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Multidrug resistant pathogens continue to reach new heights and there is currently no new
antibiotic classes available. This is because of improper use of antibiotics in developed and
developing countries as well as livestock. Improper use allows the pathogen to be exposed and
develop mechanisms to fight off the antibiotic. Some of these mechanisms include: ribosomal
inactivation, target site modifications, impermeability, efflux pumps, and antimicrobial
inactivation. Currently 6 pathogens named the ESKAPE pathogens (Enterococcus faecium,
Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosa, and Enterobacter spp.) have been listed as the most alarming for resistance to
antibiotics. To combat this crisis, I looked in a dairy environment for Streptomyces species that
produced antimicrobial metabolites. I collected samples of raw milk, soil, trough water, manure,
and corn silage and overlayed them against an ESKAPE pathogen looking for a zone of inhibition.
Once a zone of inhibition was found the species was isolated and retested to confirm. If confirmed,
a Gram stain was performed to determine biochemical test for identification of the unknown
isolates genus. Finally, PCR on the 16S region was completed for sequencing to confirm the genus

and species of the unknown. Using these methods, 21 isolates were identified to produce zones of



inhibition against S. aureus, E. faecium, and P. aeruginosa. Isolates 4 is believed to be B. cereus
and isolate 6 and 9 is believed to be B. subtilis. Both of these species have been researched in the
past for their antimicrobial properties. These findings suggest that there are many species left to

be discovered for their antimicrobial properties that could help slow the antibiotic crisis.
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Introduction:

The world is in the middle of an antibiotic crisis due to over exploitation and misuse of
current antibiotics. Modern antibiotics first came to be in the early 1940s with several scientists
working to find an antimicrobial agent against prevalent diseases of the time. Alexander Fleming
was among these. In his laboratory, an unattended open culture plate containing Staphylococci
eventually began growing mold, and further investigation revealed that the staphylococci did not
grow around the mold areas. This mold was later identified as Penicillium notatum, and the
metabolite being produced was subsequently named Penicillin (1). Penicillin eventually became
the first antibiotic and changed modern medicine forever. Antibiotics were used to cure bacterial
infections. However, these “miracle drugs” quickly became widely used for a number of
infectious diseases. These poor stewardship practices have allowed bacteria (and fungal
pathogens) to adapt and survive under selective pressure, leading to the development of
widespread antimicrobial resistance (AMR). These AMR organisms have developed different
mechanisms to survive traditional antibiotic treatment. AMR is problematic because a bacterial
infection that was once easily treated now requires an altered different length of treatment,
higher dose of antibiotic(s), or a different treatment plan all together, all of which further
exacerbate the AMR crisis. AMR organisms are often also multidrug resistant (MDR). Multidrug
resistance occurs when the organism is no longer responsive to certain broad-spectrum
antibiotics. Some common examples of this include Methicillin-Resistant Staphylococcus aureus
(MRSA), Vancomycin-Resistant Staphylococcus aureus (VRSA), and carbapenem-

resistant Klebsiella pneumonia (CRKP).



Mechanisms of antimicrobial resistance

Currently six pathogens have been identified that are most problematic in regards to
MDR infections seen clinically - the ESKAPE pathogens. The group of ESKAPE pathogens
have several different mechanisms of antimicrobial resistance in their toolbox of defense. Some
of these mechanisms are shared among pathogens to provide what is needed to survive exposure
to antibiotics. These mechanisms are acquired through genetic mutation as well as horizontal
gene transfer (HGT). The most common mechanisms for the ESKAPE pathogens fit into 4

groups: antimicrobial inactivation, bacterial target site modification, persistence, and reduced

antibiotic accumulation (Fig. 1)(2).

Antimicrobial inactivation is a mechanism used commonly by Gram negative bacteria to
destroy or permanently inactivate the antimicrobial agent. This is done frequently through B-
lactam modification and aminoglycoside modification. B-lactam modification works by
destroying the active site of the antibiotic. In this case, the enzyme B-lactamase cleaves the [3-
lactam ring of the antibiotic, deeming it inactive (2, 3). B-lactamases are found in many species
of Gram negative bacteria dating back to 1940 (2). Genes for B-lactamases are found both as a
species specific inducible chromosomal -lactamases and on plasmids that are highly
transmissive (2).

