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Abstract— The secretion of metabolites with antimicrobial activity is one of the strategies employed by bacteria 

to respond to negative stimuli promoted during interspecies competition. In a long -term stationary phase. 

Pseudomonas aeruginosa and Escherichia coli can synthesize diffusible exometabolites whose action is to 

mutually inhibit the exposed cells, guaranteeing the balance of both populations in a certain site. The P. 

aeruginosa may have an advantage in that it produces pyocyanin. However, the excretion of indole and acetate 

by E. coli may reduce this advantage. This work aims to detect the influence of different concentrations of these 

two exometabolites on the synthesis of pyocyanin in two wild isolates of P. aeruginosa. After incubatio n under 

shaking for 72 h at 29°C, reduction of up to 50% of the concentration of pyocyanin in the presence of indole was 

observed. On the other hand, no change was observed in the production of the pigment with the acetate, alone or 

when in combination with concentrations of less than 0.5 mM indole. It reduced the inhibitory effect of the 

compound, reflecting an increase in pyocyanin production of more than 20%.  The results contribute to help 

understanding the ecological mechanisms of competition between the two species.  

Keywords— Pseudomonas aeruginosa, Natural phenazine, Microbial antagonism, Indole, Anti -Quorum 

Sensing molecules. 

 

I. INTRODUCTION 

The In natural environments, different bacterial 

species coexist, forming complex multicellular 

communities that collectively respond to stimuli from the 

environment they inhabit, resulting in the stability of their 

populations [1]. During a long-term stationary phase, 

competition for space and nutrients is a natural process 

that occurs in mixed microbial populations, where a given 

microorganism produces certain diffusible substances 

whose function is to inhibit the growth of a second 

microorganism. These substances can be of various 

natures, for example enzymes, organic acids or phenazine 

compounds, among them, pyocyanin [2]. 

Pyocyanin is a bright blue pigment, characteristic of 

the P. aeruginosa species.  It is also the main pigment 

synthesized by fluorescent pseudomonads [3]. In addition, 

pyocyanin is known as one of the most important 

virulence factors of P. aeruginosa. In addition to the role 

of a signaling molecule in cell-dependent cell density 

phenomena [4], it has been reported to participate in 

events involving resistance to antibiotics [5], 

inflammatory processes [6] and competition with other 

microorganisms at a given site [7]. 

In aqueous media, the relationship between P. 

aeruginosa and E. coli reveals certain particularities 

during a long-term stationary phase. Both organisms can 

synthesize diffusible exometabolites whose action is to 

mutually inhibit the exposed cells, ensuring the balance of 

both populations at a given site [8]. In addition to 

pyocyanin, other important exometabolites have been 

identified in P. aeruginosa, such as proteases, 

hemolysins, rhamnolipids and pyoverdine, a green color 

pigment that also has a siderophore function [9]. 

In an attempt to overcome the pressures exerted by P. 

aeruginosa, as well as its exponent metabolic advantage, 

E. coli strains can release into the environment, for 

example, acetate and indole. The first is formed as a by-

product in aerobiosis when the absorption rate of the 

primary carbon source is greater than its conversion to 

biomass and CO2 [10]. On the other hand, indole is 

formed from the metabolism of tryptophan [11] and 

concentrations of 0.5 to 1 mM can regulate E. coli 

responses to stresses exerted by the environment, 

including competition with P. aeruginosa [12]. 

The microbial interspecies relationships are a subject 

with a number of aspects that can be explored. The 
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present work aimed to evaluate the influence of 

exogenous acetate and indole on the inhibition of the 

synthesis of pyocyanin in two wild strains of P. 

aeruginosa, submitted to direct contact with these 

metabolites. 

 

II. MATERIAL AND METHODS 

2.1 Microorganisms 

 Two isolates of Pseudomonas aeruginosa, 

TGC02 and TGC04, recovered from a petrol station in the 

city of Joao Pessoa, Brazil [13] were used. Both isolates 

exhibited pyocyanin by culturing at 30°C for 72 h in King 

A broth [14] and cetrimide agar [15]. 

