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Abstract 
 

Environmental bacteria have been revealed to be a reservoir of antibiotic resistance genes and a potential pool of novel 

resistance genes in clinical pathogens. Recently, the soils, which have never been treated with antibiotics before have proved 

to contain the resistant bacterial strains. In this study, we assessed whether the soil that had not previously been influenced by 

antibiotics contained super-resistant bacteria or not. We identified super penicillin-resistant strains in four diverse soils 

containing up to 1000 mg/L penicillin compared to 100 mg/L, but none of super tetracycline resistant strains were detected in 

four soils containing up to 1000 mg/L tetracycline, which is the highest concentration of exogenous penicillin or tetracycline 

reported to date. Twenty bacterial isolates were selected, representing a diverse set of species in the genera Pseudomonas 

(85%) and Variovorax (15%); these bacteria showed multiple antibiotic resistance patterns for four or more antibiotics. Using 

polymerase chain reaction and sequence, we carefully examined the existence of antibiotic-resistance genes and integron 

genes in soils and strains. It was observed that the resistance genes tet(C) and blaTEM were fairly widely distributed in these 

super penicillin-resistant isolates, and 20%–50% of tested genes were found in the study soils. All the study sites provided 

great opportunities for horizontal resistance transfer. The antibiotic-resistant genes pool, which is potentially large and diverse, 

may have considerable implications for ecology and health. © 2015 Friends Science Publishers 
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Introduction 
 

The universal existence of antibiotic resistance, especially 

the resistance to different drugs, among bacterial pathogens 

has brought serious challenges to clinical therapy (Levy and 

Marshall, 2004). Environmental bacteria have been 

recognized as a reservoir of antibiotic resistance genes and 

have a great potential to be taken as a pool of novel 

resistance genes in clinical pathogens (D’Costa et al., 2006). 

Recently, the soils, which have never received antibiotics 

have proved to contain the resistant bacterial strains (Dantas 

et al., 2008; Rodríguez-Verdugo et al., 2013). Dantas et al. 

(2008) observed that some of the soil bacteria can 

decompose antibiotic substrates and can use the resulting 

carbon and nutrients to facilitate their growth, even when 

the bacteria have not been exposed to these antibiotics 

previously. Those bacteria are startlingly phylogenetically 

diverse, their patterns of distribution and the prevalence are 

not yet known. These soil-dwelling antibiotic-resistant 

bacteria could be closely linked to human pathogens, if it is 

so they may be a potential threat to human health also. 

During a recent annual report on global health risk, the 

World Economic Forum concluded that antibiotic-resistant 

bacteria pose the greatest risk to human health (Spellberg et 

al., 2013). Given the potential health risk, a number of 

studies have drawn attention on antibiotic-resistant bacteria 

isolated from various ecosystems (Wittwer et al., 2005; Li et 

al., 2010). However, the lack of fundamental knowledge 

concerning the roles of soils and soil bacterial communities 

in generating antibiotic resistant bacterial strains still 

hampers effective prevention and treatment of antibiotic-

resistant bacterial infection. 

Soil ecosystems are highly complex and contain many 

bacterial and fungal species (Torsvik et al., 1990). Most soil 

microorganisms have not been identified, and the 

knowledge of community structure and its relationship with 

soil performance are still poorly understood. Moreover, 

most of the widespread of antibiotic-resistance genes 

(ARGs) (Pruden et al., 2006) are discovered in the genes of 

bacteria (Liu and Pop, 2009), which could be resistant after 

exposure to sub lethal doses of antibiotics, even an 

antibiotic-free environment (Rodríguez-Verdugo et al., 

2013). The acquisition of those resistance genes through 

lateral transfer has been observed recently to be widespread 
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in clinical pathogens (Levy and Marshall, 2004). It was 

shown that the abundance of tetracycline resistance genes in 

soils rose considerably during the antibiotic era (Knapp et 

al., 2010) It is not clear, however, whether an antibiotic-free 

environment likewise would increase tetracycline resistance 

genes and penicillin resistance genes or not. Thus, the 

control of antibiotic-resistant bacteria both in antibiotic-

polluted environment and antibiotic-free environment is a 

critical concept that must be addressed in order to improve 

global health.  

