Title:
Study the Apoptosis and Necrosis inducing of Fosfomycin into associated infected urothelial
tissue by Extended spectrum beta lactamase positive of E. coli.

Aims of the study
The primary aim of the study was to evaluate the interaction of Fosfomycin into multidrugresistant E. coli with urothelial tissue.
The specific aims of the study will be to:
i.

Identify and detection the Plasmid gene of E. coli ESBL strains using Gel electrophoresis

ii.

Examine the effectiveness of Fosfomycin antibiotics on ESBL infections.

iii.

Assess the E. coli and ESBL with urothelial cells.

iv.

Examine the apoptosis, and necrosis inducing abilities of Fosfomycin antibiotics.

2. Materials and Methods:
2.1. Urothelial cellline culture:
Human urothelial Cell (TRET-NHUC) line was kindly by Prof. Knowles, from Cancer Research
UK Clinical Centre at St. James’s University Hospital in Leeds, Chapman et al. (2006). TRETNHUC cell line was provided as a frozen sample. That freezing medium (growth medium with
10% DMSO and 10% fetal calf serum (FSC)) was disposed by centrifugation at (1000 rpm for 4
minute) and the medium was discarded. The cells were re-suspended in 5ml Keratinocyte Growth
Medium 2 (purchased from Promo Cell) supplemented with [bovine pituitary extract (0.004
ml/ml), epidermal growth factor (0.125 ng/ml), insulin (5 mg/ml), hydrocortisone (0.33 mg/ml),
epinephrine (0.39 mg/ml), transferrin, holo (10 mg/ml) and CaCl2 (0.06 mM)]. Then, cells were
passage into T25 flasks and incubated at 37oC in humidified 95% air and 5% CO2. Theoretically,
cells become confluent within a week (1x106 cells/well), and medium was changed 3 times per

week. Next stage, the cells were ready to use or to passage into other T25 or T75 flasks. All
passages, which used in experiment, were between passage numbers 4 to 10.

2.2. Bacterial Culture:
Five different E.coli strains (E.coli, ESBL+, AmpC, OXA 48 and TEM) were used in the present.
The strains were collected from the clinical microbiology laboratory at King Abdulaziz University
Hospital by Dr. Dalia Marwan, Director of infection prevention and control .All E.coli strains were
grown in Luria-Bertani (LB) broth overnight at 37Co in O2 incubator (Alsam et al. 2006). The
optical density of bacteria in LB broth was measured by spectrophotometer with wavelength
595nm and optical density 0.22 was obtained (OD 595 0.22 = ~108 bacteria/ml).These strains were
cultured onto cystine lactose electrolyte deficient medium (CLED) agar, and refreshed every week.

3.4.1 Detecting Genes of E. coli ESBL spp.
A genomic DNA purification kit (Jena Bioscience GmbH, Germany) was used to purify ESBLproducing E.coli 25 isolates. Table 6 shows the primers used to amplify the blaTEM, blaSHV, and
blaCTX-M genes. One milliliter of cultured cells was transferred into a 1.5 ml microtube and
centrifuged at 15,000 Xg for one minute, and the supernatant was discarded. The pellet was
suspended in 300 µl of cell lysis solution. Following this, 1.5 µl of RNase A solution was added
to the suspension and incubated for 20 minutes at 37°C, and kept cold on ice for one minute.
Following this, 100 µl of protein precipitation solution was added to the suspension and
centrifuged at 15,000 Xg for five minutes. The supernatant was then transferred to a clean 1.5 ml
microtube containing 300 µl isopropanol > 99%. The samples were mixed by inverting gently for
one minute and were then centrifuged at 15,000 Xg for one minute. The supernatant was discarded
and microtubes were dried on clean absorbent paper. Then 500 µl ethanol 80% was added to the
tubes and the DNA pellets were washed several times and centrifuged at 15,000 Xg for one minute.
Ethanol was discarded and the microtubes were dried for 15 min at room temperature. 50 µl of
DNA hydration solution was added to the dried DNA pellet and incubated for 60 min at 65°C.
After that, the DNA was a store at -20°C.

Primer

Sequence

CTX-MF

5′-TTAGGAARTGTGCCGCTGYA-3′

CTX-MR

5′-CGATATCGTTGGTGGTRCCAT-3′

TEM-F

5′-ATCAGCAATAAACCAGC-3′

TEM-R

5′-CCCCGAAGAACGTTTTC-3′

SHV-F

5′-AGGATTGACTGCCTTTTTG-3′

SHV-R

Size

Ref.

688 bp

66

516 bp

63

390 bp

63

5′-ATTTGCTGATTTCGCTCG-3′

Table 6. DNA sequences used for PCR amplification

0.5% of agarose (0.5 g) was dissolved in a 70mL 1xTBE buffer in a microwavable flask. Boiled
for 1-2 minutes until the agarose was completely dissolved with swirling the flask occasionally.
Ethidium bromide (EtBr) to a final concentration of approximately 0.2-0.5μg/mL about 2-3μl was
added after the agarose solution cool down to about 50°C. The melted gel was poured (slowly to
avoid bubbles which will disrupt the gel) in the tray of mini-gel with a good comb in place. The
comb was removed after 20-30 minutes when the gel has completely solidified. 1xTBE buffer has
covered the gel in the gel box, then 10μl of DNA was loaded in each well, and 5μl of 1 Kbp DNA
ladder.

