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ABSTRACT. The bacterial diversity by 16S rDNA partial sequencing and scanning electron microscope
(SEM) of the rumen microbiome was characterized. Three Nellore bovines, cannulated at the rumen, were
utilized. Liquid and solid fractions from the rumen content were processed for the extraction of
metagenomic DNA and later 16S rDNA amplicons were utilized to construct the WGA library for further
clone sequencing. Data were analyzed by MEGA and MOTUR (University of Michigan) softwares.
Approximately 97.96% of operation taxonomic units (OTUs) were related to Bacteriodetes phylum and
2.04% of sequences were affiliated to Firmicutes phylum. In the case of Bacteriodetes, the great part of
sequences (47.96%) was attributed to Prevotella genus. Bacteroidetes phylum was predominant in rumen
content and the Prevotella genus was the most abundant, including diverse species related to this taxon. The
bacterial morphological diversity associated to plant fibers was detected by SEM and showed its role in
plant biomass deconstruction beyond the detection of microbiological interactions that involved protozoa.

Keywords: bacterial community, bacterioidetes, Nellore, Prevotella, taxonomic affiliation.

Diversidade bacteriana em riimen bovino por analise de sequéncias do 16S rDNA
metagendmico e microscopia eletronica de varredura

RESUMO. O estudo foi realizado para caracterizar a diversidade bacteriana por meio do sequenciamento
parcial do 16S rDNA total e microscopia eletrdnica de varredura (MEV) do microbioma ruminal. Foram
utilizados trés bovinos da raca Nelore, canulados no rtimen. As fracoes liquidas e sélidas do contetido
ruminal foram processadas para extracio de DNA metagendmico. Em seguida, amplicons 16S rDNA
foram utilizados na constru¢io da biblioteca WGA para posterior sequenciamento dos clones. Os dados
foram analisados pelos softwares MEGA e MOTHUR (The University of Michigan). Aproximadamente
97,96% das UTOs foram relacionadas ao filo Bacteroidetes e apenas 2,04% das sequéncias foram afiliadas
ao filo Firmicutes. Para o filo Bacteroidetes, grande parte das sequéncias (47,96%) foi atribuida ao género
Prevotella. O filo Bacteroidetes foi predominante no contetido ruminal e o género Prevotella foi o mais
abundante, incluindo diversas espécies relacionadas a esse nivel taxonémico. A diversidade morfolégica
bacteriana associada 2s fibras vegetais foi detectada por MEV, evidenciando seu papel na desconstrugio da
biomassa vegetal, além da deteccio de interagdes microbioldgicas que envolvem protozodrios.

Palavras-chave: comunidade bacteriana, bacteroidetes, Nelore, Prevotella, afiliagio taxondmica.

Introduction

The demand for greater efficiency in the
production of ruminants is limited by the lack of
information on rumen microbiota which damages the
effective improvement of fermentative digestion. If the
symbiotic  relationship between the host and

the development of new production technologies
(Martins et al., 2007; Martins et al., 2006).

The rumen environment is colonized by thousands
of microorganisms which belong to the three dominions
(Woese et al, 1990), namely: Bacteria (bacteria),
Archaea (archeae) and Eucarya (fungi and protozoa).

microorganisms is one of the most relevant factors in
taking the best advantage from the diet, or rather, a
greater efficiency in the use of energy and proteins by
the animals, the understanding of the structure of this
microbial community and its factors is mandatory for

Bacteria are highly diversified and abundant within the
dominions in the rumen and represent approximately
95% of total microbiota (Flint et al., 2008).

Information on rumen microorganisms was
obtained until recently by classic cultivation techniques,
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such as isolation, nutritional characterization and cell
numbering (McSweeney & Mackie, 2012). However,
these traditional techniques provide only a limited
access to the diversity of microorganisms. They were
actually complemented by more precise molecular
techniques and shorter analysis duration (McSweeney
& Mackie, 2012). Further, 16S rRNA gene sequencing
is one of the basic genetic markers for the
characterization ~ of  prokaryote — microorganism
community and estimates the phylogenetic richness
and classification used in the quantification and
taxonomy of the microbiome including non-cultivable
microorganisms (Makkar & Cameotra, 2002).

Since several genetic and environmental aspects
contribute towards the co-evolution between the
ruminant and its rumen microbiota, the importance of
the genetic heritage of Nellore cattle and its role as
supplier of food resources, current analysis
characterizes the rumen’s bacterial diversity by the
partial sequencing of total 16S rDNA and Scanning
Electron Microscopy (SEM).

