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ABSTRACT

Actinomycetes are Gram positive bacteria that have been detected in diverse eco-
logical niches. Their member species are known to be a main source of various
bioactive compounds. The discovery of Actinomycetes from diverse and unex-
plored resources has also been linked to increased opportunities to obtain novel
bioactive compounds. Insect nest material is being investigated as a new source of
novel antimicrobial producing Actinomycetes, which could be harnessed for ther-
apeutic potential. A total of 10 Actinomycetes isolates were collected from the
nest of Nasutitermes sp. in Pananjung Pangandaran Nature Reserve. These isolates
were evaluated for antimicrobial activity against the challenge bacteria (Escheri-
cia coli, Staphylococcus aureus, Bacillus subtilis, Serratia marcescens) and fungi
(Fomitopsis palustris, Fusarium oxysporum, Trichoderma viridae) by dual culture
method. The result revealed that several isolates were active against fungi and
bacteria. Isolate Pn-TN2 showed the highest level of antibacterial inhibition and
the highest antifungal inhibition with Inhibition Rate value more than 80%. By
morphological and 16S rRNA gene sequence analysis strongly suggested that the
isolate Pn-TN2 belonged to Streptomyces prasinopilosus. We suggested that ter-
mite nest is a potential source of bioactive strains of cultivable Actinomycetes for

future biotechnological needs.

Keywords: Actinomycetes, antimicrobial, Nasutitermes sp., Streptomyces
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Introduction

Actinomycetes are Gram-positive bacteria that
are known to produce variety of bioactive com-
pounds covering approximately 70% of bioactive
compounds produced by bacteria [1, 2]. Actino-
mycetes are widely distributed in nature, and typ-
ically useful in the pharmaceutical industry for
their capacity to produce secondary metabolites
with diverse chemical structures and biological ac-
tivities such as antibiotics, enzyme inhibitors and
enzymes that degrade organic matter [3]. Among
the bioactive compound derived from Actinomy-
cetes, 75% are produced by Streptomyces spp. and
25% are produced by the non-Streptomyces group.
Although thousands of antibiotics have been iso-
lated from Streptomyces, these represent only a
small fraction of the repertoire of bioactive com-
pounds produced [4]. Therefore, isolation of new
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Streptomyces from natural resources and charac-
terization for their secondary metabolites is im-
portant to increase opportunities to obtain novel
bioactive compounds [5]. Insect associated mi-
crobes present promising sources of novel bioac-
tive compounds that are only beginning to be dis-
covered and exploited [6].

Termites are a group of social insects that are
classified as the order of Isoptera, which is closely
related to cockroaches [7]. They live in large col-
onies comprises a king, queen, soldiers and work-
ers, each of which has different behaviors and
functions [8, 9, 10]. Soil termites play an im-
portant role in circulating nutrients from decaying
dead plant materials in the soil ecosystem [11].
Termite colonies are often found in a protective
structure called a “termite nest”. The termite nest
is made from a mineral matrix mixed by the depo-
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sition of clay particles or plant materials, organic
carbon, with feces or saliva, depending on the ter-
mite species and forms a specific habitat for soil
microbes since the physical and chemical proper-
ties are different from the surrounding soil [12,
13]. There are three types of termite nest, which
are mounds nest (upper ground), carton nest (on
trees), and subterranean nest (underground). The
type of a nest constructed depends on the feeding
habit of the termite’s species [14]. The nest-walls
consist of organo-mineral aggregates, character-
ized by a low stability and mineralize easily [15].
It has a wider range of activity on the surrounding
soil of 1 — 3 m in depth and within a range of 2 —
8 m [16], which may influence the soil properties,
fertility, and microbial composition including bac-
teria and fungus.

Recent studies reported that Actinomycetes
were identified as one of the dominant bacteria in
this symbiotic of termite’s lifestyle. These symbi-
otic between Actinomycetes and termites provides
assisting functions for termites, such as nutrient
cycling and exchange, and also protect termites
from invading pathogens [13]. Some of these ter-
mite-associated Actinomycetes may also exhibit
lignin-cellulolytic activity [17] and antagonistic
activity against diverse pathogens [10, 18]. Fur-
thermore, some novel and prospective novel spe-
cies of Actinomycetes associated with termites
have been reported degraded hemicellulose com-
pound, showed antiviral activity, and produced an-
tibiotic compound such as microtermolides and
natalamycin [19, 20, 21, 22].

