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This study was performed at 2 sites of Nak-Dong River to investigate the changes of nitrifiers depending on the
presence and absence of organic pollutants (due to the effluents of domestic wastewater treatment plant, WWTP).
Conventional chemical parameters such as T-N, NH4-N, NO,-N, NOs-N were measured and the quantitative nitrifiers
at the 2 sites were analyzed comparatively by fluorescent ir situ hybridization (FISH) with NSO190 and NIT3, after
checking the presence of gene amoA of ammonia oxidizing bacteria (AOB) and 16S rDNA signature sequence for
Nitrobacter sp. that belongs to nitrite oxidizing bacteria (NOB). Also o-p-y-Proteobacteria were detected using FISH
to get a glimpse of the general bacterial community structure of the sites. Based on the distribution structure of the a-
B-y-Proteobacteria and the measurement of nitrogen in different phases, it could be said that the site 2 was more
polluted with organics than site 1.

Corresponding to the above conclusion, the average numbers of AOB and NOB detected by NSO160 and NIT3,
respectively, at site 2 [AOB, 9.3><105; NOB, 1.6x10° (cells/ml)] was more than those at site 1 [AOB, 7.8><105; NOB,
0.8x10° (cells/ml)] and also their ratios to total counts were higher at site 2 (AOB, 27%; NOB, 34%) than those at
site 1 (AOB, 18%; NOB, 23%y). Thus, it could be concluded that the nitrification at site 2 was more active due to
continuous loading of organics from the effluents of domestic WWTP, compared to site 1 located closed to raw
drinking water supply and subsequently less polluted with organics.
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At 232 3l A EA5ks f F718S ohdsh
¥ W 2 AR AY Solelol@ssimilated) 4H9] Qe
A BEY BEE 7Fs5HA st= B £3H9) o7} AH(microbial
loop)olch. A2 F-4E 24 3FE A Aol s gy
ol2 Hal® F, ZA3IA|H(nitrifying bacteria)o]] &3 AArgo
2 AH3tE o] AR (nitrification)Z 2T@A ol A4 dojut
=9 &A1 Nitrosomonas sp. 5 YXEYo} AFSkA|w(ammonia
oxidizing bacteria, AOB)°]| 2|3} AL oKNH3)7} oF-AHNO,)
o2 A3lEl & Nitrobacter sp. 5, oF&AF AFSEA|+(nitrite
oxidizing bacteria, NOB)o]| &]3]] AALS 2 ASLE th(Wagner et
al., 1996; Kowalchuk et al., 1999). 18| dALE0 FHS
G3ote o] A2 =2A s 209 o) HiFaiof sk
B2 X7t &271 @& B ofujzk(Belser, 1979) v ol <A
o QA7Ea Eg ) AR AL A 2UTEE s}
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A Z3theE EAIA- o] At Amann et al., 1995, Wagner et
al., 1996, Purkhold et al., 2000; Hornek et al., 2005). Z|Zoll=

2 NS} v A 2 A3l g 9% fluorescent
in situ hybridization (FISH)Z} polymerase chain reaction-denaturing
gradient gel electrophoresis (PCR-DGGE) &, Z3}A|«o] 714
gAgR DA EANBeY AT/ES A ga
(Glockner et al., 1999; Kim et al., 1999; Kowalchuk et al.,
1999; Cebron and Garnier, 2005; Hornek et al., 2005), a|oF
(Glockner et al., 1999; McCaig et al., 1999), E ¥ (Degrange and
Bardin, 1995; Stephen et al., 1999) 5-2] A A & o2}t
1F2 2 A A QL 3k 2 A1 ¢] &2 R (Liu and Capdeville,
1994; Wagner et al., 1996; Schramm et al., 1998; Purkhold et
al., 2000; Regan et al., 2003; Hornek et al., 2005; Park et al.,
2006)0l| 4] 7|&2] AstAd thE ASAHFEY EAE <
S, 1 7%l B A2e Sl A wEAD ot
(Amann et al., 1995; Schmidt et al., 2002; Madigan et al.,
2009; Winkler et al., 2012).
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Table 1. Monthly average of effluent from Dalsuh-Cheon domestic wastewater treatment plant in 2010. Korean standard limit of treated sewage

effluent is represented in parenthesis.

mg/L BOD COD SS TN TP
Feb 4.1(<10) 13.2(<40) 2.8(<10) 10.66(<20) 1.06(<2)
Apr 4.0(<10) 14.8(<40) 3.2(<10) 12.20(<20) 1.00(<2)
Jun 2.4(<10) 17.6(<40) 2.2(<10) 12.38(<20) L11(2)

(Daegu Metropolitan City Facilities Management Corporation)

E3t kol Ast 2Hgo] 57] PRI Lofurcka <
A Elojgrort Aoz 1 Q¥ gk jole] kst @714 &
2 FAta(anoxic) B A= 7HsRo] 455 ATHSchmidt et
al., 2002; Madigan et al., 2009). =, Planctomycetes Aol <3}
X Brocardia anammoxidans S A2 ‘anammoxosome’ |2}
= A&u F2E| gEYote} opalito] FET L, o}
7} s|E8 4ot s1=akzl 5] FHAL AREE AA AaTts
(N2 E 41351} o]¢} -2 F7]|A ol A] grujolrt 4tsts|
+ ‘anammox (anoxic ammonia oxidation) 22 o= 4l 3o
H4% 32 ol 22 5 ot} ko] FEIE B
= @713 oA dolut e davt AA(Z2 42
Ao 2 A= H(Schmidt ef al., 2002; Madigan ef al., 2009).

