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ABSTRACT- Intestines of each animal are the niche of a complex and dynamic ecosystem with important effects to
thehost. Themembersor final productsof thisecosysteminfluencenutrient digestion, absorption, mucosametabolism, general
physiology, and local and systemic immunological responses of avian hosts. Better understanding of the avian gut microbial
ecosystem may lead to improvements on poultry productivity, health, welfare, and reduction of food borne pathogens and
the environmental impact of poultry production for amore sustainableindustry. Molecular methods of microbial ecology are
key toolsto gain this knowledge. The objective of this presentation isto outline the basic concepts, applications, advantages,
limitations, and evol ution of these molecular methods used to study intestinal microbial ecology. Thefinal goal isto stimulate
their application in poultry applied research and development of new feed additives. Some practical examples in poultry
research will be described to illustrate their relevance to advance in control methods for pathogens, avoid or manage dishiosis
or subclinical intestinal diseases, reduce environmental impact, elucidate effects of nutrientsin gut mucosa, microflora, and
in general to improve poultry performance.
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Metodologias moleculares para avaliar efeitos de aditivos e nutrientes na
microfloraintestinal das aves

RESUMO - O intestino de cada animal é o nicho de um ecossi stema complexo e dinamico com efeitos importantes para
o hospedeiro. Ascomunidades microbianas componentes deste ecossistemae/ou os produtosfinai sdo metabolismoinfluenciam
a digestéo e absor¢do de nutrientes, o metabolismo das mucosas, afisiologia geral e asrespostasimunitarias locais e gerais da
ave hospedeira. A melhor compreensdo do ecossistema microbiano do intestino das aves pode levar a melhorias na
produtividade, saide, bem estar, e reducéo de agente patogénicos dos alimentos e do impacto ambiental da producéo avicola
paraumaindustriamais sustentavel. Os métodos moleculares da ecologiamicrobianasdo ferramentas chaves paraobter este
conhecimento. O objetivo desta apresentacéo é descrever os conceitos bésicos, aplicacdes, vantagens, limitacdes, e evolugéo
destes métodos mol ecul ares usados para estudar a ecol ogia microbianado intestino. A metafinal é estimular suaaplicagdo em
pesquisaavicolaaplicada e desenvol vimento de novos aditivos para alimentos. Alguns exemplos préticos em pesquisaavicola
serdo descritos parailustrar suarelevancia para avancar em métodos de controle de agentes patogénicos, evitar ou manejar
a disbiose ou doengas intestinais sub-clinicas, reduzir o impacto ambiental, esclarecer os efeitos dos nutrientes na mucosa
intestinal, a microflora e, em geral, melhorar o desempenho das aves.
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Introduction

Poultry and other animals, as well as humans, live in
environmentswhere microbesare ubiquitous. Themicrobes
associated with mucosal surfaces exceed the total number
of somatic and germcells by more than an order of magni-
tudeinany animal. Thegastrointestinal tract (GIT) ishome
to the most complex and popul ous soci ety or ecosystem of
microbes. Dynamic ecosystems exist within the different
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segments of the gut, each one having distinct luminal and
mucosal niches. Countless diverse microbial communities
(MC) composed of bacteria, protozoa, fungi, yeasts,
bacteriophage and other virus, within the different enteric
niches are affected by the flow of nutrients from the diet,
secretionsfromthe host and the systemic responsesof the
host (animal) dictated by itsimmune, endocrineand nervous
systems(Dibner & Richards, 2004, Thompson & Applegate,
2005, Korver, 2005, Oviedo-Rondon, 2006).
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Microbes have profound effects in some of the
physiological processesof their animal host (Ewing & Cole,
1994; Fuller & Perdigon, 2003). Digestive microflora
populations affect broiler and layer hen performance and
health (Apajalahti & Bedford, 1999; Humeet al., 2003, 2006;
Oviedo-Ronddn et al., 2006; Parker et al., 2007). These
effects in the host may be due primarily to the complex
interactionsthat influencetheintestinal environment, and
thedevel opment and responsesof the host immune system
against pathogenic and non-pathogenic antigens (Cebra,
1999; Kelly & Conway, 2005). Since all those complex
associationscannot besimulated in laboratory conditions,
molecular techniques have been used more frequently in
research to take snapshots of the status of these dynamic
relations and in this way advance in the understanding of
these ecosystems. The first important step in studying an
ecosystem isto identify its members, and the second isto
link their presence with their activity and the role that the
different organismsplay in establishing and maintaining a
well-functioning ecosystem. Currently, most of thework is
directed on identifying the MC present in the gut on
specific circumstances. Much more work is necessary to
identify functions, relations among M C and with the host.

The strongest determinant of the gut microbial profile
isthehost’ sdiet. Factorssuch asdiet composition, nutrient
concentration, feed physical traits, feed processing, and
feed additivesplay significant rolesinthe dynamicsof gut
microflora (Apajalahti et al., 2001, 2004; Guo et a., 2004,
Humeet al., 2003, 2006; Oviedo-Ronddn et al ., 2006; Parker
etal., 2007, Nalianet al., 2009). Apajalahti et a. (2001) used
molecular methodsto survey M C of broilersraised at eight
commercial poultry farmsin Finland. These birdswerefed
different commercial wheat-based diets, some with locally
added wholewheat. Thissurvey covered different seasons
(spring and fall) and years (1997, 1998, and 2000). They
found that diet wasthe strongest individual determinant of
the total MC structure in the ceca of broiler chickens,
whereas profiles of individual farms with identical feed
regimeshardly differed from each other. Inthisstudy, there
was also no significant variation of the colonic microbial
community due to season or year

The understanding and monitoring of the dynamics of
gut microbial ecology areimportant for the development of
alternative methods or products to modulate the MC to
either improve performance or reduce the effects of stress
or disease. Additionally, it may be helpful to improve the
control of food borne pathogens, manage microflora to
reduce production of ammonia and volatile fatty acids
(VFA), responsible for noxious odors in poultry houses.

Thismeansthat thestudy of M C haveimpactson production,
health, welfare, food safety, and reduction of the
environmental impact of poultry.

Inthispresentation, | aimto outlinethebasic concepts,
applications, advantages, limitations, and evol ution of these
molecular methods used to study intestinal MC in order to
stimulatetheir applicationin poultry applied research. Some
practical examplesin poultry research will be described to
illustrate their importance to advance in control methods
for pathogens, avoid or manage disbiosis or subclinical
intestinal diseases, reduce environmental impact, clarify
effects of nutrients in mucosa, microflora, and improve
performance in poultry.

Importance of studying gut microbesin poultry butrition

The importance of understanding the dynamics of
intestinal microbial ecology have been recognized for a
long time (Savage, 1977). Understanding the dynamics of
gut MC is necessary to establish or develop strategies to
improve feed efficiency and growth rate (Apajalahti &
Bedford, 1999; Hays, 1991), avoid intestinal diseases and
proliferation of food borne pathogens (Humeet al., 2003),
identify better feed additives and nutrient levels that
influencebeneficial MC (Humeet al., 2006; Oviedo-Rondén
et al., 2006; Parker et al., 2007, Nalian et al., 2009).

