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Abstract
The community structure of the filter was studied by means of PCR-DGGE ,high throughput sequencing and other microbiological analysis meth-

[ Objective ] To test the main microbial flora in the loofah denitrification biofilter and optimize the operation parameters. [ Method ]

ods. [ Result] The microbial diversity on the surface of the stuffing is abundant. The dominant species were Rhodopseudomonas , Chlorobaculum ,
Rhodoblastus , Blastochloris , Eromonas. [ Conclusion ] The research results have guiding significance for improving the efficiency of denitrifying fil-

ter treatment pollutants.
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Fig.1 Schematic diagram of experimental equipment
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Table 1 Biological community diversity index based on distribution of DGGE bands
Gy BI5) R AL FEEHREL FAAEEL T AR
S ’ le N Evenness Richness Shannon Simpson
ampte No. index index index index
1-1 0.842 215 480 31 2.892 157 180 0.911 995 576
1-2 0.851 412 987 31 2.923 741 304 0.918 363 706
2-1 0. 809 980 895 26 2.638 995 951 0.886 591 638
2-2 0.796 122 559 26 2.593 844 153 0.881 324 094
3-1 0.810 807 525 27 2.672 289 332 0.905 337 945
3-2 0.800 201 466 27 2.637 333 491 0.901 101 304
2.1.4  BEREMFIC M., PCR - DGGE Y fig 490 F 4k 16 4 0.73 0.80  0.85  0.90 1.00
(G5 1 ~6) AT I, 38 X3k - 168, Se ) P 25 5 3% 2, — 31
122 2 v] 5, B Fh Chlorobium limicola strain DSM 245 | Rhodop- 0.97
seudomonas palustris TIE — 1 strain TIE — 1, Chlorobaculum lim- L 32
naeum strain DSM 1677 , Magnetospirillum bellicus strain VDY,
Rhodoblastus acidophilus strain DSM 137, Clostridium saccharo- 0.73 1-1
butylicum strain NCP 262 BAH{LI4: R 100% |, 138 BH X SE T Fh 0.96
3 AR A W E R, i H g Chlorobaculum limnaeum 1-2
strain DSM 1677 (&R MBI 4 100% , 2645 5 H 100% , L] 085
ZHEFIE 3 DEESH B R E R . Chondromyces Robustus strain 2-1
Cm al3, Chloroba culum parvum NCIB 8327, Rhodopseudomonas 0.97
palustris TIE — 1 strain TIE — 1, Thiomonas perometabolis strain 22
ATCC 23370 Dyella thiooxydans strain ATSB10 B 7 i) %% H E5 RSk skt
Bz ,E_Tf: 3RS HIEAERA Fig.5 Phylogenetic tree of system
F2 WEMNFLCR
Table 2 Cloning sequencing summary table
Ve e SURE T4 [ FBAABIE  GenBank’ J75145 2l i 1
Strip Clone child Strain Maximum GenBank’ serial Strip
No. number name likelihood // % No. ratio // %
1 3 Chondromyces robustus strain Cm al3 96 NR_025346. 1 67
1 6 Chlorobaculum limnaeum strain DSM 1677 96 NR_104865. 1 33
2 1 Chlorobium limicola strain DSM 245 100 NR_074355.1 33
2 5 Clostridium cellulovorans strain 743B 88 NR_119029. 1 33
2 6 Rhodopseudomonas palustris TIE -1 strain TIE — 1 100 NR_103926. 1 33
3 3 Rubrivivax gelatinosus 11144 strain 11144 99 NR_074794. 1 33
3 6 Chlorobaculum limnaeum strain DSM 1677 96 NR_104865. 1 33
3 7 Flavobactertum urocaniciphilum strain YIT 12746 91 NR_125467. 1 33
4 6 Chlorobaculum limnaeum strain DSM 1677 96 NR_104865.1 100
5 1 Aeromonas sharmana strain GPTSA -6 97 NR_043470. 1 100
6 3 Chlorobaculum limnaeum strain DSM 1677 99 NR_104865. 1 33
6 6 Chlorobaculum parvum NCIB 8327 99 NR_074362.1 67
7 1 Chlorobaculum limnaeum strain DSM 1677 100 NR_104865. 1 100
8 3 Chlorobaculum limnaeum strain DSM 1677 99 NR_104865. 1 33
8 7 Dechloromonas aromatica RCB strain RCB 95 NR_074748. 1 33
8 8 Magnetospirillum bellicus strain VDY 100 NR_116009. 1 33
9 2 Chlorobaculum parvum NCIB 8327 99 NR_074362. 1 33
9 3 Chlorobaculum limnaeum strain DSM 1677 96 NR_104865.1 33
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Strip Clone child Strain Maximum GenBank’ serial Strip

