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Mammals Humans
Vascular

 Oldest organisms on Earth

Origin of Earth

* Unicellular, prokaryotic, small

Origin of
cellular life

* Highest surface/volume ratio
 Highest diversity on Earth

Algal

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

oxygenated | Origin of
cyanobacteria

* Infinite and constant adaptation to new
conditions (xenobiosis is hence a

momentary condition) wor, [ Bacteria
I | + Archaea
 All possible metabolisms are represented
|n baCterIa Eukarya
: 3 2 1' 0

Brock Biology of Microorganisms 13t edition - © Pearson
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I. Properties of all cells

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.

Cell
Environment

BACTERIA

Growth

Chemicals from the
environment are turned
into new cells under

the genetic direction

of preexisting cells.

& Tod® 18

Evolution

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

Distinct
Ancestral W species

@

f > Distinct
species

I1. Properties of some cells

Motility
Some cells are capable of self-propulsion.

Differentiation

Some cells can form

new cell structures such
as a spore, usually as part
of a cellular life cycle.

Spore

Brock Biology of Microorganisms 13t edition - © Pearson

Communication

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

Energy conservation:

ADP + P, mmmp ATP

Metabolism: generation
of precursors of macro-
molecules (sugars, amino
acids, fatty acids, etc.)

Enzymes: metabolic catalysts

Translation

Q OQQ @ Proteins

< . v/ < . V

Brock Biology of Microorganisms 13t edition - © Pearson

BACTERIA

/ Energy Sources \

Chemicals Light
Chemotrophy Phototrophy
Organic / \ Inorganic
chemicals chemicals
(glucose, acetate, etc.) (H,, H,S, Fe?*, NH,*, etc.)
Chemoorganotrophs = Chemolithotrophs Phototrophs
(glucose + O,=—>CO, + H,0) (Ho+ Oy, = H,0) (light)

| | |

ATP ATP ATP
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Processes depending on direct or indirect MO
. P g How many they are?

activity

OM decomposition

Nutrients cycling

Nutrients release

Atmospheric N,
fixation

microbial biomass in 1ha of soils
= a cow!

Suppresions of plants
diseases

Up to 1 milion of species in a gram
of soil

Soil structure

Pollutants degradation and a

mitigation

Sink and source of GHG



UNIVERSITA
CATTOLICA THE GREAT PLATE COUNT ANOMALY

del Sacro Cuore

* Most soil microorganism are not cultivable

* We can address this “unculturable majority with
molecular methods

* Next generation sequencing methods are giving
us the possibility to "virtually” analyse all
microorganisms that are present in a given
environmen
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lsoil Whuman © ocean Hgut «freshwater " plants © other
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Number of sequences

RDP (http://rdp.cme.msu.edu/) database query among
Tamames et al. BMC Microbiology 2010, 10:85 1727996 (bacteria) and 73354 (archea) total sequences

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



Acidobacteria
Firmicutes
Bacteroidetes
Actinobacteria
Chloroflexi
Gemmatimonadates
Nitrospira
Planctomycetes
Proteobacteria
Verrucomicrobia
Cyanobacteria

Unclassified

% ETl\{E)Rﬁ I(EA\ PROKARYOTIC DIVERSITY IN SOILS: WHO IS THERE?
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Bacteria

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.
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Geological Time (not to scale)

[ —
ﬂOﬁgin of life on earth ﬂ ﬂprosonl time ﬂ Future
* Increase In population, Introduction of Application of l
e Environment ri * Scarcity of carbon xenobiotics to environmenta
€ o rind and energy sources. environment biotechnology
in carbon and oy
energy sources.
* Less population [::) H :> ﬁ :> H
of life forms. '
H Competition for carbon Exposure of bacteria Efficient
and energy sources to xenobiotics microorganisms

v v

Evolution of bacterial Evoiution of bacterial
behavioral responses o behavioral responses 1o
naturally occuring carbon xenobiotics (environmental Enhanced degradation
No behavioral and energy sources. poliutants) along with capabilities reinforced with
response. degradation capabilities. chemotactic properties for
* Agrolaxis * Hydrocarbons efficient degradation of
« Pholotaxis : xenobiotic compounds.
« Chemotaxis * Chioroaromatics
* Others * Nitroaromatics

Pandei & Jain Bacterial chemotaxis towards environmental pollutants: role in bioremediation. AEM 68, 5789-5795 (2003)
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Tabie d

Degrading activity of some simple bacrena, and (n maixture [ 1121
Organnm FAN degradation (1), standard devastion it i < 35X

