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1. Self-assembly induced 3D patterning at the water–air interface studied with neutron reflectivity
and AFM
Author(s): Erik Bergendal1, Richard A. Campbell2,3, Georgia A. Pilkington1, Peter Müller-Buschbaum4,5,
Mark W. Rutland6,1
1
KTH Royal Institute of Technology,Sweden, 2Institute Laue-Langevin, France, 3University of
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Among the several compounds protecting the outermost surface of mammalian hair, the branched fatty
acid 18-methyl eicosanoic acid (18-MEA, Figure 1 top left) is the most abundant and the most intriguing as
the precise function and role of positioning of its antepenultimate methyl branch is still debated. A
suggested reason for its structure is the decrease in melting temperature without the introduction of a
double bond inherently prone to oxidation. In addition, a decreased packing density compared to the
straight chain analogue has been proposed to better correspond to the limited number of binding sites on
the underlying protein matrix. However, it has recently become apparent that these molecules also possess
unique self-assembly qualities (1).

Figure 1. Neutron
reflectometry at the water–
air interface of neat and
mixtures of 18-MEA and
EA at vary ing surface
pressures. AFM imaging of
deposited mixtures of 18MEA and EA on silicon

To investigate these traits, and thus give insight to the importance of the methyl branch of 18-MEA on
chain packing, 18-MEA and mixtures with its straight chain analogue eicosanoic acid (EA, Figure 1 top
left) have been studied. As a first approximation of the structure on the water–air interface, the LangmuirBlodgett (LB) method was used to deposit monolayers on solid substrates. Depositions at different surface
pressures were characterised by atomic force microscopy (AFM). This representation of the water surface
showed domain formation with varying size depending on the ratio of the two fatty acids, as shown in
Figure 1. No domains were observed for pure EA monolayers. To study the system in situ at the water–air
interface, neutron reflectometry (NR) experiments were carried out at the FIGARO beamline at ILL,
France. At high surface pressures, the results suggest a curvature of the liquid interface driven by chain
packing constraints of the branched fatty acids. The extent to which the interface shows out of plane
fluctuations is strongly influenced by the ratio of branched fatty acid in the monolayer. This 3D ordering of
the water–air interface due to self-assembly factors allows the possibility of using the liquid–air interface
for templating purposes, as well as revealing the biological function of the studied molecules.
1.

Liljeblad JFD, et al. (2014) Self-assembly of long chain fatty acids: effect of a methyl branch. Phys Chem Chem
Phys:1–8.

2. Ionic strength conformational dependence of salivary pellicles and oral mucin films: insights into
biological lubrication

Author(s): Hannah Boyd1, Juan F. Gonzalez-Martinez1, Claes Wickström1, Philipp Gutfreund2, Thomas
Arnebrant1, Rob Barker3, Javier Sotres1
1
Malmö University, Sweden, 2 Institut Laue-Langevin, France, 3 Kent University, UK.
Corresponding Author(s): hannah.boyd@mau.se
Nowadays, a significant research effort is devoted to understand and mimic biological lubricants which, in
contrast to most man-made lubricants, are based on water. One of the most outstanding examples is saliva.
Salivary lubrication is mediated by a thin proteinaceous film i.e., the pellicle, which forms on almost any
surface upon exposure to saliva [1]. Moreover, pellicle lubrication is often ascribed to the presence of an
outermost layer consisting of long highly glycosylated proteins (mucins) [1]. In fact, the use of mucin (or
mucin-like) coatings is widely used in attempts to mimic water-based biological lubrication [2]. It has been
hypothesized that mucin films lubricate by means of a hydration lubrication mechanism similar to that
exhibited by polyelectrolyte brushes [3]. However, this has not yet been proved and the fact is that neither
how mucins integrate in salivary pellicles nor the mechanisms underlying pellicle lubrication are yet
understood. In this context, we present a comparison between the responses to ionic strength variations of
both salivary pellicles and oral mucins (MUC5B) films. Indeed, the response (swelling/coiling) to ionic
strength changes is a common approach for structural investigations of polymer brushes and similar
systems [4]. Our investigations reveal that, whereas both systems swell when the ionic strength is lowered,
in the case of mucin films this is followed by a gradual coiling not observed in the case of salivary
pellicles. This suggests that the outermost layer of salivary pellicles is not only composed of mucins, in
agreement with previous studies indicating that the lubrication performance of mucin films is improved by
addition of other low molecular weight components [5].
1. Sotres J. and Arnebrant T., 2013 Lubricants, 1: 102.
2. Yakubov G.E. et al., 2009, Langmuir 25: 2313; Winkeljann B. et al. 2017, Adv. Mater. Interfaces, 4:
1700186.
3. Raviv U. et al., 2003, Nature 425: 163; Harvey N.M. et al., 2012, Biofouling 28: 843.
4. Jiang T. and Wu J., 2008, J. Phys. Chem. B 112: 7713; Wang T. et al., 2013, Langmuir 29: 6588.
5. Yakubov G.E. et al., 2015, Tribol. Int. 89: 34.

3. Organization of crystalline fatty acids in biomimetic antibacterial surfaces by synchrotron
grazing incidence diffraction
Author(s): Song Ha Nguyen1, Hayden K. Webb1, Christopher J. Garvey2,3,4, David E. Mainwaring1,
Russell J. Crawford5 and Elena P. Ivanova5
1
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The distinctive topology on the wings of some insects1-2 provides a physical anti-bacterial action based on
the penetration of the cell wall/membrane and the disruption of the integrity of the intra-cellular solution.
Surfaces which mimic the topology of the biomimetic anti-bacterial surfaces may be produced by the
crystallization of fatty acid molecules on a highly ordered pyrolytic graphite substrate3. Based on the nature
of the chains which pack on the surface, different topologies may be produced. In this study we use
synchrotron grazing incidence x-ray diffraction (GIXD) at the Australian Synchrotron’s SAXS/WAXS
beamline4 to understand the packing of molecules on the surface and their preferred orientation. The work
provides shows the potential of GID investigations to provide an understanding on the relationship between
crystal growth on the surface and the topology of the resultant surface.

1. Ivanova, E. P.; Nguyen, S. H.; Webb, H. K.; Hasan, J.; Truong, V. K.; Lamb, R. N.; Duan, X. F.;
Tobin, M. J.; Mahon, P. J.; Crawford, R. J., Molecular Organization of the Nanoscale Surface
Structures of the Dragonfly Hemianax papuensis Wing Epicuticle. Plos One 2013, 8 (7), 8.
2. Ivanova, E. P.; Hasan, J.; Webb, H. K.; Truong, V. K.; Watson, G. S.; Watson, J. A.; Baulin, V. A.;
Pogodin, S.; Wang, J. Y.; Tobin, M. J.; Löbbe, C.; Crawford, R. J., Natural bactericidal surfaces:
Mechanical rupture of Pseudomonas aeruginosa cells by cicada wings. Small 2012, 8 (16), 2489-2494.
3. Ivanova, E. P.; Nguyen, S. H.; Guo, Y. C.; Baulin, V. A.; Webb, H. K.; Truong, V. K.; Wandiyanto, J.
V.; Garvey, C. J.; Mahon, P. J.; Mainwaring, D. E.; Crawford, R. J., Bactericidal activity of selfassembled palmitic and stearic fatty acid crystals on highly ordered pyrolytic graphite. Acta
Biomaterialia 2017, 59, 148-157.
4. Kirby, N. M.; Mudie, S. T.; Hawley, A. M.; Cookson, D. J.; Mertens, H. D. T.; Cowieson, N.; SamardzicBoban, V., A low-background-intensity focusing small-angle X-ray scattering undulator beamline.
Journal of Applied Crystallography 2013, 46, 1670-1680.

4. Electronic tongues for non-invasive sensing
Author(s): Magnus Falk1, Bogdan Tudosoiu2 and Sergey Shleev1
Malmö University, Sweden, 2Covercast AB
Corresponding Author(s): magnus.falk@mau.se
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A significant effort is being devoted into the development of new healthcare and fitness innovations, driven
by the need imposed by patients and individuals, to evaluate and benchmark personal health parameters.1
Instead of analyzing blood to make a diagnostic assessment, more and more interest is directed towards
noninvasive analysis, e.g. in sweat or saliva. Such systems are typically based on different selective
electrodes, e.g. using biosensors for detection of glucose or lactate. 2
An alternative approach to using highly specific electrodes is instead to employ so called electronic tongues
(e-tongues), composed of an array of robust and stable but non-specific, poorly selective sensors with partial
specificity and using data-processing algorithms, mainly principal component analysis (PCA), to analyze the
sample.3 The performance of individual sensors can be greatly improved in terms of the limit of detection
and selectivity by the simple inclusion of data from seemingly not related sensors, which have been used for
e.g. analysis of foodstuff or environmental monitoring. 4-8
Here, we investigate the use of a voltammetric e-tongue, composed of different metal electrodes, in buffer
samples spiked with various analytes of interest as well as non-invasively collected biofluids, employing
PCA analysis to differentiate the different samples. An example of the response is shown in Fig. 1. A
miniature e-tongue was designed and investigated in sweat samples collected from different volunteers.

