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Molecular study of Enterobacteriaceae bacterium isolated from dishwashers
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Abstract: The Enterobacteriaceae family is considered one of the medically essential families in which there is a continuous 
change in classification, and new species are added to it. In this study, we obtained a novel strain registered in the NCBI 
under Enterobacteriaceae bacterium strain PRL 4-2, with the accession number MW540823, and the isolate considered 
unclassified Enterobacteriaceae. The isolate was obtained from dishwashers, which is a mine for many new species and 
strains due to the unique environmental conditions of this habitat, fluctuation in temperature, use of high temperatures, 
utilization of cleaning materials as well as humidity and the presence of organic materials, especially in case of neglect of 
cleaning. The isolate was characterized by its slow growth on culture media and its ability to form biofilms and possess 
some virulence factors. Its resistance to antibiotics was also studied, as it showed resistance to the antibiotics used in 
this study. The oddness for this strain is that it showed a different diagnosis when using VITEK (The VITEK 2 system 
has everything healthcare laboratories need for fast, accurate microbial identification and antibiotic susceptibility testing.) 
compared to diagnosis using 16S rRNA. As for the taxonomic tree, the closest species was Enterobacter sp. Strain 188. 
This study supplements a few other studies of this novel species, isolated from different environments. These researches 
can be integrated to give an itinerary for other studies on the new species and their different capabilities.

Key words: Enterobacteriaceae bacterium, dishwasher, Enterobacteriaceae bacterium PRL-2, Enterobacter sp., biofilm.

ARTICLE / INVESTIGACIÓN

Introduction
The Enterobacteriaceae family is the most extensive 

and diverse group of Gram-negative bacteria with medicinal 
significance. Biochemical features, antigenic construction, 
DNA-DNA hybridization, and 16S rRNA sequencing were 
used to classify the genera in this family. They are also wi-
dely distributed in nature and can be found in water, soil, 
plants, and the natural microbiota of human and animal in-
testinal tracts. They are grown aerobically or anaerobically, 
considered glucose fermenter and many other carbohydra-
tes, convert nitrate to nitrite, positive to catalase, negative 
to oxidase, and their DNA  hold guanine-cytosine (GC) 39% 
- 59%. The majority of the genus and species in this family 
are straight Gram-negative and of modest size (0.3 to 1.0x 
1.0 to 6,0 m), participate in a well-known antigen, do not 
create spores, are mobile with 5 pivot flagella in one pivot 
or lack flagella, and grow on peptone or extract of meat ad-
ding sodium chloride or without adding it, and also grow on   
MacConkey agar. The medical and microbiological impor-
tance comes from The deployment of infections, pathoge-
nicity and the abundance of bacteria with multi-resistant to 
antibiotics employed in therapy1.

Genetic information technology is used to identify many 
opportunistic pathogens; most of the opportunistic patho-
gens may belong to the Enterobacteriaceae2-6. Enterobacte-
riaceae family taxonomy is complex, where 28 genera and 
about 75 species were found in these families, continuous-
ly changing with the addition of a novel species7,8. Many 
novel species belonging to the Enterobacteriaceae family 

were unclassified and undergoing unclassified Enterobacte-
riaceae (miscellaneous), one of these unclassified species 
Enterobacteriaceae bacterium9.

In 2009,  Enterobacteriaceae bacterium "strain FGI 57" 
was identified in Panama on Pipeline Route from a fungal 
garden of leaf-cutter ant the Atta colombica. The Leaf-cutter 
ants are common herbivores in the Neotropics, feeding on 
plant biomass by cultivating specialized fungal gardens on 
foliar debris. Instead of feeding directly on the plant mate-
rial, they are using it as fertilizer to grow specialized garden 
fungus dominated by the obligate symbiont fungal Leucoa-
garicus gongylophorus. Recent research has revealed that 
the members within the Enterobacteriaceae family and the 
genus Pseudomonas live in fungus gardens, and metapro-
teomic studies in those environments have documented 
proteins of many strains FGI 57, implying that This bacte-
rium is a vital part of the fungal garden's ecosystem10-12. In a 
study on a patient with infection in the biliary, a novel isolate 
of undetermined taxonomy was found together with the pa-
thogenic Klebsiella pneumoniae strain named  AF1813. In 
another study, this species Enterobacteriaceae bacterium 
ENNIH2 isolates from hospital sewage14.

