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Abstract 
There is a dire need for new antibiotics to treat antibiotic resistant bacterial 

infections. With the assistance of the course-based research experience Tiny Earth, 

isolates of antibiotic-producing bacteria discovered in BIO 304 Microbiology & Its 

Applications during Spring 2021 at Salem State University will be further 

characterized. This characterization may include performing 16S rDNA PCR 

identification of soil isolates, characterization of the secondary metabolites from these 

isolates by chemical extraction and testing the metabolites on ESKAPE safe relatives to 

confirm growth inhibitory activity, and testing the chemical extracts on eukaryotic 

systems, namely cultured mammalian cells for cytotoxic effects. The ultimate goal of this 

analysis is to contribute potentially novel antibiotic-producing soil bacterial species to the 

Tiny Earth database to help in the discovery of new antibiotics. 
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Introduction 
When dealing with bacterial infections a medicine can be used to control the 

bacterial growth in humans as well as other animals. These medicines used are 

antibiotics, which are produced naturally by bacteria. The first antibiotic was discovered 

early in the 20th century when it was observed that the growth of a fungal contaminant on 

a plate with bacteria was able to stop the growth of the bacteria2. However, bacteria can 

form resistance against antibiotics over time. Therefore, antibiotic resistance is a 

devastating issue that is affecting global health and development1.  

Due to a bacteria’s ability to rapidly reproduce they can evolve an antibiotic 

resistance (AR) very quickly. The rate of spread of AR infections continues to accelerate 

as the bacteria build more resistance, and the discovery of new antibiotics continues to 

decline. This can lead to higher medical costs, staying longer in the hospital, as well as a 

higher mortality rate due to AR infections. As bacterial resistance continues to spread 

across the world it makes treating these diseases more difficult. Respiratory, diarrheal, 

and sexually transmitted disease are getting harder to treat with the increase of antibiotic 

resistance1,3. 

This is an issue that needs to be addressed quickly and efficiently. Due to years of 

overusing and misusing antibiotics, bacteria continue to infect humans and animals as 

they are becoming more resistant. Antimicrobial resistant bacteria have become 

increasingly more important in clinical, veterinary, and agricultural studies. The One 

Health Organization4 recognizes that these three elements: humans, animals, and the 

ecosystem, are interconnected and this is an important leader in antibiotic stewardship.  
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Using soil as a source of antibiotic discovery is due to wanting to find naturally 

occurring antibiotics to be used in the fight against antibiotic resistance. Many of the 

antibiotics used today were found from bacteria or fungi found in soil. Some of the 

antibiotics found from soil include penicillin, streptomycin, chloramphenicol, and 

tetracycline5.  

The Tiny Earth6 program is a network of instructors and students focused 

on studentsourcing antibiotic discovery from soil.  The mission of the program is to 

inspire students to pursue careers in science through laboratory and field research that 

could potentially influence the world and to make others aware of the antibiotic 

resistance crisis and to hopefully address the global threat with the help of the many 

students taking on this challenge. 

 

Figure 1. The Tiny Earth Research Workflow. The first row was completed in BIO 304 

courses in Spring 2021 and Spring 2022. This study focuses on the first step of the 

second row of the workflow. 
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This program provides students with a workflow to follow (Figure 1). This 

workflow allows students to tackle the difficulty of isolating a pure culture of bacteria. 

This was done before this study, and the ‘identification & characterization of antibiotic 

producers’ step is what this study is focused on. This includes performing 16S rDNA 

PCR identification of soil isolates found from the first four steps of the workflow.  

Characterization of Soil Isolates 
The different soil isolates that were being worked with in this study had been 

obtained from the BIO 304 courses in both Spring 2021 and Spring 2022. They were 

obtained by following the first row in the Tiny Earth Research Flow (Figure 1). Once the 

different bacterial colonies were separated from the soil samples, the goal was to make 

them axenic cultures. In other words, the bacterial colonies should be pure cultures 

without any other bacterial colonies contaminating the plate. The method used to get a 

pure colony is the quadrant streak plate method (Figure 2). We did this for every bacteria 

colony found in the soil multiple times to ensure that the colonies were pure. 

