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The thalamus is a structure of the brain that processes and relays sensory and motor information 
and regulates sleep, wakefulness, memory and learning. Transcription factor 7-like 2 (TCF7L2) 
is known to regulate the development of the thalamus by regulating thalamic cell clustering 
and migration, growth and guidance of thalamocortical axons and thalamic neuronal 
connectivity and electrophysiology. TCF7L2 exists in two groups of isoforms, a full-length 
(FL-TCF7L2) isoform that has the ��-catenin activation domain in the N-terminal and a 
dominant-negative (Dn-�7�&�)���/������ �L�V�R�I�R�U�P�� �W�K�D�W�� �O�D�F�N�V�� �W�K�H�� ��-catenin activation domain for the 
�F�D�Q�R�Q�L�F�D�O���:�Q�W����-catenin signalling pathway. They are formed by alternative promoter usage 
and their relative expression in the mouse thalamus switch from embryonic to adult life. The 
Dn-TCF7L2 isoform is more expressed in the embryonic mouse thalamus while the FL-
TCF7L2 isoform predominates in the adult mouse thalamus. However, the individual roles of 
each isoform in regulating thalamic development and the purpose for the switch in their 
expression remain to be explored. Hence, this study aimed to track the time point of switch in 
the relative expression of TCF7L2 isoforms in thalamic neurons and the result showed that the 
time point of switch in their expression correlates with the period of structural and functional 
maturation of the neurons. This data is a relevant guide for further studies aimed at investigating 
the regulatory role of TCF7L2 isoforms on the development of the thalamus using TCF7L2 
isoform-specific knockout mouse models.     
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�F�R�P�S�D�U�H�G �W�R �,�O�O�X�P�L�Q�D �D�F�U�R�V�V �D�O�O �6�9 �V�L�]�H�V �D�Q�G �6�9�V �I�U�R�P �2�1�7 �P�D�S�S�H�G �W�R �3�(�7�V �Z�L�W�K �E�H�W�W�H�U
�U�H�V�R�O�X�W�L�R�Q���L�Q���F�R�P�S�D�U�L�V�R�Q���Z�L�W�K���,�O�O�X�P�L�Q�D��

�>���@�$�O�W�V�K�X�O�H�U�����'�����	���'�R�Q�Q�H�O�O�\�����3�����$���K�D�S�O�R�W�\�S�H���P�D�S���R�I �W�K�H���K�X�P�D�Q���J�H�Q�R�P�H�����1�D�W�X�U�H����������������

�>���@�$�P�D�U�D�V�L�Q�J�K�H�����6���/�������6�X�����6�������'�R�Q�J�����;�����H�W���D�O�����2�S�S�R�U�W�X�Q�L�W�L�H�V �D�Q�G���F�K�D�O�O�H�Q�J�H�V���L�Q���O�R�Q�J���U�H�D�G

�V�H�T�X�H�Q�F�L�Q�J���G�D�W�D���D�Q�D�O�\�V�L�V�����*�H�Q�R�P�H���%�L�R�O�������������� ��������������

�>���@�)�X�O�O�Z�R�R�G���0�����5�X�D�Q���<�����&�K�,�3���E�D�V�H�G���P�H�W�K�R�G�V���I�R�U���W�K�H �L�G�H�Q�W�L�I�L�F�D�W�L�R�Q���R�I���O�R�Q�J���U�D�Q�J�H���F�K�U�R�P�D�W�L�Q
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How overexpression of the Id2 transcription regulator influences hair 
development? 

 
Alicja Olczak1, Karolina Amaro 1�����à�X�N�D�V�]���%�R�U�\��1, Paula Mazurek1, Patrycja Daszczuk1, 

Tomasz Pieczonka1, Kyuson Yun2, Mark Isreal 3, Krzysztof Kobielak1 
 

1 Centre of New Technologies, University of Warsaw, Poland 
2 The Jackson Laboratory, Bar Harbor, ME, USA 

3 Dartmouth Hitchcock Medical Center, Lebanon, NH, USA 
 

Currently, existing treatments of alopecia, allow to slow it down, however, they cannot be 
applied in each case or bring the desired results. Therefore, there is a huge demand to develop 
new therapies to help to solve this problem. Research has shown that hair follicle stem cells 
(hfSCs), the population of adult stem cells located in the bulge of each hair follicle, can be 
used for therapeutic purposes, leading to the regeneration and growth of hair. The presented 
research aims to improve understanding of the biology of hfSCs and hair development. 
Previous studies revealed that alopecia is caused by the inappropriate functioning of WNT 
(Wingless-type MMTV integration site family) and BMP (Bone Morphogenetic Protein). 
signaling pathways in the skin and its appendages, as both pathways play an important role in 
the development and growth of hair follicles, as well as the hair regenerative cycle. Moreover, 
their competitive balance is crucial for maintaining the homeostasis of hair follicle stem cells 
in vivo [1, 2]. The transcriptional regulator - Id2, is a downstream effector of the BMP 
signaling pathway, acting as a negative regulator of stem cell differentiation, and maintaining 
cell stemness. 
Mouse hair follicles are an excellent model for studying the biology of adult stem cells due to 
the ease of phenotype observation, manipulation, ability to synchronize hair regeneration and 
rest cycles. Moreover, mouse hfSCs, maintain their characteristic regenerative properties in in 
vitro conditions. To investigate the role of Id2 in the skin and its appendages development, 
focusing on hair follicles, a transgenic mouse model with constitutive expression of Id2 in 
ectoderm and its derivatives was generated (Id2GOF), due to the use of tissue-specific Keratin 
14-Cre (K14-Cre) recombinase system. The established mice line displayed a distinct 
phenotype, characterized by visible balding and weakening of the hair coat. Moreover, during 
early developmental stages, obtained mice were also significantly smaller in comparison to 
the K14-Cre control line. Analysis of changes in hair follicle length and density occurring 
during the first hair showed the decreased hair amount and length under Id2 overexpression. 
Taken together, this research revealed that the Id2 is necessary for the proper hair follicles 
development, and therefore the formation of the hair coat in mice. Created transgenic mice 
line will be a useful tool for further studies on Id2 role in hair and skin morphogenesis and 
development. Described research is extremely important as it may have a fundamental impact 
on regenerative medicine with the usage of stem cells, contributing to the discovery of a 
therapy that will be able to recreate lost hair and fully functional skin. 
 
[1] Kobielak K, Stokes N, de la Cruz J, Polak L, Fuchs E. Loss of a quiescent niche but not 
follicle stem cells in the absence of bone morphogenetic protein signaling. Proc Natl Acad Sci 
USA. 2007;104(24):10063-8. 
[2] Kandyba E, Leung Y, Chen YB, Widelitz R, Chuong CM, Kobielak K. Competitive 
balance of intrabulge BMP/Wnt signaling reveals a robust gene network ruling stem cell 
homeostasis and cyclic activation. Proc Natl Acad Sci. 2013; 110(4):1351�±6. 
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�%�R�U�R�Z�R�G�R�U�N�L�� �P�H�W�D�O�L���� �]�Q�D�Q�H�� �]�H�� �V�Z�R�M�H�M�� �Z�\�V�R�N�L�H�M�� �]�D�Z�D�U�W�R���F�L�� �Z�R�G�R�U�X�� �>���@���� �V���� �E�D�G�D�Q�H�� �S�R�G��
�N���W�H�P���]�G�R�O�Q�R���F�L���G�R���F�K�H�P�L�F�]�Q�H�J�R���P�D�J�D�]�\�Q�R�Z�D�Q�L�D���Z�R�G�R�U�X���G�R���]�D�V�L�O�D�Q�L�D���R�J�Q�L�Z���S�D�O�L�Z�R�Z�\�F�K���>���@��
�M�X�*�� �R�G�� �O�D�W�� �������� �1�L�H�V�W�H�W�\�� �Z�L�H�O�H�� �]�� �Q�L�F�K�� �U�R�]�N�á�D�G�D�� �V�L�
�� �Z�� �]�E�\�W�� �Z�\�V�R�N�L�F�K�� �W�H�P�S�H�U�D�W�X�U�D�F�K���� �D��te 
�U�R�]�N�á�D�G�D�M���F�H�� �V�L�
�� �S�R�Q�L�*�H�M�� �������ƒ�&���� �R�E�R�N�� �Z�R�G�R�U�X���� �Z�\�G�]�L�H�O�D�M���� �U�y�Z�Q�L�H�*�� �N�L�Q�H�W�\�F�]�Q�L�H�� �V�W�D�E�L�O�Q�\�� �L��
toksyczny diboran. 

W�R�G�R�U�H�N�� �Z�D�Q�D�G�X�� ���,�,������ �Z�� �R�N�R�á�R�� �������ƒ�&���� �L�V�W�Q�L�H�M�H�� �Z�� �U�y�Z�Q�R�Z�D�G�]�H�� �]�� �J�D�]�R�Z�\�P�� �Z�R�Gorem i 
metalicznym wanadem [3]. 

 
VH 2 �F���9�������+2�C 

 
�0�H�F�K�D�Q�R�F�K�H�P�L�F�]�Q�H�� �G�R�P�L�H�V�]�N�R�Z�D�Q�L�H�� �E�R�U�R�Z�R�G�R�U�N�y�Z�� �W�\�P�� �S�L�H�U�Z�L�D�V�W�N�L�H�P�� �G�H�V�W�D�E�L�O�L�]�X�M�H��

aniony [BH4] �± �L�� �S�R�Z�R�G�X�M�H�� �R�E�Q�L�*�H�Q�L�H�� �W�H�P�S�H�U�D�W�X�U�\�� �L�F�K�� �U�R�]�N�á�D�G�X���� �Z�� �]�D�O�H�*�Q�R���F�L�� �R�G�� �P�H�W�R�G�\�� �L��
�G�R�P�L�H�V�]�N�R�Z�D�Q�H�J�R���]�Z�L���]�N�X�����Q�D�Z�H�W���R����20�ƒ�&���Z���S�U�]�\�S�D�G�N�X���G�R�P�L�H�Vzkowania borowodorku sodu 
tlenkiem wanadu (V) [4]. 

�=�D�V�W�R�V�R�Z�D�Q�L�H�� �Q�D�Q�R�F�]���V�W�H�N�� �Z�D�Q�D�G�X�� �]�Q�D�F�]�Q�L�H�� �]�Z�L�
�N�V�]�D�� �S�R�Z�L�H�U�]�F�K�Q�L�H���� �Q�D�� �N�W�y�U�H�M�� �P�R�*�H��
�G�R�F�K�R�G�]�L�ü���G�R���H�I�H�N�W�y�Z���N�D�W�D�O�L�W�\�F�]�Q�\�F�K�����1�D�Q�R�F�]���V�W�N�L���Z�\�W�Z�R�U�]�R�Q�H���S�R�S�U�]�H�]���U�H�G�X�N�F�M�
���V�R�O�L���Z�D�Q�D�G�X��
(III) w tetrahydrofuranie (THF), lub o-difluorobenzenie (o-DFB), scharakteryzowano 
�E�D�G�D�Q�L�D�P�L�� �7�(�0�� �L�� �X�*�\�W�R�� �G�R�� �G�R�P�L�H�V�]�N�R�Z�D�Q�L�D�� �E�R�U�R�Z�R�G�R�U�N�y�Z�� �O�L�W�R�Z�R-cynkowego oraz 
sodowego. �5�R�]�N�á�D�G���W�D�N�� �R�W�U�]�\�P�D�Q�\�F�K���P�D�W�H�U�L�D�á�y�Z���]�R�V�W�D�á�� �]�D�Q�D�O�L�]�R�Z�D�Q�\�� �W�H�U�P�R�J�U�D�Z�L�P�H�W�U�\�F�]�Q�L�H��
przy jednoczesnych pomiarach DSC oraz analizie MS �J�D�]�R�Z�\�F�K�� �S�U�R�G�X�N�W�y�Z�� �U�R�]�N�á�D�G�X�� �L��
�S�R�U�y�Z�Q�D�Q�\�� �]�� �Z�\�Q�L�N�D�P�L�� �G�O�D�� �W�O�H�Q�N�y�Z�� �Z�D�Q�D�G�X���� �'�O�D�� �E�R�U�R�Z�R�G�R�U�N�X�� �O�L�W�R�Z�R-cynkowego 
�G�R�P�L�H�V�]�N�R�Z�D�Q�L�H���Q�D�Q�R�F�]���V�W�N�D�P�L���V�N�X�W�N�R�Z�D�á�R���G�D�O�V�]�\�P���V�S�D�G�N�L�H�P���W�H�P�S�H�U�D�W�X�U�\���U�R�]�N�á�D�G�X���]���R�N�R�á�R��
100�ƒ�&�� �G�O�D�� �S�U�y�E�H�N�� �G�R�P�L�H�V�]�N�R�Z�D�Q�\�F�K�� �Z�D�Q�D�G�Hm lub jego tlenkami do oko�á�R�� �����ƒ�&�� �Z��
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Phenols constitute valuable starting materials for the synthesis of heterocycles. In particular the 
oxidative phenolic couplings, wherein two or more molecules of a phenol become linked 
together, constitute an important class of reactions [1]. One product of the oxidative coupling 
of para-�V�X�E�V�W�L�W�X�W�H�G���S�K�H�Q�R�O�V���L�V���3�X�P�P�H�U�H�U�¶�V���N�H�W�R�Q�H�����F�R�Q�V�W�L�W�X�W�L�Q�J���R�I���D���F�R�P�P�R�Q���S�K�D�U�P�D�F�R�S�K�R�U�L�F��
motif. It is present among the morphine family of narcotic analgesics, for example in codeine, 
�D�Q�G���L�Q���D�Q���$�O�]�K�H�L�P�H�U�¶�V���G�L�V�H�D�V�H���G�U�X�J���J�D�O�D�Q�W�K�D�P�L�Q�H. 
 
�$�Q�� �L�Q�W�H�U�P�R�O�H�F�X�O�D�U�� �S�K�H�Q�R�O�L�F�� �F�R�X�S�O�L�Q�J�� �S�U�R�P�R�W�H�G�� �E�\�� �L�R�G�R�V�R�E�H�Q�]�H�Q�H�� �O�H�D�G�L�Q�J�� �W�R�� �3�X�P�P�H�U�H�U�¶�V��
ketone and its analogs has been developed [2]. The reaction allows for the preparation of 
products derived from both phenols and naphthols, bearing various substitution patterns, in 
excellent diasteroselectivity. Controlling the selectivity in such intermolecular coupling is a 
major challenge. The formation of Pummerer Ketone type compounds as sole low molecular 
weight products, which together with simple experimental conditions, originating from the 
incipient ortho-para coupling, followed by the conjugate addition of the residual hydroxyl group 
to the resulting cyclohexadienone ring, thus accessing such molecular complexity in a single 
step makes the reaction interesting and a convenient entry to this important molecular motif. 
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Optical coherence microscopy in non-invasive, subcellular imaging of 
mammalian zygotes 
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Confocal microscopy and other fluorescence microscopy methods applied in biology 

allow for detailed structural and dynamic studies of a single cell, but require fluorescent 
markers to visualize cellular architecture and may cause short- and long-term photo-damage. 
Bright-field microscopy, although non-destructive, does not provide detailed structural 
information. Optical coherence microscopy (OCM) is a promising alternative, as it does not 
require sample pre-processing or labelling and is capable of providing three-dimensional (3D) 
images of intracellular structures [1]. Here we investigated whether OCM imaging of zygotes 
can provide information useful for embryo quality assessment. We applied OCM to visualize 
the number and size of pronuclei, as well as a distance between them in mouse zygotes, which 
reportedly correlate with their ability to develop to high-quality blastocysts [2]. The OCM 
scanning protocols were verified to be safe for the embryos. However, we showed that none 
of the examined parameters correlated with the total number of cells, or the number of 
trophectoderm, epiblast and primitive endoderm cells at E5.0. Surprisingly, though, pronuclei 
size correlates with the t3-t5 interval in the embryo. Our results, therefore, suggest that OCM 
scanning at the zygote stage has limited potential as a tool in embryo quality assessment. 

[1] K. Karnowski, A. Ajduk, B. Wieloch, S. Tamborski, K. Krawiec, M. Wojtkowski, and M. 
Szkulmowski, Sci Rep. 7, 4165 (2017).  
[2] A. Ajduk, and M. Zernicka-Goetz, Mol Aspects Med. 34, 903-18 (2013).  
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�L�Q�G�X�V�W�U�\���D�Q�G���E�L�R�U�H�P�H�G�L�D�W�L�R�Q�����W�K�H�V�H���V�D�P�S�O�H�V�����H���J�����V�R�L�O���F�R�Q�W�D�P�L�Q�D�W�H�G���Z�L�W�K���S�R�O�O�X�W�D�Q�W�V�����F�R�P�S�U�L�V�H��
�D�S�S�U�R�[�L�P�D�W�H�O�\�� ���[�����A���� �P�L�F�U�R�E�L�D�O�� �R�S�H�U�D�W�L�R�Q�D�O�� �W�D�[�R�Q�R�P�L�F�� �X�Q�L�W�V�� ���2�7�8�V���� �S�H�U�� �J�U�D�P�� �R�I�� �V�R�L�O�� �>���@����
�6�F�U�H�H�Q�L�Q�J���R�I���E�L�R�F�R�Q�Y�H�U�V�L�R�Q���S�U�R�S�H�U�W�L�H�V���R�I���D���O�D�U�J�H���Q�X�P�E�H�U���R�I���X�Q�N�Q�R�Z�Q�����D�Q�G���P�R�V�W�O�\���X�Q�F�X�O�W�L�Y�D�E�O�H����
�V�S�H�F�L�H�V�� �L�V�� �D�� �F�K�D�O�O�H�Q�J�L�Q�J�� �W�D�V�N���� �&�O�D�V�V�L�F�D�O�� �P�H�W�K�R�G�V�� �R�I�� �E�D�F�W�H�U�L�D�� �L�V�R�O�D�W�L�R�Q�� �D�Q�G�� �H�Q�U�L�F�K�P�H�Q�W�� �D�U�H��
�U�H�O�D�W�L�Y�H�O�\�� �H�[�S�H�Q�V�L�Y�H���� �O�R�Z���W�K�U�R�X�J�K�S�X�W���D�Q�G���G�R���Q�R�W���S�U�R�Y�L�G�H���P�X�F�K���L�Q�I�R�U�P�D�W�L�R�Q���R�I���S�K�H�Q�R�W�\�S�H�V���R�I��
�P�L�F�U�R�E�L�D�O���F�R�Q�V�R�U�W�L�X�P�����6�X�F�K���D�S�S�U�R�D�F�K�H�V���X�V�X�D�O�O�\���U�H�V�X�O�W���L�Q���E�L�D�V���R�I���U�H�S�U�H�V�H�Q�W�D�W�L�R�Q���R�I���U�D�U�H���W�D�[�D���R�U��
�W�K�H���O�R�V�V���R�I���P�D�Q�\���K�L�J�K�O�\���D�F�W�L�Y�H���V�W�U�D�L�Q�V�� 
Instead of performing assays in vessels as flasks or wells, researchers have been increasingly 
focusing on miniaturisation of experiments [2]. Droplet microfluidics is a relatively novel 
technology allowing of performing biochemical assays inside stable microdroplets [3]. This 
technology brings several competitive advantages: small volumes, unprecedented ultra-high 
throughput enabling to screen up to 100 million reactions per day, monodispersity. 
�,�Q���W�K�L�V���S�U�R�M�H�F�W�����,���Z�L�O�O���X�V�H���V�W�D�W�H���R�I���W�K�H���D�U�W���W�H�F�K�Q�L�T�X�H�V���W�R���S�H�U�I�R�U�P���D�Q���X�O�W�U�D�K�L�J�K���W�K�U�R�X�J�K�S�X�W���L�V�R�O�D�W�L�R�Q��
�D�Q�G���V�H�O�H�F�W�L�R�Q���R�I���W�K�H���P�L�F�U�R�E�L�D�O���S�R�S�X�O�D�W�L�R�Q�V�����E�D�F�W�H�U�L�D���D�Q�G���I�X�Q�J�L�����I�R�U���W�K�H���D�E�L�O�L�W�\���R�I���E�L�R�F�R�Q�Y�H�U�V�L�R�Q��
�R�I�� �V�H�O�H�F�W�H�G�� �S�R�O�O�X�W�D�Q�W�V���� �1�H�[�W���� �,�� �Z�L�O�O�� �S�H�U�I�R�U�P�� �G�H�W�D�L�O�H�G�� �S�K�\�V�L�R�O�R�J�L�F�D�O�� �D�Q�G�� �I�X�Q�F�W�L�R�Q�D�O��
�F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q���R�I���W�K�H���P�R�V�W���S�R�W�H�Q�W���P�L�F�U�R�E�L�D�O���S�U�H�S�D�U�D�W�L�R�Q�V���D�Q�G���D�S�S�O�\���W�K�H�P���W�R���S�H�U�I�R�U�P���V�H�O�H�F�W�H�G��
�E�L�R�U�H�P�H�G�L�D�W�R�Q���S�U�R�F�H�V�V�H�V���L�Q���D���O�D�U�J�H�U���V�F�D�O�H�� 
�7�K�H�� �P�L�F�U�R�E�L�D�O�� �S�R�S�X�O�D�W�L�R�Q�V�� �Z�L�O�O�� �E�H�� �W�H�V�W�H�G�� �L�Q�� �K�L�J�K�� �W�K�U�R�X�J�K�S�X�W�� �W�R�Z�D�U�G�V�� �G�L�I�I�H�U�H�Q�W�� �W�\�S�H�V�� �R�I��
�E�L�R�F�R�Q�Y�H�U�V�L�R�Q�V���� �V�X�F�K�� �D�V�� �G�H�J�U�D�G�D�W�L�R�Q�� �R�I�� �S�H�V�W�L�F�L�G�H�V���� �F�H�O�O�X�O�R�V�H�� �D�Q�G�� �K�\�G�U�R�F�D�U�E�R�Q�V���� �&�H�O�O�V�� �Z�L�O�O�� �E�H��
�H�Q�F�D�S�V�X�O�D�W�H�G�� �L�Q�W�R�� �Z�D�W�H�U���L�Q���R�L�O�� �G�U�R�S�O�H�W�V�� �W�R�J�H�W�K�H�U�� �Z�L�W�K�� �S�R�O�O�X�W�D�Q�W�V���� �F�D�U�E�R�Q�� �V�R�X�U�F�H�V�� �D�Q�G�� �U�H�S�R�U�W�H�U��
�G�\�H�V���I�R�U���I�O�X�R�U�H�V�F�H�Q�W���R�U���D�E�V�R�U�E�D�Q�F�H���U�H�D�G�R�X�W���>���@�����5�D�Q�G�R�P���S�D�U�W�L�W�L�R�Q�L�Q�J���R�I���W�K�H���V�D�P�S�O�H���Z�L�O�O���U�H�V�X�O�W��
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�X�V�L�Q�J���I�X�Q�F�W�L�R�Q�D�O���P�H�W�D�J�H�Q�R�P�L�F�V���>���@�� 
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Cloning procedure of the found short peptide binding silver 
nanoparticles (R F E H P A V P R T E M) into the T7 phage capsid protein 

 
Mateusz Szymczak 1, �-�D�U�R�V�á�D�Z���3�D�Q�N�R�Z�V�N�L 1 and Piotr Golec 1 

 
1 Department of Molecular Virology, Institute of Microbiology, Faculty of Biology, University 

of Warsaw, Miecznikowa 1, 02-096 Warsaw, Poland, 
 

 
In 1985, the 2018 Nobel laureate George P. Smith described a M13 Phage Display 

technique. Based on fusion of short nucleotide sequences with the sequence of pIII gene of 
M13, the technique enables the display of various peptides on pIII protein of M13 and 
construction of a peptide library. With such a peptide library, it is theoretically possible to 
identify any peptide with a desired feature, e.g. binding to metal or metal oxide nanoparticles. 

The aim of this study was to identify a new peptide sequence with high binding 
efficiency to silver nanoparticles (AgNPs) and to present it on a T7 capsid.  

At the beginning, with the use of a M13 phage library and biopanning procedure, we 
identified a new AgNP-binding peptide (RFEHPAVPRTEM). Next, phage-exposed peptide 
binding efficiency to AgNPs was explored. The binding efficiency to AgNPs was three orders 
of magnitude higher in comparison to M13KE (maternal M13 phage). We then constructed T7 
phages presenting the identified peptide on their virion surfaces on gp10A protein. The 
identified peptide (RFEHPAVPRTEM) displayed on T7 did not affect phage virion 
morphology and such recombinant T7 phages (T7-AgNPs) were effectively propagated and 
purified. In conclusion, we constructed a new molecular tool - a recombinant T7-AgNPs 
phage - that could be used in various experimental efforts including silver nanoparticle 
synthesis or in biomedical applications. This research was funded by the National Science 
Centre (Poland) within the project grant no. 2016/23/B/NZ6/02537 (to Piotr Golec). 
  
 



The regulation of the expression of Grainyhead-like  
(GRHL) genes in the context of human cancer 

 
Agnieszka Taracha-�:�L���Q�L�H�Z�V�N�D1, Grzegorz Kotarba1, Michal Miller 2, Michal 

Dabrowski2, Tomasz Wilanowski1 
 
 

1
Institute of Genetics and Biotechnology, Faculty of Biology, University of Warsaw,  

1 Miecznikowa St., 02-096 Warsaw, Poland 
2
Laboratory of Bioinformatics, Nencki Institute of Experimental Biology of Polish Academy 

 of Sciences, 3 Pasteura St., 02-093 Warsaw, Poland 
 

 
Genes from the Grainyhead-like family are found in all animal species and fungi that 

were studied so far. In mammals there are three genes that belong to this family: Grainyhead-
like 1 (GRHL1), Grainyhead-like 2 (GRHL2) and Grainyhead-like 3 (GRHL3).  

GRHL genes are directly involved in the process of carcinogenesis and changes in the 
levels of expression of these genes often brings about the development of many types of 
cancer.  

The aim of our project was to perform a systematic analysis of promoter regions of the 
GRHL genes in order to identify and characterize transcription factors binding to the 
promoters of these genes. We conducted bioinformatics analyses of the promoter regions for 
each of the three GRHL genes. Subsequently, using appropriate experimental methods 
(chromatin immunoprecipitation, reporter gene assays, etc.) we verified whether the predicted 
transcription factors indeed regulate the expression of GRHL genes.  

In our project we discovered additional transcription factors regulating the expression 
of GRHL genes. Consequently, our findings may allow to identify novel drug targets in 
signaling pathways whose activation or inhibition may lead to changes in the levels of 
expression of GRHL genes. 

Here we present the obtained results. 

This work was supported by the National Science Centre grant 2016/21/B/NZ1/00279. 



�:�S�á�\�Z���V�S�R�á�H�F�]�Q�R���F�L���G�U�R�E�Q�R�X�V�W�U�R�M�y�Z���Q�D���F�\�N�O���K�D�O�R�J�H�Q�R�Z�\���Z���S�R�G�]�L�H�P�Q�\�F�K��
�F�]�D�U�Q�\�F�K���á�X�S�N�D�F�K���E�R�J�D�W�\�F�K���Z���N�R�S�D�O�Q�����P�D�W�H�U�L�
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�&�H�O�H�P�� �Q�D�V�]�\�F�K�� �E�D�G�D���� �E�\�á�R�� �R�N�U�H���O�H�Q�L�H�� �S�R�W�H�Q�F�M�D�O�Q�H�J�R�� �Z�S�á�\�Z�X�� �]�H�V�S�R�á�X�� �P�L�N�U�R�R�U�J�D�Q�L�]�P�y�Z��
(DMC- deep microbial community���� �]�D�V�L�H�G�O�D�M���F�\�F�K�� �á�X�S�H�N��czarny (BS- black shale)  na cykl 
�K�D�O�R�J�H�Q�R�Z�\�� �Z�� ���U�R�G�R�Z�L�V�N�X�� �S�R�G�]�L�H�P�Q�\�P���� �M�D�N�L�P�� �E�\�á�D�� �N�R�S�D�O�Q�L�D�� �P�L�H�G�]�L�� �/�X�E�L�Q���� �=�D�� �S�R�P�R�F����
sekwencjonowania metagenomicznego typu shotgun �V�F�K�D�U�D�N�W�H�U�\�]�R�Z�D�Q�R�� �U�y�*�Q�R�U�R�G�Q�R���ü��
�]�H�V�S�R�á�X���G�U�R�E�Q�R�X�V�W�U�R�M�y�Z���]�D�V�L�H�G�O�D�M���F�\�F�K���S�R�G�]�L�H�P�Q�H���F�]�D�U�Q�H���á�X�S�N�L�����'�0�&-BS�����E�R�J�D�W�H���Z���N�R�S�D�O�Q����
�P�D�W�H�U�L�
�� �R�U�J�D�Q�L�F�]�Q���� �R�U�D�]�� �]�L�G�H�Q�W�\�I�L�N�R�Z�D�Q�R���J�H�Q�\�� �N�R�G�X�M���F�H���H�Q�]�\�P�\�� �R�G�S�R�Z�L�H�G�]�L�D�O�Q�H���]�D���S�U�R�F�H�V�\����
halo- �L�� �G�H�K�D�O�R�J�H�Q�D�F�M�L���� �:�\�Q�L�N�L�� �E�D�G�D���� �X�M�D�Z�Q�L�á�\�� �Q�L�H�]�Q�D�Q�H�� �G�R�W���G�� �Z�� �J�U�X�S�D�F�K�� �'�0�&-BS geny 
�N�R�G�X�M���F�H�� �H�Q�]�\�P�\�� �K�D�O�R- �L�� �G�H�K�D�O�R�J�H�Q�X�M���F�H���� �Z�� �W�\�P�� �K�D�O�R�J�H�Q�D�]�\�� �V�S�H�F�\�I�L�F�]�Q�H�� �R�U�D�]�� �G�H�K�D�O�R�J�H�Q�D�]�\��
metaboliczne oraz geny kod�X�M���F�H�� �H�Q�]�\�P�\ uczestni�F�]���F�H�� �Z�� �G�H�K�D�O�R�J�H�Q�D�F�M�L�� �N�R�P�H�W�D�E�R�O�L�F�]�Q�H�M����
�:���U�y�G�� �J�H�Q�y�Z�� �K�D�O�R- �L�� �G�H�K�D�O�R�J�H�Q�D�]�� �Q�D�M�O�L�F�]�Q�L�H�M�� �Z�\�V�W�
�S�R�Z�D�á�\�� �J�H�Q�\�� �N�R�G�X�M���F�H��haloalkane 
dehalogenase i 2-haloacid dehalogenase. Zidentyfikowanie rodzajów bakterii znanych z 
literatury jako zdolne do przeprowadzania procesów halo- i dehalogenacji jak Pseudomonas 
�R�U�D�]�� �R�E�H�F�Q�R���ü�� �J�H�Q�y�Z�� �N�R�G�X�M���F�\�F�K�� �H�Q�]�\�P�\�� �K�D�O�R- �L�� �G�H�K�D�O�R�J�H�Q�X�M���F�H�� �Z�� �P�H�W�D�J�H�Q�R�P�L�H�� �'�0�&����
sugeruje potencjalny w�S�á�\�Z drobnoustrojów w naturalny proces obiegu halogenów w 
�E�D�G�D�Q�\�P�����U�R�G�R�Z�L�V�N�X�����3�R�W�Z�L�H�U�G�]�L�á�\���W�R���U�y�Z�Q�L�H�*���U�y�*�Q�L�F�H���R�E�V�H�U�Z�R�Z�D�Q�H���Z���]�D�Z�D�U�W�R���F�L���K�D�O�R�J�H�Q�y�Z��
�R�U�D�]�� �U�y�*�Q�R�U�R�G�Q�R���ü�� �K�D�O�R�J�H�Q�R�Z�D�Q�\�F�K�� �]�Z�L���]�N�y�Z�� �R�U�J�D�Q�L�F�]�Q�\�F�K�� �Z�� �V�X�U�R�Z�\�P���� �Q�L�H��
�V�N�R�O�R�Q�L�]�R�Z�D�Q�\�P���S�U�]�H�]���P�L�N�U�R�R�U�J�D�Q�L�]�P�\���á�X�S�N�X���L���Z���á�X�S�N�X���]�D�V�L�H�G�O�R�Q�\�P���S�U�]�H�]���G�U�R�E�Q�R�X�V�W�U�R�M�H�� 
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Otrzymywanie [68Ga]GaCl3 z tarczy sta
ej w cyklotronie medycznym 
 

Jakub Boraty� ski 1,2, Micha
 Jagodzi� ski 1,2 and Zbigniew Rogulski 2 

 
1 Centrum Produkcji Radiofarmaceutyków VOXEL S.A, ul. Wroc
awska 1-3, 30-006 Kraków, 

2 Wydzia
 Chemii, Centrum Nauk Biologiczno-Chemicznych, Uniwersytet Warszawski, ul. 
� wirki i Wigury 101, 02-089 Warszawa 

 
Izotop 68Ga jest zwykle eluowany z generatora 68Ge/68Ga, jest przez to 
atwo dost� pny 

w pracowniach PET (Medycyna Nuklearna), które nie posiadaj�  cyklotronu na miejscu. 
Cechy 68Ga, które posiada ten izotop czyni�  go po�� danym radionuklidem dla diagnostyki 
PET i pierwszym szeroko dost� pnym radioaktywnym jonem metalu typu PET do rutynowego 
stosowania na ca
ym � wiecie. Za pomoc�  chelatora mo� na 
atwo go przy
� czy�  do 
biologicznie aktywnej cz� steczki przez co nadaje si�  do sprz� gania z ró� nymi biomoleku
ami 
wykorzystuj� cymi dwufunkcyjne chelatory i ró� ne makrocz� steczki. Fizyczne w
a� ciwo� ci 
izotopu 68Ga to: emiter pozytonów (89% � +) oraz 68-minutowy okres pó
rozpadu [1]. 

Dost� pne s�  dwa g
ówne radionuklidy do pozytonowej tomografii emisyjnej (PET) 18F i 
11C, które mo� na stosowa�  do radioznakowania bez znacz� cej zmiany w
a� ciwo� ci 
biologicznych zwi� zków, oprócz ich korzystnej charakterystyki pó
rozpadu. Jednak wad�  
radiometali jest potrzeba chelatora, co jest równie�  ich przewag�  nad izotopami 18F i 11C. 
Dzi� ki temu radioznakowanie metalami promieniotwórczymi jest bardzo 
atwe, mo� e by�  
prowadzone w roztworze wodnym i z odpowiednim doborem chelatora np. w temperaturze 
pokojowej. Umo� liwia to radioznakowanie zwi� zków wra� liwych na temperatur�  lub na 
rozpuszczalniki organiczne (np. przeciwcia
a). Dodatkowo wybór chelatora daje mo� liwo��  
radioznakowania jednego zwi� zku ró� nymi radiometalami. Dzi� ki temu mo� liwe jest szerokie 
zastosowanie (PET, SPECT, MRT i terapia) zwi� zku jedynie poprzez wymian�  radiometalu 
przy minimalnych zmianach w zachowaniu biologicznym. U
atwia to skoncentrowan�  na 
pacjencie opiek� , od diagnozy przez obrazowanie molekularne po leczenie, np. mo� liwe 
po
� czenie z lutetem-177 jako par�  teranostyczn� . 

Z powodu powa� nych wad generatorów 68Ge/68Ga (bardzo wysokie koszty zakupu, data 
wa� no� ci generatora, ma
�  dost� pno��  na rynku, stosunkowa ma
a ilo��  izotopu 68Ga z elucji, 
konieczna kilkugodzinna przerwa pomi� dzy kolejnymi elucjami) zacz� to otrzymywa�  izotop 
68Ga za pomoc�  cyklotronów medycznych z u� yciem tarczy sta
ej [2] m.in u� ywaj� c 
elektrodepozycji jako metody przygotowania tarczy z wzbogaconego 68Zn [3]. 

W pracy omówiono metod�  otrzymywania [68Ga]GaCl3 z tarczy sta
ej w cyklotronie 
medycznym w Centrum Produkcji Radiofarmaceutyków VOXEL w Krakowie w jako� ci 
zgodnej z wymaganiami Farmakopei Europejskiej oraz Dobrej Praktyki Wytwarzania (GMP). 
 

[1] K. Kumar, Cancer Biotherapy And Radiopharmaceuticals, 35, 3 (2020). 
[2] E. Jussing, S. Milton and E. Samén, Biomolecules,�11,1118 (2021).�
[3] M. Lin, G.J. Waligorski and C.G. Lepera, Applied Radiation and Isotopes, 133, 1–3 
(2018). 
�
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�S�R�S�U�]�H�]�� �L�F�K�� �Q�D�G�D�O�� �W�U�X�G�Q���� �V�\�Q�W�H�]�
���� �Z�\�M���W�N�R�Z�H�� �Z�á�D���F�L�Z�R���F�L�� �I�L�]�\�N�R�F�K�H�P�L�F�]�Q�H�� �L�� �R�E�L�H�F�X�M���F�H�� �]�D-
stosowania przede �Z�V�]�\�V�W�N�L�P�� �Z�� �Q�D�Q�R�P�H�G�\�F�\�Q�L�H���� �F�K�H�P�L�L�� �P�D�W�H�U�L�D�á�R�Z�H�M���� �Q�D�Q�R�W�H�F�K�Q�R�O�R�J�L�L�� �R�U�D�]��
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jak ATRP (ang. Atom Transfer Radical Polymerization) �P�R�*�Q�D���R�W�U�]�\�P�D�ü���G�R�E�U�]�H���]�G�H�I�L�Q�L�R�Z�D-
ne, fotowra�*�O�L�Z�H, �W�H�O�H�F�K�H�O�L�F�]�Q�H���K�R�P�R�S�R�O�L�P�H�U�\���R���Q�L�V�N�L�P���Z�V�N�D�(�Q�L�N�X���G�\�V�S�H�U�V�\�M�Q�R���F�L���L���P�R�*�O�L�Z�R-
���F�L���G�D�O�V�]�H�M���I�X�Q�N�F�M�R�Q�D�O�L�]�D�F�M�L.[2] 
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Radical Polymerization (ATRP) �± �Z�\�N�R�U�]�\�V�W�X�M���F���U�y�*�Q�H���X�N�á�D�G�\���N�D�W�D�O�L�W�\�F�]�Q�H�����2�W�U�]�\�P�D�Q�H���S�R�O�L-
mery c�K�D�U�D�N�W�H�U�\�]�X�M���� �V�L�
�� �Z���V�N���� �G�\�V�S�H�U�V�\�M�Q�R���F�L���� ���3�'�,�� �”�� ������������ �R�U�D�]�� �X�O�H�J�D�M���� �R�G�Z�U�D�F�D�O�Q�H�M�� �I�R�W�R-
�L�]�R�P�H�U�\�]�D�F�M�L�� �S�R�G�� �Z�S�á�\�Z�H�P�� �Q�D���Z�L�H�W�O�D�Q�L�D���� �F�R�� �S�R�W�Z�L�H�U�G�]�R�Q�R�� �]�D�� �S�R�P�R�F���� �V�S�H�N�W�U�R�V�N�R�S�L�L�� �8�9-vis 
oraz 1H �1�0�5�� �]�� �Q�D���Z�L�H�W�O�D�Q�L�H�P���� �3�R�O�L�P�H�U�\�� �W�H�� �P�R�J���� �S�U�]�H�F�K�R�Z�D�ü�� �L�� �X�Z�D�O�Q�L�D�ü�� �]�J�U�R�P�D�G�]�R�Q����
�H�Q�H�U�J�L�
 �S�R�G�F�]�D�V���Q�D���Z�L�H�W�O�D�Q�L�D�����Z�L�D�W�á�H�P���8�9�����G�]�L�
�N�L���]�M�D�Z�L�V�N�X���W�H�U�P�L�F�]�Q�H�M���L�]�R�P�H�U�\�]�D�F�M�L��cis-trans 
�J�U�X�S�� �F�K�U�R�P�R�I�R�U�R�Z�\�F�K���� �(�Q�W�D�O�S�L�D�� �W�H�J�R�� �S�U�R�F�H�V�X�� �]�R�V�W�D�á�D�� �Z�\�]�Q�D�F�]�R�Q�D�� �]�D�� �S�R�P�R�F���� �U�y�*�Q�L�F�R�Z�H�M��
kalorymetrii skaningowej (DSC) i jest wysoka (61.���� �-�Â�J-1������ �G�]�L�
�N�L�� �F�]�H�P�X�� �P�D�W�H�U�L�D�á�� �P�R�*�H�� �E�\�ü��
zastosowany do przechowywania energii. Wytworzone azopolimery pomimo bardzo 
�N�U�y�W�N�L�H�J�R�� �á���F�]�Q�L�N�D (jedna grupa metylenowa), wy�N�D�]�X�M���� �Z�á�D���F�L�Z�R���F�L�� �F�L�H�N�á�R�N�U�\�V�W�D�O�L�F�]�Q�H���� �F�R��
zaobserwowano i potwier�G�]�R�Q�R�� �]�D�� �S�R�P�R�F���� �P�L�N�U�Rskopii polaryzacyjnej (POM) oraz 
rozpraszania promieniowania rentgenowskiego (WAXS).[3] 
 

[1] S. Sun, S. Liang, W.-C. Xu, G. Xu and S. Wu, Polym. Chem., 10, 4389 (2019); 
[2] K. Matyjaszewski, Macromolecules, 45, 4015 (2012); 
�>���@���3�����&�L�H�F�L�y�U�V�N�L�����3�����:�����0�D�M�H�Z�V�N�L�����(�����0�H�J�L�H�O����Polymers, 13, 2172 (2021). 