In our study, a novel species of Enterobacteriaceae iso-
lated from an extreme environment with distinct characteristic 
MW540823.which show differences between biochemical and 
genetic identification technique. So we focused in this study on 
some properties of MW540823, such as the ability of biofilm 
formation, some virulence factors and antibiotic sensitivity.
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Materials and methods 

The isolation of the Enterobacteriaceae bacterium
The isolate was obtained from dishwashers. Swabs 

were made from multiple areas of dishwashers, then the 
isolates were cultured on several media (McConkey agar, 
nutrient agar, EMB agar, blood agar), and the isolates were 
constantly purified until obtaining pure isolates. Depending 
on their growth and the shape of colonies on different me-
dia, we made smears on the glass slides to determine the 
shape and types of cells, whether they are gram-negative 
or gram-positive. To get more information about a unique 
isolate under study, we used the VITEK 2 system using GN 
cards to identify Gram-negative bacteria and then a Certain 
isolate was chosen to diagnose it using 16S rRNA.

16S rRNA sequencing
Total DNA of Enterobacteriaceae bacterium extracted 

depending on the manufacturer's instruction (intron biotech-
nology) of the G-spin DNA extraction kit. DNA was detected 
by agarose electrophoresis. PCR reaction employed in 25 
μl final volume as in table 1 and the condition of reaction of 
16S rRNA sequencing as in table2. Homologies were done 
by search in the National Center Biotechnology Informa-
tion (NCBI) program, and the isolate of Enterobacteriaceae 
bacterium was recorded in NCBI  with accession number 
MW540823.

Bioinformatics of phylogenetic analysis
The partial 16S rRNA sequences for MW540823 iso-

lates were compared with others found in the online NCBI 
Blast database. The fasta of isolates of higher similarity with 
MW540823 were selected and downloaded for building a 
phylogenetic tree. This is done by MEGA 6 program.

The ability of the Enterobacteriaceae bacterium to 
form biofilm by tube method

Enterobacteriaceae bacteria can form biofilms, hemoly-
sis blood, motility,  produce enzymes, and form calcite and 
antibiotic resistance.

The method of researcher Hassan and his group15 was 
adopted to test the ability of Enterobacteriaceae bacterium 
to form biofilms. The isolate was inoculated on a nutrient 
medium to activate it and incubated aerobically for 24 hours 
and 37 ◦C. After the incubation period ended, a group of 
colonies was transferred to glass test tubes containing tryp-
tic soy broth medium with 1% sterilized glucose added and 
incubated aerobically for 24 hours and 37 °C.

The tubes used in the experiment are washed with a 
concentrated saline solution to sterilize them. Samples are 
poured inside them, and all this is done after the incubation 
period of the microbe. Then, it is dried and dyed with crystal 
violet dye at a concentration of 1% for three minutes. The 
excess dye was poured out and washed with deionized wa-
ter. Then the tubes were left Dry upside down to notice the 
formation of biofilms on the inner walls and bottom of the 
tubes in the form of a violet layer.

The ability of the Enterobacteriaceae bacterium to 
hemolysis the blood

The blood samples preserved in hospitals, taken from 
donors earlier, were collected sterilely and in thermal con-
ditions between 2 and 8 degrees Celsius, after which the 
blood agar medium was prepared. The isolate was activa-
ted for 24 hours in a liquid nutrient medium; then, the bac-
teria were cultured on a blood agar medium to test its ability 
to hemolysis blood16.

Surface Motility
A single colony was cultured in LB broth overnight at 37 
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Table 2. Condition of 16S rRNA sequencing reaction.

Table 1. Reaction of PCR.
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Celsius to detect surface movement. After that, the suspen-
sion's optical turbidity was adjusted to match the 0.5McFar-
land standard, resulting in a roughly 108 CFU/mL concen-
tration. The bacterial suspension of 1µL equivalent to 105 
CFU/mL was then inoculated onto a fresh plate of 0.3 % 
LB-Agar. After 14 hours of incubation at 37°C, the diameter 
of the diffuse circular shape was determined17.1.4.D. Li-
pase and lecithinase((which are essential enzymes for this 
microbial pathogen) are indicated production:

Both lipase and lecithinase are indicated by egg yolk 
agar. Lipolysis is visible on sold egg yolk media by the 
creation of a thin glossy (pearly sheet) covering the colo-
nies and a restricted opalescence in the media undernea-
th them, which is best seen after the colonies are scraped 
.broad areas of opalescence surrounding colonies indicate 
lecithinase, which is quite intense, more significant than the 
areas formed by lipolysis. The media of this test consist of  
Nutrient agar 85 ml,  Egg _yolk suspension  15ml. Melt the 
nutrient agar, cool it to 55°C, and the egg yolk is added to 
the cooled agar.

