
SOAR Research Proposal – Summer Term 2019 
  
Synthesis of Peptide-Based Quorum Sensing Modulators for S. pneumoniae 
  
Faculty: Michael Bertucci, Ph.D., Assistant Professor of Chemistry 
Student Researchers:  Alec Buttner ‘21 and Emilee Engler ‘21 
 
Project Start Date: June 3rd, 2019 (Beginning of Summer Session I) 
Length of Project: 10 Weeks (Through Aug. 9th, 2019) 
  
Description of the project 
The purpose of this research is to develop methods in which quorum sensing, a cell-density 
dependent form of bacterial communication, can be regulated in Streptococcus pneumoniae. This 
can result in a medicinal benefits, as S. pneumoniae is the cause of many illnesses, such as 
pneumonia, due to its pathogenic properties. In order to achieve this goal, peptides will be 
synthesized by means of Solid Phase Peptide Synthesis (SPPS) in an attempt to modify and 
regulate one of the key signaling polypeptides in the quorum sensing pathway: Competence 
Stimulating Peptide 1 (CSP1). Through this project, derivatives of CSP1 will be synthesized and 
altered to monitor the effect of its structure in binding to the ComD1 receptor in S. pneumoniae. 
By developing a synthetic CSP1 variant that has a higher binding efficiency, a successful 
quorum-sensing inhibitor may be created as it will outcompete the natural peptide. 
 This project will build upon the findings of past research in order to increase the binding 
efficiency of the hydrophobic face of CSP1 as it was found that the binding sites of amino acids 
4, 12, and 13 in this face are not optimally occupied. By substituting natural hydrophobic amino 
acids in CSP1 with synthetic amino acids, these binding sites can be further optimized to 
increase binding of the synthetic CSP1 variants.  With this improved occupation of binding 
space, the synthetic peptides may outcompete the natural CSP1 peptide. To develop an effective 
inhibitor, a single substitution can be done to modify the N-terminus, or the first placement in the 
peptide sequence, replacing glutamic acid with alanine. In past research, it has been found that 
glutamic acid acts as a driving force for receptor activation, so with the new modification with 
alanine, previously successful peptides with high receptor activity can be improved upon to 
become inhibitor. 
 This project will help to develop skills specifically in using Solid Phase Peptide Synthesis 
(SPPS), a technique of chemical synthesis used to create peptides for scientific research, 
MALDI-TOF Mass Spectrometry, an analytical technique used to identify chemical samples, and 
High-Performance Liquid Chromatography (HPLC), a machine/technique used to purify a 
sample by removing unwanted side-products. S. pneumoniae bioassays will be run while at the 
University of Nevada in Reno, Nevada to test the efficiency of the binding of the synthesized 
peptides. The project will require the participants to think independently, using knowledge of 
chemistry and biology to make productive decisions to complete project goals and further their 
experience in this field of research. 
   



Roles and Responsibilities 
Alec and Emilee with be conducting all the necessary research and laboratory work to further 
their project goals. As part of their work, they will keep a lab notebook to record research 
progression and data. They will also meet with advisor Dr. Michael A. Bertucci weekly during 
the summer term. These meetings will be used to update Dr. Bertucci and receive input on 
research progress, challenges, and questions regarding the current state of the research projects. 
For these meetings, Alec and Emilee will prepare a shared google doc with an 
agenda/items/questions for each meeting that Dr. Bertucci will access and add to this google doc 
before, during, and/or after the meeting. Alec and Emilee will work with Dr. Bertucci to 
summarize and present their work on this project during the Moravian Scholarship and Creative 
Endeavors Day and the National Meeting of the American Chemical Society in Spring 2020. 
 Dr. Bertucci will be the direct mentor for Emilee and Alec through their 10-week summer 
research program.  He will guide their research into peer-reviewed literature and train both 
undergraduate research all related laboratory techniques and instrumentation.  During their trip to 
Nevada, Dr. Bertucci will be at UNR from June 30th - July 5th to introduce Alec and Emilee to 
Dr. Yftah Tal-Gan and his research lab and generally assist in their transition into their new 
working and living environment.  Though Dr. Yftah Tal-Gan will serve as their on-site mentor at 
UNR from July 5th - August 2nd, Dr. Bertucci will have scheduled weekly video conversations 
with Alec & Emilee to support their research progress (i.e. - answer questions, design 
experiments, etc.) and R1 academic experience.  Dr. Bertucci will also be responsible for 
ordering all supplies necessary for Alec & Emilee’s research in addition to arranging travel and 
registration for their conference presentations at the conclusion of SOAR. 
 
