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Ad)sfract An orderito exploa.e the occurrence characteristlcal'ﬂnd funcubns qf bacteria i in the sewage during the |adw anced;.trealmem stage , the influent and effluent iample% of various
procwses a}png the sewage durmg_ the advanced treafment stfége were_ co]lecled '__ahdfﬂle community structure and functions of bactefia in the sewage were analyzed based on
melag‘knomlcs The r{s!ults showed thal there were dlffelences‘l,m the dl’vésm of 'baﬁ}shd{; the effluent of different deep treatment processes , with the lowest diversity of bacteria in the
cffluént &f lh.e ozone contacl Hank. Compared to that during the summer, the richness and diversity of bacteria in sewage during the winter advanced treatment stage were lower. The
bacterlal COmHllHll[V structure in the effluent of the denitrification filter was significantly different from that in other samples. Proteobacteria (41. 5%-71.0%) was the main dominant
phylum in the advanced treatment stage of wastewater, followed by Bacteroidetes (3. 8%-16.2%). The main bacteria in the effluent of the denitrification filter were Dechloromonas
(4.1%-7.4%) , Toxoplasma (3.0%-8.3%) , and Acinetobacter (2.3%-3.0%). A total of 29 functional genes related to nitrogen metabolism were found in the effluent of each
process in the advanced treatment stage , and functional genes related to denitrification were detected in the effluent of each process, such as nosZ, napA, nirk, and norB, indicating
that the bacteria in the sewage during the advanced treatment stage had the potential for continuous nitrogen removal. Glucoside transferases and glycoside hydrolases were the main
carhohydrate active enzymes in the advanced treatment stage, and the bacteria in the wastewater during the advanced treatment stage exhibited the potential to degrade various organic
compounds.

Key words: advanced wastewater treatment process ; metagenomics; hacterial community; denitrification functions; KEGG genome database; CAZy database

Bt 25 [ 22 55 Y KBRS IR RS K — G A BRUE. KA A R AU X 3, 8 R
A PR A I K T SR B AN, B R R AR K W HE R B, A TR PN R TS K AR LT E
B I5 K L axX B Y5 K 2 HEVS 48 T8 UCAE IS E TS K AL B 22 AT R Hb X I 4 35 7K A BT Y5 G B HE R bR
I, iR AL AR AE S HEL, V5 KAL) H K 4R #E) (DB 32-1072-2018)"7", iZbr i (555 N i K0 (E
HE AT BE X 32 G KA = A e, R A 98 5 A
AR EEATE YN WK R A BN - )

. s HH# - 2023-03-03; f&1T HHB: 2023-07-02

TR R RS R G . SR, A3 RS WA HEITE : IT 8 A 2 5 A BT 75 4F 36 4 55 H (JUSRP121057) 5

bae . VLI [ RRL R 2 & AFETH (BK20221102) 5 H [ 1 1
FORT USRI 22 90K e rh Dy R TAT 1 R R R KM 1Y )ﬁﬂ’?’fﬁﬁﬂﬁg(202§M711359);?Iﬁﬁ“ﬂﬁ'“@j:“}\
E@‘ B e, A5 H (JSSCBS20210834) 5 V1. 9 o A% 7K Ak BB A 15 44 1

P FBHr O BT ERAI H (XTCXSZ2020-2)
H AT, T E RE IR Vs K AT AT (e YEF B W (1997 ~ ), B 8L BF 58 2, 32 B AF 55 0 1) S e
Y15 B R, E-mail: 1458100870@qq. com
{57J(5L£¥}_‘{5 %ﬁFﬁ&*T#E» (GB 18918- 2002)'42][3/] * B E/EE , E-mail: liji@jiangnan. edu. cn



2260 E78 5

Moo 45 %

SRR < 12 CHF Ry FE 48 bR ) BLE . p(TP) <03
mg L, p(NH,-N) <3(5)mg-L" Flp(TN) < 10(12)
mg* L7 B XL AR E, A DXl Py K 22 B0 i i K Ak 2R
JUHEAT T RSk, A B A 0 A i el AR
TR b PR 52 B IA AR R, i o M R e b
S il b U8 St A T 208 H K p (NHL - N) B AR 2 (0.5+
0.4)mg-L", p(TN)F&MK % (8.0£1.2) mg- L™ ; Fg 7
BT R T R A W U b v A B RO, K

