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16S rRNAS] terminal restriction fragment length polymorphism
(T-RFLP) #4192 A3t Ehof ofs) A 2] 7|9 A 5
2eke] dvke: st 45k WHe g, e terminal(s'
W 3) restriction fragment (LRF)7} &4 /778 tiEsl=
ot} o2 <lsl &A1), EXE), FA(18) 5 E3e
A A FAE FAFE nAE 29 HAAF BAa A
2 B0l 7Rt (13, 15).
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Fig. 1. Scheme of Biological Nitrogen Removal (BNR) systems. (A)
An advanced treatment system with plotting media; (B) Nutrient
Removal Laboratory (NRL) system; (C) Operating strategy in the
rumination type Sequencing Batch Reactor (SBR) system. Check
marks indicate the sampling sites of nitrification reactors.
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TG MR EE Tl A EE AHAH

ANFAT Age] A2 F238k7] 918t Miler 5(17)9] bead
beating *H-& the-t 2ol W3t o] g3lch WA diEe
(14,000%g, 108, 402 =3 A5} FA A2 01 mm
zirconia glass bead (Biospec, USA) 0.5 g, phosphate buffer (100
mM NaH,PO,, pH 8.0) 300 ul, SDS solution (10%[wt/vol] SDS,
100 mM NaCl, 500 mM Tris-HClI, pH 8.0) 300 ul, chloroform:
isoamylalcohol (24:1) 300 plE 3L, microtube mixer (TOMY
SEIKO, JapanyS ©]-83l] 5% 59t bead beating SMH T 4]
E2](14,000xg, 15%, 4°C) & F, F5HE FH3to] phenol:
chloroform:isoamylalcohol  (25:24:1)¥}  chloroform:isoamylalcohol
Q4D AR 7 13 A=A FFA S 7 cold
isopropanol®} sodium acetate (2 F%= 0.3 M)yZ J71813L 20
°CollA 2413t o] WAkl kS AT Y Ed
(14,000xg, 308, 4°C) 3+ ¥, ol&-&5 AHslaL H=AA it
ARES AU} 28 A2 TE $F-E4(10 mM Tris-HC,
1 mM EDTA, pH 8.0) 2% =21 &, 0.8% agarose gell*] Z7]
gE3ste] #elslg o™ Ultraclean™ DNA Purification kit (MO
BIO, USA)Z A3} -20°Cell A RAslsiet.

T-RFLP E4{& 9| & e{ito|

16S rRNA 3R} S-Fof 0]-8-4H eubacterial primer= 27F (E.
coli numbering 827 : 5-AGAGITTGATCMTGGCTCAG-3)%}t
785R (E. coli numbering 785-804 : 5-ACT ACCRGGGTATCT
AATCC-3)S  ARE3FETHT, 12). B3+ Ammonia-oxidizing
bacteria (AOB)2] 165 rRNA FHx} FEol| o] &H specific
primere 27F9} Nsol225R (E.coli numbering 1225-1244 : 5-
CGCCATTGTATTACGTGIGA-3)S A3l th4). T-RF &5
£)8}a) 27F= biotinylated primer (27FB)YE ARE-3}{t}. PCR Hb
SE9 2L 1X ¥HEH(100 mM Tris-HCl, 400 mM KCl,
1.5mM MgCl, 500pg/ml BSA, pH 8.3), 160uM dNTPs, 0.3
uM primer, 538 WAk10-100 ngu)Z 1.5 unit®] Tag poly-
meraseS 713l ¥ 50ue] EFES HEUTE PCR §REE
AL 95°Col A 37t 7] GA=Ig &, 95°CelA] 30%, 785R
primers 58°C, Nsol225R primers 52°COlA 303, 72°ColA 1
4 303 whEa)al, vpx|gtols 72°ColA4 1027 A3 3 vt
S8 FUAZAY. PCR producti= 0.8% agarose gelollA] A 714
F3te] 301519 2™, Ultraclean™ DNA purification kit (MO
BIO)E AA| F -20°Col A BE.@3kT}.
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16S rDNA T-RFLP £

