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ABSTRACT 

Isolation of marine microorganisms is fundamental to infer the physiology, ecology and genome content. 
Although many new bacterial isolates are identified from surface waters a minor effort has been done in 
marine samples from the deep ocean. In this study we have isolated more than 500 bathypelagic isolates 
from the Mediterranean Sea (2000 m) and two contrasted samples from the South Atlantic Ocean (4000 m 
depth). It has been partially sequenced the 16S rRNA gene and conducted phylogenetic analyses to infer 
their relationship between them and their closest relatives from public datasets. It has been uncovered many 
unique groups of isolates specific from the deep ocean related to different taxonomic groups, such as 
Alteromonas, Pseudoalteromonas, Marinobacter, Alcanivorax but also observed groups of isolates well 
adapted to live in both environments (surface and deep) and therefore adapted to different temperatures and 
highly versatile in their metabolic requirements. Some of these isolates show the potential for the 
degradation of polycyclic aromatic hydrocarbons (PAHs), an important component present in petroleum, and 
they would be further explored in future studies. 
 
INTRODUCTION 

The 70% of the Earth’s Surface is covered by the 
seas and oceans of around the world containing the 
major biodiversity of our planet, being the marine 
ecosystems crucial for the regulation of the 
biogeochemical cycles and the weather (1). In 
addition, the deep-sea, where this study is focused 
on, is the largest biome in the biosphere, and 
contains more than the half of the whole ocean’s 
microbes. Nevertheless, it is only known a small 
proportion of the diversity and functionality of these 
marine microorganisms.  In general, the total 
biodiversity of an ecosystem is composed of two 
elements: (i) the abundant taxa, which carry out 
most ecosystem functions, grow actively and suffer 
intense losses through predation and viral lysis, and 
(ii) the rare taxa, which is the large collection of 
microorganisms present in ecosystems at very low 
abundances and that are not growing or growing 
extremely slowly, do not experience viral lysis, 
predation is reduced and new species can be 

present trough immigration (2). The first group can 
be mainly retrieve with molecular techniques but are 
difficult to grow in culture, whereas the second 
group is seldom retrieved by molecular techniques, 
but many can be grown in pure culture (Figure 1). 

Even though molecular techniques has allowed the 
scientific community to achieve a better 
understanding of the real bacterial communities 
present in marine environments, traditional 
microbiological techniques are necessary for the 
complete characterization of bacteria and to study 
their ecology and physiology. Nevertheless, trying to 
isolate marine microorganisms is not easy due to 
their diverse metabolisms and nutrient requirements. 
The majority of bacteria isolated from marine 
environments come from photic layers (0-200m 
depth) and they are mainly part of that rare 
biosphere, in other words, they are scarce in marine 
ecosystems, except for Cyanobacteria, such as 
Prochlorococcus and Synechococcus, the 
Alphaproteobacteria Pelagibacter  (the SAR 11 
clade, the most abundant bacteria in the oceans) or 

Figure1. Plots of number of individuals versus taxon, with taxa ranked according to their respective 

abundance.  (a) The total curve represents biodiversity, postulated to be composed of two sections: (i) abundant 

taxa (red), and (ii) the rare taxa (blue). (b) The same curve illustrates which portions of biodiversity can be 

retrieved with different techniques (Extracted from (2)). 
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few other taxa (2). This is well-known thanks to 
some studies (3) which compare the diversity of 
marine bacteria retrieved by culturing methods and 
sequences obtained by molecular techniques such 
as DGGE, cloning and HST sequencing. These 
studies showed that the identity between the 
sequences obtained with molecular techniques and 
the isolates from the samples are usually less than 
97%, but 100% identical with other uncultured 
bacteria sequences. This supports the idea that the 
majority of organisms which usually are isolated by 
culturing methods belong to the rare biosphere of 
marine environments.  

However, it is not known if in the deep ocean 
(bathypelagic, 4000m) the most abundant taxa are 
easy to be cultivated or not and whether those 
isolated microorganisms represent the abundant 
taxa. Very few studies have tried to isolate marine 
microorganisms from the depth by culturing 
methods because usually molecular methodologies 
are the first option when studying these 
environments. Nevertheless, a recent study (4) has 
shown that the most abundant and cosmopolitan 
taxa or OTUs of the deep ocean are identical in 
sequence to cultivable bacteria, and this is very 
different than the observed in the mentioned studies 
on the photic layers.  

