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Abstract Termite gut is host to a complex microbial commu-
nity consisting of prokaryotes, and in some cases flagellates,
responsible for the degradation of lignocellulosic material.
Here we report data concerning the analysis of the gut micro-
biota of Reticulitermes lucifugus (Rossi), a lower termite spe-
cies that lives in underground environments and is widespread
in Italy, where it causes damage to wood structures of histor-
ical and artistic monuments. A 16S rRNA gene clone library
revealed that the R. lucifugus gut is colonized by members of
five phyla in the domain Bacteria: Firmicutes (49 % of
clones), Proteobacteria (24 %), Spirochaetes (14 %), the
candidatus TG1 phylum (12 %), and Bacteroidetes (1 %). A
collection of cellulolytic aerobic bacteria was isolated from
the gut of R. lucifugus by enrichment cultures on different
cellulose and lignocellulose substrates. Results showed that
the largest amount of culturable cellulolytic bacteria of
R. lucifugus belongs to Firmicutes in the genera Bacillus and
Paenibacillus (67 %). These isolates are also able to grow on
xylan and show the largest clear zone diameter in the Congo
red test. Reticulitermes lucifugus hosts a diverse community
of bacteria and could be considered an acceptable source of
hydrolytic enzymes for biotechnological applications.
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Introduction

The termite gut (Insecta: Isoptera) is an important ecosystem
that hosts a variety of microbes, including bacteria, protists,
fungi and archaea (Hongoh et al. 2003), and it is one that has
fascinated many scientists, as host–microbe interactions are
responsible for the efficient degradation of lignocellulose
(Ohkuma 2003; Ni and Tokuda 2013). The gut can be de-
scribed as an anaerobic gradient system which is constantly
supplied with oxygen via the epithelium (Köhler et al. 2012).
The gut microbiota is commonly exchanged between colony
members and transmitted to the next generation via trophal-
laxis (proctodeal feeding), which can promote coevolutional
diversification of symbiotic microbes along with host phylog-
eny (Tokuda et al. 2014). Termites comprise a complex as-
semblage of diverse species, roughly divided into lower and
higher termites. Lower termites harbor a dense and diverse
population of prokaryotes and flagellated protists in their gut
(Ohkuma 2003). Protozoan symbionts residing in lower ter-
mites are responsible for lignocellulose digestion in this
group. Their host-specific phylogeny and composition reflects
the obligate (mutualistic) symbiotic association between pro-
tists and termites (Ohkuma 2008). Higher termites lack flagel-
lates and harbor only prokaryotes in their highly structured
guts; both higher and lower termites produce their own cellu-
lolytic enzymes (Miyata et al. 2007; Köhler et al. 2012;
Tokuda et al. 2012).

The characteristics of gut microbes have been extensively
studied, and it is believed that microbes provide carbon, nitro-
gen and energy nutrition to their host termites, to the extent
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that termites can no longer live without them (Hongoh et al.
2003). Extensive reviews on the lignocellulose-degrading sys-
tems in termites and their symbiotic systems have recently
been published (Hongoh 2011; Ni and Tokuda 2013; Brune
2014).

Reticulitermes lucifugus (Rossi) (Isoptera: Rhinotermitidae),
along with Reticulitermes flavipes (Kollar) and the recently
recorded Reticulitermes urbis Bagneres Uva et Clement, repre-
sent the most harmful pests for wooden objects and structural
timbers as well as for historical and artistic wooden structures,
thus representing a great threat to Italian cultural heritage
(Liotta 1991; Liotta 2005; Perdereau et al. 2011). Only a few
studies have focused specifically on the Italian range, concen-
trating primarily on species origin and evolution (Luchetti et al.
2013), and little information is available on the gut microbiota
of this species. Previous studies focusing on the symbiotic mi-
crobial community of R. lucifugus described some species of
symbiotic protozoa (Varrica 2004) and non-mycetocyte intra-
cellular bacteria (Bandi et al. 1997), but no reports are available
on gut symbiotic bacteria.

The study of symbiotic systems in the termite gut has often
been hampered by the difficulty in isolating and cultivating a
large number of gut microorganisms (Ohkuma 2001); as gut
bacteria require strict environmental conditions for survival and
reproduction, culturing techniques are often inadequate for their
study. These problems have been overcome by the use of culture-
independent approaches that provide an effective opportunity for
studying the phylogenetic species richness of termite gut bacteria
(Husseneder et al. 2010). In particular, the analysis of 16S rRNA
gene sequencing and fingerprinting has recently produced a
steady flow of information on the species richness of the gut
bacteria in a variety of termite species.

