HOKKAIDO UNIVERSITY

Title Phylogenetic diversity and_dietary association of rumen Treponema revealed using group-specific
16S rRNA gene-based analysis
Author (s) Bekele, Aschalew Z.; Koike, Satoshi; Kobayashi, Yasuo
Citation FEMS Microbiology Letters, 316(1), 51-60
https://doi.org/10.1111/j.1574-6968.2010.02191. x
Issue Date 2011-03
Doc URL https://hdl. handle.net/2115/48488
Rights The definitive version is available at www.blackwell-synergy. com
Type journal article
File Information FEMSML316-1_51-60. pdf

kaido
\;\0\‘ U”/Ls

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




DR W N

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Phylogenetic diversity and dietary association of rumen 7reponema
revealed using group-specific 16S rRNA gene -based analysis

Aschalew Z. Bekele, Satoshi Koike* and Yasuo Kobayashi

Graduate School of Agriculture, Hokkaido University, Sapporo, Japan
*Correspondence: Satoshi Koike, Graduate School of Agriculture, Hokkaido University,
Sapporo 060-8589, Japan.

Tel: +81 (11) 706-2812, Fax: +81 (11) 706-2814.

E-mail: skoike7@anim.agr.hokudai.ac.jp

Key words: rumen, Treponema, diversity, diet association, 16S rRNA gene

Running title: Phylogenetic diversity and diet association of rumen Treponema



26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

Abstract

Treponema spp. are a commonly detected bacterial group in the rumen that are involved in
the degradation of soluble fibers. In this study, a ruminal 7reponema group-specific PCR
primer targeting the 16S rRNA gene was designed and used to assess the phylogenetic
diversity and diet association of this group in sheep rumen. Total DNA was extracted from
rumen digesta of three sheep fed a diet based on alfalfa/orchardgrass hay or concentrate. The
real-time PCR quantification indicated that the relative abundance of the Treponema group in
the total rumen bacteria was as high as 1.05%, while the known species Treponema bryantii
accounted for only 0.02%. Fingerprints of the Treponema community determined by 16S
rDNA targeted denaturing gradient gel electrophoresis (DGGE) analysis tended to differ
among the diets. Principal component analysis of the DGGE profiles distinguished those
Treponema associated with either the hay or the concentrate diets. Analysis of a Treponema
16S rRNA gene clone library showed phylogenetically distinct operational taxonomic units
for a specific dietary condition, and significant (P = 0.001) differences in community
composition were observed among clone libraries constructed from each dietary regimen.
The majority of clones (75.4%) had less than 97% sequence similarity with known
Treponema. These results suggest the predominance of uncultured Treponema that appear to

have distinct members related to the digestion of either hay or concentrate diet.
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Introduction

The distribution of spiral-shaped bacteria (spirochetes) and their role in the degradation of
plant material in the rumen have been reported by different workers (Bryant, 1952; Stanton &
Canale-Parola, 1979; Ziolecki & Wojciechowicz, 1980). Direct microscopic enumeration of
spirochetes showed up to 2.0 x 10® cells/ml of bovine rumen fluid (Stanton & Canale-Parola,
1979), which is comparable to the population density of common rumen bacterial species
(Bryant & Burkey, 1953). All strains of spirochetes isolated from the rumen have been
classified in the genus Treponema, comprised of three described species: Treponema bryantii
(Stanton & Canale-Parola, 1980), Treponema saccharophilum (Paster & Canale-Parola,
1985) and Treponema zioleckii (Piknova et al., 2008). Rumen Treponema strains are able to
degrade plant polysaccharides (Ziolecki, 1979), and in vitro studies have shown a beneficial
interaction of 7. bryantii with the cellulolytic bacterium Fibrobacter succinogenes (Stanton
& Canale-Parola, 1980).

