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Abstract: 

 

Heart failure (HF) is the most increasing cause of death in Western Countries. For that reason, 

together with the difficulty of having a sufficient number of donor organs, it is recognized that 

the device-based therapeutic approaches will assume an increasingly important role in treating 

the growing number of patients with advanced heart failure, not only as bridge to transplant, 

but also as destination therapy, by considering also the ageing population. In fact, HF is 

primarily a disease of the elderly. Approximately 6% to 10% of people older than 65 years 

have HF, and approximately 80% of patients hospitalized with HF are more than 65 years old. 

During the last 10 years, the annual number of hospitalizations has increased from 

approximately 550,000 to nearly 900,000 for HF as a primary diagnosis and from 1.7 to 2.6 

million for HF as a primary or secondary diagnosis. Nearly 300,000 patients die of HF as a 

primary or contributory cause each year, and the number of deaths has increased steadily 

despite advances in treatment. 

 

Clinical inflammation is both a cellular and biochemical event (1-3). Both pro-inflammatory 

cytokines such as Tumour necrosis factor-alpha, Interleukin-1, and Interleukin-6 and anti-

inflammatory cytokines such as interleukin 10, and interleukin 1 receptor antagonist are 

participants in the basic inflammatory process and mediators of cellular infiltration (4-5). 

These biomarkers are at high level in the serum of patients experiencing a cytokine storm.  

 

Increasing need for a fast, real-time and reliable medical diagnosis has led to growing interest 

in new point-of-care biological sensors capable of the sensitive and specific detection of 

biomolecules [6]. Lab on Chip field constitutes a peculiar research area of SensorART 

project. From the evaluation of early detection of inflammation and/or sepsis markers as well 

as water retention sensor for heart failure monitoring in patients with VADs. 

This work surveys a few of the emerging Lab on a chip technologies based on the 

combination of the “Soft” fabrication techniques and Self-assembled monolayers (SAMs) at 

Laboratoire de Sciences Analytiques (LSA) for improved, inexpensive health care. The 

developed lab-on-a-chip system is devoted to the detection of Tumour Necrosis Factor-alpha 

(TNF alpha) as a biomarkers in the serum of patients experiencing an inflammation due to the 

rejection of the transplanted organ. The Lab on a Chip is based on a flexible polymer substrate 

(Polyimide or PI) (Figure1) and it consists on the integration of a platinum counter electrode, 

a silver pseudo reference microelectrode and an array of gold microelectrode. A specific 



monoclonal antibodies are immobilized on a gold substrate by several methods [7] in order to 

detect the corresponding cytokines involving in the inflammation process (TNF alpha) by 

Electrochemical impedance spectroscopy (EIS). The limit detection of cytokine in vitro is 0,1 

Pg/ml (See Fig.2). Finally, the developed Lab on chip will be used to detect a specific 

cytokine ( IL-1, TNF alpha and IL-10) and predict the first earlier detection of the 

transplanted organs rejection. 

 

Figures :  

 

Fig. 1: Gold microelectrodes on polyimide substrate 

 

Fig. 2: Nyquist plot  impedance (Zr vs Zi: at 5mM of K3[Fe(CN)6]/ K4[Fe(CN)6] in PBS 

pH7,4  solution) at various TNF aplha antigen concentrations on its specific antybody : (a) 

0Pg-ml; (b) 0.1Pg/ml;(c) 0.5Pg/ml; (d) 1Pg/ml; (e) 0.1ng/ml et (f) 0.5ng/ml  

400µm 



 

Fig. 3 : Cyclic voltammetry for :(a)bare gold electrodes and(b) mixed SAM electrodes in 

5mM K3[Fe(CN)6]/ K4[Fe(CN)6] in PBS pH 7.4 Electrodes were scanned at a rate of 100 

mV/s  
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Introduction: Inhibition of angiogenesis is one of the main strategies carried out in the treatment of 

solid tumors. Heparin-dependent growth factors (GF), such as fibroblast growth factor (FGF) or vascular 

endothelial growth factor (VEGF) are directly involved in this disease being over expressed in the 

tumoral tissue. The aim of this work is the inhibion of the pro-angiogenic activity of these GF by the 

action of new heparin-like copolymers synthesized in our laboratory based on a methacrylic derivative of 

5-amino-2-naphthalene sulfonic acid (MANSA) and 2-acrylamide-2-methylpropane sulfonic acid 

(AMPS). The molecular structure-bioactivity relationship of four new families of copolymeric systems is 

discussed. The physico-chemical characterization of the macromolecules is reported. Also the in vitro 

and in vivo antiangiogenic effect of these polymers is demonstrated.  

 

Materials and Methods: Four copolymeric systems were obtained by free-radical copolymerization. 

AMPS [1] and MANSA [2] were copolymerized with a hydrophilic or a hydrophobic monomer (N-

vinylpyrrolidone, VP, or butylacrylate, BA, respectively) in order to prepare macromolecules with 

different hydrophilic/hydrophobic balance.  

 

Reactivity ratios were determined by in situ 
1
H-NMR in order to estimate the monomer distribution along 

the polymeric chains. The copolymers conformation was studied using light scattering and zeta potential 

measurements. 

 

The biological behavior of the new materials was studied in vitro using 2D cultures of endothelial cells to 

determine the inhibitory activity of the polymers on cell proliferation induced by pro-angiogenic factors  

and 3D cultures on fibrin matrix to determined the inhibition of different steps in the angiogenic process 

[3].  

 

Finally we studied the in vivo activity using 6-week-old female nude mouse. Two silicon tubes filled with 

Matrigel that contained either PBS (negative control), bFGF (positive control) or bFGF plus the polymers 

were inserted into a skin pocket in the back of each anesthetized nude mice. Eleven days later, the 

mice were injected intravenously with FITC–dextran and 10 minutes later, the tubes were removed from 

the skin pockets and the amount of fluorescence trapped in the implants was measured to evaluate the 

volume of blood circulating through the newly formed vessels. 

 

Results and Discussion: The reactivity ratios of the AMPS systems (VP-AMPS: rVP=0.12; rAMPS=0.28; 

BA-AMPS: rBA=3.60; rAMPS=0.28) indicated that VP-AMPS system is azeotropic  presenting a moderate 
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alternating structure whereas BA-AMPS preferably added the most reactive monomer BA to the growing 

chain. 

 

The reactivity ratios of the different systems (VP-MANSA: rVP=13.40; rMANSA=0.12; BA-MANSA: 

rBA=14.78; rMANSA=0.26) indicated that both propagating species preferably added the most reactive 

monomer (VP or BA). Consequently, there was a tendency toward consecutive homopolymerization of 

the two monomers. At the beginning of the reaction VP or BA-rich copolymers were formed; when these 

monomers were almost consumed MANSA-rich copolymers were subsequently formed.  

 

This monomer distribution along the copolymeric chains lets the formation of micelles in the case of BA-

MANSA and BA-AMPS copolymers with a BA (hydrophobic) core and a MANSA (hydrophilic) corona. 

The particular self-assembling of these macromolecules, locating the sulfonic groups on the surface of 

the micelles, made them more accessible to interact with the proangiogenic growth factors.  

 

The anti-angiogenic activity was measured by 2D and 3D in vitro assays. Higher activity of the BA-

MANSA copolymers was observed, being the micelles more active than linear polymers with similar 

amount of MANSA in their structure. 

 

Finally the in vivo assays also showed a better inhibition in the case of BA-MANSA systems reaching 

almost a total inhibition. 

 

Conclusions: Anti-angiogenic activity of new copolymers bearing sulfonic groups in their structure 

(heparin-like synthetic macromolecules) was tested by 2D and 3D in vitro and in vivo assays, showing 

good inhibition of different steps of the angiogenesis process. This bioactivity was related to the 

particular distribution of the monomers along the copolymeric chains and their organization in 

supramolecular structures.  
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In the last years, microcantilevers have been increasingly used as mechanical transducers of 
molecular recognition events

1
 

2
 

3
 

4
. The transduction signal of nanomechanical sensors is a 

nano-scale motion. This nanometric deformation arises from the intermolecular forces that are 
generated by molecular recognition interactions on the sensitized surface of a microcantilever. 
Main techniques for the readout of the nanomechanical response include the optical lever 
method, interferometry-based methods integrated optical waveguides and the use of 
piezoresistive cantilevers. The optical lever method is the most used due to the extreme 
accuracy and easy implementation for measuring cantilevers. 
 

In this contribution we present new instrument, SCALA, based on the scanning of a laser beam 
across a surface (up to centimeters). Deflection of the reflected beam during the scanning is 
collected on a position sensitive detector (PSD). This allows the instruments to perform the 
read-out of arrays of nanomechanical systems without limitation in the geometry of the sample, 
high sensitivity and a spatial resolution of few micrometers. Simultaneously our technology 
provides a complete map of the resonant properties. The instrument is able to operate in 
vacuum, air and liquids. 
 
Measurement of nanoscale deformations on surfaces of cm

2
 are performed automatically, with 

minimal need of user intervention for optical alignment. To exploit the capability of the 
instrument for high thoughput biological and chemical sensing we have designed and fabricated 
a two-dimensional array of 128 cantilevers (Fig 1(a)). We measured the nanometer-scale 
bending of the 128 cantilevers (Fig. 1(b)), previously coated with a thin gold layer, induced by 
the adsorption and self-assembly on the gold surface of several self-assembled monolayers

5
.  

In addition, we applied the technique for analyzing the vibration mode shape of a variety of 
nanomechanical systems that range from microcantilevers (Fig. 1(c)) to coupled 
nanomechanical resonators

6
. The technique is simple, allows imaging in air, vacuum and 

liquids, and it is unique in providing synchronized information of the static and dynamic out-of-
plane displacement of nanomechanical systems. Additionally, it can create 3-D images of any 
arbitrary object (Fig. 2). 
 
 
Finally we use the environmental chamber of SCALA for label-free detection of nucleic acid and 
proteins based on surface stress variations induced by tuning the environmental conditions

7
.  
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Fig. 1 (a) Optical image of an 2D array of 128 microcantilevers arranged in 4x4 wells Each 
cantilever has 400 microns in length and 50 microns in width.(b) SCALA height image of the 
whole array.(c) SCALA vibration image of an array of 5 microcantilevers of the second vibration 
mode at 60 kHz. 
 

 
 
Fig. 2 SCALA scanning of a one cent coin and three IBM cantilever arrays. 
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The regulation of stem cell functions including cell adhesion and migration, mitosis and differentiation 

into specific tissue cells is now considered a crucial strategy to improve the regenerative potential of 

scaffolding matrices used for tissue engineering [1,2]. The stem cell niche, which is a pool of 

microenvironmental cues that control the fate of stem cells, is highly specified depending on the tissue 

types in terms of physical, chemical and mechanical characteristics [3]. Therefore, providing a 

physiological situation that mimics the native tissue environment may switch on the action of stem cells 

to enter into an appropriate stage and undergo tissue differentiation [4,5]. 

