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Abstract 
The biofilm formation by two opportunistic pathogens Enterobacter agglomerans and Serretia ru- 
bideae on different environmental parameter under single culture condition was compared. Bio- 
film clone formation unit (CFU) counting revealed that the number of Enterobacter was larger than 
Serretia after 24-h incubation. Consistent with this result, measurement of crystal violet staining 
of bacteria attached on the test tubes showed that the absorbance at 600 nm enhanced 2 times in 
Enterobacter than Serretia under optimum growth condition. Experiments with different envi-
ronmental conditions such as incubation period, temperature, pH, NaCl concentration (aw) and 
medium ingredient contents for both organisms were carried out in Luria Bertani (LB) broth. The 
results indicated that Enterobacter grew well at 37˚C after 24 h but Serretia grew well at 27˚C after 
48-h and 0.5% NaCl concentration was found optimum for both. On the other hand, 0.5% medium 
content and pH 5 was found optimum for Enterobacter whereas 2% medium content and pH 7 for 
Serretia. 
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1. Introduction 
Enterobacter and Serretia both genus are Gram-negative, rod-shaped bacteria of the family Enterobacteriaceae. 
They are classified as facultative anaerobes which means that they are able to thrive in both aerobic and anaero- 
bic environments [1] [2]. Serretia is responsible for about 2% of nosocomial infections of the bloodstream, 
lower respiratory tract, urinary tract, surgical wounds, skin and soft tissues in adult patients. They are unique by 
their production of three enzymes such as DNase, lipase and gelatinase [3]. 

On the other hand, many species of Enterobacter possess flagella and have the ability to synthesize an en- 
zyme known as ornithine decarboxylase. They are nosocomial opportunistic pathogens that are causing more 
infections including up to 5% of hospital-acquired septicemias, 5% of nosocomial pneumonias, 4% of nosoco- 
mial urinary tract infections, and 10% of postsurgical peritonitis cases [4]. Some symptoms of Enterobacter in- 
fections include bacteremia, lower respiratory tract infections, skin infections, soft tissue infections, urinary tract 
infections, endocarditis, intra-abdominal infections, septic arthritis, osteomyelitis, and ophthalmic infections. 
These bacteria also have some usefulness such as Enterobacter cloacae is used in biological control of plant 
diseases. 

Bacteria can live in planktonic (free living) or sessile phenotype. When free living bacteria attach to surface, 
they begin to proliferate themselves, aggregate and secrete exo-polysaccharide (EPS) that helps to sequester nu- 
trients and other planktonic cells. The aggregated cell-EPS complex will finally mature and form a water chan- 
nel, containing mushroom-like three layer structure, termed as biofilm [5]-[8]. Depending on the species, mi- 
cro-colony may be composed of 10% - 25% cells and 75% - 90% EPS matrix, and the matrix material often ap- 
pears to be most dense in the area closest to the core of the micro-colony [9]. Bacteria inside the biofilm showed 
properties that are dramatically different from their free-living style. Biofilm structure enhances bacterial com- 
munication, nutrient exchange and metabolic efficiency of the community. Thereby this structure confers the 
bacteria more resistant to antibiotics and host immune attack. Floating bacteria that in some case are released 
from mature biofilms will aggravate infections or result in acute attack to host and eventfully lead to repeated 
infections [10] [11]. Vaccines developed against planktonic bacteria prevented epidemic diseases, like diphthe- 
ria and typhoid, and antibiotics developed against planktonic cells saved the lives of millions of people with 
acute diseases like septicemia and gangrene. The environmental genera (Pseudomonas, Serratia, Legionella, etc.) 
are responsible for nosocomial infection now began to displace the specialized pathogens of most common bac- 
terial diseases and they often gave rise to general exacerbations characterized by very acute and even life- 
threatening symptoms [9]. 

The purpose of the present research was to compare the degree of biofilm formation by two opportunistic 
pathogens Enterobacter agglomearns and Serretia rubidaea in different environmental condition. 

2. Materials and Methods 
2.1. Materials 
For this research, subcultures of previously isolated bacteria were used. These cultures were kept preserved in 
the Laboratory of Microbiology Department, Chittagong University. The preserved cultures were then enriched 
in nutrient broth for 4 h at 37˚C temperature. To confirm the purity of the isolates, the enriched culture were 
seeded onto Nutrient Agar (NA) medium following streak plate method and ensure the presence of similar types 
of colonies in the medium. To facilitate the handling of the isolates they were designated as JN and NW. One set 
of purified bacterial subcultures were preserved as stock culture in polyethylene bag at 4˚C temperature. Occa- 
sional sub-culturing (after 3 to 4 weeks) were maintained to keep the cultures in active condition and used for 
further studies. 