Cubosomes As Nanocarriers For Doxorubicin And Short-Lived 
Radionuclide For Cancer Treatment  

 
A. Cytryniak 1, E. Nazaruk1, A. Majkowska-Pilip 2, A. Bilewicz2, R. Bilewicz1  

 
1University of Warsaw, Faculty of Chemistry, Pasteura 1, 02-092 Warsaw, Poland 

2Institute of Nuclear Chemistry and Technology, Dorodna 16, 03-195 Warsaw, Poland 
 
Standard chemotherapy acting on the quickly dividing tumour cells, causes also damage of 
healthy tissues leading to adverse side effects. To reduce the side effects of the drug, achieve 
its sustained release or improve its stability they can be delivered encapsulated in appropriate 
drug carriers. In this study we propose tailored lipid liquid crystalline carriers which 
incorporate an anticancer drug (doxorubicin) and complexed short-lived radionuclide (213Bi) 
in order to obtain more effective action towards the cancer cells.  

Lipid liquid crystalline formulations, such as cubic phases and cubosomes, are promising 
nanomaterials as drugs carriers due to their biocompatibility and large internal interfacial area 
allowing to accommodate large amounts of therapeutic agents. Cubic nanostructures have 
been most extensively studied because of their sustained drug release properties and ability to 
maintain a three-dimensional structure under a range of physiologically relevant conditions 
and they have been already proven to be excellent drug delivery systems [1-4]. 

We prepared cubic phases and cubosome formulations with doxorubicin (DOX), a drug with 
particularly negative side effects, and an amphiphilic ligand, which forms stable complexes 
with 213Bi radionuclide. We characterized the structures of such formulations using small-
angle X-ray scattering (SAXS) and we determined the stability and sizes of cubosomes by 
dynamic light scattering (DLS). To investigate the behaviour of the DOX incorporated in the 
carrier together with chelating agent and to monitor the drug release kinetics we used 
electrochemical methods. We considered Korsmeyer-Peppas and other mathematical models 
to describe the DOX release profile. 

We used MTS assay to evaluate cytotoxic effect of the cubosomes with doxorubicin and 
complexed 213Bi upon selected cancer cell lines.   

 

[1] E. Nazaruk, A. Majkowska-Pilip, R. Bilewicz, ChemPlusChem, 82, 570 (2017) 
[2] A. Cytryniak, E. Naz�D�U�X�N���� �5���� �%�L�O�H�Z�L�F�]���� �(���� �*�y�U�]�\���V�N�D���� �.���� �)�H�O�H�F�K�R�Z�V�N�D-Matysiak, R. 
Walczak, A. Mames, A. Bilewicz, A. Majkowska-Pilip, Nanomaterials, 10, 2272 (2020) 
�>���@���0�����0�L�H�U�]�Z�D�����$�����&�\�W�U�\�Q�L�D�N�����3�����.�U�\�V�L���V�N�L�����5�����%�L�O�H�Z�L�F�], Nanomaterials, 9, 636 (2019) 
[4] E. Gajda, M. Godlewska, Z. Mariak, E. Nazaruk, D. Gawel,  Int. J. Mol. Sci., 21, 5039 
(2020) 
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S�\�V�W�H�P���S�U�]�H�S�á�\�Z�R�Zy do enzymatycznego oznaczania wybranych tioli 
 

�-�X�V�W�\�Q�D���*�á�R�Z�D�F�N�D 1, Kamil Strzelak 1, Robert Koncki 1 
 

1 �:�\�G�]�L�D�á���&�K�H�P�L�L�����8�Q�L�Z�H�U�V�\�W�H�W���:�D�U�V�]�D�Z�V�N�L�����X�O����Pasteura 1, 02-093, Warszawa, Polska 
 

 
�7�L�R�O�H�� �V�W�D�Q�R�Z�L���� �J�U�X�S�
�� �]�Z�L���]�N�y�Z�� �R�U�J�D�Q�L�F�]�Q�\�F�K���� �S�R�V�L�D�G�D�M���F�\�F�K�� �J�U�X�S�
�� �V�X�O�I�R�K�\�G�U�\�O�R�Z�� 

(-SH). �0�R�*�Q�D�� �M�H�� �]�Q�D�O�H�(�ü �Z�H�� �Z�V�]�\�V�W�N�L�F�K�� �R�U�J�D�Q�L�]�P�D�F�K�� �*�\�Z�\�F�K�� �]�H�� �Z�]�J�O�
�G�X�� �Q�D�� �L�F�K�� �O�L�F�]�Q�H��
�I�X�Q�N�F�M�H�����W�D�N�L�H���M�D�N���R�F�K�U�R�Q�D���N�R�P�y�U�H�N przed stresem oksydacyjnym oraz �X�W�U�]�\�P�\�Z�D�Q�L�H���]�D�U�y�Z�Q�R��
�S�U�D�Z�L�G�á�R�Z�H�M���V�W�U�X�N�W�X�U�\�����M�D�N���L���I�X�Q�N�F�M�L���E�L�D�á�H�N���>���@����Z tego po�Z�R�G�X�����L�F�K���Q�L�H�G�R�E�y�U���P�R�*�H���S�U�]�\�F�]�\�Q�L�ü��
�V�L�
�� �G�R�� �Z�\�V�W�
�S�R�Z�D�Q�L�D�� �Q�D�V�W�
�S�X�M���F�\�F�K�� �F�K�R�U�y�E���� �$�,�'�6���� �F�X�N�U�]�\�F�\���� �F�K�R�U�y�E�� �Q�H�X�U�R�G�H�J�H�Q�H�U�D�F�\�M�Q�\�F�K 
�L�W�S���� �>���@���� �&�R�� �Z�L�
�F�H�M���� �R�V�W�D�W�Q�L�H�� �G�R�Q�L�H�V�L�H�Q�L�D�� �O�L�W�H�U�D�W�X�U�R�Z�H�� �Z�V�N�D�]�X�M������ �*�H�� �Q-acetylowa pochodna 
�F�\�V�W�H�L�Q�\���P�R�*�H���E�\�ü���S�R�W�H�Q�F�M�D�O�Q�\�P��lekarstwem w le�F�]�H�Q�L�X���]�D�N�D�*�H�Q�L�D���Z�L�U�X�V�H�P���&�2�9�,�'-19 [3]. 
 

�*�á�y�Z�Q�\�P���F�H�O�H�P���S�U�H�]�H�Q�W�R�Z�D�Q�\�F�K���E�D�G�D�����E�\�á�R���R�S�U�D�F�R�Z�D�Q�L�H���Z���S�H�á�Q�L���]�P�H�F�K�D�Q�L�]�R�Z�D�Q�H�J�R��
�V�\�V�W�H�P�� �S�U�]�H�S�á�\�Z�R�Z�H�J�R�� �G�H�G�\�N�R�Z�D�Q�H�J�R�� �G�R�� �H�Q�]�\�P�D�W�\�F�]�Q�H�J�R�� �R�]�Q�D�F�]�D�Q�L�D�� �Z�\�E�U�D�Q�\�F�K���W�L�R�O�L�� 
(L-cysteiny, D-cysteiny, N-acetylocysteiny, L-glutationu zredukowanego, cysteaminy  
i mesny). �3�U�R�S�R�Q�R�Z�D�Q�D�� �P�H�W�R�G�D�� �E�\�á�D�� �R�S�D�U�W�D�� �Q�D�� �S�R�P�L�D�U�]�H�� �N�L�Q�H�W�\�F�]�Q�\�P�� �K�D�P�R�Z�D�Q�L�D�� �U�H�D�N�F�M�L��
utleniania p-�I�H�Q�\�O�H�Q�R�G�L�D�P�L�Q�\�� �Z�� �R�E�H�F�Q�R���F�L�� �Q�D�G�W�O�H�Q�N�X�� �Z�R�G�R�U�X���� �N�D�W�D�O�L�]�R�Z�D�Q�H�M�� �S�U�]�H�]��
�S�H�U�R�N�V�\�G�D�]�
�� �F�K�U�]�D�Q�R�Z������ �'�H�W�H�N�F�M�
�� �I�R�W�R�P�H�W�U�\�F�]�Q���� �S�U�]�H�S�U�R�Z�D�G�]�R�Q�R�� �S�U�]�\�� �X�*�\ciu 
�]�P�L�Q�L�D�W�X�U�\�]�R�Z�D�Q�H�J�R�� �G�H�W�H�N�W�R�U�D�� �S�U�]�H�S�á�\�Z�R�Z�H�J�R�� �W�\�S�X�� �3�(�'�'�� ���D�Q�J���� �3�D�L�U�H�G�� �(�P�L�W�W�H�U-Detector 
Diode [4]). �3�R�� �S�U�R�F�H�V�L�H�� �R�S�W�\�P�D�O�L�]�D�F�M�L���� �Z�� �F�H�O�X�� �S�R�W�Z�L�H�U�G�]�H�Q�L�D�� �S�U�]�\�G�D�W�Q�R���F�L�� �D�Q�D�O�L�W�\�F�]�Q�H�M��
�]�D�S�U�R�M�H�N�W�R�Z�D�Q�H�J�R�� �X�N�á�D�G�X�� �0�&�)�$�� �S�U�]�H�S�U�R�Z�D�G�]�R�Q�R�� �D�Q�D�O�L�]�
�� �S�U�y�E�H�N�� �V�X�S�O�H�P�H�Q�W�y�Z�� �G�L�H�W�\����
Ponadto, uzyskane wyniki �]�R�V�W�D�á�\�� �S�R�U�y�Z�Q�Dne z rezultatami otrzymanymi podczas 
�P�L�D�U�H�F�]�N�R�Z�D�Q�L�D���M�R�G�R�P�H�W�U�\�F�]�Q�H�J�R�����P�H�W�R�G�D���U�H�I�H�U�H�Q�F�\�M�Q�D���]�D�O�H�F�D�Q�D���S�U�]�H�]���I�D�U�P�D�N�R�S�H�
���� 
 

 

[1] K. Ulrich, U. Jakob, Free Radic. Biol. Med. 140, 14  (2019). 
[2] M. K. Sagoo, L. Gnudi, Free Radic. Biol. Med. 116, 50 (2018). 
[3] F. L. Poe, J. Corn, Med. Hypotheses 143, 1 (2020).  
�>���@���à����Tymecki, M. Pokrzywnicka, R. Koncki, Analyst. 133, 1501 (2008).  
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�3�U�L�\�D�Q�N�D���-�D�L�Q���������%�D�U�W�á�R�P�L�H�M���:�L�W�N�R�Z�V�N�L���������7�R�P�D�V�]���*�L�H�U�F�]�D�N�� 

�����)�D�F�X�O�W�\���R�I���&�K�H�P�L�V�W�U�\�����8�Q�L�Y�H�U�V�L�W�\���R�I���:�D�U�V�D�Z�����D�O�����)�Z�L�U�N�L���L���:�L�J�X�U�\���������������������������:�D�U�V�]�D�Z�D�����3�R�O�D�Q�G 

�����������������%�L�R�J�H�Q�L�F���X�Q�V�D�W�X�U�D�W�H�G���K�\�G�U�R�F�D�U�E�R�Q�V�����.���S�L�Q�H�Q�H�����O�L�P�R�Q�H�Q�H���D�Q�G�������F�D�U�\�R�S�K�\�O�O�H�Q�H���D�U�H���W�K�H���P�R�V�W��
�D�E�X�Q�G�D�Q�W�� �Q�R�Q���P�H�W�K�D�Q�H���� �Y�R�O�D�W�L�O�H�� �R�U�J�D�Q�L�F�� �F�R�P�S�R�X�Q�G�V�� ���9�2�&�V���� �L�Q�� �W�K�H�� �D�W�P�R�V�S�K�H�U�H���� �3�U�R�G�X�F�W�V�� �R�I��
�W�K�H�L�U�� �J�D�V���S�K�D�V�H�� �R�[�L�G�D�W�L�R�Q�� �V�L�J�Q�L�I�L�F�D�Q�W�O�\�� �F�R�Q�W�U�L�E�X�W�H�� �W�R�� �W�K�H�� �I�R�U�P�D�W�L�R�Q�� �R�I�� �V�H�F�R�Q�G�D�U�\�� �R�U�J�D�Q�L�F��
�D�H�U�R�V�R�O�V�����6�2�$�V�����������7�K�H���I�L�U�V�W���J�H�Q�H�U�D�W�L�R�Q���R�[�L�G�D�W�L�R�Q���S�U�R�G�X�F�W�V���R�I���W�K�H���F�R�U�U�H�V�S�R�Q�G�L�Q�J���K�\�G�U�R�F�D�U�E�R�Q�V��
�D�U�H���G�L�F�D�U�E�R�Q�\�O���F�R�P�S�R�X�Q�G�V�����S�L�Q�R�Q�D�O�G�H�K�\�G�H�����O�L�P�R�Q�D�O�G�H�K�\�G�H���D�Q�G�������F�D�U�\�R�S�K�\�O�O�H�Q�H���D�O�G�H�K�\�G�H���W�K�D�W��
�D�U�H���U�H�D�G�L�O�\���V�R�O�X�E�O�H���L�Q���Z�D�W�H�U�����)�R�U���W�K�L�V���U�H�D�V�R�Q�����X�Q�G�H�U���D�W�P�R�V�S�K�H�U�L�F���F�R�Q�G�L�W�L�R�Q�V�����W�K�H�V�H���F�R�P�S�R�X�Q�G�V��
�X�Q�G�H�U�J�R���I�X�U�W�K�H�U���R�[�L�G�D�W�L�R�Q���E�\�� �U�H�D�F�W�L�Y�H���R�[�\�J�H�Q�����5�2�6���� �D�Q�G���U�H�D�F�W�L�Y�H���Q�L�W�U�R�J�H�Q�����5�1�6���� �V�S�H�F�L�H�V���L�Q��
�D�W�P�R�V�S�K�H�U�L�F���Z�D�W�H�U�V���W�R���\�L�H�O�G���D���F�D�V�F�D�G�H���R�I���O�R�Z���Y�R�O�D�W�L�O�L�W�\�����I�X�Q�F�W�L�R�Q�D�O�L�]�H�G���S�U�R�G�X�F�W�V���������� 

�������������������7�K�H���J�R�D�O���R�I���W�K�L�V���Z�R�U�N���L�V���W�R���L�Q�Y�H�V�W�L�J�D�W�H���W�K�H���U�H�D�F�W�L�R�Q�V���R�I���W�K�H���G�L�F�D�U�E�R�Q�\�O���O�L�V�W�H�G���Z�L�W�K���5�2�6���D�Q�G��
�5�2�1�� �L�Q�� �W�K�H�� �D�T�X�H�R�X�V���S�K�D�V�H���� �)�L�U�V�W�O�\���� �S�L�Q�R�Q�D�O�G�H�K�\�G�H���� �O�L�P�R�Q�D�O�G�H�K�\�G�H�� �D�Q�G�� �����F�D�U�\�R�S�K�\�O�O�H�Q�H��
�D�O�G�H�K�\�G�H�� �Z�H�U�H�� �V�\�Q�W�K�H�V�L�]�H�G�� �Y�L�D�� �U�H�G�X�F�W�L�Y�H�� �R�]�R�Q�R�O�\�V�L�V�� �R�I�� �W�K�H�� �S�D�U�H�Q�W�� �D�O�N�H�Q�H�� �L�Q�� �W�K�H�� �S�U�H�V�H�Q�F�H�� �R�I��
�S�\�U�L�G�L�Q�H���D�Q�G���S�X�U�L�I�L�H�G���E�\���F�R�O�X�P�Q���F�K�U�R�P�D�W�R�J�U�D�S�K�\�����6�X�E�V�H�T�X�H�Q�W�O�\�����N�L�Q�H�W�L�F�V���D�Q�G���P�H�F�K�D�Q�L�V�P�V���R�I��
�W�K�H���U�H�D�F�W�L�R�Q�V���R�I���W�K�H���V�\�Q�W�K�H�V�L�]�H�G���G�L�F�D�U�E�R�Q�\�O���F�R�P�S�R�X�Q�G�V���Z�L�W�K���K�\�G�U�R�[�\�O���U�D�G�L�F�D�O�V�����2�+�����D�V���Z�H�O�O���D�V��
�Z�L�W�K���W�K�H���5�1�6���D�Q�G���5�2�6���J�H�Q�H�U�D�W�H�G���E�\���W�K�H���S�K�R�W�R�F�K�H�P�L�F�D�O���G�H�F�R�P�S�R�V�L�W�L�R�Q���R�I���Q�L�W�U�R�X�V���D�F�L�G�����+�2�1�2����
�Z�H�U�H���L�Q�Y�H�V�W�L�J�D�W�H�G���� 
 �5�H�D�F�W�L�R�Q�V���Z�L�W�K���W�K�H���2�+���D�Q�G���5�1�6���Z�H�U�H�����F�D�U�U�L�H�G���R�X�W���L�Q���W�K�H���D�T�X�H�R�X�V���S�K�D�V�H���S�K�R�W�R�F�K�H�P�L�F�D�O��
�U�H�D�F�W�R�U���G�H�Y�H�O�R�S�H�G���L�Q���R�X�U���O�D�E�R�U�D�W�R�U�\���W�R���V�L�P�X�O�D�W�H���W�K�H���F�O�R�X�G���Z�D�W�H�U���S�U�R�F�H�V�V�L�Q�J���R�I���F�R�P�S�R�X�Q�G�V���X�Q�G�H�U��
�L�Q�Y�H�V�W�L�J�D�W�L�R�Q���� �$�Q�D�O�\�W�H�V�� �Z�H�U�H�� �T�X�D�Q�W�L�I�L�H�G�� �Z�L�W�K�� �J�D�V�� �F�K�U�R�P�D�W�R�J�U�D�S�K�\�� �F�R�X�S�O�H�G�� �Z�L�W�K�� �P�D�V�V��
�V�S�H�F�W�U�R�P�H�W�U�\�����*�&���0�6�������7�K�H���E�L�P�R�O�H�F�X�O�D�U���U�D�W�H���F�R�H�I�I�L�F�L�H�Q�W�V���Z�L�W�K���W�K�H���2�+���Z�H�U�H���P�H�D�V�X�U�H�G���X�V�L�Q�J��
�W�K�H���U�H�O�D�W�L�Y�H���U�D�W�H���P�H�W�K�R�G���D�Q�G���W�K�H���P�H�F�K�D�Q�L�V�P�V���R�I���W�K�H���U�H�D�F�W�L�R�Q�V���L�Q�Y�H�V�W�L�J�D�W�H�G���Z�H�U�H���S�U�R�S�R�V�H�G���E�D�V�H�G��
�R�I���W�K�H���S�U�R�G�X�F�W�V���G�H�W�H�F�W�H�G���Z�L�W�K���*�&���0�6�� 
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1. Khalaj, F. et al.  Acyclic Terpenes Reduce Secondary Organic Aerosol Formation from 

Emissions of a Riparian Shrub. ACS Earth Sp. Chem.  5, (2021). 
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Nanostrukturalne Optody na P�U�]�\�N�á�D�G�]�L�H��Sensora Ibuprofenu 
 

B. Kaczmarczyk1, A. Kisiel1�����3�����3�L���W�H�N1, K. Maksymiuk 1, A. Michalska1  
 

1 �8�Q�L�Z�H�U�V�\�W�H�W���:�D�U�V�]�D�Z�V�N�L�����:�\�G�]�L�D�á���&�K�H�P�L�L�����X�O�����3�D�V�W�H�X�U�D������������-093 Warszawa, Polska 
 

�6�H�Q�V�R�U�\���S�R�]�Z�D�O�D�M���F�H���R�]�Q�D�F�]�D�ü���M�R�Q�\���V�����Z�D�*�Q�H���]���S�X�Q�N�W�X���Z�L�G�]�H�Q�L�D���D�Q�D�O�L�]�\���E�L�R�P�H�G�\�F�]�Q�H�M��
�F�]�\�� ���U�R�G�R�Z�L�V�N�R�Z�H�M���� �:���U�y�G�� �V�H�Q�V�R�U�y�Z�� �Z�\�N�R�U�]�\�V�W�X�M���F�\�F�K�� �Z�\�V�R�F�H�� �V�H�O�H�N�W�\�Z�Q�\�F�K�� �M�R�Q�R�I�R�U�\����
�R�S�U�D�F�R�Z�D�Q�H�� �S�L�H�U�Z�R�W�Q�L�H�� �G�O�D�� �H�O�H�N�W�U�R�G�� �M�R�Q�R�V�H�O�H�N�W�\�Z�Q�\�F�K�� �V�]�F�]�H�J�y�O�Q�H�� �P�L�H�M�V�F�H�� �]�D�M�P�X�M���� �V�H�Q�V�R�U�\��
optyczne �± optody. Wyko�U�]�\�V�W�D�Q�L�H�� �R�S�W�R�G�� �X�P�R�*�O�L�Z�L�D�� �X�S�U�R�V�]�F�]�H�Q�L�H�� �X�N�á�D�G�X�� �S�R�P�L�D�U�R�Z�H�J�R�� 
�Z���V�W�R�V�X�Q�N�X���G�R���H�O�H�N�W�U�R�G���M�R�Q�R�V�H�O�H�N�W�\�Z�Q�\�F�K�����G�R�F�H�O�R�Z�R���S�R�]�Z�D�O�D�M���F���Q�D���S�U�R�Z�D�G�]�H�Q�L�H���E�D�G�D�����S�U�]�\��
�X�*�\�F�L�X���Q�S���� �D�Q�D�O�L�]�\�� �R�E�U�D�]�X���]�D�U�H�M�H�V�W�U�R�Z�D�Q�H�J�R���]�� �Z�\�N�R�U�]�\�V�W�D�Q�L�H�P���Q�S���� �W�H�O�H�I�R�Q�y�Z���N�R�P�y�U�N�R�Z�\�F�K����
�-�H�G�Q�D�N�����W�D�N�L���V�S�R�V�y�E���S�U�R�Z�D�G�]�H�Q�L�D���D�Q�D�O�L�]�\���M�H�V�W���W�\�S�R�Z�R���R�J�U�D�Q�L�F�]�R�Q�\���G�R���D�Q�D�O�L�W�y�Z�����G�O�D���N�W�y�U�\�F�K���V����
�G�R�V�W�
�S�Q�H�� �M�R�Q�R�I�R�U�\���� �F�R�� �S�R�Z�R�G�X�M�H�� �*�H�� �R�S�W�R�G�\�� �Q�L�H�� �P�R�J���� �E�\�ü�� �Z�\�N�R�U�]�\�V�W�D�Q�H�� �S�U�]�\�� �R�F�H�Q�L�H��
�]�D�Z�D�U�W�R���F�L�� �Z�L�H�O�X�� �L�V�W�R�W�Q�\�F�K�� �V�X�E�V�W�D�Q�F�M�L���� �&�H�O�H�P�� �S�U�H�]�H�Q�W�R�Z�D�Q�\�F�K�� �E�D�G�D���� �E�\�á�R�� �]�D�S�U�R�S�R�Q�R�Z�D�Q�L�H��
�V�H�Q�V�R�U�D���F�]�X�á�H�J�R���Q�D���L�E�X�S�U�R�I�H�Q�����Z���S�R�V�W�D�F�L���D�Q�L�R�Q�R�Z�H�M�������G�O�D���N�W�y�U�H�J�R���Z�����Z�L�H�W�O�H���Q�D�V�]�H�M���Z�L�H�G�]�\���Q�L�H��
�P�D���G�R�V�W�
�S�Q�H�J�R���M�R�Q�R�I�R�U�X���S�R�]�Z�D�O�D�M���F�H�J�R���Q�D���R�]�Q�D�F�]�H�Q�L�D���S�R�W�H�Q�F�M�R�P�H�W�U�\�F�]�Q�H���F�]�\���R�S�W�\�F�]�Q�H�� 

 

 

�5�\�V���� ���� �6�F�K�H�P�D�W�� �S�U�]�H�G�V�W�D�Z�L�D�M���F�\�� �L�G�H�
��
�G�]�L�D�á�D�Q�L�D�� �]�D�S�U�R�S�R�Q�R�Z�D�Q�H�J�R�� �V�H�Q�V�R�U�D�� �S�R�G��
�Z�S�á�\�Z�H�P�� �R�E�H�F�Q�R���F�L�� �L�E�X�S�U�R�I�H�Q�X�� �Z�� �S�U�y�E�F�H����������
(            /            ) RBOE odpowiednio 
wygaszone i RBOE aktywne w trybie 
emisji, (     ) ibuprofen; kolorem zaznaczona 
faza organiczna.  

 
 �=�D�S�U�R�S�R�Q�R�Z�D�O�L���P�\�� �Z�\�N�R�U�]�\�V�W�D�Q�L�H�� �Q�D�Q�R�V�W�U�X�N�W�X�U�D�O�Q�\�F�K�� �V�H�Q�V�R�U�y�Z�� �R�S�W�\�F�]�Q�\�F�K 

�R�� �X�Q�L�N�D�O�Q�H�M�� �]�D�V�D�G�]�L�H�� �G�]�L�D�á�D�Q�L�D�� [1] �0�H�F�K�D�Q�L�]�P�� �J�H�Q�H�U�R�Z�D�Q�L�D�� �V�\�J�Q�D�á�X�� �R�S�W�\�F�]�Q�H�J�R�� �]�Z�L���]�D�Q�\��
�M�H�V�W�� �]�H�� �V�S�H�F�\�I�L�F�]�Q�\�P�� �R�G�G�]�L�D�á�\�Z�D�Q�L�H�P�� �E�D�U�Z�Q�L�N�D�� �V�R�O�Z�D�W�R�F�K�U�R�P�R�Z�H�J�R�� �± estru oktadecylowej 
pochodnej rodaminy B (RBOE), w formie nanostruktur �± z anionami analitu na granicy faz 
woda/ ciecz organiczna. Zagregowany w nanostrukturze, wygaszony barwnik w wyniku 
�R�G�G�]�L�D�á�\�Z�D�Q�L�D���]���D�Q�D�O�L�W�H�P���X�O�H�J�D���G�H�D�J�U�H�J�D�F�M�L���± reorganizacji co prowadzi do zmiany otoczenia 
�J�U�X�S�\�� �F�K�U�R�P�R�I�R�U�R�Z�H�M�� �L�� �Z�]�U�R�V�W�X�� �H�P�L�V�M�L�� ���5�\�V���� �������� �'�]�L�
�N�L�� �Z�]�D�M�H�P�Q�H�P�X�� �R�G�G�]�L�D�á�\�Z�D�Q�L�X�� �D�Q�Dlitu 
���L�E�X�S�U�R�I�H�Q�X���� �R�U�D�]�� �U�H�F�H�S�W�R�U�D���� �X�]�\�V�N�D�O�L���P�\�� �O�L�Q�L�R�Z���� �]�D�O�H�*�Q�R���ü�� �L�Q�W�H�Q�V�\�Z�Q�R���F�L�� �H�P�L�V�M�L�� �R�G�� �]�P�L�D�Q��
�V�W�
�*�H�Q�L�D�� �D�Q�D�O�L�W�X�� �Z�� �]�D�N�U�H�V�L�H�� �V�W�
�*�H���� �R�G�� ����-4,3 do 10-���� �0���� �G�O�D�� �Z�]�U�R�V�W�X�� �V�W�
�*�H�Q�L�D�� �D�Q�D�O�L�W�X��
�R�E�V�H�U�Z�R�Z�D�Q�R�� �Z�]�U�R�V�W�� �L�Q�W�H�Q�V�\�Z�Q�R���F�L�� �H�P�L�V�M�L���� �:�\�N�D�]�D�Q�R�� �U�y�Z�Q�L�H�*�� �N�R�U�]�\�V�W�Q�\�� �Z�S�á�\�Z�� �R�E�H�F�Q�R���F�L��
�V�X�U�I�D�N�W�D�Q�W�D�� �Z�� �S�U�y�E�F�H���� �N�W�y�U�\�� �Q�L�H�� �W�\�O�N�R�� �V�W�D�E�L�O�L�]�X�M�H�� �Q�D�Q�R�V�W�U�X�N�W�X�U�\�� �O�H�F�]�� �S�R�P�D�J�D�� �U�y�Z�Q�L�H�* 
w utworzeniu par jonowych kation surfaktanta �± �D�Q�L�R�Q�� �D�Q�D�O�L�W�X���� �S�U�R�Z�D�G�]���F�� �G�R�� �S�U�]�H�V�X�Q�L�
�F�L�D��
�]�D�N�U�H�V�X���R�G�S�R�Z�L�H�G�]�L���O�L�Q�L�R�Z�\�F�K���Z���N�L�H�U�X�Q�N�X���Q�L�*�V�]�\�F�K���Z�D�U�W�R���F�L���V�W�
�*�H���� 
 

[1] B. Kaczmarczyk���� �$���� �.�L�V�L�H�O���� �3���� �3�L���W�H�N���� �.���� �0�D�N�V�\�P�L�X�N�� �D�Q�G�� �$���� �0�L�F�K�D�O�V�N�D����Talanta 227, 
122147 (2021) 
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Celem pracy jest r—! nicowa analiza ilo"ciowa bia#ek w pr—bkach tkanki m—zgowej szczur—w 

transgenicznych Tg-TDP-43-GFP. Ze wzgl$du na zmniejszon%, wzgl$dem organizm—w 

o prawid#owym genotypie, ekspresj$ bia#ka TDP-43 w neuronach, szczury transgeniczne Tg-TDP-43-

GFP mog% stanowi& zwierz$cy model ludzkich chor—b neurodegeneracyjnych, takich jak stwardnienia 

zanikowego boczne czy ot$pienia czo#owo-skroniowe. Aby wykaza& zmiany w ekspresji bia#ek 

w korze m—zgowej i hipokampie m—zgu szczur—w zastosowano proteomiczn!  strategi"  bottom-up 

w trybie bez znakowania trwa#ymi izotopami (analiza label-free). Metoda ta polega na analizie 

peptyd—w powsta#ych po trawieniu enzymatycznym bia#ek. W celu potwierdzenia obecno"ci transgenu 

w m—zgu szczur—w transgenicznych przeprowadzono rozdzielenie elektroforetyczne bia#ek w ! elu 

poliakrylamidowym w warunkach denaturuj%cych i wykonano analiz$ Western Blot,  

Wa! nym etapem procedury pomiarowej by#a optymalizacja warunk—w trawienia 

enzymatycznego bia#ek w roztworze. W pracy por—wnano warunki prowadzenia homogenizacji tkanki 

m—zgowej, wytr%cenia bia#ek po ich ekstrakcji z tkanki m—zgowej oraz warunki trawienia 

enzymatycznego. Najlepsze wyniki otrzymano dla homogenizacji bia#ek w buforze zawieraj%cym 

detergent (1% SDS, 100 mmol/l wodorow$glanu trietyloaminy i inhibitory proteaz i fosfataz) oraz 

ekstrakcji bia#ek w uk#adzie aceton-woda i trawieniu w roztworze 0,1% RapiGest oraz 100 mmol/l 

wodorow$glanu trietyloaminy, pH 8,0; w tych warunkach zidentyfikowano 1850 grup bia#ek (False 

Discovery Rate < 1%). 

 
 

Interdyscyplinarne Studia Doktoranckie TRI-BIO-CHEM Projekt nr POWR.03.02.00-00-I007/16-00 realizowany w ramach Programu Operacyjnego Wiedza 

Edukacja Rozw—j 2014-2020 wsp—#finansowany ze "rodk—w Europejskiego Funduszu Spo#ecznego. Badania zosta#y przeprowadzone w Analitycznym Centrum 

Eksperckim w Centrum Nauk Biologiczno-Chemicznych Uniwersytetu Warszawskiego powsta#ym w ramach projektu wsp—!finansowanego przez Uni" 

Europejsk!  z Europejskiego Funduszu Rozwoju Regionalnego w ramach Programu Operacyjnego Innowacyjna Gospodarka 2007-2013: Program Operacyjny 

Innowacyjna Gospodarka, Priorytet II. Infrastruktura sfery B+R, dzia#anie 2.1 Rozw—j o"rodk—w o wysokim potencjale badawczym. 
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Biocompatible, Optical Sensors for Potassium Ions 
 

�$�Q�Q�D���.�R�Q�H�I�D�á 1, Krzysztof Maksymiuk  1, Agata Michalska 1 
 

1 Department of Chemistry, Warsaw University, Pasteura 1, 02-093 Warsaw, Poland 
 

Sensors, including ion-selective probes, generally helps to minimize different risk by 
learning the level of analyte in sample. However, sensors can also represent hazard  
to environment due to materials involved in their preparation. Thus, it seems important  
to look for alternatives in sensors making to introduce biodegradable polymers as major 
components sensor matrices. From the sensor operation point of view biodegradation  
of matrix material, including chemical transformation and formation of reactive groups,  
is related to risk of changes of sensor performance upon storage before use. Herein, we 
focused on application of well-tested polymer of proven biocompatibility, polycaprolactone, 
as matrix for potassium-selective nanostructural optodes. The studies have clearly shown that 
application of plasticizer is necessary to prepare optodes. It was found that the most attractive 
analytical properties are offered by sensors prepared using acetyl tributyl citrate (ATBC) as  
a biocompatible plasticizer. These components would hypothetically allow to apply them  
in biological research in contact to living organisms.  
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Fig. 1 Changes in the fluorescence spectra 

of K+ sensitive sensors in Tris buffer. 
    

 
 

 

Fig. 2 Dependence of fluorescence 
intensity on the logarithm  

of the concentration of K+ ions  
in Tris buffer with DOS, ATBC,  

ATBC + albumin and without plasticizer. 

As obtained sensors are sensitive, selective and characterized with a broad response 
range for potassium ions. It was checked that the presence of model proteins in solution 
(BSA) has no influence on sensors performance within the range of experimental error which 
is highly promising characteristic in respect of sensor application in natural samples. 
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Enantioselective intramolecular Stetter reactions providing quaternary 
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Stetter reaction is an example of acyl anion chemistry, which allows for construction of 
1,4-dicarbonyl compounds that are nontrivial to prepare in other ways. Metal-free catalysts 
used, N-heterocyclic carbenes and their precursors, allow to avoid potential toxicity and 
purification issues. 

This reaction is a special case of conjugate addition, and can be preformed both inter- 
and intramolecularly, in the latter case providing cyclic product. Appropriate choice of 
catalyst allows for synthesis of nonracemic product.[1] Generally, intramolecular Stetter 
reactions proceed easier than intermolecular counterpart, and five-membered rings form easier 
than six-membered rings. The more steric congestion is introduced near Michael acceptor, the 
more challenging reaction becomes, and only few examples of Stetter reactions forming six-
membered rings with quaternary stereogenic centre were reported. [2,3] It was shown before 
that high pressure conditions often allow for synthesis of compounds with considerable steric 
hindrance. [4] 

 

 
 

In this work, synthesis of previously inaccessible phenyl-substituted chromanes via 
Stetter reaction under hyperbaric conditions is presented. It is demonstrated that this reaction 
cannot be performed with full conversion under atmospheric pressure, even with longer 
reaction times (7 days vs 20 hours). Exclusion of oxygen was found to be necessary for 
achievement of high yields and suppression of undesired oxidation of aldehyde to carboxylic 
acid. This work represents first use of hyperbaric conditions in reaction catalysed by N-
heterocyclic carbenes. 
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�.�R�O�R�L�G�D�O�Q�H�� �Q�D�Q�R�N�U�\�V�]�W�D�á�\�� �Q�L�H�R�U�J�D�Q�L�F�]�Q�\�F�K�� �S�y�á�S�U�]�H�Z�R�G�Q�L�N�y�Z�� �P�R�*�Q�D�� �]�D�Oicz�\�ü�� �G�R��
�L�Q�W�H�U�H�V�X�M���F�\�F�K�� �Q�D�Q�R�P�D�W�H�U�L�D�á�y�Z�� �]�H�� �Z�]�J�O�
�G�X�� �Q�D�� �P�R�*�O�L�Z�R���ü�� �S�U�R�M�H�N�W�R�Z�D�Q�L�D�� �L�F�K�� �Z�á�D���F�L�Z�R���F�L��
luminescencyjnych. W tym zakresie na s�]�F�]�H�J�y�O�Q�����X�Z�D�J�
���]�D�V�á�X�J�X�M�����N�R�O�R�L�G�D�O�Q�H���Q�D�Q�R�N�U�\�V�]�W�D�á�\��
stopowe AgInS2-ZnS [1]. Po pierwsze �Q�L�H���]�D�Z�L�H�U�D�M�� toksycznych pierwias�W�N�y�Z���Z���R�G�U�y�*�Q�L�H�Q�L�X��
do popularnych nanokryszta�á�yw CdSe, co stanowi podstaw�
�� �Z��przypadku zastos�R�Z�D���� �Z��
medycynie. Po drugie �Z�� �Q�D�Q�R�N�U�\�V�]�W�D�á�D�F�K�� �V�W�R�S�R�Z�\�F�K�� �W�H�J�R�� �W�\�S�X�� �P�R�*�O�L�Z�D�� �M�H�V�W�� �S�U�H�F�\�]yjna 
�N�R�Q�W�U�R�O�D���N�R�O�R�U�X���O�X�P�L�Q�H�V�F�H�Q�F�M�L���S�R�S�U�]�H�]���V�N�áad nanostruktury. 