Naphthalene  Acenapitdhene Fuorene  Aathracene  Pyrene

Patusomonas sp 155 30 A 254 a3
PN noporas sasguiness 118 70 175 156 44
Cornakax wrsicokre 2TA 20 230 224 &80
Mrorodis oxtrectss 294 JUh 2006 190 20
Fomttopsis polusims 195 75 0 N7 7.
Doedoleo elegans 353 58 59 A 2%
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Librrando and Pappalrardo In silico bioremediation of PAHSs: a frontier in environmental chemistry J of Molecular Graphics and Modelling 44, 1-8 (2013)
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Y, dcwl Sacro Cuo& MICROBIOLOGY STUDIES

Soil/rhizosphere

Nucleotides
Isolation extraction

DNA
Culturable strains /.1/" RNA
+ PCR methods RT-PCR
(DGGE, NGS, RT- DNA-microarrays
Bioremediation PCR) RNA-Seq
PGPB - Pirect sequencing metatranscriptomics
Bioproducts 1 1

Biodiversity Abundance of Expression of
gene of interest genes of interest

N

Cultivation-dependent Cultivation-independent
(<6% of species)
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Nadeem et al. (2013) Plant-microbe interactions for sustainable agriculture. DOI: 10.1007/978-81-322-1287-4 2
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e 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?

* |Isthere still space for research?
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Enrichment, selection and screening of
degrading bacteria: results of the LIFE-
BIOREST project
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N

Most frequently applied remediation techniques for contaminated soil

0% 10 % 20 % 30 % 40 % S0 % 60 % 70% 80 % 90 % 100%

¥ In Situ Biological Treatment M In Situ Physical / Chemical Treatment

¥ In Situ Thermal Treatment Ex Situ / Off site Biological Treatment (excavation)

W Ex Situ / Off site Physical / Chemical Treatment (excavation) B Ex SitwOff site Thermal Treatment (excavation)
Ex Situ treatment (excavation) W Other soil Treatment (incl. excavation & disposal)
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LIFE BIOREST proposes an biological method for in loco remediation of
hydrocarbons contaminated soils.

Revegetate Return the
Decotaminate and Restore remediated

polluted soil ecological soil to a public
function use

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

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

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

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

Fidenza, Emilia Romagna

The experiments will be held at the Carbochimica industrial area,
the national interest site (Sin) of Fidenza.

cortaratone % - 48 -Bn
, cirteearone 8- 15m

W22 b LR .,{,.:-f-- i contambesore s+ 6 m

@ wowmvnncs

) ! CTUTIRO B Vel

LIFE15 ENV/IT/000396
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g

Implemetation action

Optimized soil
bioremediation by
selected
degrdating strains

ACTION B1

Monitoring action

LIFE15 ENV/IT/000396
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Polluted soil from Fidenza

4

Isolation and enrichment of degrading bacteria

4

Dereplication and molecular identification of isolates

4

Microtiter screening to quantify degrading
efficiencies and select best isolates

4

Testing of best isolates and consortia on 100 g microcosms

4

Testing of best consortia on 15 kg mesocosms

4

Testing of best consortium at biopile level

CATTOLICA LIFE-BIOREST SCHEME AND NUMBERS

4 different soils sampled,
3 different depths

192 strains

133 strains (20 pathogens)

113 strains X 6 pollutants
=798 measurements

35 microcosms X 2 replicates

6 mesocosms X 3 replicates

350 m3 of soil treated



A% UNIVERSITA
| CATTOLICA ENRICHMENTS - A MOLECULAR FOCUS

del Sacro Cuore

— METHODS

Culturomics

* Plating of last
enrichments

» Identification and
screening of bacterial
and fungal strains

Metagenomics
] — « DNA extraction

sampling enrichments

« PCR of 16S V3-V4
regions

* lllumina 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)



UNIVERSITA Enrichment Liquid Cultures

CATTOLICA to favor development of microbial community capable of
del Sacro Cuore tolerating and degrading specific single contaminant

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

BENZENE PARAFFIN OIL
k) _’m

28 bacterial 55 bacterial 9 bacterial isolates

isolates isolates
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28 bacterial isolates

Soil -3

PARAFFIN OIL

E )

28
18

25%

ENRICHMENTS

55 bacterial isolates

12
14

16%

O N O

(65}

10%

CRUDE OIL
‘ ;" ;“ -

9 bacterial isolates

Phe Pa (o) total
15 15 4 81
12 34 9 93

7 14 1 45

15% 29% 7% s



UNIVERSITA
CATTOLICA EVOLUTION OF BACTERIAL COMMUNITIES

del Sacro Cuore

AR e
AN

| )
I
| &
;'..
3

SReas

-

1
NS VNN
Tt
.

ssssTab e
X o

-

-

L SR Sk At A
4=t - 2 B BA A2 £10 »O vt ate 000 s TN

MI Il l | l liall ||H

B Fnocooooows B Azospeum B Trauen
r T 1 N Owbecter B Sphrgobiem B Acnetobacte
T Bacn B Actvomobecter B Prevsomoras
04 03 02 o1 0.0 B Agrebacterniom B Cuprwnchn B Pesudounhomonss
B Xanthobacter B Nethyiownatiy ol