Recent application of molecular techniques in the study of microbial ecology
demonstrated the existence of a considerable proportion of diverse uncultivated spirochetes
involved in chronic disease in the human oral cavity and in degradation of lignocellulose
materials in the termite gut (Paster ef al., 1996 & 2001; Dewhirst et al., 2000). For example,
16S rRNA gene-based clone library analysis of samples from the oral cavity of a human
subject and from the hindgut of a single termite species respectively suggested some 20 and
23 new species of spirochetes (Choi et al., 1994; Lilburn et al., 1999). Considering the
individuality of human microbiota and the existence of ~280 termite genera, these
observations suggest the presence of a great diversity of spirochetes, particularly uncultured
members. In contrast to the above digestive tract environments, our knowledge of the
uncultured 7reponema community in the rumen is very limited. Current understanding of the

rumen 7reponema diversity is mainly based on earlier cultivation-based studies that showed
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morphological and physiological variation in rumen spirochetes (Paster ef al., 1991, Piknova
et al., 2008). A comprehensive analysis of 16S rRNA gene sequences derived from the rumen
showed that rumen Treponema were not frequently detected (Edwards et al., 2004; Yang et
al., 2010).

However, we had previously retrieved a number of Treponema clones related to both
cultured and uncultured members from a fiber-associated community (Koike et al., 2003;
Shinkai et al., 2010). Based on these data, we speculated that rumen Treponema diversity has
been underestimated and members of this group may play a metabolic role in fiber
degradation. In this study, a ruminal 7reponema group-specific PCR primer was designed
and used to determine the population size, phylogenetic diversity and distribution of the
Treponema community in the rumen. By comparing 16S rRNA gene sequences from sheep
fed different diets, we tested the hypothesis that distinct members of 7reponema may relate to
the digestion of either hay or concentrate diet.

Materials and methods

Animals and sampling

All procedures with live animals were approved by the Animal Care and Welfare Committee
of Hokkaido University, Japan (Protocol number 09-0046). Three rumen fistulated sheep
(average body weight, 90.7 + 6.9 kg) were used in three consecutive periods corresponding to
three dietary regimens. In the first period each animal was given an alfalfa hay diet (1.2
kg/day), and in the second period an orchardgrass hay diet (1.2 kg/day). The orchardgrass hay
diet was supplemented with soybean meal. In the third period, each animal was fed a
concentrate-diet containing 1.0 kg of a commercial formula feed (Ram 76ME, Mercian,
Tokyo, Japan) and 0.5 kg of the orchardgrass hay. The three diets were formulated to be
isonitrogenous (18.2% crude protein). Each diet was fed for 3 weeks and rumen contents

were sampled from individual animals prior to feeding on the last day of the experimental
4



101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

period. The samples were stored at -30°C until DNA was extracted. Throughout the
experimental period, animals were kept in the individual pens and fed once daily at 09:00 h.
Water and a mineral block was available ad libitum.

DNA extraction

Total DNA was extracted from 0.25 g wet rumen content samples following the RBB+C
method according to Yu and Morrison (2004). Briefly, cells were lysed by repeated beating
with glass beads (Mini Bead Beater, BioSpec Products, Bartlesville, OK, USA) in the
presence of 4% (w/v) sodium dodecyl sulfate, 500 mM NaCl, 50 mM Tris-HCI (pH 8.0) and
50 mM EDTA. Two different sized (0.1 mm and 0.5 mm) glass beads were used for
disrupting the cells. After incubation of the lysate at 70°C for 15 min, nucleic acids were
recovered by isopropanol precipitation. DNA was treated with DNase-free RNase and
proteinase K, and purified by a QIAamp DNA Stool Mini Kit (Qiagen, Hilden, Germany).
Purified DNA was quantified by a NanoDrop 2000 spectrophotometer (Thermo Scientific,
USA) and the final concentration of DNA extracts was adjusted to 10 ng/ul for use in all
downstream applications.

