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The application of bacteriophages biocontrol

requires the formulation of genetically distinct

bacteriophages in a phage cocktail. Random Amplified Polymorphic DNA (RAPD) - PCR is considered a
cheap, reproducible, and readily applicable tool in detecting phage diversity compared to other
molecular techniques such as whole-genome sequencing. We used in this study the RAPD-PCR
technique to assess the genetic diversity of 28 bacteriophages infecting Pseudomonas aeruginosa and
Staphylococcus aureus. According to their RAPD profiles, isolated phages were grouped into 2 main
clusters which included phages from the same host. The typing by RAPD-PCR of newly isolated phages
was useful to assess the genetic diversity bypassing previous whole-genome sequencing analysis.
These genetically distinct phages lytic against P. aeruginosa and S. aureus could potentially be used in
a phage cocktail for biocontrol against these clinically and industrially relevant bacteria.
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INTRODUCTION

Bacteriophages (phages), the viruses of bacteria are the
most abundant biological entities in the biosphere and
are always associated with their host bacteria in the
same ecological niche. Consequently, phages have an
impact on the bacterial ecosystems both locally in our
immediate communities and globally (Abedon, 2008;
de Leeuw et al., 2020; Harada et al., 2018). Generally,
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both Pseudomonas aeruginosa and Staphylococcus
aureus are virulent pathogenic organisms for many
clinical conditions. P. aeruginosa is one of the major life-
threatening opportunistic  bacteria responsible for
nosocomial infections in immunocom promised people, a
leading cause of lung infections and ventilator-associated
pneumonia (Essoh et al., 2015; Wang et al., 2017), while
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S. aureus is responsible for skin and soft tissues
infections and invasive diseases such as endocarditis,
osteomyelitis (Wang et al., 2016). Furthermore, both
species are notorious for their resistance to antimicrobials.
P. aeruginosa and S. aureus are members of the
ESKAPE pathogens which are known for widespread
resistance to almost all classes of antimicrobials used in
a hospital setting (Santajit and Indrawattana, 2016). Due
to the importance of these infections worldwide, phages’
activity against these pathogens were considered as an
eco-friendly alternative to antibiotics (Abatangelo et al.,
2017; Essoh et al., 2013; Kifelew et al., 2020; Oliveira et
al., 2015; Song et al., 2021). Phages with Iytic activity
against these bacterial pathogens are sourced from the
environment or clinical specimens linked to diseases
caused by P. aeruginosa and S. aureus.

Bacteriophages have a narrow host range as a single
phage may infect only specific strains. However, some
phages are able to infect various bacterial species
(Hamdi et al., 2017). The narrow host range of phages
has not limited their use in industries and therapeutically.
This nature and the ability of bacteria to evolve to resist a
lytic phage, therefore, necessitate the use of phage
cocktails in biocontrol. However, one of the best methods
for the assessment of genetic diversity is whole-genome
sequencing (WGS) and analysis. These techniques are
expensive and not always available in some countries.
Thus, a reproducible and affordable approach would be
very valuable to readily assess diversity among newly
isolated phages. Random amplified polymorphic DNA
(RAPD)-PCR has been used to discriminate among
different phage lineage and for assessment of their
genotypic diversity in terms of hours (Acs et al., 2020).

In this study, we investigate lytic phages against P.
aeruginosa and S. aureus specific-phages. The phage
isolation was performed with samples collected from
urban sewage and Ebrié Lagoon of Abidjan, Cote
d’lvoire, given that sewage and environmental water are
optimal sources of phages (Alharbi and Ziadi, 2021,
Weber-Dgbrowska et al., 2016). The RAPD PCR of
isolated phage DNA extracts helped to discriminate
between the phages and to assess their genetic diversity.

