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Abstract

The three genera Proteus spp., Morganella spp., Providencia spp. (PMP) is a group of bacteria belonging to the Enterobacteri-
aceae family that is predominantly implicated in nosocomial infections within hospital environments. The research aimed to
ascertain the frequency of PMP in various clinical samples from some hospitals by isolation and confirming the identification of
bacteria from biofilms using Viteck-2 and phenotypic and genotypic determinants of biofilm genes. Out of 380 isolates from dif-
ferent clinical sources that were identified phenotypically (microscopic examination, culture, and biochemical tests) confirmed
identification of bacteria from biofilms using Viteck-2 and genotypic determinants of biofilm genes DNA were extracted from
twenty identified strains, the PCR products derived were utilized for sequencing. The Congo Red Agar and Microplate methods
employed encompassed qualitative and quantitative approaches to analyze the formation of biofilms. In this approach, bacteria
that develop black colonies were assessed as positive for biofilm formation.Proteus mirabilis showed strong producers (19.8%),
Providencia stuartii (100%), and Morganella morganii produced pink colonies. The strains were assessed as non-producers and
analyzed quantitatively using the microplate technique. which shows strong biofilm production in most PMP groups. Genetic
detection of biofilm genes showed that the mrpA gene was identified in P. mirabilis strains utilizing the PCR technique as posi-
tive for all strains at (100%) but M. morganii at (25%), positive amplification for all strains (100%) for the rsm gene in P. mirabilis
strains. P. stuartii gave positive detection for the fim A gene by utilizing the PCR technique as (100%). All genes were involved
in biofilm formation.

Keywords: Biofilm, fim A gene, Proteus Morganella Providencia (PCR), mrp A gene, rsm gene

INTRODUCTION infections (Milo ef al., 2016). The biofilm formation pro-
cess is of utmost importance in facilitating bacterial

Proteus spp., Morganella spp. and Providencia spp. Ssurvival in adverse conditions and contributes to the

(PMP) are a group of bacteria belonging to the family
Enterobacteriaceae known, for being gram-negative,
consisting of facultatively anaerobic rods capable of
thriving in environments with limited nutrients (Temkin
et al., 2014). Various diseases of Enterobacteriaceae
can be induced in both plants and animals. Proteus
mirabilis is frequently identified as the etiological factor
in a variety of clinical infections that can manifest in
individuals undergoing prolonged bladder catheteriza-
tion. Moreover, they are responsible for opportunistic

persistence of infections (Hall-Stoodley and Stoodley,
2009). The occurrence of biofilm development by Pr.
mirabilis on catheter surfaces has been extensively
documented in scientific literature. The crystallized bio-
films causing catheter incrustation and obstruction rep-
resent significant concerns. The biofilms contain two
primary types of crystals: struvite (magnesium ammoni-
um phosphate) and apatite (hydroxyl calcium phos-
phate). These crystals are typically present in urinary
tract biofilms and can impede urine flow (Tabataba et
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al.,2021). Pr. mirabilis exhibits various virulence factors,
including flagella, fimbriae, Hemolysin production, pro-
tease enzyme production, biofilm production, urease
enzyme, and quorum sensing. (Armbruster et al.,2018).
The adherence of fimbriae to renal cells to demonstrate
the onset of pyelonephritis and the essential role of fim-
briae in cystitis has been elucidated in previous re-
search investigations (Scavone et al., 2015). Mannose-
resistant Proteus-like fimbriae (MR/P) can be identified
in urinary tract infections (UTls) and play a role in the
pathogenesis. The direct observations of Pr. mirabilis
within mice's bladder, urine, and kidneys have provided
evidence of MR/P fimbriation throughout the urinary
tract. Variation in the orientation of the mrp promoter
may aid in evading host defenses. The development of
biofilm formation relies on MR/P fimbriae (Zisman,
2017). The genus Providencia comprises ubiquitous,
facultative anaerobic microorganisms capable of motili-
ty through peritrichous flagella. At this time, nine distinct
species within the genus (Wie et al., 2015). The ability
of pathogenic bacteria to cause disease in a vulnerable
host is enabled by the combined impact of multiple viru-
lence factors and determinants throughout the infection
process, which is further enhanced by their capacity to
generate biofilms (El-Khatib et al. 2018). Biofilms are
distinguished by a matrix primarily consisting of Exopol-
ysaccharides (EPS), which play a crucial role in en-
hancing the conveyance of nutrients by permeating
through pores and channels. It is common to observe
bacteria residing in colonies or adhering to the surfaces
of living or inanimate objects, including human body
tissues and medical devices (Pelling et al., 2019). Fac-
tors such as bacterial adhesion, flagella expression,
polymers, and adhesion fimbriae are recognized as
significant contributors to biofilm formation (Flemming
et al., 2016).