Aminoglycoside modification is a common mechanism found in Gram negative ESKAPE
pathogens. The pathogen encodes aminoglycoside modifying enzymes (AMEs) from a
transposon, plasmid or nucleoid (2). When a pathogen comes into contact with the antibiotic
across the cytoplasmic membrane, AMEs covalently catalyze specific amino or hydroxyl groups
to deem it ineffective (4). Another common strategy among ESKAPE pathogens is to alter the

target sites of antibiotics. Altering the target site of the antibiotic lowers the ability for the



antibiotic to bind. Target sites alteration can be further broken up into three categories: target
enzyme modification, ribosomal target site alterations, and cell wall precursor alterations. An
example of altering target sites is through enzyme modifications. This is commonly seen in
methicillin resistant Staphylococcus aureus (MRSA) clinical samples. The bacteria acquires an
outside gene mecA, which encodes for a penicillin binding protein (PCP). The protein has a low
binding affinity for all - lactams. Ribosome modification is another example of a target for
modification. The ribosome undergoes methylation at a target site, leading to a change in the
binding site of the antimicrobial molecule (2). An example in S. aureus and Enterococcus spp.
is with methylation of adenine residues A2058, catalyzed by the erm (erythromycin ribosomal
methylation) gene (5). The final example of bacterial target site modifications is cell wall
precursor alterations. This can be explained using vancomycin as an example. Normally,
vancomycin binds to the D-Ala-D-Ala ending of peptidoglycan precursors, creating too much
steric hinderance and interrupting cell wall synthesis, thus killing the pathogen (5). However,
when the van gene cluster has been acquired the process is re-routed. This changes the binding
site of vancomycin to to D-ala -D-Lac, which eliminated a hydrogen bond (5) or D-ala -D-Ser,
which changes the precursors decreasing the affinity of vancomycin (2).

Persistence is a particularly important mechanism to several of the ESAKPE pathogens.
S aureus and P. aeruginosa have the ability to form biofilms. Biofilms are a microbial
community encased in an extracellular matrix. Biofilms begin as a small group of microbes that
attach to a surface. This surface can be a prosthesis, catheter, lungs, or any biotic or abiotic
surface that remains damp or that contains a liquid environment. This microcolony then begins
forming the extracellular polymeric substances matrix (2). The colony will continue to grow,

perhaps into a community of mixed species, and begin quorum sensing, a communication system



among the bacteria to ensure processes get carried out by the biofilm. Quorum sensing mediates
a variety of differential gene expression events through a tightly coordinated system of metabolic
operons and regulons. The continued development of the biofilm results in a matrix which is
very difficult to penetrate with antibiotics or other antagonists. Eventually, the biofilm may lead
to dispersal, which can lead to further dissemination of the biofilm.

Lastly, ESKAPE pathogens use mechanisms such as porin down-regulation and efflux
pump expression to reduce antibiotic accumulation. Mutation and selective pressure have
allowed these mechanisms to become more widespread. Due to mutations, ESKAPE pathogens
can down-regulate porins, in order to protect the bacteria against antibiotics. Porins are
commonly altered by Gram negative ESKAPE bacteria. Porin alteration can reduce the ability of
antibiotics to enter the cell and impede growth. If porin expression is affected, hydrophilic drugs
such as B-lactams that rely on porins, will not be able to cross the outer membrane. Porin
mutations are very likely during antibiotic treatment in patients, for example, leading to an
immediate change in susceptibility. K. pneumoniae and some Enterobacter species can alter
porin channel sizes leading to resistance in carbapenems using this mechanism.

