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Abstract: Swabs from dishwasher samples were collected and cultured on different media, and then a gram stain was
conducted on pure colonies to find whether they were Gram-positive or negative. 32-gram negative Isolates were obtained
from the dishwasher; then, we chose isolates under study depending on morphological features on previous media
for further investigation. 32 Gram-negative isolates were obtained from a dishwasher, and three isolates of Klebsiella
pneumoniae were diagnosed by some phenotypic characteristics and approved by using 16 SrRNA partial sequencing
analyses. The 3 isolates deposited in the NCBI database under accession number OK 254156.1 for K.pneumoniae strain
NPK 323, OK 247423.1 for K. pneumonia as strain CUMB SAM-61, and OK245427.1 for K. pneumonia strain PD17. The
phylogenetic tree for 3 isolates was done by using MEGA |l software. Many experiments have been conducted on two
isolates (OK 247423.1 and OK245427.1 ) because the OK 254156.1 strain was lost during laboratory work and repeated
cultures. A hemolysis test on blood agar and a lipase test on egg—yolk agar were done; both isolates showed negative
results for hemolysis blood and producing lipase enzyme, while both isolates showed their ability to produce lecithinase
enzyme. The two isolates gave an excellent result in the tube method for the biofilm formation test. Also, a good candidate
production test was obtained for these two isolates using L.B. acetate agar medium. Conclusion: Bacterial species differ
according to the environments in which they live, as the species that are isolated from clinical sources and possess many
virulence factors that make them more dangerous and pathogenic to humans differ about the same species if isolated from
a variety of external environments, which makes them virulent or have new characteristics that make them adapted to live

in the environments from which they are isolated.
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|
Introduction

Scientists are always trying in their microbial biological
research and studies to search for species that can withs-
tand harsh environmental conditions, whether in water, air
or soil. Europe finally discovered several hardy bacteria and
fungi lurking on the rubber seals of dishwasher doors, some
of which are opportunistic pathogens. These microbes must
withstand high temperatures, high NacL Concentration, aci-
dity, cleaning products, and the shear force of water during
washing cycles to establish a home there".

Studying bacterial diversity that has survived in com-
plex environments has contributed to understanding how
life has developed. Despite their limited worldwide distribu-
tion, severe environments are home to many microorganis-
ms important to science and technology?, such as bacteria
producing antibiotics® and those involved in pollution bio-
degradation*. Many taxa are represented in these habitats,
giving a wealth of knowledge on microbial physiology and
biodiversity.

Gram-negative bacilli are characterized by several cha-
racteristics, including that they are widespread in environ-
mental systems, where they are found in air, water, and soil,
in addition to their presence in sewage systems and wet
places. What also distinguishes them is that they need few
nutrients for growth, unlike other species, and they are cha-
racterized by resistance to chemical antibiotics®”.

Klebsiella bacteria are characterized by causing many
respiratory system diseases, infecting the blood circulation
of the heart, and causing severe infections in hospitals. This
pathogen is also one of the most commonly isolated bugs in
community-acquired illnesses.. The gastrointestinal system
may be the primary pathogenic reservoir for transmitting
these dangerous diseases, with the majority of cases co-
ming from the hands of hospital staff or healthcare workers.
Klebsiella pneumoniae is an opportunistic pathogen that
targets individuals whose immune has been weakened by
an underlying disease such as diabetes mellitus, persistent
lung obstruction, or major surgery; also often detected in
inhalation; in addition, their clinical relevance in individuals
whose immune is weakened by underlying disease is cha-
llenging to determine®2.

|
Materials and methods

Isolation

Swabs from dishwasher samples were collected by
passing sterile swabs on the specific area in 6 dishwas-
hers. The swabs were cultured on different media such as
Nutrient agar, MacConkey agar, Blood agar and methylene
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blue agar and incubated at 37C for 24 hours, when isolated
and cultured continually until they were obtained pure colo-
nies. Then gram stain was conducted on pure colonies to
find whereas Gram-positive or negative. 32-gram negative
Isolates were obtained from the dishwasher; then, we chose
isolates under study depending on morphological features
on previous media for further investigation.

