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Presence of antibiotic resistance 
genes from wastewater treatment 
plant effluent in Northwest 
Arkansas
Ryan S. MacLeod* and Mary C. Savin†

ABSTRACT

Antibiotic resistance genes (ARGs) among bacterial populations are causing increasing concern 
with medical and agricultural implications. While the effluent of wastewater treatment plants 
(WWTPs) is treated with a variety of antimicrobial methods, bacteria and the genetic materi-
al that is able to pass on antibiotic resistance to environmental populations are not completely 
destroyed. Ampicillin (amp), tetracycline (tet), and sulfonamide (sul) antibiotics have been de-
tected in Northwest Arkansas (NWA) streams, and IncP plasmids—which are especially notori-
ous for containing antibiotic resistance genes and have been detected after disinfection in NWA 
WWTPs—are known to carry ARGs for those antibiotics. The objective of this inquiry was to 
determine whether ARGs of commonly used antibiotics (ampC and oxa2 for ampicillin, tetA for 
tetracycline, and sul1 for sulfonamide resistance) were present in effluent following disinfection 
that demonstrated variable reduction in IncP plasmid numbers. DNA was extracted from water 
collected from a WWTP that uses ultraviolet light and a WWTP that uses chlorination and was 
participating in a pilot-scale ozonation test. Three of the four ARGs were detected using poly-
merase chain reaction (PCR) both before and after all three disinfection methods. The ampicillin 
resistance gene ampC was the only gene that was detected in less than two-thirds replications 
either before or after disinfection. Given the PCR results and previous quantitative PCR analysis 
of IncP plasmid concentrations, it appears there is little reduction of ARGs after disinfection. 
These data are important in understanding the role of WWTPs in contributing to the spread of 
antibiotic resistance in the environment. 

*	 Ryan MacLeod is a May 2014 Honors graduate with a major in Biology and a minor in Environmental, Soil, and Water Science.
†	 Mary Savin is the faculty mentor and is a professor in the Department of Crop, Soil, and Environmental Sciences.
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INTRODUCTION

 Since the discovery of antibiotics and their medical, 
agricultural, and industrial uses, widespread use of anti-
biotics has contributed to antibiotic resistance in clinical 
and natural settings (Karlowsky et al., 2003, Wenzel et al., 
2003). As antibiotic resistance spreads throughout bac-
terial species, many pathogenic bacterial infections are 
becoming increasingly difficult to treat in humans and 
agricultural animals (Aminov and Mackie, 2007). Within 
the last ten years, there has been worldwide recognition 
of the increase in rates of antimicrobial resistance, and 
an increase in the frequency of species with multidrug-
resistance in a clinical setting has been demonstrated 
(Cantón, 2009). 

One area of particular concern is the dissemination of 
broad-host range (BHR) plasmids containing antibiotic 
resistance genes (ARGs) throughout bacterial popula-
tions in the environment. Some examples of BHR plas-
mids are the IncP, IncN, and IncQ families of plasmids. 
They carry a wide range of resistances to compounds 
including antibiotics (β-lactams, tetracylines, sulfon-
amides, erythromycins, and others) and heavy metals 
(Schlüter et al., 2007). Broad-host range plasmids are able 
to transfer to and replicate within many different species 
of bacteria. Even when BHR plasmids themselves do not 
contain ARGs, they may still mobilize plasmids that do 
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encode resistance yet have no mechanism to transfer 
themselves by facilitating the formation of a conjugation 
bridge and recruiting DNA polymerase (Davison, 1999; 
Thomas and Nielsen, 2005). 

The IncP plasmid is a BHR plasmid that is known to 
carry antibiotic resistance genes (Schlüter et al., 2003). 
It is considered to be the most promiscuous of the BHR 
plasmids that have been studied. The IncP plasmids are 
also known to encode heavy metal—such as mercury—
and chlorinated organic compound resistance (Schlüter 
et al., 2007). These plasmids are found worldwide and have 
been detected in enteric bacterial species that had not pre- 
viously contained IncP plasmids before widespread use 
of antibiotics (Smith and Thomas, 1987). 

