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Dear Colleagues, 
 
Welcome to the XIIth International Workshop on Applications of EPR in 

Biology and Medicine! This year, as in the past, the workshop stimulated 
interest from young and advanced researchers in the development of EPR 
technology, applications of EPR to understanding biological problems, and 
techniques for the detection of reactive intermediates in free radical biology 
and medicine.  

 
The hybrid form of the conference enables participation of those who 

could not be here in person. All conference sessions will be streamed live, 
allowing questions from the online audience. The poster session will take place 
only online using the Gather platform, allowing individuals to browse the 
posters and discuss with the authors. 

 
Outstanding researchers from around the world will present lectures on 

a wide range of topics, including: EPR imaging and oximetry, technology 
development, membranes, oxidative stress, new spin probes, mitochondrial 
redox signaling, and more. We hope that the workshop will be an excellent 
platform to discuss the latest results, exchange new ideas, and present your 
results to EPR experts from all over the world. In addition to the scientific part, 
it will allow us to reconnect socially. 
 
The workshop was organized by Jagiellonian University. We are extremely grateful 
for the support from the following sponsors: Jagiellonian University in 
Krakow under the program “Excellence Initiative–Research University”, 
Bruker Biospin, Novilet, and Kraków Municipality.  We wish you all a very 
pleasant and stimulating visit to Krakow!  
 
 
On behalf of the organizing committee, 
 
 
Martyna Elas 
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13:50  H. Hirata “EPR implemented with multiple harmonic detection 
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15:35  B. Gallez “Use of EPR biomarkers to assess the impact of drugs 

altering tumor microenvironment” 
16:00 P. Kuppusamy “Oxygen Measurement in Cancer Patients using 

OxyChip: Initial Results and Clinical Perspective ” 
16:20 V. Khramtsov “In Vivo EPR Profiling of Tumor Microenvironment: 
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16:40 M. Pagel “Evaluations of radiotherapy applied to preclinical tumor 
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 12 

 
Chair: P. Kuppusamy 
17:30 M. Krzykawska – Serda „Hypoxia evaluation during development of 

Ductal Carcinoma In Situ (DCIS) in mice by Electron Paramagnetic 
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17:45 M. Kmiec “OxyChip embedded with gold nanoparticles for EPR 
oximetry and anatomic registration” 

18:00 A. Drzał “EPR as a tool for the assessment of the effectiveness of 
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Confounding variation supression with spin lattice 
relaxation (SLR) EPR pO2 imaging of tumor hypoxia 

 
Gertsenshteyn I1,2,3, Epel B.1,3,4, Giurcanu M.5, Barth E.1,3, Lukens J.1,3, Hall K.1,3, 

Martinez J.F.1,3, Grana M.1,3, Maggio M.1,3, Bodero D.1,3, Miller R.C.1,3, 
Sundramoorthy S.V.1,3, Krzykawska-Serda M.1,3,6, Pearson E.2,3, Aydogan B.2, 

Weichselbaum R.R1, Tormyshev V.M.7, Kotecha M.4, Halpern H.1,3 
 

 1 Department of Radiation and Cellular Oncology, The University of Chicago, 
Chicago, IL, USA; 

2 Department of Radiology, The University of Chicago, Chicago, IL, USA; 
3 Center for EPRI Imaging In Vivo Physiology, The University of Chicago, Chicago, 

IL, USA; 
4 O2M Technologies, Chicago, IL, USA; 

5 Department of Public Health Sciences, The University of Chicago, Chicago, IL, 
USA; 

6 Department of Biophysics and Cancer Biology, Jagiellonian University, Kraków, 
Poland; 

7 Novosibirsk Institute of Organic Chemistry, Novosibirsk, Russia. 
 
 

 
Introduction: 
Molecular oxygen measurement and imaging is confounded by physical and physiologic 
factors which confound measurements which are minimized by their tight control in 
mammalian systems. In solution EPR pO2 measurements a major confounder is the spin 
probe concentration itself whose relaxivity confounds that of the measured O2.  
Hypothesis:   
This is minimized using spin lattice relaxation. 
Methodology:  
We review recent results from pulsed solution SLR EPR pO2 images of injected trityl spin 
probe in a variety C3H mouse leg born tumors (FSa fibrosarcoma, MCa4 mammary 
adenocarcinoma, and SCCVII squamous cell carcinomas) imaged in a 250 MHz imager using 
with 3D inversion recovery relaxation filtered backprojection images obtained in 10 minutes 
and treated with rapidly 3D printed conformal opposed apertures to direct radiation (chosen 
randomly) to either hypoxic or well oxygenated tumor after a whole tumor dose sufficient 
to control 15%-20% of tumor. Preliminary data from in vivo oxygen enhancement ratio 
measurements will be shown for SCCVII tumors. The potential for human application with 
available instruments will be briefly shown.  
Conclusion:   
Spin lattice relaxation (SLR) EPR pO2 imaging of tumor hypoxia promises both direct and 
indirect application to enhancement of localized tumor treatment. 
 
Acknowledgements: 
The Kosciuszko Foundation and Scholarship from Jagiellonian University to MK . Research 
supported by NIH grants R01 CA098575, P41 EB002034 
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EPR implemented with multiple harmonic detection 
successfully maps extracellular pH in vivo 

 
Nakaoka R1, Kato K 2, Yamamoto K 2, Yasui H 3,  Matsumoto S 4, Kirilyuk IA5, 

Khramtsov VV 6, Inanami O3 and  Hirata H4 
 

1 Division of Bioengineering and Bioinformatics, Graduate School of Information Science 
and Technology, Hokkaido University, Sapporo, Japan 

2 Laboratory of Radiation Biology, Graduate School of Veterinary Medicine, Hokkaido 
University, Sapporo, Japan 

3 Laboratory of Radiation Biology, Faculty of Veterinary Medicine, Hokkaido University, 
Sapporo, Japan 

4 Division of Bioengineering and Bioinformatics, Faculty of Information Science and 
Technology, Hokkaido University, Sapporo, Japan 

5 N. N. Vorozhtsov Novosibirsk Institute of Organic Chemistry, Novosibirsk, Russia 
6 Department of Biochemistry and Molecular Medicine, and In Vivo Multifunctional 

Magnetic Resonance center, West Virginia University, Morgantown, WV, USA 
 
Extracellular acidification indicates a metabolic shift in cancer cells and is, along with tissue 
hypoxia, a hallmark of tumor malignancy [1]. Thus, non-invasive mapping of extracellular 
pH (pHe) is essential for researchers to understand the tumor microenvironment and to 
monitor tumor response to metabolism-targeting drugs. While EPR has been successfully 
used to map pHe in mouse xenograft models [2], this method is not sensitive enough to 
map pHe with a moderate amount of exogenous pH-sensitive probes. Here, we show that a 
modified EPR system achieves twofold higher sensitivity by using the multiple harmonic 
detection (MHD) method and improves the robustness of pHe mapping in mouse xenograft 
models. Our results demonstrate that treatment of a mouse xenograft model of human-
derived pancreatic ductal adenocarcinoma cells with the carbonic anhydrase IX (CAIX) 
inhibitor U-104 delays tumor growth with a concurrent tendency towards further 
extracellular acidification. We anticipate that EPR-based pHe mapping could be expanded to 
monitor the response of other metabolism-targeting drugs. 
 
Acknowledgements: This work was supported by the Japan Society for the Promotion of 
Science (JSPS) KAKENHI grants JP18KK0304, JP19H02146, and JP21K18165 (to HH); 
JP20H00443 and JP20KK0250 (to IO); JP20H00654 (to SM) and JP19H04264 (to HY); the 
Ministry of Education and Science of the Russian Federation, grant 14.W03.31.0034 (to IAK); 
and the National Institutes of Health (NIH) grants CA194013 and CA192064 (to VVK). RN 
was supported by JSPS Research Fellowship for Young Scientists (JP21J10562) and The 
Nakatani Foundation.  
 
[1] C. Michiels, C. Tellier, O. Feron, The Warburg effect: How does it benefit cancer cells? 
Biochim. Biophys. Acta 2016, 1866, 76–86.  
[2] D. A. Komarov et al., In vivo extracellular pH mapping of tumors using electron 
paramagnetic resonance. Anal. Chem. 2018, 90, 13938–13945. 
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Dynamic tumor microenvironment – following hypoxia 
and other suspects 

 
A.Drzał1, A. Murzyn1, A. Bienia1, E. Kowolik1, J. Sopel1, G. Dziurman1, A. Kozińska1, 

M. Szczygieł1, M Krzykawska-Serda1,2,3, M. Elas1 

 
1 Department of Biophysics and Cancer Biology, Faculty of Biochemistry, 
Biophysics, and Biotechnology, Jagiellonian University, Krakow, Poland 

2 Center for EPRI Imaging In Vivo Physiology, The University of Chicago, Chicago, 
IL, USA; 

3Department of Radiation and Cellular Oncology, The University of Chicago, 
Chicago, IL, USA  

 
 
 

 
Tumor microenvironment is recognized as a major factor in cancer development, 
progression, and response to therapies. In our laboratory we focus on noninvasive imaging 
of hypoxia, vasculature structure and function, and redox state in preclinical tumor models. 
Oximetry in orthotopic tumors of breast, pancreas, and brain, as well as redox and metabolic 
studies in metastatic models, will be presented as examples of EPR spectroscopy and 
imaging in living animals. 

 
Acknowledgements: NSC grants no 2015/17/B/NZ7/03005, 2018/31/N/NZ5/02139, and  
2020/37/B/NZ4/01313; NCBiR: ENM3/IV/18/RXnanoBRAIN/2022 
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 Development of a 1 GHz Preclinical Benchtop EPR 
Imaging Spectrometer  

 
 

 Woodcock LB1, DeGraw S1, Rinard GA2, Eaton GR1, Eaton SS1  
 

 1 University of Denver, Department of Chemistry and Biochemistry, Denver, CO 
80210 

2 University of Denver, School of Engineering and Computer Science, Denver, CO 
80210 

 
EPR Imaging (EPRI) is a powerful tool that has a multiple pre-clinical applications. For 
example, the Eaton and Halpern labs have utilized EPRI for the characterization of oxygen 
in the tumor microenvironment.1–3 The goal of in vivo imaging has necessitated the 
development of spectrometers that operate at low frequency (<2 GHz). Though low 
frequency spectrometers ensure adequate penetration depth, they often suffer from lower 
sensitivity, which makes detection of small concentrations of spin probes challenging. A 
major focus of EPRI research and development has been on decreasing the limit of detection 
(LoD) of EPRI spectrometers. Here, we present updates on the 700 MHz prototype pre-
clinical imaging spectrometer first described by Buchanan in 2018.4 In an effort to 
dramatically reduce the LoD of this instrument, the operating frequency has been raised to 
1 GHz and functionality of the bridge has been limited to rapid scan EPR, which is the method 
of choice for imaging nitroxides. Additionally significant effort has been given to resonator 
design. With as little as 10 seconds of signal averaging, as few as 2x1014 spins (8 mm o.d. 
tube with 1 µM 15N,d17-Tempol) can be detected in a spectrum with a signal-to-noise ratio 
of ca. 10.   
 
[1]  Epel, B.; Sundramoorthy, S. V.; Barth, E. D.; Mailer, C.; Halpern, H. J. Med. Phys. 
2011, 38 (4), 2045–2052. https://doi.org/10.1118/1.3555297.  
[2]  Epel, B.; Halpern, H. J. In Methods in Enzymology; Elsevier Inc., 2015; Vol. 564, pp 
501–527. https://doi.org/10.1016/bs.mie.2015.08.017.  
[3]  Quine, R. W.; Rinard, G. A.; Eaton, S. S.; Eaton, G. R. Concepts Magn. Reson. 2002, 
15 (1), 59–91. https://doi.org/10.1002/cmr.10020.  
[4]  Buchanan, L. A.; Rinard, G. A.; Quine, R. W.; Eaton, S. S.; Eaton, G. R. Concepts 
Magn. Reson. Part B Magn. Reson. Eng. 2018, 48B (2), e21384. 
https://doi.org/10.1002/cmr.b.21384.  
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Use of EPR biomarkers to assess the impact of drugs 
altering the tumor microenvironment 

 
Gallez B1 

 
1 Louvain Drug Research Institute, Biomedical Magnetic Resonance Research 

Group, UCLouvain, Brussels, Belgium  
 

 
The tumor microenvironment has been long recognized as a crucial factor in in cancer 
therapy. EPR oximetry with stable particulate oxygen sensors has emerged as a unique 
technology to assess longitudinally the evolution of tumor oxygenation. One of the main 
contributions of EPR oximetry has been in the field of pharmacology where the unique 
capability to follow in real time the effects of drugs targeting tissue hypoxia has been 
exploited to validate treatments and propose rational dosing regimen. EPR may also provide 
unique information on extracellular pH and redox status of tumors. Illustrative examples 
with treatments targeting the tumor metabolism will be presented [1,2]. 
 
 
Acknowledgements: I would like also to express my gratitude to Hal Swartz, my post-doc 
mentor in 1993-1994. During my 30 years experience in working on tumor hypoxia, its 
assessment and its manipulation, I have worked with many brilliant collaborators from my 
university who all have been key players for the progress in this field. They are all 
acknowledged for their outstanding contribution: R. Ansiaux, C. Baudelet, C. Buyse, T. Cao-
Pham, N. Charlier, F. Colliez, J. Conq, N. Crokart, P. Danhier, C. Desmet, G. De Preter, D. 
d’Hose, C. Diepart, B. Driesschaert, O. Feron, A.C. Fruytier, Q. Godechal, V. Gregoire, J. He, 
B. Jordan, N. Joudiou, M. Lan, J. Magat, B. Mathieu, L. Karmani, O. Karroum, P. Leveque, J. 
Nel, M.A. Neveu, K. Radermacher, G. Rodella, S. Scheinok, N. Schleich, C. Schoonjans, P. 
Sonveaux, L.B.A. Tran, M. Wehbi. 
 
