - -
Aha 56 - -

67 - -
78 - -
89 - -
910 - -

+ + + S S £ £ S £ S|+ + + + + + + + +

+ + + + + + + o+ o+ o+
'
:

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

73°CollA 3% B9t WHSAIF T SE314= 30 cydec] ATt

ZZ A E-S Gd Purification Kit (Invitrogen, USA)S AH&-3}
o] 0.8% agorose gdollA AA|E F Zeo Blunt PCR Cloning
Kit (Invitrogen, USAYE ©]-8-3lq AlzARe] WHRUIE S35ttt
Y & AAdE white colonyE M13F, 5-GTA AAA CGA
GGC CAG-3 ¢} M13R; 5-CAG GAA ACA GCT ATG AC-3
primers ©]-83ld PCR H}8E& AX H insertE RISt
Ont-shot A|#4-2 Z+ZF M13F2F M13R3} Bye-Dye Terminator
v3.1 Cydes Sequencing KitE ©]-83}%111, ABI 3100 Genetic
Anayzer (Applied Biosystem, USA)S 2 B39t} E45 o
71X9-e BLASTX (http://www.nchi.nim.nlh.gov/blast/Blast)S =
ste A3t

HEEH 24

AEeH B4 ARB softwareZ ©]8-3t] 2233131 (http:/
magnum.mpi-bremen.de/melecol/arbl), ©] A7olA Lol F 68
N ZE 9o F7F deA F7 A= NCBI (Nationa Center for

Biotechnology Information)e] GenBankollA 433159t} AlT%
Neighbor-Joining methodel] ©]&}e] PHYLIP distance method
o] gt AxtetAaL, Al T A2 A% (bootstrap %k)
ZAFE7] fleiA= 1008 9] bootstrap resampling #4= 2

St

e

A

A

EERT:
dsr (dissmilatory sulfite reductase) fXXle] PCR-DGGE
okt

dsr F-3Ake] PCR A= Table 29} 2t} Algts o= Al
Ne] primer set T dwrAB primer set DSRIF/DSR4ARY} dsrA
primer st DSRIF/DSR3RE ©]8-3t 79 agarose gel “dollA] o
A3E 1,900 bpe} 1,100 bp 271¢] W=7} YEREar, AhagollA
£ dsrA primer st DSRIF/DSR3RE ©]-&3F ZZ o)l M7t Hl
Z(1,100 bpy7F YEPSS EQ1sit). Scholten 5(29)2 MonoZ
oA o] A9} -8 primer setS ©]&3lo] AFFPAN =
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RS A7) Eant vRPVIAE o] ATl ® A8 A Tl
o primer set 5 dB TF-S 913 primer st DSR2F/DSR4RC
Me FEAES A4S 47 Ak olgs A o AF
£ 7P woll= k] primer setith=s o] theFekal 533
S 2 primer setsE A-83fokd B Ao| e 3s HoFETh

DGGEE 3t7] #lst x7] PCRO| BE SF4=S 7HAaL
GC-dampZ} F-2H9 primer st (13, 31)S AH&319] nested PCRS
33 A}, A3tE oM deAB FEAME-S(DSRIFDSRAR) 5
POz AR 7, ¢l Zo] (243 bp)e] SEAHEONA HiET}
Ueltl, Ahag ol X darA (DSRIF/DSR3R) SEZAME-S 33
02 ARESE FF AMEA W=7 FAdEATK(Table 2). DGGE
& primer st DSRIFg/5RES Al3tae] AHEA daA F-72F
£ AZ3P7]= PCR bias’t & ACE ALEHT Crick (10)°] <
s, A714E HE (mutaion)2 16S rRNA gene Rt} functiona
genedl| A O RIW3] Agtttal 7pgsk 2102 Hol functiona
geneol] 23} primer bias B=3F 2 A0 7 Al HTH

DGGEZ o|&3o] A|3}59} Ahaso] AAEo|A Zlold we
Wsh= Fg. 13 2oh Aslsse}l Ahase] AFAENXA Zlold dy
FrAAte] WE e HISsSIaL, A8kErt Ahas Hohke B2
e 5 Ueho] O vk dy AP SRS el

dsrA REXIE 0|88t A S&HY 24

deA F32LE o] 835t AlE S B4 =AM F
AE Zlo] & DGGE ¥4 A] BE WME=E ¥3ela e 1-2
cm, 2~3cm, 9~10cm Zole A BE tao g & glolHy
g5 AstAtt. 29 A7, AgtadAe 57l S8,
AhazdXe 19 885 £33t F eglle FE2& A3
ot dsA FRA F89 QUVINES B4 3}
AelA ¥ FEEY /A dBEHAEE AlstsdAE

