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Chapter 5 

Core cross-linked polypeptide nanoparticles through the miniemulsion 

polymerization of UV responsive NCAs. 
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5.1 Introduction 

The design of smart carriers in the sub-micron range allows for unique characteristics which 

lead to changes in the mechanical, electrical and optical properties of materials. This 

evolution of controlled design has touted nanotechnology as the next revolution in many 

industries including agriculture, food industry, cosmetics and medicine.
1-6

 

Nanoparticle delivery systems with the ability to encapsulate and controllably release 

bioactive compounds is a sought after trait that has received increased interest due to the 

broad range of possible applications. One such application area is in the (site-specific) 

delivery of active pharmaceutical ingredients such as vaccines, genes, drugs and other 

biomolecules in the (bio)medical field.
7-9

 Currently, polymeric nanoparticles based on natural 

polymers such as chitosan or gelatine, or aliphatic polyesters such as poly(glycolic acid) 

(PGA) and poly(lactic acid) (PLA) as well as their copolymers i.e., poly(D,L-lactide-

coglycolide) (PLGA) are the most widely utilized drug delivery systems.
7, 10-12

 Both natural 

polymers and PLGA have advantages and drawbacks, which makes them more or less suited 

for certain application areas. For example, natural polymers usually have a good 

biocompatibility. However, obtaining reproducible sample quality from natural sources can 

be challenging. PLGA can be produced reproducibly but is hydrophobic in nature, which 

makes loading of hydrophilic drugs challenging.
13, 14

  

For a product to be applicable in nano-particular drug delivery it is necessary to conform to a 

number of requirements. Generally these materials should be biocompatible, have a tuneable 

degradation profile, produce only harmless degradation products, allow encapsulation of 

active ingredients and involve a scalable process that does not require harsh processing 

conditions, while maintaining a high long-term colloidal stability. Also desirable is the 

availability of functional groups that allow the surface modification for example to enhance 

circulation half-life (e.g. through PEGylation) or attachment of active/targeting biomolecules 

such as proteins, glycans or antibodies (specifically for pharmaceutical applications).
7, 9, 15-17

 

It is within these boundaries that polypeptides could play such a vital role. Over the last 

number of years researchers have developed functional materials based on amino acids by a 

technique called N-carboxyanhydride (NCA) ring-opening polymerisation (ROP).  In this 

process amino acids are converted into a reactive NCA, which can then be polymerised in a 

ring-opening polymerisation to yield synthetic polypeptides.
18

 This technique permits the 
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synthesis of functional polypeptides with controlled molecular weight, molecular architecture 

and composition.
19, 20 

Studies have shown that synthetic polypeptides from NCA polymerisation are versatile 

materials for the loading and release of small drugs and genetic therapeutics, respectively.
21, 

22
 For example, star shaped polypeptides with improved siRNA and pDNA loading, cargo 

protection and transfection characteristics were reported.
23-26

 Moreover, the functionalities of 

the amino acids building blocks (e.g. amines and carboxylic acid moieties) allow for facile 

chemical modification and bioconjugation of the polypeptides.
27

 Suitably, polypeptides are 

emerging as perfect candidates in therapeutic platforms and hold high potential as next 

generation biodegradable nanoparticles if a suitable processing methodology could be 

developed. 
28

 

Several strategies are available towards functional biodegradable nanoparticles. This would 

typically be dependent on the type of material used which varies from proteins, 

polysaccharides and biodegradable synthetic polymers. The protocols for nanoparticle 

preparation of these materials include the dispersion of preformed polymers, polymerization 

of monomer and ionic gelation methods.
29

 Nanoparticles derived from PGA, PLA, PLGA, 

poly-cyanoacrylate (PCA) and polycaprolactone (PCL) are all typically prepared by the 

dispersion of preformed polymers. This can be achieved in several ways such as solvent 

evaporation, solvent displacement, nanoprecipitation and salting out.
30-32

 

