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ABSTRACT

This is the first report of anti-trypanosomal activity of endophytic streptomycetes isolated from
plants in Malaysia. Eight endophytic streptomyecetes were 1solated from the stems and roots of
Cinnamomum zevlanicum, Elettariopsis curtisit and Zingiber spectabile which were collected from
a Northern Peninsula Malaysia Country Park based on their ethnobotanical properties. The
endophytic actinomycetes isolated were subjected to molecular identification whereby DNA was
extracted using Sarkosyl, followed by amplification of 165 rRINA using 27f and 765r primer, prior
to gene sequencing, BLASTIN search and construction of 168 rENA phylogenetic tree using
MEGA4. Simultaneously, secondary metabolites extracted from nutrient broth using ethyl acetate
were tested for their anti-trypanosomal activity. The isolates were identified based on their 168
rRINA gene sequences and evaluated for anti-trypanosomal activities. Phylogenetic analyses
showed that isolates SUK 17 and SUK 24 were closely related to Streptomyces niger strain and the
remaining six 1solates were closely related to Streptomyces sampsonit. Interestingly, although the
165 rRNA gene sequences of both isolates SUK 17 and SUK 24 were 100% identical, only isclate
SUK 17 which was isolated from Cinnamomum zeylanicum has shown positive anti-trypancsomal
activity with IC,, value of 4.48 pg mlL™ for Trypanosoma brucei brucet strain BS221 and
60.98 ug mL™" for vero cells with the selectivity index of 13.61. The finding of this research could
be a new breakthrough and the discovery of anti-trypancsomal secondary metabolites from isolate
SUK 17 may be able contribute to the medical and pharmaceutical field.
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INTRODUCTION

Human African Trypanosomiasis (HAT), also known as African Sleeping Sickness, 1s a
vector-borne parasitic disease. The parasites are protozoans belonging to the genus Trypanosoma,
namely Trypanosoma brucei rhodensiense which causes Kastern African Trypanosomiasis and
Trypanosoma brucet gambiense that causes Western African Trypanosomiasis. As a vector, Tsetse
fly from the genus Glossina transmits the parasites to humans during blood meals (Heelan and
Igersoll, 2002; World Health Organization, 2006),

Although the epidemics of trypanosomiasis were more rampant in the past, in the year 2000,
World Health Organization (2006) estimated that 60 million Africans were still at risk of
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trypanosomiasis. Nevertheless, medical as well as research attention given to this disease remains
insufficient. Therefore, WHO categorized HAT as one of the world’s most neglected diseases in
2002.

In 2005, due to extensive vector control and strengthened surveillance, there was a substantial
reduction in the number of new cases reported per year to 17, 616. However, the current treatment
available for late stage trypanosomiasis, namely melarsoprol, remains problematic. Treatment with
melarsoprol, an arsenic derivative, has a mortality rate as high as 5% with 19.5% of relapse cases
and more than 50% of resistance (Robays et al., 2008),

In search for new effective drugs, microbial endophytes have continuously proven to be a
promising resource of unique metaholites with great pharmacological potential (Aly ef al., 2010).
Amongst prokaryotes, actinomycetes, notably streptomycetes, remain a rich source of new natural
products (Goodfellow and Fiedler, 2010). Endophytic streptomycetes are Gram positive bacteria
which for all or part of their life cycle, invade and colonize within the living plant tissues, without
causing any apparent adverse effects (Bacon and White, 2000; Wilson, 1995). There are
approximately 300, 000 plant species on earth and each plant is host to at least one endophytic
microorganism (Strobel and Daisy, 2003). The case that only a few plant species have been
thoroughly studied highlights the fact that the opportunity to discover novel and interesting
endophytic microorganisms, which may be capable of producing bicactive secondary metabolites,
among myriads of plants in a greatly biodiversed ecosystem is astounding (Strobel et al., 2005).