[1] Gallez B. The Role of Imaging Biomarkers to Guide Pharmacological Interventions 
Targeting Tumor Hypoxia. Front. Pharmacol. 13:853568 (2022) 
[2] Gallez B. Oxygenation Status in Normal Tissues, Pathological Tissues and Malignant 
Tumors: A pO2 Database Based on Electron Paramagnetic Resonance (EPR) Oximetry 
Measurements. Appl. Magn. Reson 52, 1395–1450 (2021) 
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Oxygen Measurement in Cancer Patients using OxyChip: 
Initial Results and Clinical Perspective  

 
Schaner PE, Williams BB, Chen EY, Kmiec MM, Kuppusamy P 

 
Dartmouth Cancer Center, Geisel School of Medicine, Dartmouth College, Hanover, 

New Hampshire, USA 
 
Objective: The overall objective of this study was to establish EPR oximetry using an 
implantable oxygen sensor, called the ‘OxyChip’, as a clinically feasible technology that 
would allow individualized tumor-oxygen assessments in cancer patients prior to and during 
hypoxia-modification interventions such as hyperoxygen breathing.  
Methods: Patients with any solid tumor at ≤3-cm depth from the skin-surface scheduled 
to undergo surgical resection (with or without neoadjuvant therapy) were included the 
study. The OxyChip was implanted in the tumor and subsequently removed during standard-
of-care surgery. Partial pressure of oxygen (pO2) at the implant location was measured using 
a CW EPR spectrometer operating at 1.15 GHz. During each measurement session, the 
patient would breathe room air, followed by a period of 100% oxygen inhalation using a 
non-rebreather mask, and then breathe room air again.  
Results: EPR oximetry was carried out in the tumors of 11 cancer patients (squamous cell 
carcinoma of the skin 4; breast cancer 3; basal cell carcinoma 2; melanoma 2) over a total 
of 33 visits for >4 months. The mean of tumor pO2 values was 16.3±2.9 mmHg (median 
12.4 mmHg, range 0.6 to 73.1 mmHg), while the mean of hyperoxygen values was 36.4±6.6 
mmHg (median 20.5 mmHg, range 1.5–144.6 mmHg). The radiobiological response of 
cancers to tumor oxygenation, as determined in the form of oxygen enhancement ratio 
(OER), indicated that in about 27% of the measurements (9 out of 33) the tumors were 
severely hypoxic (pO2<5 mmHg) and 67% (6 out of 9) of them could be sensitized to 
radiation with ≥20% OER gain. Further, about 42% of the values (14 out of 33) were 
radiobiologically hypoxic (pO2<10 mmHg) and 64% (9 out of 14) of the hypoxic tumors 
could be sensitized to radiation with ≥10% OER gain. Twenty-four measurements (73%) 
showed the tumors were not severely hypoxic (pO2≥5 mmHg) and, irrespective of whether 
they responded or not to hyperoxygenation, increased radiosensitization according to the 
OER model would be limited to <20%. Overall, these results emphasized the need to 
measure pO2 in each tumor at the time of treatment to optimize hypoxia-mitigation 
strategies. The study also established that the OxyChip has the potential to measure 
dynamic changes of tumor oxygen before and during cancer treatment and as such paves 
the way for using EPR oximetry in the clinical setting for cancer prognosis and treatment 
planning. 
Perspective: The first-ever clinical study of EPR oximetry using OxyChip provided some 
valuable insights for further improvements in the probe design, procedures for multiple 
implants and spatially resolved oxygen data, measurements in deeper tumors, and 
application of routine clinical imaging modalities for placement and tracking of the 
distribution of the implants during treatment period.  
 
Acknowledgments: The study was supported by National Institutes of Health grants R01 
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Hypoxia and acidosis are well-established hallmarks of cancer. Recently inorganic phosphate 
(Pi) has been identified as a new factor of importance in tumorigenesis. Previously we 
developed trityl-based multifunctional probe, HOPE, that allows for concurrent assessment 
of pH, pO2 and Pi in extracellular tissue microenvironment (TME) using low-field EPR-based 
spectroscopy and Overhauser-enhanced MRI. The multifunctional EPR profiling of TME in 
various animal models of cancer reveals significantly elevated interstitial Pi concentrations 
up to two fold higher compared to normal tissue. Higher Pi concentrations were measured 
in highly metastatic compared to non-metastatic tumors. ATP hydrolysis by ecto 
phosphatases provides one of the sources of elevated Pi in TME resulted in concurrent 
formation of adenosine – a potent immune suppressant in TME. We observed that 
interference with A2B adenosine receptor signaling alters TME parameters, in particular Pi 
level, and affects lung metastasis. While Finland trityl-based HOPE probe has been 
successfully used for in vivo studies upon intratissue injection, it cannot be delivered 
intravenously due to systemic toxicity in part due to binding to albumin. To overcome this 
limitation, we synthesized HOPE71 probe, a monophosphonated trityl radical derived from 
the highly hydrophilic biocompatible trityl probe, OX071. In addition to EPR sensitivities to 
pO2, pH, and [Pi] HOPE71 lacks albumin binding, shows low cytotoxicity, and has systemic 
tolerance. Summarizing, TME profiling using EPR multifunctional trityl-based probes reveals 
interstitial Pi as a new tumor microenvironment marker for tumor progression and 
aggressiveness. This contributes to a scientific basis to evoke public awareness of increased 
phosphate consumption in developed countries due to the high content of phosphate-based 
modifiers in processed foods, and the potential health risk.  
    
Acknowledgements: supported by NIH grants EB023990, EB028553, EB32321, GM143595, 
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Tumor hypoxia strongly influences the response to anti-cancer radiation therapy. We have 
developed Oxygen Enhanced EPR/MRI to improve the assessments of radiation  therapy. OE 
EPR/MRI uses an oxygen gas challenge (21% O2 followed by 100% O2) to quantitatively 
measure tumor oxygen partial pressure with either carrier gas (pO2air and pO2O2), and the 
“available oxygen capacity” (ΔpO2= pO2O2-pO2air), by measuring the O2-dependent T1 
inversion recovery of OX071.We have optimized the workflow of OE EPR/MRI to ensure that 
OX071 has sufficiently accumulated in tumor tissue, and that the tumor model is equilibrated 
with 21% O2 or 100% O2 prior to scanning. This optimization includes registration of the 
EPR and anatomical 1H-MR images to ensure that our tumor pO2 measurements are rigorous. 
We are currently applying OE EPR/MRI to image subcutaneous xenograft models of SU86.86 
and Colo357 pancreatic cancer, while treated with 10 Gy of focal radiotherapy. Our previous 
results have shown that the SU86.86 model is normoxic and responsive to radiotherapy, 
while the Colo357 model is hypoxic and does not respond to radiotherapy. Furthermore, we 
have shown that a complementary molecular imaging modality, OE Multispectral  
Optoacoustic Tomography, can measure oxygen saturation of hemoglobin during the same 
oxygen gas challenge (%sO2air and %sO2O2), as well as the “available oxygen capacity” 
(ΔsO2= %sO2O2-%sO2air). We have demonstrated that %sO2air and %sO2O2, and ΔsO2 
correctly categorize the tumor models as normoxic and hypoxic, and therefore can be used 
as predictive biomarkers before starting radiotherapy. Only a decrease in ΔsO2 was related 
to the effect of radiotherapy, and therefore can be used as an early response biomarker. 
We hypothesize that our OE EPR/MRI study will also show that pO2air and pO2O2 and ΔpO2 
are predictive biomarkers, and only ΔpO2 is an early response biomarker of radiotherapy. In 
addition, we hypothesize that OE EPR/MRI will have an effect size that is comparable to or 
superior than OE MSOT for evaluating radiotherapy. 
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Introduction:  
Ductal Carcinoma In Situ (DCIS) development is a preliminary stage of invasive breast 
cancer. During DCIS development small pre-cancerous foci in the duct epithelium is 
separated from breast parenchyma by the dense ductal membrane. These changes may be 
correlated at an early stage with local hypoxia near the breast duct.  
Hypothesis:  
Oxygen deficiency is crucial for Ductal Carcinoma In Situ development in mice.  
Methodology:  
Mouse models of early and late DCIS developed nearly all transgenic SV40Tag female mice. 
Animals spontaneously develop mammary tumors beginning at 6 weeks and with nearly 
100% by the age of 16 weeks. The DCIS were identified by 9.4T MRI with high resolution. 
The Karczmar group has extensive experience correlating MRI with histologic representation 
of DCIS [1]. Oxygen partial pressure (pO2) can be localized in vivo by Electron Paramagnetic 
Resonance Imaging. Pulse EPR spin lattice relaxation imaging can provide absolute pO2 
measurements (spatial resolution around 1mm)  and can be used for hypoxic area 
identification. The study requires two contrast agents: first OX071 spin probe for EPRI, then 
gadolinium-based (for MRI). Both were administrated intraductally. The same animal was 
imaged 2-3 times over the 6-14 weeks.  
Conclusion: 
Hypothesis verification can be done after solving following challenges: reproduceable animal 
position during EPR-MRI imaging, high precision registration, pO2 data reconstruction after 
intraductal injection, field of interest localization over experimental time between imaging 
sessions. A variety of new techniques were introduced into data analysis to finally test the 
hypothesis about hypoxia driven development of DCIS. 
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EPR oximetry using implantable oxygen sensors such as the OxyChip can provide direct and 
repeated measurement of tissue oxygen levels; however, a significant limitation is the 
inability to identify the implant location in the tissue. We report the development of an 
OxyChip embedded with gold nanoparticles (GNP) to visualize the implant in the tissue using 
clinical ultrasound or computed tomography (CT). In vitro characterization, imaging, and 
histopathology of the new sensor (OxyChip-GNP) using tissue phantoms, excised tissues, 
and in vivo animal models demonstrated substantial enhancement of ultrasound and CT 
contrast without compromising its oxygen-sensing properties or biocompatibility. Thus, the 
OxyChip-GNP can facilitate precisely localized in vivo oxygen measurements in the clinical 
setting. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Reconstructed images of rat with implanted clinical fiducials (PolyMark and gold rod) and 
clearly visible OxyChip-GNP. Imaging was performed on clinical CT scanner (GE Medical 
Systems LightSpeed RT16). 
 
 
 
 
 
 
 
 
Planar X-Ray image of OxyChip-GNP in rat muscle (A) obtained with CB-CT (Varian Medical 
Systems, True Beam). The image clearly reveals presence of the OxyChip in the muscle. 
OxyChip without GNP is not visible. Panel (B) shows zoom-in cross section of the image (A).  
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Hypoxia is an important determinant of human tumor sensitivity to radiation 

therapy. Ultrasound sensitive microbubbles filled with oxygen (OMB) may act as a tissue 
radiosensitizer. The oxygen from microbubbles can be released locally by an ultrasound 
impulse, leading to a controlled, local increase in pO2. The aim of this study was to 
investigate the impact of oxygen microbubbles and their combination with metformin on 
tumor oxygenation and the effectiveness of radiotherapy.  

Anionic pegylated microbubbles composed of DSPC and DSPE-PEG2000 were used. 
Microbubble cavitation was performed with a 2W/cm2 ultrasound impulse (Vevo SoniGene). 
In vivo EPR oximetry was conducted with an L-band CW spectrometer (Bruker Elexsys-II 
E540) in 4T1 tumors growing in a mammary fat pad of Balb/c mice. For two-dimensional 
oxygen mapping, CP (3-Carboxy-2,2,5,5-tetramethyl-1-pyrrolidinyloxy, 0,1 mM) was used 
as an oxygen sensitive spin probe. Temporal changes in tumor oxygenation were measured 
with an OxyChip as an oxygen sensor. Tumor growth and vasculature were monitored with 
ultrasonography (Vevo 2100). Radiotherapy (12 Gy, gamma rays) was carried out in the 
therapeutic window of therapy.  

Both intravenous and intratumor injection of microbubbles cause higher oxygenation 
within the imaged tissues.  The application of the ultrasound pulse to destroy the 
microbubbles enhances this effect. Then the tumor pO2 gradually decreased for 30 minutes 
and reached the initial level after 3 hours. Pretreatment with oxygen microbubbles, both 
intravenous and intratumoral, slows down tumor growth after radiotherapy.  

Two weeks of combined therapy resulted in a therapeutic window with increased 
oxygenation and normalized vasculature. We observed a slowdown in tumor growth after 
radiotherapy in all treated groups; however, the greatest impact was observed in a group 
pretreated with combined therapy. Treatment with metformin and oxygen microbubbles 
effectively increased tumor oxygenation and sensitized them to radiotherapy. However, both 
metformin and a combination of metformin with OMB increased the metastasis of 4T1 
tumors. 
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A precise quantitative definition of tumor hypoxia is essential in radiation therapy treatment 
planning to improve the treatment efficacy by targeting hypoxic sub-volumes [1]. We 
developed a combined imaging system of positron emission tomography (PET) and pulse 
electron paramagnetic resonance oxygen imaging (pEPROI) to investigate the accuracy of 
PET imaging in assessing tumor hypoxia. The PET/pEPROI combined imaging system aims 
to simultaneously measure the molecular oxygen partial pressure and 18F FMISO retention 
in tissues. The combined imaging system was constructed by integrating a small animal PET 
scanner (inner ring diameter 62 mm and axial field of view 25.6 mm) and a pEPROI 
subsystem (field strength 25 mT and resonant frequency 700 MHz) [2].  
Using the combined system, we identified the optimal hypoxia definition threshold in FMISO 
PET images for SCC7 squamous cell carcinoma, FSa fibrosarcoma, and MCa4 mammary 
adenocarcinoma. For that pEPROI images were used as a ground truth for hypoxia, defined 
by pO2≤ 10 mmHg [3]. 
 
 
[1] Epel et al. Int J Radiat Oncol Biol Phys. 2010; [2] Kim et al. J Inst. 2021;[3] 
Gertsenshteyn et al. European Journal of Nuclear Medicine and Molecular Imaging, 2022. 
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The presentation highlights the latest developments of Bruker in the field of EPR 
instrumentation. Major drivers of recent developments have been demands for improvement 
of sensitivity, time resolution and data analysis.  
 
Ease of use and accessibility are two of many advantages of a bench-top EPR spectrometers. 
Magnettech ESR5000 with its large portfolio of accessories brings EPR to every lab with 
research-grade performance.  
 