NPs that are prepared from monomers are polymerized to form in aqueous solution and this 

has been reported for the synthesis of PCA type NPs.
33, 34

 This method of preparation would 

typically involve mini-, micro-, and emulsion polymerization techniques resulting in 

nanoparticles, nanospheres or nanocapsules.
6, 35

 In brief, the synthesis is carried out in water 

using only the monomer, initiator and surfactant molecules. The active component can be 

dissolved or dispersed in the monomer solution followed by emulsification of the mixture to 

form an oil/water (o/w) emulsion using appropriate surfactant/emulsifying agents. The 

polymerisation occurs in micelles formed by the surfactants, which act as the seeding 

templates for the nanoparticles. After formation of a stable emulsion the organic solvent is 

evaporated resulting in the active compound being entrapped, encapsulated or attached to the 

nanoparticle matrix. This technology is widely used in industry in the formation of polymer 

latexes by radical polymerisation.  
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We have recently shown that it is also possible to use glycosylated block copolypeptides as 

macromolecular surfactants in the emulsion polymerization of styrene, a methodology we 

feel is readily applicable to other systems.
36

 It is by using the latter approach that we have 

proposed to prepare polypeptide based nanoparticles. Applying an emulsion polymerisation 

approach to synthesize these nanoparticles would open exciting new possibilities for the 

design of biocompatible carriers. The inherent difficulties associated with this approach are 

due to the instability of NCAs in the presence of moisture as well as the hydrophobic nature 

of the monomer when in the protected form. Here we report that by tailoring the 

emulsification conditions, the NCA ROP under emulsion polymerisation conditions is indeed 

possible and permits the synthesis of nanoparticles fully based on amino acids in a scalable 

process. 

5.2 Experimental 

5.2.1 Materials  

All chemicals were purchased from Sigma-Aldrich and used as received unless otherwise 

noted. ε-Benzyloxycarbonyl-L-lysine and DL-phenylalanine were supplied by Bachem. 

Anhydrous dichloromethyane (DCM), ethyl acetate, tetrahydrofuran (THF) and heptane were 

used directly from the bottle under an inert and dry atmosphere. ε-Benzyloxycarbonyl-L-

lysine (ZLL), Phenyl alanine (PA) and S-(o-nitrobenzyl)-L-cysteine (NBC) NCA was 

synthesised following literature procedures.
37-39

 

5.2.2 Synthesis of block copolypeptides PZLL47-b-PPA10  

The NCA monomer of ZLL (3.0 g, 9.8 mmol) was dissolved in 20 mL anhydrous DMF and 

transferred to a Schlenk tube. The solution was degassed via three successive freeze-pump-

thaw cycles and kept under vacuum. The reaction flask was immersed in a 0 °C water bath 

and a solution of 15 μL allylamine in 1 mL anhydrous DMF ([M]0/[I]0 = 35) was injected 

through a rubber septum with a syringe. The reaction was left to stir until the ZLL NCA had 

been completely consumed as monitored by ATR-FTIR spectroscopy. The polypeptide was 

further chain extended via the introduction of phenyl alanine NCA (0.38 g, 2.0 mmol, 

[M]0/[I]0 = 10) dissolved in 5 mL DMF. After full monomer conversion monitored via ATR 

FTIR spectroscopy the polymer was precipitated into an excess of diethyl ether, filtered and 

dried under vacuum. Isolated yield: 2.3 g.  
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5.2.3 Block copolypeptide deprotection  

A general procedure was used for the deprotection of the PZLL pendant groups. PZLL47-b-

PPA10 (2.0 g, 6.8 mmol ZLL repeat units) was dissolved in trifluoroacetic acid (15 mL). 3.5 

mL of HBr solution (33 wt.% in acetic acid; 3-fold excess with respect to the ZLL repeat 

units) was added slowly to the reaction at 0 °C. After 2 h, the solution was added to 300 mL 

diethyl ether and the precipitate washed three times with 50 mL diethyl ether. The product 

was dialyzed against distilled deionized (DDI) water using Spectra/Por dialysis membranes 

(MWCO, 3.5 kDa) for 72 h at room temperature. The product PLL47-b-PPA10 was lyophilized 

and isolated as a white powder. Isolated yield: 0.93 g.  

