TERE | ﬁi_ﬁ]ﬁ%ﬁﬁuﬁ-_} TR R U |

Tokyo Tech Research Repository

oo /00000
Article / Book Information
oo@a)
Title(English) Identification of endosymbiotic methanogens and ectosymbiotic
spirochetes of gut protists of the termite Coptotermes formosanus
oo@a) O0o00,0000,0000,0000,0000
Authors(English) Jun-Ichi Inoue, Satoko Noda, Yuichi Hongoh, Sadaharu Ui, Moriya
Ohkuma
oo@a) , 93, , 94-97
Citation(English) Microbes and Environments, 93, , 94-97
000 /Pub. date 2008, 1
0000 /Copyright OO0000000000DOO0DOO0DOOooOoooooonog
Copyright (c) 2008 Japanese Society of Soil Microbiology.

Powered by T2R2 (Tokyo Institute Research Repository)


http://t2r2.star.titech.ac.jp/

Microbes Environ. Vol. 23, No. 1, 94-97, 2008
http://wwwsoc.nii.ac.jp/jsme2/ doi:10.1264/jsme2.23.94

Short Communication

nvironments

Identification of Endosymbiotic Methanogen and Ectosymbiotic Spirochetes
of Gut Protists of the Termite Coptotermes formosanus
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Prokaryotic associations with gut protists of the termite Coptotermes formosanus were investigated based on 16S
rRNA gene sequences. An endosymbiotic methanogen of Spirotrichonympha leidyi phylogenetically grouped with
endosymbionts of other gut protists in the genus Methanobrevibacter, seemed to be unrelated to the host protist phy-
logeny. Three different lineages of ectosymbiotic spirochetes in the genus Treponema were identified in single cells of
Holomastigotoides mirabile, indicating their simultaneous occurrence. Although these symbionts represented mere
minor populations in the gut, their phylogenetic assignments suggest a common symbiotic relationship involving H»

metabolism.
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Termites harbor a dense and diverse microbial community
in their gut, which is essential for the efficient decomposition
of lignocellulose'¥. The gut community comprises both flag-
ellated protists (single cell eukaryotes) and prokaryotes. One
unique characteristic of the termite-gut community is its highly
structured nature. Specific associations of various pro-
karyotes such as methanogenic archaea’??, spirochetes®'>21),
Bacteroidales members!®122D, and the candidate phylum
Termite Group 1 of bacteria'”, with the cells of gut protists
are frequently observed.

The termite Coptotermes formosanus, a globally distrib-
uted, economically important pest in wooden houses, harbors
only three species of gut protists, all of which belong to the
phylum Parabasalia'®. The presence of diverse bacterial
species and archaea has been reported in the gut community
based on 16S rRNA gene sequences'®'?). A recent observa-
tion has revealed that the intracellular endosymbionts of the
largest protist species Pseudotrichonympha grassii (order
Trichonymphida) are bacteria of a member of the order
Bacteroidales and that the endosymbionts constitute the pre-
dominant bacteria accounting for more than two-thirds of gut
bacteria!?. In this study, we investigated associated prokary-
otes of the other two protist species Spirotrichonympha leidyi
and Holomastigotoides mirabile, both belonging to the order
Spirotrichonymphida. The goals of this study are to clarify
the community structure in the gut, to know whether there is
a common mechanism for the symbiotic relationships, and to
understand the evolutionary aspects of the associations. S.
leidyi and H. mirabile are of especial importance because,
among the protist orders found in termite guts, Spirotricho-
nymphida has been poorly studied with respect to the associ-
ations of prokaryotes.

Associations of prokaryote cells were microscopically sur-
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veyed in these protist species. The termite C. formosanus
was collected, maintained in the laboratory, and fed on a cel-
lulose diet for seven days before experimental use”. The gut
content of the worker termites was prepared as described”.
Methanogenic archaea were visualized by Fayo and F3so epif-
luorescence microscopy??, and associated spirochetes were
detected by 16S rRNA-targeted fluorescent in situ hybridiza-
tion (FISH) using probes for spirochetes in the termite 7re-
ponema cluster I as well as for general bacteria'®. The meth-
anogen-specific fluorescence was observed in intracellular
rods of S. leidyi (Fig. 1A, B), but not in H. mirabile and P.
grassii. In the posterior portion of the H. mirabile cells, the
probe for the termite Treponema cluster 1 gave dense FISH
signals (Fig. |C—E), which indicated a typical spirochete-like
morphology (Fig. 1F). FISH using the general bacterial
probe and staining with DAPI (4',6'-diamino-2-phenylindole
HCI) showed no other stable association of prokaryotes in S.
leidyi and H. mirabile.

