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• Oldest organisms on Earth

• Unicellular, prokaryotic, small

• Highest surface/volume ratio

• Highest diversity on Earth

• Simple yet extremely versatile (“small but
not stupid”)

• Infinite and constant adaptation to new
conditions (xenobiosis is hence a
momentary condition)

• All possible metabolisms are represented
in bacteria

GENERAL FEATURES OF BACTERIA
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in biological evolution because oxygen (O2)—a waste product of
their metabolism—prepared planet Earth for more complex life
forms.

The First Cells and the Onset
of Biological Evolution
How did cells originate? Were cells as we know them today the
first self-replicating structures on Earth? Because all cells are
constructed in similar ways, it is thought that all cells have
descended from a common ancestral cell, the last universal com-
mon ancestor (LUCA). After the first cells arose from nonliving

materials, a process that occurred over hundreds of millions of
years, their subsequent growth formed cell populations, and
these then began to interact with other populations in microbial
communities. Evolution selected for improvements and diversifi-
cation of these early cells to eventually yield the highly complex
and diverse cells we see today. We will consider this complexity
and diversity in Chapters 2 and 17–21. We consider the topic of
how life originated from nonliving materials in Chapter 16.

Life on Earth through the Ages
Earth is 4.6 billion years old. Scientists have evidence that cells
first appeared on Earth between 3.8 and 3.9 billion years ago,
and these organisms were exclusively microbial. In fact,
microorganisms were the only life on Earth for most of its his-
tory (Figure 1.6). Gradually, and over enormous periods of time,
more complex organisms appeared. What were some of the
highlights along the way?

During the first 2 billion years or so of Earth’s existence, its
atmosphere was anoxic; O2 was absent, and nitrogen (N2), carbon
dioxide (CO2), and a few other gases were present. Only microor-
ganisms capable of anaerobic metabolisms could survive under
these conditions, but these included many different types of cells,
including those that produce methane, called methanogens. The
evolution of phototrophic microorganisms—organisms that har-
vest energy from sunlight—occurred within a billion years of the
formation of Earth. The first phototrophs were relatively simple
ones, such as purple bacteria and other anoxygenic (non-oxygen-
evolving) phototrophs (Figure 1.7a; see also Figure 1.5), which are
still widespread in anoxic habitats today. Cyanobacteria (oxygenic,
or oxygen-evolving, phototrophs) (Figure 1.7b) evolved from
anoxygenic phototrophs nearly a billion years later and began the
slow process of oxygenating the atmosphere. Triggered by in-
creases in O2 in the atmosphere, multicellular life forms eventu-
ally evolved and continued to increase in complexity, culminating
in the plants and animals we know today (Figure 1.6). We will
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Figure 1.6 A summary of life on Earth through time and origin of
the cellular domains. (a) Cellular life was present on Earth about 3.8 bil-
lion years ago (bya). Cyanobacteria began the slow oxygenation of Earth
about 3 bya, but current levels of O2 in the atmosphere were not achieved
until 500–800 million years ago. Eukaryotes are nucleated cells and
include both microbial and multicellular organisms. (Shelly invertebrates
have shells or shell-like parts.) (b) The three domains of cellular organ-
isms are Bacteria, Archaea, and Eukarya. The latter two lineages diverged
long before nucleated cells with organelles (labeled as “modern eukary-
otes” in part a) appear in the fossil record. LUCA, last universal common
ancestor. Note that 80% of Earth’s history was exclusively microbial.
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Figure 1.7 Phototrophic microorganisms. (a) Purple sulfur bacteria
(anoxygenic phototrophs). (b) Cyanobacteria (oxygenic phototrophs).
Purple bacteria appeared on Earth long before oxygenic phototrophs
evolved (see Figure 1.6a).
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UNIT 1 • Principles of Microbiology4

replicating DNA and then processing it to form the RNAs and
proteins needed for maintenance and growth under the prevail-
ing conditions. DNA processing includes two main events, the
production of RNAs (transcription) and the production of pro-
teins (translation) (Figure 1.4).

Cells coordinate their catalytic and genetic functions to sup-
port cell growth. In the events that lead up to cell division, all
constituents in the cell double. This requires that a cell’s catalytic
machinery, its enzymes, supply energy and precursors for the
biosynthesis of all cell components, and that its entire comple-
ment of genes (its genome) replicates (Figure 1.4). The catalytic
and genetic functions of the cell must therefore be highly coordi-
nated. Also, as we will see later, these functions can be regulated
to ensure that new cell materials are made in the proper order
and concentrations and that the cell remains optimally tuned to
its surroundings.

MiniQuiz
• What does the term “growth” mean in microbiology?
• List the six major properties of cells. Which of these are universal

properties of all cells?
• Compare the catalytic and genetic functions of a microbial cell.

Why is neither of value to a cell without the other?

Compartmentalization and metabolism
A cell is a compartment that takes up
nutrients from the environment, transforms
them, and releases wastes into the
environment. The cell is thus an open system.

Growth
Chemicals from the 
environment are turned 
into new cells under 
the genetic direction 
of preexisting cells.

Differentiation
Some cells can form 
new cell structures such 
as a spore, usually as part 
of a cellular life cycle. 

Communication
Many cells communicate or interact 
by means of chemicals that are
released or taken up.

Distinct
species

Distinct
species

Evolution
Cells contain genes and evolve to 
display new biological properties. 
Phylogenetic trees show the 
evolutionary relationships between 
cells.

Cell
Environment

Spore

Motility
Some cells are capable of self-propulsion.

Ancestral
cell

I. Properties of all cells

II. Properties of some cells

Figure 1.3 The properties of cellular life.

1.3 Microorganisms and 
Their Environments

In nature, microbial cells live in populations in association with
populations of cells of other species. A population is a group of
cells derived from a single parental cell by successive cell divi-
sions. The immediate environment in which a microbial popula-
tion lives is called its habitat. Populations of cells interact with
other populations in microbial communities (Figure 1.5). The
diversity and abundance of microorganisms in microbial com-
munities is controlled by the resources (foods) and conditions
(temperature, pH, oxygen content, and so on) that prevail in their
habitat.

Microbial populations interact with each other in beneficial,
neutral, or harmful ways. For example, the metabolic waste
products of one group of organisms can be nutrients or even
poisons to other groups of organisms. Habitats differ markedly 
in their characteristics, and a habitat that is favorable for the
growth of one organism may actually be harmful for another.
Collectively, we call all the living organisms, together with the
physical and chemical components of their environment, an
ecosystem. Major microbial ecosystems are aquatic (oceans,
ponds, lakes, streams, ice, hot springs), terrestrial (surface
soils, deep subsurface), and other organisms, such as plants
and animals.

Brock Biology of Microorganisms 13th edition - © Pearson
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MiniQuiz
• How does a microbial community differ from a microbial

population?
• What is a habitat? How can microorganisms change the

characteristics of their habitats?