 

2.2 Assay of exogenous indole and acetate activity 

on pyocyanin production 

 Recently cultured cells of TGC02 and TGC04 

were suspended in 0.85% NaCl solution, standardizing 

the turbidity with tube # 1 of the MacFarland scale. Then, 

5 mL of the suspension was transferred to flasks 

containing 50 mL of King A broth, to which had been 

added different concentrations of sodium acetate (0.25, 

0.5 and 1.0 mM) and indole (1, 2 and 4 mM), totaling 16 

conditions, including the control. The flasks were 

incubated under constant shaking at 150 rpm at 29±1°C 

for 72h [16]. The test was conducted in triplicate. 

 

2.3 Extraction and quantification of pyocyanin 

 The assay was conducted according to 

methodology described by Oliveira et al. [17]. After the 

incubation period, 10 mL of the contents of the vials was 

transferred to 3 mL of chloroform. After vigorous 

vortexing and resting for 1h, 1.5 mL of the blue 

chloroform phase was acidified with 1 mL of 0.2M HCl, 

changing the color to red. After 1 h of rest, the 

concentration of pyocyanin was estimated by measuring 

the optical density of the acidified solution at λ = 520 nm 

(U2M chemistry), based on a standard curve prepared 

with 98% pure pyocyanin (Merck KGaA, Darmstadt, 

Germany) (r = 0.9999). 

 

III. RESULTS 

Both exometabolites promoted changes in the 

production of pyocyanin for the TGC02 and TGC04 

isolates, especially indole. The results are shown in 

Figure 1. Pyocyanin concentrations are expressed as the 

mean of the three trials, with a standard deviation of 

± 0.10. 

In the absence of the inhibitors, the TGC02 and 

TGC04 isolates produced slightly more than 50 μg/mL 

pyocyanin. Indole alone, in the concentrations from 

0.5mM and higher, was responsible for lower activity on 

the part of the P. aeruginosa isolates from the point of 

view of pyocyanin production, reducing the synthesis by 

about 40 and 50%, for TGC02 and TGC04, respectively. 

In contrast, the indole concentration of 0.25 mM did not 

promote reduction of the synthesis of pyocyanin for either 

of the P. aeruginosa isolates. This same result was 

observed under the conditions tested with the acetate, 

alone. Surprisingly, compared to the control, there was a 

15% increase in the production of pyocyanin in the 

TGC02 isolate in the presence of 1 mM acetate. Under 

the other conditions, the concentration of pigment was not 

different from that observed in the control, with the 

increase of acetate in the medium. 

When indole and acetate were associated, both 

TGC02 and TGC04 also exhibited a reduction in 

pyocyanin production, as the indole concentration 

increased. The concentration of the pigment obtained, 

however, was higher when compared to the results of 

samples only containing indole. 

 

IV. DISCUSSION 

There are two forms of microbial life in nature: 

planktonic and sessile. The second, more frequent, 

assures the formation of mixed communities with a high 

level of organization, whose maintenance in coexistence 

is guaranteed through several mechanisms, of which the 

nutrient concentration and chemical signalling stand out 

[18, 19]. 

Pseudomonas aeruginosa is an aerobic Gram-negative 

bacillus, a member of fluorescent pseudomonads [20], 

characterized by remarkable metabolic versatility, which 

gives it ubiquity, ensuring persistence in environments 

with different degrees of selective pressure [21, 22]. 

About 90-95% of all strains can produce pyocyanin [23], 

a pigment involved in the production of reactive oxygen 

species [24]. This is believed to constitute one of the main 

mechanisms that guarantees the advantage of P. 

aeruginosa against other bacteria [25]. 
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Fig. 1: Influence of indole and acetate on the production 

of pyocyanin by Pseudomonas aeruginosa TGC02 (A) 

and TGC04 (B). The colouring of the surface chart 

demonstrates the level of pyocyanin production: the 

nearly purple colour indicates a lower rate of production 

while that closer to red shows a higher production rate of 

the pigment. 

It is known in the scientific community that in an 

aqueous media, P. aeruginosa and E. coli can interact 

[26]. This association sometimes represents disturbances 

especially to coliforms, although with a biostatic rather 

than a biocidal effect [2, 27]. In order avoid disturbance 

in the cells, E. coli releases secondary metabolites to keep 

itself viable in the environment, until it finds favourable 

conditions for regrowth [11, 28]. 

Among the exometabolites tested, indole proved to be 

more inhibitory to the production of pyocyanin by both 

TGC02 and TGC04 when compared to acetate, possibly 

due to its toxicity. On the other hand, it is known that 

acetate may also have a negative effect on organisms 

coexisting with E. coli. Concentrations of about 20 mM 

of acetate may slow growth or inhibit protein formation in 

competing organisms, however this concentration does 

not occur naturally [29].  

