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Foreword 

The projects presented in this abstract book illustrate the breadth and ambition of the 

HALRIC partnership. Funded between 2023 and 2026, these cross-border initiatives 

brought together expertise from academia, healthcare, industry and research 

infrastructures across the Öresund–Kattegat–Skagerrak–Hamburg region, showing how 

collaboration can drive scientific discovery, innovation and impact in life science. 

Although short in duration — around six months on average — the projects were designed 

to spark new collaborations, explore innovative approaches and accelerate access to 

cutting-edge research infrastructures. Behind each abstract is a team that chose to test 

an idea across borders, disciplines and technologies. 

Together, the projects cover a wide spectrum of life science challenges: from drug 

discovery, antimicrobial resistance, cancer and neurodegenerative disease to advanced 

imaging, spatial biology, data management, food science and more sustainable 

technologies. They remind us that meaningful collaboration often starts with a focused 

experiment, a shared question or access to the right expertise at the right time. 

Thanks to all HALRIC partners for their dedication, the HALRIC ambassadors for their 

important work in connecting communities across the four countries of our consortium, 

and, of course, all pilot project teams for bringing these collaborations to life. 

 

=^x«^ ?Î J^¯z««~| 

HALRIC Project director 

Lund University 

June 2026 
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on delivering thousands of microcrystals to an X-ray beam to 

reconstruct high-resolution structures while avoiding radiation 

damage. 69 

Within the project, a new droplet-based delivery setup was 

developed and tested at EuXFEL. A commissioning beamtime at 

the MicroMAX beamline at MAX IV enabled a proof-of-principle 

experiment using lysozyme crystals, demonstrating the feasibility of 

the approach. 69 
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Spatial proteomic profiling of 

cardiovascular tissues  

Atherosclerosis is the major cause of cardiovascular disease 

(CVD) and responsible for ~40% of all deaths in developed 

countries, with increasing prevalence due to sedentary lifestyles, 

obesity and metabolic syndrome. The disease is characterized by 

the formation of complex plaque within the arteries which can 

lead to fatal complications due to plaque rupture and thrombosis. 

In this project, we have established and validated methods for 

analysing archived plaque material stored for up to 20 years from 

human patients. We have been able to study plaques both in bulk 

(homogenised tissue samples) and spatially on thin tissue 

sections. cont 

By combining laser capture microdissection (using a laser to 

isolate tiny pieces of plaque) with high-sensitivity mass 

spectrometry proteomics (to analyse proteins in very small 

samples), we have been able to probe microenvironments within 

plaques in increasing detail. This would not have been possible 

without access to samples from a well-characterised biobank and 

the strong synergy between infrastructures at UCPH and LU.  

A strong focus of this project was the utilisation of archived 

biological material, enabling new analyses of existing patient 

samples. We have demonstrated that rich datasets can be 

obtained even from small, dissected regions of single thin tissue 

sections. As a result, we anticipate that future research can be 

conducted with a reduced need for new sample collection, both 

from human patients and from extensive animal experiments.The 

results are currently being integrated with complementary 

analyses and biobank data to help unravel the complex 

landscape of protein dynamics within human atherosclerotic 

plaques. 

Ngsk|®sƑg ^ª®sgzk 

June 2026 | Can markers predict plaque vulnerability? | 

Atherosclerosis Journal 

 

 

N®^ª®s|q i^®kÐ 12 Jul, 2023 
 
Mk«k^ªgr s|pª^«®ª¯g®¯ªk«Ð 
Á BioMS 
Á Core Facility for Integrated 

Microsopy (CFIM) 
Á Protein Oxidation 

Laboratory 
Á Swedish biobank of human 

carotid artery atherosclerotic 
plaques (CPIP) 

6">M7+ §^ª®|kª«Ð 
Á Lund University (LU) 
Á Skåne University Hospital 

(SUS) 
Á University of Copenhagen 

(UCPH) 

Jª~xkg® §^ª®sgs§^|®«Ð 
Á Isabel Gonçalves (SUS/LU) 
Á Lena Sundius (SUS/LU) 
Á Luke F. Gamon (UCPH) 
Á Melinda Rezeli (BioMS) 
Á Michael J. Davies (UCPH) 
Á Tillmann Pape (UCPH-CFIM) 

+~|®^g®Ð 

Luke F. Gamon, University of 

Copenhagen 

lgamon@sund.ku.dk  

https://www.atherosclerosis-journal.com/article/S0021-9150(26)00110-3/
mailto:lgamon@sund.ku.dk
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Decipher protease zymogen 

activation to enable stroke therapy  

About 1 in 5 adults will experience an ischemic stroke in their 

lifetime and its incidence is increasing with the ageing 

population. One of the main causes of ischemic stroke, a sudden 

stoppage of blood flow in a brain region, is a blood clot in the 

arteries due to thrombosis. The current treatment modalities are 

based on lysing the clot with a protease called tissue 

plasminogen activator (tPA) or removing the clot by surgical 

procedures (1). In spite of these treatment possibilities, this 

condition is a major cause of disability and mortality.  

Our initial observation that factor VII activating protease (FSAP) 

has the potential to improve outcomes in ischaemic stroke 

models in mice, together with the discovery of a synthetic cyclic 

peptide capable of activating the proenzyme, led us to undertake 

a comprehensive structural analysis of FSAP. Key questions 

included: what mechanisms maintain pro-FSAP in a stable, 

inactive zymogen state in the blood, and how does exposure to 

activators such as histones and peptides trigger its conversion 

into the active protease? 

This study aimed to characterise the structure of FSAP and to 

analyse the conformational changes underlying its activation. To 

this end, FSAP was purified from human plasma; however, the 

isolation procedure led to zymogen activation and auto-

proteolysis. To enhance protein stability and inhibit auto-

proteolysis, FSAP was complexed with three different inhibitors: 

PPACK, aprotinin and C1 inhibitor. The lack of a cryo-EM facility in 

Norway necessitated close cross-border collaboration with 

Denmark, where protein complexes produced in Oslo were 

analysed using cryo-electron microscopy (cryo-EM). The ability to 

obtain partially interpretable images suggests that we are 

approaching the project objectives. 

Determining the structure of FSAP will advance our 

understanding of its regulatory mechanisms and support its 

further development as a potential therapeutic target for 

ischaemic stroke. 

 

 

N®^ª®s|q i^®kÐ 02 Jan, 2024 

 

Mk«k^ªgr s|pª^«®ª¯g®¯ªk«Ð 

Á Danish National cryo-EM 
facility (EMBION) 
 

6">M7+ §^ª®|kª«Ð 

Á Aarhus University 
Á University of Oslo 

Jª~xkg® §^ª®sgs§^|®«Ð 

Á Aumkar Logendran (UiO) 
Á Sandip Kanse (UiO) 
Á Thomas Boesen (AU) 

+~|®^g® 

Sandip Kanse, University of 

Oslo 

sandip.kanse@medisin.uio.no  

 

mailto:sandip.kanse@medisin.uio.no
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Proof of concept study to 

understand intrinsically disordered 

proteins  

This project focuses on experiments that will serve as a basis for 

understanding a family of proteins that are of utmost importance 

for human health. Recently, it has been shown that ~30% of all 

proteins in eukaryotic organisms, one that possesses a clearly 

defined nucleus, belong to intrinsically disordered proteins (IDPs) 

and that these are involved in many central biological processes 

and diseases. 

The collaboration in this pilot project, between Lund University in 

Sweden and the European XFEL facility in Hamburg, Germany, 

was new and enabled the researchers to widen their horizons 

beyond their specialties since it combined SAXS, FEL-SAS/SPI, 

and atomistic computer simulations across the Öresund-Kattegat-

Skagerrak-Hamburg Region. With involvement by a postdoc and 

a PhD student the project also contributed to educating the next 

generation of researchers. 

The pilot project investigated the possibilities of using FEL-SAS 

and SPI EuXFEL to study IDPs with the Histatin 5 saliva protein as a 

model. The research group foresee that the use of FEL-SAS/SPI to 

analyze IDPs and its conformational ensemble can serve as a 

proof-of-concept study. The results are expected to constitute a 

significant step towards deciphering the structure-function 

relationship of IDPs, which is vital for developing the next 

generations of pharmaceuticals, such as antibiotics, i.e., 

antimicrobial peptides.  

Ngsk|®sƑg ^ª®sgzk 

May 2024 | Deeper Insight of the Conformational Ensemble of 

Intrinsically Disordered Protein | ACS Journal of Chemical 

Information and Modeling 

 

 

N®^ª®s|q i^®kÐ 01 Jan, 2024 

Mk«k^ªgr s|pª^«®ª¯g®¯ªk«Ð 

Á European XFEL 
Á MAX IV 

6">M7+ §^ª®|kª«Ð 

Á Lund University (LU) 

Jª~xkg® §^ª®sgs§^|®«Ð 

Á Adam Round (EuXFEL) 
Á Ann Terry (MAXIV) 
Á Henrik Vinther Sörensen (LU) 
Á Marie Skepö (LU) 

+~|®^g® 

Marie Skepö, Lund University 

marie.skepo@compchem.lu.se  

 

https://pubs.acs.org/doi/pdf/10.1021/acs.jcim.4c00941
https://pubs.acs.org/doi/pdf/10.1021/acs.jcim.4c00941
mailto:marie.skepo@compchem.lu.se
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Advancing cellular infection models 

in the search for new antibiotics  

Pathogenic bacteria cause life threatening infections in animals 

and humans. Bacterial resistance towards antibiotics, which are 

used for treatment of bacterial infections, is one of the top three 

health threats identified by the European Commission in 2022. 

Light microscopy is an established powerful technique used to 

investigate how pathogenic bacteria physically interact with 

human host cells, whereas little is known about their metabolic 

interaction i.e., how do the bacteria fuel their energy needs inside 

the human cell? 

Combining information on host-pathogen interaction from light 

microscopy with metabolic information from Nuclear Magnetic 

Resonance (NMR) can increase the understanding of how 

invading bacteria fuel their proliferation and in extension suggest 

new ways to treat infections. The technology which will allow 

combination of light microscopy and metabolic studies with NMR 

is currently missing. This project developed a microfluidic 

chamber, which is needed to bring the two technical modalities 

closer together.  

The interdisciplinary project brings two scientific fields together 

which are normally separated by technical barriers. HYPERMAG is 

a specialized centre on the application of hyperpolarization to 

NMR and MRI, with a world class infrastructure including three 

NMR spectrometers and three polarizers dedicated exclusively to 

dDNP research. CSSB is a leading centre for live cell and 

correlative light and electron (cryo-microscopy), with state-of-the-

art light and fluorescence microscopes. The partners have a 

common interest in providing new technology to aid the search 

for new targets against antibiotic resistant bacteria and the 

project has immediate innovative potential, which is emphasized 

by the participation of JD Coils. 

Ngsk|®sƑg ^ª®sgzk 

January 2026 | ChipNMR: Hyperpolarized NMR for Noninvasive 

Metabolic Flux Analysis in Perfused Microfluidic Chips | ACS 

Analytical Chemistry 

 

 

N®^ª®s|q i^®kÐ  01 Feb, 2024 
 
Mk«k^ªgr s|pª^«®ª¯g®¯ªk«Ð 

Á CSSB at DESY 
Á HYPERMAG at DTU 

6">M7+ §^ª®|kª«Ð 

Á Technical University of 
Denmark (DTU) 

Á University of Hamburg 
(UHH) 

Á JD Coils (Industry Partner) 

Jª~xkg® §^ª®sgs§^|®«Ð 

Á Dr. Pernille Rose Jensen 
(DTU) 

Á Dr. Ke-Chuan Wang (DTU) 
Á Dr. Roland Thünauer 

(CSSB/UHH) 
Á Juan D. Sánches Heridia (JD 

Coils) 

+~|®^g® 

Pernille Rose Jensen, DTU  

peroje@dtu.dk 

https://pubs.acs.org/doi/full/10.1021/acs.analchem.5c04058
https://pubs.acs.org/doi/full/10.1021/acs.analchem.5c04058
mailto:peroje@dtu.dk


HALRIC  pilot project s  abstract book  | p. 11 

 
 
 

 

Unravelling molecular structures for 

anti-amyloid drug development 

with synchrotron-based 

spectroscopy  

This project looked at how specially designed materials can help 

stop harmful protein clumping linked to Alzheimer’s disease. We 

focused on tiny, tree-like molecules coated with sugars, which are 

designed to interact with amyloid-ɗΉone of the main proteins 

involved in the disease. 

Our goal was to understand how the shape and structure of these 

materials affect how they function in the body. By combining 

advanced techniques available in different countries—such as 

powerful X-ray methods at MAX IV and spectroscopy in Lund and 

Aarhus—we were able to directly link their structure to their 

biological effects. 

One important finding was that these materials are not round, as 

previously thought. Instead, they have a more stretched, brush-

like shape. This gives them a larger surface area, making it easier 

for them to interact with proteins and potentially prevent harmful 

clumping. 

This insight helps explain how these materials work and provides 

a clearer direction for designing improved treatments in the 

future. 

Ngsk|®sƑg ^ª®sgzk 

June 2025 | Molecular architectures of glycosylated dendronized 

bottle brushes in action: Biocompatibility and anti-amyloidogenic 

activity of pseudo-glycodendrimers | Materials Today Bio 

 

 

N®^ª®s|q i^®kÐ 01 Mar, 2024 
 
Mk«k^ªgr s|pª^«®ª¯g®¯ªk«Ð 

Á LBIC 
Á CIPA 
Á Astrid2 
Á Co-SAXS at MAX IV  
Á Medical Microspectrocopy 

Lab 
Á SAXS at AU 

6">M7+ §^ª®|kª«Ð 

Á Lund University (LU) 
Á Aarhus University (AU) 
Á Strominnate Therapeutics 

(Industry Partner) 

Jª~xkg® §^ª®sgs§^|®«Ð 

Á Carl Troein (LU) 
Á Jan Skov Pedersen (AU) 
Á Oxana Klementieva (LU) 
Á Radhika Thakore (LU) 
Á Tania Ramos Moreno 

(Strominnate Therapeutics) 

+~|®^g® 

Oxana Klementieva,  

Lund University 

oxana.klementieva@med.lu.se  

 

https://doi.org/10.1016/j.mtbio.2025.101771
https://doi.org/10.1016/j.mtbio.2025.101771
https://doi.org/10.1016/j.mtbio.2025.101771
mailto:oxana.klementieva@med.lu.se
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Targeting aquaporins as breast 

cancer therapeutics  

Breast cancer is one of the leading causes of mortality in the 

female population. Despite improvements in procedures and 

treatments, significant increases in survival rates are still limited. 

Cancer invasion and spread are known to be promoted by the 

expression of aquaporins (AQPs), a family of proteins that 

facilitate the transport of water, glycerol, and hydrogen peroxide 

across the cell membrane. Similarly, AQP expression levels have 

been shown to be prognostic for patient survival and to play a 

role in tumour growth and cell migration. Thus, AQPs are key 

players in cancer biology and represent promising targets for 

drug development. 

The overall aim of this interdisciplinary project was to assess the 

functionality of available AQP3 inhibitors in breast cancer models 

and to determine the three-dimensional structure of AQP3 in 

complex with inhibitors using cryo-electron microscopy (cryo-EM), 

thereby facilitating rational drug design. 

The development of novel drugs targeting macromolecular 

structures is central to the drug discovery process. Conventionally, 

lead compound identification has relied on experimental high-

throughput screening, which is time-consuming and costly. In 

contrast, rational drug design offers a more efficient and 

economical alternative. This approach—often referred to as 

reverse pharmacology—begins with the identification of a 

promising target protein (in this project, AQP3), followed by lead 

identification and optimisation based on structural biology 

methods. 

During the project, we successfully determined two novel cryo-

EM structures of AQP3 in complex with two different inhibitors 

(provided by the industry partner Apoglyx AB). These inhibitors 

were also tested in breast cancer models in Prof. Lene N. Nejsum’s 

laboratory at Aarhus University. Although the project was highly 

successful, further development of the inhibitors is required 

before they can be tested in vivo.

 

 

N®^ª®s|q i^®kÐ 01 Feb, 2024 

Mk«k^ªgr s|pª^«®ª¯g®¯ªk«Ð 

Á EMBION 
Á BMC Lund 

6">M7+ §^ª®|kª«Ð 

Á Aarhus University (AU) 
Á Lund University (LU) 
Á Apoglyx AB (Industry 

Partner) 

Jª~xkg® §^ª®sgs§^|®«Ð 

Á Frédéric H. Login (AU) 
Á Karin Lindkvist (LU) 
Á Lene N. Nejsum (AU) 
Á Raminta Venskutonyte (LU) 
Á Thomas Boesen (AU) 
Á Michael Rutzler (Apoglyx) 

 

+~|®^g®« 

Karin Lindkvist, Lund University 

Karin.Lindvist@med.lu.se  

Raminta Venskutonyte, 

Lund University  

Raminta.Venskutonyte@med.lu.

se  

mailto:Karin.Lindvist@med.lu.se
mailto:Raminta.Venskutonyte@med.lu.se
mailto:Raminta.Venskutonyte@med.lu.se
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Uncovering the structural basis for 

allosteric inhibition-state trapping of 

glycine transporters using sybodies  

Chronic neuropathic pain affects 7–10% of the global population 

and is increasing, yet current gold-standard treatments are 

ineffective and overly reliant on opioids, contributing to opioid 

use disorder and associated mortality.  

A hallmark of neuropathic pain is reduced glycine signalling, 

which lowers pain thresholds and causes normally harmless 

stimuli to be perceived as painful. Glycine is a conditionally 

essential amino acid with a dual role in the central nervous 

system. In the brain, it activates neurons by binding to NMDA 

receptors, whereas in the spinal cord, it inhibits neuronal activity 

by binding to glycine receptors. By specifically targeting glycine 

signalling in the spinal cord, it is possible to reduce the 

transmission of pain signals to the brain. Neurotransmitter 

transporters, which are expressed throughout the central nervous 

system, are responsible for recycling neurotransmitters and 

terminating neuronal signalling. Glycine is recycled by glycine 

transporters 1 and 2 (GlyT1 and GlyT2). GlyT2 is a more attractive 

target for neuropathic pain, as it is primarily expressed in the 

spinal cord, whereas GlyT1 is expressed more broadly in the 

brain. However, despite this promising analgesic activity, GlyT2 

inhibitors have not progressed to clinical use due to significant 

on- and off-target side effects at effective doses. 

