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ABSTRACT 
 
 

he larvae of the black soldier fly (BSF), Hermetia 
illucens L., feed on various organic wastes, such as 
animal manures and food waste, which are often 
abundant in pathogenic microorganisms. BSF can 
thrive in such harsh environments, indicating that 

their gut microflora may possess a potent immune system that 
can produce a variety of bioactive metabolites, which may 
repress the growth of harmful pathogens. Nevertheless, the 
bioactivity potential of the gut microbiota of BSF larvae (BSFL) 
remains underinvestigated. In this work, we characterized the 
gut portions of the BSFL (i.e., foregut, midgut, and hindgut) and 
evaluated the bioactivity of microbial gut extracts against 
Escherichia coli and Bacillus subtilis. Ten strains were isolated: 
three from the foregut (JN1, JN2, JN3), three from the midgut 
(JA4, JA5, JA6), and four from the hindgut (JB7, JB8, JB9, 
JB10). All gut isolates showed zones of inhibition (ZOI) against 
B. subtilis (6.27–7.80 mm) and E. coli (6.20–7.33 mm), 
suggesting the presence of broad-spectrum antimicrobial 
compounds. Based on the 16S RNA sequence similarity, the 
isolates JN2 and JA4, with the largest ZOIs, are likely new 
members of the genus Bacillus, while JA4 belongs to the genus 
Providencia. The results highlight the potential of BSFL gut as 
a promising source of antimicrobial compounds, contributing to 
sustainable waste management and advancements in 
biotechnology. 
 

 
INTRODUCTION 
 
Black Soldier Fly larvae (BSFL; Hermetia illucens L.) have 
garnered growing attention for their remarkable ability to 
convert low-value organic waste into valuable insect biomass 
(da Silva and Hesselberg 2020). Rich in proteins, 
micronutrients, energy, and essential fatty acids, BSF larvae 
have been regarded as innovative feed alternatives for poultry, 
pets, and fish (Maglangit et al 2024). BSF insects are neither 
pests nor disease vectors, making BSF larval production a safe, 
cost-effective, and environmentally friendly solution for 
managing organic waste and producing sustainable feed. As 
such, numerous research efforts have focused on optimizing 
BSF rearing conditions, feeding substrates, and conversion 
efficiency to produce high-quality, nutrient-rich biomass in 
optimal yields (Makkar et al. 2014; Scala et al. 2020). 
 
BSF larvae feed voraciously on different types of organic waste, 
including animal manure, fruits and vegetable peels, and food 
waste inhabited by various pathogenic bacteria (Diola et al. 
2024; Wang and Shelomi 2017). Several studies have 
demonstrated a notable influence of the rearing substrate on the 
gut microbiota of BSFL, and these symbionts may play crucial 
roles in waste bioconversion, nutrition, and immunity (Bruno et 
al. 2019; Shumo et al. 2021; Tanga et al. 2021). Furthermore, 
the gut microflora of BSFL is thought to possess a potent 
immune system that can repress the growth of harmful and 
undesired pathogens in contaminated substrates (Bruno et al. 
2021). Hence, BSFL gut microbiota represents a rich repertoire 
of druggable molecules with remarkable bioactivities.  
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BSFL reared on substrates known to carry a high microbial 
burden, such as manure, could produce more biologically and 
pharmacologically active substances. However, natural products 
bioprospecting from BSFL microbiota remains 
underinvestigated. Earlier studies have focused on BSFL 
hemolymph extracts, which have been shown to harbor 
antimicrobial peptides (AMPs), including cecropins and 
defensins, that exhibit potent antibacterial activities against 
various pathogens, such as methicillin-resistant Staphylococcus 
aureus (MRSA) (Park and Yoe 2017a, 2017b). Meanwhile, 
evaluating the bioactivity of the three regions of the BSFL gut 
(i.e., foregut, midgut, and hindgut) remains largely elusive.  
 
Herein, we characterized the morphology of bacterial microbes 
from the three regions of the gut of BSFL using culture-
dependent methods and reported, for the first time, the 
antibacterial activity of the microbial isolates from these three 
gut portions. Further research on the characterization and 
purification of gut extracts may significantly contribute to 
controlling the spread of harmful pathogens in waste and 
bioconversion systems, as well as to the discovery of 
antimicrobial compounds with the potential for developing 
therapeutic agents. 
 
