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ABSTRACT 

 

 

he study was conducted to evaluate the insecticidal 

activities of 75 Philippine mangrove soil bacterial 

isolates against the Asian Corn Borer (ACB), Ostrinia 

furnacalis (Guenée). Through the Contact/Residual 

method, 20 actinomycetes were found to possess 

larvicidal activity. Isolate A54 exhibited the strongest activity 

and was toxic to first-instar ACB larvae using at least 55.02 

µg/cm2 crude extract concentration. A 100% larval mortality 

was achieved from 880.28 to 3,521.13 µg/cm2 concentrations. 

The LC50 was determined to be 169.82 µg/cm2. Isolate A54 was 

identified as Streptomyces cavourensis (99.86% similarity) and 

found to have a G+C content of 72.1%. Whole genome 

sequencing revealed a genome size of 7,549,018 bp, with 22 

contigs, 6,481 predicted genes, 6,395 CDS, 81 tRNA and 4 

rRNA. Analysis by antiSMASH identified 31 secondary 

metabolite biosynthetic gene clusters including those encoding 

terpene, melanin, ectoine, siderophore, butyrolactone, 

lanthipeptide, Non-Ribosomal Peptide Synthetase (NRPS) and 

Polyketide Synthase (PKS). One of the gene cluster products and 

three of the 162 gene products were revealed to be putative 

insecticidal compounds. Results indicate that A54 can be used 

not only as a potential insecticidal product, but also as a possible 

source of other valuable secondary metabolites which may be 

used as antioxidants, biomarkers, anti-cancer agents, plant 

growth-promoters and cosmetic additives. 
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INTRODUCTION 

 

The Asian Corn Borer (Ostrinia furnacalis Guenée), a moth 

species belonging to Order Lepidoptera, has been known to be 

one of the most destructive pests of corn (Zea mays L.). This 

insect is widespread in Southeast Asia (the Philippines, 

Indonesia, Malaysia, Thailand, Vietnam, Laos, Myanmar and 

Cambodia), East Asia (China, Taiwan, Korea and Japan), and 

the Oceania (Australia, Solomon Islands and Micronesia) where 

its host plant is perennially planted. It produces damage to corn 

by starting to feed on the underside of the leaves. Younger larvae 

commonly feed on the tassel then work their way into the corn 

ear. Older instar larvae bore into stalks where they form pupae 

until development into an adult moth (Nafus and Schreiner, 

1991). 

 

In the Philippines, at least 12 types of synthetic chemicals have 

been registered as insecticides for corn (FPA, 2020). These 

include but not limited to Carbaryl, Malathion, Cypermethrin, 

Deltamethrin, Chlorpyrifos, Methomyl, Lambda-Cyhalothrin, 

Cypermethrin, Carbofuran, Chlorantraniliprole, Phenthoate and 

Dendimethalin. Most of these are contact insecticides and are 

released in concentrations of 18 to 850 g/L. 

 

The use of chemical insecticides has increased through the years 

as these not only control pests but can also increase crop yield 

(Usta, 2013). However, the prolonged use of synthetic 

insecticides may result to development of resistance by the 

insect pests which may render the product ineffective through 

time. The residues from the chemicals can be toxic to humans, 

non-target insects and other animals as well. Contamination of 

the ground water has also become a concern. To address these, 

scientists have explored the alternative use of microbial 

insecticides which offers a more sustainable and more 

ecologically acceptable means of crop protection (Samri et al. 

2015; Nafus and Schreiner, 1991). Since microbial insecticides 

are produced from naturally-occuring microorganisms, they are 

well-tolerated by the environment, safe for humans and wildlife, 

and leaves only a little to no residue. This type of insecticide is 

highly specific against target pests thereby facilitating survival 

of beneficial insects in the treated crops (Usta, 2013). 

 

Currently, only a few microorganisms have been tapped for 

microbial insecticide commercial production. The bacterium 

Bacillus thuringiensis (Bt) has been developed into a range of 

insecticides against mosquitoes (Culex sp., Anopheles and Aedes 

sp.), potato beetle, elm leaf beetle, the Indian meal moth and the 

lawn grub (Cyclocephala sp.). The Bt products are released as 

powders or liquids containing a mixture of dried spores and 

toxin crystals and applied to leaves where the insect larvae can 

feed (Usta, 2013). An actinomycete, Saccharopolyspora spinosa, 

produces Spinosad which is known to be effective against the 

Diamondback Moth (Plutella xylostella), the Beet Armyworm 

(Spodoptera exigua), and other lepidopteran pests. Spinosad is 

also applied to plant leaves and has been found to be a promising 

microbial insecticide as it is fast-acting and non-toxic to 

mammals and birds (Wang et al. 2014). The product Avermectin, 

produced by Streptomyces avermitilis, has been used as a control 

agent against the Diamondback Moth (Plutella xylostella), the 

Codling Moth (Cydia pomonella), and the common fruit fly 

(Drosophila melanogaster), and is applied as a foliar spray 

(Strong and Brown, 1987). Abamectin, a type of Avermectin, 

has been reported to be toxic to ACB larvae with an estimated 

LC50 of 0.00017 µg/cm2 (Sumang et al. in press). 

