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INTRODUCTION
Chromobacterium violaceum is a Gram-negative facultative anaerobic pathogenic 
bacterium to mammals (David et al. 2012; Hammerschmitt et al. 2017; Donny et 
al. 2018) and humankind (Shao et al. 2002; Kothari et al. 2017). It inhabits soil 
and water and is widely found in the tropical and subtropical regions of the world 
(McGowan and Steinberg 1995). It produces an antibiotic, violacein, a purple 
pigment, that gives C. violaceum its characteristic violet colour, and which is 
active against most microbes including protozoa, fungi, bacteria and virus (Forbes 
et al. 2002; Duran et al. 2007; Duran et al. 2016). Other antibiotics produced from 
C. violaceum are aerocyanidine which is active against Gram-positive organisms, 
aerocavin which is active against Gram-positive and Gram-negative organisms, 
3,6-dihydroxyindoxazene and Factor Y-T0678H (6-hydroxy-3-oxo-1,2-
benzisoxazolin), both of which are active against Gram-negative bacteria and also 
several types of antibiotics which are active against amoebae and trypanosomes 
(Nelson and Carlos 2001). The production of all the antibiotics is controlled by a 
quorum sensing system (McClean et al. 1997; Lee et al. 2013). 
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ABSTRACT
Chromobacterium violaceum is a pathogenic soil bacterium that produces 
violacein and several types of antibiotics which are active against amoebae, 
trypanosomes, and Gram-positive and Gram-negative bacteria. The production of 
antibiotics is controlled by a quorum sensing system with a signal molecule called 
homoserine lactone (C6-HSL). In both methods (interaction and non-interaction), 
C. violaceum which reached quorum level produced antibiotics and killed all the 
selected PGPR (Azospirillum brasilense Sp7, Rhizobium UPMR1102 and Bacillus 
sphaericus UPMB10) but did not kill the selected PGPR in concentration below 
their quorum level. This study indicates that quorum sensing is involved in the 
effect of C. violaceum on selected PGPR and has the potential to threaten the use 
of PGPR in agriculture.
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 Quorum sensing is a cell-to-cell communication system used by bacteria to 
control gene expression by signal molecules where the bacteria are able to produce 
an antibiotic after reaching a certain level of cell-population density or quorum 
level (Miller and Bassler 2001; Lowery et al. 2008). In this system, C. violaceum 
accumulates a certain level of signal molecules to form a signal-receptor complex 
binding to activate transcription for antibiotics production. No production occurs 
if accumulation is below the quorum level (Sun et al. 2004; Stauff and Bassler 
2011). The signal used by C. violaceum to control the production of antibiotics is 
homoserine lactone (C6-HSL) (McClean et al. 1997; Srivastava and Gera 2006).
 The tropical climate in Malaysia offers a very conductive environment for 
the growth of C. violaceum and is believed that it is widely distributed locally 
in agriculture and non-agriculture soils. It was reported that Malaysia has the 
highest human infection of C. violaceum in Southeast Asia (Jitmuang 2008). The 
widely distributed C. violaceum in soil is directly in contact with other beneficial 
microbes like plant growth-promoting rhizobacteria (PGPR). 
 Plant growth-promoting rhizobacteria (PGPR) were first described by 
Kloepper and Schroth (1987); the use of soil bacteria may be highly advantageous 
to plants by colonising roots and following inoculation of the seeds to enhance 
plant growth. In recent years, many PGPR have been isolated from soil and each 
isolated PGPR was found to contain one or more functions to improve plant growth 
(Zahir et al. 2004; Smith et al. 2015). It gives direct and indirect benefits that 
enhance the plant growth by improving the plant metabolites (Backer et al. 2018). 
However, the interaction and effect between C. violaceum and PGPR remains 
unknown. The aim of this work was to determine the effect of C. violaceum on 
selected PGPR. 

MATERIALS AND METHODS
Two tests were conducted to investigate the effect of C. violaceum on selected 
PGPR. In test 1, there was an interaction between C. violaceum and PGPR during 
the culturing process while in test 2, no interaction was found between both 
bacteria until C. violaceum reached the final concentration. These tests are able to 
show whether the interaction between both bacteria has an effect on the quorum 
sensing mechanism and the production of antibiotics.