Therefore, the current study was conducted to isolate and 

identify bacteria that could survive in the presence of 

ultrahigh concentrations of penicillin or tetracycline despite 

lack of previous exposure to penicillin or tetracycline; to 

evaluate the occurrence of super resistant bacteria in diverse 

soils and study their characteristics; and to examine the 

extent of multiple antibiotic resistances in all isolates. 
 

Materials and Methods 
 

Soil Samples 
 

Samples of topsoil (0–15 cm depth) were collected from a 

tea plantation (S1), swine feedlot (S2), hospital garden (S3), 

and forest (S4). S1 (120º06'41", 30º13'36") and S4 

(120º07'12", 30º14'20") were located near the scenic area of 

the West Lake in Hangzhou, China, and S2 (120º18'82", 

30º26'92") and S3 (120º20'11", 30º13'15") were located 

within Zhejiang University, China. The field studies did not 

relate to endangered or protected species, and specific 

permissions were not needed for these locations/activities. 

Preliminary investigations showed that none of these four 

sample sites had ever been contaminated by penicillin and 

tetracycline. At each site, 10–12 samples of soil were 

collected through a sterile spade, they were blended 

completely, and later were transferred to a plastic bag to get 

the composite sample. These soil samples were taken to the 

lab on ice (2–6 h) and after that were stored at 4°C. The soil 

parameters (Table 1) were later determined as the methods 

derived by Sparks et al. (1996). 
 

Resistance against Penicillin and Tetracycline Treatments 
 

The culturing of soil bacteria in antibiotic-selective media 

was initially done by the method of Pei et al. (2006) with 

some appropriate modifications as 1 g dry soil sample was 

suspended in 9 mL sterilized phosphate-buffered saline 

(PBS, pH 7.4) for 30 min, then 1 mL of this suspension was 

inoculated into fresh 9 mL PBS, resulting in a 10-1 dilution 

at each passage. Solid penicillin/tetracycline-selective media 

were prepared by adding 15 g/L agar in liquid beef extract 

peptone agar medium followed by autoclaving before 

adding antibiotic at concentrations of 0 (CK), 30 (T1), 60 

(T2), 120 (T3) and 1000 (T4) mg/L. Subsequently, 200 μL 

diluted soil was directly applied onto the antibiotic-selective 

media and incubated at 28°C for 24 h. The colony forming 

units (CFU) of cultured bacteria were counted and the 

antibiotic resistance colony number was determined. The 

percentage resistance of each treatment was counted as the 

ratio between the number of colonies on beef extract 

peptone agar medium with and without penicillin, 

multiplied by 100 (Rho et al., 2012). 
 

Isolation and Identification of Penicillin/Tetracycline-

resistant Bacteria 
 

None of super tetracycline resistant strains was found in 

four soils containing up to 1000 mg/L tetracycline. Twenty 

single colonies were picked from 1000 mg/L penicillin-

selective media and restreaked on other corresponding 

selective plates to obtain pure colonies. The predominant 

colony types resisting high concentrations penicillin were 

sub-cultured and identified by 16S rRNA gene sequencing. 

The 16SrRNA gene (rDNA) of each of the clonal isolates 

obtained in this study was amplified using universal 

bacterial 16S primers pairs 27F (5′-

AGAGTTTGATCCTGGCTCAG-3′) and 1492R (5′-

GTTTACCTTGTTACGACTT-3′) to produce an amplicon 

of about 1400 bp. Colonies were suspended in 50 µL 

double-distilled water, boiled for 10 min, and centrifuged at 

16,000 × g for 5 min. 1 µL of the supernatant was used as 

the template in each amplification. The DNA was amplified 

by PCR in 20-µL volumes with 1 µL of each primer (10 

µM) and 10 µL of 2× Easy Tap PCR SuperMix (TransGen 

Biotech, Shanghai), and added right amount of sterile 

double-distilled water to finally get the desired volume. 

