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facultatively anaerobic strains and more than two thirds were aerotolerant lactic acid
bacteria assigned to the group Enterococcus. This was also reported in earlier studies on
the composition of the gut flora of wood-feeding termites by Schultz and Breznak (1978),
who found that two thirds of the colonies isolated from dilutions of Reticulitermes
flavipes gut homogenates were Lactococcus lactis. The other isolates were either
facultatively or strictly anaerobic bacteria characterized as Enterobacteriaceae and as
Bacteroides species. The prevalence of streptococci and enterobacteria has also been
reported in the guts of various lower and higher termites (Eutict et al, 1978). The
presence of sulfate reducing bacteria has been reported in a number of termites (Kuhnigk
et al, 1996) and several Methanobrevibacter species associated with the hindgut
epit;lelium of Reticulitermes flavipes have been successfully isolated (Leadbetter and

Breznak, 1996).

Nevertheless, the bacterial numbers obtained by cultivation in earlier studies (Tholen ef
al., 1997, Schultz and Breznak, 1978, Eutic ef al., 1978 and Schultz and Breznak, 1979)
represented only a fraction of the total bacteria present. When direct microscopic counts
of microorganisms in Reticulitermes flavipes hindgut, were compared with the sum of
viable counts of Lactic acid bacteria, enterococci, strict aerobes, and methanogens, which
predominated plate counts or liquid serial dilutions (Leadbetter and Breznak, 1996,
Tholen et al., 1997) it was apparent that about 90% of all prokaryotes in the hindgut

escaped cultivation (Tholen ef al., 1997).

An indication of hindgut biodiversity can be obtained using molecular methods, which

allow the detection and identification of microorganisms without the need for cultivation.















CHAPTER TWO

2. LITERATURE REVIEW
2.1  Classification of Termites
Termites are classified into seven families three of which are divided into subfamilies.
Members of the family Termitidae are often termed the ‘higher’ termites, as they possess
more advanced features (Pearce, 1997). The other families are termed the ‘lower’

termites. A list of all families with authorities is given in Table 1 below.

Table 1.

A generic classification of termites with authorities (Pearce, 1997).
LOWER TERMITES
Family Mastotermitidae (Desneux, 1904)
Family Kalotermitidae (Banks, 1919)
Family Hodotermitidae (Snyder, 1925)
Family Rhinotermitidae (Light, 1921)
Subfamily Coptotermitinae
Subfamily Heterotemitinae
Subfamily Psammoternitinae
Subfamily Termitogetoninae
Subfamily Stylotermitinae
Subfamily Rhinoternitinae
Subfamily Prorhinotermitinae
Family Termosidae (Grassé, 1949)
Subfamily Termopsinae
Subfamily Porotermitinae
Subfamily Stolotermitinae
Family Serritermitidae (Emerson, 1965)
HIGHER TERMITES
Family Termitidae (Light, 1921)
Subfamily Termitinae
Subfamily Apicotermitinae
Subfamily Macrotermitinae
Subfamily Nasutitermitinae








































1999), the fungus cultivating Odontotermes formosanus (Ohkuma et al., 1995) and the

higher soil-feeding termite Pericapritermes nitobei (Ohkuma ef al., 1995).
2.4.5 Bacteroides

Isolation of Bacteroides species from termites has also been reported. In one reported
case, cross feeding of lactate from a lactate-producer to a Bacteroides species was
demonstrated (Schultz and Breznak, 1979), while in another case, a uric acid-degrading
bacterium isolated from the termite gut was identified as Bacteroides termitidis (Potrikus
and Breznak, 1980). Since most of the Bacteroides species are known to be fermentative
and acidogenic, the Qrganisms assigned to Bacteroides cluster may also have the same

Ty

function (Ohkuma and Kudo 1996).
2.4.6 Actinomycetes

Bignell et al., (1979) using electron microscope, observed actinomycete-like bacteria in
the guts of termites. Actinomycetes were isolated from termite guts by Pasti and Belli
(1985), and were found to have cellulolytic activity. Actinomycetes were also later
observed to have lignin-solubilizing activity (Pasti and Belli, 1985; Pasti ef al., 1990). In
another report, isolates obtained from Coprotermes formosanus and Reticulitermes
speratus guts were identified using 16S rDNA analysis as actinomycetes belonging to the

genus Streptomyces (Watanabe ef al., 2003).
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Kanamycin 50 pg/ml and incubated at 37°C overnight. Colonies were picked and
inoculated in a tube with 3 ml of LB medium with Kanamycin 50 ng/ml and incubated in
an incubator shaker (200 rpm) 37° C overnight. One hundred colonies were picked for