] Yo7} ZZofl+= Crenarchaeota (&, phylum)o]] £3}= 31
At FolA = GHU oS ASlsH= Ala{AOA, ammonia-oxidizing
archaea)o] WAL UTE ACAZL B, 3% 5 A e A%} 5t
T Ao g EAte A2 EAVHY AF= W HA
(Park er al., 2006), o}&] 1E2] tHAFE 2 AEF 7]5of of
gk oldli= £E53 Aot You et al., 2009). T2{Ut o] 5 EZF A
BjA| 9] Do) 7)ofske vt & A2 2T Yitk(You
et al., 2009). o} oA oll= 3181=2 % YAl (chemoautotrophs)
qho] Aspa-8-5 sttty g et 2efolle 2
o7 dHA Q= Pseudomonas sp., P. faecalis, Alcaligenes
faecalis 59| TEHJENTFE o3+ A 3H2H-E-(heterotrophic
nitrification)2 3ttxl R 1% 11 9Jth(Anderson et al., 1993,
Liu and Capdeville, 1994). = Ex}7]o] A AFo] =
Hojl et o= ERE AA ¢8| Tosts A 7
% 712K (mechanism)]] th3fl o]s}i5}7] A|ZH3HTE. ERE 7]E2] Hl
FIH o2 AAA ] EAste Al 5, =31 GRS Tt
3 4= Sl Ao R FAE ) weHAmann er al., 1995) A=
Aol 7H SRR RE thekst B4 7| o2 B4 sl
O] AAIE FHst=t o] BN &R AFAT =] AR 4
X 8l= 9= Qlth(Stephen et al., 1999; Hornek et al., 2006).
A2 Stephan 5(1999)2 dHYo} Akl f4-Q1 ammonia
monooxigenaseS YE 3= amod SRR FREZE EGO| A4
she shmuol s} AlZe] F5E 2AET T =gl
Eo| 2 M3t AoR 4 A Nitrosomonas sp.a-= §l
1L Nitrospira sp.¥to] EA¢tt= 238 =&ttt 18
Hornek 5(2006)2 amoA G- A}2] ZZo]| Stephen 5(1999)0]
ARG 5 primere] A7) E-E A7 HEPS| ARG O EHN T
et Nitrosomonas sp..= 5 ¥ &2 XA HEE = U
I Bstgnt. ol @A A AT ZdTA = B

o] ARg 270 whet Aot AE EET s JouR ¢o
2= A Aol =YEE ket Ex71 AAo et B
AFEE FI8) A Y-S ZEFdoF & aio] IS
AJAFsEaL §lot.

x| £ Aolits ARl At o2 4= Nitrosomonas
sp.3} Nitrobacter sp.2] ZX4-55 PCR-DGGEY Lo 2 HAZ=3%H
2, 5714 &8 =T OE 29 Y5t =FolA ol& At
Aldt4=9] Zpol& FISHY S 2 H|w stz sttt o]& )
7Moo g2 & AA(T-N), §rUold AA(NH.-N), ofdig 2
2(NOx-N), A4 24 (NOs-N)9| o]3}shaQl 848l &
Ao el =<2 AgkA Q] AlFEAQl =2 JAs7] ¢
3 Al FE BESH= o-B-y-Proteobacteria Ald-+ 7%
ZAFEHA T

~
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Fig. 1. Sampling sites. Site 1, Gu-Mi, is located near raw drinking
water supply and site 2, Dae-Gu, is the water zone loaded by organics
from the effluents of domestic WWTP in Nak-Dong River.



Table 2. Primers used in this study

F71E2H fol whE AepAlat et 139

Target organism Primer Sequence (5'—3") References
amoA-2R CCCCTCKGSAAAFCCTTCTTC Rotthauwe et al. (1997)
AOB amoA-1F GGGGTTTCTACTGGTGGT Stephen et al. (1996)
CGCCCGCCGCGCGLCGGCGGGCGEGGGCGGGGGLACGa
amoAlF-GC GGGGGGGGITTYTACTGGTGGT Stephen et al. (1996)
N ’s”‘éi’i"gf’ FGPS1269 TTTTTTGAGATTTGCTAG
Ni P b Degrange and Bardin (1995)
itrobacter FGPS872 CTAAAACTCAAAGGAATTGA
non-specific
M= 3 gb DNA #&: A3 HE X4=% A& 1,000 ml filter oY
02 =271 &, Qiagen DNeasy kitE 0]-25}o] DNAE F£3}
EIE Sk Al 21e] 25 5 o}2L AAsH7] 915} Whatman No 4

R4 20109 295E 20109 687H4] 2744 vkt % 33),
2 FAF Aol ANSHETE 24 A Al A 1 (F
o], $ARDE AU5E H45He AFHANA S km o]
Yol $Ixstaz vad 4712 o 7hsAo] AL fejoln]
A3 2 (7 AR ASEE A s THALME0
gk £/2, Table 1)) BT GUHE 28, RIS
BEN I, d5A] AR AT AR $714 290

A Sofoltt.

