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ABSTRACT .

 This Study aimed T deiéet biofilm forming bacieria adsociated With urinary cath i e

. ; g bacteria associaled with urinary catheters and 1o deect ge

;ﬁg::]f:‘b:; ti"orml:;_of‘ll_m fon:na.ution. The biofilm formed by bacteria isolated from urinary catheters hasgb‘:-
e y safranine staining. Furthermore, the genes responsible for biofilm formation have bezn detecizd

y using the PCR technique. A total of ] 19/150 (79.3%) of clinical isolates obtained from urinary catheters were
I{JOSITI\'C for biofilm formation. The two genes responsible for the biofilm formation, typs 3fimbriaz
,mr'LAB_C‘ DF) gene and type 1 pilus (fimK) gene were detected in the PCR of Ecoli and Klebsiella isolates '
Tﬁpwtl\'el}'._Thc two copies of mrpA genes (mri and mr2) which control the expression of MR/P fimbrias m
Proteus species were detected in the PCR products on agarose gel at 1000 bp for mr] and at 850 bp for mr2
genes, respectively. In Pseudomonas 1ox A gene was detected at 200 bp. In addition, ica A gene ( 190 bp) and ica
D gene (200 bp) were detected on agarose gel in PCR products of S epidermidis and S. aureus isolates a1 190

bp and 200bp, respectively.

Biofilm growth is mediated by type 3 fimbriaz
may be important for the survival of thess
organisms on the surfaces of urinary catheters, The
role of types 3 fimbriae in biofilm formation was
confirmed by the complementation of each of thess
mutants with a plasmid containing the mrk genes®.

K. pneumoniae is the second most commaon
cause of gram negative UTIL. A novel regulatory

INTRODUCTION
Many bacteria are able 10 adhere to living and
nonliving surfaces, including those of indwelling
medical devices, and form biofilms made up of
extracellular  polymers. In this  state, the
microorganisms  are  highly resistant  to
antimicrobial treatment and are tenaciously bound
10 the surface. To better understand and control
biofilms on indwelling medical devices, researchers (fimk) gene has been identified in K. pnzumonize.
This regulatory element can control the exprassion

should develop reliable sampling and measurement
investigate the role of biofilms in of type | pilus which aid in the colonization and

technigues,
antimicrobial drug resistance, and establish the link infection of K. pneumoniae 1o the urinary tract.The
batween biofilm formation and patient infection "\, effects of fimk gene on type | pilus expression
~ Microbial biofilms developed when which give the ability of Klebsiella pnewmonize 10
irreversibly adhere to the form tvpe 1- dependent biofilms. The fimk gene

microorganisms
polymeric curface and produce extracellular

substances that facilitate adhesion and provide 2

_ structural matrix. This surface may be inerg
iving tissue. Biofilm-

may act exclusively on the expression of type |
pilus. In addition ,the jfimk gene may also aifect
the expression of other adhesins or other virulencz
factors in K. pneumoniae that might play a role in

nonliving material - or I

associated microorganisms behave differently from uT1 ',

planktonic (freely suspended) organisms with The role of (MR/P) fimbriaz of 2. mirabilis in

respecl . 10 growth rates and ability - to resist - colonization of UT has been confirm. The g&nes

antimicrobial treatments and therefore pose a public encoding (MR/P) fimbriae is located in complex
fimbrial operon . P. mirabilis mutants have been

health problem. Microbil biofilms were developed ]
"on or within indwelling medical devices (e.g. generated to explore the role of (MR/P) fimbrize of
urinary catheter) '\ P. mirabilis in UTI ‘9, The importance of mrpd -
" E.coll is a major cause of catheter associated ‘genes in the expression of MR@ fimbriac in P
urinary tract infections (CAUTI) and several mirabilis in UTL has been elucidated. .
surface factors that contribute to biofilm growth by P. aeruginosa isolates rcco.\-ercd‘ from patients
E coli have been characterized. Type 1 and type 3 suffering from urinary tract infections prod?
fimbriae expression is associated with persistence significant level of exoloxin 4 (tox A). qua"?‘;hl;ﬁ
in the long term catheterized urinary tract ' regulation of exofoxin A may be observed with!
| Flagella are motility organelles that play a role l;{: bi:ﬁlms du.e 140 t}}epacu(;r; ;:nglxo;::’gg;:ﬁgli a; _
e inlti jor ) i y eu .
the initial adhesion phase of biofilm formation ™" .;B:, e:o;?;::ﬁc a:t / :lc domone e factor n

