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Effect of DO Concentration on Ammonia Oxidizing Bacteria in Aerobic Biofilm Reactor
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ABSTRACT : Ammonia oxidizing bacteria(AOB) oxidize ammonia to nitrite and are important microorganisms which control nitrification.
Several environmental factors such as dissolved oxygen(DO), temperature and pH influence the growth of AOB. In this work, to assess the
effect of DO concentration on AOB, four aerobic biofilm reactors packed with ceramic media were operated 1, 3, 5 and 7 mgDO/L, res-
pectively. The optimal DO concentration with stable nitrification efficiency in aerobic biofilm reactor was above 5.0 mg/L. To assess the
relationship between the DO concentration and the characteristics of AOB in aerobic biofilm reactor, DGGE and cloning based on PCR
targeting 16S rRNA and amoA gene were performed. Additionally, INT-DHA activity test was proceeded to estimate the activity of AOB.
As the results of DGGE and cloning, the community of AOB and the ratio of Nitrosomonas sp. changed little in spite of different nitrifi-
cation efficiencies. INT-DHA activity test showed that the activity of AOB decreased as DO concentration decreased. It means that DO
concentration does not affect the community of AOB, but the activity of AOB.
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22 : Ammonia oxidizing bacteria(AOB)= NH,'N& NO,-No.2 A3iA|7|H, MESE A3l dAdA &4 GAR F83pr] dE
d 8% vgEoIth AOBY AA2 &&4k, 2%, pH 59 87 AR 9FE 2tk £ AFA = DO FE7F AOBI| 1A
E 9%L A 98 Ay ddolrt 218 419 5714 489 wer[9 DO =E 47 1, 3,5 7 mglz £ANAT &
AAS, 5 mgL o)dollA kgAY d4st EES A2 & AUTh AOBY EA & RS ¢35 AOBE| 168 rRNASH amod genes
target© 8 PCRE ©] 8% DGGES} cloningg AAlstR o, o|59 42 A7) 18] INT-DHAE F73 33tk DO X% Wil
w2 7 vher)d A8 580 Folrt ARSNE B3N, DGGE ¥ cloning 23}, AOB &3 9 Nirrosomonas sp.2] W& ¥}
£ A9 9%tk DO FE7t #4Te]| wel AOBY BHE7 Zadtie AL INT-DHA &3o2 &% + gtk w2t DO 5=
£ AOB £ 9 H3} Hrls @4 9FL2 v Aoz gad

ZFH|0{ : Ammonia Oxidizing Bacteria, DGGE, 421}, INT-DHA, 16S rRNA, amoA
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Table 1. Characteristics of the raw wastewater

AE2 h87]o)A Ammonia Oxidizing Bacteriad] g DO ®x=9) 98 107

£ AFol AMESt WHS7)= Fig 19 AF=g 2k 53 L
9 fF5 848 7HAE 419 ol Agte] Wt z+
Z 15% FAsH o, 445 A&7 st gre
Z el ¥E71E 2R3k DO wsl 48g fsA
H-g7lol= 2429 air lineo] AR = Ath

o >
w37

C=E O
‘19_‘—‘—2 T
=

FhFE ArETAYY 1} AR K2FE A8
on, Y5 EAL Table 13 2ok 4719 ¥he7]E 60
I3 DO BEE 4 mgLolA £H3Q1, 2 & DO B ¥
3l 43g YA, DI, D2, D3, D4 8872 242 1, 3, 5,
7 mg/L® AR A 71t 5% &5 25T, F4
2 AFALES A2 FASFHT
22, TEIMEY

7k kg ze] DO v 9 2EE 43/Y FUE 233}
FA &%tk TCODc, BOD, Alkalinity, TSS, VSS, MLSS:=

$4 0928 838" "7} standard method'?dl] Fate] 27
at9den, SCODe, NHy'-N, NOy-N, NO;s-N, PO,”-PE AA3
(Auto Analyzer 3, BrantLuebbe, Germany)E o] &3l 24
st

