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ABSTRACT

Bacteria play an important role in the initiation and progression of diseases (not only in disease but affect
health status of individual). Populations of digestive microflora in chicken gut change with age and also
affected by diet, stressors, and performance enhancers as well as in disease conditions. The aim of the pre-
sent study was to know bacterial makeup in chicken gut, using denaturing gradient gel electrophore-
sis (DGGE). DGGE results showed 11 different band patterns from the six birds (P1-P6). A total of 11
bands were cloned and sequenced and similarities to known 16S rDNA sequences were examined. All the
sequences had 93 to 100% similarity to 16S rDNA database sequences. In P1 birds, total 8 bands were ob-
served; which had varying degree of homology with Proteus mirabilis, Gallibacterium anatis, uncultured
bacterium, bacteroidetes bacterium, rumen bacterium and Bacillus subtilis. Similarly in second bird (P2),
one clone was showing 98% similarities with uncultured bacterium. Further one clone from P3 was similar
to uncultured prokaryote clone (93%). Likewise in P4, one clone was similar (100%) to Escherichia spe-
cies. Moreover, in P5 and P6 birds, DGGE bands were having some common migration pattern to those that
were observed in other four birds (P1-P4). These results may help poultry producers to develop more cost-
effective health management strategies as well as differences in the composition of the gut microbial com-
munity with improved performance, which implies that the presence of specific beneficial and / or absence
of specific detrimental bacterial species may contribute to the improved performance of the birds.
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INTRODUCTION

The gut microbiota has an important role in poultry health
and production, which generally affects the health of the
host by influencing digestion and nutrient absorption, intes-
tinal morphology, and defence of the host against infection
(Abrams et al. 1963; Mead, 2000). Moreover, gut microbi-
ota positively influence the host's gastrointestinal develop-

cific resistance to infection (Gordon and Pesti, 1971,
Klasing et al. 1999). In poultry, the microorganisms that
colonize the gastrointestinal tract during the early post-
hatch period form a synergistic relationship with their host.
Gastro-intestinal microorganisms have a highly significant
impact on the uptake and utilization of energy (Muyzer et
al. 1998) and other nutrients (Steenfeldt et al. 1995; Smits
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et al. 1997) and on the response of poultry to anti-
nutritional factors (such as non-starch polysaccharides
[NSP]), pre and probiotic feed additives and feed enzymes
(Lerman et al. 1984). Bacteria within the gut microbial
community also interact with each other (Swift et al. 2000;
De Angelis et al. 2006) as well as with their host (Van
Leeuvan et al. 2004; Kelly et al. 2005).

The gastrointestinal microbiota has one of the highest
cell densities for any ecosystem and in poultry ranges from
107 to 10" bacteria per gm of gut content (Apajalahti et al.
2004). Earlier studies have predominantly used culture-
dependent approaches for identifying the composition of
the poultry gut microbiota (Barnes, 1979; Mead, 1989).

However, a large number of bacteria remain unidentified
due to lack in knowledge of appropriate culturing condi-
tions. Furthermore, culturing and biochemical techniques
have resulted in the misclassification of some bacteria
(Tellez, 2006). Recent molecular studies targeting the bac-
terial DNA in poultry guts have yielded more detailed in-
sight into the composition of the microbial community
(Apajalahti et al. 1998; Gong et al. 2002; Lan et al. 2002;
Zhu et al. 2002; Hume et al. 2003; Zhu and Joerger, 2003;
Amit-Romach et al. 2004). The presence of specific benefi-
cial or absence of specific detrimental bacterial species may
contribute to the improved performance of birds (Torok et
al. 2008). From molecular studies it is estimated that the
cecal microbiota consists of at least 640 species from 140
genera, of which 10% of the identified bacterial 16S rDNA
gene sequences represent previously known bacterial spe-
cies, and the remaining sequences belong to new species or
even new genera.

Denaturing gradient gel electrophoresis (DGGE) present
an approach for directly determining the genetic diversity
of complex microbial populations, which is based on elec-
trophoresis of PCR-amplified 16S rDNA fragments in
polyacrylamide gels containing a linearly increasing gradi-
ent of denaturants. In DNA fragments of the same length
but with different base-pair sequence composition can be
separated on the basis of electrophoretic mobility of a par-
tially melted DNA molecule in polyacrylamide gels, which
is lesser compared with that of the completely helical form
of the molecule (Fischer and Lerman, 1979). The melting of
fragments proceeds in discrete so-called melting domains.