MATERIALS AND METHODS
Bacterial strains and growth conditions

Two bacterial strains isolated in 2017 were used for the phage
isolation. P. aeruginosa strain “P02” was isolated in sewage sample
and S. aureus strain “S04” in street vendor hands. Both strains
were provided by Plateforme de biologie moléculaire of Institut
Pasteur de Cote d’lvoire. The strains were grown overnight in
Lysogeny Broth (LB) (10 g.I'* NaCl, 10 g.I* Tryptone, 5 g.I"* Yeast
Extract) and stored in 200 pl aliquots in medium with 30% glycerol
at -20°C. A hundred microliters from stored bacteria were added to
3 ml of LB and grown overnight at 37°C for isolation purposes.
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Phage isolation and purification

Fifteen samples of urban sewage were collected from wastewater
collectors of the municipality of Yopougon, Abidjan. Fifteen other
samples were collected in the Ebrié Lagoon of Abidjan. Samples
were collected using sterile 500-ml glass vials, connected to a rope.
Biosafety rules were applied for the protection of the sampler and
the samples (Personal protective equipment). Samples were taken
instantaneously by immersing the vial in the effluent to be sampled.
The opening of the vial was placed facing the effluent stream, under
the surface of the liquid, and a 300 ml sample was taken. A space
of 2.5 cm is left between the level of the sample and the lid of the
bottle. The vial is sealed and kept in a container at 4°C for transport
to the laboratory.

The samples were then enriched to detect P. aeruginosa and S.
aureus lytic phages according to a modification of (Van Twest and
Kropinski, 2009) procedure. Briefly, samples were centrifuged at
12000 g for 10 min and filtered through 0.22 um pore membranes.
Ten milliliters of filtered water were added to 10 ml of double-
strength LB broth (10 g.I'* NaCl, 10 g.I"* Tryptone and 5 g.I"* Yeast
Extract) with 100 pl of the enrichment bacterial strain. The mixture
was incubated at 37°C, 48 h. Thereafter, the culture was
centrifuged at 12000 g, 5 min, and the supernatant was filtered and
evaluated for the presence of lytic phages using the double-layer
agar method. Serial decimal dilution up to 10 of filtered lysate was
carried out. Then, 100 pl of overnight bacterial culture (18 — 24 h)
was mixed with 0.6% soft LB agar and poured on a 1.5% bottom LB
agar plate. When the top agar layer was set, serial dilutions of
filtered lysate were spotted onto the overlay, plates were incubated
overnight at 37°C and observed for isolated plaques. Phage
plaques were purified three times to ensure phage purity (Salem et
al., 2015). A sterile truncated tip was stabbed through a single well-
isolated plaque that was immediately added to 500 pl of SM buffer
(50 mM Tris-HCI pH7.5, 100 mM NacCl, 8.1 mM MgSQ,), mixed and
refrigerated for 1 h at 4°C. After incubation, the mixture was
centrifuged and 300 pl of supernatant was filtered and transferred
to a new tube. Purified phages were preserved at 4°C before
genomic DNA extraction and at -20°C for long-term conservation.

Genomic fingerprinting by RAPD analysis

Phage DNA was extracted using DNeasy Blood and Tissue Kit
(Qiagen, Hilden, Germany) as described previously (Jakoc¢iiné and
Moodley, 2018) from 450 pL of phage stocks with a titer between
10° to 10™ plaque-forming unit (pfu)/ml. RAPD-PCR was carried out
according to a modification of the method described previously
(Kumari et al., 2009). Primers P1 (5-CCGCAGCCAA-3’) and P2 (5'-
AACGGGCAGA-3) were used as designed in the study of
Gutiérrez et al. (2011). PCR mixture (50 pl) consisted of 1 pl of
phage DNA, 5.0 yl 5X Green Reaction Buffer, 5.0 pl 5X Green
Reaction Buffer, 3.0 upIl MgCl, (25 mM), 1.0 yl dNTP’s (25 mM)
(Promega, Wisconsin, USA), 1 ul primer, 0.5 pyl GoTaq G2 Flexi
DNA polymerase (5 U/pl) (Promega, Wisconsin, USA) and 29.5 pl
DNase/RNase free water (Promega, Wisconsin, USA). Reactions
were performed at 95°C for 5 min followed by 45 cycles of
consecutive primers annealing (26 and 31°C for 3 min), extension
(72°C for 2 min), denaturation (94°C for 1 min), and final extension
(72°C for 10 min).

