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Abstract: Investigation of microorganisms associated with larva of black soldier fly Hermetia illu-15 

cens led to isolation of a fungal strain named OPG. Phylogenetic analysis revealed that the strain is 16 

close to Byssochlamus nivea on the basis of genetic and morphological characteristics. The strain ex-17 

hibited pronounced antibacterial properties and moderate antifungal activity. Moreover, the OPG 18 

strain was capable of inhibiting growth of 6 entomopathogenic strains. Isolation of the individual 19 

active component led to an unstable compound with tendency to oligomerization into inactive 20 

form. 21 
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1. Introduction 24 

The search for biologically active substances that overcome antibiotic-resistance is 25 

being actively carried out not only among extremophilic fungi [1] but also among inhab-26 

itants of unique ecological niches with special habitat conditions. These include the in-27 

testines of invertebrates: earthworms, millipedes, ants, termites, etc. [2]. Many actino-28 

bacteria (Streptomyces spp., Nocardia spp., Pseudonocardia spp., Amycolatopsis spp. etc.) 29 

were found to form strong ecological association with insects (ants, wasps, bugs, etc.) 30 

and defend their hosts, offspring or food supplies against fungal or bacterial invasions 31 

[3–6]. Fungal spores are found in the stomachs and intestinal tracts of invertebrates. The 32 

interaction between fungi and invertebrates contributes to the emergence of new com-33 

pounds that are valuable for further development of antibiotic substances. In this work, 34 

we studied microorganisms associated with larva of black soldier fly Hermetia illucens. It 35 

was possible to isolate a strain of a fungus with a pronounced antibacterial activity, in-36 

cluding against gram-negative bacteria. 37 

2. Materials and Methods 38 

2.1. Isolation of microorganisms 39 

Isolation of microorganisms was carried out from the contents of the intestine of a 40 

larva of black soldier fly H. illucens. Larvae of black soldier fly H. illucens were grown on 41 

compound feed for laying hens. Larva bodies were refrigerated, soaked in 95% alcohol 42 

and dried. Autopsy of the body was performed with sterile scissors and the intestines 43 

were removed. The intestines were placed in a sterile plastic tube with a sterile saline 44 
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solution and shaken on a vortex. The resulting suspension was triturated with a spatula 1 

on a petri plate. Isolation of microorganisms was carried out on potato dextrose agar 2 

(PDA) (HiMediaLab). 3 

2.2. Morphology studies 4 

Measurements and descriptions of macromorphological characteristics were made 5 

from isolate OPG grown on potato-dextrose agar (PDA, HiMediaLab) and Czapek's agar 6 

(CZA, g/L: saccharose – 30.0, NaNO3 – 3.0, K2HPO4 – 1.0, KCI – 0.5, MgSO4×7H2O – 0.5, 7 

FeSO4×7H2O – 0.01, agar – 20.0) at 25°C for 7–15 days. Micromorphological observation 8 

of sexual (asci, ascospores) and asexual (conidia, chlamydospores) structures were made 9 

using the sellotape technique [7]. Slide preparations were stained by lacto-fuchsin (dis-10 

solve 0.1 g acid fuchsin in 100 mL 85% anhydrous lactic acid) [8] and observed by light 11 

microscopy (Fisherbrand AX-502, Thermo Fisher Scientific). The shape of conidia and 12 

ornamentation of surfaces were examined by SEM (Quattro S, Thermo Fisher Scientific). 13 

Samples for SEM were prepared according to known procedure [9]. 14 

2.3. Gene amplification and phylogenetic analysis 15 

The OPG isolate was grown on PDA for 7 d at 25°C, mycelia were scraped from the 16 

surfaces of the media and ground with glass beads and lysing buffer (TrisBase, 50 mM; 17 

NaCl, 250 mM; EDTA, 50 mM; SDS, 0.3%; pH 8). Genomic DNA was extracted using a 18 

protocol described by Zhang and Li (2009). Primers ITS1f 19 

(5′-CTTGGTCATTTAGAGAAGTA) and NL4 (5′-GGTCCGTGTTTCAAGACGG) were 20 

used for amplification the D1/D2 region of the large subunit (LSU) rDNA gene. The 21 

thermal cycling program was performed with 35 cycles after an initial denaturation at 22 

95°C for 6 min. Each cycle included a denaturation step at 95°C for 30 s, annealing at 23 

59°С for 40 s, an extension step at 72°C for 40 s and a final elongation step of 7 min at 24 