PCR 4HEol AgHE4 Hoelll, Hhal (TaKaRa, Japan) 5 unit2
Z}7} A7kt 37°Cel A 5AIZE E1F §REAIZTE A FHE A 9
8] Aer® DNAOI 0.5x SSC E8H(75mM NaCl, 7.5 mM
sodium citrate, pH 7.3)2.2 33] A2 3} streptavidin paramagnetic
particle (Promega, USA) 1x SSCE FH7lste] ALoA 108
EoF WSAIAT  Magnetic stand®E  E|E  streptavidin
paramagnetic particle® 0.1x SSC ¢h&-gd o7 43] A3 ZF,
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0.2 N NaOHEZ 3H7}ste] 5837t ¥hg-A]7]1, oAl 02 N NaOH
£ Hrlske] 287 wS-AIZI 0 24 biotin®] B2 single-stranded
DNA T-RF (ssT-RF)¥-& 3]573}51t}. 25% NH,OHE 3 65°C
ofl A 1087 WHEAIAA] streptavidin® ZHE DNAS EEA1F
o} A2 (14,000xg, 48, 4008k FFAT FHIF F, 208
B¢ AF Az dRUols AASIHT. TRF profile 6%
polyacrylamide gelollX] #7195 3t 215ttt A& 3 uet
loading dye buffer (95% formamide, 10 mM NaOH, 20 mM
EDTA, 0.02% bromophenol blue, 0.02% xylene cyanol FF)
L5 WE 4of 38 BRF 95°CollA ¥ Al F, daoll A3t
IX TBE $+5-8U(90 mM Tris-borate, 2mM EDTA, pH 8.0)°.
2 $+5d 6% polyacrylamide gel (acrylamide: bisacrylamide
19:1, 0.7 M urea)oll A 1,900 V2 Haelll 2{2|A] 3A|1Zt, Hhal A
22 22|13t 271953 A71%E0) EUH 10% acetic acid
2 308 59 TAHI F, 33 FFHFE 38 A -3, silver
staining solution (0.1% AgNO,, 0.055% form-aldehyde)© = 30
i B¢ G5 Developing reagent (3.0% Na,CO,, 0.055%
formaldehyde, Na,S,0, 2.0mg/MHE LA ¥ F 10% acetic
acidE Ao g w35 AAA 7L 33} FHTE 23] AH
31Tt GelCompar T program (Applied Maths, Belgium)= ©|
835} 7} TRF patternS Pearson o2 AAAAIE E43]
i, UPGMA (21) Eel9] dendrograms ZHg31$ict. 3 T-RF
7k 2 Richness (S), Shannon-Weiner diversity index (H)E A4t
BATHE).

ADL|OF &5 M2 T-RF 47| MY 24 4y

Yo} 443} Alde TRFY @M ES #4317 38l
amplified fragment length polymorphism (AFLP) S 24)& &
S84} At §2 Hhal (TaKaRa, Japan)oll &8 dv+e PCR
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AHE2 0.2 N NaOH W #Awhe Al9)slod sTRF #2195
Y3}A double-stranded DNA T-RF (dsT-RF)%HS- 3|=315ic}, &
2% dsT-RFOl| Hhal-adapterS ligationd+ ¥, 27FB2} adapter
(A2) primer %22 PCR ZE3)0} Hhal-adapter= Al primer
(5-CGATCGACAGTGTACTCTAGTC-3)9} A2 primer (5-GAC
TAGAGTACA CTGICGATCGCG-3"& 242 25uMy #H7t &
95°CellA] 102 §hE F, Aol 208 whg-ste] A|=etqant. 2
2} PCR AHEZHE ThA] streptavidin  paramagnetic particle
(Promega, USA)E ©]83}d ssTRFE EZ$ &, 6% poly-
acrylamide gel (acrylamide :bisacrylamide 19:1, 0.7 M urea,
1x TBE)IA A719d-E3le] E18ttt. 38 T-RF band= 4
H FA) visR o], @8 33 SR8 il 30°Cel
Al 1242 kA F T AEREs FHo2 3t 27F% A2
primer 2422 ZZF PCR 4AHE8 pGEM-T vector (Promega,
USAYE ©| &3} cloning 3tAT AxH &85 HIg &,
plasmid DNAE &3}9 BaseStation™ DNA Fragment
Analyzers (MJ Research, USA)E H714E& 4314

