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SUMMARY 
 
Marine bioprospecting is a highly topical research subject since the marine 
ecosystem is a relatively unexplored source of enzymes with potential biocatalytic 
activity. Development of new biocatalysts from marine extreme environments, such 
as Polar Regions, can be considered value-added. In fact, there is an increasing 
demand in bio discovering powerful biocatalysts for biotechnological applications in 
terms of esterase/lipases from cold environments. This is due to their salt tolerance, 
hyperthermostability, barophilicity, cold adaptivity, substrate specificity and affinity.  
The first session of the research project was focused on functional-based screening 
method to screen a collection of 100 marine bacteria isolated from Svalbard and 
Lofoten islands for their ability to produce a broad spectrum of cold-active enzymes. 
The isolated bacteria were classified by 16S rRNA sequencing and the phylogenetic 
distribution of the detected activities was evaluated with the interest for finding new 
cold-active biocatalysts.  
In the second session of the project, a gene encoding for an esterase was amplified 
by PCR from a bacterial sequenced genome belonging to Thalassospira sp. 
GB04J01. After cloning and gene heterologous expression in E. coli, the recombinant 
protein was obtained as high level in soluble form and then purified to homogeneity. 
A full structural and functional protein characterization was carried on and in addition, 
the enzyme was able to form diamond crystals which diffracted at 1.7 �.  
This was the first biochemical characterization and structural analysis of a cold-active 
esterase isolated from the genus Thalassospira. 
A parallel session of the project was aimed at identifying and at characterizing a new 
cold-active and salt tolerant esterase isolated from Arctic metagenomic libraries. 
Taking advantage of an ÒomicÓ technique, such as Metagenomics, it was possible to 
access to unculturable microbes in such extreme environment, the Arctic. 
A fosmid containing an ORF encoding a gene with potential esterase/lipase activity 
was detected by functional screening on tributyrin agar plates. The positive clones 
employing the largest halo size were sequenced and a gene encoding a putative 
lipase was found.  
Gene cloning and expression were followed by a production of the recombinant 
protein in a soluble form. A biochemical approach highlighted protein features with a 
functional characterization methodology. 
To achieve the summarized results several expertise in different research fields were 
required. The research activity was realized through short exchanges of researchers 
between Italy and Norway. This research project and the data obtained strongly 
represent a contribution to enhance the market of cold-active lipolytic enzymes of 
white biotechnology field as powerful biocatalysts. 
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RIASSUNTO 
 
Ambienti definiti ÒestremiÓ come quelli Polari rappresentano una notevole risorsa in 
termini di biodiversit� microbica. Date le condizioni estreme di temperatura, 
pressione e salinit�, a cui gli organismi sopravvivono, non risulta sempre possibile 
accedere geneticamente ad unÕampia parte di microrganismi perch� non coltivabili in 
laboratorio. Con lÕinteresse, dunque, di voler esplorare tale biodiversit�, � nata e si � 
poi sviluppata e perfezionata nel corso degli anni, una tecnica ÒomicaÓ che affianca la 
genomica. Questa tecnica, definita metagenomica, ha permesso, con le sue notevoli 
potenzialit�, di esaminare la biodiversit� completa su una scala molto pi� ampia, 
applicando differenti metodi di analisi, consentendo una valutazione diretta della 
diversit� dei gruppi e fornendo una serie di dati rilevanti per misurare e modellare i 
processi biologici. Piattaforme sempre pi� ricercate, con un ridotto impatto in termini 
di costi e di tempi di sequenziamento, hanno portato allÕidentificazione di un gran 
numero di genomi.  
Questa tecnica trova il suo maggior impiego non solo nellÕidentificazione di composti 
naturali bioattivi, che possono trovare largo impiego nelle industrie farmaceutiche, 
ma anche di enzimi particolarmente interessanti per aziende operanti nel settore 
delle biotecnologie industriali.  
UnÕanalisi volta allÕidentificazione di biocatalizzatori dotati di particolari caratteristiche, 
come una migliore efficienza catalitica in particolari condizioni di reazione, � infatti 
favorita dallÕutilizzo di collezioni metagenomiche derivanti da siti contaminati o da 
ambienti polari, questÕultimi dotati di particolari caratteristiche come estremi di pH, 
temperatura o concentrazione salina. 
LÕimpiego di enzimi come biocatalizzatori per i moderni processi industriali si 
prospetta, dunque, come una vantaggiosa alternativa ai tradizionali processi chimici 
per diversi motivi. In primo luogo, data la loro specificit�, restituiscono un prodotto di 
maggiore qualit� attraverso processi produttivi ÒpulitiÓ a ridotto impatto ambientale in 
quanto non rilasciano prodotti di scarto inquinanti e sono essi stessi biodegradabili. 
Inoltre, dal punto di vista economico, il ridotto consumo di energia, materie prime ed 
acqua richiesto nelle bioconversioni, consente lÕottenimento di prodotti di qualit� 
superiori a costi sostanzialmente ridotti. Le molte potenzialit� offerte dalle peculiari 
caratteristiche di batteri e biocatalizzatori psicrofili che li rendono vantaggiosi, in molti 
processi industriali, risultano in sintonia con gli obiettivi della white biotechnology e 
rappresentano dunque un campo in cui � interessante continuare a investire.  
Esterasi e lipasi sono alcuni dei maggiori biocatalizzatori utilizzati. Le ragioni di 
questo successo sono numerose e relative allÕampia variet� di substrati riconosciuti, 
combinata allÕesclusiva chemoselettivit�, regioselettivit� e stereoselettivit� 
frequentemente mostrata da questa classe di enzimi. 
A tal proposito, il lavoro svolto durante il mio dottorato di ricerca � stato dedicato 
allÕidentificazione di nuovi biocatalizzatori, da fonti microbiche artiche, da utilizzare 
nel campo della white biotechnology. A tale scopo sono stati utilizzati due diversi 
approcci, genomico e metegenomico, per arrivare allÕisolamento di due esterasi 
psicrofile, a partire da una collezione di batteri marini isolati da sedimenti marini. Le 
metodologie sperimentali adottate e i risultati conseguiti sono elencati di seguito. 
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1) Identificazione di una serie di classi enzimatiche mediante functional 
screening, a partire da una collezione di batteri marini psicrofili isolati in 
Artide. 
Avvalendoci di una collezione di 100 batteri marini psicrofili, abbiamo investigato il 
potenziale biotecnologico di tali microganismi come produttori di enzimi quali 
cellulasi, xilanasi, chitinasi, DNasi, proteasi ed esterasi/lipasi. 
Tutti i batteri, identificati mediante sequenziamento del gene del 16S rRNA, sono 
stati isolati nellÕambito di due spedizioni artiche, presso le Lofoten e le isole Svalbard 
e messi a nostra disposizione dallÕUniversit� di Troms¿ in Norvegia. 
La metodologia sperimentale, che ci ha permesso di arrivare allÕidentificazione delle 
attivit� enzimatiche extracellulari dÕinteresse, � stata quella del functional screening.  
Diversi substrati sintetici sono stati aggiunti al terreno di crescita, su piastre solide di 
agar, in funzione dellÕattivit� enzimatica di interesse.  
La concentrazione di substrato utilizzata � stata scelta in base al suo grado di 
tossicit� nei confronti dei vari batteri. Le piastre sono state incubate per diversi giorni 
a due temperature: 4¡C e 20¡C. LÕattivit� � stata valutata in base alla presenza di un 
alone su piastra, in corrispondenza della colonia, indice di una degradazione del 
substrato da parte dellÕenzima. Per la determinazione di alcune attivit� enzimatiche � 
stata necessaria lÕaggiunta di un colorante, Congo Red o blu di Coomassie. 
LÕincubazione delle piastre, in presenza dei coloranti e la successiva decolorazione, 
� stata ottimizzata per meglio evidenziare, laddove presente, lÕattivit� extracellulare. I 
risultati ottenuti sono stati messi a confronto e analizzati per identificare i batteri 
migliori quali produttori delle diverse classi di enzimi. Un approccio futuro prevede il 
sequenziamento del genoma dei batteri selezionati e lÕisolamento di enzimi di 
potenziale interesse biotecnologico. 
 
