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PAH biodegradation (simplified)

RD : Rieske Dioxygenase
DHD : cis-dihydrodiol dehydrogenase
CD : Catechol Dioxygenase
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many bacteria use PAH such as naphthalene as sole source of C and energy
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Some Rieske Dioxygenases
  

3

the best characterized 
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Naphthalene Dioxygenase
schematic functioning 
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Naphthalene Dioxygenase
  active site
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Naphthalene Dioxygenase
proposed catalytic cycle 

11Karlsson et al., Science, 2003, 299, 1039 

a regular octahedral coordination (fig. S3), so
two water molecules can be excluded as an
interpretation of the ternary complex.

Both naphthalene and indole are substrates
for NDO. A comparison of the binding of naph-
thalene and indole (22) in the active site of

NDO shows that they bind similarly (fig. S4). It
is therefore reasonable to suggest that the struc-
ture of the ternary complex of enzyme:indole:

Fig. 1. (All panels are stereopairs.) (A) Binding of naph-
thalene at the active site of NDO. The gray 2Fobs – Fcalc
map is contoured at 1.0 !. (B) Binding of dioxygen to
the mononuclear iron in the absence of substrate. The
gray 2Fobs – Fcalc map is contoured at 1.15 ! and the
green Fobs – Fcalc map (computed before the dioxygen
molecule was modeled) at 3.8 " RMS (root mean
square). (C) Binding of oxygen to the mononuclear iron
in the presence of indole. The gray 2Fobs – Fcalc map is
contoured at 1.0 ! and the green Fobs – Fcalc map
(computed before the dioxygen molecule was modeled)
at 4.0 " RMS. (D) Naphthalene cis-dihydrodiol bound
to the active site of NDO. The gray 2Fobs – Fcalc map is
contoured at 1.0 !. Superposition of the product com-
plex and the substrate complex shows that the posi-
tions of the rings in the product and the substrate are
similar. The product cannot move any closer to the iron,
as it would bring the O from the product into van der
Waals short contact with the His ligand of the Fe. The
current distance between the O and the N of His is 2.9
Å. Color code: yellow, carbon; blue, nitrogen; red, oxy-
gen; purple, iron.
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Naphthalene Dioxygenase
mechanistic considerations 

13

NFeII
O
O

OH2

N

NH

N
H

Asp
His

His

+ O2 + 2 e- + 2 H+

OHHO
H H

NFeII
O
O

OH2

N

NH

N
H

Asp
His

His

+ H2O2

OHHO
H H

NFeIII
O
O

OH

N

NH

N
H

Asp
His

His

O

!!!⇒

13

A vast family of enzymes
 the largest and most diverse family of NH mononuclear enzymes

15Costas et al. Chem Rev 2004, 104, 953

D) Taurine Dioxygenase (TauD)
(amino acid derivative released 

during physical efforts to minimize 
toxins effects)

A) Prolyl 4-Hydroxylase (P4H)
(collagen  biosynthesis)

found in microorganisms, plants, animals 
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16Costas et al. Chem Rev 2004, 104, 953

G) Clavaminate Synthase (CAS)
(part of the clavulanic acid biosynthesis)

A vast family of enzymes
 the largest and most diverse family of NH mononuclear enzymes

H) Deacetoxycephalosporin C synthase (DAOCS)
(part of the biosynthesis of Deacetoxycephalosporin C from 

penicillin N; intermediate of cephalosporin C)
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Taurine : α-ketoglutarate Dioxygenase (TauD)
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Taurine : α-ketoglutarate Dioxygenase
catalytic cycle

Bollinger et al. Eur. J. Inorg. Chem. 2005, 4245   

320 nm (1500 M-1.cm-1)
δ1 = 0,31 mm.s-1, ΔEQ1 = 0,88 mm.s-1 

σ(Fe-O) = 821 cm-1 (σ18O2 = -34 cm-1)
EXAFS d(Fe-O) = 1.62 Å 

S=2

“J”

unidentified

unidentified

MLCT 530 nm (180)
FeII S=2 
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Taurine : α-ketoglutarate Dioxygenase
vibrational characteristics of "J"

320 nm (1500 M-1.cm-1)
δ1 = 0,31 mm.s-1, ΔEQ1 = 0,88 mm.s-1 

σ(Fe-O) = 821 cm-1 (σ18O2 = -34 cm-1)
EXAFS d(Fe-O) = 1.62 Å 
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Reactivity of "J"

Bollinger et al. Eur. J. Inorg. Chem. 2005, 4245   

(A) Structures of 1,1-[1H]2-taurine "H" and 
1,1-[2H]2-taurine "D".

Kinetics of J monitored by (B) stopped-flow 
absorption and (C) RFQ Mössbauer.

The circles and squares represent the 
experimental data obtained using "H" 
and"D", respectively.

The solid lines are simulations for J according 
to the catalytic cycle.
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en résumé... 

S + O2 + 2 e- + 2 H+ → SO + H2O monooxygenases

cofactor dependent 
dioxygenases and hydroxylases

reductase dependent
dioxygenases S + O2 + 2 e- + 2 H+ → S(OH)2

S + O2 + cofactor → SO + cofactorox
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