2.3. PCR Primer

2 Ago| A% PCR primer= Table 29} 2t} AOBY]
16S ribosomal ribonucleic acidrRNA)S £Z317] 9JeiA] AOB
o EolAo] gli= CTO 189F/654RE o] &3l 21, AOB9)
574 #3A9) ammonia monooxygenase(AMO)E ZZ5}7]
AW A amoAlF2R-TCE o] &3lgth DGGEE $¢)siA GC-
ClampE #3233t CTO 189F primer$®d amodlF primerE o]

gt

pH TCOD¢, (mg/L)  SCODc: (mg/l)  BOD;s (mg/L) NHy-N (mg/L) PO, -P(mg/L) SS(mg/L) Alkalinity (mg/L as CaCOs)
712~742 106.0~175.5 71.0~136.6 62.5~70.4 13.5~33.9 23~32 53.8~58.9 230~340
(7.28) (129) (94.2) (67.3) (26.8) (2.8) (55.7) (273)
() is mean value during operating days
Irfluent
P
— ]
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Fig. 1. Schematic diagram of the aerobic biofilm reactors.
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Table 2. PCR Primers used in this study

Primer Sequence(5'-3") Target Reference
CTO 189F GGA GRA AAG CAG GGG ATC G
CTO 654R CTA GCY TTG TAG TTT CAA ACG C §-AOB 13)
CTO 189F - GC Clamp” GC Clamp - GGA GRA AAG CAG GGG ATC G
amoA 1F GGG GTT TCT ACT GGT GGT
amoA 2R - TC CCC CTC TGC AAA GCC TTC TTC AOB 14)

amoA IF - GC Clamp”

GC Clamp - GGG GTT TCT ACT GGT GGT

¥ The GC Clamp added for DGGE-PCR

24. DNA =& % PCR &=

DNA &2 ZA AELE 2r7 F 44 239
458& AASII biomass 0.1 g& HiF 1 mLol &3l
A PowerSoil™ DNA isolation kit(MMoBio Ltd., Co., USA)
g o] &3t F&aAch FFF DNAE 1%9] Agarose gel
A A7 dedtd FEAFE Gl

Z%3 DNAE 0.5 mL 20| 10xTaq buffer 2.5 puL, 10
mM dNTP 10 pL, Z+Z+2] primer 0.25 pL(10 pmol), DNA
template 2 pl., Tag(or hot taq) DNA polymerase(Solgent Co.,
Korea) 0.125 uL& F7lstn UHA= S/7TE Fvletd &
By7} 25 pL7F E)=& PCR stock solutiong A 23t}

PCR-DGGEA] mismatch®] 278 #H431817] {5t hot
taq polymerase(Solgent Co., Korea)g ©]-&3la] PCRE A5t
gom, 1 9 PCRE 4wl taq polymerase(Solgent Co., Korea)
& o1galgth 4t PCR 232 Table 33 2l 2E PCR
AAl F 1% agarose geldl A H7|GF5 o2 sty on, o
2 PCR ¥ DGGEE $&)A PCR purification kit(Bioneer
Co., Korea)E A}&3t PCR product® A543t

25. DGGE ¥ H7IME &M

DGGE(Bio-Rad Ltd. Co., Model 475 gradient delivery
system) gel stock solutionZ 20%%} 50%9] WAA =)
2 ZASE(EAA = 100%E 7 M urea®} 40% forma-
mide) Z}7Z} glass plateAlo]o] 16 mL¥ £k F= vl
7} Q& gelg Azt DGGE 24¥2 ¢35 PCR pro-
duct 30 pLo] dye solution 10 pLE Z35F gelol loading
& H 60T, 200 VoA 827t B¢+ AV EE AT
A7l 5% gel ethidium bromide 2.2 3027+ A1
& UV transilluminator(Uvitec gel documentation system, UK)

AL&5te] bandE sty

Table 3. PCR Conditions used in this study

Primer PCR Conditions
CTO 189F 1 min 93°C, followed by 39 cycle of 1 min at 92°C
(GC Clamp) 1 min at 57°C, 45s at 68°C followed by a 5 min
/654R final extension at 68°C
amod 1F 5 min 94C, followed by 42 cycle of 1 min at 94°C

(GC Clamp) 90s at 60°C, 90s at 72°C followed by a 10 min final
2R-TC extension at 72°C
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: 5= CGC CGC GCG GCG GGC GGG GCG GGG GC - 3

Band 8¢l & 93k DNA band7l X349 F9& 2
% 1.5 mL tubed] €713 TE buffer 30 pLE 713
S70CAA 1582, 60ToA 158 A & 38 yhEsta] A3
51tk Gelo]X DNAE #2¢ ¥ L& primerg ©|
3la] thA] PCRE AX)& 3, PCR products A71g52=2
g9l 5 AAE 3k sequence(ABI 3730 XL DNA sequ-
encer, USA)3tATE @7] AQ EA A7+ NCBI(http:/www.
ncbi.nlm.nih.gov)¥) BLASTE o|-&3te] 168 rRNAS} amod

