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Fig. 1 The sampling sites of surface sediment in Mangroves Dongzhai Harbor
D represents the sediment sampling site of mangroves in Dongzhai Harbor and was divided into five transects. Each transect
was composed of three sampling sites D1 D2 and D3. D1 was located in the middle of a mangrove swamp; D2 was near the man—
groves; and D3 was located at mud flats. The 1D1 represents the mangrove samples in the first transect. The 2D1 represents the

mangrove samples in the second transect. The remaining sampling sites were coded as such

1.5 NanoDrop 2000 4
( 1) 10 real-time quantitative
PCR (RT-qPCR) cycle threshold (C,) RT-qPCR
(catal cata? cmle_I  cmle_3) 16S rRNA C, o
10 pL 5 uL SYBR Green Master Mix 0.5 wL 10 pmol * L™ (
1) ® 2ul.  DNA ( 10 ~50 mg * L™") 2 ulL . 195 C
10 min;95 C 30 5;55 C 60 s;72 C 30s 45 ; 95 C 10 s 65 °C 60
s 72 °C 30 s C, 2, :
C =6.02 x 10® x(C, x 107°/M)
M=( + ) x 660 C, C (copies *
pl™). 3 3 o
1.6 (NO;™N) . (NO,™N) (NH,”N)3
- ( HJ 634—2012 N
. - DI
(GB17378.5—2007 5 : »*

pH pH o



150 2018

1 .

Tab.1 Sequences of the primers plasmid and standard curve of chloramphenicol resistance genes

Initial concentration

Gene Primer sequence of plasmids/ Fragment Standard curve Anhlphlification
O length/bp efficiency /%
(mg+L77)
CACCAGCTCACCGTCTTTCA y= -3.500 4 x +37.309
catal ) CCTATAACCAGACCGTTCAGC 33.8 156 (R*=0.995 1) o
CCTGGGTGAGTTTTGACGGA y = =3.054 4 x +33.499
cata2  CGCGGTTATCTTCCTGCTGA 363.9 102 (R =0.997 7) 105
i TGCGTTTCTAGGTTTGGGCA y = -3.399 9 x +38.579
emle_l GITCAGGCACTTAACGGGGA 36.3 126 (R =0.997 7) o7
ACGTTTATGCCAACCGTCCT y=-3.4331x +39.33
emle_3 G AATATCGCCTGOCATCCC 221 131 (R* =0.996 9) o7
ATGGCTGTCGTCAGCT y= -3.3324 x+41.614
165 rRNA ACGGGCGGTGTGTAC 332 345 (R’ =0.996 9) 99.3
1.7 Excel 2010 C, o
SPSS 22 Pearson o Origin 2015 o
2
2.1
2 (catal cata? cmle_1  cmle_3)
10° o 4 14 5
23 . 5D1 5.68 x 10° copies * g~ ' (catal) 6.35 x 10’
copies * g~ (cata2) 7.67 x10° copies * g~ ' (eml_el)  1.19 x10° copies * g~ (eml_e3) . catal
1.19 x10° copies * g "' (2D3) cata2 1.43 x 10" copies * g~ ' (3D2) eml_el
1.21 x 10° copies * g~ ' (2D1) cmi_e3 1.63 x 10° copies * g~
(2D3) . DNA
16S rRNA
o 2 o
N 3 o 3 3
( b1
(2.34 x10° copies * g™") (1.02 x 10° copies * g™')
(8.44 x 107 copies * g7 ') D1 D2 D3
4
» . Zhao
., Hoelzer
27
2.2 4 4
cmle_3 83% ~94% ;catal cml_el ;cata?
4% o cml o
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29

o Sams cat cmlA 0 Shaw

31
cml cat 0

Tab.2 Correlations between chloramphenicol resistance genes

gene catal cata2 cml_el cml_e3
catal 1 0.945** 0. 900"~ 0.975**
cata2 0.945** 1 0.910™* 0.915™*
cml_el 0.900** 0.910"* 1 0.901 ™"
cml_e3 0.975** 0.915** 0.901** 1

k%, 0.01 ( )
Note: % * . Correlation is highly significant at the 0.01 level (2-tailed)

