
 

 
 

 

ABSTRACT 

        Background and Objectives: Biofilm is a population of bacteria growing on a 

surface and enclosed in an exopolysaccharides matrix, which increases resistance to 

antimicrobial agents and immune response. Uropathogenic Escherichia coli (UPEC) are 

biofilm-forming bacteria and the most common cause of urinary tract infections (UTIs). This 

study evaluated the effect of different concentrations of glucose, NaCl, blood, serum and 

urine on biofilm formation and antigen 43 (Ag43) gene expression, as a main gene involved 

in biofilm formation. 

        Methods: Among E. coli isolates from patients with UTI, four extended-spectrum beta-

lactamase (ESBL) and non-ESBL strains, and a standard UPEC strain were selected. Biofilm 

formation of the strains in brain heart infusion (BHI) broth with different concentrations of 

glucose, NaCl, sheep blood, serum and human urine was evaluated using microplate method 

and crystal violet staining. Ag43 gene expression was investigated using Real-Time 

polymerase chain reaction, SYBR Green dye, and specific primers . 

           Results: Presence of glucose at all concentrations reduced biofilm formation. 

Presence of 1% NaCl, 1% sheep blood, 10% bovine serum, and 5% urine significantly 

increased biofilm formation. Expression of Ag43 by the strains grown under 1% glucose, 1% 

NaCl, 1% sheep blood, 10% bovine serum and 5% urine decreased . 

         Conclusion: All environmental factors other than glucose may increase biofilm 

formation of E. coli at different concentrations. This is not affected by factors such as 

isolation from inpatient or outpatients and type of strains (ESBL or non-ESBL). Contrary to 

our expectations, Ag43 expression is independent of environmental factors and decreases 

even under the most suitable concentrations. 

          Keywords: Biofilms, Uropathogenic Escherichia coli, UTI, Antigen 43, Real-Time PCR. 
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into the extracellular space, and a beta 

translocation domain located in the outer 

membrane. Ag43 (product of Ag43 or flu 

gene) is a prominent surface protein in E. coli 

that protrudes approximately 10 nm beyond 

the outer membrane. It has receptors on human 

epithelial cells and the bacteria itself, which 

can cause auto-aggregation and microcolony 

formation through Ag43-Ag43 interactions 

(11, 12). 

Evidence shows that bacteria require a number 

of key regulatory factors for biofilm formation 

and dispersal that affect enzymes and 

structural elements. Temperature, pH, O2 

level, hydrodynamics, presence of certain ions, 

nutrients and other environmental factors can 

affect biofilm formation. Compared to free 

(planktonic) cells, cells within the biofilm 

show more resistance to adverse conditions 

such as drought, high temperature, antibiotics 

and antiseptic substances (13). This study 

investigated the effect of various 

environmental factors (presence of sugar, salt, 

blood, serum and urine in the culture medium) 

on the level of biofilm formation and 

expression of the flu (Ag43) gene. 

 

MATERIAL AND METHODS 

 Bacteria and culture media 

       After biochemical and antibiotic 

susceptibility testing, four extended-spectrum 

beta-lactamase (ESBL) and non-ESBL strains 

and a standard UPEC strain (PTCC 1399) 

were selected among isolates from patients 

with UTI in the city of Gorgan, Iran (Table 1). 

Evaluation of biofilm formation 

First, 30 μl of bacterial suspension was added 

to 3 ml of sterile brain heart infusion (BHI) 

broth containing 1% sucrose to achieve a 

turbidity equivalent to 0.5 McFarland standard 

and OD of 0.08-0.1 at wavelength of 625 nm. 

Then, 250 μl of bacteria along with medium 

containing different concentrations (1%, 2%, 

5% and 10%) of glucose, salt, blood, serum 

and urine was transferred to a microplate. The 

plate was incubated for 24 hours at 37 oC. 

Then,   planktonic OD was assessed and each 

well was stained with 200 μl of 2% crystal 

violet for 5 minutes. Biofilms were visible as 

purple rings around the rim of each well. 