The aim in this present study was to investi-
gate the generic and functional diversities of culti-
vable Actinomycetes obtained from termite nest.
A preliminary investigation of antimicrobial activ-
ity of Actinomycetes associated with the termite’s
nest using dual culture methods and assessment in
vitro microbial growth inhibition capability were
also conducted. We used a total of 7 bacterial and
fungal isolates for antagonistic assay. Bacillus
subtilis, Eschericia coli, and Pseudomonas aer-
oginosa are known as pathogenic bacteria human
pathogenic bacteria. The isolated Actinomycetes
were also challenged against one of main causal
for many plant diseases, Fusarium oxysporum,
and a wood fungus or known as brown rot fungi,
Fomitopsis palustris. We also applied Serratia
marcescens and Trichoderma viride which are be-
ing developed as plants biocontrol agents to the as-

say. Various types of bacterial and fungal test iso-
lates are used to explore the potential of antimicro-
bial compounds that produced by the isolated Ac-
tinomycetes. The implication of termite nests as a
potential source for novel antimicrobial produc-
ing-Actinomycetes in the future was also dis-
cussed.

Material and Methods
Preparation of termite nest sample

Sample of termite nest was collected in Sep-
tember 2016 from Pananjung Pangandaran Nature
Reserve, West Java, Indonesia. Termite nest was
obtained by cruise method. The type of collected
nest termite was carton nest. Termite nest samples
(200 g per sample) were placed in polyethylene
bags and immediately transported to Microbiol-
ogy Laboratorium of Research Center for Bio-
materials- LIPI. Termites sample (worker and sol-
dier) inhabiting the nest were collected and pre-
served in 70% alcohol tube. The termites were
identified based on key identification according to
Ahmad [23] and Syaukani [24]. Photographs were
taken with digital microscope with 40 — 80 x mag-
nification. Nest samples were ground into fine par-
ticles and air-dried at an ambient temperature for
7 days before the isolation of Actinomycetes.

Isolation of Actinomycetes

Isolation of Actinomycetes from termite nest
was done based on Kang [25] methods. Ten grams
of grounded termite nest were heated at 70°C for
15 minutes. Serial dilutions of treated sample were
prepared in sterile physiological saline and inocu-
lated onto duplicate plates of humic acid—vitamin
(HV) agar medium [26]. Humic acid—vitamin agar
was prepared as described previously [27]. It is a
minimal medium containing Na,HPOs 0.05%;
KCI 0.17%, MgS04.7H,0 0.005%, FeS04.7H.O
0.001%, CaC030.002% at pH 7.2, supplemented
with 0.1% (w/v) of humic acid (Sigma Chemicals)
as carbon source. Inhibitor agen such as nalidixid
acid and cycloheximide were added 50 ppm re-
spectively to reduce contamination. The vitamin
solution (0.00005% each of thiamine HCI, ribofla-
vin, niacin, pyridoxine-HCI, inositol, Ca-panto-
thenate, p-aminobenzoic acid, and 0.000025% of
biotin) was made separately, filter sterilized, and
added after the medium was autoclaved. Single
colonies of isolates were pick up and purified in
Yeast Extract Malt Extract Agar (ISP2) for further
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use.

Isolates of antagonist microorganisms

The bacterial and fungal isolates, which were:
F. palustris, T. viridae, B. subtilis, and S. mar-
cescens used for this study were collection of Mi-
crobiology Laboratorium, Research Center for Bi-
omaterials-LIPI, while F. palustris, Eschericia
coli ATCC 8739, and S. aureus ATCC 25923 were
obtained from Bogor Agricultural University Cul-
ture Collection (IPBCC). All the fungal isolates
were maintenance in potato dextrose agar (PDA)
media and bacterial isolates were cultured in Nu-
trien Broth agar (NA) media. The isolates were
stored at 4°C in tubes containing agar (PDA) for
working stock. For long term preservation, it was
stocked in glycerol solution at —20°C.