W ramach pro�Z�D�G�]�R�Q�\�F�K�� �E�D�G�D���� �V�N�X�S�L�R�Q�R�� �V�L�
�� �Q�D�� �R�S�H�U�D�Fji wymiany hydrofobowych 
�O�L�J�D�Q�G�y�Z�� �Q�D�� �K�\�G�U�R�I�L�O�R�Z�H�� �Z�� �Q�D�Q�R�N�U�\�V�]�W�D�á�D�F�K�� �V�W�R�S�R�Z�\�F�K���$�J�,�Q�62-ZnS charakter�\�]�X�M���F�\�F�K�� �V�L�
��
�F�]�H�U�Z�R�Q���� �����������Q�P�����L�� �]�L�H�O�R�Q���������������Q�P�����O�X�P�L�Q�H�V�F�H�Q�F�M������W prowadzonych �S�U�D�F�D�F�K���S�R�U�ywnano 
trzy proste hydrofilowe ligandy: kwas 11-merkaptoundekanowy, kwas dihydroliponowy i 
cyst�H�L�Q�
 [2]. Otrzyman�H�� �K�\�G�U�R�I�L�O�R�Z�H�� �Q�D�Q�R�N�U�\�V�]�W�D�á�\�� �V�W�R�S�R�Z�H���$�J�,�Q�62-�=�Q�6�� �Q�D�V�W�
�S�Q�L�H��poddano 
�G�D�O�V�]�\�P�� �P�R�G�\�I�L�N�D�F�M���� �S�R�O�H�J�D�M���F�\�P�� �Q�D�� �S�U�]�\�á��czeni�X�� �O�H�N�y�Z�� �W�D�N�L�F�K�� �M�D�N�� �G�R�N�V�R�U�X�E�L�F�\�Q�D��i 
pochodnych bisakrydyn i przetestowano in vitro na kom�y�U�N�D�F�K�� �Q�R�Zo�W�Z�R�U�X�� �S�á�X�F�� �>3] i jelita 
grubego [4].   

 
Rysunek. Zdj�
�F�L�D�� �7�(�0�� �L�� �Z�L�G�P�D�� �H�P�L�V�M�L�� �]�D�U�H�M�H�V�W�U�R�Z�D�Q�H�� �G�O�D�� �V�W�R�S�R�Z�\�F�K�� �Q�D�Q�R�N�U�\�V�]�W�D�á�yw 
AgInS2-�=�Q�6�����F�K�D�U�D�N�W�H�U�\�]�X�M���F�\�F�K���V�L�
���F�]�Hrw�R�Q�����L���]�L�H�O�R�Q�����O�X�P�L�Q�H�V�F�H�Q�F�M�������S�U�]�H�G��i po wymianie 
na hydrofilowy ligand: kwas 11-merkaptoundekanowy (MUA). 
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�=�Z�L���]�N�L�� �K�L�S�H�U�Z�D�O�H�Q�F�\�M�Q�H�J�R�� �M�R�G�X�� �R�G�� �S�R�Q�D�G�� �G�Z�y�F�K�� �G�H�N�D�G�� �]�Q�D�M�G�X�M���� �]�D�V�W�R�V�R�Z�D�Q�L�H�� �Z��
�V�\�Q�W�H�]�L�H�� �R�U�J�D�Q�L�F�]�Q�H�M�� �M�D�N�R�� �U�H�D�J�H�Q�W�\�� �Z�� �V�H�O�H�N�W�\�Z�Q�H�M�� �.-�W�R�V�\�O�R�N�V�\�O�D�F�M�L�� �]�Z�L���]�N�y�Z��
karbonylowych[1] oraz jako �V�H�O�H�N�W�\�Z�Q�H���� �á�D�J�R�G�Q�H�� �U�H�D�J�H�Q�W�\�� �X�W�O�H�Q�L�D�M���F�H�� �V�X�O�I�L�G�\�� �G�R��
�V�X�O�I�R�W�O�H�Q�N�y�Z[2]�����E���G�(���D�O�N�R�K�R�O�H���G�R���]�Z�L���]�N�y�Z���N�D�U�E�R�Q�\�O�R�Z�\�F�K[3]. 

 
�-�H�G�Q�����]���Q�D�M�E�D�U�G�]�L�H�M���L�Q�W�H�U�H�V�X�M���F�\�F�K���]���V�\�Q�W�H�W�\�F�]�Q�H�J�R���S�X�Q�N�W�X���Z�L�G�]�H�Q�L�D���U�H�D�N�F�M�����]���X�G�]�L�D�á�H�P��

�W�H�J�R���W�\�S�X���]�Z�L���]�N�y�Z���M�H�V�W���R�N�V�\�G�D�W�\�Z�Q�D���G�H�D�U�R�P�D�W�\�]�D�F�M�D���I�H�Q�R�O�L���]�� �M�H�G�Q�R�F�]�H�V�Q�\�P���S�U�]�\�á���F�]�D�Q�L�H�P��
�Q�X�N�O�H�R�I�L�O�D���� �*�H�Q�H�U�X�M�H�� �R�Q�D�� �Z�\�V�R�F�H�� �V�I�X�Q�N�F�M�R�Q�D�O�L�]�R�Z�D�Q�H�� �S�U�R�G�X�N�W�\�� �]�D�Z�L�H�U�D�M���F�H�� �J�U�X�S�
��
�N�D�U�E�R�Q�\�O�R�Z������ �X�N�á�D�G�� �Z�L���]�D���� �S�R�G�Z�y�M�Q�\�F�K�� �R�U�D�]�� �Q�R�Z�H�� �F�H�Q�W�U�X�P�� �V�W�H�U�H�R�J�H�Q�L�F�]�Q�H�>4]. Co istotne, 
�U�H�D�N�F�M�
�� �W�
�� �P�R�*�Q�D�� �S�U�]�H�S�U�R�Z�D�G�]�L�ü�� �Z�� �V�S�R�V�y�E�� �H�Q�D�Q�F�M�R�V�H�O�H�N�W�\�Z�Q�\���� �V�W�R�V�X�M���F�� �N�D�W�D�O�L�W�\�F�]�Q���� �L�O�R���ü��
�F�K�L�U�D�O�Q�H�J�R�� �M�R�G�R�D�U�H�Q�X�� �S�U�]�\�� �X�G�]�L�D�O�H�� �X�W�O�H�Q�L�D�F�]�D�� �V�W�H�F�K�L�R�P�H�W�U�\�F�]�Q�H�J�R���� �3�U�]�\�N�á�D�G�R�Z�R�� �]�R�V�W�D�á�D��
opracowana metoda asymetrycznej hydroksylacji fenoli[5]. 

 
Badania, kt�y�U�H�� �S�U�R�Z�D�G�]�L�P�\���� �P�D�M���� �Q�D�� �F�H�O�X�� �R�W�U�]�\�P�D�Q�L�H�� �F�K�L�U�D�O�Q�\�F�K�� �M�R�G�R�D�U�H�Q�y�Z�� �R�U�D�]��

�V�S�U�D�Z�G�]�H�Q�L�H���L�F�K���V�N�X�W�H�F�]�Q�R���F�L���M�D�N�R���N�D�W�D�O�L�]�D�W�R�U�y�Z���Z���U�H�D�N�F�M�L���H�Q�D�Q�F�M�R�V�H�O�H�N�W�\�Z�Q�H�M���R�N�V�\�G�D�W�\�Z�Q�H�M��
�G�H�D�U�R�P�D�W�\�]�D�F�M�L�� �I�H�Q�R�O�L�� �]�� �S�U�]�\�á���F�]�H�Q�L�H�P�� �Q�X�N�O�H�R�I�L�O�D���� �-�H�G�Q�R�F�]�H���Q�L�H�� �U�R�]�V�]�H�U�]�\�O�L���P�\�� �]�D�N�U�H�V 
�V�W�R�V�R�Z�D�O�Q�R���F�L�� �U�H�D�N�F�M�L�� �G�R�� �L�Q�Q�\�F�K���� �G�R�W���G�� �Q�L�H�� �V�W�R�V�R�Z�D�Q�\�F�K�� �J�U�X�S�� �R�G�F�]�\�Q�Q�L�N�y�Z�� �Q�X�N�O�Hofilowch, 
takich jak alkohole.  

 

 

 

�%�D�G�D�Q�L�D���V�����I�L�Q�D�Q�V�R�Z�D�Q�H���]���J�U�D�Q�W�X���6�2�1�$�7�$���%�,�6���1�&�1��501-D313-66-0005479. 
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�&�H�O�H�P�� �S�U�D�F�\�� �E�\�á�R�� �]�D�S�U�R�M�H�N�W�R�Z�D�Q�L�H�� �L�� �V�N�R�Q�V�W�U�X�R�Z�D�Q�L�H�� �S�U�]�H�S�á�\�Z�R�Z�H�J�R�� �E�L�R�F�]�X�M�Q�L�N�D��

dwuenzymatycznego do utleniania etanolu i glukozy. Jako biokatalizatory wykorzystano 
�G�H�K�\�G�U�R�J�H�Q�D�]�
�� �D�O�N�R�K�R�O�R�Z���� ���$�'�+���� �L�� �G�H�K�\�G�U�R�J�H�Q�D�]�
�� �J�O�X�N�R�]�R�Z���� ���*�'�+������ �(�Q�]�\�P�\�� 
�W�H���� �Z�V�S�y�á�G�]�L�D�á�D�M���F�� �]�� �N�R�I�D�N�W�R�U�H�P�� �± dinukleotydem nikotynoamidoadeninowym (NAD+), 
�N�D�W�D�O�L�]�X�M���� �U�H�D�N�F�M�H�� �X�W�O�H�Q�L�D�Q�L�D�� �D�O�N�R�K�R�O�X�� �H�W�\�O�R�Z�H�J�R�� �G�R�� �D�O�G�H�K�\�G�X�� �R�F�W�R�Z�H�J�R�� ���$�'�+���� �L�� �J�O�X�N�R�]�\�� 
do glukonolaktonu (GDH). 

Do konstrukcji bioczujnika wykorzystano elektrochemicznie zredukowany tlenek 
�J�U�D�I�H�Q�X�����(�5�*�2�����L���Z�L�H�O�R���F�L�H�Q�Q�H���Q�D�Q�R�U�X�U�N�L���Z�
�J�O�R�Z�H�����0�:�&�1�7�������F�R���P�L�D�á�R���Q�D���F�H�O�X���]�Z�L�
�N�V�]�H�Q�L�H��
�V�]�\�E�N�R���F�L�� �W�U�D�Q�V�S�R�U�W�X�� �á�D�G�X�Q�N�X�� �S�R�P�L�
�G�]�\�� �S�R�Z�L�H�U�]�F�K�Q�L���� �H�O�H�N�W�U�R�G�\�� �D�� �F�H�Q�W�U�X�P�� �D�N�W�\�Z�Q�\�P��
�F�]���V�W�H�F�]�N�L�� �E�L�D�á�N�D���� �=�D�V�W�R�V�R�Z�D�Q�H�� �Q�D�Q�R�V�W�U�X�N�W�X�U�\�� �Z�
�J�O�R�Z�H�� �F�K�D�U�D�N�W�H�U�\�]�X�M���� �V�L�
�� �X�Q�L�N�D�O�Q�\�P�L��
�Z�á�D���F�L�Z�R���F�L�D�P�L�� �I�L�]�\�N�R�F�K�H�P�L�F�]�Q�\�P�L���� �W�M���� �V�W�D�E�L�O�Q�R���ü�� �F�K�H�P�L�F�]�Q�D���� �G�R�E�U�H�� �Z�á�D���F�L�Z�R���F�L��
mechaniczne czy wysokie przewodnictwo elektronowe. W celu zapewnienia odpowiednich 
�R�G�G�]�L�D�á�\�Z�D���� �H�O�H�N�W�U�R�V�W�D�W�\�F�]�Q�\�F�K�� �S�R�P�L�
�G�]�\�� �Q�D�Q�R�V�W�U�X�N�W�X�U�D�O�Q���� �P�D�W�U�\�F���� �D�� �F�]���V�W�H�F�]�N�D�P�L��
�H�Q�]�\�P�y�Z�� �Z�L�H�O�R���F�L�H�Q�Q�H�� �Q�D�Q�R�U�X�U�N�L�� �Z�
�J�O�R�Z�H�� �]�P�R�G�\�I�L�N�R�Z�D�Q�R�� �S�Rli(chlorkiem 
diallilodimetyloamoniowym) (PDDA) [1,2].  

�.�O�X�F�]�R�Z�\�P�� �]�D�P�\�V�á�H�P�� �E�\�á�R�� �]�D�V�W�R�V�R�Z�D�Q�L�H�� �X�]�\�V�N�D�Q�\�F�K�� �Z�D�U�V�W�Z��
bioelektrokata�O�L�W�\�F�]�Q�\�F�K�� �Z�� �S�U�]�H�S�á�\�Z�R�Z�\�P�� �X�N�á�D�G�]�L�H�� �S�R�P�L�D�U�R�Z�\�P�� �]�� �Z�\�N�R�U�]�\�V�W�D�Q�L�H�P��
�H�O�H�N�W�U�R�G�\�� �]�� �G�Z�R�P�D�� �G�\�V�N�D�P�L�� �]�� �Z�
�J�O�D�� �V�]�N�O�L�V�W�H�J�R�� ���M�D�N�R�� �H�O�H�N�W�U�R�G�� �S�U�D�F�X�M���F�\�F�K�������7�R�� �Q�R�Z�D�W�R�U�N�V�L�H��
�U�R�]�Z�L���]�D�Q�L�H�� �X�P�R�*�O�L�Z�L�á�R�� �U�R�]�V�H�S�D�U�R�Z�D�Q�L�H�� �H�Q�]�\�P�y�Z�� �L�� �S�U�]�H�S�U�R�Z�D�G�]�H�Q�L�H�� �S�R�P�L�D�U�y�Z��
sekwencyjnych i symultanicznych w jednej przestrzeni reakcyjnej. Ponadto zastosowanie 
�Z�V�W�U�]�\�N�R�Z�H�M�� �D�Q�D�O�L�]�\�� �S�U�]�H�S�á�\�Z�R�Z�H�M�� �S�U�]�\�Q�L�R�V�á�R�� �Z�L�H�O�H�� �N�R�U�]�\���F�L���� �P���L�Q���� �� �X�W�U�]�\�P�D�Q�L�H�� �V�W�D�á�\�F�K��
�Z�D�U�X�Q�N�y�Z�� �S�R�P�L�D�U�R�Z�\�F�K���� �]�P�Q�L�H�M�V�]�H�Q�L�H�� �]�X�*�\�F�L�D�� �R�G�F�]�\�Q�Q�L�N�y�Z�� �L�� �P�D�W�H�U�L�D�á�y�Z�� �R�U�D�]�� �Z�\�V�R�N����
�S�R�Z�W�D�U�]�D�O�Q�R���ü���L���F�]�X�á�R���ü���]�D�U�H�M�H�V�W�U�R�Z�D�Q�\�F�K���V�\�J�Q�D�á�y�Z���� 

�2�W�U�]�\�P�D�Q�\�� �X�N�á�D�G�� �]�R�S�W�\�P�D�O�L�]�R�Z�D�Q�R�� �L�� �]�E�D�G�D�Q�R�� �S�R�G�� �N���W�H�P�� �H�I�H�N�W�\�Z�Q�R���F�L�� �X�W�O�H�Q�L�D�Q�L�D��
�H�W�D�Q�R�O�X�� �L�� �J�O�X�N�R�]�\�� �Z�� ���U�R�G�R�Z�L�V�N�X�� �O�H�N�N�R�� �]�D�V�D�G�R�Z�\�P�� �]�� �Z�\�N�R�U�]�\�V�W�D�Q�L�H�P�� �P�H�W�R�G��
�H�O�H�N�W�U�R�F�K�H�P�L�F�]�Q�\�F�K���� �W�M���� �Z�R�O�W�D�P�S�H�U�R�P�H�W�U�L�D�� �F�\�N�O�L�F�]�Q�D�� �L�� �D�P�S�H�U�R�P�H�W�U�L�D���� �F�R�� �S�R�]�Z�R�O�L�á�R�� 
na wyznaczen�L�H�� �S�D�U�D�P�H�W�U�y�Z�� �X�N�á�D�G�X���� �P���L�Q���� �V�W�D�á�H�M�� �0�L�F�K�D�H�O�L�V�D-�0�H�Q�W�H�Q���� �F�]�X�á�R���F�L�� �L�� �O�L�P�L�W�X��
�G�H�W�H�N�F�M�L���� �:�D�U�W�R�� �S�R�G�N�U�H���O�L�ü���� �*�H�� �R�W�U�]�\�P�D�Q�\�� �X�N�á�D�G�� �E�L�R�H�O�H�N�W�U�R�N�D�W�D�O�L�W�\�F�]�Q�\�� �P�R�*�H�� 
�E�\�ü�� �Z�\�N�R�U�]�\�V�W�D�Q�\�� �Q�L�H�� �W�\�O�N�R�� �M�D�N�R�� �E�L�R�F�]�X�M�Q�L�N�� �G�R�� �R�]�Q�D�F�]�D�Q�L�D�� �H�W�D�Q�R�O�X�� �L�� �J�O�X�N�R�]�\�� �Z�� �S�U�y�E�N�D�F�K��
rzeczywistych, ale tak�*�H���M�D�N�R���D�Q�R�G�D���Z���E�L�R�R�J�Q�L�Z�L�H���S�D�O�L�Z�R�Z�\�P�� 

 

[1] B. Kowalewska, P.J. Kulesza, Electroanalysis, 24, 254 (2012). 
[2] B. Kowalewska, P.J. Kulesza, Anal. Chem., 84, 9564 (2012). 
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�&�]���V�W�H�F�]�N�L, kt�y�U�H�� �V�H�O�H�N�W�\�Z�Q�L�H�� �]�P�L�H�Q�L�D�M���� �N�R�O�R�U�� �O�X�E�� �I�O�X�R�U�H�V�F�H�Q�F�M�
�� �Z�� �R�E�H�F�Q�R���F�L�� �U�y�*�Q�\�F�K��

�D�Q�L�R�Q�y�Z���� �V���� �E�D�U�G�]�R�� �D�W�U�D�N�F�\�M�Q�H�� �]�� �X�Z�D�J�L�� �Q�D�� �S�R�W�H�Q�F�M�D�O�Q�H�� �]�D�V�W�R�V�R�Z�D�Q�L�D�� �Z�� �U�y�*�Q�\�F�K�� �J�D�á�
�]�L�D�F�K��
nauki, przem�\�V�á�X�� �L�� �P�H�G�\�F�\�Q�\�� �>1�@���� �7�D�N�L�H�� �]�P�L�D�Q�\�� �P�R�J���� �E�\�ü�� �Z�\�Z�R�á�\�Z�D�Q�H�� �S�R�S�U�]�H�]�� �L�Q�W�H�U�D�N�F�M�H��
�Z�L���]�D���� �Z�R�G�R�U�R�Z�\�F�K�� �]�� �D�Q�L�R�Q�D�P�L���� �]�Z�á�D�V�]�F�]�D�� �N�L�H�G�\�� �G�R�Q�R�U�\�� �Z�L���]�D���� �Z�R�G�R�U�R�Z�\�F�K��
�V�� �E�H�]�S�R���U�H�G�Q�L�R�� �V�S�U�]�
�*�R�Q�H�� �]�� �F�K�U�R�P�R�I�R�U�D�P�L�� �O�X�E�� �I�O�X�R�U�R�I�R�U�D�P�L�� �U�H�F�H�S�W�R�U�D���� �'�O�D�W�H�J�R�� �]�Q�D�F�]���F�H��
�Z�\�V�L�á�N�L�� �E�D�G�D�Z�F�]�H�� �]�R�V�W�D�á�\�� �V�N�L�H�U�R�Z�D�Q�H�� �Q�D�� �U�R�]�Z�y�M�� �N�R�O�R�U�\�P�H�W�U�\�F�]�Q�\�F�K�� �L�� �I�O�X�R�U�H�V�F�H�Q�F�\�M�Q�\�F�K��
�V�H�Q�V�R�U�y�Z���D�Q�L�R�Q�y�Z���R�S�D�U�W�\�F�K���Q�D���U�H�F�H�S�W�R�U�D�F�K���E�
�G���F�\�F�K���G�R�Q�R�U�D�P�L���Z�L���]�D�����Z�R�G�R�U�R�Z�\�F�K���>2].  

�-�H�G�Q�\�P�� �]�H�� �V�]�F�]�H�J�y�O�Q�L�H�� �D�W�U�D�N�F�\�M�Q�\�F�K�� �E�O�R�N�y�Z�� �E�X�G�X�O�F�R�Z�\�F�K�� �G�R�� �R�S�U�D�F�R�Z�D�Q�L�D��
kolorymetrycznych i fluorescencyjnych sens�R�U�y�Z�� �P�R�O�H�N�X�O�D�U�Q�\�F�K�� �F�]�X�á�\�F�K�� �Q�D�� �D�Q�L�R�Q�\�� �M�H�V�W�� 
1,8-diaminokarbazol [3]. Sam karbazol wykazuje zn�L�N�R�P�����D�E�V�R�U�E�F�M�
���Z���Z�L�G�]�L�D�O�Q�\�P���R�E�V�]�D�U�]�H��
�Z�L�G�P�D�� �L�� �G�O�D�W�H�J�R���� �S�R�G�� �Q�L�H�R�E�H�F�Q�R���ü�� �L�Q�Q�\�F�K�� �F�K�U�R�P�R�I�R�U�y�Z���� �U�H�F�H�S�W�R�U�\�� �R�S�D�U�W�H�� �Q�D�� �G�L�D�P�L�Q�R-
�N�D�U�E�D�]�R�O�X�� �V���� �E�H�]�E�D�U�Z�Q�H���� �:�\�N�D�]�D�Q�R�� �M�H�G�Q�D�N���� �*�H�� �Z�S�U�R�Z�D�G�]�H�Q�L�H�� �X�P�L�D�U�N�R�Z�D�Q�L�H�� �Z�\�F�L���J�D�M���F�\�F�K��
�H�O�H�N�W�U�R�Q�\�� �S�R�G�V�W�D�Z�Q�L�N�y�Z�� �F�K�O�R�U�R�Z�\�F�K�� �Z�� �S�R�]�\�F�M�D�F�K�� ���� �L�� ���� �Vzkieletu karbazolowego przesuwa 
widma UV-�Y�L�V�� �G�L�D�P�L�G�R�N�D�U�E�D�]�R�O�L�� �Q�L�H�P�D�O�� �G�R�� �N�U�D�Z�
�G�]�L�� �R�E�V�]�D�U�X�� �Z�L�G�]�L�D�O�Q�H�J�R���� �M�H�G�Q�R�F�]�H���Q�L�H��
�]�Z�L�
�N�V�]�D�M���F���L�F�K���V�W�D�á�H���Z�L���]�D�Q�L�D���D�Q�L�R�Q�y�Z���D�*���R���U�]���G���Z�L�H�O�N�R���F�L���>4]. 

�3�R�V�W�D�Q�R�Z�L�O�L���P�\�� �V�S�U�D�Z�G�]�L�ü�� �F�]�\�� �Z�S�U�R�Z�D�G�]�H�Q�L�H�� �G�R�� �S�L�H�U���F�L�H�Q�L�D�� �N�D�U�E�D�]�R�O�X�� �S�R�G�V�W�D�Z�Q�L�N�y�Z��
jeszcze �V�L�O�Q�L�H�M�� �Z�\�F�L���J�D�M���F�\�F�K�� �H�O�H�N�W�U�R�Q�\�� �V�S�R�Z�R�G�X�M�H�� �S�U�]�H�N�V�]�W�D�á�F�H�Q�L�H�� �W�D�N�L�F�K�� �U�H�F�H�S�W�R�U�y�Z��
w �N�R�O�R�U�\�P�H�W�U�\�F�]�Q�H�� �V�H�Q�V�R�U�\�� �D�Q�L�R�Q�y�Z���� �S�U�]�\�� �R�N�D�]�M�L�� �M�H�V�]�F�]�H�� �E�D�U�G�]�L�H�M�� �]�Z�L�
�N�V�]�D�M���F�� �L�F�K�� �V�W�D�á�H��
kompleksowania. �3�R�U�y�Z�Q�D�Q�L�H �Q�R�Z�\�F�K�� �U�H�F�H�S�W�R�U�y�Z��3 i 4 �]�� �Z�F�]�H���Q�L�H�M�� �R�S�L�V�D�Q�\�P�L��receptorami 
z podstawnikami -Cl/-H w pozycjach 3 i 6 �S�R�W�Z�L�H�U�G�]�L�á�R���� �*�H �R�E�H�F�Q�R���ü�� �J�U�X�S�� �V�L�O�Q�L�H�� �Z�\�F�L���J�D�M��-
cych elektrony �]�Z�L�
�N�V�]�D powinowactwo �U�H�F�H�S�W�R�U�y�Z �G�R�� �D�Q�L�R�Q�y�Z. C�R�� �Z�L�
�F�H�M���� �Ueceptor 4 
�S�R�V�á�X�*�\�á���M�D�N�R���N�R�O�R�U�\�P�H�W�U�\�F�]�Q�\�� �V�H�Q�V�R�U�� �D�Q�L�R�Q�y�Z���Z�� ���U�R�G�R�Z�L�V�N�X��DMSO/0,5% H2�2���� �Z�\�N�D�]�X�M���F��
�Z�\�U�D�(�Q�H�� �]�P�L�D�Q�\�� �N�R�O�R�U�X�� �S�R�� �G�R�G�D�Q�L�X��wybranych �D�Q�L�R�Q�y�Z [5]. Na posterze zostanie 
przedstawiona g�H�Q�H�]�D�� �W�H�J�R�� �]�M�D�Z�L�V�N�D���� �D�� �W�D�N�*�H�� �V�\�Q�W�H�]�D�� �Q�R�Z�\�F�K�� �]�Z�L���]�N�y�Z, badania 
�N�R�P�S�O�H�N�V�R�W�Z�y�U�F�]�H��i struktury kr�\�V�W�D�O�L�F�]�Q�H���N�R�P�S�O�H�N�V�y�Z �U�H�F�H�S�W�R�U�y�Z���] anionami. 

 

 
Struktur �\���F�K�H�P�L�F�]�Q�H���Q�R�Z�\�F�K���U�H�F�H�S�W�R�U�y�Z���D�Q�L�R�Q�y�Z��oraz wp�á�\�Z���D�Q�L�R�Q�y�Z�� 

na ich fluorescencj�
: �D�����Z�����Z�L�H�W�O�H���Z�L�G�]�L�D�O�Q�\�P�����E�����S�R�G���O�D�P�S�����8�9�������������Q�P). 
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Acetylocholinesteraza (ACHE) �Q�D�]�\�Z�D�Q�D�� �U�y�Z�Q�L�H�* esteraz�� acetylocholinow�� jest 

najbardziej znanym enzymem z grupy cholinesteraz. �=�Q�D�M�G�X�M�H�� �V�L�
�� �S�U�]�H�G�H�� �Z�V�]�\�V�W�N�L�P��
w synapsach cholinergicznych oraz erytrocytach. �5�R�]�N�á�D�G�D�� �M�H�G�H�Q�� �]�� �S�R�G�V�W�D�Z�R�Z�\�F�K��
�Q�H�X�U�R�S�U�]�H�N�D�(�Q�L�N�y�Z�� �M�D�N�L�P�� �M�H�V�W�� �D�F�H�W�\�O�R�F�K�R�O�L�Q�D�� �Q�D�� �F�K�R�O�L�Q�
�� �L�� �U�H�V�]�W�
�� �N�Z�D�V�X�� �R�F�W�R�Z�H�J�R����
�$�F�H�W�\�O�R�F�K�R�O�L�Q�D�� �Z�S�á�\�Z�D��natomiast �Q�D�� �Z�L�H�O�H�� �L�V�W�R�W�Q�\�F�K�� �S�U�R�F�H�V�y�Z�� �Z�� �Q�D�V�]�\�P�� �R�U�J�D�Q�L�]�P�L�H���� �P���L�Q����
�S�U�D�F�
���V�H�U�F�D�����S�U�R�F�H�V�\���S�D�P�L�
�F�L�R�Ze i poznawcze czy �W�H�*���G�]�L�D�á�D�Q�L�D���X�N�á�D�G�X���S�R�N�D�U�P�R�Z�H�J�R�� Z tego 
�Z�]�J�O�
�G�X oznaczanie �D�N�W�\�Z�Q�R���F�L���$�&�+�(���R�U�D�]���M�H�M���]�P�L�D�Q���S�R�G���Z�S�á�\�Z�H�P���]�Z�L���]�N�y�Z���F�K�H�P�L�F�]�Q�\�F�K��
�S�U�]�\�N�X�Z�D���X�Z�D�J�
���Q�D�X�N�R�Z�F�y�Z�����Z���V�]�F�]�H�J�y�O�Q�R���F�L���W�\�F�K�����]�D�M�P�X�M���F�\�F�K���V�L�
���E�D�G�D�Q�L�D�P�L���G�R�W�\�F�]���F�\�P�L��
�F�K�R�U�y�E���F�K�D�U�D�N�W�H�U�\�]�X�M���F�\�F�K���V�L�
���]�D�E�X�U�]�H�Q�L�D�P�L���X�N�á�D�G�X���F�K�R�O�L�Q�H�U�J�L�F�]�Q�H�J�R�� �-�H�G�Q�����]���W�D�N�L�F�K���F�K�R�U�y�E����
�E�
�G���F���� �M�H�G�Q�R�F�]�H���Q�L�H�� �Q�D�M�F�]�
�V�W�V�]���� �S�U�]�\�F�]�\�Q���� �G�H�P�H�Q�F�M�L�� �Z���U�y�G�� �R�V�y�E�� �V�W�D�U�V�]�\�F�K�� �M�H�V�W�� �F�K�R�U�R�E�D��
Alzheimera (AD). Obecnie z�Q�D�Q�H�� �V���� �M�H�G�\�Q�L�H�� �S�H�Z�Q�H�� �K�L�S�R�W�H�]�\�� �G�R�W�\�F�]���F�H�� �Z�\�V�W�
�S�R�Z�D�Q�L�D���$�'�� �L��
�M�D�N�� �G�R�W���G�� �Q�L�H�� �Z�\�Q�D�O�H�]�L�R�Q�R�� �U�y�Z�Q�L�H�*�� �V�N�X�W�H�F�]�Q�\�F�K�� �P�H�W�R�G�� �S�R�]�Z�D�O�D�M���F�\�F�K�� �Q�D�� �F�D�á�N�R�Z�L�W�H��
wyleczenie. Stosowane strategie terapeutyczne �V�N�X�S�L�D�M�����V�L�
���J�á�y�Z�Q�L�H���Q�D��podawaniu pacjentom 
�L�Q�K�L�E�L�W�R�U�y�Z�� �D�F�H�W�\�O�R�F�K�R�O�L�Q�H�V�W�H�U�D�]�\���� �N�W�y�U�H�� �Q�L�H�V�W�H�W�\�� �Z�\�N�D�]�X�M���� �U�y�Z�Q�L�H�*�� �V�]�H�U�H�J�� �V�N�X�W�N�y�Z��
�Q�L�H�S�R�*���G�D�Q�\�F�K���� �= �W�H�J�R���Z�]�J�O�
�G�X���N�R�Q�L�H�F�]�Q�H���M�H�V�W���V�]�X�N�D�Q�L�H���Q�R�Z�\�F�K���W�H�U�D�S�H�X�W�\�N�y�Z���R���]�Q�D�F�]���F�\�F�K��
�Z�á�D���F�L�Z�R���F�L�D�F�K�� �K�D�P�X�M���F�\�F�K�� �D�N�W�\�Z�Q�R���ü�� �$�&�+�(���� �D�� �M�H�G�Q�R�F�]�H���Q�L�H�� �]�G�R�O�Q�\�F�K�� �Go przekraczania 
bariery krew-�P�y�]�J�����%�%�%�����L���Q�L�H�W�R�N�V�\�F�]�Q�\�F�K. 

�3�U�]�H�G�P�L�R�W�H�P�� �Q�L�Q�L�H�M�V�]�\�F�K�� �E�D�G�D���� �M�H�V�W��nowo zsyntezowana pochodna akrydyny 
o budowie tetracyklicznej  (DPTHA) �E�
�G���F�D inhibitorem cholinesteraz. �'�3�7�+�$�� �]�R�V�W�D�á�R��
�S�U�]�H�E�D�G�D�Q�H�� �]�D�U�y�Z�Q�R�� �S�R�G�� �Z�]�J�O�
�G�H�P�� �M�H�M�� �Z�á�D���F�L�Z�R���F�L�� �I�L�]�\�N�R�F�K�H�P�L�F�]�Q�\�F�K�� �M�D�N�� �U�y�Z�Q�L�H�*�� �S�R�G��
�Z�]�J�O�
�G�H�P�� �W�R�N�V�\�F�]�Q�R���F�L���� �3�R�Q�D�G�W�R�� �]�D�R�E�V�H�U�Z�R�Z�D�Q�D�� �]�R�V�W�D�á�D�� �]�G�R�O�Q�R���ü�� �]�Z�L���]�N�X�� �G�R�� �D�G�V�R�U�S�F�M�L�� �Q�D��
�S�R�Z�L�H�U�]�F�K�Q�L���Q�D�Q�R�F�]���V�W�H�N���]�á�R�W�D�����$�X�1�3�V�����S�U�]�\���M�H�G�Q�R�F�]�H�V�Q�\�P���]�D�F�K�R�Z�D�Q�L�X���E�D�U�G�]�R���N�R�U�]�\�V�W�Q�\�F�K��
�Z�á�D���F�L�Z�R���F�L���L�Q�K�L�E�X�M���F�\�F�K���Z�R�E�H�F���$�&�+�(. 

Przedstaw�L�R�Q�H�� �Z�\�Q�L�N�L�� �G�R�W�\�F�]���� �Z�á�D���F�L�Z�R���F�L�� �V�S�H�N�W�U�R�V�N�R�S�R�Z�\�F�K�� �L�� �H�O�H�N�W�U�R�F�K�H�P�L�F�]�Q�\�F�K��
�V�D�P�H�J�R�� �'�3�7�+�$�� �R�U�D�]�� �'�3�7�+�$�� �W�Z�R�U�]���F�H�J�R�� �N�R�Q�L�X�J�D�W�\�� �]�� �Q�D�Q�R�F�]���V�W�N�D�P�L�� �]�á�R�W�D�� ���$�X�1�3�V��������
�3�R�Q�D�G�W�R�� �G�O�D�� �R�E�X�� �W�\�F�K�� �J�U�X�S�� �]�Z�L���]�N�y�Z�� �S�U�]�H�G�V�W�D�Z�L�R�Q�R�� �E�D�G�D�Q�L�D�� �L�F�K�� �Z�S�á�\�Z�X�� �Q�D�� �D�N�W�\�Z�Q�R���ü��
acetylocholinesterazy in vitro i in vivo �S�R�� �G�R�R�W�U�]�H�Z�Q�R�Z�\�P�� �S�R�G�D�Q�L�X�� �S�U�H�S�D�U�D�W�y�Z�� �V�]�F�]�X�U�R�P��
Wistar. �'�R�G�D�W�N�R�Z�R�� �]�R�V�W�D�á�\�� �S�R�N�D�]�D�Q�H�� �Z�\�Q�L�N�L�� �E�D�G�D���� �W�R�N�V�\�F�]�Q�R���F�L�� �]�Z�L���]�N�y�Z�� �Q�D�� �S�R�G�V�W�D�Z�L�H��
�S�D�U�D�P�H�W�U�y�Z���P�R�F�]�X���R�U�D�]���P�R�U�I�R�O�R�J�L�L���L���E�L�R�F�K�H�P�L�L���N�U�Z�L. 

 



Application of Apigenin as a Modulator of the Mineralization Process 
Occuring in Matrix Vesicles Produced by Mineralization-Competent Cells 

 
Joanna Mroczek 1,2, �$�U�N�D�G�L�X�V�]���0�L�F�K�D�á�R�Z�V�N�L 2,3, Agnieszka Strzelecka-Kiliszek 2, 

�6�á�D�Z�R�P�L�U���3�L�N�X�á�D 2 and Magdalena Biesaga 1  
 

1 Faculty of Chemistry, University of Warsaw, 1 Pasteur Street, 02-093 Warsaw, Poland 
2 Nencki Institute of Experimental Biology, 3 Pasteur Street, 02-093 Warsaw, Poland 

3 Faculty of Animal Science, Warsaw University of Life Sciences, 8 Ciszewskiego Street, 
 02-786 Warsaw, Poland 

 
Osteoblasts as the bone mineralization-competent cells participate in the initial steps of 

mineral formation. They secret matrix vesicles (MVs), where mineralization is initiated. 
Mineralization carried out by MVs is a complex process requiring the involvement of low 
molecular weight (LMW) compounds and various proteins, among them annexins (Anx) and 
tissue-nonspecific alkaline phosphatases (TNAPs). TNAP hydrolyzes inorganic 
pyrophosphate (PPi), and AnxA6 can form ion channels across the membrane, being 
responsible for inorganic phosphate (Pi) and calcium ions (Ca2+) uptake into MVs, 
respectively. MVs, containing relatively high concentrations of Ca2+ and Pi, create an optimal 
environment to induce the formation of hydroxyapatite (HA) [1]. An important role is also 
played by LMW compounds. Recently published observations suggested the effects of 
flavonoids on mineralization. These compounds among others, can modulate the activity of 
TNAP, as well as cell signaling through interaction with cell-surface receptors or extracellular 
matrix (ECM) proteins [2]. One of the promising and frequently studied flavonoids is 
apigenin. 

The aim of this study was to analyze the potency of apigenin to affect mineral formation 
by two mineralization-competent human cell lines: osteoblastic hFOB 1.19 and osteosarcoma 
Saos-2. For this purpose, cell lines were cultured for 7 of 14 days under resting conditions or 
after stimulation with ascorbic acid (AA) �D�Q�G�� ��-glycerophosphate ����-GP) in the presence of 
apigenin. Ability of cells to mineralize was confirmed by staining with AR-S observed under 
light microscope and determination of the TNAP activity by ELISA assay. Results showed 
that apigenin may affect the mineral formation, making minerals more compact. What is 
more, low concentration of apigenin as 1 or 2 ���0���F�D�Q���F�D�X�V�H���L�Q�F�U�H�D�V�H���R�I���7�1�$�3���D�F�W�L�Y�L�W�\�����Z�K�L�O�H��
higher concentration as 5 or ������ ���0 �± its decrease. Moreover, further studies showed, that 
addition of proteoliposomes (LUV containing AnxA6-FITC) to bone cell cultures changed 
their mineralization competence which was modulated by apigenin. This flavonoid could also 
disturb the intracellular distribution of AnxA6 and TNAP, especially blocking TNAP 
attachment to the membrane �L�Q�� �K�L�J�K�H�U�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �D�V�� ���� �R�U�� ������ ���0, as examined by 
fluorescent microscopy analysis of their co-localization.  