2.3.2
3 \ (NH, N). (NO;N).
(NO;N) .TPP.pH o Pearson
( 4), NO,N 4 ; NH," N
;NO;-N pH ; cml_e3
3 PP o Rochelle pH ?
4 pH o pH
P nirS
nirS *,
3
Tab.3  Composition of environmental factors in the Mangrove area
w( ) Water NH, N/ NO, N/ NO; N/ .
Sampling site  content/%  (mg+ke') (mg-ke')  (mg+ke ) TP/ Cumol = L) o ity pH
1D1 27.79 3.98 21.93 524.09 3.51 30.40 6.79
1D2 26.72 2.64 80.26 143.81 2.54 31.10 7.21
1D3 32.39 2.40 48.74 164. 61 7.80 32.30 7.67
2D1 25.67 2.67 42.43 273.31 3.47 29.00 6.45
2D2 30.83 4.26 5.75 120. 62 2.78 29.40 6.91
2D3 32.39 4.20 27.56 17.87 5.22 30.10 7.29
3D1 31.92 2.37 24.74 599.50 3.09 29.40 6.43
3D2 26.47 1.86 28. 64 400. 98 2.43 30.30 7.10
3D3 21.66 1.21 25.52 637.58 5.26 31.00 7.38
4D1 28.97 3.01 50.31 277.50 4.19 28.70 6.64
4D2 29.63 3.71 25.25 137.27 2.89 29.90 7.05
4D3 26. 69 1.81 26.30 546.02 7.70 30.5 7.54
5D1 32.35 4.48 95. 66 249.43 3.99 29.10 6.45
5D2 30.23 3.97 39.10 222.79 2.80 31.00 7.15
5D3 28.99 1.85 18. 15 82.41 7.21 31.30 7.59
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4

Tab.4  Correlations between the environmental factors and the CRGs

catal cata2 eml_el eml_e3

Water content/% 0.315 0.325 0.234 0.285

NH,; N/(mg * kg™") 0.409 0.414 0. 314 0.373
NO; N/(mg * kg™") 0.740* 0.718** 0.723** 0.824**
NO; N/(mg * kg™") -0.023 ~0.094 -0.004 ~0.103
TPP/(mol * L") 0.001 0.015 0.098 ~0.024
Salinity -0.270 -0.363 -0.233 ~0.170
pH ~0.383 -0.361 -0.228 ~0.313

k%, 0.01 ( )
Note: * * . Correlation is highly significant at the 0.01 level (2-ailed)

()4
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Distribution of Chloramphenicol Resistance Genes in the Typical
Area of Mangroves in Dongzhai Harbor Hainan China

RUAN Sunlan ' > > ZHAO Hongwei ' > ° ZHANG Yu ' *°’ ZHANG Tengyun ' *°

ZHANG Mingshan * JIN Xiaotuo ' > * LI Ping' >’ DIAO Xiaoping ' *
(1. State Key Laboratory of Marine Resource Utilization of South China Sea Hainan University Haikou Hainan 570228 China;
2. Haikou Key Laboratory of Environmental Toxicology Hainan University Haikou Hainan 570228 China;
3. Institute of Tropical Agriculture and Forestry Hainan University Haikou Hainan 570228 China;

4. Hainan Research Academy of Environmental Science & Hainan Environmental Monitoring Center Haikou Hainan 570228 China)

Abstract: The long-term abuse of antibiotics has led to the rapid growth of drug—resistant bacteria in the environ—
ment. The distribution and mechanism of antibiotics resistance genes (ARGs) have attracted public attention.
ARGs as an emerging contaminant not only have a serious impact on the environment but also pose a potential
threat to the health of organisms and human beings. The surface sediment of the mangrove area in Dongzhai Har—
bor Haikou Hainan China was collected in the mangroves near the mangroves and the mud flats in August
2017 to determine the abundance of ARGs by using real-time quantitative PCR in a view to investigate the pollu—
tion of chloramphenicol resistance genes (CRGs) in this area. The distribution of CRGs in the sediment samples
in the mangroves near the mangroves and in the mud flats was analyzed and compared and the correlation be—
tween the CRGs and the environmental factors were analyzed. The results showed that this area was seriously pol-
luted by CRGs with an absolute abundance of CRGs being 108 copies * g~'. CRGs with different resistance
mechanisms had different compositional ratios in the environmental samples of which the ¢cml gene was always
the highest in the compositional ratios of all the samples indicating that the resistant mechanism of CRGs is
based on active efflux of antibiotics. The sediment samples in the mangroves showed higher absolute abundance
of CRGs than those near the mangroves or in the mud flats. Correlation analysis between the CRGs and the envi—
ronmental factors showed that NO, -N was highly significantly correlated with the CRGs.

Keywords: chloramphenicol resistance genes; mangroves; real-time quantitative PCR



