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Nanofluidic channels have become a versatile tool to manipulate single DNA molecules. They
allow investigation of confined single DNA molecules from a fundamental polymer physics
perspective as well as for example in DNA barcoding techniques.
Circular DNA is found in many biologically relevant contexts, such as bacterial plasmids,
viruses and eukaryotic mitochondrial DNA. Furthermore, the circular topology forces two
strands in close proximity to each other in nanochannel, which changes the polymer physics
compared to linear DNA. Circular DNA is difficult to study with traditional single molecule
techniques because they generally require the attachment of handles, but is readily accessed
using nanofluidics.
Circular DNA in its folded configuration has less entropy and higher conformational free
energy than in the unfolded configuration. Therefore, as a double-strand break occurs and
circular DNA opens up, it unfolds to its linear configuration inside the nanochannel. This
study compares the static properties of confined linear and circular DNA as well as
investigates the dynamics of the transition from circular to linear DNA.
The difference in extension between the circular and linear configurations depends on the
degree of confinement, which we confirm with theoretical predictions. Our data for unfolding
of the circular DNA to the linear configuration suggests that hydrodynamic friction between
the DNA and the solvent is the main rate-determining factor but that DNA-DNA contacts are
also important. Finally, by staining the DNA inhomogeneously, we observe the local
dynamics of the DNA as the folding occurs and conclude, for example, how the two different
strands move relative to each other as the unfolding proceeds. We are thus able to study the
dynamics of confined DNA with unprecedented resolution and obtain completely new
information about confined polymers.

Transcription inhibition by lasso peptides studied at the single
molecule level using acoustic force spectroscopy technique
A. Arseniev , M. Metelev, G. Pobegalov, M. Khodorkovskiy and K. Severinov
Peter the Great St. Petersburg Polytechnic University, St. Petersburg, Russia

DNA-dependent RNA polymerase (RNAP) is an essential enzyme of gene expression and one
of the key targets of regulation and antibiotic action. Here, we employed a novel technique
named acoustic force spectroscopy (AFS) to observe transcription elongation by single
molecules of RNAP from Escherichia coli [1]. We confirm the inhibitory effect of
antimicrobial lasso peptide microcin J25 on the transcription elongation rate and we further
reveal that two novel lasso peptides from Acinetobacter gyllenbergii and Klebsiella
pneumonia – also affect transcript elongation by E. coli RNAP. We conclude that AFS
provides a versatile and sensitive method for medium-throughput screening of inhibitors of
transcription at single-molecule level.
Reference:
1. Sitters G, Kamsma D, Thalhammer G, Ritsch-Marte M, Peterman EJ, Wuite GJ.
Acoustic force spectroscopy. Nat Methods. 2015, 12:47-50.
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Background: The goal is to explore the potential use of nanoparticles (NPs) as carriers in
drug delivery of therapeutical agents to the retina. Nanomaterials are increasingly used in
diagnostics, imaging and targeted drug delivery. In the clinic, AuNPs are employed as e.g.
anti-cancer agents and AgNPs are commonly used due to their antibacterial effects. Despite
widespread use, the documentation is limited on the direct effect of Ag- and AuNPs on
eukaryotic cells, including neural cells and tissue. Hence, here we investigate the uptake and
distribution of especially Ag- and AuNPs, as well as their possible toxic effect in a battery of
assays ranging from human neural cells to the mouse eye in vivo.
Methods: Low concentrations of Ag- and AuNPs (0.022- 0.4 g/ml) are studied at a cellular-,
tissue and organ level, using a human neural stem cell lines, organotypic cultured mouse
retina and administration to the mouse eye in vivo. Uptake and distribution of the NPs are
analyzed using TEM. Using the human cells effects on viability (MTT and TUNEL assays),
cell proliferation (Ki67 marker) and cell cycle analysis and phenotypic differentiation (GFAP
(glial/neural) and DCX (neuronal) markers) were studied. In the retinal models adverse effects
were studied using the parameters: gross morphology, glial- and microglial response,
cytotoxic effects (apoptosis (TUNEL assay) and oxidative stress (AvidinD staining)). AgNO3
is used as a positive control for the reported toxic effect of Ag ions. Ag- and AuNPs of two
different sizes are included, 20 and 80 nm, respectively. In separate studied we also explore
the protein corona formation ion the NPs, by the respective culture media used in the various
assays included.
Results: We demonstrate that 20 and 80 nm Ag- and AuNPs are taken up into the cytoplasm,
nucleus and mitochondria in the retina in vitro, using TEM analysis. Overall, adverse effects
are caused by the NPs on the retina with changes in gross morphology and elevated glial- and
microglial response. Moreover, neuronal toxicity (apoptosis and oxidative stress) was
primarily seen in the outer nuclear layer, harboring the photoreceptors. In corresponding in
vivo experiments preliminary results show no significant oxidative stress. Analysis is ongoing revealing if the in vitro data can be extrapolated to the in vivo situation. Noteworthy,
significant adverse effects on cell growth profile and morphology is documented and studies
on the eventual effects on phenotypic differentiation are on-going. In addition, analysis of
protein corona formation on the NPs in the different assays is on-going.
Conclusion: Our results strongly suggest careful investigation of the eventual adverse effects
of Ag- and AuNPs if these are considered for usage in both daily consumer products and
medicine.
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Alzheimer’s disease (AD) is a neurodegenerative disease and the most common cause of
dementia in elderly people. The disease is pathological characterized by the formation of
senile plaques, consisting of a peptide called Amyloid-β (Aβ), and neurofibrillary tangles,
consisting of a protein called Tau, in certain regions of the brain. The formation of these
features is not clear, but some studies have found that regulation of certain lipids, such as
cholesterol is involved in the aggregation process [1].
Time-of-flight secondary ion mass spectrometry (ToF-SIMS) has been proven to successfully
image different kinds of molecules, especially a variety of lipids, in biological samples [2].
Proteins, however, are difficult to detect as specific entities with this method due to extensive
fragmentation. To circumvent this issue, we are developing a method for detection of proteins
using antibody-conjugated liposomes, so called immunoliposomes, which are able to bind to
the specific protein of interest [3]. In combination with the capability of ToF-SIMS to detect
native lipids in tissue samples, this method opens up the opportunity to analyze many
different biomolecules, both lipids and proteins, at the same time, with high spatial resolution.
The method has been applied for identification of biologically relevant proteins in AD, such
as Aβ, in mouse brain tissue sections. Using ToF-SIMS imaging, several lipids could also be
investigated in the vicinity of Aβ, which might provide further information about lipid-protein
interactions that is important to understand the mechanisms of neurodegeneration in AD.