To overcome these limitations, this project combines structural 

biology and molecular biophysics approaches to uncover the 

molecular mechanisms and structural determinants of both 

allosteric and competitive inhibition of GlyT2. This will provide a 

basis for identifying new therapeutic agents and developing 

novel strategies for effectively targeting glycine transporters. 

Ngsk|®sƑg ^ª®sgzk 

February 2026 | A reversible allosteric inhibitor of GlyT2 for 

neuropathic pain without on-target side effects | Nature 

communications 

 

 

N®^ª®s|q i^®kÐ 01 Dec, 2024 

Mk«k^ªgr s|pª^«®ª¯g®¯ªk«Ð 

Á Cryo-EM at CSSB/UHH 
Á SPC facility at EMBL 

Hamburg 

6">M7+ §^ª®|kª«Ð 

Á University of Copenhagen 
(UCPH) 

Á University of Hamburg 
(UHH) 

Á European Molecular Biology 
Laboratory Hamburg (EMBL) 

Á Linkster Therapeutics 
(industry partner) 

Jª~xkg® §^ª®sgs§^|®«Ð 

Á Azadeh Shahsavar (UCPH) 
Á Ryan Patrick Cantwell Chater 

(UCPH) 
Á Carolin Seuring (UHH) 
Á Maria Marta Garcia Alai 

(EMBL) 
Á Roger J.P. Dawson (Linkster 

Therapeutics) 

+~|®^g®Ð 

Azadeh Shahsavar, University 

of Copenhagen 

ash@sund.ku.dk  

https://doi.org/10.1038/s41467-026-69616-5
https://doi.org/10.1038/s41467-026-69616-5
mailto:ash@sund.ku.dk
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Feasibility of using micro–CT to 

optimize surgical precision in oral 

cancer 

One of the biggest challenges in cancer surgery is the accurate 

definition of tumour margins, to ensure complete removal of the 

tumour while preserving an adequate margin of healthy tissue. 

This challenge is even greater in oral cancer due to variations in 

tumour invasion patterns between patients.  

This project focuses on oral squamous cell carcinoma (OSCC), the 

eighth most common cancer worldwide, with a five-year survival 

rate below 60% [1]. Surgery is the main treatment, and both 

tumour margins and the pattern of invasion are key factors 

influencing outcomes. The “Worst Pattern of Invasion” (WPOI) is a 

histopathological classification used to evaluate how aggressively 

a tumour infiltrates surrounding tissues. Studies have shown that 

WPOI is strongly associated with prognosis and recurrence risk [6–

8]. 

Phase-contrast micro-computed tomography (micro-CT) is a high-

resolution imaging technique that enables rapid three-

dimensional visualization of tissue morphology [2–8]. Although not 

yet approved for clinical diagnosis, micro-CT is increasingly used 

in research to assess soft tissue, tumour margins, and structural 

details [2, 9, 10]. Emerging studies also indicate potential 

applications in breast cancer diagnosis [7]. 

This study is the first to compare micro-CT and synchrotron 

imaging for three-dimensional visualization of oral cancer tissue. It 

advances our understanding of tumour margins and invasion 

patterns, and these insights may provide a foundation for future 

research aimed at improving tumour assessment, optimising 

prognosis, and reducing treatment-related complications. 

Ultimately, this imaging approach has the potential to enhance 

surgical precision and reduce the need for follow-up treatments. 
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Exploring X-ray tomographic 

microscopy in severe autoimmune 

asthma, to identify lung structures 

and assess treatment  

Asthma is a common chronic disease affecting up to 300 million 

people worldwide. Approximately 10% of patients have severe 

asthma, experiencing frequent hospitalisations and difficulty 

maintaining a normal lifestyle despite high doses of medication. 

A clinical feature of many patients with severe asthma is airway 

autoimmunity, characterised by the presence of autoantibodies in 

the lungs. This is associated with airway remodelling and highly 

pro-inflammatory immune responses, both of which contribute to 

disease progression. In some patients, autoantibodies (e.g. 

antiȤEPX) may trigger eosinophil activation and chronic 

inflammation, potentially leading to the formation of inducible 

bronchus-associated lymphoid tissue (iBALT).  

iBALT structures may create a local environment that supports the 

production and activation of immune cells and additional 

autoantibodies. However, they are difficult to identify using 

conventional two-dimensional histology, as they are randomly 

distributed and typically require staining that destroys the tissue, 

limiting their study in human asthma. 

This project combines three-dimensional X-ray tomographic 

microscopy (XRTM) with conventional histology to enable 

improved identification and visualization of iBALT and airway 

remodelling in severe asthma. This approach provides high-

resolution 3D imaging of bronchial tissue while preserving 

samples for further analysis. 

Together, these methods support a more detailed investigation of 

airway structure and immune features in severe asthma and 

provide a basis for further research into disease mechanisms and 

potential therapeutic approaches. 

 

 

N®^ª®s|q i^®kÐ ¾¿ "§ªÏ À¾ÀÂ 

Mk«k^ªgr s|pª^«®ª¯g®¯ªk«Ð 

Á DANFIX 
Á XRTM at DTU Physics and LU 

6">M7+ §^ª®|kª«Ð 

Á Bispebjerg Hospital (BH) 
Á Lund University (LU) 
Á Technical University of 

Denmark (DTU) 

Jª~xkg® §^ª®sgs§^|®«Ð 

Á Daisy Bornesund (LU) 
Á Lise Lotte Eriksen (BH) 
Á Rajmund Mokso (DTU) 

+~|®^g®Ð 

Lise Lotte Eriksen  

lise.lotte.eriksen@regionh.dk 

mailto:lise.lotte.eriksen@regionh.dk


HALRIC  pilot project s  abstract book  | p. 16 

 
 
 

 

fŰƻĲƚƣŔŊċƣŔŰŊШ ůǃũŸŔĬШ[ŔĤƖŔũȤÂƖŸƣĲŔŰШ
fŰƣĲƖċĦƣŔŸŰƚШċŰĬШÑőĲŔƖШfůƓċĦƣШŸŰШ
 ĲƨƖŸŔŰǰċůůċƣŔŸŰШ 
This HALRIC pilot project investigates the intricate process of 

protein interactions in Parkinson’s disease (PD) by studying a 

phenomenon called the “protein corona” (PC) formed around 

clumps of proteins known as Amyloid fibrils (AF). These AFs are 

associated with the development of PD and can interact with 

various proteins in the brain and blood, potentially influencing 

disease progression. The lack of insights into interacting proteins 

hinders progress in diagnosis, treatment, and interventions. 

To achieve this, the cross-border research team, with members 

from Denmark and Sweden, brings together expertise in protein 

biophysics, neurology, mass spectrometry analysis, and zebrafish 

research facilities. These diverse skills allow the team to 

comprehensively study the interaction between AFs and proteins 

found in brain tissue, cerebral spinal fluid (CSF), and blood 

plasma samples from both healthy individuals and PD-diagnosed 

patients. 

The Technical University of Denmark (DTU) focuses on capturing 

and profiling the PC formed around AFs from samples obtained 

from Bispebjerg Hospital (BH). Expertise in quantitative and 

clinical proteomics at Lund University (LU) is further enhancing the 

researchers’ understanding of the protein interactions involved in 

PD. Additionally, the collaborative efforts extend to Aarhus 

University (AU), with the utilization of zebrafish embryos as a 

model organism to study neuroinflammation processes in real-

time. 

Through this interdisciplinary approach and leveraging 

internationally recognized infrastructure and expertise, the pilot 

project aims to unravel the complex interplay between 

polymorphic AFs, the protein corona, and neuroinflammation in 

PD. Ultimately, the findings hold significant potential for 

advancing the development of novel therapies and diagnostic 

strategies for neurodegenerative diseases like Parkinson’s. 
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Probing pea protein digestion 

dynamics: a multiscale exploration 

addressing allergenicity potentials  

Pea proteins, often marketed as hypoallergenic, merit a closer 

examination due to potential allergenic properties arising from 

proteins with structural similarity to soy and peanut proteins. 

This pilot project investigated the complex process of protein-rich 

food digestion through a multiscale approach integrating 

scattering and microscopy. The influence of processing on pea 

allergenicity, while not fully explored, presents intriguing 

possibilities, hinting at potential improvements in digestion. 

Large-scale facilities played a pivotal role, particularly SAXS, 

SANS, and SEC-SAXS techniques, for elucidating the structural 

evolution of pea protein systems during digestion. They allowed 

sufficient kinetic resolution and high-quality data to collect 

information on conditions of increased or obstructed digestion. 

By combining complementary scattering methods with 

biochemical analyses, the research team identified a robust two-

step digestion mechanism and resolved structural changes across 

multiple length scales, from individual proteins to the gel 

network. Furthermore, SEC-SAXS provided additional insight into 

the solution-state structure of pea protein fractions, highlighting 

the potential of multimodal scattering approaches at large-scale 

facilities for advancing the understanding of food structure–

digestibility relationships. 

These findings extend beyond food science, holding potential for 

tailored food design and even immunotherapy. 
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February 2026 | Two-step digestion pathways of hydrogels from 
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703, Part 2 
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Solution scattering techniques 

towards therapeutic interventions of 

ClC-1-associated diseases  

Structural information is essential for a molecular understanding 

of protein function and is invaluable for both basic and applied 

science. However, many targets remain difficult to study due to 

the challenges associated with determining protein structures. 

Understanding protein structure is key to understanding function, 

particularly for flexible and dynamic regions that are difficult to 

visualize using more classical, static methods such as X-ray 

crystallography and cryo-electron microscopy. In addition, 

structural knowledge is becoming increasingly important for drug 

design. 

This project studied the medically relevant chloride channel ClC-1 

in combination with compounds related to ongoing drug 

development for diseases such as myasthenia gravis and spinal 

muscular atrophy, using small-angle X-ray and neutron scattering 

(SAXS and SANS, respectively). 

While the overall structure of ClC-1 has been determined, 

understanding how pharmacologically relevant compounds bind, 

as well as the role of the two regulatory cytoplasmic CBS 

domains, remains critical. As these regions are typically more 

flexible, they are better suited to in-solution techniques such as 

SAXS. However, sufficient quantities of stable ClC-1 protein, 

required for these techniques, could not be obtained despite 

extensive optimisation efforts. 

The project nonetheless led to improvements in protein 

production and purification, resulting in a more robust protocol 

yielding quantities of stable ClC-1 suitable for cryo-electron 

microscopy studies. Structure determination of ClC-1 in complex 

with a compound currently in phase 2 clinical trials is now 

underway. These developments may support ongoing efforts to 

develop therapeutic interventions for severe disorders, including 

those pursued by NMD Pharma in Aarhus, and enable further 

related research aimed at improving human health.
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Understanding how different particle 

populations in lipid nanoparticles 

work for better mRNA delivery 

During the COVID-19 pandemic, mRNA vaccines, which use lipid 

nanoparticles (LNPs) to deliver their instructions to cells, saved 

millions of lives. These LNPs are composed of several 

components, including ionisable lipids, helper lipids, cholesterol, 

and polyethylene glycol-conjugated lipids. However, current 

formulations can cause immune reactions, partly due to the 

ionisable lipid component. In addition, a proportion of LNPs are 

empty, which can trigger immune responses and reduce the 

efficiency of mRNA delivery. 

This project aimed to improve mRNA-LNP design and formulation 

for therapeutic applications by better understanding how the 

structure and function of different particle types are related within 

a single formulation. 

To address this, the project investigated LNP formulations using 

asymmetrical flow field-flow fractionation (AF4) combined with 

small-angle X-ray scattering (SAXS). This approach enabled the 

separation and structural characterisation of different LNP 

populations within a formulation that would otherwise appear 

uniform using standard size measurements. 

The results revealed multiple coexisting LNP populations with 

varying sizes and structural features. This finding highlights that 

LNP formulations considered homogeneous can, in fact, be highly 

heterogeneous, with potential implications for their biological 

function. In parallel, the separated fractions were analysed to 

quantify nucleic acid and lipid content. 

These insights provide a stronger basis for understanding how 

LNP structure influences function and may support the 

development of improved mRNA delivery systems with enhanced 

therapeutic performance. Future work will aim to link these 

structural differences to biological activity by assessing protein 

expression from different LNP populations.
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Unravelling the internal structure 

and molecular exchange kinetics of 

antibiotic polymeric nanoparticles 

Multidrug-resistant (MDR) bacteria cause an estimated 1.27 

million deaths annually, a number that could rise to 10 million per 

year by 2050 without the development of new treatments 

according to the World Health Organization. [1]  

Colistin, an antimicrobial peptide effective against many Gram-

negative bacteria, is currently limited by its kidney toxicity. 

Reducing this toxicity could make it a powerful tool in combating 

MDR infections. One promising strategy is its encapsulation in 

nanoparticle systems. Previous research from the team showed 

that colistin can be combined with PEO-b-PMAA block 

copolymers to form stable micellar nanoparticles, known as 

complex coacervate core micelles (C3Ms).[2] In these structures, 

the positively charged colistin interacts with the negatively 

charged PMAA to form the core, while the PEO blocks create a 

protective outer shell. These systems showed potential for 

improving drug stability and delivery. However, their internal 

structure and drug release mechanisms remained unclear. 

This project characterised these systems in detail using advanced 

small-angle neutron and X-ray scattering (SANS and SAXS), 

supported by dynamic light scattering (DLS). Unexpectedly, the 

experiments revealed the formation of vesicle structures rather 

than micelles — representing, to our knowledge, the first reported 

example of antibiotic-containing vesicles. These complex 

coacervate core vesicles (C3Vs) consist of a polyelectrolyte wall 

formed by interactions between colistin and PMAA, with 

protective PEO layers on both the inner and outer surfaces, 

enclosing a hollow water-filled core. 

The project provides new insights into nanoparticle structure and 

behaviour, and the analytical models developed offer a robust 

framework for future research into antibiotic delivery systems. 
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Facilitating drug design with 

Fragment-based Active Site 

Exploration (FASE) 

This pilot project aimed to implement crystallographic fragment 

screening to characterise the active site of plastic-degrading 

enzymes and to identify druggable pockets in a protein related to 

neurological diseases. 

Plastic pollution represents a major environmental challenge due 

to uncontrolled production and limited recycling strategies. At 

Aarhus University, the EnZync centre was established to support 

the discovery, characterisation and engineering of plastic-

degrading enzymes. Within this project, several candidate 

enzymes were evaluated for their suitability for fragment 

screening, including a range of amidases. 

As a result, the research team determined the high-resolution 

crystal structure of an amidase identified from landfill samples, 

both in its native form and in complex with bound fragments. 

These structural insights provide detailed information on the 

enzyme’s active site and support ongoing efforts to engineer 

improved plastic-degrading properties. 

In parallel, the project applied fragment-based screening to a 

neuronal cell adhesion protein involved in development and 

communication in the nervous system, and associated with 

psychiatric disorders. More than 1200 compounds were 

screened, resulting in seven hits that bind to a small pocket of the 

protein. Based on these findings, follow-up work has been 

initiated in collaboration with computational chemists to design 

and optimise compounds targeting this site. 

By combining environmental and biomedical targets, the project 

demonstrates how advanced structural methods can contribute to 

both sustainable solutions and early-stage drug discovery.
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Data management of proof-of-

concept study to understand 

intrinsically disordered proteins 

Understanding how proteins behave is fundamental to both 

biology and medicine. The ability of intrinsically disordered 

proteins (IDPs) and intrinsically disordered regions (IDRs) in 

proteins to self-associate is a vital mechanism for the formation of 

membrane-less organelles and cell structures. The self-association 

of IDPs play crucial roles in several cell functions, including 

immune response, genome organization, transcription, and 

neuronal signalling. On the other hand, several proteins that self-

associate are also involved in neurological diseases, where they 

form toxic aggregates; these diseases include Alzheimer’s disease 

and Parkinson’s disease. The mechanisms behind IDP-mediated 

self-association still need to be better understood. 

This is a continuation of the HALRIC project combining scattering 

and imaging techniques at European XFEL in a proof-of concept 

study. In this new project, which established a strategic 

collaboration between MAX IV in Lund and the European XFEL in 

Hamburg,  advanced X-ray free-electron laser (XFEL) techniques 

were combined with computational modelling to investigate the 

structural behaviour and self-association of IDPs.  

A key outcome of the project was the development of methods 

for analysing free-electron laser small-angle scattering (FEL-SAS) 

data, which are particularly challenging due to background 

contributions and experimental complexity. By improving Monte 

Carlo simulations and applying advanced mathematical analysis, 

the team established strategies to isolate protein signals and 

better interpret these datasets. These developments enable new 

ways of extracting structural information about IDPs that cannot 

be accessed with conventional techniques.  
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Towards time-resolved studies of 

the lytic polysaccharide 

monooxygenase reaction 

Lytic polysaccharide monooxygenases (LPMOs) are enzymes with 

a characteristic copper site (His brace) being able to degrade 

recalcitrant polysaccharides and with additional implications in 

microbial pathogenesis of humans and important crop plants. 

Serial crystallography offers the possibility to capture enzyme 

reactions in real time at near-atomic resolution, but remains 

technically demanding. This knowledge could lead to optimized 

industrial applications and innovative strategies in pathogen 

control. 

Through close collaboration with beamline experts at MAX IV and 

access to the BioMAX and MicroMAX beamlines, the research 

team successfully established experimental workflows and 

produced consistent high-quality samples for data collection. 

Serial crystallography data at near-atomic resolution were 

obtained, representing an important step towards future time-

resolved studies of LPMO reactions. 

The project also addressed key challenges in data processing, 

including difficulties encountered with datasets collected at 

different facilities. While some unexpected results prevented the 

development of a triggering scheme within the pilot project, 

these findings may reflect previously unknown aspects of the 

enzyme mechanism and will be explored further. 

The collaboration contributed to methodological improvements 

at MAX IV, particularly in optimising data processing pipelines 

and sample preparation for serial crystallography experiments. It 

also supported the development of the MicroMAX beamline 

capabilities and included the training of a PhD student through 

extended stays at the facility. 

Building on these results, the project partners have secured 

external funding for a three-year follow-up project starting in 

2025. 
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Engineering biocompatible 

microcapsules for targeted enzyme 

delivery to enhance anticancer 

treatments  

Cancer cells often exhibit unusual sugar patterns on their 

surfaces, which play a central role in tumor development and 

progression. These sugar patterns, particularly sialic acids, 

prevent the formation of immune responses by natural killer (NK) 

cells and help tumors evade the immune system, allowing them 

to grow and spread. 