5.2.4 Glycosylation of PLL47-b-PPA10  

A general procedure for 1-Ethyl-3-[3-dimethylaminopropyl]carbodiimide 

hydrochloride (EDC)/N-hydroxysulfosuccinimide (Sulfo-NHS) coupling was employed to 

attach lactobionic acid to the lysine residues of the amphiphilic copolypeptide. Lactobionic 

acid (LA) (0.43 g, 1.2 mmol, 0.2 eq w.r.t the lysine repeat units), EDC (0.23 g, 1.2 mmol, 1 

eq w.r.t. LA) and sulfo-NHS (26 mg, 0.1 mmol, 0.1 eq w.r.t. EDC) were dissolved in 3 mL 

10 mM MES buffer (pH 4.7) and stirred for 20 minutes. The latter was added to a solution of 

PLL47-b-PPA10 (0.9 g, 0.12 mmol) in 7 mL of DDI water. The reaction mixture was stirred 

overnight. The resulting product was purified via dialysis against DDI water using 

Spectra/Por dialysis membranes (MWCO, 3.5 kDa) for 72 h at room temperature. The 

product was subsequently lyophilized and isolated as a white powder. Isolated yield: 1.2 g. 

5.2.5 Preparation of polypeptide latex via mini-emulsion polymerization 

The polypeptide NPs where prepared via the miniemulsion polymerization of N-

carboxyanhydrides stabilized in an aqueous environment with glycosylated amphiphilic 

copolypeptides. The copolypeptide, (LA12-r-PLL35)-b-PPA10 (80 mg, 6.8 x 10
-6

 mol), was 

dissolved in 8 mL of 2-(N-morpholino)ethanesulfonic acid (MES) buffer (pH 4.5, 0.1 M) and 

the solution cooled in an ice bath for 5 min under magnetic stir. The NBC NCA (190 mg, 0.7 

mmol) was dissolved in 1.5 mL DCM and introduced into the aqueous system dropwise via 

syringe while under heavy stir (Turrax homogenizer). The reaction mixture was left under 

heavy stir using a T 10 basic ULTRA-TURRAX® homogenizer for 5 min, while being kept 

in the ice bath. Triethylamine (7 uL) was subsequently added to the reaction to initiate the 
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reaction and left under magnetic stir for 5 hours at room temperature. The reaction mixture 

was then subjected to high vacuum rotary evaporation to remove the organic solvent, DCM. 

The resulting latex was dialyzed against DDI for 24 hours using Spectra/Por dialysis 

membranes (MWCO, 3.5 kDa).  

5.2.6 Methods 

Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker Avance 400 (400 

MHz) in DMSO-d6 and CDCl3 as solvents. All chemical shifts are reported in parts per 

million (ppm) with tetramethylsilane (TMS) as an internal reference. Attenuated Total 

Reflection (ATR) FTIR measurements were performed on a Perkin-Elmer Spectrum 100 

instrument. Spectra were obtained from 4 scans with a resolution of 2 cm
-1

 in the spectral 

region of 650 – 4000 cm
-1

. A background measurement was taken before the sample was 

loaded onto the ATR for measurement. Samples could be characterized in the liquid state 

without prior sample preparation. Size Exclusion Chromatography (SEC) was performed on 

an Agilent 1200 system in conjunction with two PSS GRAM analytical (8 x 300 and 8 x 100, 

10 μ) columns, a Wyatt Dawn Heleos 8 multi angle light scattering (MALS) detector and 

Wyatt Optilab rEX differential refractive index (DRI) detector with a 658 nm light source. 

The eluent was DMF containing 0.1 M LiBr at a flow rate of 1 mL/min. The column 

temperature was set to 40 °C with the MALS detector at 35 °C and the DRI detector at 40 °C. 

