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On behalf of the Organizing Committee, we take 
great pleasure in welcoming you to Barcelona 
(Spain) for the NanoBio&Med2017 International 

Conference. 
 

This event, after successful editions organized within 
ImagineNano in Bilbao 2011 & 2013, and in 
Barcelona in 2014, 2015 & 2016, is going to present 

the most recent international developments in the 

field of Nanobiotechnology and Nanomedicine and 
will provide a platform for multidisciplinary 
communication, new cooperations and projects to 
participants from both science and industry. 
Emerging and future trends of the converging fields 

of Nanotechnology, Biotechnology and Medicine will 
be discussed among industry, academia, 
governmental and non-governmental institutions. 
NanoBio&Med2017 will be the perfect place to get a 

complete overview into the state of the art in those 
fields and also to learn about the research carried 
out and the latest results. The discussion in recent 

advances, difficulties and breakthroughs will be at 
his higher level. 
 

As in previous editions, an industrial forum will be 
organized to promote constructive dialogue 
between business and public leaders and put 
specific emphasis on the technologies and 
applications in the nanoBioMed sector. 
 

We are indebted to the following Companies, 
Scientific Institutions and Government Agencies for 

their financial support: Institute for Bioengineering 
of Catalonia (IBEC), Bicosome, ThermoFisher 
Scientific, NANOMED Spain, Leica Microsystems and 

ICEX Spain Trade and Investment. 
 

We would also like to thank the following companies 
for their participation: nanoLANE, nanoscale 
Biomagnetics, Neaspec and Bioinicia. 
 

In addition, thanks must be given to the staff of all 

the organising institutions whose hard work has 

helped planning this conference.  
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Nanoscopy for Nanomedicine: 
looking at nanomaterials in 
action one molecule at the 
time 
 

Lorenzo Albertazzi,  
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Nanomaterials revolutionized the field of 
biomedicine introducing innovative approaches 
towards drug delivery, molecular imaging, 
regenerative medicine and biosensing. However, 
despite the large investments in nanotechnology the 
translation into clinical applications is still 
unsatisfactory. One of the main reasons is the lack 
of knowledge about the behavior of nanostructures 
in the biological environment that makes the rational 
design of effective materials extremely challenging. 
 
 The main aim of our group is to use advanced 
microscopy techniques to understand the 
interactions of nanomaterials with living matter and 
to exploit this information to design novel devices for 
biomedical applications with a particular focus on 
drug delivery. To this goal we employ innovative 
optical imaging techniques such as super resolution 
microscopy to visualize and understand the 
molecular interactions of nanomaterials with their 
cellular targets in unprecedented detail. Super 
resolution microscopy techniques such as stochastic 
optical reconstruction microscopy (STORM) and 
point accumulation for imaging in nanoscale 
topography (PAINT) offer nanometric resolution and 
multicolor ability, therefore they are ideal tools to 
study nano-sized multicomponent functional objects 
in vitro and in cells. This allows to get a closer “look” 
at the mechanisms of the key phenomena 
responsible for device performances such as particle 
stability, protein corona and targeting. The 
fundamental knowledge acquired will pave the way 
towards the “microscopy-guided” design of novel 
nanomaterials for drug delivery. 
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As we advance our understanding of diseases and 
consequently our ability to design new drugs, we 
come to the realisation that effective therapy is only 
possible when drug development is combined with 
efficient delivery. Indeed, no matter how potent we 
design drugs, if these are not taken to their target or, 
even worse, left interacting with unwanted targets 
with consequent side-effects. Getting across 
biological barriers and deliver therapeutic cargo to 
the right site is indeed a very challenging task that 
requires the judicious combination of physiological 
information with carrier engineering. In the last 
decade, we have approached this problem, applying 
a constructionist approach where we mimic 
biological complexity in the form of design principles 
to produce functional bionic units from simple 
building blocks and their interactions. We combine 
synthetic and supramolecular chemistry to tune 
inter/intramolecular interactions and self-assembly 
processes to form dynamic soft materials. Among 
the different bionic efforts, we have focussed our 
attention to possibly one of the few that 
encompasses polymerisation, compartmentalisation 
and positional self-assembly in the same unit; 
Polymersomes. These are vesicles formed by the 
self-assembly of amphiphilic block copolymers in 
water [1]. We have equipped polymersomes with the 
critical elements to address the challenges for 
getting across biological barriers. They have surface 
engineered to control both attractive (binding) and 
repulsive (anti-fouling) interaction with proteins and 
receptors to create systems that can avoid 
opsonisation and yet target specific cell populations. 
We have engineered their mechanical properties so 
as to be flexible and able to penetrate dense tissues 
exploiting size-exclusion percolation patterns. We 
have equipped them with both asymmetric topology 
and enzymes to control their fluid-dynamics and 
diffusion so as to create chemotactic and active 
propulsion toward endogenous signalling molecules 
[2] (Fig.1). Finally, we have engineered their shape 
and size to guide cellular endocytosis as well as to 
escape the endocytic sorting accessing and 
delivering cargo within the cell interior [3-4]. I will 
present our design effort discussing each structural 
and functional element as a function of the 
respective biological challenge, I will conclude 
presenting applications where these precision 
systems are being applied to address challenges in 
neurology [6], oncology [7], and immunology [8-9].  
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Figure 1. Schematics of a glucose tactic polymersome 
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Abstract  
 
Drugs delivery into tumor tissue is one of the central 
challenges in cancer therapy. The ability to cross 
biological barriers is a critical parameter for success 
of treatment. Nanoparticles are being extensively 
studied as drug carriers which potentially can 
improve efficacy and selectivity of anti-cancer 
treatments. Polymer micelles composed of di-block 
polymers are a promising drug delivery system with 
markedly benefits including small dimension, ease of 
preparation, controlled drug release, drug targeting 
and reduction of side effects (1). However, as many 
other nanoparticle forms, the ability of polymer 
micelles to penetrate the core of solid tumor tissues 
is relatively low especially in poorly-vascularized 
tumors, such as pancreatic adenocarcinomas.  
We addressed that issue and developed a novel 
form of highly penetrating particles which are based 
on Solidified Polymer Micelle (SPM). We showed 
that solely by changing the mechanical properties of 
the drug-carrier, without modifying its composition, 
the interactions with tumor cells is improved (2). 
Biodegradable polymer micelles composed of poly-
ethylene glycol poly lactic acid (PEG-PLA) were 
tested in their solidified form vs. their “wet” elastic 
form. It has been shown that solid particles have 
better internalization into tumor cells, in addition to 
their ability to perform exocytosis, and they could 
penetrate into multi-layer cellular 3D culture which 
mimic the tumor microenvironment (3). This study 
suggests that transcytosis nanoparticle transport can 
provide an important mechanism for drug 
penetration into tumors, even when their stroma is 
dense and enhancing the exposure of the core to 
the chemotherapy. This work lay the ground for 
future rationale design of drug delivery systems, in 
respect to the vascular state of the tumor tissue. 
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Figures 

 
 
 
Figure 1. Solidified 
Polymer micelles show 
higher penetration to 3D 
tissue-like multi cell 
culture (A) Schematic 
diagram of solidified 
polymer micelles (B) 
penetration of flexible” 
vs. rigid SPMs in tumor 
multicellular spheroids 
(red-cell cytoplasm, 
green-particles, blue- cell 
nuclei). (C) Two photon 
image of particles 
penetrating tumor 3D 
spheroid.   
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It is known that cellular senescence is a state of 
permanent cell-cycle arrest that proliferating cells 
can adopt in response to cellular stresses as a 
measure to avoid the replication and proliferation of 
damaged cells. Thus, like apoptosis, senescence 
can be considered as an emergency defence 
system for elimination of unwanted cells. Senescent 
cells present several markers such as the absence 
of proliferative markers, senescence-associated β 
galactosidase (SA-β-Gal) activity, expression of 
tumour suppressors and cell cycle inhibitors and 
morphological changes.1 Strategies to detect or 
remove senescent cells are so of fundamental 
interest both for basic research and clinical 
applications. However removal or replacement of 
senescent cells to treat aging-related conditions in 
humans are not available yet in the market and there 
are still very few studies in this area of research. An 
approach to achieve the goal of removing senescent 
cells is to develop selective delivery systems. 
 
Recent advances in nanotechnology and in 
molecular and bio-molecular chemistry have 
resulted in the design of supramolecular and 
biologically inspired systems capable to show 
inventive related functions fuelling areas such as 
bio-engineering, bio-sensing and bio-
nanotechnology into new horizons. In this field, one 
appealing application relates with the development 
of gated materials for controlled delivery. These 
gated materials usually contain a switchable “gate-
like” ensemble capable of being “opened” or “closed” 
upon the application of certain external stimuli and a 
suitable inorganic porous support acting as 
nanocontainer.2 
 
In this context, a gated mesoporous silica 
nanodevice (MSNs) loaded with a reporter and 
capped with a galacto-oligosaccharide (GOS) that 

are able to selectively deliver their cargo in 
senescent cells due to hydrolysis of the GOS cap by 
the β-galactosidase enzyme, which is 
overexpressed in senescent cells, was developed 
(see Figure 1).3 

 
Following the same strategy, a galacto-
hexasaccharide (GAL) nanodevice loaded with a 
reporter (rhodamine B) and doxorubicin (nano-dox) 
have been recently synthesized. This nanodevice is 
able to release their cargo under the specific 
presence of SA-β-Gal enzyme in senescent cells. β-
galactosidase responding nanoparticles have been 
loaded both with rhodamine B and doxorubicin, and 
several assays have been performed in different cell 
lines to test the specific senescence-selectivity of 
the proposed nanodevices, for detection and 
therapeutic applications. 
 
Furthermore, it has been recently demonstrated in a 
model of cancer chemotherapy, nanoparticles 
capped with GAL and loaded with doxorubicin target 
tumour cells undergoing chemotherapy-induced 
senescence and contribute to tumour xenograft 
regression. In addition, same nanoparticles (nano-
dox) target senescent cells in the context of 
pulmonary fibrosis in mice, reducing collagen 
deposition and ameliorating pulmonary function (see 
Figure 2). 
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Figure 1. Schematic representation of the cargo release in 

the presence of β-galactosidase.  
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Figure 2. Male mice w ere subjected to a single 
intratracheal administration of PBS (control) or bleomycin. 

Beginning at day 10, mice w ere treated daily w ith free 

doxorubicin or w ith doxorubin loaded in MSNs and capped 

w ith GAL, for 14 days, that is, until day 24 post-bleomycin. 

Plethysmography, Computed tomography and histology 

w ere performed at the indicated days. Plethysmography 

(see f igure) w as used to determine the ratio betw een lung 

resistance (LR) and compliance dynamics (Cdyn) in the 

indicated groups before and after the indicated treatments. 

A remarkable restoration of pulmonary function w as 

observed for mice treated w ith doxorubicin-loaded GAL-

capped MSNs (nano-ox) in comparison w ith mice treated 

w ith free doxorubicin or untreated. 
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Biomedical microbubbles (MB) are colloidal gas 
globules dispersed in aqueous medium, with sizes 
typically below that of red blood cells, that is, smaller 
than 10 µm. One of their most interesting properties 
is their ability to respond to ultrasound stimuli. For 
this reason, they have attracted much interest in the 
biomedical field for a variety of applications, such as 
ultrasound imaging, targeted and triggered drug 
delivery, sonoporation, occlusive therapy, thermal 
therapy, blood brain barrier opening, lithotripsy, etc... 
However, the formulation of stable and 
monodisperse MB, capable of a uniform and 
predictable response to ultrasound stimuli is not 
straightforward. Although respiratory gases (O2, 
CO2, N2) show high biocompatibility at suitable 
concentrations, their high solubility in aqueous 
media causes a short half-life in blood [1]. In this 
context, we propose the preparation of microbubbles 
from perfluorocarbon nano-emulsion templates. 
Perfluorocarbons show an extremely low solubility in 
aqueous medium, hindering their diffusion from the 
dispersed droplets into the body fluids. However, 
their low affinity for both, oil and aqueous media, 
and their high density make the preparation of stable 
colloidal systems a challenging issue. Due to the 
nanometric droplet size of perfluorocarbon nano-
emulsion precursors, they could access easily 
capillaries or subcellular compartments [2,3]. Once 
they have reached their target, a phase shift of the 
liquid perfluorocarbon droplets to gas microbubbles 
may be triggered by appropriate stimuli (acoustic, 
optic, thermal, etc) (Fig. 1). The formation of 
polymeric perfluorocarbon nano-emulsions (NE) has 
been investigated in an aqueous solution / non-ionic 
surfactant / [polymer + perfluorocarbon + organic 
solvent] system in the presence and absence or an 
apolar low density oil. Fluorocarbon nano-emulsions 
have been obtained at high oil-to-surfactant ratios 
with hydrodynamic droplet sizes typically below 300 
nm. It has been found that the colloidal stability of 
the obtained perfluorocarbon NE can be improved 
with the incorporation of an apolar low-density oil in 

the oil phase of the NE. Further, perfluorocarbon- 
loaded polymeric nanocapsules (NC) were obtained 
from the NE templates using a dialysis method. The 
as-obtained NC show globular shape and sizes 
below 250 nm by DLS. Successful perfluorocarbon 
encapsulation in the NC has been evidenced by 
spectral angle mapper classification of hyperspectral 
images of single NC. Preliminary cytotoxicity and 
vaporization assays suggest that the as-prepared 
perfluorocarbon NC are promising biomedical 
microbubble precursors. 
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Figure 1. Scheme of liquid perfluorocarbon nano-emulsion 

activation by ultrasound for microbubble formation. 
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Destroying cancer cells using magnetic 
nanoparticles and magnetic field can be done using 
two approaches : i) using the heat released by 
magnetic nanoparticles submitted to a high-
frequency alternating magnetic field, a method 
known as magnetic hyperthermia, or ii) using the 
mechanical action generated by MNPs submitted to 
a low-frequency alternating or rotating magnetic 
field. In this presentation, we will first present an 
overview of these two approaches, including results 
from biology, chemistry and physics.   
We will then present theoretical results obtained in 
our group on the conditions to maximize these 
effects: heating in magnetic hyperthermia and torque 
amplitude for the other approach. It will be shown 
that, in both case, a precise control of the size and 
magnetic properties of the nanoparticles is required. 
Experimental results obtained in our group permits 
to validate some of these experimental results, and 
will also be presented. 
 

References 
 

 
[1] R. P. Tan, J. Carrey and M. Respaud, Phys. Rev. 
B. 90, 214412 (2014),        
https://doi.org/10.1103/PhysRevB.90.214421 
[2] J. Carrey and N. Hallali, Phys. Rev. B 94, 184420 
(2016), https://doi.org/10.1103/PhysRevB.94.184420 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figures 

 
 
 
Figure 1. (up) : Heating power of an assembly of 9 nm 

MNPs, with a volume concentration of 0.6%, submitted to a 
high-frequency magnetic field. Each dot represents a MNP. 
The color scales is related to the heating power of the MNP. It 
is evidenced that the heating is much stronger in the middle 
of the assembly than on its periphery. (down) Torque 
undergone by non-interacting MNPs submitted to a low-
frequency rotating magnetic field at room temperature as a 
function of the MNP diameter. In a given range of magnetic 
field, the torque is strongly enhanced 
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Self-assembled nanoparticles are considered as one 
of the most promising nanosystems to deliver drugs 
and biological molecules such as enzymes for 
therapeutic applications [1]. It is well-known that 
non-covalent hydrophobic interactions play an 
important role in the organization and stabilization of 
many types of assembled systems [1]. In particular, 
fluorine-fluorine interactions have demonstrated to 
form more stable self-assembled nanostructures [2-
4] because such interactions are stronger than other 
non-covalent bonds due to the unique 
hydrophobicity and lipophilicity of the fluorine atoms 
[5]. The favorable interaction between fluorine atoms 
and proteins has also been a subject of intensive 
research [6]. 
 
Herein, inspired by the role of fluorine in self-
assembly and its favorable interaction with proteins, 
we report a novel delivery platform for enzymes 
based on self-assembled nanoclusters of fluorinated 
quantum dots. Nanoclusters of ca. 50 nm diameter 
were formed by self-assembly of fluorinated 
quantum dots in aqueous medium through fluorine-
fluorine interactions. These nanoclusters were able 
to encapsulate different enzymes with loading 
efficiencies ≥ 74 % and the encapsulated enzymes 
maintain their catalytic activity.  
Under acidic environment mimicking the conditions 
of endosomal/lysosomal compartments, the 
nanoclusters were slowly disassembled allowing the 
release of encapsulated enzymes (Figure 1). The 
effective release of α-galactosidase (i.e., a 
therapeutic enzyme for the treatment of the Fabry 
disease) demonstrated the feasibility of this 
nanoplatform to be used in enzyme replacement 
therapy for lysosomal storage diseases.  
 
Moreover, the combination of high colloidal stability 
of these nanoclusters, effective enzyme loading and 
release, and fluorescence imaging potential make 
them very promising nanosystems for application in 
theranostics.  
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Figures 
 

 
Figure 1. TEM images over time of nanoclusters with 

enzyme encapsulated (Enz@QD_F) under acidic conditions 
(acetate buffer 20 mM at pH 4), showing the opening of the 
nanoclusters which allows the realease of the enzyme. 
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It has been of interest to find guiding principles to 
help us understand how nanoscale objects interact 
with living organisms. Firstly, the nanoscale is 
unique in biology, and our capacity to engineer on 
that scale is transformative. The intrinsic machinery 
of biology is defined and operates on the nanoscale. 
This means that nanoparticles are also actively 
transported around cells and biological barriers all 
unlike small molecules which passively partition into 
biological compartments (cells, organs, etc.). 
Secondly, the power of being able to communicate 
with, and use those endogenous mechanisms of 
biology is potentially transformative in practical 
terms.  
  
However, with this enormous potential power to 
engage with the machinery of organisms there are 
also challenges. To some degree, the challenge, of 
this field may have been underestimated, and only 
now are we beginning to face the need to invest in 
guiding principles and governing principles the 
whole arena.  
  
We discuss progress being made in understanding 
how interactions between nanoscale objects and 
living organisms occur, and their governing 
principles. [2, 3] We argue that the future lies in 
pressing forward to develop a truly microscopic 
(molecular scale) understanding between the 
nanoscale and living organisms. [4] 
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The combination of genetics, photonics, electronics 
and micromechanics is producing completely new 
technological approaches for physical and chemical 
sensors and actuators, which can be disposable, 
wearable or implantable in humans and animal 
models. These new approaches are opening the 
way to closed loop theranostics, i.e. device 
integrating diagnostic capabilities and therapeutic 
response.  
In optogenetics, opsins, which are light-sensitive 
proteins, are genetically targeted into specific 
neurons types in an animal model (typically a 
mouse), making possible the activation or inhibition 
of brain neurons by light. The development of new 
devices to optically interface with the mammalian 
brain in vivo has represented a revolution for 
experimental neuroscience, allowing to identify the 
role of specific population of neurons within specific 
neural circuits. 
 
Recent advances on technologies for in-vivo optical 
stimulation and inhibition of neuronal activity in 
optogenetic experiments will be reported. It will be 
shown that modal manipulation in tapered optical 
fibers makes possible an effective and minimally 
invasive light delivery in the mouse brain either for 
large brain volume excitation or for selective 
stimulation of multiple brain regions [1,2]. 
Nanomachining is also exploited for integrating 
arrays of microelectrodes and optical windows on 
tapered optrodes for combined extracellular 
electrophysiology and optogenetic stimulation. 
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Figure 1. a) Schematics of tapered fibers for broad emission, 

site selective illumination and optrodes; b) SEM image of a 
focus ion beam nanomachined tapered fiber (courtesy of 
OptogeniX srl, www.optogenix.com). 
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Objective 
 
Injectable peptide and protein therapeutics are the 
main marketed treatment for important chronic and 
systemic diseases. Still, up to date they cannot be 
administered following the fashion that allows for the 
highest patient compliance: the oral route. 

Our group has recently coordinated a large-scale 
integrating project within the 7th European Framework 
Programme, TRANS-INT. The overall objective of this 
consortium was the generation of cutting-edge 
knowledge on the interaction of nanomaterials with the 
GI barriers, which will help developing new oral 
nanomedicines for the treatment of high economic and 
social impact diseases.  

To this aim, the rational design of delivery platforms 
based on safety, mechanistic, bioengineering and 
pharmaceutical technology criteria were clear and 
shared pillars among project partners. 

Results 
 
Among other partner labs expert on nanocarrier 
design, we participated in the design and evaluation 
of a wide array of nanocarriers, which followed a 
continuous screening, based on a defined Target 
Product Profile (TPP). Out of them, the most 
promising prototypes were optimized and explored 
for possible incorporation into a solid dosage form, 
i.e. an enteric capsule. From these, the best 
performing formulations were further tested for their 
quality properties after storage as solid dosage form 
for up to 3 months, under ICH conditions. 

Expert partners on in-vitro/in vivo evaluation in terms 
of cytotoxicity and mechanistic issues tested 
screened prototypes either in the Caco-2 model, 
isolated human jejunal mucosae or in mouse/rat 
models. Toxicity assays provided positive 
information, while the mechanistic issues behind the 
behaviour of each prototype were widely variable 
and dependent on their composition. Some 

nanocarriers were highly distributed and retained 
along the intestinal mucosa, even reaching the 
intracellular space in some cases, whereas others 
were mainly retained in the mucus layer. Overall, a 
good correlation was found between the data 
obtained in rodents and in isolated human jejunal 
mucosae, although this was not always the case 
when compared with data obtained using the Caco-2 
cell model. The lack of mucus in the Caco-2 model 
was identified as a potential reason for some 
discrepancies between models. 

Finally, selected formulations based on their in vitro, 
ex vivo and/or preliminary in vivo performance were 
tested for PD / PK evaluation following intraintestinal 
injection to anesthetized or fully awake 
normoglycaemic and hyperglycaemic rats. Overall, 
among all the prototypes investigated, some of them 
elicited positive responses, especially in the diabetic 
rat model. However, there were discrepancies 
among the data obtained from the different models 
for the same prototypes. Finally, one prototype could 
be tested in a large animal model (pig model), and 
the results from this experiment showed a modest 
but promising response.  

Conclusions 
 
Overall, TRANS-INT provided a highly positive 
experience, which led to the generation of 
knowledge that will greatly impact the oral peptide 
delivery field in terms of the potential of 
nanotechnology. 

Specifically for a pharmaceutical nanotechnology-
based research team such as ours, TRANS-INT 
offered invaluable insight on the cooperation with 
industry, collaboration with partners’ labs from 
complementary research fields and shared 
management of a large consortium. Furthermore, it 
offered the possibility for young PhD students and 
post-docs to gain relevant skills on medicine 
development and translation challenges associated, 
in the frame of a cross-disciplinary and challenging 
environment. 
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Over recent years, significant efforts have been 
devoted to the synthesis of new polymeric cationic 
vectors that could become alternatives to viruses in 
gene therapy applications [1]. Such alternatives aim 
to obtain high transfection efficiency, and overcome 
virus drawbacks, as their potential immune 
responses in therapeutic settings or their high 
production costs. Most of the cationic polymeric 
vectors are polyamines containing secondary and 
tertiary amino groups that can participate in a 
phenomenon known as ‘proton-sponge’ hypothesis 
for endosomal escape. However, this net positive 
charge is also one of their main drawbacks, as it is 
directly associated to their high cytotoxicity. A 
strategy to modulate the properties and performance 
of these polyamines lay in their chemical 
modification with different entities, of differing 
biological significance, in order to reduce their 
positive charge. 
This type of charge reduction may have 
consequences for biodistribution, cell-membrane 
interactions, cytotoxicity, and intracellular release, 
etc. Most of the chemical modifications reported in 
the literature are based on chain-end conjugation or 
post-polymerization functionalization. In previous 
studies, we have reported on an alternative, bottom-
up approach, based on the radical copolymerization 
of the cationizable methacrylamide N-ethyl 
pyrrolidine methacrylamide (EPA) monomer [2] with 
neutral and hydrosoluble co-monomers, such as 
dimethylacrylamide (DMA) [3] or hydroxypropyl 
methacrylamide (HPMA) [4]. The statistical 
copolymers obtained exhibited enhanced 
cytocompatibility/transfection efficiency-balance 
compared to pure poly-EPA. 
Improving transfection levels can be also achieved 
by incorporating chemical groups that interacts with 
the cellular membrane and making easier the 

cellular internalization of polymer-DNA complexes 
and consequently higher transfection. In this sense, 
sugars and cyclodextrines have been reported to 
interact with the surface of the cell membrane. In a 
recently published study [5], two complex styrenic 
structures, derived from the hydroxylated and 
permethylated forms of the cyclic oligosaccharide β-
cyclodextrin (β-CD) [6], were chosen as the neutral 
co-monomer entities, as well as hydroxylated and 
permethylated forms of α-glucose [7], that were 
copolymerized with the cationic EPA monomer. 
 
This communication presents the evolution in the 
chemical design of cationic polymers based on EPA 
as non-viral vector starting from EPA homopolymers 
and telomers (low molecular weight poly-EPA with 
primary amine chain end functionalization), EPA 
copolymers with hydrophilic monomers as DMA and 
HPMA in order to reduce charge density and 
therefore cytotoxicity, and finally EPA copolymers 
with monomers bearing non and permethylated α-
glucose and β-cyclodextrines respectively, in order 
to improve cellular internalization.  
 
All the prepared EPA polymer systems have been 
characterized by the conventional spectroscopic 
techniques (NMR, FTiR), determined their molecular 
weight by GPC and ionization constants by titration 
methods. Polymer-DNA complex formation were 
carried out at different N/P (polymer/DNA) ratios with 
the commercial plasmid pCMV-GLuc by using 
agarose gel electrophoresis, dynamic light scattering 
(DLS) and Zetamaster system to also determine 
polyplexes average size and complexes stability. 
Transfection experiments were performed using the 
luciferase gene encoded in the pCMV-GLuc plasmid 
as a reporter gene with mouse Swiss-3T3 fibroblasts 
and, in some cases, mouse melanoma cells B16 by 
following cell culture routine procedures. Polymer 
controls used were poly-lysine and PEI.  
 
In the case of telomers and EPA-DMA copolymers 
polymer-DNA complexes were found, in most of the 
cases, to have appropriate sizes (lower than 200 
nm). The telomers in all cases exhibited stable 
particles and higher transfection efficiency with 
respect to DMA copolymers. These oligomers give 
an attractive transfection values for serum-sensitive 
cell lines, which overcomes the limitations 
associated with the use of highly positively charged 
polymers. 
 
The EPA-HPMA copolymers, with excess or 
equimolar amount of EPA, were able to complex 
DNA forming stable polyplexes with an average size 
between 50 and 200 nm. Cell viability was shown to 
depend on the EPA/HPMA molar ratio, exhibiting the 
equimolar copolymer poly-(EPA-HPMA) 50:50 a full 
cytocompatibility, similar to the HPMA-rich systems. 
This copolymer EPA50 has also shown significantly 
higher transfection levels than the systems with 
other compositions and the positive controls poly L-
lysine (PLL) and poly EPA. This statistical equimolar 
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copolymer EPA50 has unique properties related to 
its composition and microstructure, which allows it to 
complex DNA, showing an excellent biocompatibility 
and high transfection efficiency. 
 
On the other hand, copolymers of EPA with α-
glucose (GLC) and permethylated α-glucose 
(MeGLC) units were characterized and found to 
complex DNA at N/P = 2/1 and higher ratios with the 
exception of GLC70 and MeGLC70, that contained 
comparatively lower amounts of the cationic EPA co-
monomer. Average size, optimal polyplexes (around 
200 nm) were found in most systems, with the 
exception of GLC at high N/P ratios, where sizes 
exceeded 300 nm. MeGLC copolymer transfection 
efficiency in Swiss cell line were higher than that of 
GLC and the MeGLC5 and MGLC10 systems 
showed also higher transfection efficiency than the 
PEI and PEPA controls, over all N/P ratios studied. 
Moreover, the MeGLC35 and MeGLC70 system 
transfection levels were significantly higher than the 
results obtained for MeGLC10. This high 
transfection efficiency is clearly related to the 
favourable cytocompatibility. MeGLC copolymers 
with the tumoral B16 cell culture showed very similar 
transfection results to those with Swiss fibroblasts, 
but notably MeGLC35 and MeGLC70 were found to 
be more toxic against the tumoral cell line. 
 
Finally, we have observed that pendant hydroxylated 
or permethylated β-CD moieties distributed along 
the macromolecular poly (EPA-XCDSt) chains 
(where X = H or Me) influences in a strong and very 
dissimilar way the interaction with DNA and the 
performance of the polyplexes as gene carriers due 
to a different microstructure. Permethylated pendant 
MeCDs were found to decrease the complexation 
ability of the polycation in a composition-dependent 
manner, whereas hydroxylated moieties do not 
interfere. The permethylated structures were more 
cytocompatible even at high N/P ratios, which 
suggest that they confer complete cytocompatibility 
to the cationic polymer, and in terms of transfection 
efficiency the permethylated systems MeCD10 
(Figure 1) showed significantly higher efficiency than 
the positive control PEPA, and similar to or higher 
than PEI, even at the highest N/P ratios studied. It is 
noteworthy that the results were found to be similar 
for the two cell lines tested (fibroblastic and 
melanoma), which indicates that the effect of the 
permethylation is not specific of a cell line. Cellular 
internalization analysis with fluorescent copolymers 
(Figure 1) was also studied showing proper polyplex 
internalization for the MeCD systems, but not for the 
hydroxylated poplyplexes. 
 
As conclusion polymers chemical functionalization 
incorporating hydrophilic moieties and 
permethylated sugars or cyclodextrines improves 
transfection efficiency and cytocompatibility of poly-
EPA based non-viral gene vectors. 
 
 

 
 

Figures                     

 

 
 
Figure 1. Transfection efficiency and cell viability versus N/P 

ratios for the EPA-CD10 and EPA-MeCD10 permethylated 
copolymers and poly-EPA control (upper Figure). EPA-
MeCD10 (permethylated) with fluorescent linked group. 
Transfection at 24 h, showing a strong signal into cell 
cytoplasm (lower Figure). 
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Immunotherapeutic approaches, in particular cancer 
vaccines, are between the most promising but also 
challenging alternative cancer treatments. Cancer 
vaccines, in comparison to other immunotherapeutic 
approaches, have the ability to trigger a memory 
immune response against cells presenting those 
antigens. Dendritic cell (DC) targeting has been 
used as a promising strategy for the development of 
vaccines and immune modulation [1]. Several 
studies have shown that aliphatic polyester-based 
biodegradable nanoparticles (NP) are potential 
vaccine delivery systems for cancer and infectious 
diseases, being suitable platforms for immune 
modulation [2].  
We have developed different biodegradable 
aliphatic-polyester (poly(lactic-co-glycolic acid) 
(PLGA) NP with multiple combinations of tumor 
antigens, immune regulators (Toll-like receptor 
ligands (TLRl), and/or siRNA) to target 
complementary tumor progression-related pathways. 
We prepared mannose-grafted polymeric NP and 
hyaluronic acid-coated NP to deliver payloads to 
antigen-presenting cells (APC), such as DC and 
tumor cells, respectively.	It involved the optimization 
of particle production parameters (size, surface 
charge, loading capacity, release profile), 
biodistribution profiles and in vivo immune 
therapeutic efficacy. Of particular interest was the 
elucidation of the effect of particle composition, 
surface properties and targeting ligands on immune 
cell activation and functionality, both in vitro and in 
vivo, using wild-type and solid cancer animal models 
(melanoma and breast carcinoma).  
DC in the lymph nodes (LN) of animals immunized 
with our nanovaccine expressed significantly higher 
levels of the co-stimulatory molecule CD86 and 
MHCI. In addition, higher expression of the 
activation markers CD86, MHCI, MHCII, and CD80 
was found on the surface of DC with internalized NP 
compared to DC that did not internalize those NP 
(Figure 1) [3]. Next, it was observed an increase 
secretion of IL-12 and IL-1β by those DC (Figure 2).  
These NP induced the most prominent long-lasting 
effector memory Cytotoxic T Lymphocytes (CTL), 

even 8 weeks after a single immunization with the 
nanoparticulate vaccine entrapping the combination 
of antigen and the TLRl, suggesting an efficient 
cross-presentation and cross-priming that led to a 
broad and effective immune response pivotal for 
tumor rejections.  
In melanoma and breast murine models, our 
nanovaccine demonstrated to significantly decrease 
tumor growth rate, especially when a combination of 
tumor-associated antigens and TLRl, with siRNA 
regulators or α-GalactosylCeramide (Natural killer T 
(iNKT) cell agonist), were delivered by a single NP. 
Our data reveals the impact of NP surface 
properties/composition on the type of immune 
response and overall anti-tumor effect. This deeper 
understanding on the NP-immune cell crosstalk can 
guide the rational development of nano-
immunotherapeutic systems with improved and 
specific anti-tumor efficacy and safety, while 
avoiding off-target effects. 
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Figures 

 
Figure 1. Expression of surface activation markers on DC, 
with and without internalized NP, in the same lymph nodes 
(LN), 16 h after immunization with different NP formulations.  
* p ˂ 0.05; ** p ˂ 0.01; *** p ˂ 0.001. 

Figure 2. Flow cytometry analysis of IL-12- and IL-1β-
secreting DC in vivo (gated: B220-, TCRβ-, CD11c+, MHCII+) 
16 h p.i. with different NP formulations (EntrapOVA: 
ovalbumin (OVA)-entrapped NP; EntrapOVA-CpG: OVA and 
CpG co-entrapped NP; AdsOVA: OVA adsorbed onto NP 
surface; AdsOVA-CpG: OVA adsorbed onto CpG-loaded 
NP). * p ˂ 0.05; *** p ˂ 0.001. 
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I will present recent simulations and theoretical 
results about the dynamics and structure of water at 
bio-interfaces (proteins and bio-membranes) and 
nano-interfaces (nanoparticles and graphene 
sheets). By all-atoms simulations I will analyze how 
hydrophobic and hydrophilic interfaces affect the 
properties of the vicinal water [1-3] and we will use 
the results in a multi scale approach to develop the 
Many-Body Model (MBM) for water [4,5] that allow 
us to extend our investigations to timescales and 
length-scales that would be unreachable in atomistic 
simulations [6,7]. We will consider applications to 
protein folding [8] and design [9], and self-assembly 
of nanoparticles-protein-corona [10]. 
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One of the main challenges for the translation of 
nanomedicine is the complex analysis to predict 
behavior and fate of nanoparticles (NPs) in 
physiological environments (e.g. blood, cells, tissue). 
Phenomena like NP aggregation or dissolution render 
NP detection and analysis challenging in particular 
since typically used analytical methods have 
limitations:  
Fluorescent microscopy, e.g. requires labelling of the 
NPs with fluorescent dyes, which can change the 
properties and behavior of NPs[1]. Other methods 
used to detect and quantify NPs or analyze their size, 
size distribution, and colloidal state in complex 
biological environments like electron microscopy, 
dynamic light scattering or inductively coupled 
plasma mass or optical emission spectrometry (ICP-
MS/ICP-OES), require substantial sample 
preparation, are lacking spatial information, only 
analyze a small portion of the sample, or chemically 
digest the NPs for their quantification.	 Darkfield 
hyperspectral imaging is a very promising method for 
the analysis of NPs and their colloidal behaviour. 
However, when measuring NPs in complex fluids (i.e. 
protein crowded) or in vitro the method reaches its 
limitations quite rapidly, due to a large amount of 
parameters that can influence the recorded 
spectra[2]. 
A number of NPs have the ability to produce heat 
upon external stimulation (e.g. Magnetic NPs upon 
stimulation by an alternating magnetic field)[3], 
plasmonic NPs (e.g. gold (Au) NPs, silver (Ag) NPs) 
by absorbing and scattering light[4], or upon other 
mechanisms (e.g. carbon nanotubes)[5]. 
In this talk I will present a new technique based on 
lock-in-thermography (LIT) to measure and quantify 
the heat produced by NPs upon light stimulation. This 
heat can be recorded with an infrared camera and is 
processed by a specially developed LIT algorithm to 
yield 2D-images for detection of NPs and analysis of 
their properties (e.g. aggregation, dissolution).  
 
 
 
 

This set-up allows very fast and accurate detection of 
NPs e.g. in biological environments like physiological 
fluids, cells or even tissues without requiring 
complicated sample preparation.  
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Figure 1. LIT measurement of cells with Au NPs (A) and 
without NPs (B). The red and yellow dots show NP 
accumulations in cells (see black arrows). 
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We are interested in the optical properties of metal 
nanoparticles and their potential application in a 
range of different biological studies.  We can make 
use of the optical properties of nanoparticles in two 
ways.  
 

1. The nanoparticle can act as an extrinsic 
label for a specific biomolecular target.  
The advantage of using the nanoparticle 
is its optical brightness and the lack of 
background vibrational signals.

1
  

 
2. Nanoparticles can be designed to contain a 

specific recognition probe designed to 
cause a change in the aggregation 
status of the nanoparticles resulting in a 
discernible optical change when it 
interacts with its biomolecular target.

2
  

 
To demonstrate the applicability of the two different 
approaches examples will be given on the use of 
nanoparticles for cell imaging in two and three-
dimensions, imaging of nanoparticles in tissue and 
also their ability to report on biological molecules in 
vitro and in vivo. 
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Figure 1. 2D Raman heat map of a cancer cell showing the 

lipid distribution 
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Numerous recent publications show that mesoporous 
silica Nps are presented on account of their 
sophisticated design and mode of action. Thanks to 
the silica chemistry, these Nps promise as new-
generation smart drug nanocontainers due to their 
high stability, large surface areas, tunable pore sizes, 
and abundant surface functionalization sites. [1], [2] 
 

Understanding the interactions of Nps with biological 
systems is clearly multidimensional. Nps display 
different shape, size, and can be decorated with a 
variety of functionality. Nps have increased surface 
area to volume ratios that dramatically increase their 
reactivity. The surface reactivity of Nps can, 
depending on the type of coating, cause different 
behavior and toxicological profile. In addition, the 
miniaturization of materials to the nanoscale has 
seen emergent properties due to their ultra-large 
surface, which have not been characterized before. 
Careful analysis of any new nanomedicine device or 
disposal should be undertaken to completely 
characterize the new product before application so 
that we can help avoid any unintended side effects. 
 

Nps are generally covered by different layer 
depending on the desired function. A number of 
publications demonstrate that a PEO (polyethylene 
oxide) corona have several advantages like colloidal 
stability, inertia in biological media and higher 
circulation time of NPs. Moreover, this PEO grafting 
or coating can be easily applied to inorganic Nps. 
The presence of PEO creates a steric barrier 
enabling proteins to be adsorbed at the NPs surface. 
But whatever the efficiency of such functionalization, 
NPs are finally cleared from the circulation and 
taken-up by the reticulo-endothelial system. Another 
strategy consists in the deposition of a phospholipid 
bilayer at the inorganic Nps surface in order to 
create a biomimetic surface. Fusion of liposomes to 
a spherical, high-surface-area, nanoporous silica 
core improves capacity, selectivity and stability of 
NPs and enables their targeted delivery and 
controlled release within the targeted cells. 
Combinations of surface decoration are now 
described leading to high sophisticated nanocarriers 

that combines stealth property, imaging, targeting 
and controlled or triggered release.  
 

There are an increasing number of nanotechnology-
based drugs and we can anticipate that regulatory 
authorities might adapt the approval process for 
nanomedicine products due to safety concerns and 
e.g. request a more rigorous testing of the potential 
toxicity of Nps. In vitro studies at the molecular and 
cellular level allow for rapid knowledge generation 
before connecting to validate toxicological outcome 
in vivo. This approach could limit the extent, volume, 
and cost of animal testing. Actually, the challenge of 
the silica nanoparticles use as drug delivery systems 
lies on overcoming one major breakthrough, which is 
the lack of data on the toxicological profile of coated 
and non-coated silica Nps. 
 

In this context, we proposed to study the influence of 
different functionalized mesoporous silica Nps (Fig. 
1) [3] on the cellular uptake and in vivo behaviour.[4] 
The use of magnetic nanoparticles allows to 
efficiently separate the MSN from cell cultures with a 
simple magnet.[5] Our interest focused on the 
mechanism of interaction with model membranes, 
the adsorption of proteins in biological fluid (Fig. 
2),[6] the quantification of uptake and the effect of 
such Nps on the transcriptomic profile of hepatic 
cells[7] that are known to be readily concerned by 
the Nps uptake in vivo especially in the case of an 
intravenous injection. 
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Figure 1. Magnetic Mesoporous Silica Nanoparticles nude (A), pegylated (B) and covered with a lipidic bilayer (C) 

 
 

 
 
Figure 2. Representation of the corona interactome. Protein–protein interactions are represented in a network developed using 

the NetworkAnalyst software, based on InnateDB. The target represents the time scale (0.5 min to 7 days). Each protein 
(represented by its gene symbol) is placed according to its time of appearance within the corona. The colors symbolize the 
cluster membership. The grey lines represent the protein–protein interactions. Proteins that have a lot of interactions with other 
proteins are represented by a larger visual cue. 
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The adsorption of proteins and their layering onto 

nanoparticle surfaces, once in contact with biological 

fluids, has been termed the ‘protein corona’ and has 

been postulated as a determinant factor for their 

pharmacological, toxicological and therapeutic 

profile [1]. In our recent studies, we developed a 

protocol to investigate for the first time in vivo protein 

corona formation and its evolution onto clinically-

used liposomes after their recovery from the blood 

circulation of mice [2, 3]. Overall, even though the 

total amount of protein adsorbed onto circulating 

liposomes in vivo was comparable with that 

observed from ex vivo incubations, the protein 

species that self-assembled onto the liposomes in 

vivo were considerably more, leading to a 

molecularly ‘richer’ protein corona (Figure 1).  