 

Previous studies have indicated that the mangroves are one of 

the best sources of microorganisms producing bioactive 

compounds that may be harnessed not only for medical and 

industrial use, but for agricultural purposes as well (Jakubiec-

Krzesniak et al. 2018; Azman et al. 2015; Naikpatil and Rathod, 

2011).  These relatively untapped environments are very rich in 

genetic resources and have become a hotspot for bioactive 

compound discovery. Some of the natural products isolated from 

mangroves include alkaloids, dilactones, macrolides, 

sesquiterpenes, and derivatives of benzene, cyclopentenone and 

2-pyronone. About 80% of these compounds have been isolated 

from mangrove soil bacteria especially from the genus 

Streptomyces (Xu et al. 2014). 

 

Through advances in DNA sequencing, genome-based 

bioprospecting of bioactive compounds has become possible 

(Albarano et al. 2020). With the aid of bioinformatics, scientists 

can mine the genome of a microorganism and make use of the 

genotypic data to elucidate its full potential (Sekurova et al. 

2019; Ziemert et al. 2016).  

 

In this study, we aimed to evaluate the insecticidal activities of 

the soil bacteria isolated from the pristine mangroves of Puerto 

Princesa, Palawan, Philippines against ACB to determine its 

potential to be developed into a microbial insecticide, and to 

identify the gene clusters encoding secondary metabolites of the 

best isolate through Whole Genome Sequencing (WGS) in order 

to reveal the other properties of the microorganism/s that may 

be of great biotechnological interest. 

 

 

METHODOLOGY 

 

Isolation of Bacteria 

One kilogram (1 kg) of composite soil samples (0-10 cm depth) 

were collected from three sites along the riverbank of the Sabang 

mangroves in Puerto Princesa, Palawan, Philippines. The GPS 

coordinates of the sites are N:10°11’28.41, E:118°54’14.51 

(upstream); N:10°11’36.76, E:118°54’23.05 (midstream); and 

N:10°11’49.79, E:118°54’16.26 (downstream). Fifty (50) grams 

of topsoil collected from each site was suspended in 450 ml 

0.85% sodium chloride (NaCl) solution and was serially diluted 

up to 10-8 dilution. One hundred microliters (100 µl) from each 

dilution was spread-plated on Marine Agar (MA) (Pronadisa, 

Spain) for isolation of non-fastidious bacteria and on Humic 

Acid Vitamin Agar (HAVA) (Hayakawa and Nomura, 1987) for 

actinomycetes. Both culture media were supplemented with 100 

µg/ml cycloheximide as an anti-fungal agent. The plates were 

incubated for 48 hours and 14 days, respectively. All colonies 

from MA were streaked for isolation on MA and those from 

HAVA on Yeast Malt Extract Agar (YMA) + 1.5% (w/v) NaCl. 

Based on cultural and cellular characteristics, representative 

bacterial isolates from the three sites were selected. Cultural 

characterization and microscopic observation (10,000X) were 

also done to confirm isolation of the targeted microbial group 

and to ascertain purity. The pure cultures were preserved by 

Liquid-drying (L-drying) and ultra-low freezing at -80C using 

glycerol. 

 

Extraction of Bioactive Compounds 

Extraction of bioactive compound/s was performed following 

the methods of Hussaini and Gulve (2019) and Pooja et al. 

(2017), with modifications. The bacteria were cultivated in 1L 

Marine Broth (MB) (Pronadisa, Spain) and incubated for three 

days with shaking or in 1L Yeast Malt Extract Broth (YMB) + 

1.5% NaCl for 10 days with shaking. After incubation, an equal 

volume of ethyl acetate was added to the broth culture and 

shaken gently (120 rpm) overnight. The resulting top organic 

layer was collected and evaporated at 40C using the rotary 

evaporator. The concentrated crude extract was suspended in 

technical-grade acetone (10,000 µg/ml final concentration) and 

was immediately used for the ACB larvicidal assay. Unused 
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extracts were securely sealed and stored in the laboratory 

refrigerator (4°C). 