 

Mesenchymal stem cells (MSCs) are known to have multipotency to develop into a series of cell 

lineages, including osteoblast, adipocyte, chondrocyte and neural cells, in response to appropriate 

chemical and physical cues [6,7]. When compared with embryonic stem cells, MSCs are accessible 

without the possible concerns regarding ethical issues and can be readily obtained from adults, allowing 

their clinical application [8,9]. Recent studies have demonstrated the potential usefulness of MSCs for 

the treatment of defective and diseased tissues, including bone, cartilage and nerves [9]. Above all, the 

importance of microenvironmental control has been highlighted to enable complete use of MSCs in 

tissue engineering and regenerative therapy [10,11]. 

 

Transforming growth factor-betas (TGF-s) are a superfamily of molecules closely related in structure 

and function. It is now well established that members of the TGF- family play a prominent role in the 

development, growth and maintenance of the vertebrate skeleton [12,13]. The effect of TGF-1 on the 

proliferation and osteoblastic differentiation of MSCs in vitro –causing an increase in total cell number, 

alkaline phosphatase (ALP) activity, and osteocalcin (OC) production- is well documented [14,15]. 

 

Collagen gel has been a model for culturing cells in three-dimensional environments, which is a 

condition much more similar to native tissue extracellular matrix than two-dimensional culture dishes 

[16,17]. Specifically, the collagen fibrous network and surrounding medium fluid constitute a soft and 

flexible gel matrix that allows cells to freely reach out and migrate in three dimensions [1,18]. Many 

groups have used collagen gel matrix to investigate the behavior and differentiation of MSCs into 

specific cell lineages, such as chondrocytes, osteoblasts and endothelial cells [2,17].
 

 

To define the responses of mesenchymal osteoprogenitor stem cells to TGF-1, we cultured Fischer 

344 rat bone marrow (BM) cells in a collagen gel medium containing 0.5% fetal bovine serum for 

prolonged periods of time. Under these conditions, survival of BM MSCs was dependent on the addition 

of TGF-1. Recombinant human TGF-1-F2 (rhTGF-1-F2), a fusion protein engineered to contain an 

auxiliary collagen binding domain (von Willebrand’s factor-derived), demonstrated the ability to support 

survival colony formation and growth of the surviving cells, whereas commercial TGF-1 did not. 

Initially, cells were selected from a whole BM cell population and captured inside a collagen network, on 
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the basis of their survival response to added exogenous growth factors. After the 10-day selection 

period, the surviving cells in the rhTGF-1-F2 test groups proliferated rapidly in response to serum 

factors (10% FBS), and maximal DNA synthesis levels were observed (Fig. 1). Upon the addition of 

osteoinductive factors, osteogenic differentiation in vitro was evaluated by the induction of ALP 

expression (Fig. 2), and the formation of mineralized matrix (data not shown). 
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Figure 1. Quantification of DNA content as indication of cell replication. 
 
 

 
 
Figure 2. Effects of culture conditions on ALP activity. 
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Silver compounds have been used as antibacterial agents for centuries, from the use of coins to 
preserve water in ancient Greece and Rome, to the XIX century use of silver nitrate to treat a variety of 
ailments, from typhoid to post-partum infections. [1] Today a variety of applications are contemplated, 
including Ag-coated medical devices, dressings for chronic wounds and burns, cosmetics, food 
preservation and water treatment. [1], [2]. The silver mechanism of action is far from understood: the 
biochemical explanations proposed include (i) inactivation of proteins, enzymes and DNA by Ag 
attachment to groups containing sulfur or phosphorus, (ii) cell membrane and mitochondria damage, (iii) 
inhibition of respiratory processes and (iv) generation of reactive oxygen molecules and free radicals. 

 

In this work, we describe the bactericidal ability of different forms of silver on highly adherent slime 
producing Staphylococcus aureus strain 9213 [3]. We show that silver-exchanged zeolites (ZSM5) at 
low Ag loadings are more effective against S.aureus than other materials with higher amount of silver 
such as silver (I) oxide and nanoparticulated (< 100 nm) silver. 

 

NH4-ZSM-5 microparticles with a Si/Al ratio of 20 were purchased from Zeolyst Int.; other commercial 
Ag-exchanged zeolites with different silver loadings (i.e.,15-20 wt. % and 35 wt. %) and geometries 
(pellets and granular, respectively) were purchased from Sigma-Aldrich as well as silver (I) oxide and 
nanoparticulated (< 100 nm) silver. The ammonium form of the zeolite was calcined to obtain its 
protonic form and ion-exchanged by using 1 wt. % AgNO3 solution (atomic absorption standard solution 
1 wt. % (HNO3), Sigma Aldrich) under stirring, for up to 24 hours. In this way we obtained Ag loadings 
around 0.2 wt. %. [4]. 

 

For the antibacterial assays, 2 mL of an overnight stationary growth phase of TSB bacterial culture were 
added under sterile conditions to glass tubes, each of which contained the 60 mg of Ag-ZSM5, H-ZSM5 
(as control), silver  (I) oxide, commercial pellets, commercial granular particles and nanoparticulated 
silver. Samples were subsequently incubated at 37 ºC for 4, 6 or 24 hours in the dark. After incubation 
tubes were placed in a 50 Hz ultrasonic bath for 15 minutes (tubes at 4 and 6 hours) or 30 minutes 
(tubes at 24 hours). Seven 1:10 dilutions of the contents of each ultrasonicated tube were made and 
then three 25 μL drops of each suspension were spread on Triptone Soy Agar (TSA) plates. Bacterial 
colonies were counted after incubation overnight at 37º C. Silver content on the released media was 
determined using atomic absorption spectrophotometry (AAS) in a Varian Spectra A110. Media were 
centrifuged using exclusion centrifugal filters (5 nm cut–off) to obtain supernatants free of any lose 
nanoparticles. [4]. 

 

The bactericidal action when using the same amount of material added to the stationary grown bacteria 
(109 CFU/mL) was found maxima for the Ag-exchanged zeolite compared to the other commercial 
silver-exchanged zeolites (pellets and granular) (Figure 1).  
 



Contribution (Poster) 
Silver exchanged zeolites showed nanosized clusters on their surfaces indicating that in those materials 
silver is present as cation in the zeolite network as well as metallic silver as clusters or nanoparticles on 
their surfaces. The higher the bioavailability of cationic silver, the higher the bactericidal action of the 
silver-carrier material. Silver (I) oxide showed the highest bactericidal action of all the materials tested. 
Ionic silver content, particle geometry, silver solubility, particle size and crystallinity are some of the 
variables controlling the bactericidal effect of silver. 
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Figure 1. Bactericidal action of the different                                 Figure 2. XRD ZSM5  before and after  
silver-containin g materials.                                                                          calcination and ion-exchange. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
             Figure 3. S.aureus by CLMS.                                                  Figure 4. S.aures by SEM.                   
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Since the early twentieth century science advanced greatly to the point of being able to modify the structure 

of a large number of molecules, polymers among them, which nowadays are everyday materials and have 

great industrial and technological importance. Thanks to these advances, current polymer research is 

centered not from the perspective of inert materials, but in developing materials for applications that are 

beyond its typical use. 

 

In the last decade, nanoscience has taken a growing interest because of the wide range of potential 

applications that can bring in areas such as biomedicine, agriculture, the cosmetics industry, polymer 

science, etc.
 
[1]. Undoubtedly, the complexity of nanotechnology involves the use of new techniques for 

structuring and chemical functionalization exploiting the most of the properties of nanoparticles to enable its 

use on a selective or specific manner [2]. In this regard, the science of polymers makes it possible to obtain 

macromolecules with new chemical structures and physical-chemical properties with extraordinary because 

the polymers are complex materials that have a wide variety of properties that may change before, during 

and after their synthesis [3]. 

 

The so-called stimulus-response smart nanogels have emerged as a promising new class of materials with 

pharmaceutical applications. In these systems, small changes in some environmental variable such as 

temperature, pH, ionic strength, leads to a reversible phase transition in the structure of the gel. The poly(N-

isopropylacrylamide) hydrogel presents a well-defined LCST in water near 32°C, above this temperature the 

gel structure collapses resulting in a sharp deswelling, which is reversible if the system temperature returns 

to below 32ºC. Furthermore, when these materials have ionizing functional groups are sensitive to changes 

in pH. The pH affects these systems similarly to temperature, so that a given change in pH of the medium 

makes the nanogel to swell, leading to an increased pore size of the polymer network, this facilitate 

molecules migration toward outside of the nanogel. This process is known as "release" and is the principle 

governing the current drug dispensing systems. Within the drug dosing systems we can find two basic types, 

which are the starting point for designing new mechanisms of transport and drug delivery, these are called 

"controlled release" and "targeted release". 

 

The hydrogels are polymers that have similar characteristics to those of a living tissue. This feature has 

allowed them to be the focus of the biomedicine [4]. The combination of nanoscience, biomedicine and 

polymer science has become the main topic of research in recent years because it is a new discipline that 

exploits the potential of nanoparticles for use in biomedical applications [5]. Undoubtedly, the complexity of 

the nanoscience implies the use of new chemical structuration and functionalization techniques that exploit 
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the properties of nanoparticles that let express them in selective manner specific qualities. In this regard, the 

polymer science is the nearest to allow selective chemical structure due to the polymers are complex 

materials that have a wide variety of properties that can be changed before, during and after their issuance. 