 
MATERIALS AND METHODS 
 
Black Soldier Fly Rearing  
The black soldier fly larvae (5th instar) were provided by Chesed, 
a local quail farm in Liloan, Cebu, Philippines. The farm rears 
BSFL on quail manure in bioponds (6 × 3 × 0.5 ft). Three 
hundred five-day-old larvae (5DOL) were supplied with 15–20 
kg of waste daily until they turned into 5th instar (~12 days). 
Random samples of 5th instar BSFL (~50 larvae) weighing 
180−200 mg were collected and placed on a tray containing 
manure (0.5 g) mixed with 5 mL of bromothymol blue indicator. 
The larvae were supplied with a substrate comprising a 
colorimetric indicator for 24 hours before dissection to facilitate 
the determination of the three sections (i.e., foregut, midgut, 
hindgut) of the BSFL.  
 
Determination of the Different Sections of the Larval Gut  
Bromothymol blue changes color to yellow when the pH value 
of the gut is ≤ 3.0, yellow-green when the pH is 7, and blue or 
bluish-green when the pH is ≥ 8. After 24 hours of feeding, the 
larvae were rinsed with sterile distilled water to remove visible 
debris and then subjected to cold shock (-20 °C). Subsequently, 
they were briefly rinsed in sterile distilled water and immersed 
in 70% ethanol for one to two minutes to kill surface microbes 
and remove contaminants. Finally, they were rinsed with sterile 
distilled water (3×) to remove all traces of ethanol. The final 
rinse was inoculated onto nutrient agar to verify the 
effectiveness of the sterilization process. The surface 
sterilization and dissection were performed in a sterile 
environment (i.e., biosafety cabinet). Sterile tweezers and 
scissors were used to dissect the gut, and the three regions 
(foregut, midgut, and hindgut) were determined based on the 
color changes of the indicator. Five BSFL were dissected, and 
each gut region was pooled and placed in a new, sterile Petri dish. 
The pH of each gut region was also verified using pH paper. A 
small amount of gut content was transferred onto the pH paper 
using sterile forceps for analysis.  
 
Microbial Isolation from BSF Larval Gut  
Microorganisms were isolated from BSF larvae using protocols 
described by Bruno et al. (2019) and Gorrens et al. (2021), with 
certain modifications. This study utilized three media: Luria-
Bertani (M1), Actinomycete Isolation Agar (AIA), and Nutrient 
Agar (NA). Their pH values were adjusted using 6 M NaOH and 
6 M HCl solution to correspond to each section of the BSFL gut 

(foregut: pH ~7; midgut: pH ~3; hindgut: pH ~8). Each gut 
portion was mixed thoroughly with 1 mL of autoclaved distilled 
water, and 100 μL was inoculated onto different culture media. 
All plates were incubated at 30 °C for 3–5 days. The bacterial 
strains obtained were purified by streaking and subculturing on 
selective agar plates until pure cultures were obtained. Isolates 
were obtained by selecting various morphological colonies from 
M1, NA, or AIA plates and subculturing them onto new plates 
to obtain pure cultures (24–48 h, 30 °C). The pure extracts were 
stored in 20% glycerol at -80 °C (Maglangit et al. 2022, 2020). 
 
Morphological and Biochemical Characterization 
The morphological characteristics of isolated bacteria (JN1, JN2, 
JN3, JA4, JA5, JA6, JB7, JB8, JB9, JB10) were determined 
according to Bergey's Manual of Systematic Bacteriology 
(Goodfellow et al. 2012). The codes "N", "A", and "B" represent 
neutral, acidic, and basic conditions, respectively. The strains 
were then subjected to a series of biochemical tests, including 
Gram staining to classify them as Gram-positive or Gram-
negative and salt tolerance tests to assess osmotolerance. 
Furthermore, the enzyme production of the isolated microbes 
was evaluated, including catalase activity for hydrogen peroxide 
decomposition, oxidase activity for cytochrome oxidase 
production, and amylase activity for starch hydrolysis (Li et al. 
2016). 
 
