
259 

 

 

Appendix 2 



260 

 

In addition to the projects I've worked on during the PhD, other projects have been 

carried out by our research group, on which I worked to a lesser extent.  

These works are part of two main lines of research. The first concerns the 

characterization of Acinetobacter strains able to degrade diesel fuel, while the 

second is the search of new antimicrobials from bacteria isolated from Antarctica.  

 

Acinetobacter venetianus: a diesel-fuel degrading bacterium 

The characterization of the Acinetobacter strains represents a critical step for their 

possible use in the field of bioremediation, the technique that involves the use of 

(micro)organisms to remove or neutralize pollutants from a contaminated site.  

Crude oil is a complex mixture, in which alkanes are the major components, that 

can produce serious environmental problems when spills occur and over the last 

decade, extensive research has focused on its degradation by pure culture or mixed 

bacterial consortia isolated from oil-contaminated soils (Rojo, 2009).  

Degradation of n-alkanes has been extensively studied mainly in Pseudomonas 

putida GPo1, but in recent years various microbial species involved in alkane 

degradation and/or capable of thriving on these highly reduced organic compounds 

have been revealed and studied including bacteria of the genus Acinetobacter 

(Baptist et al., 1963, van Beilen et al., 2001, van Beilen & Funhoff, 2007, Di Cello et 

al., 1997, Ishige et al., 2000, Throne-Holst et al., 2007).  

The process of bacterial n-alkane degradation consists of two main steps. The first 

is the interaction of bacterial cells with diesel fuel drops, for which different 

bacteria have developed distinct strategies. For instance, for Acinetobacter 

venetianus VE-C3, the interaction between the diesel fuel droplets and the cell 

envelope is a complex process, which involves some changes in cell envelope (Baldi 

et al., 1999, Baldi et al., 2003), while a different strategy is adopted by A. 

venetianus RAG-1T, whose cells produce a strong biosurfactant, the 

lipopolysaccharide emulsan that interfaces between cell membranes and oil . A 27 
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kbp cluster of genes responsible for the biosynthesis of this amphipathic, 

polysaccharide bioemulsifier was isolated and characterized (Dams-Kozlowska et 

al., 2008, Nakar & Gutnick, 2001). Other Acinetobacter strains, like strain HO1-N, 

solubilize hydrocarbons in vesicles composed of proteins, phospholipids and 

lipopolysaccharides (Leahy et al., 2003).  

The second step is the enzymatic degradation of hydrocarbons. In most described 

cases, the n-alkane is oxidized to the corresponding primary alcohol by substrate-

specific terminal monooxygenases/hydroxylases. For long-chain n-alkane oxidation, 

two unrelated classes of enzymes have been proposed: (1) cytochrome P450-

related enzymes in both yeasts and bacteria and (2) bacterial alkane hydroxylases 

(pAHs) (Wentzel et al., 2007). The latter class of integral membrane non-heme 

diiron alkane monooxygenases of the AlkB-type allows a wide range of 

microorganisms to grow on n-alkanes with carbon chain lengths from C5 to C16 

(van Beilen & Funhoff, 2007). AlkB-type enzymes form a complex with two electron 

transfer proteins, a dinuclear iron rubredoxin, and a mononuclear iron rubredoxin 

reductase channeling electrons from NADH to the active site of the alkane 

hydroxylase (van Beilen & Funhoff, 2007). After the initial oxidation of the n-alkane, 

the corresponding alcohol is oxidized step by step by alcohol dehydrogenase and 

aldehyde hydrogenase to the corresponding aldehyde and carboxylic acid, 

respectively. The carboxylic acid then serves as a substrate for acyl-CoA-synthase, 

and the resulting acyl-CoA enters the b-oxidation pathway (van Beilen & Funhoff, 

2007). Several bacterial strains able to degrade C5eC10 alkanes contain alkane 

hydroxylases that belong to a distinct family of soluble cytochrome P450 

monooxygenases (Wentzel et al., 2007) as, for example, Acinetobacter sp. EB104 

(Maier et al., 2001). Alternative alkane hydroxylases have been found in those 

microorganisms capable of degrading alkanes longer than C20. Usually, these 

enzymes are not evolutionary related to known AlkB- and P450-like sequences and 

include AlmA (a flavin binding monooxygenase able to oxidize C20eC32 alkanes) 
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from Acinetobacter strain DSM 17874 (Throne-Holst et al., 2006) and LadA from 

Geobacillus thermodenitrificans (Feng et al., 2007), able to generate primary 

alcohols from C15eC36 alkanes. 