Design of PCR primer

In order to design a PCR primer targeting rumen 7reponema, 63 currently available 16S
rRNA gene sequences of rumen 7Treponema were obtained from the GenBank database as
well as from our clone library sequence collections. Sequences for the three known
Treponema species were also included in the analysis. In addition, 10 mammalian and 14
termite Treponema sequences were included in the in silico analysis. The sequences were
aligned with Clustal X v.1.81 multiple sequence alignment software (Thompson et al., 1997).
The Treponema group-specific forward primer was designed based on a region conserved
among all rumen Treponema, while the universal primer 926R (Watanabe ef al., 2001) was

chosen as a reverse primer. The nucleotide positions of the target site for the forward primer

5
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on T. bryantii 16S rRNA gene sequences were 380 to 400 while those of the reverse primer
were 934 to 953, yielding a 575 bp PCR product. The primer set was designed to cover all
rumen  Treponema and named g-TrepoF. The online BLAST  program

(http://blast.ncbi.nlm.nih.gov/Blast.cgi) was used to determine the specificity of the forward

primer. The specificity of the primers was further tested by PCR amplification using genomic
DNA from pure cultures of 16 representative rumen bacterial strains including Treponema
bryantii ATCC33254, Fibrobacter succinogenes ATCC19169, Ruminococcus albus 8,
Ruminococcus flavefaciens C94, Prevotella ruminicola 23, Prevotella bryantii B4,
Prevotella brevis GA33, Butyrivibrio fibrisolvens Hl17c, Butyrivibrio fibrisolvens DI,
Eubacterium ruminantium GA195, Selenomonas ruminantium GA192, Succinivibrio
dextrinosolvens ATCC19716, Succinimonas amylolytica ATCC19206, Streptococcus bovis
ATCC33317, Megasphaera elsdenii ATCC25940, and Anaerovibrio lipolytica ATCC33276.
Rumen Treponema group-specific clone libraries constructed using the primers also served to
confirm primer specificity. The sequences of all primers used in this study are shown in Table
1.

Real-time PCR quantification of the 16S rRNA gene

Plasmid DNA to be used as the standard in real-time PCR was obtained by cloning of 16S
rRNA gene PCR products into Escherichia coli IM109 cells, as previously described (Koike
et al., 2007). For Treponema group-specific PCR as well as T. bryantii-specific PCR, a 16S
rRNA gene fragment of 7. bryantii ATCC33254 was used to prepare a plasmid DNA
standard as previously reported (Bekele et al., 2010). The PCR primers used are shown in
Table 1. PCR amplification for the quantification of target bacterial 16S rRNA gene was
performed with a LightCycler 2.0 system (Roche Applied Science, Penzberg, Germany) and
FastStart DNA Master SYBR Green I (Roche Applied Science, Penzberg, Germany). The

optimal amplification conditions for each primer pair were achieved with 3.5 mM MgCl,.
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The 20 pl reaction mixture contained 2.5 mM MgCl,, 2 pl 10x Mastermix (containing
FastStart Tag DNA polymerase, reaction buffer, ANTP mixture, 1 mM MgCl, and SYBR
Green I dye), 0.5 uM of each primer and 10 ng template DNA. The thermal profile consisted
of denaturation at 95°C for 10 min, followed by 40 cycles of 95°C for 15 s, annealing at the
temperature indicated for the primer pair (Table 1) for 5 s and 72°C for an appropriate
extension time (Table 1). Dissociation curve analysis was performed to ascertain the
specificity of amplicons by slow heating with a 0.1°C/s increment from 70°C to 95°C, with
fluorescence collection at 0.1°C intervals. A 10-fold dilution series of the plasmid DNA
standard for the respective target bacterial 16S rRNA gene was run along with the samples.
The respective genes were quantified using standard curves obtained from the amplification
profile of known concentrations of the plasmid DNA standard. To obtain the relative
abundance of Treponema in the rumen, the assay values for 16S rRNA genes of the target
group or species were normalized to the total number of copies of rumen bacterial 16S rRNA
genes. The normalized assay values were analyzed statistically by single factor ANOVA at a
level of significance of 0.05.

