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ABSTRACT

The recent increase in antibiotic resistance demands the discovery of novel antibiotics. Hence, this
project was designed to explore novel antibiotic producing Actinomycetes from mud nest of wasps.
For this, 9 types of active mud nests of wasp available in Rajshahi, Bangladesh were collected. For
each nest, nest material was aseptically homogenized with a 1X saline solution and then diluted
homogenate was plated in Actinomycetes Isolation Agar medium to isolate Actinomycetes. Total 27
purified cultures of bacteria were isolated from 9 collected mud nests of wasp. To collect the extract
of mud nest, homogenate was filtered and centrifuged. Then, the extracts were assessed for their
efficacy to inhibit bacterial growth with disc diffusion method. However, only extract of nest number
9 (N9) showed antimicrobial efficacy against tested bacteria, E. coli. Then antimicrobial efficacy of
the 27 isolates was assessed using an agar cross-streak method and disc diffusion method. It was
found that among the 27 isolates; only the isolate N9C2 was able to inhibit the growth of studied
bacteria, E. coli. Then, 16S rDNA was isolated, amplified and sequenced from the isolate N9C2 for
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coelescens strain AS 4.1594.

its identification. According to NCBI blast, the highest similarity of sequence (99%) of 16S rDNA of
the isolate N9C2 was shown to that of Streptomyces coelescens strain AS 4.1594. Then, the
isolate N9C2 was characterized. It was found that the isolate was a gram positive filamentous
bacterium. It was found that the isolate N9C2 was resistant to Amoxicillin, Ampicillin and
Cephalexin while it was sensitive to Tetracycline, Erythromycin and Ciprofloxacin. It was also found
that the isolate N9C2 can grow optimally at pH 7 and at 37°C. Finally, it can be concluded that mud
nests of wasp is a vital source of antibiotic producing Actinomycetes such as Streptomyces
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1. INTRODUCTION

Discovery of antibiotics more than 100 years ago
enable us to fight against life-threatening
diseases caused by different types of pathogen
such as viruses, bacteria, fungi and protozoa [1].
Uses of antibiotics are now familiar in world
either in poor or developed countries. It is really
difficult to find out a person who has no taken
antibiotic at least once to treat infectious
diseases or other injuries. However, emergence
of multidrug or extremely drug resistance
pathogens is knocking to end the golden age of
antibiotics started in 1050. Thus, many almost
eradicated diseases such as tuberculosis are
threatening us to return in novel form even in
developed countries [2,3]. The research on
exploration of a novel antibiotic is very time
consuming and costly [1]. Hence, research
activity on this essential area has been reduced
significantly because of less chance of making
profit by pharmaceutical companies. Collective
effect of this factor and emergence of antibiotic
resistant pathogens may lead to a frightening
condition in the near future as in 100 years ago
for infectious diseases. Therefore, discovery of
new antibiotic is essential. Natural products and
their derivatives which are produced by different
types of insects are known as the key source for
clinically used antibiotic [4-6]. Moreover, most of
antibiotics which are clinically available now are
invented from  Actinomycetes or fungi.
Therefore, the recent prevalent of multidrug
resistant pathogens has created a new interest in
recognizing uncharacterized habitats to isolate
Actinomycetes that produce novel antimicrobial
compound. Insect nest associates are
subsequently being inspected as a probable
source of such novel antibiotics [7,8]. In spite of
the potentiality of insect nest materials for
chemical or microbial novelty, research on this
field is comparatively few. Hence, this research
was designed to explore novel antibiotic
producing Actinomycetes from mud nest of
wasps available in Rajshahi, Bangladesh.

2. MATERIALS AND METHODS
2.1 Nest Collection

Mature, active nests of wasps which were usually
built on wall of houses were selected for
collection. In absence of wasp, mud nests were
separated from wall with sterile forceps and
scalpel which were then aseptically collected in
polyethylene bag and stored at 4°C in refrigerator
for further use in research work. Nests were used
for identification of wasp genus. Nests were
considered to be active if live wasp residents
were found to patrol the nests on the date of
collection. In the laboratory, nest materials were
aseptically separated by removing all eggs,
larvae, pupae and active individuals from the
nest. Nests which were parasitized by brood
parasitoids [9] were separated by visual
inspection and finally discarded from the study.
All nests were collected from Rajshahi city,
Bangladesh.