Simulating and fitting of EPR spectra is inherent part of signal analysis and interpretation. 
SpinFit Liquids is a new member of the SpinFit family that extends application fields of SpinFit 
modules spectra in the slow motion regime. 
 
Bruker’s continuous efforts to improve EPR instrumentation in all aspects has led to the 
development of Rapid Scan (RS-EPR). With the new Rapid Scan unit, very significant 
improvements in sensitivity and time resolution are achieved. The optical access of Rapid 
Scan resonator allows for investigations of light induced EPR active species with this recently 
developed EPR technique.  
 
Exploiting newest technologies two Bruker-built pulse solid-state amplifiers were recently 
introduced: 50 W SSA at Q-band and 600 W SSA at X-band. The latter providing a new 
alternative for well-known TWT amplifier. Performance of the SSAs will be presented with 
recently obtained results. 
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The rapid scan (RS) technology has been gaining in popularity among the developers and 
users of EPR due to its two major advantages. The first is the sensitivity enhancement 
compared to traditional slow-scan methods. Due to rapid passage through resonance,  the 
spin system remains unsaturated at relatively high excitation powers. The result is a gain in 
the signal-to-noise ratios. The flip side of using higher powers is the need for tight control 
over the resonator critical coupling conditions. Automatic digital control (ADiC) unit was 
developed that permits resonator tuning and coupling within tens of milliseconds. Another 
advantage of  RS EPR is fast data acquisition that enables 5D spatial-spectral-temporal 
imaging. Such technology can be applied to measure the kinetics of oxygen, pH, and more. 
One of the important applications of 5D imaging is bioprinting. Other applications of RS EPR 
imaging include 3D printing, mapping of the magnetic field, and in vivo imaging. Related 
experimental results and recent methodological advances will be presented in the talk.  
 

  



 37 

Whole-Body Mouse Oxygen Imaging of Implanted Beta 
Cell Replacement Devices  

 
Kotecha M. 

 
CEO and Co-Founder, O2M Technologies, LLC 

www.oxygenimaging.com 
contact: mk@oxygenimaging.com  

 
 
The lack of oxygen supply to the highly metabolic pancreatic islet cells is one of the major 
factors contributing to the failure of islet transplantation devices designed for a functional 
cure of type I diabetes (T1D). The loss of islets due to hypoxia is common in almost all 
modes of islet transplantation – from micro-encapsulation to macro-encapsulation cell 
transplantation devices and tissue grafts. Several approaches to improve oxygenation in 
these transplantation devices are being developed. These approaches range from external 
oxygen delivery to improving oxygen diffusion in biomaterials and oxygen generation in situ. 
With the support of the Juvenile Diabetes Research Foundation (JDRF), we established an 
“Oxygen Measurement Core” at O2M and performed in vivo (in mice) oxygen imaging 
assessment of implanted devices subcutaneously in mice. All oxygen imaging experiments 
were performed using O2M’s preclinical oxygen imager, JIVA-25Ô, a 25 mT/720 MHz 
electron paramagnetic resonance oxygen imager. JIVA-25Ô provides three-dimensional 
partial oxygen pressure (pO2) maps with high spatial, temporal, and pO2 resolution. For 
reporting oxygen concentration, we used oxygen-sensitive soluble probe trityl OX071. A 
large size 32 mm diameter and 35 mm length resonator was developed and tested for whole-
body mouse imaging. Animal heating and respiratory monitoring system was developed and 
tested for keeping the animals at 37 ºC during the imaging protocols. This is the first such 
study showing the capability of EPROI to provide whole-body pO2 maps of implanted cell 
transplantation devices in mice. I will present key data from the study and discuss “dos and 
don’ts” of whole-body mouse oxygen imaging. 
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Electron spin resonance (ESR) is commonly used for a variety of pre-clinical studies but is 
yet to make a significant impact in the clinical world.  Possible reasons for this are the relative 
complexity and high cost of clinical ESR system and the limited availability of endogenous 
or clinically approved paramagnetic species in humans. In this talk we will present two 
possible developments of ESR to wide-spread clinical use that would enable measurements 
of oxygen in skin tissue and glucose in the blood. Both applications rely on the use of a 
compact ESR sensor that includes the magnet and the resonator, thereby making the 
measurement system very simple and affordable.  For the skin oxygen sensor, we will 
present some initial clinical experimental results [1] while for the blood glucose sensor we 
will show some basic concepts and in-vitro measurements. It is expected that this approach, 
coupled with the development of compact pulsed ESR spectrometer, would open many more 
clinical applications to ESR.  
 
  
 
[1] Cristea, D., Wolfson, H., Ahmad R., Twig Y., Kuppusamy P., and Blank, A.  
“Compact electron spin resonance skin oximeter: Properties and initial clinical results,“ 
Magnetic Resonance in Medicine  
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Low frequency electron paramagnetic resonance imaging (EPRI) is a powerful tool to non-
invasively measure the physiological status of different organs. Here, we report on the 
functionality of static, an ultrafast dynamic EPRI and spectroscopy. Three-dimensional high 
temporal spatial images together the results of fitting empirical mathematical model (EMM) 
of mouse head and body are presented. 
For EPR imaging ERI TM600 (Novilet, Poland) equipped with multiharmonic analysis, direct 
detection and fast imaging protocol was used. As a spin probes 3-CP nitroxide (3µmol/g 
b.w) for head imaging and OX063 (0.6µmol/g b.w) for head [1] and body imaging were 
used. During 1h experiment 3D images were collected with respectively 23 and 4.5s intervals 
for head and body. For each voxel the empirical mathematical model [4] (EMM) was fitted 
to quantitatively assess uptake (α), overall (β) initial washout (γ), maximum concentration 
(Cmax) time to maximum 
concentration (Tpeak) and three 
more biophysical parameters. 
Imaging were performed on 
two BalbC mice ages 7 weeks 
with body weights ~27g [2].  
 
For EPR spectroscopy ERI DUO 
(Novilet, Poland) was used. The 
preliminary results showed that 
the sensitivity of the system 
operates at the frequency of 
1.15 GHz with the surface 
resonator allowing detect EPR 
signals from the liquid samples 
containing 100 pmol of the 
nitroxyl spin probe (figure). 
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To analyse and compare  networks of interlipid connections at the bilayer/water interface, 
graph theory was employed. Interfaces of three bilayers generated in molecular dynamics 
simulation were compared; they consisted of monogalactosyldiglyceride (MGDG) and 
digalactosyldiglyceride (DGDG) with both α-linolenoyl (di-18:3, cis) acyl chains, and 
dioleoylphosphatidylcholine (di-18:1, cis, DOPC) molecules. Galactolipids (MGDG and DGDG) 
and DOPC have polar head groups but of different chemical structures so at the bilayer 
interfaces they participate in different types of interaction. Nevertheless, at each interface 
these interactions and the lipid molecules they link make a network. In graph theory, a 
network of interconnected objects is described by well-defined quantities which define its 
topology and can be used to assess several properties of the network. A comparison of these 
properties indicates that the topologies of the networks differ significantly but are stable 
during the simulation time. The networks in the galactolipid bilayers are more extended, 
branched, stable, and stronger than those in the DOPC bilayers. 
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Many cellular signaling processes involve the recruitment of proteins from a soluble, 
cytoplasmic form to an activated form localized at a membrane interface.  While outstanding 
progress has been made in the structural biology of both soluble and integral membrane 
proteins, understanding the structure and conformational dynamics of proteins that function 
at the membrane interface remains challenging. ExoU (exoenzyme U) is a patatin-like 
phospholipase A2 (PLA2) exported through the type III secretion system (T3SS) of the 
opportunistic pathogen, Pseudomonas aeruginosa. ExoU is an important virulence factor, 
disrupting eukaryotic host cell membranes to facilitate bacterial survival in P. aeruginosa 
infections. As a soluble protein that carries out its catalytic function at the membrane 
surface, ExoU serves as a paradigm for peripheral membrane proteins that traffic to the lipid 
bilayer interface. In addition, ExoU phospholipase activity requires noncovalent interaction 
with ubiquitin and therefore provides a valuable system for the study of allosteric regulation 
through protein-protein interactions (PPI).  Using site-directed spin labeling (SDSL) EPR 
spectroscopy and computational methods supported by biochemical and biological studies, 
we have sought to elucidate the structural changes and conformational dynamics that 
accompany ubiquitin binding and membrane association.  Our studies highlight the role of a 
C-terminal four-helix bundle domain in membrane binding, conformational changes in an 
unstructured surface loop in mediating phospholipase activity, and the synergistic effects of 
ubiquitin and the membrane bilayer as allosteric regulators of ExoU. 
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The lipid bilayer portion of the fiber cell plasma membrane of the human eye lens forms a 
significant barrier to oxygen transport into the interior of the lens and contributes to 
protection against cataract formation. It has a unique lipid composition. One of the most 
important features is that the cholesterol (Chol) content is extremely high, increases with 
age, and is higher in the nucleus than in the cortex. Changes in phospholipid composition 
affect the Chol content, at which Chol bilayer domains (CBDs) and Chol crystals start to 
form. Studies of membrane properties at Chol concentrations exceeding the saturation 
threshold of the phospholipid bilayer are of immense importance. To study the lateral 
organization and physical properties of these membranes by microscopic methods, we use 
giant unilamellar vesicles as model membranes. They are a suitable model for this research 
because they have a comparable size to eukaryotic cells. The most commonly used method 
for their preparation is electroformation. Due to the large number of parameters required, 
their values must be carefully adjusted, especially for membranes with high Chol content. 
We have prepared artificial membranes from lipid mixtures that resemble composition of the 
lipid bilayer portion of the lens fiber cell plasma membrane 
(phosphatidylcholine/sphingomyelin/Chol). Fluorescence and atomic force microscopy were 
used to find the optimal values for the electroformation parameters. We investigated the 
effects of electrical parameters, Chol concentration, and lipid film thickness on vesicle 
formation. The best frequency-voltage combinations were in the 2-6 V and 10-100 Hz 
ranges. The best electroformation results for the POPC/SM/Chol mixture were obtained at a 
lipid concentration of 2.75 mg/ml and a lipid film thickness of approximately 30 nm. 
Compared to binary POPC/Chol mixtures, SM appeared to impede the formation of GUVs. 
Increasing the Chol concentration decreased the size and quality of vesicles. A large amount 
of defects was present in both mixtures. However, the effect was much less pronounced 
when appropriate electroformation parameters were chosen. 
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The amount of membrane-bound α-crystallin increases significantly with age and cataract 
formation, accompanied by a corresponding decline in the level of α-crystallin in the lens 
cytoplasm. However, the role of membrane lipids and cholesterol (Chol) composition in α-
crystallin membrane binding is unclear. We have developed an electron paramagnetic 
resonance (EPR) spin-labeling approach to investigate the α-crystallin membrane binding 
and the physical properties of the membrane with α-crystallin binding. We investigated the 
binding of α-crystallin with a membrane made of individual lipid, two-component lipid 
mixtures, and model of animal and human lens-lipid membranes. Our results show that lipid 
headgroup size and charge, hydrogen bonding between lipid headgroups, lipid curvature, 
acyl chain length, and degree of unsaturation modulate α-crystallin-membrane binding and 
the physical properties of membrane changes with α-crystallin binding. In addition, α-
crystallin interacts with the membrane via hydrophobic interaction. Moreover, our results 
show that independently of the lipid headgroup, acyl chain length, and degree of 
unsaturation, Chol and cholesterol bilayer domains (CBDs) inhibit α-crystallin membrane 
binding. However, the level of inhibition was different depending upon the lipid headgroup, 
chain length, and the degree of unsaturation. Furthermore, our data indicated that Chol and 
CBDs play a positive physiological role by preventing α-crystallin binding to lens membranes 
and possibly protecting against cataract formation and progression.  
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One of the holy grails of synthetic biology is the bottom-up construction of artificial cells. 
Arguably, their most important constituent are the lipid membranes which shape them and 
can be used to make up compartments serving as faux organelles committed to different 
tasks. Naturally occurring cells, however, beside lipids can be made up in 50% of proteins, 
many of which control the traffic through the membranes. This makes a task of equipping 
artificial membranes with appropriate protein machinery key towards achieving functional 
protocells in the bottom-up approach. To fulfil this goal we have combined the nanodiscs 
technology capable of stabilising membrane proteins in nanoscale lipid patches with well-
established calcium driven fusion of phosphatidylserine enriched membranes. We show that 
in our system the nanodiscs can undergo full fusion with target lipid membrane delivering 
their hydrophobic cargo. Moreover, this novel methodology is capable of delivering 
membrane proteins in membrane spanning fashion to preformed small and giant 
unilammelar vesicles. We hope that our findings will be a valuable contribution to both 
synthetic biology and development of novel therapeutics alike.  
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Photoreceptor membranes have a unique lipid composition, and due to differences in 
polyunsaturated fatty acids (PUFA) and cholesterol content, they are divided into three 
types: plasma membrane and young and old disk membranes. Disk membranes contain a 
large amount of PUFA and are enriched in phosphatidylethanolamines compared to the 
plasma membrane. All-trans retinal (AtRAL), a photoreactive product of visual pigment 
fading, transiently accumulates in these membranes, and its concentration can reach 
phototoxic levels. Therefore, we investigated the effect of AtRAL on the structural properties 
of photoreceptors model membranes whose lipid composition was carefully adjusted to 
resemble the natural ones.  
Using electron paramagnetic resonance spectroscopy and spin labeling techniques, 
membrane properties such as polarity and lipid order were analyzed in the presence and 
absence of AtRAL. For comparison, the effects of other retinoids: 11-cis retinal and all-trans 
retinol were also investigated. Three retinoids affected membrane properties differently, 
however their effects were rather weak and depending on cholesterol content. Among them, 
only AtRAL increased lipid order but solely in young disk membranes which contain high 
concentration of both cholesterol and PUFA. At high cholesterol concentration polarity of the 
membrane slightly decreased in the presence of AtRAL. The changes induced by AtRAL, 
although noticeable, seem not to be significant enough to be physiologically relevant. This 
is however an optimistic conclusion because it can be assumed that accumulation of AtRAL 
in photoreceptor membranes will not affect the transduction of visual signal and will not 
disturb the interaction of proteins engaged in this process.  
 