Lake Sihwa

1 23 45 6 7 8 9 10

| .
TERS |

s
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Deltaproteobacteria 15, Firmicutes &l <31+ Desulfo-
tomaculum 3} archaed thermophilic SRB 1§ 43l
Archaeoglobus %°ll, Ahag oA+ Desulfotomaculum & 5ol 4
gk F 22 F 400G FENAN EYd F2ET
W0%e|3+e] FAES BYal, ZE F2S wjd 713 39
FAIE7E 65~88%= w9~ Stokth. S22 AAolA Ahase Al
slgd viE] o8 7] AFRAA= Bl FES AUt
¢ ojefSl=t] o= Ahadell EAlshE dy FdARs o] A+
oAl AFE3} primer set (DSRIF/DSR3R)O &34 “target” Bl =
7MY A9 specificity (Fo]4d)o] R7] o]zt AlRETH
we}A, Ahasolls 71 o] W mutation)® TFE dsrAB f-
A EAE 7Fs gl Aok Ed, AlstEe] 1~2cm Zold]
AAEANA FEE FG7IAEe] Algsedr 4L BE d7IAE
o] 60%E UER o] AFES] 1~2cmell thdst dsrA A7k
Wo] =S &l ar, E3F Ahag o= 1~2 cmel| A B
2 5 YEIY Ahas e o]Ze FISHE H-83te] 34t
d BT BEE AR AT AFME 1~-2cmellA]
2Hd gdAlto] 7Y BWol HEE 0] o] ATt YXEe HE
= BTH).

Figure 2= dg FAAE 7HAE piE2] A5z 248 1
B Aolth F 68719 A7IAEL 88% FAIEE VISR F
9] duster (I~1X)E AR Al3t50M d& FRELS 5
o] & IE(I, I, VI, VI, VINe.Z UHolHth 1 & 7%
B FES sl e IFS DSRVIE, T 17709 &
o] 2= o] Qit}. o] A7IMEEL Desulfotomaculum sp. Lac2
9} 60~63%%] FAIEE R, Y& A8 ADE@LS)NA T
e F29] A7INER /A AR AT DSR 152 A8
B EE ZojdA AEE 159 F2& ¥ 3311, Desulfacinum
infernum FZH= 69~77%2] FAFES UERH o] FE2 7Y

Lake Aha

11 12 13 14 15 16 1718 19 20

Fig. 1. DGGE band patterns of dsrA genesfrom sediments of Lakes Sihwaand Aha.
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Marin sediment, Denmark clone AB-09, AM408826

New England salt marsh clones (n=3)
Japan Deep-sea sediment clone NTd-127, AB263151

S2-18
cep-sea hydrothermal clone INDO-40, AB124917

D
_43 Japan Deep-sea sediment clone NTd-127, AY 741564
Landfill of China Sea clone LGWGO0S5, EF065028
P Mesophilic sulfide-rich spring clone ZDSR2, AY327244
Desulfococcus multivorans, DMUS58126

S2-28
QLandﬁll of China Sea clones (n=4)
apan Deep-sea sediment clone NTd-124, AB263148

Ja
New England salt marsh clone PIMO3C12, AY741572
Water column of the Mariager Fjord clone MAF411G, AY865328
S2-23

Japan Deep-sea sediment clones (n=5)

Japan Deep-sea sediment clon NTd-114, AB263138
Olavius algarver sulfate-reducing endosymbiont, AF244995

Desulfobacter halotolerans, AF388210

Desulfomicrobium sp. CME2, AF360647

Desulfovibrio vulgaris, AY 686570

ﬂ of the Seine estuary clone VN11, AY953403
S2-29

C Desulfuromonadales bacterium Tc37, AB260071
Desulfocella halophila, AF418200
Desulfobotulus sapovorans, U58120

UASB bioreactor clone GranDSR12, AY929605
D lfc onum lacustre, AF418189

Japan Deep-sea sediment clones (n=3)

Japan Deep-sea sediment clone NTd-1V04, AB263168
Landfill of the China Sea clone LGWG16, EF065020

Marine sediment, Black Sea clone BSII-4, AM236170
Landfill of the China Sea clone LGWG16, EF065029

“JDSR-I

A2-03
Mudflats of the Seine estuary clone VO6, AY 953409
Landfill of the China Sea clone LGWI108, EF065046

Landfill of the China Sea clone LGWI117, EF065063
Marine sediment, Black Sea clone BSI-7, AM236160

Marin sediment, Denmark clone AB-07, AM408824
New England salt marsh clone PIMO2FO05, AY 741568
Hypersaline sediment clone GSL_AS5, DQ386228
Deep-sea hydrothermal clone NBC-7, AB124921

Desulfovibrio baarsii, AF334600
b S10-01

S10-02

S10-06

S10-08

S10-04

S10-05

S10-09

$10-07 DSR-II

New England salt marsh clone PIMOS8C12, AY741577

S3-03

S3-04

S2-14

S2-04

New England salt marsh clone PIMO2AI11, AY741563
S10-11
S10-03
S3-10
Victoria Harbout sediment clone VHS061, DQ112198
Japan Deep-sea sediment clone NTd-1104, AB263155
Water column of the Mariager Fjord clone MAF36G, AY865327
Marine sediment, Black Sea clone BSI-1, AM236154

