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Abstract 

15 isolates (39.4%) of Proteus mirabilis  were obtained from a total of 38  patients with urinary tract infections  

in Al-Diwaniyah Teaching Hospital. All isolates were diagnosed with phenotypic, microscopic and biochemical 

tests. PCR technique was also used as a confirmatory test to investigate the 16S rRNA gene (product size 239bp) 

in Proteus mirabilis  , where the results showed the presence of the gene in all isolates . 

On the other hand ,the detection of biofilm formation   in Proteus mirabilis  isolated from patients urinary tract 

infection was done using the tubes method .The results showed that 10 (75%) isolates were capable of producing 

the biofilm, where the value of the optical density of the formed biofilm ranged from 0.064-0.411 nm. 

Then, the effect of diefferent temperatures (25,30 37,40) ℃ on the Biofilm Formation in Proteus mirabilis  was 

studied, Where the most efficient bacteria were selected in the production of the biofilm and the test was carried 

out .The results showed that the bacteria were unable to form the biofilm at 25℃ either  at 3040℃, the biofilm is 

very thin at 37℃ and 40℃, it becomes a thick biofilm. 

The results of the current study showed that the temperature has a significant effect on the production of the 

biofilm and that the thickness of the biofilm increases with increasing temperature. 

Key words: Proteus mirabilis  ،Biofilm Formation, PCR, Virulence factors, Antibiotic resistence, Tubes method 

 

http://qu.edu.iq/journalsc/index.php/JOPS
mailto:abbas.hezam@qu.edu.iq
mailto:abbas.hezam@qu.edu.iq
mailto:alkhuzaie40@gmail.com
mailto:israasalih8@gmail.com


 

 
 

Available online at http://qu.edu.iq/journalsc/index.php/JOPS 

Al-Qadisiyah Journal Of Pure Science 
 (QJPS) 

Vol. 24, No. 4, pp. 44 –50,Year 2019 

3514 ONLINE-ISSN 2411  

2490 PRINTED-ISSN 1997  

 

 

45 
 

 

 

 

1. Introduction 

Proteus mirabilis  is one of the most important 

species of the genus Proteus, a negative bacilli to 

gram stain and belonging to the family of 

Enterobacteraceae . Proteus mirabilis  causes many 

diseases, especially urinary tract infection, 

particularly in the upper part of it, and sometimes 

this type of infection leads to nephritis of the kidney 

(Swierzko et al.,2000) . P.mirabilis is the second 

pathogen, after Escherichia coli, to cause UTI and 

frequent infection in hospitalized patients and the 

users of urinary catheters for a long period of time 

(Sabbauba et al. 2003). 

The pathogenesis of this bacteria  is associated  

with its possession of many virulence factors which 

include Fimbria, Flagella, Urease, protease 

,hemolysin production and lipopolysaccharide 

which is called endotoxin, Protease and Urease are 

inherent virulence factors produced by all strains of 

Proteus spp, which is an important diagnostic and 

differentiating characteristic of this genus in 

relation to some genera of enterobacteraceae 

(Brooke et al., 2007). 

Proteus mirabilis  produces protease to protect 

itself from the body's immune defenses (Dattelbaun 

et al., 2003) , Proteus also have the ability to form 

the phenomenon of swarming, this phenomenon 

results from the migration of a group of bacterial 

cells after differentiation, forming a thin layer of 

extended rings, the movement of the swarming is 

one of the important factors of virulence in Proteus 

bacteria to cause urinary tract infection, bacteria can 

invade different parts of the urinary tract through 

this movement by rapid whip which increases the 

pathogenicity of the Proteus bacteria and make 

them able to invade and colonize the kidneys (Liaw 

et al., 2001). Proteus mirabilis  lives in a form of 

complex assemblies that are attached to the surface 

in an irreversible manner rather than in an 

organization of free cells and arranged in a staff of 

compact layers in the exterior cellular materials as 

they are difficult to remove and penetrate, forming 

what is called a bioflim that causes many damages 

(Hadjifrangiskou et al., 2012). 

The formation of the biofilm is dangerous because 

its danger lies in its resistance to most antibiotics, 

due to the presence of several mechanisms that 

enable it to reduce or inhibit these antigens and also 

enhances the resistance of bacteria to the immune 

response (Ashraf et al., 2015). 

The current study aimed at the following: Isolating 

and diagnosis  Proteus mirabilis  , detecting its 

ability to form the  biofilm  and  studying the effect 

of different temperatures on the formation of the 

biofilm. 