The IncP plasmid family is commonly detected in 
wastewater treatment plants (Dröge et al., 2000). Waste-
water treatment plants (WWTPs) are considered hotbeds 
for ARGs and for plasmids that are capable of the hori-
zontal transfer of these genes across species of gram-neg-
ative bacteria, even reaching gram-positive species and 
eukaryotic species such as yeast (Schlüter et al., 2007; 
Dröge et al., 2000). These WWTPs are seen as interfaces 
between different environmental compartments includ-
ing hospitals, surface waters, and residential wastes. The 
aerators and clarifiers of WWTPs have high bacterial 
densities and conditions that promote metabolic activi-
ties that facilitate genetic exchange in the treatment facil-
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ity (Mancini et al., 1987). Among the mobile genetic ma-
terials that can transfer resistance genes, several are BHR 
plasmids (Schlüter et al., 2007). Although the effluent of 
WWTPs is treated with a variety of antimicrobial meth-
ods, none of the current methods completely destroys all 
the bacteria or mobile genetic material capable of passing 
on antibiotic resistance (Asfahl and Savin, 2012). 

Asfahl and Savin (2012) detected a 95% reduction 
in IncP plasmids using an experimental ozonation dis-
infection procedure. Despite a significant reduction in 
plasmid copy number, 2.2 × 105 copies per liter of the 
IncP gene remained in effluent to be discharged into the 
stream. Any amount of these plasmids that is released 
into the environment can result in the replication and 
dissemination of antibiotic resistance genes when they 
enter bacterial populations. Examples of common antibi-
otics—some of which are found in Northwest Arkansas 
(NWA) streams and all of which have resistance genes 
present on IncP plasmids—are ampicillin, tetracyclines, 
and sulfonamides (Galloway et al., 2005; Haggard and 
Bartsch, 2009; Schlüter et al., 2003). 

The goal of this research is to determine whether re-
sistance genes of commonly used antibiotics are present 
in effluent known to contain and demonstrate varying 
levels of reduction in IncP plasmids following disinfec-
tion. Previous research evaluated reduction in IncP plas-
mid number in effluent as a known carrier of resistance 
determinants; however, destruction of antibiotic resis-
tance genes was not measured directly and needs to be 
confirmed or refuted. The objective of this experiment 
was to determine the presence of these resistance genes 
in the samples both before and after disinfection by chlo-
rination, ozonation, and UV radiation. 

Based on the amount of DNA left after disinfection 
in the effluent of the WWTPs and the concentration of 
resistance genes on IncP plasmids (Asfahl and Savin, 
2012), genes that code for resistance to the antibiotics 
mentioned above—ampicillin, tetracyclines, and sul-
fonamides—were expected to be found. Since ampicillin 
and tetracycline genes were detected more frequently in 

WWTPs (Yang et al., 2012; Liu et al., 2012), those resis-
tance genes were expected to be more prevalent in the 
samples than the sulfonamide resistance genes. 

MATERIALS AND METHODS

The DNA used in this experiment was extracted us-
ing a bead-beating protocol from water samples before 
and after three disinfection techniques (ultraviolet light 
in Fayetteville, chlorination in Springdale, and ozonation 
pilot study in Springdale) in NWA WWTPs (Asfahl and 
Savin, 2012). Single one-liter samples were taken three 
different days from the Fayetteville West WWTP and six 
different days from the Springdale WWTP. There were 
three replications for Fayetteville’s upstream and ultravi-
olet-treated samples, three replications for Springdale’s 
ozone-treated samples, and six replications for Springda-
le’s upstream and chlorine-treated samples. The DNA was 
cleaned by ethanol precipitation, quantified by Nanodrop 
spectrophotometry and has been maintained in a -77 °C 
freezer. Polymerase chain reaction (PCR) was used to de-
termine the presence of the resistance genes ampC and 
oxa2 (resistance to ampicillin), tetA (resistance to tetra-
cyclines), and sul1 (resistance to sulfanomides). Template 
DNA was amplified in 20-µL volumes in a PTC-200 ther-
mocycler (MJ Research, Waltham, Mass.) in the presence 
of 1X PCR buffer,1.5 mM MgCl2, 200 μM of each deoxy-
nucleotide triphosphate (Promega Corporation, Madi-
son, Wis.), appropriate primer (Table 1), 0.04 % bovine 
serum albumin (Merck KGaA, Darmstadt, Germany), 
and GoTaq DNA polymerase (Promega, Madison, Wis.). 