 

Here is reported the chemical functionalization of smart nanogels by incorporating pH-sensitive functional 

groups and folic acid as a tumor targeting ligand into the same initial polymer network. One of the most 

promising strategies in anticancer therapies is the targeted delivery through malignancy-associated cellular 

markers. Recently, Katime and coworkers [6] have designed new synthetic devices with enhanced stimuli-

responsive sensitivity and targeting ligands that can be a promising field for the development of cancer-

specific delivery systems. The new devices would lead to a reduction in the minimum effective dose of the 

drug required for each target [7]. The over-expression of folate receptors on many cancers identifies them as 

a potential target for a variety of ligand receptor-based cancer therapeutics. In fact, folate receptors are 

qualified as a tumor-specific target. Furthermore, folic acid molecules have numerous advantages in 

comparison with other ligands, such as their small size, availability, simple chemical conjugation, and no 

inmumogenicity. Due to these unique characteristics folic acid is actually presented as an ideal ligand for 

targeted delivery into tumors. Katime have developed new synthetic molecules based on microemulsions 

systems that can offer an interesting and potentially quite powerful alternative carrier system for drug delivery 

because of their high solubilization capacity, transparency, thermodynamic stability, ease of preparation, and 

high diffusion and absorption rates when compared to solvent without the surfactant system [8]. The 

microemulsión polymerization process is one of the most versatile methods to obtain smart nanocarriers 

ranged between 10-100 nm with a very homogeneous particle size distribution (≈ 1.1). 
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Introduction: Hydrogels are cross linked hydrophilic polymers that swell in water and can be 
synthesized from a variety of natural and synthetic polymers. Hydrogel scaffolds can be tuned to closely 
mimic the chemical and mechanical properties of extra cellular matrix and therefore could play a crucial 
role in tissue engineering research. However, in bulk hydrogels, it is difficult to control the 3D 
architecture and may cause cell necrosis due to diffusion limitation. A solution to this problem is the 
construction of microscale hydrogel patterns. Currently, microscale hydrogel patterns are generally 
constructed using techniques like photolithography and micromolding. But each of these methods has 
significant drawbacks. 
In this report we present a novel method for the construction of chemically functional hydrogel 
microscale patterns. We use a tip based lithography method to directly deposit the hydrogel precursors 
at defined location and polymerize them to form hydrogels. This method allows for rapid fabrication of 
high resolution patterns. 
 
Methods: A 1:2 (wt/wt) solution of Poly(ethylene glycol) dimethacrylate (PEG-DMA)  with a molecular 
weight of 0.55 kDa and 1 kDa was used for printing hydrogels. A photoinitiator (2,2- 
diethoxyacetophenone) was added into the PEG-DMA ink solution to aid in polymerization and 
formation of hydrogels. A NLP 2000™ desktop nanolithography platform (NanoInk Inc., Skokie, IL USA) 
equipped with a 12 pen array (M-expV1 type) was used to construct the patterns (Fig 1) on chemically 
functionalized glass substrates. The hydrogel precursor patterns were polymerized by exposing them to 
10 mW UV irradiation for 20 mins. To construct the functionalized hydrogel patterns, a 1:2 (wt/wt) 
solution of PEG-DMA (1 kDa) and 4-arm PEG-thiol (2 kDa) was used. For functional study, the hydrogel 
pattern was incubated with thiol-reactive rhodamine red C2 maleimide (Invitrogen) for 2 hrs and 
characterized by fluorescence microscopy.   
 
Results: We have demonstrated that microscale hydrogel patterns can be easily generated using tip 
based lithography process. Uniform and size controllable hydrogel patterning could be obtained by 
temperature and humidity control during the deposition process. At 37ºC and 20% RH, relatively larger 
droplets (~5 µm) were printed while at 25ºC and 20% RH, smaller droplets (~2 µm) were deposited (Fig 
2). AFM imaging of the polymerized hydrogel patterns confirmed the size and homogeneity of the array. 
We have also successfully demonstrated the precise deposition of thiol functionalized PEG hydrogel on 
glass substrates. In addition, we have shown specific immobilization of the thiol-reactive rhodamine red 
C2 maleimide molecules on the surface of our microscale hydrogel patterns (Fig 3). Red-fluorescent 
was observed exclusively at the patterned area. By simply adjusting the ratio between the two PEG 
components, we should be able to fine-tune the number of free thiol functional groups in the hydrogel, 
and hence the amount of conjugated biomolecules. These hydrogels with different composition can be 
also loaded simultaneously onto the writing tips by an inkwell to create concentration gradient patterns 
in a single array.  
 
Summary: Functionalized hydrogels have been proven to be very useful in biomedical applications. 
The methodology we report herein is an effective way to produce well-defined size arrays of hydrogel 
with selective immobilized biomolecules printed on glass substrates which are ideal systems for 
addressing different biological relevant issues. 
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Figure 1. The desktop nanolithography platform NLP 2000
TM

 was used for patterning hydrogels. 

 
Figure 2. Hydrogel spot size as a function of temperature. Environmental (temperature and humidity) conditions 
play a crucial role in the spot sizes that can be obtained by tip based lithography. At a constant relative humidity of 
20%, larger spots can be printed at 37 ºC (top) compared to 25 ºC (bottom).  
 

 
 
Figure 3. Functionalized Hydrogel. (Left) Bright field image of functional hydrogel patterns that were constructed 
with excessive thiol groups. These patterns were incubated with thiol-reactive rhodamine red C2 maleimide 
molecules and interrogated by fluorescence microscopy (Right).  
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Besides the positive multipurpose nano-reinforcement in polymeric materials and expanded devices 

applications, limited know-how presently exists on the environmental and health risks of certain 

manufactured nanomaterials. Initial research has indicated that engineered nanoparticles can have a 

negative impact on human health and environmental pollution. More importantly, and fundamental to the 

success of nanotechnology, is the perceived safety of the technology by the public. As activity shifts 

from research to the development of applications, there exists an urgent need to understanding and 

managing the associated risks, but in particular to personnel working with these materials. 

 

NEPHH Project aims to identify and rate important forms of nanotechnology-related environmental 

pollution and health hazards that could result from activities involved in silicon-based polymer 

nanocomposites throughout their life cycle, and also to suggest means that might reduce or eliminate 

these impacts. NEPHH will consider the safety, environmental and human health implications of 

nanotechnology-based materials and products. This project accounts that nanoparticles, for most 

applications, are surface modified and generally embedded in the final product and therefore do not 

come into direct contact with consumers or the environment. Consequently, NEPHH will be going 

beyond the primary nanomaterials and will specially focus into the secondary and tertiary polymer 

nanoproducts with silicon nanoparticles compounds as base of their composition.  

 

Present communication will include a general overview of the Project, including its main structure and 

work packages interrelation. Main outcomes of the Project to date will also be described including 

materials selected and procedures for samples production. 
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The design of nanocarriers able to reach selectively the disease site at therapeutic concentrations and 
at the same time easy to be monitored at real time is a promising way to improve efficacy and decrease 
adverse effects of drugs. [1-3]. Polymeric nanoparticles are good candidates as starting materials for 
the preparation of multifunctional nanocarriers. They can be obtained in O/W nano-emulsions by 
incorporating preformed non-water-soluble polymers in the oily dispersed phase followed by solvent 
evaporation [4]. Although this method has been known for some time, most studies are based on the 
use of toxic organic solvents or high temperature procedures. Moreover, commonly, polymeric nano-
emulsions are prepared by high-energy methods. Therefore, there is a need of mild procedures 
combining the use of low-energy emulsification methods and low toxicity components suitable for 
biomedical applications [5].  

 

The aims of this work were the preparation of biocompatible O/W polymeric nano-emulsions by low-
energy methods at 25ºC, their use for nanoparticle preparation by the solvent evaporation method and 
their functionalization. Nano-emulsions have been formed in water / nonionic surfactant / polymeric 
organic solution systems by the phase inversion composition method (PIC) at relatively high 
oil/surfactant (O/S) ratios and characterized by means of several techniques (cross correlation 
spectrometry, light backscattering, cryoTEM, etc). The nano-emulsion average droplet size (around 
200nm) (Figure 1) was found to depend on the O/S ratio as well as the polymer concentration in the 
organic solution. Some nano-emulsions were chosen for nanoparticle preparation by the solvent 
evaporation method The nanoparticle average size (typically below 50 nm) was shown to be related to 
that of the precursor nano-emulsion as determined by tramsmission electron microscopy (TEM) image 
analysis and their shape was rounded (Figure 2) as evidenced by transmission (TEM) and scanning 
(SEM) electron microscopy [6]. Further, coumarin-6 was incorporated in the nanoparticles for imaging 
purposes and folic acid was coupled to the polymer for tumour targeting. 
 

 
Figure 1: Cryo-TEM image of the polymeric O/W nano-emulsion with an O/S ratio of 70/30 and 90 wt% of water 
content. 
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Figure 2: TEM micrograph of polymeric nanoparticles as observed after negative staining with phosphotungstic 
acid. 
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An alternative to conventional dosage of antineoplastic agents is controlled and localized release from a

polymer. A large variety of drugs could be released in a localized manner, alone or combined, from

hydrogels.  Recently,  combination therapy have shown to be an effective way to treat  diseases and

regenerate tissues. In order to optimize these effects, different drugs have to be employed in the optimal

dose and the adequate periods of action on damaged tissue. 

We used temperature-sensitive  Poly(N-isopropylacrylamide)  hydrogels  as  drug delivery  systems,  so

changes in body temperature induced by pathogens can act like external stimulus to activate controlled

release of the drug incorporated in the hydrogel. 

In the combined release studies, we chose two model drugs: aminiphilline and triamterene. Triamterene

(2,4,7-triamino-6-fenilpteridina) is an antidiuretic used with success in combination with diuretics in the

treatment  of  hypertension  and  edema.  Aminophylline  is  a  bronchodilator  used  successfully  in  the

treatment of asthma in combination with other drugs. 

We found no interaction between drug and polymer (linear dependence between the amount of drug

loaded  and the  PNIPAM concentration).  The ammount  of  drug  released  was  measured by UV-Vis

spectroscopy following the evolution of the absorption peaks of aminophylline (271 nm) and triamterene

(365 nm). The maximum release time is greater for triamterene (days) than for aminophylline (hours).

By changing the shape of the hydrogel (from a disk of 1 cm to a cylinder of 10 cm of thickness), and with

increasing  molecular  weight  or  solubility  of  the  drug,  we  observed  that  the  diffusion  coefficient

decreases. On the contrary, with increasing hydrophobicity of the drug diffusion coefficient increases. 

The evolution of pore size distribution of hydrogels during loading and release was obtained by dynamic

light scattering (DLS) and the algorithm NNLS. When loading and releasing the drug, pore size of the

hydrogel decreases and increases again without reaching the initial pore size of hydrogel, respectively.

We observed that the greater the concentration of drug loaded in the hydrogel greater the reduction in

pore size.
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Figures

Figure 1. Release percent of triamterene and aminophylline from PNIPAM hydrogels in distilled water at 37 ºC.

Figure 2. ESEM micrograph showing the change in pore size with the release of the drugs from the hydrogels.
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Introduction and Objective 

Nanoshells (NS) consist of a spherical dielectric nanoparticulated core surrounded by a thin metal shell 

[1]. By varying the relative thickness of the nanoparticle (NP) core and its metallic shell, it is possible to 

generate NPs that can either absorb or scatter light at a desired wavelength. We generated NS with a 

dense silica core of 160-170 nm in diameter and a gold shell of 12-15 nm thick optimized to absorb 

near-infrared (NIR) light, particularly in a spectral range known as the “water window” (700-1200 nm). 

This window represents a region of the electromagnetic spectrum characterized for a minimal 

absorption by water and biological chromophores [2]. Laser irradiation of NS at their peak extinction 

coefficient results in the conversion of light energy into heat, which raises temperature in the NPs 

surroundings. In this study we explored the capability of NS to induce transgene expression in human 

cells activated by optical hyperthermia.  