No. number name likelihood // % No. ratio // %

9 7 Treponema zuelzerae strain DSM 1903 98 NR_104797. 1 33

10 2 Chlorobaculum limnaeum strain DSM 1677 96 NR_104865. 1 100

11 2 Aureimonas phyllosphaerae strain 1.9 —753 98 NR_109590. 1 33

11 3 Candidatus solibacter usitatus Ellin6076 strain Ellin6076 96 NR_074351.1 33

11 6 Rhodoblastus acidophilus strain DSM 137 100 NR_104756. 1 33

12 3 Rhodopseudomonas palustris TIE -1 strain TIE -1 100 NR_103926. 1 67

12 6 Bradyrhizobium valentinum strain LmjM3 99 NR_125638. 1 33

13 1 Chlorobaculum limnaeum strain DSM 1677 96 NR_104865.1 33

13 3 Thiomonas perometabolis strain ATCC 23370 99 NR_042910. 1 33

13 5 Dyella jiangningensis strain SBZ 3 —12 98 NR_121724.1 33

14 3 Thiomonas perometabolis strain ATCC 23370 99 NR_042910. 1 67

14 4 Clostridium saccharobutylicum strain NCP 262 100 NR_122051.1 33

15 3 Dyella thiooxydans strain ATSB10 99 NR_116006. 1 67

15 4 Chlorobaculum limnaeum strain DSM 1677 99 NR_104865. 1 33

16 2 Paludibacter propionicigenes strain WB4 93 NR_074577.1 33

16 5 Chlorobaculum limnaeum strain DSM 1677 96 NR_104865.1 33

16 6 Burkholderia terrestris strain R —23321 98 NR_125558.1 33
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Table 3 Diversity index statistics of each sample
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Sample No. OUT sequence number OUT number . oy Y Shannon index
richness index coverage rate

1-1 47 230 1 566 5578 0.980 881 3.24

2-1 48 971 1336 3921 0.985 297 2.79

3-1 44 895 1525 5571 0.980 443 3.48
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Fig.6 Rarefaction curve of sample

2.2.3 FAEARMBLENTIF A IR 7T 20K 1,

HRYEAAE PR Y B IR, OB FEATE ] 202
KT L REIE A 225 SRR 7, B 7 w5, -
L1 =2 BERREET KT EREVE S5 LU AL, 5 1 -3 RE
VR A M AT 2200, 53X 5 DGGE M P8 i 45 R — 2, %
PRIAE 1 - 1.1 -2 FEABEVE 254 b, 44817 ( Chlorobi ) $C H
i B U R, A2 JE 1] (Proteobacteria ) YR 2, T 1 =3 A4
SR T B 2, HIRJE & 1], 7 BUAT B 1] ( Bacte-
roidetes) JEEEFE | ] ( Firmicutes) 2555 7] -, 220 AN HH I o
2.2.4 3#AJK(Heatmap) , Heatmap A L) FH 2 {0 48 £k o S ik
TSR I RS P AR B, BT DLW R (R
ANUIRE ORI TR R Ok R T 2R B s AT R
KB REEEHREFRTE heatmap 18] || 38 13 B0 0086 &
AR B ke S s (R AR AL P AR 2 S

&l 8 JEAREE K | OTU mh i & 341 88 467 THiF 50
A5 R AT 25 i, 53 5 4% BRAE it F1 53 28 AT 3R 28 5 A
Heatmap [&], BB S AR ity 78 8 7K b 2 B AR DL =57



