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The gut of termites is a major source of termicin and spinigerin antibiotics. The termite gut thus presents a novel
habitat for searching new antibiotic producing isolates. The objective of this study was to investigate the
microbial activities of microorganisms obtained from the gut of Macrotermes michaelseni. The Macrotermes
michaelseni were collected from actively growing mound in Maseno University compound. Seventeen isolates
were examined for their abilities to produce substances with antibiotic activities when grown in pure culture. All
isolates formed measurable antibiotic activities against Escherichia coli, Staphylococcus aureas and Citrobacter
freundii. The isolates did not form inhibition zones against Candida albicans, Shigella species and Salmonella
paratyphi. The inhibition zones formed against Escherichia coli and Citrobacter freundii were significant in
dilution while Staphylococcus aureas showed no significance in dilution. Two Factor Completely Randomized
Design was applied. The analysis was done using MSTATC statistical package. Means from the measurements
were separated using Turkey LSD and significance level tested at p<0.05. These results confirmed that the gut of
Macrotermes michaelseni could be used as a source of natural products providing a new weapon against the

problem of bacterial resistance to antibiotics.

1. INTRODUCTION

Little is known of the fungus cultivating termite’s
digestive processes and the microbial associates housed within
the alimentary canal [1]. A few Actinomycete species have been
isolated, but were not characterized for antibiotic production
ability [2], yet increased antibiotic resistance by common
pathogens means an increase for novel antibiotics. The termite
gut thus presents a novel habitat for searching new antibiotic
derivative producing strains. The wide spread use of micro-
organisms in the chemical and pharmaceutical industries has
come about as a result of the recognition that it is often cheaper
to use micro-organisms for synthesis of organic compounds
such as antibiotics rather than to synthesize them chemically.
Thousands of different antibiotics produced by Fungi,
Actinomycetes or unicellular bacteria have been isolated and
characterized. The secondary metabolites of the symbionts have
not exhaustively been characterized yet they are of economic
importance to human. This study was aimed at characterizing
antibiotic producing isolates from Macrotermes michaelseni.
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Higher termites produce termicin and spinigerin antibiotics
which are useful medically as well as for protection of plants from
pathogenic fungi. Some antibiotic compounds isolated from
termites have also been used for treating microbial infections such
as sinusitis, bronchitis and skin infections [3]. Overuse of
antibiotics, poor quality and counterfeit drugs with the wrong level
of active therapeutic ingredients, has brought about adaptability of
organisms that were earlier susceptible to various drugs to now
become resistant and excessive use of antibiotics in agriculture and
livestock to promote growth and prevent illnesses, have led to
emergence of resistant microorganisms. Infections caused by
resistant microorganisms often fail to respond to the standard
treatment, resulting in prolonged illness, higher health care
expenditures, and a greater risk of death [4]. When infections
become resistant to first-line drugs, more expensive therapies must
be used. A longer duration of illness and treatment, often in
hospitals, increases health care costs as well as the economic
burden on families and societies. The achievements of modern
medicine are put at risk by multi-drug resistant microorganisms.
Without effective antimicrobials for prevention and treatment of
infections, the success of organ transplantation, cancer
chemotherapy and major surgery would be compromised [5]. There
is need to come up with cheaper, affordable, sources of new
antimicrobials and hence the study of termites that could be handy
in this operation.
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2. MATERIALS AND METHODS

2.1. Study area

The study was carried out in Maseno University. Maseno
is a division in Kisumu County of Western Kenya. The sampling
site is located along Kisumu - Busia highway 20 kilometers
northwest of Kisumu town. Maseno lies at a latitude
of 0° 00" 16.09" and longitude of 34° 36'08.52" at altitude of
1500m. The mean annual rainfall ranges from 600-1200 mm per
year and the average temperature is about 21.2°C with 20°C
minimum and 23°C maximum daily temperatures. The vegetation
is grassland with scattered bushes, dominated by Spothodea
combanulata, Fucas benjamina, Cupresus funebris, Toona ciliata
and herbs Bidens pilosa, Leocas calostachyus. The main economic
activity is subsistence farming.