Figure 1. The first three principal components of PCA analysis of an e-tongue in complex buffer and
physiological fluids.
Acknowledgement: This research was funded by the Swedish Knowledge Foundation (KKS), grant
number 20150248.
1.
2.
3.
4.
5.
6.
7.
8.
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5. Novel biomarkers for detection of circulating tumor cells – a model using the combination of
glycan-targeting fluorescent molecularly imprinted polymers and non-invasive volume
measurements
Author(s): Zahra El-Schich1, Yuecheng Zhang1, Tommy Göransson1, Sudhirkumar Shinde1, Nishtman
Dizeyi2, Karin von Wachenfeldt3, Kersti Alm4, Birgit Janicke4, Jenny L. Persson5, Börje Sellergren1,
Anette Gjörloff Wingren1
1
Malmö University, Sweden. 2Lund University, Sweden. 3Truly Translational Sweden AB, Sweden. 4Phase
Holographic Imaging AB, Sweden. 5Umeå University, Sweden
Corresponding Author(s): zahra.el-schich@mau.se
Tumor cells express high levels of glycans and is often associated with the increased invasive potential in
clinical tumors correlating with poor prognosis. To improve the detection of the
rare circulating tumour cells (CTC), we have used a combination of sialic acid (SA)-targeting molecularly
imprinted polymers (MIPs), or “plastic antibodies”, and digital holographic
cytometry (DHC). Expression of the epithelial cell adhesion molecule (EpCAM) was analyzed by flow
cytometry, together with fluorescent labelled SA-targeted lectins and SAimprinted MIPs. Here, we show the result of EpCAM and SA expression when using the SA-MIPs on a
collection of breast cancer cell lines. The lectins Maackia Amurensis I (MALI) and
Sambucus Nigra (SNA) specifically bind to the 2,3-SA and 2,6-SA variants, respectively, and was used for
analysis of SA using both confocal microscopy and flow cytometry. We also demonstrate the SA-MIP
binding to the breast cancer cell lines using confocal microscopy. Since CTCs generally are larger, we have
measured physical and optical properties of both CTC and white blood cells with DHC. We show that CD45CTC and CD45+ white blood cells can be analyzed and distinguished from each other by differences in cell
area, cell volume and cell thickness. We confirm with DHC that CD45- CTCs are larger compared to CD45+
white blood cells. In conclusion, we show a combination of biomarkers that can be a new powerful tool in
the diagnosis of CTCs.
Keywords: Breast cancer, Digital holographic cytometry, EpCAM, Lectin, Molecular imprinting polymers,
Sialic acid.

6. Glycols as penetration enhancers in skin – relation between molecular dynamics, structure and
macroscopic barrier properties
Author(s): EH Mojumdar1, 2, N Labeka2, H Hansson3, AK Morén3, T Ruzgas1, E Sparr2 and J Engblom1
1
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Overcoming skin barrier is a major obstacle in the transdermal drug development which limits partitioning
of drugs and other chemicals across the skin. To circumvent this skin barrier that resides on the outermost
skin layer- the stratum corneum (SC), one strategy is to tweak topical formulations by adding co-solvents,
excipients, chemical penetration enhancers etc., which, when applied onto the skin can induce skin hydration
due to the occlusion effect and subsequently increase permeability of the skin towards drugs and other
compounds. Glycols – propylene glycol (PG) and hexylene glycol (HG) are colourless organic solvents that
are frequently used in topical formulations as penetration enhancers. Salicylic acid (SA) as well as glycols
are also used as keratolytic agents when treating patients with skin diseases, e.g. psoriasis in order to remove
thick psoriatic plaques in combination with UV light therapy. Although the influence glycols and SA on the
skin has been examined using numerous biophysical, analytical and other methods, however, their specific
interaction with the stratum corneum (SC) lipid protein molecular components is not well studied.
The aim of this project is to investigate in microscopic level how glycols and SA that are commonly used in
pharmaceutical topical formulations modulate molecular properties of the stratum corneum. We examine
these interactions when the skin is dry and exposed to different ambient humidities. Using polarization
transfer solid-state NMR, we were able to identify the atomic level characterization of the specific
interactions of glycol and SA on the SC lipid-protein molecular segments. We show that the interaction of
glycols and SA with various skin molecular components depends on the level of skin hydration. Whilst
glycol specifically interact and induce mobility in the SC lipid molecular segments in dry skin condition,
hydration is necessary in order to induce mobility in the SC protein molecular components. In dry condition,
the interaction of HG with skin lipid segments is more pronounced compared to PG, whereas in hydrated
condition, an elevated mobility in the protein molecular components is observed in the presence of both
glycols and SA. Our results reveal new insights regarding glycol and SA influence on the SC molecular
properties in dry and in hydrated skin conditions and could be useful in further optimization of
pharmaceutical formulations.

7. Reverse iontophoresis: a non-invasive technique to assess topical bioavailability in vitro
Author(s): Kieran Moore1
1

University of Bath, UK

Corresponding Author(s): km524@bath.ac.uk

Reverse iontophoresis is a well-established technique that has been used to extract multiple charged and
polar molecules for therapeutic drug monitoring and diagnostic purposes. It was postulated that the same
principle could be used to non-invasively interrogate the viable epidermis, using salicylic acid (SA) as a
negatively-charged model active. The objectives of this study were: (i) to elucidate ex vivo SA distribution
in skin following 24 h passive ‘loading’ from a simple topical formulation; (ii) to demonstrate RI extraction
of SA from passively-loaded skin from stratum corneum and ‘viable’ tissue below; and (iii) to deconvolute
SA disposition in skin from measured RI flux-time profiles. Dermatomed pig skin was used, and
physiological phosphate-buffered saline was the ‘subdermal fluid’. RI flux of SA into the upper
compartment was proportional to its subdermal mole fraction. Mass balance and SA redistribution provides
evidence of RI extraction from the viable tissue (as well as the stratum corneum) following passive loading.
Comparison of flux-time profiles from both passively-loaded skin and from the ‘filled’ subdermal
compartment, showed that RI flux 4 h after passive loading approached the steady-state level observed during
‘classical’ subdermal extraction.

8. Wireless, battery-less biosensor tags based on direct electron transfer reactions
Author(s): Atefeh Shafaat1, Juan Francisco Gonzalez1, Javier Sotres1, and Tautgirdas Ruzgas1
Malmö University, Sweden
Corresponding Author(s): atefeh.shafaat@gmail.com
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It is predicted that with the development of Internet-of-Things (IoT) technology by 2025 we expect more
than 1000 connected devices per human. One of the key components which will enable and provide a
meaning for such a massive IoT connectivity will be biosensors. How rapidly and how many biosensors will
be integrated into IoT obviously will depend on their cost, robustness, reliability, and the simplicity of the
design and operation.

In this poster we present several wireless and battery-less biosensor designs based on direct electron transfer
(DET) reactions between redox enzymes and metallic nanoparticles. The biosensors (figure above) is build
using radio frequency identification antenna, i.e., RFID tag. Silver nanoparticle (AgNP) deposit constitutes
a part of RFID tag antenna. An enzyme-nanostructure based on DET is then deposited on the AgNPs. In the
presence of a substrate, possessing a high reduction potential, e.g., H2O2, AgNPs are oxidised to AgCl-NPs.
The reaction is, e.g., catalysed by peroxidase enzyme. The conversion of AgNPs to AgCl strongly increases
the impedance of the tag antenna. The impedance change is wirelessly monitored and is regarded as the
biosensor response to H2O2. Similar biosensor, but based on reduction reactions, i.e., AgCl-NP conversion
to metallic AgNPs by glucose, has also been realised.
1. Larpant N, Pham AD, Shafaat A, Gonzalez-Martinez JF, Sotres J, Sjoeholm J, Laiwattanapaisal W,
Faridbod F, Ganjali MR, Arnebrant T et al: Sensing by wireless reading Ag/AgCl redox conversion on
RFID tag: universal, battery-less biosensor design. Sci Rep 2019, 9(1):1-9.
2. Ruzgas T, Larpant N, Shafaat A, Sotres J: Wireless, Battery-less Biosensors Based on Direct Electron
Transfer Reactions. ChemElectroChem 2019, 6:1-6.
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Feiler2,6, Johan Engblom1 and Marica B. Ericson3
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The potential application of micro- or nanosized particles in topical delivery is today an active and
controversial topic (1). Particles beyond the size of a few nanometers are generally considered too large to
penetrate the intrinsic barrier of the skin. In this study, we explore mesoporous silica particles of sizes ranging
from 400 nm to 7 µm when applied to skin ex vivo using a novel approach. Luminescent particles were
created by controlled pyrolysis of a carbon precursor using the mesoporosity as nano-reactor (2).
Multiphoton microscopy demonstrated the particle interaction with the outermost skin layer stratum corneum
and the accumulation in the skin microstructure. The nanosized particles (i.e., 400-600 nm), were found to
intercalate down to a depths of around 25 µm despite washing, whilst the larger particles (2 and 7 µm) resided
more superficially on the skin. Scanning electron microscopy confirmed the particle intercalation at stratum
corneum. This imply the potential of targeting topical delivery facilitating controlled drug loading into skin
microstructure by tuning of particle size. Proof of concept was demonstrated for particles loaded with
metronidazole, a broad-spectrum antibiotic, using a transcutaneous drug delivery experiment. The study
demonstrates a novel concept for studying topical drug delivery using particle based systems, and shows
how particles hold promise for targeting topical delivery.