2 7
TEMZe =23 24

Al 7R BNR Al&EollA] 165 IRNA §AAE o]&35td T
RFLP 48 a4 chFig. 2). HaellS 223 T-RF profileol 4]
£ Al BNR A|&Ee] gaAge}l SAA RN BF FEoR
A3k 221 bp, FAHAI BT SHF= 264 bpe] TRFS
BASEH FAAANE o] 83 FHY reactor 49] SAA| T}
HA A 2o e 252 bpe] T-RF7F #EHATE NRL A28 7}
SBR A]2E]9) Al2olAE 219 bpe] T-RFS #3313, NRL
Alz~Ele] AA B M+ 201 bpe T-REZF #EH AT 16S
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Fig. 2. PAGE and cluster analysis of Haelll and Hhal T-RF profiles of the eubacterial communities in 3 BNR systems. NRL1S; Solution of NRL
oxic tank 1, NRL2S; Solution of NRL oxic tank 2, NRLI1M; Media of NRL oxic tank 1, NRL2M; Media of NRL oxic tank 2, R2M; Reactor 2
media of an advanced treatment system with plotting media, R4M; Reactor 4 media of an advanced treatment system with plotting media, R4S;
Reactor 4 solution of an advanced treatment system with plotting media, R2S; Reactor 2 solution of an advanced treatment system with plotting

media, SBRM; Media of Sequencing Batch Reactor oxic tank.
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RNA @714 € database®] ALEE 48 A ofsld 204
bpel T-RF<= Nitrospira, Desulfotomaculum, Hydrogenobacter &
o] gy BEFToA BEo] y}5EA, 252 bpe T-RFE
Acinetobacter, Chlorobium ZI|A A4do] 713814, 221 bpe] T

= = Nitrosomonas, Azoarcus, Burkholderia 5°) E3H
B-Proteobacteira®ll A &Zo] 7153l 219 bpe] TRF=
Nitrosospira, Aquaspirillum, Comamonas S°] XTH B-
Proteobacteira®} Firmicutes A 2ol AAJo] 715814, 201 bpe
T-RF+ B-, y-Proteobacteria, Bacteroidetes, Planctomycetes 7] €
o] FUTE BRwolA o] 7hsict

HhalS X213t T-RFs profiled| A= Al BNR A|:Rl2] 8-oA|
29} PRAFoll M EF 364~367 bp, 205 bp, 116 bp2] TRFE
HFH T FARE o] 83 AlxHle] HAARNAE 197
bpe] T-RF, NRL A]Z=8 9] A|8XE 565~568 bpe] T-RF7} T}
E A2Ho A B} & HE&E Ex819 0k NRL Al2=Ee] A
oA 151 bpe TREZ} BEHATE 565~568 bp] T-RF=
F 2 PB-, y-Proteobacteria, Firmicutes 5|4 #&o] 7}58hH,
364~367 bpe] T-RFE B-Proteobacteria, Actinobacteria 5-olA A
o] 7Fs3lth 205 bpe] TRF= P-Proteobacteria, Pseudomonas,
Firmicutes, Bacteriodetes’} ¥3Hd EFaollA T&E 4= 1,
197 bp] T-RFE Brevibacillus, Flavobacterium, Pirellula 5o1A
A2do] Jbssith 151 bp® TRFE  Cardococcus, Frankia,
Paenibacillus 54 ##&o] Jbssla, 116 bpe] T-RF=
Lactobacillus| X1 A8730] 71581t} Haell$} Hhals X 2)819L
u) 3507 #E 713 FF2 Nitrosomonas, Nitrosolobus &
o] otrifo} aksl M|F3} Algaligenes, Aquaspirillum, Comamonas,
Clostridium, Dechlorimonas, Pseudomonas, Rhodococcus, Thiobacillus
So FAoIA. Wb ol AeESEAN £ FEO
2 EAEie F8 73S A8 e ERwelEt 44
Haelll$} Hhats 21215 A89] TRF paterns T4 3 2
M(cluster analysisys 3+ 23}, Z} A28 H2 FEEE AFE

