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Characterization of Denitrifier Community in Independent Anoxic Reactor Using
Modified BAF Process

Jeung-Jin Park - Young-Rok Jeung - Jae-Cheul Yu - Sung-Ho Hur
Won-Seok Choi* « Im-Gyu Byun** - Tae-Ho Lee*** - TaeJoo Park’

Department of Environmental Engineering, Pusan National University - *Bioentech company, Ltd.
**Institute for Environmental Technology and Industry, Pusan National University
***Department of Environmental Engineering, Andong National University

ABSTRACT : The independent anoxic reactor was introduced in biological aerated filters as the regulation of water quality requirement,
especially total nitrogen, had been strengthened. The process studied in this work was upflow Biobead® process which was used commercially,
invented for removal of organic materials and nitrification. For the purpose of evaluating the independent anoxic reactor, PCR-DGGE, one
of the molecular biological methods, was performed. Two types of nitrite reductase genes were selected. One is #irS represented cytocrome
cd; nitrite reductase gene and the other is nirK represented Cu-containing nitrite reductase gene. Denitrifier community in the independent
anoxic reactor was analyzed with PCR-DGGE using these two denitrifying functional genes. As the result of the PCR, only nirS gene
was detected between nirS and nirK. With the result of the DGGE, specific bands became strong, as the operating days were longer, nitrate
loading rate was increased. otherwise those of the initial activated sludge showed various bands. In the consequence of the sequence of the
DGGE bands, vartous denitrifiers were sequenced in the initial activated sludge, while specific denitrifiers like alcaligenes faecalis were pre-
dominant in the anoxic reactor. Consequently, introduction of the independent anoxic reactor made it possible to achieve 96% denitrification
efficiency, and was proper for the modification of BAF process.

Key Wonds : Denitrification, PCR, DGGE, Biological Aerated Filter, Microbial Comnmunity
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I, Hx AFYLE 083 E4&8R M 4NHoE B2 bandEo] AEHE ¥, FAAZR WM $-8Y59 nitrate F-5)
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Fig. 1. Schematic diagram of the modified BAF process.

Table 2. Operating conditions of the anoxic reactor

Conditions A Bl B2 B3 C
operating day[days] 7 7 9 11 12
HRT[hr] 6.4 4.8 48 4.8 32

sludge recycle ratio[%] 100 100 100 100 100
nitrate recycle ratio[%] 50 50 50 50 100

AT A ARZH pilot TFE HEE BAF F4& F4t
FIA) saEA g AAFHYeH & FE8H0] 463 m’
Bz 84 79 m'oltt. 349 MFEE Fig.
BAAz, AAZ, #ERFFE, 2 309 3F
329 37]Z(Biobead” )2 FAHYUD 7R AL
A= 2-3 mm =719 polystyrene MA@ olH, Z+HzZE 60%
A AFedAE sAAAR 371x LA E A
L3Rk LA7INFY Fahze] PBF MLSSE 2,200 mg/L
2 fAEG9eH, 4459 48 2 Fihzd g3xAe

Table 13} Table 2¢] 47 Fd] stg vl

5
=
1

22, TEEMUY

B @ AHgH" AEe SaeAE Ay AXE Pilot plant
A 238/ 272 A5Ete] BA8ETE TCODG, Alkali-
nity, TSS, VSS, MLSS: 42 2 d2 A 894 "7 standard
method' Vo] Zated 28920, SCODe, NHy-N, NOy-N,
NO;-N, PO, -P= AA3(Auto Analyzer 3, BrantLuebbe, Ger-
many)& ©]-&3t A5t

+ universal PCR primert} probe 2] @80 Agtac)” 23. DNA & 3 PCR %

2 dFdAE olgd 22 7eRAAE olgsle F9a DNA #&& Fithzo] £8XE vortexstl GHF st
2 A 9H-3(Polymerase Chain Reaction, PCR)] 7]9tste) A o] A=de A A3 DNA extraction kit(MoBio Ltd Co.,
A719 59 WA7]&7]H(Denaturing Gradient Gel Electro- USAYE o] &3t F&5IHTE &3 DNAE 1%9] Agarose
phoresis, DGGE)& 53] €2 =0z £33 EJFHY 7 gelo| A A7) @E38te] UV-transilluminatorg ©] &3t DNA
Fazd] SANBEY & AMsax siQch FE24q5EE AsIHTh F&¢ DNAE 0.5 mL FEo 10x

