
CONFÉRENCE NANOQUÉBEC 2012 

Santé 

Affiches présentées le 20-21 Mars 2012 
 

HYATT REGENCY, MONTRÉAL 

 

 

www.nanoquébec.ca 

Micro-nanosystèmes 

Foresterie 

Nouveaux matériaux 

Environnement-Santé-Sécurité 



CONFÉRENCE NANOQUÉBEC 2012 

Santé 
Affiches présentées le 20 Mars 2012 

 
HYATT REGENCY, MONTRÉAL 

 

 

www.nanoquébec.ca 



  

A. Klotz *1, H. Brandao1,  W. Reisner1 

 
1McGill University, Department of Physics  

 

 

Mots clés : nanofluidics, biophysics, polymer physics, DNA 
 

 

We investigated the static properties of DNA under complex nanoconfinement. 

Experiments in nanofluidics, used as a platform to make precise measurements in 

polymer physics, have typically relied on simple systems. This work studies DNA in 

a system with spatially varying confinement: a nanofluidic slit embedded with a 

lattice of square pits, which forces the molecule into discrete conformational states. 

By observing how the molecule's conformational state changes with the 

parameters of confinement and comparing to theory, we can use this system as a 

probe of polymer physics. Measured free energy parameters show two distinct 

regimes with respect to the height of the slit, corresponding to the transition 

between the Odijk and deGennes confinement regimes. Furthermore, we can use 

this system to make a direct measurement of the effective width of a single 

molecule and potentially observe its variation with changing ionic conditions. This 

research demonstrates that complex nanotopography can be used as a powerful 

probe of polymer physics. 
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Figure 1 ïOutline of the system under study and the behaviour of  DNA molecules within it. 

  

 

Figure 2 : Plots of measured free energy parameters with respect to slit height, showing the 

transition between two regimes and a measurement of the effective width of a molecule. 
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DNA is rapidly emerging as a powerful building block in bottom-up self assembly.  

Recent advances demonstrate its potential range of applications through such 

constructs as DNA networks1, geometric shapes2, and DNA-based nanotubes3.  

As the complexity of these nanostructures increases, it becomes increasingly 

essential to understand the various methods used to link multiple DNA strands.  

Currently, qualitative assumptions are being applied to interstrand junctions ï such 

as using a rigid synthetic organic vertex molecule to provide preorganization, or a 

single-stranded polythymine chain to impart flexibility.  In addition, the directionality 

of the DNA where it is connected to these vertices (via the 3ô end or the 5ô end) is 

largely ignored.  At this stage in the development of DNA nanotechnology, a 

quantitative analysis of the effects of vertices and connectivities would greatly aid 

the DNA nanostructure community, allowing for the selection of vertices and 

vertex-to-DNA connectivities that complement the desired structure.  

Three vertices are studied: a rigid synthetic organic vertex, a flexible organic 

vertex, and a DNA-based linker.  In addition, the directionality of the DNA-to-vertex 

connectivity is examined to determine its influence on self-assembly.  Variations in 

stability are mapped using thermal denaturation, and reveal a strong link between 

choice of vertex and DNA duplex cooperativity ï a factor that results in significant 

changes in the predicted melting temperatures of the DNA assemblies.  The 

disparity in melting temperature would disrupt larger structures that rely on 

stepwise assembly if not accounted for in the overall design. 
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Figure 1 ï The possible DNA-to-vertex connectivities and vertices studied 
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 Measuring DNA methylation is important for cancer diagnostics. Alteration of a 

single nucleotide by methylation may cause faulty gene expression of a key trait 

and prompt cell proliferation inappropriate for normal cell development. To assess 

such alterations at the DNA level, single molecules of methylated DNA were 

stretched out on silanized coverslips via molecular combing. Methyl binding 

domain green fluorescent protein (MBD-GFP) was prepared by recombinant fusion 

protein expression systems and the engineered protein was used as a marker to 

indicate the position of the methylated cytosine nucleotides along the molecule. 

The GFP was imaged and processed to generate óbarcodesô corresponding to 

methylation patterns of single molecules of DNA.   
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Les nanoparticules du virus de la mosaïque de la papaye (PapMV) sont des 

particules virales filamenteuses formées de la nucléocapside du PapMV produite 

en bactérie et dôun ARN simple brin. Ces particules sont bien connues pour leurs 

propriétés dôadjuvant et sont ainsi utilisées en vaccination pour augmenter la 

réponse immunitaire contre un antigène donné [1]. Le mécanisme dôaction de 

lôadjuvant PapMV est cependant peu connu jusquô¨ maintenant. Il a récemment 

été démontré que les particules virales ont une capacité intrinsèque de coller à un 

antigène lorsquôelles sont exposées à une température dôenviron 37°C, côest-à-dire 

la température corporelle dôun mammifère. En effet, des mutations précises à la 

surface du PapMV ont améliorée sa thermostabilité et diminuer la capacité de ces 

particules à agréger avec lôantig¯ne. Ces nanoparticules mutantes pouvaient 

supporter de plus importantes températures et ne formaient pas dôagr®gats à 

37°C. La perte de ce pouvoir dôagr®gation a eu comme conséquence de diminuer 

fortement la capacité dôadjuvant du PapMV mutant. Cette capacité dôagr®gation 

des nanoparticules du PapMV permet ainsi dô®lucider une partie du mécanisme 

dôaction de lôadjuvant PapMV consistant en le ciblage de lôadjuvant à un antigène 

de façon non-spécifique. 
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Cells navigate by integrating signals derived from discrete binding of signaling 

proteins to individual receptors. There is thus a great interest in creating 

deterministic in vitro patterns to address how the density and distribution of 

proteins control intracellular signaling and cell navigation. Investigation of these 

issues in vitro has been limited by the lack of available and affordable methods. 

Here, we present a novel microcontact printing process that we developed. We 

introduce a double nanoreplication method that allows for the creation of multiple 

copies of a single e-beam patterned Si master into photopolymerized polymers. 

These photopolymer masters were subsequently used as lift-off stamps for 

microcontact printing of proteins by placing them in contact with a flat PDMS stamp 

inked with protein, the contacted proteins are then lifted-off by removing the stamp. 

The flat PDMS stamp is then printed onto the target substrate and the remaining 

proteins are transferred. We patterned 100 million 200-nm-wide spots of fibronectin 

on an area of 1 cm2 and showed that it could be recognized by an antibody as well 

as by cells which formed focal adhesions on these spots. Next, we formed digital 

gradients of fluorescent antibodies patterned as 200 nm spots over a distance of 

400 µm with a variable spacing between 0 nm and 10 µm, thus spanning 4.4 

orders of magnitude in density compared to only 2 in previous studies. This 

method will be useful for rapid and low cost nanopatterning of proteins for a wide 

range of applications, such as for the study of axonal migration in response to 

digital gradients.  

  
 

 

Figure 1 ï C2C12 myoblast cell on a DNG of RGD peptides. (a) Fluorescent micrograph of a 

DNG or RGD peptides mixed with fluorescent IgG (green dots) and a C2C12 cell grown for 18 h, 

fixed and stained to reveal actin filaments (red) and the cell nucleus (blue). (b) Close-up of the 

frame in (a) showing that actin filaments align with the nanodot patterns. Arrows indicate areas 

where cell shape or structures strikingly coincide with the nanodot pattern. 

  

 

Ultra low-cost massively parallel nanopatterning of proteins as digital nanodot gradients for 

cell biological studies 
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DNA nanotubes are an attractive class of materials that can be assembled with 

precise control over their size, shape, length and porosity, and can encapsulate 

and release cargo in response to specific added molecules.[1]  In parallel, block 

copolymer assemblies can provide biocompatibility, stability, nuclease resistance, 

the ability to encapsulate small molecules, long-range assembly and numerous 

additional functionalities that can be tuned with subtle chemical modifications. 

Herein, we describe a new class of hybrid materials, in which block copolymer 

assemblies are sequence specifically and longitudinally positioned on robust DNA 

nanotubes constructed using rolling circle amplification. These materials are 

dynamic, allowing the polymer structures to be cleanly removed from the DNA 

nanotubes only when a specific DNA sequence is added, creating a single 

stranded form of these nanotubes. Specifically, we first describe the use of rolling 

circle amplification to create a long DNA strand containing a repeat sequence. This 

is used as a guide strand in a new method to construct robust nanotubes with a 

non-nicked backbone.[2] We then synthesize polymer-DNA conjugates using the 

ring-opening metathesis polymerization, followed by on-column functionalization 

with a DNA strand. These polymers self-assemble into spherical aggregates, 

which then position themselves onto the DNA nanotubes using sequence specific 

hybridization, creating a 'striped' structure. The polymer aggregates can be cleanly 

lifted off the nanotubes using a strand displacement strategy, thus uncapping these 

DNA nanotubes. We also show that this longitudinal alignment of polymer 

aggregates on DNA nanotubes is general for a variety of DNA-block copolymers. 
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Figure 1 ï  Scheme of the write-erase of polymer micelles from DNA nanotubes 

(top) with representative AFM data (bottom). 