Fig. 1. Schematic illustration of the binding of immunoliposomes to a protein in a tissue section for subsequent
detection with ToF-SIMS.
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Formation of supported lipid bilayers with membrane proteins on
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Membrane proteins fulfill vital functions as signal transducers, motors, anchors and selective
transporters of ions across the cell membrane and are a central class of pharmaceutical and
diagnostic targets. The complexity of the cell membrane and the fact that membrane proteins
need to reside in the lipid bilayer to maintain their native function, are two major factors that
hamper the development of efficient drug screening techniques. New strategies for separation
and enrichment of native membrane proteins with subsequent analysis, without removing
them from the cell membrane, are crucial for the advancement of this research field. To meet
this challenge, our strategy is to form supported lipid bilayers (SLBs) with integrated
transmembrane proteins on electroactive organic surfaces based on conductive polymers. By
introducing a conductive polymer to the underlying substrate it has in this project been our
aim to tune the interaction between protein and support and thereby also influence the spatial
mobility of the SLB and its components. The possibility of conducting polymers to transport
electronic and ionic charges offers a unique opportunity to stimulate the surface chemistry of
the support.
Inspired by the compatibility of silica as a suitable substrate for SLB formation, we have
created composite thin films consisting of the conducting polymer PEDOT and silica
nanoparticles. To obtain optimal conditions for the SLB while maintaining the substrate
conductivity film thickness, particle size and silica/PEDOT ratio was varied. With TIRF
microscopy and fluorescence recovery after photobleaching (FRAP) SLB formation could be
confirmed, offering a lipid mobility of up to 1.2 µm2/s and 95 % recovery. Moreover, the
transmembrane protein BACE1 was successfully incorporated in a mobile state. The results
are promising for the continuous work on dynamically tuning the surface properties of SLB
supports.