each termite.
3.5.4 Plasmid extraction of individual clones

Volumes of 3 ml of the overnight cultures of E. coli grown in LB medium were
centrifuged at 4000 rpm for 6 minutes to pellet down the cells. Plasmid extraction was
carried out using QIAprep® Spin Miniprep kit protocol according to the manufacturer’s
instructions. Pelleted bacterial cells were resuspended in 250 pl of buffer P1 and
Uan;}ened to microcentrifuge tubes. A volume of 250 ul of buffer P2 was then added and
tubes were gently inverted to mix. Buffer N3 was added at a volume of 350 pul and mixed
immediately. Tubes were centrifuged for 10 minutes at maximum speed in a tabletop
microcentrifuge. Supernatants were transferred into QIAprep® column by decanting and
then centrifuged for 60 seconds. The flow-through was discarded. The QIAprep® spin
column was washed by adding 0.75 ml of buffer PE. Tubes were centrifuged for 60
seconds and the flow-through discarded. Residual wash buffer was removed by an
additional centrifugation for one minute. QIAprep® columns were placed in clean
microcentrifuge tubes and 50 pl of buffer EB (10 mM Tris-CL pH 8.5) was added to elute

DNA. Tubes were left to stand for one minute and centrifuged for one minute. This was

done to extract plasmid DNA containing the 16S tDNA inserts from the E.coli cells.
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obtained from marine samples with a 98% sequence similarity. Isolates IM 4, 10 11, IO
10A, IM 12, and IO 14C had a 99% sequence similarity to Brevibacterium aureum
AY299093 previously isolated from a bioreactor. IM 5 had a sequence similarity of 99%
to Brachybacterium paraconglomeratum AJ415377 previously isolated from deteriorated
parts of a medieval wall painting. IO 14A was closely related to Nocardia asteroides
AF430026 with a sequence similarity of 98%. Isolates IO 9 and IO 9B had a sequence
similarity of 100% to Bacillus licheniformis AY291582 previously identified as natural
cellulose degrading bacterium.

Table 3 Percentage sequence similarities of isolates with close relatives from the
ribosomal database

ISOLATE CLOSEST ACCESSION | %

RELATIVE NO. SEQUENCE
SIMILARITY

IM 9A Streptomyces sp. AY538691 100

M 14 Streptomyces | AY207587 97
acidiscabies

IM 15 Streptomyces sp. AF389343 99

1018 Streptomyces AF429400 100
Jungicidicus

IM 8A Streptomyces sp AY529646 98

IM 4;10 11; | Brevibacterium AY299093 99

10 10A aureum

M 12; 10 Brevibacterium AY299093 99

14C aureum

IM5 Brachybacterium AJ415377 99
paraconglomeratum

10 14A Nocardia asteroides | AF430026 98

10 9; 10 19B | Bacillus licheniformis | AY291582 100
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A total of 15 isolates were sequenced and shown to belong to the domain Bacteria. M.
michaelseni isolates are represented by IM and 10 represents O. somaliensis isolates. A
phylogenetic tree containing each of the isolates is shown in Figure 2. The phylogenetic
tree showed three main clusters. The first cluster comprised the genus Streptomyces.
Isolates IM 9A, IM 15, IO 18 and IM 8A clustered with this genus and were supported by
a bootstrap value of 100%. IM 9A clustered with Streptomyces sp. with accession number
AY538691, IM 15 clustered with Streptomyces sp. AF389343 with a 100% bootstrap
value, 10 18 formed a cluster with Strepfomyces fungicidicus AF429400 with 100%
bootstrap value and IM 8A clustered with Streptomyces ép. AYS529646 with a bootstrap
value of 100%. Isolate.IM 14 also clustered with Streptomyces species with close relative
M 9;\ and Streptomyces species with accession number AY538691 with a bootstrap
value of 100%. The second cluster comprised of Brevibacterium, Arthrobacter,
Brachybacterium and Nocardia species. Isolates IM 4, 10 11, 10 10A, IM 12 and 10 14C
clustered with the Brevibacterium aureum with a bootstrap value of 100%. IM 4 had the
same nucleotide sequence as IO 11, IO 10A, IM 12 and IO 14C. IM 5 clustered with
Brachybacterium paraconglomeratum with a bootstrap value of 100%. IO 14A clustered
with Nocardia asteroides with a bootstrap value of 100%. The third cluster contained
isolates 10 9 and IO 19B which clustered with Bacillus licheniformis with a bootstrap
value of 100% and with Bacillus subtilis but with a low bootstrap value of 84%.
Evaluation by CHECK-CHIMERA program of the Ribosomal Database Project (Maidak
et al., 2001) indicated one of the sequences of isolate IO 19A was chimeric hence it was

removed from subsequent analysis.
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4.3 PCR amplification of 16S rDNA gene

Polymerase chain reaction (PCR) amplification with bacterial universal primers for the
ribosomal 16S rDNA gene portion was successful and yielded an amplification product
of approximately 1365 bp from both termite samples as shown in Figure 3. This was

visualized on a 1.0% agarose gel.

M ] 2

10kb —#=s
3kb — s

1.5kb — - F~1365bp

Figure 3. PCR amplification of 16S rDNA from the guts of M. michaelseni and O. somaliensis
Amplified profile of 16S rDNA for M. michaelseni (Lane 1) and O. somaliensis (Lane 2) on a
1.0% agarose gel. M is a 1kb DNA ladder (Biolabs) used as a molecular size marker. (Size of
bands of M 10,002 bp, 8,001 bp, 6,001 bp, 5,001 bp, 4,001 bp, 3,001 bp, 2,000 bp, 1,500 bp,
1,000 bp, 517 bp).