In this work, we investigated the gut microbial community
of the lower termite R. lucifugus using a culture-independent
approach. In order to isolate cellulolytic and hemicellulolytic
bacteria, we also applied aerobic cultivation conditions using
lignocellulose as substrate in enrichment cultures.

Materials and methods

Termite collection

Termites were obtained by traps located in the experimental
fields at the Department of Agriculture and Forest Sciences
(University of Palermo, Italy) and were transferred to the lab-
oratory for analysis. Only worker caste termites were used for
the experiments.

DNA extraction, PCR, and cloning

Approximately 100 termite workers were surface-sterilized in
70 % ethanol (30 s) and rinsed in sterile water (four times);

guts were then removed using sterilized forceps, placed in
sterile distilled water (in order to obtain lysis of protozoan
cells), and gently crushed using a sterilized pestle. Total
DNA of the termite gut content was then extracted using the
QIAamp® DNA Stool Kit (QIAGEN, Venlo, The Netherlands),
according to the manufacturer’s instructions. DNA concentra-
tion was determined using the Quant-iTTM dsDNA BR Assay
Kit (Thermo Fisher Scientific, Waltham, MA, USA) in accor-
dance with the manufacturer’s instructions.

Total DNA was used as template for amplification of the
nearly full-length bacterial 16S rRNA gene with the universal
bacterial primers fD1 (5′-AGAGTTTGATCCTGGCTCAG-
3′) and rD1 (5′-AAGGAGGTGATCCAGCC-3′) (Weisburg
et al. 1991). PCR was performed using a Biometra® T-
personal Thermal Cycler (Biometra GmbH, Göttingen, Ger-
many). Each 100 μl reaction (in ddH20) contained 80-100 ng
DNA, 1X PCR buffer, 1,5 mMMgCl2, 0,25 mM of dNTP, 5U
of HotStarTaq (QIAGEN), and 0,2 μM of each primer. The
PCRwas carried out under the following conditions: 15min at
94 °C (hot start), 5 min at 94 °C and 30 cycles of 1 min at
94 °C, 1 min at 55 °C and 2 min at 72 °C; then an extension of
7 min at 72 °C. PCR products were purified using a
Nucleospin® Extract II (MACHEREY-NAGEL GmbH &
Co. KG, Düren, Germany) according to manufacturer proto-
cols. PCR products were visualized on ethidium bromide
stained 1 % agarose gel.

The PCR products were cloned into a pCR® 2.1-TOPO®

cloning vector using the TOPO TA Cloning Kit (Invitrogen),
and TOP10 competent Escherichia coli cells were trans-
formed according to manufacturer protocols. Plasmids were
extracted from clones using an alkaline lysis mini-preparation
procedure (Sambrook et al. 1989) and visualized on ethidium
bromide-stained 1 % agarose gel.

ARDRA analysis and 16S rDNA gene sequencing

Plasmids were double-digested with KpnI/SmaI and EcoRI/
NotI, according to manufacturer protocols (Invitrogen). The
restriction fragments were visualized on 1 % agarose gel in
1XTris-acetic acid-EDTA (TAE) buffer. Band sizes were quan-
tified by comparison with a standard 100-bp DNA Ladder Mix
(Fermentas; Thermo Fisher Scientific). Phylotypes were iden-
tified based on the two restriction profiles, and one or more
(based on abundance) representative clones for each phylotype
were randomly chosen and their plasmids purified using the
QIAprep® Spin Miniprep Kit (QIAGEN). The inserts were
sequenced using primer fD1, and the sequences were subjected
to Ribosomal Database Project (RDP) classifier software anal-
ysis (http://rdp.cme.msu.edu/classifier/classifier.jsp), and to
BLAST search (http://www.ncbi.nlm.nih.gov/blast/). The se-
quences were submitted to the DDBJ/EMBL/GenBank data-
base under accession numbers KP207659 to KP207683.
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Enrichment cultures for isolation of cellulolytic
and hemicellulolytic gut bacteria