1. Patzelt, A.; Mak, W. C.; Jung, S.; Knorr, F.; Meinke, M. C.; Richter, H.; Ruhl, E.; Cheung, K. Y.; Tran,
N. B.; Lademann, J., Do nanoparticles have a future in dermal drug delivery? J Control Release 2017,
246, 174-182.
2. Valetti, S.; Wankar, J.; Ericson, M. B.; Feiler, A.; Manet, I., Mesoporous silica particles as a lipophilic
drug vehicle investigated by fluorescence lifetime imaging. Journal of Materials Chemistry B 2017, 5
(17), 3201-3211.
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The objective of this project is to examine reverse iontophoresis as a non-invasive technique for the
extraction of low molecular weight (LMW) biomarkers associated with skin inflammation and cancer. In
particular, the extraction and detection of tryptophan (Trp) and its metabolite kynurenine (Kyn), which are
known plasma biomarkers of inflammation and cancer (1), has been investigated.
The number of melanoma-related skin cancers is now one of the fastest-growing forms of the disease (2).
Diagnosis of skin cancer relies primarily on tissue biopsy and staining, an expensive method that involves
long waiting times for patients. It follows that a non-invasive alternative to detect inflammation biomarkers
in suspected cancer lesions, and provide an early warning of disease onset, is highly desirable. However, the
extraction and quantification of LMW biomarkers from the skin in a reproducible, precise and accurate
manner represents a major challenge. The application of reverse iontophoresis, which can significantly
enhance the extraction of charged and polar substances from the skin by application of a small electric current
(Fig. a), is hypothesised as a solution to address this unmet need. Reverse iontophoresis has previously been
shown to successfully sample (both in vitro and in vivo) amino acids in the skin (3-5).
Reverse iontophoretic extraction of Trp and Kyn was determined across mammalian skin in vitro over 6
hours (n = 6) and compared to the corresponding passive control. The application of reverse iontophoresis
substantially increased the transport of the Trp and Kyn from the subdermal compartment to the skin surface,
with extraction towards the cathode being significantly higher than that to the anode (Figs. b, c), in line with
previous experiments performed with zwitterionic compounds (3-5). Overall, the results show that reverse
iontophoresis has potential as a non-invasive technique for monitoring LMW cancer biomarkers and that
further investigation is therefore warranted.

1. Zuo H, Ueland PM, Ulvik A, Eussen SJ, Vollset SE, Nygard O, et al. Plasma Biomarkers of
Inflammation, the Kynurenine Pathway, and Risks of All-Cause, Cancer, and Cardiovascular Disease
Mortality: The Hordaland Health Study. Am J Epidemiol. 2016;183(4):249-58.
2. World
Health
Organization.
Skin
cancers
2019
[Available
from:
https://www.who.int/uv/faq/skincancer/en/index1.html.
3. Sieg A, Jeanneret F, Fathi M, Hochstrasser D, Rudaz S, Veuthey JL, et al. Extraction of amino acids by
reverse iontophoresis: simulation of therapeutic monitoring in vitro. Eur J Pharm Biopharm.
2008;70(3):908-13.
4. Sylvestre JP, Bouissou CC, Guy RH, Delgado-Charro MB. Extraction and quantification of amino acids
in human stratum corneum in vivo. Br J Dermatol. 2010;163(3):458-65.
5. Yang, Q, Guy RH, Characterisation of skin barrier function using bioengineering and biophysical
techniques. Pharm Res. 2015;32(2):445-57.

11. PC-MIP: Targeting Phosphatidylcholine by Molecularly Imprinted Polymers
Author(s): Giuliana Grasso1, Charles Colin1,2, Marité Cárdenas1, Selma Marìc3, and Börje Sellergren1
1
Malmö University, Sweden, 2Sigma Clermont, Campus des Cèzeaux, France, 3MAX IV Laboratory,
Sweden.
Corresponding Author(s): gigrasso@unisa.it

Lipids are a large group of naturally occurring molecules that play fundamental biological roles: they are
involved in energy storing, signalling and are structural components of cell membranes1. Among
phospholipids class, phosphatidylcholine (PC) is the major component of eukaryotic cell membranes and one
of the most commonly used phospholipids for reconstitution of membrane proteins into carrier systems such
as lipid vesicles, micelles and nanodiscs. Selectively deuterated versions of this lipid have many applications,
especially in structural studies using techniques such as NMR, neutron reflectivity and small-angle neutron
scattering. However, the selective deuteration of phosphatidylcholine, through biosynthesis in a genetically
modified strain of Escherichia Coli2 represents a complex matrix that needs several steps of treatment. A
practical way of improving recovery experiments regarding lipids could be the use of more selective
stationary phases, in both sample pre-treatment and chromatographic separation. With this purpose, the
synthesis of Molecularly Imprinted Polymers3 (MIPs) and their application as Solid Phase Extraction (SPE)
could represent a promising option for the development of selective capture materials aiming to the separation
of the specific target molecule, phosphatidylcholine (PC). We here report preliminary results from our
attempts to explore this possibility. A library of imprinted and non imprinted phospholipid capture materials
were tested for their ability to enrich PC with minimal cross reactivity of nonzwitterionic lipids. The specific
enrichment factor and binding capacity will be reported for tests of PC enrichment from engineered E. coli
lysates.

1. W. Dowhan, M. Bogdanov, E. Mileykovskaya; Chapter 1: Functional Roles of Lipids in Membranes;
Biochemistry of Lipids. Lipoproteins and Membranes, 2016, Elsevier.
2. S. Maric, M.B. Thygesen, J. Schiller, M. Marek, M. Moulin, M. Haertlein, V. Trevor Forsyth, M.
Bogdanov, W. Dowhan, L. Arleth, T. Günther Pomorski; Biosynthetic preparation of selectively
deuterated phosphatidylcholine in genetically modified Escherichia coli; Appl. Microbiol. Biotechnol.,
(2015) 99:241–254.
3. B. Sellergren; Molecularly Imprinted Polymers: Man-Made Mimics of Antibodies and their
Applications in Analytical Chemistry, 2001, Elsevier.
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The ongoing demand for sustainable and fossil-free energy resources resulted in the remarkable development
and usage of renewable energy resources like biodiesel. Glycerol has become a widely available, renewable
and an inexpensive chemical as it is a byproduct from the transesterification reaction, used for the industrial
production of biodiesel. Electrooxidation is currently used as a low temperature, green route for the
conversion of glycerol into value-added products and hydrogen gas using Pt as catalyst. We follow an earlier
report on the fabrication of mesoporous Pt (MpPt) 1 and use it to investigate the electrooxidation of glycerol
under basic conditions. Platinic acid solutions that are infiltrated on water channels of liquid crystalline
templates coated on metal substrates, were reduced using chronoamperometry and step voltammetry to form
the Pt network followed by removal of the template with ethanol as previously reported. Scanning electron
microscopy (SEM) reveal the porosity of the material varying from 5-20 nm to 80-120 nm depending upon
the applied voltammetry technique and applied voltages. All the electrochemical measurements were carried
out in three-electrode cell and rotating disk electrode cell (keeping our sample as the working electrode) for
both static and dynamic measurements. The onset potential of the porous Pt catalyst (fig. 1.a) is 130 mV less
than that of commercial catalyst Pt/C in basic media, thus making it a potential catalyst for glycerol oxidation.

