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Abstract

From the marine environment, woodlice gradually colonized terrestrial areas
benefiting from the symbiotic relationship with the bacterial community that
they host. Indeed, they constitute the only group of Oniscidea suborder that
has succeed to accomplish their lives in terrestrial even desert surfaces. Here-
in they play an important role in the dynamic of ecosystems and the decom-
position of litter. So to enhance our understanding of the sea-land transition
and other process like decomposition and digestion of detritus, we studied
the bacterial community associated with 11 specimens of terrestrial isopods
belonging to six species using a Culture independent approach (DGGE).
Bands sequencing showed that the cosmopolitan species Porcellionides prui-
nosus has the most microbial diversity. Screening demonstrated the predo-
minance of Proteobacteria followed by members from Actinobacteria, Fir-
micutes and Cyanobacteria phyla. In fact we detected some symbionts like
Wolbachia, Mycoplasma and Spiroplasma for the first time in a terrestrial
isopod species.
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1. Introduction

Woodlice are considered as important decomposers of leaf litter. Therefore,

these soil detritivores contribute mainly to the ecosystem function by mineraliz-
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ing organic matter [1] or through transforming litter into fecal pellets characte-
rized by a simple and rapid decomposition. It has been shown that Oniscidea
exploit than 10% of the annual litter increasing fourfold the surface available to
microorganisms [2]. Moreover, terrestrial isopods constitute a source of calcium
and can thus serve as a reservoir for heavy metals like lead, copper, zinc [3] and
mercury [4] [5].

From an aquatic environment, terrestrial isopods gradually invaded terrestrial
areas taking profit from the symbiotic relationship with microorganisms. Bac-
terial symbionts allow their host to spread and to occupy unfilled niches [6] [7].
Therefore, Oniscidean isopods are the only one of ten isopod suborders where
the majority of species have become independent of the aquatic environment. In
this sense, it has been evidenced that arthropods such as isopods are known to
house a wide range of bacteria that can affect the biology of their host by the
manipulation of reproduction (as the bacteria Wolbachia) 8], locomotion [9],
diet [10] and interspecific competition [11]. On the other hand, [12] established
that microbes can cause profound effects on the nutritional ecology, defensive
interactions, reproduction, development and genome evolution of their hosts.
Symbionts are found in multiple compartments within Oniscidea. Indeed they
colonize the genital tract, the head, the abdominal cavity, the cytoplasm and the
digestive tissues.

Isopods are widespread in marine, intertidal and terrestrial habitats [6] and
this may partly due to the advantages provided by the bacterial partner. In fact,
nutritional symbiote improves the digestion process by hydrolysis of cellulose
and the oxidation of phenol and lignin via the enzymatic activity within the
arthropod gut [13] [14]. Besides, microbial activity permits the providing of es-
sential nutrients such as amino acids and vitamins [15].

Simultaneously, bacteria colonizing the hepatopancreas contribute to the se-
cretion of digestive enzymes and the absorption of nutrients [16] [17]. Given the
lack of baseline information on the dynamics of microbial flora associated with
terrestrial isopods [18] and the focusing interest primarily on the presence of
Wolbachia infections in Oniscidea [19], it is of importance to deepening our
knowledge concerning the total microbial communities associated with terre-
strial isopod species. Hence terrestrial isopods provide an excellent model to
study the evolutionary transition from sea to land from an adaptive point of
view.

To get a first impression on the microbial community associated oniscidean
species we used a molecular approach. Indeed, the culture-independent finger-
printing technique DGGE was used to accomplish such purpose. DGGE analysis
has been used to monitor changes in the microbial community associated envi-
ronmental samples [20]. This molecular tool allows to separate DNA fragments
that are identical in length based on their melting characteristics in a gradient of
chemical denaturant [21].

The aim of this study is to screen the microbial community associated with a
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set of terrestrial isopods species using a molecular approach. Therefore, we ex-

amine the impact of the host species on the microbial community shaping.
2. Materials and Methods

2.1. Sampling

Sampling was carried out during spring 2013 from 9 localities in Tunisia (Figure
1). Specimens were collected manually from soil, plants, under rocks and bark of
trees. Six species of terrestrial isopod were identified using a binocular micro-
scope (Leica MS 5) and the works of Hamaied (2008) [22] and Vandel (1960)
[23] and Vandel (1962) [24] (Table 1).

2.2. Extraction of Total DNA

Samples were rinsed with ethanol and twice with distilled water in order to avoid
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Figure 1. Sampling sites of terrestrial isopod species from Tunisia.
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Table 1. Result of sequencing bands.

