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Benzoate and Muconate, Structurally Dissimilar Metabolites, Induce
Expression of catA in Acinetobacter calcoaceticus
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Biosynthetic regulation of catA, the gene encoding catechol 1,2-dioxygenase (EC 1.13.1.1), was studied in an
Acinetobacter calcoaceticus mutant strain unable to metabolize benzoate. Benzoate and muconate indepen-
dently induced the enzyme. In glucose-grown cells, benzoate yielded higher enzyme levels than did muconate,
whereas muconate was the more effective inducer in succinate-grown cells.

Studies of the regulatory effects of metabolites in the
P-ketoadipate pathway for catechol dissimilation (Fig. 1)
indicate that muconate elicits expression of the cat genes in
Acinetobacter calcoaceticus (2). The action of catechol
1,2-dioxygenase (EC 1.13.1.1), the product of the catA gene,
on its substrate, catechol, produces muconate, which then
triggers increased expression of the gene. Muconate also
elicits exression of the catBCDE gene cluster, although these
genes are not expressed coordinately with the catA gene (2,
9). Whether or not benzoate and 2-hydro-1,2-dihydroxyben-
zoate, the metabolic precursors of catechol (Fig.1), also act
as inducers of the cat genes in Acinetobacter has not been
established previously. The availability of mutant strains in
which metabolism of benzoate or catechol is completely
blocked now permits us to explore this possibility.

In this report we describe the use of a catA mutant strain
(ADP134) and a mutant deficient in benzoate metabolism
(ADP137) to demonstrate that, in addition to muconate,
benzoate induces expression of catA and, to a lesser extent,
catB in A. calcoaceticus. The mutant strains were selected
from the wild-type strain ADP1 (5) as colonies that were
resistant to 5 mM 4-fluorobenzoate in the presence of 10 mM
succinate. As has been shown, selection for fluorobenzoate
resistance can yield spontaneous mutants that are blocked in
the catabolism of benzoate (10). Reversion rates of less than
1 in 109 were observed in the two mutant strains.
When strain ADP134 was grown in the presence of benzo-

ate, no catechol 1,2-dioxygenase activity could be detected,
and catechol accumulated in the growth medium. Other cat
genes were not affected by the genetic lesion in ADP134 as
indicated by its ability to grow as well as wild-type cells at
the expense of muconate and by its expression under this
condition of the catBCDE genes at wild-type levels. Strain
ADP134, which had been selected for its inability to metab-
olize benzoate, also failed to express catA in response to
muconate. In addition, recombinants of ADP134 in which
the wild-type catA gene was acquired by transformation and
selected with benzoate as the growth substrate (5) invariably
formed catechol 1,2-dioxygenase inducibly in response to
muconate. Therefore, a single catA gene appears to be
expressed in reponse to both metabolites. However, since
benzoate is converted to muconate by both the transform-
ants and wild-type cells, the true inducer cannot be deter-
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mined when these cells are grown in the presence of benzo-
ate.

Strain ADP137 does not metabolize benzoate. As detected
by monitoring metabolites in the culture medium by high-
performance liquid chromatography, no more than 2% of 1
mM benzoate was removed by 109 mutant cells per ml during
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FIG. 1. Metabolites, enzymes, and structural genes associated
with dissimilation of benzoate via catechol and the 1-ketoadipate
pathway. All of the cat genes are expressed in response to muconate
in A. calcoaceticus.

414



NOTES 415

TABLE 1. Expression of catA and catB in response to benzoate
and muconate

Ability to Grwh Suc f Rdlative
Strain metabolize Growth Source of expression of:

benzoate substrato inducerbenzoate ~~~~~~~catA'catBb
ADP1 + Glucose Benzoate lOOC 1ooc
ADP137 - Glucose Benzoate 97 8
ADP137 - Succinate Benzoate 18 1.5
ADP137 Glucose Muconate 12d 85d
ADP137 - Succinate Muconate 70d 80d

a The specific activity of the catA gene product, catechol 1,2-dioxygenase,
in wild-type cells after growth with glucose in the presence of benzoate was
0.33 ,umol/min per mg of protein. The uninduced level of catA expression in
wild-type cells after growth with succinate (the specific activity of catechol
1,2-dioxygenase) was <0.002 ,Lmol/min per mg of protein.