Figure 1:(left) Cyclic voltammogram of commercial Pt/C and MpPt. (right) SEM image of the mesopores in
MpPt.
Acknowledgements: Jai White, Xiaowen Yu, Kjell Jansson, Mats Johnsson and Ann Cornell for discussions.
SSF is thanks for the financial support of the project.
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Head and neck squamous cell carninomas (HNSCCs) are on the sixth place of incidence worldwide. The
critical factor is punctual diagnosis, which determine the probability of the survival of the patients. Hence,
new tumor markers for better diagnosis are needed. The aim of this study was analysed markers (EGFR,
MMP2, MT) on both protein and RNA level in plasma and in the primary cell lines of the HNSCC.
The primary cell lines were separated to four subpopulations using magnetic particles with antigens
according to their CD44 and CD90 positivity. Markers in the primary cell lines were determinated by qRTPCR. Samples of the plasma were analysed by ELISA. Log-transformed data were analysed using univariate
and factorial ANOVA with the subsequent use of planned comparison (contrast analysis). Software Statistica
12 (StatSoft, Tulsa, CA, USA).
Concentration of EGFR in plasma of patients with HNSCC was significantly higher than controls. Caused
by this, higher angiogenesis of local tumor can effected forming of metastasis. Level of MT was measured
as depending on the node positivity and in localized and diseminated tumors. Patients with node positivity
had significantly higher concentration of MT. The monitoring of value changes could be used for better
prognosis of the tumor. Concentration values of MT in plasma in localized tumors were significantly higher
than in diseminated ones. As tumor tissue has high heterogenity, subpopulations of the primary cell lines
were different in the levels of gene expression. Gen for MT was mostly expressed in cancer-associated
fibroblasts and tumor cells subpopulations. This fact is in accordance with the key function of this metalbonding and antioxidatory protein in HNSCC pathogenesis. There were not found any correlations of MMP2
with HNSCC pathogenesis.
Based on mentioned measurements the most suitable markers for HNSCC could be used EGFR and MT.
This project was supported from the grant NV18-08-00229 of the Ministry of Health of the Czech Republic.
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The field of therapeutic proteins is expanding, and the number of protein drug candidates under development
is increasing. Although the protein products can be made with high quality, there is a risk that the protein
aggregates during either manufacturing, e.g. in contact with surfaces of equipment such as tubings, reactors,
etc., or during storage. It is therefore of importance to study potential aggregation of proteins in presence of
common material surfaces, as well as how this is affected by added excipients, such as preservatives. Here,
we present Quartz Crystal Microbalance with Dissipation (QCM-D) as a technique to study protein
adsorption behaviours in different environments. The adsorption of the therapeutic growth hormone
Somatropin onto silicon dioxide as well as onto a hydrophobic model surface that exposes methyl groups
was studied, in buffer with various pH levels and with or without addition of any of the three preservatives
m-cresol, phenol and benzyl alcohol.
Somatropin adsorbs as a rigid protein layer on the hydrophobic surface compared to when adsorbed onto the
hydrophilic silicon dioxide surface, where a viscoelastic film was observed instead. A large peak was
observed for the protein in pH 5.8 during the initial phase of the adsorption onto silicon dioxide, indicating
the presence of surface induced aggregation or aggregates in the bulk (Figure 1). In slightly higher pH at 6.3,
a continuous build up of a layer with amounts corresponding to less than a monolayer of protein was
observed. Pre-formed protein layers were not affected by a subsequent flow with preservatives.
The QCM-D technique is easy to use to study protein adsorption onto surfaces, and as such it is useful to
investigate questions regarding optimization of product formulations to avoid protein aggregation. Further
evaluation of the influence of excipients on surface-induced aggregation will be studied by adding different
constituents to the protein solution prior to surface exposure.
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Both severe caries and periodontitis are among the most common diseases, which has recently been estimated
to affect 1 billion people worldwide. Furthermore, there has been found evidence that links periodontitis with
an increased risk of cardiovascular diseases.[1, 2] The putative biomarkers for periodontitis are gingipains as
well as various cytokines. Developing an analytical method, combining novel microcontact imprinting
technique and capacitive biosensor technology determine a new generation of predictive biomarkers for these
two diseases. Then using them as a basis to develop tools that improve a clinician’s ability to identify patients
who are at increased risk of oral diseases.[3, 4] The gingipains-specific MIPs prepared by microcontact
imprinting of template protein onto the gold chips and surface modification of glass coverslips. Gingipains
are two major cysteine proteinases abbreviated as Rgp and Kgp serve as a model gingipains template. We
report here on the fundamental investigation of this surface microcontact printing approach. This comprises
studies where the MIPs combined with electrochemical or optical transducers and then to be used as affinity
sensors.[5] These will respond to the level of the available targeted biomarker. Afterwords, this approach
will be incorporated in surface nanoplasmonic technique using AuNPs that are responsive to the activity of
those biomarkers. When both sensors are combined, it is expected to achieve a powerful tool that can provide
information about the biomarker in terms of expression level and its enzymatic activity. Finally, these
candidate biomarkers will be verified and clinically validated.

1. Senneby, A., et al., Acid tolerance properties of dental biofilms in vivo. BMC microbiology, 2017.
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Liquid crystalline nanoparticles (LCNP) are gaining interest at drug delivery vehicles for small molecules
as well as biomolecules. For stability reasons and for drug delivery reasons, it can be attractive to use dry
powder formulations. Here, we investigate the use of different small carbohydrates (lactose, sucrose and
trehalose) as stabilisers for freeze-dried glycerol monooleate based LCNP. The antimicrobial peptide
AP114 (plectasin derivative) was incorporated in the formulation. The phase behaviour of the LCNPs was
studied using SAXS, and particle size and size distribution were investigated using dynamic light
scattering. Further structural information was obtained using cryo-TEM. Peptide release and in vitro
antimicrobial effect of AP114 were also investigated. LCNPs were formed after freeze-drying and
reconstitution, but the structure changed from bicontinuous cubic to reverse hexagonal as consequence of
carbohydrate addition and the drying and rehydration process. No liquid crystalline structure was detected
in the dry state. The antimicrobial effect was preserved after drying and rehydration, and the highest
antimicrobial activity was found for the formulations with trehalose. The release of AP114 was highest of
the LCNP with the largest channels in the reverse hexagonal phase.
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De novo designed coiled coils are widely used as structural motifs for self-assembly of molecular
nanostructures, nanoparticles, and hydrogels. Hydrogels are highly hydrated polymeric networks that can
mimic central aspects of the extracellular matrix of relevance for three dimensional (3D) cell culture and
tissue engineering (TE). The possibility to rationally tune rheological properties, structure and composition
of hydrogels enables optimization of cell culture conditions. We have developed a coiled coil-based hydrogel
system where self-assembly kinetics and the mechanical properties of the resulting hydrogels are controlled
by the affinities for peptide dimerization. Coiled coils with affinities for dimerization spanning from the
micro- to pico-molar range were designed. When conjugated to a polymer backbone, heterodimerization
triggers rapid formation of hydrogels. To further increase the long-term stability of the coiled coils, and hence
the hydrogels, we include cysteine (Cys) residues to promote formation of disulfide bridges between peptide
monomers. The position of the Cys residue has a large influence on the oxidation rate and the probability of
forming heterodimers. Possibilities to transform from fully supramolecular to a covalent hydrogel facilitates
materials processing and development of more sophisticated 3D cell culture and TE applications.
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The water-soluble hemicellulose fraction obtained during wood processing has so far been discarded.
Softwood contains up to 20% of hemicellulose which makes it an abundant and underutilized resource. The
aim with this work is therefore to explore the interfacial properties of hemicellulose for new applications.
Previously it has been demonstrated that hemicellulose has high affinity towards cellulose and alter the
properties of cellulose based products like paper and wood resin in emulsions. Here we focus on the
interactions between softwood hemicellulose (galactoglucomannan, GGM) and cellulose at the surface on a
molecular scale. We have revealed how two structurally different GGM samples as well as two
galactomannans adsorb to silica, hydrophobized silica and cellulose surface by using a combination of
ellipsometry, QCM-D and neutron reflectometry. The solution structure of the GGM samples had been
characterized with SAXS, SANS and light scattering to establish how branching and molecular weight affect
the conformation of these polymers in bulk. More of the polysaccharides was found to adsorb on cellulose
than on hydrophobic surfaces. This indicates that the driving force for the adsorption of polysaccharides is
not only hydrophobic interactions. A clear correlation between the molecular weight of polysaccharides and
the adsorbed amount on cellulose was found, while the adsorption to the hydrophobic surface was fairly
constant. The obtained layer thickness was compared with the hydrodynamic radius, RH, and radius of
gyration, RG, from bulk scattering data. The results indicated that polymers are present in the solution in the
aggregated state.
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Aerogels are nanostructured and open porous solids that are usually prepared in a first step by the traditional
low-temperature sol-gel synthesis followed by the second step of drying at pressure and temperature higher
than the critical point of the pore fluid. Though Kistler performed the first synthesis(1) of silica aerogel in
1931, it is generally assumed as recent discovery due to its relative obscurity until lately. These fragile
materials are well known for their low density, porosity and high surface area. Off late, silica aerogels and
modified aerogels have been widely employed as catalyst support and catalysts.(2) Carbon catalyzes
reactions and the advanced materials like carbon nano tubes can substitute conventional catalyst supports and
are also capable of catalyzing reactions. Uzma K. H. Bangi et al. reported(3) the successful incorporation of
multiwalled carbon nanotubes (MWCNTs) into silica aerogels for improving the mechanical strength. This
abstract briefs on our research involving preparation of MWCNT incorporated sodium silicate based aerogel
by ambient pressure drying. The XRD pattern and the N2-adsorption desorption experiments confirmed the
characteristic porous aerogel; the SEM identified its morphology and the surface functional groups or
modification are realized by FT-IR and Raman Spectroscopy which furthered our understanding of the
surface and the organic compounds-solvent-solid interactions. The aerogel composite upon slight
modification performs as a recyclable catalyst in multicomponent reaction(4) and its another application
demonstrates the decolourisation of Eriochrome Black T and Methylene Blue from their aqueous
solutions.(5) It should be stressed that this research not only reports the aerogel composite in significant
catalytic and environmental applications but also bears further scope in using this versatile aerogel
nanocomposite in some interesting and feasible geoengineering applications and also by way of developing
aerogel as a sky-ceiling. This composite material is also found to fluoresce well and helps us identify
adsorption of volatile organics that are prevalent in atmosphere, comet dust and also in the inter-stellar
medium. Hence there is a good scope for developing this aerogel composite for sensing, biological, storing
organics and their spectroscopic detection. Though such material tends to have high colour stability, it is to
be seen if this aerogel e.g. with rutile titania is worth developing for UV inhibition purpose.
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The Retina is fundamental to the vision in the living beings. Several retinal disorders including
neurodegenerative diseases of the retina, are still lacking a valid treatment due to its complexity, nonaccessibility, and lack of treatment options. A novel class of cyclic guanosine-3',5'-monophosphate (cGMP)
analogues were recently developed that have shown to be effective in the treatment hereditary retinal
degeneration1.
To develop and characterize DF003 (a cGMP analogue) loaded lipidic nanocapsules (LNCs) to deliver the
drug to the retina after intravitreal administration.
Lipidic nanocapsules (LNCs) were prepared by a phase inversion method. LNCs were optimized for higher
drug entrapment efficiency and drug loading by varying proportion of the excipients, primarily Labrafac oil
and Kolliphor® HS 15. Formulations were characterized for particle size, zeta potential, entrapment
efficiency, in vitro drug release performance, and stability in presence of hyaluronic acid (HA).
In all the studied combination of excipients, LNCs were formed with a particle size of less than 100 nm with
a narrow particle size distribution. Increased concentrations of Kolliphor® HS 15 resulted in increased drug
loading and decreased particle size. In vitro drug release testing under sink conditions revealed sustained
release behaviour of the drug loaded LNCs formulation as compared to free drug. Furthermore, LNCs were
found to be stable in presence of HA without any indications of aggregation.
Drug loaded LNCs were prepared using a phase inversion method and optimized for desired attributes. In
vivo performance of these LNCs is yet to be evaluated. Sustained release behavior of the studied LNCs could
also be exploited for other drug delivery applications.