Once the melting domain with the lowest melting tem-
perature reaches its melting temperature at a particular posi-
tion in the DGGE gel, a transition of helical to partially
melted molecules occurs, and migration of the molecule
will practically halt. Sequence variation within such do-
mains causes their melting temperatures to differ. Sequence
variants of particular fragments will therefore stop migrat-
ing at different positions in the denaturing gradient and
hence can be separated effectively by DGGE (Lerman et al.
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1984). DGGE has the potential advantage of detecting mul-
tiple species simultaneously on a large scale but it should
be also supported with other reliable techniques like gPCR
and high throughput sequencing. However, there is no
agreement that DGGE profiles are a representative finger-
print of the population under study (Muyzer et al. 1993;
Kisand and Wikner, 2003) and it is uncertain whether clini-
cally relevant species are present in DGGE profiles.

A more comprehensive overview of the intestinal micro-
biota of poultry would not only be of interest to basic
microbiological ecology but might also be of practical im-
portance. For example, further development of effective
competitive exclusion products might be aided by a better
understanding of the intestinal microbiota composition
(Wang et al. 2009). The aim of the present study was to
investigate the potential of DGGE as a tool for the bacterial
community identification in poultry gut. At present, DGGE
analysis is one of the most suitable and widely used meth-
ods for studying complex bacterial communities in various
environmental habitats (Muyzer and Smalla, 1998). The
present study was carried out with the objective of investi-
gating the microbial flora of the poultry intestinal tract ap-
plying DGGE technique to know the microbial makeup of

poultry gut.

MATERIALS AND METHODS

Intestinal sample collection

Samples for the present study were collected during post-
mortem examination from six birds (P1-P6) of 4-6 weeks of
age at the Department of Pathology, Veterinary College,
AAU, Anand.

The gastrointestinal tracts from the base of the gizzard
down to the rectum were dissected, and intestinal scrapping
from the mid regions of the caeca was collected using ster-
ile scissors and forceps in a 2 mL tubes and finally stored at
-20 °C until DNA extraction.

DNA extraction for 16S ribosomal DNA (rDNA) analy-
sis

Total DNA was extracted as described by Wright et al.
(1997) with few modifications. The quantity and quality of
the genomic DNA was checked by nanodrop spectropho-
tometer as well as integrity of total DNA was confirmed by
electrophoresis with 0.8% agarose gel in 0.5 x TBE. All the
samples were treated with RNAse-A to remove contaminat-
ing RNA.

Primers and PCR amplification

To amplify V3 region of the bacterial 16S rDNA domain,
the primers with GC-clamp- BA338fCG (5'CGC CCG
CGC GCG GCG GGC GGG GCG GGG GCA GCA CGG
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GGG GAC TCC TAC GGG 3') and UN518r (5'ATT ACC
GCG GCT GCT GG 3') (Ovreas et al. 1997), were used.

PCRs were done in 25-uL. volumes containing 2 x PCR
mastermix (Fermentas, USA), 0.1 uM concentrations of
each primer and 100 ng of total DNA. Thermocycling was
carried out in 9700 (ABI, CA) with the following amplifi-
cation conditions: initial denaturation at 95 °C for 5 min
followed by 30 cycles of denaturation at 95 °C for 1 min,
annealing at 58 °C for 1 min, and extension at 72 °C for 3
min, with a final extension step at 72 °C for 10 min. The
specificity of PCR products were analyzed by gel electro-
phoresis on a 1.5% agarose gel electrophoresis and visual-
ized after staining with ethidium bromide.

DGGE analysis

Amplicons of 16S rDNA V3 region were used for se-
quence-specific separation by DGGE according to the
specifications of Muyzer et al. (1993), using DGGE As-
sembly (Cleaver Scientific, UK). DGGE was performed in
6.5% polyacrylamide gels (37.5: 1 acrylamide-
bisacrylamide) in a denaturing gradient of 40% to 60% of
urea. The electrophoresis was initiated by pre-running for
10 min at 200 V and subsequently at a fixed voltage of 85
V for 12 h at 60 °C. After electrophoresis bands were visu-
alized by conventional silver staining. The fragments of
interest were excised from the gel, extracted (‘Crush and
Soak’ method), and re-amplified for further analysis.

