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Introduction

Human beings are colonized by several microbial communi-
ties, which have the potential to impact on the host health. The 
vast majority of these bacterial populations thrive in the GIT 
and constitute the human intestinal microbiota,1 whose main 
functions are related to nutrient processing, energy production, 
synthesis of cellular components and shaping of host innate 
and adaptive immunity, thus contributing to the maintenance 
of immune homeostasis in the gut.2,3 In physiological condi-
tions, despite conservation at the highest taxonomic ranks, the 
intestinal microbiota is markedly individual-specific at species 
level, and a host-driven “top-down” assembly of the symbiotic 
microbial community has been suggested.4 Recently, it has been 
hypothesized that high taxonomic level unbalances of the human 
gut microbiota can be responsible for important modifications of 

IBS is a prevalent functional gastrointestinal disorder, in which the microbiota has been demonstrated to play a role. An 
increasing number of studies have suggested how probiotics may alleviate IBS symptoms and several mechanisms of 
action have been proposed.

In the present study we characterized the intestinal microbiota of 19 subjects suffering from diagnosed IBS using a 
fully validated high taxonomic fingerprint microbiota array (HTF-Microbi.Array). We demonstrated that the IBS microbi-
ota is different from that of healthy individuals due to an unbalance in a number of commensal species, with an increase 
in relative abundance of lactobacilli, B. cereus and B. clausii, bifidobacteria, Clostridium cluster IX and E. rectale, and a 
decrease in abundance of Bacteroides/Prevotella group and Veillonella genus. Additionally, we demonstrated that some 
bacterial groups of the human intestinal microbiota, recently defined as pathobionts, are increased in concentration in 
the IBS microbiota.

Furthermore, we aimed at investigating if the daily administration of a novel probiotic yogurt containing B. animalis 
subsp lactis Bb12 and K. marxianus B0399, recently demonstrated to have beneficial effects in the management of IBS 
symptoms, could impact on the biostructure of IBS microbiota, modulating its composition to counteract putative dys-
biosis found in IBS subjects. Notably, we demonstrated that the beneficial effects associated to the probiotic preparation 
are not related to significant modifications in the composition of the human intestinal microbiota.
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method using arithmetic average

the host physiological status, being associated with a number of 
gastrointestinal disorders, i.e., IBS, IBD and colorectal cancer, 
as well as obesity and type 2 diabetes, cardiovascular disease and 
atopic syndrome.5-7

IBS is the prevalent functional GIT disorder with a world-
wide prevalence of 10–20%.8 IBS sufferers can be grouped 
into three main symptom subtypes: diarrhea-predominant IBS 
(D-IBS), constipation-predominant IBS (C-IBS) and mixed 
bowel habit IBS (M-IBS). The cause of the disease is thought 
to be multifactorial and may include dysmotility, abnormal gut 
sensation, genetic, microbial and dietary factors, as well as low-
grade inflammation.9 Several studies using qPCR, FISH and 
sequencing of 16S rDNA libraries reported an intestinal dysbio-
sis in patients suffering from IBS, in terms of specific composi-
tional changes associated with the disorder.9-13 However, in most 
of these studies, the overall microbiota was not covered, as the 
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intervention. High taxonomic fingerprints of the fecal microbi-
ota of the IBS subjects were depicted by HTF-Microbi.Array, and 
compared with those of healthy subjects deriving from previous 
descriptive studies (Candela et al.;20 Candela et al. 2011, personal 
communication) (File S1).

The main bacterial groups of the IBS microbiota were 
Clostridium cluster IV and XIV (25% and 21% of the total 
microbiota, respectively), followed by Bacteroides/Prevotella 
(9.1%). Other subdominant bacterial groups found at relevant 
concentration in the IBS microbiota were lactic acid bacteria 
(7.8%, summing the hits of Lactobacillaceae family and those of 
the Lactobacillus species targeted by the HTF-Microbi.Array), 
as well as Veillonella genus (5.7%), Bacilli class (2.9%) and 
Bifidobacteriaceae family (1.2%).