1. Vighi E et al., Combination of cGMP analogue and drug delivery system provides functional protection
in hereditary retinal degeneration. PNAS 115 (13) E2997-E3006

21. Is it feasible to trace cancer related biomarkers on the skin surface?
Author(s): Skaidre Jankovskaja, Johan Engblom1, Tautgirdas Ruzgas1 and Sebastian Björklund1
Malmö University, Sweden
Corresponding Author(s): skaidre.jankovskaja@mau.se

1

Tryptophan to kynurenine (Trp/Kyn) ratio in the blood is a potential biomarker of chronic inflammation and
cancer1. We hypothesise that monitoring of Trp/Kyn ratio on the skin surface may serve as a non-invasive
tool for cancer diagnostics. The main challenge associated with sampling and assessment of the Trp/Kyn
ratio on the skin surface arises from the low permeability of the skin barrier (i.e. the stratum corneum, SC),
which limits the permeation of these molecules. Therefore we aim to investigate the feasibility to trace
Trp/Kyn ratio on the skin surface in vitro.
First, in vitro permeability of Trp and Kyn through pig skin membranes using Franz cells was studied as a
function of pH. The results demonstrate that there is no significant difference between the Trp/Kyn
permeability ratio at different pH values: 2.2±0.8 (pH 5.5), 1.5±0.2 (pH 7.4) and 2.0±0.3 (pH 8.8)
(Mean±SE). The observed relatively stable Trp/Kyn permeability ratio, independent from the pH, is a
positive result for a potential in vivo diagnostic application, knowing that the physiological pH, and the pH
gradient across the human skin, can be affected by cancer and inflammatory skin diseases.

Ratio (Trp/Kyn)

In average, the Trp/Kyn permeability ratio is 1.7±0.2, including all pH values, indicating that Trp has a
higher SC permeability as compared to Kyn.
Ratio (C.; pH 5.5, 7.4, 8.8)
3.5
However, the results in Fig. 1 show that the Trp/Kyn
Ratio (T/K)
Fitted Y of Ratio
ratio varies over time with an initial spike, followed
95% Confidence Band of Ratio
3.0
by a relatively stable Trp/Kyn ratio around 1.5. The
initial spike can be explained by the fact that Trp is
2.5
naturally present in the SC as a component of the
2.0
natural moisturising factor (NMF), which is clearly
important to take into consideration a potential in
1.5
vivo diagnostic tool.
1.0
0

2

4

6

8

Time (h)

Figure. 1. Average Trp/Kyn ratio estimated at
the pH of 5.5, 7.4 and 8.8 over 8 h sampling
interval.

Taken together, our results indicate that both Trp and
Kyn can permeate across the SC, from the viable
epidermis, and reach the skin surface where noninvasive sampling and analysis of the Trp/Kyn ratio
can be perfomed as a promising cancer biomarker.

Finally, our results show that merely around 1% of the available Trp and Kyn, present at a concentration of
1 mM in the solution in contact with the viable skin tissue, permeates or accumulates in the skin membrane
after 8 h. Considering that it is expected that [Trp] and [Kyn] is below 100 µM in the viable tissue it is
expected that in vivo sampling and analysis might require development of both efficient extraction methods
from the skin surface and improved analytical detection. However, this study demonstrates that it is possible
to sample and detect both tryptophan and kynurenine from the skin surface and therefore provides a first step
towards development of a non-invasive tool for cancer diagnostics based on monitoring of the Trp/Kyn ratio.

