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Abstract :

Microplastics (<5 mm) exhibit intrinsic features such as density, hydrophobic surface, or high
surface/volume ratio, that are known to promote microbial colonization and biofilm formation in marine
ecosystems. Yet, a relatively low number of studies have investigated the nature of microplastic
associated bacterial communities in coastal ecosystems and the potential factors influencing their
composition and structure. Here, we characterized microplastics collected in the Bay of Brest by manual
sorting followed by Raman spectroscopy and studied their associated bacterial assemblages using 16S
amplicon high-throughput sequencing. Our methodology allowed discriminating polymer type
(polyethylene, polypropylene and polystyrene) within small size ranges (0.3—-1 vs. 1-2 vs. 2-5mm) of
microplastics collected. Data showed high species richness and diversity on microplastics compared to
surrounding seawater samples encompassing both free living and particle attached bacteria. Even
though a high proportion of operational taxonomic units (OTU; 94 £4%) was shared among all plastic
polymers, polystyrene fragments exhibited distinct bacterial assemblages as compared to polyethylene
and polypropylene samples. No effect of microplastic size was revealed regardless of polymer type, site
and date of collection. The Vibrio genus was commonly detected in the microplastic fraction and specific
PCR were performed to determine the presence of potentially pathogenic Vibrio strains (namely
V. aestuarianus and the V. splendidus polyphyletic group). V. splendidus related species harboring
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putative oyster pathogens were detected on most microplastic pools (77%) emphasizing the need of
further research to understand the role of microplastics on pathogen population transport and ultimate
disease emergence.

Graphical abstract

Microplastics in coastal ecosystem:
high bacterial species richness and
diversity

.

Highlights

» Study of marine microplastic bacterial communities using next-generation sequencing. » High
species richness and diversity was observed on microplastics. » No effect of microplastic size was
shown on alpha and beta diversities. » Polystyrene showed different bacterial communities than
polyethylene and propylene. » Vibrios harboring putative oyster pathogens were detected on most
microplastics.
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I ntroduction

Plastic debris, and notably microplastics (defimasdplastic particles < 5mm (Arthur et al.,
2009) contaminate the worldwide marine ecosystearkgen et al., 2014; Lusher, 2015;
Sebille et al., 2015) leading to increased concabwuit their ecological impacts (Rochman,
2016). Owing to their global distribution and smsilte, microplastics are efficiently ingested
by a wide range of marine organisms, from zooplamKCole et al., 2011) to mollusks (Van
Cauwenberghe and Janssen, 2014), fishes (Foekeaha 2013) and even marine mammals
(Fossi et al., 2012) making their way into all marfood chains and posing a critical threat to
marine organisms. Besides direct physical impaptsnumicroplastics ingestion (Wright et
al., 2013) and indirect toxicity related to theewde of chemicals carried by microplastics
(plasticizers, pigments, monomers, adsorbed paoiisfa(Koelmans et al., 2014, 2016),
concerns are raising regarding the potential faroplastics to represent new substrates for
microorganisms, especially harmful and pathogeniesgKirstein et al., 2016; Lusher, 2015;
Maso et al., 2003).

The first mention of plastic debris being colonisggdmicroorganisms (for instance diatoms
and bacteria) was done by Carpenter et al. (194&)the past decade several field studies
have demonstrated that plastic debris and microggaepresent a novel substrate for habitat
and transport of a wide range of marine organisidgcroplastic-associated rafting
communities were observed to be composed of maetioiceorganisms such as arthropods,
mollusks, bryozoans and cnidarians (Bryant et 2016; Goldstein et al., 2014) and
eukaryotic microorganisms such as dinoflagellatBatoms, invertebrate eggs and fungus
(Maso et al., 2003; Oberbeckmann et al., 2014; fReist al., 2014); thus raising question
about the transfer of potentially invasive raftitaxa to pristine ecosystems (Galgani et al.,
2013). Dispersal of non-indigenous species throaiiichment to natural substrate (wood,
vegetal, pumice) has been widely described (Jok@d0), however the buoyant, persistent
and ubiquitous nature of microplastics may sigaifity exacerbate the survival and long-
distance transport of various hitchhikers. A recexéample of this enhanced dispersal of
organisms by plastic debris is the identificatioh nearly 300 Japanese species (mainly
invertebrate) that reached the U.S. Pacific Nor8ivahores as a consequence of the 2011
East Japan earthquake and tsunami. Interestinglgt epecies were attached to the remains
of manmade debris primarily composed by plasticarl(Gn et al., 2017). Colonization of
plastic debris and microplastics by prokaryotesdlas been shown in various environments

from freshwater to seawater, marine sediments &adhes (reviewed in Oberbeckmann et
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al., 2015). All these studies demonstrated a higersity and richness of microorganisms
colonizing microplastics, constituting a unique marenvironment called the “Plastisphere”
(Zettler et al., 2013). In addition, bacterial féies harboring well-known human, fish and
shellfish pathogenic strains (Vibrionaceae, Canipgtberaceae, Flavobacteriaceae and
Aeromonadaceae) have been regularly detected omoptastics (Dussud et al., 2018;
Kirstein et al., 2016; Schmidt et al., 2014; Virsekal., 2017; Zettler et al., 2013). As a
consequence, more research to understand the tepgtiaral patterns of plastic colonizing
microorganisms and the ecological risks for magoesystems, food safety and public health
is needed (GESAMP, 2016; Harrison et al., 2011 w&es et al., 2016).

