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6.1 Preface  

I commend The Wisconsin Initiative for Science Literacy (WISL) for taking on the 

mission to promote literacy in science, mathematics, and technology. I completely agree and 

hope that this will attract future generations to careers in research, teaching, and public service. I 

believe that one of the most crucial aspects of scientific research should be to communicate the 

research to a broader audience. This is vital to create an awareness of scientific methods and to 

instill hope and excitement for the future in the general public. I am elated to have this 

opportunity and I hope to do my best to communicate my doctorate work in the most effective 

way.   

It is consistently proven that visual learning is one of the most powerful learning tools. I 

have employed this tool throughout this chapter to present my work. The chapter relies on 

various infographics to convey my research. I hope the readers find this approach more concise, 

effective, and convenient.  

 

 

 

 

 

 

 



 

6.2 The Problem: Antibiotic Resistance 

The infographics below explain the core of the problem that we are trying to address 

through our research. This problem pertains to almost all of us in daily life. Antibiotic resistance 

is both urgent and wide scale in nature [1]. It is important for the scientific community to look 

for viable and innovative solutions. My research is intended to help generate such solutions.  



 

Infographic 1: The problem of overuse of antibiotics. The prescriptions numbers were taken 

from a Centre for Disease Control and Prevention (CDC) report [2]. Antibiotic production 

number was taken from reference [3]. 

 



 

Infographic 2: The emergence and spread of antibiotic resistance [4].  

 



 

Infographic 3: Antibiotic resistance is a global threat [5].  

 



 

Infographic 4: Timeline of discovery of antibiotic resistance of major antibiotic classes [6].  

 

 

 

 

 

 

  



6.3 Where can we look for solutions? 

Amidst the growing concern about antibacterial resistance and lack of innovation in 

conventional antibiotics, researches have drawn inspiration from the natural immune response of 

living species. Virtually all organisms produce antimicrobial peptides (AMPs)* to fight bacterial 

infections [7]. AMPs kill bacteria through a different mechanism compared to conventional 

antibiotics [7].  A common antibiotic will usually attack a specific target inside bacteria. Bacteria 

are smart enough to figure out a way to modify the target and hence become resistant to that 

antibiotic. AMPs kill bacteria in a wide variety of ways. One common one is through disruption 

of the membrane* of bacteria (see Infographic 6). This promotes the leakage of internal materials 

of bacteria that are usually essential for bacterial survival. This turns out to be quite a shock for 

bacteria and it is difficult for bacteria to develop a resistance in these conditions. This makes 

AMPs an emerging and promising candidate for new antibacterial drugs.  

* Learn a Scientific Word 
 Antimicrobial Peptides (AMPs):  Antimicrobial: Anti and microbial, 

literally translates to opposed to microbial. Microbial is derived from the 

word microbes. Microbes or microorganisms are tiny living species that can 

exist in single-cell form or a colony of cells. Cells are the smallest unit of life 

and are the building blocks of life. Microorganisms include all kinds of 

bacteria. Peptide: Short chain of amino acids, amino acids are essential 

biomolecules for life that make proteins. Antimicrobial Peptides: Chains of 

amino acids that are harmful to microbes. 

 

 Bacterial membrane: A bacterial cell is surrounded by membrane(s). This 

membrane structure could have incredible diversity among different kinds of 

bacteria. The membrane helps enclose the contents of the cell and acts as a 

protection against outer environment. A common bacteria E. coli has 2 

membranes called the outer and the inner membrane. The space between the 

two membranes is filled with proteins and other material essential for 

bacterial survival (see Infographic 6).  



 

Infographic 5: Major AMPs and their sources [8].  



 

Infographic 6: Schematic representation of a typical E. coli cell. General action mechanisms of 

antibiotics and AMPs are depicted as well.  

 



6.4 Where does my research come in? 

There has been increasing interest in AMPs since their discovery in 1939 [8]. There are 

various efforts focused on discovering new AMPs and understanding their mechanism of action. 

Our lab is interested in understanding the action of these AMPs on bacteria. We use our expertise 

to study how these AMPs act on bacterial cells. Our experiments are designed in a way that we 

can capture images of live, single-cell bacteria in sub-second time resolution. This incredible 

time and spatial resolution allows us to learn crucial details including when the AMP enters the 

bacteria, time for membrane permeabilization*, and pattern of membrane permeabilization*. 

The infographic below is designed to convey the basic techniques we use to study AMP 

action on bacteria. In brief, we use a chamber (microfluidics) that has specific channels to 

maintain a constant flow of AMPs with the appropriate fluorescent dye. First, we flow bacteria in 

the chamber and observe the cells through a microscope. After that, we flow the appropriate 

AMP and the fluorescent dye solution in the chamber containing cells. Computer software helps 

capture snapshots for a duration of typically 30 minutes in constant cycles of time (0.5-6 s). The 

movie from these snapshots is analyzed and relevant parameters are recorded for each cell. We 

have used the technique to study various AMPs such as human LL-37, moth derived Cecropin A, 

bee derived melittin, and synthetic CM15.  

