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Abstract: Anammox autotrophic denitrification process has significantly low-carbon characteristics,
and the addition of carriers to form biofilm is a common strategy for achieving Anammox in
mainstream municipal wastewater. However, relatively few studies have been conducted on the
evolution of the microbial community structure and functions during Anammox biofilm formation
under low-temperature and low-substrate conditions. Therefore, in this study, an Anammox sludge-
biofilm system was first established under low-substrate conditions (NH;-N = (32.6 + 2.4) mg/L,
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NO,-N = (43.9 + 1.9) mg/L). The evolution of microbial community structure and functions during the
formation of Anammox biofilm was thoroughly investigated. The results showed that Anammox
biofilms could form in about 20 days under low-substrate concentrations, and the total nitrogen removal
efficiency of the reaction system could be maintained at 67.1% =+ 2.5%. The addition of carriers
provided a diverse ecological niche for the anammox sludge and significantly increased the species
richness and diversity of the sludge-biofilm system. The addition of carriers also played a selective role
in the anammox bacterial community. The relative abundance of the filamentous Chloroflexi, which
served as a skeleton, decreased from 20.9% in the seed sludge to 18.6%. In contrast, the relative
abundances of norank f norank o norank ¢ WWE3 and norank f AKYH767 increased
significantly from 1.9% and 0 to 13.8% and 7.6%, respectively. The results of B nearest taxon index also
demonstrated that the low-substrate conditions and the addition of carriers increased the role of
homogeneous selection in the process of microbial community construction. In addition, the formation
of biofilm enhanced the metabolic functions of Anammox communities related to cell growth, such as
amino acid metabolism, translation, replication and repair, nucleotide metabolism, and cell growth and
death. At the same time, it also strengthened ecological functions such as denitrification, nitrate
respiration, nitrate reduction, and those related to the carbon cycle. However, metabolic functions such
as energy metabolism, membrane transport and signal transduction related to information exchange, as

well as nitrogen respiration, nitrite respiration, Anammox function, and ecological functions related to

the sulfur cycle, were significantly reduced.

Keywords: Anammox; Biofilm; Municipal wastewater; Community structure; Community

function
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Table 1 Main components of synthetic wastewater

FEERWS WE(gL)  BEOTEERSR RE(gL )

NH,C1 0.115 Na,EDTA 7.500
NaNO, 0.197 H;BO; 0.035
NaHCO; 1.000 ZnSO, 7TH,0 1.075
KH,PO, 0.025 CuSO,-5H,0 0.625
CaCl, 0.300 MnCl,-4H,0 0.495
MgSO, - 7H,0 0.300 NaMoO,2H,0 0.550
FeSO,-7H,0 0.015 CoCl, 6H,0 0.600
Na,EDTA 0.020 NiCl, 6H,0 0.475

)& Fast DNA® SPIN Kit for Soil(MP Biomedicals,
FE ) XI5 YR RE A Y DNA JEF 732, 35 55 40 5 1Y
#5149 338F( 5-ACTCCTACGGGAGGCAGC
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P38, R H] Mumina V-5 X 5577 Y564 100 7530477 -
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7K NO;-N ¥ B2 32 i b T I 48 € 7 (30.1 + 3.1)
mg/L. 5ZAHXTR, B #5 NH; -N 25 B 352 4 -
Th I %8 EAE 53.1% £ 9.2%, NO;-N % [ K Hh &
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— 7 T FT O R iT B 23 R BOMURL TS U8 P98 1
4b & 4 ¥y ( Extracellular Polymer Substances, EPS),
Fofr 0 v 1 S i AR TR T AR R R EPS AR Ak U
F R K F BNO, N R 28 4 NO; N Bk
RARAERFAER B KOs O — 5 T, AT H0 i Fe
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Fig. 3 Long-term nitrogen removal performance

VIR Z I R P R Y K

S A IS 18 KIF I iF A fa e B B, ik
NH;-N, NO;-N FINO;-N ¥ & 5 il fa e 78 (1.7 +
0.9)(1.5+0.6)F1(26.1+8.1)mg/L, Wi #% NRE FaiE
1E 67.1% £ 2.5%, 7 E ik 2N Ea 2 R4S, Anammox
VI L. 55 30 RAYIERLE - WiE 2(b) fis,
Al DUE B H R 55— 2 F e R, SR 5
ANTFBRURIECRE, B DS A LT £, R e s
SR BTG IR . T BRI, TR 31 KA,
N 7 KO v B 58 SR N 25.0 mg/L T
46.9 mg/L, iX ] BESE FH T4 30 RIUERLT 52 0
HEETEL, S EOU AR S AL B TR R 28R Tt
22 HEENENMEYREEHMER

