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Abstract

Klebsiella pneumoniae is a notorious pathogenic bacterium, armed with multiple
virulence factors, and is commonly associated with pneumonia infections. One of the
virulence factors helps K. pneumonia to cause many diseases and escape immune
system and antimicrobial effect is biofilm construction. Therefore, the overall aim
was to investigate the genic profile for K. pneumonia that formed and non-formed
biofilm. The result revealed that around half of the isolates did not form biofilm and
this may because /uxS gene was present in only two isolates forming biofilm and
absent in others while fimH genes were absent in all other isolates. K. pneumonia
isolates were sensitive to green tea, Imipenem, and Amikacin antibiotics. The
findings suggest that these compounds may have therapeutic potential against the
specific strain of bacterium. Finally, genic variation was identified in the luxS gene
between two isolates forming biofilm however, this variation was synonymous and
no variation was detected in the amino acid sequence. This may indicate that the /uxS
gene is highly conserved among K. pneumonia isolates. The absence of luxS and fimH
genes in most isolates appears to hinder their ability to form biofilms, making them
susceptible to antibiotics such as green tea, Imipenem, and Amikacin.
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1.Introduction

One of the opportunistic pathogen that infects skin, urinary tract and respiratory tracts and
causes pneumonia and sepsis is K. pneumonia [ 1, 2]. Klebsiella pneumoniae is a highly virulent
bacterium, renowned for its capacity to produce a plethora of virulence factors, including
enterotoxin and capsule antigens, which enables it to thrive and cause infection, further
complicated by its ability to exhibit resistance to multiple antibiotics [3-5]. Quorum sensing
play a crucial role in regulation of many functions in the bacterial cells through changing in
population density that serves as a tool in bacterial adaptation for stressful environmental
agents. Through quorum sensing, signaling molecules are produced by converting S-
ribosylhomocysteine to compound that is finally converted to AI-2 molecule, these molecules
are called autoinducers and help in interspecies communication among community of bacteria
[6-8]. Many virulence factors in K. pneumonia that represented by secretion systems and
motility are regulated by the action of AI-2 [9-11]. K. pneumonia can resist several antibiotics
such carbapenems, fluoroquinolones and cephalosporins. The mechanisms of antibiotics
resistance in K. pneumonia include decreased in permeability of outer membrane, alteration
the proteins that are responsible on binding in penicillin and overexpression of efflux pump
[12-14]. K. preumonia mediating resistance in carbapenems through their ability to form
biofilm has mortality rate of 42% [15-17]. Many virulence factors play significant role in
evading immune system of the host and in forming of biofilm, these factors are outer membrane
proteins, capsule polysaccharide and all types of fimbriae [18-20]. Biofilm formation is
controlled by many genetic factors, including the /uxS gene which is responsible for quorum
sensing activity, the pgaA gene, which produces polysaccharides production, and fim4 and
fimH for fimbriae formation [21-23]. It has been observed that /uxS producing quorum sensing
signaling molecules participate in construction of biofilm in K. pneumonia [9, 24, 25]. Biofilm
is a sheath of extracellular polymeric substances that consists mainly of polysaccharides and
has a role in protecting the community of bacteria from antimicrobial agents and immune
system [26-28]. FimH gene encode for Type 1 fimbriae that correlated with UTT infection [29-
31]. Type 3 fimbria help K. pneumonia to bind with epithelial cells that found in urinary tract
and respiratory tract and to construct biofilm [32, 33]. Binding to extracellular matrix is
achieved by the action of MrkA protein encoded to Type 3 fimbriae and this accelerate biofilm
formation in human endothelial and bladder cells [34, 35]. Initiation and maturation of biofilm
mediated by the action of Type 3 fimbriae[36]. The study aimed to investigate the genic
variation in quorum sensing /uxS gene and type 3 fimbriae fimH gene and their correlation with
biofilm construction in K. pneumonia.