 
Acknowledgements: A.P. acknowledges the Priority Research Area BioS  (POB BioS) under 
the "Excellence Initiative - Research University” program at the Jagiellonian University in 
Krakow for financial support of S.R. M.Sc. thesis. 
T.S. thanks to Retinal Cell Biology and Development of Novel Therapies, National Eye 
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N-acetylcysteine (NAC) has been used as a direct scavenger of reactive oxygen species 
(hydrogen peroxide, in particular) and an antioxidant in cancer biology and immuno-
oncology. NAC is at the center stage, being the antioxidant drug most frequently employed 
in studies using tumor cells, immune cells, and preclinical mouse xenografts. Most studies 
use redox active fluorescent probes such as dichlorodihydrofluorescein (DCFH), 
hydroethidine (HE), and mitochondria-targeted hydroethidine (MitoSOX), and proprietary 
kit-based probes (CellROX Green and CellROX Red) for intracellular detection of hydrogen 
peroxide or superoxide. Inhibition of fluorescence by NAC was used as a key experimental 
observation to support the formation of reactive oxygen species and redox mechanisms 
proposed for ferroptosis, tumor metastasis, and redox signaling in the tumor 
microenvironment. Reactive oxygen species such as superoxide and hydrogen peroxide 
stimulate or abrogate tumor and immune cells depending on multiple factors. Understanding 
the mechanism of antioxidants is crucial for interpreting the results. Because neither NAC 
nor the fluorescent probes indicated above react directly with hydrogen peroxide, it is 
critically important to reinterpret the results to advance our understanding of the mechanism 
of action of NAC and shed additional mechanistic insight on redox-regulated signaling in 
tumor biology. In this talk, I will focus on iron signaling, ferroptosis, the glutathione-
dependent antioxidant and redox signaling mechanism, and the reactive oxygen species-
induced oxidative mechanism of fluorescent probes in cancer cell studies. This approach 
should help in the interpretation of the inhibitory and stimulatory effects of NAC and 
oxidative stress, and the role of the redox-regulated cell signaling mechanisms of NAC in 
tumor cells, tumor xenografts, and improved immune cell responses in the tumor 
microenvironment.  
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Biological systems are highly-packed and heterogeneous environments in which molecules 
and macromolecules interact with each other within microenvironments that are governed 
by interfacial chemistry. These environments are known to modulate different aspects of 
protein structure and function including protein folding, diffusion and kinetics. As a 
consequence we hypothesized that crowded and heterogeneous environments might also 
modulated protein oxidation, glycation and aggregation reactions.  
To investigate such reactions we exposed tryptophan-containing peptides and proteins to 
peroxyl radicals under both dilute and crowded conditions, with the latter generated by the 
addition of high concentrations of inert polymers. Kinetic experiments showed the 
occurrence of short-chain reactions and modulation of  the kinetics and products of oxidation 
reactions, with, for example, the rate of oxidation of free Trp doubling from ~15 to ~30 μM 
min−1 in the absence and presence of 60 mg mL-1 dextran, respectively. Data have also been 
obtained for the occurrence of short-chain reactions with the propagation of damage (and 
resulting enhanced amino acid loss) being ascribed to the formation of chain-carrying 
intermediates (cysteinyl/tryptophanyl radicals and/or peroxyl radicals). These species can 
also transfer damage to other targets (e.g. methionine and tyrosine residues). Protein 
aggregation was also markedly affected by the presence of inert crowding agents, as 
determined by electrophoresis. Similarly, exposure of concentrated solutions of intrinsically 
disordered proteins (casein proteins) resulted in an increased extent of damage and 
propagation reactions.  
These studies have been extended to examine the effects of crowding and microdomains 
on glycation and aggregation, via studies (using electrophoresis, electron microscopy and 
LC-MS) on albumin and transferrin induced by the reactive aldehydes, methylglyoxal and 
glyoxal. Product analysis indicates that crowding modulates the yield of protein carbonyls 
and modulates the extent of formation of transferrin cross-links. Arginine was the most 
susceptible residue to modification, with lysine and cysteine also affected. Crowding did not 
influence the extent of loss of arginine and lysine for either protein, but the sites of 
modification, detected by LC-MS, were different between dilute and crowded conditions.   
 Overall, these data reveal the importance of utilizing in vitro experimental systems that 
consider the effects of molecular crowding and microdomain formation on pathways 
involving protein modification and redox signaling. The latter may be of particular relevance, 
as data from other groups have shown that redox signaling and phase separation (formation 
of microenvironments containing high concentrations of specific macromolecules) are tightly 
associated, and critical to the regulation of biological processes.   
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Oxidative stress is involved in neuronal loss of Parkinson disease through different pathways. 
Neuromelanin is accumulated in dopamine neurons of substantia nigra that selectively 
degenerate in Parkinson disease. Neuromelanin is an effective intraneuronal chelator of 
metals and can protect against oxidative damage by binding reactive iron, then quenching 
hydroxyl radical production by Fenton’s reaction. On the other hand, the extraneuronal 
neuromelanin left by degenerating neurons in Parkinson disease is phagocytosed by 
microglia which release H2O2, NO and pro-inflammatory factors then causing 
neuroinflammation and neurodegeneration. The H2O2 produced by microglia degrades 
neuromelanin, then the concentration of neuromelanin drastically decreases in substantia 
nigra of Parkinson subjects. In Alzheimer disease there is also a loss of noradrenaline 
neurons containing neuromelanin and consequent decrease of neuromelanin concentration 
in the locus coeruleus. It was shown that loss of neuromelanin in substantia nigra and locus 
coeruleus can be imaged by Magnetic Resonance Imaging and has become an important 
method to diagnose Parkinson and Alzheimer diseases. 
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Intracellular cholesterol (Ch) transport to and into mitochondria of steroidogenic cells is 
required for steroid hormone biosynthesis. This transport is typically mediated by STAR 
family proteins. Our previous studies revealed that 7-OOH, a redox-active Ch-hydroperoxide 
(ChOOH), can be co-trafficked with Ch to mitochondria of cAMP-stimulated MA-10 Leydig 
cells, causing membrane lipid peroxidation (LPO) and loss of progesterone synthesis. Both 
effects were strongly inhibited by selenoperoxidase GPx4. The purpose of the present 
studies was to determine whether STAR-mediated 7-OOH co-trafficking also occurs in 
primary Leydig cells from rat testis and, if so, how it affects Leydig cells function. Using 
fluorescence probes, we found that extensive free radical-mediated LPO occurred in 
mitochondria od stimulated primary cells after exposure to liposomal 7-OOH with concurrent 
decline in testosterone output. Strong enhancement of LPO and testosterone shortfall by 
RSL3 (a GPx4 inhibitor) and reversal thereof by Ebselen (a GPx4 mimetic) suggested that 
endogenous GPx4 was playing a key antioxidant role. These findings demonstrate that GPx4 
protects primary Leydig cells against peroxidative damage/dysfunction induced by 7-OOH, 
which can arise during pathophysiological oxidative stress. 
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Spin trapping relies on selective addition of short-lived radical intermediates to nitrone or 
nitroso-based spin traps, yielding persistent nitroxides that are analysed by EPR. This 
technique is arguably the most general method for the detection of short-lived radicals in 
complex systems [1]. Over the years, other analytical techniques have been applied to the 
analysis of radical adducts. For instance, in immuno spin trapping, the spin adducts are 
detected using antibodies [2]. Mass spectrometry (MS) has been reported for the analysis 
of spin adducts since 1990s [3]. Most of these alternative methods rely on the same nitrone-
based spin traps which are conventionally used with ERP. We have recently reported a new 
type of radical traps based on allyl-TEMPO derivatives which are specifically designed for MS 
analysis, and applied these traps to a range of complex systems including biologically-
relevant processes [4]. 

 
Neither EPR nor MS are a panacea for the detection of trapped radicals, but understanding 
the advantages and disadvantages of different methods makes it possible to design an 
optimal method for addressing given issues. For instance, MS is much more sensitive than 
EPR but quantitative MS is challenging. MS detects all ionizable species in the mixture (and 
so can detect many radicals and (by-)products simultaneously) while EPR only detects 
molecules with an unpaired electron. EPR spectra are sensitive to the chemical environment 
in the vicinity of the radical centre whereas high resolution MS provides atomic composition. 
We will present examples highlighting successes and shortcomings of different trapping 
techniques from our own experience and literature reports and outline the main factors 
determining the choice of the best analytical method. 
[1] Davies MJ, Methods 109:21-30, 2016.  
[2] Ramirez D, Mejiba S, Mason R, Nat Methods 3:123-127, 2006.  
[3] Iwahashi H, Parker CE, Mason RP, Tomer KB, Rapid Commun. Mass Spectrom., 4:352-
354, 1990.  
[4] Williams PJH, Boustead GA, Heard DE, Seakins PW, Rickard AR, Chechik V, J., Am. 
Chem. Soc. 2022, https://doi.org/10.1021/jacs.2c03618.  
 
  



 55 

Effect of oxidative stress on the contractility of human 
induced pluripotent stem cell-derived cardiomyocytes 

subjected to hypoxia/reoxygenation as a model of 
ischemia-reperfusion injury 

 
Sarna M1, Dobosz A2, Wnuk D2, Bobis-Wozowicz S2 

 
1Department of Biophysics, Faculty of Biochemistry, Biophysics and Biotechnology, 

Jagiellonian University, Krakow, Poland 
2Department of Cell Biology, Faculty of Biochemistry, Biophysics and 

Biotechnology, Jagiellonian University, Krakow, Poland 
 

 
Myocardial ischemia-reperfusion injury (MIRI) is a life-threatening condition that results from 
the obstruction of blood flow through the coronary arteries causing limited oxygen supply 
to the heart muscle cells. Once the obstruction is removed, the blood flow is restored to the 
affected area. Paradoxically, it is during reperfusion that the exacerbation of cellular 
dysfunction and death occurs, resulting in the formation of a scar tissue. A key mechanism 
of MIRI is oxidative stress to the cells caused by the generation of highly reactive oxygen 
and nitrogen species (RONS). Although the long-term effects of oxidative stress on cell 
survival are generally well understood, it is unclear how such a stress affects the contractility 
of cardiomyocytes immediately after reperfusion. In particular, the effect of highly reactive 
RONS on calcium handling and contractile apparatus of the cells remains mostly unknown. 
To address this, we employed human induced pluripotent stem cell-derived cardiomyocytes 
subjected to hypoxia/ reoxygenation as a model of ischemia-reperfusion injury. The cells 
were kept under hypoxia for two hours in an oxygen-controlled chamber. To mimic the acidic 
conditions occurring in ischemic heart tissue, the cells were incubated in a specific acidic 
buffer. After treatment, the cells were reoxygenated by exposing them to ambient oxygen 
levels. Immediately after reoxygenation cells were analyzed. First, we monitored the 
generation of RONS using fluorescent dyes to identify which RONS are being produced. 
Next, we examined calcium handling and contraction force of the cells employing combined 
fluorescence microscopy with atomic force spectroscopy. Subsequently, we analyzed the 
cytoskeleton of the cells using immunofluorescent staining of proteins that build up the 
contractile apparatus of the cells and their visualization by employing high resolution 
scanning laser confocal microscopy. Finally, we assessed the oxidative potential of the 
identified RONS towards sarcomere proteins. We found that cells kept “beating” to 
approximately one hour after reoxygenation with the contraction force slowly diminishing 
until it was not measurable. Moreover, both calcium handling and the contractile apparatus 
of the cells was significantly impacted by the generated RONS. The obtained results give an 
insight into the immediate response of cardiomyocytes following hypoxia/reoxygenation in 
a model of ischemia-reperfusion injury.  
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Water-soluble triarylmethyl (TAM or Trityl) radicals represent a unique family of stable spin 
probes used for the assessment of physiologically relevant parameters in vivo using low-
frequency EPR. TAMs also find applications for dynamic nuclear polarization (DNP) and for 
distance measurement in biomacromolecules using dipolar EPR spectroscopy. TAMs exhibit 
narrow linewidths, long relaxation times, and show high stability in biological media. 
Monofunctional TAMs sensitive to oxygen concentration (Ox063 and Finland trityl) and 
multifunctional TAMs sensitive to [O2], pH, and inorganic phosphate concentration, [Pi], are 
now routinely used by us and others, mostly with applications in cancer research1,2 and 
biomaterials. In this presentation, we will describe the recent developments of TAM probes 
carried out in our laboratory. These developments include an efficient synthesis of oxygen 
probes Ox063, Ox0713, and variants, the development of 13C1 labeled TAMs highly sensitive 
to molecular tumbling4, enzyme-responsive spin probes5, and a highly hydrophilic Ox071 
based spin label6. 

 
This work was partially supported by NIH grants: EB023990, EB032321, EB028553 and 
GM143595.  
 