  

 

Stimuli-responsive organization of block copolymers on DNA nanotubes 
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Amphiphilic block copolymers (ABP) have been materials of choice in 

constructing multifunctional biomedical devices for a variety of biological 

applications ranging from biodegradable implants and sutures to drug 

delivery systems. In order to obtain successful biological application for 

drug-delivery systems, the nanostructured material needs to be 

biocompatible and possess good release kinetics. Towards this goal, the 

present strategy employs a biodegradable and stimuli-responsive 

Polylactide(PLA)-based ABP with hydrophilic polymethacrylate coronas 

being shed in response to reductive reactions. Thiol-responsive 

amphiphilic block copolymer micelles were prepared by aqueous 

micellization of a disulfide-linked copolymer containing a biodegradable 

PLA core. In this presentation, the synthesis, characterization, and 

degradation of the block copolymers in response to thiols are presented. 

The polymerization employs a new double-head initiator allowing for the 

combination of atom-transfer radical polymerization (ATRP) and ring-

opening polymerization (ROP) via the bromine and hydroxyl functionality, 

respectively. Well-defined copolymers were synthesized with the thiol-

responsive disulfide functionality at the block junctions. Aqueous 

micellization of the resulting copolymer and its thiol-responsive character 

are presented. In the presence of water soluble thiols, the hydrophilic 

coronas are shed in response to the cleavage of the disulfide bond 

causing the PLA cores to precipitate. This method allows the construction 

of biocompatible micelles for future use in the biomedical field.  
 

Figure 1. Illustration of reductive degradation of sheddable micelles of biodegradable PLA-based 

ABPs (PLA-SS-POEOMA) with hydrophilic POEOMA coronas being shed in the presence of 

water-soluble thiols. Also, TEM image shows ABP micelles. 

  

 

Biodegradable and Thiol-Responsive Block Copolymer Micelles as Drug-Delivery Carriers 
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Channel proteins are essential for ion transport through cell membranes in 

physiological fonctions and have the potential to be used in many fields as 

therapeutics, antibacterials or component in biosensors. Therefore, developing 

functional artificial ion channels is attractive, because it allows easy molecular 

engineering and the modulation of channel proprieties such as ion selectivity and 

molecular recognition. Our group has developed an approach that uses 

hydrophobic Ŭ-helical 21mer peptides as framework to orient macrocyclic neutral 

ligands (crown ethers) of different diameters that can be used to obtain ion 

selective transport.1 We will describe our results on the synthesis, characterization 

and understanding of the mechanism of action of these artificial ion channels. We 

will also present our work towards exploiting such channels for sensing. 
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La formation de structures amyloïdes joue un rôle important dans plusieurs 

maladies comme la maladie dôAlzheimer, du Parkinson et de Huntington [1]. 

Lôamylin (IAPP) est un peptide de 37 résidus qui constitue la composante majeure 

de lôamylin pancréatique associé au diabète type 2. Il est aussi lôun des 

polypeptides amyloidogéniques les plus connus [2]. Le fait que lôIAPP humain 

forme des fibrilles riche en feuillets b ordonnés alors que lôIAPP du rat nôen forme 

pas [3] permet une comparaison utile pour comprendre la dépendance de la 

séquence sur le processus dôagr®gation relié aux maladies. Dans cette étude, et 

suivant nos travaux antérieurs sur les structures complètes des monomères et des 

dimères de lôIAPP [4], nous caractérisons la structure atomique et les propriétés 

thermodynamiques de la partie contenant les résidus 14-37 de lôIAPP humain en 

apportant des mutations sur quelques résidus pouvant affecter le processus 

dôagr®gation. Plusieurs structures oligomériques ont été étudiées dans lôobjectif de 

comprendre le rôle des interactions entre les résidus clés. Lô®tude théorique a été 

faite en utilisant des méthodes de dynamique moléculaire avec échange de 

répliques et le champ de force à gros grains OPEP [5]. 
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Les nanoparticules du virus de la mosaïque de la papaye (PapMV) sont 

composées de la nucléocapside du PapMV enroulée autour dôun ARN simple brin 

non-codant. Il a été démontré que ces particules ont des propriétés adjuvantes, 

côest-à-dire quôelles permettent dôaugmenter la réponse immunitaire spécifique 

envers un antigène peu immunogène [1]. Il est essentiel pour un vaccin de stimuler 

lôimmunit® innée, qui entraîne lôapparition dôune réaction inflammatoire. Cette 

réaction constitue aussi la première ligne de défense contre lôinvasion de 

pathogènes. Pour vérifier que les nanoparticules du PapMV stimulent lôimmunit® 

innée in vivo, un modèle murin de stimulation pulmonaire a été utilisé. Cette 

méthode a permis de mesurer des médiateurs de lôinflammation dans les poumons 

des souris, et dôobserver une protection complète contre une infection virale des 

voies respiratoires suite à une stimulation avec les nanoparticules du PapMV. 

Puisque les nanoparticules du PapMV ont des propriétés adjuvantes et quôelles 

stimulent efficacement lôimmunit® innée mucosale, elles ont aussi été utilisées 

comme adjuvant dans un vaccin grippal saisonnier administré par voie mucosale. 

Cette formulation a permis de protéger les animaux vaccinés contre une infection 

avec une souche hétéro-soustypique du virus influenza. 
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Silver nanostructures have attracted much attention due to their broad applications 

in catalysis, biological labeling, and plasmonics. Particularly, many studies have 

focused on the controleld synthesis of silver nanostructures of different size and 

shape and therefore different  localized surface plasmon resonances.  Herein, we 

present the synthesis of two novel silver structures, flower-like silver mesoparticles 

and silver nanorice structures and their application in plasmonics.Flower-like silver 

mesoparticles, which could generate high electromagnetic (EM) field 

enhancement, were first obtained by reducing AgNO3 with ascorbic acid in 

aqueous solution. We then used micro-manipulation method to create flower-like 

silver mesoparticle dimers, and found that the surface-enhanced Raman scattering 

(SERS) enhancement on the dimers were further enhanced 10~100 times more 

than on individal particles.[1] The strong SERS dependence of the dimers on the 

incident polarization reveals that the significant additional SERS enhancement is 

caused by the surface plasmon coupling effect in the dimers. We have also 

synthesized silver nanorice structures by reducing AgNO3 with polyethylene glycol 

600 and further investigated the anisotropic growth.[2] It was found that their growth 

is kinetically controlled and both oriented attachment and Ostwald ripening are 

involved. Interestingly, the longitudinal surface plasmon resonance of the nanorice 

structures is highly sensitive to the refractive index of surrounding dielectric 

media,[2] which predicts their promising applications as chemical or biological 

sensors. Moreover, the multipolar plasmonic resonances in these individual 

nanorice structures are for the first time visualized in real space by using high 

resolution electron energy-loss spectroscopy.[2] 
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Figure 1  (A) SEM image of two 

isolated particles marked by an 

arrow. Corresponding Raman 

images at parallel (D), 45  ̄ angle 

(E) and perpendicular (F) incident 

polarization with respect to the 

symmetric axis of detected 

particles. (B) SEM and, (C) high 

magnification SEM image of the 

dimer formed by manipulating two 

individual particles in (A). 

Corresponding Raman images at 

parallel (G), 45  ̄ angle (H) and 

perpendicular (I) incident 

polarization with respect to the 

dimer axis. The white circles 

represent the location of the 

particles. The blue arrows show 

the polarization of incident laser 

light. All scale bars in (D ~ I) are 

1 mm. 

. 

 

Figure 2 (a) Photographs of the 

reaction solution at 0 h, 2 h, 4 h, 

4.5 h and 6 h (from left to right), 

respectively, following typical 

synthesis procedures. The stage II 

was set at 100oC. (b) 

Corresponding UV-Vis-NIR 

spectra. (c) ï (e) TEM images of 

the products at different reaction 

time: (c) 0 h; (d) 4.5 h; and (e) 6h. 