In order to isolate aerobic cellulolytic bacteria in the
R. lucifugus gut, enrichment cultures were established on car-
boxymethylcellulose substrate and filter paper as the sole car-
bon source. Three other enrichment cultures containing pow-
dered walnut, eucalyptus and pine wood as substrates, and
were also carried out to select hemicellulolytic bacteria even-
tually present in the termite gut. To carry out enrichment cul-
tures, 1 ml of the disrupted gut contents was suspended in each
of the five enrichment cultures flasks containing 20 ml of
Medium 1 (Wenzel et al. 2002a) and 0.1 g of carboxymethyl-
cellulose (CMC) (Sigma-Aldrich Co. LLC, St. Louis, MO,
USA), filter paper, and finely ground walnut, eucalyptus or
pine wood, respectively. The cultures were aerobically incu-
bated at 28 °C for 4 weeks.

Isolation of bacteria from enrichment cultures

After incubation, aliquots of the enrichment cultures were
serially diluted and inoculated onto Petri dishes containing
four different solid media: Medium 2 and Medium 3 (Wenzel
et al. 2002a), both supplemented with CMC or xylan (Sigma-
Aldrich) (5 g/l), respectively. After incubation at 28 °C for
48 h, all single colonies of 10-5, 10-6 and 10-7 serial dilution
plates were streaked to purity on the same fresh medium.

Congo red dye test

The cellulose degradation capacity of the isolates from all
enrichments was tested on solid Medium 2 with CMC by
covering the Petri dishes with a Congo red dye solution
(Cacciari and Quatrini 2002). After dye removal, degradation
was indicated by a clear zone around colonies, the size of
which was measured in order to reveal the CMC-degrading
capability of bacterial isolates on the solid medium used
(Wenzel et al. 2002a).

Colony PCR and identification of isolates

All Congo red-positive isolates from termite gut were identi-
fied by 16S gene sequencing. In order to amplify the 16S
rRNA gene of the isolates, a colony lysate was used as a
PCR template without further DNA purification steps. A sin-
gle colony was suspended in 25 μl sterile Tris-EDTA buffer
solution BioUltra, for molecular biology, pH 8.0 (Sigma-
Aldrich), boiled for 3 min, and placed in ice for 5 min. Insol-
uble material was separated from the liberated DNA by cen-
trifugation (5 min at 13,000 rpm; Mikro 200 centrifuge;
Andreas Hettich GmbH & Co. KG, Tuttlingen, Germany).
The supernatant containing the DNA was removed and used
(1-2 μl) as a template in PCR reactions using the universal

bacteria primers fD1 and rD1 as described above. Sequence
data were submitted to the DDBJ/EMBL/Genbank database
under accession numbers KP207604 to KP207658.

Results and discussion

Bacterial diversity in the Reticulitermes lucifugus gut

The bacterial community of the gut of R. lucifugus was ana-
lyzed using a culture-independent approach based on the con-
struction of a 16S rRNA gene clone library. DNA of good
quality was extracted from 100 field-caught termite workers.
The amplified 16S rRNA gene was cloned into E. coli, with
approximately 280 clones obtained. One hundred clones were
randomly chosen and investigated via amplified ribosomal
DNA restriction analysis (ARDRA) using two double-diges-
tions. Twenty-nine different profiles were scored, with the
couples KpnI/SmaI and EcoRI/NotI restriction enzymes, re-
spectively. On the basis of combinations of the ARDRA pro-
files, 83 clones (after excluding those that gave double or
unclear digestion profiles) were distributed into 23 phylotypes
(operational taxonomic units, OTUs). One or more represen-
tative clones of each phylotype were sequenced, for a total of
52 clones (Table 1). The phylogeny of sequenced clones was
obtained using the RDP classifier tool and BLAST search
against the non-redundant nucleotide database. The BLAST
search resulted in high identity percentages, largely with se-
quences of uncultivated bacteria (data not shown), while much
lower identity results were obtained using the 16S RNA ribo-
somal sequences as database (Table 1).

