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PCR monitoring of Lactobacillus and Bifidobacterium
dynamics in fermentations by piglet intestinal microbiota
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A new group-specific primer (Lact71R), targeting the 16S-23S rDNA intergenic spacer region of
Lactobacillus, was tested in its specificity to amplify rDNA of lactobacilli from piglet intestinal
origin by polymerase chain reaction (PCR). Lact71R and Lab0677F, a Lactobacillus group-specific
primer targeting the 16S rDNA, generated a common amplicon by PCR with DNA from
Lactobacillus and Pediococcus reference strains, but not from Weissella strains. Sequence analysis
of clones obtained by PCR amplification with Lact71R and Lab0677F and total DNA isolated
from the ileal, caecal and colonic contents of one piglet resulted in Lactobacillus and
Lactobacillus-like sequences mainly retrieved from intestinal environments. The primer pair was
further validated in a culture independent PCR-analysis to monitor broad fluctuations of
lactobacilli populations in fructo-oligosaccharides (FOS) fermentations by piglet intestinal
microbiota. Bifidobacterium genus-specific primers were also used for PCR titre determination
throughout FOS fermentations, in parallel with lactate and short chain fatty acids (SCFA)
quantification. Increases between PCR titres were correlated with lactate detection in early
stages of fermentation. Based on the obtained results, a simple monitoring PCR approach is
proposed, foreseeing its application to the study of the dynamics of specific bacterial popu-

lations in complex environments.
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Introduction

The potential effects of prebiotic ingredients and probi-
otics on the gastro-intestinal (GI) tract led to an increas-
ing interest in characterising the intestinal microbiota
and in monitoring diet-dependent bacterial shifts in-
duced by the consumption of such compounds in hu-
mans (Blaut et al. 2002, Tannock et al. 2004) and animals
(Leser et al. 2002, Houdijk et al. 2002, Mikkelsen and
Jensen 2004). This interest is particularly relevant for
bacterial groups which are generally assigned to intes-
tinal health and thus considered as beneficial organ-
isms from the intestinal microbiota, such as members
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of the genera Bifidobacterium and Lactobacillus (Matsuki
et al. 2004, Simpson et al. 2000, Ohashi et al. 2004, Kon-
stantinov et al. 2004, Tannock et al. 2000).

Conventional microbiology methods appear to be
inadequate for extensive characterisation purposes of
the intestinal microbiota due to the large diversity of
microorganisms, which is difficult to assess in labori-
ous and time-consuming culture based techniques.
Alternatively, molecular-based techniques, in particular
culture-independent PCR analysis, allow the fast, easy
and highly sensitive detection of specific members of
such complex communities (Walter et al. 2000, Matsuki
et al. 2004). Particularly, the 16S rRNA gene constitutes
a well-established standard method for the identifica-
tion of bacterial species and genera, constituting an
adequate region for specific primer targeting (Giirtler
and Stanisich 1996). Lactobacillus and Bifidobacterium
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species-specific oligonucleotide primers, whose discri-
minatory power is based on targeting variable regions
of the 16S rDNA sequence, have been used in the char-
acterisation of human and animal intestinal microbiota
(Walter et al. 2000, Song et al. 2000, Kwon et al. 2004).
However, due to the extreme complexity of the intesti-
nal ecosystem, the use of genus- and/or group-specific
primers is advantageous when the objective is the global
monitoring of changes in major bacterial genera and/or
groups induced by specific substrates (Possemiers et al.
2004). Detection using genus- and group-specific can
also be regarded as a first approach to screen broad
variations in specific bacterial populations before fur-
ther discriminative analysis (Ziemer et al. 2004).