 

Initial Screening for ACB Larvicidal Activity 

 

Insect rearing 

The ACB egg masses deposited on a wax paper were collected 

from the oviposition cages. The cut pieces of paper containing 

the eggs were arranged in a plate lined with a moist filter paper. 

The eggs were incubated in modified trays for three to four days 

until they are hatched as neonates. 

 

Bioassay 

To evaluate the insecticidal property of the 75 isolates, the 

contact/residual method was employed (Alcantara et al. 2011). 

One milliliter of freshly prepared liquefied artificial corn borer 

diet containing wheat germ, salts, cholesterol, methyl paraben, 

sorbic acid, vitamins, ascorbic acid, casein, sucrose, corn cob 

grits, linseed oil and agar (Frontier Agricultural Sciences, USA) 

was dispensed into each 10-ml clear glass vial and allowed to 

solidify. Thirty microliters (30 µl) of the bacterial extract 

(10,000 µg/ml) suspended in acetone was dispensed into a vial 

containing the solidified ACB diet (surface area = 2.84 cm2) to 

end up with 3,521.13 µg/cm2. The extract was spread evenly 

over the entire diet surface to provide a residual film. The 

solvent was evaporated for four (4) hours inside the biosafety 

cabinet. A set-up containing the ACB diet with 30 µl Abamectin 

(at a final concentration of 35.21 µg/cm2) was used as a positive 

control. Conversely, a set-up with 30 µl pure acetone was used 

as the negative control. A single first-instar ACB larva was 

carefully placed into each vial using a small soft brush. Since the 

first larval instar stage is most sensitive to toxicants, only a small 

amount of sample will be needed for bioassay. Each vial was 

secured with a modified butyl rubber stopper that has a small 

central hole covered with wire mesh screen to allow the larva to 

breathe without escaping. Three replicates were prepared, with 

20 vials and 20 larvae per replicate. The set-ups were incubated 

in a room with a 27-28°C air temperature and 58-60% relative 

humidity (RH). The experiment was conducted three times, in 

different batches. Mortality of the larvae was monitored every 

day for seven days. A larva is considered dead if no movement 

and no further increase in body size are observed. Corrected 

mortality (%) was computed using the Abbott’s formula 

(Fleming and Retnakaran, 1985):  

 

Corrected Mortality (%) =

 
 % larval mortality in treatment – % larval mortality in control

100 − % larval mortality in control
 x 100 

 

Secondary Screening for ACB Larvicidal Activity 

The top three extracts that significantly exhibited the highest 

percentage of ACB mortality (based on mean results seven DAT 

using one-way ANOVA) were selected for the secondary 

screening. The stock solution of the extracts was further diluted 

to come up with 1,760.56, 880.28, 440.14, 220.07, 110.04, 55.02 

and 27.51 µg/cm2. These were assayed following the procedure 

for the initial screening. The amount and concentration of the 

stock solution would depend on the number and the response of 

the test insects. In this experiment, the concentration resulting to 

100% larval mortality was used as the stock solution. 

 

The Lethal Concentration 50% (LC50) of the extract from the 

best isolate was determined after seven days of treatment (DAT) 

by Probit regression (Finney,1952) using Microsoft Excel. A 

scatter plot was created to analyze the relationship of the log 

extract concentration (x-axis) and the probit values of the % 

corrected mortality (y-axis). The LC50 was calculated using the 

regression equation, where Y is equivalent to 5 (probit value). 

This would correspond to the concentration of the extract that 

can kill 50% of the larval population. 

Phenotypic Characterization of the Isolate with the 

Strongest Larvicidal Activity 

The cultural characteristics (color of aerial mycelia, substrate 

mycelia, and the presence of pigments) of A54 on YMA + 1.5% 

NaCl were noted. The hyphae were Gram-stained and observed 

under the oil immersion objective (1,000X) using Olympus 

BX50 light microscope. The spores were observed using the FEI 

Quanta 250 FEG Scanning Electron Microscope (SEM) at 

12,000X total magnification. Biochemical and physiological 

characteristics were determined (oxygen requirement, optimum 

growth pH and temperature, NaCl requirement, production of 

catalase, cellulase and lipase, hydrolysis of starch, casein and 

gelatin, nitrate reduction, and sugar utilization). 

