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ABSTRACT. Chromobacterium violaceum is a free-living microor-
ganism, normally exposed to diverse environmental conditions; it has a
versatile energy-generating metabolism. This bacterium is capable of
exploiting a wide range of energy resources by using appropriate oxi-
dases and reductases. This allows C. violaceum to live in both aerobic
and anaerobic conditions. In aerobic conditions, C. violaceum is able to
grow in a minimal medium with simple sugars, such as glucose, fructose,
galactose, and ribose; both Embden-Meyerhoff, tricarboxylic acid and
glyoxylate cycles are used. The respiratory chain supplies energy, as
well as substrates for other metabolic pathways. Under anaerobic con-
ditions, C. violaceum metabolizes glucose, producing acetic and formic
acid, but not lactic acid or ethanol. C. violaceum is also able to use
amino acids and lipids as an energy supply.
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INTRODUCTION

In all living organisms (bacteria, plants and animals), energy-rich substrates are con-
verted into chemical energy as ATP. ATP is used by the cells to drive movement, for active
transport, metabolic synthesis, and other processes requiring energy. Membrane-bound H*-ATP
synthases are the key enzymes of energy metabolism. They catalyze ATP synthesis from ADP
and inorganic phosphate, coupled with transmembrane proton transport. Proton transport is
driven by transmembrane pH and electric potential differences (Mitchell, 1974; Creczynski-
Pasa and Griber, 1994; Boyer, 1998). Chromobacterium violaceum has an FF -type ATP
synthase, similar to the enzyme found in E. coli (Fischer and Griber, 1999; Vasconcelos et al.,
2003). However, C. violaceum also has alternative means to obtain energy. It is able to live
under aerobic and anaerobic conditions as a free-living organism; this important characteristic
enables this bacterium to survive under diverse environmental conditions. Furthermore, C.
violaceum has a strong chemotactic capacity, and a strong capability to adapt to stress (Vas-
concelos et al., 2003). All these processes require large amounts of energy. We present an
overview of the energetic metabolism of C. violaceum, based on the information obtained from
its genome analysis (Vasconcelos et al., 2003).

RESULTS AND DISCUSSION

As in all chemoheterotrophic bacteria, C. violaceum is able to grow in minimal medium
that includes simple sugars, such as glucose, fructose, galactose, or ribose. However, C. violaceum
is not able to synthesize glucose through gluconogenesis, since, based on genome analysis, it
lacks the gene that codes for glucose-6-phosphatase (Vasconcelos et al., 2003). The Embden-
Meyerhoff pathway, tricarboxylic acid and glyoxylate cycles, and the respiratory chain, supply
cellular energy, as well as substrates for anabolic pathways under aerobic conditions. This
bacterium has the capability to biosynthesize complex polysaccharides, such as cellulose, but
not glycogen. C. violaceum mainly uses monosaccharides; however, it seems to be able to
utilize cellulose and chitin, but not starch, as carbon sources, since it contains cellulases and
chitinase, but lacks alpha amylase genes. In addition, C. violaceum is not able to utilize sucrose
or lactose as energy resources, because these metabolic pathways are absent from its genome
(Vasconcelos et al., 2003).

The second key enzyme of the aerobic metabolism is cytochrome oxidase, which is a
member of a large superfamily of proteins (Calhoun et al., 1994). Phylogenetic and evolutionary
analysis of this family indicated three basic types of cytochrome oxidase, which are: SoxM (or
aa3, also found in mitochondria), SoxB and FixN (orcbb3) (Castresana, 2001). Whereas SoxM
and SoxB work under normal aerobic conditions, the FixN oxidases are involved in respiration at
very low oxygen pressure (microaerobic conditions) (Castresana, 2001). Genes homologous to
SoxM and FixN, as well as, the cytochrome bd oxidase, have been found in the C. violaceum
genome. This enzyme is a terminal oxidase, with a high affinity for oxygen, but it is completely
unrelated to the cytochrome oxidase superfamily. The cytochrome bd seems to play an impor-
tant role in oxidative stress, although it is also able to create an electrochemical membrane
gradient, available for energetic requirements (Castresana, 2001).

There is an operon for HCN synthase (hcnA, henB and henC) in the C. violaceum
genome, encoding a formate dehydrogenase and two amino acid oxidases, respectively, similar
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to those found in Pseudomonas aeruginosa, which are involved in cianidric acid synthesis.
Previous work on cyanide (HCN) synthesis in bacteria show that, in vivo, the four electrons
produced by HCN synthase are transferred to oxygen, probably throughout the respiratory
chain. These reactions occur at low levels of oxygen. Analysis of enzyme sequences has shown
that each subunit is similar to known enzymes involved in electron transport (Laville et al.,
1998).

