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Abstract. The changes that occurred in the diversity of microbes in soil and compost during its passage through
the gut of earthworms were evaluated in two epigeic earthworm species Eisenia fetida (Savigny, 1826) and E.
andrei (Bouché, 1972), which inhabit forest soil and garden organic compost, respectively. A modified extraction
protocol was used to extract DNA from forest soil, compost and fresh earthworm faeces. DNA was amplified
in a polymerase chain reaction (PCR). The products were analyzed using denaturing gradient gel electrophoresis
(DGGE) fingerprinting. Analysis of archaeal and bacterial DGGE fingerprints revealed that the diversity in both
microbial domains increased after passage through the guts of Eisenia andrei, but not E. fetida. Nevertheless,
cluster and correspondence analyses revealed that the passage of soil and compost through the guts of Eisenia
fetida and E. andrei, respectively, had a significant effect on the composition of the archacal community. Shifts in
the composition of the compost bacterial community were more apparent after passage through the guts Eisenia
andrei than of E. fetida. This study is the first on the changes in the composition of the archaeal community in
substrates that occur during their passage through the guts of two species of Eisenia.
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INTRODUCTION

Passage of soil through the guts of earthworms has positive or negative effects on biomass and
activity of microorganisms depending on the species of earthworm, type of microbe and soil
conditions (Clapperton et al. 2001, McLean et al. 2006, Marhan et al. 2007, Aira et al. 2008).
During passage of soil through the gut of earthworms the microbial diversity is modified (Egert et
al. 2004, Byzov et al. 2007, Vivas et al. 2009). Ingested microorganisms may survive or are even
activated by passage through the gut of earthworms (Hendriksen 1990). On the other hand many
species are sensitive to specific gut conditions and as a consequence do not survive the digestion
process (Khomyakov et al. 2007).

Epigeic earthworms of the genus Eisenia are often used in vermicomposting (Adi & Noor 2009,
Vivas et al. 2009), bioremediation of contaminated soils (Hickman & Reid 2008, Contreras—Ramos
et al. 2009) and as model organisms in immunology (Bilej et al. 2001, Prochazkova et al. 2006).
There are few studies on the diversity of microflora associated with Eisenia earthworms. Micro-
bial community fingerprinting, based on 16S rRNA, is one of the most popular methods. It was
recently used to reveal differences in microfloral diversity during passage through the guts of the
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anecic earthworm Lumbricus terrestris (Egert et al. 2004) and epigeic L. rubellus (Singleton et al.
2003, Knapp et al. 2008). Vivas et al. (2009) used polymerase chain reaction-denaturing gradient
gel electrophoresis (PCR-DGGE) to show that the bacterial structural and functional diversity in
vermicompost produced by E. fetida is greater than in ordinary compost. The optimized DGGE
method (Muyzer et al. 1993) was used to determine the diversity of microbes in both soil and
compost after it has passed through the guts of two species of Eisenia. The main aim of this study
was to determine the bacterial and archaeal diversity in the material ingested E. fetida and E. andrei
before and after it passes through the intestinal tracts of worms inhabiting different environments
and feeding on different substrates. The objective is to enhance the understanding of the interactions
between earthworms and microorganisms, in particular its functional significance.

MATERIAL AND METHODS

Sample collection

Specimens of Eisenia fetida and E. andrei (Annelida: Lumbricidae) were collected in a mixed forest from moist brook
sediment rich in leaf litter, at Hlubok4 nad VlItavou, Czech Republic, and from garden compost, in Ceské Budgjovice,
Czech Republic, respectively. Three samples of forest soil (pHcaci2=5.740.1; Cox=2.14+0.43%; Ntw0t=0.224+0.04%) and
compost (pHcac=7.420.1; Cox=34.5£6.90%; Nio=2.55+0.51%) were randomly collected from the same habitats from
which the earthworms were collected. The microorganisms inhabiting soil (SO) and compost (CO) were compared with
those present in the faeces (FS) of E. fetida (EF) and E. andrei (EA), respectively. Surface sterilized living worms were
placed in sterile Petri dishes containing damp filter paper and three samples of freshly produced faeces were collected
after 16 h. Each sample consisted of the faeces of 12—15 worms. DNA was extracted and subjected to PCR followed by
DGGE as described by Knapp et al. (2009) with the modifications detailed below.