Materials and methods 

The preparation of NS followed the general procedure outlined by Oldenburg et al. [3]. The dense silica 

cores were prepared using a modified Stöber process. The surface of the silica NPs was functionalized 

with amine groups via silane coupling. Separately, a suspension of Au seeds (from 1-2 nm to 3-4 nm) 

was prepared following the method reported by Duff et al. [4]. The gold seeds were anchored on the 

amino groups of the functionalized silica cores. The gold shell was then completed by adding additional 

gold solution and potassium carbonate. NS were characterized by transmission electron microscopy 

(TEM). Laser irradiation was carried out with an IR Laser system consisting in a 808 nm-wavelength 

laser diode coupled to an optic fiber of 400 µm and a power controller, placed in a thermostatized 

chamber. Absorption measurements of the NP-based dispersions were obtained using a UV-Vis-NIR 

spectrometer. A HeLa-pDsRed-Monomer clonal cell line harboring the encoding sequence of the 

fluorescent fusion protein DsRed-Monomer under the control of the extremely heat-sensitive human 

hsp70 promoter was generated. Hela-pDsRed-Monomer cells respond to subtle increases of culture 

temperature by increasing the expression of the transgene. Cell viability was assessed in cultures 

treated for 24 h in the presence or absence of NS, using the alamarBlue assay. Cell internalization of 

NS was visualized using the reflection mode of the spectral confocal microscope (CLSM). For in vitro 

photothermal studies, HeLa-pDsRed-Monomer cells were exposed to NS and irradiated from the top 

surface with the 808 nm infrared diode laser. After irradiation, the fluorescence signal derived from the 

DsRed-Monomer protein was visualized using CLSM. 

Results and conclusions 

TEM micrograph in Figure 1A showed the NS structure. NS presented a clear dense silica-core coated 

with a high density layer corresponding to the gold shell. It is worth noting the homogeneity in the size 

distribution of synthesized NS. These NPs showed a strong absorption of the light radiation in the 500-

900 nm range of the NIR region (Figure 1B). After addition of NS to the culture medium, the material 

was exposed to a 808 nm-wavelength laser system integrated in a thermostated chamber to establish 
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the environmental temperature at physiological conditions. The heat dissipated from NS significantly 

increased, in a dose-dependent manner, the temperature of the culture medium where they were 

immersed (Figure 1C). Prior to the development of the optical hyperthermia protocols, cell viability and 

NS internalization were tested in cells exposed to the material for 24 h. NS treatment did not impaired 

metabolic activities of the cells, indicating a good biocompatibility of the material. Cells were able to 

internalize NS, which appeared located as clusters inside the cells. Application of NIR light at 808 nm on 

cultures treated with NS generated an increase of intracellular temperature that efficiently activated the 

expression of fluorescent DsRed-Monomer protein controlled by the thermo-sensitive promoter (Figure 

2A). In the absence of NIR laser treatment, cells were not able to activate the expression of the fusion 

protein (Figure 2B). In summary, we demonstrated the suitability of NS as photothermal agents to 

induce transgene expression after sub-lethal heat treatment conducted by NIR radiation. This finding 

points to the great potential of NS in multimodal therapeutic protocols based in the combination of 

optical hyperthermia and gene therapy. 
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Figure 1. (A) TEM image of NS. Bar = 50 nm. (B) Absorbance spectra of NS. The peak absorbance 

wavelength corresponds to the NS surface plasmon resonance. (C) Temperature measurements of 

culture media containing increasing concentrations of NS, after 10 min of exposure to NIR laser.   

 

 

 

 

 

 

Figure 2. Transgene expression after sub-lethal optical hyperthermia. Hela-pDsRed-Monomer cells 

were exposed to NS for 24 h, washed to remove non-internalized NS and exposed (A) or not (B) to NIR 

laser at 808 nm for 30 min. The fluorescent signal derived from the expression of DsRed-Monomer 

protein was observed using CLSM after 24 h. Confocal maximum projections show DsRed-Monomer 

(red) and actin (green) stained cells. NS (blue) were detected by reflection. Bars = 10 µm.  



Contribution (Oral) 
 

A fully synthetic carbohydrate vaccine based on gold nanoparticles 
 

Fabrizio Chiodo,1 Dodi Safari,2 Marco Marradi,1 Huberta A. Th. Dekker,2 Yulong Shan,3 Roberto 
Adamo,4 Martina Lahmann,

3 Johannis P. Kamerling,4 Harm Snippe,2 Soledad Penadés1 

 
 

1Lab. of GlycoNanotechnology, Biofunctional Nanomaterials, CIC biomaGUNE / CIBER-BBN, San 
Sebastián, Spain. 2Department of Medical Microbiology, University Medical Center Utrecht, Utrecht, The 
Netherlands. 3School of Chemistry, Bangor University, Bangor, UK. 4Bijvoet Center, Department of Bio-

Organic Chemistry, Utrecht University, Utrecht, The Netherlands. 
 

fchiodo@cicbiomagune.es 
 

Since carbohydrates are usually poorly immunogenic, strategies have been developed to improve their 
immune response. Current advances in the identification and synthesis of carbohydrate epitopes have 
opened new ways to rationalize vaccine design. Several strategies for the production of synthetic 
carbohydrate-based vaccines have been developed that have overcome the hurdles encountered when 
using complex bacterial capsular polysaccharides.[1]  The selection of a carrier in the preparation of a 
conjugate vaccine is another parameter in the design of carbohydrate vaccines.  
This study explores the potential application of hybrid gold glyconanoparticles (GNPs) as vaccine 
candidates against Streptococcus pneumoniae, a major cause of invasive respiratory tract infections in 
both children and the elderly. The conjugation of biomolecules to metal nanoclusters has opened new 
opportunities in the design and synthesis of multifunctional and multimodal assembled systems for 
biomedical applications. Gold nanoparticles have been extensively explored because of their relative 
inertness, low toxicity, and easy manipulation, and because the chemistry of their surface is easy to 
control.[2] Gold surface can be simultaneously tailored with different ligands in a controlled way via thiol 
chemistry affording multivalent and multifunctional nanoparticles.[3],[4] In search for new conjugate 
vaccines not based on protein carriers, we here present gold nanoclusters as a versatile platform to 
construct a potential carbohydrate-based vaccine against S. pneumoniae type 14. 
The branched tetrasaccharide Gal(β1-4)Glc(β1-6)[Gal(β1-4)]βGlcNAc, corresponding to the repeating 
unit of the pneumococcal type 14 capsular polysaccharide (Pn14PS), is able to induce anti-Pn14PS 
specific antibodies when conjugated to CRM197 and thus it was selected as candidate for the 
development of a synthetic conjugate vaccine against S. pneumoniae type 14.[5],[6]  
Antigenic tetrasaccharide Gal(β1-4)Glc(β1-6)[Gal(β1-4)]βGlcNAc, ovalbumin peptide-fragment OVA323-

339 which is well known as immunodominant T-cell epitope, and glucose were suitably functionalised 
with different thiol-ended linkers and employed as ligands for the construction of hybrid GNPs (scheme 
1).  
These biofunctional GNPs, having mean gold core diameters of ~2 nm, were used to immunise 
intracutaneously BALB/c mice. Depending on the density of the different ligands, GNPs coated with the 
tetrasaccharide conjugate induced significant levels of specific IgG antibodies that recognize both the 
native polysaccharide of Pn14 and the very same branched tetrasaccharide fragment of Pn14PS as 
determined by ELISA. Glucose was used as inner and inert component to assist water dispersibility and 
biocompatibility and to allow the tetrasaccharide moiety, armed with a long amphiphilic linker, protruding 
above the organic shell of GNPs. 
Details on the synthesis of ligands, the one-step preparation of GNPs using different ratios of the 
ligands, and the techniques used for characterization (TEM, NMR, IR, UV-Vis) will be presented 
together with the experiments for evaluating the type-specific antibodies, opsonophagocitosis and 
cytokine levels after spleen cell stimulation. Although further optimization of vaccine efficacy is 
necessary, this study presents the first example of a fully synthetic carbohydrate vaccine based on 
nanoparticles that is able to induce specific IgG antibodies that react with native capsular 
polysaccharide.These results confirm that a suitable presentation of antigenic carbohydrates is essential 
to induce a specific immune response and should encourage the use of gold GNPs as new systems in 
the development of a synthetic carbohydrate-based pneumococcal vaccine. 
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Scheme 1: One-step synthesis of hybrid gold nanoparticles (GNPs) incorporating different molar ratios 
of branched tetrasaccharide (Tetra; Gal-Glc-(Gal-)GlcNAc) (1), D-glucose (Glc) (2), and OVA323-339-
peptide (OVA) (3) conjugates. Reagents and conditions: HAuCl4, NaBH4, H2O/MeOH, 2 h, 25 ºC. For 
clarity, all conjugates are depicted as thiols. The dimension of the gold nanoclusters is ca. 2 nm and is 
not in scale with the size of conjugates. 
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Over the past few decades, the interest in magnetizable nanocolloids has steadily increased as a 

result of the growing number of applications which can be designed both in the field of biotechnology 

and biomedicine. To improve the colloidal stability the particles have to be wrapped in a cushion of 

adsorbing molecules such as dextrans which are often used for the production of magnetic resonance 

imaging (MRI) agents. However, the dextran coating is vulnerable to aging and may induce alterations 

in the behavior and morphology of cells in culture. As a promising alternative we introduced in the late 

1980’s so-called magnetoliposomes (MLs) [1]. These constructs consist of nanometer-sized magnetite 

(Fe3O4) cores covered with a bilayer of phospholipid molecules. The inner leaflet molecules are very 

strongly chemisorbed with their polar headgroup on the Fe3O4 surface, whereas those residing in the 

outer layer are more loosely physisorbed. Since phospholipids are components of all biological 

membranes, MLs can be considered as highly biocompatible, which is essential, for instance, for in 

vivo cell labeling [2]. 

In the present work we further exploit the high flexibility of the lipid bilayer, enabling easy and well 

controllable particle functionalization. In this respect it is shown that cationic lipids built in the outer 

leaflet of the ML envelope, ultimately, result in much higher cellular uptake [3,4]. For instance, using 

3.33 mol% 1,2-distearoyl-3-methylammonium propane  [DSTAP] containing MLs, 3T3 fibroblasts can 

be efficiently labeled with up to 47.66 pg Fe/cell, one of the highest values reported in literature, 

without inducing any toxic effects [5]. Also, upon incorporating 1 mol% of galactose-modified 

phospholipids into the ML coat, the particles are specifically targeted and taken up by HepG2 

(hepatocellular carcinoma) cells and primary hepathocytes, which typically express the complimentary 

asialoglycoprotein receptor [6]. In vivo experiments have also shown better retention in the liver of 

functionalized MLs compared to non-functionalized ones. 

