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Aim of this work

Taxonomic and functional characterization of microbial communities associated

with cultures of the marine calanoid copepod Acartia tonsa:
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Acartia tonsa: microbial hotspot
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Farming of
copepod bacteria
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Functionality of microbial communities associated to
A.tonsa carcasses

Newly formed carcasses

egradationl ‘ Protease activities
Remalins of carcasses

acteria
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- I Lipase activities
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poly(butylene succinate-co-butylene adipate)(PBSA)
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Methods

mem——)  Acartia tonsa colture

metabarcoding rDNA16S and
predictive functional profiling

Rearing conditions: _ [ Newiformes
v’ Filtered seawater-> 0,22 pm L adults (VGOR)
v’ Salinity->30 psu culture independent  “alive” Adults V| 7 seven-day
v’ Photoperiod= 14:10 h light: approach | adults (VGTR)
dark > "New formed
v Temperature-> 20+1 °C I Adults, artificially carcasses (CGOR)
induced death | Four-day carcasses
(CG4R)
(carcasses) .
Thirty-three-day
ISPRA 2 5 carcasses (CG33R)
Laboratory _ > .
colture i retlculatg Bacterial and fungal morphotype
monoalgal diet | isolation from PBSA
debris of
A.tonsa
culture dependent carcasses 5/14
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Results of Culture-independent approach
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Heatmap Phylum level

Results of culture-independent approach: Taxonomic profiling of
bacterial community
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Heatmap Family level
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Results of culture-independent approach: predictive functional
profiling of bacterial communities

Carboxylic-ester hydrolase
activities
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Results of culture-dependent approach: Vibrio sp.01
promotes the degradation of PBSA

R spectrum from non-inoculated granule IR spectrum from 82 days inoculated granule
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Results of culture-dependent approach: Vibrio sp.01
promotes the degradation of PBSA

R spectrum from non-inoculated granule IR spectrum from 82 days inoculated granule
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Results of culture-dependent approach: Cladosporium sp. 01
promotes the degradation of PBSA
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Results of culture-dependent approach: IR spectrum of
PBSA granule inoculated with Cladosporium sp.01

IR spectrum from non-inoculated granule IR spectrum from 27 days inoculated granule
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Results overview

v' «alive» adults—=> transient associations

Culture-independent —)

approach v’ Carcasses => stable associations and equidistribution

of contribution to the PBSA degradation

PBSA as the only l. Vibrio _sp.Ol% hydrolys_is of ester

re-dependent . hon source bonds in the surface regions of

approach — > PBSA

I1. Cladosporium sp.01-> hydrolysis of
ester bonds throughout PBSA and

reduction of PBSA granule mass. 13/14
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Conclusions and perspectives

Copepod B
=) Genome sequencing of bacterial and fungal
‘ Isolates.
nursery of microorganisms that show
tic activities of interest =) Set-up of petroleum-derived plastics experiments

egradation of biopolymers with =) Refining culture-dependent approaches

otential applications in the marine

environment =) Extend a culture-independent approaches to fungi 1414
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Acartia tonsa: life cycle overview

Adulti

Nauplii

Copepoditi

v' Adults stage 12 + 20 giorni (20°C)
v' Continous production of eggs
v/ Easy maintenance of the eggs at 4°C

4

Laboratory cultures




A.tonsa: Core microbiome
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Exoskeleton
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Marine feeding chain position and POM and DOM
realease during feeding of A.tonsa
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Slop‘py feeding
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« Metagenomic DNA « Metabarcoding of V4-V5 16S rDNA « Reads analysis—>

extraction

Sample QC
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‘g Samples

Sample Preparation

Library QC
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Library Construction

Culture-independent approach:
metabarcoding rDNA 16S and Predictive functional profiling

ASV

Data QC
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Sequencing
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Data Analysis

* Predictive
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Culture-dependent approach: isolation of bacterial and fungal
morphotypes that use PBSA as the only carbon source

Growth medium

P E_s
11 bacterial Minimal medium

morphotype

debris of A.tonsa
carcasses

PBSA as the only
carbon source

Minimal medium




Culture-dependent approach: Screening of carboxylic-ester hydrolase and
R analysis on inoculated PBSA

lipase activities of isolates and FITR-AT
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Rhinomonas reticulata cultures

