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Abstract

Antibiotic resistance genes (ARGs) are emerging microbial hazards threatening human health. Many

factors, including urban and agricultural activities and water environment changes, can significantly

impact the variations of ARGs. An investigation on the occurrence and variations of ARGs in the

Jiulong River was done in this study. The water samples were collected from 16 sites ranging from

the upper branch to the river mouth of the Jiulong River, in both low and highflow periods. Eleven

ARG families were tested and quantified by realtime PCR (SYBR Green) methods, and detection

assays were conducted for tetA, tetG, aacC1, strA, ermB, cmlA5, vanA, dfrA1, sulII, blaTEM1 and

blaoxa1 genes. Results showed that nine ARG families were found, then the swine industry and

urban activities, including sewage discharge, might be responsible for the high levels of

concentrations and relative abundances of ARGs, and the increase of salinity might decrease the

relative abundances of ARGs. In addition, some ARG abundances were significantly correlated to

the concentrations of NH
4

+ and PO
4

3, particularly in the highflow period. The human activities were

important sources for ARGs in the Jiulong River, which have already become a threat to the safety

of drinking water for the nearby cities.
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Introduction

The broad use of antibiotics has resulted in the

increase and spread of antibiotic resistant bacteria (ARBs)

and antibiotic resistance genes (ARGs) in the aquatic

environment, and it is supposed to be an emerging public

health risk (Kemper, 2008). The quantity of ARGs, which

encode the antibiotic resistance of ARBs, may serve as an

indicator of the bioavailability of antibiotics in the

environment (Pei et al., 2006), whereas the resistance gene

vectors can be considered to be “pollutants” (Rysz and

Alvarez, 2004) as their wide-spread dissemination is out of

control. In the microbial communities of surface water, many

ARGs have been found (Park et al., 2003). Surface water

continually receives ARGs from human activities, such as

sewage discharge, animal husbandry and fish breeding

(Auerbach et al., 2007; Heuer et al., 2002). At the same time,

it constantly disseminates them to other ecosystems (Chee-

Sanford et al., 2001; Heuer et al., 2002) or back to human

daily life (Schwartz et al., 2003). Through the surface or

phreatic water, ARBs can also enter drinking water treatment

plants and water distribution systems (Schwartz et al., 2003).

Urban and agricultural activities can significantly

influence the presence of ARGs in water environments

(Zhang et al., 2009). For example, hospital wastewater

(Chagas et al., 2011; Fuentefria et al., 2008), and the

discharge of untreated sewage and effluents, or sludge,

from sewage treatment plants (STPs) (Auerbach et al., 2007)

have been suggested to spread ARGs into natural water. In

addition, livestock breeding (Agerso and Sandvang, 2005)

and fishery areas (Agerso and Petersen, 2007) are also

thought to be the important pollution sources of ARGs.

Although ARGs are considered emerging contaminants, few
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studies utilizing current molecular technology have been

done regarding the determination and quantification of their

occurrence in rivers, especially for source water. Among

the recent researches in this area, the antibiotic-resistance

(AR) of the bacteria was always determined by traditional

isolation methods (Li et al., 2010; Zheng et al., 2011), which

only covered a small amount of the biomass. Other studies

focused on the bacteria in the sediment, rather than the

river water (Kristiansson et al., 2011; Pei et al., 2006). Thus,

more investigation is needed concerning ARG contamination

in the source river water.

Based on the research of Zhang et al., (2009)

hundreds of ARGs observed in water environments could

be classified to five classes according to the different

antibiotics they confer resistance to: (1) tetracycline

resistance genes; (2) aminoglycoside resistance genes; (3)

macrolide, chloramphenicol and vancomycin resistance

genes; (4) sulphonamide and trimethoprim resistance genes;

and (5) ß-lactam and penicillin resistance genes (Zhang et

al., 2009). The resistance can spread among bacteria via

inheritance and horizontal gene transfer of ARGs (Tenover,

2006; Xi et al., 2009).

