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Culture-independent microscopic observations and 16S rDNA analyses were applied to describe the
bacterial community inherent to the biofilm structure of the RABC (Rotating Activated Bacillus
Contactors) process for swine butchery wastewater treatment. The ratios of Gram-positive bacterial
counts to total bacterial counts of the RABC process were significantly increased in the last
aeration tank as well as returned sludge, while those of the existing A20 (Anaerobic-Anoxic-Oxic)
process maintained constant from aeration tanks to returned sludge. Totally nine phyla were
recovered by 16S rDNA analysis, two of which were major groups: the Proteobacteria (64.1%) and
the Actinobacteria (18.4%). The third major group was the endospore-forming Firmicutes (5.4%).
The remaining six minor groups are the Bacteroidetes (3.3%), the Chlorobi (2.2%), the Nitrospirae
(1.1%), the Chlorofleix (1.1%), the Acidobacteria (1.1%), and the Fusobacteria (1.1%). The ratio of
endospore-forming bacteria was 19.4%, which was composed of the members of the Firmicutes
phylum (5.4%) and the Intrasporangiaceae family (14.0%) of the Actinobacteria phylum. Nitrifying
and denitrifying related- and phosphorus accumulating related-sequences were composed of 6.5%
and 54% of total community, respectively, these could mean the high capacity of the RABC process
to remove odor compounds and reduce eutrophication by efficient removing inorganic nutrients.

Keywords: 16S 1DNA, bacterial community structure, biofilm, endospore-forming bacteria, Rotating

Activated Bacillus Contactors (RABC), swine butchery wastewater
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Fig. 1. Schematic diagram of RABC (A) and A20 (B) wastewater treatment systems.
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RABC A2]%(1,300 mY/¥)9] BT, #1 T7|% #3 E7)Z,
HEEE A AlEe; thAFFA] 2AE A20 FHOE FH
= Ao 571%9 vEEeA] A8E AHstH WA SH
26X ol APAHE H% ¢ IRE 2AYT
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SHTHB). FAITT AFE A% FFPSE=A 5.0 pg/ml DAPI
(4’,6-diamidino-2-phenylindole, Sigma-Aldrich, USA) &<} 1
mlE H7lete] 54 5t QA & AREIFE AHS
Q).
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Germany)S x16009] Hl&E AP T. Al AFE ¢
3 AAdE drlE Aloke] HH BlgA e FAAIS
(135,989) 2} 3]2u)€(1/10), 121 A E2K0.3 ml)<S 283}
o AEFE cellsimld] G2 Yehidel SARAY z23
2] SPSS (V12.0) (SPSS Inc)S ©]&38t] rtestS G851
Azt AlxT7] JslE FAXSE FA8I
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(Sigma-Aldrich)3} lysostaphin (Sigma-Aldrich)-& $Ha-8°
Z ZoJ8% Fll, lysozyme#} lysostaphine Z+Z} 10 mg/L
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parafilm (Sigma-Aldrich) 2.2 E53}1, -75°Col B3 99%
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A v AEFFA A genomic DNA &2 ¢35l Mo-Bio
3AHUSA)S] PowerMax™ Soil DNA Isolation kitE ©]-&3}
Aot AA MTEEFe] 16S rDNA 555 915k bacterial
universal primer set$] 27F (5-AGAGTTTGATCMTGGCTCAG)
¢} 1492R (5'-GGYTACCTTGTTACGACTT)S A3}tk
% PCR volume< 25 plZ 3}92™ DNA template= 2 pl
ARESIATE 2E]a PCR WH-2 ZF AR ZE duplicate 2 3}
Atk PCR Whg-9o] AL 10X Pyrobest buffer 2.5 ul, 2.5
mM deoxynucleoside triphosphate (dNTPs) 2 ul, 10 pM
oligonucleotide primer 1 pl, genomic DNA 2 pul, Pyrobest
(TaKaRa, Japan) 2 Uc|¢low, HiH Fo]5-F5(deionized
distilled water)S F7Fslo] 3F 25 p= d90rk PCR Whs-
Z712 94°CollA 383 HA2J3 ¥ denaturation (94°C, 1.5
), annealing (50°C, 18, extension (72°C, 2%) #H38< 35
3] eI, vlRERe.Z 72°Col|A] 30E 7t final extension
< 3}tk PCR HHg-olli= MJ Research Inc. (USA)S] PTC-
100™& o]g3l9om, PCR HHS-E-& 4°Col A H3l$ith
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ZARHA 0 2 Sambrook 5(22)& WHTE PCR & M-S
A71GEAIA 1,500 bp FE2] DNA Zo]E YehE gelS
Hie WeZg A9 U2, PCR Purification kit (Bioneer,
Korea)E ©]-83t] GASIATE PCR T3 2H=9] ligation,
pGEM-T Easy vector system II (Pomega, USA)S ©]-&3}]
16°Col|l A 18A17F Bt WHAIATE BEE-E-2 pGEM-T Easy
vector 1 ul, 10x T4 DNA ligase buffer 1 pul, T4 DNA ligase
(3 U/ul) 1 pl, PCR product DNA (18 ng)S Y1 Fol&s
£ Y 10 pl2 39t Ligationo] ¢EH HE 5 ulE
competent E. coli DH50, 75~ 50 pl9} 4131, G5 S04 14]
b RS & 42°Col| A 90%7F EAE slHem, oF oA
42 Yol 1087F ®WX]|3}= Sambrook 5(22)2] Wl wel
PAXTS FAsIATE FAXS DAV 2 gl LB
AAEA 1 mlS 74 F 37°CAlA 1AIZE B9 wistl e
w, wg] FH|$F Au)R|(ampicilin 60 mg/ml, X-gal 20
mg/ml, IPTG 0.1 M)o|l A3 H E. coli DH50E =3}
Atk 37°CollA] 24A1F wjFE Ml =] AdellA] Bao] Al
H(colony) S RIS+ the, o|FAI7NS} ampicilin®] 2
LB g Aeul|o] W Ex(replication)dte] HAE o
FE 2RIsrh