Risultati conseguiti 
 
Sulla base delle attivit� enzimatiche riscontrate, una percentuale superiore al 45% 
dei batteri analizzati � risultata in grado di produrre enzimi quali esterasi, proteasi e 
DNasi. Il 41%, 23%, 9% e 7% dei batteri � stato in grado di produrre enzimi quali: 
amilasi, chitinasi, cellulasi, xilanasi rispettivamente. 
Tutti i batteri sono cresciuti in maniera ottimale in presenza del terreno di crescita 
commerciale Marine broth senza richiedere alcuna ulteriore aggiunta di cloruro di 
sodio. 
LÕanalisi filogenetica della collezione di batteri � stata condotta sulla base delle 
sequenze dei 16S rRNA. Un albero filogenetico � stato costruito per meglio 
determinare le loro affiliazioni. Il risultato ottenuto ha evidenziato come dei 60 batteri 
gram-negativi, 53 appartengano al phylum dei Proteobacteria mentre 9 a quello dei  
Bacteroidetes. Dei 40 batteri classificati come gram-positivi, 29 erano appartenenti al 
phylum degli Actinobacteria e 12 a quello dei Firmicutes. 
Analizzando i risultati ottenuti, � stata riscontrata unÕattivit� esterasica, proteasica e 
DNasica ugualmente distribuita tra Proteobacteria, Bacteroidetes, Actinobacteria e 
Firmicutes mentre differenze sono state rivelate per le altre attivit� analizzate. In 
tabella sono stati elencati gli enzimi di interesse ricercati e le diverse specie 
batteriche produttori di tali enzimi come esito del functional screening effettuato.  
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Enzimi di interesse Specie batteriche  

ESTERASI 
Pseudoalteromonas, Pseudomonas, 

Shewanella, Acinetobacter, Roseovarius, 
Psychrobacter 

CELLULASI 
Serratia, Photobacterium, Moritella, 

Pseudoalteromonas 

XILANASI 
Promiconospora, Serratia, 

Pseudoalteromonas, Clavibacter 

CHITINASI 
Pseudomonas, Photobacterium, Serratia, 

Brevundimonas, Roseobacter, 
Shewanella 

AMILASI 
Pseudoalteromonas,Serratia, 

Flavobacterium, Photobacterium, 
Psychrobacter 

 
 
2) Identificazione e caratterizzazione strutturale e funzionale di una esterasi 
psicrofila isolata dal batterio marino artico Thalassospira sp. 
 
Il ceppo batterico Thalassospira sp. GB04J01 � stato isolato da una gorgonia a 
ventaglio (Paramuricea placomus) nellÕambito di una spedizione scientifica lungo il 
Vestfjorden, Norvegia del Nord.  
Il genoma del batterio � stato interamente sequenziato e messo a nostra 
disposizione, da parte dellÕuniversit� di Troms¿, con lÕintento di isolare una sequenza 
codificante per un enzima ad attivit� lipolitica. La scelta � ricaduta su di un gene, 
annotato come putative carboxylesterase, la cui sequenza amminoacidica � risultata 
identica al 36% per 114 amminoacidi, ad una carbossilesterasi Est2 da 
Alicyclobacillus acidocaldarius (1QZ3A). Il gene � stato clonato ed espresso in 
opportuno vettore e la proteina, ThaEst2349, prodotta ad alte rese in forma solubile. 
La presenza di una coda di sei istidine allÕestremit� C-terminale ha facilitato la 
procedura di purificazione della proteina, in termini qualitativi e quantitativi, che � 
risultata pura al 98%. 
UnÕampia caratterizzazione funzionale e strutturale della proteina ricombinante � 
stata effettuata per identificare il pH ottimale, la temperatura ottimale, e valutare la 
termostabilit�, lÕattivit� esterasica in presenza di cationi metallici, possibili inibitori, 
detergenti e solventi organici. Tutti i saggi di attivit� spettrofotometrici sono stati 
condotti in presenza di substrati sintetici quali esteri del p-nitrofenile con catene 
aciliche a lunghezza variabile misurando spettrofotometricamente a 405 nm il rilascio 
del prodotto, paranitrofenolo, a seguito della reazione enzimatica. 
 

Risultati conseguiti 

LÕenzima ThaEst2349 si � rivelato particolarmente attivo a pH 8,5 in presenza del 
tampone Tris-HCl. LÕattivit� elevata riscontrata a pH alcalino � dovuta alla 
protonazione del residuo di istidina coinvolto nella triade catalitica; questo risultato ci 
ha permesso di considerare lÕenzima una esterasi alcalina. La temperatura ottimale 
dellÕenzima � risultata pari a 45¡C mentre una completa inattivazione dellÕenzima � 
stata riscontrata ad una temperatura pari a 70¡C. 
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UnÕaltra interessante propriet� enzimatica riscontrata � stata lÕelevata termostabilit� a 
40¡C dopo unÕincubazione di 2 ore. Una spiegazione di tale comportamento risiede 
nellÕelevata flessibilit� strutturale dellÕenzima psicrofilo, dovuta a un numero ridotto di 
legami idrogeno e ad un aumento del numero di residui di metionina, se comparato 
con altre strutture di esterasi. 
LÕenzima ricombinante ha mostrato specificit� di substrato verso esteri del p-
nitrofenile a catena corta dai due ai cinque atomi di carbonio (C2-C5). Il substrato p-
nitrofenil acetato (C2) � risultato quello ottimale. Questo dato conferma la natura 
esterasica dellÕenzima. 
Per meglio comprendere le caratteristiche dellÕenzima, in vista di un suo possibile 
utilizzo come catalizzatore di sintesi organica, siamo andati a valutarne lÕattivit� in 
presenza di solventi organici. Una notevole inattivazione si � avuta in presenza di 
solventi quali metanolo, acetonitrile, etanolo e acetone. Tuttavia, lÕenzima ha 
mostrato attivit� in presenza di DMSO (dimetilsolfossido), glicerolo ed etere dietilico. 
Saggi effettuati in presenza di un agente chelante, quale lÕEDTA 
(etilediamminotetracetico), non hanno mostrato alcun effetto sullÕattivit� enzimatica a 
differenza di cationi metallici quali Fe2+ e Cr2+ che hanno totalmente inibito lÕenzima 
se presenti ad una concentrazione pari a 10mM. Invece, lÕaggiunta di cloruri metallici 
quali,  CuCl2, MnCl2, HgCl2, SnCl2, CoCl2, LiCl, NiCl2, non ha portato ad alcun effetto 
inibitorio nei confronti dellÕesterasi. 
Detergenti non ionici testati hanno incrementato lÕattivit� enzimatica a differenza di 
quelli ionici, quali SDS (sodio dodecil solfato) o del CTAB (bromuro di cetil-
trimetilammonio) quale surfattante cationico con effetti tossici sullÕesterasi. 
Considerando che lÕenzima � stato isolato da un batterio marino, siamo andati a 
valutare la stabilit� e solubilit� dellÕenzima in presenza di elevate concentrazioni di 
sale. Questo dato avvalora in suo possibile impiego di biocatalizzatore in determinati 
settori industriali.  
Il cristallo della proteina � stato ottenuto con una buona risoluzione pari a 1.7 �. Da 
una cromatografia ad esclusione molecolare la proteina � risultata essere un dimero 
in soluzione ed, in termini di struttura cristallografica, le due catene A e B formano un 
dimero funzionale. Nota la struttura cristallografica, lÕanalisi strutturale sulle 
caratterisitiche psicrofile dellÕenzima � stata portata avanti per confronto con altre 
esterasi ipertermofile, PcEstE, StoEst ed Est2, isolate da Pyrobaculum calidifontis, 
Sulfolobus tokodaii ed Alicyclobacillus acidocaldarius, rispettivamente. 
 
 
3) Identificazione e caratterizzazione funzionale di una nuova esterasi psicrofila 
isolata mediante functional screening a partire da una library metagenomica. 
 