2.2 Microorganism Isolation

For each nest, nest material (including paper,
pedicel, meconium) was aseptically mechanically
homogenized with forceps, and placed in a
conical tube with a 1X saline solution. Tubes
were vortexed and the resulting homogenate was
diluted in the same solvent and plated in
Actinomycete Isolation Agar medium (Himedia,
India) with following composition for 1000 ml of
medium: Sodium caseinate 2 gm, L-Asparagine
0.1 gm, Sodium propionate 4 gm, Dipotassium
phosphate 0.5 gm, Magnesium sulphate 0.1 gm,
Ferrous sulphate 0.001 gm, Agar 15 gm and
Glycerol 5 ml [10]. Plates were incubated at
ambient room temperature (28°C) and bacterial
colonies were streaked for purification as they
grew (continuously after 72 h). Colonies
exhibiting morphologies indicative of
Actinomycetes were selected for further
purification.



2.3 Antimicrobial Production Assay

The ability of the Actinomycete isolates to inhibit
bacterial growth was assessed using an agar
cross-streak method and disc diffusion method.
For agar cross-streak method, the selected
isolates were inoculated onto LuriaBertani (LB)
(Himedia, India) agar plates by continuous streak
on one side (3 cm width). It was found during
pure culture preparation, the selected colony of
Actinomycetes was able to grow sufficiently after
3 days of incubation which was also comparable
to finding of other studies [11]. Hence, the plates
were incubated at 30°C for 3 days. Then,Gram-
positive bacterium, Bacillus cereus and Gram-
negative bacterium, Escherichia coli were
streaked perpendicular to the antagonistic
Actinomycete on the agar medium. The plates
were incubated at 37°C for 24 h. The microbial
inhibitions were observed by determining the
diameter of the inhibition zones [12].

For disc diffusion method, the selected isolate
was inoculated into100 ml of LB (Himedia, India)
broth and incubated at 30°C in a shaker at 200
rpm for seven days. After incubation, the broth
was collected which was then filtered through
whatman (No.1) filter paper. The collected
filtrates were then centrifuged at 5000 rpm for 10
min. Then, the supernatant of the centrifuged
filtrates was transported aseptically into a screw
capped bottles and stored at 4°C for further
experiments. Similarly, nest of wasp was crushed
and refined with pestle and mortar. Then, 10
gram of refined nest material was mixed
with10ml of sterilized water. Mixture was
centrifuged at 5000 rpm for 10 min. The
supernatant was transferred aseptically into a
screw capped bottles and stored at 4°C for
further assay. For each test, 100 ml LB(Himedia,
India) broth in each flask was inoculated with few
cells of Escherichia coli and Bacillus cereus
separately and incubated at 37°C for 24 hours in
rotary shaker rotate at 120 rpm. Then, 1 ml of
incubated broth culture was spread
homogenously on a nutrient agar plate with a
sterile spreader. The inoculated plate was air-
dried for few minutes. Sterile filter paperdiscs
were soaked with 30 ul of 100% concentration of
supernatants collected from liquid culture and
nest materials (preserved in a screw capped
bottles as mentioned above). Then these discs
wereplaced on inoculated nutrient agar plates.
An antibiotic disc of Kanamycin (KAN) was used
as control in each plate. Then, the plates were
incubated at 37°C for 24 hours. After incubation,
clear zones indicated inhibition of growth of the
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microorganisms. The zones around the discs
were measured and recorded. The all
experiments for antimicrobial production assay
were replicated for 3 times independently.