Multivariate redundancy analysis of the relative abundance of 
targeted bacterial groups/species highlighted that the microbiota 
of IBS subjects is significantly different from that of healthy indi-
viduals (p < 0.05). Triplot of the RDA of the composition of the 
fecal microbiota of healthy and IBS subjects demonstrated that 
samples clearly separated on the basis of the health status (Fig. 1). 
Furthermore, D-IBS group was clearly separated from a cluster 
composed by samples belonging to M-IBS and C-IBS groups, 
which were more similar for their intestinal microbiota profiles.

Table 1 shows the bacterial groups significantly (p < 0.005) 
altered in IBS subjects with respect to healthy controls. In par-
ticular, the fecal microbiota of IBS subjects was demonstrated 
to be enriched in bacilli, Bifidobacteriaceae, Clostridium clus-
ter IX, E. rectale and Lactobacillaceae. Notably, members of 
Enterobacteriaceae, E. faecium, C. difficile and Campylobacter 
spp were also demonstrated to be enriched in the IBS micro-
biota, with respect to the fecal microbiota of healthy subjects. 
Conversely, the IBS microbiota was depleted in concentration of 
Bacteroides/Prevotella group and Veillonella genus.

A number of significant variations in specific phylogenetic 
groups have been demonstrated not only between IBS and 
healthy controls, but also among the different IBS subtypes and 
healthy individuals (Table 1).

The comparison of the IBS microbiota composition before 
and after intake of the probiotic yogurt supplemented with B. 
animalis subsp lactis Bb12 and K. marxianus B0399 was per-
formed. The microarray data sets of the fecal microbiota of the 
IBS subjects analyzed in the present study were hierarchically 
clustered on the basis of the signal intensity of the HTF-Microbi.
Array oligonucleotide probes (Fig. 2). According to the main 
phylogenetic features of the fecal microbiota, two groupings were 
assessed. A marked inter-individual diversity was demonstrated, 
and the majority of the samples before and after intervention 
clustered together (12 out of 19 subjects). Therefore, no grouping 
according to the probiotic intervention was depicted.

Differences in relative abundance of one or few bacterial 
groups constituting the human intestinal microbiota along the 
intervention were found in 7 out of 19 subjects, leading their 
samples (X28, X31, X59, X66, X78, X80 and X89) not to cluster 
together at t0 and t1. However, these differences were account-
able at the individual level and not shared among the 7 subjects. 
Therefore, the modifications of the microbiota profiles found in 

quantified bacteria were predetermined according to primer or 
probe sequences. Only very recently, Rajilic-Stojanovic et al.14 
performed an in depth analysis of the human intestinal micro-
biota in IBS using a phylogenetic microarray targeting the bac-
terial 16S rRNA gene, demonstrating a significant decrease of 
Bacteroidetes (mainly belonging to Bacteroides and Prevotella), 
bifidobacteria and Faecalibacterium prausnitzii, and an increase 
in Firmicutes.

In the last decade, the therapeutic role of probiotics in the IBS 
management has been proposed and different studies supported 
the efficacy of probiotics in alleviating IBS.15,16

In the present study, we aimed at characterizing the intesti-
nal microbiota of 19 subjects suffering from diagnosed IBS (10 
D-IBS, 5 M-IBS, 4 C-IBS), enrolled in a monocentric trial, and 
evaluating the impact of a novel probiotic yogurt on their intes-
tinal microbiota.

The novel dairy probiotic preparation investigated in the 
present study contained Lactobacillus delbrueckii subsp bulgari-
cus and Streptococcus thermophilus, and was supplemented with 
Bifidobacterium animalis subsp lactis Bb12, a probiotic strain pre-
viously described as useful to manage IBS,17,18 and Kluyveromyces 
marxianus B0399, a novel probiotic lactic yeast recently charac-
terized for its potentially beneficial properties.19

A fully validated high taxonomic fingerprint microbiota array 
(HTF-Microbi.Array) was used to characterize the intestinal 
microbiota of the IBS subjects, before and after the probiotic 
intervention.20 This DNA microarray, based on the LDR tech-
nology,21 is a highly specific, reproducible and sensitive tool that 
enables specific detection and approximate relative quantifica-
tion of 16S rRNAs from 30 phylogenetically related groups of 
the human intestinal microbiota. Differently from other DNA 
microarray platform already reported in literature, the HTF-
Microbi.array, which allows to detect and quantify about the 
95% of the human intestinal microbiota,22 is specifically designed 
to monitor the high level taxonomic unbalances of the core func-
tional microbiome that have an impact on the host physiological 
state.5,6,23 Conversely, it remains blind to the species-level inter-
individual variability.