Antibacterial test

The antibacterial test was conducted based on
Quintana [28] methods. Isolated Actinomycetes
were streaked 2 cm wide on a 9 cm wide ISP2 agar
plate and incubated for 7 days at 30°C to allow
growth, sporulation, production and diffusion of
metabolites. After 7 days, 4 antagonist bacteria (E.
coli, S. aureus, B. subtilis, S. marcescens) were
streak out in perpendicular position 5 cm (right to
left) of the plate (Figure 1A). The plates were incu-
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Figure 1. The streak technique for evaluation of anti-
bacterial activity (A) and the streak tech-
nique for evaluation of the activity against
pathogenic fungi (B)

bated for 48 hours at 30°C and observed visually.
Antibacterial activity was scored as positive when
the opponent bacteria was failed to grow when no
bacterial test growth was observed in the middle
of agar plate after comparing to a control agar
plate which contained no Actinomycetes.

Antifungal test

The Actinomycetes isolates were evaluated for
their antifungal activity against 3 pathogenic fun-
gal: Fomitopsis palustris, Fusarium oxysporum,
and Trichoderma viridae by dual-culture in vitro
assay [29]. Isolated Actinomycetes were streaked
on a 2 cm wide ISP2 agar plate and incubated for
7 days at 30°C to allow growth, sporulation, pro-
duction and diffusion of metabolites. A mycelial
disk (6 mm in diameter) of 3 fungus were then in-
oculated on the plate and incubated for an extra 7
days at 30°C (Figure 1B). The percentage growth
inhibition rate (IR %) of Actinomycetes was was
decided by:

IR (%) = 100 — (a/b x 100)
Note:
a: The mycelial growth of fungal test isolates towards
b: The mycelial growth of fungal test isolates away

Molecular identification based on 16S rRNA
gene

The identity of the selected strains was deter-
mined based on the amplification and sequencing
of 16S rRNA gene. Bacterial genomic DNA was
extracted using bacterial genome isolation kit (Ge-
nomic Mini Kit of Geneaid GP100). The integrity
of the genomic DNA was visualized by gel elec-
trophoresis in 1% (w/v) by using the gel documen-
tation system. 16S rRINA gene sequences were
amplified using universal primer 16S rRNA gene
for bacterial domain 27f (5’-AGA GTT TGA
TCM TGG CTC AG-3’) and 1492r (5’-TAC GGY
TAC CTT GTT ACG ACT T-3’) [30] with a
length of ~ 1300 bp amplicon targets. The PCR re-
action mixture was carried out in 50 pL total vol-
ume, containing 8 pL. genomic DNA (50 ng/ pL),
25 pL (10 x) mix PCR (Go Taq Green Promega),
4 pL (10 pmol) each primer and 9 pL nuclease free
water. The PCR conditions consisted of an initial
denaturation at 94°C for 5 minutes, followed by 30
amplification cycles of denaturation at 94°C for 30
seconds, annealing at 55°C for 30 seconds, exten-
sion at 72°C for 1 minutes and a final extension of
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Figure 2. Actinomycetes isolates growth in HV agar
media

7 minutes at 72°C. The amplified PCR product
was separated on 1 % agarose gel using 1x TAE
buffer and examined under gel documentation sys-
tem. The amplified amplicon was purified and se-
quenced commercially at First Base, Singapore.

Sequences of 16S rRNA gene were analyzed
for homology using BlastN search program and
very closely related species showing high level of
identity (97 — 100%) was considered as closest
match. These sequences, along with other Actino-
mycetes strains retrieved from NCBI GenBank
(www.ncbi.nlm.nih.gov) were used for the con-
struction of phylogenetic tree after pairwise
aligned using MEGA 5.2 software.

Results and Discussion
Isolation of Actinomycetes from termite’s nest
sample

In this research, we using HV agar media to
isolate Actinomycetes from the termite’s nest
sample. Its classify into nutrient-poor media there-
fore not many other microorganisms are able to
live and utilize nutrients available in the media
other than Actinomycetes bacterial group [3]. In
the process of Actinomycetes isolation we added
inhibitors compound and conducted heat pre-treat-
ment method. The inhibitors were nalidixid acid
and cycloheximide that is antibacterial and anti-
fungal respectively. The addition was intended to
increase number of selected Actinomycetes in me-
dia [31]. Otherwise, the sample was conducted air-
dried treatment for 7 days and preheated for 15
minutes at 70°C in order to reduce contamination
from other fast-growing non-spore bacteria. Many
spores of most Actinomycetes genera are more re-
sistant to drought so that pre-treatment can be de-
creasing density of Gram negative bacteria [27].

