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Abstract

This study was carried out with the aim of assessing the antibacterial potentials of violacein extracted from
Chromobacterium violaceum isolated from domestic and recreational water sources in Owerri, Nigeria. Water samples
were collected from different locations of the domestic water sources, five different swimming pools, and three borehole
stations using sterile amber bottles. The isolation of C. violaceum was done using pour plate method on nutrient agar.
The violet colonies of C. violaceum were counted, characterized and identified using standard microbiological and
biochemical techniques. The mean viable bacterial counts were high. Water sample from Otamiri station-1 have the
highest bacterial count (200 x 10! CFU/ml and 19.50 x 10! CFU/ml) respectively. Swimming pool 1 and 3 bacterial
counts were (4.50 x 10! CFU/ml, 11 x 10! CFU/ml and 11.50 x 10! CFU/ml) respectively. For borehole 1, 2 and 3,
swimming pool 2, 4 and 5, counts were (0.00 x 10! CFU/ml). Ethanolic extraction of violacein from C. violaceum was
performed from a 48-hour culture broth. The sensitivity of the bacteria isolates to violacein was assayed on nutrient
agar and nutrient broth by agar diffusion and broth dilution methods respectively. All the bacterial isolates were
susceptible to the violacein extract at various concentrations, except MRSA that showed resistance to the violacein at
2.19mg/ml for extract from recreational water isolate and at 17.5mg/ml to 2.19mg/ml for extract from domestic water
isolates. Conclusively, violacein has the potential to be used as an antibacterial compound for treatment of multidrug
resistant bacterial infections.
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1. Introduction

The increasing rate of microbial resistance to a number of antimicrobial agents is becoming a major public health
problem. The increasing use and misuse of existing antibiotics in human, veterinary medicine in agriculture has further
aggravated the problem [1]. Common species among them are methicillin-resistant Staphylococcus aureus (MRSA),
Penicillin-resistant Streptococcus pneumoniae, vancomycin-resistant Enterococcus and Mycobacterium tuberculosis [2,
3]. Itis further stated that about 70% of the bacteria that cause infections in hospitals are resistant to at least one of the
drugs most commonly used for treatment [1]. Thus there is an urgent need for new classes of antimicrobial compounds
to overcome existing resistance mechanisms and to effectively combat these human pathogens that can cause life
threatening infections. The first antibiotic from marine bacterium was identified and characterized in 1966 [4].

The violacein is a natural purple, blue pigment extracted from various Gram-negative bacteria including
Chromobacterium violaceum, Collimonas sp., Duganella sp., Lodobacter fluviatile, Janthinobacterium lividum, and
Microbulbifer sp. Violacein exhibits many biological properties such as broad-spectrum antimicrobial, antiviral,
antiprotozoal, and antioxidant activities, and exerts significant cytotoxicity toward several tumor cell lines. Various
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biological and pharmacological properties of violacein have made it an attractive tool for medical and biotechnological
research [5].

Violacein is a natural purple pigment found in microorganisms, especially in Chromobacterium violaceum living in
unique environments, from the tropic to glaciers. It acts as natural defense system against other organisms, including:
Amoebas, bacteria and parasites. As an antibacterial agent, violacein showed activity against Mycobacterium
tuberculosis [6].

The pigmented molecule is of particular interest and understanding violacein’s function and mechanism of action has
relevance to those unmasking any of its commercial or therapeutic benefits. Unfortunately, the production of violacein
and its related derivatives is not easy and so various groups are also seeking to improve the fermentative yields of
violacein through genetic engineering and synthetic biology [7].

Violet-pigmented bacteria, which have been described since the end of the 19t century, are occasionally the causative
agent of septicemia and sometimes cause fatal infection in human and animals. Bacteria, producing violet colonies due
to the production of a non-diffusible pigment violacein, were classified as a redefined genus, Chromobacterium [8].