AgE S YO 2 colony PCRS S35}, TZ5
16S rDNA7} pGEM T-easy vectoro] ANE AZEAEA
(ligation) <13}tk Colony PCRS g UHE 10 plo
GE Fol2Fol| o]FEANE o83t 348150, 100°C
X 1023t F AIEE 93tk PCR &4 237 wh
SZ70L 27F-1492R primere] =73} ZEo™, T7 primer
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Table 1. Comparison of numbers of Gram-positive cells and total bacterial cells in bioreactors between the RABC process

and the A20 process.

RABC process

A20 process

Method

Category Range Biofilm #1 #3 Returned Oxic tank Returned
Aeration tank Aeration tank sludge sludge
Gram. Minimum 5.44x107 9.07x10° 9.52x10’ 2.27x107 2.72x10 4.53x10°
positive Maximum 1.31x10° 2.63x10° 1.33x10° 1.40x10° 2.86x10° 4.35x10°
cells (A) Average 4.79%10° 8.51x107 721%10° 5.50x10° 1.13x10° 1.35%10°
4 Total Minimum 7.08x10° 4.08x107 1.81x10 1.81x10 9.97x10’ 4.53x10
DZZ;;;’B“ bacterial Maximum 3.05%10° 3.85x10° 1.90%10° 1.90x10° 5.85x10° 9.52x10°
cells (B) Average 1.50x10° 7.76x107 5.55%107 5.75%10 2.80%10° 2.77x10°
Minimum 14 4 457 461 8 9
A/B (%) Maximum 82 129 5600 4700 140 357
Average 32 110 1282 958 40 49
(5-TAATACGACTCACTATAGGG)S} SP6 primer (5'-CGA 7E42|-

TTTAGGTGACACTATAG)E AM2-3}511, annealing tempera-
ture’= 50°CE 3l¥tk PCR WH4HE-S 71953 Ao} 16S
DNA PCR AHE-R T} oF 200 bp7} B 71 1,700 bp B=2] Ak
Eo] F1E HeEe, o Aolr 7198 < 16S rDNA
PCR & Zhe 70 7153lal the A9 AE=E o)&
=g
=g EtADIE F=

97 16S IDNAE X k= AXFAE o= AN=F
Z gk E(plasmid) S F=E3FTE = colony PCRZ E91%
&S ampicilin©] FFE LB AAWIA] 4 mlo] HE3I
37°CollA 24717t Wil wlge HES 14,000xg, 3%
o] YAEEE 343 T, QIAGENE 3ALS) plasmid purifi-
cation kit (USA)E o|-&stH Az Fer=g 55, A4

a3k

16S rDNA &7|ME #Y

AA7Y e Azt FH2PEE AEEA ARSI
a2 AF) o 23R, M133} reverse M13 Zzto]H
24 16S IDNAE F538l @7IMEs 248k st &
AT fF94E st 100718 F7IMES B4k vt
AZACEHOZRE e 165 tDNAQ 97]14LES BLAST
(http://www.ncbi.nlm.nih.gov/BLAST)E ©]83}%] GenBank
o e F7IMEPES} HlwElgth AlS B GenBankH o€
Hjo]22] A7) EL Clustal X (version 1.81) EEIHOF
AEsIH =2 39| option?] neighbor-joining method o]
o) ABTE FEIIALE ATTY ARHEE A3 {gh
Bootstrap %> 1,0003]2 et §H & A7tellx Sle
A71A L& GenBankol] HM7734425-E] HM7735337}1]9] 7]
B $ (accession no.)E S=%] JATHTable 2).

