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There is a growing interest in the bio-application of microorganisms from the gut of earthworms on the bio-
transformation of persistent and toxic pollutants during vermifiltration. Earthworms harbor beneficial microbes in
their gut which symbiotically aid in biodegradation of pollutants in their drilosphere.
Dichlorodiphenyltrichloroethane (DDT) is an example of polychlorinated hydrocarbons and metabolites thereof
that are persistent in the environment and are toxic to humans and animals. This study aimed at isolating and
identifying 4,4 DDT degrading microorganisms in the gut of Eisenia fetida acclimatized to sewage. Five pure
isolates obtained from gut contents were cultured in MSM supplemented with 15 mgL™ DDT followed by
glucose yeast extract agar sprayed with 1% 4,4 DDT in ether (v/v). Two pure isolates positive for 4,4 DDT
biodegradation were inoculated on MSM containing 15 mgL-1 4,4 DDT. The resulting metabolites were
identified using Gas Chromatography. The positive isolates were identified using 16S rRNA gene analysis as
belonging to the Rhodococcus genus and the Bacillus genus, exhibiting 88.36% and 85.22% 4.4 DDT
degradation respectively. The study demonstrated DDT-degradation by bacteria from the gut of E. fetida. These
findings can be useful in optimization of vermifilters for biodegradation of DDT and other xenobiotics.

1. INTRODUCTION

Earthworms harbor beneficial microbes in their gut which
symbiotically aid in biodegradation of pollutants in their
drilosphere. Therefore there is a growing interest in the bio-
application of microorganisms from the gut of earthworms on the
bio-transformation of persistent and toxic pollutants during
vermifiltration. Using microorganisms to biodegrade toxic and

used reaches the targeted pests while the rest goes into soil and
water [6]. DDT and its residues (DDD (1,1-dichloro-2,2-bis-(4-
chlorophenyl)ethane, DDE (1,1-dichloro-2,2-bis-(4-chlorophenyl)
ethylene) and DDA (bis(4-chlorophenyl)-acetic acid) are persistent
in the environment [7,8]. DDT has been used since the 1940s for
control of agricultural pests although it is now mainly used for
mosquito control in some developing countries including
Zimbabwe due to its high excito-repellency factor and low cost [1,

persistent compounds in the environment is now widely 9, 10]. The two isomers of DDT are 2,4 DDT (2,4-

recognized as an emerging effective, economic [1] and
environmentally sustainable technology [2]. Polychlorinated
hydrocarbons such as DDT are mutagenic and toxic to humans
and animals. They can be present in soil and sediments where
they exist for very long periods of time since their
biodegradation is very slow [2, 3, 4,5]. Only 1% of the DDT
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dichlorodiphenyltrichloroethane) and 4,4 DDT 44
dichlorodiphenyltrichloroethane), of which 4,4 DDT is
predominant. DDT enters the municipal wastewater systems
mainly through use in pest control and has been detected in treated
wastewater [11, 12] sewage, lakes and in rivers [7]. Currently
wastewater treatment plants in Zimbabwe are not optimized for
removal of xenobiotics such as persistent organic pollutants,
pharmaceuticals and a wide spectrum of endocrine disrupting
chemicals. Photoremediation, hydrodechlorination, electrolysis and
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reductive dechlorination using metals are some of the modern
techniques that have been applied to degrade DDT under mild
conditions but are too expensive for low income nations [13].
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Vermifiltration, which is the use of earthworm-packed
bioreactors for wastewater treatment, is gaining wide acceptance
globally as an environmentally friendly and sustainable method of
wastewater treatment. The earthworm Eisenia fetida has been
successfully used to treat wastewater in vermifiltration based
systems [14, 15] and in bioremediation of contaminated sites [14].
It significantly increases rate of decomposition of organic matter
while rapidly increasing its own weight making it a model species
for vermiprocesses [16]. Earthworms ingest waste and act in
symbiosis with their gut microbes to detoxify waste or effluent [7,
17]. Therefore it is of interest to researchers to characterize the
pollutant-degrading capabilities of these gut microbes. Some key
resident microorganisms that have been identified as abundant in
the gut of Eisenia fetida include some from the genera
Tsukamurella, Klebsiella, Bacillus, Streptomyces,
Microbacterium, Agromyces, Rhodococcus and Pseudomonas
[16]. Microbial degradation as a method of targeting
environmental DDT residues is gaining popularity due to the low
degradability of DDT and its residues under in-situ conditions [8,
18]. Microbes with DDT-degrading ability have been isolated
from soil [8, 19, 20, 21], mouse intestine, rat faeces, activated
sludge, raw sewage, sewage sludge and genetically engineered
microbes [1, 7]. This study was aimed at screening, isolating and
identifying bacteria in the earthworm gut capable of degrading 4,4
DDT, for application in bioreactor design for wastewater treatment
systems.