This pilot project brought together researchers from Malmö, 

Lund, Aarhus and Copenhagen to develop an innovative strategy 

based on polyelectrolyte microcapsules for targeted enzyme 

delivery. The aim is to selectively remove sialic acids from tumour 

cells, thereby exposing them to immune recognition. 

Within the project, the team engineered microcapsules and 

investigated their internal structure, behaviour and release 

properties using advanced research infrastructures, including 

SAXS at Malmö University and MAX IV, low-frequency Raman 

spectroscopy, and cryo-electron microscopy. These 

complementary techniques enabled a detailed characterisation of 

capsule composition and performance. 

Initial findings identified a capsule composition with promising 

properties for enzyme delivery. These results provide a 

foundation for further optimisation and future studies, and are 

expected to support continued development of this approach 

through follow-up funding. 
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Limiting the cell toxicity of 

antimicrobial peptides through 

NMR spectroscopy 

Antimicrobial resistance (AMR) is a global threat that has been 

thoroughly documented by WHO, EPHA, OECD and the CDC. 

Although addressing this challenge requires a multifaceted 

approach, a key priority is the development of effective and safe 

antibacterial compounds. 

Antimicrobial peptides (AMPs) are promising candidates, but their 

interaction with human blood components — and the resulting 

balance between efficacy and toxicity — remains poorly 

understood. 

This pilot project established a platform for nuclear magnetic 

resonance (NMR) analysis to investigate how AMPs interact with 

blood components. Using the cOpenNMR facility, the team 

identified sequence-specific binding preferences of peptides to 

human blood components. Notably, both the natural peptide and 

its mirror-image D-enantiomer showed binding, revealing an 

unexpected ambidextrous interaction mechanism. These findings 

suggest that AMP–blood interactions resemble the flexible, 

disordered behaviour observed in intrinsically disordered 

proteins (IDPs). This represents a significant step forward in 

understanding how AMPs behave in complex biological 

environments. 

The results have already informed new design strategies, 

including the testing of combinations (“cocktails”) of structurally 

related peptides to optimise the balance between antibacterial 

activity and toxicity. NMR spectroscopy enables detailed 

characterisation of peptide–protein interactions, supporting 

mechanistic understanding and the prediction of novel 

properties. 

The project advances understanding of how antimicrobial 

peptides interact with blood components, supporting the design 

of safer and more effective antibacterial therapies.
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Structural studies of zonulin and its 

potential role in celiac disease and 

as biomarker in IBD 

Haptoglobin (HP) is a protein mostly produced in the liver that 

binds to free haemoglobin, helping to remove this potentially 

harmful molecule from the bloodstream and protect the kidneys 

during red blood cell breakdown. Different forms of haptoglobin 

exist in humans and are associated with various diseases, 

including type 1 diabetes and inflammatory bowel disease. 

Its precursor, pre-haptoglobin-2 (zonulin), has recently been 

implicated in celiac disease, an autoimmune disorder affecting 

around 1% of the global population, for which the only current 

treatment is a lifelong gluten-free diet. 

This HALRIC pilot project brought together researchers in 

Hamburg and Aarhus to investigate the structure and function of 

pre-haptoglobin-2 using an integrative structural biology 

approach. 

Using cryogenic electron microscopy (cryo-EM), the team 

characterised oligomeric assemblies of recombinantly produced 

pre-haptoglobin-2. The results indicate that the protein forms 

multimers composed of two, three, four or more units. A modified 

version of the protein, designed to prevent specific 

intermolecular bonding, formed more uniform lower-order 

multimers, making it a more suitable target for structural analysis. 

In parallel, efforts were made to validate the role of pre-

haptoglobin-2 using commercially available ELISA assays. 

However, the available kits gave inconclusive results, highlighting 

the need for further validation before assessing its clinical 

relevance, including its potential role as a biomarker in 

inflammatory bowel disease. 

Ongoing work includes attempts to determine the full-length 

structure by crystallography, using the modified protein, as well as 

the preparation of a separate publication based on previous 

SAXS studies that guided the current structural investigations. 
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Inhaled biopharmaceuticals: 

understanding the interactions 

between drug carrier and the 

biological barrier in the lung 

Pulmonary delivery and formulation of biopharmaceuticals, such 

as biological molecules, are among the most complex and rapidly 

growing areas in pharmaceutical formulation. This HALRIC pilot 

project aimed to understand critical steps in the development of 

novel non-invasive formulations of biopharmaceuticals using lipid 

nanoparticles (LNPs) for pulmonary delivery in the treatment of 

severe respiratory diseases. 

The project brought together a cross-border collaboration 

between Biofilms – Research Center for Biointerfaces at Malmö 

University, University of Copenhagen, MAX IV and Truly Labs. The 

team combined expertise in pharmaceutical formulation design 

and biological barriers, lipid nanoparticle formulation and 

structural characterisation, and preclinical studies. 

Within the project, the team formulated lipid nanoparticles for 

loading biologics, such as mRNA, and developed both simple 2D 

and advanced 3D ex vivo lung models to study interactions 

between LNPs and biological barriers. Using small-angle X-ray 

scattering, including in-house SAXS and synchrotron SAXS at 

CoSAXS, the project investigated how the structural properties of 

LNPs relate to their behaviour in these lung models. 

The project provides a foundation for better understanding how 

formulation parameters and physicochemical properties influence 

the performance of LNP-based pulmonary delivery systems, 

supporting future development of non-invasive 

biopharmaceutical treatments for severe respiratory diseases. 

 

 

N®^ª®s|q i^®kÐ 01 Mar, 2025 

Mk«k^ªgr s|pª^«®ª¯g®¯ªk«Ð 

Á CoSAXS at MAX IV  

6">M7+ §^ª®|kª«Ð 

Á Malmö University (MaU) 
Á University of Copenhagen 

(UCPH) 
Á Truly Labs AB (Industry 

Partner) 

Jª~xkg® §^ª®sgs§^|®«Ð 

Á Sabrina Valetti (MaU) 
Á Aurélie Marches (MaU) 
Á Federica Sebastiani ((UCPH) 
Á Ann Terry (MAX IV) 
Á Karin von Wachenfeldt (Truly 

Labs AB) 

+~|®^g®Ð 

Sabrina Valetti,  

Malmö University 

sabrina.valetti@mau.se  

mailto:sabrina.valetti@mau.se


HALRIC  pilot project s  abstract book  | p. 28 

 
 
 

 

Exploring therapeutic and 

diagnostic potentials of bispecific 

antibodies towards coronaviruses 

from atomic level to clinical practice 

Coronaviruses are a family of RNA viruses associated with a wide 

range of diseases, and their potential to cause epidemics is well 

documented. A key feature of coronaviruses is their variable 

surface protein, which drives immune response but also enables 

viral escape through mutations. 

This HALRIC pilot project brought together a cross-border team 

with expertise in virology, bioinformatics, structural biology and 

immunology, as well as clinical experience, to investigate how 

antibodies interact with different coronavirus variants. 

During the project, the team established an experimental pipeline 

to construct and study different coronavirus strains and assess the 

neutralising potential of a panel of antibodies. The results 

demonstrated that antibodies differ in their ability to neutralise 

different coronavirus variants, providing important insights into 

how viral variation affects immune protection. 

In parallel, the project initiated structural studies to crystallise 

antibodies and analyse their interaction with the coronavirus 

surface protein at the molecular level. 

The results generated in this project provide a foundation for 

future studies comparing the effectiveness of antibody 

neutralisation across known and emerging coronavirus variants. In 

addition, the project established a strong translational network of 

researchers and clinicians in the Öresund region, supporting 

continued collaboration in pandemic preparedness and related 

research areas.

 

 

N®^ª®s|q i^®kÐ 01 Sep, 2024 

Mk«k^ªgr s|pª^«®ª¯g®¯ªk«Ð 

Á Lund University Virus Centre 
(LUVC) 

Á Lund Protein Production 
Platform (LP3) 

Á MAX IV 
Á CIPA 
Á SciLifeLab 

6">M7+ §^ª®|kª«Ð 

Á Lund University (LU) 
Á Skåne University Hospital 

(SUS) 
Á Aarhus University (AU) 

Jª~xkg® §^ª®sgs§^|®«Ð 

Á Joakim Esbjörnsson (LU) 
Á Wolfgang Knecht (LU) 
Á Milena Samojlović (LU) 
Á Mats Ohlin (LU) 
Á Claus Bohn Christiansen 

(SUS) 
Á Bo Honge (AU) 

+~|®^g®Ð 

Joakim Esbjörnsson, Lund 

University 

joakim.esbjornsson@med.lu.se  

mailto:joakim.esbjornsson@med.lu.se


HALRIC  pilot project s  abstract book  | p. 29 

 
 
 

 

ÉŔŰŊũĲрĦĲũũШŊĲŰŸůŔĦƚШŉŸƖШƓƖĲĦŔƚŔŸŰШ
ůĲĬŔĦŔŰĲШŔŰШĦőƖŸŰŔĦШůǃĲũŸŔĬШũĲƨťċĲůŔċ 
Single-cell genomics shows strong potential for identifying 

residual cancer cells and enabling early stratification of patients 

based on tumour heterogeneity, prognostic biomarkers and 

molecular profiles. This HALRIC pilot project explored how such 

approaches can support precision medicine in chronic myeloid 

leukaemia (CML), a model disease for several cancers. 

The cross-border research team, combining expertise from 

academia, industry and hospitals in Lund and Copenhagen, 

aimed to generate a detailed molecular understanding of 

leukaemic stem cells at the individual patient level and to develop 

computational tools to interpret complex single-cell data. 

Using advanced single-cell technologies, the team analysed bone 

marrow samples from CML patients at diagnosis, simultaneously 

measuring gene activity and surface protein profiles. The results 

showed that patients who later failed therapy already had a 

higher proportion of leukaemic stem cells before treatment 

began. In addition, the team identified a simple and robust way to 

distinguish leukaemic from healthy stem cells using two surface 

proteins, CD26 and CD35, pointing towards a potential clinically 

applicable test for assessing stem cell burden. 

The project also led to the development of CyteType, an AI-based 

framework created by Nygen Analytics to automate cell type 

identification in single-cell data. CyteType outperformed existing 

methods and has been made freely available as open-source 

software. 

The cross-border collaboration has been a genuine strength, 

combining leukemia biology and multiomics expertise with 

single-cell computational infrastructure. Building on this 

foundation the groups continue their combined efforts with the 

ultimate goal of improving outcomes for cancer patients. 

 

 

N®^ª®s|q i^®kÐ ¾¿ Bg®Ï À¾ÀÂ 

Mk«k^ªgr s|pª^«®ª¯g®¯ªk«Ð 

Á Center for Translational 
Genomics, SciLifeLab  

Á Single-cell Genomics facility, 
CellX Copenhagen 

6">M7+ §^ª®|kª«Ð 

Á Lund University (LU) 
Á University of Copenhagen 

(UCPH) 
Á Skåne University Hospital 

(SUS) 
Á Nygen Analytics AB 

(industry partner) 

Jª~xkg® §^ª®sgs§^|®«Ð 

Á Göran Karlsson (LU) 
Linda Geironson Ulfsson  
Ram Krishna Thakur  

Á Navneet Vasistha (UCPH) 
Konstantin Khodosevich  
Romain de Oliveira  

Á Johan Richter (SUS) 
Á Parashar Dhapola  

(Nygen Analytics AB) 

+~|®^g®Ð 

Göran Karlsson,  

Lund University 

goran.karlsson@med.lu.se  

mailto:goran.karlsson@med.lu.se


HALRIC  pilot project s  abstract book  | p. 30  

 
 
 

 

Unravelling molecular players 

responsible for genomic stability  

Understanding how chromosomes are accurately divided during 

cell division is crucial for maintaining genetic stability. Errors in 

this process, such as chromosome loss or gain, can lead to 

diseases including cancer and birth defects. 

This HALRIC pilot project brought together teams from the 

University of Oslo and Lund University, and was extended to 

include the University of Copenhagen, to investigate how key 

chromosomal proteins coordinate accurate chromosome 

segregation. 

Chromosome segregation is controlled at the centromere, where 

sister chromatids are held together and microtubules attach to 

guide their separation into daughter cells. A central regulator of 

this process is shugoshin (SGO1), which interacts with enzyme 

complexes responsible for controlling chromosome alignment 

and segregation, including the Chromosomal Passenger Complex 

(CPC) and Protein Phosphatase 2A (PP2A). 

Using advanced biophysical techniques, the project 

demonstrated that SGO1 acts as a scaffold that can 

simultaneously bind both PP2A and the CPC, bringing together 

opposing phosphatase and kinase activities within a single 

complex. This resolves a key mechanistic question in the field and 

provides new insight into how chromosome segregation is tightly 

regulated. 

The team used AF4 and UVȤMALSȤdRI at Lund University to 

determine the stoichiometry of the complexes, and Flow-Induced 

Dispersion Analysis (FIDAȤBio) at the University of Copenhagen to 

quantify binding affinities. In combination with mutagenesis, 

these approaches identified critical residues mediating the 

interactions. 

By combining structural and biophysical expertise across 

institutions, the project advances understanding of the molecular 

mechanisms that safeguard chromosome segregation and 

genomic stability.
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Combining SAXS and fluorescence 

spectroscopy to uncover membrane 

dynamics towards antimicrobial 

peptide-based antibiotics  

The rapid growth of antimicrobial resistance and predictions that 

it may become a leading cause of mortality highlight the urgent 

need for new antibiotics.  

Antimicrobial peptides (AMPs) are promising candidates due to 

their high potency and broad activity, but their clinical 

development has been limited by toxicity, low stability and an 

incomplete understanding of their molecular mechanisms of 

action. 

This HALRIC pilot project brought together a cross-border team 

from the University of Oslo, Lund University and MAX IV to 

investigate how AMPs interact with and permeabilise model 

bacterial membranes at the molecular level. 

The results challenge the widely held view that AMPs act by 

forming stable pores in membranes. Instead, the study shows that 

AMPs can induce membrane permeabilisation while remaining 

associated with the outer membrane leaflet, supporting a 

mechanism based on short-lived, transient channels rather than 

well-defined pores. 

In addition, the study revealed that calcein, a commonly used 

fluorescent probe, interacts strongly with the membrane and is 

therefore not fully inert, an observation with important 

implications for the interpretation of membrane permeabilisation 

assays. 

Beyond the scientific findings, the project also demonstrated the 

feasibility of combining time-resolved SAXS with in situ 

fluorescence in a single experimental setup, representing a 

methodological advance that can benefit a wide range of soft-

matter and biomembrane studies. 
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Developing a drug delivery system 

for the antifungal agent 

Amphotericin B 

Invasive fungal infections (IFIs) present a significant clinical 

challenge, particularly in patients with compromised immune 

systems, and are associated with high morbidity and mortality. 

Amphotericin B (AmB) remains one of the most effective 

antifungal agents, but its clinical use is limited by poor solubility 

and permeability, the need for intravenous administration, and 

significant nephrotoxicity. 

This HALRIC pilot project brought together a cross-border 

research team from the Oslo and Copenhagen, combining 

expertise in physical chemistry, soft matter and pharmaceutical 

sciences to develop a novel drug delivery system for AmB. 

The project focused on the design and synthesis of peptoid–

poly(ethylene glycol) (PEG) conjugates that self-assemble into 

nanoparticles with a characteristic amorphous/crystalline dual 

core structure. Using advanced characterisation techniques, 

including small-angle X-ray and neutron scattering (SAXS and 

SANS) and UV–vis spectroscopy, the team established a 

comprehensive library of peptoid-based systems capable of 

encapsulating AmB. 

The resulting assemblies showed improved solubility and stability 

of AmB, and optimisation of the formulation process led to 

enhanced drug loading and promising delivery characteristics. 

These properties are driven by a combination of hydrogen 

bonding, hydrophobic interactions and van der Waals forces 

within the nanoparticle core, while the PEG component 

contributes to stability and increased solubility. 

The project represents an important step towards developing 

safer and more effective formulations of Amphotericin B, with 

potential to expand its clinical use beyond severe cases. 
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Fast and efficient scattering 

prediction in protein samples  

Besides their fundamental scientific importance, protein–protein 

interactions have many applications in areas such as drug and 

vaccine development, food formulation and industrial 

biotechnology. Neutron and X-ray scattering techniques offer 

powerful ways to study these interactions at the molecular scale, 

but their full potential depends on the availability of advanced 

computational tools to interpret experimental data. 

This HALRIC pilot project has developed new open-source 

computational tools that enable researchers at large-scale 

facilities such as ESS, MAX IV, ILL and ESRF to predict and 

interpret scattering data directly from protein structures. These 

tools make advanced modelling approaches more accessible 

beyond specialised simulation experts. 

A key outcome is the development of Duello, a software tool for 

calculating thermodynamic properties of protein–protein 

interactions, including the osmotic second virial coefficient (BϜ), 

which is essential for assessing protein stability in pharmaceutical 

formulations. The method was validated on model proteins, 

showing agreement with experimental scattering data when 

accounting for detailed charge distributions. 

In parallel, the project developed PRIPPS, an open-source 

reimplementation of the widely used PepsiSAXS tool, designed 

for both all-atom and coarse-grained protein models. PRIPPS 

incorporates new scattering models based on Voronoi tessellation 

to better account for solvent exclusion and solvation effects, and 

follows FAIR data principles. 

By combining expertise from Lund University, ESS Data 

Management and Software Centre, and collaborators in 

Grenoble, the project established robust, high-quality software 

tools that are freely available via GitHub and Zenodo and ready 

for integration into experimental analysis workflows. These 

developments support both academic and industrial users and 

represent a significant step forward in making advanced 

scattering analysis more accessible and reliable.
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Development and validation of 

multiplex FISH as a tool for spatially 

mapping the transcriptome 

Understanding biological processes such as cellular 

communication, immune responses, developmental programs 

and tumour microenvironments requires knowledge of both 

molecular composition and the spatial organisation of cells. 

Traditional microscopy techniques offer high molecular sensitivity 

through fluorescent probes but can detect only a limited number 

of biomarkers simultaneously. In contrast, single-cell sequencing 

can reveal full transcriptomes, but requires tissue dissociation and 

therefore loses spatial context. 

