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Abstract Eighty-nine cultured Pseudomonas species isolated from the sediment and water
samples collected from five industrial Red Sea regions that have been affected by petroleum
and industry. Genotypic (exoT, exoS, exoU, exoY, lasA, lasB, rhlA, rhlB, Pf1, PAGI-1, -2, and -
3) and phenotypic (DNase, elastase, lipase, protease, siderophore, antibiotic resistance pat-
terns) characteristics were determined. Out of these isolates, nine Pseudomonas isolates were
selected as the hyperactive virulence factors producers along with highly resistant pattern
against all antibiotics of different classes included in this study. They were subjected to
phenotypic and chemotypic characterization as well as molecular identification through 16S
rRNA gene amplification and sequencing. The bioactive metabolites of these nine strains were
extracted by ethyl acetate followed by evaluating their cytotoxic activity toward liver tissues,
kidney tissues, and other biochemical activities in rat. Both EGY6 and EGY8 caused the
highest significant reduction in the levels of packed cell volume (PCV), red blood cell count
(RBC), and hemoglobin (Hb), which indicate that these Pseudomonas strain metabolites could
cause anemia and toxic effects on hematological values in animals that were infected with
them. Rats treated with the most toxic extract, EGY8, showed severe histopathological
alterations in liver and kidney.
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Introduction

The Red Sea is one of the most spectacular coastal and marine environments in Egypt and has
a rich biodiversity. Critical pollution of the Red Sea has been stated multiple times from Egypt,
Yemen, Saudi Arabia, Jordan, Sudan, and Eritrea [1]. The causes of pollution in the Red Sea
contain land-based (comprising urban development, industrial activities, dredging and filling,
tourism and agriculture activities) and oceanic sources (shipping, fishing, marine traffic and
petroleum industries) as well as industries or port activities. Such dangerous pollution is likely
to affect biological life and disrupt the Red Sea’s natural ecosystems. One of the major topics
that have not been well studied is the influence of Red Sea pollution on microbial life
especially human pathogens along the Red Sea coast which are leading factors in the
emergence of new pathogens involving those associated with the water systems [2].

Pseudomonas species are eminent members of emerging waterborne pathogens that are
usually associated with high resistance to antibiotic treatment and high mortality rates [3]. The
Pseudomonas’ intrinsic and acquired resistance of many structurally unrelated antibiotics is
because of several adaptations containing active efflux systems, decreased cell wall perme-
ability, plasmid acquisition, and expression of different enzymes or by biofilm creation [4].
Pseudomonas pathogenesis includes production of both extracellular and cell-linked virulence
factors that are responsible for causing inflammation leading to septic shock or organ failure
[5]. During treatment of infection, high amount of virulence factors are released in blood
circulation due to immediate lyses of bacteria, and since liver helps in clearing them from the
body, it remains the primary target to be stimulated by virulence factors releasing vigorous
amount of inflammatory molecules leading to liver injury [6, 7].

Here, we aimed to isolate and identify cultured Pseudomonas species from sediment and
water samples collected from industrial Red Sea locations that have been affected by petro-
leum and industry. Moreover, determining their genotypic (exoT, exoS, exoU, exoY, lasA, lasB,
rhlA, rhlB, Pf1, PAGI-1, -2, and -3) and phenotypic characteristics (DNase, elastase, lipase,
protease, siderophore, and antibiotic resistance patterns), extracting their bioactive metabolites
by ethyl acetate and evaluating their cytotoxic activity toward liver and kidney tissues as well
as other biochemical activities in rat. According to our knowledge, neglected investigations
have been conducted on pathogenic microbiota in Red Sea (sediments or water) along with
determining the ability of their ethyl acetate extracts to induce toxicity in different tissues in
rats.

Materials and Methods

Sample Collection, Isolation, and Identification of Cultural Pseudomonas sp.
Isolates

Five Egyptian coastal sites on the Red Sea were selected for sampling and isolation of
Pseudomonas species based on the industrial impacts affecting those including Safaga, Abu
Ghoson, Qusseir, Hamrawein, and Sharm El-Maya ports. The seawater samples and sediments
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of these sites were transferred to laboratory in ice tank and kept at 4 °C until processing. The
cultural Pseudomonas-like organisms were isolated by serial dilution technique using Luria-
Bertani (LB) agar medium containing glucose, cetrimide, 50% seawater supplemented with
5% human blood (obtained from VACSERA, Egypt), and ampicillin, which are typically
suited for the growth of Pseudomonas isolates [8] and Pseudomonas isolation agar (PIA; BD
Diagnostic Systems, USA). The inoculated plates were incubated at 37 °C for 24 to 48 h until
the colonies appeared. All presumptive typical Pseudomonas colonies that can grow in LB
agar medium and appearing blue-green on PIA agar plates were picked up from agar plates and
purified. The selected nine isolates were characterized according to Cowan and Steel’s manual
for the identification of medical bacteria [9], the criteria of Bergey’s manual of determinative
bacteriology [10], Koneman et al. [11], McFaddin [12], and Kiska and Gilligan [13]. More-
over, fatty acids of Pseudomonas sp. were extracted and analyzed according to Sasser [14].

Characterization of Isolated Cultural Pseudomonas sp. Isolates

Biofilm Formation

Biofilm was generated on sterile Foley’s catheter under static conditions for 7 days. Catheter
pieces were transferred to fresh medium after every 24 h. Each day, catheter pieces in duplicate
were removed, and rinsed with phosphate-buffered saline (PBS; pH 7.2). Cells were scrapped
from catheter surface with sterile scalpel blade, disrupted and dispersed sample was centri-
fuged, and the pellet was suspended in 1 mL PBS. Biofilm cells were cultured on nutrient agar
plates to determine log CFU by standard tube dilution method [15].

Detection of Virulence Factors by Phenotypic Method

Different virulence factors elaborated by Pseudomonas sp. in vitro were estimated in the culture
supernatant of biofilm cells.DNase productionwas determined after spot inoculation ofDNase test
agar (Difco) plates, incubation at 37 °C for 24 to 48 h, flooding the plate surface with 1.0 N HCl.
DNase secreted by the bacteria colonies hydrolyze the DNA in the medium resulting in clearance
around the bacterial growth [16]. Elastase activity was determined by the elastin Congo red assay.
Overnight growth culture in liquidLBmediumwas centrifuged at 13,000 rpm for 15min, and then,
100μL of the supernatant was added to 900μL of 100mMTris-1mMCaCl2 (pH 7.5) containing
1 mg of elastin Congo red. The mixture was incubated with shaking at 37 °C for 24 h followed by
centrifugation,andthen,opticaldensityof thesupernatantswasmeasuredat495nm[17].Moreover,
phospholipase C activity was measured by diameter of hydrolysis of egg yolk around the colony
wheneggyolkagar inoculatedwithcolonies from18- to24-hculture, incubatedat37°Cfor24–48h
[18]. Proteolytic activity was measured according to the method of Prasad et al. [17]. The protease
activity was detected in the supernatants at 595 nm.

On theother hand, siderophoreproductionwasdeterminedaccording to themethodofSokol et al.
[19]. Cell-free supernatants (CFSs) were extracted with ethyl acetate. For pyochelin, 1 mL each of
0.5NHCl,nitritemolybdatereagent,and1NNaOHwereadded.Finalvolumewasmadeto5mLwith
sterile distilledwater and absorbance was read at 510 nm. For pyoverdin estimation, fluorescence of
3mLof culture supernatant in 50mMTris-HCl (pH7.4)wasmeasured at 460 nmwhile the samples
were excited at 400 nm [20]. Quantitative determination of both cell-free and cell-bound hemolysin
using 2% suspension of washed human erythrocytes was done following themethod of Linkish and
Vogt [21], and then, absorbance of supernatant was read at 545 nm and hemolysin in mgmL−1 was
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calculated byusing lyophilized hemoglobin as standard.Alginatewas precipitated bymixing culture
supernatant with 2% (w/v) cetylpyridinium. Amount of alginate was determined using a borate/
carbazolemethod[22].Todeterminedcell surfacehydrophobicity, cell culturesupernatantwasmixed
withequalvolumeofp-xylene, andafterphaseseparation, initial opticaldensityandopticaldensityof
the aqueous phasewere taken and surface hydrophobicity was expressed as percent [23].