2. MATERIALS AND METHODS

2.1. Isolation of microorganisms from earthworm gut

Earthworms (Red worm: Eisenia fetida) were collected
from the vermifiltration-based bioreactor after a 20-day period of
acclimatization to raw sewage. The earthworms were washed in
sterile distilled water, surface sterilized with 20% ethanol and
dissected to expose the gut contents. The gut contents were
suspended in 1ml sterile distilled water, and vortexed for 30
seconds.

2.2. Enrichment culture of 4,4 DDT-degrading microbes

Minimum salt media (MSM) with 15 mgL™ 4,4 DDT
(Sigma Aldrich, Germany) was constituted to contain (per litre of
distilled water): Na,HPO,2H,O0 (2.67g), KH,PO, (1.49),
MgS0,.7H,0 (0.2g), (NH,),SO, (0.5g) and 10ml of a solution of
trace elements with the following composition per liter: NaOH
(29), Na,EDTA.2H,0O (12g), FeSO,7H,O (2g), CaCl, (19),
Na,SO, (10g), ZnSO, (0.4g), MnSO,4.4H,0 (0.4g), CuSO,4.5H,0
(0.1g), Na;M00,.2H,0 (0.1g) and 98% H,SO, (0.5ml).

Gut contents were inoculated in MSM containing 15
mgL™ 4,4 DDT using a sterile loop, and incubated at 30°C for 5
days with shaking at 100 rpm. Absorbance at 600nm was
measured periodically to track increase in optical density (OD).

2.3. Screening for 4,4 DDT degrading microorganisms
Loop-fulls of the cultures of gut contents in MSM
containing 15 mgL™ 4,4 DDT were streaked on nutrient agar and

incubated at 30°C for 48 hours. The bacterial colonies that grew
were purified on nutrient agar by picking individual distinct
colonies and streaking on sterile nutrient agar plates. The pure
colonies obtained on the nutrient agar were inoculated in nutrient
broth and incubated at 30°C for 48hrs.

2.4. Ether spray method

The pure cultures were streaked separately on glucose
yeast extract agar and sprayed with 1% 4,4 DDT in ether (V/v).
The plates were incubated at 30 °C for 5 days. Colonies of 4,4
DDT-degrading bacteria were identified by formation of a distinct
yellow color [8].

2.5. ldentification of 4,4 DDT degradation metabolites

The isolates that gave a positive reaction for 4,4 DDT
degradation following the ether spray method were inoculated in
MSM containing 15 mgL™ 4,4 DDT. The isolates were incubated
in the 4,4 DDT containing MSM at 30°C for 15 days with shaking
at 100 rpm. 4,4 DDT and its degradation metabolites were
identified and quantified using Gas chromatography on the Clarus
500 PE autosystem GC with built in autosampler. The injection
volume was 2pll.

