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Abstract 
 
Carbazole dioxygenase (CARDO) is an enzyme involved in the 
degradation of carbazole (N-heterocycle), a highly toxic and 
recalcitrant contaminant of crude fuels. It is a unique oxygenase known 
to catalyze diverse oxygenation like monooxygenation, lateral 
dioxygenation and angular dioxygenation. CARDO is collectively 
encoded by carAa, carAc and carAd genes. The car genes involved in 
the degradation of carbazole are arranged in the form of an operon, 
carAaBaBbCAcAd. CARDO encoding genes were fused and amplified 
from previously isolated Pseudomonas sp. GBS.5 by overlap extension 
PCR. A 3 kb amplified product, carAaAcAd, was cloned and 
sequenced. The car genes and amino acids sequences were analyzed 
using BLASTn and ClustalΩ programs. Protein structure prediction 
was carried out using online available softwares. Gene carAc and 
carAd showed 100% sequence similarities while carAa was 99% 
similar to that of known carbazole degrading bacterial strain 
Pseudomonas resinovorans CA10. Amino acid sequence alignment of 
the terminal oxygenase unit (CarAa) of CARDO of GBS.5 with CA10 
revealed changes in two amino acids while it conserves all the features 
for the known dioxygenase including Rieske [2Fe-2S] domain, 
substrate binding domain and ferredoxin reductase attachment region. 
This suggests that the CARDO encoding genes present in 
Pseudomonas sp. GBS.5 can be successfully used for the construction 
of biocatalyst suitable for biorefining and the degradation of carbazole 
and other polycyclic aromatic hydrocarbons (PAHs) from 
contaminated sites. 
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1. Introduction 
The enzyme carbazole-1,9a-dioxygenase (CARDO) is a multicomponent enzyme 
consisting of homotrimeric terminal oxygenases (CarAa), a ferredoxin (CarAc) and a 
ferredoxin reductase (CarAd) unit, encoded by the carAa, carAc and carAd genes, 
respectively (Nam et al, 2002). CARDO was originally isolated from Pseudomonas 
resinovorans strain CA10 (Sato et al, 1997). Functional and structural analysis of 
CARDO revealed that it is a member of Rieske non-heme iron oxygenase systems 
(ROSs). ROSs are considered as the initial catalyst in the catabolic pathway of various 
toxic environmental pollutants such as PAHs, heterocyclic aromatic hydrocarbons, 
dioxins, polychlorinated biphenyls etc. (Kauppi et al, 1998; Ferraro et al, 2005; Dong 
et al, 2005; Nojiri et al, 2005; Friemann et al, 2009). 

At present, several bacteria possessing CARDOs have been isolated. The CARDOs 
from Pseudomonas resinovorans CA10, Janthinobacterium sp. J3, Pseudomonas 
stutzeri OM1, and Pseudomonas sp. XLDN4-9 belong to class III in Batie’s 
classification (Inoue et al, 2004; Ouchiyama et al, 1998; Li et al, 2006; Nam et al, 
2002). Other CARDOs isolated from Sphingomonas sp. KA1 and strain GTIN11 
belong to class IIA (Habe et al, 2002; Kilbane et al, 2002), while the CARDO from 
Nocardioides aromaticivorans IC177 belongs to class IIB (Inoue et al, 2006). 
CARDO, as unique ROS, has a broad substrate range and have the ability to catalyze 
diverse oxygenations like angular dioxygenation, lateral dioxygenation and 
monooxygenation of various PAHs (Nojiri et al, 1999). ROSs generally functions by 
adding two oxygen atoms (in the form of hydroxyl groups) to the benzene ring to form 
cis-dihydrodiols, known as lateral dioxygenation. CARDO catalyzes the dioxygenation 
of carbazole (CAR) at the carbon positions 9aC and 1C. This type of reaction is called 
angular dioxygenation, and is catalyzed by very few ROSs. CARDO can also catalyze 
angular dioxygenation of dibenzo-p-dioxin and dibenzofuran (Habe et al, 2001). 
Compared to other degradation reactions for dioxin, angular dioxygenation is an 
attractive and ideal degradation reaction because this reaction forms an unstable 
hemiacetal intermediate that spontaneously converts the hetero ring-cleaved 
compound. Thus, this single step oxygenation leads to the destruction of the planar 
structure of dioxin that is responsible for dioxin’s toxicity (Nojiri and Omori, 2002). 
Therefore, the biocatalysts having the CARDO activity or CARDO itself could be a 
vital tool in the bioremediation of dioxin contamination. Apart from bioremediation of 
toxic pollutants these biocatalysts could also be useful for the biorefining of crude 
fuels. Kilbane (2006) proposed that a biological catalyst with the ability to open central 
pyrrole ring of CAR to generate a free amine and then remove nitrogen specifically 
from free amine group may be an alternative approach for denitrogenation of CAR. 
Thus, a biocatalyst harboring CARDO encoding carAaAcAd gene along with the genes 
encode for suitable amidase will not only lead to the denitrogenation of CAR but can 
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also complement the conventional hydrotreating process used for the dearomatization 
of various PAHs present in diesel. This study aims to generate a fused carAa and 
carAcAd gene clusters from Pseudomonas sp. GBS.5 (Singh et al, 2013) using overlap 
extension PCR (OE-PCR).  

