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 This study is conducted to show the influence of different media on the extent and pattern 

of biofilm formation. Trends of newly emerging pathogens continue steadily. 

Micrococcus luteus is one of those emerging pathogens. Incidental isolations of this 

bacteria have been recorded from patients with urinary tract infection and/or 

immunocompromised conditions. Biofilm formation on the surfaces of wound drainage 

and urinary catheters has been reported to be the source of recurrence and colonization 

of the pathogen in those patients. The current study's approach assesses the role of 

nutrient availability on the patterns of attachment till detachment and dispersion of the 

biofilms. Different species of bacteria are used to correlate their biofilm formation trend. 

Micrococcus luteus was chosen in the study due to its emerging pathogenic potential. 

Validation of biofilm formation is provided by involving Proteus mirabilis; which is an 

ideal biofilm producer, in parallel with Micrococcus luteus throughout the entire 

experimental settings. The findings of this study confirm statistically significant 

differences in biofilm formation patterns when nutritionally different culture media have 

been utilized to resemble possible environments for the pathogen. Micrococcus luteus 

has been found to possess the highest potential to produce biofilm in peptone water media 

where it over paced Proteus mirabilis. Results of the study reveal that both availability 

and scarcity of carbon and nitrogen sources can influence both positively and negatively 

on the patterns of biofilm formation by different strains of bacteria and incubation time. 

Biofilm assessment is an inevitable technique for nosocomial infections due to the 

complications of antibiotic susceptibility trends that prolong the hospitalization process, 

which limits treatment capacity. 
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Introduction 

Hospital-acquired diseases are among the most critical implications of post-surgical recovery procedures. Once 

the infection colonizes through biofilm formation, the patient's recovery may need considerable extensions 

before the patient's discharge. Biofilm is the number of microorganisms enclosed within an extracellular 

polymeric substance (EPS) and the cells cooperating or attaching to a surface. It is the favored mode of almost 

every microorganism, while planktonic microbial increase; virtually rarely exists in nature [1-3]. The microbial 

cells developing into a biofilm are physiologically and genetically more secure than the same organism's 

planktonic cells. Existence within a biofilm offers microorganisms a shielding environment that effectively 
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minimizes attacks of antimicrobials, biocides, detergents, or mechanic stresses [4-6]. There is adequate 

evidence indicating that biofilm formation leads to an expanded resistance compared to planktonic cells [712].   

Biofilms are abundant in nature, aggregates of cells trapped in EPS. The EPS comprises 97% water, less than 

1-2% nucleic acids, 1-2% polysaccharides, and less than 1-2% proteins. Microbial biomass takes about 2-5% 

of the sessile biofilm structure [3, 13-18]. Shifting from planktonic to sessile growth mode is a complicated 

process in which gene expression and adaptation to available resources result in biofilm formation [16, 19-21]. 

Surface Attachment is the initial step where cells adhere to the hydrophilic, rough, and supportive solid surface 

as they slow down their flow with the liquid such as water and blood [5, 22]. Post-attachment chemical signals 

lead to bacterial multiplication, called Micro-Colony formation, followed by the activation of 

exopolysaccharide production. Activations of genes related to biofilm formation result in the formation of EPS. 

Once water fills the channels of the EPS, the three-dimensional (3D) structure will be established [4, 22-25].  

Patterns of the biofilm detachment are either natural (i.e., programmed detachment) or due to mechanical stress 

from the surrounding environment [26-28]. Lytic activities of enzymes to digest alginate, termination of EPS 

production by microorganisms, and quorum sensing are amongst the other mechanisms that lead to the 

detachment of the biofilm. Quorum sensing of microbial communication enables microbes to coordinate their 

gene expression in response to the density of instantaneous local populations. Interaction of microbes includes 

same as well as different species. Biofilm formation/dispersion, environmental stress (i.e., antibiotics, 

disinfectants & presence of competing species), and food depletion trends are all coordinated by utilizing 

quorum sensing systems [29-31]. Post biofilm, planktonic microorganisms might continue exhibiting the 

acquired traits of the biofilm, such as antibiotic resistance [32-34]. Both availability and scarcity of nutrients 

can activate transcriptional regulatory mechanisms for the production of EPS. Thus, it is worth investigating 

for different bacterial strains [35]. 

The involvement of Proteus mirabilis in this study is due to its ability to form biofilm and the clinical picture 

presented by the pathogen. Proteus mirabilis is frequently isolated from urinary tract infection patients. The 

presence of urease enzyme is their diagnostic biochemical activities which enables them to hydrolyze urea to 

ammonia. Consequently, it leads to an increase in the pH of the urine, which ends with precipitations and 

accumulation of crystals and stones and the inflammation and discomfort of the patient during urination [2, 

36-40]. 