Isopod Sampling DGGE

. . Closest related sequence 1d.% Acc. No
species site bands
P. laevis Chebba B20 Paracoccus saliphilus 90% NR_044021
L. panzerii ~ G.Naaml  B19 Saccharopolyspora flava 76% NR_028754
L. panzerii Monastir B17 Sinorhizobium medicae 97% NR_074254
i . Wolbachia endosymbiont of
P. laevis Chambi B23 i i 82% NR_074127
Culex quinquefasciatus Pel
P. pruinosus Tunis B15 Paracoccus beuga[ensis 97% NR_042359
L. panzerii G. Naam2 B14 Spiroplasma montanense 86% NR_025709
A. officinalis Chebba B13 Paracoccus fistulariae 83% NR_104533
Bl11 Pseudochrobactrum lubricantis 93% NR_104538
A. officinalis Beja
B12 Pseudochrobactrum lubricantis 98% NR_104538
B6 Calothrix sp. 88% NR_102891
B7 Cellulomonas denverensis 80% NR_042936
B8 Kineococcus xinjiangensis 90% NR_044522
B9 Georgenia muralis 89% NR_026305
P. pruinosus  Thelepte B10 Isoptericola hypogeus 94% NR_042355

Wolbachia endosymbiont of

B21 82% NR_074127
Culex quinquefasciatus Pel ’ -
Wolbachia endosymbiont of
B22 ) , 82% NR_074127
Culex quinquefasciatus Pel
B3 Paracoccus saliphilus 96% NR_044021
H. reaumurii Satah
B4 Niabella ginsengisoli 84% NR_044541
A. tunisiense Oum Ali B2 Mpycoplasma cynos 83% NR_102477

contamination. DNA was extracted from the whole animal using a commercial
kit (Abiopure Alliance) according to the manufacturer’s procedure. DNA quality
was determined using the NanoDrop ND-1000 spectrophotometer (NanoDrop
Technologies) and stored at —20°C.

2.3. Culture-Independent Approach: DGGE Analysis

DGGE culture independent method allows the separation of amplified fragments
that have the same molecular weight but with a different fusion temperature.
PCR amplification of the bacterial 16S rDNA gene was performed using the
primers 907R CCGTCAATTCCTTTGAG TTT and 357F TACGGGAGGCAGC
AG [25]. The amplified sequences correspond to the V3-V5 hypervariable region
of the 16S rDNA gene. A 40 bp GC clamp was added to primer 357F to avoid
complete denaturing and separation of the DNA strands while migrating in de-

naturant conditions [21]. PCR products were resolved on 7% (w/v) polyacryla-
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mide gel in 1 x TAE pH 7.4 using a denaturing gradient, which ranged from 40%
to 60%. Gels were run at 99 V for 17 hours at 60°C.

After electrophoresis, the gel was stained for 30 min in ethidium bromide so-
lution, washed with sterile distilled water and photographed on a UV transillu-
mination table. Dominant DGGE bands were excised and eluted by overnight
incubation (12 hours) in 80 pl of sterilized distilled water at 37°C with gentle
shaking. The eluted DNA fragments were reamplified using unclamped 907R
and 357F primers, sequenced and deposited in the GenBank database. The
DGGE band profiles were analyzed with an image analyzing system Image |
software (version 1.46). PCA and CAH analysis were performed with free ver-
sion of XLSTAT 752 software.

3. Results and Discussion

3.1. Bacterial Diversity in Terrestrial Isopods

11 from 14 examined amplicons of the 16S rRNA fragments gave a positive re-
sult; Armadillidium tunisiense (Oum Ali), Porcellionides pruinosus (Thelepte),
Hemilepistus reaumurii (Satah), Armadillo officinalis (Beja), Armadillo officina-
lis (Chebba), Porcellionides pruinosus (Tunis), Porcellio laevis (Chambi), Lep-
tothricus panzerii (Monastir), Leptotrichus panzerii (Garat Naam1 and 2) and
Porcellio laevis (Chebba) (Figure 2).