9 @7 Aae BASYT

oo o o &

2.6. Cloning

16S TRNA CTO primerE ©]-83e] $E3¢ PCR productZ
pGEM-T vector(Progema, USA), ligase, ligase buffer?t Z3
3 & 16Tl A incubation &%t} Ligation mixture= com-
petent IM109 celldt &¢3 5 heat shock #3& AQ &
800 pL9] LBAA )R (Luria Bertani: G gulzAHE F4
T & 37CoNA 12417 Bt wigstdeh. WPl S ampiciline,
IPTG, X-Galo] Q8 LBRAuA o =Td F 37CA
18217F B9 wiFatch g ¥ white colony®hg 13}
) M13 primerE o] &3t mz TES & PCR solutiond
F9lelgd PCRE AAF ¥ AAXEE AX 97 AEe
2R,

2.7. INT-Dehydrogenase activity test

AEvh) AOBY #4& B7is] 918 migl EvE A8
5 mLE 15 mL tubeZE &7 & AA F&AZ 0.1 mLY
nalidizic acid(20 mg/10 mL), 0.1 mL yeast extract(30 g/L)
£ A7sa 0.1 mLe NHCI(2,000 mg/L), 0.1 mL2] NaNO;
(2,000 mg/L)A7I AL FW3ta], 02%9] INT | mLE 3
ZV3ta 20 C oA 24X 7 e gkatdet wig & 37% formal-
dehyde €4g 1 mL #7138l Al8& TFAIZ T 2,500
rpmol A} 1087 QAR E 3 FEFE AAFAT Hot
9= INTF(INT Formazon): ol E84o|E=E 2+3 Aceton/
Demethyl Sulfuroxid(DMSO) &7 &9 5 mL& 7}std &
3 T, FA(Q20T)dNA 2087 ¥HgAIA INTFE F&5
Gtk o2 oAl PAEZI|AA 1087 2,500 pme 2 A4
BE oe, 3559 Astd FIFL=AE AHSSt 465
mol N FREE ZFach o) Koopman 579 W&



3718 A2 ubgr]olA Ammonia Oxidizing Bacteriaof t)3 DO H=9) I3k 109

FET Aoz g5 4 ()€ °]&ste] DHA(Dehydrogenase
Activity, @54 §4 B4E)E Ttk

DHA(mgO,/gVSS/day) = W 4))
CX VyXtxX F
A7) A, Digs : 465 nmol|A] A 89 EFE
oo &8 F3(mL)
T ¢ INT9} @83 AlZHmin)
C  :VSSe BE(g VSS/L)
Va2 &0 ALEE AEY Ri(mL)
F  : INT9} formaldehyde &R 9 A 2F
A T(0.714)

ATU(Allythiourea)= Nitrosmonas sp.8) &3& A5 37
2ol o3 & ()8 2o| Nitrosmonas sp.o| BHEGE
Faraek'e"

(4-0)—(B-0O)

DHA of Nitrosmonas sp. = (A—0) @)

Aq71M, 4 : @9 AE9) DHA
B : ATUE #7138 229 DHA

C : 37% formaling A7}§ A 89 DHA

2.8. Accession Numbers

E ATE B 2917 168 rRNAS} amod gened] &7
A8 GenBank databased] SE239oH, 2E3 Ar|NF
9] accession number DQ91126-DQ9116359]t}.

3. Z2nt A nH

31 871 MER 887 2M Zn

449 B-e7E 4 mgDO/L, 25T A 6097 SAFQ e
®, NHy N A& go] 80% ooz oFs=Qe o, 1
3,5, 7 mgDO/LL.Z ¥sal gt

Fig. 2& 37|14 &% u27)9 SCODc, NHy' N ¥ TN
AALEE Yebl 3 9ok Fig 28 2HEE, DI ug7)
M DO = W3l djste] SCODe: AATEo] HTFS
B AL D S gtk D2, D3, D4 wrer|d = &R
o] AR AE 4718 AAZTEL BHF 562, 57.2, 59.4% A
=2 W57t A9 gle whaed, DI wherls i 32.8%9)
SCOD¢, MAZES EPt D2, D3, D4¢] §& SCOD =
=g AHRWA 404, 395, 37.4 mg/Lojt}.