2. Materials and methods
2.1 Strains collection

The 20 K. pneumonia strains were taken from different specimens (urine, sputum, wound,
burn, vagina and ear) from patients in hospitals in Bagdad city. The strains were identified
using morphological and biochemical approaches. The appearance of the isolates on
MacConkey agar seems to be pink mucoid colonies with large size, while it showed non-
hemolytic characterization growing on blood agar. Hydrogen sulfide production, urease test,
indole production, motility and other chemical tests were achieved to help in diagnosis the K.
pneumonia isolates. 16sRNA sequencing was carried out for determination of all strains of K.
preumonia.
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2.2 Susceptibility testing for antimicrobial agents

Regarding with CLSI; M100-S14 protocol, the disk agar diffusion approach was carried out
using Mueller-Hinton agar plates for testing susceptibility of antibiotic for four different types
of antibiotics which are gentamicin (10 pg), colistin (COL:10 pg), ceftazidime (CAZ: 30 ng),
and tobramycin (10 pg) antibiotic. Multidrug resistance (MDR) isolates are defined at those
resistant to three or more different antibiotics [20].

2.3 Susceptibility testing for green tea against isolates

Antimicrobial susceptibility testing of green tea was performed for the isolates as follows;
Pour was created in plates containing nutrient agar and 100 pl of planktonic cells mixed with
50 ul of green tea and added to the pour in the plates and kept at 37 °C for 24 h. Measuring the
zone of inhibition was carried out and compared with standard using CLSI; M100-S14 protocol

[4].

2.4 Biofilm formation protocol

The inoculum of K. pneumonia in tryptic soy broth was incubated, in addition to 1 % glucose
at 37 °C for 24 h. Later, 200 pl of inoculum for each type of K. pneumonia among 20 isolates
was poured into 96 well of microtitre plate and kept at 37 °C for 24 h. Washing the wells with
0.2 ml of distilled water (DW) was conducted and subsequently the microtitre plate was
inverted on filter paper for drying the wells. Later, the staining of the well with 0.1% crystal
violet with 180 pl for 15 min was carried out and destained with acetic acid. 570 nm is the
wavelength for reading all absorbance for 20 isolates on well and this was carried out in
triplicate for each assay while the negative control represented by absorbance of the media
without the inoculum. ODc represented by taking the mean of OD of negative control plus
three of standard deviations while ODi indicated by subtracting OD of the control from ODs
of each sample after taking their average from the triplicate. The detection of different schemes
of biofilm construction was as (non_biofilm_construction: ODi < ODc), (weak biofilm
construction: ODc < ODi < or = 2*0Dc), (moderate_biofilm_ construction: 2*ODc < OD1 <
or =4*0Dc), and (strong_biofilm _ construction: 4*ODc < ODi) [4].

2.5 Molecular detection and sequencing

The PCR was performed to detect the presence of /uxS gene in six isolates thereby three
isolates were forming biofilm and three non-forming biofilms. The DNA was extracted using
kit for extraction the DNA (Bioneer kit, Korea). The PCR reaction mixture had a total volume
of 25 pL, containing 12.5 pL of master mix, distilled water of 10.4 puL, primer of 0.8 uL of
forward and reverse primers, and finally 1 pL of extracted DNA. The PCR run with initiation
cycle for denaturation with 94 °C and 5 min, then denaturation, annealing and extension was
achieved with for 30 s at 95 °C, 53 °C for 60 s, and at 72 °C for 60 s respectively. The forward
primer was GCCGTTGTTAGATAGTTTCACAG and reverse primer  was
CAGTTCGTCGTTGCTGTTGATG(luxS-4). The product of PCR was run on gel
electrophoresis using 1% agarose gel and stained using ethidium bromide pigment [20]. The
product of PCR was also sent for sequencing using ABI 3730 DNA Sequencer with reaction
of sequencer that consists of PCR product, primer, D. W, sequencing mix that contains Big dye
(4.5 pl) and sequencing buffer (10 ul) with 0.5 pl, 1 pl and 4.5 pl respectively.