Culture medium f2 (Guillard et al 1975)
Quantity (mg) Final

concentration to

1,0 | of culture

Mccronutrlents NaNO, 883

NoH ,PO*H,O 5 36,3

Micronutrients Na,EDTA* 4,36 11,7

FeCl;*6H,0" 3,15 11,7

CuSO,*5H,0 0,01 0,04

InSO,*7H,0O 0,022 0,08

CoCl,*6H,0 0,01 0,05

MnCl,*4H,0O 0,18 0.9

Na,MoO,*2H,0 0,006 0.03
e Vitamins Tiamin*HCI 0,1 /
v" Filtered seawater (0,45 pum) Biotin 5%104 /
v’ Sgérilization cycle with Sodium Hypochlorite B,, vitamin 5*10+4 /

and Sodium Thiosulphate
v Salinity (30 psu)
v Photoperiod: 14 h;10 light;dark
v Temperature= 20°C

Up to 1,0 | with the filtered seawater (0,22 pm




Filtration of the Egg and

Methods: Acartia tonsa culture maintainance

Naupliar stages

Beaker

Filtro con

maglia da
50 pm

Cnstalizzatore
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.
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% 8% o
Les =

Filtro con magliz
> 100 pm

| -

- Density of Rhinomonas

reticulata cultures= o 0575
27000 cells/ml g [

- Density of A.tonsa <1000
copepod/I of culture

Adulti

Monitoring the density of Rhinomonas
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reticulata cultures

Total Cells Counted
Cell concentrafion = —-=--meemmmeeeeeeeee x10.000
Number of squares

1

Total Cells Counted

Number of squares

Tolal Cells Counted
Cell concentration = ——-———-vereemeeeeeeeeeeee x4 x 104
Number of squares

Monitoring the developmental stages of A.tonsa




Metagenomics analysis

Raw sequences processed with Trimmomatic and FastQC to remove
sample barcodes and evaluate the goodness of the sequence

Denoising with DADAZ2, reads assembling, chimera check for both
Forward and Reverse sequences

Taxonomic assignment with RDP classifier and Greengenes codes for
bacterial taxa.



Predictive functional metagenomic
profiling>PICRUSt2

d ) A e mow \
| Reference tree and * | Tree of ASVs and | Gene family copy
multiple-sequence | Step 2: Place ASVs into reference sequences numbers per
alignment |  reference tree (EPA-NGand = | . | reference genome ]
\ GAPPA) \

a— — — —_— - - - S — — —_— -

Amplicon Sequence r 1 Step 3: Infer gene

, family copy numbers Nearest Sequenced Taxon
Variants (ASVs) or ‘ { ASV o

Operational o Aligned ASVs N — of ASVs (castor) I ndeX (NST I)
Taxonomic Units | 4

Step 1: Align ASVs to reference

sequences (HMMER |
b ( ) Step 4: Determine gene Predicted gene

family abundance per I content per ASV
sample |
— | Predicted sample ' O e
gene family profiles R
Predicted sample pes——
pathway abundances | e ASV abundances
P —
)
| Map of gene " Key:
Step 5: Infer pathway tamilies to pathways ' User Input
abundances (MinPath) | | et Do
L Ry S ~ = = = |ntermediate Input
e Final Qutput

«it is possible to predict the gene content of a non-annotated genome of which the 16S rDNA sequence is known starting
from the gene content of an annotated genome with the shortest phylogenetic distance»
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Culture-dependent approach: Isolation and identification of bacterial
morphotypes from debris of A.tonsa carcasses

1. gDNA extraction
2. ARDRA

ﬁ I 3. Amplification of 16S
)| |— rDNA -
w2 Sangersequencing > Vibrio sp.01

Bactenial cuitune P:':,fbi Prepartation of  ponifed DNA Cof‘xgﬂhq
is groan and harveskd g Cel extach Setom the cell eatnoet