Biofilm formation was analyzed by adding 200 

μl of 33% glacial acetic acid to each well and 

recording  the  OD  at  492  nm under different 

 

INTRODUCTION 

        Escherichia coli is a Gram-negative 

pathogen and member of the family 

Enterobacteriaceae. It is part of the normal 

intestinal flora of humans and warm-blooded 

animals. Some strains of E. coli can cause 

intestinal infection that could lead to severe 

diarrhea (1). This main cause of nosocomial 

infections is also responsible for more than 

80% of urinary tract infections (UTIs) (2). UTI 

caused by uropathogenic E. coli (UPEC) is a 

common bacterial infection. It has been 

estimated that 40-50% of women experience 

this type of UTI at least once in their lifetime. 

Frequent recurrence is the most important 

characteristic of UTIs. Despite proper 

treatment of primary infections, recurrent UTI 

occurs within 6 months in more than 25% of 

women who experience UTI for the first time 

(3). The annual prevalence of UTI in the 

United States has been estimated to be 3% and 

12% among men and women, respectively (4). 

Japanese, Swedish and Scottish women are at 

greater risk of developing bacteriuria 

compared to the men of the same age (5). A 

comparative study in Iran has estimated the 

prevalence of UTI among men and women as 

3.1% and 6.3%, respectively (6). The 

incidence of UTI is influenced by age and 

gender. Sexually-active women aged 20-40 

years and postmenopausal women older than 

60 years of age are at greater risk of 

developing UTI (7). The annual healthcare 

costs caused by UTI are more than $ 1.5 

billion in the United States (8). E. coli is 

capable of forming biofilm that enables the 

bacteria to form colonies within catheters (9). 

It has been shown that different cell surface 

appendages are essential for maturity of 

biofilm. Flagella, type 1 fimbriae and curli are 

effective in the initial adhesion stage, while 

production of a polysaccharide-rich matrix 

(cellulose, colonic acid, poly-1, 6-N-acetyl 

glucose amine), short adhesins such as antigen 

43 (Ag43) and conjugative plasmid are 

involved in biofilm maturity. In addition, 

Ag43 plays a role in survival of UPEC in the 

urinary tract (10). It is also among the largest 

group of type V bacterial secretory proteins 

causing  protein secretion in primary biofilm 

structures. The main common features of these 

proteins are the following: containing an N-

terminal signal sequence and a passenger alpha 

domain attached to the cell surface or released  
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 (1% glucose, 1% NaCl, 1% sheep blood, 10% 

serum and 5% urine) at 37 °C. RNA was 

extracted from biofilms using the RNX-Plus 

kits (CinnaGen Co.). RevertAid First Strand 

cDNA kit (Thermo Scientific) was used for 

cDNA synthesis (Catalogue number: 002233). 

In order to assess Ag43 expression, the RNA 

extracted was subjected to Real-Time PCR 

using SYBR Green dye and suitable primers 

(Table 2)(16). 

 

 

 

 

 

 

 

 

 

 

 

 

 

addition of 1% NaCl to the culture medium 

caused  a  more significant increase in biofilm 

formation by non-ESBL isolates compared to 

ESBL isolates. However, biofilm formation at 

concentrations of 5% and 10% was more 

reduced in non-ESBL isolates compared to 

ESBL isolates. Concentrations of 5% and 10% 

NaCl reduced biofilm formation in all isolates. 

In isolates 2 and 4, biofilm formation 

increased slightly at concentration of 1% 

NaCl, but in isolate 1, 2% NaCl caused 1.8 

fold increase in biofilm formation. In isolate 3, 

concentration of 1% NaCl increased biofilm 

production 2.6 fold. Presence of 1% blood 

significantly increased biofilm formation in all 

isolates compared to control (lack of blood). 

Presence of various concentrations of blood in 

the culture medium affected biofilm formation 

in some isolates. Except for the standard 

strain, the concentrations of 2% and 5% blood 

increased biofilm formation in all isolates.  

 

 

environmental conditions. All experiments 

were done in triplicate to increase accuracy. 