Gut microflora aid in colonization resistance,
competition for intestinal attachment sites, and aid in the
early development and stimulation of the immune system
(Bar-Shira& Friedman, 2005; Bar-Shiraet al. 2005). Thefirst
line of defense against pathogens is the normal gut
microflora. Many of thecommensal bacteriaproduceorganic
acidssuch aslactic, propionic and butyric, and compounds
known as bacteriocinsthat effect both Gram-positive and
Gram-negative bacteria. Reuterin, a bacteriocin produced
by Lactobacilli, has been shown in vitro to be inhibitory
against Salmonella, Shigella, ClostridiumandListeria(Naido
et al., 1999). Other compounds produced by commensal
bacteriaare hydrogen peroxide and short chain fatty acids
(SCFA). Hydrogen peroxide results in the peroxidation of
lipid membranes, and increased bacterial membrane
permeability. The SCFA arepredominately theVFA, acetic,
propionic, and butyric acids. These arethe end products of
fermentation shownto bebiological indicatorsof aheal thy
microbial ecosystem, aswell ashavinginhibitory effectson
Salmonella colonization in chickens (Nisbet et al., 1996).

The microbial profile in this intestinal ecosystem is
influenced by the host animal’ s responses to control the
bacterial proliferation withintheir intestines using several
different physiological mechanisms (Oviedo-Rondon,
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2006). The main intestinal barriers to pathogen infection
include peristalsis(flow rate, transit time), secretions (water,
electrolytes, HCI, enzymes, bile salts, mucins and
immunoglobulin A, IgA), mucus (physical properties,
associated micro flora, IgA), mucosal integrity and the gut
associated lymphatictissue(GALT). Additionally, nutrient
absorption by the host animal is highly competitive with
enteric microflora by limiting substrates, while the high
passage rates of digesta and continuous sloughing of the
epithelial cellsand mucuswashes out adhered bacteria. In
addition to the polymeric immunoglobulin receptor on
mucosal epithelial cells, IgA antibodiescanbindtoreceptors
onavariety of leukocytes, which can activatethealternative
complement pathway, making IgA antibodies potential
participantsininflammatory reactions. Consequently, these
interactions are responsible for part of the immunological
responsesobserved with somedietsand specificnutrients.

Any perturbation of the enteric ecosystem by changes
ingeneral immunity or gut physiology of thebird, temperature
stress (heat or cold) or diet composition, can cause
disbacteriosis and/or enteritis associated with lower
absorption of nutrients by the host. Exposure to stress
hormones, norepinephrine and epinephrine, significantly
increases the proliferation of several enteropathogenic
bacteria such asEscherichiacoli, Yersiniaenterocloitica,
Pseudomonas aeurinosa, Salmonella enteritidis,
Salmonella cholerasuis, Salmonella typhimurium
(Thompson & Applegate, 2005). Even under the best
nutritional conditions, environmental stresses under
commercial production conditions can increase intestinal
bacteria proliferation and make broilers more propense to
enteric problems. The changes in intestinal motility,
modificationsof gastricacidity, decreasesintheproduction
of bacteriostatic peptidesinthe pancreas, alterationinthe
amounts of mucus produced or initscomposition, reduced
IgA secretion, and focal ulcerations of mucosa result in
failure of nutrient absorption, tissue necrosis, and shiftsin
gut microflora populations, numbers and metabolism.
Drastic qualitative and quantitative changes in the gut
microflora characteristics are called dysbiosis,
dysbacteriosis, and even small intestinal bacterial
overgrowth (SIBO). These events generally cause clinical
signs, such asflushing (diuresisor diarrhea). Theseevents
generate humid litter that may affect the air quality of the
house with higher production of ammonia, and higher
incidence of respiratory problems.

It hasbeen proventhat ispossibleto shifttheMCfrom
pathogenic to beneficial bacteria by changing the dietary
composition of ingredients (Gibson & Roberfroid, 1995;

Collins & Gibson, 1999) or using feed additives (Oviedo-
Ronddn et al., 2006; Hume et al., 2006; Parker et al., 2007,
Nalian et al., 2009). Diet composition, amounts of digesta
reaching each section of theintestine, passagerate, enzyme
production and secretions change as the chicken age. The
MC evolvesin theintestinal ecosystems as the birds age
following the changes in physiological, immunological
characteristicsand feeding behavior (Humeet al., 2003; Lu
etal., 2003). Thisprocessisknownasmicrobial succession.

The MC can also change in periods of hours. For
example, Thompson et al. (2008) using molecular methods
were ableto observethat feed withdrawal in broilersalters
the M C of theintestine by decreasing bacterial diversity in
theileum. Some feed additives and mineral levels can help
to maintain similar MC in regions of the guts of broilers
independently of feed withdrawal (Thompson et al., 2008,
Humeetal., 2003), intestinal infectionswith coccidia(Oviedo-
Rondén et al., 2006; Hume et al., 2006; Parker et al., 2007;
Nalian et al., 2009), or heat stress (Lan et al., 2004).

Despite its importance, very little is known about the
molecular mechanisms that allow components of the
microflora to interact with their hosts so as to establish
relationshipsthat are advantageousto both. Understanding
suchrelationshipsisimportant in elucidating the origins of
opportunistic infections that can cause common poultry
diseases such as necrotic enteritis and colibacillosis, or
increase the negative impact of parasite infectionslikein
coccidiosis, and eventhepropagati on of antibiotic-resistant
organisms or resistance to other growth promotant
products.

Feed additive effects on MC

Growth promotant antibiotics are well known for the
inhibition of undesired M C and thenegativeeffectsof their
metabolites (Anderson et al., 1999; Van Immerseel et a.,
2004), and selection for beneficial bacteria (Collier et a.,
2003; Engberg et al., 2000). Other products have been
proposed as alternatives to growth promotant antibiotics
utilization (Thomke& Elwinger, 1998) taking inconsideration
the increasing bacterial resistance to some antibiotic
categories, ban of its use in some countries, and poultry
consumer rejection.

Alternative new feed additives have been classified as
probiotics, prebiotics, enzymes, organic acids, and herb
extracts. Probioticsintroducedesirablelivemicroorganisms
into the GIT. Prebiotics promote the growth of desirable
bacteria in the GIT (Patterson & Burkholder, 2003). The
enzymes help to eliminate the anti-nutritional effects of
water-solublepolysaccharides, and/or changethesubstrates
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toimprove proliferation of somebeneficial MC whileorganic
acids causetheinhibition of bacterial growth. Finally, the
herb extracts have very variable working mechanisms that
depend on the composition (bacteriostatic or immune-
stimulating. One category of these herb extracts is the
specific essential oil (EO) blends. These products are
mixtures of phytochemical compounds, such as carvacrol,
thymol, cinnamaldehyde among others, with selective
antimicrobial properties(Leeet al., 2004). Some specific EO
blendshave shown promising resultstowardsthereduction
of Clostridium perfringenscolonization and proliferation,
control of coccidiainfection and consequently may help to
reduce NE (Oviedo-Rondén, 2006).