JEFEMEret SMET

Table 1= RABC 34<] AERFSEL WE"HRABC-Bf),
#1 E7)F FHHRABC-#1), #3 E7|F HI(RABC-#3), Hk&
EHA(RABC-RS)2| TP IMT5} FHTFE, 7IE1%
2AFFAA A20 T2 37|F HI(A20-0T) ¢} vkEEH A
(A20-RS)°IX 9] Alet=et Blwgk Aoltk. RABC &49 1
A= AEINA 8 log FFold Ao, #1 E7|E
oA 7 logZ 7ASIAT} #3 E7]1ZolA ThA 8 log= 3]&
AT v FATE AEIAY] 9 log 0] FEE
E #1 E7|ZAAN 7243 7 log 50 BT #1 7
Zol|A TEIAITS ¥lgo] 100% ©1de] &
71Z NEw AX 2o} AET A5 Hls)] Yo} &G
T sujste] o] Brbsstdd W, | &
2ao] ol A U= ME B BF Hepdoz 2t
F3te] aFPIAT R A7) Witelth 7IEEA
I A20 FA9 71% HAFY] agSATST= RABC
#3 X712 2L 8 log o5 FA8IL 7= AR, F
Aol thak B8 40% 24 RABC #3 ¥71%2] 1282% X
the 84 9 YeRsttK(Table 1). 2 dAldrot SAIT
F BT AF AR wEEske] folido] ERIE T -test
: p<0.001). olg|gt i A H5e TR EEts =
4 F IAR Y sE Ashe o Hw
39S W RABC 33olx 2ol &3k nhde| 24 A
o] Hl&o] EQths Hal(19, 24)94 9t o] RABC &3
o] aAgPF AT HIES =RIth= 71E FH9) Feshe A
Sllel=d

RABC AEFREZO] A2Fe 7IE3AR0 A20 57]1%H
o mlg HrEo s adekdio] 423%, Aol 536% 2+
ZF BA JERsTE 5343 AL B 1,600<9] FLE wE
2 PFsIY=t, DAPIZ GAgH X o] A71E vlwstd A
B9 HNE7F o2 AR Hls| Fths Ao)th(p<0.001).

AL, #1 X
o}
Hu7 Alobol|A] FH

vl = O
THES
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Table 2. Origin of most similar sequences and accession number at GenBank from biofilms of the RABC process by this
study. Number in parenthesis represents the number of each clone and accession number of most similar sequence.

Origin of most similar
sequences

GenBank accession number (Clone #, accession # of most similar sequences) of this study Total #

Activated sludge

HM773442 (AO1, EU104279)

HM773452(A11, EU104270)
HM773465 (B12, EU104279)
HM773489 (D12, EU104279)
HM773499 (E11, EU104227)
HM773503 (F03, Y18616)
HM773509 (F09, EU104345)
HM773510 (G10, Y18617)
HM773526 (HO4, GU325836)
HM773533 (H11, DQ232754)

HM773457 (B04, AB195904)
HM773487 (D10, GU455339)
HM773510 (F10, CU926331)

HM773448 (A07, AF513091)
HM773444 (B05, CU927719)

HM?773450 (A09, DQ413110)
HM773521 (G11, DQ413120)

HM?773456 (B03, FM201001)
HM?773494 (E05, FM200987)

HM773460 (B07, GU325831)
HM773492 (E03, EU234197)

Anaerobic sludge

Wastewater sludge

EBPR (Enhanced Biological
Phosphorus Removal) sludge

Membrane bioreactor

Sludge undergoing ATAD

Phamaceutical wastewater

Sediments HM773463 (B10, FJ437965)
HM773485 (D08, AY756595)
HM773516 (G06, GQ500814)
Anaerobe HM773443 (A02, DQO18788)

HM773455 (B02, GQ487892)
HM773504 (F04, AF177299)
HM773508 (F08, GQ264150)

Heavy metal contaminated site
Landfill soil

Radioactive waste

Muds HM773461 (B08, EU431831)
Mine water HM773466 (CO1, DQ469201)
Feedlot HM773472 (C07, FI674543)
Seawater HM773473 (CO08, FI796074)

HM773517 (GO7, FI796074)
HM773484 (D07, DQ450166)
HM773480 (D03, FI796074)
HM773482 (D05, FI484838)
HM773496 (E08, AY212681)
HM773514 (G02, F1612220)
HM773518 (G08, EU639277)