Spini et al. Molecular and microbiological insights on the enrichment procedures for the isolation of petroleum degrading strains... Frontiers in Mic 2018



)

344t
samge

;

Muuuu.._.n -

L.

petroleum degrading strains... Frontiers in Mic 2018

MM mmmmmuaauumammmmmMmmmmmmmmmmmmummmmmmwmmmmuumm

EEmCNERENNN AR EE N RRE NN NN NN R R
mma..mmm..mw:z.,,%mﬂm.ﬂmMmgaa_a_,_,%%%aza«.zz._n

i

EVOLUTION OF FUNGAL COMMUNITIES

00

01

05

UNIVERSITA
CATTOLICA
del Sacro Cuore

.
02
Spini et al. Molecular and microbiological insights on the enrichment procedures for the isolatio
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Constrained Variance 36.1 %
model P= 0.001
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Constrained Variance 8.3 %
model P= 0.002
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Constrained Variance 6.1 %
model P= 0.002
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TABLE 2 | Relative abundances of bacterial genera determined by lllumina sequencing of 16S amplicns or by isolation on selective media; the comparison was
performed at the end of the enrichment (step IlI).

Bacterial genus 16S lllumina 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 417 2.50 0.24 nd nd nd
Bacillus 0.11 0.09 0.09 7.7 8.9 nd
Cellulosimicrobium 0.08 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 1.28 0.77 1.42 7.7 2.2 8.7

Data are expressed as percentages (among 10,065 sequences for lllumina data, among 96 strains for isolates).
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TABLE 3 | Relative abundances of fungal genera as determined by lllumina sequencing of 16S PCR of amplicons or by isolation on selective media; the comparison was
performed at the end of the enrichment (step |ll).

Fungal genus ITS lllumina 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 8.6 138.0 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 lllumina data, among 94 strains for isolates).



UNIVERSITA Molecular characterization by RAPD

CATTOLICA (Random Amplification of Polimorphic DNA)
o to discard replicates of the same bacterial isolate

Solid Screening

Enrichment liquid
cultures

s 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 l

from solid screening 65 UNIQUE ISOLATES
from ligquid enrichment



g T— Taxonomical Identification of the
CATTOLICA bacterial strains
Ao cuore by 16S rDNA gene sequencing
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Figure. P1-P6 PCR products visualized on

agarose gel (expected length 1500bp) — acidaminiphita
cPra Bacillus xiamenentis
criam Setgube e

Stenotrophomonas

4% Pseudomonas
Acinetobacter 31%

5%

Stenotrophomonas

A’ .
Serratia

Genera %

* Pseudomonas
* Bacillus/Paenibacillus
Pantoea
* Sphingobacterium 1%

Bacillus
9%

n° 20 pathogen bacteria were . Pseudoxanthomonas Stenotrophomanas
dls.car.ded (at.:corf:llng to the - * EnterObaCter AChrO’;;baCter Pseudoxanthomonas Paeniboacillus
italian legislation, Dr.L e Acinetobact 3% sohingobacterium
81/2008) cinetobacter 9%

Cupriavidus
2%



EATTOLICA 96-wells Microplate Screening

del Sacro Cuore to evaluate the degradative capacity of each isolate

[\ Each bacterial TO DATE

6 tested substrates isolate

20 isolates are still under analysis

0,3
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96-wells Microplate Screening

to evaluate the degradative capacity of each isolate

Isolate ID Genus/Species Isolation approach Isol(ao;c:l)on 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 (++4) Naphtalene (++)
EC34 Pseudoxanthomonas mexicanaenrichment culture  30°C Naphtalene (++4) Benzene (++) Paraffin (+)
o7 Pseudomonas putida solid screening 24°C Paraffin (+)
06 Pseudomonas putida solid screening 24°C Paraffin (+)
02 Pseudomonas sp. solid screening 24°C Paraffin (+)
EC52 Sphingobacterium sp. enrichment culture  30°C Benzene (++4) 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 (+)
ECA7 Pseudomonas fluorescens  enrichment culture  30°C Paraffin (++)
EC103 Serratia marcescens enrichment culture  30°C Benzene (++4) Naphtalene (+) Paraffin (++)
EC80 Bacillus subtilis enrichment culture  30°C Benzene (++) Paraffin (++)
P31 Agrobacterium sp. SCAU68%  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 (+) Phenanthreng (++) Paraffin (++)
05 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 *k Phenanthreng¢  (++)
P27 Pseudomonas putida solid screening 24°C Paraffin (+++4) Phenanthreng (+)
P30 Pseudomonas chlororaphis solid screening 24°C Paraffin (++++)
P28 Pseudomonas putida solid screening 24°C Paraffin (++4)
P29 Acinetobacter calcoaceticus solid screening 24°C Paraffin (++4)
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%
(**) 8
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g%ll'yrE)RLSl Igﬁ Screening of isolates capable of producing biosurfactants or redox

