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Abstract: Mycobacteriophages are phages that infect genus mycobacteria. Mycobacteriophages 

treatment of diseases caused by pathogenic mycobacteria. Four mycobacteriophages: Irak (IR), 

locations from the University of Central Oklahoma campus using Mycobacterium smegmatis 
mc2

BamH1, Cla1, EcoR1, HaeIII, and HindIII enzymes. The restriction digestion patterns of the four 
phage genomes were distinct. Fulbright and Ibrahim phage genomes have been sequenced with 
genome lengths of 42396 (bp) and 42596 (bp) respectively. The ability of the four viruses to infect 
Mycobacterium abscessus was determined using the spot test. Here, we also report the isolation of a 
mycobacteriophage Fulbright from the Oklahoma soil which can infect Mycobacterium abscessus. 
Transmission electron microscopy showed that all phages have siphoviridae morphology with 

Introduction
Mycobacteriophages are viruses that 

infect the members of genus mycobacteria. 
Mycobacterium smegmatis, a soil-borne, non-
pathogenic bacterium was used as a host to 

Weiser 1947). Later, mycobacteriophages gained 
considerable attention due to their application 
in diagnosis, typing, and control of pathogenic 
mycobacterial species, such as Mycobacterium 
tuberculosis and Mycobacterium leprae 

2005, Hatfull 2014).

As of August 2018, 9829 mycobacteriophages 

been sequenced (The Actinobacteriophage 
Database 2018). Mycobacteriophages display 
a large genetic diversity (Hatfull et al., 2006). 

Depending upon their nucleotide sequence and 
gene content comparison, mycobacteriophages 
have been assigned to clusters (A-Z). Some 
clusters are divided into subclusters based on 
nucleotide sequence relatedness and phages 
without any close relatives are referred to as 
singletons (Hatfull 2012). 

The host range of bacteriophages is generally 

isolated using Vibrio parahaemolyticus were 
able to infect a few strains of this species, but 
not other Vibrio species (Koga et al., 1982). The 
constraints that restrict the host range include 

attachment compatibility, and abortive infection. 
However, some bacteriophages like P1 
(Yarmolinsky and Sternberg 1988), Mu (Harshey 
1988), SN and BHR (Jensen et al., 1998) have a 
broad host range and can infect hosts of other 
genera. The ability of mycobacteriophages 
to infect other mycobacterial hosts has been 
tested (Jacobs-Sera et al., 2012). A wide range 
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of mycobacteriophages has been proven to 
traverse the species-barrier and infect other 
mycobacterial hosts of clinical importance such 
as M. tuberculosis, M. avium
2002), M. bovis, and M. ulcerans (Rybniker et 
al., 2006). 

M. abscessus is known to be a causative 
agent for a wide range of skin and pulmonary 
infections (Moore and Frerichs 1953, Sermet-

2015). The increased resistance of M. abscessus 
to antibiotics (Nessar et al. 2012) has prompted 
interest in Mycobacteriophage-based phage 

McNerney and Traore 2005). To date, prophage 
Araucaria is the only mycobacteriophage isolated 
from M. abscessus subsp. bolletii. This prophage 
was detected in the cultures of specimens taken 
from respiratory tract infections of patients with 
lung disorders. The morphological and genomic 

analyzed following the retrieval of the prophage 
genome from M. abscessus subsp. bolletii 
CIP108541T (Sassi et al. 2013).   We report the 

of four new mycobacteriophages isolated from 
Oklahoma soil using M. smegmatis mc2155 and 
testing their infectivity against M. abscessus.   

Methods

Four soil samples were collected from the 
University of Central Oklahoma campus. The 

of the collected soil samples that yielded four 
phages are as follows: IR (35.6550 N, 97.4730 
W), F (35.6580 N, 97.4740 W), IB (35.6560 N, 
97.4740 W) and A (35.6550 N, 97.4730 W). Soil 
samples were enriched as previously described 

of a soil sample were enriched in 10 ml of 7H9 
broth (Dubos and Middlebrook 1947) containing 

CaCl
2
 and  1 ml of overnight M. smegmatis 

mc2155 culture. The enriched soil samples 
were  incubated at 370C for 24 hours. After 

M. smegmatis mc2155 
lawn using an agar overlay method. The plaque 
forming samples were serially diluted using 

Tris pH 7.5, 10 mM MgSO4, 1 mM CaCl
2
, and 

68.5 mM NaCl). A ten-microliter aliquot of the 
samples was plated again using the agar overlay 

with high titer phage lysate and followed by 
salt precipitation with 1 M NaCl, polyethylene 
glycol 8,000 (10% V/V). Phage stock solution 
was prepared by resuspending phage in phage 

Sample preparation for electron microscopy
9 

pfu/ml) was concentrated at 40C top speed in a 
microcentrifuge for 20 min. The supernatant 
was carefully removed, and then the pellet was 

suspension was placed on a carbon electron 
microscope grid and stained with 1% uranyl 
acetate. Images were taken using a ZEISS 10A 
conventional transmission electron microscope.