The overall conservative nature of the 16S rRNA gene
tends to limit the discriminatory power of 16S rDNA-
based genus-specific primers among lactic acid bacteria
(LAB) (Charteris et al. 1997). Conversely, the sequence
information of the 16S-23S rDNA intergenic spacer
region (ISR) exhibits considerable inter-species and
intra-species variation, in both length and sequence
(Gurtler and Stanisich 1996, Nour 1998). Giirtler and
Stanisich (1996) suggested that homologous sequences
based on short regions of the 16S-23S ISR might expose
inter-species homologies, which would make them
appropriate for grouping microorganisms at the genus
level and simultaneously distinguish these from closely
related bacteria. Based on the 16S-23S rDNA ISR, a lac-
tobacilli genus-specific primer has been proposed
(Dubernet et al. 2002), even though its specificity has
not been evaluated in culture independent PCR analysis
using samples from intestinal environments.

The first aim of this study was to design a Lactobacil-
lus group-specific primer targeting the 16S-23S rDNA
ISR capable of grouping members of the Lactobacillus
genus and simultaneously narrowing the actual range
of related LAB coamplified by PCR. The second objective
was to demonstrate the validity of this primer when
applied to samples from porcine intestinal microbiota
in a culture independent PCR detection procedure.
Furthermore, Lactobacillus and Bifidobacterium popula-
tions were PCR monitored throughout FOS fermenta-
tions by the piglet intestinal microbiota, with simulta-
neous analysis of lactate and short chain fatty acids
(SCFA) production.

Materials and methods
Bacterial strains and growth conditions
Bacterial strains used in this study are listed in Table 1.

Bacteroides, Lactobacillus and Bifidobacterium strains were
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grown anaerobically at 37°C, under static condi-
tions, in PYG-medium (Medium 104, DSMZ), MRS broth
(Panreac, Barcelona, Spain) and Bifidobacterium medium
(Medium 58, DSMZ), respectively. Pediococcus and Weis-
sella strains were cultured aerobically in MRS broth
at 30°C, and Escherichia coli HB101 in Luria-Bertani
broth (Duchefa, Harleem, The Netherlands) at 37 °C.
Enterococcus and Streptococcus strains were cultured in
Brain Heart Infusion broth (Oxoid, Hampshire, Eng-
land) at 37 °C, while Enterobacter cloacae was grown on
Tryptone Soya agar (Oxoid, Hampshire, England) at
30 °C.

Table 1. Bacterial strains assayed by PCR with the primer pair
Lab0677F and Lact71R. The formation of specific 950-bp PCR
products with 35 amplification cycles and an annealing tem-
perature of 50 °C is indicated by + and the absence by —.

Bacterial strains Strain N° PCR product
Lactobacillus acidophilus DSM 20079° +
L. brevis DSM 20054° +
L. delbrueckii ATCC 7830° +
L. farciminis Food isolate® +
L. fermentum ATCC 9338° +
L. gasseri DSM 20243* +
L. plantarum ATCC 8014° +
L. reuteri DSM 20016° +
L. sakei CECT 980" +
L. salivarius ATCC 11741° +
L. rhamnosus ATCC 7469° +
L. ruminis DSM 20403* +
Bifidobacterium adolescentis ~ DSM 20083* -
Bif. catenulatum DSM 20103* -
Bif. infantis DSM 20088* -
Bif. longum DSM 20097° -
Bacteroides vulgatus DSM 1447° -
B. thetaiotaomicron DSM 2079* -
Enterobacter cloacae Clinical isolate®  —
Enterococcus hirae ATCC 8043° -
E. faecalis Clinical isolate®  —
E. faecium NCIMB 8842° -
E. faecium ATCC 6569° -
Escherichia coli HB101* -
Pediococcus acidilactici ATCC 8081° +
P. damnosus DSM 20331° +
P. inopinatus DSM 20285° +
Streptococcus pyogenes NCIMB 11841° -
Weissella confusa DSM 20196° -
W. paramesenteroides DSM 20288* -
W. viridescens DSM 20410 -

a

b

Monte de Caparica, Portugal.

German Collection of Microorganisms and Cell Cultures,
Braunschweig, Germany.

purchased from the Industrial Microorganisms Culture
Collection (CCMI) of INETI, Lisboa, Portugal.

purchased from Area de Nutricién y Bromatologia, Dep. de
Zootecnia, University of Extremadura, Spain.