This work tries to contribute to this paradigm with 
more information and the objectives were: (i)  the 
isolation and identification of marine 
microorganisms from deep waters samples, (ii) to 
compare these isolates with previously obtained 
sequences trough molecular techniques and see if 
they are similar with the most abundant ones, (iii) 
the phylogenetic comparison of those deep bacteria 
isolates with the isolates retrieved from photic 
marine samples to explore the existence of different 
ecotypes of different bacterial species adapted to 
depth, (iv) to see if exist differences between the 
bacteria isolated from different oceans and with 
different temperatures and culture mediums, and (v) 
to see if it is possible to associate some phenotypic 
characteristics with specific taxa.  

METHODOLOGY 

Origin of samples 

Samples for bacterial isolates were obtained from:  
(i) the Blanes Bay Microbial Observatory in the NW 
Mediterranean Sea, where surface and deep water 
samples (2000m) were taken, (ii) and from the 
Malaspina Expedition in 2010 wherein three water 
samples from the bathypelagic (4000m depth) from 
three different stations (32, 33 and 43) were used in 
this work. Samples from the station 32 and 33 were 
taken from the South Atlantic Ocean, while samples 
from the station 43 were taken also in the South 
Atlantic Ocean but in a specific location where the 
Agulhas Ring chock point is present affecting the 
plankton transport and changing the characteristics 

of deep waters trough the mixing with Indic Ocean 
deep water masses (5). 

 Culturing and isolation 

One of the aims in this study was to see if different 
bacterial isolates can be retrieved using different 
culturing mediums and temperature conditions. 
Three different mediums were used: (i) Marine Agar, 
which in 1L contains 750ml of seawater free virus, 
250ml of Milli-Q water, 5 g of peptone, 1 g of yeast 
extract, and 15g of agar; (ii) ZoBell Marine Agar 
2216 following the composition described by 
Himedea®; and (iii) Modified ZoBell Marine Agar 
2216 by Himedea®, in this case disodium 
phosphate was autoclaved separately from the rest 
of the medium and subsequently added. The reason 
why using different media relies on the fact that 
some studies have shown that when phosphate is 
autoclaved together with agar, hydrogen peroxide is 
formed and inhibit the growth of some bacterial 
taxa(6). 100μl of the samples were plated into the 
different agar media. Different growing conditions 
were used to incubate the plates depending on the 
origin of the sample: (i) Malaspina samples were 
incubated at RT and at 4ºC in the dark, (ii) deep see 
water samples from the Blanes Bay were incubated 
at RT and at 12ºC in the dark, and (iii) surface water 
samples were incubated at RT in the dark. 

PCR amplification of the 16S rRNA gen 

The 16S rRNA gen of each isolate was amplified 
trough PCR. Universal primers were used: 358F (5’-
CCT ACG GGA GGC AGC AG-3’) and 907Rmod 
(5’-CCG TCA ATT CMT TTG AGT TT-3’). Each 
PCR reaction with a final volume of 25µl contained: 
2µl of the DNA template, 0.5 µl of each 
deoxynucleoside triphosphate (dNTP) at a 
concentration of 10µM, 0.75µl of MgCl2 at a 
concentration of 1.5 mM, 0.5 µl of each primers at a 
concentration of 10 μM, 0.125µl of Taq DNA 
polymerase, 2.5µl of PCR buffer supplied by the 
manufacturer (Invitrogen, Paisley, UK) and Milli-Q 
water up to the final volume. Reactions were carried 
out in a Biorad thermocycler with the following cycle: 
an initial denaturation step at 94°C for 5 min, 
followed by 30 cycles of 1 min at 94 °C, 1 min at 55 
°C and 2 min at 72 °C, with a final extension step of 
10 min at 72 °C. The verification of the amplification 
of the gen was done through an agarose gel. This is 
done with 10ml of TAE solution 1x (buffer), 1,2g of 
agarose and 5 µl of SYBER safe. 

Sequencing and BLAST analysis 

Purification and OneShot Sanger sequencing of 
rRNA gene PCR products was performed by 
Genoscreen (Lille, France) with the primer 358F. 
The small subunit gen from our isolates was used to 
query against the GenBank database, National 
Centre for Biotechnology Information 
(http://www.ncbi.nlm.nih.gov/) using BLAST (7) to 
determine their closest hits and putative taxonomy. 
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Sequences were classified further with the SINA 
classifier (8), using both Silva and RDP (Ribosomal 
Database Project) taxonomies. 