A

N s RN

Not yet identified

Transfer in Agar Transfer in Agar plates
plates with Minimal with Minimal Medium
Medium (MM) (MM)

v'20°C carbon source vy 20°C

[ . | A
I v 20°C \/20°C]
v 48h v 48h
MYE MYE

7 bacterial

Debris of carcasses
(artificially induced death)

1000 mL E

v 42 days / PBSA as the only x‘/42 days Growth medium (MYE)

4 bacterial
| .~ morphotypes



Culture-dependent approach: Isolation and identification of fungal morphotypes

ebris of carcasses

natural death)
& v

from debris of A.tonsa carcasses
r rof -

= . £ .
s Pureowi
ncentnated
A

&rmu cultune Prebaration of  ponifeed DNA

frum the cell eatroct

is grown and hanvestd Cel extract

Transfer in Agar
plates with Minimal
Medium (MM)

v' 35 days f

v 20°C

PBSA film + MM

MM

v 20°C I
4 fungal v 13 days

morphotypes \ MYE

3. Sanger sequencing

Debris of carcasses
(artificially induced death)

1. gDNA extraction

ITS amplification p— =

» Cladosporium sp.01 =
: 100(?{—_-

Not yet identified

f PBSA film + MM
Transfer in Agar plates :

with Minimal Medium
(MM)

v 20 daysx
v 20°C
MM

v 20°C

v 13 days 1 fungal

MYE / morphotypes



» a-fp fold domain—-> catalytic triad = Ser-Glu-His

» Lid domain—> hydrophobic amminoacid residues—>
substrate adesion—> conformational change—>

exposure of the catalytic triad to the substrate

PBSA degradative mechanism
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Results




a-Diversity: Coverage e Hill index

Hill index s s
General equation =) 9p = (Zﬁ)
i=1
C S
Overage Hill-Shannon = ]im 9D o) 1p —exp —Zpi logp;
L q-1 i=1

Observd Taxa

(a)

ASV counts
modificato da (Roswell et al., 2021).

(b)
<the samples are normalized for the same
egree gf completeness and not for size»

(c)

Hill-Shannon messss) =2 2p 1
4 coverage ) °D /Zf=1pi2

L "' : -
* %+ ) Even community of 30 species
Prol A, ¢ Traditional Shannon: 3.4
i @ | Traditional Gini-Simpson: 0.97
g :_: X
] ' L
a i, =)
L e
s ~ .* 4 Even community of 20 species (33% decrease)
A« 7 % = | Traditional Shannon: 3.0 (12% decrease)
T = " | Traditional Gini-Simpson: 0.95 (2% decrease)

Even community of 10 species (67% decrease)
. Traditional Shannon: 2.3 (32% decrease)
g Traditional Gini-Simpson: 0.90 (7% decrease)

modified from (Roswell et al., 2021).

Shannon-Weiner



B-Diversity: Weighted UniFrac

UniFrac Phylogenetic PCoA: Principal Coordinate Analysis

distance
!-—II o g. -
amples
1 | Ii-s L g 2 s1 S2 S3 s4 ° »
r
I ‘-g g st o . .0 . P o ®
— @ 3
B L—m - m 2 s2| o047 0 .. .. » ;
9, —0 3 &
, ! [ [e] 5 - mo0 s3| 084 064 0
Oo §° sa| 0% 1 1 0
8 8 PCoA Axis 1
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UniFrac A; e B; = numero di sequenze nel ramo i per le comunita A e B
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Results of culture-independent approach:Predictive

functional profile of bacterial communities
Carbxylesterase (EC 3.1.1.1) Cutinase (EC 3.1.1.74)

;

B Proteobacteria : Burkholderiales/Comamonadaceae/Uncl. (18.99%)
i Firmicutes : Bacillaceae/Bacillus (8.43%)
Actinobacteriota : Nocardioidaceae/Nocardioides (6.8%) €——
Actinobacteriota : Micrococcales/Micrococcaceae/Uncl. (6.66%)
| Chloroflexi : Anaerolineaceae/UTCFX1 (3.82%)
Actinobacteriota : Streptomycetaceae/Streptomyces (3.53%) <4——
Chloroflexi : Roseiflexaceae/uncultured (2.7%)
Actinobacteriota : Geodermatophilaceae/Blastococcus (2.41%)
[ Myxococcota : Myxococcales/Myxococcaceae/Uncl. (2.19%)
Actinobacteriota : Propionibacteriales/Nocardioidaceae/Uncl. (2.19%)
Proteobacteria : Hyphomicrobiaceae/Hyphomicrobium (2.17%)
Chloroflexi : JG30-KF-CM45/JG30-KF-CM45 (2.07%)
Gemmatimonadota : Gemmatimonadaceae/uncultured (1.92%)
W0 Chloroflexi : Adb/A4b (1.88%)