Besides our attempts to improve (specific) particle uptake, the intracellular fate of the MLs is further 

investigated and compared with the behavior of other well known MRI contrast agents. As, in general, 

internalized particulates end up in the ‘acidic’ endosomes/lysosomes,  we first studied nanoparticle 

susceptibility to pH-induced degradation and the consequences thereof for MR contrast generation. 

Kinetic experiments were performed in a test tube setup at pH 7.0, 5.5 and 4.5. Both by Fe
3+

 

determinations and analysis of T2* maps of MRI phantoms it is found that MLs withstand much 

better the harsh acidic conditions as compared to Endorem (dextran-coated), Resovist 

(carboxydextran-coated) and VSOP (citrate-coated) particles [7].  

Besides the above-mentioned pH-induced effect, the lipid bilayer is also partially destroyed by the 

action of lysosomal phospholipase A2. The kinetics of this enzymatic degradation are monitored in an 

in vitro lysosomal model system. A gradual decrease in pH caused by liberated fatty acids (Fig. A) as 

well as a concomitant lowering of the phospholipid/iron ratio of the MLs is observed (Fig. B). At 

equilibrium the remaining lipid amount on the Fe3O4 core equals about one third of the value found for 

an intact ML. This observation strongly points to the fact that the inner lipid layer is very resistant to 

further hydrolysis due to an unfavorable orientation and, thus, avidly protects the iron oxide core. 

Monolayer-coated particles, indeed, display a hydrophobic surface and – due to the hydrophobic effect 



- will cluster in the aqueous environment, resulting in a 6-fold increase in hydrodynamic diameter (as 

measured by dynamic light scattering – Fig. C), an enhanced magnetic attraction in the presence of an 

external magnetic field (Fig. D), and a 2-fold reduction of T2* relaxation time [7]. This aggregation 

event observed with MLs  also occurs intracellulary as shown with C17.2 neural progenitor cells. By 

contrast, with Endorem, at a similar initial intracellular iron oxide level, no aggregation occurs [7].  

In conclusion, MLs show up as highly versatile, biocompatible nanocolloids which are extremely prone 

for long-term MRI follow-up studies. 
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Figures 

 

 
Effects of PLase A2-action on MLs, shown by A) the decrease in pH, B) the ratio of phosphate over 

magnetite, C) increase in hydrodynamic diameter and D) visual confirmation of an incresae in 

aggregation of PLA2-treated MLs. A-C) grey indicates PLA2-treated samples; black represents control 

samples. 
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Lateral-flow assays are commonly used for the detection of biological activity in a solution. In the 
standard format, a solution flows through a membrane which has been locally imprinted with proteins 
targeting the bioanalyte under study. Upon immunorecognition at the test area of the membrane, the 
biological agent is immobilized and its presence can be readily identified by the photoluminescence of 
the colored particles that the analyte has been labeled with. Quantitative measurements of the 
concentration can only be achieved via chromatographers (immune-chromatic test). However, in the 
past decade the magnetic thin film technology has been successfully implemented into the bioanalytical 
science [1]. In this paper we propose an efficient and unexpensive method substituting the colored 
particles by magnetic nano-beads and the photodiode detection by magnetoresistive sensors [2]. The 
sensing mechanism is thus the same as in the reading heads for the magnetic bits of commercial hard 
drives: giant magnetoresistence (GMR) or tunnel magnetoresistence (TMR). We pattern a chip 
containing arrays of such sensing units with micrometric footprint. A strip-shaped sample membrane is 
scanned by the chip, resolving the magnetic signature of the sample with micrometric resolution. In 
terms of sensibility, this method is at the same level as former techniques based on the coil inductance 
[3,4], but in addition, the large spatial resolution brings about the possibility of multianalyte single shot 
assays. Furthermore, reference magnetic motifs can get immobilized/sensed in the same membrane 
and environment as the test region, extending the concept to a field-deployable device.  
 
We will describe the design and performance optimization of the biosensensing station utilized to carry 

out immune-magnetic tests. It features micrometric xyz positioning and controlled pressure ( P<4 psi) of 
the sample membrane over the sensor surface. The detection limit has been pushed beyond the visual 
limit, with a figure of merit of 1 µemu sensibility (equivalent to 2 nano-grams of maghemite), which 
surpasses the SQUID sensibility in this sort of sample system. Test measurements on both artificial 
sample membranes and real biological assays will be shown, and compared with results from 
alternative characterization tools.   
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Nanoscience and nanotechnology are in the spotlight nowadays because researchers from these fields 
are now able to explain and control the phenomena observed at the nano and microscales. They are 
trying to create new medical applications like treatment and diagnosis using magnetic micro and 
nanoparticles by breaking down the frontiers between biology, chemistry and physics. 
Researchers need to overcome several problems with these substances, such as toxicity issues or the 
understanding of the human body complexity, if magnetic micro and nanoparticles (MNPs) are wanted 
to be used in medical applications. Besides, there's a huge gap between in vivo and in vitro 
experimentation with MNPs that researchers are trying to remove. Following this idea, the 
Bioinstrumentation Laboratory is working on setting up a characterization platform of MNPs where 
researchers or fabricants send their samples and receive several data, such as the magnetic and 
mechanical response, relaxation time when are used as contrast agents in MRI, and movement 
behavior of the particles. 
The magnetic and mechanical response is measured using the Alternating Gradient Field 
Magnetometer (AGFM) MicroMag Model 2900 AGM System

®
. Due to its high sensitivity, low noise floor 

and its capability to accommodate a large range of samples of very different properties, such as solid 
samples, ultra thin films, powders, liquids and even slurries, the AGFM can be used for characterizing 
the magnetic and mechanical properties of MNPs in biological samples. Some examples of actual 
research lines with the AGFM are the discrimination of the behavior of MNPs acquired by cells or 
situated on the extracellular matrix and the use of the AGFM as biosensor. The final goal is to use the 
AGFM combined with other techniques for the detection and identification of engineered MNPs as 
contaminant in ex-vivo samples (see Figure1) [1-4]. 
The SMARTracer Relaxometer, in conjunction with a 2T Electromagnet, allows the acquisition of the T1 
and T2 relaxation rates of water and biological solutions containing MNPs when are employed as 
Contrast Agents in MRI. The relation between relaxation rates and the morphological and physical 
properties of the particles can be obtained by adapting the information contained in the Nuclear 
Magnetic Relaxation Dispersion (NMRD) profiles (dependence of the relaxivity on magnetic field 
strength, Figure 2(a)) into a Theoretical Model. The main goal of this research line is to obtain the 
concentration of MNPs on the tissue directly from a MRI using the information of the NMRD profiles and 
the data from the Theoretical Model (see Figure 2 (a,b)) [5-7]. 
To achieve dynamic characterization, which means in this case movement of magnetic particles, it was 
made a set up that involves: magnets, auxiliary geometries for focalization, viscometer, analysis and 
simulation software as well as random laboratory material. With all these things together plus theoretical 
phenomena, it is possible the understanding of this kind of magnetic particles characteristics. The 
principal research lines are oriented to cellular filters fabrication, focusing of magnetic particles using 
magnetostatic fields, mathematical model optimization of magnetic phenomena, and human and animal 
models for in vitro experimentation (phantoms). The final goal is the use of these techniques to separate 
cells and its implementation for treatment and diagnosis (see Figure 3) [8-12].  
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Figure 1. Magnetic and mechanical 
response measured using an AGFM. 
The hysteresis loops can been seen, 
a) behavioral differences between 
solid and liquid samples with MNPs, 
and b) MNPs detection inside cells; a 
picture of the AGFM is shown on c). 

Figure 2. MNPs Characterization as 
Contrast Agent in MRI: a) NMRD 
Profiles of a sample of MNPs. b) 
Differences between images with (left) 
and without (right) Contrast Agents.  
c) Fast Field Cycling Relaxometer. 

Figure 3. Dynamic characterization of 
magnetic particles. On a) different 
equipment used for characterization, 
and on b) an image of magnetic 
particles dynamic characterization. 
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Using a top-down approach, synthetic antiferromagnetic micro/nanoparticles [1] usable for 
biological applications were prepared. They are made of magnetic multilayers consisting of 
ferromagnetic layers antiferromagnetically coupled between them through a thin ruthenium spacer. 
These particles exhibit “superparamagnetic-like” properties. Their magnetic susceptibility can be 
accurately controlled by the thickness of the constituting layers. We focused on particles of composition 
(NiFe/Ru0.7nm/)n/NiFe with a total NiFe thickness kept constant at 120nm and varying the number of 
repeats n between 1 and 7. The size of particles that we investigated was 1μm*1μm*120nm. These 
particles have much higher moment and susceptibility than conventional magnetic oxide based 
nanoparticles prepared by chemical routes. This allows manipulating them with lower magnetic fields. 
The preparation technique is illustrated in Figure 1 with various examples of realization. The technique 
benefits from all the knowhow in microelectronic technology in particular nano-imprint lithography. 
Particles as small as 30nm could be prepared. The interest of this approach is that both the shape and 
composition of the particles can be optimized depending on the foreseen biotechnological applications. 
Besides, these particles are not spherical. They exhibit some shape anisotropy or intrinsic magnetic 
anisotropy which opens new possibilities to manipulate them with magnetic fields rather than gradients 
of magnetic field. This may allow controlling their motion at much longer distance than with conventional 
approach. Indeed gradients of magnetic field decrease very rapidly as a function of distance from field 
source whereas field can be produced over much longer distance.  

When dispersed in solution, striking differences in the interactions between these synthetic 
antiferromagnetic particles are observed depending on their susceptibility [2]. Above a susceptibility 
threshold, a phenomenon of self-polarization is observed in zero applied field resulting in a gradual 
agglomeration of the particles. In contrast, below this susceptibility threshold, the particles get 
redispersed in zero field. For practical use, this second situation is of course preferable. It is therefore 
possible to optimize the magnetic susceptibility to keep it much larger than in conventional magnetic 
nanoparticles but still avoiding their magnetic agglomeration. This control of agglomeration.dispersion is 
illustrated in Fig.2. This phenomenon was interpreted by a self-consistent model taking into account 
dipolar interactions between particles and their magnetic susceptibility [2]. The model is similar to the 
mean field theory of ferromagnetism wherein the mean field is due to the dipolar field created by all 
neighboring particles on a given one.  
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FIG.1. “Top-down” approach: schematic steps of the nanoparticles fabrication. (a) Prestructuration of wafer 
(nanoimprint or lithography) (b) Deposition of magnetic stack (c) Functionalization of surfaces (d) Release in 
solution by lift-off. SEM Photos: (e) SAF “superparamagnetic-like” particles, NiFe/Ru/NiFe, 1µmx1µmx120nm (f) 
Multilayered magneto-resistive nanowires 100nm in diameter, 100�m  long, prepared by this top-down approach. 
(g) Square (h) Ring (i) Cross. 
 