The aim of the present study was to investigatgaplastic-associated bacterial communities
collected in the coastal ecosystem of the bay esBBrittany, France). The bay of Brest was
recently studied for microplastic contaminatiore thean concentration was estimated around
0.24 floating microplastic.i dominated by polyethylene (PE), polypropylene (RiRj
polystyrene (PS) fragments (Frére et al., 2017}his study, floating microplastics collected
during two sampling surveys and at two stationshm bay were characterized by manual
sorting followed by Raman spectroscopy and assatidacterial communities were analyzed
using high-throughput 16S rRNA gene amplicon seqingrto investigate: (a) taxa associated
to microplastics and to the surrounding seawatepmpassing both free-living and particle
attached communities, and (b) the influence of plé/meric nature and size ranges of
microplastics (5-2 mm, 2-1 mm and 1-0.3 mm) on ¢teenposition and structure of the
bacterial communities. Because the ge¥isio was commonly detected on microplastics,
specific PCR were also performed to determine thesgnce / absence of potentially

pathogenid/ibrio strains (namely. aestuarianus and theV. splendidus polyphyletic group).
Material and methods
1. Samples collection

Sample collection was conducted in the bay of B{@sttany, France) during two sampling
surveys conducted on October™22015 and Decembef"92015. Two sites were sampled:
site A1 was located close to a recreational maimaan area subjected to intense
anthropogenic activities (48°22'41.06"N, 4°29'22\8), and site M1 was located in the
center of the bay (48°20'34.59"N, 4°30'6.29"W) imasea characterized by the occurrence of
a transitional vortex created by surface currenfiadd tide, concentrating floating debris

coming from the north and the south of the bayr@-gt al., 2017). Samples were collected at
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surface water using a Manta trawl (335 um mestianggilar net opening of 0.6 x 0.16 m)
and stored in sterilized glass jar on board. Thtees of surface seawater were also collected
at each sampling station and filtered through uB2 Sterivex filters in sterile conditions.
Filters were stored at -20 °C and used for subgedDBA extraction in order to assess both
free-living (FL) and particle-attached (PA) commiies present in seawater. Surface water
guality parameters were monitored within the scopthe SOMLIT (Service d’Observation
en Milieu LITtoral), the French Coastal Monitoringjetwork (http://somlit.epoc.u-

bordeauxl.fr/fr/) and are presented in supplemgnégdrie 1. The suspended particulate matter
(SPM) in the Bay of Brest is mainly composed by tpplankton (82%), river POM (10%)
and macro-algae (8%) (Liénart et al., 2017).

2. Samples processing

All collected microparticles were processed wittdd hours upon sample collection in
rigorous sterile conditions throughout their matepion with minimal freezing steps in order
to avoid DNA alteration, loss or contamination. Moological and chemical (Raman)
features were recorded prior to DNA extraction irdev to allow the clustering of

microplastics as a function of their polymer natwithin each size class.

Manual microparticles extraction was performed irdiagly upon return to the lab using
forceps and a dissecting microscope under steoigliions. All material (petri dish, filter,
forceps) was sterilized, and forceps were systeaatirinsed in 10 % chlorine solution and
milliQ water between manipulations of each partidiesually identified microplastic-like
particles were individually rinsed with sterile seder before being dried and shortly stored
in sterile WillCo-dish glass dishes at -20 °C prtor spectroscopy analysis. Microplastic
molecular composition was identified by Raman migpectroscopy using the method
developed by (Frére et al., 2016), adapted herealtlee need to maintain sterile conditions:
extracted particles were kept in closed sterilel@didish glass dishes exhibiting a top thin
glass slide (0.17 mm width) and spectroscopy apalygere realized through this glass slide.
Preliminary manipulations have ensured that the &asignal was not affected by the glass

slide (data not shown).

Microplastics were exclusively made of fragmentsl dhey were isolated based on their
collection date (October and December 2015), thampling site (A1 and M1) and their
polymer family (polyethylene (PE), polypropylenePjPand polystyrene (PS)) before being
pooled according to size range: 5-2 mm / 2-1 mr0/3Lmm. The pooling rate was adapted
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for each size class to ensure sufficient DNA qugiidr subsequent 16S amplicon sequencing
(especially for the lowest size class 0.3-1 mm)cakdingly, microplastic pools contained
n=20 particles in the 1 - 0.3 mm range, 8 for thednm range and 4 for the 5 — 2 mm range.
A total of one to five pools per polymer and sidass were processed according to the
available number of particles collected and ideedifoy Raman micro-spectrometry in each
category (Table 1). Pools were stored in 2 ml tat&€0°C prior to DNA extraction. Overall,
the bacterial communities were investigated onta @wf 47 pools of microplastics (MP) and

12 samples of seawater (0.22um Sterivex filterdainimg FL+PA bacteria).
3. DNA extraction