 
 

2. Materials and Methods 
2.1 Chemicals, Bacterial Strains, Plasmids and Media 
Restriction endonucleases, T4 DNA ligase, Taq DNA polymerase and other molecular 
biology reagents were purchased from New England Biolabs Ltd. (UK). Pseudomonas 
sp. GBS.5 and E. coli DH5α cells were used to amplify car genes and as the hosts for 
transformation, respectively. Vector pGEX-4T-3 was used for cloning of dioxygenase 
gene and E. coli DH5α cells bearing plasmid were cultivated in Luria Bertani (LB) 
medium supplemented with 100 µg ampicillin/ml.  
 
2.2 Overlap Extension PCR 
To generate fused carAa and carAcAd gene cluster from Pseudomonas sp. GBS.5, OE-
PCR was performed using specifically designed primers viz. carAaF, 5'-
CGCAGGATCCAAGGAGATGGACGTGGCG-3' (BamHI restriction site 
underlined); car AaR, 5'- 
CATGCAAATTTCCTTCTAGTTCCTTCAGCCCGAAACGTGCGCTT-3'; carAcF, 5'-
AAGCGCACGTTTCGGG CTGAAGGAACTAGAAGGAAATTTGCATG-3' and 
carAdR, 5'-GTCAGAATTCGCAGCGCCGTCATACGTTGC-3' (EcoRI restriction 
site underlined). First half (italicized) portion of primer carAaR was complementary to 
the 5' end of carAc gene while other half matched with the 3' end of carAa gene. In 
primer carAcF, first half segment was similar to the 3' end of carAa gene while other 
half (italicized) was similar to the 5' end of carAc. Primers carAaR and carAcF were 
fully complementary with each other. In the first step (PCR-I), carAa and carAcAd 
genes were amplified using carAaF-carAaR and carAcF-carAdR primer sets, 
separately. The amplified products were then used as templates in second step (PCR-
II) where primers carAaF and carAdR were used to amplify integrated gene cluster of 
carAaAcAd. Gel purified fused gene product was digested with BamHI and EcoRI and 
ligated to BamHI-EcoRI treated pGEX-4T-3 vector. Components of PCR mixture 
were: 2 μl of 10X PCR buffer with 25 mM MgCl2, 1 μl of template DNA (~40 ng), 10 
mM of deoxynucleoside triphosphate mix, 10 pmol of forward and reverse primers, 2.5 
U of Taq DNA polymerase and 0.5 U of Pfu DNA polymerase in a 20 μl reaction 
volume. 
 
2.3 Nucleotide and Amino Acid Sequence Analysis 
Sequencing was performed using dideoxynucleotide chain-termination method. Vector 
specific primers were used for the nucleotide sequencing. Sequences were aligned and 
conserved regions were determined using BLASTn and ClustalW programs. ClustalΩ 
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program was used to analyze amino acids sequences of car proteins. Protein structure 
prediction was carried out using online available softwares.  
 
 
3. Results and Discussion 
3.1 Fusion of carAa and carAcAd by OE-PCR 
As depicted in Fig. 1, carAa and carAcAd gene cluster are separated by carBaBbC 
gene fragment. To generate fused carAa and carAcAd gene clusters from 
Pseudomonas sp. GBS.5, splicing through overlap extension PCR method was 
performed. 
 

 
 

Figure 1: Arrangement of car genes in car operon and the primers used for OE-PCR to 
generate fused gene clusters of carAa (1.1 kb) and carAcAd (1.9kb). 

 
As a result of PCR-I, DNA fragment of carAa (~1.1 kb) and carAcAd (1.9 kb) 

were amplified using carAaF-carAaR and carAcF-carAdR primer sets, respectively 
(Fig. 2 A). Further to obtain fused carAaAcAd gene, second round of PCR (PCR-II) 
reaction was carried out using carAaF-carAdR primers set. As depicted in Fig. 2 B, 
amplicon of expected size of 3 kb was amplified successfully from Pseudomonas sp. 
GBS.5. 