The samples with OD less than 0.1 were 

identified as non-biofilm forming; samples 

with OD of 0.1-0.2 were identified as weak 

biofilm forming , and OD of 0.2-0.3 and more 

than 0.3 indicated average biofilm and strong 

biofilm formation (14, 15). 

Each of the five isolates was cultured in BHI 

broth  under  various environmental conditions  

 

 

 

 

 

 

 

 

 

 

 

 

RESULTS 

      The presence of different concentrations 

(1%, 2%, 5% and 10%) of glucose reduced 

biofilm formation in all five isolates compared 

to the control (absence of glucose)(Figure1). 

In isolate 1, 60% reduction in biofilm 

formation was recorded. In addition, 73% 

reduction in biofilm formation was recorded 

for isolate 3 at concentrations of 5% and 10% 

glucose. Isolates 1 and 3 were collected from 

outpatients and inpatients, respectively. Higher 

reduction rate was observed at concentrations 

of 2%, 5% and 10% in isolates from 

outpatients compared those from inpatients 

(Table 3). Thus, any increased concentration 

of glucose decreased the level of biofilm 

formation. Concentrations of 1% and 2% NaCl 

increased biofilm formation, while 

concentrations of 5% and 10% reduced biofilm 

formation in all isolates.  NaCl at 

concentration of 1% significantly increased 

biofilm production in all  isolates. In  addition,  

 

Strain Number Inpatients or Outpatients ESBL or 

non-ESBL 

1 Outpatients Non ESBL 

2 Outpatients ESBL 

3 Inpatients Non ESBL 

4 Inpatients ESBL 

 

Table 1- Selected strains isolated from patients with UTI 

 

Product 

size(bp) 

Sequence (5 to 3) Name 

131 TGCCGGCACGGTCCGGGA

TGA 
flu (F) 

GCCCCGGGCGCGGAAGTC

GT 
flu (R) 

170 ACTTACGAGCAGATCAAA

GC 

gapA (F) 

AGTTTCACGAAGTTGTCGT

T 

gapA(R) 

 

Table 2- List of antigen-specific primers for the Ag43 (flu) gene 

18/ Impact of Various Environmental. . . 

Medical Laboratory Journal, Feb 2017; Vol 11: No 1 

 



Biofilm formation reduced by 1% at 

concentrations of 2% and 5% bovine serum, 

while concentration  of  10% increased biofilm  

formation. Concentrations of 5% and 10% 

urine increased biofilm formation in all 

isolates. Presence of 2% urine increased 

biofilm formation in isolates 1 and 3, while 

concentrations of 5% and 10% increased 

biofilm formation in all isolates. At 

concentration of 10% urine, biofilm formation 

in isolates from outpatients was more elevated 

compared to those from inpatients (Table 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Biofilm formation  increased in isolates 2, 3 

and 4 at concentration of 10% blood, but 

decreased  in  other  isolates.  At 

concentrations of 5% and 10% blood, biofilm 

formation was more increased in isolates from 

inpatients compared to those from outpatients. 

Presence of serum at different concentrations 

affected biofilm formation. However, growth 

under 10% serum increased biofilm formation 

in all isolates. Biofilm formation increased 4.6 

fold at all concentrations in isolate 3 (non-

ESBL).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1- Biofilm formation by different strains in BHI containing different glucose concentrations 

Fold reduction in biofilm formation Strain 

Glucose 10% Glucose 5% Glucose 2% Glucose 1% 

0.4 0.65 0.65 0.8 1 

0.47 0.54 0.59 0.67 2 

0.27 0.27 0.31 0.3 3 

0.7 0.6 0.7 0.7 4 

0.3 0.3 0.32 0.35 1399 

 

Table 3- Impact of different glucose concentrations in BHI broth on biofilm formation 

 