DNA extraction was performed (i) on the Raman ideat microplastics and (ii) directly on
the 0.22um filters used for seawater filtratione(section 1. Samples collection). Therefore
the communities revealed in the seawater fractiocompassed both free-living (FL) and
particle associated (PA) bacteria. DNA extractioasvadone using phenol chloroform: after
adding 800 ul of TNE buffer, 50 pl of SDS 10%, S0oftlauryl sarkosyl 10% and 50 pl of
proteinase K (20 mg.g-1) were added to each tubked were incubated at 55 °C for 2 hours
before being homogenized and transferred in tubetaming silica beads (Lysing Matrix B,
2 mL MP Biomedicals tube). Samples were then dewgeid at 11000 g for 3 min for
mechanical lysis. Aqueous phases were transferoectléan 2 ml tubes, 700 ul of
phenol:chloroform: isoamyl alcohol (25:24:1) wedglad and tubes were centrifuged at 8000
g for 10 min at room temperature. 700 pl of chlorof was added and tubes were centrifuged
at 8000 g for 10 min at room temperature. Aquedussps were transferred in clean 2 mi
tubes and DNA precipitation was realized with 1p0®f absolute ethanol by inversion (this
step was repeated 10 times) after which tubes wenifuged at 14000 g for 15 min at 4 °C.
Aqueous phases were eliminated, 500 pl of ethal®8b Avere added and tubes were
centrifuged at 14000 g for 10 min at 4 °C. Aquephsases were eliminated and pellets in
tube’s bottom were dried with a SpeedVac for 5 ati80 °C. 30 ul of ultrapure water were
added and tubes with DNA were stored at 4°C bedanplicon sequencing analysis. Samples

were further stored at -20°C prior to PCR analysis.
4. 16S amplicons sequencing

Bacterial community assemblages were determinetgusmplicons sequencing of the 16S
rRNA gene V4-V5 region according to (Huse et aD14£). We amplified the V4 - V5

hypervariable region of the bacterial 16S rRNA geseng a combination of the barcoded
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forward primer 518F (5’-CCAGCAGCYGCGGTAAN-3) andraix of three indexed reverse
primer 926R (5-TGARTTTNCTTAACTGCC-3’; 5-TGAGTTTCTTAACTGCC-3’; 5'-
TNAGTTTCCTTA TCTGCC-3' in 8:1:1 ratio respectivelyThe following PCR conditions
were used: initial denaturation of thirty cycles9dfC for 3 min, 94 °C for 30 sec, 58 °C for
45 sec, 72 °C for 1 min following by 72 °C for 2mand 4 °C at infinite. PCR products were
purified with the Agencourt AMPure XP kit. Due tbet presence of ca. 750 bp long
unspecific PCR products, we quantified PCR prodiicthe expected size (ca. 410 bp) on
bioanalyzer high-sensitivity chips (Agilent), toetihpool libraries in equimolecular quantities
based on these DNA concentrations. We finally reedounwanted PCR products by size
selecting the library pool on a BluePippin 300-Ffj0selection cassette (Sage biosciences).
Amplicon libraries were sequenced in a 2x250 bpgoaend format using the lllumina MiSeq
platform at the Josephine Bay Paul Center KecklifiagiMarine Biological Laboratory,
Woods Hole MA, U.S.A). Raw data were deposited be ifremer Sextant website
(http://dx.doi.org/10.12770/c210bfle-a55¢c-440f-888b1ef9a9d) and reads with metadata
are publicly available on the VAMPS portal (www.nvas.mbl.edu) under the project name
LQM_MPLA_Bv4v5.

5. Processing sequences

Data were demultiplexed and barcodes were trimmidthe reads by the sequencing
provider. Sequences were filtered, clustered amsigasd with the FROGS pipeline (Find
Rapidly OTU with Galaxy Solution) using the Galgpgtform (Escudié et al., 2017). Briefly,
paired-end reads were merged using Flash (1.2.ith)am overlap length of 90 pb and a
minimum length of 340 pb. Next, sequences wererélil using Cutadapt (1.7.1) to remove
primers and using UCHIME (v7) of USEARCH packagel (3) to remove chimeras (Edgar,
2010). Dereplication was used to group strictlynttal sequences using a homemade script.
SWARM (1.2.2) was used for clustering reads interaponal taxonomic units (OTU) with a
first run including an aggregation distance equallt (i.e. high OTU definition linear
complexity) and a second run with an aggregatistadce equal to 3 on the seeds of the first
SWARM quadratic complexity (Mahé et al., 2014). Regentative sequences were aligned
using NCBI Blast+ (2.2.29) with the database SILV23 (Camacho et al., 2009). Singletons
(that is, sequences found once in one sample ovdyg excluded after quality filtering and

global trimming for downstream analyses.

6. Polymerase chain reaction (PCR) analysis
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The detection oWVibrio splendidus andV. aestuarianus by real-time PCR was adapted from
previously published protocols (Saulnier et alQ202017) allowing the specific detection of
all bacteria fromV. splendidus polyphyletic group\{. lentus, V. cyclitrophicus, V. pomeroyi,

V. tasmaniensis, V. splendidus, V. kanaloae, V. gigantis andV. crassostreae), and the specific
detection ofV. aestuarianus strain. Threshold cycles (Ct), defined as the eyl which a
statistically significant increase in fluorescerm#put above background is detected, were
calculated automatically by the thermocycler sofawvaA valid run was defined as a run
exhibiting no amplification of the negative contanid amplification of the positive control
fulfilling the following requirements: differenceetween duplicated values must not exceed
0.5 Ct, and Ct value must be below 37. A samplededimed as positive when it exhibited an
exponential accumulation of fluorescence and aw@jcle threshold.