Molar masses and dispersities were calculated from the MALS signal by the Astra software 

(Wyatt) using the refractive index increment (dn/dc) as calculated relative to the ratio of the 

homopolymer. The dn/dc values used for the polymers were experimentally determined or as 

found in literature.
40, 41

 All samples for SEC analysis were filtered through a 0.45 mm PTFE 

filter (13 mm, PP housing, Whatman) prior to injection. Dynamic light scattering (DLS) 

experiments were performed at 25°C on a Malvern NanoZS (Malvern Instruments, Malvern 

UK) which uses a detection angle of 173°, and a 3 mW He-Ne laser operating at a 

wavelength of 633 nm. Cryogenic transmission electron microscopy (cryo-TEM) 

measurements were performed on an FEI Tecnai 20, type Sphera TEM instrument equipped 

with a LaB6 filament operating at 200 kV. Images were recorded with a bottom-mounted 

Gatan CCD camera. The sample vitrification procedure was carried out using an automated 

vitrification robot (FEI Vitrobot Mark III). A 3 μL sample was applied on a Quantifoil grid 

(R 2/2, Quantifoil Micro Tools GmbH; freshly glow-discharged just prior to use), excess 

liquid was blotted away, and the formed thin film was shot into melting ethane. The grid 
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containing vitrified film was immediately transferred to a cryoholder (Gatan 626) and 

observed at −170 °C. 

5.3 Results and discussion  

Working towards fully biodegradable nanoparticles from the styrene system described in 

Chapter 4, the question was whether it is possible to replace the synthetic styrene core with a 

polypeptide based alternative. In a 1998 patent Makino et al. disclosed the synthesis of solid 

poly-α-amino acid particles via an oil-in-water emulsion consisting of water, water 

immiscible organic solvent and NCA monomer in the presence of an emulsifier, 

polyoxyethylene sorbitane monolaurate (Tween 20) and triethylamine.
42

 Initial attempts of 

recreating their results by simply replacing the emulsifier with a polypeptides based one 

where all unsuccessful. The major constraints faced with a classical emulsion polymerisation 

approach were the initial introduction of the NCA monomer into an aqueous environment 

without pre-maturely initiating the monomer solution as well as the monomer transport into 

the growing particles. Under these conditions it was repeatedly observed that the monomer 

precipitated from solution resulting in a heterogeneous mixture of hydrophobic polypeptide 

and water.  

It was envisioned that the normal diffusion based transport mechanism of monomer in an 

emulsion polymerization system would not suffice as this could lead to early initiation of the 

monomer and/or possibly no diffusion of the bulky monomer towards the stabilized 

polypeptide particles. It was thus decided to change the synthetic approach and rather utilize 

a miniemulsion polymerization, in which the monomer is encapsulated into preformed 

micelles. These subsequently act as particles seeds in the polymerisation process. 

Miniemulsions are produced by the introduction of a high shear force typically provided by a 

sonicator or mechanical homogenizer. The emulsion droplets are broken up into sub-micron 

particles stabilized by surfactant and/or co-stabilizer molecules. Effective stabilization of the 

droplets is necessary to ensure predominant droplet nucleation. While the surfactant retards 

coalescence of droplets, the costabilizer inhibits Ostwald ripening, a phenomena where the 

monomer diffuses from smaller droplets to larger ones, resulting in creaming of the latex. 

Due to the hydrophobicity of the NCA monomer along with the relatively low chance of 

diffusion from the bulky molecule it was expected that a costabilizer was unnecessary 

allowing the design of a system whereby ultimately we would obtain fully amino acid and 

carbohydrate based nanoparticles.    
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5.3.1. Synthesis of the glycosylated block copolypeptides  
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Scheme 5. 1 General strategy towards the glycosylated block copolypeptide, (LA12-r-

PLL35)-b-PPA10. 