Another mutation that has greatly benefited the ESKAPE pathogens influences
expression of efflux pumps. These are membrane proteins that pump the antibiotic out of the
bacterial cell. The export occurs at such a rapid rate, the antibiotic has little chance to harm the
bacteria (6). Six classes of efflux pumps have been described: ATP- binding cassette (ABC),
Multidrug and toxic compound extrusion (MATE), major facilitator superfamily (MFS),
proteobacterial antimicrobial compound efflux (PACE), resistance-nodulation-division (RND),
and small multidrug resistance (SMR) (2). Of these, RND is the leading cause of antibiotic

resistance among Gram negative ESKAPE bacteria because of their ability to expel antibiotics,



biocides, and detergents (2). Two efflux pumps (AcrAB-TolC and MexAB-OprM) in the RND
family are commonly chromosomally encoded and are essential to the survival of Pseudomonas
aeruginosa (4).

ESKAPE Pathogens

Six bacterial genera have been identified by the World Health Organization which
demonstrate these antibiotic resistance mechanisms at an alarming frequency (7) . These are
commonly referred to as the ESKAPE pathogens: Enterococcus faecium, Staphylococcus aureus,
Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter
spp. Enterococcus faecium was first characterized in 1899 from the GI tract of humans as a
saprophytic coccus named Streptococcus faecium (8). By 1937, several other species had been
documented creating an enterococcal group within the genus Streptococcus. In 1984,
Enterococcus was formally accepted as a genus (8). E. faecium is a Gram positive, saprophytic,
coccus shape commonly found in the gut of mammals and insects as well as plants, soil, and
water. E. faecium 1s dominant in many diverse environments, and adaptable to a variety of pH
ranges and temperatures (8). Due to this resilience, E. faecium is one of the most challenging to
treat with antibiotics. E. faecium is resistant to many antibiotics including: vancomycin,
penicillin, daptomycin, and quinupristin.

Staphylococcus aureus was first discovered in 1880 in Scotland by a surgeon named
Alexander Ogston (9). Later, this species was differentiated by its gold colony color from
Staphylococcus epidermidis (9). Besides the gold colony morphology, S. aureus is a Gram
positive, coccus shaped and arranged in clusters. This species is found on skin and mucosal
surfaces and can be spread through direct contact. As such, this species often leads to infection

via a break in the skin barrier. S. aureus is resistant to penicillin because it contains a plasmid



that encodes for an extracellular enzyme penicillinase (10). This enzyme cleaves the B-lactam
ring of penicillin, inactivating most variants quickly (10).

K. pneumoniae was first discovered by Carl Friedlander in 1882 from the lungs of a
patient who had died of pneumonia (11). K. pneumoniae is a Gram negative rod found in water,
sewage, and soil. This organism is also found in human intestines and feces (12), as well as
prolonged hospital patients with catheters, open wounds, or ventilators. K. pneumoniae 1is
commonly spread though skin to skin contact particularly in hospital settings, and has a very
flexible accessory genome making it resistant to several different classes of antibiotics. Some of
these include penicillin, cephalosporins, and more recently carbapenems known as carbapenem-
resistant K. pneumoniae (CRKP) (6).

In 1911, a Dutch microbiologist Beijerinck discovered Acinetobacter baumannii from a
soil sample. A. baumannii was originally named Micrococcus calco-aceticus until 1954, when
Brisou and Prevot created the genus Acinetobacter to differentiate this group as non-motile (13).
A. baumannii is a Gram negative, rod-shaped aerobic bacteria that can be found in soil and water
samples from the environment but is more commonly found targeting mucus membranes of
immunocompromised hospital patients. A. baumannii has several virulence factors that allow it
to be resistant to many forms of treatment making it pan resistant. One virulence factor is outer
membrane protein A (OmpA). OmpA allows A. baumannii to bind to a host epithelial cell and
mitochondria and eventually lead to apoptosis of the cell (13). This, along with several other
traits lead to its resistance against penicillin’s and carbapenems as well as ciprofloxacin,
tigecycline and polymyxin B.

