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Structural Analysis of Peptides Containing Asymmetric α,α-Dialkylated Amino Acids 

 

1. Abstract / Project Overview: 

 

Unnatural amino acids, amino acids not commonly found in nature, when used in place of 

natural amino acids in a protein can protect the protein from breakdown by enzymes in the body. 

This resistance to degradation makes proteins with unnatural amino acid content valuable tools 

for research in therapeutics. Incorporation of unnatural amino acids has demonstrated the 

potential to disrupt the folded structure of a peptide which in turn may eliminate any therapeutic 

efficacy. In this work, we will synthesize peptides containing asymmetric α,α-dialkylated amino 

acids, a class of unnatural amino acids that we hypothesize will prevent destabilization of the 

peptide’s folded structure. NMR spectral data will be obtained and used to determine the folded 

structures as well as the folded stability of these synthetic peptides. Comparison of these folded 

structures will guide the selection and use of unnatural amino acids in additional protein 

sequences in future studies. 

 

2. Background and Significance: 

 

Amino acids are small molecules that are the building blocks of proteins. There are twenty 

naturally occurring amino acids, differentiated from each other by the identity of the side-chain 

found on each (Figure 1). When specific combinations, or sequences, of these amino acids are 

combined, they form proteins which have discrete folded structures, or shapes, dictated by the 

identity of the side-chains. Interactions between various proteins, mediated by their folded 

structures, allow proteins to regulate biological processes such as cell growth and programmed 

cell death and to initiate chemical reactions within the body.  

 Many diseases are caused by faulty protein-protein interactions, requiring treatment that 

corrects these misfunctions. Traditionally, development of new therapeutics has focused on 

design and synthesis of small molecules, some of which can contain as few as ten carbon atoms. 

The proteins targeted by these small molecules, however, can contain thousands of carbon atoms. 

This discrepancy in size can limit the ability of small molecule drugs to interact with certain 

proteins and prevent treatment of some diseases.
1
  

Peptide therapeutics, such as artificial insulin used in the treatment of diabetes, are attractive 

alternatives to small-molecule therapeutics. Peptides, small fragments of proteins, can mimic the 

 

Figure 1. Biological function of a protein is dependent on its folded structure which is in turn 

dictated by the sequence of amino acid building blocks found in the protein. 
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Figure 2. Example structures of a natural α-amino 

acid and two α,α-dialkylated amino acids (symmetric 

and asymmetric). The extra side-chains found on the 

α,α-dialkylated amino acid backbones are circled 

blue. 

folded structure of larger proteins and can therefore interact with target proteins that are too large 

for small molecules to recognize.
2
 One drawback of using peptide therapeutics, however, arises 

from a natural process, proteolysis. This process involves the breakdown of proteins by enzymes 

found naturally in the body and is used to eliminate unnecessary proteins once their functions are 

complete. Because peptide therapeutics can also be subject to proteolysis, their natural 

breakdown creates a need for frequent or large dosages of medication.
3
  

One method to prevent proteolysis of a peptide therapeutic is to incorporate unnatural amino 

acids, amino acids with structures that differ from those found in nature, into the peptide 

sequence. This variation in structure prevents the enzymes responsible for proteolysis from 

recognizing the peptides containing these unnatural amino acids, thereby slowing the breakdown 

of these peptides. A variety of unnatural amino acids with small modifications have shown the 

ability to disrupt proteolysis.
4-6

  

We are interested in the study of α,α-dialkylated amino acids, a class of amino acids that has 

shown the ability to disrupt proteolysis.
7
 These compounds have a structure very similar to 

natural amino acids, but they include an additional side-chain in place of a hydrogen atom in 

their backbone (Figure 2). The most frequently studied α,α-dialkylated amino acid is 

aminoisobutyric acid (Aib), a relatively small amino acid with side-chains only one carbon atom 

in length. A recent proteolysis study with Aib has shown that its incorporation in a peptide can 

provide a ten-fold to thousand-fold increase in the lifetime of that peptide, depending on the 

location of Aib in the peptide sequence.
8
 Aib is also found in an entire class of antimicrobial 

peptides, peptaibols.
9-11

  

We have recently completed a study 

showing that Aib, when incorporated into a 

peptide sequence, significantly destabilizes 

the peptide’s folded structure.
12

 As a 

peptide’s structure directly leads to its 

function, this destabilization could negate 

any potential positive impact of unnatural 

amino incorporation. Our recently 

published study has also shown that 

incorporating α,α-dialkylated amino acids 

with side-chains longer than those found in 

Aib can restore some of this lost stability. 