1. Yeung, A.W.S.; Terentis, A.C; King, N.J.C.; Thomas, S.R.Role of indoleamine 2,3-dioxygenase in
health and disease. Clin. Sci. 2015, 129, 601-672.
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Aberrant glycosylation has been proven to correlate with various diseases including cancer. One of the key
constituents in the tumor specific glycans is sialic acid (Neu5Ac). An important alteration in cancer
progression is an increased level of sialylation.[1] Developing molecularly-imprinted polymers (MIPs) with
high affinity binding for Neu5Ac distinguishing different linkages of Neu5Ac (α2,3/α2,6) is an important
task which can help in early cancer diagnosis. The glycospecific MIPs are produced using combined
boronate, amine, urea-based cooperative imprinting.[2] Sialic acid with different mode of linkage (α2-6
linkage versus α2-3) serves as a model saccharide template. We report here on fundamental investigation of
this intermolecular imprinting approach. This comprises studies of the relative contribution of the
orthogonally interacting functional monomers, their structural tuning and the choice of different matrix and
crosslinking monomers. The impact of these parameters on the molecular recognition properties for the
saccharide templates and glycosylated targets will be reported.
1. Fuster M. M., Esko J. D., (2005) The sweet and sour of cancer: glycans as novel therapeutic targets. Nat.
Rev. Cancer 5: 526-542.
2. Shinde S., Sellergren B., (2015) Sialic Acid-Imprinted Fluorescent Core−Shell Particles for Selective
Labeling of Cell Surface Glycans. J. Am. Chem. Soc. 137: 13908-13912.
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Neural interfaces often elicit inflammatory responses and neuronal loss in the surrounding tissue which
adversely affect the function and longevity of the implanted device. Minocycline, an anti-inflammatory
pharmaceutics with neuroprotective properties, may be used to reduce the acute brain tissue responses.
However, conventional administration routes require high doses which can cause adverse systemic side
effects. Therefore, the aim of this study was to develop and evaluate a new drug-delivery-system for local
and sustained administration of minocycline in the brain.
Results: Minocycline loaded nanoparticles (220 nm in size with an entrapment efficiency of 43% and drug
release over 30 days) were successfully incorporated into gelatin-coatings of neural implants by an
absorption method suitable for thermosensitive drug-loads. Immunohistochemical analysis of the brain tissue
responses at 3 and 7 days after implantation in mice, showed that minocycline significantly attenuate the
activation of microglial cells without effecting the overall population of microglial cells around the
implantation sites. A delayed but significant reduction of the astrocytic response was also found in
comparison to control implants with gelatin only. No effect on neurons or total cell count was found which
may suggest that the nanoparticles are non-toxic to the central nervous system.
Conclusions: A novel drug-delivery-system was developed for neural interfaces and thermosensitive drugloads. The local delivery of minocycline loaded nanoparticles was shown to attenuate the acute brain tissue
responses nearby an implant and may therefore be useful for improving biocompatibility of implanted neuroelectronic interfaces. The developed drug-delivery-system may potentially also be used for other
pharmaceutics to provide highly localized and therefore more specific effects as compared to systemic
administration.
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Consumer perception of topical formulations plays a central role in the cosmetic industry and there is a
constant demand on formulators to develop new formulations that appeal to costumers in terms of
functionality as well as sensory feel. Even in the pharmaceutical industry, there is a requirement for cosmetic
appeal of the formulations for better patient-compliance. Film formation upon application and subsequent
reformulation due to evaporation of volatile excipients will have a major impact on tactile (i.e. sensory,
cosmetic) perception of the skin.
Finger friction measurements on artificial skin (Vitro-Skin®) have shown great potential in the evaluation
of tactile perception of formulations using a ForceBoard™ [1-2]. Measurements were performed by moving
the index finger across the skin substrate and the friction coefficient (µ) was calculated as the ratio between
normalized applied load (L) and the friction force (F).
In the current study, we introduce excised skin as an alternative to Vitro-Skin®. Measurements were
performed to evaluate the perception of touch and possible effect of film formation under controlled ambient
conditions. Novel particle stabilized (Pickering) formulations [3-4] were compared to commercial creams.
The present investigation presents a method to perform friction measurements on excised skin and evaluate
formulation properties responsible for a pleasant sensory perception.
1. Helgesson, M. http://www.forceboard.com
2. Skedung, L., et al., Tactile friction of topical formulations. Skin Research and Technology 2016; 22: 4654.
3. Timgren, A., Rayner, M., Sjöö, M., and Dejmek, P. 2011. Starch particles for food based Pickering
emulsions. Procedia Food Sci. 1:95-103.
4. Wahlgren, M., Engblom, J., Sjöö, M., and Rayner, M. 2014. The use of micro- and nanoparticles in the
stabilisation of Pickering-type emulsions for topical delivery. Curr. Pharm. Biotechnol. 14:1222-1234.
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The outer membrane (OM) of Gram-negative bacteria is a robust, impermeable, asymmetric bilayer of outer
lipopolysaccharides (LPSs) and inner phospholipids containing selective pore proteins which confer on it
the properties of a molecular sieve. This structure severely limits the variety of antibiotic molecules effective
against Gram-negative pathogens and, as antibiotic resistance has increased, so has the need to solve the OM
permeability problem. Polymyxin B (PmB) represents those rare antibiotics which act directly on the OM
and which offer a distinct starting point for new antibiotic development. Here we investigate PmB’s
interactions with in vitro OM models and show how the physical state of the lipid matrix of the OM is a
critical factor in regulating the interaction with the antimicrobial peptide. Using neutron reflectometry and
infrared spectroscopy, we reveal the structural and chemical changes induced by PmB on OM models of
increasing complexity. In particular, only a tightly packed model reproduced the temperature-controlled
disruption of the asymmetric lipid bilayer by PmB observed in vivo. By measuring the order of outer-leaflet
LPS and inner-leaflet phospholipids, we show that PmB insertion is dependent on the phase transition of
LPS from the gel to the liquid crystalline state. The demonstration of a lipid phase transition in the
physiological temperature range also supports the hypothesis that bacteria grown at different temperatures
adapt their LPS structures to maintain a homeoviscous OM.
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The use of ionic liquids (ILs) as structure directing agents in the synthesis of mesoporous silica films is a
novel and unexplored approach. Long-chain ILs bring the huge advantage of acting simultaneously as cosolvents and template, while they can also provide additional functions to the porous structure, e.g. ionic
conductivity1. In our study a relatively novel method, i.e. electro-assisted self-assembly (EASA), has been
employed (Fig. 1), which allows a rapid and even growth of monolithic silica film with cylindrical pores
oriented perpendicularly to the conductive substrate2. The synthetized long-chain IL-templated silica films
show several attractive properties; uniform, high coverage of the perpendicularly-oriented cylindrical
mesopores with well-defined pore size could be achieved, hence resulting in highly porous silica films.

Figure. 1. Schematic of the electro-assisted self-assembly method used to synthesize C16MIMCl-templated
silica
films

1. M. Antonietti, D. Kuang, Ionic Liquids for the Convenient Synthesis of Functional Nanoparticles and
Other Inorganic Nanostructures, Angew. Chem. Int. Ed. 43 (2004) 4988–4992
2. A.Walcarius, E. Sibottier, Electrochemically assisted self-assembly of mesoporous silica thin films,
Nature Materials 6 (2007) 602-608
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Protein histidine phosphorylation (pHis) is involved in signaling networks in bacteria, fungi, plants and in
higher eukaryotes including mammals and it has been implicated in certain human disease states such as
cancer. Detailed investigations of the pHis modification are hampered due to its unique acid-labile nature
and consequent lack of tools to study this post-translational modification (PTM). Despite recent advances in
the detection and analysis of pHis this research area is still in its infancy. We here report on a method relying
on the use of a molecularly imprinted polymer (MIP) for enrichment of pHis peptides. The proposed method
allows to clearly extract pHis peptides from a mixture containing base-labile phosphopeptides (e.g.
phosphoserine) and does not involve any acidic treatment thus preserving the pHis modification.

Table of Content: The schematic explanation of enrichment of acid-labile phosphorylation on histidine by
combining β− Elimination and pTza-MIP.
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Exposure to metal particles, through the inhalation route, unavoidably occurs at workplaces during additive
manufacturing (3D printing). Possible adverse health effects caused by the metal powders deserve attention
to ensure a safe working environment. This study focuses on the characterization of metal powders used for
3D printing. It assesses the metal ion release from a range of alloy powders (including stainless steel, high
strength steel alloy, nickel-based alloys, and light weight alloys) in artificial lysosomal fluid (ALF)
simulating lung exposure to small particles. New batches of powders are compared with recycled powders,
condensate particles, and dust. The powder particles and their surface characterization were studied by
multiple surface analytical and electrochemical techniques. For most powders, less than 1 % of the powder
mass dissolved in the simulated physiological environment (ALF, pH 4.5, 37°C, 24 h), with one high
strength steel alloy being the exception (complete dissolution). Recycled powders had slightly different
particle characteristics, and showed in some cases differences in magnetic behavior, agglomeration,
hydrodynamic size in ALF, and surface composition. For most cases, this had no, or minor, influence on
their release pattern and corrosion behavior. However, for stainless steel enriched in manganese oxide at
the outermost surface oxide, this could detrimentally affect its corrosion rate. Micron-sized alloy powders
showed generally low metal release rates and low, or negligible, effects in in-vitro assays investigating the
generation of reactive oxygen species and cytotoxic potency. A different situation was observed for nanosized condensate particles that showed higher reactivity.
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During arc welding, fume will be generated that, if inhaled, can induce health problems for the welder.
Welding fume has recently by the International Agency for Research on Cancer been classified as
carcinogenic. Since stainless steel welding fume may for example contain the highly reactive and
carcinogenic hexavalent chromium, the fume is of high health concern. The aim of this study was to
investigate different physicochemical properties of welding fume particles and correlate them to in-vitro
toxicity assay findings. We investigated different stainless steel grades, shielding gases, welding arc modes
(high and low melting rates), and different types of welding electrodes. Our recent publication1 shows a good
correlation between the solubility of hexavalent chromium in phosphate buffered saline with in-vitro findings
on DNA damage and cytotoxicity. Furthermore, the solubility of manganese correlated well to the generation
of reactive oxygen species in-vitro. A high variability in toxicity and solubility was completely predicted by
melting rate, type of welding electrode, and to some extent by the stainless steel grade and shielding gas. Ongoing studies aim to minimize the risk for exposure to hazardous welding fumes by tuning the welding
electrode chemistry. Preliminary findings are very promising.