Marine sediment, Black Sea clone BSI-12, AM236165
Low-sulfate hot spring clones (n=3)

Mudflats of the Seine estuary, France clone VO10, AY953413

Low-sulfate, acidic fens clone dsrSbII-36, AY 167469

Mudflats of the Seine estuary, France clone VOS5, AY953408

Thermodesulfobium narugense, ABO77818

Peptococcaceae (n=14)
Yellowstone hot springs clone BSP-37, AY237254
Low-sulfate hot spring clone MS3.151, EF429285
Hot springs clone OP-A2.28, AY237263
Archaeoglobus (n=5)
Deep-sea hydrothermal vent clone INDO-30, AB124913
Japan Deep-sea sediment clone NTd-VIO1, AB263179
Marine sediment, Black Sea clone BSIII-8, AM236178
Low-sulfate hot spring clones (n=4)
C——— Thermodesulfovibrio yellowstonii, TYU58122
Deep-sea hydrothermal vent clone NBC-17, AB124925
Low-sulfate, acidic fens clone dsrSbll-39, AY 167472

Low-sulfate, acidic fens clones (n=7)
Desulfobacca acetoxidans, AY 167463

Fig. 2. Phylogenetic tree based on dsrA amino acids from sediment of Lake Sthwa 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 Sin 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 vaues 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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S2-25
S3-07
S3-01
S3-11
S3-12

A2-02

A9-02

A9-03
A3-02

S2-19

A9-04

Victoria

S2-06
$2-20
S2-01
S2-11
S2-33
S2-07
S2-21
S2-08
S2-12
$3-05

S$3-09

$2-10
S3-06
S3-08
$2-03
S2-09

S2-26
S2-27

S2-13
S2-24
S2-30
S2-32

A3-01

S2-05

o

Japan Deep-sea sediment clone NTd-V05, AB263176
$3-02

Victoria Harbout sediment clone VHS102, DQ112194

E Marin sediment, Denmark clone AB-03, AM408820
New England salt marsh clone PIMO2D05, AY 741566

S10-10

S2-16

New England salt marsh clone PIMOEO1, AY 741559
Mesophilic sulfide-rich spring clone ZDSR3, AY327243
New England salt marsh clone PIMO3CO01, AY741571

Deep granitic environment clone BIOS3, DQ903917
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Guaymas Basin clone B04P026, AY 197455
Victoria Harbout sediment clone VHS024, DQ112188

Victoria Harbout sediment clone VHS104, DQ112195
New England salt marsh clone PIMO3DO08, AY 741573
Landfill of the China Sea clone LGWI20, EF065050

Low-sulfate hot spring clone MS3.098, EF429281
Japan Deep-sea sediment clone NTd-V06, AB263177

A9-01

_] DSR-V

Low-sulfate acidic fens clone dsrSbl-64, AY 167474

Mudflats of the Seine estuary clone VN10, AY953402
Low-sulfate acidic fens clones (n=4)

Landfill of China Sea clone LGWNI11, EF065087

Low-sulfate acidic fens clone dsrSbI-75, AY 167476

Landfill of China Sea clone LGWG11, EF065019

Deep grnitic environment clone R3, DQ903924

Guaymas basin clones (n=18)

Japan Deep-sea sediment clone NTd-V04, AB263175

Harbout sediment clone VHS121, DQ112196

mudflats of the Seine estuary, France clone VN9, AY 953401
Victoria Harbout sediment clone VHS059, DQ112191

DSR-VI

DSR-VII

Victoria Harbout sediment clone VHS105, DQ112200

DSR-VIII

Japan Deep-sea sediment clone NTd-V01, AB263172
S2-34

Victoria Harbout sediment clone VHS178, DQ112204

Japan Deep-sea sediment clones (n=5)

A2-04
A2-05

—J DSR-IX

Victoria Harbout sediment clone VHS096, DQ112197

Allochromatium vinosum, CVU84760
Pel lum thermopr icu, AP009389

Pelotomaculum thermopropionicu, NC_009454
Baclin el

Nit paea ATCC 19718, NC_004757
—010

Fig. 2. Continued.
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ABSTRACT : Comparative Analysis of Dissimilatory Sulfite Reductase (dsr) Gene from Sediment of
Lake Shwa, Korea and Lake Aha, China
In-Seon Kim?!, Ok-Sun Kim?3 Sun-Ok Jeon?, Karl-Paul Witzel®, and Tae-Seok Ahn'*
(*Department of Environmental Science, Kangwon Nationa University, Chunchon, 200-701,
Republic of Korea, 2School of Biologica Sciences, Seoul National University, Seoul, 151-742,
Korea, SMax Planck Ingtitute 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 genein the sediments of both lakes were significantly different whereas bandsin all
depths of each environment revealed smilar 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 Detaproteobacteria, 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 genein Lake
Sihwa. Mogt 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
indigenousto these environments. This study showed that these lakes have a specific bacterial communities hav-
ing dsr gene digtinct from those in other environments such as soil and marine ecosystems around the world.