  The method used to detect the production of lipase 
and lecithinase by incubating and looking for large areas of 
opalescence, which indicate lecithinase, and an iridescent 
film, which indicates lipolysis. Soak the plate first with an 
aqueous solution of saturated copper sulfate, let it sit for 20 
minutes, drain the remaining fluid, then let the plate dry in 
the incubator for a few minutes. Lipolysis is confirmed by 
the greenish-blue color of copper washes of fatty acids18.

Antibiotic sensitivity by Agar disc diffusion method
The agar disc diffusion method, which was first devised 

in 194019, is one of the earliest methods for standard sus-
ceptibility testing and, in microbiology, clinical labs conside-
red one of the most widely used techniques for testing the 
antimicrobial susceptibility20.

The key benefits include accessibility, repeatability, 
ease of altering antimicrobial disks, the ability to use as a 
screening method against a wide range of isolates, minimal 
cost and many more benefit21. A standardized inoculum of 
the test microorganism is inoculated onto Mueller–Hinton 
agar plates (90 mm diameter) (equivalent to turbidity at 05 
McFarland). On the inoculated agar surface, up to 12 com-
merce-prepared folious disks (diameter about 6 mm ) with 
suitable doses of the tested substance are arranged. Agar 
dishes are incubated at 35–37°C for 16–24 hours, depen-
ding on the circumstances22,23. The diameter of the growth 
clear zone around every antibiotic disk is then calculated 
in millimeters ( measuring unit), with the disc diameter also 
included. This is done manually with a ruler or gliding caliper 
placed on the verso of the reversed agar plate24.

In this research we used the agar disc diffusion method 
to study the antibiotic susceptibility, we choose cefixime 
(CFM 5mcg),pencillin G(P10u),gentamicin(CN 10mcg),van-
comycin (VA30 mcg),ceftazidime(CAZ30 mcg),cephalexin( 
CL30 mcg).

Calcite formation
The ability of bacteria to calcite formation was studied 

using  Luria Bertani acetate medium, consisting of Trypton 
1 gm, Yeast extract 0.5 gm, NaCl  0.05 gm, Calcium acetate  
1gm, Agar 1.5 gm, D.w. 100 cm3  PH 8, and the medium 
was sterilized using an autoclave. Then The crystals were 
chemically examined by adding a few drops of a 10% HCL 
solution to the calcifications on the plate to observe the for-
mation of bubbles25,26.

Results

Identification of some characteristics of Enterobacteriaceae 
bacterium

The Colonies of this bacterium appeared on the nutrient 
agar in a light white color, while on the  Macconkey agar, the 
colonies appeared in a light pink mucoid colony, whereas 
on the blood agar, its colonies also appeared in white, and 
it needed a growth period of 48 hours sometimes, and at a 
temperature of 37 ᵒ C as shown in figure (1: A,B,C,D). 

The diagnosis of our strain using the colorimetric ID-
GN VITEK2 cards system showed pseudomonas stutzeri ) 
microbial pathogen(  with a probability of 97% as shown in 
figure (2).

Result of 16S rRNA sequencing
Universal primers of 16S rRNA sequencing were used 

for analysis and identification of Enterobacteriaceae bacte-
rium, the band on agarose gel was shown in figure (3).the 
partial sequence of 16S rRNA was compared with data of 
NCBI. The percentage of identification is 99.7%, represen-
ting standard isolates recorded in NCBI. The comparison 
result put the isolate to unclassified Enterobacteriaceae as 
Enterobacteriaceae bacterium with the data recorded in 
NCBI under accession number MW540823.

Phylogenetic  tree analysis of Enterobacteriaceae 
bacterium

The phylogenetic tree of Enterobacteriaceae bacterium 
was built depending on the neighbor-joining relationship 
and the similarity between the isolate under study and other 
isolates of Enterobacteriaceae. MW540823 strain (Ente-
robacteriaceae bacterium) was related to MT900997 stra-
in(Enterobacter sp. strain 188 ).