 

Micrococcus luteus, on the other hand, has been recently introduced as an emerging pathogen in 

immunocompromised patients and post-operational hospitalized patients, especially in urological surgeries. 

Despite their small size at the cellular level, they can generate large biomasses and, more importantly, form 

biofilms; on the one hand. On the other hand, Micrococcus luteus is urease positive. Thus, its long-term threat 

to the urinary system is not less than what Proteus mirabilis is known for [2, 35, 41, 42]. 

 

The most complicated issue with clinical conditions of former biofilm microbes is their ability to resist the 

antibiotic. It has been recorded that per antibiotic exposure of the microbes in biofilm, only an outermost layer 

can be influenced. The layer that is close to the surface lining on which the biofilm is formed is not harmed. 

For an emerging pathogen, it is worth investigating all possible details about its virulence factors and antibiotic 

susceptibility patterns, especially in the biofilm mode of growth. This study is only to focus on biofilm patterns 

of the bacteria [22, 26, 36, 38]. 

 

Therefore, this research aims to determine the type(s) of the media that offer better support for biofilm 

formation, assessing the ability of Micrococcus luteus to produce biofilm and examining the incubation time 

needed for the formation/dispersion of biofilm. 

 

Methods and Materials 

A. Biofilm Formation 

In this study, four different times and five different media were used for biofilm formation screening. First, the 

assessment of biofilm formation was carried out by Microtiter Plate (96-Well Plate) Assay. This technique 

observes bacterial adherence to an abiotic surface possible. 96-Well Microtiter Plates was used to produce 

biofilm in four batches for 1-, 2-, 3- and 5-day intervals, then the absorbance of released crystal violet was read 

by BioTek ELISA reader and CECIL 7500 spectrophotometer at 590nm.  
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Bacterial isolates were obtained from UTI patients and diagnosed by VITEK 2 Compact at Komar Research 

Laboratory facilities. Biofilm study was commenced with producing (0.6 McFarland) of bacterial suspension 

from a single pure isolated colony which is equivalent to (1×107 CFU mL-1) bacterial suspension, then pipetting 

150 μL of different bacteria’s suspensions (Micrococcus luteus and Proteus mirabilis) in different media (Brain 

Heart Infusion Broth [Oxoid/England], Peptone Water [Neogen/UK], Normal Saline 0.85% w/v Sodium 

chloride (NaCl), Distilled Water and Nutrient Broth [Neogen/UK] solutions into the wells of sterile 96-well 

flat-bottomed microtiter plates. The incubation temperature was set at 37oC. Each bacterial suspension was 

transferred into 12 separate wells of the 96-well plates; thus, 12 replicas were provided to represent the biofilm 

formation patterns for each experimental setting. 

 

Bacterial growth was terminated according to the experimental settings in four batches, i.e., after 1st, 2nd, 3rd, 

and 5th-day intervals. This is done by rinsing off the media residuals following their complete drainage. 

Microtiter plates were dried then covered, ready for the quantitative crystal violet method. After finishing the 

5th-day batch, 200 μL 0.5 % (v/v) of crystal violet stain was added to each well for 15 minutes at room 

temperature. Crystal Violet drained, and the wells were rinsed by tap, PBS, and air-dried. 

 

The biofilm stain was released by carefully adding 225 μL of 30% acetic acid to the wells for 20 minutes with 

gentle tabbing. The absorbance of the released strain was recorded from readouts of the CECIL 7500 [Canada] 

spectrophotometer at 590 nm. 

 

B. Statistical Analysis 

GraphPad Prism was utilized to analyze all data. Three-way ANOVA and Tukey’s multiple comparisons tests 

were utilized for the statistical analysis. A p-value of less than 0.05 (p<0.05) was regarded statistically 

significant; p values of less than 0.0001 (p<0.0001) was considered as statistically highly significant. 

 

Results and Discussion 

Results of 2 different strains of bacteria cultured in 5 other media for four different durations are elaborated as 

follows. Both Proteus mirabilis and Micrococcus luteus were inoculated into Peptone Water (PW), Nutrient 

Broth (NB), Brain Heart Infusion (BHI), Normal Saline (NS), and Distilled Water (DW). Figure 1 illustrates 

the absorbance at 590 nm by the released crystal violet stain, which is directly proportional to the biofilm 

biomass produced by each bacterium per each experimental setting. From the fore-mentioned figure, biofilm 

production by Micrococcus luteus in peptone water has recorded the highest absorbance at 590 nm; this can 

be revealed visually. Though, statistical analysis is required to confirm this finding. The observations showed 

that different incubation times have been influential on the trend and pattern of biofilm formation. 
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Figure 1. Overall absorbance records at 590nm per bacterium per media per time. 