Phylogenetic analysis 

The small subunit dataset of 700 sequences 
including the 561 isolates plus their closest hits was 
aligned in the SINA web alignment tool 
(http://www.arb-silva.de/aligner/) (8) and imported 
into the phylogenetic software MEGA 5.2.2 (9). To 
perform the phylogenetic tree, the Neighbour 
Joining (NJ) algorithm with the Jukes-Cantor 
distance was used. The final Newick tree was 
exported into the software FigTree v1.4.2 
(http://tree.bio.ed.ac.uk/software/figtree/) to collapse, 
named and colour those branches of the tree that 
contained several identical sequences. 

RESULTS AND DISCUSSION  

All colonies that growth in the plates from deep 
ocean samples were analysed for further 
sequencing. Comparing the isolates sequences at 
class or subclass level between photic samples 
(surface Mediterranean) and aphotic samples (deep 
water samples) (see Figure 2.A), points out that           
γ-proteobacteria subclass is the most abundant in 
all samples followed by α-proteobacteria without big 
differences except for the presence of 
Actinobacteria only in surface waters. On the other 
hand, the comparison of percentages of isolates 
belonging to different classes between different 
deep water samples (Deep Mediterranean, Deep 
South Atlantic Ocean and Agulhas Ring Chock point) 
(see Figure 2.C), points out that, isolates from the 
Deep Mediterranean and the South Atlantic Ocean 

B) 

A) 

C) 

D) 

Figure2. A) Differences between photic waters (surface samples) and aphotic waters (deep samples) at class or 

subclass level. Both graphics share the same legend colours. B) Percentages of different genera retrieve in surface 

waters. Legend colours indicated at the side of the graphic. C) Differences between different deep water samples at 

class or subclass level. The legend colours are the same than in part A. D) Differences between different deep 

water samples at genus level. Legend colours are indicated at the side of each graphic. 
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are more similar between them than samples from 
the Agulhas Ring chock point (M43), which is 
present also in the South Atlantic but with influence 
from the Indian Ocean. In the first case, γ-
proteobacteria is the most abundant subclass, 
whereas in the second case α-proteobacteria is the 
most abundant but also are highly present 
Bacteroidetes, Actinobacteria and Firmicutes, which 
are barely present in the Mediterranean or South 
Atlantic samples M32/M33.  

At the genus level we can observe (see Figure 2.B 
and 2.D) that bacteria present in surface water 
differ greatly from deep water. Different genus, such 
as Idiomarina sp. or Marinobacter sp. are only 
present in deep waters while Vibrio sp.  is mainly 
present in surface waters. On the other hand, other 
genera such as Alteromonas sp. and 
Pseudoalteromonas sp. are present in all samples 
studied indicating its ubiquity in different oceanic 
regions and depths. 

In both cases, Deep Mediterranean Samples and 
Deep Malaspina samples, were incubated at 12ºC 
or 4ºC, respectively simulating the temperature 
present in the natural environment, As general trend, 
more bacterial taxa diversity is retrieved when 
samples are incubated at room temperature (RT). 
Nevertheless, some differences are observed 
between isolates of deep samples retrieved at low 
incubation temperatures, allowing the isolation of 
more representatives of some genus such as 
Alcanivorax sp. or even other uncultured bacteria 
until now. Other genera, such as the mentioned 
Alteromonas and Pseudoalteromonas can be well 
isolated at both temperatures indicating that they 
are tolerant to a wide range of temperatures. These 
facts can be observed in Figure 3.  

The phylogenetic relation between the isolate 
sequences and their closest relatives from public 
databases is shown in Figure 4. Interesting results 
emerge from this phylogenetic analysis. First of all, 
it can be observed an Alteromonas cluster of 
isolates, which includes sequences retrieved from 
surface and different deep water samples. This 
cluster is related with another Alteromonas cluster 
which only contain isolates retrieved from deep 
waters and includes an Alteromonas “Deep Ecotype” 
also retrieved in molecular studies and previous 
isolates (4), indicating that these microorganisms 
can be highly abundant in thee environments. 
Moreover these two clusters indicate that the genus 
Alteromonas is ubiquitous in different oceanic 

regions and at different depths. 