[1] Bobko AA et al. Sci. Rep. 2017, 7:41233.  
[2] Epel B et al. Int J Radiat Oncol Biol Phys. 2019 03 15; 103(4): 977.  
[3] Poncelet M et al. RSC Adv., 2019, 9, 35073.  
[4] Poncelet M et al. 2020, 59, 16451.  
[5] Sanzhaeva U et al. Angew Chem. 2018, 11701.  
[6] Hasanbasri Z et al. J Phys Chem B. 2021,125(20), 5265.  
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Microwave-driven dynamic nuclear polarization (DNP) is an active and fast growing area of 
research in magnetic resonance today. DNP is now a well-established method used to 
tremendously enhance nuclear magnetic resonance (NMR) signal intensities by transferring 
spin polarization from unpaired electrons to nearby nuclei. Thus, typical DNP experiments 
usually require doping the sample with exogenous free radical as polarizing agents. In 
magnetic fields of 9 or 18 T, there are several mechanisms that might lead to polarization 
transfer, but currently the most efficient at 100 K is the cross effect (CE). There is much 
interest in designing radicals for high resolution, high sensitivity solid state NMR / DNP. By 
correlating data from EPR spectroscopy, free radical properties and DNP performances, a 
series of key steps to optimize cross-effect polarizing mechanism will be presented and 
limitations as well as further extensions will be discussed.  
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Mitochondrial respiration involves a four-electron reduction of molecular oxygen (O2) to 
water. Incomplete, one- or two-electron reduction of O2 results in the formation of the 
reactive oxygen species, superoxide radical anion (O2•–) and hydrogen peroxide (H2O2), 
respectively. Increased mitochondrial production of O2•– and H2O2 has been implicated in 
numerous diseases, including cancer, neurodegeneration, and cardiovascular diseases. 
However, our understanding of the exact mechanisms of action of O2•– and H2O2 in cell 
mitochondria is incomplete due to the significantly limited availability of the chemical tools 
to modulate and monitor their production in intact cells.   
Previously, mitochondria-targeted paraquat derivative (Mito-PQ) was developed and 
successfully applied to induce selective mitochondrial O2•– production [1]. However, we 
observed that the efficiency of Mito-PQ in the O2•– induction in intact cells was somewhat 
limited and cell-type dependent. We proposed that fine-tuning the one-electron reduction 
potential may provide novel chemical tools for efficient and potent stimulation of 
mitochondrial O2•– [2]. Here, we report the development of a novel mitochondria-targeted 
redox cycling agent, mito-diquat (Mito-DQ), and characterize its ability to induce the 
generation of O2•– and H2O2 in cell-free and cellular systems.  

 
Our data indicate that Mito-DQ is a significantly more potent redox cycling agent than Mito-
PQ, both in an enzymatic system involving NADH and xanthine oxidase, and in cell-based 
assays involving C2C12 cells. We propose to use Mito-DQ as a novel chemical tool in studies 
of the physiology/pathophysiology of mitochondrial O2•– and H2O2.  
 
 
Acknowledgements: This work was supported in part by the International Research Project 
SuperO2 from CNRS, France.  
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Photochemical and electrochemical oxidation of stable nitroxide radicals (I) both result in 
formation of diamagnetic oxoammonium cations (II). At alkaline pH values, above pH 9, the 
(II) are reduced quantitatively to the original (I), with concomitant formation of molecular 
oxygen. Volumetric and electron paramagnetic resonance measurements reveal that about 
ca. 1 mole of O2 is produced per 4 moles of reduced (II). This cycle could be repeated many 
times. The mechanism for production of oxygen from water in the reaction conditions has 
not been described before. In this reverse reaction compound (II), with a relatively low 
reduction potential (0.8-1.0 V vs NHE), formally oxidizes the OH- anion, with a very high 
reduction potential (2-2.6 V vs NHE); thus, the direct oxidation reaction seems to be 
thermodynamically impossible. A plausible reaction scheme that can resolve this paradox 
involves reversible addition of OH- to the (II), and deprotonation of the obtained adduct 
(III) to (IV) with subsequent oxidation to a free radical intermediate (V). Dimerization of 
this intermediate (V) produces a peroxide which spontaneously decomposes to molecular 
oxygen and two molecules of the original compound (I). EPR experiments, performed in 
H217O, electrochemical measurements, analysis of the pH-dependence of the reaction, and 
quantum chemical calculations (B3LYP/6-311+G** using Spartan 20 package) all support 
the suggested scheme. 
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The generation of free radicals in biological systems was discovered about 60 years ago. 
Cellular radicals are involved in physiological processes (participation in redox signalling or 
immune defence). Increased production of free radicals may, however, result in the 
structural damage to biomolecules, leading to lipid peroxidation, posttranslational 
modification of proteins and DNA damage. Among the biological radicals, superoxide radical 
anion (O2•–) is the primary species initiating the reactive oxygen species (ROS) cascade.  
Increased generation of O2•– has been implicated in numerous diseases, including 
neurodegeneration, cardiovascular diseases and cancer. However, in most cases, it is 
experimentally challenging to define the actual mechanistic role of O2•–, the inability to 
selectively detect O2•– is a clear limiting factor.  
The chemical tools for superoxide detection are very limited, hampering progress in 
understanding the chemical biology of superoxide. Electron paramagnetic resonance (EPR) 
spin trapping of short-lived radicals is the most rigorous technique to detect biological 
radicals. Its wider application in biology is, however, limited due to the facile cellular 
reduction of EPR-active nitroxide spin adducts into EPR-silent hydroxylamines. In this work, 
we report the preparation and characterization of a new mesoporous silica nanoparticles 
functionalized with a phosphorylated cyclic spin trap (DIPPMPO nitrone). We explored 
different size of nanoparticles and synthesis. The Spin trapping performances of the Nano-
Spin Traps were also evaluated in cell free systems as well as in HL60 cells. 

 
Figure 1. Bifunctional Mesoporous Silica Nanoparticles   
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Nitric oxide (•NO) and hydrogen sulfide (H2S) are recognized as important biological 
messengers involved in cellular redox signaling through formation of several important 
protein modifications, such as protein S-nitrosothiols, disulfides and persulfides.  
Here we report, that the generation of nitric oxide in aqueous solutions of glutathione (GSH) 
or Na2S under aerobic conditions at physiological pH leads to the formation of peroxynitrite. 
We have detected and quantified ONOO− in aqueous solutions of GSH and Na2S and NO 
donor (PAPA-NONOate) with the aid of boronate probes o-MitoPBA and boronate derivative 
of fluorescein FlBA. The results of our study show that peroxynitrite is formed in GSH/•NO/O2 
and H2S/•NO/O2 systems with the high yield. For better description of complex reaction 
network of GSH/•NO/O2 system we have performed computer-assisted kinetic simulations.  
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We explored the capability of low-frequency Electron Paramagnetic Resonance (EPR) to 
noninvasively detect melanin (a stable semiquinone free radical) in the human skin. As 
previous in vitro studies on biopsies suggested that the EPR signal from melanin was 
different when measured in skin melanomas or benign nevi, we conducted a prospective 
first-in-man clinical EPR study in patients with skin lesions suspicious of melanoma. EPR 
spectra were obtained using a spectrometer operating at 1 GHz, with a surface coil placed 
over the area of interest. Two clinical studies were carried out: 1) healthy volunteers (n=45) 
presenting different skin phototypes; 2) patients (n=88) with skin lesions suspicious of 
melanoma (n=100) requiring surgical resection. EPR data obtained before surgery were 
compared with histopathology results. In healthy volunteers, the method was not sensitive 
enough to measure differences in melanin content due to changes in skin pigmentation. In 
patients, 92% of the spectra were analyzable. The EPR signal of melanin was significantly 
higher (p<0.0001) in melanoma lesions (n=26) than that in benign atypical nevi (n=62). A 
trend toward a higher signal intensity (though not significant) was observed in high Breslow 
depth melanomas (a marker of skin invasion) than in low Breslow lesions. To date, no 
naturally occurring free radicals have been detected by low-frequency EPR systems adapted 
for clinical studies. Here, we demonstrated for the first time the ability of this technology to 
detect an endogenous free radical, opening new avenues for evaluating clinical EPR as a 
potential aid in the diagnosis of pigmented skin lesions [1]. 

 
[1] Mignion L, Desmet CM, Harkemanne E, Tromme I, Joudiou N, Wehbi M, Baurain JF, 
Gallez B, Free Radic Biol Med. 2022 september;190:226-233. 
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Photoreactivity of melanin has become a major focus of research due to the postulated 
involvement of the pigment in UVA-induced melanoma. Melanins in human skin are 
frequently exposed to solar radiation that can modify the photoprotective properties of 
pigments and potentially elevate the risk of phototoxic reactions mediated by the 
photoreactive behavior of pigments. In this research, we examined the photoreactive and 
antioxidant properties of natural melanin pigments isolated from hair samples obtained from 
donors of different skin phototypes (I, II, III, and V) and subjected to 400 nm 
photodegradation. Their paramagnetic properties were determined using X-band and W-
band electron paramagnetic resonance (EPR) spectroscopy. Photodegradation of the 
pigments was monitored using X-band EPR and UV-VIS spectrophotometry. EPR oximetry 
was used to analyze oxygen-dependent photoprocesses mediated by melanin pigments. 
Photoproduction of superoxide anion was determined by EPR spin-trapping using DMPO as 
a spin trap. Time-resolved near-infrared phosphorescence was employed to measure 
quantum yield of singlet oxygen photogeneration. DPPH EPR assay was used to determine 
the one-electron reduction capacity of the photodegraded pigments. The obtained results 
revealed that photodegradation of the hair melanins substantially decreased their 
antioxidant properties and enhanced their photoreactivity, particularly the melanins ability 
to photogenerate singlet oxygen. Presence of such degraded pigments in the human skin 
might result in their phototoxicity and contribute to UVA-induced melanoma 
Acknowledgements: The study was supported by the National Science Centre (NCN) of 
Poland with grants: Preludium-2020/37/N/NZ1/01054 awarded to K.M., SONATA-
2015/19/D/ST4/01964 awarded to M.S., and OPUS-2017/27/B/ST5/02631 awarded to T.S.  
 
[1] Mokrzyński et al., Int J Mol Sci, 22(9), 4465, 2021 
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Respiratory Complex I (R-CI) is an essential enzyme for the synthesis of ATP. It is also a 
major source of the production of reactive oxygen species (ROS) in mitochondria. Cardiolipin 
(CL), a phospholipid almost exclusively located in the inner mitochondrial membrane and 
essential for R-CI functioning, is especially prone to ROS attacks due to its high content of 
unsaturated fatty acids. Alterations in the CL structure (due to oxidative stress) have been 
associated with mitochondrial dysfunction in several physio-pathological conditions such as 
ischemia.[1] Although the mechanism of ROS production for isolated R-CI is relatively well 
understood,[2] its effects on the surrounding membrane and downstream consequences on 
R-CI activity are unclear. 
 
To study the interplay of R-CI 
functioning, ROS production 
and lipid peroxidation, we 
reconstitute R-CI into 
liposomes (Figure 1).[3] Such 
proteoliposomes enable the 
movement of ions and small 
radical species across the 
membrane to be investigated. 
We correlate changes in 
membrane fluidity with lipid 
peroxidation through the 
insertion of molecular rotors 
(synthetic organic fluorophores 
based on BODIPY-dyes)[4] and 
spin-labelled phospholipids into the vesicles.[5] The performed fluorescence and EPR 
spectroscopic characterizations are combined with biochemical assays to probe changes in 
the membrane morphology on the activity of R-CI.   
[1] Paradies G. et al., Cell Calcium. 45:643-650, 2009 
[2] Kussmaul L. et al., PNAS. 103:7607-7612, 2006 
[3] Wright J. J., J. Am. Chem. Soc., 144: 6791-6801, 2022 
[4] Kuimova M. K. et. al., J. Am. Chem. Soc., 130:6672-6673, 2008 
[5] Marsh D., Methods, 46:83-96, 2008   
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Life on our planet is almost exclusively fueled by the energy of sunlight and photosynthesis 
is a process converting this energy into forms that can be utilized to drive biochemical 
reactions. Several regulatory processes have been identified to adjust the rate of 
photochemical reactions to the intensity of photons incoming into the photosynthetic 
apparatus. During the presentation, we will compare the operation of two such mechanisms, 
namely light-controlled translocation of chloroplast in a cell and quenching of excess 
excitation energy via thermal dissipation. Such a comparison can help understand the 
photoprotective strategy of chloroplasts: is it better to escape from strong light or suppress 
excitations that can cause photo-damage?  
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Paramagnetic intermediates, such as triplet states or spin-correlated radical pairs, are 
frequently encountered in the blue-light-induced primary responses of photoreceptor 
proteins containing flavins as cofactors. Such species may be favorably probed by electron 
paramagnetic resonance (EPR). Time-resolved variants thereof are well suited to 
characterize reaction intermediates in highly spin-polarized states, i.e., with non-thermally 
populated electron-spin levels, on nanosecond to microsecond time scales.  
Here we present selected examples of how transient and pulsed EPR contributes to 
unravelling mechanistic details of the primary processes in (i) cryptochrome photoreceptors, 
a class of flavoproteins that are involved in the circadian rhythms of plants and animals, and 
possibly also in the sensing of magnetic fields in a number of species [1–3], and (ii) the 
light-oxygen-voltage-sensing (LOV) domains, which are protein sensors used to control 
phototropism, chloroplast relocation and stomatal opening in higher plants. Particular 
emphasis is given on protein variants that have been modified in their amino-acid sequence 
and/or reconstituted with modified flavins as cofactors [4,5].  
 
 
Acknowledgements: The data presented have been collected by (in alphabetical order) 
Tarek Al Said, Jing Chen, Nils Pompe, Sabine Richert, Erik Schleicher and Jakob Wörner, in 
close collaboration with Prof. Adelbert Bacher (TU Munich), Prof. Robert Bittl (FU Berlin), 
Prof. Markus Fischer (U Hamburg), Prof. Christiane Timmel (U Oxford) and Prof. Peter 
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[1] Nohr D, Paulus B, Rodriguez R, Okafuji A, Bittl R, Schleicher E, Weber S, Angew. 
Chem. Int. Ed. 56:8550–8554, 2017.  
[2] Hochstoeger T et al., Sci. Adv. 6:eabb9110, 2020.  
[3] Xu J et al., Nature 594:534–540, 2021.  
[4] Pompe N, Chen J, Illarionov B, Panter S, Fischer M, Bacher A, Weber S, J. Chem. Phys. 
151:235103, 2019.  
[5] Richert S, Chen J, Pompe N, Radtke V, Illarionov B, Fischer M, Bacher A, Weber S, J. 
Chem. Phys. 151:235102, 2019.  
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Tuberculosis remains an important cause of death from a bacterial infection today. The 
constant increase of antibiotic-resistant strains of Mycobacterium tuberculosis aggravates 
this situation. The search for new antibiotics is therefore a priority. Current tuberculosis 
therapies include a large number of prodrugs that must be metabolically activated to 
manifest their activity. Monooxygenase EthA activates ethionamide, thiacetazone and isoxyl. 
Overproduction of EthA in mycobacteria has been shown to substantially increase the 
sensitivity to the corresponding prodrugs. Antimycobacterial potency of these prodrugs is 
therefore limited by the rate of their bioactivation, implying that only limited amounts of 
these prodrugs used in the antituberculosis treatments are effective against the pathogen.   
Production of EthA is under the control of the transcriptional regulator EthR, a member of 
the TetR family of repressors. As for most Tet-type repressors, EthR is a dimer and the 
structure of each monomer includes a DNA binding domain (HTH motif) and a ligand binding 
domain in N- and C- terminal ends, respectively.1,2 These two HTHs form clamps that sink 
into the major grooves of the DNA to inhibit transcription by steric hinderance. This 
recognition of the DNA is therefore subject to a strong physical constraint which is the 
periodicity with which two consecutive major grooves will be found on the same "face" of 
the DNA. Hence, the distance between the two HTH motifs is revealing of the capacity of 
EthR conformationnal diversity to interact with it’s target DNA. Here, we propose a site-
directed spin labeling and EPR spectroscopy3,4 study of EthR alone, in interaction with DNA 
or with a synthetic ligand BDM41906, aimed at better understanding the molecular 
mechanisms of trancriptionnal regulation of EthA.  
 