Inset of (d) is a high resolution 

TEM image. 
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The lysosomal degradation or sequestration of DNA cargo is considered a major 

obstacle to non-viral gene delivery. A better understanding of this obstacle is 

paramount to the rational design of efficient vectors. Chitosan-based polyplexes 

are known to traffic in lysosomes for relatively long time [1, 2], independently of 

both of their main structural parameters, namely the degree of deacetylation and 

molecular weight of chitosan, both of which have profound effect on the polyplexes 

stability and transfection efficiency [1-5]. The aim of this study was to investigate 

how modifying lysosomal transit affects polyplexes of different stabilities. Towards 

this end, we tested the effect of chloroquine and bafylomycin A1, two agents that 

modify the endosome/lysosome transit and their acidification process by distinct 

mechanisms, on the transfection efficiency of polyplexes prepared with chitosans 

of different structural parameters, hence of different stability, known to be either too 

stable or too unstable for efficient transfection, together with a formulation that is 

efficient both in vitro and in vivo [1-4]. The analysis of the effects of these 

intracellular trafficking modifying-agents on transfection efficiency and vesicular 

trafficking revealed novel and important chitosan structure-dependent 

consequences for lysosomal transit. Inhibiting lysosomal transit with chloroquine 

significantly increased the efficiency of unstable polyplexes and decreased the 

efficiency of highly stable polyplexes, while having minimal effects on efficient 

polyplexes. These results suggest that lysosomes are a site of DNA destruction for 

unstable polyplexes and, alternatively, for more stable polyplexes, a site of partial 

degradation of enzyme-labile chitosan, facilitating downstream DNA dissociation, 

hence transfection.  
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With the emergence of the recombinant DNA technology, large amounts of 

recombinant bovine somatotropin (rbST) are produced and used in the diary 

industry to increase the milk and meat production [1-3]. The use of bST for the 

food production raised the concern of the public and a rapid screening method 

became necessary. In this work, a novel method of fabrication and modeling of 

nano-biosensor for the label-free detection of bST is reported. The gold having a 

nanoisland morphology is fabricated on a glass substrate by convective assembly 

and post-deposition annealing. The LSPR band corresponding to nanoisland has 

been found to have a narrow absorbance peak in the modeling and experimental 

as well. The sensitivity of the gold nanoisland morphology to the local refractive 

index was analyzed by Finite-difference time-domain (FDTD) modeling and the 

theoretical results are validated with experimental observations. The sensing 

mechanism, that is, the shift of LSPR band on the local refractive index is found to 

be highly enhanced, compared to the gold aggregates in both the modeling and 

experiments. The increased surface area to volume ratio of the nanoislands is 

found to be suitable for the sensing of the antigen-antibody interaction of bST. The 

mechanism of shift of the LSPR band upon the change of local refractive index is 

analyzed using the FDTD. 
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In the recent years, we have seen an important increase in antibiotic resistant 

bacteria. Such threat requires the development of new antimicrobial agents using a 

different mechanism of action minimizing the development of resistance. One 

family of compounds having such antimicrobial activity is the family of amphiphilic 

cationic peptides found widely in nature. Unfortunately, natural cationic peptides 

also target eukaryotic cells leading to undesirable side effects. To get a better 

understanding of the molecular determinants governing the biological activity of 

cationic peptides, analogs of a model compound 1, identified in our group, were 

synthesized by parallel solid-phase synthesis. These analogs incorporate lysines, 

arginines or histidine substituting one or two leucines at several different positions. 

The antimicrobial activity and the hemolytic activity of the different analogs will be 

described, as well as our biophysical studies aiming at understanding the mode of 

action of these crown ether modified peptides. 
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Pathogenic Escherichia coli (E. coli) is one of the most dangerous agents of food-

borne disease. Consumption of contaminated food or water can be deadly, 

especially for children and the elderly [1]. We report a compact, stable, label-free, 

bacteriophage-based detection of pathogenic E. coli bacteria using ultra sensitive 

long-period fiber gratings (LPFGs). In our experiments we used the bacteriophage 

T4 as the recognition agent, covalently immobilized on optical fiber by forming a 

mono (multi) layer poly silane film on the surface of the fiber with the amino 

functional groups on the top of the film. The typical thickness of the film ranges 

between 10 ï 20 nm. Blocking the non specific sites on the LPFG surface through 

Bovine Serum Albumin various concentrations of the E. coli are introduced to the 

sensor. Using highly accurate spectral interrogation mechanism, with a resolution 

of 0.02 nm, we measure the resonance wavelength shift as a function of E. coli 

concentrations. It has been plotted in Fig.1, where we demonstrate that our 

detection mechanism is capable of reliable detection of E. coli concentrations as 

low as 103 cfu/ml with an exceptional experimental accuracy (> 99%).  

Finally, we also produce the SEM images of the LPFG surface confirming an 

excellent binding of different concentrations E. coli on it (see Fig.2). We observe 

that even a smaller concentration of the bacteria (103 cfu/ml) is well stuck to the 

fiber surface. Our study, thus, opens a possibility of an excellent real-time, 

experimental monitoring of bacteria growth/decay in the biological samples. 
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Figure 1 ï Variation of the spectral shift of the resonance 

wavelength prior to and after the E. coli incubation on the LPFG. 

 

Figure 2 ï SEM micrograph of the E. coli immobilized on the surface of the LPFG 

(a) 103 cfu/ml of E. coli, (b) 105 cfu/ml of E. coli and (c) 109 cfu/ml of E. coli 

concentration in PBS buffer. 

http://www.cdc.gov/ecoli/2011/ecolio104/
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Reducing the particle size of drugs is a simple method, which is used to improve 

their absorption in the body. However, current micro/nanonization techniques are 

not well adapted to the drug discovery stage, where the availability of the 

candidate substances is scarce (~10-100 mg). We propose a novel approach, 

laser fragmentation, to perform micro/nanonisation of drugs using small quantities. 

This study investigates the production of drug micro/nanocrystals by laser 

fragmentation and evaluates the effects of the process on their physicochemical 

properties. Three drug models are investigated: fenofibrate, naproxen and 

beclomethasone dipropionate, all oral or pulmonary anti-inflammatory drugs. 

Drugsô micro/nanocrystals were obtained by focusing a femto- or nanosecond laser 

radiation into a magnetically agitated drug suspension. The drugsô particle size 

was characterized by dynamic light scattering, laser diffraction and scanning 

electron microscopy. The degradation was evaluated by high performance liquid 

chromatography. The physicochemical properties of the lyophilized 

micro/nanocrystals were evaluated by Fourier transform infrared spectroscopy, x-

ray diffraction, elemental analysis and differential scanning calorimetry. All laser-

treated drugs were compared with those milled by conventional techniques. 

Both micro- and nanocrystals of drugs were successfully produced by laser 

fragmentation. The particle size could be controlled by adjusting the fabrication 

parameters. Nanonization was accompanied by more chemical degradation than 

micronization, due to possible oxidation and loss in cristallinity. Laser 

fragmentation enables the micro/nanonization of small quantities of drugs with 

limited degradation and polymorphic transformation. The process therefore 

represents a simple and suitable micro/nanonization technique for the 

pharmaceutical R&D during the drug discovery phase. 

Laser fragmentation of drugs in water : a novel particle size reduction tool for 

pharmaceutical R&D  
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Food allergy has become one of the major health concerns nowadays. It is 

considered the fourth most important health problems in the world according to the 

world health organization [1], affecting about 1 to 3% of adults and 4 to 6% of 

infants. Here, we report a novel, simple, label-free, highly sensitive, and low cost 

electrochemical biosensing array platform based on disposable graphene-modified 

screen printed carbon electrodes for the monitoring of allergens present in food 

samples. The derivatization of the graphene electrode surface was achieved by 

electrochemical reduction of in situ generated 4-nitrophenyl diazonium cation in 

aqueous acidic solution, followed by electrochemical reduction of the terminal nitro 

groups to amines. Next, the amine groups on the graphene surface were activated 

using glutaraldehyde and used for the covalent immobilisation of the antibodies. 

Cyclic and differential pulse voltammetry carried out in an aqueous solution 

containing [Fe(CN)6]
3ī/4ī redox pair have been used for the immunosensor 

characterisation. The results demonstrated that the DPV reduction peak current of 

[Fe(CN)6]
3ī/4ī decreased linearly with increasing the concentration of the allergenic 

proteins due to the formation of antibodyïantigen complex on the modified 

electrode surface. The proposed graphene immunosensors platform exhibited 

detection limit as low as 1.0 pg ml-1 of the two common allergens; Ovalbumin and 

lactogobulin. The novel electrochemical immunosensor presented herein is 

expected to have potential role in food safety and consumer protection. 
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Figure 1 ï DPVs of the immunosensor incubated with different concentrations of ɓ-

lactoglobulin (1ï7): the concentrations of ɓ- LG are 0.000, 0.001, 0.01, 0.1, 1.0, 10 and 

100 ng mLī1. The inset is the calibration curve based on the change of the DPV peak 

currents versus the logarithm of the concentrations. 
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In the field of bio-sensing, there is the increasing need for biomarker  detection 

with high sensitivity, ultra-small volumes of reagents' consumptions, and robust 

disposable sensing platforms, which may be mass fabricated using available 

technologies. Multiple biomarkers are considered to be more confirmative in 

the diagnosis of complex diseases like cancer [1], for which the detection of a 

single maker is found to be inadequate for the screening of cancer disease. 

So, patterns of multiple cancer markers might provide the information 

necessary for diagnosis of cancer disease and determine the progression 

stage and monitor the effectiveness of the treatment. Nanowires are excellent 

bio-sensing components in terms of increased sensitivity and low reagents 

consumption. Many reports exist of nanowire-based sensing platforms 

fabricated from different materials and using different techniques. 