The identity of the endosymbiotic methanogens of S.
leidyi and the ectosymbiotic spirochetes of H. mirabile was
examined based on their 16S rRNA gene sequences. In order
to compare the symbionts within a protist cell and between
different protist cells, a single cell of each protist species was
manually isolated with a micromanipulator as described
previously®'>1® and used for isothermal whole genome
amplification (WGA) with a GenomiPhi HY amplification
kit (GE Healthcare, Buckinghamshire, England) as described
previously. The cell was suspended in the buffer supplied
by the kit, and directly used for the amplification without
DNA extraction. After heating at 95°C for 3 min, the ampli-
fication was performed for 4 hr according to the manufac-
turer’s instructions. A cell harboring spirochete-like append-
ages was selected in H. mirabile and used. The amplified
DNA was used as the template for PCR of the 16S rRNA
gene with the Archaea-specific primer pair A25F (5'-
CYGKTTGATCCTGSCRG-3') and A1385R (5'-GGTGT-
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Fig. 1. Detection of prokaryotic associations with gut protists of C.
formosanus. (A, B) Phase-contrast (A) and Fsy0 epifluorescence (B)
images of an S. leidyi cell. Rod-shaped endosymbiotic methanogens are
visible with their blue-white signals in (B). (C—F) FISH-based detection
of ectosymbiotic spirochetes belonging to the termite Treponema clus-
ter | in H. mirabile. The probe for cluster I labeled with 6-carboxyfluo-
rescein (D; green) and the general bacterial probe labeled with Texas-
Red (E; red) were used simultaneously for FISH and detected sepa-
rately. (C) Phase-contrast image of the same sample. (F) Magnification
of the ectosymbionts at the point indicated by an arrowhead in (D). The
amorphous green or yellow in (B) and (D) is probably derived from
ingested wood particles.

GTGCAARGAGCA-3"), the bacterial universal primer pair
27F and 1390RY, and a primer pair specific for spirochetes,
S58F and S1400R'». The PCR conditions for the former two
primer pairs were 20 cycles of 94°C for 30 s, 50°C for 45 s,
and 72°C for 2 min, with the final extension at 72°C for 5
min. The PCR conditions for the latter primer pair were
described previously'?. The cloning and sequencing of the
PCR products were performed as described previously!. The
clone sequences were sorted using DOTUR v1.5 (http:/
www.plantpath.wisc.edu/fac/joh/dotur.html), and entire
DNA sequences of representative clones were determined.
Chimeric sequences were identified using the Bellerophon
server  (http://foo.maths.uq.edu.au/~huber/bellerophon.pl)
with an uploaded alignment of the spirochete sequences
obtained in this and previous studies®!?. Near full-length
sequences were determined and aligned with database
sequences using the ARB (http://www.arb-home.de), and the
alignments were adjusted manually. PHYML ver. 2.4.4
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(http://atgc.lirmm.fr/phyml) was used for the inference of the
maximum likelihood (ML) tree using the best-fitted model
chosen by Modeltest 3.7 (http://darwin.uvigo.es/software/
modeltest.html). The phylotype sequences reported in this
study have been deposited in the DDBJ database under the
accession numbers AB 360373—AB 360376.