Pseudomonas aeruginosa was first discovered by Sédillot as a transferable agent on a

wound dressing in 1850 (14). In the years following pigment from P. aeruginosa was extracted
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by Fordos, and associated with a rod shaped organism by Lucke. Finally in 1882, Carle Gessard
attained a pure culture (14). P. aeruginosa is commonly found in the environment on plants,
animals and water. This organism is also part of the normal gut flora of humans and causes
opportunistic infections of hospital patients (15). P. aeruginosa is most difficult to treat with
fluoroquinolones and B-lactams because of its many resistance mechanisms. Some of these
resistance mechanisms include AmpC cephalosporinase, OprD outer membrane porins and
multidrug efflux pumps (14).

The final ESKAPE pathogen is Enterobacter species. First discovered in 1960, this group
is very similar to that of K/ebsiella and is mostly distinguishable by motility (except in nonmotile
Enterobacter species) (16). Enterobacter species are Gram negative, rod shaped, facultatively
anaerobic bacteria commonly found in human intestines (17, 18). Enterobacter spp. are
commonly resistant to several antibiotics, including carbapenems, -lactams, fluoroquinolones,
aminoglycosides. This is because these species have produce an enzyme that cleaves the -
lactam ring in several antibiotics leaving it inactive (18).

Inappropriate Use In People and Livestock

The list of ESKAPE pathogens will continue to grow in number and severity if not
properly addressed. MDR continues to reach new heights with no new antibiotic classes in the
global arsenal for defense. Each year antibiotic resistant infections cause more than 700,000
deaths worldwide (19). This crisis is due to overuse of antibiotics in humans and livestock; in
developed and developing countries.

Developed countries have several obstacles including overuse, multidrug resistant
pathogens, and major pharmaceutical companies contributing to this crisis. Overuse of

antibiotics occurs when physicians do not properly diagnose the patient. It is estimated that 47
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million antibiotic prescriptions are misdiagnosed in the US alone each year (19). If the
prescribed antibiotics do not cure the infection they may lead to multidrug resistance, due to
exposure. Pharmaceutical companies are also to blame for antibiotic resistance in developed
countries. There is little economic advantage for these big pharma companies due to high failure
rate and a lack of profitability in the field. Interestingly, it is estimated that bringing a new drug
to market takes 10 years as well as an investment of $800 million (20). While there is a huge
need for new antibiotics, research is taking a backseat to chronic diseases and other molecular
therapeutics in developed countries. Most healthcare systems globally are treatment- rather than
prevention-based, and this mindset exacerbates the crisis.

Developing countries also face an antibiotic crisis due to misuse of antibiotics. In
developing countries, cost and availability of antibiotics is a large concern. It is common practice
to be prescribed old, expired or counterfeit antibiotics (21). The expiration date on many can also
be misleading, because the date assumes proper storage conditions. Many developing countries
are humid and have harsh sunlight, leading to degradation of active ingredients (21). All of
these problems of improper use lead to resistance because of exposure to the antibiotic at low
concentrations or short time frames. During this short usage, it is likely that the infection will be
able to develop resistance mechanisms. Another problem in developing countries with AMR 1is
living conditions, which are often dense and unsanitary. This leads to pathogens such as
tuberculosis, diphtheria, and mycobacterium spreading rapidly and going unchecked by
antibiotics.

In animals, overuse of antibiotics is common practice. Farmers want to ensure all of their
animals are healthy to make the highest profit possible. To ensure this, farmers often

prophylactically (or metaphylactically) use antibiotics. If they determine an animal is presenting
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with symptoms of a particular infection, the farmer is likely to treat the entire group, to ensure
none of the other animals acquire the disease. This exposes the animal and therefore their
microbiome, to antibiotics. This exposure creates selective pressure leading to development of
resistant strains, making their way into soil, groundwater, or perhaps indirectly to
humans/consumers (22). One way to determine this is happening is by looking at bee populations
because of strict antibiotic guidelines, they are a good indicator of what is in the environment
(23). If antibiotics are found in a hive that are not used in beekeeping or apiculture, it can be
assumed they were taken in from the environment. Farmers are also likely to use expired
antibiotics and self-diagnose because they do not want to pay veterinarian bills. This overuse
happens in livestock, poultry, fish, and bees. In aquaculture, because of the environments AMR
genes spread very quickly. It is estimated that 20% of the bacteria in sea water are resistant to a
minimum of 5 antibiotics (24). This is because the antibiotics are often non-biodegradable and
very stable allowing them to stay in the water and bacteria for long periods of time. (24, 25) This
over use with animals will directly affect AMR levels in humans.
Streptomyces