PCR amplification was carried out with the process as : 

94°C for 5 min; 35 cycles of denaturation at 94°C for 30 s, 

annealing at 55°C for 45 s, and extension at 72°C for 1 min; 

with a single final extension at 72°C for 7 min, using a 

Peltier Thermal Cycler (Bio-Rad, Hercules, CA, USA). An 

aliquot of 5 µL amplification products were analyzed on a 

1% agarose gels containing ethidium bromide. The PCR 

products were purified, concentrated, and sequenced by 

Sangon Biotech Co., Ltd. (Shanghai, China). 
 

Detection of Resistant and Integron Genes in Soils and 

Strains 
 

The presence of 8 different genes and class I and II 

integrons in the soil samples and bacterial isolates was 

verified by the PCR. Total DNA in soil samples was 

extracted as a template by harsh lysis using a Power Soil 

DNA kit (MO BIO, Carlsbad, CA, USA) according to the 

manufacturer’s instructions. The quantity and quality of the 

extracted DNA were analyzed by spectrophotometer 

analysis (NanoDrop-2000) and agarose gel electrophoresis, 

respectively. Bacteria DNA worked as template, while 

standard PCR mixture (20 µL) were the same as described 

above. The PCR primers and conditions for genes 

amplification are listed in Table 2. Amplified products were 

separated by 2% agarose gel electrophoresis and visualized 

by ethidium bromide staining. All bands were separated 

from the agarose gel and purified using a QIAquick Gel 
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Extraction Kit (Qiagen Inc., Valencia, CA, USA), and 

sequenced by Sangon Biotech Co., Ltd (Shanghai, China) 

using a BigDye terminator cycle sequencing ready reaction 

kit on an ABI 3730 capillary sequencer. The nearest 

matches were provided by Gen Bank database using the 

BLASTn program. For all reactions in this work, duplicate 

PCR assays were performed for each sample. Negative 

controls were standard PCR mixtures without DNA 

template, and positive bacterial strains carrying genes or 

integrons verified by sequencing were used as positive 

controls.  

 

Kirby-Bauer Disc Diffusion Susceptibility Test 

 

The disc diffusion susceptibility test was performed 

according to the guidelines as described by Helena 

Rebouças et al. (2011). In short, the resistant isolates were 

grown in beef extract peptone liquid medium and incubated 

at 28°C for 8 h (the time was set according to the growth 

curve) under aerobic conditions, and bacterial cultures were 

then streaked evenly onto the entire surface of a beef extract 

peptone agar medium plate and incubated at 28°C for 24 h. 

The antibiotics tested included streptomycin, neomycin, 

amoxicillin, ampicillin, azithromycin, erythromycin, 

chlorotetracycline, and oxytetracycline. The classification of 

the antibiotics tested and the concentrations of antibiotics 

used per disk are presented in Table 3. Later, the inhibition 

zones were recorded, (S) and (R) interpreted as susceptible 

and resistant, respectively. All antibiotics used were 

purchased from Sangon Biotech Co., Ltd (Shanghai, China). 

 

Statistical Analyses 

 

Data statistical analyses were performed by the tool of 

Microsoft Office Excel and SPSS 16.0. Significant 

differences between treatments were analyzed by a one-way 

analysis of variance (ANOVA). Comparisons of means 

between different treatments were performed using 

Duncan’s studentized range test. The significance level was 

set to 0.05. For bacterial identification, the 16S rRNA gene 

sequences were analyzed by GenBank database using the 

BLASTn program for the closest known relatives. Gene 

sequence alignment was done between the resulting 16S 

rRNA sequences and the corresponding sequences from 

representative species. Neighbor-joining trees were then 

constructed using MEGA5.05 software. The statistical 

significance of branching was observed and evaluated by 

bootstrap analysis involving the construction of 1000 trees 

from re-sampled data. Sequences within clusters were 

separately aligned and later was compared with each other. 