Although in vivo models can significantly improve 

our understanding of protein corona formation under 

a more realistic setting, there is currently no 

published evidence of the existence of protein 

corona forming in humans in vivo. We will report for 

the first time our results from a clinical trial in 

collaboration Manchester Cancer Research Centre 

to thoroughly characterise the formation of in vivo 

protein corona in human patients injected with 

PEGylated, doxorubicin-encapsulated liposomes. 

In addition, our studies explore the potential 

exploitation of in vivo protein corona to 

comprehensively analyse the blood circulatory 

proteome and facilitate thus the detection of 

previously unknown disease-specific molecules 

(Figure 2). Our results demonstrate, that liposomes 

are able to scavenge the blood pool of tumor-

bearing mice and human patients and capture low 

molecular weight, low abundant plasma proteins that 

cannot be detected by plasma proteomic analysis. 

We propose the use of clinically used nanoparticles 

(liposomes) as a platform to scavenge the blood 

pool for cancer biomarkers.  
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Figure 1. The main differences between the protein coronas 
formed on NPs after their incubation in plasma or administration 
in living organisms are illustrated. In a static ex vivo environment 
the protein corona rapidly adsorbs onto NPs and reaches 
equilibrium. In vivo, a molecularly richer protein corona is formed 
in flowing conditions within the blood circulation and by the 
dynamic exchange of proteins, it evolves over time. 

 
 
 
 

 
 
Figure 2. Potential exploitation of the biomolecule corona for 
improved NP biocompatibility and toxicity; cell targeting; 
increased drug payload NP capacity; and disease detection. 
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Pathogenic infections represent a persistent threat 
to human health. The rapid development of 
resistance to drug therapies creates a continuing 
need for developing new anti-infective agents. Host-
Defense Peptides (HDPs) represent a potential 
source of inspiration for development of new 
antibacterial agents. HDPs are peptides naturally 
secreted by a variety of multicellular organisms as a 
protective mechanism from environmental influence, 
predators, or other threats to their survival.  HDPs 
display a characteristic selectivity, favoring attack on 
prokaryotic membranes relative to eukaryotic 
membranes. This selectivity is thought to arise from 
the net cationic charge common to HDPs, since the 
external surfaces of prokaryotic cells typically have a 
larger net negative charge than do the external 
surfaces of eukaryotic cells. HDPs are rich in 
hydrophobic residues, which presumably mediate 
disruptive interactions with the hydrophobic interior 
of a lipid bilayer. The molecular diversity among 
HDPs in terms of sequences and structures is very 
broad. In my research we seek to understand if the 
specific sequences of the HDPs are crucial for their 
activity.  To address this question, we employed 
solid-phase peptide synthesis in an unconventional 
way to generate peptide mixtures that contain one 
type of hydrophobic residue and one type of cationic 
residue.  Each mixture was random in terms of 
sequence, but highly controlled in terms of chain 
length and stereochemistry. We showed that these 
compounds were highly active towards many types 
of bacteria and also were able to degraded bacterial 
biofilm structure [1, 2]. Recently, we showed that 
random peptide mixture that contain natural amino 
acids assemble into antimicrobial pores and also 
were hemolytic. By contrast, the peptide mixture that 
were generated with natural and non- natural amino 
acids attack bacterial membranes without forming 
visible pores. The results offer a mechanistic 
rationale for designing membrane-selective and 
amino acid sequence-independent antimicrobials [3]. 
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The availability of Cerium as one of the most 
abundant rare earth oxides has prompted research 
on the synthesis and development of functional ceria 
nanoparticles. As a result, Cerium dioxide 
nanoparticles (CeO2NP, nanoceria) are being 
increasingly used in a variety of industrial and 
commercial applications, as reviewed [1]. The 
inevitable increase in consumer and occupational 
exposures raises the need for a comprehensive 
toxicological characterization of nanoceria. 
Noteworthy, several companies and organizations 
have already identified nanoceria as a high priority 
material for toxicological evaluations [2]. Due to its 
demonstrated antioxidant properties, Nanoceria 
have been also proposed as a new promising agent 
in the treatment of diseases related with increasing 
levels of reactive oxygen species (ROS) [3], even as 
an antitumoral agent, since it is known that ROS 
contribute to cell transformation. However, several 
biosafety concerns need to be solved before this 
nanomaterial can be applied in biomedical 
applications with security, as i.e. there is no 
available data on the associated toxicological effects 
under realistic long-term exposure and co-exposure 
scenarios [4].  
 
For all the above mentioned reasons, this work aim 
to evaluate the transforming effects of long-term 
exposure to nanoceria in lung epithelial BEAS-2B 
cells, along with the effects associated to a common 
plausible tobacco co-exposure. Thus, BEAS-2B cells 
continuously exposed to 2.5 µg/mL of nanoceria 
alone or in combination with 1 and 5 µg/mL of 
tobacco smoke condensate (CSC) for up to 6 weeks 
were monitored for intrinsic and extrinsic changes 
associated with the acquisition of an oncogenic 
phenotype. Alterations in cellular morphology, 
growth and differentiation status were measured 
through the exposure, matrix metalloproteinase 
(MMP) activities were measured by zymmography, 
colony formation and promotion were measured by 
soft agar assay, and cellular migration capacity was 
evaluated by wound healing assay.  
 

 
Results evidence no transforming ability of 
nanoceria in exposed BEAS-2B cells. However, 
results support a synergistic role of nanoceria on 
CSC transforming ability, as cells co-exposed to 
nanoceria plus CSC, when compared to cells 
exposed to CSC alone, showed a more noticeable 
spindle-like phenotype, an increased proliferation 
rate, higher degree of differentiation status 
dysregulation, higher migration capacity, increased 
anchorage-independent cell growth and a secretome 
with higher levels of MMP 9 and cell growth 
promoting capability. When mRNA expression of 
FRA-1 was evaluated as a mechanism of tobacco-
induced transformation, nanoceria co-exposure was 
again found to exacerbate the observed expression 
changes.  
 
Our results highlight the need to study 
nanomaterials under mixed exposure scenarios 
likely to be found in the environment and/or at 
working place. 
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Figures 
 

 

 
                               DLS, Average diameter: 93.17 ±5.10 
                               DLS, PDI:0.562±0.029 
                               LDV, Zeta potential:-10.6±1.3 

 
 
 
Figure 1. (A) TEM image of CeO2-NP in pristine form. (B) 

Size distribution of CeO2-NP over 100 particles showing 
an average of 9.52 ± 0.66 nm diameter; CeO2-NP average 
size and charge in exposure medium by pre-wetting with 
0.5% volume and steric stabilization using sterile-filtered 
0.05% w/v BSA. Data represented as mean ± SEM. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

Figure 2. Anchorage-independent cell growth capacity of 

BEAS-2B cells after 6 weeks of nanoceria and/or CSC 
exposure. Cells exposed to Ce+CSC1, CSC5 and 
Ce+CSC5 showed higher capacity to grow in soft-agar. 
Data are presented as mean values with time-matched 
controls set to 100% (n=3); error bars represent standard 
error of the mean; 

a
P<0.05, 

b
P<0.01, 

c
P<0.001 compared 

with time-matched controls or between treatments, as 
indicated. 
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Designing a biosensor needs to comply with several 
requirements. Its application, the specific analyte, 
the sample medium, and the desired physical signal 
determine the materials and molecules that 
constitute the bioreceptor and the transducer to form 
a properly functioning device. In particular the 
receptor and the transducer work synergistically to 
form a so-called “functional biointerface”, where the 
recognition event takes place and is translated into a 
measurable signal. The functional biointerface is the 
core of the biosensor, affecting its overall sensitivity, 
selectivity and efficiency. Thus, controlling the 
physical and chemical properties of the biointerface 
will determine the performance of the whole sensing 
device. Thiol-based monolayers, EDC/NHS coupling 
chemistry, and silane-based chemistry are well 
known procedures to immobilize biomolecules on 
surfaces, but drawbacks exist in chemical instability, 
materials specificity, and others. Here, we present a 
new, quick method for surface modification based on 
functionalized poly-L-lysine (PLL) [1-3]. Due to its 
electrostatic interaction and the possibility of its easy 
functionalization with a large variety of functional 
groups, modified PLLs provide an interesting 
approach to develop biosensors, because the 
properties of the surface (such as the type of 
functional group, antifouling behavior and probe 
density) can be tuned at will. Here we will show the 
functionalization and successful detection of DNA 
with PLL-modified substrates on a variety of 
substrate materials. 
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Figures 
 

 
Figure 1. Functionalized PLL with both immobilization and 

anti-fouling properties (top) and with only anti-fouling 
properties (botttom). 
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Atomic Force Microscopy (AFM) has become a very 
popular and useful tool to characterize matter at 
both the nano- and micro-scale levels. Through the 
years, together with its continuous evolution and 
technical implementation, AFM has shown high 
versatility and an almost on demand adaptive 
capability, thus contributing to its extended 
reputation and its presence in many (nano) 
biotechnology and materials science laboratories.  
 
In terms of sample imaging, AFM has proven to be a 
solid alternative to other microscopy techniques (i.e., 
TEM & SEM) when investigating nano-scale 
structural features of (bio)materials, even under 
aqueous environments and at different temperatures 
[1,2]. However, these atomic force microscopes can 
be additionally used as a “mechanical” machine if 
operated in Force Spectroscopy mode, which 
enables studying mechanical properties of soft 
materials at the nanoscale, by sample indentation 
experiments [3].  
 
This presentation will cover different examples of the 
mentioned mechanical applicability of AFM 
technique, such as the investigation of adhesion and 
surface forces, the quantification of ligand-receptor 
forces and, more extensively, the study of the 
mechanical properties of cells. Furthermore, the 
capability of an AFM to accurately manipulate 
samples at the microscale will be shown to permit 
direct quantification of cell–substrate adhesion 
forces by means of the so called “single-cell probe 
force spectroscopy”, where a living cell is used as 
probe [4].  
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Figures 

 
Figure 1. Scheme of an AFM operating on both a cell 

and its supporting scaffold. Examples of the different 

information that can obtained are: Topographical 

features (left) and distance-dependent tip-to-sample 

force variation. 
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Biomimetic methods for the synthesis of 
nanomaterials are attractive because they are 
especially mild and allow for incorporation of 
otherwise sensitive functional biomolecules. 
Biomimetic synthesis of silica particles can be 
accomplished by use of silaffin peptides that 
originally derive from proteins involved in silica 
deposition in the cell walls of diatoms [1]. Among 
silaffin peptides, the peptide R5 is particularly 
effective in precipitation of ordered silica particles 
from a solution of silicic acid at room temperature 
and neutral pH [2]. Use of R5 has enabled efficient 
encapsulation of bio-active substrates within the 
inner matrices of silica particles and resulted in 
syntheses of biologically functional silica materials 
[3]. In order to accomplish this, R5 peptide was 
linked to small molecules as well as recombinant 
proteins by using methods such as expressed 
protein ligation [4, 5]. Nevertheless, the non-covalent 
nature of the interaction between the cargo and 
silica means that it is challenging to control the 
retention and release of the cargo in a precise 
manner, with certain substrates continuously 
leaching out of the particles (Fig. 1A). While this 
property is valuable in some biomedical applications, 
a stronger covalent conjugation of biomimetic silica 
would be highly valuable as it would greatly stabilize 
the conjugated functional groups. Such covalent 
conjugation could also make it possible to 
synthesize multifunctional silica particles with 
functional groups attached both via the silaffin 
peptide and via the covalent bonds with silica. 
 
We report on a new method of biomimetic synthesis 
of hybrid silica particles with covalently attached 
functional groups. The particles have been prepared 
by use of the R5 peptide at room temperature and 
neutral pH. The covalent functionalization was 
accomplished by use of a custom silylated building 
block [6]. It was possible to modify silica particles 
covalently in this manner with a fluorescent dye (Fig. 
1B). The resulting particles retained spherical 
morphology and were observable by fluorescence 
microscopy. Use of these fluorescent particle 

conjugates enabled visualization of the uptake of 
silica particles by macrophages derived from the 
THP-1 cell line.  
 
In addition, we demonstrated that the newly 
developed method can also be used in order to 
prepare multi-functional silica particles. It was 
possible to synthesize particles that have been 
simultaneously labeled by the cyanine and 
fluorescein dyes, where the former was loaded 
together with the R5 peptide and the latter was 
covalently linked to silica (Fig. 1C). The properties of 
the resulting materials, such as release kinetics of 
the cargo dyes, were carefully analyzed by electron 
and fluorescence microscopies as well as bio-
analytical chemistry techniques. 
 
The mild nature of this synthetic approach means 
that it is potentially applicable for a wide range of 
functional substrates, including proteins and nucleic 
acids. The use of this method can, therefore, have a 
significant impact in bio-medical research, as it 
enables easy access to hybrid bio-inorganic 
materials with highly tunable functionalities. 
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Figures 

 
Figure 1. Silica particle fictionalization: A) biomimetic silica 

particles that release silaffin-cargo; B) silica particle covalently 
conjugated with cargo; C) multifunctional silica particles that 
release silaffin cargo but retain covalently attached cargo. 
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Introduction 
 
Synthetic nanomaterials are widely used for nume-
rous applications in many areas of daily life like food 
production, cosmetics or medicine. Risk assessment 
and consequential regulatory measures for nanoma-
terials are of great importance, especially regarding 
the influence of nanoparticles on the human orga-
nism [1]. However, due to the lack of suitable mo-
dels it is still difficult to estimate and predict the 
effects that are caused by nanomaterials. The phy-
siologically based pharmacokinetic (PBPK) model, 
which is used in pharmaceutical research and drug 
industry for the mathematical prediction of kinetic 
profiles of medical compounds [2], yet has not been 
adequately adapted for corresponding studies of 
nanoparticulate substances and compounds.  
 
We present a new in vitro platform with dynamic cell 
culture systems that enables the simulation of the 
pathway of nanoparticles through the human body. 
Data obtained with this platform can then be used 
for the development of a PBPK model for nanomate-
rials. The platform contains up to nine individual mo-
dules each of them representing either a barrier of 
the body, an organ or subcellular systems. The de-
sign of the microfluidic cartridge inside each module 
allows for the formation and investigation of a cell 
barrier layer or for the positioning and characteriza-
tion of single cells. All modules can be operated indi-
vidually or can be interconnected with each other in 
a flexible way. This set-up allows a realistic simula-
tion of the situation in vivo and can further contribute 
to the replacement of animal testing procedures in 
risk assessment studies [3]. In parallel to the techno-
logical platform development new miniaturized in 
vitro systems are established to perform transport 
studies with nanoparticles on crossing biological 
barriers, as e.g. the lung or the gastrointestinal tract.  
 
Materials and Methods 
 
Each module of the in vitro platform comprises a flui-
dic system with valves, pumps, tubing and a micro-
fluidic cartridge. The cartridge as the core compo-
nent of the fluidic system contains a microfabricated 
silicon microwell and is employed as a miniaturized 

incubator. Cells are transported through a micro-
channel to the microwell and adhere on an optically 
transparent membrane from silicon nitride (Si3N4) [4] 
with 2.5 mm² cell culture area and 1.5 µm thickness 
(Figure 1). The membrane has a regular array of 
microholes with diameters smaller than 5 µm and a 
distance of 10 µm. For barrier transport studies the 
cell layer is cultivated on the nitride membrane 
without the need of a big lab incubator: each module 
comprises a temperature control system that main-
tains the temperature at 37 ± 0.5 °C. A peristaltic 
pump constantly supplies fresh culture medium to 
the cells in the microwell. Afterwards, the nano-
particle suspension is delivered through the upper 
microchannel until it reaches the cells in the micro-
well. At the end of the assay the nanoparticles 
crossing the barrier and the porous silicon nitride 
membrane and/or metabolites from the compartment 
above the barrier are transported from one module 
to the next. 
 
Cells in the microfluidic cartridge are characterised 
optically and electrically during cultivation and their 
exposition to the nanoparticles. Embedded thin film 
electrodes in the two microchannels of the cartridge 
are connected with an impedance measurement set-
up. They are used for transepithelial electrical resis-
tance (TEER) measurement of the barrier layer or 
for the verification of the successful single cell posi-
tioning. Optical characterisation is performed by 
means of a compact imaging module that was speci-
fically developed for the in vitro platform. It compri-
ses a CMOS camera, a lens, LEDs for illumination 
and optical filters for bright-field and fluorescence 
imaging. The imaging module is mounted under the 
microfluidic cartridge and can be shifted from one 
module to the other. LED illumination for bright-field 
imaging is placed in the adapter with the tempera-
ture control system, which is on top of the cartridge. 
 
The fluidic operation of the in vitro platform is con-
trolled by a LabView program that enables the ope-
ration of one single module or the operation of seve-
ral interconnected modules. The temperature control 
units of each module as well as the CMOS camera 
and the LED illumination are controlled electroni-
cally. In the end, the final platform comprises two in-
dividual but identical lines of interconnected modules 
that are run in parallel. The first line consists of the 
modules with the different cell cultures that are ex-
posed to the nanoparticles whereas the reference 
cells, which are not exposed to nanoparticles, are 
cultivated in the second line. 
An in vitro intestine co-culture model of two epithelial 

cell lines (Caco-2 and HT29-MTX-E12) was grown in 

a physiologic ratio on the porous membrane of the 

microwell. For system validation the co-culture mo-

del was cultured and differentiated in the microwell 

and in a standard Transwell
®
 system. Functionality 

of the barrier was determined via TEER measure-

ment. Human lung epithelial cells were used for the 

lung barrier. 
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Results 
 
A first demonstrator module with fluidic circuit was 
assembled to prove the feasibility of the fluidic con-
cept for cell cultivation in the microfluidic cartridge. 
Syringes without plunger served as reservoirs for the 
liquids (culture medium, cell suspension). Bubble 
traps in front of the inlet ports of the cartridge 
prevented air bubbles from entering the 
microchannels. After prefilling of the system with cul-
ture medium, Caco-2 cells were transported through 
the microchannels and successfully positioned on 
the porous membrane in the microwell of the cart-
ridge (Figure 2). The operation of the imaging mo-
dule was first tested separate from the platform 
module. The adapter with the temperature control 
system and the LED for bright-field imaging was 
positioned above the microfluidic cartridge. Figure 3 
shows a picture of the imaging module and micro-
scopic images of Caco-2 cells obtained with the ima-
ging module in bright-field and in fluorescence 
mode. The staining of the cells with the green fluo-
rescent dye Fluorescein diacetate (FDA) verified the 
viability of the cells after cultivation in the microwell 
for 48 TEER measurements of the differentiated 
intestine co-culture model in the Transwell

®
 system 

verified the density of the intestine barrier. The 
TEER value of the in vitro model was between 180 
and 200 Ω/cm². Experiments are ongoing to 
determine the TEER values of the intestine and lung 
in vitro models in the microwell. 
 
Conclusion and outlook 
 
With the first demonstrator of the new in-vitro plat-
form we could show the function of the fluidic system 
in combination with the microfluidic cartridge. Cells 
were positioned on the porous microhole membrane 
and visualized by the imaging module. Electrical 
measurements will be performed soon to get first 
results about barrier density and interaction of cells 
with nanoparticles. Long-term cell cultivation and the 
interconnection of the presented demonstrator with 
two other modules will be established.  
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Figures 
 

 
 

Figure 1. Cross-section drawing of microwell with porous 

membrane and microchannels. 
 

  

  

Figure 2. a) Microfluidic cartridge with electrodes, tubing and 

microwell for cell cultivation; b) SEM image of microwell; c) 
SEM image of microholes in the Si3N4 membrane; d) Caco-2 
cells on microholes. 

 

 

 

 

Figure 3. a) Imaging module with microfluidic module; b) 

Bright-field image of Caco-2 cells in the microwell; c) 
fluorescence image of FDA stained Caco-2 cells in the 
microwell. 
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The use of nanomaterials in medicine is 

growing at an unprecedented rate for a variety 

of therapeutic, diagnostic or combinatory 

applications. Graphene and other 2D materials 

possess properties that make them attractive 

materials for biomedical applications, however, 

their impact on the physiology of live organisms 

is still unexplored. What is needed today is the 

determination of the specific characteristics 

graphene and 2D materials should possess in 

order to determine the toxicological and 

adverse reaction risks following administration 

or implantation. This talk will illustrate how 

biological-grade graphene oxide (GO) sheets 

exhibit very interesting behaviοur on interaction 

with tissues of living animals (in vivo). The 

pharmacokinetic and toxicokinetic profile of the 

GO sheets in correlation with their 

physicochemical characteristics (thickness, 

lateral dimensions) can allow the determination 

of the critical parameters that can allows their 

further development towards the clinic. 

Development of GO for therapeutic or 

diagnostic applications requires determination 

of the fundamental in vivo pharmacological 

parameters such as blood circulation half-life, 

tissue biodistribution, excretion rates, and 

kinetics of material biodegradation which will 

constitute the emerging research area of 

graphene pharmacology. 
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In the present work, a single and double phase 
Ketoprofen-loaded mats of ultrathin fibers were 
developed by electrospinning and their physical 
properties and drug release capacity were analyzed. 
The single phase material was prepared by solution 
electrospinning of poly(ε-caprolactone) (PCL) with 
Ketoprofen at a weight ratio of 5 wt%. This 
Ketoprofen-containing PCL solution was also used 
as the oil phase in an emulsion with gelatin. The 
resultant stable oil-in-water (O/W) emulsion of PCL-
in-gelatin, also containing Ketoprofen at 5 wt%, was 
electrospun to produce the double phase mat. 
Cross-linking was performed by means of 
glutaraldehyde vapor to prevent dissolution of the 
hydrophilic gelatin phase. The performed 
characterization indicated that Ketoprofen was 
successfully embedded in both electrospun mats, 
i.e. PCL and PCL/gelatin, and both mats showed 
high hydrophobicity. In vitro release studies 
interestingly revealed that, in comparison to the 
single phase PCL electrospun mat, the double 
phase PCL/gelatin mat significantly hindered 
Ketoprofen burst release and exhibited a sustained 
release capacity of the drug for up to 4 days. In 
addition, the electrospun Ketoprofen-loaded mats 
showed enhanced attachment and proliferation of 
L929 mouse fibroblast cells, presenting the double 
phase mat the highest cell growth yield due to its 
improved porosity. The here-developed electrospun 
materials clearly show a great deal of potential as 
novel wound dressings with an outstanding 
controlled capacity to release drugs. 
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Looking towards green resources to fabricate 
advanced functional materials, cellulose seems to 
be a good candidate as it constitutes the most 
abundant renewable biosphere-produced polymer. 
Specially, nanocellulose is in the spotlight when 
designing new functional (bio)nanocomposites due 
to its characteristics: hydrophilicity, biodegradability, 
high porosity, transparency, high water holding 
capacity, chemical tunability and formation of semi-
crystalline morphologies. 
 
Cellullose can be synthesized by bacteria or 
obtained from plants, algae and fungi. In particular, 
bacterial cellulose (BC) does not contain lignin and 
hemicelluloses, potentials sources of toxicity present 
in plant cellulose. It also exhibits a higher degree of 
polymerization (DP 2000-8000) and better 
crystallinity (60%-90%). It presents a high elastic 
modulus (79GPa measured in a single fiber by AFM) 
and high tensile strength (200-300MPa). The highly 
porous matrix created by the nano-fiber gives to the 
material its large water holding capacity. Moreover, it 
offers the possibility to impact on its 
micro(nano)structuration and shape during its 
production.  
 
Due to its properties, BC has an enormous potential 
in sectors as energy, health and catalysis therefore 
its investigations have been steadily increasing. 
In this presentation will introduce how we can obtain 
novel bacterial cellulose nanocomposites with 
different types of nanoparticles for biomedical 
applications. The possibility to control the formation 
of the BC (in situ) and the modification after BC 
synthesis, ex situ, will be illustrated. 
 
These innovative bacterial cellulose structures will 
provide the proof of concept for devices or products. 
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Figures 
 

 
 
Figure 1. BC origami at the left which we composed with iron 

oxide nanoparticles to make it responsive to a magnetic field. 
 

 
 
Figure 2. Topographic control of BC films in situ using 

microfluidic stamps. 
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The need to monitor the human health in a fast and 

reliable way is one of the challenges faced by 

humanity in the 21st century. Modern diagnostics is 

demanding novel tools that could enable quick, 

accurate, sensitive, reliable and cost-effective 

results so that appropriate treatments can be 

implemented in time, leading to improved outcomes. 

Portable point-of-care (POC) devices, able to deliver 

an instant diagnostics, could become a reality soon 

thanks to the last advances in nanobiosensors, lab-

on-a-chip, wireless and smart-phone technologies, 

which promise to surpass the existing challenges, 

opening the door to a global diagnostics access.  

The driving force of our research is to achieve such 

ultrasensitive platforms for POC analysis using 

nanophotonic technologies and custom-designed 

biofunctionalization protocols, accomplishing the 

requirements of disposability and portability. We are 

using innovative designs of nanophotonic 

biosensors based on silicon photonics technology 

(bimodal waveguide nanointerferometers) or 

nanoplasmonics (gold nanostructures) and full 

microfluidics integration. We have demonstrated the 

suitability of our technology for the clinical 

diagnostics, with extremely sensitivity and selectivity 

and directly in human fluids, for the evaluation of 

infectious microorganisms (at few cfu/mL), early 

detection of colorectal cancer or the detection of 

microRNA biomarkers at aM level related to cancer 

progression, among others.  
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Figure 1. Multiplexed Nanoplasmonics biosensors 
 

 
 
Figure 2. Nanophotonic waveguide interferometric 
biosensors for highly sensitive detection 
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Mucus represents “first defense line” of all mucosal 
surfaces, such as gastrointestinal, cervical, ocular, 
respiratory lines against chemical, enzymatic, 
microbial, and mechanical insult [1,2]. Mucin over-
production is a hallmark of chronic diseases of 
respiratory epithelia such as chronic obstructive 
pulmonary disease, asthma, and otitis media. While 
pathogenic colonization by microbes starts from 
adhesion on mucus surface, they have to overcome 
the mechanical integrity of mucus gels in order to 
reach the apical surface of epithelial cells. Ironically, 
this defensive behavior of mucus gels acts as 
physical barrier when it is needed to deliver drug 
molecules or functional foods to target cells or 
tissues [3,4]. When drug-loaded particles are 
administered, they are easily trapped by mucus gels 
via steric or adhesive contacts and eventually 
eliminated by mucociliary clearance. Mucoadhesive 
polymers [5] have been proposed as one of potent 
ways to enable the traverse of drug-loaded particles 
through mucus gel layers based on strong 
entanglement with mucin network. Nevertheless, it is 
often not sufficient to reach ultimate goal, i.e. 
delivery of drugs to target cells, due to relatively 
short turnover time (40 – 270 min. for intestinal 
mucus) and frequent clearance of mucus gels. 
 
It is thus necessary to develop more effective means 
to engineer particles that can efficiently “penetrate 
through” the barrier for this purpose. Largely lacking 
to this end is the information on the mechanical 
properties of mucus gels, especially on nanometer 
scale. While rheological properties of mucus have 
extensively been studied to date [6,7], it is not 
certain to which extent macroscale rheological 
properties are relevant to penetration phenomena by 
microorganisms or drug/functional nutrients. In this 
context, we have employed atomic force microscopy 
(AFM) as an experimental approach/model to 
characterize the micro- to nanoscale mechanical 
properties of mucus gels and the interaction with 
microbes and drug/function nutrients (Figure 1). 
Mucus in this study was acquired from a freshly 
slaughtered pig’s intestine and stomach by scraping 
and rinsing, and was reconstructed according to a 
standard procedure. Polyethylene (PE) or silica 

(SiOx) colloidal particles were attached to AFM 
probes, representing model microbes or drug 
molecules interacting with mucus layers. The AFM 
measurements were performed either in simulated 
intestine/gastric fluid, respectively, or dry air 
environment. In-depth discussion on the mechanical 
properties of pig intestine and gastric mucus, the 
influence of size and surface chemistry of the 
colloidal probe on the compression/penetration, as 
well as the force/energy required for a micro-sized 
particle to overcome and penetrate through the 
mucus layers will be provided. 
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Figure 1. A schematic illustration for AFM probes as model 

microbes or drug molecules to interaction with mucus layers. 
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Gels formed by a gemini dicationic amphiphile can 
incorporate the serine protease inhibitor 4-(2-
aminoethyl)-benzenesulfonyl fluoride hydrochloride, 
which could be used in a new approach to the 
treatment of Rosacea. The presence of the drug 
strongly influences the gelation process in terms of 
time and temperature of gelation, as well as the 
thermodynamic events occurring. The drug is 
incorporated not only in the interstitial space but also 
within the gel fibres, affecting gel properties such as 
viscoelastic behavior, but most importantly, the 
morphology at the microscopic level: in gels 
containing a drug concentration above 3 mg/mL, a 
remarkable fibre coiling occurs as a result of the 
drug released from the fibres when the gel ages. 
The drug can be released from the gel in a suitable 
profile, and skin permeation experiments show that 
the drug can permeate and keep retained beneath 
the human skin, where it shows its therapeutic 
activity. These results show the potential of these 
gels for becoming a new approach in the treatment 
of Rosacea. 
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Figure 1. Bis-imidazolium supramolecular hydrogel fibres 

incorporating a serine protease inhibitor coil upon drug 
release. 
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Biosensors field is progressing rapidly and the 
demand for cost efficient platforms is the key factor 
for their success. Physical, chemical and mechanical 
properties of cellulose in both micro and nanofiber-
based networks combined with their abundance in 
nature or easy to prepare and control procedures 
are making these materials of great interest while 
looking for cost-efficient and green alternatives for 
device production technologies. Both paper and 
nanopaper-based biosensors are emerging as a 
new class of devices with the objective to fulfil the 
“World Health Organization” requisites to be 
ASSURED: affordable, sensitive, specific, user-
friendly, rapid and robust, equipment free and 
deliverable to end-users. How to design simple 
paper-based biosensor architectures? How to tune 
their analytical performance upon demand? How 
one can ‘marriage’ nanomaterials such as metallic 
nanoparticles, quantum dots and even graphene 
with paper and what is the benefit?  How we can 
make these devices more robust, sensitive and with 
multiplexing capabilities? Can we bring these low 
cost and efficient devices to places with low 
resources, extreme conditions or even at our 
homes? Which are the perspectives to link these 
simple platforms and detection technologies with 
mobile phone communication? I will try to give 
responses to these questions through various 
interesting applications related to protein, DNA and 
even contaminants detection all of extreme 
importance for diagnostics, environment control, 
safety and security.  . 
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Nanotechnology was heralded as “the” emerging 
technology for biomedical applications in the last two 
decades; however, excitement has waned in recent 
years as nanoparticles (NPs) have proven difficult to 
translate from the benchtop into the clinic. Aside 
from the approval of liposomal drug formulations, 
polymer-drug conjugates, and a small handful of 
other particle-based drug delivery systems or 
magnetic hyperthermia mediators,1,2 the expected 
windfall of improvements in medicine and imaging 
has not arrived. The reasons for this shortcoming 
are manyfold: technical difficulty of scaling the 
production of nanomedicines, lack of significant 
improvement in therapeutic efficacy compared to 
conventionally administered active pharmaceutical 
ingredients, and a lack of fundamental knowledge of 
particle-biology interactions and long-term particle 
fate.3,4 
 
In vitro methodology is an important tool to assess 
the interactions of (newly) designed NPs with cells, 
and one seemingly (non)trivial aspect that may be 
overlooked could be differences in the way particles 
are pipetted in vitro to cells. For example, some 
experimental designs call for particles to be 
administered as a concentrated dose (e.g. with live 
cell imaging experiments) in order to minimize 
temperature fluctuations in sensitive setups. 
Otherwise, simple differences in training and 
personal preference may dictate how research 
personnel administer particles to cells. We 
hypothesized that such a change, a literal difference 
in the way particles are pipetted in vitro, could 
influence particle cell interactions and in fact 
observed a significant impact on NPs cellular 
uptake. 
 
To test this hypothesis, we administered NPs to 
J774A.1 mouse monocyte/macrophages via a 
concentrated, mixed, or pre-mixed approach (Figure 
1). We observed that the administration method had 
a significant effect on particle deposition on or 
uptake by the cells. Prior to cell experiments, NPs 

were characterized via electron microscopy, 
depolarized dynamic light scattering, and UV-Vis 
spectroscopy. NPs were found to be colloidally 
stable in complete cell culture media (DMEM 
supplemented with 10% FBS and 1% penicillin-
streptomycin). 
 
In order to explain the observed differences, we 
evaluated the relative amount of protein adsorbed 
onto the NPs surface based on administration 
method. It is apparent that administration method 
strongly correlates to the relative amount of 
adsorbed protein and in turn significantly impacts 
cellular uptake. Furthermore, we built upon the 
previously described in vitro sedimentation, diffusion 
and dosimetry model to describe the behavior of the 
particles in solution.5  
 
These data show that in vitro methodology can have 
a significant impact on experimental outcomes vis-à-
vis particle-cell interaction, and therefore 
necessitates at minimum an awareness and at most 
a standardization of experimental technique. 
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Figures 
 

 
 
Figure 1. The method of administration in cell culture can 

have a significant impact on nanoparticle-cell interaction. 
Depending on the method, the fraction of initially 
administered nanoparticles that are deposited/taken up by 
cells can change and this is related to the initial adsorption of 
proteins on the particle surface. 
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The design of targeting and drug carrier strategies to 
enable delivery of therapeutic agents to areas of the 
body requiring intervention is an active research 
field. Therapeutic and diagnostic targets are often 
confined to specific regions or tissues in the body, 
where access may require active transport from the 
circulation into the subjacent tissue. In addition, 
once within the tissue or body compartment of 
interest, most targets of intervention relate to sub-
cellular environments, e.g., the cell surface versus 
different intracellular compartments, further requiring 
strategies to achieve this goal. Using polymer 
nanocarriers functionalized with affinity moieties 
against single or combined cell-surface receptors, 
along with additional biological signaling moieties, 
my laboratory focuses on understanding the 
parameters that regulate transport of drug delivery 
vehicles across cellular barriers and into cells of 
subjacent tissues. We examine these aspects using 
cell culture models with subsequent validation in 
laboratory animals to correlate molecular/cellular 
mechanisms with in vivo outcomes. We investigate 
the influence exerted on targeting and uptake by 
drug carrier design parameters (size, shape, avidity, 
combination targeting, etc.) and parameters that are 
intrinsic to the physiological system (disease states, 
flow, receptor epitopes being targeted, modulation of 
regulatory molecules, etc.). The characterization of 
these complex physiological and design parameters, 
along with the understanding of the mechanisms 
governing the interaction of drugs carriers with the 
surrounding biological environment, are necessary 
steps toward achieving efficient drug delivery 
systems. 
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Electrospinning-Electrospraying technologies have 
been proven as one of the most powerful and 
versatile methods of manufacturing micro and 
nanostructured materials in fields such as pharma, 
biomedical and foodtech. 
 
From drug-controlled delivery platforms to scaffolds, 
from medical devices to functional coatings or 
encapsulation of APIs, food ingredients or 
bioactives. 
 
The aim of this presentation is to showcase to the 
audience some real examples of products made by 
electrospinning-electrospraying using Bioinicia’s 
proprietary technology, including also Bioinicia’s 
industrial facilities (GMP & ISO 13485 certified).  
 
 
 

 

 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
Figure 1. Electrospun pharma product. Patches for wound 
healing. 
 

 
 
Figure 2. Electrospun medical device. Multi-layer scaffold for 
small intestine.  
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Fabry disease is a rare inherited disease caused by 
loss of function of the enzyme α-Galactosidase A 
(GLA) [1]. Commercially available treatments are 
based on the intravenous administration of GLA 
demonstrating positive short-term effect, reducing 
the progression of the disease and improving the 
quality of life in patients. However, GLA replacement 
therapy exhibits drawbacks such as the degradation 
of the exogenously administered enzyme, its limited 
efficacy in patients with an advance stage of the 
disease and the extremely high cost of the 
treatment. In order to improve the delivery efficacy 
and the systemic circulation of the current treatment, 
nanoliposomes containing GLA were prepared as 
novel drug delivery systems (DDS). The 
incorporation of GLA in liposomes was obtained 
following the DELOS-SUSP process based on the 
use of compressed CO2 [2] as co-solvent (Figure 1). 
Liposomes were constituted from phospholipids 
(DPPC) and cholesterol-based compounds. In 
addition, c(RGDfK) peptide ligand was incorporated 
in the membrane bilayer of the vesicles to enhance 
the targeting and the uptake efficiency of the GLA-
loaded conjugates to the diseased cells. The 
conjugate was further characterized to obtain 
information on its physico-chemical characteristics 
and morphology entrapment efficiency and also 
biological efficacy and cell uptake. Through the 

DELOS-SUSP process, nanometric liposomes 
containing GLA were successfully prepared with an 
entrapment efficiency of about 40 %. In vitro efficacy 
studies in GLA deficient cells of Fabry KO mice 
showed that the GLA-nanoformulations were able to 
reduce lysosomal Gb3 deposits more efficiently than 
the free enzyme in agreement with a greater specific 
activity also encountered (Figure 2). This finding 
indicates that (i) such multifunctional nanovesicles 
are uptake by GLA deficient cells, (ii) the GLA-
nanovesicles reach the lysosomal compartment, and 
(iii) the cargo (GLA) is efficiently released so that the 
GLA activity in the cells is restored. The results 
obtained prove the great potential of DELOS-SUSP 
method for the production of new nanomedicine 
candidates based on enzyme-nanovesicle 
conjugates. The development of these new GLA-
nanoconjugates up to the end of the regulatory 
preclinical phase will be carried out under the frame 
of the European Smart-4-Fabry project (H2020-
NMBP-2016-2017 GA 720942). 
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Figure 1. Nano-GLA multifunctional nanoformulation, 

manufactured by the DELOS-SUSP platform. 
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Figure 2. Effect of free GLA and GLA-Nanoliposomes in the 

reduction of Gb3 deposits in aortic endothelial cells of Fabry 
KO mice (right). Represented values correspond to mean. 
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Inspired by nature, bio-hybrid micro- and 
nanomotors based on the use of enzymes as power 
sources has recently been achieved [1]. These 
systems are able to self-propel due to the catalytic 
conversion of a substrate into products [2]. Their 
unique properties, including biocompatibility, 
bioavailability and versatility, makes them excellent 
candidates for biomedical applications, where their 
active motion could improve current approaches 
based on passive micro- and nanodevices. 
However, a deeper and fundamental understanding 
on their structure and motion mechanism is still 
required for their implementation in biomedical 
applications. With the aim of exploring the versatility 
of such systems, we studied new enzymes as power 
sources for the self-propulsion of micromotors. 
Results showed that the motion behavior is strongly 
dependent on the enzyme type, being the catalytic 
constant a key parameter for the generation of 
active motion. In addition, the enzyme number and 
distribution might play a key role on their motion 
behavior. Traditionally, asymmetry has been claimed 
to be essential for the motion of catalytic micro-
swimmers. Yet, other studies have reported that 
symmetrically enzyme coated particles present 
enhanced Brownian diffusion (self-propulsion) [3]. 
Nonetheless, enzyme distribution and origin of that 
symmetric-based motion was not reported. We 
investigated the effect of enzyme quantity as 
powering engines, as well as their distribution upon 
the motion behavior of urease-powered micromotors 
at a single-molecule resolution by using STORM 
imaging technique. Additionally, we explored the 
effect of self-propulsion on the doxorubicin anti-
cancer drug release and intracellular delivery. We 
observed an enhanced drug release and cell uptake 
using active particles, when compared to their 
passive counterparts [4].  
These results provide new insights into the design 
features of enzymatic micro- & nanomotors from the 
fundamental aspects towards efficient biomedical 
applications. 
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Figure 1. Schematic representation of the main aspects for 

the application of enzymatic motors in biomedicine.  
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Nanomaterials based analytical assays are becoming 
a promisinglow cost approach for the detection of 
analytes. Usually, nanomaterials like metal and 
semiconductor nanoparticles (SNPs) were employed 
in analytical systems as fluorescent and 
electrochemical labels tethered to recognition 
elements such as antibodies and DNA oligomers, 
enhancers of raman scattering, fluorescence 
quenchers or tracers. Moreover, metal nanoparticles 
(NPs) can be generated in situ in the course of 
biocatalytic processes catalyzed by different 
enzymes. Unfortunately, metal NPs produced in situ 
in the above mentioned biocatalytical assays are not 
fluorescent thus the sensitivity of those assays is 
limited by the sensitivity of UV-Vis spectroscopy 
employed to follow the formation of gold and silver 
NPs. SNPs used in bioanalytical assays are 
fluorescent and demonstrate quantum effects. They 
emit photons of light upon photoexcitation hence they 
are referred to as quantum dots (QDs). QDs allow to 
use much more sensitive fluorescence spectroscopy 
and photoelectrochemistry to follow the readout 
signal. We pioneered  bioassays in which analytes 
modulate the formation of CdS  QDs in situ. Our early 
assays were applied to fluorogenic determination of 
enzymatic activities of enzymes such as acetylcholine 
esterase

1
, horseradish peroxidase

2
, glucose oxidase

3
 

etc. 
 We reported a new class of sensitive 

electrochemical assays employing generation in situ 
of QDs suitable for determination of analytes using 
affinity interaction and oxidative properties of metal 
cations. In our new immunno assay alkaline 
phosphatase conjugated to antibody calalyzes 
formation of CdS QDs

4
. Irradiation of QDs with the 

standard laboratory UV-illuminator results in 
photooxidationof 1-thioglycerol (TG) mediated by Os–
PVP complex on the surface of graphite electrode at 
applied potential of 0.31 V vs. Ag/AgCl. (Figure 1).  