F 5 AFAR YA 24151 pH meter (Orion Research Inc.) 2
248190k Eak oAe) § § 2ol T2 570 Aok W
81 cloby] $18) $ AATN), FEUoks HANHN), o
A1 AANOAN), H4H AANON)Y FEE 4809 F
AAIE v (Minister of Environment, 2009)9]] &3l UV-VIS
spectrophotometer Optizen Series (Mecasys Inc.) 2 Z73}gc}

MR § M7 2ETRE =M

7178 L AL AYAA BR) ool IE ATHA|
T FHIE 2AY] Y 22 A2 AEE Askgof Ty
Sk AR ot 43} Al 9 obd4t Al AlotE A - AgH e
2 BAIGh o8 L A=TH Aoldt T 99 AR QL Al
A Blwsty] Qe A AlFEHEAA & HS5E AR5k
- B-y-Proteobacteria Nlxt--3 & A= AT

ABAZe) 55 TeUE I PCR-DGGER: Fmijors
obisteE AShAIE QrEUo} AshilEe] EASH: i,
ammonia monooxigenaseE YEIH= FHR AU amod
(Rotthauwe et al., 1997; Hornek et al., 2006), o}&AF ASHA| o
of 24 75 s el 2 A7l A &3 DNACA 16S
RNA 5 E7% 7|34 € £ 9(Degrange and Bardin, 1995)& &
Z A7 PCR-DGGEE A18)5}9 1(Table 2) HAIE WHi=9] 7]
AES E4% 3, 1 A3 NCBI database (http://www.ncbi.
nlm.nig.gov) & ARE-3| 54521, MEGA4 program-2 ©|-&
3] phylogenetic tree S ZHAJ 31Tt

filter-paper2 -4 oJ7}3t A| &S ISOPORE™ MEMBRANE
FILTERS (0.2 pm) 2 IA|A A 1}R]of -2 F{-50]| 4] DNA
£ FEI3ch

Polymerase chain reaction (PCR): ¢t&ujo} Aks}h A|of
9l ammonia monooxigenase A (amoA) AR Of-35H=
primer8l amoA1F2} amoA2R primer (Table 2)& o|-&3) &
= DNAE FE3}9t} oJuf] AME-3l forward reverse primer2)
Fr= A 2AF F2HYE 272 10 pmole©]| 12, PCR mixture
+ Taq 1.25 U/25 ul, dNTP Mixture 0.4 mM, PCR buffer-20
mM Tris-HCI (pH 8.3), 100 mM KCl, 3 mM MgCl, 2] premix
Taq™ (TaKaRa)o|t}. 18] ZZof 243t PCR 242 95C,
287} pre-denaturationg A3Y3t &, 3535] A4 denaturation (9
47T, 30%), annealing (53C, 14&), elongation (72°C, 1&) A
2 312 Z2AA QI elongation 72 °C o] A 887t 3} %ict.

oh&e| F Hof| 44 553 DNAR PCRE =3§513l =1 12+
PCROJ| A= GC-clamp”Z} Qi+ forward primerE AMESHE O,
DGGEZ $=3)3}7] 93t 22} PCRO| A= 5’9 GC-clamp7} 323+
= forward primerE o|-&3}c}.

Denaturing gradient gel electrophoresis (DGGE): 22}
PCR product® DGGEE £=85}51t] 48 2AL 1X TAE
buffer7} Z3H5 6% polyacrylamide gel [20 mM Tris acetate;
pH 7.4, 10 mM sodium acetate, 0.5 mM sodium ethylene-diamine-
tetraacetate (Na;-EDTA), 6% acrylamide stock solution (acrylamide;
N,N’-methylene-bisacrylamide, 37.5:1, w/v] || urea®} formamide
(40-60%) 9] HAAE 23X F . o|FA A2H gel9| running
buffer2 1X TAE buffer® AR} DCode System™™
(Bio-Rad, USA) 2.2 DGGEHE =332, o]u] running buffer
9l 2l 60TZ SAEAT 60 VoA 600E7t running 314
t}. o] % 4/ gel€] bandE Z|H elusiondte] G714 E &
9)F5}4 1 11 A7E EU)E NCBI database (http://www.ncbi.
nlm.nig.gov)E ARES] 543192 H, MEGA4 program S 2
phylogenetic tree S 233}t

FISHYC 2 A3 9 AFwA: dmyof 45t Alatel
Nitorosomonas sp.2} o}&AF AFst A2l Nitrobacter sp. 18]
I a-B-y-Proteobacteria N2 3715 A3 Y3l
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Table 3. Oligonucleotide probes used for Proteobacteria and nitrifying bacteria by FISH

Gene probe Probe sequence (5'—3") Target site” Target organisms References
ALF1b CGTTCGYTCTGAGCCAG 19-35 a-Proteobacteria Manz et al. (1992)
BET42a GCCTTCCCACTTCGTTT 1027-1043 B-Proteobacteria Manz et al.
non-GAM42a used as competitor together with BET42a (1992)
GAM42a GCCTTCCCACATCGTTT 1027-1043 y-Proteobacteria Manz et al.
non-BET42a used as competitor together with GAM42a (1992)
NSO190 CGATCCCCTGCTTTTCTCC 190-208 ﬁ;lgr?:‘a"’x‘d‘mg Wagner et al. (1996)
NIT3 CCTGTGCTCCATGCTCCG 1030-1047 Nitrite-oxidizing bacteria Schramm et al.
CNIT3 used as competitor together with NIT3 (1998)

* 16S rRNA position according to E. coli numbering

FISHY & ofefje} o] 5tqirt.