Type 3fimbriac is produced by many members of ‘

e enterobacteriaceae family that are ‘associated Ccaum®™ : D have best

with opportunistic infection ™ Among the ica genes, jcad and icaD have p
o . ‘ reported to play 2 significant role .10 biofilm *
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formation in 5. gureus and S. epidermidis. The icad
sene encodes N-acety| glucosaminyl transferase,
the enzyme involved in the synthesis of N-acety]
glucosamine oligomers from  UDP-N-acetyl
glucosamine. Furthermore, icaD gene has besn
reported 10 play & role in the maximal expression of
N acetyl glucosaminyl wransferase, leading to the

Bhenm_\-pic expression of capsular polysaccharide
)

The aim of this study was to detect the biofilm-
forming capacity of microorganisms isolated from
the urinary catheterized patients. In addition, the
oenes responsible for the formation of biofilms
were examined in the PCR products of such
isolates.

EXPERIMENTAL
Chemicals

Safranine was supplied by Oxford Laboratory.
Ethidium bromide and ethylene diamine tetra acetic
acid disodium salt (EDTA) were supplied by
Merck, Germany. Tris-= HCL, Triton X-100,
Lysoryme, Chlorhexidine digluconate solution
20%, Tera methyl p- phenylzne diamine Hel and
Agaross DNA grade were supplied from Sigma-
Aldrich, Company. Electrophoresis buffer TAE
(30x) was obtained from Ferments Life Science,
Germany.

Bacterial isolates

Clinical isolates of E. coli, klebsiella spp,
proteus spp, Pseudomonas aeruginosa, S.
epidermidis and S. aureus were isolated from
urinary catheters obtained from patients attendzd
the Urology Department at Belgas Hospital. The
isolates were identified by Gram staining, testing on
TSl, IMViC, motility, swarming test and mannitol
sall agar.

Detection of biofilm formation
Table (1) Primers used in PCR amplifications,

Detection of slime production was performed
according to Kadry er al """, Briefly rounded glass
tubes were used 1o assay for adherence. The growth
cultures of nutrient broth were incubated at 37°C
for 48h, the contemis of tubes were decanted, and
the twbes were stained with safranine 10
demonstraie adherent growth. Presence of adherent
growth was 1aken as evidence of slim formation and
hence biofilm formation,

DNA extraction

The low copy plasmid DNA from Escherichia
coli and Klebsiella pneumonige were obtained
according to the manufacturer's procedure of
Bioline Kits. Genomic DNA purification from
Proteus mirabllis and Gram positive bactesia (5.
epidermidis and S awreus) were performed
according to the manufacturer’s procedure of
Fermentas Kits. In addition, the exraction of
mRNA from Pseudomonas aeruginosa W2s
performed according to the manufaciorers
procedure of Axygen Biosciences Kits. '
Polymerase Chain Reaction
Polymerase chain reaction (PCR) components

PCR Master Mix (2x) was obtzined from A3
gene UK and composed of Drzam Tag DNA
polymerase supplied in reaction bufier, &NFPs and
4 pm Mgcl,. Gene Ruler 100 bp plus DNA fadder
obtained from Thermo Scientific Inc, U.S.A The
primers for PCR reaction (Table 1) wers designed
by Operon Biotechnologies GmbH Biocompus
Cologne, Germany.

Genomic DNA purification kit was obmined
from Fermentas Life Science and the Mini kit for
plasmid isolation was obtained from Bicline
meridicin Life Science Company. RNA purification
kit was obtained from Axygen Biosciznces.