2.4 Identification of Antibiotic Producing
Bacteria with 16S rDNA Sequencing

Genomic DNA was extracted from antimicrobial
agent producing bacterium using CTAB method
[13]. A universal PCR primer was used for
amplification of 16S rDNA fragments. The
protocol as previously described [14]. Briefly, the
PCR amplification was achieved by Swift™

Minipro  Thermal Cycler originated from
Singapore  (Model:  SWT-MIP-0.2-2). The
following program was wused for PCR

amplification: Denaturation was performed at
95°C for 5 minutes which was then followed by
40 cycles of 40 seconds of denaturing at same
temperature, 60 seconds of annealing at 65°C
and 2 minutes of elongation at 72°C with a final
extension at 72°C for 10 minutes. Then, the PCR
products were subjected to gel electrophoresis
(1% agarose), stained with ethidium bromide and
visualized on a UV transilluminator for the
existence of about 1500 bp PCR products. PCR
amplified 16s rDNA of the selected isolate was
sent for automated sequencing (Applied
Biosystem 3130). The sequence generated from
automated sequencing of PCR amplified DNA
was analyzed  through NCBI BLAST
(http://www.ncbi.nlm.nih.gov) program to find out
possible similar organism through alignment of
homologous sequences. Finally, the isolate was
identified based on alignment of partial sequence
of 16S rDNA with the existing sequences
available in the database.

2.5 Antibiotic Sensitivity Test

Antibiotic Sensitivity test was achieved by disc
diffusion method as previously described [2,15]
Briefly, the isolate N9C2 collected from nest of
wasp was grown in nutrient broth that were
placed in a shaker at 35°C temperature and 120
rpm for 3 days. After 3 days of incubation, 1 ml of
the culture was transferred and gently spread on
the nutrient agar plate and air dried. Then,
antibiotic disks were placed on the respective
plates and incubated for 3 days at 35°C.

2.6 Determination of Optimum Growth
Conditions

To determine the optimum pH of bacterial
growth, culture medium was adjusted to pH 6.5,



7.0, 7.5 and 8.0 respectively. Then, each 50 mL
of culture media were inoculated with 1 mL of
culture of isolated bacteria. The growths of
bacteria at different condition were determined at
different time intervals (4 hourly) by measuring
optical density at 660 nm with photoelectric
colorimeter.

For determination of optimum temperatures,
culture medium was adjusted to pH 7.0. Then,
medium was distributed in four different conical
flasks, 50 mL in each flask. Each 50 mL of
culture media were inoculated with 1 mL of
culture of isolated bacteria. Then, inoculated
media were incubated at 25°C, 30°C, 35°C and
40°C temperature in incubator. The growths of
bacteria at different condition were determined at
different time intervals (4 hourly) by measuring
optical density at 660 nm with photoelectric
colorimeter.

3. RESULTS AND DISCUSSION

3.1 Muddy Nests of Wasp Available in
Rajshahi, Bangladesh

Nine types of nest of wasp (N1, N2, N3, N4, N5,
N6, N7, N8 and N9) were collected from different
location in Rajshahi, Bangladesh (Fig. 1).
Collected nests were diverse in shape, structure
and size. Nest N1 was a cluster of short vase like
structure which was made of mud. Nest N2 was
a single long vase like muddy structure. Nest N3
and N6 were collection of few pipes like muddy
structure. Nest N4 was long irregular shaped
muddy structure with several opening. Nest N5
was short multi-chambered muddy structure.
Nest N7 was long single chambered nest
surrounded with multiple shields like structure.
Nest N8 was collection of few capsules like short
muddy chambers while N9 was collection of
small vase like structure which was made of
some resin like sticky material mixed with mud,
sand particles and sticky material (Fig. 1).

In this study, diversity of nests of wasp was
found in shape, size and structure which was
reported to be related to different taxa of wasps
[16]. It is established from the other reports that
strengths of defense against pathogen vary
among taxa of different wasp. In addition, these
differences in defense are strongly related to
ranks of social complexity. Altogether, the
phylogenetic and antimicrobial data acclaimed
that the antimicrobial agents production might
have first appeared in solitary wasps as a
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response to environmental pathogen, more
specifically soil-borne pathogens. Burrowing
wasps, exposed to soil-borne pathogens, may
have developed broad-scale antimicrobial
defenses in response. These may have evolved
into robust antimicrobial agents in the social
lineages [17].

3.2 Bacterial Colonies Isolated from

Collected Nests of Wasp

Colonies which exhibited morphologies similar to
Actinomycetes were selected for further
purification. Total 27 colonies were selected for
purification which were tagged with code number
according to serial of collection and number of
the nest, viz. N1C1, N1C2, N1C3, N2C1, N2C2,
N3C1, N3C2, N3C3, N4C1, N4C2, N4C3, N5C1,
N5C2, N5C3, N5C4, N6C1, N6C2, N6C3, N7C1,
N7C2, N8C1, N8C2, N8C3, N9C1, N9C2, N9C3
and N9C4. All the isolated colonies were large,
irregular in margin and whitish in colour like
fungus. After purification of collected bacterial
colonies by repeated streaking, the bacterial
isolates were preserved at 4°C for further
study.