2.6 Statistical analysis

The statistical analysis was carried out on data under the study by calculating P-value using
Chi-squared test (Campbell, 2007)
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3. Results
3.1: Concentration of biofilm

A significant proportion of isolates, specifically 55%, were found to be biofilm producers,
with 30% of these classified as weak biofilm formers and 25% as moderate biofilm formers.
However, biofilm non-producer isolates were 45% Figure 1. The result was not significant
through comparison among biofilm and non-biofilm constructor with P = 0.6645.
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Figure 1: Percentage of isolates constructed biofilm for weak and moderate scheme and
isolates non-constructed biofilm.

3.2: Antimicrobial susceptibility testing

The result of antimicrobial sensitivity test revealed that all strains were sensitive to
Imipenem and most of them were also sensitive to Amikacin with 90%. However, treating the
bacterial cells with Colistin showed that most of isolates were resistance with 95%. Moreover,
Ceftazidime sensitivity testing appeared that the percentage of isolates were resistance were
60% while only 30% of isolates were sensitive. In summary, the percentages of MDR were
remarkably low, at just 5%. Further statistical analysis revealed significant differences in the
resistance and sensitive isolates of Colistin and Ceftazidime. Specifically, P-values were
significantly higher in resistance isolates with 0.0001 and 0.0597 compared with percentage of
sensitive isolates for Colistin and Ceftazidime respectively. However, the percentages of
sensitive isolates were higher with P-values 0.0001 and 0.0958 for Imipenem and Amikacin
Table 1.

Table 1: Percentage of resistance and sensitive isolates for antibiotics susceptibility

Type of antibiotics Percentage of isolates %
Resistance Intermediate Sensitive
Colistin 19 (95%) 1(5%) non
Ceftazidime 12(60%) 2(10%) 6(30%)
Imipenem - - 20(100%)
Amikacin 2(10%) - 18(90%)

The effect of green tea of K. pneumonia isolates showed that most of isolates were sensitive
with 60% while both resistance and intermediate isolates were 20% for each one. The percent
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of sensitive isolates were significantly higher than resistance isolates with P-value 0.0108. This
indicates that the green tea is a good therapeutic agent against K. pneumonia isolates Figure 2.
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Figure 2: Schematic representation for the effect of green tea on K. pneumonia isolates

3.3: Molecular detection and sequencing

Detection the presence and absence of /uxS and fimH genes in three isolates non-forming
biofilm (Isolates NO 1, 2, and 3) and three isolates forming biofilm (Isolates NO 4, 5, and 6)
using PCR technique revealed that the availability of the /uxS gene was detected in strains
number 5 and 6, these are biofilm-forming isolates, while they are absent in other isolates (see
Figure 3). However, fimH was not detected in any of the isolates, both biofilm-forming and
non-forming (see Figure 4).
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Figure 3: Visualization the bands of LuxS gene using gel documentation. Line 1: the ladder,
Lines with numbers 1, 2, 3, 4, 5 and 6 are the isolates. The size of LuxS band was 447 bp.
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Figure 4: Visualization the bands of fimH gene using gel documentation. Line 1: the ladder,
Lines with numbers 1, 2, 3, 4, 5 and 6 are the isolates. The size of MrkA band is 615 bp. No
bands were detected

The sequencing results also confirmed that /uxS gene was only presence in biofilm forming
isolates No 5 and 6 and there was a difference in sequencing pattern in position 262 by which
T replaced by G and in position 358 by which (C) replaced to (T) as shown in Figure 5.
However, both mutations in position 262 and 358 where synonymous mutation therefore amino
acids pattern were not changed Figure 6.