Morganella morganii, a Gram-negative rod-shaped
bacterium, is well recognized. as an opportunistic path-
ogen mainly associated with nosocomial infections or
neonatal sepsis (Bujnakova et al., 2022). This bacte-
rium can be found in various environments and within
the intestinal tracts of humans, mammals, and reptiles
as part of their normal flora. The diverse range of hosts
and unique symbiotic relationships established by M.
morganii present a challenging aspect that increases
threats and potentially leads to more intricate infections.
Numerous virulence factors have been detected in the
genome of M. morganii, such as the type Ill secretion
system (T3SS), type | fimbriae, endotoxins, and toxins.
The fim cdh genes are expected to function as viru-
lence factors related to type | fimbriae, thereby playing
a crucial role in the colonization and pathogenicity of M.
morganii through facilitating adherence to surfaces or
other cells. and enhancing their capability for biofilm
formation (Minnullina et al., 2019).

So, the present study aimed to determine the preva-

lence of PMP bacterial group from different clinical
samples by isolation and confirmed identification by
Viteck-2 of bacterial strains from biofilms and phenotyp-
ic and genotypic determinants of biofilm genes.

MATERIALS AND METHODS

Sample collection isolation of bacteria

The present investigation was conducted at the Labora-
tories of Bacteriology and the Department of Molecular
Biology within the College of Sciences, University of
Mosul in Iraq. From March to September 2023. Three
hundred and eighty clinical specimens were obtained
from patients treated at Hospitals in Mosul City/Iraq.
The pathogenic PMP bacterial group was isolated by
streaking bacterial colonies on MacConkey’s agar and
blood agar plates and incubating at 37°C for 24 hours.
The colonies were identified based on phenotypic char-
acteristics, involving microscopic examination of the
cells through gram staining, and culture and biochemi-
cal tests. The process aimed at identifying the PMP
group to the species level was conducted by using the
kit of Vitek-2 system BioMerieux, France (Guidone et
al.,2023).

Animal ethical approval

Clinical specimens were obtained from patients treated
at Hospitals in Mosul City/Iraq according to the animal
ethics approval under administrative order number
1388 on 22/3/2023.

DNA extraction of bacteria strains

The genomic DNA from the strains was isolated in the
form Bacterial DNA Extraction Kit (Geneaid) following
the manufacturer's guidelines. The concentration of the
genomic DNA was determined with a NanoDrop spec-
trophotometer from Thermos Fisher Scientific,
USA.Assessment of both the quality and quantity of
DNA extracted was conducted through the process of
electrophoresis. Following extraction, the DNA of high
quality underwent PCR amplification of 16SrRNA
genes utilizing universal primers F AGAGTTT-
GATCTGGCTCAG R GGTTACCTTGTTACGACTT
(Schulze-Schweifing et al., 2014). Subsequently, the
quality of the PCR products was assessed by subject-
ing them to electrophoresis in a 2% agarose gel. The
identity of the quality-trimmed 16S rRNA sequence was
determined by comparing it with sequences in the NCBI
(National Center for Biotechnology Information)
nucleotide database utilizing the BLAST algorithm Basic
Local Alignment Search Tool (Altschul et al., 1990).

Detection of biofilm formation

Two approaches were implemented to detect Biofilm
formation - Congo Red method and Microtiter plate
assay.
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1-Congo Red Agar method

The Congo Red agar (CRA) method represents a
straightforward, qualitative screening technique utilized
to identify biofilm formation. The employed medium
was made of brain heart infusion broth (BHI) (37 g/l),
along with sucrose (50 g/l), agar No.1 (15 g/l), and
Congo red (0.8 g/l). At first, a dense aqueous solution
of Congo Red dye was formulated and sterilized using
an autoclave (121°C for 15 minutes), distinct from the
autoclaving process of the other medium constituents.
Subsequently, the solution was introduced to the auto-
claved brain heart infusion agar with sucrose at 55°C.
Following this, CRA plates were subjected to inocula-
tion with the test organisms and then incubated at 37°C
for 24 hours under aerobic conditions. The results were
interpreted using a predefined color scale for the indi-
cation (Tayal Ruchi et al.,2015)

- Black, dry, crystalline colonies as Biofilm producer

- Red and pink colonies indicate a Non-Biofilm Produc-
er, specifically of the Red/pink variety.

