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Analysis on Diversity of Denitrifying Microorganisms in Sequential Batch

Bioreactor Landfill

LI Wei-hua, SUN Ying-jie" , LIU Zi-liang, MA Qiang, YANG Qiang

(School of Environmental and Municipal Engineering, Qingdao Technological University, Qingdao 266033, China)

Abstract: A denitrification functional microorganism gene clone library (amoA, nosZ) and the PCR-RFLP technology was constructed
to investigate the microbial diversity of denitrifying microorganisms in the late period of stabilization of sequential batch bioreactor
landfill. The results indicated that: the bacterial diversity of ammonia oxidizing bacteria in the aged refuse reactor was very high, and
most of them were unknown groups, also, all bacteria were unculturable or had not been isolated. The phylogenetic analysis suggested
that the dominant ammonia oxidizing bacteria were presumably Niirosomonas of B-Proteobacteria. The diversity of denitrifying bacteria
in fresh refuse reactor was abundant, which mainly included Thauera and Thiobacillus of B-Proteobacteria. As Thauera sp. has the
denitrification characteristics under the condition of aerobic while Thiobacillus denitrificans has the autotrophic denitrification
characteristics, it was speculated that aerobic denitrification and autotrophic denitrification might be the main pathways for nitrogen
removal in the fresh refuse reactor at the late period of stabilization. Additionally, another group in the gene clone library of denitrifying
bacteria may be classified as Bradyrhizobiaceae of a-Proteobacteria.
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Fig. 1 Agarose gel electrophoresis images for part of PCR products of clone libraries of amoA and nosZ genes
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Fig. 2 Agarose gel electrophoresis of part of the restriction fragment length profiles of PCR products of clone libraries of amoA and nosZ genes
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PRIRE AR ) 007 S AR LB ity 4
{18 9 A ST A, B R i R B A W R S i %2 |
\H L ST b Sz WA TZE R i P LR ) 2R PR ARRALE

R1 REXESHEEIEHR

Table 1  Diversity index of the clone library
SERESCREZSA  BERE TR A OTUs/ 4~ C/% m D E/% R
amoA 146 20 95 2.44 0.89 81 3.81
nosZ 60 13 95 1.98 0.78 76 2.93

Kemp %52 HF 55 % 300 BV R 1) 7 e SRR AN
REAEAE FRGERE G B BT A R e EokF, 2
TR 809 RI AT A A 12 v B S BLA e 1)
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ST S A 3 S i v A W R T Al R A A
FRIE. 2] (species evenness, E) S48 A 5% i 42350
Py AR H W53 BOIR B, & B e i 2 & W A 4
B H BRI SRR AR amoA 5 nosZ By

SIREFER 9N 81% . 76% , it W™ Ak 47 3% 3 fif
Bi I G0 AN B 3 A7 A X 3857, DR 3 Fp R S A gk
AL,
2.4.2  amoA FER P LXTEE R ARG K E 4T
#F amoA KN SCPEZ RFLP 43 Hr k45 19 20 4>
OTUs 45 BEHE— X I 1) s B F-HEA 713 510 5, >R
FH BLAST 34Xt B 3§45 5e b+ )7 511 5 GenBank H?
(B B AU 2547 T e Xd (R 2) , Al Mega
5.05 B R G AR (B 3). — Mok, 6l
A= Y19 16S vDNA [A] 5 M 35 #1197 % s L 1B, 7] LU