2.6. 16S rRNA gene analysis

To extract DNA, 1.5 ml of each liquid culture of the pure
isolates in nutrient broth was centrifuged at 11000 rpm for 3
minutes. The supernatant was discarded and the pellet was
dissolved in 200ul of nuclease free water. The ZR
Fungal/Bacterial DNA MiniPrep™ Kit (Inqaba Biotec, South
Africa), was then used to extract DNA from the bacterial cultures
following manufacturer’s instructions. The DNA was eluted in
50ul of DNA elution buffer. The primers used in this study were
8F 5°- AGA GTT TGA TCC TGG CTC AG-3’ forward primer
and 1492R 5’- GGT TAC CTT GTT ACG ACT T -3’ reverse
primer (Bosshard et al., 2000). The 16S rRNA gene PCR was done
following standard procedures. The master mix contained 8ul of
PCR water, 10ul of Phusion flash master mix, 0.5ul each of the 8F
and 1492R primer pair and 1pl of the DNA template. The PCR
cycling conditions were one cycle of initial denaturation at 98°C
for 10 seconds, 30 cycles of denaturation at 98°C for 1 second,
annealing at 55°C for 5 seconds and extension at 72°C for 15
seconds followed by one cycle of final extension at 72°C for 1
minute.

The 16S rRNA gene PCR products were separated on 1%
agarose gel. The gel was run at 100V for 90 minutes. The gel was
viewed and photographed under the INFINITY-ST5-1150/20M gel
documentation system and the DNA bands were viewed and cut
using the DR-89X dark reader trans-illuminator and gel cutting
tips. The bands were sequenced at Ingaba Biotec South Africa
using Sanger sequencing in particular the ABI V3.1 Big dye kit on
the ABI 3500XL Genetic Analyser according to manufacturer’s
instructions.

The sequences were edited using BioEdit v 5.0.9
software and subsequently aligned using ClustalWW multiple
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alignment. The consensus sequences were compared with
sequences from GenBank using the Basic Local Alignment Search
Tool (BLAST). The dendograms were constructed using the
Neighbor Joining algorithm processed using MEGA 6 software
with a 500 repetition bootstrap.

3. RESULTS AND DISCUSSION

There are several factors that will determine the
occurrence of a microbial population within the gut of an
earthworm. The enzymatic activity in earthworms is dependent on
species, reproduction stage of earthworms and substrate media
[22]. During passage through the earthworm gut some bacteria
remain unaffected, others are activated while some are digested
thereby reducing their populations [23].

Microbial composition in the earthworm’s environment
in a vermifilter can differ from that in earthworm casts due to
competitive interactions between endosymbiotic bacteria residing
in earthworm gut and ingested bacteria [24]. Physicochemical
conditions in the earthworm gut and its anaerobic environment, the
gut fluids’ selective suppressive activity against specific groups of
microorganisms also influence microbial populations. There is also
lysis of some microbes by digestive enzyme secretions of the
earthworm and the possible inhibitory effect from substances that
are secreted by other bacteria [17, 24].

3.1. Growth of microbes on MSM supplemented with 4,4 DDT

The increase in OD (Fig. 1) corresponds with an increase
in microbial growth over time, indicating proliferation of
microbial cells capable of utilizing 4,4 DDT as a sole source of
carbon.
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with 4,4 DDT
0.09
0.08 T T
0.07
0.06
£ 005
“g? 0.04
2 o
0.03 T
0.02 T
0.01
0
0 2 4 6 20 50 74 100 130

Time/ hrs
Fig. 1: Change in OD over time for microbial cultures of earthworm gut
extracts grown in MSM supplemented with 15 mgL™ 4,4 DDT.

The lag phase lasted 4 hours, whereby bacteria adapted to
growth conditions, synthesizing other molecules and maturing
without dividing, at high substrate concentration. The log phase,
which is characterized by high rates of cell division and decreasing
substrate concentration, occurred between 4 and 130 hours. Fig. 1
shows that the microbes from the gut of E. fetida took a long time
to reach stationary phase growing on DDT as the sole carbon

source. The presence of additional carbon sources can shorten the
time taken to reach maximum growth, as shown in a study where
growth of F. oryzihabitants and P. aeruginosa grown on different
carbon sources supplemented with 50 mgL™ DDT reached a
maximum after 24 to 48 hours of incubation at 30°C. The study
achieved complete degradation of DDT at 15 mgL™ showing
inhibitory effects at 50 mgL™ [25].

3.2. DDT screening by ether spray method

Five pure isolates designated isolate 1, 2, 3, 4 and 5 were
obtained on MSM. Fig. 2 shows positive results for Isolates 3 and
5 and negative results for Isolates 1, 2 and 4 after 5 days of
incubation at 30°C.