Fermentation and Extraction 
The seed cultures of each strain were prepared by inoculating 50 
µL of the glycerol stocks in 50 mL of the nutrient broth (NB) 
and incubating for three days (120 rpm, 30 °C). Then, 500 mL 
NB was inoculated with the 3-day seed cultures (1:100) and 
incubated for seven days (120 rpm, 30 °C). The cultures were 
then extracted with ethyl acetate (500 mL) by thoroughly mixing 
the culture broth and the solvent in a separatory funnel to ensure 
contact between the two phases (i.e., organic and aqueous 
layers). The mixture was then allowed to settle, and the ethyl 
acetate layer was carefully separated and collected. This process 
was repeated twice to maximize the recovery of bioactive 
compounds. The ethyl acetate extracts were combined and 
concentrated under reduced pressure using a rotary evaporator 
(40 °C, 200 rpm) to remove the solvent. The weight of the crude 
extract was then measured. 
 
Antibacterial Activity 
The crude extracts were tested against Gram-positive bacteria 
(Bacillus subtilis ATCC 6632) and Gram-negative bacteria 
(Escherichia coli ATCC 25922) using an agar disk diffusion 
assay, following the guidelines of the Clinical and Laboratory 
Standards Institute (CLSI). The inoculum of the test 
microorganisms was standardized to 0.5 McFarland and then 
spread uniformly onto Mueller-Hinton (MH) agar plates using a 
sterile swab, rotating at a 60-degree angle each time to ensure 
even distribution. Susceptibility discs (6 mm) were then placed 
equally spaced onto the surface of the agar. Crude extracts (1 
mg), dissolved in sterile dimethyl sulfoxide (DMSO; 5%v/v), 
were applied to discs at a final concentration of 1 mg per disc. 
The positive control consisted of a gentamicin susceptibility disc 
(10 μg, OxoidTM), and the negative control was sterile DMSO. 
The plates were sealed using parafilm and incubated at 37 °C for 
18 hours. The bioassay tests were performed in triplicate. The 
zones of inhibition (ZOI) were measured using a calibrated ruler. 
 
Phylogeny  
The genomic DNA of the strains with the highest ZOIs (i.e., JN2, 
JA4, and JB10) was extracted using the HiPurA™ Bacterial 
Genomic DNA Kit (HiMedia) according to the manufacturer's 
protocol. The genomic DNA of each strain was sent for PCR 
amplification and sequencing at the Philippine Genome Center. 
The results were processed using ApE (A Plasmid Editor) 
version 3.1.3.  
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The 16S rRNA gene sequences (>1000 bp) from both forward 
and reverse strands were assembled and cleaned using BioEdit 
to obtain high-quality consensus sequences. These sequences 
were analyzed using the Nucleotide Basic Local Alignment 
Search Tool (BLASTn) (NCBI) to identify closely related 
bacterial species based on sequence similarity. The top ten 
isolates with E-values less than 10⁻³ and a query coverage of at 
least 60% were selected and downloaded in FASTA format for 
inclusion in the phylogenetic analysis. Isolates meeting these 
criteria were imported into Molecular Evolutionary Genetics 
Analysis (MEGA) software version 12.0.11 (Tamura et al., 
2021) and aligned using the Multiple Sequence Comparison by 
Log-Expectation (MUSCLE) algorithm.  
 
Phylogenetic trees were constructed using the Maximum 
Likelihood method with 1000 bootstrap replications. The 
heuristic search began with automatically generated initial trees 
using the Neighbor-Join and BioNJ algorithms applied to a 
pairwise distance matrix estimated with the Maximum 
Composite Likelihood (MCL) method.  
 
Data Analysis  
One-way ANOVA tests were performed to compare the zone of 
inhibitions of ten extracts against B. subtilis and E. coli. Data 
analysis was performed using the R version 4.2.1. 
 
 
RESULTS AND DISCUSSION 
 
Determination of BSFL gut sections via the colorimetric 
indicator 
Each gut portion of BSFL portrayed varying colors with the 
bromothymol blue indicator – the foregut was green, the midgut 
was yellow, and the hindgut was bluish green (Figure 1A, 1B, 
1C). Different gut regions have varying pH (Figure 1D). The 
foregut had a neutral pH, as indicated by a yellow-green color, 
corresponding to a pH range of 7. The midgut had a slightly 
acidic pH, evidenced by a yellow color, corresponding to a pH 
range of 5–6. Finally, the hindgut had a dark green color 
corresponding to a slightly alkaline pH of 8–9. 
 