Spanish Type Culture Collection, Valencia, Spain.
purchased from Instituto Superior de Satde Egas Moniz,

purchased from Promega, Mannheim, Germany.
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Collection of intestinal samples

Intestinal samples were obtained from one 34-day-old
Duroc x Landrace male piglet, fed with a commercial
weaning diet based on barley and soybean meal. The
animal was sacrificed after a 16 h fasting period, for
removal of the entire gastrointestinal tract. Samples
from the luminal contents of the terminal ileum (ca.
20 cm before the ileal-caecal valve), from the caecum
and the distal colon (ca. 1 m away from the caecum)
were collected into sterile vials. All the vials were kept
refrigerated until arrival at the laboratory, for a period
not exceeding 2 h after collection. The intestinal in-
ocula for the fermentation assays were prepared im-
mediately and aliquots were stored at —70 °C.

Fermentation medium

The nutrient base medium used in the fermentation
experiments was modified from Jaskari et al. (1998):
trypticase soya broth (TSB) without dextrose 5.0 g1,
bactopeptone 5.0 g 1", yeast nitrogen base (YNB) 5.0 g 1"
(prepared separately, as described below), cysteine hy-
drochloride 0.5 g 1!, 1.0% (v/v) of salt solution A (NH,Cl
100.0 g1, MgCl, - 6 H,0 10.0 g I'}, CaCl, - 2 H,0 10.0 g I')
and trace minerals solution, 0.2% (v/v) of salt solution B
(K,HPO, - 3 H,0 200.0 g1"") and 0.2% (v/v) of resazurin
solution (0.5 g I'"). The medium was deoxygenated with
replacement of the gas phase by 80% nitrogen and 20%
carbon dioxide using a gassing manifold system. Nine
ml aliquots were dispensed into airtight anaerobic cul-
ture tubes (Bellco Biotechnology Inc., Vineland, USA),
which were capped with butyl rubber stoppers and
sealed with aluminium caps (Bellco Biotechnology Inc.)
before autoclave sterilisation. Stock solutions (250 g 1™")
of YNB (Difco, Detroit, Michigan, USA) and FOS (Rafti-
lose®P95, Orafti S.A., Belgium) were filter-sterilised
(0.2 pm, Chromafil®, Diiren, Germany) into airtight
100-ml serum bottles. These solutions were made an-
aerobic by repeated replacement of the inside gas phase
for N,. Before inoculation, YNB (5 g 1') and FOS (10 g 1'™")
were distributed into the anaerobic culture tubes.

Fermentation experiment

Inocula for the fermentation experiments were pre-
pared as follows: 1.0 mL of ileal content was diluted in
9 ml of reduced physiological saline (RPS), pH 6.8 (Har-
temink 1999), and 3.0 g of caecal and colon contents
were 100-fold diluted in RPS. Tubes containing the
fermentation medium were inoculated in triplicate for
each combination of strain/fermentation time (0, 11.5,
30.0 and 72.0 h) with 200 pl of each intestinal dilution
and incubated at 37 °C for 72 h, under static conditions.
At each predetermined time, the anaerobic culture
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tubes were opened and cells were harvested by cen-
trifugation at 6.000 rpm, for 5 min. Supernatants were
filtered through 0.2 pm pore size (Chromafil®, Diiren,
Germany) for HPLC analysis of the main fermentation
products (lactic, acetic, propionic and butyric acids)
against external standards. The HPLC system (Waters,
Milford, USA) was equipped with an Aminex HPX-87H
column (Bio-Rad, Hercules, USA), a cation H'-guard
column (Bio-Rad) and a refractive index (RI) detector
(Waters 2410). Elution took place at 50 °C with 5 mM
H,SO,.

DNA isolation

NucleoSpin Tissue Kit (Mackerey-Nagel, Diiren, Ger-
many) was used to isolate DNA from overnight grown
cultures of pure bacterial strains and from cells of the
fermentation experiments. QIAmp DNA Stool Mini Kit
(Qiagen, Hilden, Germany) was used to isolate DNA
from intestinal aliquots stored at —70 °C, being the cell
lysis carried out at 95 °C.