T A

Fig. 2: Isolates growing on yeast extract agar with 1% DDT.

The two isolates which gave a positive result for 4,4
DDT degradation were identified as belonging to the Rhodococcus
genus (Isolate 5) and Bacillus genus (Isolate 3). Bacillus sp. with
DDT degrading ability has also been isolated from soil [9, 26].
Comparing with similar studies degradation was likely by the meta
cleavage pathway through cleavage of the meta-ring of 2,3
dihydroxy DDT [8]. Microorganisms employ oxygenases,
dehalogenases, reductases, hydroxylases and dehydrogenases in
degrading recalcitrant environmental compounds. Oxygenases
which mainly take part in ring cleavage of aromatic compounds
play a major role in the aerobic degradation process.

Aerobic degradation occurs by action of monoxygenases
or dioxygenases depending on the number of oxygen atoms
incorporated into the substrate to break up the ring [3]. Following
the meta-cleavage pathway, DDT was degraded by double
hydroxylation of the ring via formation of 2,3 Dihydrodiol DDT
and subsequently 2,3 dihydroxy DDT, a yellow product and 4-
Chlorobenzoic acid as a stable metabolite [9, 19]. The proposed
pathway is shown below in Figure 3.
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Fig. 3: Degradation of 4,4 DDT Following the Meta Cleavage Pathway [27].

Biphenyl-2,3-dioxygenase found in bacteria has been
reported to be responsible for degrading diphenylmethane,
diphenyl ether and diphenyl ethane which are related to DDT [17].
This suggests that the Rhodococcus sp. and Bacillus sp. Isolated
possess the DDT-2,3-dioxygenase which allowed them to degrade
4,4 DDT via meta ring cleavage to yield a yellow product. Stearic
hindrance exhibited by halogenated compounds such as 4,4 DDT
and the resonance withdrawing effect of the chlorine atoms on the
benzene ring may interfere with the enzymatic breakdown of 4,4
DDT making it difficult for some microbes to degrade some
halogenated compounds [28]. The resonance withdrawing effect
mainly affects the ortho- and para- positions leaving the meta
position as the most reactive hence the degradation of 4,4 DDT
following the meta cleavage pathway. This could have contributed
to the failure by isolates 1, 2, 4 and 6 to degrade 4,4 DDT in this
study. Other studies have however suggested biodegradation of
DDT by bacteria via co-metabolism with other chemicals [7].

3.3 Metabolites of 4,4 DDT degradation

Isolate 5 exhibited 88.36% and Isolate 3 exhibited
85.22% degradation of 4,4 DDT. Both isolates generated 4,4 DDD
and 4,4 DDE as metabolites (Fig. 5 and 6). In both assays the peak
for 4,4 DDT was lower than that of 4,4 DDD and 4,4 DDE
indicating that 4,4 DDT was being converted to 4,4 DDD and 4,4
DDE, with the highest peak at 4,4 DDE as the major metabolite.

The Rhodococcus and Bacillus isolates degraded 4,4
DDT to 4,4 DDE and 4,4 DDD. Degradation of 4,4 DDT to 4,4
DDD catalyzed by the DDT reductive dehalogenase enzyme
occurs anaerobically and this could mean that there was
development of anaerobic conditions in the system leading to this
reaction [7, 9]. DDD is considered less toxic than its parent
molecule DDT. Mitotane the positional isomer of DDD formed
when one of the para-chlorines in DDD is switched to ortho-
position is a very useful chemotherapeutic agent.

