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Elucidation of a dearomatising reductase 

reaction involved in the anaerobic 

degradation of naphthalene 

Background: Naphthalene degradation 

by sulphate-reducing bacteria proceeds 

via 5,6,7,8-tetrahydro-2-naphthoyl-CoA 

(THNCoA), which gets reduced to a 

hexahydro-2-naphthoyl-CoA (HHNCoA) 

with unknown conformation by an  

enzyme similar to class I benzoyl-CoA 

reductases (Eberlein et al., 2013). For  

the downstream pathway, β-oxidation-like 

reactions were proposed as indicated by 

metabolites identified in culture extracts 

(Annweiler et al., 2002). In previous 

studies, the THNCoA reductase reaction 

was measured with NADH as electron 

donor, but neither could a complete 

conversion of THNCoA be achieved, nor 

could further metabolites be detected. 
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Conclusion: Identified  CoA-ester 

metabolites correspond to the free acids 

identified in earlier metabolite analyses 

and indicate a β-oxidation-like down-

stream pathway with water addition to 

HHNCoA and a first ring-fission via a 

hydrolase acting on a β’-hydroxy-β-oxo-

decahydro-2-naphthoyl-CoA intermediate. 

Methods: THNCoA reductase assays 

were performed with cell free extracts 

(cfe) of the sulphate reducing naphthalene 

degraders N47 and NaphS2 as described 

previously. For a further elucidation, 

different electron donors and other co-

factors were tested and samples were 

analysed via LC-MS in single ion mode, 

scanning for expected metabolites. 

 

Proposal for the downstream degradation pathway  β-oxidation like reactions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

THNCoA reductase assays in N47-cfe 

 

 

 

 

 

 

 

 

 

 

 

 

• small amount of HHNCoA hydratase 

product formed (m/z = 946) 

• NADH inhibits downstream reactions 

Assays with alternative electron 

donors and NaphS2-cfe 

 

 

 

 

 

 

 

 

 

 

 

 

• β-hydroxyacyl-CoA dehydrogenase 

requires high NAD+/NADH ratio 

Assays in with 2-oxoglutarate as 

electron donor 

 

 

 

 

 

 

 

 

 

 

 

 

• complete conversion of 50 µM THNCoA 

within 45 min with 5 mM 2-oxoglutarate 

• no 2-oxoglutarate dependent reduction 

in absence of CoA-SH  2-oxo-

glutarate:ferredoxin oxidoreductase 

 

THNCoA conversion rates in N47-cfe 

 

 

 

 

 

 

• best THNCoA conversion with 2-oxo-

glutarate or citrate as electron source 

• oxidation of acetyl-CoA via the citric 

acid cycle provides reduced ferredoxin 

as co-substrate for THNCoA reductase 

50 µM THNCoA  

+ 5 mM NADH 

+ 5 mM ATP  

+ 15 mM MgCl2 

in MOPS/KOH pH 7.3 

Formation of hexa- 

hydro-2-naphthoyl- 

CoA (HHNCoA), 

m/z = 928 
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Low-potential 
electrons delivered 
via modified citric 

acid cycle 

High NADH/NAD+ 
ratio inhibits  

β-hydroxyacyl-CoA 
dehydrogenase 