7. Data analysis and statistics

Venn diagrams were generated using the R packaggarvand Venn, respectively (R Core
team, 2015). For subsequent analyses of alphabeataddiversity, read counts were divided
by the total number of reads in each sample to emsgite for differential sequencing depth
per sample. Alpha diversity based on observed numob©TU, species richness, Shannon
and Simpson diversity indices were calculated fache sample type (microplastic and
seawater). Whenever one-way analysis of variancBIQ¥A) assumptions were met
(normality, heterogeneity of variances, outlietthle latter was used to assess the effect of
sample types on microbial diversity (Chambers et #092), and Tukey HSD (honest
significant difference) test was used for pairnesenparisons. Beta-diversity analyses were
done using the R packages ggplot2 and phyloseq (Mdi&l and Holmes, 2013). Bacterial
assemblages of microplastics (PE, PP and PS) asdanfater samples were represented by
mean relative percentage (+ standard deviation)amdpared using the Jaccard and Bray-
Curtis diversity indices. Results of distance nxatwere visualized using nonmetric
multidimensional scaling (nMDS). Statistical compan of bacterial communities between
sample types, stations and surveys was done byupational multivariate analysis of
variance (PERMANOVA) and the homogeneity of groujgpdrsions (variances) was
subsequently tested (PERMDISP). Both analyses penfermed using the R package Vegan
(Anderson, 2001). Finally, the potential present&wonomic groups (i.e., biomarkers) that
may explain the difference between bacterial comtiasin different sample was explored
with LEfSe (Segata et al., 2011) in the Galaxy feamrk. The linear discriminant analysis

(LDA) effect size allows identifying statisticallgignificant groups characterized by their
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degree of consistency in relative abundance togetlhih their effect relevance, in each
sample class (Segata et al., 2011). A p-value @ @uas set as the significance level for all

analyses.
Results and discussion
1. Microplastics and seawater shared a high proportion of taxa

After quality filtering and chimera checking of tiatial 21,660,493 reads, 8,055,314 reads
were retained (mean reads per sample = 136,53Qing from 34,984 to 324,667 reads in
samples MP004 (PE, 5 - 2 mm, station Al, Decemard) MP023 (PP, 1 - 0.3 mm, Al,
December), respectively. In total, high-quality sences were clustered into 1,548
operational taxonomic units (OTU) with 1,395 forasater samples and 1,540 for
microplastic samples. Microplastic and seawaterpt@snpresented rarefaction curves with a
stationary phase indicating sufficient depth ofusetring to account for most of the taxa
amplified in both microplastic and seawater matri@@ata not shown). The seawater samples
(encompassing both free-living (FL) and natural tipkr-attached (PA) bacteria) were
predominantly (around 84 %) composed of rare OTérdafter defined with a mean relative
abundance per sample < 0.01 %) whereas abundant @iEdn relative abundance per
sample > 1 %) were rare in all sample types (arcuf@). Microplastics and seawater shared
a high number of OTU: 78 + 4 % of the OTU recoraedmicroplastics were shared with
seawater; and 98 £+ 0.04 % of the OTU identified@awater were shared with microplastics
(Figure 2).

The high proportions of shared OTU between MP aeawster (FL+PA communities)

suggest that the local surrounding seawater haaylibrovided most of the bacterial

communities identified on collected microplastiCEhe local environment was already
suggested to serve as a bacterial source for @lasifilm organisms for plastic sheets
deployed in a coastal harbor (De Tender et al.7R0Ihe fraction of shared OTU between
microplastics and surrounding seawater was howewerh lower (3.5 to 8.6 %) in a study

conducted in the North Atlantic Ocean (Zettlerlet2013). The low proportion of suspended
matter in oligotrophic oceanic waters (as compdocedutrophic coastal waters studied here;
Supplementary table 1) could partly explain thi$edence as the fraction analyzed on 0.2um
sterivex filters may be different between the twadges, i.e. mostly composed by FL

communities in Zettler et al. (2013) vs. FL and @&fnmunities in our study.
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Microplastics presented a larger number of uniqd&@n = 335 £ 60 OTU; 10 to 25 % of
the total identified OTU) than seawater, exhibitfew unique OTU (n =27 + 1 OTU; 2 % of
the total identified OTU) (Figure 27 unique OTU is defined as an OTU exclusively found
in a single matrix (i.e. microplastic or seawates,opposed to a shared OTU that is detected
in both microplastics and seawater samples. Iniaghg, among the unique microplastic
OTU, 94 £ 4 % were shared between PE, PP and BI9).2ro 1.6 % were specific to each of
the three polymer families (Figure 2). Fractionsbbred OTU between polymers was higher
than the 30 to 40 % found between PE (n=3) andhBB)(in the study of Zettler et al. (2013),
which could be due to the microplastics life higtoipon their entrance in marine waters:
microplastics collected closed to the source dherbay of Brest and therefore more recently
colonized, may exhibit more uniform assemblageser@; the high proportion of shared
OTU among polymers observed here suggests a “@ajrbacteria characterizing the plastic
substrate, regardless of the polymer type, as tegan (Zettler et al., 2013).