1.4 Evolution and the Extent 
of Microbial Life

Microorganisms were the first entities on Earth with the proper-
ties of living systems (Figure 1.3), and we will see that a particular
group of microorganisms called the cyanobacteria were pivotal
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     ADP + Pi                    ATP
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Enzymes: metabolic catalysts

Figure 1.4 The catalytic and genetic functions of the cell. For a cell
to reproduce itself there must be energy and precursors for the synthesis
of new macromolecules, the genetic instructions must be replicated such
that upon division each cell receives a copy, and genes must be
expressed (transcribed and translated) to produce proteins and other
macromolecules. Replication, transcription, and translation are the key
molecular processes in cells.
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Figure 1.5 Microbial communities. (a) A bacterial community that
developed in the depths of a small lake (Wintergreen Lake, Michigan),
showing cells of various green and purple (large cells with sulfur gran-
ules) phototrophic bacteria. (b) A bacterial community in a sewage
sludge sample. The sample was stained with a series of dyes, each of
which stained a specific bacterial group. From Journal of Bacteriology
178: 3496–3500, Fig. 2b. © 1996 American Society for Microbiology. 
(c) Purple sulfur bacteria like that shown in part a (see also Figure 1.7a)
that formed a dense bloom in a small Spanish lake.

An ecosystem is greatly influenced and in some cases even
controlled by microbial activities. Microorganisms carrying out
metabolic processes remove nutrients from the ecosystem and
use them to build new cells. At the same time, they excrete
waste products back into the environment. Thus, microbial
ecosystems expand and contract, depending on the resources
and conditions available. Over time, the metabolic activities of
microorganisms gradually change their ecosystems, both chem-
ically and physically. For example, molecular oxygen (O2) is a
vital nutrient for some microorganisms but a poison to others.
If aerobic (oxygen-consuming) microorganisms remove O2
from a habitat, rendering it anoxic (O2 free), the changed condi-
tions may favor the growth of anaerobic microorganisms that
were formerly present in the habitat but unable to grow. In
other words, as resources and conditions change in a microbial
habitat, cell populations rise and fall, changing the habitat once
again.

In later chapters, after we have learned about microbial struc-
ture and function, genetics, evolution, and diversity, we will
return to a consideration of the ways in which microorganisms
affect animals, plants, and the whole global ecosystem. This is the
study of microbial ecology, perhaps the most exciting subdisci-
pline of microbiology today.

BACTERIA
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Chemolithotrophs
Many prokaryotes can tap the energy available from the oxida-
tion of inorganic compounds. This form of metabolism is called
chemolithotrophy and was discovered by the Russian microbiolo-
gist Winogradsky ( Section 1.9). Organisms that carry out
chemolithotrophic reactions are called chemolithotrophs
(Figure 2.18). Chemolithotrophy occurs only in prokaryotes and
is widely distributed among species of Bacteria and Archaea.
Several inorganic compounds can be oxidized; for example, H2,
H2S (hydrogen sulfide), NH3 (ammonia), and Fe21 (ferrous iron).
Typically, a related group of chemolithotrophs specializes in the
oxidation of a related group of inorganic compounds, and thus
we have the “sulfur” bacteria, the “iron” bacteria, and so on.

The capacity to conserve energy from the oxidation of inor-
ganic chemicals is a good metabolic strategy because competi-
tion from chemoorganotrophs, organisms that require organic
energy sources, is not an issue. In addition, many of the inorganic
compounds oxidized by chemolithotrophs, for example H2 and
H2S, are actually the waste products of chemoorganotrophs.
Thus, chemolithotrophs have evolved strategies for exploiting
resources that chemoorganotrophs are unable to use, so it is
common for species of these two physiological groups to live in
close association with one another.

Phototrophs
Phototrophic microorganisms contain pigments that allow
them to convert light energy into chemical energy, and thus
their cells appear colored (Figure 2.2). Unlike chemotrophic
organisms, then, phototrophs do not require chemicals as a

source of energy. This is a significant metabolic advantage
because competition with chemotrophic organisms for energy
sources is not an issue and sunlight is available in many micro-
bial habitats on Earth.

Two major forms of phototrophy are known in prokaryotes. In
one form, called oxygenic photosynthesis, oxygen (O2) is pro-
duced. Among microorganisms, oxygenic photosynthesis is char-
acteristic of cyanobacteria and algae. The other form, anoxygenic
photosynthesis, occurs in the purple and green bacteria and the
heliobacteria, and does not yield O2. However, both oxygenic and
anoxygenic phototrophs have great similarities in their mecha-
nism of ATP synthesis, a result of the fact that oxygenic photo-
synthesis evolved from the simpler anoxygenic form, and we
return to this topic in Chapter 13.

Heterotrophs and Autotrophs
All cells require carbon in large amounts and can be considered
either heterotrophs, which require organic compounds as their
carbon source, or autotrophs, which use carbon dioxide (CO2)
as their carbon source. Chemoorganotrophs are by definition
heterotrophs. By contrast, most chemolithotrophs and pho-
totrophs are autotrophs. Autotrophs are sometimes called
primary producers because they synthesize new organic matter
from CO2 for both their own benefit and that of chemoor-
ganotrophs. The latter either feed directly on the cells of primary
producers or live off products they excrete. Virtually all organic
matter on Earth has been synthesized by primary producers, in
particular, the phototrophs.

Habitats and Extreme Environments
Microorganisms are present everywhere on Earth that will sup-
port life. These include habitats we are all familiar with—soil,
water, animals, and plants—as well as virtually any structures
made by humans. Indeed, sterility (the absence of life forms) in a
natural sample is extremely rare.

Some microbial habitats are ones in which humans could not
survive, being too hot or too cold, too acidic or too caustic, or too
salty. Although such environments would pose challenges to any
life forms, they are often teeming with microorganisms. Orga-
nisms inhabiting such extreme environments are called
extremophiles, a remarkable group of microorganisms that col-
lectively define the physiochemical limits to life (Table 2.1).

Extremophiles abound in such harsh environments as vol-
canic hot springs; on or in the ice covering lakes, glaciers, or the
polar seas; in extremely salty bodies of water; in soils and waters
having a pH as low as 0 or as high as 12; and in the deep sea,
where hydrostatic pressure can exceed 1000 times atmospheric.
Interestingly, these prokaryotes do not just tolerate their partic-
ular environmental extreme, they actually require it in order to
grow. That is why they are called extremophiles (the suffix -phile
means “loving”). Table 2.1 summarizes the current “record hold-
ers” among extremophiles and lists the terms used to describe
each class and the types of habitats in which they reside. We will
revisit many of these organisms in later chapters and examine
the special properties that allow for their growth in extreme
environments.

Phototrophy

(light)

PhototrophsChemolithotrophsChemoorganotrophs

Inorganic
chemicals

Organic
chemicals

ATP ATP

(H2 
+ O2 

 
H2O)(glucose + O2 CO2 + H2O)

(glucose, acetate, etc.) (H2, H2S, Fe2+, NH4
+, etc.)