Figure 2. DGGE profile of the bacterial community associated with terrestrial isopods
samples according to V3 region variability. Short (I), medium (II) and long migration
(III); (1) Porcellio laevis (Chebba), (2) Leptotrichus panzerii (Garat Naam 1), (3) Lep-
tothricus panzerii (Monastir), (4) Porcellio laevis (Chambi), (5) Porcellionides pruinosus
(Tunis), (6) Leptotrichus panzerii (Garat Naam 2), (7) Armadillo officinalis (Chebba), (8)
Armadillo officinalis (Beja), (9) Porcellionides pruinosus (Thelepte ), (10) Hemilepistus

reaumurii (Satah) and (11) Armadillidium tunisiense (Oum Ali).
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The most complex profiles correspond to the samples 9 and 4 relating to P.
pruinosus and P. laevis from Thelepte and Chambi respectively and secondly
those of the samples 3, 8, 10 and 11 relating to L. panzerii (Monastir), A. offici-
nalis (Beja), H. reaumurii from Satah and A. tunisiense sampled from Oum Ali.

In fact, the profiles complexity reflects the microbial flora diversity. It depends on
species and its local environment. Similarly, it has been shown that the microbial
flora structure is closely linked to the host species and its geographical location [26].

The most common bands (21, 22 and 23) had a resemblance of sequences with
Wolbachia. The bands 3, 13, 15 and 20 exhibited a homology with members
from the bacterial genera Paracoccus. This bacterium was detected in the major-
ity of individuals examined. It is interesting to point out that this technique can
detect only 1-2% of microbial communities that represent the dominant species.
Besides, bacterial symbionts are not easily detectable in arthropods [27].

A total of 24 DGGE bands predominant were excised from the gel to be am-
plified and sequenced. The sequences obtained were identified by comparison
with those available in the gene bank using the BLAST (Basic Local Alignment
Search Tool) software (Table 1).

3.2. Sequencing of Bands

The sequencing of the reamplified band revealed the presence of four taxonomic
groups of bacteria with a difference of dominance (Figure 3). Indeed profiling
gave 42% of Proteobacteria (bands 3, 4, 11, 12, 13, 15, 17, 21, 22 and 23), 35% of
Actinobacteria (bands 7, 8, 9, 10 and 19), 14% of Mollicutes (bands 2 and 14)
and 8% of Cyanobacteria through the strip 6. Otherwise, Lapanje et a/. 2010 [28]
showed that Actinobacteria is one of the most detected isolated phyla from the
gut of Porcellio scaber originating from a polluted area. Hence it has been sug-
gested that this class is involved in the physiological resilience of the cited spe-
cies. It has been mentioned that representatives of Actinobacteria have a crucial

role in improving the quality of nutrients poor in nitrogen within the Onicidean

m Proteobacteria
® Actinobacteria
u Mollicute

u Cyanobacteria

Figure 3. Percentage representation of bacterial phyla in studied isopods.
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species P. scaber. In the same line Actinobacteria was the most second group
detected in the gut of A. vulgare [26].

Sequencing revealed the presence of common bands across screened speci-
mens. Wolbachia was detected in P. pruinosus (bands 21 and 22) and P. laevis
from Chambi (band 23) In fact, the first species showed the most complex pro-
file represented by Calothrix sp, Cellulomonas deverensis, Kineococcus xinjian-
gensis, Georgenia muralis and Isoptericola hypogeus apart from Wolbachia.
Bands 3, 13, 20 and 15, correspond to bacteria from the genus Paracoccus. Para-
coccus saliphilus was common in P. Jaevis (Chebba) and H. reaumurii (Satah),
Paracoccus bengalensis hosted by P. pruinosus from Tunis and Paracoccus fis-
tulariae associated with A. officinalis from Chebba.

Bands 11 and 12 detected in Armadillo officinalis from Beja showed a signifi-
cant homology of sequence with Pseudobachtrum Ilubricantis. Band 4 extracted
from the DGGE profile of H. reaumurii (Satah) has a homology of sequences
with Niabella ginsengisoli. Band 2 isolated from the species A. tunisiense (Oum
Ali) is closely related to the symbiont Mycoplasma cynos. Saccharopolyspora
flava and Spiroplasma montanense were detected in the two samples of L. pan-
zerii from Garat Naam. Sinorhizobium medicae (band 17) was associated with L.

panzerii from Monastir.

3.3. Distribution of Bacterial Community Based on Species
and Its Locality

The principal component analysis (PCA) based on the variation of the bacterial
community as function to the terrestrial isopod species showed a variation of
47.41% and 11.98% according to the axes F1 and F2 according to the species and
locality (Figure 4).

We can distinguish three groups; the first is formed by the species H. reaumu-
rii (Satah), A. officinalis (Chebba), P. pruinosus (Tunis) and P. /aevis (Chebba)
which are negatively correlated with the axis F2. In fact, this group is formed by
host species sharing the association with the bacterial genus Paracoccus. The
second group formed by the species L. panzerii originating from Garat Naam
and Monastir, A. officinalis (Beja), P. laevis (Chambi) and A. tunisiense (Oum
Ali). While the third group is totally different in a function of the positive values
of the F1 axis which is limited to the species P. pruinosus (Thelepte) having a
bacterial profile different to the remaining specimens and which is constituted
mainly by bacteria from the Actinobacteria group.

