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Effect of Zero Valent Iron on the Decline of Tetracycline Resistance Genes and

Class 1 Integrons During Thermophilic Anaerobic Digestion of Sludge
WEI Xin, XUE Shun-li, YANG Fan, LI Xiang, LIU Zhen-hong, XUE Gang, GAO Pin "

(State Environmental Protection Engineering Center for Pollution Treatment and Control in Textile Industry, College of Environmental
Science and Engineering, Donghua University, Shanghai 201620, China)

Abstract: To investigate the effects of zero valent iron (Fe’) on the decline of antibiotic resistance genes during thermophilic anaerobic
digestion of sludge, the abundances of seven tetracycline resistance genes ( TC-ARGs, including teiA, tetC, tetG, tetM, tetO, tetW,
and tetX') and class 1 integron gene (intll) were quantified by quantitative PCR (qPCR). Also, the concentrations of volatile fatty
acids (VFAs) were determined. The correlations between the abundances of TC-ARGs and intll gene and the concentrations of VFAs
were discussed. The results showed that appropriate dose of Fe such as 0. 10 g-g~" VSS could enhance the anaerobic digestion process
of sludge, and the production of total VFAs and acetic acid increased significantly. The decrease in the abundances of TC-ARGs and

“1 VSS could not further improve the reduction in the

intll gene was also enhanced. However, excessive Fe’ such as 1.17 g-g
abundances of TC-ARGs and intll gene, probably resulted from the occurrence of horizontal gene transfer. The abundances of TC-
ARGs except tetO gene, as well as intll gene exhibited significant negative correlation with the concentration of acetic acid, indicating
that acetic acid probably had an enhanced effect on the decline of TC-ARGs and intll gene during thermophilic anaerobic digestion of
sludge.

Key words :zero valent iron; thermophilic anaerobic digestion; tetracycline resistance genes; class 1 integrons; volatile fatty acids
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Table 1  Sequences of primers used for qPCR reactions
H bRk Gl 51977 PHFRAVbEp  BKIREE/C SCHk

rotd F GCTACATCCTGCTTGCCTTC 210 65 (197
R CATAGATCGCCGTGAAGAGG

1ot F CTTGAGAGCCTTCAACCCAG 418 63 (197
R ATGGTCGTCATCTACCTGCC

1otC F GCTCGGTGGTATCTCTGC 468 60 (197
R AGCAACAGAATCGGGAAC

worM F GTGGACAAAGGTACAACGAG 406 63 (197
R CGGTAAAGTTCGTCACACAC

1et0 F AACTTAGGCATTCTGGCTCAC 515 60 (197
R TCCCACTGTTCCATATCGTCA

— F GAGAGCCTGCTATATGCCAGC 168 57 1207
R GGGCGTATCCACAATGTTAAC

reX F CAATAATTGGTGGTGGACCC 468 60 (197
R TTCTTACCTTGGACATCCCG

il F CCTCCCGCACGATGATC 220 60 1217
R TCCACGCATCGTCAGGC
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Fig. 1 Effect of Fe® on VFAs production during

sludge anaerobic digestion
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Table 2 Correlation analysis between VFAs and TC-ARGs and intll genes during sludge anaerobic digestion

FH VFAs LR TR
Fe’ Bnit/g-g~' 0 0.10 1.17 0.10 1.17 0 0.10 1.17
il r -0.122 -0. 845 -0.538 -0.975 -0.832 -0.544 0.184 0.542 0.552
P 0.818 0. 034 0.271 0. 001 0. 040 0.264 0.728 0. 267 0.256
i r -0.435 -0.793 -0.482 -0.875 -0.779 -0.487  -0.149 0. 486 0. 476
- P 0. 389 0. 060 0.333 0.023 0. 068 0.327 0.778 0.329 0. 340
i r -0.387 -0.821 -0.511 -0.895 -0. 808 -0.516  -0.097 0.518 0.510
- P 0. 448 0. 045 0. 300 0.016 0. 052 0.294 0. 855 0.293 0.302
il r 0. 039 -0.773 -0.451 -0.970 -0.760 -0.455 0.262 0.472 0. 432
h P 0. 941 0.071 0.370 0. 001 0. 080 0. 365 0.616 0. 345 0.393
10 r 0.736 -0. 851 -0.506 -0. 641 -0.839 -0.512 0. 909 0. 560 0. 507
’ P 0. 095 0. 031 0. 305 0.170 0. 037 0. 300 0.012 0.248 0. 305
et r 0. 141 -0.245 -0.551 -0.974 -0.267 -0.557 0. 437 0. 469 0. 557
- P 0.789 0. 640 0.257 0. 001 0.610 0.251 0.386 0.349 0.251
X r -0.508 -0.778 -0.458 -0.833 -0.765 -0.463 0.233 0. 480 0. 448
€
P 0.303 0. 068 0. 361 0. 040 0.077 0.356 0. 657 0.335 0.372
il r -0.274 -0.807 -0.500 -0.942 -0.793 -0.504 0. 027 0. 503 0. 495
Ln
P 0. 599 0. 052 0.313 0. 005 0. 060 0. 308 0. 960 0.309 0.318

1) BRI B WAL (P <0.05)

3 HZig

(D) ETG IR SRR AL R G T INA Fe® AL
REAE 0D T8 Ak S 07 E 2, [R) B o] LA e 2 4 v A
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(2) R 420 T8 A TT LA 30 A1 35 e v TC-
ARGs Hl inell FEPHFFE, Haf & Fe’ 1l LL5EIL B
B R 0 F — 25 0 ok, HL i & 9 Fe® X H AR TC-
ARGs Fll inel] PR 25 BRACR i 1S 58 A B 3 4 0 AT
REAE H T BE R KPR RS 1 R AR i S 30

(3) HAH S 2 B 45 7T 1, TC-ARGs ( B% tetO
FERAN) BN inedl FE RS 2% 22 [ A7 76 3 3 A 56
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