Reticulitermes lucifugus gut is colonized bymembers of five
phyla in the domain Bacteria: Firmicutes (49 % of clones),
Proteobacteria (24 %), Spirochaetes (14 %), the candidatus
TG1 phylum (12 %), and Bacteroidetes (1 %). Among
Firmicutes, the abundant population of fermentative bacteria
such as members of the orders Clostridiales (represented by
Clostridiaceae, Peptococcaceae and Ruminococcaceae) and
Lactobacillales (Leuconostocaceae and Enterococcaceae) is
consistent with the results of other studies to date on the bacte-
rial community of the termites (Hongoh et al. 2003; Hongoh
et al. 2006). Clostridia and lactic acid bacteria are involved in
acetogenesis, sugar degradation and fermentation, and account
for the largest diversity in Reticulitermes species (Husseneder
et al. 2010).

Reticulitermes lucifugus harbors a large number of
Proteobacteria, mainly affiliated to the β- and δ-
proteobacteria. Delta-proteobacteria have been recognised as
playing a major role in the H2+CO2 economy of termite hind-
gut communities; nitrogen-fixing Desulfovibrio strains have
been isolated from the gut of termites (Ohkuma et al. 1996;
Sato et al. 2009).
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Spirochaetes are a major constituent of wood-feeding ter-
mite gut microbiota (Lilburn et al. 1999; Leadbetter et al.
1999), both in lower (Yang et al. 2005) and higher termites
(Paster et al. 1996; Warnecke et al. 2007). In contrast, the
population of Spirochaetes in the gut of fungus-growing and
soil-feeding termites is lower (Hongoh et al. 2006; Schmitt-
Wagner et al. 2003) or absent (Shinzato et al. 2007). Most
Spirochaetes are free-living in the gut fluid, and they have also
been found as ectosymbionts attached to the surface of protists
(Wenzel et al. 2002b). All of the Spirochaete sequences of
R. lucifuguswere assigned to the genus Treponema, with high
identity with other Reticulitermes uncultured Spirochaetes
(data not shown). The homoacetogenic Treponema primitia
ZAS-2, which matches the R. lucifugus clone RL53 sequence,
is one of three isolates that have been obtained in pure culture
to date (Lucey and Leadbetter 2014). For these isolates, CO2-
reducing acetogenesis and N2 fixation were demonstrated
(Graber et al. 2004). In these same isolates, catechol 2,3-
dioxygenase and other essential meta-pathway genes involved
in aromatic ring cleavage were observed for the first time in
the phylum (Lucey and Leadbetter 2014).

TG-1 bacteria consist of as-yet-uncultivated diverse bacte-
ria from a wide range of chemically and geographically dis-
tinct habitats. Members of this phylum, the so-called
Endomicrobia (Hugenholtz et al. 1998), often predominate
in the termite gut microbial communities (Ohkuma et al.
2007) as intracellular symbionts of cellulolytic gut protists
(Ikeda-Ohtsubo et al. 2007). In R. lucifugus TG-1 bacteria
account for 12% of the clone library, similar to the sister taxon
Reticulitermes speratus (Kolbe) (Hongoh et al. 2003). The
prokaryotic symbionts colonize the cell surface, the cyto-
plasm, and sometimes the nucleus of their host flagellates in
the termite gut (Ikeda-Ohtsubo et al. 2007). The functional
basis for such flagellate–prokaryote associations is largely un-
known (Brune and Stingl 2006), but TG-1 bacteria are be-
lieved to play a key role in the symbiotic system of the termite
gut by supplying nitrogenous compounds to their host protists
and the termites (Hongoh et al. 2008). The diversity of
Endomicrobia lineages of lower termites reflects a specific
affiliation with their flagellate hosts. Notably, all
Endomicrobia associated with flagellates of the genus
Trichonympha collectively form amonophyletic group, which
suggests cospeciation of this symbiotic pair (Ikeda-Ohtsubo
et al. 2007). Previous studies focused on the symbiotic proto-
zoan community of R. lucifugus have described five species:
Dynenympha sp. , Pyrsonympha flagellata Leidy,
Spyrotriconympha flagellata Grassi e Foà, Holomastigotes
elongatum, and Trichonympha agilis Leidy (Varrica 2004).
The clone library of R. lucifugus that we constructed is com-
prehensive of the bacterial symbionts inside the protozoa, as
lysis of the protozoa was verified by microscopy observations
of lysate samples. The majority of clones from R. lucifugus are
affiliated with an Endomicrobia bacterium strictly related to

Trichonympha flagellates, as described in R. lucifugus and
reported from the gut of many other termite species and the
wood-feeding cockroach, Cryptocercus punctulatus Scudder
(Dictyoptera: Cryptocercidae) (Ikeda-Ohtsubo and Brune
2009).