 

Patterns of attachment to detachment for each bacterium have been recorded (Figure 2, a-j), illustrates each 

bacterium's biofilm formation pattern. Both strains exhibited a similar pattern of attachment and detachment 

in (BHI broth, PW, and DW) media suspensions (Figure 2, a-f); which infers that the availability of nutrients 

and osmolarity have a similar influence on the patterns of biofilm formation. Namely, when both strains are 

suspended in BHI (Figure 2, a-b), they both form the biofilm efficiently on the first day of incubation. Then 

detachment started until the third day. On the 5th-day, biofilms were rebuilt for the second time. Whereas their 

biofilm formation pattern in the suspension of PW (Figure 2, c-d); started moderately, then reached its peak 

on the second day of incubation, followed by a gradual detachment of the biofilm. Distilled water suspensions 

of both bacteria (Figure 2, e-f); started with built up of the biofilm, then followed by gradual detachment 

previous studies have shown that additional glucose to the media; which is the case of BHI broth; possess a 

negative influence on the biofilm formation when the incubation intervals are similar to the current study [43]. 

In contrast, the results of other studies might lead to an extension of confusion, yet incubation intervals of 

those studies are in hours, not days [44]. 

 

However, when they were incubated on NB and NS (Figure 2, g-j), their biofilm patterns diverged. At the 

same time, Micrococcus luteus suspension in NB (Figure 2, g-h); attached on the first day and started 

detachment until the third day. It started reattachment on the fifth day; the Proteus mirabilis trend started with 

similar early attachment then detached gradually. Directions of both strains in NS suspensions agreed with 

those of NB, yet with milder fluctuations (Figure 2, i-j). This could be linked to their different genetic 

adaptation and/or physiological behavior, as reported by other studies [35]. 

 

  
a b 
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Figure 2 (a-j). Patterns of biofilm formation by each bacterium per media throughout the incubation period. 

 

Statistical analysis has shown the significance of the use of different bacteria and media types and incubation 

time; Table 1 shows the p-value per listed conditions after Three-way ANOVA by GraphPad Prism. It can be 

noticed that in all experimental settings, time plays a statistically highly significant role in the buildup and 

dispersion pattern of the biofilm formation, p-value <0.0001. 
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Table 1. p values of Three-way ANOVA. 

Source of Variation 

P 

-value P-value 

summary 

Culture 

Media 

Time in DAYS <0.0001 **** 
N

S
 v

s. D
W

 

Culture Media <0.0001 **** 

Bacterial Strains <0.0001 **** 

Time in DAYS x Culture Media <0.0001 **** 

Time in DAYS x Bacterial Strains <0.0001 **** 

Culture Media x Bacterial Strains <0.0001 **** 

Time in DAYS x Culture Media x Bacterial Strains <0.0001 **** 

Time in DAYS <0.0001 **** 

P
W

 v
s. N

B
 

Culture Media 0.1231 ns 

Bacterial Strain 0.1393 ns 

Time in DAYS x Culture Media <0.0001 **** 

Time in DAYS x Bacterial Strain 0.0177 * 

Culture Media x Bacterial Strain <0.0001 **** 

Time in DAYS x Culture Media x Bacterial Strain <0.0001 **** 

Time in DAYS <0.0001 **** 

P
W

 v
s. B

H
I 

Culture Media <0.0001 **** 

Bacterial Strain 0.274 ns 

Time in DAYS x Culture Media <0.0001 **** 

Time in DAYS x Bacterial Strain 0.0023 ** 

Culture Media x Bacterial Strain <0.0001 **** 

Time in DAYS x Culture Media x Bacterial Strain 0.0007 *** 

 

It can be noticed that each bacterial strain's attachment to detachment pattern was changing in different media 

used in this study. Therefore, numerically and statistically significant differences dominate the experimental 

settings represented in table-1 whereas Figure 3 (a-c) visually illustrates the arrangement of data per each 

analysis of three-way ANOVA. 
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Figure 3 (a-c). Visualizing the patterns of biofilm formation for three-way ANOVA; p values are presented in Table-1. 

 

The biofilm produced after two days of incubation by Micrococcus luteus in peptone water showed a 

statistically significant difference compared to the other settings of the experiment that were conducted by this 

study. Figures 4, 5, 6, and 7 graphically show biofilm formation ability by both bacterial strains. The emphasis 

is on the significance of Peptone Water Suspension of the bacterial strains on the second day's incubation. 