1. Frénois, F., Engohang-Ndong, J., Locht, C., Baulard, A. R. & Villeret, V. Structure 
of EthR in a Ligand Bound Conformation Reveals Therapeutic Perspectives against 
Tuberculosis. Mol. Cell 16, 301–307 (2004).  
2. Willand, N. et al. Synthetic EthR inhibitors boost antituberculous activity of 
ethionamide. Nat. Med. 15, 537–544 (2009).  
3. Martinho, M., Fournier, E., Le Breton, N., Mileo, E. & Belle, V. Nitroxide spin labels: 
fabulous spy spins for biostructural EPR applications. in Electron Paramagnetic Resonance 
(eds. Chechik, V. & Murphy, D. M.) vol. 26 66–88 (Royal Society of Chemistry, 2018).  
4. Casado-Combreras, M. Á. et al. PP2A is activated by cytochrome c upon formation 
of a diffuse encounter complex with SET/TAF-Iβ. Comput. Struct. Biotechnol. J. 20, 3695–
3707 (2022).  
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The cytochrome bc1 complex is a central enzyme in bioenergetic systems where it carries 
out quinol/quinone (coenzyme Q) oxidation/reduction reactions at two opposite sides of the 
membrane. This set of redox reactions, referred as the Q cycle, results in transferring 
electrons from quinol in membrane into extramembranous pool of cytochrome c and 
translocating protons across the membrane. By such action cytochrome bc1 contributes to 
generation of proton motive force. It is well-established that a semiquinone radical 
intermediate species (SQi) can be trapped at the quinone reduction Qi site during the 
catalytic turnover. Here we present an approach to study the local SQi environment with the 
use of the pulse EPR spectroscopy (ESEEM, HYSCORE) at X-band. We aimed to parametrize 
hyperfine and quadrupolar interactions of SQi with surrounding magnetic nuclei (1H, 14N) 
and assign them to the specific residues in the Qi quinone binding pocket. We observed that 
the 14N region of HYSCORE 2D spectrum for SQi in wild type (WT) cytochrome bc1 had a 
shape typical of histidine residue. When H217 was replaced with arginine residue (mutant 
H217R), the 14N HYSCORE spectrum shape changed significantly, confirming that H217 is 
indeed a ligand to SQi in WT. Furthermore, the characteristic X-band 14N HYSCORE pattern 
obtained for H217R appeared similar to the patterns described for semiquinones liganded 
by arginine in other proteins. The proton (1H) region of HYSCORE spectrum in case of WT 
and H217R was very similar. In both cases we managed to identify signals originating from 
two protons and assigned them to the two H-bonds between SQi and surrounding residues. 
Additionally, we complemented HYSCORE analysis with 3p- and 4p-ESEEM measurements. 
All these EPR data were then used to validate the results of quantum mechanical (QM) 
simulations performed for atomic models derived from available structures of cytochrome 
bc1. Ultimately we managed to achieve qualitative agreement between the experimental and 
theoretical parameters. Overall our study provides foundation for further research on the 
role of local environment at the Qi binding pocket during the course of Q-cycle in all 
cytochrome bc-like enzymes.  
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Mitochondrial complex III, cytochrome bc1 in bacteria and cytochrome b6f in plants are a 
part of respiratory or photosynthetic electron transfer chains. They function as an important 
contributors to proton motive force, generated by proton transfer across membrane, using 
the energy released from electron transfer between two redox pools: the quinone pool in 
the membrane and the pool of water-soluble cytochrome c or plastocyanin. At one of the 
catalytic sites, the QO site, reduced quinons (QH2) are oxidized in unique reaction called 
electronic bifurcation. It involves transfer of two electrons from QH2 to two different paths 
of cofactors. The first electron goes through the high potential iron-sulfur 2Fe2S cluster, 
which is located on movable domain that connects the QO site with the final acceptors. The 
second electron goes sequentially through the b hemes and is finally recirculated to the 
quinone pool. Over the years highly unstable semiquinone was proposed as a transient state 
of the QH2 oxidation. Difficulties in detection of the radical-type EPR signal, originating from 
this semiquinone additionally strengthened the researchers' belief that it must be very 
unstable. Surprisingly, the signal of the semiquinone coupled with 2Fe2S was detected in 
the cytochrome bc1 and cytochrome b6f under non-equilibrium conditions [1,2]. However it 
exhibited ferredoxin-like signal with most prominent transition  
at g ~ 1.94, indicating presence of spin-coupling to the reduced cluster. Studies on the 
properties of this species revealed several unexpected features [2-3], that shed new light 
on the mechanism of electronic bifurcation and superoxide generation by enzymes from bc 
family. 
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[1] Sarewicz M, Bujnowicz Ł et al., Proc Natl Acad Sci USA 114, 1323– 1328, 2017  
[2] Sarewicz M, Biochemistry 52, 6388–6395, 2013   
[3] Bujnowicz Ł et al., FEBS letters 593 (1), 3-12, 2019  
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The hydrogen bonding network is commonly considered as essential for stabilizing: the 
structure of catalytic sites, substrates binding, and protein interactions. Here we exposed 
the importance of hydrogen bonding in maintaining the specific properties of heme cofactors 
to secure the efficient catalysis of cytochrome bc1. This enzyme couples the electron transfer 
from quinol (QH2) to cytochrome c with proton translocation across the energyconserving 
membrane in respiration and photosynthesis by quinol oxidation (Qo site) or quinone 
reduction (Qi site).  
Using the CW EPR in cryogenic temperatures combined with MD simulations we identified a 
dual role of hydrogen bonding to the propionate group of heme bH close to Qi site. We 
found that replacing conserved glycine to serine in vicinity of this heme caused stabilization 
of this bond, which not only increased the redox potential of the heme but also changed the 
interactions between Fe ion and axial histidine ligands leading to a reversible spin conversion 
of this heme [1]. We thus proposed that Hbond to heme propionate contributes to the fine-
tuning of the redox potential of heme bH and maintaining its proper spin state. A subtle 
balance is needed between these two contributions: while increasing the H-bond stability 
raises the heme potential, the extent of increase must be limited to maintain the proper spin 
state. 
 
 
[1] Kuleta P et al., Proc Natl Acad Sci USA, 118(33), 2021.  
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Forty years ago, it was found that the EPR spectra of a number of nitroxyl radicals are pH-
dependent1,2 . The pK of the radical depends on the substituent at position 4. These radicals 
are used to solve many problems in chemistry, biophysics, and medicine3-5 .  

 
 
Proton transfer (PT) is a fundamental step in many reactions in chemistry and biology. We 
propose a novel application of pH-sensitive radicals to study the effect of water structure on 
PT. Photolysis of o-nitrosobenzaldehyde6 (NBA) was used to generate a proton in solution. 
The kinetics (KPT) of PT in pure H2O, as well as in aqueous solutions of KCl, and of two 
denaturants, 6M guanidine hydrochloride (Gdn.HCl) and 8M urea, were measured. The 
values obtained revealed that:  
K PT (H2O)>K PT (urea)>K PT (KCl)>K PT (Gdn.HCl)  
These data made it possible to discuss the relationship between PT and the structure of 
water. Since the generation of protons during photolysis of NBA occurs at a high rate also 
in the solid state, experiments were carried out at 160 K (in glass), making use of a pH-
sensitive radical. The results obtained suggest that PT is occurring via a tunneling 
mechanism.  
 
1. V.V. Khramtsov, L.M. Weiner, I.A. Grigoriev, L.B.Volodarsky, Proton exchange in stable 
nitroxylradicals. EPR study of the pH of aqueous solutions. Chem. Phys. Lett. 91, 69-72 
(1982).  
2 J.F.W. Keana, M.J. Acarregui, S.L.M.Boyle, 2,2-Disubstituted-4,4-dimethylimidazolidinyl-
3-oxy nitroxides: indicators of aqueous acidity through variation of aN with pH. J. Am. 
Chem. Soc. 104, 827-830 (1982)  
3. Khramtsov, V V and Weiner, LM Proton Transfer Reactions in Free Radicals. Spin pH 
Probes  
Russian Chem. Revs. 57, 824-840 (1988)  
4. V. V. Khramtsov, L. B. Volodarsky, Use of imidazoline nitroxides in studies of chemical 
reactions. ESR measurements of the concentration and reactivity of protons, thiols, and 
nitric oxide. Biol. Magn. Res. 14, 109-180 (1998)  
5. L. Weiner, Stable nitroxyl radicals as pH, thiol and electron transfer probes, Appl. Magn 
Res. 31,357-373 (2007)  
6. M.V George & J.C. Sciano, Photochemistry of o-nitrobenzaldehyde and related studies  
J. Phys. Chem. 84, 492–495 (1980)  
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EPR Imaging is blowing but encounter some hurdles to find application in society.  
The experimental time of experiment is one of those, this hurdle can be address using 
different reflexions :  
- development of better EPR system (the Clin-EPR spectrometer developed in Dartmouth is 
10 times faster than a Bruker system, Hiroshi Hirata is building ultrafast EPR imagers)  
- new post-processing algorithm based on recent mathematical concept can also be used to 
speed-up the experiment. Especially multi-species EPR imaging.  
We will present our recent results regarding EPR data post processing regarding confidence 
and imaging, and some unpublished results regarding multispecies EPR imaging.  
An online version of the software will be presented, and is accessible for any body.  
More complete version of this software allow 2D and 3D EPR image processing, and 
separation of the radicals inside of the sample using a simple imaging data set.  
For instance those results allow us to get the image from a TEMPO and Tétrathiatriarylmethyl 
tubes in the same object (figure below). The limitation and different perspectives opened 
by these results will be discuss. 
 

 
[1] D-N. Tran, S. Li-Thiao-Té and Y. -M. Frapart, "Parameter Estimation for Quantitative 
EPR Spectroscopy," in IEEE Transactions on Instrumentation and Measurement, vol. 70, 
pp. 1-7, 2021, Art no. 1008307, doi: 10.1109/TIM.2021.3084289.  
[2] S. Durand, Y.-M. Frapart, M. Kerebel, “Electron Paramagnetic Resonance Image 
reconstruction with total variation and curvelets regularization”. Inverse Problem vol 33, 
Art N° 114002 , 2017.  
[3] R.Abergel, M.Boussaâ, S.Durand, Y.-M. Frapart “Electron Paramagnetic Resonance 
Image Reconstruction with Total Variation Regularization”, Submitted ipol 2022  
[4] Demonstrator on web : https://ipolcore.ipol.im/demo/clientApp/demo.html?id=414  
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Nanomaterials are extensively studied for their use in diagnostics and medical treatment. 
The application of nanoparticles as drug carriers requires the determination of their effects 
on cells. In this study we present electron spin resonance (ESR) as a suitable method for 
monitoring of magnetic nanoparticles functionalized with spin labels entering into cells 
during the endocytosis process. The research studies include both normal and cancer cells. 
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Magnetic resonance imaging (MRI) is a non-radiative and non-invasive imaging technique 
extensively used for the early diagnosis and follow-up of tumors and other pathologies. 
Gd(III)-based chelates are the most widely used contrast agents (CAs) in MRI acquisitions. 
However, alternatives to such metal-based CAs are highly required to overcome their 
established toxicity.   
Organic radicals are promising alternatives since they also exhibit paramagnetic properties 
and can act as T1 CAs like Gd-based CAs while being organic species, mitigating concerns 
about toxic metal accumulation. Isolated organic radicals show low ability to generate 
contrast and can undergo rapid bioreduction. However, by anchoring many organic radicals 
on the surface of a dendrimeric macromolecule (radical dendrimers)[1] we can achieve an 
increase in contrast capacity and protect the radicals from bioreduction.  
We have synthesized and characterized some families of water-soluble radical dendrimers 
capable of producing high contrast enhancement both in vitro and in vivo. Their low toxicity 
allows us to suggest that radical dendrimers could be a viable alternative to metal-based 
MRI contrast agents.  
 
Acknowledgements: We acknowledge Spanish MCIN through projects PID2019-105622RB-
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The author is Editor in Chief of two international journals:  Cell Biochemistry and Biophysics 
and The Protein Journal. The talk will discuss: purpose of writing (what is a) scientific paper; 
why publish? key elements of publishing; structure of a paper; peer review - what is it? 
scientific fraud has become a major problem;  what journal to choose? rules for the future 
for successful science and papers.   
 