The difference in microbial pattern between samples could be attributed to the
impact of species habitat as reported in [26] and [29] which established that the

diversity of intestinal microflora is a function of soil and local environment.

3.4. Analysis HCA of Bacterial Diversity
Based Terrestrial Isopods Species

Data analysis of the bacterial diversity in terms of species of terrestrial isopod by
hierarchical clustering (HCA) (Figure 5) reflects the structure of DGGE profiles.
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Figure 4. Principal component analysis of bacterial community as a function of the isopod species.
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Figure 5. Analysis HCA of bacterial community based on Oniscidea species. Porcellionides pruinosus
(Thelepte), Hemilepistus reaumurii (Satah), Armadillo officinalis (Chebba), Porcellio laevis (Chebba), Por-
cellionides pruinosus (Tunis) Armadillidium tunisiense (Oum Ali), Armadillo officinalis (Beja), Leptothri-
cus panzerii (Monastir) Porcellio laevis (Chambi) Leptotrichus panzerii (Garat Naam 2) and Leptotrichus
panzerii (Garat Naam 1).
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Indeed, a high level of dissimilarity separate P. pruinosus from Thelepte from
the remaining species. Dissimilarity less marked, divide the rest of the samples
into two groups, the first one is formed by the specie H. reaumurii (Satah), A.
officinalis (Chebba), P. Jaevis (Chebba) and P. pruinosus from Tunis sharing the
bacterial genus Paracoccus. The second group is formed by the species L. panze-
rii (Monastir) and (Garat Naam 1 and 2), P. /aevis (Chambi), A. Tunisiense (Oum
Ali) and A. officinalis (Beja) reflecting a mosaic of bacterial flora which might be

acquired from the environment through ingested food.

3.5. Detection of Wolbachia

Three sequenced bands showed a homology with the famous bacteria Wolba-
chia. Indeed, it was detected in two different species; P. laevis and P. Pruinosus.
These two species are known as the host for this bacterium in Tunisia [30] [31].
Wolbachia is an obligate intracellular bacterium affecting a wide range of arth-
ropods including 60% of terrestrial isopods [32]. Wolbachia is a reproductive
parasite that manipulates the reproduction of its host serving its own maternally
transmission. It is responsible for a set of phenotypes including cytoplasmic in-
compatibility, male killing, thelytokous parthenogenesis and feminization of males
[19]. In addition, [33] suggested that Wolbachia may confer several reproductive
advantages like fertility and longevity in infected females for example in the spe-
cies A. vulgare, the presence of Wolbachia enhances the immunocompetence by
causing an increase in natural septicemia.

In our study, the estimated values of the sex ratio for both species harboring
Wolbachia P. pruinosus from Thelepte and P. Jaevis from Chambi was strongly
biased in favor of females (over 60%) which raise the probability of feminizing

activity of Wolbachia in these species.

3.6. Detection of Spiroplasma

The band (14) from DGGE profile of L. panzerii has a sequences homology to
Spiroplasma montanense. This bacteria affects a wide range of arthropods, it can
be symbiotic or pathogen [34]. Some species of Spiroplasma genus are vertically
transmitted to the progeny. In some cases, Spiroplasma can modify the sex ratio
by killing infected males then ultimately leading to an exclusively female popula-
tion [35]. In fact, it has been shown that this bacterium shares with Wolbachia
the induction of male killing during embryogenesis in Drosophila [36]. In arth-
ropods, Spiroplasma can colonize the digestive system where it can play a role in
the digestion process of the host and in the decomposition of plant material. In
plants, this bacterium can be found on the surface, in particular flowers, and
phloem.

The bacterial symbiotic of the genus Spiroplasma has long been associated
with arthropods but never in isopods. In fact, [37] showed that this bacterium
infects 6% and 23.1% of insects and spider respectively but until now no study

has revealed an association relationship between Spirop/asma and terrestrial iso-
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pods. Thus, this study is the first to report it.