Positive and negative controls were run with every batch 
of PCR reactions. A plasmid (RP4) in the IncP family was 
used as the positive control for the tetA, oxa2, and sul1 
genes, while an environmental sample that was found to 
consistently amplify the correct fragment size was used 
for the ampC gene. The negative controls consisted of 
all the reagents used in the PCR batch without the ad-
dition of template DNA. Amplification was confirmed 
using ethidium bromide agarose gel electrophoresis and 

Table	
  1.	
  Polymerase	
  chain	
  reaction	
  primer	
  sequences	
  used	
  successfully	
  
with	
  environmental	
  DNA	
  samples.	
  

Gene	
   Primer	
  Sequence	
  
Annealing	
  

Temperature	
  (oC)	
  
Expected	
  Product	
  size	
  

(bp)	
  (Source)	
  
ampC	
   FW-­‐	
  CCT	
  CTT	
  GCT	
  CCA	
  CAT	
  TTG	
  CT	
  

RV-­‐	
  	
  ACA	
  ACG	
  TTT	
  GCT	
  GTG	
  TGA	
  CG	
  
58	
   189	
  	
  (Yang	
  et	
  al.,	
  2012)	
  

oxa2	
   FW-­‐	
  TCT	
  TCG	
  CGA	
  TAC	
  TTT	
  TCT	
  CCA	
  
RV-­‐	
  	
  ATC	
  GCA	
  CAG	
  GAT	
  CAA	
  AAA	
  CC	
  

60	
   177	
  	
  (Yang	
  et	
  al.,	
  2012)	
  

tetA	
   FW-­‐	
  GCT	
  ACA	
  TCC	
  TGC	
  TTG	
  CCT	
  TC	
  
RV-­‐	
  	
  CAT	
  AGA	
  TCG	
  CCG	
  TGA	
  AGA	
  GG	
  

61	
   210	
  	
  (Liu	
  et	
  al.,	
  2012)	
  

sul1	
   FW-­‐	
  CGC	
  ACC	
  GGA	
  AAC	
  ATC	
  GCT	
  GCA	
  C	
  
RV-­‐	
  	
  TGA	
  AGT	
  TCC	
  GCC	
  GCA	
  AGG	
  CTC	
  G	
  

56	
   163	
  	
  (Pei	
  et	
  al.,	
  2006)	
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the Kodak EDAS 290 (Eastman Kodak, Rochester, N.Y.). 
The size of the products was determined using the mass 
molecular standard ruler (bands from 1000 bp to 100 
bp), which also can be used to determine DNA concen-
trations of the PCR products by comparing the intensity 
of the bands to the standard’s band intensities. Reduc-
tion, or the absence of PCR amplification for a particular 
gene fragment after disinfection, following the presence 
of PCR amplification upstream of the disinfection pro-
cedure was determined to be statistically significant by 
conducting a T-test. 

RESULTS AND DISCUSSION

Three of the four antibiotic resistance genes (oxa2, 
tetA, and sul1) were amplified across all replications be-
fore and after disinfection across all three disinfection 
protocols utilized in both WWTPs (Table 2, Figs. 1-2). 
Qualitatively, the intensity of the sul1 band fragments 

indicates a concentration of 10-20 ng/μL DNA amplifed 
in the upstream site (i.e. prior to disinfection) with no 
reduction of intensity, or DNA concentration amplified, 
downstream of disinfection (Fig. 1). Similar results were 
obtained for the tetA tetracycline resistance gene frag-
ment (Fig. 2). The oxa2 gene also amplified in all replica-
tions both before and after all three disinfection methods 
(Table 2). 