[1]Berliner LJ, international Ethics in Chemistry: Developing Common Values across 
Cultures, ACS Symposium Series 1401:135-141, 2021   
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Glioblastoma multiforme is one of the most common intracranial tumors.  
It is distinguished by a high degree of malignancy and aggressiveness. Tumor oxygenation 
and hypoxia correlate with tumor aggressiveness and might help individualize treatments. 
Therefore, non-invasive methods to measure the partial pressure of oxygen (pO2) in tumors 
have enormous potential to evaluate the efficacy  
of cancer therapeutics as well. Electron paramagnetic resonance (EPR), using implanted 
probe microcrystals containing unpaired electron spins, has been used in preclinical tumor 
oximetry.  
The aim of the study was to optimize the protocol for non-invasive imaging oxygen partial 
pressure in an orthotopic model of glioma in mice using EPR and lithium octa-n-
butoxynaphthalocyanine (LiNc-BuO)-based microspheres. Mapping the oxygen 
concentration in tumor tissue was enabled by mixing LiNc-BuO crystal microspheres with 
tumor cells prior to implantation in the brain. The probe microcrystals containing unpaired 
electron spins allow the repeated measurement of the oxygen concentration from a small 
area around the site of tumor cell implantation.  
In vivo EPR oximetric imaging was performed with an L-band CW spectrometer (Bruker 
Elexsys-II E540) in orthotopic glioblastoma GL261 growing in C57bl/6J mice. Cancer cells, 
together with 0,5 mg of LiNc-BuO-based microspheres, were inoculated into the center of 
the right mouse brain hemisphere. 2D spatial-spectral oxygen imaging was conducted twice 
a week since implantation. Anatomical magnetic resonance imaging was performed using a 
9.4T system (Bruker, Germany) and the RARE sequence.  
The use of LiNc-BuO-based microspheres allowed to image spatial heterogeneity of 
glioblastoma tumors oxygenation. Implantation of a probe together with cancer cells makes 
the measurements not reliable on coregistration with other modalities because the signal 
originates only from the area of the tumor. This can be corelated with anatomical magnetic 
resonance (MRI) images visualizing the size of the glioma tumor. Oxygen partial pressure 
mapping of brain tumors brings an understanding of the degree  
of oxygenation of gliomas in the orthotopic model. 
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The acidosis of the tumor microenvironment may have profound impact on cancer 
progression and on the efficacy of treatments. In the present study, we evaluated the impact 
of a treatment with a mitochondrial pyruvate carrier (MPC) inhibitor on tumor extracellular 
pH (pHe). MPC disruption was shown to either promote or inhibit cancer progression and 
impact the extracellular acidification. In the present study, we evaluated the effect of UK-
5099 [1], a MPC inhibitor, on extracellular pH in vitro and in vivo using non-invasive EPR. 
For this purpose, we used a mono-phosphonated tetrathiatriarylmethyl radical, pTAM, whose 
EPR spectrum is sensitive to multiple parameters: oxygen concentration, pH, and inorganic 
phosphate concentration [2].  
 
In vitro studies were performed on breast cancer 4T1 cells, treated or not with UK-5099 (10 
µM) for 24 hours. For the in vivo part of the study, mice bearing the 4T1 tumor model were 
treated daily during four days with UK-5099 (3 mg/kg). The pHe was evaluated before and 
after treatment with UK-5099 on L-Band EPR using pTAM. As the sensitivity of pTAM was 
limited in vivo, we used a combination of Lithium Phthalocyanine (LiPc) and pTAM to assess 
simultaneously the pO2 and pHe, respectively. The EPR lines of both probes do not overlap 
allowing the measurement of both parameters in vivo with high sensitivity. Significant 
changes in pHe were measured after treatment with UK-5099 whereas no significant 
modification of pO2 was assessed by LiPc.  
 
[1] Buyse C, Joudiou N, Corbet C, Feron O, Mignion L, Flament J, Gallez B. Cancers. 
2021;13:4278 
[2] Gluth TD, Poncelet M, DeVience S, Gencheva M, Hoblitzell EH, Khramtsov VV, Eubank 
TD, Driesschaert B. RSC Adv, 2021. 11: 25951-25954. 
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SDHIs and strobilurins are fungicides that are widely used in agriculture around the world. 
They act by inhibiting mitochondrial respiration and, more particularly, the electron transport 
chain. The use of these substances raises questions, especially regarding their specificity for 
pathogenic fungi. The aim of our research is to study the effects of these fungicides on the 
mitochondrial function of human hepatocytes after a short-term exposure. The 
concentrations for the exposure were selected for their relevance for blood concentration 
achieved by farmers handling fungicides. 
 
EPR is the method of choice to study the mitochondrial function providing unique information 
on two parameters: oxygen consumption and superoxide production [1,2].  
 
We have first studied the effects of Boscalid and Bixafen, the two most used SDHIs, on the 
mitochondrial function of HepG2 cells. The results have shown that HepG2 cells exposed 
during a short time to Bixafen and Boscalid have significantly reduced oxygen consumption 
and significantly increased superoxide production. This induced mitochondrial dysfunction 
was associated with an increase in the number of apoptotic cells [3]. 
 
More recent studies in our laboratory have also shown that the exposure of HepG2 cells to 
pyraclostrobin (strobilurin) led to a significant decrease in oxygen consumption as well a 
significant increase in mitochondrial ROS. 
 
We are now looking to possible synergistic effects of mixtures of these compounds as they 
are often associated in commercial preparations. 
[1] d'Hose D, Danhier P, Northshield H, Isenborghs P, Jordan BF, Gallez B. Redox Biol. 
2021;40:101852 
[2] d'Hose D, Gallez B. Methods Mol Biol. 2022;2497:83-95 
[3] d'Hose D, Isenborghs P, Brusa D, Jordan BF, Gallez B. Molecules. 2021;26(19):5842 
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Peroxynitrite (ONOO‒) is an elusive reactive nitrogen species which requires specific and 
sensitive approaches to its identification and quantification in biological systems. Numerous 
probes and detection approaches have been developed over the last decades to measure 
the production of ONOO‒ [1–3]. The most methods of its detection were based on the 
nitrative and/or oxidative properties of ONOO‒-derived radicals (e.g., hydroxyl, nitrogen 
dioxide, and carbonate radicals). Those methodologies are relatively complex and does not 
discriminate between ONOO–-mediated and myeloperoxidase (MPO)-dependent nitration. 
The use of molecular probes for detection and quantification of reactive oxygen and nitrogen 
species in cellular systems requires, among other properties, the identification of the 
oxidant-specific product(s). Tracking a specific product, which is formed by only one oxidant, 
give an opportunity to monitor a single oxidizing species. 
 
Here, we investigated the reaction profile of ONOO‒ with (2-benzoylphenyl)boronic acid. The 
minor, yet specific products of the reaction between (2-benzoylphenyl)boronic acid and 
ONOO‒ have been scrutinized. The minor pathway of the reaction between the boronate 
probe and ONOO– produces a radical mediated cyclic- and nitro-type specific products. We 
identified a new oxidant-specific, cyclic product of the reaction of the boronate probe with 
ONOO–, which is formed by rapid intramolecular cyclization.  
The results from this study can be useful in developing a novel class of fluorescent probes 
for rigorous detection and quantitative analyses of ONOO− in biological systems, based on 
formation of ONOO–-specific product via radical-induced intramolecular cyclization 
mechanism. 
Acknowledgements: This work was supported in part by internal grant system for young 
scientists supporting scientific excellence of Lodz University of Technology under the 
programme "Excellence Initiative - Research University" (FU2N, grant no. W3/1P/2022). 
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Anthocyanins are plant pigments with potent antioxidant and health-promoting effects, 
including delaying age-related macular degeneration and promotion of the growth of 
beneficial microbiota. Sucrose was shown as an inductor of anthocyanin accumulation in 
model plant, Arabidopsis thaliana. 
In this work we examined the possibility of using sucrose (60-200 mM) as a bioinducer of 
anthocyanin accumulation in Arabidopsis thaliana and in commercially important species: 
Medicago sativa (alalfa), Brassica oleracea var. Italica  (broccoli) and Lepidium sativum  
(radish) seedlings. These plants are readily available as sprouts and microgreens thus, 
components of a healthy diet.  
Pigment composition as well as total antioxidant capacity were determined via UV-Vis and 
EPR spectroscopy. Comparative analysis of different calculations of DPPH (stable radical) 
signal was investigated in order to select the most reliable one. 
An increase in the content of radish anthocyanins and changes in the distribution of these 
pigments in alfalfa were observed. In radish 60 mM sucrose fail to induce anthocyanin 
accumulation but overall antioxidative capacity was significantly increased. 
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EPR spectroscopy is a technique that provides direct information about free radicals in 
biological systems. So far, X-band EPR was seldomly used for in vivo studies as the small 
resonator size and high power used to detect EPR signals were unsuitable for living 
organisms. Here, we report new solutions which lift some limitations and make X-band EPR 
suitable for an in vivo detection of free radicals in zebrafish - a small laboratory animal that 
is often used as a model for various studies related to free radicals. We designed specially-
shaped glass and quartz capillaries to ensure the zebrafish's safety during the experiments. 
The optimal EPR spectrometer parameters, safe for zebrafish embryos and sufficient to 
obtain EPR spectrum, were 4 scans by 20s, 100G sweep, and 0.8 mW power. Combining 
the specially-shaped capillary with a multi-harmonic analyzer for the EPR spectrometer 
allowed increasing the time up to 16 scans by 11s and lowering the power to 0.25 mW. As 
a proof of principle, we demonstrate the detection of melanin radicals and the 5-DSA spin 
probe in zebrafish larvae. As fish survive the EPR scans, the possibility of performing multiple 
measurements of free radicals in living zebrafish offers new tools for studies aiming to 
understand redox biology and membrane-dependent functions in both health and disease. 
 

 
Figure 1. Detection of melanin radicals and the 5-DSA spin probe in zebrafish larvae with X-
band EPR 
Acknowledgements: This work was supported by the grant of Technology Transfer Office, 
Medical University of Warsaw “Innovator incubator 2.0”. We thank the personnel at the 
Zebrafish Core Facility at the International Institute of Molecular and Cell Biology in Warsaw 
(Poland) for service and fish maintenance. 
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(1) Background: Mito-metformin10 (MM10), synthesized by attaching a 
triphenylphosphonium cationic moiety via a 10-carbon aliphatic side chain to metformin, is 
a mitochondria-targeted analog of metformin that was recently demonstrated to alter 
mitochondrial function and proliferation in pancreatic ductal adenocarcinoma. Here, we 
hypothesized that this compound may decrease the oxygen consumption rate (OCR) in 
prostate cancer cells, increase the level of mitochondrial ROS, alleviate tumor hypoxia and 
radiosensitize tumors; (2) Methods: OCR and mitochondrial superoxide production were 
assessed by EPR (9 GHz) in vitro in PC-3 and DU-145 prostate cancer cells. Reduced and 
oxidized glutathione were assessed before and after MM10 exposure. Tumor oxygenation 
was measured in vivo using 1 GHz EPR oximetry in PC-3 tumor model. Tumors were 
irradiated at the time of maximal reoxygenation; (3) Results: 24-hours ex-posure to MM10 
significantly decreased the OCR of PC-3 and DU-145 cancer cells. An increase in 
mitochondrial superoxide levels was observed in PC-3 but not in DU-145 cancer cells, an 
observation consistent with the differences observed in glutathione levels in both cancer cell 
lines. In vivo, the tumor oxygenation significantly increased in the PC-3 model (daily injection 
of 2 mg/kg MM10) 48 and 72 hours after initiation of the treatment. Despite the significant 
effect on tumor hypoxia, MM10 combined to irradiation did not increase the tumor growth 
delay compared to the irradiation alone; (4) Conclusions: MM10 altered the OCR in prostate 
cancer cells. The effect of MM10 on the superoxide level was dependent on the antioxidant 
capacity of cell line. In vivo, MM10 alleviated tumor hypoxia, yet without consequence in 
terms of response to irradiation. 
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Myeloperoxidase (MPO) is a mammalian heme peroxidase that produces hypohalous acids, 
the powerful oxidants capable to kill invading pathogens. Inappropriate, excessive formation 
of those oxidants is associated with multiple human inflammatory pathologies. Thus, there 
is a considerable interest in the development of selective and specific inhibitors of MPO. 
Nonetheless, many of the potential inhibitors of MPO (e.g. hydrazides) are inherently toxic 
due to the interference with other biological targets. One of the strategies that can enable 
site-specific inhibition of MPO is the use of proinhibitors, the compounds that release the 
active form of inhibitors in the presence of HOCl, oxidant produced exclusively by MPO, 
and/or H2O2, the MPO co-substrate and oxidant produced during inflammation by NADPH 
oxidases. 
Recently, it has been shown that acetaminophen inhibits MPO derived HOCl production at 
therapeutically achievable concentrations.1 In order to modulate this activity and to increase 
acetaminophen specificity, its new boronobenzyl derivative substituted with arylboronic acid 
moiety, AMBB, was synthesized. Oxidation of arylboronic acid moiety of AMBB should lead 
to the formation of phenolic derivative and subsequently to the release of active inhibitor 
via quinone methide elimination. This new strategy was used for the first time in search of 
more specific MPO inhibitors. 

 
In this study, the capability of AMBB to inhibit the MPO-derived HOCl production was 
evaluated and compared with acetaminophen and its other structural analogs like N-[4-
(benzyloxy)phenyl]acetamide (AMB) and 4-acetamidophenylboronic acid (AAPBA). 
Moreover, the products of the reaction between AMBB and HOCl were identified by LC/MS 
and the kinetic of the conversion of AMBB to acetaminophen was studied. Effect of uric 
acid and human serum albumin on AMBB oxidation by ONOO‒ and HOCl was also evaluated. 
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Polycyclic aromatic hydrocarbons (PAHs) are a group of organic compounds derived mostly 
from the incomplete combustion of fossil fuels and biomass. Human skin can absorb PAHs 
and the uptake increases with their molar mass and lipophilicity. Benzopyrene is high-
molecular- weight PAH frequently appearing in ambient pollution. It exists in two isomeric 
forms: benzo[a]pyrene (BaP) and benzo[e]pyrene (BeP), which exhibit different biological 
activity. Although certain properties of benzopyrenes suggested photoreactivity of the 
compounds, no direct measurements were previously conducted to characterize their 
photochemical activity. In this study, quantum yield and action spectra of singlet oxygen 
photogeneration by BaP and BeP were measured by time-resolved near-infrared 
phosphorescence and the ability of both compounds to photogenerate superoxide anion was 
assessed by electron paramagnetic resonance (EPR) spin- trapping. The measurements 
revealed high efficiency of benzopyrenes to photogenerate singlet oxygen and their ability 
to photogenerate superoxide anion. 
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Measurements of the oxygen partial pressure (pO2)  are crucial in cancer research. 
A high degree of hypoxia is associated with an inferior prognosis. Most solid tumours have 
areas of acute/chronic hypoxia that can unfavorably affect anticancer treatment. In the 
result, hypoxic tumours become more resistant to oncologic therapies, primarily 
chemotherapy and radiotherapy. Therefore, knowledge of pO2 level, especially the ability to 
study  pO2 changes in real-time in a defined area, could have a significant impact on clinical 
and preclinical research.  