Secondly, different Vibrio clusters can be observed 
and the majority are formed by sequences from 
surface waters, but one is a mixture between 
sequences from surface water and from deep 
waters. This last cluster contain sequences of some 
pathogenic Vibrio species, such as Vibrio 
crassostreae, that can be found in salmon faeces 
indicating that particles from faeces sink into deep 
water and microorganisms attached to them can 
survive using this organic matter from the pellet at 
that depth. Thirdly, an Idiomarina zobellii cluster can 
be observed. This bacterium is found in deep water 
samples Moreover, another Idiomarina cluster 
present in the phylogenetic tree is formed by a 
mixture between deep water isolates of the 
Mediterranean and deep water isolates from the 
South Atlantic Ocean giving more emphasis to the 
idea that this genus is mainly found in deep waters.  

A) 

B) 

Figure3. A) Differences at genus level of the complete set of isolates retrieved from Deep Mediterranean 

Samples between different incubation temperatures, 12ºC and room temperature (RT). B) Differences at genus 

level of the complete set of isolates retrieved from Malaspina Samples between different incubation 

temperatures, 4ºC and RT. 
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Other important clusters present in this phylogenetic 
tree are the ones formed by sequences of the 
Pseudoalteromonas genus.  Different clusters can 
be observed, some of them only contains 
sequences from surface samples that are similar to 
some isolates retrieved from the East China Sea, 
which indicates the ubiquity of this bacterium. Other 
cluster of Pseudoalteromonas only contains 
sequences of isolates retrieved from deep waters 
indicating that this bacterium is also found at 
different depths.  Some of our isolates are identical 
in sequence to Pseudoalteromonas tetraodoni a 
bacterium found in sediments with the ability to 
degrade some polycyclic aromatic hydrocarbons 
(PAHs), an important component present in 
petroleum.   

Furthermore, other microorganisms that have been 

isolated with the ability to degrade some petroleum 

components are the Alcanivorax, a well-known 

bacterium for its ability to degrade petroleum 

hydrocarbons or Marinobacter, which some  

 

members such as Marinobacter 

hydrocarbonoclasticus, which uses petroleum 

components as a source of carbon and energy. One 

of the Alcanivorax cluster only contains sequences 

from surface waters, but two other ones contain 

sequences from deep waters, indicating the ubiquity 

of this marine microorganism.  On the other hand, 

Marinobacter clusters contain only sequences from 

deep samples.  Finally, many other isolates have 

been retrieved. Some of them have 100% identity to 

previous uncultured microorganisms so we are 

isolating also novel microorganisms.  

CONCLUSIONS 

Novel microorganisms from the Mediterranean, 

South Atlantic Ocean and Agulhas Ring chock point 

also from the South Atlantic Ocean have been 

isolated in this study. Main differences between 

them were found at genus level, although it can be 

Figure4. Phylogenetic tree of the different isolated retrieved in all samples studied in this work. 
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observed some differences at class level. It has 

been identified many clusters of isolates specific 

from deep ocean well represented in the three sites 

but also groups of isolates specific from the deep 

North-wester Mediterranean Sea. It has been 

observed that the isolates from the Agulhas ring are 

the most different in comparison with the other two 

samples, even when it is also a South Atlantic 

Ocean sample. On the other hand, incubation 

temperatures can influence the number of isolates 

retrieved of some specific taxa.   

The phylogenetic analysis of the isolate sequences 

show that some clusters such as Alteromonas and 

Pseudoalteromonas are ubiquitous in different 

oceanic regions. Conversely, other clusters like 

Marinobacter are only present in deep water 

samples.  

Finally, isolates from different genera have been 

identified with the ability to degrade some toxic 

compounds, such as some petroleum hydrocarbons. 

Some of these bacteria are Alcanivorax sp., 

Marinobacter hydrocarbonoclasticus, Erythrobacter 

sp. or Polaribacter dokdonensis, and all genera 

except the Marinobacter can be present in different 

oceanic regions and depths. These isolates would 

be further analysed by functional gene screening 

studies to verify if they possess genes encoding the 

enzymes to degrade some petroleum components, 

to finally propose a battery of isolate that can be 

used in bioremediation studies.  
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