2.2. Collection of Macrotemes species and preparation of
homogenates

The soldiers and workers were collected from an actively
growing mound in Maseno Siriba campus. The Macrotermes
species were sampled from the mound using a hoe. The samples
were put in a plastic bag with mound soil, fungus combs and
transported to the Zoology laboratory for identification. The
Macrotermes species were degutted in the Botany lab using fine
tipped forceps as previously described [6] then cultured on MM7
media.

2.3. Preparation of culture media (MM7)

The culture media used was MM7. This is a
modification of MM5 [7] which is a defined mineral salt medium
containing NaCl (1.7g), KCI (6.59) MgCl,.6H,0 (0.50g),
CaCl,.2H,0 (0.10g), NH,CI (5.69), Na,SO, (1.0g) and KH,PO,
(1.0g) dissolved in 1 litre of distilled water. The pH was adjusted
to 7.0 with a buffer containing potassium dihydrogen
phosphate as described by [7]. All solutions, cultures and
media were prepared and maintained using aerobic techniques [8].

2.4. Screening for antibiotic activities of the isolates

Gram negative bacteria (Escherichia coli (ATCC 25922),
Shigella species, Citrobacter freudi, salmonella paratyphi (ATCC
27785), gram positive bacteria Staphylococcus aureus (ATCC
25923) and fungus Candida abicans (ATCC7596) were collected
from Kenya Medical Research Institute, Kisian laboratory and
used as the screening organisms. The efficacy of various antibiotic
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agents against a range of gram positive and gram negative
microbial strains was assessed through measurement of inhibition
zones. Dilution susceptibility testing methods were used to
determine the minimal concentration of antimicrobial to inhibit or
kill the microorganism. Nutrient agar medium was prepared and
sterilized. It was then poured into petri plates under aseptic
conditions in a laminar air flow inoculated with one ml of bacterial
suspension (test organisms). This standard inoculum contained 10°
‘ 10° and 10° cells per ml, and then the inoculation was
distributed by a sterile cotton swab on the surface of the medium
and left for five minutes in the lamina flow cabinet to dry. Fungal
isolates were grown on potato dextrose agar. Artificially prepared
sterilized disks (5 mm in diameter) were used. The disks were
antiseptically picked using sterile forceps and then soaked in
different dilutions of termite isolates two days old grown in basal
salt medium. Damp wet disks were placed on the surface of
medium seeded with test organisms. The plates were incubated for
two days at 30°C. All tests were done in triplicates. The diameter
of inhibition zone was measured using a transparent ruler [9]. The
test organisms were sub cultured every four months throughout the
period of investigation to avoid the organisms dying due to lack of
sufficient nutrients.

3. RESULTS

Table 1 presented mean length of inhibition zones in mm
on Escherichia coli by isolates, Table 2 presented the Mean length
of inhibition zones in mm on Citrobacter freundii by isolates,
Table 3 presented Mean length of inhibition zones in mm on
Staphylococcus aureas by isolates from Macrotermes michaelseni.

LSD 0.965 separates the means of isolates. The
difference between two means that is greater or equal to the LSD
is significantly different. LSD 1.67 separates the means of isolates
and dilution and LSD 0.826 separates the means of dilutions.

LSD 1.248 separates the means of isolates. The
difference between two means that is greater or equal to the LSD
is significantly different. LSD 2.092 separates the means of
isolates and dilution and LSD 0.205 separates the means of
dilutions.

LSD 2.917 separates the means of isolates. The
difference between two means that is greater or equal to the LSD
is significantly different. LSD 4.669 separates the means of
isolates and dilution and LSD 0.480 separates the means of
dilutions.

Table 1: Mean length of inhibition zones in mm on Escherichia coli by isolates from Macrotermes michaelseni.

Dilution Isolates Mean
f?rcntl(;r 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

0 700 900 000 000 1933 700 800 000 733 1433 000 000 833 600 867 700 600 635

2 700 1000 000 000 1967 667 7.33 000 667 1467 000 000 1033 600 1033 7.00 7.00 6.63

4 700 1000 000 000 1967 7.67 7.00 000 1467 1567 000 000 9.67 600 7.67 7.00 7.00 7.00

mean 700 967 000 000 1956 7.1 7.44 000 956 1489 000 000 944 600 889 7.00 6.67 6.60

LSD 0.965 0.826

LSDAB 167

CV% 1457

P<0.05.
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Table 2: Mean length of inhibition zones in mm on Citrobacter freundii by isolates from Macrotermes michaelseni.