Figure 2 describes number of Actinomycetes
isolates that grew in HV media agar. Actinomyce-

tes isolates grew more slowly on HV media agar
with small colony, so it is easily to pick up and
purify the isolates before sub cultured onto rich
media. The colony forming units (CFU) average
numbers of Actinomycetes isolates was 6.57 x 10*
CFU/g sample. Because of heat pre-treatment pro-
cess, numbers of non-Actinomycetes bacteria
were also reduced. A total of 10 isolates were cho-
sen from the selective isolation petri dishes. The
selected colonies showed typical properties of Ac-
tinomycetes (four of them sporulated) and pro-
duced well developed colonies, although some
other did not sporulated when sub cultured onto
ISP 2 agar. The isolated Actinomycetes were
maintained in 4°C for further use.

Antibacterial and antifungal activity

All the bioassays for antibacterial and anti-
fungal activity were carried out in ISP2 agar plates
by dual culture methods. Preliminary screening for
antibacterial test revealed that 6 isolates exhibited
inhibition activity against several bacterial patho-
gen, while 4 isolates exhibited antifungal activity
against three species of fungal test.

From our assay conditions, inhibition values
of antibacterial activity produced by Actinomy-
cetes isolates varying from high level (> 30 mm)
to low level of inhibition (< 10 mm). Pn-TN2 iso-
late possessed the highest antibacterial activity
following by Pn-TN3 isolate against B. subtilis, E.
coli, and P. aeroginosa, but could not inhibit
growth of S. marcescens (Figure 3). Several other
isolates (Pn-TN5, Pn-Tn6, Pn-Tn7, Pn-Tn8, Pn-
TN9) demonstrated low level of inhibition against
several bacterial pathogen (Table 1).

The strongest inhibitory activity of these strain
against E. coli suggested that this Actinomycetes
isolate was potential for inhibit the growth of
Gram negative bacteria rather than Gram positive
bacteria even though it is not clear if this activity
arise from one, or multiple antimicrobial com-
pounds. This is true even under in vivo conditions,
where a cocktail of antimicrobial is expected to as-
sist in nest hygiene [32], but it needs confirmation
by further studies.

In this experiment, by comparing the growth
of mycelia towards and away we could calculate
the inhibition rate produced by Actinomycetes iso-
lates against three species of fungal test (Table 2).
From first preliminary screening, only a total of 4
isolates possessed antifungal activity against fu-
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(a) (®)
Figure 3. Antibacterial activity of isolate Pn-TN2 against bacterial pathogen 1. E. coli, 2. S. aureus, 3. B. subtilis,
4. S. marcescens (a) and negative control of bacterial pathogen growth in ISP 2 media (b)

Table 1. Inhibition values and level of inhibition produced by isolated Actinomycetes against bacterial

pathogen
Inhibition values (mm) and level of inhibition
ifo(i:tee B. Level of E. coli Level of S. Level of P. Level of
subtilis  inhibition inhibition ~marcescens inhibition aeroginosa inhibition

Pn-TN1 0 - 0 - 0 - 0 -
Pn-TN2 32 +++ 30 +++ 0 - 41 +++
Pn-TN3 21 ++ 3 + 0 - 45 +++
Pn-TN4 0 - 0 - 0 - 0 -
Pn-TNS5 10 + 0 - 0 - 3 +
Pn-TN6 7 + 0 - 0 - 4 +
Pn-TN7 4 + 4 0 - 0 -
Pn-TN8 9 + 7 0 - 6 +
Pn-TN9 0 - 0 - 0 - 5
Pn-TN10 0 - 0 - 0 - 0 -

Table 2.  Growth of mycelia and inhibition rate produced by isolated Actinomycetes against fungal pathogen

Growth of Mycelia (mm) Inhibition Rate (%)
Code Isolate F. palustris T. viridae F. oxysporum F. palustris T. viridae F. oxysporum
a b a b a b

Pn-TN1 16.0 25.0 26.0 30.0 135 29.5 36.00+£9.3 13.33+8.2 54.24 £ 3.5
Pn-TN2 100 26.0 105 28.0 6.0 30.0 61.54+42 6250+44 80.00 + 4.7
Pn-TN5 29.0 235 325 285 285 26.5 0.00 0.00 0.00