This project addresses this gap by developing and optimising 

multiplex fluorescence in situ hybridisation (FISH) approaches for 

spatial transcriptomics. By enabling detection of multiple mRNA 

species while preserving subcellular localisation through iterative 

labelling and imaging, these methods provide a more 

comprehensive view of molecular interactions within intact 

tissues. Through this collaboration, the team worked to refine 

probe design workflows, improve data analysis pipelines and 

establish best practices across sites.  

Key outcomes include the identification of a need for flexible, 

modular fluid-handling solutions and improved quality control in 

probe design to ensure robust and reproducible experiments. 

The project also demonstrated successful transfer and 

reproduction of experiments between sites, supporting the 

development of shared protocols, reference samples and 

standardised workflows. 

By harmonising procedures and sharing expertise across borders, 

the project improves reproducibility and accelerates method 

development, supporting the wider adoption of spatial 

transcriptomics in biomedical research and future diagnostic 

applications. 
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Uptake and plant growth 

enhancement for nano-enabled 

agriculture 

Global warming has made heat stress an unavoidable challenge 

for food production. Nanomaterials such as silica nanoparticles 

(SNPs) offer a way to enhance the sustainability of food 

production in the face of abiotic stresses. 

In this HALRIC pilot project, researchers investigated how SNPs 

interact with plants under both normal and heat-stress conditions, 

with a particular focus on the formation of the protein corona—a 

layer of proteins that adsorbs onto nanoparticles in biological 

environments. While well studied in nanomedicine, its role in 

plants has remained largely unexplored. 

The project combined plant experiments at Aarhus University, 

quantitative proteomics at Lund University and advanced 

bioimaging and electron microscopy at DTU to capture and 

characterise protein coronas formed around SNPs in wheat. A key 

finding is that bare SNPs behave fundamentally differently from 

protein-coated nanoparticles inside plant cells. Bare SNPs tend to 

dissociate and become widely dispersed, likely due to changes in 

pH across cellular compartments. In contrast, SNPs coated with 

plant-derived proteins remain more stable and show specific 

localisation patterns. 

The results indicate that plant proteins stabilise nanoparticles and 

provide them with a biological identity, which may facilitate their 

recognition and interaction with cellular structures. This effect 

appears to be protein-specific, as nanoparticles coated with non-

plant proteins (e.g. BSA) did not show similar behaviour. 

The project has generated new insights into nanoparticle–plant 

interactions and established a strong foundation for future 

collaborations. By combining expertise in plant science, 

nanotechnology, proteomics, and advanced imaging across 

Denmark and Sweden, the project supports the development of 

innovative and sustainable agricultural technologies. 
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Exploring the anti-inflammatory 

potential of reconstituted high-

density lipoprotein (rHDL) particles 

This HALRIC pilot project investigates the relationship between 

structure and function in reconstituted high-density lipoprotein 

(rHDL) particles, which mimic natural HDL and play a key role in 

cholesterol transport. These particles hold significant potential for 

therapeutic applications in cardiovascular disease. 

The study focused on rHDL particles composed of phospholipids 

and apolipoprotein AȤI (ApoAȤI), including both the native (wild-

type) protein and disease-linked amyloidogenic variants 

previously shown to enhance cholesterol efflux capacity. The 

project explored how these variants influence the particles’ ability 

to modulate inflammatory responses. 

Functional studies demonstrated that rHDL particles 

incorporating amyloidogenic ApoAȤI variants exhibit stronger 

anti-inflammatory effects than those containing the native protein, 

even at low concentrations. Interestingly, the relationship between 

particle size and function differed between variants and wild-type 

particles: while smaller wild-type particles showed improved anti-

inflammatory capacity, the opposite trend was observed for the 

variants. 

Overall, the results support the therapeutic potential of ApoAȤI 

variants in rHDL design, while emphasising the need for deeper 

structural insight to fully understand the mechanisms underlying 

their enhanced biological activity.  

The development of HDL-based therapeutics that address both 

cholesterol metabolism and inflammation could offer new 

strategies for tackling atherosclerosis and other inflammatory 

diseases.
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Understanding molecular basis for 

DNA recognition by bacterial Cro-

domain proteins 

Antibiotic resistance is an increasing global challenge, driving the 

need for alternative therapeutic strategies such as bacteriophage-

based approaches. A key step towards developing such 

strategies is understanding how bacteria recognise and respond 

to foreign DNA, including that introduced by bacteriophages.(1)  

Alternative treatments are desperately needed, and personalised 

bacteriophage therapy, which uses bacterial viruses to combat 

infection, is an exciting and promising approach. However, in 

order to develop phage therapy, we must first understand how 

bacteria defend themselves from bacteriophages in their natural 

environment. 

This HALRIC pilot project focuses on bacterial Cro-domain 

proteins, a class of DNA-binding regulators found in both 

bacteriophages and bacteria that are believed to play a role in 

transcriptional control and potentially in defence mechanisms 

against invading genetic material. (2)  

The project aimed to characterise how Cro-domain proteins with 

structural similarity to the ɠ phage Cro regulator interact with 

DNA. While full structural characterisation was not achieved within 

the project timeframe, the study made significant progress in 

establishing experimental workflows required for such analyses. 

In particular, the team developed a robust pipeline for testing and 

optimising E. coli expression systems, enabling the evaluation of 

different strategies for producing small bacterial proteins. Early 

steps towards the purification of the target protein (CrlA) were 

also achieved. 

These results provide an important methodological foundation 

for future structural studies of Cro-domain protein–DNA 

complexes and support ongoing efforts to understand bacterial 

defence mechanisms at the molecular level.
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Investigating alpha synuclein liquid-

liquid phase separation by 

combining timeresolved X-ray 

scattering and computer 

simulations 

Parkinson’s disease affects 10 million people worldwide. It is 

characterised by the accumulation of protein aggregates in nerve 

cells. These aggregates are composed of a protein called alpha-

synuclein (α-syn). Recent evidence suggests that α-syn can 

undergo liquid-liquid phase separation (LLPS), forming dense 

protein phases. The latter may trigger aggregation. 

However, due to a lack of techniques capable of examining the 

early stages of LLPS, the link between α-syn aggregation and LLPS 

remains unclear. Current strategies focus on temporal scales at 

which LLPS is already in place (seconds, minutes or hours), which 

prevents access to the early phases (sub-second range) of 

condensation. 

This HALRIC pilot project explores the combination of time-

resolved small-angle X-ray scattering (TRȤSAXS) and computer 

simulations to investigate the initial steps of αȤsyn LLPS formation. 

TRȤSAXS enables real-time measurements with millisecond 

resolution, while simulations provide complementary molecular 

insight into the underlying interactions. 

By advancing the ability to probe these early events, this work 

supports a better understanding of the mechanisms linking phase 

separation to protein aggregation. Such insights may contribute 

to future strategies for screening and targeting early pathological 

processes in Parkinson’s disease. 
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Investigating the mechanism of 

action of parthenolide: A foundation 

for anti-mitotic drug development 

Parthenolide is a naturally occurring compound isolated from 

feverfew and has long been used in traditional medicine. It has 

anti-inflammatory, antimicrobial and anti-cancer properties. Its 

anti-cancer effects are based on its ability to interfere with several 

cellular signalling pathways. The most well-characterised of these 

are the inhibition of the NF-κB pathway and STAT proteins, and 

the induction of oxidative stress. Parthenolide also induces severe 

mitotic arrest; however, the exact mechanism underlying this 

phenomenon is not well understood.  

In this HALRIC pilot project, researchers from the University of 

Oslo, the University of Copenhagen and the Danish Cancer 

Institute combined structural biology, synthesis, cell biology and 

computational modelling to better understand the interaction 

between parthenolide and BugZ. The project’s main achievement 

was solving the first atomic structure of human BugZ in its apo 

state at 1.9 Å resolution, using crystallisation resources at PX-Oslo 

and X-ray diffraction data collected at MAX IV. This high-resolution 

structure provides an important foundation for future structure-

guided studies of parthenolide-based molecules. 

The team also tested several parthenolide derivatives through co-

crystallisation and soaking experiments. However, low aqueous 

solubility under protein-compatible conditions prevented the 

formation of stable protein–ligand complexes within the project 

timeframe. Although the parthenolide–BugZ complex was not 

captured experimentally, the project established robust protein 

expression, purification and crystallisation protocols and 

generated a shared structural platform that can accelerate follow-

up work using more soluble analogues and further computational 

or cell-based studies. 
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Improving dental cellular tissue 

imaging through multi-methodical 

micro-CT imaging 

Today there is a gap in understanding the interdependence 

between soft and hard tissue in for example human bone and 

teeth – processes that are central to fixation, repair, and 

biomaterial-cell interactions. Hence, understanding these 

processes is important from a clinical perspective and ultimately 

can help impact patient care.  

This HALRIC pilot project addressed key challenges in imaging 

these complex tissues by combining contrast-enhanced micro-CT 

with advanced synchrotron-based techniques. By integrating 

methods such as phase-contrast imaging, spectral micro-CT, and 

X-ray fluorescence (XRF) mapping, the project worked towards 

more reliable and standardised approaches for non-destructive, 

high-resolution 3D imaging. 

A key outcome was the optimisation of sample preparation 

workflows. In particular, the combination of decalcification and 

Lugol’s iodine staining significantly improved the visibility of soft 

tissues in micro-CT, while maintaining structural information from 

mineralised tissues. The project also demonstrated how 

embedding strategies influence image contrast and enable the 

visualization of cellular-level features. 

This cross-border collaboration between Lund University, Malmö 

University and the University of Oslo leveraged access to major 

research infrastructures, including MAX IV, Elettra and SOLEIL. 

Together, these efforts established improved imaging workflows 

and a stronger methodological foundation for studying the 

interaction between hard and soft tissues. 

While further work is needed before clinical implementation, the 

project contributes to more robust and reproducible imaging 

approaches, supporting future developments in diagnostic and 

research applications in dental and orthopaedic care. 
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3D microscopy scanning to 

characterize microvascular invasion 

in surgical patients with 

hepatocellular carcinoma 

Globally, hepatocellular carcinoma is a common type of cancer 

with a high mortality and recurrence rate (with incidence and 

mortality rates of approximately 1:1). Even patients with early-

stage disease who are offered curative treatment have a 

recurrence risk of more than 50%, as well as a significant risk of 

major complications following surgery. Consequently, there is a 

need for biomarkers to identify patients with a favourable 

prognosis who may benefit from treatment. 

Microvascular invasion in tumours is one of the most important 

prognostic biomarkers, strongly correlating with recurrence and 

survival. However, current techniques cannot reliably identify it 

prior to surgery.  

This HALRIC pilot project explored the use of 3D X-ray 

microtomography (µCT) to visualize microvascular invasion in 

tumour samples. By applying µCT to patient-derived material, the 

project assessed whether this non-destructive imaging technique 

could provide a more direct and spatially resolved identification 

of tumour invasion patterns. In parallel, molecular analyses were 

performed on patient samples to support the development of 

more precise diagnostic approaches. The preliminary results 

demonstrate that µCT is a promising method for identifying 

microvascular invasion and could, in the future, complement or 

partially replace current post-surgical diagnostic methods. 

Ngsk|®sƑg ^ª®sgzk 

May 2025 | From pulp to cementum: 3D visualization of soft and 

hard dental tissues using different ex vivo nano-CT contrast-

enhancement techniques | International Endodontic Journal 
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Investigating lung tissue strain in lung 

injury and ventilator-induced stress 

Acute respiratory distress syndrome (ARDS) is a life-threatening 

form of respiratory failure that affects approximately 750,000 

patients annually in the EU, causing significant morbidity and 

mortality. The pathology is characterized by acute respiratory 

failure that requires mechanical ventilation in severe cases.  

Mechanical ventilation is often required to sustain life in severe 

cases, yet it can also initiate or worsen lung injury—a complication 

known as ventilator-induced lung injury (VILI). Yet, the magnitude 

and distribution of strain imposed on the airspaces during 

mechanical ventilation, and their link to inflammation, are not fully 

elucidated. 

This HALRIC pilot project combined advanced imaging and tissue 

analysis to investigate VILI across multiple scales. X-ray 

microtomographic (µCT) 4D imaging was performed in rat 

models to visualize lung structure and deformation during ARDS 

and before and after the induction of VILI at the organ level. In 

parallel, ex vivo precision cut lung slices (PCLS) and tissue 

histology were used to examine extracellular matrix (ECM) 

alterations and identify potential biomarkers associated with 

injury onset at the microscopic level. 

By integrating in vivo imaging with ex vivo models, the project 

enabled comparison of lung deformation patterns with tissue 

remodelling and biomarker data. Cyclic stretch experiments on 

lung slices further allowed controlled investigation of how 

different mechanical strains affect lung tissue architecture. 

The study establishes a framework for linking mechanical 

ventilation patterns to structural and molecular changes in the 

lung. In addition, it has fostered a strong cross-border 

collaboration between imaging specialists, clinicians and lung 

researchers, which will continue beyond the pilot project to 

further investigate the mechanisms of VILI. 

 

 

N®^ª®s|q i^®kÐ 03 Feb, 2025 

Mk«k^ªgr s|pª^«®ª¯g®¯ªk«Ð 

Á InfraVis 
Á LBIC at LU 
Á DANFIX at DTU 

6">M7+ §^ª®|kª«Ð 

Á Lund University (LU) 
Á Technical University of 

Denmark (DTU) 
Á Skåne University Hospital 

(SUS) 

Jª~xkg® §^ª®sgs§^|®«Ð 

Á Irma Mahmutovic Persson  
Marie Sydoff (LBIC) 

Á Anna-Karin Larsson 
Callerfelt (LU)  
Linda Elowsson  
Sara Rolandsson Enes  

Á Rajmund Mokso (DTU)  
Chengpeng Wu  

Á Lars E. Olsson (SUS) 
Á Sam Bayat (CHU Grenoble) 

+~|®^g®Ð 

Irma Mahmutovic Persson, LBIC 

irma.mahmutovic_persson@me

d.lu.se   

mailto:irma.mahmutovic_persson@med.lu.se
mailto:irma.mahmutovic_persson@med.lu.se


HALRIC  pilot project s  abstract book  | p. 43 

 
 
 

 

Non-lamellar liquid crystals as 

potential matrices for non-invasive 

sampling of endogenous biomarkers 

targeting inflammatory skin disorders 

Epicutaneous patch testing is widely used to diagnose allergic 

contact dermatitis, yet current methods are time-consuming and 

rely on petrolatum-based formulations that are not optimal for 

delivering certain test substances. 

This HALRIC pilot project explored the use of non-lamellar liquid 

crystalline lipid systems as multifunctional materials for both 

delivering allergens to the skin and simultaneously sampling 

endogenous biomarkers in a non-invasive manner. 

The project developed new glycerol monooleate-based 

formulations capable of accommodating and releasing both 

hydrophilic and lipophilic substances more efficiently than 

traditional patch test matrices. Laboratory studies demonstrated 

significantly enhanced release of clinically relevant allergens such 

as nickel and chromium, indicating the potential to shorten patch 

testing duration. 

Clinical investigations further showed that these formulations can 

simultaneously deliver test compounds and collect skin 

metabolites, enabling a combined diagnostic approach. 

Metabolomic analysis (LC–MS) revealed changes in natural 

moisturising factor components following allergen exposure, 

highlighting the potential to identify biomarkers associated with 

allergic reactions and distinguish them from irritant responses. 

By combining formulation development, clinical validation and 

advanced metabolomics, the project establishes a promising 

platform for faster, more accurate and patient-friendly skin allergy 

diagnostics. The work also lays the foundation for future 

development of non-invasive, personalised diagnostic tools.
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Targeting aquaporins as breast 

cancer therapeutics (II) 

The expression of aquaporins (AQPs), a family of proteins that 

facilitate the transport of water, glycerol and hydrogen peroxide 

across the cell membrane, is known to potentiate cancer invasion 

and metastasis. Similarly, AQP expression levels have been shown 

to predict survival in patients, and play a role in tumour growth, 

angiogenesis and tumour cell migration. Therefore, AQPs are 

pivotal in cancer biology and are potential targets for drug 

development.  

This HALRIC pilot project combined structural biology and cancer 

research to enable structure-based drug design targeting 

aquaporin 3 (AQP3), which plays a key role in breast cancer cell 

migration. 

During the project, two cryo-electron microscopy (cryo-EM) 

structures of AQP3 in complex with different inhibitors were 

successfully determined, providing new molecular insight into 

inhibitor binding. These structural data were subsequently used 

to guide the optimisation of the compounds, improving both their 

selectivity and efficacy. 

The developed inhibitors were further evaluated in breast cancer 

models, demonstrating the functional relevance of targeting 

AQP3 in tumour biology. By integrating cryo-EM structural 

analysis with rational drug design and biological validation, the 

project establishes a framework for the development of AQP-

targeted therapeutics. 

This work highlights the potential of advanced research 

infrastructures to accelerate drug discovery and opens new 

avenues for targeting aquaporins in cancer treatment. 
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Expandable full-project platform for 

high-throughput drug development 

and related experiments 

Modern drug discovery experiments generate large volumes of 

complex data, placing high demands on data processing, analysis 

pipelines, and collaboration across research infrastructures. In 

particular, beamline-based experiments often involve testing 

hundreds or thousands of compounds at high speed, putting 

significant pressure on sample handling, metadata management, 

and the efficient processing and presentation of diffraction data. 

This HALRIC pilot project evaluated the use of cloud computing 

solutions, including the Hanseatic Science Cloud (HSC) prototype 

developed within HALRIC, to support data analysis workflows in 

fragment-based drug discovery. An existing fragment-screening 

pipeline was tested across different computing environments, 

including the DESY computational cluster and cloud-based 

platforms. 

The results show that the HSC enables data analysis at a level 

comparable to local high-performance computing systems, with 

an intuitive interface and direct access to source data. At the same 

time, the project identified current limitations, including 

challenges in implementing automated multi-step analysis 

pipelines and restricted interoperability between connected sites. 

While data sharing between DESY and MAX IV proved 

straightforward, integration with partners such as DTU was not yet 

fully supported at this stage. 

By providing early user feedback during the deployment phase of 

the HSC, the project contributed to the further development of 

the platform and demonstrated its potential for supporting 

collaborative, data-intensive research across infrastructures. 