del Sacro Cuore enzymes:

< Colorimetric tests using redox dyes (ABTS, Poly R478)

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




UNIVERSITA
CATTOLICA MICROCOSMS SELECTION

del Sacro Cuore

-
-
o
S
<
-
L J
-




UNIVERSITA
CATTOLICA

del Sacro Cuore

MICROCOSMS SELECTION

Micro
cosm/ strains Rationale
thesis
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
E 6 03 good pyr degrader (isolated from oil)
7 O3+P34-24 good pyr degrader + biosurf (bioavailability issue)
8 06 degrader isolated from oll
9 EC31 versatile on different pollutants
10 CP122 versatile on different pollutants
11 127 first best fungus
12 71 second best fungus
13 299 third best fungus
14 127 + 71 + 299 3 best fungi
S 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 ggggg;ﬂe best tens, different growth, biosurfactant
19 304 + 117 + 307 + 308 isolated from oil
20 304+ 117+ 307 + 308 + 127 isolated from oil + basidiomycete




Microcosm/thesis

strains

Rationale

fungi+bacteria

127+ 71 +299 +EC77 +B11 + CP7 +

fungi+bacteria
+biosurfactant

21 +P37 3 best fungi and bacteria
219+ 15+ 304 + 117 + 127 +299 + .
22 EC77 + B11 + CP7 + P37 T17 + 3 best bacteria
23 304+ 117+ 03+ 06 isolated from oil
24 304+ 117+ O3 + 06 + 127 + 299 isolated from oil +
basidiomycete
those that seem to grow on
25 304 + 51 + 299 + CP7 + EC77 + P37 soil + basidiomycete + best
bacteria
best fungi and bacteria
219+15+304+117+148+ .
26 06+EC31+CP122+ CP7+ECT7 Oc;corldng to 20d data of
microcosms
best fungi and bacteria
. 304+117+307+308+299+148 + %f;‘;g@%lf é()e‘;dom of
06+EC31+CP122+EC77+B11+P37 . .
biosurfactant bacterial
producers
fungi with high growth in
08 143+ 131 +307+188+ 177 + microplate + best bacteria in
06+EC31+CP122+P29+EC30+EC101 microcosm+ alkanes
bacterial degraders
fungiisolated in enrich +
29 245 + 239 + 203+307 + 131 + 188 + 299  pyr/phe growing fungi +
+ B24+ EC101+EC77+P36+EC31 versatile bacteria on different
pollutants
pyr or phe or alkanes growing
30 203 + 274+ 177+51+148 + 299 + fungi + basidiomycete +
P29+EC30+03+B19+B20+B10 pyr/phe and alkanes
bacteria degraders
31 Thesis 21 + biosurfactants Th§5|s 2]. i b.'.OSL.JrfOCTOm
(bioavailability issue)
32 Thesis 22 + biosurfactants Th§5|s 22. * Igpsgrfoc’ron’r
(bioavailability issue)
33 Thesis 26+ biosurfactants Th§5|s 26.+ b!qu.rfocTonT
(bioavailability issue)
34 Thesis 27+ biosurfactants Thems 27.+ bfc.)su.rfoc’ronfs
(bioavailability issue)
35 Thesis 29+ biosurfactants Thesis 29+ biosurfactants

(bioavailability issue)
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MESOCOSMS SELECTION

Mesocosms Corresponding Composition

theses microcosms

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+EC3]1
F 35 203 + 274 + 177+51+148 + 299 + P29+EC30+03+B19+B20+B10
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o -F%(TQ%O)
-
; Alkanes C>12
D
Cabl
C
B
A
20,0% 0,0%  200% 40,0% 60,0% 80,0% 100,0'  0,0% 20,0% 40,0% 60,0% 80,0% 100,0%

| | -0%(T90-TO)
5-6 rings PAHs

0,0% 20,0% 40,0% 60,0% 80,0% 100,0% » 0,0% 20,0% 40,0% 60,0% 80,0% 100,0%
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del Sacro Cuore

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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