Chemotrophy

Chemicals

Energy Sources

Light

ATP

Figure 2.18 Metabolic options for conserving energy. The organic
and inorganic chemicals listed here are just a few of the chemicals used
by one organism or another. Chemotrophic organisms oxidize organic or
inorganic chemicals, which yields ATP. Phototrophic organisms use solar
energy to form ATP.Brock Biology of Microorganisms 13th edition - © Pearson
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to extinction and direct pour plating in petri plates. Both the trap
and the dilution protocols produced greater diversity than the
pour plates, and 10 novel isolates were cultivated. Interestingly,
there was little overlap in isolates from the different culturing
methods, suggesting that multiple approaches may yield greater
diversity. Given the attention to the human microbiome and the
culturing advances under way, it is likely that identification of
growth factors contributed by one bacterial member of the micro-
biome to another will happen soon.

A subset of host-associated bacteria appear to be obligate in-
tracellular symbionts or pathogens and, as such, have not been
grown outside the host or cultured cell lines. A classic example is
the pathogen Treponema pallidum subsp. pallidum, the causative
agent of syphilis. Identified as the cause of the disease in 1905 (69),

the genome of T. pallidum subsp. pallidum was sequenced in 1998
(26), and yet even in tissue culture with host cells, this bacterium
cannot be kept in continuous culture. To date, the only reliable
method of propagation is live rabbits (44). More-recently identi-
fied uncultured symbionts of the gut epithelium in many animals
(although apparently not humans) are the segmented filamentous
bacteria (SFB; also “Candidatus Arthromitus”), which appear to
be epicellular on host cells (17, 74). The genome sequences of
mouse- and rat-associated SFB were recently completed, and like
the syphilis organism, they exhibit the markedly reduced meta-
bolic capacity characteristic of obligate, host cell-associated bac-
teria (43, 61, 70). SFB also have not been propagated outside host
animals. The most abundant examples of bacteria closely tied to
their hosts are the endosymbiotic bacteria of insects, the vast ma-

FIG 2 Coculture-dependent growth of an unculturable isolate. This petri plate shows a helper strain inducing the growth of a previously unculturable bacterium.
A freshwater sediment isolate (a relative of Bacillus marisflavi that was originally isolated from Punderson Lake State Park, Newbury, OH) was diluted and spread
evenly over the entire petri plate (R2A medium), and a culture of a helper (a relative of Bacillus megaterium that was isolated from the same environment) was
spotted on the plate. The unculturable isolate grows only close to the helper, where a growth factor has diffused into the medium of the plate. Preliminary results
indicate that the growth factor is a siderophore (A. D’Onofrio, J. M. Crawford, E. J. Stewart, K. Witt, E. Gavrish, S. Epstein, J. Clardy, and K. Lewis, unpublished
data).
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• Most soil microorganism are not cultivable
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molecular methods
• Next generation sequencing methods are giving
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PROKARYOTIC DIVERSITY IN SOIL vs OTHER 
ENVIRONMENTS

N� of	16S	sequences	in	RDP	does	not	reflect	prokaryotic	environmental	
distribution	and	abundance.	Soil	is	most	challenging

Tamames et al. BMC Microbiology 2010, 10:85

bacteria(
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RDP (http://rdp.cme.msu.edu/) database query among
1727996 (bacteria) and 73354 (archea) total sequences



PROKARYOTIC DIVERSITY IN SOILS: WHO IS THERE?
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Adapted from “A Citizen’s Guide to Bioremediation”, United Nation Environmental 
Agencies, Office of Solid Waste and Emergency Response, EPA 542-F-01-001

• Xenobiotic:	a	chemical	compound	that	is	foreign	to	a	living	organism

• Mineralization:	contaminants	are	used	as	C	source	and	completely	
metabolized;

• Co-metabolism:	contaminants	are	not	used	as	C	source;	they	are	
transformed	at	different	levels.

• Immobilization	/	partitioning:	pollutants’	bioavailability		is	reduced	through	
adsorption,	accumulation	and/or	precipitation	phenomena.

BACTERIA AND BIOREMEDIATION
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possible. We emphasized that under oxic conditions oxygenase
enzymes play an important role in introducing oxygen atoms into
the hydrocarbon. Our discussion here will focus on aerobic
processes, because it is only when O2 is present that oxygenase
enzymes can function and hydrocarbon bioremediation can be
effective in a relatively short time.

Hydrocarbon Decomposition
Diverse bacteria, fungi, and a few green algae can oxidize petro-
leum products aerobically. Small-scale oil pollution of aquatic
and terrestrial ecosystems from human as well as natural activi-
ties is common. Oil-oxidizing microorganisms develop rapidly
on oil films and slicks, and hydrocarbon oxidation is most exten-
sive if the temperature is warm enough and supplies of inorganic
nutrients (primarily N and P) are sufficient.

Because oil is insoluble in water and is less dense, it floats
to the surface and forms slicks. There, hydrocarbon-degrading
bacteria attach to the oil droplets (Figure 24.21) and eventually
decompose the oil and disperse the slick. Certain oil-degrading
bacteria are specialist species; for example, the bacterium
Alcanivorax borkumensis grows only on hydrocarbons, fatty
acids, or pyruvate. This organism produces surfactant chemicals
that help break up the oil and solubilize it. Once solubilized, the
oil can be incorporated more readily and catabolized as an elec-
tron donor and carbon source.

In large oil spills, such as those shown in Figure 24.20 or the
more recent Gulf of Mexico spill off the coast of Louisiana (USA),
volatile hydrocarbons, both aliphatic and aromatic, evaporate
quickly without bioremediation, leaving nonvolatile components
for cleanup crews and microorganisms to tackle. Microorganisms
consume oil by oxidizing it to CO2. When bioremediation activi-
ties are promoted by inorganic nutrient application, oil-oxidizing
bacteria typically develop quickly after an oil spill (Figure 24.20b),
and under ideal conditions, 80% or more of the nonvolatile oil
components can be oxidized within one year. However, certain oil
fractions, such as those containing branched-chain and polycyclic
hydrocarbons, are not preferred microbial substrates and remain
in the environment much longer. Spilled oil that finds its way into
sediments is even more slowly degraded and can have a signifi-
cant long-term impact on fisheries that depend on unpolluted
waters for productive yields.

Degradation of Stored Hydrocarbons
Interfaces where oil and water meet often form on a large scale.
Besides water that separates from crude petroleum during storage
and transport, moisture can condense inside bulk fuel storage
tanks (Figure 24.22) where there are leaks. This water eventually
accumulates in a layer beneath the petroleum. Gasoline and crude
oil storage tanks are thus potential habitats for hydrocarbon-
oxidizing microorganisms. If sufficient sulfate (SO4

2-) is present
in the oil, as it often is in crude oils, sulfate-reducing bacteria can
grow in the tanks, consuming hydrocarbons under anoxic condi-
tions ( Sections 14.13 and 17.18). The sulfide (H2S) produced
is highly corrosive and causes pitting and subsequent leakage of
the tanks along with souring of the fuel. Aerobic degradation of
fuel components is less of a problem because the storage tanks are
sealed and the fuel itself contains little dissolved O2.

MiniQuiz
• What is bioremediation?
• Why might the addition of inorganic nutrients stimulate oil

degradation whereas the addition of glucose would not?