Una delle tecniche ÒomicheÓ nota come metageomica � stata utilizzata per 
lÕidentificazione di un nuovo enzima ad attivit� lipasica da utilizzare come 
biocatalizzatore nel campo delle biotecnologie industriali. LÕintento � stato quello di 
voler isolare il gene da quella parte di microrganismi, esistenti ma non coltivabili in 
laboratorio, che popola le regioni artiche; nello specifico, sedimenti marini prelevati 
nellÕambito di una spedizione scientifica presso le Lofoten e le isole Svalbard.  
LÕestrazione del DNA metagenomico � stato effettuato a partire da tre campioni 
ambientali di natura diversa: CTD241-86, CTD249-119 e HH596.  
Il protocollo di estrazione � stato ottimizzato per ottenere un DNA qualitativamente 
ottimale e quantitativamente sufficiente per la costruzione di tre librerie 
metageomiche. I frammenti di DNA delle dimensioni di circa 40 Kb sono stati clonati 
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allÕinterno di un vettore fosmidico. Il DNA cos� ottenuto � stato impacchettato in 
particelle fagiche, utilizzate poi per infettare cellule di E. coli EPI300. Le cellule sono 
state piastrate in presenza di un agente selettivo, quale il cloramfenicolo, ed un 
numero pari a 384, 1000 e 2500 di cloni fosmidici � stato ottenuto per ciascuna 
library, rispettivamente. 
Le colonie ottenute sono state trasferite su piastre contententi un substrato sintetico, 
la tributirrina, per identificare i cloni fosmidici contenenti geni codificanti per esterasi e 
lipasi. I cloni risultati positivi su piastra sono stati sequenziati e, mediante analisi 
bioinformatica, � stato individuato un gene codificante per una putativa lipasi di 
classe 3. 
Si � deciso pertanto di clonare il gene ed esprimerlo, tramite un opportuno vettore, in 
un ospite eterologo quale E. coli BL21DE3. La resa di produzione della proteina 
ricombinante, Lip3, in forma solubile, non � stata elevata ma sufficiente ad effettuare 
una caratterizzazione biochimica per meglio comprenderne un possibile utilizzo 
quale biocatalizzatore. 
 
Risultati conseguiti 

 
LÕeffetto del pH sullÕattivit� enzimatica � stato valutato in un ampio intervallo che va 
da pH 5,0 a pH 10,5 in presenza di vari tamponi. LÕattivit� pi� elevata per Lip3 � stata 
osservata a pH 8,0. La temperatura ottimale dellÕenzima � risultata invece pari a 
35¡C mentre una completa inattivazione dellÕenzima � stata riscontrata ad una 
temperatura pari a 70¡C. 
LÕenzima si � mostrato, inoltre, particolarmente stabile alle alte temperature. Infatti, 
persino a 60¡C, dopo unÕincubazione di 1 ora, il catalizzatore manteneva unÕattivit� 
pari quasi al 90% rispetto a quella rivelata, nelle stesse condizioni sperimentali, in 
assenza di incubazione. Ancora una volta, la spiegazione di tale fenomeno risiede 
nellÕelevata flessibilit� strutturale dellÕenzima psicrofilo, soprattutto in corrispondenza 
del sito attivo, rispetto alle controparti mesofile. 
LÕenzima ricombinante ha mostrato una migliore specificit� di substrato verso il 
paranitrofenilacetato ma � stato in grado di degradare anche esteri del paranitrofenile 
a catena pi� lunga, fino ad un massimo di otto atomi di carbonio. 
LÕeffetto dellÕattivit� di Lip3 in presenza del cloruro di sodio a varie concentrazioni, ha 
portato ad individuare un notevole incremento dellÕattivit� enzimatica sia in termini di 
solubilit� che di stabilit�.  
LÕattivit� di Lip3 in presenza di EDTA, DTT (ditiotreitolo), PMSF (fenil-metil-sulfonil-
fluoruro) e !-mercaptoetanolo ha mostrato un decremento dovuto ad un effetto 
inibitorio dei vari composti se aggiunti ad una concentrazione pari a 10mM. 
LÕinibizione da PMSF pu� essere spiegata in termini di inattivazione della serina, 
presente nella triade catalitica, e coinvolta in qualit� di nucleofilo nella reazione 
catalitica che avviene nel sito attivo. LÕinibizione da DTT, invece, � da attribuirsi ad 
un ipotetico ponte disolfuro esistente. Non disponendo della struttura cristallografica,  
� stato costruito un modello di struttura 3D tramite modelling per omologia della 

sequenza dellÕenzima di interesse con altri templati. 
Le strutture scelte appartengono ad una triacilglicerolo lipasi da Yarrowia  lipolytica 
(PDB ID: 3O0D), una lipasi da Gibberella zeae (3NGM), una lipasi da Penicillium 

expansum (3G7N) e da Serratia marcescens (2QUB).  
UnÕanalisi della superfice accessibile al solvente, ne mostra una natura idrofobica del 
59,6%, che lascia presagire una possibile interazione con solventi organici.  
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1. Understanding Bioprospecting  
 
The earth is rich in biological material that may not be completely understood. ItÕs 
often the case that remote areas use biological cures for disease that are not 
produced in laboratory and have not yet been packaged and patented by some 
companies. Great potential exists in these traditional medicines from small countries, 
and this has led to increased interest, in particular by advanced countries, in finding 
prospective beneficial biological substances, developing them through biotechnology 
and patenting them.  
This methodical search in nature for novel bioactive compounds is called 
bioprospecting and includes whole organisms, genes, chemical compounds, micro 
and macroorganisms. The term ÒbioprospectingÓ is usually credited to Thomas 
Eisner, a chemical ecologist who wrote an article in 1989 entitled ÒProspecting for 
natureÕs chemical richesÓ [1]. Years later, the Convention on Biological Diversity 
(CBD) Secretariat defines bioprospecting as Òthe exploration of biodiversity for 
commercially valuable genetic and biochemical resourcesÓ [2]. 
In recent years, the bioprospecting efforts are often characterized by high-throughput 
approaches, where robotized technologies are used to screen through large numbers 
of samples from specific environments or class of organisms. The screening of 
microbial natural products continues to represent the main route in order to discover 
novel bioactive and therapeutic compounds.  
A prospecting program might include collection of the material, screening to protect 
intellectual property interests and the eventual development of a commercial process 
or new products which may include modification of the chemical structure to increase 
efficacy. 
Bioprospecting may also include downstream testing and the development of other 
substances derived from the initial discovery. Final stages of the process include 
manufacturing and plans for larger scale production and marketing of the product [3]. 
Bioprospecting usually requires the collection of a very limited amount of biomass for 
the initial discovery. Even if further collections may be required after a promising 
discovery, bioprospecting generally does not involve risks to biodiversity in 
comparison with the large biomass removals involved in harvesting resources for 
food or mineral exploitation. 
Hence, the commercialization aspects of bioprospecting and potential profitability 
remain the critical aspects regarding its legal definition. The distinction lies between 
Marine Scientific Research (MSR) [4] and bioprospecting, as concerns any property 
rights arising from the planned future development of marine genetic resources 
discovered on scientific expeditions, is the subject of ongoing debate. 
The concerns are that: 

¥ Very little is known about the conservation status of many species used as 
sources of marine genetic resources 