Treponema specific 16S rDNA denaturing gradient gel electrophoresis

Denaturing gradient gel electrophoresis (DGGE) was used to examine the relationship
between diet and the rumen Treponema community. The analysis was carried out in a Bio-
Rad DCode Universal Mutation Detection System (Bio-Rad Laboratories, Hercules, CA,
USA). The g-TrepoF and BAC926R primers employed for real-time PCR were used to
amplify the V3-V5 regions of the 16S rRNA gene of Treponema in the sheep rumen samples.
Genomic DNA from 7. bryantii ATCC 33254 was also included in the analysis. An amplicon
of ca. 575 bp for DGGE analysis was obtained by modifying the reverse primer by addition
of a 40 bp GC clamp

(5’CGCCCGCLCGCAELCGLCGGLCGGGLCGGAEGELCEAEGGGCACGGGGGEG-3’).  PCR was
7
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conducted with a Veriti 96-well thermal cycler (Applied Biosystems, Singapore). A reaction
mixture containing 0.4 uM of each primer, 5 ul of 10x ExTaq buffer, 0.2 uM of each dNTP,
1.25 U ExTaq polymerase (Takara, Otsu, Japan), and 10 ng of template DNA in a total
volume of 50 ul was prepared. The temperature program for cycling consisted of an initial
denaturation at 94°C for 5 min, followed by 30 cycles of 94°C for 30 s, annealing at 64 °C for
30 s, and extension at 72°C for 30 s with a final extension at 72°C for 5 min. PCR-amplified
16S rRNA gene fragments were separated using an 8% polyacrylamide gel with 0.5x TAE
buffer (20 mM Tris-acetate, 10 mM sodium acetate, 0.5 mM EDTA, pH 8.0) and a 35% to
60% linear gradient of denaturant (100% denaturant corresponded to 40% (v/v) deionized
formamide and 7 M urea). Each gel was run at 60°C, 80 V for 16 h, and then placed in fixing
solution (10% ethanol and 0.5% acetic acid) for 2 h, stained in 0.1% (w/v) silver nitrate
solution for 20 min and developed in 1.5% sodium hydroxide (w/v), 0.1% sodium
borohydride (w/v) and 0.4% formaldehyde (v/v) for 8 min. Thereafter, the gel was rinsed and
kept in distilled water until the image was scanned. Gel images were analyzed by
BioNumerics software version 4.5 (Applied Maths, Kortrijk, Belgium). Normalized banding
patterns were used to generate dendrograms by calculating Dice similarity coefficients and by
an unweighted pair group method with an arithmetic averages clustering algorithm. For
statistical analysis, the DGGE banding patterns were converted into binary data as presence
or absence of bands using Bionumerics software and principal component analysis (PCA)
was conducted using the PRIMER 5 data analysis software system (PRIMER-E Ltd,
Plymouth, UK).

16S rRNA gene clone library construction and sequencing

Three clone libraries were constructed for the respective feeding conditions. Mixed DNA
samples obtained from the rumen content DNA from three animals under the same dietary

conditions were used for library construction. PCR products were generated by the primers g-
8
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TrepoF and BAC926R with the same reaction and amplification conditions described for
DGGE with the exception of the reverse primer without GC clamp. PCR products were
cloned with a pGEM-T Easy Vector System (Promega, San Luis Obispo, CA, USA)
according to the manufacturer’s instructions. Clones containing the correct insert were
sequenced at Takara Bio (Yokkaichi, Japan). Clone nomenclature was as follows: for the
alfalfa and orchardgrass hay-associated Treponema libraries, clone names began with ALTC
and OGTC, respectively, followed by the clone number. Clone names in the concentrate-
associated Treponema library began with CTC followed by the clone number. All the
sequences were deposited into the GenBank database with the accession numbers AB537568
through AB537880.
Sequence analysis
A total of 313 16S rRNA gene sequences, obtained from the three clone libraries and
representative rumen 7Treponema sequences from the NCBI database, were included in the
analysis. The sequences were automatically aligned using ClustalX ver.1.81 multiple
sequence alignment software (Thompson et al., 1997). A neighbor-joining tree (Saito & Nei,
1987) with a Kimura-2 correction was constructed in MEGA v.3.1 software. (Tamura et al.,
2007). In order to statistically evaluate the branching of the tree, bootstrap analysis
(Felsenstein, 1985) was carried out with 1000 resamplings of the data. Sequences from the
three rumen Treponema clone libraries were compared with 16S rRNA gene sequences in the
GenBank database using the Basic Local Alignment Search Tool (BLAST program, Altschul
et al., 1990) to obtain similarity values.

