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ABSTRACT

Artificial particulate systems such as polymeric beads
and liposomes have many applications in drug delivery,
drug targeting, antigen display, vaccination, and other
technologies. We have recently designed a novel type of
nanoparticle with regular icosahedral symmetry and a
diameter of about 16 nm, which self-assembles from single
polypeptide chains [1].

The geometry of the nanoparticle and its resemblance to
small viruses will trigger a strong immune response based
on repetitive antigen display - a concept that now is
increasingly exploited for producing novel vaccines that
yield high titers of specific antibodies by using virus-like-
particles as repetitive antigen display systems. Such de
novo designed nanoparticles eliminates the need for virus-
based designs, and allow for high flexibility in vaccine
design. Epitopes of any pathogen can readily be engineered
onto the surface of the nanoparticle, thus allowing for the
easy generation of a whole variety of different vaccines.

To validate our system as a novel platform for vaccine
design, we have designed nanoparticles that display
antigenic sequences at their surface. As a test model we
have inserted the pilin sequence from Pseudomonas at the
C-terminus of the constructs. Immunization experiments
using such nanoparticles for repetitive antigen display are
described and presented.
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1 INTRODUCTION

Modern vaccine strategies can roughly be classified as
live attenuated, whole inactivated, subunit protein, live
vector DNA, and combinatorial (for reviews see [2, 3].
Most licensed vaccines used today are either live attenuated
or whole inactivated vaccines and are not devoid of risk
factors, especially in the case of HIV. On the other hand
subunit vaccines based on recombinant proteins can be
considered safe but they can suffer from poor
immunogenicity owing to incorrect folding of the target
protein or poor presentation to the immune system. Virus-
like particles (VLPs) represent a specific class of subunit

vaccine composed of the structural envelope proteins of
authentic virus particles and are recognized readily by the
immune system [4]. They present viral antigens in a more
authentic conformation than other subunit vaccines if
derived from the original pathogen. Furthermore, VLPs can
be used as carrier and presentation systems for B-cell
epitopes of foreign pathogens and have shown dramatic
effectiveness as candidate vaccines [5-7]. Epitopes of a
pathogen can be displayed and therapeutic vaccines can
possibly be engineered at will. The best known and most
frequently used carrier system is the hepatitis C core capsid
to which either an immunogen is chemically attached or
where the immunodominant loop of the capsid protein is
replaced by the respective B-cell epitope. This has been
used e.g. for the design of a malaria vaccine [8].

Therefore the concept of presenting antigens in the form
of repetitive arrays - i.e. by using surface-customized virus
capsids or bacterial envelopes - is being increasingly
employed for producing novel vaccines that yield high
titers of specific antibodies [7, 9-11]. Engineering antigens
as repetitive supramolecular arrays is now leading the way
to novel vaccine strategies including strategies for
therapeutic vaccines for chronic diseases [12].

 So far such repetitive antigen display systems as B-cell
epitope carriers have largely involved viral capsid
structures. As an alternative, we therefore propose to use
our recently designed nanoparticles as a novel tool for
repetitive antigen display. For vaccination purposes such a
peptidic nanoparticle will have the same properties as a
VLP, but it can more easily be handled. The protein can be
cloned and expressed in an E. coli system. The antigenic
epitope can be customized at either end of the sequence as
both the N-terminal and the C-terminal ends of the peptide
sequence extend from the surface of the nanoparticle
(Figures 1 & 3). Also, the size of the nanoparticle can easily
be varied to obtain optimal immune responses (Figure 3).
Hence, an antigenic peptide sequence at the C-terminus of
the construct will be repetitively displayed at the surface of
the nanoparticle.

2 RESULTS

In collaboration with Dr. Hodges from the University of
Colorado Health Sciences Center we are developing a
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series of peptidic nanoparticles displaying the epitope from
the Pseudomonas fimbrial protein precursor (Pilin) (Strain
PAO) residues 124 - 149 on thier surface. Pseudomonas
aeruginosa and Pseudomonas maltophilia account for 80%
of opportunistic infections by Pseudomonas. Pseudomonas
aeruginosa is an opportunistic pathogen that causes urinary
tract infections, respiratory system infections, dermatitis,
soft tissue infections, bacteremia, and a variety of systemic
infections, particularly in patients with severe burns, and in
cancer and AIDS patients who are immunosuppressed.
Pseudomonas aeruginosa is notable for its resistance to
antibiotics, and is therefore a particularly dangerous
pathogen. Only a few antibiotics are effective against
Pseudomonas, including fluoroquinolones, gentamicin, and
imipenem, and even these antibiotics are not effective
against all strains. The difficulty in treating Pseudomonas
infections with antibiotics is most dramatically illustrated in
cystic fibrosis patients, virtually all of whom eventually
become infected with a strain that is so resistant that it
cannot be treated. Since antibiotic therapy has proved so
ineffective as a treatment, we embarked on a research
program to investigate the development of a synthetic
peptide consensus sequence vaccine for this pathogen [13].