¥ Many species occur in vulnerable and fragile ecosystems 
¥ The effect on ecosystems of removal of marine genetic resources is poorly 

understood 
 

Marine bioprospecting 
Marine environments, including the subsurface, are believed to contain a total of 
approximately 3.67 " 1030 microorganisms. Roughly 71% of the earth’s surface 
covered by the ocean, this environment represents 80% of life on earth, and an 
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enormous pool of potential microbial biodiversity and exploitable biotechnology or 
blue biotechnology [5].  
Marine bioprospecting is the action of searching for unknown organisms or genes 
that can constitute the basis of a new biological product, such as a drug or cosmetic. 
It has increased rapidly in recent years. Today, more than 18,000 natural products 
have to date been developed from about 4,800 marine organisms, and the number of 
natural products from marine species is growing at a rate of 4% per year. The marine 
environment represents a likely source of future products, as life there has been 
much less extensively explored than on land.  
Much of the marine biome under-investigated and the prospect for new and unique 
findings is high, especially in the microbial realm with a very rich variety of 
organisms, mostly of them undescribed [6].  
Advances in technologies for observing and sampling the deep ocean, such as 
remotely operated vehicles (ROVs), have given access to unexplored areas to 
scientific research. Coordinated scientific efforts such as the Census of Marine Life 
(Census of Marine Life: http://www.coml.org) have contributed to scientific research, 
resulting in many new and exciting discoveries. At the same time, high throughput 
genome sequencing, metagenomics and bioinformatics, have increased our ability to 
investigate and make use of marine genetic material. 
Since 1999, the number of patents of genetic material from marine species has 
increased at the rate of 12% per year. Marine species are about twice as likely to 
yield at least one gene in a patent than their terrestrial counterparts. 97% of natural 
products of marine origin are from eukaryotic sources (organisms with complex 
cells), and sponges alone accounting for 38% of the products [6]. 
By the end of 2007, only 10 compounds had been reported from deep ocean and 
ocean trench environments, with a further seven identified in 2010. Fewer than 10 
marine natural products have so far been reported from hot vent bacteria [7]. 
It is expected that the rate of discovery will continue to increase as technology 
develops. Conservation and sustainably use of marine biological diversity in areas 
beyond national jurisdiction (ABNJ) is one of the most long debated issue in 
international forum.  
 
Bioprospecting in polar regions  
Bioprospecting of marine environments is conducted almost exclusively in regions at 
extreme depths in the high seas or on the deep seabed below, specifically around 
sub-marine trenches, cold seeps, seamounts and hydrothermal vents.  
Polar regions are home to an enormous diversity of organisms, which are well 
adapted to the extreme conditions of their marine habitats. This makes these arctic 
species very attractive for marine bioprospecting. 
As a process, marine bioprospecting generally consists of four phases: 

¥ Phase 1: on-site collection of samples; 
¥ Phase 2: isolation, characterization and culture of specific compounds;  
¥ Phase 3: screening for potential uses, such as pharmaceutical or other uses; 
¥ Phase 4:product development and commercialization, including patenting, 

trials, sales and marketing [8]. 
Due to their location and characteristics, extremophilic organisms are difficult and 
expensive to access and study. Pure research projects have difficulty financed 
expeditions. Companies can be unwilling to undertake the financial risks of 
exploration in the absence of clear rules regarding ownership of the genetic 
resources in these areas. The significant expenses involved have led to a number of 
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public/private partnerships in which private companies finance public research 
expeditions, which then pass samples to the companies for commercial research.  
The biotechnology based on polar genetic and molecular aspects includes several 
key areas including enzymes, anti-freeze proteins, bioremediation, pharmaceuticals 
and other health related applications such as dietary supplements (nutraceuticals) 
and cosmetics. The commercialization of research expedition results based on 
marine bio-prospecting requires a long-term perspective, a cross-disciplinary 
approach, business expertise, sufficient capital and a willingness to take risk. 
 
2. Metagenomic and genomic approach 
 
This record of discovery on bioactive organisms and compounds, coupled with the 
knowledge that there is a largely undiscovered diversity of microorganisms, supports 
the issue for bioprospecting in polar regions. There is a particular interest in marine 
species that live in extreme environments, such as hydrothermal vents and 
seamounts. The capacity of deep, cold and hot vent ecosystems to produce novel 
chemistry and genes have been under-investigated, despite indications that 
biodiversity is high. 
The challenge is to access the organisms, by bringing them into laboratory culture, or 
to access the genetic information, through genomics and metagenomics [9].  
The combination of a culture-dependent and culture-independent technique has been 
considered the best approach towards a better understanding of how 
microorganisms survive and function in such extreme environments [10]. Two 
different approaches, genomics and metagenomics, can be utilized to implement a 
culture dependent or independent approach respectively. 
Genomics can be defined as the study of the genetic complement of a single 
organism. 
Metagenomics refers to all of the genetic information of a natural assemblage 
equivalent to the genomes of all of the organisms in the sample [11]. 
 
Culture-dependent method 
The development of techniques for analysis of 16S rRNA gene sequences unnatural 
samples has enhanced our ability to identify bacteria in terms of unique and 
previously unrecognized microorganisms [12]. The most application of culture-
dependent procedure in community analysis were carried out using synthetic medium 
supplemented with various nutrients [13,14]. 
Cultured microbes remain useful as they provide a mechanism to help pair genetic 
potential with physiology of isolated organisms but they do not necessarily provide 
comprehensive information on the composition of microbial communities and on the 
assessment the significance of cultured members in resident microbial communities. 
For example, culture-independent molecular methods have been employed to show 
that cultivated microorganisms from both temperate and extreme environments often 
may represent very minor components of the microbial community [15] because the 
most abundant environmental microbes are often the most difficult to grow in the 
laboratory since their metabolic and physiological requirements cannot be 
reproduced in vitro [16]. 
Hence, efforts are now underway to improve cultivation and sequencing 
technologies. Most of the marine compounds that have been successfully screened 
and structurally elucidated so far originate from isolated and culturable 
microorganisms, especially bacteria [17].!
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It is easy to understand that, if the scientific aim is to explore extreme environments 
with respect to the presence of novel biocatalysts, then there is a need to introduce 
metagenomic as culture-independent approach paired to an optimized heterologous 
expression system.!
 
Culture-independent method 
It has been reported that only 0.001—0.1% of the microorganisms which live in 
seawater, 0.25% in fresh water, 0.25% in sediments and only 0.3% of soil 
microorganisms are cultivable. Contrarily, typically 99% of the microbial diversity in 
any habitat is not accessible using classical microbiological cultivation technologies. 
So it stands to reason that many more genetic sequences valuable for products are 
yet to be discovered [18,19].  
Metagenomics is an extremely useful technique to access the uncultured majority, 
and can be broadly defined as the study of microbial communities using high-
throughput DNA sequencing technology without requirement for laboratory culture 
[20]. Metagenomics revolves around two categories of discovery:  

¥ Microbial biocatalysts for synthesis and production of secondary metabolites 
as bioactive products; 

¥ Genes or gene clusters encoding enzymes or enzyme systems applicable to 
product synthesis and development [21]. 
 

Methodology and strategy in metagenomics 
The experimental methodology for metagenomics consist of collecting desired 
samples and involves direct extraction of the entire genomic DNA from an 
environmental sample. Then, after a size-selection of the total DNA, DNA fragments 
are cloned into a suitable vector and then transferred into host cells, followed by 
sequence-based or function-based screening (Fig1). Although E. coli is commonly 
used, other hosts are also employed for additional expression capabilities.  
 

 
 
                       Fig1: Metagenomic expression library construction (www.scq.ubc.ca/?p=509) 

 
DNA is sequenced at random and the genome sequences assembled using the most 
sophisticated computer technology available. The development of next generation 
DNA sequencing technologies in many centers has provided greatly enhanced 
capabilities for sequencing large meta-datasets.  
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This technology has created new opportunities for the pursuit of large scale 
sequencing projects that were difficult to imagine just several years ago. With this 
extraordinary and powerful set of sequencing tools now available, it is not a surprise 
that metagenomics has become one of the fastest growing scientific disciplines. 
The new generation of sequencing technology (NGS) and Massively Parallel 
Sequencing (MPS) are often used interchangeably to refer to high throughput 
sequencing technologies. Sequencing by Synthesis (SBS) refers specifically to 
Illumina sequencing technology with its ability to sequence thousands of organisms 
in parallel. As a result, the sequencing of microbial genomes has become routine. 
Recent technical improvements allow nearly complete genome assembly from 
individual microbes directly from environmental samples or clinical specimens, 
without the need to develop cultivation methods [22]. 
At the moment, six platforms from the second and! the third generation sequencing 
technologies are available!with most platforms requiring short template DNAs (200—!
1000 bp) and with each template containing a forward and reverse site (Table 1) 
[23,24]. 
 