It is emphasized that acetate reduced the inhibitory 

effect of indole on the TGC02 and TGC04 isolates when 

the two molecules were associated, especially under 

conditions where the indole concentration was 0.25 mM, 

as observed at acetate 2 mM and indole 0.5 mM, when 

TGC02 produced 68 μg/mL of pyocyanin, representing an 

increase of about 20% over the control. This apparent 

equilibrium suggests that acetate may have been used as 

an additional carbon source, based on a previous 

observation of the use of acetate by a P. putida strain in 

the presence of E. coli DOT-T1E [28]. 

E. coli excretes 10 to 30% of the carbon flux from 

glucose to an acetate in a glucose-containing medium, 

even when the culture is fully aerated [30]. Acetate can 

also be consumed by E. coli in terms of providing 

nutritional support to growth under stress conditions, and 

can be metabolized by two alternative routes: the first, by 

reversible Pta-AckA and the second, by irreversible, high-

affinity acetyl-coA synthetase [31]. It is important to note 

that, because it also serves as an alternative source of 

carbon for the production of biomass and energy for P. 

aeruginosa, acetate is an exometabolite less damaging to 

the cell [32]. 

It is also important to remember that although there 

was a higher carbon input via acetate under some 

conditions, this did not promote significant differences in 

pyocyanin production when the indole concentration was 

equal to or greater than 0.5 mM, reinforcing the 

hypothesis that indole is a potentially more inhibitory 

molecule. Having information about the amount of indole 

and acetate produced when E. coli is disturbed in its 

environment can contribute to the elucidation of the 

population dynamics of the two species in mixed 

communities. 

A previous study reported the reduction of pyocyanin 

production in three ATCC strains of P. aeruginosa when 

they were cultivated in a mixed culture with E. coli, 

attributing this reduction to the presence of exoproducts 

without naming them [8]. However, Chu et al. [11] 

studied the growth of E. coli in mixed culture, identifying 

indole as an anti-quorum sensing molecule for P. 

aeruginosa, which ensured the persistence of E. coli in 

the medium. In addition, Lee et al. [33] demonstrated that 

indole 1.0 mM inhibited 444 P. aeruginosa genes, 

including those regulating the production of the 

pyocyanin synthesis intermediates, such as phzC2, phzD2, 

phzE2 and phzF2, which are essential in the conversion of 

5-methylphenazine-1-carboxylic acid betaine (PCA), to 1-

hydroxy-5-methylphenazine, i.e., pyocyanin [23]. 

Pyocyanin biosynthesis is mediated by the quorum 

sensing system (QS) via the PQS system [4]. The QS is a 
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density-dependent cell-cell signaling mechanism, used by 

P. aeruginosa to guarantee, among other responses, the 

stability of its population in a given environment under 

pressures of different natures [34]. Pyocyanin was 

described as a physiological signal, assuming the role of 

regulator of quorum sensing sensors, controlling genes 

during the stationary phase of P. aeruginosa [35]. The 

participation of pyocyanin as the QS signalling molecule 

in P. aeruginosa was identified as an important factor 

during formation and stability of biofilms [36, 37]. It is 

also believed that pyocyanin is required as autoinducer of 

the expression of certain phenotypic characteristics in P. 

aeruginosa, among then, the biosynthesis of surfactants, 

thus favouring the degradation of hydrocarbons [38, 39]. 

Microbial interactions occur with the purpose of 

promoting the stability of populations in the environment, 

guaranteeing the recognition of substrates, as well as the 

transfer of genetic information, resulting in a diversity of 

phenotypes [40, 41]. In the microbial world, competition 

is a common and an expected event. However, some 

evidence suggests that interspecies interactions are weak, 

since they can be resolved by spatial separation [42]. For 

microbes, the balance between the populations brings 

many more advantages than the elimination of a particular 

population. This may reinforce and justify the reduction 

in the production of pyocyanin, but not more than by half. 

 

V. CONCLUSION 

Under the experimental conditions tested, the 

presence of indole promoted perturbations in the 

production of pyocyanin in TGC02 and TGC04 isolates. 

The presence of acetate contributed to equate this 

disturbance when the concentrations of exometabolites 

were lower than 0.5 mM. 
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