2.2. Identification 

With an aim to characterize the selected bacterial isolates the renowned morphological and biochemical meth- 
odswere followed. Based on the results or characteristics obtained from following experiments, the isolates were 
identified. During identification, the characteristics of the isolates were compared with standard description 
given in “Bergey’s Manual of Determinative Bacteriology” [12]. 
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2.3. Biofilm Production and Screening Procedure 
Biofilm production was done by the standard method mentioned in the literature [13]. Here, one loopful from 
the subcultures of both isolates were inoculated in 5ml LB broth containing test tubes and incubated for 4 h at 
37˚C for enrichment. Then the suspension were dispensed in different test tube at inoculum to medium ratio of 
1:20 and incubated at 37˚C temperature for different periods (24, 48, 72, 96 and 120 hours respectively).After 
incubation, biofilm was seen by staining procedure. The dye used for this purpose was ammonium oxalate crys- 
tal violet. In this assay, after the respective incubation times, the culture medium was discarded from the tubes 
carefully. Then the tubes washed with sterile distilled water to remove loosely associated bacteria and air dried 
for 30 min. The tubes were stained with 1% ammonium oxalate crystal violet solution and left for 30 min at 
room temperature. Tubes were then inverted to remove the crystal violet and rinsed twice with sterile distilled 
water to remove excess crystal violet (CV). Five ml of 95% ethanol solution was added in each tube which can 
act as a destining agent and incubated for 30 minute at room temperature. This could dissociate the biofilm 
forming cells and solubilized the remaining crystal violet attached to the cell. The absorbance of the retained dye 
was measured by spectrophotometer at 600 nm. 

2.4. Different Parameters for Biofilm Development 
For the detection of optimum growth parameter the organisms were inoculated in different media parameters at 
inoculums to medium ratio of 1:20. 

2.5. Determination of the Optimum Temperature 
For the detection of optimum temperature both organisms were inoculated in different 5 ml sterile LB broth 
containing screw cap tubes. Then the tubes were incubated at different temperatures (10˚C, 27˚C, 37˚C and 45˚C) 
for 24 h. After incubation the biofilm was assayed by the modified method [14]. 

2.6. Determination of the Optimum Incubation Period 
The effects of incubation periods on the biofilm formation by selected isolates were also determined. For this 
purpose, LB media was prepared and transferred 5 ml of media in each of 6 inch screw cape tube. After auto- 
claving the tubes were inoculated with single organism and incubated for different periods (such as 24, 48, 72, 
96 and 120 h) at optimum temperature for each isolates. After growth the biofilm density was measured by the 
modified method [14]. The effects of incubation periods on the biofilm formation were recorded. 

2.7. Determination of the Optimum pH 
To observe the effects of media pH on the biofilm formation by selected isolates, Luria Bertani (LB) media were 
prepared in buffer solution. After adding the ingredient of LB broth, the pH of the media was adjusted to the 
specific pH points to pH 3, 4, 5, 6, 7, 8 and 9. Then 5 ml of medium from each pH was transferred to 6 inch 
screw cape tubes. After autoclaving the tubes were inoculated with single organism, and incubated at optimized 
conditions for each isolates. After incubation the biofilm was assayed by the modified method. The pH effects 
on the biofilm formation were recorded. 

2.8. Determination of the Optimum Salt Concentration 
Luria Bertani (LB) medium was prepared with different concentrations of NaCl (0%, 0.5%, 1% and 2% concen- 
tration). Then 5 ml of media with different salt concentrations was transferred in each of 6 inch screw cape tube 
and sterilized. The medium was inoculated with organisms and incubated in optimum condition for each isolates. 
After growth the biofilm was measured by the modified method [14]. Effects of salt concentration on the biofilm 
formation were noted. 

2.9. Determination of the Optimum Medium Concentration 
LB medium was prepared using different ingredients at a changed concentration and sterilized in screw cap tube. 
Then the medium was inoculated with single microorganism and incubated keeping all other experimental con- 
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ditions at optimum. After incubation the biofilm was assayed by the modified method. The effects of medium 
concentration were documented. 