 

Molecular Identification of the Isolate with the Strongest 

Larvicidal Activity 

 

16S rRNA gene sequencing 

The genomic DNA of the bacterium was isolated using the 

Quick-DNA™ Fungal/Bacterial Miniprep Kit (Zymo Research, 

USA). Quality control was done by loading 0.5 µl of gDNA to 

1% agarose gel and running at 160V for 30 minutes. PCR 

amplification targeting the 16S rRNA gene was done using the 

primer pair 27F-1492R (Lane, 1991). The PCR reaction 

conditions were: pre-heating at 94°C for 1 min, 30 cycles of 

denaturation at 94°C for 1 min, annealing at 55°C for 1 min, 

extension at 72°C for 1.5 min, and final extension at 72°C for 2 

min, with 4°C as holding temperature. The products were run in 

1% agarose gel using Tris-acetate EDTA (TAE) buffer to 

determine relative product size. PCR products were sent to 

Apical Scientific (formerly 1st Base Malaysia) for single-pass 

bi-directional Sanger sequencing using primer pairs 27F-1492R, 

518F-800R and 785F-907R (Ziesemer et al. 2015; Ghyselinck et 

al. 2013; Lane, 1991). The chromatograms were checked, and 

sequence ends were trimmed using the BioEdit sequence 

alignment editor (v.7.2) (Hall, 1999). Contigs were assembled 

using the CAP3 Sequence Assembly Program (Huang and 

Madan, 1999). The 16S rRNA gene sequences were submitted 

to NCBI BLASTn (Altschul et al. 1990) to assess sequence 

similarity with the existing type microorganisms in the BLASTn 

database. ClustalW (v.2.1) was used for multiple sequence 

alignment (Thompson et al. 1994). Phylogenetic trees 

(Maximum Likelihood Method using Kimura 2-parameter 

model with 1000 bootstrap replications) were constructed using 

MEGA X software (Kumar et al. 2018). 

 

Whole Genome Sequencing 

Sequencing. The genomic DNA of A54 was submitted to 

Macrogen Korea for Whole Genome Sequencing. The 

sequencing library was prepared through the TruSeq Nano DNA 

Kit (Illumina, USA) by random fragmentation of the DNA 

sample, followed by 5’ and 3’ adapter ligation. The fragments 

were amplified by PCR and were gel purified. The library was 

loaded into a flow cell where fragments were captured on a lawn 

of surface-bound oligos complementary to the library adapters. 

Each fragment was amplified into distinct, clonal clusters 

through bridge amplification. The templates were sequenced 

using Illumina HiSeq 4000 platform with 100 bp paired-end and 

1 Gb throughput. The sequencing data was converted into raw 

data for the analysis. 

 

Pre-processing. The overall quality of the reads generated, total 

bases, total reads, GC content and basic statistics were 

calculated using FastQC (v.0.11.5) (Andrews, 2010). Adapter 

trimming and quality filtering were performed by Trimmomatic 

(v.0.36) using default parameters (Bolger et al. 2014). The 

quality of the filtered reads, total bases, total reads, GC content 

and basic statistics were then re-calculated. 
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Figure 1: Larvicidal activities of the concentrated crude extracts (3,521.13 µg/cm2) from 20 mangrove actinomycetes against ACB seven DAT 
(n=351). Values that were not significantly different were marked with the same letter (α= 0.05, Tukey test). 

Analysis. Jellyfish (v.2.2.10) was used in k-mer analysis to 

determine k-mer count, coverage, heterozygosity and estimated 

genome size (Marcais and Kingsford, 2011). Using filtered reads, 

de novo assembly was performed by various k-mers using the 

SPAdes assembler (Bankevich et al. 2012). The best k-mer was 

selected based on the number of contigs, contig sum and the N50. 

The assembled genome was validated using mapping strategy 

and Benchmarking Universal Single-Copy Orthologous 

(BUSCO, v.3.0) analysis (Simão et al. 2015).  

 

Annotation. Using Prokka v.1.12, the locations of protein-

coding sequences, tRNA genes, rRNA genes, and tmRNA genes 

identified and their functions were annotated (Seeman, 2014).  

 

Downstream analyses. To identify the secondary metabolite 

biosynthetic gene clusters, the annotated genome was analyzed 

using the Antibiotics and Secondary Metabolite Analysis Shell 

(antiSMASH) v.5.0. (Blin et al. 2019). 

 

The evolutionary genealogy of genes: Non-supervised 

Orthologous Groups (eggNOG) was used for annotation of non-

supervised orthologous groups with functional descriptions. 

These were derived by identifying common denominators for 

the genes based on their individual textual descriptions, 

annotated functional categories, and predicted protein domains 

(Jensen et al. 2008). 