1. S. McCarrick, Z. Wei, N. Moelijker, R. Derr, K.-A. Persson, G. Hendriks, I. Odnevall Wallinder, Y.S.
Hedberg, H.L. Karlsson, High variability in toxicity of welding fume nanoparticles from stainless steel
in lung cells and reporter cell lines: the role of particle reactivity and solubility, Nanotoxicology, DOI
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Urinary incontinence is a common health problem among aged people, which require hospital staff to monitor
patients. Leaving incontinence events unmanaged negatively impacts patient´s mental and physical health.
To alleviate the problem, there is a need and a desire to have an incontinence detection system or device to
alert a caregiver when it is time to change diapers. Automatic detection systems can significantly improve
incontinence management, moving from a predominantly manual to an automatic process. Varieties of
different systems have already been developed that achieve wireless urinary incontinence monitoring,
detecting the presence of moisture (e.g., Nie et al. 2017; Sajal et al. 2014). Instead of being used solely as
wetness sensors, such systems could greatly benefit from also being able to detect different analytes of
interest released in the urine. By incorporating a biosensor in an electronic diaper, detection of different
analytes can be achieved. The presence of glucose in urine results from the glomerular filtration of more
glucose than the renal tubule can absorb, where abnormally increased amounts typically is associated with
the disease diabetes (Gerich 2010). Lactate is another very important prognostic marker, especially in critical
patients, and urinary lactate have been shown to correlate with blood lactate (Hagen et al. 2000). A variety
of other compounds with clinical relevance are also present in urine, such as urate, ascorbate, cholesterol and
oxalate, all of which can be converted by different oxidoreductases (e.g., Gerich 2010; Hagen et al. 2000;
Milardović et al. 2008). We design a wireless biosensing system for glucose and lactate in human urine,
detected when present at elevated levels. To enable the wireless sensing, a previously developed wireless
system for detecting moisture was modified with a conductometric biotransducer, giving a binary response
that changes when the analyte is present at sufficiently high concentrations. The conductometric
biotransducer is based on a Prussian blue – cellulose acetate layer, further modified with either glucose
oxidase or lactate oxidase. In the presence of the substrates of the enzymes, hydrogen peroxide is produced
which reacts with the layer, changing the conductivity of the Prussian blue – cellulose acetate layer from
non-conducting to conducting state, which switches the response of the wireless sensing system. The system
enables non-invasive analyte detection of urine samples, which could be used to design smart electronic
diapers.
This research was funded by the Swedish Knowledge Foundation (KKS), grant number 20150248.
1. X. Nie, Z. Song, J. Yang, Z. Dengyun, M. Yin, X. Duan, B Jiao, Inter. J. Commun., 2017, 10, 252263.
2. S. Sajal, Y. Atanasov, B. Braaten, V. Marinov, O. Swenson, IEEE Intern. Conf. Electro/Information
Technol., 2014, 542-545.
3. J. Gerich, Diabet. Med., 2010, 27, 136-142.
4. T. Hagen, M. Korson, J. Wolfsdorf, C. Grade, M. Ideas, M. Cieplak, P. Sharma, Mol. Genet. Metab.,
2010, 70, 189-195.
5. S. Milardović, I. Kereković, M Nodilo, Talanta, 2008, 77, 222-228.

31. Fungal laccase with increased redox potential, redox mediator activity and stability: biochemical
and electrochemical studies
Author(s): Olga Aleksejeva1, Ivan Mateljak2, Emanuele Monza3,4, Maria Fatima Lucas3,4, Victor
Guallar3,5, Roland Ludwig6, Donal Leech7, Miguel Alcade2, and Sergey Shleev1
1Malmö University, Sweden. 2Department of Biocatalysis, Institute of Catalysis, CSIC, Spain, 3Barcelona
Supercomputing Center, Spain. 4Zymvol, Spain. 5ICREA: Institucio Catalana de Recera I Estudis
Avancats, Spain, 6Vienna Institute of Biotechnology, University of Natural Resources and Life Sciences,
Austria. 7National University of Ireland, Ireland.
Corresponding Author(s): olga.aleksejeva@mau.se

Fungal high-redox-potential laccases (HRPLs) are multicopper oxidases with a wide substrate specificity
and different redox potentials of the T1Cu site (ET1). In these studies, computational design was combined
with directed evolution to tailor an HRPL variant, GreeDo, with increased ET1 and activity toward highredox-potential mediators as well as enhanced stability. Through this strategy, the ET1 of the evolved
HRPL increased from 740 to 790 mV, with a concomitant improvement in thermal and acidic pH stability.
The kinetic constants for high-redox-potential mediators were markedly enhanced [1]. Detailed
electrochemical investigations of the GreeDo variant in comparison to its parental variety (the OB-1
mutant) were also performed. Both laccases, when immobilised on graphite electrodes either by direct
physical adsorption or covalently attached via gold nanoparticles, were capable of both non-mediated and
mediator-based bioelectroreduction of molecular oxygen at low overpotentials. GreeDo exhibited higher
open circuit potential values and onset potentials for oxygen bioelectroreduction compared to OB-1.
However, even though in homogeneous catalysis GreeDo outperforms OB-1 in terms of turnover numbers
and catalytic efficiency, when exposed to high redox potential substrates, direct electron transfer based
bioelectrocatalytic currents of GreeDo and OB-1 modified electrodes were similar. High operational
stability of freely diffusing GreeDo and also the immobilized enzyme in the acidic electrolyte was
registered, in agreement with high storage stability of GreeDo in acidic solutions [2]. Enhanced
operational, thermal and pH stabilities together with increased ET1 of GreeDo are good prerequisites for
designing stable bio-cathodes for bioelectronic devices with high open circuit voltage.
The work was financially supported by the Swedish Energy Agency (P44707-1) and by the Swedish
Knowledge Foundation (20170168).
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Due to their high chemical and thermal stability, low melting points and negligible volatility, ionic liquids
(ILs) have been identified as promising replacements for conventional lubricants. Furthermore, their
excellent conductivity and wide electrochemical windows present a new horizon for tribotronic lubrication
solutions, whereby the friction coefficient is controllable though use of an electric field.1-3 However, high
production costs and environmental concerns regarding fluorinated ions have largely limited
commercialisation of IL-based lubricants.
To address these issues, a number of novel, non-halogen containing ILs have been developed4, 5 that have
been shown to exhibit excellent tribotronic lubrication properties, both as neat lubricants and when added as
lubricant additives.2, 3 However, in order to fully understand and harness these phenomena, a better
understanding of on the interfacial structuring of the ions in IL/solvent blends at electrified interfaces is
required, as well as further study of the intimate relationship between such structures and their tribological
properties.
Using neutron reflectivity6 (NR), we reveal how the ionic structure and composition of the interfacial
structures formed by tribologically relevant ILs may be readily controlled through an applied potential, IL
concentration and IL-pair choice, as well reveal the influence of ambient levels of water. By performing
complementary atomic force microscopy (AFM) measurements, we also demonstrate how such surface
layers may in turn may mediate different surface interactions and friction. The combination of these
techniques provides new and valuable insight into the tribotronic properties of IL-solvent blends and aims
to help pave the way towards cost effective IL-additive lubrication solutions.
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Atherosclerosis, the main killer of the west (1,2), is directly associated with the plasma levels of low and
high-density lipoproteins (LDL and HDL) (3,4). These particles have been traditionally considered as bad
and good cholesterol, respectively, as they either deposit or remove lipids from the vessel wall. These watersoluble aggregates stabilise and transport cholesterol and other fats in the blood. The ratio of LDL to HDL
is of greater importance in the development of atherosclerosis than the absolute blood lipoprotein
concentrations of the LDL and HDL separately (5). Therefore, lipid exchange between lipoproteins and the
cell membrane is of crucial significance for an understanding of cardiovascular disease. It has been shown
previously that neutron reflection excels at following lipid exchange processes between human fractions of
LDL and HDL. The exchange is dependent on lipid charge and lipoprotein type (6,7). As cholesterol is of
such importance in cell membranes for modulating the properties of lipids and further interactions with
proteins, understanding the position of cholesterol in bilayers (8,9) and its role in these systems is also crucial
to understand.
We have carried out studies on the surface interaction of human HDL and LDL particles with supported lipid
bilayers via neutron reflection. In order to follow exchange of lipids, deuterated materials of varying
composition with differing levels of deuteration can be used. Results show kinetics of lipid exchange to be
dependent on the bilayer composition and the lipid type present; slower exchange was seen in the presence
of cholesterol and when using an unsaturated lipid compared to a faster exchange seen when using a fully
saturated lipid. These results highlight the effect the lipid environment has on the interaction with lipoprotein
particles - notably the level of saturation of the lipids and incorporation of cholesterol on the degree of
exchange.
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Cancer is the second leading cause of death globally according to the WHO 2018. Lung, prostate, breast,
cervix, colorectal, stomach and liver cancer are the most common types of cancer in human. Sialic acid
(SA) plays an important role in a variety of biological processes in cells. Tumor cells express high levels of
SA, which is often associated with poor prognosis due to increased invasive potential. In this study,
molecularly imprinted polymers (MIPs) or “plastic antibodies” is used to capture SA on the cell surface.
We have performed a screening of SA-MIPs binding to different cancer cell lines. The overall aim is to use
the SA-MIPs for detection of tumor cells, analyzed by flow cytometry and fluorescence microscopy. To
confirm the levels of SA expression on the investigated cell lines, we also analyzed the binding pattern of
the lectins MAL I and SNA. We show that the different cell types analyzed have a varying pattern of SAMIP binding. This pattern and the relevance to lectin binding will be further evaluated.
Keywords: Cancer, Sialic acid, Lectin, Molecularly imprinted polymers
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The development of formulation concepts for improved skin tissue oxygenation, including methods for
measuring oxygen (O2) transport across biological barriers, are important research topics with respect to all
processes that are affected by the O2 concentration, such as radiation therapy in oncology treatments, wound
healing, and the general health status of skin. In this work we approach this topic by a novel strategy based
on the antioxidative enzyme catalase, which is naturally present in the skin organ where it enables conversion
of the reactive oxygen species hydrogen peroxide (H2O2) into O2. We introduce various applications of the
skin covered oxygen electrode (SCOE) as an in-vitro tool for studies of catalase activity and function. The
SCOE is constructed by placing an excised skin membrane directly on an O2 electrode and the methodology
is based on measurements of the electrical current generated by reduction of O2 as a function of time (i.e.
chronoamperometry). The results confirm that a high amount of native catalase is present in the skin organ,
even in the outermost stratum corneum (SC) barrier, and we conclude that excised pig skin (irrespective of
freeze-thaw treatment) represents a valid model for ex vivo human skin for studying catalase function by the
SCOE setup. The activity of native catalase in skin is sufficient to generate considerable amounts of O2 by
conversion from H2O2 and proof-of-concept is presented for catalase-based transdermal O2 delivery from
topical formulations containing H2O2. In addition, we show that this concept can be further improved by
topical application of external catalase on the skin surface, which enables transdermal O2 delivery from 50
times lower concentrations of H2O2. These important results are promising for development of novel topical
or transdermal formulations containing low and safe concentrations of H2O2 for skin tissue oxygenation.
Further, our results indicate that the O2 production by catalase, derived from topically applied S. epidermidis
(a simple model for skin microbiota) is relatively low as compared to the O2 produced by the catalase
naturally present in skin. Still, the catalase activity derived from S. epidermidis is measurable. Taken
together, this work illustrates the benefits and versatility of the SCOE as an in vitro skin research tool and
introduces new and promising strategies and formulation concepts for transdermal oxygen delivery, and
simultaneous detoxification of H2O2, based on native or topically applied catalase.
1. Hernández, A. R., M. Boutonnet, B. Svensson, E. Butler, R. Lood, K. Blom, B. Vallejo, C. Anderson,
J. Engblom, T. Ruzgas and S. Björklund (2019). "New concepts for transdermal delivery of oxygen
based on catalase biochemical reactions studied by oxygen electrode amperometry." Journal of
Controlled Release 306: 121-129.
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Bile salt (BS) sequestrants play crucial role in the treatment of bile salt maladsorption by removing excess
bile salt in the intestine,1 and also for hypercholesterolemia by lowering the level of blood cholesterol in the
body.2 However, the commercial medicine with polymeric BS sequestrants show poor compliance and sever
constipation.1 Therefore, it is vital to improve and find new BS sequestrants. Here, oppositely charged
diblock copolymers are interesting for this application. The aim of this study is to achieve a deep
understanding of the interactions of the oppositely charged diblock copolymer PNIPAMm-b-PAMPTMA(+)n
and BS sodium deoxycholate, NaDC and which interactions that dictate the structure of the formed
complexes.3 By using cryogenic transmission electron microscopy (Cryo-TEM), striped tape-like
supramolecular structures could be visualized at various charge compositions. In addition, the binding of BS
to the diblock copolymer was characterized by isotherm titration calorimetry. With the support of static light
scattering, small angle X-ray scattering and electrophoretic mobility measurements, we conclude that the
formation of copolymer-BS complexes is driven by electrostatic attraction, hydrophobic interactions and
hydrogen bonding effects, and a model of the co-assembly mechanism is proposed (Figure 1). The results
point out the importance of the intricate balance between the optimization of the electrostatic copolymer-BS
interactions and the hydrophobic properties of the BS for the complex formation. This study gives promising
indications that cationic block copolymers could be used as BS sequestrants.