p (NHy-N) < 1.5 mg-L™", p(TN) 4 £ 7€ 15 mg-L"
LT
PAT A X5 V5 K VR B A B TS A R T R O T

XoF B AR B 1 25 PR AR SR 32 9 K AR A B
TG KA K R RS e, R T
T AR AR S A B AR I R
LB 5 0% X0 B 5 K A BT Sh BE S X 4, i ik

% ik DR 21 2 it A R 5 Ak B I B 75 7K b 200 R ) TR A A
fIE S FCTRE IR X 15 7K G A BE T 20 190
W5 AR BT B DL s 1 B B E S0

1 MBR57FE

1.1 FESL R

TGN E) TR, X &R L,
N IR, T Kb B B T 25 3 A A0 EURE A5 07 40 &
LFTR, r BIAE E 2 CF KR 23.3°C) & R (P
KR 10.2°C) SRAE T 45 T AMHE I KEES,, A4 R
Ak € K AR S (Deniln) 5B Ak 38 K AR 5
(DeniOt) . JE A7 38 b 5 7K A 5 (ClothOv) | 5L 40z filk
W K FE S (OzoneOt) A% PE ¢ € T HY /K BE 5
(GACOU) ('F SCHE ZE A ZEE i 43 99 DL S_FI W _ il
ZILAIX 43).

ﬂ»{ Rt || | s | Era

Deniln DeniOt ClothOt OzoneOt GACOt .
Bl 5K EAME T 2R RO A et ‘ oy A
Fig. 1 Schematic of the advanced wa?‘@tewﬂlter treatment process and lh? dlstnbutlpn of sampling sites ; 4 ,’.l""- T
iy % . 'y
O R A BB Bt ACK mﬁwm: uﬁﬁ%ﬁ %ﬁ@m@ N4
B 4T I S B th KK e 2 R 5 1.3 @%Fw%ﬁm Y oy

7J<mp(col))qzﬁj{ﬁ <20 mg-L™", tHﬁ/Jgﬁ‘Jﬂ(T, ?i’a
i 4 015 mg* qul .L7J<EI’Jp(TN>—T‘FﬂJ{E <5 mg,f .

&K*ﬁTu%mLﬂ@m%mHWh@ Y

@ VI 1B HOAOK R /g1
'Tdble 1 D@Gldned 1nﬂt19nt and effluent w dtar.qudhtfﬂig L

NH,"N —TP

mif " o CéD  BOD;  SS TN

i&il‘ﬂf}kmﬁ’ﬁ 50 10 10 15 5 0.5
Wit kKR 20 4 5 5 1 0.15
1.2 DNA#RHL. W)y 5 s

{81 FH PurLVS™ A FRARE AS 95 B ¥ 4 3R 46 (5L K
AR S ED ) K K 4 TR R AR B 0.45 wm 8 B (SCI
Materials Hub) , #X 5 & F NEXTFLEX™ Rapid DNA-
Seq i 7 & (PerkinElmer Inc.) $& B & 4 £ 5 4 19
DNA. 52 EE K 2 DNA $li 42 )5, T 19% Sit B 58 i
F, KA, 00 A1k 42 4 L DX 4 DNA A J5 'ﬁ% £ R H
Hlumina HiSeq 4000 (Illumina, USA)F 5 #E 47 % 3

@%m%ﬂﬁ#uwﬁMW%ﬁ%%%ﬁ)
(clean rezids ‘)ﬁﬂ 4k jﬂ @ﬁ B (contlgs) Ve EE| MetaGene
HH%@%*%éﬁﬁﬁﬁﬁmm&E«mmﬁm

] hﬁ%ﬂuﬁﬁ%%ﬁﬁu { F CD-HIT(FR A 4.6.1) %f

JIT AT B b I O 1 3 R 8 kAT SR 2 (AT
¥ > 90% M7 35 % > 90%) , MR TUA LR 4 . (il
F DIAMOND #%{4 (JRAR 2.0.13) B AR TU A LN 5
NR B8 2 47 LX) (E-value < 107°). &% Fang At
M) o ZREVE M ST L JB 4 284K 1
Sobs( F & J# ) F8 BUM Shannon( Z#EVE ) I8 %L . B 2 #EME

AT T RIE T 32 AL FR 53 HT (principal co-ordinates
PCoA) HEATGE 1T 5 M FAE I . fili I R 11 stats
£, FTF Wilcoxon £ 5 Bk 46 96 #E 17 41 8] He 45 . ff
HMMER 34 (AR A 3.162) #4341 T0 4 5 K 48 5 k7K £k
AW s AR E (CAZy, WK 5.0) FIKEGG 3 R %
P12 (MAS 94.2) HEAT HL XS, XS S0 B E-value N

analysis,

I FF . fastp 1 X0 T 45 0 r?’xk&TE?L 17, 107, {#i F Origin 2022 % RiF 5 #4174 K .
F2  LEREHHEHKKR/ mg- L
Table 2 Actual influent and effluent water quality/mg+L™"
£t i A cop BOD, Ss TN NH,"-N TP
gs HEIK K BT 4948 21.3 5.9 5.5 11.3 3.1 0.45
N 7KK B 4 16.7 3.8 23 4.5 0.4 0.14
P KK BT 4 (E 24.7 6.2 5.8 11.8 3.5 0.41
h K K B B4 14.6 4.4 2.4 4.6 0.7 0.09