-The Bordeaux Darkening of colonies is observed with-
out dry, crystalline features, suggesting an Indetermi-
nate producer.

2-Microtiter plate assay

The capacity of PMP group strains to generate biofilms.
Was detected using a modified procedure (Wu et al.,
2011). PMP strains were grown overnight at 37°C in a
10mL-plane tube containing 3 mL brain heart infusion
broth (BHI). 160 pl was added to the Microtiter plate
wells, including BHI broth inoculation with the tested
strains. The bacterial suspension corresponding to 0.5
McFarland at D600 was used as a starting concentra-
tion for all samples tested, and plates were incubated
for 30h at 37°C . The negative control was prepared by
using sterile BHI broth. Bacterial cultures were discard-
ed, and wells were stained for 20 min with 200ul of
0.5% crystal violate. The surplus stain underwent three
wash cycles with 200 pl of sterile distilled water, fol-
lowed by the addition of 200 ul of 95% ethanol into
each well. Subsequently, the optical density was as-
sessed at 570 using a microtiter plate reader. The iso-

lates were assessed and grouped into the following
categories:

-none biofilm producers (-) (OD< ODc).

-weak biofilm producers (+) (ODc <OD < 2*ODc)
-moderate biofilm producers (++) (2*ODc
<0D<*4*0Dc)

-strong biofilm producers (+++) (4*ODc<OD) Optical
density Cut-off value (*ODc )is defined as three
standard deviations above the mean OD of the nega-
tive control (Gopinathan et al.,2021)

Genetic detection of biofilm formation genes:

Only ten Pr. mirabilis, eight M. morganii, and two P.
Stuartii strains were utilized for molecular detection
through PCR. The DNA extraction from the samples
was carried out using the Geneaid kit following the
manufacturer's protocol. The identification of strains'
biofilm genes was accomplished through PCR Thermo-
cycler amplification and using specific primers as out-
lined in Table 1, with specific PCR reaction conditions
detailed in Table 2. Each gene's reaction mixture in-
cluded Tag PCR Premix 2012 (0.2 /20 pl rxns /96 tubes
from iNtRON, Korea), forward primer (1 ul at 10
picomols/ul), reverse primer (1 ul at 10 picomols/pl),
variable DNA sample concentration, variable free nu-
clease water, and a final reaction volume of 25ul (Table
-3). Electrophoresis was conducted using a 2% aga-
rose gel to visualize the PCR products stained with red
safe stain (Korea). The sequencing of the PCR prod-
ucts was carried out by Macrogen DNA sequencing
Korea (Jaber, 2022).

RESULTS AND DISCUSSION

Forty-seven strains out of (380) isolates were identified
as PMP bacterial groups using VITEK- 2 (BioMerieux,
USA) were identified, Pr. mirabilis from urine was 21
(5.52%), burn 9(2.36), pus and wound swabs 4(1%),
stool 3 (0.78%). The most common pathogens were
followed by M. morganii from urine 8(2.1%) and P. stu-
artii from pus, wound swabs and stool 2(0.52%). The
majority of the isolates were recovered from urine

Table 1. Oligonucleotide primers from various genes utilized during the investigation

Gene Sequence [5-3] Amplicon Reference
Size (bp)
mrp A F ACACCTGCCCATATGGAAG 550 Zunino et
ATACTGGTACA al. 2001
R AAGTGATGAAGCTTAGTGATGGTGATGGTGATGAGAG-
TAAGTCACC
FimA F GCATGTGCTGTTGATGCTAAC 215 - Guidone et
al.,2023
R GAACCCGCAACAGCTAGAA
Rsm F TAG CGA GTG TTG ACG AGT GG 562 Shi et al,
R AGC GAG GTG AAG AAC GAG AA 2016
16s F AGAGTTTGATCTGGCTCAG 1492 Schulze-
rRNA R GGTTACCTTGTTACGACTT Schweifing et
al.,2014

F =Forward; R= Reverse
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Table 2. Programs of PCR Thermocycling conditions of primers