Phage DNA extraction, restriction enzyme 

digestion, and genome sequencing
9 pfu/ml) 

was treated with DNaseI and RNaseA for 30 
min at 370C. The genomic DNA (gDNA) was 

phenol:chloroform: isoamyl alcohol (PCI) 

restriction enzymes (BamHI, ClaI, EcoRI, 
HaeIII, and HindIII,) as per the manufacturer’s 
recommendation (New England Biolabs). The 
restriction digests were visualized by ethidium 

An undigested DNA sample was used as a 

Ibrahim were sequenced using Illumina®
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platform.

Phage infectivity against Mycobacterium abscessus

The isolated phages were tested against M. 
abscessus using the protocol described before 

lysates were spotted onto fresh lawns of M. 
abscessus grown on 7H10 supplemented with 
10% ADC, 1 mM CaCl

2
, at 370C. The plates 

days.  

Results and Discussion

Four new mycobacteriophages Irak (IR), 
Fulbright (F), Ibrahim (IB) and Ahmed (A) were 
isolated from four soil samples in the summer 
of 2017. As described above, the phages were 
isolated by enrichment method, in which the 
soil was incubated with the host, M. smegmatis 
mc2

diluted and plated with the bacterial host. Upon 
the inspection of plaques, phages (IR, F, and 
A) formed relatively large plaques (2.5-4 mm); 
however, the plaque size of phage (IB) was 
less than 1 mm diameter. IR, F and A formed 
clear and round plaques. However, (IB) formed 
plaques with a clear center and fuzzy halo 

  

The genomic DNA of four isolated phages 

enzymes (BamHI, ClaI, EcoRI, HaeIII, and 
HindIII). These restriction enzymes recognize 

double-stranded DNA. Each phage DNA sample 
produced a unique restriction pattern (Figure 1. 
B, E, H, and K, lanes 3, 4, 5, 6, and 7). Untreated 
phage DNA samples (Figure 1. Lane 2) of each 
virus was used as a control for comparing 
restriction digests. The results indicated the 

HaeIII (Figure 1. B, E, H, and K lanes 6) among 
all phages even though their restriction patterns 
were distinct.  Restriction enzyme digestion is 
a commonly used technique for determining the 

often facilitates grouping isolated phages into 

proposed a tool relying on analyzing restriction 
endonuclease patterns, rather than genome 
sequencing, to facilitate assigning discovered 
mycobacteriophages into possible clusters. 
Restriction analysis also gives an insight into the 
diversity even though the phages were isolated 
using a common host (Hatfull 2011). Two of the 
four phage genomes have been sequenced. The 
genome length of phage Fulbright is 42396 (bp) 

N of mycobacteriophages. Phage Ibrahim 

and genome length of 42596 (bp).

Morphological characteristics of all four 

transmission electron microscopy (Figure 1. C, 
F, I, and L). The four viruses isolated in this study 

The average tail lengths of all four phages are 
225 nm. This morphology is one of the most 
common morphologies in mycobacteriophages 
with tail lengths ranging from 110 to 300 nm 
(Hatfull et al., 2010, Pope et al., 2011). 

Testing the host range of the isolated 
mycobacteriophages would contribute to the 
development of techniques for detecting and 
controlling pathogenic mycobacteria such 
as M. tuberculosis and M. avium in clinical 
samples (Alcaide et al. 2003,  Perkins 2000). 

four isolated phages (IR, F, IB, and A) to infect 
and lyse M. abscessus
phages isolated using M. smegmatis mc2155 
were spotted on active cultures of M. abscessus. 
Our results indicate that mycobacteriophage 

M. abscessus, 
but the other three phages (IR, IB, and A) 
failed to form any plaques (Figure 2. A, C, and 
D). Previous studies have shown that some 

species of mycobacteria through mutations in 

receptor-attachment site interaction (Hyman and 
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A

Abedon, 2010), and abortive infection (Fineran 
et al. 2009). Although bacteriophage infection 

is poorly understood, testing the host range of 
newly-isolated phages is a worthy task.

In this work, we report the isolation of 
characterization of four mycobacteriophages 

from Oklahoma soil. The genome of two of the 
four viruses has been sequenced. One of the 
isolated phages has a broad host range infecting 
M. smegmatis and M. abscessus. In our future 
work, we will further investigate the host range 

using this phage in phage therapy.  

Figure 1. Isolation and characterization of mycobacteriophages: Irak (IR), Fulbright (F), 
Ibrahim (IB), and Ahmed (A). Panel A, E, D and J represent plaque morphology on M. 
smegmatis mc2155 lawns. Panel B, E, H, and K represents restriction digest patterns of 

EcoRI (lane5), HaeIII (lane6), and HindIII (lane7); Lane 1 is a 1-kb size marker; Lane 2 

microscope images of the four phages with a Siphoviridae morphotype.

 

A B C D Irak Fulbright Ibrahim Ahmed 

Figure 2. Host range of the four mycobacteriophages against M. abscessus
Irak (IR), Fulbright (F), Ibrahim (IB), and Ahmed (A) phage lysates spotted on M. abscessus 
lawns. (B) Mycobacteriophage Fulbright infects M. abscessus.        
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