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Abstract

Background: Gram-negative bacteria are the most common infectious bacteria and are life-threatening in burn patients.

Phage therapy studies can help the hospital community eliminate these bacterial pathogens.

Objectives: This study aimed to evaluate the effects of the isolated bacteriophages from hospital wastewater against Gram-

negative pathogenic bacteria and investigate their cytotoxicity on two human skin cell lines.

Methods: The bacterial strains were isolated from burn wound infections. Bacteriophages were isolated from the hospital

wastewater treatment plant in Isfahan, Iran. Transmission electron microscopy, spot tests, and restriction enzyme digestion

were considered for phage identification. Finally, the lactate dehydrogenase (LDH) and tetrazolium-based MTT assays were used

to realize the cytotoxicity impacts of the isolated phages. The statistical analysis of cell viability was performed using a two-way

analysis of variance (ANOVA).

Results: The results showed that among the isolated strains, P. aeruginosa strain NEG_RA1300 (GenBank accession number:

MW845642) was sensitive to the isolated phage VbɸPA-1. The TEM results showed a possible viral taxonomy of VbɸPA-1 based on

its morphology, which belonged to the Myoviridae (T4-like phages). The MTT and LDH experiments showed no cytotoxicity of

VbɸPA-1 on two tested cell lines.

Conclusions: Based on the results, the inhibitory effect of isolated phage on P. aeruginosa isolated from burn wounds with no

toxic effect on cell lines was very significant. This phage can also be an acceptable selection against burn wound infections.
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1. Background

Bacteria play a significant role in the occurrence of

wound infections (1, 2). The etiology underlying
bacterial wound infections encompasses many

mechanisms (3). Studies have suggested that up to 75%

of fatalities resulting from burn injuries can be

attributed to microbial infections (4). Microbial

organisms possess the capacity to produce biofilms and

commonly exhibit resistance to traditional antibiotic

therapies (5). Plentifully, burn wounds have been

observed to harbor Gram-negative infectious pathogens,

including Pseudomonas aeruginosa, broad-spectrum β-

lactam-producing bacteria, and Enterobacteriaceae, as

reported in previous studies (6, 7). Recent studies have

shown that the leading causes of death from burn

infections are now antimicrobial-resistant (AR)

organisms, including P. aeruginosa and Escherichia coli, a
bacterium commonly found in the lower intestines of

warm-blooded organisms, which has long been a focus

of research due to its ability to cause both harmless and

harmful infections (8-10). Most of the Gram-negative

bacteria are opportunistic pathogens causing

healthcare-associated infections (HAI) in burn patients

(11). The bacteriophages exhibit site-specific localization

within the infectious site, resulting in targeted lysis of

bacterial cells. On the other hand, the administration of

antibiotics is accompanied by systemic distribution in

the body, leading to the possibility of a broad spectrum

of adverse effects. There is limited prevalence of adverse
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events during or after administration of phage

treatment. Post-antibiotic therapy, severe anaphylactic

reactions, and secondary infections have been reported
(12-14). In contemporary times, the scientific

advancement of phage therapy has facilitated the
utilization of bacteriophages as viable antibacterial

agents for the resolution of bacterial ailments (15). The

scholarly literature has documented evidence
suggesting that bacteriophages possess the potential to

curtail instances of bacterial infections among patients
hospitalized with burn wounds (16, 17), particularly

those stemming from antibiotic-resistant bacterial

strains (18). In vitro cell lines are considered a cost-

effective and convenient model for screening the

interaction of phages, bacteria, and human cells (19, 20).
Different phages bind or adsorb differently to the same

human cell, whereas comparable phages bind or adsorb
differently to distinct human cells in phage binding

experiments. Identifying phages and their

corresponding receptors on human cells elucidates the
diagnostic patterns associated with human cells bound

by phages (21). Finding a new phage from burn wounds
in this study that has no toxic effect on cell lines can

help plan new alternative drugs against burn wound

infections caused by Pseudomonas aeruginosa.

