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characterization procedures of this bacterium. Its identity 
to be Chromobacterium violaceum Bergonzini (Bergonzini, 
1880) was verified by a series of morphological, physiolo-
gical and biochemical tests. The phylogenetic relationship 
of this isolate was inferred by comparing its 16S rRNA 
gene sequence with that of similar taxa. Previous findings 
about the ecological, medical and industrial importance of 
Chromobacterium species were summarized and briefly 
discussed. This paper represents the first report of the 
occurrence of Chromobacterium in the disused tin-mining 
lakes of Kampar region.  
 
 
MATERIALS AND METHODS 
 
Source of materials 
 
Water samples were collected into a sterile 250 ml Schott bottle from 
a disused tin-mining lake in Old Town, Kampar, Perak, Malaysia. 
The temperature of the lake water was measured using a thermo-
meter. 
 
 
Isolation of bacteria using the enrichment method 
 
Water sample was transferred into a sterile 15 ml Falcon tube and 
centrifuged at 6000 rpm for 10 min. After centrifugation, the super-
natant was discarded and the pellet was re-suspended in 3 ml 
nutrient broth. The broth was then incubated overnight at 37°C 
(Malghani et al., 2009).  
 
 
Serial dilution, spread plate and streak plate 
 
After incubation, the sample was serially diluted to 10-6 with phos-
phate buffer saline (PBS). Diluted samples were then spread onto 
nutrient agar plates and incubated at 37°C for 18 h (Lammert, 
2007). The plates were checked for microbial colonies. Interesting 
isolates were picked and streaked on nutrient agar in order to get 
isolated single colonies.  
 
 
Isolation of bacteria using the membrane-filtration method 
 
Water sample was first filtered through regular filter paper (Whatman) 
to remove any unwanted substances such as algae and plant 
debris in the water. Then, 100 ml of filtered water sample was 
transferred into a sterile filtration unit as shown in Figure 1:1. The 
cellulose acetate millipore membrane of 0.2 µm pore size was used 
as the filter (Lammert, 2007). A vacuum pump was connected to the 
filtration unit to ease the filtration process. After filtration, the 
membrane was transferred into a sterile 50 ml Falcon tube 
containing 10 ml of PBS, which was then mixed well and followed 
by serial dilution as well as plating on nutrient agar.  
 
 
Morphological examination 
 
Bacterial isolates were examined for colony morphology, followed 
by Gram stain (Cappuccino and Sherman, 2013) and endospore 
stain (Chess, 2009). The isolates were also observed under wet-
mount microscopy for motility. 
 
 
Optimal growth temperature experiments 
 
To find out the optimal temperature range for growth, bacterial 
isolates  were  streaked  onto  nutrient agar plates and incubated at  

 
 
 
 
various temperatures for 18 h. All the isolates were tested for 
growth at 4, 22, 37, 46 and 60°C.  
 
 
Conventional biochemical tests 
 
Presence of extracellular enzymes  
 
Bacterial isolates were tested for starch hydrolysis, casein 
hydrolysis and fat hydrolysis by inoculating to specific agar media. 
Starch Agar, Milk Agar and Egg Yolk Agar were used to detect 
hydrolytic activities of amylases, proteases and lipases, 
respectively. Isolates were streaked on each specific medium and 
incubated at 37°C for 18 h. The cultures were checked for 
hydrolytic result, which was indicated by a clear zone surrounding 
the bacterial colonies (Lammert, 2007). 
 
 
Other biochemical and physiological tests 
 
Bacterial isolates were tested for a number of biochemical and 
physiological properties using various specific agar media following 
standard protocols (Cappuccino and Sherman, 2013; Chess, 2009; 
Lammert, 2007). The following tests were performed: Oxidation-
Fermentation (OF) Tests (for glucose and sucrose), Citrate 
Utilization Test, SIM Agar Test (for hydrogen sulfide production, 
indole production and motility test), Catalase Test, Oxidase Test, 
and Triple-sugar Iron (TSI) Agar Test. The isolates were also 
streaked on Blood Agar for observation of hemolysis. 
 