PCR Analysis of Virulence-Associated Genes

The presence of several virulence-associated genes encoding exotoxins (T, exoT; S, exoS; U, exoU;
and Y, exoY), elastase (lasA and lasB), quorum-sensing mediators (rhlA and rhlB), the presence of
prophage (Pf1), and genomic islands (PAGI-1, -2, and -3) were assessed by PCR amplification as
previouslydescribed [24], except theprimers for rhlA (rhlAF,5′-GCGCGAAAGTCTGTTGGTAT
and rhlAR, 5′-CAGGTGATTGACCTCGAAGC) and rhlB, (rhlBF, 5′-GAGCGACGAACTGA
CCTACC and rhlBR, 5′-GTTGAACTTGGGGTGTACCG). Amplification of virulence-
associated genes was performed using puReTaq™ Ready-To-Go™ PCR Beads (GE Healthcare)
andcarriedoutusing the followingprotocol:94°Cfor1min,35cyclesconsistingof94°Cfor1min,
54 °C for 2min, and 72 °C for 2min and a final extension step at of 72 °C for 8min [24].

Each gene was amplified in a separate reaction to obviate possible competition among
primers. The presence of genomic islands was investigated using the following parameters:
initial denaturation at 96 °C for 5 min, 35 cycles at 94 °C for 30 s, 47 to 64 °C at 30 s, 1 to
4 min at 72 °C, and final extension for 8 min. PCR products were separated in a 1% agarose
gel for 1 h at 100 V, stained with ethidium bromide, and detected by UV trans-illumination.
Amplified genes were identified on the basis of fragment size, and reference strain PAO1 was
used as the positive control [25].

Antibiotic Sensitivity Patterns and Multi-Antibiotic Resistant Value Index

Values interpreted into susceptible (S), intermediate (I), or resistant (R) to 30 antimicrobial
agents were determined on Mueller-Hinton agar using standard disk diffusion technique
according to the criteria recommended by the Clinical and Laboratory Standards Institute
(CLSI, 2010) [26]. The antibiotics used in this study are cefixime (CEF), cedipime (CED),
cefradoxil (CEFR), ceftazidime (CEFT), cefuroxime (CEFU), imipenem (IMI), piperacillin
(PIP), carbenicillin (CAR), ciprofloxacin (CIP), ofloxacin (OFL), gentamycin (GEN),
amikacin (AMI), penicillin G (PEN-G), ampicillin (AMP), oxacillin (OXA), cefotaxime
(CEFO), cefepime (CEFE), cephalothin (CEP), sulfamethoxazole (SULP), rifampin (RIF),
nalidixic acid (NAL), ampicillin/sulbactam (AM/SUL), chloramphenicol (CHL), tetracycline
(TET), minocycline (MIN), erythromycin (ERY), vancomycin (VAN), nitrofurantoin (NIT),
and clindamycin (CLI) (Oxoid, UK). Multi-antibiotic resistant (MAR) value index for each
isolate was calculated by following the procedure described by Olayinka et al. [27] as follows:
MAR = a/b, where a is the number of antibiotics to which the isolate was resistant and b is the
total number of antibiotics against which individual isolate was tested.

Molecular Identification of Selected Pseudomonas sp. Isolates Through 16S
Ribosomal RNA Gene Sequencing

Genomic DNA extraction, PCR amplification of the 16S ribosomal RNA (rRNA) gene,
purification of PCR products, gel electrophoreses, and the 16S rRNA gene sequencing were
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done as mentioned previously [28–30]. The 16S rRNA gene sequences of the selected nine
Pseudomonas sp. isolates were aligned with published sequences in the NCBI GenBank
database of 16S rRNA gene sequences. The tree topologies were evaluated by maximum-
likelihood and bootstrap analyses based on 1000 replications with MEGA6 [31, 32].

Extraction of Secondary Metabolites

The isolated strains were cultivated in 500-mL Erlenmeyer flasks each containing 100 mL of
LB medium supplemented with 5% blood, and fermentation was carried out for 2 days at
37 °C with shaking at 180 rpm. After fermentation, the whole broth of each isolate was
extracted twice with ethyl acetate at pH 4 and then evaporated to dryness. The crude extracts
were took a number similar to the number of its own Pseudomonas strain.

Animals and Experimental Design

Two-hundred and seventy adult male rats weighting between 100 and 120 g used in this
experiment were maintained and had free access to clean freshwater at the Animal Division,
Biological Sciences Department, Faculty of Sciences, King Abdulaziz University. These
animals were fed on standard diet and divided into nine groups of 30 rats per group for each
Pseudomonas strain extract used in this study. In each group, the 30 animals were divided into
six subgroups, each consists of five rats. While the first three subgroups corresponded to the
treatment with such extract for 10, 20, and 40 days of daily treated with the extract supple-
mented diet of oral dose 0.08 g kg−1 diet individually, the remaining subgroups served as
control for these treatments after 10, 20, and 40 days.

Technique for Obtaining Blood and Serum Samples

Blood was collected by cardiac puncture from chloroform-anesthetized rats into heparinized
bottles for hematological studies. A further blood sample was collected into a clean bottle
(non-heparinized) and allowed to clot. The serum was separated and centrifuged according to
groups into clean bottles for biochemical analysis.

Determination of Hematological Parameters

Hemoglobin concentration, erythrocyte count, total leukocyte, and leukocyte differential
counts were estimated using the method of Jain [33]; packed cell volume (PCV) was
determined according to Schalm et al. [34]. Erythrocyte indices were determined from values
obtained from RBC, hemoglobin, and PCV values. The results obtained were statistically
analyzed by the method of Kurtz [35].

Determination of Serum Biochemical Parameters

Following decapitation of each animal, blood was collected in clean centrifuge tube placed at
4 °C for 2 to 3 h and then centrifuged at 3000 rpm for 15 min. Serum was separated and kept at
−20 °C till biochemical analysis begin. Total protein was calculated by Biuret reaction;
aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were determined ac-
cording to Reitman and Frankel [36], but alkaline phosphatase was determined by Burtis et al.
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[37]. Serum creatinine and urea concentration were determined by the method of Patton and
Crouch [38]. Tissue and serum malondialdehyde (MDA) levels were measured according to
the method of Ohkawa et al. [39]. Absorbance of the product of reaction was measured at
532 nm and expressed as nmol mL−1 in serum and nmol mg−1 of protein in liver tissues.
Paraoxonase (PON) and arylesterase (AE) activities were measured by using paraoxon and
phenylacetate as the substrates, respectively, as previously described [40]. Paraoxonase activity
was taken at 412 nm and calculated as U L−1 in serum and mU mg−1 protein in liver tissues,
while arylesterase activity was taken at 270 nm and calculated as kU L−1 in serum and U mg−1

protein in liver tissues. Whereas lactate dehydrogenase (LDH) was determined as U L−1 in
serum, caspase-3 activity was measured as μM pNA/h/mg protein in liver tissues with
commercial micro plate kit according to the manufacturer’s instructions (Chemicon Interna-
tional Temecula Co., USA) as described by Beltowski et al. [40]. The results obtained were
statistically analyzed by the method of Kurtz [35].

Histopathological Examination

After collection of blood for biochemical estimation, the rats were sacrificed and the tissue
samples viz. kidneys and liver were carefully dissected, cleaned of extraneous tissue, and fixed
in 10% neutral buffered formalin (NBF) for at least 24 h. Then, the paraffin sections were
prepared (automatic tissue processor, auto-technique) and cut into 5-μm-thick sections using a
rotary microtome. The tissue sections of 5 μm size were stained by hematoxylin and eosin dye
and then examined for histopathological changes as suggested by Chouhan et al. [41].