Overall, the work highlights both the opportunities and the 

current challenges of cloud-based solutions for distributed drug 

discovery workflows.
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Improved clinical imaging of 

superior semicircular canal 

dehiscence 

Superior canal dehiscence syndrome (SCDS) is a rare and 

disabling disorder affecting hearing and balance, caused by a 

defect in the bone covering the inner ear. Accurate diagnosis 

remains a major clinical challenge, as conventional high-

resolution CT imaging tends to overestimate the presence of 

dehiscence. 

This HALRIC pilot project evaluated the performance of emerging 

clinical imaging modalities in comparison with current standard-

of-care CT. Cross-border imaging of 21 temporal bone specimens 

was successfully performed across facilities in Denmark and 

Sweden, using conventional CT, cone-beam CT (CBCT), photon-

counting CT (PCCT), and high-resolution micro-CT techniques. 

Preliminary analysis of the imaging data identified a clear 

hierarchy in diagnostic performance, with CBCT providing the 

highest accuracy, followed by PCCT, while conventional CT 

showed the lowest accuracy. These findings highlight the 

potential to improve diagnostic precision, reduce overdiagnosis 

of SCDS, and lower radiation exposure in clinical practice. 

High-resolution micro-CT imaging further provided detailed 

structural information that may support future developments, 

including the training of AI-based tools to enhance clinical 

imaging interpretation. While histological analysis to establish 

ground-truth is ongoing, the current results already demonstrate 

the value of advanced imaging modalities to inform clinical 

practice and improve patient care. 
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Implementation of a pioneering 

hardware agnostic smart 

microscopy solution at LBIC and 

CFIM 

The digitalisation of microscopy technologies, combined with 

automated image analysis workflows, has transformed the field by 

enabling scientists to replace qualitative observations with high-

quality quantitative measurements. However, determining which 

structures, cells or areas of interest to image to obtain relevant 

biological information remains a key challenge — a fundamental 

yet complex task. For instance, identifying a ‘representative’ cell 

demands years of experience and subjective judgement, making 

the process time-consuming and prone to bias. This highlights the 

urgent need for innovation in microscopy workflows. 

Microscopy core facilities play a pivotal role in life science 

research, supporting a wide range of studies, from basic biology 

to clinical diagnostics. Despite their critical role, these facilities 

face persistent challenges, including reliance on manual 

operation, fragmented software ecosystems (metadata and file 

formats) and inconsistencies across hardware platforms. These 

issues undermine reproducibility and slow progress in generating 

robust scientific insights. 

To address these challenges, the project implemented a smart 

microscopy solution — data-driven microscopy (DDM) — at the 

Lund University Bioimaging Centre (LBIC) and the Core Facility for 

Integrated Microscopy (CFIM) at the University of Copenhagen. 

Developed by the Nordenfelt group at Lund University (André et 

al., 2023), DDM has resulted in the spin-off company Cytely AB, 

which is the project’s industry partner. The project expanded the 

platform to support Zeiss image data, improved image streaming, 

and established compatibility with Zeiss microscopes and data 

formats.  

Together, these advances laid the foundation for standardized, 

automated and reproducible smart microscopy workflows across 

vendors and sites, and for the next step of hands-on deployment 

and user validation at CFIM and LBIC.
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Structural characterization of 

virulence factor-blocking antibody-

derived binding proteins 

Understanding protein-protein interactions at the epitope level is 

crucial to the successful design of novel antibody-based 

products. Bactolife is a biotech company that specialises in a new, 

innovative category of functional food ingredients and feed 

additives based on binding proteins — single-domain antibody 

constructs that offer high specificity and affinity to protect against 

enteric pathogens and sustain a healthy gut microbiota. 

While current in vitro assays can evaluate specificity and affinity, 

they lack the epitope binding information that is essential for 

determining an antibody’s functionality and efficacy. To bridge the 

gap between in vitro research and real-world health impact, a 

detailed understanding of the molecular mode of action is 

required, yet challenges persist when working with domains of 

native virulence factors. 

This HALRIC pilot project established a cross-border collaboration 

between Bactolife, the University of Oslo and the Technical 

University of Denmark to characterise the molecular interactions 

between Bactolife’s binding proteins and their targets. 

Using hydrogen–deuterium exchange mass spectrometry 

(HDXȤMS), the project successfully mapped the binding regions 

of therapeutic candidates on four key pathogens, including 

M~®^´sª¯«Ï N^z{~|kzz^Ï +^{§·z~f^g®kª and +z~«®ªsis¯{ ispƑgszk. 

These analyses provided detailed insight into the epitopes 

recognised by the binders and revealed their molecular mode of 

action. 

The results form a strong foundation for the rational optimisation 

of Bactolife’s therapeutic candidates and support the further 

development of targeted, microbiome-friendly interventions. A 

scientific publication describing these findings is currently in 

preparation.

 

 

N®^ª®s|q i^®kÐ 01 Jan, 2025 
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Synchrotron X-ray phase contrast 

tomography of legume root nodules 

Nitrogen is essential for plant life and vital for human existence. 

However, plants are unable take nitrogen directly from the air and 

rely on bacteria capable of ‘nitrogen fixation’ to obtain this key 

nutrient. In legumes, this occurs directly inside root nodule 

organs. 

This HALRIC pilot project investigated how these beneficial 

bacteria infect plant roots and spread through nodule tissue. The 

process is difficult to study using conventional microscopy, as the 

infection occurs deep within complex three-dimensional 

structures. 

To overcome this limitation, the project applied synchrotron-

based X-ray tomography to generate high-resolution 3D images 

of intact root nodules, enabling the tracking of bacterial infection 

from the root surface into deeper cell layers. In parallel, an AI-

based segmentation and analysis tool was developed to identify 

and quantify tissue structures within the 3D datasets. 

A streamlined pipeline for sample preparation, image acquisition 

and data processing was successfully established through 

collaboration between Aarhus University, EMBL Hamburg and 

DTU. Using this pipeline, a baseline dataset of wild-type nodules 

across different developmental stages was collected, and the AI 

model was trained to recognise seven distinct tissue classes. 

While detection of infection threads remains challenging and 

requires further training data, the project demonstrates the 

feasibility of combining synchrotron imaging and AI-based 

analysis for high-throughput, quantitative investigation of plant–

microbe interactions. This approach provides a foundation for 

future studies of beneficial microbiota and their role in 

sustainable agriculture.

 

 

N®^ª®s|q i^®kÐ 01 Mar, 2025 

Mk«k^ªgr s|pª^«®ª¯g®¯ªk«Ð 

Á Petra III (P14 beamline) at 
DESY 
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Obtaining biologically relevant 

structures of the hepatitis C virus 

polymerase for studying resistance 

mutations 

The hepatitis C virus (HCV) is a serious health concern, causing 

significant morbidity and mortality and affecting 50 million 

people globally. The limited number of effective drugs available is 

concerning, especially when you consider the ability of viruses to 

rapidly evolve and develop drug resistance.  

This project focuses on the HCV polymerase, a target for 

sofosbuvir (SOF), a drug that transformed the treatment of HCV in 

2015. SOF works by mimicking a natural nucleotide, becoming 

incorporated into the synthesised RNA strand and consequently 

inhibiting RNA synthesis. Therefore, to understand HCV resistance 

to SOF at a molecular level, it is essential to study drug 

interactions within biologically relevant polymerase structures 

with RNA bound. While we have obtained a polymerase-RNA 

structure for HCV genotype 2, there are currently no such 

structures available for the clinically important genotypes 1 and 3, 

which account for 67% of all infections. 

Through extensive optimisation of crystallisation and soaking 

conditions, the project successfully determined a structure of 

NS5B bound to RNA and the active form of sofosbuvir at 3.2 Å 

resolution, providing detailed insight into how the drug is 

incorporated during RNA synthesis. 

In addition, a second high-resolution structure (2.2 Å) revealed a 

previously unreported RNA-binding site on the surface of NS5B. 

This unexpected finding opens new perspectives on how the 

polymerase is regulated and highlights potential new targets for 

antiviral development. 

Together, these results provide a strong structural foundation for 

understanding how resistance to sofosbuvir emerges and can 

benefit both fundamental virology research and applied drug 

development 

 

 

N®^ª®s|q i^®kÐ 01 Jun, 2025 

Mk«k^ªgr s|pª^«®ª¯g®¯ªk«Ð 

Á MAX IV 
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Integrating multimodal imaging and 

spatial proteomics in human 

atherosclerosis 

Atherosclerosis is the main underlying cause of cardiovascular 

disease. Stroke and myocardial infarction are often fatal or 

debilitating consequences of a thrombus resulting from the 

rupture of atherosclerotic plaques. While the presence of calcium 

in plaques has traditionally been associated with stability, 

emerging evidence shows that the structure and distribution of 

calcifications play a critical role in determining plaque 

vulnerability. 

This HALRIC pilot project investigated how different calcification 

profiles relate to the molecular composition of human 

atherosclerotic plaques. Calcifications were identified and 

characterised across multiple imaging modalities, including 

synchrotron-based imaging at MAX IV, laboratory µCT, clinical 

photon-counting CT (PCCT), and histology. 

Building on this multimodal imaging approach, selected regions 

were analysed using laser capture microdissection and spatial 

proteomics to determine extracellular matrix signatures 

associated with calcifications of different sizes and structures. 

The team established an integrated pipeline combining unique 

clinical biobank material with advanced imaging and proteomics 

techniques. 

This approach provides a foundation for distinguishing clinically 

relevant calcification profiles and has the potential to improve the 

identification of rupture-prone plaques and patient risk 

stratification in cardiovascular disease. 

 

+~|®^g®Ð 

 Luke F. Gamon, University of Copenhagen 

lgamon@sund.ku.dk  

Annelie Shami. Lund University 

annelie.shami@med.lu.se  
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Effects of type 2 diabetes mellitus 

on bone marrow microangiopathy 

and its implications for stem cell 

recruitment 

Aging and age-related diseases profoundly affect stem cell 

proliferation and differentiation, which has implications for tissue 

homeostasis. The bone marrow niche maintains and regulates 

stem cells and interacts with endothelial cell subtypes. It plays a 

key role in mediating bone homeostasis by recruiting bone cells. 

During ageing and under pathological conditions, detrimental 

changes occur in the bone marrow niche that affect the 

microvascular system and lower blood flow. This is exacerbated in 

type 2 diabetes, a disease characterised by hyperglycaemia and 

high levels of inflammation. 

This HALRIC pilot project developed and applied a novel 

synchrotron-based nano-tomography approach to visualize and 

quantify the vascular network within human bone marrow. 

Experiments were successfully performed at the nano-

tomography beamline P05 at PETRA III (DESY), enabling phase-

contrast imaging of unstained bone marrow samples in 3D at sub-

cellular resolution. 

A dedicated pipeline for sample preparation, imaging and data 

processing was established, including the preparation of micro-

scale cylindrical samples and the application of machine learning-

based segmentation. Using this approach, the team was able to 

visualize and quantify bone marrow microvessels and cellular 

structures embedded within highly mineralised bone tissue. 

The project demonstrates the feasibility of high-resolution 3D 

imaging of the human bone marrow niche and provides a 

methodological foundation for studying microvascular alterations 

in diseases such as type 2 diabetes.

 

 

N®^ª®s|q i^®kÐ 01 Jul, 2025 

Mk«k^ªgr s|pª^«®ª¯g®¯ªk«Ð 

Á PETRA III (P05 beamline 
operated by Hereon) at 
DESY 

6">M7+ §^ª®|kª«Ð 

Á University Medical Center 
Hamburg Eppendorf (UKE) 
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Denmark (SDU) 
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(Hereon) 
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Á Björn Busse (UKE) 
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Á Sandra Perkovic (UKE) 
Á Eva Maria Wölfel (SDU) 
Á Imke Greving 

(Hereon@DESY) 
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Studying the mechanism of 

antimicrobial resistance in 

pathogenic bacteria mediated 

by lipopolysaccharide 

Lipopolysaccharide (LPS) is a component of the outer membrane 

of Gram-negative bacteria and serves as a crucial barrier against 

antibiotics and environmental threats. This barrier enables 

bacterial survival and antimicrobial resistance, which was 

responsible for over 6 million deaths worldwide in 2019. 

Resistance in clinically relevant pathogens such ^« /Î g~zsÏ =Î 

§|k¯{~|s^k and JÎ ^kª¯qs|~«^ is of particular concern.  

For antibiotics to be effective, they must penetrate the LPS barrier, 

consisting of an O-antigen, a core oligosaccharide and a lipid A 

component. The composition and structure of LPS molecules play 

a key role in bacterial sensitivity to last-resort antimicrobials. 

Due to the natural complexity of LPS, biophysical studies require 

the use of purified and reconstituted materials. Neutron 

reflectometry can probe the structure of these membranes at the 

nanometre range, providing detailed insights into the interaction 

between antibiotics and LPS. Deuterating specific components for 

these experiments enables precise observation of the effect of 

antimicrobial agents on membranes.  

This HALRIC pilot project focused on enabling detailed studies of 

LPS to better understand how it influences antibiotic activity. 

Through cross-border collaboration between ESS, Copenhagen 

and Lund University, the project successfully produced and 

prepared LPS suitable for advanced biophysical and structural 

analysis. 

These efforts provide the foundation for investigating how 

clinically used and novel antibiotics interact with the bacterial 

outer membrane. By linking LPS structure to drug sensitivity, the 

project supports future research aimed at overcoming resistance 

mechanisms and developing new antimicrobial strategies 

targeting Gram-negative pathogens. 
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High-throughput analysis of PSMα1 

conformations in cellular 

interactions 

Antibiotic resistance is one of the greatest global health threats of 

our time. Among the bacteria of concern, N®^§r·z~g~gg¯« ^¯ªk¯« 

stands out for its strong resistance to many antibiotics, largely due 

to its ability to form biofilms.  

These biofilms are reinforced by phenol-soluble modulins (PSMs), 

small peptides that both structure the biofilm and damage host 

cells. PSMɖ1 is a key component in this process, combining 

structural and toxic functions. The PSMα1 member plays a role in 

biofilm scaffolding and cytolysis of host cells. Our preliminary 

research using cryogenic electron microscopy (cryo-EM) and X-

ray fibre diffraction revealed that PSMα1 forms cross-β amyloid 

fibrils at low pH and assembles into tubular structures with a 

potential cross-α architecture at neutral pH. 

This HALRIC pilot project investigated how PSMɖ1 aggregates 

and interacts with human cells. Microscopy experiments showed 

that the peptide accumulates at the cell surface prior to 

membrane disruption, providing direct evidence of its cytotoxic 

mechanism. This behaviour is linked to its ability to self-assemble 

into amyloid structures. 

By combining high-resolution structural studies at DESY with 

Optical Photothermal Infrared Spectroscopy (OPTIR) at MAX IV, 

the project enabled direct analysis of PSMɖ1 aggregates in a 

cellular environment. These measurements revealed that PSMɖ1 

can adopt multiple structural forms, including classical amyloid 

fibrils and alternative architectures, which are likely linked to its 

biological activity. 

The project demonstrates how advanced spectroscopic 

techniques can bridge molecular structure and cellular function, 

providing new insight into how bacterial toxins contribute to 

infection. These findings support future strategies aimed at 

disrupting biofilms and developing anti-virulence therapies 

against antibiotic-resistant bacteria. 

 

 

N®^ª®s|q i^®kÐ 01 Feb, 2025 

Mk«k^ªgr s|pª^«®ª¯g®¯ªk«Ð 

Á Centre for Structural 
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Á PETRA III at DESY 
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Deciphering the role of DNA 

dinucleotides in bacterial immunity 

Bacteria are constantly challenged by viruses called phages. In 

order to survive, bacteria have evolved a variety of mechanisms to 

combat phage infections, which are often encoded in mobile 

pieces of DNA known as mobile genetic elements (MGEs). MGEs 

often contribute to the ‘dark proteome’, which contains genes for 

proteins that have not yet been characterised and which have the 

potential to act in bacterial immunity. However, their cellular 

functions remain enigmatic. 

This HALRIC pilot project investigated MGE-encoded DNA 

dinucleotide-specific nucleases (diDNases) and associated toxin–

antitoxin systems that had been predicted to contribute to 

bacterial immunity. The project aimed to determine how these 

systems recognise infection-related molecular signals and trigger 

antiviral defence. 

The team combined microbiology, biochemistry, crystallography 

and biophysical analysis. Using facilities at EMBL Hamburg and 

DESY, the project successfully determined the first crystal 

structure of an antitoxin–ligand complex at 1.6 Å resolution, 

revealing molecular details of ligand recognition. In parallel, the 

substrate preferences of an associated enzyme were 

characterised, and its structure bound to a substrate was solved at 

2.3 Å resolution. These structural and biochemical results provide 

the first molecular insight into how diDNase-associated systems 

may sense specific ligands and regulate toxin activity during 

bacterial defence. Functional assays at Aarhus University further 

showed that both systems protect bacteria against selected 

bacteriophages from a collection of more than one hundred 

phages, supporting their role in antiviral immunity. 

Together, the results reveal previously uncharacterised molecular 

mechanisms linking dinucleotide-dependent regulation, toxin 

activity and phage defence. This work advances fundamental 

understanding of bacterial immune systems and may support 

future applications in biotechnology, molecular biology and 

phage therapy. 
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DESY 

Á Cryo-EM facility at 
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HTX (high-throughput 
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AU 
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Uncovering the structural basis of a 

novel extracellular site for the 

development of next-generation 

GlyT1 Inhibitors 

Neurological disorders are the third leading cause of premature 

mortality in Europe. They are often related to dysfunctions or 

imbalances in signalling and regulatory processes mediated by 

neurotransmitter molecules.  

Despite extensive research, the therapeutic potential of 

modulating these neurotransmitter systems by the key 

neuromodulator glycine has largely remained unexplored. The 

glycine transporter 1 (GlyT1) controls the transport of the 

neurotransmitter glycine across neuronal membranes in the brain 

and represents a promising therapeutic target for several 

neurological disorders such as schizophrenia.  

However, clinically advanced GlyT1 inhibitors have failed to 

demonstrate efficacy. Although often classified as non-

competitive inhibitors, compounds such as bitopertin bind at the 

intracellular face of the transporter and compete with high 

intracellular glycine concentrations (~2 mM), which may limit their 

effectiveness. 