 
 

 
 
FIG.2. Optical microscopy images of  SAF particles in acetone, after lift-off. (1µmx1µmx120nm) of (NiFe/Ru/)nNiFe 
(a) n=1, µ0HSAT ~4 mT. (b) n=7, µ0HSAT ~32 mT. (a.1) Chains in µ0H~4 mT (a.2) Self-polarization in zero external 
H~0  (in earth field)  (b.1) Chains in µ0H~4 mT (b.2) Dispersion in external H~0 (in earth field). 
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Noble metal nanoparticles (NPs) are intensively studied due to their particular optical properties, mainly 

high optical absorption and diffusion yields, leading to interesting applications in biochemical sensing, 

molecular tracking and imaging, drug delivery and photothermal therapies [1]. These unique optical 

properties arise from a physical process named surface plasmon resonance (SPR) which is a resonant 

coupling of incident light to the collective motion of electrons along the nanoparticles surface [2]. 

Optical SPR biosensors are able to measure complex formation in real time. Indeed, the SPR 

absorption spectrum band of the NPs is sensitive to the shape, size, inter-particle distance and 

composition of the NP as well as the dielectric properties of the surrounding medium [2]. Due to the 

sensitivity of SPR to the local dielectric environment, plasmonic NPs can thus act as transducers that 

convert small changes in the local refractive index or in the inter-particle distance into spectral shifts and 

broadenings of the absorption spectral bands [3]. 

Among metals, silver and gold NPs have received considerable interest for many reasons. For instance, 

they are stable in ambient atmosphere and exhibit good biocompatibility even if particular surface 

treatments are sometimes required. The Ag and Au NPs are also relatively easy to fabricate with 

different sizes and shapes allowing the tuning of the SPR optical absorption band from the near 

ultraviolet (400 nm) to the near infrared (1000 nm) wavelengths.  

In this study, our aim is to characterize two biosensors based on silver and gold spherical NPs in order 

to detect which one seems the best. Both NPs have a diameter close to 15 nm. We use the well-known 

biocytin-avidin complex as a model system because the bonding of avidin with biocytin is extremely 

strong with a dissociation constant three order of magnitude higher than the typical constants of 

antigen-antibody interactions. More precisely, we compare the intensities, the band shapes and the 

spectral locations of the SPR adsorption bands before and after the biomolecular recognition of avidin 

by biocytin molecules adsorbed on the Ag and Au NPs. The kinetic of the interaction is also discussed. 

Before surface treatment with biocytin, the NPs SPR bands are located around 390 and 520 nm for Ag 

and Au NPs, respectively. The SPR band intensity is higher for silver than for gold. 

Biocytin adsorption does not significantly modify the SPR spectral features. NPs do not therefore form 

aggregates and the local refraction index has not significantly changed. 

After avidin addition, a SPR red-shift and a broadening of the SPR bands are observed with both NPs 

as shown on Figure 1. These parameters evolved with time and reach their final values after around 45 

min for each system. The aforementioned spectral changes arise from the biomolecular recognition 

process between biotin and avidin which leads to the NPs aggregation. The recognition process also 

induces a variation of the local refractive index around these NPs which contributes to the red-shift. The 

maximum SPR shifts are equal to 25 nm and 12 nm for silver NPs and gold NPs, respectively. Our 

results highlight the smaller dielectric sensitivity of gold NPs compared to the silver NPs one for a same 

particles’ size and for an equivalent concentration of avidin. The detection limit, described as the lowest 

concentration for clear identification of wavelength shift due to biomolecular recognition, is equal to 4 

nM for both silver and gold NPs. With this protein concentration, 3 nm is the typical wavelength shift.  
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The specificity of the biocytin - avidin biosensors is verified by replacing avidin by Bovine Serum 

Albumina (BSA). When BSA is added, we observe a SPR band shift which is smaller than the detection 

limit of 3 nm attesting the biosensor selectivity. 

Our work demonstrates the superiority of Ag over Au NPs for the elaboration of biosensors based on 

SPR. However, it is well-known that Ag NPs are less biocompatible than gold. This problem can be 

circumvented by an appropriate coating of the NPs surface prior ligand adsorption. 
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Figure 1 
 

 
 
 
UV-VIS absorption spectra of biocytin - AuNPs (spectra A) and biocytin – AgNPs (spectra B) before (continuous 
line) and after (dashed line) avidin interaction. The spectra are normalized by the adsorbance maxima. 
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Introduction :  
Blood safety is a major concern for the health surveillance. Preventive measures implemented to 
reduce the viral risk allowed unprecedented levels of blood safety to be reached. The risk of 
transmission of the main viruses (HIV, HTLV, HCV and HBV) is currently very low in the developed 
countries. The bacterial risk then became the most frequent infectious risk in transfusion despite of the 
current preventive strategies. A better control of the bacterial risk will enhance the safety of the cellular 
products. The technological approaches developed up to now, which are mainly based on the 
detection of bacteria after culture or on their metabolism, are long and present many limits. Alternative 
strategies were proposed. Pathogen reduction technologies are in strong development and are 
evaluated in several countries. These techniques are performed during the process of product 
preparation. They cannot be applied to products derived from cellular engineering. The rapid control of 
a labile blood product or of a product derived from cellular engineering, carried out just before its 
delivery could represent another safety strategy. This control requires a simple, sensitive, and fast 
system for bacterial detection. Second generation biosensors coupling micro- and nano-technologies 
allow to meet these requirements and consequently to further develop miniaturized tests at a lower 
cost for the diagnosis. 
 
Aim : To develop microsystems integrating ultrasensitive electrochemical biosensors to test the 
presence of bacteria in a cellular product or any other biological fluid. These systems are expected to 
be very sensitive, easy to use by a non specialised personnel and of low cost at the end of 
development. 
 
Methods / Results: The first development is based on immunosensors: addressable nanoparticles 
under magnetic field and coupled with anti-LTA and anti-LPS antibodies, directed against Gram (+) 
and Gram (-) respectively, are used for the generic capture. Preliminary conductivity measurements 
performed on E. coli cultures showed specific, label-free and real-time detection from 1 to 10

5
 CFU / 

ml. The immunosensors will then be integrated in a microfluidic "lab on chip" system. The second 
development is to design a peptide biosensor: human natural defensins HNP1-3 patented in the 
laboratory will be used for the recognition of bacteria. Antimicrobial peptides offer new strategic 
opportunities already identified in highly innovative areas related to the diagnosis.  
 
Conclusions : The development of miniaturized technologies is expected to improve the detection of 
bacterial contamination in a biological product. 
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Amphiphilic molecules, such as surfactants or lipids, spontaneously self-assemble in water, forming 
self-aggregates, such as micelles, bilayer membranes, tubes and vesicles. Amphiphilicity of 
biopolymers is one of the important factors for their self-organization in water [1]. By self-assembling, 
the hydrophobic segments are segregated from the aqueous exterior, to form an inner core surrounded 
by hydrophilic chains. This kind of structure is suitable for trapping hydrophobic substances, such as 
fluorescent probes, proteins, and hydrophobic pharmaceuticals. Size, density and colloidal stability of 
nanoparticles can be controlled, by changing the degree of substitution of hydrophobes and its 
hydrophobicity. The association mechanism is mainly governed by the alkyl chain concentration and 
length and is little influenced by the molecular weight of the polymer backbone.  
The amphiphilic molecule dextrin-VA-SC16 (dexC16) was produced and studied in this work. DexC16 has 
a hydrophilic dextrin backbone with grafted acrylate groups (VA), substituted with hydrophobic 1-
hexadecanethiol (C16). The dextrin degree of substitution with the hydrophobic chains (DSC16, number of 
alkyl chains per 100 dextrin glucopyranoside residues) may be controlled. Materials with different DSC16 

were prepared and characterized using 
1
H NMR. DexC16 self assembles in water through association of 

the hydrophobic alkyl chains, originating hydrogel nanoparticles. The properties of the hydrogel 
nanoparticle were studied by dynamic light scattering (DLS), fluorescence spectroscopy and atomic 
force microscopy (AFM). Nanostructures spontaneously form when the concentration of the polymer is 
higher than a concentration called critical micelle concentration (cmc). The self-assembly of 
hydrophobized dextrin in water (dexC16) was investigated in this work. The structural change upon the 
dilution of the dexC16 self-aggregates, in water, was investigated by fluorometry, in the presence of 
pyrene as the fluorescent probe. Other relevant properties of the nanoparticles, such as the size, 
stability, and shape were also evaluated in this work. Furthermore, the interaction of the nanoparticles 
with cells (fibroblasts and macrophages, studies on the biodistribution, intracellular trafiking, the 
encapsulation of therapeutic proteins such as IL10 and anticancer drugs such as curcumine were 
analysed [2,3,4,5,6] 
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The Epstein-Barr virus (EBV) is a human herpes virus that infects the majority of World´s adult 
population. Following primary infection, EBV immortalized a portion of hosts B-lymphocytes and 
establishes a latent infection that persists in the patient for life. EVB is the causative agent of 
infectious mononucleosis and has been associated with several malignancies including Burkitt’s 
lymphoma, nasopharyngeal carcinoma, Hodgkin’s disease, and lymphoproliferative disorders in 
immunodeficient individuals. All EVB associated disorders shows a distinct viral gene 
expression patter, but in all of them the nuclear antigen 1 (EBNA-1) is constitutively expressed 
[1]. 

EBNA-1 is a DNA binding protein located in the nucleus that is necessary for the maintenance 
and replication of the viral genome. In EVB associated tumors and latently infected B-
lymphocytes, viral genome persist as a multicopy episome. For viral genome maintenance and 
replication, EBNA-1 forms homodimers that recognize specific sequences in the EVB genome. 
In addition to its role in viral episome maintenance, it was suggested that EBNA-1 can 
contribute to the oncogenic process by up-regulating the apoptosis suppressor protein in EVB-
associated B-lymphomas [2]. Furthermore, it was reported the direct binding of EBNA-1 to 
cellular promoters and the correlation between EBNA-1 bound promoters and changes in gene 
expression [3].  

In the present work, we develop an aptamer based system to detect EBNA-1 using Quartz 
Crystal Microbalance (QCM). The EBNA-1 binding aptamer was obtained by annealing 30-mer 
consensus oligonucleotides, and 16 T bases and a thiol group were added at the 5´end to 
facilitate its immobilization on the gold electrode. QCM experiments were performed using a Q-
Sense E4 unit (Q-Sense AB, Sweden) and the shifts in frequency (Δf) was monitored online. 