BNR system®] Mlit 73 24 29

o)A tHFig. 2). 53] S g9} FAAEE 27 YHIUT
FodAAE o] &3 Al Y B9 BAAET} 589%] FAKE,
SANEE 287%2] FAIEE HYlom PAA R} SAXFE
21.1% oA 3hve) JAE FASIAT o]¢9= 9] NRL
A2=Hle] A9s GAAET} 554%2] FAEE Holm ©A &
AoH 126%2] FEAA FAAET FH 74 Al2Fe T2
AZ"HHge w3 FARE BHFoH, o|8 B3 Z} BNR
AlzElol] metr FLS Hvt FHEHASNE Bl A2
o0& Al o F2E 348 o, & Al2E YeXe
SAA R} FAANE = MZ O 7 FRE Hole A
S IR 4 AT

TRF pattern$ ©|-83ld T3 thFaS AL th(Table
1). & T-RF9| “(richness, Sy Haelll profile 21~3270, Hhal
profile 20~3270 9.2, A A S*(Shannon-Weiner diversity
index, H)= Haelll profile 3.72-4.84, Hhal profile2 4.03-4.72
2 UERITE Heelll profile®] 73-% 2+ ¥18-7]9 £YA|Z7 &
AANERT O £& O AFE BJom, FdAAg o] &3
A|2~®9) reactor 29} NRL A|&=®9) oxic tank 1 A8+ 22}
T Zdol] $x|3t reactor 49} oxic tank 2 A|EET}F U] &
tloRd X2 B Hhal profile®] 759 Haellldhe 29 &
AAS7E EHAEHT O 5o O Aes BT, 24
E 0|83 Al=H reactor 29] BYAEE AQJelue T
9] ¥he2It o] & b A5 BAnk ok Aot 7
¥ AET NRL Al2=" oxic tank 29 SAAEGS, 7P @
& AB= BAAAE o) 83 A2H reactor 42 SFAAEHT}
Haell$} Hhal®] TYFY Ape] Hoighs 29 dozE
o] 83k A|2HLe §AA S o} FAAF Ale)e] Thdd Agee] A}
o7} Z1 oM, reactor 27} reactor 4 BT} 5 TR X2 H
Ak NRL Al2~H oxic tank 1S §HAAE7} BAAEHT B2
g A48 RYOH, oxic tank 25 -EHA B} A F A
olell HTHE Ao)F HolA] it HAHR] I AE Ml

Table 1. Diversity statistics calculated from Haelll and Hhal T-RF profiles of the BNR system samples

Sample® Parameter
Haelll-S° Haelll-H° Hhal-S° Hhal-H* Average-H
R2S 32 4.84 23 431 458
R2M 27 4.39 22 411 425
R4S 29 4.67 20 4.03 435
R4M 21 3.99 24 429 4.14
NRL1S 23 4.16 21 4.09 4.13
NRLIM 24 3.98 30 4.65 432
NRL2S 21 4,08 26 438 423
NRL2M 22 3.72 32 472 422
SBRM 23 429 27 4.51 4.40

*Sampling site : R2S; Reactor 2 solution of an advanced treatment system with plotting media, R2M; Reactor 2 media of an advanced treatment
system with plotting media, R4S; Reactor 4 solution of an advanced treatment system with plotting media, R4M; Reactor 4 media of an advanced
treatment system with plotting media, NRL1S; Solution of NRL oxic tank 1, NRL1M; Media of NRL oxic tank 1, NRL2S; Solution of NRL oxic
tank 2, NRL.2M; Media of NRL oxic tank 2, SBRM; Media of Sequencing Batch Reactor oxic tank

PRichness (S) = number of distinct T-RF in a profile
“Shannon-Weiner diversity index(H) = -Z(Pi)(log,Pi)
Pi is the proportion of an individual peak height.
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wdf R, SBR Al2Elo] thE Alx"lel] BlE|A ThEY A7t
7V 234, NRL Al2]-e 71 whe vk 25 Ryth