64 %

=

B A

2017 &£

% Abundance

2-1 31
H S5 Sample No.

w RBARIT Chlamydiae
= A Dictyoglomi

® (andidate division OD1

= A% 1] Nitrospirae

= FER3RA 1] Lentisphaerae
= JRA%IA T Verrucomicrobia

= 4] Cyanobacteria

= gL Caldiserica

= ZRE I Synergistetes

FFE T Amatimonadetes
AHAFH 1] Fusobacteria
SHEHKE T Planctomycetes
Elusimicrobia

K& mE 1] Actinobacteria
BRATH 1] Acidobacteria
2517 Chlorof lexi
k4% Unclassified
#8417 Spirochaetae
AREEHE] Fimicutes
4A4FH 1] Bacteroidetes
EA 1] Proteobacteria
4k 1 Chlorobi

FEE[4m) H £ Tenericutes
FHNE I Genmat inonadetes
TR amE ] Candidate division OP11

FRHREABMEA 1 Deinococcus—Thernus

7 BEARITKELEEREMARNES

Fig.7 Differences in the community structure of phylum level of the samples
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Fig.8 Based on the sample genus and abundance of the heatmap

8 BT, 3 AN N TR TR S A TE TR B /K7 E IR AR
2L, 2T {B B 14 & ( Rhodopseudomonas ) | 4545 i J& ( Chlorobac-
ulum) 2T 24 & ( Rhodoblastus ) 54 4% T & ( Blastochloris)
IRITEE (Aeromonas ) 723X 3 ANl L [A) O DL 3R , Hop
SR R AR T TR R rh B, R — O LRETCHL
AT, B E TR AR KR A BT
BV R AR AR, DRI, (RS2 1 2R AT BB
FEHIRG, W], IR AR Tk e g i A
3 ig

(1) iZB5E 45 R W], DGGE M7 5 oy 1 ) Jy 25 10
A3, 1 DGGE W 7 H RGN 2 322 0 i A=, i Bt
A7 1% LU A REA R I 21, 1o 368 45 00 1 it A 3] 26 1]
354055 H 85 £} 153 J& , W] DGGE (A5 T i Wi B
TR, T8 X s AN 532 R AT o 3 A
REEIE DGCE 11 4 ~39 4%, it — L0 ke i FERUEY)
FERERYARXS F2 B, K 432K P BRI, & i B 5 DGGE
(4525 SR, JoHAE R R B9 K7 122 R k™, I

L i e RE A 5 A 4 T RN P S W W R v 457
11 DGGE (X AEM S WA FRIG ISR 2t FEAR R AR B
BT BEAR A Gl E W A W RR A OT RA HE2 E

(2) A2z JINE A g S i P vt vy B 3 o v 6 00
PAKIET PCR - DGGE HRRIREE il E Wit v Z FEE 0T
PR DA T TR Sy 1 fl B TR i | o T L 40 2 A T
JB SRR R o

22 WA SR AL DE S SFOR IR, B A 0 A HOIR D R A,
RIMWCEY) R 01 22 4 ] AR D A A A=)
TEHB IR
S 30k

(1] Zms, 9%, 2588, 5. Imiis /K b KR EE AL FRAA & T
L) ] AN TR, 2012,6(1) 163 —67.

(2] XUFFEE, FEIORE, 07 , 56 LM Hb K S T /KoK M i L
AU T ). ERASEAREAAR( EIARRIERR) ,2000,28(5) : 942 -947.