2.3. Determination of Fosfomycin MIC:
Several experiments were performed to determine the Minimum Inhibitory Concentration (MIC)
of Fosfomycin on bacteria under investigation. The bacterial strains were inoculated into LB broth
medium with different concentrations (64, 32, 16, 8µg/ml) Fosfomycin into 96-well plate
overnight at 37C⁰ in O2 incubator. Then broths were cultured onto CLED plates and several
bacteria were calculated.

2.4. Association assays:
The bacterial association assays with the urothelial cell line were performed following the protocol
of Alsam et al. (2006). (Fig 12) remaining initial bacterial solution with an optical density of 0.22
was used for the association assay which was carried out in 96-well plates where the urothelial
cells have been grown (2x105 cells per 0.2 millilitres in each well) until became monolayer.
Growth media was distributed in the plates, and then 200μl KGM2 controls were added to the first
well 10-12 bacteria were added to each cell and left for one hour in 37C. wells were washed with
200μl of Phosphate buffered saline (PBS). cells were lysed with Sodium dodecyl sulfate (SDS)
0.5% final concentration. The number of bacteria associated with TRET-NHUC was calculated by
this equation: many bacteria associated with cells = (no. of bacteria / no. of TRET-NHUC). (AlSarraj 2021).

2.5. Survival assays:
Survival assays were performed to determine the live and dead TRET-NHUC cells (2x105 cells
per 0.2 millilitres in each well). Cells were cultured to monolayers Followed (Fig 14) by the
addition of E.coli, ESBL+, CTX-M, SHV and TEM in a 0.2 ml final volume of KGM2. After one
hour, the medium was discarded and the urothelial cells were washed once with PBS. Then, add
Imipenem antibiotic for killing extracellular bacteria in 30 Minutes at CO2 Incubator. After that,
discard the Medium, wash once and placed Fosfomycin and Mecillinam overnight for killing
intracellular bacteria and cultured. (Alsam et al., 2006).

2.6. Apoptosis and Necrosis assay:
The assay were performed to determine the apoptotic and necrotic urothelial cell lines with a
different period of time (4,8and 12) hours. Firstly, Seed the Confluent TRET-NHUC lines,
inoculated with bacteria strains and place Fosfomycin and Mecillinam with different incubation
time. Then, According to protocol of (Rieger et al., 2011) using Annexin V and Zombie to measure
by flow cytometer the early, late apoptotic and necrotic TRET-NHUC lines with Fosfomycin and
Mecillinam.

3.Results:
3.1. Detecting Genes of E. coli ESBL spp.
Detecting the genes of ESBL-producing E. coli was one of the aims of this study. First, it was
essential to extract DNA from the bacteria cells. A bacterial DNA preparation kit was used to
purify DNA from organisms. The cultured cells passed through several steps to obtain the pellet
(see Section 3.6.1). The suspended solution was incubated at 37°C for 20 minutes and kept cold
in ice for 60 seconds. To concentrate the proteins and purify them from various contaminants, 100
µl of protein preparation was added to the suspended solution and centrifuged for five minutes.
Isopropanol > 99% and ethanol 80% were used to precipitate DNA and to remove organic
compounds, such as phenol and chloroform (see Section 3.6.1).

Finally, 50 µl DNA hydration solution was added in the last step, and the DNA was stored at 20°C. GoTaq Green Master Mix was used to amplify target sequences by PCR (see Section 3.6.2).
A C1000 Touch thermal cycler was used to complete the PCR reaction (see Section 3.6.3), and
1.5% agarose gel was used to observe the PCR amplicons. A Bio-Rad Gel device was used to
photograph the results (Figures 16,17and18).

Figure 16: PCR products on 1.5% gel electrophoresis. M: 100 bp DNA ladder; Lanes C: Control
E.coli. Lanes 1,2,3,4,5,8,10,11,12,14,16,21and 25: CTX-M negative for E.coli; Lane
6,7,9,13,15,17,18,19,20,22,23 and 24: CTX-M (688 bp) positive for E.coli

Figure 17: PCR products on 1.5% gel electrophoresis. M: 100 bp DNA ladder; Lanes C: Control
E.coli; Lanes 1-25 TEM (516 bp) positive for E.coli.

Figure 18: PCR products on 1.5% gel electrophoresis. M: 100 bp DNA ladder; Lanes C: Control
E.coli; Lanes 15: SHV negative for E.coli; Lanes 1-14 and 16- 25: SHV (392 bp) positive for
E.coli.