The analysis performed in our laboratory started from the characterization of 17 

Acinetobacter strains (13 species, including five A. venetianus strains ) able to use 

diesel fuel oil as sole carbon and energy source (Mara et al., 2012). 

Most of these strains were able to grow in the presence of either diesel fuel or 

alkanes with variable chain length as the sole carbon and energy source, although 

to a very different extent. The drop-collapse test revealed that only three out of 

the 17 strains [RAG-1T and LUH 7437, and strain ATCC 17905 (genomic species 

13BJ)] were able to produce a biosurfactant, suggesting that different molecular 

strategies to adhere to diesel fuel drops are adopted, while the MATH test showed 

that most strains had hydrophobic cell surface properties both when grown in LB 

and minimal medium containing high NaCl concentrations, with few exceptions, for 

example A. venetianus VE-C3 that was hydrophobic only in minimal medium.  

The alkM gene encoding alkane hydroxylase was detected in the chromosome of 

15 strains by PCR amplification and sequencing or Southern blot analysis, which 

also suggested that this gene was localized on the Acinetobacter chromosome 

rather than on plasmids.  

The five A. venetianus strains showed different capacities and molecular 

mechanisms for interacting with diesel fuel droplets and degrading n-alkanes of 

different length, and their diversity was confirmed by the Phenotype Microarray 

(Biolog), which enabled testing them for their ability to utilize a variety of carbon 

and nitrogen sources. These strains used most C- and N-sources in (a very) similar 

way, are unable to use carbohydrates and differentially used purines as N-source. 

VE-C3 was the most diverse strain, having a lower capacity to metabolize some 

organic acids than the other strains.  
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In conclusion, this work has shed light on the strategy adopted by Acinetobacter 

strains toward diesel fuel degradation. The five strains belonging to A. venetianus 

species showed better efficiency at degrading diesel fuel than the other species 

analyzed in this study, suggesting that the use of such microorganisms during 

bioremediation procedures might provide valuable advances in this important 

biological/ biotechnological field. 

A further characterization of the A. venetianus strains was carried out at the 

genomic level through the genome sequencing and analysis of two of these strains: 

A. venetianus RAG1Tand VEC-3 (Fondi et al., 2012a, Fondi et al., 2013). 

A. venetianus RAG-1T (ATCC 31012) was first isolated from seawater near a beach in 

Tel Baruch, Israel. Its genome was sequenced using Illumina HiSeq2000.  

Among the set of the genes that are commonly required for the metabolism of n-

alkanes, A. venetianus RAG-1T possesses alkB, alkH, alkJ, and alkK, which were 

found on different contigs, suggesting that they are scattered throughout the A. 

venetianus RAG-1T chromosome. Additionally, the four genes encoding rubredoxin 

(rubA), rubredoxin reductase (rubB), AlmA, and LadA were found. No close 

homolog was found for AlkL, -S, -T, or -N. Lastly, despite the fact that A. venetianus 

RAG-1T is able to grow in the presence of long-chain alkanes, it is missing the 

soluble cytochrome P450 monooxygenase that is probably involved in long-chain 

alkane degradation. Consistent with the presence of A. venetianus RAG-1T in 

contaminated environments, its genome harbors several systems involved in 

resistance to or tolerance of toxic compounds, including cobalt, cobalt-zinc-

cadmium, arsenic, and chromium, as well as 15 genes encoding multidrug 

resistance efflux pumps. 

A. venetianus VE-C3 was isolated in 1993 from the superficial waters of the former 

industrialized Marghera Port in the Venice lagoon. Its genome was sequenced using 

Roche/454 and Illumina. Post sequencing analyses revealed that this strain is 

relatively distantly related to the other Acinetobacter strains completely sequenced 
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so far as shown by phylogenetic analysis and pangenome analysis (1285 genes 

shared with all the other Acinetobacter genomes sequenced so far).  

Regarding the adhesion to n-alkanes the wee gene cluster, that is involved in the 

biosynthesis of emulsan in A. venetianus RAG-1T, VE-C3 share with RAG-1T two 

large portions, the first and the final part, while the central part of the cluster 

partially differs in the two strains. In particular some genes responsible for 

polymerisation of the apoemulsan were not found in the genome of A. venetianus 

VE-C3, explaining the different strategies adopted by these strains for the 

interaction with n-alkanes. 