Thecombination of probioticsand prebioticshasbeen
called sinbiotics. Each type of product has demonstrated
varied efficacy while administered independently or in
combinations, but some evidence suggeststhecombination
or dual administration of prebioticsand probioticsmight be
more effective (Langhout, 2000).

The gut MC are also affected by enteropathogen
infections such asthose caused by Eimeriaspp. Apajalahti
(2004) indicated that i nfection withEimeria maxima changes
MC and the patterns of fermentation in the ileaand ceca of
broilers. Thissuggeststhat whenthecoccidiostatsarenot
used in the diets or coccidian vaccines are administered,
gut MCaredifferent and during coccidiosisoutbreaksthat
microbial succession is less stable affecting physiology
and nutrient utilization (Humeet al., 2003; Oviedo-Rondén
et a., 2006; Parker et al., 2007; Nalian et al., 2009).

Nutrient effects on MC and interaction with host

The understanding of the interactions between diet
composition, microbiota, intestinal physiology, and
immunology is important to develop novel technologies,
nutritional manipulations, and management systems to
optimize bird growth.

Most of the gut microbiota competes with the host for
nutrients by various means. Competition for nutrient
resourcesfrom pathogenic microbiotaistothedetriment of
the host animal. This non-symbiotic microflora may
1) producetoxic phenolic/aromatic metabolitesthat increase
cell mucosa turnover; 2) increase mucus production;
3) cause deconjugation of bile salts that reduces fat
digestion; 4) increaseprotein and energy needsto maintain
gut function and health; and 5) reduce growth efficiency.
Highlevelsof thecommon bacterial toxic metabolites, such
as ammonia, phenol, 4-methylphenol (p-cresol),
4-ethyphenol, indole and 3-methylindole (skatole), and
biogenic amines, can cause or exacerbate enteritis (Gaskins
etal., 2002). Thesecompoundsareresponsiblefor noxious

odors and air pollution caused by poultry manures. The
appropriatemanipulation of gut M C may helptoreducethis
environmental impact.

Competition for nutrient resources from commensal or
symbiotic microbiota benetit the host by 1) promotion of
gut maturation; 2) enhancement of gut integrity; 3)
antagonisms against pathogens (competitive exclusion);
and 4) immune modulation. The symbiotic microflora also
plays a significant role in maintaining intestinal immune
homeostasis by preventing inflammation (Lanet al.,2005).
Increasing the numbers of these types of bacteria and
providing the appropriate substrate for their proliferation
and metabolism improves the efficiency of nutrient
utilization by the host.

Cecal symbiotic bacteria have important and specific
metabolic, trophic and protective functions. Metabolic
functions include fermentation of non-digestible dietary
residue and endogenous mucus, which isimportant for the
recovery of energy as SCFA, production of vitamin K, and
absorption of ions. Symbiotic bacteriainfluencesepithelial
cell proliferation and differentiation dueto their production
of SCFA, andthey al so positively influencethedevel opment
and homoeostasis of the immune system. The attachment
of non-pathogenic bacteriato the brush border of intestinal
epithelial cellscan prevent the attachment and subsequent
entry of pathogens. Symbiotic bacteriaal so competitively
exclude pathogenic bacteria by competing for available
nutrients, by producing bactericins, or maintaining their
habitat by consuming resources of the gut and secreting
compounds that are inhibitory to pathogens.

The dietary levels of specific nutrients such as fat
(Knarreborg et al., 2002), protein (Parker et al., 2007)
calcium and zinc (Hume et al., 2003) and pH of the diet
(Dibner & Richards, 2004) have been associated with
shifts in MC. The association of dietary glycine
supplementationwith C. perfringensnumbersand location,
a-toxin production and gut lesionscoreshasrecently been
reported (Dahiyaet al., 2005).

Molecular methodsto study intestinal microbial ecology

The traditional methods of gut microbial diversity and
ecology were largely based on classical anaerobic culture
techniques, phenotypic characterization of culturable
isolates, and light and el ectron microscopy. However, the
real complex and diverse digestive microflora cannot be
studied accurately with these methods because only 1% of
al MC are culturable (Hugenholtz et al., 1998). Culture-
based enumeration and characterization techniques also
have three major problems, the inevitable bias introduced
by the sel ective culture media, thelack of aphylogenetically

© 2009 Sociedade Brasileira de Zootecnia



Molecular methods to evaluate effects of feed additives and nutrients in poultry gut microflora

based classificationscheme, and the unfeasibility to detect
of unculturable and fastidious bacterial species or those
present in very low abundance.

Theutilization of molecular techniqueshasimproved
the analysis of complex intestinal MC in animals and
especially in poultry (Apajalahti et al., 2001, 2004; Lu et
a., 2003; Van der Wielen et al., 2002; Hume et al., 2003,
2006; Oviedo-Rondén et al., 2006; Parker et al., 2007,
Nalian et al., 2009).

Detection and phylogenetic identification of MC

Modern molecular ecology techniques based on
sequence comparisons of nucleic acids (DNA or RNA) are
used to provide molecular characterization while at the
same time providing a classification scheme that predicts
natural evolutionary relations. In principle, nucleic acid
probes can be designed to hybridize with acomplementary
target sequence and thus provide a complete description
independent of the growth conditions and the culture
mediaused. Themost common methodsused in molecul ar
microbial ecology are outlined in Table 1.

Compilation-based and total community analyses

The molecular MC analysis methods can be classified
into two general classes: 1) Compilation-based analyses

213

and 2) Total community analyses (Holben et al., 2004). The
compilation-based analyses often involve a random
“shotgun” approach, wherein related functional or
ribosomal RNA (rRNA) gene sequences from individual
community members are amplified by polymerase chain
reaction (PCR) and cloned or sequenced from total
community DNA for phylogenetic analysis or comparison
to existing databases. Compilation analyses combineindi-
vidual information of MC to obtain a sense of community
profile. In contrast, the total community analyses
characterize the whole community structure or diversity
through a single, more direct analysis of total community
DNA and classifies according to relative abundance
percentages of DNA bases. The most common method is
the fractionation of total community DNA based on G+C
content (Holben et al., 2004).