4 1 A XUAE « 7% 5 TR 26 2 0 IR b BB B 15 7K b 4 T ) £ 0 i S 2 g 2261

2 #RE5ITiE

2.1 R A B Y BT K A R RE VR Y o 2R
B AW ZEIN G K b 3R R AL BB B KR
i AR A a ZRETE ULIE 2, BT A FEAR Y Coverage

FRB N 1, F BT AR T B A REAS 4 Y 1t
BA5 B, 4505 . Sobs 8 B0 Shannon 38 £ 5 51 &2

BT R R E MM K 2() BR, B
2 o VR 3 A A B v K P T KT 48 T ) Sobs $6 4103
R 161, 3 WK [H] Ak B 5T H K R T KO 4B B
AR s A ZERTS K P T KST 4 TR Y Sobs 48 £
75+ 8, FAE AL BE T K T K OF 40 TR Y 3
(Sobs T8 U 67) %5 i Ak 3t 1 7K (Sobs 38 %40 83) B4

REAG . deAh, BB AL BB BTG K T oK 20
B 1Y Sobs 8 BB & 1 TA (P <0.05), RUHME

T B2 A, TR Ak BRI B i K i 1K1 40 v Y F
JEw D B 2(b) s, R ALY B, 1R UE
Tt R K T KCSF- 40 TR Y 22 4 R B s (Shannon 4 21,
HF. 262, &% 081). 5T kil k b
[T 7K - 40 7 19 Shannon 38 %% f% /) (}'.‘66) g’ FE P B
1%, Eﬁ'\%j‘%ﬂﬁ%ﬁﬂ@ﬁﬂ7ﬁ(5haﬁnohi’a ﬁjﬁl 1 66) y
gé (ﬂj Hi'x 7J( ':F' !T7J<¥9EH 4 (1] Sh_‘an_qohjg‘ 2L .1

160 — — — — —

(a) &=

120

EUTHE
g

4500
4000 ] ©
3500
3000

X 2500

g 2000
1500
1000

400
0
6 7 8 9 10

1 2 8 4 5

(0.63), ZFEVERAR. BLAh, B F B AL BB BE TS
K 17T K - 4 B 9 Shannon 4§ %% (2.14 + 0.48) i 3%
(P<0.05)m TAZER(0.72+0.09), FWIHERE
BEAS, 35 K R T K P 1 4B Y 2 Rt Bl 2 T R
B 2(c) R, B2 b #E B B IS K v s K S 4i
T 11 Sobs #5800 4 200 + 85, A [A VR BE AL FE T2
K PR KOF I 40T R BT s A< 2R IR A B Y B
15 7K o JE AKSF- 41 B Sobs R %X 1008 + 314, £ T
20K v & K O 4 T 1 Sobs 35 BUE ALK, RO
At 1 7K HP T KT 40 TR Y SRR SR 5 (Sobs $8 4K
h1322), BN ALt #E 7K (Sobs 5 £X 4 890) B &
TR A, E R AN B B IS K R K 4
f) Sobs $5 80 1 3% (P < 0.05) & T4 %, £WIHE R
JEREAL, A FEE BB g. M2 En, B
S5 At A b 7K S ZKSF 48 BRT Y Shannon 5 £50R /)N

<mm,zﬁﬁ%ﬁ;ﬁzé,%ﬁ§@ﬁm&ﬁ
S SR g flk s ok o K T 20 AR Shrannon
HEHOR /N (318) 2 RRMERAT . HOAMT 525 TR 2

ifiﬁ)lfﬂ/’?ﬂiqﬂaﬂ(?‘élﬂ@m Shannon?ﬁﬁrg 32j:
031)51;5(1%0@5)mTﬂ%E’J(Shdmon}%§e'ﬁ
324i()44) %Eﬁlﬁfﬁf{m AR, EKSFQBJZEIEI’Jg
FetE I y & | .~

- o
A e

25 I (b)

2.0

B 17K FShannondi %

6.0
5.5 1 — 7
5.0 —
4.5
4.0
3.5
3.0
235
2.0
1.5
1.0
0.5

0

)& 7K - Shannong %

1 2 3 4 S5 6 7 8 9 10

1.S_Deniln,2.S_DeniOt, 3. S_ClothOt,4. S_OzoneOt,5. S_GACOt,6. W_Deniln,7. W_DeniOt,8. W_ClothOt,9. W_0OzoneOt, 10. W_GACOt
B2 BELXHBETRELEMNESKERFRENN « ZHME

Fig. 2 The a diversity of microbial community in the wastewater samples of the advanced treatment process in summer and winter
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Fig. 3 Microbial community structure at the phylum level in the wastewater samples of the advanced treatment process in summer and winter
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