Coastal lagoon
Cave

Wall biomat
Manure water
Lake water
Microbial fuel cell

Sum

HM773442 (A04, Y18616)

HM773454 (BO1, EU283348)
HM773477 (C12, EU104318)
HM773495 (E06, EU104279)
HM773501 (FO1, EU518930)

HM773447 (A0S, Y14596)
HM773462 (B09, EU518930)
HM773479 (D02, EU104279)
HM?773498 (E10, X85212)
HM?773502 (F02, EU104321)

HM773505 (FO5, DQ147285) HM773506 (FO6, EU518930) 2
HM773511 (F11, EU518930) HM773509 (G09, AB000700)
HM773524 (H02, EU104279) HM773525 (HO3, Y14597)
HM773528 (HO6, EU104227) HMT773531 (HO09, EU104282)
HM773458 (H12, EU104282)
HM773474 (C09, CU918140) HM773481 (D04, GU455281)
HM773500 (E12, CU919912) HM773507 (FO7, CU925875) 9
HM773522 (G12, EF688214) HM773529 (HO7, CU917776)
HM773449 (A08, FJ66058)  HM773451 (A10, CU927719) p
HM773459 (B06, FJ660512) HM773523 (HOL, FJ660575)
HM773476 (C11, DQ413120) HM773483 (D06, EU834774) .
HM773475 (C10, GQ249355) HM773478 (D01, FM201089) s
HM773512 (F12, AY168745)
HM773468 (C03, GU320664) 2
1
HM773464 (B11, GQ472438) HM773470 (CO5, AB308364)
HM773513 (GO1, AF150802) HM773515 (G03, FI719039) 8
HM773530 (HO8, EU244101)
HM773471 (C06, AJ249099) 2
1
1
1
HM773493 (E04, EU431831) 2
1
1
HM773488 (D11, FI796074) HM773491 (E02, FJ796074) A
1
1
1
1
1
1
83

X ==6l$ x2| RABC =9t MzazE 7=
HjEjg7 o2 AlFoA DNAS %3 $l|, 16S rDNA
9] PCRY} cloningS 53t % 100719] 16S rDNA clone<
B3, o] 718 871 chimera 502 47IME 2
Aol Brlssldn) 7S Had 474 E9e] fAlEE 2
22 91%, H 9%, H 97% Ik F 77712 B7IMHo]
uncultured bacteria 22 71 E 71 AR H, o]
% 1370== uncultured Betaproteobacteria 5 7WEF&Q) 77}
7Fest A7 goltt wilkE M) 16S tDNAS} 71 =

L FAIES] F7IMES Role AL F 167 E71AEI
o

t}. Table 2+ Blast E4 oA 7P FARE 7} 22 A714Ee)
frefe AAE Jeplle Folth &4&8A 8 297,
FA71PEA FH FE 9, sl MEHd £9A f9
£ 67ll, EBPR (Enhanced Biological Phosphorus Removal)
34 el 28 4l T AsAE FH QUMY F80 55
WF HEHReH, HX5 fH FE o, 71898
FE22 27171 AESATE Table 20 TAIH 83709 G714
< AlRlgk 97 S AUIMEH 7P AR A7IAE Al



Table 3. Comparison of bacterial communities in biofilms of the RABC process between swine butchery wastewater and

municipal wastewater.

RABC ¥4 A

=9 Aldtd 61

Food Wastewater

Municipal wastewater

Phylum Class Order (this study) (Park et al., 2007)
(Family)
# % # %
Clostridiales 2 2.2 37 40.6
Clostridia
sum 2 22 37 40.6
Firmicutes Bacillales 1 1.1 2 22
Bacilli Lactobacillales 2 2.1 1 1.1
sum 3 32 3 3.3
Sum 5 5.4 40 439
Bacteroidetes 3 33 16 17.6
Gammaproteobacteria 3 32 8 8.8
Betaproteobacteria 32 34.8 13 14.3
Proteobacteria Alphaproteobacteria 24 26.1 4 4.4
Deltaproteobacteria 1 1.1
Sum 59 64.1 26 28.6
Actinomycetales
(Mycobacteriaceae) 1 1.1
. Actinobacteria (Microbacteriaceae) 2 2.2
Actinobacteria L .
(Propionibacteriaceae) 2 2.2
(Intrasporangiaceae) 13 14.0
Sum 17 18.4 1 1.1
Nitrospirae Nitrospira Nitrospirales 1 1.1 1 1.1
Planctomycetes 4 4.4
Verrucmicrobia 1 1.1
Chloroflexi Dehalococcoidetes 1 1.1
Acidobacteria Acidobacteria Acidobacteriales 1 1.1
Chlorobi Chlorobia Chlorobiales 2 2.2 2 2.2
Fusobacteria Fusobacteriales 1 1.1
environmental samples 2 22
Total 92 100.0 91 100.0