24.10 Xenobiotics Biodegradation 
and Bioremediation

A xenobiotic is a synthetic chemical not produced by organisms in
nature. Xenobiotics include pesticides, polychlorinated biphenyls
(PCBs), munitions, dyes, and chlorinated solvents, among many
other chemicals. Some xenobiotics differ chemically in such major
ways from anything organisms have experienced in nature that
they biodegrade extremely slowly, if at all. Other xenobiotics are
structurally related to one or more natural compounds and can
sometimes be degraded slowly by enzymes that normally degrade
the structurally related natural compounds. We focus here on pes-
ticides as examples of the potential of microorganisms to degrade
xenobiotics.
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Figure 24.21 Hydrocarbon-oxidizing bacteria in association with
oil droplets. The bacteria are concentrated in large numbers at the
oil–water interface, but are actually not within the droplet itself.

Figure 24.22 Bulk petroleum storage tanks. Fuel tanks often support
microbial growth at oil–water interfaces.
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CULTURE-BASED METHODS: ENRICHMENT



Nadeem	et	al.	(2013)	Plant-microbe	interactions	for	sustainable	agriculture.	DOI: 10.1007/978-81-322-1287-4_2

BIOSTIMULATION AND PGPR



• Soil microorganisms can indeed be a “holy grail” for remediation of
environmental pollution. But:
• How can we look for and find the best degraders?
• How can we screen and apply them efficiently?
• Can we couple degrading and plant growth promoting abilities?
• Can we address very recalcitrant pollutants?
• Is there still space for research?

OPEN QUESTIONS



Enrichment,	selection	and	screening	of	
degrading	bacteria:	results	of	the	LIFE-

BIOREST	project
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Progress in the Management of Contaminated Sites in Europe

Ex-situ physical and/or chemical treatments are 
reported to be the most common (37 %) tech-
niques used in the treatment of contaminated 
groundwater. 

For more information regarding data, uncer-
tainties, quality of the sample and extrapola-
tion methodology, see section 6.2.4.

5.3  Which sectors contribute most to soil 
contamination

5.3.1  Main types of local sources of 
contamination

Local soil contamination can be derived from 
various activities. This specific policy question 
aims at finding out which types of sources have 
contributed most to local soil contamination.

The sources listed below were identified as 
being relevant for local soil and groundwater 
contamination. Countries were asked to esti-
mate how much each source contributes to 
local soil contamination in their countries (as 
a percentage).

• Waste disposal
- Municipal waste disposal
- Industrial waste disposal

• Industrial and commercial activities
- Mining
- Oil extraction and production
- Power plants

• Military
- Military sites
- War affected zones

• Storages
- Oil storage
- Obsolete chemicals storage
- Other storages 

• Transport spills on land
- Oil spills sites
- Other hazardous substance spills sites

• Nuclear
- Nuclear operations

• Others
- Other sources

Countries were asked to estimate the share of 
each source accounting for all incidents of local 
soil contamination as a percentage. The results 
facilitate the assessment of which are the most 
dominant sources of local soil contamination.

Figure 5:
Dominant remediation 

technologies for 
contaminated soil reported 

in 2011

Key observation (Figure 5)

As noted in 2006, “traditional” remediation 
techniques are most commonly used for the 
treatment of contaminated soil, in particular 
the technique of soil excavation and disposal 
is applied in about 30 % of the relevant sites. 
In-situ and ex-situ measures are applied with 
similar frequencies.

REMEDIATION IN THE EU



LIFE	BIOREST	proposes	an	biological	method	for in	loco	remediation	of	
hydrocarbons	contaminated	soils.	

1. Demonstrate the efficiency of a bioremediation approach for polluted 
soils based on the BIOAUGMENTATION with autochthonous, 
ecologically-adapted BACTERIA and FUNGI

2. Demonstrate the feasibility to SCALE-UP the production of 
microorganisms active in bioremediation.

3. Optimize protocols and GUIDELINES FOR BIOREMEDIATION that can 
be successfully applied in other scenarios.

4. Disseminate at the European level the clear societal benefits of 
addressing the SOIL CONTAMINATION issue.

Decotaminate
polluted soil

Revegetate
and	Restore
ecological
function

Return	the	
remediated

soil to	a	public	
use

LIFE-BIOREST OBJECTIVES



Fidenza, Emilia Romagna 
The experiments will be held at the Carbochimica industrial area, 

the national interest site (Sin) of Fidenza.

LIFE15	ENV/IT/000396

FONDAZIONE LUIGI MICHELETTI 
 

INDUSTRIA E AMBIENTE IN ITALIA 
 

PER UN ATLANTE STORICO DELL’IMPATTO SUL TERRITORIO  
DELL’INDUSTRIALIZZAZIONE DIFFUSA E INTENSIVA 

 
-  

 
Sito di interesse nazionale di Fidenza (Parma) 

 
Inquadramento storico e territoriale 
 
Cronologia 
Data iniziale: 1888 
Data finale: 2003  
 
Localizzazione geografica 
Regione: Emilia Romagna 
Provincia: Parma 
Comune: Fidenza, fino al 1927 Borgo San Donnino. 
 

 
 
 
Insediamento produttivo 
 
Nomi delle industrie operanti nell’insediamento produttivo:  
1. Distilleria di catrame, nata nel 1888, poi Cledca, Conservazione Legno e Distillazione 
Catrame, dal 1929 ed infine Carbochimica, dal 1972 fino al 2003; 

Insediamento produttivo  

LIFE-BIOREST TEST SITE
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LIFE-BIOREST SCHEME AND NUMBERS

Polluted	soil	from	Fidenza

Isolation	and	enrichment	of	degrading	bacteria

Dereplication and	molecular	identification	of	isolates

Microtiter	screening	to	quantify	degrading	
efficiencies	and	select	best	isolates

Testing	of	best	isolates	and	consortia	on	100	g	microcosms	

Testing	of	best	consortia	on	15	kg	mesocosms

Testing	of	best	consortium	at	biopile level

4	different	soils	sampled,	
3	different	depths

192	strains

113	strains	X	6	pollutants
=	798	measurements

133	strains	(20	pathogens)

35	microcosms	X	2	replicates

6 mesocosms X	3	replicates

350	m3 of	soil	treated



ENRICHMENTS - A MOLECULAR FOCUS

METHODS
S1 (0-1 m)

S2 (1-2 m)

S3 (2-3 m)

T0 T1 T2 T2

sampling enrichments

Culturomics
• Plating of last 

enrichments
• Identification and 

screening of bacterial
and fungal strains

Metagenomics
• DNA extraction
• PCR of 16S V3-V4 

regions
• Illumina Miseq
• Bioinformatics

• Samples taken at 3 soil depths (1, 2 and 3 m)
• Sequential enrichments on M9+7 target pollutants as 

sole C source
• Samples for metagenomics taken from the original 

soil and every each enrichment step (1, 2 and 3 
weeks)

• Strains isolation at the end of enrichment (3 weeks)



Enrichment Liquid Cultures
to favor development of microbial community capable of 

tolerating and degrading specific single contaminant

10g	contaminated	soil			+		MINERAL	MEDIUM	(M9)	containing	as	sole	carbon	source	

BENZENE PARAFFIN	OIL CRUDE	OIL

28	bacterial	
isolates	

55	bacterial	
isolates	

9	 bacterial	isolates	

Three	consecutive	enrichment	subcultures	done	in	the	same	conditions



BENZENE PARAFFIN	OIL CRUDE	OIL

28	bacterial	isolates	 55	bacterial	isolates	 9	 bacterial	isolates	

Soil	-1

34% 

Soil	-2

53% 

Soil	-3

13% 

ENRICHMENTS

BACTERIA	 B N P Phe Pa O total
Soil	-1m 28 12 7 15 15 4 81

Soil	-2m 18 14 6 12 34 9 93
Soil	-3m 9 9 5 7 14 1 45

25% 16% 10% 15% 29% 7%
219
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FIGURE 2 | Hierarchical clustering of bacterial 16S sequences classified at the genus level. Only taxa participating with >20% in at least one sample are shown,
while taxa with lower participation are grouped in the “other” sequence group.