Identification by 16SrRNA sequencing

Three isolates of Klebsiella were selected for identifica-
tion by 16SrRNA.In the first step of identification, the total
DNA of isolates is extracted depending on the instruction of
a specific kit (G-spin DNA kit, intron biotechnology ). The
primers of the PCR reaction included forward primer (5'-
AGAGTTTGATCCTGGCTCAG- 3') and reverse primer(5'-
GGTTACCTTGTTACGACTT- 3’), the final volume of the
reaction was done as 25 ML that is composed of 5ML of
pre mix,TML from each forward primer and reverse primer,
and then added 1.5 ML of total DNA finally the total volume
of reaction completed by 16.5 ML of D.W into 25ML. The
condition of the reaction is in Table 1.

Detection of Virulence Factors of K. pneumoniae Isolates

Hemolysin test

A hemolysin test was carried out to determine the he-
molytic activity of Klebsiella pneumoniae isolates; two Test
isolates were inoculated in a blood agar plate that contained
5%(vol\vol) of human blood after activated in nutrient broth
for incubation at 37°C, for 24 hours. The presence or absen-
ce of hemolysis in the surrounding colonies was recorded'®.

Production of lecithinase and lipase enzyme:

By using egg-yolk agar medium, the ability of the iso-
lates was tested for the production of lecithinase and lipase
enzyme; the medium contained 85 ml of nutrient agar and
15 ml of egg-yolk, sterilized the nutrient agar and then cool
to 55c added egg —yolk and mixed then poured in plates.

The isolates were inoculated in the plate and incuba-
ted at 37C for 24h. The plates were filled with a saturated
copper sulfate aqueous solution and let to stand for 20 mi-
nutes before the surplus solution was drained. The results
were read after a few minutes of drying. The green-blue co-
lor of opalesces showed lipolysis synthesis, and the area of
clearing surrounding the colony was declared positive for
lecithinase production6,

Biofilm formation

The two bacterial isolates were screened for the ability
of biofilm(method) formation by using the test tube method.

In the test tube method, the isolates were grown in the test
tube containing tryptic soy broth and 1% glucose and incu-
bated for 24h at 37C; then, the media was discarded. The li-
nes were gently rinsed with phosphate buffer saline and left
to dry, then 1ml of 1% w/v crystal violet solution was added
to the tube to stain the cells attached to the walls, Crystal
violet solution was discarded after 3 min. The tubes were
washed with deionized water and left to dry inverted. The
staining of the walls of tube 17 indicated biofilm synthesis.

Investigation of the ability of Klebsiella pneumonia to
produce calcite

Klebsiella pneumonia isolates were grown on Lu-
ria-Bertani acetate agar medium (Tryptophane 1g, Yeast
extract 0.5g. Nacl 0.05g, Calcium acetate 1g, Agar 1.5g,
D.W 100ml)the Ph adjusted at (8) and incubated at 37C for
a week. After the incubation period was over, the formation
of calcite crystals was investigated®.

Chemical diagnosis of calcite crystals

A chemical examination of the crystals was carried out
by adding drops of HCL 10% solution to the calcifications to
observe the formation of bubbles as a result of the formation
of carbon dioxide gas as a product of the reaction, and the
result was recorded’.

|
Results

The isolates under study showed coccobacilli gram-ne-
gative cells, and the morphological features on McConkey
agar showed 3 high mucus strains with pink mucoid colo-
nies, while on Eosin methylene blue agar are appear pink
to purple colonies finally, colonies on blood agar are smooth
raised mucoid colonies. figure (1).

The 3 mucus strains were selected for 16SrRNA se-
quencing analysis by amplifying 16S rRNA genes and
analysis by electrophoresis on 1% agarose gel, as shown
in Figure (2).

The result of 16SrRNA sequencing compared with
NSBI database, through NSBI blast with similarity 99%of
standard K.pneumoniae isolates as (K. pneumoniae NPK
323, K. pneumoniae CUMB SAM-61 and K. pneumonia
PD17).

The use of 16SrRNA analysis is regarded as an appro-
priate tool for the specific identification of isolates under
study and gives a proven method for molecular analysis.
The 3 isolates of K. pneumoniae were deposited in NSBI
with accession numbers OK 254156.1 for K.pneumoniae
strain NPK 323, OK 247423.1 for K. pneumoniae as strain
CUMB SAM-61, and OK245427.1 for K. pneumonia strain
PD17.

