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[Background and Objective]

A number of studies have demonstrated benefits of probiotics to improve or prevent alergy disease.
However, not many studies have been performed to investigate differences in bacterial composition between
alergy and non-allergy humans without probiotic intervention. It should be important to inquire into changes
in intestinal microbiota of recently increasing allergy patients. In Japan, 10% to 20% population develop
alergy disease e.g., food alergy, asthma, and atopy dermatitis within two years after birth. There is
considerable evidence that the development of intestinal microbiota in early life has great influence on the
development of immune system. However, since life style or genetic factor also affect allergy development,
large scale of epidemiological investigation is required to realize the precise correlation between allergy and
intestinal microbiota. To realize it, it isindispensable to establish high-throughput analytical system for fecal
microbial composition. In this presentation, various kinds of molecular methods will be compared with
regards to fitness to the epidemiol ogical investigation.

[Methods and Results]
1. Random sequencing of 16S rRNA gene library

16S rRNA gene (rDNA) fragments are amplified from total bacterial DNA extracted from fecal sample by
PCR with a set of universal primers. The amplified products are cloned into E. coli to construct 16S rDNA
library. A number of clones are randomly sequenced and homology search is performed against database.
The results alow highly reliable species identification and rough estimation of microbial composition.
Nothing specia technique and instrument other than DNA sequencing facilities are necessary. We have
obtained about 500 sequences corresponding to about 50 ribotypes from 9 infants. Most ribotypes obtained
showed more than 97% identity to those of known cultured bacteria, suggesting that majority of bacterial
community in neonatal intestine corresponds to cultured bacteria, which is different from adult’s intestine.

2. DGGE (denaturing gradient gel electrophoresis)

PCR amplification is performed by using total DNA extracted from feces as a template and a set of
primers one of which contains GC-clamp. We use HDA1-GC and HDA2 primers to amplify V2-V 3 region.
Electrophoresis is performed in 8% polyacrylamide gel with a denaturant gradient of 30-65%, where 100%
corresponds to 7M urea and 40% formamide. Bands separated in the DGGE gel are assigned by comparing
band positions with those of reference markers or sequencing of DNA fragments excised from the gel. We
monitored succession of intestinal microbial composition in 9 newborn subjects. Seven subjects except for



two treated by antibiotics showed a common pattern representing development from aerobic to anaerobic
microbial ecosystem. As obtained in our experiment, DGGE is useful for rapid diversity assessment and
comparative analysis even though it requires skilled technique.

3. T-RFLP (terminal restriction fragment length polymorphism)

PCR amplification is performed by using total bacterial DNA extracted from fecal sample as a template
and a set of universal primers one of which is labeled by fluorescence. The mixture of ampliconsis digested
by several short cut restriction enzymes and the lengths of labeled-end fragments are determined in DNA
sequencing gel. Microbial composition is deduced by combining the set of the data of restriction fragment
lengths. We use 8UA and 519B primers to amplify V1-V 3 region and digest amplicons by Hhal, Rsal, and
Mspl. The advantage of this method is that instead of reference markersm, sequence database can be used for
bacteria identification and that this method can be applied to high-throughput analysis by using multi-
capillary DNA sequencer. The drawback is that the bacterial identification is sometime ambiguous because in
some cases even different genus bacteria yield same length of restriction fragment. We have analyzed
bacterial compositions of 28 infant subjects by T-RFLP and gained individua profile of intestinal bacterial
composition.

4. Quantitative real-time PCR

PCR amplification is performed by using total bacteria DNA extracted from fecal sample as a template
and a set of species-specific or group-specific primers and the amplified DNA is quantified in real time. The
target 16S rDNA in the sample is estimated from the amplification profile in comparison with those of serial
dilutions of standard DNA. This method allows accurate quantification of target bacteria in the complex
ecosystem. However, a set of specific primers and optimization of PCR condition are necessary for each
target. We have aready established protocols of the rea-time PCR quantification for total bacteria,
bifidobacterial group, enterobacteriaceae group, bacteroides group and lactobacillus group.

[Discussion]

DGGE and T-RFLP are not appropriate for epidemiological study or clinical diagnosis because they are
difficult to be applied to high-throughput system. Real-time PCR, FISH(fluorescence in situ hybridization),
and flowcytometry are promising for high-throughput analysis if we target certain specific bacteria. However,
in order to look into globa bacterial community under the epidemiological project, we should look into
further possibility of the above four methods and also DNA microarray and flowcytometry.
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