M.0 Primer Sequence (3-3) | PCR produst
sZe
Escherichia coli 871 F CGCGCGATATCGCAGCATAACCGA 1000 bp
AACAAATG
872 R CCGGGATATCTAAATTTTCTG
. CGGCAAACC
Kiebsiella preumonia | fim KF1 CGGTAACGCGGCCGCGACT T000- bp
ATCCGGAAACGATCACC
fim KR2 AACAAGCTTAGACGATCCGA
o TGACTCAC
roleus mirabilis | SmrlF AAACGCCTGACATAGAGTAT 991 - bp
3mrlR CATCAATGATGGATCCAACAA
Smr2F CAAATTAGGATCCCCAAGTGCT 882- bp
e 3m2R | CCGAATAGCATGCTTTTTTGTA -
ovdomonas TI1oxAF GGAGCGCAACTATCCCACT 200-bp
o loxAR TGGTAGCCGACGAACACATA
-au;ﬂ?’"“"‘"‘ | icadF TCTCTTGCAGGAGCAATCAA - 188-bp
Sepidarns . icaAR TCAGGCACTAACATCCAGCA :
s ica DF ATGGTCAAGCCCAGACAGAG . 198-bp:
e—— ica DR CGTGTTTTCAACATTTAATGCAA :
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horesis of genomic and plasmid DNA
E;]e‘.'lsl')r:ll‘rual:eﬂ ugagm (1%) in TAE buffer was
in the running chamber With appropriste
comb and left to solidify. The comb was removed
after flooding the gel with TAE bufTer, About 10l
of 10 mg/mL exhidium bromide (E1Br) solution was
added for DNA staining. The plasmid DNA or
- genomic DNA (15uL) was mixed with 2pl of 10x
loading buffer and esch DNA sample was loaded
carefully in separate well using micropipene. The
genomic DNA end plasmid DNA were separated
pccording to their molecular size by electrophoresis
ar 4vicm, The clectrophoretic power was shut off
after the bromophenol blue band reached 1o nearly
the =nd of the gel length. The gel was visualized on
UV wansilluminator and photographed.
Screening for different genes
Tvpe 3 fimbrial gene (mrk) locaed in plasmid
produoced by Escherichio coli """ and type 1 pilus
(fimiy gene from plasmid in Kiebsiella pneumonioe
¥ were screened according to the following
prawocel: Each PCR mixture conmined 25ul of
PCR master mix 2x, 2.0pL of forward primer,
2.0uL of reverse primer, 10.0ul of DNA tzmplate
and nucleass free water 10 50ul. The cycle used
was 95°C for 3 min, then 35 cycle of 95°C for )
min, 55°C for 1 min and 72°C for 30 seconds. The
PCR products were separated on 1.5% agarose gel,
stzined with ethidium bromide, visualized by UV
ransilluminator and photographed. DNA size
marker was uszd for size determination.

A medifisd technique was used for screening

for (MR'P) fimbriae in genomic DNA produced by
 Proteus mirabilis " where, each PCR mixture
contzinad 25pL of PCR mester mix 2x, 2.0 of
forward primer, 2.0 pL of reverse primer, 10.0 pL
of DNA 1emplate and nuclease free water 1o 50pL.
The cycle used was 94°C for 3 min. 30 cycle of
94°C | min, §2°C for | min and 72 °C for 1 min and
2 final cycle of 72°C for 5 min. The PCR products
were separzied by electrophoresis in 2% agarose
gel, sizined with ethidium bromide, visuelized by
UV wansilluminztor and photographed, DNA size
marker was used for size determination.

Exotoxin A gene of Pseudomonas aeruginosa
was screened according to the following procedure
™, Each PCR mixture contained 25pl. of PCR

_ Reddy Mix (2x), 1.0pL of forward primer, 1.0uL of
reverse primer, 2.5uL of RT Enhancer, 5.0uL of
template RNA and nuclease free water o S0pl.
Reaction condition for P. aeruginosa loxA
amplification consisted of heating at 95°C for §
min. followed by 40 cycles of 95°C for | min, 60°C
for | min and 72°C for 30s. The PCR products were
separared by electrophoresis in a 2% a garose gel,
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giained with ethidium bromide. visuslized by vy
ransilluminstor and pbotopraphed. PUR murgy
was used for size dctermriousion. -~

The icad and iceD gemes of S eridereudiy gny
§ awrews were scrosned by PCR “Y. Exet pep
mixture comtained 1%5ul of PCR master miy 5 3
pl of foreard primer, 10 ul of reverse prioey
10.0 b of DNA Template snd tucizase free vy
10 Soul. The cycle wed was S'C for Smin
followed by 30 cycies of 94°C for 30 seconds 39°C
for 30 seconds, 72°C for 30 sesonds and T2°C fag )
min. The PLR producs werz sepwmed 3y
electrophoresis i 2% 3 gavose gel, sminsd wah
ehjdium tromide ond visualiaed by UV
mnsillumingier and photographed. DNA  olme
marker was used for size detorminafion,
Electrophoresis of genomic and plasmid DY 4

The molten sgarose (1%) in TAE buffer wag
poured in the running chamber with spproprime
comb and lefl 0 solidify. The combd was remsoved
after flooding the gel with TAE buffer. Abous Thul,
of 10 mg/mL ethidium bromide (EiBr) solutian =y
added for DNA saming The plhamad DN2 o
genomic DNA (15:L) was mibved with Jal of /iy
loading buffer and sach DNA smpic was loaded
carefully in separate well wing micropipede The
genomic DNA and plasmid DNA were separated
according to their molecolar siz= by clectrophoresis
at 4vicm. The electrophor=tic power wag st off
afier the bromopheno! blue band reached to aearty
the end of the gel length. The gel was visalized oo
UV transilluminator and photogruphed.