Primers and PCR conditions

ClustalW (Thompson et al. 1994) (http:/lwww.ebi.ac.uk/
clustalw) was used to perform multiple sequence
alignments of Lactobacillus 16S-23S rDNA ISR sequences
retrieved from GenBank (www.ncbi.nlm.nih.gov). A
potential PCR target site was chosen for designing a
20 mer primer, Lact71R (Table 2). This primer was used
in PCR reactions with Lab0677F (Table 2), the reverse
complementary sequence of S-G-Lab-0677-a-A-17 (Heilig
et al. 2002). Amplification reactions with reference
strains were performed in a total volume of 25 pl con-
taining 10 pmol of each primer, 0.2 mM of each dNTP,
1.5 mM MgCl,, 1x PCR buffer, 1.0 U of Tag DNA Poly-
merase (MBI Fermentas, St.Leon-Rot, Germany) on a
M]JResearch PTC-200 thermal cycler (M] Research Inc.,
Waltham, USA) according to the following cycling pro-
gram: an initial denaturation step at 95 °C for 5 min,
35 cycles at 95 °C for 30 s, 50 °C for 30 s, and 72 °C for
45 s, and a final extension cycle of 72 °C for 10 min. An
iCycler thermal cycler (BioRad, Hercules, USA) was used
for optimising the PCR procedure with FOS fermenta-
tion samples. The optimised procedure comprised 40
amplification cycles, an annealing temperature of 54 °C
and PCR conditions as described above, except that
3.0 mM MgCl, and 1x PCR buffer with (NH,),SO, were
used. Total DNA isolated from one fermentation tube
correspondent to each predetermined time was serially
diluted starting from 10 ng (correspondent to 1/1 dil.),
to be used as template in PCR reactions. Bifidobacterium
genus-specific primers were used according to Matsuki
et al. (2002). Values of PCR titres were determined in
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duplicates of independent PCR reactions. Final values
corresponded to the highest DNA dilution which pro-
duced two positive results. Electrophoresis was per-
formed for one hour at 90 V, on 1% agarose gels in 1x
TAE buffer in a Midicell® Primo EC-330 electrophoresis
apparatus (Holbrook, New York). A fixed volume of
sample (8 ul) was loaded in each lane. PCR products
were visualised using ethidium bromide staining.

Cloning and sequencing

PCR products from the intestinal samples were cloned
using InsT/Aclone PCR Product Cloning kit (MBI Fer-
mentas, St. Leon-Rot, Germany). Plasmids from trans-
formants were purified with the QIAprep spin miniprep
kit (QIAgen, Hilden, Germany), insertion was confirmed
by EcoRI/HindIIl total digestion and 1% agarose gel
electrophoresis analysis. Thirty-nine purified plasmids
were partially sequenced in an ABI Prism 310 DNA
Sequencer (PE Applied Biosystems, Weiterstadt, Ger-
many). The sequences, corresponding to E. coli 16 rDNA
positions 677 to 1047, were compared with GenBank
nucleotide sequences database using BLAST algorithm
to determine the percentage of identity with the most
similar sequences (Altschul et al. 1990).

Nucleotide sequence accession numbers

The thirty-nine 16S rDNA sequences were deposited in
GenBank database under accession numbers from
DQ445052 to DQ445090.

Results and discussion

Group-specific primers for Lactobacillus

In order to design a primer that would specifically hy-
bridise with members of the Lactobacillus genus, poten-
tial PCR binding sites were identified based on the
highest homology regions within alignments made
with 16S-23S rDNA ISR sequences of lactobacilli. The
reverse primer Lact71R (Table 2), targeting L. acidophilus
ATCC 4356" positions 52-71 of the 165-23S rDNA ISR
sequence was designed. The potential target site of the
primer is a conserved region among lactic acid bacteria

Table 2. Primers used in this study.
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(Tilsala-Timisjarvi and Alatossava 1997), flanking the
end of the 16S rRNA gene sequence, and located up-
stream to tRNA genes eventually present in the 16S-23S
rDNA ISR of the rrn operons of lactobacilli (Giirtler and
Stanisich 1996, Nour 1998, Massi et al. 2004).