 

To ascertain the identity of A54, digital DNA-DNA 

hybridization was performed through the Type Strain Genome 

Server (Meier-Kolthoff and Göker, 2019). Average Nucleotide 

Identity (ANI) was estimated using the Kostas lab ANI 

calculator (Rodriguez and Konstantinidis, 2016). 

 

Statistical Analysis 

The one-way Analysis of Variance (ANOVA) using the Tukey 

post-hoc test was performed to analyze results for the bioassay 

by SPSS Statistics v.23.0 (IBM Corp., USA). 

 

 

RESULTS AND DISCUSSION 

 

Screening for ACB Larvicidal Activity 

A total of 75 mangrove soil bacterial isolates were tested for 

larvicidal activity using their concentrated extracts. Only the 

crude extracts from the 20 actinomycetes exhibited larvicidal 

activity against ACB. The percent larval mortalities after seven 

days ranged from 2.80% to 100% (Fig. 1). Isolates AS3-2, A40-

2 and A54 exhibited the highest activities, while isolate AS1-5 

had the lowest. Six (6) of 20 actinomycetes had mortality values 

above 50%. The positive control (Abamectin) produced 100% 

mortality. The negative control, on the other hand, did not 

exhibit any activity (0% mortality).  

 

The three filamentous bacteria (A23-2, A40-2 and A54) that 

significantly exhibited the highest activities were selected for 

secondary screening. Eight different crude extract 

concentrations were tested against the ACB larvae. Percent 

mortalities were recorded seven DAT (Fig. 2).  

 

The concentrated extracts (3,521.13 µg/cm2) from the three 

isolates exhibited 100% larval mortality. At 1,760.56 µg/cm2, 

both A54 and AS3-2 (98.9 and 91.7%, respectively) showed a 

significantly higher activity than A40-2 (76.7%). When the 

extract concentration was diluted to 880.28 µg/cm2, A54 already 

exhibited a significantly higher activity over the two other 

isolates, with almost the same activity (97.8%), even though the 

dilution was further diluted twice. The A54 extract still showed 

more than 50% larvicidal activity at 440.14 µg/cm2. Significant 

activity has been observed even at 110.04 µg/cm2. Because of 

this, isolate A54 was selected for further analyses (Fig. 2). 

 

Determination of LC50 of the Crude Extract 

The probit chart has been the standard statistical method for 

measuring efficacy of toxicants by plotting the response of the 

insects to different insecticide concentrations. The results of 

analysis have been used to compare the amount of chemical 

required to create the same response in each of the various 

chemicals. The LC50 is the most widely used endpoint of such 

dose-response experiment. The toxicity of two insecticides 

being evaluated can be compared based on this (Finney,1952).  

 

The probit regression chart indicates that the LC50 of the A54 

extract was 169.82 µg/cm2 (Table 1; Fig.3). At this 

concentration, 50% of the ACB larval population responds. 

Comparison of its toxicity with a commercially-available ACB 

insecticide is not possible at this point since the A54 extract is 

still crude. 

 

Phenotypic Characterization of A54        

The bacterium with the best larvicidal activity, A54, was 

characterized and identified.  The isolate produces cream-

colored substrate mycelia and white powdery aerial mycelia on 

YMA + 1.5% NaCl after five days of incubation at 30°C (Fig. 

4). It produces a yellow brown soluble pigment on this agar  
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Table 1: Computed LC50 of A54 extract based on probit regression. 

Isolate Regression equation Log Concentration 
(y = 5) 

LC50 (µg/cm2) 

A54 y = 2.2746x - 0.0644 2.23 169.82 

 
Figure 3: Determination of the LC50 of A54 by probit regression. 

medium. A54 is a Gram-positive aerobic filamentous bacterium. 

The sporulating aerial hyphae are straight and of the 

Rectiflexibiles type (Fig. 5A). The spores are rod-shaped and 

occur in chains (Fig. 5B). It grows optimally at 30C and at pH 

7. It can be cultivated without NaCl, and can tolerate up to 4% 

NaCl. The bacterium hydrolyzes starch and casein, but not 

gelatin. It also produces catalase, cellulase and lipase, and 

reduces nitrate to nitrite. It utilizes glucose, fructose, galactose, 

maltose, xylose, arabinose and mannitol. (Table 2). These 

features conform to the reported phenotypic characteristics of 

Streptomyces cavourensis (Sheik et al. 2020; Skarbek and Brady, 

1978). 