The emulsification was tailored to proceed under acidic conditions so as to ensure that the 

NCA would remain stable once dispersed in the aqueous phase. Under these conditions, 

poly(L-lysine) (PLL) would be most suitable for the hydrophilic block as the amino moieties 

could be protonated ensuring a random coil formation to further enhance the solubility of the 

amphiphile. Moreover, it was necessary that the hydrophobic block would not be hydrolysed 

as this would inadvertently affect the hydrophilic-lipophilic balance.
43

 Therefore, 

poly(phenylalanine) (PPA) was chosen to be incorporated inside the core of the nanoparticle 

and amphiphilic copolypeptides to be used as macromolecular surfactants were prepared in a 

similar fashion as reported before.
36

. Sun et al. have shown that PLL-b-PPA copolypeptides 

of c.a. 10 PPA repeat units readily self-assemble into giant vesicles and theoretically paving 

the way towards templated designs.
38

 Based on these results, it was thought to be a promising 

system for the stabilization of particles and the formation of a stable emulsion. 

The option of glycosylating the block copolypeptides was primarily to increase the 

hydrophilicity of the copolypeptides as reported in previous work where it lead to improved 

water solubility over a broad pH range. Accordingly, we prepared the amphiphilic 

copolypeptides, (LA12-r-PLL35)-b-PPA10 (Scheme 5.1) and further characterised with 
1
H-

NMR spectroscopy and SEC. 
1
H-NMR (DMSO-d6, 

1
H-NMR not shown) was used to 
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quantify the repeat units of the PZLL of the PPA backbone by referencing the methylene 

protons of the two polypeptide segments (5.1 and 2.9 ppm respectively) to that of the single 

allylic methine proton from the initiator (5.65 ppm). The degree of glycosylation was 

quantified by referencing the protons from the galactose moiety (Figure 5.1, S1-11) to that of 

the methylene protons on the PLL backbone (Figure 5.1, C). Furthermore, a narrow and 

monomodal distribution is evident from the SEC trace (Figure 5.2) highlighting the 

successful synthesis of the block copolypeptide.  
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Figure 5. 1  
1
H-NMR spectra (D2O, 400 MHz) of (LA12-r-PLL35)-b-PPA10. 
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Figure 5. 2 SEC trace of the PZLL47-b-PPA10 copolypeptide. 
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5.3.2. Polypeptide NP synthesis 

The experimental procedure for the synthesis of the polypeptide NPs involved solubilizing 

the electrolytic surfactants into an amine free MES buffer (pH 4.5) and cooling the solution 

down. The monomer chosen was a photoresponsive S-(o-nitrobenzyl)-L-cysteine (NBC) 

NCA, which would allow for post polymerization crosslinking the particle core thereby 

increasing the particle stability (see Scheme 5.2).  

 

Scheme 5. 2 Cartoon showing the generalized reaction scheme for the synthesis of the 

PNBC NP before and after UV radiation, leading to a core cross-linked polypeptide NP. 

It is understood that the NCA ROP follows two reaction mechanisms, a controlled normal 

amine mechanism (NAM) and the other, an uncontrolled base catalysed reaction (activated 

monomer mechanism, AMM).
20, 44, 45

 Both mechanisms were utilized in this process to 

compare the slower controlled propagation of the NAM against that of the fast and 

uncontrolled AMM.  

For the NAM and AMM type reactions, the copolypeptide and MES buffer solution was 

cooled down in an ice bath prior to the introduction of the monomer, after which the reaction 

was left to proceed at room temperature while stirring magnetically.To promote the NAM, a 

nucleophilic initiator, hexylamine, was introduced to a separate DCM solution containing the 

NCA monomer just prior emulsification. The latter was achieved via dropwise addition of the 

monomer/initiator reaction mixture into the surfactant solution while under heavy mechanical 

stir (utilizing a high powered homogenizer).  

Typically, conversion during NCA ROP polymerization is measured with ATR-FTIR 

spectroscopy by following the disappearance of the initial NCAs anhydride peaks (1850 and 
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1790 cm
-1

). The current system does not allow for this method and consequently the progress 

of the reaction was visually monitored by bubbling the evolving CO2 through an attached 

vial. After no CO2 was produced anymore, the reaction was left to stir for another hour. 

Sample purification involved removing the MES buffer as well as the water-immiscible 

organic solvent. This involved dialysis to obtain a solution with neutral pH while removing 

DCM under vacuum (care was taken to do this progressively to not rupture the particles). 