2.1 Cloning, Expression and Purification

For the recombinant protein expression of the constructs
BL21 (DE3) pLysS  cells were used as the over-expression
system according to the following procedure: LB meduim
containing Ampicillin (200µg/ml) and Chloramphenicol
(30µg/ml) was inoculated with an overnight preculture
(28°C) of bacteria expressing the protein. The bacteria were
grown at 37°C. Protein expression was induced using 1 mM
IPTG. After 3-4 hours of expression the cells were
harvested and centrifuged for 30 min at 5000rpm. The
pellet was washed using Tris buffer pH 7.5 and kept at -
80°C.

The purification was done under denaturing conditions
according to the following procedure: The pellet was
resuspended in a Lysis buffer at pH 8.0 containing 8M urea,
100mM NaH2PO4, 10mM Tris, 10mM β-Mercaptoethanol.
After sonication, cell membranes were removed by

centrifugation (40 min at 17 000rpm). The supernatant was
then incubated with Nickel beads (Qiagen) for 2 hours.
Then the protein contaminants were washed from the
column using a pH gradient Washing buffer I pH 6.3 (8M
urea, 100mM NaH2PO4, 10mM Tris, 10mM β-
Mercaptoethanol), Washing buffer II pH 5.9, Washing
buffer III pH 5.0. Finally, the protein was eluted from the
resin using the elution buffer (8M urea, 100mM NaH2PO4,
10mM Tris, 10 mM β-Mercaptoethanol) pH 8.0 containing
1M Imidazole.

Figure 3: Computational visualization of the different sized monomers and their corresponding icosahedral nanoparticles. The
size of the nanoparticles increases from 14.5 nm up to 29.0 nm and the antigenic sequence (at the C-terminus of the sequence

and hence at the end of the trimeric coiled-coil helix) is displayed repetitively on the surface of the nanoparticle.

Assembly
~ 18
nm in
size

Figure 1: Concept of peptidic nanoparticle as vaccination
tool. The pentameric coiled coil (green) attached to the

trimeric coiled coil (blue) by a short linker, which forms
the basic building blocks. We extended the C-terminus of
trimeric coiled coil by antigenic sequence (red). Assembly
of such building blocks yields a repetitive antigen display

system.
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Figure 2. (a) Picture of an SDS-PAGE gel of purified
nanoparticle constructs. Bands corresponding to

monomeric and trimeric constructs are visible even in 8M
urea. (b) Western blot confirms that both bands correspond

to the same construct.
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We are currently still improving the purification
scheme. Our preliminary results show very strong binding
of the constructs to our first purification matrix, nickel
agarose. This is most likely due to a cooperativity of
binding of the his-tag since the constructs remain trimeric
even under drastic denaturing conditions such as 8 M urea
(Figure 2). We could show two protein forms, monomeric
and trimeric form on the SDS page confirmed by Western
blot using a His-antibody. This proves the effectiveness of
the rational design of trimeric coiled coils and might be of
great help for purifying the protein as highly purified
protein can be obtained after a single step. Moreover, such
strong binding will also be very useful for the technical
scale production where it will be necessary to switch to the
less potent Zn- or Cu- matrices for protein purification.

1.2 Self Assembly of Nanoparticles

After purification the peptidic building blocks were self-
assembled to nanoparticles in a stepwise dialysis from high
(8M) to low (0M) urea concentration. This process was

performed under reducing conditions (2mM DTT) in a
refolding buffer containing 20mM Tris pH 7.5, 150mM
NaCl and 10% Glycerol. In a final step oxidizing conditions
are established by removing DTT. Assembled nanoparticles
were analyzed by transmission electron microscopy (TEM)
to assess the size and shape of the particles (Figure 4). The
electron micrographs reveal particles of the expected size ~
16nm in case of peptidic nanoparticles without epitope and
~18nm in case of peptidic nanoparticles with epitope.