DNA band patterns were obtained after gel electrophoresis on
2% agarose gel of the RAPD-PCR reaction products (15 pL). Gels
were run for 120 min at 80 V using a 1kb DNA ladder (Promega) as
a molecular weight marker. The gel images were recorded using
the Gel Doc EZ Gel Documentation System (BioRad). The RAPD
profile was analyzed using the software GelJ v2.0 (Heras et al.,
2015). The similarity matrix was calculated based on the Pearson
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Figure 1. Phages isolated in water samples of (a.) urban sewage and (b.) Ebrié Lagoon with P. aeruginosa and S.
aureus as host bacteria. (c) Plaques formed by phage SaM1 infecting S. aureus during the purification.

Table 1. Summary of phage isolated from water samples from urban sewage and Ebrié Lagoon.

Phages lytic for

Biotope Site Water samples (n) P. aeruginosa S. aureus Range of phage titre (pfu/ml)
1 3 6 1 5.5x10% - 1.5x10"
2 3 1 1 3.5x10° — 3.0x10"
Urban sewage 3 3 2 0 6.5x10° — 7.0x10*
4 3 3 0 1.35x10* — 4.5x10’
5 3 3 0 7x10° — 1.5x10’
6 3 2 1 9x10° — 1.45x10°
7 3 1 1 1.25x10" — 4.5x10%
Ebrié Lagoon 8 3 1 1 8.0x10° — 1.05x10’
9 3 2 0 10" — 1.45x10’
10 3 1 1 1.22x10° — 9.53x10°
Total 30 22 6

correlation coefficient, and its corresponding dendrogram was
deduced using the complete linkage clustering method in GelJ.

RESULTS

Phage collection

phages, compared to 25% for S. aureus. Site 1 provided
the largest number of P. aeruginosa specific-phages.
This latter could be isolated at least once in all studied
sites. On the contrary, S. aureus-specific-phages could
not be recovered in four sites (Table 1).

Phage genetic diversity analysis

In this study, 28 lytic phages were isolated, 17 in urban
sewage samples and 11 in Ebrie lagoon water samples
(Figure 1). P. aeruginosa is the host of 75% of isolated

RAPD-PCR on phage DNA constitutes a suitable
approach to quickly assess the genetic diversity among
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Figure 2. Agarose gel electrophoresis showing RAPD band patterns obtained from isolated phages infecting (a) P. aeruginosa and (b)
S. aureus. M: DNA ladder marker 1kb; P1: PaM1la; P2: PaM1lb; P3: PaM2a; P4: PaM2b; P5: PaM3a; P6: PaM3b; P7: PaBol; P8:
PaBo2; P9: PaC1l; P10: PaB2a; P11: PaB2b; P12: PaB3; P13: PaZl; P14: PaZ3; P15: PaAbola; P16: PaAbolb; P17: PaAdil; P18:
Palocl; P19: PaCarl; P20: PaBorla; P21: PaBorlb; S1: SaAdil; S2: SaBorl; S3: SaCarl; S4: SalLocl; S5: SaC1; S6: SaM1.

newly isolated bacteriophages infecting the same
species. Two different primers were used, out of which
only P2 (5-AACGGGCAGA-3’) provided bands with
almost all the phages, except for phages Pazl and
PaBorlb both infecting P. aeruginosa. No profile was
observed with primer P1. The genomic fingerprints from
the phages infecting the same host were likely distinct
and have shown different numbers of bands ranging from
2 to 8 respectively for PaM2a and PaCl infecting P.
aeruginosa, and from 3 to 10 respectively for SaLocl and
SaCl1 infecting S. aureus. Also, the fingerprinting differed
by the bands' intensity, and the fragment size varied
ranging from less than 250 bp to more than 10.000 bp
(Figure 2).

However, phages PaMla, PaM1b, PaBol, PaB2a, and
PaB3 are closely related with a similarity of Pearson
greater than 98% (Figure 3). They are all isolated in
urban sewage samples. Unsurprisingly, the dendrogram
revealed 2 main clusters: cluster A including all phages
infecting S. aureus, and cluster B including phages

infecting P. aeruginosa. Similarity among phages
infecting S. aureus is more than 86%, while similarity
among P. aeruginosa phages is 78%.

