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Background

Experimental Methods

The increasing problem of antibiotic resistance genes (ARGs) and antibiotic resistant 

bacteria (ARB) is becoming a major global health issue. Wastewater treatment plants 

(WWTPs) are considered as important reservoirs for the spread of antibiotic resistance 

to opportunistic pathogens and can stimulate horizontal gene transfer among microbial 

species. Bacteriophages (phage) exist in most environments and might play a major 

role in the dissemination of ARGs within WWTPs. Phage diversity was studied by 

next generation sequencing on sludge samples (before and after DNase treatment) 

with Illumina (Miseq). Metagenome data analysis reveals that after DNase treatment 

returned activated sludge (RAS) samples contained 21,985 sequences totaling 

17,227,533 basepairs with an average length of 783 bps and primary sludge (PS) 

samples contained 2,870 contigs sequences totaling 2,292,422 basepairs with an 

average length of 798 bps. 

Results

Annotation of all the reads for the functional 

distribution at the subsystem hierarchy shows that 59.1 % 

and 44.2% of sequences are predicted as “Phages, 

Prophages, Transposable elements, Plasmids” in 

metagenome from RAS and PS samples after DNase 

treatment respectively (Fig2). 

On a genus level, Burkholderia phage, Coliphage, 

Enterobacteria phage, and Pseudomonas phage are 

present in all the samples. Burkholderia cepacia phage, 

Edwardsiella phage, Mycobacterium phage, Salmonella 

phage, Vibrio phage and Xanthomonas citri phage were 

phages detected only in RAS samples. Bacillus phage, 

Brochothrix phage, Lactobacillus phage, Listeria phage, 

Phormidium phage, Staphylococcus phage and Sugarcane 

mosaic virus were found only in PS samples (Fig3).

Concentration of ARGs in phage DNA  from RAS and 

PS using qPCR were found to be 3.84x102 and 8.14x103

copies/100mL for Tet-W gene and 5.89x104 and 7.9x104

copies/100mL for Sul-I gene, respectively (Fig4).

In addition, phage metagenome was searched for 

functional signatures of resistance genes. Analyzing the 

‘virulence, disease and defense’ functional category at 

Level 2, a high resistance to antibiotics and toxins 

compound is observed in PS samples compared to RAS 

sample. 

Further analysis at Level 3 reveals that most of the 

antibiotic resistance belongs to methicillin, 

fluoroquinolones and beta-lactamase group of antibiotics 

(Fig. 1).

Phage Isolation: Phage isolation method (Fig.1) was tested and optimized to get high

concentration recovery using positive control standards. Phage was successfully recovered

and isolated from a high titer T4 coliphage suspension (108 and 1010 pfu/mL).

Sample Collection and processing: Activated sludge were collected from East Lansing

WWTP in Michigan (U.S.A.). A method for phage DNA isolation was optimized using PEG

(polyethylene glycol) precipitation and DNase (deoxyribonuclease) treatment. Phage DNA

was isolated and monitored for ARGs (tetracycline resistant genes (Tet-W and Tet-O) and

sulfonamide resistant gene (Sul-I)) using real-time Q-PCR (Fig.1).

Sequencing: DNA samples were run on a rapid whole-genome sequencing platform (Illumina

MiSeq) generating 150 bp paired-end reads. Sequences were assembled using A5 pipeline to

generate contigs files. Contigs were aligned to GeneBank sequence using BLAST.

Metagenomics analysis was also done using the MG-RAST (an automated analysis platform

for metagenomes providing quantitative insights into microbial populations based on sequence

data (Meyer et al. 2008)).

Fig1. Experiment protocol

Fig3. Map showing  an organism (genus) Tree

Fig2.  Subsystem functional barchart.
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• Phage diversity was studied by next generation sequencing on sludge samples

(before and after DNase treatment) with Illumina Miseq.

• This work presents the abundance of phage in sludge samples and indicates that

there is a substantial shift in the phage community over the course of the activated

sludge process, thus suggesting that within WWTPs the phage populations are

dynamic.

• The results also indicate that phage DNA is associated with antibiotic resistant

genes in WWTPs. ARGs (Tet-W, Sul-I) were detected in phage DNA fraction

isolated from the activated sludge samples.

Fig4. Concentration (copies/100 mL) of tetracycline resistant genes (tetW), sulfonamide resistant gene (SulI) abundance in phage DNA isolated from 

activated sludge , East Lansing Wastewater Treatment Plant. Note: RAS= Returned activated sludge, PS=Primary Sludge; y-axis is in logarithmic scale.

Bacterial DNA

Phage DNA (w/ DNase treatment)

Phage DNA (w/o DNase treatment)

Bacterial DNA

Phage DNA (w/ DNase

treatment)

Phage DNA (w/o DNase

treatment)