Results and Discussions

Isolation and Distribution of Pseudomonas Isolates in Some Industrial Zones
of the Red Sea

Sediments and water samples collected from five coastal locations that have been affected by
petroleum and industry along the Egyptian Red Sea coast were analyzed for the distribution of
Pseudomonas species. A total of 89 Pseudomonas colonies which are Gram-negative, oxidase-
positive, catalase-positive, aerobic, rod-shaped, and had the ability to grow on LB agar
medium having glucose and cetrimide appended with ampicillin were chosen (Table 1). The
highest number of isolates was obtained from the sediments of Quesser port (19 strains,
21.35%) followed by sediments of Safaga aluminum (13 strains, 14.61%), sediments of
Hamrawein (11 strains, 12.36%), and the water of Hamrawein ports (10 strains, 11.24%) but
the lowest number obtained from the water samples of Sharm El-Maya (5 strains, 5.62%) and
Abu Ghoson ports (4 strains, 4.49%). Seventy five (84.27%) of all isolates produced pigment.
The pigment formation ability was ranging from 100% in isolates derived from the sediments
of Sharm El-Maya and Abu Ghoson ports as well as isolates obtained from the water of
Quesser and Abu Ghoson ports to 50% in isolates obtained from water of Hamrawein port
(Table 1). Finlayson and Brown [42] reported that pigment productivity seemed to be more
considerably connected with multi-drug resistance, existence of virulence-related genes, and
expression of proven virulence factors. Overall, except for isolates from sediment and water
samples of Quesser and Abu Ghoson ports, respectively, producers for the virulence factor
pyoverdin (69 isolates, 77.53%) were more frequently and significantly higher than pyocyanin
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producers (43 isolates, 48.32%; p < 0.05) (Table 1). Cheluvappa et al. [43] suggested that
Pseudomonas aeruginosa virulence factor, pyocyanin, has toxic effect on the liver sinusoidal
endothelial cell, while Wagner et al. [4] reported that pyoverdin is a virulence factor encoded
by the pvd genes in P. aeruginosa to act as a siderophore, which implicated in a complex iron
acquisition system and to be a critical component in biofilm creation.

Distribution of Virulence Factors in Pseudomonas Isolates

Data in Table 2 indicated that the isolates that yielded either pyocyanin or pyoverdin were
capable to yield additional virulence factors, containing hemolysin, biofilm production, DN-
ase, phospholipase, elastase, protease, and siderophore. Whereas all isolates from the Quesser
port expressed biofilm production, only 94.74, 57.14, 53.85, and 20% of isolates derived from
Safaga aluminum, Hamrawein, Sharm El-Maya, and Abu Ghoson ports, respectively, were
biofilm producers. Moreover, all 89 isolates obtained in this study exhibited phospholipase C
activity, but among them, only 73 (82.02%), 61 (68.55%), 69 (77.53%), 77 (86.52%), and 68
(76.41%) isolates showed hemolysin, DNase, elastase, protease, and siderophore activities,
respectively. The pathogenesis of P. aeruginosa is mainly due to production of several cell-
associated and secreted extracellular virulence factors which include pyocyanin, pyoverdin,
hemolysin, phospholipase, elastase (metallo-protease), and alkaline protease that can destroy a
large variation of tissue components such as proteinaceous elements of connective tissue and
cell surface receptors on neutrophils [44]. Our data are in line with Khalil et al. [45], in which
95.2, 81, and 78% of Pseudomonas species were positive for hemolysin, phospholipase, and

Table 1 Sampling locations, physical parameters, and number of Pseudomonas isolates

Sampling
location

Total
isolates

Pyoverdin
production

Pyocyanin
production

Pigment
production

Physical parameters of marine location

No. % No. % No. % No. % Temperature
(°C)

pH Dissolved oxygen
(mg L−1)

Sharm El-Maya
Sediment 8 8.99 8 100 6 75 8 100 27.7 8.22 4.39
Water 5 5.62 3 60 1 20 4 80
Total 13 14.61 11 84.62 7 53.85 12 92.31

Safaga aluminum port
Sediment 13 14.61 11 84.62 8 61.54 11 84.62 21.0 9.12 6.11
Water 6 6.74 4 66.7 2 33.33 5 83.33
Total 19 21.35 15 78.95 10 52.63 16 84.21

Hamrawein port
Sediment 11 12.36 8 72.73 5 45.46 10 90.91 26.9 8.32 3.77
Water 10 11.24 5 50 3 30 5 50
Total 21 23.60 13 61.91 8 38.1 15 71.43

Quesser port
Sediment 19 21.35 14 73.68 7 36.84 15 78.95 31.5 8.83 3.60
Water 7 7.87 6 85.71 5 71.43 7 100
Total 26 29.21 20 76.92 12 46.15 22 84.62

Abu Ghoson port
Sediment 6 6.74 6 100 6 100 6 100 23.0 8.30 4.99
Water 4 4.49 4 100 0 0.0 4 100
Total 10 11.24 10 100 6 60 10 100

Total isolates 89 100 69 77.53 43 48.32 75 84.27
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gelatinase, respectively, and Pramodhini et al. [44] who reported that 80.3, 70, and 71.4% of
P. aeruginosa isolates were positive for hemolysin, phospholipase, and gelatinase.

Table 2 Distribution of virulence factors and genes in marine isolates of Pseudomonas species

Virulence factor
and genes

Positive isolates

Sharm El-
Maya (13 iso-
lates)

Safaga
aluminum port
(19 isolates)

Hamrawein
port (21
isolates)

Quesser port
(26 isolates)

Abu Ghoson
port (10
isolates)

Total

No. % No. % No. % No. % No. % No. %

Virulence factor
Hemolysin 9 69.23 17 89.47 18 85.71 20 76.92 9 90 73 82.02
Biofilm production
+ 4 30.77 2 10.53 7 33.33 5 19.23 2 20 20 22.47
++ 3 23.07 6 31.58 4 19.05 7 26.92 0 0.0 20 22.47
+++ 0 0.0 10 52.63 1 4.76 14 53.85 0 0.0 25 28.09
Total 7 53.85 18 94.74 12 57.14 26 100 2 20 65 73.03

DNase
+ 2 15.39 4 21.05 1 4.76 0 0.0 1 10 8 8.99
++ 1 7.69 5 26.32 6 28.57 8 30.77 1 10 21 23.60
+++ 3 23.08 0 0.0 10 47.62 15 57.69 4 40 32 35.96
Total 6 46.15 9 47.37 17 80.95 23 88.46 6 60 61 68.55

Phospholipase C
+ 8 61.54 8 42.11 10 47.62 6 23.08 8 80 40 44.94
++ 5 38.46 10 52.63 9 42.86 12 46.15 1 10 37 41.57
+++ 0 0.0 1 5.26 2 9.52 8 30.77 1 10 12 13.84
Total 13 100 19 100 21 100 26 100 10 100 89 100

Elastase
+ 3 23.08 7 36.84 3 14.29 2 7.69 2 20 17 19.10
++ 5 38.46 1 5.26 5 23.81 5 19.23 3 30 19 21.35
+++ 2 15.39 4 21.05 13 61.91 12 46.15 2 20 33 37.08
Total 10 76.92 12 63.16 21 100 19 73.08 7 70 69 77.53

Protease
+ 5 38.46 2 10.53 4 19.05 3 11.54 2 20 16 17.98
++ 2 15.39 11 57.90 7 33.33 9 34.62 1 10 30 33.71
+++ 4 30.77 5 26.32 9 42.86 10 38.46 3 30 31 34.83
Total 11 84.62 18 94.74 20 95.24 22 84.62 6 60 77 86.52

Siderophore
+ 1 7.69 1 5.26 5 23.81 4 15.39 2 20 13 14.61
++ 1 7.69 2 10.53 4 19.05 7 26.92 1 10 15 16. 85
+++ 9 69.23 13 68.42 6 28.57 11 42.31 1 10 40 44.94
Total 11 84.62 16 84.21 15 71.43 22 84.62 4 40 68 76.41

Virulence genes
lasA 1 7.69 2 10.53 4 19.05 0 0.0 4 40 11 12.36
lasB 3 23.07 4 21.05 7 33.33 2 7.69 5 50 21 23.60
rhlA 6 46.15 6 31.58 11 52.38 7 26.92 6 60 36 40.45
rhlB 9 69.23 7 36.84 13 61.91 16 61.54 8 80 53 59.55
exoS 6 46.15 17 89.47 12 57.14 20 76.92 10 100 65 73.03
exoT 3 23.07 3 15.79 1 4.76 2 7.69 3 30 12 13.84
exoU 1 7.69 0 0.0 1 4.76 1 3.85 1 10 4 4.49
exoY 0 0.0 0 0.0 1 4.76 0 0.0 0 0.0 1 1.12
Pf1 0 0.0 1 5.26 2 9.52 0 0.0 0 0.0 3 3.37
PAGI-1 0 0.0 1 5.26 1 4.76 3 11.54 2 20 7 7.87
PAGI-2 2 15.39 0 0.0 1 4.76 1 3.85 1 10 5 5.62
PAGI-3 0 0.0 1 5.26 2 9.52 0 0.0 0 0.0 3 3.37
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Detection of Virulence Genes in Pseudomonas Isolates

