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Effect of Enterobacter cloacae toxin on immune cells isolated from Leukemia 
patients
Inas S. Mohammed1*, Rajwa H. Essa2, Sussain S. Hussain2 and Khetam H. Rasool2

Abstract: Toxin extract affects Neutrophils and macrophages, which are phagocytic cells. A total of (180) samples, 
(50) urine and (130) peripheral blood have been obtained from leukemia patients referred to Medical city/ Baghdad 
Teaching Hospital/ Hematology center; all patients enrolled in this study were diagnosed by the physician according to 
clinical presentation and laboratory findings as leukemic patients. Investigate the role of Enterobacter cloacae toxins on 
phagocytic activity/THP-1cells and epithelial line/HBL-100 cells. THP-1 and HBL-100 cells have been kept in RPMI-1640 
that have been supplemented by (10%) of the fetal bovine serum (100µg/mL) of the streptomycin and 100units/mL of the 
penicillin. The cells have been passaged with the use of the Trypsin-EDTA that has been re-seeded at a confluence of 
80% twice every week, and then it has been incubated afterward at a temperature of (37C°). The results of toxin extract 
from Enterobacter cloacae revealed that (22) fraction/toxins were taken from (11) bacterial samples; these toxins were 
separated by gel electrophoresis for protein. (18) samples were positive results for gel electrophoresis of protein according 
to molecular weight: (13.3 KD for α-hemolysin), (70.5 KD for thiol), (75 KD for enterotoxin). This study demonstrates the 
cytotoxic activity of E. cloacae toxin by using tissue culture through their effect on suppressing the growth of "THP-1 cells" 
and HBL-100 cells".
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Introduction
Enterobacteriaceae can be defined as a large, hetero-

geneous set of the Gram (–ve) rods whose natural habitat 
represents the gastro-intestinal tract of the animals and hu-
mans and enteric bacteria, which are referred to as coli-
forms as well, have a complicated antigenic structure, and 
create various toxins as well as other factors of virulence. 
E. cloacae and E. aerogenes took on clinical importance 
as opportunistic bacteria and appeared as nosocomial pa-
thogens in intensive care patients pathogenic, particularly 
those on the mechanical ventilations1.            

Even though E. cloaca is the major prevalent Ente-
robacter species responsible for nosocomial infections; 
not much is identified regarding the factors that influence 
its virulence and pathogenicity. The pathogenesis may be 
multifaceted and complex, with the involvement of various 
putative virulence factors whose significance in disease 
progression remains unknown1. There are three types of 
toxin that is produced from Enterobacter species. So, fo-
llowing the adhesion to epithelial cells, in vitro strains of the 
Enterobacter spp. Create several possible virulence fac-
tors, including hemolysin, enterotoxins, and pore-forming 
thiol-activated cytotoxins similar to the Shiga-like toxin II2. 
This toxin represents hexamer protein with a (70.5kDa) mo-
lecular weight and includes A & B units3. The Thiol-activated 
cytotoxic toxin created by those bacteria could suppress in-
nate host immune defenses4. Enterotoxin can be defined as 
a protein exotoxin released by a micro-organism targeting 
the intestines with a (75kDa) molecular weight. Cytotoxic 

enterotoxin has been detected through the rounding and the 
shrinkage of the epithelial cells. The enterotoxins have been 
often cytotoxic and kill the cells by altering apical membrane 
permeability of mucosal (i.e., epithelial) cells of the intes-
tinal wall5. Hemolysins are lipids and proteins that cause 
red blood cell (RBCs) lysis through the cell membrane's 
disruption. Many hemolysins produced by pathogens cause 
no considerable destruction of the RBCs during infection6. 
Cytotoxic activities of the E. cloacae strains have been re-
lated to the toxin of (13.3kDa) molecular weight7. The toxin 
showed stability to the acid treatments at a (2 pH); however, 
not higher than (7). The hemolysin resulted in the accumu-
lation of the hemorrhagic fluids and the severe histological 
changes8. Neutrophils and macrophages are phagocytic 
cells contributing to the primary line related to innate defen-
se against bacterial pathogens through removing and des-
troying them at the epithelial barrier. To escape the host's 
innate immune protection, several bacterial pathogens have 
developed unique ways to decrease the efficient antimicro-
bial immune response of the macrophages9.