Sequencing of rRNA gene

In compilation-based analyses the microbes are
identified based upon differencesin their 16s, 23s, and 5s
rRNA (Schmidt, 1994). Intheinitial step, the DNA can be
extracted from digesta samples and then restricted into
discrete-sized fragmentsusing specific restriction enzymes
such as PUV |1, PST I, and ECHO RI. The DNA is then
transferred to amembrane and probed with aregion of the

Table 1 - Overview of the current culture-independent approaches to studying microbial ecology

Approach Target

Outcome experiment Main limitations

Sequencing of rRNA genes

16S rRNA gene sequencing 16S rRNA gene

RT-PCR MRNA

Fingerprinting DDGE, TGGE,
TTGE, T-RFLP, SSCP
Non-16S rRNA gene fingerprinting

16S rRNA gene

GC fractionation of
DNA; cellular fatty acids

Quantification of 16SrRNA and its encoding genes

Dot-blot hybridization 16SrRNA

gReal-time PCR 16S rRNA gene

FISH 16SrRNA

DNA microarray technology

Diversity arrays 16S rRNA genes; antibiotic

resistance genes
DNA microarray mRNA
Hundreds to thousands
of genes

Parallel sequencing technologies

Transcriptional fingerprints

Sequence of microbial genome

16S rRNA gene sequence
collection

Specific gene expression

Bias in NA extraction,
PCR and cloning; laborious

Bias in NA extraction

and RT-PCR
Diversity profiles Bias in NA extraction and PCR

Diversity profiles 16S rRNA approaches required

for identification

Relative abundance
of 16SrRNA
Relative abundance
of 16S rRNA genes

Enumeration of bacterial
populations

Laborious at species level;
requires 16S rRNA gene sequence data
Laborious and expensive
in early stages of development

Laborious at species level;
requires 16S rRNA gene sequence data

Diversity profiles Laborious; expensive; in early

stages of development
Bias in NA extraction and
NA labeling; expensive

Cost, sequences to compare
and identify correctly

Source: Adapted from Zoetendal & Mackie (2005).
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rRNA to reveal the pattern of rRNA genes. This patternis
known asthefingerprint of the bacterium. M ost phylogenetic
informationfromtheGI T hasbeen collected by sequencing
of cloned 16S rRNA gene amplicons of V3 and V8 regions
of the bacteria’s genomethat have been obtained by PCR.
Themoreconservedregionsareused astargetsfor univer-
sal probes that react with all living organisms in the gut
digesta samples for discriminating between broad
phylogenetic groups such as the domains Archaea,
Bacteria, andEucarya. Themorevariablesequenceregions
generateafingerprint that can be usedto classify microbes
at the genus and the species level, and sometimes even at
the strain level with specific hybridization probes. Franks
et al. (1998) showed that about two thirdsof theknownMC
could be identified using specific molecular probes.

The pattern of rRNA genesis used to create theclone
library. The sequences of the cloned amplicons are
determined and compared with the available sequencesin
the DNA databases (genbank, National Animal Genome
Research Program, NAGRP), followed by phylogenetic
analysis. The databases contain over 185 different genera
and many different species of bacteria. Some examples of
bacteriaassociated withfoodborneillnessin the databases
are as follows: Listeria (105 pattern types), Salmonella
(605 pattern types), Escherichia (158 pattern types) and
Staphylococcus (611 pattern types).

Bioinformatics and appropriate statistical analyses of
sequences and data are very important for adequate
identification of MC and interpretation of lab analyses.
Compilation-based approaches, which typically analyze
100 to 300 randomly obtained individual sequences, are
laborious, expensiveand limitedintheir ability toaccurately
detect total diversity wherecommunitiesarecomplex. Thus,
in MC comprised of hundreds to thousands of individual
taxa(e.g., soilsor the GIT), individual taxa present in lower
abundance (i.e., minority populations) will go undetected.
Some recent studies of microbial diversity have taken a
theoretical approach by estimatingtotal community diversity
based on mathematical extrapolationfromapartial analysis
of thetotal community (Hugheset al., 2001; Martin, 2002).
Theseapproaches, however, provideno specificinformation
regarding the identity of minority populations, since their
presence is only inferred and no clones or real DNA
sequences are actually obtained and analyzed.

The sequencing of rRNA gene libraries have several
problems such as the lack of consistency among labs and
between the molecular procedures (i.e. nucleic acids
isolation, PCR), which complicates comparisons of data
from different studies. More importantly, the thresholds

used for operational taxonomic unit (OTU) determination
vary from 1% to 5% sequence differences (Martin, 2002).
Thisindicatesthat diversity estimates are very subjective.
In addition, it has been demonstrated that source tracking
of 16S rRNA genes is impossible because of these
inconsistencies, as sequence depositionsrely onthe OTU
determination and the researcher’ s opinion (Zoetendal et
al., 2004). Another problem concerned with the analysis of
16S rRNA gene clone libraries concerns the biases
introduced by PCR and cloning, from which the OUT
determination is frequently underestimated.

Theribosomal intergenicspacer analysis(RISA)isone
of themethodsto compare M C. ItinvolvesPCR amplification
of aregion of therRNA geneoperon betweenthesmall (16S)
and large (23S) subunits called theintergenic spacer region.
These fragments are extremely variable in both sequence
and length for thedifferent prokaryotic species, dueto the
presence of several functional units within them such as
tRNA genes. The resulting PCR product is a mixture of
fragments contributed by several dominant community
members. This product is electrophoresed in a
polyacrylamide gel, and the DNA is visualized following
staining. The result is a complex banding pattern that
provides a community-specific profile, with each DNA
band corresponding to abacterial population ontheorigi-
nal assemblage

16SrRNA gene fingerprinting

Fingerprinting of 16SrRNA genesis more suitable for
monitoring communities’ shiftsor comparingdifferent M C.
Thetechniques normally used are: 1) Denaturing gradient
gel electrophoresis (DGGE) (van der Wielen et al., 2002;
Hume et a., 2003, 2006, ; Oviedo-Rondén et al., 2006);
2) Temperature gradient gel electrophoresis (TGGE) and
temporal temperature gradient gel electrophoresis (TTGE);
3) Single-strand conformation polymorphism (SSCP) and
terminal-restriction fragment length polymorphism
(T-RFLP) (Gong et a., 2002; Marsh et al., 2000; Lan et al.,
2004). All these fingerprinting techniques are all PCR-
based, andtheir respective profilesrepresent the sequence
diversity withinecosystems. For moredetail ed descriptions
of these fingerprinting techniques, refer to the review
papersby Muyzer & Smalla(1998) and Vaughan et al. (2000).
Software has been developed to analyze fingerprinting
data, compare between communities, and cal culatesimilarity
indices or coefficients by analysis of clustering profiles.
These fingerprinting approaches are not quantitative, as
PCR is involved. However, the possibility of absolute
guantification of targets resulting in single amplicons in
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TGGE profiles has been demonstrated. A similar
quantification approach was performed by combining
constant—denaturant capillary el ectrophoresis(CDCE) and
uantitative PCR (Zoetendal & Mackie, 2005).