Warrant for two SOAR positions for a single project 
The stated goals of this SOAR proposal are two-fold:  use unnatural amino acids to optimally 
occupy the receptor for CSP1 and convert CSP1 derivatives previously identified as strong 
binders into inhibitors.  Alec will work to substitute the natural amino acids in the hydrophobic 
binding face of CSP1 with new, synthetic amino acids in order to continue to increase binding 
efficiency. Emilee will work to synthesize peptides which combine multiple amino acid 
substitutions from past research that have resulted in greater binding with the necessary tools to 
create an inhibitor. With these stated goals, both students will have an clear, independent 
contribution to the project while being able to work collaboratively towards developing an 
effective quorum sensing inhibitor for S. pneumoniae. 
 As additional rationale for two positions, National Science Foundation (NSF) funding has 
been acquired in collaboration with Dr. Yftah Tal-Gan of the University of Nevada, Reno to 
support the travel and lodging for two undergraduate researchers to spend up to five weeks 
pursing their independent research at UNR.  This funding may also be used to support part of the 
summer stipend of one of the undergraduate researcher if money remains after travel and lodging 
expenses.  As outlined below, if accepted into SOAR, Emilee and Alec will spend part of their 
research experience in the research-one chemistry department at UNR to test their peptides in 
S.pneumoniae biological assays. 



Timetable of Expected Milestones 
● June 3rd - June 30th 

○ Alec and Emilee will work at Moravian to design and synthesize their individual 
variants of CSP1. Alec will work with single substitutions of amino acids in the 
hydrophobic binding face of CSP1 as Emilee will combine multiple substitutions 
to develop an effective quorum-sensing inhibitor for S. pneumoniae. 

● June 30th - August 2nd 
○ Alec and Emilee will travel to the University of Nevada in Reno, Nevada to 

conduct bioassays of S. pneumoniae in order to evaluate the efficiency of the 
synthesized quorum-sensing inhibitors. 

● August 2nd - August 9th 
○ Alec and Emilee will complete analysis of data obtained in Nevada and work with 

Dr. Bertucci to determine the trajectory of future research. 
 
Engagement in Discipline-Specific Research  
This project directly correlates to the subjects of biochemistry and organic chemistry. Alec, who 
is currently majoring in biochemistry, and Emilee, who is currently majoring in chemistry, both 
took organic chemistry their sophomore year. Through the context of research, Alec and Emilee 
will attain a deeper understanding of these subjects. Along with increasing their knowledge of 
chemistry, the research will also provide them with a deeper understanding of significant global 
health issues involving S. Pneumoniae. Alec and Emilee will be able to build upon laboratory 
techniques learned in previous courses as well as learn about new methods that will help them 
throughout the rest of their undergraduate career. Alec and Emilee will become experienced in 
Solid Phase Peptide Synthesis (SPPS) by the means of a microwave synthesizer, High-
Performance Liquid Chromatography (HPLC), and MALDI-TOF Mass Spectrometry, which are 
all lab techniques used in modern laboratories.  
 
Contributions to the Discipline and Community 
Alec and Emilee’s work will contribute to the discipline by discovering new information on the 
molecular structures of peptides involved in the S. Pneumoniae quorum sensing pathway. 
Through synthetic organic chemistry techniques, these structures can be modified to help prevent 
cell communication and thus the initiation of various phenotypes such as biofilm formation and 
increased pathogenic abilities. Using previous literature, Alec and Emilee can build on current 
knowledge on this topic to make new contributions towards the resolution of issues caused by S. 
pneumoniae. The project can also be expanded through more research on what amino acids may 
improve the binding ability of the signaling peptide, CSP1, and to structurally alter the peptides 
to create effective quorum sensing inhibitors.  
       Alec and Emilee will have the opportunity to present the project at the Undergraduate 
Student Scholarship and Creative Arts Day.  In addition, we anticipate submitting an abstract to 
the National Meeting of the American Chemical Society in Philadelphia (March 2020) to present 
the results of Alec and Emilee’s research. 



Student Purpose Statement 
 

Synthesis of Peptide-Based Quorum Sensing Modulators for S. pneumoniae 
 
Student Name: Emilee Engler 
Major: Chemistry 
Graduation Date: May 2021 
Faculty Mentor: Dr. Michael A. Bertucci  
On-Campus Housing: Yes 
 
Bacterial resistance to antibiotics is a significant problem in today’s society, and quorum sensing, 
which is the main focus of this project, aids in the development of an alternative to antibiotics. 
Especially within S. Pneumoniae, which is the cause of many bacterial diseases, it is important to 
develop stronger bacteria within the antibiotics to fight S. Pneumoniae. I am thoroughly interested 
in this research and its application in medicine, especially after listening to educational talks, 
reading articles, and attending a talk ran by Dr. Yftah Tal-Gan from the University of Nevada in 
Reno, Nevada. Because of this, I am eager to learn more about the processes involved in chemical 
medicinal advancements. 
 