To combat this inappropriate use, discovery of new antibiotics are becoming a necessity.
Using what is known about the origin of antibiotics, we turn to Streptomyces because this group
of soilborne bacteria have provided so many useful antibiotics in the past. Streptomyces bacteria
evolved 450 million years ago and gave rise to all the Streptomyces species we have today (26).
They are likely a direct result of natural selection for an organism to catabolize the decaying
plant life in terrestrial environments. Streptomyces is a genus of bacteria commonly found in
water, soil, and decaying vegetation. These bacteria are within a group termed Actinomycetes,

which was formally known for their ray fungal colony morphology (27). In particular,
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Streptomyces are branched and filamentous in structure and reproduce in a mound-like manner
by sending up arial branches that eventually turn into chains of spores (26). Prior to spore
production, Streptomyces produce secondary metabolites as a way to antagonize other bacteria
and protect themselves. Many of these secondary metabolites from Streptomyces species have
been exploited to produce antibiotics. In fact, all known antibiotics from 1945 to 1978 were
produced from Streptomyces secondary metabolites (27) (Table 1). Some of these common
antibiotics include streptomycin, tetracycline, and vancomycin.

Media choices play an important role in culturing Streptomyces species because it can
determine what secondary metabolite is produced. Although there is still much to learn about
Streptomyces and culturing them, some suggest culturing in liquid for easier manipulation, and
more secondary metabolites production (28, 29). Some liquid media options are Tryptic Soy-
Broth (TSB), R2YE, and YEME (29). Recommended incubation times for these cultures is 28
degrees Celsius with shaking for 72 hours (29). To maintain growth, solid media
recommendations vary greatly from species to species. However, samples that need to be
sporulated may do better on MYM-agar and ISP4- agar media (29). The incubation time is 28
degrees Celsius for 4-6 days.

Current Crisis

The discovery of new antibiotic treatment has been left almost entirely to smaller
pharmaceutical companies and universities. Some research efforts have taken action and are
crowdsourcing new product discovery, led by organizations such as the Small World Initiative
and Tiny World (30, 31). The biggest push for antibiotic research has been with student
researchers in universities and high schools. Organizations like the Small World Initiative are

using students and researchers globally to tackle the lack of new antibiotics and the growing
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antibiotic resistance crisis (30). As of 2019, 2.8 million people contract antibiotic resistant
infections each year and 35,000 people die as a result (19). If something is not done about this
problem, it is projected that by the year 2050, 10 million deaths globally will occur from drug
resistant bacterial infections (32). In order for scientists to combat this issue, new environments
must be reexamined for possible antibiotic-producing microorganisms. One of these natural
environments is that of a dairy farm. The dairy environment provides a unique environmental
opportunity for diverse microorganisms not previously examined for antibiotic production. Raw
milk, feed, and manure, are examples of habitats containing great potential as a source of

antibiotics. An isolate from a dairy farm environment will produce zones of inhibition against

one of the ESKAPE pathogens. Investigating the dairy farm environment will hopefully lead to

new or rediscovered Streptomyces species which produce a metabolite of interest.

Materials and Methods:

Samples of raw milk, soil, trough water, manure, and corn silage were collected from All
Wright Farms (Muncie, IN) and transferred in sterile collection tubes on ice to our laboratory for
processing and screening. Individual samples were collected in winter and spring months. Solid
samples were resuspended and agitated in sterile 0.85% NaCl prior to serial dilution and plating
in triplicate on Actinomycetes Isolation Agar with 20mg/ml cycloheximide. Plates were
incubated at ambient temperature for 24-48 hours prior to colony observation.