2. Objectives

The current investigation seeks to identify

bacteriophages capable of inhibiting Gram-negative

bacterial infections. The safety of the isolated phages

was assessed by investigating their effects on two types

of human skin fibroblast-like cell lines: (1) human skin

fibroblast-like cell A375, and (2) human skin melanoma-

epithelial-like cell HFSF-PI 3. The results were evaluated

through the implementation of MTT and lactate

dehydrogenase (LDH) assays.

3. Methods

3.1. Isolation and Identification of Bacteria in Burn Wound
Samples

Gram-negative isolates like P. aeruginosa and E. coli
were collected from burn wounds of patients (March-

June 2020) referred to in Isfahan (Iran) burn hospitals.

The strains were cultured on EMB, McConkey, and Blood

agar media (Merck, Germany) and examined for colony

formation and morphological characterization (22). A

commercial kit (RIBO-prep, AmpliSens Company, Russia)

was used for bacterial DNA extraction. A PCR protocol

amplified the 16S rRNA gene in isolated DNA. Universal

primers 27F and 1492R were used (13). Bacterial strains

were identified by analyzing gene sequences in a DNA

sequencer system (Applied Biosystems, USA) and

aligning them in GenBank using the BLAST server.

3.2. Isolation and Purification of the Phages

Samples were collected from the hospital wastewater
treatment plant and stored at 4°C. After filtering, the

samples were centrifuged at 8000 g for 30 minutes at

4°C using an ultracentrifuge (SIGMA.30 K3, Germany).
The sample was filtered using 0.22 μm syringe filters

(Cobetter, Japan) (23). The double-layer agar method was
used. Then, 100 µL of each diluted phage suspension was

added to the bacterial culture (OD = 0.3 at 620 nm) in

melted BHI agar (45°C) in a tube. The mixture was then

poured into a thin layer of BHI agar on a plate. The

plates were solidified and incubated overnight at 37°C,

then examined for plaques.

3.3. Identifying and Verifying Putative Plaques

For this purpose, an overnight culture was provided

from each bacterial isolate on a BHI agar medium with

1.5% agar. Then, 10 μL of each dilution of phage filtrate

(10-4 to 10-8) was spotted in an appropriate place on the

agar, and the spots were allowed to absorb into the agar
medium for 20 min. After incubating at 37°C for 24

hours, positive spot test results were recorded when
complete bacteria obliteration was observed (24, 25).

3.4. Transmission Electron Microscopy for Phage Morphology
Observation

The study used the Formvar technique to stain TEM

grids with purified bacteriophage samples. TEM

micrographs were used to observe the phage particles.

Accordingly, 20 μL of the phage filtrate (108 PFU/mL) was

placed on a carbon-coated copper grid. Next, the grids

underwent staining with 2% (w/v) uranyl acetate for four

minutes. A detailed analysis of the purified phage

particles on the grids was conducted using a Philips EM

208S transmission electron microscope at the Parto

Rayan Rastak Co. in Tehran, Iran. The International

Committee on Taxonomy of Viruses (ICTV) guidelines

are employed to classify the morphology of

bacteriophages (26-28).

3.5. Extraction of Phage Genomic DNA

A DNA extraction kit (Norgen Biotek, Canada) was

employed to purify the phage genomes. The mixture

was filtrated using 0.22 μm syringe filters to obtain the
extracted phage DNA as a precipitate. To mitigate the

presence of protein residues, a solution of
phenol/chloroform/isoamyl alcohol with a ratio of
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25:24:1 (v/v/v) was employed. The precipitation of phage

DNA was conducted using pure isopropanol (24, 28).