The 16S rRNA gene sequences of the 20 strains in this 

study were deposited in GenBank database with accession 

no. KF434522–KF434541 and the nucleotide sequences 

greater than 200 bp for genes can be accessed under 

accession no. KM594532-KM594533, KM594535, 

KM594547, KM594540-KM594542. 

Results 
 

Total and Antibiotics-resistant Cultivable Bacteria in Soils 
 

Appropriate culture media with soil suspensions led to the 

recovery of cultivable bacteria, including antibiotics-

resistant isolates. The total number and antibiotic resistance 

of cultivable bacteria, determined by calculation of the 

CFU, is shown for each soil type and for the different 

antibiotics concentrations in (Fig. 1a and 1b). The total 

number of cultivable bacteria was significantly different 

(p<0.01) between the four soils. In addition, the level of 

resistant isolates was significantly different among the 

different soil types. The number of tetracycline-resistant 

cultivable bacteria was considerably less at low 

concentrations of tetracycline treatment (Fig. 1b) and 

tetracycline-resistant strain couldn’t grow at concentrations 

greater than 120 mg/L, thus we couldn’t isolate any super 

tetracycline-resistant strains at the 1000 mg/L tetracycline 

treatment. Contrary to tetracycline treatments, penicillin-

resistant bacteria from each of the four soils could grow 

even at the concentration of 1000 mg/L penicillin; this value 

was nearly double that reported in other studies. Moreover, 

the colonies exhibited different colors, including milky 

white, light yellow, and orange. The percentages of resistant 

bacteria decreased with the increase in antibiotic 

concentration, and these effects differed among the various 

types of soils (Fig. 1c). The widespread presence of 

penicillin-resistant bacteria was remarkably higher in 

forests, ranging from 1.75% to 25.30% for T4 and T1, 

respectively (Fig. 1c).  

 

Isolation and Identification of Isolates 

 

Twenty bacterial isolates were selected from four different 

soil samples that were resistant to 1000 mg/L penicillin 

(Table 4). All of the selected isolates were also tested for 

growth in liquid medium containing 1000 mg/L penicillin. 

The results showed that all isolates grew well and could 

reach a plateau within 8–10 h. The 16S rRNA genes 

sequence of the 20 isolates was determined, and 

phylogenetic relationships were evaluated (Fig. 2). All the 

resistance isolates were identified and classified into two 

different genera: Pseudomonas (85%, 17 of 20 isolates) and 

Variovorax (15%, 3 of 20 isolates). 

 

Prevalence and Degree of Antibiotic Resistance 

 

Eight strains were chosen for further studies according to 

the phylogenetic tree. The multiple antibiotic resistance 

(MAR) of each of the eight isolates against eight antibiotics 

covering four antibiotic families using the disc diffusion 

assay was detected (Table 3). All the resistant isolates from 

the four soil samples were susceptible to tetracycline 

antibiotics, including chlorotetracycline and oxytetracycline, 

but resistant to β-lactam and macrolide antibiotics, including 
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amoxicillin, ampicillin, azithromycin and erythromycin. 

Notably, the strains s2p11 and s4p23 (Variovorax 

paradoxus) were resistant to six of the eight types of 

antibiotics screened, indicating a wide range of multiple 

resistance patterns.  

 

Diversity of ARGs and Integron Genes in Bacterial 

Isolates and PCR-amplified DNA from Soil 

 

The presence of tetracycline genes, β-lactam-resistance 

genes, and integron genes in the eight soil isolates according 

to the phylogenetic tree was investigated after amplification 

of genomic DNA by PCR and confirmed by DNA 

sequencing (Table 2). Tet(C), which encodes a tetracycline 

efflux pump, and blaTEM, which encodes β-lactamase, 

were present in eight bacterial isolates; these strains 

belonged to different species isolated from different soil 

types. Neither of the two integron genes was found in the 

isolates. 