Initial Denatura-

Final

Gene . Denaturation Annealing Extension 0 Cycles
tion 0 0 0 Extens C/

Name ¢ /min C'/sec. C'/sec. C'/sec. sec. Number

mipA 95/5 94/30 40/30 72 /30 72715 35

fim A 95/5 94/30 54/30 72 /30 72/5 35

rsm 95/5 94/30 56/30 72 /30 72/ 5 35

16rRNA 95/5 94/40 55/40 72 /30 72 /5 35

Table 3. PCR reaction volume and its components

Components Volume of sample (pL)
Master Mix 12.5

Forward primer 1

Reverse primer 1

DNA Variable

Nuclease Free Water To 25

Total volume 25

(16.20 %; n=179), followed by burn (9.8%; n=91) The
findings of this investigation align perfectly with the out-
comes achieved by (Elhoshi et al.,2023), who isolated
P. mirabilis from cases of UTls and other clinical
sources. Enteric bacteria were observed on differential
MacConkey’s agar as colorless or pale colonies due to
bile salts and crystal violet employed to inhibit the pro-
liferation of gram-positive bacteria-particularly Entero-
bacteriaceae. PMP Group, a motile Gram-negative
bacterium, is a frequent etiological agent of complicat-
ed UTls. These infections typically manifest in individu-
als with urinary tract functional or anatomical abnormal-
ities and patients undergoing prolonged catheterization,
significantly amplifying the bacterium’s influence on
public health. Previously, multidrug-resistant Pr. mirabi-
lis cases were identified in human clinical samples
(urine, blood, sputum, stool, pus) and livestock
(Algammal et al.,2021).

The DNA extracted from the strains was visualized us-
ing Agarose gel electrophoresis for molecular diagno-
sis. Its purity was confirmed and the DNA sequences
obtained were cross-referenced with the information in
GenBank through utilization of the BLAST program
(https://blast.ncbi.nim.nih.gov/). The resulting 20 bacte-
rial strains from 16SrRNA gene sequencing were 100%

identical to Pr. mirabilis 16S rRNA gene using BLAST
(Mukhtar et al.,2018). The 16S rRNA sequence of eight
isolated strains revealed 99% of identity with strains of
M. morganii available in the database agree with
(Ferheen et al. (2020); Behera et al.,2023) and with the
two strains of P.stuarti (AlJGburi and Moham-
med,2020) . The samples were subjected to sequenc-
ing and subsequent analysis for comparison through a
National Center for Biotechnology Information (NCBI)
database. The results indicated a 99% similarity in ge-
netic identity with strain P. stuartii within the Enterobac-
teriaceae family. Regarding 16S rRNA gene sequence
similarity, the family of Enterobacteriaceae demonstrat-
ed the highest resemblance, particularly with members
of the genus Providencia.

Biofilm producers by Congo Red assay as a
qualitative approach

In the qualitative assessment using Congo red agar
plates, merely seven strains (18.9%) of the 37 isolates
of Pr. mirabilis, along with two strains of P. stuartii, pro-
duced black colonies exhibiting a crystalline appear-
ance at 100% is indicative of being strong biofilm for-
mers as in Fig. 2 agrees with (Dhanalakshmi et
al.,2018) who reported that 46% of uropathogens pro-
ducing black colony indicated as strong producer, 100%
and 81%, respectively for M. morganii and Pr .mirabilis
produce pink colony indicative of nonbiofilm formers as
in Table-4- and Fig. 3.This agrees with Gopinathan et
al. (2021) who showed the ability of Pr. mirabilis to pro-
duce biofilm o on CRA. Biofilm producers by Congo
Red agar and the same study disagree with the present
result for M. morganii which appears as pink colony on
CRA method (ALjeeliz et al. 2022) indicated that the
Congo Red technique proved to be a swifter and more
sensitive approach than other phenotypic methodolo-

Table 4.Number and percentage of biofilm formation by Congo Red Agar method (CRA)

Proteus mirabilis 7 out of 37 18.9 30 81.1
Morganella morganii Ooutof 8 00 8 100
Providencia stuartii 2out of 2 100 0 00
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1492 bp

1492 bp

Fig.1a. Visualization of bacterial DNA isolated in gel electrophoresis. (Detection of 16SrRNA gene (1492 bp). Line (L)
marker (100bp). Lines (1-10) represent positive results for Proteus mirabilis and11,12 line for Providencia stuartii

d bl it b by IREELY

Fig.1.b. Visualization of bacterial DNA isolated in gel electrophoresis. (Detection of 1T6SrRNA gene (1492 bp). Line (L)
marker (100bp). Lines (1-8) represent positive results for Morganell morganii
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gies, offering the added benefit of maintaining colony
viability on the culture medium. This method also cir-
cumvents issues related to variation in media batches
and observer bias.