After incubation, unique individual colonies were picked and patched onto new
Actinomycetes Isolation Agar plates in a grid like fashion (Fig. 2). These were then allowed to
incubate at ambient temperature for 24-48 hours before being overlayed with molten TSA

containing 200 mL of a test pathogen (Enterococcus faecium ATCC 51559; Staphylococcus
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aureus ATCC 23235, Klebsiella pneumoniae ATCC 13883, Acinetobacter baumannii ATCC
19606D-5, Pseudomonas aeruginosa ATCC 10145; or Enterobacter spp. ATCC 13047). This
was repeated for each pathogen, each environmental sample, and each dilution. When a zone of
inhibition was identified, the colony was picked and isolated on a new Actinomycetes Isolation
Agar plate to ensure a pure culture. Then the unknown isolate was re-tested against the pathogen
to ensure a reproducible zone of inhibition.

After confirming a reproducible zone of inhibition for each dairy farm isolate, staining
and biochemical testing was completed to identify the genus of the unknown isolate. Gram stains
were performed to further determine appropriate biochemical tests to complete. These tests
included: endospore stain, catalase test, methyl red and Voges-Proskauer (MRVP), urease and
nitrate reduction. After determining a genus, the genomic DNA was extracted for PCR
amplification using a Qiagen spin-column based gDNA extraction kit (DNeasy UltraClean
Microbial Kit (50)).

Once the DNA is extracted, PCR was performed using components and conditions listed
in Table 2. A Invitrogen PureLink Quick PCR Purification kit was used before confirming on 1%
(w/v) agarose gel electrophoresis. For this, specific primer pairs will be required to target these
regions of 16s rRNA-encoding DNA. Conserved 16S rDNA-specific primers were used in PCR
with the Illustra™ (now Cytiva) PuRe7aq Ready-to-Go™ PCR bead system (33, 34). To
determine the likely genus and species of each isolate of interest, we used PCR sequencing

(Genewiz ) (30) of the amplified 16S rDNA amplicons, and NIH BLAST analyses (33).

16



Results

After screening for winter and spring seasons, 21 isolates were identified as showing a
reproducible zone of inhibitions against the ESKAPE pathogens (Table 3). These zones were
reproduced twice each before becoming an unknown isolate of interest. Winter isolates 1-14
were collected in February, 2021. Isolates 1-10 showed zones of inhibition against S. aureus.
They were all Gram positive rods. Additional tests revealed they were endospore-forming,
catalase positive, MR negative, VP negative and Urease negative. Nitrate tests, however, were
positive for Isolates 1,2, 6, 8, 9, and 10. Isolates 11-14 produced zones of inhibition against E.
faecium. These were all endospore-forming and catalase positive. Further results of MR, VP,
Urease and Nitrate were also negative.

Spring samples (isolates 15- 21) were collected in May 2021. Isolates 15-18 produced
zones against P. aeruginosa. These isolates were all Gram positive rods, endospore-forming and
catalase positive. Isolates 15 and 16 were MR positive, VP negative, urease negative and nitrate
positive. Isolate 17 was MR, VP, Urease and nitrate negative. Isolate 18 was Negative for MRVP
and Urease but positive for nitrate. Isolates 19-21 were also all Gram positive rods, spore
positive. All isolates were also catalase positive except isolate 20. Isolates 19, 20 and 21 were
MR negative, VP negative and Urease negative. Isolate 19 was nitrate positive and isolates 20

and 21 were nitrate negative.

Discussion
We found 21 species that produced reproducible zones of inhibition against multiple
ESKAPE pathogens. These results suggest that there are many more naturally occurring

antibiotics left to be discovered. The biochemical tests results suggest that the unknown isolates
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are most likely Bacillus species. Bacillus species are Gram positive, spore forming rods. With
the results of a positive catalase and spore test, as well as a negative urease test, it can be further
concluded that the species is Bacillus. Based on biochemical testing and morphology, we believe
isolate 4 is Bacillus cereus. B. cereus is nitrate negative and has a “wrinkly” colony morphology.
Isolates 6 and 9 are likely B. subtilis because they are nitrate positive. Bacillus spp. have been
researched in depth for their antimicrobial properties against Gram positive pathogens (35). It
has been previously reported that Bacillus brevis and Bacillus subtilis produce zones of
inhibition against S. aureus (35). Other Bacillus species such as B. cereus and B. megaterium
have shown antimicrobial properties against P. aeruginosa and E. coli. (35). It is possible that
our isolates are B. brevis or B. subtilis because they are ubiquitous in soil and these species
match the biochemical description of unknown isolates 6 and 9.