Fig. 2(b)= 7t w8719 NH,/"N AA&Z &S Jehlz 9
th. D1, D2, D3, D4¢] Bg NH,S'N AAELLL 7tz 12,9,
38.4, 80.8, 95.5%0°]H, %459 HF NH,/-N S5 234,
16.7, 5.3, 1.3 mg/Lojt}.
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Fig. 2. Removal efficiencies and T-N concentration of the
each reactor with different DO concentrations; D1(@),
D2(H), D3(A), DAW).
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Fig. 3. DGGE analysis based of 16S rRNA with CTO primer(a) and amod gene with amod primer(b) from biofilm in reac-
tors according to different DO; A/S: 4]& <#X], DI: 1 mgDO/L, D2: 3 mgDO/L, D3: 5 mgDO/L, D4: 7 mgDO/L.

ALz gt 12y D2 wg7le] ¢ o 604
T 8259 TN 527t Zashs AL 89T 5 92
2 B W TN AAZES oF 48%Frk wEha D2
e AET WielA Edo] dovhe Aoz AU

3.2. DGGE & ¥7IME &M

Fig. 3(2)2 CTO primerE o]-&% DGGE ZA3}o]tl. DO
=% W3sld @2 DGGE bandE AHEH AF &R oA
Hol]d band DCD7} flolxiem, I 9 band= DO FE 9
stof wet £217]3o] B E, A WEIt $5& 9
o & UATh G2 Ad 24 ZITable 4), A71% &<
W37l 199 band DCA$} DCB& B-proteobacteria®l] 43}
= uncultured beta bacteriumol®, $3EO 2 Ho]:= band
DCCE 2& $E9 NHSN7F G4 sz gan ¢
A3l AFS Hol: Nitrosomonas oligotropha A G &8+=
Nitrosomonas sp. Nm 590] ¢t} 22

Fig. 3(b)2 amod primerE ©] &% DGGE Adoltt &4
717b0] Zshgtel w2} bande] Wske HIWSRT. AR 57
9 AT 59 DI Wg7l9 43eh s3o)A 22 band DAE
¢} DAF7F &5 At amoddl §7] AE £A ZAFN(Table
4), A7+ B¢+ A37F 99 E band DAA, DAB, DAC,
DAD= =5 Nitrosomonas oligotropha Aol 7172 uncul-

Table 4. Sequences of extracted DGGE bands

DGGE Accession Species Similarity
band No. (%)
DCA AY274185 uncultured beta bacterium 97
DCB AY274185 uncultured beta bacterium 96
DCC AY123811 Nitrosomonas sp. Nm59 97
DCD AB234250 uncultured bacterium 96

DAA AF293069 uncultured ammonia-oxidizing bacterium 98
DAB AF293069 uncultured ammonia-oxidizing bacterium 98
DAC AF293069 uncultured ammonia-oxidizing bacterium 96
DAD AF293069 uncultured ammonia-oxidizing bacterium 99
DAE  U91603 Nitrosospira multiformis ATCC 25196 98
DAF  AJ298709 Nitrosomonas oligotropha 97
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tured AOBZ 2.9, D19] band DAES DAFE 22t Nitro-
sospira multiformis@t Nitrosomonas oligotropha©] th.

amoA primerd o] 88l DGGEE AA15t9H-& woli 7t Nitro-
sospira sp. A&o| 74538t &H, Nitrosospira sp.= 3418
HZAA vFeg £A37] @& CTO primerE ©|&H&
o= A&o]l & HA gon, FadA Fra HiHd
Aty 2 AFGAE DI AYFT Umz wgrldAE
Nitrosospira sp.7} W|Zo 2 ZA)5}7] djid] Aol HA &
2 Aoz #gdth

3.3. Cloning =44

CTO primerE o] &3sla, 578 A EA Algof dist] 2
¥e7] B2 cloningS AAEHL2™, colonyd] €7 ME &
A A3} NCBI GenBank database9} ®]nLa}te], Table 591
Yel gtk DlcjAE 92 DO s=2 st A& i+
A A Ago] d@akx Bal 714 Es 2714 2E
7} Z&ste] Ogd Fo) EATRe 222 vEwgth DO &
= W3] W= Nitrosomonas sp.9] Hl-&S AW RW, D1, D2,
D3, D4 ztzt 214, 25, 273, 263%2 A #E7) 9 R
S #91g 4 9len, DO B59 ¥ Nirosomonas sp.9
g Hidz 48 FA g ALE Bt

Table 5. Result of clone analysis based on 16S rRNA

Number of AOB 16S rRNA

Species clones(ratio %)

D1 D2 D3 D4

9214) 625) 6(273) 5(263)
124) 3125 ND. 124)

Nitrosomonas sp.
uncultured AOB

uncultured i proteobacteria 4(9.5) 124) ND. 2(105)
uncultured bacterium 24(57) 14(583) 16(72.7) 12(63.2)
Acidobacteria bacterium 124) ND. ND. ND
Dechloromonas sp. 124) ND. ND. ND.
Aquatic bacterium 124) ND. ND. ND.
Methylobcillus flagellatus 124) ND. ND. ND.