Chloroflexi : Caldilineaceae/uncultured (1.83%)

Actinobacteriota : Propionibacteriaceae/Microlunatus (1.82%)

|l Chiorofiexi : Anaerolineaceae/uncultured (1.68%)
] Actinobacteriota : Nocardioidaceae/Kribbella (1.45%)
Actinobacteriota : Thermomonosporaceae/Actinocorallia (1.16%)
Actinobacteriota : lflumatobacteraceae/llumatobacter (1.09%)
Chloroflexi : uncultured/uncultured (1.01%)
Gemmatimonadota : Gemmatimonadales/Gemmatimonadaceae/Uncl. (0.96%)
(= Proteobacteria : Comamonadaceae/Ramlibacter (0.94%)
Firmicutes : Bacillales/Planococcaceae/Uncl. (0.93%)

|| Firmicutes : Selenomonadaceae/Selenomonas (0.86%)
Actinobacteriota : Actinobacteriota/Actinobacteria/Uncl./Uncl./Uncl. (0.86%)
Gemmatimonadota : Gemmatimonadaceae/Gemmatimonas (0.8%)

Proteobacteria : Marinomonadaceae/Marinomonas (62.23%) ¢——

Actinobacteriota : Mycobacteriaceae/Mycobacterium (32.74%) ¢——

Actinobacteriota : Streptomycetaceae/Streptomyces (1.63%)

Actinobacteriota : Micromonosporaceae/Actinoplanes (1.62%)

Actinobacteriota : Pseudonocardiaceae/Actinophytocola (0.53%)

Actinobacteriota : Nocardiaceae/Nocardia (0.5%)

Actinobacteriota : Cryptosporangiaceae/Cryptosporangium (0.33%)

Carboxylesterase
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[ Actinobacteriota : Pseudonocardiaceae/Amycolatopsis (0.23%)
I [ Chioroflexi : Anaerolineales/Anaerolineaceae/Uncl. (0.65%)
Chloroflexi : SBR1031/SBR1031 (0.61%)

I Proteobacteria : Hyphomicrobiaceae/Pedomicrobium (0.56%)

|| Actinobacteriota : Pseudonocardiaceae/Actinophytocola (0.54%)

|| Firmicutes : Staphylococcaceae/Staphylococcus (0.53%)

i Proteobacteria : TRA3-20/TRA3-20 (0.46%)
Proteobacteria : Rhodanobacteraceae/uncultured (0.46%)
Wl Firmicutes : Bacilli/Bacillales/Uncl./Uncl. (0.45%)

Actinobacteriota : Kineosporiaceae/Kineosporia (0.44%)

I Proteobacteria : Xanthomonadaceae/Stenotrophomonas (0.44%,)
Actinobacteriota : Sporichthyaceae/uncultured (0.43%)
Chloroflexi : SJIA-15/SJA-15 (0.41%)

Actinobacteriota : Nocardiaceae/Rhodococcus (0.14%)

NA : d__Bacteria/Uncl./Uncl./Uncl./Uncl./Uncl. (0.07%)

Actinobacteriota : Pseudonocardiaceae/Kibdelosporangium (0.01%)

|

Cutinase
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|| Firmicutes : Peptostreptococcales-Tissierellales/Peptostreptococcaceae/Uncl. (0.4%)
o s A 4
o~ O
Q000
0O >0 >
Fescore Z-score

3 l

4
4
)