Because cultivable bacteria represented less than 1% 

of all bacteria, the multiplicity of antibiotic genes in the soil 

bacterial community was further studied by a culture-

independent method. Bacterial metagenomic DNA in soil 

samples was extracted and then submitted to PCR using 

gene specific primers (Table 2). Overall, 20%–50% of 

tested genes were present in the study soils. Five of 10 

tested genes were identified in the swine feedlot (S2), 

indicating a huge antibiotic resistance gene pool in swine 

Table 1: Locations and selected properties of the tested soils 
 

Soil Actual locations pH Salinity Availa N Availa K Availa P Total N OMb CECc 

(g/kg) (mg/kg) (mg/kg) (mg/kg) (g/kg) (g/kg) (cmol/kg) 

S1 Tea plantation, Hangzhou, China 5.56 0.05 105.32 154 21.12 0.96 13.46 14.18 

S2 In the vicinity of a swine feedlot, Hangzhou, China 6.7 0.55 264.89 700 287.68 2.42 43.64 18.36 

S3 In a garden of a hospital, Hangzhou, China 7.16 1.2 147.44 350 131.52 1.75 24.72 18.46 
S4 Pristine Forest, Hangzhou, China 7.82 0.45 225.62 147 8.96 3.08 39.89 8.36 
aAvailable N, Available P, Available K; bOrganic matter; cCEC, cation exchange capacity 

 

Table 2: Primers and PCR conditions used in this study 
 

Class Target Primer Sequence (5’-3’) Annealing Amplicon Source 
    temperature (ºC) size (bp)  

Tetracycline tet(M)a tetM-FWc ACAGAAAGCTTATTATATAAC 46 171 (Aminov et al., 2001) 

resistance  tetM-RV TGGCGTGTCTATGATGTTCAC    
genes tet(O)a tetO-FW ACGGARAGTTTATTGTATACC 58 171 (Aminov et al., 2001) 

  tetO-RV TGGCGTATCTATAATGTTGAC    

 tet(T)a tetT-FW AAGGTTTATTATATAAAAGTG 46 169 (Aminov et al., 2001) 
  tetT-RV AGGTGTATCTATGATATTTAC    

 tet(W)a tetW-FW GAGAGCCTGCTATATGCCAGC 60 168 (Aminov et al., 2001) 

  tetW-RV GGGCGTATCCACAATGTTAAC    
 tet(C)b tetC-FW GCGGGATATCGTCCATTCCG 68 207 (Aminov et al., 2001) 

  tetC-RV GCGTAGAGGATCCACAGGACG    

β-lactamase blaOXA-1(AMP) oxa1-FW AGCAGCGCCAGTGCATCA 66.5 708 (Guerra et al., 2001) 
genes  oxa1-RV ATTCGACCCCAAGTTTCC    

 blaPSE-1(AMP) pse1-FW CGCTTCCCGTTAACAAGTAC 60 419 (Sandvang et al., 1998) 

  pse1-RV CTGGTTCATTTCAGATAGCG    
 blaTEM TEM-FW CTCACCCAGAAACGCTGGTG 54.5 569 (Colomer-Lluch et al., 2011) 

  TEM-RV ATCCGCCTCCATCCAGTCTA    

Integron class 1 int1-FW CAGTGGACATAAGCCTGTTC 55 160 (Koeleman et al., 2001) 
genes integron int2-RV CCCGAGGCATAGACTGTA    

 class 2 int2-FW GTTATTTTATTGCTGGGATTAGGC 55 166 (Luo et al., 2010) 

 integron int2-RV TTTTACGCTGCTGTATGGTGC    

Note: a: Gene coding for ribosomal protection protein; b: Gene coding for efflux pump; c: FW, forward; RV, reverse 

 

Table 3: Resistance patterns of the resistances strains from different samples 
 

Classes of antibiotics Antibiotics (μg per disk) s4p22 s1p23 s2p11 s4p23 s2p31 s2p32 s4p13 s3p12 

          
 Streptomycin (10) S S R R S S S S 

Aminoglycosides Neomycin (10) S S R R R S S S 

 Amoxicillin (10) R R R R R R R R 
β-lactams Ampicillin (10) R R R R R R R R 

Macrolides Azithromycin (10) R R R R R R R R 

Antibiotics Erythromycin (10) R R R R R R R R 
 Chlorotetracycline (30) S S S S S S S S 

Tetracyclines Oxytetracycline (30) S S S S S S S S 

R: resistances; S: sensitivity 
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feedlots. Fewer resistance genes detected in S1, S3 and S4 

samples than in the S2 sample. Moreover, all soil samples 

contained the class 1 integron gene (int1), which provided 

great opportunity for the horizontal resistance gene transfer, 

while the class2 integron gene (int2) was not detected in the 

soils, indicating that int2 was not as ubiquitously expressed 

as int1. 