 

 
Figure 4. Patterns of biofilm formation by each bacterium in Nutrient broth versus Peptone water throughout the 

incubation period. 
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Figure 5. Patterns of biofilm formation by each bacterium in Peptone water versus Brain Heart Infusion throughout the 

incubation period. 

 

 

 

 

 

 
Figure 6. Patterns of biofilm formation by each bacterium in Peptone water versus Distilled Water throughout the 

incubation period. 
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Figure 7. Patterns of biofilm formation by each bacterium in Peptone water versus Normal Saline throughout the 

incubation period. 

 

The biofilm formation results of this study reveal the different potentials of each isolate to form biofilm under 

different experimental settings. Biofilm formations were carried out by utilizing different incubation periods 

and media.  

Proteus mirabilis and Micrococcus luteus have built up biofilm in nutrient broth. However, when assessments 

were done for brain heart infusion broth on day five, biofilm production was decreased, which was due to the 

depletion of resources in this media. Proteus mirabilis and Micrococcus luteus in day one formed biofilm in 

distilled water due to their ability to modify against osmolarity. The increase in biofilm formation in distilled 

water and normal saline in producing biofilm, especially in both Proteus mirabilis and Micrococcus luteus, 

due to the capacity of these bacteria to produce anti-osmolarity that means the bacteria which can prevent the 

cell wall or outer membrane from damage, as well as the ability of some bacteria such as Micrococcus luteus 

to thrive in a low level of the nutrient environment due to their possible oligotrophic nature [45]. Furthermore, 

a psychological situation that is influencing the levels of hormones has been reported to increase the 

susceptibility of individuals to biofilm formation. Invitro studies have shown that High concentrations of 

epinephrine are in favor of biofilm formation by Micrococcus luteus [46]. 

In recent studies, septic arthritis, prosthetic valve endocarditis [47], and recurrent bacteremia cases were 

reported to be associated with Micrococcus luteus infection. They have shown that the antibiotic activity of 

pomegranate rind extract (PRE), Zn (II), is efficient against Micrococcus luteus and other bacteria [48]. 

Micrococcus luteus biofilm formation can be prevented enzymatically by introducing DNaseI [49] and NucB 

lysozyme to the medium or using surfactants of microbial origin such as rhamnolipid [50]. 

The characteristic carotenoid pigment of Micrococcus luteus can be used in skincare and cosmetics as it 

possesses antibacterial, antifungal activities and the ability to absorb Ultra Violet rays [51]. 

 

Conclusion and Recommendations 

The findings of this study conclude that complications of colonized infection with Micrococcus luteus UTI 

patients are inevitable because it possesses a similar and occasionally more competent capacity to form biofilm 

than Proteus mirabilis. At this point, the study results demand further cautiousness with Micrococcus luteus 

infections. Early diagnosis and antibacterial treatment are the keys to efficient infection control. Also, 

ingredients of the used media play a prominent role in biofilm formation. Media supplied with carbon and 

nitrogen sources support the production of biofilm as they are going to be assimilated by the microbes to 

produce the structure of the biofilm. However, additional amounts of glucose in the media can influence the 

pattern of biofilm production differently, i.e., short-term to long-term contract. Micrococcus luteus has a 

significant capacity to produce biofilm in all experimental settings, especially in Peptone Water, where it 

formed more biomass Proteus mirabilis in the 96-wells as well as incubation time has a significant influence 

on the formation and dispersion patterns of the biofilm. 
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We recommend the following points for future studies:  

• Time intervals for incubation periods to be modified, especially for sharp fluctuations, so that more 

accurate details are collected. This can be done by fractioning days into hours or minutes. 

• The osmolarity of the media was designed as serial dilutions of solutes, i.e., suspensions of bacteria in 

gradually decreased specific gravities. 

• Shifting from complex media (which contain extracts) to defined media for such studies enables 

traceability of resource utilization. 

• Serial dilutions of carbon and nitrogen sources were set in combinations, i.e., finding the most 

supportive ratio of carbon source to nitrogen source to form biofilm. 

• Different incubation temperatures in addition to 37oC 

• Along with standard 96-well plates, surfaces of other tools and materials of real hospital life settings 

to be involved such as; metal, glass, rubber, and silicon. The best nominates to start with are sections 

of known surface area from wound drainage and urinary catheters made of different materials (Silicon, 

rubber, and PVC or Polyvinyl Chloride). 

• Utilizing scanning electron microscopy to visualize and characterize biofilm structures. 
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