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Response of the Sensitive Strains and the Signal Regulation Pathway in Soils to Dimethyl Phthalate

WANG Chun-long, WANG Zhi-gang’, YOU Yi-min, LU Zhi-hang, LIU Ze-ping, CHEN Wen—jing, SHI Yi-ran

(Institute of Life Science and Agriculture and Forestry, Qigihar University, Qigihar 161006, China )

Abstract: Dimethyl phthalate (DMP ), a biotoxic organic compound, has been listed as one of the priority control pollutants by China’s
Environmental Monitoring Center and the USA Environmental Protection Agency. Soil microorganism can accurately and quickly respond to
the changes of soil environment and soil contamination. Therefore, it is necessary to study the response of soil microorganisms to DMP. This
study investigated the impact of dimethyl phthalate(DMP) on the microbial community structure, diversity and signal regulation pathway in
soils through metagenome sequencing. DMP were used to treat uncontaminated soil, and the final concentration of DMP was 0, 5, 10, 20, 40
mg -kg ™. Then, the samples were incubated for 20 days in dark and sequenced by metagenome. The results showed that the growth of
degradation of aromatic compound was promoted and the growth of the remainder strain was inhibited by DMP contamination. Inhibitory effect
was positively correlated with DMP concentration. DMP decreased microbial community diversity in soils. The total abundance of ABC
transporters, two—component system (TCS) and phosphotransferase system (PTS) genes were increased by DMP contamination. The gene
abundance of relative enzymes also was enhanced along with the increasing DMP concentration. Therefore, DMP contamination changed
microbial community structure, and disturbed ecological balance and soil health in soils. The ecotoxicological effect of DMP on soil is of
scientific significance and practical value to optimize the service function of environmental ecosystem and improve the environmental quality.
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Table 1 Physicochemical properties of the tested soil obtained

from Northeast China

£ Properties ¥ Value
+ 32/ Soil types M+ Mollisol
pH 6.04+0.11

A WL Organic matter/g kg™ 42.14+8.54
B Total nitrogen/g kg™ 2.56:0.62
4 5 Total phosphorus/g-kg” 1.54£038
SR Available phosphorus/mg-kg™ 24.21+3.24
B Available potassium/mg kg™ 208.64+29.54
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Figure 1 The change of DMP concentration
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Table 2 Effect of DMP on the abundance of microorganism sensitive bacteria

e JIt o - 33 9 A5 Proportion of soil microbes/%
Microorganism CK DMP1 DMP2 DMP3 DMP4
Arthobacter phenanthrenivorans 0.2+0.012a 3+0.182b 5+0.351¢ 11+0.52d 16+0.44e
Arthobacter siccitolerans 0.1+0.006a 2+0.1b 3+0.133¢ 5+0.12d 7+0.41e
Arthobacter sp. 162MFShal.1 0.07+0.002a 0.6+0.036b 1+0.046¢ 2+0.063d 3+0.152e
Arthobacter sp. UNC362MFTsu5.1 0.06+0.003a 0.6+0.043a 0.9+0.054b 2+0.041c 2+0.023d
Arthobacter sp. S]JCon 0.05+0.003a 0.8+0.042b 1+0.063¢ 3+0.092d 4+0.08e
Arthobacter sp. FB24 0.05+0.002a 0.7+0.042b 1£0.071¢ 2+0.193d 3+0.206e
Arthobacter globiformis 0.05+0.002a 0.4+0.008b 0.5+0.006¢ 1+0.032d 1+£0.009d
Arthobacter chlorophenolicus 0.05+0.006a 0.7+0.021b 1+0.062¢ 2+0.088d 3+0.096e
Arthobacter sp. TB 26 0.03+0.001a 0.2+0.006b 0.3+0.018¢ 0.6+0.012d 0.7+0.056e
Arthobacter sp. Rue6bla 0+0a 0.2+0.003b 0.4+0.021¢ 0.8+0.026d 1+0.064e
Candidatas Nitrososphaera gargensis 6+0.325a 5+0.153b 5+0.083b 5+0.121b 2+0.111¢
Candidatas Nitrososphaera everglandensis 6+0.261a 2+0.092b 2+0.064b 2+0.107b 1+0.035¢
Nitrososphaera viennensis 2+0.124a 2+0.032a 2+0.193a 1+0.042b 0.9+0.027b
Lactococcus lactis 3+0.153a 3+0.006a 3+0.076a 2+0.113b 1+0.062¢
Lactococcus raffinolactis 2+0.112a 1+0.06b 1+£0.037b 0.9+0.063b 0.5+0.02¢
Lactococcus chungangensis 1+0.061a 1£0.031a 1+0.066a 0.7+0.045b 0.4+0.021¢
Solirubrobacter sp. URHDO0082 1£0.052a 1+0.039a 1+0.048a 0.8+0.052b 0.6+0.024¢
Solirubrobacter soli 1+0.062a 1+0.047a 0.9+0.052b 0.7+0.048c 0.5+0.03d
Conexibacter woesei 2+0.168a 2+0.12a 2+0.169a 1+£0.079b 0.9+0.032b
Methylotenera mobilis 0.04+0.003a 0.07+0.004b 0.1+0.008¢ 0.3+0.016¢d 0.9+0.039d
Methylotenera versatilis 0.03+0.001a 0.05+0.003b 0.09+0.006¢ 0.3+0.003d 0.8+0.024¢

T : [FATARYINE FBERRAN R DMP i BE b 31 B] 535722 5738 5% 8. %K F-o

Note: Different lowercase letters in the same line indicate significant differences among treatments at P<0.05 level.

1.05t1 757
| a a
I 7.0 | [T _ab
. ab {1 | o= b
5 giest | || [ TEg
ol [ ™.b |E I I
: g — S E 60} 5
g 2 | { S E <
£ E [, =l | R T R A A B e
S ©T 55
" | | [ b Pt i
e | | 1| [ P | d
f ] sor 0 b b “m .....
CK DMPl DMP2 DMP3 DMP4 4.5 CK B DMPl DMP2 DMP3 DMP4
Kb Treatments AbFE Treatments

B B BT/ NG SRR RIS R A BRI 22 5 35 (P<0.05) . R[]

Different lowercase letters indicate significant differences among treatments at P<0.05 level. The same below
B 2 A SRSt DMP i5 a0 5
Figure 2 The response of microbial diversity to DMP contamination
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Figure 3 Effect of DMP on regulation pathways in soils
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