Since I am aiming to attend graduate school, it is essential for me to gain experience in the 
laboratory outside of my major’s curriculum that contains laboratory experience outside of a strict 
guideline. The main reason behind my desire for working on research in the laboratory was the 
opportunity to expand my knowledge on subjects I already have an understanding on, and to 
expand my knowledge on to new subjects within the field I otherwise wouldn’t have the chance to 
explore. I had an interest in quorum sensing more specifically because it involves studying the 
chemical aspects within biology, and as a chemistry major, I had not been required to take any 
biology courses in my undergraduate career. This project will continue to allow me to expand my 
research and realize my new interest in biology in relation to chemistry, helping me to further my 
passion within the different chemistry fields, helping me to discover what direction I want to study 
chemistry in. As a result of my research, I will be more prepared to take biochemistry as part of 
my undergraduate career. 
 
From this project, I hope to gain more knowledge into what exactly I aim to accomplish after 
graduation and in my future endeavors. I will use my experiences and knowledge in the laboratory 
to make new discoveries built off of previous ones. The opportunity to collaborate on an original 
experiment exceeds what I learn in a standard three-hour lab period, giving me the experience I 
would need for future laboratory operations. Immersing myself in a summer long research project 
will allow me to develop advanced problem solving skills in the laboratory I otherwise wouldn’t 
obtain that will help me in my future endeavors, both in school and my future career.  



Student Purpose Statement 
 

Synthesis of Peptide-Based Quorum Sensing Modulators for S. pneumoniae 
 
Student Name: Alec Buttner 
Major: Biochemistry 
Graduation Date: May 2021 
Faculty Mentor: Dr. Michael A. Bertucci  
On-Campus Housing: Yes 
 
One of the main reasons behind my desire to complete undergraduate research is that it provides 
me with the ability to further my education outside the classroom and gain in-depth knowledge 
about various topics in academia. Undergraduate research will also allow me to learn 
experientially as there is no strict guideline for the trajectory of research and the results may be 
unknown. In addition to in-lab experience, this research will also require me to educate myself 
on the chemical and biological concepts that support my research endeavors. 
 
Upon graduation, I plan to attend graduate school and focus on the field of medicinal chemistry. 
This research project will provide me with the proper exposure and knowledge of laboratory 
techniques that are necessary to succeed in graduate education and my future career. This 
experience is very different from a typical lab period through a course as it challenges me to 
think outside the limitations of a standard procedure and develop more efficient ways to achieve 
research goals. This will also solidify my interest in pursuing graduate education and allow me to 
explore my passions in the field of medicinal chemistry. 
 
My reason for choosing to study within the field of medicinal biochemistry is due to the large 
scale benefit it can pose to the general public. The progression of research in this field can result 
in the development of antibiotics that may be administered to help people prevent and recover 
from various illnesses. For this research in particular, Streptococcus pneumoniae is the cause of 
many diseases and is considered to be one of the most notable pathogenic bacteria. Through 
studying this bacteria as well as developing ways to inhibit its pathogenic abilities, I would be 
able to explore my interests in this field and gain valuable research experience. 
 
  



Synthesis of Peptide-Based Quorum Sensing Modulators for S. pneumoniae 
 
Faculty member: Dr. Michael A. Bertucci 
 
Student Researchers: Alec Buttner and Emilee Engler 
 
Proposed Expenses 
 
The following budget outlines the projected resources needed to accomplish the proposed 
research goals: 
 
Fmoc-L-homoleucine-OH (Chem-Impex)      $150 
Fmoc-2-aminoheptanoic acid (AnaSpec)      $171 
Fmoc-L-norleucine-OH (Chem-Impex)      $25 
N,N'-Diisopropylcarbodiimide (Chem-Impex)     $120 
Tax & Shipping (Estimated)        $34 

 
Total Requested:         $500* 
 
*The proposed budget includes the combined expenses for both student projects 
 
Fmoc-L-homoleucine-OH and Fmoc-2-aminoheptanoic acid are synthetic amino acids needed to 
Alec’s portion of the project while Fmoc-L-norleucine-OH is an amino acid needed for Emilee’s 
portion of the project.  Both Alec and Emilee will use N,N'-Diisopropylcarbodiimide, a coupling 
reagent necessary to link amino acids together to synthesize a given peptide sequence. 