Summarizing, the obtained results may help to understand the mechanisms of apigenin 
action, and to develop novel therapies using this flavonoid for bone cancer treatment. 
 

[1] L. Bozycki, J. Mroczek, L. Bessueille, S. Mebarek, R. Buchet, S. Pikula and  
A. Strzelecka-Kiliszek, Int. J. Mol. Sci. 22(8), 3993 (2021). 
[2] T. Goto, K. Hagiwara, N. Shirai, K. Yoshida and H. Hagiwara, Cytotechnology 67(2),  
357-365 (2015).  
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I007/16-00. Support from the POLONIUM2020 project co-financed by NAWA is also 
acknowledged. 
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The Kinetic Solvent Effects in free radical chemistry:  
The problem of concentration dependent kinetics. 

 
�3�D�Z�H�á���3�U�]�\�E�\�O�V�N�L 1, Adrian Konopko  1,2�����3�L�R�W�U���à�
�W�R�Z�V�N�L 1,  
Katarzyna Jodko-�3�L�y�U�H�F�N�D1, Grzegorz Litwinienko1 

 
1 �:�\�G�]�L�D�á���&�K�H�P�L�L�����8�Q�L�Z�H�U�V�\�W�H�W���:�D�U�V�]�D�Z�V�N�L�� ul. Pasteura 1, 02-093, Warszawa, Polska 

2 �,�Q�V�W�\�W�X�W���%�L�R�O�R�J�L�L���'�R���Z�L�D�G�F�]�D�O�Q�H�M���L�P�����0�����1�H�Q�F�N�L�H�J�R�����3�R�O�V�N�D���$�N�D�G�H�P�L�D���1�D�X�N�����X�O����Pasteura 3, 
02-093, Warszawa, Polska 

 
Phenolic and polyphenolic antioxidants (ArOH) act mostly as chain-breaking 

antioxidants, i.e., they donate a hydrogen atom to a lipid peroxyl radical (LOO�‡) to form 
hydroperoxide (LOOH) and a relatively stable phenoxyl radical (ArO�‡), see Fig. 1. There is a 

substantial increase of the knowledge on the role 
of non-covalent interactions in a reaction of 
ArOH with radicals1-3 to give a present 
description of the overall reactivity of phenols 
and mechanisms of their antioxidant action as 
depending on the structure of a phenol, its 
acidity, and on the surrounding medium 
(acid/base equilibrium, microenvironment, 

presence of ions). Many assays employ 
artificial radicals (or metal ions) for 

determination of antioxidant potential of molecules.* 2,2-diphenyl-1-picrylhydrazyl radical 
(dpph�‡) and radical cation formed from 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) 
ABTS���‡. Both are strongly electron deficient, thus, the overall kinetics for their reactions with 
phenolic antioxidants contain a strong component of  Sequential Proton-Loss Electron-
Transfer,2,3 mixed with Hydrogen Atom Transfer. In our work we measured the absolute rate 
constants for reaction of dpph�‡ with series of phenols presented in Scheme 1. 

We report the strong 
dependence of the 
reaction rate on the 
polarity of a solvent, on 
pH and, surprisingly, we 
discovered that the 
bimolecular rate con-
stants (kS) depend on the 
concentration range of 

the phenol used for experiments, that might produce misleading results. Careful examination  
of the kinetics revealed that mechanism of the reaction is concentration-dependent, and this 
result is a cautionary tale for further kinetic studies employing artificial model radicals for 
prediction of scavenging ability of phenolic antioxidants. 

[1] Snelgrove, D. W.; Lusztyk, J.; Banks, J. T.; Mulder, P.; Ingold, K. U. J. Am. Chem. Soc. 
2001, 123, 469. 

[2] Litwinienko, G.; Ingold, K. U. Acc. Chem. Res. 2007, 40, 222. 

[3] (a) M. Musialik, R. Kuzmicz, T. S. Pawlowski, G. Litwinienko. J. Org. Chem. 2009, 74, 
2699. (b) Van Wenum, E.; Jurczakowski, R.; Litwinienko, G.  J. Org. Chem. 2013, 78, 9102. 

*the most frequently used methods are based on artificial radicals 

Figure 1. Lipid autooxidation mechanism. 

Scheme 1. Four studied phenols and their pKa values. 



�2�V�D�G�]�D�Q�L�H���Q�L�N�O�X���]���Z�L�H�O�R�V�N�á�D�G�Q�L�N�R�Z�\�F�K���N���S�L�H�O�L���J�D�O�Z�D�Q�L�F�]�Q�\�F�K 
 

�0�D�U�W�\�Q�D���3�U�y�F�K�Q�L�D�N1,2, �0�L�F�K�D�á���*�U�G�H�� 1,2  
 

1 �:�\�G�]�L�D�á���&�K�H�P�L�L�����8�Q�L�Z�H�U�V�\�W�H�W���:�D�U�V�]�D�Z�V�N�L����ul. Pasteura 1, 02-093 Warszawa 
2 Centrum Nauk Biologiczno-Chemicznych, Uniwersytet Warszawski, ul. �)wirki i Wigury 101, 

02-089 Warszawa 
 
�(�O�H�N�W�U�R�F�K�H�P�L�F�]�Q�H�� �R�V�D�G�]�D�Q�L�H�� �P�H�W�D�O�L�� �F�]�
�V�W�R�� �S�U�R�Z�D�G�]�R�Q�H�� �M�H�V�W�� �]�� �N���S�L�H�O�L��

�Z�L�H�O�R�V�N�á�D�G�Q�L�N�R�Z�\�F�K���� �]�D�Z�L�H�U�D�M���F�\�F�K�� �Z�L�H�O�H�� �U�y�*�Q�\�F�K�� �L�Q�G�\�Z�L�G�X�y�Z�� �P�R�J���F�\�F�K�� �R�G�G�]�L�D�á�\�Z�D�ü��
z kationami osadzanego metalu. �1�D�M�F�]�
���F�L�H�M�� �S�U�R�Z�D�G�]�L�� �W�R�� �G�R�� �S�R�Z�V�W�D�Z�D�Q�L�D�� �U�R�]�S�X�V�]�F�]�D�O�Q�\�Fh 
�N�R�P�S�O�H�N�V�y�Z���� �N�W�y�U�\�F�K�� �W�Z�R�U�]�H�Q�L�H�� �P�R�*�H�� �P�L�H�ü�� �Z�S�á�\�Z�� �Q�D�� �N�D�*�G�\�� �]�� �H�W�D�S�y�Z�� �S�U�R�F�H�V�X�� �R�V�D�G�]�D�Q�L�D��
�Z�D�U�V�W�Z�\�� �P�H�W�D�O�X���� �,�� �W�D�N���� �W�Z�R�U�]�H�Q�L�H�� �N�R�P�S�O�H�N�V�y�Z�� �P�R�*�H�� �Z�S�á�\�Z�D�ü�� �Q�D�� �N�L�Q�H�W�\�N�
�� �S�U�]�H�Q�L�H�V�L�H�Q�L�D��
elektronu i sam mechanizm reakcji elektrodowej, procesy adsorpcji powierzchniowej 
determi�Q�X�M���F�H�� �P�R�U�I�R�O�R�J�L�
�� �S�R�Z�V�W�D�á�H�J�R�� �R�V�D�G�X�� �M�D�N�� �U�y�Z�Q�L�H�*�� �]�M�D�Z�L�V�N�D�� �W�U�D�Q�V�S�R�U�W�X�� �Z�� �V�D�P�\�P��
elektrolicie [1]. 

�:�� �S�U�]�\�S�D�G�N�X���� �J�G�\�� �N���S�L�H�O�� �J�D�O�Z�D�Q�L�F�]�Q�D�� �]�D�Z�L�H�U�D�� �N�L�O�N�D�� �L�Q�G�\�Z�L�G�X�y�Z���� �Q�S���� �D�Q�L�R�Q�y�Z����
�P�R�J���F�\�F�K�� �N�R�Q�N�X�U�H�Q�F�\�M�Q�L�H�� �W�Z�R�U�]�\�ü�� �N�R�P�S�O�H�N�V�\�� �]�� �M�R�Q�D�P�L�� �R�V�D�G�]�D�Q�H�J�R�� �P�H�W�D�O�X, �S�U�D�Z�L�G�á�R�Z�D��
analiza �S�U�]�H�E�L�H�J�X���S�U�R�F�H�V�X���Z�\�P�D�J�D���]�Q�D�M�R�P�R���F�L��rozdystrybuowania �N�D�W�L�R�Q�X���P�H�W�D�O�X���S�R�P�L�
�G�]�\��
�U�y�*�Q�\�P�L�� �N�R�P�S�O�H�N�V�D�P�L�� �>2,3]. �8�G�]�L�D�á�� �U�y�*�Q�\�F�K�� �N�R�P�S�O�H�N�V�y�Z �P�R�*�H��z kolei �V�L�O�Q�L�H�� �]�D�O�H�*�H�ü�� �R�G��
�S�D�U�D�P�H�W�U�y�Z�� �W�D�N�L�F�K�� �M�D�N�� �S�+�� �F�]�\�� �V�W�
�*�H�Q�L�D�� �V�N�á�D�G�Q�L�N�y�Z�� �N�R�P�S�O�H�N�V�X���� �:�\�N�R�U�]�\�V�W�D�Q�L�H�� �G�L�D�J�U�D�P�y�Z��
przedstaw�L�D�M���F�\�F�K�� �V�W�
�*�H�Q�L�D�� �U�y�*�Q�\�F�K�� �N�R�P�S�O�H�N�V�y�Z�� �P�H�W�D�O�X�� �Z�� �G�D�Q�\�F�K�� �Z�D�U�X�Q�N�D�F�K�� ���V�W�
�*�H�Q�L�D 
�V�N�á�D�G�Q�L�N�y�Z���N���S�L�H�O�L�����V�L�á�D���M�R�Q�R�Z�D elektrolitu�����S�+�����M�H�V�W���E�D�U�G�]�R���S�R�P�R�F�Q�H���Z���L�Q�W�H�U�S�U�H�W�D�F�M�L���Z�S�á�\�Z�X��
�V�N�á�D�G�X���N���S�L�H�O�L���J�D�O�Z�D�Q�L�F�]�Q�H�M���L���Z�D�U�X�Q�N�y�Z���R�V�D�G�]�D�Q�L�D���P�H�W�D�O�X���Q�D���S�U�]�H�E�L�H�J���W�H�J�R���S�U�R�F�H�V�X�� 

Przedstawione badania �E�\�á�\�� �S�U�R�Z�D�G�]�R�Q�H�� �G�O�D�� �N���S�L�H�O�L�� �G�R osadzania niklu opracowanych 
z �P�\���O���� �R�� �Z�\�N�R�U�]�\�V�W�D�Q�L�X�� �G�R�� �R�W�U�]�\�P�\�Z�D�Q�L�D�� �W�D�U�F�]�� �G�R�� �D�N�F�H�O�H�U�D�W�R�U�y�Z�� �P�H�G�\�F�]�Q�\�F�K�� �>4�@���� �.���S�L�H�O�H��
�]�D�Z�L�H�U�D�á�\�� �U�y�Z�Q�R�F�]�H���Q�L�H�� �N�L�O�N�D�� �V�N�á�D�G�Q�L�N�y�Z�� �P�R�J���F�\�F�K�� �W�Z�R�U�]�\�ü�� �N�R�P�S�O�H�N�V�\�� �]�� �M�R�Q�D�P�L�� �Q�L�N�O�X��
w elektrolicie���� �F�]���V�W�H�F�]�N�L�� ���D�P�R�Q�L�D�N���� �R�U�D�]�� �D�Q�L�R�Q�\�� �R�U�J�D�Q�L�F�]�Q�H�� �L�� �Q�L�H�R�U�J�D�Q�L�F�]�Q�H���� �:���U�y�G�� �W�\�F�K��
�R�V�W�D�W�Q�L�F�K�� �E�D�G�D�Q�H�� �E�\�á�\�� �V�L�O�Q�H�� �L�� �V�á�D�E�H�� �N�Z�D�V�\���� �Z�V�]�\�V�W�N�L�H�� �V�N�á�D�G�Q�L�N�L�� �N�R�P�S�O�H�N�V�X�M���F�H�� �X�O�H�J�D�M�� 
�G�\�V�R�F�M�D�F�M�L�� �Z�� �]�D�O�H�*�Q�R���F�L�� �R�G�� �S�+�� �N���S�L�H�O�L���� �$�Q�D�O�L�]�D�� �S�U�R�Z�D�G�]�R�Q�D�� �E�\�á�D�� �G�O�D�� �U�y�*�Q�\�F�K�� �Z�D�U�W�R���F�L�� �S�+��
�R�E�H�M�P�X�M���F�\�F�K�� �]�D�N�U�H�V�� �V�á�D�E�R�� �N�Z�D�V�R�Z�\�� �L�� �V�á�D�E�R�� �]�D�V�D�G�R�Z�\���� �'�]�L�
�N�L�� �]�D�V�W�R�V�R�Z�D�Q�L�X�� �G�L�D�J�U�D�P�y�Z��
�G�\�V�W�U�\�E�X�F�M�L�� �P�R�*�O�L�Z�\�P�� �M�H�V�W�� �S�R�á���F�]�H�Q�L�H�� �S�R�V�W�D�F�L�� �F�K�H�P�L�F�]�Q�H�M�� �R�V�D�G�]�D�Q�H�J�R�� �M�R�Q�X�� �]�� �S�D�U�D�P�H�W�U�D�P�L��
�S�U�R�F�H�V�X�� �R�V�D�G�]�D�Q�L�D�� �W�D�N�L�P�L�� �M�D�N�� �Z�\�G�D�M�Q�R���ü�� �I�D�U�D�G�D�M�R�Z�V�N�D���� �F�]�D�V�� �S�R�W�U�]�H�E�Q�\�� �Q�D�� �R�V�D�G�]�H�Q�L�H�� �G�D�Q�H�M��
�L�O�R���F�L�� �P�H�W�Dlu oraz �S�R�Z�L���]�D�Q�L�H�� �]�� �M�H�M�� �]�� �P�R�U�I�R�O�R�J�L���� �L�� �V�W�U�X�N�W�X�U���� ���M�D�N�R���F�L������ �S�R�Z�V�W�D�á�H�J�R�� �R�V�D�G�X����
�%�D�G�D�Q�L�D�� �Z�\�N�D�]�D�á�\���� �*�H, �G�O�D�� �H�O�H�N�W�U�R�O�L�W�y�Z�� �]�D�Z�L�H�U�D�M���F�\�F�K�� �N�L�O�N�D�� �V�N�á�D�G�Q�L�N�y�Z�� �N�R�P�S�O�H�N�V�X�M���F�\�F�K��
nikiel, dobre �S�D�U�D�P�H�W�U�\�� �R�V�D�G�]�D�Q�L�D�� ���Z�\�G�D�M�Q�R���ü�� �I�D�U�D�G�D�M�R�Z�V�N�D���� �F�]�D�V���� �R�U�D�]�� �G�R�E�U���� �M�D�N�R���ü�� �R�V�D�G�X��
(morfologia, struktura) �P�R�*�Q�D���X�]�\�V�N�D�ü���W�\�O�N�R���Z���E�D�U�G�]�R���Z���V�N�L�P���]�D�N�U�H�V�L�H���S�+���N���S�L�H�O�L����  
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�:�\�V�R�N�D�� �F�]�X�á�R���ü�� �S�R�Z�L�H�U�]�F�K�Q�L�Rwo wzmocnionej spektroskopii ramanowskiej (SERS) 
�V�S�U�D�Z�L�D���� �*�H��technika tak jest intensywnie rozwijana w �N�L�H�U�X�Q�N�X�� �W�Z�R�U�]�H�Q�L�D�� �U�y�*�Q�R�U�R�G�Qych 
�E�L�R�V�H�Q�V�R�U�y�Z���G�R���]�D�V�W�R�V�R�Z�D�����P�H�G�\�F�]�Q�\ch, m. in. do wykrywania mutacji w DNA [1]. �-�D�N�R�����*�H 
DNA ma ni�H�Z�L�H�O�N�L���S�U�]�H�N�U�y�M���F�]�\�Q�Q�\���Q�D���U�R�]�Sraszanie ramanowskie, �U�]�D�G�N�R���V�W�R�V�X�M�H���V�L�
�� �Z���M�H�J�R��
przypadku dete�N�F�M�
���E�H�]�S�R���U�H�G�Q�L��. Jeden z najpros�W�V�]�\�F�K���V�H�Q�V�R�U�y�Z���V�N�á�D�G�D���V�L�
���]���W�U�]�H�F�K���Q�L�F�L���������� 
�P�R�G�\�I�L�N�R�Z�D�Q�H�J�R���J�U�X�S�����W�L�R�O�R�Z�� DNA powierzchniowego�����N�W�y�U�H���S�U�]�\�á���F�]�D���V�L�
���G�R���S�R�Z�L�H�U�]�F�K�Q�L��
metalu plazmonicznego (nanostruktury sre�E�U�D�� �O�X�E�� �]�á�R�W�D������ �W�Z�R�U�]���F�� �Z�L���]�D�Q�L�H siarka-metal, (2) 
badanego DNA �]�� �S�U�y�E�N�L�� �R�G�� �S�D�F�M�H�Q�W�D���� �N�W�yre jest komplementarne do nici pierwszej oraz 
trzeciej �± (�������'�1�$���Z�V�N�D�(�Q�L�N�R�Z�H�J�R �]���S�U�]�\�á���F�]�R�Q�\�P���E�D�U�Z�Q�L�N�L�H�P���S�H�á�Q�L���F�\�P���I�X�Q�N�F�M�
���U�H�S�R�U�W�H�U�D��
ramanowskiego (RR) [2]. RR �W�R���P�R�O�H�N�X�á�D�����N�W�yra daje sil�Q�H���V�\�J�Q�D�á�\���Z���Z�L�G�P�L�H���U�D�P�D�Q�R�Z�V�N�L�P����
�X�P�R�*�O�L�Z�L�D�M���F�� �M�H�G�Q�R�]�Q�D�F�]�Q���� �G�H�W�H�N�F�M�
����O�E�H�F�Q�R���ü�� �V�\�J�Q�D�á�X�� �R�G�� �5�5�� �Z�L�G�P�L�H�� �E���G�(�� �M�H�J�R�� �E�U�D�N��
�L�Q�I�R�U�P�X�M�H���R���R�E�H�F�Q�R���F�L���E���G�(���E�U�D�N�X���'�1�$���E�D�G�D�Q�H�J�R���Z���S�U�ybce. 

Kluczowym elemen�W�H�P�� �G�]�L�D�á�D�Q�L�D�� �Z�L�
�N�V�]�R���F�L�� �V�H�Q�V�R�U�y�Z�� �M�H�V�W�� �X�W�Z�R�U�]�H�Q�L�H��warstwy 
powierzchniowego DNA w taki �V�S�R�V�y�E, aby nici DNA �X�á�R�*�R�Q�H�� �E�\�á�\�� �S�U�R�V�W�R�S�D�G�O�H�� �G�R��
powierzchni metalu. Nie mog���� �E�\�ü�� �X�S�D�N�R�Z�D�Q�H�� �]�E�\�W�� �J�
�V�W�R���� �J�G�\�*�� �X�Q�L�H�P�R�*�O�L�Z�L�á�R�E�\�� �W�R��
hybry�G�\�]�D�F�M�
 z kolejnymi elementami sensora�����-�H�G�Q�R�F�]�H���Q�L�H�����]�E�\�W���O�X�(�Q�H���X�S�D�N�R�Z�D�Q�L�H���Z�D�U�V�W�Z�\��
�P�R�*�H�� �V�N�X�W�N�R�Z�D�ü�� �R�G�G�]�L�D�á�\�Z�D�Q�L�H�P��nici DNA z powi�H�U�]�F�K�Q�L���� �P�H�W�D�Ou���� �U�y�Z�Q�L�H�*�� �X�W�U�X�G�Q�L�D�M���F��
�G�D�O�V�]���� �K�\�E�U�\�G�\�]�D�F�M�
��b���G�(�� �]�P�Q�L�H�M�V�]�D�M���F �Z�\�G�D�M�Q�R���ü�� �V�H�Q�V�R�U�D���� �3�R�S�U�D�Z�L�H�Q�L�H�� �Z�á�D���F�L�Z�R���F�L��
�X�W�Z�R�U�]�R�Q�H�M�� �Z�D�U�V�W�Z�\�� �'�1�$�� �M�H�V�W�� �P�R�*�O�L�Z�H�� �G�]�L�
�N�L�� �]�D�V�W�R�V�R�Z�D�Q�L�X�� �E�O�R�N�H�U�y�Z, zwykle w postaci 
�N�U�y�W�N�L�F�K���D�O�N�D�Q�R�W�L�R�O�L�����Z�\�S�H�á�Q�L�D�M���F�\�F�K���S�X�V�W�H���S�U�]�H�V�W�U�]�H�Q�L�H���S�R�P�L�
�G�]�\ �Q�L�ü�Pi DNA.  

Jednym z n�D�M�F�]�
���F�L�H�M stosowanych dla �]�á�R�W�D bloker�y�Z jest 6-merkapto-1-heksanol. 
�3�U�y�E�N�
�� �]�� �R�V�D�G�]�R�Q�\�P�� �'�1�$�� �X�P�L�H�V�]�F�]�D�� �V�L�
�� �Z�� �M�H�J�R�� �U�R�]�W�Z�R�U�]�H�� �R�� �V�W�
�*�H�Q�L�X�� ����mM na 60 minut. 
Przeprowadzone badania wy�N�D�]�D�á�\�����*�H���Z�D�U�X�Q�N�L���W�H���Q�L�H���]�Q�D�M�G�X�M�����]�D�V�W�R�V�R�Z�D�Q�L�D���G�O�D���Qanostruktur 
srebra �± �Z�� �N�U�y�W�N�L�P�� �F�]�D�V�L�H�� �Q�D�V�W�
�S�X�M�H�� �G�H�V�R�U�S�F�M�D�� �'�1�$�� �]�� �S�R�Z�L�H�U�]�F�K�Q�L�� �P�H�W�D�O�X���� �D�� �M�H�J�R�� �P�L�H�M�V�F�H��
zajmuj���� �F�]���V�W�H�F�]�N�L�� ��-merkapto-1-heksanolu. �1�L�Q�L�H�M�V�]�H�� �E�D�G�D�Q�L�D�� �G�R�W�\�F�]���� �Z�S�á�\�Z�X��kilku 
a�O�N�D�Q�R�W�L�R�O�R�Z�\�F�K�� �E�O�R�N�H�U�y�Z�� �Q�D�� �Z�D�U�V�W�Z�
�� �W�L�R�O�Rwanego DNA �X�W�Z�R�U�]�R�Q����na powierzchni 
elektrochemicznie schropowaconej elektrody srebrnej [3]���� �=�E�D�G�D�Q�\�� �]�R�V�W�D�á�� �Z�S�á�\�Z�� �V�W�
�*�H�Q�L�D��
�R�U�D�]���F�]�D�V�X���L�Q�N�X�E�D�F�M�L���Q�D���X�W�Z�R�U�]�R�Q�����Z�D�U�V�W�Z�
���'�1�$-bloker.  
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�6�H�F�R�Q�G�D�U�\���6�W�U�X�F�W�X�U�H���$�V�V�L�J�Q�P�H�Q�W���R�I���3�U�R�W�H�L�Q�V���8�V�L�Q�J���'�H�H�S �/�H�D�U�Q�L�Q�J���$�E�V�W�U�D�F�W

�'�R�P�L�Q�L�N���*�U�R�Q�W�������0�R�K�D�P�P�D�G���6�D�T�L�E��

���� �)�D�F�X�O�W�\���R�I���&�K�H�P�L�V�W�U�\�����8�:�����3�D�V�W�H�X�U�D�����������������������:�D�U�V�D�Z

�6�H�F�R�Q�G�D�U�\ �V�W�U�X�F�W�X�U�H �D�V�V�L�J�Q�P�H�Q�W �L�Q �D �S�U�R�W�H�L�Q �P�H�D�Q�V �O�D�E�H�O�L�Q�J �L�W�V �D�P�L�Q�R �D�F�L�G �U�H�V�L�G�X�H�V �Z�L�W�K �+�� �(��
�R�U �& �I�R�U �K�H�O�L�[�� �V�W�U�D�Q�G�� �R�U �F�R�L�O�� �U�H�V�S�H�F�W�L�Y�H�O�\�� �7�K�H �S�U�R�F�H�G�X�U�H �P�D�\ �E�H �D�S�S�O�L�H�G �W�R �D�Q �H�[�S�H�U�L�P�H�Q�W�D�O�O�\
�H�V�W�D�E�O�L�V�K�H�G �V�W�U�X�F�W�X�U�H �R�U �W�R �D �F�R�P�S�X�W�H�G �P�R�G�H�O�� �$�F�F�X�U�D�W�H �D�Q�G �U�H�O�L�D�E�O�H �V�W�U�X�F�W�X�U�H �D�V�V�L�J�Q�P�H�Q�W �G�D�W�D
�L�V �F�U�X�F�L�D�O �I�R�U �S�U�R�W�H�L�Q �P�R�G�H�O�L�Q�J �V�\�V�W�H�P�V�� �7�K�H �W�D�V�N �E�H�F�R�P�H�V �F�K�D�O�O�H�Q�J�L�Q�J �Z�K�H�Q �W�K�H�U�H �D�U�H �V�R�P�H
�D�W�R�P�V �P�L�V�V�L�Q�J �L�Q �D�Q �L�Q�S�X�W �S�U�R�W�H�L�Q �V�W�U�X�F�W�X�U�H�� �P�R�V�W �Q�R�W�D�E�O�\�� �Z�K�H�Q �R�Q�O�\ �D�O�S�K�D �F�D�U�E�R�Q �S�R�V�L�W�L�R�Q�V
�D�U�H �N�Q�R�Z�Q�� �'�X�U�L�Q�J �W�K�H �S�D�V�W ���� �\�H�D�U�V�� �Y�D�U�L�R�X�V �P�H�W�K�R�G�V �K�D�Y�H �E�H�H�Q �W�H�V�W�H�G �D�Q�G �X�V�H�G �L�Q �W�K�L�V
�S�U�R�E�O�H�P�� �7�K�H �O�D�W�H�V�W �W�U�H�Q�G �K�D�V �E�H�H�Q �W�R �X�V�H �P�D�F�K�L�Q�H �O�H�D�U�Q�L�Q�J �W�H�F�K�Q�L�T�X�H�V�� �,�Q �R�X�U �U�H�V�H�D�U�F�K�� �Z�H �D�U�H
�X�V�L�Q�J �W�K�H �G�H�H�S �O�H�D�U�Q�L�Q�J �P�R�G�H�O�� �2�X�U �P�R�G�H�O �X�V�H�V �R�Q�O�\ �&�. �F�R�R�U�G�L�Q�D�W�H�V �I�R�U �V�H�F�R�Q�G�D�U�\ �V�W�U�X�F�W�X�U�H
�D�V�V�L�J�Q�P�H�Q�W�V�� �7�K�H �P�R�G�H�O �R�I�I�H�U�V �D �P�X�O�W�L���F�O�D�V�V �F�O�D�V�V�L�I�L�H�U �S�U�R�J�U�D�P �Q�D�P�H�G �+�(�&�$ �I�R�U �D�V�V�L�J�Q�L�Q�J
�S�U�R�W�H�L�Q �6�H�F�R�Q�G�D�U�\ �6�W�U�X�F�W�X�U�H �(�O�H�P�H�Q�W�V ���6�6�(�� �X�V�L�Q�J �1�H�X�U�D�O �1�H�W�Z�R�U�N�V ���1�1���� �7�U�D�L�Q�L�Q�J �G�D�W�D �W�K�D�W
�F�R�Q�W�D�L�Q �O�R�F�D�O �G�L�V�W�D�Q�F�H�V �E�H�W�Z�H�H�Q �&�. �D�W�R�P�V�Z�D�V �H�[�W�U�D�F�W�H�G �I�U�R�P �D �Q�R�Q���U�H�G�X�Q�G�D�Q�W �V�H�W �R�I �S�U�R�W�H�L�Q
�V�W�U�X�F�W�X�U�H�V �Z�L�W�K �W�K�H �%�L�R�6�K�H�O�O �W�R�R�O�N�L�W�� �1�1 �P�R�G�H�O �K�D�V �E�H�H�Q �W�U�D�L�Q�H�G �Z�L�W�K �W�K�H �7�H�Q�V�R�U�)�O�R�Z �O�L�E�U�D�U�\��
�5�H�V�X�O�W�V �I�U�R�P �W�K�H �V�W�X�G�\ �G�H�P�R�Q�V�W�U�D�W�H �W�K�H �I�H�D�V�L�E�L�O�L�W�\ �R�I �W�K�H �V�X�F�F�H�V�V�I�X�O �D�S�S�O�L�F�D�W�L�R�Q �R�I �G�H�H�S
�O�H�D�U�Q�L�Q�J���V�R�O�X�W�L�R�Q�V���W�R���V�W�U�X�F�W�X�U�H���D�V�V�L�J�Q�P�H�Q�W���S�U�R�E�O�H�P�V��

�.�H�\�Z�R�U�G�V
�'�H�H�S���/�H�D�U�Q�L�Q�J�����0�D�F�K�L�Q�H���/�H�D�U�Q�L�Q�J�����0�X�O�W�L���&�O�D�V�V���&�O�D�V�V�L�I�L�H�U�� �1�H�X�U�D�O���1�H�W�Z�R�U�N�V��
�3�U�R�W�H�L�Q���)�U�D�J�P�H�Q�W�V�����3�U�R�W�H�L�Q���6�H�F�R�Q�G�D�U�\���6�W�U�X�F�W�X�U�H�V�����3�U�R�W�H�L�Q �6�W�U�X�F�W�X�U�H���$�V�V�L�J�Q�P�H�Q�W��
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Ion potassium channel ROMK2 - synthesis in the presence of nanodiscs, 
incorporation into the lipid membrane and studies of protein 

electrochemical properties. 
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3Department of Physics, Warsaw University of Life Sciences (SGGW), Warsaw, Poland 
E-mail: astefanowska@chem.uw.edu.pl  
 

The primary function of mitochondrial potassium channels is to regulate the potential  
of the mitochondrial membrane, which allows them to play an important role in cytoprotection, 
especially in the case of cell hypoxia. This project is focused on the ATP-regulated potassium 
channel (mitoKATP), which is formed by the ROMK2 protein. In order to understand  
the influence of the ion channel on cytoprotective processes, it is necessary to understand  
the electrophysiological properties of this protein. Therefore, the following project focuses  
on obtaining the ROMK2 protein using transcription / translation in vitro, incorporation of the 
channel protein into the lipid bilayer and studying the influence of voltage changes  
and molecular modulators on channel activity. 

Cell-free protein synthesis systems contain components necessary for the transcription and 
translation processes, but also components that allow proteins to be incorporated into lipid 
membranes. The ROMK2 transcription / translation reactions will be carried out in the presence 
of protein nanodiscs. The use of nanodiscs allows the protein to be more stable and facilitates 
their incorporation into the membrane. In the next step the channel will be incorporated into the 
biomimetic membranes. Channel activity will be measured using two biomimetic membranes 
models - BLM (Black Lipid Membrane) and ss-BLM (solid supported Black Lipid Membrane).  

The BLM method allows the calculation of the number of ions passing during a single channel 
opening, the influence of modulators on the channel activity, and the determination of its 
conductivity. In ss-BLM method, the lipid bilayer is created on the gold electrode, which makes 
it more stable and durable, allows for the incorporation of several channels simultaneously.  
The deposition of BLM onto the conducting support (the electrode) allows  for a large library 
of electrochemical techniques to be used in channel characterization, such as alternating current 
voltammetry (ACV), current voltammetry (CV) or electrochemical impedance spectroscopy 
(EIS). The EIS, technique that we mainly focus on in our research interprets the charge transfer 
and storage processes in terms of  electrical equivalent circuits consisting of resistances, 
capacitances and pseudo-capacitances and assigning these values to the appropriate processes 
related in our case to ion transport. On the basis of Nyquist or Bode diagrams that show the real 
and imaginary components of the biomimetic system, we can analyze the behavior of a protein 
depending on the applied potential. Thanks to these two methods, it is possible to study the 
influence of activators and inhibitors on the activity of the ion channel. 
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Anharmonic Motion of H-atoms Refined on the Single-Crystal Neutron 
Radiation Diffraction Data 
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In the typical single-crystal X-ray studies of the crystal structure H-atoms motion is 

assumed to be isotropic �± the atom vibrates around its equilibrium position and there is no 
preferred direction with higher amplitude. That is definitely not true according to the 
fundamental physics, but due to the very low X-ray scattering power of H-atoms this 
assumption is made as it is quite hard to obtain any information about these lightest elements 
motion with this type of radiation. Even when very high resolution data is collected (what is 
needed for conducting the charge density studies to model the multipole expansion of each 
atom, the direction of lone pairs and bond polarization effects and therefore anisotropic 
motion of H-atoms is required), their behavior is rather calculated than refined on the data. 
That can be done based on the knowledge of the temperature of the data collection and the 
atomic displacement parameters of parent atoms. However, if we use the neutron radiation 
instead, H-atoms gain much better scattering power what allows for much easier detection of 
their equilibrium positions and motion. 

In our study we decided to go one step further and check whether we can detect the 
anharmonic behavior of H-atoms based on neutron radiation data collected on the crystals of 
�.-glycine. This means that for the description of each H-atom instead of using 6 Uij 
anisotropic atomic displacement parameters we additionally refined 10 Cijk Gram-Charlier 
coefficients as well. 

The results obtained after the anharmonic treatment of H-atoms are compared with the 
standard anisotropic harmonic model using the typical structure refinements descriptors that 
evaluate how much the proposed model agrees with the collected data. Additionally, residual 
nuclear density maps are compared for both treatments of H-atoms in the structure. What is 
more, obtained results are confronted with the formula provided by Kuhs [1], where he 
evaluates the minimum resolution needed for anharmonic treatment of the atoms, as such 
information is contained within the higher angle reflection intensities. 
 

 [1] Kuhs, W. F. (1992). Acta Cryst. A48, 80. 
 



Completeness in High Pressure X-ray Di�raction Experiments

Daniel Tcho« and Anna Makal

Biological and Chemical Research Centre, Faculty of Chemistry,
University of Warsaw, ›wirki i Wigury 101, 02-089 Warsaw, Poland

Quality of data obtained from high-pressure di�raction experiments has become a sort
of a taboo topic in the crystallographic community. Any mentions of high-pressure in
experimental tables tend to be followed with higher discrepancy factors, and it is so not
without a reason [1�3]. Presence of diamond anvil cell used to exert pressure does not
only a�ect the reliability of collected data, but more importantly limits the number of
collectable re�ections altogether, as the radiation can not pass through the metal elements.
This often hampers investigation and forces researchers to rely on distorted or restrained
models, which may lead to oversights and false conclusions.

While anvil cell is expected to increase background noise, and diamond signals can be
considered a necessary evil, the completeness of obtained datasets can be vastly improved
by carefully planning experimental strategy. The most straightforward way to do that is
to increase coverage of reciprocal space using a cell with higher aperture [4], though this
may come with a cost of limiting maximum attainable pressure. A much more a�ordable
approach relies on utilising internal sample symmetry and increasing the �nal completeness
by exposing as much independent reciprocal space as possible.

Figure 1. Depending on crystal symmetry, changing sample orientation might strongly a�ect
completeness of high-pressure di�raction experiment. The red (unrotated) and blue (rotated)

orientations reveal 7 and 12 out of 21 available symmetry independent re�ections, respectively.
This completeness can be calculated for all space groups, yielding distribution as shown on the right.

In this work an impact of diamond anvil cell aperture, incident radiation wavelength
and sample placement on completeness of collected di�raction data is discussed. Range
of data completeness obtainable using the most common incident sources and anvil cells,
predicted using new software designed with this task in mind, is presented. Sample
preparation protocols and data collection strategies, allowing to obtain the highest quality
of results at virtually no expense, are suggested.

[1] N. Casati, A. Kleppe, A. P. Jephcoat, and P. Macchi,Nat Commun 7, 10901 (2016).
[2] A. Jaffe, Y. Lin, C. Beavers, J. Voss, W. Mao, and H. Karunadasa,ACS Cent. Sci., 2, 201 (2016).
[3] S. A. Moggach, S. Parsons, and P. A. Wood,Crystallogr. Rev., 14, 143 (2008).
[4] L. Merrill and W. Basset, Rev. Sci. Instrum. 45, 290 (1974).
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Choroba Alzheimera (AD) �M�H�V�W�� �S�R�V�W�
�S�X�M���F�\�P��schorzeniem neurodegeneracyjnym 
�S�R�Z�R�G�X�M���F�\�P���G�H�J�U�D�G�D�F�M�
���Q�H�X�U�R�Q�y�Z�����X�W�U�D�W�
���S�D�P�L�
�F�L, �]�G�R�O�Q�R��ci pozna�Z�F�]�\�F�K���R�U�D�]���R�G�N�á�D�G�D�Q�L�H��
�V�L�
 �Z�� �P�y�]�J�X �E�O�D�V�]�H�N�� �V�W�D�U�F�]�\�F�K�� �V�N�á�D�G�D�M���F�\�F�K�� �V�L�
�� �]��peptydu amyloidu �� (A��). Peptydy �$����
wykazuj�� �W�H�Q�G�H�Q�F�M�
�� �G�R�� �D�J�U�H�J�D�F�M�L���� �N�W�y�U�D�� �P�R�*�H�� �E�\�ü indukowana przez jony miedzi. Ponadto, 
w�H�G�á�X�J�� �M�H�G�Q�H�M�� �]�� �K�L�S�R�W�H�]���� �N�R�P�S�O�H�N�V�\�� �M�R�Q�y�Z�� �P�H�W�D�O�L�� �]�� �$���� �S�U�]�\�F�]�\�Q�L�D�M���� �V�L�
 do generowania 
reaktywnych form tlen�X�� ���5�)�7������ �F�R�� �P�R�*�H�� �S�U�R�Z�D�G�]�L�ü�� �G�R�� �V�W�U�H�V�X�� �R�N�V�\�G�D�F�\�M�Q�H�J�R [1] 
i �X�V�]�N�R�G�]�H�Q�L�D���N�R�P�y�U�H�N nerwowych.  

Dotychczas najlepiej scharakteryzowano peptydy z rodziny �$��1-x, jednak�*�H �Z���P�y�]�Jach 
�R�V�y�E�� �F�K�R�U�\�F�K�� �Q�D�� �$�' zidentyfikowano �W�D�N�*�H inne formy tego peptydu skr�y�F�R�Q�H�� �Q�D�� �N�R���F�X��
�D�P�L�Q�R�Z�\�P���� �W�D�N�L�H�� �M�D�N���� �$��4-x���� �$��5-x i �$��12-x. �1�D�� �V�]�F�]�H�J�y�O�Q���� �X�Z�D�J�
�� �]�D�V�á�X�J�X�M�H analog A��12-16 

(Val-His-His-Gln-Lys) �S�R�V�L�D�G�D�M��cy dwie �V���V�L�D�G�X�M���F�H��reszty histydyny na drugiej (His-2) oraz 
na trzeciej (His-3, ATCUN) pozycji w sekwencji aminokwasowej. Wobec tego peptyd ten 
�Z�L���*���F���M�R�Q�\ Cu(II) �P�R�*�H��tworzy�ü �U�y�*�Q�H���V�W�U�X�N�W�X�U�\��kompleksowe, co �M�H�V�W�����F�L���O�H���]�Z�L���]�D�Q�H���] pH 
���U�R�G�R�Z�L�V�N�D �L���R�E�H�F�Q�R���F�L�����L�Q�Q�\�F�K���V�X�E�V�W�D�Q�F�M�L��w roztworze [2]. 