2. Materials and method 

2.1 Samples collection 

38 urine samples were collected from patients with 

urinary tract infection who were hospitalized and 

attending Al-Diwaniyah Teaching Hospital for the 

period from November 2018 to January 2019 , 

During collection of samples, it was careful to 

neglect the first drops of the urine and take the 
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middle amount from it and store it in sterile 

collection tubes, then samples were transferred to 

Microbiological laboratory in the College of 

Science for culturing and diagnosis. 

Samples  were cultivated in on the MacConkey agar 

by  Streaking method and incubated at 37°C for 18-

24 hours (MacFaddin, 2004). 

2.2 Isolation and diagnosis  of Proteus mirabilis   

The phenotypic characteristics of each of the 

bacterial colonies growing on different culture 

media were studied in terms of color, shape, 

texture, edges, growth or lack of growth on 

selective media, as the focus was on colonies that 

were distinguished by the phenomenon of swarming 

in the blood agar . Smears were also made directly 

from the culture media and stained with a Gram 

stain to study the microscopic properties of the 

isolated bacterial species that included the shape of 

the bacterial cell, the regularity of the bacterial cells 

together, and the nature of their interaction with the 

Gram  stain . Biochemical tests were performed 

according to the method (MacFaddin, 2004). 

2.3 Detection of the Biofilm Formation 

Tube methods were used to detect of bacteria  for 

formation of the biofilm according to (Hassan et al., 

2011) as follows: 

1- Inoculate the tubes containing glucose  and 

(Brain heart infusion broth) with bacteria, then 

incubate at25,30, 37,40°C for 24 hours. 

2- After the incubation period, the medium was 

disposed of and the tubes washed with buffered 

saline phosphate solution, then dried and stained 

with a crystal violet tincture for 3 minutes. 

3- Then the excess dye was removed and the tubes 

washed with distilled water then the tubes were 

turned in order to dry, if it is observed that biofilms 

in the bottom and sides of the tube are in the form 

of a violet layer, as the optical density of the 

biofilm formed  and measured by 

spectrophotometer at a wavelength of 640 nm. 

2.4 Polymerase chain reaction (PCR) 

The polymerase chain reaction was examined to 

diagnose Proteus mirabilis  , as the genomic DNA 

of Proteus mirabilis  was extracted according to the 

manufacturer's instructions for Promega kit, USA, 

and the concentration and purity of the DNA 

samples were measured by the Nanodrop optical 

density meter spectrophotometer. The polymerase 

chain reaction mixture was prepared using the 

AccuPower® PCR PreMix kit prepared by 

(Bioneer, Korea) and according to the company 

instructions as in Table (1). The prefixes used (16S 

rRNA gene) were prepared by Bioneer, Korea (F = 

GCGAGTCTGATGTTTGTCGC and R = 

TAAAGGTGGCGTCGGCATTA), and after 

completing the preparation of the polymerase chain 

reaction mixture the tubes were closed and carefully 

mixed with the vortex mixer for 5 seconds. The 

reaction was performed in a thermocycler by set up 

the following thermocycler conditions; initial 

denaturation temperature of 94 °C for 5 min; 

followed by 30 cycles at denaturation 94 °C for 30 

s, annealing 59°C for 30 s, and extension 72 °C for 

1min and then final extension at 72 °C for 5 min. 

The PCR products were examined by 

electrophoresis in a 1.5% agarose gel, and 

visualized under UV illumination. 

 

Table (1): PCR master mix components and 

volumes 
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PCR master mix Volume 

DNA template 5µL 

Primers Forward P. 1.5µL 

Reverse P. 1.5µL 

Deionized  D. W 12µL 

Total 20µL 

 

3. Results and discussion 

3.1 Isolation and diagnosis 

15 isolates (39.4%) of Proteus mirabilis  were 

obtained from a total of 38  patients with urinary 

tract infections  in Al-Diwaniyah Teaching 

Hospital. All isolates were diagnosed with 

phenotypic, microscopic and biochemical tests, 

Proteus mirabilis  appeared as pale colonies on 

MacConkey agar  as a result of its inability to 

ferment lactose sugar, and wavy or swarming 

movement appeared on the blood Agar , which is a 

preliminary diagnostic trait of this bacterium. 

Molecular identification  

PCR technique was also used as a confirmatory test 

to investigate the 16S rRNA gene (product size 

239bp) in Proteus mirabilis  , where the results 

showed the presence of the gene in all isolates as in 

Figure (1). 