72°С. PCR products were separated by electrophoresis on a 1% agarose gel. The ampli-25 

cons were purified and sequenced using a commercial service (EvroGen, Moscow). For 26 

identification, data of the GenBank (ncbi.nlm.nih.gov) and MycoID 27 

(www.mycobank.org) databases were used. Phylogenetic analyses were conducted us-28 

ing MEGA version Х [10]. 29 

2.4. Fermentation and Antimicrobial Assay 30 

For antibiotic production, the Byssochlamus nivea strain OPG was cultivated in or-31 

ganic potato dextrose broth medium (200 mL in a 750-mL Erlenmeyer flask) at 28°C with 32 

shaking (200 rpm) for 14 days. Antifungal and antibacterial activities of the B. nivea 33 

strain OPG were monitored by agar-diffusion assay using a number of test microorgan-34 

isms: Candida albicans ATCC 14053, Aspergillus niger ATCC 16404, Bacillus subtilis ATCC 35 

6633, Staphylococcus aureus ATCC 29213, Escherichia coli ATCC 25922, Pseudomonas aeru-36 

ginosa ATCC 27853. 37 

Antagonistic activity of the B. nivea strain OPG against entomopathogenic fungi was 38 

determined by dual-culture assay [11] and cross streak assay [12] (Fig. 1). The following 39 

entomopathogenic strains were used: Beauveria bassiana VKPM F-1357, Conidiobolus coro-40 

natus (Entomophthora coronate) VKPM F-1359, Metarhizium rileyi (Nomuraea rileyi) VKPM 41 

F-1360, Ophiocordyceps sinensis (Cordyceps sinensis) VKPM F-1479, Conidiobolus coronatus 42 

VKPM F-442, and Lecanicillium lecanii (Verticillium lecanii) VKPM F-837. 43 

 44 

Figure 1. Design of the antagonistic activity testing experiments: plate A, Cross streak assay [12], 45 

plate B, Dual-culture assay I [11] and II. 46 
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In vitro antimicrobial activity of the isolated compound was determined using the 1 

broth microdilution method, as described in the CLSI guidelines document M100-S25 2 

[13–15]. 3 

2.5. Isolation of antibiotics 4 

Culture liquid of B. nivea strain OPG was passed through a filter on a Buchner funnel 5 

under vacuum to separate it from the mycelium. The filtrate was extracted with ethyl 6 

acetate (thrice-repeated extraction with 20% of culture liquid volume). Combined or-7 

ganic layers were concentrated to dryness in vacuo (at 42C), taken up in 50% EtOH and 8 

separated on silica gel (40–63 μm, column size 40×60 mm, CH2Cl2/MeOH step elution, 9 

v/v 50:1, 20:1, 10:1, 0:100, 100 mL each). Solvent removal from fractions with solvent ra-10 

tio from 20:1 to 10:1 yielded an antibiotic concentrate. Further analysis was performed 11 

with reverse phase HPLC on a 4.6×250 mm column (C18, Beckman, Ultrasphere, 5 μm). 12 

Eluent A was deionized water, eluent B was acetonitrile. The column was eluted at a 13 

flow rate of 1 mL/min: 0–20 min 95:5 → 85:15 (A:B, v/v). Detection wavelength was 205 14 

nm. Isolation of compounds was carried out using preparative HPLC on a 250×21.2 mm 15 

column (ZORBAX SB-C18, 7 μm). The column was eluted at a flow rate of 20 mL/min: 0–16 

14 min 94:6 → 94:6; 14–15 min 94:6 → 5:95; 15–24 min 5:95 → 5:95 (A:B, v/v), fractions 17 

containing active compound were collected and solvent was removed. 18 

3. Results 19 

3.1. Isolation and Characterization of B. nivea strain OPG 20 

  21 

Figure 2. The objects of study: (A) – larvae of black soldier fly H. illucens; (B) – adult black soldier 22 

fly. 23 

We studied microorganisms associated with larva of black soldier fly H. illucens (Fig. 24 

2A, 2B). The contents of the intestines of two larvae were applied on potato-dextrose 25 

agar, yielding only one cultured microorganism, showing antagonistic activity against 26 

fungi, yeast, gram-positive and gram-negative bacteria. 27 

3.2. Morphological characterization 28 

After one week at 30°C, colonies of OPG exhibited moderate growth on CZA (Fig. 29 

3A, 3B). 30 

 31 

Figure 3. Growth of isolate OPG on CZA 14 d at 30C (A, B): conidiophores, phialides and conidia in 32 

chains (optical microscope)(C). 33 

A B 

A B C 
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Microscopic imaging (Fig. 4, 3C) showed the morphology of the strain. Chlamydo-1 

spores are present, finely roughened (Fig. 4A). Ascospores are ellipsoidal, smooth, 4.0–2 

4.5×2.7–3.2 μm size (Fig. 4B). Conidiophores are irregularly branched and asexual conidia 3 

are predominantly globose to subglobose, with a flattened base, 2.4–2.6×2.7–2.9 μm size 4 

(Fig. 4C). 5 

 6 

Figure 4. Scanning electron microscopy of strain OPG grown on PDA media for 14 days at 28°C: 7 