DNA extraction

Total DNA was extracted from about 0.1 g of earthworm faeces, 0.3 g forest soil and 0.3 g compost using the PowerSoil
DNA Isolation Kit (MoBio Laboratories Inc., USA) according to the manufacturer’s protocol. To improve DNA yield but
reduce shearing of large fragments the following modifications were used: after an abbreviated bead beating step (5 min),
samples were frozen at —80 °C for 1h and thawed in a water bath at 37 °C for 30 min. This freezing-thawing step was
repeated once, before continuing with the regular protocol. DNA yield and quality were assessed by 1% (w/v) agarose
gel electrophoresis and the concentration of DNA extracts was measured using PicoGreen dsDNA quantitation reagent
(Invitrogen, USA) (Juen & Traugott 2005).

PCR amplification of target DNA

Extracted DNA was amplified in a PCR thermocycler (PCR Express, ThermoHybaid) with different primer sets. Each
PCR mixture contained 0.5 ng of extracted DNA, 0.2 uM of each primer, 0.625 U BioTherm TM DNA Polymerase (Gene
Craft, Germany), 1x DNA polymerase buffer, 2.5 pg Bovine serum albumin (BSA), 0.2 mM dNTP-Mix and 2.5 mM
MgCl: in a final volume of 25 uL.

To amplify total bacterial communities the universal 16S rRNA primer set 63f (CAG GCC TAA CACATG CAA GTC)
(Marchesi et al. 1998) and 1378r (CGG TGT GTA CAA GGC CCG GGA ACG) (Heuer et al. 1997) were used in the first
step. The PCR included an initial 3 min denaturation at 94 °C followed by 30 thermal cycles of 1 min at 94 °C, 1 min at
62 °C and 2 min at 72 °C. Amplification was completed with a final extension step at 72 °C for 10 min. PCR products of
the first amplification were used as a template for a second PCR performed using primer pair 984fGC (CGC CCG GGG
CGC GCC CCG GGC GGG GCG GGG GCA CGG GGG GAA CGC GAA GAA CCT TAC) (Heuer et al. 1997) and
1378r. The PCR program for these primers differed in an additional annealing step of 30 sec at 56 °C.

Members of the domain archaea were amplified using 16S rRNA primers A934f (AGG AAT TGG CGG GGG AGC
A) and 1390rGC (CGC CCG GGG CGC GCC CCG GGC GGG GCG GGG GCA CGG GCG GTG TGT GCA A) (Wu
etal. 2001). The PCR started with an initial denaturation step at 94 °C for 5 min, followed by 35 thermal cycles of 30 sec
at 94 °C, 1 min at 53 °C, and 1 min at 72 °C and a final extension step at 72 °C for 15 min.

After amplification the PCR products were checked by electrophoresis on 1% (w/v) agarose gels stained with ethidium
bromide (10 mg ml™!) and quantified using PicoGreen quantitation.

DGGE analysis

Denaturing gradient gel electrophoresis was performed using the Ingeny PhorU2 system (Ingeny International BV, The
Netherlands). For bacterial and archacal DGGE, 2 pL of PCR products (corresponding to 43—160 ng DNA) was loaded on
to 8% (w/v) polyacrylamide gels with a denaturing gradient of 40% to 70% (100% denaturant according to 7M urea plus
40% formamide in 1X TAE-buffer) and was run for 16 h at 100 V and a constant temperature of 60 °C in 1x TAE-buffer
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Table 1. Numbers of bands per lane of the archaeal and bacterial DGGE profiles of compost (CO), soil (SO) and faeces
(FS) of Eisenia andrei (EA) and E. fetida (EF) (meantSD; n=3). Values in the columns with differing superscripts are
significantly different in the two species of earthworm (Student’s t-test for dependent samples; P<0.05)

number of bands

archaeal profile bacterial profile
SO 11.0 +£0.0* 103 +1.5°
EF-FS 12.0+0.0* 8.7+£0.6*
(€¢) 14.0 + 4.6 13.7+1.5°
EA-FS 25.0 £ 1.0 20.7 £ 0.6

(pH 7.4). After electrophoresis, the gels were stained with silver nitrate (Sanguinetti et al. 1994) using an automated gel
stainer (Amersham Pharmacia Biotech, Germany), photographed and air dried for storage. DGGE banding patterns were
normalized and analysed using the GelCompar II software package, version 4.0 (Applied Maths, Ghent, Belgium). Cluster
analysis using the algorithm of Ward (Legendre & Legendre 1998) was performed to infer similarities among the different
banding patterns and expressed in percentages. Differences in the numbers of banding patterns in the archaeal and bacterial
profiles before and after passage through the guts of worms were tested using Student’s t-test for dependent samples with
a significance level of P<0.05 (STATISTICA 9). Ordination plots were created using correspondence analysis (Canoco
for Windows, software package, version 4.5, Centre for Biometry Wageningen, the Netherlands). Statistically significant
differences (P<0.05) among sample scores were tested using one-way ANOVA and Tukey’s test (STATISTICA 9).