The aim of this study was to observe the gene levels

of ARGs in low- and high-flow periods along the Jiulong

River, the main source of drinking water of Xiamen and

Zhangzhou City, and then to analyze the variations of ARGs

which changed following sampling sites and among different

ARG families. In this study, water samples were collected

from 16 sites along the Jiulong River, and a total of eleven

genes encoding antibiotic resistance, as well as the 16S

rRNA gene, were determined by real-time PCR. We have

found evidence that urban activities and swine industry

were the main causes for the increase in ARG contamination,

and the ARG levels could be significantly impacted by

nutrient substances like nitrogen and phosphorus, as well

as the changes of salinity. This research provided a

comprehensive study of different classes of ARGs in river

water samples, from upstream to the mouth, and analyzed

the factors which may lead to the various observed levels

of ARGs, it has made up the deficiency in this area. Based

on the data in this study, it is crucial to take measures to

protect river water sources and prevent the entrance of

antibiotic resistance into the water supply system.

Materials and Methods

Study area and sampling sites: The Jiulong River is

258 km in length with a catchment area of 14,000 km2 and is

located in Fujian Province, China (Fig. 1). The upstream of

the river flows fast among hills and the downstream runs

relatively slowly across the Zhangzhou Plain, and then enters

the sea of Taiwan Strait. Site N1 is located in the upstream

area of the river, near a well-developed swine industry. Site

N2 is close to a sewage treatment plant, site N3 is on the

upstream of a small town, and N4 is downstream of a series

of villages. Site N5 and N6 are located upstream and

downstream of another town, respectively. The next site,

N7, is on hills, far from N6 and N8. From site N8, the river

flows through the plain, and N8 is located near a sandpit,

N9 is on a small tributary. The HK sites are all located on the

estuary of the Jiulong River, with sites HK4 and HK5 inside

the Longhai city and sites HK1, HK2, HK3 at the north port,

mid port and south port respectively. In addition, sites W1

and W2 are located on another tributary, as shown in Fig. 1.

Water sampling method: The sampling was performed along

the Jiulong River in January and July, 2010. At each site,

approximately 2.5 l of water was collected with sterile plastic

buckets, and then stored at 4ºC. Subsequently, all samples

were transported to the lab within 12 hrs, filtered through

0.22 µm membrane filters (Millipore Corp.) and then the

membranes were stored at -20? for further molecular analysis.

Each sample was prepared in triplicate. Subsections of the

data on water parameters were cited from Zhang's results

(Zhang et al., 2011).

DNA extraction and purification: Total DNA was extracted

from the filtered membrane using a soil DNA kit (Omega

Bio-Tek, Doraville, GA), but only the extraction steps were

used following the manufacturer's instructions. The

purification steps followed the classic phenol-extraction and

ethanol method (Zhang et al., 2010). The concentration and

quality of the extracted DNA was determined by a Qubit

(Invitrogen, Karlsruhe, Germany), and electrophoresis on a

1.5% agarose gel in 1× TAE buffer.

Fig. 1 : The Jiulong River area and the locations of sampling sites

captured by Google Earth
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Detection and quantification of 16S rRNA gene and ARGs

using real-time PCR method: Primers, with names and

sequences, targeting the eleven ARG families and 16S rRNA

genes are shown in Table1. A real-time PCR method (SYBR

Green) was used to detect and quantify the target genes

(16S rRNA, tetA, tetG, aacC1, strA, ermB, cmlA5, vanA,

dfrA1, sulII, blaTEM-1 and blaoxa-1 gene) based on an

ABI 7500 Real-Time PCR System (Applied Biosystems,

USA), in triplicate. All PCR assays were conducted in 20

µl volume reactions, containing 10 µl of SYBR Premix Ex

Taq Yamashita et al.), 0.4 µl of ROX reference DyeII (50X,

TaKaRa), 0.2 µM of each primer (Invitrogen), 1 µl of

template DNA solution which were diluted 10-fold, and

sterile distilled water to make the final 20 µl volume. The

real-time PCR protocol was denaturation at 95ºC for 30

sec, followed by 40 cycles of 5 sec at 95ºC, 20 sec at

different annealing temperatures (Table 1), 32 sec at 72ºC

and a fluorescence reading step for 32 sec. The temperature

at which the fluorescence was read during each cycle was

varied according to Table 1. Product specificity was

confirmed by dissociation-curve analysis and visualization

in agarose gels. The standard curves were produced by

10-fold serial dilutions of a plasmid DNA whose copy

numbers were known. The R2 values ranged from 0.9974-

0.9998 for all calibration curves. Data analysis was analyzed

with ABI 7500 Software v2.0.1

Data analysis: The gene copy numbers were log-

transformed in order to facilitate the statistical analysis.