We designed a new assay based on 
microbead linked enzymatic generation of CdS QDs 
(Microbead QD-ELISA) and employed it in optical and 
electrochemical affinity assays for the cancer 
biomarker superoxide dismutase 2 (SOD2)  as shown 
in Figure 2. Biotinylated antibodies against SOD2 
were immobilized on the surface of polyvinyl chloride 
microbeads bearing streptavidin. The analyte, SOD2 
was captured on microbeads and labeled with 
alkaline phosphatase-conjugated antibody linked with 
mouse antibody against SOD2. Hydrolysis of para-

nitrophenylphosphate by immobilized alkaline 
phosphatase triggered the rapid formation of 
phosphate-stabilized CdS QDs on the surface of 
microbeads. The electrochemical assay based on the 
detection with square-wave voltammograms of Cd

2+
 

ions originating from immobilized CdS QDs showed 
linearity up to 45 ng mL

−1
, and the limit of SOD2 

detection equal to 0.44 ng mL
−1

 (1.96 × 10
−11

 M). This 
detection limit is lower by 2 orders of magnitude in 
comparison with that of other previously published 
assays for superoxide dismutase. The 
electrochemical assay was validated with HepG2 
(Human hepatocellular carcinoma) cell lysate 
containing SOD2.  

Cysteine (CSH) readily stabilizes CdS QDs 
that grow in aqueous buffered solutions. The 
oxidation of CSH by hydrogen peroxide (H2O2) at 
room temperature yields cystine (CSSC), which is 
less efficient in stabilizing CdS QDs compared to 
CSH. We have demonstrated that such oxidation 
causes a decrease in the formation rate of CSH-
capped CdS QDs from Cd

2+
 and S

2−
 ions. For the first 

time, we combined the oxidation of CSH with the 
glucose oxidase (GOx)-assisted biocatalytic oxidation 
of D-glucose, which leads to a buildup of H2O2 in the 
reaction mixture. The enzymatically modulated in situ 
growth of CdS QDs was monitored using two 
techniques: fluorescence spectroscopy and 
photoelectrochemical (PEC) analysis. This system 
enables quantification of GOx and glucose in human 
serum

6
. 
We discovered that copper ions (Cu

2+
) 

catalyze the oxidation of CSH by oxygen (O2) to 
modulate the growth of CSH-capped CdS QDs .This 
new chemical process was applied to sensitive 
fluorogenic and photoelectrochemical (PEC) detection 
of Cu

2+
 ions in real samples of mineral and tap water 

using the photocatalytic activity of the resulting NPs. 
Disposable screen-printed electrodes (SPCEs) 
modified with electroactive polyvinylpyridine bearing 
osmium complex (Os-PVP) by cyclic voltammetry 
(CV) were employed for PEC analytical system. CdS 
NPs formed during the assay photocatalyze oxidation 
of 1-thioglycerol (TG) upon application of 0.3 V vs. 
Ag/AgCl to SPCEs. Os-PVP complex mediated the 
electron transfer between the electrode surface and 
CdS NPs. We proved that our assays did not suffer 
from interference from other ions accompanying Cu

2+
 

and the sensitivity of our assays covers the European 
Union standard limit of Cu

2+
 ions in drinking water

7
. 

The other poison, methanol is frequently 
discovered in alcoholic beverages. We reported for 
the first time a new strategy for the detection of 
methanol using fluorescence spectroscopy and 
photoelectrochemical (PEC) analysis. The analytical 
system is based on the oxidation of CSH with 
hydrogen peroxide enzymatically generated by 
alcohol oxidase (AOx). H2O2 oxidizes capping agent 
CSH, modulating the growth of CSH-stabilized CdS 
QDs. Disposable screen-printed carbon electrodes 
(SPCEs) modified with a conductive osmium polymer 
(Os-PVP) complex were employed to quantify 
resulting CdS QDs. This polymer facilitates the 
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“wiring” of in situ enzymatically generated CdS QDs, 
which photocatalyze oxidation of 1-thioglycerol (TG), 
generating photocurrent as the readout signal. 
Likewise, we proved that our systems did not suffer 
from interference by ethanol. The PEC assays 
showed better sensitivity than conventional methods, 
covering a wide range of potential applications for 
methanol quantification. 

Optical and electrochemical detection 
strategies employing semiconductor growth of CdS 
QDs in situ open up new opportunities for highly 
sensitive and selective determination of target 
analytes. 
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Figure 1. Immunoassay using photoelectrochemical 

detection of enzymatically generated CdS QDs. 

 
 
Figure 2. Microbead ELISA using biocatalytic formation 

of QDs for ultra high sensitive electrochemical detection. 
 
 

 
 
Figure 3. Fluorometric assay for glucose oxidase activity. 

 
 

 
 
Figure 4. Photo-electrochemical bioassay for methanol. 
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The DNA double-strand recognition, as well as the 
ability to manipulate its structure open a multitude of 
ways to make it useful for molecular electronics. 
Step by step we improve the synthesized constructs 
and the measurement methods of single DNA-based 
molecules. I will present new DNA-based molecules 
and report on our measurements of their properties. 
I will also present new and surprising results on 
dsDNA molecules. 
 

References 
 

 
[1] "Direct measurement of electrical transport 

through DNA molecules", Danny Porath, 
Alexey Bezryadin, Simon de Vries and Cees 
Dekker, Nature 403, 635 (2000).  

[2] "Charge Transport in DNA-based Devices", 
Danny Porath, Rosa Di Felice and Gianaurelio 
Cuniberti, Topics in Current Chemistry Vol. 
237, pp. 183-228 Ed. Gary Shuster. Springer 
Verlag, 2004.  

[3] “Direct Measurement of Electrical Transport 
Through Single DNA Molecules of Complex 
Sequence”, Hezy Cohen, Claude Nogues, 
Ron Naaman and Danny Porath, PNAS 102, 
11589 (2005).  

[4]  “Long Monomolecular G4-DNA Nanowires”, 
Alexander Kotlyar, Nataly Borovok, Tatiana 
Molotsky, Hezy Cohen, Errez Shapir and 
Danny Porath, Advanced Materials 17, 1901 
(2005).  

[5]  “Electrical characterization of self-assembled 
single- and double-stranded DNA monolayers 
using conductive AFM”, Hezy Cohen et al., 
Faraday Discussions 131, 367 (2006). Cited 
43 times 

[6] “High-Resolution STM Imaging of Novel 
Poly(G)-Poly(C)DNA Molecules”, Errez 
Shapir, Hezy Cohen, Natalia Borovok, 
Alexander B. Kotlyar and Danny Porath, J. 
Phys. Chem. B 110, 4430 (2006).  

[7] "Polarizability of G4-DNA Observed by 
Electrostatic Force Microscopy 
Measurements", Hezy Cohen et al., Nano 
Letters 7(4), 981 (2007).  

[8] “Electronic structure of single DNA molecules 
resolved by transverse scanning tunneling 

spectroscopy”, Errez Shapir et al., Nature 
Materials 7, 68 (2008).  

[9] “A DNA sequence scanned”, Danny Porath, 
Nature Nanotechnology 4, 476 (2009). 

[10]  “The Electronic Structure of G4-DNA by 
Scanning Tunneling Spectroscopy”, Errez 
Shapir, et.al., J. Phys. Chem. C 114, 22079 
(2010).  

[11] “Energy gap reduction in DNA by 
complexation with metal ions”, Errez Shapir, 
G. Brancolini, Tatiana Molotsky, Alexander B. 
Kotlyar, Rosa Di Felice, and Danny Porath, 
Advanced Maerials 23, 4290 (2011).  

[12] "Quasi 3D imaging of DNA-gold nanoparticle 
tetrahedral structures", Avigail Stern, Dvir 
Rotem, Inna Popov and Danny Porath, J. 
Phys. Cond. Mat. 24, 164203 (2012).  

[13] "Comparative electrostatic force microscopy 
of tetra- and intra-molecular G4-DNA", Gideon 
I. Livshits, Jamal Ghabboun, Natalia Borovok, 
Alexander B. Kotlyar, Danny Porath, 
Advanced materials 26, 4981 (2014).  

[14] "Long-range charge transport in single G4-
DNA molecules", Gideon I. Livshits et. al., 
Nature Nanotechnology 9, 1040 (2014).  

[15] "Synthesis and Properties of Novel Silver 
containing DNA molecules", Gennady 
Eidelshtein et. al., Advanced Materials 28, 
4839 (2016). 

 
 
 

Figures 
 

 
 
 

52



N a n o B i o & M e d 2 0 1 7  n o v e m b e r  2 2 - 2 4 ,  2 0 1 7  -  B a r c e l o n a  ( S p a i n )  

 

Magnetic tissue engineering 
of the vocal fold: generation of 
3D cell constructs using 
superparamagnetic iron oxide 
nanoparticles 
 

Marina Pöttler
1
  

Eveline Schreiber
1
, Anne Schützenberger

2
, Michael 

Döllinger
2
, Christoph Alexiou

1
, Stephan Dürr

2 

 
1
Department of Otorhinolaryngology, Head and Neck 

Surgery, Section of Experimental Oncology and Nano-
medicine (SEON), Else Kröner-Fresenius-

Stiftungsprofessor, University Hospital Erlangen, Germany 
2
Department of Otorhinolaryngology, Head and Neck 

Surgery, Section of Phoniatrics and Pediatric Audiology, 
University Hospital Erlangen, Germany 

Marina.poettler@uk-erlangen.de 
 

 

Introduction 
The principles of biology and engineering are 
combined in tissue engineering to generate 
functional replacement for damaged tissue. Growing 
interest on new approaches, including 
nanotechnology, are promising solutions for 
overcoming the rejection of transplanted organs. 
Tissue engineering comprises the isolation of 
autologous cells from healthy tissue or stem cells, 
cultivation and proliferation of these cells and finally 
generation of 3D-structures resembling functional 
tissue structures. Even though expertise of these 
methods in tissue engineering has been established, 
there is still scope for enhancement. In vivo tissue 
has a complex cellular organization and defined 
arrangements of cells need to be established. 
Therefore, techniques to manipulate and remotely 
control cellular behaviour can deliver a powerful tool 
for tissue engineering. Such a tool bargains 
Magnetic Tissue Engineering (MTE) [3,4]. The 
underlying concept includes cellular uptake of 
magnetic nanoparticles and the usage of external 
magnetic fields to manipulate and remotely control 
magnetized cells and their behaviour.  As the voice 
is the basic instrument of oral communication [1], 
tissue defects in this region lead to serious 
aggravation in quality of life. Briefly, voice is 
produced by vibrations of the vocal fold via an air 
flow from the lungs. Until now, no satisfactory 
possibilities for vocal fold replacement exist [2].  
We aim for an establishment of a functional vocal 
fold transplant in a rabbit model by MTE using 
superparamagnetic iron oxide nanoparticles 
(SPION). 
 
Methods 
Rabbit vocal fold fibroblasts (VFF) were incubated 
for 24 h with different concentrations of SPIONs (20, 
40 or 80 µg/cm

2
). Vocal fold cell behaviour under 

SPION treatment was tested extensively for 
adhesion, spreading and migration, which are 
important for formation of 3D-structures. The 

possibility of magnetic guidance of SPION-loaded 
cells was tested in 2D. 1 x 10

5
 SPION loaded VFFs 

were seeded in 6-well plates were a 24-well magnet-
plate (Fig. 1, B) was positioned below. Cells were 
allowed to adhere for 24 h. To generate 3D VFF cell- 
constructs, 1 x 10

6
 cells loaded with 20 µg/cm

2
 

SPIONs were placed in a 24- well plate with a 
magnet above to induce MTE (Fig. 2). 
 
Results 
The effects of SPIONs on cell behaviour were dose-
dependent for adhesion, with good tolerability 
observed up to the nanoparticle concentration of 20 
µg/cm

2
, migration and spreading were not 

significantly influenced by SPION uptake up to 80 
µg/cm

2
 [6]. Magnetically guidance of cells loaded 

with SPIONs (20 and 40 µg/cm
2
) was demonstrated 

in 2D with cells only growing in areas where a 
magnet is present [5,6] (Fig.1). To establish a 3D 
structure of VFFs, a magnet (0.7 T) was placed 
above the cell culture-plate and cells loaded with 20 
µg/cm

2
 were able to generate a 3D cell-construct 

after 24h. (Fig. 2) 
 
Conclusion and Discussion 
Here, we present first results of Magnetic Tissue 
Engineering (MTE) for voice rehabilitation. To 
develop 3D cell-structures, cell behaviour, which 
affects cell-cell interactions, must not be affected by 
SPION uptake. Therefore, cell features including 
adhesion, spreading and migration were proven to 
be intact after SPION treatment. As a proof of 
principle for magnetic cell guidance, SPION loaded 
vocal fold fibroblasts were allowed to “choose” either 
to grow on the side were a magnet or none was 
placed. Interestingly, 5 and 20 µg/cm

2
 are sufficient 

to induce cell growth solitary at site of the magnet in 
2D. Furthermore, magnetic cell guidance as only 
initiator for 3D cell-construct formation was proven to 
work with very low amounts of SPIONs 5 µg/cm

2
). 

Next steps include the isolation of epithelial cells and 
establishment of functional multi-layered 3D co-
cultures, as well as the proof of functionality in a flow 
channel model of the rabbit larynx. Our results will 
constitute a solid basis for a successful transfer of 
this technique into humans, in order to provide a 
functional and personalized vocal fold transplant. 
This is particularly important for patients, who suffer 
from dysphonia as a consequence of a vocal fold 
tissue defect, and will help to improve their quality of 
life. 
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Figures 
 

 
Figure 1. 2D cell-control: A: Magnetic field induced VFF cell-

growth, control cells are not loaded with SPIONs, VFFs 
(SPION concentrations as indicated) only grow in magnetic 
zones. B:  24- well magnet-plate. C and D: magnification of A 
(rectangle) with cells stained with Crystal Violet (C) and 
Prussian Blue (iron) (D). F: Cell concentrations of magnetized 
VFFs in distance to magnet. 
 

 
 
Figure 2, 3D VFF cell construct (arrow) in 48 well-plate after 

24h. Magnet on top (outside of lid) retains magnet in well. 
Cells were incubated for 24 h with 20 µg/cm2 SPIONs. 1 x 
10

6
 cells were used for construct formation. 
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Abstract  
 

Glioblastoma (GBM) treatment includes, when 
possible, surgical resection of the tumor followed by 
chemoradiotherapy but the survival remains low. 
The local and targeted systemic delivery of 
anticancer drug-loaded nanomedicines to treat GBM 
after surgical resection of the tumor could be a 
promising strategy. 
 
Introduction 
 

Among central nervous system tumors, glioblastoma 
(GBM) is the most common, aggressive and 
neurological destructive primary brain tumor in 
adults. Standard care therapy for GBM consists in 
surgical resection of the accessible tumor (without 
causing neurological damage) followed by 
radiotherapy and oral chemotherapy with an 
alkylating agent temozolomide (TMZ). However, 
recurrences quickly develop around the resection 
cavity borders leading to patient death. Despite the 
efforts of the scientific community to increase the 
long-term benefits of GBM therapy, at the moment 
GBM remains incurable. Several obstacles limit the 
effectiveness of GBM treatments: (i) the anatomical 
location of the tumor in the brain often impedes a 
complete surgical resection (ii) the central nervous 
system barriers such as the blood brain barrier 
(BBB) represent a challenge to the delivery of 
cytotoxic drugs at therapeutic concentrations at the 
tumor site (iii) GBM is highly heterogeneous at all 
levels (iv) the hallmark characteristics of GBM are 
uncontrolled cellular proliferation, propensity for 
necrosis and angiogenesis, resistance to apoptosis, 
high genomic instability and  chemoresistance. GBM 
cells are able to extend their tendrils into the normal 
surrounding parenchyma infiltrating diffusely beyond 
the primary lesion in the early stages of tumor 
development [1]. 
In vitro and in vivo models of experimental glioma 
are useful tools to gain a better understanding of 
GBM and to investigate novel treatment strategies. 
However, the majority of preclinical models focus on 
treating solid intracranial tumours, despite surgical 
resection being the mainstay in the standard care of 
patients with GBM today. The lack of resection and 
recurrence models therefore led us to develop a 

novel orthotopic tumour resection and recurrence 
model that has potential for the investigation of local 
and systemic delivery strategies in the treatment of 
GBM. We showed that tumour resection is well 
tolerated, does not induce deleterious neurological 
deficits, and significantly prolongs survival of mice 
bearing U87MG GBM tumours. In addition, the 
resulting cavity could accommodate adequate 
amounts of hydrogels for local delivery of 
chemotherapeutic agents to eliminate residual 
tumour cells that can induce tumour recurrence [2]. 
 
Local delivery of nanomedicine 
  
Among the strategies that have been adopted in the 
last two decades to find new and efficacious 
therapies for the treatment of GBM, the local 
delivery of chemotherapeutic drugs in the tumor 
resection cavity emerged [3]. We developed two 
formulation of anticancer nanomedicines that can be 
included perisurgically in the resection cavity of 
orthotopic GBM. 
We hypothesized that a polyethylene glycol 
dimethacrylate (PEG-DMA) injectable hydrogel 
would provide a sustained and local delivery of TMZ. 
The hydrogel photopolymerized rapidly (<2min) and 
presented a viscous modulus (≈10kPa). The in vivo 
tolerability study showed that the unloaded hydrogel 
did not induce apoptosis in mice brains nor 
increased microglial activation. In vivo, the anti-
tumor efficacy of TMZ-hydrogel was first evaluated 
on xenograft U-87MG tumor-bearing nude mice. The 
tumor weight of mice treated with the 
photopolymerized TMZ hydrogel drastically 
decreased compared with all other groups [4]. The 
photopolymerizable TMZ-loaded hydrogel was also 
tested in the resection model of U-87MG GBM. 
When combined with paclitaxel (PTX)-loaded 
nanoparticles, it significantly prolonged the mice 
survival compared to mice undergoing the resection 
(unpubished data). 

Gemcitabine is a chemotherapeutic agent that has a 
different mechanism of action compared to alkylating 
agents and shows excellent radio-sensitizing 
properties. We developed an injectable gel-like 
nanodelivery system consisting in lipid 
nanocapsules loaded with anticancer prodrug 
lauroyl-gemcitabine (GemC12-LNC) in order to 
obtain a sustained and local delivery of this drug in 
the brain and to bypass the blood brain barrier, thus 
reaching high local concentrations of the drug. The 
GemC12-LNC formed a gel and showed a sustained 
and prolonged in vitro release of the drug over one 
month. GemC12 and the GemC12-LNC increased in 
vitro cytotoxic activity on U-87MG glioma cells 
compared to the parent hydrophilic drug. The 
GemC12-LNC hydrogel reduced significantly the 
size of a subcutaneous human GBM tumor model 
compared to the drug. Short-term tolerability studies 
showed that this system is suitable for local 
treatment in the brain. This proof-of-concept study 
demonstrated the feasibility, safety and efficiency of 
the injectable GemC12-LNC hydrogel for the local 
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treatment of GBM [5]. We then administered 
GemC12-LNC hydrogel for the local delivery of 
GemC12 in an orthotopic xenograft model of GBM. 
The GemC12-LNC hydrogel was well tolerated when 
injected in mouse brain. After intratumoral 
administration, GemC12-LNC significantly increased 
mice survival compared to the controls. Moreover, 
its ability to delay tumor recurrences was 
demonstrated after perisurgical administration in the 
GBM resection cavity. In conclusion, we 
demonstrate that GemC12-LNC hydrogel could be 
considered as a promising tool for the post-resection 
management of GBM, prior to the standard of care 
chemo-radiation [6]. 
 
Targeted delivery of nanomedicines 
 
Targeted nanotheranostics are promising 
multifunctional system with nano-size, possibility of 
surface functionalization, diagnostic and therapeutic 
capabilities. Loss of BBB integrity is a characteristic 
of GBM that  could justify the systemic treatment. 
Super Paramagnetic Iron Oxides (SPIO) have dual 
advantage of detection by magnetic resonance 
imaging (MRI) (reduction of relaxation times) and 
magnetic property for a targeting strategy using 
external magnet [7]. We hypothesized that 
PTX/SPIO loaded PLGA-based nanoparticles could 
be a potential nanotheranostic system to image and 
treat gliomas. 
PTX/SPIO loaded PLGA-based nanotheranostic 
particles were prepared [7]. In vitro cellular studies 
U-87MG cell line confirmed that the cytotoxic effect 
was solely due to PTX. By investigating BBB 
disruption in U87MG glioma tumor model using MRI 
after intravenous injection of T1 contrast agent, we 
validated that the BBB was disrupted. In vivo 
biodistribution studies showed that NP did not cross 
the intact BBB in healthy mice whereas in GBM 
bearing mice, brain samples were traced with 
significant quantities of SPIO. Magnetic targeting 
increased the amount of SPIO detected. Preliminary 
in vivo efficacy results of PTX/SPIO-PLGA NP 
intracranial injection in orthotopic U-87MG GBM 
tumour showed significantly improved mice survival 
rate when compared to controls. Intravenous 
injection associated with magnetic targeting also 
increased mice survival. (unpublished data). 
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Figures 
 

 

 

 
Figure 1. Strategies used for GBM treatment by 
nanomedicines A. local delivery of hydrogel containing 
nanomedicines B. Systemic delivery of nanomedicines 
targeted by RGD and/or magnetic targeting. (adapted from 
[3]and [7]). 
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Abstract:  
 
Studies on molecular interactions are of immense 
interest in biological research. Label-free, real-time 
imaging of such interactions provides greater 
insights into such interaction studies. SEEC 
Microscopy offers highly enhanced contrast that 
permits live imaging and quantification of nanoscale 
samples such as thin films in solutions. The 
enhancement of optical contrast is attributed to 
specially designed substrate coatings in which 
multiple reflections and interferences yield dark 
background and very high contrast sensitivity to thin 
surface deposits. Using SEEC Microscopy, we show 
that we can perform live imaging and characterize 
the slime deposits during bacterial locomotion, at an 
unprecedented resolution.  
 
Bacterial nanofilm, “the slime”, is produced by 
bacteria during its locomotion such as gliding. 
Bacterial slime is implicated in its locomotion. 
Currently, techniques such as, Electron Microscopy 
(EM), Fluorescence Microscopy are employed to 
visualize the slime [1]. These methods do not permit 
simultaneous imaging and quantitative 
characterization of the slime produced during 
bacterial locomotion. However, aside from being 
invasive, Fluorescence techniques also result in 
sample photo bleaching. Therefore, limited studies 
have been performed so far to elucidate the 
importance of slime during such locomotion.  SEEC 
Microscopy is a new generation technology that 
offers competitive edge for visualizing and 
quantifying dynamic nano-events. SEEC technology 
has been successfully employed to visualize 
molecular interactions such as enzyme induced 
substrate polymerization reaction, lipid-protein 
interaction studies [2, 3].  
 
Our present work exploits the enhanced axial 
resolution of SEEC Microscopy to visualize and 
quantify nano-biofilms such as bacterial slime [1]. 
Live quantitation of bacterial slime production and 
topographical analysis of the nano-biofilm shows 
that bacterial slime thickness varies between 0 nm 
 

and 5 nm and the slime width varies between 300 
nm and 900 nm.  
 
Cumulative graphic summary of the slime trail 
deposition, as shown in Figure 1, suggests that the 
slime trail is not continuous but extends as 
discontinuous segments from patchy and scattered 
depositions. Further, these results show that the 
amount of slime deposition is directly correlated to 
time of residence of the bacterial cell at a given 
location.  
 
Visualizing the slime, which is up to 1000-fold 
thinner than a bacterial cell, demonstrates the power 
of SEEC Microscopy to detect extremely tenuous 
dynamic biological films. 
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Figure 1. Real-time monitoring and topographical analysis of 

bacterial slime trail. Left. Representative SEEC image of 
slime. Right. Quantitative summary of the produced slime 
trail. 

57



N a n o B i o & M e d 2 0 1 7  n o v e m b e r  2 2 - 2 4 ,  2 0 1 7  -  B a r c e l o n a  ( S p a i n )  

 

Theranostic nanocapsules for 
hyperthermia 
 

Pilar Rivera Gil,  
 

Department of Experimental and Health Sciences, 
Pompeu Fabra University 

 
 

pilar.rivera@upf.edu 
 

 

Theranostics is a medical strategy combining 
diagnostics with therapeutics. Based on the results 
of diagnostic tests on patients, a targeted drug 
therapy is created; thus, giving rise to a more 
specialized medicine. In molecular theranostics, a 
tool of information (ion homeostasis, proteins, 
genes, etc) is required for the design of the most 
adequate therapy for a patient to avoid unnecessary 
treatment. By monitoring the response to the 
treatment, drug selection and efficacy can also be 
optimized. The requirements that such a theranostic 
tool must have are within others, (i) to be 
biocompatible and small enough to ensure 
outstanding biodistribution, (ii) to entrap a payload 
and protect it from the physiological milieu (also 
healthy tissue from the drug), (iii) to give a feedback 
from the treatment response or to detect analytes 
imbalances, etc. Nowadays there is no single 
material capable of performing all these actions and 
therefore, composite materials are required. By 
integrating various materials with different properties 
within a single matrix, all required functionalities can 
be combined in one single structure. 
Nanotechnology allows us playing Lego using 
nanoparticle building blocks with different 
physicochemical properties that are combined to 
create a multifunctional, composite material 
intelligent enough to perform and fulfill the 
requirements mentioned above. Our theranostic 
nanoplatform are plasmonic nanocapsules which are 
currently being characterized to perform diagnosis 
(sensing) and treatment. We have already proven 
the capacity of these capsules to monitor changes in 
the concentration of nitric oxide inside living cells 
(i.e. the lysosome) at real time and at the level of a 
single capsules. Now we are studying their ability for 
the hyperthermia treatment of tumor cells in 3D 
cultures. We will present current results on this topic. 
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ABSTRACT 
Mononuclear phagocytes such as monocytes, 
tissue-specific macrophages and dendritic cells are 
primary actors in both innate and adaptive immunity, 
as well as tissue homoeostasis.

[1]
 They have key 

roles in a range of physiological and pathological 
processes, so any strategy targeting these cells will 
have wide-ranging impact. These phagocytes can 
be parasitized by intracellular bacteria, turning them 
from housekeepers to hiding places and favouring 
chronic and/or disseminated infection. One of the 
most infamous is the bacteria that cause 
tuberculosis, which is the most pandemic and one of 
the deadliest disease with one third of the world’s 
population infected, and 1.8 million deaths 
worldwide in 2017.

[2-4] 
Here we demonstrate the 

effective targeting and intracellular delivery of 
antibiotics to both circulating monocytes and 
resident macrophages, using pH sensitive 
nanoscopic polymersomes made of poly(2-
(methacryloyloxy)ethyl phosphorylcholine)-co-
poly(2-(di- isopropylamino)ethyl methacrylate) 
(PMPC-PDPA).

[5]
 Polymersome selectivity to 

mononuclear phagocytes is demonstrated and 

ascribed to the polymerised phosphorylcholine 
motifs affinity toward scavenger receptors. We 
subsequently explored the inherent affinity of PMPC-
PDPA polymersomes towards phagocytes in vivo 

using mice as model organism. Upon intravenous 
(i.v.) tail injection, we measured the plasma PMPC-

PDPA 𝐶𝑝(𝑡) polymersomes concentration as a 
function of time (Figure 1a). The plasma 
concentration decays according to two phases, 

(𝐶𝑝(𝑡) = 𝐶1e(−𝜆1𝑡) + 𝐶2e(−𝜆2𝑡)) where about 84.5% 
of the polymersomes are quickly eliminated from the 

plasma with a fast half-life of 𝜏𝐹=ln2=0.4hr=25min, 

and 1/2 𝜆1 the remaining amount is removed with 

slow half-life of 𝜏 𝑆=ln2=20.5hr. We then measured 
the uptake of polymersomes in the different blood 
cell types by flow cytometry and observed a 
remarkable selectivity of PMPC-PDPA 
polymersomes for monocytes (Ly6C+ cells) with 
over 98% of these positive only 5min after i.v. 
injection (Figure 1b). This is in contrast to about 
12% of B cells, 7% of T cells and 6% of neutrophils 
while red blood cells did not show any detectable 
level of polymersomes uptake. These are 
remarkable results considering monocytes make up 
only about 2% of the total blood cell population, 
strongly supporting the ability of PMPC-PDPA 
polymersomes to selectively target monocytes. The 
ability of polymersomes to distinguish sub-classes of 
monocytes including classical (Ly6C high) and non-
classical monocytes (Ly6C low) was assessed. 
Classical monocytes internalised polymersomes 
more efficiently at early time points (after 10 minutes 
post injection, Figure 1c, red). However, 24 hours 
post injection, the non-classical monocytes more 
readily took up polymersomes (Figure 1c, blue) 

 
Figure 1. Bioavailability of polymersomes 

 

We then demonstrated the PMPC-PDPA efficacy in 

delivering antimicrobials to reduce bacterial burden 

by using S. aureus, M.bovis-BCG, M. tuberculosis, 

and M. marinum. The encapsulation efficiency of 

vancomycin, gentamicin, lysostaphin, rifampicin, 

isoniazid was assessed (Figure 2a). Treatment with 

polymersomes loaded with rifampicin or gentamicin 

improved the drug efficacy and reduced the number 

of viable S. aureus in THP-1 cells compared with 

controls (Figure 2b). Encapsulation of lysostaphin or 
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vancomycin within polymersomes did not 

significantly improve or hinder drug efficacy. The 

enhancement of rifampicin and gentamicin at killing 

intracellular S. aureus compared to the same dose 

of free drugs can be ascribed to improved 

intracellular delivery and the consequent increase in 

drug reaching the intracellular pathogen. For both 

BTG and M. tuberculosis, we limited our screening 

to rifampicin and isoniazid either alone or in 

combination mirroring the most common 

therapeutical approach used for the treatment of 

tuberculosis. With respect to BCG infection, no 

significant differences were observed in CFU after 1 

day of treatment (Figure 4c); only the free rifampicin 

was able to reduce the bacterial colonies. However, 

a signifi- cant difference was observed after 72 

hours of treatment, where both rifampicin and 

isoniazid-encapsulated polymersomes elicited a 

clear reduction in bacteria compared to the free drug 

(Figure 4c). Notably, the ri- fampicin/isoniazid co-

loaded polymersomes completely eradicated the 

intracellular BCG after 72 hours (no CFU detected). 

Similar results were observed with M. tuberculosis 

infected THP-1 cells (Figure 4d). In this case, after 

24 hours of treatment, the multiple drug co-loaded 

polymersomes significantly reduced bacterial burden 

compared to the controls. Moreover, this drug 

formulation was also able to eradicate intracellular 

M. tuberculosis after 72 hours of treatment (Figure 

4d).  

 
Figure 2. Polymersome mediated drug delivery in human 

macrophages. 

To demonstrate the therapeutic impact of 
polymersomes in zebrafish, we tested the ability of 
polymersomes encapsulated antibiotics to reduce 
bacterial burden in vivo. Zebrafish embryos were 
infected with mCherry-expressing M. marinum, and 
with GFP expressing S. aureus. To compare the 
effect of encapsulated antimicrobials and free 
antimicrobials to treat S. aureus infection, zebrafish 
embryos (2 d.p.i.) were injected with S. aureus 

followed by a second injection of drug loaded 
polymersomes 20 hours later. We assessed the 
efficacy of the four drugs tested in vitro, lysostaphin, 
vancomycin, gentamicin and rifampicin (Figures 3a-
b). In agreement with the in vitro results, only 
encapsulated rifampicin and gentamicin treatment 
improved the outcome of infection. Lysostaphin and 
vancomycin did not change the outcome of infection, 
with similar numbers to the control groups showing 
high numbers of bacteria (Figure 3a). The 
polymersomes-encapsulated rifampicin was the 
most effective treatment, resulting in a reduction in 
the bacterial CFU and preventing the fish from 
succumbing to overwhelming infections. 
Polymersomes did improve considerably the output 
with the rifampicin formulation getting very low CFU 
and with survival close to 100%. The efficacy of 
polymersomes delivered rifampicin was confirmed 
using a second in vivo model, the M. marinum 

infected zebrafish model of TB. In this case, 
mCherry-expressing fluorescent bacteria were 
microinjected, and 24 hours later an injection of the 
polymersomes-encapsulated drugs (or controls) was 
performed. As was the case for S. aureus infected 
zebrafish, rifampicin-encapsulated polymersomes 
signif- icantly reduced the M. marinum burden in 

vivo, compared to the same concentration of free 
drug (Figures 3b).  
 

 
Figure 3. Commonly used antimicrobials encapsulated in 
polymersomes can be used to treat infection in vivo. 
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The overt toxicity of carbon nanotubes (CNTs) is 
often assessed using in vitro methods,[1,2] but 
determining a dose-response relationship is still a 
challenge.[3] We demonstrate for the first time, to 
the best of our knowledge, an analytical approach to 
accurately determine the in vitro dosimetry of CNTs 
suspended in protein-rich cell culture media by UV-
Vis-NIR spectroscopy to either monitor the decrease 
of CNTs concentration in the media suspension, or 
to directly measure the deposition of CNTs on cells 
grown on the bottom surface of a plastic well (Figure 
1).[4] The presented approach is simple, 
inexpensive and requires a spectrophotometer fairly 
accessible to standard laboratories working with 
nanomaterials. We have shown that the optimized 
protocol is independent of the dispersion method or 
cell culture medium, thereby making it applicable to 
CNT suspensions ranging from well-dispersed to 
poorly defined and very heterogeneous dispersions 
derived from CNT powders. Furthermore, neither 
extensive CNT physicochemical characterization nor 
modelling are required, thus minimizing the potential 
for systematic errors. Moreover, this approach could 
also be adapted for other types of carbon-based 
nanomaterials (e.g., graphene) or exposure 
techniques (e.g., air liquid interface exposure). 
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Figures 
 

 
 
 
Figure 1. A schematic illustration of the experimental steps to 

determine the delivered dose of CNTs onto the surface of 
cells grown on the bottom of a plastic flask including (1) 
incubation of CNTs in complete cell culture media, (2) 
microwave-assisted acid digestion and oxidation treatment 
the CNT incubated cells, and (3) UV-Vis-NIR spectroscopy 
analysis to determine the cell associated CNT fraction. The 
step 4) shows the indirect method to quantify of the delivered 
dose through the monitoring of the CNTs depletion (e.i. the 

decrease of CNTs concentration in the suspension) as 
function of time in situ. 
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Engineering tiny bots that can be applied in life 
science is opening many avenues in fields such as 
robotics, biosensing, nanomedicine, on-chip 
microfluidics and more [1]. One example could be 
the active and direct transport of drugs to specific 
locations enabled by hybrid micro-nano-bots, which 
are powered by highly efficient enzymatic catalytic 
reactions. [2] 
Here, I will present our recent developments in the 
field of bio- and nano-engineering systems that can 
be autonomously swim and perform complex tasks. 
We fabricate nano-bots from mesoporous silica 
nanoparticles [3], microcapsules[4], and nanotubes 
[5]. Our types of hybrid Nano-bots combine the best 
from the two worlds, biology and nanotechnology 
providing remote control with biocompatible fuels. 
We recently demonstrated the motion of nanomotors 
in glucose and urea fuel, overcoming the limitations 
of former systems where toxic fuels were employed. 
Current results are devoted into the internalization of 
nanomotors into living cells and their motion in 3D 
bioenginnered complex media. 
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Graphene is endowed with superb properties that 
make it potentially applicable in many technological 
and biomedical fields. Therefore, the potential for 
widespread human exposure to graphene-related 
materials (GRMs) raises safety concerns1. For this 
reason, studying the behavior of GRMs in a 
biological context is crucial to assess any possible 
impact on human health2,3. In this work, we 
investigated the biotransformation of few layer 
pristine graphene (FLG) and graphene oxide (GOx) 
and their biological effect following the ingestion 
route. We used a dynamic in vitro digestion assay to 
mimic the passage of FLG and GOx through the 
different gastro-intestinal (GI) tract environments 
(salivary, gastric and intestinal)4, schematically 
represented in Figure 1. The assay is part of a 
standard operating procedure (SOP) developed in 
the EU project NANoREG (A common European 
approach to the regulatory testing of nanomaterials. 
http://www.nanoreg.eu/). A detailed characterization 
by Raman spectroscopy was carried out to assess 
the impact of each step of the in vitro digestion 
(including strong pH variations, degradative 
enzymes, ions and other organic molecules) on 
GRM physical-chemical properties. Moreover, the 
effect of digested GRMs on an in vitro model of 
intestinal barrier was also determined following a 
second NANoREG SOP method. In particular, the 
impact on integrity and functionality as well as the 

inflammatory response were studied. Raman 
observations indicated that FLG and GOx flakes do 
not undergo significant biodegradation processes, 
suggesting their possible biodurability in the GI tract. 
Furthermore, digested nanomaterials did not affect 
intestinal barrier integrity and were not associated to 
inflammation and cytotoxicity, though possible long-
term adverse effects cannot be predicted due to the 
observed biopersistence. In conclusion, the 
outcomes presented in this work have important 
implications in the risk assessment of GRMs upon 
ingestion and pave the way to address their possible 
bio-applications.  
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Figures 

Figure 1. Schematic representation of the dynamic in vitro
digestion assay. Along the passage through the different 
digestive compartments (mouth, stomach and small 
intestine), FLG and GOx were physically-chemically 
characterized by Raman spectroscopy. Representative 
Raman spectra (@514 nm) of GRMs and digestive juices 
are shown on the right. FLG and GOx are reported in blue 
and purple respectively. Red, green and yellow 
correspond to Raman spectra of saliva, stomach and 
intestine. 

63



N a n o B i o & M e d 2 0 1 7  n o v e m b e r  2 2 - 2 4 ,  2 0 1 7  -  B a r c e l o n a  ( S p a i n )  

 

Outstanding characterization 
of Tungsten nanoparticles to 
anticipate health harmfulness 
in case of nuclear reactor 
accident. 
 

M. Sanles-Sobrido
1,2,3

,  
I. Georges

4
, E. Bernard

5
, F. Jambon

4
, D. Vrel

6
, C. 

Uboldi
7
, T. Orsiere

7
, V. Malard

8
, B. Rousseaue

4
, C. 

Grisolia
12,13

, A. Cabot
2 
, P. Rivera Gil

1 
J. Rose

3 
. 
 

1
Pompeu Fabra University, Dr. Aiguader, 88, 3

rd
 Floor, Lab 

Nr 62.312.10, Barcelona, Spain.  
2
Catalonia Institute for Energy Research, Jardins de les 
Dones de Negre, 1, 2ª pl., 08930 Sant Adrià de Besòs, 

Barcelona, Spain. 
3
Aix-Marseille Université, CNRS, IRD, Collège de France, 

INRA, CEREGE UMR34, Aix en Provence, France  
4
CEA Saclay, iBiTec-S, Building 547, 91191 Gif-sur-

Yvette, France 
5
CEA, IRFM, F-13108 Saint Paul lez Durance, France 

6
LSPM, UPR 3407 CNRS, 93430 Villetaneuse, France 

7
Faculté de Médecine Timone, IMBE, F-13005 Marseille, 

France 
8
CEA, IBEB, Bagnols-sur-Cèze F-30207, France 

12
Univ Paris Saclay, CEA, Den Serv Corros & 

Comportement Mat Environm SCCME, F-91191 Gif Sur 
Yvette, France 

13
National Research Nuclear University “MEPhI”, Moscow, 

115409 Russian Federation 
 

marcos.sanles@UPF.edu 
rose@cerege.fr 

 

 

Experimental Reactors prototypes used for nuclear 
fusion energy production usually operate with 
carbon refractory material as plasma facing 
components. Refractory material nature is huge 
important because it helps to minimize the 
unprecedented high fluxes produced during plasma 
operation. Therefore the selection of the adequate 
refractory material is one of the biggest drawbacks 
that must be solved to produce energy in a safe 
way. 
Currently research is done in Tungsten metal as 
refractory material[1], essentially because of its low 
tritium retention property compared with Carbon 
material. 
Metallic Tungsten particles of variable sizes and 
high specific surface areas will be present in the 
vacuum vessel due to Tungsten blocks-plasma 
interactions.  
In case of a breakdown of the first protection barrier 
(as LOVA (Lost Of Vacuum Accident)), they could 
be dispersed in the close environment. Under 
normal operating conditions, they can also be 
released in the open air in very small quantity when 
passing through High Efficiency Particulate Air 
(HEPA) filters used to purify the atmosphere. 
Indeed, considering the HEPA filters characteristics, 
it has been shown experimentally and theoretically 
confirmed that the collector efficiency (trapping 

efficiency) decrease in the particle size range 
between 100-300 nm[2]. Also, recently published 
results[3] showed adverse Tungsten and Tungsten 
compounds effects in biological media and in the 
environment that could lead to toxic effects. 
The current objective of this research is to address 
the physical-chemical evolution of Tungsten 
nanoparticles in several aqueous media and 
determine their potential toxicological effects to 
anticipate health harmfulness.  
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Figures 

 
Figure 1. Possible mechanism modes of Tungsten 

dissolution in media.  
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Tumor progression is dependent on a number of 
sequential steps, including initial tumor-vascular 
interactions and recruitment of blood vessels, as 
well as established interactions of tumor cells with 
their surrounding microenvironment and its different 
immune, endothelial and connective cellular and 
extra-cellular components. Failure of a microscopic 
tumor, either primary, recurrent or metastatic, to 
complete one or more of these early stages may 
lead to delayed clinical manifestation of the cancer. 
Micrometastasis, dormant tumors, and minimal 
residual disease, contribute to the occurrence of 
relapse, and constitute fundamental clinical 
manifestations of tumor dormancy that are 
responsible for the majority of cancer deaths. 
However, although the tumor dormancy 
phenomenon has critical implications for early 
detection and treatment of cancer, it is one of the 
most neglected areas in cancer research and its 
biological mechanisms are mostly unknown.  
 
