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Isolation, Identification of Two Aerobic Denitrifiers and Bioaugmentation for

Enhancing Denitrificaition of Biofilm Under Oligotrophic Conditions

QUAN Xiang-chun,CEN Yan,QIAN Yin
(School of Environment, Beijing Normal University, Beijing 100875, China)

Abstract: Two aerobic denitrifying bacteria were isolated from the sludge of municipal wastewater treatment plant by enrichment,
preliminary screening with BTB culture medium and the denitrification potential test and identified through 16S rDNA sequence
analysis. Then they were bioaugmented to oligotrophic biofilm system respectively, aiming to enhance the denitrification capacity. The
two strains were identified as Pseudomonas aeruginosa and Pseudomonas putida respectively. They could remove 78% or 82% of the
total nitrogen in the simulate wastewater when existed alone. And the total nitrogen removal efficiency of the biofilm system reached
68% and 64% after bioaugmentation with two trains, increased by 47% and 43% compared to the control, respectively. Meanwhile,
the ammonia nitrogen was nearly 100% removed. It can be concluded that two aerobic denitrifiers can enhance the denitrification of
biofilm system significantly under oligotrophic conditions and will not inhibit the nitrification process, therefore can help biofilm system
achieve simultaneous nitrification and denitrification.
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R A R ALK (DOC) ¥R BE R 0. 35 ~ 70
mg-L ™" BRI BB (POC) HEEE R 3 ~ 10 mg-L ™",
FUEFEIARD AR 0. 1 mg-L-"" S48,
WAL I T5 7K — 9 H 7K (BOD; 30 mg L™,
COD 100 mg-L™", SS 30 mg-L™', NH,-N 25/30
mg-L™" TP 3 mg-L™ ") h# & 7K B sk
AW AR, — e p A | BT FIE 5 1)
FRICI T BE 252 2P0 1 ok A FEVER s MG
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1 MRS

1.1 53k

R B (BTB) i3t . L -RAB 1 g L7,
KNO, 1 g-L™"; KH,PO, 1 g-L™"; FeCl,+-6H,0 0. 05
g-L7'; CaCl, -2H,0 0.2 g-L™'; Mg,SO, -7 H,0
1g-L™"; BTB1 mL-L ™' (1% &5 T 2 8) , BiflE 20
g L7 pH7.0~7.3 Jgr b B0,

LB kIR BB 10 gL' HZH 20
g L' BERHEH) S g-L7'; NaCl5 g-L°"'; pH7.0
~7.5.

I s AR AR T RN 2. 84 ¢+ L' ; NaNo,
0.85 g-L°'; KH, PO, 1.36 g-L.™"; (NH,),S0, 0.27
g L7 BEREIREUCY 1 g-L7'; MgSO, -7H,0 0.19
g-L_1 ; %ﬁ%ﬁ??ﬁ@[lﬁ]l mL-1.7" ,pH 7.2.
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PR 3 DAL, P28 IR A s IR A —E
AR T HIIERE 21 3 A FE - FTHEIR 20, B 1 mL
IRAWINE] 200 mL ik & HE IR, T 30C T,
150 remin " fERFRR PR 72 h. N FRWB A R
5 mL 55U, 0B e O L AR R AR A b B R 72

h, B4 3 . BOZIE IR W, W B J5 Uk A T BTB
IEFREE L, T 30°C R F% 1 ~3 d, PRIUE [F A 5
o B RS U T ot — A e g e

1.2.2 WU AR TR 1 & T

W57 B P R I AT R R W) 3 2 — B0 7
%] PCR ( enterobacterial
consensus-PCR , ERIC-PCR) #47 3£ R 43 5 W14 7E
FE A 519 R SCER[ 19 ] I8 AY ERIC-1.5'-
ATGTAAGCTCCTGGGGATTCAC- 3’ Fl ERIC-2: 5'-
AAGTAAGTGACTGGGGTGAGCG-3', § # & & (25
pL /& R) BC & W K. Tag DNA R 5 T (5
U-pL™"),0.5pL; 10 x buffer,2. 5 wL; dNTP Mixture
(2.5 mmol-L™"),2 pL; A DNA (40 ~ 80 ng),
1 pL; 5% ERIC-1(20 pmol-L™"),0.5 uL; 514
ERIC-2(20 pmol-L™"),0.5 wL; KB MilliQ 7K, 18
pL. SRR 95°C TAEYE 7 ming 94°CAEYE 1 min,
52°CiR X 1 min, 65°C #Ef#H 8 min, 3£ 30 /™1
65°C ZEMH 16 min, 1 MEH, I 5.5 h. PCR /=¥ H
19 BiSHHEEICHLIK 1.5 h, FHEEIR 1% 2 G W g2 4%
BRI A Quantity one 4. 6. 2 ( Bio-Rad) 43
BrEE M FL Uk 1, AT R 2808, T3 B R AR AL
ZH AR - ¥4 75 (unweighted pair-group method with
arithmetic means , UPGMA ) , ] 45 J| K7 i [R 764