(Staley and Konopka, 1985), microbiologists are facing the
issue of non-cultivable microorganisms and the underestimation
of the actual microbial community by means of direct isolation
techniques. This has become more and more relevant with
the advent of HTS techniques, and it is of utmost importance
in the environmental microbiology sector of bioremediation,
where studies must rely on the isolation and identification of
bacterial and fungal strains to be inoculated in soil for e�cient
degradation of target pollutants (Megharaj et al., 2011). These
strains are usually obtained through enrichment procedures,
aimed at isolating autochthonous microorganisms capable of
using the pollutants as sole carbon sources (Thompson et al.,
2005). Although many data are available in literature about the
assessment of microbial community dynamics following the
addition of enriched microbial strains (MacNaughton et al.,
1999; Aburto-Medina et al., 2012; Fuentes et al., 2014), little is
known on the developments that occur within the bacterial and
fungal communities during the enrichment steps. Furthermore,
to the best of our knowledge, no attempt was made to assess

how soil samples with a high petroleum hydrocarbons content
and collected at di�erent depths a�ect the organization of the
bacterial and fungal communities.

In this work, we assessed whether the pollutant and
the collection depth had significant e�ects on the microbial
community arrangements. Enrichments were performed using
five pollutants (three PAHs, benzene, and para�n) and a
complex mixture (i.e., crude oil collected from the polluted
site). The results obtained (Figure 1) highlighted that for both
bacteria and fungi, the pollutant partially shaped the enriched
communities. Although it was di�cult to highlight separate
clusters according to the pollutants, some di�erences were
observed as bacteria grown in the presence of para�n and
benzene or with PAHs, and fungi grown with para�n or PAHs
(Figure 1). This is not surprising, if we consider that di�erent
metabolic pathways are involved in the degradation of aliphatic
or aromatic hydrocarbons, but that single strains can be also
equipped with both pathways (Whyte et al., 1997). The microbial
community responded uniquely to the presence of crude oil:

Frontiers in Microbiology | www.frontiersin.org 9 October 2018 | Volume 9 | Article 2543
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FIGURE 3 | Hierarchical clustering of bacterial ITS sequences classified at the genus level. Only taxa participating with >5% in at least one sample are shown, while
taxa with lower participation are grouped in the “other” sequence group.

only those strains, highly adapted to this extreme and toxic
environment, were capable of colonizing this ecological niche.

According to literature, a relation between pollutants load and
microbial communities can be drawn. Several studies assessed a
di�erent distribution of PAHs and other oil pollutants along soil
depths (Cousins et al., 1999; Ping et al., 2007). It is well-known
that microbial community organization is a�ected by soil depths,
commonly causing a decline in biomass and diversity from the
surface downward (Blume et al., 2002; Fierer et al., 2003; Oehl
et al., 2005). As far as we know, no experiments were previously
conducted to assess the impact of the soil samples depths on
the community structure and enrichment outcomes. Contrary
to this general background, in the present study, neither the
soil depth nor the enrichment step had significant e�ects on the
community structure (Figures 1–3). Regarding fungi, this could
be explained by their physiological growing capabilities. Thanks

to their hyphae growth, they can widely colonize the soil, creating
a homogenous mycoflora in the space (Hesham et al., 2017).

The total load of bacteria and fungi was lower than unpolluted
soils (Supplementary Table S1), although no di�erences were
observed among the collection depths: a strong and long-
lasting pollution of this site may shape a microbial community
adapted to the pollutants pressure mostly composed by oil-
utilizing strains. As illustrated in Figures 2, 3, di�erences among
samples are more evident for bacteria. However, it is not possible
to define clear clusters based on soil depths; the structure of
the microbial community was not dependent by the collection
point. Since the microbial community is selected by the total
content of the pollutants, we can speculate that, in this soil,
a pollutants threshold has been reached in the surface topsoil:
beyond this level, only the selected and adapted microflora
can survive. Indeed, in a less polluted site, the presence of

Frontiers in Microbiology | www.frontiersin.org 10 October 2018 | Volume 9 | Article 2543
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TABLE 2 | Relative abundances of bacterial genera determined by Illumina sequencing of 16S amplicns or by isolation on selective media; the comparison was
performed at the end of the enrichment (step III).

Bacterial genus 16S Illumina Bacterial isolates

S1 S2 S3 S1 S2 S3

Acholeplasma nd nd nd nd nd 4,3

Achromobacter 26.68 29.37 8.39 7.7 4.4 4.3

Acinetobacter 0.38 0.18 1.60 nd nd 4.3

Agrobacterium 9.08 11.79 11.62 nd nd nd

Ancylobacter 0.30 2.53 0.40 nd nd nd

Azospirillum 4.17 2.50 0.24 nd nd nd

Bacillus 0.11 0.09 0.09 7.7 8.9 nd

Cellulosimicrobium 0.03 0.02 0.08 nd nd 4.3

Cupriavidus 4.64 0.46 0.08 nd 2.2 nd

Gordonia 3.00 0.04 0.06 3.8 nd nd

Helicobacter nd nd nd nd 2.2 nd

Klebsiella 0.08 2.63 0.08 nd nd nd

Ochrobactrum 2.89 0.67 0.32 3.8 nd nd

Olivibacter 1.13 6.57 1.28 nd nd nd

Paenibacillus 0.02 0.24 0.05 nd 2.2 nd

Pseudomonas 24.21 25.25 63.49 57.7 48.9 69.6

Pseudoxanthomonas 2.95 2.62 0.66 8.7 4.4 nd

Rhizobium nd nd nd nd nd 4.3

Serratia 0.00 0.24 0.01 nd 6.7 nd

Shinella 2.79 0.25 0.03 nd nd nd

Sphingobacterium 0.95 0.94 1.60 3.8 17.8 nd

Stenotrophomonas 1.23 0.77 1.42 7.7 2.2 8.7

Data are expressed as percentages (among 10,065 sequences for Illumina data, among 96 strains for isolates).

both aerobic and anaerobic microorganisms decreased with the
vertical soil profile (Biró et al., 2014). Regarding the enrichment
steps, it was surprising to find that already after 1 week
of enrichment, the communities were similar to those found
after 4 weeks. This indicates that when dealing with strong
polluted soils, as in this study, a single enrichment step may be
enough.