To assess the most relevant unbalances characterizing the IBS 
microbiota, we compared the compositional data of the fecal 
microbiota of the IBS subjects recruited in this study with those 
deriving from the analysis by HTF-Microbi.Array of a cohort 
of 24 healthy adults, obtained in previous descriptive studies 
(Candela et al.;20 Candela et al. 2011, personal communication). 
Furthermore, since the dairy probiotic tested in this study has 
been previously demonstrated, in a monocentric human trial, to 
provoke an improvement of bloating, bowel movement abnor-
mality, as well as reduction in abdominal pain in IBS patients,24 
we evaluated if the IBS-associated unbalances of the intestinal 
microbiota demonstrated in this study were reverted by the pro-
biotic yogurt.

Results

Characterization of the intestinal microbiota in IBS subjects: 
comparison with healthy subjects and impact of the probiotic 
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microbiota composition between IBS patients and healthy indi-
viduals is still evolving. Furthermore, a growing number of studies 
have evaluated the response of IBS to probiotics, and few recent 
systematic reviews and meta-analyses suggested that probiotics 
appear to be, to varying extent, effective or at least promising 
in the amelioration of the well-being status of IBS subjects.15,16,26

In the present study, we analzyed the fecal samples of 19 
subjects suffering from IBS enrolled in a clinical trial for the 
evaluation of the efficacy of a new probiotic yogurt containing 
K. marxianus B0399 and B. animalis subsp lactis Bb12.24 First, 
we evaluated the shift in the microbiota composition of the IBS 
patients before the probiotic administration, by comparing their 
microbiota profiles with those of a cohort of 24 healthy subjects, 
matched for sex and age, and previously characterized (Candela et 
al.;20 Candela et al. 2011, personal communication). Successively, 
we assessed the impact of the probiotic yogurt on the gut micro-
biota composition.

these 7 subjects between t0 and t1 did 
not impact on the relative abundance 
of the targeted microbial groups within 
the overall cohort (Table 1).

Moreover, PCR-DGGE analysis 
was used to retrieve an additional pic-
ture on the dynamics of the bacterial 
community before and after interven-
tion. PCR-DGGE confirmed that the 
biodiversity of the intestinal microbi-
ota was not influenced by the probiotic 
treatment, as assessed by the richness 
and Shannon indices (p > 0.05). Mean 
values of the richness index ranged 
from 17.5 (T0) to 19.6 (T1), whereas 
mean values of the Shannon index 
ranged from 2.75 (T0) to 3.02 (T1). 
Finally, the peak heights of DGGE 
densitometric curves were analyzed 
using the Mann-Whitney U-test, in 
order to assess if the most relevant sin-
gle-species abundances were affected 
by the probiotic administration. No 
significant changes in species abun-
dance were found when comparing T0 
and T1.

Evaluation of the survival of  
K. marxianus B0399 along the pro-
biotic intervention. The survival of K. 
marxianus B0399 along the probiotic 
intervention was tested using selective 
plate counting for lactic yeasts and 
semi-quantitative PCR-DGGE analy-
sis followed by band identification.

Total count of fecal lactic yeasts 
showed negligible levels (< 100 CFUg-1 
of faeces) at T0 in 15/19 subjects 
(75%), while the remaining 4 subjects 
had a basal concentration of (3.2 ± 0.6) 
x 103 CFU g-1. Following the probiotic treatment, 16/19 subjects 
(84% of the study population, p < 0.001) were positive for yeast 
colonization, which reached a T1 concentration of (4.3 ± 1.2) 
x 105 CFU/g. The presence of K. marxianus within the micro-
eukaryotic fecal microbiota was confirmed by PCR-DGGE. 
PCR-DGGE analysis, whose sensitivity (~105 yeast cell mL-1) 
was not sufficient to detect K. marxianus at T0, confirmed the 
presence of a clear band corresponding to K. marxianus (99% 
sequence identity with K. marxianus 13MCHS 26S rRNA gene, 
File S2) at T1 in 14/19 subject (74% of the study population,  
p < 0.001).