This HALRIC pilot project explored an alternative strategy by 

targeting an extracellular site of GlyT1 and stabilising the 

transporter in defined conformational states. To achieve this, the 

research team engineered a GlyT1 variant carrying a single-point 

mutation that strongly favours the outward-facing conformation. 

In addition, two conformation-specific synthetic nanobodies 

(sybodies) were generated to selectively stabilise this state. 

These tools provide a basis for investigating the outward-facing 

conformation of GlyT1 and enable future structural and 

mechanistic studies aimed at identifying binding sites distinct 

from the canonical glycine pocket. By enabling conformational 

control of the transporter, the project lays the groundwork for the 

development of novel GlyT1 inhibitors that may overcome the 

limitations of current compounds. 
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Discovery of novel protein 

crosslinks associated with 

neurodegenerative disease 

Protein crosslinks are a defining feature of amyloid plaques and 

Lewy bodies, which are associated with neurodegenerative 

diseases. Although most research has centred on a limited 

number of well-characterised and readily detectable crosslink 

types, mounting evidence suggests that these account for only a 

small fraction of the total complement, indicating a broader 

diversity of crosslinks in proteins associated with neuropathology. 

This HALRIC pilot project applied cross-linking mass spectrometry 

(XL-MS) to characterise interactions involving ɖ-synuclein 

oligomers, which are evidenced to be toxic to cells and are 

considered a key component in the pathogenesis of Parkinson’s 

disease. In particular, the project focused on mapping the 

epitope–paratope interfaces of novel antibodies targeting ɖ-

synuclein oligomers, with the aim of supporting the development 

of therapeutic and diagnostic tools. 

In this approach, protein complexes were stabilised using 

bifunctional crosslinkers that covalently connect amino acid 

residues within a defined spatial distance. After enzymatic 

digestion, cross-linked peptide pairs were identified by LC–

MS/MS, enabling the determination of residue-level proximity 

relationships within antibody–antigen complexes. These data 

provide structural constraints that inform modelling of interaction 

interfaces and the organisation of oligomeric ɖ-synuclein 

species. 

By defining these epitope–paratope interfaces, the project 

provides molecular insight into antibody recognition of toxic ɖ-

synuclein aggregates. This knowledge supports the rational 

optimisation of antibody sequences for enhanced specificity, 

stability, and suitability for therapeutic and diagnostic 

applications in Parkinson’s disease. 
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Improving oral absorption of 

pretomanid through drug-

phospholipid complexes in lipid 

formulations 

Tuberculosis remains a major global health challenge, with 1.3 

million deaths reported in 2022. Pretomanid (PTM), a 

nitroimidazole drug used to treat multidrug-resistant tuberculosis, 

is poorly water-soluble and exhibits low and significant food 

effect, with bioavailability doubling when taken with food.  

One potential formulation strategy is to simulate the food effect 

using lipid-based drug delivery systems, for example. We have 

therefore been exploring the design of self-nanoemulsifying drug 

delivery systems (SNEDDS) for PTM. SNEDDS are isotropic 

mixtures of oil, surfactant, co-surfactant, and cosolvent with 

dissolved drug. Upon administration, SNEDDS quickly disperse in 

the gastrointestinal tract to form nanoemulsion droplets 

containing the dissolved drug, often resulting in enhanced oral 

bioavailability. The application of SNEDDS is limited by the low 

solubility of PTM in lipid excipients. However, we have been able 

to increase PTM loading in SNEDDS through complexation with 

phospholipids. 

This HALRIC pilot project explores the nature of the PTM-

phospholipid complex in SNEDDS and the colloidal structures 

formed during the in vitro digestion of SNEDDS containing 

different drug-phospholipid complexes.  

Using a combination of Cryo-TEM and in vitro lipolysis coupled to 

small-angle X-ray scattering (SAXS), the project examines 

structural transformations in the formulation under physiologically 

relevant conditions. These data are intended to be correlated with 

preclinical in vivo studies to improve understanding of how 

formulation properties affect drug exposure. 

This work aims to support the rational design of lipid-based 

formulations with improved oral bioavailability for pretomanid 

and other poorly soluble drug compounds. 
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Making life-science accessible with 

a Tailored Abstract Translator (TAT) 

Scientific abstracts are often too dense and technical for those 

outside specialised communities, limiting access to important 

research. 

This HALRIC pilot project developed and tested a module 

powered by a Large Language Model (LLM) that adapts life 

science abstracts to match the user’s level of expertise. The tool 

enables both simplified and more detailed versions of scientific 

content, as well as contextual explanations of technical terms, 

making research more accessible to a wider audience. 

Implemented within the ESS Publications Portal, the module was 

evaluated with initial users, demonstrating that tailored 

summaries improve comprehension and stimulate broader 

interest in life science and neutron science research. The solution 

is released as open-source code on GitHub and designed for 

integration into other research infrastructure repositories using 

InvenioRDM. 

The work aligns with key European policies — including the 

European Charter for Researchers, Horizon Europe’s Open 

Science Agenda, and Responsible Research and Innovation (RRI) 

— by promoting open science, knowledge transfer, public 

engagement, and the societal impact of research. 

This project demonstrates how digital innovation can extend the 

reach of scientific publications beyond the research community 

and contribute to more accessible and inclusive science 

communication. 

?~ªk s|p~ª{^®s~| 

Explore AI life science abstracts: publications.ess.eu  

Source code: github.com/PublicationsPortal/publications-portal 
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Study of central nervous system 

available inhibitors targeting 

microglial galectin-3 in 

neurodegenerative diseases 

Galectin-3 is an inflammatory protein involved in microglial 

activation and neurodegenerative disease. It has been identified 

by us and others as a therapeutic target due to its detrimental role 

in Alzheimer’s disease.  

Previous work has shown that inhibiting galectin-3 reduces 

neuroinflammation and amyloid pathology in mouse models, 

leading to the development of galectin-3-targeting antibodies. 

However, these antibodies have limited blood–brain barrier 

permeability, highlighting the need for small-molecule inhibitors 

with better central nervous system (CNS) availability. 

This HALRIC pilot project combined crystallographic fragment 

screening with microglial models to identify new starting points 

for galectin-3 inhibitor development. At the FragMAX platform, 

human galectin-3 was screened against a library of 158 

compounds. While the initial screen did not identify bound 

fragments, a second screening under modified conditions 

revealed several fragment hits.  

In parallel, biological studies showed that galectin-3 knockout 

microglia display enhanced uptake of amyloid-ɗ, which was 

further increased by pharmacological inhibition. In vivo, treatment 

altered microglial activation markers, although it did not reduce 

overall amyloid burden. 

Together, the structural and biological results strengthen the 

rationale for targeting galectin-3 in neurodegenerative disease 

and provide a foundation for future optimisation of CNS-available 

inhibitors.
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Applying neutrons in drug 

discovery for type 2 diabetes 

Type 2 diabetes has been linked to the microbiome-derived 

metabolite imidazole propionate (ImP), which disrupts insulin 

signalling. The bacterial enzyme urocanate reductase (UrdA) is 

responsible for producing this metabolite, making it a promising 

target for new therapeutic strategies. 

This HALRIC pilot project aimed to support the development of 

UrdA inhibitors through structural biology. Building on earlier 

work, the team determined new high-resolution X-ray structures 

of UrdA in complex with experimental inhibitor compounds 

developed by Implexion Pharma. These structures provide 

detailed insight into how inhibitors bind to the enzyme and 

support structure-based optimisation of drug candidates. 

The project also advanced the use of neutron crystallography for 

drug design. Exceptionally large protein crystals (1–2 mm) were 

successfully grown, representing an important step toward future 

neutron studies of enzyme–inhibitor interactions. In addition, 

atomic-resolution X-ray data collected at PETRA III provided 

complementary information on the enzyme’s active site, 

supporting the ongoing optimisation of inhibitors. 

Together, these results further validate UrdA as an attractive 

therapeutic target for type 2 diabetes. 

 

Ngsk|®sƑg ^ª®sgzk 

June 2026 | Structural insights into urocanate reductase using 

room-temperature X-ray crystallography | Acta Crystallographic D
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Initial assessment of efficacy and 

toxicity of a novel immune stimulant 

drug in a large-animal model of 

urinary tract infection (IMUTI) 

Antimicrobial resistance is an increasing problem, with 10 million 

deaths predicted per year by 2025 due to a lack of treatment 

options. To mitigate this situation, innovative therapies that do not 

contribute to the development of resistance are needed. 

Swedish biotech company Inicure AB is developing small-

molecule drugs that activate the innate immune system by 

targeting the receptor FPR1, helping the body fight infections 

without inducing resistance. The drugs have demonstrated 

promising effects in vitro and in mice. The next step towards 

clinical trials is to assess the efficacy and toxicity in a large animal. 

This HALRIC pilot project aimed to assess how this novel therapy 

activates the immune system across different species, with the 

goal of identifying the most relevant animal model for predicting 

human responses. Initial bioinformatics analyses showed that 

pigs, although often considered comparable to humans, do not 

express the target receptor FPR1 and are therefore not suitable 

for evaluating this therapy. In contrast, rabbits were found to 

express FPR1, with a receptor more similar to the human variant. 

Building on this insight, the project focused on comparative 

analyses and ex vivo experiments using human and rabbit 

immune cells. These studies generated valuable data on how 

immune activation varies across species and helped identify 

rabbit as the most relevant model for further testing. 

Together, the results provide a clearer understanding of species-

specific differences in immune receptor expression and offer a 

strong basis for selecting appropriate models. By identifying a 

predictive model for FPR1-targeted therapies, the project 

supports the advancement of Inicure’s drug candidates towards 

clinical development.  
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6">M7+ §^ª®|kª«Ð 
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Nano Warriors: tocilizumab takes 

flight to fight inflammation 

Predicting cellular behavior before and after treatment involves 

various approaches, yet gaining insights into these responses 

remains one of science’s greatest challenges. The functionality of a 

living cell is controlled by the interplay of its many components. 

Although progress has been made in understanding individual 

cell parts, fragments and enzyme levels, our understanding of cells 

as a whole is still lacking. 

Interestingly, despite being mainly composed of water, the 

properties of cellular water have not yet been fully explored as 

indicators of cellular characteristics. This HALRIC pilot project 

investigated how the structure and dynamics of lung cells and 

their surrounding water molecules change after treatment with the 

monoclonal antibody tocilizumab (TCZ).  

Experiments at the CoSAXS beamline at MAX IV, combined with 

optical photothermal infrared (OȤPTIR) spectroscopy and neutron 

data analysis, revealed that the treated cells remained structurally 

intact during freezing, with no harmful ice formation observed 

inside the cells. This indicates that the nanoparticle treatment does 

not damage cellular structures under the tested conditions. At the 

same time, subtle changes were detected in the surrounding 

environment. The freezing behaviour of the extracellular liquid 

shifted, likely due to interactions between nanoparticles, salts and 

cellular components. Small variations in infrared data also 

indicated changes in membrane-associated lipids, suggesting that 

nanoparticle surfaces may interact with cell membranes. 

Together, these findings improve our understanding of 

nanoparticle–cell interactions and suggest potential mechanisms 

by which therapeutic compounds could cross biological barriers.  

+~|®^g®Ð 

Heloisa N. Bordallo, University of Copenhagen 

bordallo@nbi.ku.dk 
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Integrating 3D imaging and spatial 

proteomics for precision medicine 

Understanding how cells are organised in three dimensions is 

essential for studying complex diseases such as type 2 diabetes. 

This HALRIC pilot project explored the true 3D size and structure 

of insulin-producing pancreatic islets, which cannot be fully 

captured using conventional 2D tissue sections. 

Using advanced light-sheet microscopy at Umeå University, 

human pancreatic tissue was imaged in 3D after optimisation of 

sample preparation and staining protocols. Optical tissue clearing 

was shown to preserve protein content, enabling detailed 

imaging without compromising downstream analysis. 

To characterise protein composition, the project evaluated 

complementary mass spectrometry platforms across Nordic 

research infrastructures. Orbitrap-based analysis at Aarhus 

University provided high sensitivity and reproducibility, while 

timsTOF measurements at Lund University delivered broader 

protein coverage and more comprehensive datasets. 

Together, these approaches established a workflow linking 3D 

tissue imaging with spatially resolved proteomics while 

preserving structural context. This integrated pipeline provides a 

new foundation for studying pancreatic islets and supports future 

biomarker discovery in diabetes research. 

Looking ahead, artificial intelligence tools are being developed to 

automate islet identification in large datasets, further accelerating 

analysis and enabling applications in other diseases.
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Peptide decorated lipid 

nanocarriers for enhanced drug 

delivery 

This HALRIC pilot project developed and validated a new strategy 

for targeted drug delivery using lipid-based nanocarriers 

functionalised with a peptide tag (pTag). The approach builds on 

Strike Pharma’s ADAC™ technology, which uses bispecific 

antibodies to link therapeutic carriers to specific cellular targets. 

The project successfully incorporated the pTag into multiple 

clinically relevant nanocarrier systems, including liposomes, lipid 

nanoparticles (LNPs) and reconstituted high-density lipoproteins 

(rHDL), without compromising their structural integrity. 

Experiments at the CoSAXS beamline at MAX IV confirmed that 

the nanocarriers remained stable after functionalisation, 

demonstrating the robustness of the formulation strategy. 

Complementary analyses supported these findings. Dynamic light 

scattering showed consistent increases in particle size following 

pTag incorporation, while quartz crystal microbalance 

measurements confirmed that the pTag remains accessible and 

functionally active, retaining its ability to bind bispecific 

antibodies. 

The project highlights the strong added value of combining 

advanced research infrastructures with interdisciplinary expertise. 

Access to MAX IV enabled high-quality structural insights that are 

not achievable with standard laboratory equipment, while 

collaboration between academia and industry accelerated both 

development and validation. Overall, this work establishes a 

promising and flexible platform for next-generation targeted drug 

delivery and immunotherapy, with clear potential for further 

development towards clinical applications.
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Exploring nuclear magnetic 

resonance for pain relief 

A recently discovered extracellular protein has been shown to 

have pain-relieving effects, and recent studies suggest that it may, 

in some cases, promote repair of damaged nerves. To understand 

its effects at the molecular level, this HALRIC pilot project 

explored the feasibility of studying the protein using 

biomolecular nuclear magnetic resonance (NMR) spectroscopy. 

Achieving this goal required the production of large quantities of 

stable isotope-labelled protein suitable for NMR analysis. Despite 

exploring multiple production strategies and experimental 

approaches, the project did not succeed in obtaining the protein 

in sufficient quantity and quality for detailed characterisation. 

Nevertheless, the work provided valuable insights into the 

challenges associated with producing this protein and identified 

new directions for future research. The project brought together 

industry expertise in drug targeting with academic expertise in 

protein production and biomolecular NMR, helping to define 

more promising strategies for advancing the structural 

understanding of this biologically important protein. 
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PFAS contamination: High 

throughput strain isolation, 

identification and characterisation 

from faecal samples 

PFAS, also known as ‘forever chemicals’, are a group of over 4,700 

man-made substances that have been used since the 1940s in 

products such as firefighting foams, non-stick cookware, stain- 

and water-resistant fabrics, cosmetics, and cleaning agents, 

thanks to their stability and surfactant properties. However, their 

strong carbon-fluorine (C-F) bonds make them highly persistent, 

breaking down very slowly and accumulating in the environment, 

animals, and humans. 

Exposure to PFAS has been linked to a range of adverse health 

effects, including an increased risk of cancer, reduced fertility and 

weakened immunity. The estimated annual healthcare costs of 

PFAS exposure in Europe range from 50 to 80 billion euros. While 

some PFAS compounds are now regulated, legislation varies 

internationally and there are currently no effective methods to 

remove PFAS from the environment or the human body.  

This HALRIC pilot project brought together Cambiotics and the 

University of Oslo (UiO) to explore the potential of precision 

probiotics for PFAS detoxification. Using advanced strain isolation 

techniques, the team focused on isolating anaerobic bacterial 

strains from faecal samples, particularly from Bacteroides species, 

which are highly relevant to the human gut microbiome. The 

project combined single-cell bacterial isolation, anaerobic 

cultivation, and a two-step sequencing strategy to characterise 

the isolates at the genomic level.  

Long-read sequencing data generated during the project provide 

new insights into metabolic pathways that may be involved in 

PFAS sequestration or metabolism. Furthermore, these results 

strengthen Cambiotics’ ability to identify and develop candidate 

probiotic strains and establish a foundation for refining probiotic 

formulations aimed at pollutant detoxification. 
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Atrial fibrillation: deeper insight into 

SK-channels structure and its ligand 

binding 

Structural information is essential for understanding protein 

function at a molecular level and is invaluable for both basic and 

applied science. However, many targets remain unexplored due 

to the challenges associated with determining protein structures. 

This HALRIC pilot project focused on small-conductance calcium-

activated potassium (SK) ion channels, which play a key role in 

regulating heart rhythm and are promising targets for the 

treatment of atrial fibrillation. 

The project aimed to investigate the molecular interactions within 

a specific regulatory region of these channels, known as the EF-

hand domain, which influences binding to the calcium-sensing 

protein calmodulin. Gaining structural insight into this region 

could support the development of novel therapeutics targeting 

heart rhythm disorders. 

Despite exploring multiple approaches, the project did not 

succeed in producing sufficient quantities of the target proteins 

for further structural characterisation. As a result, the planned 

downstream studies could not be carried out. 

However, the project established valuable connections to 

advanced research infrastructures and clarified key technical 

challenges related to protein production. These insights define 

new directions for future research and provide a stronger basis for 

continued efforts to study these clinically relevant ion channels.
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Development of a droplet injection 

prototype for serial X-ray 

crystallography 

Serial crystallography is a powerful method for determining 

protein structures, but current sample delivery techniques often 

require large amounts of material due to continuous sample flow. 

This HALRIC pilot project addressed this challenge by developing 

a drop-on-demand sample delivery method for experiments at 

free electron lasers (FELs) and synchrotrons. The goal was to 

enhance the efficiency of these experiments by drastically 

reducing the amount of sample needed while accommodating 

high-frequency data collection. 

The project brought together SURFACtoBioTech, with expertise in 

droplet microfluidics, and the Sample and Characterisation Group 

at the European XFEL (EuXFEL), which specialises in sample 

delivery for serial femtosecond crystallography (SFX). This 

technique relies on delivering thousands of microcrystals to an X-

ray beam to reconstruct high-resolution structures while avoiding 

radiation damage. 