3.3 Antimicrobial Efficacy of Extract of
Nests of Wasp

The disc diffusion method was used to test the
antimicrobial efficacy of nest extract against E.
coli and Bacillus cereus bacteria. The result of
this experiment revealed that extract of nest N9
was only able to yield a moderate zone of
inhibition around the disc indicating that extract
contained antimicrobial agent to inhibit the
growth of E. coli.

In this study, the most of the extract of nest of
wasps were unable to inhibit the growth of tested
bacteria. Unviability of active compound in nest
may be because of construction of mud nest
above-ground by solitary species where there is
less risk of disease. Otherwise, individual
species may have developed specific
compounds to combat niche pathogens which
are ineffective against tested bacteria [17].

3.4 Antimicrobial Efficacy of Bacterial
Isolates Collected from Nests of Wasp

Total 27 isolates were collected from nine
different nests of wasp. The efficacies of these
bacterial isolates were assessed with agar cross-
streak and disc diffusion method. It was found
that antimicrobial compound produced by the



isolate N9C2 only was able to inhibit the growth
of the tested gram-negative bacteria (E. coli.)
remarkably (Fig. 3). But, the isolate N9C2 failed
to inhibit the growth of the tested gram-positive
bacteria  (Bacillus cereus). However, no
antimicrobial compound was produced by
remaining 26 isolates against tested bacteria or
their production was insignificant (Fig. 3). The
result of this test was similar to that of agar
cross-streak method. However, zone of inhibition
produced by the isolate N9C2 was comparative
lower than that produced by Control antibiotic
Kanamycin. It might be resulted from lower
concentration of antimicrobial agents in
supernatant produced by the isolate N9C2 or
from their lower efficacy as compared with
Kanamycin.

The isolate N9C2 was capable of producing
antibiotic to inhibit the growth of gram-negative
E. coli bacterium used in this study. Though, it is
not clear if this activity arose from one or
multiple antimicrobial compounds. Streptomyces
spp. are able to produce over 100,000 different
antibiotics [18], with some strains generating
multiple antimicrobials [19]. This is true even
under in vivo conditions, where a cocktail of
antimicrobials is expected to assist in nest
hygiene [20]. Moreover, this study revealed that
most of Actinomycetes isolated from mud nest of
wasps was unable to show antimicrobial activity
against tested bacteria. In contrary, a study
reported that more than 50% of Streptomyces
isolates sequestered from the stingless-bee
Tetragonisca angustula was able to show
antimicrobial activity against Gram-positive
bacteria [21].

3.5 Identification of Bacterial Isolate N9C2

The isolate N9C2 was selected for 16S rDNA
sequence based identification. The sequence
submitted to NCBI revealed that the highest
similarity of sequence (99%) of 16S rDNA of the
isolate N9C2 was shown to that of Streptomyces
coelescens strain AS 4.1594. Thus, the
sequence analysis indicated that the isolate
N9C2 was Streptomyces coelescens strain AS
41594 or member of same cluster. Similar
results were revealed by other studies. For
example, the 30 sequenced actinomycetes
isolated from these nests belong to the two most
bioactively-rich actinomycete families:
Streptomycetaceae and Micromonosporaceae
[22], including the three genera, Streptomyces,
Micromonospora and  Actinoplanes. While
Streptomyces, is common soil microbes [23,24].
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The strain N9C2 was isolated from mud nest of
wasp belong to the genus Streptomyces, reliable
with similar studies investigating materials
associated with nest of insects [25]. This includes
those studies linking to leaf-cutter ants [26,27],
wood boring beetles [28,29] honey and stingless
bees [30], solitary bees [31], digger wasps [32],
mud dauber wasps [33] and termites [34].
Furthermore, a study by Ruddick and Williams
[35], proposes that spores of Streptomyces spp.
were associated with the cuticle of many
arthropods [35]. Similarly, another study revealed
that Streptomyces sp. were associated with the
larva of Sceliphron madraspatanum, a type of the
mud dauber wasps [25]. Therefore, it is not
surprising that Streptomyces are often found in
nest material.