 1 2 3 4 1399 TOTAL EFFECT 

Base(BHI) 1/17 0/75 0/736 0/1 2/01  

Glucose 1% 0/92 0/5 0/23 0/07 0/7 0/54 

Glucose 2% 0/76 0/44 0/22 0/07 0/63 0/49 

Glucose 5% 0/76 0/4 0/2 0/06 0/62 0/45 

Glucose 10% 0/47 0/35 0/2 0/07 0/61 0/406 

NaCl 1% 1/2 0/8 1/9 0/11 2/3 1/308 

NaCl 2% 2/12 0/7 0/2 0/1 1/8 0/926 

NaCl 5% 0/37 0/66 0/1 0/07 1/9 0/596 

NaCl 10% 0/25 0/51 0/09 0/1 1/8 0/522 

Blood1% 3/39 0/9 3/39 0/6 2/1 3/14 

Blood2% 2/1 1/27 3/28 0/85 1/17 2/97 

Blood 5% 1/18 1/91 3/21 0/5 1/03 2/69 

Blood 10% 0/8 0/92 3/16 0/3 1/1 1/954 

Serum1% 0/79 0/6 3/31 0/3 1/4 1/934 

Serum2% 1/06 0/5 3/32 0/26 1/26 1/86 

Serum 5% 1/1 0/8 3/4 0/3 1/32 2/052 

Serum 10% 1/34 1/1 3/4 0/6 2/5 2/884 

Urine 1% 1/42 0/7 3/01 0/42 1/5 2/446 

Urine 2% 1/5 1/96 3/06 0/27 1/5 2/282 

Urine  5% 2/5 3/21 3/1 0/5 2/4 3/366 

Urine  10% 3/4 3/4 2/56 0/2 3/4 2/946 

 

Table 4- Evaluation of biofilm formation by isolates in BHI broth containing different concentrations of glucose, NaCl, 

blood, bovine serum and urine 
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an over-expression in the standard isolate. On 

the other hand, 1% sheep blood decreased 

gene expression significantly in isolates 2, 3 

and 4. Although gene expression decreased in 

all isolates at this concentration, this decrease 

was not statistically significant in isolates 1 

and 1399.  

In the presence of 10% serum, expression of 

the flu gene decreased significantly in isolates 

1, 3 and 4, but increased significantly in the 

standard isolate. Gene expression also 

increased in isolate 2, but this increase was not 

statistically significant. While presence of 5% 

urine significantly decreased expression of the 

flu gene in isolates 1, 2, 3 and 4, it caused an 

over-expression in the standard isolate. 

However, this increase was not statistically 

significant. 

 

 

 

 

 

 

 

in the BHI medium reduced biofilm formation 

in UPEC isolates. Since MSM contains low 

concentration of glucose, it may increase 

biofilm formation. In the present study, the 

culture medium was nutrient-rich and 1% 

sucrose provided a condition suitable enough 

for biofilm formation. This finding is in 

agreement with  the studies of Kabir and Costa 

reporting  decreased biofilm formation by 

UPEC at higher glucose concentrations (22, 

23). Soto et al. stated that E.coli strains 

causing prostatitis produced biofilm more 

frequently compared to those causing other 

types of UTI. However, only hemolysis was 

independently associated with prostatitis. On 

the other hand, frequency of hemolysis and 

type 1 fimbriae expression was significantly 

higher in biofilm-forming strains (24). 

The substantial variability in biofilm formation 

ability of Listeria monocytogenes (25), E. coli 

(23,28), Staphylococcus aureus (26) and 

Salmonella enterica (27) has been reported by 

previous studies. 
 

According to the results, 1% glucose, NaCl 

and sheep blood, 10% serum and 5% urine 

were found as the optimum conditions. 

Isolates grown under the optimum 

concentrations were used in the RT-PCR 

experiment. In order to study gene expression 

under different growth and environmental 

conditions, ΔCT of the target gene (flu) was 

determined and compared with the reference 

gene (gapA). Table 5 demonstrates the 

expression level of the flu gene in E. coli 

isolates at the tested concentrations. The 

results showed that 1% glucose decreased 

expression of the flu gene, and its inhibitory 

effect on biofilm production corresponds with 

the inhibitory effect on Ag43 expression. 