2. High bacterial diversity isobserved on microplastics

For both surveys, microplastic bacterial commusitichness (number of observed OTU)
appeared significantly higher than the one of séawaacterial (FL+PA) community (p-value

= <0.001 and 0.006, respectively; Supplementarietal, consistent with previous studies
(Bryant et al., 2016; De Tender et al., 2015, 2@M&hroas et al., 2017; Dussud et al., 2018).
This likely reflects the colonization process andfibm formation, often characterized by

complex microbial competition and increased specamess (Datta et al., 2016; Jackson et
al., 2001). In October, microplastic bacterial conmities showed a significantly higher

number of observed OTUs and Shannon index thanaeawommunities (Supplementary

table 2), presumably due to the high proportiorrawé OTU on the plastic matrix. On the

opposite, no significant difference in evennesdlgeceed by the Shannon and Simpson
indexes) was observed between microplastics andaseain December. Among the three
polymer families (PE, PP and PS), no significaffedence in alpha-diversity was observed in
October in terms of species richness and evenngdle, PS collected in December showed a
significantly greater Shannon diversity index thia (p-value = 0.029) (Supplementary table
2).

To our knowledge very few studies have investigdtesl alpha-diversity of plastic debris
bacterial communities as a function of the polytype and no data is available for the small
microplastic size range we studied herein. The gmestudy is the first to attempt the

discrimination of potential differences in bactéaasemblages using metabarcoding in such

10
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low size classes (0.3-1mm; 1-2mm; 2-5mm) for thtiséinct polymers (PE, PP, PS) collected
in a coastal ecosystem. The difficulty of theselys®s relies on the need to efficiently
characterize the morphological and polymer natdirglastic particles down to a very small
size in a very short term and in sterile condititms&void bacterial community shift. This is
especially true for the lowest size class (0.3-1nfon)which DNA extraction on individual
particle did not provide enough material for sulsg 16S amplicon sequencing analyses
(data not shown), thus implying a pooling procedpex polymer type prior to DNA
extraction. In addition the DNA extraction is destive for microplastics due to the solvents
used, thus requiring that the polymer characteamanust be performed beforehand. Due to
these constraints most studies discriminated tHieeimce of polymer type using bigger
particles (mainly pellets), small subsamples, or tleir analysis in the whole microplastic
pool without necessarily discriminating the polynreature (Supplementary table 3). The
strength of the present study lays in the comparisiodifferent size classes and different
polymers in a relatively large sample set (n=464&raplastics) sampled in one coastal
ecosystem rich and diverse in terms of habitatsafbnd fauna, and at the center of many
human activities. The quantity of particles anatyzs well as the time required to process
samples remained also often unknown, while thesanpeters are crucial for the evaluation

of the protocol quality and representativenessiefsample size (Supplementary table 3).

No difference in bacterial species richness or eges was observed as a function of particle
size within the microplastic size range (300 pm4%,ndata not shown). For bigger plastic
debris, surface area was shown to determine thedalmge of fouling organisms (Fazey and
Ryan, 2016). For instance, higher bacterial andaeutic richness were observed on
mesoplatic sized PE (5mm-20cm) compared to 300um-Bmcroplastics primarily made of
PE (Debroas et al., 2017), presumably due to diffees in crystallinity and molecular weight
between meso- and microplastics PE.

3. Bacterial communities colonizing microplastics

3.1. Characterization of bacterial assemblagescolo microplastics

For both sampling surveys, the bacterial communiséructure were different between
microplastics and the surrounding seawater as ghdoyeseparate clustering in the nMDS
plot (Figure 3). This result was confirmed by dstal analyses using Bray-Curtis
(PERMANOVA, p-value = 0.001 for October and Deceml§8upplementary table 4) as well
as Jaccard similarity index (PERMANOVA, p-value D@L for October and December)
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(data not shown). Microplastics seemed to harbdfergint bacterial communities as
compared to seawater (FL+PA) in terms presencefabséut also in terms of relative
abundance of bacterial communities. Heterogeneity variances was also observed
(Supplementary table 5); however when the group whe largest dispersion also has the
largest sample number (as it is the case here duenbalanced sampling design) the
PERMANOVA test becomes quite conservative and thseoved significance differences can
be confidently considered robust (Anderson & Wabil 3). The outputs of the PERMDISP
analysis also showed differences between micraptaand seawater bacterial communities
both in terms of centroid location and data dispers(Supplementary figure 1A).
Differences between water and plastic associatettbal communities were demonstrated in
urban freshwater ecosystems (Hoellein et al., 28efCormick et al., 2014, 2016), in North
Atlantic and North Pacific oceans (Amaral-Zettleak, 2015; Debroas et al., 2017; Zettler et
al., 2013), in the North Sea (De Tender et al.,520ih the Western Mediterranean Basin
(Dussud et al., 2018) as well as for plastics iateth in coastal waters and sediments (De
Tender et al., 2017; Harrison et al., 2014; Obddmann et al., 2014). However, such
distinction cannot be rigorously ascertained inghesent study) because (i) a clear distinction
between FL and PA bacterial assemblages presenhencollected seawater was not
performed here and (i) a dilution effect may hawasked the relative importance of PA
communities. Indeed, collected seawater was fdtene 0.22 um filters which concentrated
both free-living (3 - 0.22 um) and particle-asstembbacterial communities (> 3 um), making
the discrimination of both fractions not possibiteaddition, even though the SOMLIT data
confirmed the presence of suspended organic antitydate matter (Particulate Organic
Carbon (POC) = 125-134 ug'lSuspended Particulate Matter (SPM) = 1.3-2.5 riyih
the seawater at the time of sampling (Supplemeritdrle 1) we cannot exclude a potential
dilution effect considering the difference betwdlea quantity of natural particle analyzed per
filter (estimated to 1.3 - 2.5 mg) and the quantifymicroplastic used for DNA extraction
(maximum mass estimated at 9.8 — 61.5 mg per podbl)s, an appropriate “particle” control,
well characterized in terms of particle matter ditgrand quality, and distinct from a “free-
living” control is lacking in the present study tmnfirm the specificity of microplastic
bacterial communities. For instance, Oberbeckmanal.e(2016) demonstrated that even
though PET bottles-attached bacterial communitiesewdistinct from free-living seawater
communities, they were similar to other types oftipk-associated or glass-attached
communities collected in the surrounding seawatéh(the exception of some unique OTU