Operational taxonomic units (OTUs) were defined based on a 97% sequence identity
criterion (Stackebrandt & Goebel, 1994). Analysis of the diversity for the individual and
combined libraries was carried out using the nonparametric estimator Chaol (Chao, 1984)

and the Shannon index (Shannon & Weaver, 1949) using FastGroupll software.
9
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(http://biome.sdsu.edu/fastgroup/fg_tools.htm). The percentage of coverage of the clone
libraries was calculated by Good’s method with the formula [1 - (n/N)] x 100, where n is the
number of singletons and N is the total number of sequences (Good, 1953). The statistical
differences among the 16S rRNA gene clone libraries from the respective feeding conditions
were compared using the web-based Library Shuffling (web-LIBSHUFF) program version
0.96 (http/libshuff.mib.uga.edu) (Henriksen, 2004) to determine whether a given pair of the
libraries was drawn from the same population. The significant difference level for
comparison of the three libraries was defined as P = 0.0085. The sequences were initially
aligned by ClustalX and genetic distances were generated in the DNADIST program of the
PHYLIP package (v.3.67) (Felsenstein, 2007) using the Jukes—Cantor model before

submitting to web-LIBSHUFF.

RESULTS

Primer specificity and validation

The newly designed g-TrepoF primer showed a 100% sequence match with all ruminal
(n=63) and other mammalian (n=10) Treponema sequences tested, while 50% of the tested
termite (n=14) Treponema sequences had a single nucleotide mismatch in the middle of the
primer site (data not shown). Therefore, it was assumed that the g-TrepoF primer covers all
rumen Treponema and also has a broad coverage of non-ruminal 7reponema. The specificity
of the primer (g-TrepoF) for rumen Treponema was also validated by using an online BLAST
similarity search and by PCR amplification of 16 representative rumen bacteria. The BLAST
similarity search of the primer sequences showed similarity with 16S rRNA gene sequences
of spirochetes. The primer set g-TrepoF and BAC926R did not cross-react with any of the
non-target rumen bacteria tested at the specified PCR conditions, while PCR products of the
expected size were obtained from 7. bryantii genomic DNA (data not shown). The

Treponema clone libraries constructed from DNA extracts of rumen digesta of sheep also
10
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confirmed the specificity of the primers for rumen 7reponema. No other bacterial 16S rRNA
gene sequences other than 7reponema were detected in the libraries.

Although primer sets that yield short amplicons are ideal for real time PCR
amplification, it was difficult to design primers that are specific for Treponema and yield a
smaller PCR product. The g-TrepoF and the BAC926R primer set yield a relatively large
(575bp) PCR product. However, the standard curve for the assay was comparable with those
of the total bacterial and 7. bryantii species-specific primers producing PCR efficiencies
higher than 1.9 (Table 1).The dissociation curve obtained for the samples had a similar
melting point with the standard plasmid DNA indicating that there were no non-specific
amplifications. The g-TrepoF and BAC926 primers produced a single dissociation curve peak
at 90 °C when tested against DNA from 7. bryantii and when using total rumen microbial
DNA.

Relative abundance of Treponema in the rumen

The relative proportions of the 16S rRNA gene copies for the Treponema group and T.
bryantii are shown in Table 2. The mean relative population size of the Treponema group in
the total rumen bacteria of sheep fed alfalfa diet was as high as 1.05%, while that of T.
bryantii was only 0.02%. Although the highest population size of Treponema was found in
the alfalfa-fed sheep, diet did not significantly affect the 7reponema group (P = 0.648) or the
T. bryantii (P = 0.977) population.

DGGE banding patterns of rumen 7Treponema

The DNA fingerprints of 7. bryantii showed a single band, while a number of bands were
observed for the other Treponema in the rumen content DNA samples from sheep fed
different diets. The DGGE profiles of the Treponema community associated with the hay
(alfalfa and orchardgrass) and concentrate diets showed different banding patterns. The

DGGE profiles across diet showed consistently fewer bands (except animal 3) in samples
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from concentrate-fed animals (Fig. 1). The PCA of the binary data of DGGE profiles
distinguished Treponema population that associated with either the hay or the concentrate
diets resulting in two clusters (Fig. 2), although one exception was observed.