Moreover, 1% NaCl decreased expression of 

the flu gene in isolates 1, 2, 3 and 4 but caused  

 

 

 

 

 

 

 

 

 

DISCUSSION 

         Study of Dewanti and Wong in the 

United States investigated the effect of culture 

conditions on biofilm formation by E. coli 

O157: H7 on stainless steel surfaces in 

trypticase soy broth (TSB) and mineral salt 

medium (MSM). The mentioned study 

reported that biofilms are developed faster, 

and more adherent cells are recovered when 

the organisms are grown in low-nutrient 

media. They also reported that the bacterial 

cells are smaller and extracellular matrix is 

thicker within the biofilms produced in the 

MSM (containing glucose, glycerol, lactose, 

succinate acid and sodium pyruvate) compared 

to those formed in the TSB. They concluded 

that the presence of glucose in the MSM could 

be considered as the best precursor for 

formation of stable biofilms (14). Similar 

findings have been reported by Barrios (17), 

Rameli (18), Pen et al. (19), Naves et al. (20) 

and Hossain et al. (21). The present study is 

inconsistent with the mentioned studies, since 

presence of different concentrations of glucose  

P 

Value 

 

(Urin

e 5%) 

P Value 

 

(Serum 

1%) 

P Value 

 

(Blood 

1%) 

P Value 

 

(NaCl 

1%) 

P Value 

 

(Glucose 

1%) 

Treated Untreated  

Ct Δ 

(Urine 

5%) 

 

Ct Δ 

(Serum 

1%) 

 

Ct Δ 

(Blo

od 

1%) 

Ct Δ 

(NaCl 

1%) 

Ct Δ 

(Glucos

e 1%) 

Ag4

3 Ct 

Ct Δ 

(Uri

ne 

5%) 

 

Ct Δ 

(Serum 

1%) 

 

Ct Δ 

(Blo

od 

1%) 

 

Ct Δ 

(Na

Cl 

1%) 

Ct Δ 

(Glucos

e 1%) 

 

Ag4

3 Ct 

strai

n 

0.000

1 

0.0001 1 0.001 0.0001 8.8 8.27 3.8 6.52 8.2 35 3.8 3.8 3.8 3.8 3.8 31.9

5 

1 

0.000

1 

0.12 0.0001 0.01 0.12 15.15 1.96 12.6

5 

5.82 3.7 30.5 3.35 3.35 3.35 3.35 3.35 34.1 2 

0.01 0.001 0.0001 0.001 0.0001 8.95 9.05 10.3 8.75 14.5 39 5.9 5.9 5.9 5.9 5.9 29.7 3 

0.000

1 

0.001 0.01 0.0001 0.001 7.65 6.18 5.25 7.22 5.65 33.1

5 

2.85 2.85 2.85 2.85 2.85 34.6 4 

0.19 0.01 0.13 0.7 0.001 1.81 0.4 2.08 2.76 5.5 30.2 2.7 2.7 2.7 2.7 2.7 27.5 1399 

0.139 0.0001 0.18 0.005 0.0006 8.47 5.17 6.81 6.21 6.97 33.5

7 

3.72 3.72 3.72 3.72 3.72 31.5

7 

total 

 

 Table 5- Fold changes and P-values of isolates under selected growth conditions  
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factors and decreases even under the most 

suitable concentrations.  
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CONCLUSION 

        In this study, biofilm formation of E. coli 

isolates from patients with UTI was evaluated 

under different environmental conditions via 

the quantitative method of microtiter plate. 

The results showed that all concentrations of 

glucose (1%, 2%, 5%, 10%) reduced biofilm 

formation, while NaCl at concentration of 1% 

increased biofilm formation in all five isolates. 

Presence of 1% sheep blood had the greatest 

impact on biofilm formation, and 5% sheep 

blood increased biofilm formation. However, 

higher concentrations of NaCl and sheep blood 

decreased biofilm formation. Presence of 10% 

serum and 5% urine increased biofilm 

formation. Contrary to our expectations, Ag43 

expression  is  independent  of   environmental 
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