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Effect of Nonylphenol on Anaerobic
Fermentation of Waste Activated
Sludge for Short-chain Fatty Acids
Production Based on Metagenomic
Analysis
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Abstract: The
nonylphenol (NP) on the anaerobic fermentation of waste
activated sludge for short-chain fatty acids (SCFAs)

production was investigated, and the mechanism was

effect of environmental estrogen
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revealed by means of metagenomic sequencing. It was
found that NP promoted the SCFAs production during the
anaerobic fermentation of the sludge, and the
acceleration increased firstly and then decreased with the
increase of NP concentration. The yield of SCFAs reached
the maximum when the content of NP was 200 mg+kg™'
dry sludge, which was 2-fold of that in the control. The
production of acetic acid was increased by almost three
times due to the presence of NP. Mechanism exploration
based on metagenomic analysis exhibited that the
reduction of acid-consuming and the improvements of
acidogenic microorganisms was advantageous to the
accumulation of SCFAs with NP. In addition, the relative
abundance of functional genes in glycolysis, deamination
and B-oxidation of glucose, amino acid and fatty acid was
improved obviously. Also, the abundance of genes in
adenosine triphosphate binding box transporters (ABC
transporters) which control the transport of organic
substrates into cells,
SCFAs metabolism, and ABC transporters on SCFAs

efflux increased remarkably. Furthermore, the abundance

two-component system for the

of genes related to biofilm formation regulated by quorum
sensing in the presence of NP was increased, which was

beneficial to cell growth and defense.

Key words: nonylphenol; waste activated sludge;
anaerobic fermentation; short-chain fatty acids (SCFAs);

metagenomic analysis
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Tab.1 Characteristics of waste activated sludge

M3 5 FHE RS
pH1H 6.9 0.1
Cres/ (mgeL ™) 15 755 475
Cyss/ (mgel ) 10 485 307
Teop/ (mgel. ™) 13 660 190
Scon/ (mgel. 1) 130 10
KA A e/ (mg CODeL ™) 1240 56
EAFHRE/ (mg CODL ™) 8311 453

B/ (mg CODeL ) 170 15
T 2 orss MBI TR A (T5U8) B Wk BE ; oyss WHRER MR TR B4
(T59) BEER BE 5 Teop MARIATEIRIYE COD; S, WM COD,
S BT NP CIE 560, 2685 Sk 98 06 ) ) T ]
IRE IR A T (i) 8 NP AT P B (1 4)
HC A 1 000 mg- L~ i il 4 W, 7EAR iR
4 CROGIRAFIFR

1.2 ZWEREHIEIT

NP 558 IR UK 9 S 50 1 JEORE R NP At 2575
e, ARG S FR U  AEAH FTRLAS 19 6 4~ 5 L3RR
HI A [FHAFR B AR DTE fa x5 U8, 1 2o
AARFARFR NP AGE I, I F BN 2 NP A
NJEHIRFRZE A4 NP & 5405115 0.50..100.,
200,500.,1 000 mg-kg "5, Fi505 NPIRAAK
ZETHUMERERS B LA 150 rpm (%L HE 24 h, fif
NP5 Fi5iez b SR EFE 4 CTH RS H -

15 e IR A& 8% 7 R BN 4 h RILA A [R] 1) 600
mL I3 R, Jf A 43 50 i A NP & & 5 0,50, 100,
200,500,1 000 mg-kg '“FI5 I AAE 415U 240 ml,
s Wl IR AR B P R 22 G b i pHAEL R 10. 00 AR
92 min DAHEH AR SRS UE IR R  IAR I 26 5%
BT, U7 I R 2 SRR PR, F 150 rpm,
(35+1) CHRAFTFIRG RN . W, B H MR
AR SN g P HE S 30 mL & B, I Ab FE AR ) A
TR BT S i 25 15 €, 42 o 7= o S g 2 v 1) 75 8 4 P
WHEIH 8 do W AR KB AT , BB 2 d BURR I 2 J2
N #5 H Y SCFAs = it , i SCFAs 7 it AT 2 I
(20 d) i Ve e b A7 22 BE LA T o0 A, g — 5
WA NI E AT
1.3 MiRiERSFH %

TSS . VSS . COD (A MR A (K A 7K S A ks
I3 )T R P R Folin- Bl il ik it 47
I SE 5 Z2 B8R FH R L 2 3 00 2 5 2R FH R U B A4
HUHE 26, A 4% b FOSS 4 A 3 R K 31X (Soxtec
2050) ; % 1 5 HE GC - 2014 B AR €8 3% A I &
SCFAs, & 414 @i £ %5 & DB-WAXETR (30
m X530 pmX1.0 pm) , & AP & 4 30 mL-
min ', 25 SRR S 400 mL-min o
1.4 HREEABNF

FIHE. Z. N. A. ® Soil DNA Kit(Omega Bio—
tek, 3& [E)id5 & . TBS-380,NanoDrop200.1% il
WEEE RS FL VKA TRE G DNA SR LA SR BE 4l | 5%
PEREIN . # DNA Jr Bedb, i 1624 400 bp i 7 B T
o o B R A SCPE o fif 1] NEXTFLEX®Rapid
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T4 R B Wl S g A, 2 35 DR A 7 i
Illumina NovaSeq/Hiseq Xten (Illumina, 3¢ [ ) illl >~
&, il 8 SeqPrep (https: //github. com/jstjohn/
SeqPrep) % reads 3’ ¥ Fl1 5” % 1Y adapter J3 41 47 5t
B85 ) il 4K F Sickle (https://github. com/
najoshi/sickle ) 2 B 8Y Y1 J5 4 B /N T 50 bp 48 3%
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FTEAEAR T 20 LA K &% NBZEE reads, O/ BA = BTt (1)
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MM EE R 2 T A R A T AR E AR 1L, 1y
e TR R I T B 22 5. SRR,
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kg Tim IR, LBRMEEEHE 524 3 790 mg COD-L ™,
YRS AR NI 3f5 . &I E, CIRIRERZ T

25 PR N g 3 B 1R 2 480 mg COD L', SCFAs
W 2 T 25 LU Vg i =i iR 2 764 mg COD -
L' R, NP g SCEFAs 3B 1Y 2 5 28000k
AT v B i &
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Fig.2 Microbial community structure at domain and phylum level
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Fig.5 Functional genes related with ABC transporter and their relative abundances
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