Among the genes probably involved in the metabolism of long-chain n-alkanes A. 

venetianus VE-C3 possesses a smaller set of alk-like sequences compared to P. 

putida GPo1 and these genes are scattered throughout the genome. In particular A. 

venetianus VE-C3 encodes two paralogous copies of alkB, alkH and alkJ, and a 

single copy of alkK. No ortholog of AlkG, AlkT, AlkN and AlkS sequences were 

retrieved. AlkG and AlkT (coding for rubredoxin and rubredoxin reductase, 

respectively) could be replaced by the rubA-rubB operon. Interestingly, a sequence 

embedding both a rubredoxin and a rubredoxin reductase domain was identified, 

suggesting its possible role in the alkane degradation process. Also ALkS and alkN (a 

regulator and a genes involved in chemotaxis transduction respectively) lacks in A. 

venetianus VEC-3.  

A. venetianus VE-C3 encodes a single cytochrome P450 in an operon-like structure 

with genes encoding a ferredoxin, an FAD-dependent oxyreductase and a gene 

encoding an AraC transcriptional regulator. Orthologs of LadA and AlmA encoding 

genes were also found when probing the genome of VE-C3 

A wide range of determinants involved in resistance to toxic metals (e.g. arsenic, 

cadmium, cobalt and zinc) were found. Genes belonging to these processes were 

found both on the chromosome and in plasmids.  
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Finally, the presence of a number of DNA mobilization-related genes (i.e. 

transposases, integrases, resolvases) strongly suggests an important role played by 

horizontal gene transfer in shaping the genome of A. venetianus VE-C3 and in its 

adaptation to its special ecological niche. 
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New antimicrobial compounds from Antarctica 

The second project regards the search of new antimicrobials compounds from 

microorganisms isolated from Antarctica. 

The low number of new antibiotics discovered in the last years and the continuous 

spread of resistant bacteria has prompted research efforts towards the 

strengthening of existing antibiotics or the search for novel and efficient 

antibacterial molecules (Bax et al., 2000). Traditionally terrestrial bacteria, fungi 

and higher plants, represented the main sources for drug discovery. Conversely, 

the antimicrobial potential of marine microorganisms has been investigated only in 

recent decades and most of them have been proven to be producers of natural 

products (Li & Vederas, 2009). Also bacterial communities from extreme 

environments have begun to capture the attention of scientists, because they could 

contain unusual and phylogenetically divergent microorganisms with unique 

adaptations to their habitats, that in some cases may be due to the synthesis of 

unusual natural products (Pathom-Aree et al., 2006). 

Bacteria from Antarctica represent a reservoir of unsampled biodiversity. Inhibitory 

activity against human pathogens has been reported for isolates from Antarctic 

soils (O'Brien et al., 2004) and seawater (Lo Giudice et al., 2007b). Moreover, the 

existence of inter-specific antagonistic interactions among bacteria from Antarctic 

seawater and sponges (i.e. Lissodendoryx nobilis and Anoxycalyx joubini) have been 

demonstrated (Lo Giudice et al., 2007a, Mangano et al., 2009). Therefore Antarctic 

sponge associated bacteria may represent a yet unexplored source of 

microorganisms with the ability to produce antibiotics targeting terrestrial 

organisms, integrating those recovered from temperate and tropical counterparts. 

Our research project started with the analysis of three different microbial 

communities isolated from three different Antarctic sponges, Haliclonissa 

verrucosa, Anoxycalyx joubini and Lissodendoryx nobilis (Papaleo et al., 2012).First, 

the three cultivable communities were characterized from a molecular viewpoint, 
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and subsequently the inhibitory activity of these strains against some opportunistic 

pathogens was assayed.  

The molecular characterization revealed that the three sponges harbored different 

microbial communities at genus, species and strain level, and that the 

genus/species/strain sharing is extremely low. These data are in agreement with 

previous studies (Lo Giudice et al., 2007a, Mangano et al., 2009) that demonstrated 

that the interaction between sponges and bacterial communities is specific and 

different sponges are inhabited by different microbial communities. This could be 

due to the production of antimicrobial compounds inhibiting the growth of other 

bacteria, thus the inhibitory activity of the Antarctic strains were tested against a 

panel of Bcc strains and also against few other human pathogens, revealing that 

most of the Antarctic strains were able to completely inhibit the growth of most 

Bcc strains, whereas the growth of the other pathogenic bacteria tested was not 

affected, suggesting that the inhibition is specific for Bcc bacteria. Through various 

type of experiments, it was also demonstrated that the antimicrobial compound(s) 

produced by Antarctic bacteria are thermo-stable and bacteriostatic. 