Bacteroidetes were found in low concentrations (1 %)
in R. lucifugus, in contrast to the abundance found in
Reticulitermes santonensis (Feytaud) (Yang et al. 2005)
and R. flavipes (Boucias et al. 2013). Members of the
phylum Bacteroidetes have been reported to reside in the
gut as ecto- or endosymbionts of flagellated protozoa
(Noda et al. 2005; Nakajima et al. 2006), and cellular-
level symbioses between Bacteroidales and gut protists
are as common as those between spirochetes and gut pro-
tists. The Bacteroidales bacteria in termite guts, including
symbionts of protists, constitute several monophyletic
clusters specific to termites and wood-feeding cock-
roaches. The sequence of the R. lucifugus clone, in par-
ticular, was 94 % identical to that detected in the termite
Hodotermopsis sjoestedti (Nakajima et al. 2006). The eco-
logical roles of these bacteria remain unclear; many
Bacteroidales are polysaccharide-fermenting anaerobes,
some of them producing cellulases and other fiber-
degrading enzymes, which may complement enzyme ac-
tivity lacking in the host. They may also protect their
obligate anaerobic hosts by maintaining an oxygen-free
environment (Noda et al. 2006).

Our work represents the first study on the bacterial com-
munity of the R. lucifugus gut. A good picture of the insect
microbiota was obtained by analysing the 16SrRNA clone
library, although the rarefaction curve did not reach saturation
level (data not shown). A higher number of clones or applica-
tion of next-generation sequencing techniques would likely be
necessary to capture the whole diversity of Reticulitermes gut
bacterial community.

The cultivable cellulolytic bacteria of Reticulitermes
lucifugus gut

Termites may be considered rich reservoirs of bacteria
that synthesise enzymes involved in the process of ligno-
cellulose degradation. The termite gut is a well-aerated
anaerobic gradient system, where aerobic bacteria are also
present (Wenzel et al. 2002a). Few cellulose-degrading
bacteria have been isolated and identified from certain
termite species because of the difficulty in isolating and
cultivating a large number of gut microorganisms
(Ohkuma 2001; Wenzel et al. 2002a).

In order to isolate the cellulolytic bacteria in theR. lucifugus
gut, enrichment cultures were established on carboxymethyl-
cellulose and filter paper as substrates. Three other enrichment
cultures containing walnut, eucalyptus and pine wood as sub-
strates were also carried out for selection of hemicellulolytic
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bacteria. The cultures were aerobically incubated at 28 °C, and
after 4 weeks, aliquots of the enrichment cultures were serially
diluted and inoculated onto four different solid media plates:
Medium 2 and Medium 3, both supplemented with CMC or
xylan, respectively. After incubation, all single colonies of the
most diluted plates were streaked to purity, and a collection of
296 isolates was obtained from the enrichment cultures
(Table 2). Medium 2 was found to be more suitable than Me-
dium 3 (both in the presence of CMC or xylan as carbon
source) for selection of cellulolytic bacteria. The 296 putative
cellulolytic bacterial isolates were analysed using the Congo
red test, and 58 displayed a clear zone approximately 1 cm or
larger around the colonies (Supplementary table S1). CMC
was the enrichment substrate that selected the lowest number
of isolates (35) but the highest percentage of Congo red-
positive strains. Conversely, a high number of isolates were
obtained from Eucalyptus wood enrichment cultures, but only
10 % revealed positivity to the Congo red test.

Phylogenetic analysis of cellulolytic isolates

The isolates with positive Congo red test results were assigned
to three phyla (Actinobacteria, Firmicutes and Proteobacteria)
and 12 genera (Table 3). The largest proportion of culturable
cellulolytic bacteria of R. lucifugus belonged to Firmicutes, in
the genera Bacillus and Paenibacillus (67 %), which also
showed the largest clear zone diameter in the Congo red test
(Supplementary Table S1). Most of the isolates showing the
highest CMC degradation ability were related to the Bacillus
cereus/B. thuringiensis group. Some of them derive from
xylan-containing plates (Supplementary Table S1), suggesting
that they also have hemicellulolytic activity (Tseng et al. 2001;
Chang et al. 2004). These cellulolytic strains likely belong to
new species, and their hydrolytic enzymes may be worthy of
further investigation for biotechnological applications (König
2006; Wang et al. 2008). Among Actinobacteria,
Microbacterium species are known to produce enzymes