The BSFL gut is comprised of three regions with different pH 
conditions, which play a role in the digestion and nutrient 
absorption processes (Meneguz et al. 2018). The initial tract, the 
foregut, initiates the breakdown and digestion of food. The 
midgut is acidic, allowing for the breakdown of ingested organic 
matter and the absorption of nutrients, water, and ions from the 
food material. The acidic environment serves as an initial barrier 
against microbial colonization, limiting the presence of 
microbes. Thus, the primary microbial inhabitants in the midgut 
are transient and mainly involved in secreting enzymes to break 
down complex organic compounds (Bruno et al. 2019). The 
hindgut is longer and more alkaline, which favors the 
colonization of a diverse microbial community. The hindgut's 
alkaliphilic environment enables beneficial bacteria to thrive 
and break down organic materials, releasing nutrients that the 

larvae can absorb. The hindgut is responsible for water 
reabsorption, fermentation, and excretion of undigested material 
(Seyedalmoosavi et al. 2022). The pH gradient in the gut of 
BSFL is crucial for its function, from food breakdown to nutrient 
release and absorption. Therefore, understanding the pH 
changes in different gut regions can provide valuable insight into 
digestion processes. 
 

 
Figure 1: Determination of BSFL gut regions. A. BSFL gut with 
bromothymol blue indicator after 24 hours under a stereomicroscope; 
B. The scalpel icon (2 mm) shows the positions of the cuts for each 
gut region for microbial isolation; C. Color changes of the BSFL foregut, 
midgut, and hindgut with bromothymol blue indicator; and D. Color 
changes of the gut regions when tested with pH paper. 

 
Morphological and biochemical characterization of gut 
microbial strains 
Ten isolates were obtained from the different sections of the 
BSFL gut: three from the foregut (JN1, JN2, JN3), three from 
the midgut (JA4, JA5, JA6), and four from the hindgut (JB7, JB8, 
JB9, JB10) (Table 1, Figure S1).  
 
The isolates varied in characteristics, with Gram-positive 
bacteria (JN1, JN2, JA4, JA6, JB7, JB9) appearing blue or 
purple and mostly showing round, smooth, and small forms. In 
contrast, Gram-negative bacteria (JN3, JA5, JB8, JB10) 
appeared pink or red, with diverse shapes and textures (Table 1). 
Spiral shapes were observed in JN1 and JN3, while cocci 
(spherical) forms appeared in JA5, JA6, JB8, JB9, and JB10, and 
bacillus (rod) shapes were seen in JN2, JA4, and JB7. White-
colored colonies were mostly small, while the yellow colonies 
(JN3, JB7) were larger and had either a viscid or smooth texture. 
Irregularly shaped colonies (JA5, JB8, JB9) displayed varied 
margins, elevations, and colors. 
 

Table 1: Morphological and biochemical characteristics of JN1-JN3, JA4-JA6, and JB7-JB10 

Strain Colony morphology Gram 
stain NaCl% Catalase Starch 

Hydrolysis Oxidase 

JN1 Round, Smooth, Entire, Raised, Small, White + 0-5 + - - 
JN2 Round, Smooth, Entire, Convex, Small, Yellow + 0-5 + - + 
JN3 Round, Viscid, Lobate, Flat, Moderate, Yellow - 0-5 + - - 
JA4 Round, Smooth, Entire, Convex, Large, White + 0-5 + + - 
JA5 Rhizoid, Mucoid, Entire, Umbonate, Large, Yellow - 0-5 + + - 
JA6 Round, Smooth, Entire, Convex, Small, White + 0-5 + + + 
JB7 Round, Viscid, Entire, Convex, Large, Yellow + 0-5 + - - 
JB8 Filamentous, Dry, Lobate, Raised, Medium, White - 0-5 + - - 
JB9 Rhizoid, Smooth, Undulate, Raised, Moderate, 

White 
+ 0-5 + - - 
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Strain Colony morphology Gram 
stain NaCl% Catalase Starch 

Hydrolysis Oxidase 

JB10 Round, Smooth, Entire, Convex, Small, Yellow - 0-5 + + - 

The distinct pH conditions in the foregut, midgut, and hindgut 
create a niche for specific microbial populations that are adapted 
to survive in these environments—the foregut has a neutral pH, 
the midgut is acidic, and the hindgut is alkaline.  
 