To that end, we created several models of patient-
derived cancer models mimicking pairs of dormant 
versus fast-growing, primary versus metastatic and 
drug-sensitive versus drug-resistant cancers using 
cutting-edge techniques of patient-derived 
xenografts, 3D printing and genetically-modified 
mouse models. We investigated the molecular 
changes in tumor-host interactions that govern the 
escape from dormancy and contribute to tumor 
progression. Those led to the discovery of novel 
targets and provided important tools for the design 
of novel cancer nano-sized theranostics 
(therapeutics and diagnostics)

 
(1-3). Our libraries of 

precision nanomedicines are synthesized as highly 
controlled micellar, nanogels, coiled or globular 
particulated supramolecular structures consisting of 
linear, hyperbranched or dendritic polymers based 
on polyglutamic acid (PGA), polyethyleneglycol 
(PEG), poly(N-(2-hydroxypropyl)methacrylamide) 
(HPMA) copolymer, polyglycerol, poly(lactic-
coglycolic acid) (PLGA) and hybrid systems (4-9).  
 
We hypothesize that the acquired knowledge from 
this multidisciplinary research strategy will 

revolutionize the way we diagnose and treat cancer 
(Figure 1). 
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Figures 
 

 
 
Figure 1. A comprehensive approach to address tumor 

dormancy- from bed-site to bench and back.  
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Scattering-type scanning near-field optical 
microscopy (s-SNOM) has emerged to the forefront 
of key technologies to study the optical and 
electronic properties of plasmonic, electronic and 
dielectric materials as well as the chemical 
composition of synthetic and biological materials, not 
on the macroscopic scale but on the 10nanometer 
length scale – far beyond the diffraction limit of light 
[1]. s-SNOM employs a sharp metallic AFM tip which 
is externally-illuminated to create a nanoscale 
optical hot-spot at the tip apex. The light within the 
optical hotspot interacts with the sample surface 
below the tip and is modified by the local dielectric 
properties (e.g. absorption, reflection) of the sample 
material. Detection of the elastically tip-scattered 
light simultaneous to AFM imaging yields nanoscale 
resolved near-field images [2] and broadband near-
field spectra (nano-FTIR) with <20nanometer spatial 
resolution. Utilizing broadband laser sources like a 
mid-IR supercontinuum laser for tip illumination 
enables near-field spectroscopic measurements at 
nanoscale spatial resolution with unprecedented 
signal quality. 
 

In the scope of bio-nano measurements and 
microscopy, we demonstrate acquisition of 
nanoscale resolved material-specific nano-FTIR 
absorption spectra of biomaterials at unmatched 
spatial resolution and sensitivity. Structural analysis 
and mapping of individual protein complexes in the 
mid-IR spectral range are shown. To demonstrate 
that nano-FTIR can probe protein secondary 
structure on the nanometer scale and with sensitivity 
to individual protein complexes, the amide bands of 
individual tobacco mosaic viruses (TMVs) and 
ferritin complexes for their well-defined, robust and 
dominantly α-helical protein structure, insulin 
aggregates for exhibiting β-sheet structure and 
purple membranes (PMs) due to well-defined 
orientation of the transmembrane α-helices were 
studied [3]. Investigating a mixture of TMV and 
insulin aggregates on silicon using nano-FTIR 
enabled unambiguous identification of the respective 
structures. Imaging with neaSNOM and recording 
absorption spectra with nano-FTIR (Figure 1a & 1b) 
revealed a clear contrast. The red spectrum exhibits 
the absorption maximum at 1,660 cm

-1
, which 

corresponds to the amide I resonance frequency of 
α-helices. The shape fits well to the infrared 

spectrum of TMV. This permits to identify this rod-
like structure as a TMV particle. In contrast, the 
green spectrum significantly differs from the red, 
exhibiting two peaks at 1,660 and 1,634 cm

-1
, which 

can be attributed to the presence of α-helices and β-
sheets, respectively. Thus, this particle can be 
identified as an insulin aggregate, as its nano-FTIR 
spectrum agrees with the conventionally recorded 
FTIR spectrum of a pure insulin sample. Next to the 
topography image (Figure 1c) an adapted spectrum-
thresholding allowed to depict a conclusive map of 
color-coded TMV (pink) and insulin (yellow) (Figure 
1d). 
 

In the case of the broadband infrared studies on a 
single ferritin complex nano-FTIR indicated its 
sensitivity to about 4,000 amino acids, 
corresponding to about 5,000 C=O and N-H bonds, 
respectively. Most importantly, the amide I band in 
the nano-FTIR spectra could be analyzed and 
interpreted in the framework of standard infrared 
spectroscopy. The studies established a solid 
foundation for infrared nanobiospectroscopy, which 
is a prerequisite for highly impactful future nano-
FTIR applications in biochemical and biomedical 
research. 
 

Similar results of nanoscale variations of the 
secondary structure could be obtained for single 
collagen fibrils as can be seen in Figure 3. The D-
banding structure gets clearly evident [4]. 
 

The exceptional signal to noise ratio obtained even 
for polymeric and biological samples provides the 
basis to reduce measurement times by orders of 
magnitude to acquire characteristic near-field 
spectra in the 100-200 millisecond time scale. This 
allows hyperspectral imaging on reasonable 
timescales. Consequently, a precise map of 
chemical information on the nanometer scale can be 
realized. 
 

Here we show an in-situ analysis of native melanin 
in the human hair medulla [5]. An enhanced infrared 
absorption of the cuticle and cortex regions 
compared with the resin, owing to the strong amide I 
absorption of the hair proteins (α-keratin microfibrils) 
is observed (Figure 3a). Within the cortex region 
disk-shaped areas of about 300nm diameter, where 
the infrared absorption is reduced (the protein 
content is reduced) become visible. From the 
hyperspectral data cube (Figure 3b) spectra at 
different positions (Figure 3c) can be extracted. 
Within the cortex region (position C) the well-known 
amide I and II bands being typical for protein (α-
keratin) appear. For particle A four distinct peaks 
that are characteristic for melanin are identified. 
This demonstrates non-invasive nanoscale resolved 
material identification and analysis of the secondary 
structure of biological specimens. 
 

Besides non-invasive nanoscale resolved material 
identification or analysis of the secondary structure 
of biological specimens, nano-FITR enables 
quantitative measurements of dielectric values for 

66



N a n o B i o & M e d 2 0 1 7  n o v e m b e r  2 2 - 2 4 ,  2 0 1 7  -  B a r c e l o n a  ( S p a i n )  

 

polymers or the determination of free carrier 
concentration and mobility in low-dimensional 
structures. 
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Figures 

 
 

Figure 1. Nanoscale mapping of α-helical and β-sheet 
secondary structure. (a) Scheme of tip-induced nano-

hotspot showing incident and scattered propagating electric 
fields for nano-scale IR-spectroscopy on insulin and TMV on 
a Si-substrate. (b) Recorded insulin and TMV nano-FTIR 
spectra with clear α-helical and β-sheet absorption bands. (c) 
Topography of a mixture of TMV and insulin aggregates on 
silicon. Red and green dots in the topography image mark the 
positions where the nano-FTIR spectra were taken. The 
position marked by the yellow dot and R indicates where the 
reference spectrum was recorded. Scale bar: 500 nm; (d) 
Concluded map of TMV (purple) and insulin (yellow) 
aggregates. [3] 

 
 

 
 
Figure 2. (a) Topography and (b) optical absorption image of 

a single collagen fibril. The typical periodic substructure of the 
collagen is resolved in the AFM and in the IR-absorption 
image. (c) nano-FTIR spectra of the collagen fibril feature 
clear Amid I + II bands. 

 

 
 
Figure 3. In situ hyperspectral infrared nanoimaging of 
native melanin in human hair medulla. (a) Infrared near-

field phase image φ at 1,660cm-1. Scale bar: 1 μm. (b) 
Hyperspectral infrared data cube with a spectral resolution of 
35 cm-1 partially cut at different frequencies ω. It shows the 
phase of the tip-scattered light as a function of position (x, y) 
and frequency ω. The dashed black rectangle in a shows the 
area where the data cube was recorded. 
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Abstract  
 
The field of nanomedicine is taking its first steps 
towards personalized care. Our research is aimed at 
predicting how a cancer patient will respond to 
treatment, before the actual medication program 
begins. In fact, at least 30% of cancer patients are 
prescribed a medication that fails to affect the tumor; 
these numbers greatly increase when dealing with a 
metastatic or recurrent disease. To address this 
need, we developed liposomes that target tumor and 
metastasis, where they gauge the activity of 
medicines in a personalized manner. Specifically, 
we developed a liposomal diagnostic system for 
predicting the therapeutic potency of anti-cancer 
drugs inside the patient's tumor in a safe 
manner. The system is similar by concept to an 
'allergy test', screening the potency of miniscule 
doses of multiple medicines directly inside the 
patient's tumor, before beginning a treatment cycle. 
Based on the screen, a patient-specific drug potency 
chart is constructed, rating the activity of the 
different medicines for each individual patient. 
Furthermore, the system predicts the activity of 
drugs in various cellular subsets of the tumor 
microenvironment and in the metastasis. 
In pre-clinical trials we found the system is accurate 
in predicting the response of triple-negative tumors 
to medication. 
The clinical implications of these approaches will be 
discussed.  
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Figure 1. Barcoded nanoparticles, each loaded with 
miniscule doses of different anti-cancer drugs, are used to 
simultaneously determine the potency of each of the drugs 
inside the patient's tumor. In a process similar to an 'allergy 
test' the patient specific activity of each of the drugs is 
recoded.  
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Immune checkpoint therapy significantly improved the 
clinical outcome of melanoma treatment compared to 
standard therapy. However, results are far from the 
initially expected. In fact, Programmed cell death 
protein-1 (PD-1) antibody monotherapy induced 
effective and durable responses in 30-40% of 
advanced melanoma patients [1]. Monoclonal anti-
OX40, an immune checkpoint stimulator, member of 
the tumor necrosis factor (TNF) receptor family, has 
shown modest monotherapy outcomes in clinical trials 
[2]. Poor clinical results have been associated with 
complex mechanisms behind anti-tumor immunity. 
Currently, it is widely accepted that melanoma 
therapy will benefit from integrated complementary 
approaches, which can inhibit tumor 
immunosuppressive pathways and enhance immunity 
in an orchestrated manner. We hypothesized that 
combinatorial therapy with anti-PD-1/anti-OX-40 – to 
inhibit tumor immunosuppression and to boost T-cell 
activity, respectively – could be improved by cancer 
vaccination, which will increase tumor-associated 
antigen recognition, internalization, processing and 
presentation to those T cells (Fig. 1).  
Mannose-poly(lactic-co-glycolic acid)/poly(lactic acid) 
(PLGA/PLA) were produced as mannosylated 
dendritic cell (DC)-targeted nanoparticle (NP) 
vaccine, containing major histocompatibility complex 
(MHC) class I and MHC class II melanoma MART-1 
peptide antigens (Fig. 2A). The physico-chemical 
characterization of the NP demonstrates their 
potential as in vivo vaccine delivery systems for 
antigens and immune potentiators, with an average 

size of ~170 nm and a slightly negative  potential (~ -
2 mV). The spherical morphology of the NP was 
evaluated via Transmission and Scanning Electron 
Microscopy (TEM, Fig. 2B and SEM, Fig. 2C) and 
Atomic Force Microscopy (AFM) (Fig. 1D). The NP 
presents high entrapment efficiency (>80%) and 
>40% loading capacity, calculated via fluorescence 
spectroscopy. The NP and man-NP are 
biocompatible, not inducing red blood cell lysis in 
vitro, and are efficiently internalized by JAW SII DC.  

Male C57BL/6 mice were immunized by 3 weekly 
subcutaneous injections. Seven days after the last 
immunization, the mice were inoculated with Ret 
melanoma cells, and 9 days after the inoculation, PD-
1 and OX40 antibodies were administered 
intraperitoneally at 10 mg/kg. Compared to anti-PD-
1/anti-OX-40 alone, treatment with this combination of 
animals previously immunized with our DC-targeted 
vaccine induced maximal tumor inhibition with 
minimal systemic toxicity, leading to 100% of mice 
surviving 42 days after tumor inoculation, in contrast 
to 20% surviving following treatment with anti-PD-
1/anti-OX-40 only. In this group, 50% of the animals 
were still alive two months after tumor inoculation, 
presenting infiltrating lymphocytes within tumors. 
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Figures 

 
 
Figure 1. Proposed model for the combinatorial therapeutic 

strategy with PD-1/OX40 and man-NP. 
 

 
 
 
 
 
 
 
 
 
 
 
Figure 2. A. Schematic representation of DC-targeted 

mannose-PLGA/PLA nanoparticles (man-NP). B. TEM image 
of spherical man-NP. C. SEM image of spherical man-NP. D. 
AFM images of spherical man-NP, showing narrow size 
polydispersity. 
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Simplicity of in vitro three dimensional (3D) co-
culture systems for mimicking human tissues has 
brought a tremendous impact in biotechnology and 
biomedical research.

[1] 
However, limitations on 

current light microscopy imaging setup especially for 
live cells/tissues and time-lapse purpose has 
hampered the possibility to understand the dynamics 
of cells grown on a 3D co-culture configuration by 
means of conventional fluorescence microscopes 
which generally provide limited resolution and 
produce blurry images especially for thicker 
samples. Herein, we developed a specific sample 
holder optimized for permeable membrane inserts 
and combined this with a simple time-lapse 
fluorescence confocal imaging technique -which we 
refer as 4D live cell imaging- allowing a direct 
visualization of a live 3D co-culture lung model 
consisting three cell types (e.g. epithelial cells and 
macrophages on the apical and dendritic cells on the 
basolateral side of permeable inserts

[2]
 over several 

hours up to one day (Figure 1A and 1B). We further 
extend our approach to monitor kinetics and 
dynamics of cellular uptake of fluorescently-labeled 
(nano)particles by macrophages and epithelial cells 
and particle translocation to the dendritic cell sites 
(Figure 1C). The developed system is robust and it 
can provide a useful platform to study many cellular 
processes of 3D cell models including cell adhesion, 
transmigration, wound healing, etc. in the presence 
of (nano)particles. 
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Figures 

 
 

Figure 1. A) Schematic and B) confocal micrograph of in 
vitro 3D lung model consisting macrophages (red), epithelial 
cells (cyan) and dendritic cells (green). C) Selected time-

frame 4D live cell images showing kinetics and dynamics of 
cellular uptake and translocation of 200 nm rhodamine-
labeled silica particles (yellow). Black arrows denote 
translocated particles. Dendritic cells in basal side of panel C 
was colored red. 
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Controlling cell navigation, organization and growth 
has great importance in tissue engineering and 
regeneration, for a wide range of tissues. In this talk 
I will present our recent studies of magnetic-based 
manipulations  for nerve regeneration and for 
controlled drug delivery.  
 
Neurons rely on physical topographical cues. 
Techniques to control cell growth include bio-
mimetic scaffolds, nano-fibrous constructs, 
structured gels, etc., offering a mechanical guide to 
the regenerating cells. We have developed a novel 
approach of injectable hydrogels combined with 
magnetic nanoparticles (MNPs), to be incorporated 
directly into the injured site. We show that gel fiber 
structure can be aligned in situ dynamically and 
remotely in response to an external magnetic field. 
Neurons embedded within the aligned gel 
demonstrated polarized growth pattern. We show a 
directed and effective neuronal regeneration for 
neurons embedded in the aligned gels in vitro and 
ex-vivo. This platform is now examined as a novel 
method to direct neuronal growth and to bridge gaps 
efficiently post trauma. 
 
In addition, we functionalized the MNPs by coating 
them with nerve growth factor, presenting a ‘smart’ 
delivery system of biomolecules, together with 
integral guidance cues. The enrichment of the gel 
platform with biomolecules conjugated MNPs 
promoted differentiation and elongation.  
 
As physical mechanical forces play a key role in 
neuronal morphogenesis, we used magnetic 
nanoparticles (MNPs) as mediators to apply forces 
locally on neurons throughout their migration and 
organization. Following incubation, the MNPs 
accumulated in the cells, turning the cells sensitive 
to magnetic stimulation. Applying magnetic fields 
with controlled magnetic flux densities led to pre-
designed cellular movement and to organized 
networks. Growing neurons loaded with MNPs under 
magnetic fields has affected the pattern of dendritic 
trees. With this method we could control drug 

distribution and delivery as well. Our study presents 
an emerging magneto-chemical approach for 
promoting tissue regeneration.  
 
 
 

References 
 
[1] Antman-Passig et al., Tissue Eng., 2017 
[2] Antman-Passig and Shefi, Nano Letters, 2016 
[3] Marcus et al., J NanoBioTech., 2016 

[4] Alon et al., Lab on Chip, 2015  

 
 
 
 

Figures 
 

 
Figure 1. Organizing neural networks by controlled magnetic 

fluxes. Cells are uploaded with MNPs turned into magnetic 
elements.  

 
 

 
 
Figure 2. Collagen gel embedded with aligned aggregates of 

MNPs (Left). PC12 cell (red) is polarized within the 
magnetically aligned gel (Right).  
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Bringing together the toughness of cellulose nano-
fibers from the plant kingdom, the remarkable 
elasticity and resilience of resilin that enables flees 
to jump as high as 100 times their height from the 
insect kingdom combined with Human Recombinant 
Type I collagen produced in tobacco plants; These 
are the materials of the future; Nature's Gift.  Resilin 
is a polymeric rubber-like protein secreted by insects 
to specialized cuticle regions, in areas where high 
resilience and low stiffness are required. Plant cell 
walls also present durable composite structures 
made of cellulose, other polysaccharides, and 
structural proteins. Plant cell wall composite exhibit 
extraordinary strength exemplified by their ability to 
carry the huge mass of some forest trees.  Inspired 
by the remarkable mechanical properties of insect 
cuticle and plant cell walls we have developed novel 
composite materials of resilin and Crystalline Nano-
Cellulose (resiline-CNC) that display remarkable 
mechanical properties combining strength and 
elasticity. We produced a novel resilin protein with 
affinity to cellulose by genetically engineering a 
cellulose binding domain into the resilin. This CBD-
Resilin enable, interfacing at the nano-level between 
the resilin; the elastic component of the composite, 
to the cellulose, the stiff component.  
As a central element of the extracellular matrix, 
collagen is intimately involved in tissue 
development, remodeling, and repair and confers 
high tensile strength to tissues. Numerous medical 
applications, particularly, wound healing, cell 
therapy, and bone reconstruction, rely on its 
supportive and healing qualities. Its synthesis and 
assembly require a multitude of genes and post-
translational modifications. Historically, collagen was 
always extracted from animal and human cadaver 
sources, but bare risk of contamination and 
allergenicity and was subjected to harsh purification 
conditions resulting in irreversible modifications 
impeding its biofunctionality. A tobacco plant 
expression platform has been recruited to effectively 
express human collagen, along with three modifying 
enzymes, critical to collagen maturation. The plant 
extracted recombinant human collagen type I forms 
thermally stable helical structures, fibrillates, and 
demonstrates bioactivity resembling that of native 
collagen. Today in greenhouses all over Israel 
farmers grow transgenic tobacco plants producing 
human recombinant collagen that is used for the 
production of medical implants that have already in 
clinical use. Combining collagen at the nano-scale 

with resilin to produce fibers resulted in super-
performing fibers with mechanical properties which 
exceed that of natural fibers. 
 
 
 
 

Figures 

 
Figure 1. Transparent conductive composite CNC-CNT films 
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Nanomaterials are having a significant impact in 
biomedical applications since they can overcome 
some limitations of traditional approaches for the 
detection and treatment of diseases [1].  
 
Notably, the treatment of diseases using 
nanocarriers has led to a significant reduction of 
toxicity and an increased efficacy due to the EPR 
effect [2]. This has been the case for Doxil and 
Abraxane. However, despite these improvements, 
further developments are desirable to tackle such 
diseases with precision nanomedicines. For 
instance, it is desirable that the therapeutics 
transported by the nanostructures remain inactive till 
the target area is reached. In this sense, we are 
exploring different nanomaterials as carriers of a 
variety of therapeutic molecules, which are 
covalently bound to the nanoparticle [3, 4]. This 
approach has allowed us to include multiple active 
molecules in a given nanostructure, which are 
released under different internal stimuli, such as low 
pH or high concentration of reductive molecules 
(Figure 1).  
 
The diseases we are investigating include breast 
and pancreatic cancer and Uveal Melanoma and the 
nanostructures employed are mainly in our 
preparations are: gold, iron oxide, and albumin-
based nanoparticles.  
 
In the case of gold nanoparticles, we are studying 
the effect of nucleic acids (aptamers and antisense) 
and chemotherapeutics in Uveal Melanoma (UM). 
Currently, there is not an effective treatment of 
metastatic UM and it is usually detected when the 
disease has reached other organs, mainly the liver. 
At this point, the patients usually die in few months 
(6-18 months) [5]. 
 
In addition to gold nanoparticles, we are exploring 
albumin-based nanostructures for the treatment of 
UM and other cancers. These nanostructures are 
very promising due to their excellent stability and 
lack of toxicity.   
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Figure 1. Drug release promoted by the presence of 

glutathione (GSH) 
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In 2011 the European Commission has decided that 
“all ingredients present in the form of engineered 
nanoparticles must be clearly indicated in the list of 
ingredients, followed by the word ‘nano’ in brackets 
for consumer products” [1].  
This guideline is already implemented for cosmetic 
products and is currently under extensive discussion 
to be applied for food and other consumer products 
in the near future. So far, however, no standardised 
and validated methods are available to identify and 
quantify nanoparticles in complex matrices.  
So what particles are found in which food (or 
consumer product) for what reason and at which 
concentration?  
This question is almost impossible to answer to 
date: The identification/detection, characterization 
and quantification of engineered nanoparticles pose 
tremendous challenges including e.g. (i) the low 
concentration (0.1-5 wt. %) of the nanoparticles in 
the food matrix, (ii) the complexity and variability of 
the matrix (including powders, solids, oils etc.), (iii) 
the presence of organic molecules, proteins, lipids 
which can interact with the particles, or (iv) the 
change of nanoparticle composition (e.g. 
dissolution), dispersion state (i.e. agglomeration), or 
surface chemistry.  
Over the past years, an increasing number of 
studies in this field have appeared in the literature. 
However, the thorough characterization of 
nanoparticle polydispersity and nanoparticle 
aggregation in the sample still remains a major issue 
in the field. 
Therefore, we have developed a protocol to extract 
and characterize silicon dioxide (SiO2) and/or 
titanium dioxide (TiO2) nanoparticles, their size and 
size distribution including the aggregation state, from 
a large variety of products ranging from powders 
(e.g. spice mixes) and pastes (e.g. ketchup), to 
solids (e.g. M&Ms, Chewing Gum). 
Results: 
All tested samples contained one or both of the 
above mentioned materials and particulate form. 
Food matrix digestion protocols were developed and 
reproducible. After the digestion of the food matrix 
the remaining SiO2 and TiO2 nanoparticles formed 
stable aggregates in extracted suspension as shown 
by dynamic light scattering allowing to determine the 
hydrodynamic diameter and polydispersity. The TiO2 

nanoparticles were additionally studied by electron 
microscopy (Scanning and transmission electron 
microscopy) to investigate shape, composition and 
size of the nanoparticles. Some of the tested 
products included highly anisotropic particles, i.e. 
titania coated silica platelets. 
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Figures 

 
Figure 1. Full process to separate the nanomaterial from the 
food product: a. product selection; b. sample preparation; c. 
matrix digestion; d. characterization. TEM image: SiO2 
nanoparticles extracted from Doritos. 
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Figure 1: Directed self-assembly of lipid nanotubes from 
inverted hexagonal structures. (A) A fluorescent image of 
the surface-assembled lipid nanotubes. (B) The chemical 
structure of DOPE lipid and a scheme of the inverted 
hexagonal phase. (C) A cryoTEM image of the lipid 
nanotube protruding from the inverted hexagonal lipid 
block.

1
 

 

Previously, we have discovered a new type of lipid 
nanotube self-assembly made of the main lipid 
component of bacterial cell membranes, 1,2-
dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE, 

Figure 1A).
1
 The assembly starts with formation of 

inverted hexagonal lipid blocks in physiological 
buffer solution. DOPE is a conical lipid that prefers 
the inverted hexagonal phase, where the inverted 
micelle tubes are bundled into a hexagonal pattern, 
constructing a densely-packed three-dimensional 

architecture (Figure 1B).
2
 These inverted hexagonal 

lipid blocks adhere onto polyelectrolyte coated glass 
substrates (e.g. PEI, PLL) intact. When there is a 
fluctuation in the solution such as turbulence flow 
created by pipettes or lamellar flow induced by 
microfluidic systems, a part of the lipid block moves 
while the other part is kept attached to the 
substrates, pulling out a tube as shown in the cryo-

transmission electron microscopy (cryoTEM) image 

in Figure 1C. 

In our group, we have been attempting to explore 
possible applications of these self-assembled lipid 
nanotubes in bio-nanofabrication, sensing, or as a 
model system for fundamental studies.  

 

Figure 2: Label-free detection of cell-contractile activity 
with lipid nanotubes. (A) A scheme showing the new lipid 
nanotube formation directed by cell forces. (B) Bright field 
and (C) fluorescent images from a movie where the 
interaction between a fibroblast and lipid nanotubes was 
monitored.

3
 

 

These surface-assembled lipid nanotubes can be 
used to study cell contractility. A fibroblast was 
seeded on top of Rhodamine-stained lipid 
nanotubes, and its initial spreading was monitored 

by fluorescence microscopy.
3
 Figure 2BC are the 

snapshots from the bright field and the Rhodamine 
channel respectively. As the cell spreads, new lipid 
nanotubes came out from the edge of the cell. It 
looks as if the cell grabbed the existing lipid 
nanotubes and is pulling them towards the cell 
center. We found that these new lipid nanotubes are 
nucleated between focal adhesions (anchors that 
cells make to firmly attach substrates). Inhibition of 
the actin-myosin affinity by blebbistatin suppressed 
it. All the evidences suggest that this phenomenon is 
linked to the cell contractility. When initial small focal 
contacts try to make an anchor to the substrate, 
sometimes they attach to nanotubes instead of the 
solid substrate. Upon application of forces, these 
focal contacts slip because lipids are very soft, 
resulting in the nucleation of new lipid nanotube 

branches (Figure 2A). In other words, cells are 

applying a point load to the lipids via focal contacts, 
somewhat similarly how we do by micropipettes. 
From the fundamental studies, we know that the 
minimum force required to start pulling lipid 
nanotubes in our system is around 90 pN,

1
 which 

corresponds to 20-30 myosin motors (single myosin 
exceeds 3-4 pN).

4
 Using this approach, we studied 
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the cell force activity of different types and 
conditions of cells in a label-free manner. For 
example, malignant cells typically have low 
contractility, which was visualized by absence of the 
nucleation of new lipid nanotubes, while endothelial 
cells pulled the lipid nanotubes intensively, 
presenting a high level of contractility.    

 

Figure 3: Artificial tubular connections between cells based 
on synthetic lipid nanotubes.

5
  

 

Lipid nanotubes can be also used as a model 
system for studying tunneling lipid nanotubes (TNT) 
between living cells. TNTs are means for inter-
cellular communication discovered in 2004.

6
 

Research over the last decade has revealed that 
TNTs are universal communication tools for many 
types of cells that have diverse structures and 
functions. Currently, TNTs are being studied with 
either in-vivo or in-vitro cell models. However, such 
traditional biological approaches often suffer from 
the complexities and a lack of controllability in the 
connection.  

We demonstrated a simple approach to create a 
direct tubular connection between cells based on the 
self-assembled lipid nanotubes. The technique 
requires only a micromanipulator and a fluorescence 
microscope for controlling the LNT positioning and 

the connection to the cells (Figure 3). The diffusion 

of water-soluble dye was monitored from one cell to 
the connected cells, demonstrating the cytosol 

connections between two cells (Figure 3BC). The 

SEM images visualized the diameter of the lipid 
nanotubes after fusing to cell membranes, which 
matches with the time scale of the dye transport we 
observed by fluorescence microscopy.  

Another use of the lipid nanotubes is as a template 
for fabricating solid structures. As a proof of concept, 
we fabricated gold nanowires with the lipid nanotube 
templates by attaching gold nanoparticles to the lipid 
nanotubes, fixing them chemically, removing the 
template through oxygen plasma cleaning, and 
annealing.

7
 Gold nanoparticles were attached to the 

lipid nanotubes, using streptavidin-biotin interaction 

(Figure 4A). Both cryoTEM (Figure 4B) and atomic 

force microscopy (Figure 4C) showed successful 

adhesion of gold nanoparticles to the template. 
Electrical conductivity was observed only after the 
oxygen plasma treatment for removing the organic 

template (Figure 4D). The approach exploits the self-

assembled organic template for the high-throughput 
nanostructure fabrication. The same strategy can be 
used to align other particles and biomolecules.  

 

 

Figure 4: Gold nanowire fabrication with surface-attached 
lipid nanotube templates. (A) A scheme describing the 
strategy of gold nanoparticle attachment to the lipid 
nanotubes. (B) A cryoTEM image of gold nanoparticle 
attached lipid nanotubes. (C) An AFM image of gold 
nanoparticle adhered lipid nanotubes after chemical fixing. 
The cross sections correspond to the white lines in the 
image. (D) I-V curve from the fabricated gold nanowires.

7
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The use of magnetic beads in cell biology, 
quantitative lateral flow, biosensor or biochip 
technologies is becoming very common. Several 
sophisticated systems are under development and 
the immunoassays are much more complex to 
develop. In order to meet the changing needs and to 
reach higher sensitivity, ease of use and low price, 
we have initiated several R&D projects to 
significantly reduce the size of existing 
Superparamagnetic Microspheres. 
 
In standard immunoassay applications, the gold 
standard is a magnetic microsphere of 1µm in size 
COOH or Tosyl-modified in surface and containing 
35-45% of magnetic pigment. 
 
In a first step, we have reached small magnetic 
microspheres with a nominal size of 300-350 nm 
and finally a new process allowed us to reach 150-
200 nm size beads. These very small magnetic 
microspheres offer great surface area, increased 
assay sensitivity, very low sedimentation rate, high 
ferrite content and good magnetic signature. Our 
very small beads are now used with success in 
various biological applications such as cell sorting, 
immuno-precipitation, biosensor, microfluidics and of 
course, quantitative lateral flow assays. 
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Enhanced darkfield microscopy with hyperspectral 
imaging capability arises as a potent tool in modern 
bioanalysis. This technique permits real-time optical 
imaging of biologicals, nanoscale materials, or a 
combination of both, based on the detection of light 
that is elastically scattered by the sample. This 
enables fast and easy optical observation of 
nanoscale objects in solution, biological media, at 
live cells and tissues, without additional contrast 
agents. 
 
Moreover, this technique can resolve individual 
nanoparticles and therefore, changes in the surface 
chemistry and other physicochemical properties 
affecting the scattering efficiencies will be monitored 
at real-time without processing the sample. In this 
context, plasmonic nanometric scatterers are 
advantageous as they highly increase the sensitivity 
of the method and particles with sizes down to few 
nanometers can be identified. 
 
This constitutes a unique tool for tracking how the 
biological milieu (growth media, cell environment, 
blood, etc.) changes the nanoparticles. The results 
are at the level of single and collective particles. To 
shed light upon these processes, we engage 
particles of different shapes and compositions in 
single or multiparticle configurations.   
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Protein aggregates formed in various steps during 
the manufacturing or storage of therapeutic proteins 
affect the quality, safety and efficacy of 
biopharmaceutics[1]. While various methods have 
been developed to assess oligomers and 
aggregates of different sizes, the methods 
applicable for detecting aggregates under 50 nm 
have some limitations. Aggregates’ analysis is 
complicated by the existence of many of oligomers 
and conformers with different properties[2], 
moreover physical aggregates elude separation-
based methods. For peptides and proteins 
undergoing amyloid-type aggregation various 
antibodies and aptamers have been developed 
recognizing with high selectivity either the 
monomeric, the oligomeric or the fibrillar form. 
Antibody or aptamer-based methods may 
complement well the current separation-based 
procedures for aggregate detection, in particular 
when combined with label-free detection methods 
such as Quartz Crystal Microbalance[3] or Surface 
Plasmon Resonance. Working towards developing a 
sensitive method that will allow detecting low 
amounts of oligomers in concentrated monomeric 
protein solutions, we hereby report the optimization 
of an SPR aptasensor[4] for the detection of 
lysozyme dimer, chosen here as model of protein 
oligomers. Lysozyme is a 14.3 kDa enzyme found in 
the human body as well as in plants, bacteria and 
animals. Lysozyme was widely used as a model for 
enzyme catalysis, protein structure, function and 
interactions, including protein aggregation, moreover 
was employed as a model in pharmaceutical 
applications, e.g. drug delivery, novel treatment 
strategies etc. The method described here exploits 
the differences in binding kinetics and affinity 
between the lysozyme monomer and dimer, to an 
aptamer developed for the monomeric form. In 
previous works we have optimized an aptasensor for 
the detection of monomeric lysozyme. The 
aptasensors design is based on coating the Au 
interfaces with a self-assembled monolayer of a thiol 
containing ethylene glycol groups and having 
carboxylic end groups, that allowed to further 

immobilize neutravidin by amine coupling. A 
lysozyme aptamer with the sequence 5’-/5-
Biosg_TTT TTT TTT TTT TTT TTT GCA GCT AAG 
CAG GCG GCT CAC AAA ACC ATT CGC ATG 
CGG C-3’, biotynilated at the 5’ end was attached 
next by affinity.  The experimental setup included a  
detection system based on a Spreeta SPR2K23 
SPR sensor (Texas Instruments, TX, USA), with a 
fitted 2-channel PDMS flow cell and a PC interface  
for signal acquisition. This aptasensor and setup 
were also used to study the self-association of 
lysozyme, where high non-specific adsorption of 
aggregated protein samples was observed[5]. 
Advancing from this, in this report we show that by 
changing the ionic strength, pH and composition of 
testing buffer the non-specific adsorption is 
minimized and the aptamer’s binding to a covalent 
lysozyme dimer is exacerbated in certain 
experimental conditions compared to the binding of 
monomer (Fig.1). Aiming to achieve quantitative 
evaluations of aggregates present in the protein 
sample, we produced intentionally a covalent 
lysozyme dimer by cross-linking with 
dimethylsuberimidate, we purified it by size-
exclusion chromatography and we used it as 
standard. The aptasensor detected 1.4 nM lysozyme 
dimer at pH 7.4. Next, sensorgrams recorded for 
mixtures of monomer and dimer revealed different 
features compared to those for either monomer or 
dimer in individual solutions. Chemometric methods 
were applied to obtain qualitative and quantitative 
information regarding the composition of the 
analyzed mixtures. Seven features of the 
sensorgrams, representing areas under the curve for 
specific time intervals were selected as variables to 
describe the SPR signal for monomer-dimer 
mixtures. Based on these variables, Principal 
Components Analysis allowed observing groups of 
samples with the same dimer content and a 
relatively good separation between groups with 
different concentrations of dimer. Additionally,  
Multiple Regression analysis enabled to establish 
quantitative correlations between features of the 
sensorgrams and the dimer concentration in the 
samples (Fig.2). The amounts of dimer estimated by 
MR analysis of sensorgrams recorded with the 
aptasensor were very similar to the theoretical 
concentrations. By this approach the SPR 
aptasensor allowed determining 0.1-1% dimer in 
solutions of lysozyme monomer without any 
separation. This concentration range corresponds to 
the typical levels investigated with regards to 
degradation products and related compounds in 
pharmaceutical products, as the corresponding 
maximum allowed limits per compendia or 
manufacturer specifications are generally set in this 
range. The aptasensor was furthermore applied to 
observe the variations in lysozyme oligomer 
amounts during the aggregation of lysozyme 
solutions at 60°C and pH 2.  
However, the thiol-coated SPR interfaces are not 
very advantageous for aggregated sampled as 
tightly binding oligomers mean that the sensor 
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needs to be regenerated in more stringent 
conditions, which shortens its lifetime. As an 
alternative to the thiol-coated interfaces we explored 
graphene-coated surfaces deposited via layer-by-
layer and functionalized with lysozyme aptamer[6]. 
First, clean Au interfaces were coated with 
poly(allyldiethylammonium) (PDDA), a polycationic 
polymer, followed by immersion in graphene 
oxide(GO) solution for 15 minutes. The procedure 
was repeated to deposit successive layers and the 
deposition process was followed both by SPR, by 
following the increase in the SPR angle with the 
number of PDDA/GO layers and by cyclic 
voltammetry, using the redox probe [Fe(CN)6]

3-
, 

whose oxidation and reduction current decreased 
with the increase in the deposited PDDA/GO layers. 
The optimum number of layers was found to be two 
and neutravidin was immobilized on the surface by 
amine coupling with the carboxylic groups on the 
GO. Finally the biotynilated lysozyme aptamer was 
bound by affinity on the neutravidin-functionalised  
surface (Fig.3). The aptasensor thus obtained was 
compared to the previous one based on a thiolated 
interface and displayed similar stability in buffer, 
slightly lower aptamer coverage but increased 
sensitivity with a detection limit of 0.7 nM for 
monomeric lysozyme at pH 6. The application of this 
aptasensor for monitoring the aggregation of 
lysozyme is also described. 
The study is a starting point for aptasensors as 
novel analytical tools for the sensitive detection of 
small oligomers in therapeutic proteins, for which 
specific aptamer exists. The versatile aptasensor 
can be tuned, by simply adjusting the experimental 
conditions, for the sensitive and specific detection of 
either the monomer or the dimer, as per the desired 
application. 
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Figures 

 
Figure 1. Sensorgrams recorded with the aptasensor for 

lysozyme monomer (3.5 µM, red curves) and lysozyme dimer 

(35 nM, blue curves), respectively in 20 mM TRIS buffer pH 

7.4 with 100 mM NaCl and 5 mM MgCl2 0.05% Tween-20.  

 
 
Figure 2. Analysis mixtures by Multiple Regression of  the 

SPR data recorded for monomer-dimer mixtures. 

  
 
Figure 3. The design of lysozyme aptasensors based on (A) 

thiol-coated interfaces and (B) surfaces coated with PDDA 
and GO via layer-by-layer. On both interfaces, neutravidin is 
covalently linked to carboxylic  groups on the surface, 
followed by the binding of a biotynilated lysozyme aptamer . 
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Although drug delivery through the skin offers 
advantages over other administration routes, there 
are big challenges on target delivering actives in 
specific skin layers. Several strategies have been 
developed during the last decades attempting to 
overcome the skin barrier, however the technologies 
able to accomplish these tasks are still limited. The 
development of a topical delivery system requires a 
clever management of the actives and the 
interaction with the skin tissue. Bicosome is an 
innovative lipid system formed by smart 
biocompatible nanostructures enclosed in a lipid 
bilayer. These smart structures are able to penetrate 
through the narrow intercellular spaces of the 
stratum corneum, and once there, they are able to 
deliver the actives to the specific layer of the skin 
required. 
 
This study describes the development of a bicosome 
system that targets the epidermis and follicles to 
effectively deliver a sebostatic active compound and 
potentiate its effects in order to prevent the 
development of the Acne. 
 
The results observed in this study evidence the 
capacity of bicosomes to penetrate the epidermis 
and follicles (fig.1) and potentiate the effects of the 
sebostatic active ingredient (Fig.2) decreasing the 
presence P Acnes in the sin surface (Fig. 3). 
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Figures 

 
 

Figure 1. Fluorescence microscopy images of skin samples 

treated with the bicosome system containing the sebostatic 
agent, labelled with a fluorescent probe. The green areas 
show the penetration in the epidermis and follicle. 
 

 
 

Figure 2. Decrease of sebum amount in the face of 20 

volunteers treated with the bicosome system containing the 
sebostatic agent on Day 0 and Day 30 of the treatment . The 
sebum amount was determined with a Sebumeter® SM 815 
(p value = 0,00). 
 