(A) - mycelium with chlamydospore, (B) - mycelium with ascospores, (C) - asexual spore. 8 

3.3. DNA sequencing 9 

The phylogenetic tree was constructed by the Neighbor-Joining method on the ITS 10 

region (Fig. 5). It convincingly shows that the OPG strain is a member of genus Bysso-11 

chlamys and is clustered very closely with B. nivea (Fig. 5), with bootstrap value of more 12 

than 60%. 13 

 14 

Figure 5. Neighbor-joining phylogenetic tree based on 18S rRNA gene sequence analysis showing 15 

the position of B. nivea strain OPG and related species. 16 

On the basis of the genetic and morphological characteristics, isolate OPG was 17 

identified as a member of genus Byssochlamys, with B. nivea as the closest taxon. 18 

3.4. Antimicrobial properties of B. nivea strain OPG 19 

The OPG strain was cultured and extracted as described above. Culture fluid ex-20 

tracts exhibited pronounced antibacterial properties and moderate antifungal activity 21 

(Table 1). 22 

Table 1. Antimicrobial properties of B. nivea strain OPG 23 

Test strain 
Growth inhibition* 

Culture liquid before extraction Extract Culture liquid after extraction 

A. niger INA 00760 - + - 

C. albicans CBS 8836 - + - 

B. subtilis ATCC 6633 + +++ - 

A B C 
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E. coli ATCC 25922 ++ +++ + 

* Growth inhibition data: —no inhibition; +—weak inhibition; ++—moderate inhibition; +++—high inhibition. 1 

Since the B. nivea strain OPG was isolated from the intestine of a larva of the black 2 

soldier fly H. illucens, we decided to test it for antagonistic activity against entomopath-3 

ogenic strains. The OPG strain significantly inhibited growth of the majority of the tested 4 

entopomathogens (Table 2). 5 

Table 2. Antagonism of B. nivea strain OPG 6 

Test strain 
Growth inhibition rate (%)* from Growth inhibition from 

cross streak assay dual-culture assay I dual-culture assay II 

O. sinensis VKPM F-1479 59±4 55±9 +++ 

C. coronatus VKPM F-1359 41±6 37±8 +++ 

B. bassiana VKPM F-1357 71±4 71±4 ++ 

C. coronatus VKPM F-442 48±2 48±2 +++ 

M. rileyi VKPM F-1360 35±9 44±17 +++ 

L. lecanii VKPM F-837 6±5 7±5 + 

* Growth inhibition rate (%) determined at 14 days after inoculation with entomopathogens on B. nivea strain OPG. Data are means ± 7 

standard error over three replicates. —no inhibition; +—weak inhibition; ++—moderate inhibition; +++—high inhibition. 8 

We isolated the individual active component of OPG extracts using a combination of 9 

chromatographic approaches with preparative HPLC as the final step. The resulting 10 

compound exhibited relatively low in vitro antimicrobial activity: 16–32 μg/mL against 11 

gram-negative bacteria, 32–128 μg/mL against gram-positive bacteria and 128 μg/ml 12 

against yeast and fungi. 13 

4. Discussion 14 

Known for its presence in pasteurised fruit, B. nivea is able to produce various bio-15 

logically active compounds, in particular mycotoxin patulin, a heat-stable lactonethat is 16 

active against Gram-positive and Gram-negative bacteria. Moreover, B. nivea forms toxic 17 

extrolites, such as byssotoxin A and byssochlamic acid [16]. Besides mycotoxins, an an-18 

titumor metabolite, byssochlamysol, a steroid against IGF­1 dependent cancer cells, is 19 

also produced by B. nivea [17]. 20 

The study of microorganisms associated with larva of black soldier fly H. illucens led 21 

to the isolation of a micromycete morphologically and genetically close to B. nivea. This 22 

strain has a pronounced antagonistic activity against entomopathogens, suggesting pos-23 

sible involvement of the strain in protective symbiosis with the studied insects. 24 

The B. nivea strain OPG isolated in this work also exhibits pronounced antimicrobial 25 

activity. High and selective antagonistic activity against gram-negative bacteria makes 26 

the OPG strain promising for further study. We managed to isolate the individual active 27 

compound with preparative HPLC separation. Nevertheless, the activity of the isolated 28 

component, determined using the serial dilutions method, turned out to be significantly 29 

lower than could be expected based on the data of disk-diffusion analysis of the culture 30 

fluid and enriched fractions. We assume that this is due to rapid oligomerization of the 31 

compound into an inactive form in acidic conditions or in DMSO. In combination with 32 

the low solubility of the compound in most solvents, this significantly complicates its 33 

chemical study and determination of its structure. Therefore, to further clarify the phys-34 

icochemical and biological properties of this antibiotic, it is necessary to work out sepa-35 

ration conditions that would prevent the oligomerization or inactivation of the substance. 36 
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