Aerobic conversion of 4,4 DDT to 4,4 DDE normally
occurs with the aid of the DDT dehydrochlorinase enzyme by a
dehydrohalogenation reaction. Aerobic degradation of 4,4 DDT

was predominant in this study as shown by the peak for 4,4 DDE
in the chromatograms in figure 4 (a and b). Thus both isolates
potentially harbor the two enzyme needed for both the aerobic and
anaerobic degradation of 4,4 DDT. Consequently both 4,4 DDE
and 4,4 DDD can be further degraded to metabolites for the meta-
cleavage pathway through formation of DDMU [1, 9].
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Fig. 4: The graphs show metabolites of biodegradation of 4,4 DDT detected
using Gas Chromatography. The graphs show response (mV)plotted against
Time (minutes).(a) Chromatogram of 4,4 DDT degradation by Isolates3 and 5
showing peaks at 4.64, 6.25 and 7.31 minutes for 4,4 DDE, 4,4 DDD and 4,4
DDT respectively (b)positive control for biodegradation of 4,4 DDT showing a
peak at 7,24 minutes and (c)negative control for biodegradation of 4,4 DDT
showing no peak for metabolites of 4,4 DDT.
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Fig. 5: 16S rRNA gene PCR
amplicons on 1% agarose gel.
DNA bands of about 1.5kb were
obtained from all the 5 isolates
after 16S rRNA gene PCR. This
shows that the conserved regions
of the 16S rRNA gene were
amplified by the 8F and 1492R
primer pair.
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Fig. 6: Phylogenetic Tree Showing Positions of Isolates 1-6. The scale bar shows 1% sequence difference. The numbers at nodes show bootstrap values of each
node out of 100 bootstrap resampling. The 16S rRNA gene sequence of Acidianus ambivalens D85506 was used as an outgroup.

3.4 16S rRNA gene analysis

The 16S rRNA gene sequence analysis placed the
isolates in the genera Aeromonas, Rhodococcus and Bacillus.
BLAST search using the NCBI showed a similarity of 99%
between isolates 1, 2 and 4 and Aeromonas sp. Isolate 3 showed a
99% similarity with Bacillus sp. and Isolate 5 showed a 98%
similarity with Rhodococcus sp.

Bacillus sp. are a member of the Gammaproteobacteria
which tend to be tolerant to extreme physical and chemical
conditions [29]. Therefore Bacillus sp. increase in abundance as

they pass through the earthworm gut [26]. This is because they are
able to withstand the harsh environment where competing
microbes may express antibiotics or other inhibitory substances
[17, 24]. Consequently earthworm gut microbiota can be transitory
in response to type of substrate media and or type of feed [24]. In
the present study acclimatization to raw sewage was done to
simulate conditions in a functional vermifilter that is used to treat
sewage. Acclimatization also enhanced the effect of feed (sewage)
on the micro biota inside the earthworm gut. Therefore the isolated
microbes represent the actual microbes that can be found in the
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earthworms’ guts during vermifiltration of sewage and hence the
actual possibility of removing 4,4 DDT from sewage during
vermifiltration processes.

The results provide part of the baseline data needed in
optimization of sewage treatment vermifilters for removal of
persistent and toxic chemicals such as DDT. This can be done by
bio-augmenting the populations of xenobiotic degrading microbes
and adjusting conditions in the sewage treatment process to favor
their proliferation. Earthworms can also be used as biological
vectors to transfer DDT-degrading microorganisms into a target
contaminated environment for bioremediation. [8]. Earthworms
through their burrowing action will transport the microbes in their
drilosphere, effectively distributing them for efficient
bioremediation without excavation of contaminated sites [16].

This study therefore highlights the ever-increasing
potential applications of earthworms and their gut microflora as a
tool for biodegradation and bioremediation of persistent
compounds in the environment. It is however pertinent that
mineralization of 4,4 DDT is ensured and established in
bioremediation efforts since some metabolites of 4,4 DDT such as
4,4 DDE and 4,4 DDD are toxic to humans and the environment.
Degradation of 4,4 DDT as a sole source of carbon yields its toxic
metabolites such as DDE and DDD. This is because without an
additional substrate to derive energy from microorganisms only
cause modest changes on the DDT molecule.

4. CONCLUSION

The gut of E. fetida acclimatized to sewage hosts bacteria
of the Rhodococcus and Bacillus genera that have the potential to
degrade 4,4 DDT. It follows that in a vermifiltration-based
bioreactor the sewage treatment process can be optimized to
increase removal of persistent chemicals such as DDT. Further
studies can be done to characterize co-metabolism of 4,4 DDT, to
possibly achieve more complete degradation of the compound.
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