Isolates were evaluated for the existence or nonexistence of 12 genetic regions linked with
virulence in Pseudomonas species, and we found that 11 (12.36%), 21 (23.6%), 36 (40.45%), 53
(59.55%), 65 (73.07%), 12 (13.84%), 7 (7.87), 5 (5.62%), and 4 (4.49%) of total isolates were
PCR-positive for lasA, lasB, rhlA, rhlB, exoS, exoT, PAGI-1, PAGI-2, and exoU genes, respec-
tively (Table 2). Furthermore, only three isolates (3.37%) obtained from Safaga aluminum and
Hamrawein ports were positive for both pf1and PAGI-3 genes, but exoYwas found in one isolate
obtained fromHamrawein port (Table 2). The detection of these virulence genes in Pseudomonas
isolates highly important due to the lasA protein has been revealed to be implicated in the final
processing of elastase. lasB locus is answerable for the regulation of elastase and protease. rhl
system regulates productivity of rhamnolipid, which has hemolytic properties, and it is essential
for full elastase activity. exoS gene has been associated with the capability of Pseudomonas
isolates to prevalence from epithelial colonization spots to the blood stream, and it reason effects
on multiple cellular processes with inhibition of DNA synthesis and interference of cell matrix
adherence. exoT has been involved in increased cellular and toxic effects in trial models and
human infections. PAGI-1, PAGI-2, and PAGI-3 are virulence genes located in the chromosome,
analogous to plasmid-encoded regulators of chromosome genes [4, 46]. Finlayson and Brown
[42] reported that the analysis and comparison of virulence genes provide an overall understand-
ing of the disease causing factors and their genetic regulation as well as providing a means of
identifying the subsets of parameters in characterizing a pathogen.

Antimicrobial Receptivity Types of Pseudomonas Isolates

Table 3 displays the resistance types of Pseudomonas isolates to each antibiotic used. All
Pseudomonas isolates showed complete (100%) resistance to penicillin G, ampicillin, oxacil-
lin, cefotaxime, cephalothin, sulfamethoxazole, rifampin, and nalidixic acid. Moreover, the
isolates of Safaga aluminum and Hamrawein ports exhibited complete resistant (100%) against
ampicillin/sulbactam while isolates of Quesser and Abu Ghoson ports showed complete
resistant (100%) against both ampicillin/sulbactam and chloramphenicol antibiotics. On the
other hand, Pseudomonas isolates under study showed the highest sensitivity profile among
Sharm El-Maya isolates (76.92, 92.31, 76.92, 84.61, 100, 76.92, and 84.62%) against seven
antibiotics in common use including cefuroxime, imipenem, ciprofloxacin, gentamycin, eryth-
romycin, nitrofurantoin, and clindamycin, respectively, followed by isolates of Safaga alumi-
num port (89.47, 78.95, and 73.58% of isolates were sensitive to imipenem, gentamycin, and
erythromycin, respectively), isolates of Quesser port (80.77 and 73.08% of isolates were
sensitive to gentamycin and nitrofurantoin, respectively), and Abu Ghoson port isolates (70
and 80% of isolates showed sensitivity to ciprofloxacin and nitrofurantoin, respectively)
(Table 3). The high level of resistant toward all antibiotics that detected in Hamrawein port
might be attributed to the highest content of virulence factors detected in these isolates.
Proportionate with the opinion of this investigation, Olayinka et al. [27] and Odjadjare et al.
[47] reported that Pseudomonas species were reported to be frequently resistant to antibiotics
with high resistance to ampicillin, penicillin G, oxacillin, rifampin, sulfamethoxazole, cefe-
pime, and cephems, but they exhibited high sensitivity to gentamicin, clindamycin, erythro-
mycin, and erythromycin.

Out of 89 Pseudomonas isolates tested, nine marine Pseudomonas isolates designated as
Pseudomonas sp. EGY1, EGY2, EGY3, EGY4, EGY5, EGY6, EGY7, EGY8, and EGY9

Appl Biochem Biotechnol (2018) 184:323–349 331



T
ab

le
3

A
nt
im

ic
ro
bi
al
su
sc
ep
tib
le
,i
nt
er
m
ed
ia
te
,a
nd

re
si
st
an
t
pa
tte
rn
s
of

P
se
ud
om

on
as

is
ol
at
es

by
di
sk

di
ff
us
io
n
m
et
ho
d

A
nt
im

ic
ro
bi
al
ag
en
t

Su
sc
ep
tib

ili
ty

ra
te
s
of

P
se
ud
om

on
as

is
ol
at
es

Sh
ar
m

E
l-
M
ay
a
(1
3
is
o-

la
te
s)

Sa
fa
ga

al
um

in
um

po
rt
(1
9

is
ol
at
es
)

H
am

ra
w
ei
n
po
rt
(2
1

is
ol
at
es
)

Q
ue
ss
er

po
rt
(2
6

is
ol
at
es
)

A
bu

G
ho
so
n
po
rt
(1
0

is
ol
at
es
)

S%
I%

R
%

S%
I%

R
%

S%
I%

R
%

S%
I%

R
%

S%
I%

R
%

C
ef
ix
im

e
(C
E
F)

15
.3
9

23
.0
9

61
.5
4

36
.8
4

15
.7
9

47
.3
7

4.
76

23
.8
1

71
.4
3

11
.5
4

19
.2
3

69
.2
3

20
20

60
C
ed
ip
im

e
(C
E
D
)

46
.1
5

0
53
.8
5

26
.3
2

0
73
.6
4

23
.9
0

14
.2
9

38
.1
9

34
.6
2

7.
69

57
.6
9

10
0

90
C
ef
ra
do
xi
l
(C
E
FR

)
38
.4
6

7.
69

53
.8
5

31
.5
8

0
68
.4
2

9.
52

19
.0
5

71
.4
8

19
.2
3

3.
85

76
.9
2

0
0

10
0

C
ef
ta
zi
di
m
e
(C
E
FT

)
15
.8
4

0
84
.6
2

21
.0
5

0
78
.9
5

0
9.
52

90
.4
8

0
0

10
0

0
0

10
0

C
ef
ur
ox
im

e
(C
E
FU

)
76
.9
2

15
.3
9

23
.0
8

47
.3
7

31
.5
8

21
.0
5

38
.1
0

28
.5
7

33
.3
3

50
15
.3
9

34
.6
2

50
0

50
Im

ip
en
em

(I
M
I)

92
.3
1

0
7.
69

89
.4
7

5.
26

5.
26

85
.7
1

0
14
.2
9

57
.6
9

0
42
.3
1

60
0

40
Pi
pe
ra
ci
lli
n
(P
IP
)

30
.7
7

23
.0
8

46
.1
5

15
.7
9

0
84
.2
1

0
0

10
0

15
.3
9

0
84
.6
2

0
40

60
C
ar
be
ni
ci
lli
n
(C
A
R
)

46
.1
5

7.
69

46
.1
5

10
.5
3

21
.0
5

68
.4
2

0
0

10
0

23
.0
8

0
76
.9
2

20
30

50
C
ip
ro
fl
ox
ac
in

(C
IP
)

76
.9
2

7.
69

15
.3
9

63
.1
6

0
36
.8
4

52
.3
8

0
47
.6
2

34
.6
2

23
.0
8

42
.3
1

70
10

20
O
fl
ox
ac
in

(O
FL

)
38
.4
6

23
.0
8

38
.4
6

21
.0
5

0
78
.9
5

33
.3
3

0
66
.6
7

11
.5
4

30
.7
7

57
.6
9

10
30

60
G
en
ta
m
yc
in

(G
E
N
)

84
.6
1

0
15
.3
9

78
.9
5

10
.5
3

10
.5
3

61
.9
1

0
38
.0
9

80
.7
7

3.
85

15
.3
9

50
0

50
A
m
ik
ac
in

(A
M
I)

69
.2
3

0
23
.0
8

57
.8
9

0
42
.1
1

52
.3
8

0
47
.6
2

53
.8
5

0
46
.1
5

30
0

70
Pe
ni
ci
lli
n
G

(P
E
N
-G

)
0

0
10
0

0
0

10
0

0
0

10
0

0
0

10
0

0
0

10
0

A
m
pi
ci
lli
n
(A

M
P)

0
0

10
0

0
0

10
0

0
0

10
0

0
0

10
0

0
0

10
0

O
xa
ci
lli
n
(O

X
A
)

0
0

10
0

0
0

10
0

0
0

10
0

0
0

10
0

0
0

10
0

C
ef
ot
ax
im

e
(C
E
FO

)
0

0
10
0

0
0

10
0

0
0

10
0

0
0

10
0

0
0

10
0

C
ef
ep
im

e
(C
E
F)

