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Effects of continuous thermophilic phase on removal of multidrug-resistant bacteria, its conjugative plasmids
and antibiotic resistance genes during chicken—-manure composting

YIN Tiangi"?, SUN Xingbin", GAO Haoze?, SHEN Lei’, JIANG Xinran', GUO Yajie’, WANG Xuming?, QIU Tianlei*”

(1.College of Forestry, Northeast Forestry University, Harbin 150040, China; 2. Institute of Biotechnology, Beijing Academy of Agriculture
and Forestry Sciences, Beijing 100097, China; 3. Langfang Normal University, Langfang 065000, China)

Abstract: To investigate the effect of continuous thermophilic phase on multidrug—resistant (MDR) Escherichia coli, its conjugative
plasmid, and its antibiotic resistance genes (ARGs) during composting, MDR E. coli was inoculated into chicken—manure—composting raw
material. Two treatments, namely normal thermophilic (NT) and continuous thermophilic (CT) composting treatments, were sel up.

Selective cultivation of MDR bacteria and 16S rRNA gene amplicon sequencing were used to monitor the variations in MDR bacteria.
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Digital droplet PCR was used to quantify the relative abundance of 16S rRNA genes of E. coli, namely the mobility proteins (MOBP),

aminoglycoside resistance gene (APH(3)—1b), sulfonamide resistance gene (sul2), and class I integrase gene (intl1). The effects of the CT
treatment on MDR bacteria and the ARG reduction rate were obtained by comparison. According to the results, high—temperature
composting could inhibit MDR bacteria growth significantly, and the inhibitory effect of the CT treatment was superior to that of the NT
treatment. After composting, the reduction rate of the five detected genes in CT treatment was from 79.82% to 99.99%, however, the
relative abundance of APH (3)-1Ib, sul2, intll in NT treatment after ripening period was greater than that in the raw material. Reduction
kinetics analysis of ARGs showed that the reduction of MDR E. coli and its conjugative plasmids conformed to the first—order reaction
kinetics; however, the reduction kinetics of APH (3) = Ib, sul2, and intll showed obvious two —stage characteristics. Prolonging the
thermophilic phase could inhibit the rebound of ARGs (CT treatment) significantly and restrain the rebound in the maturing period.
Finally, shifts in bacterial community structure during composting were analyzed. The increase in relative abundance of ARGs in the NT
treatment was related to the enrichment of specific genera, such as Moheibacter and Halomonas. The results show that during composting,

prolonging the thermophilic phase could reduce the abundance of bacteria, which could be potential hosts to drug resistance genes; inhibit

the vertical transmission of ARGs; and finally reduce ARG abundance in the finished fertilizer.

Keywords : composting; multi—drug resistant bacteria; antibiotic resistance gene; continuous thermophilic phase
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Table 1 Primer and primer sequences

HFRIEH Target gene 1944 FK Primer 514 ¥ %1 Primer sequence
BACT16S rRNA J:[H BACT1369F 5"-CGGTGAATACGTTCYCGG-3’
PROKI492R 5’-CGWTACCTTGTTACGACTT-3’
Tm1389F 5’FAM-CTTGTACACACCGCCCGTC-BHQ13’
intll ntl1-LC1 GCCTTGATGTTACCCGAGAG
intl1-LC5 GATCGGTCGAATGCGTGT
Intl1-probe 5’FAM-ATTCCTGGCCGTGGTTCTGGGTTTT-BHQ1 3’
APH(3)-1b APH(3)-Ib-F CCGAACTTCATGGTGGACCC
APH(3)-Ib-R CTCTGCTTCATCTGGCGCTG
APH(3)-Ib—probe AATGCACGGGTCTGATCGACCTTGGGC
sul2 sul2—-F GGTATCAAACGCAACCGCCT
sul2—-R AAACAGACAGAAGCACCGGC
sul2—probe TCGCGTGCTGGCGCGGTTCGATGAAT
MOBP MOBP-F GTGATCTCGAGGCCCGTTTG
MOBP-R CCTGTTTATCTGCCAGCGCA
MOBP-probe ACGGGAGTGTTCGTTTCCGTGACCGT
JHFH 16S rRNA ZEA JFT T 16S rRNA K -F TCGCTTTGGCATCCGAACTC
WFT T 16S rRNA £ [H-R GCATTGGGAAGAAGGCGTCA

WAFT T 16S rRNA 3K —probe

ACTACCTCACGCCCACGGCGTGTTT
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Figure 1 Temperature variation trend of different treatment groups
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SER HE AT S 0 25 SRAH AL
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Table 2 Changes in the number of multidrug-resistant bacteria

and total bacterial count

T REH STEGEEC % WL

Sample name

Total bacterial

Count of MDRB/

Proportion of

count/(CFU-g™) (CFU-g™) MDRB/%

(UL (4.0£0.30)x10°  (9.2+0.35)x10’ 23
NT-# (5.6+£0.08)x10° = —
CT-#iE  (5.120.24)x10° — —

CK-Hi# (7.7+0.25)x10°  (2.9+0.12)x10° 0.37
NT-FRZ R (5.9£0.45)x10° — —

NT- & #h4h (1.1£0.41)x10°  (2.5+0.21)x10 0.023
CT-HiR4HR  (2.60.17)x10° — —

CK-J514 (9.2+0.46)x10*  (9.8+0.25)x10* 0.011
CT- B\ (3.220.35)%x10° — —
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(16.39%) o %45 Al LA W B R 847 HEAE | it
24 JrORE L 2 B IR ] A S T 7 R/ AR R BRI T )
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Figure 2 Distribution of multidrug-resistant bacterial flora at the genus level
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e e —HAIE RERH AT B A
Grope First-order dynamic equation R Elimination rate constant Half reduction period
MOBP CT C=6.04x10"*xe 7% 0.999 0.277 2.50
NT C=5.16X10"*xe """ 0.998 0.241 2.87
APH(3)-1b CT C=1.55x107%e " 0.218 — —
NT C=4.25x10"xe"™™ -0.269 — —
sul2 CT C=1.09%107xe ™" 0.646 — —
NT C=3.78x10"*xe """ 0.331 — —
intl1 CT C=1.28x107xe """ 0.333 — —
NT C=6.04x10""xe""7 " 0.462 — —
WAFF BT 16S rRNA FE[H CT C=1.15x107xe """ 0.999 0.192 3.61
NT C=7.06x107xe "™ 0.993 0.237 2.92
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Figure 5 Genus—level community composition heatmap of two treatment groups at different periods
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Figure 6 Heatmap of the correlation between relative gene abundance and bacterial community in the two control groups
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