Primer Lact71R was paired with Lab0677F (Heilig
et al. 2002) and the specificity of the primer pair was
evaluated using DNA from reference strains (Table 1).
Amplification reactions produced a common 950-bp
PCR product that was obtained for all the Lactobacillus
reference strains tested. Among related lactic acid bac-
teria tested, only P. acidilactici, P. damnosus and P. inopi-
natus produced a PCR product comparable in terms of
size and intensity to the amplicons obtained with Lacto-
bacillus strains. In accordance with the probable occur-
rence of mismatches within the sequence targeted by
Lact71R, PCR amplification with DNA from L. brevis, L.
fermentum and L. salivarius resulted in a slightly fainter
950-bp amplicon, while using Weissella DNA no amplifi-
cation was detected (Table 1).

The specificity of Lab0677F and Lact71R was further
evaluated when applied to the analysis of complex mi-
crobial communities in a culture independent PCR
protocol. Total DNA was isolated from the ileal, caecal
and colonic contents of one 34-day-old piglet and used
for PCR amplification with Lab0677F and Lact71R. Am-
plicons obtained consisted in one major 950-bp prod-
uct, in accordance with the fragment size obtained
with Lactobacillus reference strains. To confirm the cor-
relation between a positive PCR signal and the presence
of bacteria belonging to the Lactobacillus genus, ran-
domly chosen PCR products were cloned in E. coli. A
total of 39 clones were used for sequencing and com-
paring with sequences held in GenBank, using the
BLAST algorithm. The highest identity percentages
obtained corresponded to Lactobacillus reference strains
or to uncultured bacterial clones disclosed in studies on
microbiota diversity from animal intestinal origin,
from the cloaca and vagina of laying hens, from the
rumen, and from foodstuff origin (Table 3). Sequences
from known Lactobacillus strains were always present in
the alignments showing higher homology scores with
unknown bacterial clones, suggesting a correspondence

Primer Primer sequence (5’ to 3’) Targeted rDNA Source or reference
position region

Lab0677F CTCCATGTGTAGCGGTG 677-693" 16S rDNA Heilig et al. (2002)

Lact71R TCAAAACTAAACAAAGTTTC 52-71° 16S-23S rDNA ISR This work

? according to the 16S rDNA of E. coli.

®according to the 165-23S rDNA intergenic spacer region (ISR) sequence of L. acidophilus ATCC 4356 (Accession N°. U32971).

© 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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with Lactobacillus-like sequences. The most abundant
Lactobacillus phylotypes found in the GI tract of pigs are
L. amylovorus-, L. johnsonii- and L. reuteri-like phylotypes
(Leser et al. 2002, Pryde et al. 1999, Konstantinov et al.
2004). Although the number of clones analysed in this
study was limited and originated from a single piglet,
L. johnsonii- and L. reuteri-like sequences were well repre-
sented among the 39 clones. L. kitasatonis-like sequences
were also retrieved from all the three intestinal con-
tents and L. ruminis-like sequences were exclusively
obtained from the colon (Table 3). L. kitasatonis had
firstly been isolated from chicken small intestine (Mu-
kai et al. 2003), while strains of L. ruminis had already
been retrieved from pig intestinal contents in a culture-
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dependent study of the Lactobacillus populations from
the GI tract of adult pigs performed under strictly an-
aerobic conditions (Yin and Zheng 2005).

Monitoring fermentations with group- and genus-
specific primers

The primer pair Lab0677F and Lact71R, together with
bifidobacteria genus-specific primers from the litera-
ture (Matsuki et al. 2004), were used for PCR detection
in in vitro fermentations of FOS, a prebiotic oligosaccha-
ride. The luminal contents from the ileum, caecum and
colon of one piglet were used as inocula. The aim was
to monitor changes in the PCR titres along the fermen-
tation.

Table 3. Percentage of identity (% ID), GenBank accession number and origin of the closest relative sequences held in GenBank of
clones retrieved from the piglet ileal, caecal and colonic contents by using the primer pair Lab0677F and Lact71R. In the BLAST
results that corresponded to unknown sequences, the identity of the closest related known sequence is indicated immediately

below, between parentheses.