Discovering antibiotic properties of several different unknowns was beneficial to the
scope of the antibiotic crisis, however, we were not able to find any Streptomyces species. This
could be due to several factors. One of these could be incubation time. The samples were
processed and plated immediately after collection and only allowed 24-48 hours to incubate.
Studies show that Streptomyces species may require a longer incubation time - between 4-6 days
(29). Another possible reason for this could be the media. Although Actinomycetes Isolation
Agar was used, other bacterial species seemed to grow moderately well on this medium, and
produce many secondary metabolites. This medium contained dextrose as a carbohydrate. To
make this medium more selective for Streptomyces spp., the Carbon source should be changed to
a starch to more effectively isolate Streptomyces spp. A medium that would allow for this in
future work 1s Starch Casin Agar (SCA) (36, 37). SCA is used as a isolation medium for

actinomycetes and detection of saccharolytic marine bacteria. In addition to SCA, a 4.6% sodium
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chloride salt concentration has been seen to lower nontarget bacterial growth on plates. (36) The
samples were taken from the environment where Streptomyces were likely to inhabit, however
due to the time of year/season, it is possible they were less likely to be in a culturable state. It is
important to be constantly screening for new species as the populations of microbes are
constantly changing and adapting to new environmental factors.

Future directions include furthering the information about the isolates. We will complete
further testing of the isolates against the rest of the ESKAPE pathogens to see if the isolates
contain resistance to any of the other ESKAPE species. This will be done by inoculating the
plate with the unknown pathogen and overlaying it with molten tryptic soy agar containing
another ESKAPE pathogen of choice. We will also complete 16S PCR sequencing on the
remainder of the samples to know the genus and species of the isolate. Then, we will purify and
test the secondary metabolites produced by the isolates to determine the antimicrobial activity.
This will be done using size exclusion, and silica chromatography. Next, glass thin layer
chromatography will be used to identify the metabolites and ensure they are pure. To do this, the
metabolite will be mixed into a solvent and visualized under ultraviolet light. Then, we will need
to confirm which of the separated metabolites is responsible for the antimicrobial activity using
molten agar mixed with the ESKAPE pathogen. Finally, we will characterize the metabolite(s)
using NMR and mass spectrometry to determine the molecular structure and identity. Further
directions of this research include further testing of the metabolite if novel, to eventually

introduce it into the drug pipeline.
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Figure 1. Mechanisms of antimicrobial resistance among ESKAPE pathogens.

The ESKAPE pathogens use mechanisms such as antimicrobial inactivation, bacterial target site
modification, persistence, and reduced antibiotic accumulation to overcome antibiotics.
Antimicrobial inactivation adds a phosphate group lessening its binding affinity to the ribosome.
Bacterial target site modification happens when the drugs target becomes modified taking away
the option for the antibiotic to bind. Pumping out refers to the pathogens ability to use efflux
pumps to pump out the antibiotic. The pathogen may also develop impermeability from modified
cell wall proteins. Ribosomes may be methylated lowering the binding affinity of the antibiotic.
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Table 1. Species of Streptomyces with the antibiotic each produces. (26, 38)

Species

Streptomyces aureofaciens
Streptomyces avermitilis
Streptomyces clavuligerus
Streptomyces coeruleorubidus
Streptomyces erythraea
Streptomyces fradiae
Streptomyces kanamyceticus
Streptomyces orchidaceus
Streptomyces pristinaespiralis
Streptomyces puniceus

Streptomyces venezuelae

Antibiotic Produced

Tetracycline
Avermectin
Clavulanic Acid
Daunomycin
Erythromycin
Fosfomycin
Kanamycin A
Seromycin
Pristinamycin
Viomycin

Chloramphenicol
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Figure 2. Picking and plating method. The individual colonies are inoculated from a sample
dilution plate and picked in a grid like fashion to a new AIA plate. This method ensures
differentiation in colonies and allows zones of inhibition to be visualized.