Material and methods

The experiment was conducted in an area of the
Faculty of Agrarian and Veterinarian Sciences (FCAV-
UNESP), Jaboticabal, Sio Paulo, Brazil and developed
in the Laboratory of Applied Genetics (LGA) and the
Laboratory of the Biochemistry of Microorganisms and
Plants (LBMP). All experimental stages were developed
according to ethics in animal experimentation of the
Brazilian College of Animal Experimentation and
approved by the Committee for Ethics in the Use of
Animals of the FCAV (protocol 017621/11).

Three Nellore bulls, castrated, cannulated in the
rumen, approximately 24 months old, with mean weight
350 kg, were used. Diet comprised a mixture of ground
hay Tifton 85 (Cynodon spp) (70%) and concentrate
(30%) made of soybean meal (13.1%), ground corn
(15.7%), urea and ammonium sulfate (1.2%), given
once a day at 7h00 am. Mean daily ingestion of dry
matter was approximately 1.7% of the animal’s live
weight; water was given ad libitum and diet adaptation
period was 31 days. A sample of approximately 500 g
was retrieved from the middle region of the rumen from
each animal one hour before feeding and after manual
homogenization of the rumen, by rumen cannula.

Samples from each animal were fractioned in a
liquid and solid fraction for total DNA extraction after
prior processing of the collected material given below:

The microorganisms adherent to the solid fraction
were separated as follows: 30 mL of a solution with
NaCl 0.85% and containing 0.2% polysorbate were
added to 10 g of the solid fraction of the rumen
content. The sample was vigorously homogenized for 1
minute and then centrifuged for 10 minutes at 1,000 x g,

Jesus et al.

at 4°C. The supernatant was transferred to a new tube
kept in ice. The sediment was prepared by the same
washing process previously described. The second
supernatant was transferred to the tube kept in ice
whilst the sediment was again re-suspended with the
solution previously described, with the addition of glass
beads, vigorously homogenized and centrifuged as
before. The third supernatant was centrifuged at
7,000 x g for 30 minutes, at 4°C, and the sediment re-
suspended in 3 mL of NaCl 0.85%.

The microorganisms in the liquid fraction were
obtained as follows: 500 mL of the rumen liquid were
centrifuged at 27,000 x g for 30 minutes, at 4°C, and the
supernatant disposed of. The precipitate was washed in
40 mL of NaCl 0.85% and centrifuged as previously
described; the sediment was re-suspended in 40 mL of
NaCl 0.85%.

Total DNA was extracted with 250 mg of each
fraction with extraction kit FastDNA® SPIN Kit for
Soil (MP Biomedical, Santa Ana, California, USA).
DNA samples were verified in agar gel 0.8% and
analyzed by spectrophotometry (Thermo Scientific,
NanoDrop™ 1000, Loughborough, Leicestershire,
UK) to assess quality and amount. Biological samples
and metagenomic DNA extraction were undertaken
separately in triplicate till equimolar amounts of each
sample were obtained for PCR.

Partial amplicons of 16S rRNA of two samples
from rumen contents were produced by PCR with
degenerated oligonucleotide initiators: 27 F (5° AGA
GTT TGA TCM TGG CTC AG 3) and 1492 R
(5 GGY TAC CTT GTT ACG ACT T 3’) (Lane,
1991). PCR reaction employed 20 ng of total DNA in a
reaction comprising 1.25 mM of MgCl,, 0.2 mM of
dNTPs, 1 U of enzyme Taq DNA polymerase
(Invitrogen); buffer solution for PCR reaction [1x]
(Invitrogen) and 10 pmol of each oligonucleotide
initiators. The reaction occurred in a thermocycler (M]
Research, Inc., model PTC-100TM, Watertown,
Massachusetts, USA) with the following conditions:
95°C for 5 minutes, 30 cycles with denaturation at 95°C
for 30 seconds, pairing at 52°C for 30 seconds,
extension at 72°C for 2 minutes and final extension at
72°C for 10 minutes.

The amplicons were cleansed with kit Wizard® SV
Gel and PCR Clean-Up System (Promega) and a clone
library of 16S rRINA fragments was constructed by kit
pGEM®-T Easy Vector System (Promega). The
recombinant plasmids were extracted by the alkaline
lyse method and the inserts were amplified by
oligonucleotide initiator T7 (5° TTA ATA CGA CTC
ACT ATA GGG 3°) for DNA sequencing.
Nucleotide sequences of amplicons of partial 16S
rRNA were determined by automatic capillary
sequencer ABI PRISM 3100 Genetic Analyzer (Applied
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Biosystems) with kit DNA Sequencing-Big Dye
Terminator Cycle Sequencing Ready ABI Prism 3.