The fourth antibiotic resistance gene, ampC, was only 
amplified in 33% of upstream replications in the Fay-
etteville WWTP and 66% of upstream replications in 
the Springdale WWTP (Table 2). The replications that 
did contain ampC amplification still contained bands af-
ter disinfection for the UV-treated Fayetteville effluent, 
while half of the chlorinated Springdale replications that 
initially contained ampC no longer amplified the gene 
after disinfection (Table 2). All of the ozonation repli-
cations at the Springdale WWTP no longer contained 
ampC amplification after disinfection. 

Table	
  2.	
  Polymerase	
  chain	
  reaction	
  results	
  for	
  presence	
  of	
  antibiotic	
  resistance	
  genes.	
  

WWTPa	
  
Number	
  of	
  
Replications	
  

Disinfection	
  
Method	
  

Amplification	
  (%)	
  
ampCc	
   oxa2	
   tetA	
   sul1	
  

Fayetteville	
   3	
   Upstreamb	
   33	
   100	
   100	
   100	
  
3	
   UV	
   33	
   100	
   100	
   100	
  

Springdale	
   6	
   Upstream	
   66	
   100	
   100	
   100	
  
6	
   Chlorination 33d	
   100	
   100	
   100	
  
3	
   Ozonation 0d	
   100	
   100	
   100	
  

aWastewater	
  treatment	
  plant.	
  
bUpstream	
  samples	
  are	
  for	
  effluent	
  collected	
  prior	
  to	
  disinfection.	
  UV	
  (ultraviolet	
  radiation),	
  chlorination,	
  and	
  ozonation	
  are	
  for	
  
effluent	
  collected	
  after	
  disinfection.	
  
cThe	
  ampC	
  and	
  oxa2	
  genes	
  code	
  for	
  ampicillin	
  resistance.	
  The	
  tetA	
  gene	
  codes	
  for	
  tetracycline	
  resistance	
  and	
  the	
  sul1	
  gene	
  codes	
  for	
  
resistance	
  to	
  sulfonamides.	
  
dThese	
  differences	
  by	
  chlorination	
  and	
  ozonation	
  at	
  the	
  Springdale	
  WWTP	
  were	
  significant	
  at	
  P	
  <	
  0.05.	
  

Fig. 1. Selected agarose gel showing polymerase chain reaction products. The gene 
amplified was sul1 with an expected product size of 163 bp. Samples from Springdale 

wastewater treatment plant upstream (U, before) and downstream (D, after) disinfection. 
Lanes 1, 10 are mass molecular standard. Lanes 2-5 are from replication 1, lanes 6-9 are 

replication 2, lanes 11-14 are replication 3, and lanes 15-18 are replication 4.



44  DISCOVERY   •   Vol. 15, Fall 2014

The UV and chlorination treatments of WWTP efflu-
ent yielded insignificant reduction levels of IncP plasmid 
DNA (Asfahl and Savin, 2012). At the Fayetteville WWTP 
using UV disinfection, 2.7 (± 8.2) × 106 copies per liter 
were detected before disinfection and 0.8 (± 2.2) × 106 

copies per liter were detected after disinfection (Asfahl 
and Savin, 2012). Springdale’s chlorination disinfection 
was also not significant with 2.7 (± 1.8) × 107 copies per 
liter detected upstream and 4.2 (± 1.5) × 106 copies per 
liter after disinfection (Asfahl and Savin, 2012). The am-
plification of sul1, tetA, and oxa2 reveal that these were 
not eliminated from the water samples collected after 
each of the disinfection methods, and thus may persist 
and disseminate into new hosts either because of their 
mobility or facilitated mobility by other genetic elements. 
These genes are likely to be located either on mobile ge-
netic elements that contain a sequence that facilitates the 
formation of a junction between two bacteria during the 
conjugation process or on genetic elements that are rep-
licated through an existing conjugation bridge (Davison, 
1999; Thomas and Nielsen, 2005). The IncP plasmids are 
notorious for both initiating the conjugation process for 
their own dissemination and facilitating the replication 
of non self-mobilizing genetic elements (Schlüter et al., 
2007). That leaves a possibility for antibiotic resistance 
genes to be released and spread throughout the environ-
mental populations of bacteria.