4.4  Plasmid purification

The 16S rDNA genes obtained from M. michaelseni and O. somaliensis were cloned in
TOPO 10 vector separately. Transformation in DH5a cells produced both white and blue
colonies. The presence of a large number of white colonies compared to blue colonies
confirmed the transformation efficiency. A total of 100 white colonies were picked for
each termite for plasmid purification. The expected size of the plasmid is approximately
4000 bp. The purified plasmids were visualized on 1% agarose gel (Figure 4 a, b) for M.

michaelseni and O. somaliensis respectively.
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Cubitermes spp. (Schmitt-Wagner, 2003) but with very low bootstrap values. Clone
MTG-107, which was identical to clone MTG-105, also clustered with a clone obtained
from soil feeding termite Cubitermes spp. (Schmitt-Wagner, 2003) with a bootstrap value
of 71%. MTG-7 clustered with Clostridium aminobutrycicum and was supported by a
bootstrap value of 100% all the three clones had 95% sequence similarity to clostridium
species. Clone MTG-61 had a sequence similarity of 89% to Desulfothiovibrio
peptidovoran with 98% bootstrap value and clone MTG-11 was closely related to
Denitrobacterium detoxificans with a sequence similarity of 88% and supported by 100%
bootstrap value in the A. thermoterrenum group. Clones MTG-64, MTG-72 and MTG-88
did not fall in any of the clusters and could not be assigned to any of the known major
groups of the Bacteria. The Spirochete group had only one clone, MTG-91 that is well
supported by 100% bootstrap value and a sequence similarity of 90%. Chimeric rDNA
clones composed of tDNA from different organisms, can arise during PCR amplification
of mixed-population DNAs (Liesack er al, 1991). Evaluation by CHECK-CHIMERA
program of the Ribosomal Database Project (Maidak er al., 2001) indicated that the

sequences above showed no obvious evidence of chimeric artifacts.
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CHAPTER FIVE

5.0 DISCUSSION

Using the plate count technique, the highest number of microbes in M. michaelseni was
recorded in KMM1 medium giving a mean + SD of 173.5 + 28.9 x 10° CFU/gut (Table 2,
page 36). In O. somaliensis, the highest number of microbes was recorded in medium
containing gelatin as a substrate giving a mean +SD of 156 + 25.45 x 10° CFU/gut (Table
2, page 36). Results obtained from MPN also showed that M. michaelseni had a higher
cell count than O. somaliensis. The highest cell counts in M. michaelseni were recorded
in the KMM1 medium giving an approximate of 48 x 10* cells/gut, while in O.
somaliensis it was recorded in KMM1+ glucose giving approximately 480 cells/gut
(Table 2, page 36). These results however represent only the aerobic or facultative
aerobic organisms only, since all experiments were carried out aerobically. The results
are in line with the limited data available for other higher termites. Anklin-Miihlemann et
al. (1995) recorded total densities of approximately 1.3 x 10'! organisms per ml in the
paunch and colon of old minor workers of Macrotermes subhylinus, a fungus-cultivating
termite by direct observation using the agar film method. Dilution plating on nutrient and
MacConkeys agar media élso showed large numbers of colony forming units throughout
the alimentary canal (Anklin-Miithlemann et al., 1995). Also a very diverse bacterial flora
consisting of at least seventeen morphotypes was found in the paunch of Odontotermes
formosanus a fungus- cultivating termite (Yara et al, 1989). However, a previous
investigation of higher termites by Bignell er al. (1980), revealed that total microbes
isolable by dilution plating were between one and two orders of magnitude fewer than

estimates of population size obtained by direct observation. This may be due to the fact
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community, information on diversity and physiological characteristics have to be

combined with localization and characterization of their respective microhabitats.

To further advance our understanding of termite gut micro ecology, it is essential to
proceed beyond a mere description of the microbial communities by their phylogenetic
diversity. An integrative analysis of community structure and function will require the
description of the environmental conditions, the localization of individual populations,
and the characterization of their major metabolic activities, all irn situ and at high

resolution (Brune and Friedrich, 2000).

In conclusion, the guts of Macrotermes michaelseni and Odontotermes somaliensis show
a high diversity in bacterial species in this study. More studies should be carried out to
establish the biodiversity of the molecules they produce as a result of primary and
secondary metabolism. This may lead to the discovery of microorganisms with
significant economic value that may be used different application such as food production
and preservation, production of antibiotics, manufacture of vaccines, management of
pests and pathogens, increasing soil fertility, cleaning up of oil spills and waste water

treatment.

Hence this study, as well as similar studies that help in understanding the functioning of
ecosystems, play an important role in the process if changing the perception about the

need to conserve biodiversity including microbial diversity.
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