Previcus research indicated a number of bicactive endophytes were isclated from the
actinobacterial phylum, particularly from the genus Streptomyces (Coombs and Franco, 2003;
Sardi et al., 1992; Sessitsch ef al., 2001). In this study, Cinnamomum zeyvlanicum, Klettariopsis
curtisit and Zingiber spectabile from Northern Peninsula Malaysia were selected based on their
ethnoboetanical properties. Attention was given to the filamentous endophytic streptomycetes
isolated due to the widely recognized ability of filamentous actinobacterial in producing a spectrum
of bicactive maolecules. Primarily, endophytic actinomycetes have been 1sclated and characterized
by cultivation-based method followed by molecular analysis. Simultaneously, endophytic
actinomycetes were maintained in the laboratory and the secondary metabolites produced by these
endophytic actinomycetes were extracted for anti-trypanosomal bicassay.

MATERIALS AND METHODS

Plant selection and location: The plants were selected based on their ethnobotanical properties
{Zin et al., 2010). Stem and root samples of Cinnamomum zeylanicum, Klettariopsis curtisii and
Zingtber spectabile were collected in 2009 from Bukit Panchor Country Park, Penang Island,
Northern Peninsular Malaysia (N 5.14° North latitude and E 100.54°). Specimen voucher numbers
were given and the plants samples were submitted to Universiti Kebangsaan Malaysia (UKM)
Herbarium collection. The Colonies of endeophytic actinomycetes obtained (Zin ef al., 2010) were
subcultured onto International Streptomyees Project 2 (ISP2) agar and incubated at 28°C.

Extraction of endophytic actinomycetes DNA: DNA from the isolates was extracted using a
modified Sarkoesyl-NaCl protocol (Conn and Franco, 2004). For each isolate, two loopful of mycelium
and spores were scrapped from colonies grown on ISP2 medium and suspended in 200 pl of
Tris-EDTA (10 mM Tris, 1M EDTA (pH 8.0) by vortexing. To this mixture, 2 uL of RNase
(10 mg L") was added. The mixture was mixed using vortex and then incubation at 37°C for one
hour. Subsequently, 400 pLi Solution 1 (1% wtfvol Sarkesyl, 1% wtivel SDS, 0.6M NaCl) was added
with gentle mixing and the mixture incubated at 37°C for 15 min. The mixture was mixed again
using a vortex for 5 min and equal volumes of Tris-EDTA-equilibrated phenol chloreform isoamyl
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alcohol{(25:24:1) was added to it immediately, at room temperature for 30 min with intermittent
shaking. The lysates were centrifuged (12,000x g, 10 min) to pellet the cell debris before
subsequent extraction with 500 uL chleroform at room temperature for 30 min with intermittent
shaking, followed by centrifugation (12,000x g, 15 min). The aqueous layer was precipitated with
3 volumes of cold absolute ethyl alcohal and 0.1 volumes of sodium acetate 3M and was then stored
at -20°C overnight. Subsequently, the mixture was centrifuged (12,000x g, 15 min} and the pellet
was washed with 70% ethyl alcohol, resuspended in 30 pL sterile distilled water and stored at
-20°C. The DNA was semiquantified and visualized using 0.8% agarose gel in half strength
of Tris-Borate-EDTA with 2 uL ethidium bromide (0.5 pg mL™"). Simultaneously, the DNA
concentration and purity were determined by measuring the intensity of absorbance at
wavelengths 260 and 280 nm.

Amplification and sequencing of the 165 rRNA gene: PCR was performed with the
universal 165 primer, namely 27f (5-AGAGTTTGATCMTGGCTCAG -3 and 765r (5-
CTGTTTGCTCCCCACGCTTTC-3) designed to amplify the region between positions 27 and 765
of the 165 rRNA gene in actinobacteria (Conn and Franco, 2004). The 50 uli reactionmixture
contained: 5 pM of each primer, dNTFs (10 mM), 1XxPCR buffer, 256 mM of MgCl,, 5U Tag
polymerase and 2 pLi template DNA (26-57 ng). The PCR conditions were as follows: initial
denaturation at 94°C for 2 min; followed by 40 cycles of denaturation at 94°C for 1 min, annealing
at 45°C for 1 min, extension at 72°C for 2 min and a final extension at 72°C for 10 min. The
resultant PCR products were purified by using Wizard PCR Prep DINA purification kit (Promega)
before being sent for sequencing Medigene Sdn, Bhd. The automated sequencing temperature
cycling profile was identical to the PCR temperature cycling profile. The 165 rRNA sequences
obtained were compared to the GenBank databases by using BLASTN.