Taq buffer 2.5 pL, 10 mM dNTP 0.5 pL, Z+Z+¢] primer
2. 2 4l ghH 0.25 pL(25 pmol), DNA template 1 puL, Taq polymerase
(Solgent Ltd. Co., Korea) 0.125 pLE A7}t A= &
2.1. Modified BAF 28 2& FFE Aere & F37) 25 uL7t HEF stock solution
Table 1. Influent characteristics of the pilot plant fmg/L]
Ttems TCODG, SCODc, TSS NH,'-N PO -P Alkalinity Temp.(C)
Min. ~Max. 60.0 ~318.0 36.4~98.6 26~200 9.0~38.0 0.3~2.0 130 ~256 243~30.9
Average 154.5 494 107.1 153 1.2 180 275
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Table 3. Primers used in this study

EEESE CE

primer position Sequence(5'-3') Reference
nirS1F 763-780 CCT A(C/T)T GGC CGC C(A/G)CA (A/G)T 12)
nirS6R 1638-1653 CGT TGA ACT T(A/G)C CGG T 12)
Cd3aF 916-935 CT(C/G) AAC GT(C/G) AAG GA(A/G) AC(C/G) GG 13)
R3ed 1322-1341 GA(C/G) TTC GG(A/G) TG(C/G) GTC TTG A 14)
R3¢d-GC clamp® 1322-1341 GCclamp-GA(C/G) TTC GG(A/G) TG(C/G) GTC TTG A 14)
nirK1F 526-542 GG(A/C) ATG GT(G/T) CC(C/G) TGG CA 15)
nirk SR 1023-1040 GC(C/G) TTC GG(A/G) TG(C/G) GTC TTG A 12)

¥ The 33 bp GCeclamp added for DGGE-PCR :

Table 4. PCR Conditions used in this study

Primer PCR conditions

5 min at 94°C, followed by 25 cycles of 30s at 94°C, 30s
nirS1F-6R at 55°C, and 30s at 72°C, followed by 7 min final exten-
sion at 72°C

5 min at 94°C, followed by 25 cycles of 30 s at 94°C, 30 s
nirK1F-5R at 55°C, and 30 s at 72°C, followed by 7 min final exten-
sion at 72°C

2 min at 94°C, followed by 35 cycles of 30 s at 91, 60 s
Cd3aF-R3cd at 51°C, and 1 min at 72°C, followed by 10 min final exten-
sion at 72°C

& Az3A &2 FARQ nitrite reductase geneg ZE
3171 HAsiAl cdi-type nitrite reductase(nirS)9} Cu-type nitrite
redutase(nirK)ol Eo]&l primerE ©]&3lch 13 PCRE
nirS1F/nirS6R S} nirK1F/mirKSRE 442k o] &5t AA8+e
o™, DGGEE ¢l nirSo] E0]& Q] Cd3aF/R3cdg o] &
st 23 PCRE A8k, R3cdol GC-ClampEs H-&A]
7Tt 434 Al2% primer= Table 33 7t}

DGGE #4-2 9% PCR ZZ9] Z} dAE ZAEL Table
49 JERRS T SZ9 PCR product= 1~1.5%9) agarose
gelol Al A7) D53+ UV-transilluminatorE ©]- &35t DNA
9 ZZAHE gk &, PCR purification kit(Bioneer Ltd.
Co., Korea)S A&t} FA 1AL

24. DGGE =4 3 Sequencing

DGGE(Bio-Rad Ltd. Co., Model 475 Gradient delivery
system) gel stock solution2 60%%} 80%¢ WA &
w2 ZA (M4 BE 100%= 7 M Urea®} 40% forma-
mide) Z}7Z; glass plateA}olo] 16 mLA F3t % T
7t A& gel& A3t DGGEAE S $3] PCR product
30 pLol dye solution 5 L8 EFT+A geld) loadingd F
60T, 130 VoA 20413t &<t A7|gES AAISEAT A7)
BE3F gel2 ethidium bromide &2 3087 FMAI7 I UV
transilluminator(Uvitec gel documentation system, UK)E A}
&3ty bandE &5t A

Band #?l ¥ {13} DNA band7t TR F92 2
A £ 1.5 mL tubed] 713 TE buffer 30 pLE JA7$ &
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5" GGC GGC GCG CCG CCC GCC CCG CCC CCG TCG CCC 3

-70°CHA 15 min, 60°CA 15 min® & 33 wEso] A
#3tAth Gelolx] DNAE F&3% § 5YF primers ©
g3l TA] PCRE A543, PCR productE A718E
o7 o3l ¥ AAS sl sequence(ABI 3730 XL DNA
sequencer, USA)SI4T}. sequence I+ NCBI(http://www.
ncbinlm.nih.gov)¢] BLASTE o]&3}o nitrate reductase®]
sequences EAsg T}

2.5. Accession Numbers

E JIE Eg Yol NirS gene sequencex GenBank
databaseo] E&slgon, SE3 €71 E9 accession number
= DQ667145-DQ667148, DQ649465-DQ649472 01t}

3.1. MEHE dHI2x9o| XE|EE

2712 ddote] & A 98 FFL 304 FHe
717+e AR €275 57129 NHSN $E& BF
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Fig. 2. NOy-N(@) and SCODc(O) removal efficiency accor-
ding to the different HRT in the anoxic reactor.
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AlS A B1 B2 B3 C
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Fig. 3. PCR amplification of DNA samples according to the
conditions; A/S : seeding sludge, A, BI, B2, B3, C :
operating conditions, M: DNA ladder.