The evolutionary distances were computed using the 
maximum composite likelihood method and are in the units 
of the base substitutions per site .this analysis involved 15 
nucleotide sequences. The evolutionary tree was conduc-
ted in MEGA6. There were 1518 positions in the final data-
set, as shown in figure (4).

Enterobacteriaceae bacterium ability to form biofilms, 
hemolysis blood, motility, produce enzymes, forming 
calcite and resistance to antibiotics

Our strain MW540823 shows the ability to form a bio-
film; we notice the formation of biofilms on the inner walls 
and bottom of the tubes in the form of a violet layer figu-
re(1: E). At the same time, the strain could not hemolysis 
the blood (expired human blood) on blood agar media. This 
bacterium's motility tests revealed a movement pattern in 
tiny forms with branching colonies figure(1: F).

  As for lecithinase and lipase tests, this bacterium was 
positive for lecithinase and negative for lipase, so broad 
areas of opalescence surrounding colonies indicate lecithi-
nase. While it showed its ability to form calcite when using 
Luria Bertani acetate medium figure(1: G), bubbles were 
formed when conducting a chemical examination of calcifi-
cations by adding 10% HCL.

  The antibiotic susceptibility was done using the agar 
disk diffusion method; we chose cefixime (CFM 5mcg), pe-
nicillin G(P10u), gentamicin(CN 10mcg), vancomycin (VA30 
mcg), ceftazidime(CAZ30 mcg), cephalexin( CL30 mcg), 
only clear zone of growth appeared around the gentamicin 
with a diameter of 2.2 cm and a radius of 0.9 cm. In contrast, 

Molecular study of Enterobacteriaceae bacterium isolated from dishwashers
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Figure 1. A: Enterobacteriaceae bacterium on nutrient agar, B: Enterobacteriaceae bacterium on Macconkey agar, C: mu-
coid colony on MacConkey agar, D: Enterobacteriaceae bacterium on Blood agar.E: Biofilm formation by tube method, F: 
motility pattern, G: calcite formation on Luria Bertani acetate medium, H: Antibiotic susceptibility by disk diffusion method.
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the rest of the antibiotic disks did not show any precise zone 
figure(1: H).

Discussion
Kitchens have the most outstanding richness of extre-

motolerant bacteria of all the domestic ecosystems exami-
ned so far27-29. It was only recently discovered that some 
microorganisms may live and develop in some household 
appliances, such as dishwashers, even under harsh con-
ditions30,31. This environment(dishwasher)  is assumed to 
be one of the extreme environments, which is considered 
a mine for many new and oddity bacterial strains. In our 

previous study, two types of boron-tolerant Bacillus were 
isolated32.

Microbial communities with poly extreme tolerant traits 
can thrive in dishwashers, which are severe ecosystems 
with continually changing conditions. The individual mem-
bers of the group, and also the entire community, must have 
critical features that allow them to withstand fluctuating wet 
and dry cycles, frequent temperature changes during was-
hing cycles ( 20°C to 74°C), oxidative cleaning agents that 
raise the pH ( 6.5 to 12), high organic burden, high con-
centrations of NaCl, and shearing due to water sprinklers. 
The rubber, metal, and plastic portions of dishwashers may 
facilitate the creation and development of combined bacte-

Figure 2. Result of VITEK2 system(Standard method).

Figure 3. 16S rRNA gene analysis on agarose gel.

Molecular study of Enterobacteriaceae bacterium isolated from dishwashers
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rial-fungal populations that are saved by abundant extra-
cellular polymeric substances, which provide extremotole-
rant features to biofilm populations that go beyond extreme 
tolerance of individual species33-35. When microorganisms 
are exposed to harsh circumstances in dishwashers, they 
naturally choose to develop in biofilms, which give protec-
tion from external pressures36. So these reasons explain the 
presence of Enterobacteriaceae bacterium in the dishwas-
her, which can form biofilms. While this strain shows a no-
vel shape of surface motility with tiny branch colonies, this 
motile ability may help her gather with each other or with 
other microorganisms and explore the suitable environment 
to form a biofilm that helps them withstand this harsh envi-
ronment.

