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Effects of excess sludge fed by earthworms on microbial community and antibiotic resistance genes in their intestinal
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Abstract: This study aimed to investigate the changes of microbial community structure and their antibiotics resistance genes (ARGs)
abundances in the intestinal tract of Eisenia fetida, via detecting the sludge passing through different functional areas in earthworms’
gut. Prior to the DNA extraction, all fresh samples were pretreated with propidium monoazide (PMA) to characterize active
functional microorganisms. The results showed that the abundances of bacterial 16S rDNA and eukaryotic 18S rDNA significantly
increased (P<0.05) by 28.2 and 42.2 times in stomach, and they significantly decreased (P<0.05) in the gizzard and hindgut, after 5
days of earthworm digestion. In addition, the sludge digested by earthworms changed dominant proteobacteria to tenericutes in
gizzard, and modified dominant bacteroidetes to firmicutes in stomach. However, the digestion process of earthworms had little
effect on bacterial community structure in hindgut. For the ARGs, the abundances of ermF, terX and sul2 significantly increased (P<
0.05) by 1.9x10?, 8.4x10° and 25.9 times in stomach of earthworm, respectively. While the total abundances of ARGs in gizzard and
hindgut significantly decreased (P<0.05) by 11.0 and 45.2 times, respectively. Moreover, network analysis revealed that the feeding
behavior of earthworms for sludge could indicate effects on the structural diversity of host bacteria of ARGs in their intestine.
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Table 1 Physicochemical properties of sludge

RRIEEALN FKE (%) pH fH R (%) A (mg/kg) HUF A (uS/em) R HLIK (mg/g)
G e 73.00£0.30 6.77+0.07 40.10+0.40 554.17+13.89 405.00+2.16 15.03+0.13
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hy B3 1 ST A4 2R Gl A, S 4 Mo 7K v e 1Rz A
A Smm (15 Y URL 2 58 O O I 1) 400 2% 1k
FEIR 192 PRl e Ah 2 3kg By g kL Hh e sl
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A MR TG T 51 K A4 AR 2.
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6 10 B S B 7 R AT B R A A T UKL S U
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#2 MWHEEIMEHE PCR R FH

Table 2 Primers of antibiotic resistance genes and their amplified condition

ENESS 519(5°-3) APk JEDS GEA [
Forward: CCTAYGGGRBGCASCAG
16S rDNA 95°C, 30s 577C, 30s 72°C, 40s 32
Reverse: GGACTACNNGGGTATCTAAT
Forward:GCGGTAATTCCAGCTCCAA
18S rDNA 94°C, 30s 507C, 30s 68°C, 60s 32
Reverse: AATCCRAGAATTTCACCTCT
Forward: CCTCCCGCACGATGATC
intl1 94°C, 45s 577C, 30s 72°C, 45s 32
Reverse: TCCACGCATCGTCAGGC
Forward: CGACACAGCTTTGGTTGAAC
ermF 95°C, 30s 56C, 30s 70°C, 45s 32
Reverse: GGACCTACCTCATAGACAAG
Forward: CAATAATTGGTGGTGGACCC
tetX 95°C, 45s 557C, 30s 72°C, 45s 32
Reverse: TTCTTACCTTGGACATCCCG
Forward: ACAGAAAGCTTATTATATAAC
tetM 94°C, 30s 507C, 30s 72°C, 30s 32
Reverse: TGGCGTGTCTATGATGTTCAC
Forward: CGGCGTGGGCTACCTGAACG
sull 94°C, 60s 66°C, 45s 72°C, 60s 32
Reverse: GCCGATCGCGTGAAGTTCCG
Forward: GCGCTCAAGGCAGATGGCATT . . .
sul2 94°C, 60s 66°C, 45s 72°C, 60s 32

Reverse: GCGTTTGATACCGGCACCCGT

1.3.5 PCR Fif@ W7 K 40008 1 519

341F(5-CCTAYGGGRBGCASCAG-3")#1 806R (5'-

GGACTACNNGGGTATCTAAT-3'") %} 4 16S

tDNA 1) V3-V4 XATH 35 A Phusion High-
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TR BT 3. PCR W AR & 24 30uL.PCR 4™
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5 BRHE AT B A ), A6 50 007 58 1 - FLASH
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BATEXE P BV AT s i 98 5 #3515 = LR 1Y) tags
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L Brik & 7 5B 5 H Uparse #& £ (Uparse
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Table 3 Bacterial Shannon and Simpson indexes in different

#5 Simpson 5%

functional areas of earthworms’ gut before and after

feeding by sludge

A5 Shannon $& % Simpson $5%
RS 8.05+0.04 0.99+0.00
1G 4.91+1.57a 0.73£0.19b
FG 4.18+1.87a 0.63+£0.27b
1S 6.64+0.18¢ 0.95+0.02d
FS 7.75+0.63¢ 0.98+0.15d
H 6.49+0.32¢ 0.94+0.18f
FH 5.95+0.42¢ 0.94+0.01f

T < [ o Dy HE DX (W11G MFG) 22 8] AH 7] 7 B 7R AT 18 34 1k 22 5%

(P>0.05), NFI T HEX 2 8] LA R L.

Fig.3 Relative abundance of dominant bacterial genus in
different functional areas of earthworms’ gut before and

after feeding by sludge
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Fig.4 Absolute abundances of infl1 and ARGs in functional areas of earthworms’ gut before and after feeding by sludge
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