 
 

Figure 3. Visiopor® photographs of the face of two 

volunteers treated with bicosome system containing the 
sebostatic agent, showing the fluorescence in the pores, 
which indicates presence of P Acnes, on Day 0 and Day 30 
of the treatment. 
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Polypeptides are already playing a major role on a 
number of different relevant areas such as 
nanomedicine [1]. The physico-chemical parameters 
of a polypeptide-conjugate, and hence its biological 
performance, are defined by an intricate interplay of 
multiple structural factors. This highlights the need 
for detailed structure-activity relationship studies to 
develop the hierarchical strategies of polypeptide 
conjugate design. However, structural complexity 
also represents a unique opportunity, since small 
changes at the structural level might endow 
nanomedicines with outstanding and unexpected 
biological performance [2]. 
In our group, we have overcome the main classical 
limitations for the synthesis of defined polypeptides 
using precise controlled reactions followed by an 
adequate characterization yielding to well-defined 
polypeptidic architectures (including stars, graft and 
block-copolymers) by NCA polymerization 
techniques [3]. In addition, post-polymerization 
techniques allow us the introduction of a variety of 
functionalities yielding a set of orthogonal reactive 
attachment sides [4]. Using these techniques and 
following a bottom-up strategy we have been able to 
obtain star-based polypeptide architectures with the 
capacity to self-assemble yielding supramolecular 
nanostructures with interesting properties [5]. 
Star-shaped polypeptides with different cores and 
varied length of arms have been studied. We 
observed two different mechanism that control the 
self-assembling behaviour of these polymers. For 
compounds with short arms we observed formation 
of supramolecular polymers driven by hydrophobic 
interactions and hydrogen bonding. For bigger 
polymers we observed core-independent self-
assembly. Supramolecular polymers and polyions 
with transition state formed distinct morphological 
structures - fibrillar and spherical, respectively. 
Interestingly enough, for some molecules we also 
observed an intermediate mechanism. Many 
compounds were found to be ionic strength and 
temperature dependent that directly correlated with 
the reported mechanism of self-assembly.  
This strategy enabled in vitro and in vivo evaluation, 
revealing a lack of toxicity, an enhanced in vitro cell 
internalization rate and significantly greater terminal 

and accumulation half-life in vivo together with a 
significant lymph node accumulation [5].

 

 
These results allow us to envisage these systems as 
promising nanocarriers for therapeutic or diagnostic 
applications, especially in anti-cancer treatments. 
Additionally, further studies to identify the 
mechanism for the significant accumulation found in 
the lymph nodes will open up a wide range of 
opportunities for the currently unsuccessful clinical 
approaches to target lymph node metastasis, 
imaging of sentinel lymph node and cancer 
immunotherapy.  
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Nanomedicine is an emerging field where cutting-

edge advances in nanotechnology, biology and 

medicine are constantly converging. During the last 

decades, the use of organic and inorganic 

nanoparticles has been increasing in several 

biomedical areas. Specifically in oncology, 

nanoparticles have become promising agents in the 

research of new strategies for cancer screening and 

therapy [1]. Among all different types of existing 

nanostructures, gold nanoparticles (AuNPs) have 

attracted special attention given their heating 

efficiency and light absorption tunability in the near-

infrared region due to their localized surface 

plasmon resonance, which makes them very 

versatile in nanomedicine [2]. These plasmonic 

properties of AuNPs, along with their ease of surface 

functionalization and biocompatibility, are at the 

basis of the so called plasmonic photothermal 

therapy (PPTT). In this technique, laser light 

illumination is used to enhance cell destruction in 

cancerous tissue decorated with AuNPs from heat 

generation. When tissue is under laser irradiation, 

the absorbed light from accumulated nanoparticles 

leads to an exchange of energy resulting in an 

increase of temperature, triggering cell death 

mechanisms and, ultimately, tumour shrinkage [1]. 

The local enhanced permeability and retention effect 

shown by tumors allow the passive accumulation of 

nanoparticles in target cancer tissues, thus 

minimizing the impact of the PPTT in healthy tissue 

[2]. However, and as in other therapies, PPTT 

requires a tight control of all actors involved, from 

the surface chemistry and toxicity of AuNPs, to the 

amount of generated heat and its physiological 

effect to the tumor. 

Here, we present our first results in the optimization 

of PPTT with gold nanorods (AuNRs) both in vitro 

and in vivo in an orthoxenograft mouse model of 

clear renal cell carcinoma. First, and through a 

systematic in vitro study, we have defined the 

optimal surface chemistry of the AuNRs in order to 

maximize cell internalization with low toxicity and 

high heating efficiency. Then, these results have 

been validated in vivo, determining AuNR 

biodistribution, tumor accumulation and long-term 

toxicity at working concentration in the mentioned 

murine model. To study the influence of external 

treatment factors in PPTT, mice with renal 

carcinoma have been treated under different 

irradiation power and exposure time of the laser. 

Together with changes in physiological parameters, 

experimental light conditions have been correlated 

with final skin temperature, macroscopic dermal 

lesion and tumor damage. In addition, and for the 

first time, two diffuse optics techniques –diffuse 

correlation and diffuse reflectance spectroscopy 

(DCS and DRS, respectively [3])- have been used to 

non-invasively determine the evolution of 

hemodynamic parameters, such as tissue oxygen 

saturation, total haemoglobin concentration, and 

AuNRs concentration. The monitorization of all these 

tumor hemodynamic parameters are crucial to 

understand the efficacy of the PPTT treatment. 

Altogether, we have set the bases of PPTT and 

characterized all variables to, in a near future, 

establish a feedback system that integrates light 

treatment conditions, AuNP concentration, and 

physiology of the tumour, allowing the modulation 

and personalization of this therapy for different 

tumour types.  
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As a part of the innovative strategies recently 
developed to cope with the urgent global issue 
associated with antimicrobial resistance and 
consequent decreasing of the efficiency for some of 
the major antimicrobial therapeutics, antimicrobial 
peptides (AMPs) are studied as one of the most 
perspective choices [1]. Originally, a class of 
antimicrobials which belongs to AMPs corresponds 
to a small oligopeptides with 5-100 amino acids in 
length characterized by positive net charge and 
amphiphilic nature which are considered to be 
critical for their solubility and mechanism of action 
[2]. They are prone for intensive interactions with 
negatively charged bacterial cell wall and capable 
for changing the permeability of their membrane 
which may cause leaking the cytosol out the cell 
(leading directly to death) or increasing permeability 
and opening the pathways for getting antimicrobials 
inside bacteria (enabling their interference with 
bacterial metabolism, replication and growth) [2]. As 
natural-sourced antimicrobials, AMPs are originally 
found and isolated from the metabolism of both 
prokaryotes (bacteria) and eukaryotes (fungi, plants, 
insects, animals) and are a part of the innate 
immune system used against infection [3]. Following 
the natural models, a number of different strategies 
have been developed to design synthetic analogues 
capable to mimic the structure and biological 
function of natural AMPs mainly based on 
polymerization of monomers with critical functional 
groups responsible for antimicrobial activity (i.e. 
poly-arginine) or post-polymerization modification of 
the polymers (structure re-arrangements and 
surface chemistry) [2]. The main issues associated 
with practical applications of AMPs are associated 
with high cost, low biological stability (inactivated by 
small structural changes and especially sensitive to 
enzymes) and low bioavailability [2]. Currently the 
main attempts directed to resolving these issues 
consider using nanotechnological approaches, 
including application of drug delivery systems 
(encapsulation of AMPs within polymeric 
nanoparticles/micelles) and/or formulation of 
nanoparticles made of AMPs. The second approach 
has found to be particularly efficient especially in the 

case of self-assembly of AMPs into nano-
formulations (shown to increase the therapeutic 
index against Staphylococcus aureus infection in 
mice model) [4] as well as functionalization of the 
surface of gold (Au) nanoparticles (shown to extend 
activity of nisin peptide, characterized by activity to 
Gram-positive bacteria, to a number of Gram-
negative strains including Pseudomonas 
aeruginosa, Escherichia coli, Salmonella enteritidis, 
Bacteroides fragilis and amp-C Enterobacter 
cloacae (antibiotic-resistant strain)) [5]. 
 
 

 
 
Figure 1. Illustration of the structural analogues of AMPs 
formed of positively charged Au NPs functionalized with: (a) 
arginine with free NH2 and COOH groups, (b) α-dansyl-
arginine (arginine with blocked NH2 groups) and (c) 7-amido-
4-methylcoumarin (arginine with blocked COOH groups). 

 
Recently it has been shown that biological function 
of AMPs could be achieved also by mimicking their 
structure in highly simplified manner. The approach 
considered formulation of arginine-functionalized Au 
NPs deposited to apatite template [6] containing 
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arginine as cationic, Au NPs as hydrophobic and 
apatite as hydrophilic components. The main 
advantages of designed structure, entitled as 
structural analogue of AMPs, is in its potential to 
provide significant improvement in stability and 
bioavailability. It has been assumed that NH2 
functional groups in these structures are responsible 
for bonding to Au NPs, COOH groups are 
responsible for stabilization of Au NPs (preventing 
aggregation and ingrowth by providing boding to the 
template) while side-chain groups (containing 
positively/charged guanidinum functional group) are 
a source of antimicrobial activity. Considering the 
potential these structures hold and their perspective 
in designing innovative antimicrobial therapies, we 
performed comprehensive investigation of their 
properties including detailed testing of antimicrobial 
potential and investigation of the functional groups 
with the critical role in achieving antimicrobial activity 
of these nano-systems. Following this concept we 
synthesized a series of similar structural analogues 
of AMPs with three types of functionalization: 
arginine, L-arginine-7-amido-4-methylcoumarin and 
dansyl-L-arginine. All of them contained the same 
side-chains with positively charged guanidinum. In 
contrast to arginine (with free carboxylic (COOH-) 
and amine (NH2-) groups), L-arginine-7-amido-4-
methylcoumarin is with blocked COOH- (bonded 
with 7-amido-methylcoumarin- group) while dansyl-
L-arginine is with blocked NH2- (bonded with dansyl- 
group). The chemistry of the groups selected for 
functionalization of the surface of Au NPs is 
illustrated in Fig. 1 while the summary of the 
antimicrobial properties including minimal inhibitory 
concentrations (MICs) and their log reduction 
capacities as well as their comparison to 
ciprofloxacin used as a reference is provided in 
Table 1. Results confirmed that arginine-Au NPs 
were able to provide susceptibility in E. coli 
(MG1655), S. aureus (ATCC 12600) and P. 
aeruginosa PAO1 (ATCC 15692). The activity of the 
arginine/Au NPs, with free COOH and NH2 groups, 
was most efficient in E. coli and it was decreased for 
S. aureus and P. aeruginosa. When NH2 groups 
were blocked, activity against all three types of 
bacteria drastically decreased. Opposite happened 
in the case when COOH group was blocked by 
replacing OH- with larger, aromatic group resulting 
in significantly enhanced activity against all three 
types of bacteria. Accordingly we confirmed that free 
COOH groups in arginine-Au are responsible to 
provide stabilization of Au NPs while free NH2 
groups have a role to enable bonding to Au NPs. In 
this case when functionalization of Au NPs, which 
takes place through N-Au bonding, was prevented 
instead of stable conjugation, functionalizing 
molecules were probably remained absorbed 
forming the structures which were not able to 
provide efficient antimicrobial activity. On the other 
hand replacing OH groups with larger, aromatic 
group (with much higher possibility for steric 
interactions) provided more efficient stabilization of 
Au NPs which resulted in better antimicrobial 

activity. Both chemical stability of the surface 
functionalization as well as morphological stability of 
the Au NPs are found to be highly relevant for 
antimicrobial activity of these AMPs structural 
analogues. This finding reveal important parameters 
responsible for antimicrobial activity of structural 
analogues of AMPs and open the new toolbox for 
further exploring of their antimicrobial properties and 
ability for interactions with bacteria. 
 
 

 
Table 1. Summary of the antimicrobial properties of arginine-
based structural analogues of AMPs. 
*MIC50 –minimal inhibitory concentration of the material which 
enabled dead of 50% of bacteria.  
**MIC >90 –minimal inhibitory concentration of the material 
which enabled dead of more than 90% of bacteria. 
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 Nanoporous anodic alumina (NAA) is a cost-
effective material that presents an ordered 
distribution of pores. Its well-known electrochemical 
fabrication techniques allow for the precise control of 
pore diameter, interpore distance, pore length, and 
pore geometry [1]. Moreover, NAA is stable, 
biocompatible, and does not degrade in aqueous 
solutions [2], which has contributed to its successful 
use in a wide array of medical and biological 
applications like orthopedic prosthetics, dental and 
coronary stents, cell culture scaffolds, and 
biomolecular filtration [3,4].  
 The high effective surface area of NAA makes it a 
versatile and interesting platform for loading active 
agents like drugs or molecules as pores are used as 
nanocontainers [5]. In this context, we present here 
the use of NAA to develop gated materials for 
sensing applications. The biosensors proposed 
consist of a NAA support where the pores are 
loaded with a fluorophore and blocked by selected 
molecules able to recognize selectively a certain 
target analyte. The presence of the analyte unblocks 
the pores resulting in a selected delivery of the 
entrapped reporter.  
 These gated-NAA based biosensors have high 
potential for the selective and sensitive detection of 
molecules that currently require complex and/or long 
processing. Are very simple to prepare, easy to 
handle, reusable, and do not require trained 
personnel. 
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Figures 
 

   
 
Figure 1. Scanning Electron Microscopy image of porous 
anodic alumina: top view (left) and transversal cut (right). 
 
   

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Schematic representation of capped porous anodic 
alumina (top) and the selective delivery of the fluorophore 
due to the presence of the target analyte (bottom). 
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It has been of interest to find guiding principles to 
help us understand how nanoscale objects interact 
with living organisms. Firstly, the nanoscale is 
unique in biology, and our capacity to engineer on 
that scale is transformative. The intrinsic machinery 
of biology is defined and operates on the nanoscale. 
This means that nanoparticles are also actively 
transported around cells and biological barriers all 
unlike small molecules, which passively partition into 
biological compartments (cells, organs, etc.). 
Secondly, the power of being able to communicate 
with, and use those endogenous mechanisms of 
biology is potentially transformative in practical 
terms. It is clear, and is often discussed how 
transformative could be the contribution of 
nanoscience to medicine, diagnostics, and new 
kinds of cell therapies. However, with this enormous 
potential power to engage with the machinery of 
organisms there are also challenges. In this 
presentation, we discuss progress being made in 
understanding how interactions between nanoscale 
objects and living organisms occur, and their 
governing principles. We argue that the future lies in 
pressing forward to develop a truly microscopic 
(molecular scale) understanding between the 
nanoscale and living organisms. 
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Graphene, one of the most attracting two-
dimensional nanomaterials, has demonstrated a 
broad range of applications because of its excellent 
electronic, mechanical, optical and chemical 
properties. We have developed a few new 
graphene-based nanomaterials, including graphene-
based fluorescent quantum dots, reduced graphene 
oxide (RGO)/metal (oxide) (e.g. RGO/Au, 
RGO/Cu2O, and RGO/Ag) nanocomposties, 
graphene-silica core-shell nanostructures, and 3-D 
graphene scaffold. In this presentation, the methods 
of making these new graphene-based materials will 
be introduced. A series of characterizations of these 
nanomaterials using STEM, FE-SEM, EDS, UV-vis 
absorption spectroscopy, XRD, FT-IR and Raman 
spectroscopy will be discussed. Finally, the 
applications of these nanomaterials in the fields of 
biomedical study will be reported including 
fluorescence imaging using graphene quantum dots, 
, cell culture using 3D graphene, anti-bacterial 
applications of graphene-metal nanocomposite, and 
photothermal therapy and drug delivery of the 
graphene nanostructures. 
 
The first example is the graphene quantum dots. a 
facile bottom-up method for the synthesis of highly 
fluorescent graphene quantum dots (GQDs) will be 
discussed using a one-step pyrolysis of a natural 
amino acid, L-glutamic acid, with the assistance of a 
simple heating mantle device. The developed GQDs 
showed strong blue, green and red luminescence 
under the irradiation of ultra-violet, blue and green 
light, respectively. Moreover, the GQDs emitted 
near-infrared (NIR) fluorescence in the range of 800-
850 nm with the excitation-dependent manner. This 
NIR fluorescence has a large Stokes shift of 455 nm, 
providing significant advantage for sensitive 
determination and imaging of biological targets. The 
fluorescence properties of the GQDs, such as 
quantum yields, fluorescence life time, and 
photostability, were measured and the fluorescence 
quantum yield was as high as 54.5 %. The 
morphology and composites of the GQDs were 
characterized using TEM, SEM, EDS, and FT-IR. 
The feasibility of using the GQDs as a fluorescent 
biomarker was investigated through in vitro and in 
vivo fluorescence imaging. The results showed that 
the GQDs could be a promising candidate for 

bioimaging. Most importantly, compared to the 
traditional quantum dots (QDs), the GQDs is 
chemically inert. Thus, the potential toxicity of the 
intrinsic heavy metal in the traditional QDs would not 
be a concern for GQDs. In addition, the GQDs 
possessed an intrinsic peroxidase-like catalytic 
activity that was similar to the graphene sheets and 
carbon nanotubes. Coupled with 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid) (ABTS), the 
GQDs can be used for the sensitive detection of 
hydrogen peroxide with a limit of detection of 20 μM. 
 
The second example is the graphene oxide. We 
explored potential biomedical applications of 
graphene-based nanomaterials by systematically 
studying antibacterial capacity of graphene oxide 
(GO) in both macrophages and animal models. 
Three types of bacteria, including Klebsiella 
pneumoniae (Kp), Escherichia coli (E. coli) and P. 
aeruginosa (Pa) were used for in vitro study. Kp was 
also selected as a representative multidrug resistant 
(MDR) bacterium for in vivo study. In in vitro study, 
GOs effectively eradicated Kp in agar dishes and 
thus protected alveolar macrophages (AM) from Kp 
infection in the culture (Figure 1). In the in vivo 
evaluation, GOs were introduced intranasally into 
mouse lungs followed by testing, organ tissue 
damage including lung, liver, spleen, and kidneys, 
polymorphonuclear neutrophil (PMN) penetration, 
bacterial dissemination, and mortality in Kp-infected 
mice. We found that GO can contain and eradicate 
the growth and spread of Kp both in vitro and in vivo, 
resulting in significantly increased cell survival rate, 
less tissue injury, subdued inflammatory response, 
and prolonged mice survival. These findings indicate 
that GO could be a promising biomaterial for 
effectively controlling MDR pathogens. 
 
The third example is the reduced graphene oxide 
(RGO)/metal (oxide) (e.g. RGO/Au, RGO/Cu2O, and 
RGO/Ag) nanocomposties. It was developed using 
glucose as the reducing agent and the stabilizer. 
The glucose not only reduced GO effectively to 
RGO, but also reduced the metal precursors to form 
metal (oxide) nanoparticles on the surface of RGO. 
Moreover, the RGO/metal (oxide) nanocomposites 
were stabilized by gluconic acid on the surface of 
RGO. The developed RGO/metal (oxide) 
nanocomposites were characterized using STEM, 
FE-SEM, EDS, UV-vis absorption spectroscopy, 
XRD, FT-IR and Raman spectroscopy. Finally, the 
developed nanomaterials were successfully applied 
as an electrode catalyst to simultaneous 
electrochemical analysis of L-ascorbic acid (L-AA), 
dopamine (DA) and uric acid. 
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Figure 1. Concentration-dependent antibacterial property of 

GO. (A) Kp survival rate after treatment with different 
concentrations of GO. Inset: Bioluminescence images of Kp 
bacteria after incubation with different concentrations of GO. 
From left to right: 0, 62.5, 125.0, 250.0, and 500.0 μg/mL of 
GO. (B) Representative photographs (a and b) and 
bioluminescence images (c and d) of Kp bacterial colonies 
treated with 250.0 μg/mL of GO (a and c) and without GO (b 
and d) formed on LB-agar plates. (C) The E. coli survival rate 
after treatment with different concentrations of GO. (D) Pa 
survival rate after treatment with different concentrations of 
GO. The survival rate was calculated by measuring the 
OD600. 
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Inspired by recent experiments [1], we present a 
theoretical study of the electron transport through 
heptapeptides based on alanine, glutammic acid, 
lysine and tryptophan. For them all, we found very 
low conductance values and we ascribed them to 
the high localization of their frontier orbitals [2]. 
 
We also show a combined experimental and 
theoretical work on the transport through a 
bluecopper azurin and a mutant; we found that the 
conductance channels in the single-protein electrical 
contact can be finely tuned by performing point-site 
mutations in the outer protein structure [3]. 
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Figures 
 

 
 
 

Figure 1. Junctions embedding four kinds of heptapeptides 

held between gold electrodes. 
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The analysis of circulating cell-free (cf) DNA from 
plasma, serum or urine, has the potential to serve as 
non-invasive approach to detect and monitor targets 
associated with certain diseases. In 1997 the 
presence of fetal DNA in the plasma and serum of 
pregnant women was demonstrated [1]. This opened 
new perspectives in field of non-invasive pre-natal 
diagnostics since the analysis of cell-free fetal (cff) 
DNA can provide information about pregnancy 
related disorders (pre-eclampsia, pre-term labour), 
chromosomal aberrations (e.g. aneuploidies), and 
genetic disorders (e.g. cystic fibrosis, thalassaemia, 
Huntington’s disease) [2].  
 
We report on the development of an automated and 
integrated modular system for the isolation, 
amplification and detection of cffDNA from maternal 
plasma for non-invasive pre-natal diagnostics. The 
system consists of a first module for the cfDNA 
isolation from plasma based on silica-coated 
magnetic beads technology. Subsequently, the 
cfDNA obtained is introduced to a second module 
which is based on a polymeric microsystem 
containing a capillary electrophoresis step for the 
size separation of the fetal DNA from maternal DNA. 
Finally, the cffDNA is transferred to the 
amplification/detection module. This module consists 
of PCB (Printed Circuit Board) electrode arrays 
functionalized with surface immobilised primers for 
the multiplexed isothermal recombinase polymerase 
DNA amplification (RPA) and electrochemical 
quantitative detection of specific genetic sequences. 
 
The developed technology is of generic and flexible 
nature allowing its' facile modification to other 
targets of interest in clinical diagnostics and thus the 
developed platforms can also be exploited for 
analysis of circulating nucleic acids in oncology and 
multiple other disorders. 
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Nanoporous Anodic Alumina (NAA) is a material 

with growing interest in nanotechnology and for 

biological and medical applications [1-2]. It is a cost-

effective nanostructured material obtained by the 

electrochemical etching of aluminum in acidic 

electrolytes at the adequate conditions of applied 

voltage or current, temperature and electrolyte 

composition. It consists of a network of longitudinal 

pores self-arranged on an aluminum oxide matrix, 

and perpendicular to their surface, with diameters 

and interpore distances that can be tuned between 

30 nm and 500 nm. Furthermore, the pore geometry 

can be varied by different methods to obtain different 

functionalities such as funnels [2-3], branched pores 

[4] and even structures with remarkable optical 

properties such as Distributed Bragg Reflectors[5].  

One interesting structure can be obtained by NAA 

pore engineering: rugate filters (RF-NAA): it is 

obtained by applying a sinusoidal anodization 

current, what results in a continuous modulation of 

the pore diameter along its length. This periodic pore 

diameter modulation confers the RF-NAA the 

structure of a one-dimensional photonic crystal [6] 

with a modulation of the refractive index along the 

pore direction and a photonic stop band.]. In 

previous works, RF-NAA have been proposed as 

platforms for biosensing [7]. Furthermore, if multiple 

periodic currents are overlapped and applied as 

anodization current, it is possible to obtain multiple 

stop bands on the same porous structure. This has 

been applied to encode optical information within the 

nanostructure [8-9].The fabrication of such 

overlapped multiple periodic structures poses 

several drawbacks such as it has only been 

demonstrated for sulphuric acid electrolytes and that 

the stop bands are narrow and with low reflectance 

due to the small index contrast that can be obtained.  

In this work we propose an alternative fabrication 

method for NAA-based periodic structures: the 

multiple periodic currents are applied sequentially 

instead of simultaneously. In this case, the different  

periodic structures are stacked on the same 

structure. This permits to use a bigger current 

contrast in the current variations and using 

electrolytes with different composition. In this work 

we study the possibility to obtain such stacked 

structures in oxalic acid electrolyte. We will also 

evaluate the sensitivity of the structure to changes in 

refractive index of the medium filling the pores with 

real-time spectroscopy method. Stacked structures 

were prepared by anodization of a high-purity 

aluminum chip in 0.3 M oxalic acid electrolyte at 5 

ºC. The applied current is illustrated in Figure 1: an 

average current I0 = 4 mA was applied and a three 

sinusoidal currents with amplitude of I1 = 2mA were 

sequentially stacked to this average current. These 

three sinusoidal currents had different periods, T1= 

150s, T2= 175s and T3= 200 s. All the sinusoidal 

currents were applied for N = 100 periods. Figure 1a 

shows a part of each of the three applied 

anodization currents while Figure 1b shows the 

corresponding measured anodization voltage.  It can 

be seen that the obtained anodization voltage 

follows the sinusoidal variations of the applied 

anodization current with a certain delay.  

Furthermore, it is remarkable that the average value 

and amplitude of the measured voltage depends of 

the period of the applied current. This indicates that 

the porous layer growth has a dynamic behavior 

governed by a characteristic reaction time. Figure 1c 

shows the ESEM cross-section picture of a sample 

obtained in the described conditions, while the inset 

corresponds to the top view for the same sample. 

The straight pores can be recognized in the cross 

section, but not the pore diameter modulations.  

Figure 2 shows the reflectance spectrum of the 

described sample after removing the remaining 

aluminum. As it can be seen, the three successive 

sinusoidal currents give rise to the formation of three 

stop bands.  The height of these stop bands reaches 

between 20 % and 40 % while its widths are 

between 21 nm and 26 nm. It can be observed that 

there is a direct relationship between the period of 

the anodization current and the corresponding 

central wavelength, 1 = 518 nm of T1 = 150 s, 2 = 

619 nm of T2 = 175 s, 3 = 704 nm of T3 = 200 s.  

Finally, the ability to detect a change in refractive 

index of the medium filling the pores has been 

investigated by real-time spectroscopy. To this end, 

the sample is mounted in a sealed cell with a 

transparent window that permits the measurement of 

the reflectance spectrum by a fiber mini 

spectrometer as different fluids are injected to the 

96



N a n o B i o & M e d 2 0 1 7  n o v e m b e r  2 2 - 2 4 ,  2 0 1 7  -  B a r c e l o n a  ( S p a i n )  

 

cell and fill the staked structure NAA pores. Figure 3 

shows a plot of the peak wavelength for each stop 

band in the sample as a function of time, as different 

glucose solutions of increasing concentration are 

injected. It can be seen that the peak wavelength 

shifts linearly towards higher values for increasing 

glucose concentrations, with a lower limit of 

detection of 0.025 M. In conclusion, in this work we 

demonstrate the possibility to fabricate NAA-based 

periodic structures in stack configuration by the 

application of successive sinusoidal anodization 

currents with different period. The central 

wavelength of the obtained photonic stop bands is 

directly related with the period of each of the 

different applied successive sinusoidal currents. 

Further research will be carried out to determine the 

relation between these two magnitudes. We also 

demonstrated the ability of such stacked periodic 

structures to detect a change in the refractive index 

of the fluid filling the pores by means of real-time 

spectroscopy. With this method, it is possible to 

sense glucose in a concentration as small as 0.025 

M. 
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Figures 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Figure 1. a) sample of applied anodization current for the indicated 

periods; b) resulting anodization voltage; c) cross-section SEM picture 
of the obtained stached sugate filter and top view (inset). The white 

bar corresponds to 1µm and both pictures are at the same scale. 

Figure 2. Reflectance spectrum of the stacked rugate filter 
obtained as specified in the text. 

Figure 3. Peak wavelength shift as a function of time for the three 

photonic stop bands of the stacked structure, as glucose solutions 
with the indicated concentration are injected in the flow cell. 
. 

c) 

a) 

b) 
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In the past years, there has been a growing interest 
in the field of micro-/nanomachines for its promising 
and diverse applications. Among these, the research 
has been specially focused on seeking efficient and 
biocompatible enzyme-powered micro-/nanomotors1 
for novel biomedical applications promoted by active 
motion, such as targeted delivery, sensing, surgery 
and detoxification.2,3 

These encouraging projects rely only on some types 
of micro-/nanomotors and not more than a few 
enzymes have been proven to be able to produce 
self-propulsion.4 Hence, an expansion of our 
understanding on the mechanisms of active motion 
generation at this scale is required before its 
implementation. The possible aspects playing a role 
are: local gradients of temperature or products 
produced by the catalysis, and the conformational 
changes and binding-unbinding processes 
experienced by enzymes when interacting with the 
substrate.4 

To address this, the approach of this project is 
based on the selection of four enzymes to cover the 
surface of Hollow Silica Microparticles (HSMP) and 
determine their capabilities of propulsion. Due to the 
biocompatibility properties and the easy surface 
modification that silica offers, this platform has been 
chosen to attach urease, glucose oxidase, aldolase 
and acetylcholinesterase, since their differences in 
turnover number (kcat) allow to suggest the relevance 
of this property by comparing their motion. Aldolase 
and acetylcholinesterase have never been used for 
this purpose, which raise promising new micro-
/nanomotors, able to navigate in different 
environments and encouraging new applications. 
During the process of fabrication, a detailed 
characterization is performed to confirm the optimal 
fabrication in terms of topography, shape, size, 
composition and presence of enzymes on the 
Hollow Silica Micromotors (HSMM). Next, their 
motion is studied for different substrate 
concentrations and the highest active motion of each 
micromotor is compared. While aldolase and 
glucose oxidase micromotors don’t show significant 
active motion, acetylcholinesterase micromotors 
reach a velocity of 0.43 μm/s, and the maximum 

speed is achieved by micromotors with urease as a 
power source, swimming at 2.07 μm/s (Figure 1). 
These results correlate with the kcat magnitude of 
each enzymes (Figure 1), suggesting that the driving 
mechanism is the generation of local gradients of 
products, known as diffusiophoresis. On the other 
hand, the heat production is greater for glucose 
oxidase than for urease, so the temperature gradient 
generation is not enough, by itself, to achieve self-
propulsion. Other factors, such as conformational 
changes and binding-unbinding processes 
undergone by the enzymes could be playing a role. 
In this direction, urease and acetylcholinesterase 
micromotors are exposed to competitive reversible 
inhibitors and no active motion is detected. 
With this approach, some light is shed on the 
fundamental aspects of active motion generated by 
enzymes while the field is expanded with new 
enzymes able to produce active motion, such as 
acetylcholinesterase. This leads to promising novel 
biomedical applications when acetylcholine 
presence or excess causes harmful effects, such as 
in cholinergic crisis, hypercholinergic depression, 
some types of cancer and other diseases.5 
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Figures

 
Figure 1. Comparison of motion dynamics of HSMM. (a) 
Representative tracking trajectories of each HSMM. (b) Table 
of kcat of each tested enzyme and velocity of their HSMM. 
Representation of (c) the mean MSD over time and (d) the 
velocities of each HSMM, exposed to the best substrate 
concentration in terms of self-propulsion. (for panels c and d, 
20 microparticles are analyzed, and the error bars in the 
panel d represent the standard error of mean, N = 20) 
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The potential advantages of the physicochemical 
properties of nanomaterials (NM) make them 
desirable for different applications such as 
electronics, biomedicine, cosmetics and food 
packaging [1]. The increasing development of the 
NM related industry has raised serious concerns 
about the potential harmful effects of these materials 
in human health. In the development of experimental 
approaches focused on the study of the biological 
effects of nanoparticles (NP), their dispersion has 
arisen as a determinant factor for their toxicological 
properties [2]. However, there is an intrinsic 
variability to the dispersion processes between and 
within laboratories. Most of the in vitro studies 
carried out to assess the toxic and genotoxic effects 
of NM involve acute treatments with high doses of 
the compound. Nonetheless, long-term treatments 
with low doses are a more realistic model in terms of 
human exposure and the assessment of the 
carcinogenic potential of NM [3]. Both at short- and 
long-term, the dispersion-related variability could be 
responsible for the disparities in the biological 
effects shown in the literature [4]. Moreover, the 
development of high-throughput screening 
methodologies is also limited as the preparation of 
fresh NM dispersions acts as a bottleneck, 
preventing the application of these approaches.  
The freezing of aliquots from a NM stock dispersion 
in liquid nitrogen and their posterior storage at -80ºC 
would overcome the dispersion-related limitations 
regarding reproducibility and could simplify the 
procedures. However, no studies have explored the 
impact of freeze-thawing cycles of samples on the 
physicochemical and biological properties of NM. 
Therefore, this work aims to compare freshly-
prepared and frozen MWCNT, ZnO-, Ag-, TiO2- and 
CeO2-NP dispersions as models. 
We analyzed different endpoints to test the suitability 
of the proposed procedure. NP characterization was 
performed by TEM (size and morphology analysis) 
and the hydrodynamic size and zeta potential were 
also studied. Viability comparisons were determined 
in BEAS-2B cells. Cellular NP uptake and induced 

reactive oxygen species (ROS) production was 
assessed by TEM and flow cytometry, respectively.  
The figures illustrate the obtained results for TiO2-
NP as a representative example of the results 
obtained for all the NP studied. The size distribution 
and morphology were very similar between the fresh 
and frozen samples of the different NP and no 
significant differences were found with the NP 
characterization procedures. Regarding the 
biological effects, while the cellular uptake of 
nanoparticles, the toxicity and the intracellular ROS 
production was different depending on the studied 
NP, all showed the same effect when comparing 
fresh and frozen samples. 
Therefore, this study is the first to demonstrate that 
there is no scientific evidence to dismiss the use of 
frozen NP, offering the chance of carrying out of 
short- and long-term experiments with higher 
consistency, accuracy and reproducibility in a much 
shorter time and using a simplified procedure. 
 
 
 

Figures 
 
 
 

 
 
Figure 1. (A, B) TEM image of TiO2 in dried form. The left 
side (A) corresponds to the freshly-prepared dispersions and 
the right side (B) to the thawed dispersions from frozen 
samples. (C) Size distribution of TiO2. Analysis of over 100 
randomly selected particles for both the freshly-prepared and 
the thawed dispersions from frozen samples. 
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Figure 2. (A, B) TEM images of BEAS-2B cells treated 
with TiO2-NP. The images show the NP cellular uptake after 
a 24h treatment with 100µg/ml of fresh (A) or frozen (B) TiO2-
NP. The arrows indicate nanoparticles or nano-agglomerates 
in cellular vacuoles. (C) Cell viability of BEAS-2B cells 
treated with various concentrations of freshly-prepared 
or frozen samples of TiO2-NP. Data show the percentage of 
viable cells with respect to controls and are represented as 
mean ± SEM (n=3); *p<0,05, **p<0,01, ***p<0,001. 
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Antifouling surfaces are required for many 
biotechnological applications to prevent the non-
specific protein/cell adhesion and select biological 
targets, such as cancer biomarkers, in complex 
natural media (e.g., blood) [1]. 
It has been suggested that a nanoscale 
homogenous mixture of balanced charged groups 
from polyzwitterionic systems is the key to control 

the non–fouling properties [2,3]. 
A new approach of nanostructured zwitterionic 
polymer has been performed using the combination 
of a cationic polyelectrolyte and an anionic 
oligopeptide structure. The polymeric system 
investigated consisted of a poly (L-lysine) (PLL) 
structure grafted with maleimide-NHS ester chains in 
different percentage (y%) of maleimide (PLL – 
Maly%, from 26% to 13%). The anionic oligopeptide 
sequence included five glutamic acids (E) and one 
cysteine (C) (oligo CEEEEE) has been attached to a 
PLL – Maly% polymer through the thiol – maleimide 
“click” reaction. The final zwitterionic layer has 
overall charge neutrality, as a result of the balance 
between the positive charges of PLL–Maly% and the 
negative charges of CEEEEE peptide. 
The antifouling surfaces have been characterized by 
Water Contact Angle and Polarization Modulation 
Infrared Reflection-Absorption Spectroscopy (PM-
IRRAS). Data analysis indicated the successful 
formation of the layers. Their antifouling properties 
have been assessed in adsorption studies using 
Quartz Crystal Microbalance with Dissipation (QCM-
D) using Bovine Serum Albumin (BSA) aqueous 
solutions as the standards. The best antifouling 
properties for PLL-Maly% have been obtained when 
26% and 22% of maleimide were used with gold and 
silicon oxide sensors, respectively. Furthermore, 
preliminary data have been also collected for PLL – 
Maly% functionalized surfaces using diluted (5%, 
10%, 33%) human plasma.  
 

 

Figures 

 
Figure 1. Schematic representation of PLL-Maly% - CEEEEE. 
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Inkjet Printing (IP) is a low-cost and contactless 
technique which allows low material waste of 
electronic components using only a digital design 
and thereby with no need for masks. In addition, the 
versatility that inkjet printing provides due to the 
variety of biocompatible printable materials (such as 
metals [1], polymers [1, 2], or even neurons [2]) can 
be applicable for biological systems interfacing. 
Then, IP becomes a good candidate for the 
manufacturing of several devices for biological 
applications. Our aim is to provide a neural activity 
monitoring system, by simultaneously employing 
calcium imaging [3] and electrical measurement [4 -
7]. The key is the use of transparent substrate and 
walls, which allows the use of both measurement 
techniques. The reason is that transparency enables 
the use of high resolution optical microscope for 
calcium imaging. In this way, neural electrical spikes 
can be correlated with chemical traces. In particular, 
the deposition of gold electrodes onto glass 
substrates for physio-electric research on neurons is 
presented here. First of all, the study of an 
experimental organometallic gold ink is developed; 
results (viscosity, contact angle and 
thermogravimetric analysis) show that the ink is 
suitable to be printed. The deposit optimization is 
achieved varying the different printer parameters 
(drop spacing, temperature, nozzle voltage, etc) in 
order to obtain homogeneous gold tracks that 
become conductive after a thermal sintering 
process. In order to protect the gold contacts and to 
limit the working areas, either SU-8 walls are 
deposited by a spin-coating process or a PDMS 
layer adhered to the substrate with the aid of an 
autoclave is performed. The layer is erased in 
certain areas of interest for neuron culture purposes 
(windows); so that the liquid medium, where the 
neurons will be placed during the measurements, 
will be limited to this created cavity [Figure 1]. The 
properties of the electrodes are characterized. The 
porosity is examined by scanning electron 
microscopy technique (SEM), the roughness and 
thickness are both measured with a profilometer and 
the conductivity of the electrodes is determined 
using the 2-probe method. Once the device windows 
are made, Poly-L-Lysine (PLL) is also strategically 
deposited by IP or electrospray above the gold 
electrodes; this allows us to control the spatial 
distribution of the population of mice or rat cortical 

neurons [Figure 2b)]. In conclusion, an operational 
device such as the one depicted here could manage 
to dynamically analyze neuron populations and their 
connections, giving insight on the functions of the 
existent communication. 
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Figures 
 

 
 

Figure 1. Neuron culture inside PDMS window, on top of gold 

electrodes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
Figure 2. Device architecture employing SU-8 window. a) 

IPNeuron1.0 and b) IPNeuron 2.0 devices. 
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Stem-cell based regenerative therapies to treat 
widespread cartilage damage have proved 
challenging, as direct stem cell implantation into 
affected joints leads to several complications, 
including heterotopia. Therefore, there is a need to 
precondition stem cells in vitro before implantation. 
We have previously shown that nanopatterns based 
on arginine-glycine-aspartate (RGD) dendrimers 
allow to locally control cell-substrate adherence at 
the nanoscale

[1]
 and influence stem cell 

differentiation towards chondrogenesis
[2]

. Cartilage 
is an avascular tissue in which intercellular 
communication is maintained mainly by passive 
diffusion or through gap junctions (GJs), and the 
formation of this communication network is 
imperative for the development of new cartilage 
tissue. We here demonstrate that nanopatterns also 
promote intercellular communication through GJs 
containing connexin 43 (Cx43). This is an important 
milestone for the development of a cell carrier with 
nanofeatures that promote chondrogenic 
differentiation, ensuring an accurate reproduction of 
the native tissue structure and connectivity. Since 
nanopatterns are fully biocompatible, they allow 
implantation of the resulting cell construct into the 
damaged cartilage areas. 
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Figures 

 
 

Figure 1. Dendrimer nanopatterning of (a) PAMAM G1-

derived dendrimers containing the cell-adhesive moiety of 
RGD (RGD-Cys-D1). (b)–(e) Representative AFM image 
thresholds of the nanopatterns on PLLA obtained from initial 
aqueous solutions of various dendrimer concentrations, 4·10

–

9 
%, 10

–8 
%, 2.5·10

–8 
%, and 10

–2 
% w/w, respectively, and the 

corresponding minimum interparticle distance probability 
contour plots, showing high-density RGD regions in dark red 
(dendrimers and dendrimer aggregates are plotted in black). 
 

 
 
Figure 2. Representative confocal fluorescence microscopy 

image of a cell condensate after 6 days of culture on a 
nanopattern obtained from a 10

–2 
% w/w aqueous solution, 

stained for cell nuclei (Hoechst, blue) and Cx43 (red). 
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Antimicrobial nano-metals/ metal oxides and their 
carbon based metallic formulations engineered 
using TesimaTM thermal plasma technology (Qinetic, 
Materials, Farnborough, UK) have shown effectively 
counteract a wide spectrum of pathogens, such as 
SARS coronavirus, Avian influenza virus (H5N1) and 
other deadly viruses. [1] The morphology and 
chemical structures of these antimicrobial 
nanoparticles (AMNP1 and AMNP2) were 
investigated in order to understand interactions 
between the powders and selective microbes. [2] 
Preliminary results obtained from cryogenic TEM 
imaging (Fig. 1) shows an example of how the 
surface of Uukuniemi viruses [3] were damaged and 
subsequently deactivated in the presence of 
AMNP2. However, more sophisticated studies are 
still to be performed to allow explorations of possible 
mechanisms involved during microbial inactivation in 
molecular levels.        

 
Figure 1. Cryogenic TEM image shows surface destruction 

of UUK virus envelopes caused by interaction with AMNP 2. 

With an aim to promote the application of such 
antimicrobial nanoparticles and their formulations, 
polymeric-AMNP hybrids were produced in fibre 
forms using high pressure gyration process [4]. This 

study showed AMNPs were able to retain 
antimicrobial functions after incorporation into 
Poly(methyl methacrylate) PMMA. 