Stage Cycle | Temperature Time
Denaturation 1 1 95¢ 5 min.
Denaturation 2 35 95 ¢ 45 sec.
Table 1. The reaction of PCR.
Annealing 35 358¢ 45 sec.
Extension 1 35 72 ¢ 45 sec.
Extension 2 1 72 ¢ 7 min
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Figure 1. Klebsiella pneumoniae on different media.
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The phylogenetic analysis done by the Neighbor-Joi-
ning tree showed a relationship between OK 247423.1
CUMB SAM—61 and OK254156.1 NPK 323 with other
K.pneumoniae strains recently deposited in NSBI database
(The OK247423.1 and OK254156.1 strains) showed rela-
ted to MH938261.1 strain. Still, the relationship between
OK247423.1 and MH938261.1 was more closely. the strain
OK245427 was closely related to the KU711913 strain (fi-
gure 3).

Klebsiella pneumoniae isolates and their ability for he-
molysis blood, production of lecithinase and lipase enzy-
mes, biofilm and calcite formation:

The two isolates of Klebsiella pneumonia ((OK 247423.1
and OK245427.1)) give a negative result for hemolytic ac-
tivity on blood agar plates, and the same two isolates of
Klebsiella pneumoniae showed their ability for lecithinase
production by formation a clear zone around the bacterial
colonies, as shown in (figure 4). In contrast, it gives a nega-
tive result with lipase enzymes.

Bands of

Kpnmme strains Figure 2. Electrophoresis

of 16SrRNA products by
agarose gel 1:DNA ladder ,
2:0K247423, 3:0K254156
, 4:0K254156

Our findings refer to the two isolates of Klebsiella pneu-
monia((OK 247423.1 and OK245427.1)) which showed the
ability for biofilm formation on the inner walls and down of
tubes in the form of a violet color, as shown in (figure 5).
While L. B. acetate agar showed calcite formation through
the calcifications on the surface of the growing colonies, as
shown in (figure 6).

|
Discussion

Life evolution produced new chances for microbial develop-
ment, resulting in a shift in the microorganisms we encounter®.

Microorganisms enter dwellings with air, soil, water, live
plants, various food products, other pets, and humans?'?2,
Most available overviews of indoor microbiomes focus on
air-borne, dust-associated microbes®. Compared with few
published research on microbes in humid household envi-
ronments such as bathrooms, kitchens, and appliances that
need water in their work.
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_E MTB62160.1 Klebsiella pneumoniae strain CEMTC 3949
MZ414077.1 Baclerium sirain 081

KJ803205.1 Kiebsiella pneumoniae strain CCFMa348

MT102634,1 Klebsiella pneumnoniae strain KPWIQS51

MNS99954 1 Kiebsiella pneumoniae sirain OUT

KU341737.1 Kiebsiella sp. SA02

MHS10288.1 Enlerobacteriaceas bacterium strain 184

MKT780048.1 Klebsiela pneumoniae subsp. rhinoscleromats sirain SISX20

_|: MKZ03509 1 Kiebsiela sp. stram Bebul-MA14
KC455430.1 Kiebswila sp. SR-143

MZ3ITH26.1 Klebsialla quasipreumaniae sirain TH7

KM272270.1 Klebsiella sp. Z51.4

_|: KT938846.1 Klebsiota pneumoniae strain TIL TAL 102
MK786288 1 Klebsiella sp. strasn PAK/UVAS/PATH/SAZ0

GU272359.1 Kiebsiela sp. LP2ZMJ

MT125950.1 Klebsiella quasipneumoniae strain HPCB

—— OK247423 1 Kiabsisdla pnaumaonian strain CUMB SAM . 61

l— MH938261.1 Klebsiella pneumoniae stain kpn10

OK254156.1 Klebsiella pneumoniae strain NPK3 2 3

]— KU711913.1 Klebsiala sp. A15-KP11

Figure 3. Phylogenetic tree.