Unfortunately, up to date these processes showed notable complications in 

multi-steps fabrication of nanowires and micron-size contacting points. Recent 

studies reported to overcome this problem using micron-scaled chips and 

nanowires from various materials which were aligned and deposited using 

dielectrophoresis (DEP) [2]-[3].  This was followed by various methods for 

gluing the nanowires to the fabricated micron-sized contacts which is time 

consuming and lacks reproducibility, [4]-[6]. In this work, a simple method to 

combine macro-sized connectors with pre-fabricated nanowire array chips is 

proposed. The nanowires, 100 nm wide, were fabricated on Si wafer using 

available nano-fabrication techniques. The test socket, designed for this 

specific purpose, incorporates custom contact pads and the alignment features 

which allows precision positioning of these nanowire chips ensuring the 

connection, Figure 1. This complex (test socket/array of nanowires chip) was 

tested with a number of brain cancer markers. Recently, the design was 

improved by introducing nanowire based interdiginated electrode arrays 

(nIDE). This geometry allows more flexibility and higher accuracy in the 

sensing of the markers. The array arrangement provides the opportunity of 

testing number of markers simultaneously.  

Figure 1: Schematic illustration of the test socket principle. Inlet is the optical image of actual 

test socket with the outline of the nanowire array chip placement 
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Molecular imaging using positron emission tomography (PET) or single-photon 

emission computed tomography (SPECT) is one of the leading tools for diagnostic 

and therapeutic follow up studies in oncology and cardiology [1]. This work aims to 

develop an integrated blood analysis microfluidic chip to characterize new 

radiotracers for PET and SPECT in small animals before their use in humans. In 

the initial implementation, whole blood radioactivity is monitored in real time in a 

surface modified microchannel fabricated over unpackaged detectors (Figure 1). 

A flat rectangular channel was microfabricated using an epoxy photoresist, KMPR, 

over a die containing p-i-n photodiodes (Excelitas Technologies). Gold traces were 

added before laying out the microchannel wall to connect the detector anodes. The 

chip was wire-bonded to a custom-made PCB and connected to preamplifier and 

amplifier modules. Measured absolute sensitivity to the most common PET tracers 

is 4 to 8 times better than typical non-microfluidic beta detectors [2] and allows the 

detection of 99mTc-SPECT tracers. Microchannel biocompatibility was enhanced 

using Bovine Serum Albumin (BSA) before assays with whole blood. Metal clad 

waveguides (MCWG) [3] were used in a new configuration to monitor KMPR 

surface biofouling without the need for additional labeling (Figure 2). MCWG was 

first compared to surface plasmon resonance (SPR) and long-range-SPR. Then, it 

was used to measure a drastic decrease in Fibronogen adsorption on BSA-treated 

KMPR [4] indicating an increased hemocompatibility. Further work will add 

microfluidic functionalities on-chip to provide full characterization of new 

radiotracers: plasma separation and plasma sampling for metabolites analysis. 
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Figure 1 ï Microfluidic blood counter connected to an animal for PET 

pharmacokinetic studies. 

 

Figure 2 ï A. Comparison between MCWG, SPR and long-range-SPR (LR-SPR) structures. B. 

Example of angular scans with the MCWG structure for two aqueous sensing medium with 

different RI or the same medium but with/without a thin adlayer on the surface. C. 

Corresponding reflectance monitoring over time at 62.1°. Fluid change at t = 6 min. 
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Les nanotechnologies appliquées à la nanomédecine passent particulièrement par 

lôutilisation des nanoparticules. Côest un  nouveau domaine très prometteur en ce 

qui concerne le diagnostic et le traitement de pathologies dôorigine infectieuse, 

génétique ou cancéreuse. Notre projet consiste à développer un nano-vecteur  

constitué de nanoparticules magnétiques (Fe3O4) considérées comme 

biocompatibles1,2 encapsulées dans les microsphères de  polysaccharide y 

compris le chitosane et lôamidon et leurs dérivés et capables de mener des 

substances thérapeutiques jusquô¨ la paroi alvéolaire. Pour assurer le coté 

sécuritaire de ce nano-vecteur, il est crucial de connaitre leur caractéristiques 

physico-chimiques et leur biocompatibilité à chaque étape de leur 

fonctionnalisation. Lôinteraction entre la magnétite et les polysaccharides a été 

étudiée pour les différents protocoles. Les techniques de la spectrométrie 

photoélectronique X (XPS) (figure 1), la spectroscopie infrarouge à transformée de 

Fourier (FTIR) et la microscopie électronique à balayage (SEM) ont été utilisées 

afin de déterminer les propriétés physico-chimiques des échantillons. Les tests de 

cytotoxicité ont été réalisés par un contact direct des particules de chitosane avec  

les cellules épithéliales alvéolaires humaines (A549) en utilisant les essais MTT et 

LDH. Les résultats obtenus par SEM3 ont montré que les tailles des nanoparticules 

de magnétite encapsulées dans les microsphères de carboxyéthylchitosane ont 

été de 20 à 70 nm. La caractérisation de la surface des échantillons effectuée par 

XPS a montré que lôidentit® de surface de quelques échantillons a été différente de 

celle de leur volume. Lô®paulement du pic dôoxyg¯ne observé dans le spectre de 

XPS a indiqué la liaison entre les polysaccharides et les nanoparticules de 

magnétite. Les résultats montrent que les types de chitosane utilisés sont 

biocompatibles comme lôillustre la figure 2. 
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Figure 2: Effects of chitosan particles on A 549 cell viability (direct contact). 

Figure 1-  Le diagramme de XPS des nanoparticules de magnétite encapsulées 

dans le chitosan (CS) (2 protocoles), le carboxyéthyl chitosane (CEC) et lôac®tate 

dôamidon (AA) représente le pourcentage atomique des atomes qui se trouvent à la 

surface des échantillons. 
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La microscopie à force atomique(AFM) est reconnue comme une technique de 

choix dans lô®tude de processus biologiques et événements de reconnaissance 

moléculaire dû à sa capacité à opérer en conditions aqueuses et/ou 

physiologiques, permettant lôimagerie et la mesure de propriétés mécaniques entre 

la pointe et le substrat(1). Pour ce faire, la modification des pointes dôAFM à lôaide 

de transducteurs constitue une étape-clé. Notre laboratoire vise à développer une 

approche pour la modifications de pointes dôAFM par des monocouches auto-

assemblées (SAM) mixtes contenant une faible concentration de structures 

peptidiques hélicoïdales de dimensions nanométriques  facilement modifiables aux 

C et N terminal pour introduire un système dôancrage dithiol et un ligand biologique 

dôint®r°t. Nous rapporterons nos résultats sur le design et la synthèse de peptides 

nanotransducteurs de différentes longueurs contenant lôesp¯ce dithiol au C-

terminal et une biotine au N-terminal pour les études préliminaires sur le système 

biotine-avidine déjà bien caractérisé(2). Nous rapporterons également nos 

résultats sur lôutilisation de la chimie click pour étendre le spectre des ligands 

biologiques à lô®tude, spécifiquement un ligand mannose ancré au N-terminal pour 

lô®tude de phénomènes de reconnaissance avec la concanavaline A. 
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La transfection cellulaire est une technologie permettant de modifier le 

comportement d'une cellule en lui faisant exprimer du matériel génétique exogène. 

Cette technologie a attiré beaucoup d'attention au cours des dernières années, 

trouvant des applications dans de nombreux domaines scientifiques allant de la 

biologie fondamentale à certains traitements thérapeutiques. De nombreuses 

méthodes de transfection sont actuellement disponibles, mais toutes se rivent à de 

nombreux problèmes. Afin d'effectuer la transfection de façon sélective tout en 

conservant un rendement intéressant, nous proposons l'utilisation d'un laser 

infrarouge pulsé localement amplifié par des nanoparticules plasmoniques hors-

résonance. L'irradiation de ces particules crée en effet des nanobulles de vapeur 

autour des particules et génère d'importantes ondes de pressions qu'on croit 

responsables de la perméabilisation des cellules. Lôaffiche présente divers travaux 

qui ont été réaliser afin de comprendre et caractériser les mécanismes 

responsables de la transfection. Des simulations théoriques de l'interaction entre 

laser ultra rapide (femtoseconde) et nanostructures plasmoniques sont 

présentées. Du coté expérimental, un montage de type pump-probe permet la 

détection de nanobulles en milieux liquide lorsquôune solution de nanoparticules 

est irradier par un laser pulsé. Finalement une méthode de transfection optique à 

haut rendement a été testé sur des cellules cancéreuses (mélanomes). La 

membrane cellulaire a été perméabilisée avec succès à lôaide dôun laser 

femtoseconde ainsi quôavec un laser nanoseconde. Un colorant fluorescent, un 

SiRNA (small interfering RNA) ou un plasmide a été incorporer à lôint®rieure des 

mélanomes avec des taux dôefficacit® différent pour les deux laser.     
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Nosocomial infection is the leading cause of death for hospitalized patients, 

affecting more than 2 million such patients per year, and leading to approximately 

90,000 deaths annually 1. Methicillin-resistant staphylococcus aureus (MRSA) is 

the leading cause of nosocomial and community-acquired infections. Reducing the 

time of diagnosis is directly related to reducing morbidity and mortality rates 2. 