The PCR results for tetA, sul1, oxa2, and ampC are 
consistent with the continued detection of total DNA and 
specifically IncP plasmids upstream and downstream of 
disinfection (Asfahl and Savin, 2012). From the quanti-
tative PCR results in Asfahl and Savin (2012), it is clear 
that UV radiation, chlorination, and ozonation do not 
effectively eliminate mobile genetic elements that carry 
antibiotic resistance genes from the WWTP effluent. 

Even following a significant reduction after ozonation in 
IncP plasmids as indicated by 95% reduction in ampli-
fied gene fragment, there were 2.2 (± 0.7) × 105 copies 
per liter remaining. With 45 million liters of water dis-
charged daily from Springdale WWTP, the potential load 
into Spring Creek is 9.9 × 1012 IncP plasmid copies per 
day. If each IncP plasmid contained one copy of each re-
sistance gene oxa2, sul1, and tetA, then it becomes easier 
to understand how WWTPs can influence resistance in 
the environment. 

With the exception of the low detection of ampC, 
these results are in agreement with the growing database 
of antibiotic resistance genes detected in WWTP efflu-
ent. Studies involving sulfonamide, tetracycline, and am-
picillin resistance genes across a wide range of locations 
in East Asia and North America have detected many of 
these genes in the WWTP and associate effluent, specifi-
cally oxa2, ampC, tetA, and sul1 (Liu et al., 2012; Pei et 
al., 2006; Yang et al., 2012). The tetA gene and many other 
genes conferring tetracycline resistance were detected be-
fore and after treatment of antibiotic production waste-
water at a manufacturing plant in Hebei Province, China 
(Liu et al., 2012). The ampicillin resistance gene ampC 
was detected in 100% of WWTPs, and oxa2 was detected 
in 93% of the Asian and North American WWTPs tested 
in a previous study (Yang et al., 2012). The sul1 gene was 
detected in sediments of the Poudre River in northern 
Colorado across all sampling sites, including one down-
stream from an urban WWTP (Pei et al., 2006). 

The results are also consistent with the presence in 
Northwest Arkansas streams of the antibiotics for which 
the genes encode resistance. Sulfamethoxazole (part of 
the sulfonamide group of antibiotics) and, to a lesser 
extent, tetracycline, have been detected downstream of 
Fayetteville WWTPs effluent discharge into Mud Creek 

Fig. 2. Selected agarose gel showing tetA gene amplification. The expected product size 
for tetA was 210 bp. Samples are from Springdale wastewater treatment plant upstream 

(U, before) and downstream (D, after) disinfection. Lanes 1, 10 are mass molecular 
standard. Lanes 2-5 are from replication 1, lanes 6-9 are from replication 2, lanes 11-14 

are from replication 3, and lanes 15-18 are from replication 4.
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(Galloway et al., 2005; Haggard and Bartsch, 2009). The 
presence of these drugs in the waters can put selective 
pressure on the environmental populations of bacteria 
to develop or acquire resistance genes. These genes can 
be spread in WWTPs, which have been known to have 
conditions conducive for conjugation, transduction, and 
transformation (Schlüter et al., 2007; Dröge et al., 2000). 

Furthermore, the PCR results showing persistence of 
antibiotic resistance genes following disinfection are con-
sistent with the linkage of ampicillin, tetracycline, and 
sulfonamide resistance genes to the IncP plasmid family. 
The genes sul1, tetA, and oxa2 have all been sequenced 
and linked to multiple plasmids belonging to the IncP 
family (Schlüter et al., 2007). The absence of the ampC 
gene in many of the replications was unexpected consid-
ering the gene’s detection in effluent of 100% of WWTPs 
studied in Asia and North America and the gene’s pres-
ence on multiple plasmids that carry resistance (Yang et 
al., 2012). However, these results are interesting since 
ampC is not expected to be associated with IncP plasmids 
(Yang et al., 2012). The ampC gene is located on an as-
sortment of conjugative plasmids including pGC-1 and 
pGC-2 (Bou et al., 2000). The oxa2 ampicillin resistance 
gene is more frequently found on mobile genetic ele-
ments than ampC, however, because mobile ampC genes 
are derived from the chromosomal DNA and are not as 
prevalent on plasmids (Bou et al., 2000). 