All isolates can withstand a maximum NaCl concentration of 5% 
(Table 1). Five isolates (JN1, JN3, JB7, JB8, and JB9) are 
catalase-positive but do not hydrolyze starch or produce oxidase 
enzymes. Three isolates (JA4, JA5, and JB10) produce catalase 
and amylase enzymes but lack oxidase enzyme activity. JN2 
exhibits both catalase and oxidase activities but cannot 
hydrolyze starch. Only JA6 displays catalase and amylase 
activities and is also capable of aerobic metabolism. 
 
The positive biochemical characteristics of the isolates suggest 
that they produce enzymes associated with their ability to 
survive in the gut environment of H. illucens L. larvae. This 
capability likely contributes to their overall bioactivity. 
Additionally, it can be inferred that catalase activity may help 
protect the bacteria from immune responses involving oxidative 
stress (Lushchak 2011). Studies on Lactobacillus species from 
insect microbiomes highlight the significance of enzymatic 
activities, such as catalase and amylase, in bacterial adaptation 
to their environments (Lee et al. 2015). These findings indicate 
that isolates with these enzymatic properties may be promising 
sources of novel bioactive compounds with antibacterial 
potential. 
 
Antibacterial activity of BSFL gut microbial extracts 
All bacterial gut extracts inhibited the growth of both Gram-
positive bacteria, B. subtilis ATCC 6632, and Gram-negative 
bacteria, E. coli ATCC 25922, with inhibition zones ranging 
from 6.27 to 7.80 mm and 6.20 to 7.50 mm, respectively (Figure 
2), indicating antibacterial activity. However, this bioactivity is 
significantly lower than that of the positive control, gentamicin, 
which displayed a ZOI of 20.08 ± 0.26 mm and 19.58 ± 0.12 mm 
against B. subtilis and E. coli, respectively.  
 
The observed ZOI sizes varied among the isolates, which may 
reflect differences in their metabolic capabilities, the nature and 
quantity of antimicrobial compounds produced, or their mode of 
action. However, comparing the zone of inhibition of the ten 
extracts between B. subtilis and E. coli, the one-way ANOVA 
test did not indicate a significant difference (p > 0.05). 
 

 
Figure 2: In vitro antibacterial activity of BSFL gut microbial extracts 
against Bacillus subtilis and Escherichia coli. All values are reported 
as mean ± SD (n=3); Gentamicin – positive control; DMSO – negative 
control. 

Gram-negative bacteria are generally more challenging to target 
than Gram-positive bacteria due to their outer membrane, which 
acts as an additional barrier (Breijyeh et al. 2024). Therefore, 
antibacterial compounds from these extracts that can disrupt 
both types of bacterial cell walls could be valuable for treating a 

wide range of infections. The results underscore the potential of 
the BSFL gut as a promising source of antimicrobial compounds, 
which could play a pivotal role in sustainable waste management 
and biotechnological advancements. The gut microbiota of 
BSFL may play a role in defensive symbiosis, protecting the 
larvae from harmful microbes in their decomposing organic 
substrates. Integrating BSFL into bioconversion systems could 
potentially reduce the presence of harmful pathogens in organic 
waste, resulting in safer and more hygienic waste management 
practices (Diola et al. 2024).  
 
To the best of our knowledge, this is the first report on the 
bioactivity of BSFL bacterial methanolic extracts derived from 
distinct sections of the gut. In a previous study, bacterial isolates 
were obtained from the whole gut of BSFL. Cultures of these 
isolates were screened for antibacterial activity and 
demonstrated inhibition against various pathogens, including S. 
aureus, E. coli, and Pseudomonas aeruginosa (Tegtmeier et al. 
2021). Earlier investigations also focused on the BSFL 
hemolymph extracts, which are rich in AMPs, including 
cecropins and defensins, that exhibit potent antimicrobial 
activity against various pathogens, including MRSA (Park and 
Yoe 2017a, 2017b), Salmonella enterica serovar Enteritidis 
(DMST 15679), and E. coli O157:H7 (DMST 12743) (Pimchan 
et al., 2024). Other studies have also focused on whole-larva or 
BSFL meals extracted with methanol, attributing the observed 
antibacterial activity to AMPs, fatty acids, or associated 
microbial metabolites (Auza et al. 2020; Geronda et al. 2024). 
These extracts inhibited the growth of E. coli, Salmonella 
typhimurium, and P. aeruginosa (Auza et al. 2020), with the 5th 
instar exhibiting the highest bioactivity (Geronda et al. 2024). 
 