Table 2 Results of isolation of
cellulolytic gut bacteria from
enrichment cultures on different
media using various
lignocellulose substrates as C
source

Enrichment Number of isolates on isolation media Cellulolytic isolatesb

W2 W3

C source CMCa Xyl CMC Xyl %

CMC 23 6 5 1 37.1

Walnut wood 10 34 0 22 6.1

Eucalyptus wood 20 23 20 17 10.0

Filter paper 16 15 16 14 35.0

Pine wood 10 21 12 11 22.2

All 79 99 53 65 19.7

After 1 month of incubation, the cultures were inoculated onW2 andW3 solid media containing CMC and xylan,
respectively

CMC carboxymethylcellulose
a The composition of W2 andW3 media is reported in the "Materials and Methods" section
b Positive isolates to the Congo red test

Table 3 Identification of cellulolytic bacteria isolated from enrichment cultures

Phylum Class Family Genus Number of isolates

BActinobacteria^ Actinobacteria Microbacteriaceae Microbacterium 4

Firmicutes Bacilli Bacillaceae 1 Bacillus 38

Paenibacillus 1

Proteobacteria Alphaproteobacteria Caulobacteraceae Brevundimonas 2

Rhizobiaceae Rhizobium 2

Sphingomonadaceae Novosphingobium 3

Betaproteobacteria Comamonadaceae Delftia 2

Hydrogenophaga 1

Ramlibacter 1

Variovorax 2

Rhodocyclaceae Shinella 1

Gammaproteobacteria Enterobacteriaceae Citrobacter 1
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involved in cellulose and xylan degradation (Okeke and Lu
2011), and were also isolated from the higher termite
Zootermopsis angusticollis (Wenzel et al. 2002a).

Among Alphaproteobacteria, Brevundimonas and
Rhizobium are known cel lu lose degraders , and
sphingomonads of the family Sphingomonadaceae are known
to synthesize numerous oxygenases and glycoside hydrolases,
which are likely responsible for the degradation of various
recalcitrant aromatic compounds and polysaccharides
(Aylward et al. 2013). Novosphingobium has never before
been isolated from termites, and beyond cellulolytic activity,
kraft lignin biodegradation was demonstrated for a
Novosphingobium (Chen et al. 2012). Unexpected diversity
of Comamonadaceae was detected in the R. lucifugus gut. To
our knowledge, only one member of the genus Comamonas
has been isolated from a termite thus far (Chou et al. 2007).
The hydrolytic/cellulolytic activity of members of the family
Comamonadaceae has been described for soil bacteria of the
genera Variovorax and Delftia (Talia et al. 2012); several gly-
cosyl hydrolase-encoding genes originating from
Comamonadaceae were recently detected in the metagenome
from casts of two earthworm species (Beloqui et al. 2010). We
were also able to isolate facultative anaerobes of the family
Enterobacteriaceae. Specifically, the isolate was identified as
Citrobacter farmeri, which has also been isolated from the
subterranean termite Coptotermes formosanus Shiraki (Adams
and Boopathy 2005). The role of facultative organisms in the
termite gut may be the scavenging of oxygen and the creation
of anaerobic conditions for anaerobic microorganisms essential
for the digestion of cellulose consumed by the termite.

Reticulitermes lucifugus is widespread in Italy, and its mi-
crobiota was investigated here for the first time. The culture-
independent approach revealed that R. lucifugus hosts a large
and diverse community of aerobic and anaerobic bacteria. A
collection of cellulolytic and hemicellulolytic bacterial iso-
lates was obtained from the R. lucifugus gut. These bacteria
represent a high value of biodiversity that can be exploited for
biotechnological applications in the conversion of lignocellu-
lose into bioethanol.

The next research steps should be the investigation of bio-
chemical and physiological properties of these strains by char-
acterization of their hydrolytic enzymes. The culture-
independent approach used here also allowed the identifica-
tion of other uncultured key microbes sustaining termite
xylophagy that are potential producers of hydrolytic enzymes.
These microorganisms can be exploited by metagenome ex-
pression cloning (Lämmle et al. 2007). Reticulitermes
lucifugus can be considered an acceptable source of hydrolytic
enzymes for application in the conversion of lignocellulose
into biofuels.
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