However, in this study, we were only able 

to examine symmetric dialkylated amino acids (Figure 2). Here, we propose to introduce 

asymmetric α,α-dialkylated amino acids into a synthetic peptide for analysis. As naturally 

occurring amino acids are also asymmetric, we hypothesize that by introducing asymmetric α,α-

dialkylated amino acids, we may be able to restore additional stability. 

 

3. Goals and Objectives: 

 

The goals of this project are to advance the faculty member’s research, to obtain data appropriate 

for publication in a high-impact peer-reviewed chemistry journal, and to provide valuable 

research experience to our undergraduate students by completing the following objectives: 

 

1. To incorporate asymmetric α,α-dialkylated amino acids into synthetic peptides. 
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2. To analyze the folded stability of the peptides above to determine the energetic impact of 

unnatural amino acid incorporation. 

3. To analyze the structure of the peptides above to determine the structural impact of 

unnatural amino acid incorporation. 

 

4. Project Justification: 

 

The funds provided by this Category II grant will provide the resources for faculty/student 

research beginning in summer 2017. The undergraduate student involved in this project will be 

trained in the Spring 2017 semester preceding the summer that this project will begin. The funds 

provided by this grant will provide reagents necessary to synthesize peptides as well as a 

workstation necessary for the folded stability and structural analyses described as objectives 

above. We anticipate that data obtained from this study will provide appropriate preliminary 

results necessary for support of a competitive NSF CAREER Grant with a typical funding rate of 

25%.  

 The proposed research will benefit CHES by potentially leading to publication in a high-

impact chemistry journal, thereby increasing the prestige of the university. As an example, we 

funds from a previous CHES grant facilitated research in support of a publication in Organic 

Letters, the top ranked organic chemistry journal. Additionally, this work will build upon the 

preliminary research conducted last year and could provide a basis for grant proposals for 

external funding. These results will be used in preparation of a CAREER grant proposal 

sponsored by the National Science Foundation. 

 The proposed research will advance the professional growth of the principal investigator by 

providing key results that could lead to peer-reviewed publication, leads for future projects, and 

the potential for funding from external sources. Additionally, it will provide the opportunity to 

act as a mentor for undergraduate researchers, supporting them in their growth as chemists, 

public speakers, and analytical thinkers. Students will gain hands-on experience in developing 

and performing scientific experiments and will also be expected to present their data at the 

Symposium for Student Research, Scholarship, and Creative Achievement, the PASSHE STEM 

conference, and regional and/or national meetings of the American Chemical Society (ACS). 

These experiences will prepare a strong foundation for students involved in this project to pursue 

careers in chemistry or continue their education in graduate school. 

 

5. Methodology: 

 

The asymmetric α,α-dialkylated amino acids we propose to use in this study are commercially 

available. Using funds provided by this grant, we will purchase the required peptide synthesis 

reagents and use microwave-assisted solid-phase peptide synthesis to synthesize peptides for 

study. We have successfully synthesized a variety of peptides using this technique in previous 

studies and have shown that this technique is appropriate for undergraduate researchers to utilize. 

 The peptides we synthesize will be sent to collaborators at the University of Pittsburgh who 

will acquire nuclear magnetic resonance (NMR) data which will be used for energetic and 

structural analysis (described in greater detail in Data Analysis). A letter of collaboration is 

included in this proposal. Following data collection by our collaborators, these data will be 

returned to us for further analysis. We will analyze these data, make direct comparisons between 
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the peptides containing unnatural amino acids and a model peptide, and prepare our data for 

publication and presentation (detailed in Dissemination of Results). 