F2 amoA TIENEEFENFLILIER
Table 2 Inventory of sequence alignment for clone library of amoA gene
YIS
OTU 5% GenBank 111 b S A M gy RIS
/% AT/ %
Al Uncultured bacterium clone BB-6 Bacteria; environmental samples 98 KF878009. 1 0.68
A2 Uncultured bacterium clone DU42 Bacteria; environmental samples 100 KF619241. 1 2.74
A3 Uncultured bacterium clone DU1 Bacteria; environmental samples 99 KF619200. 1 11. 64
Uncultured ammonia-oxidizing bacterium . .
A4 clone 1STE-AOBI9 Bacteria; environmental samples 99 KC773946. 1 0. 68
A5 Uncultured bacterium clone 3b34 Bacteria; environmental samples 99 KJ093879. 1 19. 18
Uncultured ammonia-oxidizing bacterium . .
A6 clone BXA-107 Bacteria; environmental samples 99 EU624936. 1 0. 68
A7 Uncultured bacterium clone 5h33 Bacteria; environmental samples 99 KJ093955. 1 0.68
A8 Uncultured bacterium clone 3h30 Bacteria; environmental samples 98 KJ093875. 1 6.85
A9 Uncultured bacterium clone 3b30 Bacteria; environmental samples 99 KJ093875. 1 0. 68
Uncultured ammonia-oxidizing . .
ac q. < T S 3. . 3
Al0 bacterium clone 12wAMO34 Bacteria; environmental samples 100 JX157953. 1 1.37
All Uncultured bacterium clone 3h7 Bacteria; environmental samples 99 KJ093852. 1 1.37
Uncultured ammonia-oxidizing . X
Al12 bacterium clone NPM-393 Bacteria; environmental samples 99 HQ875323. 1 4.79
Al13 Uncultured bacterium clone LZBBC-AOB-BC1 Bacteria; environmental samples 99 KF179484. 1 2.05
Al4 Uncultured bacterium clone BNamo30 Bacteria; environmental samples 99 HQ190104. 1 8.90
Uncultured ammonia-oxidizing bacterium . .
Al5 clone NPM-454 Bacteria; environmental samples 99 HQ875320. 1 15.75
Al6 Uncultured bacterium clone SNAD_amoA_9 Bacteria; environmental samples 99 KC569477. 1 0.68
Uncultured ammonia-oxidizing bacterium . .
Al17 clone J40120839_B1B_22 MI3F Bacteria; environmental samples 99 KJ497772. 1 12.33
Uncultured ammonia-oxidizing bacterium . .
A18 . Bacteria; environmental samples 99 KJ081658. 1 6. 85
clone lj-aob14
Unecultured Nit Bacteria; Proteobacteria;
A19 newiured furosomonas sp. Betaproteobacteria; Nitrosomonadales 98 EU221321. 1 1.37
clone NT5 . .
Nitrosomonadaceae ; Nitrosomonas
A20 Uncultured ammonia-oxidizing Bacteria; environmental samples 96 JX140558. 1 0. 68

bacterium clone AOB-HM3-83




346

i

Fl 37 &

B

0.02

51

Al4
TSLr
921 A10

Nitrosomonas nitrosa(AF272404.1)
Al6
3 I-— Al9

[ =]

‘Nitrosomonas sp. Nm84(AY123818.1)

Uneultured ammonia-oxidizing beta proteobacterium clone SF05-BG30-B04(EU651707.1)
Unidentified bacterium Poll-10(AF272476.1)

57 ! Uneultured Nitrosomonadaceae bacterium clone 9(FJ603091.1)

Uncultured Nitrosomonadaceae bacterium clone 14(FJ603096.1)
Nitrosomonas sp.Nm59 (AY123831.1)

Nitrosomonas spNLT (AY958704.1)

Nitrosomonas sp.Nm47 (AY123830.1)

Nitrosomonas oligotropha(AF272406.1)

Al3

K FH Neighbor-joining 72 HH | AR SCH )2 IR 2 51 5

111

sp.JL21 (AF327919.1)

Fl GenBank B4 , 45t B AR R SR A5

533 R _E BRI BEL 0001 bootstrap 4347 T SCRFIIUREL , LR BERIR 2% J3 5128 57t (0 53 3K
B3 amoA EEMRFREN
Fig. 3 Phylogenetic tree of amoA gene
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AN PR TR MR, Utk b b A
VFZRAGUEE IR 3] 73 B 4 9y A, T AS REAS

He

P BB L R PP 471 T Jad A B 110 EL R 40 2505 L. ARAIFSR
HENT Y amoA B IE SR RS A3 1 L AR R TR
Y SEMANEE , TRE A f T H A X by 35 R 37 P9 R Bk
A REVE IS /D A B sy SRR 37 N R AR TR R
AR

M3 AT 5 B SO T amoA JERIRI 4328 3
AN BB T #E R B A10, A13, Al4, AL6 £ A19
X 54 OTUs 4b, Hi4x 18 15 4> OTUs #BLESS 155, 14
AT B SR 5K 248 4 B AR AT B A 0 S Ak A R 2
B, BRI 2R 400 /AR, v] W E AT 13 7E IR — 42
A7, 4 A1, A5, A2, A15. A12 4 ML A 43
BT, B RARIE , 4575 I P I A 3 X i 2%, BT
FRESR TRl — RS A B, 6 1R h Y E SR
A GenBank "1 2 H R W A B AL B, K
FAFEABIE TR OTUs , X 16 BAASAIF 53 8 57 A% SO
HE AL B S B Y R A A B R G R R
5, T LA H 37 3% BRI 2R Gt 9 S SR A R A A T
65 HoAth 24 55 v & AL 41 R A RERS A AN TR AL0,
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Al4 | A16 Fil A19 3% 4 4~ OTUs 4345 F455 WK, Horp
A19 HI A16 7E R GL A A W AR — 70 32 |, T LA
H Al6 Fi1 A19 W] BE[F] J& T B-Proteobacteria [ ] T
Nitrosomonas J&, A10, Al4 F1 Nitrosomonas nitrosa
(5% AF272404) 78 & B W IR —40 32, BiBA A10
' A14 TTEERIT)E T Nitrosomonas J&. HILIEEA
WFoE e P A3 3 M & A AL A AT R A R T B-
Proteobacteria [ ] T i) Nitrosomonas J&.