A total of 95 bacterial and 94 fungal strains were identified.
These strains were well-distributed along soil depths and
pollutant (Supplementary Tables S2, S3). The taxonomical
identification of bacteria confirmed the selection of specific
bacterial communities following the addition of di�erent
hydrocarbons, indicating a high specialization of bacterial
taxa involved in their degradation. Proteobacteria, Firmicutes,
and Sphingobacteria were the prevailing bacterial phyla: all
these phyla comprised several phylogenetic groups involved in
the aerobic degradation of hydrocarbons (Vinas et al., 2005;
Head et al., 2006; Yang et al., 2012; Yergeau et al., 2012).
Proteobacteria was also found as the most abundant phylum
distributed in an environment contaminated with petroleum
muck and in activated biomass from a petrochemical industry
wastewater sample (Joshi et al., 2014; Yadav et al., 2015).
This phylum is divided into five major classes, all with oil-
degrading genera (Gao et al., 2014). On the whole, isolated
bacteria where ascribed mainly to genera belonging to Gamma-
proteobacteria class, whose dominance within the enriched
microcosms can be expected since it comprises many of the

hydrocarbonoclastic bacteria responsible for the first steps of
hydrocarbons degradation (Head et al., 2006; Yakimov et al.,
2007; Barbato et al., 2016).

Bacterial species of the genera Sphingobacterium,
Achromobacter, Pseudomonas, Stenotrophomonas, and Bacillus,
isolated from this crude-oil contaminated soil, showed close
lineage with previously reported hydrocarbons degrading
members of same genera and most of them have been reported
earlier as hydrocarbon degraders (Widdel and Rabus, 2001; Roy
et al., 2002; Foght, 2008; Chandra et al., 2013; Varjani et al., 2015;
Varjani and Upasani, 2016). Members of the genus Pseudomonas
are widespread environmental microorganisms isolated from
a variety of natural sources (Velmurugan et al., 2011) and
well-known biodegraders, capable of metabolizing a range of
compounds (Kostka et al., 2011; Mulet et al., 2011; Mahjoubi
et al., 2013).

According to our results, the PAHs-degrading isolates in
soil belong to the Sphingomonas and Pseudomonas bacteria.
Pseudomonas usually contain nah-like genes that encode for the
dioxygenase subfamily; the products of these genes are capable
of degrading low-molecular- weight PAHs (Johnsen et al., 2007)
and producing a rhamnolipid biosurfactant in soils contaminated
with petroleum hydrocarbons (Sadouk et al., 2008; Xia et al.,
2014). Unlike other gram-negative bacteria strains, members of
the genus Sphingomonas are able to degrade a wide range of
natural and xenobiotic compounds (Eguchi et al., 1996; Pinhassi
and Hagstrom, 2000). Three strains of Serratia marcescens were

Frontiers in Microbiology | www.frontiersin.org 11 October 2018 | Volume 9 | Article 2543
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TABLE 3 | Relative abundances of fungal genera as determined by Illumina sequencing of 16S PCR of amplicons or by isolation on selective media; the comparison was
performed at the end of the enrichment (step III).

Fungal genus ITS Illumina Fungal isolates

S1 S2 S3 S1 S2 S3

Acremonium 0.001 0.003 nd 2.9 nd nd

Arthrinium 2.0 0.4 0.3 nd nd nd

Aspergillus 1.8 2.0 0.8 8.6 8.7 19.4

Aureobasidium 0.9 0.3 0.3 2.9 nd nd

Bjerkandera nd nd nd nd 4.3 nd

Capnodiales_unclassified 12.0 11.3 3.4 nd nd nd

Ceriosporopsis 0.2 0.2 14.8 nd nd nd

Cladosporium 0.2 0.6 0.1 8.6 13.0 nd

Clonostachys 11.0 0.6 0.5 2.9 nd nd

Epicoccum nd nd nd 2.9 4.3

Eutypella nd nd nd nd 4.3 2.8

Fusarium 43.8 68.8 63.4 40.0 56.5 41.7

Hypocrea nd nd nd nd nd 11.1

Irpex nd nd nd nd 4.3 nd

Penicillium 0.8 2.1 1.2 5.7 nd 2.8

Phanerochaete 0.5 1.7 0.3 nd nd nd

Polyporus nd nd nd nd nd 2.8

Pseudallescheria 15.5 0.8 1.5 5.7 nd nd

Scedosporium 0.01 0.01 0.12 nd 4.3 5.6

Sulcatispora nd nd nd nd nd 2.8

Trametes nd 0.1 0.04 nd nd 2.8

Saccharomyces 0.9 0.7 0.1 nd nd nd

Trichoderma 3.6 0.4 0.5 20.0 nd 5.6

Wallemia 0.02 nd 0.02 nd nd 2.8

Trichosporon 1.2 3.2 4.4 nd nd nd

Data are expressed as percentages (among 10065 sequences for Illumina data, among 94 strains for isolates).

also isolated from the enriched microcosms with the crude
oil of the contaminated site, supporting previous evidences of
degradation of crude oil and petroleum products by species of
Serratia (De La Fuente et al., 1991; Rojas-Avelizapa et al., 2002;
Wongsa et al., 2004; Rajasekar et al., 2007).

Generally, fungi involved in the degradation of PAHs include
ligninolytic and non-ligninolytic fungi. Most of the strains
isolated after the enrichment steps belonged to the phylum
Ascomycota, although few Basidiomycota were isolated. The
dominance of Ascomycota in polluted soil has been extensively
acknowledged: Zhang et al. (2018) reported that Ascomycota
represented up to 73–96% of the total 18S sequences of a
coking area soil; eight of the 10 strains isolated from a PAHs
contaminated pond were Ascomycetes and were also able to
remove anthracene (Aranda et al., 2017). Finally, an oilfield with
a history of 50 years pollution influenced mainly the bacterial
community, whereas fungi, mostly related to this phylum, were
abundant, demonstrating to be less sensitive to soil PAHs (Zhou
et al., 2017).

Basidiomycota represented only the 5.3% of the total isolates.
Similarly, in a toxic coking area, only a small fraction of
the isolates belonged to Basidiomycota (0.34–7.0%) (Zhang
et al., 2018). Besides Bjerkandera adusta, Irpex lacteus, Wallemia
mellicola, Polyporus gayanus, Trametes gibbosa, the presence

of species of Lopharia, Phanerochaete, and Trichosporon was
assessed by HTS. Among them, T. gibbosa, P. gayanus, and
W. mellicola were isolated for the first time in hydrocarbons
polluted soil.

On the other hand, Mucoromycota were absent in this
contaminated soil. Unlike Morais et al. (2016) who found more
than 50% of Mucoromycota in a petroleum contaminated costal
site, we did not identified any organism belonging to this phylum.
Mucoromycota represented a small fraction of the isolates also in
an estuarine sediment contaminated mainly by PAHs (Da Silva
et al., 2003) and in heavy crude oil-contaminated soil (Zafra et al.,
2014). In the present study, Mucoromycota could be included in
the “unclassified” group (Figure 3), even though they would be a
negligible fraction of the mycoflora.