 

 

 

 

Figure 2: Larvicidal activities of the crude extracts from the top three most promising mangrove actinomycetes against ACB seven DAT 
using eight different concentrations (n=356). Values that were not significantly different were marked with the same letter (α= 0.05, Tukey 
test). Small letters denote comparison among isolates per concentration. Capital letters denote comparison among concentrations for A54 
only. 
 

Figure 4: A54 white colonies producing a yellowish brown 
soluble pigment after five days of incubation at 30˚C on YMA + 
1.5% NaCl. 
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Molecular Identification of A54 

The 16S rRNA gene of Isolate A54 is 99.86% similar to that of 

Streptomyces cavourensis Skarbek and Brady 1978 (Strain 829 

= ISP 5300 = NBRC 13026 = ATCC 14889 = DSM 41795 = 

NRRL 2740). Table 3 presents the top five NCBI BLASTn hits. 

  
Table 2: Biochemical and physiological characteristics of A54. 

Test Result 

Oxygen requirement Aerobic 

Optimum temperature 30C 

Optimum pH 7 

Growth in: 0% NaCl + 

                                     1% NaCl + 

                                     2% NaCl + 

                                     3% NaCl + 

                                     4% NaCl + 

Catalase + 

Cellulase + 

Lipase + 

Nitrate reduction + 

Starch hydrolysis + 

Casein hydrolysis + 

Gelatin liquefaction - 

Utilization of:    D-Glucose + 

                             D-Fructose + 

                             Galactose + 

                             Maltose + 

                             D-Xylose + 

                             L-Arabinose + 

                             D-Mannitol + 

                             meso-Inositol - 

                             D-Sucrose - 

                             Sorbitol - 

                             L-Rhamnose - 

                             Trehalose - 

                             D-Raffinose - 
+ : positive reaction 
-  : negative reaction   

 

The phylogenetic tree constructed based on the Maximum 

Likelihood method confirmed its closest relative (Fig. 6).  

The pairwise dDDH and ANI values between the whole 

genomes of A54 and the S. cavourensis type strain were 94.7% 

and 99.4%, respectively. These results strongly suggest that A54 

belongs to the said species. 

 

As of 2020, at least 1,600 Streptomyces spp. genomes have been 

deposited in the NCBI database. However, only around 200 

genomes have been designated as complete (Lee et al. 2020). 

There are currently more available reference genomes for 

bacteria with smaller genomes. The current study contributes to 

the collection of draft genomes in the NCBI SRA database. 

 

The 16S rRNA gene- and the whole genome sequences of A54 

were deposited in NCBI under accession numbers MZ317540 

and SRR14700585, respectively. 

 

Genome Features of A54 

A total of 915,718,617 read bases representing about 124X 

sequencing coverage were obtained. The assembled A54 

genome is 7,382,267 base pairs (bp) long and has a G+C content 

of 72.1%. It contains 22 contigs with mean lengths of 343,137 

bp and N50 of 610,309 bp. The size of the largest contig is 

1,094,876 bp. A total of 6,481 genes, 6,395 coding sequences 

(CDS), 81 tRNA, 4 rRNA and 1 tmRNA have been predicted.  

 

The antiSMASH platform revealed the presence of 31 predicted 

secondary metabolite biosynthetic gene clusters (smBGCs) 

(Table 4). These include, but not limited to, gene clusters coding 

for terpene, melanin, ectoine, siderophore, butyrolactone, 

lanthipeptide, Non-Ribosomal Peptide Synthetase (NRPS) and 

Polyketide Synthase (PKS). These are found in contigs 

1,2,3,4,5,6,7,8,9,10,11,12,13,14,17 and 18. No smBGCs were 

found in contigs 15,16,19,20,21 and 22. Gene cluster products 

have been predicted for all smBGCs except for regions 5.3, 8.2 

and 13.1. 

 

Thirteen (13) of the smBGCs of A54 were confirmed to be 

highly similar (above 80% similarity) to known gene clusters in 

the antiSMASH database. These include those encoding: 

isorenieratene, alkylresorcinol, melanin, valinomycin, SGR 

polycylic tetramate macrolactams (PTMs), bafilomycin B1, 

keywimysin, ectoine, geosmin, streptobactin, coelichelin, 

desferrioxamin B and AmfS.  

 

Figure 5: Cellular characteristics of A54: (A) Gram-stained aerial hyphae observed under the light microscope (1000X) and (B) Rod-shaped 
chained spores observed under SEM (12000X). 
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Table 3: The closest relatives of A54 based on the NCBI BLASTn search

 

 
Figure 6: Molecular phylogenetic analysis of A54 and closest relatives using the 16S rRNA marker gene constructed by the Maximum 
Likelihood method based on the Kimura 2-parameter model with 1000 bootstrap replications. The scale bar indicates 1% substitution per 
site. Accession numbers from GenBank are in parenthesis.