In all our attempts, we could not isolate a single distribution of products (even after 

purification attempts) and ultimately found that this procedure resulted in a multimodal 

distribution of particles sizes (see figure 5.3). DLS characterization during the initial stages of 

the reaction showed a monomodal distribution of particles, only to grow in disparity as the 

reaction progressed. It was therefore speculated that the mechanism was too slow and phase 

separation occurred, resulting in a distribution of particles.  

10 100 1000 10000

Size (d.nm)

 

Figure 5. 3  Dynamic light scattering traces of the intensity distributions directly after 

emulsification of the NCA/DCM solution (red) as well as after completion of the reaction 

(black), using hexylamine as the initiator. 

Cryogenic TEM was utilized to obtain a clearer image of the particles in their hydrated state 

which resulted in some very interesting images regarding the morphology of the particles. 

Figure 5.4 depicts the heterogeneity we obtained when using the hexylamine initiator where a 

subsequent distribution of particle sizes and morphologies was observed. What was obtained 

could most accurately be described as ‘jellyfish’ like structures. It was found that the particle 

morphology strived towards this jellyfish like deformation, the extent of which is seemingly 
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size dependent as it is only noticeable above a threshold size. It should be noted that in all 

three of these images, the latex has only been dialysed and that DCM is still present. This 

makes the structure more pronounced, revealing the level of intricacy present. In image B the 

three main morphologies generally encountered with this preparation method can be seen in 

one slide. The smaller particles were attributed to particles of mainly DCM with little to no 

polymer present.   

 

Figure 5. 4  Cryo-TEM images of the PNBC nanoparticles initiated via hexylamine, 

showing a distribution of different morphologies dependent on the particle size.   

It was hypothesized that the specific characteristics of the hexylamine initiation (AMM) 

might be responsible for the size distribution and non-uniform shape of the particles. 

Typically this polymerisation is slow, which might open the door for various mechanical and 

chemical influences affecting the particles formation over the reaction time. Modeling the 

approach on the clasical radical emulsion polymerisation, which is a very fast process, it was 

decided to try and exploit the activated monomer mechanism in an attempted to ‘capture’ the 

particles directly after applying the high shear force. This is necessary as the monomer 

droplets are not thermodynamically stable. In contrast to the previous approach, the initiator 

was only added after the formation of a stable DCM/monomer emulsion. This was achieved 

via dropwise addition of the monomer solution into the surfactant/MES buffer mixture while 

under heavy mechanical stir. That means that only after preparing the stabilized emulsion was 

the initiator (triethylamine) added to the reaction mixture. The basic nature of TEA leads to 

proton abstraction from the nitrogen atom of the monomer resulting in an anion NCA, the 

result of which is fast and uncontrolled propagation, a characteristic of the AMM.  

Figure 5.5 shows the DLS traces directly before and after the introduction of the initiator as 

well as the progression of the particle distributions as a function of time. We see in all cases a 

single distribution, which is consistent right through the reaction with minimal change in the 
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particle size as the reaction proceeds to completion. This would seem to indicate that the 

initial droplets formed using the homogeniser acts as seeds for the growing particles which 

are effectively stabilized by the glycosylated copolypeptides. Table 5.1 represents a summary 

of the characterization results from DLS.    
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Figure 5. 5  Dynamic light scattering traces of the normalized intensity distributions of the 

polypeptide nanoparticles as a function of time after the addition of the initiator, 

triethylamine.  

The images in figure 5.6 show the particles synthesized after purification (no DCM present), 

using TEA as initiator. Image A is a snapshot of what the majority of particles looked like 

while images B and C show the close-up. The difference in densities throughout the particles 

is quite evident with what looks like a collection of collapsed tunnels. It is known that 

poly(L-cysteine) exclusively assume β-sheet confirmations, where this has been shown to be 

true for PNBC homopolymer as well.
39, 44

 It was therefore argued that these regions of higher 

(density) could be attributed to the secondary structure of the polypeptide. This is a 

characteristic which becomes more pronounced with larger particles, possibly due to more 

monomer being encapsulated in particles resulting in an increase in the repeating units and 

subsequently cumulating the effect of the β-sheet formation. 
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Figure 5. 6  Cryo-TEM images of the PNBC nanoparticles initiated via triethylamine, 

resulting in a monomodal distribution of UV reactive nanoparticles. 