Figure. Schematic of a film (upper left) prepared from PEDOT:PSS and silica nanoparticles (25 nm). AFM scan
(bottom left) and SEM micrographs (middle) of the conductive polymer/silica thin film. FRAP micrographs
(right) illustrating the recovery of a photobleached spot, confirming formation of a POPC SLB dye labelled with
rhodamine-DHPE.
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Personalized and fast diagnostics methods are highly needed for therapeutic reasons. To fulfill
these needs, it is necessary to have an assay with high sensitivity and specificity for early and
low cost detection of pathogens or other disease biomarkers. In this study, we present here a
new bulk based readout technique that can be used in combination with a proximity ligation
assay (PLA), which is a highly specific sensing assay for single protein detection.
The PLA consists of two or more antibodies carrying short DNA strands that bind to specific
targets when in close proximity, which allows the DNA strands to form a circle by enzymatic
ligation. This closed DNA loop can then be amplified several hundred times by rolling circle
amplification (RCA) resulting in a long ssDNA. The RCA product is usually detected by
binding fluorescent oligos to it and using a fluorescent microscope. Compared to that, we use
a simpler and faster optical detection technique, where the probe merely consists of a single
droplet which is excited by a laser beam by inserting a single-mode optical fiber. As the
particles diffuse in and out of the confined laser beam, their scattered or fluorescent light can
be acquired using a digital microscope. This allows single particle tracking and simultaneous
size determination based on their Brownian motion. .
Through the additional use of a beamsplitter, the simultaneous acquisition of two signals can
be used to extend the possibilities achievable with this readout system and permits for colocalization measurements to be carried out without any lag-time. Two fluorescence signals
can then be detected simultaneously, which is advantageous for the study of FRET signals
and/or multiplexing. Furthermore one can also link a specific scattering signal to the
corresponding fluorescent one. The detailed study and comparison of the two signals, might
allow selective identification of RCA products by scattering and thus label-free detection.
In addition to that, our dual channel setup can also be used for the analysis and co-localization
of other nano-sized objects such as vesicles or viruses, which also play an important role in
modern diagnostic and treatment.

Towards Label-free Investigations of Biological Membranes
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Current detection and analysis of biological membranes systems significantly depend on
chemical modifications, which may influence the system under study. For this reason, we
propose the development of dielectric impedance spectroscopy as an alternative detection and
analysis scheme, as it is a label-free, non-invasive technique, which can probe a sample in its
environment.
For the purpose of investigating biological membrane systems, we utilize the
millimetre-wave frequency region (30-300 GHz) of the electromagnetic spectrum. This
frequency range is of particular interest for the life science research field, as it contains
information about molecular reorientation dynamics, dielectric relaxation and hydrogen bond
interactions [1].
Focusing on the possibility of a label-free technique for biological membrane
investigations, we developed a millimetre-wave sensor based on a coplanar waveguide line
[2] for an open-volume fluidic arrangement for facile sample manipulation (Fig. 1). The
sensor was used to detect the presence of cholesterol in an artificial membrane of naturally
occurring phospholipids, to illustrate the potential of the developing technology.

Figure 1 The mm-wave sensor. A) Schematic illustration with the characteristic length scales: w (signal width)
and s (signal-to-ground spacer), 50 and 14 µm respectively. B) Photograph of the top-view of the setup. The
black frame represents one of the pools formed by the SU-8 barrier and the white square one of the sensors.

[1] K. Grenier et al., "Recent Advances in Microwave-Based Dielectric Spectroscopy at the
Cellular Level for Cancer Investigations," IEEE Trans. Microwave Theory Tech., pp. 20232030, 2013.
[2] C. P. Wen, "Coplanar Waveguide: A Surface Strip Transmission Line Suitable for
Nonreciprocal Gyromagnetic Device Applications," IEEE Trans. Microwave Theory Tech.,
pp. 1087-1090, 1969.
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The spread of bacteria that have acquired resistance against antibiotics has grown to become
one of the largest threats to global health. The genes that give rise to the resistance of the
bacteria are often spread by the transfer of plasmids, which are self-replicating doublestranded circular DNA molecules.
Here we present the approach of optical DNA mapping with competitive binding [1], to
characterize plasmids from a nosocomial outbreak. In total, nine samples from four different
patients were examined, all containing bacteria shown to carry ESBL genes.
The study shows that optical DNA mapping can be used to characterize plasmids during a
nosocomial outbreak, both by measuring their size, as well as creating a sequence-specific
fingerprint. The results indicate that there has occurred a spread of bacteria between patients,
as well as a spread of individual plasmids between different bacterial strains and species.
Furthermore, one plasmid seems to be present in all investigated samples, indicating that it is
the one carrying the ESBL resistance genes.