Total number of AOB 16S rRNA clones 42 24 2 19

N.D., not detected
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Fig. 4. DHA of Nitrosomonas sp. from biofilm in reactors
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3.4. Nitrosmonas sp.2| EMEg

Fig. 4= DO X% ¥3ld & AOBY €4E &S et
Wglth DI, D2, D3, D49 FAEE Z47E 0.01, 0.06, 0.15,
0.183%2 DO FLE7} &718q wat GHAEEE &7tse A
€ A & ¢ Ak wHA DO FEE AOBY #Ad
9EL F= AE #PAT. Limpiyakomn 572 7+ 6.6,
1.0 mg/Lg] T} 2 DO 552 A% FHLHUAZTHAA 2
AOBY] 7lAFE 2.9x10", 2.8x10" cellLE $A}slgoH,
NH;"-N oxidizing activitye]= 61, 0 fimol/cellh2 ZFo]7F QL
ot Rt B dFAME DO 559 Wil Ni-
& H3lR = Nirosmonas sp.2] 49
Ao e

trosmonas sp.9] £

gEFE Fe

4. 82 B

B @74 DGGES} cloning ¥ INT-DHAS] 9J3 &4
Ae g}cq 5714 AEY des]dAM DO 5= W3}
£ AOB T4 9 54§ 2nusgith

= JIN'

<>ﬂ

1) COD AARG: A8 § 2 DO 557 48
S, 371 e 3EOA HEHY AsE feEAe
DO =& 5 mg/l ojFoR FAHE s A= ey
o, 3 mg/LY W= A o] FAl] FPHo,
48%9°] T-N A|lA 8% BTt

2) DO &= Wl w2t st 58 o7t RHA
PCR-DGGE 27 §hg7|"H band® Wsle= 79 31»\—‘31,
AOB %9} st #55% %strh DGGE band9] 971 A4
B4 Ax, 32 AxE9 NH/ N/ 498: s4xg4
oA BAEE Nitrosomonas oligotropha A1 E2) Nitrosomonas
sp. Nm 59¢} wncultured AOB7} €A77t B¢ BE vha7]

A #SHATH

3) Cloning &4 ZA3, DI, D2, D3, D49 Nitrosomonas
sp.9] W& 27} 214, 25, 27.3, 263%2 = W37t 99
°U1 DO &% wWsl= Nitrosmonas sp. & Wt & 4

FEe FA G ALz pudAn

2. 7]o)4 Ammonia Oxidizing Bacteria®l] theF DO sx=2] 4& 111

4) INT-DHA 23 A%, DO ¥=7t Z4add] met Nitro-
smonas sp.9] B4EEE Aasgrh B2 DO = W3
. 239 ¥Ws 2o g4 ¥ F=

= Nitrosmonas sp

ﬁgi YEebstTh
AL A}

B Q7= =AY 5872 ATHR01-2003-000-11640-0)
Le]

1. Laia, C. L. and Jesus, G. G., “Use of amoB as a new
molecular marker for ammonia-oxidizing bacteria,” J.
Microbiol. Methods., 57(1), 69~78(2004).

2. Chih-Ju, G., Jou, and Huang, G. C., “A pilot study for
oil refinery wastewater treatment using a fixed film bio-
reactor,” Adv. Environ. Research, 7, 463 ~469(2003).

3. Hagopian, D. S. and Riley. I. G, “A closer look at the
bacteriology of nitrification,” Aqua. Engineering, 18, 223~
244(1998).

4. Okabe, S., Kindaichi, T., Ito, T., and Satoh, H., “Analy-
sis of size distribution and area cell density of ammonia-
oxidizing bacterial microcolonies in relation to substrate
microprofiles in biofilms,” Biotechnol. Bioeng., 85(1), 86~
95(2003).

5. Wagner, M. and Loy, A., “Bacterial community com-
position and function sewage treatment systems,” Bio-
technology, 13, 218 ~227(2002).

6. Park, H., D. and Noguera, D., R., “Evaluating the effect
of dissolved oxygen on ammonia-oxidizing bacterial com-
munities in activated sludge,” Water. Res., 38, 3275~
3285(2004).