Phylogenetic analysis: The sequences were aligned using Clustal W packaged in the MEGA 4
{version 4.2) software (IKumar ef al., 2001). Phylogenetic analysis was performed with the same
software and a Neighbour Joining tree (INJ) was generated with the Kimura two-parameter model
{Kumar et al., 2001). Bootstrap analysis was accomplished by using 5,000 replicates.

Fermentation and extraction of secondary metabolites: The secondary metabolites were
extracted using a modified protocol (Zin et @l., 2007). The isolates were cultured on Bn-2 media,
followed by incubation at 28°C for 7 days. A few blocks of Bn-2 media containing streptomycetes
were then transferred into 300 mL V-22 broth, followed by incubation at 28°C for 10 days with
gentle shaking (140 rpm) using an orbital shaker (Protech, model 720) (Onaka et al., 2005).
Subsequently, 30 mL of V-22 broth culture was aseptically transferred into 300 mL of nutrient
broth. After 21 days of incubation (Zin et al., 2007), fermentation filtrates were extracted with
three half-volumes of ethyl acetate and the crude extracts were separated and dried in vacuo at
40°C and 240 mbar.

Anti-trypanosomal assay: Anti-trypanosomal bicassay was carried out using a 96-well microtiter
plate protocol with pentamidine as positive drug control and wells without drugs served as negative
controls (Getha et al., 2008). Endophytic streptomycete crude extracts at concentrations of 12.5,
1.56, 0.78, 0.39, 0.20 and 0.05 ug mL™" were loaded into the 96-well microtiter plate,. Trypanosoma
brucei brucet strain BS221 (received from the Swiss Tropical Institute, Basel, Switzerland) at a
density of 2.2x10* trypanosomes/mL was then inoculated into the 96-well microtiter plate, followed
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by 72 h incubation at 37°C in the presence of 5% CO,. Approximately 10 pli Resazurin 0.0125%
was added into each well. This is followed by further incubation for 5 h at 37°C in the presence of
5% CO,. Background fluorescence and absorbance were determined using fluorescent microplate
reader and Magellan V6.4 software at excitation wavelength 528/20 nm and emission wavelength
590/35 with optics positioned on the bottom to determine the IC,;. The 1C,, values were categorized
into three scores namely score 1: 1C,;>12.5 pg mlL !, score 2: 1.56<IC,;, =12.5 yg mL.! and score
3: 1C,, =1.56 pg mL . This bicassay was performed in triplicates.

Cytotoxicity assay: This test was conducted using a 96-well microtitre plate protocol with
tamoxifen as the positive drug control and ethanol as negative control (Getha et al., 2008). Vero
cells at a density of 4.0x10% cells mL ! were first incculated into the 98-well microtitre plate. After
24 h incubation at 837°C in the presence of 5% CO,, endophytic streptomyeetes crude extracts at the
concentration of 12.5, 1.56, 0.39, 0.20 and 0.10 pyg mL™ were leaded into the 96-well microtitre
plate, followed by 72 h incubation. Approximately 10 uLi of Resazurin 0.0125% was loaded into the
96-well microtitre plate prior to incubation for 5 h at 37°C. The plates were then analyzed using
microplate reader and Magellan v4 software at 492 nm to determine the optical density that
indicated the number of living cells. Duplicate plates were used to determine the cytotoxicity of each
sample. The Selectivity Index (SI) determined using the following formula, was categorized into
3 scores (Getha et al., 2008), namely: score 1. 8] = 10 (weak selectivity), score 2: 10 < 51 < 20
{moderate selectivity) and score 3: SI = 20 (strong selectivity):

1C,, value (Vero cells)
IC,, value (Trypanosoma brucei brucei B3221)

RESULTS

Partial 165 rENA sequencing was initially used to identify the actincbacterial endophytes
isolated to the genus level and to determine their clusters of similar microorganisms. Comparison
with GenBank databases (Table 1) showed all eight actinobacterial isclates were Streptomyces spp.

