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ABSTRACT: The nationwide outbreak of foot-and-mouth disease in 2010-2011, the number of carcass burial sites
has increased. Numerous studies have investigated the various environmental and human health-related problems
caused by leachate from the burial sites and post-burial site management. In this study, the characteristics of bacteria
detected in burial site monitoring wells, leachate from the burial site, and groundwater collected from nearby areas
were investigated by gene cloning. Although proteobacteria dominated the aquatic environment near the burial
site, relatively low phylum and class-level bacterial diversity was observed in the leachate. Further, among the
abundant proteobacteria, a- and y-proteobacteria dominated the leachate, while f3- and 3-proteobacteria were
present at high levels in the burial site monitoring well and groundwater. Operational taxonomic unit (OTU) analysis
was conducted, but the data could not be precisely analyzed because the limited number of DNA sequences revealed
similar bacterial diversity at all samples. Bacteria were identified according to the phylogenetic tree derived from
our study sites. And the characteristics of the identified bacteria were investigated. In this study, there is no relation
between bacterial type and burial site. It is conducted that investigation of burial site using non-culture-based
metagenomic approach is indispensable to the identification of groundwater contamination sources around animal
carcass disposal sites.
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A 2010 75 QFgollA] 14| & (Foot and mouth
disease)e] HAH T 20114 4¢€ A=xFo=2 4t
EA wjE2) 9] 571 oF 4,600 A 71A] F7F8HR 2
(Central disaster and safety countermeasures
headquaters, 2011), o] & FH5AER9] oj&
A AR 2170l T o] 9 Hjf o= HA)
= A FAleI. T2y HlEA] oA AT A
7 R ARHR R e &4 3 JA 9F T4l 2
2 gl tet EAES A&H o2 A7|=
(Choi et al., 2013; Kawon et al., 2015). o]of u}=} uff
=4 FH Asheo] jste] wpol2| Bl e/ Al
5ol 2AEA(Oh, 2012; Ahn, 2013; Kim et al.,
2010), 77 SH A= 201197 &
A7HA =2 Q) 715 Wi EA] 1 Ak FERAL
(VD)2 S8 714 Pl Seetm oo,

Je} A% ER| o § 2} o] wz, o)
£7) 39 150 m o) A3 A5} B o= Ak
53 glo] Al 02 BE AT A&l e 24
= nlEsith Eat 150 m of) F9 Ksk Bgol
NE 42, pH, A7]HEE B 824kt 59 712
23} gaole, guujopy Ak, WA Wa 5
olsfstd EL B0 LAET 9o} nlAEo
et 2ARs 22 A& o= e ot
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IoHA 715w EA] sl e ndE 24
TH{2011-2013) M= viEA] F+H 28 3 BlS-8 A8}
= 9F 3,50009 7)) A]20]| tf8}e] Fecal coliform (A&E
14.6%), Escherichia coli (7.7%), Escherichia coli O157:H7
(918%), Qostridium perfringens (0.8%), Salmonella spp.
(0.3%), Shigella spp. (W]5%), Norovirus (1.5%)%
Enterovirus (1.2%) 5ol tiste] 2AFsle] LubA <l
241 Ao F10) 28 9 IS Mok DR £
A5t B vt olek. =8 vj2 X)) BETHA <
A R E YY) 2 Clostridium perfringenss A3
=34 Aol HiRt A== A5k, 39
733 o2 A AbeE] 9 39 o WiE A9 o] d &
of &-g-3kaL gl

3, AsiseollA] B1AE $7 kel dhet <
= amplified ribosomal DNA restriction analy-
sis7} 284 o] 3(Kim et al., 2000), H] vjF 2=} 7]
wbo] Al 23 Theby 997 9% A go] shont
(Kim, 2006; Flynn et al., 2013; Franga et al., 2015),
71 Wi EA] = @0l B w7t A A
o2 e, 53] WiEA #5549 AEFIA
A&d AlE A wEhA, &2 Aol A
A 22 W o83t WlEA B54, e
9 1 2| sheo]| thgh Al B2 2T
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Fig. 1. The groundwater sampling wells in Y-burial site (a) and D-burial site (b).
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E4& v|watgct A A0 2= FA]of Y|t
D s Ex|9} AA]of $215 Y WjEA S Qs
FuiEAe BE et iR 2, 20113 149 7419
22 D ujEXE 9F1,500%F L Y u &2 oF 4,800
T 7} Wi EHYTh ZA A RE T OjER]
ol 91x)3F TEA(Y1, 1107-1), Y BjER ] &
4:(Y2) 9 D mjE=| oA 2k 100 M & A o] 91Xt A
31(BA-1)E tjalo 2 A RS A etk 1).