A2 317: ZF oA ZFeE MRS SA] 4% paraformaldehyde
SHA TGN = 3:1) 0 2 4T oA 24A|7F o)A+ LPAIZ] &,
IAHH AlF, 1-5 mlE polycarbonate membrane filter (pore
size 0.2 um, diameter 25 mm)Z2 I}5}F Tt THH A2 A
T MG Aoju)7] $I5}o] 1X phosphate buffer saline (PBS)2.
2 28] o]} AT T 50,70, 0% o RHL 2 717 357 P
AT

Gene probe: £ H5Lo] Z-231 gene probe ] |74 E(Table
3)2 3+ Al Z}H(TaKaRa, Japan)ste] AR8-5151 0™ probeof <1
H3F-E2-2 CY3 (indocarbocyanine dye)©|Tt.

In situ hybridization: Z*]2] 3L 72 filterE gelatin
coated slide glassol| & &3l 9 E3lE hybridization solution
[0.9 M NaCl, 20 mM Tris-HCI; pH 7.4, 0.01% SDS, formamide
(5= ALF 20%; BET-GAM 35%; NIT3 40%; NSO190 55%)
16 pl€} gene probe 3 pl& H71s}ted, 46°C hybridization chamber
oA 90E F2 vkl ATt By-Proteobacteria E NIT3-group
Al 7% Ao mismatching & WAI347] 913} 2t2F SAT F
9] non-GAM42a, non-BET42a, CNIT3 probeE A7}3t T &4
s}l tH(Wagner et al., 1996). vj9F & w2 =R} 2T =&
L oj|A] m]g] 9 A)7] hybridization washing solution [20 mM
Tris-HCI; pH 7.4, 5 mM EDTA, 0.01% SDS, NaCl (%= ALF
0.225 M; BET-GAM 80 mM; NSO190-NIT3 0.056 mM)°.&2
filterg 1587 Al &3ttt A& &, ZAlet4(total counts)
AL 93t DAPI(4'-6-diamidino-2-phenylindole; Sigma, 0.33
ug/ml) FA-S 2057F Al3(Hicks ef al., 1992)3}9.3 DAPI &
A & F&n] 7 (Axioplan 2, Zeiss, Germany) 2 2 #2514
1 2AlE4E UV filter (G365, LP395, FT420), 71 99 Al
52 green filter (BP546/12, LP580, FT590)S A3l A4
Shc}. E3F o] BE 1172 oAl oA PRt

AN & Proteobacteria (- p-y) 9] FAldol thet vl&
AbE: ZF Aldoll Al =EE 23] 9] 794 (significance)& ¢
3 A2 o, 23 1071 o] Ao fieldseto] ERst=
HF Al Alste] Aol B MldrE 2R = 1HE313
ok E3 S Aldte] SAlESolA ARk BlE(%) GA
o3} U 0 2 AL&3LTHGlockner e al., 1999).

47 oa
olgtstHel 2

2, pH, Hae3a B0 9= FEA(T-N), NH-N,
NO»-N, NO;-N¢] £ ZA1}7} Table 4] A A= o] Qlth. =2 &
A 2iE B st A d e HRaert Y= FH 2
9] o] A 18T 1T #44& ® dxtol7} ¢lglx, 270dnqt
o ¢k 10T st FS Basd ol 712 A5 dees
Ate gt AT Y A 2= W= 8-35CaaL B
T 9="d|(Liu and Capdeville, 1994) AHE2] ~20] 2€(AA
1,47TC; A4 2, 5C)& AQstare 14-25C oA HIsIER 4=
20| AN g & FolE =HA @E Aot pH E3E
A3} glo] 7& fAsIEeng Aot A% X&) pHY 7.2-
7.8 (Belser, 1979)¢] 243tk g 4= 9k

2A%] A4 el §714 Ak, F714 A2 NHAN,
NO»-N, NO;-N & ZZ3l= F A&(T-N)= F F BFofA
7Vl FEE veti e 3Rt fYE= 9 A 2
o] EA2)17F AR 19] 2R H)g) o 28] =8kl E3] 6¥ll=
A7 A3t o T8 A 1, 2.91 mg/L; A3 2, 8.27 mg/L).
o|¢} T2 =2 FTt| WE FALY F7h= X (algae) BF
o] MY A HA 27 v dE(exudates) W 27 APE| W2
7174 A4 F71bE BRo] Y& A SR AleHr)

NH4+-N&= A3 1 (0.14-0.17 mg/L) B} sl A A4 9]
R Y5 =920 H3 2 (0.23-0.26 mg/L)oj| 4] F 21
A EAREMEY ol AA 29 JAEFHe R FUHE R
ol 23 dAaYo 8 FE7F R YoMy daolr] i Y
Zoltt.

oFFAY AANO-N)= B E9Hgste] druold A
U A4 dAR HEEE AR gA J=d(Winkler ef
al., 2012), & ZAF=Ho| A = u|gko 2 23ttt A3 1004
L 0.01-0.02 mg/L, A 204 0.02-0.04 mg/LY] T2 =
BA79) Fol = =4 gkt

whelo] 4 AANON)S A%, A7 2ol HEA]E
AHEA 1, B4 0.51 mg/L; B3 2, HF 2.31 mg/L). £3], 6
ol B3 2 (4.77 mg/L)ol A 3 1 (0.81 mg/L)Kc} 5uf o)A
9 =2 S3AE et