 

Discussion 
 

Occurrence of Resistance in Four Diverse Soil Types 

 

Many isolation procedures in the study of antibiotic-

resistant bacteria are chosen to have relatively low 

concentrations of antibiotics in order to increase the number 

or type of bacteria obtained (Ozaktas et al., 2012). In this 

study, the four diverse soils contained tetracycline-resistant 

bacteria at concentration of 60 mg/L and super penicillin-

resistant strains at concentration of up to 1000 mg/L. The 

number of bacterial colonies ranged from 4.00 × 104 to 

4.83×105 CFU/g at a high selective penicillin concentration 

of up to 1000 mg/L, which is the highest concentration 

reported to date and nearly two orders of magnitude higher 

than in other studies (Macauley et al., 2007; Li et al., 2010; 

Ozaktas et al., 2012). Thus, these bacterial isolates appeared 

to be quite unique in their ability to survive even under such 

high concentrations of penicillin, which would generally be 

considered lethal, even to resistant cells. The widespread 

presence of cultivable bacteria, which were resistant to 

penicillin, exhibited some heterogeneity that associated not 

only with different types of soils, but also with the penicillin 

concentration of the selective agar media. However, this 

was not unexpected considering that resistant bacteria occur 

naturally in all environments (Cytryn, 2013).  

The presence of ARGs in the different soil samples 

(Table 5) indicated that these soils represent an under 

appreciated reservoir of MAR machinery. Because we knew 

that these soils had never been treated with antibiotics 

especially at the four sites, we believe our results regarding 

the antibiotic resistance observed in bacteria from forest 

soils, which represented the most ecologically pristine 

sample among soils collected in our study, were observed as 

quite interesting. Indeed, soil from a pristine forest without 

anthropogenic influence showed a higher percentage of 

resistant bacteria than soils from the other three sites, thus 

eliminating any possibility of contamination by penicillin 

and tetracycline, which is the convincing evidence of the 

potentially omnipresent occurrence of ARGs in forests. This 

result would justify the presence of tet and int1 in forest 

soils because these genes may already be common in 

environmental bacteria though tetracycline-resistant strain 

couldn’t grow at concentration greater than 120 mg/L. 

Moreover, some studies have shown that indigenous 

bacteria exhibited antibiotic resistance even in unpolluted 

environments (Dantas et al., 2008; D’Costa et al., 2011). 

There are five classes of integrons and over 50 different 

 
 

Fig. 1: The total number of bacterial colonies from four 

different soils in different treatments. Penicillin treatments 

(a) and tetracycline treatments (b) The incidences of 

bacteria resistant to penicillin (c) and the incidences of 

bacteria resistant to tetracycline (d) 
 

 
 

Fig. 2: Phylogenetic analysis of 20 strains of penicillin 

resistance bacteria. The tree was constructed on the bases 

of almost-complete 16s rRNA gene sequences using 

MEGA5.05; Bootstrap values are given for 1000 

replicates with the outgroup Methanothermobacter 

thermautotrophicus 
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class 1 integrons have been identified (Tamang et al., 2007). 

