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Comparative Analysis of Bacterial Diversity in the Intestinal Tract of Earthworm (Eisenia fetida) using
DGGE and Pyrosequencing. Kim, Eun Sung, Sung Wook Hong, and Kun Sub Chung*. Division of Bio-
logical Science and Technology, Yonsei University, Wonju, Korea — The beneficial effects of Eisenia fetida on
soil properties have been attributed to their interaction with soil microorganisms. The bacterial diversity of the
intestinal tract of E. fetida was investigated by culture-dependent and culture-independent methods including
denaturing gradient gel electrophoresis (DGGE) and pyrosequencing analyses. In a pure culture, Lysinibacil-
lus fusiformis (51%), Bacillus cereus (30%), Enterobacter aerogenes (21%), and L. sphaericus (15%) were
identified as the dominant microorganisms. In the DGGE analyses, B. cereus (15.1%), Enterobacter sp.
(13.6%), an uncultured bacterium (13.1%), and B. stearothermophilus (7.8%) were identified as the dominant
microorganisms. In the pyrosequencing analyses, Microbacterium soli (26%), B. cereus (10%), M. esteraro-
maticum (6%), and Frigoribacterium sp. (6%) were identified as the dominant microorganisms. The other
strains identified were Aeromonas sp., Pseudomonas sp., Borrelia sp., Cellulosimicrobium sp., Klebsiella sp.,
and Leifsonia sp. The results illustrate that culture independent methods are better able to detect unculturable
microorganisms and a wider range of species, as opposed to isolation by culture dependent methods.
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Fig. 1. Identification and proportion of isolated microorganisms from the intestinal tract of earthworm. Dilutions of the intestinal
tract of the earthworm were cultured on brain heart infusion agar plate at 30°C for 24 h after cultivation for 8 weeks (A) and 16 weeks (B).
The 16S rDNA sequences from the all isolated strains were sequenced by use of a PCR-based technique. Sequences were aligned with the
GenBank reference sequences for 16S rDNA by using the Basic Local Alignment Search Tool (BLAST).
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Fig. 2. Denaturing gradient gel electrophoresis analysis of
PCR-amplified 16S rDNA fragments from the intestinal tracts
of earthworm. Lane (A), Intestinal tract of earthworm cultured for
8 weeks; Lane (B), Intestinal tract of earthworm cultured for 16
weeks. PCR amplification of the 16S rDNA sequences was per-
formed with the primers 341F-GC and 518R for 40 cycles. DGGE
anlaysis was performed between 40% and 80% denaturing gradi-
ent.
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Table 1. Diversity of the microorganisms identified in the intestinal tract of earthworm by denaturing gradient gel electrophoresis

analysis.
Lane Band no. 16S rDNA sequence results GenBank BLAST Band intensity
accession no. homology
1 Borrelia burgdorferi HQ433610 94% 2.4%
2 Enterobacter sp. HQ876771 99% 11.1%
3 Microbacterium sp. DQ646511 99% 3.2%
4 Uncultured bacterium JF018065 99% 2.5%
A 5 Bacillus sp. FJ215792 98% 3.0%
6 Gamma proteobacterium PZ-5 AB545809 97% 4.4%
7 Uncultured soil bacterium HQ404634 98% 4.3%
8 Uncultured bacterium GQ202681 98% 5.1%
9 Uncultured bacterium JF018065 99% 10.1%
10 Uncultured bacterium GQ476419 97% 9.0%
21 Photorhabdus luminescens DQ518589 96% 3.4%
22 Enterobacter sp. HQ876771 97% 1.6%
23 Gamma proteobacterium AJ699169 99% 3.3%
24 Uncultured Enterobacteriales bacterium EU434894 99% 2.8%
25 Bacillus thuringiensis FJ655837 98% 4.1%
B 26 Bacillus cereus HQ333012 97% 14.3%
27 Uncultured gamma proteobacterium EU810923 95% 4.5%
28 Bacillus stearothermophilus FR719729 94% 7.5%
29 Uncultured bacterium HM566439 97% 3.2%
30 Uncultured Escherichia sp. AM712054 96% 4.1%
31 Sporosarcina pasteurii FR719721 96% 5.5%
32 Uncultured bacterium HQ320349 97% 12.9%
g 5 ol B ohje AF WAES FHIEAE -8 2500
gk ubolear sldet. wieh 2t S48l Parthasarathi 5 )
[19]e] A=l AfellA] 1A 3] 23bdetar B sl P 2000 - e
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< daldl, &t 167 AR AFo] A E 2o &

Number of sequencing reads

Fig. 3. Rarefaction curves of OTUs defined by sequence varia-
tions in the intestinal tract of earthworm. The X-axis shows the
number of sequences in each sample, while the Y-axis shows the
numbers of operational taxonomic units (OTU) encountered.
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Fig. 4. Composition of bacterial diversity in the intestinal tract of earthworm by pyrosequencing analysis. (A), Intestinal tract of
earthworm cultured for 8 weeks; (B), Intestinal tract of earthworm cultured for 16 weeks. Relative abundance of operational taxonomic
units classified to each taxon was determined with partial sequences of bacterial 16S rDNA genes from the intestinal tract of earthworm by

EzTaxon.
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