The nonexistent reduction in the number of samples 
in which oxa2, sul1, and tetA genes were detected may 
reflect the results and lack of IncP plasmid DNA destruc-
tion detected in Asfahl and Savin (2012) because of the 
previously stated connection of these genes with IncP 
plasmids and other DNA. Even though the ozone treat-
ment reduced IncP levels by 95%, it only reduced the total 
DNA concentrations by 80%. That leaves a possibility for 
other antibiotic resistance genes that are not associated 
with IncP plasmids specifically to be released and spread 
throughout the environmental populations of bacteria. 

CONCLUSIONS 

Antibiotic resistance gene detection both upstream and 
downstream of UV irradiation, chlorination, and ozona-
tion treatments of wastewater shows persistence and thus 
suggests the potential for dissemination of these genes in 
streams through WWTP effluent. The results from this 
and similar studies suggest that new methods of disinfec-
tion or different policies concerning regulation of DNA 
concentrations in WWTP effluent need to be developed 
to avoid the spread of antibiotic resistance genes. The 
need to at least slow the dissemination of these genes is 
exemplified by the growing trend of multidrug-resistant, 
pathogenic species of bacteria. By continuing to allow 

antibiotic resistance genes to be released into the envi-
ronment, the reservoir of resistance genes increases and 
there is a greater chance of pathogenic bacteria acquir-
ing resistance. This creates problems for disease control 
in clinical, agricultural, and industrial settings. Future 
research opportunities with this study should involve 
quantifying antibiotic resistance gene reduction resulting 
from disinfection using a quantitative PCR analysis. 

ACKNOWLEDGEMENTS

This study was supported by funds from the Student 
Undergraduate Research Fund (SURF) grant, University 
of Arkansas, and the Division of Agriculture. The origi-
nal water and DNA collection was funded by a National 
Institute of Health STTR research grant #2R42ES014137-
02-UA. Real-time PCR data were obtained on an instru-
ment provided by the P3 Center, funded through the 
Arkansas ASSET Initiative II (EPS-1003970) by the Na-
tional Science Foundation. I would like to thank person-
nel at the Springdale and Fayetteville WWTPs, colleagues 
in the Microbial Ecology and Soil Biology Lab and with 
BlueInGreen LLC for technical assistance, and K. Korth 
for use of instrumentation. 

LITERATURE CITED

Aminov, R.I. and R.I. Mackie.2007. Evolution and ecol-
ogy of antibiotic resistance genes. FEMS Microbiol. 
Lett. 271: 147-161.

Asfahl, K.L. and M.C. Savin. 2012. Destruction of Esch-
erichia coli and broad-host-range plasmid DNA in 
treated wastewater by dissolved ozone disinfection 
under laboratory and field conditions. Adv. Micro-
biol. 2:1-7. 

Bou, G., A. Oliver, M. Ojeda, C. Monzón, and J. Martínez-
Beltrán. 2000. Molecular characterization of FOX-4, a 
new AmpC-type plasmid-mediated β-lactamase from 
an Escherichia coli strain isolated in Spain. Antimi-
crob. Agents Ch. 44(9):2549-2553. 

Cantón, R. 2009. Antibiotic resistance genes from the 
environment: A perspective through newly identified 
antibiotic resistance mechanisms in the clinical set-
ting. Clin. Microbiol. Infect. 15(1):20–25. 

Davison, J. 1999. Genetic exchange between bacteria in 
the environment. Plasmid 42(2):73–91. 

Dröge, M., A. Pühler, and W. Selbitschka. 2000. Pheno-
typic and molecular characterization of conjugative 
antibiotic resistance plasmids isolated from bacterial 
communities of activated sludge. Molec. Genet. Ge-
nom. 263(3):471-482.