Aszbgol| Fofste AZAFY AAF, BHE T2
NH,-N, NO4-N 59| 5% FEFE WA =29 JF=e It
3} th(Liu and Capdeville, 1994). SN2 & A &=
£30C, A 8T oA 2L 35T of| A A2 sl 10-30 T oA
= v A 2= W3l g qiZstchal $koh(Liu and Capdeville,
1994). 2 Ao A= 28(388 1,4C; B3R 2, 50) Bt 44
A 1,14C; AA 2, 150) 6€(FA 1, 23C; AA 2,24C)9
20| A5l whet At Y] =7 ST e 2 o
2t AL A4 FE7F SR AL R Bty YAt A5
sk A 99 o7 FHA Y A A4 FEE ST
Ao A= sk HYAE Y W7t §-U5EE AR dAt
4 A2 =7 =3E AAH(Lee, 2008) 2 Aol A = A=
A4 HeF A2 90 BA 120 {7148 2 d 9 Tt A
ol A A H ) WR4T f s BA 2004 i A

£9] =7} A Vierge,

ZAL 20l Exlists ZsiMide] EF &l

5 24 3ol EAHE dmulel AR SRS Sl
s17] sl At Al=oA &3 DNAO| primers &
PCR-DGGEE 433t A1}, F A7 BFofA rU o} ASHA|
]| ZA5= ammonia-monooxigenase®]| T-8-3M= AR} amoA
£ e dEYol HF FFEL DL S Ut FHE
9] ¥7]A¥-& NCBI database (http://www.ncbi.nlm.nig.gov/)E
o183} S (identification) A3}, F HHe| FF BEAH
Nitrosomonas sp.2} 96% 2] 2 F-AME= (similarity) S YERH T

F71E2H Rl whE AsAlet HaE 141

A 20| A= F7}2 uncultured bacterium amoA gene™} 98%
O FAEE 7H A ER AEEHAY A S E&H= AT T
(species)¥t < (genus) 9] 47} 16S tRNA §-4A G714 EY
AP E 718 AHEAJ0] 7% ool T 0.2 7H5E T 95%
ojAlo|H &0 7 7HFE= A2 A7]5HH(Rossello-Mora and
Amann, 2001) £ ZAIS5Ho| A HES H+F5-L Nitrosomonas
sp. & 7FsAdol AT DA E]= o Frkal dETh(Fig. 2).
oA AFSIA| 2] 7490l = Nitrobacter sp.2] 16S rRNA £4
713X g 9 E PCR-DGGER &R1gt 2}, ZF =9 7] A
& o] Nitrobacter sp.2} 212} 98% (A4 1), 9% (R4 2)9] FA+
=& YeRlthFig. 3). wekA AL =99 Nitrosomonas sp. 2t
Nitrobacter sp.7} ZA$tcty Wostal FISHY 3 Al, g
Mot HE0l 21783t & A gene probe)Z NSO190 (Nitrosomonas
sp.), NIT3 (Nitrobacter sp.) & A3l th(Wagner et al., 1996;
Schramm et al., 1998).

solo| FHIKO| M 2ZNa - B - y—Proteobacteria) T%2|
0|
T o] ARl ARl Q] 2to| & ] sl7| 913l FISH
O F o-By-Proteobacteria Ml 7S FAldS3(total
counts)of| A RA|BH= H|&(%)E YEFRICHFig. 4). o]E $3
FAAFE Asstaed F Z-AA 9 FAAFE F2 HY
(2.1-4.5x10° cells/ml) 9| A W}st. 0 7] Zol(HA 1,
2.1-3.9x10° cells/ml; A3 2, 3.1-4.5x10° cells/m) = FX] L3t
THAER T]A|A)).

240

Uncultured bacterium IIEA1-bs-18Amo a...

{Uncultured bacterium McamoAFDS Amod (.
- ammonia monooxygenase (amoA) gene par...
DG-AOB (site 2)
{Uncultured bacterium partial amoaA ge...
Uncultured ammaonia oxidizing beta pro...
Uncultured bacterium CFAOB-28 ammonia...
ammonia-oxidizing monooxygenase subun.__.
Uncultured bacterium amoA gene for am...
Nitrosomonas aestuarii AIT BP-3 ammon._..
Nitrosomonas aestuarii isolate SF ADB. ..
Mitrosomenas marina isolate SF ADB HO...
ammonia moncoxygenase subunit A-like ..
Uncultured ammonia oxidizing bacteriu._.
GM-AOB (site 1)
Uncultured ammonia-oxidizing bacteriu_..
ammonia monooxygenase subunit A (amob. .

Uncultured MNitrosomonas sp.15amoA4 am...

Uncultured Mitrosomonas sp. isolate D._.

r Uncultured Mitrosomonas sp.15AmoA2 am...

—
0.05

| Uncultured Nitrasomonas sp.15amo Al a...

Fig. 2. Phylogenetic tree of the ammonia oxidizing bacteria strain, GM-AOB, DG-AOB based on amoA gene obtained from the samples of 2
sites in Nak-Dong River. The scale bar represents a 0.05 substitution per nucleotide position.
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=l

Mitrobacter sp. clone 70 165 ribosoma...

Mitrobacter sp. clone 9 165 ribosomal...

50

AR
Mitrobacter sp. clone 15 165 ribosoma...

W‘_,— Mitrobacter sp. clone T16 16S ribosom...
323 'FGPS EFH 10 165 ribosomal RMA gene pa...

