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Analysis of gastrointestinal flora of active racehorses (thoroughbreds) determined
by culture method and PCR-denaturing gradient gel electrophoresis (DGGE)
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Abstract. We analyzed the gastrointestinal flora of active racehorses by culture method and determined by
PCR-denaturing gradient gel electrophoresis (DGGE). One active racehorse feces was analyzed by using 17
selective media as the culture method. The bacterial flora, and Lactobacillus, Enterococcus and
Bifidobacterium flora in the feces of 6 healthy, actively racing Thoroughbreds were used by PCR-denaturing
gradient gel electrophoresis (DGGE) with primer sets universal and specific for each group, respectively. PCR-
DGGE analyses of the feces showed that Lactobacillus equi, an organism phylogenetically related to
Lactobacillus salivarius, and a strain phylogenetically related to Lactobacillus gastricus were present in almost
all of the fecal samples tested, and Streptococcus bovis/Streptococcus equinus was the predominant
representative of the Enterococcus group. Single PCR of the samples failed to detect any members of the
Bifidobacterium group, but nested PCR identified Bifidobacterium boum, two isolates phylogenetically related
to Bifidobacterium urinalis, and Parascardovia denticolens in 3 of the 6 horses tested. B. boum was isolated by
the culture method, although the population of Bifidobacterium was very low. On the other hand, L. equi,
L. salivarius, Lactobacillus crispatus, Lactobacillus ruminis, Lactobacillus mucosae, Lactobacillus reuteri,
Lactobacillus jonsonii, Lactobacillus thermotolerans, Lactobacillus delbrueckii and Lactobacillus vitulinus
were isolated as Lactobacillus group from the feces of 3 healthy, actively racing Thoroughbreds. These results
indicate that the lactic acid bacterial and bifidobacterial distributions in horse feces are unique because of the
presence of species specific to horses and because of the dearth of Bifidobacterium isolates.
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Table 1. Primers used in this study

Primer Sequence (5’ to 3”) Target Reference

UniversalF GC clamp-CCTACGGGAGGCAGCAG Al the bacteria N

UniversalR ATTACCGCGGCTGCTGG

Lacl AGCAGTAGGGAATCTTCCA Lactobacillus group 16S tDNA 8

Lac2GC CGCCCGGGGCGCGOCCCGGGCGGCCCGGG Lactic acid bacterial 165 rDNA 8
GGCACCGGGGG ATTYCACCGCTACACATG

Lac3 AGCAGTAGGGAATCTTCGG Enterococcus group 16S tDNA 9

Lac2 ATTYCACCGCTACACATG Lactic acid bacterial 168 tDNA 8

Bifl64 f GGGTGGTAATGCCGGATG Bifidobacterium group 168 DNA 12, 13

Bif662 GC r CGCCCGCCGCGCGCGGCGGGCGGGGCGGG Bifidobacterium group 168 tDNA 12.13
GGCACGGGGGG CCACCGTTACACCGGGAA

m26 f GATTCTGGCTCAGGATGAACG Bifidobacterium group 163 DNA 14

Im3 CGGGTGCTICCCACTTTCATG Bifidobacterium group 168 DNA 14

1) The approximately 200 bp of E. coli No. 341-534 of 16S rDNA amplefied by PCR as the universal primers.
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Fig. 1DGGE analysis of PCR products of
bacteria amplified by using universal
primers from horse feces. Lanes A1 and A2
correspond to sample A' and A2
correspond to fecal samples of
tharoughbreds A.

i

Fig. 2 DGGE analysis of PCR products of Lactobacillus
group amplified by using Lac1 and Lac2GC primers
from horse feces. Lanes A1 to A4 correspond to
sample A' to A4, and lanes B to F correspond to
fecal samples of thoroughbreds B to F,
respectively. The bands labeled 1 to 5 are
described in Table 2.

Jjohnsonii, Lactobacillus equi, Lactobacillus gastricus
WFEPFEE SN, 3T 7y FBEFIE, U7
£ I B DGGE/NY — ¥ %R U720 L. gastricus VTi5HE
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Table 2 Similarities of bands obtained by DGGE analyses of horse feces
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Figure Band Closest relatives % similarity Accession no.
1 1 L. johnsonii 99 AB250236
2 L. equi 100 AB250237
3 W. confusa, W. cibaria 99 AB250238
4 Uncultured eubacterium clone (AY212750) 99 AB250239
L. salivarius 95
5 L. gastricus 98 AB250240
2 67 Not identified AB250241
7 E. casseliflavus 99 AB250242
82 Not identified AB250243
9 S. bovis, S. infantarius, S. criceti, 96 AB250244
10 S. hyointestinalis
S. bovis, S. macedonicus, S. alactolyticus, 96 AB250245
11 S. gallolyticus, S. intestinalis, S. pasteuri
12 S. equi 99 AB250246
13 S. bovis, S. equinus 99 AB250247
14 S. bovis, S. equinus 100 AB250248
S. bovis, S. equinus 99 AB250249
15
3 16 B. urinalis 97 AB250250
17 B. urinalis 97 AB250251
18 P, denticolens 99 AB250252
19 P, denticolens 99 AB250253
B. boum 99 AB250254

L.: Lactobacillus, W.: Weissella, E.: Enterococcus, S.: Streptococcus, B.: Bifidobacterium, P.: Parascardovia

The numbers of the bands correspond to those in Figure 1 through 3.

D As the closest relatives in GenBank was an uncultured eubacterial clone (AY212750), similarity to L.

salivarius, which was the most-related known species, was also shown.

D The closest relatives and sequence similarity were not able to be shown because of too low similarity with all

sequences in DataBase.
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Fig. 3 DGGE analysis of PCR products of Enterococcus
group amplified by using Lac3 and Lac2GC primers
from horse feces. Lanes A1 to A4 correspond to
sample A’ to A% and lanes B to F correspond to
fecal samples of thoroughbreds B to F,
respectively. The bands labeled 6 to 14 are
described in Table 2.
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Fig. 4 DGGE analysis of PCR products of Bifidobacterium
group amplified by nested-PCR using Im26-f and
Im3-r primer set and Bif164-f and Bif662-GC-r
primer set from horse feces. Lanes A1 to A4
correspond to sample A1 to A4, and lanes B to F
correspond to fecal samples of thoroughbreds B to
F, respectively. The bands labeled 15 to 19 are
described in Table 2.
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