The present study aimed to investigate the role of E. 
cloacae and their toxins (crude and partially purified toxin) 
on phagocytic activity (epithelial cell/HBL-100 and macro-
phage "monocytic cell line"/THP-1).
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Materials and methods 

Patients
The sample was taken from leukemia patients between 

(the 14 - > 54) age group in Medical city/ Baghdad Tea-
ching Hospital/ Hematology center, Iraq, from April 2020 
to April 2012. The identification of bacterial isolates was to 
the level of species using the traditional morphological and 
biochemical tests, according to the methods of McFadden. 
Confirmed identification with 16S rRNA & type three secre-
tion system. This study showed that E. cloacae had a hi-
gher percentage in ALL patients (42.7%) than AML patients 
(36.6%), and a lesser percent was in CLL patients (11.6%) 
and CML patients as (8.8%). Furthermore, E. cloacae are 
one of the opportunistic pathogens11. Comparative efficacy 
of tissue culture for bacteria and their toxin for detecting En-
terobacter cloacae infection.

Bacterial Isolation from blood of Leukemia patients
Leukemia patient's blood of (2-3) ml was taken in test 

tubes that contained sterile Brain-Heart Infusion medium for 
blood culturing to ensure the existence of bacteria in the 
blood samples; it was then left in the incubator at (37C°) 
for (24h.) for enhancing bacterial growth12. Therefore, all 
media have been prepared based on the manufacturer's 
instructions; Trypticase soy agar or MacConky agar were 
sterilized through autoclaving for (15 minutes), after coo-
ling the media to (56 C°), after incubation on Brain-Heart 
Infusion for a period of 24 hr in 37C° the suspected positive 
samples were subculturing on MacConky agar. Otherwise, 
the medium was sterilized by incubation for (24) hours at 
(37C°). Pure strains suitable for characterization, the bac-
terial strains found in positive blood cultures were purified 
on a Nutrient agar medium. Furthermore, single bacterial 
strains were recognized using various techniques, including 
biochemical testing and molecular methods13.

Preparation of cell-free culture filtrate (toxin extraction)
To produce crude toxin, the strains have been propa-

gated in (50ml) of the tryptone soy broth that has been su-
pplemented by (0.6%) extract of the yeast. They were in-
cubated at a temperature of (37C°) with agitation at (120 
rpm) in an incubator shaker for (24hour). Cultures have 
been centrifuged after that in the sterile centrifugation tubes 
at (10,000rpm) for (30min) at a temperature of (4C°). The 
resulting supernatant fluids have been filtered via sterile 
(0.45μm) membrane filters. The cell-free filtrates have been 
stored at a temperature of (4C°) for not less than (48hour) 
to be used in the toxin bio-assay14.

Determination of protein concentration
The concentration of the protein has been characteri-

zed based on Bradford, with the use of the bovine serum 
albumin standard curve by the following steps: various con-
centration values (0, 0.2, 0.4, 0.6, 0.8 and 1 mg/mL) have 
been made from the (BSA) stock solution (1mg/1ml), af-
ter that, (2.50ml) of the prepared Coomassie brilliant blue 
G250 dye has been added, and then mixed and left to sit for 
(2min) at the temperature of the room. The absorbance has 
been measured at (595nm); a blank has been made from 
(0.45ml) of (0.05 M) phosphate buffer pH7 and (2.5ml) of 
dye reagent. The standard curve has been plotted between 
concentrations of the BSA towards corresponding bovine 

serum albumin absorbance at (595nm).
The concentration of the protein has been calculated 

through the mixing of (0.05 ml) of the testing sample, (0.45 
mL) of the phosphate buffers and (2.5mL) of the Coomas-
sie brilliant blue G250, which has been left to sit for (2min) 
at the temperature of the room before the measurement of 
absorbance at (595nm).