Figure. Overview of Optical DNA Mapping process used in the study.
References:
[1] Lena Nyberg, et al., A single-step competitive binding assay for mapping of single DNA
molecules; Biochem. Biophys. Res. Commun., 2012, 417, 404-408Abstract text (Times New
Roman 12 point).
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Most vaccines are created empirically, with little or no understanding of the immunological
mechanisms at work in inducing protective immunity (1). The key to rationalizing the
development process of vaccine formulations, making it less costly and time-consuming, is
likely to lie at the intersection of immunology and vaccinology. One interdisciplinary area
where little is currently known is how the properties of antigen-carrying nanoparticles affect
their processing by immune cells and how that in turn influences the elicited immune
response. Our aim is to correlate the physicochemical properties of vaccine particles to their
efficacy in vivo and in extension to use this knowledge in the development of an effective
mucosal influenza vaccine. Hence we produce and characterize liposomal vaccine particles
with regards to size, charge and antigen content. Furthermore, we develop in vitro assays to
study the processing by dendritic cells. The current focus lies on developing microscopybased methods for studying two parts of the processing: the particle uptake and antigen
presentation. For the uptake-assay, cells are grown on a topographically micro-patterned
substrate in order to ensure the particles access to the basal membrane so that TIRF
microscopy can be used to visualize particle attachment and uptake. The trajectories exhibited
by the particles during this process are analyzed using single particle tracking in order to
quantify and categorize different modes of uptake.	
  In order to assess how the packaging of the
antigen, and mode of uptake, affects the extent of the presentation, an antibody against the
antigen peptide-MHC class II complex is used to visualize the amount of antigen functionally
presented on the cell surface. Hopefully these new tools will help us make more informed
vaccine design choices as well as identify promising vaccine formulation candidates at an
early stage.
1. Pulendran, B. & Ahmed, R. (2011). Immunological mechanisms of vaccination.
Nature Immunology, 12 (6), 509-517.