 

6. Data Analysis: 

 

NMR spectral data for each synthetic peptide will be collected by collaborators at the University 

of Pittsburgh and returned to us for data analysis. NMR uses technology similar to MRI to 

identify the chemical environment of hydrogen atoms in a molecule or peptide. These data can 

be used to unambiguously identify signals of each hydrogen atom in a range of values between 

0-12 parts per million. Comparison of these exact values, or chemical shifts, can be used to 

calculate the folded population of a peptide which in turn can be applied to several mathematical 

equations to calculate folded stability. The folded stability values calculated for peptides 

including unnatural amino acids will be directly compared to values for a model system 

containing only natural amino acids to determine how incorporation of unnatural amino acids 

impacts a peptide’s folded stability. 

Chemical shift information can also be used to approximate distances between two hydrogen 

atoms nearby in space. These distance values can be used as restraints in a modeling program. 

This program can be used to calculate a peptide’s 3D structure. Again, the 3D structure of 

peptides containing unnatural amino acids can be compared to the structure of a model system to 

determine any structural perturbations that arise from unnatural amino acid incorporation. 

Because even small peptides contain dozens of hydrogen atoms, sophisticated software is 

required for the two analyses described above. An open-source program, Sparky, can be used to 

determine the chemical shifts of hydrogen atoms while a second open-source software package, 

CNS, can be used to calculate 3D structures. These software packages are demanding in terms of 

processing power required for their use, justifying our request for a workstation dedicated to 

these analyses. 

 

7. Project Roles: 

 

Allison Weber is the undergraduate researcher who will be responsible for peptide synthesis and 

data analysis for this project. Allison is a sophomore chemistry major who has shown excellent 

progress in Organic Chemistry, the core subject most closely associated with this project. The 

principal investigator will be responsible for training Allison in solid-phase peptide synthesis 

techniques during the semester preceding this project. In the event that this proposal is not 

funded, the skills learned during this training will be transferrable to alternative research 

projects.  

 Allison will be responsible for synthesizing the peptides used in our study. While data is 

being collected by our collaborators, the principal investigator will train Allison in the use of the 

software packages described above to calculate folded stabilities and 3D structures of peptides. 

Based on the success of previous research students, it is expected that this training is appropriate 

for an undergraduate researcher. After this training, Allison, in collaboration with the principal 

investigator, will complete the data analysis of peptides containing unnatural amino acids. The 

principal investigator will additionally be responsible for oversight of the project, additional 

training as needed, and compilation of data for dissemination via publication and presentation.  
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8. Dissemination of Results: 

 

We intend to submit the results of this research to a high-impact peer-reviewed journal published 

by the American Chemical Society such as ACS Chemical Biology or Biochemistry. The results 

from this study would likely provide adequate data to submit an article the length of a 

communication. Results from a study similar in scope recently resulted in publication in Organic 

Letters, the highest-impact organic chemistry journal. 

 These results will also be appropriate for presentation at the Symposium for Student 

Research, Scholarship, and Creative Achievement held at Slippery Rock University, the 

PASSHE STEM conference, as well as the national ACS conference held in Boston, MA in 

August 2018.  

 

9. Project Timeline 

 

A general timeline for this work is shown below. Training of the undergraduate researcher will 

begin in the Spring semester of 2017. Peptide synthesis will ensue in the summer term followed 

by additional training and data collection in the Fall of 2017. Data analysis will be performed 

during the Spring of 2018. These data will be compiled for use as preliminary data in submission 

of the NSF CAREER grant in July 2018. We anticipate submitting these data for publication in 

Fall 2018. 

 

 
 

Specific dates relative to this project are detailed below: 

 

March 2018: Presentation of preliminary data at the SRU Symposium for Student Research, 

Scholarship, and Creative Achievement. 

 

July 31, 2018: Submission deadline for 2018 NSF CAREER Grant. 

 

August 19-23: Presentation of complete data set at the National ACS Conference in Boston, 

MA. 

 

November 2018: Presentation of complete data set at the PASSHE STEM Conference. 
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Structural Analysis of Peptides Containing Asymmetric α,α-Dialkylated Amino Acids 

Budget Justification 

 

Supplies 

Natural amino acids required for the synthesis of peptides total $498. Specifically, these amino 

acids and their relative prices are: Fmoc-D-Ala ($13, 5 g), Fmoc-D-Glu ($35, 5 g), Fmoc-D-Lys 

($35, 5 g), Fmoc-D-Phe ($25, 5 g), Fmoc-D-Thr ($90, 5 g), Fmoc-D-Pro ($20, 5 g), Fmoc-D-Asp 

($125, 5 g), Fmoc-D-Trp ($80, 5 g), and Fmoc-D-Tyr ($75, 5 g). 