�:�� �P�y�]�J�X�� �]�Q�D�M�G�X�M���� �V�L�
�� �U�y�*�Q�H substancj�H�� �Q�L�V�N�R�F�]���V�W�H�F�]�N�R�Z�H, w tym �Q�H�X�U�R�S�U�]�H�N�D�(�Q�L�Ni, 
�N�W�y�U�H�� �S�U�]�\�S�X�V�]�F�]�D�O�Q�L�H�� �P�R�J���� �Z�S�á�\�Z�D�ü�� �Q�D�� �Z�á�D���F�L�Z�R���F�L�� �U�H�G�R�N�V�� �N�R�P�S�O�H�N�V�y�Z�� �&�X���,�,��-�$������
Wa�*�Q�\�P���Q�H�X�U�R�S�U�]�H�N�D�(�Q�L�N�L�H�P���� �N�W�y�Uy jest �]�D�D�Q�J�D�*owany �Z���U�H�J�X�O�D�F�M�
�� �S�U�R�F�H�V�y�Z���]�D�F�K�R�G�]���F�\�F�K��
�Z�� �P�y�]�J�X�� �M�H�V�W�� �K�L�V�W�D�P�L�Q�D���� �&�R�� �Z�L�
�Fej, z�D�X�Z�D�*�R�Q�R��istotne zmiany w �L�O�R���F�L�� �W�H�J�R��
�Q�H�X�U�R�S�U�]�H�N�D�(�Q�L�N�D���Z���P�y�]�J�D�F�K���R�V�y�E��chorych na AD [3].  

�&�H�O�H�P�� �S�R�G�M�
�W�\�F�K��prac �E�\�áo zbadanie �Z�á�D���F�L�Z�R���F�L redoks kompleksu �$��12-16 z jonami 
Cu(II). Ponadto, dokonano oceny �Z�S�á�\�Zu wybranych substancji �Q�L�V�N�R�F�]���V�W�Hczkowych 
(imidazol, histydyna, histamina) na �R�G�S�R�Z�L�H�G�(�� �H�O�H�N�W�U�R�F�K�H�P�L�F�]�Q�� chelatu Cu(II)-�$��12-16. 
Otr�]�\�P�D�Q�H�� �Z�\�Q�L�N�L�� �V�W�D�Q�R�Z�L���� �Z�D�*�Q�H�� �X�]�X�S�H�á�Q�L�H�Q�L�H�� �Z�L�H�G�]�\�� �Q�D�� �W�H�P�Dt proc�H�V�y�Z��redoks 
�N�R�P�S�O�H�N�V�y�Z���D�P�\�O�R�L�G�X����, kt�y�U�H���P�R�J�����P�L�H�ü���L�V�W�R�W�Q�\���Z�S�á�\�Z���Q�D���U�R�]�Z�y�M���F�K�R�U�R�E�\��Alzhaimera. 
 
[1] C. Hureau, P. Faller, Biochimie 91, 10 (2009). 
[2] K. Bossak-Ahmad, M. Mital, D. �3�á�R�Q�N�D���� �6.C. Drew and W. Bal, Inorg. Chem. 58, 1 
(2019). 
[3] A. Zlomuzica, D. Dere, S. Binder, M.A. De Souza Silva, J.P. Huston and E. Dere, 
Neuropharmacology 106 (2016). 
 
 
 
�3�R�G�]�L�
�N�R�Z�D�Q�L�H�� Badania �]�R�V�W�D�áy sfinansowane �S�U�]�H�]�� �3�R�O�L�W�H�F�K�Q�L�N�
�� �:�D�U�V�]�D�Z�V�N���� �Z�� �U�D�P�D�F�K��
�S�U�R�J�U�D�P�X�� �,�Q�L�F�M�D�W�\�Z�D�� �'�R�V�N�R�Q�D�á�R���F�L���� �8�F�]�H�O�Q�L�D�� �%�D�G�D�Z�F�]�D�� ���,�'-UB), projekt BIOTECHMED-1 
nr. PSP 504/04496/1020/45.010407 oraz realizowane w ramach Programu Operacyjnego 
Wiedza �(�G�X�N�D�F�M�D�� �5�R�]�Z�y�M�� ��������-2020 (POWR.03.02.00-00-I007/16-�������� �Z�V�S�y�á�I�L�Q�D�Q�V�R�Z�D�Q�H�J�R��
�]�H�����U�R�G�N�y�Z���(�X�U�R�S�H�M�V�N�L�H�J�R���)�X�Q�G�X�V�]�X �6�S�R�á�H�F�]�Q�H�J�R�� D�]�L�
�N�X�M�H�P�\ serdecznie prof. Wojciechowi 
Balowi oraz jego z�H�V�S�R�áowi z Instytutu Biochemii i Biofizyki PAN za �X�G�R�V�W�
�S�Q�L�Hnie �V�S�U�]�
�Wu 
w celu wykonania syntezy badanego peptydu. 



Is molecular oxygen really the culprit? Shedding new light on the 
proteolysis-induced fluorescence quenching mechanism in Bovine Serum 

Albumin-protected gold nanoclusters (BSA-AuNC) 
 

Matylda �:�D�F�á�D�Zska, Wojciech Dzwolak 
 

�:�\�G�]�L�D�á���&�K�H�P�L�L��Uniwersytetu Warszawskiego, ul. Pasteura 1, 02-093 Warszawa, Polska 
 
Protein stabilized noble metal nanoclusters are a highly interesting research object due 

to their high biocompatibility and ability to emit fluorescence.[1] Currently, such complexes 
are often used in medical sciences and similar fields, including the construction of biological 
sensors.[2,3] Of particular interest are the studies in which the intensity of fluorescence 
emission decreases due to the action of proteases; however the mechanism of such extinction 
has not been clearly described so far. 

The aim of the presented research is to deepen the understanding of the processes 
leading to observed fluorescence quenching in BSA-AuNC upon its proteolytic digestion with 
enzymes in aerobic and anaerobic conditions. A range of biophysical and physicochemical 
methods - including CD, FT-IR spectroscopy, fluorescence spectroscopy and SDS-PAGE was 
used to obtain data. 

Obtained results suggest that the role of molecular oxygen in fluorescence quenching is 
debatable in the studied case. Once the protein shell is digested, the oxygen has no effect on 
the intensity of fluorescence. A shift of fluorescence maxima toward the higher wavelengths 
was observed, what can be attributed to the changes in the population of different sizes of 
nanoclusters and possible aggregation of some of gold into non luminescent nanoparticles. 
 
[1] T. Chen, Y. Hu, Y. Cen, X. Chu and Y. Lu, J. Am. Chem. Soc. 135, 11595 (2013). 
[2]  Y. Gu, Q. Wen, Y. Kuang, L. Tang, and J. Jiang, RSC Adv 4, 13753 (2014). 
[3] Y. Wang, Y. Wang, F. Zhou, P. Kim and Y. Xia, Small 8, 3769 (2012). 
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�6�\�Q�W�H�]�D���Q�R�Z�\�F�K���V�]�N�L�H�O�H�W�y�Z���Petalo-organicznych z grupami aldehydowymi 
i ich post-syntetyczna modyfikacja. 

 
Marcin Wiszniewski�����0�L�F�K�D�á���&�K�P�L�H�O�H�Z�V�N�L* 

 
Laboratorium Chemii Supramolekularnej, Centrum Nauk Biologiczno-Chemicznych UW, 

�)�Z�L�U�N�L���L���:�L�J�X�U�\�������������:�D�U�V�]�D�Za, Polska 
 

Szkielety metalo-organiczne, tzw. MOF-y (z ang.: Metal-Organic Frameworks), to 
porowate i krystaliczne polimery �N�R�R�U�G�\�Q�D�F�\�M�Q�H�����Z���N�W�y�U�\�F�K���Q�L�H�R�U�J�D�Q�L�F�]�Q�H���Z�
�]�á�\���V�����S�R�á���F�]�R�Q�H��
organicznymi linkerami���� �7�\�P���� �F�R�� �Z�\�U�y�*�Q�L�D��MOF-y �V�S�R���U�y�G�� �L�Q�Q�\�F�K�� �J�U�X�S mate�U�L�D�á�y�Z��
�S�R�U�R�Z�D�W�\�F�K�� �M�H�V�W�� �P�R�*�O�L�Z�R���ü�� �P�R�G�X�O�R�Z�D�Q�L�D�� �L�F�K�� �S�R�U�R�Z�D�W�R���F�L�� �R�U�D�]�� �L�Q�Q�\�F�K �Z�á�D���F�L�Z�R���F�L poprzez 
�R�G�S�R�Z�L�H�G�Q�L�� �G�R�E�y�U�� �Z�
�]�á�y�Z�� �L�� �á���F�]�Q�L�N�y�Z���� �'�]�L�
�N�L �W�H�P�X�� �P�R�*�O�L�Z�H�� �M�H�V�W�� �S�U�H�F�\�]�\�M�Q�H�� �S�U�R�M�H�N�W�R�Z�D�Q�L�H��
struktury MOF-�y�Z�� �S�R�G�� �N���W�H�P�� �N�R�Q�N�U�H�W�Q�\�F�K �]�D�V�W�R�V�R�Z�D������ �W�D�Nic�K�� �M�D�N�� �S�U�]�H�F�K�R�Z�\�Z�D�Q�L�H�� �J�D�]�y�Z�� 
�U�R�]�G�]�L�D�á�� �P�L�H�V�]�D�Q�L�Q���� �P�D�J�D�]�\�Q�R�Z�D�Q�L�H�� �H�Q�H�U�J�L�L���� �N�D�W�D�O�L�]�D���� �G�R�V�W�D�U�F�]�D�Q�L�H�� �O�H�N�y�Z���� �Z�\�P�L�D�Q�D�� �M�R�Q�R�Z�D�� 
optyka nieliniowa, fluorescencja, magnetyzm i wiele innych [1]���� �:�L�
�N�V�]�R���ü �V�S�R���U�y�G�� �Z�\�*�H�M��
�Z�\�P�L�H�Q�L�R�Q�\�F�K�� �]�D�V�W�R�V�R�Z�D���� �]�D�O�H�*�\�� �Z�� �V�S�R�V�y�E�� �N�U�\�W�\�F�]�Q�\ od �W�U�Z�D�á�H�M�� �S�R�U�R�Z�D�W�R���F�L�� �L�� �F�K�H�P�L�F�]�Q�H�M��
�V�W�D�E�L�O�Q�R���F�L�� �V�]�N�L�H�O�H�W�y�Z�� �P�H�W�D�O�R-organicznych, co �X�N�L�H�U�X�Q�N�R�Z�D�á�R�� �Z�\�V�L�á�N�L�� �E�D�G�D�F�]�\�� �Q�D�� �S�R�S�U�D�Z�
��
�W�U�Z�D�á�R���F�L���F�K�H�P�L�F�]�Q�H�M�����P�H�F�K�D�Q�L�F�]�Q�H�M���L���W�H�U�P�L�F�]�Q�H�M �W�\�F�K���P�D�W�H�U�L�D�á�y�Z�� 

�2�G�� �Q�L�H�G�D�Z�Q�D�� �G�X�*�H�� �]�D�L�Q�W�H�U�H�V�R�Z�D�Q�L�H�� �]�D�F�]�\�Q�D�M���� �Z�]�E�X�G�]�D�ü�� �G�\�Q�D�P�L�F�]�Q�H�� �Z�á�D���F�L�Z�R���F�L��
�V�]�N�L�H�O�H�W�y�Z���P�H�W�D�O�R-�R�U�J�D�Q�L�F�]�Q�\�F�K�����3�U�R�Z�D�G�]�R�Q�H���V�����S�U�D�F�H���Q�D�G���0�2�)-�D�P�L���N�W�y�U�H���U�H�D�J�X�M�����Q�D���E�R�G�(�F�H��
�I�L�]�\�F�]�Q�H���L���F�K�H�P�L�F�]�Q�H���]�P�L�H�Q�L�D�M���F���V�Z�R�M�H���Z�á�D���F�L�Z�R���F�L���Z���V�S�R�V�y�E���R�G�Z�U�D�F�D�O�Q�\ [2,3]. �3�U�]�H�á�R�P�R�Z�H��
�Z�� �W�H�M�� �G�]�L�H�G�]�L�Q�L�H�� �E�\�á�R�E�\�� �R�S�U�D�F�R�Z�D�Q�L�H�� �P�D�W�H�U�L�D�á�y�Z�� �N�W�y�U�H�� �P�R�J���� �Z�� �V�S�R�V�y�E�� �G�\�Q�D�P�L�F�]�Q�\��
�U�H�R�U�J�D�Q�L�]�R�Z�D�ü���Z�F�K�R�G�]���F�H���Z���L�F�K���V�N�á�D�G���E�O�R�N�L budulcowe (Rys. 1). �,�Q�W�H�U�H�V�X�M���F�H���S�R�G���W�\�P���N���W�H�P��
�Z�\�G�D�M���� �V�L�
�� �0�2�)-y udekorowane grupami aldehydowymi. Aldehydy �á�D�W�Z�R�� �L�� �R�G�Z�U�D�F�D�Onie 
�U�H�D�J�X�M�����]��aminami, hydrazydami �L���L�Q�Q�\�P�L���]�Z�L���]�N�D�P�L�����F�R���F�]�\�Q�L���M�H���Z�\�M���W�N�R�Z�R���D�W�U�D�N�F�\�M�Q�\�P�L���G�R��
zastosowania w chemii MOF-�y�Z���� �-�H�G�Q�D�N�*�H���� �]�H�� �Z�]�J�O�
�G�X�� �Q�D�� �Z�U�D�*�O�L�Z�R���ü�� �J�U�X�S�� �D�O�G�H�K�\�G�R�Z�\�F�K����
�G�R���W�H�M���S�R�U�\�� �R�S�L�V�D�Q�R���W�\�O�N�R���N�L�O�N�D���S�U�]�\�N�á�D�G�y�Z���0�2�)-�y�Z���]�D�Z�L�H�U�D�M���F�\�F�K���W�H���J�U�X�S�\���� �� �&�H�O�Hm moich 
�E�D�G�D�����M�H�V�W���Z�L�
�F���R�S�U�D�F�R�Z�D�Q�L�H���Q�R�Z�\�F�K�����W�U�Z�D�á�\�F�K���0�2�)-�y�Z���]���J�U�X�S�D�P�L���D�O�G�H�K�\�G�R�Z�\�P�L���L���E�D�G�D�Q�L�D��
nad ich reakcjami z aminami lub innymi blokami budulcowymi. 

 

 
�5�\�V���� ������ �6�F�K�H�P�D�W�� �V�D�P�R�R�U�J�D�Q�L�]�D�F�M�L�� �E�O�R�N�y�Z�� �E�X�G�X�O�F�R�Z�\�F�K�� �Z�� �0�2�)-�L�H�� �Z�\�Z�R�á�D�Q�H�M�� �F�]�\�Q�Q�L�N�L�H�P�� �F�K�H�P�L�F�]�Q�\�P�� ���W�H�P�S�O�D�Wem). 
Kolorem czerwonym zaznaczono �Q�L�H�R�U�J�D�Q�L�F�]�Q�H���Z�
�]�á�\�����V�]�D�U�\�P���R�U�J�D�Q�L�F�]�Q�H���á���F�]�Q�L�N�L�����*�y�á�W�\�P���J�U�X�S�\��funkcyjne (aldehydowe). 

 
[1] A. Kirchon, L. Feng, H. F. Drake, E. A. Josepha, H. Zhou, Chem. Soc. Rev. 47, 8611 
(2018).  
[2] A. Mallick, B. Garai, M. A. Addicoat, P. S. Petkov, T. Heinec, R. Banerjee, Chem. Sci. 6, 
1420 (2015). 
[3] E. A. Dolgopolova, V. A. Galitskiy, C. R. Martin, H. N. Gregory, B. J. Yarbrough, A. M. 
Rice, A. A. Berseneva, O. A. Ejegbavwo, K. S. Stephenson, P. Kittikhunnatham, S. G. 
Karakalos, M. D. Smith, A. B. Greytak, S. Garashchuk, N. B. Shustova, J. Am. Chem. Soc. 
141, 5350 (2019). 
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How Do Statins With Different Hydrophobicity Affect Biological Cell 
Membranes? 
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Lipid rafts are microdomains found on the outside leaflet of lipid membranes. This 

model of biological membranes was introduced by Simons and Van Meer et al. [1], who 
demonstrated the presence of rigid lipid-protein structures on the background of a fluid 
mosaic [2]. Lipid rafts are characterized by a high content of sphingolipids and cholesterol. 
Their specificity means that they perform many functions in cellular processes, but most of all 
they are a place of anchoring proteins.  

The protein, 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA), responsible for the 
production of cholesterol in the body, occurs in the membranes of the endoplasmic reticulum 
(ER) [3]. ER membranes can be modelled by the lipid raft system consisting of 
DOPC:Chol:SM in 1:1:1 ratio. The level of cholesterol in the membranes is regulated 
spontaneously, but excessive level of LDL cholesterol in the blood is more and more often 
observed in patients. The drugs commonly used to reduce the production of cholesterol in 
hepatocytes are statins - the HMG-CoA reductase inhibitors [4]. Statins are drugs with 
different physicochemical properties. From the viewpoint of their influence on the properties 
of lipid membranes, an important factor is the degree of their hydrophobicity. 

In this report, three statins differing in lipophilicity were used: pravastatin < fluvastatin 
< cerivastatin [5]. The mechanisms of molecular interactions between drugs and lipids were 
investigated by Langmuir technique, Brewster angle microscopy (BAM) and surface pressure 
measurements over time. Additionally, the polarization modulated infrared absorption 
spectroscopy (PM-IRRAS) at the interface was used to investigate the degree of membrane 
penetration by selected statins. Surface assessment of drug-changing structures was performed 
using fluorescence microscopy. 

The study proved significant differences in the surface characteristics of the 
DOPC:Chol:SM monolayers under influence of the three statins. The degree of 
hydrophobicity of statins has impact on the ease of penetration of the lipid layers of the lipid 
raft [6]. The results of the presented research suggest [7] that the negative side effects 
observed often in statin therapies may be connected with their influence on the structure, and 
hence functions of the biological membranes. 

 
[1] K. Simons et al., Biochemistry 27, 6197-6202 (1988). 
[2] S.J. Singer et al., Science 175, 720-731 (1988). 
[3] L. Liscum et al., Journal of Biological Chemistry 260, 522-530 (1985). 
[4] E.S. Istvan et al., Science 292, 1160-1164 (2001). 
[5] L.F. Galiullina et al., Biochimica et Biophysica Acta �± Biomembranes 1859, 295-300 
(2017). 
[6] M. Zaborowska et al., Journal of Molecular Liquids 313, 113570 (2020). 
[7] M. Zaborowska et al., Electrochimica Acta 138514 (2021). 
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��
�� �:�� �R�V�W�D�W�Q�L�F�K�� �O�D�W�D�F�K�� �R�E�V�H�U�Z�X�M�H�� �V�L�
�� �R�J�U�R�P�Q�H�� �]�D�L�Q�W�H�U�H�V�R�Z�D�Q�L�H�� �S�U�R�M�H�N�W�R�Z�D�Q�L�H�P�� �Q�R�Z�\�F�K����
�I�X�Q�N�F�M�R�Q�D�O�Q�\�F�K�� �Q�D�Q�R�P�D�W�H�U�L�D�á�y�Z�� �G�R�� �R�S�U�D�F�R�Z�D�Q�L�D�� �Q�R�Z�\�F�K�� �H�O�H�N�W�U�R�N�D�W�D�O�L�]�D�W�R�U�y�Z�� �P���L�Q�����G�R��
�U�H�D�N�F�M�L�� �U�H�G�X�N�F�M�L�� �W�O�H�Q�X�� ���2�5�5������ �3�U�R�F�H�V�� �U�H�G�X�N�F�M�L�� �W�O�H�Q�X�� �M�H�V�W�� �M�H�G�Q���� �]�� �J�á�y�Z�Q�\�F�K�� �U�H�D�N�F�M�L��
�]�D�F�K�R�G�]���F�\�F�K�� �Z�� �R�J�Q�L�Z�D�F�K�� �S�D�O�L�Z�R�Z�\�F�K���� �1�D�M�Z�L�
�N�V�]�\�P�� �R�J�U�D�Q�L�F�]�H�Q�L�H�P�� �W�H�J�R�� �S�U�R�F�H�V�X�� �M�H�V�W�� �M�H�J�R��
�N�L�Q�H�W�\�N�D�����S�R�Q�L�H�Z�D�*���S�U�R�F�H�V���U�H�G�X�N�F�M�L���W�O�H�Q�X���P�R�*�H���]�D�F�K�R�G�]�L�ü���Z�J���G�Z�y�F�K���U�y�*�Q�\�F�K���P�H�F�K�D�Q�L�]�P�y�Z����
�-�H�G�Q�\�P�� �]�� �Q�L�F�K�� �M�H�V�W�� �P�H�F�K�D�Q�L�]�P�� �����H�O�H�N�W�U�R�Q�R�Z�\���� �Z���N�W�y�U�\�P�� �M�H�G�\�Q�\�P�� �S�U�R�G�X�N�W�H�P�� �M�H�V�W�� �Z�R�G�D����
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Receptory soli  opart e na szkielecie kwasu  
2,2-(bis-hydr oksymetylo)prop ionowego 

 
�'���=�D�á�X�E�L�Q�L�D�N1 �3���3�L���W�H�N1 

 
1 �:�\�G�]�L�D�á���&�K�H�P�L�L���8�Q�L�Z�H�U�V�\�W�H�W�X���:�D�U�V�]�D�Z�V�N�L�H�J�R 

 
�(�N�V�W�U�D�N�F�M�D���D�Q�L�R�Q�y�Z�����L���V�R�O�L���]���U�R�]�W�Z�R�U�y�Z���Z�R�G�Q�\�F�K���G�R���U�R�]�W�Z�R�U�y�Z���R�U�J�D�Q�L�F�]�Q�\�F�K���F�L�H�V�]�\���V�L�
��

�Z�]�U�D�V�W�D�M���F�\�P�� �]�D�L�Q�W�H�U�H�V�R�Z�D�Q�L�H�P�� �E�D�G�D�F�]�\���� �*�á�y�Z�Q���� �L�G�H���� �M�H�V�W�� �X�V�X�Q�L�
�F�L�H potencjalnie 
�V�]�N�R�G�O�L�Z�\�F�K�� �M�R�Q�y�Z�� �]�H�� ���U�R�G�R�Z�L�V�N�D���� �:�� ���U�R�G�R�Z�L�V�N�X�� �Z�R�G�Q�\�P�� �M�R�Q�\�� �V���� �V�L�O�Q�L�H�� �K�\�G�U�D�W�R�Z�D�Q�H����
�G�O�D�W�H�J�R�� �U�H�F�H�S�W�R�U�� �P�X�V�L�� �N�R�Q�N�X�U�R�Z�D�ü�� �]�� �F�]���V�W�H�F�]�N�D�P�L�� �Z�R�G�\�� �Z�� �S�U�R�F�H�V�L�H�� �Z�L���]�D�Q�L�D�� �V�R�O�L���� �'�O�D��
zapewnienia transportu soli do warstwy organicznej, receptor kompleks receptor-�V�y�O���P�X�V�L���E�\�ü��
lipofilowy. �:���U�y�G�� �Z�L�H�O�X�� �R�W�U�]�\�P�D�Q�\�F�K�� �Z�� �Q�D�V�]�H�M�� �S�U�D�F�R�Z�Q�L�� �U�H�F�H�S�W�R�U�y�Z�� �V�R�O�L���� �W�\�O�N�R�� �N�L�O�N�D�� �P�D��
�V�]�D�Q�V�H�� �]�R�V�W�D�ü�� �]�D�V�W�R�V�R�Z�D�Q�\�P�L�� �Z�� �S�U�R�F�H�V�L�H�� �H�N�V�W�U�D�N�F�M�L�� �V�R�O�L���� �:�� �Z�\�Q�L�N�X�� �U�H�D�O�L�]�D�F�M�L�� �M�H�G�Q�H�J�R�� 
z �S�U�R�M�H�N�W�y�Z�� �E�D�G�D�Z�F�]�\�F�K���� �R�W�U�]�\�P�D�á�D�P�� �U�R�G�]�L�Q�
�� �U�H�F�H�S�W�R�U�y�Z�� �V�R�O�L���� �E�D�]�X�M���F�\�F�K�� �Q�D�� �F�]���V�W�H�F�]�F�H��
kwasu 2,2-bis(hydroksymetylo)propionowego. 

�*�á�y�Z�Q�\�P�� �F�H�O�H�P�� �S�U�R�M�H�N�W�X�� �E�\�á�R�� �S�U�]�H�S�U�R�Z�D�G�]�H�Q�L�H�� �E�D�G�D���� �H�N�V�W�U�D�N�F�\�M�Q�\�F�K�� �F�D�á�H�M�� �U�R�G�]�L�Q�\��
�U�H�F�H�S�W�R�U�y�Z�� �V�R�O�L�� �R�S�D�U�W�\�F�K�� �Q�D�� �V�]�N�L�H�O�H�F�L�H�� �N�Z�D�V�X�� ������-bis(hydroksymetylo)propionowego. 
�3�U�]�H�S�U�R�Z�D�G�]�R�Q�H�� �]�R�V�W�D�á�\�� �H�N�V�W�U�D�N�F�M�H�� �V�R�O�L�� �Z�� �X�N�á�D�G�]�L�H�� �F�L�H�F�]-�F�L�H�F�]�� �R�U�D�]�� �F�L�D�á�R�� �V�W�D�á�H-ciecz. 
�3�U�]�H�S�U�R�Z�D�G�]�R�Q�R�� �S�U�y�E�\�� �H�N�V�W�U�D�N�F�M�L�� �V�R�O�L�� �]�D�Z�L�H�U�D�M���F�\�F�K�� �O�L�S�R�I�L�O�R�Z�H�� �S�U�]�H�F�L�Z�M�R�Q�\���� �Q�D�V�W�
�S�Q�L�H��
�D�Q�D�O�L�]�L�H�� �S�R�G�G�D�Q�\�� �]�R�V�W�D�á�� �S�U�R�F�H�V�� �S�U�]�H�Q�L�H�V�L�H�Q�L�D�� �Z�\�E�U�D�Q�\�F�K soli sodowych i potasowych  
�]�� �U�R�]�W�Z�R�U�X�� �Z�R�G�Q�H�J�R�� �G�R�� �Z�D�U�V�W�Z�\�� �R�U�J�D�Q�L�F�]�Q�H�M���� �(�I�H�N�W�\�Z�Q�R���ü�� �H�N�V�W�U�D�N�F�M�L�� �R�V�]�D�F�R�Z�D�Q�R�� �G�]�L�
�N�L��
�Z�\�]�Q�D�F�]�H�Q�L�X�� �V�W�
�*�H���� �S�U�]�H�Q�R�V�]�R�Q�\�F�K�� �V�R�O�L���� �6�W�
�*�H�Q�L�D�� �D�Q�L�R�Q�y�Z�� �Z�\�]�Q�D�F�]�R�Q�R�� �P�H�W�R�G�D�P�L��
�N�R�O�R�U�\�P�H�W�U�\�F�]�Q�\�P�L�� �Q�D�W�R�P�L�D�V�W�� �� �N�D�W�L�R�Q�y�Z�� �P�H�W�R�G���� �D�W�R�P�R�Z�H�M�� �V�S�H�N�W�U�R�V�N�R�S�L�L absorpcyjnej.  
�:���S�U�H�]�H�Q�W�D�F�M�L���S�U�]�H�G�V�W�D�Z�L�R�Q�\���]�R�V�W�D�Q�L�H���V�]�O�D�N���V�\�Q�W�H�W�\�F�]�Q�\���R�W�U�]�\�P�D�Q�\�F�K���]�Z�L���]�N�y�Z���R�U�D�]���Z�\�Q�L�N�L��
�E�D�G�D�����N�R�P�S�O�H�N�V�R�W�Z�y�U�F�]�\�F�K�� 

 



���������	
��
�	�
��
�������������
���
��
�	�	
�	��������	������	�����

��
�������������� 
� �
��
������ �� �
�� ������	�
���
����	���������	
�����������	���������������������

�������	�
��
������	����	�������

�������	����������������������� ��������
�������������������
����������	�����������������
������	������������������������	��� ��	�������������
������	��	��������
��� � ������	�����	 � �� � ��� � �������� � �	�� � ����� � ������

�	� � ������	� � � �	� � ��� � ��
����	�����	 � �� � ���
�	���� � �	� � ����� � ��������� � 
��
������ � �� � � � ��� � �� � ������	�� �� �	������ � ���� � 
������� � �� � 	�������
�������������� ��������������	�����	��������������
��	������������ ��	���!
�������	�����	��������
����������	�����������
��	��������������������	�	��	"����������� ������� 	���
����	����	���������	��	
������	�����	#
���������������	���	����
���������������	���	������� �������������������������	��������

��$�	�
�	���	���������������	��������������
��������%	���	������� ��������	���������
���������	�����
��������������
��$�	�
�	���
��������
������������$���	������	�����	����
�	��� ��
��$�	��&���������
����� � ���� � ������	�����	 � ������� � ����� � 
� � ���	�����	� � ���� � �	���� ���� � ��	$��	 � ��� � ������ � �	� � ���	
������	�����������������	����
�	�����������������	����%	�
������� ��������������������
�	��'( )�*�
��������
�	#���
�	�
�	��������
�	�������������������	��	�����$�	���� ���
����
�����������������	���
+�����
���
�	�+�����
(������� � �

������� � ��� � ������	�����	 � �� � ����� � ( )� � ���� � 
��	 � ��
 ����	��� � �	 � ��� � �������	�
��������$� � '��������� � �������	� � �

����� � ',� *� � $��	�� � �	���� � �� ���� � '-.,*� � ���������
�������	����	��������	"��������
��',/00**��	��������	���	�����	� �������������	��������������	�����
�����������������
�	���������������1���)��������	���������� �����������������������

����������������
��
���
���

������	������������������( )���	����������������
����� ���������
���������	������������������
����	����

����
����	��������	��������������1���
%	���������$����
����	����	�������������������������������� ���������������������( )����
��	�������
����������
����
�����������������������	�����$��	�
������	�� �
���	�������		���	�������	�	���	������
������!��������'��������������������������	������
������	� �*���	����������	�������������������������	�
���� � ���������� � �������	� � �� � ��� � �������� � �	� � ����������� �� � �� � ��� �( ) � ��������� � /�� � �	���	���
���	��

���	��������������������0 23�������������		���	����������������������������������41��	������� �
	�
������	���������������������������������#�41�����
������������ ������������������	�
���

�������
���
�	�	�	���
����	�����
��	����������
%	������ � �� � ���� � ��� � �������� � �� � ��� � ������	�����	 � ������ � �� � ���������� � ��� � �	��������	 � �	���� � ��
�������������������������	�����0 23��	��0 53���������������#���
����
�����
����	��������'6 (�*�������
��	����� � ��� � ������� � �� � ��� � )������#/��$� ')/* � ����� � '��� � ��#������ �6 (�3*� �%�� ���	� � ��� � ���� � ���
���������
����������������	�#���������
�����	���	���
����	������������ ��������������������������������
���	 � �7� � 8	 � ��� � ����� � ��	�� � ��� � 6 (�3 � ���
�	�	�� � ����� � ����
����� ��� � ������
�	� � �� � ���
��
������������)/��	��������	��	�����������
������������������ ��������������������������������	�#
�������	������	������������������
�����37��8�������������������� ������	�����������)/��	��������	��	����
����	�������
�����37��8	���������	�����������������������)/�
�������� ����	��������	��	�������	�
�
��������
���	������	�������������������������������	��������	��� ��	���������������
�����	��	�������
���� � ���� � ���
������	���� � �!
�	����� � ���������� � �	� � ��	 � 
��
��� � � � ���� �� � ����� � ��	����� � �� � �
����������	 � �� � � ��� � )/ � �	��������	 � �	���� � ��� � ��� � ����� � ���
�� ! � �	� � �� � � ��$�	� � ��� � �� � ���
������	�����	��	�����������
���	��������
�����	��	������	���

�	 ��!
���������
������������������
�����������

������
��(9#:����%	��������������	��
��(066��	������ ��������	�
(; 0.#2%(�<�1525� � ,=%6>�?%;4>-4�3�24�<� � ��� � ��

��� � ���� � ��� �=����	�� �6���	� � �0�	��� � �� � (���	�
�����������	���3�54�54&46�@43�2AA�����������������$	���������

����,�� ��0����	���;��(��&����	��� ��� �!���"�����	� �""# ��B235CB2@��'�3�B*�
����.��,�����������	������-���	��� �� #�
�
����������$�����
�!������ �	
���� "$%$����1131�'�3��*��
�1��&��>��=���$���?��&��$�����9��9���-��;������������� %��������
���� �!���$������������ #�
�
����
"&����23#��5��'�3�3*��
�@��?���D��	��� &!���
�
�!�"�#��
	 ��' ��@@2@B�'�3�5*�



In vitro study and characterisation of core-shell Fe3O4@Au-Tmab 
nanoradiobioconjugate 

M. ! uk  1, A. Majkowska-Pilip  2 A. Bilewicz 2 P. Krysi" ski 1 

1 Faculty of Chemistry, University of Warsaw, Pasteura 1, 02-093 Warsaw o 
2 Institute of Nuclear Chemistry and Technology, Dorodna 16, 03-195 Warsaw 

 Cancer being just after the cardiovascular diseases is the leading disease in the world. 
According to the WHO every sixth death takes place due to cancer-related diseases [1]. One 
of the most promising method in cancer treatment is so called synergistic therapy based  on 
radionuclides and localized hyperthermia. In our nanoparticle we combine 198Au, soft energy 
! - emitter with superparamagnetic iron oxide core nanoparticles (SPION). In this way we 
hope to achieve greater therapeutic effect than using radiotherapy and hyperthermia 
separately. The use of trastuzumab as vector (monoclonal antibody, Tmab) will allow us to 
facilitate specific targeting towards HER2 positive breast cancer cells. Model of proposed 
nanoparticles is presented below: 

 Designed nanoparticles are gold-198 coated with high efficiacy and have size between 
15-30 nm with zeta potential around - 15 mV . Specific absorption rate (SAR) for 
bioconjugate is as high as 120 W/g. Cytotoxycity on SKOV3 (ovarian cancer cell line 
HER2+) varies from 85% to 15% (0,8 Ð 8,5MBq/mL) after 72h, with non-radioactive 
formulation having no to very little toxicity. For synergy studies small tumor model 
(spheroids) were used.  
 Proposed nanoradiobioconjugate shows great promise as future therapeutic platform 
combining radionuclide therapy and localized magnetic hyperthermia. However, few 
obstacles must be addressed. For example obtaining higher stability of nanoradiobioconjugate 
in biological media as well as developing formulation with higher binding specificity towards 
HER2 positive cell lines.  

Acknowledgments  
 The contribution of M.T. " uk was realized within Project No POWR.03.02.00-00-
I009/17-00 (Operational Project Knowledge Education Development 2014-2020 co-
financed by European Social Fund). 

[1] https://www.who.int/cancer/en/ 



Odciski Molekularne w MOF-ach 
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MOF-y (z ang. metal-organic frameworks�����V�����G�\�Q�D�P�L�F�]�Q�L�H���U�R�]�Z�L�M�D�M���F�����V�L�
���N�O�D�V�����P�D�W�H�U�L�D�á�y�Z ze 
�Z�]�J�O�
�G�X�� �Q�D�� �L�F�K�� �Q�L�H�]�Z�\�N�O�H�� �F�L�H�N�D�Z�H�� �Z�á�D���F�L�Z�R���F�L�� �L�� �]�D�V�W�R�V�R�Z�D�Q�L�D, takie jak magazynowanie i 
�V�H�O�H�N�W�\�Z�Q�\�� �U�R�]�G�]�L�D�á �J�D�]�y�Z����sensing, kataliza heterogeniczna i wiele innych. �0�D�W�H�U�L�D�á�\�� �W�H��
�]�E�X�G�R�Z�D�Q�H�� �V�� �]�� �R�U�J�D�Q�L�F�]�Q�\�F�K�� �O�L�Q�N�H�U�y�Z�� �S�R�á���F�]�R�Q�\�F�K klastrami metali �Z�� �W�U�y�M�Z�\�P�L�D�U�R�Z������
�N�U�\�V�W�D�O�L�F�]�Q���� �V�L�H�ü���� �-�H�G�Q���� �]�� �Z�D�*�Q�\�F�K�� �J�D�á�
�]�L�� �E�D�G�D���� �Q�D�G���W�\�P�L���P�D�W�H�U�L�D�áami �V�� tzw. MTV-MOF-y 
(ang. multivariate metal-organic frameworks)���� �N�W�y�U�H�� �]�E�X�G�R�Z�D�Q�H�� �V���� �]�� �G�Z�y�F�K �O�X�E�� �Z�L�
�F�H�M 
�U�R�G�]�D�M�y�Z�� �O�L�Q�N�H�U�y�Z���� �%�D�U�G�]�R�� �F�]�
�V�W�R�� �Z�\�N�D�]�X�M���� �R�Q�H�� �G�X�*�R�� �O�H�S�V�]�H�� �Z�á�D���F�L�Z�R���F�L�� �Q�L�*�� �D�Q�D�O�R�J�L�F�]�Q�H��
MOF-y zbudowane z jednego rodzaju linkera, tj. w�\�*�V�]�D���V�W�D�E�L�O�Q�R���ü���F�]�\���Z�\�*�V�]�D���V�R�U�E�F�M�D �J�D�]�y�Z�� 
�-�H�G�Q�D�N�� �]�H�� �Z�]�J�O�
�G�X�� �Q�D�� �G�R�W�\�F�K�F�]�D�V��bardzo �R�J�U�D�Q�L�F�]�R�Q�H�� �P�R�*�O�L�Z�R���F�L�� �N�R�Q�W�U�R�O�L�� �S�U�]�H�V�W�U�]�H�Q�Q�H�M��
�G�\�V�W�U�\�E�X�F�M�L���R�N�U�H���O�R�Q�\�F�K���J�U�X�S���I�X�Q�N�F�\�M�Q�\�F�K���Z��MTV-MOF-ach, uzyskanie MOF-�y�Z���]���R�G�F�L�V�N�L�H�P��
�P�R�O�H�N�X�O�D�U�Q�\�P���V�W�D�á�R���V�L�
���M�H�G�Q�\�P���]���R�J�U�Rm�Q�\�F�K���Z�\�]�Z�D�����Z���F�D�á�H�M���G�]�L�H�G�]�L�Q�L�H��- tego ty�S�X���S�R�G�H�M���F�L�H 
�P�R�*�H�� �R�N�D�]�D�ü�� �V�L�
 niezwykle �X�*�\�W�H�F�]�Q�H w opracowywaniu nowych mater�L�D�á�y�Z�� �S�R�G�� �N���W�H�P 
�R�N�U�H���O�R�Q�\�F�K���]�D�V�W�R�V�R�Z�D�����D���W�D�N�*�H��w rozpoznawaniu molekularnym. 

