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METAGENOMICS AND ITS
APPLICATION IN RUMEN ECOSYSTEM:
POTENTIAL BIOTECHNOLOGICAL |
PROSPECTS
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Introduction _—
Microbial ecology seeks to answer

3 questions:

® The microbial populations are vital to life
on the earth and are of enormous
practical significance in medicine;
engineering and agriculture (Sloan et al,
2006).

1. Who's there?
2. Who's active?

3. What are they doing?
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Molecular microbial ecology seeks to answer
3 questions:

1. Who's there?
2. Who's active?

3. What are they doing?
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Molecular methods for enumeration

® Genetic-based methods are rapidly
replacing conventional detection and
enumeration methods in microbiology.

® These methods are mainly based on
small subunit ribosomal RNA
sequences.
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The 16S ribosomal RNA molecule |

The 16S rRNA molecule is a major
component of the small ribosomal

subunit. It has approximately 1500
ribonucleotides. This single-stranded

rBNA molecule has an intricate secondary
structure with extensive intrachain base
pairing. The 16S rRNA forms a part

7| of the ribosomal structure that is the site of
protein biosynthesis resulting in the translation
of messenger RNA. The 3' end of the bacterial
16S rRNA base-pairs with the Shine- Dalgaro
sequence located upstream of the AUG initiation
codon in mRNA during the initiation step of the
translation process. This allows the mRNA

to position itself on the ribosome. There is also
evidence that 16S rRNA is directly involved in
the interactions between the large and small
ribosomal subunits.

By Dr. G.E. Fox,
Dept of Biology and Biochemistry
University of Houston
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What is metagenomics:

® The term “metagenomics” was first
coined by Handelsman ef a/. (1998) to
study the genomes from all microbes in
a particular environment as opposed to
the genome from one organism isolated
from the environment and cultured /7
vitro.
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Why molecular methods?

® The majority of environmental microbes are
not easily cultured by usual lab methods.

® Microbes are morphologically indistinct.

® Culture-independent molecular methods
can be used to distinguish bacterial
populations and to describe microbial
communities.

® Most of these methods involve PCR
amplification of DNA extracted from natural
samples.
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DNA extraction

Three steps:
1. Lysis of the bacterial cells.
- mechanical means (physically breaking open the cells)

- chemical means (using enzymes that break down the |
bacterial cell walls).

2. Protecting the DNA from degradation.
Proteins are precipitated, leaving the DNA in solution.
This removes enzymes (proteins) that can break down
DNA.

3. Purifying the DNA. DNAis precipitated with
ethanol, and cellular components that do not precipitate
with ethanol are washed away. The precipitated DNA is
dried and resuspended i in water or buffer.

T iClasl o sl > sﬂ;—&ywﬁawm

/2612011 12




= 3
s

i Cenaturaton

9/26/2011

S — PCR - Polymerase chain reaction
LA ¢ Schematic drawing of the PCR cycle
3 Elongaton (1) Denaturing at 94-96°C.
4 3 (2) Annealing at ~65°C
+@ (3) Elongation at 72°C.
+ ) + Four cycles are shown here. The blue Ilnes
& D80 represent the DNA template to which pnmers

(red arrows) anneal that are extended by the
DNA polymerase (light green circles), to g|ve
shorter DNA products (green lines), which |
themselves are used as templates as PCR
progresses.

Source: Wikipedia PCR

Expanential g-owth of short product
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RESEARCH METHOD

Clone Libraries

® Isolate environmental DNA

® Amplify 16S rDNA using PCR

® Clone PCR product and
sequence

® Compare to 16S rRNA

database to identify
sequence (closest relative)/

spacer region

168 rDNA 23S rDNA
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|Bacillus sp. ICPS6 16S rINA
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Rumen function and
metagenomics: )

©® Ruminants will probably be important in livestoch
strategies to assist the poor (Delgado, 2005),
therefore their ability to convert locally available
feedstuffs to animal products should be
improved.

@ It's well studied that microbial community
inhabiting in the rumen is characterized by its
high population density, wide diversity and,

__interactive complexity (Duan et al., 2006).
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Phylogenetic tree

1K O Cann and others
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Rumen function and
metagenomics:

® This microbial community is responsible
for the bioconversion of lignocellulosic
feeds into volatile fatty acids (Kamra,
2005).