Although the 165 rRNA gene sequences were only about 700 base-pair long, the NJ
phylogenetic tree has showed that both SUK 17 and SUK 24 were closely related to Streptomyces
niger strain AS4.1244,); Isolates 18, 19, 20 and SUK 23 were closely related to Streptomyees
sampsonit and isolates 21 and SUK 22 were closely related to Streptomyees sampsonit strain 173409
{(Fig. 1) When the crude extracts of endophytic steptomycetes were tested for anti-trypancsomal
activity, only crude extracts from SUK 17 showed positive anti-trypanosomal activity towards
Trypanosoma brucei brucei strain BS221 with the IC,; value of 4.48 pg mli ! (Table 2) and IC,,
value of 60.98 ug mL ™" in cytotoxicity test (Table 3) with Selectivity Index (SI) 13.61.

Table 1: Identification of endophytic actinomycetes isolates based on partial sequencing of the 738-bp region of the 165 rRNA gene

Identification* % similarity No. of isolates

S. cheonanensts (AY822606) 100 SUK 17, 24

S. carpaticus (DQ442494) 100 SUK 17, 24

8. niger (FJ406109) 100 SUK 17, 24

S. albidoflavus (FJ591130) 100 SUK 18,19,20, 23
S. sampsonii (AB362247) 100 SUK 18,19,20, 23
S. sampsonii (EU570682) 100 SUK 21, 22
*Nearest match (es)
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SUK 22 (GU238265)
72} S. Samposonii strain 173409 (EU570682)

SUK 21 (GU238264)
62
S. sampsonii HBUM70359 (EU841629)

0.02 Substitution/site 530S coelicolor strain DSM 40233 (F106047

S. albidoflavus UST040711-29 (FI591130)

S. sampsonii (AB362247)
64| SUK 23 (GU238266)

SUK 18 (GU238261)
SUK 20 (GU238263)

61 95

100 SUK 19 (GU238262)

S. griseus NRRL B-2165 (EF58821)

100 S. griseus griseus (AB045867)

S. carpaticus NRRL B-16359T (DQ442494)

1004 o iger AS4.1244 (F1406109)
80
0 SUK 24(GU238267)

SUK 17 (GU238260)

S. xiamenensis MCC 1A01550 (EF012099)

Fig. 1: NJ phylogenetic tree of the partial 165 rRNA sequences from endophytic steptomycetes
isolated

Tahle 2: Determination of anti-trypanosomal activity and ICy, of SUK 17 crude extract

Crude extract of SUK 17 (GU238260) Pentamidine

Corne. (ug mL™) Average absorbance Cone. (ng mL™) Average absorbance
12.5 6519.67 6.25 0.97790
1.56 41351.33 3.125 0.34165
0.78 43610.33 1.56 0.44688
0.39 40023.00 0.78 0.46301
0.20 40761.67 0.39 0.46392
0.10 42070.33 0.20 0.46527
0.05 41035.67

ICs (ug mL™Y) 448 135, (ng mL™1) 4.14

Table 3: Determination of cytotoxicity and ICs, of SUK 17 crude extract.

Cone.(ug mL™) Average absorbance
125 667.50
1.56 3195.50
0.78 3210.00
0.39 3096.00
0.20 2092.00
0.10 3012.50
ICs (ug mL™Y) 60.98
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DISCUSSION

In present laboratory, endophytic steptomycetes were primarily isolated and characterized by
cultivation-based method (Zin ef al., 2010) followed by DNA extraction and subsequent molecular
analysis (Ghadin ef al., 2008), Three antagonistic actinomycetes were successfully identified based
on morphological, physiclogical and colour formation on different. agar by Muiru et al. (2008). This
approach was selected due to the fact that identification of non-culturable actinobacterial
endophytes did not give apparent contribution to our research.

