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IS THERE A NEED TO KNOW ABOUT MICROBIOTA COMPOSITION IN PROBIOTIC
STUDIES?

Roy Fuller, a pioneer in the probiotic field, defined a probiotic as a “live microbial feed
ng its intestinal micro-
biotic preparation will

KEY POINTS

� Over evolutionary time, people have developed an equilibrium with the microbial world,
which consists of cloaking the body inside and out with microorganisms that are likelier
to be friends than enemies.

� Nucleic acid-based methods of analysis are widely used to determine and monitor the
composition of this metaphorical cloak of microbes (microbiota). This was originally
because many of the members of microbiota had not yet been cultivated in the laboratory.

� Nucleic acid-basedmethods also facilitate logistical planning and execution of microbiota
analysis for probiotic, clinical, and nutritional trials using human subjects.
supplement which beneficially affects the host animal by improvi
bial balance.”1 This definition infers that consumption of the pro
e microbiota. There is
the abundance of the
he effect is transient,
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icrobiota of the large
recent evidence that
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an impact on the immune system by consumption of probiotic bacteria seems to be
the main outcome predicted.3,4 It can be argued, therefore, that probiotic stimuli are
directed at the mucosal immune system of the small bowel as the bolus of bacteria
progresses from stomach to colon after consumption.
Until the situation is clarified, and the mechanisms that mediate probiotic activity are

discovered, it seems wise to include analysis of the fecal or other microbiota as part of
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human probiotic trials. The more complete the picture that is
likely that mechanistic details will be revealed.
While probiotic bacteria are allochthonous to the bowel biome

capacity to at least survive transit through the human gut after
some efficacy. Thus detection and quantification of the probio
myriad of autochthonous commensals of the large bowel sho
(see section on Why Detect Probiotic Bacteria Using Bulk DNA
Human probiotic trials of appropriate statistical power are diff

set up and run. The main outcome is usually a clinical read-out s
eczema in a test group relative to a placebo control group. Recru
not usually reluctant to provide fecal samples, and at the least, t
in small aliquots for later microbiota analysis when initial results m
additional funding becomes available.
It is recommended that temporal studies of the microbiota be

tating the collection of specimens for microbiota analysis at seve
the study. This will provide much needed information about the
microbiota compositions over time. A major criticism of gut m
that human studies, and most experimental animal studies, are o
repeated with another group of people or animals. Therefore th
biotic effects and microbiota composition are not known. This is
drug trials, in which repetition of trials in more than one country
drug is approved for general use.
In summary, analysis of the microbiota should be performed

� Probiotics may yet be shown to alter the microbial compo
other biome in a subtle yet significant way.

� Efficacy of probiotic consumption is presumably related
bowel or other body site, and this should be demonstrated

� More complete pictures of bowel ecology are required; hu
otics provide possibilities to acquire this knowledge.

WHY USE NUCLEIC ACID-BASED TOOLS IN MICROBIOTA STUDIE

Much of the bacteriologic information about the bowel communit
by the use of nucleic acid-based methodologies.5 The phyloge
mining the phyla, families, genera, and species through molec
and construction of data matrices) has mostly relied on comp
of the small ribosomal subunit RNA genes (16S rRNA gene in
present in DNA extracted from feces or other samples. A large
million 16S rRNA gene sequences is currently available and pr
of bacterial detection and identification by molecular methods.6

Nucleic acid-based methods of detection have indicated th
bacterial cells seen microscopically in terrestrial and aqu
accounting for the possibility that some are dead, have not ye
laboratory.7 This observation was totally unexpected in relation
ences in medical bacteriology and has been called the great
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Operational taxonomic units (OTU, molecular species) never encountered in culture-
based bacteriology but detectable by nucleic acid-based methods have revealed
a vast, new bacterial world for investigation.
The situation with human feces is not dire, since at least 50% of the cells seen in