3.6. Restriction Enzyme Digestion Profile

To analyze the phage genome, 1 μg of each DNA was

mixed with 1 μL each of HindIII, BamHI, ECORI, KpnI, HaeI,

and XhoI obtained from Fementas (USA) in 1 μL of

corresponding buffer. The mixture was incubated at

37°C for 16 hours. After extraction, the fragments were

electrophoresed on a 0.7% agarose gel and visualized

using a UV transilluminator (24, 29).

3.7. Cell Culture

The effects of the phage were evaluated on gram-

negative antibiotic-resistant bacteria from burn

wounds, as well as normal human skin fibroblast cell

line (HFSF PI 3) and human skin epithelial tumor cells

(A375) obtained from Pasteur Institute Cell Bank, Tehran,

Iran. The cells were prepared in flasks and cultured in

RPMI1640 and DMEM medium containing 10% FBS

serum. All cells were incubated at 37°C in 5% CO₂ in a 98%

humid atmosphere (29].

3.7.1. Evaluation of Plasma Lactate Dehydrogenase

The procedure was performed using the Darman

Faraz Kave kit. At first, the amount of released LDH into

the cell culture medium was considered. For this

purpose, 50 µL of the test sample (cell culture

supernatant) was added with 2 × 108 PFU/mL phage

particles to a 96-well plate. Then, the sample was

decolorized by adding 50 µL SM buffer and then
incubated for 30min at room temperature (∼28°C). The

reaction was stopped by adding 50 µL of the stop

solution to each well. Finally, the absorbance of the wells

was read at the wavelength of 340 nm at 1, 2, 3, and 4

min. The changes in absorption per min (ΔOD/min)

were obtained from the average of the three ΔOD/min

amounts. Lactate dehydrogenase activity (U/L) was

calculated by multiplying ΔOD/min by the constant

number 16238 (30).

3.7.2. MTT Assay

The MTT method was used to measure the cell’s

viability. Each well was a 96-well plate which had 200 μL

of the culture medium containing 10⁴ cells, and the

wells were inoculated with 2 × 10⁸ PFU/mL phage

particles after 4 h incubation at 37°C in the presence of

5% CO₂ and 98% humidity. The plate was placed in the

CO₂ incubator for 24 h, and then 50 μL of MTT (5 mg/mL)

was added to the wells and incubated for 3 h. The

supernatant was removed, and 50 μL of DMSO was

added to dissolve the formazan crystals. The solution

was read at 570 nm using a microplate reader (Tecan,

Switzerland) (31).

3.8. Statistical Analysis

The data output was presented as mean ± SEM. Two-

way analysis of variance (ANOVA) was used for data

analysis, and all data was entered into Microsoft Excel.

SPSS version 20 and GraphPad Prism program

(GraphPad Software) were used for analytical statistics.

4. Results

4.1. Bacterial Strain Characterization

P. aeruginosa strains were confirmed by biochemical

tests comparing the test results for P. aeruginosa ATCC

10145 (Table 1). The molecular characterization and

BLAST analysis showed that most bacterial strains had

100% identity. Among the isolates, P. aeruginosa

NEG_RA1300 (GenBank accession number: MW845642)

was deposited in NCBI GenBank as a novel strain.

The phylogenic tree of the studied strain is

illustrated in Figure 1.

4.2. The Morphological Assessment of Isolated Phage

The phage VbɸPA-1 was isolated from the hospital

wastewater treatment plant and visualized by the
double-layered method and spot test. The phage plaque

had small halos with a round center. The phages formed
plaques on the bacterial culture, as shown in Figure 2.

The morphology of phage VbɸPA-1, which was

illustrated by TEM, revealed a circular head (range 90 ±

10 nm) with a flexible and screw tail (170 nm) in the

phage, indicating that the phage belonged to the

Myoviridae family (Figure 1).