Purifications through the chromatography of gel 
filtration (1x30cm)

Sephadex G1500 has been produced as Pharmacia 
Fine Chemicals Co has recommended it. A Sephadex G150 
quantity has been suspended in (0.05M) of the phosphate 
buffer pH 7, which has been subjected to the heating at a 
temperature of (90 C°) for (5h.) to ensure swelling of beads, 
packed and degassed in a glass column (1x30cm), equi-
librated after that with the same buffer. The concentrated 
sample obtained from the preceding step has been applied 
to the column. The elution has been accomplished at a (30 
ml/h) flow rate, and this same buffer has been utilized for 
the equilibration. The absorbance of every one of the frac-
tions was assessed at (280 nm). The peak fraction showed 
toxin activity was collected and concentrated by dialysis 
against polyethylene glycol for further tests14.

Protein activity has been determined in every one of the 
fractions, and protein concentration has been determined 
using Bradford.

Sample preparation and identification
A sample of the protein has been made from the mi-

xing of the protein (6volume) with (1 volume) 0.002% of the 
BPB (i.e., Bromophenol Blue). All the steps that have been 
involved in preparing the native protein samples have been 
carried out at (4 C°). Protein samples for the SDS-polya-
crylamide have been substituted in (0.0625M) Tris-HCl (pH 
6.8) is brought after that to 5% (v/v) 2-mercaptoethanol, 2% 
(w/v) SDS, 0.002% (w/v) BPB and 10% (v/v) glycerol utili-
zing the concentrated stock solution. The samples for the 
SDS-PAGE have been heated in a bath of boiling water for 
(3 min), which ensures protein denaturation post-heating. 
The sample has been left to cool down to the room's tem-
perature (25C°) and centrifuged at (10000 rpm for 5min)16.

Sample loading and electrophoresis
The approach of the liquid sample loading has been 

summarized for the native PAGE as well as the SDS-PAGE. 
Gels have been fixed on the electrophoresis set; the reser-
voir buffer has been added to the upper line. The sample 
has been loaded carefully on the surface of the gel with the 
use of micropipette or a micro syringe. The electrophoresis 
device was connected to a power pack, and the gel was 
subjected to (100V) for (2hour)16.

Gel staining
The Coomassie brilliant blue G250 solution has been 

made through the dissolution of (100 mg) coomassie blue in 
(50 ml) a mixture of the Methanol: Water: Glacial acetic acid 
(5:5:2vol.) with the stirring and its volume has been filled to 
(1 L) with the distilled water and filtered via Whatman No1 
filter paper and kept in the dark bottle at a temperature of 
(4C°) to be used later.

Maintenance of cell cultures
THP-1 and HBL-100 cells were kept in RPMI-1640 

supplemented by (10%) of the fetal bovine serum (100µg/
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mL) of the streptomycin 100units/mL of the penicillin. The 
cells have been passaged using the Trypsin-EDTA that has 
been re-seeded at a confluence of 80% twice every week; 
then, it has been incubated afterward at a temperature of 
(37C°)17,18.

Cytotoxicity assays
To determine the cytotoxic effects of (Toxin), the assay 

of the MTT has been done using the (96-well) plates17,18. 
The cell lines have been seeded at (1x104cells/well), (24 
h.) later, or after achieving a confluent monolayer, the cells 
have been treated by the tested compounds at a variety of 
the concentrations. The viability of the cells was measured 
(72 h.) after the treatment with the removal of the medium, 
addition of (28.0µL of 2mg/mL) solution of the (MTT) and 
cell incubation for (2.5 h.) at a temperature of (37C°).

Following the removal of (MTT) solution, crystals that 
remain in wells have been solubilized by adding (130µL) 
of the (DMSO) then (37oC) incubation for (15min) with the 
shaking19. Absorbency has been specified on the micro-pla-
te reader at 492nm; the assay has been carried out in tri-
plicates. The cell growth inhibition rate (i.e., the cytotoxicity 
percentage) has been computed based on the following 
formula20,21: 

Statistical analysis
The data that were obtained have been analyzed sta-

tically with the use of unpaired t-tests by Graph-Pad Prism 
617. The values have been given in the mean ± SD of the 
triplicated measurements24.