[3] KIM R H,LEE J,CHANG H W. Characteristics of organic matter as indi-
cators of pollution from small-scale livestock and nitrate contamination of
shallow groundwater in an agricultural area[ ] ]. Hydrological processes,

2003,17(12) 2485 ~2496.
(TF4% 69 )



45 %20

RERSF K pH s RATEMERIB AL BAIL AR AR ADBE YR 69

86.8% . Hirp pH 6. 5 (i ke /\ B R 8 & B, 50. 8% 5
pH 6.0 B E2 B H)E T it =il 46.3% . [Al#EHL, H e
JNEERTE B R B 52 B 1A B AE pH 8.5 v R X 5 B A Ry
9.4% 59.9% , & e Z G0 N PRl TR R SRR H BEFF I
I FR B o e R e A 18T i , JL7E S g 2 pHL 8.5 Hhry 4>
W 4 5 62.3% F1 11, 4% | T e R 1 s A R Ak
FAJE A 2 REUE IR B i . 1l R4 1) S P9 Al i
S, MR I pH BRI PR, R G IAEAE KR LR,
WAL TR IR, R T 2R R 7 R o T 0 A K o
ETHRMH BN\ SRR, AR, 20045 pH R e PERT,
RGNS LR K232 B S A B AR 2, i
T AR SRR B R I B T R R A
PR B AR RIZ R Z R R A BRI
AT BERER R NS pH 8.5 PR B R,

HAt Others B /ethanomssiliicoccus

AT B (RoE0Y) Halobacteriales_unclassified

A E R Haloterrigena W 534713, Methanobrevibacter
%388 Halobacteriun B YR2LE B Methnosaeta

W N\EIKE B Methanosarcina WReE AT B, Methanothermobacter
WATH B Methanobacterium Tt B (FBAR ) Methanoregula

100

80

60

40

20

HARFFE
Relative abundance /| %

0

4.0 5.0 6.0 6.5 7.0 75 8.0 8.5
pH

B7 ARREFPEEEBKELHENEE
Fig.7 The relative abundance of archaeal at genus level in dif-

ferent reactors
3 Hit5RE
UG A pH A 6.5 I, FBERY ™ < . i iRy pH
SAMHIZ 5 K% TR WL B Py A B B T A9 A=
K, TR B R GEAREIE #0315 i =i pH W2 BHAT ™ 212
TR A, AT 5 B0™ 2 T B B0, e 2 3 B EUE TR AU

P B TSR DL SRR, AT BN B URBCR . I EFE it ik =
XA K BB BRI AR D) S A AT RGBT, 4hiE
PRI SCRFE NS 2 B, i Ay B RE S i I T TS 20 A TR
TR IE =M ST R — R FHAR S

S Sk

[1] e ARIRMEEZ R R IE A A LA R R, frEEEel S
RFEAERET 1999 FRZBIM]. dbst: I, 2000.

(2] 785, TG B P SR A N s s A R & e R 3 AT
[D]. BT PHA,2012.

[3] AT 2P Bk A R D, BRI T A%,
2010.

(4] 5. REERG AR S N B E R AR D]. T (15
ez 2013,

[5] SHIN S G,LEE S,LEE C,et al. Qualitative and quantitative assessment of
microbial community in batch anaerobic digestion of secondary sludge[ J].
Bioresource technology,2010,101(24) :9461 —9470.

[6] WANG X J,YANG G H,FENG Y Z et al. Optimizing feeding composition
and carbon-nitrogen ratios for improved methane yield during anaerobic co-
digestion of dairy,chicken manure and wheat straw[ J ]. Bioresource tech-
nology,2012,120(8) .78 —83.

[7] EWF IR G ENASURE AR AR R M TZ LI D] 450
PRALApA RS R, 2013.

[8] GU Y,CHEN X H,LIU Z G et al. Effect of inoculum sources on the anae-
robic digestion of rice straw[ J . Bioresource technology,2014,158(4 ) :149
-155.

[9] KAWAI M,NAGAO N,TAJIMA N,et al. The effect of the labile organic
fraction in food waste and the substrate/inoculum ratio on anaerobic diges-
tion for a reliable methane yield[ J ]. Bioresource technology,2014,157(1)
174 - 180.

[10] WANG Q,GARRITY G M, TIEDJE J M, et al. Naive Bayesian classifier

for rapid assignment of rRNA sequences into the new bacterial taxonomy
[J]. Applied and environmental microbiology,2007,73(16) :5261 —5267.

[11] QUAST C,PRUESSE E, YILMAZ P, et al. The SILVA ribosomal RNA
gene database project : Improved data processing and web-based tools[ J].
Nucleic acids research,2013 ,41 :590 —596.