ZF WA FE2 $I5}+e] FastDNA SPIN Kit (MP
Biomedicals, CA) & AR&-5to] A& oL o whzh
YL, 23 At F Ak FE= 20.0-50.0
ng/ul 2 FAof FE3t o] It A9
16S rRNA gene 52 $]5}+¢] 27F-1492R primerE
AgEtR o AT 2L Lee 59 A9t Zrh
(Lee et al., 2009). 5-Z A= TopRed nucleic acid
gel stain (Biopure, UK)o] & 1.2% agarose gel
(Sigma, USA)ol| A 7]1%9% 31921 (Lee and Shin,
2014), & A|Roj|A] W=7} P4 = th(data not
shown). $Z5 AHE-S MEGA-spinTM Agarose
Gel Extraction Kit (iNtRON, Korea)& A3}
AA =, pGEM® T-easy vector systems (Promega,
USA) Y E. coil strain JM109 (Promega, USA)E
A3t SRS 98319t Blue/white colony
A o] oJste] T e BEAY, AE 4 5
W 25} Aol 4] ZH2F 2071 0) S2-& 425 Hals)
Fou, 2FH o2 807e] 20| = rk(data
not shown). 2|3t 222 -80C 2AL Ysil9
BESIF o, A & AccuPrep Plasmid Extration
kit (Bioneer, Korea)& AME-3}] plasmid DNAE
EYsl4 21, Macrogen, co. Ltd. (Korea)o] &7]
M 242 ¢]21515cHCha, 2010).

S£9 545 #I5te] plasmid FE-2& AAgH F
EzTaxon server (Kim et al., 2012) 5 AE51] AV S
B3]} Operational taxonomic unit (OTU) £
2 9J3}ed Mothur version 1.36.1 AZE]o] 1f|7]X]
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£ AESFAAL cut off 97.0% F2 2 OTUE &4
SIIEF. 7, A B 919 AT S st
t}. National Center for Biotechnology Information
(NCBI) 9 EzTaxon serveroflx 2l & out-groups
(domain archaea) 2] €7|4 E[Halobacterium piscisalsi
JCM 14661 (NR _113057), Naroarchaeum equitans Kind-M
(NR_102878), Candidatus Korarchaeum cryptofilum
OPF8 (NR_074112) and Desulfurococcus fermentans
Z-1312 (AY264344) | & 5338159t} ©] 3= BioEdit (Hall,
1999)& ARE-81] multiple sequence alignment 5
Molecular evolutionary genetics analysis (MEGA)
version 5.1 (Tamura et al., 2011)S A3} 1,000
HH=.© 2 nejghbor joining (NJ)-Kimura 2 parame-
ter (K2P) tree& F-=319tt-

3. 9L 3 E9

A7) Wape} Aol AR Besteiy 5
AL 21908 T 22 FE(Ca”, Mg”,
Fe’’, Mn™, CI', NO5, SOy, HCO5, NH,", DOC, T,
pH, EC, DO)& &4ttt Abx]o] §1XI3tY wi=
2] A3l Al@E EC, HCO5, CI, Ca*', DOC 18]
i NH," @50 A D m 22 2|5} Al 2R} 29F
o] 2 A Bo| &4 YelgthKaown et al., 2015). 3
B4 29pol& 5 HCOy, CI, NH, Ao] 713
SAIBHgTh. @A) A30) pHiz 5373 opak
AolA ordrt S, JEY B9 71 vt
d& Yehlin, EC= A|8k9] 73-9- 217~2,600 uS/
cm, JE,Y 4,677 uS/ecm o2 el glok
(Kaown et al., 2015).