Results

Sample preparation and identification
The 30 (23.07%) blood samples were positively cultu-

red using MacConky agar medium as shown in fig.1; iso-
lates were further identified by biochemical tests (table 2). 
All the isolates were found in smooth form by biochemical 
tests. Oxidase, H2S, urease and indol were negative, citrate 
and catalase were positive, and all were found motile. All 
(30) isolates were found positive by biochemical tests, as 
shown in Figure 1 and Table 1.

Toxin extraction and protein electrophoresis for 
Enterobacter cloacae

The isolates were reconfirmed by molecular technique, 
including 16SS rRNA and TTSS from (11) bacterial samples 
of E. cloacae we screened for toxin after extraction it, so the 
result showed that 22 fractions (crude toxin, determination 
of protein concentration and partially purified toxin) as Figu-
re 2, Figure 3, Fig.4 and Table 3.

Tissue culture for Enterobacter cloacae toxin
According to toxin extract from Enterobacter cloacae, 

our results revealed that (22) fraction/toxin were taken from 
(11) bacterial samples; these toxins were separated by gel 
electrophoresis for protein. (18) samples were the positive 
result for gel electrophoresis of protein according to mole-
cular weight: (13.3 KD for α-hemolysin), (70.5 KD for thiol) 
and (75 KD for enterotoxin). The cytotoxic activity related 
to E. cloacae strains has been associated with the toxin of 
α-hemolysin toxin (13.3 kDa) around 6 (33.33%) toxin sam-
ples of the isolates26. After isolates of E. cloacae from the 
blood of leukemia patients and it is culturing on blood agar, 
it showed that E. cloacae produce α-hemolysin exerted an 
effect on blood agar through partial lysis regarding red blood 
cells the disruption of cell membrane for producing a browni-
sh or greenish-grey discoloration around colony as Figure 5. 

The cytotoxic effect of Enterobacter cloacae toxin 
against THP-1, and HBL-100 cells was studied, as shown 
in Figures 6 - 13.

Effect of Enterobacter cloacae toxin on immune cells isolated from Leukemia patients

Table 1. Chemicals and reagents.

(A) represents the control's optical density, and (B) illus-
trates the samples' optical density21,22.                                      

To visualize the shape of the cell under an inverted mi-
croscope, cells were seeded in (24-well) micro-titration pla-
tes at (1x105) cells/mL density and incubated for (24 h.) at 
a temperature of (37C°). After that, the cells were exposed 
to (Toxin) at a concentration (IC50) for (24 hours). After the 
exposure, plates were stained with the crystal violet stain 
and then incubated at (37C°) for (10 –15 min)22,23. This stain 
has been gently washed off using the tap water to the point 
where the dye has been removed entirely. Cells have been 
examined using the inverted microscope at a magnification 
of (40x), and images have been taken using a digital came-
ra attached to a microscope18.

Figure 1. Enterobacter cloacae culture on MacConky agar.

Table 2. Biochemical characters of Enterobacter cloacae 
isolates.
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Figure 2. Gel filtration chromatography used Sephadex G 1500 column equilibrated with (0.05 M) sodium phosphate 
buffer (pH 7.0) at flow rate of (30 ml / hour).

Figure 3. SDS-PAGE gel electrophoresis (1.4gram SDS-PAGE, 100 V/Amp) and Bromophenol Blue dye staining to de-
tect 244 protein "toxin" size product (band 13.3KDa, 70.5 KDa & 75 KDa). Line 2&6 were positive samples and other have 
negative. M 245 lane: molecular weight confirmation of protein (Marker).
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Table 3. Detection of types of toxins for 
E. cloacae depends on molecular wei-
ght using SDS PAGE.

Figure 4. Growth inhibition of HBL-100 cell line effected by thiol. IC50=35.44 μg/ml.

Figure 5. Control untreated HBL-100 cell. Cells.

Effect of Enterobacter cloacae toxin on immune cells isolated from Leukemia patients
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Figure 7. Control untreated HBL-100 cell.

Figure 6. Cytotoxic effect of thiol activated and enterotoxin in HBL - 100 cells. IC50= 37.45 µg/ml.
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7Figure 8. Cytotoxic effect of thiol-activated and 
enterotoxin in THP-1 cells. IC50= 30.02 μg/ml.