More varieties of nano-metals were recently 
investigated, these include AMNP Ag and AMNP 
Cu, which were both engineered by the same 
manufacturer as previously mentioned. Interestingly, 
AMNP Ag was found to have selective inhibitory 
effects against P. aeruginosa (Gram –ve), while 
AMNP Cu was found to selectively inhibit growth of 
S. aureus (Gram +ve).† SEM image (Fig. 2 Left) 
shows AMNP Ag appeared as rod-shaped particles, 
which is similar to the shape of P. aeruginosa. 
Likewise, the spherical particles found in AMNP Cu 
also appear to match the spherical shaped S. 
aureus. Although we cannot draw conclusion with 
mechanistic interactions between the nanoparticles 
and the microbes. These morphology results 
certainly suggest a level of structure activity 
relationship in AMNP Ag and AMNP Cu with regards 
to their selectivity of microbe inhibitions.  

 
Figure 2. SEM images of engineered AMNP Ag (left) and Cu 

spheres (right) by TesimaTM thermal plasma technology. 

In order to understand the chemistry and to 
determine the exact compositions present in the 
AMNP Ag and AMNP Cu, different analytical 
techniques were performed to characterise these 
antimicrobial particles. As shown in figure 3, X-ray 
photoelectron spectra (XPS) of the corresponding 
AMNP Ag and AMNP Cu show the expected binding 
energies exhibited from Ag3d (370 eV) and Cu2P 
(930 eV) orbitals, which were measured in high Ag 
and Cu elemental ratio as desired. A rather complex 
Raman spectra (not shown here) was obtained from 
AMNP Ag, which suggested this sample did not 
contain a single Ag component, hence it was a 
composite.  

 
Figure 3. XPS analyses of AMNP Ag (top) and AMNP Cu 

(bottom) 
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An UV-vis absorbance (Fig. 4) was measured at 418 
nm, which is associated with the presence nano-size 
silver present in the AMNP Ag suspension, as only 
nano-silver gives such distinctive Surface Plasmon 
Resonance (SPR). The short wavelength (418 nm) 
measured also indicated that particles sizes of this 
aqueous AMNP Ag sample were less than 70 nm 
and there is no doubt that nano sizes particles as 
such would anticipate microbial inhibitions. 
Aggregation of Ag particles was also observed, this 
can be seen as absorbance signals gradually 
broadened over the period of 5 days with sample 
being suspended in aqueous form.  

 
Figure 4. UV-vis spectrum shows Surface plasmon 

resonance (SPR) exhibited by AMNP Ag.  

Finally, X-ray diffraction (XRD) of AMNP Ag and 
AMNP Cu has revealed the major chemical 
components present in both nano-powder. Table 1 
summarizes all visible compounds identified in each 
AMNP along with their individual crystal details, 
estimated sizes and fraction ratio found in the 
compositions.    

 
Table 1. Table of XRD analysis of AMNP Ag and AMNP Cu. 

The complexity of Raman spectra observed in 
AMNP Ag can be explained using the corresponding 
XRD results. This is associated with the three 
different silver components being found in this 
composite, they were identified as elemental Silver 
(Ag), Silver Nitrite (AgNO2) and Silver nitrate 
(AgNO3). We believe that the antimicrobial effect 
observed in P. aeruginosa was attributed by the 
water soluble component AgNO3 in the AMNP Ag, 
as silver nitrate is long known to have generic 
antimicrobial activity. Although this does not explain 
why such effect was excluded from S. aureus and 
most viruses (i.e. PRRS animal virus) that we have 
investigated.†  

On the other hand, AMNP Cu was found to contain 
almost 55% of copper oxide (CuO) and 44% of 
elemental Copper (Cu). We can be certain that the 
large spherical particles observed in the SEM image 
(Fig. 2 Left) was respected to elemental copper. 
Perhaps, the peculiar selective inhibitory effects 
observed in S. aureus was anticipated by the 
presence of heavy copper spherical metal.  

To extend the scoop of this research, we were able 
to optimize antimicrobial effects to successfully 
counteract both P. aeruginosa and S. aureus using 
correct ratio of AMNP Ag and AMNP Cu to form a 
super-formulation.† Preliminary antimicrobial results 
obtained from this serial of formulations suggested 
microbe inactivation may have been caused by 
Cu/Ag ion ratio manipulations, which affected 
functions of protein channels within bacterial cell 
membrane.   The majority of this work is to study a 
wide range of nanoparticles and composites to allow 
production of custom made formulations, which has 
selective or generic antimicrobial functions.  
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Hydroxyapatite (HAp) with the chemical formula of 
Ca10(PO4)6(OH)2 is an inorganic component of hard 
tissues such as bones and teeth. Hydroxyapatite 
possesses exceptional biocompatibility and 
bioactivity properties with respect to bone cells and 
tissues, probably due to its similarity with the hard 
tissues of the body. It has been used extensively for 
biomedical applications, because of osteoinductive 
and osteoconductive properties and biocompatibility 
with human body. Hydroxyapatite is using in 
regenerative medicine e.g. bone implants for 
regeneration of bone defects. 

Nanohydroxyapatite were synthesized  by 
hydrothermal synthesis using microwave reactor 
MSS2 (Microwave Solvothermal Synthesis). We 
used calcium hydroxide Ca(OH)2 and 
orthophosphoric acid H3PO4 as substrates to obtain 
ceramic nanoparticles. The water is the only by-
product. Microwave energy allows easily and 
precisely control the grain size of nanoparticles. 
Obtained nanoparticles were in the range of 8 - 45 
nm grain size. Phase purity was checked using  
X-ray diffraction. Scanning electron microscopy 
(SEM) gave information about the morphology of 
produced nanohydroxyapatite. The skeleton density 
and specific surface area was determined using 
respectively helium pycnometry and Brunauer–
Emmett–Teller (BET) method. 
 
We obtained six types of hydroxyapatite GoHAPTM 
with different crystallinity degree and grain size by 
changing the synthesis parameters. Crystallinity and 
grain size is higher with increasing synthesis time. 
Wide variety of GoHAPTM can be used in many 
applications (e.g. implants, scaffold layers).  
The Laboratory of Nanostructures is able to 
synthesize innovative nanoparticles similar to the 
natural hydroxyapatite. Thanks to a wide variety of 
grain size crystallinity it can be used in different 
application depending on desired resorption time of 
hydroxyapatite. GoHAPTM could be a perfect 
component of the medical implants.  
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Figures 
 

 
Figure 1. XRD patterns of bioapatite, as well as HAp Type 1 
and Type 6 nanopowders. 
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The use of engineered nanomaterials (ENMs) such 
as nanoparticles (NPs) has increased dramatically 
over recent years in many consumer goods [1]. 
Among metal-based NPs, silver NPs (AgNPs) are 
gaining interest for their antimicrobial properties and, 
currently, there is an increasing number of consumer 
and industrial products containing AgNPs. 
Consequently, the increased human exposure, 
mainly via ingestion, could have important 
toxicological implications [2]. The goal of our work 
has been to investigate these potential effects. 
To date, few data exist on the toxicokinetic and 
toxicodynamic processes taking place upon oral 
exposure to AgNPs, particularly those used as food 
additives/complements. Different dose-dependent 
animal toxicity findings report death, weight loss, 
hypoactivity, altered neurotransmitter levels, altered 
liver enzymes, altered blood values, enlarged hearts 
and immunological effects as AgNPs ingestion 
effects [3]. In addition, it has also been reported that 
ingested AgNPs cause adverse health effects due to 
differential effects on mammalian gut microbiota [4]. 
Nevertheless, conflicting data are usually reported 
owing to the complexity of in vivo models. To 
overcome this issue, we have evaluated the possible 
effects caused by AgNPs oral exposure using an in 
vitro model of the intestinal barrier. For this model, 
the human colon adenocarcinoma Caco-2 cell line is 
extensively used due to its capability to undergo a 
spontaneous differentiation process, leading to the 
formation of a cell monolayer which mimics the small 
intestine’s mature enterocytes morphologically and 
functionally [5]. The use of Caco-2 cells monolayers 
(CCM) has grown greatly in the past decade as a 
standard permeability-screening assay since 
permeability through CCM correlates well with in 
vivo absorption in humans [6].  
To increase our knowledge of the effects caused by 
the interaction of AgNPs with the intestinal barrier, 
different parameters such as toxicity, monolayer 
integrity and permeability (analysed morphologically 
and by changes in gene expression), internalization 
(uptake), translocation and induction of DNA 
damage (breaks and oxidative DNA damage) were 
evaluated. Results indicate that differentiated cells 

become more resistant to the toxic effects of AgNPs 
than undifferentiated Caco-2 cells. No significative 
effects on the monolayer’s integrity/permeability 
were observed, although an important cell uptake 
was demonstrated by using confocal microscopy. 
Nevertheless, no translocation of AgNPs to the 
basolateral chamber was observed, in spite of the 
different experimental approaches used. The 
genotoxic effects evaluated using the comet assay 
indicate that, although AgNPs were not able to 
induce direct DNA breaks, the exposure to this NPs 
induces significant increases in the levels of 
oxidative DNA damage. 
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Figures 
 
 

 
 
Figure 1. TEER values of the CCM evaluated before and 

after 24 h of AgNPs treatment. Data represented as mean ± 
SEM. ***P<0.001. 
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Figure 2. Confocal images from differentiated Caco-2 cells 

treated with 50 µg/mL of AgNPs. Cellular uptake was 
measured 24 h after treatment. Nucleuses are stained in 
blue, cell membranes in red, and AgNPs in green. Arrows 
indicate the localization of AgNPs in the cells. 
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Figure 3. Translocation studies of AgNPs through Caco-2 

monolayer. The basolateral extract was analyzed after 24h of 
AgNPs exposure by using ICP-MS: A (µg of Ag in the 
basolateral chamber)and B (µg of Ag in the apical chamber). 
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Figure 4. Analysis of genotoxic (A) and oxidative DNA 

damage (B) after 24h of AgNPs exposure. Data represented 
as mean ± SEM. ***P<0.001.  
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Nowadays more and more bioactive materials are 
used in orthopedic and dental applications, which 
can support bone ingrowth and osseointegration. 
Bioactive hydroxyapatite (HAP) is one of the 
inorganic component of hard tissues, which is 
manufactured in The Institute of High Pressure 
Physics of the Polish Academy of Sciences (IHPP 
PAS) and it is called GoHAPTM. The morphology, 
grain size and specific surface area of the 
nanopowder can be controlled by the microwave 
reactor and the high pressure consolidation 
technology for ceramic materials. 
 
Microwave solvothermal synthesis (MSS) is an 
example of microwave assisted wet chemical  
synthesis process and nowadays it is counted as 
one of the most popular chemical methods of 
obtaining nanomaterials, like HAP, ZnO, ZrO2 and 
other. 
 
Microwave heating enables a better control of the 
reaction time, fast heating and reducing the thermal 
gradients. This results in a better crystallinity of the 
nanoparticles comparing to the precipitation 
process. An additional advantage is a reduced 
synthesis temperature, so no powder calcination is 
needed. 
 
At the Laboratory of Nanostructures, IHPP PAS, we 
have been developing new type microwave reactors 
for nanomaterials synthesis for more than 10 years. 
The use of the microwave radiation and the unique 
design of the reactor permit precise pressure control 
during the quick synthesis processes, controlled with 
the accuracy of even one second. (Figure 1 and 2). 
The reactor also presents a control system which 
allows for an automatic operation in the stop flow 
mode or use the batch (closed vessel) mode. [1] 
 
 
The MSS2 reactor was constructed as a part of the 
CePT project, reference: POIG.02.02.00-14-024/08, 
financed by the European Regional Development 
Fund within the Operational Programme “Innovative 
Economy” for 2007–2013. 
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Figures 

 
Figure 1. The view of MSS2 reactor [2] 

 
Figure 2. MSS2 reactor with Labview software 
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Nanometric sized biomaterials assure a series of 
advantages which have greatly contributed to the 
advancements made in the biomedical field. First of 
all, these materials manifest chemical and structural 
similarities with tissues found in biological systems. 
Second, the size of nanobiomaterials is comparable 
with biomolecules and biomicrostrctures, allowing 
researchers to detect, maneuver and mediate such 
biocomponents. The last but not the least, from 
synthesis to processing, nanostructures can be 
easily adapted in order to tune important surface 
properties [1]. 
 
Magnetic nanoparticles are often used as a core 
which is covered by a biocompatible layer, 
determining a core-shell structure that can be used 
in the transport of bioactive components [2] [3]. 
 
Magnetite (Fe3O4) is a mineral that belongs to the 
iron oxide class and crystalizes in a face-centered 
cubic structure with 32 oxygen ions closely ordered 
on the (111) direction. Magnetite differs from the rest 
of the iron oxides by the fact that it contains both 
divalent (Fe

2+
) and trivalent (Fe

3+
) iron ions. It is 

found under an inverse spinel structure where all 
Fe

2+
 ions occupy half of the octahedral positions and 

Fe
3+

 ions are uniformly distributed at the rest of the 
octahedral positions and on the tetrahedral ones 
[1][4]. 
 
The present study is focused on the development of 
magnetite based nanostructures functionalized with 
cytostatics (paclitaxel - MP, carboplatin - MC, 
irinotecan - MI, aminoglutetimidă - MA, doxorubicină 
- MD, gemcitabine - MG) by coprecipitation method. 
The chosen precursors are FeCl3 și FeSO4, in 
stoichiometric proportions, and NH3 is the compound 
set for assuring the alkaline environment. 
 
For characterizing the obtained materials, a set of 
techniques were used, among which X-ray 
diffraction, Complex Thermal Analysis, FT-IR 
spectrometry, Scanning electron microscopy, 
Transmission electron microscopy (TEM, HRTEM, 
STEM, SAED, EDS) and gas adsorption analysis.  
The study also proposed the characterization of the 
antitumor effects of the synthetized materials by in 

vitro analysis of tumor cell cultures (HCT8) in 
controlled release in the absence of external 
magnetic field.  
 
From the correlation of the mass loss analysis with 
the specific surface area and X-ray diffraction, it 
results that the magnetite particles possess amounts 
of hydrophilic cytostatics, and transmission electron 
microscopy shows the embedding of the particles by 
these molecules (figures 1 - 4). 
 
From cell cycle analysis (Figure 5) it was 
demonstrated that Fe3O4 and Fe3O4-aminoglutethide 
hybrids, Fe3O4-paclitaxel, did not interfere 
significantly with normal cell cycle progression for 
HCT8 cells. In contrast, the Fe3O4-carboplatin hybrid 
material significantly affects cell cycle progression, 
Fe3O4-carboplatin increasing the percentage of 
cells under the G1 stage, generally in which non-
viable cells or low metabolic activity are found, and 
Fe3O4-irinotecan causes growth of the percentage of 
cells in step G2 / M, in which cells are dividing. 
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Figure 1. HRTEM, TEM and SAED of aminoglutetimide 

functionalized magnetite 
 

 
 
Figure 2. HRTEM, TEM and SAED of irinotecane 

functionalized magnetite 
 

 
 
Figure 3. HRTEM, TEM and SAED images of gemcitabine 

functionalized magnetite 

 
 

Figure 4. HRTEM, TEM and SAED of carboplatine 

functionalized magnetite 

 
Figure 5. Cell cycle analysis 
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As widely stated in literature, the physico-chemical 
properties of metal oxide nanoparticles (MeO NPs) 
are size dependent. Relative to bulk materials, NPs 
below 5 nm in diameter are extremely changing in 
their properties due to the high ratio of atoms 
exposed on the surface. In contrast, NPs in the 
range of 15 to 90 nm are more similar to the bulk [1]. 
The use of QSAR/QSPR models for hazard 
screening helps significantly reducing time and cost 
of elaborate in vivo laboratory tests. For instance, 
the experimental determination of the band gap and 
its correlation with toxicity for 24 MeO nanoparticles 
has been obtained successfully. However, when the 
electronic energy levels do not correlate with the 
toxicity of some metal oxides, such as ZnO or CuO, 
the solubility can explain this toxicity [2]. Therefore, 
better understanding and mapping of the toxicity and 
the understanding of the relationship between size 
and NP properties is fundamental to establish safe-
by-design strategies and the building of models 
representing the relationship between properties and 
size of NPs will avoid many of the experimental 
efforts. In this frame, the in silico methods developed 
nowadays can effort this challenge and furthermore. 
 
For new nanomaterials, a set of nanodescriptors 
(i.e., physical and chemical properties) must be 
calculated a priori to develop these models and use 
them for ulterior predictions. ENMs (Engineered 
NanoMaterials) are extensively used given their 
novel/valuable chemical, electrical, magnetic 
properties that arise from their small size and 
structural features. Using the most advanced 
developments of quantum chemistry tools based on 
Density Functional Theory, one can nowadays 
obtain those descriptors without requiring extensive 
laboratory sampling and simultaneously reducing the 
need of in vivo experiments. Thus, basic studies of 
physical and chemical properties on nanoparticles 
provide the clue for their reactivity mechanism. 
Computational methods can focus to determine the 
lowest-energy geometry, physical properties, 
interactions, etc.  
 
Our study compares two methodologies for the 
determination of ZnO and TiO2 NPs electronic 
structure-related properties, solubility and band gap, 
properties correlated with the toxicity of NPs in cell 
media [3]. Using the Density Functional Theory 
(DFT) at GGA and GGA+U levels and Density 
Functional – Tight Binding (DFTB), the formation 

energies, band gaps and solubility of several ZnO 
low-dimensionality structures were evaluated.  
 
Computer simulation results in vacuum showed the 
difference between ZnO at bulk, which is a 
semiconductor (band gap of 3.2 eV), relative to ZnO 
low-dimensionality structures, which became more 
conductor (band gap <1.5 eV) or slightly less 
conductor (<4 eV) in a few cases, depending on the 
crystal structures, what matches with previously 
published results.  Afterwards, filling that vacuum 
with water molecules, we observed the effect of the 
aqueous environment in the electronic properties of 
the NP. Moreover, making use of DFTB 
methodology, our group was able to evaluate the 
solubility of NPs up to 3nm [4] of diameter (see Fig.1 
for the molecular model) directly, and using the 
Ostwald-Freundlich equation we could extrapolate 
our results to larger NPs. 
 
Using the aforementioned electronic descriptors, 
small structures were scaled up and, together with 
experimental toxicity data serve to develop 
structure-property (QSPR) and structure-activity 
(QSAR) relationships for larger NPs that ultimately 
will contribute to the computational design of NPs 

optimised for specific applications. 
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Figure 1. Nanoparticle of 2 nm in an aqueous medium. 
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Abstract 
 
In the last years, nanomechanical sensors have 
become an emerging and promising technology for 
sensing and biosensing applications, due to their 
small size, fast response, high sensitivity and their 
compatible integration into ‘‘lab-on-a-chip’’ devices

1
. 

These properties make nanomechanical sensors an 
especially interesting tool for the diagnosis of 
diseases where the simultaneous detection of 
several analites is mandatory to achieve an 
appropriate diagnosis and treatment. However the 
multiplexed capability for monitoring several 
nanomechanical transducers (each one associated 
with the detection of a specific compound) still 
present some limitations related mainly with the 
integration of the read-out methodology when 
working with an array of transducers (alignment, 
power,…). 
 
To solve this limitation, we propose the colorimetric 
detection of nanomechanical bending

2
. We present 

the development of polymeric nanomechanical 
biosensors (membranes or microcantilevers) with 
integrated diffraction gratings based on 2D colloidal 
crystals

3
. We explore and exploit the white light 

diffraction to achieve a power-free array of 
membranes that change their reflective colour 
depending on the surface stress change (bending) 
produced on each sensor. The transducer bending 
will induce a change on the angle of incident of light 
and a deformation of the grating (increase or 
decrease of the pitch for large bending).  
 
We performed a study of the optimum membrane 
dimensions to maximize both the mechanical 
response and the colour change associated, when a 
surface stress-strain change is produced. Polymeric 
materials, besides being cheap and easily 
nanostructured, present a much lower Young’s 
Modulus compare with standard nanomechanical 
materials such as silicon, which will increase the 
bending response.  Experimentally, the arrays of 
membranes were fabricated by infiltrating 2D 
colloidal crystals of polystyrene nanoparticles with 
Polydimethylsiloxane (PDMS). The membranes 

were fixed and integrated into a microfluidic system. 
The colour of each membrane, due to the light 
scattering, was analyzed by UV-visible spectrometry 
and image analysis looking to develop an integrated 
multidetección system based on a smartphone 
reading. We demonstrate the suitability of this 
approach for the detection of nanomechanical 
bending induced by the adsorption of elements on 
the sensor surface. 
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Figure 1. Membrane color change under deformation 

fabricated device (inset). 
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The formation of the protein corona when 
nanoparticles are introduced into the blood stream 
alters their interactions with the target cells, affecting 
their functionality and performances in vivo [1]. 
Therefore, to improve the design of effective 
nanoparticles it is important to understand the 
composition and temporal evolution of the protein 
corona. In the present work we use super-resolution 
optical microscopy (SRM) to study the protein 
corona growing on mesoporous silica nanoparticles. 
SRM enables us not only the imaging but the 
quantification of single proteins [ref]. Interestingly, 
we observed a significant heterogeneity in protein 
absorption between individual nanoparticles which 
was only possible to detect thanks to the high 
resolution of the technique and its ability to image in 
a particle-by-particle basis. We studied the role of 
the surface chemistry in the corona formation and 
the role of the degradability in the corona evolution 
in time. Moreover, we investigate the consequences 
of protein corona formation on selective cell 
targeting which provide us a detailed understanding 
of corona-activity relations. The present 
methodology is widely applicable to a variety of 
nanostructures and complements the existing 
ensemble approaches to further investigate protein 
corona phenomenon. 
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Figures 

 
Figure 1. Super resolution imaging and quantification of 
protein corona formation on mesoporous silica nanoparticles 
incubated with 10%BSA/FBS v/v compared to conventional 
fluorescence imaging.  
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The development of micro- and nanostructures 
capable of self-propulsion has opened new ventures 
for wastewater treatment,1 bio-sensing,2 and 
biomedical applications.3,4 In this regard, the use of 
enzymes as biological engines to power nanomotors 
provides a versatile library of relevant and 
biocompatible fuels that can be tailored to the target 
application.5 In this work, we present urease 
powered nanobots for the loading of Doxorubicin 
(Dox), fuel-dependent release and efficient delivery 
to cancer cells. These nanobots consist in a core-
shell mesoporous silica structure and are able to 
propel in ionic media, as demonstrated by dynamic 
light scattering and optical tracking.  Furthermore, it 
is observed a four-fold increase on drug release of 
Dox from active nanobots in the presence of fuel 
compared to their passive counterparts leading to an 
improved anti-cancer efficiency towards cancer 
cells. This effect arises from a synergistic effect of 
the boosted release and the ammonia produced by 
urea breakdown. Urease powered nanobots may 
hold potential for their use in future applications, 
namely the fuel-triggered drug release in target 
locations. 
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Figures 

 
Figure 1. Enhanced Doxorubicin release and delivery 
efficacy to cancer cells by urease powered nanobots.  
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Quantification of biological processes is of utmost 
importance for biomedical applications. Biosensors 
have truly brought a revolution in diagnosis and 
preventive healthcare by detecting chemical or 
biological molecules of uninfected and infected cells 
using a biorecognition element and a transducer. 
Commonly, the specific interaction between an 
analyte (proteins, biomarkers, enzymes, nucleic 
acid, etc.) and the bioelement (substrate) is detected 
and converted into a measurable signal using the 
transducer. Electrochemical biosensors based on 
graphene materials are modern and future 
approaches to healthcare diagnosis, presenting 
more sensitive, selective, practical and less labor-
intensive detection protocols compared to the 
conventional methods such as real-time polymerase 
chain reaction (RT-PCR) [1]. Remarkable and 
unique physiochemical properties of graphene that 
are advantageous for biosensor development 
include its large surface to volume ratio, excellent 
electrical conductivity, strong mechanical strength, 
good chemical stability and easy surface 
functionalization. Today, the use of glassy carbon 
electrode (GCE) as a substrate for graphene 
biosensors is well established [2]. Recently, screen-
printed electrode (SPE) has received increasing 
attention as a means of achieving some essential 
requirements for advanced biosensor developments, 
such as low cost, ability to be mass-produced, and 
perhaps the most fundamental of all, simplicity [3].   

 
In this work, we propose to develop robust 

electrochemical graphene biosensors by taking into 
account the versatility of graphene for DNA 
detection, molecules which play key roles in the 
regulation of gene expression (Figure 1). Versatility 
will be investigated using commercial multilayer 
graphene (Ml-G), graphene oxide (GO), commercial 
reduced graphene oxide (RGO), home-made 
electrochemically reduced graphene oxide (ERGO), 
as well as functionalized GO with carboxyl and 
amines group. Both GCE and SPE will be used and 

compared. The impact of graphene versatility upon 
the electrochemical detection of DNA molecules is 
still an open question. 

 
Electrochemical measurements were 

performed with a potentiostat/galvanostat Autolab 
model Pgstat 204 (Nova 2 software) at room 
temperature (25°C) and a cell consisting of 
graphene modified GCE or SPE as working 
electrode, an Ag/AgCl reference electrode (in KCl 3 
mol. L

-1
) and a platinum wire as counter electrode. 

Experiments were carried out in 0.1 M KCl, or with 
1mM [Fe(CN)6]

3−/4−
 redox probe (1:1) in 0.1 M KCl.   

Electrochemical reduction of GO was performed in 
one-step and two-step (drop-casting) approaches in 
various electrolytes [4], such as GO dispersion with 
PBS solution and alkaline solution. The structure, 
chemistry and morphology of graphene electrodes 
was investigated by optical microscopy, Raman 
spectroscopy (DXR Thermofisher and Renishaw 
Invia), and X-ray diffraction (XRD) (Neslab, 
Thermoflex 1400). In this study, detection of single 
strand DNA probes with the sequence 
5’TTTCAACATCAGTCTGATAAGCTATCTCCC-3’ 
and complementary target with the following 
sequence 5-GGG AGA TAG CTT ATC AGA CTG 
ATG TTG AAA-3‘ have been investigated by non-
covalent functionalization after being drop-casted on 
the surface of electrode at different concentrations.  
 
Figure 2 shows the XPS survey of graphene 
materials with various degree of oxidation. The C/O 
atomic ratio was 35.8, 3.9, 2.7 and 2 for Ml-G, 

ERGO, RGO and GO respectively. Graphene oxide 
samples show intense bands in C1s deconvolution 
at ~286.5 eV and ~288 eV attributed to C-O/C=O 

and O-C-O/O=C-OH groups, respectively in 

comparison to Ml-G. Detection of DNA probes were 
investigated on GO film modified GCE (Figs. 3&4). 
DNA probes were successively deposited at various 
concentrations on the surface of the electrode. A 
continuous decrease in the CV signal (Fig. 3) and 
increase in the charge transfer resistance in the 
Nyquist plot (Fig. 4) were observed upon the DNA 
deposition with good sensitivity (down to 25nM). The 
decrease of the current and increase of resistance 
were explained by the repellence of [Fe(CN)6]

3-/4-
 

ions with the negatively charged DNA molecules [5]. 
Detection of DNA probes were also investigated on 
commercial Ml-G and RGO on SPE. In comparison 
to Ml-G, RGO samples presented abundant 
structural defects that were clearly evidenced by a 
higher I(D)/I(G) ratio (Figs. 5(a) and 6(a)). Upon 
DNA deposition, the intensity of CV curves 
decreases for RGO but not for Ml-G. The result was 
attributed to a better adsorption and anchoring of 
DNA molecules on RGO due to Van der Waals and 

-* interaction helped by surface specificities and 
defects sites [6]. RGO sample detect DNA at a 
concentration as low as 25 nM DNA. Our results 
show high promise for graphene oxide biosensor for 
healthcare diagnosis.  
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Figures 

 
Figure 1. Graphene-based SPE biosensor 

 

 
Figure 2. XPS spectra of SPE, GPH, RGPHOX, GO  

 

 
 

Figure 3. CV curves of GO/GC upon DNA deposition  

 
Figure 4. Nyquist plots of GO/GC upon DNA deposition 

 

 
 

Figure 5. Raman mapping of I(D)/I(G) (a) and CV curves 

upon DNA deposition (b) of Ml-G 
 

 
 

Figure 6. Raman mapping of I(D)/I(G) (a) and CV curves 

upon DNA deposition (b) of RGO 

118118



N a n o B i o & M e d 2 0 1 7  n o v e m b e r  2 2 - 2 4 ,  2 0 1 7  -  B a r c e l o n a  ( S p a i n )  

 

Probing the corona formation 
on nanodiamonds- its 
dynamics and biological 
consequences 
 

Dipesh Khanal,
1, 2

,  
Alexey Kondyurin, 

2
 Iqbal Ramzan,

1
 , Kee Woei Ng,

3
 

Wojciech  Chrzanowski
1,2

 

 
1
Faculty of Pharmacy, The University of Sydney, NSW 

2006, Australia 
2
Australian Institute for Nanoscale Science and 

Technology, The University of Sydney, NSW 2006, 
Australia 

3
School of Materials Science & Engineering, Nanyang 

Technological University, 50 Nanyang Avenue, Singapore 
639798, Singapore 

 
dipesh.khanal@sydney.edu.au 

 

 

When a nanoparticle enters the body, biomolecules 
(proteins, lipids, metabolites and sugars) coat the 
surface of nanoparticle to form a ‘corona’ which 
critically affects the fate of nanoparticle i.e. the 
aggregation tendency, uptake by the cell and 
toxicity. Since, physiological systems are highly 
dynamic and multiple classes of proteins exist, there 
is ‘competition’ within the proteins to get adsorbed 
onto the nanoparticle, therefore it is critical to obtain 
time-resolved knowledge of protein-corona 
formation. Here, for the first time combination of 
nano isothermal calorimetry, SDS Page and Matrix 
assisted laser ionization/deionization time of flight 
spectrometry was used to demonstrate the formation 
of corona on  nanodiamond (ND) (aminated and 
pristine). Cutting-edge AFM-IR technique was used 
to evaluate the fate of proteins adsorbed onto the 
individual ND. Our findings highlighted that corona 
formation on ND occurs within five minutes of 
exposure to proteins and with the evolution of time, 
the amount and type of protein bound to ND varies, 
confirming the dynamics. Furthermore, depending 
on the physicochemical properties of the ND, 
proteins compete with each other and preferentially 
bind to the ND (as seen with the two model proteins 
BSA and fibronectin). High resolution nanoscale 
spectra collected using the AFM-IR technique 
confirmed that irreversible changes to the protein 
structure, denaturation and aggregation occurred 
after binding to ND. In addition, depending on the 
protein bound to the specific class of ND, uptake 
and cytotoxicity was significantly different. Binding of 
BSA to ND promoted cell growth whereas fibronectin 
bound ND showed higher cytotoxic effect on the 
cells. These finding clearly indicate that investigating 
the corona formation is crucial to understand the fate 
of nanoparticles in the biological system and to 
screen the toxic potential of nanoparticles, as the 
conformational changes in protein may result in 
localized inflammation and toxicity. 
 
 

 
 

Figures 

 
Figure 1. Schematic representation of AFM-IR spectroscopy: 

conformational changes in the protein structure occurred after 
exposure to nanodiamond particles resulting in the formation 
of aggregated fibrillar protein. 
 

 
 
Figure 2. . a) Isothermal calorimetry plot of fibronectin titrated 

to nanodiamond particles, with increasing number of 
injections of fibronectin, nanodiamond particle were coated 
with fibronectin before being saturated by fibronectin 
adsorption; b) AFM-IR spectra collected from the 
nanodiamond adsorbed with fibronectin. Formation of 
aggregated fibrillar fibronectin and denaturation occurred 
after binding to the nanodiamond: red circles indicate the 
wavenumbers corresponding to the conformational changes 
and denaturation of proteins. 
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Magnetic nanoparticles have received extensive 
attention in the biomedical research, e.g. as 
prospective contrast agents for T2-weighted 
magnetic resonance imaging (MRI). The ability of 
a contrast agent to enhance the relaxation rate of 
hydrogen nuclei in its vicinity is quantified by its 
relaxivity. In the case of magnetic nanoparticles, 
the transverse relaxivity r2 = (R2 - RH2O)/c is more 
significant, with R2 and RH2O being relaxation rates of 
1
H in the examined suspension and in pure water, 

respectively, and c the molar concentration 
of the contrast agent in the suspension. In this study, 
we focused on evaluating r2 of ε-Fe2−xAlxO3 
nanoparticles coated with amorphous silica or citrate 
— its dependence on external magnetic field, 
temperature and thickness of silica coating. While 
most nanoparticles are in superparamagnetic state, 
nanosized ferrimagnetic ε-Fe2O3 is in blocked state 
due to high magnetocrystalline anisotropy resulting 

in giant coercive field ∼ 2 T at room temperature [1, 
2, 3]. In comparison to ε-Fe2O3 nanoparticles, 
ε-Fe2−xAlxO3 prepared by substituting diamagnetic 
aluminium atoms for a fraction of iron atoms in ε-
Fe2O3 was expected to exhibit higher magnetization 
and thus higher relaxivity.  
 
The nanoparticles were synthesized by impregnation 
of mesoporous silica template [4] with Fe(NO3)3 
and Al(NO3)3 followed by annealing. After dissolution 
of the matrix, the particles were coated with 
amorphous silica [5,6]; one of the samples was 
stabilized by citrate. The chemical composition 
of bare ε-Fe2−xAlxO3 particles was determined from 
XRF spectrum to be 2 − x = 1.77(1) of Fe 
and x = 0.23(1) of Al. XRPD analysis of the bare 
sample confirmed the same structure as ε-Fe2O3 — 
orthorhombic crystal system with Pna21 space group 
and lattice parameters a = 5.0757(4) Å, 
b = 8.7444(7) Å and c = 9.4243(6) Å, the volume per 

formula unit ∼ 52.286(6) Å
3
. The size of magnetic 

cores (i.e. bare particles) was dc ∼ 21 nm, 

the thickness of silica coating L ∼ 6, 10, 17 and 
21 nm was used in sample labelling (Figure 1). 
Magnetization of the ε-Fe1.77Al0.23O3 nanoparticles 

(5T = 21.1 A.m
2
.kg

-1
)  increased by ∼ 30% when 

compared to ε-Fe2O3, confirming thus our 
assumption about the influence of Al. ZFC/FC 
curves indicate that magnetic transitions 
characteristic to ε-Fe2O3 [4] are suppressed by 
the substitution [7]. The magnetization evinced 
an approximately linear decrease with temperature 
in the temperature range examined 
in the relaxometric study. 
 
The r2 relaxivity was measured on suspensions of 
four samples encapsulated in silica and one 
stabilized by citrate, by means of nuclear magnetic 
resonance (NMR). The relaxivity was calculated 
from the linear fit of R2(c) data obtained for 
suspensions of various concentrations. Considering 
the size and magnetic moment of the nanoparticles, 
the motional averaging regime (MAR) [8] should be 
used for describing the relaxivity, yielding 
the relation r2 = (4d

2
M

2 
νmat γ

2
µ0

2
)/405D, where 

d denotes the size of the particles, M volume 
magnetization of the agent, νmat  its molar volume,  
γ gyromagnetic ratio of 

1
H and µ0 permeability 

of vacuum. Magnetic field dependence (Figure 2) 
followed approximately the exponential rise 
to maximum, for which the MAR model is no more 
applicable. The different slope of relaxivity 
of the citrated sample in comparison to samples 
coated with silica suggests different mechanism 
of interaction of 

1
H with the coating material. 

The temperature dependence of relaxivity (Figure 3) 
of samples coated with silica demonstrated 
a significant deviation from a simple model based on 
the pseudo-Arrhenius behaviour of water self-
diffusion, which resulted in higher values of relaxivity 
than predicted by the given model. 
The experimentally found linear decrease 
of relaxivity with increasing thickness of the silica 
coating is also in contrast with the prediction 
of the MAR model, which suggests the decrease 
of r2 proportional to dc

2
/(1+2L/dc)

3
. Our results 

indicate that another mechanism which enhances 
the transversal relaxivity might be involved. Possible 
explanation can be suggested based on water 
molecules bound to the silica coating, i.e. molecules 
either present inside the pores of silica or 
physisorbed to the silica surface. The relaxivity 
of examined samples was also compared to the 
relaxivity of ε-Fe2O3 nanoparticles from previous 
study; the increase by almost 40 % for particles 
coated with silica thickness lower than 10 nm was 
found, while there was no considerable difference 
in relaxivity for thicker coatings. Consequently, 

the magnitude of the increase did not meet our 

expectation and was in contradiction 
to the prediction of MAR (increase in magnetization 
by ∼ 30 % was supposed to enhance relaxivity by 

∼ 70% irrespective of the thickness of silica coating). 
 
The transverse relaxivity of the examined samples is 
comparable to or exceeds commercial 
superparamagnetic iron oxide nanoparticle contrast 
agents (SPIOs and USPIOs) or those under clinical 
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investigation [9], whose relaxivity ranges between 
roughly 20 and 200 s

−1
.mmol

−1
.dm

3
 per Fe at 1.5 T 

and 37 °C.  
 
We have found that the level of the cytotoxicity 
of our silica-coated nanoparticles is very low 
suggesting that the follow-up use of ε-Fe2−xAlxO3 
cores even with small thickness of silica coating for 
in vivo studies is safe. 
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Figures 
 

 
 

Figure 1. TEM images of samples coated with silica and 

citrate: a) ɛ-FeAl-s06, b) ɛ-FeAl-s10, c) ɛ-FeAl-s17, d) ɛ-FeAl-
s21, e) ɛ-FeAl-cit, f) representative histogram of particle sizes 
from TEM (magnetic core of ɛ-FeAl-s06; fitted with lognormal 
distribution). 

 
Figure 2. Representative dependence of transverse relaxivity 

per Fe on external magnetic field at 313 K. Experimental data 
were fitted by exponential rise to maximum to provide 
guidelines to the eye. 

 
Figure 3. Representative graph showing the dependence of 
lnr2 per Fe on 1/RT at 11.75 T, R being the gas constant. The 
data were fitted with regard to the temperature dependence 
of magnetization and the Arrhenius-type of behaviour of the 
self-diffusion coefficient in the MAR. The temperature of the 
human body 37 °C is highlighted in the graph. 
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Abstract 
 
During the last years, carbon nanotubes (CNTs) 
have been increasingly used in the fields of 
pharmacy and biomedicine [1, 2]. However, since it 
is an emerging technology, there is very limited 
information about their toxicity, complications or 
adverse reactions in the body. The other drawback 
to these structures is that they are very hydrophobic 
so that they cannot easily be handled in most 
solvents of biological interest. Different surfactants 
have been used to improve their dispersion in 
aqueous media [3]. In the present work, we 
investigated the adsorption behavior of two 
surfactants, sodium dodecyl sulfate (SDS) and 
sodium dodecyl benzene sulfonate (SDBS), at 
different concentrations on CNT surfaces by 
molecular dynamics (MD) simulations [4]. The 
results are presented in terms of distance between 
surfactant molecules and CNT surfaces, radial 
distribution functions and interaction energies. In all 
the models simulated here, a strong adsorption of 
both surfactants on CNT surfaces is seen as it is 
demonstrated by decreasing distances during 
simulation time and favorable energetic processes. 
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Figures 

a) 

b) 
 

Figure 1.  Initial (a) and final positions (b) of eight SDBS 
molecules interacting with a CNT obtained from molecular 
dynamics calculations. In part b) of this figure, two different 
views of the model are shown. 

 
 
 

 
 
Figure 2.  Evolution of the distance between the center of 
mass of SDBS molecules and the CNT surface with 
simulation time. 
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This work presents a greener, environmentally 
benign alternative for mycosynthesis gold 
nanoparticles (NPs) using microbial sources.  Gold 
nanoparticles (AgNPs) are highly valued due to their 
surface plasmon resonance, a unique quality which 
causes a charge separation on the surface of the 
NP. They have found importance in many areas of 
science and technology including biomedicine and 
imaging technology. This study achieved a precise 
tailoring of gold nanospheres down to the nano-seed 
level using extracellular systems of extremophilic 
microbes. Control of the size of AgNPs and AuNPs 
was achieved in a size range between 40nm and 
2nm by varying physiochemical conditions of the 
synthesis.  Novel protocol developed to encapsulate 
biological AuNPs cyclo RGD peptide, c(RGDfC). 
The peptide selectively binds to the receptors on the 
surface of cancer cells. Therefore, when conjugated 
with c(RGDfC), AuNPs can potentially be used in 
targeted cancer treatments. 
 
Graphical abstract 

 
Outcomes 
Traditional methods of AuNPs synthesis involve 
multistep physical and chemical processes that use 
high temperature and pressure, large amounts of 

energy, and toxic substances that produce pollution 
in the environment [1]. Greener, alternative methods 
of synthesis that utilise a variety of microorganisms 
including fungi [2] have been explored. However, 
due to a complexity of biological medium it is difficult 
to control size and size distribution and to achieve 
repeatable results. The major parameters that can 
affect the formation of monodispersed nanoproducts 
are: the concentrations of the precursor salt, 
reducing and capping agents, and the temperature 
of the reaction mixture [3]–[5], i.e. the parameters 
that determine the rate of the synthetic reaction. 
This work demonstrates the precise tailoring of the 
sizes of gold nanospheres down to the nano-seed 
level using an active fungal medium.  
 
Size control 
Utilising a one-pot, green chemical method AuNPs 
were synthesised through the reduction of HAuCl4 by 
a cell-free extract of a thermophilic fungus. 
The increase in the ratio of fungal reducing/capping 
agents to HAuCl4 allowed for the reduction of the 
AuNP’ size to a nano-seed level with the size of 2nm 
and Standard deviation (StDev) of 0.4nm, Fig 1 (d). 
  