The Neighbour Joining phylogenetic tree showed that both isclates 17 and SUK 24 were closely
related and the alignment of 165 rEINA gene sequences of both isclates showed 100% similarity to
Streptomyces niger strain AS4.1244. However, this finding remains inconclusive. In order to
increase its reliability and validity, the more than 1,400 base-pair of the 165 rRINA gene sequence
should be analyzed along with the phenotypic features (Shirling and Gottlieb, 1966) as well as
biochemical data (Cross and Goodfellow, 1973) such as cell wall composition. Nevertheless,
interestingly, only isolate SUK 17 isolated from Cinnamomum zevlanicum showed positive anti-
trypanosomal activity and SUK 24 isolated from Klettariopsis curtisii did not. show similar activity.
This finding suggested that the production of anti-trypanosomal secondary metabolites could be
strain-specific. The concept that novel species may contain unique compound as the evolution of
secondary metabolites may act as a driver for bacterial speciation (Czaran et al., 2002;
Jensen, 2010). The antitrypanosomal assays showed that there was difference between the 1€,
value of SUK 17 crude extract (4.48 pg mL™) and pentamidine {(4.14 ng mL™.

The extract showed a positive antitrypanosomal activity of score 2 (1.56 < 1C,; =12.5 pg mL ).
The calculation of Selectivity Index (SI) was performed to select extracts that are very selective to
trypanosome parasites but show low toxicity against normal cells. The SUK 17 erude extract showed
moderate selectivity of score 2 (81 = 13.61) to the trypanosome parasites. Aly et al. (2011) have
reported of using metabolites from endophytic fungus FPenicilltum sp., as antitrypanosomal,

In most cases, secondary metabolites are produced extracellularly. However, there are
possibilities whereby the active compounds are produced intracellularly such as those produced
within myecelia. In order to assess such compounds, mycelia should be subjected to chemical
extraction. However, it was observed in this study that formation of mycelia in nutrient broth was
not significant. Therefore, the culture filtrate of fermentation broth has been used and subjected
to the extraction procedure (Zin ef al., 2007).

Apart from SUK 24, other SUK isolates did not show positive anti-trypanosomal activity. The
reasons may be multifactorial. Kach of these secondary metabolite classes has their own
characteristics such as molecule structures, active groups and polarity indexes. In this study, ethyl
acetate, with polarity index 4.4, was used as sclvent to extract the secondary metabolites from the
fermentation filtrate. Under such extraction condition, only secondary metabolites which are soluble
in ethyl acetate will be extracted and other compounds will not be extracted efficiently even though
the compounds may have certain levels of anti-trypanosemal activity.

Apart from factors mentioned above, other factors like prolonged absence of endophytes in
natural hosts as well as minimum competition may be contributors to negative result. Generally,
those ecosystems having the greatest biodiversity seem to be the ones also having the most
biodiversed endophytes (Strobel and Daisy, 2003). This is because in such an ecosystem,
competition is great, resources are limited and selection pressure is at its peak. Ultimately, biological

diversity implies chemical diversity because of the constant chemical innovation that exists in



Curr. Res. Bactertol., 4 (1): 1-8, 2011

ecosystems where the evolutionary race to survive is the most active. In the laboratory, on the other
hand, the competition from other microorganisms is insignificant. Abundant resources with
minimum selection pressure and naturally, the genes responsible for production of the secondary
metabolites to sustain their survival will be suppressed partly, if not. entirely.

This preliminary study is still at its early stages of discovery and development of potential lead
compounds from microbial sources in the search of treatment for Human African Trypanosomiasis.
Although further studies are required, the discovery of secondary metabolites from endophytic
streptomycetes that show positive antitrypanosomal activity in this study, undemably, remains an

interesting finding which ultimately may contribute to manlkind.
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