Likewise, lipid metabolism in C. violaceum, with the degradation and biosynthesis of
various types of lipids (triacylglycerol, phospholipids, and lipopolysaccharides), provides another
energy resource. The beta-oxidation of fatty acids leads to the production of reduced nucleo-
tides, and acetyl-CoA leads to energy production.

Extracellular proteases enable the bacterium to utilize the resultant amino acids as sub-
strates for endogenous protein biosynthesis, as well as for carbon and nitrogen resources. The
presence of several deaminases, as well as transaminases, results in the production of keto
acids from amino acids, which can be converted to acetyl-CoA, or tricarboxylic cycle interme-
diates, and eventually to an energy resource.

Chromobacterium violaceum also anaerobically metabolizes glucose, with production
of mixed organic acids, such as acetic acid and formic acid. CO, and H, are produced from
formic acid, but not from lactate or ethanol. This alternative way of yielding energy, where
organic molecules serve as both electron donors and acceptors, is known as fermentation. In
the absence of oxygen, the microorganisms decrease pyruvate dehydrogenase activity, and use
the pyruvate or one of its derivatives as an electron and a hydrogen acceptor in the reoxidation
of NADH. Also, under anaerobic conditions, C. violaceum is able to obtain large amounts of
energy using nitrate or fumarate as final electron acceptors in the respiratory chain. All compo-
nents of anaerobic fumarate reductase are present, as well as all the necessary elements for
reduction of nitrate to nitrite, similar to the situation in E. coli. In C. violaceum, most of the
enzymes involved in the N cycle, including nitrate reductase, nitrite reductase, as well as the
nitric oxide reductase responsible for N,O production from nitric oxide, are present (Vascocelos
et al., 2003; Moura et al., 2003). However, it lacks nitrous oxide reductase, the enzyme that
converts nitrous oxide to N, (Vasconcelos et al., 2003).

The genes involved in the fermentation of mixed acids (pyruvate-formate lyase) are
also present in C. violaceum. Alcoholic fermentation of glucose can also be performed by the
Entner-Doudoroff pathway. Although C. violaceum has alcohol dehydrogenase, it is not able to
produce ethanol because the pyruvate produced by this pathway, as well as that produced by
the Embden-Meyerhoff pathway, cannot be converted to ethanol, since C. violaceum lacks the
pyruvate decarboxylase gene (Vasconcelos et al., 2003).

Chromobacterium violaceum is able to synthesize all the amino acids it needs; how-
ever, the most notable characteristic of this bacterium is related to the metabolism of a specific
amino acid, tryptophan, which is involved in the production of a chemically well-characterized
pigment named violacein (Bromberg and Duran, 2001). Violacein is synthesized only when C.
violaceum grows in aerobic conditions; however, the function of this pigment in this bacterium
is unknown. There is some speculation that violacein is a kind of storage form of tryptophan, but
there is no proof for such a hypothesis. There are some indications that violacein has antibiotic,
antichagasic (Momen and Hoshino, 2000), antitumoral (Melo et al., 2000; Duran and Menck,
2001) and antileishmanial (Leon et al., 2001) activity. During the last few years, a new property
of violacein has been characterized; it appears that this molecule has antioxidant properties
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(Azevedo et al., 2000; Konzen et al., 2003). Violacein is involved with oxygen metabolism, but
no direct relationship with energy metabolism has been found.

When we compare the versatility of the energy metabolism of C. violaceum with that
of five other bacteria from other genera (Table 1), C. violaceum has six enzymes involved with
energy metabolism in a general way, while the other bacteria lack one to four of these enzymes.
The catabolic activity results in ATP synthesis, or in the production of reduced nucleotides,
which should be aerobically or anaerobically reoxidized, through one of the mechanisms present
in C. violaceum, depending on environmental conditions.

Table 1. Versatility of the energy metabolism of Chromobacterium violaceum.

Enzyme Chromobacterium  Pseudomonas Ralstonia Escherichia Neisseria Xylella
violaceum aeruginosa solanarum coli meningitidis  fastidiosa

Sox-type + + + + - +

cytochrome

oxidase

FixN-type + + + - + -

cytochrome

oxidase

Cytochrome + + + + - -

bd oxidase

Nitrate + + + + - -

reductase

Fumarate + - - + - -

reductase

HCN + + - - - -

synthase

CONCLUSION

The analysis of C. violaceum DNA allowed us to conclude that this bacterium has an
efficient apparatus for energy production, under both aerobic and anaerobic conditions. All the
genes that are necessary for the glycolysis and tricarboxylic acid cycle were found in its ge-
nome, as well as the main proteins involved in electron transport (dehydrogenases, quinones and
cytochromes). This apparatus allows a high production of energy under aerobic conditions,
since complete degradation of glucose is possible. Besides the energy required for other func-
tions, C. violaceum seems to spend considerable energy on motility, assuring its survival under
variable environmental conditions, such as a lack of food, and other types of stress.
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