The products of the gene clusters from A54 have been found to 

have significant uses in medicine, agriculture, nutrition, and 

cosmetic industries. For instance, PTMs and bafilomycin have 

been found to possess anti-tumor and/or anti-cancer properties 

(Liu et al. 2019B; Whitton et al. 2018). Isorenieratene, a 

diaromatic carotenoid pigment, functions as an antioxidant 

(Chen et al. 2019). Alkylresorcinol has been used as a biomarker 

of whole grain wheat and rye intake (Landberg et al. 2009).  

Description Scientific Name Max 
Score 

Total 
Score 

Query 
Coverage 

E 
Value 

Per. 
Ident 

Acc. 
Len. 

GenBank 
Accession 

Number 

Streptomyces 
cavourensis strain 
NRRL 2740 16S 

ribosomal RNA partial 
sequence 

 
 

Streptomyces 
cavourensis 

 
 

2693 

 
 

2693 

 
 

98% 

 
 

0.0 

 
 

99.80 

 
 

1501 

 
 

NR043851.1 

Streptomyces 
cavourensis strain 
NBRC 13026 16S 

ribosomal RNA, partial 
sequence 

 
 

Streptomyces 
cavourensis 

 
 

2686 

 
 

2686 

 
 

98% 

 
 

0.0 

 
 

99.86 

 
 

1479 

 
 

NR112345.1 

Kitasatospora 
albolonga strain NBRC 

13465 

 
Kitasatospora 

albolonga 

 
2676 

 
2676 

 
98% 

 
0.0 

 
99.73 

 
1476 

 
NR041144.1 

Streptomyces 
griseobrunneus strain 

NBRC 12775 16S 
ribosomal RNA, partial 

sequence 

 
 

Streptomyces 
griseobrunneus 

 
 

2662 

 
 

2662 

 
 

97% 

 
 

0.0 

 
 

99.72 

 
 

1453 

 
 

NR112577.1 

Streptomyces bacillaris 
strain ATCC 15855 

chromosome, complete 
genome 

 
 

Streptomyces 
bacillaris 

 
 

2654 

 
 

15928 

 
 

99% 

 
 

0.0 

 
 

99.25 

 
 

7888
441 

 
 

CP029378.1 

Streptomyces parvus 
strain NRRL B-1455 
16S ribosomal RNA, 

partial sequence 

 
 

Streptomyces 
parvus 

 
 

2643 

 
 

2643 

 
 

98% 

 
 

0.0 

 
 

99.18 

 
 

1493 

 
 

NR043350.1 
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Table 4: Secondary metabolite biosynthetic gene clusters in the A54 genome. 

Contig Type Most similar known cluster % Similarity 

1.1 NRPS,T1PKS,RRE-
containing,thiopeptide,LAP 

Lactazole 33 

1.2 Terpene Isorenieratene 100 

1.3 T3PKS Alkylresorcinol 100 

1.4 Melanin Melanin 100 

1.5 NRPS Valinomycin 91 

1.6 NRPS Crochelin A 11 

1.7 RiPP-like, NRPS, T1PKS SGR PTMs 100 

1.8 T1PKS, NRPS, thioamide-NRP Bafilomycin B1 100 

1.9 Terpene Hopene 69 

 
2.1 

 
T2PKS 

Prejadomycin/ rabelomycin/ 
gaudimycin C/ gaudimycin D/ UWM6/ 

gaudimycin A 

 
25 

2.2 Lassopeptide Keywimysin 100 

3.1 Ectoine Ectoine 100 

4.1 Terpene Geosmin 100 

4.2 transAT-PKS, PKS-like, T1PKS Streptobactin 94 

4.3 NRPS, Melanin Coelichelin 81 

4.4 T3PKS Herboxidiene 6 

5.1 NRPS-like Bottromycin A2 36 

5.2 Siderophore Desferrioxamine B 100 

 
5.3 

Lipolanthine, Lanthipeptide-class-iii, 
Lanthipeptide-class-ii 

 
nd 

 
nd 

6.1 Terpene Phenalinolactone A 11 

7.1 Terpene Steffimycin D 19 

8.1 NRPS Phosphonoglycans 3 

8.2 RRE-containing, LAP, Thiopeptide nd nd 

9.1 Lanthipeptide-class-iii AmfS 100 

10.1 Betalactone Divergolide A/ divergolide B/ divergolide C/ 
divergolide D 

6 

11.1 Ectoine, butyrolactone Showdomycin 47 

12.1 Siderophore Ficellomycin 5 

13.1 RiPP-like nd nd 

14.1 NRPS Asukamycin 11 

17.1 Arylpolyene, NRPS-like Atratumycin 7 

18.1 Butyrolactone Coelimycin P1 12 
nd: not determined 

Table 5: A54 gene products with putative insecticidal activity. 