Chromobacterium violaceum is a Gram negative bacteria found in water and soil samples from tropical and subtropical
regions of the world. Due to its biotechnological potential, C. violaceum had its genome sequenced by the Brazilian
National Genome Project. The most notable characteristic of C. violaceum is the production of the chemically well
characterized pigment named violacein. Previous studies indicated antibiotic and antichagasic, antitumoral, and
antileishmanial activities of violacein [9, 10, 11]

Itis part of the normal flora of water and soil of tropical and subtropical regions of the world. It grows readily on nutrient
agar, MacConkey agar and blood agar at 35-370C, producing distinctive smooth low convex colonies with a dark violet
colonies with beta-hemolysis. Some strains of the bacteria which do not produce this pigment have also been reported,
which may make diagnosis even more difficult.

2. Material and methods

2.1. Study Area and Water Sources

This study was carried out in Owerri, Imo State, Nigeria. Owerri is the capital city of Imo State in Nigeria, set in the heart
of Igbo land. It is bordered by two different domestic water sources: Otamiri River to the east and Nworie River to the
south. Owerri has a tropical wet climate according to the koppen-Geger system. Rain falls for most months of the year
with a brief dry season. Population of Owerri is 215038 people, latitude of 57500 (5450.00”N), longitude of 71167
(77°0.012”E) and Altitude of 152. Inadequate supply of portable drinking and domestic water in Owerri has led to the
installation of underground and overhead water tanks. Also, borehole is installed from the supply of underground water.
Owerri has a lot of hotels and due to its location, people from different parts of Nigeria visit the city. In each of these
hotels is a swimming pool for recreation of the hotel inmates and other persons in the neighborhood [12].

Recreational use of water has important benefits to health and wellbeing of humans. Yet, there may also be adverse
health effects associated with it, if the water is polluted or unsafe [13]. Common sources of contamination in swimming
pool water quality include the water source, bather-derived chemicals, and pool maintenance chemicals [14]. These are
evidence that C. violaceum can be isolated from domestic and recreational water sources.

2.2. Sample Collection

Three water samples were collected from different locations of the Otamiri River and five water samples from five
different swimming pools of five hotels, and three from different boreholes in Owerri using sterile amber bottles. The
isolation C. violaceum was carried out by pour plate method on nutrient agar. The standard methods for the isolation
and identification of bacteria as described by Dike-Ndudim et al, [12] was adopted in the analyses. Ten (10) millimeter
of the water samples was aseptically transferred into 250ml Erlenmeyer flask containing 22.5ml nutrient broth medium
followed by incubation at 30°C for 24 hours. One loopful of bacterial culture was subcultured onto nutrient agar plates
and incubated at 30°C for 24 hours. Serial sub-culturing was carried out until single bacterial colonies were obtained.
The isolates from the contaminated water which appeared violet in colour were characterized to confirm
Chromobacterium violaceum.
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2.3. Extraction of Violacein

Compound-violacein was extracted from C. violaceum and purified as described by Renee and Kendall, [15] with little
modification. Ethanolic extraction of violacein was performed from a 48 hour broth culture.

2.4. Disc Preparation and Susceptibility Test

The sensitivity of the test bacteria to violacein was assayed on nutrient agar and nutrient broth media by agar diffusion
and broth dilution methods respectively. Kirby-Bauer disc diffusion method was used to determine the antibacterial
activity of the crude violacein extracts as follows (Harley-Prescott, 2002). Methicillin Resistant Staphylococcus aureus
(MRSA), Escherichia coli, P. aeuginosa, and E. faecalis were sub-cultured into Nutrient broth medium and incubated at
37°C for 12 hours. Then, 0.1 ml of the broth culture was inoculated onto nutrient agar plates in duplicates. The plaates
were allowed to air dry for five minutes before applying the antibiotic discs which were whatman filter papers (wet
strengthened, 0.7mm in diameter), previously impregnated with 50ul of the crude ethanol extract. 5pg/ml ciprofloxacin
was used as the antibiotics standard. The zones of growth inhibition were determined after 18 hours of incubation at
37°C for the violacein extracts by measuring the diameter of the cleared area with a meter rule. Strain resistance was
determined using the latest breakpoint tables available at the Clinical Laboratory Standards Institute [16].