Further, 16S rRNA sequences were submitted to
GenBank, with access number KJ650099-KJ650196. All
sequences were compared to those deposited in the
GenBank by Megablast and the sequences with the
greatest score were used for the multiple alinement in
ClustalW available in BioEdit. Distance matrix was
calculated with DNADIST of PHYLIP and a
dendrogram was built with MEGA 5.0 (Tamura et al.,
2011) by the Neighbor-Joining method (Saitou & Nei,
1987), substitution matrix Jukes and Cantor (Jukes &
Cantor, 1969), bootstrap (Felsenstein, 1985), for 1,000
replicates and option for complete deleting. Rarefaction
curve and richness estimators Chao1l (Chao, 1987) and
ACE (Chao & Lee, 1992) were obtained in
MOTHUR (Schloss et al., 2009), whereas Shannon-
Weaver and Simpson diversity indexes (Magurran,
1988) were obtained with 97% similarity to classify the
Operation Taxonomic Units (OTUs).

Samples of rumen contents, conditioned in falcon-
type flasks (50 mL) were used for scanning electron
microscopy (SEM). They contained a solution of
glutaraldehyde 3% in a potassium phosphate bufter at
0.1 M, pH 7.4, for 48 hours for fixing. They were later
post-fixed in a solution of osmium tetroxide 1% for 4
hours and washed in the same buffer solution.
Dehydration occurred in a gradual serial of ethyl
alcohol 30, 50, 70, 80, 90 and 100%; three times in the
later, and remained immersed in each during 20
minutes. The drying of the material was undertaken in
a critical point drier with CO,; they were fixed and
metalized with approximately 35 nm of gold-palladium.
The samples analyzed by electron micrography with
SEM JEOL JSM 5410 at 15 kV (Santos, 1996).

Results and discussion

As Figure 1 shows, 43, 15 and 6 distinct OTUs
were discovered respectively at 97, 90 and 80%
similarity in the evaluated rumen contents, taking into
consideration conditions applied in MOTHUR
analysis. Rarefaction graph revealed that the sampling
effort on orders and phyla (respectively 90 and 80%
similarity) was satisfactory, since curve reached the
asymptote. Sequences at the genus level (97%) failed to
reveal the total presence of the bacterial community
evaluated. More sequences could have been obtained
to amplify the genus spectrum represented by the
community. The above was confirmed by ACE
richness estimators (109) by which sequences are
grouped into rare and abundant according to
frequency; by Chaol (80) that analyzes the number of
absent species; by the Shannon-Weaver diversity index
(3.430), an index, which is sensitive to species richness
and relative abundance; and by Simpson (0.034) in
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which the closer it is to zero, the greater is the diversity
in the environment under analysis.
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Figure 1. Rarefaction curve of cattle rumen contents showing the
number of Operation Taxonomic Units (OTUs), taking into
account the total number of sequences, with 97%, 90% and 80%
of genetic similarity.

Partial sequences of gene 16S rDNA were compared
with data bank RDP II by RDPquery. The 98 sequences
belonged to the dominion Bacterium, of which
approximately 97.96% were related to the Bacteroidetes
phylum and only 2.04% of the sequences to the
Firmicutes phylum. The predominance of the phyla
corroborates data given by several authors who reported
that the most relevant identified phyla in bovine rumen
are the Bacteroidetes and Firmicutes phyla (Callaway
etal.,, 2010; Chen etal., 2011; Li et al., 2014).

Most sequences (47.96%) of the Bacteroidetes
phylum belonged to the genus Prevotella, or rather,
gram-negative, obligatory anaerobic, non-sporulating
bacteria, without any motility and shaped as
pleomorphic rods (Shah & Collins, 1990). The high
percentage of Prevotella, mainly the species Prevotella
ruminicola, Prevotella brevis, Prevotella bryantii and Prevotella
albensis (McSweeney & Mackie, 2012), revealed the
genus’s abundance in the rumen (Bekele et al., 2010;
Stevenson & Weimer, 2007). The above-mentioned
bacteria showed great wvariability in genetic and
phenotypic features (Avgustin et al., 1997)(Figure 2).
Important differences were also identified among the
four species with regard to the capacity of
polysaccharide degradation (Matsui et al., 2000).

Diversity analysis by total 16S rDNA sequencing of
the rumen contents was a very relevant approach since
it comprised microorganisms which would not be
accessible by traditional microbiologic tools. Moreover,
a visual analysis by SEM assessed the richness of
microbiological forms in the bovine rumen (Figure 2)
and thus amplifying further the access capacity for the
diversity of the rumen environment.

A great variety of Prevotella species with enzyme
activities for carboxy-methylcellulase and xylanase has
been isolated from the rumen (Avgustin et al., 1997).
Prevotella spp. are one of the main species that triggers
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proteolithic activity in the rumen and has an important
role in making nitrogen available for other
microorganisms from the degradation of protein
derived from the host’s feed (Wallace et al., 1997).
These species are perhaps the most important
ammonia-producing bacteria in the rumen.