 
 

Figure 1 Decrease in size and size distribution of fungal 

AuNPs with the increase in the ratio of concentrations of 
reducing/capping molecules to HAuCl4. 
 

A reduction of an average size of the AuNPs from 
37.7nm to 14.06nm and a StDev from 20.8nm to of 
2.2nm was achieved through the increase in the 
synthetic reaction temperature, Fig 2. 
The increase in temperature significantly promotes 
the increase of the reduction reaction rate and 
higher availability of the capping functional groups of 
fungal proteins, which unfold at high temperatures.  
The findings create a potential for the synthesis of 
gold nanocrystals of different sizes and 
morphologies through directional growth from nano-
seeds using a biological medium. 
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Figure 2 Decrease in AuNPs size distribution with the 

increase in reaction temperature. 
 

Application 
Photothermal therapy (PTT) has great potential for 
the destruction of cancer cells through selectively 
induced apoptosis [6]. Both spherical and 
anisotropic nanoparticles are internalised by cell 
receptor mediated endocytosis [7] and treated with a 
laser which produced selective cellular damage of 
cancer cells [8] For an application in PTT AuNPs are  
conjugated with targeting moieties to be delivered 
into the cancer cell and to produce the desired 
effect. Therefore, as one of the potential applications 
of AuNPs, the possibility of conjugation of AuNPs 
generated in this work with a cancer cell-targeting 
peptide was explored. As such this part of the 
research was conducted to probe the potential 
applications of mycogenerated AuNPs and to set a 
path for the development of novel mycogenerated 
gold nano-catalysts and potential anti-cancer gold 
colloids. 
AuNPs synthesised using fungal filtrate were capped 
with a cyclo RGD peptide - c(RGDfC). The average 
size of c(RGDfC)-AuNPs produced was 31.2nm with 
a standard deviation of 4.5nm, Fig 3. This size is 
very suitable for the application in photothermal 
therapy as these nanoparticles are large enough not 
to produce a toxic effect through the generation of 
reactive oxygen species. At the same time fungal 
AuNPs-conjugates are of suitable size for 
endocytosis and have a λmax of 530nm which 
perfectly correlates with the wavelength commonly 
used in this application laser.  
As such It was demonstrated that the size and size 
distribution of biologically synthesised AuNPs can be 
successfully controlled through the variation of 
physio-chemical conditions of NPs synthesis. And as 
a novel development these nanoparticles can be 

conjugated with therapeutic moieties for biomedical 
applications. 

 
Figure 3 AuNPs(a) and AuNPs-RGD conjugates (b) and their 

LSPR absorption (top) 
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Tuberculosis is a major global health problem of 
overwhelming proportions [1]. The current treatment 
is associated with several adverse-effects and 
noncompliance to therapy [2]. The development of 
nanodelivery systems represents an interesting 
alternative for the delivery of anti-tuberculosis drugs 
to the target site of infection, as an attempt to reduce 
the required dose, to minimize the side effects, and 
to enhance patients’ compliance [3]. Thus, this work 
aims to develop a mannosylated nanostructured lipid 
carrier (NLC) loaded with rifampicin, to improve 
tuberculosis treatment. An active targeting strategy 
was used and the nanoparticles were characterized 
in terms of size, polydispersity, zeta potential, 
surface morphology, encapsulation efficiency, and in 
vitro drug release. Effects on cell viability were 
tested using primary mouse bone marrow-derived 
macrophages (BMDM), and the anti-mycobacteria 
activity of the nanoformulations was evaluated using 
Mycobacterium avium-infected BMDM. The 
nanoparticles developed exhibited a size of about 
315  nm, and polydispersity below 0.2. The drug 
encapsulation efficiency was higher than 90%, and 
its release was sensitive to pH. The mannosylated 
NLCs showed efficient uptake by BMDM. Further, 
rifampicin-loaded mannosylated NLCs were more 
efficient in inducing a decrease of intracellular 
growth of mycobacteria. The overall results support 
that mannosylated NLCs constitute a promising 
strategy for the delivery of rifampicin selectively to 
macrophages. Moreover, although in vivo studies 
are required to validate the clinical potential of these 
nanoparticles, the results obtained are a promising 
proof-of concept, and demonstrate, albeit in vitro, 
the applicability of the nanoformulations developed. 

This may ultimately open up new avenues in the 
fight against the world's deadliest infectious disease. 
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Figure  

 
Figure 1. Schematic representation of the active targeting 
approach used in the present study. Mannosylated 
nanostructured lipid carriers loaded with rifampicin (M-NLCs-
RIF) were developed to target macrophages, the main site of 
tuberculosis infection. 
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Plastic debris in the environment is increasing in line 
with the plastic production. The last studies estimate 
more than 250 MT of plastic floating in the oceans 
[1,2]. The phenomena related to the breakdown and 
degradation of the plastic debris in small pieces 
(micro- and nanoplastics) is principally linked to four 
main factors: the temperature, the UV radiation, the 
surrounding media (that enhance the break down 
into smaller pieces), and the fouling processes [1]. 
Micro- and nanoplastics may impact the basis of the 
food chain causing damage to the entire trophic 
chain, including humans. In fact as already known 
plastic particles are ingested by a large number of 
aquatic organisms [3,4]. The potential toxicity of 
these nanomaterials needs to be characterized. We 
investigate the impact of polyethylene terephthalate 
(PET) nanoparticles (NPs) on model of the intestinal 
barrier obtained using Caco-2 cells. PET is a 
widespread type of plastic (56 million tons produced 
in 2013) used for packaging foods and beverages, 
which accumulate in the ecosystem [5]. Protein 
Corona complex formation was studied to 
understand the NPs behaviour in biological media 
and the stabilizing effect of soft corona proteins was 
observed. Through confocal microscopy we have 
evaluated the uptake of PET NPs marked with a 
fluorescent tag, both in isolated Caco-2 cells and in 
the intestinal barrier in vitro model (Figure 1). 
Following NANoREG SOP (Standard Operating 
Procedure for evaluation of NPs impact on Caco2 
cell barrier model) method we analysed the impact 
of PET NPs on the functionality and on the integrity 
of the barrier in dependence on the concentration of 
the NPs and time of exposure. From our cellular 
studies, it emerged that the PET NPs do not have a 
decisive effect on the cell viability and membrane 
integrity, and despite a lack of acute response of 
Caco-2 barrier, a chronic response is underlined by 
the variation in TEER (Trans-epithelial Electrical 
resistance) value and by the increase of the barrier 
permeability. The results of this work enrich the 
basic knowledge of this novel class of pollutants and 

helps to understand their interactions with living 
organisms. 
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Figures 

  
Figure 1. Schematic  representation of the PET NPs uptake 

by human; below xz confocal section of a Caco2 intestinal 
barrier which internalized PET NPs. Cell nuclei (Hoechst) in 
blue, actin (Phalloidin) in red and NPs (Fluoresceinamine) are 
shown green.  
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Nanotechnology has provided new strategies in 
biomedicine for the treatment of certain pahologies 
such as cancer by the development of 
nanoformulations that transport antitumor drugs 
improving their solubility, specificity, half-life in blood 
stream and reducing their toxicity [1]. The tumor 
pathology more common diagnosed and the main 
cause of death worldwide for this disease is lung 
cancer. One of the drug used to treat it is 
Doxorubicin (DOX) alone or in combination with 
other drugs. This drug has a good antitumor activity. 
However, its low specificity for tumor tissues makes 
it toxic for non-tumor tissues causing severe side 
effects, especially cardiac toxicity [2]. Our study is 
based in the development of DOX-loaded poly (ε-
caprolactone) (DOX-PCL) nanoparticles (NPs) 
(Figure 1) that were tested in in vitro and in vivo lung 
cancer models [3]. For the in vitro model we used 
human and mouse lung cancer cell lines A549 and 
LL/2. For the in vivo model immunocompetent 
C57BL/6 mice were subcutaneously inoculated with 
LL/2 cell line. Our results showed no toxicity of blank 
PCL NPs in general in any cell line thus 
demonstrating its biosafety and biocompatibility. 
Otherwise, DOX-PCL NPs increased cell death 
reducing the half-inhibitory concentration (IC50) 
compared to free drug up to 56.3% and 63.6% in 
A549 and LL/2 respectively.  Nanoformulations 
showed an intense internalization in tumoral cells in 
comparison to free drug. (Fig. 1). Furthermore, in 
vivo assays demonstrated better antitumor activity 
and survival (Fig. 2) and also a reduction of cardiac 

toxicity in mice treated with DOX-PCL NPs. These 
results suggest that PCL NPs are a safe and 
efficient nanoformulation to improve the treatment of 
lung cancer. 
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Figures 

 
Figure 1. DOX-loaded poly (ε-caprolactone) (DOX-PCL) 

NPs. Internalization studies in LL2 cell line. 
 

 
 
Figure 2.  Evolution along time of tumor volume of mice. 
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Cancer progression (proliferation and metastasis) 
and treatment resistance are a dynamic process due 
to molecular changes that progress over time. 
Among these changes are genetic mutations, but 
also epigenetic changes (chromatin compaction, 
DNA methylation, histone modifications or change in 
non-coding RNAs such as miRNAs) that confer 
characteristics necessary for invasion and 
aggressiveness. 
Therefore, one of the great challenges in clinical 
practice is the early diagnosis and precision 
medicine, which allows the application of more 
individualized treatments leading a higher success 
rate, better quality of life for the patient and a lower 
cost for the health system. For this, it is necessary to 
invest in the identification of biomarkers, but also in 
the design of new biosensors to detect these 
biomarkers with a high sensitivity, specificity and low 
cost-effectiveness. 
MicroRNAs (miRNAs) are a family of small (20-22 
nucleotides) non-coding RNAs that regulate gene 
expression by binding to the 3 'region of mRNAs. 
Each miRNA has distinct target mRNAs and each 
mRNA has binding sites for distinct miRNAs, so 
there is a miRNA integration in the regulation of 
expression. In addition, they are stable, easy to 
detect and are present in biofluids such as plasma, 
urine or saliva, so they can be obtained by non-
invasive techniques. In this way the miRNAs are 
ideal candidates to be used as diagnostic 
biomarkers and prognoses and also as potential 
therapeutic targets 1. 
There are different studies that have found an 
aberrant profile of miRNAs in pathologies such as 
cardiovascular or inflammatory disease and in 
cancer 2. 
Regarding the quantification of miRNAs in vitro, it is 
possible to indicate that currently the most 
widespread quantification methods are based on 
sequencing methods, Northern or microarraying, but 
possibly the most widespread is the PCR, mainly by 
TaqMan probes or Exiqon technology, which require 
a retrotranscription pre-stage and a subsequent step 
of amplification and detection 3, so are time-
consuming and laborious. 
Molecular Beacon (MB) are specific hairpin-shaped 
probes containing at the 5 'end a fluorochrome and a 
3' molecule that inhibits fluorescence (quencher). 
The ends of this sequence have 5-7 nucleotides 
complementary to each other, allowing it to adopt a 
hairpin structure. Between these extremes there is a 

sequence specific and complementary to the target 
to be detected, in this case the 22 nucleotides of the 
miRNA of interest. Thus, when the miRNA is not 
present, the MB is in the form of a hairpin, with its 
proximal ends preventing the emission of the signal. 
In the presence of the miRNA, it hybridizes to the 
central sequence of the MB, which acquires an open 
arrangement, thereby removing the quencher from 
the fluorochrome allowing the emission of 
fluorescence 4. 
Herein, we have demonstrated that miRNAs can be 
detected directly using a MB. MiRNA-205 has been 
detected successfully by molecular beacons in a 
quantitative and enzyme-free manner. The method 
developed in this work is simple, fast, and sensitive, 
so it will offer great opportunities for the high-
throughput diagnosis and prognosis of diseases. 
 
 
Aknowledgments: "Generalitat Valenciana" for 
starting grant number GV2016-109”. 
 

References 
 

 
[1] García-Giménez JL, Sanchis-Gomar F, Lippi 

G, Mena S, Ivars D, Gomez-Cabrera MC, 
Viña J, Pallardó FV, Clin Chim Acta. 413 
(2012) 1576-82. 

[2] Zeng MS, Adv Exp Med Biol. 927 (2016) 391-
427.  

[3] Egatz-Gomez A, Wang A, Klacsmann F, Pan 
Z, Marczak S, Wang Y, Sun G, Senapati S, 
Chang HC, Biomicrofluidics, 10 (2016) 
032902. 

[4] Lee JH, Kim JA, Jeong S, Rhee WJ, Biosens 
Bioelectron. 86 (2016) 202-210.  

 
 
 
 

Figures 

 
Figure 1. Closed conformation of the MB in the absence of 

the target miRNA maintains the fluorophore near the 
quencher, so it does not emit fluorescence. Open 
conformation in the presence of the target, the fluorophore is 
kept away from the Quencher and emits fluorescence. 
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Many recent advances in nanomaterial science have 
opened up the possibility of combining biological 
entities with artificial materials to obtain hybrid bio-
robotic devices capable of performing different 
tasks[1]. At the nanoscale, integrating enzymes with 
nanoparticles is of special interests in nanomedicine 
and water remediation and, at the microscale, self-
motile cells like bacteria can be used to propel 
microtubes or microparticles. But, how much further 
can we go?[2] 
Several examples in the literature have used cardiac 
or skeletal muscle cells, in the form of micro-tissues, 
to develop hybrid bio-actuators that can perform 
simple movements or actuations[3,4]. These bio-
actuators could, in the future, take advantage of 
naturally-appearing actuators and boost the 
performance of current soft robotic systems in terms 
of bio-compatibility, energy efficiency, adaptability, 
self-healing, damage tolerance or bio-sensing 
capabilities.  
Here, I will present the recent advances in our lab in 
the development of hybrid bio-actuators[5]. We have 
used the 3D bioprinting technique to obtain 3D 
skeletal muscle whose contractions can be com-
pletely controlled via electrical stimulation. We 
proved the high controllability of our bio-actuators by 
both calcium imaging and bright-field tracking during 
electrical stimulation. These results can be of high 
relevance not only in the field of bio-robotics, but 
also in tissue engineering, regenerative medicine 
and drug testing. 
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Figures 
 

 
Figure 1. a) Snapshots of a 3D bioprinting process of skeletal 
muscle tissue. b) Immunostaining of cell nuclei and Myosin 
Heavy Chain II, where aligned myotubes can be seen. c) 
Contractions of stimulated skeletal muscle tissue at different 
frequencies. 
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Since the last decade, the engineering of 
chemically-driven synthetic micro/nanomotors 
capable of autonomous motion has been attracting 
much attention. Researchers from different fields 
have focused on the development of these 
machines due to their enormous potential 
applications, such as in nanomedicine.[1] One of the 
major challenges when designing active systems for 
biomedicine relies on the use of nontoxic and 
biocompatible driving forces. Catalytic reactions 
triggered by enzymes are good candidates to 
perform the required transformation of chemical 
energy into mechanical energy upon the presence of 
the appropriate substrates (fuels).[2] However, the 
stability and long-term activity of the enzymes is 
strongly affected by the interactions with the 
surrounding media. This is specially challenging 
when enzyme-powdered micro/nanomotors are 
aimed to address biological tasks at body fluids. It is 
then crucial to protect these biocatalysts in 
compartmentalized spaces to maintain their 
functions in body fluids.[3], [4]  
Mesoporous silica particles (MSPs) have emerged 
as promising materials for the construction of smart 
devices with biomedical relevance, especially as 
drug vehicles owing to the advantages that they 
present over the traditional drug nanocarriers. In 
regards of biomedical applications, MSPs show 
unique properties as size and shape control, easy 
surface chemistry, high loading capacity, 
biocompatibility and nontoxicity.[5] Moreover, silica 
provides remarkable chemical and thermal stability 
when used host material for biomolecules, such as 
enzymes. 
Our strategy is based on the fabrication of 
microsized hollow MSPs that are functionalized at 
the inner surface to covalently bind enzymes. In 
addition to the internal hollow structure, such 
micromotors present a cavity at the surface that 
allows both the diffusion of the substrates and the 
product release for the enzymatic reactions. Since 
the source of kinetic energy is confined in silica 
protective capsules, the proposed system might 
facilitate the particles self-propulsion even in 

biological fluids. The possibility of using a vast 
library of enzymes and the easy size tunability of the 
particles confers remarkable versatility to the 
motors. 
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Nano-sized biomaterials provide a number of 
benefits that have contributed to the development of 
the biomedical domain. They have chemical and 
structural similarity to biological tissues and 
systems, the comparable size of nanobiomaterials 
with biomolecules and biomicrostructures provides 
researchers with the ability to detect, manipulate and 
mediate these biocomponents and, last but not 
least, nanostructured materials can be easily 
adapted to reveal significant variations in surface 
properties [1]. 
 
"Zero-dimensional" nanomaterials [2] are specially 
formulated to absorb, adsorb or encapsulate an 
active substance, thus protecting it from potential 
degradation by either chemical or enzymatic 
processes. They can be used as adjuvants in 
vaccines or drug transporters, at which the active 
compound is dissolved, encapsulated, adsorbed or 
chemically attached [3]. The main purpose in 
designing nanoparticles as controlled release 
systems is to release specifically pharmacologically 
active agents at optimal rates and doses. 
 
Magnetic iron oxides have been extensively 
exploited by researchers over centuries, an eloquent 
example being the use of iron oxide nanoparticles 
both as contrast agents for in vitro diagnosis and as 
a support for drug delivery. Eight types of iron oxide 
are known, among which the most promising and 
popular candidates are hematite (α-Fe2O3), 
magnetite (Fe3O4) and maghemite (γ-Fe2O3) as a 
result of polymorphism involving phase transitions 
under the influence of temperature. Each of these 
iron oxides exhibits a number of unique biochemical, 
magnetic and catalytic characteristics, as well as 

properties that provide them with many advantages 
in technical and biomedical applications [58]. 
 
Synthetic magnetic particles, obtained through 
various synthesis routes, may have large differences 
in their magnetic properties. These differences are 
attributed to structural changes, the creation of 
antiphase boundaries, or the existence of a residual 
magnetic layer at the surface of particles. The 
disadvantage of synthesis methods in aqueous 
solutions is that the pH of the reaction must be 
adjusted during both the synthesis process and the 
purification process. The tendency of these 
nanoparticles to form aggregates and increase in 
size to minimize total free surface energy represents 
a critical and difficult to combat [66, 67]. Since 
particles are attracted magnetically, besides 
agglomeration due to the Van de Waals forces, 
alteration of the surface is often indispensable. 
Various surfactants, such as sodium oleate, 
dodecylamine, sodium carboxymethyl cellulose or 
PEG, are commonly used to improve the 
dispersibility of nanoparticles in aqueous media. 
 
Leflunomide is one of the approved disease-
modifying anti-rheumatic drugs and has been widely 
used for the treatment of rheumatoid arthritis over 
the past decade. It acts rather as an 
immunomodulating agent, rather than as an 
immunosuppressive one. It inhibits dihydroorotate 
dehydrogenase (an enzyme involved in pyrimidine 
synthesis) and shows antiproliferative activity. 
Numerous experimental models in vitro and in vivo 
have demonstrated an anti-inflammatory, analgesic 
and antipyretic effect of this active substance, used 
in rheumatoid arthritis therapy [5]. 
 
Folic acid and its derivatives are of great interest in 
biology and medicine due to the coenzyme functions 
performed in the body in a series of vital reactions. 
Rheumatoid arthritis therapy, even if it is used to 
reduce inflation and joint damage, brings about 
numerous undesirable systemic effects, which 
implicitly add to the risk of adverse effects. Improved 
disease control measures, as well as the use of 
targeted therapies involving only the affected tissue, 
are therefore needed [6]. Selective neutralization of 
synovial macrophage activation is an attractive 
approach to diminishing local and systemic 
inflammation as well as preventing irreversible joint 
damage. 
 
Synthesis is made following a co-precipitation 
method, where over an NH3 solution, a mixture of 
Fe

2+
, Fe

3+
 and lefluonimide is added drop wise and 

under continuous stirring. After the precipitate is 
formed, it is washed with pure water and the 
nanoparticles (Fe3O4@LEF) are dried at 40

o
C for 48 

h. After dispersing the nanoparticles into ultrapure 
water, a solution of PEG 8000 is added drop wise 
into the dispersion. The nanosystem 
(Fe3O4@LEF@PEG) is washed and dried. The 
stabilized nanoparticles are then again dispersed 
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into ultrapure water where a folic acid solution is 
added. The complex nanosystem 
(Fe3O4@LEF@PEG@FA) is washed and dried at 
40

o
C for 48 hours.  

 
The obtained system was structurally and 
morphologically characterized by several techniques 
including XRD (Figure 1), SEM, TEM (HRTEM, 
SAED, EDS) FTIR (Figure 2), release profile of LEF 
by UV-Vis and also, the evaluation of in vitro 
biocompatibility was assesed.  
 
 

Figures 

 
Figure 1. X-ray diffraction in each stage of the complex 

system 

 

 
Figure 2. FT-IR spectroscopy in each stage of the 

complex system 

 

Figure 3. Release profile of LEF by UV-VIS spectroscopy 

 

 

References 

[1] L. Yang, L. Zhang, and T. J. Webster, Adv. 
Eng. Mater., vol. 13, no. 6 (2011), pages 
197–217. 

[2] S. Singh, V. K. Pandey, R. P. Tewari, and V. 
Agarwal, Indian J. Sci. Technol., vol. 4, no. 3 
(2011), pages 177–180. 

[3] M. E. Davis, Z. (Georgia) Chen, and D. M. 
Shin, Nat. Rev. Drug Discov., vol. 7, no. 9 
(2008), pages 771–782. 

[4] M. L. Herrmann, R. Schleyerbach, and B. J. 
Kirschbaum, Immunopharmacology, vol. 47, 
no. 2–3 (2000), pages 273–289. 

[5] C. Marchetti et al., Onco. Targets. Ther., vol. 
7 (2014), page 1223. 

 

133



N a n o Bi o &M e d2 0 17  n o v e m b e r  2 2 - 2 4 ,  2 0 1 7  -  B a r c e l o n a  ( S p a i n )  

 

Extracellular vesicles derived 
from Plasmodium-infected red 
blood cells: Characterization 
and drug encapsulation 
studies 

 
Livia Neves Borgheti-Cardoso

1,2
,  

Xavier Fernàndez-Busquets
1,2,3

 

 
1
Nanomalaria Group, Institute for Bioengineering of 
Catalonia (IBEC), Carrer de Baldiri Reixac, 10-12, 

Barcelona, Spain
 

2
Barcelona Institute for Global Health (ISGlobal), Carrer 

del Rosselló 149-153, Barcelona, Spain
 

3
Nanoscience and Nanotechnology Institute (IN2UB, 

Universitat de Barcelona), Avd Joan XXIII S/N, Barcelona, 
Spain 

 
lborgheti@ibecbarcelona.eu 

 

 

Malaria is one of the main global health concerns: 
according to the World Health Organization, in 2015 
there were 212 million new cases of malaria and 
429,000 deaths related to this disease. Malaria is a 
blood infection by protists of the genus Plasmodium 
transmitted by female Anopheles mosquito bites. 
The parasite has an asexual cycle in the human and 
a sexual cycle in the mosquito. The rapid 
multiplication of parasites in red blood cells (RBCs) 
elicits the clinical manifestations of malaria (fever, 
chills, prostration and anemia, and, in severe 
infection, metabolic acidosis, cerebral malaria, multi-
organ failure, coma and death) [1]. The treatment of 
malaria is difficult because of the complex life cycle 
of Plasmodium, the adverse physical environment 
for drug administration to RBCs and the short half-
lives of most antimalarials. To overcome these 
barriers, several drugs and regimes of administration 
have been used for more than one-hundred years, 
but they have consistently failed because of 
resistance evolution caused mainly by the exposure 
of the parasite to low amounts [2]. On the other 
hand, the use of high doses to avoid low local 
concentrations frequently leads to toxic side effects. 
The proposition of targeted drug delivery systems is 
a promising strategy to overcome these problems 
and advance towards effective treatments. 
Extracellular vesicles (EVs) have emerged as an 
interesting targeted drug delivery system because 
they may provide advantages over other methods 
such as greater stability in the blood, efficient cargo 
delivery into the cytosol of the target cell and, 
possibly, fewer off-target effects. EVs are lipid 
bilayer-bounded vesicles released by cells into the 
extracellular space and are involved in cell-to-cell 
communication [3]. EVs derived from Plasmodium-
infected RBCs (pRBCs) can contribute to the 
general inflammatory condition in malaria, are 
related to the control of balance between virulence 
and transmission and can spread drug resistance 
throughout the parasite population. In addition, 

pRBCs are able to internalize EVs and incorporate 
their contents into the parasite cytosol [4]. Based on 
these concepts, we are proposing EVs derived from 
pRBCs as a targeted drug delivery system for the 
treatment of malaria. EVs were isolated by 
differential centrifugation, filtration and density 
fractionation in a 60% sucrose cushion [5]. Purified 
EVs were evaluated by dynamic light scattering, 
cryogenic transmission electron microscopy (cryo-
TEM) and flow cytometry. Preliminary studies were 
performed to evaluate drug encapsulation of the 
antimalarial compound chloroquine. EVs exhibited a 
size around 200 nm (Figure 1) and vesicular shape 
(Figure 2). Flow cytometry data were obtained using 
an antibody-binding assay to analyze the presence 
of molecular EV markers. EVs derived from pRBCs 
have been found to contain glycophorin A and 
histidine rich protein-2 (HRP2); glycophorin A is an 
abundant membrane protein present in all RBCs and 
HRP2 is expressed during most of the Plasmodium 
falciparum life cycle. These characterization results 
strongly indicate that the purified vesicles were 
released from malaria-infected RBCs. Drug 
encapsulation was evaluated by two methods: (1) 
incubation for 2 h at 37 °C and (2) active 
encapsulation protocol using a pH gradient [6]. Only 
the second approach succeeded, resulting in a 15% 
encapsulation of chloroquine. Further studies 
evaluating different encapsulation strategies will be 
performed and the active encapsulation method will 
be optimized. In addition, other antimalarial drugs 
will be encapsulated in purified EVs and antimalarial 
in vitro activity will be evaluated. Funding: grant 
BIO2014-52872-R (MINECO, Spain). European 
Commission under Horizon 2020’s Marie 
Skłodowska-Curie Actions COFUND scheme (Grant 
Agreement no. 712754), Severo Ochoa programme 
(Grant SEV-2014-0425 (2015-2019)). 
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Figures 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Dynamic light scattering analysis of extracellular 

vesicles derived from Plasmodium-infected RBCs. 
 
 

 
 
Figure 2. Cryogenic transmission electron microscopy 

(cryo-TEM) images of extracellular vesicles derived from 
Plasmodium-infected RBCs. 
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Nanotransporters are systems that offer unique 
possibilities to overcome cellular barriers in order to 
improve the delivery of numerous active substances 
such as drugs and therapeutic biomedical molecules 
[1]. 
 
Magnetic nanoparticles have a wide range of 
features that recommend them as promising 
candidates for controlled release systems. Some of 
these features are: easy manipulation of 
nanoparticles by applying an external magnetic field, 
the possibility of using passive and active substance 
release strategies, the ability to be visualized by 
imaging techniques such as nuclear magnetic 
resonance, and efficient internalization by target 
tissues, ensuring optimal treatment for optimal 
therapeutic doses [2]. 
 
In the absence of a coating, the iron oxide magnetic 
particles have hydrophobic surfaces with a high 
surface / volume ratio. Due to the hydrophobic 
interactions between the particles, the latter 
agglomerate, forming clusters (aggregates), leading 
to particle size increase. For effective stabilization of 
iron oxide nanoparticles, it is recommended to cover 
them with stabilizers such as surfactants or 
macromolecules (polymers), which will ultimately 
prevent the aggregation of magnetic nanoparticles. 
 
Methotrexate, also known as Amethopterin, is a 
chemotherapeutic agent and a suppressor of the 
immune system. It is used in the treatment of cancer 
(breast cancer, leukemia, lung cancer, lymphoma 
and osteosarcoma), autoimmune diseases (such as 
psoriasis, rheumatoid arthritis and Crohn's disease) 
and ectopic pregnancies. It is a folate analogue and 

therefore has structural and physico-chemical 
properties similar to [3]. 
PEG is used as a stabilizer because of its ability to 
not adsorb blood proteins, to improve the 
bioavailability of active substances, and to slow 
down the degradation processes of materials used 
to obtain controlled release systems (micelles, 
liposomes, dendrimers or nanoparticles). 
 
Folic acid is a ligand that has an increased affinity 
for FR (folic acid receptors). Folic acid receptors 
mediate the cellular internalization of follicular 
conjugates via receptor mediated endocytosis. In 
fact, the small size of the ligand allows effective 
tissue penetration and faster acceptance by affected 
tissue receptors. Conjugation of folic acid is 
therefore a valid method in the targeted delivery of 
therapeutic agents [4]. The schematic representation 
of folic acid-mediated endocytosis can be seen in 
Figure 1. 
 
Synthesis consists of a co-precipitation rute, where a 
stoichiometric mixture of Fe

2+
 and Fe

3+
 that also 

contains the methotrexate is added dropwise into an 
NH3 solution subjected to continous stirring. After 
complete addition of the iron precursor mixture, the 
precipitate is washed several times until complete 
removal of Cl

-
 ions (from precursors) and the 

nanoparticles (Fe3O4@MTX) are dried inside an 
oven at 40

o
C for 2 days. After dispersing the 

nanoparticles into ultrapure water with an ultrasonic 
probe, a solution of PEG 8000 is added dropwise 
into the dispersion. The nanosystem 
(Fe3O4@MTX@PEG) is washed and dried in the 
same conditions as the above precipitate. The 
stabilized nanoparticles are then again dispersed 
into ultrapure water and a folic acid solution is 
dripped over it. The complex nanosystem 
(Fe3O4@MTX@PEG@FA) is washed and dried at 
40

o
C for 2 days.  

 
The obtained system was structurally and 
morphologically characterized by several techniques 
including XRD, SEM (Figure 2), TEM (Figure 3) 
(HRTEM, SAED, EDS) FTIR, Release profile of MTX 
by UV-Vis and also, the evaluation of in vitro 
biocompatibility was assesed.  
 
Fourier transform infrared spectroscopy analysis 
confirms that the nanosystems comprise all the 
target compounds identified by the presence of 
characteristic absorption bands. The release profile 
for Fe3O4@MTX exhibits classic two-step release 
behavior, typically for active substance-bearing 
nanoparticles. Following in vitro biocompatibility 
tests, it was concluded that the only system that 
could induce a cytotoxic effect on mesenchymal 
stem cells isolated from amniotic fluid (AFSC) is the 
Fe3O4 + MTX complex. Also, the addition of the 
macromolecular compound and folic acid, 
respectively, significantly reduces the negative 
effects of nanosystems on AFSC. 
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Figures 

 
Figure 1. Schematic representation of folic acid mediated 

endocitosys 

 

 
Figure 2. Scanning electron microscopy for 

Fe3O4@MTX@PEG@FA 

References 
 

 
[1] H. Hillaireau and P. Couvreur, Cell. Mol. Life 

Sci, vol. 66, no. 17 (2009), page 2873-2896; 
[2] M. Arruebo, et al., Nano Today, vol 2, no. 3 

(2007), page 22-32; 
[3] E. G. Favalli, M. Biggioggero, and P. L. 

Meroni, Autoimmun. Rev., vol. 13, no. 11 
(2014), pages 1102–1108; 

[4] C. M. Paulos, B. Varghese, W. R. Widmer, G. 
J. Breur, E. Vlashi, and P. S. Low, Arthritis 
Res. Ther., vol. 8, no. 3 (2006), page 77. 

 
 

 
Figure 3. Transmission electron microscopy (TEM) and 

HR-TEM for Fe3O4@MTX@PEG@FA 
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Modern wound dressings are currently being 
produced from several biocompatible polymers, 
tailored to meet the optimum conditions for wound 
healing such as alginate and poly (vinyl alcohol). In 
some cases, these scaffolds are loaded with growth 
factors and antimicrobial agents to enhance wound 
healing and prevent infection. The use of such 
agents affects the efficacy, cytotoxicity, allergenicity 
and the cost of production [1]. It is well known that 
inexpensive natural compounds such as propolis, 
has many important pharmaceutical properties, 
while some retinols act as a regenerative compound 
in damaged human tissues. Thus, in this preliminary 
work we developed three PVA/Alginate dressings 
loaded with 10% propolis and 0,001% vitamin A 
(retinoic acid, retinol palmitate and retinol acetate) to 
investigate their pore sizes and bactericidal potential 
relations. Samples were prepared as (1) 50/50 
(PVA:Alginate, w:w); (2) 75/25; and (3) 25/75%, with 
or without cross-linking with glutaraldehyde (0,5%). 
Samples were analyzed by SEM to measure the 
pore sizes, and disk-diffusion tests to evaluate the 
bactericidal activity against Pseudomonas 
aeruginosa INCQS0025 and Staphylococcus aureus 
ATCC 25923 strains. By increasing the 
concentration of PVA it is observable the formation 
of smaller and more uniform pores (Figure 1), this 
fact is related to the formation of smaller ice crystals 
between the PVA chains, what impacts in the 
release of propolis and vitamin A, and the 
mechanical properties. Disk-diffusion tests showed 
visible inhibition halos for P. aeruginosa and S. 
aureus strains. Higher PVA formulation (75%) and 
cross-link treated samples exhibited wider halos, 
which can be related to faster release of active 
compounds, while higher alginate content had more 
controlled release noticing bactericidal effect only in 
the zone of contact (Figure 2). Further studies will be 
performed to better understand PVA/Alginate 
compositions in drug release kinetics and scaffold 
mechanical properties.   
 
 
 
 
 
 

 

Figures 

 

 
 

Figure 1. SEM images of PVA/Alginate formulations (A, B, C: 
50/50%; D, E, F: 75/25%; and G, H, I: 25/75%). Red-labeled 
images (B, E, and H) shows cross-link treated polymers. 
 

 
 

Figure 2. Disk-diffusion tests showing inhibition halos of P. 
aeruginosa and S. aureus. In some cases, cross-link 
treatment (above) and PBS buffer application (W) induced 
the release of bactericidal compounds rather than non cross-
linked (under) or without PBS application (D). 
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Colloidal quantum dots (QDs) have been extensively 
studied due to 1) their optoelectronic properties, 
such as narrow emission and color tuneability, and 
2) their potential for applications in electronic and 
biological systems1,2. In this study, we used QDs as 
a detector to determine elastase and trypsin 
concentration in human stool samples for cystic 
fibrosis diagnosis. 
 

Two different quantum dots (λem(CdSeS)= 500nm 

and λem(CdTe)= 650nm) were encapsulated in silica 

nanospheres using a reverse microemulsion method 
described elsewhere.3 Then, a short peptide marked 
with a 5-TAMRA dye (5-Carboxytetramethyl- 
Rhodamine, with a fluorescence band at 550nm) 
was attached to the surface of the nanosphere 
(nanoSi) (Figure 1). The 2nanoSi system composed 
of 80nm silica nanospheres on average (Figure 2) 
showed three emission bands at 500nm, 550nm and 
660nm when analyzed using a fluorimeter (Figure 
3). 
 
Our system is based on a simple mechanism. 
Briefly, when blue QDs are relaxed after being 
excited with a lamp, radiative and nonradiative 
recombinations take place. Some of this energy is 
transferred to the photosensitizer dye by FRET 
(Fösrster Resonance Energy Transfer). This 
phenomenon is noticed because the emission band 
of QDs decreases. To allow this process to happen, 
two requisites are necessary: 1) the donor emission 
band has to overlap to the acceptor absorption band 
and 2) the acceptor and the donor must be spatially 
close. On the other hand, red QDs work as a control 
signal, meaning that their emission band must 
remain constant during all the procedure. 
 
 
 
 

 
We can plot a linear curve fitting the ratio between 
blue and red emission bands with different 
concentrations of porcine elastase (Figures 4 and 5). 
The calibration curve showed an excellent linear 
respond (χ2 = 0.96) and using this system, we were 
able to quantify the concentration of elastase and 
trypsin4, in human stool samples. 
 
Overall, this system will allow the development of a 
non-invasive, low-cost, fast and easy-to-use device 
for the detection of diseases such as cystic fibrosis.  
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Figures 
 

 
 
Figure 1. Pictoral description of the nanoSi system. 

 
 

Figure 2. TEM images of nanoSi. Dint= 71,23nm  Dext= 

96,26; DCdTe QDs= 4nm; DZnCdSe=2nm 
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Figure 3. PL spectrum of Nanospheres. 
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Figure 3. PL spectra of calibration curve Stirring time 1,5h.  
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Figure 4. Calibration curve.  
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Due to the deficient structure of the cancerous 
vasculature system, nanoparticles hold a great 
promise for increased tumor permeability [1]. In the 
medical imaging arena, several nano-based contrast 
agents were previously approved for clinical use [2], 
yielding enhanced detection of the pathological 
tissue. Extensive efforts are continuously taken to 
further incorporate nano-based materials for various 
medical imaging modalities. In the therapeutic 
arena, a growing field of interest is the utilization of 
nano-scaled complexes as thermal treatment 
enhancers [3]. In such procedures, a semi-invasive 
or an utterly noninvasive energy applicator is used to 
heat the cancerous tissue. This may improve the 
efficiency of chemotherapy or radiotherapy, or 
completely ablate the tumor tissue. 
 
 
Copper oxide nanoparticles (CuO-NPs) were 
recently demonstrated as capable of inducing tumor 
cell death using in vitro and in vivo models [4]-[6]. 
Herein, we shall describe our recent efforts to 
incorporate copper oxide based nanomaterials for 
additional and multiple medical applications. The 
main goal of the research was to investigate whether 
these nanoparticles may also serve as an imaging 
contrast agent and therefore, be monitored during 
their therapeutic application. Seven nanometer in 
diameter CuO-NPs were synthesized and their 
properties characterized. The particles improved 
magnetic resonance imaging (MRI) contrast (e.g., in 
figure 1), based on the longitudinal magnetic 
relaxation time property. The CuO-NPs were also 
well visualized using ultrasound, thus, providing a 
multimodal imaging capability [7]. Using a unique 
approach, termed through-transmission 
ultrasonography, the particles were also useful for 
cancer thermal treatments image monitoring, when 
performed using a minimal-invasive microwave 
applicator [8]. In conclusion, CuO-NPs hold a unique 
potential to serve as an imaging-therapeutic 
combined nano-material. 
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Figures 

 
Figure 1. Magnetic resonance imaging (MRI) of an ex vivo 

poultry heart injected with copper oxide nanoparticles. (a)-(b). 
Top and frontal views respectively of the imaged specimen. 
(c)-(d). Axial and coronal MRI images respectively of the left 
ventricle, as the chamber was filled with water. (e)-(f). Axial 
and Coronal MRI images respectively of the left ventricle, 
after injecting copper oxide nanoparticles into the chamber.  

(a) 
 

(b) 
 

(c) 
 

(d) 
 

(d) 
 

(e) 
 

(f) 
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Targeted delivery of chemotherapeutics in order to 
overcome side effects and enhance 
chemosensitivity remains a major issue in cancer 
research worldwide. In this context, biocompatible 
O/W micro-emulsions were developed as matrices 
for the encapsulation of bioactive molecules, which 
are slightly soluble or insoluble in water [1]. DPS-2 is 
a novel bioactive compound, exhibiting high 
cytotoxicity in various cancer cell lines, among them 
the MW 164 skin melanoma cell line and the CaCO-
2 human epithelial colorectal adenocarcinoma cell 
line. The delivery system, composed of 81.5% w/w 
PBS buffer, 10.6% w/w Tween 80 and 7.9% w/w 
triacetin [2], was structurally characterized by 
Dynamic Light Scattering (DLS), Cryogenic-
transmission electron microscopy (Cryo-TEM) and 
Electron Paramagnetic Resonance (EPR) in order to 
characterize its internal structure and investigate the 
degree of encapsulation of the bioactive compound 
[3,4]. The effective release of a lipophilic compound 
was evaluated via Confocal Microscopy. The 
cytotoxic effect of O/W micro-emulsions, in the 
presence and absence of  DPS-2, in MW 164 and 
CaCO-2 cells, was examined through the MTT cell 
proliferation and Trypan Blue exclusion assays. The 
O/W micro-emulsion, as nanocarrier, had no effect 
on cell lines’ viability while DPS-2 exhibited 
significant cytotoxicity in both cell lines when loaded 
in micro-emulsion. A deep understanding of how a 
given chemotherapy affects cell signalling pathways 
involved in cell death is highly relevant in order to 
develop more effective therapeutics [5]. The 
molecular mechanism of the induced cell death is 
being investigated through experimental approaches 
such as Fluorescence -activated cell sorting (FACS) 
analysis and Western Blotting. Preliminary results 
indicate lack of apoptosis and S-phase arrest in both 
cell lines. Currently, further characterization of the 
type of the cell death induced as well as 
identification of the molecular pathways involved, in 
each cell type, is ongoing. 
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Figures 

 
 
Figure 1. Schematic representation of the several phases of 

the study and their interactions 
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Nanoporous Anodic Alumina (NAA) is a 

material with growing interest in nanotechnology as 
it consists of an array of regularly ordered straight 
pores perpendicular to the material surface [1] 
obtained by the electrochemical anodization of 
aluminum in the appropriate conditions [2,3,].  