B2A(Y1, [107-1) 407] 22, 9 2]514(BA1)
207) 28 9 AE(Y2) 2071 28 71 ES 71t
© 2 54 43513} Phylum ¥ class-level 4
A}, ufEX] T=A o) A= B-Proteobacteriaz} 50.0%
=2 273 3}, §-Proteobacteria & Bacteroidetes7}
12.5% 2 Z}9A5}19th &40 A= o-Proteobacteria
(35.0%) <2} B-Proteobacteria (25.0%)7} &2 H|-&E2
Ueh} AA| &2 2 Proteobacteria’} 70.0% 2 -3
3} 2™, Bacteroidetes”} 15.0% = U}t =¥
|3} A= §-Proteobacteria7| 40.0% 2 -7 31
11, Bacteroidetes (20.0%), 3-Proteobacteria (15.0%)
«2o 2 Yeyth 3 S A= B ARA
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Table 1. Comparison of the bacterial characteristics in monitoring-wells, leachate and surrounding groundwater near
the animal carcass disposal sites at the phylum or class-level.

Phylum-level (%) el LTOD OB groundwater (BA-D)
Actinobacteria 10.0 5.0 -
Bacteroidetes 12.5 15.0 20.0
Chloroflexi - - 5.0
Firmicutes 10.0 - -
Proteobacteria 62.5 70.0 60.0

a-Proteobacteria - 35.0 -
B-Proteobacteria 50.0 25.0 40.0
y-Proteobacteria - 10.0 -
d-Proteobacteria 12.5 - 15.0
Unknown proteobacteria - - 5.0
Spirochaetes 2.5 - 5.0
Elusimicrobia 2.5 - -
Nitrospirae - - 10.0
Unclassified - 10.0 -
Total 100.0 100.0 100.0

UER] o2 Firmicutes®} Elusimicrobia”} Ure}
a1, &40l A y-Proteobacteria, ¥ R|5}=o]]
= Nitrospirae, Chloroflexi & Unknown proteo-
bacteria7} E4& 22 el Phylum ¥ class-
levelol A= #&4 9 FH X|skpo] v ME
oA thFdo] R SR =T} EokR]= B
o] FEAE|THIE 1). o] wht #EA ¢ FHA| 5}
ol vl AEpollAl n|gESH 2 go] A
2 w2740l dldE ik

H=74, A& 4 FH AgkpolA= 25 15~16
7] OTUZ} EA = §AMF 97.0% 71&ellxl= A
g ko] EAE U AR mE OTU 95 £4
A3, D BEAYIAE OTU 010] $34(200%)
OTU 110] $34(10.0%) SHEom, Y B24olA
L OTU 030] ©7(15.0%), OTU 127} 24$-7(10.0%)
S}t T3 W40 4= OTU 06, 07, 08 2 097}
Z7}10.0% 2 55 7 31920, 5 el A
= 0TU 027} 20.0% 2 €4, OTU 047} 10.0% = =}
3 stith(data not shown). AleE F8 &4
gk Ay, #EAYelA 4 B AT 419
OTU (01, 03, 11 ¥ 12)+= Candidatus Planktophila
limnetica, Brevibacillus levickii, Sulfuricella denitrificans

9 Sideroxydans lithotrophicus cluster2 WERgL, 3
E5o| A 25 434719 OTU= Flavobacterium
sasangense, unclassified (phylum-level), Curvibacter
fontanus @ o-proteobacteriaZ E-FEH+E A2
cluster® el om, 31 X|shpof A 4 2 2R
A% OTU 02 9 04= Propionivibrio dicarboxylicus
&} Sediminibacterium goheungense cluster2 E-A] =
At H 2).

A&oA EXF 0 2 LERt o- L y-Proteobacteria
= Acidisphaera rubrifaciens, Ferrovibrio sp., Sphingomonas
sediminicola, Asticcacaulis benevestitus, Prosthecomicrobium
enhydrum, Devosia insulae, unknown o-proteobacteria
cluster, Arenimonas maotaiensis 2 unkown y-proteo-
bacteria cluster itH1H 2). Acidisphaera;-2 Q%)
1202 573 A A5t Al dEas
Zela qlom 44 Aeld BelE vt ot
(Hiraishi ef al., 2000). Ferrovibriods2 S48 714
S 2 Fe(Il)& A3}std, F. denitrificans 3t O 2
T4 "k(Sorokina et al., 2012). Sphingomonas<s
< 9F1000fF o2 YT, thgFet 27 5 A48t
= Ro] BaElo] glr}. S5 vhEAlel Bl gl A
shro e HuE vl Qlew(Franga ef al., 2015),
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Fig. 2. Phylogenetic tree of the 16S rRNA gnene sequences of eighty clones from monitoring-wells, leachate and
surrounding groundwater. A neighbor-joining tree was reconstructed with the Kimura two-parameter in MEGA
5. Kingdom archaea used as an out-group. Bootstrap values less than 50% based on 1,000 replications are shown.