To determine the relative abundance of ARGs at each site,

the ratio of copy number of each ARG to the corresponding

copy number of the 16S rRNA gene were calculated and

presented in Fig. 3. The statistical analysis was performed

with SPSS version 13.0 (SPSS Inc, Chicago, IL). The

acquired data were compared by two-way analysis of

variance (two-way ANOVA) with Student-Newman-Keuls

(SNK) test, and differences inside each factor were

compared with LSD-t test with a confidence interval of

95%. However, the relationship between relative abundance

of ARGs and water parameters monitored was analyzed by

Spearman's correlation analysis method with confidence

interval of 99%.

Results and Discussion

The concentrations of ARGs and 16S rRNA gene

are summarized in Fig. 2, and the relative abundances of

ARGs and 16S rRNA gene are shown in Fig. 3. Among the

eleven ARGs being examined, nine of them were detected,

Table 1 : PCR primers targeting ARG families

Genes Primers              Sequence 5’-3’ Amplicon QATa FRTb References

targeted size (bp) (ºC) (ºC)

tetA tetA-1 CGATATCACTGATGGCGATG 318 60 80 (Tennstedt et al., 2005)

tetA-2 TGTCCGACAAGTTGCATGAT

tetG tetG-F GCTCGGTGGTATCTCTGCTC 468 55 80 (Ng et al., 2001)

tetG-R AGC AACAGAATCGGGAACAC

sulII sulII-FW TCCGGTGGAGGCCGGTATCTGG 191 60 80 (Pei et al., 2006)

sulII-RV CGGGAATGCCATCTGCCTTGAG

vanA VanABF GTAGGCTGCGATATTCAAAGC 231 60 80 (Bell et al., 1998)

VanAR CGATTCAATTGCGTAGTCCAA

ermB ermB-1 CATTTAACGACGAAACTGGC 424 60 80 (Jensen et al., 1999)

ermB-2 GGAACATCTGTGGTATGGCG

strA strAF TTGATGTGGTGTCCCGCAATGC 267 65 80 (Hochhut et al., 2001)

strAR CCAATCGCAGATAGAAGGCAA

dfrA1 dfrA1 DH1 CAAGTTTACATCTGACAATGAG 272 60.5 76 (Ramachandran et al., 2007)

AACGTAT

dfrA1DH2 ACCCTTTTGCCAGATTTGGTA

aacC1 aacC1-1 GGCTGCTCTTGATCTTTTCG 327 46 78 (Tennstedt et al., 2005)

aacC1-2 TCACCGTAATCTGCTTGCAC

bla
TEM-1

TEM-164.SE TCGCCGCATACACTATTCTCAGAATGA 445 55 80 (Ramachandran et al., 2007)

TEM-165.AS ACGCTCACCGGCTCCAGATTTAT

bla
oxa-1

oxa1-1 ACCAAAGACGTGGATGCAAT 325 60 75 (Tennstedt et al., 2005)

oxa1-2 TGCACCAGTTTTCCCATACA

cmlA5 cmlA5-1 AATGGGATGCCTGATAGCTG 314 60 80 (Tennstedt et al., 2005)

cmlA5-2 AAGACAGACCGAGCACGACT

16S rRNAEubac341F CCTACGGGAGGCAGCAG 193 52 80 (Muyzer et al., 1993;

Eubac534R ATTACCGCGGCTGCTGG Dilly et al., 2004)

a: Q-PCR annealing temperature; b: Fluorescence reading temperature



348

Journal of Environmental Biology, April 2013

with the exception of aacC1 gene and van gene.