 
!

 
Table1: Technical specifications of Next Generation Sequencing platforms (Nikolaki et al., 2013) 

 

The biotechnological implications result from the possibility of recognizing new and 
heretofore unknown genes, gene products and processes suggested from the 
sequence. Once identified, the Ôlead genesÕ can be isolated, cloned and expressed in 
suitable microbial hosts using existing molecular tools [25]. 
A huge number of natural products exist in non-culturable microbes with chemical, 
biological, and functional activities for potential uses in various industrial and 
biomedical applications [11]. In fact, unique bioactive compounds have been 
discovered through metagenomic cloning and expression of genomic DNA of 
uncultured terrestrial microbes, including terragines, violacein, indirubin, and 
turbomycins. Similar works on uncultured marine microorganisms such as sponges 
and ascidians introduced drugs such as cephalosporins (anti-microbial), cytarabine 
(anti-cancer), and vidarabine (antivirus), which are well established on the 
pharmaceutical market [26].  
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Novel biocatalysts from metagenome 
Functional analysis of the metagenomic data plays a central role in such studies by 
providing important clues about functional and metabolic diversity [27].  
Sequence-similarity-based screening and activity-based screening may retrieve 
valuable catalysts from the metagenome but the activity based approach holds more 
potential for identifying entirely novel active sequence [19].  
There is clearly demand for novel enzymes and biocatalysts, and metagenomics is 
currently thought to be one of the most likely technologies to provide the candidate 
molecules required. In the industrial field, metagenomics is focused on prokaryotes 
since their genomes can easily be targeted by the functional screening tools 
available today [28-30].  
In particular, useful biocatalysts from microbial resources are becoming popular with 
chemical industries as indispensable for the modern organic chemistry [31]. It is 
estimated that in 10% of processes may provide a superior synthetic solution over 
classical chemistry [32] and for this reason, the availability of an appropriate 
biocatalyst is now thought to be a limiting factor for any biotransformation process 
[33]. To be employed in any industrial application, enzymes need to function well 
according to several specific parameters, as activity, stability, specificity and 
efficiency.  
Metagenomics and the derived biomolecules can offer industry a specific contribution 
to every industrial field:  
- For industries that produce bulk products, for example in terms of detergent 
formulas. An enzyme backbone with peculiar functionality with a new sequence 
would be very attractive for patenting [34]. 
- For the pharmaceutical fine chemicals industries which need often to find multiple 
diverse biocatalysts to build internal toolboxes for biotransformations [35].  
- For the discovery of elusive metabolites: many pharmacologically active secondary 
metabolites are produced by bacteria that live in complex consortia, or by bacteria 
that inhabit niches that are difficult to reconstitute in vitro [36].  
This overview on Metagenomic applications in the discovery and development of 
novel enzymes highlights this omic technique as factors that could change the 
landscape of enzyme technology [21]. 
As for any technique there are advantages, it has been reported that in highly diverse 
environments, metagenomic approaches have not been so successful since the 
assembly is extremely challenging due to the highly heterogeneity of these samples. 
A way to overcome this issue is to use a single cell genomics approach that has 
been recently developed to permit the genome analysis of individual community 
members [37,38]. !
!

!

3. Psychrophilic enzymes 
 
Microorganisms represent a powerful resource for novel enzymes, biocatalysts and 
biologically active compounds [39]. Some microorganisms are able to survive in 
unusual environmental conditions, including the high temperatures of volcanic hot 
springs, the low temperatures of polar regions, high pressures in deep seas, very 
high salt concentrations, or very high and low pH values [40]. These microorganisms 
can be divided into three groups: psychrophiles, mesophiles, and thermophiles, 
depending on their optimal growth temperatures.  
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Psychrophiles are one of the most underutilized resources and there is not so much 
reported in the literature, about the biology of microorganisms in cold environments, 
especially in Polar Regions, but this scenario is changing. The new high-throughput 
DNA sequencing technologies have revolutionized the exploration of polar 
microbiology revealing microbial ecosystems with unexpectedly high levels of 
diversity and complexity. 
Large proportion of our planet is cold and most ecosystems are subjected to low 
temperatures since ~70% of the Earth’s surface is covered by oceans that have a 
constant temperature of 4—5¡C below a depth of 1,000 meters. In order to maintain 
metabolic rates even at low temperatures, psychrophiles contain thermolabile 
enzymes, named Òcold-active enzymesÓ.  
The high specific activity at low temperature of cold-adapted enzymes is a key 
adaptation to compensate the exponential decrease in chemical reaction rates when 
the temperature is reduced. Such high biocatalytic activity arises from the 
disappearance of various non-covalent stabilizing interactions, resulting in an 
improved flexibility of the enzyme conformation. It is known that this adaptive feature 
is genetically encoded within the protein sequence and results from a long-term 
selection. 
Most psychrophilic enzymes have in common one property: a heat-labile activity, 
unrelated to the protein structural stability. Furthermore, the active site seems to be 
the most heat-labile structural element of these proteins. Activity of the cold-active 
enzyme is lost before the protein unfolds [41,42].   
Due to their high specific activity at low temperatures and their rapid inactivation at 
higher temperatures, extremozymes offer a great potential as biocatalysts in 
biotechnology and in food processing [43].  
These specific traits are responsible for the three main advantages of cold active 
enzymes in biotechnology:   

- lower concentration of the enzyme is required due to their high activity and this 
can reduce the amount of costly enzyme preparation in an industrial process;  

- efficient activation in tap water or room temperature, therefore avoiding 
heating during a process, either at domestic or industrial levels;  

- efficient inactivation due to their heat lability.  
Directed evolution experiments have highlighted that, in theory, cold activity of 
enzymes can be gained by several subtle adjustments of the protein structure [44]. 
Amino acids present on the protein surface of cold marine active enzymes have been 
shown to play critical roles in both activity in cold and in high salinity, with increased 
activity and improved folding at higher concentrations of salt [45,46]. In fact, 
halophilic proteins have also been found to contain a low content of bulky 
hydrophobic side chains on their surface, due to a reduced number of larger 
hydrophobic amino acid residues (phenylalanine, isoleucine, and leucine) compared 
to non-halophilic proteins [47-49].  
Published studies of extremophilic enzymes have also shown a mechanism of 
adaptation of enzymes to function in organic solvent [50]"! Such enzymes may be 
useful for both biofuel and bioenergy applications, where large quantity of ethanol or 
other organic solvents are produced![51]!and for synthetic chemistry, especially when 
catalysis of desired chemical reactions requires the presence of organic solvents 
[52,53]. !!
The high activity of psychrophilic enzymes at low and moderate temperatures offers 
potential economic benefits, for example, through substantial energy savings in 
large-scale processes that would not require the expensive heating of reactors.  
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4. Lipases and esterases 
 
Carboxylesterases (carboxyl ester hydrolase) include two groups of enzymes, 
namely non-specific esterases (EC 3.1.1.1) and lipases (EC 3.1.1.3) which have 
been early differentiated on the basis of their substrate specificity [54].  
Lipases are ubiquitous enzymes that catalyze the breakdown of fats and oils with 
subsequent release of free fatty acids, diacylglycerols, monoglycerols and glycerol 
(Fig.2) [55].  

 
Fig.2 The catalytic action of lipases. A triglyceride can be hydrolyzed to form glycerol and fatty acids, or the 

reverse (synthesis) reaction can combine glycerol and fatty acids to form the triglyceride. (Jaeger et al.1998). 