identified on PET). However, investigations coneulcin a larger sample set of various PMD
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(n=72) at a large spatial scale (Western MediteaarBasin) provided contrasted results with
a significant distinction between FL, PA and PMiEaehed bacterial communities. Despite
the presence of a large proportion of OTUs beirlg & colonize indifferently PMD or PA,
and to subsequently free themselves (Dussud eR@l8) FL bacteria were dominated by
Alphaproteobacteria (mainly Pelagibacter sp.). Péctéria, on the other hand, were
dominated by Alphaproteobacteria (mainly Erythrdbacsp.) and Gammaproteobacteria
(mainly Alteromonas sp.) while PMD was predomingargblonised by Cyanobacteria and
Alphaproteobacteria. Plastic debris exhibiting eliéint bacterial communities than other
marine substrate was also demonstrated in prevgiudies conducted in freshwater
(McCormick et al., 2014). This was however not sseeily consistently observed when
comparing different type of hard substrates incigddlastic (Hoellein et al., 2014).

At the phylum level, bacterial communities of angple types (microplastics and seawater)
were dominated by Proteobacteria (60.72 + 5.41 Bayteroidetes (20.58 + 4.64 %) and

Cyanobacteria (9.09 = 7.40 %) representing majatdnal classes colonizing substrate in
marine ecosystems (Keswani et al. 2016). Microastere mainly colonized by Alpha- and

Gammaproteobacteria (17.67 = 5.28 % and 40.76 3 &4respectively), which were shown

to act as primary colonizers, and Flavobacteriaci®aidetes, 16.83 + 2.64 %)hich

appeared to act as secondary colonizers (Lee &08I18; Oberbeckmann et al., 2015).

At the family level, Flavobacteriaceae and Rhodtdraceae were identified in relatively
high abundance in all sample types (microplasticd seawater) with 16.06 + 1.23 % and
13.40 + 4.03 %, respectively. The families of Vdwaceae (9.88 + 8.27 %) and
Pseudoalteromonadaceae (8.24 * 6.95 %) were comgrfamid in microplastic samples but
rarely observed in seawater community encompadsitly FL and PA bacteria (Figure 4).
However,the low relative abundance of these families invegar could simply be due to a
dilution effect, despite the fact that these baatemay densely populate natural particles. .
Both Vibrionaceae and Pseudoalteromonadaceae ésmiliere similarly found on marine
plastic litter collected along the Belgian coastle/inarely observed in surrounding seawater
and sediments (De Tender et al.,, 2015). Very fevormation focusing on the
Pseudoalteromonadaceae family is available in theroplastic literature, while several
studies reported that the genBseudoalteromonas was previously detected on plastics
(Zettler et al., 2013) or as a dominant genus oi B&ttles (Oberbeckmann et al., 2014,
2016). This genus is known as a hydrocarbon degi@dae et al., 2009) and has often been
observed associated with marine algae.
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At the genus level.itoreibacter andVibrio were commonly detected on microplastics, while
Candidatus Actinomarina, Synechococcus, Owenweeksia, NS3 marine group and NS5 marine
group appeared as biomarkers of seawater. Integhgtithe genusvibrio has been very
frequently detected in association with plasticrdebor the past few years (Dussud et al.,
2018; Kirstein et al., 2016; Oberbeckmann et abl& Schmidt et al., 2014) and even
represented up to 24% on PP pellet collected enNbrth Atlantic (Zettler et al., 2013).
However, this observation is not consistent as By al. (2016) and Oberbeckmann et al.
(2017) did not observe any enrichment\6brio on microplasticsVibrios are ubiquitous
marine bacteria belonging to diverse ecological ymons that are ecologically and
metabolically different and pursue different lifdss in the water column (free living, particle
and animal-associated) (Le Roux et al., 2016). Vh®io genus comprises numerous
pathogenic species for human, fish and shellfisid, some of which\(. coralliilyticus, V.
harveyi, V. splendidus, V. parahaemolyticus, V. alginolyticus andV. fluvialis) that have been
detected on microplastics (Dussud et al., 2018stKin et al.,, 2016; Schmidt et al., 2014),
thus there is some concerns that the ever incrgasinroplastic contamination in marine
environment may influence their population dynamensd ultimately pathogen emergence.
For instance, rapid growth of vibrios has been nlegkin association with diatom bloom or
algae proliferation (Gilbert et al., 2012; Nealsand Hastings, 2006) suggesting the
importance of substrate and habitat occurrenceanticfe-associated vibrios dynamic in the
marine environment. In our study, the genfibrio was recovered in high abundance in
microplastic samples (1.5 to 18.6 %) but the spatyifof Vibrio genus to colonize plastic as
compared to other natural particulate matter hasoyke clarified. . To further investigate the
presence of potential pathogenitbrio strains on microplastics, we assayed tMibrio
speciesV. splendidus-related andv. aestuarianus that have frequently been associated with
massive mortality events in Pacific oyster in Feaatongside with the herpesvirus OsHV-1
(Le Roux et al., 2002; Saulnier et al., 2009). Sastrains of these bacteria are known to
exhibit virulent abilities in experimental infectidrials (De Decker and Saulnier, 2011) and it
was recently demonstrated that these agents camsodaly or in concert (polymicrobial
disease) in the fieldLemire et al., 2015; Petton et al., 2018).splendidus related species
were commonly detected on 77% of the MP sample(@®f 47 pools exhibited Ct values
comprised between 19.4 and 34.9) whileaestuarianus strain was never detected at the
threshold defined above (supplementary Table 6heNdf these species were ever detected in