 

Figure (1) Electrophoresis gel migration 1.5%  of 

the 16S rRNA gene in Proteus mirabilis  at 239bp 

product size 

 

3.2 Biofilm Formation 

The detection of biofilm formation  by Proteus 

mirabilis  that isolated from urinary tract infection 

was done using the tubes method, where the 

positive result as purple color on the bottom and 

inner walls of the tube by measuring the optical 

density of the crystal violet in the 

spectrophotometer at a wavelength of 640 nm. The 

results shown in Figure (2) and Table (2) reaved 

that 10 isolates (75%) out of 15 isolates are able to 

produce the biofilm, where the value of the optical 

density of the formed biofilm ranged from 0.064-

0.411 nm. 

On the other hand, the effect of different 

temperatures (25,30,37,40) °C was studied on the 

formation of the biofilm in Proteus mirabilis  , 

where the most efficient isolates in the production 

of the biofilm (depending on the thickness of the 

membrane in the tube) was selected and tested. The 

results shown in Figure (3) and Table (3) showed 

that there is a great variation in the production of 

the biofilm with the difference in temperature, as it 

was observed that 

bacterial isolation was 

not able to form the biofilm at a temperature of 

25°C or 30°C, so the biofilm is very thin. Whereas 

at a temperature of 37°C and 40°C it may be a thick 

biofilm, meaning that the thickness of the biofilm 

increases with increasing temperature and a certain 

extent. 

Biofilm production is one of the virulence factors 

that Proteus mirabilis  possesses, as it allows 

bacteria to stay longer at the site of infection 

(Hanna et al., 2003). Bacteria produce the biofilm 

in response to a many factors including nutrient 

deficiency and low pH (Sharma et al., 2014). 

Biofilm production gives bacterial isolates many 

4 3            2                  1 
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traits, including the antibiotic resistance and 

resistance to phagocytosis. The biofilm is the main 

cause of persistent infection (Soto et al., 2007). 

 

 

Figure 2: Biofilm production by Proteus mirabilis   

 

2. Biofilm formation 

 

 

 

 

 

 

 

 

Figure( 3): The formation of the biofilm in Proteus 

mirabilis  with the effect of different temperatures 

1- The formation of the biofilm at  25 °C. 

2- The formation of the biofilm at  30 °C  

3- The formation of the biofilm at  37 °C 
4- The formation of the biofilm at  40 °C 

 

Table (2) Biofilm Production by Proteus 

mirabilis   

Biofilm Production OD640nm No. of isolates 

0.326+++ve P 1 

0.400+++ve P 2 

0.304 +++ve P 3 

0.404 +++ve P 4 

0.388+++ve P 5 

0.411+++ve P 6 

0.277++ve P 7 

0.224  ++ve P 8 

0.240 ++ve P 9 

0.120  +ve P 10 

0.077 – ve P 11 

0.098 – ve P12 

0.064 – ve P13 

 

Whereas : 

-V = no biofilm formation 

+V = thin biofilm formation 
++V = moderate biofilm formation 

+++V = thick biofilm formation 

P = P.mirablis 
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Table (3) : Effect of diefferent temperatures on 

biofilm formation 

No. of 

isolate

s 

Contr

ol 
37 °C 

Biofilm formation (OD640nm) 

40°C 30°C 25°C 

P 1 0.366 

(+++v
e) 

0.303 

(+++v
e) 

0.219 

(++ve) 

0.166  

(+ve) 

P 2 0.400 

(+++v

e) 

0.344 

(+++v

e) 

0.265 

(++ve) 

0.199 

(+ve) 

P 3 0.384 

(+++v

e) 

0.315 

(+++v

e) 

0.232  

(++ve) 

0.143 

(+ve) 

P 4 0.404 
(+++v

e) 

0.337 
(+++v

e) 

0.267 
(+++ve) 

0.194 
(+ve) 

P 5 0.388 

(+++v
e) 

0.322 

(+++v
e) 

0.265(++v

e) 

0.166 

(+ve) 

P 6 0.411 

(+++v
e) 

0.335 

(+++v
e) 

0.261(++v

e) 

0.189(+v

e) 

 

Whereas : 

Control = biofilm formation at 37 

+V = thin biofilm formation (OD between 0.1- 
0.199) 

++V = moderate biofilm formation (OD between 

0.2- 0.299) 

+++V = thick biofilm formation  (3OD≥0. ) 
P = P.mirablis 
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