® The goal of rumen biotechnologists is to
manipulate the ruminal microbial
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The rumen is a highly efﬁuént bioreactor Biogas CYTle (3] uu mem
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Modified from Flint er a/. 2008. Nat Rev Microbiol. 6(2):121-131 - CQZ
Bovine Rumen /
— ~100 L volume :

— Bacteria, Archaea, Protozoa, Viruses, Fungi -/
— ~1x 10 bacteria / mL - /
— Microbes provide genes that cow genome does notﬁncode
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Application of rumen
metagenomics:

® Itis well known that biotechnology has a
continuous demand for novel genes and

© The development and application of enzymes and compounds (Christel et al., of

metagenomics has allowed access to \ the 2007).

the uncultivated ecosystem and insight } ® The rumen microbial diversity represents a
into metabolic capabilities as yet vast genetic bounty that may be exploited for
uncultured microbial communities. the discovery of novel genes, entire

| metabolic pathways and potentially valuable
/ end-products thereof (Frank and Pace, ]
2008), but the successful development for the

® Some examples of application of
discovery of some novel genes or mlcrobes

metagenomics are as: - / have not yet been achieved.
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‘\ Genomic sequences
database of the rumen
microbes: ‘

Table 4. The KEGG patways with sigrificantly derant numbors of hits bateson o bwo age groups.

L] KO pattweary iclass) e At Palua®

00230 Puring mataboksm M) 00188 = 113604 0091 = A8E08 a0 @ SequenCing the genomes Of indiViduaI
0800 Pha, Tyr and Try biosyrdhests (M) 00058 = 1.18E-04 QO0E2 = TSBE-OS LTS . . .

o B secrton vt € ooosa = 37e 7 av0st 1 ek oe aseo rumen microbes and determining the

oo Do o ok by s 04 O - 30eEes prosapiderr] fred function of their encoded genes

QOTEY Bictin matabolism (M) 00021 = &48E ?S gmzs : i SBEO5 a7 . .
ol e i v ) Gooty < 12 es Soors - packos Gozzr promises to transform our understanding
OOUSD Isoquincing aluaioud bicaynthess (M) 00015 = 102605 Q0019 = SETEDS anis . .

D814 O-ghyan biosyrihasis (M) 00001  1.40E-06 20002 + 280E-08 a0eE Of the mICI‘ObI0|Ogy Of the rumen

& The nusmbar of cpen readng irumes (ORF) annotated 10 & ghen KO pathwary divided by the totsl number of ORF annotated 1o all KO patiways

e (Attwood et al., 2008).

b. Pavalue was calculated using MataStats (White ef al. 2005)
. Metabolsm: E. Environmaental Iwamﬂvuuwb.nua:lww?muw
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Tabée 1 Genome Sequence projects for rumen microcrganisms. The instiuion coondinating the projects and webaltes for access 1o
date data are also shewr

Fumen microbes Stan and coverage Instaution eostes
Fitrobacter sucanopenes Strain 5 85 dosed TIGR whw Sgr orp Wb rumenomics.
Ruminocoocus abus Strain B closed TIGR ot B CAQAIBALMEnOMICS
Precolela ruincsia Stain 23 closed TIGR it g GGV TLmERDMICS
Prevotela bryarts Srain B, 4, Draf {#x) TIGR: i S GG A TUmErOMICS
Rumnococcus favetacens Strain FD -1 Draft (2x) University of Binois ot BhORRCh LB e
Tabie 2 v 3 metay tooks
Authors Enzymesmicrobial studes. Source
Femer of al_ 2005 Movel enzyme RiA 04 belonging 1o he aipha-amytase family Bovine rumen
Belogui o al_ 2008 Pl gena F-5 ancoding potyphencl cndase Bowne rumen
Mashew ot al. 2007 Fovel rrathancgent. Camie. Shatp numen
Lammmie of al, 2001 Pumen microbes Bovine rumen (S5H)
Palackal et &/, 200 mumtunctonal gfycosyl ydmlase Boune rumen
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Identification of novel

enzymes/microbes from rumen:

® Feral herbivores or the migratory livestock
species like goats and sheep could harbor
a wealth of valuable GI microorganisms
that could be developed and then used as
probiotics or direct fed microbials (to
enhance rumen productivity) and sources
of various hydrolytic enzymes for
promoting livestock nutrition, health and
industrial development (Singh et a/., 2008)
(Table 2).
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qc enomic Discovery of Biomass-Degrading Genes and Genames
Irom ow Rumen

Matthias Hess, ef al

Science 334, 463 (2011);

DOL 10.1128/sclonce. 1200387

AlAAAS

Fig. 1. (A) A surgically created fistula (arrow) sealed with a flex- D
e cannula was used 1o study the degradation of switchgrass

within the numen. (B) Switchgrass before umen inqubation. iC) -
Neylon bags filled with switchgrass before insertion ino the numen.
1D} Switchigrass after 72 heurs of nmen incubation.
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Fig. 2. (A} Sequence
identity of 90 anddate
senquendes sermibled rom 0] ™
the sitchgras-assodated
rumen microbioms and
tested for carbohydrate-
degradfing achty 1o known
carbohydrate-adive en-
HymesL Sequence iderti-
ty 10 known enzymes i
shown for tested candi-
dates (blue) and candi-
dates found 1 be adtive 3 40 5 60 w8 %0 W0
g“‘:‘m‘:;:fmmm“:: Sequence identity to best BLAST hit in CAZy (%)

the activity assays. (B)

Similarity distribution of cahme candidates {n = 27,755) containing a catalytic domain (CD) asso-

clated with activity or 3 binding module (CBM). Sequences were compared

to the CAZy (blue, 25,947 hits), NCBI-nr (black, 26,679 hml and NCBl-env igreen, 26,030 hits)
databases (best BLAST hit, E-value = le-5k 482 genes contained both a €D and CBM, whereas 23,804 /
and 3469 genes contained only a €D or CBM, respectively. /

A 25 ) Carntidata CAZymen

¥
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Btrors Enzymes mirobial sudes Source
Foeer ot ol 2008 Bovne rumen
Belogu et al 2008 Bvne rumen

Havel gene R1.S encodng polyphencl andase
Howel metanagens
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Identification of uncultured \
methanogens:

® Interest in methanogens from ruminants
has resulted from the role of methane
from the fact that cattle lose 6% of
ingestion energy as methane (Johnson
and Johnson, 1995).
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Differentiating and
guantitative determination
rumen biomass:

® Another important application of
microbial metagenomics in animal
nutrition is the quantitative determination
of total rumen microbial biomass and
differentiating the bacterial and
protozoal biomass.
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Environmental MicroBiology (2011)
Metagenomics and the rumen microbiota

32

Ruminal nitrogen

metabolism:

® A better understanding of mechanistic
process altering the production and
uptake of amino nitrogen will help the
livestock nutritionists to improve the
overall conversion of dietary nitrogen
into microbial protein.
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Conclusion:

® These technologies have the potential to
revolutionize the understanding of rumen
function and will overcome the limitations
of classical based techniques, including
isolation and taxonomic identification of
strains important to efficient rumen function
and better understanding of the roles of
microorganisms in relation to achieving

high productivity and decreasing

environmental pollutants.

T lpaol oswls psle > SigleiSisy i sle iwles
912612011 bl

What is metagenomics: \

® In principle, any study that addresses all
the individuals in a microbial community
as a single genomic pool can be seen
as an exercise in metagenomics
(Kowalchuk et al.,, 2007).
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@ Initially, noncultured microflora and ancient DNA
investigations had been the prime targets of
metagenomic studies, but presently the
technology has been applied to study an array of
microbial diversities

like:

deep-sea aquatic microflora,

soil microbes and

Gl ecosystem of human and animals (Lu et al.,
2007; Shanks et al., 2006).
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Metagenome technologies,
DNA extraction, library
construction, screening:

® Metagenome analyses are usually initiated
by the isolation of environmental DNAs.

® A major difficulty associated with the
metagenome approach is related to the
contamination of purified DNA with
polyphenolic compounds, which are
copurified with the DNA. -
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Identification of novel
enzymes/microbes from
rumen:

® The metagenomics need to be exploited
to screen and identify novel microbes
and biomolecules from the Gl tract of
the livestock ruminants adapted to the
forages or diets enriched with high fiber
and an array of anti-nutritional Plant
Secondary Metabolites (PSMs) such as -
tannin-polyphenols. ,
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