Scheme 1A show the label free detection of EBNA-1. In order to get a calibration curve, 
different standard solutions of EBNA-1, ranging from 20 nM to 0.5 nM, were applied to the 
biosensors. As shown in Fig. 1A, there is a linear relationship between the shift in frequency 
and the concentration of EBNA-1 in the range of 0.5 and 10 nM, with a correlation coefficient of 
0.991 and a detection limit of 0.5 nM. 

To detect EBNA-1 concentrations below 0.5 nM, we used a signal amplification system based 
on the alkaline phosphatase (AP) catalyzed oxidative hydrolysis of 5-bromo-4-chloro-3-indolyl 
phosphate [4], showed in scheme 1B. The oxidative hydrolysis of 5-bromo-4-chloro-3-indolyl 
phosphate yields the accumulation of the insoluble indigo derivative on the surface of the 
electrode that provides an amplification route for the detection of EBNA-1. The precipitate 
generates an increase of mass on the QCM sensor, resulting in a decrease in the resonance 
frequency of the electrode.  

As shows the in Fig.1B, the frequency shift shows a linear relationship with the logarithm of the 
EBNA-1 concentration over a range of 5-100 pM, with a correlation coefficient of 0.994 and a 
detection limit of 5 pM. This means that using the signal amplification system the sensitivity was 
improved 100 times in comparison with that of the label free detection of EBNA-1 (0.5 nM). 
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Figures 

 

Scheme 1. Schematic diagram of A) the label free detection of EBNA-1 and B) detection of 
EBNA-1 by the 5-bromo-4-chloro-3-indolyl phosphate based amplification system. 

 

Figure 1. Calibration curve A) linear relationship between EBNA-1 concentration and frequency 
shift in the range of 0.5-10 nM. Calibration curve B) linear relationship between the amplified 
frequency shift and the logarithm of EBNA-1 concentrations. The error bars represent the 
standard deviation of three measurements. 
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Yttria Stabilized Zirconia (YTZP) ceramics are widely used in biomedical applications such as 
orthopedic and dental implants. The biocompatible YTZP shows high crack resistance for a ceramic due 
to a phase transformation reinforcement mechanism [1-2]. However, the major drawback of YTZP is its 
lack of stability:  zirconia is prone to ageing especially (but not only) under humid atmosphere. Ageing is 
referred to a slow surface transformation of the zirconia from its high temperature structure (tetragonal 
structure), obtained by the stabilization of the ceramic with yttria, into the stable monoclinic phase in the 
presence of water or water vapor. This transformation induces surface roughening, microcracking and, 
for the most severe cases, failure and loss of functionality. The most dramatic case of ageing was 
reported at the beginning of 2002 for zirconia hip joints heads, when several hundreds of implants failed 
within a short period [3]. There have been several attempts in the recent literature to increase the 
ageing resistance of YTZP. However, increasing the ageing resistance of YTZP led so far to a decrease 
of toughness and crack resistance. This is due to the fact that to avoid the ageing it is necessary to 
reduce the transformability of the zirconia, reaching a more stable tetragonal phase. But this will also 
imply less transformability under stress, which results in lower mechanical strength. On the one hand, 
the reduction of the zirconia grain size to a submicrometric or nanometric level, limits the phase 
transformation and, therefore, ageing is delayed [4-5]. But, on the other hand, the fracture toughness is 
reduced, because the transformation toughening mechanism is lost. 
 
In this work the addition of a small volume fraction of multiwall carbon nanotubes (MWCNT) in a 
polycrystalline, nano-structured YTZP, sintered by Spark plasma Sintering (SPS) leads to a material 
exhibiting a balance between ageing and crack resistance never reached before.   
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Figures 

AFM image of an YTZP-MWCNT sample sintered by SPS showing the carbon nanotube pull-out on the fracture 
surface 
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The development of ultrasensitive protein spectrometers and ultrasensitive biological sensors 
will speed up the identification of disease biomarkers and their rapid detection [1,2]. 
Nanomechanical resonators have emerged as promising candidates for ultrasensitive mass 
sensors [3,4]. The continuous advancements in top-down micro- and nanofabrication 
techniques has made possible increasingly smaller nanomechanical resonators with detection 
limits in the subattogram range. Moreover, resonant nanowires and nanotubes fabricated by 
bottom-up methods can weigh masses below a zeptogram (1.66 10-21 g). However, the 
implementation of these devices is hindered by several obstacles such as the need of operation 
in high vacuum, low specificity and low reproducibility and still little understanding of the effect 
of biomolecular adsorption on the mechanical properties of nanoresonators. 
In this talk, I will present our recent developments oriented to apply nanomechanical systems 
for biological detection. In particular, I will present two novel paradigms for sensing that opens 
the door to develop ultrasensitive biological sensors. The first approach is the use of coupled 
nanomechanical resonators fabricated by standard silicon technology [5,6] (Fig. 1). When the 
resonators are identical, the vibration of the eigenmodes is delocalized over the array. In a 
similar way to the Anderson’s localization, the addition of the mass on one of the resonators 
leads to the spatial localization of the eigenmodes. Since vibration localization is insensitive to 
uniform adsorption, coupled nanomechanical resonators allows decoupling of unspecific and 
specific molecular adsorption in differentially sensitized resonators. The main advantage of 
measuring eigenmode localization, is the posibility of tune it sensitivity through the modification 
of the coupling constant. By decreasing the coupling they become more sensitive, being able 
even to beat current frequency shift measurements with isolated cantilevers. On this way, we 
can improve the resonator sensitivity without fall in miniaturation, that could be feasible in some 
applications. In adittion, eigenmode localization is no longer depending on the extreme 
miniaturization. 
The second approach uses resonant nanowires/nanotubes (Fig. 2) and it is based on the fact 
that if a molecule alights on a perfectly axisymmetric resonant nanobeam, the frequency 
degeneration of the stochastic two-dimensional orbits is abruptly broken, and the vibration can 
be described as the superposition of two orthogonal vibrations with different frequency. The 
tracking of both frequencies and the orentation of the vibrational planes, enables the 
determination of the adsorbate’s mass and stiffness, as well as the azimuthal direction from 
which the adsorbate arrives [7]. We experimentally demonstrate such sensing paradigm with 
resonant silicon nanowires, which serves to add kPa resolution in Young’s modulus 
determination to their currently established zeptogram mass sensitivity. The proposed method 
provides a unique asset for ultrasensitive mass and stiffness spectrometry of biomolecules by 
using nanowire-like resonant structures. 
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Figure 1. (a)Top. Scanning electron micrograph of a system of coupled cantilevers. The cantilevers were 

fabricated in low stress silicon nitride. The length, width, and thickness of the cantilevers were 25, 10, and 
0.1 μm, respectively. The gap between the cantilevers is 20 μm. The structural coupling between the 
cantilevers arises from the overhang connecting the cantilevers at the base, Lo, which is about 8 μm long. 
Botton. FEM simulation of symmetric and antisymmetric mode of vibration of this coupled array modes (b) 
Stochastic response driven by ambient thermal excitation, of a two couple resonators before (black, 
broken line) and after (red, solid line) the deposition of 170 fg of mass on cantilever 2. All the spectra have 
been normalized such that the height of the symmetric peak equals 1.The insets show a zoom of the 
relative change in the amplitude of the antisymmetric mode. Ratio between the relative changes of the 
antisymmetric/symmetric amplitude ratio and resonance frequency shift versus the coupling constant. The 
symbols are experimental data and the dashed red line is a theoretical prediction based on coupled 
harmonic oscillator theory and the fluctuation-dissipation. c) Relative changes of the 
antisymmetric/symmetric amplitude ratio produced by the deposition of 100 fg on cantilever 2, versus the 
coupling constant. The coupling constant is decreased by increasing the pitch between cantilevers. Pitch 
range from 2- 100 μm. The symbols are experimental data and the dashed red line is a theoretical 
prediction based on coupled harmonic oscillator theory and the fluctuation-dissipation. 
  

 
 
 
 
 
 
 

 
 
 
 
 
Figure 2.(a) Scanning electron micrograph (SEM) of a typical nanowire used in this work. Nanowires 

anchored normal to the trench wall were selected, with lengths and diameters of 5–10 m and 100–300 
nm, respectively. (b) A fast Fourier transform of the signal from the photodetector is dominated by the 
displacement thermal fluctuation of the nanowires. Only a single resonant peak can be seen in air (green 
line in inset), but two resonant peaks can be clearly seen in vacuum (blue lines). Depending on the 
nanowire dimensions, the resonance frequencies range from 2 to 6 MHz. s-mode and f-mode refers to the 
spliting of the resonance frequency into slower and faster vibration modes vibrating at orthogonal 
directions. (c) Evolution of the angle between the fast vibration axis and the optical axis (α) versus mass 
added to the clamped end of the nanowire.after successive depositions of ~0.6 fg. Deposition was 
performed at an angle of ~45° to the optical axis (inset). Each deposition rotates the fast vibration plane 
through 7–12° towards the deposition direction, as indicated by the green arrows.  
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DNA aptamers are single stranded oligonucleotides (<100 bases) with high affinity to proteins or 

other ligands, comparable to those of antibodies. The aptamers are selected in vitro by the SELEX 

method [1].  Once the sequence is selected, aptamers can be multiplied with high precision and 

purity.  In  solution,  the  selected  sequence  maintains  an  unique  3D  configuration  that  contains 

specific binding site to the ligand. Aptamers can be easily modified by biotin, SH or amino- groups, 

leading to a variety of immobilization strategies on solid supports.  Thus, aptamers can serve as 

simple and highly sensitive artificial receptors. Currently there is increased interest in development 

of aptamer based biosensors for detection proteins and other molecules using various method of 

detection, such us optical, acoustical and electrochemical [2,3]. These biosensors could be used in 

medical diagnostics as a fast and low cost method of detection the dissease indicators, such are 

increased concentration of thrombin or prions. The sensitivity of detection depends not only on the 

selectivity of binding site, but also on supporting part of the aptamer that serve for immobilisation 

onto  a  solid  support.  Aptamers  are  rather  flexible  and  using  simple  molecular  engineering  it  is 

possible to increase their sensitivity. This has been demonstrated simultaneously by Hasegawa et 

al.  [4]  that  used thymine linker  for  connection of  two DNA aptamers sensitive to  fibrinogen and 

heparin-binding exosites of thrombin and by us for thrombin aptamer dimers (so called aptabodies) 

that  were prepared by hybridization of  aptamer supporting parts  [5,6].  Using multiwalled carbon 

nanotubes  (MWCNT)  as  an  immobilization  matrix  we  developed  high  sensitive  biosensor  for 

detection human thrombin [5] and cellular prions (PrPC) [7] in biological liquids. 