C�H�O�H�P�� �P�R�L�F�K�� �E�D�G�D���� �M�H�V�W�� �R�S�U�D�F�R�Z�D�Q�L�H�� �P�H�W�R�G�\�� �X�]�\skania MTV-MOF-�y�Z�� �R�� �N�R�Q�W�U�R�O�R�Z�D�Q�H�M��
przestrzennej dystrybucji grup funkcyjnych. �.�R�Q�F�H�S�F�M�D�� �P�R�L�F�K�� �E�D�G�D���� �R�S�L�H�U�D�� �V�L�
��na 
przeprowadzeniu odwracalnej reakcji �S�R�P�L�
�G�]�\�� �F�]���V�W�H�F�]�N����templatu a odpowiednio 
sfunkcjonalizowanym MOF-em, na�V�W�
�S�Q�L�H�� �S�U�]�H�N�V�]�W�D�á�F�H�Q�L�X�� �Q�L�H�S�U�]�H�U�H�D�J�R�Z�D�Q�\�F�K�� �J�U�X�S��
�I�X�Q�N�F�\�M�Q�\�F�K�� �O�L�Q�N�H�U�D�� �Z�� �V�S�R�V�y�E�� �V�H�O�H�N�W�\�Z�Q�\�� �Z�]�J�O�
�G�H�P �Z�L���]�D�Q�L�D��templat-MOF i na koniec - 
us�X�Q�L�
�F�L�X���F�]���V�W�H�F�]�N�L���W�H�P�S�O�D�W�X���]���P�D�W�H�U�L�D�á�X�� 

 

 

 

Podczas dotych�F�]�D�V�R�Z�\�F�K�� �E�D�G�D���� �]�V�\�Q�W�H�]�R�Z�D�á�D�P�� �8�L�2-68 z grupami aldehydowymi oraz 
�Z�V�W�
�S�Q�L�H�� �]�R�S�W�\�P�D�O�L�]�R�Z�D�á�D�P�� �Z�D�U�X�Q�N�L�� �V�H�O�H�N�W�\�Z�Q�H�J�R�� �S�U�]�H�N�V�]�W�D�á�F�D�Q�L�D�� �J�U�X�S�� �Dldehydowych w 
hydrazony, oksymy oraz olefiny �Z���R�E�H�F�Q�R���F�L���J�U�X�S���L�P�L�Q�R�Z�\�F�K. �2�E�H�F�Q�L�H���S�U�D�F�X�M�
���Q�D�G���Z�\�E�R�U�H�P��
�R�G�S�R�Z�L�H�G�Q�L�F�K���W�H�P�S�O�D�W�y�Z���G�R���Z�\�N�R�Q�D�Q�L�D���P�R�G�H�O�R�Z�\�F�K���R�G�F�L�V�N�y�Z���P�R�O�H�N�X�O�D�U�Q�\�F�K���R�U�D�]���Q�D�G���G�D�O�V�]����
�R�S�W�\�P�D�O�L�]�D�F�M�����V�H�O�H�N�W�\�Z�Q�R���F�L���Z�\�E�U�D�Q�\�F�K���S�U�]�H�]�H���P�Q�L�H���S�U�]�H�N�V�]�W�D�á�F�H���� 
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mRNA decapping plays an important role in gene expression by controlling the stability of 
messenger RNA. In humans, Dcp1-Dcp2 complex plays major role in decapping of full -
length mRNAs. Studies has shown that some viruses (e.g. poxviruses) possess their own 
decapping enzymes, but their role in viral infection has not been fully elucidated. [1]            
D9 enzyme from Vaccinia virus is a Nudix hydrolase that recognizes m7G cap structure in 
�P�5�1�$�� �D�Q�G�� �F�O�H�D�Y�H�V�� �L�W�V�� �S�\�U�R�S�K�R�V�S�K�D�W�H�� �E�R�Q�G�� �E�H�W�Z�H�H�Q�� �.�� �D�Q�G�� ���� �S�K�R�V�S�K�D�W�H�V�� �W�R�� �U�H�O�H�D�V�H�� �P7GDP. 
The cleavage triggers host mRNA degradation process which leads to the shutdown of host 
protein synthesis.  

Here, we aimed to develop a simple fluorescence-based assay to identify small molecule 
compounds that could modulate the activity of D9 enzyme. In this method, m7G nucleotide 
labelled with pyrene that releases fluorescence upon enzymatic cleavage was used as an 
activity probe. We used this approach to monitor the fluorescence intensity changes during 
enzymatic reactions in the presence of various potential inhibitors on a 96-well plate reader to 
identify the most potent compounds. Hits from the screening experiments were then verified 
and characterized for their binding affinity, selectivity to the target and inhibitory properties 
by lower-throughput but more accurate methods, e.g. in vitro decapping on RNA substrates.  

This work was supported by grant from the Foundation for Polish Science (TEAM/2016-
2/13). 

[1] S. Parrish and B. Moss, J. Virol. 81, 1973-129783 (2007).  
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Study of the � -decay of a very neutron-de�cient nucleus 55Zn
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Exploring the properties of the nuclei lying far from the� -stability path is an im-
portant topic of nuclear physics studies. Exotic proton-rich nuclei lying at the so-called
proton drip-line, are characterized by having large� + decay energy. This can lead to the
population of highly-excited particle-unbound states, opening the possibility to observe
a variety of decay channels with� -delayed (multi-)particle emission. Besides providing a
unique chance to understand the structure of nuclei far awayfrom stability, studying these
decay channels of such exotic nuclei can provide an important input for the astrophysical
processes modeling.

Designed and built over a decade ago at the University of Warsaw an OTPC detector
(Optical-readout Time Projection Chamber) gives possibility to investigate wide spectrum
of decay modes with charged particles emission. The device is mainly used for studying
delayed proton emission, although it was designed for a two-proton radioactivity [1]. The
CCD image provides a projection of particle tracks on thexy plane. The photomultiplier
(PMT) waveform shows the distribution of a light intensity as a function of time, which
allows for determination of the time between the ion implantation and the decay. The
combination of data from the CCD and the PMT is also used to reconstruct the track
of the particle in three dimensions. One big advantage of this technique is based on the
fact, that one registered decay event is enough to correctlyidentify the decay mode and
its probability.

In this work, results of the data analysis for the� + decay of55Zn will be presented. The
experiment was performed at the BigRIPS separator in the Rare-Isotope Beam Factory
at the RIKEN Nishina Center (Japan). The decay by delayed two-proton emission was
observed for the �rst time. Total branching ratios for � -delayed proton emission and for
� -delayed two-proton emission were determined. Half-life of studied nucleus was obtained.
In addition, energy spectrum for delayed low-energy protons was established.

[1] K. Miernik et al., Phys. Rev. Lett99, 192501 (2007).
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Dark Matter:
What Do We Know

and What We Do Not

Micha l Iglicki
michal.iglicki@fuw.edu.pl

Faculty of Physics, University of Warsaw,
ul. Ludwika Pasteura 5, 02-093, Warsaw, Poland

Although it is ca. 5 times more abundant than all known kinds ofparticles in total,
dark matter (DM) still remains a mystery { almost all we know about it is that it exists.
Why do we believe in existence of DM? What can it consist of? Why dothe simplest
models not satisfy us? How to see the dark particle(s) and whatcan we conclude from
the null results? In this talk I will brie
y summarize the present-day state of knowledge,
describe current attempts to discover DM, and discuss exemplary theoretical issues I have
worked on.
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�D�F�W�L�Y�H �S�D�U�W�V �R�I �V�S�L�Q�W�U�R�Q�L�F �G�H�Y�L�F�H�V�� �7�K�H �F�K�R�L�F�H �R�I �V�X�E�V�W�U�D�W�H �D�I�I�H�F�W�V �W�K�H �P�D�J�Q�H�W�L�F �S�U�R�S�H�U�W�L�H�V �R�I
�7�0�3�F�¶�V��

�0�;�H�Q�H�V�� �D �I�D�L�U�O�\ �Q�H�Z �I�D�P�L�O�\ �R�I ���' �P�D�W�H�U�L�D�O�V �E�D�V�H�G �R�Q �W�U�D�Q�V�L�W�L�R�Q �P�H�W�D�O �F�D�U�E�L�G�H�V �D�Q�G
�Q�L�W�U�L�G�H�V�� �Z�H�U�H �Q�R�W �V�W�X�G�L�H�G �\�H�W �D�V �V�X�E�V�W�U�D�W�H�V �L�Q �V�X�F�K �K�\�E�U�L�G �V�\�V�W�H�P�V�� �+�H�U�H�� �Z�H �U�H�S�R�U�W �W�K�H �U�H�V�X�O�W�V
�R�I�W�K�H�R�U�H�W�L�F�D�O���V�W�X�G�L�H�V���R�I���W�K�H���L�U�R�Q���S�K�W�K�D�O�R�F�\�D�Q�L�Q�H�����)�H���3�F�� �P�R�O�H�F�X�O�H���D�G�V�R�U�E�H�G���D�W���W�K�H���7�L���&���O�D�\�H�U��

�7�K�H �P�R�V�W �U�H�O�H�Y�D�Q�W �L�V�V�X�H �L�Q �W�K�H �S�U�H�V�H�Q�W �V�W�X�G�\ �L�V �W�K�H �L�Q�W�H�U�D�F�W�L�R�Q �E�H�W�Z�H�H�Q �W�U�D�Q�V�L�W�L�R�Q �P�H�W�D�O�V��
�I�U�R�P �W�K�H �P�R�O�H�F�X�O�H �D�Q�G �W�K�H �V�X�E�V�W�U�D�W�H�� �6�S�H�F�L�D�O �D�W�W�H�Q�W�L�R�Q �L�V �S�D�L�G �W�R �W�K�H �L�V�V�X�H�V �R�I �V�W�U�X�F�W�X�U�D�O
�R�S�W�L�P�L�]�D�W�L�R�Q �D�Q�G �P�D�J�Q�H�W�L�F �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �R�I �W�K�L�V �F�R�P�S�O�H�[�� �Z�K�H�U�H �Y�D�U�L�R�X�V �P�D�J�Q�H�W�L�F
�F�R�Q�I�L�J�X�U�D�W�L�R�Q�V �D�U�H �F�R�Q�V�L�G�H�U�H�G�� �7�K�H �D�E�L�O�L�W�\ �R�I �W�K�H �V�X�U�I�D�F�H �W�R �D�V�V�X�P�H �V�W�D�E�O�H �I�H�U�U�R�P�D�J�Q�H�W�L�F �D�Q�G
�D�Q�W�L�I�H�U�U�R�P�D�J�Q�H�W�L�F �S�K�D�V�H�V �D�Q�G �W�K�H �L�Q�G�X�F�H�G �R�U�L�H�Q�W�D�W�L�R�Q �F�K�D�Q�J�H �R�I �W�K�H �P�D�J�Q�H�W�L�F �P�R�P�H�Q�W �L�Q �W�K�H
�)�H�3�F �O�H�D�G �W�R �I�R�X�U �G�L�I�I�H�U�H�Q�W �H�O�H�F�W�U�R�Q�L�F �F�R�Q�I�L�J�X�U�D�W�L�R�Q�V �R�I �W�K�H �K�\�E�U�L�G �V�\�V�W�H�P�� �H�D�F�K �H�[�K�L�E�L�W�L�Q�J
�Y�D�U�L�R�X�V �S�U�R�S�H�U�W�L�H�V�� �7�K�H �V�L�J�Q�L�I�L�F�D�Q�W �I�H�U�U�R�P�D�J�Q�H�W�L�F �L�Q�W�H�U�D�F�W�L�R�Q �E�H�W�Z�H�H�Q �W�K�H �L�U�R�Q �D�W�R�P �D�Q�G �W�K�H
�X�S�S�H�U �W�L�W�D�Q�L�X�P �O�D�\�H�U �S�O�D�\�V �L�P�S�R�U�W�D�Q�W �U�R�O�H �L�Q �W�K�H �U�H�R�U�L�H�Q�W�D�W�L�R�Q �R�I �W�K�H �L�U�R�Q �D�W�R�P �P�D�J�Q�H�W�L�F
�P�R�P�H�Q�W�� �:�H �D�O�V�R �D�Q�D�O�\�]�H �D �P�R�G�H�O �R�I �W�K�H �V�\�V�W�H�P �L�Q �Z�K�L�F�K �W�K�H �)�H���3�F �P�R�O�H�F�X�O�H �L�V �L�Q �D �T�X�L�Q�W�H�W
�V�W�D�W�H ���W�K�H �J�U�R�X�Q�G �V�W�D�W�H �R�I �D�Q �L�V�R�O�D�W�H�G �P�R�O�H�F�X�O�H �L�V �D �W�U�L�S�O�H�W���� �7�K�H �F�D�O�F�X�O�D�W�L�R�Q�V �K�D�Y�H �E�H�H�Q
�S�H�U�I�R�U�P�H�G �L�Q �W�K�H �I�U�D�P�H�Z�R�U�N �R�I �G�H�Q�V�L�W�\ �I�X�Q�F�W�L�R�Q�D�O �W�K�H�R�U�\ �H�P�S�O�R�\�L�Q�J �W�K�H �S�O�D�Q�H �Z�D�Y�H�V �D�Q�G
�S�V�H�X�G�R���S�R�W�H�Q�W�L�D�O�V���D�V���L�P�S�O�H�P�H�Q�W�H�G���L�Q���W�K�H���4�X�D�Q�W�X�P���(�V�S�U�H�V�V�R �Q�X�P�H�U�L�F�D�O���S�D�F�N�D�J�H��
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Free-form nanostructured core optical fibers 
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�%�X�F�]�\���V�N�L 1,2 

 
1 University of Warsaw, Faculty of Physics, Pasteura 5,Warsaw, Poland 
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Due to the first demonstration of nanostructured �R�S�W�L�F�D�O���I�L�E�H�U���L�Q������������ �E�\�� �%�X�F�]�\���V�N�L���H�W��

al. [1], a completely new approach in optical fiber development emerged. Analogically to 
free-form optics, where an �H�O�H�P�H�Q�W�¶�V�� �V�X�U�I�D�F�H��can have almost any refractive index shape to 
achieve particular optical properties, in free-form nanostructured core optical fibers an initial 
fiber preform is manually stacked with desirable refractive index distribution. This preform 
consists of hundreds or even thousands of rods made by thermally matched glass, later on 
drawn in a special fiber tower. Thus, the finally developed optical fiber, alike free-form optic 
elements, has arbitrary refractive index distribution, not necessarily limited to circular 
symmetry as it is in so far used methods such as modified chemical vapour deposition. This 
leeway reveals broad possibilities on enhancement common optical fiber solutions.   

To explore novel frontiers of free-form nanostructured core optical fibers composed of 
silica glass, we considered 3 important optical properties: chromatic dispersion, birefringence 
and intermodal crosstalk which could benefit upon nanostructurisation technique. On the basis 
of selected properties 4 free-form fibers were theoretically proposed and two of them 
physically developed.   

The first one, so-called hybrid fiber  allows to tailor dispersion profile by discrete GeO2-
doped nanoinclusions around the core, finally reached  all-normal flat dispersion equals to -37 
ps/nm/km in the wavelength range from ���������—�P to �����������—�P [2]. The fiber fabricated version 
proved changes in chromatic dispersion profile as well as revealed interesting correspondence 
between effective mode area and dispersion.  

The next fiber with anisotropic core introduces birefringence into the core structure, 
additionally the design process considered single-mode operation and compatibility with 
SMF-28 standard. The optimised single-mode solution achieved 1.21�î����-4 of phase 
birefringence and full compatibility with SMF-28 [3]. As in the previous example, the fiber 
was fabricated and experimental results proved previously expected properties. 

Detail studies on optical fiber with anisotropic core turns out that the concept can be 
extended to large mode area fibers demanded for high power lasers. Therefore, the highly 
birefringent large mode area optical fiber with anisotropic core was calculated [4]. The 
30-�—�P-core design achieved �S�K�D�V�H���E�L�U�H�I�U�L�Q�J�H�Q�F�H�����������î����-4 �D�Q�G���H�I�I�H�F�W�L�Y�H���P�R�G�H���D�U�H�D�����������—�P2 
a�Q�G�����������—�P2, for x- and y-polarisation, respectively.  

The last concept is dedicated to telecommunication applications, more specifically a new 
multiplexing technique in few-mode fibers, called mode division multiplexing. The 
nanostructurisation method for the first time was used to numerically develop weakly-
coupled few-mode fiber for mode-division-multiplexed systems. The final design has 
successfully separated 4 linearly polarised modes enough to prevent intermodal crosstalk.  

All realized projects shows high application potential of the nanostructurisation method 
and they extent optical fiber market within innovative solutions.            

   
[1] R�����%�X�F�]�\���V�N�L�����0�����.�O�L�P�F�]�D�N�����7�����6�W�H�I�D�Q�L�X�N�����5�����.�D�V�]�W�H�O�D�Q�L�F�����%�����6�L�Z�L�F�N�L����et al., Opt. Express 23, 20 (2015). 
[2] �'�����0�L�F�K�D�O�L�N�����7�����6�W�H�I�D�Q�L�X�N�����5�����D�Q�G���%�X�F�]�\���V�N�L������J. Light. Technol. 38, 6 (2020). 
[3] �'�����0�L�F�K�D�O�L�N�����7�����6�W�H�I�D�Q�L�X�N�����5�����.�D�V�]�W�H�O�D�Q�L�F�����D�Q�G���5�����%�X�F�]�\���V�N�L, JOSA B 37, 6 (2020).  
[4] D. �0�L�F�K�D�O�L�N�����$�����$�Q�X�V�]�N�L�H�Z�L�F�]�����5�����%�X�F�]�\���V�N�L, and R. Kasztelanic, Opt. Express 29, 15 (2021).   
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LEPTON FLAVOR VIOLATION IN THE MSSM Abstract

Zo�a Olszewska 1

1Faculty of Physics, University of Warsaw, Pasteura 5, Warsaw, Poland

Lepton 
avor violating processes as a probe of new physics. .
Lepton 
avor violation is strictly forbidden in the Standard Model in the limit of

vanishing neutrino masses. The experimental sensitivity to rare lepton processes will
improve in the following years. Motivated by the CMS 2.4 excess hint in h ! � � (current
95 %vCL upper limit on the branching ratio: 1.20 % [1]), we take up the study [2] of rare
lepton decays, using a recently developed, new calculationmethod [3]. Mass insertions
approximation was used to expand the amplitude expressions. The expanded form of
the amplitudes allow to identify the decoupling and non-decoupling terms in the limit of
heavy supersymmetric masses using the Appelquist-Carazzone theorem [4].

[1] CMS Collaboration, CMS-PAS-HIG-16-005
[2] A. Crivellin, et al., Lepton 
avour violation in the MSSM: exact diagonalization vs
mass expansion, JHEP (2018)
[3] A. Dedes, M. Paraskevas, J. Rosiek, K. Suxho and K. Tamvakis (2015) JHEP 1506
151, J. Rosiek (2016) Comput. Phys. Commun. 201 144
[4] T. Appelquist and J. Carazzane (1975) Phys. Rev. D. 11 2856.
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Manipulation of the electric state of QDs with single magnetic
dopants

K. E. Po lczy�nska, A. Rodek, K. Oreszczuk,  L. Zinkiewicz, T. Kazimierczuk,
Z. Ogorza lek, P. Kossacki and W. Pacuski

Faculty of Physics, University of Warsaw, Pasteura 5, Warsaw, Poland

Zero-dimensional semiconductor structures such as epitaxial quantum dot (QD) is a
model system to probe fundamental interactions in condensed matter. For example, QD
can be used to examine the spin of a single magnetic ion [1-5] and its charge 
uctuation [4].
Aim of this work is to increase control of the quantum state of the system QD+magnetic
dopant. It can be obtained for example by applying an electrical �eld [5].

In this work, we investigate epitaxial CdSe QDs in ZnSe barriers, doped with a single
Fe [3] as a magnetic dopant. We present microluminescence measurements as a func-
tion of the electric and magnetic �elds. Fixing the voltage provides the selection of the
electrical state of a QD and enables the measurement of magnetic properties of chosen
state. Such procedure repeated for di�erent voltages provides access to multiple facilities
of the quantum system. It becomes extremely useful if investigated QD contains a single
dopant, which electric state can be changed deterministically. As we can see in Fig. 1,
such a procedure allows a slightly change in the energy of thestate of the QD. We can also
determine and intentionally change the charge state of the whole quantum dot. When it
comes to QDs doped with magnetic ions, there is a chance to change the electrical state
of the single dopant.

Figure 1: Photoluminescence signal as a function of the applied voltage. While changing
the electric state of the QD, their energies and number of lines change.

[1] L. Besombes et al,Phys. Rev. Lett. 93, 207403 (2004).
[2] J. Kobak et al, Nat. Commun. 5, 3191 (2014).
[3] T. Smole�nski et al, Nat. Commun. 7, 10484 (2016).
[4] L. Besombes et al,Phys. Rev. B99, 035309 (2019).
[5] Y. Leger et al,Phys. Rev. Lett. 97, 107401 (2006).



Jak Promieniowanie Alfa Dzia!a na Kom—rki Nowotworowe Gruczo!u 
Krokowego oraz na Wydzielane z Nich Nanop"cherzyki 

B. Pszcz—!kowska 1, M. Filipek  1, A.Tartas 1, K. #ycie$ska 1, J.Ginter 1, Wioletta 
Olejarz 2,3, Tomasz Lorenc 4, Beata Brzozowska 1  

1 Wydzia! Fizyki Uniwersytetu Warszawskiego, Ludwika Pasteura 5, 02-093 Warszawa, Polska 
2 Wydzia! Farmaceutyczny Warszawskiego Uniwersytetu Medycznego, Stefana Banacha 1, 

02-097 Warszawa, Polska 
3 Centrum Bada"  Przedklinicznych Warszawskiego Uniwersytetu Medycznego, Stefana 

Banacha 1B, 02-097 Warszawa, Polska 
4 I Wydzia! Lekarski Warszawskiego Uniwersytetu Medycznego,#wirki i Wigury 61, 02-091 

Warszawa, Polska  

Kluczowym elementem skutecznej terapii nowotwor—w jest precyzyjne dostarczenie 
dawki promieniowana do obszaru tarczowego, czyli guza. Obecnie, pacjenci 
ze zdiagnozowanym nowotworem gruczo!u krokowego s" leczeni r—#nymi metodami: 
radioterapi", chemioterapi", chirurgi" oraz rozwijaj"c" si$ immunoterapi". Wyzwaniem 
onkologii jest zrozumienie procesu nowotworzenia oraz powstawania przerzut—w, 
co umo#liwi !oby zaproponowanie nowych, skutecznych i mo#e mniej inwazyjnych technik 
leczenia. W tym celu wykorzystuje si$ r—#nego rodzaju nanop$cherzyki zewn"trzkom—rkowe, 
na przyk!ad egzosomy, kt—re sta!y si$ popularnym obiektem bada% w ostatnich latach.  

Egzosomy to sferyczne nanop$cherzyki b!onowe o &rednicy od 50 do 150 nm, kt—re 
posiadaj" podw—jn" b!on$ lipidow". Dzi$ki temu, #e egzosomy s" obecne w ludzkich p!ynach 
ustrojowych takich jak mocz, krew czy &lina, mo#na je wykorzystywa'  do nieinwazyjnych 
bada% diagnostycznych. W zwi"zku z tym, #e s" wydzielane zar—wno przez kom—rki 
prawid!owe, jak i patologiczne to mo#emy r—wnie# uzyska'  je z po#ywki do hodowli 
kom—rkowej i bada'  w eksperymentach in vitro. Badania naukowe podkre&laj" znaczenie 
egzosom—w w procesie przenoszenia informacji mi$dzy kom—rkami oraz ich rol$ 
w przenoszeniu chor—b, a zw!aszcza nowotwor—w. 

Podczas przeprowadzania eksperyment—w zosta!y wykorzystane dwie linie 
nowotworowe gruczo!u krokowego: PC3 i DU145. Kom—rki te zosta!y poddane ekspozycji 
na promieniowanie alfa pochodz"ce ze ( r—d!a Ameryku-241. Po 4 dniach inkubacji zosta! 
pobrany supernatant kom—rkowy, kt—ry umo#liwi ! wykonanie test—w cytotoksyczno&ci (IL-6 
oraz LDH) oraz wyizolowanie egzosom—w, kt—rych koncentracja oraz &rednica zosta!y 
zmierzone za pomoc" NTA (ang. Nanoparticle Tracking Analysis). Zosta!y r—wnie# 
przeprowadzone testy kom—rkowe (apoptoza) z wykorzystaniem cytometrii przep!ywowej. 

Na podstawie przeprowadzonych test—w mo#na stwierdzi' , #e g$sto jonizuj"ce 
promieniowanie alfa ma znacz"cy wp!yw na kom—rki nowotworowe gruczo!u krokowego. 
) ywotno&' kom—rek PC3 oraz DU145 maleje wraz ze wzrostem dawki, co skutkuje wzrostem 
liczby kom—rek wczesno- i p—(no-apoptotycznych oraz nekrotycznych. Poziom interleukiny 
6 (IL-6), &wiadcz"cy o obecno&ci stanu zapalnego, w badanym materiale kom—rkowym 
zmniejsza si$ wraz ze wzrostem dawki, potwierdzaj"c wysok" skuteczno&' niszczenia 
kom—rek przez cz"stki alfa. Wyniki testu dehydrogenazy mleczanowej (LDH) wskazuj" 
na uszkodzenie b!ony kom—rkowej (10-17%) pod wp!ywem dzia!ania promieniowania 
jonizuj"cego. Na podstawie analizy NTA nie jeste&my w stanie jednoznacznie stwierdzi'  
zale#no&ci wielko&ci wydzielanych nanop$cherzyk—w od dostarczonej do kom—rek dawki.  
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Reheating Revisited

Aqeel Ahmed 1, Bohdan Grzadkowski 2, and Anna Socha 2

1Max-Planck-Institut f•ur Kernphysik (MPIK), Saupfercheckweg 1, 69117 Heidelberg,
Germany

2Faculty of Physics, University of Warsaw, Pasteura 5, 02-093 Warsaw, Poland

It is commonly believed that the Universe, at its very beginning, underwent a rapid ex-
ponential expansion phase, driven by a massive �eld - the so-called in
aton � . This epoch
was followed by the reheating period, during which the energy density, initially stored in
the oscillations of the homogeneous in
aton �eld, was transferred to the visible sector,
eventually producing all relevant degrees of freedom of theStandard Model (SM). Re-
heating occurred through the coupling of the in
aton �eld to other species of matter, e.g.,
SM or dark matter (DM) �elds. In the present work, we considera generic, non-standard
post-in
ationary scenario adopting the� -attractor potential, V(� ) = � 4 tanh2n (j� j=Mpl ),
for the � condensate and investigate the perturbative production ofSM quanta from the
vacuum in presence of classical in
aton background, which is often referred to as the
in
aton decay [1-2]. We assume that the dominant in
aton decay channel is generated
by the dim-4 operator, g�h M pl � jHj 2, which not only describes the SM HiggsH pair-
production but also generates a time-dependent mass term for the Higgs doublet. This
e�ect appears naturally in many models of in
ation triggered by a spin-zero �eld, and
it turns out that it leads to the kinematical suppression of the decay products. This, in
turn, a�ects the evolution of the radiation energy density,and thus the duration of the
reheating period and, most importantly, temperature dependence on the scale factor [3].
This aspect is crucial for DM thermal production through a freeze-in. In this work, we
propose a model where the DM candidate is a massive vector �eld X � and investigate
several production mechanisms: i) direct decays of the in
aton or the SM Higgs �eld,

h0, through couplings C�
X
2

mX
M pl

�X � X � and CH
X
2

�
mX
M pl

� 2
vhh0X � X � , respectively, and (ii) an-

nihilations of SM particles through an s-channel Higgs mediator or via a dim-6 contact
operator CH

X
2

�
mX
M pl

� 2
jHj 2X � X � [4]. We investigate how the non-zero mass of the in
aton

decay products a�ects DM production and analyze the role of the in
aton potential shape.

[1] M. A. Garcia, K. Kaneta, Y. Mambrini, and K. A. Olive, JCAP 04, 012 (2021).
[2] K. Ichikawa, T. Suyama, T. Takahashi, and M. Yam- aguchiPhys. Rev.D78 , 063545
(2008).
[3] M. A. Garcia, K. Kaneta, Y. Mambrini, and K. A. Olive Phys. Rev. D101, 123507
(2020).
[4] E. W. Kolb, and A. J. Long, Phys. Rev. D96, 103540 (2017).



Performance of the New Segmented Central Module for the
Modular Total Absorption Spectrometer

Micha l Stepaniuk 1, Marek Karny 1, Aleksandra Fija lkowska 1, Piotr G�orski 1,
Marcel P�o lko�snik 1, Mateusz Chojnacki 1, and MTAS Collaboration

1Faculty of Physics, University of Warsaw, Pasteura 5, 02-093 Warsaw, Poland

Modular Total Absorption Spectrometer (MTAS) has been used inOak Ridge since
2012. It consists of 18 NaI(Tl) hexagonal modules. Each of the18 modules is 21" long and
6.93" wide (side-to-side). There is also one central moduleof the same length and cross
section, but with a 2.5" hole drilled through. The crystals are arranged in a honeycomb
like structure. Radioactive sample, to be measured, is placed between two 1mm thick
silicon detectors in the geometrical center of the detector. The total active NaI(Tl) mass
is approximately one ton, making MTAS the largest and most e�cient detector of this
type currently in use [1].

Apart from its large e�ciency, the main advantage of the MTAS is its modularity,
allowing to take into account not only the summed
 -ray energy signals (standard total
absorption data evaluation), but also study the intensities of the individual 
 -rays. This
type of analysis is made based on the signals from all but central detector, because of low
energy
 -rays being e�ciently absorbed in it and not reaching other modules. In order to
overcome this 
aw of MTAS, New Segmented Central Module has been manufactured [2].
It is optically divided into 6 independent segments, allowing for individual 
 -ray analysis
also inside the central module.

Before being shiped to ORNL, USA for mounting into the �nal MTAS setup, new
module undergoes extensive performance tests at the Faculty of Physics, University of
Warsaw. Tests include standard e�ciency and resolution measurements, as well as uni-
formity investigation of the segments along their length. The NaI(Tl) light yield non-
proportionality [3] is also being checked. Additionally, on-line laser based stabilization
system has been constructed to control gain of each of the 12 photomultipliers. Results
of these studies and developments, along with comparitive Monte Carlo simulations, will
be presented.

[1] M. Karny et al., Nucl. Instr. and Meth. A 836, 83-90 (2016).
[2] M. Karny et al., Nucl. Instr. and Meth. B 463, 390-393 (2020).
[3] D. Cano-Ott et al., Nucl. Instr. and Meth. A 430, 333-347 (1999).



Measurement of the photon radiation dose
using a silicon dosimeter

Adrianna Tartas 1,2, August Blomgren 3, Samuel Silverstein 3,
Andrzej Wojcik 2,4, Beata Brzozowska 1

1Biomedical Physics Division, Institute of Experimental Physics, Faculty of Physics,
University of Warsaw, Warsaw, Poland

2Department of Molecular Biosciences, The Wenner-Gren Institute,
Stockholm University, Stockholm, Sweden

3Department of Physics, Stockholm University, Stockholm, Sweden
4Institute of Biology, Jan Kochanowski University, Kielce, Poland

Figure 1: A compact radiation
dosimeter.

The aim of the project was the interest in
small, independent dosimeters at Department of
Molecular Biosciences at Stockholm University,
which could be used to measure the dose of ioniz-
ing radiation sources used in radiobiological ex-
periments. The laboratory uses various small,
closed irradiation chambers, which makes it di! -
cult or impossible to use conventional dosimeters
for measurements. For this purpose, a new, com-
pact dosimeter based on silicon photodiodes was
developed [1]. While accurate measurements can
be made with e.g. TLD dosimeters, these dosime-
ters do not have the advantage of directly reading
the absorbed dose. The intended use of dosime-
ters was to use them for teaching purposes, as well
as to check the homogeneity of the radiation Þeld
inside the irradiation chambers. The aim of the
new device was to design a convenient dosimeter
for simple dosimetric tasks, with not necessarily
high accuracy.

As part of the project, the doses measured with the constructed silicon dosimeter were
compared with the measurement results obtained with the use of radiochromic Þlms and
the ionization chamber. For dosimetric measurements made for doses in the range of
0-2 Gy, two photon sources were used: 190 kV X-ray tube (YXLON SMART 200, Yxlon
International, Hamburg, Germany) with a dose rate of 0.068 Gy/min and a source of
gamma radiation 137Cs (Scanditronix Magnet AB, Vislanda, Sweden) with a dose rate
of 0.372 Gy/min. On the basis of the results that were obtained with the use of three
di" erent dosimeters used for photon radiation, and taking into account the measurement
uncertainties, it can be concluded that the measured dose values are consistent with each
other.

[1] A. Blomgren,Design and construction of a compact radiation dosimeter for calibration
and mapping of radiation Þelds in conÞned irradiation chambers, B.Sc. thesis, Department
of Physics, Stockholm University, 2019.
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Parity-doublet Structure in the 147La Nucleus

J. Wi�sniewski 1, W. Urban 1, T. Rz�aca-Urban 1, A.G. Smith 2, J.F. Smith 2,
G.S. Simpson 3, I. Ahmad 4, and J.P. Greene 4

1Faculty of Physics, University of Warsaw, ulica Pasteura 5, Warsaw PL-02-093, Poland
2Department of Physics and Astronomy, The University of Manchester, Manchester

M13 9PL, United Kingdom
3Laboratoire de Physique Subatomique et de Cosmologie, IN2P3-CNRS/Universit

Grenoble Alpes, Grenoble Cedex F-38026, France
4Argonne National Laboratory, Argonne, Illinois 60439, USA

Over the past decades a lot of e�ort has been devoted to determining the role of
octupole correlations in neutron-rich nuclei of the mass A� 150 region. Strong octupole
correlations were predicted here [1], pointing to a stable octupole deformation in the
144;146Ba nuclei [2]. It is expected that odd-A neighbors of these even-even nuclei should
also possess octupole deformation which will alter positions of single-particle orbitals.

In the present work we reinvestigated the excitation schemeof 147La using improved
data, with enhanced statistics as compared to previous studies [3]. Excited states in
147La, populated in spontaneous �ssion of252Cf, have been reinvestigated by means of

 -ray spectroscopy, using high-fold
 -ray coincidences measured with the Gammasphere
array of Ge detectors [4]. The aim of this study was to verify spin-parity assignments and
the presence of the parity-doublet band in147La.

The 229.5-keV level, which has been assigned spin parity 9/2� in a recent evaluation
[5], is shown to have spin parity 11/2� . Consequently, the ground state has spin parity
5/2+ . Excited levels in147La have been arranged into a parity-doublet structure, showing
that at medium excitation energy the147La nucleus may have octupole deformation. The
B(E1) rates in 147La, which are factor of four lower than in145La, suggest that the electric
dipole moment in147La is depressed by an extra mechanism, probably connected with the
population of particular neutron orbitals.

It is shown that the degree of octupole correlations is similar at N = 88 and N = 90,
because in both,145La and 147La parity doublet is formed. HoweverD0 moment decreases
at N = 90 as compared to N = 88. The decrease is likely attributable to competing
contributions to D0, depending on the population of various neutron orbitals.

The new data obtained in this work and other recent works on odd-A nuclei in the
region provide a useful test for further, much needed theoretical studies, which might help
in understanding the properties of octupole correlations here.

[1] G.A. Leander et al.,Phys. Lett. B 152, 284 (1985).
[2] W. Urban et al., Nucl. Phys. A 613, 107 (1997).
[3] S.J. Zhu et al.,Phys. Rev. C54, 945 (1996).
[4] D. Patel et al., J. Phys. G. Nucl. Part. Phys. 28, 649 (2002).
[5] N. Nica, Nucl. Data Sheets110, 749 (2008).



The Spin Singlet-Triplet Transition as a Tool to Determine the Charged 
Exciton Dissociation Energy in (Cd,Mn)Te Quantum Wells 

 
A. �à�R�S�L�R�Q 1, A. Bogucki1�����.���(�����3�R�á�F�]�\���V�N�D1, W. Pacuski1, T. Kazimierczuk1, 

P.Kossacki1 and A Golnik1  
 

1 Faculty of Physics, Institute of Experimental Physics, University of Warsaw, ul. Pasteura 5, 
02-093 Warszawa, Poland 

 
The charged exciton dissociation energy is the energy required to unbind the additional 

hole (or electron) from the charged exciton complex. It is an important parameter 
characterizing the excitonic system. To study this parameter in (Cd,Mn)Te/(Cd,Mg)Te QW we 
exploit the tunability of the parameters by varying optical excitation and opportunity to tune 
spin polarization by application of weak magnetic field, which is facilitated by the 
introduction of the magnetic ions.  

 
The (Cd,Mn)Te/(Cd,Mg)Te quantum wells (QW) are typically p-type even without 

intentional doping. The hole gas originates from the background doping of the (Cd,Mg)Te 
barrier material and/or from the surface states [1]. On top of that, both mechanisms lead to the 
formation of the Coulomb fluctuations, which affects the confined quantum well states. This 
Coulomb disorder can be reshaped using above-barrier illumination, which we exploit in the 
present work. By controlling the excitation wavelength, we modify both the carrier density [2] 
and Coulomb disorder. Three different regimes are analyzed: low hole density with the low 
disorder, low hole density with the significant disorder, and high hole density regime. The 
diluted magnetic semiconductor as a QW material allows us to induce spin singlet-triplet 
transition of charged exciton by magnetic field [3]. This transition is used as a tool to 
determine charged exciton dissociation energy. Surprisingly, we find that the positively 
charged exciton dissociation energy is constant for a broad range of parameters such as carrier 
density and Coulomb fluctuations despite the significant impact of those parameters on the 
observed distance between X and X+ lines in the PL spectra. 

 
[1] W. �0�D���O�D�Q�D�����H�W���D�O������Appl. Phys. Lett. 82, 1875 (2003).  
[2] P. Kossacki, et al., Phys. Rev. B 60, 16018 (1999). 
[2] P. Kossacki, et al., Phys. Rev. B 70, 195337 (2004). 
 