Within the project, a new droplet-based delivery setup was 

developed and tested at EuXFEL. A commissioning beamtime at 

the MicroMAX beamline at MAX IV enabled a proof-of-principle 

experiment using lysozyme crystals, demonstrating the feasibility 

of the approach. 

The results represent an important step towards reducing sample 

consumption and improving the efficiency of high-frequency 

crystallography experiments. They provide a strong foundation 

for the further development of stable, high-rate droplet delivery 

systems compatible with the unique pulse structure of the 

European XFEL.
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Mapping ZNFX1 architecture by 

cross-linking mass spectrometry 

ZNFX1 is a highly conserved antiviral protein that plays a central 

role in the interferon response, a key defence mechanism against 

viral infection. Mutations in ZNFX1 are associated with severe 

immunodeficiency, characterised by recurrent infections and 

immune dysregulation. Despite its importance, the molecular 

function of ZNFX1 has remained poorly understood. 

This HALRIC pilot project investigated the role of ZNFX1 in 

antiviral defence and its underlying molecular mechanisms. The 

results confirmed that ZNFX1 is strongly activated during viral 

infection and plays an important role in protecting cells against 

RNA viruses. The study further showed that ZNFX1 operates 

within a broader network of interacting proteins, highlighting its 

role as part of a coordinated cellular defence system. 

A key achievement of the project was the development and 

optimisation of methods for producing high-quality recombinant 

full-length ZNFX1, overcoming a major technical barrier that has 

limited previous studies. This enabled further investigation of its 

interactions and functional properties. 

Using affinity purification coupled to mass spectrometry, the 

project mapped the ZNFX1 interactome and identified several 

previously unknown co-factors. In particular, the enrichment of 

RNA-binding proteins points to an important role for RNA 

metabolism in ZNFX1 function. 

Together, these findings provide a first framework for 

understanding how ZNFX1 recognises and responds to viral RNA. 

The project also strengthens the basis for future studies aimed at 

developing targeted therapies and improving diagnosis of 

immune-related diseases.
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Development of a first-in-class 

treatment of insulin resistance and 

beyond 

Exercise is associated with improved skeletal muscle 

vascularisation and metabolic health, but the underlying 

molecular mechanisms remain incompletely understood. Using 

genome-wide association studies and experimental models, 

RAB3GAP2 was identified as a key regulator of skeletal muscle 

capillary density and endothelial cell function. 

Reduced RAB3GAP2 activity promotes endothelial proliferation, 

angiogenesis, and the release of factors such as tenascin C (TNC) 

and CD70, leading to exercise-like adaptations in skeletal muscle. 

These findings are supported by a recent Cell Reports 

publication, which provides strong genetic, cellular, and in vivo 

evidence for RAB3GAP2 as a negative regulator of angiogenesis 

and a potential therapeutic target. 

Building on this foundation, this HALRIC pilot project explored 

RAB3GAP2 as a novel target for improving microvascular function 

and metabolic health. During the project, a first small compound 

library was tested, and the HMEC/TNC assay was established as a 

highly specific platform for evaluating RAB3GAP2-related 

mechanisms. 

The project also enabled new cross-border collaborations, 

including with the University of Copenhagen, and strengthened 

engagement with AstraZeneca through expert consultations. 

Together, these efforts provide a strong scientific and translational 

foundation for future inhibitor development and studies aimed at 

improving muscle health and treating metabolic disorders. 

Ngsk|®sƑg ^ª®sgzk 

February 2026 | RAB3GAP2 is a regulator of skeletal muscle 

endothelial cell proliferation and associated with capillary-to-fiber 

ratio | Cell reports 

 

 

 

N®^ª®s|q i^®kÐ 01 Sep, 2025 

Mk«k^ªgr s|pª^«®ª¯g®¯ªk«Ð 

Á Image analysis @CIPA 
Á Endothelial cell isolation 

@UCPH 
Á XRF @MAX IV 

6">M7+ §^ª®|kª«Ð 

Á Lund University (LU) 
Á MAX IV Laboratory 
Á University of Copenhagen 

(UCPH) 
Á Astra Zeneca 

Jª~xkg® §^ª®sgs§^|®«Ð 

Á Ola Hansson (LU) 
Á Bilal Mir (LU) 
Á Emanuel Larsson (LU) 
Á Valeriia Skoryk (LU) 
Á Bryan Falcones (LU) 
Á Karina Thånell (MAXIV) 
Á Ylva Hellsten (UCPH) 
Á Björn Carlsson 

(AstraZeneca) 

+~|®^g®Ð 

Ola Hansson, Lund University 

ola.hansson@med.lu.se   

https://doi.org/10.1016/j.celrep.2026.116961
https://doi.org/10.1016/j.celrep.2026.116961
https://doi.org/10.1016/j.celrep.2026.116961
mailto:ola.hansson@med.lu.se


HALRIC  pilot project s  abstract book  | p. 72 

 
 
 

 

Structural studies of αMβ2 and αXβ2 

integrins: Implications for 

inflammatory and 

neurodegenerative diseases 

Integrins are key immune receptors that mediate interactions 

between cells and their environment and play important roles in 

inflammation and neurodegenerative diseases. This HALRIC pilot 

project focused on two β2 integrins, αMβ2 and αXβ2, which adopt 

different conformational states that regulate their interactions with 

ligands and therapeutic antibodies. 

The project aimed to prepare high-quality samples of integrin 

ectodomains in complex with modulatory antibodies to enable 

structural studies. During the project, αMβ2 and αXβ2 were 

successfully produced in mammalian cells and purified to obtain 

stable and homogeneous samples suitable for structural analysis. 

A major achievement was the formation of stable complexes 

between the integrins and antigen-binding fragments of the 

MEM-148 antibody. In addition, three modulatory nanobodies 

with potential therapeutic relevance were selected from a llama-

derived library and are currently being evaluated in functional 

assays to assess their ability to modulate integrin activity. 

The project also focused on optimising sample preparation for 

cryo-electron microscopy. Due to the size, flexibility, and 

conformational heterogeneity of integrins, this required extensive 

screening, supported by access to advanced research 

infrastructure at EMBL Hamburg. These efforts established 

protocols that enable future structural analysis of integrin–

antibody interactions. 

Together, the project developed essential tools and methods for 

studying integrin structure and function and provides a strong 

foundation for further research into therapeutic modulation of 

immune receptors, with potential for treating inflammatory and 

neurodegenerative disease. 
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Seed to sustainability: Exploring 

plant storage proteins for a greener 

future 

In response to the growing global demand for sustainable and 

diverse food sources, the shift from animal- to plant-based 

proteins has gained significant momentum. Pea proteins are a 

promising alternative, but real-world protein isolates are complex 

systems that often contain small amounts of co-extracted lipids, 

which may significantly influence their behaviour during 

processing and digestion. 

This HALRIC pilot project investigated how these lipid 

components, derived from the seed, affect the structure and 

functionality of pea protein fractions under varying conditions. 

While often regarded as minor constituents, these lipids may have 

important effects on protein behaviour, with consequences for 

formulation, processing, and digestion. 

During the project, legumin and vicilin were successfully purified 

from commercial pea protein, and a novel experimental protocol 

was developed to study lipid–protein interactions under realistic 

conditions. By hydrating dried lipid films directly with protein 

solutions, the team created controlled systems in which lipid 

vesicles form in the presence of proteins, better mimicking food 

environments.  

Using small-angle X-ray scattering (SAXS) at MAX IV, the study 

revealed a clear difference in behaviour between lipid types. 

While a neutral lipid showed no detectable interaction with either 

protein, a negatively charged lipid exhibited significant 

interaction with both legumin and vicilin. These results 

demonstrate that even small differences in lipid chemistry can 

strongly affect protein behaviour. 

These findings provide new insights into plant protein–lipid 

interactions and offer a strong foundation for designing more 

functional, stable, and sustainable plant-based food products. 
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In situ investigations of local 

dynamics and structure in light-

harvesting complexes of plants 

The photosynthesis apparatus of green plants efficiently converts 

solar light into chemical energy, inspiring the development of 

biohybrid systems for sustainable energy production.  

Considerable effort has gone into replicating the photosynthesis 

process in nature-inspired photosystem structures to solve 

problems such as low power conversion efficiency. A better 

understanding of the coupling between energy transfer 

processes and the local structure and dynamics of thylakoid 

membrane (TM) and light-harvesting proteins is needed to 

achieve more efficient power conversion in bio-inspired devices 

(biophotovoltaics). 

This HALRIC pilot project investigated how synthetic thylakoid 

membranes (TMs) can be engineered and characterised to better 

understand and improve these processes. By reconstructing 

membranes from their fundamental components—lipids and light-

harvesting proteins—the project enabled controlled studies of 

structure–function relationships in photosynthetic systems. 

Using a combination of advanced techniques across research 

infrastructures, the project characterised the structure and 

behaviour of these model membranes. Neutron reflectometry 

provided detailed insight into their nanoscale organisation, while 

calorimetric measurements revealed how membrane composition 

influences thermal and phase behaviour. Additional surface-

sensitive approaches, including Langmuir–Blodgett deposition, 

were used to examine how environmental conditions and protein 

incorporation affect membrane properties. 

Together, these results provide a systematic understanding of 

how membrane composition, structure, and dynamics influence 

function. This knowledge represents an important step towards 

the rational design of biohybrid systems with improved electron 

transfer efficiency. 
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High-resolution structural imaging 

of kidney tissue with CKD 

Chronic kidney disease (CKD) is a major global health challenge, 

affecting around 10% of the population. Current diagnostic 

approaches rely on clinical markers and two-dimensional 

histological analysis of kidney biopsies, which provide limited 

insight into the complex three-dimensional architecture of kidney 

tissue. 

Despite its prevalence, current diagnostic methods rely on kidney 

function tests, invasive biopsies and two-dimensional histology, 

which offer limited insight into the complex three-dimensional 

architecture of kidney tissue. 

This HALRIC pilot project assessed the feasibility of using 

synchrotron radiation microcomputed tomography (microȤCT) as 

a non-destructive method for high-resolution 3D imaging of 

human kidney tissue. This approach enables detailed visualization 

of structures such as glomeruli, tubules, and blood vessels 

without the need for sectioning or staining. 

During the project, high-quality 3D imaging data were 

successfully acquired from archived formalin-fixed, paraffin-

embedded human kidney samples. Initial scans were performed 

using laboratory-based microȤCT at DTU, followed by high-

resolution synchrotron imaging at the MAX IV facility. These 

results demonstrate that it is technically feasible to image human 

kidney tissue in 3D across different research infrastructures. 

In addition, the project established a full cross-institutional 

workflow, including sample preparation, transfer, and imaging. 

This represents an important step towards enabling advanced 

structural analysis of kidney tissue. 

The results provide a strong foundation for future studies 

integrating 3D imaging with clinical and molecular data to 

improve understanding, diagnosis, and treatment of CKD.
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3D investigation of oral cancer 

invasion patterns using synchrotron 

X-ray phase contrast imaging 

One of the biggest challenges in cancer surgery is defining 

tumour margins accurately to ensure the tumour is completely 

removed with an adequate margin of healthy tissue. This 

challenge is even greater in oral cancer due to variation in the 

pattern of tumour invasion between patients. Determining both 

the tumour margin and the pattern of invasion is strongly 

associated with prognosis and recurrence risk. 

Current histological analysis relies on two-dimensional tissue 

sections, which limits the ability to fully understand complex 

three-dimensional invasion patterns and may obscure whether 

tumour islands are isolated or connected. 

This HALRIC pilot project investigated the use of micro-computed 

tomography (micro-CT) and synchrotron X-ray phase contrast 

imaging to enable high-resolution three-dimensional visualization 

of tongue tumour tissue. 

During the project, a complete clinical workflow was successfully 

established in less than four hours. Paraffin-embedded tumour 

samples from five patients were imaged at the DanMAX beamline at 

MAX IV, achieving voxel resolutions of 3–15 μm. The resulting scans 

revealed clear three-dimensional morphological differences 

between tumour and healthy tissue. While soft tissue contrast 

remains a challenge for larger specimens, the project demonstrates 

that advanced X-ray imaging techniques can provide rapid, non-

destructive, and detailed 3D visualization of tumour architecture.  

These results provide a strong foundation for future studies 

combining 3D imaging and histology to improve the 

understanding of tumour invasion patterns and support the 

development of more precise diagnostic and surgical 

approaches. 

4~zz~µã~| §ª~xkg® zk´kª^qs|q ®rk«k ªk«¯z®« 

AIMICS: https://www.dtu.dk/english/newsarchive/2026/05/ai-to-

help-surgeons-remove-all-cancer-during-the-first-surgery 
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Optimizing the structural biology 

pipeline to unlock potential 

therapeutics for IgE-mediated 

allergies 

Allergies mediated by immunoglobulin E (IgE) encompass a wide 

range of conditions, including allergic asthma, food allergies, 

urticaria, and hypersensitivity to insect venom. The severity of the 

allergic response can range from mild discomfort to life-threatening 

anaphylaxis. Symptoms occur when allergens bind to IgE that is 

already bound to its high-affinity receptor (FceRI) on mast cells and 

basophils. Cross-linking and clustering of the IgE-FceRI complexes 

induced by allergens leads to cell activation and the release of 

inflammatory mediators that drive allergic reactions. 

This HALRIC pilot project focused on developing molecular 

binders capable of modulating this IgE–FcɚRI “molecular switch” 

through different mechanisms, including blocking receptor 

binding or preventing allergen-induced cross-linking. 

Understanding how these binders interact with IgE, FcɚRI, and 

allergens at the molecular level is essential for improving their 

therapeutic potential. 

A key objective of the project was to establish an efficient 

structural biology pipeline to enable such analyses. During the 

project, protein production was optimised by transitioning to 

Expi293F GnTI− cells, enabling the generation of proteins with 

homogeneous glycosylation required for crystallisation. This also 

resolved significant protein loss previously observed during 

enzymatic deglycosylation. Initial crystallisation hits of target 

complexes were successfully obtained. The project therefore 

established a workflow for analysing these systems using 

advanced infrastructure at MAX IV, where small crystals can be 

efficiently screened. 

Overall, the project demonstrates the feasibility of generating and 

structurally characterising IgE-modulating binders and provides a 

strong foundation for future studies aimed at rational design of 

more precise and effective allergy therapeutics.
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High-resolution 3D X-ray scanning 

and metabolomics to characterize 

microvascular invasion in surgical 

patients with hepatocellular 

carcinoma 

Microvascular invasion (MVI), which is defined as the presence of 

cancerous cells in the small blood vessels that surround a tumour, 

is considered to be a key factor in determining personalised 

treatment approaches for hepatocellular carcinoma (HCC). 

Currently, histopathology is the gold standard for diagnosing MVI. 

However, the two-dimensional (2D) projections obtained using 

this method limit the ability to detect MVI in deeper layers of 

tissue. As MVI is present in around half of HCC cases and is 

strongly associated with a poor prognosis, there is clearly a need 

to improve the accuracy of MVI detection. 

This HALRIC pilot project builds on previous work demonstrating 

the potential of 3D X-ray microcomputed tomography (ɡCT) to 

visualize tumour structures beyond conventional histology. 

However, earlier scans showed insufficient resolution to clearly 

distinguish tumour cells within microvessels from surrounding 

material such as blood clots. 

The project therefore explored the use of higher-resolution ɡCT 

imaging available at the DanMAX beamline at MAX IV to improve 

visualization of microvascular structures in tumour samples. By 

leveraging advanced synchrotron-based imaging, the aim is to 

better resolve tumour infiltration within small vessels and 

overcome key limitations of previous approaches. 

These efforts contribute to the development of improved imaging 

techniques for detecting microvascular invasion and highlight the 

potential of high-resolution 3D imaging to complement 

conventional histopathology in the future. 

+~|®^g®Ð 

Hans-Christian Pommergaard, Rigshospitalet 

hans-christian.pommergaard@regionh.dk  

 

 

N®^ª®s|q i^®kÐ 02 Jul, 2025 

Mk«k^ªgr s|pª^«®ª¯g®¯ªk«Ð 

Á 3DIM/DanMAX at MAXIV 
Á Exiscope Polaris at DTU 
Á CIPA 
Á InfraVis 

6">M7+ §^ª®|kª«Ð 

Á Rigshospitalet (REGH) 
Á University of Copenhagen 

(UCPH) 
Á MAX IV Laboratory 
Á Technical University of 

Denmark (DTU) 
Á Lund University (LU) 

Jª~xkg® §^ª®sgs§^|®«Ð 

Á Hans-Christian 
Pommergaard (REGH)  
Diana E. Renteria Ramirez  
Susanne Dam Poulsen  
Gro Linno Willemoe  
Stinna Dalsgaard Schnabl  
Tobias Todsen  

Á Jesper B Andersen  
Colm O’Rourke (UCPH) 

Á Arash Panahifar (MAXIV) 
Á Rajmund Mokso (DTU)  

Chengpeng Wu  
Á Emanuel Larsson (LU) 

Jonas Ahlstedt   

mailto:hans-christian.pommergaard@regionh.dk


HALRIC  pilot project s  abstract book  | p. 79 

 
 
 

 

Decipher lung regeneration in 

chronic obstructive pulmonary 

disease ignited by exercise 

Chronic obstructive pulmonary disease (COPD) is a major global 

health burden, characterised by progressive loss of lung tissue 

and considerable heterogeneity in clinical presentation and 

treatment response. While exercise training is a key component of 

COPD management and can improve symptoms, responses vary 

significantly, and the underlying cellular and molecular 

mechanisms remain poorly understood. 

This HALRIC pilot project investigated the regenerative capacity 

of the human lung and the potential impact of exercise on lung 

repair processes in COPD patients. The project brought together 

clinical and academic partners to establish an integrated 

approach combining clinical assessments with molecular and 

cellular analyses of human lung tissue and blood samples. 

Through this collaboration, the project enabled the integration 

and comparison of clinical outcomes—such as lung function, lung 

tissue mass and pulmonary blood volume—with underlying 

molecular and cellular changes, including protein expression 

patterns and their spatial distribution. This integrative framework 

provides a basis for investigating disease-stage-specific 

remodelling processes and pathway activation in the COPD lung. 

A key achievement of the project is the establishment of a strong 

cross-border translational research platform linking clinical 

observations directly with tissue-level and molecular data. This 

approach supports the identification of biomarkers reflecting 

both clinical responses and underlying biological mechanisms, 

particularly in relation to exercise-induced effects. 