Polymer-Supported Lipid Bilayers Derived from Native Cell
Membranes and Their Applications.
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Supported lipid bilayers (SLBs) have contributed invaluable information about the
physiochemical properties of cell membranes, but their compositional simplicity often limits
the level of knowledge that can be gained about the structure and function of transmembrane
proteins in their native environment. Herein, we demonstrate a generic protocol for producing
polymer-supported lipid bilayers on glass surfaces that contain essentially all naturally
occurring cell-membrane components of a cell line while still retaining transmembrane
protein mobility and activity. This was achieved by merging vesicles made from synthetic
lipids (PEGylated lipids and POPC lipids) with native cell-membrane vesicles to generate
hybrid vesicles which readily rupture into a continuous polymer-supported lipid bilayer. To
investigate the properties of these complex hybrid SLBs and particularly the behaviour of
their integral membrane-proteins we used total internal reflection fluorescence imaging to
study a transmembrane protease, beta-secretase 1 (BACE1), whose ectoplasmic and
cytoplasmic domains could both be specifically targeted with fluorescent reporters. By
selectively probing the two different orientations of BACE1 in the resulting hybrid SLBs, the
role of the PEG-cushion on transmembrane protein lateral mobility was investigated. The
results reveal the necessity of having the PEGylated lipids present during vesicle adsorption to
prevent immobilization of transmembrane proteins with protruding domains. The proteolytic
activity of BACE1 was unadulterated by the sonication process used to merge the synthetic
and native membrane vesicles; importantly it was also conserved in the SLB. The presented
strategy could thus serve both fundamental studies of membrane biophysics and the
production of surface-based bioanalytical sensor platforms.
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Cell membrane is full of cholesterol, protein-receptors and glycolipids. Viruses and toxins
exploit these cell membrane components to attach on cell surface and invade the cell. In
biological systems complementary structures bind together, therefore, virus or toxin binding
to cell membrane components is structure specific. Structurally similar viruses and toxins can
bind to the same cell membrane component, but with different binding strengths. For
example, both simian virus 40 (SV40) and cholera toxin (CT) bind to
(monosialotetrahexosyl)ganglioside (GM1), an abundant glycolipid on cell membrane. The
ratio of dissociation constant of single CT-GM1 to SV40-GM1 bond is approximately 10-6, [1]
making CT a better ligand of GM1 compared to SV40. Hence, CT can compete with SV40
towards the GM1 binding. We applied the idea of competitive binding to study the release and
inhibition of SV40 by CT. In this work, release kinetics of SV40 is studied at different GM1
concentrations to estimate the multivalancy of SV40. Also we have shown a potential method
to inhibit virus binding.
SV40 is a non-enveloped DNA polyomavirus and composed of 72 pentamers of a major
GM1-binding viral protein, VP1, associated with minor viral proteins VP2 and VP3. Cholera
toxin is composed of one A protein (CTxA) and a subunit of five B proteins (CTxB) which
binds to GM1. In this study, we used virus like particle (VLP) of SV40 and recombinant
CTxB subunit. Recombinantly expressed SV40 major capsid proteins assemble into VLP in
vivo. The VLP lacks viral genome, and is hence not infectious, but still display the highly
ordered structure and binding capacity of the native capsid.
Using quartz crystal microbalance with dissipation (QCM-D), we have monitored binding
followed by release of VLPs on a supported lipid bilayers (SLB) in real time. The release
kinetics strongly depends on GM1 concentration in SLB. Interestingly, the release rate
decreases exponentially with increasing GM1 concentration, indicating greater multivalancy
of SV40 at higher GM1 concentration. Inhibition of SV40 binding is observed above a certain
surface coverage of CTxB on SLB. Bound CTxB causes either complete or partial
unavailability of GM1 to SV40 resulting inhibition or slower binding rate of SV40. Steric
hindrance due to the large geometry of SV40 is the reason for the decreased binding rate of
SV40 at partially saturated SLB with CTxB.
Reference
1. Nue et al. PNAS, April 1, 2008, vol 105, no. 13, page 5223
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Magnetoencephalography (MEG) is a functional neuroimaging technique mapping the
magnetic fields generated by neural activity in the brain. The corresponding technique for the
electric field is the more commonly used electroencephalography (EEG). Compared to EEG,
MEG is better suited for localizing brain activity because magnetic fields are – unlike electric
fields – not distorted by the skull. MEG is used in clinical applications such as pre-surgical
mapping of brain functions, localization of epileptic foci and basic epilepsy research, as well
as neuroscience research on perceptual and cognitive brain processes. The main advantages
of MEG are that it is non-invasive, safe (no ionizing radiation as in positron emission
tomography (PET)) and has a high temporal resolution (roughly 1 ms) compared to functional
magnetic resonance imaging (fMRI).
Today, MEG systems with over 300 channels arranged
inside a helmet are commercially available (e.g. Elekta
Neuromag®, see figure). These system are based on low
critical temperature superconducting quantum
interference devices (low-Tc SQUIDs), which are
extremely sensitive magnetometers. Low-Tc SQUIDs are
easy to fabricate and offer high magnetic field sensitivity
and low noise. However, in order to be superconducting,
these devices have to be cooled to very low temperatures
with liquid helium or power-hungry cooling systems.
Helium is a scarce natural resource and the supply of
liquid helium is costly. Furthermore, a thick layer (a few
centimeters) of thermal insulation is required between the Low-Tc (left) and high-Tc (right)
SQUID-based MEG systems.
cold sensor and the room temperature subject.
High critical temperature SQUIDs can overcome these limitations as they can be cooled with
liquid nitrogen (77 K) instead of liquid helium (4 K). Nitrogen is cheap (78% of atmosphere is
nitrogen) and less thermal insulation is required. The higher operation temperature, however,
also leads to a higher noise level. Nonetheless, this does not automatically mean that an MEG
system based on high-Tc SQUIDs can extract less information. Due to the one order of
magnitude reduced scalp to sensor distance, the signal from the neural sources is stronger. A
multi-channel high-Tc system can theoretically outperform an equivalent low-Tc system [1].
Our group has successfully made MEG measurements with high-Tc SQUIDs and is currently
constructing a prototype 7-channel high-Tc SQUID-based MEG system. In this poster we
present the progress in the development of the 7-channel system including the sensor and
cryostat design.
[1] J. F. Schneiderman. Journal of Neuroscience Methods 222 (2014) 42-46