2.5. Minimum Inhibitory Concentration

The test tubes which were already containing various concentration of violacein extract (ranging from 35mg/ml to
2.19mg/ml) for both domestic and recreational water isolates were inoculated with 50ul of the inoculums suspensiom
using a micropipette. Tubes were sealed and incubated at 37°C for 18-22 hours. The positive control drug was run in
parallel with the violacein extract. All plates were inoculated in duplicates. The Minimum Inhibitory Concentration
(MIC) was read as the lowest concentration without visible growth.

3. Results

The mean viable bacterial counts from the water sources were generally high. Counts from domestic water source
station 1 and 3 were highest with 20.00 x 101 CFU/ml and 19.50 x 10® CFU/ml, respectively. Bacterial counts recorded
for domestic water sample 2, recreational water samples 1 and 3 were 14.50 x 101 CFU/ml, 11 x 101 CFU/ml and 11.50
x 101 CFU/ml, respectively. Fore borehole 1, 2, and 3, swimming pools 2, 4 and 5, counts were 0 x 10! CFU/ml. Otamiri
River has more bacterial contamination than the recreational water samples as expressed by their viable bacterial
counts.

Table 1 Mean zones of inhibition for the swimming pool extract dilutions in relation with the positive control
ciprofloxacin 5mg/ml and negative control alcohol 95% on the bacterial isolates

Zones of inhibition (mm)
Concentration of extracts (mg/ml) MRSA | E. coli P. aeruginosa | E. faecalis
35.0 21.50 29.50 27.50 26.50
17.5 19.00 26.00 25.50 25.00
8.75 17.00 24.50 23.50 22.50
4.38 15.00 21.00 20.50 21.00
2.19 14.00 16.00 18.00 18.00
Cipro (5mg/ml) 39.50 36.50 40.00 29.50
Alcohol 0.00 0.00 0.00 0.00

The bacterial isolates used for this study showed high resistance to conventional antibiotics used on them.

Table 1 shows that the positive control had more significant zones of inhibition in its effect on all bacteria. Also, both
extracts at 35mg/ml showed a sensitive zone (significant zones) of inhibition for all the organisms. At 17.5mg/ml and
8.75mg/ml, all were still sensitive except for MRSA which showed resistance at 17.5mg/ml (9mm) and below. Even up
to the concentration of 4.38 and 2.19mg/ml, E. coli (21mm and 17mm) and P. aeruginosa (20mm and 16.5mm) were
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still sensitive as shown in the figure 4.2 below. From figure 4.3, MRSA was sensitive from 35mg/ml to up to 4.38mg/ml
in a decreasing linear trend with zones of inhibition ranging from 21.5mm to 15mm.

E. coli P. aeruginosa and E. faecalis, showed sensitivity in all levels of the dilutions of the extract, from 35mg/ml to
2.19mg/ml with zones of inhibition decreasing in a linear trend as shown in table 2 below. In both table 1 and 2, the
positive control showed a significantly high zones of inhibition against the selected organisms with the negative control

showing no effect on the selected bacteria.

Table 2 Mean zones of inhibition for the Otamiri extract dilutions in relation with the positive control ciprofloxacin
5mg/ml and negative control alcohol 95% on the bacterial isolates

Zones of inhibition (mm)
Concentration of extracts (mg/ml) MRSA E. coli P. aeruginosa | E. faecalis
35.0 21.50 31.50 25.00 38.00
17.5 9.00 26.00 23.00 35.50
8.75 0.00 24.50 20.50 26.00
4.38 0.00 21.00 20.00 10.00
2.19 0.00 17.00 16.50 9.00
Cipro (5mg/ml) 40.50 36.50 39.50 28.50
Alcohol 0.00 0.00 0.00 0.00

The MIC and Minimum bactericidal concentration (MBC) of the C. violaceum extract from domestic and recreational

water sources on some selected bacteria in relation to ciprofloxacin was done.