Sequencing of DGGE fragments

The representative bands of all the birds from the DGGE
gel of 16S rDNA fragments were excised with a razor blade
and put in 2ml sterile Eppendorf tubes. The gel was crushed
with a homogenizer (Pro Scientific, USA) and DNA was
retrieved by heating the tubes in boiling water bath for 15-
20 min. Tubes were centrifuged at maximum speed and
each supernatant containing DNA was used for re-
amplification with same primers (BA338fCG and UN518r).
The desired purified fragments were cloned into pTZ57R
vector (InsT/Aclone™, Fermentas, USA). The vector con-
taining inserts were propagated in E.coli DH5-a following
manufacturer’s instructions, and colonies were selected by
blue white screening. The recombinant plasmids, carrying
desired insert, were isolated from the representative clone
using QIAprep® Spin Miniprep kit (QIAGEN, CA), and
subjected to BigDye™ Terminator v3.1 Cycle Sequencing
reaction (Applied Biosystems, CA). These purified prod-
ucts were resolved on automated ABI PRISM® 310 Genetic
Analyzer (Applied Biosystems, CA), and the sequences
were analyzed using Sequencing Analysis Software v5.2
(Applied Biosystems, CA). The similarity was looked in to
the non-redundant database of GenBank with BLAST algo-
rithms.
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RESULTS AND DISCUSSION

It has previously been shown that denaturing gradients have
the capability of separating mixed DNA fragments of the
same length that differ by only a single base (Fischer and
Lerman, 1983; Myers et al. 1985; Noll and Collins, 1987).

These findings support the argument that DGGE has the
ability to resolve PCR products derived from a marker gene
down to a species or even subspecies level. Therefore, the
number of bands revealed by DGGE directly reflects upon
the overall degree of microbial diversity within a sample,
making DGGE such an effective tool in assessing environ-
mental and intestinal microbiomes.

PCR amplification of the V3 region in caecal samples
generated a single product on agarose gel electrophoresis. A
total of 11 bands (Figure 1) were analysed from the 6 sam-
ples of poultry birds (i.e P1-P6), and sequences had 93% to
100% similarity to 16S rDNA database sequence (Tablel).

1000 bp

500 bp

B E W e
A A A A

PCR-DGGE pattern of poutry gut bacteria (i.e. P1- P6 Bird no.
and L-Ladder)

Further, there were some common bands present in all
sample. The intensity of the bands was variable, which
meant that there were common microorganisms in six birds,
but the abundance of the microorganisms was different.

This finding supports our hypothesis that the different
microbial communities of poultry gut play an important
role in health status of the bird.

In P1 birds, total 8 bands were observed; band 1 was
showing 100% similarity with Proteus mirabilis, and other
clones were also similar to Gallibacterium anatis, uncul-
tured bacterium, bacteroidetes bacterium, rumen bacterium
and Bacillus subtilis. Similarly in second bird (P2), one
clone was showing 98% similarities with uncultured bacte-
rium.
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Taxonomic distribution of clones sequenced isolated from all the birds

Band no. Nearest taxa Accession No. of nearest taxa Our accession no. Identity
1 Proteus mirabilis IN162422 JF308634 100%
2 Gallibacterium anatis HQ629808 JF308635 98%
3 Uncultured bacterium FN659203 JF308636 98%
4 Bacteroidetes bacterium culture HM346213 JF308637 100%
5 Rumen bacterium HM346206 JF308647 98%
6 Gallibacterium anatis HQ629810 JF308638 96%
7 Bacillus subtilis IN092585 JF308639 96%
8 Rumen bacterium HM346200 JF308640 100%
9 Uncultured bacterium JF115112 JF308646 98%
10 Uncultured prokaryote HQ155045 JF308642 93%
11 Escherichia sp. HM346190 JF308643 100%

Further one clone from P3 was similar to uncultured pro-
karyote (93%) which is having least similarity to the 16
sRNA sequence. In P4, one clone (band no. 11) was similar
to Escherichia species (100%). In P5 and P6 birds, DGGE
bands were common to those observed in other birds (P1-
P4) having same migration rate. It was noted that few frag-
ments displayed high sequence homology to unculturable
microbes but viable bacterial species (Table 1).