Test 1 - Interaction
The selected PGPR used in this experiment were Bacillus sphaericus UPMB10 
(Gram-positive), Rhizobium UPMR1102 (Gram-negative) and Azospirillum 
brasilense Sp7 (Gram-negative). The inoculating loop was sterilised and used to 
pick up a single colony of C. violaceum and selected PGPR with each combination 
into 6 tubes (A1, A2, A3 and B1, B2, B3) containing LB broth. In tubes A1, A2 
and A3, C. violaceum was cultured at 30°C with shaking for 16 h before it reached 
quorum level; in tubes B1, B2 and B3, C. violaceum was left to incubate for a 
further 3 days until it reached quorum level and the solutions had turned purple in 
colour. Ten-fold serial dilutions were made by transferring 1.0 ml of solution from 
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tubes A and B of each combination to the new tubes to achieve a final dilution of 
1:102 in the final tubes. One ml was transferred from the tubes to petri plates of LB 
agar and spread onto the surface of agar using an alcohol-flamed glass rod. The 
Petri plates were incubated at 30°C for 3 days.

Test 2 – Non Interaction
A single colony of C. violaceum was transferred into the LB broth media test 
tubes (C1, C2, C3 and D1, D2, D3). C1, C2 and C3 test tubes were cultured at 
30°C by shaking for 16 h before the concentrations of the bacteria in both tubes 
reached quorum level; in test tubes D1, D2 and D3,  the colony was cultured at 
30°C by shaking for 3 days until quorum level was achieved and the solution 
turned  purple in colour. Tetracycline antibiotic was added into both the test tubes 
to kill the C. violaceum and the concentration was maintained at non-quorum 
level in test tubes C1, C2 and C3 while it was maintained at quorum level in test 
tubes D1, D2 and D3.
 Single colonies of Azospirillum brasilense Sp7, Rhizobium UPMR1102 
and Rhizobium UPMR1013 containing a cosmid vector pLAFR1 (Vanbleu et al. 
2004) that is resistant to Tetracycline antibiotic (Figure 1), and 2 ml fresh LB broth 
were transferred into different test tubes (C1, C2, C3 and D1, D2, D3) containing 
C. violaceum at quorum level and non-quorum level concentration and cultured at 
30°C by shaking for 16 h. A ten-fold serial dilution was made by transferring 1.0 
ml of solution from tubes C1, C2, C3 and D1, D2, D3 to new tubes to achieve a 
final dilution of 1:102 in the final tubes. A sterilised inoculating loop was used to 
streak the 1.0 ml solutions from the test tubes on the selective media agar surface 
of petri plates which contained the Tetracycline antibiotic. The petri plates were 
incubated at 30°C for 3 days. 

Figure 1. Cosmid pLAFR1
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RESULTS AND DISCUSSION 

In test 1, there was contact between C. violaceum and PGPR before C. violaceum 

reached quorum level. The interaction between both bacteria may affect growth 

rate and signal molecule production. This may have been the cause for some of 

the test tubes requiring more than 3 days to reach quorum level. From the results, 

petri plates with the content of test tubes B1, B2, B3 showed only the C. 

violaceum growing on the agar surface while the petri plates with the content of 

test tubes A1, A2, A3 showed the selected PGPR Bacillus sphaericus UPMB10, 

Rhizobium UPMR1102 and Azospirillum brasilense Sp7 growing together with C. 

violaceum (Figure 2). These results show that C. violaceum in B1, B2 and B3 will 

only produce antibiotics after reaching quorum level and having killed the 

selected PGPR in the test tubes. 
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Figure 2. Effect of C. violaceum on PGPR from tube B (left) and tube A (right)
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 In test 2, there was no contact between C. violaceum with PGPR before C. 

violaceum reached quorum level and was killed by the antibiotic. The 

concentration of C. violaceum from both test tubes C and D was controlled by 

Tetracycline antibiotic before coming into contact with PGPR. The petri plates 

with the content of test tubes C1, C2, C3 showed that Azospirillum brasilense 

Sp7, Rhizobium UPMR1102 and Rhizobium UPMR1013 contained cosmid 

pLAFR1 that is resistant to Tetracycline antibiotic growing on the agar surface 

while the petri plates with the content of test tubes D1, D2, D3 showed that no 

bacteria can be cultured. The inhibited C. violaceum in quorum level produced 

antibiotics and kill all the selected PGPR in tubes D1, D2 and D3 though there 

was no interaction.  
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CONCLUSION
From both these tests on the effect of C. violaceum on selected PGPR, it is 
concluded that C. violaceum will only produce antibiotics or kill the beneficial 
microbes after reaching quorum level; moreover, it will not have any impact if 
the concentration is below their quorum level. Although in natural conditions, it is 
very difficult to achieve a quorum level, the existence of C. violaceum in our local 
soils and their effect cannot be underestimated. The tropical climate in Malaysia 
offers a very conductive environment for the growth of C. violaceum and it has 
the potential to serve as a threat to beneficial bacteria in our agricultural areas.
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