b The specific activity of the catB gene product, cis,cis-muconate lactoniz-
ing enzyme, in wild-type cells after growth with glucose in the presence of
benzoate was 0.20 Fmol/min per mg of protein. The uninduced level of catB
expression in wild-type celis after growth with succinate (the specific activity
of cis,cis-muconate lactonizing enzyme) was <0.002 Fmol/min per mg of
protein.

e Similar levels were observed with succinate as the growth substrate.
d Similar levels were observed with wild-type cells.

incubation at 370C for 2 days. Like its wild-type parental
strain, the ben-deficient strain ADP137 expressed catA at
fully induced levels (catechol 1,2-dioxygenase specific activ-
ities of between 0.6 and 0.75 ,umol/min per mg of protein in
crude extracts) during growth with muconate. This mutant,
which is fully inducible by muconate but cannot form
muconate from benzoate, was then used to determine the
ability of benzoate itself to induce expression of catA.
The expression, in ADP137, of catA and catB in response

to benzoate and muconate with both glucose and succinate
as carbon sources was determined by measuring the respec-
tive gene products, catechol 1,2-dioxygenase (3) and cis,cis-
muconate lactonizing enzyme (6; Table 1). The mutation that
prevents benzoate metabolism in ADP137 did not alter the
level of expression of the catA gene in comparison with that
of the wild type when both strains were grown in minimal
medium (8) with glucose (10 mM) and benzoate (2 mM).
Benzoate analogs that are not metabolized by A. calcoace-
ticus (3-chlorobenzoate and 3-toluate) were about 20%yo as
effective as benzoate in eliciting catA expression in either
the mutant or the wild-type strain (data not shown). It is
likely, therefore, that benzoate itself, rather than a trace of a
subsequent metabolite, acts as the inducer.
The pattern of repression, however, was found to be

markledly different when muconate and benzoate were com-
pared as inducers in ADP137. With benzoate induction,
succinate reduced expression of catA by 80% compared with
that found in glucose-grown cells. With muconate induction,
the effects of glucose and succinate were reversed (Table 1).
Benzoate also had a slight stimulatory effect on catB

expressiort in ADP137 (Table 1). The level of catB expressed
in the presence of benzoate with glucose as the carbon
source was 10% of that found in cells induced by muconate.
With succinate as the carbon source, benzoate induction
produced 2% of muconate-stimulated catB expression.
Thus, the relative effectiveness of succinate and glucose in
repressing catB expression was similar to that fouind for catA
expression when benzoate was used as an inducer. How-
ever, whereas glucose had a strong inhibitory effect on catA
expression induced by muconate, this effect was not ob-

served when catB expression was measured. In this case,
activity was the same whether the cells were grown with
succinate or glucose (Table 1). All of the effects observed
with benzoate as an inducer were also found with the
nonmetabolizable benzoate analogs, although the enzyme
levels found in each case were about 20% of those produced
by benzoate.
These results demonstrated that in A. calcoaceticus a

single catA gene is expressed independently in response to
either benzoate or muconate. Induction of the catA gene by
muconate has been reported previously in fluorescent Pseu-
domonas species (7), as well as in A. calcoaceticus (2). In
Pseudomonas putida NCIB 10015, induction of catechol
1,2-dioxygenase by catechol or muconate and also by benzo-
ate was reported (1), although in these experiments the
possible presence of two differently regulated genes was not
excluded. Induction of catA by benzoate has been reported
in Alcaligenes eutrophus, a bacterium in which muconate
causes expression of catB but not catA (4).
The observation that two structurally dissimilar com-

pounds can control expression of a single gene suggests that
more than one regulatory site is present. The complexity of
transcriptional control is further indicated by the differences
in repression that were observed when different inducers and
carbon sources were used.
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