7.
69

0
82
.3
1

0
0

10
0

0
0

10
0

0
3.
85

96
.1
5

0
10
0

10
0

C
ep
ha
lo
th
in

(C
E
P)

0
0

10
0

0
0

10
0

0
0

10
0

0
0

10
0

0
0

10
0

Su
lf
am

et
ho
xa
zo
le
(S
U
L
P)

0
0

10
0

0
0

10
0

0
0

10
0

0
0

10
0

0
0

10
0

R
if
am

pi
n
(R
IF
)

0
0

10
0

0
0

10
0

0
0

10
0

0
0

10
0

0
0

10
0

N
al
id
ix
ic
ac
id

(N
A
L
)

0
0

10
0

0
0

10
0

0
0

10
0

0
0

10
0

0
0

10
0

A
m
pi
ci
lli
n/
su
lb
ac
ta
m

(A
M
/S
U
L
)

7.
69

23
.0
8

69
.2
3

0
0

10
0

0
0

10
0

0
0

10
0

0
0

10
0

C
hl
or
am

ph
en
ic
ol

(C
H
L
)

38
.4
6

0
61
.5
4

42
.1
1

26
.3
2

31
.5
8

47
.6
2

0
52
.3
8

0
0

10
0

60
0

10
0

Te
tr
ac
yc
lin

e
(T
E
T
)

46
.1
5

46
.1
5

7.
69

31
.5
8

36
.8
4

31
.5
8

23
.8
1

19
.0
5

80
.9
5

46
.1
5

19
.2
3

34
.6
2

20
30

70
M
in
oc
yc
lin

e
(M

IN
)

0
38
.4
6

61
.5
4

5.
26

0
94
.7
4

0
0

10
0

0
23
.0
8

76
.9
2

0
40

60
E
ry
th
ro
m
yc
in

(E
R
Y
)

10
0

0
0

73
.5
8

10
.5
3

15
.8
9

66
.6
7

0
33
.3
3

57
.6
9

0
42
.3
1

60
10

90
V
an
co
m
yc
in

(V
A
N
)

15
.3
9

30
.7
7

46
.1
5

26
.3
2

15
.7
9

57
.8
9

14
.2
9

23
.8
1

61
.9
0

0
30
.7
7

69
.2
3

10
0

10
0

N
itr
of
ur
an
to
in

(N
IT
)

76
.9
2

0
23
.0
8

52
.3
6

0
47
.6
4

61
.9
0

0
38
.0
9

73
.0
8

7.
69

19
.2
3

80
0

10
0

C
lin

da
m
yc
in

(C
L
I)

84
.6
2

7.
69

7.
69

63
.1
6

0
36
.8
4

52
.3
8

0
47
.6
2

53
.8
5

15
.3
9

30
.7
7

40
0

10
0

St
re
pt
om

yc
in

(S
T
R
)

53
.8
5

0
46
.1
5

47
.3
7

21
.0
5

31
.5
8

28
.5
7

28
.5
7

42
.8
6

23
.0
8

0
76
.9
2

20
40

60

S
se
ns
iti
ve
,
I
in
te
rm

ed
ia
te
,a
nd

R
re
si
st
an
t
(a
cc
or
di
ng

to
C
L
SI
)

332 Appl Biochem Biotechnol (2018) 184:323–349



were selected for further studies depending on they were the hyperactive virulence factor
producers (hemolysin, biofilm production, DNase, phospholipase, elastase, protease, and
siderophore; p < 0.05) and their high degree of resistant against different antibiotics. Then,
their MAR indices, quantitative production of some severe virulence factors involved in
pathogenesis such as UEC adhesion, alginate, pyochelin, cell surface hydrophobicity, cell-
bound hemolysin, cell-free hemolysin, phospholipase C, and malondialdehyde formation,
were evaluated and they were subjected to phenotypic and chemotypic characterization and
molecular identification. Moreover, the assessment of the biochemical and cytotoxic effects of
their ethyl acetate extracts in rats was performed.

The MAR Index of Selected Pseudomonas Isolates

The MAR index was varied from 0.47 to 7.0 (Table 4). The ratio of isolates with MAR index
greater than 0.5 was 77.78%, while those with MAR index equal to or less than 0.5 was
11.11% (Table 4). Compared to genotypic characterization, the MAR indexing method is
simple, cost-effective, rapidly easy to perform, and does not need specialized training and
expensive equipment, and tracking MAR analysis can been applied to differentiate bacteria
from different sources using antibiotics [47]. Furthermore, Navon-Venezia et al. [48] reported
that MAR index values larger than 0.2 indicate high-risk source of contamination. Conse-
quently, the higher MAR index in our study more than 0.2 limits indicates that the isolates in
this investigation originated from high-risk sources of contamination, where antibiotics are
often used. The observation was not surprising in these polluted areas of the Red Sea.

Characterization and Identification of Selected Pseudomonas Isolates

All isolates were individual, motile by means of a polar flagellum, Gram-negative, non-
endospore forming, aerobic, rod-shaped, and had the capability to raise on MacConkey,

Table 4 Multiple antibiotic resistance (MAR) index of the selected Pseudomonas strains

Strain Antibacterial agents MAR
index

Pseudomonas sp. EGY1 PEN-G, AMP, OXA, CEFO, CEF, CEP, SULP, RIF, NAL, AM/SUL,
PIP, CAR, CEFT, NIT, CLI

0.50

Pseudomonas sp. EGY2 PEN-G, AMP, OXA, CEFO, CEF, CEP, SULP, RIF, NAL, TET, IMI,
OFL, GEN, CAR, CHL, VAN, ERY

0.57

Pseudomonas sp. EGY3 PEN-G, AMP, OXA, CEFO, CEP, SULP, RIF, NAL, STR, CED,
CEFR, CEFU, IMI, MIN, VAN, OFL

0.53

Pseudomonas sp. EGY4 PEN-G, AMP, OXA, CEFO, CEP, SULP, RIF, NAL, CAR, TET,
CEFU, ERY, AMI, IMI

0.47

Pseudomonas sp. EGY5 PEN-G, AMP, OXA, CEFO, CEF, CEP, SULP, RIF, NAL PIP,
CIP, GEN, AMI, CHL, IMI, AM/SUL, ERY, CLI, VAN

0.63

Pseudomonas sp. EGY6 PEN-G, AMP, OXA, CEFO, CED, CEP, SULP, RIF, NAL, PIP, CIP,
GEN, AMI, CHL, IMI, AM/SUL, ERY, CLI, VAN, NIT, TET

0.70

Pseudomonas sp. EGY7 PEN-G, AMP, OXA, CEFO, CEF, CEP, SULP, RIF, NAL, STR, IMI,
GEN, CHL, TET, MIN, VAN, NIT, CLI

0.60

Pseudomonas sp. EGY8 PEN-G, AMP, OXA, CEFO, CEF, CEP, SULP, RIF, NAL, ERY, STR,
PIP, CIP, OFL, AMI, AM/SUL, TET, NIT, CLI, MIN, IMI

0.70

Pseudomonas sp. EGY9 PEN-G, AMP, OXA, CEFO, CEP, SULP, RIF, NAL, IMI, VAN TET GEN
CAR OFL AMI MIN ERYAM/SUL CIP CEFU

0.67

Appl Biochem Biotechnol (2018) 184:323–349 333



Mueller Hinton, blood agar, and LB agar medium containing glucose and cetrimide added with
ampicillin (Table 5). Moreover, they were positive for oxidase, catalase, and cytochrome
oxidase as well as hydrolyze casein. On the other hand, they gave negative results for H2S,
and indole production, Voges-Proskauer reaction, and starch hydrolysis. Whereas all strains
were unable to grow on lactose, rhamnose, trehalose, sucrose, raffinose, and inositol, they
assimilate glucose, fructose, N-acetylglucosamine, gluconate, and malonate (Table 5). The
diameter of the cell of these isolates was ranged between 0.7 × 2.5- and 1.0 × 4-μm diameters,
and the G-C content of genomic DNA (mol%) of these isolates was within the range of 59.2 to
64.5 that was previously measured in species of Pseudomonas [49]. Moreover, they showed
that colony color ranged between light creamy, light yellow, pale yellow, to greenish yellow.
Some other physiochemical properties of strains are presented in Table 5.