Two independent clone libraries of archaeal 16S rRNA
genes, each from a single S. leidyi cell, were established and
24 clones in each library were examined by partial sequenc-
ing. Another clone library from a pool of 20 cells of S. leidyi
with WGA was also examined. An almost unique sequence
(represented by clone SIMeN10) was obtained from a total
72 clones, showing more than 99% identity to one another.
This strongly suggested that only one unique methanogen
species was shared among the S. leidyi cells. The endosymbi-
otic methanogen associated with S. leidyi was affiliated with
the genus Methanobrevibacter, a methanogen genus distrib-
uted widely and abundantly in the gut of diverse
termites™!8:20),

In the phylogenetic tree (Fig. 2A), the S. leidyi endosym-
biont formed a robust monophyletic group together with the
sequences LRsD3 and LRsM1 identified from the protists
Dinenympha parva (order Oxymonadida, phylum Preaxo-
styla) and Microjoenia sp. (Spirotrichonymphida) in the ter-
mite Reticulitermes speratus’??, respectively, and the clone
sequence Cd30 from the whole gut community of the termite
Cryptotermes domesticus'. The previously identified
sequence from the protist Pentatrichomonoides scroa (order
Trichomonadida; phylum Parabasalia) in the termite Masto-
termes darwiniensis?, although only a 292-bp sequence was
available, showed the greatest homology, 99.7% identity, to
the sequence of the S. leidyi endosymbionts. This monophyl-
etic group was a sister group to the sequences identified from
the protists Dinenympha sp. and Microjoenia sp. in the ter-
mite Hodotermopsis sjoestedti?®, suggesting that these sister
groups formed a lineage of endosymbiotic methanogens of
termite-gut protists. It is noted that, although Microjoenia sp.
and S. leidyi belong to the same protist order Spirotricho-
nymphida, the methanogen symbionts of Microjoenia spp.
were more closely related to those in the distantly related
Dinenympha spp. than that in S. leidyi. The endosymbiotic
methanogens may be affected not by the host protists but by
the termite taxonomy or their locality as discussed
previously!'8:20),

In each of the two independent single-cell samples of H.
mirabile, two clone libraries of the 16S rRNA gene amplified
with the general bacterial primers and the spirochete-specific
primers were examined (Table 1). In a total of four libraries,
three phylotypes, CfHm03, CfHm15, and CfHm47, were
repeatedly and abundantly identified and analyzed further.
This result suggested that three distinct spirochete species
simultaneously occurred in single H. mirabile cells and that
they were shared among the H. mirabile cells. The identifica-
tion was conducted using the H. mirabile cells in a single ter-
mite gut. Since gut community members are significantly
conserved among individuals in a colony and among colo-
nies within a termite species?, endo- and ecto-symbionts are
also considered to be identical. The sequences in each of the
clone groups represented by CfHm15 and CfHm47 showed
>99% identity, whereas clones in the CfHmO3 group exhib-
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ited some sequence variation of >97% identity. All the three
ectosymbionts of H. mirabile were affiliated with the termite
Treponema cluster 1 (Fig. 2B), which was congruent with the
results of FISH using the cluster-specific probe and previous
clonal analyses of the gut community®'?.

One of the three phylotypes of the H. mirabile ectosym-
bionts, CfHm15, was almost identical to the previously
reported sequence BCf9-14 in the whole gut community of
C. formosanus'®, while the other CfHm47 and CfHmO03
sequences did not overlap with any sequence identified from
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termite guts. CfHm15 and CfHm47 formed a robust cluster,
and they were included in a monophyletic group (supported
by a bootstrap value of 73%) comprised of sequences from
C. formosanus and its close relative Reticulitermes speratus.
These two sequences were distantly related to known ecto-
symbiont sequences®'32D, suggesting an independent origin
for the association, probably the free-swimming population
in the gut fluid. The sequence CfHmO03 was distantly related
to CfHm15 and CfHm47, and located next to the NkS-Oxy1
sequence identified from isolated cells of the protist Oxymo-
nas sp.'?, although this was not supported by the bootstrap
analysis.

Enumeration of cells of these protist-associated methano-
gens and spirochetes revealed that they represented relatively
minor populations in the gut. The number of cells of endo-
symbiotic methanogens in S. leidyi was 79452 per protist
(n=19), and almost all the S. leidyi harbored endosymbiotic
methanogens. The proportion of the cells of H. mirabile
associated with spirochetes was only 5.2%, indicating that

Table 1. Clone numbers of 16S rRNA gene phylotypes detected in H.
mirabile
Library?
Phylotype
yiop 1B 1S 2B 28
CfHmO3 24 15 25 12
CfHml15 9 5 10 6
CfHm47 4 4 10 5
Others® 11 0 3 1
Total 48 24 48 24

2 Libraries 1B and 1S were established from the same single cell of H.
mirabile, and libraries 2B and 2S were from another single cell. The
16S rRNA gene sequences amplified with the general bacterial primer
pair were cloned for libraries 1B and 2B, and those with the spiro-
chete-specific primer pair were cloned for libraries 1S and 2S.