 
Lipases and esterases have received attention, as evidenced by the increasing 
amount of information about these enzymes from the current literature. 
One important aspect of lipolytic enzymes is the unique physico-chemical character 
of the reactions they catalyse at lipid-water interfaces. Lipases were previously 
defined in kinetic terms, based on the Òinterfacial activationÓ phenomenon, in terms of 
the increase in the activity which occurs when a partially water-soluble substrate 
becomes water-insoluble [56]. This process was not observed among esterases.  
The first microbial lipase was found from Penicillium Oxalicum and Aspergillus flavus 
in 1935 by Kirsh [57]. Thereafter, four cold-adapted lipases were isolated from 
Moraxella by Feller et al. (1990).  
Lipases were classified by Vorderwulbecke, Kieslich and Erdmann (1992) as 
enzymes that hydrolyze and also synthesize esters; they can also act regardless of 
the presence of an interface, under well-established conditions, retaining catalytic 
activity in either organic or non-organic solvents. This new definition poses a 
challenge to define lipolytic activity, and to select the standard assay [58]. 
Arpigny and Jeager categorized prokaryotes-derived lipolytic enzymes into 8 families 
[59] on the base of sequence identity and biochemical properties and revealed to be 
useful against the increasing number of bacterial lipases and esterases.  
Family I covered the 6 subfamilies of true lipase which principally catalyzed the 
hydrolytic reactions on substrates with long acyl chains. Carboxyl esterase families 
were grouped into Family II, called GDSL family. Family III and Family IV (also called 
HSL family). Subsequent studies led to the discovery of new enzymes that could not 
be classified in the previous discovered 8 families. The 9th family of bacterial 
esterases (Family IX) was created when nPHB depolymerase PhaZ7 was discovered 
[60]. The hyperthermophilic esterase EstD from Thermotoga maritime was 
categorized into Family X. Metagenomic derived lipolytic enzymes LipG [61] and 
LipEH166 [62] were identified as 1th and 12th bacterial esterase family members. 
Family XIII started from the discovery of esterase Est30 from Geobacillus 
stearothermophilus [63,64] through 3D structural characterisation that revealed a 
three-helix cap domain and an a/b hydrolase fold domain with a peculiar topological 
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structure. The most recently found bacterial lipolytic family is Family XIV with 
thermostable esterase EstA3 as typical member [65]. Recently, two novel 
thermostable bacterial lipases, LipS and LipT, have been identified by functional 
metagenomic screenings [66].  
!

!

!

!

!

Fig.3 Protein structure of LipS. A) LipS monomer according to secondary structure elements. B) Surface 
representation of the LipS monomer with the lid-domain (!6, !7, #D1$) in red. The active site pocket identified by 
green colour. C) The catalytic triad residues of LipS are properly placed to establish hydrogen bond. (Chow et al. 
2012). 

!

The lypolitic enzymes active site is formed by a catalytic triad, highly conserved, 
consisting of the amino acids serine, aspartic (or glutamic) acid and histidine; the 
nucleophilic Ser residue is located at the C-terminal end of strand !5 in a highly 
conserved pentapeptide GXSXG, forming a characteristic !—turn—# motif named the 
Ònucleophilic elbowÓ. The conserved pentapeptide and the reaction mechanism is the 
same as for esterases [55].  
In most lipases, a mobile element covers the catalytic site in the inactive form of the 
lipase. This ÔlidÕ consists of one or two short #-helices linked to the body of the lipase 
by flexible structure elements. In the open, active form of the lipase, the lid moves 
away and makes the binding site accessible to the substrate. The lid is not found in 
some lipases and esterases [67].!!
Esterases accept esters with an acyl side chain shorter than ten carbon atoms as a 
substrate; esterase activity is found to be highest towards more water-soluble 
substrates. Like lipases, esterases have been shown to be stable and active in 
organic solvents, though this feature is more pronounced with lipases. 
Lipases and esterases features portend their employment as valuable biocatalysts in 
biotechnological applications. 
 
 
5. Biotechnological applications of lipolytic enzymes 
 
Microorganisms are able to produce high yields of lipases. The hydrolysis and 
usually, the synthesis of esters catalized by lipolytic enzymes, proceed with high 
region- and/or enantioselectivity. The biotechnological potential, assigned to this 
class of enzymes, is due to some peculiar properties: stability in organic solvents, 
broad substrate specificity, no cofactor requirement, activity over range of pH and 
temperature, high enantioselectivity. 
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Microbial lipases are mostly extracellular and they can be produced by fermentation. 
After the purification step, the enzyme is ready to be tested as biocatalyst [68]. 
Sometimes purification costs are too high and companies prefer to use the whole 
cells as biocatalyst [69]. 
Nowadays commercial use of lipase is a billion dollar business that comprises a wide 
variety of different applications (Table 2) [70]. 
 
Table 2 : industrial applications of microbial lipases (Sharma et al. 2011). 
 

Industry Action Product or application 

Detergents Hydrolysis of fats Removal of oil stains from fabrics 
Dairy foods Hydrolysis of milk fat, cheese ripening, 

modification of butter fat 
Development of falvoring agents in milk, 
cheese and butter 

Bakery foods Flavor improvement Shelf-life prolongation 
Beverages Improved aroma Beverages 
Food dressings Quality improvement Mayonnaise, dressings and whippings 
Health foods Transesterification Health foods 
Meat and fish Flavor development Meat and fish products; fat removal 
Fats and oils Transesterification; hydrolysis Cocoa butter, margarine, fatty acids, glycerol, 

mono- and diglycerides 
Chemicals Enantioselectivity, synthesis Chiral builidng blocks, chemicals 
Pharmaceuticals Transesterification, hydrolysis Specialty lipids, digestive aids 
Cosmetics Synthesis Emulsifiers, moisturizers 
Leather Hydrolysis Leather products 
Paper Hydrolysis Paper with improved quality 
Cleaning Hydrolysis Removal of fats 

 
 

Lipases in food industry 
Lipases have become an integral part of the modern food industry [71]. It is useful for 
the production of flavours in cheese and for interesterification of fats and oils. It also 
accelerates the seasoning of cheese and lipolysis of butter, fats and cream.  
Lipases are also used for the conversion of triacylglycerols to diacylglycerols and 
monoacylglycerols and these products gives rise to non-esterified fatty acids and 
fatty acid propan-2-yl esters. Another use of these enzymes is the production of 
maltose-and lactose-like sugar fatty acid esters. 

Some methods utilizes the immobilized Rhizomucor miehei lipase for 
transesterification reaction that replaces the palmitic acid in palm oil with stearic acid. 
Immobilized lipases from Candida antarctica (CAL-B), C. cylindracea AY30, 
Humicola lanuginosa, Pseudomonas sp. and Geotrichum candidum are being used 
for the esterification of functionalized phenols for synthesis of lipophilic antioxidants 
that can be used in sunflower oil [72].  
 

Lipases in the resolution of chiral compounds 
In all biological system chirality is predominant. When these enantiomers are present 
in equimolecular amounts within a mixture, the resultant mixture is named racemic. 
The lipases are used in organic chemistry for the resolution of enantiomeric 
compounds. Lipases have been used for the production of pure biologically active S-
enantiomer of Sulcatol transesterification of cyanohydrin compounds and 
epoxyesters. Lipases from Candida cylindracea has been applied to the resolution of 
2-Bromopropionic acids and 2-Chloropropionic acids which are starting materials for 
the synthesis of phenoxy propionic herbicides.  
Members of the lipase family have been found to be particularly suitable for such 
applications and lipases from Candida cylindracea, C. antarctica, Porcine pancreas 
lipase have been used to resolve the enantiomers of flurbiprofen, naproxen, 
ibuprofen and suprofen [73,74].   
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The S-enantiomer of flurbiprofen (2-fluoro-#-methyl-[1,1-biphenyl]-4-acetic acid) 
possesses most of its antiinflammatory action, but the presence of the R-enantiomer 
is reported to greatly enhance its gastrointestinal toxicity [75]. This makes the 
resolution of the enantiomers of this drug particularly desirable.  
 
Lipases as biosensor  
The quantitative determination of triacylglycerol by lipases as biosensor is of great 
importance in clinical diagnosis and in food industry, compared to the chemical 
methods, for the determination of tryacylglycerols. An analytical biosensor was 
developed for the determination of lipids for the clinical diagnosis [76]. Candida 
rugosa lipase biosensor from Candida rugosa has been developed as a DNA probe 
[77]. 
 