From data in Table 6, a total of 14 altered patterns of fatty acids were observed in EGY4
and EGY5, while 10, 9, 12, 11, 12, 11, and 13 fatty acid types were identified from EGY1,
EGY2, EGY3, EGY6, EGY7, EGY8, and EGY9, respectively. The fatty acid compositions of
all isolates were much different, which was observed in the concentrations of the saturated
fatty acids C10:0 3OH (11.5, 9.5, 3.3, 6.0, 10.6, 3.5, 2.5, 5, and 4.72%), C12:0 3OH (5.1, 4.7,
3.9, 3.4, 4.0, 4.7, 2.93, 1.22, and 5.00%), C12:1 3OH (2.1, 1.6, 0.1, 1.6, 1.2, 0.0, 2.22, 0.76,
and 0.0%), C12:0 2OH (5.5, 5.7, 3.4, 4.3, 3.8, 6.0, 7.00, 4.38, and 7.10%), C12:0 (0.0, 0.0, 3.0,
2.0, 1.9, 4.1, 0.0, 0.0, and 6.1%), C14:0 (0.4, 0.5, 0.2, 13.3, 0.3, 3.42, 17.40, 0.90, and
15.36%), C16:0 (19.6, 14.25, 10.1, 10.5, 23.5, 20.0, 27.81, 32.11, and 23.20%), and C18:0
(0.3, 0.0, 0.2, 19.9, 0.6, 0.0, 2.0, 1.18, and 6.88%) and unsaturated fatty acids 18:1ω7c (0.0,
0.0, 22.4, 5.2, 23.5, 9.13, 6.19, 11.25, and 4.0%), 17:0 cyclo (2.8, 12.4, 1.0, 1.15, 2.8, 0.0, 0.0,
0.0, and 2.30%), 19:0 cyclo ω8c (0.0, 0.0, 0.0, 5.2, 0.2, 2.0, 1.2, 0.0, and 5.23%), 16:1 ω7c
(20.31, 19.65, 36.4, 20.2, 25.0, 14.0, 18.16, 13.0, and 10.11%), Is0–15:0 2OH (0.0, 0.0, 16.0,
4.79, 1.2, 9.0, 3.15, 12.0, and 4.00%), and C18:1(cisΔ7/ cisΔ9/ cisΔ12) (11.22, 31.7, 0.0, 2.64,
1.4, 24.1, 10.0, 18.2, and 1.2%) detected in the total fatty acid contents of EGY1, EGY2,
EGY3, EGY4, EGY5, EGY6, EGY7 EGY8, and EGY9, respectively (Table 6).

According to their morphology, pigmentation, Gram reaction, specific confirmatory bio-
chemical tests, and fatty acid analysis, these isolates were characterized as members of
Pseudomonas species (Tables 5 and 6). Kiska and Gilligan [13] reported that the principles
for identifying an isolate as Pseudomonas are pigment production, growth at 42 °C, oxidase,
and catalase positivity.

Phylogenetic Analyses of the Selected Nine Pseudomonas Isolates

The 16S rRNA gene sequences of the selected Pseudomonas isolates EGY1, EGY2, EGY3,
EGY4, EGY5, EGY6, EGY7, EGY8, and EGY9 (accession numbers MF093523, MF093524,
MF093525, MF093526, MF093527, MF093528, MF093529, MF093530, and MF093531,
respectively) were compared to the sequences of members of the order Pseudomonadales and
family Pseudomonadaceae. It was detected that the EGY1, EGY4, and EGY9 strains show
99.78, 99.79, and 100% homology to P. migulae, P. putida 1106, and P. aeruginosa
(CEMC_P1 and RS1), respectively (Fig. 1). On the other hand, the isolates EGY2 and
EGY8 showed 99.79 and 99.73% homology to P. fluorescens LMG 14677, respectively.
The sequence results indicate that the four isolates EGY3, EGY5, EGY6, and EGY7 were
only distantly related to their closest described relatives, which include 99.19, 99.66, 99.43,
and 99.65%, respectively, identity to P. protegens (strain-type Darke, Clinton, Wayne, and
38G2). While the isolates EGY5 and EGY7 showed 100% homology to Pseudomonas sp. LD

334 Appl Biochem Biotechnol (2018) 184:323–349



T
ab

le
5

C
ul
tu
ra
l
an
d
bi
oc
he
m
ic
al
ch
ar
ac
te
ri
st
ic
fe
at
ur
es

of
P
se
ud
om

on
as

is
ol
at
es

Fe
at
ur
es

E
G
Y
1

E
G
Y
2

E
G
Y
3

E
G
Y
4

E
G
Y
5

E
G
Y
6

E
G
Y
7

E
G
Y
8

E
G
Y
9

B
ac
te
ri
al
si
ze

(μ
m
)

0.
7
×
2.
5

0.
5
×
5.
0

1.
0
×
3.
0

1.
0
×
3.
5

0.
8
×
3.
0

1.
0
×
4.
0

0.
7
×
4.
0

1.
0
×
3.
0

1.
0
×
4.
0

C
el
l
m
or
ph
ol
og
y

R
od

R
od

R
od

R
od

R
od

R
od

R
od

R
od

R
od

C
ol
on
y
co
lo
r

G
re
en
is
h
ye
llo

w
Pa
le
ye
llo
w

L
ig
ht

ye
llo

w
L
ig
ht

cr
ea
m

Pa
le
ye
llo
w

L
ig
ht

ye
llo
w

L
ig
ht

cr
ea
m

L
ig
ht

cr
ea
m

Pa
le
ye
llo

w
M
ot
ili
ty

Po
si
tiv
e

Po
si
tiv
e

Po
si
tiv
e

Po
si
tiv
e

Po
si
tiv

e
Po

si
tiv
e

Po
si
tiv
e

Po
si
tiv

e
Po

si
tiv
e

C
el
l
gr
ou
pi
ng

In
di
vi
du
al

In
di
vi
du
al

In
di
vi
du
al

In
di
vi
du
al

In
di
vi
du
al

In
di
vi
du
al

In
di
vi
du
al

In
di
vi
du
al

In
di
vi
du
al

G
ra
m
’s
st
ai
n

N
eg
at
iv
e

N
eg
at
iv
e

N
eg
at
iv
e

N
eg
at
iv
e

N
eg
at
iv
e

N
eg
at
iv
e

N
eg
at
iv
e

N
eg
at
iv
e

N
eg
at
iv
e

E
nd
os
po
re

−
−

−
−

−
−

−
−

−
N
o.

of
fl
ag
el
la

1
1

1
1

1
1

1
1

1
Fl
uo
re
sc
en
ce

(U
V
)

−
+

−
+

−
+

−
−

−
G
ro
w
th

on
L
B
ag
ar

m
ed
iu
m

+
gl
uc
os
e

+
ce
tr
im

id
e
+
am

pi
ci
lli
n

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

M
ac
C
on
ke
y

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

M
ue
lle
r-
H
in
to
n

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

B
lo
od

ag
ar

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

Pr
od
uc
tio
n
of

C
at
al
as
e

+
+

+
+

+
+

+
+

+
O
xi
da
se

+
+

+
+

+
+

+
+

+
C
yt
oc
hr
om

e
ox
id
as
e
te
st

+
+

+
+

+
+

+
+

+
A
rg
in
in
e
di
hy
dr
ol
as
e

−
+

+
+

+
+

−
−

+
D
N
A

G
C
co
nt
en
t
(m

ol
%
)

61
.7

60
.0

59
.9

62
.8

64
.5

61
.2

59
.2

60
.5

62
.0

G
el
at
in

hy
dr
ol
ys
is

+
+

−
+

+
−

−
+

−
St
ar
ch

hy
dr
ol
ys
is

−
−

−
−

−
−

−
−

−
U
re
a
hy
dr
ol
ys
is

+
+

−
+

+
−

−
+

+
N
itr
at
e
re
du
ct
io
n

−
−

−
−

−
−

−
−

−
H
2
S
pr
od
uc
tio

n
−

−
−

−
−

−
−

−
−

St
ar
ch

hy
dr
ol
ys
is

−
−

−
−

−
−

−
−

−
A
ss
im

ila
tio
n
of

A
ra
bi
no
se

−
+

−
−

+
−

−
+

+
Fr
uc
to
se

+
+

+
+

+
+

+
+

+
M
an
ni
to
l

+
−

−
−

+
−

+
−

−
M
al
to
se

+
+

−
−

−
+

+
+

+
M
an
no
se

+
+

−
−

−
+

+
+

+

Appl Biochem Biotechnol (2018) 184:323–349 335



T
ab

le
5

(c
on
tin

ue
d)