Intestinal N°of Blast result Accession  Origin Clone identification and % ID
content clones N°
Ileum 3 L. kitasatonis AY841164 Pig faeces SP147IL (99%), SP160IL (100%), SP1611IL (99%)
1 L. johnsonii AJ853329  Cloaca and vagina SP127IL (99%)
of laying hens
Caecum 4 Lactobacillus sp. AJ853342  Cloaca and vagina  SP117CA (98%), SP128CA (99%), SP163CA (98%),
of laying hens SP185CA (99%)
3 L. kitasatonis AY841164  Pig faeces SP124CA (100%), SP138CA (100%), SP178CA (99%)
2 L. johnsonii AJ853329  Cloaca and vagina SP112CA (100%), SP136CA (100%)
of laying hens
2 L. pontis AJ422032  Foodstuff origin SP115CA (99%), SP206CA (99%)
2 L. reuteri AY845204  Pig faeces SP123CA (99%), SP139CA (100%)
1 Uncultured AY994039 Murine intestine SP137CA (100%)
bacterium clone
(L. johnsonii;
AJ853329)
Colon 5 Uncultured AF371499  Pig Gl tract SP98COL (100%), SP101COL (100%), SP119COL (99%),
bacterium clone SP120COL (100%), SP129COL (99%)
(L. ruminus;
M58828)
4 L. johnsonii AJ853329  Cloaca and vagina  SP114COL (100%), SP140COL (99%), SP143COL (100%),
of laying hens SP159COL (100%)
3 Lactobacillus sp. AJ853342  Cloaca and vagina  SP153COL (99%), SP165COL (99%), SP189COL (99%)
of laying hens
3 L. reuteri AY845204  Pig faeces SP113COL (99%), SP142COL (100%), SP203COL (99%)
2 L. pontis AJ422032 Foodstuff origin SP131COL (100%), SP154COL (99%)
1 L. kitasatonis AY841164 Pig faeces SP93COL (100%)
1 Lactobacillus sp. AY445129 Equine GI tract SP92COL (100%)
1 Uncultured AB034090 Rumen SP99COL (99%)
rumen bacterium
(L. ruminus;
M58828)
1 Uncultured AF371497 Pig GI tract SP188COL (99%)

bacterium clone
(L. salivarius;
AJ853341)

© 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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The amount of rDNA targeted sequences in a sample
varies directly with the copy numbers of the rrn op-
eron, which depends on the overall number of targeted
cells and the species present (von Wintzingerode et al.
1997). The maximum dilution of total DNA still capable
of producing a positive PCR amplicon (PCR titre) can be
determined by serially diluting the total DNA isolated
at each fermentation time. Assuming that variations in
PCR titres correspond to different proportions of rDNA
sequences in total DNA, it should be possible to screen
fluctuations of targeted bacterial groups along fermen-
tations (Wang et al. 1996). An increase in the PCR titre
reflects a higher proportion of targeted template rDNA
in total DNA. This higher proportion is related with an
increase in cell number and genomic replication
throughout the fermentation. On the other hand, a
decrease in PCR titre suggests a lower proportion of
targeted template rDNA in total DNA. However, such a
decrease observed throughout fermentation cannot be
directly ascribed to cell death since dead bacterial cells
can also be detected by PCR (Satokari et al. 2003). A
decrease in PCR titre should result from an increase in
the number of non-targeted sequences, which exerts a
“dilution effect” on the targeted DNA towards unspe-
cific DNA.

Major increases in the PCR titres with both primer
sets (Lab0677F + Lact71R and Bif.F + Bif.R) were de-
tected from O up to 11.5 h, but considerable differences
were observed (Fig. 1). The expected 950-bp amplicon
obtained by PCR with the primer pair Lab0677F and
Lact71R was present in all the samples, from 0 to 72 h.
With this primer set, no remarkable increase was ob-
served in the PCR titres from the ileal fermentations,
whilst in the caecal and colonic fermentations the PCR
titres increased 100- and 10-times, respectively, from 0
to 11.5 h. The PCR titres remained high and not drasti-
cally different in subsequent fermentation times. This
feature suggests that the bacterial groups targeted by
Lab0677F and Lact71R were able to maintain a suffi-
cient replication capability to assure a representative
proportion of sequences in total DNA throughout the
fermentation. In fact, lactobacilli constitute a predomi-
nant group of microorganisms inhabiting the porcine
Gl tract (Yin and Zheng 2005).

