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Polypeptide brushes can potentially be applied as multiple-antigen peptides, gene carriers, or MRI contrast agent carriers. 

Previous methods for brush synthesis involved multiple reactions and tedious purification steps. We are trying to develop a 

new methodology to prepare well-defined polypeptide brushes utilizing different selectivitiesof two novel transition metal 

initiators developed in this group. This method begins with the polymerization of a-amino acid N-carboxyanhydrideto 

build the brush backbone, from which another amino acid monomer can be grafted. In contrast to previous methods, this 

approach will minimize purification steps while allowing control over chain length and chain length distribution, as 

confirmed by our preliminary results. Gel permeation chromatography (GPC) characterization confirmed the synthesis of 

the homopolymerand polypeptide brushes with a narrow molecular weight distribution. The GPC confirmed the formation 

of polypeptide brushes with definite branch length. Problems arose in controlling the molecular weight of the 

homopolymer, possibly due to  impurities from starting materials. We attempted to purify the monomer using flash column 

chromatography, followed by nuclear magnetic resonance (NMR) characterization of the resulting fractions. NMR results 

showed successful purification of the monomer used for polypeptide brush synthesis. We used atomic force microscopy to 

visualize obtained poly(L-lysine) brushes, finding that they form elongated, spindle-like nano-objects which are consistent 

with the approximated size of brushes. These initial results suggest that this synthetic method is viable for creating brush 

polypeptides or copolypeptides. With further optimization, this method may be used to synthesize branched polypeptides of 

a well-defined length using transition metal initiators.  

Abstract

Proteins have the ability to self-assemble into complex and practical structures. These proteins are composed of specific 

sequences of amino acids, and perform particular biological functions. Researchers have been developing synthetic 

methodologies to prepare polypeptides or proteins or using naturally available amino acids as building units to create novel 

biomaterials with unprecedented functions and properties. The Deming lab focuses on developing new synthetic routes to 

make polypeptides and block copolypeptidesequences for applications in tissue engineering and drug and gene delivery. 

Two different types of polypeptides  were investigated. The main is a copolypeptidebrush, which has one type of amino 

acid as a backbone, from which a second amino acid bearing particular functionalities and physical properties can be added 

to form brushes. While these polypeptides have found great utility in vaccines, medical diagnostics, and therapeutics, a 

major shortcoming with these materials is the expensive and tedious nature of the stepwise synthesis. The second is a short 

chain block polypeptide consisting of two different amino acids, leucineand lysine.  These polymers can form vesicles, 

which can be used for drug delivery. However, the protocol for forming these vesicles is not optimized.

Introduction

We propose to utilize the selectivity of transition metal initiators, i.e. Co(PMe3)4  and depeNi(COD), for N-

carboxyanhydrides(NCA) polymerization to develop methods for the straightforward, one-pot synthesis of copolypeptides

with controlled branching density. The general synthesis scheme is illustrated in Figure 1. We are able to synthesize brush 

polymers, but our preliminary results found that some of the intermediate compounds are difficult to purify. We tried using 

different initial amino acids, which can give different physical properties to facilitate purifications via recrystallizationto 

make monomers. As there have been some problems in crystallizing some of these compounds, alternative methods of 

separation, such as flash chromatography, can be used. Once the initial monomers are formed, the brush copolymers can 

then be formed after reaction with metal compounds, in particular Co(PMe3)4 initiators and depeNi(COD) catalyst. Gel 

permeation chromatography (GPC), nuclear magnetic resonance (NMR) spectroscopy, and atomic force microscopy (AFM) 

can be used to characterize the monomers and polymers to determine the viability of this method.

Hypothesis and Approach

Brush Polymers
�‡Backbone synthesized with low polydispersity

�‡Brush synthesized with low polydispersity

�‡Amino acid monomer purified via flash column chromatography

�‡Vary amino acid monomer

�‡Optimize initiator/monomer ratio

�‡Investigate  aggregation of higher molecular weight brushes in GPC

Vesicles
�‡1:1 dilution of THF/H2O followed by dilution to 3:1 resulted in largest and 

abundant vesicles

�‡Vesicle size decreases with time dialyzed

�‡Examine  kinetics of vesicle formation

Conclusion
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Polypeptide Brush Results

Polymer Backbone  Synthesized with Low Molecular Weight Distribution

Figure 2: The GPC trace is of the  

polymer core, shown as the next to last 

compound in the synthesis.  This 

compound was successfully synthesized 

with a low polydispersity.

The two different traces  consist of 

different monomer/metal initiator ratios. 

The smaller monomer/initiator ratio 

created a larger polymer, showing that the 

polymer size is not completely 

controllable, possibly due to impurities 

from starting materials with the 

monomer.

H

Higher Molecular Weight Species Indicate Brush Polymer Formation 

Figure 3: This GPC traces 

show the product after the 

addition of depeNi(COD).  

The appearance of  these 

higher molecular weight 

species, which are formed 

with a narrow molecular 

weight distribution, is 

indicative of brush polymer 

formation. 

Additional shoulder in high 

molecular weight brush may 

be due to aggregation. 

Chart or graphic                 

Visualization of Brush Copolymers

Figure 4: Atomic force microscopy in tapping mode. The poly(L-lysine) 

brushes deprotectedand dissolved in H2O.

The small, yellow cylindrical shapes are the polypeptide brushes, about the 

expected length around 100 nm. The brush copolymers appear to aggregate and 

form a network-like structure. 
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Amino Acid  Monomer Variations Purified

Table 1: Varied 3 different amino acids for monomer. Was able to purify 2 of them 

successfully using flash column chromatography. Was recently able to crystallize 

isoleucinewith insufficient time to attempt polymer synthesis. 

Vesicle Results

Figure 5 (right) : Vesicles from 

diblockK50 L22  in a concentration 

of 0.2 wt% imaged with a confocal

microscope.  Dissolving  initially 

in a 1:1 ratio of water to THF and 

then diluting to a 1:3 ratio resulted 

in the largest, most abundant 

amount of vesicles. 

Figure 6(left): DLS  of a K62L22 

diblock. The diblockwas dissolved 

in a ratio of THF/H2O underwent 

dialysis. The water was changed 

every hour, and a sample taken for 

analysis. As time increases, the 

vesicle size decreases, caused by 

the loss of THF. 

2 µm

As an additional side project, the protocol for vesicle formation from block copolymers was examined. The block polymers were formed via NCA polymerization of  leucineand  lysine. These were 

then be dissolved in a mixture of tetrohydrofuran(THF) and water and subsequently dialyzed. Variables such as concentration, THF/water ratios, and stirring conditions were varied. The resulting 

vesicles were then be analyzed with confocal microscopy and dynamic light scattering (DLS).

Synthetic Scheme
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Figure 1: Synthetic scheme used to  synthesize brush copolymers.