Unnatural amino acids required for the synthesis of peptides total $479. This will provide the 

unnatural amino acid Fmoc-L-Isovaline. It is typical that unnatural amino acids such as this are 

more expensive than their natural analogs. 

Additional peptide synthesis reagents total $239. This total includes HCTU, a coupling reagent 

($91, 100 g), 4-methyl piperidine, a deprotecting agent ($30, 100 g), and NMP, a solvent ($118, 

2 L) 

Equipment 

An iMac workstation ($3,179) with secondary display ($524), and thunderbolt cable ($29) total 

$3,732. As detailed in the Data Analysis section of the proposal narrative, the calculations 

required to complete this study and provide appropriate preliminary results for an NSF CAREER 

grant require significant computing power. The software packages required for this analysis are 

not compatible with PC operating systems and require either Macintosh or Linux. As Linux is 

not supported by Slippery Rock University, we require use of a Macintosh workstation. The 

prices listed above reflect educational pricing for a workstation with an i7 processor with 32 GB 

of RAM adequate for use with the large number of simulations required to generate a 3D 

structure. This system also includes a dedicated Radeon graphics card necessary for the graphics-

intensive 3D modeling software as well as Adobe software necessary for compilation of results 

in publication and poster form. The secondary display will allow for simultaneous analysis of 

NMR data in tandem with troubleshooting of 3D structure calculations. 

GraphPad Prism software totals $550. This will provide one perpetual software license which 

will be used for calculations of folded stability and preparation of figures for publication and 

presentation. 
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W. Seth Horne 
Assistant Professor 

 February 6, 2015 
 
Dr. George Lengyel 
Slippery Rock University 
Department of Chemistry 
261 Advanced Science and Technology Hall 
Slippery Rock, PA 16057 
 
Dear George, 
 

I am excited to see that you are pursuing new funding sources for your research. I know that 
as a young tenure-track faculty member, finding research funding and conducting novel research 
are important parts of your professional growth.  

 
As a primarily undergraduate institution, I understand that Slippery Rock University may not 

have immediate access to all the resources necessary to carry out your research program to its 
full potential. My lab at the University of Pittsburgh is equipped with some of this essential 
instrumentation, including a microwave reactor for solid-phase peptide synthesis and HPLC 
systems for purification of synthetic peptides. I am committed to provide you with access to this 
equipment until such time as your independent lab has the capabilities to produce and purify 
peptides. Additionally, I am committed to help you acquire spectral data for all the synthetic 
peptides you produce using high-field NMR spectrometers available in my department.  

 
I am excited to collaborate with you on these studies and wish you the best in your pursuits. 

 
Sincerely, 

 
W. Seth Horne 
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Structures.” 

 

August 2005    University of Pittsburgh              Pittsburgh, PA              

M.A. Teaching, Secondary Science 

 

 April 2004     University of Pittsburgh              Pittsburgh, PA  

B.S. Chemistry (ACS Certified).  Summa Cum Laude 

 

Appointments 

 

 August 2015-Present   Assistant Professor, Slippery Rock University 

 

 August 2014-August 2015  Adjunct Professor, Slippery Rock University 

 

Teaching Experience 

 

 August 2014-Present   Slippery Rock University  Slippery Rock, PA 

  Organic chemistry professor. 

  Maintained 300 MHz NMR, FT-IR, and GOW-MAC GC. 

 

August 2011-May 2011    University of Pittsburgh         Pittsburgh, PA  

 August 2009-May 2010         

  Organic chemistry I and II lab instructor. 

  Taught both recitation and lab courses.    

 

August 2005-June 2009   Knoch High / Middle School              Saxonburg, PA         

 High school chemistry and eighth grade science teacher. 

Sponsored and established the first ACS-affiliated chemistry club at Knoch High School. 

 

March 2006-June 2006   East Allegheny High School      North Versailles, PA      

High school chemistry long-term substitute. 

 

 August 2005-March 2006  Burrell High School         Lower Burrell, PA 

  High school chemistry long-term substitute. 
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