FAHA%AE 2 2 fEHE & 5 gl AECIU:

Table 30l & AelA 73k 2+ d7|A Lol &t Blast
A A F &7 7 FARE A7IMES ol8ste] yE
A7t RABC AEH] #xl7xolth /¥ + fl=
7IMEES BLAST A4S E319] E value?} 107 ©]3l=2
Eh} BEMeolE 34 247 9129tk Bosshard S(4)< 800
bp ALY F7IMLBANN FAKETL 95% oldeld #S &
(genus), 95% ulto]d e IHfamily)E EF3I¥e=T] 2
ATl FARETE 91-94% 91 AL F 107] A71XFo]
Aok B9 92719] A7|AE T Betaproteobacteria’} 34.8%
(32/92)2 A=} AY =JTh U=-22Z= Alphaproteo-
bacteria (26.1%)%} Actinobacteria (18.4%)7} -3kl A
t}. Gammaproteobacteria= 32%% °FF F2 HEE A
Sh= Ao 2 TRtE|I O™, Deltaproteobacteria®}t Epsilonproteo-
bacteria= 8 HEEA] §stth WAZAE FXsk= Al
9] Hl8-& Actinobacteria® Intrasporangiaceaeﬂ- 14.0%, ~1L
2|3l Clostridia®t Lactobacillales, Bacillus 7} 54%% &
19.4% S ARSI 71E} Bacteroidetes (3.3%), Chilolobi

0?2 £ o

T

22%) el Sohs A7IH<E 5ol A% HAEHU

RABC ¥742] #H4= AEYQ RABC, E7|Z(aeration
tank) 1-2-3 TME AUph 8 A(DO) w5 A=t
A1 0.5-1.0 ppm AlololH E7\Z)ME Aoz ste] #]
X7|Z0A 0.5-1.5 ppm, #2 XE7|Z0|A 0.4-0.5 ppm, #3 X
71Z0)A 0.1-02 ppm AEo|th24). HjkS E3te] RABC
Mol 18l EAFAE T3t B3 (2) 3N A
Aol FRRZ A5E YREAF AT vlgo] ZoA=
AL Busih B dAFolA ZAEA2) Bl adEas
Ty A A7 X3hE ETER Q8] #Eo] oy X
ATl E EA) wolel JUA|ET EH A} Aol A
AE|A] gol EAAYTro]l HAgrkE Ao)r] wiEolnk
Forster (7)< 3l5~, AHdug~, S7F3u-*213 Algol
A5 oAy oM Seldoz AFsE 8
FELS o83 AFolA TR FIATS v T
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Table 4. Operation factors, water qualities of influent, and
removal efficiencies (%) of the RABC and A20 waste-
water treatment processes (17, 24).

Category RABC A20
Capacity (m’/d) 1,300 300,000
Flow rate (m’/d) 1,300 20,000
Mixed Liquor Suspended Solids 3,500~4,500 4,000~8,00
(MLSS, mg/L) (in aeration tanks) 0
F/M ratio (kgBOD/kgMLSS-d) (ir?.gisc;f(i)l.ris) 0.3~3.0
Dissolved oxygen (DO) (in ae?‘;llti;tsta nks) 2.0 over
Chemical Oxygen Influent (mg/L) ~1,720 95
Demand (COD ) Removal (%) 97 86
Suspended solid Influent (mg/L) 840 138
(SS) Removal (%) 99 98
Total nitrogen Influent (mg/L) 168.5 442
(TN) Removal (%) 97 55
Total phosphorus Influent (mg/L) 62 3.7
(TP) Removal (%) 97 87

2

| & ZFol7) il AAMTL 5% wlvre] g AlTrol
Auk G448 Hole AT 19-50% 7 TR dAlFolga B
st weEka 2 Aol et e I A
o et olQlelx ou|E Pt & Aotk Table 1042}
Zo] RABC 349 FAlTE AEHA w11 X724
ST agRdATrE W) fle %o 91 Ak
=9} f7IEEE ad wet 3718 FEIEANTE AFE
SR WA ZAR AT HAZAE st &S] o