DG-NOB (site 2)

GM-NOB (site 1)

Nitrobacter sp. clone ND 10 NIT3 165 .

—
0.0s

100 LENitrobacter sp. clone CV 1 NIT3 165 r...
Mitrobacter sp. clone P1s-183 16S rib...

Fig. 3. Phylogenetic tree of Nitrobacter sp. strain, GM-NOB, DG-NOB based on 16S rRNA gene (FGPS1269) obtained from the samples of 2
sites in Nak-Dong River. Numbers at nodes are the percentages of bootstrap replicates in which the cluster was found. The scale bar represents a

0.05 substitution per nucleotide position.

T Yo a-B-y-Proteobacteria Mud+52 A4S B
W, a-Proteobacteria N|5t2] 74, 771 L GE57F A2 A 1
(B 46+9.92%)914 2@go] FATE AHA B 2 (B
28+8.1%) Xt} go] AEE e o] Al A= 771
£ ol85go] Fof &Y= &4 R7IEDOC, 1.5
mg/L)1 §E4-a (2.0 mg/L)7} &
ARt sFEHKim et al., 1999).

a-Proteobacteria®} nPA7FA| 2 W) 12 RIGF e 9] A9
A wo| AEHETa(Glockner et al., 1999) B 11E B-Proteobacteria
Ao A 2 (29, 10£2.86%; 4, 7£1.46%; 64, 16+5.08%;
B, 11+3.13%) 2o AA- 1 (29, 23+5.03%; 49, 21£5.24%; 6
9, 39+5.94%; B, 275.4%)01 & AEVE-S ek}
B-Proteobacteria+= Nitrosomonas sp., Thiobacillus sp. 5 3}8+
£ 4 A+ (chemoautotrophs)S E3}+5}H (Pernthaler er al.,
1998), BIH S (Alfreider et al., 1996), vlo|Zr 49 A=
(Hick et al., 1992) 5 £3}7} &o|3t G780 A2 gl FofA
A 4 2R AoR BuE T gtk B3 AGR| oA HA|
*5Z(algal bloom)7} @AYt

2 W], a-Proteobacteria7} $-

I, Microcystis aeruginosa®] 2Jgt
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Fig. 4. The variations of a-B-y-Proteobacteria to total counts (%) in
Nak-Dong River.

A 719 At t¥] B-Proteobacteria 7E&H]E(1.7-2.8%)°]
£3] Wrhal HuEtH(Lee et al., 2002). ]9t 22 B A 2

2 u)FolE u FA 164 B-Proteobacteria N|d--0] Bo|
AEH olf+= A4 200 vlsf Eal7t &olgt frlEde] &

7k oleie TRAE O] Y] YEY Ao ARE,

wbelol 2al7} Bolat 9712 S ol e WME AL S
copiotrophs @] thH5-& 2GSty B 1% y-Proteobacteria Al
(Manz et al., 1993)2 2 GEsP A& A 1 (29, 14+5.21%;
4%, 23+6.08%; 69, 30+3.68%; B, 22+4.99%)Xc} A 2
(29, 24+4.29%; 49, 45+4.84%; 69, 41+11.75%; B, 36+
6.96%)°ll 4 H =& AEHEE YERlt) ol= A 20= A
£ 714 L@ o] A& YiEe 2 AFZHE(Table 1;
sl Aelere] 47 AR B2)

AE22 02 ZA 194+ aB-Proteobacteria Nxt<-0] $-3
Bh OpAFS Bl whHo] A 2014 - Proteobacteria M-

o] 5K A0 ok 44 191 Vs 44 2 ekl ob

golgt f71%0| Be Ao FHHT.

= LoflMe] ZEIMIZ(nitrifying bacteria)=e| X|0|

k= o} AS}Ald(ammonia-oxidizing bacteria, AOB): &%
Z}FNS0190 2 2 AZo] 7153t et o} ALBIA| -2 Nitrosomonas
oligotropha, N. communis, N. marina, N. europaea, N. cryotolerans

59] Nitrosomonas <x(genus) I} Nitrosococcus mobilis, Nitrosospira

sp. 50| °]5-L2 B-Proteobacteria Alat-7-°ll —1—3}1:]-(Schramm
et al, 1998). A4 194 AEH d=Yo} Al 2¢

(3.6x10° cells/ml), 42(10%10° cells/ml), 6Q(10x10° cells/ml)
2 £20] WO 29@C0)ET} 10T A5 489 HEH Al
F7h 282 ZTtEt o 6Dl 49} FUSH X5 YERY
CHFig. 5, Table 4). BFd o] A3 20]| 4= uff ZA} A]7]utc} 10T
] 220 AP gl = B 330l Az 2AF ATt E 2}
o7} T2 Y, 8.0x10° cells/ml; 49, 10x10° cells/ml; 64,
10x10° cells/ml). AstA|F2] AAS L SAEof| FIF njz|=
E94 a0 5, =29 gFo| 7 21 359 HH AR
2T 30Co|a AR 7Ps-2 =7} 8-35C o] A3k 10-30C o A=
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Table 4. Characteristics of physicochemical environmental factors in Nak-Dong River