Future work would involve influencing particle size and increasing control of the distribution 

of products, characteristics we expect to be dependent on how the emulsion is prepared at the 

start of the reaction. This would of course be directly correlated to the amount of surfactant 

present to act as particle stabilizer as well as the effectiveness of the high shear dispersion 

method used initially where it can be assumed that a better dispersion tool would lead to a 

narrower distribution of products.  

Figure 5.7 shows a monomodal particle distribution after purification with decrease in 

diameter as well as narrower distribution when compared to the NP directly after synthesis 

(see Table 5.2). The significant decrease in the PDI after purification is most likely due to the 

removal of dispersed DCM outside the NPs. It is expected that some heterogeneous phase 

separation will occur as propagation proceeds due to the insolubility of the polypeptide, 

PNBC in DCM.    

 

 

 

 

 



113 

 

Table 5. 1  Summary of the DLS characterization data for the polypeptide nanoparticles 

as a function of time after the addition of the initiator, triethylamine.   

Reaction time 

(min) 

Temp 

(°C) 

Z-Ave 

(d.nm) 
PDI 

Peak Area 

(percent) 

0 25 195 0.10 100 

20 25 200 0.16 100 

40 25 205 0.21 100 

60 25 204 0.24 100 

100 25 200 0.19 100 

200 25 202 0.20 100 

10 100 1000 10000
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Figure 5. 7 Dynamic light scattering traces of the intensity and volume distributions of the 

polypeptide nanoparticles after purification. 

In a subsequent procedure we aimed to prepared stable, cross-linked particles by subjecting 

the polypeptide latex to UV light. This was done to cleave the UV labile o-nitrobenzyl groups 

inside the core of the polypeptide NPs (Scheme 5.2 C). It was expected that this would result 

in the formation of disulfide bridges leading to denser particles. Upon UV irradiation, DLS 

confirmed a significant decrease in particle size of 20 nm, that is from 196 nm to 176 nm 

(Figure 5.8 and Table 5.2).   
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Figure 5. 8  Dynamic light scattering traces the intensity distributions before (black) and 

after (red) exposure to a UV source, resulting in a decrease of the particle diameter. 

  

Complimentary to the DLS results, Cryo-TEM images show a clear change in morphology 

after being subjected to UV radiation (Figure 5.9). The decrease in particle diameter as the 

core is cross-linked is quite clear and subsequently leads to a seemingly denser and more 

compact particle. 

 

Figure 5. 9 Cryo-TEM images of the PNBC nanoparticles after exposure to UV light. A 

sharp decrease in size was observed leading to a denser, more compact cross-linked 

nanoparticle. 
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Table 5. 2  Summary of the DLS characterization data for the polypeptide nanoparticles 

after purification and exposure to UV. 

Polypeptide NP Temp (°C) 
Z-Ave 

(d.nm) 
PDI 

Peak Area 

(percent) 

PNBC NP (with DCM) 25 202 0.20 100 

PNBC NP (Purified) 25 196 0.11 100 

PNBC NP after UV exposure 25 176 0.12 100 

 

 

 

5.4 Conclusion 

Glycosylated block copolypeptides have been shown to be effective stabilizers in the 

preparation of fully amino acid and sugar based nanoparticles. A UV responsive NCA, S-(o-

nitrobenzyl)-L-cysteine (NBC), was successfully polymerized by a mini-emulsion 

polymerization process in aqueous conditions to prepare narrowly distributed, PNBC 

nanoparticles. Furthermore, it was shown that propagation kinetics as determined by the type 

of initiator and thus the type of propagation mechanism plays a crucial part in ensuring a 

monomodal distribution of products.    
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