3.7. Mycoplasma Detection

The DGGE profile of the species A. officinalis showed a band which sequences
are homologous to that of Mycoplasma symbiotic of arthropods. Indeed, it has
been shown that this bacterium is endowed with a tissue specificity in arthro-
pods especially among semi-terrestrial isopods like Ligia genus where it was as-
sociated with the hepatopancreas [38], as well as in the terrestrial isopod P. sca-
ber [39]. Its presence is correlated with the surviving of terrestrial isopods ex-
posed to a diet of poor quality for 90 days. Controversially, it acts negatively on
longevity whatever the diet quality [17]. It has been shown that Mycoplasma is
involved in the cellulose digestion and the oxidation of phenol. This symbiont of
hepatopancreas can be acquired from the environment [40]. Apart from Wol-
bachia, the terrestrial isopod P. pruinosus has a diverse microbial community
marked by soil microbes or plant symbionts that colonize the digestive tissues
through digested nutrient. For example, the bacteria Calothrix sp. can be har-
bored by plants, algae, stones and wood substrates in wetland [41].

Since the gut constitutes the best suited exchange organ with the environment
of terrestrial isopod [14], the microbial pattern in P. pruinosus reflects the envi-
ronment of Thelepte characterized by a mountain area belonging to a semi-arid
bioclimatic with cool winters. In addition, the diversity of microbial flora found
in this species could explain its ecological plasticity and consequently the wide
distribution. In this line, a metagenomic analysis of the digestive tissues of this
species showed a great diversity of bacteria including hepatopancreatic sym-
bionts, cellulolytic bacteria and reproductive parasites like Wolbachia and Serra-
tia (Unpublished data). Indeed [26] showed that the host protection against
fluctuation of environmental conditions and the resistance to environmental
stress depend on the microbial flora diversity. Besides, the bacterial symbionts
allow their host to spread and to occupy unfilled niches through the adaptive
capabilities especially nutritive ones as shown by [7]. Therefore, symbionts di-
versity provide several advantages to the host like the genetic differentiation, the
adaptation to a wide range of food plants and the sensitivity to thermal stress
and other environmental factors [12] [42] [43]. It has been shown that the
amount of biofilm colonizing the leaf litter affects the life history of the terrestri-
al isopod P. Scaber [44].

Cellulomonas is known as an aerobic microorganism which can be found in
water and soil. It is capable to hydrolyze cellulose and produce a large quantity
of enzymes degrading cellulose [45]. The genus Paracoccus is the most represented
in the studied samples. Indeed four species are associated with this microorgan-
ism; H. reaumurii (Satah) and P. Jaevis (Chebba) harbor the same species, A. of-
ficinalis (Chebba) and P. pruinosus (Tunis).

In fact, Paracoccus bacteria are known as symbiotic for pulses food. They are

associated with soil and plants where they allow the reduction of nitrate [46].
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This bacterium was introduced as a bioindicator of pollution. Hence, [28] showed
that this microorganism confers resistance to its host 2. scaber against pollution.
Paracoccusis the most common bacterial genus in individuals collected from the
contaminated area. It has been proposed that it is responsible for the resistance of
the terrestrial isopod species to pollutant. Consistently, the species harboring Pa-
racoccus were P. laevis and A. officinalis sampled from Chebba marked by a salt
area and H. reaumurii collected from Satah characterized by phosphate mines.

Several bacteria detected in this study are simple passengers which are ac-
quired from soil and plants through ingested nutrients and eliminated later
through feces. Indeed, [47] showed a rapid elimination of non-indigenous pa-
thogenic bacteria by scorpion after each meal.

Sequencing results reflect a mosaic of bacteria transmitted via a horizontal or
vertical path and which are variable depending on the species and sampling sites.
The most relevant example is the different bacterial profiles between P. pruino-
sus from Tunis and Thelepte. This finding corroborates previous studies show-
ing that the bacterial prevalence varied greatly depending on environment even

within the same species of terrestrial isopod [17] [26] [40].

4. Conclusions

The microbial community associated with a set of Oniscidean species was tar-
geted based on 16S rDNA-DGGE fingerprinting. 16S rDNA sequencing revealed
that the microbial community was composed by members of Cyanobacteria, Ac-
tinobacteria, Protobacteria and Mollicutes. Furthermore, we detected the repro-
ductive manipulator Wolbachia which is known to affect the whole biology, be-
havior and physiology of arthropods. Wolbachia has been previously studied in
many species of terrestrial isopods in Tunisia like P. pruinosus, A. sulcatum, P.
albinus and P. laevis. Mycoplasma was reported scarcely in some species like P.
scaber. Finally Spiroplasma that is present has never been demonstrated pre-
viously within terrestrial isopods.

Although other microbes were detected, their role remains elusive. It is quite
possible that the presence of these bacteria is transient rather than permanent.

Further studies are needed to determine their interaction with the host species.
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