�:�\�N�R�U�]�\�V�W�D�Q�L�H���W�H�U�P�R�I�R�U�H�]�\���P�L�N�U�R�V�N�D�O�R�Z�H�M���G�R���E�D�G�D�Q�L�D���L�Q�W�H�U�D�N�F�M�L��
�S�R�P�L�
�G�]�\���E�L�D�á�N�L�H�P���,�)�,�7�����D���D�Q�D�O�R�J�D�P�L���F�D�S�y�Z�����¶���N�R���F�D���5�1�$���R�U�D�]���P�5�1�$���]��

�W�\�P�L���P�R�G�\�I�L�N�D�F�M�D�P�L 
�7�R�P�D�V�]���-�����6�S�L�H�Z�O�D���������������-�D�F�H�N���-�H�P�L�H�O�L�W�\�����������D�Q�G���-�R�D�Q�Q�D���.�R�Z�D�O�V�N�D�������� 

 
�����=�D�N�á�D�G���%�L�R�I�L�]�\�N�L�����:�\�G�]�L�D�á���)�L�]�\�N�L�����8�Q�L�Z�H�U�V�\�W�H�W���:�D�U�V�]�D�Z�V�N�L�����X�O�����3�D�V�W�H�X�U�D�����������������������:�D�U�V�]�D�Z�D����

�3�R�O�V�N�D 
�����(�[�S�O�R�U�Q�D���7�K�H�U�D�S�H�X�W�L�F�V���V�S�����]���R���R�������)�Z�L�U�N�L���L���:�L�J�X�U�\�������������������������������������:�D�U�V�]�D�Z�D�����3�R�O�V�N�D 

�����&�H�Q�W�U�X�P���1�R�Z�\�F�K���7�H�F�K�Q�R�O�R�J�L�L�����8�Q�L�Z�H�U�V�\�W�H�W���:�D�U�V�]�D�Z�V�N�L�����%�D�Q�D�F�K�D�����F�������������������:�D�U�V�]�D�Z�D����
�3�R�O�V�N�D 

 
�3�R�G�F�]�D�V�� �L�Q�I�H�N�F�M�L�� �Z�L�U�X�V�R�Z�H�M�� �R�U�J�D�Q�L�]�P�\�� �Z�\�*�V�]�H���� �Z�� �W�\�P�� �F�]�á�R�Z�L�H�N���� �D�N�W�\�Z�X�M���� �V�]�H�U�H�J��

�P�H�F�K�D�Q�L�]�P�y�Z���R�E�U�R�Q�Q�\�F�K���R���F�K�D�U�D�N�W�H�U�]�H���L�P�P�X�Q�R�O�R�J�L�F�]�Q�\�P�����N�W�y�U�\�F�K���F�H�O�H�P���M�H�V�W���]�D�K�D�P�R�Z�D�Q�L�H��
�U�R�]�Z�R�M�X�� �S�D�W�R�J�H�Q�X���� �-�H�G�Q�\�P�� �]�� �J�á�y�Z�Q�\�F�K�� �F�]�\�Q�Q�L�N�y�Z�� �V�\�J�Q�D�á�R�Z�\�F�K�� �Z�\�G�]�L�H�O�D�Q�\�F�K�� �Z�� �W�D�N�L�H�M��
�V�\�W�X�D�F�M�L���G�R���N�R�P�y�U�N�L���M�H�V�W���L�Q�W�H�U�I�H�U�R�Q�����N�W�y�U�\���]���N�R�O�H�L���Z�S�á�\�Z�D���Q�D���S�R�]�L�R�P���H�N�V�S�U�H�V�M�L���Z�L�H�O�X���E�L�D�á�H�N�����Z��
�W�\�P�� �E�L�D�á�H�N�� �]�� �U�R�G�]�L�Q�\�� �,�)�,�7���� �%�L�D�á�N�R�� �,�)�,�7���� ���,�Q�W�H�U�I�H�U�R�Q���L�Q�G�X�F�H�G�� �S�U�R�W�H�L�Q�� �Z�L�W�K�� �W�H�W�U�D�W�U�L�F�R�S�H�S�W�L�G�H��
�U�H�S�H�D�W�V���������]�O�R�N�D�O�L�]�R�Z�D�Q�H���M�H�V�W���Z���F�\�W�R�S�O�D�]�P�L�H�����J�G�]�L�H���S�H�á�Q�L���U�R�O�
���V�H�Q�V�R�U�D���5�1�$�����,�)�,�7�����V�S�H�F�\�I�L�F�]�Q�L�H��
�U�R�]�S�R�]�Q�D�M�H���N�R�P�y�U�N�R�Z�H���P�5�1�$���S�R�V�L�D�G�D�M���F�H���V�W�U�X�N�W�X�U�
�� �F�D�S�������� �Q�D�W�R�P�L�D�V�W���P�D���]�Q�D�F�]�Q�L�H���P�Q�L�H�M�V�]�H��
�S�R�Z�L�Q�R�Z�D�F�W�Z�R���G�R���P�5�1�$���S�R�V�L�D�G�D�M���F�H�J�R���F�D�S���������*�G�\���P�5�1�$���]�R�V�W�D�Q�L�H���U�R�]�S�R�]�Q�D�Q�H���S�U�]�H�]���,�)�,�7����
�Q�L�H���P�D���G�R���Q�L�H�J�R���G�R�V�W�
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Ostracod and mollusc fauna from the Holsteinian paleolake at Ortel 
�.�U�y�O�H�Z�V�N�L���,�,�����(�D�V�W�H�U�Q���3�R�O�D�Q�G�� with new species identified 
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Fauna of the paleola�N�H���G�H�S�R�V�L�W�V���D�W���2�U�W�H�O���.�U�y�O�H�Z�V�N�L���,�,�����(�D�V�W�H�U�Q���3�R�O�D�Q�G�����Z�D�V��investigated. 

The high-resolution analysis covered the uppermost part of the profile, representing the so 
called pre-optimal part of the Holsteinian Interglacial (MIS 11c), namely the Taxus and Pinus-
Larix pollen zones. Thanks to increased resolution of the samples comparing to previous 
studies [1][2][3] it was possible to record in a detailed way the changes within the lake level, 
its trophy and temperature fluctuations.  

During the Taxus pollen zone the lake was relatively deep and characterized by a 
medium trophy conditions, which is indicated by a low abundance of molluscs of temporary 
water bodies and low numbers of Metacypris cordata and Scottia tumida. The temperature 
was rather stable with only small fluctuations during the transition between the Taxus and 
Pinus-Larix zones. The occurrence of some cold-loving ostracod species within the beginning 
of the Pinus-Larix pollen zone indicate some deterioration of thermal. Lake level drop and 
expansion of reed zones within the Pinus-Larix pollen zone are inferred from the increased 
abundance of shallow water ostracod and mollusc species as well as from increased Bithynia-
index (BIN). 

Additionally, few new ostracods species have been identified within the studied part of 
the profile. These are Pseudocandona lobipes, Pseudocandona sucki, Pseudocandona 
insculpta and Paralimnocythere bicornis. The latter one has stratigraphic value as it has 
disappeared at the end of the Holsteinian Interglacial [4]. 
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Geochronological Investigation of the Granitic Veins from the Sejny 
Intrusion, NE Poland   

 
A. Grabarczyk 

 
�)�D�F�X�O�W�\���R�I���*�H�R�O�R�J�\�����8�Q�L�Y�H�U�V�L�W�\���R�I���:�D�U�V�D�Z�����)�Z�L�U�N�L���L���:�L�J�X�U�\�����������:�D�U�V�D�Z�����3�R�O�D�Q�G�� 
 

The Sejny Massif is a small magmatic intrusion emplaced within the crystalline 
basement of the south-western margin of the East European Craton (EEC). The EEC in this 
area is hidden beneath ca. 500 m of sedimentary strata, thus the recognition of the crystalline 
rocks is possible only through geophysical investigations or studies of rocks from borehole. 
�7�K�H�� �6�H�M�Q�\�� �0�D�V�V�L�I���� �M�R�L�Q�W�O�\�� �Z�L�W�K�� �W�K�H�� �6�X�Z�D�á�N�L�� �D�Q�G�� �.�
�W�U�]�\�Q�� �D�Q�R�U�W�K�R�V�L�W�H�� �P�D�V�V�L�I�V, and numerous 
intrusions of rapakivi-granite, form the Mazury Complex of Mesoproterozoic age (ca. 1500 
Ma). The Mazury Complex was shown to intrude the older crystalline rocks (metasediments) 
of the Mazowsze Domain, which was formed at Paleoproterozoic, ca. 1840�±1800 Ma [1].  

 
The Sejny Massif is composed of gabbro, norite, jotunite and anorthosite. The age 

determination on the basis of U-Pb ID-TIMS (Thermal Ionization Mass Spectrometry) 
�P�H�W�K�R�G�� �R�Q�� �]�L�U�F�R�Q�� �I�U�R�P�� �M�R�W�X�Q�L�W�H�� �\�L�H�O�G�H�G�� ���������� �“���� �0�D���� �Z�K�L�F�K�� �D�J�H�� �Z�D�V�� �L�Q�W�H�U�S�U�H�W�H�G�� �D�V�� �W�L�P�H�� �R�I��
massif�¶s crystallization [2]. Moreover, abundant pinkish granitic veins of variable thickness, 
cross-cutting the Sejny rocks, were described.  

 
Mineralogical and geochemical features of the rapakivi-granitoids of the Mazury 

Complex i.e., low CaO and Al2O3, high alkali abundances, high FeOtot/MgO ratios and 
elevated content of incompatible elements, point to A-type affinity of these rocks, and their  
linkage to anorogenic, within-plate tectonic settings. On the other hand, granitic veins 
intruding the Sejny Massif do not show such characteristics but have S-type signatures, with 
higher Al2O3 and lower absolute incompatible element concentrations. S-type granites are the 
result of derivation by partial melting of sedimentary source in collisional tectonic settings.  

 
Current geochronological investigation of the granitic veins from Sejny was conducted 

using SIMS (Secondary Ion Mass Spectrometry) technique on Sensitive High Resolution Ion 
Microprobe SHRIMP IIe/MC at the Polish Geological Institute-National Research Institute in 
�:�D�U�V�D�Z�����7�K�H���V�H�W���R�I���]�L�U�F�R�Q�V���\�L�H�O�G�H�G���D�Q���D�J�H���R�I�������������“�����0�D�����Z�K�L�F�K���F�D�Q���E�H���F�R�Q�V�L�G�H�U�H�G���D�V���D�Q���D�J�H��
of the vein emplacement. This age is distinctly younger than the age of the main rock-types in 
the Sejny Intrusion.  

 
The mineralogical and geochemical features indicate the diverse origin of both rapakivi-

granite and granitic veins. The age of granitic veins defines the final consolidation of the 
Sejny Massif. Granitic veins were most probable generated by re-melting of local sources, 
including Paleoproterozoic crust of the Mazowsze Domain, soon after the main magmatic 
episode, which caused the formation of  the Sejny Intrusion.  

 
This research was financially supported by the National Science Centre (NCN) grant 

no.2019/33/N/ST10/00944. 
 

[1] �,���� �6���� �:�L�O�O�L�D�P�V���� �(���� �.�U�]�H�P�L���V�N�D����and J. Wiszniewska, Precambrian Res. 172, 234-254 
(2009). 
�>���@���$�����*�D�Z�
�G�D�����-�����:�L�V�]�Q�L�H�Z�V�N�D�� and �:�����'�|�U�U����Min. Soc. Pol. Spec. Pap. 26, 36-39 (2005). 
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�2�W�Z�R�U�Q�L�F�H���3�O�D�Q�N�W�R�Q�L�F�]�Q�H���0�D�V�W�U�\�F�K�W�X��
�%�D�V�H�Q�X�����U�R�G�N�R�Z�R�H�X�U�R�S�H�M�V�N�L�H�J�R��

��
�� �:�H�U�R�Q�L�N�D���0�����:�L�H�U�Q�\���������� ��

��
�����:�\�G�]�L�D�á���*�H�R�O�R�J�L�L�����8�Q�L�Z�H�U�V�\�W�H�W���:�D�U�V�]�D�Z�V�N�L�����X�O�����)�Z�L�U�N�L���L���:�L�J�X�U�\������������������������

�:�D�U�V�]�D�Z�D�����3�R�O�V�N�D��
�����3�D���V�W�Z�R�Z�\���,�Q�V�W�\�W�X�W���*�H�R�O�R�J�L�F�]�Q�\���3�D���V�W�Z�R�Z�\���,�Q�V�W�\�W�X�W���%�D�G�D�Z�F�]�\�����X�O�����5�D�N�R�Z�L�H�F�N�D����������������������

�:�D�U�V�]�D�Z�D�����3�R�O�V�N�D��

�:�� �S�y�(�Q�H�M�� �N�U�H�G�]�L�H�� �Z�\�U�y�*�Q�L�D�� �V�L�
�� �S�L�
�ü�� �R�W�Z�R�U�Q�L�F�R�Z�\�F�K�� �S�U�R�Z�L�Q�F�M�L��
�S�D�O�H�R�E�L�R�J�H�R�J�H�R�J�U�D�I�L�F�]�Q�\�F�K���� �W�U�R�S�L�N�D�O�Q���� ���W�H�W�\�G�]�N�������� �E�R�U�H�D�O�Q������ �D�X�V�W�U�D�O�L�M�V�N���� �R�U�D�]�� �G�Z�L�H��
�S�U�]�H�M���F�L�R�Z�H�� �±�� �Q�D�� �S�y�á�Q�R�F�� �L�� �S�R�á�X�G�Q�L�H�� �R�G�� �W�H�W�\�G�]�N�L�H�M�� �>���@���� �3�U�R�Z�L�Q�F�M�H�� �W�H�� �Z�\�G�]�L�H�O�R�Q�H�� �]�R�V�W�D�á�\�� �Q�D��
�S�R�G�V�W�D�Z�L�H�� �R�G�P�L�H�Q�Q�H�M�� �L�O�R���F�L�R�Z�H�M�� �L�� �M�D�N�R���F�L�R�Z�H�M�� �F�K�D�U�D�N�W�H�U�\�V�W�\�N�L�� �W�D�N�V�R�Q�R�P�L�F�]�Q�H�M���� �*�H�Q�H�U�D�O�Q�L�H����
�Z�U�D�]�� �]�H�� �Z�]�U�R�V�W�H�P�� �V�]�H�U�R�N�R���F�L�� �J�H�R�J�U�D�I�L�F�]�Q�H�M���� �R�E�V�H�U�Z�X�M�H�� �V�L�
�� �P�Q�L�H�M�V�]�����E�L�R�U�y�*�Q�R�U�R�G�Q�R���ü����
�F�R���]�Z�L���]�D�Q�H���M�H�V�W���J�á�y�Z�Q�L�H���]�H���V�S�D�G�N�L�H�P���W�H�P�S�H�U�D�W�X�U�\����

�'�\�Q�D�P�L�F�]�Q�L�H���]�P�L�H�Q�L�D�M���F�H���V�L�
���Z���F�]�D�V�L�H���]�H�V�S�R�á�\���R�W�Z�R�U�Q�L�F���S�O�D�Q�N�W�R�Q�L�F�]�Q�\�F�K�����Z�\�V�W�
�S�X�M���F�H��
�Z���X�W�Z�R�U�D�F�K���P�y�U�]���H�S�L�N�R�Q�W�\�Q�H�Q�W�D�O�Q�\�F�K�����R�G�]�Z�L�H�U�F�L�H�G�O�D�M�����S�H�U�W�X�U�E�D�F�M�H���S�D�O�H�R�F�H�D�Q�R�J�U�D�I�L�F�]�Q�H�����W�D�N�L�H��
�M�D�N���H�X�V�W�D�W�\�F�]�Q�H���Z�D�K�D�Q�L�D���S�R�]�L�R�P�X���P�R�U�]�D���O�X�E���]�P�L�D�Q�\���Z���F�\�U�N�X�O�D�F�M�L���Z�y�G����

�0�D�V�W�U�\�F�K�F�N�L�H�� �]�H�V�S�R�á�\�� �R�W�Z�R�U�Q�L�F�� �S�O�D�Q�N�W�R�Q�L�F�]�Q�\�F�K�� �E�D�V�H�Q�X�� ���U�R�G�N�R�Z�R�H�X�U�R�S�H�M�V�N�L�H�J�R����
�]�D�O�L�F�]�D�Q�H�� �V���� �G�R�� �S�U�R�Z�L�Q�F�M�L�� �S�U�]�H�M���F�L�R�Z�H�M�� �L�� �Z�V�N�D�]�X�M���� �Q�D�� �Q�L�H�Z�L�H�O�N���� �J�á�
�E�R�N�R���ü�� �]�E�L�R�U�Q�L�N�D�� �±��
�V�N�á�D�G�D�M���� �V�L�
�� �J�á�y�Z�Q�L�H���]�� �N�L�O�N�X�� �S�U�R�V�W�\�F�K�� �P�R�U�I�R�W�\�S�y�Z���>���@���� �:�\�M���W�H�N�� �V�W�D�Q�R�Z�L�� �L�Q�W�H�U�Z�D�á�� �S�R�J�U�D�Q�L�F�]�D��
�G�R�O�Q�\���J�y�U�Q�\�� �P�D�V�W�U�\�F�K�W���� �Z�� �N�W�y�U�\�P�� �W�R�� �Ä�Q�D�� �P�R�P�H�Q�W�´�� �S�R�M�D�Z�L�D�M���� �V�L�
�� �J�á�
�E�R�N�R�Z�R�G�Q�H����
�]�D�D�Z�D�Q�V�R�Z�D�Q�H���P�R�U�I�R�O�R�J�L�F�]�Q�L�H���I�R�U�P�\�����Q�L�H�W�\�S�R�Z�H���G�O�D���W�H�M���S�U�R�Z�L�Q�F�M�L���±���I�R�U�P�\���W�H�W�\�G�]�N�L�H����

�3�U�]�H�G�P�L�R�W�H�P�� �E�D�G�D���� �M�H�V�W�� �V�]�F�]�H�J�y�á�R�Z�D�� �D�Q�D�O�L�]�D�� �Z�\�M���W�N�R�Z�H�J�R�� �]�H�V�S�R�á�X���R�W�Z�R�U�Q�L�F��
�S�O�D�Q�N�W�R�Q�L�F�]�Q�\�F�K���� �Z�� �S�U�R�I�L�O�X�� �Z�L�H�U�W�Q�L�F�]�\�P���3�R�O�D�Q�y�Z�N�D�� �8�:������ �R�E�H�M�P�X�M���F�\�P�� �X�W�Z�R�U�\�� ���U�R�G�N�R�Z�H�M��
�F�]�
���F�L�� �P�D�V�W�U�\�F�K�W�X�� �G�R�O�L�Q�\�� ���U�R�G�N�R�Z�H�M�� �:�L�V�á�\���� �Z�� �F�H�O�X�� �O�H�S�V�]�H�J�R�� �]�U�R�]�X�P�L�H�Q�L�D�� �H�N�R�O�R�J�L�L�� �W�\�F�K��
�P�R�U�V�N�L�F�K���P�L�N�U�R�R�U�J�D�Q�L�]�P�y�Z�����D���W�D�N�*�H���F�]�\�Q�Q�L�N�y�Z�����N�W�y�U�H���S�R�Z�R�G�R�Z�D�á�\���L�F�K���P�L�J�U�D�F�M�H����
��
�>���@���9�����6�F�K�H�L�E�Q�H�U�R�Y�D�����6�H�D�U�F�K��������������������������������������
�>���@���=�����'�X�E�L�F�N�D���D�Q�G���'�����3�H�U�\�W�����&�U�H�W�D�F�H�R�X�V���5�H�V�H�D�U�F�K�����������������±����������������������
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�7�K�H���D�S�S�O�L�F�D�W�L�R�Q���R�I���S�H�W�U�R�I�D�F�L�H�V���D�Q�D�O�\�V�L�V���L�Q���U�H�F�R�J�Q�L�]�L�Q�J���W�K�H���S�U�L�P�D�U�\��
�P�L�Q�H�U�D�O���F�R�P�S�R�V�L�W�L�R�Q���D�Q�G���G�L�D�J�H�Q�H�W�L�F���F�K�D�Q�J�H�V���L�Q���-�X�U�D�V�V�L�F���V�D�Q�G�\���I�R�U�P�D�W�L�R�Q�V��

���3�R�O�L�V�K���%�D�V�L�Q���� 
 

�6�D�U�D���:�U�y�E�O�H�Z�V�N�D������ 
 

�����8�Q�L�Y�H�U�V�L�W�\���R�I���:�D�U�V�D�Z�����)�D�F�X�O�W�\���R�I���*�H�R�O�R�J�\�����)�Z�L�U�N�L���L���:�L�J�X�U�\��������������-���������:�D�U�V�]�D�Z�D�����3�R�O�D�Q�G 
 
In petroleum geology, reservoir rocks are one of the main elements of a petroleum system that 
can store hydrocarbons (oil and/or gas) generated from source rocks in their pore space. Thus, 
they must have high porosity and permeability to collect and discharge hydrocarbons in 
economical quantities. Clastic rocks, mainly sandstones represent 60% of the world's most 
�L�P�S�R�U�W�D�Q�W�� �U�H�V�H�U�Y�R�L�U�� �U�R�F�N�V�� �>�%�M�¡�U�O�\�N�N�H���� �-�D�K�U�H�Q�� ���������@�� However, their petrophysical properties 
differ significantly depending on the genesis, mineral composition, as well as diagenetic 
transformations during the burial process. Understanding all the depositional and secondary, 
diagenetic mechanisms is essential. It allows to determine not only the conditions of 
hydrocarbon generation, but also the type of processes creating the porosity in sandy rocks, 
and thus to estimate their reservoir properties.   
  
Lower and Middle Jurassic sandy formations appear to be a perfect target for further 
petroleum exploration in the Polish Basin, but until now, they have not been considered as a 
prospective reservoir for hydrocarbon accumulations in Poland. Their variable mineral 
composition and diagenetic features can cause difficulties while estimating their reservoir 
properties. Moreover, the lack of modern, cored boreholes with detailed geophysical and 
geochemical data makes this analysis especially challenging. However, the use of archival 
geological and geophysical data allows providing the necessary information to better 
recognize the reservoir formation without the use of modern geochemical and geophysical 
measurements. It is especially important now when special emphasis is placed on the 
recycling of mature petroleum basins, aiming to reduce the negative impact of the industry on 
the environment. 
For this study, the difference between gamma-ray and spontaneous potential shale volume 
parameter (clay difference) was applied together with gamma-ray measurement to determine 
the impact of primary and diagenetic features on every sandy petrofacies. Based on the 
integration of detailed petrographic analysis of available samples from Z-GN4 borehole with 
archival geophysical measurements of four different sandy petrofacies with different 
geophysical parameters were distinguished. Moreover, deep resistivity and sonic logs were 
used to highlight the carbonate cemented intervals which can be treated as a potential seal 
rock.. This study shows how the application of petrofacies analysis in archival datasets can 
support the detailed geological interpretation and visibly upgrade the level of the reservoir 
characterization. 
 

�>���@�� �.�����%�M�¡�U�O�\�N�N�H���� �-���� �-�D�K�U�H�Q������ �6�D�Q�G�V�W�R�Q�H�V�� �� �� �D�Q�G�� �� �� �V�D�Q�G�V�W�R�Q�H�� �� �� �U�H�V�H�U�Y�R�L�U�V���� �,�Q���� �3�H�W�U�R�O�H�X�P��
�*�H�R�V�F�L�H�Q�F�H�����U�H�G�����%�M�¡�U�O�\�N�N�H�����.���������6�S�U�L�Q�J�H�U���%�H�U�O�L�Q���+�H�L�G�H�O�E�H�U�J����������-����������������������  
 
 

 



�5�R�]�Z�y�M���V�L�H�F�L���N�R���F�L�R�á�y�Z���Z���G�L�H�F�H�]�M�L���á�R�P�*�\���V�N�L�H�M���L���M�H�J�R���X�Z�D�U�X�Q�N�R�Z�D�Q�L�D  
 

�P�J�U���0�D�á�J�R�U�]�D�W�D���*�U�]�H�J�R�U�F�]�\�N 
 

�8�Q�L�Z�H�U�V�\�W�H�W���:�D�U�V�]�D�Z�V�N�L�����:�\�G�]�L�D�á���*�H�R�J�U�D�I�L�L���L���6�W�X�G�L�y�Z���5�H�J�L�R�Q�D�O�Q�\�F�K�� 
�X�O�����.�U�D�N�R�Z�V�N�L�H���3�U�]�H�G�P�L�H���F�L�H��������������-927 Warszawa, Polska  

 
Na utworzenie i rozwój �V�L�H�F�L���N�R���F�L�R�á�y�Z�����D���W�D�N�*�H���L�Q�W�H�Q�V�\�Z�Q�R���ü���W�H�J�R���S�U�R�F�H�V�X���P�D���Z�S�á�\�Z��

�V�]�H�U�H�J�� �X�Z�D�U�X�Q�N�R�Z�D���� �Z�H�Z�Q�
�W�U�]�Q�\�F�K�� �L�� �]�H�Z�Q�
�W�U�]�Q�\�F�K�� �Z�\�V�W�
�S�X�M���F�\�F�K�� �Q�D�� �G�D�Q�\�P�� �R�E�V�]�D�U�]�H����
Do �S�L�H�U�Z�V�]�H�M���J�U�X�S�\�� �P�R�*�Q�D���]�D�O�L�F�]�\�ü���S�U�]�H�G�H���Z�V�]�\�V�W�N�L�P���U�R�]�Z�y�M���V�L�H�F�L���S�D�U�D�I�L�D�O�Q�H�M���� �U�R�]�Z�y�M���*�\�F�L�D��
�U�H�O�L�J�L�M�Q�H�J�R���Z���U�y�G���P�L�H�V�]�N�D���F�y�Z�����D���W�D�N�*�H �S�U�]�H�S�L�V�\���S�U�D�Z�D���N�D�Q�R�Q�L�F�]�Q�H�J�R�����:���U�R�G���X�Z�D�U�X�Q�N�R�Z�D����
�]�H�Z�Q�
�W�U�]�Q�\�F�K�� �Z�\�U�y�*�Q�L�D�� �V�L�
�� �F�H�F�K�\�� ���U�R�G�R�Z�L�V�N�D�� �S�U�]�\�U�R�G�Q�L�F�]�H�J�R�� �R�E�V�]�D�U�X���� �S�U�]�H�E�L�H�J�� �J�U�D�Q�L�F��
�S�D���V�W�Z�R�Z�\�F�K���� �D�G�P�L�Q�L�V�W�U�D�F�\�M�Q�\�F�K�� �F�]�\�� �N�U�D�M�R�E�U�D�]�y�Z�� �N�X�O�W�X�U�R�Zych, przemiany gospodarcze 
oraz �V�W�R�V�X�Q�N�L���V�S�R�á�H�F�]�Q�H�� 

Na terenie diecezj�L�� �á�R�P�*�\���V�N�L�H�M�� �I�X�Q�N�F�M�R�Q�X�M�H�� �S�R�Q�D�G�� �������� �N�R���F�L�R�á�y�Z�� �S�D�U�D�I�L�D�O�Q�\�F�K��
oraz pomocniczych. �+�L�V�W�R�U�L�D���Q�D�M�V�W�D�U�V�]�\�F�K���S�D�U�D�I�L�L���� �D���W�\�P���V�D�P�\�P���S�L�H�U�Z�V�]�\�F�K���N�R���F�L�R�á�y�Z���� �V�L�
�J�D��
�;�,�,�,�� �Z�L�H�N�X���� �1�D�M�P�á�R�G�V�]�H�� �E�\�á�\�� �R�G�G�D�Z�D�Q�H�� �G�R�� �X�*�\�W�N�X�� �Z�� �G�U�X�J�L�H�M�� �G�H�N�D�G�]�L�H�� �;�;�,�� �Z�L�H�N�X, jeden 
�N�R���F�L�y�á��w 2021 roku jest w trakcie budowy. �5�R�]�Z�y�M�� �V�L�H�F�L�� �N�R���F�L�R�á�y�Z�� �Z�� �R�E�H�F�Q�H�M�� �G�L�H�F�H�]�M�L��
�á�R�P�*�\���V�N�L�H�M���M�H�V�W���G�á�X�J�L�P���S�U�R�F�H�V�H�P�����N�W�y�U�\���P�R�*�Q�D���S�R�G�]�L�H�O�L�ü���Q�D���N�L�O�N�D���H�W�D�S�y�Z�� 

�1�D�G�U�]�
�G�Q�\�P�� �F�H�O�H�P�� �R�S�U�D�F�R�Z�D�Q�L�D jest przedstawienie �U�R�]�Z�R�M�X�� �V�L�H�F�L�� �N�R���F�L�R�á�y�Z��
�J�á�y�Z�Q�\�F�K�� �L�� �S�R�P�R�F�Q�L�F�]�\�F�K�� �]�Q�D�M�G�X�M���F�\�F�K�� �V�L�
�� �Z�� �S�D�U�D�I�Lach rzymskokatolickich w granicach 
�G�L�H�F�H�]�M�L���á�R�P�*�\���V�N�L�H�M�����D���W�D�N�*�H���Z�\�R�G�U�
�E�Q�L�H�Q�L�H���Q�D�M�Z�D�*�Q�L�H�M�V�]�\�F�K���H�W�D�S�y�Z���W�H�J�R���S�U�R�F�H�V�X. Kolejnym 
�]�D�G�D�Q�L�H�P�� �M�H�V�W�� �V�F�K�D�U�D�N�W�H�U�\�]�R�Z�D�Q�L�H�� �M�H�J�R�� �]�U�y�*�Q�L�F�R�Z�D�Q�L�D�� �S�U�]�H�V�W�U�]�H�Q�Q�H�J�R���� �D�� �W�D�N�*�H �R�N�U�H���O�H�Q�L�H��
�G�\�Q�D�P�L�N�L�� �W�Z�R�U�]�H�Q�L�D�� �V�L�H�F�L�� �N�R���F�L�R�á�y�Z���� �'�R�� �F�H�O�y�Z�� �S�U�D�F�\�� �Q�D�O�H�*�\�� �W�D�N�*�H�� �S�U�]�H�G�V�W�D�Z�L�H�Q�L�H�� �J�
�V�W�R���F�L��
�V�L�H�F�L�� �N�R���F�L�R�á�y�Z�� �Z�� �G�Hkanatach oraz jej �]�U�y�*�Q�L�F�R�Z�D�Q�L�D�� �S�U�]�H�V�W�U�]�H�Q�Q�H�J�R���� �2�S�U�D�F�R�Z�D�Q�L�H��
�S�U�]�H�G�V�W�D�Z�L�D�� �W�D�N�*�H�� �S�R�G�V�W�D�Z�R�Z�H��uwarunkowania �U�R�]�Z�R�M�X�� �V�L�H�F�L�� �N�R���F�L�R�á�y�Z�� �Z�� �G�L�H�F�H�]�Mi 
�á�R�P�*�\���V�N�L�H�M���Z���U�y�*�Q�\�F�K���R�N�U�H�V�D�F�K������  

�3�L�H�U�Z�V�]�H�� �H�W�D�S�\�� �U�R�]�Z�R�M�X�� �V�L�H�F�L�� �N�R���F�L�R�á�y�Z�� �Z�� �R�E�H�F�Q�\�F�K�� �J�U�D�Q�L�F�D�F�K�� �G�L�H�F�H�]�M�L�� �á�R�P�*�\���V�N�L�H�M��
�E�\�á�\�� �]�Z�L���]�D�Q�H�� �]�� �K�L�V�W�R�U�L���� �R�V�D�G�Q�L�F�W�Z�D�� �W�H�J�R�� �R�E�V�]�D�U�X�� �R�U�D�]�� �]�� �U�R�]�Z�R�M�H�P�� �V�L�H�F�L�� �S�D�U�D�I�L�D�O�Q�H�M����
�1�D�M�Z�F�]�H���Q�L�H�M���N�R���F�L�R�á�\���S�R�Z�V�W�D�Z�D�á�\���Z���R���U�R�G�N�D�F�K���S�R�á�R�*�R�Q�\�F�K���Z�]�G�á�X�*���1�D�U�Z�L�����S�y�(�Q�L�H�M�V�]�H���H�W�D�S�\��
�U�R�]�Z�R�M�X�� �L�F�K�� �V�L�H�F�L�� �R�E�H�M�P�R�Z�D�á�\�� �:�\�V�R�F�]�\�]�Q�
�� �.�R�O�Q�H���V�N������ �D�� �Q�D�V�W�
�S�Q�L�H�� �:�\�V�R�F�]�\�]�Q�
��
�:�\�V�R�N�R�P�D�]�R�Z�L�H�F�N������ �'�R�� �S�R�á�R�Z�\�� �;�9�,�,�� �Z�L�H�N�X�� �V�L�H�ü�� �N�R���F�L�R�á�y�Z�� �L�V�W�Q�L�D�á�D�� �Q�D�� �W�H�U�H�Q�L�H�� �R�E�H�F�Q�H�M��
�G�L�H�F�H�]�M�L�� �á�R�P�*�\���V�N�L�H�M�� �S�R�]�D�� �5�y�Z�Q�L�Q���� �.�X�U�S�L�R�Z�V�N������ �3�R�G�V�W�D�Z�R�Z���� �P�R�W�\�Z�D�F�M����do rozwoju sieci 
�N�R���F�L�H�O�Q�H�M���Z���W�D�P�W�\�P���N�L�H�U�X�Q�N�X���E�\�á�D���R�E�D�Z�D���S�U�]�H�G���Z�S�á�\�Z�D�P�L���S�U�R�W�H�V�W�D�Q�F�N�L�P�L���]���S�R�E�O�L�V�N�L�F�K���3�U�X�V��
Wschodnich. �:�� �S�R�á�R�Z�L�H�� �;�,�;�� �Z�L�H�N�X�� �N�R���F�L�R�á�\�� �E�\�á�\�� �U�R�]�P�L�H�V�]�F�]�R�Q�H�� �Q�D�� �W�H�U�H�Q�L�H�� �F�D�á�H�J�R 
terytorium �R�E�H�F�Q�H�M�� �G�L�H�F�H�]�M�L�� �á�R�P�*�\���V�N�L�H�M. �1�R�Z�H�� �N�R���F�L�R�á�\�� �S�R�Z�V�W�D�Z�D�á�\��sukcesywnie 
wraz ze �Z�]�U�R�V�W�H�P�� �O�L�F�]�E�\�� �O�X�G�Q�R���F�L�� �L�� �N�R�Q�L�H�F�]�Q�R���F�L�� �S�R�G�]�L�D�á�X�� �S�D�U�D�I�L�L�� �Q�D�� �P�Q�L�H�M�V�]�H�� �M�H�G�Q�R�V�W�N�L����
�1�D�M�L�V�W�R�W�Q�L�H�M�V�]�\�P�L�� �E�D�U�L�H�U�D�P�L�� �U�R�]�Z�R�M�X�� �W�H�J�R�� �S�U�R�F�H�V�X�� �E�\�á�\�� �G�]�L�D�áania wojenne oraz okres PRL. 
Od �S�R�á�R�Z�\�� �O�D�W�� �������� �;�;�� �Z���� �G�R�V�W�U�]�H�J�D�O�Q�\�� �M�H�V�W��znaczny �Z�]�U�R�V�W�� �O�L�F�]�E�\�� ���Z�L���W�\������ �:�L���]�D�á�� �V�L�
��
on w �G�X�*�H�M�� �P�L�H�U�]�H�� �]�� �S�R�G�]�L�D�á�H�P�� �G�X�*�\�F�K�� �S�D�U�D�I�L�L�� �Z�� �Z�L�
�N�V�]�\�F�K�� �R���U�R�G�N�D�F�K�� ���à�R�P�*�\���� �2�V�W�U�R�á�
�F�H����
Grajewie, Ostrowi Mazowieckiej) �L���E�X�G�R�Z�D�Q�L�H�P���N�R���F�L�R�á�y�Z���S�D�U�D�I�L�D�O�Q�\�F�K���� 

     

 

 



�7�\�S�R�O�R�J�L�D���G�L�H�F�H�]�M�L���.�R���F�L�R�á�D���N�D�W�R�O�L�F�N�L�H�J�R���Z���3�R�O�V�F�H���Q�D���S�R�G�V�W�D�Z�L�H��
zmian �X�G�]�L�D�á�X��w praktykach dominicantes i communicantes 

 
�P�J�U���0�D�á�J�R�U�]�D�W�D���*�U�]�H�J�R�U�F�]�\�N 

 
�8�Q�L�Z�H�U�V�\�W�H�W���:�D�U�V�]�D�Z�V�N�L�����:�\�G�]�L�D�á���*�H�R�J�U�D�I�L�L���L���6�W�X�G�L�y�Z���5�H�J�L�R�Q�D�O�Q�\�F�K�� 

�X�O�����.�U�D�N�R�Z�V�N�L�H���3�U�]�H�G�P�L�H���F�L�H��������������-927 Warszawa, Polska  
 
�3�R�G�V�W�D�Z�R�Z�H���Z�V�N�D�(�Q�L�N�L �R�E�U�D�]�X�M���F�H���U�H�O�L�J�L�M�Q�R���ü���Z�L�H�U�Q�\�F�K���.�R���F�L�R�á�D���N�D�W�R�O�L�F�N�L�H�J�R���G�R�W�\�F�]����

niedzielnych praktyk �± uczestnictwa we �P�V�]�\�� ���Z�L�
�W�H�M�� ��dominicantes) oraz przyjmowania 
sakramentu komunii (communicantes). Statystyki �G�R�W�\�F�]���F�H���U�H�O�L�J�L�M�Q�R���F�L���S�R�O�V�N�L�F�K���F�K�U�]�H���F�L�M�D�Q��
�R�E�U�]���G�N�X�� �á�D�F�L���V�N�L�H�J�R�� �V���� �J�U�R�P�D�G�]�R�Q�H�� �L�� �X�G�R�V�W�
�S�Q�L�D�Q�H�� �S�U�]�H�]�� �,�Q�V�W�\�W�X�W�� �6�W�D�W�\�V�W�\�N�L�� �.�R���F�L�R�á�D��
Katolickiego. Wyniki �E�L�H�*���F�\�F�K�� �S�R�P�L�D�U�y�Z�� �V���� �Z�\�U�D�(�Q�L�H�� �]�U�y�*�Q�L�F�R�Z�D�Q�H�� �S�U�]�H�V�W�U�]�H�Q�Q�L�H �± 
w �S�U�D�N�W�\�N�D�F�K���U�H�O�L�J�L�M�Q�\�F�K���Q�D�M�F�]�
���F�L�H�M���X�F�]�H�V�W�Q�L�F�]���� �P�L�H�V�]�N�D���F�\�� �Z�V�F�K�R�G�Q�L�H�M, w tym szczególnie 
�S�R�á�X�G�Q�L�R�Z�R-wschodniej �F�]�
���F�L�� �N�U�D�M�X���� �:�D�U�W�R���F�L�� �R�E�X�� �Z�V�N�D�(�Q�L�N�y�Z�� �Z�U�D�]�� �]�� �X�S�á�\�Z�H�P�� �F�]�D�V�X��
�X�O�H�J�D�á�\�� �L�V�W�R�W�Q�\�P�� �]�P�L�D�Q�R�P���� �S�U�]�\�� �F�]�\�P�� �X�G�]�L�D�á��dominicantes �V�\�V�W�H�P�D�W�\�F�]�Q�L�H�� �P�D�O�D�á���� �D�� �X�G�]�L�D�á��
communicantes �Z�]�U�D�V�W�D�á�� 

�2�S�U�D�F�R�Z�D�Q�L�H�� �G�R�W�\�F�]�\�� �]�P�L�D�Q�� �X�G�]�L�D�á�X�� �Z�� �S�U�D�N�W�\�N�D�Fh dominicantes i communicantes 
w latach 2004-������������ �=�D�N�U�H�V�� �F�]�D�V�R�Z�\�� �M�H�V�W�� �X�Z�D�U�X�Q�N�R�Z�D�Q�\�� �V�W�D�E�L�O�Q�R���F�L���� �Z�� �V�W�U�X�N�W�X�U�]�H��
�D�G�P�L�Q�L�V�W�U�D�F�\�M�Q�H�M���.�R���F�L�R�á�D���N�D�W�R�O�L�F�N�L�H�J�R���R�U�D�]���G�R�V�W�
�S�Q�R���F�L�����G�D�Q�\�F�K���V�W�D�W�\�V�W�\�F�]�Q�\�F�K�� 