Figure 2 demonstrates diversified —bacteria
composed of bacteria, fungi and protozoa (Figura 2).
Bacteria of the genera Bacteroides, Prevotella, Ruminobacter,
Fibrobacter, Methanobrevibacter, Methanomicrobium and
Clostridium  (spores) are rod-shaped; Butyrovibrio,
Selenomonas and Lachnospira are curved rod bacteria;
cocci indicate the presence of Ruminococcus, Streptococcus
and Megasphaera. Spiral microorganisms, similar to
spirochaetes, have been frequently detected in the
rumen and are represented by the genus Treponema
(Stewart et al., 1997).

Albeit surety is not possible, the form standard
reported is a relevant indication of species diversity.
Several bacteria are decomposers of cellulose, pectin
and starch and they are involved in the deconstruction
of vegetal biomass ingested by the animal. The bacteria
associated with decomposing vegetal fiber are reported
(Figure 2). Perforations caused by cellulite activity and
the exposure of sap-conducting vessels may be
perceived. Prevotella isolates have the shape represented

Spm 800800A1
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in Figure 2, whereas Ruminococcus isolates have the
pattern shown in Figure 2 (Stewart et al., 1997).

Aerobic yeasts and fungi, which are able to grow in
anaerobic conditions, may colonize the rumen,
including the species of the genera Aspergillus, Mucro
and Sporormia (Orpin & Joblin, 1997). Anaerobic
saprophyte fungi, in the main zoosporic fungi, belong
to the division  Eumycotina,  subdivision
Mastigomycina and class Chytridiomycetes (Orpin &
Joblin, 1997). Thali, sporangia and zoospores of rumen
anaerobic fungi may be represented by the shapes
under analysis.

Besides fungi and bacteria, the rumen has bigger
organisms, measuring 5-250 pm, or protozoa. Ciliated
protozoa of the subclass Trichostomatia are the most
important (Williams & Coleman, 1997). The protozoa
may interact with the archaeas, bacteria and fungi in the
rumen (Figure 2). Many protozoa have archaeas adhered
to their external surface. The employment of 16S rRNA
by Lloyd et al. (1996) confirmed several ectosymbiontes
belonging to archaeas, especially metanogenic and
hydrogen producers (Williams & Coleman, 1997).
Ciliated protozoa are generally attracted by colonies of
fungi in which predatory and metabolic interactions
among eukaryote microorganisms may be observed
(Williams & Coleman, 1997).

Figure 2. Bovine rumen contents by Scanning Electron Microscopy. (A), (B) and (C) Vegetal tissue is being degraded; the exposure of
vascular bundles may be seen due to the activities of the microorganisms; (D) Microbiological interactions, including protozoa.

Acta Scientiarum. Animal Sciences

Maringa, v. 37, n. 3, p. 251-257, July-Sept., 2015



Prospection of 16S rDNA in bovine rumen

Although synergistic and mutualistic relationships
between the different groups of prokaryote and
eukaryote microorganisms are beneficent to the animal
and the microbial community, there is a delicate
equilibrium between the individual populations that
make up the community. Each population contributes
metabolically towards the transformations of the
substrates in fermentation products and the population
balance may be adjusted by subtle variations in the
animal’s diet. An efficient equilibrium corresponds to
the animals’ healthy conditions.
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Reinforcing and complementing information
produced by phylogenetic classification in the RDP
data base, the dendrogram reveals (Figure 3) that
almost all the sequences belong to the phylum
Bacteroidetes. Moreover, there were genetic
differences among these sequences that revealed a
great diversity of species related to the phylum, most
of which described as non-cultured bacteria. The
great number OTUs of non-cultivable organisms
identified in current assay reinforce the relevance in
studying the rumen.
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79 [- AB555302.1 Uncultured rumen bacterium
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Figure 3. Dendrogram shows the classification of operation taxonomic units (OTUs) of bovine rumen contents. Dendrogram was constructed by
the substitution matrix of nucleotides Jukes and Cantor, neighbor-joining joining with bootstrap for 1,000 replicas and complete deletion option.
Knots present only bootstrap rates over 50%. Scale indicates that 0.05 nucleotide substitutions occurred at each position.
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The information produced in current analysis is
primary and primordial for the understanding of the
ruminal bacterial composition. The development of
new methods and technologies is highly promising
in future research proteomics,
metabolomics, transgenics and immunology among
other possible types of knowledge that may be
obtained from such a rich and scantily known
rumen environment.

in genomics,

Conclusion

The phylum Bacteroidetes was identified as
predominant in bovine rumen contents by partial
16S rDNA sequences. The genus Prevotella was the
most abundant in this phylum, with several species
related to this taxonomic level. SEM also showed
the biodiversity of prokaryotes and eukaryotes in full
metabolic activity with regard to the degradation of
the vegetal biomass.
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