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Abstract

This study investigated microbial communities and their diversity in a full-scale mesophilic anaerobic digester treating
sewage sludge. Influent sewage sludge and anaerobic digester samples collected from a wastewater treatment plant in Busan
were analyzed using high-throughput sequencing. It was found that the microbial community structure and diversity in the
anaerobic digester could be affected by inoculation effect with influent sewage sludge. Nevertheless, distinct microbial
communities were identified as the dominant microbial communities in the anaerobic digester. Twelve genera were identified
as abundant bacterial communities, which included several groups of syntrophic bacteria communities, such as Candidatus
Cloacimonas, Cloacimonadaceae W5, Smithella, which are (potential) syntrophic-propionate-oxidizing bacteria and
Mesotoga and Thermovigra, which are (potential) syntrophic-acetate-oxidizing bacteria. Lentimicrobium, the most abundant
genus in the anaerobic digester, may contribute to the decomposition of carbohydrates and the production of volatile fatty
acids during the anaerobic digestion of sewage sludge. Of the methanogens identified, Methanollinea, Candidatus
Methanofastidiosum, Methanospirillum, and Methanoculleus were the dominant hydrogenotrophic methanogens, and
Methanosaetawas the dominant aceticlastic methanogens. The findings may be used as a reference for developing microbial
indicators to evaluate the process stability and process efficiency of the anaerobic digestion of sewage sludge.
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Table 1. 16S high-throughput sequencing results
Type Sample Valid sequence reads Total ASVs Total abundant ASVs®
. Sewage sludge 39,935
Bacterial 16S rRNA gene o 1578 305
Anaerobic digester 39,789
Sewage sludge 12,988
Archaeal 16S rRNA gene 57 43
Anaerobic digester 54,550

* ASVs whose relative abundances were above 0.1% in at least one sample.

variants (ASVs)® “1&E5tATHCallahan et al.,
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bacteria’t archaea®t™ richness ¥ Shannon
diversity 7122 74z 7.84f, 2,54 7HF o & e
2 ZRIEUHFig. 1a, o). o1& 71&9 ™A 11
B A FAA] skegeiA] A d714d 28kx9] v
AE T ohFg T3 viebgdwtol £allE
9] & tFAdol ZhrRaldt, A dd 5ol
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Fig. 1. Microbial diversity of the influent sewage sludge and full-scale anaerobic digester: (a) richness, (b) Pielou's

evenness, (c) Shannon diversity.
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A9IE F4 sE 8 A] A=l A= Proteobacteria (3
hHE,  37.7%), Actinobacteriota  (19.5%),
Bacteroidota  (12.7%), (12.1%),
Patescibacteria (10.3%), Planctomycetota (2.0%),
Chloroflexi (2.0%), Verrucomicrobiota (1.4%)7} Z4th
AL 1% ©)/d] 24 phylum S 2 SR1IEgloH o]=

Z bacteria ™3 9] 98%E AA|ot= AL R FRIEQ]T.
o] & &9 53.9%°] $HEE AHAoH= phylumER

Proteobacteria, Bacteroidota, Planctomycetota =

Firmicutes

Verrucomicrobiotat Gram-negative AlZE 2]1] Fx
£ 7M bacteria 1F22 HIET Qok(Sutcliffe et
al., 2010). strE8R 9] 7] BAE A7 435
1S9 &5dA R =T, o5 NS floiA st
25819 F8 9= bacteria®l A|ZE ohfA]
7171 915k oot E0aketa, BEshd ALl A
U A7t =31 ItHZhen et al., 2017; Tongco et
al., 2020). 2L % lysozyme, phospholipase®t &2 A&
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71 1Rt 712t m R &8 7Fsd Aol
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Fig. 2. Venn diagrams for microbial communities of the influent sewage sludge and full-scale anaerobic digester: (a)

bacterial communities, (b) archaeal communities.

(12.8%), (9.4%),
Actinobacteriota (6.5%), Thermotogota (5.7%),
Chloroflexi (5.6%), Desulfobacterota (3.8%),
Patescibacteria (3.6%), Synergistota (2.6%),
Spirochaetota (2.3%), Acidobacteriota (1.7%),
Verrucomicrobiota (1.4%)7t 8 HE 1% ©1/d<]
4 phylumS 2 HEE 0™, o]= & bacteria
Aol 96%E HAH= Aoz FRIFUL. o] F
Bacteroidota,

Firmicutes Proteobacteria

Cloacimonadota,  Firmicutes,
Thermotogota, Chloroflexi, Desulfobacterota,
Synergistota, Spirochaetota, Acidobacteriota®™
4 streu|A] Bok AL =2 AL &Rlst
Qo stege|2] @714 A% ghgof Hojgh o=
F7 €t