However, the gene copy numbers were different

among the nine gene families or the 16 sampling sites. The

two-way ANOVA test, which used gene copy numbers as

the variable with the two factors of sampling sites and ARG

families, showed the variability of ARG levels along the

Jiulong River. The SNK test suggested the order of the

average value of gene copy numbers from low to high was:

HK2<N8<N7<N4<N1<N3<HK5<HK1<N5<N2 <W1<N9<

HK4<N6<W2<HK3 (Table 2). The lowest average copy

number was 4.59 log10 units detected at site HK2, and the

highest was 6.58 log10 units at site HK3. The results of

pairwise comparison of sites by LSD-t test showed that

sites could be divided into two groups (Table 2), implying

those in different groups were significantly different. For

example, the copy numbers found at sites N7, N8, and HK2

of group1 were significantly lower than that found at site

HK3 of group2. On the contrary, sites in the same group

had no significant difference from each other (confidence

interval 95%). For another factor, ARG families, the order of

average gene copy number was: cmlA5<blaoxa-1<ermB<

blaTEM-1<dfrA1<tetG<tetA<strA<sulII<16S rRNA gene.

The cmlA5 gene, with the lowest average concentration of

3.92 log10 units, confers resistance to chloramphenicol, and

the sulII gene, with the highest average concentration of

5.96 log10 units, confers resistance to sulphonamide. The

average value of concentration for the 16S rRNA gene was

8.48 log10 units. Different from sampling sites, the LSD-t test

suggested dividing ARG families into six groups (Table 2).

A Spearman correlation analysis was performed

between relative abundance of ARGs and water parameters

(Table 3, P=0.01). Some representative nitrogen compounds,

phosphates were observed positively correlated with some

of the ARG abundances in July. The NH
4

+-N concentration

was found to be significantly correlated with the relative

abundance of the cmlA5 gene (r=0.801, P=0.01), blaoxa-1

gene (r=0.661, P=0.01) and strA gene (r=0.673, P=0.01).

Similarly, the NOX-N concentration was also correlated with

relative abundance of cmlA5 gene (r=0.703, P=0.01), as well

as the blaoxa-1 gene (r=0.626, P=0.01). The positive

correlations between the concentration of PO43- and the

relative abundances of the tetA gene (r=0.651, P=0.01), the

cmlA5 gene (r=0.758, P=0.01), and the blaoxa-1 gene (r=0.709,

P=0.01) were also observed. The results of correlation

analysis between concentrations of ARGs and water

parameters were not shown because there was no significant

correlation detected.

Currently, there are not so many existing studies

using the same methods and parameters shown here. In our

study, the high frequency occurrences along the Jiulong

River showed that it had been seriously contaminated by

ARGs, implying a potential health threat to the nearby

population, as the river is the source of drinking water. The

occurrence of ARGs may be influenced by human urban

and agricultural activities, including sewage discharge,

animal husbandry, and fish breeding, as well as natural

environmental changes (Zhang et al., 2009). These factors

can not only discharge ARBs, carrying ARGs encoding the

Fig. 2 : Copy numbers of ARGs detected in 100 ml sample water from 13 sites along the mainstream of Jiulong River. ¦average: the average copy

numbers of all ARGs in a whole year (created by excel 2007 and SigmaPlot version 10.0); �: average, �: dfrA1, ×: blaTEM-1, �: cmlA5, �:

sulII,  �:16S rRNA, �:tetA, �:ermB, +: blaoxa-1, _: tetG, o : strA

N1 N2 N3 N4 N5 N6 N7 N8 HK5 HK4 HK3 HK2 HK1

Sampling Sites
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resistance to some kinds of antibiotics directly, but also

change the water parameters to influence the growth

conditions of microorganisms, resulting in changes in the

structure of the microbial community.

Animal husbandry is well-developed in the stream

area of the Jiulong River, resulting in serious water pollution.

In 2009, a severe algal bloom event occurred in this area,

threatening the drinking water safety in Zhangzhou and

Xiamen City (Chen, 2010). Sites N1 was selected because

its location was close to pig farms. Based on our results, the

total biomass at N1 was almost the same as nearby sites N3

and N4 (Fig. 2), however, water sample collected at N1

showed a higher abundance of ARGs than them, revealing

that the swine industry was a potential pollutant source of

ARGs. Another study had also found that animal husbandry

could impact the resistance of microorganism in river

sediments, and the resistance could continue for a long

time, even when the antibiotics were removed (Pei et al.,

2006).