Bacteriophages are viruses that specifically interact with their host bacteria.  

Phages are also able to distinguish between live and dead cells, they are robust, 

easy to produce, and cost-effective. In this report, we describe the first application 

of bacteriophages bioconjugated to gold nanoparticles (NP) for the detection of 

MRSA.  Multiple strategies were used to improve the immobilization of 

bacteriophages on nanoparticles, including the physisorption of phages and the 

covalent immobilization of phages via L-cysteine, glutaraldehyde, self-assembled 

monolayers, and Trautôs reageant. An optical conjugation method that did not 

interfere with the viability and activity of the bacteriophages was selected.  MRSA 

recognition by NP-phage complexes has been demonstrated. This system, 

coupled with the use of surface plasmon resonance (SPR) biosensors, promises to 

become a diagnostic tool for bacteria causing major public concern for food safety, 

bioterrorism, and nosocomial infections. 
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Figure 1 ï TEM image of bacteriophage-nanoparticle complex interacting 

specifically with Methicillin-resistant Staphylococcus aureus 
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Depuis leur découverte, les silices mésoporeuses ont suscité un véritable 

engouement du fait de leurs propriétés uniques, notamment dans les domaines de 

la catalyse et de lôenvironnement. Ces structures originales présentent des 

surfaces spécifiques pouvant dépasser 1000 m2/g et des volumes poreux de 

lôordre de 1 cm3/g. Depuis 2001, avec la réduction de la taille des domaines 

mésostructurés à des dimensions comprises entre 50 et 200 nm, ces 

nanoparticules ont ouvert de nouvelles opportunités dans le domaine biomédical. 

Notre objectif est dôexploiter les propriétés de ces plateformes pour les imageries 

par résonance magnétique (IRM) et nucléaire.Les nanoparticules sont 

synthétisées par un procédé dôauto-assemblage coopératif dynamique entre un 

système micellaire et un précurseur de silice. La synthèse achevée, la porosité du 

matériau est libérée en éliminant lôempreinte organique par calcination ou par 

extraction chimique. Afin de rendre ces particules efficaces en IRM, du gadolinium 

leur a été associé sous forme de silicate[1]  ou chélaté par un 

polyaminocarboxylate. La voie des chélates permet également de piéger dôautres 

cations métalliques dôint®r°t comme le 64Cu, un radio-isotope dont la demi-vie 

(12.7 heures) est idéale pour des études longitudinales in vivo.Les matériaux 

synthétisés ont été caractérisés par physisorption dôazote à 77 K, analyse 

thermogravimétrique et spectroscopie des photoélectrons-X. La stabilité de ces 

particules dans des milieux physiologiques a été démontrée par diffusion 

dynamique de la lumière. Les mesures relaxométriques réalisées sur des solutions 

contenant les nanoparticules de silice mésoporeuse chargées avec du gadolinium 

prouvent leur intérêt comme agents de contraste en IRM. 
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Figure 1 ï a) Cliché MET de nanoparticules de silice mésoporeuse de type MCM48 

charg®e en Gd et b) clich® IRM dôune solution aqueuse de nanoparticules de Gd-MCM-48. 
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Drug discovery and healthcare have been greatly influenced by technological 

advances. In both fields, the capacity to monitor selected analytes (drugs, 

biomarkers, metabolites) in biological fluids directly impacts the decision making 

process and the development of diagnostics. In collaboration with the Institut de 

Pharmacologie de Sherbrooke, we are developing a biosensor for in situ, real-time 

and label-free detection of multiple analytes in biological fluids, ex vivo and in vivo. 

The biosensor, shown Figure 1, is composed of PEG chain molecular tethers 

bound to a planar waveguide surface. The tether links a Q-dot/discriminator 

complex that folds back onto the sensor surface during a recognition event with a 

surface-bound analyte. In this way, the fluorophore is excited by the evanescent 

field at the surface and emits light which is collected by the waveguide. The 

intensity of the light captured monitors the number of recognition events which 

occurs.The strong evanescent field, which is necessary to excite the Qdots, is 

created at the waveguide-analyte interface by the deposition of a thin silicon nitride 

film on top of a planar silicon dioxide waveguide [1]. Consequently the intensity of 

the light is locally concentrated at the waveguide surface (see simulation Figure 2). 

The PECVD silicon nitride layers have been optimized in order to exhibit very low 

absorption in the visible range [2]. The light emitted by Qdots attached to the 

surface of the waveguide is observed by a fluorescence camera (see Figure 2). 

Our current work is focused on collection of the fluorescence emission by the 

waveguide. 
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Figure 1 ï Schematic representation of the chemical recognition part of the biosensor.  

Figure 2 ï Schematic representation of the optical part of the biosensors. An optical 

image of the light emitted by the Qdots (ɚ=560 nm) excited by a ɚ=470 nm light coming 

from the fiber, is superimposed on the schematic, as well as the corresponding 

simulation. An SEM image of the V-groove fabricated on the Si substrate and needed to 

clamp the fiber is also represented. 
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Nous avons étudiées lôadsorption et la réactivité de deux acides aminés : L-DOPA 

et acide glutamique (Glu) en présence de différents nanomatériaux inorganiques 

pour des applications potentielles en vectorisation des médicaments, en synthèse 

de nouveaux biomatériaux nanocomposites et en catalyse des synthèses 

organiques. En combinant les informations des caractérisations macroscopiques 

(HPLC, DRX, ATG, Physisorption dôazote, DLS et Rhéométrie) avec les 

observations microscopiques et spectroscopiques (UV-Visible, IR, Raman, RMN, 

RPE), nous avons mis en évidence que la réactivé de ces biomolécules dépend 

des propriétés du nanomatériau utilisé. En présence dôaluminosilicates (Zéolithes 

BEA, FAU), la DOPA a tendance à sôoxyder en Dopaquinone et DopaChrome. Ces 

réactions dôoxydation dépendent des cations compensateurs de la zéolithe qui 

sont responsable de lôinteraction DOPA-Zéolithe et de lôactivation catalytique de 

ces réactions oxydantes. En présence de phyllosilicates (Laponite), la DOPA a 

tendance à se polymériser en Mélanine. Cette polymérisation favorise la 

structuration des suspensions de Laponite (gélification), résultat intéressant pour 

la synthèse de nouveaux nanocomposites et le contrôle de leurs propriétés 

mécaniques1. En présence de la silice amorphe, lôadsorption et la réactivité 

thermique de lôacide glutamique dépend de la spécificité de la chimie de surface 

de la silice (nature et abondance des sites à la surface) qui active sélectivement 

les réactions de condensation du Glu adsorbé. Avec les nanoparticules MCM-41, 

une seule étape significative de condensation interne du Glu a eu lieu (formation 

du PyroGlu). Alors que sur lôAerosil, deux étapes de condensation successives 

(intra et intermoléculaires) sont observées (formation du PyroGlu qui se condense 

par la suite en PyroGluDKP)2. 
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Figure 2 : R®activit® thermique de lôacide Glutamique, 

Profil DTG [2] 

Figure 1 : Réactivité de la L-Dopa [1] 
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La séparation et la concentration des cellules sont deux étapes importantes lors de 

la préparation dô®chantillons pour des tests médicaux. Aujourdôhui, elles 

nécessitent des appareils encombrants et coûteux. La diélectrophorèse (DEP) 

offre beaucoup dôopportunit®s afin de réduire la taille et le coût des appareils 

médicaux. La DEP est un phénomène par lequel des particules suspendues dans 

un médium ayant des propriétés différentes et soumises à un courant électrique 

peuvent être poussées vers des zones de haut ou de bas gradient de champ 

électrique. En utilisant lô®criture directe, notre équipe de recherche a mis au point 

un dispositif constitué de spirales de polymère photosensible plaquées dôor 

permettant la séparation par DEP de billes de polystyrène de tailles différentes 

(fig. 1). Ce dispositif 3D représente une amélioration par rapport aux dispositifs 2D, 

car le nombre de particules qui peut être séparé est significativement plus grand 

en raison de la surface totale des spirales par rapport à celle dô®lectrodes planes. 

Malgré son potentiel, ce dispositif peut être amélioré par lôutilisation de 

microcanaux en forme de spirale 3D fabriqués par micro-coextrusion (fig. 2). Cette 

technique permet de fabriquer des filaments de polymère contenant une encre 

fugitive pouvant être retirée pour créer des canaux creux. Lôutilisation de spirales 

2D a déjà démontré son efficacité pour la séparation continue de particules. Les 

spirales 3D permettront une plus grande longueur tout en occupant une faible 

surface. Zhu, J. and X. Xuan, Curvature-induced dielectrophoresis for continuous 

separation of particles by charge in spiral microchannels. Biomicrofluidics, 2011. 