Sequence diversity and community composition

Based on a 97% sequence similarity criterion, the 313 clone sequences from the combined
libraries were grouped into 67 OTUs (Table 3). A similar number of OTUs (30 to 32) was
identified for each diet. Good’s coverage of the combined library was 91.1%, while the
coverage for the alfalfa, orchardgrass and concentrate libraries was 83.8%, 88.1% and 85.2%,
respectively (Table 3). Although the Chaol estimation was lower for the orchardgrass, the
predicted OTUs and the overall level of diversity estimation by the Shannon index were
higher for the alfalfa and orchardgrass hay libraries (Table 3), which correlated with the
DGGE observation (Fig. 1).

Among the 77 (24.6%, 2 OTUs) clone sequences that showed 97% or more sequence
similarity with cultured Treponema, 76 were related to 7. bryantii. Only a single sequence
related to 7. zioleckii and no sequences having 97% or more similarity with 7.
saccharophilum were found. The majority of clones (236 clones, 75.4%) were related to
uncultured Treponema, irrespective of diet (Table 3). Among the uncultured Treponema, 70
clones had 97% or more similarity with sequences of uncultured 7Treponema clones, while
166 clones showed 86 to 96% similarity (Table 3) with any sequence in the NCBI database.
Pairwise comparison of each 16S rRNA gene library using web-LIBSHUFF confirmed that
the libraries were significantly (P = 0.001) different from one another (data not shown).

The results of a phylogenetic analysis of the 67 OTUs identified among the combined
16S rRNA gene sequences from the three libraries are shown in Fig. 3. The phylogenetic tree
(Fig. 3) was divided into two major clades (Clade I and II). Additionally, clade II was further

categorized in to sub-clades (a-e), although this was not supported by higher bootstrap values.
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The distribution of clones in the different clades was shown by pie charts with the size of the
pie charts corresponding to the size of the clones in each clade. In clade I, 59 clones (58.4%)
were from the concentrate library, while in clade II 185 clones (87.3%) were from the hay
libraries.

DISCUSSION

16S rRNA gene-based clone libraries constructed using universal PCR primers have been
used to monitor the entire rumen bacterial community (Whitford ef al., 1998; Tajima et al.,
1999; Koike et al., 2003; Sundset et al., 2007). However, such universal libraries do not
sufficiently represent the diversity of specific groups of bacteria in a complex gut
environment (Li et al., 2008). Our recent analysis of the rumen Prevotella community based
on group-specific clone libraries showed the abundance of novel rumen Prevotella previously
undetected (Bekele et al., 2010), indicating the advantage of this approach. In the present
study, we focused on Treponema, a frequently detected rumen bacterial group that has been
implicated in the degradation of fiber (Koike et al., 2003; Shinkai et al., 2010). A Treponema
group-specific primer was successfully developed and used to illustrate the diversity and
molecular ecology of rumen Treponema.

Real-time PCR quantification revealed that the relative abundance of Treponema was
comparable to or higher than that of the other representative rumen bacteria (Stevenson and
Weimer, 2007; Bekele et al., 2010). Therefore, the Treponema group may be one of the core
members of the rumen bacterial community. The proportion of 7. bryantii was about 2% in
the Treponema group (0.02% vs. 1.05%), indicating that the uncultured Treponema were
more abundant than cultured representatives. Analysis of the Treponema 16S rRNA gene
libraries supported this finding (see below). Although a single sequence was identified as 7.
zioleckii in the present study, no 16S rRNA gene sequence having 97% or more similarity

with T. sacchrophilum and T. zioleckii was reported in previous studies (Whitford et al.,
13
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1998; Tajima et al., 1999; Koike et al., 2003). Therefore, T. sacchrophilum and T. zioleckii
appear to be minor bacterial species in the rumen.

Sequence analysis of 16S rRNA gene clone libraries constructed in this study for
rumen Treponema revealed the presence of phylogenetically diverse and previously
undetected OTUs of the rumen Treponema community. The DGGE data further showed
diverse bands in the animals fed alfalfa and orchardgrass hay. This finding corresponded with
diversity analysis of the libraries, which showed higher Shannon index diversity values for
the hay diets. A plausible explanation for this finding would be that more diverse members of
Treponema are involved in the degradation of hay diets.