Gene Gene Product Location 
(contig) 

Start End Reported Target Insect 

 
apc3 
apc3 

 
Acetophenone 
Acetophenone 

 
1 
7 

 
155451 
25532 

 
157604 
29128 

 

 
Culex  

Quinquefasciatus 

 
sttH 

 
Streptothricin 

 
1 

 
240676 

 
241278 

 
Blattella germanica,  
Musca domestica 

 

nat 
nat 
nat 

Arylamine 
Arylamine 
Arylamine 

2 
9 
10 

283489 
400613 
412278 

284295 
401428 
413219 

Aphids,  
Spodoptera spp. 

Melanin can act as an organic semiconductor and a tinting 

ingredient in cosmetics and for manufacturing of sunglasses 

(Tran-Ly et al. 2020). Ectoine is an active ingredient in eyedrops 

and nasal sprays as treatment for allergic rhinitis (Werkhauser et 

al. 2014). Coelichelin and Streptobactin are siderophores that 

have plant growth-promoting properties (Liu et al. 2019A). An 

iron-chelator, Desferrioxamine, has been used as a treatment for 

iron overdose and intracerebral hemorrhage (Ballas et al. 2018; 

Zeng et al. 2018). Valinomycin, an ionophore, has been studied 

for its anti-viral activity against coronaviruses such as SARS-

CoV-2 (Zhang et al. 2020). 

 

A54 Gene- / Gene Cluster Products with Putative 

Insecticidal Activity 

One of the 31 predicted smBGC products, Valinomycin, was 

reported to have an insecticidal activity. This compound was 

found to be toxic to Musca domestica, Periplaneta americana 

and Aedes aegypti larvae (Zhang et al. 2020; Dahmana et al. 

2020). 

 

Through the eggNOG annotation, the CDS obtained from the 

WGS annotations were categorized according to their functions. 

The CDS encoding secondary metabolite biosynthesis, transport, 

and catabolism account for 2.56% (162 out of 6395 CDS) of the 
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total CDS in A54. Of these 162 CDS, three produce metabolites 

that were reported to exhibit insecticidal properties (Table 5). 

These were active against insects such as the southern house 

mosquito, German cockroach, house fly, aphid and/or the 

armyworm (Li et al. 2020; Tocco et al. 2017; Dowd, 2001).  

One of the products of the gene or gene cluster may be 

responsible for the insecticidal activity of Isolate A54. 

Following isolation and purification, Nuclear Magnetic 

Resonance (NMR) Spectroscopy and/or Liquid 

Chromatography-Mass Spectrometry (LC-MS) is needed to 

reveal the compound/s. 

 

 

CONCLUSION 

 

Isolate A54 exhibited the best larvicidal activity against ACB 

among 75 bacteria tested. It produced 100% larval mortality 

using 3,521.13 µg/cm2 extract concentration seven DAT and has 

an estimated LC50 of 169.82 µg/cm2. To our knowledge, this is 

the first known report of a Streptomyces cavourensis strain 

exhibiting larvicidal activity against ACB. However, at this 

point, the toxicity of the A54 crude extract and a commercially-

available insecticide such as Abamectin cannot be compared. 

A54 may be considered a potential biocontrol agent against 

ACB only after the insecticidal compound has been isolated and 

purified by bioassay-guided fractionation, and identified by 

NMR or LC-MS. The response of ACB larvae to the 

concentrated A54 extract should then be assessed against 

Abamectin to reveal its true toxicity. 

 

Whole Genome Sequencing is a powerful tool in discovering the 

31 gene clusters in A54 conferring secondary metabolite 

production. The results suggest that the metabolites of this 

bacterium may be used as an antioxidant, biomarker, anti-cancer 

agent, plant growth-promoter and as a cosmetic additive. To 

confirm this, the isolate should be subjected to activity-guided 

in vitro assays for its other predicted properties.  

 

This study could encourage scientists to utilize the 

microorganisms deposited in local culture collections, especially 

those isolated from relatively untapped environments, for other 

biotechnological applications. Through WGS, identification of 

the special properties of a microorganism will be faster, less 

tedious and more efficient. 
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