Figure 9. Control untreated THP-1 cells.

Effect of Enterobacter cloacae toxin on immune cells isolated from Leukemia patients
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Figure 11. Morphological changes in THP-1 cells affected by enterotoxin activity IC50 for 24 hr.

Figure 10. Morphological changes in THP-1 cells affected by thiol toxin activity IC50 for 24 hr.
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Discussion
The analyses of incidence that are related to the mar-

kers of virulence in the isolates of E. cloacae indicated that 
18 (81.81%) produced cytotoxic toxins and the absorbency 
of toxin has been determined on a microplate reader at (595 
nm) for crude was (0.8 nm) and for toxin was (0.2 nm). The 
activity was observed on macrophage and epithelial cells. 
Cytotoxic strains were detected from blood leukemia pa-
tients. After that used gel electrophoresis of protein, showed 
18 (81.81%) samples contain bacterial toxin out of (22) frac-
tion and it was separated by molecular weight.

The cytotoxic activity related to E. cloacae strains has 
been related to the toxin of α-hemolysin toxin (13.3 kDa)25. 
After isolates of E. cloacae from blood of leukemia patients 
and it culturing on the blood agar, showed E. cloacae pro-
duce α-hemolysin exerted an effect on blood agar through 
partial lysis regarding red blood cells through the disruption 
of cell membrane for producing a brownish or greenish-grey 
discoloration around colony. Those monomers are diffused 
to target cells and attached to them through certain recei-
vers. After that, they oligomerize, resulting in ring-shaped 
heptamer complexes26. Rapid discharges of essential mole-
cules like the ATP, the dissipation of ion gradients and mem-
brane potential, and irreversible osmotic swelling resulting 
in cell wall rupture (i.e. lysis) might all contribute to hosting 
cell death27.

In this study, we have 5 (27.77%) toxin samples of that 
were cytotoxic to THP-1 and HBL-100. The findings imply 
that the bacteria's thiol-activated (70.5 kDa) cytotoxic toxin 
might impair the host's innate immune response. E. cloacae 
strains28, identified a novel thiol-activated toxin that had an 
impact on leukocytes and erythrocytes. A high dose of toxin 
produced leukocyte lysis prior to apoptosis was triggered29. 
Also, in this work, we have 7 (38.88%) enterotoxin samples 
of the isolates that cytotoxic to THP-1 and HBL-100.

Enterotoxin (75 kDa) is produced and secreted from 
E. cloacae. Enterotoxins are typically cytotoxic, killing cells 
via affecting the permeability of epithelial cells in the intes-
tinal wall's apical membrane. Pore-forming toxins (mainly 
chloride pores) are bacteria-secreted toxins that combine 
to produce pores in cell membranes30. The cytotoxic effect 
of toxin extraction against cell lines (THP-1 and HBL-100) 
was studied. The capacity of thiol activated and enteroto-
xin to decrease the proliferation of cell lines was used to 
investigate their antitumor efficacy (HBL-100 and THP-1). 
The results of this work revealed significantly considerable 
cytotoxic activity against human cancer cell lines (HBL-100 
and THP-1). The findings reveal that thiol activated and en-
terotoxin can inhibit the growth of cell lines (HBL-100 and 
THP-1), and that this impact is concentration-dependent.

In this work, we looked at the virulence factor (toxin) 
production and associated aspects of the human isolates 
of the E. cloacae. The cytotoxic effect of bacteria and its to-
xin on macrophages (THP-1) and epithelial cells (HBL-100) 
was investigated. Another work found that E. cloacae hu-
man isolates produced virulence factor (toxin) related featu-
res in Vero, CHO (i.e., Chinese hamster ovary), and murine 
macrophage J-774 cells and the existence of TTSS31.

Conclusions
This study focused upon the explanation of contribu-

tions of cytotoxic activities, culture and also focused on tis-

sue culture for E. cloacae pathogenesis toxin extraction, and 
discovered during our study that the tissue culture observed 
bacterial toxin causes inhibition and suppress to monocytic 
cell "THP-1 cells" and epithelial cells "HBL-100 cells".
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