Pn-TN10 400 265 31.0 310 325 35.0 0.00 0.00 7.14+ 2.0

a :towards value, b : away value
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ngal test. In the secondary bio-assay, we found
that sporulated Actinomycetes isolates (Pn-TIN2,
Pn-TN1) showed higher antifungal activity than
those of non-sporulated isolates (Pn-TN5, Pn-
TN10) against F. oxysporum, T. viridae, and F.
palustris. Isolate Pn-TN2 was able to inhibite the
mycelial growth of F. palustris by 61%, while to
T. viridae by 62%, and more than 80% to F. ox-
ysporum (Figure 4 and Table 2). According to all
the tested fungi, F. oxysporum was highly sensi-
tive of all the isolates used.

During 7 days of incubation (Figure 5), the
lowest diameter growth of 3 species fungal test
mycelia was produced by isolate Pn-TN2. Strong
inhibition showed by Pn-TN2 isolate compared to
control treatment. Isolates Pn-TN1, Pn-TN5, and
Pn-TN10 also showed growth inhibition but not
significant among other treatment. It was indicated
that Pn-TN?2 isolates has produced some bioactive
compound that able to decreased the strength of
fungal cell strongly.

The results indicated that Pn-TN2 isolate that
grown on ISP2 agar plate released an extracellular
diffusible metabolite that inhibited the mycelial
growth of fungal test. The antagonistic potential of
Actinomycetes in fungal test involved the produc-
tion of extracellular hydrolytic enzymes and more-
over secondary antifungal compounds [33]. Anti-
fungal compound has classified based on their
mechanisms of action, including: covering inhibi-
tors of the synthesis of cell wall components (glu-
can, chitin, and mannoproteins), sphingolipid syn-
thesis (serine palmitoyltransferase, ceramide syn-
thase, inositol phosphoceramide synthase and fat-
ty acid elongation) and protein synthesis (sorda-
rins) [34].

Molecular identification of potential actinomy-
cetes

Identification based on gene encoding 16S
rRNA gene was conducted to the potential Actino-
mycetes isolate that produce antifungal and anti-
bacterial activity, Pn-TN2. 16S rDNA was ampli-
fied from the genomic DNA using oligonucleotide
primers targeting conserved sequences in the 3’
and 5’ regions of bacterial 16S rDNA. Isolate Pn-
TN2 was identified with almost complete 16S
rDNA sequences and matched with high sequence
similarity to Streptomyces prasinopilosus (Table
3).

S. prasinopilosus mostly found in soil and wa-

ter sources. It has limited aerial mycelium, spore
produced late, secreted melanoid pigment, and
white with tinge of dark gray colony when grew in
malt extract media [35]. The genera of Streptomy-
ces belong to the family Streptomycetaceae, grow
as mycelia filaments in soil; their mature colonies
may contain two types of mycelia, the substrate
mycelium for nutrients absorption and composed
of a dense and complex network of hyphae, an-
other part was aerial mycelium which produce
spore for reproductive stage [36]. Antibiotic com-
pound that produced by S. prasinopilosus was
identified as maniwamycins [37], it antibiotic
were found to be azoxy substances and showed
broad antifungal spectra. Fukumoto [38] found
that maniwamycins is able to inhibit violacein syn-
thesis, which is controlled by quorum sensing in
Chromobacterium violaceum. Similarly, isolate S.
prasinopilosus PN-TN2 also interferes with the
quorum sensing process in S. marcescens so that
although the growth of bacteria was not inhibited
but they cannot synthesize the red pigment (prodi-
giosin) which is an important virulence factor and
produced by quorum sensing process. From this
research, the potency of antimicrobial produced by
S. prasinopilosus in defense mechanisms of ter-
mites symbion interaction needs further investiga-
tion because this species was found dominantly in
the nest of termite and may play an important role
in the insect microbe symbiosis.

Termite identification and biology

Identification (morpho-species) and measure-
ment of morphometry (Figure 5, Table 4) towards
termites inside nest sample showed they are be-
longing to the group of Nasutitermes sp. (Na-
sutitermitinae, Termitidae).  Nasutitermitinae
groups are included to higher termites equipped by
long rostrum as their specific character on the an-
terior of the head. Fontanelle is existed distally on
the tip of the rostrum and they will secret white
latex-like substance as their defense mechanism
when menaces are approaching. Some of soldier
caste in the group of Nasutitermitinae are having
their mandible undeveloped as their taxonomical
characters [23, 24].