 
API assay 
 
The API assay for bacterial enzymes (Humble et al., 1977) was 
carried out by using the API ZYM test strip from BioMeriux SA. 
Enzymes assayed were alkaline phosphatase, esterase, esterase 
lipase, lipase, leucine arylamidase, valine arylamidase, cystine 
arylamidase, trypsin, α-chymotrypsin, acid phosphatase, naphthol-
AS-BI-phosphohydrolase, α-galactosidase, β-galactosidase, β-
glucuronidase, α-glucosidase, β-glucosidase, N-acetyl-β-glucos-
aminidase, α-mannosidase and α-fucosidase. The assay was 
carried out according to procedures described in the user manual of 
the API ZYM test kit. The API test strips were incubated for 4.5 h 
before colour changes were recorded and interpreted. 
 
 
Antibacterial activity 
 
Antibiotic susceptibility tests using disk-diffusion method 
 
Isolates were subjected to antibiotic susceptibility tests according to 
methodology described by Bauer et al. (1966). The standard 
antibiotic disks used were chloramphenicol, tetracycline, penicillin, 
nitrofurantoin and sulfametaphazole and trimeroprim. Isolates were 
swabbed onto Müeller-Hinton agar plates followed by putting the 
antibiotic disks on the agar surface. Plates were incubated at 37°C 
for 18 h. After incubation, the plates were checked for antibiotic 
susceptibility by measuring the zones of inhibition.  
 
 
Assay for antimicrobial agent using agar-well diffusion method 
 
Isolates were also assessed for antibacterial activity against four 
standard indicators species using agar well-diffusion method (Liasi 
et al., 2009). The four standard indicator species were Salmonella 
typhimurium (ATCC 14028), Escherichia coli (ATCC 25922), 
Bacillus subtilis subsp. spizizenii (ATCC 6633) and Staphylococcus  
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DNA of isolate as template. The amplification reaction was made 
using the Taq DNA polymerase by 1st base and oligo 14-F (5’-
AGAGTTTGATCCTGGCTCAG-3’) and 1492-R (5’-
GGTTACCTTGTTAGGACTT-3’) as universal bacterial primers. 
PCR program was carried out in Thermal Cycler (Bio-rad) which 
comprised three steps: 1) denaturation at 94°C for 30 s; 2) 
annealing at 52.7°C for 30 s; and 3) extension at 72°C for 1 min. 
The amplicon was purified using a PCR purification kit (Philekorea 
Technology) and source out for sequencing analysis. 
 
 
Phylogenetic analysis 
 
The isolated 16S rRNA sequences were aligned and compared with 
available online database of other bacterial isolates using Basic 
Local Alignment Search Tool (BLAST) from National Center of 
Biotechnology Information (NCBI). The phylogenetic analysis was 
carried out based on the 16S rRNA sequences of the isolate being 
studied (PB_Malaysia). Neighbor-joining phylogenetic tree was 
constructed using MEGA 5.2 software and the bootstrap test was 
performed with 1000 replicates.  
 
 
RESULTS 
 
Growth and basic morphology 
 
Water samples were collected from a disused tin-mining 
lake at Kampar, with water temperature ranging from 32 
to 33°C. A number of different bacterial isolates were 

obtained from the collected water samples, among them, 
Chromobacterium violaceum was spotted easily due to its 
distinct purple colonies (Figure 1: 2). It was isolated from 
both the enrichment method and the filtration method. It 
grew well at 22 and 37°C, but not at 4, 46 and 60°C. The 
colonies on nutrient agar plates incubated at optimal 
temperature were purple in colour, circular, slight raised, 
with an entire margin and smooth surface. C. violaceum 
is motile, Gram-negative, non-sporing coccobacillus. 
 
 
Biochemical and physiological properties 
 
Our isolate of C. violaceum was able to hydrolyze casein 
(Figure 1: 3) and fat (Figure 1: 4), but not starch. It was 

catalase-positive (Figure 1: 5) and oxidase-positive 
(Figure 1: 6). It oxidized and fermented glucose (Figure 2: 
7), but not sucrose. It was unable to utilize citrate as the 
sole carbon source. On SIM agar, it neither produced 
hydrogen sulfide nor indole, but it showed motility (Figure 
2: 8). 