Table 3 MIC and MBC values of violacein produced by C. violaceum isolated from Otamiri against test organisms

Isolates Ciprofloxacin (5pg/ml) Ethanol Concentration of violacein
(Positive control) (Negative control) extracts (mg/ml)
MIC MBC MIC MBC MIC MBC
MRSA 2.50 5.00 0.00 0.00 17.50 17.50
E. faecalis 0.62 1.25 0.00 0.00 8.75 8.75
E. coli 2.50 2.50 0.00 0.00 8.75 8.75
P. aeruginosa 0.620 1.25 0.00 0.00 8.75 8.75

Table 4 MIC and MBC values of violacein produced by C. violaceum isolated from swimming pool against test organisms

Isolates Ciprofloxacin (5ng/ml) Ethanol Concentration of violacein
(Positive control) (Negative control) extracts (mg/ml)
MIC MBC MIC MBC MIC MBC
MRSA 1.25 2.50 0.00 0.00 8.75 17.50
E. faecalis 0.62 1.25 0.00 0.00 17.50 17.50
E. coli 2.50 2.50 0.00 0.00 8.75 8.75
P. aeruginosa 0.62 1.25 0.00 0.00 8.75 8.75
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4., Discussion

In this study, we isolated C. violaceum from domestic and recreational water sources, which is in line with the report by
Dike-Ndudim et al, [12]. No C. violaceum was isolated from the three (3) borehole water samples, this contrasts the
same result by Dike-Ndudim et al, [12]. This may be attributed to the size and sites of borehole water samples as
compared to those assessed by the researcher. C. violaceum was also isolated from two recreational water samples. For
identification of C. violaceum, the result of this study agrees with the report by Ahmad et al, [17]. The isolate showed
morphological characteristics as gram negative rod similar to that isolated by Ahmad et al, [17].

In this study, the violacein extract obtained from the C. violaceum assessed had similar effect as the one in previous
study by Anju et al, [18]. The extract from both domestic and recreational water isolates showed similar trend in result
for their zones of inhibition.

E. faecalis and MRSA, the Gram-positive bacteria showed high sensitivity to the violacein at concentrations 17.5mg/ml
and 8.75mg/ml respectively. The same concentration led to the loss in viability of these bacteria after 24 hours as
determined by the MBC regardless of their multidrug resistance. This result is corroborating the report of Cazoto et al,
[7] which showed activity of violacein extract against human Staphylococcus aureus at concentration of 17uM and loss
of viability at final concentration of 15uM, or approximately 5mg/L. P. aeruginosa, and E. coli, the Gram negative bacteria
were also susceptible to the violacein extract at concentrations of 8.75mg/ml respectively. Studies by Aranda et al, [19],
highlighted the tendency of Gram-positive strains to be more susceptible to violacein than Gram negative strains. They
attributed their findings to the presence of the outer membrane within these bacteria which provides protection against
violacein, which was opposite to our findings.

The commercial antibiotics ciprofloxacin (positive control) showed effect on all the bacterial isolates. The violacein
showed activity similar to the standard ciprofloxacin but the effects of the standard ciprofloxacin were higher than that
of violacein on agar disc diffusion assay.

5. Conclusion

Several investigations have been made on the isolation of C. violaceum from water sources. In this study, C. violaceum
was isolated from domestic and recreational water sources in Owerri. Characterization and identification of the isolate
match the results to the reports of match the results to the reports by previous authors. For this study, the isolate
showed violet pigmented colonies on nutrient agar plate. Extraction of violacein from the isolate was also recorded in
our study. The violacein extract also shows similar effect as reported in previous studies. The marine bacterial isolate,
Chromobacterium violaceum was found to produce significant antibacterial pigment which was confirmed as violacein.
It inhibited a series of test bacteria isolates tested on them, both Gram positive and Gram negative were susceptible to
it. The violacein showed good antibacterial activity as compared to standard ciprofloxacin against bacteria and isolates.
This study illustrates the potential of violacein pigment isolated from Chromobacterium violaceum as an antibacterial
agent for MRSA and other pathogenic bacteria. Therefore, Chromobacterium violaceum violacein can be further purified
and used for the production of novel novel antibiotics for the treatment of all kinds of MDR Staphylococcus aureus,
Urinary tract infections and MDR Streptococcus infections.
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