Dilution Isolates Mean
factor(ml) " 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
0 6.67 7.00 233 0.00 467 7.67 267 0.00 7.00 6.00 0.00 0.00 7.00 400 600 000 6.00 394
2 733 7.00 0.00 0.0 7.00 8.0 0.00 0.00 7.00 6.67 0.00 0.00 7.00 400 600 000 6.67 392
4 767 7.00 0.00 0.0 7.00 8.0 0.00 0.00 7.00 7.00 0.00 0.00 7.00 600 600 000 6.67 4.08
Mean 722 7.00 078 0.00 622 7.89 0.89 0.00 7.00 7.00 0.00 0.00 7.00 467 600 000 6.44 398
LSD 1.248 0.205
LSD AB 2.092
CV% 11.53

P<0.05.

Table 3: Mean length of inhibition zones in mm on Staphylococcus aureas by isolates from Macrotermes michaelseni.
Dilution  Isolates Mean
factor 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
(ml)
0 10.00 9.00 800 000 1433 10.00 0.00 0.00 6.67 16.00 0.00 0.00 733 767 667 0.00 1033 6.24
2 9.00 800 7.00 0.00 433 833. 0.00 0.00 6.00 1500 0.00 0.00 900 633 633 0.00 933 522
4 8.67 7.00 400 533 567 5.00 0.00 233 10.00 6.00 0.00 0.00 833 6.00 600 000 933 4.86
Mean 9.22 767 633 178 8.11 7.78 0.00 0.78 7.56 1200 000 0.00 822 6.67 633 000 9.67 5.44
LSD 2917 0.480
LSD AB  4.669
CV % 23.93

P<0.05.

colony
Inhibition zone
(19mm)

Disc with isolate

Inhibition zone
(10mm)

Isolate 2 in PDA medium showig zone of inhibition on E. coli at Oml
dilution.

Bacteria colony

Isolate 5 in nutrient agar medium showing zone of inhibition on E. coli at Oml
dilution.

4. DISCUSSION

Seventeen isolates containing fourteen bacteria and three
fungi were screened for antibiotic activity using pure test
organisms. The isolates exhibited significant antimicrobial activity
against E. coli, S. aureas and C. freundii; with no activity observed
against Candida albicans, shigella species and Salmonella typhi.
Inability of the antibacterial compound to inhibit both Gram-
positive and Gram-negative bacteria growth in the respective
media set up could be due to variation in the cell wall permeability
of bacteria to different drugs [5]. The antibiotics produced by the
bacteria and fungi (isolates) were capable of killing or inhibit the
growth of E. coli, S. aureas and C. freundii. This is because the
biochemical evolution of antibiotic production took place in a
situation where resistance to the effects of an antibiotic would
confer a selective advantage on competitors [10]. Escherichia coli
was observed to be the most susceptible test organism. Isolate five
(5) exhibited the strong inhibitory effect on the growth of E. coli
(219.5mm) and S. aureus (8mm).

The isolates had antibiotic properties exhibited by
inhibition of bacteria species from growing in the medium where