Discussion

Recently, a number of studies investigated the unbalances that 
characterize the intestinal microbiota of patients suffering from 
IBS.9-14,25 However, the rationale beyond differences in the 

Figure 1. Triplot of the RDA of the microbiota composition of subjects suffering from IBS and healthy 
individuals. Healthy subjects (HS), M-IBS patients (M), C-IBS patients (C) and D-IBS patients (D) are 
indicated by yellow rectangles, green diamonds, black circles and purple square, respectively. 
Constrained explanatory variables (HS, M, C and D) are indicated by filled red triangles. Black arrows 
indicate responding bacterial subgroups that explain more than 15% of the variability of the samples. 
First and second ordination axes are plotted, showing 12.3% and 5.4% of the total variability in the 
data set, respectively.
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level have been identified, leading to results that are sometimes 
controversial.25

In particular, our results are in accordance with those dem-
onstrating an increase in abundance of Lactobacillus genus in 
IBS,11,13 which has been associated with augmented concentration 
of the organic acids propionate and acetate, that in turn were 
correlated with abdominal pain, bloating and anxiety by Tana 
et al. Conversely, other studies indicated a depletion of lactoba-
cilli as a characteristic of the IBS microbiota.10,12 Interestingly, 
a recent study performed using a DNA phylogenetic microar-
ray by Rajilic-Stojanovic et al.14 demonstrated a trend similar to 
that reported in this study, in relation to the dynamics of the 
Bacteroides/Prevotella group and bacilli, with the first group 
depleted in subjects suffering from IBS and the second one 
increased in abundance in the IBS microbiota. We also demon-
strated that the IBS microbiota showed enrichment in bifido-
bacterial concentration, result which is in contrast with previous 
findings reporting decreased bifidobacterial concentrations in 
IBS patients.12,14 The HTF-Microbi.Array used in this study 
targets the entire Bifidobacteriaceae family and the B. longum,  
B. adolescentis, B. breve and B. bifidum species.

Numerous human studies and clinical trials have investi-
gated the therapeutic benefit of probiotics in alleviating the 
symptoms of IBS, with a wide range of formulations and micro-
bial species tested. Commonly used probiotic strains belong to 
Bifidobacterium or Lactobacillus genera, while less frequently 
used are strains of Propionibacterium freudenreichii, bacilli or 
yeasts.30 Recently, we demonstrated in an in vitro study that  
K. marxianus B0399 possesses a number of beneficial properties, 
i.e., modulation of the immune response of PBMC and Caco-2 
cells, impact on the metabolic activity of the intestinal microbiota 

We demonstrated that IBS microbiota is different from that of 
healthy individuals due to an unbalance in a number of commen-
sal species, with an increase in relative abundance of lactobacilli, 
B. cereus and B. clausii, bifidobacteria, Clostridium cluster IX and 
E. rectale, and a decrease in abundance of Bacteroides/Prevotella 
group and Veillonella genus. Furthermore, we demonstrated 
that some bacterial groups of the human intestinal microbiota, 
recently defined as pathobionts, are increased in concentration in 
the IBS microbiota. The so-called pathobionts are bacteria that 
can asymptomatically colonize the human GIT, but possessing 
pro-inflammatory characteristics they might have a role in caus-
ing disease when, due to a dysbiosis, they increase in concentra-
tion.27 In the present study, members of the Enterobacteriaceae 
family, E. faecium, C. difficile and Campylobacter spp were dem-
onstrated to be enriched in the IBS microbiota, with respect to 
the fecal microbiota of healthy subjects.

That the intestinal microbiota of subjects suffering from 
IBS deviates from the definition of a standard core microbi-
ota in healthy conditions is a matter of fact, since an increas-
ing number of studies evidenced peculiar modifications in the 
composition of the human intestinal microbial ecosystem cor-
related with health and disease status.28,29 However, the recent 
advances in the understanding of complex biological data 
deriving from metagenomics, metatranscriptomics and metab-
olomics approaches, are challenging the definitions of both 
standard core microbiota and IBS microbiota. In fact, these 
“-omics” techniques are giving novel insights on the dynamic 
interplay of the microbial species thriving human gut. To date, 
a limited number of phylum- and group-level differences have 
been demonstrated comparing IBS patients to healthy subjects, 
while several alterations in abundance at genus and species 