3.2. The Effect of Fosfomycin on the survival of Bacteria:
The effect of fosfomycin and mecillinam with different concentrations was performed. At 32µg/ml
concentrations of fosfomycin and mecillinam for 12 hours incubation, it was observed that
fosfomycin showed effects for the ESBL+ strain than mecillinam. For 24 hours of incubation, the
number of bacteria colonies were observed a more effect on the ESBL+ strain for fosfomycin than
mecillinam. On the other hand, TEM bacteria strain was grown in the concentration of Fosfomycin
antibiotics in 16 and 8 µg/ml but, other ESBL+ strain-no grown at all. ESBL+ strain was has a
less grown in a concentration of Mecillinam in 8µg/ml for 12 and 24 hours (Fig 19 and 20).

Figure 19. Different concentration effect of Fosfomycin on Bacteria strain in A) 12 Hour and B)
24 Hour. Results are the mean of three independent experiments performed in duplicate. Error bars
represent standard error.

3.2. Association assays:
Association assays were performed to determine the ability of E.coli, ESBL+, CTX-M, SHV, and
TEM to interact with urothelial cells. Our findings revealed that E.coli strains exhibited
significantly lesser association with urothelial cells than ESBL+ strains (Fig 21) Where the
association percentage of E.coli with urothelial cells was ~0.15%, the associated percentage of
ESBL+ strains with urothelial cells lies between ~35% and 48%. SHV and TEM were found to
have a higher association rate with human urothelial cells. ESBL+ and CTX-M strains have a
lesser association than SHV and TEM. Native E.coli has the least association with urothelial cells
than other strains.

Figure 21. The percentage of bacteria associated with Human Urothelial Cells (TRET-NHUC).
Results are the mean of three independent experiments performed in duplicate. Error bars
represent standard error.

3.3. The Survival assay:
To determine the bacteria strains still survived after placed Fosfomycin and Mecillinam, survival
assays were performed. Most TRET-NHUC lines were treated from infected bacteria strains (Fig
23). E.coli was significantly it should be less survived from urothelial cell lines as compared with
ESBL+, CTX-M, SHV, and TEM. The result is as follows: E.coli showed 0.06% survived after
used Fosfomycin and 0.032 % after used Mecillinam antibiotics Overnight, whereas ESBL+ has a
higher survived shows 0.13%, Then TEM 0.11%, CTX-M 0.082% and at least SHV 0.074% with
Fosfomycin treated urothelial cell lines. On the other hand, CTX-M has a higher survival show
0.11%, Then ESBL+, TEM, and SHV with Mecillinam treated urothelial cell lines.

Figure 23. The percentage of bacteria survived TRET-NHUC. Results are the mean of three
independent experiments performed in duplicate. Error bars represent standard error.

3.5. Apoptosis and Necrosis assay:
To determine the TRET-NHUC lines viability by used apoptosis and necrosis assay were
performed. The Table shows (Fig 3.13) there are a huge number of life treated urothelial cell lines
between in 4 hours incubation time with Fosfomycin and there a few numbers of early and
apoptotic cell lines. Although, the urothelial cell lines treated with Fosfomycin in 8 and 12 hours
incubation time had decrease life cells and increase the early and late apoptotic cells with a few
number of necrotic cells.
On the other hand, the treated E.coli urothelial cell lines are showed in (Fig 3.14) were performed.
The early apoptotic cell lines treated with Fosfomycin showed a higher percentage after 4, 8 and
12 hours incubation times.

Finally, the treated ESBL positive strains (CTX-M, AmpC, OXA48 and TEM) were completed.
The strains showed in (Fig 3.15, 3.16, 3.17 and 3.18) had increased early and lately apoptotic cells
and decreased the Necrotic cells. Thus, Fosfomycin was showed into 4 and 12 hours incubation
had a huge number of lately apoptotic cells then, 8 hours incubation gave opposite results.
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Figure 3.13: Showed the Percentage Apoptotic and Necrotic of TRET-NHUC cell line treated by Fosfomycin for
different of incubation period. Results are the mean of three independent experiments performed in duplicate.
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Figure 3.14: Showed the Percentage Apoptotic and Necrotic of E.coli with TRET-NHUC cell
line treated by Fosfomycin for different of incubation period. Results are the mean of three
independent experiments performed in duplicate.
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Figure 3.15: Showed the Percentage Apoptotic and Necrotic of CTX-M15 with TRET-NHUC
cell line treated by Fosfomycin for different of incubation period. Results are the mean of three
independent experiments performed in duplicate.
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Figure 3.16: Showed the Percentage Apoptotic and Necrotic of AmpC with TRET-NHUC cell
line treated by Fosfomycin for different of incubation period. Results are the mean of three
independent experiments performed in duplicate.

Treated OXA48 (Fosfomycin)

4 Hours

8 Hours

12 Hours

Figure 3.17: Showed the Percentage Apoptotic and Necrotic of OXA 48 with TRET-NHUC cell
line treated by Fosfomycin for different of incubation period. Results are the mean of three
independent experiments performed in duplicate.
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Figure 3.18: Showed the Percentage Apoptotic and Necrotic of TEM with TRET-NHUC cell line
treated by Fosfomycin for different of incubation period. Results are the mean of three
independent experiments performed in duplicate.