Considering the higher percentage (91.1%) of Good’s coverage for the combined
library, our library was comprehensive and likely represented the majority of Treponema in
the sheep rumen. It has been suggested that a group-specific clone library approach could
identify more diverse members in the target group than a universal library analysis (Hayashi
et al., 2006). In human gut studies, attempts to recover diverse members of Bacteroides spp.
by increasing the size of libraries constructed by universal primers did not result in higher
diversity of Bacteroides (Li et al., 2008). Preferential PCR amplification of certain groups of
rumen microbes has been suggested as a possible reason for the difficulty in detecting a
particular group with universal primers (Tajima et al., 2001), and this may explain the low
level detection of Treponema sequences in previous studies (Whitford ez al., 1998; Tajima et
al., 1999; Ozutsumi et al., 2005). Therefore, the group-specific clone library approach that
we followed in this study proved useful to obtain a comprehensive description of the diversity
of Treponema in the rumen.

Phylogenetic analysis of the Treponema 16S rRNA gene sequences showed a closer
phylogeny of clones retrieved from a particular diet. In the phylogenetic tree, clade I was

mainly comprised of clones (58.4% of the overall concentrate clones) associated with
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concentrate feeding; while clade II predominantly consisted of Treponema clones (87.3% of
the overall hay clones) associated with hay feeding. These findings suggest that closely
related phylotypes of rumen Treponema associate with a given diet, and may play a role in
the degradation of that particular diet in the rumen. This interpretation of the phylogenetic
analysis was supported by results of the principal component analysis of the DGGE
fingerprints of the Treponema community that showed separate clusters for Treponema
associated with either the hay or the concentrate diets.

Pairwise comparison of each 16S rRNA gene library indicated that the composition of
Treponema associated with the concentrate diet differed from those associated with the hay
diets. Similarly, the Treponema community associated with each hay diet differed
significantly (P = 0.001). Therefore, differences observed among the libraries were attributed
to the presence of phylotypes specifically associated with a given diet. Several studies have
shown that some ruminal bacterial species are indeed very specialized; while specialist’s vs.
generalist’s others have a broad range of substrate specificity (Krause and Russell, 1996).
Diet-dependent shifts in the entire bacterial community have also been interpreted as changes
caused by the specialized niches and substrate requirements of different rumen bacteria
(Tajima et al., 2001, Welkie et al., 2010). Recently, we reported molecular evidence for the
existence of diet-specific subpopulations of Prevotella that might be involved in the
degradation of either hay or concentrate diets (Bekele ef al., 2010). Collectively, these
findings support the concept of functional specialization among rumen bacterial groups and
even within a bacterial group such as Treponema.

Two OTUs (25 and 67) had a phylogenetic position closer to cultured species of 7.
bryantii and T. saccharophilum, respectively. These OTUs may have similar functions to that
of the cultured close relatives. Cultured rumen Treponema strains do not break down

cellulose, but are capable of catabolizing other structural polysaccharides such as pectin,
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xylan, and fructan (Ziolecki, 1979; Wojciechowicz & Ziolecki, 1979; Ziolecki &
Wojciechowicz, 1980; Piknova ef al., 2008), and also of utilizing hydrolysis products of plant
polymers such as cellobiose, xylose, arabinose and galacturonic acid (Paster & Canale-Parola,
1985). Interestingly, the majority of clones belonging to OTUs 25 and 67 were obtained from
the animals fed a hay diet. Therefore, these clones may be involved in rumen fiber
degradation.