The CRA method and the Microtiter plate assay, phe-
notypic techniques that exhibit rapidity, reproducibility,
and the preservation of cell viability, enable further ex-
amination of these microbial colonies. Utilizing spot
inoculation enhances visualization and facilitates inter-
pretations, particularly in the case of strains that pro-
duce biofilms. The interpretation of results hinges on
the color spectrum of the colonies exhibiting a spec-
trum of colors, varying from red to black, with red indi-
cating strains that do not produce biofilm and black
indicating strains that do produce biofilm. Strains are
straightforward to implement as the methodology, and
the outcomes are typically contingent upon the colora-
tion of the colony exhibited, which varies from red for
strains that do not produce biofilms to black for those
that do. A colorimetric scale has been established that
spans from a vivid red to an intense black, very red,
red, Bordeaux, nearly black, very black, and black—for
the classification of biofilm production as outlined by
Kaiser et al. (2013). Strong black colonies form due to
the interaction between potent slime and the compo-
nents of the growth medium, along with the Congo red
dye. The intensity of colony coloration correlates direct-
ly with the degree of biofilm formation. While the relia-
bility of this method is questionable due to possible
false-positive outcomes, as noted by (Oliveira et al.,
2010), confirming results through quantitative assays
like the Microtiter plate biofilm assay is imperative.

Quantification of pathogens producing biofilm
using the Microtiter plate biofilm assay

The quantitative assay revealed a significant disparity
compared to the qualitative assay, wherein 72% (n=27)
were identified as strong biofilm producers, while
13.5% (n=5) were classified as moderate formers,
13.5% (n=5) were weak producers for Pr. mirabilis,
62.5% (n=5) as strong biofilm formers,37.5%(n=3) as

N
4

N y

Fig. 2. Congo Red agar plate, denoted as (a,b) exhibiting characteristics related toblack, dry, crystalline biofilm producing
colonies of Providencia stuartii © Proteus mirabilis

moderate for M. morganii and 50%(n=1) strong produc-
ers,50%(n=1) moderate producer for P. stuartii as in
Table -5- and Fig-4-.The biofilm formation by MTP is
considered a Gold standard method for biofilm detec-
tion . In the present study, Pr. mirabilis was the strong
producer of this similar finding( ALjeeliz et al.,2022) that
was isolated from urine, and in another study by(Mishu
et al. (2022) biofilm producing Pr. mirabilis was detect-
ed by TCP method in rate 70% strains from pus and
wound swabs. All the strains under study from catheter-
ized urine samples and wound swab were able to form
a biofilm. Similarly, all Pr. mirabilis strains from UTls
formed a biofilm better than those isolated from feces
as a control group (Elhoshi et al.,2023), while in M.
morganii  (62.5%n=5) strong producer,(37.5%n=3)
moderate this agreeing with (Zubair and Moham-
mad,2022). M. morganii has a strong ability fo produce
biofilm in bones as in the case of chronic osteomyelitis
(De et al.,2016). Biofilm protects bacteria from the
host’s immune system the effects commonly observed
due to the presence of bacteria trapped within biofilms
result in a nearly 1000-fold escalation in resistance to-
wards various antimicrobial agents compared to free-
floating planktonic bacteria.

Biofilms that develop on surfaces devoid of life are a
predominant factor contributing to infections acquired in
healthcare settings (Kwiecinska et al., 2014). The likeli-
hood of an increase exists, which may involve the inclu-
sion of other species such as P. stuartii and Klebsiella
pneumoniae, Morganella morganii, Acinetobacter cal-
coaceticus, or Enterobacter aerogenes, despite Esche-
richia coli commonly being identified as the most preva-
lent biofilm-forming bacterial species, alongside Pr.
mirabilis, M. morganii, Citrobacter freundii, K. oxytoca,
and A. baumann (Alves et al., 2014). Certain strains of
Providencia stuartii have demonstrated the capacity to
develop biofilms on polystyrene microplates, with one
strain characterized as highly proficient (Silva et al.,
2022). The configuration and composition of biofilms
require a wide array of physical, chemical, and genetic
constituents. An in-depth analysis of the biofilm of P.
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Table 5.Number and percentage of biofilm formation by Microtiter Plate Assay