they were spread. This was an indication that those bacteria in the
homogenate exhibit antimicrobial properties similar to those of
Streptomyces. It has been established that one of the isolates from
the termite hindgut is Streptomyces species [2] and it was shown to
produce actinomycin.  Actinomycins are members of
chromopeptide lactone antibiotics; more than 30 native and many
synthetic variants of these antibiotics are known. A novel cysteine-
rich peptide, named termicin, has been isolated from the fungus-
growing termite Pseudacanthotermes spiniger, a heterometabolous
insect of the order of isoptera [3]. The activity spectrum of
termicin is closer to that of the antifungal defensins than to that of
the antibacterial defensins. In this study isolates 5(bacillus),
10(streptococcus) and 13(bacillus) were able to exhibit broad
spectrum anti microbial properties against E. coli and S. aureas,
which is in contrast with activity shown by termicin because
termicin show antifungal effect and weak antimicrobial activity
against gram-positive strains while these isolates showed strong
antibacterial effect on both gram-negative and gram-positive
strains, which means that there is a possibility of these isolates
producing different antibiotics. In this research inhibition of the
microbe increased with dilution of the isolates, an indication that
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the microbe became more resistant when subjected to isolates of
higher concentrations. The susceptibility of E. coli to isolates
increased with dilution up to 2ml and susceptibility remained
constant at dilution 4ml. Other studies have shown that E. coli has
recently represented highest prevalence of resistance against
ampicillin and trimethoprim-sulfamethoxazole [11]. Surveillance
data show that resistance in E. coli is consistently highest for
antimicrobial agents that have been in use the longest time in
human and veterinary medicine [12]. This could have been the
reason why some isolates showed low and even no efficacy against
the microbe since the microbes were of clinical origin where they
could have been exposed to any of the antimicrobials thus making
them resistant to the isolate.

This study has shown that 71% of the Macrotermes
isolates have antibiotic activity against Citrobacter freudi. The
inhibition of the microbe varied with dilution of the isolates.
Significant inhibition zones were observed in isolates 1, 2, 5, 6, 9,
10, 13, 15, and 17. The bacterium was resistant to isolates 4, 8, 11,
12 and 16 as shown in table 2. In comparison to other studies C.
freundii has recently been reported to express resistance to broad-
spectrum antibiotics including piperacillin, piperacillintazobactam,
vancomycin and cephalosporins. Ceftriaxone-resistant Citrobacter
freundii has been mostly isolated from patients with significant
comorbidities including AIDS, peripheral vascular disease, and
cerebrovascular disease [13]. Citrobacter freundii is known to
contain in its chromosome a gene coding for cephalosporinase.
This enzyme hydrolyses —CO—NH- bond in the lactam ring of
cephalosporins and cephamycis thus rendering the bacteria
resistant to this type of antibiotics [14]. The resistance of the
bacterium was demonstrated to five isolates but twelve isolates
were able to produce antibiotic properties against it.

This research has established that 76.5% of the isolates
have antibiotic activities against S. aureas. S. aureas was inhibited
at higher concentration (Oml). Isolates I, 5, 6, 10, 13 and 17
showed antibacterial activity against S.aureas. The bacterium
showed resistance to isolates 7, 11, 12 and 16 as shown in table 3.
However, other studies have shown that increase in use of
vancomycin to treat infections caused by methicillin-resistant
staphylococci, Clostridium difficile, and enterococcal infections
preceded the emergence of vancomycin-resistant staphylococci.
The altered cross-linking results from reduced amounts of L-
glutamine that is available for amidation of D-glutamate in the
pentapeptide bridge. Increased number of D-Ala-D-Ala residues
that bind vancomycin, preventing the molecule from getting to its
bacterial target [15]. Fluoroguinolone resistance develops as a
result of spontaneous chromosomal mutations in the target of the
antibiotic, topoisomerase IV or DNA gyrase, or by the induction of
a multidrug efflux pump [16]. The recent increase of community-
acquired MRSA infections reported in patients from different
countries is associated with the detection of a unique SCCmec,
type 1V gene [17]. This element, smaller than the other elements,
appears more genetically mobile and does not, at present, carry
additional antimicrobial resistance genes, suggesting that it has
been heterologously transferred more readily from other

staphylococcal species [18]. Resistance to methicillin confers
resistance to all B-lactam agents, including cephalosporins [19].
This finding confirms that a large percentage of isolates showed
antibiotic activity against S. aureas. Potential antibiotic producers
in termite gut were clearly shown in this study.

5. CONCLUSION

From the research it was observed that 72.8% of the
isolates got from the gut of Macrotermes michaeliseni in Maseno
have abilities to produce substances which exhibit antibiotic
activities against E.coli, S. aureas and C. freundii but not with not
against Candida albicans, shigella species and Salmonella typhi.
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