1.3 Preliminary immunization results

For our immunization experiments we have used rabbit
as the animal model. Immunizations were performed by
intermuscular (i.m.) injection of 15 µg of antigen (peptidic
nanoparticle expressing pili antigen from P. aeruginosa -
strain PAO) in TBS+10% Glycerol (tris buffered saline)
together with Freund’s complete/incomplete adjuvant. The
animals were boosted at 4 week intervals with the same
amount of antigen in adjuvant by the same route. A

standard sandwich ELISA (enzyme-linked immunosorbent
assay) was used to measure anti pilin antibodies. Briefly the
ELISA plate is coated with pilin peptide conjugated to
bovine serum albumin (BSA). This plate is then incubated
with dilutions of rabbit sera and then incubated with an
anti-rabbit IgG secondary antibody conjugated to
horseradish peroxidase (HRP). Substrate is then added and
product formation is measured by monitoring the
absorbance at 450 nm.

Figure 5 shows the results of IgG measurements in
serum as determined by ELISA using a pilin peptide
conjugated to bovine serum albumin (BSA) coated to the
solid phase. From the results it shows that none of the
preimmune sera recognized the P.aeruginosa (strain PAO)
epitope in the PAO-BSA conjugate. Also the immunized
serum from the nanoparticle construct without the epitope
showed no response to the PAO epitope as expected. The
immunized serum against the nanoparticle construct with
epitope, however, showed significant IgG titers (1:29600
dilution) against PAO-BSA conjugate (Table 1).

Construct Epitope Serum Titer
P3a none preimmune No response

After 4th

injection
No response

P3b PAO preimmune No response
After 4th

injection
1:29600

Table 1:  Preliminary immunization results of nanoparticles
with Pseudomonas epitope.

3 OUTLOOK

This novel type of repetitive antigen display based on
our peptide nanoparticles can be used to elicit high affinity

Figure 4. Electron micrographs of peptidic nanoparticles
prepared by negative staining with 2% uranyl acetate at a

concentration of 0.05 mg/ml. (a) Peptidic nanoparticle
without epitope (100X magnification); (b) Peptidic

nanoparticle with epitope (50X magnification)

a b

Figure 5:  Titers of rabbits immunized with nanoparticles
containing Pseudomonas aeruginosa (Strain PAO) epitope.

Serum after 4 immunizations, ELISA plate coated with
PAO-BSA conjugate.

100 nm 200 nm
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neutralizing antibodies against immunogenic epitopes from
other pathogens. We are currently developing synthetic
vaccine candidates against several major human pathogens.
Immunogenic peptide sequences characteristic for these
pathogens will be displayed on the surface of a peptidic
nanoparticle. In addition to its ability to elicit high titer of
serospecific neutralizing antibodies, the particulate
structure will guide the nanoparticles to antigen presenting
cells and induce CD4+ proliferative responses and
cytotoxic T lymphocytes, thus inducing long-term
immunologic memory.

Using recombinant protein expression, we are now also
designing  nanoparticles presenting the epitopes of any of
the major Plasmodium falciparum protein antigens causing
malaria (e.g. from the MSP-1, the AMA-1, the CS proteins,
etc.) and HIV (e.g. from the surface proteins gp41, or
gp120) repetitively and rigidly on their surface. Using the
same approach, synthetic subunit vaccines can also easily
be designed against any other pathogens. Especially
enveloped viruses (e.g. influenza, Ebola, SARS, etc.)
represent an ideal target as their surface proteins are
characterized by trimeric coiled-coil proteins, which are
also building blocks of our nanoparticles.

Since the peptidic nanoparticles will have the same
immunological properties as VLPs and since this new
technology allows for the design of novel types of vaccines,
we expect that it will serve as a highly versatile platform for
the design of synthetic subunit vaccines. The major
advantages of this concept are i) its ease of handling in
terms of protein expression (E. coli), protein purification
and storage, hence leading to low production costs; ii) its
flexibility allowing for a high throughput testing of
different designs, which is especially important for HIV; iii)
its suitability for the presentation of trimeric coiled-coil B-
cell epitopes, which might prove to be an efficient
vaccination strategy against enveloped viruses; iv) it does
not need chemical coupling of the epitope to the particle as
in some other approaches; and finally  v) it is not associated
with a remaining risk factor as it is not infectious.

REFERENCES

[1] Burkhard, P. (2004). PCT patent application, WO
2004/071493.

[2] Zinkernagel, R.M. (2003). Annu Rev Immunol 21,
515-546.

[3] Cho, M.W. (2003). Curr Mol Med 3, 243-263.
[4] Noad, R., and Roy, P. (2003). Trends Microbiol 11,

438-444.
[5] Bachmann, M.F., Rohrer, U.H., Kundig, T.M.,

Burki, K., Hengartner, H., and Zinkernagel, R.M.
(1993). Science 262, 1448-1451.

[6] Fehr, T., Skrastina, D., Pumpens, P., and
Zinkernagel, R.M. (1998). Proc Natl Acad Sci U S
A 95, 9477-9481.