o AHolth24). RABCS} A20 A8 &% I8dM Zo &

A Feao] opd Rl 5o 77 Yehhe Al
o aggAlte g A8t RABC AlEE A
HQl DAPI ¥3go] o} 3]st Fzo] oz fidd
agdAA Y] AlFE diiFog A%tk A20 3F
712U WS R SIS 2RI BT
cellsyml 22 2 W3}t §lSlch A% RABC ¥
HA 7t JAEEA FAT= At 189gA
= AR ger g el &k WAEAR
Aol ¥1E-2 EolA|A HaL o] AdElZ AET dAlold
WA AZAZE AT dEEd f1E o
AR AASo] 52, 11, 19) WAEATL woldt )
F71ES Bol ARER FFAEsyge] $3lth19, 24).
DAPIZ QA AFE9] =712 Hd HEY A7} e AR
o] M=o BIs H 30% o) ZAThp<0.001). o] A BE=
o] E7|Z Hgol Histe] 7189 S E3RF o= U
AN At AR dsstr] Wil Aes AdEnt A
717} & AEE w4 f7180] AEFo R AeE= HlEo)
EForma A3 RABC AET2 A209] s Hass =
o}lxAl Ht}. Sung (24) RABC FAdA AEure] F4£9
FAlTget NAZAFGATS7E 718 4332 1000)
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ololn]. RABC AJEute] ZAM|TF4DAPIH)E 1.50x10°
cells/mlo]2}al 1Tk Table 4= 17l AM8-%E A209} RABC
IAo XD 0HE AARE TS5 ¥l otk A
HHE o2 RABC 37g¢] A2009] Hlsl] SH&E AAFEC] &
FIthe RS & 4 Ak o)A RABC 49 AE
3z 7l 7IEE RAolmE1l) s 74
ke 8 AldaFel tigk sk vl FQ3)th RABC &
< ol&skeE EAISHA(19)9F & AR A =5
(24)°141 RABC BE7te] S&5F T2t Bacillus = 2
7} 10%, 10’ CFU/ml %22 =}o]7} ¢i3ich RABC #7349
AETre] agdMTTe] vlEe dvld TEelA 32%
(Table 1)©]3, PCR-sequencing®|*] high G+C%l Actino-
bacteria®} low G+C2) Firmicutes® A G7|1A49] 23.8%
(Table 3)Z 2 27} gle e & 5 Aok

Jeong 5(9)2 HA =FH5E *JE|SH= pilot plant 5
9] RABC 33L& 745+ AEZol thg+ 27F-785R primer
HEE o83k 16S tDNA @7IME EAolA, Hikzoz
Bacteroidetes®| 3= Aol 71 %3k, Betaproteo-
bacteria, Gammaproteobacteria, candidate division TM7 &
o] $-3lar irkar Hasle). Park 5(19)& TSRS A
2]5h= RABC 49 &8s 745k oHT= Ak 1l
F7IH vl IS Bl ek, TiotE TR
B2 Zol7t Ue-s Btk 53] HIM 7S ARESh,
A713AEIA WAEABEEMTER] Clostridia 49 $3&
BrgloZm, wge] o] AlidEc] RABC AE2] Al
A FziAA Fod FAEAYE RStk Table 32
chimera & 4] 873 G7IMES AYsta 2 A7 o
Ql =Zd4ol Uist RABC 34 AT My 725
Park 5(19)°] 73 TAISE A Esk= RABC 34 A&
utzt H)w 3k Aotk Jeong S(9)2 Bacteroidetes, Betaproteo-
bacteria, Gammaproteobacteria 5= A|¢Jsl= HFZ3 4
A& AFsHA ot HlaoA A L8t 2 A-e} Park 5
(19)2] ATFolA F5-HL NitrospiraeS$}t Chlorobi®] S+
Hgoltk. AolHoRe TAEKRAM 43.9%5 XS
Firmicutes®] W&°] T 54% 2 °F 1/92 743
WhH . EAIERROA] 1.1%0l E38FR Y Actinobacteria®] Wl
go] E=ZF5M 184%E °F 178 Z/FIATL, Proteo-
bacteria®] V&= EAIS)4] 28.6%0]H o] Z=Z|<ol
ME 64.1% 2 28] o S7FeIAT 2]l =5 AE] A
EUol| A= Betaproteobacteria®] ¥E°] 34.8% % 71 3
skal ATk

WAZARG AT HEH FRAME A8 =59
27} 2 2ols JeRALE = TAISKRAAME Firmicutes]
H]g&-o] 43.9% 24| B, ==X = Actinobacteria®l <
8= Intrasporangiaceae®] H&°] 14.0%= YERATh $hA
Jeong 5(9)2 AHAISH X5 WAISHA] RUAT Firmicutes
o] Hlgo] 10% vRke 2 Uehdth Egli 5(6)2 RBCO| A
EHo] oF 750 ume FAE AN, AAE FHCA