samples can be cultivated. Additionally, representatives of most of themetabolic types
of bacteria in the humancolon havebeencultured.8 It is still convenient, however, to use
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nucleic acid-based methods to determine the composition and
functioning of bowel communities. This is because of the diver
present in the bowel of people and the somewhat idiosyncrat
microbiota. Extraction of nucleic acids from feces, bowel digesta
is now a standard procedure and is logistically much simpler th
a spectrum of selective media and anaerobic protocols that are
based investigations. Moreover, culture-based analysis requir
the samples soon after collection, whereas materials for nucleic
can be frozen after collection and stored at low temperature (dr
to the laboratory andwhile awaiting analysis. DNA,when storeda
(-80�C), provides a useful archive of microbial genomes that migh
when advanced methodologies may increase the amount of in
gleaned from bulk DNA.
The starting point for nucleic acid-based analysis is the extra

directly from the fecal or other sample of interest, avoiding the
members of the community. A critical step in the procedure is
cells to release the nucleic acids, because accurate representat
bial types in the sample is required. Although chemical meth
mechanical disruption of the cells (bead-beating) is considered
even gram-positive bacterial cells, often resilient to other metho
The 16S rRNA gene sequence of bacteria has become t

phylogeny, because it contains regions of nucleotide base seq
conserved across the bacterial world.9 These conserved reg
with variable regions (V regions) that contain the signatures of
even to species level. Thereforesequencesof V regionsof 16S rRN
of phylogenetic methods, as will be reinforced in subsequent se
It is important to remember, however, that bulk DNA has com

were present in the sample at the time of collection. The nucleic
from resident, living, metabolizing cells, or resident, living but rel
or spores, from dead bacteria, or living bacteria adventitiously
collection. Detection of a particular DNA sequence in a single sa
to evidence of residence of the organism in the ecosystem. Coll
samples over time are necessary to provide this evidence.
The capacity to sequence and assemble genomic informati

DNA (metagenomics) or mRNA (transcriptomics) has extende
acids in researching the potential and actual metabolic capac
These exciting approaches will be outlined in other sections of
In summary, nucleic acid-based analysis of fecal or other sa

useful because

� It enables descriptions to be made of the phylogenetic
microbiota including its yet to be cultivated members.

� It has logistical advantages with respect to transport and
� It enables thegeneticpotential of themicrobiota tobedeterm
� It enables theexpressionof genesat apoint in time tobe reve
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WHY DETECT PROBIOTIC BACTERIA USING BULK DNA?

By current definition, probiotics are live microorganisms, which when administered
in adequate amounts confer a health benefit on the host.10 Most probiotics are admin-
istered as dietary supplements either in milk-based foods or as tablets or capsules.
The detection of the probiotic bacteria in fecal or other samples is not routine in effi-
cacy trials with people. However, inclusion of an assay to detect the presence or
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absence of the probiotic during the progress of the trial seem
any absence of efficacy could be due to the inability of the prob
through the gastrointestinal tract. Even when probiotic efficacy h
a mechanistic explanation is often lacking. Hence the more de
data available that can be interrogated statistically, the better.
A study demonstrating the differential effect of 2 probiotics

eczema and atopy provides a case in point.11 The aim of the st
whether probiotic administration in early life could prevent the de
and atopy at 2 years of age. A double-blind, randomized place
infants at risk of allergic disease was performed. Pregnant wom
to take Lactobacillus rhamnosus HN001, Bifidobacterium anim
HN019, or placebo, daily from 35 weeks gestation until 6 mon
and their infants were randomized to receive the same treatmen
Four hundred and seventy-four infants were included in the stud
lative prevalence of eczema and point prevalence of atopy (skin p
allergens) were assessed at 2 years. Infants receiving L. rham
a significantly reduced risk of eczema (hazard ratio [HR] 0.51, 95
[CI] 0.30–0.85, P 5 .01) compared with placebo, but this was
B. animalis subspecies lactis group (HR 0.90, CI 0.58–1.41).
Why was one probiotic effective but the other not? One poss

cerned the markedly different rates of detection of the probiotic
infants during the trial. A DNA-based technique (polymerase
coupled with an electrophoretic detection method; see sectio
Methods to ScreenMicrobiota Compositions) showed that B. an
tis prevalence in fecal samples increased progressively over the
from 22.6% of infants at 3 months to 53.1% of infants at 24mont
tion of L. rhamnosus was greatest at 3 months, at 71.5% of bab
at 24 months, at 62.3% among infants administered this probiot
cacious probiotic (L. rhamnosus) was commonly present in the
from an early age, whereas the ineffective probiotic did not se
in about half of the infants.
An indication of the numbers of probiotic bacteria in fecal sam

tional interpretative data in trials with people. However, it must
absolute guarantees of specificity (quantifying only a specific s
in samples collected from nature) require a cautionary interpreta
of strains of the probiotic species are usually available, either in
or in the form of genome sequences. Therefore, validation of sp
acid-based method is subject to relatively limited knowledge
designed and performed.
In summary, detection of probiotic strains in feces by DNA-b