Lot &5 Mo 28 24

FE o} 23t Ao AFTFRL B2 95l 27FB
primer®} Nsol225R specific primerE ©]-8-3}UhFig. 3). T-RF
patternS 413} A3} 565~568 bp, 364~367 bp, 205 bp] TRF
€ AZAT T A dEYol Ak Al 77 B4 T3l
A BE oE QYW Fo PR AMSEES U
= F8 Alg THo)E AZEth vhHol| Actinobacteria A Eoll
X ABA 71e e 442~446 bpe] T-RFS} Cardococcus, Frankia,
Paenibacillus®l 2J3} #& 7153 151 bpS] T-RF= NRL A)2
oyt BA= ) £3] 151 bpe] TRFE JIFATY FHS
EA9E ol = NRL A"l et 328 4= 09 #3ol
ok gkEyol kg M 73 #4& B #E sbedd 4
TRE FAAE o]-&3F A28, NRL AlZ:5l, SBR A28 <]
gAde] TRANA ZZE 19.03%, 21.48%, 23.85%] HlE&-S
b o=

@714 E £40] 7F53 TRELP WS o]-831] Al BNR A
2eox FEHoZ 31E 565~568 bp, 364~367 bp, 205 bp,
NRL Al2519] 151 bpe] bandE geloll A EElste] G794
4 S ch(Table 2). 7L A3} B AE o83 Al2H] reactor
29] BAAF 2] 565 bpS] T-RFE Aquaspirillum™ 94%, 364 bp
9] TRFE Nitosomonas$t 98%, 205 bp2] TRFE B-
Proteobacteria A€ 2] uncultured eubacterium3} 94%2] FALEE
Zke Mgolzith. NRL Al2=®l oxic tank 1 BH|A|E] 568 bp
9] TRF= uncultured beta proteobacterium™ 93%, 365 bpe] T-

= uncultured bacterium™} 94%, 205bpS] T-RFT= Aquaspirillum
3 84%, NRL A&l wr #-Z=HAE 151 bpe] TRFS
Cardococcus®} 95%2] FAIEE Zte Aol SBR Al2H]
DA A5 568 bpel T-RESF 367 bpe] T-RFE Nitrosomonas
sp. JL213} 94% ©)/g, 205 bpS] T-RF= Nitrosolobus multiformisSt
100%2] FALES ZHe A gelitt GV IXE £4 23 dry
of Ak} Alrrolzt S YY TRFE ZH= Al BNR Al2d &
o/l SBR A=l FdoAE o83 AlLwelAvt
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Nitrosomonas, Nitrosolobus &3 A0 A17 A& Adoe] deln]

k.

I

]

T-RELP EA4WH-e nldE 3o 72 B8 93 &4
B o R HI7HAE Aldayel Al Bol o8
ATH23). Regan S(20)2 nested PCRS ©]-8-3} T-RFLP W&
FEEHFEAA FRYol Akst Al NitrosomonasS:
Nitrosospira AFe19] T3} ofd4l A&l Ml Nitrobacter2t
Nitrospira®] 730l ®1738la1 33|zt ¥ uskal gt

£ AFolA= Al 72 BNR Al2glolA] Zakeikg-5 o
7l Bz AAshks M o3 FRE A8 9t
TRFLP W& o83t 4 23, Haelll9} HhalS *2]SH
2N FEoE AF Ve F FHS Nitrosomonas,
T gRYel ksl MEFH Algaligenes,
Aquaspirillum, Comamonas, Clostridium, Dechlorimonas, Pseudomonas,
Rhodococcus, ThiobacillusE. XY Clostridium™ Pseudomonas
E A9)3le TF B-Proteobacteria ol &3l AL <
T 9lelth Fig 2. 93 BAL FalA & & Q5e] AdE
A7k Bgol B A WAl olo] ol A4 83
o] ®izlo] weix MZ T2 F3o] Aol 7t AlAY HE
TEE AT B3 A Feke] whg3o) afo|uot SS9}
HAA 8 ALelo] zpel7t B e ol & A AT Ff
37 Al 3rel 23 Apolvt o] A7) wiEo)2} Az