In  this  work  we  extended  our  study  to  comparative  analysis  of  efficiency  of  DNA aptamers  and 

antibodies  for  detection  human  cellular  prions  using  electrochemical  quartz  crystal  microbalance 

(EQCM), quartz crystal microbalance (QCM) and surface plasmon resonance (SPR) methods. We also 

analyzed possibility of amplification the detection using gold nanoparticles conjugated to aptamers or 

antibodies.  The DNA aptamer specific  for PrPC was designed according to  Takemura et  al.  [8] and 

purchased from Thermo Fisher Scientific (Germany). This aptamer was extended by dT15 spacer (5`-

CGG TGG GGC AAT TTC TCC TAC TGT dT15-3`) and has been modified at 3` end either by SH group 

or  biotin.  Gold  nanoparticles  (diameter  10  nm,  Sigma Aldrich,  USA)  were  used for  modification of 

aptamers  or  antibodies.  Monoclonal  antibodies  BAR 233  and  PRI  308  which  recognizes  the  PrPC 

sequence within amino acids 141-152 and 106-126, respectively, were from Spibio (Montigny France), 

AG4 and AH6 antibodies recommended for detection of N-terminal amino acid residues 31-51 and C-

terminal amino acid residues 90-230, respectively of PrPC were from TSE Resource (UK). The receptors 



(aptamers  or  antibodies)  were  immobilized  either  on  MWCNT,  polyamidoamine  dendrimers  of  four 

generation (G4) conjugated with protein A, or on a surface of conducting co-polymer. 

The highest sensitivity of detection of PrPC indicated by limit of detection (LOD) has been obtained by 

EQCM method and using aptamers or BAR 223 antibodies immobilized on MWCNT (LOD 50 and 20 

pM, respectively). Less sensitivity was obtained when antibodies were immobilised on a surface of QCM 

transducer modified by G4 dendrimers conjugated with protein A. In this case the detection considerably 

depends on the type of antibody used as it is demonstrated on (Fig. 1) where the plot of the frequency 

changes as a function of PrPC is shown. Best LOD has been obtained for PRI 308 (0.8 nM), however 

amplification of the QCM detection by means of DNA aptamers (Fig. 2) or antibodies AH6 conjugated 

Fig.  1. The  plot  of  the changes of  the resonant 
frequency as a function of PrPC concentration for 
QCM  biosensors  based  on  various  antibodies 
against PrPC.

Fig.  2. The  kinetics  of  the  frequency  changes 
following addition of PrPC and amplification of the 
sensor  response  by  the  injection  DNA aptamers 
modified by gold nanoparticles (Apta-gold). PBS is 
phosphate  buffer  used  for  removing  non 
specifically adsorbed molecules. 

With gold nanoparticles improved LOD substantially (110 pM). The sensitivity of detection PrPC by QCM 

using antibodies and SPR using DNA aptamers was comparable. However, the advantage of aptamers-

based SPR detection, consisted in possibility of sensor regeneration by means of washing the surface 

with 0.1 M NaOH.
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Magnetic Resonance Imaging (MRI) is primarily used to obtain anatomical images, but it also 
gives information on the physico-chemical state of tissues, flow diffusion and motion. No use of 
harmful high-energy radiation, clinic resolution close to 1 mm2, and exceptional soft tissue 
contrast are some of the characteristics which make MRI an ideal technique for medicinal 
diagnostics. Nowadays, most of the MRI contrast agents in clinical use are paramagnetic 
complexes, usually gadolinium [Gd(III)] chelates. [1] These contrast agents enhance the signal 
in T1-weighted images (signal-brightening effect). Due to the toxicity of Gd(III), the conventional 
paramagnetic contrast agents are in the form of ionic complexes with chelating ligands, which 
are thermodynamically stable and kinetically inert and less toxic. 
Recently, gold nanoparticles have been used in the preparation of multimodal and 
multifunctional paramagnetic contrast agents. [2] Our laboratory has a great expertise in 
preparing gold nanoclusters and semiconductor nanocrystals functionalized with carbohydrate 
antigens (glyconanoparticles, GNPs).[3] These gold GNPs have been shown to be excellent 
platforms for basic studies of carbohydrate interactions and potential tools for biotechnological 
and biomedical applications. GNPs are water soluble, biocompatible and non-toxic to cellular 
lines or mice,[4] thus being good candidates for in vivo use. The methodology developed in our 
laboratories allows us to introduce multifunctionality in a controlled way.[5] 
We have recently reported the preparation of hybrid GNPs having on the same gold 
nanoplatform sugar conjugates and Gd(III) chelates as new paramagnetic probes for imaging of 
glioma in mice by MRI. [6] The insertion of both Gd-complex derivatives and suitable 
glycoconjugates onto the same gold nanocluster enhanced the relaxation properties of the Gd-
chelate depending on the sugar stereochemistry and the relative position of the sugar with 
respect to the Gd(III) ion. These paramagnetic GNPs were prepared in one-pot fashion using 
different ratios of thiol-ending sugar conjugates and 10% of tetraazacyclododecane triacetic 
acid (DO3A) ligands (DO3AC5S or DO3AC11S) in the presence a gold salt (HAuCl4) and a 
reductive agent (NaBH4). [6] The amount of Gd present in the GNP synthesized by this method 
was not under complete control. In order to solve this problem and obtain GNPs with a control 
amount of Gd, a new protocol was developed. The new GNPs were synthesized in two steps: (i) 
preparation of GNPs 100%-coated with thiol-ended glycoconjugates β-glucose (GlcC2SH, 
GlcC3SH, GlcC5SH, GlcC7SH, GlcC9SH), β-galactose (GalC5SH), α-mannose (ManC5SH), β-
lactose (LacC5SH), β-maltose (MaltoseC5SH), and β-cellobiose (CellobioseC5SH)) using the in 
situ procedure [7]; (ii) functionalization of the so-obtained GNPs by thiol-for-thiol ligand place 
exchange (LPE) reactions [8] using thiol-armed DO3A:Gd complexes. (Scheme 1) Transmission 
electron microscopy (TEM), UV-Vis, IR, 1H NMR and elemental analysis were used for their 
characterization. The amount of Gd(III) present in the GNPs has been measured by inductively 
coupled plasma atomic emission spectroscopy (ICP-AES). 
The longitudinal and transversal relaxation times (T1 and T2) of our GNPs were measured to 
confirm their potentiality as MRI contrast agents. They showed very good relaxivities values (r1 
and r2), even better than commercial available contrast agents. These GNPs are being tested 
as paramagnetic contrast agents for tumour detection in mice. 
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Scheme 1: Synthesis of paramagnetic Gd-based gold glyconanoparticles (GNPs) by Ligand 
Place Exchange (LPE) reactions with Gd-chelates. 
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Targeted nanoparticles have great potential for application as radionuclide molecular imaging agents 

but are subject to several limitations, including complex radiolabelling procedures, slow 

pharmacokinetics, low uptake in target tissue, and potential toxicity. We propose a targeted 

nanoparticle system comprising biocompatible materials with intrinsic affinity for readily-prepared 

radiotracers such as [
18

F]-fluoride and [
99m

Tc]-technetium bisphosphonate derivatives. Such a system 

would offer simple labelling, and signal amplification (each particle can deliver many radionuclides). 

To overcome slow pharmacokinetics we propose to exploit pretargeting whereby the radionuclide-

nanoparticle bond can form in vivo. Methods: We screened many inorganic nanoparticulate materials 

for binding to [
18

F]-fluoride and [
99m

Tc]-bisphosphonates, and synthesised bifunctional linkers 

comprising a bisphosphonate group for binding to nanoparticles and a maleimide group for 

conjugation to biomolecules. Results: Of the materials tested, hydroxyapatite showed the most 

efficient binding to both [
18

F]-fluoride and [
99m

Tc]-bisphophonates. The radiolabel remained associated 

with nanoparticle in serum, and in vivo in mice until taken up in the reticuloendothelial system. 

Conjugation of the maleimide derivative to thiol groups of proteins and peptides led to efficient binding 

of the biomolecules to hydroxyapatite particles. Conclusion: hydroxyapatite, bisphosphonate 

bioconjugates and bone-affine radiopharmaceuticals can be assembled into a targeted 

nanoparticulate biocompatible system for radionuclide moelcular imaging. 
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Fluorescent labelling techniques have been used extensively in both biological research (in 
vivo imaging & targeting) and clinical diagnosis because of its high sensitivity, simplicity, and 
diversity. Biological studies are often limited by existing fluorophores which suffer from inherent 
deficiencies. For example, organic fluorophores, which are most commonly used in fluorescence 
spectroscopy, are easily photobleached. Large fluorescent tags can also perturb labelled 
biomolecules, causing artificial movement within cells and altered protein-protein interactions. 
Another fluorophore, quantum dots, shows great promise in biolabelling due to their unique 
optical properties which cause them to emit light of different colours depending on their size. 
Unfortunately, quantum dots are commonly synthesized using harsh conditions and toxic 
precursors, are difficult to surface passivate, have large physical size comparable to proteins after 
biocompatible surface modification, and tend to photoblink.  

Noble metal nanoclusters (NCs) have gained a tremendous interest in the last five years 
due to their photophysical properties and their applications in nanomedicine. Several groups have 
studied the origin of the fluorescence of NCs and their structure–property inside different cavities 
such as polymers

[1]
, dendrimers

[2]
 and proteins

[3, 4]
. Few-atom nanoclusters differ from gold or 

silver nanoparticles in that they can be highly fluorescent, do not support a surface plasmon, and 
do not have the metallic and bulk-like properties of nanoparticles/nanocomposites. This 
fluorescence is likely due to the transition of molecule-like electronic levels when subnanometre 
sizes are smaller than the Fermi wavelength (i.e. < 1 nm) and the Jellium Efermi/N1/3 energy scaling 
law was used as a model to describe the size dependent electronic structure and relative 
electronic transitions of the small clusters

[5, 6]
. 

Gold and silver clusters were labelled to three common proteins : bovine serum albumin 
(BSA) and human transferrin (Tf) by wet chemistry, and glutathione by the etching process. 
Structural investigations indicate a covalent binding between the metal cluster to the proteins via 
the sulfur groups. Photophysical studies suggest a relative high quantum yield with a 
fluorescence emission tuneable in the visible range (Figures 1&2). Cytotoxycity and cell studies 
performed on gold labelled BSA and Tf exhibit biocompatibility and the cell uptake in lung tumor 
cell lines, A549 (Figure 3). This survey highlights the potential of a new type of non-toxic 
fluorescent proteins for imaging and targeting.  

.  
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