4.3. The Investigation of Phage Sensitivity

Based on Table 2, the results from host range

identification based on the lytic activity of

bacteriophages VbɸPA-1 on different clinical strains

using the spot test showed that phage VbɸPA-1 created a

strong transparent zone (++) on P. aeruginosa strain

NEG_RA1300 and a transparent solid zone (+) on P.

aeruginosa strain NEG_RA1301 and Pseudomonas
aeruginosa strain LAD_RAH1300.

4.4. The Phage DNA Restriction Digestion Pattern

The outcomes of the restriction enzyme digestion

profiles on the phage DNA are illustrated in Figure 3. The
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Table 1. Identification of Physical and Biochemical Characteristics of Strains

Genus and Species Pseudomonas Aeruginosa Pseudomonas Aeruginosa ATCC 10145

Gram staining Negative Negative

Shape Rods Rods

TSIA K/K/- K/K/-

Urease Negative Negative

OF Oxidative Oxidative

Motility Motile Motile

VP Negative Negative

MR Negative Negative

Oxidase Positive Positive

Catalase Positive Positive

Citrate Positive Positive

Indole Negative Negative

Nitrate reduction Positive Positive

Gelatin hydrolysis Positive Positive

Gas Positive Positive

Capsule Encapsulated Encapsulated

Pigment Positive Positive

Abbreviations: TSIA, triple sugar iron agar; OF, (oxidative-fermentative); VP, Voges Proskauer; MR, methyl red.

Figure 1. The phylogenetic tree indicating the studied P. aeruginosa strain

susceptibility of the phage DNA to HindIII, BamHI, and

HaeIII enzymes was observed.

4.5. The Cell Viability Results of the Cells Exposed to the
Isolated Phage

Lactate dehydrogenase value and MTT test results in

HFSF PI3 and A375 cells were exposed to the phage

VbɸPA-1 compared to the control. The concentration of

the used phages was about 2 × 10⁸ PFU/mL. The results

demonstrated that the phage VbɸPA-1 had no cytotoxic
effect on either cell (Figure 4). The stars indicated a

significant difference in the mean percentage of

cytotoxicity with the control group (P < 0.001).

5. Discussion

The performance of cell culture as a robust tool can

potentially arrange valid data on the non-toxicity

evaluation of the phages. This study investigated the

probable toxic effects of phages isolated from hospital

wastewater on human cell cultures. The transmission

electron microscopy outcomes indicated that the

isolated phage, VbɸPA-1, had the morphologies of

https://brieflands.com/articles/jkums-146636
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Figure 2. Inhibition zone (A), and transmission electron micrographs (TEM) (B), of the specific phage for P. aeruginosa NEG_RA1300 isolated from hospital wastewater treatment
plant, Isfahan, Iran. A possible viral taxonomy based on morphology is Myoviridae. Scale bars show 100 nm.

Table 2. Spot Testing and Investigation of Phage Sensitivity

Bacterial Strains
Sensitivity to Phage

VbɸPA-1 a Accession No. Collection Source

Pseudomonas aeruginosa  strain LAD_RAH1300 + MW845644 Clinical samples; culture collection

Pseudomonas aeruginosa  strain NEG_RA1300 ++ MW845642 Clinical samples; culture collection

Pseudomonas aeruginosa  strain NEG_RA1301 + MW845643 Clinical samples; culture collection

Escherichia coli  strain ADB_66-1 - MW844043 Clinical samples; culture collection

Escherichia coli  strain ADB_66-2 - MW844044 Clinical samples; culture collection

a -: Without zone; +: Weak inhibition zone; ++: Strong inhibition zone.

Myovirus. The impact of other bacteriophages on drug-

resistant bacteria has been reported previously. For

example, Rahimzadeh Torabi et al. showed that an ESBL-

producing strain of Klebsiella pneumoniae was

significantly sensitive to three phages, including PɸBw-

Kp1, PɸBw-Kp2, and PɸBw-Kp3. The phage PɸBw-Kp3 was

related to the Siphoviridae family, and the phages PɸBw-

Kp1 and ɸBw-Kp2 were related to the Podoviridae family

(T1-like phages) (24). Forti et al. investigated the

efficiency of the phage cocktail against MDR

pseudomonal strains. The cocktails destroyed the

bacterial biofilms and treated acute respiratory

infections in mice (32). These effects have also been

shown in other infective drug-resistant Gram-negative

bacteria, such as Acinetobacter baumannii (33).