The isolates of Klebsiella pneumoniae obtained from
extreme environments differ in their possession of virulence
factors. Our isolates could not cause hemolysis of blood,
and this result agrees with Pereira and Vanetti* may be
due to the absence of activators for gene expression that
code for this enzyme?. In recent research, none of the 54
strains isolated had blood hemolysis or possessed the hlyA
and cnf-1 genes, which code for this activity. Although he-
molytic activity has been documented, few studies show the
genotypic and phenotypic existence of hemolysis in Kleb-
siella?>?®, At the same time, our result differs from Kalaivani
and his group?, who reported that the Klebsiella pneumonia
isolates had a high percentage of hemolytic activity.

The two isolates of Klebsiella pneumoniae showed their
ability for lecithinase production by forming a large zone of
opalescence around the colonies. At the same time, give a
negative result with the production of lipase enzyme. Stu-
dies have varied concerning the output of lecithinase enzy-
me. This research by Singh?®, with 208 Klebsiella pneumo-
niae isolates (7.69%), produced lecithinase activity. And a
research study by Kalaivani,55.7% (64) Klebsiella pneumo-
niae isolates observed Lecithinase production, which might
predict more pathogenic ability among this isolates?” Our re-
sult differs from other study?® which referred that Klebsiella
pneumoniae isolates, cannot produce lecithinase enzyme.
At the same time, the development of our study agrees with
the same study in the inability of Klebsiella pneumoniae iso-
lates to produce lipase enzyme (figure 4).

Microbial biofilms are colonies of clustered microbial
cells immersed in an extracellular polymeric material ma-
trix that they generate by themselves (EPS). Biofilms can
protect bacteria against ultraviolet (U.V.) radiation,, high pH,

I— OK245427 .1 Klebsiella pneurnoniae strain PO17

severe temperature salt stress, high pressure, inadequa-
te nutrition, antibiotics, and other factors by functioning as
"protective clothing."*"

Our finding refer the two isolates of Klebsiella pneu-
moniae that showed good ability for biofilm formation, and
this agreement with (31) which they found that 93.6% of K.
pneumoniae isolates formed biofilms. These strains were
divided into four categories as strains that generate a mo-
derate biofilm, completely established biofilms, insignificant
biofilms, and non-biofilm providers.

Also, our result was similar to 27, found among the se-
veral virulence strategies investigated, mainly of Klebsiella
pneumoniae isolates (79%) demonstrated biofilm methods.
In another recent study, 100 % biofilm production was do-
cumented for Klebsiella pneumoniae isolates®., while the
study of Abbas in 2020 33 showed that only 4 out of 73
isolates of Klebsiella pneumoniae were able to form biofilms
(figure 5).

Microbially induced calcite precipitation (MICP) is the
generation of calcium carbonate from a saturated solution
caused by microbial cells and metabolic activity 24. During
MICP, organisms can emit one or more metabolic products
(CO8 2), which react with ions (Ca2+) in the environment,
resulting in mineral precipitation.

The MICP process is an eco-friendly and effective tech-
nology that may be used to solve a variety of environmental
concerns, including radionuclide cleanup, heavy metal re-
mediation, consolidation, CO2 sequestration, bio cement,,
and other uses®.

The results of two Klebsiella pneumonia isolates on L.
B. acetate agar showed calcite formation by creating cal-
cifications on the surface of the growing colonies on the



16SrRNA sequencing analysis for identification of Klebsiella pneumoniae isolated from the extreme kitchen environment

Figure 4. Klebsiella pneumoniae
on egg yolk agar with clear zone
around colonies.

L.B. acetate agar. This was indicated by the researchers®,
which explained the bacterial role in calcite formation due to
its metabolic activity that increases the pH and deposition of
calcite on its surface (figure 6).

Monte Carlo Simulation Analysis (MCS)

After structuring costs, the most influential cost com-
ponent was direct labor, representing 53% of the total cost.
The cost of culture media was 12% of the total, IMC repre-
sented 5%, and operating expenses, including administrati-
ve expenses and infrastructure, were 30% (Figure 2).

1
Conclusions
Figure 5. For-
mation of biofilm
by Klebsiella
pneumoniae.

Bacterial species differ according to the environments
in which they live, as the species that are isolated from
clinical sources and possess many virulence factors that
make them more dangerous and pathogenic to humans di-
ffer about the same species if separated from a variety of
external environments, which makes them virulent or have
new characteristics that make them adapted to live in the
domains from which they are isolated
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