On Blood Agar (Figure 2: 9), our isolate was distinctly 
-hemolytic, showing clear zones surrounding the 
bacterial colonies (Figure 2: 10). On TSI medium, our 
isolate showed an alkaline slant and an acidic butt 
without H2S or gas production (Figure 2: 11). Proteolysis 
and fermentation of glucose occurred, but lactose and 
sucrose were not utilized. 

In API Test (Table 1 and Figure 2: 12), our isolate was 
positive in alkaline phosphatase, esterase, leucine 
arylamidase, acid phosphatase and Naphthol-AS-BI- 

 
 
 
 
phosphohydrolase. Table 2 summarizes the results of 
various biochemical tests of our Chromobacterium isolate 
in this study. The results of selected biochemical tests of 
our Chromobacterium isolate were compared with those 
of other isolates from other countries, based on the 
literature (Table 3). 
 
 
Antibacterial activities 
 
In the results of antibiotic disk-diffusion tests (Figures 3: 
13 to 16), our isolate of C. violaceum showed susceptibility 
to chloramphenicol, tetracycline, nitrofurantoin and sul-
fametaphazole and trimeroprim. It was resistant to 
penicillin. 

Our isolate of C. violaceum showed antibacterial ability 
to Bacillus subtilis subsp. spizizenii (Figure 3: 17) as well 
as Staphylococcus aureus (Figure 3: 18), but not Salmonella 
typhimurium and Escherichia coli  
 
 
Molecular phylogenetic analysis 
 
The 16S rRNA sequence analysis of our bacterial isolate 
showed a high identity (99%) with C. violaceum. The 
phylogenic tree (Figure 4) showed that our isolate clustered 
together with other C. violaceum isolates in a distinct 
clade supported by 99% bootstrap values. It was closer 
to, but distinct from Vogesella indigofera, another bac-
terium that produces a purple pigment. 
 
 
DISCUSSION 
 
The bacterium that was obtained from the disused tin-
mining lake at Kampar, Malaysia, was identified as C. 
violaceum. Characterization of the isolate by various 
biochemical and physiological tests supported the identi-
fication of this bacterial species. Its identity was con-
firmed by our molecular phylogenetic analysis as well as 
the comparison of various biochemical test results with 
those reported from other countries (Antunes et al., 2006; 
Chang et al., 2007; Jitmuang, 2008; Kaufman et al., 1986; 
Kumar, 2012; Lee et al., 1999). 

In phylogenetic studies, we compared our Malaysian 
isolate (PB_Malaysia) of C. violaceum with other 
pigment-producing bacterial taxa, and the identity of our 
isolate in Chromobacterium was unambiguous. The closest 
taxon to Chromobacterium is V. indigofera which produces 
a blue pigment (indigoidine). Although it is also commonly 
found in freshwater, it is not known to be pathogenic (Grimes 
et al., 1997). Other purple or blue pigment-producing 

bacterial taxa in our comparison were Arthrobacter, 
Corynebacterium, Erwinia, Iodobacter and Janthinobacter 
(Cardona-Cardona et al., 2010), but they were phylogene-
tically distant from Chromobacterium. 

C. violaceum is a facultatively anaerobic, motile, Gram-
negative bacillus. Currently there are a great number of
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Table 1. Biochemical test results of C. violaceum using the API 
ZYM test strip. 
 

Types of enzyme Reaction 

Control  
Alkaline phosphatase + 
Esterase (C 4) + 

Esterase lipase (C 8)  

Lipase (C 14)  
Leucine arylamidase + 

Valine arylamidase  

Cystine arylamidase  

Trypsin  

α-chymotrypsin  
Acid phosphatase + 
Naphthol-AS-BI-phosphohydrolase + 

α-galactosidase  

β-galactosidase  

β-glucuronidase  

α-glucosidase  

β-glucosidase  

N-acetyl-β-glucosaminidase  

α-mannosidase  

α-fucosidase  
  

 
 
 

Table 2. Results of various biochemical tests of C. violaceum. 
 

Biochemical tests Chromobacterium Isolate 

Starch Hydrolysis Test  
Casein Hydrolysis Test + 
Fat Hydrolysis Test + 
Oxidase Test + 
Catalase Test + 

Citrate Utilization Test  
SIM Agar Test  

- hydrogen sulfide production  

 - indole production  
- motility + 
Triple Sugar Iron Agar Test  Alkaline slant, acidic butt. 
  
