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I ntroduction

Bacterial degradation of toxic aromatic compounds,
such as dioxins, polychlorinated biphenyls, and cumene
(isopropylbenzene), has been extensively studied [1].
Pseudomonas fluorescens POl was isolated as a
microorganism that can utilize cumene or toluene as sole
source of carbon and energy [2]. The degradation of
cumene begins with the hydroxylation of the aromatic
ring by a cumene dioxygenase electron transport system
(CumA) composed of three components. A flavin-
containing ferredoxin reductase (CumA4) and a Rieske
[2Fe-2S] ferredoxin (CumA3) transfer electrons from
NADH to the termina oxygenase component
(CumA1A2). Resultant diol compound is converted to a
catechol derivative (3-isopropylchatecol) by a dihydrodiol
dehydrogenase (CumB). 3-Isopropylcatechol is attacked
by an extradiol dioxygenase (CumC), resulting in a
formation of a meta-cleavage product (MCP), namely 2-
hydroxy-6-0xo-7-methylocta-2,4-dienoic acid
(HOMODA). HOMODA is hydrolyzed by MCP
hydrolase (CumD), yielding isobutyric acid and 2-
hydroxypenta-2,4-diencic acid (HODA). HODA is
eventually converted into the intermediates of the central
metabolism through the tricarboxylic acid cycle. We have
aready determined the crystal structure of CumD S103A
mutant complexed with a cleavage product, isobutyric
acid [3]. We are now conducting a comprehensive
structure-based study on the cumene degradation system.

Results and Discussion

CumAlA2

We solved the crystal structure of cumene dioxygenase
(CumA1A2) by the molecular replacement method using
the structure of naphthalene dioxygenase (NDO; 1EG9)
[4] as a search model. The structure is refined to R =
19.1% and Ryee = 21.4% at 2.3 A resolution. The overall
structure was similar to NDO and composed of 0P
hexamer. The o subunit contains a Rieske [2Fe-29
cluster and the active site with a non-heme mononuclear
ferrous ion. The distance between these components in
the neighboring o subunits of the hexamer structure was
approximately 13 A, and it is proposed to be a main
electron transfer pathway of Rieske non-heme iron
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oxygenases [4]. Main chain traces of the loops forming
the active site of CumA1A2 was largely deviated form
those of NDO, and the shape of inner surface was also
different.

CumC

Diffraction data of a crystal of CumC extradiol
dioxygenase was collected at BL-18B up to 2.4 A
resolution. The structure was solved by the molecular
replacement method using the structure of 2,3-
dihydroxybiphenyl 1,2-dioxygenase (1LGT) [5] as a
search model. The structure is currently refined to R =
25.6% and Ry = 30.4%. However, one of the two CumC
molecules in the asymmetric unit appeared severely
disordered, and the electron density peak of the ferrous
ion at the active site appeared to be too weak. We are
trying to obtain more reliable structure of CumC.

CumD

In addition to the previoudly reported two complex
structures of CumD (acetate and isobutyrate), we
collected datasets of 6 complex structures (propionate, n-
butyrate, n-valerate, isovaerate, (S)-2-methylbutyrate,
and benzoate) a BL-6A and BL-18B [6].
Superimposition of the complex structures revealed that
benzoic acid was bound in a significantly different
direction compared with others, providing the structural
basis of the strict substrate specificity of CumD enzyme.
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