Denaturing gradient gel electrophoresis (DDGE) works by
applying a small sample of DNA (or RNA) to an
electrophoresisgel that containsadenaturing agent. Certain
denaturing gels are capable of inducing DNA to melt at
variousstages. Asaresult of thismelting, the DNA spreads
throughthegel and can be analyzed for single components,
even those as small as 200-700 base pairs. Rather than
partially melting in a continuous zipper-like manner, most
fragments melt in astep-wise process. Discrete portions or
domainsof thefragment suddenly becomesingl e-stranded
within a very narrow range of denaturing conditions.
Because of this distinctive quality of DNA when placed in
denaturing gel, itispossibleto discerndifferencesin DNA
sequencesor mutationsof variousgenes. PCRamplification
of DNA extracted from mixed MC with PCR primersspecific
for 16SrRNA genefragmentsof Bacteriaand Archaea, and
18SrRNA genefragmentsof Eukaryotesresultsin mixtures
of PCR products. Because these amplicons all have the
same length, they cannot be separated from each other by
agarosegel electrophoresis. However, sequencevariations
(i.e. differences in GC content and distribution) between
different microbial rRNAs result in different denaturation
properties of these DNA molecules. The result of this
denaturation is band patterns (Figures 1,2,4,5) that can be
analyzed with specific Software such as the Molecular
Analysis Fingerprinting® Software that cal cul ates percent
similarity coefficient and dendrogramsbased ontheimages
of the gels.

The DDGE methodology has been widely used to
provide rapid, comparative analyses of apparent diversity
of MCinavariety of environments(Muyzer & Smalla, 2004).
DGGE banding patternscan beusedtovisualizevariations
inmicrobial geneticdiversity and providearough estimate
of therichnessand abundance of predominant M C members.
Recently, several studies have shown that DGGE of
functional genes (e.g. genesinvolved in sulfur reduction,
nitrogen fixation, and ammonium oxidation) can provide
information about microbial function and phylogeny
simultaneously. DDGE givesinformation about changesin
the numerically dominating bacterial populations. Further,
individual bands of interest can be excised from the gel for
cloning or direct sequence analysis (Muyzer & Smalla,
2004). However, because this approach relies on PCR
amplification with its potential biases (Ishii & Fukui, 2001)
and on visualization of resultant PCR products on gels, it
is not quantitative and also likely underestimates true
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Figure 1 - Denaturinggradientgel electrophoresisof A) duodenal,
B) ileal, and C) cecal microbial communities from
broiler chickensat 19d of age (pre-challenge). Rel ative
similarity of band patterns is indicated by their
grouping on the dendogram and the percentage
similarity coefficient (bar). UU = unmedicated-
uninfected control; UUFp = unmedicated-uninfected
floor pen control; Ul = unmedicated-infected control;
Al = BMDP at 50 g/ton and monensin (Coban®) at
90 git; CP = essential oil blend Crina® Poultry, and
CA = essential oil blend Crina® Alternate. Source:
Hume et al. (2006).

diversity in complex ecosystemslikethe GIT, becausetaxa
present only in low abundance can go undetected.
Temperature gradient gel electrophoresis (TGGE) is
another electrophoretic method for separation of DNA or
RNA that rely on temperature dependent changes in
structure, instead of chemical gradients(Muyzer & Smalla,
2004). The original method was DGGE, which is almost
identical. The same electrophoretic equipment used for
analysis of proteins can be used for these methods. Since
agradient of denaturant and a gradient of temperature are
linearly related, the two techniques are, from a theoretical
standpoint, almost identical. Thus, it standsto reason that
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Figure 2 - Denaturinggradient gel electrophoresisof A) duodenal,
B) ileal, and C) cecal microbial communities from
broiler chickens at 26 d of age (post-challenge) and 7
days after mixedEimeriaspp. oral infection. Relative
similarity of band patterns is indicated by their
grouping on the dendogram and the percentage
similarity coefficient (bar). UU = unmedicated-
uninfected control; Ul = unmedi cated-infected control;
Al = BMDP at 50 g/ton and monensin (Coban®) at
90 g/t; CP = essential oil blend Crina® Poultry, and
CA = essential oil blend Crina® Alternate. Source:
Hume et al. (2006).

understanding TGGE would best be accomplished by first
considering the principles underlying DGGE. Commercial
equipment for DGGE isavailablefromBio-Rad, INGENY and
CBSScientific; asystemfor TGGEisavailablefromBiometra
(Muyzer & Smalla, 2004).

The DGGE and TGGE typically probe the entire
community, including minority populations, by direct
analysisof total community DNA, but they generally do not
provide high-resolution identification of the populations
present and do not focus on minority populations. The
el ectrophorectic methods DGGE and TGGE are reported to

besensitiveenoughtorepresent only bacteriathat makeup
greater than 1% of the total bacterial community.

Non-16SrRNA-based profiling techniques

Thesetechniquesincludeprofiling of bacterial cellular
fatty acids and determining community G + C content.
These methods are independent of PCR amplification and
thus provide a sense of relative abundance of bacterial
populations, thoughonly at low resolution. TheM C cannot
be characterized phylogenetically by these methods and,
therefore, they need validation by 16S rRNA approaches.

GC fractionation of total community DNA has been
widely usedinpoultry researchtocompareM C structures
in GIT of broilers (Apajalahti et al., 1998, 2001, 2002,
Parker et al., 2006). The output from this approach is a
fractionated profile of theentire community that indicates
relativeabundance of DNA asafunction of G+C content
and inferential informationregardingthetaxacomprising
the community. In addition, this technique physically
fractionates total community DNA into aliquots that
represent different G+C contents. These highly purified
fractions are of high molecular weight and thus are
suitable for additional molecular manipulations,
including PCR amplification, DGGE analysis, and
cloning. Itsprimary limitation isthe low resolution that
doesnotindicatethe number or identity of different taxa
in aparticular G+C fraction.

Thelimitations of DDGE and GC fractionation of total
community DNA techniques can be overcome by
combining methods. Holben et al. (2004) combined two
mechanistically different community analysis methods,
the GC fractionation and DGGE (GC-DGGE) with
phylogenetic analysis of DNA and 16S rRNA gene
sequencesto obtaininformation on minority populations
or taxa in the GIT that were not detected by a typical
random cloning survey of the same community duetolow
abundance. The initial fractionation of total community
DNA based on G+C content effectively reduces the
complexity of thecommunity DNA mixturebeing analyzed
such that the total diversity within each fraction can be
more effectively assessed. Additionally, by cloning and
sequencing DGGE bands from individual fractions, it is
possibletogaininsightintotheidentity of specifictaxaof
interest (Holben et al., 2004).

Quantification of 16SrRNA and its encoding genes

The PCR-based methods do not provide quantitative
databecauseof amplification biases. Dot-blot hybridization
can beusedto determinetherel ativeamountsof rRNA from
specified bacterial groups or species. Quantification by
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dot-blot hybridizationisvery accurate, asrRNA isdirectly
targeted without any amplification procedure. Recently,
an oligonucleotide database called ProbeBase was
developed. Thisdatabase hasprovedtobevery useful in
the search for existing probes when studying a target
group of interest as it is now possible to link probe
informationto publishedliterature (http://www.microbial-
ecology.net/probebase/; Loy et al., 2003). A drawback of
dot-blot hybridization concerns its limited sensitivity
(Zoetendal & Mackie, 2005).