Lipase in detergents  
Enzymes can reduce the environmental load of detergent products saving energy by 
working at lower wash temperature. These enzymes are biodegradable, so they do 
not leave any harmful residues and risks for aquatic life [78]. Lipases have also been 
used to clean clogged drain which is due to the food and non-food material 
deposition. In 1992, Novo Nordisk introduced the first commercial recombinant lipase 
ÔLipolaseÕ originating from fungus Thermomyces lanuginose which was expressed in 
Aspergillus oryzae [55].  
 
Lipases in bioremediation  
Oil spills in refinery could be handled by the use of lipases [79]. Another important 
application has been reported for the degradation of polyester waste, removal of 
biofilm deposits from cooling water systems and also to purify the waste gasses from 
factories [80].  
 
Lipases in cosmetics and perfumery 
Lipases have potential application in cosmetics and perfumeries because they shows 
activity in surfactants and in aroma production [81]. Their use in personal care gives 
products of much higher quality with minimum downstream in refining process.  
 
Lipases in paper making industry 
The hydrophobic components of wood, named picht, can be removed by lipases 
during paper making processes. Candida rugosa lipases were used by Nippon Paper 
Industry, Japan, to develop a pitch control method to hydrolyse 90% of wood 
tryglycerides [55].  
With the above showed prospect of recombinant lipase enzyme and the employment 
of lipolytic enzymes in other industrial fields, there is a need in improving the 
properties of existing lipases for established improved technical applications. The 
modern methods of genetic engineering combined with an increasing knowledge of 
structure and function are allowing further adaptation to industrial needs and the 
exploration of novel applications [70]. 
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6. Aim of the thesis 
 
The aim of this project was to discovery new biocatalysts isolated from marine 
bacterial strains and sediments samples collected in the Arctic region by using two 
different approaches: genomic and metagenomic respectively. 
Work description has been organised in the following sections: 
SECTION I 

- Analysis of 100 marine bacteria collection in terms of bacterial 16S phylogeny; 
- Implementation of functional-based screenings methods to identify novel cold 

active extracellular classes of enzymes (cellulase, amylase, chitinase, 
xylanase, esterase, DNase, protease and gelatinase) from the above 
mentioned bacteria collection; 

- Isolation of an esterase/lipase encoding gene from an Arctic genome 
sequenced bacterium; 

- Recombinant production of selected enzyme; 
- Purification, structural/functional characterization of selected enzyme. 

 
SECTION II 

- Optimization of protocols for extracting environmental DNA and constructing 
metagenomic libraries; 

- Optimization of functional screening procedure to isolate positive fosmid 
clones containing genes encoding novel cold-adapted biocatalysts; 

- Identification of a fosmid containing an ORF encoding a gene with potential 
esterase/lipase activity;  

- Recombinant production of the selected enzyme; 
- Purification, structural/functional characterization of the selected enzyme. 
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Abstract:  
We have investigated the biotechnological potential of marine Arctic bacteria for their 
ability to produce a broad spectrum of cold-active enzymes. Marine bacteria 
exhibiting these features are of great interest for both fundamental research and 
industrial applications. Biota and sediment samples has been collected during recent 
expeditions around the Lofoten and Svalbard islands and bacteria were also isolated 
from this material and identified through 16S rRNA sequence analysis for the 
purpose of establishing a culture collection of marine Arctic bacteria. 
Herein, we present the functional screening for different extracellular enzymatic 
activities from 100 diversely chosen microbial isolates incubated at 4- and 20¡C. The 
production of esterase, DNase and protease activities were revealed in more than 
45% of the strains, while approximately 41%, 23%, 9% and 7% of the strains 
possessed amylase, chitinase, cellulase and xylanase activities, respectively. Our 
findings indicated that phylogenetically diverse bacteria including many new species 
could be cultured from the marine arctic environment. The Arctic polar environment is 
still an untapped reservoir of biodiversity for bioprospecting.  
 
Keywords: Marine bacteria; Cold-active enzymes; Extracellular activities 
 
1.1 Introduction 
High-latitude Arctic oceans and seas have been shown to be important sites for the 
investigation of marine-derived enzymes. Despite the fact that the Arctic is a region 
with broad interest as a climate indicator, comparatively little is known about the 
bacterial diversity [1]. In these areas, microorganisms are exposed to several 
conditions of extreme temperature and high salinity. Microbial adaptations 
(expressed constantly) such as intracellular processes allow them to thrive or survive 
in presence of those geochemical polar conditions [2,3]. The composition of these 
communities varies by depth, season and location in the ocean. Heterotrophic 
microbial communities are responsible for a substantial proportion of the main 
productivity in the ocean due to their role in the marine carbon cycle [4]. In order to 
avail of this organic matter, members of microbial communities have adapted 
themselves by producing extracellular enzymes of the correct structural specificity to 
hydrolyze high molecular weight substrates to small sizes to be transported into the 
cell. The ability of microorganisms to produce extracellular enzymes is 
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homogeneously distributed [5], but the extent to which enzymatic capabilities change 
among whole microbial communities in the ocean needs to be largely explored. 

The aim of this work was to investigate the diversity of cultivable Arctic marine 
bacteria and their extracellular hydrolytic enzymes in the deep-sea sediments and 
biota samples with the aim to highlight the phylogenetic distribution of the detected 
activities.  
Furthermore, we focused our attention on the extracellular enzymes, produced by the 
isolated bacteria. It is well established that psychrophilic enzymes, produced by cold-
adapted bacteria, display a high catalytic efficiency. This feature is not only important 
for in situ biogeochemical processes, but in particular for their powerful relevance in 
biotechnological and industrial fields [6,7]. A bioprospecting methodology using 
functional screening has been performed to explore the extent of microbial enzymatic 
activity along the coast of the Arctic Svalbard archipelago and LofotenÕs islands. 
 
1.2 Results and Discussion 
Isolation of marine bacteria from Arctic environments 
A collection of 354 bacteria had previously been obtained during two separate 
research-cruises to the Lofoten area (Northern Norway) and around the Svalbard 
archipelago. The bacteria had been classified by 16s rRNA sequencing and stored in 
an in-house bacterial collection at the University of Troms¿. The growth temperature 
range for 100 selected isolates was tested on marine 2216 broth and all the isolates 
were able to grow in this medium without any additional requirement of sodium 
chloride or seawater. The result pointed out the ability of these isolates to survive and 
proliferate in the low temperature and constant salinity. We noticed however that the 
Gram-positives, in general, needed longer time at low temperatures to reach the 
same colony size as the Gram-negative bacteria. 
 
Bacterial phylogenetic diversity 
The phylogenetic diversity of 100 selected arctic bacterial isolates was determined by 
16S rRNA sequence analysis. Based upon the 16S sRNA sequences a phylogenetic 
tree was constructed to visualize their affiliations (Fig. 1). Out of 60 Gram-negative 
phylotypes, 53 belonged to the phylum Proteobacteria, 9 to the phylum 
Bacteroidetes. Out of 40 Gram-positive phylotypes, 29 belonged to the phylum  
Actinobacteria and 12 belonged to the phylum  Firmicutes. 
 
Figure 1. Phylogenetic tree showing the relationships among the arctic marine 
bacterial isolates based on 16S rRNA gene homology. Reference sequences of type 
strains (%). GeneBank accession numbers of 16S rRNA sequences are shown in 
parentheses.  
 
 
 
 
 
 
 
 
 
 



 

29 
 

 

 
 
 
 
Screening and detection of extracellular enzymatic activities  

The bacterial isolates were screened for the production of extracellular enzymes at 
4¡C and 20¡C. We detected extracellular activities of all 100 isolates on marine agar 
plates. The ability to degrade substrates was tested on tributyrin, skim milk, chitin, 
carboxymethylcellulose, gelatin, starch, xylan and DNA (Fig. 2). In the tables 1 and 2, 
we showed all the hydrolase enzymatic activities production, in terms of halo size, 
corresponding to each isolate. This activity overview highlight the multiple enzyme 
activities mainly localized in the Gram-negative bacteria group. 
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                                                          Lipase          Gelatinase     Protease       Xylanase         Chitinase       Amylase          DNase             Cellulase 

                                                                               

!