Some researchers have used human cell culture

models to investigate the interactions between bacteria

and phages and their effects on the cells. Shan et al.

examined Clostridium difficile to infect two tumor cell

lines, HT-29 and Hela, and studied the cytotoxicity of

phage phiCDHS1 on the cells. Based on the data obtained

from the extent of LDH, phage phiCDHS1 had no

cytotoxic effects on the studied cell lines. The findings

also illustrated that the studied phage inhibited the

specified bacteria (34). The results revealed that isolated

phages had no significant toxicity impact on A375 and

HFSF PI3 cell lines. Henein et al. also evaluated the

cytotoxic effect of the phage 3T3 in mouse fibroblast 3T3

cells using four different assays. The phage

concentrations up to 2 × 10⁹ PFU/mL showed little or no

impact on the viability of 3T3 cells after 24h exposure.

This study found that phage BS46 was non-cytotoxic,

and their results were consistent with the present study

(30). In agreement with other in vitro studies, a rapid

decrease was observed in bacterial loads upon phage

treatment at 24h. Shen et al. studied the phage ϕkm18p

that ameliorated survival rates of human lung epithelial

cells (A549) when infected with Acinetobacter baumannii.

A high concentration (10⁶ CFU/mL) of bacteria was used

to infect the cells and to analyze the protective efficacy

of phages on the cells. The study showed that ϕkm18p

increased the survival rate during 24h incubation to the

same rate as the control. In addition, the phage ϕkm18p

https://brieflands.com/articles/jkums-146636
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Figure 3. The restriction map of phage VbɸPA-1

failed to affect the growth of A549 cells (33). In a study,

Mendes et al. isolated a new bacteriophage cocktail with

a therapeutic ability against organisms that cause

diabetic foot infections (DFIs). The phage's antibacterial

potential and wound healing properties were studied

concerning bacterial infections caused by

Staphylococcus aureus, P. aeruginosa, and A. baumannii,
causing DFI. Morphological features showed that the

phages belonged to the Myoviridae and Podoviridae

families, while in our study, the bacteriophages

belonged to the Plasmaviride and Myoviridae families

(35). Pallavali et al. isolated and identified

bacteriophages affecting MDR bacterial isolates isolated

from septic ulcer infections. They isolated PA DP4 phage

specific for P. aeruginosa. This study showed that phages

had efficient antibacterial effects and are honest choices

for prophylaxis against septic wounds (36).

The preliminary examination of the human skin cell

model before conducting any in vivo experiments

provides valuable insights into the safety profile of

phages. The phage VbɸPA-1 strongly inhibited the

growth of P. aeruginosa NEG_RA1300 from burn wounds,

but the more valuable finding was the safety and non-

toxic nature of the isolated phage in human skin cell

lines. Additional clinical observations may be highly

advantageous, mainly through in vivo experiments.

https://brieflands.com/articles/jkums-146636
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Figure 4. Lactate dehydrogenase (LDH) assay results for the analysis of HFSF PI3 (A); and A375 cells (B), viability following 24 to 72 h exposure to the phage VbɸPA-1 compared to
the control. The data obtained by assessing OD at the wavelength of 490nm; P < 0.001, calculated as the mean ± SEM of three replicates results (A). Analysis of cell viability by

MTT assay of HFSF PI3 and A375 cells exposed to the phage VbɸPA-1 compared to the control following 24 to 72h exposure. The data obtained by assessing OD at the wavelength of
570 nm; P < 0.001 and calculated as the mean ± SEM of 3 replicates results (B).
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