Table 1. Bacterial groups significantly altered in IBS subjects (IBS; Constipation IBS, C-IBS; Diarrhea IBS, D-IBS; Mixed IBS, M-IBS), with respect to healthy 
subjects (HS)

% of the total targeted microbiota p-value of comparison among the different study groups

Target phylogenetic group IBS C-IBS D-IBS M-IBS HS IBS vs. HS C-IBS vs. HS D-IBS vs. HS M-IBS vs. HS

Bacillus cereus 1.04 0.9 1.04 1.17 0.29 7.60E-07 0.247 1.62E-07 0.304

Bacillus clausii 1.88 2.03 1.89 1.74 0.21 9.88E-08 0.007 3.04E-04 0.001

Bacteroides/Prevotella group 9.11 7.38 9.39 9.91 19.79 2.28E-04 0.040 0.019 0.304

Bifidobacteriaceae 1.17 1.08 1.23 1.11 0.42 4.37E-07 0.029 3.99E-04 0.005

Bifidobacterium adolescentis 0.88 0.68 1.05 0.69 0.5 0.025 1 0.030 1

Bifidobacterium breve 0.7 0.68 0.7 0.72 0.38 0.010 1 0.023 1

Bifidobacterium longum 0.8 0.79 0.83 0.76 0.41 7.22E-04 1 0.002 0.741

Campylobacter spp 0.64 0.65 0.61 0.7 0.41 0.018 1 0.703 0.040

Clostridium difficile 0.64 0.63 0.65 0.6 0.34 0.006 1 0.019 0.969

Clostridium cluster IX 1.1 1.14 1.16 0.96 0.54 1.01E-04 0.074 0.023 0.051

Enterobacteriaceae 1.07 0.72 1.34 0.82 0.4 3.80E-05 1 0.001 0.018

Enterococcus faecium 0.87 0.67 0.94 0.9 0.47 2.47E-05 1 1.52E-04 0.007

Eubacterium rectale 6.51 3.81 7.13 7.43 3.71 2.85E-04 1 0.002 0.150

Lactobacillaceae 2.49 3.05 2.46 2.1 0.82 3.23E-04 0.456 0.019 0.082

Lactobacillus salivarius 0.71 0.66 0.77 0.64 0.29 0.001 1 0.009 0.418

Lactobacillus buchnerii 1.56 1.37 1.1 2.62 0.69 0.005 1 0.247 0.003

Veillonella spp 5.66 5.83 5.85 5.13 13.12 0.021 1 0.181 0.570
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Figure 2. For figure legend, see page 411.
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protocol was conforming to the ethical guidelines of the “World 
Medical Association Declaration of Helsinki.”

IBS patients were subjected to a 4-week study period, and 
were daily receiving a probiotic yogurt containing L. delbrueckii 
subsp bulgaricus and S. thermophilus and supplemented with 
K. marxianus B0399 and B. animalis subsp lactis Bb12. The 
total daily amount of K. marxianus B0399 was 1–4 × 107 CFU, 
while the amount of B. animalis subsp lactis Bb12 was 3–5 × 109 
CFU. Consumption of other probiotics was not allowed during 
the intervention. All subjects were advised to follow their usual 
dietary habits and not to undertake any medication.

For the comparative analysis of the IBS microbiota composi-
tion before the probiotic intervention, a cohort of 24 healthy 
subjects comparable for age and sex and already characterized 
for their intestinal microbiota profiling was considered. These 
compositional data were retrieved using the same approaches, 
in relation to fecal sample collection and storage, sample pro-
cessing and DNA microarray analysis, undertaken in this study 
(Candela et al.;20 Candela et al. 2011, personal communication).

Fecal samples. During the study, two fecal samples were 
collected from each subject suffering from IBS. Samples were 
taken the day before beginning the probiotic supplementation 
for assessing the individual baseline, and after the 4-week sup-
plementation (not later than 24 h after the end of the probiotic 
intervention). Samples were immediately stored in anaerobic con-
tainers and frozen within 4 h to -70°C until analysis.

Extraction and purification of microbial DNA from fecal 
samples. Total microbial DNA was extracted using QIAamp 
DNA Stool Mini Kit (Qiagen) with a modified protocol, as 
previously described by Biagi et al.34 Final DNA concentration 
was determined by using NanoDrop ND-1000 (NanoDrop 
Technologies).