Integrons provide a gene-capture system to bacteria, 

threatening the multiple-antibiotic treatment regimen (Mazel, 

2006). In our study, class 1 integrons were found 

predominantly in all soils, indicating that horizontal gene 

transfer occurred commonly in the soils (Gundogdu et al., 

2013). Therefore, prudent use of antibiotics in medicine and 

agriculture is needed; otherwise, the selective pressure 

triggered by these compounds may occur via horizontal gene 

transfer, affecting the treatment of human diseases (Colomer-

Lluch et al., 2011; Forsberg et al., 2012). The horizontal 

transfer of genes related to the enzymatic machinery, which 

is responsible for subsistence on antibiotics, could bring 

novel antibiotic-resistance mechanisms not yet observed in 

the clinic actually. However, we should note that some 

resistance genes were not detected by traditional PCR 

detection, probably due to the low copy number of target 

genes. In contrast, real-time PCR arrays are more sensitive to 

resistance genes in the environment, even in glacier and 

permafrost sediments (Ushida et al., 2010; D’Costa et al., 

2011). Thus, because ARGs exist naturally, the quantitative 

characteristics of the pristine area may be appropriate for 

setting background levels of resistance to compare with 

affected sites. Further studies are required; in particular, 

approaches based on real-time PCR arrays should be applied 

to environmental monitoring.  

Of particular interest in our study was the observation that 

some soils harbored an ARG, but no isolates from that soil 

that also encoded by the same ARG. For example, tetW and 

int1 were found in the soils but not in the bacterial isolates 

(Table 5), indicating that some other antibiotic-resistant 

bacteria existed in these soils could not be cultured in this 

study, most likely because cultivable bacteria represent less 

than 1% of the total bacteria. These results may have also 

been constrained by the limited efficiency of the 

investigation protocols. 

 

Characteristics of Super Penicillin-resistant Bacteria 

 

We couldn’t isolate any super tetracycline-resistant strains 

at the1000 mg/L tetracycline treatment. However, twenty 

super penicillin-resistant bacterial strains were selected from 

four diverse soil types at a relatively high selective penicillin 

concentration up to 1000 mg/L. All the bacterial isolates in 

this study were gram-negative bacteria, which are 

notoriously difficult to kill as these bacteria have an extra 

Table 4: Strain identification and summary information for the 20 isolates obtained from soil sample 

 
Strain  Color Gram character Closest relative Accession no. From soil  

S1p11 milky negative Pseudomonas frederiksbergensis KF434522 S1 
S1p22 light yellow negative Pseudomonas frederiksbergensis KF434523 S1 

S1p23 light yellow negative Pseudomonas frederiksbergensis KF434524 S1 

S2p11 milky negative Variovoraxparadoxus KF434525 S2 
S2p12 milky negative Pseudomonas frederiksbergensis KF434526 S2 

S2p21 light yellow negative Pseudomonas frederiksbergensis KF434527 S2 

S2p22 light yellow negative Pseudomonas koreensis KF434528 S2 
S2p23 light yellow negative Pseudomonas frederiksbergensis KF434529 S2 

S2p31 orange negative Pseudomonas chlororaphissubsp KF434530 S2 

S2p32 orange negative Pseudomonas chlororaphissubsp KF434531 S2 
S2p33 orange negative Pseudomonas chlororaphissubsp KF434532 S2 

S3p11 milky negative Pseudomonas koreensis KF434533 S3 

S3p12 milky negative Pseudomonas koreensis KF434534 S3 
S3p21 light yellow negative Pseudomonas frederiksbergensis KF434535 S3 

S4p11 milky negative Pseudomonas koreensis KF434536 S4 

S4p12 milky negative Pseudomonas koreensis KF434537 S4 

S4p13 milky negative Pseudomonas koreensis KF434538 S4 

S4p21 light yellow negative Variovoraxparadoxus KF434539 S4 

S4p22 light yellow negative Pseudomonas frederiksbergensis KF434540 S4 
S4p23 light yellow negative Variovoraxparadoxus KF434541 S4 

 

Table 5: Detection of resistance genes and integron genes in soil samples and resistance strains 