100-200 pm =¥ F3hstel 8714 270l Pk e
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Fig. 2. Phylogenetic tree generated via the neighbor-joining method showing the phylogenetic relationships of the RABC
biofilm clones within the Domain Bacteria based on the analysis of ca. 705 bases of aligned 16S rDNA sequences. Bootstrap
values generated from 1,000 replicates are shown at each node. Methanobacterium thermoflexum in the Domain Archaea was
utilized as the outgroup. The scale bar represents 0.1 change per nucleotide.

t} B AFoAE Table 2] U= sediments, muds, landfill
T= AYstas FrIEsA 9N, FV1EAMTE 2 T Ha
3 12%7F F7IHeE Jeldth Park 5(19)S 714N
Clostridium 4] ¥]-&°] 40.6% 2+ H sk

RABCY A& #3724 vl IEY  16S
tDNAE 283 B A9} Jeong 5(9) 122 Park 5(19)2]
A9} ZJolE Hole YJol= PCR primere] o], WYX
2b o] o, Ao Fige] Aol Fo] U F Utk
4, 23). & 79 PCR ZA3} AHEE primers 27F-1492R
%S Park 5(19)9 7 FYEA, Jeong S(9)9 27F-
758R¥= primer FollA zto]7h JUSATE HEgH WAIEA 117
£ 2181 Park 5(19)< lysozyme #2]9} bead beatingS- Al
E=3193, Jeong 5(9)- bead-beating THS ©]-8-5}T) B A

Tol A= lysozyme 2] lysostaphing ©]-8-3F a48H4 g
9} GEO] freeze-thaw WH7FA] AAI8}9]2H, genomic DNA
isolation kitol] Z3HH bead-beatingtf = J-8-3}th 18| E2
Jeong 5(9)F Park 5(19)9] ATHTE £ AgoA] YA}
7B & AEHGE Ao 2 A4Ent $YE primerE )&
3 B A9l Park 5(19)°] X3V Firmicutes 5 WAXEA}
FAATY] &AM 2olE Hol= AL, RABC 3H°] &
ATE EFUGE, Park 5(19)8 TAEEE 2 X3
oug fFYEs S HE JIE US e AdHTh
AAZ Kim¥} Park (12)2 £8A]9] 2% HI&] w2} 9]
AAELA Aol7h A5 B, Lee 5(13)2 B4EA
o tigk PCR-RFLP 4& T3l Lnksla|ego] s}sts
FAYgol vl Aol thdde] wom, FHTEIE A=
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&S EYh

AE AlTe] 16S tDNA MEZAF o= F43 Al 7he
o 2Rl &3l Tl Firmicutes 57V, Actino-
bacteria 1771, Betaproteobacteriaoﬂ &3= Dechloromonas
INE 25 23709 S80F, Al 28 F 92719 25%7F 1
HFIATE Fdel Atk (Table 2). &V AFAFAIM= 1
LBPAT Hlgo] 32% ATHTable 1).

Figure 2 R Q7|MEETH £ A7 HEE &7
AES FYlignment)$t ol 2H4JSt AlBS+(phylogenetic
tree)©|th. A113} HO8 & uncultured bacterium <ol FA=
£ 2] oEH Y 971 EELS Bacteroidetes 153 71
Alerh =2 Ao UEhkdth #7830 E B DNA 24
Zol| G+C Blgo] =2 aFFIATR] Actinobacteria 7
(class)®] HI&©] 18.3%<1u|(Table 3), ©] 7ol X3e ¥}
(family)S XY Intrasporangiaceae, Microbacteriaceae, Pro-
pionibacteriaceae, Z18]1l 3= & < §l= Candidatus Micro-
thrix parvicella 5-°]th G+C B]E&°] ¥2(high G+C ratio)
AldFEE2 PCRO] 2 HA] ¢d= Ao <A sd=
6), £ AP E 184% =2 =A AFHAL = o2 1
FATEQ) Firmicutes H-(phylum)& G+C H-&o] Se(low
G+C ratio) AlFRATOEA, C+C BlIEo| =& IPFIAIT
Q! Actinobacteria®te] FAF=7} =4 YE AL 1th(Fig.
2 and Table 3).