TP HCRE DR AN [] Py 4 S B A AL TR AE LB 1 9 5
AT ARG SRR, R T AT 100 mL B K
(TN, NH, -N, NO; -N Ay H i ¥ B 4390l o0 50, 15,
35 mg-L™",COD ¥ &4 100 ~ 150 mg-L~") f4ETE
P, CBHAEIE T 30°C T . 150 remin ' RER TR
3 d, ERHBUREI 2 TN, NO; -N FINH, -N¥ FE 721k
PRk X TN KBRS f i AR AT N —20 505,

1.3 IR %

PRk X TN 22 B 3 A0 X 55 v A 7 ik 32 i 31
LB ik K 7% 3L b i 47 4l 5 3%, SR )5 R A EZ Spin
Column Genomic DNA Isolation Kit if#] & (1 &K
BBI) #2HUAH FE E DNA, 4T 16S tDNA JPFII 5 .

16S rDNA 4734544 341F F1 907R, ¥ 14 H Az
F B JE 20 550 bp.

PCR WA Z (50 wL) 23 B B AN F : Tag DNA
BAWET(5 Uspl™"),0.25 wL; 10 x Buffer ( Mg**
Plus),5 pL; dNTP Mixture ( 4% 2.5 mmol-L™"),
4 pL; A DNA(BFE A DNA) |1 pL; 514 341F,
1 pL; 5% 907R,1 pL; KB MilliQ 7K ,38. 75 L.

SIS AR T SR A <1 R R 9 2K PCR
94°C 15ZEE 5 min, /i 8 MEFF K 94°CZE1E 30 5,63

repetitive  intergenic



2864 2N 5%

B 34 %

~56°CiR K 60 s,72°C LA 90 s(Hh B —EH G
BAGRIE TFFE1C) 5 2RI 94°CA8E 30 5,55°C iR k.
60 s,72°C 4L 90 s, JF 35 25 K, fiJ5 72°C ZE
7 min. PCR P2 948 1 1% B i A 06 e el ik 4G 00
PCR i P& Hos i BEY 851 8 3 A UL EFAT
B, LAB 1E PCR s it SR i 22

PCR =% A2 A6 5t = 1A= ) T8 =] 47
P, 25 B4 58 NCBI #47 BLAST Fuxi, R 751
[, 456 1 N AN 53 T 45 21 55 UE A 448U
AR TR P2, AT R GE R B 40 B, B 1% 20 1R [R] I8
Y. RGELEE A AT Clustal 1. 83 F1 MEGA
4.1 58, W J7 7% 2R FHl Neighbour-Joining 3% , i {k
BE B 1158 Ty 1 o e RAUAR 75 (maximum composite
likelihood ) , % UE Bootstrap 11744 500 ¥X.
1.4 UF U Ak 20 B X 28 R A IR R 4 A Ak
RE 15 AL

V07 A5 20 9 SR R A A T 4 R T LB 3R
Bk T 30°C , 120 remin ~ EIERE R RS 12
h, 7€ 50 mL #2508 4 51 A S5 i R, 5000
remin "' FFTE L 10 min, 4&%%1213, HH G 281 K
PRI 3 35 P JC R KRR R, FEe i PR i A iR 5.

1] 500 mL HEJEIE P AN A 200 mL #EALE K, N
A8 T 20 YR A HE DR 42 B 12 100 9 HE A5
B E A, X B AN IR KA T
30°CF, 150 remin " FEIRIR . BAUE K HNH, -N
RIS HE J 20 mg-L ™", i NH,Cl #24, COD Jy 100
~ 150 mg-L™", 1 # 4 B $2 fit, NaHCO, 1500
mg-L~" NaCl 30 mg-L~", KH,PO, 50 mg-L~"', KCI

Marker

a2 L U UMl @ DU
= & @ W T Mmoo 61—

14 mg-L~", MgSO, -7H,0 20 mg-L™", CaCl, -2H,0
18.5 mg-L~" i ILE 0.5 mL-L™" ,pH 7.2. &
AFEURE I 22 TN, NH,'-N, NO; -N, NO, -N ¥ j& 78
b, 58 RUAH A TR TE 208 32 45 1 X6 A ) 5 S A
(RIS EE
1.5 RESHWIE

ALY it SR H A RAE ARy i BT R A A
TR 2820 338 PR AR IR S AT 0 Tl 2. COD SR
F[E HACH e ) 5 LI &, NH, -N, NO; -N .|
NO, -N K JHZEE SEAL AA3 B3 31434300 5 , TN
SR HT ik B B2 B0 T8 M a5 g A, IR R R
HZQ-80 AL Wi i (N TR IKA &Y, fr A= P
K F AR S5 5 ) P A W i SR Ak T 2 4K