These results lay the foundation for future studies aimed at 

improving our understanding of lung regeneration in COPD and 

supporting the development of more targeted diagnostic and 

therapeutic strategies. In the longer term, this work contributes to 

the ambition of establishing a Nordic Centre of Excellence for 

Lung Regeneration and Precision Medicine in COPD.  
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Integrated data infrastructure for 

small angle scattering data 

Small-angle scattering (SAS) is widely used to analyse biological 

structures, but researchers often face fragmented workflows: data 

are analysed in one environment, deposited in another, and later 

reused through separate interfaces. This creates inefficiencies and 

barriers to data sharing and reuse. 

This HALRIC pilot project addressed this bottleneck by 

developing an integrated workflow between the SasView analysis 

software and the Small Angle Scattering Biological Data Bank 

(SASBDB). The project focused on enabling seamless data 

deposition and retrieval directly within the SasView environment. 

During the project, several key functionalities were implemented. 

A new SASBDB export workflow was developed in SasView, 

allowing users to collect session, fit, sample and instrument 

information through a structured interface and export datasets as 

JSON files, PDF reports, and SasView project snapshots. In 

parallel, a “Load from SASBDB” function was introduced, enabling 

users to retrieve datasets via the SASBDB API and load associated 

metadata directly into SasView. 

Additional improvements included the introduction of shape-

visualization functionality, allowing supported models to generate 

three-dimensional representations for use in reporting and 

documentation. SasView was also deployed on the Hanseatic 

Science Cloud, improving accessibility across the region. Initial 

user feedback has been collected and will guide further 

refinement of the platform. 

This cross-border collaboration between Danish, Swedish and 

Norwegian partners provides a strong foundation for continued 

development of user-friendly data infrastructures for both 

academic and industrial users, supporting more reproducible and 

FAIR research practices.  

N~p®µ^ªk ik´kz~§{k|® ~¯®§¯®« 
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¹ϔF NMR studies of the regulation of 

chemokine receptors by cholesterol 

G-protein-coupled receptors (GPCRs) are important drug targets, 

accounting for 30% of approved therapeutic targets. However, 

the factors that influence their activation are not well understood. 

For example, cholesterol has been shown to affect the signalling 

of some chemokine receptors (a family of GPCRs responsible for 

cell motility), though the exact nature of this interaction remains 

unclear. 

This HALRIC pilot project focused on developing more efficient 

approaches to study GPCRs using nuclear magnetic resonance 

(NMR), including ¹ϔF NMR techniques, which are well suited to 

probing receptor structure and dynamics in different 

environments. The project combined GPCR sample preparation 

expertise at the University of Copenhagen with advanced NMR 

infrastructure at the University of Oslo in a new cross-border 

collaboration. 

During the project, new methodologies were successfully 

implemented to improve the feasibility and efficiency of NMR-

based studies of GPCRs. These advances enable more robust 

investigation of how changes in the local membrane environment, 

including the presence of cholesterol, influence receptor 

behaviour. 

A key achievement of the project is the establishment of an 

international collaboration linking complementary expertise in 

receptor biology and NMR spectroscopy. This platform provides a 

foundation for future studies aimed at understanding how 

chemokine receptors respond to their environment and how 

these effects influence immune cell signalling. 

These results support continued research into GPCR regulation 

and contribute to the development of improved strategies for 

studying this important class of drug targets.
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Advancing precision therapies for 

autoimmune diseases-development 

of EA2 based therapeutics 

Serendo Therapeutics is developing precision therapies for 

autoimmune diseases by targeting endophilin A2 (EA2), a novel 

intracellular modulator of T- and B-cell activation. Current 

treatments often rely on broad immunosuppression, which can 

lead to an increased risk of infection and inadequate disease 

control. EA2 therefore represents a breakthrough opportunity for 

more targeted, effective and safer interventions. 

This HALRIC pilot project explored whether EA2 can be targeted 

using small molecules through high-throughput screening (HTS), 

in collaboration with the DKȤOPENSCREEN platform at the 

Technical University of Denmark. 

During the project, an EA2-relevant functional assay was 

successfully transferred and adapted to the DKȤOPENSCREEN 

infrastructure, and its robustness for automated screening was 

assessed. Pilot screening activities were performed to identify 

potential starting points for drug discovery and to evaluate the 

feasibility of targeting EA2 with small molecules. 

A key outcome of the project is the establishment of a 

translational workflow linking target biology with high-throughput 

screening infrastructure. By combining Serendo’s expertise in 

disease biology and assay development with DKȤOPENSCREEN’s 

capabilities in robotic screening and compound libraries, the 

project enabled an efficient early-stage evaluation of EA2 as a 

drug target. 

These results provide a foundation for future hit validation and 

optimisation efforts. In the longer term, the pilot may support 

follow-on funding, deeper academic-industrial collaboration, and 

the development of new precision therapies for patients living 

with autoimmune diseases.
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Advancing sensor chip production 

with microdrop inkjet-based 

dispensing technology 

This HALRIC pilot project explored how advanced 

microfabrication and precision inkjet dispensing can be 

combined to accelerate the development of electrochemical 

sensors for real-time bioprocess monitoring. The collaboration 

brought together DTU’s expertise in sensor development with 

microdrop Technologies’ high-precision dispensing systems, 

supported by access to research infrastructure at DTU Nanolab. 

The project focused on transitioning key steps in sensor 

fabrication from manual, labour-intensive processes to a more 

automated and scalable workflow. In particular, it addressed the 

functionalisation and protection of 3D-structured electrochemical 

sensors used to measure metabolites such as glucose during 

fermentation processes. 

A key outcome of the project is the successful proof of concept of 

microdrop-based inkjet dispensing for the precise deposition of 

functional and protective materials on microstructured sensor 

surfaces. The team established an initial workflow capable of 

reproducible material deposition at the microscale, following 

optimisation of system calibration and process parameters. 

By moving from manual methods to automated deposition, the 

project demonstrates the potential to significantly improve 

reproducibility and reduce sensor-to-sensor variability—two 

critical factors for industrial adoption and scale-up. The work also 

highlights the value of combining advanced research 

infrastructures with industrial technology providers to enable 

rapid prototyping and iterative development. 

These results lay a foundation for further development of 

automated fabrication workflows and support the broader 

implementation of reliable, real-time sensing technologies for 

more efficient and sustainable biomanufacturing.
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Decoding transcription factor 

cooperativity: Structural basis of 

PU.1, IRF8, and BATF3-mediated 

chromatin remodeling in cDC1 

reprogramming 

Immunotherapy is revolutionizing cancer treatment by offering 

unprecedented long-term survival. However, its effectiveness is 

limited by tumour heterogeneity, drug resistance, immune 

evasion, and the immunosuppressive nature of the tumour 

microenvironment. Immune reprogramming strategies that target 

oncogenic transcriptional networks and enhance immune 

surveillance are a promising way to overcome these challenges. 

Our laboratory has demonstrated that the transcription factors 

PU.1, IRF8, and BATF3 (PIB) have the ability to reprogram both 

human and murine fibroblasts, as well as tumour cells, into cDC1-

like antigen-presenting cells. This process elicits potent anti-

tumour responses and renders tumours susceptible to immune 

checkpoint blockade in vivo. However, the efficiency of 

reprogramming varies across tumour types, and the structural and 

mechanistic basis by which PIB cooperatively engages with 

chromatin to drive cDC1 identity remains unknown. 

The primary goal of this pilot project was to establish a workflow 

to understand PIB-mediated chromatin remodelling, to define 

transcription factor cooperativity using SeEN-seq, and to 

assemble the PIB-mononucleosome complex for cryo-EM. The 

team successfully purified histone octamers and the transcription 

factors IRF8 and BATF3. In parallel, MNase-seq experiments were 

conducted, generating high-quality data on nucleosome 

positioning.  

Altogether, these achievements have laid the experimental 

foundation for structural and mechanistic studies of PIB-

nucleosome interactions. They also support the rational design of 

synthetic transcription factors to improve immune 

reprogramming and advance next-generation cancer 

immunotherapies. 
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Recognition of AB5 toxins by host 

chaperones 

Cholera toxin (CT) and heat-labile enterotoxin (LT) are two similar 

AB5 toxins that are responsible for the diarrhea caused by Vibrio 

cholerae and enterotoxigenic Escherichia coli (ETEC) infections, 

respectively. These toxins are secreted into the lumen of the small 

intestine, but attack targets within the host cytosol. Upon 

endocytosis, CT and LT travel to the endoplasmic reticulum (ER), 

where their catalytic component – the A1 subunit – dissociates 

from the rest of the toxin. Once free, the A1 subunit naturally 

unfolds and is retrotranslocated to the cytosol by hijacking 

components of the ER associated degradation pathway (ERAD). 

Both steps, toxin disassembly and transport to the cytosol, involve 

interactions with host chaperones and are crucial for intoxication. 

This HALRIC pilot project investigated how human chaperones 

bind to foreign clients such as the cholera toxin by using cross-

linking mass spectrometry (XL-MS). The target proteins were 

produced at the University of Oslo, while protein-protein 

complexes were cross-linked and analysed by mass-spectrometry 

at the Swedish National Infrastructure for Biological Mass 

Spectrometry (BioMS) and the Science for Life Laboratory 

(SciLifeLab) Structural Proteomics unit at Lund University (. 

The pilot project team gained initial insights into which parts of 

cholera toxin and host chaperones interact with each other, 

helping to improve our understanding of how bacterial toxins are 

activated in host cells. 
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Targeting nuclear mechanics in 

cancer development and viral 

infection 

Understanding how nuclei withstand mechanical stress is essential, 

because both cancer invasion and viral infection exploit these 

forces in ways that shape disease progression. Cells are exposed to 

dynamic biomechanical forces that are transduced through a host 

of mechanosensitive proteins. The nucleus integrates these forces 

into behavioral outputs that determine cell function, fitness, and 

fate. This relies on intrinsic force-responsive elements at the nuclear 

envelope (NE) (elasticity) and chromatin (viscosity) level that control 

the ability of nuclei to withstand and adapt to forces. Forces place 

tremendous strain on integrity of cell nuclei during invasion. 

This HALRIC pilot project investigated how nuclear mechanical 

properties are regulated in response to biomechanical stress, 

bringing together researchers from Norway and Sweden with 

complementary expertise in cell biology, biophysics and advanced 

microscopy. 

A key achievement of the project was the successful integration of 

bio-atomic force microscopy (BioAFM) with live-cell fluorescence 

microscopy, enabling quantitative measurements of nuclear 

stiffness and elasticity in living cells. The newly established workflow 

allowed the team to map mechanical properties of the nucleus with 

high spatial resolution. 

Using this approach, the project generated evidence that nuclear 

envelope proteins play a significant role in determining nuclear 

mechanical properties and cellular responses to mechanical stress. 

The work also demonstrated how combining complementary 

research infrastructures—including advanced microscopy facilities in 

Oslo and BioAFM instrumentation in Lund—enables experiments 

that would not be feasible within a single laboratory. 

Beyond the scientific results, the project established a strong cross-

border and cross-disciplinary collaboration, supported by active 

personnel exchange and integration of expertise. This provides a 

lasting platform for future studies on nuclear mechanics and how 

cells respond to mechanical stress in health and disease.
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Setting up a Cryo-EM data 

processing pipeline 

Cryo-electron microscopy (cryo-EM) has become an 

indispensable tool in structural biology, enabling high-resolution 

single-particle analysis (SPA) and cryo-electron tomography (cryo-

ET), as well as facilitating research in the emerging field of lipid 

nanoparticle (LNP) characterisation. Although Cryo-EM @ LU has a 

growing user base and robust sample-preparation workflows, its 

data-processing infrastructure is incomplete. The lack of an 

integrated, automated pipeline complicates user access, delays 

results and reduces the facility’s overall efficiency. 

This HALRIC pilot project aimed to establish a data-processing 

infrastructure to support cryoȤEM research at Lund University and 

across the Nordic region. The focus was on enabling more 

efficient handling, processing and storage of cryoȤEM data for 

both academic and potential industrial users. 

Although the full implementation of the pipeline could not be 

completed within the project timeframe, significant progress was 

made in defining data-processing workflows and establishing 

elements of the required computational environment. The project 

also identified key infrastructure requirements, including 

hardware readiness, sufficient power supply and effective 

coordination between facility and IT services. Progress was 

impacted by technical and external challenges, including 

limitations in existing infrastructure and increased computational 

demands following a software upgrade. These constraints 

highlighted critical bottlenecks that must be addressed to ensure 

reliable and scalable cryoȤEM data-processing services. 

Despite these challenges, the project strengthened collaboration 

between cryoȤEM specialists and computational infrastructure 

partners and contributed to aligning expertise across the Nordic 

region. 

Overall, the project provides valuable insights into the practical 

requirements for implementing advanced data-processing 

infrastructure and lays a foundation for future development and 

optimisation of cryoȤEM workflows.
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Acronyms 

Techniques / methods 

3D imaging: three-dimensional imaging 

4D imaging: four-dimensional imaging 

AF4 / A4F: asymmetrical/asymmetric flow field-flow fractionation 

CD: circular dichroism 

CLSM: confocal laser scanning microscopy 

cryo-EM: cryogenic electron microscopy 

cryo-TEM: cryogenic transmission electron microscopy 

DLS: dynamic light scattering 

ELISA: enzyme-linked immunosorbent assay 

EPR: electron paramagnetic resonance 

FEL-SAS: free-electron laser small-angle scattering 

FIDA: flow-induced dispersion analysis 

FISH: fluorescence in situ hybridisation 

HDX-MS: hydrogen-deuterium exchange mass spectrometry 

ITC: isothermal titration calorimetry 

LFR spectroscopy: low-frequency Raman spectroscopy 

micro-CT / µCT: micro-computed tomography 

MRI: magnetic resonance imaging 

MS: mass spectrometry 

NMR: nuclear magnetic resonance 

SAS: small-angle scattering 

SANS: small-angle neutron scattering 

SAXS: small-angle X-ray scattering 

SEC-SAXS: size-exclusion chromatography small-angle X-ray scattering 



HALRIC  pilot project s  abstract book  | p. 92 

 
 
 

 

SPI: single-particle imaging 

TEM: transmission electron microscopy 

TR-SAXS: time-resolved small-angle X-ray scattering 

UV-MALS-dRI: ultraviolet multi-angle light scattering with differential refractive index detection 

XL-MS: cross-linking mass spectrometry 

XRF: X-ray fluorescence 

XRTM: X-ray tomographic microscopy 

Research infrastructures and facilities  

BioMS: bioanalytical mass spectrometry infrastructure at Lund University 

BMC Lund: Biomedical Centre at Lund University, Lund, Sweden 

BRIC: Biotech Research and Innovation Centre at the University of Copenhagen, Copenhagen, Denmark 

CFIM: Core Facility for Integrated Microscopy at the University of Copenhagen, Copenhagen, Denmark 

CIPA: Correlative Image Processing and Analysis core facility at Lund University, Lund, Sweden 

CoSAXS: coherent small-angle X-ray scattering beamline at MAX IV Laboratory, Lund, Sweden 

CryoEM for Life Sciences: cryo-EM infrastructure in Sweden 

cOpenNMR: open NMR infrastructure/facility at the University of Copenhagen, Copenhagen, Denmark 

CSSB: Center for Structural Systems Biology at DESY, Hamburg, Germany 

DaMBIC: Danish Molecular Biomedical Imaging Center at the University of Southern Denmark, Odense, 

Denmark 

DANFIX: Danish X-ray imaging facility/infrastructure at the Technical University of Denmark, Denmark 

DESY: Deutsches Elektronen-Synchrotron, Hamburg, Germany 

DTU Compute: computing infrastructure at the Technical University of Denmark, Denmark 

DTU Micro-CT: micro-CT facility at the Technical University of Denmark, Denmark 

DTU Nanolab: nanofabrication and imaging facility at the Technical University of Denmark, Denmark 

EMBION: Danish National cryo-EM facility, Denmark 

ESS: European Spallation Source, Lund, Sweden 

ESRF: European Synchrotron Radiation Facility, Grenoble, France 
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European XFEL / EuXFEL: European X-ray Free Electron Laser, Schenefeld/Hamburg, Germany 

Faunus: computational/software infrastructure at Lund University, Lund, Sweden 

FragMAX: fragment-screening facility at MAX IV Laboratory, Lund, Sweden 

BioMAX: macromolecular crystallography beamline at MAX IV Laboratory, Lund, Sweden 

HYPERMAG: Center for Hyperpolarization in Magnetic Resonance at the Technical University of 

Denmark, Denmark 

ILL: Institut Laue-Langevin, Grenoble, France 

InfraVis: Swedish national research infrastructure for visualization 

LBIC: Lund University Bioimaging Centre, Lund University, Lund, Sweden 

LP3: Lund Protein Production Platform, Lund University, Lund, Sweden 

LUNARC: Lund University computing centre, Lund, Sweden 

LUVC: Lund University Virus Centre, Lund, Sweden 

MAX IV: MAX IV Laboratory, Lund, Sweden 

MicroMAX: serial crystallography beamline at MAX IV Laboratory, Lund, Sweden 

NAISS: National Academic Infrastructure for Supercomputing in Sweden 

PSI: Paul Scherrer Institute, Villigen, Switzerland 

PX-Oslo: protein crystallography infrastructure at the University of Oslo, Oslo, Norway 

RECX: research infrastructure for SAXS/SANS-related work at Aarhus University, Aarhus, Denmark 

SCIENCE HPC Center at UCPH: high-performance computing centre at the University of Copenhagen, 

Copenhagen, Denmark 

SciLifeLab: Science for Life Laboratory, Sweden 

SOLEIL Synchrotron: French synchrotron facility, Saint-Aubin, France 

SPC facility at EMBL Hamburg: sample preparation and characterisation facility at EMBL Hamburg, 

Germany 
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Behind every new diagnostic tool, treatment, medical technology or health 

innovation lies a long process of collaboration. Researchers, clinicians, companies 

and infrastructure experts bring together different perspectives, methods and 

expertise to answer questions that no single organisation could solve alone. 
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By connecting people, expertise and cutting-edge research infrastructures across 

borders, HALRIC enabled new ideas to be explored, new partnerships to emerge 

and new knowledge to be generated. 

Many of the benefits of this work may only become visible years from now, in 

future discoveries, innovations and solutions to life science challenges. 
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