5(2): p. 024111-13. 
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Figure 2 - Dispositif futur de séparation par DEP. Le canal en spirale est soumis à un 

champ électrique non uniforme découlant de lôapplication dôune tension entre les 

extrémités du canal. Deux types de particules différents (représentées par les points 

bleus et verts) sont soumis à des forces différentes (FDEP,1 et FDEP,2). Ces forces 

poussent les particules vers lôext®rieur de la spirale. La différence dôintensit® de ces 

forces permet une séparation physique entre les types de particules permettant de les 

récupérer dans des réservoirs séparés à lôaide dôune division dans le canal. 

Figure 1 - Dispositif actuel de séparation par DEP. a, Représentation schématique de la 

séparation de particules de tailles différentes. b, Dispositif en cours de fabrication avec une 

spirale complétée. c, Vue de côté des spirales plaquées dôor. d, Vue dôensemble des spirales de 

polyuréthane plaquées dôor. e, Dispositif complété montré avec les connexions fluidiques. 

FDEP,1 

FDEP,2 

Écoulement des particules 
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Whispering gallery mode (WGM) biosensing techniques show sensitivities 

exceeding that of the extensively documented plasmon surface resonance 

technology [1]. We report an innovative label-free biosensor based on statistical 

analysis of WGM spectral shifts in polystyrene and melamine fluorescent 

microspheres using a custom microflow cytometer. Along with extremely precise 

refractometry, WGM analysis enables detection of nanometer-sized analytes 

demonstrating promising possibilities for virus, bacteria and molecular 

detection [2]. To achieve this, the carefully chosen fluorophore-doped 

microspheres are mixed with Bacilus globigii spores in aqueous solution [3]. Then, 

the syringe pump pushes the solution through the fiber optic flow cell where a laser 

beam illuminates the region of interest in the microflow cytometer. This 

device provides a low-cost and user friendly solution to enhance spectrum 

acquisition rates due to the considerable amount of microspheres flowing through 

the excitation area per unit time [4]. Finally, the WGM spectra are statistically 

investigated using an algorithm to determine a reliable value for the refractive 

index since the exact radius of the microsphere scanned is unknown [5]. This 

refractive index becomes an effective value for the local perturbation caused by B. 

globigii on the microsphere surface and hence, determines whether or not bacteria 

are adsorbed by comparing to a control sample. We achieve a limit of detection of 

1.9E9 spores/mL corresponding to 5 to 10 bacteria adsorbed on the microsphere 

surface.  
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Les microcavités optiques sont des structures capables de confiner la lumière à 

des échelles micrométriques. Ce confinement est basé sur la réflexion totale 

interne de la lumière à lôinterface entre la cavité et le milieu externe. Les dispositifs 

se servant de ces cavités connaissent une large gamme dôapplications, allant des 

microlasers aux dispositifs optiques quantiques. Dans ce projet, nous étudions les 

applications biomédicales des microcavités en silice, telles que la biodétection 

sans marquage de bactéries. Afin que le biosenseur soit spécifique à un type 

particulier de bactéries, une série dô®tapes de fonctionnalisation est effectuée. La 

surface de la cavité est tout dôabord couverte dôune couche de poly (éthylène 

glycol)-silane (PEG-Silane). Les protéines dérivées des phages spécifiques aux 

bactéries voulant être détectées sont alors introduites. Le lien entre les bactéries et 

les phages créent une perturbation du champ de la cavité, entrainant ainsi un 

déplacement du pic de résonance. Cette variation dans le spectre de transmission 

est causée par un effet  réactif. Les spectres sont obtenus par le couplage dôune 

lumière laser rouge (635 nm) à lôint®rieur de la cavité à travers une fibre effilée 

(figure 1).    

 
 

Figure 1 ï Image obtenue avec une caméra dans le visible du laser rouge (635 nm) 

coupl® ¨ lôint®rieur dôune microcavit® ¨ travers une fibre effil®e. 
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Figure 1: a) microscope image 

of 120 nm deep nanochannel 

across 200 nm thick SiNx 

window; b) TEM image of a 

nanopore embedded in a 

nanochannel; c) TEM image 

of a focus electron beam 

fabricated SiNx nanopore 

(~23 nm, zoomed in view of 

picture b). 

Figure 2: current trace of lambda DNA translocate through a sub 10 nm pore, 

showing series of current blockages. 
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Nanopore and nanochannel based devices are robust methods for biomolecular 

sensing and single DNA manipulation. Nanopore-based DNA sensing has 

attractive features that make it a leading candidate as a single-molecule DNA 

sequencing technology. With a special fluidic cell, DNA Molecules can be 

electrophoretically threaded through artificial SiNx nanopores (2nm to 20 nm). We 

are trying to prove translocation time of partially denatured ds-DNA is highly 

sequence depended. Nanochannel based extension of DNA, combined with 

enzymatic or denaturation-based barcoding schemes, is already a powerful 

approach for genome analysis. We believe that there is revolutionary potential in 

devices that combine nanochannels with nanpore detectors. In particular, due to 

the fast translocation of a DNA molecule through a standard nanopore 

configuration, there is an unfavorable trade-off between signal and sequence 

resolution. With a combined nanochannel-nanopore device, based on embedding 

a nanopore inside a nanochannel, we can in principle gain independent control 

over both DNA translocation speed and sensing signal, solving the key draw-back 

of the standard nanopore configuration. We will show our recent progress on 

device fabrication and characterization. In particular, we demonstrate that we can 

detect - using fluorescent microscopy - successful translocation of DNA from the 

nanochannel out through the nanopore, a possible method to ôselectô a given 

barcode for further analysis. In particular, we show that in equilibrium DNA will not 

escape through an embedded sub-persistence length nanopore, suggesting that 

the embedded pore could be used as a nanoscale window through which to 

interrogate a nanochannel extended DNA molecule.  
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Le Parallel Artificial Membrane Permeability Assay (PAMPA) est employé dans 

lôindustrie pharmaceutique pour étudier les médicaments administrés oralement. Il 

évalue la diffusion des molécules actives à travers une membrane artificielle 

mimant la paroi intestinale. Un filtre poreux imprégné de lipides dissous dans du  

n-décane compose cette membrane. Toutefois ce modèle comporte des 

faiblesses. Les phospholipides déposés directement sur le filtre peuvent former 

des couches multilamellaires et obstruer les pores de celui-ci. La perméation peut 

alors sôav®rer anormalement lente et non représentative de la perméation réelle 

des molécules testées. Aussi, des interactions entre lipides et filtre induisent une 

perte de mobilité des lipides, allant à lôencontre de la nature fluide dôune 

membrane biologique.Lôobjectif est de concevoir de nouvelles membranes qui 

ressemblent davantage à la structure lipidique des parois de lôintestin, et les 

adapter sur des cellules de Franz ou des plaques multi-puits pour un criblage haut 

débit. Plus spécifiquement, ce nouveau modèle sera formé dôun film polymère sur 

filtre nanoporeux, qui supportera une bicouche de phospholipides. Le polymère 

limitera les effets de friction entre lipides et filtre et conservera la fluidité dôune 

biomembrane. Les premiers travaux avec la polydopamine comme biopolymère 

candidat sont prometteurs et des premiers tests de perméation ont été réalisés sur 

deux médicaments : la famotidine et lôacétaminophène.En améliorant la 

technologie PAMPA, nous espérons diminuer le nombre de molécules 

thérapeutiques potentielles écartées trop tôt dans le processus de découverte de 

nouveaux médicaments. Nous déterminerons également de façon plus efficace 

leurs propriétés dôabsorption. 
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The charged particles and water transport through nanofluidic pores is governed 

by the concentration, pressure and potential gradients. Understanding their 

interplay is critical for reliable delivery of drugs, and for understanding of the 

mechanism of exocytosis. During exocytosis the hormones, transmitters or 

peptides are extruded through the fusion pores, whose conductance can change 

rapidly, but it is less clear how much this is owing to the change of pore radius, or 

of the conductivity of the nanopore. The physics of the problem was simulated 

using a coupled set of PoissonïNernstïPlanck and NavierïStokes equations [1] in 

a computational domain consisting of a charged cylindrical pore flanked by two 

compartments and in the presence of the concentration, potential and pressure 

gradients between two compartments (Fig. 1). The potential and the pressure were 

additionally perturbed to estimate the electrical conductivity and fluid admittance. 