Real-time PCR techniques (grt-PCR) are currently very
popular, asthey combinethesensitivity of regular PCRwith
accurate quantification. Therefore, sequencesthat are of a
very low concentrationin GI T samplescan best bequantified
using this approach. However, the technique is time
consuming for complex ecosystemsliketheGIT, asprimers
and PCR conditionshavetobedevel oped and validated for
each group of sequences or OUT of interest. Competitive
(RT-)PCR and most probable number (MPN)-PCR areother
means of quantifying the bacterial 16SrRNA genein GIT
samples; however, after the introduction of the grt-PCR
technology, their application has drastically decreased
(Zoetendal & Mackie, 2005).

Fluorescence in situ hybridization (FISH) is another
method to quantify bacterial cellsusing 1L6SrRNA-targeted
oligonucleotide probescombined with epifluorescent light
microscopy, confocal laser microscopy or flow cytometry
(Zoetendal & Mackie, 2005). Enumeration of bacteria by
FISH is based on cell counts and consequently is more
accuratefor quantification. However, at present, thelowest
level of detection is 106 cells per gram of faeces, which is
lesssensitivethan qrt-PCR. FISH of intestinal bacteriahas

been mainly focused on faeces from humans, and probes
targeting many phylogenetic groupsof bacteriahaveal ready
been devel oped and validated.The maj or disadvantages of
FISH arethat only afew probescan beused per analysisand
that probedevel opment isdependent onthe L6SrRNA gene
sequences deposited in the different databases. Other
difficulties concerning FISH include the number of
ribosomes per cell, the accessibility of the target and the
permeability of the bacterial cell (Zoetendal & Mackie,
2005).

DNA microarray technology and diversity arrays can
also be used to assess MC composition in the GIT of
poultry. Community Genome Arrays (CGAS) contain pure
whole genomic DNA from many different formally
characterizedreferenceorganismsaswell asenvironmental
isolates. Work evaluating the specificity, sensitivity,
quantitation potential, and applicability of CGAsisongoing
(Krause et al., 2004). On the other side, Phylogenetic
Oligonucleotide Arrays (POAs) contain 16S rDNA
oligonucleotide probes targeting bacteria at different
taxonomic levels (e.g., kingdom, phyla, family, genus,
species, and evenstrains). However, achieving hybridization
specificity has been a major challenge in the ongoing
development of POAs because of the potential cross-
hybridization of oligonucleotideprobesto 16SrRNA genes
from non-targeted organisms. So far, work in thisarea has
focused on oligonucleotide probe attachment to glass
slides and the optimization of hybridization conditionsfor
achieving single nucleotide mismatch discrimination
(specificity). Currently, the most promising way to
discriminate between specific and non-specific
hybridization is the determination of thermal dissociation

Table 2 - Methods used or proposed to determine microbe functionality in gut environments

Approach Target

Outcome experiment Main limitations

Microarray technology Genes encoding for specific enzymes

responsible of metabolic pathways

BAC vector cloning Genomic DNA

Suppressive subtractive Genomic DNA

hybridization (SSH)

In situ isotope tracking Labelled biomarkers

Probe-based cell sorting Genomic DNA, plasmid DNA, rRNA

(RIIVET Promoter regions

Proteomics Proteins, enzymes

Identification of induced promoters

Gene segquences
and expression levels

Cost, data interpretation,
linking function with specific MC
Gene sequences Bias in NA extraction and cloning;

|aborious

Bias in NA extraction,
sensitive for false-positives

Unique gene sequences

Identification of substrate-
utilizing microbes

Only suitable for
simplepathways

Sorted cells containing
certain gene sequences

Dependent on sequence data

Cultivation required

Identify specific metabolites
or proteins

Complex analyses and link to
specific MC in situ

Source: Adapted from Zoetendal & Mackie, 2005.
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curves for each probe-target duplex (El Fantroussi et al.,
2003). Other approaches that minimize detection of false-
positives include applying multiple probes for specific
targetsonthe DNA microarray, although the problem with
such approachesisthedifficulty of explaining the outcome
(Zoetendal & Mackie, 2005).

Methods to identify functionality

To determinetheM Cfunctionality inthegut ecosystem
isthesecond step to understand these ecol ogical systems
and be able to manipulate them adequately. Research on
poultry intestinal MC functionality is still scarce. Many
gut microbes cannot be cultured, and even when they are
cultured, itisdifficult to determineif acertain microbewill
have the samefunctioninthe host (insitu) asitisableto
show it in the culture. The presence of DNA sequences
of aMCinaGIT sample, eveninlarge numbers, does not
indicate that this particular MC is active or play arolein
that specific ecosystem, since many of its memberscould
be dead. Additionally, it is not easy to elucidate the
function of a particular MC when interacting with other
M C inthehost environment. Some of thecommon methods
used to establish functionality in molecular microbial
ecology are described in Table 2. Currently, many MC
have been sequenced, but most microbes have not been
isolated, and consequently the full extent of the GIT
microbial diversity cannot be accessed by genome
sequencing and comparative genomics. Consequently,to
estimate functionality in aniche where member interaction
affects function is very difficult.

DNA microarray technology

Glass-based microarrays have been usedfor analysis
of the composition and also to determine function and
dynamics of any given MC. The designed probes
encompass the variation in >14,000 known microbial
functional genesinvolved in nitrogen, carbon, and sulfur
cycling processes, as well as methane oxidation and
reduction, organic contaminant degradation and metals
reduction and resistance. Additionally, more exhaustive
and detailed probe sets may be used to create arrayswith
multiple probes for any given target gene. In thisway is
possible to robustly characterize microbial functional
diversity between samples for a particular process using
DNA or RNA hybridizations. Two of the main problems
regarding DNA microarray analysis are hybridization
specificity and quantification of signals. Often, very
complicated softwareprogramsareinvolvedinstatistically
determining signal—noiseratios(Zoetendal & Mackie, 2005).

Another method to obtain genetic and functional
information about uncultured microbes is random cloning
of DNA from environmental samples using bacterial artifi-
cial chromosome (BAC) or fosmid vectors (Zoetendal &
Mackie, 2005). This technique, frequently called
metagenomics, provides direct access to large genomic
fragments (~100 kb for BACs, ~40 kb for fosmids) that are
isolated directly from microbes in natural environments.
Theinformationonthesefragmentscanbeusedtolink 16S
rRNA sequences and functional genes, from which the
latter can be characterized experimentally by, for example,
overexpression inE.coli or other hosts. Thisconstitutes
themain limitation for BAC’ s cloning because only 2—-3%
of clonescontainal6SrRNA gene. Thegenomeof strains
belonging to the same microbial species may differ by as
much as 20%, and consequently the metagenomiclibraries
areextremely largein order to cover thetotal diversity. To
reduce the number of clonesrequireditispossibleto use
techniques such as DNA microarray analysis and
subtractive hybridization.

Methods of subtractive hybridization such as
representational differenceanalysis(RDA) and suppressive
subtractive hybridization (SSH) display the difference
between two organisms by excluding genes in common.
These techniques basically include the hybridization of
tester DNA that contains the target DNA fragments of
interest withexcessivedriver DNA asareference. Latter on
theunhybridized target DNA is separated from hybridized
common sequences (Zoetendal & Mackie, 2005).