Further research in this area could lead to the development of 
novel natural antimicrobials derived from BSFL, which could be 
applied in agriculture to control bacterial diseases in crops or 
livestock. As the use of antibiotics in agriculture faces growing 
restrictions due to the risk of promoting antibiotic resistance, 
natural alternatives derived from BSFL could address this gap 
(Thanner et al. 2016).  
 
The extracts obtained from the foregut, midgut, and hindgut 
(JN2, JA4, and JB10), which showed the highest ZOIs from each 
region, were further characterized by 16S rRNA sequencing. 
  
Phylogeny of BSFL gut-isolated strains 
The 16S rRNA gene sequencing and phylogenetic analysis 
revealed the identity of JN2, JA4, and JB10 strains (Figure 3). 
  
JN2 and JA4 clustered closely with members of the genus 
Bacillus, forming a distinct clade with high bootstrap support 
(100%), indicating a strong evolutionary relationship (Figures 
3A and 3B). The morphology of strains JN2 and JA4, 
characterized by rod-shaped cells (Table 1), aligns with the 
typical profile of Bacillus species, supporting their classification 
within this genus. Both strains are catalase-positive, which is 
consistent with the general characteristics of Bacillus (Uy et al. 
2025). However, only JA4 is capable of hydrolyzing starch, 
while JN2 tested negative for this trait. In contrast, JN2 exhibited 
positive oxidase activity, whereas JA4 was oxidase-negative, 
suggesting physiological differences between the two isolates 
despite their shared genus. Bacillus species have also been 
previously identified in the gut of BSFL (Tegtmeier et al. 2021), 
further supporting the insect gut as a reservoir of bioactive 
microorganisms. Several Bacillus species are well-documented 
for their metabolic diversity and notable antibacterial properties, 
producing a wide range of antimicrobial peptides, enzymes, and 
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secondary metabolites effective against various microbial 
pathogens. The identification of bioactive Bacillus isolates 
makes them promising candidates for further exploration in 
antimicrobial research (Tran et al. 2022; Uy et al. 2025). 
JB10 formed a clade with a bootstrap value of 100% with 
Providencia vermicola sp (Figure 3C). The morphology and 
biochemical characteristics of JB10 coincide with the results 
from a previous study on Providencia, a Gram-negative, 

catalase-positive, and oxidase-negative bacterium (Ayyal Al‐
Gbur 2020). Earlier reports have documented that Providencia 
sp. was the most dominant bacterial species detected from the 
guts of BSFL reared on chicken manure and kitchen waste 
(Shumo et al. 2021). Providencia species have also been 
identified in hemolymph-producing Drosophila melanogaster 
fruit flies (Juneja and Lazzaro 2009). 
 

 
Figure 3: Phylogenetic trees for A. Bacillus altitudinis strain JN2; B. Bacillus sp. JA4; and Providencia vermicola strain JB10 based on high-quality 16S 
rRNA sequences. The phylogenetic tree was constructed using a maximum-likelihood approach based on similar sequences (hits) identified by BLAST 
from the NCBI GenBank database. Percentage bootstrap values from 1000 resamplings are indicated at the nodes.

Taken together, the isolates JN2 and JA4 are likely new 
members of the genus Bacillus, while JB10 belongs to the genus 
Providencia. These microbes may play vital roles in the 
degradation and conversion of organic wastes and the reduction 
of harmful pathogens in the substrates. 
 
 
 
 
 

CONCLUSION 
 
The gut of H. illucens larvae is characterized by distinct regions 
with varying pH, each potentially playing a unique role in 
digestion and microbial activity. Our results demonstrate that all 
gut extracts exhibited bioactivity against both Gram-positive 
and Gram-negative bacteria, highlighting their potential as 
promising sources of biologically active compounds. Based on 
16S rRNA gene sequence analysis, JN2 (from the foregut) and 
JA4 (from the midgut) are likely new species of the genus 
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Bacillus, while JB10 (from the hindgut) belongs to the genus 
Providencia. Future studies should focus on isolating and 
characterizing the specific bioactive compounds produced by 
these microbes, with the goal of developing new therapeutic 
agents to address antimicrobial resistance.  
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