Conversely, bifidobacteria were not detected in any
sample at the initial time (t,) (Fig. 1). Since detection of
bifidobacteria was possible in the fermentation samples
at different times from t,, it may be assumed that the
bifidobacterial template was present in t, samples in a
concentration below the detection limit of the primers
(10° cells/g faeces) (Matsuki et al. 2004). In studies aimed
at profiling the pig intestinal microbiota community,
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Figure 1. Log,, values of the maximal dilutions of total DNA (iso-
lated at 0, 11.5, 30.0 and 72.0 h from FOS fermentation trials by
the microbiota of the piglet ileum, caecum or colon) capable of
producing an expected amplicon by PCR using the primer pairs
Lab0677F + Lact71R or Bif.F + Bif.R. Values were determined in
duplicate from independent positive PCR reactions.

sequences similar to bifidobacteria were only infre-
quently retrieved (Hill et al. 2002, Leser et al. 2002). In a
culture-based study with bifidobacterial isolates, it was
found that the population of bifidobacteria represented
a minor proportion of less than 1% of the intestinal
microbiota in suckling pigs (Mikkelsen et al. 2003). Ref-
erences to the recovery of Bifidobacterium strains from
the pig GI tract are generally obtained after isolation in
selective media and/or after diet-dependent shifts that
affect positively the growth of bifidobacteria in specific
intestinal compartments of piglet’s gut (Simpson et al.
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2003, Shim et al. 2005). In our study, major increases in
PCR titres with Bif.F and Bif.R were obtained with the
ileal and caecal inocula up to 11.5h, reflecting the
capability of bifidobacteria from the piglet foregut to
replicate in FOS-containing media. In in vivo assays, FOS
were described as exerting a particular effect proxi-
mally in the pig intestinal tract, being almost entirely
fermented pre-caecally (Houdijk et al. 1999). Addition-
ally, diets supplemented with Neosugar, a prebiotic
FOS-based mixture, increased the number of bifidobac-
teria in the ileum of suckling pigs (Shim et al. 2005).
More distally in the pig gut, bacterial growth is more
extensive and its diversity increases (Hill et al. 2002).
Accordingly, PCR detection using Bif.F and Bif.R in
fermentations with the inocula from the colon was
only possible at 11.5h, suggesting a quick under-
representation of bifidobacterial DNA towards unspe-
cific DNA. Although the most marked variations in PCR
titres were observed for bifidobacteria, the time to
achieve the highest PCR titres with Bif.F and Bif.R, and
with Lab0677F and Lact71R, was the same for the three
inocula (up to 11.5 h). We considered this period as a
first stage of the fermentation, where the populations
targeted by the group- and genus-specific primers ex-
hibit their capability to replicate rapidly in FOS-
containing media. In a second stage, after 11.5 h, all
bifidobacteria PCR titres decreased, as well as lactoba-
cilli PCR titres in the ileal and colonic fermentations.
This decrease is illustrated in Fig. 2.
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The culture independent PCR detection procedure
was further validated with the quantification of lactate
and short chain fatty acids (SCFA) throughout FOS fer-
mentations. Lactate was mainly detected up to the first
11.5 h and remained measurable up to 30.0 h only in
fermentations with the ileal inocula (Fig. 3). The maxi-
mum amount (2.2 + 0.1 mmol I"') and the highest rate
(0.19 mmol I''h™") of lactate accumulation were ob-
tained with the caecal inocula up to 11.5 h. This was
coincident with the most pronounced increase in PCR
titre of both bifidobacteria and lactobacilli (Fig. 1). After
11.5 h, acetate and especially butyrate increased strong-
ly in the media, suggesting replication of other intesti-
nal bacteria, not targeted by Lab0677F and Lact71R or
Bif.F and Bif.R. As an intermediate product of the global
fermentation process, lactate can be metabolised to
SCFA to varying extends, by cross-feeding of lactate-
utilising species commonly found in the pig intestinal
tract (Macfarlane and Macfarlane 2003, Duncan et al.
2004). The concentration of lactate in the media should
result from the balance between production and con-
sumption throughout the fermentation. Besides detec-
tion of death bacterial cells by PCR, this balance ex-
plains divergences between no lactate detection and the
still positive PCR amplification. The concentration of
lactate in the media at 11.5 h ranged from 1.3 mmol I"*
to 2.2 mmol 1" in the fermentations with the ileal and
caecal microbiota, respectively. In the second stage of
fermentation, the high SCFA production at 30.0 h, rang-