Fe
at
ur
es

E
G
Y
1

E
G
Y
2

E
G
Y
3

E
G
Y
4

E
G
Y
5

E
G
Y
6

E
G
Y
7

E
G
Y
8

E
G
Y
9

G
al
ac
to
se

+
+

−
−

+
−

+
+

+
G
lu
co
se

+
+

+
+

+
+

+
+

+
L
ac
to
se

−
−

−
−

−
−

−
−

−
R
ha
m
no
se

−
−

−
−

−
−

−
−

−
T
re
ha
lo
se

−
−

−
−

−
−

−
−

−
Su

cr
os
e

−
−

−
−

−
−

−
−

−
X
yl
os
e

+
−

−
−

+
+

−
−

+
R
af
fi
no
se

−
−

−
−

−
−

−
−

−
In
os
ito
l

−
−

−
−

−
−

−
−

−
N
-a
ce
ty
lg
lu
co
sa
m
in
e

+
+

+
+

+
+

+
+

+
G
lu
co
na
te

+
+

+
+

+
+

+
+

+
M
al
at
e

+
+

+
+

+
+

+
+

+
Ph

en
yl

ac
et
at
e

+
+

+
+

+
+

+
+

+
M
al
on
at
e

+
+

+
+

+
+

+
+

+
In
do
le
pr
od
uc
tio
n

−
−

−
−

−
−

−
−

−
V
og
es
-P
ro
sk
au
er

re
ac
tio
n

−
−

−
−

−
−

−
−

−
M
et
hy
l
R
ed

te
st

−
−

−
−

−
−

−
−

−
C
itr
at
e
ut
ili
za
tio

n
+

−
+

−
+

+
+

+
+

Te
m
pe
ra
tu
re

(°
C
)

5
−

+
−

−
−

−
−

+
−

25
+

+
+

+
+

+
+

+
+

37
+

+
+

+
+

+
+

+
+

40
+

+
+

+
+

+
+

+
+

45
+

+
+

+
+

+
+

+
+

pH
ra
ng
e
of

gr
ow

th
5–
9

5–
11

6–
10

5–
10

6–
11

5–
9

5–
11

6–
11

5–
9

G
ro
w
th

on
N
aC

l
(%

)
U
p
to

9
U
p
to

11
U
p
to

8
U
p
to

6
U
p
to

13
U
p
to

10
U
p
to

11
U
p
to

7
U
p
to

14

336 Appl Biochem Biotechnol (2018) 184:323–349



53 and Pseudomonas sp. LM 63, respectively. Moreover, the isolate EGY7 exhibited 99.93%
similarly to P. syringae KB11 (Fig. 1). Based on the combination of morphological, physio-
logical, and chemotaxonomic as well as16S rRNA gene analyses and phylogenetic data, it was
concluded that the isolates EGY1, EGY2, EGY3, EGY4, EGY5, EGY6, EGY7, EGY8, and
EGY9 are species of the genus Pseudomonas and hence were given the names as Pseudomo-
nas sp. EGY1, EGY2, EGY3, EGY4, EGY5, EGY6, EGY7, EGY8, and EGY9, respectively.

Quantitative Expression of Some Virulence Factors Implicated in Pathogenesis
of Selected Marine Pseudomonas Isolates

In this study, phenotypic expression of virulence factors involved into pathogenesis of these
nine strains was determined quantitatively. Biofilm was generated on the catheter surface in all
strains, and its formation was maximum on the third day of time course of biofilm formation in
EGY8 followed by EGY6 and EGY5 (log CFU equal to 17.1, 15.8, and 15.6, respectively) but
the lowest biofilm formation was detected in EGY 4 (log CFU 11.9) (Fig. 2). Whereas there
was slight decline on the fourth day of biofilm formation in EGY1, EGY3, EGY5, EGY6,
EGY7, and EGY8 strains, in strains under the isolation code EGY2, EGY4, and EGY9, it was
reduced on day 5. Biofilm formation on the catheter surface increases the susceptibility of
biofilm cells to the action of antibiotics and hostile factors [24]. However, production of QS
signals was ranged between 129 and 178 (Miller units) in all strains under study and it was
declined significantly after 5 days (Fig. 3). Formation of biofilm and production of virulence
factors are largely regulated by cell-to-cell communication, which is known as quorum sensing
(QS). Without QS, the expression of virulence factor reduces significantly and results in no
virulence of the organism [50].

Data in Table 7 showed that all selected Pseudomonas strains had high ability to adhere to
the UECs, and the average number of cells adhered was detected to be 57 ± 2.0, 45 ± 1.3,
60 ± 1.8, 58 ± 1.6, 61 ± 2.0, 66 ± 1.8, 51 ± 1.5, 71 ± 2.2, and 69 ± 2.0 in EGY1, EGY2, EGY3,
EGY4, EGY5, EGY6, EGY7, EGY8, and EGY9, respectively, but alginate production as an

Table 6 Fatty acid profiles of selected Pseudomonas strains

Fatty acids Relative fatty acid composition (% of total lipid)

EGY1 EGY2 EGY3 EGY4 EGY5 EGY6 EGY7 EGY8 EGY9

Saturated fatty acids (%)
C10:0 3OH 11.5 9.5 3.3 6.0 10.6 3.5 2.5 5.0 4.72
C12:0 3OH 5.1 4.7 3.9 3.4 4.0 4.7 2.93 1.22 5.0
C12:1 3OH 2.1 1.6 0.1 1.6 1.2 – 2.22 0.76 –
C12:0 2OH 5.5 5.7 3.4 4.3 3.8 6.0 7.00 4.38 7.1
C12:0 – – 3.0 2.0 1.9 4.1 – – 6.1
C14:0 0.4 0.5 0.2 13.3 0.3 3.42 17.40 0.90 15.36
C16:0 19.6 14.25 10.1 10.5 23.5 20.0 27.81 32.11 23.2
C18:0 0.3 – 0.2 19.9 0.6 – 2.00 1.18 6.88

Unsaturated fatty acids (%)
18:1ω7c – – 22.4 5.2 23.5 9.13 6.19 11.25 4.0
17:0 cyclo 2.8 12.4 1.0 1.15 2.8 – – – 2.3
19:0 cyclo ω8c – – – 5.2 0.2 2.0 1.2 – 5.23
16:1 ω7c 20.31 19.65 36.4 20.2 25.0 14.00 18.16 13.0 10.11
Is0-15:0 2OH – – 16.0 4.79 1.2 9.0 3.15 12.0 4.0
C18:1(cisΔ7/cisΔ9/cisΔ12) 11.22 31.70 – 2.46 1.4 24.1 10.0 18.2 1.2
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important component of biofilm exopolysaccharide that contributes to external morphology of
biofilm and tissue colonization during infection was ranged between 488 ± 13.1 μg mL−1 in
EGY1 strain and 612 ± 9.3 μg mL−1 in EGY8 strain. Moreover, siderophore (pyochelin) that
trap iron from the host tissues was produced in high amounts in all strains but the highest
absorbance was detected in EGY8 (0.34 ± 0.03) followed by EGY6 (0.31 ± 0.01), while for
cell surface hydrophobicity (another mechanism of bacterial adherence), all isolates showed

Fig. 1 Likelihood phylogenetic tree from the analysis of 16S rRNA gene sequencing from nine cultured
Pseudomonas isolates
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potent adherence abilities (Table 7), which might result in the success of establishment of
infection in the urinary tract and liver. Significantly, amounts of both cell-bound hemolysin
(3.9 ± 0.16, 4.1 ± 0.20, 4.3 ± 0.17, 5.0 ± 0.21, 4.6 ± 0.19, 5.1 ± 0.21, 4.8 ± 0.23, 5.5 ± 0.25,
and 4.7 ± 0.24 mg mL−1) as well as cell-free hemolysin (3.2 ± 0.10, 4.2 ± 0.14, 4.0 ± 0.14,
3.6 ± 0.09, 4.0 ± 0.13, 4.2 ± 0.11, 3.9 ± 0.10, 4.5 ± 0.14, and 4.1 ± 0.11 mg mL−1) were
detected in EGY1, EGY2, EGY3, EGY4, EGY5, EGY6, EGY7, EGY8, and EGY9, respec-
tively. Whereas the highest phospholipase C activity was detected in EGY8 (32.1 ± 0.35 nm)
followed by EGY6 (30.3 ± 0.30 nm), the lowest amount was observed in EGY7
(22.7 ± 0.27 nm) and EGY2 (19.8 ± 0.20 nm) (Table 7). By comparing levels of these
virulence factor formation detected in these isolates, the virulence potential of EGY8 followed
by EGY6 were the highest among all strains which refer to powerful virulence processes in
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these strains that lead to the development of antibiotic resistance and toxicity. Our data are in
line with Harjai et al. [50], who reported that this organism produces several cell-associated
and extracellular virulence factors including alginate, protease, elastase, rhamnolipids, exotox-
in A, exoenzyme S, siderophores (pyochelin, pyoverdin), and hemolysins, in addition to
biofilm formation on the catheter surfaces, which are usually resistant to conventional antibi-
otics and host immune defense mechanism [3].

