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Table 1 Comparison of quantitative PCR (qQPCR), FISH, and culture method (CFU) for quantification of predorginant bacteria in fecal samples®

Beacieria A-8° B8 c8 D-8 B-8 F-8
qPCR FISH CFU gPCR FISH CFU qPCR FISH CFU qPCR FISH CFU g¢PCR FISH CFU gPCR FISH CFU

C.coccoides group 104 104 104 107 104 103 104 102 99 105 105 103 103 103 102 9.5 94

C. leptwm subgroup 101 103 101 107 102 99 107 100 104 108 104 102 105 98 101 65

B. fragilis group 105 103 107 101 104 103 101 103 103 94 97 94 100 100 102 97 85 97

Bifidobacterium 99 97 92 103 103 99 103 99 100 9.7 93 94 98 94 94 65 78
Atopobium cluster 96 97 99 96 99 99 103 96 102 99 97 101 99 91 98 6.8

Prevotella - NT - - NT - 102 NT 98 107 NT 104 - NT - - NT -
Sum of 6 groups 109 109 110 111 110 108 112 108 109 112 108 109 109 106 107 99 95 97
Toltal bacteria NT 110° 111° NT 111 108 NT 109 110 NT 109 11.6 NT 108 107 _NT 97 99
Total cells (DAPT) 112 113 112 11.1 11.1 103

* Number, Log;g cells per gram of feces (wet weight): -, not detected: NT, not tested.

® Fecal samples collected at 8th month were used for comparison.

® Total number of bacteria determined by hybridization with probe Bact 338. In the present study, 66, 63, 46, 60, 53, and 28% (53 + 14, average + SD) of
total cells were detected with Bact338 probe in sample A, B, C, D, B, and F, respectively

4 Total cultivated bacteria with the Medium 10.
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Modern bacteriology in the late 19th century started with the
establishment of a pure culture technique, represented by that developed by
Robert Koch (1843-1910). Since then, methodology based on this culture
technique became the mainstream of bacteriological studies for nearly 100 years
of the 20th century. However, the advent of molecular biology since the end of
the 20th century has provided various novel microbial identification methods
such as quantitative PCR, FISH, DGGE, and clone library methods.

Culture methods, even when a nonselective medium is used, cannot be free
from selective pressure for culturable bacterial strains due to the use of artificial
medium, which usually results in a smaller number of culturable bacteria than
the total number. The results from cultures using human feces indicated that
the number of culturable bacteria is no more than 15-58% of the number counted
under a microscope. In addition, analysis of complex human intestinal flora
requires considerable skills; in particular, bacterial identification has demanded
even artisan skills. However, these techniques have problems with precision in
spite of the energy and time spent on them, and, in particular, their results are
sometimes inconsistent with those of gene sequencing, a basic technique for
recent systematic biology.

Since 1995, to develop a quantitative PCR method, we've worked on
designing bacterial group- and bacterial strain-specific primers targeting 16S
rRNA sequences of the constituent strains of intestinal flora. Also, we developed
an automatic device that allows quantitative PCR using the above primers

targeting the DNA extracted from fecesl). Table 1 shows the data of bacterial



flora of healthy adult feces, compared using quantitative PCR, FISH, and culture
methods?. The 6 bacterial groups of interest include the Clostridium coccoides
group, C. Jleptum subgroup, Bacteroides fragilis group, Bifidobacterium,
Atopobium cluster, and Prevotella. Medium 10, with which the highest yield of
bacteria was confirmed empirically, was used for the culture method. The total
number of bacteria was determined by DAPI staining of bacterial DNA. As a
result, culturable bacteria accounted for 54% of the total bacteria; 72% by the
guantitative PCR method. The detection rates of the Clostridium coccoides
group and C. /eptum subgroup were particularly lower by the culture method.
In addition, the total number of bacteria from the data on 46 adults was 10.9
(LogCFU/G); 10.8 (LogCFU/G) by the quantitative PCR method. These 6
bacterial groups accounted for 79.4%. However, in-depth analysis of constituent
bacterial strains is needed in the future. In this regard, constituent bacterial
strains of Bifidobacterium have already been determined, allowing comparison
with the culture method. B. Breve, once considered infant-specific, could also be
detected from adults by quantitative PCR at a low rate, demonstrating that it is
retained within some individuals in spite of changes in diet.

Approximately 80% of strains have become identifiable on a genetic level,
however, detailed data concerning these strains is lacking. In addition, the
remaining 20% remain unidentified. These bacteria, identifiable on a genetic
level, include many unknown bacterial groups that have been difficult to culture
until now; therefore, efforts to culture these bacterial groups have also started.
It's simply a matter of time before human intestinal flora and the actual

conditions of its symbiosis are elucidated.
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