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Many insects, including the black soldier fly (Hermetia illucens), are
known to produce antimicrobial peptides (AMPs) called defensins. To
determine if H. illucens larvae possess an innate immune system,
secretions from non-immune challenged larvae were tested against
Escherichia coli and Staphylococcus epidermidis. Extractions were
obtained via larval incubation in saline buffer at 30°C for 3 hours. Optical
density readings with a spectrophotometer and zone of inhibition assays
conducted on Mueller-Hinton (MH) agar were utilized to quantify
inhibition. Secretions obtained via this procedure did not display
inhibition against either of the bacteria used.

Abstract

Introduction

Medical professionals are in need of new antimicrobials to treat
antibiotic resistant infections. AMPs from insects may provide new
therapeutic treatments. Previously, AMPs isolated from the hemolymph
of bacterially challenged black soldier fly larvae (BSFL) were shown to
inhibit methicillin-resistant Staphylococcus aureus (Park et al. 2015). The
goal of this study was to determine if BSFL also possess an innate
immune system like that of Lucillia sericata in which AMPs are secreted
directly into the environment to inhibit competitive and infectious
bacteria (Cerovsky et al. 2010).

Collection of secretions
Larvae were rinsed with sterile water and placed in 6 test tubes (10

larvae per tube) containing 500 µL of sterile phosphate-buffered saline
(PBS). After incubation at 30°C for 3 hours liquid was pipetted into
microcentrifuge tubes. The tubes were centrifuged at 10,000 rpm for 5
minutes. Supernatant was transferred to vials and stored in the freezer at
-20°C.
Bacterial Cultures

Test tubes containing ~3 mL of nutrient broth were inoculated with E.
coli or S. epidermidis. Cultures were incubated at 37°C and shaken at 200
rpm for 24 hours.
Manual Spectrophotometry

10 µL of 24 hour broth culture were transferred to a sterile nutrient
broth (NB) tube and mixed well. 450 µL of the newly-inoculated broth were
transferred into a sterile cuvette. 50 µL of sterile PBS, larval secretions, or
streptomycin/penicillin antibiotic were added to the cuvette. The cuvette
was incubated for 24 hours at 37°C at 200 RPM. The spectrophotometer
was calibrated with a cuvette filled with 450 µL of sterile NB and 50 µL
sterile PBS before every data set was collected. The optical density of the
bacterial solutions was measured at 600 nm at 0, 1, 2, 4, 6, 8, 12, 16, and 24
hours.
Zone of Inhibition Plates

100 µL of colonized nutrient broth were removed from 24 hour cultures
and diluted to [10-6] (E. coli) or [10-4] (S. epidermidis). 100 µL of each final
dilution was spread on MH plates with a sterilized glass spreader. Sterile
paper disks were placed in separate quadrants on the MH plates. Positive
control disks received 0.5µL of streptomycin/penicillin combination,
negative control disks received 5 µL of sterile PBS, and secretion disks
received 5 µL of H. illucens secretions. Plates were produced in triplicate
and incubated for 24 hours at 37°C. Zone of inhibition for each treatment
was measured at 24 hours.

Black soldier fly larvae
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Figure 1. Optical density of Secretion Challenged Escherichia coli
cultures. Red: negative control; Orange: positive control; Blue: black
soldier fly larval secretions

Figure 2. Optical density of Secretion Challenged Staphylococcus
epidermidis cultures. Red: negative control; Orange: positive control;
Blue: black soldier fly larval secretions
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Results

Secretions from BSFL did not show inhibition of E. coli or S.
epidermidis in optical density readings (Figures 1 and 2) or zone of
inhibition testing (Figures 3 and 4). Positive controls in zone of inhibition
testing displayed inhibition between 7.5 mm and 8.0 mm. Negative
controls did not display any inhibition.

Discussion

Secretions from BSFL did not display antibacterial properties. While
AMPs have been characterized from BSFL previously, they may be
restricted to the hemolymph, fat bodies, and other internal components
(Park et al. 2015). Several other hypotheses may account for the lack of
inhibition with these secretions. Alternative hypotheses for the lack of
inhibition include a low concentration of AMPs, AMPs being inactivated
due to premature contact with bacteria present in secretions, and that
larvae were in the pre-pupal stage of development in which they do not
eat and may not be secreting anything into the environment.

First, the concentration of AMPs in this study was unknown but they
may have been too low to influence the bacterial cultures. Future
research should include a quantification of AMPs in secretions while
obtaining a higher concentration. A higher concentration of secretions
may be obtained by placing more larvae in each extraction tube and
subsequently boiling contents to remove excess buffer.

Next, early zone of inhibition testing with BSFL secretions revealed the
presence of a bacterial species. It is possible that secretions originally
contained AMPs but they were inactivated or used up due to premature
contact with the bacterial species that was found in the secretions. In
future research, secretions from BSFL should be purified via elution
through a filter to remove bacteria and high performance liquid
chromatography should be used to remove other suspended proteins
(Park et al. 2015).

Lastly, larvae in this study were in the the pre-pupal stage of
development. BSFL do not eat during this stage. If BSFL secrete AMPs in a
similar manner to Lucillia sericata, larvae would secrete AMPs as they
eat. In this case, the protocol used in this study would not produce
secretions containing any AMPs. Future research should obtain BSFL in
earlier stages.

Figure 3. Mueller-Hinton agar zone of
inhibition assay of secretion challenged
Escherichia coli culture. “-E. coli”:
negative control (5 µL of PBS); “+”:
positive control (0.5 µL of
streptomycin/penicillin); “S”: secretions
(5 µL).

Figure 4. Mueller-Hinton agar zone of
inhibition assay of secretion challenged
Staphylococcus epidermidis culture. “-
Staph epi.”: negative control (5 µL of
PBS); “+”: positive control (0.5 µL of
streptomycin/penicillin); “S”: secretions
(5 µL).
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