3.6 Antibiotic  Sensitivity Pattern of
Bacterial Isolate N9C2

Study of antibiotic sensitivity pattern is vital to
maintain pure culture of a bacterial isolate as well
as to take a decision for using it safely in any
environmental application. The patterns of
antibiotic sensitivity of bacterial isolate N9C2 to 8
different antibiotics was tested by disk diffusion
method using nutrient agar medium. After
incubation overnight at 35°C, the diameter of
inhibition zone was measured.Ilt was found that
the isolate N9C2 was resistant to 3 antibiotics
viz. Amoxicillin, Ampicillin and Cephalexin while it
was sensitive to 3 other antibiotics viz
Tetracycline, Erythromycin and Ciprofloxacin.
However, the isolate showed intermediate
sensitive to Kanamycin and Neomycin (Table 1).
The antibiotic sensitivity pattern of the isolate
N9C2 was comparable to that of Streptomyces
sp. isolated from laterite soil in another study
[36].

Table 1. Antibiotic sensitivity pattern of
bacterial isolate N9C2

Name of Zone of Comment
antibiotic inhibition

Tetracycline 20 mm S
Amoxicillin No zone R
Erythromycin 26 mm S
Kanamycin 15 mm I
Ampicillin No zone R
Neomycin 15 mm I
Ciprofloxacin 30 mm S
Cephalexin No zone R

S= Sensitive, R= Resistant, |= Intermediate
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Fig. 1. Nests of wasp available in Rajshahi, Bangladesh
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Fig. 2. Antimicrobial efficacy of extract of nest of wasps assessed with disc diffusion method
against E. coli and B. cereus bacteria. Data are mean+SEM from three independent
experiments. Antibiotic Kanamycin (KAN) was used as control
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Fig. 3. Antimicrobial efficacy of the compound produced by Actinomycete isolates assessed
with disc diffusion method against E. coli and B. cereus bacteria. Data are mean+SEM from
three independent experiments. Antibiotic Kanamycin (KAN) was used as control
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Fig. 4. Unrooted phylogenetic tree showing the genetic relationship between the isolate N9C2
collected from Nest N9 of wasp and reference 16S rRNA sequences from the GenBank based
on partial 16S ribosomal RNA gene sequences

3.7 Optimum Temperature for Growth of
Bacterial Isolate N9C2

Optimum temperature for growth of bacterial
isolate N9C2 was determined at pH 7 in nutrient
broth medium. The optimum temperature for
growth of the isolate N9C2 was 37°C (Fig. 5).
The maximum growth rate of the isolate N9C2
(OD 1.3) was observed at 35°C at 32 hours while
the minimum growth rate (OD 1.1) was observed
at 28°C and 33°C at that time (Fig. 5).
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Fig. 5. Optimum temperatures for growth of
bacterial isolate N9C2

3.8 Optimum pH for Growth of Bacterial
Isolate N9C2

Optimum pH for growth of bacterial isolate N9C2
was determined at 37°C temperature in liquid
broth medium at pH 6, pH 7 and pH 8. As shown
in Fig. 6, the isolate N9C2 exhibited maximum
growth (OD 1.5) at pH 7 after 40 hours of
incubation while the minimum growth (OD 0.97)
was observed at pH 6 after that time of
incubation (Fig. 6).
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Fig. 6. Optimum pH for growth of bacterial
isolates N9C2



4. CONCLUSION

In this study, the isolate N9C2 which was
identified as Streptomyces coelescens strain AS
4.1594 can produce antimicrobial compound to
inhibit the growth of studied gram-negative
bacteria. However, the compound responsible for
inhibition of growth was not separated from other
compounds produced by the isolate N9C2.
Hence, future studies should be focused on
separation and characterization of antimicrobial
agent produced by the isolate N9C2 in order to
determine if there was any novel chemistry in the
observed antimicrobial defense. By further
studies on the complete diversity of the microbial
flora associated with these wasps, it will be
possible to better comprehend how these wasps
maintain hygiene of nests as well as what
microbes may control their fitness.
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