[7] Baschong, W., Hasler, L., Haner, M., Kistler, J.,
and Aebi, U. (2003). J Struct Biol 143, 258-262.

[8] Birkett, A., Lyons, K., Schmidt, A., Boyd, D.,
Oliveira, G.A., Siddique, A., Nussenzweig, R.,
Calvo-Calle, J.M., and Nardin, E. (2002). Infect
Immun 70, 6860-6870.

[9] Zinkernagel, R.M. (1996). Science 271, 173-178.
[10] Bachmann, M.F., and Zinkernagel, R.M. (1996).

Immunol Today 17, 553-558.
[11] Nieba, L., and Bachmann, M.F. (2000). Mod. Asp.

Immunobiol. 1, 56-39.
[12] Bachmann, M.F., and Dyer, M.R. (2004). Nat Rev

Drug Discov 3, 81-88.
[13] Cachia, P.J., and Hodges, R.S. (2003). Biopolymers

71, 141-168.

NSTI-Nanotech 2005, www.nsti.org, ISBN 0-9767985-0-6  Vol. 1, 200550


	Book1.1.pdf
	1132.pdf
	1132.pdf
	[13]  Lisa A. DeLouise, Peng Meng Kou, and Benjamin L. Mille



	Book1.2.pdf
	1064.pdf
	1064.pdf
	ABSTRACT
	2    TRIBOMECHANICAL ACTIVATION OF SOLIDS
	3     INDUCTION OF PROGRAMMED CELL DEATH-APOPTOSIS
	4    ANIMAL DATA
	5    HUMAN DATA

	CONCLUSION
	REFERENCES



	1124.pdf
	ABSTRACT
	To examine the roles of the adjuvant in antigen delivery, de
	INTRODUCTION
	EXPERIMENTAL
	RESULTS
	Phagocytosis of tomatine-antigen complexes by the DCs

	REFERENCES


	Book1.4.pdf
	825.pdf
	825.pdf
	 
	 
	ABSTRACT 
	The bioaccumulation of a large variety of inorganic trace elements in Bacillus subtilis was studied using an inductively coupled plasma mass spectrometer and compared to other related and unrelated species. Bacillus subtilis is a safe substitute for anthrax. Unique and reproducible chemical fingerprint for each species of organisms were determined. Additionally, it was found that these chemical signatures were very susceptible to laboratory and procedural effects, suggesting that this approach could be useful also as a forensic tool. In addition, quantitative analysis on these signatures have been performed to mathematically relate the chemical fingerprints of B. subtilis to the number of cells or spores present in an analyzed sample.  
	INTRODUCTION 
	METHODS 
	RESULTS 
	REFERENCE 




	828.pdf
	Elastic Properties of Aspergillus nidulans Studied with Atomic Force Microscopy 
	* Department of Chemical and Biochemical Engineering, UMBC, lzhao@umbc.edu 
	*** Department of Biological Science, UMBC, Baltimore, MD 21250 
	**** Department of Chemistry and Biochemistry, University of Maryland Baltimore County (UMBC), Baltimore, Maryland 21250 
	ABSTRACT 


	877.pdf
	ABSTRACT
	1.   INTRODUCTION
	3.  RESULTS
	REFERENCES


	175.pdf
	Nanofabrication of Bioselective Materials Using Diverse Nano


	Book1.5.1.pdf
	292.pdf
	292.pdf
	Nanotechnology  Based on Spatially Fixed DNA (RNA) Molecules
	ABSTRACT
	ON THE PRACTICAL APPLICATION OF NANOCONSTRUCTIONS
	The NaCs created by us are of interest for various areas of 





	557.pdf
	Testing

	307.pdf
	References

	743.pdf
	ABSTRACT
	1   INTRODUCTION
	MATERIALS AND METHODS
	REFERENCES



	Book1.7.pdf
	1158.pdf
	1158.pdf
	Testing the response to NO
	Results and discussion