PEGylated nanocrystals of poorly soluble drugs for intravenous
administration
Hanna A Rydberg, Carl-Gustav Sigfridsson and Lennart Lindfors
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Nanosized drug particles show great potential for drug delivery purposes, due to improved
dissolution rate, increased circulation half-time and reduced immunogenicity. However, in
order to develop nanomedicines further, it is important to better understand nanodrug
characteristics such as size and surface properties. One area where nanosizing has been
proven to be particularly successful is for poorly water-soluble drugs. A large proportion of
new drug candidates are poorly water-soluble, and their dissolution rate is subsequently very
low. In order to increase the bioavailability of these drugs, nanosized drug crystals can be
manufactured. There are different techniques for this, including ultrasonic crystallization and
wet milling. In addition to an increased dissolution rate, these nanocrystals have a drug load
of almost 100%, which is far superior to other nanodrug delivery approaches. The particles
consist of crystals of pure drug and, in order to retain particle stability, a small addition of
various ionic and/or polymeric stabilizers, such as poly(vinyl pyrrolidone),
dioctyl sulfosuccinate and pluronics type triblock copolymers. We are currently exploring the
use of PEGylated lipids as nanocrystal stabilizers for intravenous administration. PEG is
extensively used as surface modifier of nanosized drug delivery vehicles, creating sterically
stabilized particles with prolonged circulation time in vivo. Our aim is to better understand
how the PEGylated lipids DSPE-PEG2000 and DSPE-PEG5000 affect the properties of the
nanocrystal surface. We therefore investigate the binding and interaction of these
amphiphiles with nanocrystals, as well as with nanoparticulate and macroscopic model
surfaces.

Cellulose Nanocrystals as a Controlled Release
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Karin Sahlin1,2, Merima Hasani1,2, Gunnar Westman1,2
1

Department of Chemistry and Chemical Engineering, Chalmers University of Technology, SE-412 96
Göteborg, Sweden
2
Wallenberg Wood Science Center, Chalmers University of Technology, SE-412 96 Göteborg, Sweden

Cellulose is the most abundant naturally occurring biopolymer and is the main constituent in
plant biomass. The unique properties displayed by cellulose and cellulose derivatives have led
to a wide variety of usages, including drug delivery and other pharmaceutical applications.
Although cellulose may have several different functions in a drug formulation there is no direct
control of drug release via binding interaction between the active ingredient and cellulose.
Cellulose nanocrystals (CNC) provides a novel way of utilizing the unique properties of
cellulose as it may allow for drug release to be controlled on a molecular level.
CNC is a relatively new material with dimensions of a few hundred nm in length and less than
10 nm in width. The rod-like nanoparticles can be produced through acid hydrolysis of a range
of cellulosic raw materials. When prepared using sulphuric acid, the CNC will have a negative
surface charge caused by sulphate half esters on the particle surface, which electrostatically
stabilizes the suspension.
We have investigated how the sulphate half esters on the CNC surface controls the formation
of aggregates of cyanine dyes. Cyanine dyes are well known as staining reagents for DNA and
may be used as a diagnostic and work as a model system for the development of therapeutic
agents. The poster will present absorption-emission studies of CNC and thiazole orange (TO)
showing the dependence on concentration and ratio between CNC and TO as well as how CNC
can be used as a transporter of TO to DNA.