S208 R S L U I =N =R I T
Nitrosomonas F1 Nitrosospira J& ! , AR A 5T 4 T
(1) amoA FE[H v [ SCE P A1 4 L 45 SR R 5 amoA
AR AR S T, H R S8 & B ] LU H
5 AT R E FIEE N Nitrosomonas , 3X 24554 4
FEARAET L ARSI WA I AT
15K PR G, il A A & A " A SR Y
RIErf. AR A Xt U A B U ZE A i B 5T

WERPWHB N A AW EEZE T B-
Proteobacteria ] % MR P i £k B0 B 5, 5 A BIF 5T
ZE A — B, YR P A AR W S i S b A e
WAk b7 9 B o0 rh 2 S AR 4 T LA Nitrosomonas J& R
=, i Nitrosomonas J& W84 ) 1 5¢ #E 7K 2 6 W
ZEAL. HA Nitrosomonas sp. 752 A A0 2 M
(AL 7R TR 3 AR o2 il AR I A PN T A R R
TR (B b 17 I B o0 #E K B I8 W NO, -N/N T
0.5 mg'L_1 ,ILH7J(NOZ_ NZ1°K 6.0 mg-L_] ) ,{E%%
A N,O HECH It 5 2 48 09 7 A5 Yo i Ak
WA OCHE A E.
2.4.3  nosZ FEHTHI LA R ARG L E b

Bt nosZ IR SCE L RFLP 2y M1 34509 13 4
OTUs H 4368 — AN X A9 s B+ E 47 13 10, %
FH BLAST #cf4x] iy 4k 45 5e b 5 7 511 55 GenBank
AC R AR BEAT 1 HEXS (K 3).

ER3 nosZ TIEXEERNFF LR

Table 3 Inventory of sequence alignment for clone library of nosZ gene
. . et g0 , AR SERET AT A
2p1 L ~ } ) B s b o7 J% K JE BEe
OTU %5 GenBank HH ) f5 A 1B B b TR A o A % RS
NI Uncultured bacterium isolate DGGE gel Un(‘:ultured bacterium; 33 6.67 AYSTT571. 1
band HZ9D environmental samples
N2 Uncultured bacterium Uncultured  bacterium;  environmental 9 16.67 17310456, 1
clone B42_31 samples
Uncultured denitrifying bacterium clone  Uncultured bacterium; Estuarine
N3 46-nosZ-LZB Sediments 89 3.3 1X465249. 1
N4 Uncultured bacterium clone Buji5-1 Unculiured bacterium;  landfill leachate 90 5.00 GU362753. 1
treatment plant
NS Bacillus — thuringiensis chid —gene for o <+ Bacillaceae; Bacillus 98 3.33 HG792452. 1
exochitinase, strain SBS-BT6
N6 Thiobacillus denitrificans ATCC 25259 Betaproteobacteria; - Hydrogenophilales; 95 6.67 CPO00116. 1
’ Hydrogenophilaceae ;
N7 Bacterium enrichment culture clone En_  Uncultured bacterium;  environmental 91 167 HQ630167.
UW_15 samples
N8 Bacillus — thuringiensis chid —gene for —p L. Bacillaceae s Bacillus 100 5.00 HG792452. 1
exochitinase, strain SBS-BT6
N9 Uncultured bacterium clone ISA00218 Uncultured bacterium; paddy soil 89 1.67 FJ209407. 1
N10 Uncultured bacterium clone Buji3-5 Uncul,tured bacterium; 95 1.67 GU362738. 1
Landfill leachate treatment plant
NI Thauera phenylacetica strain TNO Proteobacteria; Rhodocyclales; 88 3.33 1Q319501. 1
Betaproteobacteria;
NI2 Thauera sp. MZIT Proteobacteria; Bhodocyclales; 39 333 CPO01281. 2
Betaproteobacteria;
N13 Uncultured bacterium clone DaS36 Uncultured bacterium; activated sludge 90 41.67 HQ625230. 1