To determine the function and metabolism of the MC
in theenvironment (insitu), itispossibletouseisotopically
(stable or radioactive) labeled substrates. The isotopes
of asubstrate can betraced back by extracting biomarkers,
such as DNA or lipids, or by combining
microautoradiography and in situ hybridization. The
methodiscomplex, expensiveand not difficulttointerpret
when several MC can be involved on using the same
labeled substrate. No studiesusing thismethod onintes-
tinal microbial ecology were found at the moment of the
present review.

Many MC are either not active or dead in some parts of
the intestine and do not play important roles in those
sections. Probe-based cell sorting with flow cytometry are
alsouseful todividetheM C cellsintoactive, injured or dead
cell populations and determine the ones that really have
impact inthespecificintestinal ecosystem. Another method
todetect theactivity of someM Cisto measuretheexpression
of functional genes or proteins. This can be done with
transcriptional profiling, grt-RT-PCR, competitive RT-PCR,
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FISH, in vivoexpressiontechnology (IVET) or theresolvase-
based IVET (Zoetendal & Mackie, 2005). Thel VET methods
screen for promoters that are specifically induced when
bacteria are exposed to certain environmental conditions.
However, both IVET techniquesdon’t provideinformation
about expression levels and the location at which they are
induced in the GIT, but this information can be obtained
using quantitative RT-PCR or other transcriptional methods
in samples of each niche.

All the previous RNA-based methods offer valuable
information about gene regulation on a transcriptional
level, but there is always posttranscriptional regulation.
Because of this, it has been proposed the application of
proteomics and metabolomicsto evaluate the final activity
of theMC. Thisprocessisevenmorecomplexingutdiverse
ecosystems with several MC producing similar proteins
and metabolites (Zoetendal & Mackie, 2005).

Impact of new methods on gut microbial ecology

The new molecular methodsindicate that the majority
of gut microbeshasnever been cultured. ThegutMC are
very host and GIT niche specific (Gong et al., 2002). The
MC are affected by host genotype, diet, some feed
additives including antibiotics, and by changes in
management conditions. Most of the novel sequences
from GIT samples are grouped in the low G + C Gram-
positive phylum. The clostridial clusters are a major
component of the uncultured bacterianormally foundin
the GIT samples. Many of the MC can be detected with
16S rRNA techniques, but this does not indicate that
they are active, because many can bedead asit hasbeen
determined with FI SH techniques. The predominant gut
MC arerelatively stableover timein healthy animals, but
shiftsin MC occur with ageing, especially in young and
old animals, periods of starvation or intestinal insults
such as coccidiosis infections. It is noteworthy that
unstable M Cisfrequently correlated with GIT disorders.
Feed additives or diets that maintain more stable MC
even during periods of stress, also support better animal
performance in those conditions.

The molecular techniques open a window of
opportunities in manipulation of gut microflorato obtain
benefitsfor the host. For example, it ispossibleto envision
the genetic manipulation of commensal bacteria
(Bacteroides, Lactococcug, that can help to stimulate
heterol ogousexpression of cytokines, adjuvants, antigens
to modulate host immune responses.

The classification criteria for bacterial species are
changing, dueto the large sequence analysis of microbial
genomes, and the unexpected diversity between closely-

related species. Takinginconsiderationthenew knowledge
on MC is even more important to redefine populations as
functional groups among the microflora, and according to
the mechanisms by which they impact on their host.
Consequently the DNA arrays, microbial genomics,
proteomicsand metabolomicswill be morenecessary inthe
near future.

Additionally, after learning on the importance of MC
and “cross-talk” with the host mucosa, itis moreimportant
to evaluate host traits controlling microbial ecology. Itis
important to determinethe mechanismswheredifferent cell
types (eg., epithelial cells, paneth cells, intraepithelial
lymphocytes) areinvolved. Itisalsoimportant to establish
the adhesion targets and nutrients favoring selected
commensals, or the productsthat determinethekilling and
suppressive molecules (eg., paneth cell constituents),
cytokines or inflammatory mediators that modify these
processes.

Examples of applicatios on gut MC of broilers

Our research group hasused several molecular methods
to study the effects of antibiotics and ionophores, EO,
enzymes, and probiotics as feed additives in broilers
vaccinated against coccidia and/or in challenges with
pathogenic sporulated oocysts of mixed Eimeria spp.
Coccidiosisis acommon parasitism in poultry and one of
the more common causes of enteric problems. Coccidiosis
is still one of the most endemic enteric diseasesin broiler
production worldwide (Williams, 2005). Coccidial stress
consistently hasbeen shownto sensitizebroilersto enteritis
including necroticenteritis(NE) (VanImmerseel etal., 2004;
Williams, 2005). Coccidiainfection causes reduced weight
gainand poor feed conversion efficiency, reduced feed and
water intake, increased intestinal passage time, decreased
digesta viscosity and nutrient digestion, villous atrophy,
intestinal |eakage of plasmaproteins, and increased intes-
tinal acidity (Williams, 2005).

We used DGGE to examine the digestive microbial
composition andto determinecommunity successioninthe
duodena, ilea, and ceca of broilers infected with Eimeria
spp. oocysts, and fed corn-soybean meal dietswithout feed
additives or supplemented with either an antibiotic +
anticoccidial (BMDO + Coban©; Al) or two specific EO
blends, Crind® Alternate (CA) and Crina® Poultry (CP)
(DSM Nutritional Products) (Hume et al., 2006). Similar
treatments were also evaluated in broilers vaccinated at
first day of ageagainst Eimeriaspp. (Oviedo-Rondénetal .,
2006). Althoughthemixed coccidiachallengewasassociated
with thegreatest relative shiftsin the post-challengeMCin
all three sections of the intestine, independent of the

© 2009 Sociedade Brasileira de Zootecnia



220 Oviedo-Rondén

WDuodenal Olleal ECecal
100+
899
86.4
T 818 833
78.4 764 53
O\o 754 69.7
o 66.7 65.8 p
= 57.4 600
© 55.4 ]
B
(@] -
S 50
2
£ 36.7 36.2
©
E
B 754
0+ T T T 1
uu Ul Al CP CA

Figure 3 - Percentage similarity coefficients from comparisons of microbial communities in pre- and post-coccidia challenge samples
within each treatment and intestinal compartment. UU = unmedi cated-uninfected control; Ul = unmedicated-infected control,
Al = BMDP at 50 g/t (Alpharma) and monensin (Coban®) at 90 g/t (Elanco); CP = essential oil blend Crina® Poultry (DSM
Nutritional Products), and CA = essential oil blend Crinl Alternate (DSM Nutritional Products). Source: Humeet al. (2006).

treatment (Ul) (Figures2, 3and 5) and, only in cecal samples
(Panel Cin Figures 2, 5) wasit possible to observe aclear
difference between pre- and post-challenge MC for all
treatments as well as the effect of coccidia challenge (Ul).
The similarity coefficients obtained with the analyses of
DGGE images (Figures 3 and 6) showed that feed additives
modulate MC in coccidial challenges, although they do
vary in their influences over MC in each intestinal
compartment. Under the conditions of the present
experiment the specific EO blends CA and CP appear to be
effective in modulating MC and avoid drastic changesin
MC after amixed coccidia challenge. Some specific bands
visualized in the gels evaluated in these experiments were
candidatesto search for MC co-related with differencesin
performance under these intestinal stress conditions. The
cloning and sequencing of these individual fractions may
help to identify specific taxa of interest for future
manipulation (Apajalahti et al., 2004; Holben et al., 2004).