Besides animal husbandry, urban activities also

impacted the variation of ARGs in the river, which was equally

important. Site N2 was near an STP and the biomass increased

here compared with the nearby sites. Not only that, the

relative abundance of ARGs at N2 was the highest among

all of the sampling sites, indicating that STP discharge may

significantly contaminate the river with large amounts of

ARGs. Site N4 and N6 are downstream of settlements,

whereas site N3 and N5 are upstream. The obvious

difference between them was that the relative abundances

of ARGs at site N4 and N6 were all higher than those seen at

site N3 and N5, respectively. The explanation may be that

the heavy use of antibiotics in daily human life produced

discharges containing high levels of ARGs. Site N8 was

close to a sandpit, where the sediment was often disturbed,

and thus the adhered ARGs were released to the upper

water layer, resulting in the high level of ARGs detected. In

a wastewater treatment plant (WWTP) in Sweden, the median

concentrations of the tetA and tetB genes from the outlet

were approximately 11,000 copies·ml-1 and 120 copies·ml-1,

respectively, in one year (Borjesson et al., 2010).

The water environment changed dramatically near

the estuary. The main change was that the salinity increased

gradually from sites HK5 to HK1. In addition, sites HK5 to

HK1 were inside or near Longhai City, and both factors

showed their effects on the occurrences of ARGs. On one

hand, the biomass of these sites was relatively higher

compared with other sites (except HK2), suggesting that

the river was receiving higher levels of nutrients and

microorganisms from sewage discharge. On the other hand,

there was a downward trend in the relative abundance of

ARGs from sites HK5 to HK1, which meant that the bacteria

containing ARGs were unable to adapt to the increase in

salinity and gradually lost the advantages in the microbial

consortium.

The correlation analysis of the relative abundance

of ARGs to the water parameters showed differences between

low- and high-flow periods, in January and July respectively.

It was speculated that the nutrient levels could explain the

differences. In January, the concentrations of NH
4

+-N and

PO
4

3- were several times higher than seen in July, and thus

Fig. 3 : Relative abundances of ARGs related to biomass in 13 sites along the mainstream of Jiulong River. ?average: the average relative

abundances of all ARGs in a whole year (created by excel 2007 and Sigma Plot version 10.0). �: average, �: dfrA1, ×: blaTEM-1, �: cmlA5,

�: sulII,  �:16S rRNA, �:tetA, �:ermB, +: blaoxa-1, _: tetG, o : strA

N1 N2 N3 N4 N5 N6 N7 N8 HK5 HK4 HK3 HK2           HK1

Sampling Sites

-2.0

-3.0

-4.0

-5.0

-6.0

Occurrence and variations of ARGs along the Jiulong River
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Table 2 : Student-Newman-Keuls (SNK) test results (P<0.05)

Sites ARG families

Group 1 2 Group 1 2 3 4 5 6

HK2 4.59 cmlA5 3.92

N8 4.60 blaoxa-1 4.41 4.41

N7 4.87 ermB 4.55 4.55 4.55

N4 5.09 5.09 blaTEM-1 4.87 4.87 4.87

N1 5.19 5.19 dfrA1 5.35 5.35 5.35 5.35

N3 5.22 5.22 tetG 5.45 5.45 5.45

HK5 5.26 5.26 tetA 5.64 5.64

HK1 5.36 5.36 strA 5.73 5.73

N5 5.45 5.45 sulII 5.96

N2 5.55 5.55 16S rRNA 8.48

W1 5.64 5.64 Sig. 0.20 0.05 0.07 0.13 0.44 1.00

N9 5.77 5.77

HK4 5.79 5.79

N6 5.89 5.89

W3 6.12 6.12

HK3 6.58

Sig. 0.07 0.07

the two nutrients were relatively high enough to support

ARB growth. In contrast, the absence of NH
4

+-N, and PO
4

3-

in July inhibited the growth of ARBs, resulting in a positive

relation between the abundance of ARGs and nutrient levels.

The other explanation for the positive relation is that both

nitrogen and phosphorus are indicators of sewage pollution,

and they were always accompanied by ARGs, which led to

the above mentioned trend.

Nine of eleven ARGs were quantitatively detected

along the Jiulong River and we have found that, swine

industry, STPs and other discharges from urban activities

can make the contamination worse, and an increase in water

salinity could induce the decrease of ARGs in a microbial

community, then, nitrogen and phosphorus might be the

main factors influencing ARGs in high-flow period.
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