7. Zhaojun Li, Jianming Xu, Caixian Tang, Jianjun Wu,
Akmal Muhammand, and Haizhen Wang, “Application
of 16S rDNA-PCR amplification and DGGE fingerpring-
ting for detection of shift in microbial community di-
versity in Cu-, Zn-, and Cd-contaminated paddy soils,”
Chemosphere, 62(8), 1374~ 1380(2006).

8. Muyzer, G. and Smalla, K., “Application of denaturing
gradient gel electrophoresis(DGGE) and temperature gra-
dient gel electrophoresis(TGGE) in microbial ecology,”
Antonie van Leeuwenhoek, 73, 127 ~141(1998).

9. Purkold, U., Pommerening-roser, A., Juretschko, S., Sch-
mid, M. C., Koops, H-P., and Wagner, M., “Phylogeny
of all recognized species of ammonia oxidizers based
on comparative 16s rRNA and amoA sequence analysis
: Implications for molecular diversity surveys,” Appl.
Environ. Microbiol., 66(12), 5368 ~5381(2000).

OO SO X] 207 1, 20074 19



112

10.

11.
12.

13.

15.

16.

#A2 - E - S8 - A -

Awong, J., Bitton, G., and
gen uptake rate and INT-dehydrogenase activity of acti-
nomycete foams,” Water Res., 19(7), 917 ~921(1985).
237, TR 29T EALH(2004).

APHA, “Standard methods for the examination of water

Koopman, B., “ATP, oxy-

and wastewater,” American Public Health Association,
Washington, D.C.(1995).

Kowalchuk, G. A., Stephen, J. R., De Boer, W., Prosser,
J. I, Embley, T. M., and Woldendorp, J. W., “Analysis
of ammonia oxidizing bacteria of the B subdivision of
the class proteobacteria in coastal sand dunes by dena-
turing gradient gel electrophoresis and sequencing of
PCR-amplified 16S ribosomal DNA fragments,” Appl.
Environ. Microbiol., 63, 1489~ 1497(1997).

. Nicolaisen, M. H. and Niels, B. R., “Denaturing gradient

gel electrophoresis(DGGE) approaches to study the di-
versity of ammonia-oxidizing bacteria,” J. Microbiol Me-
tthods., 50, 189~203(2002).

Koopman B., Bitton G., Logue C., John M. Bossart,
and Juan Lopez, M., “Validity of tetrazolium reduction
assays for assessing toxic inhibition of filamentous bac-
teria in activated sludge,” Toxicity screening procedures
using bacterial systems(Edited by Dickson Liu and Ber-
nard J. Dutka), 147~162(1984).

Lee, S.-M.,, Jung, J.-Y., and Chung, Y.-C., “Measurement

1. of KSEE / Vol. 29, No. 1, January, 2007

AYF - oY s - YR

17.

18.

19.

20.

21.

22.

of ammonia inhibition of microbial activity in biological
wastewater treatment process using dehydrogenase assay,”
Biotechnology Letters, 22, 991 ~994(2000).

9BE, “AHYFRH 2A/EL 87 AEY A4
38 A BN, Bab 39 =8, 86~89(2003).
Wiesmann, U., “Biological Nitrogen Removal from Waste-
water,” Adv Biocem Eng Biotechnol., 51, 113~154(1994).
Lazarova, N. R,, Manem, J., and Melo, L., “Influence
of dissolved oxygen on nitrification kinetics in a circu-
lating bed reactor,” Water Sci. Technol, 37(4), 189~
193(1998).

Limpiyakorn, T., Shionhara, Y., Kurisu, F., and Yagi,
0. i, “Communties of ammonia-oxdizing bacteria in
activated sludge of various sewage treatment plants in
tokyo,” FEMS Microbial. Ecol., 54(2), 205~217(2005).
Ulirike, P. M., Wagner, G. T., Andress, P., and Hans-
Peter, K., “16S rRNA and amoA-based phylogeny of
12 novel betaproteobacterial ammonia-oxidizing isolate:
extension of the dataset and proposal of a new lineage
within the nitrosomonasds,” Int. syste. evol. microbiol.,
53, 1485~1494(2003).

Gieseke, A., Purkhold, U., Wagner, M., Amann, R., and
Schramm, A., “Community structure and activity dynamics
of nitrifying bacteria in a phosphate-removing biofilm,”
Appl Environ Microbiol., 67(3), 1351 ~62(2001).