NAFTEARIE R AT Anammox 3 I 8 Bl i3
i o (0 BCAE A VT R R B, B 0 R (b
Ue) FE 42 K (2 e B Be) (975 Je 47 16S tDNA
PR Y, RS 3 AEATRE
22.1 o ZA®

TR Y REVE Z AR PR R RO R 2, W)
R B B S8 184 T Anammox i R Y 22 REPE I
FEE,

FLAOk 15, Shannon $5 54 F11 Simpson 8 £2 £

xR2 WMEMBEESHEEMEETEELY
Table 2 Microbial community diversity and

richness indices

) ZHEPEIEEL F R EERREL
R
Shannon Simpson Chao Ace
e 242 0.428 203 202
PR 3.12 0.159 281 281

IR YA R Z2 4 19 45 FR: Shannon 45 BUBUR,
Simpson 5 ¥ /1N, ¥y Fh 2 RE R A5
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Fig. 4 Venn diagram of microbial community based on
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Fig.5 Relative abundance of microbial community at the

phylum level

H i 5 Anammox [ # 5 ) Planctomycetota
T 8 R P8 IRAE & b 2 o S A, AR
B3 B0 60.8% F1 40.8% . FEARIEFMRE (INA R
W) SR, THAEH Anammox [ 15 £ 32 B3,
FEFI ML N W 5 AT P IR, {8575 Anammox T8
SURBET, DT B I AT LA A W e
% 1 25 A A W i, (B TS 2 DU AR 2
Jovie BE A R A T RE TR F BE T . 2 el 2R
B Chloroflexi R JE UKL V5 U8 B 42 I 4 4 kL
2R A 52 A EN YR IBERE R Chloroflexi FY AH X
FEN 18.6%, WK T FlEHY 20.9%, X J K o 2k
RESASINEI 59 T Anammox B % Chloroflexi 4= 4]
B R0 K # . BE Planctomycetota #l1 Chloroflexi
Hh, oAt 6 B i 3R P A e B AE it v AR S R
JEE X B = AR, X 5 2.2.1 1 SEURH B g
T AR B 2 REVE R R R A — 5 2
Anammox Ve 5 52 Gt HLAT K 5 ot ik B2 1Y) —Fh 32 3
T N AL
223 BTGB

A= W A i A TR KT 1 43 A1 1 0 n &l 6 B
Ro HAFEREEALFE Anammox HJE unclassified
f Brocadiaceae., 1§t T J& norank f norank o
SBR1031 Fl norank f A4b. S & norank f
norank_o_Ardenticatenales } H:A & J& norank f
norank_o__norank_c_ WWE3 %%

80

0 20 40 60
TR /%

0 unclassified_f Brocadiaceae """ norank_f norank_o_SBR1031
[ norank _f norank_o_norank ¢ WWE3 norank_f A4b
0 norank_f AKYH767 norank_f norank_o_Ardenticatenales

[ Limnobacter unclassified_o_Fimbriimonadales
norank_f  Gemmatimonadaceae "1 others

6 WEMMBERKTHENEE

Fig. 6 Relative abundance of microbial community at the

100

genus level

2 RE i 2 UK Y — FF Anammox T8 J&
unclassified_f Brocadiaceae, F:7F e JEFE i 7 i) AH
Xt 40.3%, W BAR TR IR 63.4%, R
FE STV FE SR AR SE AN AT Anammox ARG, W3
AR T HARRT 5 o BARMY DR AR XS F B 5
2.1 75 R By B B s BN 1Y NRE AH — 3
norank_f norank o SBRI031 1 norank f A4b K
i Ak T T, A R TR v A R R S 43
H7.9% Hl 6.5%, 7 B WK T A 98 A9 8.4% A
7.4%, 3X AT fES2 H T ARG M A P T S A
W% %5 norank _f norank o Ardenticatenales
M A T Y, LA R MR b A AR U O
2.7%, WAR TR URHY 3.7%. (HASHE IS, H5Fh
Vet b, PEBEAE S T norank f norank o _norank

0 A R A A A R )
DGt

100

80 |

D
(=}
T

R T /%
5

20

e I
7 ARESTEHENEEY
Fig. 7 Relative importance of different ecological

processes
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