In the genus of Nasutitermes, it can be found
wide range of nest building behavior from subter-
ranean galleries to arboreal nest. Nevertheless, this
group had strong relation with the utilization of
soil as their main parts of nest structure materials.
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(1a)

(1b) (2b) (3b)
Figure 4. Antifungal activity of isolates Pn-TN2 against fungal pathogen (a) and negative control of fungal
pathogen growth in ISP 2 media (b). Note: 1. F. oxysporum, 2. T. viridae, 3. F. palustris
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Figure 5. The diameter growth of mycelia (mm): F. palustris (a), T. viridae (b), F. oxysporum (c) on ISP2 medium
that inhibited by Actinomycetes isolates during 7 days of incubation
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Table 3. Identification of potential Actinomycetes isolate by 16S rDNA analysis
Isolate code BLAST match Max score E value Identification Accession
Pn-TN2 Streptomyces prasinopilosus strain N2 2457 0.0 99% KR703669.1
Table 4. Morphometry measurement of ten soldiers caste of the respective termite
HLr HL RI HW MHH PL PW
(mm)
Soldiers morphometry 1.6773 1.0457 0.6316 0.6076 1.0743 0.8089 0.1907 0.4984

measurement

HLr: Head Length Including rostrum; HL: Head Length without rostrum; RL: Rostrum Length; RI: Rostum index; HW: Head
Width; MHH: Max. Height of Head; PL: Pronotum Length; PW: Pronotum Width [24]

Figure 6. Nasutitermes sp. soldier's head: 13" segmen

Ly

PR S

t of antennae (13™), saddle shaped pronotum (a), rostrum

with fontanelle on the tip (b), no constriction behind the base of antennae (c), and posterior of the head

is not widened (d)

Additional structures in the nest building are often
included plant debris, saliva secretions (found in
N. triodiae) and excretment (found in N. exi-
tiousus). Most genera of Nasutitermes develop
their nest using soil particles brought by worker
with their mandible and distribute through all the
parts of the nest. How the termite worker distrib-
uting the soil is depend on their feeding behavior.
Wood feeder usually use mandibles for bringing
soil particles and the diameter of soil particles are
accustomed to each workers mandibles size
(found in N. longipennis, N. magnus, N. triodiae).
The other way is through termites’ gut which is
usually adapted by humus feeder [39]. By building
nest away from the soil, Nasutitermes have re-
duced their interaction with the protective soil en-
vironment, making them more susceptible to des-
iccation, and different predatory pressures [40].
The source of microbial communities in the
nest of Nasutitermes was believed from surround-
ing soil that carrying by worker or soldier termites
in their cuticle or in gut system. As we know, each
gram of soil contained a million of microorgan-
isms that can be beneficial or not to termites. Path-
ogen and parasites that contain in soil can be de-
tected and avoided by termites with several disea-

se resistance mechanism. A trend in termite evo-
lution of nests was observed progressively reduc-
ing contact with soil. The high incidence of ento-
mopathogens in soil were likely involved in the
evolution of the more derived nesting habits in Na-
sutitermes. Environmental factors such as mois-
ture, temperature, and light may be attributed to
characteristic of termite nesting then may lead to
influence the composition of microbial communi-
ties in termite nest [41].

Conclusion

The strain S. prasinopilosus Pn-TN2 which
isolated from termite nest sample, showed a broad
range of antimicrobial activity against bacterial
and fungal test. Result showed that this isolate
possessed inhibition rate antifungal activity by
80% against F. oxysporum, 61% against F. palus-
tris, and 62% against T. viridae. Advised, this iso-
late also possessed high antibacterial activity
against B. subtilis, P. aeroginosa, and E. coli. Se-
quence analysis of 16S rRNA gene indicated that
isolate Pn-TN2 belongs to genus Streptomyces. It
shares 99% similarity with S. prasinopilosus. We
conclude that termite nest represent source of cul-
tivable Actinomycetes that contribute diverse bio
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active compounds for further biotechnology appli-
cation in the medical, pharmaceutical, and agricul-
tural fields.
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