4142



Al-Maeni et al. Iraqi Journal of Science, 2025, Vol. 66, No. 10, pp: 4137- 4147

10 20 30 40 50 60

S S e T e T
1 GAACACGCCG CATGGCGATG AAATCACCGT TTTCGATCTG CGCTTCTGCG TACCGAACCA

70 80 90 100 110 120

B T e e e A
1 GGAAGTGATG CCGGAACGCG GTATCCACAC CCTGGAGCAT CTGTTCGCGG GCTTTATGC

130 140 150 160 170 180

e O e I
1 CGATCATCTG AACGGGAATG GCGTGGAAAT TATCGACATT TCGCCAATGG GCTGCCGCA

190 200 210 220 230 240

B L T e e e e e Y
1 CGGCTTCTAT ATGAGCCTGA TTGGTACGCC GGACGAGCAG CGCGTCGCTG ACGCCTGGAA

250 260 270 280 290 300

e e e T T T
1 AGCGGCGATG GCCGATGTGC TTAAGGTGAA AGATCAGAAC CAGATCCCGG AGCTCAACG

310 320 330 340 350 360

e e e T T T
1 CTACCAGTGC GGGACTTACA CCATGCACTC GCTGGAAGAG GCCCAGGACA TCGCTCGCCA

Figure 5: Alignment pattern between isolate No 5 and 6 that showed the difference in position
262 and 358.

CLUSTAL O¢{1.2.4) multiple sequence alignment

1 NTPHGDEITVFDLRFCVPNQEVMPERGIHTLEHLFAGFMRDHLNGNGYEIIDISPMGCRT 62
2 NTPHGDEITVFDLRFCVPNQEVMPERGIHTLEHLFAGFMRDHLNGNGYEIIDISPMGCRT 62

ho zR DR o o o o SRR SR ode o e o S R o nde e IR O D R o oo R ORI R o oo oh SRRt ndn o o R D nt o o o R oo oo ol O ol

1 GFYMSLIGTPDEQRVADAWKAAMADYVLKVEDQNQIPELNWYQCGTY TMHSLEEAQDIARH 1z2e
2 GFYMSLIGTPDEQRVADAWKAAMADYVLKVEDQNQIPELNWYQCGTY TMHSLEEAQDIARH 1z2e

oo T ok ok b o ok o o o ok ol e ok S ok o ok ode ke SR O o o ok oo ok R R ok o ode oo ok SR ok ok ode e b o ok ok ok ok o o ok ot ok okt ok Rk ok ok ol

1 ITERDWVRIMNSHD 132
2 ITERDWVRIMNSHD 132

e R R R R

Figure 6: Alignment pattern for amino acids that showed all mutation were synonymous and
no difference in amino acids

Aligning the sequence of /uxS gene in isolate under study with /uxS gene of reference genome
using BLAST tool showed that there was no any difference in sequencing pattern Figure 7.
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Score Expect Identities Gaps Strand
721 bits(320) 0.0 390/390(1009%:) 0/390(0%) Plus/Plus
Query 1 GAACACGCCGCATGGCGATGAAATCACCGTTTTCGATCTGCGCTTCTGCGTACCGAACCA 68

CELRLEELLECEECEEEr e L EEE L L L L EL L L L E LT
Sbict 1150445 GAACACGCCGCATGGCGATGAAATCACCGTTTTCGATCTGCGCTTCTGCGTACCGAACCA 1150504

Query 61 GGAAGTGATGCCGGAACGCGGTATCCACACCCTOGAGCATCTGTTCGCGGGCTTTATGCG 128

Sbjct 1158585 GGAAGTGATGCCGGAACGCGGTATCCACACCCTGGAGCATCTGTTCGCGGGCTTTATGCG 1158564

et mn i .
Sbjct 1158565 CGATCATCTGAACGGGAATGGCGTGGAAATTATCGACATTTCGCCAATGGGCTGCCGCAC 11568624
Query 181 COGCTTCTATATGAGCCTGATTGGTACGCCGGACGAGCAGCGCGTCGCTGACGCCTGGAA 248

Sbjct 1158625 COGGCTTCTATATGAGCCTGATTGGTACGCCGGACGAGCAGCGCGTCGCTGACGCCTGRAA 1150684

Query 241 AGCGGCGATGGCCGATGTGCTTAAGGTGAAAGATCAGAACCAGATCCCGGAGCTCAACGT 388

CELELLELLECLECEE LR e L et e e e EE P L L LT
Sbjct 1150685 AGCGGCGATGGCCGATGTGCTTAAGGTGAAAGATCAGAACCAGATCCCGGAGCTCAACGT 1150744