Characterization of the intestinal microbiota by HTF-
Microbi.Array. The intestinal microbiota of the IBS subjects 
enrolled in the study was characterized using the fully validated 
DNA microarray HTF-Microbi.Array, which target 30 phyloge-
netically related groups (File S3). The analysis was performed 
at the baseline and after the 4-week probiotic supplementation. 
16S rRNA was amplified using universal forward primer 16S27F 
and reverse primer r1492, following the protocol previously 
described.20,21 PCR products were purified by using a Wizard SV 
gel and PCR clean-up System purification kit (Promega Italia), 
according to the manufacturer’s instructions, eluted in 20 μl of 
sterile water, and quantified with the DNA 7500 LabChip Assay 
kit and BioAnalyzer 2100 (Agilent Technologies).

Ligase Detection Reaction and hybridization of the products 
on the universal arrays were performed according to the protocol 
described by Castiglioni et al.21 except for the probe annealing 
temperature, set at 60°C.

and survival to simulated gastrointestinal environment, support-
ing its application as a probiotic.19 The efficacy of a probiotic 
yogurt including K. marxianus B0399 and B. animalis subsp lac-
tis Bb12 in the management of IBS has been investigated in an in 
vivo study.20 The authors showed that these probiotics provoked 
an improvement in abdominal pain, bloating and bowel move-
ment abnormality.

We characterized the intestinal microbiota of the 19 IBS 
patients enrolled in the above mentioned clinical study, with the 
aim of evaluating the impact of the probiotic administration on 
the IBS-associated unbalances of the intestinal microbiota.

Using both HTF-Microbi.Array and PCR-DGGE, we dem-
onstrated that the supplementation of K. marxianus B0399 and 
B. animalis subsp lactis Bb12 for 4 weeks did not modulate the 
composition of the microbiota in the IBS patients. Indeed, a 
marked inter-individual diversity was evident, since the majority 
of the samples before and after intervention clustered together, 
and no groupings according to the probiotic intervention were 
depicted. Similarly, Shannon and richness indices of DGGE gels 
were not modified by the 4-week probiotic administration. At 
the light of the most recent findings, our results are in agree-
ment with an increasing number of studies demonstrating that 
probiotic administration is often not accompanied by composi-
tional modulations of the intestinal microbiota in subjects suffer-
ing from IBS,31 microbiota-mediated systemic disorders32 and in 
healthy conditions.33

In conclusion, we improved the knowledge about the peculiar 
modifications characterizing the intestinal microbiota of subjects 
suffering from IBS. Furthermore, we demonstrated that the ben-
eficial effects of the probiotic yogurt containing K. marxianus 
B0399 and B. animalis subsp lactis Bb12 are not associated to sig-
nificant modifications of the human intestinal microbiota. These 
results open a new scenario about the necessity of characterizing 
the mechanism of action of clinically relevant probiotic strains 
not only toward the composition of the gut microbiota, but also 
taking into account its functionality.

Materials and Methods

Subjects and study design. The study group consisted of 19 
subjects suffering from diagnosed IBS, who were enrolled in the 
intervention study. IBS patients (mean age = 33.6 ± 9.1) fulfilled 
the Rome III criteria for the diagnosis of IBS.8 Exclusion criteria 
included pregnancy or lactation, chronic intestinal disease (i.e., 
inflammatory bowel disease or celiac disease) or severe systemic 
disorders, lactose intolerance or food allergies. Patients who in 
the 2 mo prior to study entry had taken medication, such as 
antibiotics, corticosteroids or functional foods containing pre- 
or probiotics, were also excluded from the study. Each subject 
signed the informed consent prior to enter the study. The study 

Figure 2 (See opposite page). Hierarchical clustering of the HTF-Microbi.Array profiles of IBS subjects before and after the probiotic administration. 
Microarray fingerprints at the baseline are indicated by t0, whereas fingerprints after the probiotic intervention are indicated by t1. Color intensity 
represents the relative bacterial abundance in the sample, in relation to the study population. Subjects whose t0 and t1 samples are not clustering 
together are marked with dots of different colors. Subjects whose t0 and t1 samples are clustering together are connected by line. Euclidean distance 
and Ward’s clustering method were applied to log-transformed data.
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homogenization, fecal samples were serially diluted using 10-fold 
serial dilutions down to a final dilution of 10-5. All plating counts 
were performed in triplicate.