	1169.pdf
	1. INTRODUCTION
	2. RESULTS


	Book1.8.pdf
	407.pdf
	Name
	Label
	Sequence

	569.pdf
	Controlling Colorimetric Reversibility of Polydiacetylene Su
	Ji-Seok Lee*, Joo Seop Lee*, Hyun Wook Park*, Cheol Hee Lee*
	Dong June Ahn**, and Jong-Man Kim*
	*Department of Chemical Engineering Hanyang University, Seou
	**Department of Chemical and Biological Engineering, Korea U
	dja@korea.ac.kr
	ABSTRACT
	We have investigated colorimetric reversibility of polydiace
	Keywords: biosensor, polydiacetylene, reversibility, supramo
	INTRODUCTION
	The development of efficient chemosensors based on conjugate
	Among the conjugated polymers reported to date, polydiacetyl
	Scheme 1 : Schematic representation of polymerization of ass
	The advantage of the nanostructured polydiacetylenes as sens
	The polydiacetylene-based chemosensors reported to date, however, function via irreversible fashion. Accordingly, once the blue-phase shifts to the red-phase upon a given external
	Figure 1 : Structures of diacetylene lipids investigated for
	EXPERIMENTAL SECTION
	Preparation of Diacetylene Lipid Monomers
	The diacetylenic lipid monomers investigated in this study w
	Figure 2 : Structures of diacetylene derivatives used for th
	Preparation of Polydiacetylene Supramolecules.
	The polydiacetylene vesicles employed in this investigation 
	Thermochromism of Polydiacetylene Vesicles.
	In order to investigate colorimetric reversibility of the po
	The polymer vesicle solution prepared with PCDA-mCPE 2, an e
	Next phase of current investigation focused on the effect of
	In order to gain more information on the role of the phenyl 
	The effect of hydrophobic carbon chain lengths on the revers
	We next investigated the effect of the terminal carboxylic g
	Final phase of colorimetric reversibility with polymer vesic
	RESULTS AND DISCUSSION
	Several aspects of the results described above warrant detai
	The observations made with polymer vesicles prepared with PC
	Another important factor for the reversible thermochromism i
	Investigation of the effect of the hydrophobic chain length 
	Terminal carboxylic acid is recommended for two major aspect
	CONCLUSION
	The observations made during our effort for the understanding of the structural effects of reversible polydiacetylene sensors have led to a conclusion. It seems most probable that
	The lipid monomers which afford polydiacetylene supramolecul
	REFERENCES
	D. tyler McQuade, Anthony E. Pullen and Timothy M. Swager, C
	Jelinek Raz, Kolusheva Sofiya, Biotechnology Advances, 19, 1
	A. Singh, R. B. Thompson and J. Schnur, J. Am. Chem. Soc. 12
	Yang Yi, Lu Yunfeng, Lu Mengcheng, Huang Jinman, Haddad Raid
	Lee Dong-Chan, Sahoo K. Sangrama, Cholli L. Ashok and Sandma
	U. Jonas, K, Shah, S. Norvez and D. H. Charych, J. Am. Chem.
	Ahn Dong June, Chae Eun-Hyuk, Lee Gil Sun, Shim Hee-Yong, Ch

	714.pdf
	V. Martins*, L.P. Fonseca*, H.A. Ferreira**, D.L. Graham**, 
	INTRODUCTION
	EXPERIMENTALS
	Chemicals
	Spin Valve Sensors and Chip Design
	Experimental Set-up
	Surface Functionalization
	Antibody Surface Functionalization
	DNA Surface Functionalization
	Magnetic Particles Functionalization
	Labeling and Setup Measurements

	RESULTS AND DISCUSSION
	CONCLUSIONS

	172.pdf
	A
	ABSTRACT
	INTRODUCTION
	CELLULAR COMMUNICATION
	PETRI NET METHODOLOGY
	A Petri Net Model of Cellular Communication
	A Detailed Petri Net Model of Cellular Communication

	CONCLUSION
	
	
	REFERENCES




	737.pdf
	Figure 1: Hybrid Computational Approach


	Book1.10.pdf
	1137.pdf
	1137.pdf
	ABSTRACT
	AKNOWLEDGEMENT
	REFERENCE


	1138.pdf
	Department of Mechanical and Aerospace Engineering


	Book1.11.pdf
	417.pdf
	417.pdf
	1  SEARCHING FOR OPTIMAL MIXERS
	2  NUMERICAL METHOD
	ACKNOWLEDGMENTS
	REFERENCES


	198.pdf
	Antimicrobial Fabrics Coated with Nano-Sized Silver Salt Cry
	CTT Group, 3000 Boullé, Saint-Hyacinthe,Canada, J2S 1H9,
	dtessier@groupecttgroup.com
	E. coli
	S. Aureus
	Fabric
	Not treated
	Not treated


	REFERENCES



	Book1.12.pdf
	680.pdf
	680.pdf
	Ana Morfesis* and David Fairhurst**
	*Malvern Instruments USA Inc., Southborough, MA, 01772 ana.morfesis@malvernusa.com
	1INTRODUCTION
	1.1Solar Radiation and Sunscreens
	3OPTICAL PROPERTIES


	3.3Formulation parameters
	
	
	
	4CONCLUSIONS