Query 381 CTACCAGTGCGGGACTTACACCATGCACTCGCTGGAAGAGGCCCAGGACATCGCTCGCCA 368

CELREEELEEEEEEE R r e e e et e e e e e e ey
Sbict 1150745 CTACCAGTGCGGGACTTACACCATGCACTCGCTGGAAGAGGCCCAGGACATCGCTCGCCA 1150804

Query 361 TATCATTGAGCGCGATGTGCGCATCAACAG 398

Sbjct 1158805 TATCATTGAGCGCGATGTGCGCATCAACAG 1158334

Figure 7: Alignment of luxS gene of isolate under study with reference genome

Discussion

Biofilm is the famous strategy constructed by the bacterial cells to face the killing effect of
antimicrobial agents. The percentage of biofilm producers were 93.6% and 75% as reported by
Shadkam et al. (2021) and Seifi et.al (2016) [20,51] respectively. However, in current study,
low percentage of isolates was formed biofilm with 55%. The controversy between current
study and previous studies in percentage of isolates forming biofilm return to many factors.
Availability of /uxS and fimH genes is considered as a one of the important factors that
contributes in formation of biofilm. /uxS is a quorum sensing gene that help in formation signal
molecules engaged in formation of biofilm, in addition fimH encode for type 1 fimbriae that
contributes in biofilm formation through binding with epithelial cells in lung and urinary tract
system in our body. It has been reported that absence of /uxS gene in isolates lead to reduce in
colonization of bacterial cells hence reduce the possibility of strains to construct biofilm [52].
Furthermore, the absence of the fimH gene in the isolates was found to significantly impede
the binding of bacterial cells to epithelial cells in both the lung and urinary tract systems,
thereby compromising the isolates' ability to form biofilms [46]. In current study, low
percentage of isolates form biofilm because /uxS and fimH genes were absence in 70% and
100% of strains respectively while Shadkam et al., (2021) showed that 98% of isolates
harbored /uxS gene therefore most of isolates form biofilm [20]. Hammad et al. (2020) showed
that most of isolates with 75% harbored /uxS gene were able to form biofilm compared with
25% of isolates that were missing to /uxS gene and were unable to form biofilm [4]. Shivaee et
al. (2019) showed that most of isolates formed biofilm with 80% due the prevalence of fimH
gene with 92% [53]. Shadkam et al., (2021) and Subramanian et al, (2008) revealed that most
of isolates were resistance to antimicrobial agents were able to form biofilm [20,54]. However,
in current study most of isolates were resistance to antimicrobial agents were unable to form
biofilm, this resistance to antimicrobial in our isolates due to other mechanisms but does not
relate with formation of biofilm. Shadkam et al., (2021) showed that resistance to antibiotics
IPM, AN and CAZ were 34%, 10.4% and 43% while Moghadas et al. (2018) showed that
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resistance to antibiotics IPM, AN and CAZ were 7.5%, 36% and 42% [20,55]. Resistance to
antibiotics IPM, AN and CAZ were 0%, 10% and 60% in current study which was compatible
with results of [20,55]. However, P-values were significantly higher in resistance isolates with
0.0001 and 0.0597 compared with percentage of sensitive isolates for Colistin and Ceftazidime
respectively and this due to other mechanisms but does not relate with construction of biofilm.
The effect of green tea on biofilm formation showed that all isolates resistance to green tea
were able to form biofilm however, percent of sensitive isolates were significantly higher than
resistance isolates with P-value 0.0108. This indicates that the green tea is a good therapeutic
agent against K. pneumonia isolates. However, Aponte (2018) showed that green tea has no
significant effect on K. pneumonia isolates. Sequencing pattern for /uxS gene showed that
difference in DNA sequence between isolate No 5 and 6 were synonymous changes and does
not lead to amino acid changes and we thing this was because both isolates were biofilm
producer and we did not compare between sequencing of /uxS gene in isolate forming and non-
forming biofilm.

Conclusion

In the present study, it was concluded that the possibility of K. pneumonia strains to construct
biofilm and resist different antimicrobial agents correlated with the availability of /uxS and
fimH genes. The [uxS gene was highly conserved among K. pneumonia isolates when we

compared their DNA sequence with sequencing of reference genome available database of
NCBI.
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