Date Site Temp o TN NH,'-N NO»-N NOy-N
q9) (mg/L) (mg/L) (mg/L) (mg/L)
Feb site 1 4 7 134 0.14 0.01 0.46
site 2 5 7 3.42 0.23 0.02 0.84
site 1 14 7 155 0.15 0.01 0.67
Apr site 2 15 7 412 0.24 0.03 131
o site 1 23 7 291 0.17 0.02 0.81
site 2 24 7 8.27 0.26 0.04 477

B4 L= W] o vzsiths A7 A3KLiu and Capdeville,
1994)E 23kt AA 19149 At $7Hs 2 5ol o
£ 27z AtRErh B 2004 20] 24T 2 A58 6¥o=
443 FU3 AltE UEhd o= obite T714 Aletel A
SHAat 2] o] §& Ak (DO) 2 2 A= $l7] Rz
ATk &, I sl EAsh= e T4 SEFSAIE
o] Abanof gt AR A o] Bd Yot AEkA|Rto]
F37) dEd Aolth(Belser, 1979). st A9 S2A] &
ZE(aggregates) EH | FAJE FELN A DAt Ak
o AAIshA 524 A Flo] A& n| 7 (confocal scanning laser
microscope, CLSM) 2.2 #2814+ AET F7] 125 um ©]
HollAet A3t EQE AT = UL ¥ 22 =
YoM = A3ATE A8 & 4 Yok SFATH(Schramm
et al., 1998). GRU o} ASH| =5 FAldoll et H&(%)
2 Jed, 3A 1 249, 10+11.92%; 49, 1413.41%; 69,
32+4.36%; Bt, 18+3.22%)> BH 2 24, 13+1.31%; 44,
31+2.21%; 6%, 38+13.17%; B+t, 27+5.56%)%] AvtE otk
sk RO UTHAR vAA). Al A= HH & 4
7ol o7t A9 glis Aoz Holuf FAldte] tigh ¢
Yol ASHAITY] Bl&(%) 88 1 (18%) 2t A 2 27%)°l
Al =0Tk A 2004 AEE A4 2 w7t BE 1Y
o JART = ACRE FH 2 oollA A3} Al B4
o] o U Ao E F5T 4= ITH(Table 4).

o} &AL ALSIA]#(nitrite-oxidizing bacteria, NOB): = &
o] A& NIT3 probeE HEo| 7hsdh obd4l AtStA|lF-E
Nitrobacter winogradsky, N. hamburgensis, Nitrobacter sp.©|
o °o]=L& a-Proteobacteria®l] &= Aoz dHA U}
(Schramm et al., 1998). 2373 194 oPAAL AFSHA| QA=

30 30

(A) AOB site 1 (B) NOB site 1
25 W site 2 25 Wsite 2
15

10 " " 10 i b
0 0
Feb Apr Jun Feb Apr Jun

Fig. 5. The variations of ammonia oxidizing bacteria [(A) AOB]
and nitrite oxidizing bacteria [(B) NOB] at 2 studying sites in
Nak-Dong River. Error bars indicate standard deviation. n=10.

20

x105cells/ml
x105cells/ml
o

7} 42 A5 7 o7 Zashs A Y, 1.1x10° cells/ml;
44, 1.1x10° cells/ml; 6%, 0.4x10° cells/m])S L}EFA HhH
A 20]HE 238 FUlshe YAS BATHed, 1.3x10°
cells/ml; 49, 1.5%10° cells/ml; 69, 2.2x10° cells/ml). E3] 4=
20]2324T o) FFH 6¥ll= FA 194 = HFag ghHo &
A 20| -= 23]8 F718l AETEe AR 24, 49ET) o 3
th o] & FAl ol tigt ob A4t A B]E(%) 2 WER
H AR 129, 30£3.2%; 49, 23+2.99%; 6, 18+4.6%; B,
23+3.59%), AA 2 Y, 28+3.15%; 49, 3746.24%; 69,
37+4.91%; B, 34+4.76%)2 A7A 1 B} ZF 20]4 o}gAt
ARl B0l o Fth(R=E vAA). §35] 6ol 3 2004
oPAARS HAako 2 AStA Y| ob Al AsAlE4Tt SUHE
ol ojnf FY A A Egg "AH ANOs-N) F=(FH
1, 0.81 mg/L; AA 2, 4.77 mg/L; Table 4) E3t G353 o=
Hot ojuf op 4l A3} Al 9] E/do] AP Ao 34
ot A A e HFRLT S U= B 2004 obAAL ASIAITE
o] @o] HEEH+E AL o] oo B2 f71ET= Aol =
Aoz Az H) pstd F2 B A4St Nitrobacter
sp. #H(Degrange and Bardin, 1995)0] 792 AA A2 FY
Z]=d|(Cebron and Garnier, 2005) A& 2 =91} Zto] §71&
o B 570} 49, oS0l FLYYH R FAULE T15A
T A& 4= glth. Winkler 5(2012)9] oJshd 27|40 = 7155
= SR A Y UK granule)d A A= RO} AF
SHAlF= Rt} Nitrobacter sp., Nitrospira sp. 52] o}& Al A3}
47} B W] FHE| gt 1 7ERE Nitrobacter sp.7h 5
HIYHL THFSS Bk =YY P4l (mixotrophically)
22 EAYAE 517] wZoletal shleh. Zeks Al=FtollA
A3A| & &S Cebrond} Garnier (2005)-2 oFEAF AFS} A
o] YE Yo} AStAAtol s AEC] ReBg FRFY o=
Yoz} obgito & Ab8tE] = g of Fofsh= Yot Ak} A
o] BlE obEARS FALO R AMSIA| 7] = ob AL ALSIAF
7 B2 = Hroll STk skgleh B3 steA Al Rt
FA=7] A9 M= AR F9olA= 9 B EEEQ
(autochthonous) Nitrobacter sp. (Degrange and Bardin, 1995)
7} 3% WA, §9 Foll= Nitrospira sp.7} $-8%thar B
= A (Cebron and Garnier, 2005), 3l S2]X]of| @2 Ao
=2 &R Nitrospira sp. (Regan et al., 2003)d-= £ AFoA=
A& gtont et A2 A A 2004 A A2
HE A2 AZtE) 5YE AeA| o M= obEAL Akl
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b ehmuol IR o Bskon) B e 2ol
oA AEH AsAIHESY oF 1/10-1/100 =222 HEEHT
(Lee and Lee, 2002). A4 8733} = &7l 9] o] 22
AEAIFS] 3% zlol= Abd 7R84 (availability) | 4 7113}
=AY = & Aok EEA(D0) 7} R Yo iSAl B
oF oV AT SIS T B 2 9T 17 T (Schramm er
al., 1996) A4=A| gk A=A A= vd A7 st A3
o] BE WS st 371 TSI AT AT Aol A
FA&4 ol gl ¥hd(Belser, 1979), A H54dolsle
7] 9] 4kavt 2502 ik 7hsAdo] o 2 Ao BE A
ARk Ak 718A0] FB T Ao Az,

