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Effect of co-metabolism by polycyclic aromatic hydrocarbon on the microbial degradation of
benzo[a]anthracene and its mechanism ZHU Qing-he'?, ZENG Jun!, WU Yu-cheng®, YANG Jie?, LIN
Xian-gui®” (1. Key Laboratory of Soil Environmental and Pollution Remediation, Chinese Academy of Sciences,
Institute of Soil Science, Nanjing, 210008, China; 2. State Environmental Protection Engineering Center for Urban
Soil Contamination Control and Remediation, Shanghai, 200233, China)

Abstract:Low molecular weight polycyclic aromatic hydrocarbons (PAHS) can enhance the degradation of high
molecular weight polycyclic aromatic hydrocarbon by co-metabolism. However, the fate of pollutants and the
microbial mechanism during co-metabolism remains unclear. In this study, the effect of three co-metabolic
substrates (phenathrene, anthracene, pyrene) on the distribution of benzo[a]anthracene (BaA) was studied by using
14C isotope tracer. High-throughput sequencing and co-occurrence network was used for revealing microbial
response. From the results, three co-metabolic substrates all promoted the degradation of BaA. During
co-degradation, the mineralization of BaA in anthracene treatment was 2.5% higher than the control. In the
treatment of phenanthrene and pyrene, the bound residue of 14C was 4% higher than the control, up to 31% of the
total addition. The topology of bacterial co-occurrence network was changed under co-metabolic treatments.
During anthracene co-metabolism, the proportion of positive edges was significantly increased, which indicated
the mutualistic network. In contrast, the competition between bacterial species was strengthened in the treatments
of phenanthrene and pyrene addition, evidenced by higher negative edges percentage. Anthracene and BaA may
share similar metabolic pathway, which accounts for the mutualistic network and higher mineralization rate of BaA.
The degradation way of co-metabolic substrates is an important factor on the fate of BaA in soil and the interaction
among bacterial species. This study provided basis for elucidating the mechanism of co-metabolism on promoting
the degradation of benzo[a]anthracene.
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Table 1 Physical and chemical properties of applied soil

pH 3 AR B A NO3 NH," S PAHSs
(us-cm™) (gkg?) (gkg?) (gkg?) (gkg?) (gkg?) (mg-kg™)
41 6.0 46.4 24 13 16.2 169.0 3.0 13
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W, IR LA 10%(0 e, /b B2 sy
SR A R e FE 35 5], 53] 500
mg-kg™. 3.3 kBg-g™" HIZEIF[a] BT et
FH AR AL B4 T 325 43 Sl TRl SR A e O 3E (50
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[lumina Miseq =7 5= 7 73 41 40 B 3
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(Barcode) H T XA . PCR #4
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1) PCR F=W)itATIR A, MRAFE S DNA
() 8k B 100 ng. TruSeq™ DNA Sample
Prep LT Kit f1 MiSeq Reagent Kit 47
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Fig. 1 The proportion of *C extracted by dichloromethane
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Fig. 2 Mineralization of BaA and the distribution of BaA in soil organic matters
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Fig. 3 The composition and diversity of bacterial community in soils.
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Table 2 The characteristic parameter of bacterial co-occurence network

it R 3 &) 2

LI 128 139 112 136

pUE 7 581 737 325 731

TEAH R4 370(64%) 444(60%) 237(73%)  448(61%)
BURA DR 4 211(36%) 293(40%) 88(27%) 283(39%)
PR 9.08 10.60 5.80 10.75

VK] 244 % J& 0.071 0.077 0.052 0.08
[N 0.51 0.56 0.66 0.58
FHIRE R 0.37 0.43 0.49 0.46
TR KIS 3.25 3.01 4,92 354

4 AE SRR
Fig. 4 Keystone species analysis.
a X b: BaA JLARHEYINTE; ¢ BaA IR NI d:BaA SRR N

3 XBEREMER
Table 3 Keystone species in microbial network

W~ | AN H F L
Xt iR DM040593.1.1372 Actinobacteria Actinobacteria Propionibacteriales 0.47%
AB672250.1.1470 Actinabacteria Thermoleophilia Gaiellales 0.28%
FJ802355.1.1257 Proteobacteria Alphaproteobacteria Rhizobiales 1.28%
EU193117.1.1497 Proteobacteria Gammaproteobacteria Xanthomonadales 0.27%
E[5 FJ802355.1.1257 Proteobacteria Alphaproteobacteria Rhizobiales 1.40%
GQ262821.1.1412 Proteobacteria Alphaproteobacteria Rhizobiales 0.92%
FM872961.1.1506 Acidobacteria Subgroup 6 - 0.12%
LN563821.1.1379 Actinobacteria Thermoleophilia Gaiellales 0.08%
B FJ802355.1.1257 Proteobacteria Alphaproteobacteria Rhizobiales 1.24%
GQ262821.1.1412 Proteobacteria Alphaproteobacteria Rhizobiales 0.95%
EF018161.1.1366 Proteobacteria Rhizobiales Rhizobiales 0.16%
FJ802311.1.1212 Proteobacteria Betaproteobacteria Burkholderiales 0.26%
[ GQ262821.1.1412 Proteobacteria Alphaproteobacteria Rhizobiales 1.07%
EU134742.1.1342 Proteobacteria Gammaproteobacteria Xanthomonadales 0.34%
EU881128.1.1451 Proteobacteria Alphaproteobacteria Rhizobiales 0.15%
AM934816.1.1335 Proteobacteria Alphaproteobacteria Rhodospirillales 0.08%
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