Non biofilm

Moderate

Bacterial strains formation Weak No.(%) Strong
Proteus mirabilis 5(13.5%) 5(13.5%) 27(72.9%)
Morganella morganii 0.0 3(37.5%) 5(62.5%)
Providencia stuartii 0.0 ' 1(50%) 1(50%)

Table 6 . Prevalence of biofilm genes in PMP group

Virulance genes mrpA  Rsm Fim A
o,
Strains %
Proteus mirabilis 100 100 /
Morganella morganii 25 / /
Providencia stuartii / / 100

stuartii revealed that in a planktonic state, this particular
species forms aggregates of planktonic cells that pre-
cede and coexist with surface-attached biofilms (EI-
Khatib et al., 2018). Another study investigated the ver-
satility of the major porins of this bacterium, namely
OmpPst1 and OmpPs2. (Tran et al., 2017).

Molecular detection of biofilm formation

All strains in the present study showed a high preva-
lence for mrpA genes (100% N=10) as in Table 6 and
Fig. 5 among Proteus mirabilis using specific primers
and genomic DNA using Uniplex PCR. These results
were similar to those obtained by (ALjeeliz et al. (2022),
who stated that 100% of Pr. mirabilis carry (100%) of
Pr. mirabilis carrying this gene. Fimbriae are encoded
by the mrp operon comprising 10 genes situated on the
bacterial chromosome (Al-Mayahi, 2017 and Jabber,
2022). It was discovered that all P. mirabilis strains
tested positive for the mrpA gene. The significance of
mrpA genes lies predominantly in their role in adher-
ence, as demonstrated by AL-Dulaimy et al. (2023)
who reported a 100% positivity rate for mrpA in Pr. mi-
rabilis. The MR/P type, a crucial fimbriae type, encodes
multiple chromosomal genes present in two copies.
The first copy, organized as an operon, encompasses

nine genes (mrp A, B, C, D, E, F, G, H, and J) essential
for fimbriae synthesis and assembly. The second copy,
a single gene known as mrpl, regulates operon replica-
tion. The initial stage of urolithiasis involves the accu-
mulation of Pr. mirabilis in the bladder lumen, leading to
increased calcium ion deposition. This process neces-
sitates the presence of urease enzymes and MRP fim-
briae. Notably, mrpA emerges as a key gene due to its
involvement in various virulence factors associated with
the configuration and composition of biofiims which
require a wide array of physical, chemical, and genetic
components. Scrutiny concentrated on the biofilm of P.
stuartii demonstrated that when existing freely, this par-
ticular species establishes clusters of floating cells that
come before and exist together with biofilms attached
to surfaces (El-Khatib et al., 2018). Another exploration
delved into the flexibility of the main porins of this bac-
terium, specifically OmpPst1 and OmpPs2. The pres-
ence of rsm genes was notably higher in biofilm pro-
ducers compared to non-biofilm producers of Pr. mira-
bilis, with the rsmA gene being accountable for swarm-
ing behavior. An association between rsmA and biofilm
formation in P. mirabilis may exist, supported by our
study and the findings of (Sun et al.,2020).

The capacity of Pr. mirabilis to develop biofiims demon-
strates a notable association with the expression of
zapA, ureC, rsmA, hmpA, mrpA, atfA, and pmfA, as
indicated. Biofilm formation is linked with the adhesion
and aggregation processes of bacteria. A concept high-
lighted by (Shi -(2016). Although biofilm producers ex-
hibit higher pathogenicity in comparison to non-
producers, the heightened pathogenicity seen in pro-
ducers of biofilms potentially has associations with the

B

Fig .3. Congo Red agar plate, denoted as (a,b) is observed to exhibit characteristics related to pink, Red moist, non-
biofilm producing colonies of Proteus mirabilis and Morganella morganii
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Fig. 5. Amplification of the rmpA gene in Proteus mirabilis resulting in a product of 5650bp. In Lane L, a DNA ladder was
observed, while positive results indicated in Lanes 1, 2, 3, 4, 7, 8, and 10.