Statistics. All arrays were scanned with ScanArray 5000 
scanner (Perkin Elmer Life Sciences), at 10 μm resolution. 
Fluorescent images were obtained with different acquisition 
parameters for both laser power and photo-multiplier gain, in 
order to avoid saturation. Fluorescence intensities were quan-
titated by ScanArray Express 3.0 software, using the “Adaptive 
circle” option, letting diameters vary from 60 to 300 μm. To 
assess whether a probe pair was significantly above the back-
ground (i.e., was present or not), one-sided t-test was performed. 
Nonparametric Kruskal-Wallis test, followed by Bonferroni cor-
rection for multiple comparisons, was used to determine the sta-
tistical differences among the IBS subtypes and/or treatment 
conditions. A p < 0.05 was considered statistically significant. 
Hierarchical clustering of HTF-Microbi.Array profiles was 
performed using the statistical software R (http://www.r-proj-
ect.org). The Euclidean distance among sample profiles was 
calculated and Ward’s method was used for agglomeration. 
Redundancy analysis and RDA ordination diagram were per-
formed using CANOCO for Windows 4.02 and CanoDraw 
3.10 (Microcomputer Power), respectively. Monte Carlo permu-
tation test was done at 199 random permutations, in order to 
assess significant differences.

Bacterial counts and DGGE parameters were analyzed by 
one-way ANOVA, using Tukey’s post-test analysis when the 
overall p value of the experiment was below the value of signifi-
cance (p < 0.05). An additional paired t-test was applied in order 
to assess the significance of the results of single pairs of data. 
Analyses were performed using GraphPad Prism 5.0 (GraphPad 
Software).
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PCR-DGGE analysis of the fecal samples. Studies on the 
microbial DNA fingerprints derived from PCR-DGGE analy-
sis were performed for the IBS subjects, at the baseline and fol-
lowing the 4-week probiotic supplementation. Amplification 
of the V2-V3 region of the bacterial 16S rRNA gene was per-
formed using the universal eubacterial primers GCclamp-HDA1 
and HDA2, according to the protocol previously described by 
Maccaferri et al.35 DGGE gel images were analyzed using the 
FPQuest Software Version 4.5 (Bio-Rad). In order to compensate 
for gel-to-gel differences and external distortion to electrophore-
sis, the DGGE patterns were aligned and normalized using an 
external reference ladder composed by known bacterial species. 
After normalization, bands were defined for each sample using 
the appropriate densitometric curves. Bands constituting less 
than 1% of the total band area were omitted from further analy-
sis. Similarity between DGGE profiles was determined by calcu-
lating the Pearson correlation. Clustering of the sample profiles 
was done using the UPGMA algorithm. Additionally, a Shannon 
diversity index was calculated to investigate the structural diver-
sity of the microbial community.36

Culture-independent and -dependent detection of  
K. marxianus B0399 in the fecal microbiota. Dynamics of yeast 
population and detection of the administered yeast during the 
study were assessed by PCR-DGGE and selective plate count-
ing, respectively. Approximately 250 nucleotides of the 5'-end 
region of the 26S rRNA gene were amplified by PCR using the 
yeast-universal primer set GC-clamped NL1 and LS2, accord-
ing to Cocolin et al. The PCR-DGGE experimental protocol 
was slightly modified by performing annealing at 56°C for 25 
sec and extension at 72°C for 30 sec, in order to prevent cross-
amplification of bacterial DNA. Band identity was confirmed by 
comparison of the positions in the gel length with those of refer-
ence yeast DNA.

Detection of the survival and quantification of the growth of 
K. marxianus B0399 along the intervention were performed by 
plate counting at 37°C in lactic-yeast selective MV2 agar (lac-
tose, 40 gL-1; casein, 20 gL-1; peptone, 7.5 gL-1; yeast extract,  
1.5 gL-1; agar 10% w/v). 1:5 (w/w) fecal dilutions in anaerobic 
PBS [0.1 molL-1 PBS (pH 7.4)] were prepared and the samples 
were homogenized in a stomacher (Seward Ltd.) for 2 min. After 
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