� Demonstrates that the probiotic bacteria have at least su
the gut (although viability cannot be demonstrated)

� May aid in the interpretation of efficacy outcomes in tria
people
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ELECTROPHORETIC METHODS TO SCREEN MICROBIOTA COMPOSITIONS

A relatively simple, semiquantitative screening method to compare the bacterial
compositions of multiple samples is provided by PCR coupled with gradient gel elec-
trophoresis.12 Either a chemical gradient (denaturing gradient gel electrophoresis,
DGGE) or temperature gradient (temporal temperature gel electrophoresis, TTGE) is
used. A V region of bacterial 16S rRNA genes is amplified from bulk DNA from samples
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gene sequences that
ments of DNAmigrate
ey reach chemical or
ion of polynucleotide
ts (remember the GC
sequences between
acteria have different
Profiles of microbiota
been stained to reveal
computer software.
bacteria of specimens
GE.13Bacterial collec-
after pre-endoscopy
patients and healthy
re investigated. PCR-
rities were compared.
ing to disease status,
this method. Compar-
e subject showed that,
sociated bacteria are
hich resembles a fecal
y.
gels, further amplified
.14 The sequence can
in identification of the
specific for particular
an universal primers
duce simpler profiles
ly used as probiotics.
GE

cific bacterial groups

on in DNA databases.
rial 16S rRNA or 23S
h a 50 label consisting

Analysis of the Bowel Microbiota 859

 

using PCR. The PCR primers anneal with conserved sequences
V region. Oneof the primers has aGC-rich 50 end (GCclamp) to pr
turation of the amplified DNA fragments during gel electrophores
theoretically contains 16S rRNA gene sequences from all of the m
biota in the sample. All of the amplified fragments are of the sa
amide gel is used to separate the fragments of 16S rRNA
originated in different kinds of bacteria. The double-stranded frag
in an electrical current through the polyacrylamide gel until th
thermal conditions that represent their melting point (separat
strands). The migration rate of the partially denatured fragmen
clamp) is slowed. Because of the variation in the 16S rRNA gene
phylogenetic groups, the DNA fragments from different kinds of b
melting points and hence show different migrations in the gel.
composition can be generated once the electrophoretic gel has
bands of DNA. Images of these profiles can be compared using
For example, differential clustering of bowel biopsy-associated

collected inMexicoandCanadawasdemonstratedusingPCR-TT
tions associated with bowel biopsies, aspirates of residual fluid
cleansing, and feces from inflammatory bowel diseases (IBD)
subjects in Edmonton, Canada, and Mexico City, Mexico, we
TTGE produced profiles of the bacterial collections whose simila
Similarity analysis showed that the profiles did not cluster accord
but the Canadian andMexican profiles could be differentiated by
ison of biopsy, aspirate, and fecal samples obtained from the sam
on average, the profiles were highly similar. Therefore, biopsy-as
likely to represent, at least in part, contaminants from the fluid, w
solution, that pools in the bowel after cleansing before endoscop
Individual fragments of DNA can be cut from electrophoretic

and cloned in a surrogate host (Escherichia coli), then sequenced
be compared with those in 16S rRNA gene databanks to obta
bacterium from which the sequence originated. PCR primers
groups of bacteria (for example lactic acid bacteria), rather th
used to detect all bacteria, can be designed.15 These primers pro
that can be useful in the detection of bacterial species common
In summary, electrophoretic methods such as DGGE and TT

� Provide comparative snapshots of microbiota
� Can detect, using appropriate PCR primer design, spe
within the microbiota

FLUORESCENT PROBES

DNA probes (oligonucleotides) can be designed using informati
They specifically target (anneal to) V region sequences in bacte
rRNA (large ribosomal subunit). The probes are synthesized wit
f 
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