2 HFREHMWH

2.1 PRSI i i

IS SR iy TR = S P S SR 20 (o
YIB , 76 BTB A Eab ATl 2o 2, 15 3 14 BRE T
FEAEAS TR A SRS AL AN B . I i T 1 S R ) s R
—FFHN R A BV (ERIC-PCR) % 1A 14 #R4H
WA TSR 435 Quantity one 4. 6. 2 ( Bio-Rad) 43
M SC &, BT RIS 0T, a5 A 1 R, — ik
A UE =5 F 0. 60 1P AS B IR HL AT B 4 A A
PP LR G TR SR R 2 A IR R 148 | 4C
1C,5C,2C, 3C, 7A, 13B, 5B % 9 Fh itk 40 i
PEATElRE A% FH CARE AL K iF— 25 i A 441
ZUF AR TN LBRR A e e, Hep
TA FI 14B XF LI K TN 22 B a5 8, 43 il i 3

0.68 4

0.25

1040 138

0.69

1 16 # ISR E A ERIC-PCR 545 EiE R BES T
Fig. 1 ERIC-PCR fingerprints of the 16 stains screened and the dendrogram of ERIC-PCR fingerprints
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78% F182% . ramosus DSM  20546T . Bacillus coagulans 1AM

2.2 WL TR A E
et TA 1 14B 19 2 BRANBEHEAT 168 rDNA
WY, 45 B4 28 BLAST LX), 45 R KB 7A 5
Pseudomonas aeruginosa strain W3. 1 AL E 5
(99% ) ,14B 5 Pseudomonas putida strain S826 J¥3)
FEARLEE Fp 5 (100% ) .
] N AMIT S rh 275 3 90 i 1Y) e 280 48U S R AL 20
W E A Alcaligenes denitrificans DSM 12141T ,
ATCC 19367, Paracoccus
Alcaligenes  faecalis B3/1,
DSM 20124T. Arthrobacter

Paracoccus  denitrificans
ATCC25364 |
Arthrobacter  globiformis

versutus

12463 T Bacillus denitrificans DSM 466 , Nitrosovibrio
tenuis , Nitrosospira sp. NpAV | Nitrosomonas europaea
M103 . ATCC 25330,
Pseudom onas putida ATCC 11172, Rhodococcus
coprophilus  ATCC29080T ., Rhodococcus sp. SDN |
Rhodococcus rubber DSM 43338T , Rhodococcus fascians
ATCC 35014T. F| FIix 2L 4014 19 16S tDNA 751 5
AR S v 2 T A Y 2 bR G S S AR A R Y 16
rDNA BEAT R GE 4 H 534, FIAT Clustal #7473 #7 11
BF SRR MEGA B PFE R GE it AL, 45 AR 4n
K2 ffis.

Pseudomonas  aeruginosa

100_1 Nitrosospira sp. NpAV
100 Nitrosovibrio tenuis
97 Nitrosomonas enropaea M103

100 ’— Alcaligenes deniirificans DSN 12141T
100 Alcaliy faecalis B3-1

100 ~ A Aerobic denitrifying bacteria 7TA

100 Pseudomonas aernginosa ATC25330
100 lA Aerobic denitrifving bacteria 14B

Pseudomomas putida ATCC 1172

100 —— Paracoccus denitrificans ATCC 19367

L Paracoccus versutus ATTC 25364

100 {

100

0.05

Bacillus coagulans TAM 12463T

L Bacillus denificans DSM 466
100 [ Arthrobacter globiformis DSM 20124T
Arthrobacter ramosus DSM 20546T

97 -Rhodococeus fascians ATCC 35014T
4@:1’%0“‘:& coprophilus ATCC 29080T
100 | Rhodococeus rubber DSM 43338T
Rhodococcus sp. SDN

B2 FRERMUMAETA 4B HRERER
Fig. 2 Phylogenetic tree of strains 7A and 14B

M ol BLE W, R A g TA S
Pseudomonas aeruginosa ATCC 25330 b F R —4r 2,
14B 5 Pseudomonas putida ATCC11172 a5 e vy
WIEEREXEFW, i TA J& T Pseudomonas
aeruginosa ,14B J& T Pseudomonas putida.

2.3 PSRN RO BUE SR A M IR R G i AL
RE IR AL

NIRIE TA HI14B M AP RE SR T
AL RE T sRALAE T, A B985 b 7 b Sz i o
PN I TR 08 0T B 2R G2 R0 0 45 48U B A A 4
TA FI14B 19 25 W) I 2 8 00 A% B g B8R K
NH, -N, NO; -N. TN i % B € J1, #5 R W 1&l 3
7.

P 3 (a) AT, B0 7A 1 148 XA R 4t
NH, -NZERFEA PR, 17 3 h NH -NEERH
T 100% , 15t B M BT Xof 2 ) J5E % &5 i ALV )
AR, H NO; -N F1 TN 2 B3 S Th e B 4k
[E3(c) ., EI3(d) ]. ABRAIMIRRLE NOS -N &

HAERT 3 h Frgk BJF, MWW AR RS
NO; N H 1 L THEWAE K 2 4 h (B R/
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