RESULTS

The DGGE fingerprints of bacterial and archaeal 16S rRNA amplified fragments in earthworm
faeces and substrates revealed complex banding patterns. Inter-sample distances in correspondence
analysis plots indicate that the samples are not similar (Fig. 1). Fingerprints showed differences
in numbers of bands in the forest and compost microbial DGGE profiles (Table 1). The number
of archaeal bands increased significantly after passage through the gut of E. andrei. Similarly,
the number of bands in the bacterial fingerprints increased after passage through the gut of E.
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Fig. 1. Correspondence analysis of DGGE patterns for compost (CO), soil (SO) and faeces (FS) of Eisenia andrei (EA)
and E. fetida (EF): left — Archaea; right — Bacteria. Values in the borders indicate the percentage variability in the DGGE
banding patterns.
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andrei. In contrast, the numbers of archaeal and bacterial bands in the fingerprints of SO and FS
of E. fetida did not differ.

The cluster analysis (dendrogram not shown) separated the archaeal community in FS of both
earthworm species from the original substrate communities. The similarity of the archaeal fin-
gerprints of FS of both earthworms was only 41%. Correspondence analysis of DGGE patterns
showed that the archaeal community differed in all the samples other than SO and CO (Fig. 1).

Compost substrate-based bacterial community was completely different from that in E. andrei
FS with a <30% similarity (dendrogram not shown). Correspondence analysis indicates that
these differences are statistically significant (Fig. 1). Bacterial communities in SO and E. fetida
FS were similar (>56% similarity). Bacterial fingerprint of E. andrei FS was even more similar
to the SO than to the CO bacterial profile. Correspondence analysis confirmed the results of the
cluster analysis: there is no significant difference in the bacterial communities associated with
E. fetida FS and SO.

DISCUSSION

In this study PCR-DGGE was used for the first time to evaluate the faecal microbial community
of Eisenia fetida and E. andrei. Vivas et al. (2009) recently investigated bacterial communities
in E. fetida vermicomposts. The archaeal diversity of various Lumbricus species is recorded
(Furlong et al. 2002, Knapp et al. 2008). This study provides the first infomation on differences
in diversity and composition of archeal communities in substrates and faeces of the above two
species of Eisenia.

During passage of compost through the gut of E. andrei the microbial diversity is enhanced
and the compositions of compost archaeal and bacterial communities changed. The passage of
forest soil through E. fetida did not increase the microbial diversity, but did result in changes in
the composition of the archaeal community. The bacterial community in facces was obviously
derived from the soil microbial community. E. fetida is an epigeic earthworm that typically inhabits
and feeds within the litter layer of the soil (Brown et al. 2000). However, forest soil used in this
study contained less readily decomposable compounds and had a low C/N ratio. In contrast, the
compost contained high amounts of fresh, undecomposed organic matter rich in carbohydrates and
with a high C/N ratio. According to Vivas et al. (2009) the nature of the compost may facilitate
the differentiation of the bacterial community during its passage through the gut and increase
bacterial diversity. Similar results are reported by Egert et al. (2004) for Lumbricus terrestris. The
faeces that resulted from ingesting soil with added beech litter had a changed bacterial diversity,
whereas the mineral soil community was not changed significantly.

Differences in archaeal diversity in soil and faeces are reported by Furlong et al. (2002) for
Lumbricus rubellus. They sequenced two dissimilar phylogenetic archaeal groups derived from
soil and faeces, respectively. In the current study the differences in the archaeal fingerprints of
soil, compost and earthworm faeces may be due the changes in oxygen availability during the
passage through the gut. More anoxic conditions inside the gut activate ingested microbes and
enhance certain species that are unable to grow in soil (Horn et al. 2003). In particular, many
archaeal species may be excreted in faecal pellets rich in easily degradable carbon as reported by
Lemke et al. (2003) and Kammann et al. (2009).

Several studies indicate that passage through the guts of earthworms has a very big effect on
microbial diversity (Karsten & Drake 1997, Singleton et al. 2003, Egert et al. 2004). This supports
the hypothesis that the microflora is totally changed during the passage through the gut but the
microbial community in the faeces rapidly adapts to soil conditions. Future studies should aim
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at revealing the changes in microbial diversity that occurred during the passage through the guts
of both E. fetida and E. andrei.
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