All samples were dominated by Fusarium, followed by
Aspergillus, Penicillium, and Trichoderma. The identification
of these genera as polluted soil inhabitants has been
already discussed elsewhere. Sordariomycetes is the
most represented class with Acremonium, Arthrinium,
Clonostachys, Eutypella, Fusarium, Hypocrea/Trichoderma, and
Pseudoallescheria/Scedosporium. Fungal taxonomy analysis of an
oil-contaminated soil detected almost 25% of Sordariomyecetes
(Morais et al., 2016). Trichoderma harzianum (Da Silva
et al., 2003), Scedosporium apiospermum and Acremonium sp.
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Molecular characterization by RAPD 
(Random Amplification of Polimorphic DNA)
to discard replicates of the same bacterial isolate

Solid	Screening

Enrichment	liquid	
cultures	

TOTAL	
BACTERIAL	
ISOLATES	

Figure. RAPD profiles of some bacteria isolated on paraffin, benzene
and crude oil. Strains that are identical to each other give the same
RAPD profile (highlighted in red and in green) and thus discarded to
further steps.

68	UNIQUE	ISOLATES
from	solid	screening	 65 UNIQUE	ISOLATES

from	liquid	enrichment



Taxonomical Identification of the 
bacterial strains  

by 16S rDNA gene sequencing 

33

• Single	colony	Dna
extraction

• PCR	amplification	of	
16s	rDNA	gene
by	P1-P6	primers

Sequencing	of	the	PCR	
products

RDP	Sequence	match

Genera

• Pseudomonas
• Bacillus/Paenibacillus

• Sphingobacterium
• Pseudoxanthomonas

• Enterobacter
• Acinetobacter

n° 20	pathogen	bacteria	were	
discarded	(according	to	the	

italian legislation,	Dr.L
81/2008)	

Figure. P1-P6 PCR products visualized on
agarose gel (expected length 1500bp)
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96-wells Microplate Screening
to evaluate the degradative capacity of each isolate

LIFE15	ENV/IT/000396 34

TO	DATE

20	isolates	are	still	under	analysis

50	isolates	are	already	analyzed
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96-wells Microplate Screening
to evaluate the degradative capacity of each isolate

Isolate	ID Genus/Species Isolation	approach
Isolation	T	

(°C)
Substrate Substrate Substrate Substrate

EC1 Gordonia	rubripertincus enrichment	culture 30°C Naphtalene (++)	* Paraffin (++)	
EC33 Achromobacter	xylosoxidans enrichment	culture 30°C Heptadecane (+) Naphtalene (++) Benzene (+++) Paraffin (++)	
EC17 Pseudomonas	putida enrichment	culture 30°C Paraffin (++) Benzene (+++) Naphtalene (++)
EC34 Pseudoxanthomonas	mexicanaenrichment	culture 30°C Naphtalene (+++) Benzene (++) Paraffin (+)
O7 Pseudomonas	putida solid	screening 24°C Paraffin (+)
O6 Pseudomonas	putida solid	screening 24°C Paraffin (+)
O2 Pseudomonas	sp. solid	screening 24°C Paraffin (+)
EC52 Sphingobacterium	sp. enrichment	culture 30°C Benzene (+++) Paraffin (++) Naphtalene (++)
B7 Bacillus	idriensis solid	screening 24°C Naphtalene (++) Benzene (++)
EC43 Pseudomonas	fluorescens enrichment	culture 30°C Paraffin (+)
B17 Pseudomonas	chlororaphis	 solid	screening 24°C Paraffin (+)
EC47 Pseudomonas	fluorescens enrichment	culture 30°C Paraffin (++)
EC103 Serratia	marcescens enrichment	culture 30°C Benzene (+++) Naphtalene (+) Paraffin (++)
EC80 Bacillus	subtilis enrichment	culture 30°C Benzene (++) Paraffin (++)
P31 Agrobacterium	sp.	SCAU685 solid	screening 24°C Paraffin (+)
P32b Rhizobium	sp.	 solid	screening 24°C Paraffin (++)
P33 Rhizobium	sp.	 solid	screening 24°C Naphtalene (++) Benzene (++) Paraffin (++)
P37 biocide-degrading	bacterium	 solid	screening 24°C Paraffin (+)
B19 denitrifying	bacterium	SN230 solid	screening 24°C Benzene (++)
B20 Ochrobactrum	sp. solid	screening 24°C Paraffin (+)
P36 Agrobacterium	sp.	 solid	screening 24°C Paraffin (+)
EC42 Serratia	marcescens enrichment	culture 30°C Paraffin (+)
P34 Pseudomonas	plecoglossicida solid	screening 24°C Paraffin (+)
B11 Pseudomonas	putida solid	screening 24°C Pyrene (+) Phenanthrene (++) Paraffin (++)
O5 Pantoea	agglomerans solid	screening 24°C Paraffin (++)
P26 Pseudomonas	putida solid	screening 24°C Paraffin (+)
B10 Pseudomonas	putida solid	screening 24°C Paraffin (++)
P34B Pseudomonas	putida solid	screening 24°C Benzene (++) Paraffin ** Phenanthrene (++)
P27 Pseudomonas	putida solid	screening 24°C Paraffin (++++) Phenanthrene (+)
P30 Pseudomonas	chlororaphis solid	screening 24°C Paraffin (++++)
P28 Pseudomonas	putida solid	screening 24°C Paraffin (+++)
P29 Acinetobacter	calcoaceticus solid	screening 24°C Paraffin (+++)
B13 Pseudomonas	putida solid	screening 24°C Phenanthrene (++)

*percentage increase of the OD at 750nm after six days (t6) compared to the zero time (t0), normalized to the abiotic controls
(+) more than 150% (+++) greater than 300%
(++) between 200% and 300% (++++) greater than 400% (**) greater than 700%





vColorimetric tests using redox dyes (ABTS, Poly R478)

vSelection of the best tests for biosurfactant productions (Oil spread test,
emulsification test, etc.)

Screening	of	isolates	capable	of	producing	biosurfactants or	redox	
enzymes:



MICROCOSMS SELECTION



MICROCOSMS SELECTION

LIFE BIOREST 
••• 

Deliverable n° 5 Action B1 
 

8 

20 theses, the rationale for strains choice are also reported in Table 2. The criteria for these 

choices were largely based on the microtiter screenings results reported in Deliverable 

B1.D3: we chose the best degraders towards different pollutants, as well as good 

biosurfactant producers, strains versatile towards different pollutants, strains that were 

isolated from oil and thus had a good adaptation. 