 

 
Figure 2: (A) PCR-I: Amplification of carAa (1.1 kb) and carAcAd (1.9 kb) gene 
fragments using carAaF-carAaR and carAcF-carAdR primer sets, respectively (B) 
PCR-II: Fusion of carAa and carAcAd gene fragments using primer set carAaF-

carAdR. Expected size of carAaAcAd gene cluster obtained was 3 kb. Lane M: 1 kb 
ladder. Electrophoretic separation was performed in 1% agarose gel in a TAE buffer. 
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Amplified carAaAcAd gene was ligated in to pGEX-4T-3 vector and transformed 
in to competent E. coli strain DH5α cells. Total twelve colonies were obtained on LB-
amp plates after 16 h of incubation at 37°C. Further to confirm successful 
transformation, colony PCR was performed with all clones using specifically designed 
primers set, carAaF-carAdR. Out of twelve clones, only three clones showed the 
amplification of nearly expected size. For further confirmation of positive clones, 
plasmid (expected length; 7.9 kb) isolated from these three clones were then digested 
with BamHI and EcoRI restriction endonucleases. Restriction digestion pattern shown 
in Fig. 3 B revealed that clone 2nd was the positive clone showing two fragments of the 
expected sizes (pGEX-4T-3, 4.9 kb and carAaAcAd, 3.0 kb).  

 
 

 
 

Figure 3: (A) Map of recombinant plasmid pGEX-4T-3-carAaAcAd. (B) Agarose gel 
electrophoresis of BamHI and EcoRI digested pGEX-4T-3-carAaAcAd plasmid. Clone 

2 is showing bands of expected sizes of 4.9 kb (pGEX-4T-3 vector)  
and 4.9 kb (carAaAcAd). Lane M: 1 kb ladder. 

 
3.2 Sequence Aanalysis 
The nucleotide sequences of the carAa, carAc and carAd were sequenced. Genes 
carAc and carAd showed 100% sequence similarities while carAa (GenBank accession 
number JX885589) was 99% similar to that of Pseudomonas resinovorans CA10 and 
Janthinobacterium sp. strain J3 (Nojiri et al, 2005). Sequence alignment of carAa gene 
of GBS.5 with CA10 and J3 revealed that it conserves all the features for the known 
dioxygenase including Rieske [2Fe-2S] domain, substrate binding domain and 
ferredoxin reductase attachment region. However, on comparing amino acid sequences 
of terminal oxygenase subunit (CarAa) of GBS.5 with CA10 and J3, it was observed 
that all amino acids were conserved except two amino acids at position 303 and 364 
where proline being replaced with arginine and alanine replaced with valine (Fig. 4). 
The substitution of proline with arginine is noteworthy as proline, an imino acid, is 
generally considered to be present at tight turns and functions to produce kinks in 
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helices, whereas arginine is a positively charged polar amino acid involved in 
interaction with negatively charged amino acid or any other moiety. This interaction 
results in the regulation of conformation or redox potential of proteins (Harms et al, 
2011). 

 
 

 
 

Figure 4: Amino acid sequence alignment of the terminal oxygenase unit (CarAa) of 
carbazole dioxygenase. Rieske [2Fe-2S] domain and ion binding sites are represented 
with double underline and gray colored boxes, respectively. Fe2+ binding site in the 
catalytic domain is highlighted with dotted boxes. Alpha helices and beta sheets are 

labeled with curved and straight lines, respectively. Changes in amino acid at the 
positions 303 and 364 are represented with stared boxes. Regions reported to interact 

with ferredoxin reductase subunit of carbazole dioxygenase, with terminal 
dioxygenase, are highlighted with underlined dotted arrows. P. GBS.5, Pseudomonas 

sp. GBS.5; P. CA10, Pseudomonas resinovorans CA10 and J. J3,  
Janthinobacterium sp. strain J3. 
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4. Conclusion 
The car genes of Pseudomonas sp. GBS.5 is reported to have a wide substrate range 
(Singh et al, 2013). This study is a significant step towards the construction of a 
biocatalyst carrying CARDO encoding carAaAcAd gene which could be a suitable 
candidate for biorefining and also for the degradation of CAR and other PAHs from 
contaminated sites. In this study, fusion of carAa and carAcAd gene clusters is done 
using OE-PCR. Further understanding of the expression of CARDO and substrate 
range analysis of recombinant enzyme is a matter of ongoing investigation.  
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