 

Figure 2. Results of using the quadrant streak plate method using a bacteria found in the 

Spring 2021 course of BIO 304. 
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 Once the colonies had been through the quadrant streak plate method repeatedly, 

they could then be tested for their cell morphology. Seeing the colonies morphologies 

would give a general idea of how they function. A gram stain was done to look at the 

cells under the microscope and determine whether the colonies were gram positive or 

gram negative (Figure 3). The process of a gram stain involves taking a sample of a 

bacterial colony and putting it onto a glass slide. To actually stain the colonies, crystal 

violet is placed on the slide for one minute then rinsed with water, then iodine is placed 

on the slide for one minute then rinsed with water, then 10 to 20 drops of decolorizer is 

placed on the slide and is rinsed off with water immediately, and finally safranin is placed 

on the slide for one minute then rinsed with water. The gram-positive bacteria usually 

showed a purple color after the gram stain, and the gram-negative bacteria usually 

showed a pinker color after the gram stain. This step is key in choosing promising 

bacterial colonies to further characterize.  

 

Figure 3. Gram stain of the isolates. 1000X oil immersion photomicrograph of two 

isolates further used in our studies. (left; Ferdinand, right; HP/JPN) 

 

 Taking the bacterial colonies used for the gram stains, the patch-patch method 

(Tiny Earth Research Manual7) is used to grow the soil isolates and determine if they are 
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producing any secondary metabolites. The goal of the patch-patch method is looking at 

whether the unknown bacteria from the soil will inhibit the growth of other bacteria. A 

panel of ESKAPE safe relative strains were used to test the unknown bacteria’s abilities 

to produce secondary metabolites. Overall, 12 unknown isolates that showed the 

capability of producing secondary metabolites were obtained in this way. They are as 

follows; RB-3, HP/JPN, KG, Ferdinand, TT 2/22, CW 2/22, MS 2/22, WP 2/22, AS 

Marine Strepto from R2A 3/4, JC TSA, KKW/JPN, & BOB. 

Molecular Identification of Soil Isolates 
 The Tiny Earth Research Guide7 explains that purified soil bacteria are intended 

to be identified using the 16s rRNA PCR. A Polymerase Chain Reaction (PCR) for this 

research is applied to amplify the 16srRNa gene so the bacteria can be sequenced.  

This method is used because, “16S ribosomal RNA (or 16S rRNA) is the component of 

the 30S small subunit of a prokaryotic ribosome that binds to the Shine-Dalgarno 

sequence. The genes coding for it are referred to as 16S rRNA gene and are used in 

reconstructing phylogenies, due to the slow rates of evolution of this region of the gene. 

Carl Woese and George E. Fox were two of the people who pioneered the use of 16S 

rRNA in phylogenetics in 1977.”8 The 16S Tiny Earth Colony PCR primers used in our 

study target sequences for amplifying the 16S rRNA gene. 

The 16s Colony PCR method employs the use of a master mix reagent containing 

forward primer, reverse primer, polymerase buffer, dNTPs, H₂O and DNA polymerase.  

The use of this method allows for the ability to inoculate the master mix with cells taken 

directly from the isolated colony on the TSA plate. Each sample was made of a mixture 

of 1 microliter of forward primer, 1 microliter of reverse primer, 25 microliters of master 
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mix, and either 23 microliters of H2O or 18 microliters of H2O and 5 microliters of 

DMSO mix. The gram-positive isolates were put in a solution that included a diluted 

dimethyl sulfoxide (DMSO) mix due to its thick peptidoglycan layer (Figure 4). The 

DMSO allowed for better success of the 16s PCR. 

 

Figure 4. A gram-positive isolate (JC TSA) used in this study that required the use of 

DMSO in its PCR sample solution. 