 

Table 2. Composition of the first 20 microcosms theses  

 
Micro
cosm/
thesis 

strains Rationale 
ba

ct
er

ia
 

1 CP7 1st best degrader 

2 B11 2nd best degrader 

3 EC77 3rd best degrader 

4 CP7+B11+EC77 first best 3 

5 CP7+B11+EC77+P34-24 first best 3 + biosurfactant prouducer 

6 O3 good pyr degrader (isolated from oil) 

7 O3+P34-24 good pyr degrader + biosurf (bioavailability issue) 

8 O6 degrader isolated from oil 

9 EC31 versatile on different pollutants 

10 CP122 versatile on different  pollutants 

fu
ng

i 

11 127 first best fungus 

12 71 second best fungus 

13 299 third best fungus 

14 127 + 71 + 299 3 best fungi 

15 219 + 15 + 304 + 117 best mitosporic fungi  

16 219 + 15 + 304 + 117 + 127 best mitosporic fungi + basidiomycete 

17 219 + 15 + 304 + 117 + 127 + 71 + 299 best mitosporic fungi + 3 best fungi 

18 51 + 203 among the best tens, different growth, biosurfactant 
producers 

19 304 + 117 + 307 + 308 isolated from oil 

20 304 + 117 + 307 + 308 + 127 isolated from oil + basidiomycete 

 

The chemical results provided by ARPAE for the first 20 bacterial and fungal microcosms at 

20 days were used to decide the composition of the following 15 microcosms. The 

preliminary chemical data at 20 days were then statistically analyzed (variance analysis) by 
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Table 4. Composition of the last 15 microcosms theses, together with the rationale for their selection 

 Microcosm/thesis strains Rationale  

fu
ng

i+
ba

ct
er

ia
 

21 127 + 71 + 299 + EC77 + B11 + CP7 + 
+P37 3 best fungi and bacteria 

22 219 + 15 + 304 + 117 + 127 +299 + 
EC77 + B11 + CP7 + P37 T17 + 3 best bacteria 

23 304 + 117 + O3 + O6 isolated from oil 

24 304 + 117 + O3 + O6 + 127 + 299 isolated from oil + 
basidiomycete 

25 304 + 51 + 299 + CP7 + EC77 + P37 
those that seem to grow on 
soil + basidiomycete + best 
bacteria 

26 219+15+304+117+148+ 
06+EC31+CP122+ CP7+EC77 

best fungi and bacteria 
accoridng to 20d data of 
microcosms 

27 304+117+307+308+299+148 + 
06+EC31+CP122+EC77+B11+P37 

best fungi and bacteria 
according to 20d data of 
microcosms+ best 
biosurfactant bacterial 
producers 

28 143 + 131 + 307 + 188 + 177 + 
06+EC31+CP122+P29+EC30+EC101 

fungi with high growth in 
microplate + best bacteria in 
microcosm+ alkanes 
bacterial degraders 

29 245 + 239 + 203+307 + 131 + 188 + 299 
+ B24+ EC101+EC77+P36+EC31 

fungi isolated in enrich + 
pyr/phe growing fungi + 
versatile bacteria on different 
pollutants 

30 203 + 274 + 177+51+148 + 299 + 
P29+EC30+03+B19+B20+B10 

pyr or phe or alkanes growing 
fungi + basidiomycete + 
pyr/phe and alkanes 
bacteria degraders  

fu
ng

i+
ba

ct
er

ia
 

+b
io

su
rfa

ct
an

t 

31 Thesis 21 + biosurfactants Thesis 21 + biosurfactant 
(bioavailability issue) 

32 Thesis 22 + biosurfactants Thesis 22 + biosurfactant 
(bioavailability issue) 

33 Thesis 26+ biosurfactants Thesis 26+ biosurfactant 
(bioavailability issue) 

34 Thesis 27+ biosurfactants Thesis 27+ biosurfactants 
(bioavailability issue) 

35 Thesis 29+ biosurfactants Thesis 29+ biosurfactants 
(bioavailability issue) 
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Table 2. Scores of microcosms theses as compared to the control 

theses 2ringsPAHs 3ringsPAHs 4,5,6PAHs C>12 final_score 
T1 0 1 1 0 2 
T2 0 1 1 0 2 
T3 0 1 1 0 2 
T4 0 1 1 0 2 
T4R 1 1 0 1 3 
T5 1 1 0 0 2 
T6 1 1 1 0 3 
T7 0 1 0 0 1 
T8 0 0 0 0 0 
T9 0 1 1 0 2 
T10 0 1 1 0 2 
T11 1 1 1 0 3 
T12 0 1 1 0 2 
T13 0 1 0 0 1 
T14 1 1 1 0 3 
T15 0 1 0 0 1 
T16 0 1 1 0 2 
T17 1 0 0 0 1 
T18 1 1 0 0 2 
T19 1 0 0 0 1 
T20 1 0 0 0 1 
T21 0 1 0 0 1 
T22 0 1 1 1 3 
T23 1 1 0 0 2 
T24 0 1 0 1 2 
T25 0 1 1 1 3 
T26 1 1 0 1 3 
T27 1 1 0 0 2 
T28 1 1 0 0 2 
T29 1 1 0 0 2 
T30 1 1 0 0 2 
T31 1 0 0 0 1 
T32 0 0 0 0 0 
T33 1 1 0 0 2 
T34 1 1 0 0 2 
T35 1 1 0 0 2 

 



MESOCOSMS



LIFE BIOREST 
••• 

Deliverable n. 6 Action B1 
 

6 
 

The results showed that no theses scored 4 points (i.e., performed better than the control for 

all 4 classes), but several theses had 3, 2 or 1 points.  

These results were used to decide the composition of all 5 remaining mesocosms, focusing 

only on theses between 21 and 35 since we wanted to test always bacteria and fungi 

together. According to these elaborations, the mesocosms listed in Table 3 were then studied. 

Some modifications according to the results were made: for example T32 composition is 

exactly the same composition of T22, with the addition of chemical biosurfactants. 

Interestingly, ranking results gave the highest score (3) to T22, and the lowest (0) to T32. This 

may be due to an effect of the biosurfactant that makes the pollutants more bioavailable, 

and thus increase the total concentration still at 60 days. For this reason, we decided to test 

any way T32 in the mesocosms despite of the low ranking.  

 

Table 3. Composition of the mesocosms studied  

Mesocosms 
theses 

Corresponding 
microcosms 

Composition 

A 22 219 + 15 + 304 + 117 + 127 +299 + EC77 + B11 + CP7 + P37 

B 32 219 + 15 + 304 + 117 + 127 +299 + EC77 + B11 + CP7 + P37 

C 27 304+117+307+308+299+148 + 06+EC31+CP122+EC77+B11+P37 

D 28+biosurfact 143 + 131 + 307 + 188 + 177 + 06+EC31+CP122+P29+EC30+EC101 

E 29 245 + 239 + 203+307 + 131 + 188 + 299 + B24+ EC101+EC77+P36+EC31 

F 35 203 + 274 + 177+51+148 + 299 + P29+EC30+03+B19+B20+B10 

 

 

2. Preparation of selected fungi and bacteria  
The growth of the selected microorganisms was optimized for the application to mesocosms 

and to field as described in the Deliverable B2.D1 The overall material which was produced 

by ACTY for the application to mesocosms is described in Table 4 (Fungi) and Table 5 

(Bacteria).   

MESOCOSMS SELECTION
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MESOCOSMS RESULTS



CONCLUSIONS

• Soils are immense reservoirs of microbial diversity, still
mostly unexplored

• Culturomics and molecular methods can be efficiently
coupled to exploit this diversity

• Final goal is to cultivate and produce the best strains:
screening methods are fundamental

• Recalcitrant molecules can be addressed (

• Promising results can be obtained by coupling PGPR and
degrading abilities, as well as different organisms (bacteria,
fungi and plants)
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