Oximetry with Electron Paramagnetic Resonance (EPR) is one of the methods of 
oxygen measurement which can be safe for patients, direct, do not consume oxygen during 
performance, are precise and could be followed long term. EPR oximetry needs to relay on 
paramagnetic contrast agents, which are non-toxic and sensitive to oxygen concentration. 
The use of paramagnetic probes, such as lithium octa-butoxynaphthalocyanine (LiNc-BuO, 
OxyChip) crystals, enable precise and repeatable results, thanks to which it is possible to 
monitor the oxygen level in tissues. 
 The aim of the research was to optimize EPR measurements with the surface coil 
and OxyChip to provide reliable in vivo measurements in the future. The measurements 
were done in different media (e.g. water, air, artificial tissue, fixed tumor tissue and fat) and 
signal amplitude and oxygen sensitivity was checked by performing measurements in 
different atmospheres. For each medium, the optimal power was calculated.  

Described measurements are essentials to successfully measure oxygen partial 
pressure in in vivo tests with high reproducibility. 
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Triarylmethyl radicals (TAMs or trityls) are popular biocompatible stable radicals used as spin 
probes and spin labels for biomedical EPR applications.  We recently reported the first 
application of EPR to image enzyme activity in vitro [1]. Enzyme activities are important 
biomarkers of many pathologies, such as cancers, Alzheimer’s disease and diabetes. 
However, this first example used a nitroxide radical sensitive to alkaline phosphatase that 
could not be utilized in vivo because of its fast reduction to EPR-silent hydroxylamine.  
Herein we report the efficient and straightforward synthesis and characterization of new 
triarylmethyl radical whose spectrum is responsive to ALP. This radical has the potential to 
be used in vivo to image ALP activity. Moreover, this design could be use in the future to 
image other enzymes. 
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EPR is a non-invasive method for analysing the content of melanins (pheomelanin, 
eumelanin) in hair and fur1,2. In our study, we used the fur of mice with different genotypes 
conditioning the expression of the Agouti, Pomc and Mc1r genes. About 20 mg of fur in 
ambient temperature were measured in an EPR Varian E3 X-band spectrometer. Our study 
shows i.a., that a necessary condition for the pheomelanotic phenotype is the lack of a 
functional or active Mc1r receptor. 
 
Acknowledgements: Authors thank prof Frances Noonan for providing Mc1re/e and yellow A/y 
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Triarylmethyl (TAM) radicals such as Finland trityl (FT), Ox063, and Ox071 are a family of 
water-soluble stable radicals extensively used as EPR spin probes, spin labels, and 
hyperpolarizing agents for dynamic nuclear polarization and Overhauser-enhanced MRI. 
While the synthesis of FT was published 20 years ago in the scientific literature, the toxicity 
and unspecific binding with some biomacromolecules through hydrophobic interactions limit 
the use of FT-based trityl radicals for biological applications. On the other hand, Ox063 and 
Ox071 are biocompatible and do not bind biomacromolecules. However, reproducible and 
efficient synthetic protocols of Ox063 and Ox071 were not available.   
In this poster, we describe an efficient synthesis of Ox063/71 [1], and an isotopologue of 
Ox071 labeled 13C at the central carbon. Because of the magnitude and the strong anisotropy 
of the hyperfine splitting with the 13C (l=1/2), the EPR spectrum of 13C1-Ox071 is highly 
sensitive to molecular tumbling and, therefore, to viscosity [2].  
 
This work was partially supported by NIH grant (USA): EB023990 (BD), EB032321 (BD), 
EB028553 (BD), GM143595 (BD) and CA262159 (GRE). The content is solely the 
responsibility of the authors and does not necessarily represent the official views of the 
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GdIII complexes are important contrast enhancers for magnetic resonance imaging (MRI) 
and paramagnetic agents for electron paramagnetic resonance (EPR) spectroscopy. By 
combination with bioconjugation GdIII complexes become valuable tissue-targeting MRI 
contrast agents[1] and spin labels for distance determination in biomolecules by pulsed 
dipolar spectroscopy (PDS) techniques such as double electron-electron resonance (DEER)[2] 
or relaxation-induced dipolar modulation enhancement (RIDME).[3]  
 
In the poster we will present the conjugation of the pyrazolone-substituted complex 
[GdIII(PyMTA)]- with the modified Designed Ankyrin Repeat Protein (DARPin) E01 using its 
formylglycine residue in a Trapped-Knoevenagel condensation. The conjugate was designed 
as macromolecular contrast agent for targeted tumor imaging but serves as well as an 
example for GdIII labeling via Trapped-Knoevenagel condensation. 
 
Furthermore, we disclose a traceless heterocyclic Staudinger ligation, in which a 
diphenylphosphaneylphenoxy-substituted heterocycle reacts with an organic azide giving an 
amino substituted heterocycle. This extends the Staudinger ligation to electron-poor 
heterocycles as the electrophilic amide trap. This reaction can be applied to the labeling of 
biomolecules with azido groups with GdIII-complexes with heterocyclic ligands. 

 
[1] J. Wahsner, E. M. Gale, A. Rodríguez-Rodríguez, P. Caravan, Chem. Rev. 2019, 119, 
957-1057. 
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[3] S. Razzaghi, M. Qi, A. I. Nalepa, A. Godt, G. Jeschke, A. Savitsky, M. Yulikov, J. Phys. 
Chem. Lett. 2014, 5, 3970−3975. 
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All-trans retinal (AtRAL), a photoreactive product of visual pigment bleaching, transiently 
accumulates in photoreceptor membranes. Elevated concentration of all-trans retinal leads 
to accelerated formation and accumulation of bis-retinoid condensation products such as 
A2E or All-trans retinal dimer (AtRAL dimer). It has been shown that in the eyes of age-
related macular degeneration (AMD) model mice the level of atRAL-dimer was increased 
compared to wild-type mice. Even though the phototoxicity of AtRAL dimer seems to be 
lower than that of its precursor AtRAL, its structure as a much larger molecule may suggest 
a stronger structural impact on the properties of the membrane in which it is located. In this 
work we studied the model of old disk photoreceptor membrane, which contain high amount 
of polyunsaturated fatty acids (up to 35 mol%) and are more enriched in 
phosphatidylethanolamines than the plasma membrane but have much less cholesterol (just 
5 mol%) than both plasma and young disks membrane. 
Electron paramagnetic resonance spectroscopy and spin labeling techniques have been 
employed to characterize the model of old disks membrane biophysical properties such as 
polarity and lipid order in the presence and absence of AtRAL dimer. Obtained results 
indicate that All-trans retinal dimer decreases polarity of old disks membrane, slightly 
increases the membrane ordering and decreases its fluidity. The above changes, however, 
are not significant enough to be physiologically relevant.  
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Reactive oxygen/nitrogen species (ROS/RNS) takes a central role in redox signaling of 
various biological processes, including cellular proliferation and differentiation, inflammation, 
and tissue repair [1]. Abnormal levels of ROS/RNS are liked to multiple diseases, such as 
obesity, diabetes, neurodegenerative diseases, aging, and tumor initiation and progression. 
Therefore, methods to measure and map ROS/RNS production in vivo are essentials tools in 
biomedical research. Triarylmethyl radicals (TAMs), such as Finland trityl or Ox063 [2], are 
water-soluble spin probes extensively used for biomedical EPR applications [3]. TAMs exhibit 
narrow linewidths, long relaxations times, and high stability in biological media. They are 
inert toward most biologically relevant redox species, including hydrogen peroxide. In this 
poster, we report on the synthesis, characterization, and applications of phosphine 
derivatives of TAMs (TAM-PPh2) for the detection of ROS/RNS. The sensitivity arises from 
the large change in 31P hyperfine splitting (aP) upon oxidation of the phosphine by hydrogen 
peroxide. This oxidation does not result in the loss of the EPR signal, and it allows for 
ratiometric measurement of hydrogen peroxide. 
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Nitroxyl (HNO, IUPAC name azanone) has gained great interest on account of a broad 
spectrum of pharmacological effects distinct from its congener, nitric oxide (•NO). Azanone 
must be produced in situ due to its instability. Up to date, miscellaneous HNO donors have 
been proposed. The common approach of HNO generation under physiological conditions is 
the decomposition of Angeli’s salt (Na2N2O3) or Piloty's acid derivatives (ortho-substituted 
N-hydroxybenzenesulfonamides). Another obstacle in the azanone studies is its detection. 
The direct visualization of HNO in biological systems is challenging due to its high reactivity 
towards biomolecules, i.e. thiols, metalloproteins. To overcome this inconvenience, N-
hydroxydansylamide, that acts as both HNO donor and fluorescent probe, has been 
introduced (Figure 1). [1] Here we present the kinetic characterization of N-
hydroxydansylamide. 

 
Figure 1. The concomitant release of HNO and fluorescent probe from  

N-hydroxydansylamide. 
[1] Guo Q et al., Sens. Actuators B Chem., Volume 369 (2022), 132309 
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Melanoma is an aggressive cancer capable of synthesizing melanin. Melanin has a number 
of unique properties, including broadband absorption, the ability to scavenge free radicals 
and a photoprotective function. The role of melanin in tumors is not well understood. 
In our work we show the level of melanin in human melanoma cells and in in vivo model. 
We used amelanotic and pigmented melanoma lines in our research. Cell lines capable of 
pigmentation were grown under conditions which stimulate or did not stimulate 
pigmentation. The model of the chorioallantoic membrane (CAM) of a domestic chicken 
embryo was used as in vivo model. Melanoma cells were implanted on a CAM membrane, 
cultured, and then isolated and the presence of melanin was analyzed by EPR spectroscopy. 
The obtained results of electron paramagnetic resonance (EPR) spectroscopy in the X-band 
show that the composition of melanin is almost identical to that of the original cells. In vitro, 
inhibition of cell growth and reduction level of  PCNA during pigmentation are observed. In 
the CAM model, the opposite relationship is observed. Pigmented melanoma lines show 
faster growth than amelanotic cell lines.  
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Uveal melanoma is the most common primary cancer of the eye in adults. Despite the 
effective treatment of the primary tumor, there are still no effective treatments for its 
disseminated form. The presence of metastases is mainly found in the liver and lungs of the 
patients, and the chances of survival are then greatly reduced. There is a great need to 
develop and characterize an in vivo metastatic model of this tumor, which would allow to 
test new therapeutic strategies against distant metastases. In order to be able to assess the 
effectiveness of the tested anti-metastatic therapies, necessary is to use a rapid, sensitive 
and non-invasive technique to monitor of disseminated tumor progression. 
Melanin, a pigment characteristic for melanoma, has a very high ability to absorb light energy 
in the visible spectrum. Photoacoustic imaging, which combines optical excitation and 
ultrasound detection, can detect melanin in tissues with high resolution and sensitivity, also 
in high penetration depth.  
The aim of this study was to find out how photoacoustic imaging will prove useful in the 
localization of pigmented human melanoma metastases in nude mice. In vivo photoacoustic 
imaging in the red light range can sometimes give false positive results, e.g. due to the 
presence of other dyes in the body, such as heme or chlorophyll derivatives. Therefore, X-
band EPR measurements in ex vivo isolated tissue fragments were used as a method to 
verify presence of melanin-containing metastasis.  
As a result, accurate positioning of melanoma metastases in distant tissues was achieved. 
Presented work proves the applicability of photoacoustic imaging as a useful tool in 
preclinical research. 
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Triarylmethyl radicals (TAMs or trityls) are popular biocompatible stable radicals used as spin 
probes and spin labels for biomedical EPR applications.  We recently reported the first 
application of EPR to image enzyme activity in vitro [1]. Enzyme activities are important 
biomarkers of many pathologies, such as cancers, Alzheimer’s disease and diabetes. 
However, this first example used a nitroxide radical sensitive to alkaline phosphatase that 
could not be utilized in vivo because of its fast reduction to EPR-silent hydroxylamine.  
Herein we report the efficient and straightforward synthesis and characterization of new 
triarylmethyl radical whose spectrum is responsive to ALP. This radical has the potential to 
be used in vivo to image ALP activity. Moreover, this design could be use in the future to 
image other enzymes. 
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Iron is an essential micronutrient to almost every living organism, including Bacteria. 
Bacteria’s proliferation is an Fe dependent process. The segregation of siderophores to 
uptake Fe is one of the mechanisms to obtain the element. Considering the problematic of 
bacterial resistance to antibiotics currently in use, the use of iron chelators to deprive 
bacteria from Fe is an alternative therapeutic approach.1 
3,4-Hydroxypyridinones are considered strong bidentate chelators due to its ability to 
chelate metal ions in solution. The build-up of an hexadentate chelator obtained through 
connection of three bidentate units to tris-derived anchors confers selectivity in chelation 
process. 2 
In the past years, our research group focused on the design of new hexadentate chelators 
that can selectively deliver or remove metal ions from specific environments or organisms. 

This work reports an evaluation of the affinity of four hexadentate chelators over 
two different liposome compositions, mimicking eukaryotic and prokaryotic bilayers. 
Nitroxide spin labels, 5-DSA and 16-DSA, were included in liposome formulations, to allow 
the evaluation of permeation properties 
of these molecules using Electron 
Paramagnetic Resonance.  

Differences in fluidity, 
correlation times and 2Amax, were 
strong indicators of different 
permeation properties, confirming the 
preference of these chelators to 
prokaryotic membrane mimetic 
liposomes. These results suggest that 
these molecules have potential to 
compromise their proliferation through an iron 
deprivation strategy. 
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Figure 1 - Representation of spin label 16-
DSA in DMPC and DMPG/DMPC liposomes 
(blue) and in the presence of chelator 
MRHTS (grey). 
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