DISCUSSION

In this study, water samples from urban sewage of
Yopougon and Ebrie Lagoon in Abidjan, Cbte d’lvoire
were screened for the presence of P. aeruginosa and S.
aureus specific lytic phages. Bacteriophages infecting P.
aeruginosa were easily isolated from sewage as reported
by previous studies conducted in urban sewage of the
municipality of Cocody in Abidjan (Essoh et al., 2015).
However, there are no previous documented reports of S.
aureus-specific phages isolated in sewage and
environmental water in Cote d’lvoire. We noticed also
that isolated phages are unevenly distributed regarding
the sampling ecosystem and the isolation strain. Phages
are known to be found where their host is present (Son et
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Figure 3. Dendrogram obtained after the analysis of RAPD band patterns of phages infecting P.
aeruginosa and S. aureus. The similarity between samples was calculated based on the Pearson
correlation coefficient and its corresponding dendrogram was constructed using the complete linkage

method.

al., 2012). This collection has shown a high rate of
phages from urban sewage infecting P. aeruginosa.
Based on the “kill the winner” theory, it can be suggested
that these strains are the most abundant and common in
the studied ecosystems. This theory assumes that
phages adapt to infect preferentially lineage of bacteria
with the highest frequencies in the population (Koskella
and Meaden, 2013). Indeed, studies performed in Céte
d’lvoire revealed a high prevalence of these bacteria in
urban wastewater (Coulibaly-Kalpy et al., 2016;
Guessennd et al.,, 2013). These latter are directly
discharged without prior treatment within the Ebrié
Lagoon (Dongo et al., 2013; Scheren et al., 2004).
Concerning S. aureus infecting phages, we noticed a low
rate of isolation, especially from sewage. While, urban
sewages and environmental water are known to be a
source of phages infecting P. aeruginosa (Azizian et al.,
2015; Mattila et al.,, 2015; Weber-Dgbrowska et al.,
2016), S. aureus’ phages isolation seems to be laborious.
An evaluation of on-demand isolation of phages revealed

that the probability for discovering a phage from a
sewage sample against the most common hospital
pathogens was 6.1% for S. aureus and 79.4% for P.
aeruginosa (Mattila et al., 2015).

The genetic diversity revealed distinct RAPD profiles
showing that the phages were unique and genetically
diverse. The RAPD PCR technique allowed us to
discriminate between phages lytic against two different
bacterial species and genus. As seen in the study of
Guriérrez et al. (2011), RAPD PCR is a great approach
for typing phages infecting strains belonging to the same
species or different species within the same genus or a
different genus. This technique was used in previous
studies to characterize newly isolated phages against
enteropathogenic, enterohemorrhagic, enterotoxigenic,
and Shiga-toxin-producing strains of E. coli (Dini and De
Urraza, 2010; Kakou-Ngazoa et al., 2020). It was also
used for typing phages infecting P. aeruginosa (Azizian et
al., 2015; Kumari et al., 2009; Li et al., 2010).

The dendrogram was deduced using the complete



linkage clustering method. Usually, molecular typing
dendrograms in ecology are constructed based on
average similarities among objects or on centroids of
clusters (Gutiérrez et al., 2011). By contrast, complete
linkage clustering demands, for a group to agglomerate
with another group, that all objects be related at the given
similarity. The result clustering offers a much more robust
and contrasting analysis. The clustering obtained with the
dendrogram in this study was not surprising because of
the phylogenetic relations among phages. Phages
isolated with the same species were clustered together.
As previously described, phages infecting a specific
bacterial host are most similarly and closely related
(Hatfull, 2008). This technique was very useful in
assessing the diversity of phages isolated in both urban
sewage and the Ebrié Lagoon.

Conclusion

Twenty-eight genetically distinct phages lytic against P.
aeruginosa and S. aureus were isolated from water
samples in this study. RAPD PCR was useful in
performing the comparison between viral strains and did
not require earlier genome characterization. These
phages and subsequent cocktails could be useful for
biocontrol against clinically and industrially relevant
bacteria.
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