‘N

°
v



Results of culture-independent approach:Predictive functional profile
of bacterial communities
’—r‘-‘—lﬂ Triacilglycerol lipase (EC 3.1.1.3)

|| I Proteobacteria : Pseudomonadaceae/Pseudomonas (19.76%)
- . Proteobacteria : Marinomonadaceae/Marinomonas (15.25%)
| | Proteobacteria : Alteromonadaceae/Alteromonas (7.79%)
= Il Proteobacteria : Moraxellaceae/Acinetobacter (7.66%)
" Proteobacteria : Sphingomonadaceae/Sphingorhabdus (6.63%)
[0 Firmicutes : Bacillaceae/Bacillus (3.64%)
IS B Proteobacteria : Burkholderiales/Comamonadaceae/Uncl. (3.55%)
" Proteobacteria : Oxalobacteraceae/Massilia (2.95%)
Proteobacteria : Marinobacteraceae/Marinobacter (2.81%)
B8 Cyanobacteria : Cyanobiaceae/Cyanobium_PCC-6307 (2.64%)
8 Proteobacteria : Comamonadaceae/Hydro%enophaga (2.62%)
Actinobacteriota : Mycobacteriaceae/Mycobacterium (2.46%)
B Proteobacteria : Vibrionaceae/Vibrio (2.39%)
[0 Planctomycetota : Pirellulaceae/Rhodopirellula (1.51%)
L} Proteobacteria : Cellvibrionaceae/Marinagarivorans (1.44%)
Proteobacteria : Oleiphilaceae/Oleiphilus (1.39%)
Cyanobacteria : Phormidiaceae/Tychonema_CCAP_1459-11B (1.37%)
Proteobacteria : Aeromonadaceae/Aeromonas (1.01%)
Myxococcota : Blrii41/Blrii41 (0.81%)
"0 Proteobacteria : Oxalobacteraceae/Duganella (0.81%)
I8 Actinobacteriota : Thermomonosporaceae/Actinocorallia (0.72%)
I Actinobacteriota : Micromonosporales/Micromonosporaceae/Uncl. (0.65%)
I Proteobacteria : Comamonadaceae/Ramlibacter (0.58%)
[0 Actinobacteriota : Streptomycetaceae/Streptomyces (0.44%)
B Proteobacteria : Comamonadaceae/Rhizobacter (0.34%)
Planctomycetota : Pirellulaceae/Blastopirellula (0.33%)
I Proteobacteria : Alcanivoracaceael/Alcanivorax (0.33%)
I Proteobacteria : Pseudohongiellaceae/Pseudohongiella (0.32%)
[ Cyanobacteria : Coleofasciculaceae/Microcoleus PCC-7113 (0.32%)
Actinobacteriota : Nocardiaceae/Nocardia (0.3%)
= Firmicutes : Staphylococcaceae/Staphylococcus (0.3%)
Il Proteobacteria : Sphingomonadaceae/Sphingomonas (0.27%)
[ Myxococcota : Polyangiaceae/Sorangium (0.27%)
[N Actinobacteriota : Thermomonosporaceae/Actinomadura (0.26%)
Myxococcota : Polyangiales/Polyangiaceae/Uncl. (0.26%)
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Triacylglycerol lipase

Bl | Proteobacteria : Porticoccaceae/Porticoccus (0.25%)
I Proteobacteria : Xanthomonadaceae/Arenimonas (0.23%)
[ Actinobacteriota : Propionibacteriaceae/Cutibacterium (0.23%)
0 Verrucomicrobiota : Rubritaleaceae/Luteolibacter (0.23%)
[ W Cyanobacteria : Coleofasciculaceae/Microcoleus_SAG_1449-1a (0.22%)
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Results of culture-independent approach: unstratified ANCOM-BC with carboxyl-ester
hydrolase activities of bacterial communities

Carboxylesterase differential abundance

s '
. .

S
Log10 fold change

Group . cG33 . VG7




IR spectrum of the superficial regions of
PBSA granule and second derivative
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Carbonyl index=A/B
(carbonyl index= Peak intensity at 1715 cm-t/ Peak intensity at 1473 cm?)
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In progress: PBSA degradation-> in vivo
experiments

Inoculated with
Cladosporium sp.01
(with fungal biomass)

[ Inoculated with
— Cladosporium sp.01
=3 (without fungal
=3 biomass)
— 2
— d
B
i Uninoculated PBSA