Bar, 0.05 nucleotide substitutions per nucleotide position.
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Sphingobivm, Sphingopyxis, Novosphingobivm, Porphyrobacter
9 Rhizorhabdus%; 5 T2 Sphingomonadaceae7}t
ZJgle=5 A2lo] Bar=|Qick(Lee et al., 2015). Asticcacaulis
&2 F 5302 Y, SEU A EY, 2EF
e, A & W T4 FollA] Hare vl QlokList of
prokaryotic names with standing in nomenclature
(LPSN), 2016a]. Prosthecomicrobium 452 & 652
2 7450, bk, 295 270 £A1810] cellulose
£ Bt 4 QU A2 BITHITHLISN, 2016b).
Devosins-2- & 16502 T/ =31, sl & s A]
A E, diesel-contaminated, A=A Hd EYS S
F2 EYolA| A2J5HH, hexachlorocyclohexane dump
site, JE2AH Y] W PYFIRE FolAE 2auE
Hh glom, AR A7 71%5o] g A JUATHLPSN,
2016¢). =3t Arenimonas 452 950 2 AR H, &
H], B 118 5 3 5 52 A4 de7 =R A
£ S(LPSN, 2016d), FE<ollAtt vehd Eol4
Al i 28 5 A4lo] 7hest Ao s A
™, T ZA]2F] A UrEhbA] gt E3 &
oA YERA] &2 §-Proteobacteria®} Spirochaetes
£ AN|IF2 2.2 Bdellovibrio, Hyalangium, unknown 8
-Proteobacteria cluster @ unknown spirochaetes
cluster2 4= JcH2H 2).

3, D |24 FHe] B2 9 79 Aslo]
A OTU 049} 100] E54 0 & Lepygc}. OTU 04
Sediminibacterium goheungense cluster2, Sedimini-
bacterium&-2 BoJoF A EA S. salmoneumo]
Fz ¥ 11 3(Kim et al., 2013), S. ginsengisoli2}S. go-
heungense7} QU B¢ 9 HIES oA 7} HAlE
o|(Kojima and Fukui, 2011; Kang et al., 2014) &)
DA & 30| ESHETE Sediminibacterium&SL &
A Bt 545 A AABHNHE EAT
7Rl Qlof thEAoke] 2 Ak & 4 ok,
gentamicin¥} kanamycin 5 YA Aol =
Ao 2 B9 dl Qloj(Kang et al., 2014), 715 AFR

= "7 % #AAdo] difddh OTU 102
Sulfurisoma sediminicola cluster2, Sulfurisomads-2
YE 3o B2 22 S. hydrogenivorans 3+ &
to] B3 Qlem(Kojima and Fukui, 2011),
ol TAFIIELE WN=HIY B 59
Fe sk A= 4EA Qo B URE BE AR
ol A= F-FH OTUZ} A =A] §igkar, 5 807 &

# - 5ol

q]

s
—=

£94 617 OTUZ} B4 = ik

4. 2 E

ol AoM= A E2YS 7IHe R niE
A /S, e 1 FH A5l Al EAS &
sttt 53] ME5= phylum-level 9] The}/de]l
Al Theldol 1 =T EokRlE AE/do] £4
=, oA HS AT T R]skro] Bl A
Hom olgEts o P} ke A2 Uehd
S olor}, WEa B 70 £ 5 o 8o] g
Aol P4 S Teie wanol ok w2
FollA paet 22 7]uke] OTU BAL Q714 %
o] Algte 2 o]H20] %21, next generation
sequencing 5 metagenomicsE ©|-8-3t vH]ujFA
7189} microbial source tracking © 2 &3] S+
oY E5HA 8 9 Bkl tigt A+ HEe
73 Aoz oAkt uwehA o dte] uhi
A A2 2ok S iER] 79 Aske 5 A
3 5 nBESHE 2 S AsteTl 7z
AR B4 24 9E Holztn 7l

INDN,

o] =RL 2015\ E AR (v AzaeH) o] A
Yoz AT AIEe] XYL wop PE A
(No. 0409-20150163) U th.
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