Galloway, J.M., B.E. Haggard, M.T. Meyers, and W.R. 
Green. 2005. Occurrence of Pharmaceuticals and Other 



46  DISCOVERY   •   Vol. 15, Fall 2014

Organic Wastewater Constituents in Selected Streams 
in Northern Arkansas, 2004 (Science Investigations 
Report 2005-5140). U.S. Geological Survey, Reston, 
Va.

Haggard, B. and L. Bartsch. 2009. Net changes in antibi-
otic concentrations downstream from an effluent dis-
charge. J. Environ. Qual.. 38(1):343-352. 

Karlowsky, J.A., D.C. Draghi, M.E. Jones, C. Thornsberry, 
I.R. Friedland, and D.F. Sahm. 2003. Surveillance for 
antimicrobial susceptibility among clinical isolates of 
Pseudomonas aeruginosa and Acinetobacter baumannii 
from hospitalized patients in the United States, 1998 
to 2001. Antimicrob. Agents Ch. 47(5):1681-1688.

Liu, M., Y. Zhang, M. Yang, Z. Tian, L. Ren, and S. Zhang. 
2012. Abundance and distribution of tetracycline re-
sistance genes and mobile elements in an oxytetracy-
cline production wastewater treatment system. Envi-
ron. Sci. Technol. 46(14):7551-7557. 

Mancini, P., S. Fertels, D. Nave, and M.A. Gealt. 1987. 
Mobilization of plasmid pHSV106 from Escherichia 
coli HB101 in a laboratory-scale waste treatment facil-
ity. Appl. Environ. Microbiol. 53(4):665-671. 

Pei, R., S.C. Kim, K.H. Carlson, and A. Pruden. 2006. Ef-
fect of river landscape on the sediment concentrations 
of antibiotics and corresponding antibiotic resistance 
genes (arg). Water Res. 40(12):2427-2435. 

Schlüter, A., H. Heuer, R. Szczepanowski, L.J. Forney, 
C.M. Thomas, A. Pühler, and E.M. Top. 2003. The 
64 508 bp IncP-1b antibiotic multiresistance plasmid 
pB10 isolated from a waste-water treatment plant pro- 

vides evidence for recombination between members 
of different branches of the IncP-1b group. Microbiol-
ogy, 149(11):3139-3153. 

Schlüter, A., R. Szczepanowski, A. Pühler, and E.M. Top. 
2007. Genomics of IncP-1 antibiotic resistance plas-
mids isolated from wastewater treatment plants pro-
vides evidence for a widely accessible drug resistance 
gene pool. FEMS Microbiol. Rev. 31(4):449-477. 

Smith, C.A. and C.M. Thomas. 1987. Comparison of the 
organization of the genomes of phenotypically diverse 
plasmids of incompatibility group P: members of the 
IncP beta sub-group are closely related. Molec. Genet. 
Genom. 206(3):419–427.

Thomas, C.M. and K.M. Nielsen. 2005. Mechanisms of, 
and barriers to, horizontal gene transfer between bac-
teria. Nat. Rev. Microbiol. 3(9):711–721. 

Wenzel, R.P., D.F. Sahm, C. Thornsberry, D.C. Draghi, 
M.E. Jones and J.A. Karlowsky. 2003. In vitro suscepti-
bilities of Gram-negative bacteria isolated from hos-
pitalized patients in four European countries, Canada, 
and the United States in 2000-2001 to expanded-spec-
trum 40 cephalosporins and comparator antimicrobi-
als: Implications for therapy. Antimicrob. Agents Ch. 
47(10):3089-3098.

Yang, Y., T. Zhang, X.X. Zhang, D.W. Liang, M. Zhang, 
D.W. Gao, H.G. Zhu, Q.G. Huang, and H.P. Fang. 
2012. Quantification and characterization of β-lactam 
resistance genes in 15 sewage treatment plants from 
East Asia and North America. Appl. Microbiol. Biot. 
95(5):1351-1358.


	Discovery, The Student Journal of Dale Bumpers College of Agricultural, Food and Life Sciences
	Fall 2014

	Presence of antibiotic resistance genes from wastewater treatment plant effluent in Northwest Arkansas
	Ryan MacLeod
	Mary Savin
	Recommended Citation


	tmp.1515189612.pdf.0m0k8