Podstawowym celem opracowania jest zobrazowanie przestrzenne tendencji zmian 
�X�F�]�H�V�W�Q�L�F�W�Z�D�� �Z�L�H�U�Q�\�F�K�� �.�R���F�L�R�á�D�� �N�D�W�R�O�L�F�N�L�H�J�R�� �Z�� �Q�L�H�G�]�L�H�O�Q�\�F�K�� �S�U�D�N�W�\�N�D�F�K�� �U�H�O�L�J�L�M�Q�\�F�K 
na poziomie diecezji. �'�R�G�D�W�N�R�Z�R�� �R�S�U�D�F�R�Z�D�Q�R�� �S�U�R�F�H�G�X�U�
�� �W�\�S�R�O�R�J�L�L �G�L�H�F�H�]�M�L�� �.�R���F�L�R�á�D��
�N�D�W�R�O�L�F�N�L�H�J�R�� �Z�� �3�R�O�V�F�H�� �Q�D�� �S�R�G�V�W�D�Z�L�H�� �Z�L�H�O�R�O�H�W�Q�L�F�K�� �G�D�Q�\�F�K�� �G�R�W�\�F�]���F�\�F�K�� �Q�Ledzielnych praktyk 
�U�H�O�L�J�L�M�Q�\�F�K���� �N�W�y�U�D�� �S�R�V�á�X�*�\�á�D�� �]�D�� �P�H�W�R�G�
�� �E�D�G�D�Z�F�]���� �:�� �W�\�S�R�O�R�J�L�L�� �Z�\�R�G�U�
�E�Q�L�R�Q�R��16 typów 
�G�L�H�F�H�]�M�L���� �.�D�*�G�\�� �]�� �Q�L�F�K�� �R�S�L�V�X�M�H�� �M�H�G�Q�R�V�W�N�
�� �]�D�� �S�R�P�R�F���� �G�Z�y�F�K�� �]�Mawisk �± �Z�D�U�W�R���F�L�� �]�P�L�D�Q�\��
�Z�V�N�D�(�Q�L�N�y�Z��dominicantes oraz communicantes. Na podstawie zgromadzonych danych 
diecez�M�H���Z���3�R�O�V�F�H���S�U�]�\�S�R�U�]���G�N�R�Z�D�Q�R���G�R�������V�S�R���U�y�G���������Z�\�R�G�U�
�E�Q�L�R�Q�\�F�K���W�\�S�y�Z���� 

�:�\�Q�L�N�L�� �S�U�]�H�S�U�R�Z�D�G�]�R�Q�H�M�� �D�Q�D�O�L�]�\�� �Q�L�H�� �Z�V�N�D�]�X�M���� �M�H�G�Q�R�]�Q�D�F�]�Q�L�H�� �Q�D�� �Z�]�U�R�V�W�� �O�X�E�� �V�S�D�G�H�N��
�X�F�]�H�V�W�Q�L�F�W�Z�D�� �S�R�O�V�N�L�F�K�� �N�D�W�R�O�L�N�y�Z�� �Z�� �Q�L�H�G�]�L�H�O�Q�\�F�K�� �S�U�D�N�W�\�N�D�F�K�� �U�H�O�L�J�L�M�Q�\�F�K���� �S�R�]�Z�D�O�D�M�� jednak 
na wskazanie tendencj�L�� �N�V�]�W�D�á�W�X�M���F�\�F�K�� �V�L�
�� �Z�� �W�\�P�� �]�D�N�U�H�V�L�H���� �:�� �Q�L�H�N�W�y�U�\�F�K�� �S�U�]�\�S�D�G�N�D�F�K��
�Z�L�G�R�F�]�Q�H���M�H�V�W���L�F�K���Z�\�U�D�(�Q�H���]�U�y�*�Q�L�F�R�Z�D�Q�L�H���S�U�]�H�V�W�U�]�H�Q�Q�H�����'�Z�D���Z�\�U�y�*�Q�L�R�Q�H���W�\�S�\���P�D�M�����W�D�N���V�D�P�R��
�O�L�F�]�Q���� �U�H�S�U�H�]�H�Q�W�D�F�M�
�� �± 12 parafii. Jeden z nich obrazuje jednostki, w których odnotowano 
spadek uczestnict�Z�D�� �Z�� �Q�L�H�G�]�L�H�O�Q�\�F�K�� �Q�D�E�R�*�H���V�W�Z�D�F�K���� �M�H�G�Q�D�N�� �P�Q�L�H�M�V�]�\�� �Q�L�*�� ���U�H�G�Q�L�D�� �G�O�D�� �N�U�D�M�X��
oraz wzrost liczby przyjmowanej komunii (�Z�\�*�V�]�\ �Q�L�*�� ���U�H�G�Q�L�D�� �G�O�D�� �N�U�D�M�X������ �'�U�X�J�L�� �W�\�S��
�U�H�S�U�H�]�H�Q�W�X�M�H�� �G�L�H�F�H�]�M�H���� �Z�� �N�W�y�U�\�F�K�� �]�P�D�O�D�á�D�� �O�L�F�]�E�D��dominicantes ���S�R�Q�L�*�H�M�� ���U�H�G�Q�L�H�M�� �G�O�D�� �N�U�D�M�X�� 
przy jednocze�V�Q�\�P�� �Z�]�U�R���F�L�H��communicantes���� �:�\�U�D�(�Q�L�H�� �]�D�X�Z�D�*�D�O�Q�H�� �M�H�V�W�� �]�U�y�*�Q�L�F�R�Z�D�Q�L�H��
�S�U�]�H�V�W�U�]�H�Q�Q�H���G�L�H�F�H�]�M�L���R���Q�D�M�Z�L�
�N�V�]�\�P���V�S�D�G�N�X�� ������ �G�L�H�F�H�]�M�L�����R�U�D�]�� �S�U�]�\�U�R���F�L�H�������� �G�L�H�F�H�]�M�L�����X�G�]�L�D�á�X��
w praktykach religijnych �± �S�L�H�U�Z�V�]�D�� �J�U�X�S�D�� �M�H�V�W�� �S�R�á�R�*�R�Q�D�� �J�á�y�Z�Q�L�H��w zachodniej, a druga �± 
w �F�D�á�R���F�L�� �Z�H�� �Z�V�F�K�R�G�Q�L�H�M�� �F�]�H���F�L�� �N�U�D�M�X�� �=�D�V�W�R�V�R�Z�D�Q�D�� �P�H�W�R�G�D�� �S�R�]�Z�D�O�D�� �Q�D�� �X�M�
�F�L�H�� �S�U�R�E�O�H�P�D�W�\�N�L��
�Z�� �V�S�R�V�y�E�� �G�\�Q�D�P�L�F�]�Q�\���� �S�U�H�]�H�Q�W�X�M���F�\�� �U�]�H�F�]�\�Z�L�V�W�H�� �]�P�L�D�Q�\�� �Z�� �S�U�D�N�W�\�N�D�F�K�� �U�H�O�L�J�L�M�Q�\�F�K�� �S�R�O�V�N�L�F�K��
�N�D�W�R�O�L�N�y�Z�� �R�U�D�]�� �Q�D�� �S�R�U�y�Z�Q�D�Q�L�H�� �L�F�K�� �]�H�� �V�W�D�W�\�V�W�\�N�D�P�L�� �R�E�U�D�]�X�M���F�\�P�L�� �Z�V�S�y�á�F�]�H�V�Q�H�� �Z�D�U�W�R���F�L��
dominicantes i communicantes. 
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Qualitative And Spatial Differentiation Of Foreign Aid  
Provided In Madagascar 

 
�0�D�á�J�R�U�]�D�W�D���.�O�H�L�Q 1 

 
1 Faculty of Geography and Regional Studies, University of Warsaw,  

Krakowskie Przedmi�H��cie 26/28, 00-927 Warsaw, Poland 
 

 
Madagascar has been a recipient of Official Development Assistance (ODA) for over six 
decades. Despite that, the quality of life in the country is unfortunately lower than it was in 
the 1960s. Madagascar is all the more interesting in that it has not been involved in a war 
since becoming independent. 
 
In the proposed poster the data for 2017�±2019 are used to present the spatial distribution of 
different types of developmental projects implemented in Madagascar. These include major 
projects undertaken by international bodies as well as local NGO initiatives. Data on objective 
quality of life is then superposed on the aid distribution maps. This enables the impact of 
foreign aid in Madagascar to be assessed globally. 
 
The jpg file attached to this abstract is only a sample of the final versions of the maps. 
 



Assessment of the effectiveness of land cover classification according to 
Corine Land Cover nomenclature 

 
Marcin Kluczek 1, Anca Dabija1, Bogdan Zagajewski1, Edwin Raczko1, Marlena 

Kycko1, Ahmed H. Al-Sulttani1�����$�Q�Q�D���7�D�U�G�j2, Lydia Pineda2 and Jordi Corbera2 
 

1 Department of Geoinformatics, Cartography and Remote Sensing, Chair of Geomatics and 
Information Systems, Faculty of Geography and Regional Studies, University of Warsaw,  

00-927 Warszawa, Poland 
2 Catalan Earth Observation Centre, Cartographic and Geological Institute of Catalonia,  

E-08038 Barcelona, Spain 
 
Land cover information is essential in European Union spatial management, particularly 
invasive species, natural habitats, urbanization, and deforestation; therefore, the need for 
accurate and objective data and tools is critical. For this purpose, the Corine Land Cover 
(CLC) was created. Intensive works are currently being carried out to prepare a new version 
of CLC+ by 2024. The geographical, climatic, and economic diversity of the European Union 
raises the challenge to verify various test areas methods and algorithms. In the frame of this 
presentation, multitemporal (spring, summer, autumn) Sentinel-2 and Landsat 8 satellite 
images were tested to assess classification accuracy and regional and spatial development in 
�W�K�U�H�H�� �Y�D�U�L�H�G�� �D�U�H�D�V�� �R�I�� �&�D�W�D�O�R�Q�L�D���� �3�R�O�D�Q�G���� �D�Q�G�� �5�R�P�D�Q�L�D�� �N�H�H�S�L�Q�J�� �D�O�O�� �&�R�U�L�Q�H�� �/�&�� �S�U�R�J�U�D�P�¶�V��
precise guidelines. The proposed method is based on two machine learning algorithms, 
Random Forest and Support Vector Machines, with four different kernels functions (linear, 
polynomial, radial kernel function, and sigmoid). The classification procedures were 
conducted using the open-source R programming language. The algorithms learning 
parameters were optimized using the grid search method, where each combination of the 
parameters is checked from the pool of parameters. The bias of classifications was reduced 
using an iterative accuracy assessment, which was repeated 100 times. Training and testing 
datasets were randomly selected in the 50:50 ratio; it was ensured that they were divided 
according to their belonging to a polygon in order to meet the condition of their 
independence. Then training of Random Forest and Support Vector Machines classifiers and 
classification accuracy results were saved for each classification. For the final map 
production, models with the highest average F1-score for all scenario classes were selected. 
The ease of the implementation of the used algorithms makes reproducing the results possible 
and comparable. The results show that Sentinel-2 satellite images allowed to classify land 
cover with better overall accuracy (8�±10%) than the Landsat 8 data. Support Vector Machines 
algorithm with an RBF kernel function achieved the best results and obtained higher overall 
accuracy results (6�±7%) than Random Forest. The best classification results were achieved for 
classes: sea and ocean (F1-score: 100%), water courses (F1-score: 98%), water bodies (F1-
score: 97%), rice fields (F1-score: 96%), beaches, dunes, sands (F1-score: 95%), vineyards 
(F1-score: 94%), coniferous forests (F1-score: 94%). The classes characterized by 
discontinuity and fragmentation obtained lower accuracy results than compact homogeneous 
large-area classes. The difficulties in classification were found in heterogeneous classes, 
containing many elements of coverage simultaneously, e.g., principally occupied by 
agriculture, with significant areas of natural vegetation (F1-score: 67%), transitional 
woodland/shrubs (F1-score: 65%), and olive groves (F1-score: 32%). The high accuracy 
classes that can be updated and classes that should be redefined are specified. The 
�P�H�W�K�R�G�R�O�R�J�\�¶�V�� �S�R�W�H�Q�W�L�D�O�� �F�D�Q�� �E�H�� �X�V�H�G�� �E�\�� �G�Hvelopers of CLC+ products as a guideline for 
algorithms, sensors, possibilities, and difficulties of classifying different CLC classes. 
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Metoda M�R�U�I�R�O�L�Q�H�D�P�H�Q�W�y�Z��Jako N�D�U�]�
�G�]�L�H��Do O�N�U�H���O�D�Q�L�D��K�L�H�U�X�Q�N�y�Z�� 
Ruchu L���G�R�O�R�G�X��Na Prz�\�N�á�D�G�]�L�H��Obszaru �3�R�M�H�]�L�H�U�]�D���'�R�E�U�]�\���V�N�L�H�J�R��

(P�y�á�Q�R�F�Q�R-��rodkowa Polska) 
 

Artur Teodorski 
 

�6�]�N�R�á�D���'�R�N�W�R�U�V�N�D���1�D�X�N�����F�L�V�á�\�F�K���L���3�U�]�\�U�R�G�Q�L�F�]�\�F�K, Uniwersytet Warszawski,  
�)�Z�L�U�N�L��i Wigury 93, 02-089 Warszawa, Polska 

 

 Metoda �P�R�U�I�R�O�L�Q�H�D�P�H�Q�W�y�Z���S�R�O�H�J�D���Q�D���Z�\�]�Q�D�F�]�D�Q�L�X���O�L�Q�R�Z�\�F�K���F�H�F�K��powierzchni terenu, 
zorientowanych �S�U�R�V�W�R�O�L�Q�L�M�Q�L�H�� �Q�D�� �F�D�á�H�M�� �O�X�E�� �F�]�
���Fi swojej d�á�X�J�R���Fi [1,2]. �:�� �S�U�]�\�S�D�G�N�X�� �E�D�G�D����
kierunk�y�Z �U�X�F�K�X�� �O���G�R�O�R�G�X�� �V���� �W�R�� �H�O�H�P�H�Q�W�\�� �S�R�O�R�G�R�Z�F�R�Z�H�M�� �U�]e�(by terenu takie jak rynny 
polodowcowe�����G�R�O�L�Q�\���R�G�S�á�\�Z�R�Z�H�����P�D�á�H���V�X�F�K�H���G�R�O�L�Q�\�����F�L���J�L���]�D�J�á�
�E�L�H�� �E�H�]�R�G�S�á�\�Z�R�Z�\�F�K, formy 
szczelinowe, ozy�����N�U�D�Z�
�G�]�L�H���W�D�U�D�V�y�Z���N�Hmowych�����G�U�X�P�O�L�Q�\���F�]�\���á�X�N�L���P�R�U�H�Q���F�]�R�á�R�Z�\�F�K�� 
 �5�]�H�(�E�D���S�R�Z�L�H�U�]�F�K�Q�L���W�H�U�H�Q�X���]�R�V�W�D�á�D���R�V�W�D�W�H�F�]�Q�L�H���X�N�V�]�W�D�á�W�R�Z�D�Qa przez �O�R�E���3�á�R�F�N�D �O���G�R�Oodu 
�]�O�R�G�R�Z�D�F�H�Q�L�D���:�L�V�á�\��(MIS 2-���G�������N�W�y�U�\���Z���V�Z�R�L�P���P�D�N�V�\�P�D�O�Qym zasi�
�J�X datowanym na 20-19 
ka BP [3] �G�R�W�D�U�á�� �N�L�O�N�D�Q�D���F�L�H�� �N�L�O�R�P�H�W�U�y�Z�� �Q�D�� �S�R�á�X�G�Q�L�R�Z�\ �Z�V�F�K�yd od �3�á�R�F�N�D�� �>3 ,4]. �3�y�á�Q�R�F�Q�D��
�F�]�
���ü �R�E�V�]�D�U�X�� �E�D�G�D���� �R�E�H�M�P�X�M�H�� �]�D�V�L�
g fazy kujawsko-�G�R�E�U�]�\���V�N�L�H�M�� �]�O�R�G�R�Z�D�F�H�Q�L�D�� �:�L�V�áy [4]. 
Charakterystycznym �H�O�H�P�H�Q�W�H�P�� �U�]�H�(�E�\�� �3�R�M�H�]�L�H�U�]�D�� �'�R�E�U�]�\���V�N�L�H�J�R�� �V�� �O�L�F�]�Q�H�� �á�X�N�L�� �P�R�U�H�Q�R�Z�H 
�E�
�G���F�H�� �S�R�]�R�V�W�D�á�R���F�L���� �S�R�� �O�R�E�D�F�K�� �O�R�G�R�Z�F�R�Z�\�F�K, jak i liczne rynny polodowcowe oraz pola 
drumlinowe. 
 �'�R���D�Q�D�O�L�]�\���P�R�U�I�R�O�L�Q�H�D�P�H�Q�W�y�Z���Z�\�N�R�U�]�\�V�W�D�Q�R���Q�X�P�H�U�\�F�]�Q�\���P�R�G�H�O���U�]�H�(�E�\���W�H�U�H�Qy (DEM) 
pozyskany na podstawie danyc�K���S�R�F�K�R�G�]���F�\�F�K���]���*�á�y�Z�Q�H�J�R���8�U�]�
�G�X���*�H�R�G�H�]�M�L���L���.�D�U�W�R�J�U�D�I�L�L���Z��
Warszawie. Na podstawie analizy modelu D�(�0�� �Z�\�]�Q�D�F�]�R�Q�R�� �V�L�H�ü�� �P�R�U�I�R�O�L�Q�H�D�P�H�Q�W�y�Z��
�R�G�]�Z�L�H�U�F�L�H�G�O�D�M���F�\�F�K�� �R�U�L�H�Q�W�D�F�M�H�� �S�R�O�R�G�R�Z�F�R�Z�\�F�K�� �I�R�U�P�� �U�]�H�(�E�\�� �W�H�U�H�Q�X���� �)�R�U�P�\�� �W�H�� �]�R�V�W�D�á�\��
podzielone na dwa �J�á�y�Z�Q�H���]�H�V�S�R�á�\ �± negatywne oraz pozytywne formy terenu. Dodatkowo w 
inter�S�U�H�W�D�F�M�L���X�Z�]�J�O�
�G�Q�L�R�Q�R���R�U�L�H�Q�W�D�F�M�H���á�X�N�y�Z���P�R�U�H�Q�R�Z�\�F�K���� �2�U�L�H�Q�W�D�F�M�H���S�R�V�]�F�]�H�J�y�O�Q�\�F�K���W�\�S�y�Z��
�P�R�U�I�R�O�L�Q�H�P�H�Q�W�y�Z�� �]�R�V�W�D�á�\�� �S�U�]�H�G�V�W�D�Z�L�R�Q�H na projekcjach stereograficznych. Do okre���Oenia 
genezy �D�Q�D�O�L�]�R�Z�D�Q�\�F�K�� �I�R�U�P�� �X�*�\�W�R�� �D�U�N�X�V�]�\�� �6�]�F�]�H�J�y�á�R�Z�H�M�� �0�D�S�\��Geologicznej Polski w skali  
1: 50 000. 
 Na podstawie analizy modelu DEM �V�W�Z�L�H�U�G�]�R�Q�R���L�*���O���G�R�O�y�G���J�H�Q�H�U�D�O�Q�L�H���S�R�U�X�V�]�D�á���V�L�
���Q�D��
linii WNW-ESE �Z���S�R�á�X�G�Q�L�R�Z�R-zachodniej �L���]�D�F�K�R�G�Q�L�H�M���F�]�
���F�L���R�E�V�]�D�U�X���E�D�G�D�� oraz na linii NW-
�6�(���Z���S�R�á�X�G�Q�L�R�Z�R-wschodniej i wschodniej cz�
���F�L���R�E�V�]�D�U�X�����.�L�H�Uunek �U�X�F�K�X���O���G�Rlodu na linii 
NW-SE �F�K�D�U�D�N�W�H�U�\�V�W�\�F�]�Q�\�� �M�H�V�W�� �U�y�Z�Q�L�H�*�� �G�O�D�� �F�]�
���F�L�� �S�y�á�Q�R�F�Q�H�M (faza kujawsko-�G�R�E�U�]�\���V�N�D������
Loby lodowcowe w �]�D�F�K�R�G�Q�L�H�M�� �F�]�
���F�L�� �R�E�V�]�D�U�X�� �E�D�G�D���� �P�R�J�á�\�� �U�R�]�Z�L�Q���ü�� �V�L�
�� �S�y�(�Q�L�H�M �Q�L�*�� �W�H�� �Q�D��
wschodzie. Potwierdz�H�Q�L�H�P�� �V���� �]�D�R�E�V�H�U�Z�R�Z�D�Q�H��prawdopodobne moreny przekroczone w 
centralnej �F�]�
���F�L �R�E�V�]�D�U�X���E�D�G�D�������3�U�]�\�F�]�\�Q�����Q�L�H�U�y�Z�Q�R�P�L�H�U�Q�H�J�R���U�R�]�Z�R�M�X���O�R�E�y�Z���O�R�G�R�Z�F�R�Z�\�F�K��
�Z���]�D�F�K�R�G�Q�L�H�M���F�]�
���F�L���P�R�*�H���E�\�ü���V���V�L�H�G�]�W�Z�R���G�R�O�L�Q�\���:�L�V�á�\�����N�W�y�U�H�M���R�E�Q�L�*�H�Q�L�H���L�V�W�Q�L�D�á�R���M�X�*���Z���F�]�D�V�L�H��
ostatniego zlodowacenia. �:�\�S�H�á�Q�Lanie lodem  �W�D�N�L�H�J�R���R�E�Q�L�*�H�Q�L�D���]���S�H�Z�Q�R���F�L�����E�\�áo procesem 
�G�á�X�J�R�W�U�Z�D�á�\�P�����'�R�S�L�H�U�R���S�R���Z�\�S�H�á�Q�L�H�Q�L�X���R�E�Q�L�*�H�Q�L�D lodem �O���G�R�O�y�G���Z�N�U�R�F�]�\�á���Q�D���]�D�F�K�R�G�Q�L�����F�]�
���ü��
obszar�X���Z���S�R�V�W�D�F�L���O�R�E�y�Z���Z�\�S�X�V�W�R�Z�\�F�K�����2�W�U�]�\�P�D�Q�H���Z�\�Q�L�N�L���S�R�W�Z�L�H�U�G�]�D�M�� �S�U�]�\�G�D�W�Q�R���ü���P�H�W�R�G�\��
�P�R�U�I�R�O�L�Q�H�D�P�H�Q�W�y�Z���G�R��wyznaczania �N�L�H�U�X�Q�N�y�Z���U�X�F�K�X���O���G�R�O�R�G�X�� 
  
[1] D. W. �2�¶�/�H�D�U�\, J. D. Friedman, and H. A. Phon, Bull. Geol. Soc. Am. 87: 1463�±1469 (1976). 
[2] M. Graniczny, �%�L�X�O�����3�D���V�W�Z�����,�Q�V�W�����*�H�R�O. 365: 5�±46 (1989). 
[3�@���/�����0�D�U�N�V�����-�����'�]�L�H�U�*�H�N���L���L�Q., Acta Geologica Polonica. 66 (3): 403-427 (2016). 
[4] J. Dzi�H�U�*ek, Acta Geographica Lodziensia. 95 (2009). 



Analysis of global dynamics for HIV-infection of CD4 + T cells and
its treatment

M. Choi«ski 1, Prof. Urszula Fory± 1, dr Mariusz Bodzioch 2

1 University of Warsaw, Faculty of Mathematics Informatics and Mechanics, Banacha 2,
02-097 Warsaw, Poland,

2University of Warmia and Mazury in Olsztyn, Faculty of Mathematics and Computer
Science, Sªoneczna 54, 10-710 Olsztyn, Poland

Antiviral therapy for HIV-infected patients has greatly improved in recent years. Ad-
ministration of drug combinations consisting of two or more di�erent drugs can reduce
and maintain virus load below detection level in many patients. Cyclic administration of
the immune activator interleukin-2 (IL-2) in combination with highly active antiretroviral
therapy (HAART) has been suggested as an e�ective strategy to realize long-term control
of HIV replication in vivo. In this article, we formulate a mathematical model of immune
response for HIV-infected individual in the presence of HAART and IL-2. We look for the
conditions under which the immune system recovers by applying IL-2 as an immune acti-
vator along with HAART. From analytical point of view this means global stability of the
disease-free equilibrium. Comprehensive numerical simulations are presented to illustrate
the analytical results.

[1] M. Choi«ski, M. Bodzioch, U. Fory±, Analysis of global dynamics for HIV-infection of
CD4+T cells and its control, Mathematica Applicanda 46, 1, (2018).
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On homological properties of strict polynomial functors of
degree p

Patryk Ja�sniewski 1

1Warsaw University, Faculty of Mathematics, Informatics and Mechanics, Banacha 2,
02-097 Warsaw, Poland

Consider the category of strict polynomial functorsPd of degreed over a ground �eld
k of positive characteristic [1]. It is well-known thatPd ' S(n; d) � mod, whereS(n; d)-
mod is the category of �nitely generated modules over the Schur algebra S(n; d) with
n � d: Therefore, there is a connection between strict polynomialfunctors of degreed
and polynomial representations of degreed of GLn (k) or representations of the symmetric
group � d: The �rst non-trivial case from the homological point of viewis d = p:

In the poster, we �rst recall from the poster presented one year ago the explicit struc-
ture of Pp as a highest weight category and the block structure ofPp. Then we will see
the computational results on dimensions of Ext-groups between the functors important
from the point of view of representation theory like costandard, standard and simple
functors. We will also note that Pp has a Kazhdan-Lustig theory. Finally, the struc-
tures of the Ext-algebras of simple and costandard functorswill be described. One can
derive from that the dg formality of the endomorphism algebras computing the above
Ext-algebras. We will also see that all the above results canbe generalized to the case of
blocks ofPd, which are ofp-weight 1, by using combinatorial tools like ap-quotient and
the Littlewood-Richardson rule.

[1] E. Friedlander, A. Suslin,Cohomology of �nite group schemes over a �eld, Invent.
math. 127 (1997), 209-270.



Improving Recommendation Speed Using Association Rules

Eyad Kannout 1, and Hung Son Nguyen 1

1Institute of Informatics, University of Warsaw, Banacha 2, Warsaw, Poland

In recent past, recommendation systems have taken more and more place in our lives
especially during COVID pandemic where many people in all over the world switched to
use online services to reduce the direct interaction between each other. This led to make
recommender systems inevitable in our daily online journeys.

Throughout the past decade, a lot of algorithms concerned with improving the ac-
curacy of recommendation system have been constantly proposed, but when it comes to
the speed of recommendation we �nd a research gap in this area. However, many rec-
ommendations become useless if there is a delay in generating and showing them to the
user. Therefore, we focus in this research on speeding up theprocess of generating the
recommendations without impacting the accuracy.

In this research, we propose FMAR, a novel recommender system which is based on
factorization machines and association rules. We introduce an approach to generate as-
sociation rules using apriori algorithm. These association rules will be utilized to reduce
the number of items that are passed to recommendation system. We show that FMAR
has signi�cantly decreased the number of new items that the recommender system has to
predict for them, and hence decreased the required time for generating the recommenda-
tions. On the other hand, while building FMAR tool, we concentrate on making a balance
between prediction time and accuracy of the generated recommendations in order to make
sure that the accuracy is not signi�cantly impacted.

The main contributions of this research can be summarized asfollows: 1) proposing a
method that uses apriori algorithm to generate associationrules which propose items for
every user based on the rating history of all users; 2) utilizing these association rules to
create short-listed set of items that we need to generate predictions for them; 3) employing
factorization machines model to predict missing user preferences for the short-listed set
of items and evaluate the top N produced predictions.

When it comes to evaluation methodology, we conduct comprehensive experiments to
evaluate the performance of FMAR recommender system. We use four approaches to
compare between FMAR and a traditional recommender system which is built without
employing association rules. In one approach, we calculatethe average of prediction for
the top 10 items which are generated in both recommendation systems (see Fig. a). While
in another approach, we compare between the length of item vector that we need to pass
to both recommendation systems (see Fig. b).

(a) Average prediction for top 10 items (b) Number of made predictions



Modal Logic Over The Class Of Well-Founded
Models � (Non-)Compactness And Categoricity

J¦drzej Koªodziejski 1

1University of Warsaw, Banacha 2, 02-097 Warsaw, Poland

Modal logic is a simple yet expressive formalism capable of modeling a wide range of
diverse phenomena such as programs, proofs, graphs or even epistemic and moral beliefs.
A natural question is which good properties of modal logic are preserved if we allow more
expressive power � either by imposing non-trivial constraints (such as well-foundedness)
on the models under consideration, or by enriching the language with new operators (e.g.
�xed-points). We show that in both cases the situation changes completely � at least
when it comes to compactness (i.e. how hard it is to avoid contradiction) and categoricity
(i.e. which phenomena can be described uniquely).



Marcinkiewicz Sampling Theorem for Orlicz Spaces

Aleksander Pawlewicz 1, Micha l Wojciechowski 2

1University of Warsaw, Faculty of Mathematics, Informatics and Mechanics,
Banacha 2, 02-097 Warsaw, Poland

2Institute of Mathematics, Polish Academy of Sciences,
�Sniadeckich 8, 00-656 Warsaw, Poland

Marcinkiewicz Sampling Theorem for Orlicz Spaces is a result of attempt to generalize
the classical theorem of J�ozef Marcinkiewicz forLp spaces. This classical theorem was
described in an important book of Antoni Zygmund [2, Volume II, page 28].

Although, J�ozef Marcinkiewicz was killed in Katyn Forest during the Second World
War at the age of 30, his contribution to mathematics was important. The most important
result of this mathematician is the famous Marcinkiewicz Interpolation Theorem. My
supervisor Micha l Wojciechowski and I made an attempt to generalise other achievement
of Marcinkiewicz. We formulated and proved a more general version of Marcinkiewicz
Sampling Theorem appropriate for Orlicz spaces. In fact these matters are very similar
to the method of calculating the Riemann integral but the sampling context is connected
with trigonometric polynomials and both Marcinkiewicz's proof (in the past) and our
more general and more recent proof used harmonic analysis methods.

Marcinkiewicz Sampling Theorem in the classical form states that for every trigono-
metric polynomial of degreen 2 N = f 1; 2; 3; :::g, that is a function of the form

f n (x) =
nX

k= � n

akeikx ;

f n : T ! C, wherea� n ; a� (n� 1); :::; an� 1; an 2 C we have

1
3

 
nX

k= � n

jf n (xn;k )jp

2n + 1

! 1=p

�
�

1
2�

Z

T
jf n (x)jp dx

� 1=p

� Cp

 
nX

k= � n

jf n (xn;k )jp

2n + 1

! 1=p

; (1)

for every 1< p < + 1 and someCp > 0. Above

xn;k =
2� (n + k)

2n + 1
;

for k = � n; � n + 1; :::; n � 1; n. For p = 1 and p = + 1 the left inequality in (1) is also
true.

The situation with Marcinkiewicz Sampling Theorem for Orlicz spaces is more ad-
vanced thus the conditions which guarantee the estimates (1) in the Orlicz spaces case
are more complicated.

Instead of the function x 7! xp, which plays a crucial role in inequality (1), we use
a general increasing and convex function' such that ' (0) = 0. Then the left inequality
of (1) in the context of Orlicz spaces is also always true but the right inequality in (1) is
true if and only if the Hilbert transform (in brief a function t hat acts on functions) is a
bounded operator on the spaceL ' . All these things were described in the paper [1].

[1] A. Pawlewicz, M. Wojciechowski,Marcinkiewicz Sampling Theorem for Orlicz Spaces,
in preparation.
[2] A. Zygmund, Trigonometric series, third edition, Cambridge University Press, Vol I
and II (2002).



Combinatorics and Structure of Hecke{Kiselman Algebras
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University of Warsaw, Banacha 2, Warsaw, Poland

To every �nite graph � with n vertices a �nitely presented monoidHK � , called the
Hecke{Kiselman monoid, has been introduced by Ganyushkin and Mazorchuk in [1]. It
is de�ned as a monoid generated byn idempotents with relations of the formxy = yx,
xyx = yxy or xyx = yxy = xy, depending on the edges between verticesx and y in � . We
focus on the structure and representations of Hecke{Kiselman monoids and the associated
semigroup algebras in the case of directed graphs.

We investigate the interplay between combinatorial and ring{theoretic properties. For
� that is a cycle of length n > 3, a hierarchy of certain structures of matrix type is
discovered within the monoidCn = HK � , [2]. This allows us to investigate the ring
theoretical properties and irreducible representations of the algebraK [Cn ], [3], [4]. As an
application, certain properties of arbitrary Hecke{Kiselman monoidHK � and its algebra
are described in terms of the graph� in the case of directed graphs.

[1] O. Ganyushkin and V. Mazorchuk, On Kiselman quotients of0{Hecke monoids,Int.
Electron. J. Algebra10 (2011), 174{191.
[2] J. Okni�nski and M. Wiertel, Combinatorics and structure of Hecke{Kiselman algebras,
Communications in Contemporary Mathematics22(7) (2020), 2050022, 42 pages.
[3] J. Okni�nski and M. Wiertel, On the radical of a Hecke{Kiselman algebra,Algebras and
Represent. Theory(2020), https://doi.org/10.1007/s10468-020-09997-3.
[4] M. Wiertel, Irreducible representations of Hecke{Kiselman monoids,preprint,
arxiv.2104.07057, 15 pages.
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Massive black holes, with masses ranging from tens of thousands to billions of solar
masses reside in the centers of many (if not all) galaxies, including our own Milky Way [1].
Moreover, based on current observational studies we believe that their evolution is tightly
connected on various scales from the whole galaxy halo down to stellar velocity dispersion
in the bulge. However, these relations seem to be di�erent when we compare low-mass
(or low-luminosity) systems with the most massive ones [2] and an accurate description of
galaxy and MBH co-evolution remains one of the biggest problems in present astrophysics.

We also know from observations that galaxies commonly mergeand there are a number
of signatures indicating that also MBHs form close binaries (double AGN, twisted jets
and many more; [3]). What's particularly interesting, such binaries are expected to emit
gravitational waves if only their separations reach sub-parsec scales. The detection of such
a signal is still yet to come, but development of instrumentation and analysis techniques
is currently an active �eld of study.

In the talk we will present our analysis of a set of populations of massive black hole
binaries generated in the recent semi-analytic model of galaxy evolution (SHARK; [4]).
We focus on studying gravitational wave emission produced by these inspiraling binaries
in terms of their detectability with current and future detectors, i.e. PTA (Pulsar Timing
Array) and LISA (Laser Interferometer Space Antenna). The keyadvantage of SHARK is
that it provides a way to explore a number of distinct models of black hole and galaxy evo-
lution processes within a consistent framework and it was also successfully tested against
EM observational data. Together with the number and character of complementary LISA
and PTA detections it might help putting more rigorous constraints on our understanding
of the birth and co-evolution of galaxies and massive black holes.

[1] A. M. Ghez, S. Salim, N. N. Weinberg et al.,ApJ 689, 2 (2008).
[2] A. Kulier, J. P. Ostriker, P. Natarajan et al., ApJ 799, 178 (2015).
[3] M. L. Saade, D. Stern, M. Brightman et al.,ApJ 900, 148 (2020)
[4] C. del P. Lagos, R. J. Tobar, A. S. G. Robotham et al.,MNRAS 481, 3573-3603
(2018).
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 Pulsating stars are excellent distance indicators in the nearby Universe, because they 
obey Period-Luminosity Relations (PLRs). We used densely covered, 20-years-long I-band 
light curves for 1663 Miras in the Large Magellanic Cloud (LMC), collected by The Optical 
Gravitational Lensing Experiment (OGLE), to create I-band light curve templates. Using 
these templates and mid-infrared observations from the Spitzer and WISE space telescopes 
(spanning a wavelength range from 3.4 to 22 microns), we measure the mean magnitudes for 
almost the full sample of Miras. We then construct PLRs in four Spitzer and four WISE 
bands. These PLRs allow measurements of the distance to individual Miras at the level of 
~5%, and could be used for measuring distances in the Milky Way. 
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One of the novel and unique methods to investigate astronomical objects (e.g. black 

holes) is gravitational microlensing phenomenon [1] that is based on the General Relativity 
Theory proposed by Albert Einstein. Due to a massive object (a lensing star), which is passing 
in front of the background star, the coming light rays are bend and the magnification is 
observed [2]. After many years, lens and a star move away and can be observed separately [3]. 
This means that not detecting a luminous lens, we can still investigate constrains on the black 
holes nature [4].  

Black Holes are known to be one of the significantly most intriguing objects in the 
�Z�K�R�O�H���8�Q�L�Y�H�U�V�H���D�W�W�U�D�F�W�L�Q�J���V�F�L�H�Q�W�L�V�W�V�¶���D�W�W�H�Q�W�L�R�Q�����,�W���L�V���P�R�V�W�O�\���E�H�O�L�H�Y�H�G���W�K�D�W���W�K�H�\���D�U�H���I�R�U�P�L�Q�J���G�X�H��
to stellar collapse [5] but other formation scenarios, including the Dark Matter [6], globular 
cluster [7] and super-massive mergers [8] are still being debated.  

One of the most detailed ways to observe microlensing effect is ground-based 
observations equipped with Adaptive Optics system. Adaptive Optics eliminates atmospheric 
turbulence distortions with a help of deformable mirror and allowed achieving space-like 
resolutions.  

In this work, we present a study of the microlensing event discovered by the OGLE 
project 16 years ago which was observed by the European Southern Observatory Very Large 
Telescope instrument NaCo (Nasmyth Adaptive Optics System (NAOS) Near-Infrared Imager 
and Spectrograph (CONICA)) [9].  

In conclusion, by analysing the Point Spread Function of the target star in junction with 
the reference stars, we detect no additional light. This means that lens can be dark or relative 
proper motion is very small. 
 
 
[1] B. Paczynski, arXiv. 0306564 [astro-ph/] (2003). 
[2] F. Delplanck�H�����0�����$�����*�y�U�V�N�L, and A. Richichi, Astronomy & Astrophysics. 375, 2 (2001). 
[3] �à. Wyrzykowski and I. Mandel, Astronomy & Astrophysics. 636, A20 (2020). 
[4] J. P. Luminet, arXiv. 1902.11196. [astro-ph/] (2019). 
[5] L. �+�D�H�P�P�H�U�O�p, et al, Space Science Reviews. 216, 48 (2020). 
[6] �%�����&�D�U�U�����)�����.�•�K�Q�H�O�����D�Q�G���0�����6�D�Q�G�V�W�D�G����Physical Review D. 94, 8 (2016). 
[7] A. Burkert and S. Tremaine, The Astrophysics Journal 720, 1 (2010). 
[8] M. A. Latif, S. Khochfar, and D. Whalen, The Astrophysical Journal Letters. 892, 1 
(2020). 
[9] NaCo [ESO]: https://www.eso.org/sci/facilities/paranal/decommissioned/naco.html 
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