Selected electrophoretic bands of DGGE gels were
extracted and cloned for identification of bacteria. The
objective was to identify bacteria exhibiting dramatic
population changes as a result of treatments. A bacterial
tag encoded FLX amplicon pyrosequencing (bTEFAP)
approach was used to perform deep and semi-quantitative

diversity analysis of GIT populations (Nalian et al., 2009).
Pyrosequencing and parallel sequencing of individual DNA
molecules(Bosch & Grody, 2008) allowsexamination of the
dynamics of intestinal flora quantitatively and far more
precisely than previously possible with other techniques.
ThisbTEFAPIsrelativelyinexpensiveintermsof bothtime
and labor due to the implementation of anovel tag priming
method and an efficient bioinformaticspipeline. In 24 hours,
thismethod isableto generate and analyze anominal 1,000
sequences per sample. Thistechnique gaveusagood look
atthemicrobial diversity inthedigestasamplesaffected by
treatments. Results presented in Figure 7 will be discussed
inthe presentation. Bioinformatic analyseslinkingthe MC
identified with ammonia producer groups are undergoing.

In the last study (Parker et al., 2007), we used GC
fractionation of total community DNA to evaluatetheeffect
of enzyme supplementation on cocci-vaccinated birdspre-
and post-challenge. Microbial profilesdescribed by G + C%
were affected (P£0.05) by both dietary CP level and
vaccination or feed additives (Figure 8). On average,
treatmentsinfected with mixed coccidiaspecieshosted gut
M C characterized by higher relative abundance of bacteria
inthe 50to 80 G + C% range when the diet had either 21 or
23% CP (P £0.01). Cocci-vaccinated chickssupplemented
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Figure 4 - Denaturinggradient gel electrophoresisof A) duodenal,
B) ileal, and C) cecal microbial communities from
broiler chickensat 19 d of age (preinfection). Relative
similarity of band patterns is indicated by their
grouping on the dendogram and the percentage
similarity coefficient (bar). UU = unmedicated-
uninfected control; Ul = unmedi cated-infected control,;
COV = coccidia-vaccinated with Advent© (Viridus
Animal Health LLC—Novus International Inc., St.
Louis, MO); CP= essential oil blend Crina® Poultry;
CA = essential oil blend Crina® Alternate; CVFp =
coccivaccinated floor pen.

Source: Oviedo-Rondén et al. (2006).

with enzymes (COV + EC) fed diets 19% CP showed very
similar G+ C% profilesrelated to the UU control s (Figure 8,
panel A). The t-test comparing COV and COV + EC
treatments indicated that microbial profiles changed
(P£0.001) due to enzyme supplementation in all G + C%
increments except in those from 60 to 69% in chickens fed
23% CP diets (Figure 8, panel C).
Wehaveobservedinseveral studies (Oviedo-Rondon
et a., 2006/ Parker et a., 2007; Nalian et a., 2009) that
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Figure 5 - Denaturinggradient gel electrophoresisof A) duodenal,
B) ileal, and C) cecal microbial communities from
broiler chickens 7 d after mixed Eimeria species
infection (26 d of age). Relative similarity of band
patternsisindicated by their grouping onthedendogram
and the percentage similarity coefficient (bar). UU =
unmedi cated-uninfected control; Ul = unmedicated-
infected control; COV = coccidia-vaccinated with
Advent© (Viridus Animal Health LLC—Novus
International Inc., St. Louis, MO); CP = essential oil
blend Crina® Poultry; CA = Essential oil blend Crina®
Alternate.

Source: Oviedo-Rondén et al. (2006).

vaccination against coccidiawith viable oocysts by itself
causes small changes on intestinal microflora (Figure 4),
and that stresses and coccidia challenge result in drastic
shiftsinMC (Figure4vsFigure5, Figure6) that can partially
bemodulated with feed additives, but theresponse changes
according to diet composition (Figure7) evenin broilersfed
corn-soybean meal diets with different levels of protein
(Figure 8) (Parker et al., 2007).
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Figure 6 - Similarity coefficients (%) comparing microbial communities in pre- and postchallenge samples within each treatment and
intestinal compartment. UU = unmedicated-uninfected control; Ul = unmedicated-infected control; COV = coccidiavaccinated
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CA = essential oil blend Crina® Alternate. Source: Oviedo-Ronddn et al. (2006).
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Figure 7 - Cecal microbial communities of broilers quantified and identified by bacterial tag encoded FLX amplicon pyroseguencing
(bTEFAP) from selected DGGE bands observed in experiments described in Hume et al. (2006). (A) Microbial communities
in ceca of chickens fed abasal corn-soybean meal diet without feed additives during the pre-challenge period. (B) Microbial
communitiesin cecaof chickensfed abasal corn-soybean meal diet without feed additives after achallenge with mixed coccidia
species (Nalian et al., 2009).
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Figure8 - The G + C% profile of a cecal microbial community
DNA corrected with microbial numbers from 12
broilers per treatment. Treatments are compared
within each dietary protein level: 19% (panel A),
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UU = unmedicated-uninfected controls;
IO = ionophore monensin; COV = coccidia
vaccination; COV + EC = coccidia vaccination +
dietary enzyme supplementation (Avizyme® 1502,
Danisco Animal Nutrition). ***Pd£ 0.001.

Source: Parker et al. (2007).

Conclusions

The understanding and description of intestinal
microbial communities are very important for the
development of new feed additives and appropriate
mani pul ation of dietstoimprovepoultry performance, health,
welfare, and to reduce food borne pathogens and the
environmental impact of poultry production. Molecular
methods of microbial ecology are key toolsto characterize
these communities and establish their function in these
dynamic ecosystems and their relationships with the host.
Current work is mainly focused on identifying and
classifying microbial communitiesinthedifferent nichesof
gastrointestinal tract under different management,
nutritional and health conditions. No much work has been
doneto elucidate functionality and to link it with presence
of specific communities. Presently, the techniques more
frequently used to assess microbial ecology are based on
16SrRNA amplification by PCRfollowed by DDGE analyses,
and DNA sequencing for phylogenetic identification.
However, in poultry research GC fractionation of total
community DNA has provided important information. RT-
PCRand qRT-PCR arebecoming morepopular asquantitative
methods together with techniques such as dot-blot
hybridization and FISH. There are advances on microarray
technology to identify microbial communities and their
functionality in gastrointestinal samples. Many examples
of successful application of these methods on poultry
research justify their future application.
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