3.2. PCR &1}

Fig. 32 nitrite reductase genes2 AE37] 918l cd;-
type nitrite reductase(nirS)9} Cu-type nitrite reductase(nirk)
o E0]189l primer?] nirS1F-nirS6RM nirK1F-nirK5R-E o}
839 £9@ PCR 25238 vehhleh 1 2, mirs
PCR products?t A& W nirKk PCR productst= ZAZEE A
Atk olE B, FALR Ul @23 F obdAd e
o] #FJ3t= nitrite reductase genes®] EF7} cdi-type nitrite
reductase(nirS)?1 RS A9 & = YA cdi-type nitrite
reductase(nirS)= vt ow A, MESE Agzd 9 &
71Eol 7 F71H FANA dehde ez BauFi
Tk why, Cu-type nitrite reductase(nirkK)2] 2% dA)
7R @7 22 mAEY % 30% FEd EASH, EY
9 A T BHAT A F AN FRHE AL &Y
AL YA®Y B2z el £47F mHS Ao @
dEth B3, dE2FoR A8 g458AY Fele 3
ZZ2H7} viokeldd @R FY &) U Ao VRt

3.3. DGGE 2MZ 1}

3.3.1. cartype nitrite reductase gene2} DGGE profile

Fig. 4= 293 4209 £8A 9 %g DGGE pro-
fileg BojFal vk §9dfFo] Svlstal ATl F7t
%ol Wz DGGE band profileo] &3] @abg o band
A AlZte] AT ] wiE d4F oz HIFASE QT
4 9Jth DGGEAA 7B band: 718 mAE Z9] functio-

Table 5. Sequenced bands from the DGGE bands

paszdA BRUAE 7P 54 755
nal geneg 9UistER ol &AE FAHI}A e B2
nAESe] d&Hoz WeslE e RAFE Aolth
AEde olgH B s o g4 e 5
Al Rakazd ws) AL E B2 bands7t HEH
tekst SAn g E 50 £HAE FHEA ALE ¢ T
itk whE, FALZAE 23770 Bt w2} band

BE7t ARAE A2 YERY oo A%
gAngEe $435 2FL wath
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Group specific PCR2) A&} ojd u|AEAN FHT
bandQI A& #Qlal7] YA Fig. 49 vebd DGGE gel 4
9 Eo|HQ bandE FE3tH FVIMEE MU DGGE
geldlA veEhd 3 band& F&35te] ZAEF £ GC-clamp
7} BRAEA S pirS primerE o] &35k PCREE & sequenc-
ingS 34tk 479 sequencing A3 Table 491 2ot &
AEHANA A28 1~719 Fede &AM &
# 5] = nitrite reductase geneS AU wncultured bacteria
2 Uehdth whde, Fiizx seAdA dEd 8~129
ol band9] A-$ nitrite reductase gene2 XU+ Alcaligenes
faecalis, Ralstonia eutripha, 1€]3 Thauera chlorobenzonia
59 gdndge] AFHAT ol FHAHY FAaZAAN
' 54 €2 ngEo 938 He AL dgngn.

B1
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JuRINIRua(]

80%

Fig. 4. DGGE analysis based on DNA fragment amplified
with nirS(cd3aF-R3cd) primer.

Source Sample No. AccessionNo. Similarity(%) Class/phylum Ecological source
01 AB164110 89 Uncultured bacterium Activated sludge
02 AB162306 90 Uncultured bacterium Activated sludge
03 AB164109 88 Uncultured bacterium Activated sludge
Activatedsludge 04 AB164125 84 Uncultured bacterium Activated sludge
05 AB162265 86 Uncultured bacterium Activated sludge
06 AB164146 91 Uncultured bacterium Activated sludge
07 AB162304 86 Uncultured bacterium Activated sludge
08 AJ224913 90 Alcaligenes faecalis Environmental sample
09 AJ224913 92 Alcaligenes faecalis Environmental sample
Anoxic reactorsludge 10 AF114789 90 Ralstonia eutropha Activated sludge
11 AY078263 87 Thavera chlorobenzoica Environmental sample
12 AJ224913 90 Alcaligenes faecalis Environmental sample
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