Choi 5(5)& HIF LAY Aol Algte] gl d4€
AErte] tiste] PCR-DGGEE 3394, 757<] 47
ATt AEst FPFEY BAds SRS Askth Lee
5(13)2 16S tDNA & t}o|H{2]E "= PCR-RFLP
£ st gkt Al d7IES Aeteiith Lim¥t
Ahn (152 8A4&EHA 385 ez dAadgAd A4
3= quinone®] profilingS B3t Aldwyds E43t, A
AfF o2 FRTRY AolE EastIARE 16S tDNA
e Feta Age BA4S sAle ATk Kim 5(10)2
retrofitting BNR (Biological Nutrient Removal) 34<] sl
2]l FISH (Fluorescent in situ Hybridization) 7]"H-< &
43t 298 Ad) Betaproteobacteria’} $-74°1™ Bacillus
£o] HE-2 1% viRtolgal St §- Ahn 5(2)2 B3 ¥
Aol FISHE A3t A Mld<51<] 8-60% 7} Bacillus <
Aliolgta BRusiath & ATol|A] 4883k PCR-sequencing
He FISHR HIS| A|7H vlg-o] @] E71e AR, 471
Agel] t3 25 20 24 hybridizationdl|A] A7 AA
F F2 ABSA T AV itk Aol st

RABC 349 &g 249} Q9] AA 592(5) 23} &
24 g9 Ald 2850] Bol ASd AT #¥o] 3lS e
2 vddn dst g 2l Alde] 16S 1DNASH fARE7}
95% oldelm 7P FAETE Ee 282 A0L, A03, A0S,
CO01, E09, HO5 5 % 67H=(Table 2) A 32 6.5% 5 #F
Askar Uk BoeF C02= 22t 94%9}F 92% A A}
2 24 Alie] 16S rDNASH FAR=7} 713 =3t Quan 5
(20)2> HAIAY SAWATGANA 571 H T AR

Yo} JksluAES] EXE PCRE ©]-83F ExAEsH £
02 Busiglty A7 WX 7Y Rt AlskAld
& U7l Planctomycetales®] 2:3tH25). RABC 5749 Al
T3 BYZA9E R, TAISKEAE e Planctomycetales
7t 4.4% FAESEIJAT 5T A B AdMe A
HAEHA B9kti(Table 3). 223 1 AA B- Alde] 47
AE 97% ol MY B2 AEE B fVIMES
A05, A09, E10, HO3, HI0 5 ¥ 57H&(Table 2) A +3
9] 5.4% = ZA|FATE 53] A05, E10, HO3, H109] 4714
&2 Al polyphosphate & &l s AAZ e
E4o] gl ATl 16S 1DNASE FAL= L 71 Egkon
A059} E102 96%9] FAI=S Rtk EBPR (Enhanced
Biological Phosphorus Removal) sludge -2 AlTa714<€
B A 714 Eo] A09, Cl11, D06, G11 S(Table 2)
T N2 o]EX Ql AA #HAZ 7FsAol Atk ole Al
T3] Ho 8.7%7} Q1 AAd FAZ F Jvhe o=
Epsie.

xe

2] =Z%F4E *2]3l= Rotating Activated Bacillus
Contactors (RABC) 349 A3 5443 vletslr] $sk]
aFFINTTS TATTE AFEte V1€ 1= FAYT
A2l A20 (Anaerobic-Anoxic-Oxic) 5733} B3}tk RABC
o] AEY MTATERE HHIS7HSL 16S tDNA 7]
MEAHE o83t E431th RABC 349 FAITT
o] gt THYIMTS vlEL AEN32%)4 BIs] HEFE
712(1282%) B WFEEHR|(958%) 04 #A3] F7EE W,
A20 T aFFIAITST v E7)3(40%) 9} vHEEY
2(49%) EFolA Jidoz & widt) F 97) 2ol s
sh= 92749 S8l HEHeH, o] 7kedl Hed A
Proteobacteria (64.1%)<} Actinobacteria (18.4)% 24 ©]E 2
A Fo] A9 82.5%E AABIAE 3MAZ Fol] HEH A
S WAZAFAAM TGO &3 Firmicutes (5.4%) 010
ot A% #AEFH UHA 67 & Bacteroidetes (3.3%),
Chlorobi (2.2%), Nitrospirae (1.1%), Chlorofleix (1.1%),
Acidobacteria (1.1%), Fusobacteria (1.1%)2] =011t} Proteo-
bacteria & FONME Betaproteobacteria 73 34.8%, Alpha-
proteobacteria 7 26.1%ZA] HES XIXAER3, Gamma-
proteobacteria 732 3.2%°|0tE. WAEZAZAAHFF G H]
8§ B5 19.4%2A, Firmicutes ¥ 5.4%%} Actinobacteria
9 Intrasporangiaceae®} 14.0% 21t} AstAld 2 224
7 FAE FE HE 6.5%, J5HM T AHE FE vE
54%5 71540 2N F7|9dA B o AATEE 7 Al
3ol RABC A&l Bol A2lakar slel SR1=3]th
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