seawater samples by qPCR. This result raises aongeout the transport of potential
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pathogens by microplastics, as recently demonsirateAeromonas salmonicida (Virsek et
al., 2017).

3.2. Bacterial assemblages were influenced by petymature but not by particle size

Size and therefore surface area did not appear @sia factor in shaping microplastic
bacterial communities at the microscale (0&.11-2vs. 2-5mm) as no significant difference
in terms of OTU composition and structure was dettamong microplastic size ranges (p >
0.05 for both  PERMANOVA and PERMDISP; Supplementafables 4 and 5;
Supplementary Figure 1B). This is not necessarilg tvhen comparing bigger plastic debris
as difference in community structures was recedégnonstrated between mesoplatic sized
PE (5mm-20cm) as compared to the microplastics (B86mm) primarily made of PE

(polymer nature identified on a separated subsgriabroas et al. 2017).

On another hand, the microplastic bacterial comtgugomposition was significantly
influenced by the polymer family with PS presentangistinct bacterial community to those
of PE and PP in December 2015 (PERMANOVA, p-valu@.613 and p-value = 0.017,
respectively) (Supplementary table 4). It is notdhwpthat a great heterogeneity in dispersion
was observed for the PE communities while PS anddiBplayed more tightly clustered
groups (PERMDISP, p-value = 0.004; Supplementdnietd and Supplementary figure 1C).
As most PS collected in the bay of Brest was fouarttie form of foam fragments, the distinct
bacterial communities may be related to differencderms of physical structure and/or
chemical load. Similarly, PS was also found to l&intt from PE and PP in terms of
community assemblage and structure in earlier studonducted in the Atlantic and Pacific
oceans (Amaral-Zettler et al. 2015). Differencestructural and/or chemical (plasticizers,
dyes) properties observed among polymer familieslikely to influence bacterial
communities and dynamics (De Tender et al., 20M®nethough studies specifically
addressing this point are still lacking (Oberbeckmat al., 2015). For instance, PE ropes and
sheets deployed at the same coastal location gueiibited distinct bacterial structures
while being made by the same polymer and incubiztéde same habitat (De Tender et al.,
2017) suggesting that particle shape (and/or unknagditive compounds) is a determining

factor influencing bacterial colonisation of PMDr # given polymer.

3.3. Spatial and temporal influence in bacterighpwnities composition

e Temporal variability
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Bacterial assemblages were different across sur¢@gsober and December 2015) for all
sample types (microplastics and seawater) (FigureERMANOVA, p-value = 0.004 for
seawater, p-value = 0.001 for microplastics; Suppletary table 4). While homogeneity of
dispersion was observed in seawater communitieleatet! in October and December, a
significant heterogeneity of dispersion was demmaest in the microplastics communities
from these two surveys (PERMDISP, p-value = 0.302 &®.001, for seawater and
microplastics, respectively; Supplementary tablansl Supplementary figure 1D-E). As a
conseqguence, change in the microplastic commutritgtsire between both sampling times is
likely due to both location and dispersion effect¥emporal variability in bacterial
assemblages associated to microplastics was alsw fon previous studies conducted in
freshwater (Hoellein et al., 2014) and coastal gstesns (De Tender et al., 2017; Hoellein et
al.,, 2014; Lee et al., 2008; Oberbeckmann et @14 As a consequence, different
taxonomic group significantly discriminated the rojlastic matrix and the seawater
bacterial communities according to sampling datée TSphingomonadalesrder and
Psychoserpens genus were biomarkers of microplastics in Octadsnples whereaBacilli
(Firmicutes) andTenacibaculum, Leucothrix, Oleibacter and Psychomonas genera were
biomarkers in December samples (Figure 5). TheyshWirmicutes is typically related to
seawage associated bacteria (&mterococcus, Lactococcus, Leuconostoc, Saphylococcus
and Streptococcus genera) (Oberbeckmann et al., 2015) and was prealyiaetected on MP
collected in the North Adriatic Sea (VirSek et 2D17).