Effect of Ethyl Acetate Extracts on Hematological Parameters in Rat

Data in Table 8 indicated that ethyl acetate extracts of all Pseudomonas strains cause a gradual
decrease in hematological values (packed cell volume, red blood cell counts, and hemoglobin
concentration). Both EGY6 and EGY8 caused the highest statistically significant reduction
(p < 0.05) in the levels of PCV (reduced from 37.1% in control group to 31.1 and 31.9%,
respectively), RBC (reduced from 7.1 U L−1 in control group to 5.2 and 5.0 U L−1, respec-
tively), and Hb (reduced from 11.9 g dL−1 in control group to 7.9 and 7.6 g dL−1, respectively)
(Table 8), which indicate that these Pseudomonas strain metabolites could cause anemia and
toxic effects on hematological values in animals that were infected with them. Moreover,
EGY5, EGY8, and EGY9 extracts caused a significant decrease (p < 0.05) in TWBC (from
5.1 × 103/mL in control group to 3.9, 3.5, and 2.6 × 103/mL, respectively) as well as
lymphocyte level (from 3.0 × 103/mL in control group to 2.3, 2.1, and 1.5 × 103/mL,
respectively). Therefore, the continual contact to these bacteria may then drive to lymphope-
nia, which may have an immunosuppressive effect and affect phagocyte function, which is to
defend against invading microorganisms. Thus, participation to cellular inflammatory process-
es may be compromised [3]. It should be noted that some extracts have significant toxic effects
on neutrophils, which play an essential role in the pathogenesis. Extracts of EGY6 and EGY8
induced a significant elevation in the levels of total protein (p > 0.05), which may be attributed
to the refusal of animals to drink water as a result of inclusion of these extracts, which can itself
lead to dehydration. Hall et al. [3] previously reported that Pseudomonas virulence factors
such as PCN caused neutrophilia, inhibit the release of interleukin (IL)-2, and reduce the
expression of IL-2 receptors on T cells, which lead to inhibition of lymphocyte proliferation
that resulting in a reduced of immune response and hence potentially protecting Pseudomonas
species from the immune system.

Effect of Ethyl Acetate Extracts on Serum and Some Tissue Parameters

The extracts of the selected nine strains induced a significant increase in the serum levels of
AST, ALT, and alkaline phosphatase (ALP) after the administration of each Pseudomonas
extract supplemented diet for 10, 20, and 40 days of treatments, respectively (Table 9). It
seems that the changes in serum ALT and AST activities are due to cellular degradation by
Pseudomonas extracts on the liver or heart muscle. The elevation in the level of AST activity
produced by these extracts is an indication of damaged organs and cell necrosis of many
tissues [4]. Since ALT is existent in liver and it is one of the specific assayable liver enzymes,
its elevated level in this investigation may indicate hepatic damage induced by these Pseudo-
monas strain extracts. ALP has many physiological functions in bone cells; it splits inorganic
phosphates from organic phosphate which is a powerful inhibitor of mineralization [4, 51]. The
results of this experiment exhibited significant increase in ALP activities for Pseudomonas
extracts that can be attributed to the defect in liver function [3]. This study stating that these
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strains have toxic potentials and then the continuous exposure to infection by them may lead to
morbidity and mortality.

However, Table 9 shows that urea and creatinine levels were significantly elevated follow-
ing repeated administration of each extract dose of each Pseudomonas sp. that attributed to
impairment of renal function. Furthermore, there was markedly continuous increase in serum
levels of urea, creatinase, ALT, AST, and ALP activities with increasing the period of
treatment.

As shown in Table 10, whereas MDA and AE activities in serum significantly decreased,
they were significantly increased in liver tissue of all test groups treated with EGY1, EGY2,
EGY3, EGY4, EGY5, EGY6, EGY7, EGY8, and EGY9 extracts individually. They were
significantly increased (p < 0.05) compared to the control group, but PON was significantly
decreased in both serum and liver tissue of all treated groups with the extracts under study
(p < 0.05). Moreover, LDH in serum was significantly decreased but caspase-3 activity in liver
tissue was significantly increased in all test groups after administration of extracts (Table 10).
Cheluvappa et al. [52] mentioned that P. aeruginosa produces a number of virulence factors
containing pyocyanin that induce liver sinusoidal endothelial cells and acute non-oxidative
hepatic injury beside another activities including redox activity, immunomodulation, pro-
inflammatory effects, generation of reactive oxidative species, succinic dehydrogenase enzyme
inactivation, cytotoxicity, pro-apoptotic effects, and induction of senescence. Interestingly,
Hall et al. [3] reported that whereas the highest concentration of the toxic material extracted
from Pseudomonas occur in the kidney where it is degraded, the greatest toxic effect takes
place in the liver.

Histopathological Effects of Pseudomonas sp. EGY8 Extract on Liver and Kidney
of Treated Rats

Histopathological effects of the most toxic extract, EGY8, on the liver and kidney of treated
rats are presented in Figs. 4a, b and 5a, b, respectively. Rats treated with EGY8 extract showed
severe histopathological alterations. The microscopic examination of liver showed derange-
ment of hepatic cords with granular changes in cytoplasm, multifocal swelling of hepatocytes
with congestion of central and portal blood vessels, and focal degenerative and necrotic

Fig. 4 Photomicrographs for liver sections stained with hematoxylin and eosin. a Control rat showing the
normal histological architecture of rat liver. b Rats liver treated with Pseudomonas sp. EGY8 extract, which
showed severe hepatic lesions, necrotic hepatocytes, cell infiltration lymphocyte, and fatty changes with hydropic
degeneration
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changes along with mononuclear cell infiltration (Fig. 4b). On the other hand, histological
evaluation of kidney of treated rats with EGY8 extract (Fig. 5b) showed moderate to severe
nephropathic changes and distinct cellular alterations with marked degenerative, necrobiotic
changes with inflammatory reaction, tubular alterations like diffuse tubular swelling, and loss
of tubular epithelium. Focal areas showed degenerative changes in glomeruli with atrophy
were observed. Similar cytotoxic observations were reported [3, 4, 43, 52, 53].

Conclusion

Sediments and water samples collected from five coastal locations that have been affected by
petroleum and industry along the Egyptian Red Sea coast were analyzed for the distribution of
Pseudomonas species. Out of 89 Pseudomonas isolates tested, nine marine Pseudomonas
isolates designated as Pseudomonas sp. EGY1, EGY2, EGY3, EGY4, EGY5, EGY6, EGY7,
EGY8, and EGY9 were selected. They were the hyperactive virulence factor producers
(hemolysin, biofilm production, DNase, phospholipase, elastase, protease, and siderophore)
and their high degree of resistant against different antibiotics. They were subjected to
phenotypic and chemotypic characterization as well as molecular identification.

Moreover, the assessment of the biochemical and cytotoxic effects of their ethyl acetate
extracts in rats were determined. Ethyl acetate extracts of all Pseudomonas strains caused a
gradual decrease in hematological values. Both EGY6 and EGY8 caused the highest signif-
icant reduction in the levels of PCV, RBC, and Hb, which indicate that these Pseudomonas
strain metabolites could cause anemia and toxic effects on hematological values in animals that
were infected with them. Rats treated with the most toxic extract, EGY8, showed severe
histopathological alterations in liver and kidney.

Contributors El-Gendy M. M. A. A., Al-Zahrani H. A. A., Abozinadah N. Y., and El-Bondkly A. M. designed
the study, preformed the experiments, managed the literature searches and data analysis, and wrote the
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Fig. 5 Photomicrographs of kidney tissue stained with hematoxylin and eosin. a Control rat showing the normal
histological structure of rat kidney. b Rats kidney treated with Pseudomonas sp. EGY8 extract showed severe
nephropathic changes with distinct cellular alterations, degenerative and necrobiotic changes, and loss of tubular
epithelium in both proximal and distal tubules
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