AEHOR {7 LA Aol WE YEH =AY
AN F0] 28 B T RS2 gene probe (NSO 190, NIT3)
£ A3 FISHH O 2 AESE 23, Aeds e e
47 150 ATl W SR AolA B ke A
A 2004 A3 o] o 2t AS ZAT 5= U
Ty & Ao Z-&3tk gene probe (NSO190, NIT3) 2= A4
g oo EAsls ZE AAFS HET = dUE A
olth. kst F71A A oFAAHNO)o] EAE H L,
FEUolE ABAA ALAAN)E AR Brocardia
anammoxidans 52] anammox (anoxic ammonia oxidation)g-
(Schmidt et al., 2002)3} =y o} A3} TAIFHAOA) 52
NSO1900 2 H&E £ gl7] "iEelth 5 4&9 &4
(thizosphere) EJoA AOA7} A HEE Itk X 1(Herrmann
et al., 2008)5 A|&Jstale HA oA 9] AOA &g A4
7o) gAeE skt £, elm AaAAlE fla) mek sk
A A 9] &7 R (Park et al., 2006) 0| 4] FE Lo} 43} Al
(AOA) 2] amoA AR} ERlEl= Ao 2 HoKYou et al., 2009)
Aol AOATL EAE 7hs/d-L sttt 3t Alcaligenes
faecalis 5 ©|3}+2] Z3}2F&-(heterotrophic nitrification)g sH=
Al#+E(Anderson et al., 1993; Su et al., 2006) = & HLo| &
o A o 2= mhofo] E7MEE Aldtolth ko 2 AShA|
9] AP E sl o @ol A Hi Tof wet A IHE
o] WHaIE S0l 8] Aaetio] Bojahe Azl 7 W
DA E4& X 5HA & Aoltt. 18A =¥ AP)} A
Fggste] AJAEHRA AN TRt o ol £33
o) Wokg wr} Aheka e 2 Sl 4 g Aol

e

7118 L HAALsIS AYAAE HFp) 570 w2 A3t
Alte] §istE gobi 7] ] Y5739 2 A oA okt
o] AA(T-N, NH:-N, NO»-N, NOs-N) =2 Z331g41
24} 590 Sl oA F SRS BIF T, fluorescent in situ
hybridization (FISH)¥ 2.2 AN+ 55 AF Hr5igch &
QHELIo} ASPAIZE] FFE amod SHAY, 1231 o A A1}
A|+2l Nitrobacter sp.x==SSU 16S IDNA E7% 7| S A ES B
2 3 POR-DGGES 593 ¥ 9714 402 150] 27
Nitrosomonas sp., Nitrobacter sp.J©] &<18 of wa} 1o A3

&= gene probe, NSO1909} NIT3-2 AR&-3)] FISHHS 4235} o]
ZF 0] AstA|F4E v watnh ok HukEQ Al
A4S 2YHFHE| Y3l A9 B2 o-B-y-Proteobacteria™
FISHH S 2 HZE39. a'By-Proteobacteria XX 9} BE
439 Ao 24 Aol v2w 3 1wk 37 29] 4718
e} =rha 3 2 ¢Iglth. o]o] A2 NSO1603} NIT32
A& B AslESE AA 1 (FRUoRISAIR, 7.8410%
OPEARAFEIA A, 0.8 10° cells/ml) BTk 7 2 (FE U oPAEIA|
I, 9.3x10°; oFAALALSIAE, 1.6x10° cells/ml)o]] o Wekx 1
Eo] FAltroll A AR Bt vI&(%) FAl FF 1 (NSO190,
18%; NIT3, 23%)0]| 13 A& 2 (NSO190, 27%; NIT3, 34%)
ol A ettt Wby §7]|FETt B A HEF S
99 AH 1 Hop YA AL HReR Qs 4714 2
Aol AEsh= A 204 9] AskEgo] o SHksicta A2

A2 4 9l
2ol g

# AT 20108 % hefahL S AT Ao Jstof
SH= A
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