Figure 1 Cryo-TEM image of the striped tape-like supermolecular structure of the formed complexes with
the proposed co-assembly model
1. C. Wilcox, J. Turner, J. Green, Aliment. Pharm. Ther., 2014, 39, 923-939.
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Starch is second after cellulose most common polymer, produced by plants. Because of great availability,
nontoxicity, nonirritant properties, low cost, ease of modifications and versatility in use, starch have placed
in a leading position among polymers used as pharmaceutical excipients: as diluents, disintegrants, binders,
and lubricants[1]. To be useful as a pharmaceutical excipient, starch must undergo a gelatinization process.
Gelatinization of starch is a complex phenomenon that despite decades of intensive studies and importance
for industrial applications, is not fully understood. Recently, a phase diagram approach[2] based on the
principles of equilibrium thermodynamics was proposed. This approach clearly explains several
gelatinization-related phenomena that are difficult to explain otherwise. Despite its success, this approach
has its drawbacks too. In literature, both kinetic[3] and thermodynamic[4] approaches for starch
gelatinization exist, although a direct study of comparison of applicability of the two approaches is still
lacking[5]. There are also no studies comparing two experimental methods (optical microscopy and
differential scanning calorimetry - DSC) for starch gelatinization research. In what follows, we will briefly
describe the thermodynamic approach and present comparison of results, obtained by two different methods.
Native potato starch was obtained from Lyckeby Starch AB (Kristianstad, Sweden). A Nicon OptiPhot
optical microscope equipped with a DS-U1 digital camera and cross-polarizes together with a Linkam
Analysa-LTS350 temperature controlled stage were used to investigate thermodynamics of starch
gelatinisation. 25 µl of water were added on cleaned, etched glass slide and very small amount of starch was
added, and covered with a cover glass. First, the glass slide with starch/water sample was placed on the
heating stage at 25 ºC for the focusing the image. Temperature on the heating stage was increased from 25
ºC to 50 ºC (scan rate 10 ºC/min), and then from 50 ºC to 70 ºC (with scan rate 1 ºC/min). Microscopy images
were collected every time, as temperature increased by 1 ºC. Bright field and cross-polarized light images
were collected. A DSC1 from Mettler Toledo International Inc., Switzerland, was used to analyze the
starch/water mixtures. The samples were prepared in 40 µl aluminum crucibles, which were hermetically
sealed directly after the addition of the required masses of starch and water. Concentrations of starch in all
experiments were below the eutectic point (35 wt%). Empty aluminum crucible was used as a reference. The
sample and the reference were heated from 25 ºC up to 100 ºC at the heating rate 10 °C/min.
Starch/water samples were scanned from 50 ºC to 70 ºC with scan rate 1 ºC/min. Images were taken every
minute. An example of one sample at three temperatures is shown in Figure 1. For studies of gelatinization
thermodynamics, the numbers of native and gelatinised starch granules were counted, and the sum of native
and gelatinised granules of five samples was used to estimate the number-based degree of gelatinisation αn
[5]. In thermodynamic approach, an equilibrium between the native and gelatinized forms of starch is
assumed[5]:
𝑁𝑁 ↔ 𝐺𝐺
(1)
Where N and G denote native and gelatinized starch respectively.
The constant of equilibrium K(T) is defined using the degree of gelatinization α:
𝛼𝛼
(2)
𝐾𝐾(𝑇𝑇) =
1−𝛼𝛼

a)

b)

c)

Figure 1. Microscopy images of starch gelatinization (bright field - left, cross-polarized light – right),
collected in scanning experiment: a) at 25 °C; b) at 60 °C; c) at 68 °C.
The equilibrium constant has a well-known relation with the Gibbs energy difference ∆𝐺𝐺 = −𝑅𝑅𝑅𝑅 ln 𝐾𝐾(𝑇𝑇),
and then using the relation between the Gibbs energy and enthalpy (∆𝐺𝐺 = ∆𝐻𝐻 − 𝑇𝑇∆𝑆𝑆) one arrives at the
following equation, known as the van’t Hoff equation:
𝑑𝑑 ln 𝐾𝐾(𝑇𝑇)
𝑑𝑑�1�𝑇𝑇 �

=−

∆𝐻𝐻𝑣𝑣𝑣𝑣

(3)

𝑅𝑅

Where R is a universal gas constant; T – a temperature; ∆H – van’t Hoff enthalpy. The van’t Hoff enthalpy
can be calculated by plotting the ln K(T) vs. reciprocal temperature according equation 3. This dependence
obtained from the microscopy data is shown in Figure 2. From the slope the value of the van’t Hoff enthalpy
was calculated as ∆H = 558 ± 23 kJ/mol.
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Figure 2. Linear dependence of ln K(T) on reciprocal temperature.
We performed DSC experiments (in triplicate) with native potato starch for studies of gelatinization
thermodynamics. The parameter of the thermodynamic model (van’t Hoff enthalpy HvH) was calculated as
described above using Eq 2 and 3, the degree of gelatinization was calculated from the integration of the DSC
signal using MATLAB. The mean value of the van’t Hoff enthalpy in three experiments was 626 ± 5 kJ/mol.

The value of ∆H obtained by DSC is slightly higher than van’t Hoff enthalpy obtained by microscopy. That
is, probably, due to the difference in calculation of degree of gelatinization. In DSC α was calculated based
on heat that is proportional to the sample mass, while in microscopy αn was calculated based on the number
of the granules[6]. Nonetheless, linear dependences of ln K(T) on 1/T obtained in microscopy and DSC were
very similar and the values of van’t Hoff enthalpy are in reasonable agreement.
We showed that simple microscopy techniques can be used to characterize thermodynamics of physical
transitions in pharmaceutical excipients.
The values of van’t Hoff enthalpy obtained in DSC and microscopy experiments are in agreement and
confirm applicability of the microscopy for thermodynamic studies.
The data obtained by the two methods support thermodynamic approach of starch gelatinization, which
assumes an equilibrium process.
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