10 nm

100-200 nm

CNC
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There is a rapid increase in emergence and spread of the epidemics around the world.
Although formerly a local issue, with todays aviation and transport developments they can
easily cross boarders and grow to be panedmics. An example of emergent infectous diseases
which causes health problems and creates huge social and economic burden is influenza.
Rapid, sensetive and accurate diagnostics of the disease is crucial and enables better patient
care, reduces the spread of the infection by placing the affected ones in quarantine and
minimizes the antibiotic use. We are trying to develop a novel detection and characterization
mechanism for the influenza panademics. The concept is based on detection of a target DNA
sequence using magnetic nano particles (MNP). Suspended biofunctionlized mangetic
nanoparticles are used to bind with the target DNA strands from inlfluenza virus. The
Brownian dynamics of the functionlized MNPs is the base of magnetic sensing for the
presence/absence of the target DNA[1]. The relaxation time of the Brownian dynamics of the
suspended MNPs is a function of the particle size. Therefore, the change in the relaxation time
would indicated the presence of the influenza virus. Volume amplification using padlock
probe ligation [2] and rolling cycle amplification (RCA) [3] techniques is employed to
increase the sensetivity to sub-picomolar levels. Extremly sensetive supreconducting quantum
intererference device (SQUID) magnetometers [4] are essential for the detection of the MNPs
in the assays. A disposable lab on chip system will be develped for all the DNA sequence
detection prorcess. The state-of-the-art bio- and nano-technologies are brought together to
enable the rapid detection of influenza at the point of care with very high specificity. Same
diagnostic concept could in principle be used for the detection of many other relavent
microorganisms.
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The interest for biophysical methods with single molecule sensitivity has increased recent
decades. By circumventing ensemble averaging, sample heterogeneities can be resolved
allowing new insights to be revealed about the fundamental mechanisms of the particular
biomolecular interaction being studied. Thanks to its high sensitivity, fluorescence is an often
used read-out principle in these contexts. However, complex and expensive instrumentation
are often needed and the performance of fluorescence-based single molecule methodologies is
often hampered by the brightness and photostability of organic dyes and fluorescent proteins.
For these reasons, common strategies are to instead use quantum dots (QDs) [1] or plasmonic
nanoparticles (NPs) [2] as labels, since they offer sharper spectral properties and are much
brighter and more stable. Another strategy is to use fluorescently labeled lipid vesicles as
probes for detection of specific interaction events, which enable multiple dyes to be loaded
into a single nanoscopic object [3].
Here we present a simple and novel solution phase method with single molecule sensitivity
based on dual-color 3D-colocalization of fluorescently labeled lipid vesicles. Performing the
experiments in solution phase eliminates the critical processes of surface cleaning, surface
modification and rinsing steps required in e.g. TIRF-based assays [3]. Red-labeled vesicles
are decorated with ligands, and the green-labeled vesicles have the corresponding
transmembrane receptor embedded in the membrane. Upon binding of the ligand to the
receptor, the red and green vesicles will colocalize and move together as one unit.
Lipid vesicles both provide a possibility for fluorescent labeling as well as serving as a nativelike environment for e.g. membrane proteins [4]. Colocalization and correlated movement
between two vesicles is interpreted as a specific interaction between the ligand and the
receptor. In this way false-positive binding events can be efficiently ruled out. Additionally,
tracking the vesicle movement gives an independent estimation of their individual size: a
parameter that might affect the biomolecular interactions between the ligand and receptor.
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Magnetoencephagraphy (MEG) is a method to investigate brain activity by recording
magnetic fields generated by neural currents. Commercial multichannel MEG systems based
on low-Tc SQUIDs (4 K) have been successfully utilized in clinics and for neuroscience
research. However, the need for liquid helium as refrigerant makes these systems costly and
prevents on-scalp MEG recordings. Recently, we have demonstrated that high-Tc SQUIDs (77
K) are favourable in the development of on-scalp MEG systems.1,2 Nevertheless, traditional
high-Tc SQUID technologies are limited by higher noise, low yield, and poor reproducibility.
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Fig.1 Nano-SQUID with different thicknesses

Fig.2 Nano-SQUID serial array

In this work, we investigate the possibility to use novel high-Tc nanoSQUIDs based on
Dayem bridges as magnetometers for MEG. High-Tc nanoSQUIDs have been shown to have
ultra-low magnetic flux noise as compared with standard grain boundary SQUIDs.3 However,
the magnetic field sensitivity of nanoSQUIDs is insufficient for MEG due to their small loop
sizes. We present several approaches to increase the effective area of nanoSQUIDs by using
an external pickup loop antenna, utilizing YBCO films with different thickness, or integrating
nanoSQUIDs in an array. Our preliminary results show that high-Tc nanoSQUID
magnetometers can be very promising for multi-channel on-scalp MEG systems.
F. Öisjöen, J.F. Schneiderman, G. a. Figueras, M.L. Chukharkin, A. Kalabukhov, A.
Hedström, M. Elam, and D. Winkler, Appl. Phys. Lett. 100, 132601 (2012).
1

2

M. Xie, J.F. Schneiderman, M.L. Chukharkin, A. Kalabukhov, S. Whitmarsh, D. Lundqvist,
and D. Winkler, IEEE Trans. Appl. Supercond. 25, 1 (2015).
3

R. Arpaia, M. Arzeo, S. Nawaz, S. Charpentier, F. Lombardi, and T. Bauch, Appl. Phys.
Lett. 104, 072603 (2014).