* Learn a Scientific Word 
 Membrane permeabilization: This term refers to puncturing of 

bacterial membrane. AMPs can cause holes in the bacterial 

membrane. The holes can cause stuff from inside the bacteria to leak 

out. This event when the membrane is punctured is called membrane 

permeabilization.   



 

Infographic 7: Single, live cell imaging experiments used in my thesis work.  

 

 

 

 



6.5 Current research: Outer membrane layer protects E. coli from Cecropin A 

As described earlier, we use single, live cell imaging assays to reveal the mechanism for 

action of AMPs. During my PhD, I extensively worked on a particular AMP called Cecropin A 

that is derived from moths [9]. In this section, I describe my observations of Cecropin A action 

on E. coli. E. coli cells, as described earlier, have two bacterial membranes. The outermost 

membrane has a layer of sugar and phosphate molecules called the lipopolysaccharide (LPS) 

layer [10]. We performed experiments with wild-type* and mutant* cells. We observed that the 

sugar layer and phosphate molecules makes the AMP action slower [10]. This proves that the 

layer is a barrier for Cecropin A action. We were able to use these observations to propose a 

model of mechanism for the action of Cecropin A. These observations will help the community 

learn more about the action mechanism of Cecropin A and possibly assist in designing improved 

AMPs.  

* Learn a Scientific Word 
 Wild-type (WT): Most natural form of the particular species. This is the 

typical form of a species as it occurs in nature. These forms are essential for 

the experiments to have a baseline for the desired changes. 

 

 Mutants: These are the organisms that are generated from a parental, WT 

strain through mutations. Mutations are achieved through changes in the 

genetic material (DNA) of a particular organism using biological techniques. 

Mutations can be natural as well as a result of errors of DNA replication. In 

laboratory settings, mutants allow observation of behavioral changes 

resulting from the changes in the particular gene that is mutated.  



 

Infographic 8: Sugar and phosphate protects E. coli from an AMP called Cecropin A. The 

mutants were obtained from the Weibel lab at UW-Madison. The mutants were then modified for 

our experiments.  



6.6 Current research: More Difficult to Kill Food-Starved Bacteria 

I extended my work to study bacteria in conditions closer to their natural existence. 

Typically the experiments are performed on bacteria cells that are in a nutrition rich 

environment. In these situations, bacteria grow rapidly and also reproduce quickly. However, in 

nature, bacteria usually exists in very different conditions. There is typically a dearth of food for 

bacteria in nature to grow very rapidly. In these situations, bacteria change their behavior to a 

state of minimal growth and reproduction. Since the bacteria change so much in these conditions, 

it is not accurate to compare it to laboratory conditions. I studied bacteria populations that are 

nutrient limited. One of the major findings was that more than 10 times the amount of AMP was 

needed to achieve a comparable membrane permeabilization action to fast growing cells. We 

were able to identify factors guiding the action of AMP in E. coli cells. More studies are needed 

to understand the behavior and mechanism of AMPs on natural bacterial populations. This will 

help us design better antibacterial drugs.  

6.7 Current research: Improved Design of Synthetic Drugs 

Although AMPs are promising candidates for antibacterial drugs, their commercialization 

has been limited. As of 2018, around 10 AMPs were in clinical use [11]. This limited success can 

be attributed to several factors. One of the major reasons is the economics of AMP use. AMPs 

are a defined sequence of amino acids. It is very difficult to synthesize specific sequences and it 

is very costly. They are difficult to scale and are not very practical. We have collaborated with 

another lab in UW-Madison to address this problem. In a collaboration with Dr. Leslie Rank and 

Prof. Samuel H. Gellman at UW-Madison, antibacterial polymers* have been synthesized. These 

are easy to make and cheaper than natural AMPs. In an effort to help the design of these 

synthetic drugs, I studied the biological activity of various synthetic polymers. We figured out 



certain structural aspects of polymers that help the killing of E. coli cells. We hope to use these 

details to design better synthetic polymers in the future. These polymers could be the new 

antibacterial drugs that could replace conventional antibiotics. 

6.7 Conclusions 

Overall, in this chapter, I described our efforts to study the mechanism of alternate 

antibiotic drugs. My research should contribute to the development of new antibacterial drugs. 

The problem of antimicrobial resistance is urgent and large in scale and serious efforts are 

needed from the community to combat this resistance. To provide an edge in our fight against 

bacteria, it is crucial to expand our current knowledge of the mechanism of alternate drugs.  

 

 

 

 

 

 

* Learn a Scientific Word 
 Polymers: A polymer is a molecule, made from joining together 

many small molecules called monomers. The word "polymer" can be 

broken down into "poly" (meaning "many" in Greek) and "mer" 

(meaning "unit"). This shows how the chemical composition of a 

polymer consists of many smaller units (monomers) bonded together 

into a larger molecule. Polymers can be natural such as DNA, 

proteins, carbohydrates etc. Some polymers are man-made. Plastics, 

rubber, and fibers are man-made polymers. 
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