[12] ZHANG S,BANASZAK ] E,PARAMESWARAN P,et al. Focused-pulsed
sludge pre-treatment increases the bacterial diversity and relative abun-
dance of acetoclastic methanogens in a full-scale anaerobic digester[J].
Water research ,2009,43(18) :4517 —4526.

[13] ZENED A,COMBES S,CAUQUIL L, et al. Microbial ecology of the rumen
evaluated by 454 GS FLX pyrosequencing is affected by starch and oil
supplementation of diets[J ]. FEMS microbiology ecology,2013,83(2):
504 -514.

[14] LIU Y C,WHITMAN W B. Metabolic, phylogenetic ,and ecological diver-
sity of the methanogenic archaea[ J]. Annals of the New York academy of
sciences , 2008 ,1125(1) ;171 - 189.

[15] VALCKE D,VERSTRAETE W. A practical method to estimate the aceto-
clastic methanogenic biomass in anaerobic sludges [ J . Journal ( Water

pollution control federation) ,1983,55(9) ;1191 —1195.

(% 64 7)

(4] ZRVE REEESH NSRS a7t R[], B8
11,2011 ,27(8) :284 —290.

[5] BANGE H W. New directions:The importance of oceanic nitrous oxide e-
missions| J]. Atmospheric environment,2006,40(1) :198 —199.

[6] PUNSHON S,MOORE R M. Nitrous oxide production and consumption in
a eutrophic coastal embayment[ J]. Marine chemistry,2004,91(1/2/3/4) ;
37 -51.

[7] Zn%()ﬂﬁ AETETS/KHERAER M st SRS IR [T ). IR T2 5 PR, 2014
2):116.

(8] BBz, TJakk, T ¢, & N TR AR5 K ST e [T ]. &

\VERIERAE#417,2014 ,33(3) 1422 —428.

(9] P FIEAAT G5/ H KBRS ]. BRI SEA5,2010(5) <33

-34 42,

SRS RIS A 24, 5. FIERIKISEENR M A e T 1.

EE RS R ,2010,28(2) 44 —45.

[11] PARASTAR S,NASSERI S,BORJI S H, et al. Application of Ag-doped
TiO, nanoparticle prepared by photodeposition method for nitrate photo-
catalytic removal from aqueous solutions [ J ]. Desalination & water treat-
ment,2013,51(37/38/39) ;7137 -7144.

(12] AR5, B IR, 0507, 55 A R LB H T /KR Eh o 4
HEERI ST )], LI 2 AR (BRI IR) ,2014,43(3)

[10

[t

297 —303.

[13] SRR, VT, HEZE 5. KRR s duikm i o e e [0 1. 18E
Rl=2 2014 ,26(1) 119 -28.

[14] BB, & BB, B E . W N/KEEEREh s e 5 1A RF R it R 42 iR
[T]. #~7Kk,2010,32(1) .97 - 102.

[15] H—3 {5k SRR S AR R R [ M. Jbnt. sh SR T
AV HARRAL,2010.

[16] Skazks, SHIER, Bt , . 1 NKIEEREh IR R[] ok EaR,
2010,29(5) :4 - 10.

[17] &G PN PSS ORI B S b5 L) ] L AR TR 244
(EZRIEAR) ,2014,28(4) :53 - 56.

(18] VEERES , JRIRTE  FinT. FREHD N/KAEEREL S BYsh 1A M TR 515
[J]. #F7K,2006,28(4) :58 —62.

[19] ‘gm%. RSB RK R EERER AT [ D], B fEARF T K
= 2011.

[20] F5AT, CHlik, Trfalee, 5. RIS AR Eet — RIS R i L 2mps
SR ] BREEREA4R,2007,27(6) 968 —972.

[21] PEZS, R, TR, %, oo i g 2+ N,0 7=
HERYENE] T ). PREERIEESAR 2014 ,34(7) 11668 — 1673.

[22] EEIE, EhE. SRl DGGE 2347+ A A AR
WLT]. AR ,2014,54(12) 11489 — 1499.