RESLLTS
The degree of slime production and bicfiim
formation was graded qualitasi vely and semmurized
in figure (1) and table (2).

Fig. (1): Biofilm and and growth adherence sfief

" staining with safranin. 0 = negmive produce

1=weak producer, 2 =moderate producer, 3= Srong
producer. ) - co!
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Table (2): Degree and number of biofilm forming clinical isolates.

Isolate No, —

Microorganism Total number Degree and number of Biofilm forming isolates
Non Weak Moderate Strong
F coll 40 13 8 7 12
Klebsiella 28 8 E L 8
Proteus 20 - ] L 6
~Pseudomonas 22 - 6 8 B
S epidermdis 28 ~ 6 14 4 4
S oureus 12 4 2 3 3

s wble (2) shows, 119 isolates (79.3%) out of
150 were biofilm producers. Among the Gram
negative bacteria, 27(67.5%) out of 40 were slime
producers at different degrees in E.coli isolates .In
addition 20 (71.4%) out of 28 Klebsiella isolates
were slime producers at different levels, However,
all Proteus (20) end Pseudomonas (22) isolates
were forming biofilm at different degrees.

In Gram positive bacteria, 22 (78.6%) of S.
epidermidis isolates were forming biofilm while
8(66.7%) of S.aureus isolates were forming

biofilm.

Figures (2-8) represented the detection of genes
responsible for biofilm formation in major groups

of urinary pathogens.

As shown in figure (2), type 3 fimbrial gene
(mrkABCDF) was detected on agarose gel at
approximately 1000 bp from PCR products of
E.coli isolates.

The fimk genes among kKlebsiella isolates were
detected in PCR products on agarose gel at
approximately 1000 bp (Figure 3).
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The first mrp4 genes controlling the(MR\P)

fimbriae in genomes of Proteus mirabilis have been

amplified by mrl oligonucleotides and detected in
PCR at approximately 991 bp (figure 4), while the

Isolate Nor— M

ISSN 1110-5089

second mrpA gene has been detected at
approximately 882 bp by using mr2
oligonucleotides (figure 5).

Fig. (4): Detection of mrp gene in
mrl oligonucleotides).

Isolate No— V]

1500
1200
1000
%%é
400
300

200
100

<
A ¥

RS

_1‘;:5'."

e e e )

A

L
l'-‘“.__“_a "

-X ","'- __' i
e s

Fig. (5): Detection of m
oligonucleotides).

The nnnl_ysis of PCR products of Pseudomonas
aeruginosa isolates harboring the exotoxin 4 gene
(fox 4) revealed that, bands equal to approximately

200 bp have been detected and matched 1o the size
of 1ox A gene res

: ponsible for biofilm . formation
(figure 6).

- The screening  of ica4
responsible for biofilm form

and ieaD genes
ation among the

26

rp gene in PCR products of some biofilm

forming P. mirabilis isolates (amplified by M2

staphylococcus epidermidis and staphylococe¥s
aureus isolates was summarized in figures (7) 2
(8). The icad gene was detected in PCR Pfod“mi;
S. epidermidis and S. aureus at approximately s
bp (Figure7). In addition, a band measured ot ~
bp matched 1o icaD gene was detected in the

products of 8. epidermidis and S. aureus jsolates
(figure 8). : ‘

T —————
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DISCUSSION

Biofilm production is an important pathogenic
factor which facilitates the adherence of
microorganism to medical devices and protects
them from the host immune system and
antimicrobial therapy.

_ . The incidence_of biofilm production among the
total isolates was 119 of 150 isolates at a percent of

~ 80%. It is worthmentioning that different types of
microorganisms have the ability to form biofilm
and cause CAUTI and show resistance to different
types of antibiotics. These results were in
consistence with that described previously 9.