The antimicrobial compounds synthesized by the most active Antarctic bacteria are 

very likely Volatile Organic Compounds (VOCs), a finding that was confirmed by the 

SPME–GC–MS technique, which revealed the production of a large set of VOCs by a 

representative set of Antarctic bacteria. The synthesis of these VOCs appeared to 

be related neither to the presence of pks genes nor the presence of plasmid 

molecules.  

However, these first volatile profiles were obtained under anaerobic conditions, 

that is in normal HS sampling; because the Antarctic bacteria used are aerobic, 

these conditions might have probably caused some abiotic stresses modifying the 

composition of the volatile profile. For this reason a method that allows to detect 

the mVOCs produced by Antarctic bacteria under aerobic conditions and in cross-

streaking conditions was developed (Romoli et al., 2011). The experiments were 
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carried out using the Pseudoalteromonas atlantica TB41 strain and revealed that 

the number and the molecular nature of the mVOCs produced were different from 

those obtained in anaerobic conditions. 

Then some of these Antarctic strains were further characterize from different 

viewpoints. 

P. atlantica TB41, Pseudoalteromonas. haloplanktis TAC125, and Psychrobacter sp. 

TB47 and TB67 were characterized for their ability to inhibit Bcc in different culture 

media e for the kind of VOCs they produce. In addition the genome sequences of P. 

atlantica TB41, Psychrobacter sp.TB47 and TB67 were obtained (Papaleo et al., 

2013). 

A list of 30 different mVOCs was identified by GC-SPME analysis. The cross-

streaking experiments performed with Petri dishes without a septum also 

suggested that non-volatile molecules with an anti-Burkholderia activity might be 

synthesized by these bacteria. The biosynthesis of such a mixture of mVOCs was 

very probably influenced by both the presence/absence of oxygen and the media 

used to grow the Antarctic strains. The antimicrobial activity exhibited by Antarctic 

strains also appeared to be more related to their taxonomical position rather than 

to the sampling site.  

Concerning the molecular basis of the antibacterial molecules production the 

genome analysis of the four Antarctic strains revealed that only P. atlantica TB41 

possessed some genes belonging to the nrps–pks cluster. The comparative genomic 

analysis performed on the genome of the four strains also revealed the presence of 

a few genes belonging to the core genome and involved in the secondary 

metabolites biosynthesis. Recently, three other Psychrobacter strains, TB2, TB15 

and AC24, were characterized in our laboratory (Fondi et al., submitted fro 

publication). Psychrobacter sp. AC24 efficiently inhibit the growth of almost all the 

Bcc strains tested regardless of the growth media, conversely, TB2 and TB15 

displayed a reduced inhibitory ability compared to AC24 and, in some cases, the 
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effect on the growth of Bcc strains was influenced by the corresponding growth 

medium. The genome sequences of these strains revealed a variable number of 

putative gene clusters involved in secondary metabolites in each genome: 12, 8 and 

7 clusters were retrieved for AC24, TB15 and TB2 strains, respectively.  

Gillisia sp. CAL575 strain was characterized from a phenotypic and genomic point 

of view (Maida et al., 2013). Sequencing and analysis of its whole genome revealed 

that it includes genes that are involved in secondary metabolite production, 

adaptation to cold conditions, and different metabolic pathways for the production 

of energy. Also in this case, the ability to inhibit the growth of Bcc strains was 

dependent on the medium used for growing Gillisia sp. CAL575, and this data was 

confirmed by the GC-SPME experiments, which allowed identifying some of the 

VOCs produced, whose relative concentration varied when the bacterium was 

grown onto different media. 

Also three Arthrobacter strains, TB23, TB26 and CAL618 were further characterized 

(Fondi et al., 2012b, Orlandini et al., 2013): they also inhibit Bcc species differently 

depending on the type of culture media used and the genome sequencing of these 

strains revealed that Arthrobacter spp. CAL618 and TB23 have three clusters 

related to secondary metabolites, while the TB26 strain has only two clusters. 

Although we are still far from obtaining the molecules able to inhibit the growth of 

Bcc species, the phenotypic and genomic characterization of the producer strains 

and the knowledge of the best conditions in which these molecules are produced, 

are essential for the continuation of the project. 
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