 
Because of its high surface-to-volume ratio, 

tailorable geometry and chemical stability one of the 
main applications of NAA is as a biosensing platform 
[4], for this propose the surface modification of NAA 
by grafting functional molecules is a key step. 
The Streptavidin-Biotin interaction system is widely 
used in biosensors. Thanks to their strong affinity 
and specificity, it is easy immobilize any biotinylated 
molecule on a biosensor surface previously 
functionalized with Streptavidin [5][6]. 
Optical biosensing with NAA has been demonstrated 
with the Reflection Interference Spectroscopy (RIfS) 
method [7]: the attachment of a specific molecule to 
the inner pore surface (conveniently modified) of a 
NAA thin film is detected by a change in the 
reflectance spectrum, quantified as a shift in the film 
effective optical thickness (EOT).  
In this work we study two pathways to accomplish 
the attachment of Streptavidin to the NAA surface by 
means of RIFS in real time. The first step is common 
in both pathways and consists of grafting 
aminopropyl triethoxysilane (APTES) to the NAA 
surface, while the difference between the two 
pathways consists in considering two different cross-
linking methods able to attach Streptavidin: 
glutaraldehyde (GTA) or EDC/NHS. Both 
functionalization pathways have previously been 
studied for the attachment of proteins to the NAA 
surface [8].  
 

Here we study in real time the streptavidin 
attachment process and study the effect of 
depositing a thin film (10 nm of thickness) of gold on 
top of the NAA porous structure as it can contribute 
to improve the interferometric signal in the 
reflectance spectrum of the NAA. 
NAA samples were prepared following the well-
established two-step anodization procedure [1] using 
0.3 M oxalic acid and a thin film of gold was 
deposited by sputtering on half of the samples while 
the other half was used as produced.  

Grafting APTES to the NAA samples was 
accomplished by incubation of 2µl of APTES in 20ml 
of dry Toluene under Nitrogen flux, half of the 
samples were then functionalized with GTA (both 
as-produced NAA and gold-coated NAA samples) 
raised in GTA solution and the other half was 
functionalized only with APTES using EDC/NHS to 
activate the carboxyl group that will be binding with 
the Streptavidin.  
The attachment of streptavidin to the NAA samples 
was monitored in real time by means of RIFS in 
sequential injections of Streptavidin and buffer 
solution, Phosphate buffer saline (PBS) in the case 
of the GTA and, 2-(N-morpholino)ethanesulfonic 
(MES) in the case of ECD-NHS. 
In all the experiments, pure buffer is first flown until 
the measured EOT is stable. At this point, the 
corresponding Streptavidin solution with a 
concentration of 100µg/ml is injected and the 
change of EOT is registered as a function of time, 
until it reaches a stable value. Finally, buffer is 
injected again in the flow cell to rinse the non-
attached molecules. 
 

Figure 1 shows two reflectance spectra 
corresponding to one sample measured after 
functionalization with APTES and Streptavidin (red 
line) and to another equivalent sample measured 
after the sputtering of 10 nm of gold on top of the 
NAA structure (blue line), both spectra show 
successive maxima and minima resulting from the 
Fabry-Pérot interferences in the NAA porous thin 
film, it can be observed that the gold layer increases 
the contrast between the maxima and minima in the 
spectrum.  

 
Figure 2 shows the results of four real-time 

RIfS experiments of streptavidin injection in flow cell. 
The graphs show the variation of the estimated EOT 
as a function of time. Graphs a) and b) correspond 
to as-produced samples, while graphs c) and d) to 
samples with sputtered gold. On the other hand, 
graphs a) and c) correspond to samples 
functionalized with the GTA cross-linker while b) and 
d) correspond to the EDC-NHS activating method. 

 
The results for the EDC cross-linker show a 

fast increase of EOT after the streptavidin injection, 
with an EOT increment of approximately 40 nm in 
100 s. However, after the injection of the PBS buffer, 
the EOT recovers its original level in the same time.   
For the EDC cross-linker the increment in EOT after 
the streptavidin injection reaches a smaller value 
(between 20 nm and 25 nm) and at a much smaller 
rate (approximately 700 s). Furthermore, after the 
injection of the MES buffer, the EOT decreases 15 
nm in the case of the as-produced sample and 
maintains its level for the sample sputtered with 
gold. 
 

These results indicate that using GTA as 
cross-linker does not result in an effective 
attachment of the streptavidin to the NAA pore walls. 
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This can be caused by the fact that the APTES-GTA 
binding reaction is reversible in water-based 
solvents. Instead using EDC-NHS results in a 
noticeable change in EOT, this is maintained after 
MES injection indicating a good attachment of 
Streptavidin.  

These results demonstrate that the RIfS 
method is able to detect the streptavidin attachment 
to the NAA pore wall, and that is a good tool to 
investigate the attachment dynamics. On the other 
hand, the results also show that depositing a thin 
film of gold contributes to enhance the spectral 
signal and to reduce noise in the measurement of 
the EOT. 
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Figures 
         

 
Figure 1. Reflectance spectra of NAA measured after 
functionalization with APTES and Streptavidin in a 
as produce NAA (red line) and after the sputtering of 
10 nm of gold on top of the NAA (blue line). 

 

 
Figure 2. Real-time EOT of streptavidin injections at 
100µg/ml in flow cell in NAA as-produced a) and b), 
and NAA covered with gold c) and d). 
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Abstract 
The release of drugs loaded inside Nanoporous 
Anodic Alumina (NAA) pores is complex and 
depends on the morphology of those pores. In this 
study, NAA with different three-dimensional (3D) 
pore structures were fabricated, and their respective 
drug release rates were studied and modeled. The 
obtained results reveal optimal modeling of all 3D 
pore structures, discriminating two drug release 
stages: short term and long term stages. Higuchi 
and Korsmeyer–Peppas equations, successfully 
modeled a short-term and a long-term release 
respectively. This study proves the effect of pore 
geometries on drug release rates. 
 
Experimental Section 
Ordered nanoporous anodic alumina (NAA) was 
prepared by the two-step anodization method. To 
suppress breakdown effects and to enable uniform 
oxide film growth at high voltage (195 V in phosphoric 
acid) a protective layer at lower voltage (174 V also in 
phosphoric acid) was performed for 180 min. After the 
first anodization (first step), the disordered porous 
alumina grown on the aluminium surface was 
removed by a wet chemical etching in a mixture of 
phosphoric acid (0,4M) and chromic acid (0,2M) (1:1 
volume ratio) at 70ºC. The second anodization step 
was performed under the same experimental 
conditions (195V) as they were used in the first step 
in order to obtain ordered nanoporous alumina. The 
layer length or pore depth was controlled by the total 
charge that is going through the electrodes because it 
has a direct relation with the amount of Nanoporous 
Anodic Alumina created [1,2].  

 
Figure 1. Schematic illustration of the different pore 

shapes. The name of every pore shape is written in the 
upper part. 

Regular pore shapes (RP) or straight pores were 
achieved by electrochemical anodization. Then 
pores with different pore diameters were realised 
using wet chemical dissolution (pore widening) of 
the pore walls in order to obtain pores with similar 
top pore diameter and be able to compare them. 
 
Normal Funnels (NF) samples were performed 
alternating anodization process and pore widening 
process. Depending on the number of layers the 
samples were named NF2 (Normal Funnels of 2 
layers) or NF3 (Normal Funnels of 3 layers) (Figure 
1 and 2).  

 
Figure 2. Cross section ESEM images of Normal and 

Inverted Funnel sample A) Two layered Normal Funnel B) 
Three layered Normal funnel sample. C) Three layered 
Inverted Funnel sample D) Cross-section of a two layered 
inverted funnel sample. 

 
In order to achieve the Inverted Funnels (IF) 
structures, a thermal treatment to change the 
amorphous crystallographic phase of the alumina to 
gamma crystallographic phase was used [3]. 
Temperatures treatments about 250ºC and 500ºC 
were applied, and finally a pore widening procedure 
was applied. Inverted funnels were named IF2 
(Inverted Funnels 2 layers) or IF3 (Inverted Funnels 
3 layers) depending on the number of layers (Figure 
1 and 2).  
 
Drug Loading and Release Studies 
Doxorubicin (DOX), which is a self-fluorescent drug, 
was selected as a model drug. DOX solution at 
1mg/ml concentration was loaded into the templates 
for the release studies. The release studies were 
performed in vitro using phosphate-buffered saline 
(PBS. DOX was measured directly in the release 
medium. The photoluminescence measurements 
were taken on a fluorescence spectrophotometer 
using an excitation wavelength (λex) of 480 nm and 
emission wavelength of 590 nm. 
 
Results and Discussion 
Regular pores (RP), Normal Funnels (NF) and 
Inverted Funnels (IF) were successfully achieved. 
Figure 2 shows ESEM cross-section pictures of the 
normal and inverted funnels samples. 
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Figure 3. Graphs showing the cumulative drug release of 

different sample shapes in days. 

 
In figure 3 a general release profile is shown for 
straight pores and for every type of funnels. We can 
observe a burst release within the first minutes, and 
then the release rate is decreasing slowly, for this 
reason we distinguished between two release 
ranges: the short-term and the long-term release. In 
order to identify the release constant for the burst 
release we used Origin software to find the equation 
witch best describes the drug liberation. A variation 
of the Higuchi equation was used: 
 

                                                     (1) 

Where Mt is the cumulative release at time t, M0 is 
the intercept value when time is zero and k is the 
release constant [4,5].  
 
A correlation between the top pore diameter and the 
release rate (K) was found in this study within the 
first minutes in the case of regular pores. For this 
reason we plotted the release rate (k) against the 
top pore diameter for the different pore structures 
(figure 4). 

 
Figure 4. Graph showing the relation between the slope 

(K) and the top pore diameter. 

 
To continue with the identification of the release 
mechanism model we used the Korsmeyer-Peppas 
(equation 2) for the long time release (from day 2 to 
day 63).  

                                                  (2) 

Where Mt is the proportion of drug released at given 
time t, Mt0 is the amount of drug released at the 
reference time t0 (1day), t is time in days and n is the 
release parameter related to the release rate.  

This time the release rate was obtained as the first 
derivative of the equation 2 and we could also found 
a relation of the release rates and the top pore 
diameter on the regular pores. For this reason a 
graph relating the release rate and the top pore 
diameter (figure 5) was prepared [6]. 

 
Figure 5. Graph relating the release rate and the top pore 

diameter for the long time release. 

 
Conclusions 
The quantitative dynamics of the release has been 
studied in two different regimes: A short-term 
release and a long-term release.  During the short-
term release the results were fitted by the Higuchi 
model. Normal Funnels samples show a lower 
release constant (K) during the bust release than the 
regular pores  
For the long-term release, the data has been fitted 
by the Korsmeyer-Peppas model. This time release 
rates in Inverted Funnels were higher than the 
regular pores with the same top pore diameter, and 
the Normal Funnels values were lower than the 
regular pores with the same top pore diameter. 
Those results reveal that the Inverted Funnels 
structures retain inside the pores a higher quantity of 
drug than the Normal Funnels or the regular pores 
with the same volume, area or top pore diameter. 
This retention allows this pore structure to release 
the active molecule in a sustained way. 
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Paclitaxel (PTX) is one of the chemotherapics of 
election for the treatment of breast cancer. However, 
this drug presents some limitations as low solubility, 
poor tumor specificity and the appearance of side 
effects (1). The use of nanoparticles (NPs) is an 
asset to improve PTX antitumor efficacy, avoid 
toxicity and target the drug action specifically on the 
tumor tissue (2). For these reasons, we have 
developed a delivery sistem, consisting on 
Tripalmitin solid lipid NPs (Tripalm-NPs) for PTX 
encapsulation (Tripalm-NPs-PTX) (3). These NPs 
(Figure 1) have been assayed in a wide range of 
breast tumor models, consisting on a human breast 
cancer cells (MCF7); multicellular tumor spheroids 
(MTS) derived from MCF7, that mimic a tumor mass 
(Figure 2); a resistant cells line through P-
glycoprotein (P-gp) overexpression (HCT-15) and 
breast cancer stem cells (CSCs) obtained from 
MCF7, which are very often responsible for 
recurrences and recidives.  In order to asses the 
antitumor efficacy of these PTX-loaded NPs, 
treatments were added at increasing 
concentractions and a cytotoxicity assay was 
performed by the sulphorrodamine B method after 
96 hours. MTS were obtained from MCF7, and their 
volume after being treated were monitored by 
microscopy at different times of the experience. 
Finally, for CSCs obtention, MCF7 were incubated 
with an induction medium for two weeks, treatments 
were administered for 48 hours, and the cytotoxicity 
assay was carried out using a Cell Counting Kit 

(CCK-8, Dojindo, Japan). The results obtained prove 
an improvement in the antitumor efficacy of PTX 
after its incorporation in Tripalm-NPs-PTX over 
MCF7 cells and MTS (Figure 2). Further, they were 
also able to increase PTX effect against a resistant 
cell line, and CSCs, with a significant (p<0.001) 
decrease in cell viability in all the cases. According 
to these results, Tripalm-NPs-PTX are very 
promising delivery systems to improve breast cancer 
treatment efficacy and avoid treatment failure. 
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Figures 

 
Figure 1. Tripalmitin solid lipid NPs (Tripalm-NPs) NP-

loading PTX. Entrapment efficiency.  

 

 
Figure 2. Analysis of the tripalmitin solid lipid NPs 

(Tripalm-NPs) NP-loading PTX effect in MTS volume. 
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Alzheimer’s disease (AD) is a slowly developing 
neurodegenerative disease that is prevalent among 
the elderly. AD progression might start 20 years 
before symptoms are apparent. Several hypotheses 
were proposed to explain AD pathogenesis. 
Understanding the key players in AD 
neuropathogenesis helps identifying the possible 
therapeutic targets. AD could be managed via 
symptomatic or disease-modifying treatments. 
Symptomatic treatments improve memory and 
cognition; while disease-modifying treatments stop 
or slow down the disease progression. Recent 
advances in nanotechnology have provided superior 
opportunities in the management of AD. Loading a 
drug in a suitably formulated nanocarrier can 
increase drug accumulation in the brain via surface 
functionalization; increasing its blood-brain barrier 
crossing ability. In spite of the research ongoing for 
decades, the clinical trials on nanocarriers for AD 
drug delivery are very limited; hindering their transfer 
from bench to bedside. It appears that the 
nanotoxicity and large scale processibility challenge 
their success. In this presentation, different types of 
nanocarriers for AD management will be 
overviewed. Toxicity and scaling up aspects of these 
nanocarriers will be highlighted. 
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Various methods have been used to control and 
manipulate living cells, for example those involving 
nano- and micromotors propelled by remote triggers 
such as acoustic and ultrasonic waves [1,2], 
temperature [3] or electrophoretic and 
dielectrophoretic forces [4,5]. Among these external 
stimuli, actuation by magnetic fields has garnered 
great attention as it offers advantages like easy 
manipulation, control of the swimming dynamics by 
the applied magnetic field, wireless control or no 
harmful effect to the body [6,7]. 
 
Magnetic nanostructures have received increased 
attention as micromotors during the last years for 
biomedical applications like marking and cells 
separation, drug-delivery or theranostics. The 
incorporation of magnetic nanostructures into living 
cells and their manipulation using steering magnetic 
fields is a challenge to widen the applicability of 
nanobiomedicine. Locomotion of these 
nanostructures represents the first challenge. At low 
Reynolds number environment the viscous forces 
dominates over the inertial ones. Consequently, 
hydrodynamics becomes time reversible and no net 
motion is observed. The second challenge is the 
possible cytotoxicity of the metallic nanostructures.   
 
Thus, we present here the synthesis of Ni/Au 
nanorods (NRs) in two different configurations - 
core@shell and bi-segmented NRs- and their further 
internalization into test yeast cells. The two 
configurations will allow the systems to be 
biocompatible and their actuation via magnetic 
fields. The internalization of the NR will allow 
obtaining a cell-NR biohybrid asymmetric 
microstructure able to be moved, at the micrometric 
level, by controlled magnetic fields. 
 
The fabrication of the NWs is performed by using 
electrochemical method. The electrosynthesis 
requires the use of a porous membrane as a 
template where growing the metallic NRs. The 

diameter and length of the NRs is controlled by the 
diameter of the template channels and the 
electrodeposition charge respectively. Different 
electrochemical strategies have been used for the 
synthesis. Electrodeposition of Ni NRs of a few 
microns of length and 100 nm of diameter, followed 
by the galvanic displacement of the superficial nickel 
by a gold layer allows to fabricate Ni@Au NRs 
(Figure 1) in which the gold layer avoids the 
dissolution of nickel in cellular medium. 
Electrodeposition of bi-segmented Ni-Au NRs, and 
posterior oxidation of the nickel surface in alkaline 
solution allows obtaining Ni@NiO-Au asymmetric 
NRs of a few microns in length and 100 nm of 
diameter (Figure 2); in this case the biocompatibility 
and stability of the nanostructures is assured by the 
presence of gold and NiO surfaces. Both kinds of 
NRs are easily manipulated by means of magnetic 
fields. 
 
After that, NRs were incubated during 24h with yeast 
cells dispersed in water. After this time, the correct 
internalization of the NRs inside the cells was 
corroborated by FE-SEM microscopy (Figure 3).  
Finally, the biohybrid micromotor was propelled 
using different rotating magnetic fields. The 
magnetic fields were generated by custom-made 
coils oriented along three perpendicular directions 
and connected to a waveform generator and a 
current amplifier.  
 
The velocity and direction of the movement can be 
controlled by the field strength, the frequency and 
the sense of rotation of the magnetic field. Figure 4 
shows how the yeast cell can be transported to the 
target area by changing the magnetic fields. No 
significant differences are observed for the two types 
of NRs, and the conditions for the maximum velocity 
are determined. The work opens the possibility of 
using the proposed strategy for cells separation of 
precise motion of cells at the micrometric level. 
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Figures 
 

 
 
Figure 1. Ni@Au NWs: Ni NWs fabricated by templated 

assisted electrodeposition and covered with a gold layer by 
galvanic displacement in a Au(III) solution. Scale bar: 200 nm 

 
 

 
 
Figure 2. Asymmetric Ni@NiO-Au NWs: Ni-Au NWs 

fabricated by templated assisted electrodeposition in a single 
solution and pulsed technology, and posterior oxidation of the 
Ni surface in alkaline solution. Scale bar: 200 nm 

 

 
 

 
Figure 3. FE-SEM pictures of the yeast cells before (A) and 

after (B) internalization of magnetic NWs..Scale bar: 400 nm 

 
 

 
 
Figure 4. Motion of the yeast cell-NR biohybrid micromotor in 

different directions depending on the applied rotating 
magnetic field: (A) rotating magnetic field in the xz plane, 4.5 
mT, 5Hz, (B) rotating magnetic field in the yz plane, 4.5 mT, 
5Hz, (C) rotating magnetic field in the xz plane, 4.5 mT, 5Hz. 
The sense of rotation of the magnetic field is opposite to the 
field in (A). 
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Several sets of ferrofluids, consisting of MgxFe3-xO4 
nanoparticles (0≤x≤0.6), which are coated with citric 
acid (CA), oleic acid (OA) and polyethylene glycol 
(PEG), were synthesized by using hydrothermal 
method. Some of these magnetic nanoparticles 
(MNPs) were additionally radiolabeled by β-emitter 
yttrium-90 (

90
Y). The main objective was to test the 

MNPS and optimize their characteristics for 
magnetic hyperthermia and regional radiotherapy, 
which can be used either individually or 
simultaneously in cancer treatment. A complete 
characterization was made for all samples from 
which information about external morphology of 
MNPs, their size distribution and magnetic 
characteristics was obtained. For coated MNPs 
measurements of ζ-potential and hydrodynamic radii 
were done, from where the dependence on Mg 
concentration x was found. 
 
The cytotoxicity of the coated MNPs was tested in 
vitro on four cell lines: HeLa (human cervical 
adenocarcinoma cells), LC174 (human colon cancer 
cells), A549 (lung cancer cells) and MRC5 (healthy 
fetal lung fibroblast cells). 
 
The obtained results show that the examined cancer 
lines demonstrate different sensitivity to MNPs and 
that cytotoxicity depends on the type of nanoparticle 
coating. For example, the Mg0.6Fe2.4O4/OA sample 
shows very good cytotoxicity to all of the used cell 
lines, whereas the same PEG-coated magnetic 
nanoparticles have a negligible cytotoxicity. Also, it 
was found that HeLa cells exhibit the highest 
sensitivity, regardless of the type of coating while at 
the same time healthy cells are almoust insensitiv to 
MNPs. 
 
The labeling yield for all MNPs is very high and for 
citric acid coated MNPs is 75%, while for PEG 
coated nanoparticles is almost 100%. Stability of 
90

Y-labeled MNPs was investigated in both saline 
and human serum at 37

o
C up to 72h. It was found 

that MNPs/PEG/
90

Y stability is almost 100% while 

citric acid nanoparticles (MNPs/CA/
90

Y) demonstrate 
lower stability of 65%. 
 
Magnetic hyperthermia measurements show that all 
samples have good heating ability. SPA values of 
MNPs doped with Mg are increasing with 
concentration x and applied frequency, showing 
improvement of heating efficiency comparing to pure 
magnetite. Measured SPA values are comparable or 
higher with so far known commercial ferrofluids [1]. 
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Ensuring the reproducibility of nanoparticle (NP) 
synthesis in terms of particle size, size distribution, 
particle uniformity or colloidal stability is crucial for (i) 
applications, (ii) basic and applied research or (iii) 
exploit nano related physical properties. Standard 
analytical methods, such as electron microscopy, 
static or dynamic light scattering (DLS), or x-ray 
diffraction can deliver precise results, but often 
sample preparation and measurements are time 
consuming, prone to artifacts, or require expert 
knowledge for data treatment [1]. 
    Hence we were looking for a quantitative, non-
destructive measurement method with high precision 
and accuracy, which overcomes the above-
mentioned disadvantages. 
We stimulated thermally responsive nanoparticles 
with a homogeneous light source and measured the 
heat generated by the NPs. The thermal signal was 
detected with lock-in thermography (LIT) [2], an 
ultra-sensitive infrared imaging technique, commonly 
used to test composites and electronic components 
(e.g. solar panels) [3].   
    The result is a 2D heat map, which allows 
quantifying of the heat produced with respect to the 
applied light intensity. The method has been 
successfully applied to rapidly and efficiently test 
and compare different NP batches. In addition, the 
method can be used to investigate the particles’ 
shelf-life over several weeks or analyze particle 
aggregation. Sample preparation is extremely 
straight-forward, as the NPs can be measured in 
their dispersed state. To stimulate different types of 
NPs, such as gold (Au) or silver (Ag), the excitation 
wavelength can be changed, ranging from the UV- 
to the IR-spectrum [4]. 
    We investigated Au and Ag NPs with different size 
distributions and polydispersities to test the 
versatility of this method. 
    In addition to those model plasmonic NPs, we 
also analyzed the applicability of our method to 
much more real and complex particles, such as 
carbon nanotubes. Their composition, shape 
anisotropy and polydispersity make them 

challenging candidates for qualitative and 
quantitative analysis. Complementary methods, 
such as transmission electron microscopy (TEM), 
DLS and Taylor Dispersion Analysis (TDA) have 
been used to analyze the particles and to 
understand the origin of the difference in heating 
behavior. 
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Figures 

 
Figure 1. a. 2D LIT heat signal of 30nm Au NPs. b. 

Comparison of two Au NP batches at different 
concentrations. c. TEM micrograph of 30nm Au NPs (scale is 
500nm). d. Histogram of 30nm Au NPs. 
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Hepatitis C is an enveloped, positive-stranded RNA 
virus belonging to the hepacivirus genus in the 
Flaviviridae family. It is comprised of a nucleocapsid 
(Core) surrounded by a host-derived membrane 
containing the E1 and E2 HCV glycoproteins and has 
a specific tropism to liver hepatocytes [1]. Cell-culture 
(cc) systems for the production of infectious and non-
infectious Hepatitis C Virus (HCV) particles (HCVcc) 
had been developed in mammals [2], insect [3] and 
free cell systems [4]. Transient expression in plants of 
viral proteins and particles has been exploited for 
production of enveloped and non-enveloped plant-
related and heterologous viruses and virus like-
particles (VLPs), due their relatively low cost of 
production, high yields of biomass production and 
efficient eukaryotic post-traductional modifications 
required for mammalian hosts viruses [5].  
We report for the first time the successful production 
of HCV VLPs in a plant system (N. Benthamiana). 
Transient overexpression of plant-codon optimized, 
cDNA of the structural proteins (E1, E2 and Core) 
from the strain 1a of Hepatitis C results in formation 
of fully assembled VLPs. 
Negative staining transmission electron microscopy 
(TEM) and size distribution analysis after Heparin 
affinity chromatography purification and isopicnyc 
centrifugation in sucrose and Iodixanol gradients, 
showed pleomorphic particles populations ranging in 
size from 29nm to 110nm, with 2 mayor populations 
of 50nm and 99nm in diameter resembling particles 
produced in other HCVcc systems [6,7] (Figure 1). 
SDS-Page and Western-Blot analysis showed the 
presence of the 3 structural proteins at the 
previously reported buoyant density for HCVcc 
particles of 1.1g/ml [8]. 
VLPs were fluorescently labeled and fused (pH=6, 
sonication 30s) with previously functionalized 
fluorescent liposomes. Co-localization was showed 
using single-particle multi-fluorophore confocal 
microscopy (Figure 2). 
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Figures 
 

 
Figure 1. TEM of VLPs from HepC and Size Distribution. 

Scale=200nm. 

 
 
Figure 2. Confocal microscopy of multi-fluorophore co-

localization of VLPs of HepC and Liposomes. 
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In last decade, micro and nanomotors have 
demonstrated to be useful tools for biomedical 
application and have a great potential for the 
development of future disease treatments and 
microsurgeries since they can eventually move through 
the body to perform complex medical tasks.  In 
particular, tubular micro-jets have one of the most 
promising structures and several methods have been 
designed for its preparation, such as rolling-up of thin 
films1,2, electrochemical deposition3,4 and template-
based self-assembly techniques5,6. 
However, despite the promising future of 
micro/nanomotors in medicine, most of the current 
tubular micro-jets cannot be used due to the presence 
of toxic fuels (H2O2) necessary for their propulsion. 
Biohybrids, which consist on a micro or nanoscale 
structure propelled by a cell, have showed a recent 
progress and are also promising systems since they 
can swim without requiring any fuel.7 

Here, we demonstrated that a non-pathogenic 
magnetotactic bacteria, Magnetosopirrillum 
gryphiswalense (MSR-1), can be integrated with drug-
loaded mesoporous silica tubes (MSTs) to build 
controllable microswimmers (biohybrids).  
Mesoporous silica is advantageous for the construction 
of micro-motors due to its extremely high surface area, 
large pore volume, transparency and ease of surface 
chemical modifications which can endow the tubular 
micro-tubes strong capability of cargo loading via 
physical adsorption on the large surface or 
encapsulation into the nanopores’ cavities. First, MSTs 
were synthesized without requiring the use of any 
equipment, using as template a cyclopore 
polycarbonate membrane, containing conical-shaped 

micropores with 2 m maximum diameter. After 
growing the MSTs, the polycarbonate membrane was 
rinsed with water and polished using a cotton swap to 
be consecutively dissolved using organic solvents and 
then washed in ethanol and water8.  
An optical image of a MST reveals their biconical 

shape, their length which was found to be 17±1m 
(n=20) and their transparent properties (Figure 1a). 
Figure 1b-d illustrate the heterogeneous surface of the 

MST using TEM. Furthermore, the mesoporous 
structure of MSTs was evaluated using BET finding the 
estimated average pore size approximately 3.8 nm of 
diameter8. 

 
Figure 1. Characterization of MSTs. (A) Mesoporous silica 
microtube (MST): (a) optical image of a MST, (b) TEM image 
of a MST and TEM images of MST surface at low (c) and (d) 
high magnification. 

Then, MSR-1 (Figure 2A) were integrated with drug-
loaded MSTs to build controllable biohybrids (Figure 
2B) for the antibiotic delivery to target infectious biofilm. 
Applying external magnetic guidance capability and 
swimming power of the MSR-1 cells (Figure 2C), the 
biohybrids are directed to and forcefully pushed into 
matured Escherichia coli (E. coli) biofilms.  Release of 
the antibiotic, ciprofloxacin (CFX), is triggered by the 
acidic microenvironment of the biofilm ensuring an 
efficient drug delivery system (Figure 2D-E).  Our 
results reveal the capabilities of a non-pathogenic 
bacteria species to target and dismantle harmful 
biofilms, indicating biohybrid systems have great 
potential for anti-biofilm applications9.  
In conclusion, the easy fabricated novel MSTs 
presented in this work were proved as efficient and 
active drug delivery vehicles for potential medical 
applications. In addition, we have demonstrated the 
anti-biofilm capacity of biohybrids as drug delivery 
systems by using a living benign bacteria power source 
with a natural magnetic sensor.  This report also 
demonstrates the advantages of microswimmer 
technology for the clinically relevant and considerable 
problem of biofilm formation and how biohybrids have 
great targeting and therapeutic capabilities for medical 
applications. 

 
Figure 2. Characterizing bacteria driven biohybrid 
microswimmers. (A) SEM image of MSR-1 bacterium.  Inset 
displays TEM of MSR-1 and internal magnetosome chain.  
Inset Scale bar = 500 nm. (B) SEM of MSR-1 cells captured 
within microtube.  Inset displays increased magnification of 
bacteria in tube.  Inset scale bar = 500 nm. (C) Bright field 
microscopy images of MSR-1 powered biohybrid swimming.  
Blue arrow indicates location of MSR-1 inside the microtube.  
Red track indicates the trajectory of the biohybrid. (D) E. coli 
biofilm disruption.  Overnight cultured biofilms had live (green) 
and dead cells (red) compared in 350 x 350 µm2 3D confocal 
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images.  (a-b) Unmodified control biofilms, (c-d) biofilms with 
MSMs, and (e-f) biofilms with CFX-MSMs were compared at 
the time of incubation with the microtubes (0 hours) and 24 
hours later.  CFX fluorescence is shown in e and f in cyan. 
(E) CV absorbance analysis of biofilms after 24 hours 
incubation with biohybrids and control groups.   Error bars 
indicate the s.d. of the mean (n = 15) and the statistical 
significance (with p < 0.01) is indicated with * for those values 
which are significantly different from the ‘Unmodified Biofilm’ 
control group.   
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Nanoparticles such silver, mercury and copper are 
known to have more efficient antibacterial properties 
as compared with traditional bulk materials [1]. 
According to previous studies [2], QNA copper oxide 
(CuO) nanoparticles generated by thermal plasma 
technology, as displayed in Figure 1, showed to 
have effectively in killing a range of Gram-positive 
and Gram-negative bacteria. The minimum 
bactericidal concentration (MBC) required to 
counteract pathogens including Pseudomonas 
aeruginosa and Escherichia coli were found in 

ranging from 100 μg/mL to 5000 μg/mL. Another 
reaserch demonstratd that such nanoparticles have 
minimum inhibitory (bacteriostatic) concentration 

(MIC) value in the range of 250 μg/mL to 500 μg/mL 
against Prevotella intermedia, Porphyromonas 
gingivalis, Fusobacterium nucleatum and 
Aggregatibacter actinomycetemcomitans [3]. 

 
Figure 1. TesimaTM thermal plasma process to generate 

nanoparticles 

In our study, two different grades of CuO 
nanopowder (NF CuO and QNA CuO) were 
investigated. QNA CuO, as mentioned above, was 

prepared by Intrinsiq Materials Ltd. (Farnborough, 
UK) using thermal plasma process, while NF CuO 
nanoparticle was purchased by Suzhou Canfuo 
Nanotechnology Co.,Ltd (Suzhou, China). Both are 
deep brown or black powder. Scanning electron 
microscope (SEM) was used to study the shapes 
and to estimate sizes of these particles. As shown in 
Figure 2, SEM images indicated NF CuO 
nanoparticle has long-rods crystalline with 40 nm 
diameter, while QNA CuO is fluff-like with very fine 
nanoparticles.  

 
Figure 2. SEM images of QNA CuO (left) and NF CuO (right) 
 
Raman spectroscopy was used to analyse intra- and 
inter- molecular vibrational modes absorbed through 
metal oxides bonds, as well as to identify present of 
any organic impurities. The presence of CuO in both 
samples were identified by KnowItAll® database 
software. Figure 3 shows Raman spectra of NF CuO 
and QNA CuO nanoparticles, both matched well with 
spectral profile signals resonated at 1100 cm-1 and 
260 cm-1. A strong and braod vibrational stretch 
observed at 2240-2650 cm-1 in QNA CuO (Fig. 3 
Top) indicates presence of intermolecular hydrogen 
bonding, which suggested sample was relatively 
damp. 

 
Figure 3. Raman spectra of  QNA CuO and NF CuO 

Although it is not shown here, further analysis of 
QNA CuO performed by powder X-ray diffraction 
has determined the corresponding crystal system as 
monoclinic and that CuO (Tenorite) was the only 
visble compound found in the diffractogram.    
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The aim of this study is to measure Cu ion released 
from different grades of CuO suspended in various 
aqueous media (water vs saline). As if such 
antimicrobial nanopowder is to be used in healthcare 
or medical applications, it is important to investigate 
leaching effects produced by these potentially toxic 
materials. Therefore, the following analytical 
experiment was designed not to digest the 
nanoparticles in full but to only measure the ion 
release in the supernatant isolated from the 
corresponding suspension samples.  

Inductively coupled plasma optical emission 
spectrometry (ICP-OES) is a highly sensitive 
elemental tracing technique, metals with 
concentrations as low as part per million scales can 
be detected using this method.  An ICP-OES is 
composed of an ICP source, which allow ions to be 
converted into their excited states, different 
electronic states and their emitted frequencies are 
then detected and quantified by the equipped optical 
emission spectrometry. Prior the measurement of 
Cu ion in our samples, serial dilutions Cu standard 
were first analysed to allow selection of optimum Cu 
emissions as well as to obtain the best fit calibration 
curve (R2 = 1). Figure 4 shows a total of nine 
different Cu ion emissions with different wavelengths 
detected by the OES at standardised Cu 
concentrations of 0.05 ppm, 0.1 ppm, 0.5 ppm, 1 
ppm, 5 ppm and 10 ppm.  

Figure 4. Cu ion emissions detected from standard 
calibration in ICP experiment 

 
Figure 5 shows Cu ion release detected in both QNA 
and NF CuO nanoparticle suspensions which were 
dispersed using 0.1 wt/v % (1000 ppm) of 
nanopowder in either pure water or Saline. The 
relative Cu ion concentrations (in ppm) were 
calculated using formula y=mx+C obtained from the 
calibration curves according to the emission intensity 
recorded from the standardised Cu references. In 
general, low Cu ion concentrations (< 3.4 ppm) were 
found in all four suspensions, hence, none of the 
CuO NPs leaching in dangerous level after being 

suspended in aqueous media. In particular, NF CuO 
appeared to leach the minimal in both water and 
salted saline (0.9% NaCl) when comparing with the 
QNA engineered CuO samples. In contrast, Cu 
release found in saline suspensions were 
approximately three times lower than in the water 
samples. This may have caused by the difference of 
pH levels in the water and saline suspensions. More 
investigations are being carried out to understand 
the leaching properties of these antimicrobial 
nanoparticles. It is also worth noting that, this Cu ion 
release study may also be used to explain 
antimicrobial activities of different CuO nanoparticles, 
especially when the biological mechanism of 
microbial inhibition involves manipulation of protein 
ion channels.  

 
Figure 5. Relative ionic concentration release of NF CuO and 

QNA CuO in water and saline 
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Viruses are a great example of natural nanomaterials 
because of their excellent architectural templates and 
well characterized genomes and nucleocapsid 
proteins. Viral nanotechnology and the use of viral 
nanoparticles (VNPs) as carriers, containers and 
scaffolds for therapeutics and vaccines has received 
increasing interest over the last two decades. The 
immunogenicity of small proteins can be significantly 
increased by their presentation on particulate carriers 
such as the capsid protein of hepatitis E virus (HEV). 
The HEV open reading frame-2 (ORF-2) capsid 
protein is highly immunogenic and spontaneously 
assemble into spherical nanoparticles. These VLPs 
offer the possibility of displaying foreign peptides at 
different positions on the protruding domain of the 
capsid protein. Here, we investigated whether HEV-
like particles can be used as a vaccine carrier of M2e 
avian influenza peptide. M2 protein is remarkably 
conserved in all influenza strains and is therefore a 
promising vaccine candidate. However, the 
extracellular domain of M2 protein, M2e protein, is 
weakly immunogenic and needs to be attached to a 
carrier to achieve efficacy.  The sequences encoding 
the truncated HEV ORF2 capsid protein and the 
chimeric HEV ORF2 M2e protein have been inserted 
into a CPMV-HT vector [1] and expressed in 
Nicotiana benthamiana plants. Expressions of the 
HEV ORF2 construct and the chimeric construct have 
been examined by imunoblot analysis and SDS 
PAGE. Molecular analyses confirmed that inoculated 
plants produced HEV ORF2 capsid protein and 
chimeric HEV ORF2 M2e protein. Gradient purified 
nucleocapsid proteins and M2e chimeric proteins 
have been examined by electron microscopy, which 
showed that the plants made truncated HEV ORF2 
capsid proteins [Fig. 1] and chimeric HEV ORF2 
capsid proteins [Fig. 2].  bearing the M2e 
spontaneously assembled in VLPs. This study further 
affirms the suitability of HEV viral nanoparticles as 
scaffolds of foreign epitopes and their possible 
application for the generation of monovalent or 
bivalent vaccines in plants. Hence, plants may be a 
novel source for the cost-effective production of viral 
nanoparticle-based bivalent vaccine. 

Conclusions: We describe a high-yield, low-cost, and 
simple method for the production of HEV VLPs and 
chimeric HEV M2e VLPs in N. benthamiana and the 
potential usefulness of these VLPs for vaccine 
production.  
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Figures 
 

 
 
Figure 1. Electron microscopy of the HEV ORF2 capsid 

protein and VLPs.  
 

 

Figure 2. Electron microscopy of the HEV ORF2 M2e 

chimeric protein and VLPs. 
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Nanoscale imaging techniques are essential for 
enquiring the behavior of nanoscale materials in 
different environments and their interactions with 
biological systems. Parameters such as viscosity, 
polarity, pH and ionic strength features of the media 
and other more complex environments as the 
intracellular milieu, change the physicochemical 
properties of nanomaterials. Thus, it critically 
determines the functionality of the material for 
diagnosis and treatment. For this purpose, 
enhanced dark-field optical microscopy with high 
resolution hyperspectral imaging is a very powerful 
tool that allows real-time optical and light scattering 
spectral monitoring of unlabeled nanomaterials, in 
diverse conditions, at single particle level. This 
imaging system empowers the study of cell and 
tissue responses to nanosystems with different 
physicochemical properties, which are relevant for 
nanodrug delivery and nanotoxicology evaluation. 
 
For example, many nanoscale materials are poor 
soluble in water and they must be solubilized in 
solvents with different polarity as ethanol or 
chloroform. Upon interaction with cell media 
conditions (rich in salts and proteins) the polarity of 
the solvent changes and the colloidal stability can be 
compromised. At the same time, proteins are prone 
to interact electrostatically with the charge of the 
nanomaterial, creating a shell on its surface and 
stabilizing them in solution.  
 
Another example of environmental change, is the 
exposition of the nanoparticles to an acidic pH. With 
this procedure the lysosomal pH conditions after cell 
uptake can be mimicked, to see the changes in the 
scattering properties that it generates. It makes 
feasible to track the particles with these spectral 
features inside the cells.  
 
All this changes on the surface chemistry of the 
nanomaterials drive different spectral responses, 
which are traceable with this imaging platform. We 
are able to study these biological interactions to 

elucidate different particle behaviors and their 
potential biological effects. 
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Cerebral stroke is a leading cause of mortality and 
disability that affects 15 million people each year 
worldwide. Our project focuses on developing a 
novel nanomedicine-based therapy to promote 
angiogenesis to address neurorepair after stroke. 
Previous results demonstrated that the factors 
secreted by endothelial progenitor cells (EPCs-
secretome) have therapeutic potential to promote 
vascular remodeling in the ischemic brain[1]. 
Compared to the use of EPCs as a cell therapy[2] or 
the encapsulation of a single growth factor, i.e., 
VEGF[3], the encapsulation and controlled delivery of 
EPCs-secretome as therapeutic agent is clinically 
interesting in terms of efficiency and safety. In this 
context, our aim is to take advantage of a 
nanotechnology approach to achieve the delivery 
and accumulation of EPCs-secretome in the peri-
infracted brain area to promote neurorepair. 
Specifically, we have engineered a multifunctional 
polymer nanocapsule platform to encapsulate the 
EPCs-secretome. This drug delivery system 
combines the treatment strategy with several 
diagnostic capabilities. Biodegradable and 
biocompatible poly(lactic-co-glycolic acid) (PLGA) 
nanocapsules are synthesized by a double 
emulsion-solvent evaporation method[3]. PLGA could 
be further co-polymerized with PEG (to increase the 
stealth nature of the capsules) and with an intrinsic 
fluorescent polymer (to in vivo track the particles by 
fluorescence). Further functionalization is achieved 
by adding magnetic nanoparticles to the organic 
phase during the synthesis (to magnetically 
accumulate the capsules in the area of interest with 
a magnetic field and track them by MRI). Finally, the 
synthesis method can be modified to attach PET 
sensitive radiolabels. The presentation will highlight 
our recent advances in the development of these 
multifunctional polymeric nanocapsules and their 
use for neurorepair after stroke. 
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Figures 
 

 
Figure 1. Schematic illustration of the multifunctional PLGA 

nanocapsules as EPCs-secretome carrier. 
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