2.10. Enumeration of Total Viable 
The total viable bacteria were enumerated for both microorganisms. 

2.10.1. Serial Dilution 
Five sterile test tubes were taken containing 9 ml sterile water. Test tubes were labeled by 10−1 to 10−5. Before 
making any dilution, each of the isolate enriched in 5 ml LB broth for 4 h at 37˚C and shaken vigorously. Then 
1ml from each enriched isolates was added to a test tube containing 9 ml of sterile water and thoroughly mixed 
to get a 10−2 dilution. In such a way serial dilution of isolates were made up to 10−5. 

2.10.2. Standard Plate Count (Pour Plate Method) 
1 ml of each dilution was placed on sterile Petri plates by sterile pipette. Approximately 15 ml of sterilized 
melted and cooled (45˚C) nutrient agar (NA) was poured into the plates. The plates were rotate by hand for sev- 
eral times in the clockwise, anticlockwise, and crosswise direction for equal distribution of the media. Then the 
plate was allowed to solidify. After solidification of the media, the plates were incubated at 37˚C for 24 h in an 
incubator at inverted position. Two plates corresponding to one dilution were done. After incubation colonies 
were counted. The arithmetic average of two counts for each dilution was taken and multiplies by the respective 
dilution factor to get the result [15]. The calculated result expressed as colony forming unit (CFU). 

3. Results and Discussion 
The morphological, cultural and biochemical characteristics of the preserved isolates were studied to identify it 
up to species. Morphological characteristics include size and shape, arrangement of the cells, presence or ab- 
sence of spores, irregular forms, acid fast reaction, gram reaction etc. Cultural and physiological characteristics 
include temperature tolerance, salt tolerance, IMViC test, H2S production, nitrate reduction test, fermentation of 
different carbohydrates etc. All these characteristics were then compared with the standard description of Ber- 
gey’s Manual of Determinative Bacteriology [12] and found that the isolates belonged to the genus Enterobacter 
and Serretia and provisionally identified as Enterobacter agglomerans and Serretia rubidaea.  

The optimum growth parameters for biofilm formation by Enterobacter and Serretia between 24 and 48 h in- 
cubation period at different temperatures showed that the OD value was 2 times higher after 24 h at 37˚C tem- 
perature for Enterobacter where 4 times higher after 48 h at 27˚C for Serretia. Here negative control was de- 
ducted from the test absorbance. The results are presented in Figure 1. 

A large difference was observed in biofilm formation in various pH ranges. After adjusting the media pH such 
as pH 4, 5, 7, 8 and 9 (before autoclave) it was found that at pH 7, the growth of Serretia was increased while 
Enterobacter showed extended growth in pH 5 as shown in Figure 2.  
 

 
Figure 1. Biofilm formation as measured by crystal violet absorbance at 600 nm 
after 24 and 48 hours incubation period at different temperatures.               
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The effects of salt concentration on the biofilm formation showed that the medium with 0.5% salt having a 
good growth for both Serretia and Enterobacter. But when the salt concentration was doubled, they showed less 
absorbance. The findings are represented in Figure 3. 

Other parameter such as medium content showed that at 0.5% media content Enterobacter grew well. But 
Serretia grew well at 2% media content as described in Figure 4. 
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Figure 2. Biofilm formation as measured by crystal violet absorbance at 600 
nm after optimum incubation period with optimum temperature and different 
media pH.                                                       
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Figure 3. Biofilm formation as measured by crystal violet absorbance at 600 
nm after optimum incubation period with different salt concentration.        
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Figure 4. Biofilm formation as measured by crystal violet absorbance at 600 
nm after optimum incubation period with different medium content.         
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Figure 5. Total count of the isolated microbial strain.                           

 
To confirm the results from OD at 600 nm (Figure 1) clone formation counting assay was done. Interestingly 

found that there was significantly more bacteria in Enterobacter biofilm (3.8 × 106/ml day1) than in biofilm of 
Serretia (2.6 × 106 /ml day1) after incubation period of 24 h at 37˚C temperature (Figure 5 dark blue curve for 
Enterobacter and pink curve for Serretia). These results are in accordance with the published values [16]. 

4. Conclusion 
The results of this study suggested that biofilm growth parameters vary for different organisms under single 
culture condition. Biofilm clone formation counting assay also supported these findings. 
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