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Abstract

Most of the killed, inactivated, or live-attenuated pathogen vaccines are now replaced by modern vaccines containing isolated, highly 
purified antigenic protein subunits which are safer than live viruses or deactivated viruses. Another strategy is the development of nanoparticles 
which can mimic the repetitiveness, geometry, size and shape of the host-pathogen surface and provide improved stability and long lasting 
immunogenicity, as well as serve as vehicles to deliver multiple copies of the antigens to the target cells. Several interesting advances have been 
made recently in the area of protein nanotechnology and here, we provide a concise review of one such novel nanoparticle called FluoDot which 
may be effectively used as a delivery system in some veterinary medicine applications.

Keywords: FluoDot; Nanoparticle; Protein; Vaccine

Introduction 

Technological advances especially in the field of 
nanotechnology have progressed exponentially over the past 
two decades and have no doubt influenced the field of biology 
and medical sciences. Nanoparticles are used as a drug carrier 
system in biomedical science to improve the cellular uptake as 
well as body distribution. Nanoparticles can be prepared from 
various materials such as polymers, lipids, polysaccharides and 
proteins. Protein nanoparticles are non-toxic, biodegradable, 
easily metabolized, and possess a good biocompatibility, greater 
stability, and relatively easy to prepare and easy size manipulation 
[1-5]. In biomedical sciences, protein nanoparticle is used in 
various targeted therapies for cancer [6,7] tumor, cell imaging 
[8,9] and also as vaccine delivery system against infectious 
pathogens. The advantage of using protein nanoparticle-based 
vaccine is that it prevents the premature degradation, provides 
good adjuvant properties, improves stability, and also aids in 
targeted delivery of an antigen to the antigen presenting cells 
(APCs). Single protein nanoparticles are nanoparticles with only 
one single protein molecule enveloped with a thin shell of polymer 
or other molecules which are generally highly porous and 3-5 
nm thick [10]. This polymer shell protects the protein not only 
from aggregation but also helps retain its native-like structure  

 
[11]. Here we talk about FluoDot nanoparticle, a single protein 
nanoparticle composed of a central protein core surrounded by 
a covalently attached lipid layer which helps retain the structure 
and function of the protein embedded in the core, providing 
thermal stability and long shelf life. It can be labeled with 
particular fluorescent dyes for imaging and other applications. 
They are water-soluble, non-toxic, biocompatible, biodegradable 
and can be potentially used in LED coatings as biophosphors, in 
cell imaging or solar cell applications, cancer drug delivery and 
other biological applications. 

Principles of Floudot Synthesis

 Floudot is a novel single protein fluorescent nanoparticle 
whose size is tunable on angstrom scale. It is composed of a 
central protein core of bovine serum albumin (BSA) surrounded 
by a layer of organic diacid. One of the carboxyl groups of diacid 
covalently linked to one the many amine groups of BSA by standard 
carbodiimide coupling chemistry. BSA is a waste product of meat 
processing, and hence inexpensive and readily available. It is a 
natural drug delivery vehicle that has the ability to bind a number 
of different small molecules, dyes, peptides, hormones, and drugs. 
The diacid layer surrounding the protein in the FluoDot mimics 
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the structure of liposome, with one carboxyl group attached to the 
protein and another exposed to water. 

FluoDots are synthesized by activating the diacid with 
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) and 
then added to a solution of BSA. The carboxylic acid groups of the 
diacid covalently link to one of the many amine groups of BSA, 
as described above. The diacid that was optimized for use was 
dodecanedioic acid (DDDA). This resulted in a particle a size of 
10+1 nm (TEM), (Figure 1), which are strongly negatively charged 

(Figure 2) due to the COOH groups of the diacids. FluoDots retained 
the native-like secondary structure of the unmodified BSA, and 
they are stable even after storing at room temperature for 70 days 
(Figure 3). The nanocarrier withstood steam sterilization with 
no loss of protein secondary structure, which is highly unusual, 
and this stability could be due to the strongly charged diacid shell 
around the protein protecting the protein from denaturation or 
aggregation after denaturation. 

Figure 1: The scanning electron micrograph of the bovine serum albumin-dodecanoic acid FluoDots of 10+1 nm diameter (inset).

Figure 2: Agarose gel showing the clean conversion of bovine serum albumin to the corresponding FluoDots.

One of the advantages of Fluodots is their increased thermal 
stability and a longer shelf life. They are easy to synthesize. 
FluoDots retain the structure and function of the protein embedded 

in the core. They are highly soluble in water, biocompatible and 
biodegradable. Its particle size can be controlled by choosing 
different lengths of diacids and it can be labelled with appropriate 
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fluorophores. Due to this tunable size and emission properties, a 
single particle of FluoDot can be labelled with different dyes and 

used for biosensing and cell imaging or as a vaccine carrier [12-
19]. 

Figure 3: The circular dichroism spectra of FluoDots showing near-complete retention of the protein secondary structure and high thermal 
stability at room temperature (RT) even after 70 days. These require no cold chain for storage.

Use in Veterinary Vaccine Delivery 

 In recent years, there has been a rise in the use of nanoparticles 
as vaccines against infectious pathogens [20-27]. Novel vaccine 
platforms such as Self-Assembling Protein Nanoparticles (SAPNs) 
which are composed of protein monomers that are capable of 
self-assembling into structures that mimic the size and shape of 
small viruses has been successfully developed as potent vaccine 
prototypes for Severe Acute Respiratory Syndrome [21], HIV [24], 
toxoplasmosis [25], malaria [23] influenza [22,27] and infectious 
bronchitis virus [19]. Infectious bronchitis virus (IBV) is a highly 
prevalent coronavirus of chickens which is the foremost cause of 
economic loss to the US poultry industry affecting the performance 
of both meat-type and egg-laying birds. There are several 
limitations for using live attenuated virus [12] and inactivated 
viruses [13,14] for IBV vaccine production. DNA subunit and 
synthetic peptides alone have been used as vaccines, but they have 
limited protection and required boosters [15,16,17,18]. FluoDot 
nanoparticles for delivery of antigenic peptide of IBV vaccine have 
been explored in our laboratories. 

FluoDot conjugated with a short peptide sequence which is 
part of the S protein of IBV showed the formation of antibodies 
corresponding to IBV-FluoDots, and protected chickens against 
challenge with Massachusetts 41(M41) field type IBV. Five groups 
of chickens were immunized at four weeks of age with the vaccine 
IBV-FluoDots, a negative buffer control, a FluoDot control, an IBV 
peptide control and an inactivated vaccine as positive control. 
The immunized chickens were challenged with 2x104.74 EID50 
IBV M41 strain. Antibody was detected in chickens immunized 
with IBV-FluoDot and in ex vivo proliferation tests, peripheral 

mononuclear cells (PBMCs) derived from IBV-FluoDot immunized 
chickens had a higher stimulation index than that of PBMCs from 
chickens receiving inactivated vaccine control (unpublished 
data). Real time RT-PCR results indicated that after injection 
of IBV-FluoDots challenged with IBV viral infection in chickens, 
virus shedding was reduced in vaccinated chickens with IBV-
FlouDots. Further improvements to the potential vaccine can be 
made by attaching multiple epitopes to the FluoDot surface or via 
other refinements such as the use of full length S1/S2 protein or 
multiple virus particles to be conjugated to the nanoparticle. Such 
conjugates with multiple copies of multiple epitopes would serve 
as multi-serotype vaccines with a high potential for success [28]. 

Conclusions 

FlouDots are novel single protein fluorescent nanoparticles, 
which have the potential to be used as a delivery system for 
vaccines in chickens, but further studies are required.  
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