Figure 2. Agarose gels showing PCR products obtained with primer pair Lab0677F + Lact71R and serial dilutions of total DNA isolated at O,
11.5 and 72.0 h from FOS fermentation trials by the the microbiota of the piglet ileum.

Lanes DNA sample or dilution and respective fermentation time

lane M DNA size marker (sizes are shown on the left)

lane 1 no dil., from t,

lanes 2 -8 1/1 dil., 1/2 dil., 1/10 dil., 1/20 dil., 1/100 dil., 1/200 dil. and 1/1000 dil., from 11.5 h

lanes 9 — 15 1/1 dil., 1/2 dil., 1/10 dil., 1/20 dil., 1/100 dil., 1/200 dil. and 1/1000 dil., from 72.0 h

lane 16 1/1 dil., from 11.5 h + 10 ng of DNA from L. casei (positive control)
lane 17 1/1 dil., from 72.0 h + 10 ng of DNA from L. casei (positive control)
lane 18 10 ng of DNA from L. casei (positive control)
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Figure 3. Lactate, acetate, propionate and butyrate production (% relative concentration) at 11.5, 30.0 and 72.0 h of FOS fermentation by

the microbiota of the piglet ileum, caecum or colon.

ing from 49.8 mmol 1" to 53.7 mmol 1" with the ileal
and caecal microbiota, respectively, certainly conduced
to lactate decline and/or depletion. In in vitro fermenta-
tion studies with pig intestinal microbiota, lactate is
seldom detected or only detected at low levels even in
short fermentation periods (Smiricky-Tjardes et al.
2003). Although the piglet intestinal tract harbours a
multiplicity of lactate producing bacteria besides bifi-
dobacteria and lactobacilli, (Pryde et al. 1999, Duncan et
al. 2004), the correlation between increases in PCR ti-
tres and lactate accumulation provides a strong evi-
dence that bifidobacteria (targeted by Bif.F and Bif.R)
and members of Lactobacillus and Pediococcus genera
(targeted by Lab0677F and Lac071R) take part in the
first stage of FOS fermentation. This constitutes an
important trait when applied to in vivo trials, due to
bifidobacteria and lactobacilli capacity to decrease the
pH on the gut and to excrete natural antibiotics, mak-
ing competition of microbial pathogens more difficult
within intestinal microbiota at an early stage of oligo-
saccharides fermentation (Manning and Gibson 2004).

Conclusions

The primers used in this study made possible to im-
plement a simple PCR-based approach for monitoring
lactobacilli and bifidobacteria fluctuations in fermenta-
tions by piglet intestinal microbiota. The primer pair
Lab0677F and Lac071R was validated for the specific
detection of Lactobacillus and Pediococcus in a culture
independent PCR procedure with samples from the

© 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

porcine GI tract. In FOS fermentations by piglet intesti-
nal microbiota, the increases in PCR titres produced by
specific amplification using Lab0677F and Lac071R or
Bif.F and Bif.R were in good agreement with fermenta-
tion metabolite data, as revealed by quantification of
lactate and SCFA. The PCR-based strategy developed
should be applicable to more extensive studies on bac-
terial groups’ dynamics either on natural or defined
complex environments.
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