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Effect of microbial community structure of activated sludge
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enzyme system start-up
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Abstract: In order to explore the microbial communities and functions of activated sludge in an Anaerobic-anoxic-oxic (A%O)
process under the start-up of Actinic reaction enzyme system (ARES) system and to understand the impact of the ARES system in
domestic sewage treatment process, the activated sludge microbial community structure in the A%O process system before and after
ARES system start-up was analyzed by Illumina-HiSeq 2000 high-throughput sequencing platform. By combining with the main
parameters related to the effect of sewage treatment, we analyzed the environmental functions of the microbial communities. The
microbial community structure of activated sludge was significantly different before and after the ARES system start-up.
There were 9 main bacterial phyla in the system (average relative abundance =1%), accounting for 96%-98% of the total
bacteria sequenced. After the ARES system was started, the relative abundance of Betaproteobacteria and Chlorobi increased
by 3.45%-3.85% and 0.45%-2.61%, respectively. In the anaerobic unit, the relative abundance of Bacteroidetes increased by
12.97%, while the Actinobacteria and Firmicutes decreased by 9.60% and 1.45%, respectively. At the genus level of bacteria,
the relative abundance of Denitratisoma increased by 0.80%-3.27%, while the Haliangium and Arcobacter decreased by
3.36%-4.52% and 1.48%-3.45%, respectively. The relative abundance of bacteria was significantly different before and after
the ARES system start-up. There were 7 abundant fungi phyla (average relative abundance =1%) in the system. After the
ARES system was started, the relative abundance of Rozellomycota decreased by 42.71%-46.77%. In the anaerobic unit, the
relative abundance of Ascomycota decreased by 13.39%, while the relative abundance of Glomeromycota increased by
13.86%. At the genus level of fungi. The relative abundance of Entomophthoraceae sp. and Glomcromycota sp. increased by
31.35%-36.50% and 6.27%-13.84%, respectively, while the Rozellomycota sp. and Xylochrysis lucida decreased by
42.71%-46.77% and 3.67%-5.54%, respectively. Our results showed that the application of ARES system caused the response
of the microbial community to environmental changes, especially for the fungi communities, in the meanwhile, improved the
effluent quality, especially the removal rate of total nitrogen.

Keywords: actinic reaction enzyme system, A%/O process, activated sludge, microbial community structure
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Fig. 1 The improved process of sewage treatment.
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Table 1 Comparison of the inflow/outflow pollutant concentrations and their percent removal rate before and

after reform of sewage treatment plant

Water chemical Before reform

After reform

parameters Inflow Outflow  Removal percent (%)  Inflow Outflow  Removal percent (%)
CODcr (mg/L) 195.7 23.3 88.1 187.8 21.6 88.5
BODS5 (mg/L) 96.8 7.1 92.7 82.3 4.2 94.9
NH,*-N (mg/L) 27.31 0.74 97.3 26.02 0.61 97.7
TN (mg/L) 32.78 10.1 69.2 33.28 8.96 73.1

12 t#HmX&E

TGRS Pt R A BRI TG KAL) ARES
BEEIER BT (2019 4E 5 1), RAE S BTk
APl (N1), JREM (N2), Bl (N3). 44
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< 2 Alpha ZHMEH
Table 2 The Alpha diversity index

Microbe  Sample Valid_tags OTUs Good’s coverage Chaol Shannon Simpson
N1 27 671 1373 0.988 1573 8.24 0.992
N2 34392 1451 0.986 1668 8.17 0.992
Bacteria N3 33152 1493 0.987 1687 8.33 0.992
N4 30 498 1472 0.987 1705 8.32 0.992
N5 31341 1485 0.988 1 669 8.47 0.992
N6 35205 1554 0.988 1741 8.46 0.992
N7 31392 1514 0.988 1697 8.53 0.993
N1 39154 734 0.998 774 5.29 0.856
N2 38 405 771 0.998 812 5.42 0.869
Fungi N3 40 190 629 0.999 648 5.58 0.895
N4 39832 668 0.999 691 5.63 0.890
N5 40 656 645 0.998 681 5.28 0.885
N6 38 439 689 0.998 728 5.09 0.855
N7 38 852 673 0.998 694 5.34 0.877
A B
100 | Bacteria 100 - Fungi
. —NI1
| =N
10 :N4
) —NS5
0 51 — N6
2 £ N7
$
= £
..g <
o 2
£ 0l 3
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Fig. 2 Rank-Abundance curves of different samples. (A) Rank-Abundance curves of Bacteria. (B) Rank-Abundance

curves of Fungi.
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Fig. 3 Relative abundance of bacteria at the phylum level (top15).
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Fig. 4 Relative abundance of bacteria at the genus level (top15).
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Fig. 5 Relative abundance of Fungi at the phylum level (top15).