The current mainly flows near the pore wall, where the electrical conductivity is the 

highest owing to the presence of fixed charges. The fluid specific admittance 

declines gradually becoming zero at the wall (no-slip). Approximately in the middle 

between the pore center and the pore wall the fluid admittance and the water flow 

peak.  
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Figure 1. Semi-schematic of the 

hemi-section of the 

computational domain consisting 

of the cylindrical nanopore and 

two compartmentsðan upper 

(vesicular) and a lower (extra-

cellular) compartment. Three-

dimensional model is generated 

by the rotation of the hemi-

section about the central axis by 

180°. Fusion pore radius R is 

3nm, whilst the pore length L is 

10nm. The radius W the 

compartments representing the 

vesicular and extracellular 

spaces is 11nm. The total length 

of the computational domain 

including the fusion pore and two 

compartments is 30.0nm.  
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The polymerase chain reaction (PCR) is one of the fundamental pillars of 

molecular biological investigations. It requires thermocycling between denaturing, 

annealing and elongation temperatures to allow the enabling thermophilic 

polymerase to function. Commercial instrumentation usually applies infra red 

radiation or solid state heaters to achieve this. Recent work has demonstrate the 

ever increasing miniturisation of the reaction to picoliter volumes [1], but to truely 

miniaturise and control the method of heating must function on a nanoscale.  In 

this work we present a demonstration of thermocycling using nano plasmonic 

elements and explore the potential for rapid and conventional thermocycling 

required for conducting PCR and theoretically discuss how the reaction maybe 

reduced to a single particle. In addition we will demonstrate current biological 

challenges that must be overcome to realise the system. Discussion will be 

provided on to the further applications of nanoscale plasmonic heating and its 

potential applications. 
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Soft lithography replicates of porous silicon have been produced for the eventual 

application to DNA separation analysis. The porous silicon templates create a 

complex range of structures in relief in PDMS. COMSOL modeling has been 

applied to describe the characteristics of fluidic flow, electrical field distribution and 

the effect of deformation upon the internal dimensions of the complex separation 

matrix. The randomized nature of structure prevents DNA strains taking the line of 

least resistance through as would occur with a geometric micropillar array. 

Collapse and fracturing observed in high aspect micro-pillar is reduced and an 

increase in the repatriation of strands is seen within the matrix that could improve 

separation of a complex DNA mixture upon the basis of size. 



Quantum semiconductor photonic biosensor for rapid detection of bacteria in water 

Conférence NanoQuébec 2012                        S-35 

  

W.M. Hassen1, E. Frost2, J.J.Dubowski1, 

 
1Laboratory for Quantum Semiconductors and Photon-Based BioNanotechnology, Department of Electrical and Computer 

Engineering, Université de Sherbrooke, Sherbrooke, Québec J1K 2R1, Canada 
2Department of Microbiology and Infectiology, Faculty of Medicine and Health Sciences, Université de Sherbrooke, Sherbrooke, 

Québec J1H 5N4, Canada 

http://www.dubowski.ca 

 

 

Keywords : Quantum semiconductors, Photoluminescence, Biosensors, 

Photonic Biosensing, Bacteria detection 

 

 

In the quest for development of alternative methods of rapid detection of 

human/animal pathogens, we have been investigating photonic response of 

quantum semiconductor microstructures to the presence of viruses and bacteria 

specifically immobilized on semiconductor surfaces. The modification of 

semiconductor band bending near the surface and reduction of the hole/electron 

ratio of surface carrier capture cross-section by an electric charge of biomolecules 

is the main mechanisms contributing to the detection. Most viruses and bacteria 

carry a net negative electric charge, for which an increase of the PL signal is 

expected upon immobilization of such particles on the surface of undoped, or 

lightly n-doped III-V semiconductor. We have addressed detection of E. coli using 

PL emission from GaAs/Al0.33Ga0.67As microstructures capped with a 5-nm thick 

GaAs layer [1]. The functionalization of the samples was achieved by using either 

alkanethiol SAMs, or glutaraldehyde based aldehydization of the surface of a thin 

Si3N4 film deposited atop the GaAs surface. The negative electric charge of the 

bacteria immobilized on the surface of antibody-functionalized microstructures 

contributed to the increased PL emission from GaAs. The samples exposed to 

different concentrations of bacteria allowed monitoring the dynamics of the bacteria 

immobilization observed over a period of several hours. The results indicate that 

the investigated method allows detection of E. coli at 104 CFU/ml within less than 

120 min. The antibody-based architecture of the method makes it possible to 

address detection of numerous biomolecules, including pathogenic strains of 

bacteria. 
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Surface coated superparamagnetic iron oxide nanoparticles (SPIONs) are 

recognized as promising materials for nanodiagnostics owing to their 

biocompatibility, unique magnetic properties and capacity for as use as multi-

modal contrast agents. Diagnosis and treatment of various brain diseases (e.g., 

multiple sclerosis) are among the proposed uses of SPIONs. Therefore, a 

complete understanding of their interactions with amyloid-ɓ protein (Aɓ) and other 

amyloidogenic proteins is essential. Here we present a study of the effects of 

SPION surface coating charge and thickness on the fibrillation kinetics of Aɓ under 

different solution conditions. Observation in transmission electron microscopy 

showed that a surface area dependent ñdualò effect was observed with lower 

concentrations of SPIONs inhibiting fibrillation, while higher concentrations 

enhanced the rate of Aɓ fibrillation, as had been observed previously in charged 

polystyrene nanoparticles . Coating charge influenced the concentration at which 

the acceleratory effects were observed. The positively charged SPIONs promote 

fibrillation at significantly lower particle concentrations compared to either 

negatively charged or essentially uncharged SPIONs. This suggests that in 

addition to the presence of particles effecting the concentration of monomeric 

proteins in solution (and thereby the nucleation time), the influence of binding on 

protein conformation also needs to be considered.  
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TEM image of Aɓ fibrils after incubation for 2400 min in the absence of 

SPIONs. Protein concetration is 0.5 µM. 

TEM image of Aɓ fibrils after 2400 min incubation of Aɓ monomers (0.5 µM) 

with double layer plain dextran-coated SPIONs (100 µg/ml).   
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Optical resonant microcavities with ultra high quality factors (Q~108-109) have a 

great potential for ultra sensitive biosensing as a single photon will interact with a 

biological sample many times. Until now, most work on microcavity biosensors has 

been based on measurement of the resonant wavelength shift (ɚresonant) induced by 

binding event on surface of the microcavity. The binding event also influences the 

quality factor (Q) of the microcavity, however tracking of the quality factor, as a 

function of the binding event, has always been ignored by researchers. Moreover, 

measurement of the wavelength shift is not immune to intensity fluctuations of the 

laser source and thus overall performance of the biosensor is degraded.  One of 

the promising methods to overcome these issues is to use phase shift cavity ring 

down spectroscopy, a well established technique for sensing absorption of gases 

with free space optical cavities. Here, we show simultaneous measurement of the 

quality factor and the wavelength shift by using phase shift cavity ring down 

spectroscopy in a biosensor by tracking changes in ɚresonant and Q for 

disassociation phase of biotin-streptavidin system in a liquid flow cell containing a 

bioconjugated toroidal microcavity.  We found that the disassociation curves are in 

good agreement with the previously published results.   
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Integration of biochemical reactions in microfluidic lab-on-chip devices is desirable 

for numerous applications. Such methods allow for automation of complex 

processes that would otherwise require trained personnel.  When several 

techniques are combined on the same chip, such as sample preparation, 

enzymatic amplification and microarray hybridization, the complexity of the chip 

design augments rapidly. We need to develop methods that combine one or more 

of these steps so that they can be performed simultaneously and/or in the same 

physical space to ease integration. We have devised a nano-machine capable of 

combining PCR amplification and microarray hybridization in the same reaction 

chamber, operating in a single buffer. This nano-machine is a labeled 

oligonucleotide designed with different target sequences and secondary structures.  

First, it is used as a probe during amplification, which triggers its irreversible 

structural modification.  Specific recognition of the unlabeled target is critical for 

this function. Second, modified nano-machines hybridize to microarray capture 

probes while non-modified nano-machines hybridize weakly or not at all.  Multiplex 

detection is possible through the use of multiple nano-machines and spatial 

localization of different capture probes on microarray.  We have demonstrated that 

both amplification and hybridization can be performed in PCR buffer.  Modification 

happens only when the amplification target is present. Hybridization of the 

modified form of the nano-machine to a specific capture probe showed a signal-to-

noise ratio of 2.5-10 as compared to the non-modified form. Optimisation and 

integration of the PATCH detection nano-machine into a lab-on-chip system that 

can perform thermal cycling and microarray fluorescence readings is ongoing. 

 



Portable platform for rapid real-time hybridization and detection of nucleic acids.  
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Rapid diagnostic of infectious diseases is now possible using amplification and 

detection techniques such as PCR, based on interactions between biomolecules.  