®In library 1B, “Others” comprised eight phylotypes (one was from a
Mycoplasma-like organism and four were presumably chimeric arti-
facts). The three phylotypes in “Others” in library 1B did not overlap
with those of library 2B, but did with that of library 2S.

Fig. 2. Phylogenetic positions of endosymbiotic methanogens of S.
leidyi in the genus Methanobrevibacter (A) and of ectosymbiotic spiro-
chetes of H. mirabile in the termite Treponema cluster I (B). Each of the
ML trees was inferred under a general time-reversible model with
gamma distributed rate variation and a proportion of invariable sites,
using 938 and 1,289 unambiguously aligned nucleotide positions in (A)
and (B), respectively. Numbers at nodes indicate bootstrap values above
50%. The sequence accession number is indicated after the name of
each taxon. Phylotype sequences in bold have been identified in sym-
bionts of termite-gut protists, and the host protist is indicated after the
name of each taxon. Phylotypes named with LRs and Rs or LHD and
Hs have been identified from R. speratus or H. sjoestedti, respectively,
and those with NkS, from Neotermes koshunensis. Phylotypes named
with mp have been identified from Mixotricha paradoxa in Mastoter-
mes darwiniensis. In (A), phylotypes named with RsW and HW have
been identified from gut walls of R. speratus and H. sjoestedlti, respec-
tively, and Cd30 and MPn19, from whole gut of C. domesticus and Per-
icapritermes nitobei, respectively. In (B), phylotypes named with BCf
and Rs have been identified from whole gut of C. formosanus and R.
speratus, respectively, and the phylotypes NL1 and MDS1, from Nasu-
titermes lujae and M. darwiniensis, respectively. Species in Methano-
sphaera and Methanobacterium were used as outgroups in (A). T. palli-
dum, T. maltophilum, and phylotypes in the termite Treponema cluster
II (shown in vertical bar) were used as outgroups in (B).
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the ectosymbionts were not obligate for the host H. mirabile.
The cells of spirochete-like ectosymbionts stained with
DAPI were enumerated to be 134139 cells per protist (n=9).
Average numbers of the cells of S. leidyi and H. mirabile are
4,800 and 2,700 per gut, respectively??, and the total
prokaryotic count is 1.30x108 cells per gut!?. Therefore, the
endosymbiotic methanogens of S. leidyi and the ectosymbi-
otic spirochetes of H. mirabile accounted for 0.28% and
0.014% of all prokaryotes in the gut, respectively.

The phylogenetic identification of these symbionts allows
us to infer their functional interactions with the host protists.
The host protists in the phylum Parabasalia are typified by
anaerobic-energy producing and H»-evolving organelles,
hydrogenosomes, in the cells, and indeed as shown in hydro-
genosomal hydrogenases of P. grassii, they have vigorous
H,-producing activity”. Since members of the genus Metha-
nobrevibacter generally assimilate only a limited number of
substrates such as H, plus CO,, the endosymbiotic methano-
gen of S. leidyi probably utilizes H, produced by the host
protist. The ectosymbiotic spirochetes of gut protists are also
suggested to utilize H, by reducing CO; to acetate as postu-
lated from the physiological properties of cultured strains
from a termite gut® that belong to cluster I of Treponema.
The endosymbiont of P. grassii, which is assigned to a mem-
ber of the order Bacteroidales, has been demonstrated to
have strong H,-utilizing ability?, although the electron
acceptor for the utilization remains unknown. The symbionts
of the gut protists identified in this study represented mere
minor populations in the gut. Nevertheless, their phyloge-
netic assignments suggest a common symbiotic relationship
involving the inter-species H, transfer from the host protists
to their symbionts, and thus molecular H, may be a key met-
abolic intermediate in the gut microbial community of ter-
mites.
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