Oxidation-fermentation test  
- Glucose – aerobic Glucose oxidized 
- Glucose – anaerobic Glucose fermented 
- Sucrose – aerobic No Sucrose oxidation 
- Sucrose – anaerobic No Sucrose fermentation 

 
 
 
human infections from the literature, and provided a 
demographic data of the patients. Forty two percent of 
the cases were reported in the region of Americas 

(including Argentina, Brazil, Colombia, Guvana,and 
USA), 41% in the East Western Pacific (including 
Australia, Cambodia, Hong Kong, Japan, Korea, Laos, 
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can protect amphibians from fungal infection (Becker et 
al., 2009). There are also research evidences of violacean 
that showed its successful inhibitory actions against certain 
pathogenic protozoa: against Plasmodium that causes 
malaria (Lopes et al., 2009), against Trypanosoma cruzi 
and Leishmania amazonensis (Leon et al., 2001). 
Violacean also has inhibitory effects against the nano-
flagellates and some bacteriovorous protozoa (Matz et al., 
2004). The versatility of violacean in terms of its bacteri-
cidal, tumoricidal, trypanocidal and antileishmanial activities 
was discussed by Leon et al. (2001). A potential application 
of its antiviral activity is discussed by Andrighetti-Fröhner 
et al. (2003). 
 
 

Genetic analysis and violacein biosynthesis 
 
C. violaceum has been reviewed as possessing many 
pharmacological and industrial perspectives (Durán and 
Menck, 2001). Many researchers were interested in crack-
ing the genome of this bacterium (Brito et al., 2004). The 
complete genome sequence of this bacterium has 
revealed remarkable and exploitable biotechnological 
potentials (Brazilian National Genome Project Consortium, 
2003). Molecular studies of the violacein-producing gene 
and the biosynthetic pathway of the pigment had been 
accomplished during the past decade (Antônio and 
Creczynski-Pasa, 2004; August et al., 2000) 

Quorum sensing is a system of stimulus and response 
correlated to population density of organisms (Miller and 
Bassler, 2001). Bacteria use quorum sensing to 
coordinate certain behavior such as biofilm formation, 
virulence and antibiotic resistance. Production of 
violacean by C. violaceum has been used in studies of 
bacterial quorum sensing inhibition (Choo et al., 2006; 
McClean et al., 1997). Researchers are interested in the 
mechanism of molecular signaling in bacterial population. 
Recent studies by Anthony et al. (2013) explored the 
difference in quorum sensing regulation and violacein 
synthesis between the wild and mutant C. violaceum. 
They also have evaluated the reason behind the 
inhibition of violacein synthesis in C. violaceum mutant. 
 
 

Biochemical, ecological and industrial importance 
 
In the 1960’s, C. violaceum was already known to 
produce polysaccharides that contribute to more stable 
soil structure in terms of enhancing humus production 
and affecting decomposition rate of soil (Martin and 
Richard, 1963; Corpe, 1964). This bacterium also exhibits 
certain chitinolytic activity which is involved in the 
regulation of quorum sensing (Chernin et al., 1998). A 
comprehensive account of the ecological versatility of C. 
violaceum was given by Hungria et al. (2004).  

Cyanide-producing microorganisms are able to assimi-
late or detoxify cyanide by a variety of pathways (Knowles, 
1976). Besides a few soil borne pseudomonads, C. 
violaceum is the only bacterium known to produce cyanide 
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(Rodgers and Knowles, 1978). Moreover, C. violaceum also 
forms rhodanese as a possible detoxifying agent (Knowles, 
1976). It is thus a potential agent for environmental bioreme-
diation (Faramarzi et al., 2004). 

Researchers in this century are keen to exploit intriguing 
microbial polymers. In a recent study by Bhubalan et al. 
(2010), a Malaysian isolate of C. violaceum was found to 
produce polyesters which can be used to make polyhdroxy-
alkanoates (PHA’s). PHA’s are an alternative to plastics 
made by petrochemicals. Cloning of gene in C. violaceum 
for the production of PHA has been accomplished by 
Bhubalan and his co-workers (Bhubalan et al., 2010). 
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