A majority of these methods are based on specific recognition of DNA by a second 

DNA strand, a process called hybridization.  These detection methods can typically 

reach an analytical sensitivity of 83 aM (10 copies/test). Furthermore, when 

detection of multiple analytes (targets) is necessary, spatial and/or optical 

localization can be used for multiplexing. We have developed a microfluidic device 

in which probe-grafted particles are captured as single layers in separate micro-

channels. This device can then be inserted on a portable real-time hybridization 

and detection instrument that can analyze up to 8 different DNA targets.  Nucleic 

acids 5.78 nm in length (capture probes) were immobilized on such particles for 

specific hybridization and detection of complementary targets. Amplification of 

1000 copies of nucleic acids from Group B streptococci (GBS) or from vaginal-anal 

clinical samples (containing or not GBS) were performed to label and increase the 

number of targets.  Afterwards, the hybridization, detection and washing steps 

were completed in less than 15 minutes, whereas an answer could be provided 

within 5 min by real-time fluorescence analysis.  Using this portable platform we 

demonstrated real-time hybridization, detection and identification of unknown 

clinical samples and single nucleotide polymorphisms (SNPs). Our procedure is 

faster than microarray-based technologies and does not require an expensive 

confocal slide scanner.  Such a system, by also integrating nucleic acid 

amplification in the microfluidic device, could provide completely automated on-

chip detection of viral and bacterial pathogens. 
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Les biocapteurs à résonance plasmonique de surface offre un cadre unique pour 

effectuer des tests de biodétection à très haute résolution. En effet ce type de 

capteur permet de mesurer des changements dôindice de lôordre de 1x10-7 RIU 

(unité dôindice de réfraction), ce qui correspond typiquement à mesurer une 

concentration de quelques picogrammes par millilitre dôune unité biologique. 

Plusieurs applications sont dédiées à lôanalyse de composé biochimiques et 

dôautres à la détection de pathogènes et maladies. Notre recherche est axée sur le 

second point, principalement basée sur lô®laboration de différentes plateformes 

plasmoniques pour la détection de la leucémie. Un nouveau type de capteur 

plasmonique basé sur des nanostructures périodiques creusées dans de minces 

films dôor offre un nouveau cadre pour exploiter ce type de capteur. De par la 

miniaturisation du montage nécessaire et la simplification de celui-ci, ce type de 

structure permet de réaliser plusieurs détections simultanées de différents analytes 

biologiques. Il sera aussi présenté lôanalyse des différentes réponses optiques, 

telle que la polarisation [1] et la phase [2] émanent de ces structures ; paramètres 

permettant dôaffiner les résolutions des dispositifs présentés. Lôutilisation de telles 

structures dans lôimagerie sera aussi démontrée, permettant leur usage pour la 

détection de gros objets biologiques (bactérie, cellule). Enfin, lôint®gration de ces 

structures sur un substrat de silicium sera présentée permettant de réaliser une 

seule puce exposant le senseur biologique et la détection optique [3]. 
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Les nanoparticules du virus de la mosaïque de la papaye (PapMV) sont 

composées de la nucléocapside du PapMV enroulée autour dôun ARN simple brin 

non-codant. Il a été démontré que ces particules ont des propriétés adjuvantes, 

côest-à-dire quôelles permettent dôaugmenter la réponse immunitaire spécifique 

envers un antigène peu immunogène [1]. Il est essentiel pour un vaccin de stimuler 

lôimmunit® innée, qui entraîne lôapparition dôune réaction inflammatoire. Cette 

réaction constitue aussi la première ligne de défense contre lôinvasion de 

pathogènes. 

Pour vérifier que les nanoparticules du PapMV stimulent lôimmunit® innée in vivo, 

un modèle murin de stimulation pulmonaire a été utilisé. Cette méthode a permis 

de mesurer des médiateurs de lôinflammation dans les poumons des souris, et 

dôobserver une protection complète contre une infection virale des voies 

respiratoires suite à une stimulation avec les nanoparticules du PapMV. 

Puisque les nanoparticules du PapMV ont des propriétés adjuvantes et quôelles 

stimulent efficacement lôimmunit® innée mucosale, elles ont aussi été utilisées 

comme adjuvant dans un vaccin grippal saisonnier administré par voie mucosale. 

Cette formulation a permis de protéger les animaux vaccinés contre une infection 

avec une souche hétéro-soustypique du virus influenza. 
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In the recent years, the capability to fabricate nanometre-sized structures less than 

100 nm in feature size has led to the application of such structures in nanofluidic 

devices for the purpose of the mapping of DNA ï the molecule which encodes any 

organismôs genome. The technique for DNA mapping introduced by Reisner et al. 

allows for the mapping of single DNA molecules to identify structures within a 

genome by using a sequence-sensitive dye (Fig. 1). [1] Single DNA molecule-

mapping overcomes the problem of ensemble averaging over the genomes of 

several cells, which is a limitation of high-throughput sequencing. We present our 

recent advances in mapping the genomes of bakerôs yeast (Saccharomyces 

cerevisiae) which is a model organism for human cells. Furthermore, we are 

mapping strains of Staphylococcus aureus, which is a problematic pathogenic 

germ due to its widespread acquired resistance to common broad-spectrum 

antibiotics. Genetic screening is a useful technique to identify resistances which 

are encoded in the bacteriaôs genome. Furthermore, it is a suggested measure in 

pushing back resistances. [2] Additionally, we present our progress on site-specific 

labelling of DNA to probe for hypermethylated areas. These areas are of 

importance for the identification of abnormal methylation patterns which are 

implicated in a number of diseases, including cancer. [3] Here, the use of 

nanofluidics is of great benefit since it allows for the mapping of DNA molecules of 

single cells. 
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Figure 1: Principle of DNA mapping. A fluorescently stained, coiled DNA molecule (top 

panel) is forced into a nanochannel of approximately 100 nm in height and width, which 

entails that the DNA is stretched out. Partial melting of the DNA leads to varying 

brightness of the dye, depending on the DNAôs sequence (lower panel). After image 

processing, the DNA molecule appears as a barcode that contains sequence or 

structural information (last image). 
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In non-viral gene delivery, a cationic polymer having a high buffering capacity in 

the endosomal pH range, ~4.5 to ~7, can mediate escape from the endosome by 

the proton sponge effect [1]. In this proposed escape mechanism, the acidification 

of the endosome or lysosome by the additional pumping of protons into the 

endosome, along with the concurrent influx of chloride ions causes an increase in 

osmotic pressure which can lead to vesicle rupture [2]. According to previous 

studies, polyethylenimine (PEI) has a higher buffering capacity (i.e. potentially 

better candidate for proton sponge effect) than chitosan [3]. However, in these 

studies the polymers were compared on a weight concentration basis. Since 

chitosan possesses a higher monomer molecular weight than PEI, its 

concentration of protonable amino groups is lower than for PEI for the same weight 

concentration. In this study, the polymers buffering capacities were therefore 

compared at equal amino group concentrations. Titration experiments were 

performed to quantify the buffering capacity of chitosan and PEI. Chitosan and PEI 

acid-base behaviour were analysed with a Poisson-Boltzmann mean-field theory 

and an Ising model, respectively. Acid-base behaviour of all polymers is well 

described by their respective model. This study shows that at equal amino group 

concentration, chitosan has a better buffering capacity than PEI in the pH range 

relevant to endocytic pathways. The apparent weak buffering capacity of chitosan 

reported in the literature is the result of an artefact in the methodology used. The 

proton sponge effect must be considered as a possible endosomal escape 

mechanism for chitosan. 
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Développement d'un biomatériau possédant un contraste brillant en imagerie par résonance 

magnétique à l'aide des technologies plasmas 
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Figure 1 ï Nanoparticules observées par TEM (taille moyenne = 12.7 ± 1.0 nm). 

Figure 2 ï Stratégie de greffage des nanoparticules sur une surface de téflon. 
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Au cours des dernières années, les interventions en médecine ont subi un progrès 

fulgurant, devenant de moins en moins invasives tout en permettant leur suivi par 

imagerie médicale.1 Traditionnellement, les interventions endovasculaires sont 

imagées par fluoroscopie de rayons X (FRX). Un inconvénient majeur de cette 

technique est l'utilisation de rayonnement ionisant. L'imagerie par résonnance 

magnétique interventionnelle  (IRMi) est une nouvelle technique qui pallie à 

l'inconvénient principal de la FRX. C'est ainsi que de nouveaux matériaux 

biocompatibles et visibles en IRM doivent être développés.2 L'approche ici est de 

fabriquer un tel matériau à base de polymère sur lequel on greffe des 

nanoparticules paramagnétiques ultra-petites. Le projet est divisé en trois grandes 

séquences : 1) la synthèse de nanoparticules à partir de sel de manganèse, qui 

constituent un agent de contraste (AC) positif en IRM (fig.1); 2) l'activation de 

groupements amines sur du téflon à l'aide d'un plasma d'azote et d'hydrogène à 

pression atmosphérique; 3) le greffage de l'AC sur le polymère activé (fig.2) . Les 

nanoparticules ont été caractérisées par DLS (taille hydrodynamique), MET (taille 

du cîur), ATR-FTIR (propriétés chimiques) et TD-NMR (propriétés 

relaxométriques). L'utilisation conjointe de XPS et de dérivation chimique permet 

de déterminer la densité d'amines en surface du polymère suite à l'activation. 

Après le greffage des particules sur le polymère, celui-ci est visualisé en IRM (1T). 

Cette étude démontre la faisabilité d'utiliser un matériau polymère apparaissant 

brillant en IRM clinique. 
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