The ability of self-motile bacteria to seek out suitable 
growth settings by exploration and movement toward re-
sources or away from poisons or by forming complex com-
munities that permit survival is undoubtedly one of their 
most significant advantages37. Because most bacterial spe-
cies rely on surface interaction, it's only natural that many 
organisms have evolved motility modes that consider part 
of surface colonization. The rivalry among species, potential 
virulence, biogeography, and biofilm growth of a roof-asso-
ciated community are controlled by motility38.

Furthermore, our strain shows positive results for leci-
thinase, negative for lipase, and no hemolysis on human 
blood agar. The negative result for lipase may be limited to 
using this medium (egg yolk agar) because there are other 
media for this examination that may show a different result. 
In addition, The absence of hemolysis on human blood agar 
could be related to the age of the red cells in expired human 
blood, or it could be due to another factor39. As well as, the 
absence of hemolysis maybe mean that this microorganism 
doesn't have a virulence factor related to blood hemolysis.    

The major component of cell membranes is phospholi-
pid lecithin which can be destroyed by lecithinase to create 

phosphorylcholine and diglyceride, resulting in toxicity. Le-
cithinase can harm genital tract tissues, produce hemolysis, 
and rupture cell membranes, resulting in cell lysis40.

Enterobacteriaceae bacterium shows the ability to grow 
on McConkey agar with pink mucous colonies, so it con-
siders a lactose fermenter. As well as The Enterobacteria-
ceae bacterium was also slow-growing, which is in agree-
ment with the results of the previous study13.

Microorganisms have been implicated in biomineral 
precipitation in various mineral production processes. Seve-
ral studies have highlighted the function of microorganisms 
in the mineral deposition in natural habitats. Even though 
these bioprocesses have been recorded in various environ-
ments, biomineralization does not have to be linked to any 
specific microbial group41.

Bacterial cells are essential for CaCO3 precipitation 
because they supply nucleation fields (heterogeneous nu-
cleation) and influence the specific forms of minerals that 
form. The negative charge groups of The cell surface of 
Bacteria serve as foragers for divalent cations, e.g., Ca2+, 
Mg2+ by attaching them to the cell's surface at neutral pH, 
forming appropriate nucleation fields for calcite accumula-
tion. However, due to their increased ionic selectivity, Ca2+ 
ions can attach to bacteria's negatively charged cell surface 
more frequently than Mg2+ ions42. Our strain MW540823 
shows the ability to form calcite on Luria Bertani acetate 
medium. This strain showed its ability to form calcite, as this 
ability is not limited to a specific type of bacteria as men-
tioned previously as well; as the availability of appropriate 
conditions in this environment as well as the negative char-
ge of the bacterial cell surface are all factors that contribute 
to the formation of calcite in these environments. Our strain 
was identified by the colorimetric  ID GN VITEK2 cards sys-
tem, and the result showed Pseudomonas stutzeri with a 
probability of 97%. And when this strain was analyzed by 16 
sRNA, show a different result as Enterobacteriaceae bacte-

Figure 4. Phylogenetic tree.
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rium with accession number MW540823 NCBI and a proba-
bility of 99% with the uncultured organism (HQ787695.1.).

  The results of the VITEK and other diagnostic tests 
did not match the genetic diagnosis reported in another pre-
vious study for the same novel species, Enterobacteriaceae 
bacterium, where this study mentioned that AF18, as well as 
the other strains with this species, are regarded as uncom-
mon pathogens with opportunistic behavior which having 
limited documentation, in addition, this study shows that the 
routine bacterial identification tests aren't always accurate 
for these novel species13.

  As for its resistance to antibiotics, it showed resistance 
to the antibiotics used in this study; this resistance may be a 
result of mutations due to its presence in such extreme envi-
ronments or its presence in the form of assemblies(biofilms) 
that may also lead to the transfer of resistance genes be-
tween individuals in these environments. In a recent study 
of this bacterium13, isolated from a person infected with bile 
infections, it was found that it was highly resistant to antibio-
tics. The researcher chose 21 antibiotics, and the bacterium 
showed resistance to 12 of them.

Conclusions
The extreme environment considers an essential sour-

ce for novel bacteria because the individuals of these en-
vironments are exposed to high stress that may be lead to 
new characteristics to resistant this extreme condition; also, 
there is differences between biochemical and molecular test 
diagnosis of this exotic strain; therefore need more research 
to know their different capabilities, pathogenicity and resis-
tance to antibiotics.
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