 
 S1 S2 S3 S4 s4p22 s1p23 s2p11 s4p23 s2p31 s2p32 s4p13 s3p12 +control 

tet(M) - - - - - - - - - - - - + 

tet(O) - + + + - - - - - - - - + 
tet(T) - + - - - - - - - - - - + 

tet(W) + + + + - - - - - - - - + 

tet(C) - + - - + + + + + + + + + 
blaOXA-1(AMP) - - - - - - - - - - - - + 

blaPSE-1(AMP) - - - - - - - - - - - - + 

blaTEM - - + + + + + + + + + + + 
int1 + + + + - - - - - - - - + 

int2 - - - - - - - - - - - - + 

+: present;-: absent. The positive control was E. coli DH5 with cloning vectors and cloned target genes 
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cell membrane to prevent the penetration of drugs, as well 

as other defense mechanisms that gram-positive bacteria 

lack, such as multidrug resistance efflux pumps, resistance 

mutations, and inactivation of the antibiotic (Taubes, 2008; 

Allen et al., 2010). 

The bacteria isolated in this research were classified into 

two different genera: Pseudomonas, belonging to the order 

Pseudomonadales, and Variovorax, belonging to the order 

Burkholderiales. Organisms in the orders Pseudomonadales 

and Burkholderiales typically have large genomes, which 

have been inferred to be linked to their metabolic diversity 

and MAR characteristics (Dantas et al., 2008; Levy, 2008; 

Rho et al., 2012). Bacteria belonging to the genera 

Pseudomonas and Variovorax are common indigenous flora 

in soil and water. Both of these genera are associated with a 

large variety of diverse and uncommon metabolic features, 

including the degradation of toxic and complex chemical 

compounds (Winsor et al., 2011; Satola et al., 2013). Ramos 

et al. (2002) found that several Pseudomonas spp. strains 

were resistant to high concentrations of many toxic organic 

solvents. Moreover, Variovorax paradoxus can accomplish 

a wide variety of catabolic pathways and has other 

characteristics related to the mediation of organic sulfur 

compounds, aromatic compounds, polymers, metal ions, 

and other compounds (Satola et al., 2013). Both of these 

genera are thought to represent promising strains for 

bioremediation and other biotechnical applications by some 

researchers (Sniegowski et al., 2011; Satola et al., 2013).  

Nevertheless, in this study, all isolates tested exhibited 

co-resistance to four or more types of antibiotics and had 

tet(C) and blaTEM resistance genes, which was sequenced 

and confirmed as the corresponding resistance genes using 

the BLAST alignment tool and the antibiotic resistance 

genes database, indicating that the use of penicillin could 

select strains harboring blaTEM efficiently or that these 

genes were present in antibiotic-resistant soil bacteria 

naturaly. The TEM subset of β-lactamases are high 

prevalence in the genomes of indigenous isolates, and also 

as gram-negative bacteria that are directly relevant to human 

infectious diseases (e.g., Burkholderia pseudomallei and 

Delfitia acidovorans) (Endimiani et al., 2007; Nyberg et al., 

2007), suggesting that BlaTEM plays an important function 

in developing resistance to the β-lactams antibiotics in this 

study. Although isolates with tet(C) coding for a tetracycline 

efflux pump did not express resistance to tetracyclines in the 

disc diffusion susceptibility test (Table 3), this potential 

resistance risk cannot be ignored. All the resistant isolates 

from our four soil samples showed MAR patterns for four 

or more antibiotics, indicating that these bacteria harbored 

other antibiotic-resistance mechanisms besides bacteria 

encoded by tetracycline and β-lactam resistance genes. 

 

Conclusion 
 

In conclusion, different types of soils contained tetracycline 

and penicillin-resistant bacteria widely, despite the fact that 

those soils have not having been exposed to penicillin 

before. However, only super penicillin-resistant bacteria 

were isolated from four diverse soils with the 

concentrations up to 1000 mg/L. Resistant bacteria 

isolated were classified as either Pseudomonas or 

Variovorax, common indigenous flora in soil and water, but 

exhibited phenotypic and genotypic unique characteristics. 

No pathogens were isolated in this research, however, the 

high prevalence of indigenous antibiotic resistant bacteria 

encoded by tet(C) and blaTEM genes could trigger a 

potential health risk.  
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