Relative abundance (%)

NI

N2 N3 N4 N5

El6 HEERKTFHIENERE (toplb)

N6

I Fusarium_sp.

I Guehomyces_pullulans
B Rhodotorula_mucilaginosa
B Botrytis_caroliniana

B Basidiomyeota_sp.
Apiotrichum_gamsii
Trichosporon_sp.

B Apiotrichum veenhuisii
B Xviochrysis_lucida

Wl Glomeromycota_sp.

B Cutaneotrichosporon_cutanewm
I Ascomycota_sp.

I Fungi sp.

B Entomophthoraceae_sp.
[ Rozellomycota_sp.

N7

Fig. 6 Relative abundance of Fungi at the genus level (top15).
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Fig. 7 Principal coordinates analysis (PCoA) based on Bray-Curtis dissimilarity and Jaccard similarity distance matrices. (A)
PCoA based on Bray-Curtis dissimilarity of Bacteria. (B) PCoA based on Jaccard similarity distance matrices of Bacteria. (C)
PCoA based on Bray-Curtis dissimilarity of Fungi. (D) PCoA based on Jaccard similarity distance matrices of Fungi.
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Fig. 8 Hierarchical clustering based on UPGMA and Bray-Curtis distance matrix.
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J& 2% ARV 2 KRB T5 K Ab B ) 365 e vk
XA ML AVE FR YR LR CEER , X ES
AKANERT ) R GEVERE B, ARES 3 BhRT
O EAXT R 0.96%-1.11%, ARES Ji3hia
110 M HJE, REHIZ R E bR T DR X AR 3= 5
R 0.550%%%, Hoar & FoC AR X = B 1 A3
3.14%-3.43%, H:Hu bt 7 5% R & 1 A
FHEh 3.58%, FEE IF, HEN ARES Ja shiE
i Nakamurella TFA K, #FMAE R GRS
fie. W4 A )8 Dechloromonas &I SR EAF, H
£ ARES Ja a2 ETHER, %R b= AL
FAAL B CY, HAEE s R bR 3 S5k
BRI R EY), T2 Y bres b &
BRI, HAh, BFFEHGE SRR Dechloromonas
iy COD E£MFRE BFIEMKLA, SIEHE
Arcobacter J& /722 3k Tl V5 K AUk i V5 KAk 2 A=
SUERMLIE VRS UR T AR R, B B RS
ZJRAE ARES J5 h 5 A X R B A RRAG, HED
ARES 1] LAYk /75 K Ab B 2R 48 rh A0 5 1 TR AE N
(RS0 DA AT BB R (14 PR XU .

WA, TEAYNE KGR G S, AEBREE
BT E, SR AT X Gk T e P ) LR TR 4G
¥ e D READ T EdE— BT, SAEMt, 2
HUE T 277 1 2 F T LY R A At R 58 1
PSR M AMEEC®, ECRRS A/ He SRR fh 40
R LA s 1-4 M RO, A E b s
V5K AL B R R R AE A, WNZ2R BB . B0w
PEITT . ARSI o FUR VR Z RS R A 3R
H], A%O % 1.2 Bs7E ARES J3 B #lUS 30 5 BB
WIRETE S5 M (B AP R B 5 22 5%, ARES JH 3R &)
Re XA, A shai & IRe X AL, Jh
ARES Ja sh il TG RAE P P 24 R
(Rozellomycota sp.) A9 Al X} 3= &, )3 sh 6
45.36%—48.05%[% A% N 1.28%—2.65% , AH X} 3= %
TR B B B3R Xylochrysis J& , HL7E ARES J
NG RZGEHR S RICHNT EERBE TR, kR
HIFY 4.62%-6.43% N F5] 0.36%-2.75%. sl

http://journals.im.ac.cn/cjbcn

M FEREELELANEEA RS FH B
(Entomophthoraceae sp.) M1 Bk % K &
(Glomeromycota sp.) , 4%¢ % & B %F H B
(Entomophthoraceae sp.) #i % & & F J+ =
31.39%-37.55% A £, HASThBER AN FE
THEHRF] 30%LL |, Rgid SA4xH L. B
JE B IR T R T 0 A PR S AR TG TR
HR R A REF SRR AR T B Z . AR RE
H— LRI R THE

XA F M, ARES J s 5 A0 T
RGNS IR E R IE 450, WS IS kTS
Je XA HLAYFNE R 5 25 BB OB E T 1 TR
BE, ETISN T AP0 T. 2 RS MERE.
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