Table 2. Primers and sequences used for PCR. Primers 27F and 1492R were used to amplify
the 16S region of the unknown isolate samples. This amplification created an overall amplicon
size of 1470bp, that was visualized on a 1% agarose gel.

Primers Sequences
27F 5" AGA GTT TGA TCC TGG CTC AG 3’
1492R 5" GGT TACCTT GTTACGACTT3’
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Table 3. Characteristics of Dairy Isolates. Information on each of the 21 unknown dairy
isolates that create zones of inhibition against an ESKAPE pathogen.

Dairy Farm Microscopic Pathogen
Source Gram Status Morphology Susceptible
ISOLATE 1 Feed Gram-positive Short rods S. aureus
Short rods in
ISOLATE 2 Manure Gram-positive chains S. aureus
ISOLATE 3 Manure Gram-positive Rods S. aureus
ISOLATE 4 Manure Gram-positive Rods S. aureus
ISOLATE 5 Manure Gram-positive Rods S. aureus
ISOLATE 6 Manure Gram-positive Rods S. aureus
ISOLATE 7 Manure Gram-positive Rods S. aureus
ISOLATE 8 Manure Gram-positive Rods S. aureus
ISOLATE 9 Manure Gram-positive Rods S. aureus
ISOLATE 10 Manure Gram-positive Rods S. aureus
ISOLATE 11 Manure Gram-positive Rods E. faecium
ISOLATE 12 Manure Gram-positive Rods E. faecium
ISOLATE 13 Manure Gram-positive Rods E. faecium
ISOLATE 14 Manure Gram-positive Rods E. faecium
ISOLATE 15 Feed Gram-positive Rods P. aeruginosa
ISOLATE 16 Water Gram-positive Rods P. aeruginosa
ISOLATE 17 Feed Gram-positive Rods P. aeruginosa
ISOLATE 18 Feed Gram-positive Rods P. aeruginosa
ISOLATE 19 Feed Gram-positive Rods E. faecium
ISOLATE 20 Feed Gram-positive Rods E. faecium
ISOLATE 21 Feed Gram-positive Rods E. faecium
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Figure 3. Reference Isolate zone of inhibition and Gram stain. Panel A represents Isolate 21
from a feed dairy sample producing a zone of inhibition against E. faecium. This is represented
by the area of no growth around this isolate. Panel B shows Isolate 21 Gram positive results.
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Appendix

Appendix. Chart containing all information on unknown isolates. List of 21 isolates with
information regarding what sample the unknown is from, what it produces a secondary
metabolite against, and its sample number. The ESKAPE pathogen highlighted according to the

season it was collected: blue(winter), green(spring).

Resistance Sample Letter ID# Gram Spore Catalase MR VP Urease Nitrate

S. aureus Feed 102 I 1 P, rods + + . . . +
Feed 102 J 2 P, rods + + - . . +
Manure 10* C 3 P, rods + + - . . .
Manure 10* I 4 P, rods + + - . . .
Manure 10* K 5 P, rods + + - . . .
Manure 10* M 6 P, rods + + - - - +
Manure 10* H 7 P, rods + + - . . .
Manure 10* J 8 P, rods + + - . . +
Manure 10* L 9 P, rods + + - - - +
Manure 10* 0] 10 P, rods + + - . . +

E. faecuim  Manure 10 A 11 P, rods + + - - - -
Manure 10* C 12 P, rods + + - - - -
Manure 10* L 13 P, rods + + - - - -
Manure 10* J 14 P, rods + + - - - -

P. A

aeruginosa Feed 1073 15 P, rods + + - -
H20 10* A 16 P, rods + + - -
feed 102 A 17 P, rods + + - - - -
feed 10-? B 18 P, rods + + - - - +

E. faecuim  feed 10* A 19 P, rods + + - - - +
feed 1073 A 20 P, rods + - - - - .
feed 103 B 21 P, rods + + - - - .
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