In conclusion, this study revealed the phylogenetic diversity of rumen Treponema in
sheep rumen. The population size of ruminal 7reponema was comparable to that of other
representative ruminal species; however, the majority of the members of this group remain
uncultured. The diet association of Treponema clones suggests the specialized metabolic
niches of rumen treponemes related to the digestion of either a hay or concentrate diet. We
demonstrated that a group-specific clone library approach can be a useful method to
comprehensively profile the composition of specific target bacteria in the rumen, particularly
of uncultured members. This study highlights the need for detailed profiling of the huge
uncultured component of the rumen bacterial community in order to understand their role in

the degradation of feed in the rumen.
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Table 1 PCR primers used in this study

Target Primer sequences (5°-3”) Annealing Extension Product Efficiency Reference
Temperature (°C) time (sec) Size (bp)
Total bacteria BAC341F ACTCCTACGGGAGGCAG 57 19 465 1.92 [a]
BAC 805R GACTACCAGGGTATCTAATCC [a]
Rumen Treponema-group g-TrepoF GGCAGCAGCTAAGAATATTCC 64 23 575 1.91 This study
BAC926R CCGTCAATTCCTTTGAGTTT [b]
Treponema bryantii T.bryF  AGTCGAGCGGTAAGATTG 57 18 421 1.95 [c]

T.bryR  CAAAGCGTTTCTCTCACT

[c]

[a], Stevenson and Weimer (2007); [b], Watanabe et al. (2001); [c], Tajima et al. (2001)
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Table 2 Percentages of Treponema relative to total bacteria in the rumen of sheep fed a hay or concentrate diet as determined by real-time PCR

Alfalfa Orchardgrass Concentrate
Target Mean+SD Mean+SD Mean+SD P value
Rumen Treponema-group 1.05+ 0.62 0.57+0.26 0.92+ 0.85 0.648
Treponema bryantii 0.02+ 0.01 0.02 +0.01 0.02 +0.03 0.977
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Table 3 Sequence diversity and coverage estimation of individual and combined libraries

Alfalfa Orchardgrass Concentrate Combined
Total No. of clones 111 101 101 313
Total No. of OTUs 32 32 30 67
Chao 1 68.6 41.7 60.9 101
Shannon index 3.22 3.12 2.88 3.64
Good’s coverage (%) 83.8 88.1 85.2 91.1
Cultured Treponema 77 (2 OTUs)
T. bryantii, j(OTU) 47 (1 OTU) 19 (1 OTU) 10 (1 OTU) 76 (1 OTU)
T. saccharophilum, (OTU) 0 0 0 0
T. zioleckii, (OTU) 1 (10TU) 0 0 1 (1 OTUs)
Uncultured Treponema* 236 (65 OTUs)
Previously reported, (OTU) 20 (8 OTUs) 22 (6 OTUs) 41 (6 OTUs) 70 (11 OTUs)
Not reported, (OTU) 43 (22 OTUs) 60 (25 OTUs) 50 (23 OTUs) 166 (54 OTUs)

*Clones showing 86-96% sequence similarity with any sequence in the NCBI database were considered as

Not reported, while those having 97% or more similarity with uncultured clones were grouped as previously reported.

Numbers in parentheses indicate predicted OTUs from the clones.
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Figure legends

Fig. 1 DGGE profiles of rumen Treponema 16S rRNA genes derived from rumen samples of
sheep fed different diets. Dendrograms were constructed using the unweighted pair group
method with arithmetic mean clustering analysis. The figure includes DGGE fingerprints of 7.

bryantii ATCC33254. Numbers (1 to 3) indicate animal ID.

Fig. 2 Principal component analysis (PCA) of DGGE fingerprints showing separate clusters
for the hay (AL-Alfalfa, OG-Orchardgrass) and concentrate (Conc) diets. Numbers (1 to 3)

indicate animal ID.

Fig. 3 Phylogenetic placement of rumen 7reponema 16S rRNA gene clone sequences
retrieved from sheep fed alfalfa, orchardgrass, and concentrate based diets. For the alfalfa,
orchardgrass, and concentrate diets, clone names respectively begin with ALTC, OGTC, and
CTC followed by clone number. The tree includes sequences of cultured rumen 7Treponema
species and other uncultured rumen Treponema clones. Clones having < 97% sequence
similarity were considered to belong to a distinct OTU; the number of clones in each OTU is
indicated in brackets. OTUs containing more than 10 clones are shown in bold. The pie charts
in each clade show the distribution of clones from each library. The size of the pie chart
corresponds with the number of clones in the clade. Bootstrap values above 50% are shown
as the percentage of 1000 replicates. The horizontal bar represents nucleotide substitutions

per sequence position.
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