In terms of polymer differences, the Pseudomonadailder was detected as a PE biomarker
in October 2015. In December 2015, the Oceanolsp@dl order (Gammaproteobacteria),
which was shown to play a role in oil spill degroia (Mason et al., 2012), and the
Propionispira genus, described by Ueki et al. (2014), were foasidiomarkers of PE. The
Alphaproteobacteria class and the Holophagae qilt@dobacteria) were biomarker of PP.
Alphaproteobacteria constitute early colonizers wmmly found on plastic debris, while
Acidobacteria was previously found significantlysasiated with PET (and in a lesser extent
PS) mesoplastics (Debroas et al., 2017) and iniplasrine derbis in North Sea samples (De
Tender et al., 2015). Finally, Rhodospirillaceamifg (previously detected on PP and PE;
Zettler et al., 2013)Roseovarius (belonging to the Roseobacter group common intabaad
open oceans) arditrosomonas genera (known to oxide ammonia) were biomarke®B®fin

this study.

e Spatial variability
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PERMANOVA analyses showed a significant differenae bacterial communities
composition between Al and M1 in December. The NHtien was dominated by the
Moraxellaceae family (42.3 %) and tRsychrobacter genus (41.7 %) while station A1 was
dominated by the 34P16 order (Gammaproteobactarknown family and genus) (16.4 %).
No reliable spatial analysis can be performed kereto the low MP sample size in M1 (n=4
pools containing a total of 40 MP) as compared fo (A=43 pools containing 424 MP)
(Table 1), but spatial variability in plastic-aseted communities were more rigorously
assessed in previous studies conducted in the Ngeth (Oberbeckmann et al., 2015; De
Tender et al., 2017) and in the North Pacific amdtNAtlantic Oceans (Amaral-Zettler et al.,
2015).

While temporal differences were only supported Wy tsampling times herein and must
therefore be considered with cautious, these espken up a relevant issue for understanding
the temporal and spatial variability of microplasts microbial communities at the scale of a
bay taking into account the sources and consegadac&uman activities, both being major

points for decision support.
Conclusion

The efficient colonisation of microplastics floalimt sea emphasizes the fact that this new
man-made habitat may facilitate the persistencel@amgl range dispersal of microorganisms.
As a consequence plastic bacterial communitiedilealy to be dynamic and able to quickly
adapt to their changing environment. For instanbgdrodynamics modeling work
demonstrated that 60% of the floating microplaspicssent in the bay of Brest are expelled
from the bay after 10 days (Frére et al., 2017} #re fate of the associated bacterial

communities remains unknown in the Iroise Sea hadAtlantic Ocean.

The Vibrio genus was commonly found on the collected micsigs andV. splendidus
related species harboring potential oyster path®gesre detected on most microplastic pools
(77%). This raises questions about the role of opiastics on pathogeni¢ibrio species
transport and potential disease emergence and madh has to be done on clarifying the
specificity of these bacteria for the plastic stdist To investigate the ecological effects of
microplastic pollution on pathogens emergence amdlence, proper ‘natural particulate
matter’ controls must be considered in field susvég avoid any misinterpretations. In
addition, risk evaluation based on bacterial idematiion should be completed by more in-

depth studies involving RNA sequencing of pathogénimarkerscoding for instance for
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toxins, adhesins, or invasins (Goudenege et aba@id experimental testing of virulence in

laboratory trials (Labreuche et al., 2006).
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Tables

Table 1. Description of the microplastic pools used for bacteria communities analysis. Each pool
contained n=20 fragments in the 1-0.3 mm range, 8 for the 2-1mm range, and 4 for the 5-2 mm range. The
pooling rate was adapted to each size class to ensure the recovery of enough DNA quantity for subsequent
extraction and sequencing analyses. The number of pool processed per polymer type and size class was
dependent on the number of particles collected and correctly identified by micro-spectrometry Raman. PE:
polyethylene, PP: polypropylene, PS. polystyrene.

. , Nb MP Nb pool Total nb MP

Survey Station Polymer Sizeclass per pool  processed or ocessed
0.3-1 mm 20 2 40
PE 1-2 mm 8 4 32
2-5mm 4 4 16
_ 0.3-1 mm 20 1 20
All\(/I”F‘,)ﬂz PP 1-2mm 8 2 16
October 2-5mm 4 2 8

(n=200 MP)
0.3-1 mm 20 1 20
PS 1-2 mm 8 2 16
2-5mm 4 1 4
PE 1-2 mm 8 1 8
M1 (n=28 MP)
PS 0.3-1 mm 20 1 20
0.3-1 mm 20 4 80
PE 1-2 mm 8 5 40
2-5mm 4 5 20
A1 (n=252 0.3-1 mm 20 2 40
N I\(/InF:) PP 1-2mm 8 1 8
ecember
(n= 264 2-5mm 4 2 8
MP)

0.3-1 mm 20 2 40
PS 1-2 mm 8 1 8
2-5mm 4 2 8
M1(n=12MP) PE  >2Mm 4 1 4
1-2 mm 8 1 8
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Figures

Figure 1. Map of the Bay of Brest indicating sampling looas A1 and M1 and the main
anthropogenic pressures. The red cross indicatesaimpling station used for surface water
collection for the monitoring of physical, chemicllogeochemical and biological parameters
within the scope of the SOMLIT (Service d’Obsergatien Milieu LITtoral), the French

Coastal Monitoring Network (http://somlit.epoc.urdeauxl.fr/fr/).

Figure 2. Shared and specific OTU in all sample types (FE,FS and seawater) in October
and December 2015.

Figure 3. nMDS plot comparing OTUs of bacteria in all sampjpes (PE, PP, PS and
seawater) in October and December 2015 (Bray-Cdidgmilarity index)For interpretation

of the references to color in this figure legema, teader is referred to the web version of this

article.

Figure 4. Heatmap of the 20 dominants bacterial familiethm different sample types (PE,
PP, PS and seawater) at October (A) and Decemliér(B).

Figure 5. Cladogram of LEfSe results according to samplesyfmicroplastics and seawater)
for samples collected in October 2015 (A) and Ddwmam 2015 (B)
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