!

  

       20¡C       20¡C     20¡C       20¡C      20¡C      20¡C      20¡C      20¡C 

GRAM +  ! ! ! ! ! ! !

Microbacterium     AW28M07 "! ! ! ! ! "! "! !

Microbacterium     AW28M15 "! ! ! ! ! ! "! !

Filibacter               KH04J17 ! ! ! ! ! ! ! !

Rhodococcus         AW19M46 "! ! "! ! ! ! ! !

Rhodococcus         MP02J07 "! ! ! ! ! ! ! !

Rhodococcus         GB23J02 "! ! ! ! ! ! ! !

Arthrobacter          GB04J08 "! ! ! ! ! ! "! !

Bacillus                  AW25M04 "! ! "! ! ! ! "! !

Staphylococcus      AW02J12 ""! ! "! ! ! ! ! !

Nesterenkonia       AW19M55 ""! "! "! ! ! "! ! !

Streptomyces         AW19M35 ! ! ! ! ! ! ! !

Planomicrobium   AW19M56 ! ! ""! ! ! "! ! !

Arthrobacter            SP003 "! ! "! ! ! ""! "! !

Clavibacter              SP011 "! ! ! ""! ! ""! "! !

Clavibacter              SP033 "! ! ! ""! ! ""! "! !

Leifsonia                 SP050 "! ! "! ! ! ! "! !

Microbacterium      SP006 ! ! ! ! ! ""! "! !

Micrococcus            SP063 ""! ! ""! ! ! ! ! !

Rhodococcus           SP061 "! "! ! ! ! ! ! !

Salinibacterium      SP028 ! ! ! ! "! ! "! ! 
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Table 1.  Cont. 

                                                          Lipase          Gelatinase     Protease       Xylanase         Chitinase       Amylase         DNase             Cellulase 

                                                                             

!

 

!

  

       20¡C       20¡C     20¡C       20¡C      20¡C      20¡C      20¡C      20¡C 

GRAM +  ! ! ! ! ! ! !

Staphylococcus      SP052 ! ! ! ! ! ! ! !

Tomitella                SP012 "! "! ! ! ! ! ! !

Leifsonia             AW28M06 "! ! ! ! ! ! "! !

Leifsonia             AW02J23 "! "! "! ! ! ! "! !

Arthrobacter       AW25M11 "! ! ! ! ! ! ! !

Arthrobacter       AW19M24 ! ! "! ! ! ""! ! !

Filibacter            AW28M30 ! ! ! ! ! ! "! !

Bacillus               GB04J31 ! "! ! ! ! ! ! !

Plantibacter        AW25M38 ! ! ! ! ! ! ""! !

Planococcus       AW02J18 "! ! """! ! ! ! ""! !

Planococcus       GB02J13 ! ! "! ! ! ""! ! !

Micrococcus       AW19M49 "! ! "! ! ! ! ""! !

Nocardiopsis      BA19M08 "! ! "! ! ! ! ! !

Streptomyces      BA19M03 "! "! "! ! ! ! ! !

Arthrobacter      AW19M34 ! "! "! "! ! ! ! ""!

Rhodococcus      AW25M09 ! ""! ""! ! ! ! ! ""!

Streptomyces      AW19M42 ! ""! ""! ""! ! ! ! ""!

Knoellia                 SP073 ! ""! ""! ""! ! ! ! ""!

Psycrobacillus    AW28M34 ! "! ! ! ! ! ! ""!

Sanguibacter        SP022 ! ""! ""! ! ! ! ! ""! 
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                                                    Lipase          Gelatinase     Protease         Xylanase         Chitinase       Amylase            DNase                Cellulase 

                                                                      

!  

 4¡C    20¡C 4¡C   20¡C  4¡C    20¡C  4¡C    20¡C  4¡C    20¡C 4¡C     20¡C  4¡C      20¡C 4¡C      20¡C 

GRAM -  ! ! ! ! ! ! !

Thalassopsira     AW25M45 "!!!!!!!!!!!!!!!"! "!!!!!!!!!!!!!"! ""!!!!!!!!!!!!!""! ! ! ! "!!!!!!!!!!!!!!!!""! !

Thalassospira     AW19M11 ! ! ! ! ! ! "!!!!!!!!!!!!!!!!""! !

Thalassospira       KH04J01 ! ! ! ! ! ! ! !

Thalassospira     BA19M05 ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!"! !

Pseudomonas      GB04J27 "!!!!!!!!!!!!!!!"! !!!!!!!!!!!!!!""! "!!!!!!!!!!!!!!!!!"! ! !!!!!!!!!!!!!!!!""! ! ! !

Pseudomonas    AW28M04 "!!!!!!!!!!!!!!!"! "!!!!!!!!!!!!!"! ! ! !!!!!!!!!!!!!!!!""! !!!!!!!!!!!!!!!!!!!"! !!!!!!!!!!!!!!!!!!!!"! !

Roseobacter        GB02J23 !!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!"! !!!!!!!!!!!!!!!!!!!"! ! !!!!!!!!!!!!!!!!""! ! ! !

Roseobacter        GB02J24  "!!!!!!!!!!!!!!!"! ! ! ! !!!!!!!!!!!!!!!!""! ! !!!!!!!!!!!!!!!!!!!!"! !

Roseobacter      AW25M03 "!!!!!!!!!!!!!!!"! !!!!!!!!!!!!!""! ! ! !!!!!!!!!!!!!!!!""! ! !"!!!!!!!!!!!!!!!!""! !

Roseobacter      AW19M09 ! ! ! ! ! ! ! !

Shewanella          KH04J08 ""!!!!!!!!!!!!!"! !!!!!!!!!!!!!""! ""!!!!!!!!!!"""! ! ! !!!!!!!!!!!!!!!!!!!"! !"!!!!!!!!!!!!!!!!!"! !

Shewanella        AW25M33 "!!!!!!!!!!!!!!!!"! !!!!!!!!!!!!!""! ""!!!!!!!!!!!!""! ! ! ! !"!!!!!!!!!!!!!!!!!"! !

Shewanella         MP02J10 "!!!!!!!!!!!!!!!!"! ! !!!!!!!!!!!!!!!!!!"! ! "!!!!!!!!!!!!!!""! "!!!!!!!!!!!!!!!!!"! !"!!!!!!!!!!!!!!!!!"! !

Stenotrophomonas 

AW25M54 
"!!!!!!!!!!!!!!!"! ""!!!!!!!!!""! ""!!!!!!!!!!!!!""! ! "!!!!!!!!!!!!!!""! ! "!!!!!!!!!!!!!!!!""!

!

Stenotrophomonas         

AW25M14 
"!!!!!!!!!!!!!!!"! ! ""!!!!!!!!!!!!!""! ! !!!!!!!!!!!!!!!!"! "!!!!!!!!!!!!!!!!!"! "!!!!!!!!!!!!!!!!""!

!

Achromobacter    GB02J42 ! "!!!!!!!!!!!!!!"! ! ! ! !!!!!!!!!!!!!!!!!!!"! !"!!!!!!!!!!!!!!!!""! !

Achromobacter   AW28M02 ! ! ! ! ! ! ! !

Gelidibacter         GB04J26 ! ""!!!!!!!!!""! ""!!!!!!!!!!!"""! ! ! ! !!!!!!!!!!!!!!!!!!!!""! !

Polaribacter         KH04J14 "!!!!!!!!!!!!!!!"! ""!!!!!!!!!""! ""!!!!!!!!!!!!""! ! ! "!!!!!!!!!!!!!!!!"! !!!!!!!!!!!!!!!!!!!!""! !

Pseudoalteromonas       

GB02J33 
"!!!!!!!!!!!!!!!"! ""!!!!!!!!!""! ""!!!!!!!!!!!"""! ! ! ""!!!!!!!!!!"!""! "!!!!!!!!!!!!!!!!!""!

!

 