2 3 ALl SRR Y nosZ JE N FE 1] 5 B A1
FRBNAR AL B B AIG, 2L AR TE 83% ~95% Z IH]. iR
& LA nosz F A R o FhRiCHF 5 b e L b v
R A R IE 25 R A T —RE RS 258, X Ui
B 2 5 5 RGO U DRV 45 A 24 R

Z%. OTU-N13 (5 3¢ 1 S50 41.67% , 2 3%+
BRI HF R, B Y5 GenBank H' Uncultured
bacterium clone DaS36 140l A 90% , 55 ¥4 12
FEHH Thauera sp. MZ1T A4 TR VE A SR 89 % ,H%
Thauera phenylacetica strain TN9 1 R R PE 88% s
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B % 37 %

IH J& T pB-Proteobacteria 24X A9 2L 3H & F}
( Rhodocyclales ).  OTU-N2 /5 »@ [ F & 2
16. 67% , S5%HEE T Uncultured bacterium clone B42
31 B9 AR L E N 92% , B 45 BN E BB
Bradyrhizobium japonicuam USDA FI Bradyrhizobium
japonicum [ [ YA 91% , 4 J& T a-Proteobacteria
40 1) 18 A AR T B ( Bradyrhizobiaceae ) .

UL, nosZ He I Z A8 F 6\, & B-
Proteobacteria 24X F11J5& BE 5 7] ( Firmicutes ) B¢ 40 & 7
B, J@ K1) Z R B, A0 4 B-Proteobacteria 2K 1)
AN ( Thauera ) F1 WA E R ( Thiobacillus ) .
Firmicutes ] f 2f #0 #F & J& ( Bacillus ). H 7F
GenBank 71 AL IE KRR 72 , OTU-N9 K iEF
JKAGHT, OTU-N4 F1 OTU-N10 3K 5 T35 & 1 b 1 2
#,0TU-N13 SRIE TP i5 76, OTU-N3 KI5 T-i] 1
DU HAL i OTUs M2k A T A AR, th T 48
AR MBI, FHB 531 OTUs I B A7 HLAAR 1 43 2 b
B SAEALAN G TE AR A A Tz, 4 R 2500 2
A8 1Y S S AL 4 R 43 A F Proteobacteria [],BR T 8-
Proteobacteria 4, LA o, B, v Fll & iX 4 HHER
A BT . ASBIESE K IR R AL TR 32 253 A 7E
B-Proteobacteria ) Thauera F1  Thiobacillus J&.
Thauera 52 —JSTEA HLYIREARE | I AU A2 v & e
SR IR E |, TR S8R T B e A, ETE
ZRhIREE AR R 2. e AR YOI A 2 Y 1
T Thiobacillus 1 Jii % B ¥ & ( Thiobacillus
denitrificans ) B A s . Onay %[zg] a
PREAHE A2 U R ] 2 PR IR SR R L A b TR )
FEfEA P 805, A 77 S s A Ba mT LR ] A6 25
i by TR A EA T R AR VE . T D3R 6 iy 3% BT
BRSNS S 57 R 3 SR R AL i A2
MR AN I A AR DAY B 3R S AR B A

Az
3 &

(1) SERESCRE I Hr 45 2R B, e it U AR ) S i
i UL B RS IS S A A A7 35 52 vy s G T
PR AN B RT3 D9 R ISR HLAY g A m s
FRBORZ T B A, & RGBT R
4t N = E AL 41 R T BE DA B-Proteobacteria ] H Y
Nitrosomonas "N 3. Nitrosomonas 1£ 2 R 550 R FE M
AR R R 2 S 23 S L 5 PN I il 7R 6 R
2 RGNS BTG R AR AR B B AT

(2) Pt U W Sy s SR A AL s 31 Y 5

e 7 3 SO s SR A AN B R R R, E Al AL

WA B-Proteobacteria 49 H1 (1) Thauera F1 Thiobacillus

J&. Thauera J&7E4F %8 45 4 T B A S AL 47 1k,

Thiobacillus " B B & B ¥ ( Thiobacillus

denitrificans ) J&—J&8 A I SO AL A, AT DL 6 47 3

BATTARE A ) A A R BB AR O S R A AR AN A

Fe AL, AN SO T AR — 43 S AE AL 2 T 7T e

I3 J& T «-Proteobacteria 44 B4 12 4= 2 & &}

( Bradyrhizobiaceae ) .
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