Tsuneda 5(22)° ©/3lH DGGE HE ©]-&3 aerobic
upflow fluidized bed (AUFB)o|A 2] A3 HS 4 3 A3
Nitrosomonas®t FAFGH Aldte] $¥t Bugk v a1,
Kindaichi 5(10)2 ZEAkgwkgo]  dojube  biofilmell A
Nitrospira, NitrosomonasS} +AY8y Alio] Zvz} 39%t 25%S
A8k S8 Wl Ak dth B ATl A% 27F9F Nsol225R
primers ©]8-3l T-RFLP WHPH-S B8+ hxuo} 413} Allete]
THTEE B8N HFig. 3). 3 23, HhalS 28§ 2A4A
ool 4 E4& B4 & ¢ ARG Al BNR Al2ElollA] &
A S 565~568 bp, 364~367 bp, 205 bpe] T-RF= ¢H=uio}

Nitrosolobus

Table 2. Phylogenetic diversity of the nucleotide sequences of T-RFs identified by BLAST search

Sample®  Length of T-RF (bp) Closest Microorganism (accession number) Similarity(%) Phylum
R2M-1 565 Aquaspirillum arcticum (AB074523) 94 B-Proteobacteria
R2M-2 364 Nitrosomonas sp. 1s32 (AJ621027) 98 [3-Proteobacteria
R2M-3 205 Uncultured eubacterium clone from the denitrifying reactor (AJ412627) 94 [3-Proteobacteria
NRLIM-1 568 Uncultured beta proteobacterium clone from the river (AJ421928) 93 B-Proteobacteria
NRL1M-2 365 Uncultured bacterium clone from the groundwater (AY662045) 94 B-Proteobacteria
NRLIM-3 205 Agquaspirillum serpens (AB074518) 84 B-Proteobacteria
NRLIM-4 151 Cardococcus australiensis (AY007722) 95 [-Proteobacteria
SBRM-1 568 Nitrosomonas sp. JL21 (AB000700) 94 B-Proteobacteria
SBRM-2 367 Nitrosomonas sp. JL21 (AB000700) 98 B-Proteobacteria
SBRM-3 205 Nitrosolobus multiformis (1.35509) 100 {B-Proteobacteria

*Sample: R2M; Media of reactor 2 in advanced treatment system with plotting media, NRL1M; Media of oxic tank 1 in NRL system, SBRM; Media of

oxic tank in Sequencing Batch Reactor system
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Fig. 3. PAGE of the Hhal digested T-RFs of ammonia-oxidizing bacteria.
Lane M; Size marker, 1-1; Reactor 2 solution of an advanced
treatment system with plotting media (R2S), 1-2; Reactor 2 media of
an advanced treatment system with plotting media (R2M), 1-3;
Reactor 4 solution of an advanced treatment system with plotting
media (R4S), 1-4; Reactor 4 media of an advanced treatment system
with plotting media (R4M), 2-1; Solution of NRL oxic tank 1
(NRL1S), 2-2; Media of NRL oxic tank 1 media (NRLIM), 2-3;
Solution of NRL oxic tank 2 (NRL2S), 2-4; Media of NRL oxic tank
2 (NRL2M), 3; Media of Sequencing Batch Reactor oxic tank
(SBRM). Asterisks indicate lanes that nucleotide sequences of major
bands were analyzed.
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ABSTRACT : Structure of Bacterial Communities in Biological Nitrogen Removal System
Kyung-Mi Kim, Sang-Ill Lee!, and Dong-Hun Lee* (Department of Microbiology and the
Biotechnology Research Institute, Chungbuk National University, Cheongju 361-763, Korea,
'Department of Environmental Engineering, Chungbuk National University, Cheongju 361-
763, Korea)

To understand the efficient process of biological nitrogen removal (BNR) system, the structure of bacterial com-
munities in nitrification reactors was analyzed using PCR and terminal restriction fragment length poly-
morphism (T-RFLP) methods. In this study, we used an advanced treatment system with plotting media,
Nutrient Removal Laboratory system, or the rumination type sequencing batch reactor (SBR) system. The ter-
minal restriction fragments of ammonia-oxidizing bacteria (AOB) and other B-proteobacteria were observed in
all of three BNR systems. The nucleotide sequence analysis of terminal restriction fragments showed that
Nitrosomonas and Nitrosolobus were major populations of AOB in SBR system, whereas uncultured [-pro-
teobacteria and Cardococcus australiensis were the predominant groups in other two BNR systems. Also the
SBR system may be more efficient to enrich AOB. These results indicate that the different structure of bacterial
community may be developed depending on the wastewater treatment systems, although the same influent is
used.