Bacteria®] tiAt 2 AFFEAol gt A HE &-8-f
o sl43817] YA+ phylum Eot W2 taxonomic
level®] HE7F D adtck(Le et al., 2021). TEhA] £
Ao A= genus 52 heatmap £4& 53l sk
Eeix|et A7) A231% 9] 4 bacteria 74 4=
T35t th(Fig. 3b). str&elAl Ul AHHE 9
145%-9] bacterial genus(3H-+HE 1% ©14H<] ¢
A7) Astxo|e ZH2te] skpgela] AT HiH|
6~41% 0] AU =2 I 3 A7
A3}% bacterial genus ¥4 F FHHAE 49 10
%9 bacterial genus (FH+HE 1% o genus F
Tetrasphaera, Saprospiraceae OLBS AlL))7t 45}
Z FY st Ao -skA] gar, A7) &%)
Zof| A gt Eo]&] 93} gt A0 2 FRIF| QT o] 24
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Ql Candidatus Cloacimonas®t Cloacimonadaceae
W5+ phylum Cloacimonadota °ll 438h= genuss
2 3o MEd spEd ], ARV e 22
1 f7IAE7IEY] @714 Aske o] dER
By9 v} Qltk(Lee et al., 2018). ©] genus®ll &3t
bacteriag- oFA7HA] #jF 719k B4 o] H AR7F ¢
o] thAt E A EAJ o gt J Rt At olut, £ 4
ZIMg B4 daE 7Te & o 8% 7158 A
RE 5o ol 8duet v 3AEAL 7hs et
AAE A =R 1% B otk (Pelletier et al.,
2008). Phylum Cloacimonadota®ll &3h= &5 5
AL Agez sEWYl I Candidatus
Syntrophosphaera thermopropionivorans®| 735
A7 A3t 39 34 AT AaEE {714
2 24he BEofiok= 34 bacteria (Syntrophic
Propionate Oxidizing Bacteria, SPOB)S! Ao
B1E 7 JcHDyksma et al., 2019). T2hA] 2 A
Aot 7 WeE T s £ W, Candidatus
Cloacimonas®t Cloacimonadaceae W5+ s&8]
2] @717 Astell A w81t FA8 A ol 718kt
2ot Boflof] 7|ofst Ao 2 FHHEY, Smithella=
Syntrophobacter®t 7 341 SPOBZ £ Ao
A 9 F e 23T A 224 2sfjof] 7]
St Ao 2 A HtH(de Bok et al., 2001). MesotogaSt
Thermovigrar= JAAR1 54 oA EAL 415} u| &
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Fig. 3. Bacterial communities of the influent sewage sludge and full-scale anaerobic digester in (a) phylum level, (b)

genus level.
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HSun et 2016). i = ==W
Lentimicrobium saccharophilume &2/ At] &
718 nER S EAE ] 2EES E714 219
A oM EAL, e a4k He|oit, ZE4 A 5o
2 52 7Fse vEE RaE Qi whebA 2 A
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Methanospirillum (8.6%), Methanomassiliicoccus
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T3] 95%E AFA|oh= AL = ZRIEATHFig. 4b). ©]
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Fig. 4. Archaeal communities of the influent sewage sludge and full-scale anaerobic digester in (a) phylum level, (b) genus

level.
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2 ZRIF I

2
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4) Archaea®) 7%, 232 W % archaea® 95%7}
HetAF O 2 fA0]- A uRt -2 Methanollinea
(44.1%), Candidatus Methanofastidiosum (11.9%),
Methanospirillum (8.6%), Methanoculleus (1.5%)7,
Ot EALO] S A HEE-2 Methanosaeta (27.0%)7F
A%% 9 FFE RIS,

B A7 ae A4 BARety 24714 A
o @719 42 Bgstel R4 s5seiA] A
@714 a8kl W 27 L F kel el 241
3 A Az s B4 Aoxol 4 o
493 a8 WIS S 0P AR BE 2 0l
2 AR N 34 A4 29 e UL A 7124
22 B8 745 2oz JgH

#Atel 2

o] Tt 20229 = FAFSARE 2] (A E o] A
AFGH] A LS Tob ATE AU TH22-4-50-54). &
g o] A¥te 20219% AREEe BN
Ao AT A ds Hot 3" A+
Yo (No. 2021R1C1C1009122). E3t & A= 87
o] oz et AEAHF A E = A=
FUoh (YL-WE-21-002).
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