In this study, As table 2 revealed, Gram
negative bacteria were more predominant than
Gram positive bacteria as strong biofilm producers.
Where, 36.4% of Pseudomonas isolates were highly
producers followed by E. coli and Proteus isolates
(30% each). Klebsiella isolates were the least
highly biofilm forming bacteria among Gram
negative isolates. Intresentingly, all Proteus and
Psesudomonas isolates were biofilm producers.

However, the strong biofilm producers were less
predominant among Gram positive bacteria (table
2). Where 25% of §. aquwreus and 14.3% of S
epidermidis isolates were strong producers,
respectively.

The detection of different genes associated with
biofilm formation on inner surfaces of indwelling
catheters by E. coli, K prneumoniae, P. mirabilis,
Ps. aeruginosa, S. epidermidis and S. aureus was

- performed on the PCR products of these isolates.

E. coli is 2 major cause of CAUTI and several
surface factors might contribute to the biofilm
growth by E. coli have been characterized. Type |
fimbriae expression is associated with persistence
in the long term catheterized urinary tract ®).lagella
are the motility organelles that play a role in the
initial adhesion phase of biofilm formation .
Moreover, Type 3fimbriae is produced by members
of Enterobacteriaceae that are associated with
opportunistic infection..

Biofilm growth mediated by type 3 fimbriae
might be important for the survival of these
organisms on the surfaces of urinary catheters, The
role of types 3 fimbriae in biofilm formation was
confirmed by the complementation of each of these
mutants with a plasmid containing the mrk genes.
Type 3 fimbrial genes (mrk ABCDF) was detected
2t 1000 bp “"in the PCR products (figure 2).

The importance of type 1 pili as regulatory

elements in the ability of K pneumoniae to infect
the urinary tract was elucidated '), A regulator gene
- (fimk) responsible for biofilm formation and
impeding UTI pathogenesis was detected in K
pneumoniae isolates,

28
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The fimk gene may act exclusively on the
expression of type 1 pili or may affect (e
expression of other adhesins or virulence facjors i,
K. Pneumoniae that help in UTI ' )

In this study, the fimk gene was detected in the
PCR products of biofilm forming isolates of x
pneumoniae on agarose gel at band approximately
equal-to-1000.bp (figure 3). . . o

The role of MR/P fimbriae in Profeus mirabijjs
in colonization of the urinary tract has beep
established bgf induction of mutation in a number of
these genes ). The genes encoding MR/P fimbrias
are detected in a complex fimbrial operon
Furthermore, a wild type strain of Proteus mirabilis
carried two copies of mrpd genes has besp
detected. These data reinforce the importance of
MR/P fimbriae in Proteus mirabilis UTI.

Analysis of the copies of mrp4 genes was
performed by wusing the 3Smrl and 3mrl
oligonucleotides primers to amplify DNA flanking
the 5 end of mrpA. The fragment generated was
called mr1 and matched to 991 bp in lenght “*. In
this investigation the detection of mrl genz in the
PCR products of P. mirabilis isolates wes
visualized on agarose gel at band matched 1o
approximately 991 bp (Figure 4).

Similarly, the 5mr2 and 3mr2 oligonucleotides
pair was used to amplify the DNA flanking the
3end of mrpA. This fragment was called mr2 and
equal to 882 bp in length "®. In this stwdy. mr2
gene was detected at approximzately 882 bp in the
PCR products of P. mirabilis isolates (Figure 3).

Substantially, Ps. aeruginosa isolates recovered
from patients suffering from urinary tract infections
usually produced significant level of exoroxin A.
Noticeably, up regulation of exofoxin 4 may be
observed within biofilms due to the action of
quorum sensing ™,

The toxA gene of P. aeurginosa strains forming
biofilm was detected at approximately 200 bp
(Figure 6),

All biofilm producing Staphylococcus isolates
(S epidermidis and S, aureus) were subjected to
PCR analysis for detection of ica4 and icaD genes.
The detection of icad and icaD genes in all biofilm
producing strains isolated from - catheter segments
were observed in PCR products. A band equal 1o
188 bp and matched to icad4 was observed (Figure
7). While, a band equal to 198-bp band has been
observed on agarose gel (Figure 8) and matched 10
icaD gene ", '

: CONCLUSION

Many clinical isolates from urinary catheters
were biofilm forming bacteria. Each one of these
organisms has a gene responsible for biofilm
formation, which increases their ability for causing
catheter associated urinary tract infection.
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