capacity of P. mirabilis to form biofilms, a phenomenon
that is intricately tied to the transcription of ureC, zapA,
rsmA, hmpA and mrpA. In contrast, an investigation
into biofilm formation by M. morganii indicated that only
25% of isolates tested positive for the mrpA gene, as
illustrated in Table 6 and Fig 7. This discovery is con-
sistent with Silva et al. (2023), who documented that
87% of M. morganii strains displayed the mrpA gene, a
factor associated with the virulence of M. morganii in

healthcare and community settings, contributing signifi-
cantly to biofilm production (Tolulope et al., 2021). The
presence of fimbriae genes such as mrpA is crucial for
initiating infections and facilitating adhesion, a pivotal
step in establishing and perpetuating the microorgan-
ism within the host environment. Silva et al. (2023) em-
phasized that all M. morganii strains capable of adher-
ing to HelLa cells exhibited the mrpA gene, regardless
of D-mannose utilization. However, the present results

1726



Taher, E. M. et al. / J. Appl. & Nat. Sci. 16(4), 1719 - 1730 (2024)

Fig .6. Amplification of rmp Agene in Morganella morganii with product 550 bp . In Lane L, a DNA ladder, while positive

results indicated in Lanes (2,6)

el Wesd Voo N AW aamy Saay

Fig. 7. Amplification of rsm gene in Proteus mirabilis with product 556 bp . In Lane L, a DNA ladder was observed,

while positive results indicated in Lanes (1,2,3,4....10)

indicated the detection of only type 1 fimbria in the bac-
terial adhesion assay, utilizing the same primer for the
mrpA gene in both Pr. mirabilis and M. morganii. The
mrp operon, situated immediately adjacent to mrpJ,
was labeled as mrp. This configuration resembles the
duplicated operon identified in Pr. mirabilis, albeit with
unigue annotation and gene orientation (Pearson and
Sebaihia, 2008). Both M. morganii KT and Pr. mirabilis
possess duplicated MR/P fimbrial operons at the tran-
scriptional level, albeit differing in the number of genes

present (Pearson and Mobley, 2008). In two strains of
Providencia stuarti, both were positive for the fimA
gene at a rate of 100%, as shown in Table 6 and Fig. 8.
This finding agrees with Guidone et al. (2023) that re-
ported P. stuarti strains carry the two fimbriae genes,
namely fimA and mrkA, potentially contribute to the
pathogenesis in humans by 93.5%. The fimA gene en-
codes the largest subunit of type 1 fimbriae, which is
crucial for host cell adhesion and colonization, high-
lighted by Promite (Saha,2020).
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The study conducted by Daga et al. (2019) revealed a
95.8% prevalence of genes encoding type 1 fimbriae
observed in the E. coli isolates under analysis. Similar-
ly, Kakian et al. (2019) reported a fimA gene frequency
of 74% in isolates obtained from hospital inpatients and
76% in those from outpatients. These fimbriae serve a
critical function in facilitating attachment to epithelial
cells of the host and are notably involved in the for-
mation of biofilms on living surfaces, as discussed by
(Ghasemian et al.2019). A comprehensive understand-
ing of the potential mechanisms underpinning the for-
mation of bacterial biofilms is paramount for elucidating
the structure of the extracellular matrix, various sub-
types, and cellular responses. Furthermore, the adhe-
sion mechanisms are vital for the persistence and sur-
vival of P. stuartii in the initial stage of colonization,
intending to potentially prevent or control persistent
infections caused by this particular pathogen. The infor-
mation provided underscores the critical importance of
additional research endeavors, considering the distinc-
tive characteristics observed in this species indicating
an escalated resistance profile and enhanced survival
of this bacterium within the hospital setting. Conse-
quently, this scenario poses significant challenges in
mitigating potential infections, as underscored by (Silva
et al. 2022).

Conclusion

The present study concluded that the PMP bacterial
group possesses various virulence characteristics that
contribute to their success as pathogens. There exist
precise methods for detecting biofilms, such as molecu-
lar techniques. The current necessity is for a cost
effective, user-friendly method that requires minimal
technical knowledge; the most suitable option is a
method that is a specific, reproducible, and reliable
method, offering both qualitative and quantitative analy-
sis without subjective errors. Given the convenience,
speed, and cost efficiency, a Microtiter plate test and
CRA methods could be deemed viable options for de-
tecting biofilms in resource-limited settings.
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