The 16S rRNA PCR protocol as described in the Tiny Earth Research Manual7 

was followed. The samples were prepped to be at 50 microliters per each individual tube. 

Steps 1-4 in the process were cycled through 30 times (Table 1). This PCR test was done 

multiple times to attempt at obtaining the best results. Once completely cycling through 

the PCR, the samples were put through gel electrophoresis. 

Gel electrophoresis is used to determine whether the proper denaturing of the 

bacteria isolates had occurred and if the PCR amplified the 16S rRNA gene. If the PCR 

was successful, bands for each isolate should appear at 1.5 kilobases, based on the DNA 

ladder used (Figure 5). 
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Steps Temperature (°C) Duration (seconds) Purpose 

1 94 600 Break down of cells 

2 94 30 Denaturing cells 

3 58 30 Annealing of cells 

4 72 110 Elongation of cells 

5 72 600 
 

Table 1. The 16S rRNA PCR protocol as described in the Tiny Earth Research Manual7. 

This was the protocol used in this study. 

   

 

Figure 5. The DNA ladder used while conducting the gel electrophoresis to determine 

the size of the PCR samples. 

 The resulting gel electrophoresis showed that there were at least 5 samples that 

showed strong bands at 1.5 kilobases (Figure 6). This meant that there were at least 5 
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samples that were going to be sent off to a biotechnology company to be sequenced. This 

sequencing allows for the bacterial isolates to be further identified. 

 

 

Figure 6. The resulting gel electrophoresis of the samples obtained from completing the 

16S rRNA PCR. 

 The biotechnology company, GeneWiz, is where the samples from the PCR were 

sent to be sequenced. Unfortunately, the results from this had not been returned in time to 

express any data results from the identification done thus far. However, the goal was to 

obtain the sequences of the sent in samples and from there do further characterization. 

The tool that would be used once having the sequences is the BLAST, or the 

Basic Local Alignment Search Tool (Figure 7). BLAST is used to enter in a sequence 

from the unknown samples and compare that sequence to known bacteria in the data 

system. This could potentially show whether the bacteria sequenced is a known 

secondary metabolite producing bacteria, or if it was unknown. The goal was to get an 

unknown secondary metabolite producing bacteria that could be sent to the Tiny Earth 

Program to be identified. The goal in this is to help in the discovery of antibiotics that are 

found within soil. 
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Figure 7. Basic Alignment Search Tool (BLAST) is a web-based tool from the NCBI 

(National Center for Biotechnology Information). A text file (FASTA) is pasted into the 

top window and searched against a database of 16S ribosomal sequences. 

Conclusions 
There were many complications to completing this study. There arises difficulty 

in accurately isolating a bacterial colony and then assessing whether it produces an 

antibiotic. Most often a bacteria will only produce a secondary metabolite in certain 

phases of their growth curves or in their natural environments. However, we were able to 

successfully identify and isolate 12 bacterial cultures.  
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Figure 8. The results from a gel electrophoresis after our first attempt at a 16S rRNA 

PCR. The bands show contamination in the control and only the ESKAPE safe relatives 

wielded sufficient results. 

There was also a lot of troubleshooting that occurred whilst trying to complete the 

16S rRNA PCR. Having no prior experience with the machine or the technique, many 

trials were conducted that wielded poor results (Figure 8). This led this study to be 

prolonged for a length of time that made getting adequate results difficult. A longer time 

period to effectively follow protocol while leaving room for troubleshooting would be the 

best way to optimize results in the future. 

Future Directions 
The Tiny Earth Network offers new ways to identify potential producers further 

and ways to study the networks that exist to create antibiotics. The Tiny Earth Database 

continues to act as a repository for microbes discovered by students, and the Tiny Earth 

Chemistry Hub characterizes the proven potential producers regarding their chemical 

structures. The promising microbes go on to have their entire genome sequenced.  Due to 

bacteria’s efficiency in regulation of their metabolisms, networks of genes can be 

discovered using bioinformatic approaches to search the genome. 
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