This is not unusual, as other investigators have found
similar results. Zhou et al. (2007) reported that most of
clones out of 13 sequenced were closely related to uncul-
tured bacteria without specific species information. The
closest relatives of cultivable bacteria to which some clones
corresponded included Klebsiella granulomatis at day 3
from the ceca, Enterococcus sp. AK61 at day 3 from the
ileum, and L. salivarius at day 14 from the ileum. There are
also reports describing only 10 to 60% of the total bacteria
in the caecum of chickens were detected by culture (Barnes,
1979; Mead, 1989; Salanitro et al. 1974). Thi Ngoc Lan et
al. (2002) identified 90% of bacteria present in the caecum
of chickens were unculturable. The culturable species iden-
tified in our study included those from the genera Bacillus
subtilis, Proteus mirabilis, bacteroidetes bacteria, Gallibac-
terium anatis, uncultured rumen bacterium and uncultured
prokaryote clones. These results concur with those from
another study, investigating the diversity of intestinal bacte-
rial community of the broiler chicken (Lu et al. 2003). Us-
ing same techniques in other closely related species by
Matsui et al. (2010) reported that 39.4% of sequences were
affiliated with Bacteroidetes in the ostrich caecum and the
abundance of Bacteroidetes species is an important factor
for the fibrolytic and actively fermenting microbial ecosys-
tem in the GI tracts and Bacteriodetes were also present in
our study. More recently Liu et al. (2011) presented that
goose caecum were dominantly occupied by Clostridia-
related species (58.7%) with other abundant sequences be-
ing related to Bacteroidetes (26.9%) and Erysipelotrichi
(11.2%). Gammaproteobacteria (59.6%) and Clostridia
(20.1%) were predominant in the mucosa of goose caecum.
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Simpson et al. (1999) proposed that it is unlikely for bac-
teria numbering less than 10® cfu/g in a total digestive
population to be visualized by DGGE. Zhu et al. (2002),
using temporal temperature gradient gel electrophoresis
(TTGE) as the separation technique, identified 243 different
16S rDNA sequences in cloned amplicons from cecal bac-
teria of broiler chicks 1 day and 1, 2, 4, and 6 wk old.

However, because only a few bands (10 to 20) were
clearly visible on gel images presented by Zhu et al. (2002),
the majority of sequences identified were likely those from
amplicons present in concentrations below the sensitivity
level of the silver staining technique used in that study. This
indicates that amplicons present in low concentration and
not visible following staining or obscured by co-migration
in the gradient could successfully form vector inserts and
transformed colonies during cloning. Additionally, visuali-
zation of some bands (in high or low concentration) might
have been obscured by band comigration (Wintzingerode et
al. 1997; Muyzer and Smalla, 1998). Hong et al. (2011)
reported that due to the short length of the amplified se-
quences several organisms can not clearly be identified
using PCR-DGGE also. In spite of having different GC
content and primary sequences, multiple amplicons may
migrate to the same denaturant level resulting in an inaccu-
rate indication of genotypic diversity and abundance.

Early studies involved both culture-dependent and cul-
ture-independent methods to show an increase in the diver-
sity of the bacterial community in the ileum and cecum as a
bird ages (Gong et al. 2008), so the molecular techniques
such as DGGE should be combined with culture-based ap-
proaches to analyse the microbiota (Xiao et al. 2007). Ap-
plications of DGGE are widespread in many different eco-
systems, but they still have some limitations. They need
expensive equipment, different DNA may have similar
melting properties, so the addition of a 30-40 bp GC clamp
to one of the PCR primers is needed (Reeson et al. 2003),
while the use of different regions of the 16S rDNA and
different DGGE conditions might result in different resolu-
tions of separation.
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Yu and Morrison (2004) compared and established a pre-
ferred choice of vregion (s) to examine by DGGE, and
found that DGGE profiles of the V3 region were the best,
and the V3 to V5 and V6 to V8 regions produced better
DGGE profiles than did other multiple V-region amplicons.
Other factors than DGGE conditions may also affect the
sequence information and PCR amplification, and this im-
plies to optimize the experimental conditions.

CONCLUSION

PCR-DGGE analysis of bacterial isolates from intestinal
content is not always suitable for the identification of all
species, but can be used for screening and grouping the
isolates and reducing the number of cultures to identify by
molecular or biochemical methods. DGGE offers an oppor-
tunity to detect multiple species simultaneously and to dis-
tinguish between different serotypes and can easily be ex-
tended to other species of interest. Moreover, the use of
DGGE offers the opportunity to study the presence of these
pathogens in relation to the presence of other species. The
data will be useful for future studies related to competitive
exclusion and for experiments evaluating the impact of, for
example, growth promoters, anti-coccidial compounds or
stress on the intestinal microbiota.
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